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CJiapter 1 

OVERVIEW OF THE DOWRES ARCHAEOWGICAL PROGRAM 
Christine K. Robinson, G. Timothy Gross, 

and David A. Breternitz 

The Dolores Project is a water impoundment project 
under construction by the Bureau of Reclamation in 
southwestern Colorado, north of Mesa Verde National 
Park (fig. 1.1). A history of the development of the Do
lores Project can be found in Madden and Weakly 
( 1980). The Dolores Project Cultural Resources Miti
gation Program was developed by the Bureau of Re
clamation to mitigate the adverse impacts of 
construction on the cultural resources in the Dolores 
Project area. The DAP (Dolores Archaeological Pro
gram) has been responsible for the mitigation work 
since June of 1978 (Bureau of Reclamation Contract 
No. 8-07-40-S0562). The DAP consists of the Univer
sity of Colorado, the primary contractor; a number of 
subcontractors, most notably Washington State Uni
versity; and a variety of consultants. At the time this 
volume was prepared for final submission to the Bureau 
of Reclamation (October 1985), the contract was sched
uled to be completed in December of 1985. 

Congressional legislation and an executive order struc
ture the mitigation of the Dolores Project. These. in
clude the Reservoir Salvage Act of 1960 (amended 74 
Stat. 220, 16 U.S.C. 469), Section 106 of the National 
Historic Preservation Act of 1966 (amended 80 Stat. 
915, 16 U.S.C. 470), Executive Order 11593, the Ar
chaeological and Historic Preservation Act of 1974 
(P.L. 93-291), and P.L. 96-301 (94 Stat. 832). 

In 1978 the Bureau of Reclamation signed a Memo
randum of Agreement with the President's Advisory 
Council and the Colorado State Historic Preservation 
Office to develop a data recovery program for cultural 
resources as part of the Dolores Project. At the same 
time, the Bureau of Reclamation entered into a Mem
orandum of Understanding with the Bureau of Land 
Management to provide for curation of the data and 
materials from the Dolores mitigation work and for 
construction of the Anasazi Heritage Center. The An
asazi Heritage Center is to house the data and materials 
from the DAP and other Dolores Project contracts for 
public interpretation and future research. 

The products of the DAP consist of reports, a computer 
data base, field notes, field maps, photographs, and rna-

terial collections. Some reports are available in pub
lished form, such as this volume, and almost all reports 
produced by the DAP are available through NTIS (Na
tional Technical Information Service). The DAP re
ports consist of descriptive site reports, designs and 
·manuals, analytical reports, and synthetic reports. The 
computer data base, field notes, field maps, and ma
terial collections will be available for future research at 
the Anasazi Heritage Center located near Dolores, 
Colorado. 

This volume is the final synthetic statement of the DAP. 
It specifically addresses the problem domains (Econ
omy and Adaptation, Paleodemography, Social Organ
ization, Extraregional Relationships, and Cultural 
Process) in the program's general research design (Kane 
et al. 1983), it summarizes the culture history of the 
area, and it reports the results of the program's efforts 
to model Anasazi cultural dynamics from A.D. 600 to 
980. This chapter is intended to familiarize the reader 
with the program's history and its organization, the 
methods and techniques employed by the program, and 
the cultural resources of the Dolores Project. 

SUMMARY OF DOLORES ARCHAEOLOGICAL 
PROGRAM HISTORY 

The mitigation contract between the University of Col
orado and the Bureau of Reclamation was signed on 
6 June 1978; fieldwork began 6 days later. In an ideal 
situation, more time would have been allocated to pro
gram design and functions prior to beginning fieldwork; 
however, the needs of the Bureau of Reclamation for 
archaeological clearance took precedence in the first 
year of the program and continued to do so until 1983, 
when fieldwork was completed. There are both advan
tages and disadvantages to this sequence of events. Per
haps the major advantage is that the fieldwork never 
delayed construction; overall project costs were not in
creased through construction time losses and crisis 
management of the archaeological resources was 
avoided. A major disadvantage is that the lack of design 
and planning time at the initial stages of the program 
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Figure 1.1 - Location of the Dolores Project area, southwestern Colorado. 

caused a lag in the development of fieldwork and an
alytical programs that would recover data necessary to 
specifically address the problem domains of the general 
research design (Kane eta!. 1983). Another major dis
advantage was that some of the data collected during 
the early years of the program were not directly com
parable with data collected once the theoretical goals 
of the DAP became better focused. 

The original contract included provisions for both pre
historic and historic data recovery work. However, dur
ing the summer of 1978 , site survey was the 
responsibility of the Bureau of Reclamation and the 
Young Adult Conservation Corps. The Youth Conser
vation Corp also maintained separate excavation crews. 
This division of labor between the contractor and the 
government proved to be a serious problem since it did 
not facilitate a well-integrated approach to data recov
ery. As a result, site survey operations were consoli
dated under the supervision of the DAP during the 
winter of 1978-1979 and the use of Youth Conservation 
Corps personnel for excavation was also placed under 
DAP supervision during the summer of 1979. 

4 

During the winter of 1978-1979, the first fieldwork re
ports were written, some of which appear in Dolores 
Archaeological Program: Field Investigations and Anal
ysis - 1978 (Dolores Archaeological Program 1983). 
During this period, the DAP systematics (Kane 1983; 
chap. 5) were developed, and the design of a series of 
computerized analysis and fieldwork forms was com
pleted. Design of the computer forms required inten
sive effort because standardized provenience methods 
and analytical techniques had to be developed. 

By the summer of 1979, the general research design as 
presented in the original Technical Proposal (RFP 40-
S0562) (Breternitz and Kane 1978) had been expanded 
into the format that continued to guide DAP research 
for the remainder of the program (Kane et a!. 1983). 
The general research design interpreted a framework of 
scientific inquiry intended to lead each researcher · 
through similar theoretical and methodological steps 
for each problem domain. It was never assumed that 
all of the questions in the general research design could 
or should be addressed, but it was considered essential 
that all of the questions be structured by similar and 
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comparable method of inquiry. During the summer of 
1979, the majority of the fieldwork and analysis com
puter forms were used for the first time. This was a 
somewhat painful experience because any amount of 
design work must be modified to fit the realities of 
archaeological fieldwork and analysis. The process of 
testing and revising the computerized forms involved 
monthly (sometimes weekly) modification of coding 
values and clarification of the variable and value def
initions. The process of working with the computer 
forms was, however, instrumental in shaping the re
mainder of the program, because critical decisions were 
made about how to collect data that were comparable 
both from site to site, and from field season to field 
season. This was essential so that the data could be used 
not only during the life of the DAP but also by future 
researchers. 

Over the winter of 1979-1980, the DAP discovered what 
it really meant to try to computerize what was already 

·a massive data base that would continue to grow ex
ponentially. Problems were encountered with managing 
the data in the computer and in retrieving the data in 
a meaningful format. At this point it became apparent 
that if the program was going to become so reliant on 
the use of computer data processing, then additional 
resources would have to be devoted to this task. Prob
ably the most important lesson learned was that man
agement of the DAP data base would require custom
program manipulation of the data, since available 
"canned" data base management systems (such as REX 
or System 2000) could not do the job with such a large 
data base. Planning the 1980 field season, which proved 
to be the largest in the history of the DAP, was not an 
easy task. However, substantial progress had been made 
by then in terms of how to consistently collect data in 
the field and in the laboratory. 

The summer of 1980 brought passage of legislation 
(Public Law 96-301 [94 Stat. 832]) authorizing the Bu
reau of Reclamation to increase spending from I per
cent up to 4 percent of the total Dolores Project 
construction costs to mitigate the adverse effects of the 
Dolores Project on cultural resources in the project 
area. 

Complete inventory survey of the Dolores Project pool 
area was also completed during the summer of 1980, 
and the mitigation design (Knudson et al. 1985) was 
developed to insure that an adequate sample of the 
cultural resources in the Dolores Project area was in
vestigated. A temporal-functional matrix was con
structed to array all of the resources in the pool area 
by time and by site function. A very important concept 
that came out of the mitigation design was the full site 
equivalent, or FSE, which quantifies the amount of la
bor required to recover the information from the com-

OVERVIEW 

ponents at any given site. The FSE concept and a 
temporal-functional matrix are useful because they 
more accurately reflect the complexity of an archaeo
logical site by taking into consideration the size vari
ation and the multiple occupations so common to 
Dolores area sites. Since site size and complexity are 
taken into account, the DAP avoided having to use sites 
as units of comparison and having to make the as
sumption that all sites are equal inJ nformation content. 

During the summer of 1980, it also became apparent 
that the job of turning out high-quality reports was far 
greater than anticipated. Report production capabili
ties had progressed from a single typist working on an 
electric typewriter and I of the co-principal investiga
tors serving as a part-time editor in 1978, to 2 word 
processors with operators and an editorial coordinator. 
However, even with these resources it was obvious that 
report production was badly bottlenecked. Steps taken 
to alleviate the problem included hiring a full-time ed
itor and streamlining report outlines. Despite these ef
forts and those in the years to come, report preparation 
was a multivariate problem that required constant 
attention. 

The winter of 1980-1981 brought renewed design work 
on managing the data base. Standardized computer out
put was programmed for excavated sites for use in de
scriptive site reports, and plans were laid for developing 
a mechanism to structure the data into the program's 
temporal and spatial units (Kane 1983 and chapter 5, 
this volume). The sheer volume of the data and the 
number of samples and artifacts already collected 
forced the DAP to re-evaluate both how the data were 
collected and how they were recorded. This involved 
modifying the field manual (Kane et al. 1981) and re
moving redundant or minimally useful information 
from the computer data files and from field and analysis 
forms. The changes that were made in the field manual 
are reflected in the excavation manual (Kane and Ro
binson 1984). 

The historic studies portion of the DAP contract was 
terminated in May of 1981 . This part of the contract 
had been plagued with problems since 1978, although 
in 1980 and 1981 , the DAP had taken some promising 
steps to rectify the situation (BJoom 1984). The miti
gation work on the historic resources was completed by 
the National Park Service (Kendrick 1982). 

A major accomplishment during the spring of 1981 was 
the production of Dolores Archaeological Program: Syn
thetic Report 1978-1981 (Dolores Archaeological Pro
gram 1984), which was the first example of the kind of 
results being produced by the DAP. The report was 
written in response to a directive from the Bureau of 
Reclamation and was intended to serve as a means for 
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making future budgetary decisions by the Bureau of 
Reclamation. The DAP modeling of Anasazi cultural 
dynamics also began to take shapt>, as cHn be seen in 
Lipe ( 1984 ). The DAP modeling represented a con· 
scious effort on the part of the program to focus its 
synthetic effort on the Cultural Process problem do
main of the general research design (Kane et al. 1983). 
By this time it had become apparent just how finite 
project resources were going to be, and it was believed 
that focusing the program's efforts on modeling cultural 
process had the highest potential of making a substan
tial contribution to the program's mitigation goals, and 
to anthropological archaeology. 

During the summer of 1981 inventory survey of the 
McPhee Reservoir takeline area was finally completed. 
This was a major milestone in the history of the DAP. 
The lack of information about the totality of the cul
tural resources in the Dolores Project area had been a 
hindrance to both the DAP and the Bureau of Recla
mation in the areas of budgeting and overall planning. 
The completion of survey of the takeline area provided 
the needed information about the bulk of the resources 
that would be impacted by the Dolores Project. 

A peer review board was also convened by the Bureau 
of Reclamation during the summer of 1981. The find
ings of the board were most useful to the DAP. Some 
of the board's recommendations had been recognized 
independently and had already been implemented by 
the DAP. Other recommendations provided essential 
insight from outside members of the archaeological 
profession and these recommendations were imple
mented as well. 

Another major milestone at this time was the devel
opment of midlevel research designs by the program in 
the areas of additive and reductive technologies and in 
environmental archaeology and survey. The resulting 
documents (Biinman 1985; Phagan 1985; Petersen et 
al. 1985; Orcutt 1985a:93, 12) serve to link analysis with 
the general research design (Kane et al. 1983). 

In general, 1981 was a critical year for the DAP. Pro
duction of the synthetic report (Dolores Archaeological 
Program 1984), peer review, and a much reduced field 
season during the summer allowed the program to as
sess -its progress and to focus its efforts on obtaining 
the data necessary to meet the program's research goals. 

Additional work was done during the winter of 1981-
1982 in the area of theoretical design; progress was 
made on the model and related analysis. Mini-research 
designs (Biinman 1982; Gross 1982; Kane 1982; Orcutt 
1982; Petersen et al. 1982; Phagan 1982; Schlanger 
1982) were generated to further develop and articulate 
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the variables in the program's general , systemic model 
(Lipe 1984). 

The end of the summer of 1982 brought the first at
tempt to present the preliminary results of the DAP 
modeling for staff members. A seminar was held to 
disseminate the results that had been collected since 
the modeling effort had begun. The seminar was in
strumental in shaping the remainder of the modeling, 
since it not only allowed the sharing of information but 
provided a mechanism for coordinating future work. 

In the fall of 1982, a week-long seminar was held · at 
Mesa Verde National Park to plan the modeling effort 
for the remainder of the program. A member of the 
peer review board, Jeffery S. Dean (University of Ar
izona) participated in and contributed to the seminar. 
The results of the seminar can be found in Lipe et al. 
(1983). 

During the winter of 1982-1983 a major breakthrough 
in terms of report production was achieved; the com
puter was programmed to produce descriptive tables 
based on standardized site output for authors of site 
reports. This in itself was a major accomplishment, 
since it reduced some of the transcription problems 
associated with producing descriptive site reports. This 
effort toward streamlining report production was taken 
a step further through developing communications be
tween the computer and the word processing system 
that had recently been purchased. This eliminated any 
possibility of data transcription errors in site report 
material culture tables (a major part of these reports), 
because the tables could be directly transferred from 
the computer to the word processors. Since most of the 
reporting effort at this time was in the area of site re
ports, this represented a critical stride in alleviating the 
report production bottleneck. 

Fieldwork for the program was completed in the sum
mer of 1983. Besides being a major milestone in and 
of itself, completion of the fieldwork allowed the DAP 
to focus its attention on synthetic studies and the mod
eling effort. Completion of the fieldwork also made it 
possible to complete plans for publication of DAP re
ports. The majority of the reports were still not in the 
publication process so that those that remained could 
be grouped into collections with common themes that 
were archaeologically meaningful. By this time, the pro
gram had begun work with the ·first galley and page 
proofs, and by November of 1983, the first publication, 
Dolores Archaeological Program Field Investigations and 
Analysis - 1978 (Dolores Archaeological Program 
1983), was available in print. The next collection, Do
lores Archaeological Program: Synthetic Report 1978-
1981 (Dolores Archaeological Program 1984), was pub
lished in June of 1984. 

• 

• 
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By the summer of 1984, the majority of the temporal
spatial data base was available for synthetic work. Anal
ysis and report writing continued until June of 1985. 
At the time this chapter was written (July 1985), editing 
of reports was scheduled to continue until termination 
of the contract on 31 December 1985. Transfer of data 
and materials to the Anasazi Heritage Center was to 
take place during the summer and fall of 1985. 

ORGANIZATION OF THE DOLORES 
ARCHAEOLOGICAL PROGRAM 

The organization of the Dolores Archaeological Pro
gram reflects both the complexity and the evolving na
ture of a large, long-term mitigation program. Table 1.1 
is a list of Bureau of Reclamation and peer review board 
personnel that have been associated with the DAP. Ta
ble 1.2 through 1.6 reflect the organization of the DAP. 

A detailed discussion of the program's organization 
from 1978 to 1981 can be found in Breternitz ( 1984:4-
5). The discussion that follows and tables 1.2 through 
1.6 summarize the organization of the DAP over the 
life of the program. The general configuration of the 
DAP, which, according to Mintzberg ( 1981 ), is similar 
to both a professional bureaucracy and an adhocracy. 

Administrative Organization 

The uppermost tier in the DAP organization is the sen
ior staff. Over the years, as many as 8 and as few as 5 
senior staff members (table 1.2) have been associated 
with DAP. The senior staff, and the program in g<!neral, 
has been headed by the senior principal investigator 
who retains ultimate authority for all aspects of the 
DAP. As specified in the contract with the Bureau of 
Reclamation, from 2 to as many as 4 co-principal in
vestigators have been responsible for aspects of the pro
gram and have served as members of the senior staff. 

·Other members of the senior staff have included a full
time technical performance manager and 2 part-time 
consulting managers. Since 1981, the senior staff has 
been composed of the senior principal investigator, 3 
co-principal investigators, and a technical perfonnam;e 
manager. As a group, the senior staff is the priMary 
design and planning unit of the DAP. 

The second tier in the DAP organization consists of the 
task specialists , who have been responsible for over
seeing specific analytic and support areas. These indi
viduals are responsible to the senior staff and, 
ultimately, to the senior principal investigator. 

A third level of supervisory personel consists of assis
tant task specialists and crew chiefs who have been re
sponsible for individual site excavations, site: survey, 
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and analysis. Crew members below this level have 
served as essential elements in DAP fieldwork and 
analysis. 

More specific aspects of the DAP organization can be 
better understood by referring to tables 1.3 through 1.6 
and to the following discussion. 

Field Organization 

Over the life of the program, the 2 co-principal inves
tigators from Washington State University have alter
nately served as field directors for Washington State 
Universit:' investigations (table 1.3), in addition to ful
filling other responsibilities. A single co-principal in
vestigator has been the field director for University of 
Colorado investigations and he has been assisted at var
ious times by locality supervisors, staff archaeologists, 
or an assistant field director. From 1981 on, survey 
operations were the responsibility of the settlement ar
chaeology task specialist. 

Essential elements of the DAP field organization have 
been the crew chiefs and the crew members who have 
assisted them in individual site excavations and in site 
survey. In addition to their field supervision respon
sibilities, DAP crew chiefs have also been responsible 
for writing descriptive site reports and for writing ad
ministrative and analytical survey reports. 

Analytical Organization 

The major analytical areas of the DAP, additive tech
nologies, environmental archaeology (formerly known 
as environmental studies), reductive technologies, and 
settlement archaeology (also known as survey), have all 
been headed by task specialists (table 1.4) for most of 
the life of the program. Each of these individuals is a 
specialist in their designated analytical area and each 
has been aided by an assistant task specialist or crew 
chief and by crew level people to accomplish the nec
essary tasks in each analytical area. 

Support Organization 

Additional DAP staff members are primarily respon
sible for administration, data coordination, data pro
cessing, laboratory operations, and report production 
(table 1.5). 

An administrative assistant to the senior principal in
vestigator has been responsible for budget preparation, 
payroll, bookkeeping, and general office work. 

A technical performance manager (formerly known as 
data coordinator) has been responsible tor overall co
ordination of data and communications between the 
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Table 1.1 - Bureau of Reclamation personnel 
and peer review board 

Title Affiliation Tenure 
Name 

Contracting officer 
Albert H. Pfiefle Bureau of Reclamation, 6178 - 5/85 

regional office 
Donald J . Jolovich Bureau of Reclamation, 5/85 - 12/85 

regional office 

Dolores Project engineer 
(Contracting officer's 
representative) 
R.W. Radcliffe Bureau of Reclamation, 6178- 12/80 

Cortez office 
Dana B. Hill Bureau of Reclamation, 12/80- 12/85 

Cortez office 

Bureau of Reclamation 
archaeologist 
Ward F. Weakly Bureau of Reclamation, 6178 - 9/85 

Denver office 

Regional archaeologist 
Lou Madden Bureau of Reclamation, 6178-7/80 

Durango office 
A. Wayne Prokopetz Bureau of Reclamation, 4/80- 12/85 

Salt Lake City office 

Project archaeologist 
Thomas J. King Bureau of Reclamation, I 0178- 12/85 

Cortez office 

Peer reviewer 
Jefferson Chapman University of Tennessee 7/81 - 8/81 
Jeffrey S. Dean University of Arizona 7/81 - 8/81 
Douglas W. Schwartz School of American Research 7/81 - 8/81 

senior staff and task specialists, subcontractors and 
consultants, and field and laboratory operations. To
ward the end of the program, the technical performance 
manager has been responsible for report production. 

this support group has been to process the materials 
from the field so that they have been ready for analysis, 
to insure the quality of fieldwork data and the temporal
spatial data base, and to provide cross-checking of data 
in reports. 

DAP data processing has been the responsibility of a 
task specialist, with assistance from assistant task spe
cialists or crew chiefs, in addition to various crew mem
bers. Since DAP data processing has been centralized 
for the majority of the program, this support group has 
been responsible for both the management of the com
puterized data base and retrieval of the data to meet 
the needs of researchers and report writers. 

Laboratory operations have been supervised by a lab
oratory supervisor on the task specialist level. The lab
oratory supervisor has been assisted by an assistant task 
specialist (or crew chief) and a number of crew mem
bers over the life of the DAP. The primary function of 
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Over the life of the program, the report production 
support group has been structured in several ways. This 
group initially consisted of a co-principal investigator 
and a typist. The growing needs of report production· 
eventually required a report coordinator, an editor, sev
eral word processor operators, and several drafters. 
This group was then reorganized to include a task spe
cialist, a report flow monitor, additional editors and 
assistant editors, word processor operators, drafters, 
and data checkers. Near the end of the program (1984), 
the technical performance manager was assigned the 

. responsibility for overall report production. At this 
time, the report production group consisted of a task 

• 
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Table 1.2 - Dolores Archaeological Program senior staff 

Title 
Name 

Senior principal 
investigator 

Affiliation Tenure 

David A. Breternitz University of Colorado 6/78- 12/85 
Co-principal investigator 

Robert A. Bye, Jr. University of Colorado 6/78- 4/81 
Allen E. Kane University of Colorado 6/78- 12/85 
Timothy A. Kohler Washington State University 8/80 - 12/85 
William D. Lipe Washington State University 6178- 12/85 

Project manager 
Steven E. James Woodward-Clyde Consultants 6/78- 3/81 

Operations analyst 
Ruthann Knudson University of Idaho, 8/80- 5/81 

Woodward-Clyde Consultants 

Technical performance 
manager 
Christine K. Robinson University of Colorado 8/80 - 12/85 

>specialist, a report-flow monitor, editors, assistant ed
, itors, word processor operators, and drafters. Data 
checking was made the responsibility of the laboratory 
supervisor and his staff in 1983. 

Subcontractor and Consultant Organization 

The organization of subcontractors and consultants in 
association with the DAP has been consistent in the 
majority of cases, but exceptions can be noted in table 
1.6. 

Another substantial lesson learned early in the program 
was that, if the program was going to make a commit
ment to consistent data collection, then most analytical 
work needed to be conducted at the DAP laboratory 
near Dolores, Colorado. As a result, some functions that 
had been carried out by subcontractors or consultants 
or by DAP personnel off-project, were subsequently 
moved to the DAP laboratory facility. 

METHOD AND TECHNIQUE 

General Program Orientation 

The DAP is a data recovery program designed to com- . 
pensate for the loss of cultural resources and the in
formation those resources contain as a result of 
construction in the Dolores Project area. The DAP re
search effort has been guided by the mitigation design 
(Knudson et al. 1985), which is composed of the pro-

gram's general research design (Kane et al. 1983) and 
the implementation design. The following discussion 
reviews several general concepts under which the DAP 
has operated; the general research design and the im
plementation design are then summarized. 

Basic Concepts 

Federal construction projects are legally required to im
plement programs to mitigate the effects of construc
tion on cultural resources. Because the Dolores Project 
is a large Bureau of Reclamation water impoundment 
project, avoidance of cultural resources or preservation 
of resources in place has not been possible in most 
cases, although these alternatives have been used when
ever possible. Investigation of selected cultural re
sources has been the primary mitigative option 
exercised by the DAP. Given this approach to alleviat
ing the adverse impacts of construction on Dolores 
Project cultural resources, the DAP has made a com
mitment to not only collect raw data and specimens, 
but to disseminate the information that has been col
lected in written descriptive and synthetic reports. 

The mitigation design (Knudson et al. 1985) has been 
generated to structure the mitigative efforts of the DAP, 
and this design serves as the basic planning document 
for the work that has been conducted by the DAP. The 
mitigation design outlines 3 functions that are associ
ated with data recovery in the context of the Dolores 
Project. These functions are design , planning, and 
performance. 
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• Table 1.3 - Dolores Archaeological Program field organization 

Area Affiliation Tenure 
Title 
Name 

Field operations 
Field director 
Allen E. Kane University of Colorado 6178 - 9/83 
Timothy A. Kohler Washington State University 6179-9/80 
William D. Lipe Washington State University 6/82 - 9/83 

Settlement archaeology 
(survey) 
Task specialist 
Janet D. Orcutt University of Colorado 1/8 1 -6/85 

Assistant task specialist 
Douglas D. Dykeman University of Colorado 5179-6/80 
Douglas A. Goulding University of Colorado 6/80- 7/84 

Crew Chief 
Gay A. Ives University of Colorado 5179- 8/83 
Roger N. Walkenhorst University of Colorado 5/80 - 9/83 

Excavation 
Assistant fie ld director 
Mark A. Stiger University of Colorado 5/80- 11/83 

Locality supervisor 
(staff archaeologist) • Daivd H. Greenwald University of Colorado 5179- 10/80 
Nancy J. Hewitt University of Colorado 5179- 10/80 

Field crew chiefs 
Charlotte L. Benson University of Colorado 6179-5/80 
Gary A. Brown University of Colorado 8/78-9/81 
Joel M. Brisbin University of Colorado 6/78 - 12/83 
M. Edward Bussard University of Colorado 7178-9179 
Ross C. Fields University of Colorado 6/80 - 6/81 ; 

11/81-3/83 
David H. Greenwald University of Colorado 10/80- 8/81 
Raymond G. Harriman University of Colorado 8178- 10/81 ; 

6/82- 9/82; 
2/83- 3/83 

Nancy J. Hewitt University of Colorado 6/78- 5179; 
10/80- 5/81 

James H. Kleidon University of Colorado 8178 - 4/83 
Kristin A. Kuckelman University of Colorado 4179- 2/81 ; 

5/8 1 
Ricky R. Lightfoot University of Colorado 1/84- 4/84 
John L. Montgomery University of Colorado 6179- 8179; 

6/8 1 - 9/81 
James N. Morris University of Colorado 5/80 - 6/82; 

I 0/83 - 6/85 
Maxine M. Morris University of Colorado 4179- 10/8 1 
Gregory C. Nelson University of Colorado 5179- 12/83 
Christine K. Robinson University of Colorado 6179- 5/80 
Sarah H. Schlanger University of Colorado 8/81 - 9/81 ; 

10/83- 1/85 
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• Table 1.3 - Dolores Archaeological Program field organization - Continued 

Area Affiliation Tenure 
Title 

Name 

Judith A. Southward University of Colorado 6179- 1/81 
Joseph W. Studer University of Colorado 6179- I /80 
Mark D. Varien University of Colorado 5/83 - 8/8 3; 

11 /83- 7/84 
Richard H. Wi lshusen University of Colorado 4/79- 5/81; 

11 /81-9/83 
Craig F. Woodman University of Colorado 6179- 7/80 
Richard W. Yarnell University of Colorado 4/79- 11 /82 
Richard V. N. Ahlstrom Washington State University 6179 - 12/79; 

8/80 
Eric Blinman Washington State University 6179 - 3/81 
Cory Dale Breternitz Washington State University 11/7 8 - 5/81 ; 

6/82 
Karen Dohm Washington State University 6179 - II /83 ; 
Alice M. Emerson Washington State University 7/78- 5/82; 

10/82 
Melissa Gould Washington State University 6/80- 1/83; 

2/84- 3/84 
G. Timothy Gross Washington State University 8/80- 5/81 
Patrick Harden Washington State University 6/80- 8/81 
Patrick F. Hogan Washington State University 7/78-8/81 
Donald Howes Washington State University 6/80- 5/82 
Ricky R. Lightfoot Washington State University 6/80; 12/81 -

11/83; 5/84 
James N. Morris Washington State University 6/82- 4/83 
Sarah H. Schlanger Washington State University 7/78 - 8/83; 

9/84 
Lynn E. Sebastian Washington State University 6179- 4/81 
Mark D. Varien Washington State University 5/80- 2/81 ; 

6/82- 7/83 

Historic studies 
Task specialist 

Deborah A. Duranceau University of Colorado 10179- 8/80 
John P. Bloom University of Colorado 12/80- 5/81 

Excavation crew chief 
John P. McCarthy University of Colorado 6/80- 8/80 

Survey crew chief 
John R. Stien University of Colorado 6/80- 8/80 
Hal Douglas Carr University of Colorado 6/80- 5/81 

Oral history crew chief 
Adrian S. White University of Colorado 6/80- 5/81 

Special studies 
Archaeomagnetic and 
magnetometer crew chief 
J. Holly Hathaway Colorado State University 8/78 - II /83 
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• Table 1.4 - Dolores Archaeological Program analytical organization 

Area Affiliation Tenure 

Title 
Name 

Additive technologies 
Task specialist 

William A. Lucius University of Colorado 10/78- 8/81 
Eric Blinman University of Colorado 8/ 81 - 6/ 85 

Assistant task specialist 
Scott E. Travis University of Colorado 6/80- 8/81 

Crew chief 
Robert M. R. Waterworth University of Colorado 6/ 80- 9/ 83 
C. Dean Wilson University of Colorado 6/80- 9/84 

Environmental archaeology 
Task special ist 

Kenneth Lee Petersen University of Colorado 8/ 8 1 -7/85 
Assistant task specialist 

Meredi th H . Matthews 
(botany) Uni versity of Colorado 1/ 8 1 - 12/ 84 

Crew chief 
Vickie L. Clay 
(geology) Uni versity of Colorado 7/78 - 8!79; 

3/8 1 - 9/83; 
8/ 84- 10/84 

Sarah W. Neusius 
(fauna) University of Colorado 11 / 8 1 - 8/84 

Environmental studies 
Task speciali st 

Bruce Benz University of Colorado 9!78- 8/ 81 • Historic studies 
Task sp.:cialist 

Deborah A. Duranceau University of Colorado 10!79- 8/80 
John P. Bloom University of Colorado 12/ 80- 5/8 1 

Reductive technologies 
Task speciali st 

Roger A. Moore University of Colorado 8!78- 10/79 
Carl J. Phagen University of Colorado 10/79-6/85 

Assistant task speciali st 
T. Homer Hruby University of Colorado 5/ 80- 10/ 84 

Crew chief 
Gail G . Snyder University of Colorado 5/79- 9/83 
Phillip D. Neusius University of Colorado 5/82 - 8/84 

Settlement archaeology 
Task specialist 
Janet D. Orcutt Uni versity of Colorado 1/8 1 -6/85 

Assistant task speciali st 
Douglas D. Dykeman University of Colorado 5/79- 6/ 80 
Douglas A. Goulding Uni versity of Colorado 6/ 80 - 7/ 84 

Crew chief 
Gay A. lves University of Colorado 5/79- 8/83 
Roger N. Walkenhorst University of Colorado 5/80- 9/ 85 

Special analysis 
Crew chief 

Kenneth Lee Petersen 
(paleoclimatic 
reconstruction) Washington State University 11 /78- 11 /79 

Carolyn R. O rth 
(ritual) University of Colorado 6/80- 10/82 
Richard H. Wilshusen 
(architecture) University of Colorado 9/83 - 8/84 
Phyllis A. Wolf 
(storage) University of Colorado 7/84 - 10/84 
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Table 1.5 - Dolores Archaeological Program support orga nization 

Area 
T itle 

Name 

Ad min istrati on 
Ad ministrati ve assistant 
Judith L. Burk 
Stacy A. Story 

Data coordination 
Technical performance 
manager 
Christine K. Robinson 

Data processing 
Task speciali st 

Arthu r L. Rohr 
Ly nn L. Udick 

Crew chief 
Robert P. Ryan 
Jane A. Ward 
Dori n E. Steele 
Marcia G . Gross 

Laboratory processing 
Laboratory supervisor 
Paul J . Farley 

Assistant task specialist 
Louise M. Schmidlap 

Data check crew chief 
Gary A. Brown 
Laurie A. Whiting 

Photography crew chief 
Michael J. Hilton 

Photograph y 
Task speciali st 
John P. Nylander 

Crew chief 
Bertand A. de Peyer 

Public relations 
Officer 

Alex is A. Hamilton 
Report production 
Technical performance 
manager 
Christine K. Robinson 

Task specialist 
G . Timothy Gross 

Report coordinator 
Lora VanRenselaar 

Affiliation 

Uni versity of Colorado 
University of Colorado 

Uni versity of Colorado 

Uni versity of Colorado 
U ni versity of Colorado 

U ni versity of Colorado 
U ni versity of Colorado 
University of Colorado 
University of Colorado 

U niversity of Colorado 

Uni versity of Colorado 

Uni versity of Colorado 
U ni versity of Colorado 

Uni versity of Colorado 

U niversity of Colorado 

Uni versity of Colorado 

U ni versity of Colorado 

Uni versi ty of Colorado 

Tenure 

8/78 - 5/ 84 
5/ 84- 8/ 85 

5/ 80- 12/85 

5/80 - 8/82 
9/82- 12/95 

6/79- 5/ 80 
5/80-11 / 82 
4/80- 7/85 
I /83- 9/85 

8/78- 12/85 

5/79- 12/ 85 

9/8 1 -3/84 
6/82 - 1/85 

9/ 81 - 4/ 84 

4/79- 10/ 8 1 

6/78 - 6/79 

9/8 1 - 4/83 

2/84- 12/85 

5/8 1 - 9/85 

6/80 - 8/8 1 

OVERVIEW 
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Table 1.5 - Dolores Archaeological Program support organization - Continued 

Area 
Title 
Name 

Report flow monitor 
Alexis A. Hamilton 
Barbara J. Cullington 

Editor 
Rita Arnett 
Maureen C. Cavanaugh 
Ivy G. Doak 
Jane L. Epstein 
Mary C. Etzkron 

Melissa Gould 
Linda P. Hart 
Nancy J. Hewitt 
Susan E. King 
Kristin A. Kuckelman 
Katherine S. Miller 
Lynn L. Udick 

Drafting crew chief 
Steven R. Dominquez 
Lee R. Schmidlap 
Thomas C. May 
Carla M. Hoehn 

Word Processor 
Rysta E. Frederick 
Carla M. Hoehn 
Thirza D. Kennedy 
Margaret G. Meador 
Cathy J. Watts 
Anne M. Walley 

Affiliation 

University of Colorado 
University of Colorado 

University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 

University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 

University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 

University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 
University of Colorado 

Tenure 

8/80-9/81 
10/81- 12/85 

5/82- 12/85 
6/83 - 5/85 
8/83- 8/84 

10/80- 6/81 
9/80- 9/83; 

1/85- 12/85 
5/84- 12/85 
5/81 - 12/85 

10/82- 3/84 
4/84- 12/84 

10/83- 11/83 
9/82- 7/83 
9/81 - 9/82 

6/79- 10/80 
4/80 - 4/82 
8/79 - 12/85 

11/84-12/85 

7/84- 12/85 
7/84- 12/85 
6/80- 7/84 
7/84 - 12/85 
7/81 - 7/84 
6/82- 8/84 

Design. - Responsibility for the design ofDAP research 
has been delegated to the DAP by the Bureau of Re
clamation, and all of the designs generated by the DAP 
have been subject to Bureau of Reclamation approval. 
Approval of DAP designs has largely been a function 
of construction schedules and budgetary constraints; 
the content of DAP designs traditionally has taken a 
lower priority. 

and environmental studies). The third category has 
been designed to enable the DAP to synthesize Dolores 
Project data through the use of explanatory models that 
are applicable to cultural systems in general, and that 
can be tested with Dolores Project data. All of these 
conceptual designs are available in written form and 
the majority are published (Kane et al. 1985). 

DAP designs have structured the conceptual develop
ment of several levels of DAP research in the Dolores 
Project area. First, the mitigation design (Knudson et 
al. 1985) has structured the problem areas investigated 
by the program through the general research design 
(Kane et al. 1983). The rationale used to mitigate the 
adverse effects of construction on Dolores Project cul
tural resources is outlined in the implementation de
sign. The second level of DAP research has been 
structured by midlevel research designs that cover cer
tain categories of recovered data (e.g., ceramics, lithics, 
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Planning. - Planning functions have been shared by the 
Bureau of Reclamation and the DAP. The Bureau of 
Reclamation has established levels of effort to be ex
pended by the DAP on Dolores Project area cultural 
resources based on construction schedules and funding 
levels. The DAP has responded by balancing Bureau of 
Reclamation constraints with designs, manuals, and 
time-personnel-management charts generated to meet 
the needs of the Bureau of Reclamation and the objec
tive of the DAP to achieve scientific validity and to 
disseminate the majority of the information obtained 
from data recovery efforts. 



Table 1.6 - Dolores Archaeological Program consultants 
a nd subcontractors 

Category Affiliation Tenure 
Primary personnel 

Archaeoast ronomy 
John A. Eddy U niversi ty of Colorado 8/78 

Archaeomagnetic dating 
Jeffrey L. Eighmy Colorado State University 6/79- 9/83 

Dendrochronology 
William J . Robinson Laboratory of Tree-Ring 6/79- 9/84 

Research, U niversity of 
Arizona 

Editing 
Andrea Vierra No affiliation 5/80- ll /80 

Faunal studies 
Steven D. Emslie Center for Western Studies 7!78 - 5/81 

Geology 
Frank C. Leonhardy U niversity of Idaho 5/79 - 6/ 80 
Vance T. Holl iday U niversity of Colorado 5/80- 9/80 
Lucy A. Piety University of Colorado 5/80- 9/80 

Soil analysis 
Kenneth W. Decker U niversity of Minnesota 10/82- 9/83 

Historic studies 
Steven G . Baker Centuries Research, Inc. 6/78- 9/79 
Duane A. Smith 

Lithics consultant 
Ruthann Knudson U niversity of Idaho 7!78- 3/8 1 

Obsidian dating 
Fred W. Trembour U.S. Geological Survey 10/8 1 - 3/84 

Obsidian sourcing 
Lee Sappington U niversity of Idaho 6/83 - 2/84 

Petrographic analysis-
cera mics 

Diane Kamill i University of Colorado Museum 8/80 - 3/83 
Physical anthropology 

Louisa B. Flander U niversity of Colorado 8/78- 12/80 
Ann Wei ner Stodder University of Colorado 1/8 1 - 6/85 

Pollen analysis 
Linda J . Scott Palynology Analysts 6/79- 1/84 

Project ile poi nts 
Robert K. Vierra Northwestern University 6/ 80- 11 /81 

Project management 
Steven E. James Woodward-Clyde Consultants 6/78-9/8 1 

Radiocarbon dating 
University of Georgia 78-79 
U niversity of Texas 2/80 
Di-Carb 80 
Beta Analytic 80- 6/85 

Remote sensing 
Aerial photography 

Thomas R. Mann & 6/79- 8/79 
Associates 

Magnetometer survey 
John W. Weymouth University of Nebraska 9/78 - 9/ 82 
Robert J . Huggins Spectrum G eophysics 11/80 -1 2/ 83 

Some d upl ication of personnel listings exists between tables 1.1 a nd 1.6 
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Performance. -The performance function has been the 
responsibility of the DAP. The Bureau of Reclamation 
contracted with CASA (Complete Archaeological Ser
vices Associates) to mitigate the effects of construction 
of the linear features (canals and laterals) of the Dolores 
Project and the results of this work are not included in 
this volume. For those parts of the Dolores Project for 
which the DAP has had performance responsibilities, 
this function has included fieldwork, analysis, and re
porting. All of this work has been monitored by the 
Bureau of Reclamation and has been subject to that 
agency's review and approval. 

The Research Design 

The basic framework of the general research design was 
presented in the original technical proposal (Breternitz 
and Kane 1978) accepted by the Bureau of Reclamation 
in 1978. Five problem domains were identified in this 
document: (I) Economy and adaptation; (2) Paleode
mography; (3) Social organization; ( 4) Extraregional re
lationships; and (5) Cultural process. During late 1978 
and 1979, this basic structure was expanded into a se
ries of questions for each problem domain and the re
sulting docum ent is a key element of the DAP 
mitigation design . The general research design has been 
published as Kane et al. ( 1983); a shorter version will 
be published with the mitigation design (Knudson et 
al. 1985). 

In the current version of the general research design , 
the first 4 problem domains are broken down into a 
series of questions designed to lead researchers through 
a similar set of methodological steps for each problem 
domain. If each question could be answered, a relatively 
complete reconstruction of Dolores area prehistory 
would be available for the time periods represented in 
the project area. The fifth problem domain, cultural 
process, is also broken down into a series of questions, 
and addressing this problem domain builds on the re
sults derived from the first 4 domains. The fifth prob
lem domain also calls for the development (chap. 6) 
and testing (chaps.? through 16) of processual models, 
and this has been the major focus of DAP synthetic 
efforts. 

The general research design is the framework that has 
guided development of field and laboratory data re
covery and procedures. Although it was never antici
pated that all of the questions in the general research 
design could , or should , be addressed, the DAP data 
base is broad and data categories have not been ex
cluded just because DAP researchers did not anticipate 
their utility to others. However, during 1981 the DAP 
did expend considerable effort to eliminate redundant 
data from the computer files and, based on a long, hard 
evaluation, the DAP also ceased collecting data deemed 
to be only minimally useful. It is not denied that this 

16 

process probably did restrict the data base somewhat, 
but given the financial and scheduling constraints that 
have been encountered by the DAP, the advantages 
have outweighed the disadvantages. The resulting data 
set is still broadly based, very clean, and streamlined 
for maximum utility given the overall complexity of the 
cultural resources in the Dolores Project area. 

The first 3 years of the DAP were primarily devoted to 
fieldwork, preliminary analysis of the recovered ma
terials, and descriptive reporting. However, even at this 
early stage, attempts were made to address the general 
research design in descriptive reports, and even though 
some of the interpretations that address the general re
search design are no longer valid, the focus on the gen
eral research design facilitated the eventual synthesis 
of Dolores data. 

Work on synthesizing Dolores Project data did not be
gin until late 1980 when the general model of Dolores 
cultural change was first developed (Lipe 1984). Work 
on developing the general model continued until early 
1983. The general model , as it currently exists (chap. 
6), is derived from a synthesis of literature about so
ciocultural systems and is applicable to virtually any 
system. The general model is composed of variables 
with predictions about the relationships between var
iables. As a result of the development of the general 
model , a set of time increments, referred to as periods 
in this volume, was developed to better reflect temporal 
variation in the project area. Periods are divided into 
subperiods as follows: 

Period I (A.D. 600-720) 
Subperiod 1.1 (A.D. 600-660) 
Subperiod 1.2 (A .D. 660-700) 
Subperiod 1.3 (A.D. 700-720) 

Period 2 (A.D. 720-800) 
Subperiod 2.1 (A.D. 720-760) 
Subperiod 2.2 (A.D. 760-780) 
Subperiod 2.3 (A.D. 780-800) 

Period 3 (A.D. 800-840) 
Subperiod 3.1 (A.D. 800-820) 
Subperiod 3.2 (A.D. 820-840) 

Period 4 (A.D. 840-880) 
Subperiod 4.1 (A.D. 840-860) 
Subperiod 4.2 (A.D. 860-880) 

Period 5 (A.D. 880-920) 
Subperiod 5.1 (A.D. 880-900) 
Subperiod 5.2 (A.D. 900-920) 

Period 6 (A.D. 920-980) 
Subperiod 6.1 (A.D. 920-940) 
Subperiod 6.2 (A.D. 940-980) 

Period 7 (A.D. 980-1250) 
Subperiod 7.1 (A.D. 980-1 025) 
Subperiod 7.2 (A.D. 1025-1100) 
Subperiod 7.3 (A.D. 1100-1175) 
Subperiod 7.4 (A.D. 1175-1250) 



Periods, as well as phases and subphases, have been 
used to structure the data presentations (chaps. 2 
through 15) in this volume. Both systems of presenta
tion are valid , depending on the data being presented 
and the theoretical constructs used to formulate periods 
or phases and subphases. Periods are strictly time in
crements, while phases and subphases are based on or
ganizational characteristics and may overlap in time 
(refer to the systematics discussion later in this chapter). 
For example, Blinman (chaps. 2, 12, and 14) uses pe
riods because his data exhibit period variation. Phagan 
(chap. 3) uses the phase and subphase system to present 
his data because he felt that change in lithic data was 
not as rapid as change in ceramic data and that vari
ability in lithic data was best represented by phase and 
subphase presentation. 

As a result of the development of the general model , 2 
specific models of Dolores sociocultural change were 
also developed. These are referred to as "the economic 
model" and "the social model" in the remaining chap
ters of this volume. In the economic model, economic 
responses are viewed as the forces that drive culture 
change; the social model recognizes sociopolitical de
velopments as the primary source of change. While a 
good deal of debate has occurred among the program 
staff about how the economic and social models inter
relate, it is generally recognized that they reflect parts 
of the general model and that the goal of generating 2 
such models is to develop contrasting expectations that 
can be evaluated with Dolores area data. The reader is 
referred to Lipe (chap. 6) for additional information 
about the general , economic, and social models. De
velopment of the social model has lagged behind the 
development of both the general and economic models. 
As a result, varying degrees of emphasis can be seen on 
the economic and social models in the chapters de
signed to evaluate DAP models (chaps. 7 through 16); 
quite often the variability in emphasis is a function of 
the amount of time available to evaluate the social 
model rather than an example of extreme bias. 

The Implementation Design 

The implementation design (Knudson et al. 1985) is 
the DAP's attempt to answer the thorny problem that 
confronts most contemporary archaeologists-" 'How 
many data are enough' to characterize the variability 
in and among populations of artifacts, ecofacts, fea
tures, and distributional characteristics of the same?" 
(Lipe and Kohler 1984). The implementation design 
has been generated to develop an explicit approach to 
answer the question. While recognized that it is the 
responsibility of the Bureau of Reclamation to assess 
the adequacy of mitigation on the Dolores Project cul
tural resources, the DAP felt the need to develop an 
anthropologically based approach to determine the 

OVERVIEW 

level of work needed to defend the scientific adequacy 
of the samples recovered from those resources. Key con
cepts of the implementation design that are pertinent 
to this volume are the temporal-functional matrix , 
tracks, and the concepts of FSE (Full Site Equivalent) 
and crew weeks. 

Temporal-functional matrix . - The temporal-functional 
matrix in the implementation design arrays selected 
Dolores prehistoric cultural resources by site type and 
by tradition , phase, and subphase (refer to the discus
sion on systematics later in this chapter); many re
sources are assigned to multiple units that reflect 
organizational units. Resources included in this matrix 
are an archaeologically significant grouping because 
they are considered to be a population that can be used 
for assessing the representativeness and the reliability 
of DAP data recovery efforts. 

Tracks. - The intensity of DAP data recovery can be 
characterized along a continuum from nonintensive to 
intensive. The 4 tracks defined in the implementation 
design reflect stages along this continuum, with Track 
4 reflecting the least intensive level of effort and Track 
I reflecting the most intensive level of effort. Variability 
in effort occurs within each track and work within the 
more intensive tracks may include work with less in
tensive tracks. 

Track 4: This level of data recovery is basically re
connaissance investigation on the modern ground sur
face . Different types of mapping (e.g., plane table, 
aerial , magnetometer) may be conducted at this level 
of intensity. This track may also include environmental 
surveys to identify the distribution of resources. 

Track 3: This level of data recovery is predicated on 
completion of some sort of Track 4 work. Track 3 work 
involves collection of artifacts and samples from the 
modern ground surface. Collection strategies may be 
judgmentally based, or may be based on probability 
sampling, and still others may be intensive recovery of 
all surface materials. 

Track 2: Track 2 work is based on some level of 
completion of Track 4 and Track 3 work. Track 2 is the 
least intensive subsurface data recovery and is essen
tially a test excavation program that relies heavily on 
the judicious use of heavy equipment. Data recovery 
strategies may be judgmentally based or may be based 
on probability sampling. Varying amounts of materials 
may be collected depending on the data recovery strat
egy adopted . For instance, with a probability sampling 
strategy all the deposits encountered are screened; how
ever, with a judgmental strategy, only those deposits 
that are clearly cultural in origin and are relatively un
contaminated by other cultural or postabandonment 
deposits are screened. 
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Track 1: This level of data recovery is the most in
tensive level of work and, again, assumes that some 
work has been conducted on the preceding 3 levels. 
There is a good deal of variability at this level of effort 
since the Dolores cultural resource base is both complex 
and varies considerably in size. On small sites, this level 
of effort may involve complete excavation. On a large 
site, Track I effort may involve recovery of only a frac
tion of the data contained in the site. Collection of 
artifacts and samples at Track I level is also dependent 
on the anticipated interpretability of the deposits from 
which such items were derived . 

Full Site Equivalent and crew weeks. - The FSE (full 
site equivalent) was designed to account for the vari
ability in size and complexity present in Dolores cul
tural resources. The FSE represents the amount of 
labor, calculated as a I 0-person crew working 40 hours 
per week, that the DAP anticipates it would take to 
completely investigate any given site included in the 
temporal-functional matrix in the implementation de
sign. All FSE figures, which were generated after 3 years 
of field experience in the Dolores Project area, assume 
a Track I level of investigation. 

FSE figures for architectural sites are based on the num
ber of household clusters (refer to systematics discus
sion later in this chapter) that are anticipated from 
evidence from the modern ground surface. On nonar
chitectural sites, FSE figures are based on an estimation 
of the square meters that are within the defined limits 
of a site. In all probability, these FSE figures can be 
applied to the remainder of the Dolores cultural re
source base since they are derived from the majority 
of the resources in the Dolores Project area. 

"Crew weeks" refers to the actual labor expended by a 
I 0-person crew mitigating the adverse effects of con
struction on Dolores cultural resources. An assessment 
of the FSE concept and the crew weeks expended on 
the Dolores cultural resource base is furnished later in 
this chapter. 

Specific Research Efforts and Methods 

Applying the Research Design 

The general research design is a broad structure of in
quiry designed to systematically cover 5 problem do
mains. The general research design has provided a basic 
framework within which more specific research areas 
have been identified, although it was never anticipated 
that all 5 problem domains could be treated equally. 
Two mechanisms have enabled the DAP to identify 
more specific research areas within the framework of 
the general research design . First, a synthetic report was 
produced in 1981 , which was later published in 1984 
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(Dolores Archaeological Program 1984 ). Production of 
the synthetic report, which was written in response to 
a directive from the Bureau of Reclamation so that the 
agency could evaluate future budgetary allocations, al
lowed the DAP to assess its progress to date and identify 
those data categories most promising, as well as those 
categories that were lacking but were essential to the 
overall DAP efforts. Second, efforts to develop a model 
of cultural process of the DAP began about the time 
the production of the synthetic report took place. De
velopment of this model (refer to chap. 6) and the ex
pectations derived from the model have also allowed 
the DAP to identify fruitful research areas and those 
data needed to address these research areas. 

The intent of this volume is to provide the final syn
thetic statement about the prehistory of the Dolores 
Project area and to address those parts of the 5 problem 
domains in the general research design that can be an
swered with DAP data. The following discussion will 
summarize how aspects of the general research design 
have been addressed over the life of the program . 

As stated in the preceding section, the current general 
research design was well integrated into the program as 
early as 1979. Despite the fact that until 1981 DAP 
efforts were largely occupied by fieldwork, preliminary 
analysis, and descriptive reporting, addressing the gen
eral research design figured heavily into the early de
scriptive activities of the program . An emphasis on 
addressing the general research design in the descriptive 
aspects of the program continued throughout the tenure 
of the DAP. For example, site report authors have been 
encouraged to evaluate the data from individual sites 
and to point out those data that may be useful in re
solving particular questions in the general research de
sign. While a more comprehensive approach and more 
broadly based data have been necessary to resolve these 
questions, substantial contributions have been made 
toward addressing the general research design through 
base level description . 

Task specialists in additive and reductive technologies, 
environmental archaeology, and survey have all ad
dressed the general research design through midlevel 
research designs (Biinman 1985; Phagan 1985; Petersen 
et al. 1985; Orcutt 1985a) that link the respective data 
categories to the general research design. The linkages 
that have been established from any data category de
pend on the prevalence of the data category as well as 
the suitability of that data category for addressing spe
cific problem domains. For example, both lithic and 
ceramic items have the potential to address Problem 
Domain 4, Extraregional Relationships. However, shell 
items occur in very low frequencies in the Dolores data 
base and the problems associated with interpreting this 
data category are substantial given both its size and the 



information available about this data category in areas 
that are in proximity to the Dolores area. As a result, 
the midlevel research designs that include shell (Peter
sen et al. 1985; Phagan 1985) do not focus very heavily 
on this data category; attempts have been made to de
scribe shell items, but interpreting these items and using 
them to address the general research design have not 
figured heavily into midlevel research designs. 

Another way that the general research design has been 
addressed has been through studies that provide data 
for synthetic work. these studies are called "supporting 
studies" because they build on DAP descriptive work 
and are an intermediate interpretive step between de
scription and synthesis of Dolores data. The majority 
of supporting studies conducted have been designed to 
facilitate the efforts to address Problem Domain 5 (Cul
tural Process) through the general model. Midlevel re
search designs (Biinman 1982, Gross 1982; Kane 1982; 
Orcutt 1982; Petersen et al. 1982; Phagan 1982, Schlan
ger 1982) link these supporting studies to the general 
model. Other supporting studies were designed to ad
dress specific parts of the general research design that 
reflected the strengths of the Dolores data base or that 
were deemed to be essential to program goals. Sup
porting studies have been conducted by both the DAP 
staff and independent researchers that were not sup
ported by the contract with the Bureau of Reclamation. 

Synthesizing the data from the Dolores Project has been 
a major goal of the DAP. The synthetic report (Dolores 
Archaeological Program 1984), which was produced in 
1981 , was the first attempt of the DAP to synthesize 
the data that had been collected during the first 3 years 
of the program. This report is the culmination of the 
Dolores Project synthetic efforts. Chapters 2, 3, 4, and 
5 are intended to address the first 4 problem domains 
(Economy and Adaptation , Paleodemography, Social 
Organization, and Extraregional Relationships) in the 
general research design. Chapter 6 through 16 address 
the fifth problem domain (Cultural Process) through 
the general model. 

Program Systematics 

Three series of terms have been developed by the DAP 
to describe the functional , spatial, and formal place
ment of sites in the Dolores Project area. These are the 
site typology, the spatial series, and the formal, or 
chronological, series. A brief discussion of each of these 
series is included in the following discussion. Refer to 
Kane ( 1983, 1984, and chap. 5) for a more detailed 
presentation of these concepts. 

Site typology. - The DAP site typology is a functional 
typology that recognizes that prehistoric occupation of 
sites in the Dolores area occurred along a continuum 
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from a few minutes to several hundred years. Three site 
types have been developed to reflect this continuum: 
these are the limited activity locus, the seasonal locus, 
and the habitation. Architectural evidence visible from 
the modern ground surface is used to distinguish be
tween the 3 types since most sites are known only from 
survey data. 

Limited activity loci lack evidence of architecture and 
it is inferred that they were occupied for very short 
periods of time and were used for selected activities. 
Evidence for surface architecture, or rooms, is usually 
present at seasonal loci, these sites are inferred to have 
been used for longer periods of time than limited ac
tivity loci and for a larger number of activities. Al
though use of seasonal loci is not limited to climatic 
seasons, field houses are good examples of seasonal loci. 
Sites with more substantial surface architecture, or pit
structures, are classified as habitations. It is inferred 
that habitations were occupied more or less perma
nently during the year and that a full range of activities 
took place at habitations. 

The DAP site typology was originally an intuitive con
struct (Kane 1983). However, Schlanger and Orcutt 
( 1985) have been able to verify the validity of the orig
inal typology through their study of assemblages col
lected from the modern ground surface. 

Spatial series. - The DAP spatial series consists of ad
ministrative and interpretive units. Examples of ad
ministrative units are sites, localities, and sectors. These 
units have been used to divide the project area into 
units that are manageable and to provide a common 
set of terms when referring to parts of the Dolores Proj
ect area . 

The interpretive spatial units were originally based on 
Flannery's ( 1976) work on early Mesoamerican villages 
and have since been modified by the DAP (chap. 5). 
Interpretive spatial units are hierarchically organized 
beginning with the activity area. An activity area is 
inferred to represent space that was used by an indi
vidual or a small group for a single activity or group 
of selected activities. A central hearth in a room or 
pitstructure is an example of an activity area. Related 
activity areas are usually grouped into use areas. The 
open area between a row of rooms and a pitstructure 
is often identified as a use area because this open area 
can include hearths and other features indicate that 
many activities were conducted in the vicinity by more 
people than used an activity area. The space that is 
inferred to have been used by a household is called the 
household cluster in the interpretive spatial series. This 
is a complex concept because there is temporal varia
bility in the way that architectural space was organized 
during the Dolores sequence. Early in the sequence (ca. 
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A.D. 600-760), the space inferred to have been used by 
a household consisted of a pitstructure with associated 
storage rooms to the north of the pitstructure. Later in 
the Dolores sequence (ca. A.D. 760-975), a household 
cluster usually consisted of three-room suites composed 
of 2 back storage rooms and a front living room to the 
north ofpitstructures. Kane, in chapter 5 refers to these 
three-room suites as dwelling units. Pitstructures ap
pear to have been shared facilities because they do not 
occur on a I: I ratio to the three-room suites. Rooms 
that cannot be confidently assigned to three-room suites 
are also inferred to be shared space. Groups of house
hold clusters and the shared space associated with them 
are called interhousehold clusters in the interpretive 
spatial series. It is inferred that interhousehold clusters 
represent the space used by households that begin to 
cooperate around A.D. 760. The largest unit in the in
terpretive spatial series is the community cluster. Com
munity clusters consist of I or more habitations 
composed of household clusters, interhousehold clus
ters late in the sequence, and the seasonal and limited 
activity loci associated with them. Early in the Dolores 
sequence, community clusters were dispersed and ap
pear to have been loosely grouped into what Kane 
( 1984:28) has called neighborhoods. Later in the se
quence, community clusters more aggregated and were 
more focused around a central habitation. 

Formal (chronological) series. - The formal series is 
also composed of hierarchical units that describe the 
organization and chronological placement of cultural 
resources in the Dolores Project area. 

The smallest units in the formal series are the episode 
and the element. These units are not hierarchically related 
to one another, but they are hierarchically related to other 
units in the series. Episode represent brief, transitory use 
of the project area by groups smaller than households. 
Elements represent major construction events by house
holds or interhouseholds and are usually equivalent to 
the uselife of structures in the project area. 

Episodes and elements are assigned to subphases, phases, 
and traditions; however, it is possible that an episode or 
an element cannot be assigned to all 3 units. Subphases 
and phases are defined based on architectural and or
ganizational characteristics and thus, they may overlap 
in time. Although these architectural and organizational 
characteristics have strong temporal correlates, dates of 
construction or use associated with an episode or an ele
ment are not enough to assign them to a subphase or 
phase. Tradition is a self evident unit that will be familiar 
to most readers. 

T~?le 1.7 summarizes DAP phases and subphases by tra
dttton. Two sets of dates are associated with the phases 
and subphases in the Anasazi Tradition. The first set of 
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Table I. 7 - Dolores Archaeological Program phases and 
subphases, by tradition 

Tradition 
Phase 
Subphase 

Paleo-Indian 
Archaic 

Great Cut 
Anasazi 
Cougar Springs 
Sagehen 
Tres Bobos 
Sage hill 
Dos Casas 

McPhee 
Periman 
Cline 
Grass Mesa 

Sundial 
Marsh view 
Escalante 

Shoshoean 
Protohistoric 

Date(s) 

Prior to 5000 B.C.? 
5000 B.C. - A.D. 500 
2000 B.C. - A.D. 500 
A.D. 1-1 200 
A.D. 1-600 
A.D. 600-850 (A.D. 600-840) 
A.D. 600-700 
A.D. 700-780 (A.D. 700-780) 
A.D. 760-850 (A.D. 760-840) 
A.D. 850-975 (A.D. 840-1000) 
A.D. 850-900 (A.D. 840-910) 
A.D. 900-975 (A.D. 920-1000) 
A.D. 880-925 (A.D. 870-910) 
A.D. 1050-1200 (A.D. 1000-1200) 
A.D. 1050-1 200 (A.D. 1000-1200) 
A.D. 1125-1 200 (A.D. 11 20- 11 80) 
A.D. 1500-1 800 
A.D. 1775-1 870 

Dates in parentheses are revisions from Kane (chap
ter 5). 

dates have been in place since 1981 when the prehistory 
of the project area was synthesized on an interim basis 
(Kane 1983, 1984) and all of the chapters in this volume 
that use phases and subphases, with the exception of 
chapter 5, were written using these dates. The second set 
of dates were Kane's versions of the first set and appear 
only in chapter 5. 

Figure 1.2 correlates the periods presented in the research 
design section with the corresponding Anasazi Tradition 
phases and subphases and the Pecos Classification (Kid
der 1927; Watson 1954). The phase and subphase dates 
in this figure correspond to the first sets of dates in table 
1.7 since the majority of the chapters in this volume that 
deal with phases and subphases were written according 
to these dates. 

The Data Base' 

The DAP data base consists of computer files, hand writ
ten forms and notes, field maps and photographs. Be
cause the data base is so massive, the majority of the data 
have been computerized in one form or another. The 
computerized data base has been managed by the DPG 

'Substantial contributions to this section were made by Lynn L. Udick, 
Dorin E. Steele, and Marcia G. Gross, DAP, Dolores, Colorado. 



1-

OVERVIEW 

DAP DAP I DAP PECOS 
PERIODS PHASES : SUBPHASES CLASSIFICATION 

1300 -

- 7.4 PUEBLO 

---- - I 
1200 

Ill l Escalante 
7.3 SUNDIAL "v",/' "v",/' /'V' A../'V' A /'-,/'VV 

- ---- - I . 
Marshv1ew 1100 

7.2 I 

r---- - PUEBLO 
- 7.1 

II 
1000 

6 I Cline 

5 MCPHEE I Grass Mesa -

4 
I Periman 

900 

I 
3 PUEBLO 

I Dos Casas 800 
2 ~ I 

SAGEHEN I Sagehill 
-

I 
700 

I 
I Tres Bobos 

BASKETMAKER 
600 Ill 

A.D. 500 

Figure 1.2 - Dolores Archaeological Program periods, phases, and subphases correlated with 
the Pecos Classification. 

(Data Processing Group) throughout most of the pro
gram's life, and the methodology that has been used to 
manage the data base is one of the major contributions 
of the DAP, in addition to the data base itself. The DPG 
has had to meet the diverse data needs of researchers, 
report writers, editors, and curators associated with the 
program; this has involved data entry, editing, storage, 
and backup, as well as statistical data analysis and data 
report generation. 

Several decisions made during the development of the 
computerized data base were critical to the overall success 
of the DAP data processing system. Perhaps the most 
important was the decision that all data recording forms, 
for both the field and laboratory, were to be designed for 
direct input into the computer. Although every form al
lows for verbal description, a standard set of explicitly 
defined variables and values for each variable are re
corded on each form and codes for these have been input 
directly into the computer. Second, data processing has 
been a centralized function for the program. Requests for 
editing, programming, and data analysis have been sub
mitted to and cataloged by the DPG; actual file main-

tenance and computer work has been done by trained 
DPG staff. 

This has been essential since it has often been necessary 
to track down the source of a particular problem or 
duplicate analysis results after several years have tran
spired. Third, after several trials, it became apparent 
that no data base management system was available 
that could meet the DAP's data management needs, so 
the decision was made to develop custom programs to 
meet these needs. Fourth, since use of the Bureau of 
Reclamation mainframe was remote and the DAP has 
been one of the largest user's of this mainframe, the 
decision was made, and was approved by the Bureau 
of Reclamation, to purchase a large microcomputer so 
that some data processing work could be done onsite. 
Last, a forum, composed of the DPG, the Laboratory 
Supervisor, and the Technical Performance Manager 
was formed to review and coordinate requests from the 
computerized data base. This ensured that requests 
were appropriate given the structure of the data base 
and that the resulting output accurately reflected the 
original request. 
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Data structure. - To address the questions in the DAP 
general research design (Kane et al. 1983), many types 
of data had to be integrated into the DAP computerized 
data base. The heavy emphasis on statistical analysis 
by both the general research design and the implemen
tation design (Knudson et al. 1985) has required that 
the data base be organized sequentially for processing. 

The DAP spent considerable time and effort evaluating 
currently available DBMS's (Data Base Management 
System) to see if they were potentially suitable to the 
DAP data base and were efficient and cost effective. 
At the time the evaluation took place ( 1979), none of 
these systems (e.g., System 2000 or REX) could meet 
the anticipated needs of the data base. The amount of 
data exceeded the capacity of the DBMS's available at 
the time, and the fact that the files would be added to 
and continually edited until close to the end of the pro
gram also precluded the use of the DBMS's currently 
available. In addition, the cost of using any DBMS and 
having to reformat data into sequential files for statis
tical analysis or SPSS (Statistical Package for Social 
Sciences [Nie et al. 1975]) was prohibitive. Therefore, 
the DAP data base consists of sequential files that re
flect the analytical system used. In addition, each file 
contains key variables by which each computerized file 
can be linked to another; special software has been writ
ten to link files . 

Structure of the data files: The DAP data files consist 
of provenience information, data from analysis of ma
terial classes, inventory information, and temporal-spa
tial information. 

The provenience file: The provenience file consists 
of a line of information for every FS (field specimen) 
number assigned in the field . Information entered into 
the file include the following: site number; FS number; 
steady unit type and number, which refer to both cul
tural units, such as rooms or pitstructures, and arbitrary 
units, such as grid squares and trenches; horizontal and 
vertical subdivisions within study units and features; 
assessments about the types and locations of deposits 
encountered; collection modes; and information about 
any features that were encountered. This file is a critical 
link in the data base since the variables state-county, 
site number, and FS number link this file to all other 
files in the data base. 

The artifact files: All artifacts and samples are as
signed to a material class and these structure artifact 
and sample files . Examples of artifact material classes 
are: ceramics, flaked lithics, fauna , and macrobotanical 
remains. Artifact files contain the results of preliminary 
or intensive analysis (Blinman et al. [ 1984]; Phagan and 
Hruby [ 1984]; Neusius and Canaday [ 1985]). These files 
range in size from 480 records in the shell file to over 
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100,000 records in the ceramics tile. In most files a 
single record represents a single item; in several , in
cluding the fauna and ceramics files, each record rep
resents a common lot of items. 

The inventory files: Sequential files have also been 
built for inventory and data recording for all items com
ing into the laboratory during a field season, all samples 
taken in the field, all maps and photographs, all sur
veyed sites, and all dating samples with results. 

The temporal-spatial master file: The temporal
spatial master file contains IF-statements that attach 
temporal and spatial information to provenience units 
from excavated sites. Proveniences that may be as
signed temporal and spatial information range from a 
single FS, to a fill sequence within a structure, to an 
entire study unit. This file is based on program system
atics and also includes the periods discussed earlier in 
the general research design section. The confidence and 
integrity values included with most of the temporal and 
spatial assignments comprise an essential part of this 
file . 

Confidence values range from 0 to 4 and this variable 
rates the strength of the arguments used to make an 
assignment. For instance, a value of 4 represents the 
highest confidence possible and reflects assignments 
supported by multiple, independent lines of evidence. 
A value of I represents the lowest confidence and re
flects an assignment for which no strong argument but 
a best guess has been made. 

Integrity refers to the relative "purity" of an assignment 
and also ranges in value form 0 to 4. A value of 4 is 
the highest value and refers to assignments that rep
resent undisturbed, sealed cultural surfaces or strata. A 
value of I reflects lowest integrity. Assignments in this 
category are disturbed deposits likely to contain con
siderable extraneous material but at least 50 percent of 
the material in them is believed to have belonged to the 
temporal or spatial unit. 

Data storage and backup: All preliminary analysis 
files have been kept on disk storage in the mainframe 
computer for easy access since many of these files have 
been used on a daily basis for either editing or analysis. 
Intensive analysis files not in use have been kept on 
tape. Because of the extensive editing required to produce 
error-free files, and because it has been necessary to 
track sources of problems and verify or redo analyses, 
a weekly 52-tape backup system was installed in 1982. 
All data files have been written to tape on a weekly 
basis. After completion of all fieldwork and analysis, 
the data base contains over 375 000 records. 



Hardware. - In 1978 work on the data base began with 
a single CRT terminal in the laboratory facility to com
municate with the Bureau of Reclamation Central 
Computer Service in Denver. All processing and data 
storage took place on the Bureau of Reclamation CDC 
CYBER mainframe computer. A Dec LA printer was 
acquired in 1980 for receiving printed output. 

By 1981 the DAP was the largest user of the Bureau of 
Reclamation CYBER and the size of the system was 
creating problems in Denver. A decision was made to 
purchase a large multi-tasking microcomputer for use 
at the DAP laboratory facility. In 1982 a Northern Te
lecom SYCOR 435, with a 10 megabyte hard disk, tape 
cartridge backup, dual floppy disk drives, and 2 CRTs 
was acquired. The data base remained on the Bureau 
of Reclamation CYBER and all analysis "V/-s .,done by 
remote job entry from the SYCOR. the major, per
sistent shortcoming of the DAP hardware has been in
adequate and slow printer capacity. 

Three dedicated data lines have been used to com
municate with the CYBER in Denver. A 2400 baud 
synchronous line has been used for batch job entry. Two 
1200 baud asynchronous lines have been used for time
share operations, including file editing and printing of 
output. 

Also in 1982, 2 Micom word processors were added to 
the 2 existing Lanier word processors for the production 
of reports. These machines were tied into the data pro
cessing hardware so that massive data tables for reports 
have been directly transmitted to the word processors 
after being created on the CYBER. These tables could 
then be edited as needed and included in reports, with
out re-entering and proofing the data. 

Software. - The diverse requirements from the DAP 
data base precluded the use of a single DBMS or a single 
combination of software already available and custom 
software written by the DPG. 

Software acquired from outside: Three software pack
ages acquired from outside the DAP have been used 
extensively in DAP analyses. These are: 

SPSS (Statistical Package for the Social Sciences): 
SPSS (Nie et al. 1975) has been used extensively for 
many of the numerous and varied analyses required by 
researchers and report writers working with the data 
base. SPSS REPORT has been particularly useful for 
formatting faunal and macrobotanical data output be
cause timing and the structure of these files precluded 
the writing of custom programs. The parametric and 
non parametric statistical programs available with SPSS 
have been used in the majority of the analyses of the 
data base. 

OVERVIEW 

SYMAP: SYMAP (Dougenik and Sheehan 1977) 
has been used to map distributions of resources, site 
surface collections, artifact and botanical remains on 
structure floors, and agricultural potential. 

Other statistical programs: Three programs have 
been acquired from J.J . Wood of Northern Arizona 
University. These are HCLUST, an item clustering pro
gram; GOWER, to computer Gower's coefficients; and 
EUCLID, to compute Euclidean distance. 

In-house software: The programs discussed here are 
only a portion of the software written by the DPG, and 
they are selected to illustrate the building of the DAP 
data base from the time field information arrives in the 
Jaboratory, through inpllitting and editing of data, to 
(aoalysis, and finally reporting. All. of the software used 
by the DAB is available in a final data processing doc
umentation repo~t (Ucick and Gmss 1985). 

Receiving programs: Records of all materials col
lected in the field are entered into the computer. A 
series of FORTRAN programs order the data and print 
out an inventory of all materials. The output has been 
used to cross-check field notes and analysis records to 
ensure the arrival and analysis of all field material. 

Inputting programs: While most preliminary and 
intensive analysis data have been sent to a keypunching 
service in Denver for input, several kinds of data have 
been input onsite with screen-formatted input pro
grams. These were written in TAL, the assembler-like 
language on the SYCOR microcomputer. 

File listing programs: COBOL programs have 
been written for all data files to provide easy-to-use line 
dumps for data editing and review. These programs 
format the data in each file so that mistakes in each 
record can be easily identified. 

Standard output: To provide authors of site re
ports with appropriate data for each site, large COBOL 
programs have been written for ceramic, flaked lithic 
tool, flaked lithic debitage, and nonflaked lithic tool 
material classes. Each "standard output" provides the 
results of preliminary artifact analysis by all proveni
ence units designated at a site and it creates tables that 
tabulate selected variables by provenience units which, 
since 1982, have been directly transmitted to work pro
cessors for inclusion in site reports. 

Photographic study packages: A COBOL program 
has been generated to produce a listing of all photo
graphs taken in the field and laboratory. The output is 
sorted so researchers and report authors can quickly 
identify photographs that meet their needs. 
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Diversity indices: For researchers needing a meas
ure of diversity, a FORTRAN program provides the 
Shannon-Wiener and Simpson's diversity indices, as 
well as an index of equitability. 

Ceramic summary: This COBOL program pro
vides a summary of count and weight of ceramic data 
by traditional provenience. This program has been es
sential for many of the dating arguments used by the 
DAP in assigning proveniences to temporal units. 

Probability estimates: A series of FORTRAN pro
grams estimates the frequencies of structures and ar
tifacts where probabilistic excavati on design was used 
at site (Koh ler [1984, 1985]; Kohler and Gross [1984]). 

Minimum number of individuals: For faunal data, 
a FORTRAN program has been wri tten to estimate the 
number of indi viduals in each species represented in 
any provenience, or a ny temporal or spatial data 
grouping. 

The "Big Link ": While a COBOL linker has been 
written to link the provenience file with any other data 
file , a more flexible linkage has been required . The "Big 
Link" is a COBOL program written to combine up to 
5 files that have common variables. The "Big Link" can 
create a new file of selected variables from any of the 
linked files. 

Temporal-spatial programs: In most cases it has 
been possible to assign excavated proveniences to tem
poral units, such as tradition, phase, subphase and/or 
period, and to spatial units, such as activi ty and use areas, 
household and interhousehold clusters, and community 
clusters. Confidence and integrity assessments for assign
ments are also avai lable and these were discussed in the 
temporal-spatial file section. The programs that run the 
temporal-spatial assignments are composed of COBOL 
programs that create a "megafile" that links all IF-state
ments in the temporal-spatial file with the provenience 
and any artifact file . T his allows a researcher to ask very 
complex questions of the data base. For example, one 
cou ld ask for all of the fl aked lithic tools from pitstructure 
fl oors that are assigned to domestic use areas in Subperiod 
2.2 with a confidence of 3 or 4 and an integrity of 3 or 
4, or for all of the corn from macrobotanical samples 
collected from hearths that contained primary refuse 
from Period 4.1 in the Grass Mesa Community Cluster. 

The megafiles created from the data base form the basis 
for most DAP synthetic results, and this discussion is 
intended to help the reader understand enough about 
how they have been used to evaluate the results in the 
remaining chapters of this volume. Since the data base 
was sti ll being built while researchers were conducting 
analyses and writing reports, megafi les have been created 
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several times during the life of the program to include 
new data and editing changes. This means decisions have 
had to be made about which megafile was used for any 
one study and when enough additions and changes had 
been made to warrant megafile re-creation , a very ex
pensive process. As a result, some studies have used older 
versions of a megafile than others. In this volume, all of 
the chapters report results from megafiles that included 
all of the data base, but some variability exists in the 
versions of megafiles used. For instance, the faunal data 
reported in chapter 4 are current as of August 1984, while 
the other chapters were written with files that are current 
as of June 1985. The versions used will differ in the 
amount of editing conducted on them, but serious com
parability problems between the 2 versions are not 
anticipated. 

The way in which researchers grouped data from the me
gafiles varies considerably, and completely describing all 
of the ramifications of this variability is impossible with
out resorting to description on a case by case basis, which 
would not be appropriate here. The megafiles, and indeed 
the data base as a whole, a re extremely complex and well 
controlled. Deri ving a data group from the megafiles is 
most often a subtractive process. As a result , it is quite 
possible to generate a situation where a data set is too 
small to interpret. These factors have to be balanced so 
that data groups reflect the strengths of the data base 
and are large enough to say something meani ngful. In 
thi s volume, the greatest variability in the way that data 
are grouped is in Matthews' section of chapter 4, where 
special IF-statements were added to requests from the 
macrobotanical megafi le to add more provenieces from 
sites. 

Data-check packages: To enable data-checkers to 
ensure accuracy of data in site reports, a COBOL program 
creates a standard package for each site. This includes a 
listing of all samples taken from the site, the dimensions 
of all features at the site, and all PL's (point locations) at 
the site sorted by provenience units. 

Table-maker programs: COBOL programs have 
been written to create standard-output-formatted data 
summary tables for any data set from the flaked lithic 
tool , flaked lithic debitage, nonflaked lithic tool , and 
faunal artifact files. These tables can be transmitted to 
the word processors. 

Column-switching programs: As report writers and 
editors worked with the standard output tables produced 
for the larger, more complex sites, they found a need to 
rearrange, and in some cases, delete columns from these 
tables. To relieve the burden this placed on the word 
processing staff, a COBOL program was written to permit 
adding, deleting, rearranging, and subtotaling columns 
within standard output tables before they were sent to 
the word processors. 



Acquisition of Field Data 

Surficial Studies 

Because over 1000 sites are in the Dolores Project area 
and only a small number could be intensively excavated 
or sampled, information obtained from the modern 
ground surface has been extremely important. Data ac
quisition from the modern ground surface correspond to 
Track 3 and 4 investigations. 

The techniques employed to recover data from the mod
ern ground surface have varied over a span of 10+ years 
and this has created problems that will be discussed fur
ther in the cultural resource section. Techniques em
ployed by the DAP include inventory survey, probability 
survey, and magnetometer survey. 

Inventory survey is designed to provide 100 percent cov
erage of zones that will be directly impacted by construc
tion. Inventory survey meets or exceeds the Bureau of 
Reclamation Class III survey standards. Most of the DAP 
inventory survey work has been guided by the survey 
manual (Bohnenkamp et al. 1984). 

Survey using probability sampling techniques has been 
employed to obtain coverage of areas not scheduled to 
be covered by inventory survey. Specific techniques used 
for probability surveys can be found in Schlanger ( l985a) 
and Schlanger and Harden ( 1985). 

Magnetometer survey of selected sites has been a very 
successful technique for the DAP. Magnetometer survey 
has been undertaken to complement inventory survey 
and to aid in the identification of subsurface features 
prior to excavation. Magnetometer survey has greatly in
creased the ability of the DAP to predict the location of 
structures and whether or not they are burned. It has 
been a very cost effective technique in that as more 
knowledge was gained, fewer hours had to be spent in 
the field assessing both the location and the size of struc
tures; trenching procedures could proceed on the basis of 
magnetometer maps alone. Further information on mag
netometer survey can be found in Huggins ( 1983), Burns 
et al. (1983, 1984), Huggins and Weymouth (l98la, 
l98 lb, 1983). 

Excavations 

Acquisi tion of data below the modern ground surface, 
Track l or 2 level of investigation, has been conducted 
selectively. The DAP has had to balance data needs re
quired by the general research design (Kane et al. 1983) 
with the Bureau of Reclamation practical needs; con
struction schedules, land ownership and extent of inven
tory survey have a ll been factors that have had to be taken 
into consideration. 

OVERVIEW 

Track l or 2 levels of investigation have been guided by 
2 manuals; the field manual (Kane et al. 1981) guided 
fieldwork in the early years of the program, and the ex
cavation manual (Kane and Robinson 1984) was used 
from 1981 until the completion of fieldwork in 1983. The 
manuals are similar, the major difference being that the 
excavation manual streamlines fieldwork and makes sam
pling procedures more explicit. 

The goals of Track 2 excavations are to sample or test a 
given site, and this has involved the use of heavy equip
ment whenever possible. Track I excavations have in
volved more hand work but heavy equipment has also 
been used when possible. Both tracks emphasize exposure 
of structures and features and collection of artifacts and 
samples from the best contexts possible. The decision 
about which track to use at a site has been influenced by 
both research and practical considerations. Track l work 
can involve the complete excavation of a small site or 
opening up selected areas for more intensive work at a 
large, complex site. 

Recording of excavation data has been done using a set 
of standardized fi eld forms intended to focus the exca
vator's attention along similar lines. Parts of all of the 
forms are coded for direct input into the computer, and 
space is also provided for verbal description. The forms 
have been supplemented with photographs and maps. 

The sheer magnitude of the artifacts and samples col
lected from excavations has caused the DAP to make 
decisions that limit what has been collected to sensitive 
proveniences that maximize the information collected. 
As a result, most excavated matrix has not been screened; 
exceptions are probab ility samples and structure floors , 
features, and midden deposits where the preservation 
is good and the deposits are relatively uncontaminated. 
The collection mode for every excavated provenience 
is recorded on each artifact bag and is a coded variable 
on the field form. 

Two concepts have also been generated to structure the 
collection of artifacts and samples from excavation. The 
first is the concept of item versus assemblage mode col
lection (Kane and Robinson 1984), which pertains to 
artifact collections. Item mode collection procedures are 
geared toward diagnostic artifacts; contexts from which 
artifacts collected in this manner are fills that were not 
culturally deposited. Assemblage mode collections are 
either total collections or samples of contexts such as 
culturally deposited fill s, cultural surfaces, and features. 
The second concept is the abandonment mode (Kane and 
Robinson , 1984, 1980) and it pertains to macrobotanical 
and pollen sampling. The concept assumes a scale of pres
ervation is present in Dolores area structures that is re
lated to the way they were abandoned. Macrobotanical 
and pollen sampling has been explicitly geared toward 
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structures abandoned and quickly sealed off from 
postabandonment filling or later cultural contamination. 

Dating excavated proveniences has been an important 
priority for the DAP. Tree-ring dating, archaeomagne
tism, and C-14 dating have been the techniques that have 
been used most often. A summary of the absolute dates 
from excavated proveniences is provided in appendix A. 

Dating proveniences by tree-rings has not been as suc
cessful as anticipated, because samples analyzed by the 
Laboratory of Tree-Ring Research, University of Ari
zona, have largely consisted of ponderosa pine that is 
immature and does not have enough rings to produce 
dates.2 Archaeomagnetism has been an important tech
nique used by the DAP and the results have helped to 
refine the archaeomagnetic curve for the Southwest 
(Hathaway et al. 1983). Results from Carbon-14 dating 
have not been helpful (Gross 1983). 

THE DOLORES PROJECT CULTURAL 
RESOURCE BASE 

Dolores Project features consist of the McPhee Dam and 
Reservoir, the Great Cut Dike, buffer lands around the 
reservoir, and a distribution system composed of smaller 
reservoirs, canals, and laterals (fig. 1.3). The reservoir is 
also called the pool and encompasses 44 70 acres 
( 1809 ha) and will contain 381 000 acres ft of water; the 
maximum elevation of the pool is 6924 ft (2112 m). The 
buffer lands around the reservoir or pool are called the 
takeline. The takeline encompasses an additional II 507 
acres (4657 ha) above the maximum pool line. Figure 1.4 
shows the pool and takeline in relation to the Escalante 
Sector, which is an administrative unit defined by the 
DAP (Kane 1984:24). Also shown in figure 1.4 are lo
calities, which are smaller administrative units that make 
up the Escalante Sector (Kane 1984:24). 

Dolores Project features can be classified into 2 categories 
depending on how much construction will impact these 
features. Primary impact areas are those lands directly 
affected by construction activities; the reservoir or pool 
is an example of a primary impact area. Secondary, im
pact areas are lands outside of primary impact areas and 
are not modified by construction; lands serviced by new 
irrigation systems are an example of secondary impact 
areas. 

The DAP has been directed by the Bureau of Reclama
tion to focus mitigation efforts on primary impact areas. 
Further, because the pool and takeline areas are contin-

' William Robinson. Laboratory of Tree-Ring Research, Univernity of Ar
izona, pen;onal communication. 
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Figure 1.3 - Dolores Project features . 

uous and all of the cultural resources are considered to 
be known, with the exception of some of the resources 
located on the steep canyon walls of the Dolores River 
(this area was randomly sampled), the DAP has focused 
most of its mitigative and interpretive efforts on these 2 
project features. The resources that are located in linear 
primary impact areas, such as canals and laterals (fig. 1.3), 
have not received as much attention since fully inter
preting their spatial distribution and their relationship to 
the resources within the takeline is difficult. 

When the mitigation program began in 1978, the extent 
of the cultural resources that would be impacted by the 
Dolores Project was largely unknown, although the sig
nificance of the resource base had been recognized from 
pre-DAP surveys (Breternitz 1974). Archaeological sur
veys associated with the Dolores Project began as early 
as 1954-1955 when Dr. Joe Ben Wheat from the Uni
versity of Colorado recorded Grass Mesa Village 
(Site 5MT23). Government funding of survey work re
lated to the project began in 1972 when the University 
of Colorado contracted with the National Park Service
Midwest Archaeological Center. This reconnaissan ce 
covered part of the McPhee Reservoir area and results • 
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Figure 1.4 - The Escalante Sector. 

are reported in Breternitz and Martin (1973). Other sur
veys funded by the government during the 1970's covered 
some ancillary features of the reservoir and other parts 
of the Dolores River valley (Kane 1975a, 1975b, 1977; 
Toll 1974, 1977). Although these surveys were useful, 
many of the data collected are of limited utility since 
coverage of key project features, such as the pool and 
takeline, was spotty and because most artifact collections 
were judgment, or "grab," samples geared toward diag
nostic artifacts. 

Survey efforts were resumed in 1978 under the supervi
sion of the Bureau of Reclamation; DAP assumed re
sponsibility for survey in 1979. Inventory survey of the 
pool area (Orcutt and Goulding 1985) was completed in 
1980 and the takeline survey was completed in 1981. Sur
vey of selected ancillary features continued until 1983. 
In addition, probabilistic surveys (Schlanger and Harden 
1985; Schlanger 1985a) were conducted in 1979, 1980, 
and 1982 by Washington State University in the Cline 
Crest, Grass Mesa, Beaver Point, Trimble Point, Hoppe 
Point, Windy Ruin, and Yellowjacket Localities(fig. 1.4). 
The probability surveys were conducted to obtain cov
erage of areas in the Escalante Sector not scheduled for 
inventory survey. 

OVERVIEW 

The Nature of the Total Resource Base 

Table 1.8 summarizes all of the cultural resources re
corded in conjunction with the Dolores Project as of 
1983, when DAP fieldwork was completed; data are pre
sented by survey project and by location in relation to 
the takeline. The Bureau of Reclamation intends to con
duct additional surveys that will add to the overall Do
lores Project data base. Table 1.9 arrays all of the 
resources by site type and general temporal units. As
signment of resources to the site type variable in table 
1.9 is based on architectural characteristics (Kane 1983) 
and, in some cases, on a discriminant function based on 
artifact variables designed by Schlanger and Orcutt ( 1985) 
to test Kane's original intuitive site typology. Since the 
DAP phase scheme is based on organizational charac
teristics more easily recognized in excavation data, the 
Survey Group did not assign resources to phases and sub
phases in the survey computer file from which table 1.9 
was derived. Instead, sites were assigned to the more gen
eralized temporal units reflected in table 1.9. These tem
poral units are based on the Pecos Classification and on 
general knowledge about the resources in the Mesa Verde 
Region . Resources were assigned by the Survey Group to 
these temporal units on the basis of architecture and types 
of ceramics, manos, metates, and projectile points present 
in surface collections (Ives and Orcutt 1982) . 

Although tables 1.8 and 1.9 both indicate a total of 1626 
sites has been recorded, the nature of these resources is 
more complex than indicated on either table. For ex
ample, although table 1.9 does give some indication of 
those resources that have multiple components, the true 
complexity present is masked because each site is assigned 
to a single cell in the table. Resources that contain more 
than I site type or contain hidden components not de
tectable from survey data are not reflected in table 1.9. 

The importance of table 1.9 is that it does reflect the 
temporal and functional assignments of the resources in 
the project area. As indicated in table 1.9, the majority 
of the resources are either untyped or are unknown in 
terms of site type. Of those that are typeable, the majority 
are limited activity loci, followed by habitations, and then 
seasonal sites. The majority of the resources could not 
be assigned to a temporal unit. Of those that could be 
assigned to a temporal unit, the most have been assigned 
to Pueblo I or Basketmaker III through Pueblo I. These 
general trends are the basis on which the DAP made 
mitigation decisions. Using the rationale that since the 
resource base reflects substantial Basketmaker III and 
Pueblo I occupations and that habitations and, to a cer
tain extent seasonal sites, are most interpretable, the DAP 
focused mitigative efforts on these kinds of resources. 
This is not to say that the DAP ignored other resources. 
The point is the DAP attempted to mitigate resources in 
proportion to their temporal and functional occurrence 
within the project area. 
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Table 1.8 - Known cultural resources in the 
Dolores Project area as of 1983 

Survey project Within Dolores Outside Dolores Total 
Project takeline Project takeline 

Pre-1978 surveys* !59 397 556 

1978 BREC/YACC 148 9 !57 
surveyt 

DAP - CU survey 576 177 753 

DAP - WSU survey 44 84 128 

Miscellaneous 6 26 32 
surveys 

Total 933 693 1626 

* Breternitz and Martin (1973); Toll (1974); Kane (1975a, 1975b, 
1977). 
t Dykeman et al. ( 1981 ). 
BREC - Bureau of Reclamation. 
YACC - Young Adult Conservation Corps. 
DAP - Dolores Archaeological Program. 
CU - Colorado University. 
WSU - Washington State University. 

Additional information on the totality of Dolores Project 
cultural resources can be found in the DAP survey com
puter file , in the paper records housed at the Anasazi 
Heritage Center, in the paper records at the Colorado 
State Historic Preservation Office, and in King ( 1980, 
1981 , 1982, 1983, and 1984). 

Cultural Resources in the Escalante Sector 

The following data presentation is focused on the Esca
lante Sector (fig. 1.4), an administrative unit defined by 
the DAP (Kane 1984:24 ). The Escalante Sector includes 
the Dolores Project pool , takeline, and the probabilistic 
surveys conducted by Washington State University. The 
Escalante Sector was chosen for more indepth presen
tation for 2 reasons. First, the resources in this sector are 
the basis for the vast majority of the mitigative and in
terpretive efforts of the DAP. Second, the data from the 
Escalante Sector, particularly those data from the take
line, represent the most consistent and complete data set 
available. 

Table 1.10 arrays the cultural resources in the Escalante 
Sector by site type and by general temporal unit. Both 
variables and the means by which resources were as
signed to them are identical to those in table 1.9. Con
sideration of only those resources in the Escalante 
Sector reduces the site set to I 074, although the com
plexity of the resources is not completely represented , 
which is a function of the nature of survey data and 
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the method of presentation in the table. As reflected in 
table 1.1 0, the majority of the resources in the Escalante 
Sector are limited activity loci , followed by habitations, 
followed by seasonal sites. The majority of the resources 
could not be placed into a temporal unit. Of those that 
could be placed into a temporal unit, most are Pueblo 
I or Basketmaker Ill through Pueblo I. These patterns 
are consistent with those recognized when the entire 
data base is arrayed in the same manner. 

Orcutt and Goulding ( 1985) have evaluated the McPhee 
Reservoir, or pool , data base and their findings are 
probably applicable to the larger takeline area. Orcutt 
and Goulding identify 2 major problems with the data 
base. The first is related to the representativeness of 
the pool or larger takeline area as a sampling unit. Or
cutt and Goulding do not consider the McPhee Res
ervoir area to be a representative sampling unit when 
compared to the rest of the region because of the geo
graphic break, termed the Sage hen Flats (fig. 1.4 ), in 
the western wall of the Dolores River canyon. They note 
that this kind of physiographic feature does not occur 
anywhere else between the source of the Dolores River 
and the Disappointment Valley. However, Orcutt and 
Goulding indicate this problem is partially offset by the 
survey work conducted on ancillary features outside the 
pool area and by the probabilistic surveys conducted 
by Washington State University. The second problem 
is related to variability in data collection procedures in 
surveys conducted over a long period of time. Orcutt 
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Table 1.9 - All recorded sites in the Dolores Project area, by site type and the Pecos Classification 

Pecos Classification Site type 

Untyped Limited Seasonal Habitation Unknown 
activity 

N % N % N % N % N % 
total total total total total 

Indeterminate 158 9.7 253 15 .6 35 2.2 2 0.1 II 0.7 
Archaic 2 0.1 2 0.1 
Basketmaker II I 0.1 
Basketmaker III 22 1.4 18 1.1 10 0.6 9 0.6 I 0.1 
Pueblo I 79 4.9 52 3.2 60 3.7 74 4.6 8 0.5 
Pueblo II 81 5.0 18 1.1 13 0.8 13 0.8 I 0.1 
Pueblo III 5 0.3 
Post-Anasazi I 0.1 I 0.1 
Basketmaker III-Pueblo I 128 7.9 51 3.1 41 2.5 66 4.1 4 0.2 
Pueblo I-Pueblo II 52 3.2 15 0.9 16 1.0 34 2.1 2 0.1 
Pueblo II-Pueblo III 68 4.2 3 0.2 
Basketmaker III-Pueblo II 30 1.8 6 0.4 10 0.6 I 0.1 
Pueblo I-Pueblo III 28 1.7 I 0.1 3 0.2 
Archaic-Pueblo III 3 0.2 
Indeterminate Anasazi 33 2.0 42 2.6 20 1.2 
Paleo, Pueblo I I 0.1 
Archaic, Pueblo I 2 0.1 
Archaic-post-Anasazi I 0.1 
Indeterminate Anasazi, post-Anasazi I 0.1 
Pueblo II , post-Anasazi 2 0.1 3 0.2 I 0.1 
Archaic, Pueblo II I 0.1 I 0.1 
Archaic-Pueblo I I 0.1 2 0.1 I 0.1 
Paleo-Pueblo II I 0.1 
Paleo-Pueblo I I 0.1 
Basketmaker III-Pueblo III 14 0.9 
Pueblo I, post-Anasazi I 0.1 
Basketmaker III, Pueblo III I 0.1 
Pueblo I, Pueblo II , post-Anasazi I 0.1 

Total 710 43.7 471 29.0 196 12. 1 219 13 .5 30 1.8 
~-

Total 

N 

459 
4 
I 

60 
273 
126 

5 
2 

290 
119 
71 
47 
32 

3 
98 

I 
2 
I 
I 
6 
2 
4 
I 
I 

14 
I 
I 
I 

1626 

% 
total 

28.2 
0.2 
0.1 
3.7 

16.8 
7.7 
0.3 
0.2 

17.8 
7.3 
4.4 
2.9 
2.0 
0.2 
6.0 
0.1 
0.1 
0.1 
0.1 
0.4 
0.2 
0.2 
0.1 
0.1 
0.9 
0.1 
0.1 
0.1 

100.0 
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Table 1.10 - All recorded sites in the Escalante Sector, by site type and the Pecos Classification 

Pecos Classification Site type 

Untyped Limited Seasonal Habitation Unknown 
activi ty 

N o/o N o/o N o/o N o/o N o/o 
total total total total total 

Indeterminate 66 6.1 247 23.0 34 3.2 2 0.2 10 0.9 
Archaic 2 0.2 2 0.2 
Basketmaker Ill 3 0.3 18 1.7 10 0.9 9 0.8 I 0.1 
Pueblo I 31 2.9 52 4.8 60 5.6 74 6.9 8 0.7 
Pueblo II 4 0.4 18 1.7 13 1.2 13 1.2 I 0.1 
Pueblo Ill I 0.1 
Post-Anasazi I 0.1 I 0.1 
Basketmaker Ill-Pueblo I 17 1.6 51 4.7 41 3.8 66 6.1 4 0.4 
Pueblo !-Pueblo II 4 0.4 15 1.4 16 1.5 34 3.2 2 0.2 
Pueblo 11-Pueblo Ill 4 0.4 3 0.3 
Basketmaker Ill-Pueblo II II 1.0 6 0.6 10 0.9 I 0.1 
Pueblo !-Pueblo Ill I 0.1 I 0.1 3 0.3 
Archaic-Pueblo Ill I 0.1 
Indeterminate Anasazi 12 1.1 42 3.9 20 1.9 I 0.1 2 0.2 

Paleo, Pueblo I I 0.1 

Archaic, Pueblo I 2 0.2 

Archaic-post-Anasazi I 0.1 

Indeterminate Anasazi, post-Anasazi I 0.1 

Pueblo II, post-Anasazi 3 0.3 I 0.1 

Archaic, Pueblo II I 0.1 I 0.1 

Archaic-Pueblo I I 0.1 2 0.2 I 0.1 

Paleo-Pueblo II I 0.1 
Paleo-Pueblo I I 0.1 
Basketmaker III-Pueblo III 6 0.6 
Pueblo I, post-Anasazi I 0.1 
Pueblo I, Pueblo II, post-Anasazi I 0.1 

Total 166 15.5 465 43.3 195 18.2 219 20.4 29 2.7 

e e 

Total 

N 

359 
4 

41 
225 

49 
I 
2 

179 
71 
7 

28 
5 
I 

77 
I 
2 
I 
I 
4 
2 
4 
I 
2 
6 
I 
I 

1074 

o/o 
total 

33.4 
0.4 
3.8 

20.9 
4.6 
0.1 
0.2 

16.7 
6.6 
0.7 
2.6 
0.5 
0.1 
7.2 
0.1 
0.2 
0.1 
0.1 
0.4 
0.2 
0.4 
0.1 
0.1 
0.6 
0.1 
0.1 

100.0 

e 

::!! 
z 
~ 
r 
JJ 
m .., 
0 
JJ 
-i 



and Goulding point out that the problem is most severe 
with surface collected artifacts : the problem is not as 
severe with other data categories and this is probably 
the result of long term involvement of University of 
Colorado trained personnel in surveys associated with 
the Dolores Project. Although the DAP attempted to 
alleviate some of the data collection variability in the 
survey data set, a complete solution to this problem 
was not possible. Sites recorded prior to the DAP or 
early in the history of the program could not be com
pletely rerecorded or recollected to current standards 
(Bohnenkamp et al 1984). However, some attempt was 
made to re-record or recollect selected sites judged to 
be essential to the program mitigative or research goals. 

Table 1.11 arrays the resources in the Escalante Sector 
by surface collection mode and by percent of site col
lected . Surface collection mode is documented in Boh
nenkamp et al. ( 1984). The number of judgmentally 
collected resources largely reflects sites recorded before 
the DAP or recorded early in the history of the program; 
this collection mode was designed to obtain diagnostic 
artifacts . In some cases, judgmental collection was used 
to augment a representative sampling technique with 
diagnostic artifacts. The transect collection mode was 
used primarily in 1979 and the procedure involved col
lecting all material within 1-m-wide units transecting a 
site . The point-located mode was used very little and 
involved plotting artifacts in relation to the site datum. 
The grid collection mode involved establishing a site 
grid and either collecting every other unit or, if fewer 
than 50 units, collecting all the grid units established. 
The no collection mode refers to situations where it 
was not possible to collect surface materials and bring 
them back to the DAP laboratory facility for analysis. 
In these cases, a modified version of DAP preliminary 
artifact analysis was conducted in the field . The quadrat 
collection mode refers to square units that measured 
2 m, 4 m, 8 m, or multiples of 8 m on each side. The 
quadrat collection mode was designed to collect no 
fewer than I 00 artifacts per quadrat and no more than 
500 artifacts; the lower and upper artifact limits were 
based on DAP's best estimate of the number of artifacts 
needed as a representative sample from a given site. 
The I 00-percent collection mode refers to cases where 
100 percent of the artifacts were collected from the site. 
Percent of site collected is the survey group's best es
timate of how much of the site was surface collected 
given the limitations of site definition based on survey. 

Table 1.11 illustrates the problems that can be encoun
tered when dealing with surveys that span a number of 
years. Although most surface collections consist of com
plete collections that represent 91-100 percent of the 
site, judgment collections where no data are available 
to evaluate the percentage of the site that was collected 
are next in frequency. Probably the most important 
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point that table 1.11 illustrates is that variability in 
survey collections can severely hamper efforts to get at 
base-level questions such as functional and temporal 
placement of resources and that undertaking such an 
effort requires planning for the time and effort needed 
to at least partially offset this problem. 

It is encouraging that the correlation between surveyors 
trained in the same manner and their recording of non
artifactual variables is consistent enough to make their 
data useable (Orcutt and Goulding 1985). 

The way that the DAP alleviated some of the problems 
with variability in recording the survey data base was 
to use a subtractive process based on the Escalante Sec
tor that eliminated those resources not easily inter
preted or manipulated. The DAP also made a 
commitment to this end by conducting additional stud
ies to help tie down functional and temporal placement 
of the resources in the Dolores Project area. Schlanger 
and Orcutt ( 1985) not only tested and verified Kane's 
(1983) original intuitive site typology based on archi
tecture; they were also able to generate a way to assign 
site function to resources that lacked architectural evi
dence on the basis of artifact variable. 

Another critical study conducted is Blinman's (1984) 
work that calibrates ceramic change in the project area. 
Blinman began with contexts that were absolutely dated 
by tree-ring samples. Based on these results, he pro
ceeded to evaluate contexts that could be dated on the 
basis of architecture and were inferred to be relatively 
uncontaminated by earlier or later cultural deposits or 
by postabandonment processes. By examining these 
contexts and conducting additional independent re
search on red wares (Biinman 1983), he was able to 
correlate percentages of ceramic types and attributes 
with specific time increments. This work proved in
valuable for solving many dating problems both for sur
vey and excavated contexts. 

Table 1.12 summarizes data from the habitations in the 
lakeline area; these data form the basis for the results 
presented in chapters 8 and I 0. These data further il
lustrate the complexity of the resources in the Dolores 
Project area. Habitations were assigned to period in 
table 1.12 based on Blinman's (1984) calibration of ce
ramics in the project area. A comparison of the column 
labeled "No. sites" and the column labeled "No. rubble 
mounds" illustrates there is not a one-to-one correla
tion between the 2 attributes. The "No. of sites" col
umn is the number of site numbers assigned to 
habitations in the lakeline area. Sites with occupations 
dating to more than I period can appear on the table 
more than once and sites of unknown age have been 
apportioned to periods given the overall temporal pat
tern in the project area. The rubble mound column 
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Collection mode 

Inapplicable 
Judgement 
Transect 
Point located 
Grid 
No collection 
Quadrat 
100 percent 
No data 
Combined 

systematic 

Total 

e 

Table 1.11 - All recorded sites in the Escalante Sector, by collection mode and percent of site collected 

Percent of site collected 

Inapplicable Less than I to 10 II to 25 26 to 40 41 to 60 61 to 75 76 to 90 91 to 100 
I percent percent percent percent percent percent percent percent 

N % N % N % N o/o N % N o/o N o/o N o/o N o/o 

56 5.2 
4 0.4 6 0.6 9 0.8 4 0.4 7 0.7 I 0.1 8 0.7 

21 2.0 7 0.7 I 0.1 I 0.1 I 0.1 
I 0.1 I 0.1 I 0.1 

2 0.2 I 0.1 II 1.0 I 0.1 31 2.9 
I 0.1 I 0.1 

20 1.9 88 8.2 29 2.7 6 0.6 I 0.1 I 0.1 10 0.9 
I 0.1 365 34.0 

5 0.5 I 0.1 2 0.2 

61 5.7 20 1.9 122 11.4 49 4.6 13 1.2 19 1.8 2 0.2 2 0.2 418 38.9 
---

e 

No data 

N o/o 

I 0.1 
357 33.2 

I 0.1 

7 0.7 

2 0.2 

368 34.3 

Total 

N o/o 

57 5.3 
396 36.9 

32 3.0 
3 0.3 

46 4.3 
2 0.2 

162 15 .1 
366 34.1 

2 0.2 
8 0.7 

1074 100.0 
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Table 1.12 - Habitations in the Dolores Project takeline area 

Period No. sites No. rubble mounds No. households 
Project takeline 

I A.D. 600-720 16 19 34 
2 A.D. 720-800 66 81 216 
3 A.D. 800-840 38 56 216 
4 A.D. 840-880 66 160 629 
5 A.D. 880-920 39 88 438 
6 A.D. 920-980 7 7 30 
7.1 A.D. 980-1025 7 II 52 
7.2 A.D. 1025-1100 8 17 106 
7.3 A.D. 1100-1175 5 5 12 

Total 252 444 1733 

Source: Data compiled from Orcutt ( 1985b:appendix A). 

reflects the number of actual rubble mounds within 
each site; rubble mounds have been apportioned to pe
riods in a manner similar to that for sites. 

Table 1.12 points out the problem of simply counting 
sites to get an accurate idea about the Dolores cultural 
resource base. The source of the problem is related to 
site definition based on inventory survey. For example, 
villages such as Grass Mesa Village (Site 5MT23), Rio 
Vista Village (Site 5MT2182), and House Creek Village 
(Site 5MT2320) were given a single site number while 
each individual rubble mound (Sites 5MT4475 , 
5MT4476, 5MT4477, 5MT4478, 5MT4479, 5MT4480, 
5MT4621, 5MT4622, 5MT4623, 5MT4624, 5MT4625 , 
5MT4725, 5MT5103, 5MT5104, 5MT5105, 5MT5106, 
5MT5107, 5MT5108, and 5MT5388) in McPhee Vil
lage was given an individual site number. At the time 
site designations were given to the rubble mounds at 
McPhee Village, it was not known that they represented 
parts of a single village. 

The situation is further complicated if the inference 
used to construct the column labeled "No. households" 
in table 1.12 are correct. This column reflects the num
ber of individual households inferred to have occupied 
each rubble mound by period. The figures in the column 
are based on Schlanger's( 1985b)conversion figure , where 
50 m' of rubble converts to I household . According to 
Schlanger, this conversion figure is conservative and is 
based on excavation data with an allowance for rubble 
scatter built into the figure . 

From the data presented thus far, it is clear that as
sessing the nature of a cultural resource base by simply 
counting sites misrepresents the size and complexity of 
the resource base. Also, evaluating the adequacy of mit
igation effort by comparing the total number of sites 

to the number of sites where mitigative efforts have 
taken place misrepresents both the resource base and 
the mitigative efforts . 

The Dolores Archaeological Program 
Excavated Data Base 

The excavation data base further illustrates the com
plexity of the cultural resources in the Dolores Project 
area . Figure 1.5 illustrates the location of the excavated 
resources in the project area. Table 1.13 presents the 
final temporal and functional assignments for exca
vated resources. Table 1.13 will conflict with some of 
the site abstracts in appendix 8 and this difference is 
a function of the time lag between the writing of site 
reports and the final changes in temporal and spatial 
assignments during the summer of 1985. 

Element and episode numbers in table 1.13 are assigned 
by site number and represent the smallest increments 
of time recognized in the Dolores Project archaeological 
record . Elements are inferred to represent major con
struction events, such as pitstructure construction, by 
household groups. Episodes are inferred to represent 
smaller, more transitory activities, such as a burial 
event, by groups smaller than a household . Tradition 
is a self evident assignment and will be familar to most 
readers. Phase and subphase assignments are based on 
organizational characteristics that rely heavily on ar
chitecture; phases and subphases are assigned temporal 
increments that may overlap. Period assignments were 
derived from absolute dates where possible but, as can 
be seen from appendix A, not as many absolute dates 
as desired were obtained from the excavated data base. 
In cases where absolute dates were not available, period 
assignments were made by constructing a dating ar
gument based on Blinman's ( 1984) ceramic calibration, 

33 



FINAL REPORT 

' OL"!!I2LOCA ~ TED !!I krn NORTHWEST r1 

lf!J 4 • 

Zf,J,J,/ 

. - Location Figure I 5 of excavated sites in the Dolores Proiect J area. 



OVERVIEW 

Table 1.13 - Temporal-spatial assignments for the Dolores Archaeological Program 
excavated data base 

Site name Element/ Tradition/phase/ Period Site type/subtype No. of Percent of 
Site No. episode subphase (A.D.) FS's FS's 

No. troweled 
or screened 

Grass Mesa 
Village 

Habitation/small ha;:;uet 5MT23 Element I Anasazi/Sagehen/Sagehill 720-800 6 83.3 
Element 2 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 100 88.0 
Element 3 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 2 100.0 
Element 4 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 7 42.9 
Element 6 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 2 100.0 
Element 7 Anasazi/McPhee/Grass Mesa 900-920 Habitation/ large hamlet 11 7 92.3 
Element 8 Anasazi/ McPhee/Grass Mesa 880-920 Habitation/small hamlet 35 100.0 
Element 9 Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet 100.0 
Element 10 Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet 100.0 
Element II Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet I 100.0 
Element 12 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 4 75.0 
Element 13 Anasazi/late Sagehen-early 720-880 Habitation/ unknown 0 0.0 

McPhee/un known 
Element 14 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 77 100.0 
Element 16 Anasazi/McPhee/unknown 840-920 Habitation/ unknown 3 0.0 
Element 19 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 21 100.0 
Element 21 Anasazi/Sagehen/Dos Casas 780-820 Habitation/small hamlet 37 100.0 
Element 23 Anasazi/Sagehen/Dos Casas 720-840 Habitation/small hamlet 4 75.0 
Element 25 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet II 100.0 
Element 26 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 0 0.0 
Element 27 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 2 100.0 
Element 28 Anasazi/Sagehen/Dos Casas 780-840 Habitation/small hamlet 16 100.0 
Element 30 Anasazi/McPhee/unknown 840-920 Habitation/ unknown 4 100.0 
Element 31 Anasazi/ McPhee/Grass Mesa 880-920 Habitation/small hamlet 21 100.0 
Element 32 Anasazi/McPhee/Peri man 860-880 Habitation/village 72 97.2 
Element 33 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 30 86.7 
Element 34 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet I 100.0 
Element 35 Anasazi/ McPhee/Grass Mesa 880-920 Habitation/small hamlet 10 80.0 
Element 36 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 3 66.7 
Element 37 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 4 100.0 
Element 40 Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet 2 100.0 
Element 38 Anasazi/ McPhee/Grass Mesa 880-920 Habitation/small hamlet 3 100.0 
Element 39 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 3 100.0 
Element 41 Anasazi/Sagehen/Dos Casas 780-840 Habitation/small hamlet 6 83.3 
Element 42 Anasazi/McPhee/Grass Mesa 880-920 Habitation/vi llage 19 84.2 
Element 43 Anasazi/Sagehen/Sagehill 780-840 Habitation/small hamlet 4 100.0 
Element 44 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet I 100.0 
Element 45 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet I 100.0 
Element 46 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 4 100.0 
Element 47 Anasazi/Sagehen/ unknown 720-840 Habitation/ unknown 0 0.0 
Element 48 Anasazi/McPhee/unknown 840-920 Habitation/ unknown 2 100.0 
Element 49 Anasazi/late Sagehen-early 720-880 Habitation/unknown 0 0.0 

McPhee/un known 
Element 50 Anasazi/Sagehen/Dos Casas 720-840 Habitation/small hamlet 5 100.0 
Element 51 Anasazi/late Sagehen-early 800-880 Habitation/ unknown 16 93.8 

McPhee/unknown 
Element 52 Anasazi/late Sagehen-early 800-980 Habitation/ unknown 6 100.0 

McPhee/unknown 
Element 53 Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet 16 100.0 
Element 54 Anasazi/Sagehen/Dos Casas 800-840 Habitation/small hamlet 2 100.0 
Element 56 A nasazi/ Me Phee/Peri man 840-860 Habitation/village 7 100.0 
Element 57 Anasazi/ McPhee/Peri man 860-880 Habitation/village 36 97.2 
Element 58 Anasazi/Sagehen/Sagehill 760-780 Habitation/small hamlet 13 76.9 
Element 59 Anasazi/McPhee/Grass Mesa 880-900 Habitation/vi llage 36 83.3 
Element 60 Anasazi/McPhee/Grass Mesa 880-900 Habitation/village 73 91.8 
Element 6 1 Anasazi/McPhee/Grass Mesa 880-900 Habitation/village 20 100.0 
Element 62 Anasazi/McPhee/un known 800-880 Unknown/unknown 0 0.0 
Element 63 Anasazi/ McPhee/unknown 720-880 Unknown/ unknown I 100.0 
Element 64 Anasazi/Sagehen/ Dos Casas 720-840 Habitation/small hamlet 3 66.7 
Element 65 Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet 6 100.0 
Element 66 Anasazi/Sagehen/Sagehill 600-800 Habitation/small hamlet 14 92.9 
Element 67 Anasazi/Sagehen/Dos Casas 780-800 Habitation/small hamlet 3 100.0 
Element 68 Anasazi/Sagehen/Dos Casas 720-840 Habitation/small hamlet 24 83.3 
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Table 1.13 - Temporal-spatial assignments for the Dolores Archaeological Program 
excavated data base - Continued 

Site name Element! Tradition/phase/ Period Site type/subtype No. of Percent of 

Site No. episode subphase (A.D.) FS's FS's 

No. troweled 
or screened 

G rass Mesa Village 
(cont'd) 
5MT23 Element 69 Anasazi/Sagehen/Sagehill 600-800 Habitation/small hamlet 7 85.7 

Element 70 Anasazi/Sagehen/Dos Casas 780-800 Habitation/small hamlet 25 92.0 
Element 71 Anasazi/McPhee/Periman 820-860 Habitation/village 149 91.3 
Element 72 Anasazi/McPhee/Periman 860-880 Habitation/village 342 94.7 

Element 73 Anasazi/McPhee/Periman 880-900 Habitation/village 392 80.1 
Element 74 Anasazi/McPhee/Grass Mesa 880-920 Habitation/village 87 85.1 

Element 76 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet II 81.8 
Element 78 Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet I 100.0 
Element 79 Anasazi/Sagehen/Dos Casas 720-780 Habitation/small hamlet 0 0.0 
Element 80 Anasazi/Sagehen/Dos Casas 780-840 Habitation/village II 100.0 
Element 81 Anasazi/Sagehen/Dos Casas 780-800 Habitation/small hamlet 3 100.0 
Element 82 Anasazi/McPhee/Periman 840-880 Habitation/village 17 100.0 
Element 83 Anasazi/McPhee/Periman 880-920 Habitation/village 125 97.6 
Element 84 Anasazi/McPhee/Periman 840-880 Habitation/village 19 94.7 
Element 85 Anasazi/McPhee/Grass Mesa 880-920 Habitation/village 4 100.0 
Element 86 Anasazi/McPhee/Periman 860-880 Habitation/village 5 100.0 
Element 87 Anasazi/McPhee/Grass Mesa 880-920 Habitation/sma ll hamlet 7 100.0 
Element 88 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 2 100.0 
Element 89 Anasazi/Sagehen/Dos Casas 800-840 Habitation/small hamlet 16 100.0 
Element 90 Anasazi/Sagehen/Dos Casas 760-800 Habitation/small hamlet 5 60.0 
Element 9 1 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 5 100.0 
Element 92 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 3 100.0 
Element 93 Anasazi/McPhee/Grass Mesa 880-920 Habitation/large hamlet 4 100.0 
Element 94 Anasazi/McPhee/Grass Mesa 880-920 Habitation/large hamlet 13 92.3 
Element 95 Anasazi /McPhee/Grass Mesa 880-920 Habitation/unknown 7 85.7 
Element 96 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 2 100.0 
Element 97 Anasazi/Sagehen/Dos Casas 720-800 Habitation/small hamlet 7 100.0 
Element 98 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 3 66.7 
Element 99 Anasazi/McPhee/Grass Mesa 880-920 Habitation/small hamlet 3 100.0 

LeMoc Shelter 
5MT2151 Element I Anasazi/Sagehen/Sagehill 720-760 Habitation/small hamlet 9 100.0 

Element 2 Anasazi/Sagehen/Dos Casas 800-840 Habitation/small hamlet 121 79.3 
Element 3 Anasazi/ McPhee/Periman 840-880 Habitation/small hamlet 73 89.0 
Element 4 Anasazi/ McPhee/Grass Mesa 880-900 Seasonal locus/field house 41 78.0 
Episode I Anasazi/McPhee/Grass Mesa 880-900 Limited activity/unknown 35 8.6 
Episode 2 Anasazi/McPhee/Grass Mesa 940-980 Limited activity/unknown 67 82.1 
Episode 3 Anasazi/Sundiai/Marshview 980- Limited activity/unknown 109 65.1 

1025 

*5MT2160 Element I Anasazi/ McPhee/unknown 720-840 Seasonal locus/field house 14 0.0 

Prince Hamlet 
5MT2 161 Element I Anasazi/Sagehen/ Dos Casas 780-800 Habitation/small hamlet 6 100.0 

Element 2 Anasazi/Sagehen/Dos Casas 800-840 Habitation/small hamlet 8 100.0 
Element 3 A nasazi /Mc Phee/Peri man 840-880 Habitation/large hamlet 10 100.0 
Element 4 Anasazi/ McPhee/Periman 880-900 Habitation/large hamlet 315 55.2 
Episode I Anasazi/Sundial/unknown 980-1175 Limited activity/unknown 0 0.0 

Lone Pine 
Hamlet 

5MT2162 Element I Anasazi/Sagehen/Tres Bobos 700-720 Habitation/small hamlet 7 71.4 
Element 2 Anasazi/Sagehen/Sagehill 720-760 Habitation/small hamlet 2 0.0 
Element 3 Anasazi/Sundiai/Marshview I 025- Seasonal locus/ field house 2 0.0 

1175 

*5MT2165 Element Anasazi/Sagehen/Dos Casas 800-840 Habitation/small hamlet 2 0.0 

*5MT2 166 Element Anasazi/Sagehen/Sagehill 660-700 Habitation/small hamlet 27 0.0 

*5MT2169 Element Anasazi/McPhee/Periman 720-800 Habitation/small hamlet 53 0.0 

*5MT2170 Element I Anasazi/Sagehen/Tres Bobos 720-800 Habitation/small hamlet 22 0.0 

*5MT2173 Episode I Archaic/Great Cut/n.a. Pre-600 Limited activity/unknown 2 0.0 
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Los Cuartos 
House 
5MT2174 Element I Anasazi/Sagehen/Dos Casas 820-840 Seasonal locus/ field house 7 42.0 

*5MT2175 Episode I Anasazi/Sagehenj unknown 600-1250 Limited activity/unknown 2 0.0 

*5MT2180 Episode I Anasazi/ unknownj unknown 600-1250 Limited activity/unknown 9 0.0 

Hamlet de 
Ia Olla 
5MT2 181 Element I Anasazi/Sagehen/Dos Casas 780-800 Habitation/small hamlet 43 32 .6 

Element 2 Anasazi/McPhee/ Periman 840-920 Seasonal locus/ field house 53 15.1 
Episode I Anasazi/McPhee/unknown 840-980 Limited activity/ mortuary 100.0 

Rio Vista 
Village 
5MT2182 Element I Anasazi/Sagehen/ Dos Casas 780-800 Habitation/small hamlet 6 100.0 

Element 2 Anasazi/Sagehen/ Dos Casas . 780-820 Habitation/small hamlet 109 99.1 
Element 3 Anasazi/Sagehen/ Dos Casas 800-820 Habitation/small hamlet 67 29.9 
Element 4 Anasazi/ McPheej Periman 840-860 Habitation/ village 59 100.0 
Element 5 Anasazi/ McPhee/ Periman 860-880 Habitation/ village 119 69.7 
Element II Anasazi/Sagehen/Sagehill 720-840 Habitation/small hamlet I 100.0 
Element 12 Anasazi/Sagehen/ Dos Casas 820-840 Habitation/ large hamlet 4 50.0 
Element 13 Anasazi/ McPhee/ Periman 840-860 Habitation/ vi llage 129 72.1 
Element 14 Anasazi/ McPhee/Grass Mesa 860-900 Habitation/ large hamlet 18 83.3 
Element 21 Anasazi/Sagehen/ Dos Casas 820-860 Habitation/small hamlet 5 80.0 
Element 22 Anasazi/ McPhee/ Periman 860-900 Habitation/ village 302 86.1 
Element 23 Anasazi/McPhee/Grass Mesa 880-900 Habitation/small hamlet 30 86.7 
Element 31 Anasazi/ McPhee/Periman 860-900 Habitation/ village 65 41.5 

Little House 
5MT2191 Element I Anasazi/McPhee/Periman 840-860 Seasonal locus/ field house 165 30.9 

Episode I Anasazi/ McPhee/ Periman 860-880 Limited activity/camp 2 50.0 

Pheasant View 
Hamlet 
5MT2192 Element I Anasazi/Sagehen/ Dos Casas 780-800 Habitation/small hamlet 320 36.2 

Episode I Anasazi/McPheej unknown 800-880 Limited activity/ mortuary 100.0 

Episode 2 Anasazi/McPhee/unknown 800-880 Limited activity/ mortuary 100.0 

Dos Casas 
Hamlet 
5MT2193 Element I Anasazi/Sagehen/ Dos Casas 760-780 Habitation/small hamlet 256 21.1 

Element 2 Anasazi/Sagehen/ Dos Casas 760-800 Habitation/small hamlet 297 68.0 

Casa Bodega 
Hamlet 
5MT2194 Element I Anasazi/ Sagehen/Sagehill 720-840 Habitation/small hamlet 308 19.5 

Element 2 Anasazi/Sagehen/ Dos Casas 820-860 Seasonal locus/ unknown 56 48 .2 

Sage hill 
Hamlet 
5MT2198 Element I Anasazi/Sagehen/Sagehill 700-760 Habitation/small hamlet 231 21.6 

Horse Bone 
Camp 
5MT2199 Episode I Archaic/Great Cut/n.a. Pre-600 Limited activity/camp 2 100.0 

Episode 2 Anasazi/Sagehen/unknown 800-840 Limited activity/unknown 174 24.7 

Sheep Skull 
Camp 
5MT2202 Episode I Archaic/Great Cut/n.a . Pre-600 Limited activity/storage 407 13 .8 

Episode 2 Anasazi/McPhee/unknown 920-980 Limited activity/unknown 46 0.0 

Casa Roca 
5MT2203 Element I Anasazi/McPhee/Cline 920-940 Seasonal locus/field house 121 49.6 
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Moonlight 
House 
5MT2205 Element I Anasazi/McPhee/Periman 880-900 Seasonal locus/field house 62 22 .6 

*5MT2211 Element I Anasazi/Sagehen/Dos Casas 800-840 Habitation/small hamlet 3 0.0 

*5MT2212 Episode I Anasazi/Sagehen/unknown 600-800 Limited activity/unknown I 0.0 
Episode 2 Anasazi/Sundial/unknown 920- Limited activity/unknown 0 0.0 

1250 

*5MT2213 Element Anasazi/Sagehen/Sagehill 720-800 Seasonal locus/unknown II 0.0 
unknown 

Sundance 
Pueblo 
5MT2215 Element I Anasazi/Sundial/Escalante I 02 5- Seasonal locus/unknown 189 43.9 

1100 
Episode Anasazi/Sagehen/unknown 600- Unknown/unknown 150 38 .0 
unknown- 1250 
other site 

*5MT2216 Element I Anasazi/Sagehen/unknown 600-920 Habitation/small hamlet 0 0.0 
Element 2 Anasazi/Sundial/unknown 920- Seasonal locus/unknown 0 0.0 

1250 

Dovetail 
Hamlet 
5MT2226 Element I Anasazi/Sagehen/Dos Casas 820-860 Habitation/small hamlet 149 49.7 

Episode I Anasazi/McPhee/Periman 880-920 Limited activity/unknown 0 0.0 

Marsh view 
Hamlet 
5MT2235 Element I Anasazi/Sundiai/Marshview II 00-117 5 Seasonal locus/unknown 244 10.2 

Episode I Archaic/Great Cut/n.a. Pre-600 Limited activity/camp 3 33.3 
Episode 2 Anasazi/Sundiai/Marshview 1100-1175 Limited activity/mortuary I 100.0 
Episode 3 Anasazi/Sundiai/Marshview 1100-1175 Limited activity/camp 2 5Q.O 

Horsefly 
Hamlet 
5MT2236 Element I Anasazi/Sagehen/Dos Casas 760-800 Habitation/small hamlet 104 5.8 

Episode I Unknown/unknown/unknown Unknown Limited activity/unknown 48 6.3 
Episode 2 Anasazi/Sundiai/Marshview 980-1175 Limited activity/unknown 0 0.0 

Southview 
House 
5MT2241 Element I Anasazi/Sundiai/Marshview II 00-117 5 Seasonal locus/field house 146 56.8 

Episode I Anasazi/Sagehen/Dos Casas 800-840 Limited activity/unknown 497 7.2 

Ridgeline 
Camp 
5MT2242 Episode I Archaic/Great Cut/n.a. Pre-600 Limited activity/camp 82 14.6 

Episode 2 Archaic/Great Cut/n.a. Pre-600 Limited activity/camp 98 19.4 
Episode 3 Anasazi/Sagehen/Dos Casas 780-800 Limited activity/unknown 143 14.0 
Episode 4 Anasazi/McPhee/Ciine 920- Limited activity/unknown 0 0.0 

1250 
House Creek 
Village 
5MT2320 Element I Anasazi/McPhee/Periman 860-900 Habitation/village 430 47.2 

Element II Anasazi/Sagehen/Dos Casas 840-860 Habitation/small hamlet 0 0.0 
Element 12 Anasazi/McPhee/Periman 860-900 Habitatio_n/village 3 0.0 
Element 21 Anasazi/Sagehen/Dos Casas 800-840 Habitation/large hamlet 9 88.9 
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House Creek Village 
(cont'd) 
5MT2320 Element 22 Anasazi/McPhee/Periman 820-860 Habitation/village 76 85.5 

Element 31 Anasazi/Sagehen/Dos Casas 820-860 Habitation/ large hamlet 0 0.0 
Element 32 Anasazi/McPhee/Periman 860-900 Habitation/village I 0.0 
Element 61 Anasazi/McPhee/Periman 860-900 Habitation/village 0.0 
Element 71 Anasazi/McPhee/Periman 800-920 Habitation/village 0.0 

Squawbush 
Hamlet 
5MT2322 Element I Anasazi/McPhee/Periman 820-860 Habitation/village 22 36.4 

*5MT2335 Episode I Anasazi/unknown/unknown 600-1250 Limited activity/unknown 9 0.0 

Kin Tl'iish 
5MT2336 Element I Anasazi/Sagehen/Dos Casas 780-840 Habitation/small hamlet 62 100.0 

Element 2 Anasazi/McPhee/Periman 820-880 Habitation/small hamlet 18 61.1 
Element 3 Anasazi/McPhee/Periman 840-860 Habitation/small hamlet 118 90.7 
Element 4 Anasazi/McPhee/Ciine 920-980 Habitation/large hamlet 22 86.4 
Episode I Anasazi/Sundiai/Marshview 940-1025 Limited activity/mortuary 0 0.0 
Episode 2 Anasazi/Sundiai/Marshview 940-1025 Limited activity/mortuary 2 100.0 
Episode 3 Anasazi/Sundiai/Marshview 940-1025 Limited activity/mortuary 0 0.0 

Poco Tiempo 
Hamlet 
5MT2378 Element I Anasazi/Sagehen/Tres Bobos 660-700 Habitation/small hamlet 12 100.0 

Element 2 Anasazi/Sagehen/Tres Bobos 700-760 Habitation/small hamlet 115 88.7 
Episode I Anasazi/unknown/unknown 720-1250 Limited activity/mortuary 0 0.0 
Episode 2 Anasazi/unknownfunknown 720-1250 Limited activity/mortuary 0 0.0 

*5MT2381 Element I Anasazi/Sagehen/Sagehill 720-800 Habitation/small hamlet 3 0.0 

Paintbrush 
House 
5MT2729 Element I Anasazi/Sundiai/Marshview 1025-1175 Seasonal locus/unknown 130 46.9 

Casa de Nada 
5MT2731 Element I Unknown/unknown/unknown Pre-600 or Seasonal locus/unknown 223 100.0 

post-1250 
Episode I Unknown/unknown/unknown Pre-600 or Limited activity/unknown 100.0 

post-1250 
Episode 2 Anasazi/unknownfunknown 840-980 Limited activity/unknown 2 100.0 

Charred House 
5MT2844 Episode I Anasazi/Sagehen/Sagehill 720-800 Limited activity/storage 26 11 .5 

Rusty Ridge 
Hamlet 
5MT2848 Element I Anasazi/Sagehen/Tres Bobos 660-720 Habitation/small hamlet 24 83.3 

Element 2 Anasazi/Sagehen/Dos Casas 780-800 Habitation/small hamlet 80 5.0 
Episode l Anasazi/Sagehen/Dos Casas 800-820 Limited activity/mortuary 0.0 

Deer Hunter 
Hamlet 
5MT2853 Element I Anasazi/Sagehen/Sagehill 720-760 Habitation/small hamlet 2 50.0 

Element 2 Anasazi/Sagehen/Dos Casas 780-800 Habitation/small hamlet 38 10.5 
Episode I Anasazi/unknown/unknown 800-840 Limited activity/mortuary 100.0 

A Idea 
Sierritas 
5MT2854 Element I Anasazi/Sagehen/Sagehill 720-760 Habitation/small hamlet 62 51.6 

Element 2 Anasazi/Sagehen/Sagehill 780-800 Habitation/small hamlet 505 57.8 
Episode I Anasazi/Sagehen/Dos Casas 800-820 Limited activity/unknown 100.0 

Cansado 
Camp 
5MT2857 Element 3- Anasazi/Sagehen/Dos Casas 800-820 Habitation/large hamlet 16 0.0 

other site 
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Apricot Hamlet 
5MT2858 Element I Anasazi /Sagehen/Tres Bobos 660-700 Habitation/small hamlet 328 32.6 

Element 2 Anasazi/Sagehen/Sagehill 700-720 Seasonal locus/unknown 23 100.0 
Episode I Anasazi/McPhee/Periman 800-880 Limited activity/unknown 0 0.0 

McPhee Pueblo 
5MT44 75 Element I Anasazi/Sagehen/Dos Casas 820-840 Habitation/large hamlet 0 0.0 

Element 2 Anasazi /Sagehen/ Dos Casas 840-860 Habitat ion/large hamlet 0 0.0 
Element 3 Anasazi/McPhee/ Periman 860-880 Habitation/village 171 98 .2 
Element 4 Anasazi/McPhee/Periman 880-920 Habitation/vi llage 575 91.0 
Element 5 Anasazi/McPhee/Ciine 920-940 Habitation/village 236 9 1.1 
Element 6 Anasazi / McPhee/Ciine 940-980 Habitation/vi llage 303 75.2 

Masa Negra 
Pueblo 
5MT44 77 Element I Anasazi/ McPhee/Peri man 860-880 Habitation/village 92 100.0 

Element 2 Anasazi /McPhee/Periman 880-920 Habitation/village 468 73 .5 
Element 3 Anasazi /McPhee/Ciine 920-980 Habitation/ large hamlet 68 70.6 

A Idea 
Alfareros 
5MT4479 Element I Anasazi/McPhee/Peri man 860-900 Habita tion/vi llage 605 61.5 

Paintbrush 
Pueblo 
5MT4480 Element I Anasazi /McPhee/Periman 860-880 Habitation/vi llage 81 77.8 

Element 2 Anasazi/McPhee/Periman 880-920 Habitation/village 57 64.9 
Element 3 Anasazi/Sundiai!Marshview 920- Seasonal locus/unknown 0 0.0 

1250 
0
5MT4505 Episode I Anasazi/unknown/unknown 600- Limited activity/unknown 0.0 

1250 

Cascade 
House 
5MT45 12 Element I Anasazi /Sagehen/Dos Casas 800-840 Seasonal locus/unknown 372 25 .0 

Lee Side 
Camp 
5MT4513 Element I Anasazi /Sagehen/unknown 600-840 Habitation/small hamlet 0.0 

Episode I Archaic/Great Cut/n.a. Pre-600 Limited activity/unknown 4 0.0 
Episode 2 Anasazi/Sagehen/unknown 600-920 Limited activ ity/unknown 0 0.0 
Episode 3 Anasazi/Sundial/unknown 920- Limited acti vity/unknown 0 0.0 

1250 
0
5MT4517 Episode I Anasazi/unknown/unknown 600- Limited activ ity/unknown 6 0.0 

1250 
0
5MT4520 Episode I Anasazi/unknown/unknown 600- Limited activi ty/unknown 4 0.0 

1250 
0
5MT4526 Epi sode I Anasazi/unknown/unknown 600- Limited activity/unknown 6 0.0 

1250 

Jeddito 
Camp 
5MT4541 Element I Anasazi/Sundiai/Marshview 980- 1175 Habitation/small hamlet 159 0.0 

Episode I Protohi sto ric/Beaver Post-1 250 Limited ac ti vity/unknown 0 0.0 
Point/n .a. 

Tres Bobos 
Hamlet 
5MT4545 Element I Anasazi /Sagehen/Tres Bobos 600-660 Habitation/small hamlet 629 58.7 

Episode I Anasazi/Sagehen/unknown 600-800 Limited activity/ mortuary 0 0.0 
Episode 2 Anasazi/Sundiai!Marshview 980- Limited activity/unknown 0 0.0 

1025 

Pozo Hamlet 
5MT4613 Element Anasazi /Sagehen/Sagehill 700-720 Habitation/small hamlet 193 10.4 

Episode I Anasazi/McPhee/Periman 920- Limited activity/unknown I 0.0 
1250 

Prairie Dog 
Hamlet 
5MT4614 Element I Anasazi/Sagehen/Sagehill 700-760 Seasonal locus/unknown 20 95 .0 

Element 2 Anasazi /Sagehen/Sagehill 720-780 Habi tation/small hamlet 498 27.3 

Sunnower 
Hamlet 
5MT4640 Elemen t I Anasazi/Sagehen/Dos Casas 780-800 Habi tati on/small hamlet 35 0.0 
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Desecho 
Camp 
5MT4642 Episode I Anasazi/ unknown(unknown 720-880 Limited activity/ unknown 36 0.0 

Wind y Wheat 
Hamlet 
5MT4644 Elemen t I Anasazi/Sagehen(Sagehill 720-760 Habitation/small hamlet 53 100.0 

Element 2 Anasazi/Sagehen/Dos Casas 780-800 Habitation/small hamlet 38 8 1.6 
Element 3 Anasazi/Sagehen/ Dos Casas 800-820 Habitation/ large hamlet 755 61.5 

*sMT4646 Episode I Anasazi(unknown(unknown 600-1250 Limited activity/ unknown 3 0.0 

Roadside 
Camp 
5MT4649 Episode I Anasazi/Sagehen(unknown 720-880 Limited activity/ unknown 8 0.0 

Hanging Rock 
Hamlet 
5MT4650 Element I Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet 3 100.0 

Element 2 Anasazi/ McPhee/ Periman 860-880 Habitation/ large hamlet 155 63.2 
Episode I Anasazi/ McPhee/ Periman 880-980 Limited activity/ unknown 100.0 

Cal mate 
Shelter 
5MT4651 Element I Anasazi/ Sagehen(Sagehi ll 720-840 Habitation/small hamlet 14 0.0 

Element 2 Anasazi/Sundial/ unknown I 025-1250 Seasonal locus/ fi eld house 3 0.0 

Beaver Trap 
Shelter 
5MT4654 Element I Anasazi/McPhee(Periman 860-900 Habi tation/village I 100.0 

Element 2 Anasazi(McPhee/Cii ne 900-980 Habitation/village 15 80.0 
Episode I Archaic/Great Cut/n.a. Pre-600 Limited activity/ unknown 6 83.3 
Episode 2 Anasazi/Sagehen/ unknown 720-920 Limited activity/ unknown 100.0 
Episode 3 Anasazi/Sundial/ unknown 1025-1175 Limited activity/camp 0.0 
Episode 4 Protohistoric(Beaver Post-1 250 Limited activity/camp 4 100.0 

Point/ n.a. 
Episode 5 Protohistoric/ Beaver Post-1 250 Limited activity/camp 7 85.7 

Point/ n.a. 
Episode 6 Protohistoric/ Beaver Post-1 250 Limited activity/camp 6 83 .3 

Point/ n.a. 
Episode 7 Historic/ historic/ n.a. Post-1250 Limited activit y/camp 6 66.7 

Periman 
Hamlet 
5MT4671 Element I A nasazi/Sagehen/Dos Casas 780-800 Habitation/small ham let 0 0.0 

Element 2 A nasazi/Sagehen/Dos Casas 800-820 Habitation/small hamlet 934 47.6 
Element II A nasazi(Sagehen/ Dos Casas 800-820 Habitation/small hamlet 492 36.6 
Element 12 A nasazi/Sagehen(Dos Casas 780-840 Habitation/small ha mlet 145 14.5 
Element 13 Anasazi/ McPhee(Periman 820-880 Seasonal locus/ fie ld house 13 46.2 
Episode I Unknown/ unknown/ unknown Post-1 250 Limited activity/ unknown 100.0 

Hawk House 
5MT4681 Element I Anasazi(Sagehen/ unknown 720-880 Seasonal locus/ field house 90 37.8 

Climbing Cactus 
Camp 
5MT4682 Episode I Archaic/Great Cut/n.a. Pre-600 Limited activity/ unknown 0 0.0 

Episode 2 Anasazi/Sundial/unknown 920-12 50 Limited activity/unknown 75 0.0 

Singing 
Shelter 

5MT4683 Element I A nasazi/Sagehen/Tres Bobos 600-800 Unknown/ unknown I 0.0 
Element 2 Anasazi/Sagehen/Sagehill 720-780 Habitation/small hamlet I 0.0 
Element 3 Anasazi/Sagehen(Dos Casas 820-840 Habitation/small hamlet 178 97.8 
Element 5 Anasazi/Sundial/ Marshview 1025- 11 75 Seasonal locus/ field house 48 45.8 
Episode I Archaic/Great Cut/ n.a. Pre-600 Limited activity/ unknown 2 100.0 
Episode 2 Protohistoric( Beaver Post-1 250 Limited activity/ unknown 0 0.0 

Point/ n.a. 
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Chindi 
Hamlet 
5MT4684 Element I A nasazi/Sagehen/Tres Bobos 660-700 Habitation/small hamlet 101 99.0 

Element 2 A nasazi/Sagehen/Tres Bobos 660-700 Habitation/small hamlet 259 39.0 
Episode I Anasazi/Sagehen/ Dos Casas 800-880 Limited activity/mortuary 100.0 
Episode 2 Anasazi/Sagehen/Dos Casas 800-880 Limited activity/mortuary 0.0 
Episode 3 Anasazi/Sagehen/ Dos Casas 800-880 Limited activity/mortuary 0.0 

Kangaroo 
Camp 
5MT4690 Episode I Archaic/Great Cut/n.a . Pre-600 Limited activity/unknown 128 0.0 

Tres Chapulines 
Pueblo 
5MT4725 Element I Anasazi/McPhee/Periman 840-860 Habitation/village 19 15.8 

Element 2 Anasazi/McPhee/Periman 860-880 Habitation/village 20 5.0 
Element 3 Anasazi/ McPhee/Periman 880-900 Habitation/village 32 12 .5 

0
5MT4744 Element Anasazi/unknown/ unknown 600-1250 Limited activity/unknown 9 0.0 

unknown 

Pinyon House 
5MT4751 Element I Anasazi/Sundiai/Marshview 11 00-1 175 Seasonal locus/ unknown 123 22.8 

0
5MT4760 Episode I Anasazi/ unknownjunknown 600-1250 Limited activi ty/ unknown 4 0.0 

Faraway House 
5MT4763 Episode I Anasazi/ unknownj unknown 720-920 Limited activity/storage 95 7.4 

0
5MT4769 Element Anasazi/ unknown/ unknown 600-1250 Limited activity/ unknown 8 0.0 

unknown 
0
5MT4777 Episode I A nasazi/u nk nown/ u n known 600-1250 Limited activity/unknown 7 0.0 

Dos Piedras 
Camp 
5MT4779 Episode I Anasazi/ Basketmaker Ill- 840-880 Limited acti vity/ unknown 22 13.6 

Pueblo !/ unknown 
Episode 2 Anasazi/ Basketmaker Ill- 600-980 Limited activity/unknown 36 0.0 

Pueblo (/ unknown 

Quasi modo 
Cave 
5MT4789 Episode I Anasazi/Sundialfunknown 920-1250 Limited activity/storage 56 48.2 

0
5MT4796 Episode I Anasazi/unknownjunknown 600-1250 Limited activity/unknown 21 0.0 

Cougar Springs 
Cave 
5MT4797 Element I Archaic/Cougar Springs/n.a. Pre-600 Limtied acti vity/unknown 108 62.0 

*sMTS094 Episode I Anasazi/unknownjunknown 600-1250 Limited activity/unknown 3 0.0 
0
5MT5096 Episode I Anasazi/unknown/unknown 600-1250 Limited activity/unknown 7 0.0 

Willow Flat 
Pueblo 
5MT5104 Element I Anasazi/ McPhee/Periman 860-880 Habitation/village 2 100.0 

Element 2 Anasazi/ McPhee/Periman 880-900 Habitation/village 140 30.7 

Weasel 
Pueblo 
5MT5106 Element I Anasazi/ McPhee/Periman 840-880 Habitation/village 37 100.0 

Element 2 Anasazi/ McPhee/Periman 880-900 Habitation/village 242 86.0 
Element 3 A nasazi/Sundiai/Marsh view 1025-1175 Seasonal locus/unknown 18 77.8 
Element 4 Anasazi/Sundiai/Marshview 1100-1250 Seasonal locus/unknown 18 61.1 
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Pueblo de las 
Golondrinas 
5MT5107 Element I Anasazi(Sagehen/ Sagehill 760-780 Habitation/small hamlet 4 

Element 2 Anasazi /Sagehen/ Dos Casas 800-840 Habitation/ village 17 
Element 3 Anasazi/ McPhee/ Periman 840-880 Habitation/ village 253 
Element 4 Anasazi/ McPhee/ Periman 880-900 Habitation/ village 23 
Episode I Anasazi/ Sundial/ unknown 1025-1100 Limited activity/ unknown 0 

Golondrinas 
Oriental 
5MT5108 Element I Anasazi/ McPhee/ Periman 860-880 Habitation/ village I 

Element 2 Anasazi/ McPhee( Periman 880-900 Habitation/ village 204 
Episode I Anasazi/ unknown/ unknown 880-1250 Unknown/ unknown I 

*5MT536t Episode I Anasazi/ unknown( unknown 600-1250 Limited activity/unknown 2 

Star Bead 
Shelter 
5MT5380 Episode I Anasazi/ unknown( unknown 920-1250 Limited activity/ unknown 0 

Episode 2 Protohistoric/ Beaver Post-1250 Limited activity/ mortuary 10 
Point/ n.a. 

Los Atavios 
5MT5399 Episode I Protohistoric/ Beaver Post-1250 Other/other 3 

Point/n.a. 

Nuthatch 
Hamlet 
5MT5863 Element I Anasazi/Sagehen(Sagehill 720-760 Habitation/small hamlet 23 

Element 2 Anasazi/ Sagehen/ Dos Casas 820-880 Habitation/ village 28 
Element 3 Anasazi/ McPhee/ Periman 840-880 Habitation/ village 27 

Standing Pipe 
Hamlet 
5MT5985 Element I Anasazi/ unknown(unknown 600-840 Habitation/small hamlet 3 

Episode I Anasazi/ McPhee/ unknown 600-880 Limited activity/ mortuary 

Lone Aspen 
Camp 
5DL444 Episode I Anasazi/ Sagehen/camp 600-840 Limited activity/ unknown 18 

Episode 2 Anasazi(unknown( unknown 800-880 Limited activity.unknown 6 
Episode 4 Unknown/ unknown/ unknown Post-1250 Seasonal locus/ unknown 20 

• 5DL445 Episode I Anasazi/unknown(unknown 600-1250 Limited activity/unknown 3 

• 5DL446 Episode I Unknown/unknown/ unknown Unknown Limited activity/ unknown 4 

River Rat 
Rockshelter 
5DL452 Episode I Anasazi/McPhee(unknown 920-1250 Limited activity/ unknown II 

• These sites were not given names . 
FS's- Field specimens. 
n.a. - Not applicable. 

OVERVIEW 

Percent of 
FS's 

troweled 
or screened 

75.0 
76.5 
81.0 
30.4 

0.0 

0 .0 
84.8 
0.0 

0.0 

0 .0 
80.0 

33.3 

82.6 
0.0 
0 .0 

33.3 
100.0 

100.0 
83 .3 

100.0 

0 .0 

0.0 

54.5 
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and architectural and stratigraphic relationships. The 
site type column is based on Kane's architectural ty
pology ( 1983). The subtype assignments associated with 
site type are defined in Kane ( 1983:19-23, chap. 5). 
Small hamlets are composed of I to 3 household clus
ters. Large hamlets incorporate 4 to 8 household clus
ters and several pitstructures interpreted to be shared 
facilities. Villages usually consist of more than 20 
household clusters arranged in 5 or more roomblock 
units. Field houses consist of small clusters of living 
and storage units probably associated with agricultural 
activities. Field houses probably served as bases away 
from habitations. Mortuary refers to burial events. 
Camps refer to nonarchitectural sites occupied for short 
periods of time. The total number of collection units 
or FS (field specimen) numbers per unit and the per
centage of those units subjected to screening or trow
eling collection modes are presented last in table 1.13; 
screened or troweled contexts are those that represent 
DAP assemblage mode collections (Kane and Robinson 
1984). These are controlled collections because they 
represent a known volume or areas from well defined 
archaeological contexts. 

Table 1.14 presents the labor expended on the Dolores 
Archaeological Program excavated data base. Table 
1.14 list the general location of the cultural resources 
mitigated at a Track I or 2 level of investigation. The 
column labeled "full site equivalent" is the best esti
mate of the labor that would be necessary to fully in
vestigate any given site in the excavated data set. One 
FSE (full site equivalent) is equal to the labor output 
of one 10-person crew for a 40-hour work week. FSE 
values were calculated for all of the resources in the 
Dolores Project pool area and for Reach I of the Dove 
Creek Canal (Knudson et al. 1985) because the DAP 
could not convince the Bureau of Reclamation of the 
value of the FSE estimation, given the Bureau of Re
clamation's concern about the DAP collecting redun
dant information. The "Crew weeks expended" column 
in table 1.14 is an accounting of the amount of time 
actually spent by a 10-person crew working a 40-hour 
work week for each si te in the Dolores Project excavated 
data set. 

Summary of Mitigation Efforts on the Dolores Archae
ological Program Excavated Data Base 

King ( 1984:5) indicates that 33 percent of the resources 
in the pool area have been mitigated and 19 percent of 
the resources in the pool have been intensively inves
tigated . King's percentages are derived by counting sites 
and calculating the appropriate percentages. However, 
if the number of FSE's and crew weeks are compared 
for the pool area, the number of crew weeks expended 
composes about 12 percent of the FSE's at sites sub
jected to a Track I or Track 2 level of investigation. 
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Table 1.14- Labor expended on the 
Dolores Archaeological Program 

excavated data base 

Site No. General project Full site Crew weeks 
location equivalent expended 

5MT23 Pool 1550 95 
5MT2151 Pool 16 II 
5MT2160 Pool 4 < I 
5MT2161 Pool 38 9 
5MT2162 Takeline 14 < I 
5MT2165 Pool 10 < I 
5MT2166 Pool 10 < I 
5MT2169 Pool 10 < I 
5MT2170 Pool 10 < I 
5MT2173 Pool 5 < I 
5MT2174 Pool 2 < I 
5MT2175 Pool 4 < I 
5MT2180 Pool 4 < I 
5MT2181 Pool 18 2 
5MT2182 Pool 252 34 
5MT2191 Pool 4 3 
5MT2192 Takeline 8 
5MT2193 Takeline 9 
5MT2194 Takeline 3 
5MT2198 Takeline 5 
5MT2199 Takeline I 
5MT2202 Pool 10 5 
5MT2203 Pool 3 3 
5MT2205 Takeline < I 
5MT2211 Pool 16 < I 
5MT2212 Pool 10 < I 
5MT2213 Pool II < I 
5MT2215 Pool 10 6 
5MT2216 Pool 18 < I 
5MT2226 Pool 12 2 
5MT2235 Pool 10 7 
5MT2236 Pool 22 < I 
5MT2241 Pool 5 2 
5MT2242 Takeline 5 
5MT2320 Takeline 14 
5MT2322 Pool < I 
5MT2335 Pool 4 < I 
5MT2336 Pool 76 14 
5MT2378 Outside takeline 15 3 
5MT2381 Takeline < I 
5MT2729 Takeline I 
5MT2731 Takeline < I 
5MT2844 Takeline < I 
5MT2848 Takeline < I 
5MT2853 Takeline < I 
SMT2854 Takeline 12 
SMT2857 Takeline < I 
SMT2858 Takeline 6 
SMT447S Pool 310 31 
SMT4477 Pool 106 16 
SMT4479 Pool 14 13 



Table 1.14 - Labor expended on the 
Dolores Archaeological Program 
excavated data base - Continued 

Site No. General project Full site Crew weeks 
location equivalent expended 

5MT4480 Pool 110 8 
5MT4505 Takeline < I 
5MT4512 Pool 8 10 
5MT4513 Takeline < I 
5MT4517 Outside lakeline < I 
5MT4520 Takeline < I 
5MT4526 Outside lakeline < I 
5MT4541 Takeline < I 
5MT4545 Takeline 5 
5MT4613 Pool 12 < I 
5MT4614 Pool 12 6 
5MT4640 Takeline <I 
5MT4642 Takeline < I 
5MT4644 Takeline 12 
5MT4649 Takeline < I 
5MT4650 Pool 30 5 
5MT4651 Pool 10 < I 
5MT4654 Pool 5 < I 
5MT4671 Pool 40 31 
5MT4681 Pool 4 3 
5MT4682 Pool 6 < I 
5MT4683 Pool 32 13 
5MT4684 Pool 14 4 
5MT4690 Pool 3 < I 
5MT4725 Pool 66 3 
5MT4744 Takeline < I 
5MT4751 Takeline 2 
5MT4760 Pool 10 < I 
5MT4763 Pool 1 < I 
5MT4769 Pool 8 < I 
5MT4777 Pool 5 < I 
5MT4779 Takeline < I 
5MT4789 Pool 2 < I 
5MT4796 Pool 10 < I 
5MT4797 Pool 8 2 
5MT5094 Pool 6 < I 
5MT5096 Pool <I 
5MT5104 Pool 16 1 
5MT5106 Pool 56 4 
5MT5107 Pool 60 17 
5MT5108 Pool 46 2 
5MT5361 Pool 4 < I 
5MT5380 Takeline < I 
5MT5399 Takeline < I 
5MT5863 Outside takeline 1 
5MT5895 Takeline < I 
5DL444 Outside lakeline < I 
5DL445 Outside lakeline < I 
5DL446 Outside takeline <I 
5DL452 Outside lakeline < I 

OVERVIEW 

When the total number of FSE's for the pool area is 
considered , N = 4582 (Knudson et al. 1985), then the 
total amount of crew weeks expended amount to about 
8 percent of the pool FSE's. These figures differ radi
cally from King ( 1984:5) and the reader will have to 
assess the value of each approach . The point is that 
most methods used to assess mitigative efforts employ 
methods that simplify rather than express the com
plexity of a resource base. The DAP has attempted to 
generate a mechanism that more accurately represents 
the resource base and the mitigative effort expended 
on that resource base. 

ORGANIZATION OF THIS VOLUME 

This volume consists of 4 parts. This chapter, part I, is 
an overview of the DAP. It includes a brief history of 
the program and a summary of DAP organization. Part 
II consists of 3 chapters (additive and reductive tech
nologies and environmental archaeology) that address 
the problem domains in the general research design 
from the viewpoint of material culture. Part III is a 
summary of the culture history of the Dolores area that 
also addresses the problem domains in the general re
search design . Because the DAP made a conscious de
cision to focus its efforts on the Culture Process 
problem domain of the general research design, part IV 
of this volume centers around the program's effort to 
model Anasazi culture change from A.D. 600 to 980. 
The main body of the volume is followed by 4 appen
dixes. Appendix A consists of a listing of all of the 
absolute dates from sites excavated by the DAP. Ap
pendix B contains abstracts from all of the reports that 
describe site excavations. Appendix C is a complete 
bibliographic listing of all reports, published papers, 
meeting papers, theses and dissertations produced by, 
or in conjunction with , the program. Appendix D dis
cusses an alternative approach to resource mix. 

BIBLIOGRAPHY 

Blinman, Eric 
1982 Exchange mini-research design. Ms. on file , 

Dolores Archaeological Program, Dolores, 
Colorado. 

1983 The red ware project : ceramic manufacture 
and exchange in the western Mesa Verde re
gion . Submitted to the Colorado Historical 
Society, Denver. 

1984 Dolores Archaeological Program ceramic 
dating: justification and procedures. Dolores 
Archaeological Program Technical Reports 
DAP-144. Submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 

45 



FINAL REPORT 

1985* Additive Technologies Group midlevel re
search design. In Dolores Archaeological Pro
gram: Research designs and initial survey 
results. Bureau of Reclamation , Engineering 
and Research Center, Denver. 

Blinman, Eric, C. Dean Wilson, Robert M. R. Water
worth , Mary P. Errickson, and Linda P. Hart 

1984 Additive Technologies Group laboratory 
manual. Dolores Archaeological Program 
Technical Reports DAP-149. Submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 

Bloom, John P. 
1984t Historic studies. In Dolores Archaeological 

Program: synthetic report 1978-1981, pp. 53-
67. Bureau of Reclamation , Engineering and 
Research Center, Denver. 

Bohnenkamp, William, Douglas A. Goulding, Susan L. 
Breternitz Goulding, Gay A. lves, Janet D. Orcutt, and 
Roger N. Walkenhorst 

1984 The Dolores Archaeological Program survey 
field manual. Dolores Archaeological Pro
gram Technical Reports DAP-147. Submitted 
to the Bureau of Reclamation , Upper Colo. 
Region , Salt Lake City, in compliance with 
Contract No. 8-07-40-S0562. 

Breternitz, David A. 
1974 Archaeological resources of the McPhee Res

ervoir area, Dolores River Project. Submit
ted to Midwest Archeological Center, 
National Park Service, Lincoln, Nebraska. 

1984t An overview of the Dolores Archaeological 
Program. In Dolores Archaeological Program: 
synthetic report 1978-198/ , pp. 1-6. Bureau of 
Reclamation , Engineering and Research 
Center, Denver. 

Breternitz, David A., and Allen E. Kane 
1978 Technical Proposal RFP 40-S0562. Submit

ted to Bureau of Reclamation, Upper Colo
rado Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 

Breternitz, David A., and Daniel W. Martin 

46 

197 3 Report of the Dolores River Project archae
ological reconnaissance, 1972-1973. Ms. on 
file , Midwest Archeological Center, National 
Park Service, Lincoln, Nebraska. 

Burns, Patricia K., Robert Huggins, and John W. 
Weymouth 

1983 Study of correlation between magnetic re
connaissance and excavation in the Dolores 
Archaeological Program. Dolores Archaeolog
ical Program Technical Reports DAP-078. 
Submitted to the Bureau of Reclamation , 
Upper Colo. Region , Salt Lake City, in com
pliance with Contract No. 8-07-40-S0562. 

1984t Correlation of magnetic anomalies with sub
surface cultural features. In Dolores Archae
ological Program: synthetic report 1978-1981 , 
pp. 78-83. Bureau of Reclamation , Engi
neering and Research Center, Denver. 

Dolores Archaeoiogical Program 
1983t Dolores Archaeological Program: field inves

tigations and analysis - /978. Bureau of Re
clamation, Engineering and Research Center, 
Denver. 

1984t Dolores Archaeological Program: synthetic re
port 1978-1981. Bureau of Reclamation , En
gineering and Research Center, Denver. 

Dougenik, James A., and David E. Sheehan 
1977 SYMAP Liser's reference manual (revised fifth 

ed.). Graduate School of Design, Harvard Uni
versity. Cambridge. 

Dykeman, Douglas, Jerome Fetterman, and Gay lves 
1981 Report of the YACC cultural resource survey, 

1978. Dolores Archaeological Program Tech
nical Reports DAP-023. Submitted to the Bu
reau of Reclamation, Upper Colo. Region, Salt 
Lake City, in compliance with Contract No. 
8-07-40-S0562. 

Flannery, Kent V. (editor) 
1976 The early Mesoamerican village. Academic 

Press, New York. 

Gross, G. Timothy 
1982 Facilities mini-research design. In Proposal for 

modeling Dolores area socio-cultural change, 
compiled by William D. Lipe. Ms. on file , Do
lores Archaeological Program, Dolores, 
Colorado. 

1983 An evaluation of the DAP radiocarbon dating 
program. In Fieldwork and systematics. Do
lores Archaeological Program Technical Re
ports DAP-058, by Allen E. Kane, pp. 131-
139. Submitted to the Bureau of Reclamation, 
Upper Colo. Region, Salt Lake City, in com
pliance with Contract No. 8-07-40-S0562. 



Hathaway, J. Holly, Jeffrey L. Eighmy, and Allen E. Kane 
1983 Preliminary modification of the Southwest vir

tual geomagnetic pole path A.D. 700 to A.D. 
900: Dolores Archaeological Program results. 
Journal of Archaeological Science 10:51-59. 

Huggins, Robert J. 
1983 Magnetic reconnaissance program in the Do

lores Archaeological Project- interpretation 
of data collected during field years 1981 and 
1982. Ms. submitted to the Dolores Archae
ological Program, Dolores, Colorado. Spec
trum Geophysics, Fort Worth. 

Huggins, Robert J ., and John Weymouth 
198la Magnetic reconnaissance program in the Do

lores Archaeological Project- interpretation 
of data collected during field year 1979. Ms. 
on file, Dolores Archaeological Program, Do
lores, Colorado. 

1981 bt Magnetometer results. Dolores Archaeological 
Program Technical Reports DAP-020. Sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 

1983t Magnetometer results. In Dolores Archaeolog
ical Program: field investigations and analysis 
- 1978, pp. 193-252. Bureau of Reclamation, 
Engineering and Research Center, Denver. 

lves, Gay A. , and Janet D. Orcutt 
1982 Adding Pecos Classification to the survey file, 

Ms. on file , Dolores Archaeological Program, 
Dolores, Colorado. 

Kane, Allen E. 
197 Sa Archaeological resources in Great Cut Dike

Dove Creek Area. Dolores River Project; re
port of the 1974 season. Submitted to Midwest 
Archeological Center, National Park Service, 
Lincoln, Nebraska. 

1975b Archaeological resources of the Dolores River 
Project; report of the 1975 field season. Ms. 
on file, Interagency Archaeological Services, 
National Park Service, Denver. 

1977 Archaeological resources of the Dolores River 
Project; report on field operations, fall 1976. 
Ms. on file, Bureau of Reclamation, Western 
Colorado Projects Office, Durango. 

1982 Social organization mini-research design. Ms. 
on file, Dolores Archaeological Program, Do
lores Colorado. 

OVERVIEW 

1983t Introduction to field investigations and anal
ysis. In Dolores Archaeological Program: field 
investigations and analysis - 1978, pp. 1-38. 
Bureau of Reclamation , Engineering and Re
search Center, Denver. 

1984t The prehistory of the Dolores Project area. In 
Dolores Archaeological Program: s.vnthetic re
port 1978-1 98 1, pp.2 1-51. Bureau of Recla
mation , Engineering and Research Center. 
Denver. 

Kane, Allen E., Nancy J . Hewitt, Joel M. Brisbin, Patrick 
Hogan, Gary A. Brown, Steven D. Emslie, Holly Hath
away, Frank C. Leon hardy, William A. Lucius, and Roger 
A. Moore 

1981 The Dolores Archaeological Program fi eld 
manual - 1978. Dolores Archaeological Pro
gram Technical Reports DAP-0 II. Submitted 
to the Bureau of Reclamation, Upper Colo. 
Region, Salt Lake City, in compliance with 
Contract No. 8-07-40-S0562. 

Kane, Allen E. , William D. Lipe, Ruthann Knudson, 
Timothy A. Kohler, Steven E. James, Patrick Hogan, and 
Lynne Sebastian 

1983t The Dolores Archaeological Program research 
design. In Dolores Archaeological Program: 
field investigations and analysis - 1978, pp. 
39-60. Bureau of Reclamation, Engineering 
and Research Center, Denver. 

Kane, Allen E., William D. Lipe, Timothy A. Kohler, 
and Christine K. Robinson (compilers) 

1985* Dolores Archaeological Program: research and 
designs and initial survey results. Bureau of 
Reclamation , Engineering and Resea rch 
Center. 

Kane, Allen E., and Christine K. Robinson 
1980 Pollen and bulk soil sampling strategies, Do

lores Archaeological Program, southwestern 
Colorado. Paper presented at the 53rd Annual 
Pecos Conference, Mesa Verde National Park, 
Colorado . 

. Kane, Allen E., and Christine K. Robinson (compilers) 
1984 Dolores Archaeological Program excavation 

manual. Dolores Archaeological Program 
Technical Reports DAP-146. Submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 

Kendrick, Gregory D. (editor) 
1982 The river of sorrows: the history of the lower 

Dolores River valley. U.S. Department of the 
Interior, National Park Service, Rocky Moun
tain Regional Office. 

47 



FINAL REPORT 

Kidder, Alfred Y. 
1927 The Southwestern archaeological conference. 

Science 66:489-491. 

King, Thomas J. , Jr. 
1980 Dolores Project cultural resources mitigation 

report FY78-80. Water and Power Resources 
Service, Upper Colorado Region, Salt Lake 
City, Utah. 

1981 Dolores Project cultural resources mitigation 
report, FY 1981. Water and Power Resources 
Service, Upper Colorado Region, Salt Lake 
City, Utah. 

1982 Dolores Project cultural resources mitigation 
report, FY 1982. Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, Utah. 

1983 Dolores Project cultural resources mitigation 
report, FY 1983. Bureau of Reclamation , Up
per Colo. Region, Salt Lake City, Utah . 

1984 Dolores Project cu ltural resources mitigation 
report, FY 1984. Bureau of Reclamation , Up
per Colo. Region, Salt Lake City, Utah. 

Knudson , Ruthann , Steven E. James, Allen E. Kane, Wil
liam D. Lipe, and Timothy A. Kohler 

1985* The Dolores Project cultural resources miti
gation design. In Dolores Archaeological Pro
gram: research designs and initial survey 
results, Bureau of Reclamation , Engineering 
and Research Center, Denver. 

Kohler, Timothy A. 
1984 Uses of intrasite probability sampling on the 

Dolores Archaeological Program. Ms. on file , 
Dolores Archaeological Program, Dolores, 
Colorado. 

1985 The probability sample. In Anasazi commu
nities at Dolores: Grass Mesa Village (Site 
5 MT23 ). Dolores Archaeological Program 
Technical Reports DAP-195 . Submitted to the 
Bureau of Reclamation, Upper Colo . Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 

Kohler, Timothy A. , and G. Timothy Gross 

48 

1984t Probability sampling in excavation : a program 
review. In Dolores Archaeological Program: 
synthetic report 1978-1981, pp. 72-76. Bureau 
of Reclamation, Engineering and Research 
Center. Denver. 

Lipe, William D. 
1984t An approach to modeling Dolores area culture 

change: A.D. 650-950. In Dolores Archaeolog
ical Program: synthetic report 1978- 1981, pp. 
249-260. Bureau of Reclamation, Engineering 
and Research Center, Denver. 

Lipe, William D., Allen E. Kane, and Christine K. Ro
binson (compilers) 

1983 Modeling prehistoric sociocultural change in 
the Dolores Valley, southwestern Colorado: 
phase III results of the Dolores Archaeological 
Program Modeling Seminar. Prepared for Cul
tural Resources Mitigation Program : Dolores 
Project, Bureau of Reclamation , Upper Colo. 
Region , Contract No. 8-07-40-S0562. Ms. on 
file , Dolores Archaeological Program, Do
lores, Colorado. 

Lipe, William D., and Timothy A. Kohler 
1984t Method and technique: prehistory. In Dolores 

Archaeological Program: synthetic report 
1978- 1981. pp. 7-20. Bureau of Reclamation, 
Engineering and Research Center, Denver. 

Madden, Lou, and Ward Weakly 
1980 The Dolores Project in historic perspective. 

Contract Abstracts and CRM Archeology 
1( 1 ): 14-16. 

Mintzberg, Henry 
1981 Organization design: fashion or fit? Harvard 

Business Review 59(1):103-116. 

Neusius, Sarah W., and Timothy W. Canaday 
1985 The Dolores Archaeological Program Faunal 

Studies Section laboratory manual. Ms. on 
file , Dolores Archaeological Program, Do
lores, Colorado. 

Nie, Norman H. , C. Hadlai Hull, Jean G . Jenkins, Karin 
Steinbrenner, and Dale H. Bent 

1975 Statistical packge for the social sciences (sec
onded.). McGraw-Hill, New York. 

Orcutt, Janet D . 
1982 Settlement pattern and population aggregation 

mini-research design. Ms. on file, Dolores Ar
chaeological Program, Dolores, Colorado. 

1985a* Survey Group midlevel research design . In Do
lores Archaeological Program: research de
signs and initial survey results, Bureau of 
Reclamation, Engineering and Research Cen
ter, Denver. 



1985b Changes in aggregation and spacing in the Dol
roes a rea. A.D. 600-11 7 5. Dolort'S Archaeolog
iui/ Program Tl'cl111ical Rl'ports DAP-216 . 
Submitted to the Bureau of Reclamation, Up
per Colo. Region. Salt Lake City, in compli
ance wit h Con tract No. 8-07-40-S0562. 

Orcutt. Janet D .. and Douglas A. Goulding (compilers) 
1985* Archaeological survey of the McPhee Reser

voir area. In Dolorl's Arclwl'ological Program: 
research dl'signs and initial survey results. Bu
reau of Reclamation, Engi neering and Re
search Center, Denver. 

Peterse n. Kenneth L.. Vickie L. Clay. Meredith H. Ma
thews and Sarah W. Neusius 

1982 Resource use and suppl y mini-research design. 
Ms. on file, Dolores Archaeological Program, 
Dolores. Colorado. 

Petersen, Kenneth L., Vickie L. Clay, Meredith H. Mat
thews, and Sarah W. Neusius 

1985* Environmental Archaeology Group midlevel 
research design. In Dolores Archaeological 
Program: research designs and initial survey 
results. Bureau of Reclamation, Engineering 
and Research Center, Denver. 

Phagan, Carl J . 
1982 Tools/containers, mini-research design. Ms. 

on file, Dolores Archaeological Program, Do
lores, Colorado. 

1985 * Red uctive Technologies Group midlevel re
search design . In Dolores Archaeological Pro
gram: research designs and initial survey 
results. Bureau of Reclamation , Engineering 
and Research Center, Denver. 

Phagan, Carl J ., and Thomas H. Hruby 
1984 Red ucti ve technologies manual : preliminary 

analysis systems and procedures. Dolores Ar
chaeological Program Technical Reports DAP-
150. Submitted to the Bureau of Reclamation , 
Upper Colo. Region, Salt Lake City, in com
pliance with Contract No. 8-07-40-S0562. 

Schlanger, Sarah H. 
1982 Popula tion size mini-research design . Ms. on 

file , Dolores Archaeological Program, Do
lores, Colorado. 

1985a* 1982 probabili stic sampling survey of Windy 
Ruin and Yellowjacket Crest Localities. In 
Dolores Archaeological Program: research de
signs and initial survey results, Bureau of Re
cla mation , Engineering and Research Center, 
Denver. 

OVERVIEW 

1985b Population measu rement , size, and change 
through time in the Dolores area, A.D . 600-
11 7 5. Dolores Archaeological Program Tech
nical Reports DAP-235 . Submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake C ity, in compliance with Contract 
No. 8-07-40-S0562 . 

Schlanger, Sarah H. , and Patrick L. Harden 
1985* 1979 and 1980 probability survey of C line 

Crest, Grass Mesa. Beaver Poi nt. Trimble 
Point. and Hoppi Point Localities. In Dolores 
Archal'ological Program: rl'search designs and 
initial survl'y rl'sults, Bureau of Reclamati on, 
Engi neeri ng and Research Center, Denver. 

Schlanger. Sarah H., and Janet D. Orcutt 
1985 Developing and testing a model of functional 

site types. Dolores Archaeological Program 
Tl'chnical Rl'ports DAP-20 1. Submitted to the 
Burea u of Reclamation , Upper Colo . Region, 
Salt Lake City, in compli ance with Contract 
No. 8-07-40-S0562 . 

Toll, Henry Wolcott , Ill 
1974 Arc haeo logica l resources in the Do lores 

Ri ver canyon below the proposed McPhee 
Reservoi r, Montezuma, Dolo res, and San 
Miguel Counti es, Colorado. Department of 
Anthropology, University of Colorado , Bou l
der. Submitted to the State Director, Bureau 
of Land Manage ment in partial compliance 
with Contract No. 14-11-0008-3 159. 

1977 Dolores Ri ver a rchaeology: canyon adapta
tions as seen through survey. Bureau of Land 
Management Cultural Resources Series 4. 
Colorado State Office, Denver. 

Udick, Lynn L. , and Marcia G . Gross 
1985 Final Dolores Archaeological Program data 

processing documentation. Dolores Archae
ological Program Technical Reports DAP-287. 
Submitted to the Bureau of Reclamati on, 
Upper Colo. Region, Salt Lake City, in com
pliance with Contract No. 8-07-40-S0562. 

Watson , Don 
1954 Introduction to Mesa Verde archaeology. In 

Archaeological excavations in Mesa Verde 
National Park, Colorado, 1950, by James A. 
Lancaster, Jean M. Pinkley, Phillip F. Van 
Cleave, and Don Watson , pp. 1-6. National 
Park Service Publications in Archaeology 2. 

49 



FINAL REPORT 

BIBLIOGRAPHY NOTES. 

50 

t This report has been published in the volume 
entitled Dolores Archaeological Program: 

• 

Field Investigations and Analysis- 1978, Bu
reau of Reclamation, Engineering and Re
search Center, Denver, November 1983. 

This report has been published in a volume 
entitled Dolores Archaeological Program: Re-

search Designs and Initial Survey Results, Bu
reau of Reclamation, Engineering and 
Research Center, Denver, June 1986. 

t This report has been published in the volume 
entitled Dolores Archaeological Program: 
Synthetic Report 1978-1981, Bureau of Recla
mation, Engineering and Research Center, 
Denver, June 1984. 



PART II 





Chapter 2 

ADDITIVE TECHNOLOGIES GROUP FINAL REPORT 
Eric Blinman 

INTRODUCTION 

The ATG (Additive Technologies Group) has been re
sponsible for analyses of prehistoric worked vegetal and 
ceramic materials recovered during the excavations and 
surveys of the DAP (Dolores Archaeological Program). 
These analyses have included supportive and intensive 
studies as well as the generation of inventories and basic 
descriptive data in support of field reports. Data have 
been gathered within the broad framework of the DAP 
research design (Kane et al. 1983) and the more specific 
ATG research design (Biinman 1983a). Analysis pro
cedures, definitions, and evaluations of reliability of the 
resultant data sets are provided in the ATG laboratory 
manual (Biinman et a l. 1984). 

Worked Vegetal Materials 

This category of materials is extremely diverse. It includes 
any artifact (culturally modified item) that is neither ce
ramic, stone, or bone. While the vast majority of these 
artifacts are vegetal in material class, some are only par
tially vegetal, and a few consist partially or wholly of hair 
or feathers. These items are rare in DAP collections due 
to their usually perishable nature and to the generally 
unfavorable conditions for preservation of perishable ma
terials within the archaeological contexts of the Dolores 
Project area. 

Worked vegetal materials were identified as such either 
in the field or in the laboratory. Those items requiring 
immediate efforts to stabilize their condition were given 
cursory examinations and characterizations and were 
turned over to Bureau of Land Management personnel 
for conservation. Items that were judged to be relatively 
stable were transmitted from the field to the Botanical 
Studies Section of the Environmental Studies Group for 
material identification and inventory. An identification 
number (sometimes referred to as an RV number) was 
assigned to each unique worked vegetal item at the time 
of this analysis by the A TG and was reported to the Bo
tanical Studies Section. This number and a brief descrip-

tive label are appended to data lines in the botanical data 
file that describe the material component or components 
of the item. 

After the completion of botanical analysis and after sta
bilization where req uired, worked vegetal materials were 
turned over to the A TG for description. Description con
sisted of observations of artifact form and technology of 
manufacture. Due to the diversity of this artifact category 
and the relati ve scarcity of worked vegetal items, the only 
computerized data are the brief descriptive labels in the 
botanical data file . The A TG descriptions exist as written 
records and are curated by the Bureau of Land Manage
ment, Anasazi Heritage Center. 

Ceramic Materials 

Ceramic materials consist of fired pottery, other artifacts 
of clay, and clay as a raw material. These materials con
stitute the largest single class of artifacts recovered by the 
DAP, and they have been the primary focus of ATG ef
fort. After fie ld recovery, ceramic materials were cleaned 
in the processing lab and transmitted to the ATG. In
ventory analysis (preliminary analysis) was completed, 
data were computerized, and materials were submitted 
to the Bureau of Land Management for curation. Sub
sequent to inventory analyses, subsets of ceramic mate
rials were recalled from Bureau of Land Management 
storage for intensive analyses in support of specific re
search projects required as part of the DAP and A TG 
research designs. 

Inventory analysis consisted of recording selected re
source attributes, aspects of production technology, tra
diti o nal typo logical affili atio n , art ifact form, and 
measures of quantity (counts and weights). Although ex
plicitly sherd based in design, considerable effort was also 
expended to identi fy and, in some cases, to reconstruct 
vessels within the sherd collections. Emphasis was placed 
on those aspects of pottery useful for studies of exchange 
and for support of chronological inferences. Data were 
computerized to facilitate manipulation for descriptive 
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field reports, for inventory control, and for the design of 
intensive analyses. Editing and modification of prelimi
nary analysis data have been continuous throughout the 
course of the DAP, resulting in more accurate data but 
also producing occasional inconsistencies between re
ports of early and late vintages. 

Intensive analyses have fallen into 4 broad categories. 
Calibrations of ceramic change have provided basic sup
port for the ceramic dating inferences used in descriptive 
reporting and DAP synthetic studies. Functional studies 
have used DAP reconstructible vessels as a basis for in
ferring subsistence technology and organization. Produc
tion studies have: (I) collected data on clay resource 
avai lability within the Dolores Project area; (2) charac
terized resources, unfired clays from archaeological con
texts , and finished ceramics; and (3) evaluated 
technological and social aspects of pottery manufacture. 
Finally, studies of exchange have attempted to address 
questions of social and economic interactions on the basis 
of patterns of clay and temper occurrences in archaeo
logical collections. 

WORKED VEGETAL MATERIALS 

Worked vegetal materials represent a residual class of 
artifacts, and these materials are both scarce and di
verse. Although more than 300 items fall into this ar
tifact class, their numbers are relatively insignificant 
compared with the DAP artifacts of ceramic and stone 
materials (more than I million) . The descriptions that 
follow are based on complete analyses of 283 items. 
Descriptions of the remaining items were incomplete 
at the time data were assembled for this volume as a 
result of scheduling conflicts between conservation, bo
tanical analysis, and ATG analysis. The scarcity of 
worked vegetal materials is directly related to the gen, 
erally poor conditions for preservation of perishable 
materials characteristic of most sites in the Dolores 
area. Rockshelters suitable for habitation are rare in 
the Dolores Project area, and most habitation sites are 
in open settings. As a result, the majority of worked 
vegetal materials encountered by DAP excavations are 
preserved only as carbonized fragments. Several rela
tively dry rockshelters have been excavated, but only 2 
of these sites have yielded significant amounts of un
carbonized items. 

The diversity of the worked vegetal materials is, in part, 
the consequence of their residual nature in relation to 
the analytic systems devised for the more abundant ·ma
terial classes of artifacts (Phagan and Hruby 1984; Blin
man et al. 1984). Worked vegetal materials include 
items that are undeniably cultural in origin (e.g., bas-
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ketry), materials not modified but undoubtedly cul
tural , based on their archaeological context (e.g., grass 
linings of cysts), and materials whose modification is 
minimal or equivocal (e.g., "shaped" sticks). Occa
sional faunal materials (e.g., modified feathers) are also 
included for a lack of a more appropriate administra
tive pigeon-hole. 

This diversity of materials and forms has precluded a 
consistent descriptive approach for the entire material 
class. Instead , analysis has focused on individual de
scription of form , technology, and material , with an 
effort to maintain consistency of observations between 
similar items. This approach has been most successful 
for large subsets of the class (e .g., cordage and basketry 
classes). The contents of these larger subsets are most 
amenable to comparisons with other Southwestern ar
chaeological collections, and these subsets will be em
phasized in this summation. 

Basketry 

Approximately half of the worked vegetal materials are 
woven or are raw materials probably intended for use 
in weaving. Most of these represent rigid or semirigid 
forms (basketry [Adovasio 1977: 1]) with few items flex
ible enough to be considered textiles (Kent 1983:7). 
Three classes of basketry can be defined on the basis 
of gross technique (plaiting, coiling, and twining), and 
all three classes are represented in DAP collections. In 
addition, netting is considered within the basketry 
category. 

Plaited Basketry 

This class of basketry includes those weaves in which 
all elements can be described as active (Adovasio 
1977:99). In all DAP examples, elements of the weave 
simply cross each other, with no material or size dif
ferentiation between the 2 weave directions. Plaiting in 
DAP collections is executed exclusively in yucca leaves 
or leaf strips (primarily Yucca bacatta but some ex
amples could be Yucca angustissima), and plaited items 
exhibit a restricted number of weaves and forms. Twill 
plaiting (2/2 interval) is the most common variety of 
weave ( 18 examples), with only a few items (3 examples) 
of simple plaiting (Ill interval , or checker weave). In 
2 specimens, the weave interval could not be deter
mined due to poor preservation. In only I case was the 
element crossing significantly different than 90°. Form 
edges are present in 16 examples, and are predomi
nantly simpl~ 90° self selvages. Single examples of 
coiled and braided 90° self selvages are present, as are 
several examples of twining reinforcement of selvages. 

Two plaited forms are definitely present in the DAP 
collections, and other forms may be present. Six defi
nite and 5 probable sandals have been recovered from 



2 rockshelters (Sites 5MT2151 and 5MT4683). None 
of the examples is carbonized. and a wide range of com
pleteness and workmanship is represented (figs. 2.1 and 
2.2). Mean element width varies from 2.1 to 15.7 mm. 
and although most sandals are executed with a 2/2 in
terval twill as the dominant plaiting pattern. I example 
is irregular. Loops of yucca leaf strips or yucca fiber 
cordage at the selvage or through the body of the weave 
appear to have served as anchor points to tie the sandals 
to the foot. Wear was relatively extensive on the ex
amples. All of the sandals are attributable to the rela
tively small-scale post-A.D. 920 occupation of the 
Dolores Project area and are associated with seasonal 
or small habitations. 

0 5 10 em 

Figure 2.1- Fine plaited yucca leaf sandal (RV 9) from Singing Shel
ter (Site 5MT4683) (DAP 160004). 
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The second definite plaited form is a single ring basket 
(RV 39) recovered from Pitstructure I 0 at Grass Mesa 
Village (Site 5MT23). This ring basket (fig. 2.3) was 
preserved by the burning of the structure and its con
tents, and the basket is part of a relatively large assem
blage of basketry that dates to A.D. 870-880 (Lightfoot 
et al. 1985). The yucca strips (mean width 4.8 mm) are 
plaited within a wooden (unidentified Dicotyledoneae) 
ring and the selvage is reinforced with at least I row of 
twined yucca strips. A shift in the plaiting interval from 
2/2 to 2 rows of 3/2 constitutes an intentional band 
design through the center of the basket. When found , 
the basket supported a pile of shelled corn and a small 
Moccasin Gray jar. 

The remaining plaited items in the DAP assemblage 
are too fragmentary to classify as to specific form. Many 
of these examples are similar to I or more of the sandals 
in element width or selvage characteristics, and they 
could be examples of that form. However, plaiting is a 
common technique used for matting (Adovasio 
1977: 122), and the fragment characteristics are com
patible with this form as well. None of the selvage ex
amples is similar to the ring basket, and none of the 
indeterminate items is likely to be from this type of 
form . Dates for these indeterminate fragments range 
from A.D. 660 to A.D. 920, but most are from A.D. 
840-920 contexts. 

In addition to the plaited basketry, 14 examples of 
yucca leaves or strips were recovered that could be 
either raw material for plaited basketry or disassociated 
elements from plaited items. Half of these examples 
were recovered from deposits of the 2 rockshelters, are 
uncharred, and appear to be raw material. The re
mainder are charred, and though some raw material 
may be represented , the individual items tend to be 
small and more of the examples appear to be disasso
ciated from once complete plaited forms. 

Coiled Basketry 

Coiled basketry is the most abundant of the basketry 
classes, with 56 examples in DAP collections. Coiled 
forms are constructed by sewing a continuous horizontal, 
or foundation , element in concentric rings or coils (Ado
vasio 1977:53). Individual examples range from nearly 
complete, but carbonized and poorly preserved, speci
mens to specimens represented only by I or more sewing 
elements recovered from flotation samples. None of the 
DAP examples was recovered from rockshelter deposits, 
and all are charred. More than half of the items are too 
fragmentary to describe the type of foundation used, and 
4' techniques of close coiling used in DAP coiled basketry 
consist of rods of squawbush (Rhus aromatica) wood and 
a single example of rabbitbrush (Chrysothamnus) wood. 

55 



FINAL REPORT 

0 5 10 em 

Fi~ure 2.2- Coarse plaited yucca leaf sandal (RV 18) fro m Singing Shelter (Site 5MT4683) (DAP 160003) 

Figure 2.3- Plaited ri ng basket (RV 39) fro m Pitstructure 10. Grass 
Mesa Vi llage (Site 5MT23). Intact portions of the ring 
can be seen in the upper right and lower left corners 
of the photograph, and the largest area of preserved 
plaiti ng is visible in the upper right. Ears of corn and 
portions of a large coiled basketry bowl are also visible 
(DAP 161703). 

Welts consist of yucca leaf strips or rarely of retted yucca 
fiber cordage, and the rare bundles consist of retted yucca 
fiber. Sewing elements are almost exclusively prepared 
from squawbush stems. The single exception is a basket 
represented by 2 thin strips of yucca leaf that have the 
curvature and length associated with broken fragments 
of coiled basketry sewing elements. 
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Although 4 types of coiling are represented in the col
lection (fig. 2.4), 22 of the 26 specimens that could be 
analyzed are of a single type. These specimens have a 
bunched foundation of 2 rods and a welt. The rods are 
usually split squawbush stems and are usually not de
corticated. Most of the welts are th in stri ps of yucca leaf, 
but a thin 2-ply yucca fi ber cord may have been used in 
I specimen. The foundations are joined by si mple, non
interlocking, unspl it sti tches that usually encircle, but oc
casionall y pierce, the welt of the previous coil. Coil height 
ranges from 3.2 to 7.0 mm (mean = 5.4 mm), stitch width 
ranges from 1.2 to 2.0 mm (mean = 1.7 mm ), and st itch 
frequency ranges from 1.8 to 6.4 stitches/em (mean = 

4.6 stitches/em). Preserved and observable splices of the 
sewing elements are rare due to the fragmentary nature 
of the specimens, but moving ends are commonl y bound 
under, and fag ends are either bound under or clipped 
short. Splice techniques of coiled basket weavers are de
sc ribed as being hi ghl y indi vidua li sti c (Ad ovas io 
1977:90), but too few observations can be made on in
di vidual specimens to evaluate splice variation within the 
DAP collection. 

Two DAP specimens have a bunched two rod and bundle 
foundation (fig. 2.4). In both cases, the rods are split 
squawbush stems and the bundle is retted yucca fiber. 
Stitches are simple, noninterlocking, and unsplit, and 
each stitch pierces the bundle of the preceding coil. Mean 
coil heights for the 2 examples are 4.5 and 5.2 mm, mean 
stitch widths are 1.1 and 1.4 mm, and mean stitch fre
quencies are 5.1 and 7. 1 stitches/em. Splices are observ
able on only I specimen; both moving and fag ends are 
bound under. 



ADDITIVE TECHNOLOGIES 

A. 

B. 

D. 

Figure 2.4- Styles of foundations and stitching patterns in Dolores Archaeological Program coiled 
baskets: (a) two rod and welt, non interlocking stitch; (b) two rod and bundle, noninter
locking stitch; (c) single rod and welt, noninterlocking stitch; and (d) single rod , inter
locking stitch and wrap. 

The remaining 2 coiling types (fig. 2.4) are represented 
by a si ngle specimen each. One is based on a single rod 
and welt foundation. Stitches are simple, noninterlock
ing, unsplit , and encircle the rod of the preceding coil. 
Mean coil height is 6.0 mm, mean stitch width is 2.3 mm, 
and there are 2.7 stitches/em. One fag end is visible and 
is bound under. The last coiling type is based on a single 
rod foundation with unsplit interlocking stitches that al
ternate encircling the previous foundation rod and wrap
ping the current foundation rod . Mean coil height is 
3.5 mm, mean stitch width is 2.7 mm, and there are 2.5 
stitches/em. No splices are visible on this specimen. 

Coiled basketry forms are difficult to reconstruct for DAP 
collections due to the fragmented nature of the remains. 
In 8 cases, sufficient portions of baskets were preserved 
to described the relative relationship between basket base 
and wall. In 3 cases, no clear distinction could be made 
between base and wall of the items, suggesting they were 
shallow bowls in form . Two of the items appear to have 
been 30 em or greater in original diameter, and one may 
have been 15 em in diameter. In 5 cases, a juncture be
tween base and wall could be identified based on changes 
in the rate of coil curvature from the center of the spec
imen outward, suggesting a deep or steep-sided bowl 

form. Estimated base diameters were 15 em, 20 em, and 
20-30 em for 3 specimens; one relatively well preserved 
specimen had an 11-cm-diameter base and an 8-cm-high 
wall , and no estimate could be made for the base diameter 
of the fifth item. In all cases where form could be iden
tified, the foundation typ~s other than 2 rod and welt 
were used to create deep bowl forms. 

The temporal distribution of DAP coiled baskets spans 
the A.D. 660-980 period, but most were recovered from 
contexts dating between A.D. 860-920. Two rod and welt 
foundations are ubiquitous throughout the entire period, 
and all of the minority foundations occur in a single 
assemblage (Pitstructure 10 at Site 5MT23) dating to 
A.D. 870-880. The preponderance of2 rod and welt foun
dations in DAP collections is compatible with the tem
poral patterns in coiled basketry technology perceived by 
Morris and Burgh ( 1941 : 13), assuming that 2 rod and 
welt foundations were subsumed within their 2 rod and 
bundle category. 

Morris and Burgh perceived a tendency for stitch width 
to vary through time, with the finer stitch widths occur
ring in later (Pueblo III) assemblages ( 1941 : 12). This, cou
pled with the claim that basketry is "as precise a time 
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marker as any other artifact class" (Adovasio and Gunn 
1977: 139), prompted an investigation into temporal var
iation within technological aspects of the DAP coiled bas
ketry assemblage. The only measurements consistently 
observable within the DAP specimens were mean coil 
height, mean stitch width, and mean stitch frequency (3 
of the 4 motor skill measurements used in previous stud
ies of variation in coiled basketry from ethnographic and 
archaeological collections [Adovasio and Gunn 1975:73, 
1977:140]). These measurements were assembled for all 
DAP 2 rod and welt foundation baskets, the measure
ments were grouped by time period, and the data were 
submitted to a discriminant analysis (SPSS [Klecka 
1975]). 

Two cases were assigned to the A.D. 660-720 period, 
case was assigned to the A.D. 720-800 period, 6 cases 
were assigned to the A.D. 840-880 period, and 6 cases 
were assigned to the A.D. 880-920 period. These samples 
are small and the temporal representation is discontin
uous, but the data do provide a test of the potential res
olution of temporal change in these attributes. F statistics 
and the significance of the differences between the tem
poral groups are presented in table 2.1. The only 2 groups 
for which the observed differences are unlikely to be due 
to chance are the A.D. 660-720 and 720-800 periods. A 
plot of the discriminanat scores of the cases for functions 
I and 2 is presented in figure 2.5, and the scatter char
acteristics reinforce the minimal nature of the distinctions 
evident in the F statistics. Classification based on the 
discriminant functions resulted in assignment of only 
33 .3 percent of the cases to their correct groups. 

Interpretation of the results of the discriminant analysis 
is limited somewhat by the small samples involved, but 
no suggestion of precise temporal resolution is inherent 
in the variation in the motor skill measurements taken . 
This implies that: (I) no temporal variation occurs in the 
measured attributes: (2) the variation is not significant at 
the scale of the time intervals used to group the DAP 
collections; or (3) the temporal variation is too incon
sistent to be distinguished with the small samples avail
able from DAP collections. 

Analyses by Adovasio and Gunn (1975, 1977) suggested 
that individual weavers and their skill levels may provide 
another possible source of variation in the measured at
tributes. Spatially coherent groups of coiled baskets from 
excavations at Antelope House in Canyon de Chelly, Ar
izona, were validated by discriminant analysis, support
ing the contention that the spatial groups represented the 
products of discrete weavers or groups of weavers that 
shared motor habits (presumable as a result of learning 
patterns of interaction frequency) . The conditions of 
preservation of coiled baskets in DAP collections tend to 
result in cluster samples, with the recovery of multiple 
items from single structure floors. This allows the baskets 
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Table 2.1 - F statistics and significances of differences 
between temporal groupings of 2 

rod and welt coiled baskets. 

Time period 660-720 720-800 840-880 
(A.D.) 

720-800 3.72 
(0.06) 

840-880 2.72 0.95 
(0.11) (0.42) 

880-920 2.70 0.90 0.08 
(0.12) (0.44) (0.93) 

Probabilities are expressed in parentheses below F values. 
Probabilities reflect the likelihood that the observed dif
ferences between the groups could be the result of chance, 
given the variability observed within the groups being 
compared. Differences are regarded as potentially signif
icant if the listed probability is less than 0.10. 

to be grouped as assemblages that are contemporary, and 
the spatial association within a structure allows their 
interpretation as the property, if not the handiwork, of 
individuals or households. 

The motor skill data from the DAP coiled baskets were 
used in a second discriminant analysis, but this time the 
data were grouped by structure provenience. Two of the 
structures contained single 2 rod and welt baskets, 2 struc
tures contained 2 such baskets, and 3 structures contained 
3 baskets. F statistics and significances for the differences 
between the groups are presented in table 2.2 . Five of the 
21 possible pairings of groups have a probability of less 
than 0.1 of being different solely on the basis of chance. 
This does not represent a strong discrimination of prov
eniences, but is stronger than the differences identified 
between the temporal groupings. 

The scatter plot of the 2 discriminant function scores for 
the cases (fig. 2.6) portrays the cases and the centroids 
for the groups. Although overlap is evident, a much better 
separation of the groups occur than was true of the tem
poral scatter plot (fig. 2.5). Subsequent classification re
sults based on the discriminant functions produced 
correct classifications 66.7 percent of the time, also some
what better than the temporal functions. These results 
(moderately successful discrimination) are similar to 
those achieved in the analysis of the Antelope House 
basketry (Adovasio and Gunn 1975, 1977). 

These findings demonstrate that basketry items used 
within a single household context will tend to be more 
similar to each other than they will be to basketery items 
from other households. This probably reflects the asso
ciation of a household assemblage with a single weaver 
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Figure 2.5- Discriminant scores for 2 rod and welt coiled baskets 
grouped by time period. 

or with a group of weavers that share motor patterns and 
aesthetic principles. However, the extension of these re
sults to the discrimination of individual or related weavers 
within a collection of basketry whose provenience and 
contemporaneity is unknown does not appear to be war
ranted . The most similar provenience groupings (where 
groups consist of2 or more baskets) are from Pitstructure 
10 at Grass Mesa Village and from Pitstructure 7 at 
McPhee Pueblo (Site SMT4475). These structures are 
separated in time by approximately 20 years and in space 
by approximately 6.5 km. 

Twined Basketry 

Twined basketry is represented in DAP collections by 
37 fragments. All but 3 examples are carbonized, and 
the 3 uncarbonized fragments are the only examples of 
twining from either of the rockshelters. Original forms 
of twined items can only be identified in 5 instances 
due to fragmentation and poor preservation. These 
forms include I mat, 3 pieces of a feather blanket, and 
what appears to be part of a twined sandal. The re
maining 32 examples of twining are all from flexible 
items (cordage warps and wefts) and could be derived 
from mats, sandals, or possibly bags. 

The single mat (RV 41) was recovered from Pitstruc
ture 44 at Grass Mesa Village, and dates within the 
A.D. 880-900 period. It is unique in construction char
acteristics relative to the remaining DAP twined ma
terials, consisting of a double warp of reed (Phragmites) 
culms, held together by rows of S-slant twining at 
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16.5-mm intervals. The weft elements are 2-ply, Z-spin , 
S-twist cordage of retted yucca fiber. The original size 
of the mat is unknown and no selvages were preserved. 
No other open twining or twining of reed warps is pres
ent in DAP collections. and none of the other examples 
of twining in DAP collections can be interpreted as 
representing mats. 

The 3 feather blanket fragments were recovered from 
LeMoc Shelter (Site SMT2151 ), and their interpreta
tion is probable but not definite . Two of the fragments 
consist of short yucca-strip or fiber cores wrapped with 
feathers and bound with yucca leaf strips. The remain
ing fragment consists of a short length of 4-ply, Z-spin, 
S-twist yucca fiber cordage wrapped with feathers and 
bound with yucca strips. Although none of the frag
ments was charred, none was longer than 3 em when 
found , and no twining elements were associated with 
the feather-wrapped cords. The interpretation of these 
items as parts of a twined feather blanket is based on 
their similarity to descriptions of feather blanket warps 
from other areas of the Southwest (Guernsey 1971:93, 
Rohn 1971 : 113; Kent 1983:fig 7g). They could repre
sent portions of feather cord woven into some other 
form (e.g., a sock [Rohn 1971 :fig. 132)). One of the three 
examples may date to the ninth century A.D., but the 
degree of disturbance of the rockshelter deposits makes 
the temporal affiliation of all of the fragments 
uncertain. 

The single possible twined sandal fragment (RV 2) was 
recovered from Pitstructure I at Chindi Hamlet (Site 
SMT4684) and is dated to the last decades of the sev
enth century A.D. (Tucker 1983). The item is charred 
and fragmentary, and what remains of the surface of 
the weave has been obscured by burning. Enough is 
visible at the fragment edges to classify it as close 
twined on single warps of 3-ply, Z-spin, S-twist yucca 
cordage ( 1.6 mm diameter) . The weft elements appear 
to be single-ply yucca fiber (0.8 mm diameter), but the 
direction of spin cannot be determined. Side selvages 
are continuous, and the preserved end selvage appears 
to consist of warps folded back into the third or fourth 
weft row from the end. The interpretation of this item 
as a sandal is based on the width of the item and the 
location of an irregularity on the surface near the end 
selvage that may represent the remains of a toe strap. 

The remaining 32 examples of twining are too small to 
identify their original forms. However, all of the re
maining fragments are close twined and are composed 
of yucca fiber cordage warps and wefts. S-slant twining 
(16 cases) is more than twice as common as Z-slant 
examples (6 cases), and the majority of the items have 
2-ply warps (24 items) and single-ply wefts (21 items). 
Most of the 2-ply cordage (14 cases) is based on Z-spun 
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Table 2.2 - F statistics and significances of differences between structural groupings of 2 rod and welt coiled baskets 

Provenience Site 5MT23 Site 5MT23 Site 5MT2193 Site 5MT4475 Site 5MT4477 Site 5 MT 4684 
Pitstructure 10 Pitstructure 44 Pitstructure I Pitstructure 7 Pitstructure 2 Pitstructure 4 

Site 5MT23, 1.71 
Pitstructure 44 (0.25) 

Site 5MT2193, 0.67 0.62 
Pitstructure I (0.54) (0.57) 

Site 5MT4475, 0.12 1.59 1.02 
Pitstructure 7 (0.89) (0.27) (0.41) 

Site 5MT4477, 1.91 1.73 2.46 1.18 
Pitstructure 2 (0.22) (0.25) (0.16) (0.36) 

Site 5MT4684 4.18 4.09 4.29 2.50 0.07 
Pitstructure 4 (0.06) (0.07) (0.06) (0.15) (0.93) 

Site 5MT5107, 5.21 1.52 2.75 3.85 1.14 2.67 
Pitstructure 2 (0.04) (0.28) (0.13) (0.07) (0.37) (0.14) 

Probabilities are expressed in parentheses below F values. Probabilities reflect the likelihood that the observed differences 
between the groups could be the result of chance, given the variability observed within the groups being compared. 
Differences are regarded as potentially significant if the listed probability is less than 0.10. 
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Figure 2.6- Discriminant scores for 2 rod and welt coiled baskets 
grouped by structure provenience. 

plies, while the single-ply wefts are predominantly S
spun ( 14 cases). Size of the warp and weft elements is 
determined by ply of the cordage used (mean diameters 
of single-ply [ 1.2 mm] and double-ply ( 1.8 mm] cords 
are the same for both warps and wefts). The temporal 
distribution of these twined fragments spans A.D. 660-
920, with the majority derived from 2 A.D. 660-700 
pitstructures at Chindi Hamlet. 
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Netting 

Although the inclusion of these items under basketry 
may be questioned due to their flexible nature, they are 
similar in both material and flexibility to some of the 
twined basketry fragments described above. Only 3 net
ted items have been identified in DAP collection, and 
although their forms are indeterminant, they are prob
ably all fragments from flexible bags. Each of the 3 is 
unique to a degree, but all appear to be knotless netting 
or looping (Rohn 1971 :122; Kent 1983:47-51). A small 
fragment of unburned (presumably human) hair netting 
(fig. 2. 7) was recovered from LeMoc Shelter, but the 
fragment cannot be dated with confidence due to the 
disturbed nature of the deposits. Two small pieces of 
yucca fiber cordage netting (RV's II and 14) were re
covered from surficial deposits at Grass Mesa Village 
and are likely to predate A.D. 900. The first piece (RV 
II) consists of tightly looped, 2-ply, S-spin, Z-twist 
yucca fiber cordage (fig. 2.8). Although the form cannot 
be identified, it is likely to have been a bag similar to 
those illustrated by Kent (1983:figs. 15 and 16). The 
second item (RV 14) consists of a small ring of cordage 
through which 15 cordage strands have been looped and 
then secured with an extremely fine row of twining. 
This appears to be the base or start of an open net bag 
that would have been completed with subsequent rows 
of cordage loops. 

Felted Material 

One example of matted or felted material (R V 12) was 
recovered from Pitstructure 10 at Grass Mesa Village. 
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0 .5 2cm 

Figure 2.7- Fragment of hair netting (RV II) from LeMoc Shelter (Site 5MT2151). 

The appearance of the fiber mass is unlike the appear
ance of quids or other bundles of retted fiber that occur 
in DAP collections. The item consists of a charred mass 
of 2 types of fibers that cross and intertwine without a 
specific orientation. Some of the fibers appear to be 
retted yucca, and the others were identified (with low 
confidence) as cotton (Gossypium). The interpretation 
of the material as part of a basketry or textile item is 
problematic because it was not associated with any 
stitching or cordage, but the appearance of a felted ma
terial is similar to that used in a felted pouch from Long 
House at Mesa Verde National Park (Osborne 
1980:337, fig. 414). 

Cordage 

The second largest category of worked vegetal materials 
in DAP collections includes twine, braids, and miscel
laneous bindings. Forms can be identified for some of 
these items, but most of the items represent disasso
ciated fragments from larger basketry, textile, or other 
forms. All of these items are similar in material in that 
they are portions of or have been prepared from yucca 
leaves. 

Twine 

Twine is the largest subset of this class of materials, 
with 40 examples in DAP collections. All examples are 

based on retted yucca fiber, and all but 4 strands are 
preserved by charring. Most of the classifiable speci
mens are 2-ply (N = 25) or 3-ply (N = 3). Six examples 
were recovered in which multiple strands of 2-ply twine 
were twisted together to form larger cords. Five of these 
consisted of two 2-ply strands, and one consisted of 
three 2-ply strands. Mean diameter of the 2-ply strands 
is 2.8 mm, the mean for 3-ply twine is 3.2 mm, and the 
multiple-twist strands range between 4 and 7 mm in 
diameter. 

Spin and twist directions for the twine are nearly 
equally represented. S-spin yarns are slightly more com
mon (N = 19) than Z-spin yarns (N = 15) in the col
lection, and due to the presence of some strands of 
multiple-twist cordage with both S-spin and Z-twist, 
initial S-twists are slightly more common (N = 18) than 
initial Z-twists (N = 15). All but one of the multiple
twist cords was finished with a Z-twist. This relatively 
equal representation of spin and twist directions is un
like the tendency for single directions to predominate 
in other Mesa Verde region collections (Rohn 
1971 :table 13; Osborne 1980:table 21 ). However, sev
eral of the individual DAP site collections are domi
nated by single spin and twist directions. 

All of the twine fragments are relatively short and their 
functional forms are indeterminate. One piece was tied 
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Figure 2.8 - Fragment of yucca cordage netting (RV II) from Grass Mesa Village (Site 5MT23). 

into a figure-eight knot, but the remaining examples 
were not manipulated. Mean diameter of the 2-ply 
twine fragments (2.8 mm) is slightly larger than the 
mean diameter of the 2-ply cordage used in twined bas
ketry items ( 1.8 mm). This implies that most of the 
pieces of twine are not disassociated from twined bas
ketry items. Supporting this contention is the predom
inance of Z-span plies in the basketry cordage as 
opposed to the relatively equal representation of Z- and 
S-spun plies in the 2-ply twine. However, cordage pieces 
may relax their twists somewhat when disassociated 
from a twined item, effectively enlarging their apparent 
diameter. 

Braids 

Braids are relatively rare in DAP collections and fall 
into 2 size classes. Four pieces of three strand braid 
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have been identified. Two of these are woven from ret
ted and S-spun fiber, I is woven of fiber but the char
acteristics cannot be determined, and I consists of 
woven leaf strips. The fiber braids range from 3.8 to 
5.5 mm in diameter, and the leaf strip braid is flat and 
is 9 mm across. All of these are charred and fragmen
tary, and no form can be identified. 

Three larger braids were all recovered from Pitstructure 
210 at Rio Vista Village (Site 5MT2182). Their condition 
is poor, but each consists of at least 4 and probably 6 
elements woven into a rectangular braid. The individual 
elements are 2-ply, Z-spin , S-twist cordage (3 to 4 mm 
diameter), and the finished braids range from 7.4 by 
14.3 mm to 14.2 to 17.5 mm in cross section. Each braid 
appears to have been at least 2.5 m in length based on 
field observations, but only short sections were preserved 
well enough to recover for laboratory examination. Each 
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braid terminates at I end with a loop, but opposite end 
terminations could not be identified. In I case, the loop 
is complete, is about 6.5 em long, is formed by braiding 
strands back into the body of the braid, and the loop is 
penetrated by the braid, forming a noose. The loops on 
the remaining specimens can be identified as such but 
are incomplete. The characteristics of the best preserved 
specimen are similar to the descriptions of several braids 
recovered by Guernsey and Kidder in northeastern Ar
izona ( 1974:79-80, plate 32). These complete specimens 
are described as snares and are interpreted as functioning 
in the capture of larger game. Extension of this interpre
tation to the Pitstructure 20 I examples is speculative but 
reasonable. 

Miscellaneous Bindings 

In addition to the examples of prepared twine and braids, 
14 examples of more expedient bindings are present. 
These consist of yucca leaves or leaf strips that have been 
knotted and presumably used to hold other materials to
gether. Some of these bindings retain the circular forms 
(e.g. , posts or bundles) around which they were wound, 
but most are simply fragments that retain knots as evi
dence of their use. Most of these materials would be de
scribed as potential raw materials for plaited basketry if 
they were not knotted or twisted. Square knots are the 
most common among the bindings, with single examples 
of granny, overhand, figure eight, and half hitch. All but 
I of the binding strips were recovered uncharred from 
the 2 rockshelters, and some may date to occupations 
after A.D. 920. 

Assemblages of Worked Vegetal Materials 

Although preserved perishable items are rare in DAP ar
chaeological contexts, the necessary conditions for pres
ervation (burning or dry deposits) tend to result in the 
recovery of clusters of items. Burned materials are usually 
confined to structure interiors, and the materials tend to 
be de facto refuse (Schiffer 1971 : 160). This category in
cludes items that were deliberately abandoned prior to 
structure collapse (often worn out or low value items) 
and functional items, the destruction of which (as a result 
of set or accidental fires) entailed an economic loss to the 
associated household or households. Regardless of the 
systemic context represented, containment within a 
structure implies both a temporal and functional rela
tionship between the items within a cluster. 

Unburned materials are preserved in any dry deposits and 
thus are not restricted to structure interiors. Few of the 
unburned items in DAP collections are associated with 
structures, and most appear to be from primary or sec
ondary refuse contexts as opposed to de facto refuse con
texts. As such, contemporaneity is difficult to establish, 
and confidence in broader dating resolution is dependent 
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upon the amount of disturbance associated with site oc
cupations or historic looting. Unfortunately, the 2 dry 
rockshelters that have produced the majority of the un
burned vegetal artifacts in the DAP collections have ex
perienced both prehistoric and historic disturbance, and 
both have been the locus of post-A.D. 900 as well as pre
A.D. 900 occupations (unlike most of the open sites ex
cavated by the DAP). Thus, most of the unburned ma
terials are ambiguous in temporal affiliation. 

Assemblages of Perishable Materials in 
Burned Structures 

Although structure burnings can preserve worked vegetal 
material, such preservation is at best incomplete. Char
ring of individual items may be partial, resulting in total 
combustion of portions or in decay of uncharred por
tions. Charred specimens are fragile and are susceptible 
to physical damage during structure collapse as part of 
the burning process and during disturbance subsequent 
to structure collapse. Postdepositional disturbance in
cludes archaeological recovery efforts, and many speci
mens could be noted or briefly described in the field , with 
only samples of the specimen surviving for laboratory 
examination . Similarly, a large number of worked vegetal 
materials are derived from soil samples (e.g., from hearth 
fills) and consist of minute fragments. As a result of these 
factors, assemblages of burned perishable materials are 
incomplete at best. 

Thirteen DAP structures are associated with four or 
more worked vegetal items (including worked wood and 
miscellaneous materials not considered basketry or cor
dage). Occurrences of classes of basketry and cordage 
(bindings) in these structures are listed in table 2.3. 
Coiled basketry, cordage, and twined basketry classes 
are equally ubiquitous, occurring in 8 of the 13 struc
tures. All structures with twined items include at least 
I flexible, twined item based on cordage warps and 
wefts, and if these are included in the cordage evalu
ation , cordage (in I form or another) occurs in 10 of 
the 13 structures. Plaited items are rare relative to the 
other basketry types, and looped and felted items occur 
in only I assemblage. Braids occur in 3 structures, but 
braided snares are only represented in I of these. Bind
ings are present in only 2 structures. 

The numbers of types of materials associated with any 
given structure are very limited. In all but I case, struc
tures are associated with 4 or fewer of the basketry and 
cordage types. This is not unexpected for those struc
tures from which relatively few worked vegetal items 
were recovered. However, the mean number of indi
vidual basketry and cordage items is 7.9 for these 13 
structures. This tendency for multiple occurrences of 
singly basketry or cordage types may be due to frag
mentation of originally single items in a few cases, but 
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Table 2.3 -Occurrences of basketry and cordage types in structure assemblages 
containing 4 or more worked vegetal items 

Site No. Pitstructure Basketry type Cordage type 
No. Plaiting Coiling 

5MT23 10 + + 
(N = 26) 

5MT23 44 + 
(N = 7) 

5MT2182 + 
(N = 3) 

5MT2182 201 
(N = 3) 

5MT2858 + 
(N = 4) 

5MT4475 7 + 
(N = II) 

5MT4475 9 + 
(N = 12) 

5MT4477 + 
(N = 5) 

5MT4477 2 + 
(N = 10) 

5MT4644 
(N = 13) 

5MT4684 + 
(N = 12) 

5MT4684 4 + 
(N = 20) 

5MT5107 2 + + 
(N = 7) 

Sample sizes reflect basketry and cordage items only. 

in most instances the uniqueness of individual items is 
suggested by slight differences in attributes or large spa
tial distances between the finds . Multiple occurrences 
are also unlikely to be due to preferences of individual 
households for particular technologies because of the 
limited functional replacement potential between the 
classes of worked vegetal material. Therefore, variation 
in types of materials present is probably a result of both 
the vagaries of preservation and the selection of ma
terials for discard in the cultural contexts of de facto 
refuse. 

The single exceptional structure assemblage is from Pit
structure I 0 at Grass Mesa Village, which has at least 
I item representing each class except braids. This di
versity is based on a sample of 28 items, all but 2 of 
which are basketry or cordage. The conditions of de
struction of Pitstructure I 0 appear to be catastrophic 
in that nearly all of the material culture associated with 
the structure floor was usable or perhaps was even in 
use at the time of structure destruction (Lightfoot et al. 
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1985). This includes whole pottery vessels, corn (both 
shelled and on the ear), and the worked vegetal mate
rials discussed here. 

In addition to the diversity of technological classes rep
resented within the Pitstructure I 0 assemblage, consid
erable variety occurs within classes. The 3 minority 
types of coiled basketry foundations in DAP collections 
are based on specimens from this structure, and at least 
4 deep or steep-sided coiled basketry bowl forms are 
present in addition to 3 shallow bowl forms. Plaiting 
is represented by a ring basket and by 6 fragments of 
at least 2 types of forms (although none of the forms 
can be specified). Only single items of twining, netting, 
and felting are present. Cordage present includes ex
amples of 2-ply twine and a knotted yucca leaf strip. 

The richness of this assemblage is due in part to the 
intensity of the fire that destroyed the strucure and in 
part to the probable "in use" context of the floor ma
terials at the time of destruction. However, as rich as -· 



this assemblage is, it is only a sample of what may have 
been associated with the structure. Construction of Pit
structure II subsequent to the burning of Pitstructure 
I 0 destroyed at least half of the floor area of the earlier 
pitstructure and an unknown amount of associated ma
teri al culture. Based on the assumption that the Pit
structure 10 assemblage is representative of a "normal" 
complement of perishable material culture, the role of 
basketry in household toolkits is seriously underesti
mated from the other de facto refuse assemblages. 

Assemblages of Perishable Materials in Dry Deposits 

The perishable material assemblages associated with 
the 2 rockshelter deposits are markedly different from 
the burned structure assemblages. Evidence of coiled 
basketry is Jacking from the rockshelter deposits 
(table 2.4), and although twining is present in I case 
(feather blanket fragments), examples of this technique 
are scarce compared to their occurrences in the struc-· 
ture assemblages. Examples of plaiting are abundant in 
the rockshelters, primarily in the form of sandals and 
a single example of netting (hair rather than yucca fiber) 
was recovered. Bindings are abundant from the rock
shelter, with knotted yucca leaves or leaf strips ac
counting for 27 to 32 percent of the total of basketry 
and cordage items recovered . 

Whereas the condition of the burned worked vegetal 
materials is a consequence of a combination of state at 
discard, degree of burning, and physical damage at the 
times of deposition and excavation, the condition of 
the rockshelter materials is determined primarily by the 
state of the material. at time of discard . All of the whole 
and partial plaited sandals exhibit some attrition of the 
basal surface due to use, and although not necessarily 
worn out, even the whole examples are well worn . The 
possible feather blankets are represented by short warp 
segments only, and the netting is fragmentary (part of 
the netting condition may be due to the greater deg
radation of animal fiber than vegetal fiber, even in rel
atively dry deposits) . Twine pieces are short fragments , 
but the yucca leaf bindings are generally complete (i .e., 
whole leaves or leaf strips are present). 

The contexts are characteristics of most of the rock
shelter materials suggest they include considerable re
fuse. Most of the materials are not associated with 
structure floors; instead they are derived from fill or 
refuse deposits. With the possible exception of the 
whole sandals, most of the rockshelter materials appear 
to have been discarded in a worn or fragmentary state. 
Further, the most common whole materials are the ex
pedient yucca leaf bindings, and their frequency rela
tive to plied cordage fragments is opposite that of the 
structure assemblages. 
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Interpretations 

Assuming that the rockshelter materials can be char
acterized as secondary refuse (Schiffer 1972: 161 ), they 
provide a complementary perspective to the de facto 
refuse or use-association materials of the burned struc
ture assemblages. Use lives of coiled baskets appear to 
have been long, resulting in their under-representation 
in refuse as opposed to structure assemblages. Simi
larly, yucca leaf bindings are under-represented in the 
structure assemblages as opposed to the refuse, sup
porting the interpretation of expediency and rapid dis
card. Twined and plaited materials also appear to have 
had long uselives, with resultant underrepresentation 
in trash accumulations, although plaited sandals are a 
notable exception. 

This interpretation assumes that temporal and func
tional differences are not contributing to the observed 
differences between the burned and unburned assem
blages. Considerable post-A.D. 920 (Pueblo II) affili
ated materials contribute to the unburned assemblages, 
whereas the burned assemblages represent only A.D. 
660-920 materials (late Basketmaker III through Pueblo 
I). In addition, all of the burned assemblage materials 
are associated with habitations (pitstructure floors) , 
whereas the unburned materials are derived from sea
sonal and limited activity refuse as well as habitation 
refuse. If the assumptions of no influence from these 
temporal and functional factors are not warranted, then 
the inferred magnitude and character of the comple
mentarity between burned and unburned assemblages 
is questionable. However, it is likely that either assem
blage type alone provides a biased view of the role of 
worked vegetal materials in the Dolores area cultural 
system. 

CERAMIC MATERIALS 

Ceramic collections constitute the largest single analytic 
class of artifactual material recovered by the DAP, ex
ceeding 550 000 items. Three major types of analyses 
have been carried out on these items or on subsets of 
these items. These analyses have included preliminary or 
inventory analysis of sherds, formal descriptions of re
constructible vessels, and refiring or controlled oxidation 
studies of clays and selected sherds. Data from these anal
yses in turn have supported a variety of descriptive and 
interpretive efforts. This section of this report summa
rizes the content and structure of the ceramic data bases 
and the justification and practice of DAP ceramic dating. 

Ceramic Data 

Nearly all DAP ceramic data are generated by 3 basic 
ceramic analysis systems. " Preliminary analysis" is the 
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Table 2.4 - Occurrences of basketry and cordage types from dry rockshelter deposits 

Site No. Basketry type Cordage type 
Plaiting Coiling Twining Netting Felting Twine Braid Binding 

LeMoc 
.Shelter 

Site 5MT2151 
(N = 25) 

Singing 
Shelter 
Site 5MT4683 
(N = 15) 

+ 

+ 

Sample sizes reflect basketry and cordage items only. 

most intensive and extensive data gathering procedure. 
All DAP ceramic ma~erials undergo preliminary analysis, 
and it is designed to provide resource, technological, ty
pological, and functional information, as well as a com
plete inventory. Vessel form analysis is carried out on all 
reconstructible vessels identified within the larger sherd 
collection; this analysis provides a record of form , size, 
and wear attributes. Finally, refiring studies compile gross 
compositional data for clay and selected sherd samples. 

Preliminary Analysis 

The DAP preliminary analysis system for ceramics was 
intended to record selected ceramic attributes as well as 
subjective evaluations of geographic and typological af
filiations (Biinman 1983a; Blinman et al. 1984). The sys
tem is explicitly sherd based, splitting individual 
provenience collections into groups of sherds that share 
values for all descriptive attributes. Depending upon the 
size of the provenience collection and the attributes of 
the included sherds, groups can consist of from I to sev
eral hundred sherds. With few exceptions, each group (or 
catalog item number) within each provenience designa
tion is the unit of inventory for storage and retrieval 
through the Bureau of Land Management, Anasazi Her
itage Center. 

Selected technological attributes (firing atmosphere, sur
face manipulation , polish, fugitive pigment application, 
slip, paint type, paint color) were recorded for each group 
of sherds. These were recorded in an effort to provide 
explicit documentation of some of the observations used 
in subsequent subjective typological classification. In ad
dition, these data provide the basis for calculation of pro
duction-step-based value measures (Feinman et al. 1981 ), 
defining subsets of typological categories, and defining 
subsets of the total data base for intensive analyses. 

The single resource attribute recorded during preliminary 
analysis was temper. Temper types were classified during 
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binocular microscope examination (20X) of freshly bro
ken sherd cross sections. An explicit effort was made to 
split rather than lump temper types during analysis 
(within the limits of consistency and perception imposed 
by binocular microscope examination); as a result, 32 
temper classes have been used in describing DAP ce
ramics. Most (24) of these temper types are interpreted 
as representing variability within Mesa Verde region ce
ramic materials. Definitions of the temper types, evalu
ations of the consistency of their use, and comparisons 
with petrographic analysis data are presented by Blinman 
et al. (1984:18-49). 

Regional and temporal/stylistic affiliations of sherds an! 
recorded as slightly modified traditional pottery type des
ignations. Temper type, technological attributes, and dec
orative style are used to identify non-Mesa Verde 
ceramics and to assign sherds to broad regional/culture
affiliations ("culture categories") (Wilson and Blinman 
1985a). Within each culture category, sherds are assigned 
to specific types where sufficient stylistic characteristics 
(e.g. , design or surface manipulation) were observable 
and could be compared with published or accepted type 
descriptions. Where specific type assignment was not pos
sible, sherds were placed into "grouped types," descriptive 
categories that imply considerably less temporal resolu
tion than is implied by the specific types. 

Mesa Verde region ceramics make up the vast majority 
of DAP collections (99.2 percent). They have been as
signed to areas of origin (manufacturing tracts [Lucius 
1981]) within the Mesa Verde region based on geographic 
patterns of temper or clay use (Biinman 1983b; Blinman 
et al. 1984:68-71 ). The geographic correlates of specific 
temper use are poorly known due to the limitation of 
DAP activities to Dolores Project-related construction 
features and to the relative scarcity of comparable temper 
analyses from other portions of the Mesa Verde region . 
Tentative geographic correlates of the tracts are presented 
in figure 2.9. The boundaries are tentative due to the 
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Figure 2.9- Approximate geographic locations of ceramic manufacturing tracts within the Mesa Verde region. Boundaries are 
tentative and are most appropriate for the A.D. 720-920 period. 

scarcity of information, and the locations and extents of 
the various tracts are known to change through time 
(boundaries presented here are expected to be most ap
propriate for the A.D. 720-920 time period). 

Definitions of the Mesa Verde pottery types used in DAP 
classifications conform largely to the descriptions pre
sented by Breternitz et al. ( 1974). In addition, 4 new types 
have been formally proposed based on DAP analyses. 
Dolores Brown (Lucius and Wilson 1981a), provides a 
label for items (usually crude figurines or pinch pots) 
manufactured of silt-rich alluvial clays and fired in a 
poorly controlled reducing atmosphere. Dolores Red (Lu
cius and Wilson 1981 b) is a Mesa Verde analog for Tai
Iahogan Red (Daifuku 1961 :49-50). It describes sherds in 
which a crushed-igneous-rock-tempered gray body clay 
has been heavily slipped with an untempered blood-red 
clay. Dolores Red is the earliest occurring red ware in 
DAP collections (ca. A.D. 730) and may be a precursor 
for the San Juan Red Ware tradition. Dolores Corrugated 
has been proposed as a corrugated type with rim eversion 
intermediate between the eversion characteristics of Man
cos Corrugated and Mesa Verde Corrugated (Lucius and 
Wilson 1981b). The type was defined to more precisely 
exploit the observed temporal variation in rim eversion 
of corrugated jars (Wilson and Waterworth 1982), and 

its use implies a restriction of the original definitions of 
Mancos Corrugated and Mesa Verde Corrugated. Finally, 
McPhee Black-on-red has been defined as a variety of 
Bluff Black-on-red (Wilson and Errickson 1985). It is dis
tinguished from other Bluff Black-on-red sherds on the 
basis of sherd temper, and the justification for its desig
nation is its consistent late appearance (post-A.D. 875) 
and widespread distribution across the Mesa Verde 
region . 

As with the non-Mesa Verde ceramics, many sherds can
not be assigned to specific pottery types due to ambiguous 
characteristics. These are assigned to a variety of grouped 
types, the definitions of which are usually based on tech
nological characteristics (Blinman et al. 1984:78-89). The 
choices of characteristics for grouped type distinctions are 
based on perceived potential for temporal resolution in 
dating arguments, and the grouped types are reported and 
manipulated as if they were types. Grouped types can be 
distinguished from formal types by the lack of geographic 
roots for grouped type names. 

Vessel form classes are recorded to represent the prefiring 
or intended form of the vessel. Since the vessel form clas
sification must be based on sherd attributes, considerable 
variation in precision occurs, depending upon the portion 
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of the vessel represented by the sherd. As examples, only 
appropriately incurving rim sherds can be identified as 
seed jars, and body sherds from gray ware ollas, pitchers, 
seed jars, cooking jars, and even bowls (unpolished and 
unpainted gray ware body sherds) are indistinguishable 
and are classified as jar sherds. Handle and lug types are 

• also identified as vessel form classes, as are prefiring mod
ifications such as perforations. 

Whereas vessel form and technological attributes are fo
cused on pottery production, a modification class vari
able records postfi ring wear or alteration of form 
(Biinman et al. 1984: 126-135). Features recorded include 
wear associated with vessel use prior to breakage, alter
ation of vessel form, and alteration of sherd form after 
vessel breakage. Modification classes are diverse and in
clude functional inferences where possible (e.g., ceramic 
scraper, scoop, repair hole) and morphological descrip
tions where functional inferences are not warranted. The 
functional inferences are supported by models that link 
presumed motion of use or modification with observable 
abrasion features (Waterworth and Blinman 1984 ). 

The sherd-based nature of the preliminary analysis sys
tem results in some superficial awkwardness when re
constructible vessels are encountered. Vessels are assigned 
unique identifying numbers within each site collection, 
and the identifying number is treated simply as another 
attribute of those sherds that are derived from the vessel. 
Thus, within a given provenience, sherds from a vessel 
will be divided into groups based on the same criteria 
used for sherds not identified as deriving from a vessel. 
For example, sherds from a Moccasin Gray jar will be 
divided into I group of manipulated (neck banded) sherds 
and I group of plain sherds, each group having a distinct 
catalog item number. Each group will also be given a 
separate pottery type designation based on sherd attri
butes (Moccasin Gray and Early Pueblo Gray}, but each 
group will be kept distinct from any other neckbanded 
or plain sherds from the same provenience by the at
tached vessel number. This procedure results in multiple 
listings for vessels in data tables, but it maintains data 
comparability between proveniences with vessels and 
proveniences that either lack reconstructible vessels or 
for which reconstructible vessels were not detected. Re
constructible vessels do not imply whole vessels, and ves
sel designations are given whenever the identification of 
multiple sherds from a single vessel would serve an an
al ytic purpose. Appropriate purposes range from strati
graphic correlation to the documentation of the presence 
of whole vessels in a provenience. 

Sherds within a catalog number are quantified by count, 
rim count, and weight. Where multiple sherds are in
cluded within a single group, the weight is the total weight 
for all sherds of the group. For descriptive site reports, 
ceramic data are usually summarized by count and by 
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weight percent, with totals expressed for both count and 
weight so that individual type or grouped type abun
dances (absolute and proportions) can be calculated for 
either measure if necessary for comparisons with non
DAP data presentations. Count and weight are equivalent 
measures when sample sizes are large, and synthetic stud
ies of ceramic materials rely primarily on counts and 
count percentages for data presen tations and 
comparisons. 

Reconstructible Vessel Descriptions 

Descriptive data have been gathered on DAP reconstruc
tible vessels to supplement the occasionally ambiguous 
sherd-based descriptions of vessel form and to provide 
additional data for formal/functional studies of vessels as 
containers (Biinman 1985). Descriptions vary with the 
degree of completeness of the individual vessels and the 
degree to which physical reconstruction was possible 
within the constraints of both vessel condition and an
alyst time. Under ideal conditions, scale profiles were 
drawn, vessel shape measurements were taken, and a va
riety of wear attributes were observed in both coded and 
discursive comments. Vessel descriptions and metric data 
exist as paper records and are on file with the Anasazi 
Heritage Center. 

Controlled Oxidation of Clays and Sherds 

Compositional analyses of DAP sherds have been rela
tively limited in scope. Neutron activation studies of 
some materials are being carried out independently of 
the DAP (Howes 1983}, but the only formal DAP com
positional analyses have been through controlled oxida
tion (refiring) of clay and sherd samples. Controlled 
oxidation standardizes the oxidation states of compounds 
(particularly iron oxides) in samples and allows gross 
compositional comparisons to be made on the basis of 
sample color (Shepard 1965 :217-222 ; Bishop et al. 
1982:277). The oxidation has been accomplished by rais
ing the temperature of samples to 950" C in an electric 
resistance furnace with unlimited access to oxygen. As 
long as the sample has not been vitrified in previous fir
ings, the color of the sherd after oxidation can be used 
as a proxy for composition (vitrification limits access to 
oxygen within the sample and prevents standardization 
of oxidation states). Color is recorded in Munsell (1976) 
color notation, and colors are grouped into color classes 
using I of2 conventions: Travis ( 1984:table 25) or Wilson 
et al. ( 1985:tables I and 2). 

Controlled oxidation data have been gathered systemat
ically for all examples of ceramic clay from archaeological 
contexts, for samples of clay from resource surveys of the 
Dolores Project area, and for selected subsets of DAP 
sherd collections. The former data sets have been reported 
in a synthesis of clay resource availability and resource 



use (Wilson et al. 1985), and the latter have been inte
grated into a variety of specific research reports. The com
positional data have been collected on a research project 
basis rather than being integrated into a single file, and 
the observations are recorded as paper records on file with 
the Anasazi Heritage Center. 

Ceramic Dating 

Relatively rapid and consistent change in stylistic and 
technological aspects of Southwestern ceramics has led 
to the widespread use of ceramic materials for ordering 
or dating archaeological collections. Given the abun
dance of ceramics in DAP collections, and given the lim
ited instances in which other dating techniques can be 
employed, relatively great emphasis has been placed on 
ceramic date estimates as a basis for DAP chronological 
inferences. In support of this emphasis, studies have been 
carried out in an effort to calibrate aspects of ceramic 
change and to develop ceramic dating procedures. 

Neckband Dating 

Attribute change within wares has been used as the basis 
for ceramic dating in several regions of the Southwest, as 
data for both seriational techniques (LeBlanc 1975) and 
for regression-based techniques. Characteristics of 
painted designs (primarily line width) have been useful 
in dating inferences used with Black Mesa collections 
(Plog and Hantman 1985), but painted sherds are rela
tively rare in DAP collections for which the major tem
poral focus is within the A.D. 600-920 period. Gray ware 
sherds are abundant during this time period, and the at
tribute basis for the typological distinctions between 
Moccasin Gray and Mancos Gray ceramic types sug
gested that variation in neckband attributes could serve 
as a basis for attribute dating. 

Calibration of neck band variation was carried out (Biin
man 1984a), and height of individual neck bands was de
termined to be the most temporally sensitive of the 
measured attributes. Mean neckband height decreased 
slightly through time, but the small extremes of the dis
tributions decreased considerably (i .e., the variances of 
the calibration assemblages increased through time) 
(Biinman J984a: fig. 80). Since increasing variance did 
not correlate with decreasing neckband height within 
sherds from individual vessels (Biinman 1984a:fig. 81 ), 
the increasing variance through time in the calibration 
assemblages was assumed to be the result of mixtures of 
stylistically "old" with stylistically "progressive" vessels 
within the calibration assemblages. Such mixtures could 
result from the effects of long vessel uselives or from the 
persistence of old styles among some potters at each time 
period. Regardless of the source of the old style vessels, 
the greatest potential for temporal resolution was inher
ent in the most stylistically progressive vessels (i .e., the 
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vessels with the narrowest neckbands) within a given ce
ramic collection. 

Based on this assumption, the progressive sherds of the 
calibration assemblages were identified using breaks in 
the slope of normal probability plots ofneckband height 
distributions (Biinman 1984a: fig. 82). Variation in 
neckband height of these stylistically progressive sherds 
was continuous, but the variation was not linear 
through time. Two periods of slow styli stic change were 
separated by a period of rapid change, and jackknifed 
regression equations were used to describe the variation 
within each segment, where each equation was appro
priate for a discrete portion of the A.D. 780-950 period 
(Biinman 1984a: table 30). 

The neckband dating equations were used to generate 
"style dates" for neckbanded sherds in provenience col
lections, and the style dates are then used to infer date 
estimates for the associated proveniences. Due to the 
use of only stylistically progressive sherds in the cali
bration, the best neckband date inference for a prov
enience is represented by the latest cluster of style dates 
in the provenience collection. Small samples of neck
banded sherds in most proveniences further restrict the 
dating inferences, and the use of neckband dating is 
often limited to the establishment of lower limiting 
dates for provenience. 

Neckband dates for Tres Chapulines Hamlet , site 
5MT4725 (Chenault 1983), provide an example of dat
ing inferences based on this technique. Neckband dates 
associated with floor collections from 5 of the 6 exca
vated pitstructures at the site are presented as histo
grams in figure 2.1 0. In all cases, floor collections 
appear to be de facto refuse or secondary refuse that 
accumulated at the time or within a few years of struc
ture abandonment. Neckband dates associated with Pit
structure I indicate abandonment at approximately 
A.D. 860; the small number of dates from Pitstructures 
2 and 6 are interpreted as representing abandonment 
at or after A.D. 870 and 880, respectively; Pitstructure 
4 abandonment is also dated to A.D. 880, but the date 
estimate is more confident; and neckband dates for Pit
structure 3 indicate abandonment at about A.D. 890. 

The only absolute dating available for these structures 
is a cluster of tree-ring dates that places construction 

' of Pitstructure I at A.D. 845 (Chenault 1983). Features 
within the structure evidence considerable remodeling, 
and suggest a uselife equivalent to or greater than the 
estimated 15-year average uselife of pitstructures in the 
Dolores Project area (Schlanger 1985). Pitstructure I is 
part of the earliest construction at the si te and is the 
first of the structures at the site to be abandoned (based 
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Figure 2.10- Neckband dates associated with pitstructure noors 
from Tres Chapulines Hamlet (Site 5MT4725). 

on stratigraphy). The sequence of abandonment con
tinued as follows: Pitstructures 2 and 6, Pitstructure 4, 
and finally Pitstructure 3. The neckband styles asso
ciated with Pitstructures 2 and 6 should be relatively 
contemporary and should be younger than Pitstructure 
4, which in turn should be younger than Pitstructure 3 
(the last pitstructure occupied at the site). Ceramic as
semblage dating (refer to the following section) of the 
last occupation of the site places the abandonment of 
Pitstructure 3 sometime after A.D. 880 and before A.D. 
910. 

This example of neckband dating is moderately suc
cessful at establishing realistic relative and absolute 
date estimates. Although not precise enough to dupli
cate the temporal resolution of the stratigraphic rela
tionships at the site, the date estimates are acceptable 
given error factors of ± I 0 years. What is not evident 
in this example is that the sample sizes available from 
these proveniences are unusually large, and most neck
band dates associated with DAP structure proveniences 
are more similar to the case of Pitstructure 2 than to 
the case of Pitstructure I. Also, this example exploits 
the rapid rate of neckband change between approxi
mately A.D. 860-895 , and confidence in dating infer
ences declines outside of this time range. In the absence 
of large numbers of neckbanded sherds and without 
verification of temporal relationships through strati
graphic or other means, neckband dating is best used 
as a supportive or confirmatory technique rather than 
as the sole basis for date estimates. Also, because of the 
reliance of neckband dating inferences on subjectively 
defined late clusters, the technique should not be ap
plied to collections that represent mixtures of time pe
riods (the technique would only identify the last 
contribution to the mixture). 

70 

Assemblage Dating 

The second and most widely used DAP ceramic dating 
approach is based on calibrated temporal change in the 
typological composition of ceramic assemblages. Al
though tree-ring-dated structures are relatively rare in 
DAP excavation contexts, the vast amount of excavation 
has resulted in the recovery of enough well-dated ceramic 
assemblages to construct a detailed calibration of ceramic 
change (Biinman 1984b). Typological classifications (as 
opposed to other ceramic attributes) were used as the 
substance of the calibration because they were available 
for all collections as part of the preliminary analysis data 
set and because they could be applied readily to data sets 
from outside of the DAP. Several attributes were also 
considered, the most useful being paint color in red wares. 
Adoption of an assemblage approach (i.e., changing rel
ative frequencies of types) was possible due to the pres
ence of consistent collection and analysis biases in most 
DAP collections. This dating technique results in an or
dering of collections based on their ceramic content, but 
it differs from seriational approaches in that: (I) the 
model of rates and directions of change in type frequen
cies is explicitly derived during the calibration process 
rather than being assumed; (2) differential collection size 
can be dealt with by variable precision in date estimates; 
and (3) mixtures of materials from different time periods 
can be detected and date estimates can be assigned to 
each component of the mixture. 

Calibration. - Within the DAP collections, 21 proveni
ences were identified that could be used for calibration 
purposes (Blinman 1984b:22-38). All of these proveni
ences are stratigraphically discrete and can be placed in 
time by either direct associations with tree-ring dates 
(structure floor collections) or by stratigraphic relation
ships with dated structures. Uselife of structures and time 
lag between structures is explicitly argued as part of the 
calibration assumptions. The proveniences are not evenly 
distributed through time, and DAP calibration proveni
ences are confined to the A.D. 635-930 period. Com
parable ceramic data are also available for an A.D. 1150 
occupation of Escalante Ruin, Site 5MT2149 (Hallasi 
1979),' just outside of the Dolores Project area to the 
south. Significant gaps exist in the sequence between 
A.D. 805 and 855 and between A.D. 930 and 1150, but 
the observed changes in ceramic assemblages between 
A.D. 635 and 930 appear to be robust. 

'A limited description of the ceramic assemblage from Escalante Ruin 
appears in Hallasi (1979). During 1982 and 1983 Peter Kakos, then of 
Washington State University, re-analyzed the ceramics from the site, and 
the data are currently on file with the analyst. The author obtained the 
information presented here through personal communication with 
Kakos. 
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Collections associated with the DAP calibration prov
eniences are consistent in that all sherds greater than 2 em 
in diameter were recovered and analyzed (no bias was 
introduced for or against sherds of particular types or 
wares). Although archaeologically introduced bias is con
trolled in this way, biases in the form of large variances 
remai n due to cluster effects on small collection sizes and 
to collections that contain vessels as opposed to sherds. 
The strict use of sherd-based typological assignments 
minimizes the potential confounding effects of vessel 
presence, but considerable variability still remains. Non
Mesa Verde ceramics are excluded from the calibration 
and from subsequent dating arguments due to their scarc
ity in DAP collections and to the greater possibility of 
error in typological assignments of relatively unfamiliar 
wares. 

The results of the calibration include refined definitions 
of occurrence ranges for individual pottery types and 
grouped types (fig. 2.11) as well as definitions of tem
porally distinctive asse mblages of types (Blinman 
1984b:65-77). Occurrences are interpolated between cal
ibration points, and, for periods when data are not avail
able from DAP sources, occurrence ranges are based on 
other findings within the Mesa Verde region (e.g., the 
data from Escalante Ruin and ranges assembled by Bre
ternitz et al. [1974]). both occurrence ranges and assem
blage characteristics are expected to be altered and refined 
as more work is conducted in the region. 

Change observed within the calibration proveniences was 
used to define 7 temporally distinctive ceramic assem
blages for the A.D. 600-980 period (Biinman 1984b:65-
77). The upper bound (A.D. 980) of the last of these as
semblages is based on assumption, as are the content and 
boundaries of 4 distinctive assemblages proposed for the 
A.D. 980- 1250 period in the Dolores Project area. These 
assemblages span the ceramic-bearing Anasazi occupa
tions of the Dolores Project area but do not include the 
ceramic materials associated with post-Anasazi occupa
tions (Errickson and Wilson 1985). 

The calibration assemblages are sufficient in quality to 
allow the definition of the distinctive assemblages, but 
are often too small and variable to allow characteri
zations applicable to other contexts. For that reason, 
the calibration assemblages within the A.D. 600-980 
period have been augmented (table 2.5) by the inclusion 
of collections from proveniences not absolutely dated 
but unambiguously dated by stratigraphy, architectural 
style, and ceramic type occurrence ranges. The vast ma
jority of materials contributing to the distinctive as
se mblages are habitation refuse , and the 
characterizations are most applicable to that site and 
deposit. Due to the common reuse of sites in the Do
lores Project area, contamination of collections by later 
ceramic materials is common. Contamination has been 
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minimized in the table 2.5 summaries by including only 
those proveniences inferred to have high integrity by 
the excavator, however, some obvious contaminants re
mained in the collections. These contaminants have 
been removed from the summaries only when there was 
an archaeologically defined source for the contamina
tion and when the presumed contaminant was clearly 
separated in time from the provenience date on the 
basis of the calibrated occurrence ranges of the types. 

Within the A.D. 600-725 period, DAP ceramic assem
blages are dominated by plain gray body sherds (Early 
Pueblo Gray) from Chapin Gray vessels. Sherd tem
pered gray ware (Late Pueblo Gray) sherds have been 
noted in some collections, but their appearance is spo
radic and indicative only of localized temper prefer
ence. Decorated wares consist only of white wares and 
are dominated by sherds derived from Chapin Black
on-white vessels. Unpolished white ware sherds are 
often present but are less abundant than polished white 
ware sherds. 

Assemblages dating within the A.D. 725-775 period dif
fer from the preceding period primarily in the deco
rated wares. Chapin Gray remains the dominant gray 
ware, although rare Moccasin Gray sherds may occur. 
Piedra Black-on-white sherds are as likely to be present 
as are Chapin Black-on-white sherds, and unpoli shed 
white ware sherds are still present. The greatest differ
ence is the introduction of red ware sherds in the form 
of Dolores Red, Abajo Red-on-orange, and Bluff Black
on-red. Although the latter type is more common than 
Abajo Red-on-orange in table 2.5, orange or red paint 
(probably from Abajo Red-on-orange vessels) is nearly 
twice as common on the untypeable sherds (Early 
Pueblo Red and Slipped Red) of this period than is 
brown or black paint (probably from Bluff Black-on
red sherds). Although present, red ware sherds are not 
abundant, comprising only about 3 percent of the per
iod assemblage . 

After A.D. 775, the frequency of Moccasin Gray in
creases as this type becomes a consistent, although mi
nority , component of the gray ware assemblage. 
Moccasin Gray vessels produce fewer untypeable 
sherds when they break than are produced by Chapin 
Gray vessels, and the proportion of Early Pueblo Gray 
sherds decreases. Mancos Gray also appears in the A.D. 
775-825 assemblage, but its presence is due to the rel
atively minor morphological attributes that distinguish 
the 2 neckbanded types. Slight variations in the exe
cution of a Moccasin Gray vessel, combined with a 
fortuitous breakage, can result in occasional sherds that 
must be classified as Mancos Gray on morphological 
grounds. Thus, any collection with large numbers of 
Moccasin Gray sherds is likely to include I or more 
Mancos Gray sherds as well. 
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Figure 2.11 - Occurrence ranges for Mesa Verde region pottery types and Dolores Archaeological Program 
grouped types. Solid lines represent known occurrence ranges, and broken lines represent assumed 
ranges. 

No new decorated types are added during the A.D. 775-
825 period, but emphases do shift slightly. Piedra Black
on-white is more abundant than Chapin Black-on-white, 
and polished white ware sherds are much more common 
than unpolished ones. Red ware sherds are much more 
abundant than during the previous period, accounting 
for about 9 percent of the total assemblage. Although 
Abajo Red-on-orange and Bluff Black-on-red are com
parable in proportions of typeable sherds, brown or black 
paint colors are slightly more common within the total 
red ware sherd assemblage. Smudged Mesa Verde sherds 
occur in this assemblage, but their abundance reflects a 
cluster attributable to several vessels at a single site. 

The strongest marker for the A.D. 775-825 time period 
is the consistent presence of Moccasin Gray sherds as a 
minority in association with Chapin Gray. At some point 
between A.D. 805 and 855, this relationship reverses it
self. This reversal takes place within the period for which 
DAP calibration assemblages are lacking, and the setting 
of the end of this period and the beginning of the next 
period at A.D. 825 is arbitrary. 

Between A.D. 825 and A.D. 860, Moccasin Gray is 2 to 
3 times as abundant as Chapin Gray, Mancos Gray is 
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present only as trace sherds (probably derived from oc
casional Moccasin Gray vessels), and the frequency of 
Early Pueblo Gray falls below 80 percent. Both Chapin 
Black-on-white and Piedra Black-on-white are present, 
and polished white ware sherds continue to be consid
erably more ab undant than unpolished white ware 
sherds. Bluff Black-on-red is now the dominant red ware 
type, and brown- or black-painted red ware sherds ecl ipse 
orange or red painted sherds in frequency. Red ware 
sherds as a whole decline somewhat from their high fre
quency in the previous period to about 5 percent of the 
total assemblage. Sherd temper may occur rarely in gray, 
white, or red ware sherds, but its frequency is at trace 
levels only. 

After A.D. 860, the frequencies of the neckbanded gray 
ware types increase at the expense of Chapin Gray. Moc
casin Gray increases in proportion to more than 10 per
cent of the total assemblage , and Mancos Gray is 
consistently present in its own right as opposed to being 
present as odd fragments of Moccasin Gray vessels. With 
the increase in neck banded vessels, the Early Pueblo Gray 
frequency continues to fa ll to slightly over 70 percent. 
Piedra Black-on-white is the dominant white ware type, 
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Table 2.5 - Composition of temporally distinctive ceramic assemblages 

Pottery type 
I 

Time period (A.D.) 

600-725 725-775 775-825 825-860 860-880 880-910 910-980 
N % N % N % N % N % N % N % 

Chapin Gray 577 5.4 97 4.7 1423 5.5 294 3.4 155 2.4 640 2.9 189 1.5 
Moccasin Gray I 0.0 289 1.1 802 9.2 925 14.3 2 425 10.8 83 1 6.5 
Mancos Gray 5 0.0 16 0.2 200 3.1 738 3.3 I 071 8.4 
Early Pueblo Gray 9 238 89.0 1792 87.2 21 207 81.5 6721 77.3 4671 72.4 15 629 69.9 7 019 54.9 
Late Pueblo Gray 2 0.0 I 0.0 I 0.0 7 0.0 68 0.5 
Mancos Corrugated 202 1.6 
Dolores Corrugated 
Mesa Verde Corrugated 
Corrugated Body Sherds 65 7 5.1 
Dolores Brown 9 0.1 3 0. 1 103 0.4 2 0.0 I 0.0 7 0.0 3 0.0 

Chapin Black-on-white 136 1.3 12 0.6 16 0.1 29 0.3 I 0.0 16 0.1 2 0.0 
Glaze Paint Piedra 2 0.0 
Piedra Black-on-white I 0.0 18 0.9 28 0.1 29 0.3 59 0.9 468 2.1 42 0.3 
Cortez Black-on-white 642 5.0 
Mancos Black-on-white II 0. 1 
McElmo Black-on-white 
Painted White 75 0.7 15 0.7 18 0.1 38 0.4 6 0.1 42 0.2 17 0.1 
Polished White 365 3.5 54 2.6 595 2.3 329 3.8 192 3.0 I 300 5.8 966 7.6 
Slipped White 3 0.0 3 0.0 25 0.1 132 1.0 
Sherd White I 0.0 2 0.0 15 0.1 349 2.7 
Dolores Red 2 0.1 
Abajo Red-on-orange 3 0.1 443 1.7 2 0.0 21 0.3 18 0.1 2 0.0 
Abajo Polychrome 5 0.0 I 0.0 
Bluff Black-on-red 13 0.6 311 1.2 52 0.6 67 1.0 142 0.6 42 0.3 )> 
McPhee Black-on-red I 0.0 59 0.3 13 0.1 0 

0 Deadmans Black-on-red 2 0.0 20 0.1 50 0.4 =l 
Early Pueblo Red 44 2.1 I 525 5.9 278 3.2 121 1.9 595 2.7 345 2.7 < m Slipped Red 16 0.1 102 1.2 21 0.3 101 0.5 125 1.0 -I 
Sherd Red 4 0.0 4 0.1 52 0.2 10 0.1 m 

() 
:I: 

Plain Smudged 30 0.1 I 0.0 2 0.0 z 
0 
r 

Total I 10 385 100.0 2055 100.0 26 021 100.0 8696 100.0 6456 100.0 22 364 100.0 12 788 100.0 0 
(j) 

-...I iii w (/) 
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but both Chapin Black-on-white and rare Cortez Black
on-white may be present. The Cortez Black-on-white rep
resents scroll or rick-rack design elements but lacks the 
classic slip and surface color associated with later ex
amples of the type. Unpolished white ware sherds become 
increasingly rare. Red ware sherds continue to be dom
inated by brown- or black-painted sherds and Bluff Black
on-red. McPhee Black-on-red, Deadmans Black-on-red, 
and Sherd Red (untypeable sherds probably derived from 
McPhee Black-on-red vessels) may be present but are 
extremely rare and probably are confined to the latter 
part of this period. 

The A.D. 880 threshold is marked by the consistent but 
minority presence of Cortez Black-on-white, Deadmans 
Black-on-red, and sherd temper in gray, white, and red 
wares. The Cortez Black-on-white is still present based 
on design elements rather than classic slip characteristics. 
McPhee Black-on-red and Sherd Red account for about 
10 percent of the red ware sherds, and their appearance 
in quantity coincides with a slight increase in total red 
ware frequency from a low of 3.6 percent in the previous 
period to about 4.5 percent. 

The occupation history of the Dolores area includes a 
widespread and perhaps total abandonment of excavated 
sites within the Dolores valley at about A.D. 900. Oc
cupation was reinitiated at a minority of sites after a short 
hiatus, but other than its brevity, the dating of the reoc
cupation is unknown. For the purposes of the original 
calibration of ceramic change, the reoccupation collec
tion from a site within the McPhee Community Cluster 
was assumed to date to A.D. 930. This may be too short 
a hiatus, but the reoccupation is unlikely to date as late 
as A.D. 950. The reoccupation assemblage is augmented 
by architecturally associated collections (stratigraphy and 
architectural style) from the McPhee Community Clus
ter, and the whole of the summation is assumed to reflect 
the A.D. 910-980 period. The end date could be in error 
by as much as 20 years, but the extent of the occupation 
does not suggest occupation lasting much beyond 
A.D. 1000. 

This A.D. 910 (930)-980 ceramic assemblage differs 
from the pre-A.D. 910 assemblage by the presence of 
corrugated gray wares and the predominance of Cortez 
Black-on-white. Neck banded gray ware jars are still the 
most abundant form, but sherds from Mancos Corru
gated vessels account for about 7 percent of the total 
assemblage. Mancos Gray sherds are more abundant 
than Moccasin Gray sherds for the first time, aug
mented in part by clapboarded but noncorrugated 
sherds from otherwise corrugated vessels. Chapin Gray 
remains present , but the small numbers of sherds ap
pear to be from miniature vessels and ollas rather than 
the cooking jar form associated with Chapin Gray in 
pre-A.D. 820 assemblages. Cortez Black-on-white is 
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abundant in its classic well-slipped form, Piedra Black
on-white is present, and there are rare Mancos Black
on-white sherds, presumably attributable to the latter 
part of the period. Sherd tempered white wares are 
common but are not yet more abundant than crushed 
rock tempered sherds. White ware sherds account for 
about 17 percent of the total assemblage, compared 
with about 9 percent in the previous period. Dead mans 
Black-on-red is nearly as common as Bluff Black-on
red (including the McPhee Black-on-red variety), and 
the proportion of red wares in the total assemblage is 
comparable to the previous period. 

Assumption plays an increasingly strong role in the def
inition of distinctive assemblages after A.D. 980, and 
the content of the assemblages is impressionistic, rather 
than being quantifiable from DAP collections. This is 
due to the scarcity of post-A.D. 910 sites within the 
primary Dolores Project impact areas and to the lack 
of independent dates in association with those sites that 
have been excavated by the DAP. Also, relatively few 
published descriptions of dated ceramic collections in 
the northern Mesa Verde region are comparable in ty
pological distinctions and collection biases to DAP 
data. The result is that the distinctive assemblages de
fined for the post-A.D. 980 period are broad classifi
cation units subject to refinement in content, precision, 
and boundaries as more calibration data are available 
from the region. 

The A.D. 980-1025 assemblage is assumed to be char
acterized by Cortez Black-on-white in association with 
Mancos Black-on-white. Sherd temper is expected to be 
as common or slightly more abundant than crushed 
rock temper in the white ware sherds. Corrugated gray 
ware sherds (Mancos Corrugated vessels) are assumed 
to be more abundant than noncorrugated gray ware 
sherds, and the latter are assumed to include Mancos 
Gray and Chapin Gray with only rare Moccasin Gray. 
Deadmans Black-on-white is assumed to be the dom
inant red ware type. 

Between A.D. 1024 and 1100, the distinctive assem
blage is assumed to consist of Mancos Black-on-white 
as the sole white ware type, and more than half of the 
white ware sherds will be tempered with crushed sherd. 
Gray wares will be dominated by Mancos Corrugated, 
with some Dolores Corrugated sherds and a minority 
of noncorrugated sherds (Mancos Gray, Chapin Gray, 
and Early Pueblo Gray). Deadmans Black-on-red re
mains the predominant red ware type. 

The next period (A.D. 1100-1175) includes the ceramic 
materials associated with the first occupation at Esca
lante Ruin (Hallasi 1979) and its content is somewhat 
less speculative. Mancos Black-on-white is the most 
abundant white ware type but is associated with some 



McEimo Black-on-white sherds. Almost all white ware 
sherds are tempered with crushed sherd. Dolores Cor
rugated sherds are more common than Mancos Cor
rugated sherds, and noncorrugated gray ware sherds 
comprise less than I 0 percent of the gray ware assem
blage. Mesa Verde red wares are absent, but red wares 
are present as exchanged materials from Kayenta 
sources. 

The A.D. 1175-1250 period characteristics are again spec
ulative. Corrugated types are expected to be derived from 
Dolores Corrugated and Mesa Verde Corrugated vessels. 
McEimo Black-on-white is assumed to be the dominant 
white ware vessel type, with some Mancos Black-on-white 
and possibly some Mesa Verde Black-on-white present as 
well. Most white wares will be sherd tempered, and no 
Mesa Verde red wares will be present. Instead, red wares 
are assumed to be derived from both Kayenta and White 
Mountain Redware sources. 

This calibration of ceramic change is appropriate for the 
Dolores Project area specifically and for the north-central 
Mesa Verde region in general. Differences in both timing 
and magnitude of changes in ceramic assemblages are 
expected across the region, and some differences have 
been identified by comparison of the DAP calibration 
with published descriptions of dated ceramic collections 
(Biinman 1984b:94-99). The greatest discrepancies con
sist of a cline in red ware frequency (and presumably 
timing) from west to east across the Mesa Verde region, 
and a possible later adoption of Mancos Gray in the 
southern portion of the region. The earlier appearance 
and higher frequency (about 27 percent of an unbiased 
surface collection from Site 13 on Alkali Ridge [Biinman 
1983b; Brew 1946]) of red ware sherds on sites in the 
western portion of the region is presumably related to 
that area serving as a production source for red ware 
vessels and their subsequent exchange eastward across the 
region (Lucius and Wilson 1980: Lucius and Breternitz 
1981 ). The initial dates for Mancos Gray in Mesa Verde 
National Park collections are uncertain but are inferred 
to be closer to A.D. 900 than to the A.D. 860 date for 
the Dolores Project area. Other slight differences in the 
temporally distinctive assemblages are likely to exist, but 
cannot be identified with the currently available data. 

Assemblage Dating Procedures. - The process of esti
mating ceramic dates using the distinctive assemblage 
characterizations requires a series of assumptions about 
the calibration assemblages and about the sample or col
lection being dated (Biinman 1984b:77-85). The distinc
tive assemblages are assumed to be representative of the 
associated time periods (there is no significant variation 
within the time period as compared to variation between 
time periods), and all possible temporal assemblages are 
assumed to be represented in the distinctive assemblages. 
The ceramic collections to be dated are assumed to be 
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unbiased samples of a population that consists of I or 
more of the described temporal assemblages (nearly all 
DAP collections, both from site survey and excavation, 
qualify as unbiased samples, and those that do not are 
readily identifiable within the DAP provenience data file). 
Since the calibration assemblages are a byproduct of hab
itation activity, the accuracy of date estimates is depend
ent upon the assumption that no bias is present due to 
differences in function between habitation activities 
(cooking, eating, and storage) and the activities associated 
with the collection. Thus, date estimates will be most 
appropriate for habitation collections, slightly less appro
priate for seasonal sites, and subject to possible error 
when applied to limited activity sites (Schlanger and Or
cutt 1985). 

Once these assumptions are made, the collections to be 
dated are evaluated as to the likelihood they could have 
been derived as samples from I or more of the calibration 
assemblages. This evaluation is subjective in the vast ma
jority of ceramic date estimates used in the reporting 
interpretation of DAP activities; however, it has also been 
automated using regression techniques (Kohler and Blin
man 1984). Tests conducted as part of the development 
of the regression approach validated the discriminating 
ability of the technique and replicated subjective date 
estimates derived for the same collections. Although the 
regression approach is better suited to mixture problems 
than is the subjective approach and can provide quan
titative estimates of the amount of a collection that is 
derived from each source (Kohler 1985), the subjective 
approach has the advantage of being able to compensate 
for the high variability associated with small collections 
and collections with large contributions from reconstruc
tible vessels. Subjective evaluation can also compensate 
for some violations of assumptions when the collections 
are biased or when functional factors are believed to in
fluence collection content. 

Resolution of assemblage date estimates is limited pri
marily by the level of detail allowed by the calibration 
and the quality of the sample. No collection size or 
purity from a pre-A. D. 725 context can improve on the 
125-year resolution allowed by the apparent lack of ce
ramic change during that time period. This contrasts 
with the 20-year resolution possible for large collections 
from the latter half of the ninth century. Achievement 
of ideal resolution is unusual, however, because of am
biguities in the parentage of small collections. Most of 
the assemblage date estimates require the absence as 
well as the presence of specific types, and some of these 
types are rare, even when present. Thus, most date es
timates are limited by the strength of negative argu
ments , which in turn is determined primarily by 
collection size. 

Date estimates are also dependent on acceptable levels 
of confidence and precision. If a particular research 
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problem requires high-confidence date estimates (a low 
probability of being wrong), then dating precision must 
be broadened or the number of collections must be re
stricted to those that can support both high-precision 
and high-confidence estimates. If the research problem 
is robust enough that being correct half the time or 
better is acceptable, then relatively high-precision date 
estimates can be made for relatively mediocre samples. 
Most archaeological requirements for descriptive and 
interpretive inferences fall somewhere between these 
extremes, hoping for precision approaching that pos
sible within the limits of the calibration and accepting 
the risk of error in a minority of cases. A detailed dis
cussion of sample size requirements for types of date 
estimates is provided by Blinman (1984b:80-84). 

An advantage of the assemblage technique is that sam
ple (collection) requirements for a desired level of pre
cision can be anticipated prior to field work. This can 
result in the tailoring of field procedures to resolve spe
cific dating problems. This includes the judgmental 
placement of collection units in site survey contexts and 
the efficient appropriation of excavation resources 
when ceramic dating may be important to development 
of chronology. In the former contexts, suspicions of 
multiple componency can be explicitly evaluated if dis
crete collections are taken from areas of a site that may 
represent different occupations. In the latter contexts, 
sample adequacy can contribute to the decision as to 
how much of a fill or midden stratum should be col
lected before moving labor to another task. Assemblage 
dating is also easily adapted to site survey procedures 
where material is observed but not collected. 

Examples. - The procedures and arguments used in 
assemblage dating are most easily conveyed by exam
ples. A list of the Mesa Verde region ceramics in a 
survey collection from Site 5MT6672 is presented in 
table 2.6. Gray ware types are limited to Chapin Gray 
and Early Pueblo Gray (the grouped type that desig
nates all plain gray ware body sherds that do not have 
sherd temper), white ware sherds are present and in
clude Chapin Black-on-white, and red ware sherds are 
present and include Bluff Black-on-red. The presence 
of the red ware sherds places the deposition of this 
material clearly after A.D. 725 and probably after A.D. 
775 due to the presence of Bluff Black-on-red. Neck
banded gray ware sherds are absent, but their absence 
may be due to collection size (229 sherds). Between 
A.D. 775 and 825, frequencies of Moccasin Gray are 
about I percent within the temporally defined assem
blage, and a random sample as large as 365 sherds could 
be expected to fail to recover a neckbanded sherd as 
much as 5 percent of the time. After A.D. 825, the 
frequency of Moccasin Gray rises to about 9 percent, 
and random samples of 40 sherds would be expected 
to include Moccasin Gray 95 percent of the time. Since 
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Table 2.6 - Mesa Verde region 
ceramics from Site 5MT6672 

Pottery type 

Chapin Gray 
Early Pueblo Gray 
Chapin Black-on-white 
Painted White 
Polished White 
Bluff Black-on-red 
Early Pueblo Red 

Total 

N 

8 
204 

2 
2 
4 
I 
8 

229 

% 

3.5 
89.1 

0.9 
0 .9 
1.7 
0.4 
3.5 

100.0 

ceramic collections are not random samples and more 
closely approximate cluster samples, these percentage 
rates are underestimations of true failure and overes
timations of true success rates, but they provide indi
cations of what would be reasonable inferences. Based 
on the presence of Bluff Black-on-red and the absence 
of Moccasin Gray, the most likely date est imate for the 
site 5MT6672 collection is A.D. 775-825 with minimal 
risk of error. It is possible, but improbable, that the 
collection could date to the A.D. 825-860 period, and 
a low-precision date estimate of A.D . 775-860 would 
entail essentially no risk of error. 

A more complicated example can be drawn from the 
survey co llectio n from May Canyon Ruin (Site 
5MT6794) (fig. 2.12). The site consists of a core arcuate 
rubble mound, 2 rubble mounds extending to the east 
and west of the core, and a discontinuous linear rubble 
mound to the north of the core. Depressions lie to the 
south of the rubble mounds, a dense midden lies to the 
south of the core rubble mound, and a large (about 30 m 
diameter) depression lies to the southeast of the mid
den. The rubble mounds and depressions are inter
preted as single story roomblocks with associated 
pitstructures, and the large depression may be the re
mains of a large pitstructure or great kiva. 

The contents of the collection units are unbiased, and 
the summation for the site as a whole is presented in 
table 2.7. The total collection size is large, and the pro
portions of individual types can be assumed to be rel
atively stable. Co-occurrence of Moccasin Gray, 
Mancos Gray, and Chapin Gray in the absence of cor
rugated sherds supports a date estimate of A.D. 860-
910. No Cortez Black-on-white, McPhee Black-on-red, 
Deadmans Black-on-red, or Sherd Red was recovered, 
although a single sherd tempered gray ware (Late 
Pueblo Gray) sherd is present. The latter sherd is a weak 
indicator of post-A.D. 880 occupation, and the lack of 
corroborating evidence from the other types indicates 
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Figure 2.1 2- Survey map of May Canyon Ruin (Site 5MT6794) showing the relationship between cultural features 
and surface collection units. Contents of the collection units (table 2. 5) have been grouped into the 
northern roomblock (A), the core roomblock (B), the east wing (C), the west wing (D), the coremidden 
(E), and the large pitstructure depression (F). 

that post-A. D. 880 occupation at the site, if present, is 
relatively minimal. This places the majority of site oc
cupation within the A.D. 860-880 period, but there is 
one discrepancy. Although the Chapin Gray frequency 
is not unusually high , the frequency of Early Pueblo 
Gray sherds is higher than would be expected for a 
sample of this size drawn from a pure A.D. 860-880 
assemblage. 

The ceramic contents of the individual collection units 
were examined individually for ceramic date estimates. 
In most cases, collection size was too small for high
precision and high-confidence estimates, and the col
lections were enlarged by grouping them based on ar
chitectural associations (fig. 2. 12; table 2.7). The 
northern roomblock collection conforms best to the 
model of A.D. 860-880 ceramic deposition with the 
lowest frequency of Early Pueblo Gray sherds, although 
by itself the sample size cannot rule out persistence into 
the A.D. 880-910 period. The west wing is represented 
by a small sample, and although it contains the single 
Late Pueblo Gray sherd, it is best dated to somewhere 
within the low-precision A.D. 860-910 period. The east 
wing and the core roomblock collections account for 
the majority of the excess Early Pueblo Gray sherds at 
the site, and their sample sizes are large enough to sup
port an inference that occupation in this area of the 
site began prior to A.D. 860. How much earlier is prob
lematic since occupation within the A.D. 825-860 per
iod would not contribute significantly to the high Early 
Pueblo Gray frequency, and occupation within the A.D. 

775-825 period should contribute increased numbers 
of red ware sherds as well as Early Pueblo Gray. The 
midden sample from the core area lends support for 
the earlier occupation inference because of a higher fre
quency of Chapin Gray sherds and the presence of the 
only Chapin Black-on-white sherds in the site collec
tion, but it does not provide strong confirmation based 
on higher frequencies of Early Pueblo Gray sherds. The 
collection from the large depression can support a post
A.D. 825 inference due to the predominance of Moc
casin Gray, but the sample is too small to trust the high 
proportion of Early Pueblo Gray as being indicative of 
a pre-A. D. 860 date, and the best date estimate is some
where within the A.D. 825-910 range. 

A high-confidence ceramic chronology for the site 
would be that occupation began in the area of the core 
roomblock and the east wing sometime prior to 
A.D. 860. This early occupation need not have been 
continuous with the later occupation. Population at the 
site increased with the establishment of the west wing 
and the northern discontinuous roomblock, and all of 
the definable roomblock units of the site were in use 
sometime within the A.D. 860-880 period. Some use of 
the site may have continued past A.D. 880, but such 
use would have involved either a short period of time 
or only a minority of the A.D. 860-880 architectural 
units. The use of the large depression may be contem
porary with the A.D. 860-880 occupation, but its use 
and abandonment prior to A.D. 860 cannot be ruled 
out. 
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Pottery type I 

Chapin Gray 
Moccasin Gray 
Mancos Gray 
Early Pueblo Gray 
Late Pueblo Gray 

Chapin Black-on-white 
Piedra Black-on-white 
Painted White 
Polished White 

Early Pueblo Red 
Slipped Red 

Total 

e 

Table 2.7- Mesa Verde region ceramics from May Canyon Ruin (Site 5MT6794) 

Northern West wing East wing Core Core midden 
room block room block 
N o/o N o/o N o/o N o/o N o/o 

6 2.8 I 0.3 4 2.9 17 5.5 
31 14.6 2 6.1 39 12.7 6 4.3 17 5.5 

I 0.5 2 6.1 5 1.6 3 2.2 I 0.3 
161 75.9 26 78.8 254 82.5 122 87.8 242 78.6 

I 3.0 

2 0.6 
I 0.5 2 0.6 I 0.3 
2 0.9 I 3.0 
7 3.3 I 3.0 5 1.6 2 1.4 14 4.5 

3 1.4 2 0.6 2 1.4 13 4.2 
I 0.3 

212 100.0 33 100.0 308 100.0 139 100.0 308 100.0 

e 

Large 
depression 
N o/o 

2 6.7 

28 93.3 

30 100.0 

Whole site 

N o/o 

28 2.7 
97 9.4 
12 1.2 

833 80.9 
I 0.1 

2 0.2 
4 0.4 
3 0.3 

29 2.8 

20 1.9 
I 0.1 

1030 100.0 

e 

, 
z 
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A lower confidence ceramic chronology would augment 
the above with a more precise date estimate for the 
initial use of the site. The low red ware frequency in 
the core roomblock and east wing area combined with 
the high Early Pueblo Gray frequency and the presence 
of the 2 Chapin Black-on-white sherds would support 
a pre-A.D. 775 occupation underlying the later core of 
the organized roomblocks . This implies that the site 
occupation was d iscontinuous and that the later archi
tectural pattern has little to do with the initial occu
pation. Unfortunately, even at a lower confidence level, 
the relationship between the large depression and the 
other inferred occupations at the site remains uncer
tain, as does the nature of the persistence of occupation 
past A.D. 880. 

Caveats .. - As with neckband dating, the most confi
dent date estimates based on the assemblage dating 
technique are those that can be corroborated by inde
pendent evidence. Single occupations such as those in 
the first survey collection example or those represented 
by stratigraphically discrete excavated proveniences 
pose relatively little hazard since the relationship be
tween the collection and the archaeological target are 
direct. Multiple occupations or mixture problems are 
more difficult and are by nature subject to greater risk 
or error. This is especially true for inferences based on 
survey collections where earlier occupations are likely 
to be under-represented in surface materials and where 
collection sizes are likely to be small. 

A test of the ability of assemblage dating to discriminate 
subsurface occupations based on surface materials was 
carried out by Schlanger (1985:table 12). In 20 of the 
21 cases, the surface collection date estimate encom
passed an occupation of the site; the I error was in 
dating an A.D. 660-720 occupation to the A.D. 725-775 
period (red ware sherds were present in the surface col
lection, presumably as drift from a later adjoining site). 
In 3 cases, earlier occupations were not detected in the 
surface ceramic date estimate, and in 2 cases, later oc
cupations were not detected in the surface ceramics. 
These failures compare to 5 successfully identified mul
tiple occupations. Four of these cases included occu
pations widely separated in time, and one case 
consisted of closely spaced occupations. 

SYNTHESIS OF ADDITIVE TECHNOLOGIES 
GROUP CONTRIBUTIONS 

All ATG studies have been conducted within the frame
work of the general DAP research design (Kane et al. 
1983). The research design is phrased in terms of broad 
problem domains and more specific questions about the 
observed characteristics of the prehistoric occupation of 
the Dolores Project area. The first 4 problem domains 
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(econom y and adaptation, paleodemography, social or
ganization , and extraregional relationships) are descrip
tive of static aspects of cultural systems, while the fifth 
(cultural process) provides a framework for the investi
gation of the causes of systemic change. Although guided 
by the general research design, A TG studies have been 
oriented to specific research questions and do not address 
the problem domains directly. For this reason , this section 
will provide a general review and qui de to A TG contri
butions to the general research design . 

Economy and Adaptation 

This problem domain is structured to describe resource 
availability and use and related aspects of exploitive tech
nology and organization (Kane et al. 1983:42-46). For 
the areas of ATG responsibility, this translates into re
contructions of ceramic and plant resource distributions, 
the patterns of selection evident in those resources used, 
manufacturing techniques, functions of artifact forms 
within the broader subsistence system, and the organi
zation of production and use. Data for most of these 
questions require excavated materials, effectively limiting 
evaluations to the A.D. 600-980 period or portions 
thereof. 

Ceramic Resources and Resource Use 

Ceramic resources include clay, temper, pigment, water, 
and fuel. High-quality ceramic clays are available from 
many sources within the boundaries of the Dolores Proj
ect area (Wilson et al. 1985). Most of these are geologic 
sources, but some pottery clays are available as localized 
deposits within the Dolores River floodplain alluvium or 
within soil horizons developed in loess. Geologic clays 
are associated with the Morrison, Burro Canyon, Dakota, 
and Mancos Shale formations, and the ranges of quality 
and color after firing are considerable, both between for
mations and members and within formations and mem
bers. Although the best alluvial or pedogenic clays are 
suitable for pottery manufacture, they are less plastic and 
are available in smaller quantities than the geologic clays. 

The exposures of geologic clays are determined by the 
truncation of strata by the Dolores River canyon and 
major side canyons, the House Creek Fault, and minor 
gullies. Exposures of alluvial and pedogenic clays are de
termined by the movement of the Dolores River through 
its floodplain and minor gullies that dissect the loess 
cover; additional exposures can be created by subsurface 
excavations such as those for pitstructures. The pattern 
of exposures insures that clay resources are locally avail
able within any portion of the project area, although slight 
differences occur in the local availability of types of par
ticular geologic formations or members. 
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Clay resource characterization has been limited to com
parisons of the oxidized colors of clay resource samples 
and archaeological samples. The considerable variability 
of geologic clays within and between formations pre
cludes the use of these data for sourcing, but it is clear 
that despite the considerable number of suitable clay 
sources, only a minority of the clays were being selected. 
Although individual samples of the archaeological clays 
could have been derived from any of the geologic sources 
(few of the archaeological samples could have been de
ri ved from the alluvium or loess), the aggregate properties 
of the archaeological clays are slightly better matches to 
clays available from the middle member of the Dakota 
Sandstone Formation and to clays from members of the 
Mancos Shale Formation. These formations are the most 
widely distributed of those in the project area, and the 
possibility of selection for these sources would not have 
constrained ceramic manufacture. 

All of the available clays in the Dolores Project area swell 
with the addition of water and shrink as they dry. Temper 
(aplastic material) must be added to the clays to control 
shrinkage and to prevent stress from cracking the vessels 
between forming and firing. Any nonplastic material is 
a potential temper if it does not change in volume during 
firing, including organic as well as mineral materials. 
Functional considerations in temper selection consist of 
size (control of strength, porosity, and resistance to heat 
shock in the fired vessel [Braun 1983:123-124, Shepard 
1965:25-26)) and angularity (the strength of the bond 
between clay and temper increases with temper roughness 
[Shepard 1965: 131 )). Despite these measurable func
tional considerations, the range of tolerance is relatively 
great, and the penalty for violation of these considerations 
is likely to be a slight increase in the rate of vessel loss 
rather than an inability to create usable vessels. 

Within this latitude, cultural selection plays a consider
able role, with a strong tendency for conservatism in tem
per se lection within a group of potters (Shepard 
1965: 164). Tempers used by northern Anasazi groups 
range from sand (requiring no preparation prior to use) 
to potsherds (requiring some crushing) to rock (requiring 
considerable crushing) . Sand, potsherds, sedimentary 
rocks, and igneous rocks are all available within the Do
lores Project area, but use of crushed igneous rock temper 
predominates (95 out of 96 examples of tempered clay 
are tempered with crushed igneous rock). This is true for 
most of the Mesa Verde region for the pre-A.D. 1000 
period, and the greatest exception (use of crushed sedi
mentary rock) appears to be controlled by a lack oflocally 
available supplies of igneous rocks in portions of the re
gion. Thus, temper selection within the Dolores area con
forms to Mesa Verde region norms and is not constrained 
by resource availability. 

Pottery production also requires access to water and fuel. 
Permanent water was always available within the Dolores 
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Project area, and the amount of water consumption in 
ceramic manufacture would have been minor in com
parison to other domestic needs and the needs of struc
ture construction. Fuel resources were probabl y 
unconstrained during the occupation of the Dolores Proj
ect area, both as renewable supplies from the vegetation 
communities (cf. Samuels and Betancourt 1982) and as 
a byproduct of field clearance and agricultural activity. 
Also, the demand for fuel for pottery production was 
likely a minor component, compared to cooking and 
heating, of the total fuel demand. 

Ceramic Technology 

The technology of pottery production appears to have 
been relatively consistent throughout the A.D. 600-980 
period. Stages in pottery production are inferred from the 
recovery of raw materials, rare unfired vessels, tools be
lieved to be associated with ceramic manufacture, the 
finished appearance of vessels, and sherds or vessels that 
represent "errors" in the manufacturing process. These 
pieces of evidence are contrasted with ethnographic 
models of pottery manufacture (e.g. , Guthe 1925) to pro
vide a more complete picture of the manufacturing 
process. 

Preparation of the body clay included the grinding or 
soaking of the clay and the grinding of temper. No evi
dence for either preparation technique for the clay has 
been recovered, but experimental evaluations of the geo
logic clays suggest that one or the other means of dis
aggregating the raw material would have been required 
for most sources. Igneous rock is available both as hard 
cobbles from the modern river bed and as weathered and 
friable cobbles in Pleistocene river terraces. No direct 
evidence for the grinding of either of these source ma
terials has been recovered, but caches of temper indicate 
that one or the other source was reduced by either grind
ing or pounding. Mixing and kneading of body clays 
could have been carried out on any flat clean surface. 
Traces of clay have been observed on sandstone slabs and 
on both room floors, and metate surfaces may have been 
used as well. 

Vessel forming techniques appear to conform well to the 
general model of pottery manufacture desc ribed by 
Guthe ( 1925). All but very small vessels were constructed 
by coiling with subsequent scraping to obliterate coil 
junctures and to thin and shape vessel walls. Basketry 
impressions are preserved on the bases of some vessels, 
and some traces of more rigid supports (i.e. , large sherds 
or bowls) indicate at least occasional use of pukis in the 
form ing process. Most vessels lack such traces, and it is 
unknown whether pukis were not commonly used or 
whether traces were consciously obliterated in most cases. 
Both concentric coiling and spiral coiling have been 
noted, and the difference between the 2 techniques does 



not appear to have value in typological distinctions (con
trary to Breternitz et al. 1974:6). 

Scraping or wiping was used to obliterate coil junctures 
except where junctures were intended to serve a deco
rati ve purpose (neckbanded and corrugated exterior sur
faces). Two distinctive processes are subsumed by the 
term scraping, one implying the removal of material with 
a sharp-edged implement, and the other implying the 
redistribution of material without significant removal. 
The former action is accomplished in ethnographic con
texts with knives or can lids used against exterior surfaces, 
whereas the latter is accomplished by using shaped pieces 
or gourd rind called "kajepes" on interior surfaces and 
to a lesser extent on the exterior surfaces (Guthe 1925:27). 
Flakes of stone appear to be the prehistoric analog of the 
knives, and the studies of flakes in DAP collections have 
identified a distinctive pattern of use-wear that has been 
replicated only by the scraping of tempered clay (Neusius 
1983). Interior scraping was accomplished with shaped 
potsherds ("ceramic scrapers") or, in one case, a shaped 
piece of sandstone, but the use of perishable gourd "ka
jepes" cannot be ruled out. Ceramic scrapers have been 
identified as such by their shape, distinctive wear on their 
margins (Waterworth and Blinman 1984), and adhering 
clay (2 examples). 

The scraping or wiping technology appears to have 
changed through time, such that the above model of coil 
obliteration may not be applicable prior to A.D. 800 
(Blinman and Wilson 1985a). No ceramic scrapers have 
been identified in DAP collections dating prior to 
A.D. 800, and only 5 sherds from this period could be 
fragments of ceramic scrapers. This contrasts with 58 
ceramic scrapers and 85 possible fragments that are con
fidently assigned to the A.D. 800-920 period. Although 
collection size associated with the A.D. 800-920 period 
is 3.5 times larger than the pre-A.D. 800 collection, sam
pling error alone cannot account for the discrepancy in 
ceramic scraper frequency if the ceramic production tech
nologies were the same. It appears that other tools were 
employed for at least the interior scraping function until 
about A.D. 800. 

Gray ware vessels are completely formed at this point, 
but additional manufacturing steps are necessary for the 
production of white, red, and smudged wares. Most white 
wares and all red and smudged ware vessels are polished. 
Polishing is accomplished by rubbing a hard stone over 
the surface, alining clay particles on the surface, and cre
ating an extreme smoothness or luster (Shepard 
1965: 123-124; Guthe 1925:27-28). Ceramic polishing 
stones are subsumed within the larger category of pol
ished and polishing stones, as defined within the non
flaked lithic tool analysis system, and those stones 
appropriate for ceramic manufacture cannot be specifi
cally identified. Examination of a subset of this class of 
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non flaked lithic tools indicates that only a small minority 
can be interpreted as ceramic manufacturing implements 
based on size, shape, and luster. This scarcity of ceramic 
polishing stones could be attributable to their curation 
(Guthe 1925:28), but their scarcity also could be ex
plained by a low frequency of white, red, or smudged 
ware manufacture within the Dolores Project area. 

Painting with mineral pigment characterizes most 
A.D. 600-980 white and red wares in DAP collections 
(white wares include polished but unpainted sherds and 
vessels in DAP analyses). Although possible pigment 
stones have been recovered from DAP si tes (Keane and 
Clay 1985), all have the potential for multiple uses, and 
their presence need not imply the manufacture of dec
orated ceramics. Brushes are likely to have been strips of 
yucca leaf (based on analogy [Guthe 1925:28] and on the 
abundance of yucca as a component of the DAP perish
able material culture), but no items interpretable as paint 
brushes have been recovered. Also, although unfired gray 
ware vessels have been recovered from excavations, no 
unfired decorated vessels have been recovered. The scarc
ity of direct evidence of the production of decorated ce
ramics corresponds to inferences of limited local 
production based on the abundance of nonlocal (ex
changed) sherds in the decorated component of the col
lections. Red ware vessels are assumed to be nonlocal to 
the Dolores Project area based on other evidence (Lucius 
and Wilson 1980; Lucius and Breternitz 1981 ), and the 
limited evidence of decorated ware production is assumed 
to be that of white ware and smudged ware production. 

Independent data on firing procedures are lacking from 
DAP excavations. Shallow, slab-lined, pit kilns have been 
encountered elsewhere within the Mesa Verde region 
(Helm 1973; Hibbets and Harden 1982; Fuller 1984; Hib
bets 1984), and, although most postdate A.D. 980, one 
falls within the temporal span of the Dolores occupations. 
No similar kilns or firing features have been identified in 
the immediate vicinity of DAP sites (near architectural 
features), and none have been identified in the course of 
several blading programs that have been carried out at 
site peripheries in an effort to identify extramural fea
tures. The isolated settings of those Mesa Verde kilns that 
have been found , coupled with the abundant evidence of 
ceramic manufacture in DAP sites, indicates that the lack 
of identified kilns in the Dolores Project area is probably 
due to the architectural emphasis of the DAP excavation 
strategy. 

In the absence of firing features, firing regimes must be 
inferred from sherd characteristics alone. Most DAP 
ceramics are gray wares and their surface color relative 
to both unfired clay colors and the oxidized colors of 
sherd samples indicates a neutral to slightly oxidizing 
firing atmosphere . Enough oxygen was present to re
move most of the organic content of the clays, but not 
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enough oxygen was present to ox idize iron compounds 
in the clays. Subjective evaluation of the frequencies 
and types of fire clouds indicates that errors toward 
reducing conditions were more common than were er
rors toward oxidizing conditions. White ware sherds 
evidence a firing regime similar to that of gray wares, 
but there appears to be better control, with a slightly 
greater tendency to err toward oxidizing conditions. 

The color of red ware vessels requires a conscious effort 
to achieve strong oxidizing conditions during firing. 
Fire clouds on red ware bowls are common on vessel 
exteriors (bases), indicating that oxidation took place 
with the bowls upright in the setting, maximizing the 
intensity of color for the decorated bowl interiors. Red 
ware sherds often have gray ("carbon" ) cores, reflecting 
either the use of carbonaceous clays in vessel produc
tion or the application of an initial strong reduction 
firing followed by a final oxidation firing to achieve the 
surface color. The differences between red ware and 
gray and white ware firing regimes are marked, and the 
specialized nature of the red ware oxidation firing may 
have contributed to the apparent lack of red ware pro
duction in the Dolores Project area. 

Ceramics as Containers 

Vessels are integrated into the Anasazi toolkit as con
tainers that serve a variety of functions. Functions are 
inferred for DAP vessel shape classes using models that 
relate access, security, leverage, stability, and size re
quirements of functions to specific vessel shapes (Biin
man 1985). Shape classes within A.D. 600-920 DAP 
vessel collections are discrete (fig. 2.13), with relatively 
little overlap between the characteristics of the classes 
and only rare instances of ambiguity in class affiliation 
for individual vessels. Wear and context observations 
for members of the shape classes generally support the 
inferred functions, but occasional exceptions support 
the observation that not all vessel use is appropriate to 
the intentions of the original design (cf. Shepard 
1965:228). 

Cooking, serving, dry storage, and liquid storage func
tions are consistently represented in vessel assemblages 
from all time periods. Cooking jars are the most abun
dant vessel form , but although most cooking was car
ried out in these vessels, they were used for other 
functions as well (e.g., short-term storage). The high 
frequency of the cooking jar form in the sherd data set 
appears to be due to a relatively high breakage rate, but 
the form appears to have been the most common vessel 
type in static assemblages as well (with the possible 
exception of the A.D. 600-720 period). Increases in the 
abundance of cooking jar sherds relative to the sherds 
of other forms after A.D. 840 may be the consequence 
of increasing reliance on soaking and boiling of corn as 
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Figure 2. 13- Representati ve profiles of vessel form classes in 
A.D. 600-920 collections. 

a concomitant of agricultural intensification during the 
population maximum in the Dolores Project area (Biin
man and Wilson 1985b, 1985c). 

Three size classes can be defined within the cooking jar 
form, and although proportions of the three size classes 
vary through time, the median size remains relatively 
constant. Both small and large jars increase in fre
quency relative to medium-sized jars after A.D. 840. 
This date marks the extreme population increase in the 
Dolores Project area as well as the concentration of 
population in aggregated villages. If vessel size is in
terpreted as reflecting the size of the intended consum
ing group, the increase in small vessels would indicate 
an increase in the number of instances in which food 



was prepared for subsets of the household group. Con
versely, the increase in large vessels would indicate an 
increase in the number of instances of food preparation 
for suprahousehold groups. Both interpretations are 
compatible with the observed demographic changes in 
that aggregation is assumed to result in an increase in 
field house strategies and greater potential for occa
sional fragmentation of the household unit. Also, ag
gregation would bring greater numbers of households 
into direct contact, which would provide more oppor
tunities for reciprocal hosting. These possibilities are 
discussed in greater detail by Phagan and Blinman 
(chap. II). 

Bowls and saucers satisfied most of the need for serving 
and temporary storage functions . Frequencies of bowls 
vary through time, partly as a result of constraint in 
relation to fluctuations in jar frequency, but perhaps as 
a result of changing exchange relationships as well 
(chap. 14). Most bowls are either white or red ware 
vessels, with red ware bowls predominate within the 
A.D. 720-840 period. Many white ware vessels appear 
to be nonlocal to the Dolores Project area and all red 
ware vessels are assumed to be nonlocal. If the same 
types of population dislocations evident in the Dolores 
area occurred in the southeastern Utah area (the ap
parent source area for red ware vessels), the disruption 
in both the supply and distribution of red ware vessels 
is likely to have occurred. White ware vessel production 
does not appear to have had such a strong geographic 
restriction, and white ware bowls increase in frequency 
to compensate for the decline in red ware availability. 
Although red ware frequencies increase again after 
A.D. 880, the increase does not reverse the pattern of 
greater white ware production and exchange, and white 
ware vessels dominate the bowl form from A.D. 840. 

Storage functions are associated with all wares, but 
forms and emphases change through time. Long-term 
storage of liquids was carried out in gray ware ollas for 
most of the A.D. 600-920 period, with increasing use 
of white ware ollas after A.D. 920. Early (pre-A.D. 840) 
gray ware ollas were often distinguished from other gray 
ware forms by applications of fugitive red pigment as 
well as by shape and function (Errickson 1985). Long
term storage of dry materials was first accomplished in 
gray ware seed jars, with increasing use of decorated 
(usually red ware) seed jars and an elaboration of forms 
through time. The early dry storage containers tend to 
be larger in volume than those in post-A.D. 840 con
texts and may have more general storage functions. 
Short-term liquid storage functions (small volume, 
small orifice, high stability) encompass the greatest va
riety of vessel forms, including gourd jars, some effigies, 
some pitchers, and ring vessels. Many of these forms 
have been interpreted as ritual in overtone due to their 
biomorphic shapes, but they do not occur in great 
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enough frequenc y to verify ritual interpretations 
through analyses of regularities of associations with rit
ual features or structures. 

The Organization of Production and Use 

Organization aspects of the production and use of ce
ramics are somewhat more difficult to evaluate than 
the technology of production and use. There is a weak 
indication that prior to A.D. 800 not all household 
groups were engaged in pottery manufacture (Blinman 
and Wilson 1985a). This inference is based on the ab
sence of unfired clay or temper in collections, and the 
weakness of the inference is due to the difficulty in 
accepting negative evidence in the contexts of moderate 
or small samples. Later in time (after A.D. 840), evi
dence of pottery production is more abundant and ap
pears to be evenly distributed within the aggregated 
villages (Biinman and Wilson 1985d). No large collec
tions from either household or interhousehold cluster 
lack evidence of pottery production, and there is no 
indication of craft specialization. 

Possible organizational differences in ceramic use have 
only been perceived in A.D. 840-920 contexts. Com
parisons between front room, back room, and pit
structure vessel assemblages have revealed few 
differences that could be attributable to functional dif
ferentiation of the structures. These observations are 
weak due to small samples, but there appears to be a 
slightly greater diversity of vessel forms in pitstructure 
collections, and small cooking jars are slightly more 
likely to be recovered from rooms than from pit
structures (Biinman 1985). Within pitstructure floor 
collections, slightly higher frequencies of red ware 
sherds and vessels have been noted in structures that 
have ritual features (Wilshusen 1985). Similarly, red 
ware sherds are unusually abundant at those room
blocks within the A.D. 840-920 McPhee Community 
associated with oversize or ritually associated pit
structures (Biinman and Wilson 1985d). The nature of 
these 2 red ware associations is not clear, but they may 
be more related to an imbalance of food consumption 
to preparation within and in the vicinity of large or 
ritually oriented pitstructures. This inference is based 
in part on the observation that most red ware vessels 
are bowls and that any relative increase in food con
sumption during this time period will increase the local 
frequency of bowl breakage and red ware sherd 
deposition. 

Basketry Resource Use and Technology 

Basketry is the only class of worked vegetal materials well 
enough represented to evaluate contexts of economy and 
adaptation. Resource availability is determined by the 
interaction of spatial distributions of vegetation and the 
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potential of particular plant materials for use in basketry. 
Like ceramic temper raw materials, potential basketry 
uses for particular plant products are relatively unlimited, 
and this discussion is limited to plants specifically iden
tified in Anasazi archaeological collections as being used 
in basketry or cordage (Adovasio 1977; Osborne 1980; 
Rohn 1971 ; Kent 1983; Morris 1980). 

Of the plants identified in Anasazi basketry, those avail
able within the Dolores Project area or in the immediate 
vicinity of the project area include yucca (Yucca), willow 
(Salix), squawbush (Rhus aromatica), rabbitbrush (Chry
sothamnus), reed (Phragmites), dogbane (Apocynum), 
milkweed (Asclepias) , cliff rose (Cowania), cattail (Ty
pha), sedge (Scirpus), and juniper (Juniperus). Of these, 
all except the reeds would have been present if not com
mon under all environmental conditions during the An
asazi occupation of the Dolores Project area (Petersen 
1985a, 1985b). Phragmites is currently found at slightly 
lower elevations to the south and southwest of the project 
area and may never have been a component of the local 
flora (Matthews 1985). 

From these available resources, the Dolores area weavers 
were extremely selective. Yucca was used for the majority 
of all cordage, plaited items, and twined items. Squaw
bush (in combination with small amounts of yucca) was 
used for nearly all coiled basketry. Reeds were used for 
at least I twined mat, and rabbitbrush was used in I coiled 
basket. Dogbane, milkweed, or cliff rose could have been 
substituted for yucca in cordage but was not, and willow 
could have been substituted for squawbush in coiled bas
ketry but was not. The use of reeds rather than cattail or 
sedge in matting, even though it may not have been lo
cally available, is presumably due to the longer and more 
pliable characteristics of the reed culms. 

As noted previously in the description of worked vegetal 
materials, basketry technology as represented in DAP col
lections was remarkably conservative. Temporal varia
tion in techniques is either not present or is too slight to 
be identifiable within the limits of sample quality. Spatial 
variation is greater, and although basic basketry construc
tion types are uniform (e.g., 2 rod and welt coiled bas
ketry), some variation can be attributed to the individual 
weaver. 

Use of basketry as part of the adaptive toolkit is difficult 
to assess due to the vagaries of preservation. If the few 
cases of abundant finds of basketry in burned structures 
are assumed to be approximations of actual basketry use, 
then individual basketry items may have been nearly as 
common as pottery vessels within household assem
blages. Basketry provided tray, bag, and bowl forms, as 
well as mats and articles of clothing. No carrying or bur
den baskets were found in DAP collections, but their 
presence is likely due to their wide spatial and temporal 
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distribution across the Southwest (Guernsey and Kidder 
1974; Adovasio 1977). 

Basketry production is more difficult to assess than bas
ketry use. The tendency for coiled basketry characteristics 
to be similar within structures argues for individual pro
duction with only limited distribution outside of the pro
ducing household. However, the low frequency of coiled 
basketry in refuse contexts (none in dry refuse deposits 
and some in hearth fills) suggests relatively long uselives 
and low rates of production, despite high inventories. 
Raw materials are present in some DAP contexts, but 
some of these may be dissociated from once whole items 
rather than indicating local production. The less equiv
ocal finds of raw material are from the dry rockshelter 
deposits and cannot be reliably placed in time. Although 
some types of bone awls can be associated with coiled 
basketry production, characterizations of awls within the 
DAP bone tool analysis system (Phagan and Hruby 
1984: 113-115) do not allow the differentiation of these 
from general purpose awls, and awls cannot be used to 
evaluate basketry production. 

Paleodemography 

Paleodemography (Problem Domain 2) is concerned with 
the estimation of population levels within the Dolores 
Project area, the distribution of population across space, 
the estimation of household size, and the evaluation of 
the physical condition of the prehistoric population. Ce
ramic material studies have contributed to questions of 
paleodemography through dating of sites, studies of the 
accumulation of ceramic materials as estimators of oc
cupation intensity, evaluation of possible migration in
stances, and variation in vessel size as a possible indicator 
of variation in the size of the domestic unit. 

Sherd Deposition and the Duration of Site Use 

Site dating has already been reviewed, and similar prin
ciples have been used in the evaluation of changing in
tensity of occupation within site histories (Kohler 1985; 
Kohler and Blinman 1984). Given sherd population es
timates from probabilistic site samples, the concept of 
distinctive assemblages can be used to estimate the pro
portions of the sherd population attributed to occupation 
during different time periods. Stepwise regression iden
tifies the best quantitative combination of the distinctive 
assemblages that can account for the estimated popula
tion. This provides an estimate of the number of sherds 
deposited during each of the time periods for the dis
tinctive assemblages, and that estimate can be compared 
with theoretical models of sherd deposition and archi
tectural-based population estimates. 

In the application of this technique at Grass Mesa Village, 
Site 5MT23 (Kohler 1985; Kohler and Blinman 1984; 



Blinman and Wilson 1985c), comparisons between the 
sherd-based estimates of occupation intensity and those 
based on other criteria were able to elaborate the popu
lation history of the village. A possible hiatus in site oc
cupation in the early decades of the ninth century was 
weakly indicated by discontinuities in both site stratig
raphy and tree-ring dating. This weak indication was sup
ported by relatively small numbers of sherds assigned to 
the same time period by the regression technique. 

After A.D. 880, a major change in site organization (re
ferred to as the Grass Mesa Subphase) was evident in the 
distribution and architectural characteristics of pit
structures (Lipe et al. 1985). This period was also char
acterized by a deterioration of local agricultural 
conditions (Orcutt 1985a), and increasingly seasonal use 
of the site was I possible adaptive consequence. The es
timated number of sherds deposited during this period is 
well below the number that would have been predicted 
based on the estimated number of households and the 
same pitstructure life expectancy used previously. De
creasing the assumed length ofpitstructure uselife for this 
period improved the agreement between the sherd dep
osition rate and time, but the estimated number of sherds 
remains too smali for the apparent extent of the occu
pation. Resolution of the conflicts appears to lie in the 
acceptance of the model of increasingly seasonal occu
pation at the site after A.D. 880, with a resultant decrease 
in sherd deposition per household per year at the site. 

Evaluation of Long-Distance Immigration 

The reconstruction of population history within the Do
lores Project area calls for periods of immigration as nec
essary explanations for some of the observed population 
increases (Schlanger 1985). This, coupled with the pos
sible importance oflong-distance population dislocations 
in Southwestern prehistory (Berry 1982:103-126), 
prompted examination of DAP ceramic distributions for 
evidence of immigration. Distinctions between ceramic 
distributions resulting from exchange and those resulting 
from the movement of households with their associated 
possessions are difficult to perceive, and a conservative 
model of migration evidence was adopted (Wilson 1985). 

Migration of a potter into the area is assumed to be de
tectable only when the potter persisted in employing as
pects of production technology or decorative style that 
contrasted with local technologies. This persistence 
would result in the manufacture of nonlocal appearing 
vessels using locally available resources. These nonlocal 
appearing products would be restricted in their spatial 
and temporal distributions and should co-occur with the 
similar nonlocal items. Since communication between 
the migrant and the homeland could conceivably con
tinue, subsequent exchange could also occur along the 
established linkage. 
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Adoption of this model of ceramic migration evidence 
precludes the identification of short-distance migration 
due to the similarity of ceramic technology within the 
northern Mesa Verde region. However, 2 potential cases 
of long-distance migration were identified within the 
DAP collections. These were based on the use of glaze 
paint in Mesa Verde White wares in the eastern portion 
of the Mesa Verde region (Waterworth 1985) and the use 
of a smudging technology in Mogollon ceramics (Wilson 
1985). 

Although not common, glaze painted sherds occur in 
DAP collections, and the temper associated with most 
of these sherds is identical to that found in unfired clay 
from DAP collections (Waterworth 1985). Glaze paint 
is commonly associated with white wares from the Dur
ango area of the Animas River valley in the eastern 
Mesa Verde region (Carlson 1963; Ellwood 1980), and 
both gray and white ware sherds originating from the 
Durango area are associated with a distinctly different 
temper (Lucius 1982). Based on the temper difference, 
the majority of the DAP sherds were possibly locally 
produced, rather than imported. Verification of local 
production was sought through comparison of refired 
clay characteristics, and gray ware sherds from La Plata 
River valley sites were included for an additional com
parison. The DAP glaze painted sherds do not match 
the clay characteristics of DAP clays or gray ware 
sherds, nor do they match the temper of Animas River 
valley gray wares or glaze painted white wares, but they 
do match the clay and temper characteristics of La Plata 
River valley gray wares. The clay color data contra
dicted the initial impression that local production of 
glaze painted white wares occurred, and there is no 
basis for asserting that immigration took place from 
the eastern Mesa Verde region. 

The case for immigration from the Mogollon region is 
much stronger; but it is not conclusive, and if it oc
curred it could not have involved many individuals 
(Wilson 1985). Mogollon smudged ware sherds occur 
in some DAP collections based on the occurrence of a 
non-Mesa Verde temper (Wilson and Blinman !985a) 
in association with highly polished and smudged bowl 
sherds. In addition, local crushed igneous rock temper 
has been identified in smudged sherds, although smudg
ing is not acknowledged as a technique within the rep
ertoire of Mesa Verde region potters. The smudged 
Mesa Verde sherds could simply be errors in the exe
cution of white ware firing, but the appearance was 
judged to be too consistent for all examples to be ex
plained in this way. Refiring analyses of samples of the 
2 smudged wares verified the distinctiveness of the 
clays associated with the 2 tempers, and the locally tem
pered smudged clays are similar to Dolores Project area 
archaeological clays and gray ware sherds. 
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The characteristics of the smudged sherds satisfy the 
initial conditions of the model of potter immigration, 
but the temporal and spatial distributions are not 
strongly supportive. Both the Mogollon and Mesa 
Verde smudged sherds are widely distributed in time, 
and for some of the Mogollon sherds, exchange is the 
most probable explanation. However, some spatial con
centrations of the Mesa Verde smudged sherds suggest 
localized production at specific sites, and these sites 
also include Mogollon sherds. If these collections do 
reflect the consequences of Mogollon immigration, very 
few potters are involved, and this source of immigra
tion is insignificant in the face of Dolores area popu
lation growth and larger models of regional 
immigration. 

Variation in Household Size 

Broad population trends within the Dolores Project 
area are expressed in units of numbers of households 
that can be inferred from architectural remains (Schlan
ger 1985; Orcutt 1985b}, but population changes can 
occur as changes in the size of households as well as 
their number. Cooking jar volume has been used as a 
proxy measure for the size of prehistoric household 
groups (Turner and Lofgren 1966). The basic premise 
is that cooking jar volume will change if the size of the 
food consuming unit changes, and that measured 
change in archaeological collections of cooking jars can 
be used as a measure of change in the size of prehistoric 
households. When calibrated with ladle and bowl vol
umes as indicators of serving size, jar volumes from 
western Pueblo archaeological contexts were inter
preted as reflecting a slight increase in household size, 
from 4.5 to 4.8 to 5.1 persons for the periods A.D. 500-
750, 750-900, and 900-1250 (Turner and Lofgren 
1966:table 3). 

Although the Turner and Lofgren study produced plaus
ible results, an ethnoarchaeological evaluation of the 
basic premise suggests the relationship between cooking 
jar volume and household size is not necessarily direct 
(Nelson 1981 ). Correlations were poor between mean 
vessel volume and household size for Highland Maya 
village data, and the relationship appears to be com
plicated by factors such as social rank, area of associ
ated fields , and age grade composition of households. 
In the context of a long temporal span, further con
founding effects could include changes in dietary com
position, food preparation techniques, or the social 
definition of the food-consuming unit. 

Within the context of A.D. 600-920 culture change in 
the Dolores area, no conclusive indications of differ
ential access to status items or to land are found. As a 
result, the confounding effects of social rank and eco
nomic status factors are likely to be less important con-
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siderations than in the Maya ethnographic case. 
However, the relationship between vessel size and 
household size in the Dolores area could be confused 
by dietary change (increasing reliance on agricultural 
products as part of population increase and resource 
intensification) and by changes in the definition of the 
food-consuming unit (larger gatherings and greater so
cial interaction between households as a consequence 
of aggregation [Orcutt 1985b]). 

With these caveats in mind, vessel volume data (cal
culated as part of the study of DAP vessels and vessel 
assemblages [Blinman 1985]) for bowls and cooking jars 
were assembled. Histograms (based on both 0.5- and 
1.0-L intervals) of these volumes are presented by time 
period in figures 2.14 and 2.15 Extremely small or ex
tremely large bowls were not likely used for routine 
meal consumption. Based on the summary histogram 
of bowl volumes (fig. 2.14), those bowls smaller than 
0.25 L and those larger than 3 L are assumed not to 
have significant roles in food consumption . This range 
includes most bowls for all time periods. Extremely 
small cooking jars are likely to have served either sub
sets of the household or to have been used to prepare 
condiments rather than staples. The extremely large 
cooking jars are also unlikely to reflect household food 
preparation (the largest jars are associated with post
A.D. 840 villages (cf. Turner and Lofgren 1966:125-
127). For these reasons, and based on examination of 
the summation of cooking jar volumes (fig. 2.15}, only 
those jars between 2 and 6 L in volume are considered 
to be representative of normal food preparation activ
ities. Limiting the cooking jar volume range based on 
the breakpoints in the summation histogram appears 
to be appropriate for the A.D. 800-920 periods, but a 
smaller initial break point would have been chosen if 
the decision had been based on the A.D. 720-800 
collection. 

Mean volumes of DAP bowls and cooking jars for the 
A.D. 720-920 period are presented in table 2.8 . Bowl 
volumes fluctuate and no unidirectional trend contin
ues through time, possibly due to sampling error as
sociated with the relatively small samples sizes for each 
period (between 6 and 13 bowls). Mean jar volumes are 
based on larger samples (ranging from 13 to 25}, and 
show a consistent increase through time. The increase 
is relatively sharp (more than 0.6 L) across the A.D. 
800 threshold but is relatively minor (less and 0.2 L) 
thereafter. Assuming a constant serving size based on 
the grand mean for DAP A.D. 720-920 bowls (1.32 L}, 
mean jar capacity increases by nearly half of a serving 
across the A.D. 800 threshold, but increases by only 
0.02 and 0.12 serving across the next 2 thresholds. 

If dietary, organization, and other aspects of the Do
lores area cultural systems were constant, these changes 
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Figure 2.14- Volumes of bowls by time period for Dolores Ar
chaeological Program vessel assemblages. Histo
grams are constructed for both 0.25 L (dark shading) 
and 0.5 L (light shading) intervals. The A.D. 600-720 
bowls are not included in the summation because no 
precisely measurable cooking jars were available 
from this time period for comparison. 
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could be interpreted as an increase in household size 
across the A.D. 800 period with stability or only very 
slight increases thereafter. However, mitigating factors 
are present that limit the confidence in these interpre
tations. The greatest of these affects the A.D. 800 
threshold and consists of a change in the style of cook
ing jar shape. Chapin Gray jars with a relatively con
stricted neck dominate pre-A .D . 800 vessel 
assemblages, but give way to Moccasin Gray and Man
cos Gray jars with flaring necks after A.D. 825. Since 
jar volumes were measured to the rim, this change in 
neck shape would tend to increase the measured volume 
of post-A.D. 800 cooking jars without necessarily in
creasing the funct ional volume. Conceivably the change 
of shape was an adaptation to accommodate a demand 
for a larger cooking volume, but the implications for 
household size are suspect. 

The post-A.D. 800 period is also the period in which 
population aggregation increases dramatically and in 
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Figure 2.15- Volumes of cooking jars by time period for Dolores 
Archaeological Program vessel assemblages. Histo
grams are constructed for both 0.5 L (dark shading) 
and I L (light shading) intervals. Only precisely es
timated volumes were included; thus, A.D. 600-720 
vessels were excluded. 

which a potential change toward an increased reliance 
on corn in the diet occurs. In the face of these possible 
contributing factors, the small increases in cooking jar 
volume after A.D. 800 need not be reflecting household 
size change. However, if we assume that the factors 
independent of household size are selecting for larger 
cooking jars, then the stability and relatively minor in
crease through the A.D. 800-920 period is reflecting sta
bility of household size rather than growth. If this 
conclusion can be supported through independent lines 
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Table 2.8 - Mean bowl and jar volumes and volume ratios 

Vessel Period (A.D.) Grand mean 
form 

720-800 800-840 840-880 880-920 (A.D. 720-920) 

Bowl 1.325 L 1.605 L 0.933 L 1.259 L 1.316 L 
Jar 3.658 L 4.287 L 4.319 L 4.471 L 4.249 L 
Jar/bowl 2.76 2.67 4.63 3.55 3.23 
Jar/bowl* 2.78 3.26 3.28 3.40 3.23 

• Ratio of period means of jar volumes to grand mean of bowl volumes. 

of evidence (e.g., living floor area, burial population 
data), then it would support the immigration model, as 
opposed to the internal growth model, of the A.D. 860-
880 population maximum in the Dolores Project area 
(chap. 8). 

Social Organization 

Social organization (Problem Domain 3) includes stud
ies of group definition , status, integration, economic 
organization, political organization, and ideology, Ce
ramic contributions include discussions of the social 
interaction aspects of ceramic exchange, the organiza
tion of ceramic production, and the evaluation of sta
tus- and ritual-related concentrations of ceramic 
materials. These contributions are necessarily indirect, 
are often assumption laden, and some aspects have re
ceived more detailed treatment under the discussions 
of other problem domains. 

Ceramic Production and Social and Economic Interaction 

Two patterns of ceramic production may have been op
erable within the A.D. 600-980 period in the Dolores 
Project area (Biinman and Wilson 1985a, 1985d). Be
tween A.D. 600 and 800, evidence of ceramic manufac
ture is scarce and appears to be unevenly distributed, 
leading to the weak inference of small-scale specialization 
in gray ware manufacture. Clay characteristics of gray and 
white ware sherds are also disparate, suggesting even 
greater specialization in white ware manufacture. Red 
ware manufacture does not appear to have been part of 
the production repertoire of Dolores area potters and it 
was the object of strong regional specialization. This 
probable scenario implies levels of interdependence, with 
mandatory economic and social ties between gray ware 
producing and consuming households, and a more ex
tensive exchange and social network through which dec
orated ceramics were obtained. 

By A.D. 860 and through at least A.D. 980, ceramic man
ufacturing evidence is much more abundant and is so 
evenly distributed that most household groups were likely 
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engaged in the manufacture of gray ware vessels (Blinman 
and Wilson 1985d). White ware manufacture continued 
to be more specialized, but the overlap between gray and 
white ware clay characteristics suggest some white ware 
sources were present locally near the large populations in 
the Dolores Project area. Red ware vessel sources con
tinued to be regionally restricted . The removal of most 
gray ware vessel procurement needs as motivation for 
exchange suggests that subsequent gray ware vessel move
ment would reflect social more than economic interac
tions. This scenario implies more geographically 
restricted economic networks, and the greater density of 
population implies less geographically extensive social 
networks as well. 

Political and Ritual Determinants of Ceramic 
Distributions 

Recent Southwestern studies have placed considerable 
emphasis on the roles of valued ceramic materials as sym
bols in the operation of political and ceremonial systems 
(Feinman et al. 1981 ; Upham et al. 1981 ; Upham 1982; 
Lightfoot 1984). Valued ceramics are defined as those 
requiring considerable effort in their production, and co
rollaries include visual distinctiveness, nonlocal produc
tion , and scarcity. The premise of the cited studies is that 
these ceramics are symbols exchanged between the lead
ership elite within social or political systems, and that the 
items could be banked within the broader economic re
lations between systems. From this assumption, the spa
tial distributions and occurrences of these ceramics 
provide evidence for both the existence and the spatial 
organization of such systems. 

Although no suggestions of systematic social ranks appear 
in DAP burial accommodations or in living room sizes 
or associations, changes through time in geographic foci 
of ritual and perhaps political activity do occur within 
the Dolores Project area. An oversize A.D. 720-800 pit
structure at Grass Mesa Village is unique within the 
known contemporary structures in the Dolores Project 
area and was followed closely in time (ca. A.D. 800) by 
the construction of a great kiva at the same site (Lipe et 



al. 1985). This structure fell into disuse within the next 
20 years. and an unroofed great kiva was established in 
a roc kshelter (Singing Shelter. Site 5MT4683) about 
4.5 km to the south sometime in the first half of the ninth 
century (Nelson and Kane 1985). This great kiva, in turn, 
fell into disuse sometime before A.D. 920 and possibly 
prior to A.D. 860 (the exact timing is unknown), and a 
series of very large pitstructures was incorporated into 
some of the roomblock units in the McPhee Community 
Cluster (about 1.5 km to the southwest) in the middle 
ninth century A.D. These structures appear to have con
tinued in use through the A.D. BOO's, with what appears 
to have been an abortive construction of another great 
kiva within the McPhee Community Cluster sometime 
after A.D. 880 and probably before A.D. 900 (Pueblo de 
las Golondrinas, Site 5MT5107 [Brisbin 1984]). 

Sherd collections associated with these architecturally de
tined foci or ritual and perhaps political activity are pre
sented in table 2.9. Collections are reported by source 
category and by the dichotomy between gray and deco
rated wares. The Dolores Tract sherds include those local 
to the Dolores Project area as well as some that may have 
been manufactured elsewhere within the Mesa Verde re
gion. The other Mesa Verde category includes all those 
sherds manufactured within the Mesa Verde region but 
that are unlikely to have been produced within the Do
lores Project area. Extraregional sherds are those believed 
to have been manufactured outside of the Mesa Verde 
region, and those of indeterminate affiliation could not 
be classified, usually because of ambiguous temper char
acteristics. The decorated ware category includes all 
white, red, and smudged or brown ware sherds. Individual 
types were not distinguished on the basis of production 
steps measures (Feinman et al. 1981) because of the scarc
ity of the high-value types (their absence from collections 
could in all cases be attributable to sampling error). 

Collection content is defined by spatial association with 
a particular ritual focus and by contemporary collec
tions not associated with the ritual focus . Since no con
temporary habitations were associated with the great 
kiva at Singing Shelter, the collections reported here 
are derived from contemporary villages (Rio Vista Vil
lage, Site 5MT2182 [Wilshusen, comp. 1985], and 
House Creek Village, Site 5MT2320 [Robinson and 
Brisbin 1984]) that, on the basis of proximity, are as
sumed to be part of the great kiva "community." The 
McPhee Community Cluster (Kane 1985) is a village 
composed of a tight cluster of sites (individual room
blocks), several of which have the oversize pitstructures. 
The McPhee Community Cluster collections include 
some contaminating sherds from later occupations 
within the immediate vicinity. The collections from 
these occupations contain higher proportions of non
local sherds than those from the occupations being con
sidered here, similar sources of contamination are rare 
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at the com temporary sites away from the McPhee Com
munity Cluster, and the contamination will artificially 
raise the nonlocal proportions associated with the over
size pitstructures. The pottery types contributing to the 
McPhee Community Cluster collections have been re
viewed (2 sherds are clearly extraregional contaminants 
and an additional 15 sherds could be extraregional con
taminants), and the number of contaminants does not 
significantly affect the proportion of nonlocal sherds. 

The effort measure of vessel value implies that the dec
orated wares should be more abundant at the ritual foci , 
and since the concepts of alliance and exchange of goods 
are linked with possible political interpretations of 
these foci (Upham 1982), nonlocal ceramics may also 
be more abundant. Both expectations are met for the 
time period during which the oversize pitstructure at 
Grass Mesa Villge was occupied. Decorated ceramics 
comprise 15.2 percent of the Grass Mesa Village col
lections as opposed to only 9.5 percent in contemporary 
occupations elsewhere in the Dolores Project area. The 
most dramatic difference, however, is in an extremely 
high proportion of nonlocal gray wares at the village. 
This does not carry over to the proportion of non local 
decorated wares for which the differences in source pro
portions between Grass Mesa Village and the other col
lections are not significant due to the small number of 
decorated sherds from Grass Mesa Village. 

During the subsequent use of the great kiva at Grass 
Mesa Village, the differences in proportions are the op
posite of these expected based on the potential ritual 
and political implications of the presence of the struc
ture. Decorated sherds comprise only 9.9 percent of the 
Grass Mesa Village collection, whereas they comprise 
12.5 percent of other contemporary collections. (This 
difference would be marginally significant if the col
lections could be interpreted as random samples.) In 
addition, a smaller proportion of the decorated sherds 
are nonlocal (although nonlocal gray ware sherds re
main more common at the village than elsewhere). The 
perceived differences in decorated sherd frequencies 
may reflect the higher variability associated with ar
chaeological sampling and clustering of vessels, in 
which case no claim could be made for significance of 
the different proportions. 

Proportions of decorated sherds are different in the 
direction expected for ritual foci during the slightly later 
use of the great kiva at Singing Shelter. Decorated 
sherds comprise 13.0 percent of collections from Rio 
Vista and House Creek Villages, whereas they only 
comprise I 0.6 percent in the remainder of the project 
area. Nonlocal sherds are also considerably more abun
dant in association with the 2 villages, and nonlocal 
decorated sherds account for nearly all of the perceived 
difference. The large sample sizes for the 2 collections 
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Table 2.9 - Sherd source frequencies at ritual foci within the Dolores Project area 

Sherd origin Gray Ritual focus Total 
Decorated 

Gray 
N o/o N o/o N o/o N 

Dolores Tract 881 87.1 52 28.6 933 78.1 17 300 
Other Mesa Verde 127 12.5 25 68.7 252 21.1 452 
Extraregional 4 0.4 2 1.1 6 0.5 38 
Indeterminate 3 1.6 3 0.3 29 

I 012 100.0 182 100.0 1194 100.0 17 819 

Dolores Tract 2 381 93.9 65 23.3 2 446 86.9 15 515 
Other Mesa Verde 137 5.4 206 73.8 343 12.2 498 
Extraregional 7 0.3 8 2.9 15 0.5 80 
Indeterminate 11 0.4 11 0.4 20 

2 536 100.0 279 100.0 2 815 100.0 16 113 

Dolores Tract 6 242 98.1 201 21.2 6 443 88.2 9 876 
Other Mesa Verde 115 1.8 748 78.8 863 11.8 152 
Extraregional 2 0.0 2 0.0 40 
Indeterminate I 0.0 I 0.0 7 

6 360 100.0 949 100.0 7 309 100.0 10 075 

Dolores Tract 35 009 97.6 2009 45.6 37 018 91.9 22 296 
Other Mesa Verde 768 2.1 2260 51.3 3 028 7.5 395 
Extraregional 77 0.2 99 2.2 176 0.4 24 
Indeterminate 20 0.1 40 0.9 60 0.1 25 

35 874 100.0 4408 100.0 40 282 100.0 22 740 

e 

----

Contemporary collections 

Decorated Total 
o/o N o/o N o/o 

97.1 622 33.3 17 922 91.0 
2.5 1228 65.8 I 680 8.5 
0.2 9 0.5 47 0.2 
0.2 7 0.4 36 0.2 

100.0 1866 100.0 19 685 100.0 

96.3 388 14.7 15 853 86.1 
3.1 1932 84.2 2 430 13.2 
0.5 16 0.7 96 0.5 
0.1 8 0.3 28 0.2 

100.0 2294 100.0 18 407 100.0 

98.0 570 47.9 10 446 92.7 
1.5 613 51.5 765 6.8 
0.4 7 0.6 47 0.4 
0.1 I 0.1 8 0.1 

100.0 1191 100.0 11266 100.0 

98.0 1077 45.5 23 373 93.1 
1.7 1270 53.7 I 665 6.6 
0.1 17 0.7 41 0.2 
0.1 I 0.0 26 0.1 

100.0 2 365 100.0 25 105 100.0 

e 
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decrease the probability that the perceived differences 
could be interpreted as sampling error. 

Differences persist in the expected direction of ceramic 
distributions during the use of the oversize pitstructures 
at the McPhee Community Cluster, but the differences 
decrease in magnitude. Decorated sherds comprise 
10.9 percent of the McPhee Community Cluster col
lections during this period and 9.4 percent of other col
lections. At smaller collection sizes, this difference 
could not be interpreted as significant, but the propor
tions should be relatively stable in these cases. One 
explanation for the small differences could be the scale 
of comparison, in that the specific roomblocks asso
ciated with the oversize pitstructures have higher pro
portions of decorated sherds than do the remaining 
roomblocks (Biinman and Wilson 1985d). Nonlocal 
sherds are also slightly more abundant at the McPhee 
Community Cluster, but the difference is due to gray 
wares and extraregional decorated wares rather than to 
other Mesa Verde decorated wares. 

The characteristics of these dichotomies support the 
association of valued ceramics with architecturally de
fined ritual foci in most cases. The significant exception 
is the great kiva at Grass Mesa Village, whose associ
ated ceramic collection is in opposition to the expected 
trends. In general , differences are more consistently 
manifested in higher frequencies of decorated ceramics 
(primarily bowl forms) at the ritual foci than in con
centrations of nonlocal decorated ceramics. This ob
servation increases the probability that the association 
has stronger ritual implications than political impli
cations. If the architectural foci were associated with 
the operation of regional , exchange-cemented alliances 
(Upham 1982), the representation of nonlocal deco
rated ceramics would be expected to be as strong as the 
representation of decorated ceramics as a whole. 

Although the association between decorated ceramics 
and the ritual association is defensible at a general level, 
the small magnitude of the differences contrasts with 
the obvious differences attributed to "centers" reported 
by Upham et at. (1981 ). Although collection sizes and 
sherd frequencies are not reported, these authors assert 
a strong relationship between the presence of high-value 
pottery types and large sites, and the near absence of 
the types at small sites. In the Dolores Project area, a 
similar relationship holds for sites with and without 
great kivas or oversize pitstructures, but the differences 
are not obvious, and the differences could not be de
fended as other than sampling error without collection 
sizes of thousands of sherds. 

Extraregional Relationships 

Studies of extraregional relationships (Problem Do
main 4) overlap with studies of production (i.e., the 
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definition of what is local), economic aspects of pro
visioning, and social aspects of exchange. Such studies 
have been a traditional use of ceramic data in archae
ological interpretation (along with dating inferences) , 
and specific descriptive discussions of ceramic ex
change have been included in a variety of ATG reports 
(Biinman and Wilson 1985a, 1985b, 1985c, 1985c, 
1985d; Wilson and Blinman 1985b; Errickson and Wil
son 1985; Waterworth 1985; Wilson 1985). In addition , 
models of ceramic exchange are included in the syn
thesis of exchange as part of the larger study of culture 
change in the Dolores Project area (chap. 14). 

Exchange inferences assume that locally produced ves
sels (those assigned to the Dolores Manufacturing 
Tract) will be tempered with crushed igneous rock, but 
that at least some of the Dolores Tract sherds are de
rived from outside of the Dolores Project area. Gray 
ware vessels are assumed to be produced locally, with 
some level of specialization prior to A.D. 800 and no 
significant specialization after A.D. 840. White ware 
vessels are assumed to be produced in only limited 
quantities within the Dolores Project area, and a larger 
proportion of the Dolores Tract white ware sherds than 
gray ware sherds is assumed to be derived from vessels 
manufactured outside of the Dolores Project area. Red 
ware vessels are all assumed to be manufactured outside 
of the Dolores Project area, specifically in the south
eastern Utah area. 

Archaeological ware distinctions correspond relatively 
closely to production and function categories in the pre
historic cultural system. Gray ware vessels are the most 
locally accessible for all time periods, and their pre
dominant use as cooking jars insures a relatively high 
rate of breakage and replacement. White ware vessels 
are less accessible for all time periods, and their pre
dominant uses as serving containers (bowls) and storage 
containers results in their less frequent breakage and 
replacement. Red ware vessels are the least accessible 
of the ware categories, they are almost exclusively used 
for serving (bowls) and long-term storage of small quan
tities of dry materials, and their rate of breakage and 
replacement should be similar to that of white ware 
vessels. 

Based on the differences in accessibility and use, ex
change networks for vessels of each ware should have 
somewhat different configurations (cf. Fry 1980; Blin
man and Wilson 1985d). Gray ware vessels should be 
locally available, and although some household provi
sioning of gray ware vessels would have to occur prior 
to A.D. 800, their exchange after A.D. 840 is likely to 
have occurred as an adjunct to the movement of their 
contents. However, long-distance movement of large 
quantities of goods is more easily accomplished in bags 
or baskets (cf. Lightfoot 1979), and transport in gray 
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ware jars is more likely to be associated with the move
ment of partially processed foods over short distances. 
Most white ware vessels would have to be obtained 
through exchange, but sources were probably widely 
distributed across the Mesa Verde region. White ware 
vessels (and decorated vessels in general) also have en
hanced visual characteristics, and their exchange could 
be conditioned by symbolic content, but the vessel form 
charateristics of white wares limit the potential for their 
exchange as an adjunct to the exchange of their con
tents. The geographically restricted source of red ware 
vessels requires their exchange as a commodity, their 
visual characteristics support the potential for symbolic 
influences on exchange, and their vessel form charac
terstics imply limited exchange as an adjunct to the 
exchange of vessel contents. 

Vessels are assumed to have been the unit of exchange, 
but the archaeological measurement of exchange must 
be based on sherd counts. Project area summations in
clude tens of thousands of sherds, and with samples 
this large, even small differences in frequencies (as little 
as 0.1 percent) would be significant if the collections 
could be interpreted as random samples of populations 
of sherds. Although unbiased, the collections are not 
random samples, and instead they have some of the 
properties of cluster samples. The consequence of this 
is that extreme variance in frequencies should be ex
pected due to the occasional recovery of clusters of 
sherds from a single vessel. Since it is impossible to 
determine the presence of vessel clusters based on sum
marization of ceramics across all DAP sites, the fol
lowing conventions will be used in interpretation. 
Differences in proportions of sources within wares will 
only be considered for interpretation if the differences 
are sufficient to be considered significant at a 0.05 level 
using a test for equality of percentages (Sokal and Rohlf 
1969:607-610). Numbers of sherds will be used as a 
further screening criteria, as will pottery type and vessel 
form classifications, and site affiliation data when they 
are available. 

Frequencies of sources for ceramic materials are pre
sented by ware and time period in table 2.1 0. These 
data reflect confidently dated excavated collections 
onl y, and post-A.D. 980 materials are not represented. 
(For a review of the later ceramic exchange patterns 
based on survey collections and less precise dating res
olution, refer to Wilson and Blinman [ 1985b)). Due to 
the multiple occupations of many DAP sites, some con
taminants are present in the collections. These contam
inants have not been removed, but they have been noted 
in discussions when their presence affects interpreta
tion . Sources are expressed as manufacturing tracts 
within the Mesa Verde region (refer to fig. 2.8) and as 
culture categories for extraregional sherds. Some am
biguity exists as to the affiliations of sand and crushed 
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sandstone tempered gray and white ware sherds (as
signed to the Cibola and the Kayenta or Cibola Culture 
Categories), and some of these sherds may be of Mesa 
Verde origin (Wilson and Blinman 1985a). 

Gray ware sherds comprise the majority of the collec
tions, with a minimum collection size of slightly over 
10 000 sherds. Within these large samples, differences 
in proportions of as little as 0.1 percent from period to 
period would be significant if the collections repre
sented random samples. However, the potential vari
ability of cluster effects and the differences from site 
to site within periods suggest caution when percentages 
of a source are based on less than I 00 sherds. 

The vast majority of gray ware sherds are derived from 
Dolores Tract sources for all time periods. The pro
portion of Dolores Tract sherds increases steadily from 
A.D. 600 through 920, and then decreases to a low of 
about 93 percent in the A.D. 920-980 period. San Juan 
Tract gray ware sherd frequencies fluctuate at I percent 
or less through A.D. 920, but increase to almost 6 per
cent in the A.D. 920-980 collection. The majority of the 
non-Dolores Tract sherds are derived from the Cahone 
and Sandstone Tracts through A.D. 880, but the fre
quencies of sherds from these sources decline consist
ently from period to period until they stabilize at about 
0.5 percent after A.D. 880. Frequencies ofextraregional 
gray ware sherds fluctuate between 0.1 and 0.5 percent, 
but prior to A.D. 880 most are sand and crushed sand
stone tempered sherds, the origins of which are equiv
ocal. Chuska Gray Ware sherds are the only 
unequivocal extraregional category and are present in 
more than trace quantities only in the post-A.D. 880 
collections. Although present in the A.D. 600-720 col
lection, this sherd is probably a contaminant from a 
later adjacent site, since the use of trachybasalt temper 
in the Chuskan region is rare in Basketmaker III times 
(Toll and McKenna 1980). 

White ware sherds are present in all time periods but 
are present in much smaller quantities than are gray 
ware sherds. The smallest collection size is only 671 
sherds, and all but 2 of the collections contain fewer 
than 2000 sherds. These smaller collection sizes imply 
a relatively greater instability of proportions due to 
cluster effects and other sampling errors. As a whole, 
the white ware category fluctuates as a proportion of 
the total collection size, decreasing through A.D. 840 
(probably due to constraint caused by the introduction 
and increasing popularity of red wares in the A.D. 720-
840 periods) and then increasing slightly through 
A.D 920 and dramatically thereafter. 

Dolores Tract white ware sherds always constitute a plu
rality of the white wares, but Dolores Tract white wares 
are always relatively less abundant than Dolores Tract 



\0 
w 

e 

Time Ware 
period 
(A .D .) Dolores 

(N) (%) 

600.720 Gray 9 594 94.6 
White 588 87.6 
Red 

Total N 10 182 

Total % 94.2 

72(}.800 G ray 22 054 95.5 
White 872 82.0 
Red 
Smudged 30 85.7 

Total N 22 956 

Total % 89.8 

8()0.840 Gray 26 124 97.0 
White 741 68.4 
Red 
Smudged I 33 .3 

Total N 26 866 

Total % 86.6 

84(}.880 G ray 25 135 97.7 
White I 05 1 83.5 
Red 
Smudged 15 88.2 

Total N 26 20 1 

Total % 92 .1 

88(}.920 G ray 45 863 98.0 
White 2 807 76.8 
Red 
Smudged 2 66.7 

Total N 48 672 

Total % 92.0 

92(}.980 Gray 19 695 92 .9 
White 1925 49.4 
Red 
Smudged I 50.0 

Total N 21 621 

Total % 82.0 

NOTE: lndet - Indeterminate. 

e 
Table 2.10- Frequencies of ceramics by ware and presumed source in dated collections 

Mesa Verde manufacturing tracts Cibola Kayenta Kayenta Ch uska Mogollon 
or 

San Juan Cahone Sandstone Animas Blanding Cibola 
(N) (%) (N) (%) (N) (%) (N) (%) (N) (%) (N) (%) (N) (%) (N) (%) (N) (%) (N) (%) 

52 0.5 297 2.9 151 1.5 I 0 .0 14 0.1 I 0.0 
34 5.1 8 1.2 26 3.9 2 0.3 5 0.7 

2 66.7 I 33.3 

86 305 177 I 2 3 19 I 

0.8 2.8 1.6 0 .0 0 .0 0.0 0.2 0.0 

76 0 .3 524 2.3 27 1 1.22 0 .0 89 0.4 33 0. 1 I 0.0 
74 7.0 76 7.1 24 2.3 3 0.3 I 0 .1 4 0.4 

1359 99.7 I 0. 1 
5 14.3 

150 600 295 2 1359 92 2 37 I 5 

0.6 2.3 1.2 0 .0 5.3 0.4 0.0 0 .1 0 .0 0 .0 

259 1.0 311 1.2 130 0.5 I 0 .0 26 0.1 63 0 .2 3 0 .0 
315 29.1 4 0.4 4 0.4 2 0.2 3 0.3 9 0 .8 I 0 .1 

2988 100.0 
2 66.7 

574 31 5 134 I 2988 28 3 72 4 2 

1.9 1.0 0.4 0.0 9.6 0 .1 0.0 0 .2 0 .0 0 .0 

208 0.8 239 0 .9 48 0.2 7 0.0 22 0 .1 41 0.2 4 0.0 
124 9.8 18 1.4 33 2.6 2 0.2 13 1.0 6 0.5 5 0.4 

1453 99.5 2 0 .1 
2 11.8 

332 257 81 7 1453 24 13 47 II 2 

1.2 0.9 0.3 0 .0 5. 1 0. 1 0.0 0 .2 0 .0 0 .0 

430 0.9 160 0.3 10 1 0.2 6 0.0 II 0 .0 18 0.0 71 0.2 67 0 .1 
669 18.3 5 0. 1 15 0.4 52 1.4 27 0.7 40 1.1 

241 1 99.5 2 0 .1 
I 33.3 

1099 165 116 6 2411 63 18 98 109 I 

2.1 0.3 0.2 0.0 4 .6 0.1 0.0 0.2 0.2 0 .0 

1248 5.9 62 0.3 35 0.2 I 0.0 22 0.1 75 0.4 
1713 44.0 8 0 .2 4 0. 1 65 1.7 12 0.3 70 1.8 68 1.7 

1274 99.7 I 0. 1 
I 50.0 

2961 70 39 I 1274 65 12 92 144 I 

11.2 0 .3 0. 1 0.0 4.8 0.2 0.0 0.3 0.5 0.0 

lndet Total 

(N) (%) (N) 

27 0.3 10 137 
8 1.2 671 

3 

35 10 8 11 

0 .3 

50 0.2 23 100 
9 0.8 I 063 
3 0.2 I 363 

35 

62 25 56 1 

0 .2 

25 0 .1 26 942 
5 0.5 I 084 
I 0.0 2 989 

3 

31 31018 

0.1 

22 0.1 25 726 
7 0.6 I 259 
6 0.4 I 46 1 

17 

35 28 463 

0.1 

83 0 .2 46 810 
39 1.1 3 654 
10 0.4 2 423 

3 

132 52 890 

0.2 

52 0.2 21 190 
28 0.7 3 893 
3 0.2 I 278 

2 

83 26 363 

0.3 

(%) 

93.8 
6.2 
0.0 

100.0 

90.4 
4.2 
5.3 
0 .1 

100.0 

86.9 
3.5 
9.6 
0.0 

100.0 

90.4 
4.4 
5.1 
0. 1 

100.0 

88.5 
6.9 
4 .6 
0 .0 

100.0 

80.4 
14.8 
4.8 
0 .0 

100.0 

e 

)> 
0 
0 
=i 
< m 
-! 
m 
() 
I 
z 
0 
5 
G) 
;;:; 
(f) 



FINAL REPORT 

gray wares. The A.D. 800-840 collection has an unusually 
small amount of Dolores Tract white wares relative to 
the adjacent periods, but this is due in part to the presence 
of several reconstructible San Juan Tract vessels at a sin
gle site. If this site is excluded from the period summa
tion, the Dolores Tract white ware sherd frequency rises 
to 77.7 percent. Using this revised figure and acknowl
edging the instability of proportions due to sample size, 
the A.D. 600-920 period is characterized by about 80 per
cent " local" white wares. After A.D. 920, this frequency 
drops to just under 50 percent. 

Most nonlocal white wares are derived from Mesa Verde 
region sources. San Juan Tract sherds comprise between 
5 and 10 percent of the white ware sherds between 
A.D. 600-880 (ignoring the inflated value for A.D. 800-
840) but increase dramatically to 44 percent from 
A.D. 880 through A.D. 980. Cahone and Sandstone Tract 
sherds fluctuate in abundance around 4 percent through 
A.D. 880 (again ignoring the A.D. 800-840 frequency), 
but account for 0.5 percent or less thereafter. 

Extraregional white ware sherds sutTer from ambiguities 
of affiliation similar to those of gray ware sherds, with 
the exception of organic painted sherds from the Kayenta 
region and the trachybasalt tempered Chuskan sherds. 
Frequencies of the extraregional sherds remain at about 
I percent through A.D. 840, but the definite extraregional 
sherds remain below 0.5 percent. After A.D. 840 the pro
portion of extraregional sherds increases steadily, with 
increasing contributions from both the Chuska and Ci
bola Culture categories. Kayenta sherds remain scarce as 
the other culture categories increase, and this perceived 
trend is probably robust si nce the collection sizes exceed 
3000 white ware sherds after A.D. 880. 

Red ware sherds represent a variety of ceramic traditions. 
The 2 Kayenta red ware sherds in the collections are 
sherds from Tallahogan Red vessels, and some of the 
A.D. 600-800 Blanding Tract red ware sherds are slipped 
sherds from Dolores Red vessels (the Mesa Verde tech
nological equivalent of Tallahogan Red). The single re
maining Mesa Verde (San Juan) Red Ware sherd in the 
A.D. 600-720 collection is a contaminant, and the earliest 
"classic" Mesa Verde Red Ware sherds (from Abajo Red
on-orange or Bluff Black-on-red vessels) occur in the 
A.D 720-800 collection. The frequency of the classic red 
ware sherds jumps to just over 5 percent immediately 
upon their introduction, and they reach a high of just 
under 10 percent in the A.D. 800-840 period. Tallahogan 
Red is not present in collections after A.D. 800, and al
tho ugh sherds from Sanostee Black-on-red vessels 
(Chuska Culture Category) are present after A.D. 840, 
Blanding Tract sherds account for over 99 percent of the 
red wares. 

Smudged sherds are attributable to both the Dolores 
Tract and the Mogollon region, and sherds from both 
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sources are present continuously from A.D. 720 through 
A.D. 980. The high frequency of Dolores Tract sherds in 
the A.D. 720-800 collection is due to a cluster of sherds 
from at least 2 vessels from a single site. Other than this 
cluster, smudged sherds are always scarce and their fluc
tuations in frequency are probably more appropriately 
attributed to sampling error than to variation in regional 
interactions. 

The patterns of sources within the different wares con
form partially to the general assumptions about the in
teraction between production and exchange. Nonlocal 
gray ware vessels are more common in the A.D. 600-800 
period, when production appears to have been somewhat 
specialized, than in the A.D. 800-920 period, when gray 
ware production was ubiquitous. Interactions throughout 
most of this period extended to the west and southwest, 
with the intensity of interaction decreasing abruptly after 
A.D. 880. 

However, the production explanation breaks down due 
to an unexpectedly high frequecy of nonlocal gray ware 
sherds associated with the A.D. 920-980 collection, when 
gray ware production is still expected to be ubiquitous. 
Population history may be playing a role in the apparent 
discrepancy, since nearly all of the excavated sites in the 
Dolores Project area were abandoned for the A.D. 920-
980 period, and the collections for this period are derived 
only from several sites within the McPhee Community. 
Contemporary occupations are to the south, at the edge 
of the project area and beyond, and the temper variability 
associated with these sites is poorly known. Most of the 
nonlocal gray ware sherds for this period are assigned to 
the San Juan Tract based on the presence of a variety of 
crushed igneous rock. The boundaries of this tract are 
not well documented (Blinman et al. 1984), and its geo
graphic boundaries could lie relatively close to the project 
area to the south. The possibility of this proximity is 
further supported by the unusually high frequency of San 
Juan Tract white ware sherds in the same collections. 

Long-distance transport of gray ware jars was not ex
pected due to their inefficiency as transport containers, 
but some such transport did occur. Although some of the 
extraregional sourcing inferences are equivocal, the oc
currences of Chuskan gray ware sherds are not, and a 
small number of these jars were transported to and were 
broken in the Dolores Project area. The assumptions 
about the contexts of gray ware jar movement would 
require that these vessels arrive in the project area at the 
end of a " random walk" rather than through a limited 
number of long-distance moves, but this assumption can
not be independently evaluated. Regardless of the mech
anism of movement, a tendency for increasing interaction 
between the Dolores area and regions to the south 
(Chuska and Cibola) is evident in both gray and white 
ware vessels. 



White ware vessels were obtained from generally greater 
distances than gray ware vessels (fewer locally made white 
wares) throughout the A.D. 600-980 period. This con
forms to the expected frequency distribution based on 
the assumption of a restricted number of white ware pro
ducing households scattered across the Mesa Verde re
gion . The sources of white wares do not appear to vary 
with the sources of gray wares through the A.D. 600-920 
period, and San Juan Tract sources are disproportionately 
abundant. This pattern suggests that the exchange net
works for the 2 wares were partially distinct, and that 
relatively more white ware production took place in the 
San Juan tract as opposed to the Cahone and Sandstone 
Tracts. After A.D. 920, gray and white ware sources co
vary to a greater degree, with fewer Cahone and Sand
stone Tract vessels of both wares. 

Unequi vocal extraregional white ware sherds are de
rived from the Kayenta region prior to A.D. 800, and 
from the Chuska region after A.D. 800. Cibola white 
ware sherds are present from A.D. 720 and are present 
in large numbers after A.D. 880, but their identification 
is less secure than those of the other regions. However, 
the Cibola sherd frequency pattern matches the relative 
shift in regional exchange network orientation (from the 
west and southwest to the south and southwest) that is 
evidenced in vessels from the other regions. The dis
crepancy between the relatively stable extraregional 
gray ware frequency and the steadily increasing extrare
gional white ware frequency points to the expansion of 
regional ties at the same time that increasing local pop
ulation should satisfy kinship-based obligation net
works within a more restricted area. Since white ware 
vessels were available within the region, an increasing 
importance of symbolic motivations for some of the 
extraregional white ware exchange is possible. 

Red ware vessel exchange fluctuated in intensity 
through time with little or no source variation . Talla
hogan Red was present from the Kayenta region in ex
tremely low frequencies and for only a short period of 
time. Sanostee Black-on-red was available from the 
Chuska region for a slightly longer period of time, but 
also in low frequencies . Since interplay between differ
ent sources does not appear to have been a factor, the 
variation in red ware frequency must be either a con
sequence of variation in production volume or in the 
efficiency of the distribution network. The increase in 
red ware frequency in A.D. 800-840 collections is as
sumed to be the result of increased pro
duction in response to the developing demand for ves
sels of the ware. The decline in red ware frequency 
corresponds to the period of greatest population in the 
Dolores Project area (Schlanger 1985) and could con
ceivably be the result of stable production spread over 
increasing population. However, immigration appears 
to contribute significantly to the population growth 
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(Schlanger 1985). Under these condition, immigrants 
should bring some of their exchange network linkages 
with them, and the imbalance between a stable supply 
and the A.D. 840-880 population increase is unlikely 
to account for a halving of the red ware frequency. In
stead, the same factors influencing population dislo
cation in the Dolores Project area may have affected 
production in the southeastern Utah source area for 
red ware vessels (chap. 14). 

Mogollon smudge ware vessels represent an unusual 
case, and the mechanism for their movement may in
clude the immigration of several individuals into the 
Dolores Project area (Wilson 1985). Mogollon vessels 
have been described in Basketmaker Ill Anasazi con
texts to the south of the Mesa Verde region (Roberts 
1929: I 08), and what appear to be Anasazi replicas of 
the smudging technique have also been reported (Rob
erts 1929: I 08; Morris 1980:56-57). 

Cultural Process 

The study of culture process (Problem Domain 5) has 
been formalized within DAP activities as an integrated 
effort to investigate culture change within the Dolores 
Project area. This effort has sought to relate patterns of 
change identified within the confines of individual DAP 
analysis groups to the adaptive aspects of cultural sys
tems. Contributions of the ATG toward this effort are 
dispersed throughout the latter half of this volume, and 
the substantive studies will not be reiterated here. 

CONCLUSION 

Additive Technologies Group activites have spanned the 
1978-1985 period and have involved more than 25 in
dividual analysts, 2 administrators (William A. Lucius 
and the author), and over half a million items of material 
culture. The long duration of the effort and its intensity 
have provided ample opportunity for errors in judgment, 
corrections of errors, subsequent additional errors, and 
occasional success. Personnel turnover was an inevitable 
consequence of the duration of the project, and this, cou
pled with the evolution of the perception of differences, 
have created monumental problems in maintaining data 
consistency, problems addressed with variable success 
(Blinman et al. 1984). The masses of material have been 
a liability in that preliminary analysis of sherd collections 
have consumed nearly all of the ATG effort allocation, 
leaving relatively little time for intermediate data analysis 
and the evaluation and revision of analysis procedures. 
However, these same masses of material have supported 
studies of material culture variability that could only be 
conducted at this scale and that are necessary foundations 
to the investigation of the operation of past cultural sys
tems. Although many of the substantive contributions of 
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the ATG have been summarized or listed in this volume, 
considerably more potential lies untapped with the vo
luminous data files of the DAP. 
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Chapter 3 

REDUCfiVE TECHNOWGIES 
Carl J. Phagan 

LITHIC PROFILES 

The DAP (Dolores Archaeological Program) Reductive 
Technologies Group has frequently used a "profile" of 
lithic assemblage characteristics to compare and inter
pret large data sets (Phagan 1984, 1985a; Hruby 1985; 
Hruby 1984). The effectiveness of this analytic ap
proach depends on the availability of data units simi
larly defined and comparable, and on the selection of 
appropriate and consistently evaluated variables. Pro
files are presented here for DAP phases, subphases, and 
site types. Variables for comparison and interpretation 
are selected from the flaked lithic tool, flaked lithic 
debitage, and nonflaked lithic tool preliminary analysis 
data files. A complete description of these preliminary 
analysis systems and their included variables/values is 
provided elsewhere (Phagan and Hruby 1984 ). 

The organization of lithic data by phase is expected to 
demonstrate variation in lithic profiles related to major 
changes in Dolores Anasazi subsistence/settlement be
havior. The DAP phase system is outlined by Kane 
( 1983a:42-52) and is based primarily on settlement pat
tern characteristics. Within the period of Anasazi oc
cupation, phases primarily reflect degrees of 
architectural aggregation, which presumably corre
spond with degrees of social organization. In addition, 
DAP phases are defined as temporally nonoverlapping 
and may therefore be used to examine areal cultural 
development in gross temporal units. 

The Cougar Springs Phase (A.D. 1-600) has been iden
tified as representing a preceramic, early Anasazi (Bas
ketmaker II) occupation of the Dolores River valley 
(Kane 1983a:43-44). Use of the valley by such groups 
is presumed to have been restricted to brief seasonal 
exploitation of various resources. Cougar Springs Cave 
(Site 5MT4797) provides the only evidence of this 
phase in the DAP area (Gross 1984), and its identifi
cation as a Basketmaker II site is made on the basis of 
much less than a complete suite of traditionally diag
nostic characteristics. The 500-year temporal overlap 
in the DAP phase sequence between the late Archaic 
Great Cut Phase (20QQ 8.~.-A.D. 500) and the early 

Anasazi Cougar Springs Phase (A.D. 1-600) (Kane 
1983a:42-44) is best interpreted as a statement of un
certainty in the face of very little information, rather 
than as a theoretical statement of even temporary cul
tural coexistence in the area. This issue will be further 
addressed later in this chapter. 

The Sagehen Phase represents settlement of the valley 
by Anasazi horticultural groups from A.D. 600 to 850. 
Early in the phase, the settlement pattern is one of in
dividual households occupying small hamlets; as pop
ulation expanded, households began to aggregate into 
larger interhousehold units occupying larger hamlets 
(Kane 1983b:23). The McPhee Phase represents the cul
tural climax of Anasazi populations in the valley be
tween A.D. 850 and 975. During this phase large 
villages were developed and subsequently abandoned. 
A brief occupational hiatus apparently occurred at most 
village sites in the valley around A.D. 900; this hiatus 
was followed by small, brief, archaeologically distinct 
episodes of reoccupation, which were followed by com
plete abandonment of the valley by the middle-to late
lOth century. At approximately A.D. 1050, the Dolores 
River valley was reoccupied by small Anasazi groups, 
at least on a seasonal basis and perhaps for several-year 
periods, though population in the valley remained quite 
small. This final Anasazi occupation is designed the 
Sundial Phase. 

Stone artifacts from DAP assemblages are separated 
into the following categories for preliminary analysis: 
FLT (flaked lithic tools), FLO (flaked lithic debitage), 
and NFLT (nonflaked lithic tools, or ground stone 
tools). The analysis sytem for each artifact class is de
scribed elsewhere in detail (Phagan and Hruby 1984). 
Assignment of archaeological contexts and their asso
ciated artifacts to cultural units such as households or 
organizational units such as phases and site types is 
made with varying degrees of "confidence" (Farley 
1983; Kane and Phagan 1981 ), and these contexts are 
also evaluated with reference to their "integrity," or 
degree of contamination (Farley 1983). Selected DAP 
lithic artifacts assigned to phases on the basis of mul
tiple, independent lines of evidence (confidence = 3, 4) 
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and that contain no more than 30-percent contami
nating materials (integrity = 2, 3, 4) are presented in 
tables 3.1, 3.2, and 3.3. 

From the tables, several important variables have been 
selected for discussion , and data for these variables are 
presented as a series of graphs. Figure 3.1 presents DAP 
phase data for the FL T variable "morpho-use," which 
is a grouping of flaked lithic tools into major types, and 
2 diversity measures calculated from tool types. In ad
dition , a site category called group "A" is presented for 
comparison with the phase profiles. This group "A" 
category is the collection of all excavated DAP aceramic 
or minimally ceramic sites. Data samples from the Cou
gar Springs Phase and the Sundial Phase are rather 
small , particularly the former, because few relatively 
uncontaminated contexts can be confidently assigned 
to these early and late phases. 

From figure 3.1, the 4 phases display generally similar 
FLT assemblages, suggesting a rather basic flaked lithic 
toolkit throughout the entire DAP sequence, without 
the addition or deletion of major tool types, at least 
insofar as they are recognized in this analytic system. 
In addition, major proportions of these types in the 
phase assemblages differ minimally, particularly among 
the Sagehen, McPhee, and Sundial Phases, indicating 
a fundamentally stable pattern of environmental ad
aptation with respect to flaked lithic tools. The Sagehen 
and McPhee Phases, which comprise considerably the 
greatest proportion of the DAP archaeological remains, 
are especially similar to FL T profile. The earlier Cougar 
Springs Phase is noticeably distinct in having a greater 
proportion of used flakes; fewer bulky items such as 
cores, cobble tools, and thick unifaces or bifaces; and 
relatively more high-production-input items such as 
thin bifaces and projectile points. These differences are 
anticipated, given the presumed association of these 
remains with activities that are seasonal in nature and 
require considerable mobility . The late (post-A.D. 
1050) reoccupation of the Dolores valley expressed in 
the Sundial Phase FL T materials seems consistently to 
indicate a slight shift in assemblage composition back 
towards the Cougar Springs pattern, though this indi
cation is not strong. 

The group A category presented in figure 3.1 consists 
of DAP excavated sites that have fewer than 5 sherds; 
these are contexts with the greatest chance of being 
preceramic, since they are virtually nonceramic (these 
sites are discussed later in detail). This group may, how
ever, include nonceramic Anasazi contexts. Not sur
prisingly, therefore, the group A FLT profile resembles 
the Cougar Springs Phase profile in several ways, par
ticularly since most of the Cougar Springs materials are 
included in the group A category. 
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Throughout this examination of DAP lithic assemblage 
characteristics, the measurement and interpretation of 
assemblage diversity is presented . The Shannon-Wiener 
index is a synthetic measure of diversity that combines 
the number of classes (or richness) with the distribution 
of individual cases among those classes (or evenness) . 
It is an "information content" measure of group het
erogeneity especially sensitive to variation in rarely oc
curring classes (Peet 1974:292-304) but is also sensitive 
to sample size. The equitability index measures the 
evenness of the distribution of items among the classes 
present in the sample (Peet 1974:288, 298-301) and is 
less dependent on sample size. (Refer to Hruby [ 1985] 
for a discussion of the definition and use of these di
versity measures.) More classes of tools and more even 
distribution of individual tools among those classes re
sult in higher diversity scores. Increased tool diversity 
should be associated with increased task diversity, at 
least to the extent that the tool types defined in the 
analysis can be related to functional task categories. 
Formulas for both the Shannon-Wiener and equitability 
indexes are from Odum (1971 :144). FLT morpho-use 
diversity is calculated from a recode of 18 functionall y 
defined tool classes (Phagan and Hruby 1984:55). 

The interpretation of assemblage diversity among such 
composite data groups as phases should be considered 
tentative. Values for the Shannon-Wiener index, which 
includes both the number of classes and the distribution 
of cases among them, and which is also rather sensitive 
to sample size, are expected to be higher than equita
bility scores, which involve only the distribution of 
cases among a known number of classes and which are 
much less sensitive to sample size. The Cougar Springs 
Phase, which is presumed to represent brief summer 
occupations of the valley for rather specialized pro
curement purposes, quite expectedly demonstrates a 
considerably reduced FLT diversity. The Sagehen and 
McPhee Phases, which represent a complete range of 
year-round subsistence and maintenance activities , 
demonstrate an increased FLT assemblage diversity. 
The intermediate diversity of the Sundial Phase assem
blage tends to support the assumption that this later 
Anasazi occupation of the Dolores River valley may 
have been seasonal in nature, or of restricted duration . 
The unusual pattern of diversity demonstrated by 
group A, particularly its high equitability value, is not 
easily explained but does suggest that the differential 
manner in which the site groups were selected may be 
responsible (i.e., other data groups have a definitive 
underlying similarity in that they are organized by 
phase, subphase, or site type). 

Figure 3.2 presents several FLT and FLO variables in
terpretable largely with reference to production tech
nology, with data again arranged by phases and the 
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Table 3 I - Flaked lithic tool vari ables by phase and group A 

Variable Phase 
Value 

Cougar Sage hen McPhee Sundial Group A 
Springs 
(N ~ 149) (N ~ 8298) (N ~ 1 2680) (N ~ 502) (N ~ II 64) 

% % % % % 

Specific material identification• 
Non local 13 3 3 5 10 
Morrison quart zite 25 28 29 21 13 
Morriso n che rt 0 5 5 4 3 
Burro Canyon quart zite 49 10 8 13 40 
Burro Canyon chert 6 19 13 14 24 
Local cobbles (hornfels) 0 14 23 25 4 
Local. nfs 5 15 13 14 6 

G rain size 
Fine 48 19 27 19 38 
Very line 32 50 50 55 23 
Microscopic 19 29 22 25 37 

Morpho-uset 
Utilized flake 66 43 43 53 50 
Core 3 8 6 5 2 
Used core. cobble tool 3 13 13 II 2 
Thick uniface 4 II II 9 6 
Thin uni face I 5 3 2 5 
Specia li zed form 2 2 2 3 3 
Thick biface I 7 9 5 6 
T hin biface 7 4 3 3 5 
Projecti le point 9 4 6 4 12 

Dorsal face evaluation 
Items wi th cortex. 16 40 47 38 23 
Unworked items 69 64 65 69 62 
Edged items 9 9 9 8 10 
Primarily thinned I 2 2 2 5 
Secondarily thin ned 9 2 3 2 6 
We ll shaped 5 2 3 2 8 
Styli zed 0 <I I < I I 

Ve nt ral face eva luation 
Items wi th cortex 4 5 5 4 § 
U nworked items 73 65 66 69 § 
Edged items 5 9 9 9 § 
Primarily thinned 3 2 2 I § 
Seconda rily thinned 7 2 3 2 § 
Well shaped 6 2 3 2 § 
Stylized 0 < I I < I § 

Edge direction 
Unidi rectiona l 8 18 18 16 15 

Both 4 8 10 6 7 
Bidirect ional 17 II 12 II 22 

Edge placement 
None 67 54 54 6 1 51 

Some 13 29 30 24 22 

All 15 7 9 8 19 

Core form 
Unspecial ized 3 18 15 13 3 

Specialized I I I I I 

Styli zed 0 < I < I 0 0 

Complete items 77 86 83 78 58 

Mean weigh t (g) 62 99 95 75 32 

Standard deviat ion (g) 157 197 176 149 107 

FLT acquisition cost index 16.2 11 .4 9.5 11.2 14.6 

FLT product ion cost index 10.4 8.8 9.2 8.8 11.2 

Tota l cost index 26.6 20.2 18.7 20.0 25 .8 

Morpho-use diversity 
Shannon-Wiener index 0.60 0.84 0.84 0.75 0.75 

Equitability index 0.52 0.67 0 .67 0.61 0.75 

Raw material diversity 
Shannon-Wiener index 0.59 0.82 0.8 1 0.82 0.72 
Equitability index 0.76 0.91 0 .89 0.9 1 0.79 

FLDIFLT ratio 35.0 7.7 7.9 6.1 13 .3 

FL T/ NFL T ratio 6.2 2.8 2.1 2.7 2.8 

• This va riab le is SPEFIDB. a recode of the raw material type (Phagan and Hruby 1984:45). 
t This variable is MOR P HOA. a recode of the morpho-use category (Phagan and Hruby 1984:54-56). 
§ Data not avai lable . 
All data are expressed as percentages except indexes. ratios. and weights . 
nfs - Not fu rther specified. 
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Table 3.2 - Raked lithic debitage variables, by phase and group A 

Variable Phase 
Group A 

Cougar Springs Sage hen McPhee Sundial 
Mean Mean Mean Mean Mean 

N o/o wt(g) N o/o wt(g) N o/o wt(g) N o/o wt(g) N o/o wt(g) 

Rakes/flake frags: 
Grain size 

Medium 5 * 3.6 I 478 2.0 17.5 2 226 2.0 13.6 41 1.0 12.9 174 1.0 7.7 
Items with cortex 3 60.0 ... 577 39.0 ... I 005 45 .0 ... 13 32.0 ... 37 21.0 . .. 

Fine 3135 60.0 0.6 II 856 19.0 10.6 31 796 32.0 8.7 825 27.0 4.7 5 006 32.0 1.6 
Items with cortex 55 2.0 ... 4 301 36.0 ... I I 725 37.0 ... 230 28.0 .. . 374 7.0 .. . 

Very fine 1952 37.0 0.7 31460 49.0 7.8 44 426 44.0 7.0 1395 46 .0 6.0 6 534 42.0 1.7 
Items with cortex 96 5.0 ... 8 136 26.0 ... 15 839 36.0 ... 453 32.0 ... 685 10.0 . .. 

Microscopic 118 2.0 0.5 19 002 30.0 3.5 22 149 22.0 2.8 785 26.0 1.6 3820 25.0 1.1 
Items with cortex 3 3.0 ... 2 779 15.0 ... 4 446 20.0 ... 48 6.0 ... 291 8.0 ... 

Total flakes/ 5210 100.0 0.6 63 796 100.0 7.3 100 597 100.0 6.8 3046 100.0 4.6 15 534 100.0 1.8 
flake frags 

Total items 157 3.0 ... 15 793 25.0 ... 33 015 33.0 ... 744 24.0 ... I 387 9.0 ... 
with cortex 

Nonlocal items 27 0.5 ... 110 0.2 . .. 571 0.6 ... 7 0.2 ... 101 0.7 ... 

FLD/FL T ratio 35.0 7.7 7.9 6.1 13.3 

* Less than 0.1 
Grain-size percentages are calculated for the proportion of the total phase assemblage; cortex percentages are calculated for the number 
of items within each grain-size category. 
frags- Fragments. 

- Information not available. 

group A category. Most raw material variability is con
sidered in another section of this volume. The 3 later 
Anasazi phase groupings are most similar, and the Cou
gar Springs Phase and the group A sites are quite dif
ferent. Greatest variability among the 3 later Anasazi 
phases occurs in the proportion of microscopic-grained 
raw material in both FL T's and FLD, the mean weight 
of both FL T and FLD items, and, to a lesser extent, 
the proportions of both FLT and FLD items retaining 
cortex. 

The early Cougar Springs Phase demonstrates very 
much lower proportions of both FLT and FLD items 
that retain cortex; a slightly reduced proportion of mi
croscopic-grained FLT raw materials, but virtually no 
microscopic-grained debitage items; increased propor
tions of FLT items with bidirectionally produced edges 
and with margins completely produced; an increased 
FLT production cost index;' lower FLT and FLD mean 

'Variability in production cost index values is expected to be rather 
minimal for phase assemblages. particularly at the scale used in figure 
3.2. Refer to Phagan and Maloney ( 1983) for an explanation of this 
index value and its interpretation. 
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weight; and an extremely high FLD/FLT ratio. All of 
these are general indications of a high-production-input 
technology focused on careful production and increased 
curation rates, and all are expected assemblage char
acteristics of more mobile hunting-collecting groups 
compared with those produced by settled horticultur
alists. The group A profile is similar in many respects 
to the Cougar Springs Phase profile but differs in having 
a much greater proportion of microscopic-grained raw 
materials for both FLT and FLD items and an increased 
proportion of small high-production-input tools. These 
are all the likely result of combining very specialized 
aceramic Anasazi contexts with the preceramic Cougar 
Springs Phase contexts. 

Figure 3.3 presents several NFLT variables for phase 
and group A assemblages, including morpho-use tool 
types, tool type diversity, production stage evaluation, 
and FLT/NFLT ratio. These NFLT variables demon
strate more between-phase differential than FLT or 
FLD variables, but the 3 later Anasazi phases are again 
similar, while the Cougar Springs Phase and the group 
A category are quite different. The small size of the 
Cougar Springs assemblage is largely responsible for its 
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Table 3.3 - Nonflaked lithic tool variables, by phase and group A 

Variable Phase 
Val ue 

Cougar Sage hen McPhee Sundial Group 
Springs A 
(N =24) (N = 3 105) (N=5978) (N = I84) (N=414) 

% % % % % 

Material class* 
Igneous 13 2 1 16 12 7 
Coarse sandstone 4 2 3 6 7 
Medi um sandstone 50 30 42 58 65 
Fine sandstone 29 22 2 1 16 15 
Other sedimentary 4 2 2 I 2 
Metamorphic 0 15 8 3 4 
O rnamental 0 I I 0 0 

Morpho-uset 
Miscellaneous 33 28 26 28 14 
Hammerstone 13 19 17 19 4 
Mano fragment 13 4 3 10 5 
One-hand mano 13 5 3 4 II 
Two-hand mano 4 12 22 19 3 
Metate fragment 4 5 2 5 13 
Trough metate 4 7 13 3 I 
Slab metate 0 < I < I I I 
Basin metate 4 < I < I 0 I 
Hafted item 0 4 5 I < I 
Ornament 0 I 2 < I 2 

Blank type 
Rounded cobble 13 14 13 13 6 
Flattened cobble 63 29 48 48 23 
T hick slab 4 I 3 2 I 
T hi n slab 4 3 6 5 I 
Very thin slab 4 3 4 10 I 
Completely modified 0 I 2 0 2 

Production stage evaluation 
Unmodified 33 55 44 45 30 
Mini mal mod ifica tion 13 17 17 21 II 
Well shaped 21 13 26 15 8 
Stylized 0 I I I 2 

Complete items 50 55 62 51 24 

Morpho-use diversity 
Shannon-Wiener index 0.77 0.94 0.95 0.82 0.75 
Eq uitability index 0.85 0.80 0.8 1 0.76 0.69 

* T his variable is MATERA, a recode of the raw material class (Phagan and Hruby 
1984:78). 
t T his variable is MO RPH OA, a recode of the morpho-use category (Phagan and Hruby 
1984:9 1). 
All data a re expressed as percentages except indexes. 
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Figure 3.1 - Flaked lithic tool morpho-use and diversity, by phase 
and group A. 

unusual diversity profile and its very high FLT/NFLT 
ratio . 

Variability in one-hand manos, two-hand manos, and 
trough metates seems particularly important. There is, 
for example, almost no one-hand mano or slab/basin 
metate variation among the 3 later Anasazi phases, but 
conside rable two-hand mano and trough metate vari
ation . Increased proportions of both two-hand manos 
and trough metates in the McPhee Phase assemblage is 
directly responsible for its increased proportion of well
shaped items. This two-hand mano and trough metate 
variabi lity constitutes the most unambiguous lithic dis
tinction between the Sagehen and McPhee Phases, and 
is one that appears to be temporally correlated. The 
fundamental similarity of these 2 phases with respect 
to lithic artifact assemblages, along with the implica
tions of this mano and metate variability for horticul
tura l production and processing, are discussed in 
considerable detail elsewhere (Phagan 1985b). 

Organization of lithic data into subphase profiles 
should allow an examination of the relationship be
tween subsistence behavior associable with lithic tool 
assemblages and the social and environmental factors 
that influence/determine the settlement patterns by 
which subphases are recognized. Kane ( 1983a, 1984) 
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Figure 3.2 - Flaked lithic tool and debitage technological var
iables. by phase and group A. Flaked hth1c tool 
and flaked lithic debi tage percentages are calcu
lated from their respective assemblages. 

has outlined DAP subphases as distinctive patterns of 
architectural and settlement distribution characteris
tics. These subphases also have corresponding spatial, 
material culture, and temporal characteristics, and their 
temporal correspondences are particularly important. 
While subphases are not formally defined as temporal 
periods, they are nevertheless frequently referred to as 
such (Kane 1984:26-32) because their temporal ass~
ciations are considered to be particularly strong. This 
is not an unreasonable use of subphases as long as tem
poral interpretations based on them are rather broad 
and general, and as long as any relevant spatial restric
tions or temporally overlapping characteristics are not 
ignored. Subphase data are presented in tables 3.4, 3.5, 
and 3.6. In the following lithic data presentation, sub
phases are arranged in general chronological order and 
are interpreted as both organizational/structural units 
and loosely defined temporal units. 

Subphases with adequately large sample size for inclu
sion in the study are the Tres Bobos (A.D. 600-700) , 
Sagehill (A.D. 700-780) , and Dos Casas (A.D. 760-850) 
Subphases of the Sagehen Phase; the Periman (A.D. 
850-900), Cline (A.D. 880-925), and Grass Mesa (A.D. 
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Figure 3.3 - Nonflaked lithic tool morpho-use and diversity, by phase and group A. 

900-975) Subphases of the McPhee Phase; and the 
Marsh view Subphase (A.D. 1050-1 200) of the Sundial 
Phase. Figure 3.4 presents for these subphases the same 
FLT morphouse type and diversity information as pre
sented for phases in figure 3.1. Two things are apparent 
from this subphase di st ribution: fi rst, a single pattern 
of FLT distribution for all subphases is clearly shown, 
with only minor variation in the proportions of used 
flakes, used cores/cobble tools, and thick bifaces; and 
second, no indication of temporal trends occurs in the 
overall flaked lithic toolkit distribution or in any mor
pho-use type. The Marshview Subphase demonstrates 
extreme values for several of the morpho-use types, sug
gesting a slightly different pattern of FLT-related sub
sistence behavior for this later reoccupation of the 
Dolores valley. Both diversity measures tend to confirm 
these interpretations: general similarity of all sub
phases, lack of temporal trends, and extreme variability 
in the later Marshview Subphase. 

The FLT and FLD production technology character
istics shown in figure 3.5 demonstrate considerably 
more subphase variability than did the FLT morpho
use distributions. However, no indication of temporal 
trends in the data is shown, insofar as their subphase 
organization may be interpreted temporally. Only the 

3 FLT production input variables (FLT with bidirec
tionally produced edges, with all margins produced, and 
production cost index) show reduced ranges of sub
phase variabil ity. In addit ion, the mean weight of FLD 
items shows a slightly reduced variability range. Vari
ables such as these are not expected to show strong 
subphase differential since basic tool production tech
nology remains rather constant throughout the DAP 
sequence. The later Marshview Subphase again con
sistently demonstrates extreme values for most of the 
selected technological variables. Subphase technologi
cal variability is likely to be associated with such spa
t ial/o rgani zational/functional differen t ia l as raw 
material availabili ty, overall settlement pattern, or lo
cation of production, or subsistence behavior. The var
iability is pe rhaps most appro priate ly subject to 
subphase-by-subphase evaluation and interpretation on 
the basis of specifically anticipated characteristics. 

Figure 3.6 presents the subphase distribution for NFL T 
morpho-use and diversity variables. This distribution 
is qui te simi lar to that observed for phases: very little 
subphase variability in some of the tool types and a 
great deal in others. Of particular importance is the very 
low variability for one-hand manos and the rather ex
treme variability fo r two-hand manos. 
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Table 3 4 - Flaked lithic tool variables by subphase 

Variable Subphase 
Value 

Tres Sagehill Dos Casas Periman Grass Cline 
Bobos Mesa 

(N : 793) (N : J3 17) (N - 4864) (N : 7049) (N - 375) (N - 1799) 
% % % % % % 

Speci fic material identification• 
Non local 3 2 3 3 5 4 
Mo rri son qua rtzite 22 32 27 30 43 21 
Morri son chert 3 6 4 4 7 4 
Burro Canyon quartzite 10 7 10 9 6 8 
Burro Canyon chert 8 I I 23 14 6 8 
Local cobbles (hornfels) 27 20 12 25 13 30 
Local. nfs 20 17 14 14 15 II 

G ra in size 
Fine 27 2 1 18 29 28 24 
Very line 54 58 46 47 52 56 
Microscopic 16 20 33 22 19 20 

Morph <>- uset 
Utilized fla ke 33 32 48 43 35 42 
Core 7 8 9 7 7 5 
Used core , cobble tool 20 21 II 13 2 1 14 
Thick uniface I I 10 10 12 9 I I 
Thin uniface 4 7 4 3 5 3 
Specialized fo rm 3 2 2 2 3 2 
Thick biface 8 10 6 9 8 9 
Thin biface 3 4 4 2 2 4 
Projectile point 7 4 3 5 8 7 

Dorsal face evaluation 
Items with cortex 40 34 40 48 41 48 
Unworked ite ms 57 58 67 67 60 57 
Edged items 8 10 9 8 6 13 
Prima ri ly thinned 2 I 2 2 I 2 
Secondaril y th inned 3 2 2 3 3 3 
Well sha ped 5 2 2 2 5 7 
Stylized <I I <I < I I I 

Ve ntral face eva luat ion 
Items with cortex 7 6 5 5 7 5 
U nwo rked items 57 59 68 67 60 58 
Edged items 7 9 8 8 7 13 
Primari ly thinned 2 I 2 2 I 2 
Seconda ri ly thin ned 3 2 2 3 2 3 
Well shaped 4 2 2 2 5 6 
Styli zed <I I < I < I I I 

Edge directio n 
Unidirectiona l 17 19 17 18 17 18 
Both 7 9 8 II 7 10 
Bid irectional 17 13 9 II 17 14 

Edge placement 
None 51 50 56 53 53 53 
Some 29 32 27 3 1 29 30 
All I I 9 6 8 II II 

Core form 
U nspecialized 22 25 16 16 23 14 
Specialized 2 I I I I 2 
Stylized <I <I < I < I < I < I 

Complete items 80 89 87 82 89 83 

Mean weight (g) 121 140 90 97 176 9 1 
Standard deviation (g) 208 209 200 181 249 164 

FLT acquisition cost index 13.2 14.3 10.7 9.0 11.2 11.6 
FL T production cost index 9.2 8.7 8.7 8.9 9.0 9.9 

Total cost index 22.4 23.0 19.4 17.9 20.2 21.5 

Morpho-use diversity 
Shannon-Wiener index 0.91 0.90 0.80 0.83 0 .92 0.86 
Equitability index 0.75 0.73 0.64 0.66 0.76 0.68 

Raw material diversity 
Shannon-Weiner index 0.80 0.78 0.8 1 0 .76 0 .76 0.8 1 
Equitability index 0.88 0.87 0.90 0.85 0.84 0.90 

FLD/ FLT ratio 6.4 8.2 7. 1 7.4 7.4 9.3 

FLT/ NFLT ratio 1.9 1.7 3.4 2.3 1.0 1.8 

• This variable is SPEFIDB, a recode of the raw material type (Phagan and Hruby 1984:45). 
t This variable is MORPHOA, a recode of the morph<>-use category (Phagan and Hruby 1984:54-56). 
All data are expressed as percentages except indexes, ratios, and weights. 
nfs - Not further specified. 
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Table 3.5 - R aked lithic debitage variables, by subphase 
---

Variable Subphase 

Tres Bobos Sagehill DosCasas Periman Grass Mesa Cline Marsh view 
mean mean mean mean mean mean 

N % wt(g) N % wt(g) N % wt(g) N % wt(g) N % wt(g) N % wt(g) N 

Rakes/ flake frags 
Grain size 

Medium 178 4 17.4 238 2 26.7 809 2 15.8 I 094 2 13.9 79 2 13.7 269 2 15.9 20 
Items with cortex 85 48 ... 69 29 . .. 330 41 . .. 495 45 ... 29 37 ... 160 59 . .. 5 

Fine 106 1 21 11.8 2 398 22 10.5 6 596 19 10.6 15 741 30 9.4 1288 37 5.0 4 999 37 9.2 399 
Items with cortex 402 38 ... 706 29 ... 2 538 38 . .. 5 984 38 . .. 290 23 .. . I 879 38 . .. 185 

Very fi ne 2895 57 8.0 5 705 53 8.9 16 363 48 8.0 23 980 46 7.3 1579 45 7. 1 3820 29 7.4 684 
Items with cortex 883 31 ... I 183 21 . .. 4 587 28 ... 8 846 37 . .. 435 28 . .. 1498 39 . .. 278 

Microscopic 923 18 4.4 2 444 23 3.6 10 577 31 4.2 II 312 22 3.1 559 16 3.4 4 305 32 1.4 189 
Items with cortex 142 15 ... 114 5 ... 2 123 20 . .. 2 491 22 ... 87 16 . .. 486 II . .. 26 

Total flakes/ 5057 100 8.5 10 785 100 8.4 34 345 100 7.5 52 127 100 7.2 3505 100 5.9 13 393 100 6.3 1292 
flake frags 

Total items 1512 30 ... 2 072 19 . .. 9 578 28 . .. 17 816 34 ... 841 24 . .. 4023 30 . .. 494 
with cortex 

Nonlocal items 24 0.5 ... II 0.1 ... 68 0.2 ... 315 0.6 .. . 16 0.5 ... 167 1.2 .. . 3 

FLD/ FLT ratio 6.4 8.2 7.1 7.4 9.3 7.4 4.0 

G rain-size percentages are calculated fo r the proportion of the total phase assemblage; cortex percentages are calculated for the number of items within each grain-size category. 
- information not available. 
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Table 3.6 - Nonflaked lithic tool variables, by subphase 

Variable Subphase 

Value 
Tres Sage hill Dos Casas Periman Grass 

Bobos Mesa 
(N = 408) (N = 774) (N = 1419) (N = 3089) (N = 359) 

% % % % % 

Material class* 
Igneous 26 18 21 16 14 
Coarse sandstone 2 5 2 3 3 
Medium sandstone 36 22 35 43 34 
Fine sandstone 23 24 19 19 34 
Other sedimentary 2 3 2 3 3 
Metamorphic 9 26 10 6 10 
Ornamental 0 I I I ' 2 

Morpho-uset 
Miscellaneous 29 21 32 29 18 
Hammerstone 16 25 17 15 19 
Mano fragment 5 2 5 3 4 
One-hand mano 5 5 5 3 2 
Two-hand mano 12 II 13 21 33 
Metate fragment 2 8 3 I I 
Trough metate II 9 5 12 10 
Slab metate 0 0 0 < I 0 
Basin metate < I < I < I <I 0 
Hafted item 2 2 5 6 6 
Ornament I I 2 2 2 

Blank type 
Rounded cobble 13 5 20 15 12 
Flattened cobble 36 20 33 56 46 
Thick slab I I I 4 4 
Thin slab 7 3 3 7 3 
Very thin slab 5 3 3 5 4 
Completely modified I < I 2 3 2 

Production stage 
evaluation 

Unmodified 53 60 57 45 42 
Minimal modification 12 23 16 16 19 
Well shaped 18 6 15 26 32 
Stylized I < I I I 2 

Complete items 49 54 60 66 82 

Morpho-use diversity 
Shannon-Wiener index 0.90 0.92 0.96 0.97 0.91 
Equitabi lity index 0.79 0.78 0.81 0.83 0.77 

* This variable is MATERA, a recode of the raw material class (Phagan and Hruby 1984:78). 
t This variable is MORPHOA, a recode of the morpho-use category (Phagan and Hruby 1984:9 1). 
All data are expressed as percentages except indexes. 
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Cline Marsh view 

(N = 1011) (N = 11 5) 
% % 

16 14 
6 5 

45 60 
15 14 
2 0 

13 3 
I 0 

23 24 
21 17 

3 9 
3 3 

25 22 
2 6 

10 5 
< I 0 

0 0 
4 2 
2 0 

12 10 
37 46 

3 I 
3 4 
I 7 
2 0 

45 39 
14 24 
31 16 

2 0 

64 51 

0.91 0.78 
0.77 0.78 
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Figure 3.4 - Flaked lithic tool morpho-use and diversity, by subphase. 

This two-hand mano variability, and the closely related 
proportion of well-shaped items, is the only lithic char
acteristic that clearly appears to be temporally corre
lated . Its distribution reflects a major jump at the Dos 
Casas-to-Periman Subphase transition , which is also 
the Sagehen-to-McPhee Phase transition, rather than a 
continuous progression . 

Subphase variability in NFLT diversity is virtually nil , 
except for an unusual Marshview Subphase expression 
that may indicate a rather specialized NFLT assem
blage. However, the low Shannon-Wiener index for this 
Marsh view Subphase may also be the result of its small 
sample size. 

As with subphase flaked lithic technological variability, 
much NFLT subphase variability may be associated 
with spatial , organizational , or functional differential, 
and this variability may be most appropriately used for 
response to specific predictions on a subphase-by-sub
phase basis . Apparently, DAP phase/subphase settle
ment pattern variability is largely independent of, and 
unrelated to, subsistence behavior variability as it is 
observable in lithic artifact assemblages. 

A third important data-structuring mechanism is pro
vided by the DAP functional series of site types (Kane 
1983a; Lipe and Kohler 1984: 16-17). Several site type 

categories and subcategories are identified, and various 
combinations of these units are possible . For this anal
ysis 4 site type categories have been selected: limited 
activity sites; seasonal sites; small habitations, or ham
lets; and large habitations, or villages. 

Limited activity sites are loci at which a minimal range 
of activities occurred over very brief periods of times. 
In the DAP context they normally lack architectural 
characteristics, and are considered collectively to have 
served a wide range of collecting, hunting, processing, 
and maintenance functions, though individual sites are 
anticipated to be single-function in character. Limited 
activity sites are expected to have occurred throughout 
the entire DAP temporal sequence, though perhaps 
with some concentration both early and late in the 
sequence. 

Seasonal sites are those occupied on a short-term or 
periodic basis by small groups, usually for a restricted 
set of economic subsistence activities. They may in
corporate minimal architectural features . Most DAP 
seasonal sites are agricultural field houses and are ex
pected to occur predominantly in the later McPhee 
Phase when they constituted, along with aggregated vil
lages, a major aspect of the Dolores Anasazi settlement 
system. 
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SUBPHASE FLT(N) FLD(N) 

- ·- · - TRES BOBOS 793 5,057 
--- SAGEHILL 1,317 10,785 
··· ··· · DOS CASAS 4,864 34,345 
--PERIMAN 7,049 52,127 
- · · · - GRASS MESA 375 3,505 
---- CLINE 1,799 13,393 
-- MARSHVIEW 322 I ,292 
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Figure 3.5 - Flaked lithic tool and debitage technological variables, 
by subphase. Flaked lithic tool and naked lithic debitage 
percentages are calculated from their respective assem
blages. 

Small habitation sites, or hamlets, represent year-round 
occupation by I or a few families. They are sites at 
which a wide range of subsistence and maintenance 
activities occurred, usually over a several-year period, 
they always involve significant architecture, and are ex
pected to occur most frequently during the earlier Sa
gehen Phase, prior to the development of large 
aggregated villages. 

Large habitation sites, or villages, represent permanent 
occupation by 10 or more household units, they include 
a maximum range of activities over a multiyear period, 
and within the DAP sequence they are limited to the 
late Sagehen and McPhee Phases. 

The arrangement of lithic data by these 4 site type 
groups should result in lithic artifact profiles particu
larly useful in examining organizational/functional var
iability in associated subsistence-related behavior. 
Some particular correspondences of site type with tem
poral period are anticipated. The site type lithic profiles 
are presented in the following figures along with the 
group A category defined in the preceding section, 
which is included for comparison. The often proble
matic aceramic sites included in this category may be 
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more interpretable in the functional site type frame
work, rather than in the temporal or structural phase 
context. Lithic data are presented by site type and group 
A in tables 3.7, 3.8, and 3.9. 

Figure 3.7 presents profiles by site type for FLT major 
tool types and diversity indexes. All site types display 
a more or Jess consistent FLT profile, which by this 
point in the analysis may be considered a standard 
toolkit for exploiting the area's major resources during 
the first millenium A.D. The greatest FLT site type 
assemblage variation occurs in the proportions of used 
flakes, used cores/cobble tools, and projectile points, or 
at both ends of a rather generalized production input 
continuum. Of more importance is the obvious division 
of the profiles into 2 distinct sets: the limited activity 
and group A sites are clearly similar to each other and 
distinct from the seasonal, hamlet, and village sites . 
Some of these distinctions are not large, but are quite 
consistent for a majority of the tool types. 

The FLT tool type diversity measures are generally con
sistent with this dual profile but have unusual and un
expected characteristics as well. The hamlet and village 
site type FL T assemblages have identical diversity 
scores for both the Shannon-Wiener and equitability 
indexes, while the seasonal site type assemblage is 
slightly Jess diverse, indicating a slightly reduced range 
of FLT-associated activity at these seasonal sites. Based 
on the site type definitions out lined, this is precisely 
the expected diversity pattern. The increased diversity 
for limited activity sites, however, was not anticipated , 
since these sites are presumed to represent a reduced 
range of subsistence or maintenance activities. It may 
be that any single limited activity site or even all limited 
activity sites of a particular kind (such as large game 
kill sites or resource quarry sites) could in fact have a 
reduced FLT diversity, but that all limited activity sites 
combined represent a much larger behavioral , and 
therefore tool type, diversity. It seems unlikely, how
ever, that this would totally account for the very high 
diversity shown in figure 3.7. The unusual group A di
versity, particularly its low Shannon-Wiener index 
value, is at least partly the result of the analytic site
grouping criteria outlined previously for this site group. 

The FLT and FLD production technology profiles pre
sented for site types in figure 3.8 even more clearly 
demonstrate the distinction between seasonal, hamlet, 
and village sites as opposed to limited activity and 
group A sites. The limited activity and group A profiles 
are virtually identical except for slightly increased pro
portions of production input at limited activity sites, 
along with a much greater FLD/FL T ratio. This may 
indicate more actual production or maintenance of hi
faces at limited activity sites than at group A sites. 
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Figure 3.6 - Nonllaked lithic tool morpho-use and diversity, by subphase. 

The set of seasonal, hamlet, and village sites demon
strates many more FLT and FLO items retaining cor
tex , fewer FLT items of microscopic-grai ned raw 
material (especially villages), consistently less produc
tion-input, much larger mean weight for both FLT and 
FLO, and fewer debitage items/tool. These character
istics all seem quite consistent with both the postulated 
behavior ranges for the site types and the rather ex
pedient nature of most Dolores Anasazi FLT produc
tion and use. 

The site type profiles of NFLT distribution and diver
sity in figure 3.9 continue to illustrate the consistent 
distinction between limited activity and group A sites 
as opposed to seasonal, hamlet, and village sites. The 
limited activity and group A sites display similarly 
lower proportions of most NFL T categories than do the 
longer occupied sites, except for onehand manos and 
slab/basin metates, precisely the 2 related categories 
that should be better represented at these briefly oc
cupied or aceramic si tes (refer to Phagan [ 1985b]). The 
relative proportions of two-hand manos and t rough me
tates at seasonal, hamlet, and vi llage sites indicates an 
increased importance of these specialized food-pro-' 
cessing items with increased occupation duration and 
site complexity. The proportion of well-shaped items is 
directly related to that of manos, trough metates, and 

large hafted tools. The site type variability in large 
hafted items is not great but consistently indicates their 
proportionally greater occurrence at more complex, 
longer occupied, and increasingly architectu ral site 
types. 

Both measures of NFLT diversity at site types show 
extreme variabili ty quite consistent with tool-task as
sociations and subsistence behavioral patterns assumed 
fo r the site types. Hamlet and vi llage site NFLT diver
sity is virtually equi valent; seasonal sites show reduced 
diversity; group A sites demonstrate an even more re
duced di versity; and limited activity sites show very 
much the lowest number of tool types as well as the 
most uneven distribution of items among those types. 

The site type variabili ty in lithic artifact assemblages 
presented in fi gures 3.7, 3.8, and 3.9 is clearly more 
quantitatively di stinct and interpretable than is the 
temporal or settlement system variability presented 
earlier as phase or subphase profiles. Apparently, lithic 
assemblages contribute more to an understandi ng of the 
nature and range of subsistence and maintenance tasks 
performed at various site types than they do to ques
tions about when or within what subphase units they 
were performed. In addition, seasonal sites are shown 
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Table 3. 7 - Flaked lithic tool variables, by site type and group A 

Variable Site Type 
Value 

Limited Seasonal Hamlet Vi llage 
activity 

(N - 792) (N - 2205) (N - 7595) (N - 8415) 
% % % % 

Specific material identification• 
Non local I I 5 3 3 
Morrison quartzite 13 22 27 25 
Morrison chen 3 4 4 4 
Burro Canyon quartzite 37 16 9 9 
Burro Canyon chen . 19 18 17 13 
Local cobbles (hornfels) 5 16 15 27 
Local, nfs 7 17 15 13 

Grai n size 
Fine 39 25 18 28 
Very fine 24 45 51 49 
Microscopic 36 28 28 21 

Morpho-uset 
Utilized flake 37 50 42 42 
Core 3 5 8 6 
Used core. cobble tool 2 9 14 14 
Thick uniface 8 II II II 
Thin uniface 6 3 5 3 
Specialized form 3 4 2 2 
Thick biface 8 6 7 9 
Thin biface 5 3 3 3 
Projectile point 14 6 4 5 

Dorsal face evaluation 
Items with cortex 24 43 40 48 
Unworked items 51 70 64 64 
Edged items 16 8 9 10 
Primarily thinned 5 2 2 2 
Secondarily thinned 7 2 2 3 
Well shaped 10 4 3 4 
Stylized I < I < I I 

Ventral face evaluation 
Items with cortex 5 4 6 5 
Unworked items 55 71 64 64 
Edged items 13 8 9 10 
Primarily thinned 5 2 2 2 
Secondari ly thinned 7 2 2 3 
Well shaped 10 4 2 3 
Stylized I < I < I I 

Edge direction 
Unidirectional 17 18 18 18 
Both 10 8 8 II 
Bidirectional 29 I I II 12 

Edge placement 
None 39 57 54 53 
Some 27 28 29 31 
All 24 9 8 9 

Core form 
Unspecialized 4 10 18 16 
Specialized I I I I 
Stylized 0 0 < I < I 

Complete items 60 78 86 82 

Mean weight (g) 43 69 102 100 
Standard deviation (g) 125 150 201 181 

FL T acquisition cost index 16.9 11.3 I 1.6 9.6 
FLT production cost index 12.2 9.2 8.8 9.2 

Total cost index 29.1 20.5 20.4 18.8 

Morpho-use diversity 
Shannon· Wiener index 0.92 0.80 0.84 0.84 
Equitability index 0.75 0.64 0.67 0.67 

Raw material diversity 
Shannon· Wiener index 0.77 0.81 0.83 0.80 
Equitability index 0.85 0.90 0 .92 0.89 

FLD/ FL T ratio 20.2 5.7 7.6 6.7 

FLT/NFLT ratio 2.0 2.3 2.5 1.9 

• This variable is SPEFIDB, a recode of the raw material type (Phagan and Hruby 1984:45). 
t This variable is MORPHOA, a recode of the morpho-use category (Phagan and Hruby 1984:54-56). 
§ Data not available. 
All data are expressed as percentages except indexes, ratios, and weights. 
nfs - Not funher specified. 

Group A 

(N-1 164) 
% 

10 
13 
3 

40 
24 

4 
6 

38 
23 
37 

50 
2 
2 
6 
5 
3 
6 
5 

12 

23 
62 
10 
5 
6 
8 
I 

§ 
§ 
§ 
§ 
§ 
§ 
§ 

15 
7 

22 

51 
22 
19 

3 
I 
0 

58 

32 
107 

14.6 
I 1.2 
25.8 

0.75 
0.75 

0.72 
0.79 

13.3 

2.8 
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Table 3.8 - Flaked lithic debitage variables, by site type and group A 

Variable Site type 

Limited Seasonal Hamlet Village Group A 
activity 

mean mean mean mean mean 
N % wt(g) N % wt(g) N % wt(g) N % wt(g) N % wt(g) 

Flakes/flake frags 
Grain size 
Medium 176 I 8.0 269 2 16.6 I 560 3 16.8 I 238 2 14.5 174 I 7.7 
Items with cortex 34 19 ... 127 47 ... 599 38 .. . 611 49 ... 37 21 .. . 

Fine 4 776 30 2.4 5 073 40 7.9 II 607 20 11.0 18 226 32 9.6 5 006 32 1.6 
Items with cortex 429 9 ... 2 025 40 ... 4 269 37 ... 6 965 38 ... 374 7 .. . 

Very fine 7 146 45 1.8 4 352 34 7.2 27 751 48 8.6 22 873 40 7.5 6 534 42 1.7 
Items with cortex 743 10 ... I 327 30 ... 7 583 27 .. . 8 728 38 .. . 685 10 .. . 

Microscopic 3 903 24 1.1 2 962 23 3.2 16 913 29 3.8 14 341 25 2.6 3820 25 1.1 
Items with cortex 281 7 ... 511 17 ... 2 508 15 ... 2 708 19 .. . 291 8 ... 
Total flakes/ 
flake frags 16 001 100 1.8 12 656 100 6.7 57 831 100 7.9 56 678 100 7.1 15 534 100 1.8 

Total items 
with cortex 1 487 9 .. . 3 990 32 ... 14 959 26 .. . 19 012 34 ... I 387 9 .. . 

Nonlocal items 68 0.4 ... 46 0.4 ... 107 0.2 ... 436 0.8 .. . 101 0.7 ... 

FLD/FL T ratio 20.2 5.7 7.6 6.7 13.3 

Grain-size percentages are calculated for the proportion of the total phase assemblage; cortex percentages are calculated for the 
number of items within each grain-size category. 
frags - Fragments. 

- Information not available. 

to be more similar to habitations than to limited ac
tivity sites, at least with reference to the tasks that may 
be associated with both flaked and nonflaked stone 
tools. The nonceramic or minimally ceramic group A 
sites are also more convincingly interpreted as repre
senting some sort of functional category, rather than 
some te mporal or settlement unit. These interpretive 
suggestions based on lithic profile comparisons are 
thought to have rather important implications for a 
comprehensive understanding of Dolores Anasazi be
havioral organization and of systemic stability and 
change during their occupation of the Dolores valley. 

An additional , more specific example of the use oflithic 
profiles is presented here because of the practical and 
theoretical importance of distinguishing Archaic from 
aceramic Anasazi manifestations, particularly in ar
chaeologically mixed contexts, and as a continuation 
and amplification of earlier reports (Phagan 1984, 
Greenwald 1981) on the identification and character
ization of the DAP Archaic expression. The DAP se
quence of prehistoric remains is very predominantly an 
expression of the Anasazi culture during the period 
A.D. 600 to 1000. No evidence shows that these An
asazi either developed from or were substantially in
fluenced by earlier Archaic hunter-gatherer populations 
in the region. The earliest year-round or extensive use 

of the Dolores River valley was by Anasazi immigrants 
who came into the area after A.D. 600 and brought 
with them an already established practice of corn hor
ticulture. Further, evidence of only minimal change is 
shown in this basic subsistence pattern during their 400 
years of nearly continuous occupation in the valley. 
Against this broadly consistent Anasazi pattern, how
ever, several unusual archaeological assemblages have 
been recognized that may be, or may contain, Archaic 
material. These assemblages are usually rather small, 
they normally lack significant ceramics or architecture, 
and both features and artifacts subjectively appear to 
"look Archaic." A few such assemblages contain tra
ditionally diagnostic Archaic projectile points. 

Two major problems preclude the facile interpretation 
of these contexts as Archaic. First, both theoretically 
and as documented situations, aceramic artifact scat
ters without architectural evidence occur within the 
range of Anasazi site types as limited activity loci . Sec
ond, no reasonably adequate projectile point typology 
has been developed that is geographically applicable, 
includes both Archaic and Anasazi time periods, is sta
tistically supportable, and deals with the problem of 
Anasazi discovery and reuse of relic items. A most suit
able approach to the identity of these possibly Archaic 
situations would be their direct comparison with an 
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Table 3.9 - Nonfl aked li thic tool variables, by si te type and group A 

Variable Site type 
Value 

Limited Seasonal Hamlet Vi llage 
activ ity 

(N = 40 1) (N = 967) (N = 30 13) (N = 438 1) 
% % % % 

Material class* 
Igneous 7 7 13 2 1 
Coarse sandstone 7 7 5 3 
Medium sandstone 65 67 51 30 
Fine sandstone 15 12 16 22 
Other sedimentary 2 2 2 3 
Metamorphic 4 6 9 15 
Ornamental 0 0 < I < I 

Morpho-uset 
Miscellaneous 14 II 2 1 25 
Hammerstone 4 5 14 19 
Mano fragment 5 5 5 4 
One-hand mano II 10 6 5 
Two-hand mano 3 5 13 15 
Metate fragment 13 II II 4 
Trough metate I 2 5 9 
Slab metate I I I < I 
Basin metate I I < I < I 
Hafted item < I I 3 4 
Ornament 2 2 < I I 

Blank type 
Rou nded cobble 6 4 9 12 
Flattened cobble 23 13 31 27 
Thick slab I I I 2 
Thin slab I 2 3 4 
Very thin slab I I 3 3 
Completely modified 2 2 I I 

Production stage evaluation 
Unmodified 30 31 41 53 
Minimal modification II 12 19 19 
Well shaped 8 8 II 15 
Stylized 2 2 < I I 

Complete items 23 40 57 65 

Morpho-use diversity 
Shannon-Wiener index 0.58 0.84 0.94 0.95 
Equitabi lity index 0.53 0.72 0.80 0.8 1 

* This variable is MATERA, a recode of the raw material class (Phagan and Hruby 1984: 78). 
t This variable is MORPHOA, a recode of the morpho-use category (Phagan and Hruby 1984:91 ). 
All data are expressed as percentages except indexes. 
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Group A 

(N = 414) 
% 

16 
4 

45 
16 
2 
8 
I 

28 
18 
3 
3 

22 
I 

II 
< I 
< I 

5 
2 

14 
50 

3 
6 
3 
3 

45 
15 
28 

I 

24 

0.75 
0.69 
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Figure 3. 7 - Flaked lithic tool morpho-use and diversity, by site type and group A. 

adequate sample of statigraphically defi ned and inde
pendently dated Archaic data. However, such data do 
not exist, either with in the DAP itself or from directly 
relevant contexts. All DAP suspected Archaic contexts 
either are of questionable derivation in some important 
way, are defi nitely mixed with Anasazi materials, or 
both. Thus, the problems remai n of adequately defi ning 
and interpreting these possible Archaic cultu ral re
sources in the project area and of accurately recognizing 
small limited activity Anasazi sites that are pri marily 
lithic in character. 

A first- level approach to these problems (Phagan 1984) 
was to group all suspected Archa ic mate rial, along wi th 
any accompanying Anasazi material, in to a rather gross 
category of "all possible DAP Archaic material plus 
some mixed-in Anasazi stuff." This data group was then 
compared, as a profile of selected lithic variables, with 
the total group of unmixed Anasazi material. This 
rough comparison demonstrated · rather large differ
ences for several of the variables, which may have been 
caused by an Archaic component in I group. However, 
when the unmixed Anasazi group was d ivided into 
either phase or site type categories, some resulti ng lith ic 
profiles differed from the Archaic-plus-Anasazi profile 
much more than others. In addition, some of these re
sulting profi les differed fro m each other as much as they 

did from the Archaic-plus-Anasazi. All this suggested 
that tem poral, organi zational, or si te type factors within 
the Anasaz i portions of the 2 large data groups could 
be responsible for the observed differences rather than 
any disti nctions between Anasazi and Archaic. A more 
carefully planned and cont rolled study was therefore 
undertaken to resolve, if possible, some of these ana
lytic problems, and th is study is reported in some detail 
by Greenwald ( 198 1 ). Further theoretical and data re
fi nements are included here. 

A set of explicit differences anticipated for Archaic and 
Anasazi lithic assemblages was postulated , so that any 
obse rved d ifferences cou ld be evaluated with reference 
to them. T hese differences were based on distinctions 
in subsistence st rategies and settlement behavior hy
pothesized for the 2 groups (Chapman 1977; Gomolak 
198 1, Laumbach 1980, Phagan 1984; Si mmons 1981 ), 
part icularly those associated wi th greater Archaic mo
bility and with hunt ing-gathering versus horticultural 
economies. These anticipated differences a re expressed 
in the fo llowi ng outli ne as expectations for Archaic as
semblages relative to Anasazi. 

I. As a di rect or ind irect resul t of greater Archaic 
mobili ty, these Archaic assemblages should be 
characterized by the fo llowing: 

119 



FINAL REPORT 

"" 50 

40 

30 

DATA GROUP 

·- . - · LIMITED ACTIVITY 
-- SEASONAL 
.... · · · HAMLET 
--VILLAGE 
- ··· -GROUP A 

~'. 
20 \ 

··~ 

\ I 
\ .<" 

10 '5 

0 

~ 
X .. .., 
.... 

§~ 8 
.... I I<r t: 1- 0 

i" "' 
2 ~ 

~ ,~ , .. v~ 
~ffi ~f5 o ,... lilt< u., :g ,. O :l 
<ro ~~ '" "' :(Z :lz .... 
~~ o ffi 

2 ~ 

FLT(N) 

792 
2,205 
7,595 
8,415 
1,164 

FLD(N) 

16,001 
12,656 
57,831 
56,678 
15,534 

15.0 

12 .5 

10.0 

7.5 

5 .0 

2.5 

X .., 
0 
;!; 

20.2. 

I i 
• I 
I . 
i: 
. I 
I . 
j : 
. I 
I . 

! ; 
! : 

II 
i: 
;; 
I• 
ii 

. . ;: 
\ .\ H 

· -~~~ 

!;: .... 

"' ~ w .., 
"' "' zo z .. - ~ ..,x 

::1 2 "'~ 
~ 

0 
~ 
~ 

Figure 3.8 - Flaked lithic tool and debitage technological variables, by 
site type and group A. Flaked lithic tool and flaked lithic 
debitage percentages are calculated from their respective 
assemblages. 

A. Greater raw material diversity 
B. Better raw material quality, smaller grain size 
C. Greater assemblage curation; more worn and 

broken items 
D. Smaller mean tool weight 
E. More technological production input/tool 
F. More and smaller debitage/tool 
G . Fewer and more speciali zed cores 
H. Less cortex remaining on tools and debitage 

II. As a direct or indirect result of a hunting-col
lecting subsistence pattern , Archaic assemblages 
should be characterized by the following: 

A. More projectile points and thin bifaces 
B. More flaked lithic tools relative to nonflaked 

lithic tools 
C. Fewer exped ient tools, such as used flakes 
D. More functionally speciali zed flaked lithic 

tools 
E. More functionally generalized nonflaked 

lithic tools 

The 2 data sets to be used for comparison were then 
carefully examined. From the possible Archaic or Ar
chaic-containing contexts, only the better examined 
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and better defined were selected. Intensive and con
trolled surface collection, plus significant excavation 
were required for inclusion. In addition , only site as
semblages with at least 20 flaked lithic tools or 25 total 
lithic artifacts were included in the analysis to improve 
the statistical adequacy of the sample and to increase 
the probability of its representing a substantial Archaic 
expression . Seven DAP site assemblages were retained 
to constitute data group I, mixed Archaic and Anasazi . 

These 7 assemblages were then carefully scrutinized to 
identify their Anasazi components with reference to 
nonlithic characteristics such as independent dating 
evidence, site function , architecture, ceramic assem
blage, locality, assemblage size, and excavation strategy. 
After thus identifying the Anasazi components in the 
mixed Archaic-plus-Anasazi data group (1), all DAP 
pure Anasazi sites were then examined to select a set 
of site assemblages that duplicated as closely as possible 
the Anasazi aspects of the mixed group I data set. Five 
site assemblages were selected as the comparative, pure 
Anasazi data group II. 

While unusual lithic characteristics may have been in
volved in the initial recognition of potentially Archaic 
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Figure 3.9 - Nonflaked lithic tool morpho-use and diversity, by site type and group A. 

or Archaic-containing assemblages, such lithic charac
teristics, particularly as an explicitly identified and 
measured suite oflogically associated variability, do not 
define group I or its constituent sites. More important, 
lithic characteristics have been explicitly avoided in de
fining the matching Anasazi components of the 2 data 
groups, so that any observed lithic variability is not a 
product of the manner in which the groups were 
const ructed . 

On the assumption that archaeological contexts with 
similar nonlithic characteristics should also have sim
ilar lithic assemblages, it is expected that the matched . 
Anasazi components of the 2 data groups will contrib
ute only minimally to any lithic differences between 
them. Any major lithic assemblage differences should 
then be due largely to the presence in group I of the 
suspected Archaic materials. In addition, the confi
dence with which any such differences are interpreted 
as an Archaic expression should be dependent on the 
extent of their agreement with the anticipated distinc
tions between Archaic and Anasazi assemblages. 

A one-way analysis of variance (SPSS [statistical pack
age for the social sciences] ANOVA) was run on the two 
data groups, using the FL T variable tool weight, as a 
preliminary assessment of the overall variability (Nie 

et al. 1975). Group I demonstrates high internal vari
ability, and group II demonstrates very little. This can 
be considered at least a preliminary indication that the 
2 data groups do include different sorts of lithic vari
ability, and in broadly anticipated fashion ; i.e., the 
mixed group I was expected to demonstrate greater 
within-group variability. 

A set of lithic variables thought to be relevant and useful 
as indicators of the anticipated distinctions between 
Archaic and Anasazi assemblages (refer to Phagan and 
Hruby [ 1984] for the definitions and measurement of 
these variables and their values). These data were then 
compiled from the preliminary analysis computer files 
for the 2 groups and are summarized in table 3.10. In 
addition, several diversity and toolkit cost measures 
have been calculated for the 2 groups, and these are 
also presented in table 3.10 (the calculation of toolkit 
cost is discussed later in this chapter and in Phagan 
and Maloney [ 1983]; the calculation and use of diversity 
measures is discussed in Hruby [ 1985]). 

It is clear from table 3.10 that of the more than 30 direct 
comparisons between the 2 data groups, the large ma
jority demonstrate differences of considerable magni
tude. In addition, an evaluation of these differences 
with reference to the anticipated Archaic distinctions 
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Table 3.10 - Selected lithic variables, by groups I and II 

Variable Group I* Group lit 

FL T variables (N =491) (N =299) 
Morpho-use category: 
Used flakes (%) . 28.7 34.4 
Cores(%) 4.9 20.1 
Specialized forms (%) 5.7 1.7 
Thick bifaces (%) 9.0 10.4 
Thin bifaces (%) 12.0 6.0 
Projectile points (%) 18.7 6.0 

Microscopic raw material grain size(%) 36.3 22 .1 
Complete or nearly complete items(%) 67.0 82.9 
Dorsal face evaluation: 
Items with cortex (%) 21.4 32.4 
Well-shaped and stylized faces (%) 29.8 4.6 
Items with bidirectional edges (%) 40.5 22 .0 
Items with all margins produced (%) 19.8 12.4 
Cores. unspecialized (%) 50.0 71.7 
Cores. specialized (%) 29.2 23.3 

Item weight: 
Mean weight (g) 39.2 102.0 
0.95 confidence interval (g) 30.4-48.0 79.5-124.5 

FLO variables (N = 10 836) (N = 3861) 
Mean weight (g) 1.9 6.7 
Items with cortex (5) 10.8 16.8 
Microscopic raw material grain size (%) 28.8 24.1 
FLD/FL T ratio 22.1 12.9 

NFLT variables (N=149) (N =206) 
Morpho-use category: 
One-hand manos (%) 25 .5 5.3 
Two-hand manos (%) 3.4 14.1 

Complete or nearly complete items(%) 36.2 44.7 
Item weight: 
Mean weight (g) 975 2315 
0.95 confidence interval (g) 582-1332 1606-3024 

NFL T (% of all tools) 23.3 40.8 

FL T raw material diversity: 
Shannon-Wiener index .75 0.83 
Equitability index 0.83 0.92 

FL T morpho-use diversity: 
Shannon-Wiener index 0.93 0.92 
Equitability index 0.77 0.74 

NFLT morpho-use diversity: 
Shannon-Wiener index 0.52 0.85 
Equitability index 0.50 0.74 

Flaked lithic toolkit cost: 
Acquisition cost index 16.3 15 .6 
Production cost index 12.5 9.7 

Total cost index 28.8 25 .3 

• Group I - Mixed Archaic and Anasazi; includes Sites 5MT2199, 
5MT2202, 5MT2236, 5MT2242, 5MT4690, 5MT4789, and 5MT4797. 
t Group II- Unmixed Anasazi ; includes Sites 5MT2174, 5MT2181 , 
5MT2191 , 5MT2241, and 5MT4512. 
Percentages are calculated from the group total for the appropriate data 
category. 



indicates that virtually all of the observed variability is 
of the nature anticipated if the major between-group 
difference is the presence of an Archaic component in 
group I. Not all of these differences, however, are sta
tistically significant. A series of appropriate tests was 
performed on 15 of the variables or combinations of 
them, and statistically significant differences at the 0.05 
level were confirmed for I 0 of the tests (refer to Green
wald [ 1981] for details of these significance tests). Sev
eral variables from table 3 . 10 that could be 
conveniently graphed at the same scale are presented 
in figure 3.10. 

It may be safely concluded that data group I does rep
resent a mixture of Anasazi and Archaic materials. Fur
ther, the lithic profiles may be used as a frame of 
reference to determine the likelihood that other un
known aceramic site assemblages in the project area 
might be either Anasazi or Archaic expressions, so long 
as their Anasazi components are not statistically 
overwhelming. 

RAW MATERIALS 

In response to the DAP general research design (Kane 
et al. 1983), and as specifically indicated in the midlevel 
research design of the Reductive Technologies Group 
(Phagan 1983: 18-22), considerable analytic attention 
has been directed to an assessment of lithic resources: 
What resources were available? Which ones were used? 
How were they used? How was their exploitation or
ganized? All are questions of importance in understand
ing Dolores Anasazi patterns of environmental 
adaptation , particularly with reference to Problem Do
main I : Economy and Adaptation (Kane et al. 1983:4-
9). 

The needs of Dolores Anasazi populations for lithic 
materials are focused in 2 categories: stone for building 
and stone for producing tools. The latter may be di
vided into materials for producing tools by flaking, such 
as scrapers and projectile points, or by a pecking-grind
ing-polishing technique, such as manos and axes. Lithic 
properties, or characteristics, required for these 2 meth
ods of stone tool production are very distinct, and ma
terials with these differing properties occur quite 
differentially in the environment. These sets of prop
erties are identified in DAP preliminary analyses by 
assigning a "lithic material class" and "grain size" to 
each item . In addition , each flaked stone tool receives 
a " specific material identification" (refer to Phagan and 
Hruby [ 1984] for definitions of these lithic raw material 
variables and values). 

The bedrock geology of the DAP area consists of late 
Jurassic and early Cretaceous period formations, which 
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are well exposed in the steep canyon walls of the Do
lores River, Dry Creek, Beaver Creek, and House Creek, 
as well as the House Creek Fault escarpment. These 
exposures are indicated on the map included as figure 
3. 11 , and an abbreviated and localized stratigraphic de
scription is provided in figure 3.12. Both the Morrison 
and Burro Canyon Formations contain a wide range of 
silicified sediments, cherts, and a few opals and chal
cedonies, many of which are good to fine quality for 
producing flaked stone tools. In addition , the full range 
of these locally available materials, a wide variety of 
sedimentary and metamorphic materials, and a few in
trusive igneous materials are available to at least some 
degree in both the recent and ancient Dolores River 
gravel deposits . 

Materials for architectural use and for producing 
ground stone, or nonflaked lithic, tools are also widely 
available in the Dolores Project area, primarily from 
the Dakota Sandstone, which forms the upper, most 
resistant bedrock and controls surface topography over 
most of the upland portion of the project area. It out
crops frequently in small drainages as thin- to medium
bedded, coarse-grained, well-cemented material , which 
is ideal in shape and structure for both building stone 
and the manufacture of grinding implements. 

While many areas of the American Southwest have ad
equate lithic resources to meet the stone tool and con
struction needs of sizable populations, rarely is the 
DAP area's range of desirable variability and relative 
ease of procurement matched. Only materials of spec
tacular appearance and flaking quality are not found 
within the project area. Many of the fine-grained sili
cified sediments from both the Morrison and Burro 
Canyon Formations are of adequate quality to produce 
the most technologically demanding of the Anasazi 
stone tools. Certainly the abundance and quality of 
lithic resources was one of the area's attractions for 
aboriginal populations. To the extent that modern avail
ability of these resources in gravels and natural expo
sures is equivalent to prehistoric availability, they may 
be treated as virtually unlimited and unchanging 
throughout the Anasazi occupation. 

In such a situation, lithic resource procurement strat
egies should be rather casual and relaxed, should in
volve little scheduling effort , and should normally 
involve only individual or small-group activity. In 
many cases, this procurement would frequently be 
embedded within other scheduled activities: individ
uals or small groups, in the process of traveling to or 
from other activity locations, would simply stop briefly 
to collect a few needed raw material items, reduce them 
minimally, and continue with scheduled activity. Such 
an expedient approach to raw material procurement 
should be accompanied by a similar approach to both 
production and use of most stone tools (Binford 1977, 
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Figure 3.10 - Selected lithic variables, by groups I and II. 

1979). When little effort is involved in raw material 
procurement , little motivation exists for intensive labor 
investment in production, maintenance, and curation 
of most tools. Exceptions to this generalization should 
be those technologically specialized high-production
input items necessary for specific and critical tasks, 
such as some manos, projectile points, thin bifaces, or 
drills. Most general cutting or scraping tasks could be 
readily performed with quickly and expediently pro
duced tools from easily procured raw material. It was 
often as efficient to produce another unhafted tool as 
to locate and resharpen an existing one, and such items 
would seldom be transported long distances. 

Such very expedient technological systems should de
velop only in areas of relatively abundant raw material. 
They should display generally low proportions of well
worked or well-worn items. True quarry sites should be 
few in number, small in size, and located only at par
ticularly desirable resource availability locations. Re
duction of raw material at the quarry sites should not 
be extensive. Most sites should contain higher propor
tions of the most readily avai lable, closest raw material. 
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Within this context of raw material availability, and 
structured by these general expectations for raw ma
terial use, the questions posed by the project general 
research design (Kane et at. 1983) concerning what re
sources were used and how they were used may be con
sidered. Several of these questions were add ressed in 
the preceding section with reference to the Archaic or 
aceramic DAP materials, and the analytic concern here 
is to examine the distinctly Anasazi aspects of raw ma
terial variability. Only subphase and site type data 
groupings will be used to evaluate raw material varia
bility; basic data for this examination are included in 
tables 3.4 and 3.7. For these comparisons, raw materi als 
are grouped into 7 major classes: all definitely nonlocal 
materials are grouped; both Morrison and Burro Can
yon formation materials are subdivided into quartzites 
and cherts, largely on the basis of particle size; the cat
egory of local cobbles is composed almost exclusively 
of a dark gray, medium- to very fine grained meta
morphosed shale, or hornfels, which is readily available 
in the Dolores River gravels; and all other locally avail
able material is lumped as an nfs (not further specified) 
category. 
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Figure 3.11 - Dolores Archaeological Program geologic formations 
(after Leonhardy and Clay 1985:fig. 17.). 

The FLT distribution of these raw material groups by 
DAP subphase is graphed in figure 3.13. Little subphase 
variability occurs in 4 of the raw material groups (non
local , Morrison chert, Burrow Canyon quartzite, and 
local , nfs). To the extent that these subphase data group
ings can be interpreted as a generalized temporal se
quence , very slight temporal trends are suggested 
during portions of the sequence for several of these raw 
material groups, though they are not likely to be sta
tistically significant and should be interpreted very cau
tiousl y. The remaining 3 raw material categories 
demonstrate considerable subphase variabi lity that is 
clearly not temporally trending and is not particularly 
susceptible to convincing a posteriori explanation. 

Also included with figure 3.13 are values for FLT ac
quisition and production cost. The calculation of these 

• 

will be explained later (refer also to Phagan and Ma
loney 1983). These relative measures of raw material 
acquisition cost and production-input cost demonstrate 
no consistent temporal trend. However, an indication 
that acquisition costs are highest in the 2 earliest sub
phases does exist, though this hardly constitutes a trend 
of major importance and may be more directly asso
ciated with organizational or site type factors. 

Figure 3.14 is a graph of the FLT raw material groups 
arranged by major site types, and in it a very different 
pattern of variabi lity is evident. Increasing site size, 
complexity, and duration of occupation (from left to 
right on the horizontal axis) is associated with at least 
a generally trending increase or decrease in 6 of the 7 
raw material groups. Limited activity sites are clearly 
quite different from other site types in raw material 
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Geologic Description at DAP DAP coding structure 
formations 

Mostly shale, mudstone; highly Mancos Shale 
Mancos Shale variable. Little tool-quality 

stone 

Upper: thin bedded, tabular, 
moderately to poorly cemented Dakota Sandstone 
sandstone; conglomerate 

Dakota Formation Lower: highly variable; 
includes some material that 
is fine grained and well 
silicified; mostly white to 
buff and light gray 

Burro Canyon 
Upper: very similar to lower 

Dakota Sandstone; includes 
some material that is coarser 
grained but highly silicified. 

Burro Canyon Good flaking quality 

Formation Lower: thin bedded; fine to 
very fine grained; variously 
silicified sediments, includ-
ing some cherts. Many very 
suitable tool stones 

Brushy Basin member;* very 
similar to lower Burro Canyon; 
many green to purple sediments Morrison 

Morrison Formation Salt Wash member; fluvial and 
flood plain deposits; highly 
variable in grain size (con-
glomerate through chert) and 
silicification. Some rare 
good quality tool stone 

Junction Creek Massive, wind deposited, cross- Junction Creek 
Sandstone bedded 

* The term "Brushy Basin" has been used in the DAP coding structure to indicate the 
colorful, highly silicified cherts and siltstones that are found to the west, northwest, and 
southwest of the DAP area. 

Figure 3. 12 - Stratigraphic description of major geologic formations. 

selection. (The differential use of selected raw materials 
for tool production will be considered later.) Only the 
proportions of Morrison chert and Burro Canyon chert 
are quite constant for all site types. 

yon quartzite materials, and lower proportions of the 
poorer quality Morrison quartzite, local cobbles (horn
fels), and local nfs materials . This is certainly to be 
accounted for in the specialized range of tasks per
formed at these sites: specific procurement needs are 
anticipated , appropriate tools or materials for their pro
duction are assembled and taken, and some tools may 

Limited activity sites demonstrate higher proportions 
of the better quality nonlocal and especially Burro Can-
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Figure 3.13 - Flaked lithic tool raw materials, by subphase. 

be left behind. The relationship between a limited set 
of specific tasks and the particular toolkit necessary is 
direct and close. 

Seasonal sites are clearly distinguished from limited 
activity sites in having reduced proportions of the bet
ter quality nonlocal and Burro Canyon quartzite ma
terials, and increased proportions of the generally 
poorer quality Morrison quartzite and materials from 
the river gravels. This very different pattern of raw ma
terial selection is also best explained by differences in 
the nature and tool requirements of most tasks per
formed at the 2 site types. Seasonal sites represent a 
wider range of more generalized tasks, perhaps asso
ciated with opportunistic procuring and processing of 
a variety of small mammals and with maintenance and 
domestic activities associated with seasonal periods of 
site occupation. Seasonal sites are differentiated from 
hamlets primarily in that the later display a further 
decreased proportion of Burro Canyon quartzite and a 
further increased proportion of Morrison quartzite, 
both of which may be viewed as an amplification of the 
same behavioral/organizational patterns associated 
with increasing occupation duration and an increased 
range of generally less specialized tasks. With reference 
to FLT raw material assemblages, seasonal sites are 
much more closely related to permanent habitation 
hamlet sites than to limited activity sites. 

Village sites are distinct from hamlets only in that vil
lages display a marked increase in the proportion of 
local cobbles, or hornfels. This distinction is quite likely 
the result of settlement pattern factors combined with 
an Anasazi tendency toward using the most immedi
ately available raw materials for as much of the toolkit 
as possible. Hamlet sites, which are concentrated in the 
earlier portion of the DAP sequence, are scattered 
rather evenly over the entire project area, and are par
ticularly common in the Sagehen Flats-north Sagehen 
area. Many are located at some distance from the Do
lores River, and these gravels are the only source of the 
local cobbles (hornfels) raw material category. The vil
lage sites, however, are all located quite close to the 
river where hornfels is among the most readily available 
material. The FL T acquisition cost index seems to re
flect quite appropriately the site type distinctions in raw 
material acquisition patterns previously outlined, par
ticularly when it is recalled that most seasonal sites are 
generally contemporaneous with villages and share to 
some extent a focus on low-cost hornfels. 

These data, as well as from the lithic profile data in the 
preceding section, show that the functional/organiza
tional data arrangement by site type provides more use
ful interpretable variability among Dolores Anasazi 
FLT assemblages than does the largely temporal ar
rangement of the same data by subphase. 
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Figure 3.14- Flaked lithic tool raw materials by site type. 

When attention is shifted from the classes of raw ma
terials used for FLT assemblages to how those materials 
were used, the addition of the tool morpho-use cate
gory, or tool type, to the same subphase and site type 
data groupings is necessary. Figures 3.15 through 3.2 1 
are separate graphs for each major raw material group, 
in which the proportion of each tool type made from 
the raw material is plotted for each subphase. The sub
phase variability of tools made from nonlocal raw ma
terials is shown in figure 3.15 . These materials 
constitute only 2 to 5 percent of FLT subphase assem
blages, and several of the samples are quite small for 
reliable interpretation. Nonlocal materials are clearly 
concentrated as either used flakes or projectile points 
in all subphases, with the relationship between the 2 
generally inverse: fewer nonlocal used flakes is accom
panied by more nonlocal projectile points, and vice 
versa. There is no indication of a temporal trend in 
these data. The small Grass Mesa Subphase assemblage 
of nonlocal materials (N = 17) consists of only bifaces 
(18 percent) and projectile points (82 percent). 

The pattern of Morrison quartzite FLT distribution 
(fig. 3.16) is very consistent for all subphases, with only 
some slight variability in the proportion of used flakes, 
used cores/cobble tools, and thick bifaces. These readily 
available, medium- to good-quality materials, along 
with the hornfels materials from the river gravels, con-
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sistently make up the greater portion of all subphase 
FLT assemblages. This reflects the generally expedient 
nature of the Dolores Anasazi FLT technology, plus its 
rather low, raw material quality demands. The small 
Marsh view Subphase Morrison quartzite assemblage is 
somewhat distinct in that it demonstrates clear ex
tremes for cores and thick bifaces. This may indicate a 
tendency for this later population to leave these par
ticular materials as chunkier cores rather than further 
reducing them to thick bifacial cores. Again, no sug
gestion of temporal trends in these data is indicated. 

The profiles for Morrison cherts (fig. 3.17) represent 
much smaller proportions of the FLT subphase assem
blages, making up only 3 to 7 percent of these assem
blages. These cherts are far Jess plentiful in the 
Morrison Formation than are quartzites , and fre
quently have serious internal flaws or incipient fracture 
planes. Morrison chert does rarely occur without such 
internal flaws, and in such instances it is superior ma
terial for the production of high-input bifacial items. 

The distribution of Burro Canyon quartzite (fig. 3.18) 
demonstrates less subphase consistency than other local 
raw material types. Highly variable in quality, it ranges 
from virtually unflakable to very highly silicified, reg
ular, and predictable. Apart from a marked tendency 
to occur with greater frequency as either used flakes or 
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Figure 3. 15 - Subphase naked lithic tool variability, non local raw ma
terials. The percentages provided in the legend box are 
the proportion of nonlocal materials in the subphase 
naked lithic tool assemblage. 

projectile points (with gene rally an inverse relationship 
between the 2), Burro Canyon quartzite displays little 
discerniable pattern of any kind , including that of tem
poral trends. 

The subphase distribution of Burro Canyon chert (fig. 
3.19) is almost as variable as for quartzites from the 
same formation, largely as a result of a similarly ex
treme variability in the raw material category itself. 
This Burro Canyon chert is heavily but variably con
centrated in the used flake component of the FL T as
semblages, with the Sagehill Subphase being especially 
low and the Dos Casas and Marshview Subphases es
pecially high . In addition , there is a slight but regular 
tendency for projecti le point production with Burro 
Canyon chert, and the small Grass Mesa Subphase as
semblage of this material type is I /3 projecti le points. 
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Figure 3.1 6 - Subphase naked lithic tool variability, Morrison quartz
ite raw materials. The percentages provided in the leg
end box are the proportion of Morrison quartzite in the 
subphase na ked lithic tool assemblage. 

The subphase distribution for local cobbles is presented 
in figure 3.20. Most material coded as local cobbles is 
a fair to good quality, fine-gra ined, dark gray hornfels, 
which is readily available in both ancient and modern 
river gravels. Consistent with its availability as river 
cobbles and its less than excellent flaking quality, this 
material type is almost always used for large, low-pro
duction-input items such as used flakes , used cores/ 
cobble tools, and thick bifaces. The small Grass Mesa 
Subphase assemblage is again somewhat unusual , dem
onstrating variability extremes for 5 of the 9 morpho
use tool types. 

Materials known to occur as minor components of the 
Dolores River gravels, materials that fall into overlap
ping ranges of va riabi lity for local formations , and ma
terials from the Dakota Sandstone, Junction Creek, or 
Mancos Shale Formations, which are only rarely of 
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Figure 3.17 - Subphase flaked lithic tool variabi lity, Morrison chert raw materials. The percent- . 
ages provided in the legend box are the proportion of Morrison chert in the subphase 
flaked lithic tool assemblage. 

flakeable quality, are all recoded here as local materials, 
nfs . Because they are normally of rather poor fl aki ng 
quality, their subphase FL T distributions are antici
pated to demonstrate increased proportions of low-in
put items. Figure 3.21 confirms this expected pattern , 
though the rather ext reme subphase variability in used 
flakes and used core/cobble tools is unexplained. 

The preceding series of graphs indicates raw materials 
were selected and used by the Dolores Anasazi for FL T 
production in ways that vary considerably accordi ng to 
raw material type, morpho-use tool type, and subphase. 
The better quality raw material categories tend to dem
onstrate considerably more subphase variabi lity in 
morpho-use type, while the poorer quality materials 
show very little subphase variation in morpho-use type. 
No ind ication exists, however, that any of this subphase 
variabi lity constitutes consistent temporal trends in the 
selection or use of any particular raw materials for par
ticular tool classes. 

Figures 3.22 through 3.28 are separate graphs for each 
raw material group, in which the proportion of each 
morpho-use tool type made from the raw material is 
plotted for each major si te type. Figure 3.22 presents 
the FLT site type distribution for nonlocal raw mate-
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rials. T hese materi als make up only 3 to 5 percent of 
seasonal site, hamlet, and vi llage FLT assemblages, but 
constitute II percent of the limited activity site type 
assemblage . Reasons for this increase may involve the 
likelihood of an increased proportion of Archaic expres
sions in this site type, a range of activ ities performed 
that required tools to be made to more exacting design 
requirements, or the presence and use at these sites of 
more highly curated items of personal gear (Binford 
1979), all of which are presumed to have increased tool 
production input demands and , therefore, greater pro
portions of better quality nonlocal material. These non
local materials demonstrate a very simi lar distribution 
among site types, wi th high proportions of used flakes, 
thin bifaces, and projectile points, and rather low pro
portions of all other tool types. T he seasonal site dis
tribution demonstrates a minor exception in having an 
increased proportion of specialized forms and a de
creased proportion of thin bifaces. This may be the 
result of some particular set of subsistence or mainte
nance tasks performed at field house sites . 

The si te type distribution of Morrison quartzite flaked 
lithic tools is presented in figure 3.23. This material 
type makes up approximate ly 25 percent of the seasonal 
site, hamlet, and vi llage FLT assemblages, but only 



IIJ 

~ 60 
..J 
ID 
~ 
IIJ 
(f) 
(f) 50 
<( 

!:i 
I£. 

IIJ 
!:::: 40 
N 

t: 
<( 
::;) 
0 
z 
~ z 
<( 
0 

30 

0 20 
0: 
0: 
::;) 
ID 
I£. 
0 
1-z 
IIJ 
0 
0: 
IIJ 
Q. 

10 

w 

"' <1. 
...J ... 
0 
w 
N 
:J w 

cr 
i= 0 
:::> u 

SUBPHASE 

-·- · - TRES BOBOS 
---SAGEHILL 
·······DOS CASAS 
--PERIMAN 
- · · ·- GRASS MESA 
----CLINE 
-- MARSHVIEW 

.:J 
0 
0 
1-

w :::;; ...J 
<D cr 
<D 0 
0 w w ... 
u u w 

~ u 0 u 
w ~ w ~ cr z ':::! 
0 :::> z ...J <D 
u :::> <1. 

"' "' 0 u ~ u ~ w w 
C/) :X: :X: Cl. :X: 
:::> 1- 1- C/) 1-

N 

79 
98 

496 
617 

22 
152 
39 

w 
u 
~ 
<D 
z 
'I: 
1-

MORPHO-USE CATEGORIES 

1-
z 
0 
Cl. 

w 
...J 
i= 
u 
w .., 
0 
cr 
u.. 

10 
7 

10 
9 
6 
8 

12 

Figure 3.18 - Subphase naked lithic tool variability, Burro Canyon 
quartzite raw materials. The percentages provided in 
the legend box are the proportion of Burro Canyon 
quartzite in the subphase naked lithic tool assemblage. 

13 percent of the limited activity site type assemblage. 
It is very consistently used for the low-production-input 
items: used flakes, used cores/cobble tools, thick uni
faces, and thick bifaces. This pattern is especially ob
vious for the seasonal, hamlet, and village site types. 
The smaller sample from limited activity sites differs 
only in having fewer heavy vertical force applying tools 
and more thin unifacial tools made from Morrison 
quartzite. This is certainly congruent with the range of 
activities that are postulated for the site types. The typ
ical Dolores Anasazi selection and use pattern for this 
readily available, generally fair to good quality raw ma
terial is very predominantly as usable flakes, and sec
ondarily for heavier items such as thick bifaces, thick 
unifaces, and cores, many of which were further used 
as hammerstones. 
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Figure 3.19 - Subphase naked lithic tool variability, Burro Canyon 
chert raw materials. 

The site type distribution of Morrison chert is pre
sented in figure 3.24. This material comprises only 3 
to 4 percent of site type FLT assemblages and dem
onstrates far less consistency than quartzites from the 
same formation. The tool type distribution of this ma
terial indicates a generally ·similar pattern for seasonal, 
hamlet, and village assemblages, and a noticeably dis
tinct pattern for limited activity sites, even though the 
limited activity sample is small . This distribution is 
best understood when the characteristics and occur
rence of the raw material itself are considered. Morrison 
chert occurs only occasionally and unpredictably in the 
formation, and is normally of rather poor flaking qual
ity because of numerous interior cracks and incipient 
fracture planes. However, this material does very rarely 
occur in fairly large (fist-size) homogeneous pieces that 
are excellent to superior in flaking quality. The poten~ 
tial for locating this high-quality variant maintains the 
material in the FL T assemblages as a small and fairly 
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Figure 3.20- Subphase flaked lithic tool variability, local cobbles (hornfels) raw materials. The per
centages provided in the legend box are the proportion of local cobbles in the subphase 
fl aked lithic tool assemblage. 

constant proportion, though extended search t ime 
makes its cost relatively great. Most Morrison chert 
collected turns out to be inappropriate for the most 
technologically demanding tasks and therefore becomes 
used flakes and other low-input items, but the occa
sionally superior pieces become thin bifaces or projec
t ile points. This may account for t he t entative 
distribution of Morrison chert among limited activity 
sites, in which a technologically more specialized and 
demanding range of tasks results in greater selection fo r 
the better raw material, and its use for projectile points 
rather than used flakes. 

Figure 3.25 presents the site type distribution of FLT 
morpho-use categories for Burro Canyon quartzite. 
This material is often rather coarse in absolute grain 
size, but may nevertheless be extremely well silicified, 
so that fracture occurs very predictably through the in
cluded sand grains rather than around them, thus in
creasing the util ity of the material for high-input items. 
The very consistent distribution for all 4 site types 
clearly indicates a use pattern congruent with these 
characteristics. This consistency in FLT use occurs de
spite extreme differences in the proportion of the site 
type assemblage constituted by the material type. Burro 
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Canyon quartzites make up only 9 percent of the per
manent habitation assemblages and 16 percent of the 
seasonal site assemblage, but comprise 37 percent of 
FLT items fro m limited activity sites, the largest pro
portion of any material type. It is apparently used in 
the same basic way for stone tool production, regardless 
of how much is in the site type assemblages. 

The FLT distribution of Burro Canyon chert in site type 
assemblages is given in figure 3.26. This material type 
occurs as a much more regular proportion of site type 
assemblages, varying only between 13 and 19 percent. 
In addition, its tool type distribution is generally quite 
similar for all 4 site types, though the limited activity 
sites assemblage displays a slight tendency toward ex
treme values for most tool types. 

The use of local cobbles in the site type FLT assem
blages is shown in figure 3.27. This rather intermediate 
quality material is only a minor constituent of limited 
activity sites, is better represented in the seasonal and 
hamlet site type assemblages, and comprises over 1/4 
of the village sites FLT assemblage. This distribution 
is almost certainly related to the reduced need at lim
ited activity sites fo r the heavier, low-input tools most 
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Figure 3.21 - Subphase flaked lithic tool variability, local raw materials, not further specified. The 
percentages provided in the legend box are the proportion of local materials, not further 
specified, in the subphase flaked lithic tool assemblage. 

suitably made from hornfels cobbles, as well as to the 
prox imity of vi llage sites to the ri ver gravel source of 
this material. The tool type d istribution of th is material 
is quite different fro m those previously considered and 
is qu ite consistent among the si te type assemblages, 
particularly the seasonal , hamlet, and vi llage categories. 
Cobbles are used qui te regularly for larger, heavier, low
input tools regardless of the assemblage proportion they 
comprise or the site type in which they occur. Hamlet 
and village assemblages are virtually identical with ref
erence to the proportional occurrence of FL T morpho
use types; the small sample fro m limited activity sites 
deviates slightly in its proportion of thick un ifaes and 
thick bifaces. 

The site type distribution of local materials, nfs, is pre
sented in figure 3.28. These assorted, locally available 
materials are normally of rather poor flaki ng quality, 
and their FL T distribution is therefore quite similar to 
the preceding hornfels material type; most tools made 
from these assorted materials are larger, low-input 
items. T he assemblages from seasonal, hamlet, and vil
lage sites are generally quite simi lar, but the small, lim-

ited-activity site type sample is distinct and constitutes 
a much smaller proportion of the FLT assemblage. Ap
parently, at limited activity sites the best of these as
sorted materials have been selected for the production 
of projectile points. 

From the preceding data, the critical organizing vari
ables with reference to both the selection and use of 
li thic materials are those related to site type rather than 
subphase. Further, 2 consistent basic patterns for this 
raw material selection and use are: one for limited ac
tivity sites, and another for seasonal, hamlet, and vil
lage sites. 

Limited activity sites are consistently more distinct 
from seasonal sites than seasonal sites are from per
manent habitation sites. Two factors seem particularly 
important in explaining this dichotomy in site type var
iability. First, and probably most important, is the char
acter of subsistence and maintenance acti vities 
assumed to have occurred at the site types, especially 
with reference to a very brief as opposed to a seasonal 
or year-round occupation, and also with reference to 
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Figure 3.22 - Site type flaked lithic tool variability, nonlocal raw ma
terials. The percentages provided in the legend box are 
the proportion of nonlocal materials in the site type 
flaked lithic tool assemblage. 

the proportion of subsistence or extractive behavior as 
opposed to general maintenance behavior. Limited ac
tivity sites, which are presumed to represent brief ep
isodes of individually specialized resource extractive 
behavior, consistently demonstrate more intense selec
tion and use of better quality lithic materials for the 
production of more technologically demanding high
input tools. Habitation sites, on the other hand (even 
those limited to seasonal occupation), consistently 
demonstrate a much more expedient and technologi
cally less demanding pattern of raw material selection 
and use. 

A second factor involved in explaining the dichotomous 
pattern of lithic material selection and use is the lo
cation of raw materials with respect to site location, or 
the relative cost of acquiring the material, especially 
with reference to mobility and transportation. The only 
indication of temporally associated lithic raw material 
variability is that which also corresponds with major 
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Figure 3.23 - Site type fl aked lithic tool variability, Morrison quartz
ite raw materials. The percentages provided in the leg
end box are the proportion of Morrison quartzite in the 
site type fl aked lithic tool assemblage. 

settlement pattern change: the later movement of the 
Dolores Anasazi to large villages located close to the 
river is accompanied by a marked increase in the pro
portion of gravel-derived materials and the lower input 
tools produced from them. The more mobile occupants 
of limited activity sites, regardless of temporality, 
brought with them for restricted ranges of specialized 
subsistence-related tasks a flaked lithic tool assemblage 
heavily focused on better quality materials from a wider 
geographic range, both local and nonlocal , and on more 
technologically demanding, high-input items. This var
iability in the cost of acquiring lithic raw materials, as 
well as their differential use for tool production, is con
sidered more specifically in the following section. 

FLAKED LITHIC TOOLKIT COST 

The suggestion of differential lithic raw material ac
quisition and use patterns associated with (a) the rel
ative locations of raw materials and sites, and (b) the 
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Figure 3.24 - Site type naked lithic tool variability, Morrison chert 
raw materials. The percentages provided in the legend 
box are the proportion of Morrison chert in the site 
type naked lithic tool assemblage. 

functional role of tools and assemblages as indicated 
by differi ng amounts of technological production input 
prompted a more detailed examinat ion of these factors 
in DAP assemblages. Further, the distinctly economic 
orientation of several project documents and synthetic 
studies (Kane et al. 1983; Lipe 1984a, 1984b; Phagan 
1983) suggested the utility of an economic approach to 
such a detailed analysis. T he study developed has been 
reported elsewhere (Phagan and Maloney 1983) and is 
summarized here wi th the inclusion of complete rather 
than preliminary data. 

An intensive survey of the DAP area was conducted to 
acquire a detailed understand ing of the geological dis
tributions of lith ic materials suitable for producing 
flaked tools (Phagan and Maloney 1981, 1983) as well 
as a detailed reassessment of all potential lithic quarry 
sites located by the original project area surveys. An 
additional aspect of the study was the development of 
a method for calculating relative lithic resource acqui
sition cost and tool production cost. These cost cal
cu lations may then be collected for spatial clusters of 
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Figure 3.25 - Site type naked lithic tool variability, Burro Canyon 
quartzite raw materials. The percentages provided in 
the legend box are the proportion of Burro Canyon 
quartzi te in the site type naked lithic tool assemblage. 

DAP sites, compared, and interpreted in economic 
terms. 

An important aspect of comprehending any economic 
system is some method of quantifying and comparing 
the concept of cost, in this case the cost of acquiring 
or producing flaked stone tools. This cost may in fact 
be relatively minor with respect to the total Anasazi 
economic system, and may in addition be a relatively 
affordable cost, particularly if embedded within larger 
and more general procurement costs. It is, however, a 
real cost of time and energy, and is subject to relative 
measurement. If this cost can also be associated with 
other economic or noneconomic aspects of the Anasazi 
system of more general concern, but not be so readily 
quantifiable, then an indirect measure of these concerns 
wi ll have been generated as well. 

The cost of any fl aked lith ic tool or group of tools can 
be separated into the cost of acq uiring appropriate raw 
materials and the cost of producing tools fro m those 
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Figure 3.26 - Site type flaked lithic tool variability, Burro Canyon 
chert raw materials. The percentages provided in the 
legend box are the proportion of Burro Canyon chert 
in the site type fl aked lithic tool assemblage. 

materials: acquisition cost and production cost. Ac
quisition cost may vary widely with such factors as the 
location of appropriate raw materials, the terrain over 
which they must be transported, quarryi ng effort , trade 
or exchange networks, and needs or preference for cer
tai n ki nds of material. Production cost may or may not 
be related to acquisition cost and is more directly re
lated to the quality of the material and the design re
quirements of the tool(s) being produced from it. Only 
to the (often great) extent that better quality materials 
may be more expensive, and may therefore be reserved 
for producing more technologically demanding tools, 
are acq uisition and production costs related. 

It is proposed that 3 important factors involved in de
termining raw material acqu isition costs in the DAP 
context are : ( I ) the location of the raw material source, 
(2) the amount of material acqui red, and (3) its quality. 
The first of these - location - is considered to be the 
most important and is so structured in the cost cal
culation. The term " location" is used rather than " di s-
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Figure 3.27 - Site type flaked lithic tool variabi lity, local cobbles 
(hornfels) raw materials. The percentages provided in 
the legend box are the proportion of local cobbles in 
the si te type flaked lithic tool assemblage. 

tance" to indicate that a small factor for vertical relief 
is included. The DAP area has nearly 1000 ft (305 m) 
of vertical vari abi lity, and transporting rock up or down 
hill should increase its acquisi t ion cost. Location is 
therefore calculated as the distance from the archaeo
logical si te to the nearest for mation outcrop or exposure 
of the particular raw material type in 0.5-km units, plus 
the vertical difference between the site and source in 
300-ft (9 1 m) un its. This means that a vertical carry of 
91 m is the horizontal acquisition equivalent of 500 m. 
T he weight factor in the calculation is simply a ranked 
grouping (1-3) of item weights where I = 1-99 g; 2 = 

I 00-999 g; and 3 = 1000 g or more . It costs more to 
carry more weight. The quality fac tor is included in 
calculati ng acqui sition cost because, at least fo r the 
DAP, better materials occur infrequently and unpre
dictably in all 3 major source formations, and locating 
these better source areas within the formation expo
sures increases acquisi tion cost considerably. T his qual
ity fac tor is also a ranked evaluation (1-3) based on 
varying combinations of 2 independently observed 
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Figure 3.28- Si te type flaked lithic tool variabi lity, local raw mate
rials, not further specified. The percentages provided in 
the legend box are the proportion of local materials, 
not further specified, in the site type fl aked lithic tool 
assemblage. 

standard DAP analytic variables: speci fi c lith ic mate
rial identification, such as Morrison chert or Burro 
Canyon orthoquartzite, and grain size, such as fine or 
very fine. It costs more to get good Morrison chert than 
hornfels. 

Once the 3 components of the formula are established 
and appropriate measurement units determined, the ac
quisition cost itself is simply calculated as fo llows: lo
cation x weight x quality. The result is an acqu isition 
cost score that is meaningless except as a measurement 
for comparison with other si milarly derived scores. 
Thus, raw material fro m a tool or an entire assemblage 
of tools can be evaluated as relatively more or less costly 
than any other similarly evaluated tool or assemblage. 
The specifics of the fo rmula are neither difficult nor 
critically important. What is important is that some 
consistently observable quantities are specifically re
lated in an understandable and interpretable way. 

For the DAP situation presented here, this acqu isition 
form ula has a theoretical range of 2-90 for locally avail-

REDUCTIVE TECHNOLOGIES 

able materials but a practical range of only 2-27. For 
items of nonlocal material, the formula is adjusted by 
substi tut ing fo r the locat ion factor a "type/distance cat
egory" based on the known or generally suspected rel
at ive distances fro m the DAP to the closest likely 
sources. In addition, the weight groups are reduced in 
size by a fac tor of 10 (e.g., I = 1-9 g rather than 1-99 
g). A correction factor is also added to the nonlocal 
calculation so that the maximum practical score for 
nonlocal acqu isit ion cost is approximately 3 times that 
for max imum local material acquisition. Total acqui
si tion cost for any assemblage is the average sum of the 
local and nonlocal costs. 

Product ion cost is calculated from standard DAP pre
liminary FLT analysis variables (refer to Phagan and 
Hruby [ 1984] for defi nitions of these variables and their 
values). T his cost is evaluated separately for facial and 
nonfacial items; facial items are those with a distinctly 
fl attened cross sect ion, ei ther selected or produced. Pro
duction cost for fac ial items is calculated by summing 
a ranked assessment (2-9) of the production input in
vested into both dorsal and ventral faces, the ranked 
evaluation (1 -3) of the proportion of the tool's edge or 
margi n that has been intentionally produced by either 
unidirectional or bidirectional flaking, and a ranked 
evaluation ( 1-4) of the proportion of unidirectional and 
bidirectional fl aki ng on the tool's margin . 

Production costs for nonfacial items, or cores, are cal
culated fro m a technologically ranked estimate ( 1-3) of 
each item's produced shape regulari ty and a correction 
factor (I Ox) that allows the maximum production cost 
of a very regular Anasazi core to be approximately half 
the maxi mum production cost of a bifacial tool. Total 
production cost fo r any assemblage is the average sum 
of the facial and non facial costs. The total cost of any 
FLT assemblage is calculated simply by adding the ac
qui si tion and production costs. 

Throughout th is and other DAP reductive technologies 
volumes, these relat ive FLT acquisition and production 
costs have been reported and used to interpret various 
data groupings. Of particular concern here is an ex
amination of these costs, especially acquisition cost, for 
spatially defined groups of DAP sites. These 8 site 
groups are defined by major landfo rm characteristics 
and are illustrated in fi gure 3.29. 

Relati ve FLT cost calculations for the groups are pre
sented in table 3. 11 . Much of the data in table 3.11 will 
not be examined in great detai l. Particular attention 
will be paid only to several of the cost index figures for 
local raw materials. T hese FL T acquisition and pro
duction cost figures for major categories of local raw 
material and total costs for all materials are graphed 
by spatial group in figures 3.30 and 3.31. In addition, 
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Table 3.11 - Raked lithic tool costs indexes, by spatial site grouping 

Variable Upstream House McPhee West North Periman Grass 
Value group Creek group Sagehen Sage hen group Mesa 

group group group group 
(N = 1670) (N = 881) (N = 7894) (N = 2396) (N = 2260) (N = 4759) (N = 5039) 

Acquisition, local 
Hornfels 7.8 7.0 6.2 16.7 12.0 4.8 4.8 
Morrison 5.1 6.4 9.7 15.6 9.0 6.8 9.5 
Burro Canyon 4.2 4.3 9.4 12.1 6.9 7.3 8.2 

Total 5.7 5.8 8.0 15.0 9.2 6.2 8.3 
Acquisition, nonlocal *69.0 *75.4 69.2 61.2 *65.2 70.3 65 .8 
Acquisition, total 8.5 6.8 10.2 17.1 10.4 8.6 10.0 

Production, local 
Hornfels 8.0 8.0 8.1 8.1 7.8 8.1 8.1 
Morrison 8.0 8.4 8.2 8.3 7.8 7.9 7.9 
Burro Canyon 9.6 9.3 11.9 13.8 9.4 9.7 12.1 

Total 8.6 8.7 9.0 9.9 8.3 8.6 8.6 
Production, nonlocal *12.1 *16.3 14.4 13.7 *1 4.4 12.9 17.4 
Production, total 8.8 8.8 9.2 10.0 8.4 8.8 8.9 

Toolkit, local 
Hornfels 15.8 15.1 14.3 24.9 19.8 12.9 13.0 
Morrison 13.1 14.8 17.9 23.9 16.7 14.7 17.4 
Burro Canyon 13.8 13.7 21.3 26.0 16.3 17. 1 20.4 

Total 14.3 14.5 17.1 24.9 17.5 14.9 16.9 
Toolkit, nonlocal *81.3 *91.7 83.5 73.6 *79.1 84.0 83.2 
Toolkit, total 17.2 15.6 19.4 27.0 18.9 17.3 18.9 

• Calculated on the basis of fewer than 100 items. 

McPhee 
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(N = 1726) 
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14.3 
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16.4 

*88.9 
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Figure 3.30- Flaked lithic tool acquisition cost for spatial site groupings. Figure 3.31 -Flaked lithic tool production cost for spatial site groupings. 

total acquisition and production costs are graphed in 
figure 3.32 for phase, subphase, and site type data 
groups. 

Figure 3.30 demonstrates, not unexpectedly, a great 
deal of spatial variability in FLT acquisition costs, with 
the west Sagehen group, situated father from the river 
or a major formation-exposing tributary, paying con
siderably the highest acquisition costs for all three ma
terial categories. Figure 3.31 clearly indicates that the 
cost of producing flaked lithic tools from the Morrison 
and hornfels materials is virtually constant for all spa
tial groups and is unrelated to the cost of acquiring 
those materials. However, the production cost of tools 
made from Burro Canyon materials does not demon
strate this constant pattern but varies considerably 
from group to group. The fact that Burro Canyon pro
duction costs are higher than those invested in other 
local materials is anticipated since it is of better flaking 
quality and would have been used for more technolog
ically demanding items regardless of its acquisition 
cost, but its strong variability between spatial groups 
was not anticipated and is largely unexplained. Some 
of this Burro Canyon production cost variability may 
be the result of an uncontrolled correspondence of site 
type with spatial group. For example, the west Sagehen 
and the McPhee damsite spatial groups, which have the 
highest Burro Canyon production costs, contain no vii-
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lages. However, neither does the upstream group; the 
McPhee and Grass Mesa groups, which have the next 
to highest Burro Canyon production costs, contain the 
largest village site populations. Clearly the relationship 
between FL T acquisition cost and production cost for 
these small geographic areas is complex and differential 
for both area and material type. 

When total FL T acquisition and production costs are 
plotted for phase, subphase, and site type data groups 
(fig. 3.32 and tables 3.1 , 3.4, and 3. 7), a general positive 
relationship between the 2 costs is apparent for both 
phase and site type, but not for subphase. Lowest ac
quisition costs occur for the McPhee Phase, the Peri
man Subphase , and the village site type: all are 
associated with the maximum population concentra
tion in villages adjacent to the river, where several kinds 
of raw materials are available. Highest acquisition costs 
are associated with the Cougar Springs Phase, the group 
A category, the Tres Bobos and Sagehill Subphases, and 
the limited activity site type, all of which are either 
early or functionally specialized, with the population 
scattered widely in small groups. Increased production 
costs occur in the same data groupings, with the ex
ception of the 2 earlier subphases in which the year
round nature of occupation keeps the overall produc
tion cost low. The general lack of subphase correspond
ence for the 2 cost indexes is therefore largely because 
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Figure 3.32 - Total naked lithic tool acquisition and production costs for phase, subphase, and site type data groupings. 

the 6 subphase groups do not effectively include or rec
ognize either the dispersed or functionally specialized 
character of Dolores Anasazi subsistence behavior, 
which are primary factors in determining the relation
ship between acquisition and production costs. 

INTENSIVE ANALYSIS OF 
LARGE HAFTED TOOLS 

During the reorganization of the DAP reductive tech
nologies analysis procedures in 1980 (Phagan and 
Hruby 1984), it became apparent that information con
cerning I general class oflithic artifacts was inadequate 
and poorly organized. T his was the class of large hafted 
items such as axes and mauls. It appeared a consider
able number of these artifacts were in the DAP assem
blages, that many of them were clearly very high-input 
items technologically and were likely to be heavi ly cur
ated tools, and that a more productive analytic ap
proach might be possible. Many of these items were 
axes with ground bits, and were analyzed as nonflaked 
tools. Others had only flaked bits and were analyzed as 
flaked tools. In some cases the hafting element con
sisted of notches, while in others it was grooves. In all 
cases detailed description and measurements were 
largely lacking. 

.______________________________ ---

A brief examination of the more relevant literature in
dicated a very broadly classification approach to such 
artifacts, with very few generalized classes formed on 
the basis of haft element characteristics: notched, three
quarter-grooved, fu ll-grooved. Classes were often illus
trated but not further defined. In addition, there was 
little agreement regardi ng cultural or temporal associ
ations for the classes. Woodbury ( 1954:26) indicates the 
three-quarter-grooved characteristic "arrived" about 
A.D. 600 and was limited up to the Mogollon and Ho
hokam areas, and the full-grooved characteristic is prin
cipally an Anasazi trait. Reed (1951 :45) associates axes 
with domestic plants and indicates that haft element 
differential simply comes from different hafting tech
niques: a three-quarter-groove uses a " J-haft," while a 
full-groove uses a " wrap" haft. 

With regard to the function of simi lar items in eth
nographic contexts, Wright ( 1979:49-50) reports that 
mauls were used by the Hopi for general pounding and 
crushing, and that 

in many instances it is difficult to determine 
whether the original object was shaped as an axe 
or a maul because of the wear to which the tool 
has been subjected ... [In addition,] the tools are 
normally subjected to such hard use that the axes 
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are battered into mauls and the mauls into nearly 
useless modules. The primary cause of the con
dition is the use of stone axes as metate sharpe
ners, piki stone grinders, pestles, quarrying tools, 
and finally as grooved stone anchors for crow 
traps . 

Hill ( 1982:42, 84, 93) reports for the Santa Clara Pueblo 
that stone axes were used for both timber and firewood, 
that both three-quarter-grooved and full-grooved types 
existed and a few were double bitted, that they were 
chipped from obsidian or chert (no mention of grind
ing) , and that they were also used to dig clay and to 
shape stone after no longer useful for cutting wood. 
Holmes ( 1919) also mentions the use of axes for dress
ing stone and quarrying minerals. 

In reporting and interpreting these hafted items from 
archaeological contexts, Rohn (1971) reports 71 stone 
axes from Mug House on Mesa Verde, 3 of which had 
no evidence of grinding, with hafting notches or grooves 
variously made and situated. Cattanach ( 1980:245-
2470) reports no axe heads from Long House on Mesa 
Verde but describes 27 "hammer heads" (mauls?) as 
either notched , full-grooved , C-grooved (three-quarter
grooved?), or L-grooved (one-half grooved?). Breternitz 
( 1976) reports only 25 axes found during Chaco Canyon 
excavations from 1973 to 1976. Roberts ( 1929: 134-136) 
reports no axe heads from Shabik'eshchee Village, but 
"a number" of grooved mauls or hammers of 2 types, 
cylindrical and flat : the first was made on river cobbles; 
the second on various slabs, including old manos. He 
further suggests that the absence of axe heads is "char
acteristic of the earlier phases of the sedentary cultures 
of the Southwest" (pg. 135-136), despite such early axes 
reported from the La Plata district by several authors. 

Guided by such uncertainty and inconsistency in the 
archaeological literature, the DAP Reductive Technol
ogy Group devised an intensive analysis system, con
sistent with other project analysis routines (refer to 
Phagan and Hruby [ 1984]), that is generally descriptive 
and attribute-oriented rather than classificatory. This 
analysis system is admittedly rather exploratory in 
character, but its variables and values were selected to 
address, when linked with provenience data and tem
poral/spatial information, questions of temporal, or
ganizational , and technological variability . This 
analysis system is presented as tables 3.12 and 3.13. 

Variables I through 8 either are standard DAP prov
enience identification variables or are variables taken 
directly from the preliminary FLT or NFLT analysis 
(Phagan and Hruby 1984). Variables 9 through 13 are 
measurements taken directly from each artifact and are 
illustrated in tables 3.12 and 3.13 and figure 3.33. Var-
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iables 14 through 19 are technological variables related 
to the production and use of the haft element , the bit 
element, or the opposite poll (butt) element . 

A total of 778 complete or nearly complete large hafted 
tools were analyzed with this system. The proportional 
occurrence of selected variables and values is presented 
in table 3.13 , for the total analyzed tool assemblage, 
and for phase, subphase, and site type data groupings. 
·Very small sample size in some of the data groups pre
cludes any interpretation of their proportional variable/ 
value expressions. 

By far the most important characteristic of these data 
is the relatively few values in data units of significant 
size that can be interpreted as genuinely extreme var
iability. Further, these values do not appear to indicate 
the presence of consistent variability in any of the data 
units, with the possible exception of the seasonal site 
type. Even though only 29 items are in this data unit , 
there seems to be a focus on mauls rather than axes , a 
large proportion of grooved haft elements, heavier 
items of igneous material , and a low ratio of ground to 
flaked bits. However, the reason for such a suite of 
characteristics at seasonal sites with minimal architec
ture and therefore minimal stone working requirements 
is unclear. Also, the ratio of ground bits to flaked bits 
seems consistently highest (i.e. , more ground bit axes) 
in data units associated with villages: the McPhee 
Phase, the Periman Subphase, and the village site type. 
The greater construction timber requirements of the 
contexts might reasonably be expected to require more 
efficiently resharpenable ground bits. In addition , a 
sampling factor may be involved in this characteristic, 
since these 3 data units have considerably larger num
bers than all other units. 

The data presented in table 3.13 generally seem to lack 
strongly consistent and interpretable patterns of tech
nological, functional , temporal , or organizational var
iability. Woodbury's ( 1954:26) suggestion that the 
three-quarter grooved characteristic was not particu
larly Anasazi is supported by the fact that only 3 percent 
of the DAP large hafted tools have a partial-groove haft
ing mechanism. However, only 6 percent are completely 
grooved, while 83 percent display opposite notches 
rather than grooves of any sort. The normal Dolores 
Anasazi hafting mechanism for both axes and mauls 
was not grooves at all but simply notches. Further, there 
is no positive indication that the rare occurrence of the 
grooving characteristic, either partial or complete, is 
temporally trending towards either early or late: nor 
does the hafting characteristic appear to be clearly 
structured by site type . It may therefore be an example 
of spatially rather than temporally or functionally struc
tured variability. 
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Table 3.12 - Dolores Archaeological Program hafted tools 
intensive analysis system 

Column Variable Variable descript ion 
No. 

2 State/county designation 
I: Colorado, Montezuma County 
2: Colorado, Dolores County 

3-6 2 Site number: right just ifi ed 

7-1 1 3 Field specimen number: righ t justified 

12- 14 4 Catalog item number 

15-1 7 5 Point location number 

18- 19 6 Old morpho-use: copied from preliminary 
analysis 

20-21 7 Raw material: copied from preliminary analysis 

22-26 8 Item weight in grams: copied from preliminary 
analys is 

27-29 9 Distance between notches in mill imeters 

30-31 10 Notch depth in mill imeters 

32-34 II Bit length in millimeters 

35-37 12 Haft-to-bit distance in millimeters 

38-40 13 Total tool length in millimeters 

4 1-42 14 Blank type: (natural form selected for use or 
modification) 
0: Indeterminate 
1: Cobble 
2: Slab 

43 15 Production: bit 
0: Indeterminate 
I: None evident 
2: Flaked 
3: Flaked and ground 
4: G round 
5: Other 

44 16 Production: haft 
0: Indeterm inate 
I: Single notch 
2: Opposite notches 
3: Part ial groove 
4: Complete groove 
5: Other (document in notes) 

45 17 Use: bit 
0: Indeterminate 
I: None evident 
2: Flaked 
3: Crushed 
4: Striated 

46 18 Production: butt or opposi te end from bit 
Same values as variables 15 

47 19 Use: butt or opposite end from bit 
Same values as variable 17 
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Table 3. 13- Large hafted tool variables, by phase, subphase, and si te type 

Variable Phase 
values 

Total Sage hen Mc Phee Tres 
Bobos 

(N=778) (N = I28) (N = 347) (N = 7) 
% % % % 

Morpho-use 
Flaked axe (FL T) 23 25 19 43 
Notched axe (NFLT) 38 45 41 14 
G rooved axe (N FLT) 3 5 3 14 
Axe. other (NFLT) 2 I I 0 
Notched maul (NFLT) 7 9 9 14 
G rooved maul (NFLT) 6 2 7 14 
Hafted tool, nfs (NFLT) 21 14 21 0 

Raw material 
Igneous 44 44 47 43 
Sedimentary 46 48 45 57 

Blank type 
Cobble 97 95 98 86 
Slab 3 5 2 14 

Bit production 
None 24 27 25 43 
Flaked 25 31 22 57 
Ground 29 27 31 0 

Haft production 
Single notch 4 2 5 0 
Opposite notches 83 88 81 57 
Partial groove 3 2 3 29 
Complete groove 6 2 8 14 

Bit use 
None 10 12 10 14 
Striated 2 2 2 0 
Flaked 60 62 60 43 
Crushed 14 15 14 43 

Butt use 
None 43 45 52 57 
Flaked 23 31 22 29 
Crushed 15 II 19 0 

Mean weight (g) 726 722 730 1147 

Standard deviation (g) 451 452 453 536 

Mean bit length (mm ) 70 73 68 73 

Mean haft-to-bit distance 
(mm ) 80 8 1 79 8 1 

Mean total length (mm) 141 144 141 152 

Ratio of ground to flaked 
bits 1.20 0.85 1.40 n.a. 

All data are expressed as percentages except means, weights, and ratios. 

nfs - Not furt her specified. 
n.a. Not applicable. 

Subphase 

Sagehill Dos Periman Grass Cline 

Casas Mesa 
(N = I5) (N = I04) (N = 21 1) (N =25) (N =48) 

% % % % % 

7 27 19 24 17 

60 46 38 48 46 

0 5 3 0 4 
7 0 I 0 0 

20 7 6 20 13 

0 I 8 4 4 
7 14 25 4 17 

27 45 50 28 40 
47 45 43 48 54 

100 95 98 100 98 

0 5 2 0 2 

33 26 24 24 31 
27 31 20 36 21 
20 30 31 40 25 

0 2 6 0 4 

100 89 79 92 88 

0 I 4 4 2 

0 I 10 0 2 

0 14 II 8 6 

7 2 2 0 4 

47 66 57 84 58 

33 II 14 8 19 

60 43 54 56 42 

27 32 22 20 23 

7 12 20 12 27 

796 677 726 746 764 

483 419 406 388 583 

77 72 70 71 63 

88 81 77 85 83 

147 143 140 153 144 

0.75 0.97 1.51 1.11 1.20 

e 

Site type 

Limited Seasonal Hamlet 
acti vity 
(N =9) (N =29) (N = I43) 

% % % 

0 14 25 
67 38 43 
II 3 4 
0 0 I 
0 7 II 

22 17 4 
0 21 13 

33 52 43 
II 38 50 

100 97 96 
0 3 4 

33 28 25 
22 24 30 
II 17 28 

0 7 I 
78 69 86 
0 10 3 

II 14 2 

II 7 II 
0 0 2 

67 52 63 
0 14 15 

33 45 45 
II 21 30 
II 28 13 

477 886 779 
197 725 479 

75 71 73 

70 83 84 
110 139 148 

0.50 0 .71 0.93 

Village 

(N = 261) 
% 

19 
41 

3 
I 
7 
7 

23 

46 
46 

98 
2 

26 
22 
31 

5 
81 

3 
8 

II 
2 

60 
15 

52 
23 
21 

717 
432 

68 

78 
140 

1.40 

e 
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Figure 3.33 - Large hafted tool measurements. 

The ethnographic observations of Wright ( 1979:49-50) 
and Hill ( 1982:93) for extremely heavy use of axes, in
cluding their use as stone-shaping tools, is supported 
by consistently high proportions of flaked and crushed 
axe bits. This also tends to confirm their status as highly 
curated tools. Roberts' ( 1929: 134-136) report of the cy
lindrical and flat maul or hammer categories appears 
not to be appropriate for the DAP materials, and no 
examples ofmanos being converted to such hafted tools 
are present. Further, his suggestion that an absence of 
mauls or hammers may be characteristic of early South
western sedentary cultures (Roberts 1929: 135-136) is 
expressly contradicted by the DAP materials. 

The relatively high proportion of axes with only flaked 
bits, rather than ground bits, in most of the table 3.13 
data categories, appears to be a characteristic seldom 
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reported in the relevant literature. Whether such items 
do not occur in other Southwestern situations or simply 
are not clearly distinguished as such is not known. 
Clearly these items would be much easier and quicker 
to manufacture initially than would ground-bit axes, 
though it is assumed that hafting input for the 2 axe 
types would be equivalent. In addition , experimental 
studies by Glennie (1983) and Varien (1984) indicate 
very little functional difference in the tree-felling or 
limb-removal performance of flaked-bit and ground-bit 
axes. Therefore, any advantage of ground-bit axes that 
would justify their considerably greater production cost 
must be in maintaining or resharpening the item. 
Flaked-bit axes could be resharpened only a few times 
without the loss of major amounts of stone mass and 
therefore their uselives are relatively short. Ground-bit 
axes, on the other hand, could be resharpened many 
times with the loss of only minor amounts of stone mass 
and thus retained as functional axes for much longer 
periods. Flaked-bit axes may therefore be considered 
somewhat less intensely curated than are ground-bit 
axes. 

Results of this exploratory analysis oflarge hafted tools 
are revealing in an overall way with reference to the 
archaeological literature, which is not extensive. How
ever, statistically reliable variability within and be
tween phase, subphase, and site type data groupings is 
not strong or consistent and convincing and posteriori 
explanations of this variability are not immediately ap
parent. More appropriate and explicitly stated models 
for the production and use of such tools should provide 
more adequate interpretive frameworks and analytic 
structures. 
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Chapter 4 

ENVIRONMENTAL ARCHAEOLOGY 
Kenneth Lee Petersen, Meredith H. Matthews, 

and Sarah W. Neusius 

Section I 

INTRODUCTION 

Kenneth Lee Petersen 

The goal of DAP research has been to provide an un
derstanding of the processes responsible for population 
growth, aggregation, and decline in the Dolores area 
from A.D. 600 to roughly A.D. 950. Research into these 
phenomena has been guided by 5 problem areas, or 
problem domains, originally set forth in the general 
research design (Kane et al. 1983) and reiterated in 
chapter I. The 5 problem domains are: (I) Economy 
and Adaptation; (2) Paleodemography; (3) Social Or
ganization; (4) Extraregional Relationships; and (5) 
Cultural Process. The focus of Problem Domains I 
through 4 is the synchronic description of the Dolores 
Anasazi during several different time periods. The fo
cus of Problem Domain 5 is the diachronic description , 
and explanation of culture, concerns that are treated in 
detail in the DAP model (part IV, this volume). Re
construction of the prehistoric environment and as
sessment of the potential resources available for 
exploitation by the Dolores Anasazi has been essential 
to the DAP's attempt to address the 5 problem domains 
and, specifically, to answer questions relevant to Do
lores Anasazi procurement and use of floral , faunal , and 
abiotic (i .e., water, rock, mineral , soil, clay) resources. 
Research conducted by the ESG (Environmental Stud
ies Group) and the EAG (Environmental Archaeology 
Group) has addressed issues and questions pertinent to 
the environmental data base. 

The main responsibilities of the ESG ( 1979-1981) were 
to inventory and assess the modern floral, faunal , geo
logical , and hydrological resources within the project 
area and to analyze archaeological botanical and faunal 
remains recovered during excavation. The comprehen
sive modern inventory provided a basis for comparing 
and contrasting the prehistoric situation with that of 
the present. The ESG produced soil, landform, surficial 
geology, stream location, and present and potential nat-

ural vegetation maps; the group also described some 
archaeological site-specific geology. In addition , 2 ex
perimental gardens were grown to document the mod
ern farming potential of the project area. Some of the 
history and results of the ESG are presented in Petersen 
et al. ( 1984) and Petersen et al. ( 1985, comps.). 

The ESG was dissolved 31 September 1981 , and the 
EAG was established I October 1981 . The research 
tasks undertaken by the new group are outlined in the 
EAG midlevel research design (Petersen et al. 1984). 
As its name suggests, the EAG has focused on inter
pretation of the archaeological materials recovered by 
the DAP and on reconstruction of the paleoenviron
ment of the project area. 

ENVIRONMENTAL ARCHAEOLOGY 

The interface of archaeology, paleoecology, and geology 
produces the discipline of environmental archaeology 
(Butzer 1971 , 1975, 1980; Evans 1978; Hardesty 1977,. 
1980; Jochim 1979). The discipline encompasses a wide: 
variety of research methods and an eclectic approach 
to data, which allows the study of the past environment 
from several vantage points. One of the goals of the 
EAG was to describe and model the prehistoric envi
ronment in the Escalante Sector and to reconstruct the 
relationship between the Anasazi and that environ
ment. Of the resources available, which were used and 
how were they used? 

The relationship between prehistoric peoples and their 
environment undoubtedly was as complex as is the re
lationship between people today and their environment 
(Odum 1971 ). To aid in understanding these relation
ships, a " systems" approach has been undertaken by 
the DAP (refer to part IV). Such an approach considers 
the Anasazi a critical component in an ecological sys
tem. The relationships between the Anasazi and the i 
environment and other components of the system are 
dynamic; change in I variable effects change in another. 
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The reconstruction of prehistoric lifeways and ecolog
ical adaptations requires 2 steps. The first is to gain an 
understanding of the components and relationships 
within the present-day ecosystem. This was one of the 
primary goals of the ESG (Bye 1982). The second step 
is to glean as much information as possible from the 
archaeological and fossil records about the nature of 
the various prehistoric components and their interac
tions. This was the primary objective of the EAG. Be
cause no direct observation can be made of the 
prehistoric ecosystem, modeling that system provides 
a means of organizing the various components that are 
detected in the prehistoric record . 

Detection of the components of the prehistoric envi
ronment in which the Anasazi lived is difficult; that 
paleoecosystem is now extinct. The remains are par
tially or wholly decayed, mixed, or changed by such 
processes as diagenesis, transportation, or redeposition 
operating up to the time of sampling (Gifford 1981 ). 
Reconstruction of the paleoecosystem depends on the 
fortuitous preservation, sampling, and analysis of the 
remains of various components of that paleoecosystem. 
The study of the archaeological facilities , artifacts, de
bris, and environmental evidence within and near an 
archaeological site can contribute to a better under
standing of the relationships between prehistoric peo
ples and their environment. These relationships can be 
inferred by considering the condition and context of 
resources and their historically and archaeologically 
known uses. The recognition and identification of plant 
and animal remains at sites can provide an inventory 
of those items once useful in fulfilling the nutritional, 
medicinal , ceremonial , and material needs of the An
asazi. In addition , analysis of the temporal and spatial 
distribution patterns of the plant and animal remains 
may provide insights regarding changes in use through 
time and changes in location of activity areas within 
and between sites. 

REPORTS IN THIS CHAPTER 

Some of the questions addressed in the sections that · 
follow examine the role that floral , faunal, and geolog
ical resources, along with the vagaries in climate, may 
have played in the rapid Anasazi growth and decline in 
the Dolores River valley. The following topics are pre
sented in this order: botany, pollen, fauna, geology, and 
climatic reconstruction. The overview, a conclusion, 
provides a brief discussion of the findings of the EAG. 

Matthews reports on the macrobotanical data base 
compiled from excavated sites (sect. 2). She discusses 
the prehistoric botanical resource base in terms of what 
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resources were potentially available, which taxa were 
used , and apparent changes in resource mix through 
time. She attempts to evaluate the impact that agri
cultural intnsification would have had on botanical 
resource procurement strategies, and in so doing, in
vestigates the changing role of pioneer plant resources 
in the resource mix. 

Petersen reports on DAP pollen analysis (sect. 3). Re
sults of analysis provide information on potential eco
nomic resources that could have been and were used 
by the Anasazi , provide details on the prehistoric en
vironment, and provide a test of the climatic recon
struction based on pollen work in the La Plata 
Mountains that has been applied to the project area. 
Some of the pollen samples analyzed from the project 
area were from an intensively sampled pitstructure at 
Windy Wheat Hamlet (Site 5MT4644). Analysis of 
these samples was complemented by analysis of cor
responding bulk soil samples. The results of this inten
sive study are briefly discussed. 

Neusius reports on the DAP faunal data base (sect. 4). 
She discusses the types of data available, the data col
lection procedures used , and the effects of postdepo
sitional processes on the assemblage. Prehistoric 
resource availability and preference are addressed in a 
study of relative biomass (using raw data presented in 
Neusius [ 1985a]), which in turn is used to rank indi
vidual species based on seasonal availability and hab
itat requirements. An annotated list of taxa in the DAP 
faunal assemblage is provided as a preliminary step in 
addressing the topic of prehistoric resource mix. 

Petersen summarizes the geological studies conducted 
in conjunction with archaeological excavations in the 
Dolores Project area (sect. 5). These geological studies 
describe geomorphological and geological characteris
tics of site locations, discuss stratigraphy of archaeo
logical sites and pertinent resource areas, and delineate 
potential resource areas on project-wide maps of mod
ern bedrock, landforms, stratum order, and soils. Re
gional maps outline the possible source areas of exotic 
rocks and minerals. In conjunction with soils maps and 
chemical and sedimentary studies of soils, maps show
ing the distribution of the length of the growing season 
have allowed assessment of the potential for a particular 
plot of ground to grow corn and other crops to maturity. 

Petersen uses pollen data from the La Plata Mountains 
and a number of tree-ring records to provide proxy 
records of long- and short-term changes in summer and 
winter precipitation and growing season length for 
southwestern Colorado (sect. 6). Long-term changes in 
the location of the regional potential dry-farming belt 



(e.g., the zone that can support routine dry farming) 
limited the settlement location choices of agricultur
alists and provided the impetus for immigration into 
and out of the Dolores area. The pollen records allow 
reconstruction of prehistoric vegetation distribution. 
Differing vegetation distributions have implications for 
potential floral and faunal resource availability. Short
term climatic effects, as reconstructed from tree-ring 
records, could have affected potential field location and 
crop yields within the Dolores area and possibly further 
affected settlement location and subsistence and or
ganizational strategies. 

Finally, in the overview, Petersen recaps some of the 
major implications of the results outlined in these sum
maries (sect. 7). More specific applications of these 
findings are reported in the collection of modeling pa
pers presented later in this volume. 

The number of years the DAP was in operation, the 
large size of the data base, and the constantly evolving 
approach to research have caused problems in data 
comparability through time and between reports. The 
sections that compose this chapter, and in some in
stances the different discussions within single sections, 
were written at different times and therefore reflect this 
comparability problem. Discussions in text were based 
on the computer data files available at the time the 
individual sections were being written; because the files 
subsequently underwent editing and revision, discrep
ancies are found between data reported in this chapter 
and in the final DAP data files. (The discussion on 
pollen, for which the most recent data files were used, 
is an exception.) In most cases, the differences between 
old and new data files are believed to be minor enough 
to not greatly affect overall interpretations. 

Similarly, the chronological framework used to struc
ture analysis changed over the years, and reference to 
2 different systems will be found in this chapter. Early 
in the program, a phase/subphase system was used to 
categorize sites according to approximate time period; 
although phases and subphases are defined on the basis 
of site characteristics and are not strictly temporal 
units, they are associated with general time periods. 
Late in the program, modeling periods were introduced 
and then refined; these units are strictly temporal di
visions with very specific date ranges. Depending on 
when a given section or discussion within a section was 
written, either the phase/subphase or modeling period 
system might have been used. The fact that modeling 
periods have absolute calendar dates assigned to them 
make them especially attractive for diachronic studies; 
however, if a study was written prior to the introduction 
of the modeling period concept, the phase/subphase sys
tem would have been used instead. 

ENVIRONMENTAL ARCHAEOLOGY 

Section 2 

THE DOLORES ARCHAEOLOGICAL PROGRAM 
MACROBOTANICAL DATA BASE: 

RESOURCE AVAILABILITY AND MIX 

Meredith H. Matthews 

The DAP macrobotanical data base can be used to ad
dress questions presented in the program research de
sign (Kane et al. 1983) and can be applied to a general 
systems model developed by the DAP (Lipe et al. 1983; 
part IV, this volume) to examine the variables that ef
fected change in the socioeconomic structure of the Do
lores Anasazi. This data base includes modern 
environmental data as well as data collected from ex
cavated prehistoric sites. Modern environmental data 
were gathered to assess the present vegetation com
munities, to provide a baseline for reconstructing the 
prehistoric vegetation community structure, and to 
compile a botanical comparative collection to aid in 
analysis. Macrobotanical data from excavated sites 
were compiled to assess the prehistoric environment, 
to reconstruct the prehistoric botanical resource base, 
and to evaluate the impact of socioeconomic change on 
botanical resource procurement strategies. 

The major responsibility of the Botanical Studies Sec
tion has been to collect and analyze prehistoric botan
ical remains. Results of analyses have been used for 
DAP descriptive site reports and synthetic studies. Be
sides this task, several subsidiary projects have been 
completed either in conjunction with botanical studies 
activities or by using botanical studies data. These proj
ects are listed in table 4.1 . Because all of these projects 
have been documented elsewhere, they will not be dis
cussed here; however, data from some of these studies 
will be used in several of the following discussions. 

In this section, that portion of the DAP botanical data 
set relevant to the prehistoric occupation of the project 
area is discussed as it pertains to aspects of the program 
research design and the general DAP model. The pre
historic botanical resource base is discussed in terms 
of what was potentially available for exploitation, what 
was actually used, and what changes in the pattern of 
resource use are evident in the archaeological record. 
Completely describing the total range of application of 
the DAP macrobotanical data base in this summary 
report is not feasible. The scope of this section is limited 
to discussion of the major categories of macrobotanical 
remains in the context of the DAP research design and 
general model. 
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Table 4.1 - Botanical studies subsidiary projects 

Study/project Reference 

Modern vegetation reconnaissance; Bye 1985 
construction of modern vegetation 
distribution map 

Floristic inventory Benz 1985; Matthews 1985a 

Modern floristic voucher and ethno- • 
botanical specimen collection for 
analytical comparative collection 

Data collection, pinyon pine repro- Floyd 1981 
ductive biology study 

Experimental garden study Shuster 1981; Shuster and Bye 
1983,1984 

Harvester ant disturbance study Nelson 1980 

Bulk soil (flotation) sample Matthews 1985a 
apparatus evaluation 

Bulk soil (flotation) sample analysis, Matthews 1984a 
food processing activity areas. 

Catastrophically burned structure Matthews 1984b 
intensive sampling analysis 

Pioneer plant remains study, spatial Matthews and Benz 1983 
distribution using SYMAP 

Wood resource depletion studies Kohler et al. 1984; Kohler 
and Matthews 1984 

Agricultural intensification and Matthews 1985b 
pioneer plant procurement study 

Coprolite analysis Jones 1983 

Secondary analysis, Cucurbitaceae Fleming 1983 
remains 

Secondary analysis, Phaseolus 
remains 

Packrat midden study 

Griffitts 1985 

Van Devender(1985) 

* Specimens retained by the Anasazi Heritage Center with duplicate 
vouchers on file at the University of Colorado Museum herbarium, 
Boulder. 

STRUCTURE OF THE 
MACROBOTANICAL DATA BASE 

Two categories of remains, differentiated by size of ma
terial and mode of collection, make up the macrobo
tanical data base compiled from remains from 
excavated DAP sites. The first category is small-scale 
remains, which usually are too small to be seen during 
excavation and are retrieved through bulk soil, or flo
tation, sample processing (throughout the remainder of 

this chapter, DAP bulk soil samples will be referred to 
by the more commonly used term, flotation samples). 
This category consists primarily of small seeds, fruits , 
wood charcoal fragments, and fragments of cultivated 
plants. The second category is vegetal remains, or bo
tanical material visible during excavation and collected 
in a manner similar to that used for other artifact 
classes. Typical materials within this category are wood, 
worked vegetal artifacts (e.g. , basketry), yucca leaves, 
bark, reeds, stems, and remains of cultigens. 
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Generally, these 2 categories of remains can be consid
ered to represent different classes of subsistence re
sources, although not to the point of being mutually 
exclusive of one another. The small-scale remains are 
predominantly the disseminules of pioneer and wild 
plants, most of which are ethnographically documented 
as economic plants commonly used for food, medicine, 
or ceremonies (cf. Elmore 1944; Pennington 1963; Rob
bins et al. 1916; Stevenson 1915; Whiting 1939). The 
vegetal remains are believed to be evidence of construc
tion materials, fuel resources, utilitarian items, and do
mesticated plants. 

Flotation samples were collected from excavated sites 
according to a standardized sampling strategy (Litzin
ger 1979). The extent of collection was dictated by the 
degree of preservation of the context and the intensity 
of excavation procedures. The strategy was oriented to
ward collection of samples from comparable cultural 
contexts believed to potentially contain remains related 
to subsistence activities, such as features with undis
turbed cultural fills, living surfaces, and midden de
posits . Vegetal remains were collected on a more 
arbitrary basis, depending on their context and con
dition, and, to some degree, on the discretion of the 
excavator. Vegetal remains usually were collected from 
structure fills, roof fall, surfaces, structural features, 
fire-related features, and trash deposits. Since a stan
dardized collection mode for vegetal remains was not 
available, interpretation of these remains is more sus
ceptible to biases inherent in collection mode than is 
interpretation of remains from flotation samples. 

The macrobotanical assemblage used for most of the 
analyses reported here consists of remains from 60 ex
cavated sites. Vegetal remains from 2375 proveniences 
at 54 sites, and small-scale remains from 1908 flota
tion samples at 52 sites, have been analyzed. Includ
ed in the vegetal remains assemblage are materials re
covered from 91 proveniences at Site 5MT51 06 by water
screening in the field prior to being submitted to the 
laboratory. The number and type of contexts from 
which these remains were recovered are described, by 
modeling period, in tables 4.2 and 4.3. 

· Macrobotanical remains were analyzed according to 
procedures developed by the Botanical Studies Section 
(Matthews and Benz 1981 ). Although analytic proce
dures for flotation sample remains differed somewhat 
from those for vegetal remains, a number of standard 
common variables and measurements were recorded 
for each item analyzed. These included taxon, plant 
part, condition, and quantity. Results of analysis were 
recorded, and the information was entered into the 
DAP computer files (Udick and Gross 1985). All ana
lyzed macrobotanical remains were cataloged and pack-
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aged by site; the materials will be archived in the 
Anasazi Heritage Center, Dolores, Colorado. 

Table 4.4 is a list of all the plant types identified in the 
DAP macrobotanical assemblage indigenous to the gen
eral project area. Some of these plants are represented 
only by uncharred plant parts, which may mean they 
are contaminants in the archaeological deposits and are 
not associated with the prehistoric occupation. The 
controversy concerning the interpretation of non
charred botanical remains from open air sites has been 
discussed in the literature and in other DAP macro
botanical reports (cf. Lopinot and Brussell 1982; Kee
pax 1977; Minnis 1981 a; Matthews 1984b, 1985a, 
1985b; Matthews and Benz 1983) and need not be re
iterated here. Because it is beyond the scope of this 
section to adequately evaluate the integrity and status 
of uncharred botanical remains, they will not be used 
in the final synthesis of the botanical resource base, 
except in analyses of cultigens and in the wood resource 
depletion study. 

On a site level, and on a context by context basis, the 
integrity of macro botanical remains retrieved from flo
tation samples has been evaluated using control sam
ples collected as part of the standard sampling strategy. 
Control samples were systematically collected above 
and below cultural surfaces. If similar remains were 
found both in control samples and in samples collected 
from features or surfaces, then the integrity of the re
mains from the cultural samples was decreased. This 
applied to both charred and uncharred materials. The 
interpretive value of this control sampling strategy was 
reduced because a test of the extent of the seed rain in 
onsite and offsite deposits (Minnis 1981a) was never 
made. Furthermore, control samples collected above 
surfaces often were from some type of cultural or mixed 
cultural deposit. Therefore, similarity in remains from 
control samples and noncontrol samples could reflect 
mixing (contamination) of deposits, or it could be an 
accurate reflection of the contents of separate, distinct, 
and uncontaminated deposits with similar contents. 
The control samples and their utility in discerning con
tamination in cultural samples has never been ade
quately evaluated and will not be evaluated here. 
Collection of control samples was established to assess 
the integrity of macrobotanical remains on a context 
by context basis (Litzinger 1979); the remains from 
these control samples will not be included in the fol
lowing analysis of the resource base because they could 
bias the data presentation. 

The sampling strategy for macrobotanical remains has 
allowed for comparability within and between sites 
across the project area. The integrity of the macrobo
tanical assemblage has been enhanced by this compar
ability in the structure of the data base. Nonetheless, 
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Table 4.2 - Type and number of sampled study units from which macrobotanical remains were 
analyzed, by modeling period* 

Study unit type Period Period Period Period Period Period Period Othert Total 
I 2 3 4 5 6 7 

A.D. A.D. A.D. A.D. A.D. A.D. A.D. 
600-720 720-800 800-840 840-880 880-920 920-980 980-1250 

Surface structure 10 18 33 47 88 23 6 34 259 
Pitstructure 14 29 22 41 78 7 2 13 206 
Kiva 3 4 2 9 
Great kiva I I 2 
Plaza I 3 3 I 2 10 
Courtyard I I 2 
Use area II 9 6 8 7 5 7 53 
Midden 3 2 2 I 4 12 
Other 29 42 49 36 28 5 26 153 368 

Total 53 100 118 135 208 47 44 216 921 

* Numbers of study units are tallied according to the modeling period to which the macrobo
tanical materials recovered from the study units have been assigned. The study units themselves 
might not be assigned to the same modeling periods as the macrobotanical remains, because the 
latter may represent cultural activity earlier than or later than the use of the study unit. 
t Other - Not assigned to period; not included in subsequent analyses. 

the integrity of the data used in this section has not 
been scrutinized, and, except for the deletion of un
charred remains from most analyses, measures have not 
been taken to control for data integrity (i.e., factors such 
as feature fill/assemblage type or structure abandon
ment mode were not taken into consideration). How
ever, in an in-house and undocumented test of the 
assemblage, the contents of a subsample that was re
stricted to high-integrity proveniences were compared 
with the contents of an unrestricted subsample, and the 
differences in data tabulation appeared to be insignif
icant. This is not to say that the macrobotanical data 
base is pristine and can be considered an accurate rep
resentation of the prehistoric botanical resource mix. 
Imperfections in the data base, the sampling design , 
and the analysis system do exist. Nonetheless, this data 
base is considered adequate for addressing the issues 
presented in this section. However, the data base re
mains to be investigated further, and its integrity and 
suitability will best be tested not only by addressing 
DAP research questions, but by applying the data to 
theory testing of prehistoric human adaptation in 
general. 

APPLICABILITY OF THE MACROBOTANICAL 
DATA BASE TO THE 

GENERAL RESEARCH DESIGN 

At this time, the macrobotanical data base can best be 
used to address Problem Domains I and 5 (Economy 
and Adaptation, and Cultural Process). It is beyond the 
scope of this section to address topics relevant to Prob-

154 

Iem Domains 2 and 3 (Paleodemography and Social 
Organization), such as carrying capacity, catchment 
area analysis, social and economic structure of resource 
procurement processes, and nutritional analysis of re
source mix. Some of these topics have been addressed 
in other reports (cf. Wiener Stodder 1984; Orcutt 
1984a, 1984b, 1985a, 1985b, 1985c, and chap. I 0, this 
volume; Schlanger, chap. 8), although without direct 
reference to the macrobotanical data base. Similarly, 
little information in the macrobotanical data base is 
applicable to Problem Domain 4 (Extraregional Rela
tionships), because exchange of perishable items is dif
ficult to document archaeologically. Except for 
domesticated plants, most plants represented in the ma
cro botanical assemblage are indigenous to the DAP 
area. Statements cannot be made about exchange of this 
group of plants since extraregional procurement of: 
these botanical resources cannot be proven. Although 
domesticated plants are not indigenous to the area, and · 
the technology for agriculture was brought into the area, 
the botanical analysis of domesticates was not sophis
ticated enough to distinguish between in situ hybridi
zation and introduction of new species through time. 

PROBLEM DOMAIN 1: 
ECONOMY AND ADAPTATION 

It is assumed that the Dolores Anasazi were subsistence 
agriculturalists, and therefore, the subsistence system 
focused on agricultural activities. However, the Anasazi 
could not have maintained themselves on agricultural 
products only. Neusius (sect. 4, this chap.) discusses the 
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Table 4.3 - Type and number of specific sampled proveniences from which macrobotanical remains 
were analyzed, by modeling period* 

Specific provenience Period Period Period Period Period Period Period Othert Total 
I 2 3 4 5 6 7 

A.D. A.D. A.D. A.D. A.D. A.D. A.D. 
600-720 720-800 800-840 840-880 880-920 920-980 980-1250 

Hearth or fireplace II 40 38 48 105 20 21 17 300 
Ash pit or ash pile 2 6 4 7 19 2 4 44 
Warming pit 2 3 I 4 I I 12 
Pit with burning 7 3 5 7 4 4 7 6 43 
Pot rest I 2 3 
Pit without burning or 
slab-lined pit 7 15 30 37 55 6 3 9 162 

Floor cist I 7 3 7 15 2 35 
Bin 3 2 5 8 I 19 
Floor vault I 2 3 
Central pit 6 5 II 
Sipapu I 2 2 2 I 8 
Complex pit I I I 2 5 
Posthole II 36 61 78 167 6 2 9 370 
Bench, other wall 

feature , and wingwall 7 8 12 8 18 4 I 4 62 
Burial I 2 2 3 7 I 5 21 
Artifact feature II 2 7 10 I 2 I 34 
Borrow area 2 4 3 5 2 I 17 
Other feature I 5 I I 2 10 
Surface 17 22 29 31 61 19 3 18 200 
Other (not feature) 28 93 126 88 191 37 38 246 847 

Total 96 252 329 341 681 104 83 320 2206 

• Numbers of proveniences are tallied according to the modeling period to which the macrobotanical 
materials recovered from the proveniences have been assigned. The proveniences themselves might 
not be assigned to the same modeling periods as the macrobotanical remains, because the latter may 
represent cultural activity earlier than or later than the use of the provenience. 
t Other - Not assigned to period. 

faunal resource base and the variability in the availa
bility and mix of this resource category. This section 
examines the botanical resource mix of the Dolores An
asazi economic system. 

Available Resources 

To understand the prehistoric economy and to model 
adaptive economic strategies, an assessment was made 
of the botanical resources available and used prehis
torically. Although, not feasible to make a complete 

""' inventory of all the resources available, several maps 
"""·, were produced in an effort to assess vegetation distri

butJons prior and subsequent to historic disturbance. 
A modern vegetation map of the project area illustrates 
the major vegetation zones under the influence of his
toric disturbance (Bye 1985:fig. I); 2 additional maps 
reconstruct the major vegetation types prior to dis-

turbance, and illustrate the influence of different pre
cipitation regimes on these vegetation zones (Petersen 
1985a:figs. I and 10; and figs. 4.16 and 4.18, sect. 6). 
These maps are useful in evaluating vegetation changes 
resulting from disturbance and climatic variability and 
in estimating such factors as vegetation diversity in 
catchment areas (Orcutt 1984b, 1985a, !985c). 

The range of specific resources available is defined by 
the component species within the broadly defined veg
etation areas. A best-guess estimate of plants that may 
have occurred prehistorically in the project area can be 
made by referring to a list of plants identified during 
the botanical studies vegetation reconnaissance (Benz 
1985) and are known to be associated with the defined 
vegetation areas or zones, although it is acknowledged 
that a one-to-one correlation between the modern and 
prehistoric environment cannot be made. The list of 
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Table 4.4 - Indige nous plan ts identified in the macrobotanical assemblage 

Fami l" Gcnu~/spcci~s Com mon name 

i\c~racca~ .. lcl'r sp . Maple 

i\ lliaccac . 1/lilllll sp. Onion 
i\maranthaccac .. tnwrantl/1/s sp. Pigweed 

i\ nacardiaccac Rhus am111atim Squawbush 

i\sdcpiadaccac .. tsci<·!'ia., sp. Milkweed 

B~rb~ridac~ae .\/a/ionia r<'fWIIS* Oregon grape 

Bnragi nac~ac Indeterminate Borage fami ly 
C ·rt"J IWntlw sr .• Cryptantha 
l. aJiflllla sp• Stickseed 

c ·actac~a..: 0JIIIIIIia sp. Pricklypear 
0 fi·agifi.,• Brittle pricklypea r 

Capparidaccae C h•oJI/£' sl'rrulata Bee weed 

Caryoph y llacca~ I ndetcrmi nate• Pink family 

( ' hcnopod iac~ac lndet~rminate Goosefoot family 
. l triJiil'r sp. Saltbush 
( "fi£'IIOJ10t/illlll Sp. Goosefoot 
San ., 1/lat liS ra111icu/at us Black greasewood 

Ch~nopodiacca~/ Cheno-am 

. l nwrantlllls 

Composita~ I nd~t~rm i nate Composite family 
. lrt l'lllisia sp . Sagebrush 
. lrtl'lllisia trid£'11/llla* Big sagebrush 
/Ji<fl'IIS* Bid ens 
( ·hrrsotlwiiiii/IS sp. Rabbitbrush 
11£'/ianthu.\ sp. Sunflower 
l m sp• Sumpweed 

Cornan:a~ ( ·om us stolo111kra Red-osier dogwood 

Crucikra~ I ndetcrm i nate Mustard famil y 
/k scurainia sp. Tansymustard 

Cucu rbi tac~a~ I nd~term i nate Gourd fami ly 
( ·ucurhita sp. Sq uash 
(. JWJIO Summer squash 
/ .agl'naria sicl'raria Bottle gourd 

Cupr~ssac~a~ .lunipl'rus sp. Juniper 
.f. OS{£'0.\}1('1"11/a Utah juniper 
.f. .\COJIII/Or/1111 Rocky Mountian j uniper 

C \-pcral-cae I ndctermi nate Sedge fa mily 
ScirJIIIS sp. Bulrush 

Elaea!!nac..:ac SIH'J' Iwrdia sp. Buffaloberry 
Sh£'/'hadia arg£'11/('(1 Silver buffaloberry 

Eph~draceae r ·, ,fwdra sp. Mormon tea 

E4u isetaceae Lqui.H'Ii/111 sp. Horsetail 

Fagaceae Indeterminate Oak famil y --~ 
(}11£'/"C/IS gl!lllfll'fii Gambcl oak 

Gramineae Indeterminate Grass famil y 
AJ?rop_vron sp.• Wheatgrass 
Oryzopsis sp. Indian ricegrass 
Or.v:opsis hymenoides Indian ricegrass 
Phragmites sp. Reed 
Zea ma.vs Corn 

Grossulariaceae Ribes sp.• Currant 
Hydrangeaceae Fend/era sp. Cliff fendlerbush 

Fend/era rupicola Cliff fendlerbush 
Juncaceae Indeterminate• Rush 

r 
,/ 

Labiatae Moldavica parvi/f/ora• American dragonhead 
, 

Scwellaria sp. Skullcap 

' Leguminosae Indeterminate Pea family 
Da/ea sp.• Dalea 
Lupinus sp.• Lupine 
Phaseolus spp. Bean 
Phaseo/us vulgaris Common bean 

156 



ENVIRONMENTAL ARCHAEOLOGY 

Table 4.4 - Indigenous plants identified in the macrobotanical assemblage -
Continued 

Family Genus/species Common name 

Liliaceae Indeterminate Lily family 
C alcJ<'hortus sp. Mariposa lily 
Yucca sp. Yucca 
Y baccata Datil yucca 

Loasaceae Ment:elia albicaulis Blazing star 
Malvaceae Indeterminate Mallow family 

Sphaeralcea sp. Globemallow 
Pinaceae Indeterminate Pine family 

Abies sp. Fir 
A. concolor White fir 
Picea sp. Spruce 
Pinus spp. Pine 
Pinus edulis Pinyon pine 
P ponderosa Ponderosa pine 
Pseudotsuga menziesii Douglas-fir 

Plantaginaceae Plantago sp.• Plantain 
Polygonaceae Indeterminate Buckwheat family 

Eriogonum racemosum• Redroot eriogonum 
Polygonum sp. Knotweed 
Rumex sp. Dock weed 

Portulacaceae Portulaca sp. Purslane 
Potamogetonaceae Potamogeton sp. Pond weed 
Ranunculaceae Indeterminate Buttercup 
Rosaceae Indeterminate Rose family 

Amelanchier sp. Serviceberry 
Cercomrpus montanus True mountain mahogany 
Crataegus sp.• Hawthorn 
Peraphyllum ramosissimum Squaw apple 

Rosaceae (cont.) Prunus sp. 
Prunus virginiana Chokecherry 
Purshia sp. Bitterbrush 
Purshia tridentata Bitterbrush 
Rosa sp. Rose 
Rubus sp. Raspberry 

Salicaceae Indeterminate Willow family 
Populus sp. Cottonwood 
P angusti{o!ia• Narrowleaf cottonwood 
Salix Willow 

Scrophulariaceae Indeterminate Figwort family 
Cordylanthus sp. Bird beak 
Penstemon sp. Penstemon 

Solanaceae Indeterminate Nightshade family 
Dalllra sp. Datura 
Nicotiana auentuata Wild tobacco 
Phvsalis sp. Groundcherry 
Solanum sp. Nightshade 

Typhaceae Typha sp. Cattail 
Ulmaceae Celtis sp. Hackberry 
Umbelliferae Indeterminate• Parsley family 
Verbenaceae Verbena sp. Verbena 
Dicotyledoneaet Indeterminate Dicot 
Gym nospermaet Indeterminate Gymnosperm 
Monocotyledoneaet Indeterminate Monocot 

• Recovered only in an uncharred condition . 
t Dicotyledoneae and Monocotyledoneae are subclasses: gymnospermae is a 
class. 
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plant genera in table 4.5 is not an exhaustive list of 
plants that occur in the project area. This table is re
stricted to those plants indigenous to Dolores and Mon
tezuma Counties, according to the Plant Information 
Network Guide (Plant Information Network 1980), and 
positively identified or collected during the reconnais
sance. Furthermore, since the vegetation reconnais
sance was discontinued before completion, this plant 
list cannot be considered exhaustive. Plants listed in 
table 4.5 are supplemented by taxa that were not re
corded during the reconnaissance but identified in de
posits from a packrat midden that was sampled by the 
DAP and found to range in age from 1450 ± 160 B.P. 
to 580 ± 90 B.P. (Van Devender 1985). 

Resource Mix 

The diversity, or mix, of botanical resources actually 
exploited by the Dolores Anasazi can be assessed 
through the representation of plant genera in the ma
crobotanical assemblage, although it is not assumed 
that the macrobotanical assemblage presents the total 
range of botanical resources used. Evidence of some 
genera of plants will not be present in the assemblage 
because of preservation factors , prehistoric harvesting 
and preparation techniques, and sampling bias. Table 
4.6 presents a temporal breakdown, by modeling per
iod, of those plants represented by charred reproductive 
or vegetative parts in the macrobotanical assemblage. 
Reproductive parts (or parts considered to be associ
ated with reproductive parts) include seeds, fruits, co
tyledons, cupules, infloresences, infructescences, cones, 
peduncles, and stamens. These plant parts are quanti
fied by count, with the exception of Zea mays kernels, 
which are weighed because they occur in such large 
quantities that it is not time efficient to count them. 
Vegetative parts include leaves, foliage, needles, spines, 
thorns, twigs , branches, sapwood , bark, and other 
woody parts. Wood and stem fragments are weighed, 
and all other vegetative parts are quantified by count. 

Table 4.6 is divided into 4 main plant type categories: 
cultigen, pioneer, wild, and woody. These categories are 
considered to be the 4 basic botanical resource groups 
available for prehistoric exploitation. The cultigen and 
woody categories are assumed to be self-explanatory. 
Pioneer and wild categories were separated based on 
the ecological behavior of the constituent plants. Pi
oneer plants are colonizers of early successional com
munities, i.e., disturbed communities in which the 
climax vegetation has been disrupted, causing reversion 
to an immature state (Odum 1969). Human alteration 
of the environment, the result , for instance, of clearing 
or building activities, will create an early successional 
sere, and pioneer plants will colonize the area. Once 
the perturbation ceases, the community will start to 
return to a climax state, and pioneer plants will be sue-

158 

ceeded by herbaceous and woody perennial plants. Ag
riculture fields provide an ideal habitat for pioneer 
plant colonization. Annual pioneer plants are prodi
gious seed producers whose seeds can remain dormant 
in the soil bank until favorable germination conditions 
occur, at which time they can populate an area rapidly, 
aggressively, and with great seeding vigor (de Wet and 
Harlan 197 5). Many wild plants are perennials and do 
not have the germination capabilities of pioneers. The 
division between pioneer and wild in table 4.6 was 
based on descriptions of the genera in the literature 
(cf. Harrington 1954; Kearney and Peebles 1960; Plant 
Information Network 1980; Thorton et al. 1974; United 
States Department of Agriculture 1971 ). However, 
some of the assignments were to a certain degree ar
bitrary, and it can be argued that some of the genera 
(e.g., Allium, Opuntia, Verbena) are inappropriately 
categorized. 

From table 4.6 some broad generalizations concerning 
the botanical resource mix through time can be made. 
Within the group of culitgens, Zea mays is ubiquitous 
and the most abundant domesticate represented. Re
mains of Phaseolus vulgaris also are ubiquitous, al
though not as consistently abundant. Remains of 
Cucurbita sp., C. pepo, and Lagenaria siceraria occur 
sporadically and only in low quantities. During much 
of the Anasazi occupation of the Dolores area, these 
domesticates probably were more important in the sub
sistence economy than suggested by their minimal ap
pearance in the macrobotanical assemblage . 
Destructive preparation techniques and lack of pres
ervation are assumed to have obscured representation 
of both Cucurbitaceae and Phaseolus remains. Ethno
graphically, both resources most commonly were pre
pared by boiling , a process not conducive to 
preservation. Also, results of experiments conducted by 
Gasser and Adams ( 1981) indicate that the edible or 
storable parts of Cucurbitaceae and Phaseolus are ex
tremely susceptible to microbial infestation and de
struction. However, after A.D . 900 , prehistoric 
environmental factors within the project area (sect. 6) 
may have affected the productivity of Cucurbita and 
Lagenaria. Cucurbits require high levels of moisture 
and warmth for successful maturation and production 
(Shuster 1981 :411; Wetterstrom 1976), and Shuster 
( 1981) noted that productivity of cucurbits grown in 
the DAP experimental gardens was hindered by late 
spring and early fall frosts . Unfavorable growing con
ditions within the project area, especially after A.D. 
900, may have made it increasingly difficult to suc
cessfully grow cucurbits, and these plants decreased in 
importance in the subsistence system. 

Of the 21 plant taxa categorized as pioneers, 66.7 per
cent (14 taxa) occurred in at least 6 of the 7 time 
periods. There is a correlation between abundance 
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Table 4.5 - Indigenous plants identified in the stud y area 

Acer nef{undo 
Betula occidenta/is 
Crateagus sp. 
.Junipems osteospenna 
.Junipems scopu/orum 
Pinus edu!i.1· 

Am e/anchier sp. 
Amelanchier pumi/a 
Ame/anchier utahensis 
Artemisia tridentata 
Ceanothus fend/eri 
Cercocarpus momanus 
Clnysotlwmnus sp. 
Chri'SothamnliS nal/seosllS 
Chr,I 'StlthamnllS viscidi/lon!s 
Clematis hirslllissima 
Clematis lif{ust iciji11ia 

Trees 

Shrubs 

Clematis occidenwlis grosseserrata 
Comus stolonikra 
E/a eafi/11/S sp. 
Fend/era mpico/a 
!-lo/odiscus sp. 

Achillea mi/1£:/iJ/iwn /anu/osa 
Allium sp. 
Allium acwninatwn 
Amaranthus sp. 
Amaranthus graeci::ans 
Apocynum cannahinwn 
Arahis sp. 
Arenaria congesw 
Artemisia dracuncu/us 
Artemisia ./i"igida 
Artemisia /udoviciana 
Aster chilensis 
Aster fa/cat us 
Aster mbrvtinctus 
Astraf{alus sp. 
Brickellia J?randijlora 
Ca/oclwrtus nul/allii 
Campanu/a sp. 
Castilleja linariae/illia 
Chenopodium sp. 

Herbs 

Pinus ponderosa 
Populus angustifo /ia 
Populus tremuloides 
Pseudotsuga menziesii 
Quercus gambe/ii 
Salix sp. 

Mahonia repens 
Pachistima myrsinites 
Pentaphylloides .floribunda 
Peraphyllum ramosissimum 
Potentilla gracilis 
Pmnus virginiana 
Purshia tridentata 
Rhamnus sp. 
Rhus aromatica 
Ribes aureum 
Ribes /eptanthum 
Rosa woodsii 
Shepherdia argentea 
Symphoricarpos sp. 
Toxicodendron rydbergii 
Vitis riparia 

Lathyms sp. 
Lepidium sp. 
Lesquerella sp. 
Leucanthemum vulgare 
Leuce/ene ericoides 
Limon lewisii 
Lithospermum multi/lonon 
Lotus sp. 
Lotus wrightii 
Lupinus sp. 
Lupinus k ingii 
Machaeramhera pinnati/ida 
Mentha arvensis 
Moldavica parvi(/lora 
Monardo sp. 
Nicotiana al/enuata 
Oenothera sp. 
Oenot hera coronopi/olia 
Opunt ia sp. 
Opuntia po/yacamha 
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Table 4.5 - Indigenous plants identified in the study area - Continued 

Herbs (continued) 
Chrysopsis vil/osa 
Cicllla douglasii 
Cleome serrulata 
Col/omia linearis 
Comandra umbellata 
Cordylanthus sp. 
Descurainia pinnata 
Epilobium paniculatum 
Erigeron divergens 
Erigeron .flagel/aris 
Erigeron subtrinervis 
Eriogonum sp. 
Eriogonum lonchophyllum 
Eriogonum racemosum 
Eriogonum umbellatum 
Equisetum laevigatume 
Frasera speciosa 
Galium boreale 
Gayophytum dU/i LSum 
Glycyrrhiza lepidota 
Grindelia squarrosa 
Hedysarum boreale 
Helianthus anmws 
Helianthus nulla/Iii 
Heliomeris multiflora 
Heterotheca villosa 
Hymenopappus .fili/illius 
lpomopsis sp. 
lpomopsis aggregata 
Iris missouriensis 
Iva xanthi(olia 
Kochia sp. 
Lactuca tatarica pulchel/a 

Orthocarpus luteus 
Orthocarpus purpureo-albus 
Penstemon barballls 
Penstemon bridgesii 
Penstemon stricllls 
Petradoria pumila 
Phlox sp. 
Physalis sp. 
Plantago patagonica 
Polygonum sp. 
Polygonum douglasii 
Pseudocymopterus sp. 
Pyrrocoma crocea 
Ranunculus aquatilis 
Rudbeckia laciniata 
Rumex crispus 
Sedum sp. 
Senecio sp. 
Senecio eremophilus ssp. kingii 
Senecio multilobatus 
Solanum sp. 
Solanum americanum 
Solidago nana 
Sphaeralcea sp. 
Sphaeralcea coccinea 
Stellaria sp. 
Thalictrum f endleri 
Thermopsis montana 
Typha lat ifolia 
Verbena bracteata 
Vicia americana 
Wyethia arizonica 
Xanthocephalum sarothrae 
Yucca baccata 

Grasses and grass-like plants 
Agropyron desertorum 
Agropyron smithii 
Agropyron trachycaulum 
Blepharoneuron tricholepis 
Bromopsis inermis 
Bromus anomalous 
Carex sp. 
Eleocharis sp. 
Eleocharis macrostachya 
Elymus canadensis 

Elymus cinereus 
Hordeum jubatum 
Juncus sp. 
Koeleria crista/a 
Oryzopsis hymenoides 
Poa sp. 
Scirpus lacustris 
Sitanion hystrix 
Stipa sp. 

Plants from packrat midden deposits that were not 

Berberis fendleri 
Datura sp. 
Helenium sp. 

noted during reconnaissance* 
Mirabilis multiflora 
Sclerocacllls mesa-verdae 
Verbesina encelioides 

• Based on analysis of pack rat midden samples collected at Site 
5M T4654 (Van Devender 1985). 
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Table 4.6 - Abundance of selected charred plant remains in the macrobotanical assemblage by modeling period* 

Taxon Period I Period 2 Period 3 Period 4 Period 5 Period 6 Period 7 Othert Total 
A.D. 6()().720 A.D. 720.800 A.D. 8()().840 A.D. 84().880 A.D. 88().920 A.D. 920.980 A.D. 980.1250 

Cultigen: 
Cucurbitaceae 
repro I 2 I 3 

Cucurbita sp. 
repro I 2 I 4x 2x 2x . llx 

c. pepo 
repro I . 9 29x 2 40x 

Lagenaria siceraria 
repro I . • • I lx 

Phaseolus vulgaris 
repro I 384x 45x 1570• 48x 227x llx I 20x 2 306• 

Zea mays 
repro I 833x 828x 1127x 1315• 8 736x 720x 109x 23 1x 13 899x 
repro 2 628g 554g 1161g 1058g 10 426g 430g 8g 391g 14 656g 

Pioneer: 
Amaranthus sp. 
repro I 4 15x 68 44 I 137 4 77 16 I 365x 

Chenopodium sp. 
repro I 23 73x 134• 165x I 958x 250x 28 501x 3 132x 

Cheno-am 
repro I 9 56• 116x 43x I 255x 47x 63x 58 I 647x 

Cleome serrulata 
repro I 2 I 2 21 26 

Compositae 
repro I 2 3 7 5 76x I 6 IOOx 

Cruciferae 
repro I 2 12 10 52 882 38x 12 6 I 014x 

Datura sp. 
repro I I I 

Descurainia sp. 
repro I 82 8 55 441 x 8 2 10 606x 

G ramineae 
repro I 6 16 57 24 270x 36• 13 31x 453x 

Heliamhus 
repro I 5 20x 6 2 80x 2 6 2 123• 

Malvaceae 
repro I I 2 8 3x 3 17x 

Mentzelia a/bicaulis 
repro I I 4 37 19x 74 I 6 3 145• 

Nicotiana auenuata 
repro I I 16 237x 10 23 I 2 I 291x 

Oryzopsis hymenoides 
repro I I 7 2 7 17 

Physalis 
repro 1 3 40x 26x 67x 480x 20 10 32 678x 

Polygonaceae 
repro I I 3 14 14 32 

Polygonum sp. 
repro I 6 6x 3 I 015x 2 2 5x I 039x 

Portulaca sp. 
repro I 28 1030 484x 54 312x 329 13 17 2 267x 

Solanaceae 
repro I 5• 3 6 14 2 I 2 33 

Solanum sp. 
repro I I 7 II 3 22 

Sphaeralcea sp. 
repro I I I 5 I I 9 

Wild: 
Allium sp. 
repro I . • 

Asciepias 
repro I I I 

Cactaceae 
veg I 2 2x 55• 2 4 5 70x 

Chenopodiaceae 
repro I 2 I 001 2 I 005 

Cordylanlhus sp. 
repro I I I 

Cyperaceae 
repro I I 2 10 10 I 037 3 6 I I 070 

Ephedra sp. 
veg 2 <l g < lg 

Iva sp. 
repro I 2 2 I 2 7 14 

Leguminosae 
repro I 26x 3 5 2x 5 2 43x 

Opunlia sp. 
repro I 2 I 2 24 I 17 47 
veg I llx 32x 43x 

Pens1emon sp. 
repro I 2 I I 4 
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Table 4.6 - Abundance of selected charred plant remains in the macrobotanical assemblage by modeli ng period" -
Continued 

Taxon Period I Period 2 Period 3 Period 4 Period 5 Period 6 Period 7 Othert Total 
A.D . 600-720 A.D. 72().800 A.D . 800-840 A.D. 84().880 A.D. 88().920 A.D. 91().980 A.D. 98()-JllO 

Phragmites sp. 
veg I X X 

veg l l4g 13g 3g Jg 128g Jg 3g J73g 
Ranunculaceae 
repro I I I 

Rubus sp. 
repro I l I 2 l 

Rumexsp. 
repro I I I 

Scirpus sp. 
repro I I I l 

Scutellaria sp. 

repro I l6x 26x 
Typha sp. 
veg l lg lg 3g 

Verbena 
repro 1 I I 

Yucca sp. 
repro I l lOx lOx I 4x l 4lx 
vea I l 3 l x 6x Jlx lx X lx 27x 

Y. baccara 
repro I lOx lOx X 9x X 3 I 13 46x 

Woody: 
Abies concolor 

veg I 6 6 
veg 2 Jg 4g l g 

Acer sp. 

veg l Jg <l g lg <l g l a 
Amelanchier sp. 
repro I 3 l 4x l l9x 
veg l < Jg 4g 4g 8g J6g 73g 4g l g I 14g 

Artemi.sia sp. 
repro I 6 10 221x 13 712x 8 l 4 976x 
veg I I 4x 4J x 4 lOx 
veg l J98g 782g 79lg 73g l08g J98g 43g 78g l 372g 

A. tridentata 
veg I ll x Jlx 30lx l 327x 

Atriplf'x Sp. 
repro I I I 
veg l < lg Jg l g J7g Jlg lg l 4g 

Celtis 
repro I I I 

Cercocarpus montanus 
repro I 7 7 
veg I 3x 3x 
veg l < lg l4g 18g 79g l09g 4lg 4g 8J g 760a 

Chrysothamnus 
veg l l g l g J7g <l g 6 Jg Jg 83a 

Cornus stolanifera 
veg l Ia Jg 3g 7g Jlg 

Fend/era rupicola 
veg l Jg Jg 3g 8g l g Jg lg llg 

Juniperus sp. 
repro I I Jx I l x 6x I Jx 
veg I 6 108 687x l40 975x 43 60 38 2 157x 
veg l Jl9g Jl18g 3l8g ll8g J829a l89a 3l la 172g 4 l 44 

J. osteosperma 
repro I I 6x I 27x 4 l I 9 90x 
vea I l 7 ll4 l6 497x l8 19 l JO 946x 

J. scopulorum 
repro I I I 2 
veg I 7 4 6 4 24 l lO 

Peraphyllum ramosissimum 
veg l Jg 4g l g Ia s a 

Pinaceae 
veg I I I 
veg l Jg 3g 4g 

Pinus sp. 
repro I lx 8x I I lx 
vea I 2 I I 4 
veg l lOla J039a 792g 2 407g 2l97g 74g 107g 4 l 4g 7l7l 

P. edulis 
repro I 33x lx 4x lOx IOOx 2x 6 8x 178x 

veg I l 4x II h. 34x 349x 3x 6x I lOx 6 19x 
veg l 3a 7lg l68g Jl4g 9l6g 69a 37g 302g l 104 

P ponderosa 
repro I I Jx 6x l8x lx 38x 
veg I 4x 184x Jlx 88x 3x X lx 299x 
vea 2 lOa 1424a I I 4 J7a l9llg J08lg 6 16g 7g 66la 18 18 

Populus 
veg l J39a 4484g J90J g l94a 6722g 1706g 99g 1 Jl a Jl7l7 a· 

Pn.mus virgi11ia11a 
repro I l x lx l9x I 13 46x 
vea 2 8g l a 4& 4g < lg JSa 

Pseudotsuga menziesii 
repro I l 2 
veg I lx 29x 3x 3lx Jx 70x 
veg l l 4g l g 46 Jg 490a 
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Table 4.6 - Abundance of selected charred plant remains in the macrobotanical assemblage by modeling period* -
Continued 

Taxon Period I Period 2 Period 3 Period 4 Period 5 Period 6 Period 7 Othert Total 
A.D. 6()().720 A.D. 720-800 A.D. 8()().840 A.D. 840-880 A.D. 880-920 A.D. 920-980 A.D. 980-1250 

Purshia tridentata 
veg 2 <l g 2g <l g 2g 

Quercus gambelii 
repro I I 4x I 8x 14x 
veg 2 8g 37g 80g 803g 183g 26g 28g 80g 1245g 

Rhus aromatica 
repro I 120 I 5 40x I 2 2 171 x 
veg 2 lg 6g <l g <l g 7g 

Rosa sp. 
veg 2 lg <l g lg 

Rosaceae 
repro I I I II 7 I I 22 
veg 2 6g 52g 23g 37g 67g 13g 34g 24g 256g 

Salicaceae 
veg 2 lOg 27g 27g IOOg 140g llg 3g 27g 345g 

Salix sp. 
veg 2 8g 3g 51g 25g 75g 6g lg 169g 

Sarcobatus vermicu/atus 
veg 2 lg lg 2g 

Shepherdia argentea 
veg 2 5g lOg 4g lg 20g 

Other: 
Dicotyledoneae 
repro I 9x 30 90x 76x 224x 43x 84x 63x 619x 
veg I X 2x 8x 8x 95x lx lx 3x 118x 
veg 2 19g 34g 72g 175g 139g 13g 12g 283g 747g 

Gymnospermae 
repro I 2 2 
veg 2 33g 74g 238g 130g 134g 12g 9g 57g 687g 

Monocotyledoneae 
repro I X X 

veg I 5 4 X 9x 
veg 2 lg 5g lg 3g 2g 2g 14g 

Fungi 
repro I I I 

• The following have been excluded from this table: materials from upper and lower control samples, non indigenous taxa, uncharred remains, and 
occurrences of species as parts of worked vegetal items. 
t Other not assigned to period. 

x - Fragments present; whole count not possible. 
repro I - Counted reproductive parts. For "cultigen" and "pioneer" groups. Includes infructescences, seeds, fruits, cotyledons, cupules, and 

inflorescences. For "wild" and " woody" groups, includes cones, pedunclies, and stamens in addition to the parts just listed. 
repro 2 - Weighed reproductive parts. Consists of Zea mays kernels only. 

veg I - Counted vegetative parts. Includes leaves, foliage, needles, spines, and thorns. 

of remains and their distribution through time: plants 
recovered from 6 or 7 time periods usually are re
presented by at least 100 reproductive parts and fre
quently by more than 400 reproductive parts. There are 
13 017 charred pioneer plant remains accounted for in 
the selected assemblage. When the total number per 
taxon is compared against total taxa for all pioneers in 
the 7 periods, 4 divisions of percent representation can 
be defined (table 4. 7). Although abundance measures 
and percent of total abundance can be used as one 
means of assessing relative importance of a resource 
within the resource mix, it can also be misleading be
cause of variable reproductive strategies of plants, pres
ervation, sample bias, and what part of the plant was 

actually used (Den nell 1976; Minnis 1981 a; Munsen et 
al. 1971 ). The pioneer plants not frequently or abun
dantly represented in the assemblage may not have oc
curred in the resource area in quantities worth 
exploiting intensively, or they may not have been eco
nomic plants. In the latter case, the inclusion of these 
plants in small quantities in archaeological deposits 
might be the result of inadvertent harvesting. Also, the 
use, time period in the growth cycle during which the 
plant was harvested, and preparation technique may 
not have been conducive to preservation. An example 
of the latter situation is the low percentage of Cleome 
serrulata. This species features as an important eco
nomic plant in Southwestern ethnobotanies (Winter 
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Table 4. 7 - Pioneer plant taxa grouped by percentage of plant abundance* 

s l% > 1% but < 5% > 5% but < 10% > 10% 

Cleome serrulata Mentzelia albicaulis Polygonum Chenopodium 

Compositae Descurainia Cruciferae Amaranthus 

Datura Nicotiana attenuata Portulaca 

Helianthus Gramineae Physalis Cheno-am 

Malvaceae 
Oryzopsis hymenoides 
Polygonaceae 
Solanaceae 
Solanum 
Sphaeralcea 

• Uncharred materials and materials from upper and lower control sam
ples omitted. Only materials assigned to modeling period considered. 

197 5) and is strongly represented in the DAP pollen plants represented would decrease during Periods 3 
assemblage. If this plant was collected prior to seed through 5 (A.D. 800-920), when population is growing 
development (and it is most frequently noted for being and agriculture becomes an intensified strategy to meet 
harvested for its herbaceous parts), then little evidence energy needs (Orcutt 1984b, 1985a, 1985c, and chap. 
of this plant would occur in the macrobotanical assem- 10). However, as indicated in table 4.6, this generally 
blage, although it may have been an important resource. is not true. The limited occurrence of some genera may 
One means of countering the interpretational biases in- be a result of factors already discussed. The increase in 
herent in abundance measure is using ubiquity of oc- wild plant resource representation through time may be 
currence (Gasser 1982; Minnis 1981 b). This measure a result of sample size, a factor more closely evaluated 
of resource importance will be explored later in this later in this section. 
section. 

Of the plant taxa that can be considered wild resources, 
only 21 are listed under the wild category in table 4.6. 
The remainder, which are represented in the assem
blage by both reproductive and woody parts (e.g. , Rhus 
aromatica), are listed in the table under the woody head
ing. However, taxa represented by reproductive parts 
in this latter category are included in this discussion 
on wild plants. 

Temporally and quantitatively, wild plant resources are 
generally less well represented compared to the other 
categories of remains listed in table 4.6. Wild resources 
used by subsistence agriculturalists are those that do 
not compete with agricultural activities for energy ex
penditures, and the greater the importance of agricul
ture within the subsistence system, the lesser the 
importance of wild plant resources (Christenson 
1980:37; Ford 1968:176). Another probable reason for 
their lower frequency and abundance is that many wild 
resources are exploited for fruits or other parts that do 
not preserve well in the archaeological record. 

Interpreting temporal patterns in wild plant resources 
is difficult. Based on the assumption that an inverse 
correlation exists between diversity and richness of wild 
resources and agricultural intensification, it was origi
nally expected that both diversity and richness of wild 
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The remains of wood charcoal indicate that a wide va
riety of wood resources (24 genera) was exploited. Of 
the 32 taxa listed in table 4.6, 16 (50.0 percent) occur 
in 6 or more of the time periods. Eight woody taxa are 
represented by more than 1000 g of wood charcoal. 

The abundance measures for wood can easily be 
skewed. Genera such as Populus, Pinus edulis, P pon
derosa, and Juniperus sp. were the predominant woods 
used in construction. Remains of support posts and 
beams sent in for identification contributed consider
ably to the abundance measure (weight) of any partic
ular genus of wood used for construction, since these 
types of remains usually were larger and heavier than 
remains retrieved from hearths. Other genera of wood, 
such as some of the rosaceous shrubs and trees that 
might have been used as closing material on roofs and 
would have been found in the roof fall of structure, were 
not consistently collected by excavators, who favored 
structural wood that could potentially yield tree-ring 
dates. This arbitrary collection method also affected the 
representation of Populus sp., which does not date well 
and therefore frequently was discarded in the field . 
Therefore, abundance measures based on weight are of 
minimal value in assessing the relative importance of 
woody genera in the resource mix, and other measures 
need to be used to assess the relative importance of the 
different woody taxa in the resource mix. A preliminary 



study (Kohler et at. 1984; Kohler and Matthews 1984) 
using, in part, ubiquity data from Grass Mesa Village 
(Site 5MT23) has indicated that changes in wood re
source use do take place and may be the result of re
source depletion. This possibility is explored further 
later in this section. 

PROBLEM DOMAIN 5: 
CULTURAL PROCESS 

Problem Domain 5 is concerned with the processes un
derlying cultural change and continuity in the Dolores 
Project area (Kane et at. 1983). In an effort to address 
this problem domain, the DAP has developed an ex
planatory model discussed in chapter 6. This model 
provides a theoretical and operational framework 
within which other models or submodels have been de
veloped. These other models address particular varia
bles, such as population size and growth, settlement 
behavior, technology, exchange, social organization, re
source cost, and resource mix, identified in the process 
model to be important within the sociocultural system. 
The process model is broad and general; the submodels 
provide the particularistic elements of the overall 
model. A submodel of agricultural intensification, as it 
has been applied by Orcutt ( 1984b, 1985a, 1985c) to 
the DAP area, provides a framework within which sev
eral expectations concerning temporal change in bo
tanical resource utilization strategies can be generated. 

Change in Botanical Resource 
Use: Expectations 

The botanical resource mix of the Dolores Anasazi is 
viewed as the result of the energy requirements of the 
population, resource abundance and availability, and 
cultural preference. Factors that affect the resource mix 
or the costs involved in procuring that mix would re
quire alteration of subsistence strategies. Two factors 
that would have affected the resource mix and costs of 
the Dolores Anasazi are population pressure and cli
matic stress (Lipe et at. 1983; Orcutt 1985a and chap. 
I 0; Petersen, chap. 4, sect. 6; Schlanger, chap. 8). The 
expected response to the influence of these 2 variables 
on the subsistence system is a reduction in resource 
diversity and intensification or expansion of existing 
agricultural strategies (Christenson 1980; Cordell 1982; 
Earle 1980; Orcutt 1985c; Turner and Doolittle 1978). 
The direction of this response would have repercussions 
on the botanical resource mix and on the composition 
of the macrobotanical assemblage. 

Intensification of an agricultural system implies ex
panding the area under cultivation or increasing the 
yield of the cultivated area. Reduction in resource di
versity as a result of intensification would mean de-
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creasing procurement of resources that take too much 
time and energy away from agricultural acti vities. For 
the Dolores area, a strategy of agricultural intensifi
cation is expected to be pursued during Period 4 (A.D. 
840-880) and Period 5 (A.D. 880-920) because of in
creasing population size combined with climatic stress 
in Period 5 (Orcutt 1984b, 1985a, 1985c). Several 
changes are expected to be visible in the macrobotanical 
data base as the result of intensification: 

I. An increase in the quantity of cultivated plant 
remains for Periods 4 and 5 (A.D. 840-920) should 
occur, and possibly evidence for change in varieties 
or strains of domesticated plants. 

2. There should be an increase in the diversity and 
abundance of pioneer plant remains for Periods 4 
and 5 as the result of intensifying a multiple
cropping strategy. 

3. A decrease in the abundance and diversity of wild 
plant remains for Period 4 (A.D. 840-880) should 
occur. 

4. There should be an increase in both diversity and 
abundance of wild plant remains in Period 5 (A.D. 
880-920) as a result of increased storage (to provide 
a "buffer"), and as a result of the expansion of catch
ment areas. 

5. Changes in wood remains should result from in
creased building and clearing activities during Pe
riods 4 and 5. 

The remainder of this section tests these expectations 
for change in the macrobotanical assemblage. Each of 
the 4 major plant categories (cultigen, pioneer, wild , 
and woody) is examined with reference to change 
through time in diversity and abundance. 

Change in Botanical Resource Use: Results 

Cultigens: Cucurbitaceae and Phaseolus 

Analysis of the remains ofCucurbitaceae and Phaseolus 
shows no change in varieties over time. Remains of 
cucurbits were recovered from only 13 sites; remains 
from 9 of these sites were analyzed (Fleming 1983). 
Genera of Cucurbitaceae were identified through anal
ysis of seeds, rinds, and peduncles. Based on seed meas
urements or recognition of distinctive morphological 
characteristics described by Cutler and Whitaker ( 1961) 
and Whitaker and Bohn (1950), 2 species of cucurbits 
were recognized: Cucurbita pepo and Lagenaria sicer
aria (Fleming 1983). Some specimens could not be pos
itively identified beyond the level of family or the genus 
Cucurbita, but given the predominance of C. pepo in 

165 



FINAL REPORT 

the assemblage, these cucurbits are probably also C. 
pepo. 

The number of Phaseolus sp. remains recovered was 
substantially greater than that of cucurbit remains, but 
Phaseolus sp. representation was low compared to Zea 
mays. Remains of Phaseolus were collected from 22 
sites; remains from 16 sites were analyzed. A subsample 
of 361 whole beans and 850 cotelydons was selected for 
analysis. Kaplan's (1956) type system, based on meas
urement of several morphological characteristics, was 
used for analysis of the remains (Griffitts 1985). Using 
this system, the remains were assigned to Phaseolus vul
garis. Five noncharred beans could be further identi
fied , according to Kaplan's types, as either Hopi Blue 
Dye or Red Kidney beans. 

Under a strategy of agricultural intensification, the pro
duction of cucurbits and beans should increase. In
creased production hypothetically would increase the 
amount of material in the archaeological record because 
more material would be deposited as increased quan
tities were brought into a site. However, as indicated 
in table 4.6, this is not consistently the case. Remains 
of Phaseolus vulgaris and Lagenaria siceraria generally 
are more abundant during Periods I through 3 (A.D. 
600-840) than during Periods 4 through 7 (A.D. 840-
1250), although Cucurbita pepo is more abundant dur
ing Periods 4 and 5 (A.D. 840-920) than at any other 
time. Nonetheless, this discrepancy between the ex
pected and the actual trends in abundance values does 
not necessarily refute the idea of increased production 
during Periods 4 and 5 for a variety of reasons. The 
representation of these cultigens is expected to have 
been detrimentally affected by prehistoric preparation 
techniques and preservation factors, possibly more so 
than other types of remains would have been, such as 
seeds of pioneer plants. Therefore, the abundance of 
beans and cucurbits may not be an accurate means of 
gauging fluctuations in their contribution to the eco
nomic system over time. A case in point is the quantity 
of Phaseolus associated with Period 3 (A.D. 800-840). · 
Of the 1570 bean specimens recovered, 1537 were re
trieved from a few proveniences from I site. Anomalous 
incidences such as this can obviously bias interpreta
tions. Furthermore, the somewhat inconsistent occur
rence of cucurbits over time may also indicate that 
preservation and sampling biases are affecting repre
sentation rather than reflecting the significance of these 
resources. The idea of agricultural intensification can
not be substantiated or refuted based on remains of 
cucurbits and beans. Too many uncontrolled factors in 
the archaeological record have affected the represen
tation of these types of remains to confidently use them 
as an index of intensification. 
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Cultigens: Zea mays' 

One general expectation concerning cultivated re
sources in the Dolores area is that these resources will 
increase in importance with increasing population dur
ing the early to late A.D. 800's. The increased impor
tance of these resources would be the result of increased 
intensification of the agricultural subsistence strategy 
to offset the impact of a larger population on the general 
subsistence system. An expected form of agricultural 
intensification would have been selection of high-yield 
varieties of domesticated plants. Varieties that had 
characteristics such as large fruits, high yield per plant , 
early maturation , or tolerance of various environmental 
factors were expected to have been selected for culti
vation . This selection process would have been most 
significant for Zea mays, which would have had the 
greatest potential for providing the highest yield of us
able product per unit area of land under cultivation . 
During the optimal climatic years of Period 4 (A.D. 
840-880), selection of Zea mays types may have con
centrated on varieties with large row number (equiv
alent to high kernel count), large ears, flour versus flint 
kernels, and high yield per plant or hill. Coincident with 
the climatic deterioration that began in the late A.D. 
800's and continued through the A.D. 900's (Petersen , 
sect. 6; Orcutt 1984b, 1984c, 1985a), stress-tolerant va
rieties of cultigens may have been selected over high
producing but less stress tolerant varieties. 

Abundance of Zea mays remains. - It is assumed that 
with the increased population during the early to late 
A.D. 800's in the project area (with the highest popu
lation during Period 4, or from A.D. 840 to 880) (chap. 
8), production of corn had to increase to meet demand. 
The question of interest is whether increased produc
tion of corn was a conscious cultural response in the 
form of intensification, or whether production simply 
increased concomitant with the influx of more subsist
ence agriculturalists into the project area as the dry
farming belt narrowed (sect. 6; chap. 8). It is assumed 
that the former is the case. 

Table 4.8 illustrates the difference in abundance of corn 
kernels by modeling period. As is apparent from this 
table, when all cases are considered, a large difference 
in the quantity of corn remains between Period 5 and 
all other periods; a smaller but still noticeable differ
ence occurs when aberrant cases are excluded. At least 
3 considerations must be taken into account when eval
uating these differences. 

The first consideration is the amount of time repre
sented by each of the DAP periods. With all other var
iables being equal , a period that is longer than another 

'Discussion of corn remains provided by Kenneth Lee Petersen, DAP. 



Table 4.8 - Abundance of Zea mays kernels, by mod
eling period* 

Period and date Kernels 
range (A.D.) 

weight (g)t Number of 
sites§ 

I (600-720) 629.6 (629.6) 5 (5) 
2 (720-800) 506.8 (506.8) 14 ( 14) 
3 (800-840) I 141.0 (1141.0) 8 (8) 
4 (840-880) I 012.8 (1012 .8) 15 (15) 
5 (880-920) 10 216.9 (3833.3) 14 (14) 
6 (920-980) 430.7 (9.4) 3 (2) 
7 (980-1250) 8.9 (8.9) 6 (6) 

* Includes charred and uncharred remains. 
t Numbers in parentheses indicate total weights of 
corn kernels when aberrant cases removed. For Period 
5, kernels from Surface Structure 13, Site 5MT4477, 
removed. For Period 6, kernels from Site 5MT4475 
removed. 
§ Number of sites with kernels. Numbers in paren
theses indicate numbers of sites when aberrant cases 
removed , as specified above. 

period would be expected to be represented by more 
corn remains. This bias can be partly overcome by fo
cusing attention on Periods 3, 4, and 5, because each 
of these periods is 40 years long. Period 6 also is ex
amined, although at 60 years in length , it is longer than 
the preceding 3 periods. 

The second consideration is the number of sites rep
resented within a period. Even if Periods 3, 4, and 5 
span the same number of years (i.e ., 40), if any I period 
is represented by a greater number of contexts (for in
stance, the number of sites yielding corn remains al
most doubles from Period 3 to Period 4 and then 
decreases slightly from Period 4 to Period 5), then dif
ferences in the amount of corn kernels recovered could 
be attributed to the number of sites analyzed. To over
come this problem, grams of corn kernels were divided 
by the number of sites (table 4.8) to provide an estimate 
of the average amount of corn kernels per site (fig. 4.1 ). 

In figure 4.1, Period 5 (A.D. 880-920) has the greatest 
amount of corn kernels per site . At first , the trend ev
ident in figure 4.1 appears to fit the anticipated trend 
of increasing population and increasing dependence on 
corn. However, the peak occurs in Period 5, when pop
ulation levels have begun to decrease in the project area 
(chap . 8) , instead of in Period 4, when initially 
expected. 

To insure that aberrant cases did not unduly influence 
the trend illustrated in figure 4.1, the amount of corn 
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Figure 4.1- Average amount of corn kernels (grams) per· site, by 
modeling period. Hatching shows average when ker
nels from Surface Structure 13 at Site 5MT4477 are 
excluded; solid bar shows average when kernels from 
Site 5MT4475 are excluded. 

kernels at specific sites was examined. Most of the Per
iod 5 corn kernels came from Surface Structure 13, a 
room at Site 5MT4477 that had been full of corn when 
it burned and from which special efforts were made to 
collect much of the material found within. When the 
Surface Structure 13 kernels are excluded in figure 4.1 
(as indicated by hatching), the peak in Period 4 is still 
evident, although less pronounced. At least some of the 
remaining peak may be attributable to previously un
recognized cases less aberrant than Surface Structure 
13, but still anomalous enough to cause distortion. 
Most of the Period 6 corn remains came from Site 
5MT4475. When this site is excluded from the analysis 
(as shown by the solid bar in fig. 4.1 ), the overall trend 
is still evident: the average amount of corn kernels is 
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still highest during Period 5 and drops drastically in 
Peri od 6. However, the sample size for Period 6 is small 
(3 sites). 

The thi rd and fin al factor to be considered when eval
uating the increased abundance of corn kernels during 
Period 5 is related to DAP excavation and research 
prioriti es. A greater number of contexts that date to 
Peri od 5 may have been excavated within each site. A 
test for thi s would be to examine some other artifact 
category in relationship to corn remains to see if it 
changes in the same manner as the corn remains. 

Ceramics were selected to be evaluated against the 
amount of corn remains because sherds are relatively 
ubiquitous. If it can be assumed that the rate of break
age and di scard remained relati vely constant through 
time, then changes in corn remains may be evaluated 
independently of the length of a DAP period and the 
number of sites excavated. 

Table 4.9 shows the abundance of sherds for each mod
eling period . Two data categories are presented. The 
first is the number of sherds recovered from the sites 
that conta ined corn kernels. The second category con
sists of total sherds recovered from all DAP sites as
signed to mod eling period. Because most of the 
differences between each of the ceramic categories in 
table 4.9 are relatively small , total sherds from the en
tire project was the category selected for this discussion . 
This measure allows the ceramic data to be used against 
other macrobotanical remains. 

Tables 4.8 and 4.9 indicate that the total number of 
sherds roughly doubles between Periods 4 and 5, whi le 
at the same time, the amount of corn kernels (excluding 
Surface Structure 13 at Site SMT4477) increases nearly 
4 times. Since these 2 periods are of equal length, it is 
clear that more contexts were excavated. Even if the 
rate of ceramic breakage and disposal had changed dur
ing Period 5 (which is unlikely), it sti ll would seem that 
Period 5 is represented by many more excavated con
texts than any other period. It then would logically fol
low that the increase of corn kernel remains evident in 
figure 4.1 could simply be a product of more extensive 
excavation. To test for thi s, the corn kernels listed by 
period in table 4.8 were divided by the numbers of total 
sherds listed by period in table 4.9 and the ratio plotted 
m figure 4.2. 

The most obvious difference between figure 4.1 and 
figure 4.2 is the high Period I ratio of grams of corn 
kernels to total sherds in figure 4.2. Other than that , 
the general trend evident in figure 4.1 is still evident 
in figure 4.2. Period 5 is characterized by much more 
co rn than any of the other periods when Surface Struc
ture 13 at Site SMT4477 is included. When this struc-
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Table 4.9 - Abundance of sherds, by modeling period 

Period and Sherds 
date 

Group I* Group 2t range (A.D.) 

I (600-720) II 187 ( I I 187) 14 837 (14837) 
2 (720-800) 34 125 (34 125) 35 335 (35 335) 
3 (800-840) 48 461 (48 461) 52 534 (52 534) 
4 (840-880) 68 676 (68 676) 70 532 (70 532) 
5 (880-920) 145 230 (145 0 10) 146 032 (145 812) 
6 (920-980) 27 341 (279) 27 903 (841) 
7 (980- 1250) 6 ISO (6 ISO) 7 728 (7 728) 

* Group I - Number of sherds recovered from table 
4.8 sites that yielded corn kernels. Numbers in paren
theses indicate total sherds when aberrant cases re
moved. For Period 5, sherds from Surface Structure 13, 
Site SMT4477, removed. For Period 6, sherds from Site 
SMT4475 removed. 
t Group 2 - Total number of sherds recovered from 
all DAP sites that could be assigned to modeling period. 
Numbers in parentheses ind icate total sherds when 
aberrant cases removed, as specified above. 

ture is excluded , Period 5 is no longer characterized by 
a strong overall peak, although the Period 5 ratio is 
nearly twice that of Period 4. In short, some evidence 
indicates that the large number of Period 5 corn kernels 
recovered might not be strictly the result of a greater 
number of Period 5 sites or contexts having been ex
cavated. T he length of time represented by a period is 
not a facto r in this method of presentation. 

The fact that the increase in the amount of corn kernels 
lags behind the trend seen in population (chap. 8) may 
be the most convi ncing argument for agricultural in
tensification. Figure 4.1 shows that Period 5 has the 
highest average amount of corn kernels per site. Figure 
4.2 shows that, except for Period I, Period 5 has the 
highest ratio of corn kernels to total sherds (when Sur
face Structure 13 at Site SMT4477 is excluded). This 
pattern is also evident in the faunal data (chap. 7, fig. 
7.3.). Period 5 has a significantly greater average ratio 
of bone remains (minimum number of individuals) to 
gray ware sherds than do other periods. The differences 
between all the other periods are not significant. 

As judged by the faunal results just discussed and by 
figures 4.1 and 4.2, the evidence for both increased 
fau nal procurement and agricultural intensification is 
strongest for Period 5, as opposed to Period 4. This 
may be because population pressure alone may not have 
brought about enough stress to force intensification 
during Period 4. However, with deteriorating climate 
during Period 5, which continued into Period 6 (sect. 
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Figure 4.2 - Ratio of grams of corn kernels to total number of 
sherds recovered from the project area. Hatching 
shows ratio when kernels and ceramics from Surface 
Structure 13 at Site 5MT4477 are excluded. Solid bar 
shows ratio when kernels and ceramics from Site 
5MT4475 are excluded. 

6), agricultural intensification (and the concomitant in
crease in faunal procurement) seems to have been un
dertaken. But, the steps taken by the Anasazi evidently 
were not adequate, and the project area was largely 
abandoned in the early A.D. 900's. When the area was 
again occupied during Period 6 (A.D. 920-980), corn 
remains were much less abundant (figs. 4.1 and 4.2) 
than during Period 5, although they may have occurred 
in quantities similar to those noted for earlier periods. 
The reduced abundance of corn kernels between Pe
riods 5 and 6 is mirrored by the low ubiquity of Zea 
pollen during the A.D. 900-975 period (Cline Sub
phase), as discussed in section 3 of this chapter. 

The contrast in corn remains between Periods 5 and 6 
is also clearly shown by Matthews (1985c) in her study 
of the McPhee Community Cluster corn remains. She 
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also found that remains of other cultigens (i .e., Phas
eolus vulgaris, Cucurbita pepo, and Lagenaria siceraria) 
were sharply reduced in Period 6, and she notes that 
this reduction is best explained by the less favorable 
climate for cultigens that existed in the project area 
during this period. Her explanation is supported by the 
results of pollen analysis (sect. 3), but the reduction in 
Zea ubiquity during Period 6 is not as evident in figu res 
4.1 and 4.2 , unless Site 5MT4475 is excluded from 
consideration. 

Varieties of Zea mays.2 - Several morphological attri
butes can be measured to determine race or varietal 
differences in archaeological corn populations. Cob or 
ear diameter and number of kernel rows are used for 
gross classsification; finer measurements focus on ali
cole characteristics (Benz 1981 ). Measurements taken 
on the cob remains from the project area included ker
nel row number, cob diameter, cupule width , and glume 
width. Forty-four whole cobs and 9306 cob fragments , 
most of which were charred, were recovered during 
DAP excavations. A subsample of 552 cob specimens 
was selected for measurement because the cobs were in 
adequate condition. Of these cobs, 336 were collected 
from proveniences with secure temporal assignments; 
this subsample was used in the present study. 

The results of the corn measurements are presented in 
table 4.1 0. The row number for all samples that could 
be assigned to modeling period ranges from · 8 to 18; 
however, it is only in Period 3 and later (i .e., after A.D. 
800) that row numbers of 16 and 18 occur. (Although 
6-row cobs do occur in the DAP assemblage, none were 
assigned to modeling period.) The percent of cobs with 
each of the different row numbers represented per mod
eling period is also shown. Except for Period I (rep
resented by only 6 cobs), cobs with 12 rows always 
represent more than 50 percent of the samples from a 
period. 

In table 4.1 0, I 0-row corn cobs make up less than 
19 percent of the cob remains for all periods except 
Period 5, where it increases to 26.2 percent. The in
crease in Period 5 results in a mean row number that 
averages less than II mm (i.e. , 10.9 mm), whereas all 
other mean row numbers (except for Period I) average 
II mm or more. Although this slight change in mean 
row number falls well within one standard deviation, 

'The data files upon which this study is based are earlier than the data 
files used for much of the rest of this section. Therefore, some of the 
numbers presented in text and in tables might not correspond exactly 
to data presented elsewhere in thi s section, this volume, or the DAP 
report series. For instance, at the point at which thi s study was un
dertaken , no corn remains had been assigned to Period 7. Subsequent 
to the completion of the study, the data fil e was rev iewed and edi ted, 
and some corn remains were assigned to Period 7. This revision is not 
reflected in the discussion of Zea mays varieties presented here. 
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Table 4.10 - corn cob summary by modeling period* 
--

Period and date Row No. Row No. Cob diameter Cupule width Glume width 
range (A.D .)t (mm) (mm) (mm) 

6 8 10 12 14 16 18 Total 
N % N % N % N % N % N % N % N % x N SD X N SD x N SD X N SD 

I (600-720) 3 50.0 I 16.7 2 33.3 6 100.0 9.7 6 2.0 14.0 6 4.0 6.0 I 0.0 10.2 5 4.8 
2 (720-800) 4 21.1 I 5.3 12 63.2 2 10.5 19 100.0 11.3 19 1.9 14.1 19 2.7 6.3 7 1.7 7. 1 12 1. 1 
3 (800-840) I 3.7 5 18.5 17 63.0 2 7.4 2 7.4 27 100.0 11.9 27 1.7 14.7 27 2.3 5.7 3 0.8 6.5 24 1.9 
4 (840-880) 6 23. 1 4 15.4 14 53.8 I 3.8 I 3.8 26 100.0 11.0 26 2.1 15.1 26 2.9 4.8 I 0.0 8.0 25 2. 1 
5 (880-920) 33 17.3 50 26.2 100 52.4 7 3.7 I 0.5 191 100.0 10.9 191 1.7 15.7 19 1 2.8 7.2 20 1.4 8.0 170 1.2 
6 (920-980) 6 9.0 II 16.4 40 59.7 7 10.4 2 3.0 I 1.5 67 100.0 11.7 67 1.9 16.4 67 3.3 6.8 9 1.3 8.2 58 1.4 

Period totals 53 15.8 72 21.4 185 55.1 19 5.7 6 1.8 I 0.3 336 100.0 11.1 336 1.8 15.6 336 3.0 6.8 41 1.4 7.9 294 1.6 

Other§ 2 0.9 28 13.0 56 25 .9 11 8 54.6 9 4.2 3 1.4 2 16 100.0 11.1 2 16 2.2 15.8 2 16 4.2 6.1 41 1.7 8.6 175 3.8 

Total 2 0.4 81 14.7 128 23 .2 303 54.9 28 5.1 9 1.6 I 0.2 552 100.0 11. 1 552 2.0 15.7 552 3.5 6.4 82 1.6 8.2 469 2.7 

* The data fi le used was edited subsequent to the preparation of this table and accompanying text. Therefore, the numbers presented here and in text m ight not correspond 
exactly to data presented elsewhere in this volume or elsewhere in the DAP report series. 
t Period 7 is not listed because, at the point at which this study was undertaken, no corn cob remains had been assigned to this period . 
§ Other - Not assigned to period. 
Includes both charred and uncharred remains. 
X- Mean. 
SD - Standard deviation. 
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and so is not significant, a 2 X 2 chi-square test was 
performed to see if a significant difference occurred 
between the number of I 0-row corn cobs in Period 4 
versus Period 5. The results, with a chi-square value of 
1.43, indicate that the difference is also not significant 
at the 0.5 level of probability. However, even though 
the magnitude of change cannot be shown to be sig
nificant, the direction of change might be important. 
The direction of change may be what could be expected 
with agricultural intensification and selection for I 0-
row corn. 

Assuming that corn cultivation was the focus of agri
cultural intensification, increased productivity could be 
managed through expansion of agricultural fields under 
cultivation and increased energy input into cultivation. 
This may be what is evidenced by the high proportion 
of corn kernels in Period 5 already discussed. Another 
means of intensification could be the cultural selection 
for high-yield varieties of corn. Although numerous cul
tural factors affect the types of corn grown (e.g., color, 
use, size), environmental variables would certainly be 
determining factors in selection of corn varieties. The 
major limiting environmental factors in the project area 
are frost-free period and precipitation, with the former 
believed to have been the more influential of the 2 (sect. 
6; Shuster 1981 ). These environmental factors would 
encourage cultural selection for varieties of corn that 
would mature within 110 to 120 days and were tolerant 
of water stress and cool temperatures. 

An early type of flint corn (a variety of corn with a hard 
endosperm) in the prehistoric Southwest was a 12-row 
Chapolote variety. During late Basketmaker III-early 
Pueblo I times, a new race, Maiz de Ocho, was inte
grated into the Southwest (Galinat et al. 1970). This 8-
row corn is believed to have been a more productive, 
easier-to-mill flour corn (a variety of corn with a soft 
endosperm) better adapted to higher elevations and 
cooler temperatures (Galinat and Gunnerson 1963; 
Galinat et al. 1970). The cross of Maiz de Ocho and 
Chapolote is thought to have resulted in a productive 
I 0-row hybrid, often referred to as Pima/Papago (Cutler 
1966; Doebly and Bohrer 1980), that could reproduce 
as a flint or flour corn. Although analytical methods 
were not sophisticated enough to determine races or 
varieties within the DAP collection, the above races can 
be used as analogs. The 8-row cobs from the project 
area are believed to be related to the Maiz de Ocho 
complex, since one of the distinguishing characteristics 
of this race is row number. It would, however, be overly 
simplistic to assign the other corn cob remains to a race 
or variety based only on row number similarities to 
Chapolote or Pima/Papago corn. The morphological 
differences in the DAP corn population indicate that 3 
or more varieties are represented, but more positive 
identifications cannot be made based on the measure
ments taken. 
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Nonetheless, except for during Period I, 12-row corn 
clearly is the dominant cob through all time periods in 
the Dolores River valley. The slight increase in I 0-row 
cobs during Period 5 (table 4.10) is consistent with the 
evidence already presented that the greatest intensifi
cation in the project area may have occurred during 
Period 5. Excluding Period I (because of small sample 
size), the highest percentage of 8-row cobs occurs in 
Period 4, immediately preceeding Period 5, which has 
the highest percentage of I 0-row cobs. A possible scen
ario is that a Maiz de Ocho type was popular in the 
project area during Period 4, and that with the agri
cultural intensification in Period 5, a cultural selection 
for the cross between the Maiz de Ocho type and the 
Chapolote type, resulted in the slightly greater propor
tion of 10-row cobs for this period. 

Although agricultural production during Period 5 may 
have been limited to low-risk areas (Orcutt 1985a), the 
10-row variety may have been preferred over the 12-
row variety because of potential higher yield. The over
all predominance of the 12-row corn may be attributed 
to the fact that flint kernels would store better than 
flour kernels. As Whiting ( 1939: II) has pointed out, 
flint corn is advantageous to grow when it is desirable 
to store an extra year's supply, because flint corn is not 
as easily attacked by corn weevils. 

Although measurements were not taken for kernels, 
they were taken for cupule or glume widths on some of 
the cob fragments (table 4.10). Glume widths were 
measured if it was not possible to adequately measure 
the cupule. Cupule and glume width measurements rep
resent the average for a cob specimen. Approximately 
5 cupules or glumes per cob were measured. The meas
urement was taken at the middle of the cob or at the 
widest section of the cob for the average. Cupule and 
glume widths are related to the size of the kernel: large 
cupule (glume) size is equivalent to large kernel size. 
Kernel size can be affected by environmental or genetic 
factors. Genetically, factors such as row number will 
affect kernel size. Environmentally, factors such as 
water stress, abnormally cool growing season, and short 
growing season will prove detrimental to kernel size. 

In table 4.1 0, the clearest trend is the increase in mean 
cob diameter from 14.0 mm in Period I to 16.4 mm in 
Period 6. Also, a general trend of increasing mean 
glume width from early periods through late periods is 
present. As cob diameter increases through time, so 
does glume width (and therefore kernel size). Bye 
( 1978: 17) suggests an inverse relationship between cu
pule size and row number. Cobs with low row counts 
will have larger kernels, implying larger cupule widths. 
In table 4.1 0, the highest mean cupule width occurs 
during Period 5, when the lowest mean row number 
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(except for Period I) and the largest frequency of 10-
row cobs occurs, reinforcing the argument that there 
was a real increase in cultural selection for the I 0-row 
variety of cobs during that period . 

Summary. - In summary, there is a general trend for 
corn cob diameters and glume widths to increase in size 
through time. Also , an increase in the range in the num
ber of rows seems to occur. Period I has a range of 8 
to 12 rows, and Period 6 has a range of 8 to 18 rows. 
On the other hand , 12-row corn almost always domi
nates, and the mean row number averages slightly less 
than 12, with the most pronounced departures occur
ring during Periods I and 5. The departure in Period 
I can be attributed to small sample size, whereas the 
departure in Period 5 seems to be due to a greater oc
currence of 10-row cobs. Cupule width is inversely re
lated to row number, and as expected, the mean cupule 
width in Period 5 is the highest of all periods. Possibly, 
cultural selection associated with greater agricultural 
intensification is manifested during Period 5 in both 
the kind and amount of corn remains. The relative 
amount of corn remains recovered from Period 5 con
texts seems to outstrip the other periods, providing the 
strongest suggestion that agricultural intensification 
was being practiced. 

Pioneer Plants 

Change in the occurrence of pioneer plant remains in 
the assemblage may be a better index of agricultural 
intensification than change in the occurrence of some 
cultivated plants. Given the ecological behavior of pi
oneers, their presence in the macrobotanical assem
blage is assumed to be primarily a function of 
agricultural activities. Amplification of environmental 
disturbance through agricultural intensification should 
result in increased diversity and abundance of pioneer 
plants. That is, by expanding the area under cultivation, 
a larger area would have been opened for pioneer plant 
colonization. Studies of pioneer colonization strategies 
have indicated the size of open area increases the di
versity of taxa, the density of the standing population, 
and frequently the size of the individual plants (Davis 
and Cantlon 1969). 

The occurrence or change in the pattern of occurrence 
of pioneers would not just be the result of increased 
disturbance. Increased representation of pioneer plant 
resources could result from greater procurement and 
utilization of pioneer resources as a least cost strategy 
of agricultural intensification. The contribution of pi
oneers to the subsistence base would depend to some 
degree on their value to the agriculturalist. As Ford 
( 1968: 191) points out in his study of San Juan Pueblo 
(New Mexico), pioneer plants considered useful in the 
subsistence system are left in the fields by the San Juan 
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fanners, but pioneers not of value are weeded out. Even 
the pioneers left in the fields have to be monitored 
because of the intercrop competition between pioneers 
and domesticated plants for growth resources (Bye 
1981 ). Therefore, pioneers left in a field and harvested 
can be considered to have been encouraged pioneer 
crops. Pioneer plants that were encouraged would in
crease in density under the influence of agricultural in
tensification. The productivity from these resources 
would increase the edible biomass of a cultivated area, 
increase the predictability of yield , and also improve 
the nutritional basis of the population (Ford 1984: 13 7). 
Agricultural intensification is expected to result in 
higher diversity and abundance of pioneer plant re
mains in the DAP assemblage. Furthermore, as a part 
of an intensification strategy, select genera of pioneer 
plants would become more important within the sub
sistence system and would be intentionally inter
cropped with domesticates. These pioneers would be 
characterized as high yielding, multifunctional (i .e., 
producing edible greens and seeds), nutritional , cultur
ally preferred, stress tolerant, and requiring low-energy 
maintenance. This is not to suggest that the Dolores 
Anasazi were domesticating select genera of pioneers, 
but that some form of conscious manipulation of some 
genera may have taken place to ensure crop production. 

Since the disseminules of pioneer plants are so small , 
averaging I mm or less, they usually are recovered only 
from flotation samples, or in rare cases, from water
screened vegetal samples. Table 4.11 illustrates the di
versity of pioneer taxa from flotation samples; low fre
quency taxa (one occurrence in a period) are included 
in the third column of the table, but are omitted from 
the last column. Generally, an increase in diversity oc
curs during periods of expected intensification, and di
versity drops during periods when intensification is not 
predicted to be a necessary strategy. However, as 
pointed out by Leonard ( 1985) and others (cf. Grayson 
1984), diversity indices need to be tested for sample 
size bias, since larger sample size will increase the prob
ability of encountering taxa that occur in low frequen
cies. Such testing has not been undertaken for this 
study; therefore, the diversity noted may reflect only 
relative sample size and not temporal variation. 

The abundance values for pioneers does not necessarily 
follow the expectation of increased quantity during the 
predicted periods of intensification. The values for pi
oneers as a group (table 4.12) or the values by individual 
taxa do increase in Period 5, but the same is not true 
for Period 4. The Period 4 value not only is substan
tially lower than the Period 5 value, but is less than 
I /2 the values for Periods 2 and 3 and is slightly lower 
than the value for Period 6. In some cases, the dis
crepancy in abundance values between periods is the 
result of single samples containing large quantities of 
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Table 4.11 - Diversity of pioneer plant taxa from flotation samples, by 
modeling period• 

Period and No. of flotation No. of pioneer Adjusted No. of 
date range samples plant taxa pioneer 

(A.D.) plant taxat 

I (600-720) 48 15 10 
2 (720-800) 146 19 16 
3 (800-840) 544 18 17 
4 (840-880) 202 20 19 
5 (880-920) 450 19 17 
6 (920-980) 61 16 12 
7 (980-1250) 47 15 13 

• The following have been excluded from this table: fragments , 
uncharred remains, and materials from upper and lower control samples. 
t Taxa represented by I item in a period are deleted; taxa represented 
by 2 or more items are included. 

Table 4.12 - Abundance of pioneer plants, by modeling period• 

Period and date range Abundance Adjusted abundancet 
(A.D.) 

------~-----------r----------------

1 (600-720) 
2 (720-800) 
3 (800-840) 
4 (840-880) 
5 (880-920) 
6 (920-980) 
7 (980-1250) 

93 
1386 
1215 
582 

8217 
744 
243 

93 
386 
850 
582 

1717 
744 
243 

• Includes flotation sample and vegetal remains . Charred , 
reproductive parts only are included; materials from upper and lower 
control samples are omitted. 
t Selected concentrations of remains deleted where it was judged 
that such concentrations strongly biased the sample. 

seeds (Periods 2 and 5) or unusual sampling situations 
(Period 3; cf. Matthews 1984b). Even when these cases 
are excluded from consideration, the abundance value 
for Period 4 is still lower than that for Periods 3, 5, and 
6 (table 4.12). 

Abundance values can be skewed by numerous factors 
(some of which were mentioned in the preceeding dis
cussion of corn remains), and although abundance can 
be used as I indicator of importance or change, ubiq
uity indices are believed a more accurate means of as
sessing change in an assemblage (Gasser 1982; Hubbard 
1980; Minnis 1981 a). A ubiquity index is a measure of 
the frequency with which a subject of interest occurs 
within a set population or unit of measure. For the 
purpose of assessing relative change through time in 
pioneer resources as a group, an index was established 
using fire-related features as the sampled population. 

Fire-related features include hearths, ash pits, warming 
pits, and pits that show evidence of burning but are not 
considered to be hearths. This feature category was se
lected because the features included are assumed to 
have been associated with food preparation and con
sequently are likely locations for debris from prepara
tion activities. Change in mix composition could 
therefore be detected in this type of feature. Using fire
related features may be considered restrictive, but these 
features actually provide the best-controlled, highest
quality proveniences sampled. Fire-related features 
were consistently sampled, if disturbance was minimal, 
and hearth fills usually were composed of primary, sec
ondary, de facto, or some combination of mixed cul
tural debris. 

Table 4.13 gives the ubiquity index for pioneer plants 
in fire-related features. This index indicates that, as a 
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Table 4.13 - Ubiquity of pioneer plant taxa in 
selected fire-related features, by modeling period* 

Period and date N T u (o/o) 
range (A.D.) 

I (600-720) 7 20 35.0 
2 (720-800) 29 51 56.9 

.3 (800-840) 28 47 59.6 
4 (840-880) 46 62 74.2 
5 (880-920) 98 131 74.8 
6 (920-980) 16 27 59.3 
7 (980-1250) 12 31 38.7 

* The feature types included in this table are hearth , 
fireplace , ash pit, warming pit, and pit (not further 
specified) with burning. All macrobotanical materials 
(flotation sample and vegetal remains) are included 
except for uncharred remains and materials from 
upper and lower control samples. Macrobotanical 
materials are considered whether or not they are 
interpreted to be related to the use of the feature . 
N - Number of fire-related features with charred 

pioneer plant remains. 
T - Number of fire-related features that yielded 

macrobotanical materials that were analyzed 
and were assigned to the specific period. 

U - Ubiquity index , or NIT, expressed as a 
percent. 

group, pioneer resources increase in frequency among 
this group of features through Period 5. If the assump
tion concerning the functions of these features is valid, 
then table 4.13 may be interpreted as indicating in
creased relative importance of this category of re
sources during Periods 4 and 5. The general trend 
toward increased representation of pioneer plants dur
ing these 2 periods was first documented by analyses 
of the macrobotanical assemblages from McPhee Vil
lage and Grass Mesa Village (Site 5MT23) (Matthews · 
1985c, 1985d). The repetition of this trend using proj
ect-wide data is believed to further support the inter
pretation that agricultural intensification occurred 
during Periods 4 and 5. 

The macrobotanical assemblages from McPhee Village 
and Grass Mesa Village were used to test the hypothesis 
that, if agricultural intensification took place during 
portions of the Anasazi sequence, certain pioneer plant 
genera would have become more important in the sub
sistence economy during those times. Several points of 
these studies will be used in the following discussion. 

The hypothesis was tested using abundance values, 
ubiquity of each pioneer taxon in flotation samples and 
the ubiquity of the same in fire-related features (tables 
4.14 through 4.18). Based on these analyses, the data 
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suggest that 7 pioneer taxa were preferred pioneer re
sources. These pioneer taxa are Amaranthus, Cheno
podium, cheno-am, Cruciferae, Descurainia, Physalis, 
and Portulaca. The inclusion of cheno-am and Cruci
ferae may seem inappropriate, because neither was 
identified to genus and both taxa consist of more than 
I genus. These 2 taxa were included because indicating 
the relative importance of particular plants within the 
subsistence system was believed to be of value to the 
study, even if these plants could be identified on only 
a gross level. 

Since abundance values can be affected by samples size, 
and Periods 4 and 5 were represented by the greatest 
number of samples, a Spearman rank correlation coef
ficient was calculated to test abundance of each taxon 
against sample size. The results of the test indicate that 
the variability in abundance of pioneer plants between 
and within periods was not necessarily the result of 
sample size (Matthews 1985b:appendix A). Although 
the 2 ubiquity indices do show these 7 taxa are signif
icant over all time periods (tables 4.16 and 4.18), some 
variability in taxon representation exists within each 
period. Some of the variability in representation is un
doubtedly due to factors inherent in the archaeological 
record, such as differential preservation or sampling 
bias. Nonetheless, the variability is also believed to in
dicate some change in agricultural practices. That is, in 
Period 6, Amaranthus and Descurainia appear to de
crease in importance, which may imply reduction in an 
intensification strategy. The evidence for continued im
portance of Chenopodium, Portulaca, and Physalis may 
mean that even though intensification was not an ex
pected strategy in Period 6, elements of the intensifi
cation system were maintained, such as continued 
encouragement of some pioneer taxa. Chenopodium was 
the most abundant and ubiquitous pioneer taxon rep
resented within each period and through all periods. 

Two problems with this study may have influenced 
interpretations. First , the presence or absence of 
charred seeds or fruits was used as the means of estab
lishing economic importance. If a plant was predomi
nantly used for its greens, little evidence of it would be 
in the macrobotanical assemblage, and interpretation 
of its importance would be negatively biased. This may 
be the case with Cleome serru/ata , ubiquitous in the 
pollen record (sect. 3), but minimally represented in 
the macrobotanical data base for this study. Second, 
the use of abundance values and ubiquity indices to 
estimate economic importance may not be a strong 
enough test. Nonetheless, supporting evidence for the 
importance of the 7 taxa was found in other archaeo
logical investigations, in ethnographic documentation, 
and in the literature concerning the nutritional value 
and seasonal availability of these taxa (cf. Adams 1980; 
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Table 4.14 - Abundance of pioneer plant taxa for selected sites, by modeling period* 

Taxon Periods Period Period Period Total 
2-3 4 5 6 

A.D. A.D. A.D. A.D. 
720-840 840-880 880-920 920-980 

Amaranth us 14 24 1107 4 1149 
Cheno-am 33 18 1233 49 I 333 
Chenopodium 56 57 2923 357 3 393 
Cleome serrulata 20 20 
Compositae 3 77 80 
Cruciferae 44 882 40 966 
Descurainia 19 43 442 8 512 
Gramineae 2 3 267 37 309 
Helianthus 21 I 80 I 103 
Malvaceae 2 I 3 6 
Mentzelia albicaulis I 17 70 I 89 
Nicotiana attenuata 3 4 20 I 28 
Physalis 20 33 475 20 548 
Polygonum!Polygonaceae 2 1019 I I 022 
Portulaca 26 25 305 327 683 
Solanaceae I 4 II 2 18 
Solanum 5 10 3 18 
Sphaeralcea I I 

Total 198 284 8944 852 10 278 

* Only materials (flotation sample and vegetal remains) from Grass Mesa Village and McPhee 
Village are included in this table. Periods I and 7 are not listed because no contexts from these 
sites were assigned to Periods I or 7. Periods 2 and 3 were combined to provide a large enough 
sample size. Charred, reproductive parts only are included in this table; materials from upper 
and lower control samples are excluded. 

Harrington 1967; Kearney and Peebles 1960; Nietham
mer 1974; Schopmeyer 1974; and Leung 1961 ). There
fore , based on this study (with the understanding of its 
limitations), the data indicate that the importance and 
procurement of particular pioneer resources changed 
through time. Although adequately presenting all of the 
substantive information in this section is not possible, 
a strategy of agricultural intensification is believed re
sponsible for altering pioneer plant procurement strat
egies and the economic status of some pioneer taxa. 

Wild Plants 

Since the Dolores Anasazi are considered to have been 
subsistence agriculturalists, it is assumed that wild 
plants did not constitute a significant proportion of the 
total edible resource base. Ethnographic documenta
tion of wild plant resources, except pinyon nuts, in the 
subsistence economies of many Southwestern Indian 
groups tends to substantiate this assumption (Elmore 
1944; Ford 1968; Stevenson 1915; Whiting 1939; Win
ter 197 5). In a study of the subsistence agriculturalists 
of San Juan Pueblo, Ford ( 1968: 176) pointed out that 

2 factors affected wi ld plant procurement. First, wild 
resources were collected only at times that did not con
flict with energy expenditure or scheduling for culti
vated resources. Second, many wild resources either did 
not occur in sufficient quantities to provision many 
people, or large stands of a resource occurred sporad
ically and usually at energy-consuming distances from 
the central village. Except for high-yield resources, such 
as pinyon nuts, a review of the literature (Elmore 1944; 
Ford 1968; Stevenson 1915; Whiting 1939) indicates 
that wild plant food gathering by agriculturalists is a 
small-scale, often opportunistic, procurement strategy. 

According to Christenson ( 1980), agricultural intensi
fication entails reduced time and labor expenditures for 
wild plant resources. If this is correct, a decrease in the 
diversity and abundance of wild plants should be rep
resented in the macrobotanical record during Period 4 
and possibly during Period 5. However, Orcutt ( 1984b, 
1985a, 1985c) and Minnis (198 1b) have proposed that 
climatic stress will precipitate intensification in pro
duction and collection of storable foodstuffs, using stor
age as a buffer. A logical corrollary to this hypothesis 
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Table 4.15 - Ubiquity of pioneer plant taxa in selected fl otation samples, by modeling period* 

Taxon Periods 2-3 Period 4 Period 5 Period 6 Total 
(T = 58) (T = 82) (T = 374) (T = 49) (T = 563) 

N u (%) N u (%) N u (%) N u (%) N u (%) 

Amaranth us 5 8.6 12 14.6 47 12.6 2 4.1 66 11.7 
Chenopodium 17 29.3 25 30.5 109 29. 1 20 40.8 171 30.4 
Cheno-am 10 17.2 II 13.4 55 14.7 13 26.5 89 15.8 
C/eome serrulata 
Compositae 3 3.7 19 5.1 22 3.9 
Cruciferae 8 9.8 27 7.2 6 12.2 41 7.3 
Descurainia 7 12.1 10 12.2 35 9.4 5 10.2 57 10.1 
Gramineae 2 3.4 3 3.7 21 5.6 10 20.4 36 6.4 
Helianthus 2 3.4 I 1.2 12 3.2 I 2.0 16 2. 8 
Malvaceae I 1.7 I 1.2 3 0.8 5 0.9 
Mentzelia albicaulis I 1.7 4 4.9 17 4.5 I 2.0 23 4. 1 
Nicotiana attenuata 3 5.2 I 1.2 14 3.7 I 2.0 19 3.4 
Physalis 3 5.2 14 17.1 69 18.4 II 22.4 97 17.2 
Polygonum/ Polygonaceae 2 2.4 16 4.3 I 2.0 19 3.4 
Portulaca 6 10.3 12 14.6 72 19.3 12 24.5 102 18.1 

Solanaceae I 1.7 4 4.9 10 2.7 2 4.1 17 3.0 

Solanum 2 2.4 6 1.6 3 6.1 II 2.0 
Sphaeralcea I 2.0 I 0.2 

* Only materials from Grass Mesa Village and McPhee Village are included in this table. Periods I and 7 are not A 
listed because no contexts from these sites were assigned to Periods I or 7. Periods 2 and 3 were combined to provide • 
a large enough sample size. Periods 2-3: A.D. 720-840; Period 4: A. D. 840-880; Period 5: A.D.880-920; Period 6: A.D. 
920-980. Charred, reproductive parts only are included in this table; materials from upper and lower control samples 
are excluded. 
N - Number of analyzed fl otation samples with charred, reproductive pioneer plant part remains. 
T - Number of fl otation samples (excluding upper and lower control samples) that yielded macrobotanical materials 

that were analyzed. 
U - Ubiquity index, or N/T, expressed as a percent. 

is that during Period 5, wild plant procurement may 
increase in the attempt to increase stored resources. 
This response should be reflected in the macrobotanical 
assemblage. Furthermore, diversity of wild plants may 
be expected to increase in Period 5 in response to in
creased mobility. Climatic stress late in Period 5, which 
frequently was characterized by a shortened frost-free 
period , would have affected the project area in general, 
but would have had the greatest impact on areas subject 
to the effects of localized cold air drainage; the main 
impact would have been a reduction in the amount of 
arable land available (Petersen and Clay 1984). This 
reduction in the amount of arable land would have re
quired farmers to move away from the central village 
during the growing season and return after harvest. Sea
sonal mobility, combined with decreased population in 
Period 5, would have increased catchment area and thus 
the available resources (chap. 6). 

For the purpose of this investigation, only those plants 
believed to have possibly been used as food resources 
and represented by charred reproductive parts in the 
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macrobotanical assemblage will be considered (table 
4.19). This includes taxa listed under both the wild and 
woody categories in table 4.6, with the exception of 
Artemisia. Although Artemisia fruits were recovered, 
this genus is excluded because it is believed that the 
fruits more often than not are incidentally incorporated 
into a sampled context through the use of A rtemisia 
vegetative parts for closing material (construction) or 
fuel (Matthews 1984b ). Limiting this discussion to taxa 
represented by reproductive parts is restrictive and po
tentially biasing. The rationale for this restriction is that 
food resources and the effect of intensification on pro
curement of these resources is of interest here. Exclud
ing plants possibly procured for utilitarian items (e.g., 
Phragmites) serves to reduce the " background noise" 
in data presentation. 

As demonstrated in table 4.19, di versity of wild plant 
resources (as judged by reproductive parts) increases 
through Period 5 and decreases in Period 6 and 7. A 
similar trend is observed for the abundance measure, 
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Table 4.16 - Pioneer plant taxa in selected flotation samples, grouped by ubiquity value for each modeling period* 

Ubiqui ty Periods 2-3 Period 4 Period 5 Period 6 Periods 2-6 
group (A.D. 720-840) (A.D. 840-880) (A.D. 880-920) (A.D. 920-980) 

Group I 
,;5 percent G ram ineae Compositae Heliamhus Amaranlhus Composi tae 

1-l l'iianlhus Gra mineae Malvaceae Compositae Heliamhus 
Malvaceae l-ll'iiamhus Memzelia albicaulis Helianthus Malvaceae 
Mem~e/ia albicau/is Mal vaceae Nicotiana al/enuata Ment zelia albicaulis Ment~elia albicaulis 
Solanaceae Mentzelia albicaulis Polygonum/Polygonaceae Nicotiana al/enuata Nicotiana al/enuata 

Nicotiana attenuata Solanaceae Polvgonum/ Pol ygo naceae PolygonumjPolygonaceae 
Polygonltm/Po!ygonaceae Solanum Solanaceae Solanaceae 
Solanaceae Splweralcea Solanum 
Solanum Sphaeralcea 

Group II 
> 5 percen t but Amaranlhus Amaranlhus Amaramhus Cruci ferae Amarantlws 
,; 20 percent Cheno-am Cheno-am Cheno-am Descurainia Cheno-am 

Descurainia Cruciferae Compositae Solanum Cruciferae 
Nicotiana a/lenuata Descurainia Cruciferae Descurainia 
Physalis Physalis Descurainia Gramineae 
Portulaca Portulaca Graimineae Physalis 

Physalis Portulaca 
Portulaca 

Grou p Ill 
> 20 percent Chenopodium Chenopodium Chenopodium Cheno-am Chenopodium 

Chenopodium 
Gramineae 
Physalis 
Portulaca 

• Onl y mate rials from Grass Mesa Village and McPhee Village are included in this table. Periods I and 7 are not li sted because no contexts from these 
sites were assigned to Periods I or 7. Periods 2 and 3 were combined to provide a large enough sample size. Charred, reproductive parts only are included 
in this tablet materials from upper and lower control samples are excluded. 

although the pattern is not as clearcut. The higher rep
resentation of wild plants in Period 5 may be partially 
the result of the greater number of structures and con
texts investigated. Compensating for the overall larger 
sample size is difficult because, unlike pioneer plant 
remains, which usually are collected in flotation sam
ples, wild plant remains are collected in a nonstandard, 
arbitrary manner, contingent on the suitability of spe
cific contexts and on the discretion of the excavator. 
Therefore, it is difficult to determine whether increased 
quantities of remains are the result of cultural activity 
or of large sample size. 

In an effort to compensate for variable sample size, a 
ubiquity index for wild plant resources in fire-related 
features was compiled, by modeling period (table 4.20). 
The indices show the same general trend as does the 
abundance and diversity listing: wild plant resources 
increase through Period 5, then decrease. However, the 
ubiquity values for Periods 4, 5, and 6 are roughly the 
same, ranging from 64.5 percent to 66.7 percent. The 
trend in the ubiquity index for wild plants mirrors, to 
some degree, that seen for pioneer plants (table 4.13) . 
An exception is that the ubiquity of pioneers is slightly 
higher than that of wild plants through Period 5, but 

in Period 6, the ubiquity of wild plants is higher than 
that of pioneers. 

According to the ubiquity index of wild plant resources, 
procurement of these resources appears to have in
creased during Period 4, contrary to the expected eco
nomic response for this period. The data support the 
idea that wild plant procurement increased in impor
tance through Period 5 and remained relatively im
portant during Period 6. Additional evidence for 
increased importance of wild resources in Period 5 is 
the presence at Grass Mesa Village of a large pit (Fea
ture 458) that has been interpreted to have been a roast
ing pit for processing pinyon seeds, based on the large 
quantity of Pinus edulis seeds, bracts, and cone frag
ments recovered (Lightfoot et al. 1985). This feature, 
which dates to Period 5, is the only roasting pit of its 
type recorded in the project area. 

In summary, the evidence for change in wild plant pro
curement is weak and unclear. The methods used to 
collect this type of botanical material complicate mak
ing accurate comparisons. Also, as with squash, pro
cessing techniques or the practice of consuming many 
wild plant products raw is expected to have affected 
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Table 4.17 - Ubiqu ity of pioneer plant taxa in selected fire-related features. by modeling period* 

Taxon Periods 2-3 Period 4 Period 5 Period 6 Total 
(T = 15) (T = 3 1) (T = 112) (T = 16) (T = 174) 

N u (%) N u (%) N u (%) N u (%) N u (%) 

Amarantlws 2 13.3 9 29.0 22 19.6 33 19.0 
Chenopodium 6 40.0 12 38.7 57 50.9 10 62 .5 85 48.9 
Cheno-am 5 33.3 7 22.6 34 30.4 5 31.3 5 1 29.3 
Cleome serrulata I 0.9 I 0.6 
Compositae I 3.2 7 6.3 8 4.6 
Cruciferae 5 16.1 19 17.0 3 18.8 27 15.5 
Desc 11 rain i a 5 33.3 6 19.4 18 16. 1 29 16.7 
Gramineae I 6.7 2 6.5 12 10.7 2 12.5 17 9.8 
1/eliantlws 3 20.0 I 3.2 8 7. 1 I 6.3 13 7.5 
Malvaceae I 6.7 I 0.9 2 1.1 
Ment:::elia alhicaulis I 6.7 3 9.7 14 12.5 18 10 .3 
Nicotiana attenuata 2 13.3 8 7.1 I 6.3 II 6.3 
Physalis I 6.7 9 29.0 28 25.0 2 12.5 40 23 .0 
PtJI.t :~onttm/Po lygonaceae I 3.2 II 9.8 I 6.3 13 7.5 
Portulaca 2 13.3 7 22.6 38 33.9 5 31.3 52 29.9 
Solanaceae I 6.7 3 9.7 4 3.6 I 6.3 9 5.2 
Solanum 2 6.5 5 4.5 7 4.0 
Sphaeralcea I 6.3 I 0.6 

* Onl y materials from Grass Mesa Village and McPhee Village are included in this table. 
Periods I and 7 are not li sted because no contexts from these sites were assigned to Periods I or 7. Periods 2 and 3 
were combi ned to provide a large enough sample size. Periods 2-3: A.D. 720-840; Period 4: A.D. 840-880: Period 5: 
A.D. 880-920; Period 6: A.D. 920-980. 
The feature types included in this table are hearth, fireplace, ash pit, warming pit and pit (not further specified) with 
burning. All macrobotanical materials (fl otation sample and vegetal remains) are included except for uncharred remains 
and materials from upper and lower control samples. Macrobotanical materials are considered whether or not they are 
interpreted to be related to the use of the feature. 

umber of fire-related features with charred pioneer plant remains. 
T umber of fire-related features that yielded macrobotanical materials that were analyzed. 
U - Ubiquity index, or N/T, expressed as a percent. 

their representation in the archaeological record . The 
increase in wild plants during Period 5 may be the result 
of procurement being intensified. Greater diversity of 
these resources may also be the result of increased sea
sonal mobility during this period. While the abundance 
and di versity measures of these resources decrease dur
ing Periods 6 and 7, the Period 6 ubiquity index remains 
relatively high. This can be interpreted several ways. In 
both periods, population is low and settlements are 
scattered. The ubiquity of wild resources may indicate 
that a more diversified subsistence strategy is being 
practiced; that is, energies are being more evenly dis
tributed among the different resource categories. The 
decrease in population may have resulted in larger po
tential catchment areas to exploit, and a decrease in 
agricultural intensification would allow more mobility 
for procurement. However, even if catchment areas re
main the same, the lower population level would au
tomatically increase the quantity of or evenness with 
which wild resources could be distributed among in-
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di viduals. If this were the case, then opportunistic col
lecting alone may account for the distribution of wild 
plant resources in the macrobotanical assemblage. 

Wood Resources 

Probably more than any other category of macrobotan
ical material , wood has suffered the most from collec
tion bias and the lack of research questions directing 
collection techniques. This factor has created problems 
in using the wood resource data base, although refer
ence to the DAP dendrochronological data file com
pensates to some extent for some of the gaps in the 
macrobotanical data. 

Diversity.- Twenty-four genera of woody plants could 
be positively identified in the macrobotanical assem
blage (table 4.6) . Many of these genera are represented 
by several plant parts, such as wood, fruits , seeds, bark, 
needles, and scales. The variety of plant parts indicates 
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Table 4.18- Pioneer plant taxa in selected fire-related features, grouped by ubiquity value for each modeling period• 

Ubiquity Periods 2-3 Period 4 Period 5 Period 6 Periods 2-6 
group (A.D. 72(}.840) (A.D. 84(}.880) (A.D. 88(}.920) (A.D. 92(}.980) 

Group I 
,;5 percent Compositae Cleome serrulata C/eome serrulata 

Helianthus Malvaceae Compositae 
Solanaceae Malvaceae 
Solanum Solanaceae 

Solanum 
Sphaeralcea 

Group II 
> 5 percent but Gramineae Gramineae Compositae Helianthus Gramineae 

,;; I 0 percent Malvaceae Mentzelia albicaulis Helianthus Nicotiana al/entuata Helianthus 
Mentzelia albicaulis Polygo num/ Nicotiana al/entuata Po/ygonum/Polygonaceae Mentzelia albicaulis 
Physalis Polygonaceae Po/ygonum/Polygonaceae Sphaera/cea Nicotiana al/entuata 
Solanaceae Solanaceae Polygonum/Polygonaceae 

Solanum 

Group Ill 
> 10 percent but Amaranth us Cruciferae Amaranth us Cruciferae Amaranth us 
,;20 percent Helianthus Descurainia Cruciferae Gramineae Cruciferae 

Nicotiana Descurainia Physalis Descurainia 
al/entuata Gramineae Solanaceae 
Portulaca Mentzelia a/bicaulis 

Group IV 
> 20 percent Cheno-am Amaranth us Cheno-am Cheno-am Cheno-am 

Chenopodium Cheno·am Chenopodium Chenopodium Chenopodium 
Descurainia Chenopodium Physalis Portulaca Physalis 

Physalis Portulaca Portulaca 
Portulaca 

• Only materials from Grass Mesa Village and McPhee Village are included in this table. Periods I and 7 are not listed because no contexts from 
these sites were assigned to Periods I or 7. Periods 2 and 3 were combined to provide a large enough sample size. Periods 2-3: A.D. 72(}.840 Period 
4: A.D. 84(}.880 Period 5: A.D. 88(}.920 Period 6: A.D. 92(}.980. 
The feature types included in this table are hearth, fireplace , ash pit, warming pit, and pit (not further specified) with burning. All macrobotanical 
materials (notation and vegetal remains) are included except for uncharred remains and materials from upper and lower control samples. Macro
botanical materials are considered whether or not they are interpreted to be related to the use of the feature . 

the functional multiplicity of wood resources. The con
sistency with which individual taxa occur over time 
may denote which were preferred resources, although 
variable destruction through charring (Zalucha 1977), 
differential preservation, and sporadic indentification 
of hard-to-distinquish genera may have affected accu
rate representation of resources. A core group of taxa 
is well represented in most periods by wood remains. 
This group includes Artemisia, Cercocarpus montanus, 
Juniperus, Pinus, Populus. Quercus gambelii, and Salix. 
As with other categories of macrobotanical remains, 
diversity of woody taxa is greatest during Periods 4 and 
5 (table 4.6). This increased diversity may in part be 
the result of increased demand for fuel , construction 
materials, and utilitarian implements, although the in
crease in sample size for these two periods would have 
influenced diversity as well. 

Change in wood resource use through time. 3 - Wood 
remains in the macrobotanical assemblage should 

'This study of wood resource depletion was compiled and reported by 
Kenneth Lee Petersen, DAP. 

change through time as the result of increased building 
and clearing activities. Agricultural intensification 
would require that more land be cleared for crop pro
duction (cf. Turner and Doolittle 1978). Given the 
shrubby/woody vegetation cover of much of the project 
area, expansion of cleared areas would affect the oc
currence and distribution of some wood resources. The 
greatest impact on wood resources is expected to have 
resulted from the increase in population and concurrent 
increase in construction of habitations beginning dur
ing Period 3 (A.D. 800-840) and peaking during Period 
4 (A.D. 840-880). 

Natural vegetation distribution maps for the project 
area (Petersen 1984a) and vegetation reconstructions 
for the different time periods based on plant macro
fossil and pollen evidence (Petersen 1985a, 1985b; and 
figs. 4.15 and 4.17, this chap.) are used to assess the 
potential availability of various wood types during the 
Anasazi occupation. A mosaic of sagebrush-juniper
pinyon-oak is believed to have characterized most of 
the uplands within the project area throughout the An
asazi occupation, although the relative importance of 

179 



FINAL REPORT 

Table 4.19 - Selected wild plant taxa represented by charred reproductive parts, by modeling period* 

Taxon Period I Period 2 Period 3 Period 4 Period 5 Period 6 Period 7 
(A.D. 600-720) (A.D. 720-800) (A.D. 800-840) (A.D. 840-880) (A.D. 880-920) (A.D. 920-980) (A.D. 980-1250) 

Allium sp. X 

Amelanchier sp. 3 24x 
Cordylanthus sp. I 
Cyperaceae I 2 10 10 tl037 3 6 
Iva sp. 2 2 I 2 
Juniperus sp. I l x I 2x 6x 
J. osteosperma I 6x I 27x 45 I 
J. scopu/orum I 
Leguminosae 26x 3 5 2x 5 2 
Opuntia sp. 2 I 2 24 I 
Penstemon sp. 2 I I 
Pinus edulis 33x 5x 4x 20x IOOx 2x 6 
Quercus gambelii I 4x I 
Rhus aromatica 120 I 5 40x I 2 
Rosaceae I I II 7 I 
Rubus sp. 2 I 2 
Rumex sp. I 
Scirpus sp. I I 
Scutellaria sp. 26x 
Yucca sp. 5 20x lOx I 4x 
Y baccata lOx lOx X 9x X 3 I 

Total 72x 155x 29x 107x 1338x 26x 20x 

Diversity 6 10 12 15 20 12 6 

• Included in this table are wild and woody taxa represented by counted charred reprod uctive parts and believed to have possibly 
served as food resources. Excluded are the following: taxa judged to have served as nonfood resources, nonreproductive parts, uncharred 
remains, nonind igenous taxa, materials from upper and lower control samples, and occurrences of species as part of worked vegetal 
items. 
t 1000 achenes were recovered from one wate r-screened hearth. 

these 4 major cover plants may have changed at dif
ferent times. In addition to these 4 vegetation types, 
cottonwood (Populus) and willow (Salix sp.) would have 
been located in the canyon bottom, and ponderosa pine 
(Pinus ponderosa) and Douglas-fir (Pseudotsuga men
ziesii) would have been found on the canyon slopes. 

In studies of wood resource use at Grass Mesa Village 
(Site 5MT23), Kohler et al. ( 1984) and Kohler and Mat
thews ( 1984) present evidence of the possibility of wood 
resource depletion in the Grass Mesa area. In contexts 
dating from about A.D. 775 to 800, juniper (Juniperus) 
is the only construction wood represented; from A.D. 
800 to 850, other wood appears as construction ma
terial, including ponderosa pine and Douglas-fir (Koh
ler et al. 1984 ). During the peak of occupation, in the 
last half of the ninth century, cottonwood and pinyon 
(Pinus edu/is) first appear as building materials, and the 
use of juniper continues to decrease. Finally, duri ng the 
last years of occupation at the site (the site was aban
doned shortly after A.D. 900), cottonwood remains an 
important source of construction material and Douglas
fir increases in relative importance, while juniper re
mains at about the same level as during the previous 
period. Kohler et al. ( 1984) note that the most apparent 
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trends are an increase in the use of cottonwood, Doug
las-fir, ponderosa pine, and pinyon pine, and a decrease 
in the use of juniper during the occupation of the site. 
They attribute these changes to wood resource deple
tion in the immediate vicinity of Grass Mesa. 

The present study uses a larger data base in an effort 
to detect similar trends that might be manifested over 
a longer period of time. All postholes that contained 
identified wood at DAP sites were examined. To avoid 
inclusion of wood that might have washed into a post
hole after abandonment, only wood specimens that 
weighed more than lg and that were recovered from 
fill interpreted to be related to the original use of a 
specific posthole were selected for this study. The se
lected group was subdivided by age assignment and by 
wood taxon represented, which allowed examination of 
the kind of construction wood used during various time 
periods. To ascertain the possible influence that site 
location may have had on the kind of wood used , the 
archaeological sites were separated on the basis of their 
proximity to specific vegetation types (table 4.21 ). Sites 
in or within about I km of the Dolores River canyon 
were separated from all other archaeological sites be
cause of the greater availability of ponderosa pine, 



Table 4.20 - Ubiquity of wild plant taxa 
in selected fire-related features, by modeling period* 

Period and date N T U(% 
range (A.D.) 

I (600-720) 5 20 25 .0 
2 (720-800) 26 51 51.0 
3 (800-840) 21 47 44.7 
4 (840-880) 40 62 64.5 
5 (880-920) 89 131 67.9 
6 (920-980) 18 27 66.7 
7 (980-1250) II 31 35.5 

* The feature types included in this table are hearth, 
fireplace, ash pit, warming pit, and pit (not further spec
ified) with burning. Table includes all macrobotanical 
materials (flotation sample and vegetal remains). Only 
charred reproductive parts considered; materials from up
per and lower control samples excluded. Macrobotanical 
materials are considered whether or not they are inter
preted to be related to the use of the feature. 
N - Number of fire-related features with charred wild 

plant remains (reproductive parts). 
T - Number of fire-related features that yielded macro

botanical materials that were analyzed. 
U - Ubiquity index, or N/T, expressed as a percent. 

Douglas-fir, and riparian trees in the vicinity of can
yons. These sites are designated sites "in or near can
yon" in table 4.21 , while all other sites are designated 
as sites "in uplands." 

Table 4.22 presents the posthole data by site location 
and modeling period. The occurrence of each taxon is 
expressed as a proportion of the number of postholes 
in which the taxon was identified during each period. 
This gives a measure of relative ubiquity of each taxon's 
occurrence in sites in the uplands and sites in or near 
the canyon. Also calculated is the total proportion of 
each taxon for both upland and canyon sites for the 
periods represented, and finally, the combined total 
proportions. 

The data presented in table 4.22 indicate site location 
does make a difference in the taxa used. The canyon 
locations for Periods 2 through 6 have a greater per
centage of Pinus ponderosa and Populus indentified 
from postholes than do upland sites for Periods I 
through 5. The 95 percent confidence intervals for iden
tified ponderosa pine wood in the upland and canyon 
sites do not overlap. A chi-square test shows that the 
difference is significant at the 0.01 level. Although no 
Populus was identified in the upland site sample, and 
10 Populus pieces were identified in the canyon site 
sample, the difference is not judged to be significant 
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Table 4.21 - Sites with postholes containing identified 
wood 

Location 

In uplands 

In or near canyon 
(within I km of Dolores 
River canyon) 

Site No. 

5MT2 191 
5MT2193 
5MT2 198 
5MT2226 
5MT2320 
5MT2378 
5MT2848 
5MT2854 
5MT4545 
5MT4644 

5MT23 
5MT2151 
5MT2161 
5MT2182 
5MT2336 
5MT4475* 
5MT4477* 
5MT4479* 
5MT4480* 
5MT4650 
5MT4671 
5MT4683 
5MT5106* 
5MT5108* 
5MT5863 

* McPhee Village sites are included here because of 
their proximity to the Dolores River. 

because of the overlap of the 95 percent confidence 
intervals. 

Unexpectedly, only 2 pieces of Pinus edulis wood 
(4.2 percent) were identified in the postholes at upland 
sites, while 6.4 percent of the postholes at canyon sites 
had identified pinyon (II pieces). This could be an ar
tifact of preservation or identification, because 43.8 
percent of the postholes in upland sites are identified 
to Pinus. Judging from the greater occurrence of pon
derosa pine in the postholes in canyon sites, the like
lihood that the Pinus in the upland site postholes is 
actually Pinus edu/is is enhanced. 

Upland sites show no discernible trend suggestive of 
wood resource depletion through time. This may be due 
in part to the small sample size for each time period 
as well as to the smaller number of taxa available for 
exploitation. 

At canyon sites, on the other hand, Populus makes a 
sudden appearance in Period 5. Both the direction and 
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Table 4.22 - Ubiquity of selected woody taxa in postholes containing identified wood, by modeling period* 

Taxon Sites in uplands Sites in or near canyon Total 

Period l Period 2 Period 3 Period 4 Period 5 Periods l-5 Period 2 Period 3 Period 4 Period 5 Period 6 Periods 2-6 Periods 1-6 
(T=8) (T= I8) (T= ll) (T= lO) (T= l) (T=48) (T= 5) (T=25) (T=35) (T = lOO) (T =6) (T = l7 l ) (T =219) 

N U(%) N U(%) N U(%) N U(%) N U(%) N U(%) N U% N U(%) N U(%) N U(%) N U(%) N U(%) N U(o/o) 

Gymnospermae 3 16.7 l 9.1 5 50.0 l 100.0 10 20.8 9 36.0 9 25.7 8 8.0 3 50.0 29 17.0 39 17. 8 
Juniperus 3 37.5 12 66.7 3 27.3 18 37.5 2 40.0 15 60.0 II 31.4 39 39.0 l 16.7 68 39.8 86 39.3 
Pinus 5 62 .5 5 27.8 6 54.6 5 50.0 21 43.8 8 32.0 8 22.9 16 16.0 32 18.7 53 24.2 
Pinus edulis 2 20.0 t2 4.2 2 40.0 l 4.0 8 8.0 ttl 6.4 13 5.9 
Pinus ponderosa l 9.1 §I 2.1 l 4.0 10 28 .6 23 23.0 2 33.3 §36 21.1 37 16.9 
Populus ** tt t t lO 10.0 **10 5.9 10 4.6 
Pseudotsuga menziesii l 20.0 l 2.9 2 1.2 2 0.9 

* Listed in this table are wood remains that weighed more than l g and that were recovered from fill interpreted to have been associated with the original use of the post-hole: 
charred and uncharred remains included. Period 6 and 7 excluded from uplands category, and Period 7 excluded from canyons category, due to small sample sizes. Period I: 
A.D. 600-720; Period 2: A.D. 720-800; Period 3: A.D. 800-840; Period 4: A.D. 840-880; Period 5: A.D. 880-920; and Period 6: A.D. 920-980. 
t The 95 percent confidence intervals (Snedecor and Cochran l967:table 1.4.1) for identified Pinus edulis wood for upland versus canyon sites overlap (0-14 versus 6-18). 
§ The 95 percent confidence intervals for identified Pinus ponderosa wood for upland versus canyon sites do not overlap (0-ll versus 28-44). A 2X2 chi-square test adjusted to 
allow for continuity for small cell values (a cell with contents less than 5; Blalock 1979:285-287) shows that the adjusted chi-square value is significant at the 0.01 level x'=8.676: 
probability >X'<0.0032). 
** The 95 percent confidence intervals for identified Populus wood for upland versus canyon sites overlap (0-7 versus 6-16). 
tt The 95 percent confidence intervals for identified Populus wood for Period 4 versus Period 5 canyon sites overlap (O-Il versus 4-16). 

The sum of the taxa per modeling period may be larger than the T value because more than one taxon may have been identified from a single posthole. 
N - Number of postholes with specific taxon of wood. 
T - Number of postholes with identified wood that weighed more than I g and that was recovered from fill associated with the original use of the posthole. 
U - Ubiquity index, or N/T, expressed as a percent. 
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magnitude of change through time can be taken as rein
forcing the suggestion by Kohler et al. ( 1984) that wood 
resource depletion was occurring and that the Anasazi 
were having to increase use of the less desirable Populus 
wood for construction. However, the 95 percent con
fidence intervals for Period 4 and Period 5 overlaps, 
which indicates that the difference is not significant at 
the 0.05 level. 

The slight increase between Periods 3 and 4 in the use 
of ponderosa pine in canyon sites and the slight de
crease in the importance of juniper between Periods 3 
and 4 are reminiscent of trends discussed by Kohler et 
al. (1984 ), but the differences are not significant at the 
0.05 level. No Pseudotsuga menziesii was recovered 
from upland sites. However, only 2 postholes from can
yon sites contained any. In short, the pattern detected 
by Kohler et al. ( 1984) for wood resource utilization 
for Grass Mesa seems also to be reflected in general by 
the larger subset of canyon sites. 

Summary 

Change in Anasazi botanical resource use in the Do
lores area has been discussed in this section using a 
model of agricultural intensification presented by Or
cutt ( 1984b, 1985c). Corn and plant pioneer resources 
appear to be the best indicators of change in resource 
use in the DAP macrobotanical assemblage. However, 
additional research on wild plants and on woody re
sources, both of which are believed to have the potential 
for illustrating change in procurement patterns and re
source use strategies, is required. 

In this summary of the DAP macrobotanical data, var
ious expectations have been investigated using the en
tire data base, which in many ways has had a 
homogenizing effect on the data. The Dolores area is 
characterized by microclimatic variations that possibly 
would have required different responses in different 
portions of the project area. Localized variation in re
sponse, which has been detected in other data bases 
(chaps. 12 and 13), has been lost by not segregating the 
macrobotanical assemblage by project subareas; differ
ences in the level of botanical retrieval from different 
areas prohibited such a detailed examination. 

The evidence for intensification is strongest for Period 
5, although the indications of intensification begin in 
Period 4, or possibly at the end of Period 3. The 
stronger evidence for intensification in Period 5 may 
be the result of the large data base accumulated for this 
period, although sample size is not the only factor. In
tensification and its effect on the different macrobo
tanical categories may be strongest in Period 5 for 
several reasons. First, the population level , although 
lower than during Period 4, was still higher than during 
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the time periods previous to Period 4 (chap. 8), which 
implies a continued high impact on the environment. 
Second, climatic stress during Period 5 may have ini
tiated a response of increased storage, as suggested by 
Orcutt (1985a, 1985c) and Minnis (1981b). Although 
there is not an increase in the number of storage units 
built during this period (chap. 13), the number of po
tential storage units remaining from Period 4 would 
provide a large storage capacity for the Period 5 oc
cupants. Third, large village structure continues during 
Period 5, with some adjustments in village composition 
(Kohler 1985). Although no substantiating evidence is 
present, it is assumed that sustaining large villages in 
the face of increasing production stress would require 
intensification or at least maintenance of production 
levels from Period 4. This would include diversification 
of procurement strategies as well as intensification of 
crop and pioneer plant production. Fourth, the ar
chaeological record may lag behind the actual cultural 
events (cf. Cordell 1982), and some phenomena that 
appear to be associated with Period 5 may have their 
origins in, or be related to, Period 4; thus, Periods 4 
and 5 should be considered together when evaluating 
changing resource use through time. 

SECTION SUMMARY 

The prehistoric botanical resource base used by the Do
lores Anasazi has been presented in this section. Two 
problem domains of the DAP general research design 
- Economy and Adaptation, and Cultural Process -
were addressed using the macrobotanical data base, 
which is considered adequate for such study despite 
some comparability problems related to differences in 
sample size and collection technique. Based on the 
modern vegetation reconnaissance, the range of avail
able botanical resources was outlined. Evidence for the 
botanical resources actually used came from macro
botanical remains recovered from excavated sites. The 
macrobotanical assemblage is not considered a com
plete record of the resources used because not all ex
ploited plants would have been preserved, and therefore 
represented , in the archaeological record , nor would 
preserved remains necessarily have been recovered dur
ing excavation. However, if the macrobotanical assem
blage is considered representative of the resource mix , 
then, of edible resources, corn dominates the mix, and 
pioneer plants appear to be more important than wild 
resources. This relationship between components of the 
assemblage basically remains the same through all time 
periods. 

Change in resource mix and procurement strategies was 
investigated within each of the 4 categories of macro
botanical remains. Expectations were generated con
cerning how these categories would have been affected 
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by a strategy of agricultural intensification. Within the 
macrobotanical assemblage, change was most apparent 
in corn and pioneer plants. Since the procurement strat
egies for these 2 types of resources are interrelated, 
change in agricultural practices was expected to effect 
change in pioneer plant procurement. Although change 
in procurement of wild resources was also suggested by 
the macrobotanical data, the evidence was not strong. 
Also, the data for wood resources suggest that wood 
resource depletion might have been a variable in pro
curement strategies after Period 3. 

This summary has required a cursory and often ho
mogenizing treatment of the data. More analysis is re
quired, and more rigorous tests of the data should be 
conducted. Furthermore, this data base needs to be 
used in concert with other DAP data bases and com
pared with macrobotanical assemblages collected by 
other archaeological projects. 

Section 3 

TEMPORAL PATTERNS IN RESOURCE USE 

Kenneth Lee Petersen 

Pollen samples were collected at various sites in the 
Dolores Project area to obtain information on the pre
historic environment and to identify economic re
sources that could have been used by the Dolores 
Anasazi . The majority of the pollen samples were proc
essed and analyzed by Linda Scott of Palynological An
alysts (Golden, Colorado), who was contracted as a 
consultant to the DAP. 

POLLEN ANALYSIS AND 
SOUTHWESTERN ARCHAEOLOGY 

In contrast to analysts studying Quaternary pollen in 
the Eastern United States, palynologists in the arid 
West have been closely allied with archaeologists en
gaged in studies of archaeological and alluvial sites. The 
recent surge in pollen studies in the Southwest can be 
traced to the early work of Paul Shultz Martin (Uni
versity of Arizona) and his students. 

In 1957, Martin ( 1963) began palynological investiga
tions in the desert grassland of southeastern Arizona. 
He critically examined the possibilities and limitations 
of pollen analysis in an area largely devoid of lakes and 
bogs, the traditional sites for obtaining pollen records. 
Martin sought other potential contexts for preserved 
fossil pollen and, with the development of appropriate 
extraction techniques (e.g., Gray 1965; Mehringer 
1967: 136-137), a variety of contexts have proven pro-
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ductive. These have included alluvium, playa-lake 
clays, eolian spring-mound deposits, buried organic 
mats, dunes, cave fill , coprolites, sediment adhering to 
artifact surfaces, and cultural surfaces and fills of ar
chaeological sites. Even so, pollen in these contexts, if 
found at all , is often fragile due to its susceptibility to 
oxidation and microbial destruction. 

Pollen analysis frequently has been applied to specific 
archaeological problems. These have included intrasite 
dating, determination of Pueblo room function, and 
identification of differential use of metates (e.g. , corn 
versus cactus) (Hill and Hevly 1968; Hevly 1981 ); ab
original diet as reflected in coprolites (Martin and Shar
rock 1964; Williams-Dean and Bryant 1975; Kelso 
1976; Scott 1979); and the presence and location of 
prehistoric agricultural fields (Martin and Schoenwet
ter 1960; Martin and Byers 1965:127-129; Woosley 
1977; Berlin et al. 1977). 

Most palynologists studying archaeological sites in the 
Southwest have concentrated on analysis of sediment 
from structure floors and features . Because of their ar
chaeological associations, these sediments potentially 
are datable to within approximately 25 years of the 
actual date of deposition. When archaeological pollen 
samples are arranged chronologically, past regional pat
terns can be seen. Mehringer ( 1967); Schoenwetter 
( 1970); Hevly ( 1981 ); and Bohrer ( 1981) provide more 
comprehensive discussions on the use of pollen analysis 
in archaeology. 

THE DOLORES ARCHAEOWGICAL 
PROGRAM POLLEN DATA BASE 

From 1978 through 1984, 4324 pollen samples were 
collected by the DAP; of these, 77 5 were selected for 
processing. Roughly 76 percent of the processed sam
ples (594) yielded sufficient pollen for analysis. Table 
4.23 is an inventory of DAP pollen samples by site. 
Although budgetary constraints severely limited the 
number of samples that could be processed, the unpro
cessed samples provide a curated resource that may be 
tapped in future studies. 

Sample Selection 

A pollen sampling plan comparable to that used for 
collection of bulk soil (flotation) samples was imple
mented early in the project (Kane and Robinson 1984). 
Since relatively few samples could be examined, the 
first step in sample processing consisted of choosing 
which samples were likely to yield adequate informa
tion on the prehistoric environment and on the eco
nomic resources that might have been used by the 
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Table 4.23 - Dolores Archaeological Program pollen sample inventory 

Site No. of samples No. of samples No. of processed References for 
No. collected processed samples with analyzed pollen samplest 

sufficient pollen• 

lDL444 3 
SMT23 S27 117 87 Scott ( 1982a, 1983a, 198Sa) 
SMT21SI so 20 16 Scott ( 1982a, 1983a, 1983b) 
SMT2161 83 20 9 Scott ( 1983c) 
SMT2181 8 4 4 Scott ( 1983d) 
SMT2182 369 8 s Scott ( 198Sb) 
5MT2191 37 II 6 Scott (1982a, 1983e) 
5MT2192 44 10 9 Scott (1982a, 1982b, 1983a) 
5MT2193 46 21 17 Scott ( 1982c, 1983a) 
5MT2194 2S 9 3 Scott (1982d) 
5MT2198 32 II 8 Scott (1982a, 1983a, 19831) 
SMT2203 16 4 3 Scott (1982a) 
5MT2205 I 0 
SMT221S 41 0 
SMT2226 20 0 
SMT223S 70 18 17 Scott ( 1982a, 1982e, 1983a) 
SMT2241 23 10 9 Scott ( 198 3g) 
SMT2242 6 0 
SMT2320 23 s Scott ( 1984a); Petersen and 

Scott ( 198S) 
SMT2336 41 0 
SMT2378 26 0 
SMT2729 9 0 
SMT2731 s 0 
SMT28S4 104 14 Scott (1983a, 1983h) 
SMT28S8 39 II Scott ( 19821) 
SMT4447 I 0 
SMT4448 I 0 
SMT4449 I 0 
SMT44SO I 0 
SMT447S 663 48 40 Scott (1982a, 1983a, 1984b) 

Petersen and Scott (198S) 
SMT4476 I 0 
SMT4477 4SS 41 37 Scott (1984b) 
SMT4478 I 0 
SMT4479 309 32 31 Scott (1984b) 
SMT4480 32 0 
SMT4482 0 
SMT4SOI 0 
SMT4S02 0 
SMT4503 0 
SMT4509 I 0 
SMT4510 I 0 
SMT4SI2 36 3 Scott (1982a, 1982g) 
SMT4SI8 2 0 
SMT4519 I 0 
SMT4S20 I 0 
SMT4S21 I I Petersen and Scott (198S) 
SMT4S22 I 0 
SMT4S23 I 0 
SMT4S26 2 0 
SMT4S27 I 0 
SMT4S29 I 0 
SMT4S40 2 0 
SMT4S4S II 7 Scott (1981 , 1982a, 1983a) 
SMT4S48 0 
SMT4S49 0 
SMT4SSO 0 
SMT4SSI 0 
SMT4SS2 0 
SMT4SS3 0 
SMT4SS4 0 
SMT4SSS 0 
SMT4SS6 0 
SMT4SS7 0 
SMT4SS9 0 
SMT4S94 0 
SMT4S96 0 
SMT4S97 0 
SMT4598 0 
5MT4S99 0 
5MT4600 0 
5MT4601 0 
5MT4602 0 
5MT4603 0 
5MT4604 0 
5MT4605 0 
5MT4606 0 
5MT4607 0 
5MT4608 0 
5MT4609 0 
5MT4610 0 
5MT4611 0 
5MT46 12 0 
5MT4613 0 
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Table 4.23 - Dolores Archaeological Program pollen sample inventory - Continued 

Site No. of samples No. of samples No. of processed References for 
No. collected processed samples with analyzed pollen samplest 

sufficient pollen• 

5MT4614 18 6 Scott ( 1982h) 
5MT4615 0 
5MT4616 0 
5MT4617 0 
5MT46 18 0 
5MT4619 0 
5MT4620 0 
5MT4621 0 
5MT4622 0 
5MT4623 0 
5MT4624 0 
5MT4625 0 
5MT4626 0 
5MT4627 0 
5MT4628 I Pete""n and Scott ( 1985) 
5MT4629 0 
5MT4630 0 
5MT463 1 0 
5MT4632 0 
5MT4633 0 
5MT4634 0 
5MT4635 0 
5MT4636 0 
5MT4637 0 
5MT4639 0 
5MT4640 0 
5MT4641 0 
5MT4642 0 
5MT4643 I 0 
5MT4644 257 156 86 Scott (1983a. 1984c) 
5MT4645 0 
5MT4646 0 
5MT4647 0 
5MT4648 I Pete""n and Scott (1985) 
5MT4649 I 0 
5MT4650 39 I Pete""n and Scott ( 1985) 
5MT4651 I 0 
5MT4652 I 0 
5MT4654 17 Scott ( 1984d); Pete""n 

(1985a); Pele""n and Scott 
(1985) 

5MT4655 I Pete""n and Scott ( 1985) 
5MT4656 0 
5MT4657 0 
5MT4658 0 
5MT4659 0 
5MT4660 0 
5MT4661 0 
5MT4663 0 
5MT4664 0 
5MT4665 0 
5MT4667 0 
5MT4668 0 
5MT4669 I 0 
5MT4671 215 36 35 Pete""n and Scott ( 1985); 

Scott (1983i) 
5MT4672 I Petersen and Scott ( 1985) 
5MT4673 0 
5MT4674 I Pete""n and Scott (1985) 
5MT4675 I 0 
5MT4678 I I Petmen and Scott ( 1985) 
5MT4681 12 0 
5MT4683 127 43 40 Scott (1985c); Pete""n and 

Scott (1985) 
5MT4684 172 22 20 Scott ( 1983a. 1983j) 
5MT4789 3 0 
5MT5 104 8 0 
5MT5 106 48 15 I I Scott ( 1984b) 
5MT5107 61 26 25 Scott (1984b) 
5MT5 108 31 10 10 Scott (1984b) 
5MT5361 3 0 
5MT5380 I 0 
5MT5399 4 0 
5MT5863 8 0 

G-4§ 5 0 
G-5§ 25 25 25 Petersen (1985b); Pete""n 

Scott ( 1985) 

Total 4324 775 594 

The minimum number of pollen grains generally considered sufficient for analysis was 100: however, in seven 
instances. 50 grains was used as the minimum acceptable quanti ty. The 7 samples are PN 174 and PN 218 from Site 
5MT4475. PN 167 and PN 221 from Site 5MT23. PN 71 from Site 5MT2161. PN 69 from Site 5MT4644. and PN 
41 from Site 5MT4684. 
t In addition to documents listed in this column, Benz ( 1984:table 45) provides a list of pollen types and their 
percentages for several DAP archaeological sites. 
§ G-4 and G-5 are the lower moden garden and Sagehen Marsh. respectively. 
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Dolores Anasazi. Of all the contexts sampled, pit
structures yielded the best preserved pollen; the poorest 
preservation was noted in samples from surface rooms. 
This circumstance most likely was due to the high pre
cipitation ( 45 em/year) in the project area, which in
creases the rates of oxidation and microbial activity 
near modern ground surface. Rapid burial helps pre
vent pollen destruction, and the deep pitstructures 
seem to have provided contexts conducive to pollen 
preservation. 

Selection of samples for processing was made by crew 
chiefs, in consultation with ESG or EAG personnel, 
after site excavation was completed. After 1982, these 
decisions were based largely on guidelines established 
to maximize information retrieval from the relatively 
few samples processed during the remainder of the proj
ect (Petersen 1982). These guidelines were intended to 
direct subsequent sampling decisions in the field, as 
well as to assist in the selection process in the 
laboratory. 

To insure comparability between sites, pollen samples 
were selected for processing if they had been collected 
from similar areas within similar structures. It was 
hoped that this measure would provide a basis for in
trasite comparison. Because samples collected from 
various surfaces (including pot, mano, and metate sur
faces; the bottoms and sides of cists; pitstructure floors 
near the hearth; and pitstructures floors at the juncture 
between the wingwall and the main wall in the main 
chamber) usually provided the best information oneco
nomic pollen types, such samples tended to be selected 
over those not collected from these proveniences. 

As a corrollary to this guideline, crew chiefs were en
couraged to collect samples from proveniences known 
to provide good results. Although control samples from 
above and below cultural surfaces were collected rou
tinely, only I control sample per structure was required 
for analysis. This control sample had to have been col
lected from some provenience other than roof fall, be
cause the pollen contents of roof fall samples frequently 
are very similar to the pollen contents of floor samples. 
When selecting fill samples for processing, samples 
from hearths and middens were included only if sample 
locations had been mapped in cross section to aid in 
evaluating analysis results. Selection of other fill sam
ples, unless directly related to the use of a feature , was 
discouraged. Also, sand fills usually proved to be poor 
media for containing pollen, because pollen typically is 
a silt-sized particle. Therefore, pollen samples from 
sandy fills usually were not selected for processing. 
Floor transect samples, if collected, sometimes were 
selected to serve as controls for feature samples. Pollen 
samples from burials in trash were avoided due to po
tential problems of interpretation, but samples asso-
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ciated with burials in other contexts sometimes were 
processed. 

Selection of pollen samples in the manner described 
could potentially introduce bias in the data base. The 
most serious bias may result from the small number of 
samples selected to represent a feature or floor. If only 
I sample of many collected is selected for processing, 
a question always remains as to how representative that 
sample may be. Therefore, the patterns and trends de
scribed throughout this section could at least partly be 
artifacts of sampling and selection procedures. This 
topic is addressed in more detail later, in the discussion 
of pollen analysis results from an intensively sampled 
pitstructure. 

Another source of bias stems from the limitations of 
pollen analysis itself. Pollen rarely can be identified to 
the species level, and so it provides only a very gen
eralized picture of the resources potentially available 
to and used by the Dolores Anasazi. Also, the way that 
pollen is dispersed and subsequently deposited affects 
its utility as an indicator of actual resource use. Refer 
to Bohrer ( 1981) for a more thorough discussion of 
these potential biases. 

Sample Processing and Analysis 

After samples were selected for processing, they were 
subject to specific extraction and analysis procedures. 
Pollen samples submitted to Palynological Analysts in 
Golden, Colorado, were processed using a chemical flo
tation technique documented in Scott ( 1982a:8-9). The 
processed samples were examined with a light micro
scope, generally at a magnification of 430X. When pos
sible, 200 pollen grains were counted per sample. Fewer 
than I 00 grains generally was considered to be insuf
ficient for analysis, although in 7 instances, samples 
that yielded only 50 grains were included (table 4.23). 
A tally also was kept of poorly preserved grains (Scott 
1982a:8-9). 

Twenty-five samples collected from Sagehen Flats 
Marsh were processed in addition to the samples col
lected from archaeological sites. Fourteen of the sam
ples were processed by Palynological Analysts. To each 
of the 0.5-tsp samples were added 6 tablets of com
mercially prepared Eucalyptus pollen (batch 903722), 
each containing 16 180 ± I 460 Eucalyptus pollen grains 
to act as exotic tracers. After the samples were proc
essed, they were returned to the DAP facility for anal
ysis by the author. The author also extracted and 
analyzed the remaining samples from the marsh. The 
extraction technique used for these samples generally 
followed Mehringer's ( 1967: 136-137) chemical diges
tion method and included acetolysis. The first step in 
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the extraction process involved the addition of 8 com
mercially prepared Lycopodium tablets (batch 212761) 
to each 0.5-tsp sample; each tablet contained 12 500 ± 

500 Lycopodium spores (Stockmarr 1971 , 1973) and 
weak hydrochloric acid. This permitted calculation of 
the number of pollen grains per cubic centimeter of 
sediment. The extracted samples were mounted in sil
icone oil (2000 eSt) on glass microscope slides and were 
examined at 425X magnification. A minimum of 180 
Lycopodium spores and 300 pollen grains (excluding 
aquatic types) was tallied per sample (Petersen 1985b ). 

DOWRES ARCHAEOLOGICAL PROGRAM 
POLLEN DATA AND 

THE GENERAL RESEARCH DESIGN 

The results of DAP pollen analysis have little to con
tribute to studies of paleodemography, social organi
zation , and extraregional relationships (Problem 
Domains 2, 3, and 4). In the area of extraregional re
lationships, pollen from plants not found in the project 
area today could be interpreted as evidence of human 
transport into the project area. However, because some 
pollen is subject to widespread dispersal by the wind , 
the presence of such types (e.g., Picea) does not nec
essarily denote human transport of the plants into the 
project area, unless pollen frequencies can be shown to 
be unusually high. 

Dolores pollen data are more suited to addressing Prob
lem Domains I and 5: Economy and Adaptation, and 
Cultural Process. In the following discussions, selected 
pollen data are used to answer questions regarding re
source availability and use, change in resource use 
through time, and climatic reconstruction. 

Problem Domain 1: Economy and Adaptation 

Studies of prehistoric economy and adaptation require 
that the resources available to and used by the Dolores 
Anasazi be identified (Kane et al. 1983:42-43). Recon
struction of the paleoenvironment and of the Anasazi 
subsistence system is essential to addressing these 
topics. 

Resource Availability and Use 

Table 4.24 lists the pollen taxa or types identified in 
DAP pollen samples. Pollen types marked with an as
terisk in the table are types that potentially could have 
been economically important as food. However, pollen 
usually can be identified only above the species level, 
which may not be sufficient to clearly identify potential 
resources. Evidence from macrobotanical remains pro
vides complementary and more specific evidence for 

188 

Table. 4.24 - Pollen types identified in Dolores 
Archaeological Program pollen samples 

.· I hie.\ 

.·leer 

Scientific name 

..leer negundo 

.·11/ium• 

.· linus 

.·llnelanchier-type• 

.·1 !'( 'tiiStap/i.J ·ftiS 0 

Artemisia 
Betula 
Betu!acl'ae 
Bisttll'/a histt11'1 11ides-type 
Cactaceae• 
Campanula 
Campanulaceae 
Caprifoliaceae 
Caryoph yllaceae 
Ceanothus• 
Celt is* 
( 'erCIIClii'{IIIS-t ype 
Cheno-am• 
Cirsium-t ype 
C!eome• 
Co!lomia 
Compositae-high spine• 
Compositae-low spine 
Compositae-Ligulinorae• 
Cruciferae• 
Cucurhita• 
Cylindopuntia-type• 
Cyperaceae 
Delphinium-type 
Dtldecath£'tlll-t ype 
Elaeagnaceae 
Uaeagnus 
/:j1hedra 
l:'phedra nevaden1is-type• 
l:'phedra torre.rww-t ype• 
f:'riogonum• 
Fend/era 
Fraxinus 
Geranium 
G ramineae• 
G/1/ ierre::ia-type 
1/l'lianthu.H ype• 
1/e/iotropiwn 
1/euchera 
)uf?/ans 
Juniperus• 
Labiatae 
Larrea 
Leguminosae• 
cf. Lepidium• 
Liliaceae• 
Linaceae 
Lin urn 
Lolli.\·• 
L.vcium• 
Malvaceae• 
Medicaf?o-type 
Mit ella 



Table 4.24 - Pollen types identified in Dolores 
Archaeological Program pollen samples - Continued 

Scientific name 

Nicotiana• 
Nymphaceae 
Onagraceae• 
Opuntia• 
Or)'=tlpsis-t ype• 
Ostr.ra-type 
Phlox 
Physalis• 
Picea 
Pinus• 
Plantago• 
Platyopuntia-type• 
Polemoniaceae 
Polemonium 
Po/.I'!(Onum 
Polygonum w nvolvulus-type 
Po/.I '!(Onum sall'atchense-type• 
cf. Populus 
Portulaca• 
Pmamogeton 
Prim u laceae 
Prunu.H ype• 
Pseudotmga 
Quercus• 
Ranunculaceae 
Rhamnus 
Rhus• 
Rihes• 
Rosaceae 
Rumex 
Rumex densi!lorus-type 
Ruppia 
Sal(ittaria 
Salix 
Samhunt.1·• 
Sarw hatus 
Saxifragaceae 
Shepherdia• 
Solanaceae 
Solanum• 
Sparl(anium/ TI•pha• 
Sphaeralcea-type• 
Spiraea 
S,1mphoricarpo.H ype 
Tamarix 
Thalictrum 
Triticum-type 
Tl'uga 
T1•pha• 
Typha anl(ustifo/ia 
T,rpha lati{iJ!ia• 
Ulmaceae 
Ulmus 
Umbelliferae• 
Vaccinium• 
Valeri ana 
Viola 
Violaceae 
Yucca• 
Zea• 

• Denotes a potential economic type. 
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what was actually used by the Anasazi (sect. 2) . Eth
nographic uses of economic plants identified in DAP 
pollen samples are outlined in Scott ( 1984b, 1985a). 

Temporal Patterns 

Two DAP pollen studies have potential for addressing 
the issue of which resources were used at different 
points in time. One study documents the pollen con
tents of 4 coprolites from Site 5MT4683 (Singing Shel
ter)(Scott 1985c); the other study reports the results of 
analysis of pollen samples collected from Site 5MT4644 
(Windy Wheat Pueblo)(Scott 1983a, 1984c). 

Coprolite study: Site 5MT4683. - Four human co
prolites from Site 5MT4683 were examined for pollen 
content; samples from only 3 yielded sufficient pollen 
for analysis. The pollen results (Scott 1985c) comple
mented the macrobotanical analysis of the coprolites 
(Jones 1983), but added little information about ad
ditional dietary components. However, based on the 
pollen, at least I coprolite reflects a meal consumed in 
the fall , and another reflects a meal consumed in the 
summer. 

Intensive pollen sampling study: Site 5MT4644. - In 
1979, 2 pitstructures at Site 5MT4644 were sampled 
intensively to gather information about pollen distri
bution in such structures. Bulk soil samples were col
lected in addition to pollen samples. It was hoped that 
the results of this study would aid in pollen sample 
selection in future DAP studies. 

The study of pollen from floor and above-floor sedi
ments (the latter believed to be roof fall) in Pitstructure 
I at Site 5MT4644 is believed to be one of the major 
contributions to Southwestern palynology in recent 
years because of the large number of pollen samples 
collected from a single structure floor (Scott 1983a, 
1984c). Pitstructure I is assigned to the Sagehen Phase, 
Dos Casas Subphase (A .D . 760-850), when pit
structures were still being used primarily as domiciles. 
Pollen samples were collected to see if any patterns in 
pollen distribution could be detected. Maps of the pol
len frequencies in Pitstructure I (Scott 1983a, 1984c) 
reveal definite patterns of pollen distribution on the 
floor. Macrobotanical remains from the same sampling 
grid were examined by Matthews ( 1984b ). Both anal
yses provide a detailed record of plant resources used 
in the structure. 

Of the 120 samples collected from the floor of Pit
structure I, 95 were processed, and 44 yielded sufficient 
pollen for analysis. All 28 samples that were collected 
from sediment 0 to 5 em above the floor of this same 
structure were processed, and 18 had sufficient pollen. 
Intensive sampling in Pitstructure 2 was limited to the 
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floor, from which 23 samples were collected; 15 of these 
samples were processed, and 14 yielded sufficient pol
len for analysis. Table 4.25 lists pollen types identified 
in the Pitstructure I and 2 samples believed to have 
been economically important to the Anasazi. Assess
ment of these types as economic is supported by the 
patterning in their distributions and by some corro
borative evidence from macrobotanical remains (Scott 
1983a, 1984c; Matthews 1984b). The ubiquity of a spe
cific pollen type is expressed in this table as the per
centage of samples containing that pollen type. 

Except for Zea, C/eome, Umbelliferae, Ephedra, and 
Nicotiana, most of the pollen types occur in only a few 
of the processed samples that contained sufficient pol
len for analysis. Table 4.25 demonstrates that fortuitous 
sampling may be the reason a particular pollen type is 
tallied. It follows that much can be said if an economic 
type is encountered (especially in large frequencies) , but 
its failure to be tallied may only be a function of limited 
sampling. Table 4.25 suggests that the greater the num
ber of samples collected, the greater the probability of 
detecting rarer types such as Cucurbita or Portulaca. 

Table 4.25 shows that Zea, Cleome, and Umbelliferae 
pollen are among the most ubiquitous pollen types, as 
measured by their presence or absence in the pollen 
samples analyzed at Site 5MT4644. Because of the lim
ited dispersal of corn pollen in modern corn fields and 
the large size of the Zea pollen grain, there is little 
question among pollen analysts that the presence of Zea 
pollen in a structure means that corn was used in the 
structure (Martin 1963:50). 

As for Cleome pollen, Martin and Byers ( 1965) argue 
that its rarity in natural pollen rain and its abundance 
in archaeological samples suggest that C/eome was used 
by the Anasazi. No Cleome pollen was found in the 
modern DAP surface samples (Petersen and Scott 
1985). The ubiquity of C/eome pollen in Pitstructures 
I and 2 at Site 5MT4644 suggests that Cleome was 
mostly in flower when it was collected and brought into 
the structures. Ethnographic sources (e.g., Stevenson 
1915:69, 82) suggest that C/eome often was hung from 
rafters to dry. This could explain why the pollen was 
so widespread within the pitstructures. 

Scott (1984c) notes that because Umbelliferae pollen is 
also ubiquitous, it may have been brought into the pit
structures while in flower, and possibly dried in the 
rafters similar to the manner in which C/eome may have 
been dried . Petersen and Scott ( 1985) recorded only I 
Umbelliferae pollen grain during analysis of 13 samples 
collected during modern surface transect sampling. 

Zea and Cleome representation , by subphase.- As dem
onstrated by the Site 5MT4644 pollen analysis results, 
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the total number of economic pollen types (richness) at 
a particular site may simply be a function of the number 
of samples analyzed. Therefore, only Zea and C/eome, 
2 clearly identifiable and ubiquitous pollen types, will 
be examined in detail here. 

Table 4.26 groups the individual sites with pollen re
sults into subphases and indicates the number of sam
ples at each site that contained Zea and Cleome pollen; 
again, ubiquity is expressed as the percentage of sam
ples containing a particular pollen type. Zea occurs in 
45.1 percent of 50 I pollen samples examined, while 
Cleome occurs in 84.0 percent. 

The Sagehill (A.D.700-780) and Marsh view (A.D. 1050-
1200) Subphases (table 4.26) have slightly lower Cleome 
percentages than do the other subphases. A 2 X 2 chi
square test for Cleome shows that, at the 0.05 level, 
only the Cline (A.D. 900-975) and Marshview Sub
phases (the highest and lowest in terms of ubiqu ity) 
differ significantly (X2= 3.943; probability >X2 <0.04 7). 
This suggests that, except for the reduction during the 
Marsh view Subphase, the use of Cleome did not change 
significantly over time. 

Zea, on the other hand , occurs in fewer Cline Subphase 
samples (36.4 percent) than Periman (A.D. 850-900) or 
Grass Mesa (A.D. 880-925) Subphase samples ( 40.9 and 
50.0 percent, respectively) . Because the ubiquity of 
Cleome does not concomitantly decline in the Cline 
Subphase, but actually is highest during this subphase, 
the low Zea frequency probably is not due simply to 
sampling bias. Zea may have been less ubiquitous or 
less important during the Cline Subphase. This seems 
to support Petersen's argument that the climate during 
the Cline Subphase was less favorable for growing corn 
(section 6, this chapter). However, since a 2X2 chi
square test indicates that the differences are not sig
nificant (the contrast between the Grass Mesa and Cline 
Subphases approaches the 0.05 level of significance but 
does not reach it:x2= 3.112; probabilitY>X2<0.078), they 
could be explained by chance alone. Scott (1984b), us
ing a smaller sample size, found a significant contrast 
in the ubiquity ofZea in sediments assigned to the Cline 
Subphase as compared with Zea ubiquity in sediments 
assigned to the Periman Subphase. Zea also occurs in 
significantly fewer Marshview Subphase samples than 
in Tres Bobos Subphase samples. However, because a 
simultaneous reduction in Cleome occurs in Marsh view 
samples, sampling bias may be partly responsible for 
the observed trend. 

In short, one of the greatest decreases in the ubiquity 
of Zea pollen between consecutive subphases is that 
noted between the Grass Mesa and Cline Subphases; 
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Table 4.25 - Ubiquity of economic pollen types in pollen samples from intensively sampled pitstructures at Site 
5MT4644* 

Taxon Pitstructure I Pitstructure 2 

Floor Up pert Floor 
(N = 44) (N = 18) (N = 14) 

No. with Ubiquity No. with Ubiquity No. with Ubiquity 
specific (%) specific (%) specific (%) 

pollen type pollen type pollen type 

Cleorne 40 90.9 17 94.4 II 78. 6 
Zea 31 70.5 I I 61.1 6 42.9 
Cucurbita 3 6.8 3 16.7 
Portulaca 4 9.1 
Typha 4 9. 1 
Opuntia 8 18.2 2 II. I 3 21.4 
Allium I 2.3 
Sphaeralcea 3 6.8 2 11.1 I 7.1 
Nicotiana 20 45.5 
Umbelliferae 30 68.2 5 27.8 10 71.4 
Ephedra§ 21 47.7 10 55.6 5 35 .7 
Cheno-am** I 2.3 
Shepherdia 2 11.1 
Compositae** I 2.3 
Onagraceae 3 6.8 I 7.1 

• Only those economic types that occurred in frequencies high enough to show patterning are included in this 
table. 

t Upper: 0 to 5 em above the floor; believed to be roof fall. 
§ Combines grains identified as nevadensis and torreyana. 

•• Recorded only where greater than 30 percent of grains observed. 
N is the number of samples that had sufficient pollen for analysis. " Ubiquity" refers to the percentage of these 

samples that contained pollen of a specific type. 

the significance of the observed Zea decrease is en
hanced by the fact that the ubiquity of Cleorne simul
taneously increases. Between the earliest and the latest 
subphases, a significant difference occurs in the ubiq
uity of Zea pollen. But there is also a reduction in the 
ubiquity of Cleorne (although not significant at the 0.05 
level), so that sampling error alone could explain the 
contrast in Zea ubiquity. 

Problem Domain 5: Cultural Process 

The goal of Problem Domain 5 research is to identify 
factors that contributed to cultural change and stability 
through time in the Dolores area (Kane eta!. 1983:56). 
The pollen data base can be used to study one facet of 
thi s broad topic: the environmental factors that might 
have been involved in population movement, growth , 
and decline in the Escalante Sector. 

The relationship between the environment and cultural 
process can be explored only if past climatic conditions 
are reconstructed. In reconstructing past climate, most 

Southwestern palynologists have concentrated on anal
ysis of sediments from cultural surfaces and features of 
archaeological sites. Because of their archaeological as
sociations, these sediments are potentially datable to 
within 25 years of the use of the context. However, 
pollen spectra from archaeological sites may have been 
affected by such cultural activities as tree clearance, 
local disturbance of native vegetation , and the inten
tional or incidental introduction of pollen into various 
contexts. Thus, these spectra may not represent the nat
ural pollen rain . To overcome these biases, researchers 
have used several techniques for recognizing vegetation 
units: standard and adjusted pollen sums; ratios of ar
boreal to nonarboreal pollen , pine to juniper pollen , 
and large to small pine pollen; and multivariate statis
tical techniques (Euler eta!. 1979; Fall eta!. 1981 ; Hevly 
1981 ; Schoen wetter 1970). Climatic reconstruction is 
accomplished by comparing and contrasting the pre
historic pollen spectra or ratios to modern pollen spec
tra from an elevational transect through different 
vegetation units and their associated climates. 
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Table 4.26 - Ubiquity of Zea and Cleome pollen in samples with sufficient pollen for analysis, by 
subphase 

Subphase Pollen samples 
Site number 

No. with No. with Ubiquity No. with Ubiquity 
sufficient pollen Zea (%) Cleome (%) 

Tres Bobos (A.D. 600-700) r 

5MT4545 6 5 83.3 6 100.0 
5MT4683 7 4 57.1 3 42.9 
5MT4684 20 II 55.0 19 95 .0 

Subphase totals 33 20 60.6 28 84.8 

Sagehill (A.D. 700-780) 
5MT23 3 I 33.3 2 66.7 
5MT2151 3 3 100.0 2 66.7 
5MT2194 I 0 0.0 I 100.0 
5MT2198 8 2 25 .0 5 62.5 
5MT2854 9 5 55 .6 8 88.9 
5MT2858 2 0 0.0 I 50.0 
5MT4614 5 0 0.0 4 80.0 
5MT4644 2 I 50.0 2 100.0 
5MT4683 3 3 100.0 2 66.7 

Subphase totals 36 15 41.7 27 75 .0 

Dos Casas (A.D. 760-850) 
5MT23 II 10 90.9 9 8 1.8 
5MT2151 8 4 50.0 7 87.5 
5MT2181 4 2 50.0 4 100.0 
5MT2192 6 2 33.3 5 83.3 
5MT2193 17 7 41.2 15 88.2 
5MT2194 2 0 0.0 I 50.0 
5MT4644 84 53 63.1 74 88.1 
5MT4671 32 6 18.8 25 78.1 
5MT4683 10 4 40.0 7 70.0 

Subphase totals 174 88 50.6 147 84.5 

Periman (A.D. 850-900) 
5MT23 38 21 55.3 36 94.7 
5MT2151 2 I 50.0 I 50.0 
5MT216 1 9 4 44.4 8 88.9 
5MT2182 5 4 80.0 4 80.0 
5MT2191 5 I 20.0 2 40.0 
5MT2320 3 0 0.0 2 66.7 
5MT4475 20 II 55.0 19 95.0 
5MT4477 33 14 42.4 33 100.0 
5MT4479 31 10 32.3 26 83.9 
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Table 4.26 - Ubiquity of Zea and Cleome pollen in samples with sufficient pollen for analysis, by 
subphase - Continued 

Subphase Pollen samples 
Site number 

No. with No. with Ubiquity No. with Ubiquity 
sufficient pollen Zea (%) Cleome (%) 

Periman (A.D. 850-900) 
(cont.) 

5MT4671 2 I 50.0 2 100.0 
5MT4683 3 I 33.0 0 0.0 
5MT5106 8 2 25.0 5 62.5 
5MT5107 12 2 16.7 11 91.7 
5MT5108 10 2 20.0 9 90.0 

Subphase totals 181 74 40.9 !58 87.3 

Grass Mesa (A.D. 880-925) 
5MT23 23 11 47.8 19 82.6 
5MT2151 I I 100.0 I 100.0 

Subphase totals 24 12 50.0 20 83.3 

Cline (A.D. 900-975) 
5MT2203 3 0 0.0 3 100.0 
5MT4475 16 6 37.5 16 100.0 
5MT4477 3 2 66.7 I 33.3 

Subphase totals 22 8 36.4 20 90.9 

Marshview (A.D. 1050-1200) 
5MT2151 2 I 50.0 2 100.0 
5MT2235 17 6 35.3 15 88.2 
5MT2241 7 0 0.0 2 28.6 
5MT4683 2 I 50.0 0 0.0 
5MT5106 3 I 33.3 2 66.7 

Subphase totals 31 9 29.0 21 67.7 

Total 501 226 45 .1 421 84.0 

• "Ubiquity" refers to the percentage of samples that contained pollen of a specific type. 

A Test of Dolores Project Area Climatic Reconstruction 

A slightly different approach has been taken in recon
structing the climate of the project area. A continuous 
and well-dated pollen record from the La Plata Moun
tains (approximately 30 km east of the Dolores Project 
area), independent of the DAP's archaeological pollen 
record, was used, This reconstruction is outlined in de
tail by Petersen in section 6, this chapter. 

An early test of Petersen's climatic reconstruction for 
the project area was provided by a few pollen samples 
from Site 5MT4654 (Beaver Trap Shelter) (Petersen 
1985a). Next, it was hoped that a more detailed test 
might be provided by the analysis of pollen samples 
from Site 5MT4683 (Singing Shelter) (Scott 1985c). 

Three factors, however, complicated evaluation of the 
Site 5MT4683 samples in light of Petersen'c climatic 
reconstruction: (I) the site is located in a narrow canyon 
and is surrounded by vegetation that differs from that 
on surrounding sites located away from canyons (refer 
to Petersen and Scott 1985, for a discussion of this 
factor); (2) age assignments for the samples were too 
broad; and (3) deposition rates in caves and rockshelters 
vary widely. The last factor is serious, because a sample 
could represent pollen rain for as short a time as I 
rainstorm, or for as long a time as a portion of a year 
or, even more likely, many years. Comparing samples 
that represent very short time periods with samples that 
represent long time periods is difficult. These factors 
may partly explain why Scott ( 1985c) had difficulty in 
finding a satisfactory correlation between the Site 
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5MT 4683 pollen analysis results and Petersen's ( !985a) 
climatic reconstruction for the project area. However, 
during her analysis of I 0 DAP sites, Scott ( 1982a) did 
detect relatively less sagebrush during the Sagehen 
Phase, relatively more sagebrush during the McPhee 
Phase, and relatively less sagebrush again during the 
Sundial Phase. This sequence is similar to that iden
tified in the test of Petersen's climatic reconstruction 
presented here. 

For this test, dating of contexts in the Dolores Project 
area has been described and standardized through the 
use of modeling period assignments (chap. 1). Figure 
4.3 shows the date range of DAP pollen samples. If 
more than I set of samples is available for each site, 
the date range of each subset (indicated by a decimal 
number, with the smallest number being the oldest) is 
shown. Two date range assignments are possible for 
several sample sets : 5MT2192 .2, 5MT4614 . 1, 
5MT4683.1, 5MT4683.4, and 5MT5106.2. 

The modern surface pollen study (Petersen and Scott 
1985) demonstrated that pollen from sites located 
within canyons is not strictly comparable to pollen from 
sites located away from canyons, because of the differ
ent vegetation surrounding or near the respective sites. 
The sites located in canyons are shown by shading in 
figure 4.3. Other sites are simply called "upland sites" 
to distinguish them from the canyon sites. (The criteria 
used to distinquish upland and canyon sites based on 
pollen rain are different than those used to distinguish 
upland and canyon sites in the wood resource study 
presented in section 2 of this chapter: in section 2, sites 
located in or within approximately I km of the Dolores 
River Canyon are classified as "canyon sites"; in the 
present study, a site must be located in any canyon to 
be included in this group.) Because the canyon sites do 
not encompass quite as long a time span as do the up
land sites, the upland sites will be the only ones used 
in this test of the LaPiata Mountains reconstruction. 

As discussed in section 6, the climate in the project 
area during the Anasazi occupation is reconstructed as 
being either similar to or relatively drier than the pres
ent. When the climate is drier, an increase in sagebrush 
(relative to the present) is expected (Petersen 1985a; 
Petersen and Scott 1985). In figure 4.4, times believed 
to have been drier than the present are indicated by 
shading. Plotted on the same time scale are the date 
ranges of pollen samples from selected upland sites be
lieved to provide a test of Petersen's reconstruction. 
Sites were selected on the basis of date range and 
whether or not they had yielded "paired" sample sets: 
sites that dated to periods encompassed by the recon
struction were used to "piece together" the total se
quence; and sites that yielded paired samples were 
favored because they provided the basis for examining 

194 

changing vegetation proportions through time in a sin
gle location. More reliance is placed on the direction 
of change of paired samples from a single site location 
than on the relative contrast between modern and ar
chaeological samples from different locations, because 
the vegetation mosaic surrounding different sites may 
differ enough to make strict comparisons difficult. Fig
ure 4.5 shows the location of the sites used to test the 
climatic reconstruction. 

Also plotted in figure 4.4 is a series of pollen spectra 
that shows the proportion of sage pollen to juniper, 
pine, and oak pollen. By limiting the pollen to these 4 
types, a spectrum that faithfully reflects the natural pol
len rain of the major cover plants can be produced and 
possibly avoids the bias inherent in archaeological pol
len samples. The pollen spectra are oriented such that 
the sagebrush wedge is always centered at the bottom 
and the other 3 wedges are plotted in relation to it. This 
plotting method gives a visual impression of the 
amount of sagebrush pollen versus the amount of the 
3 woodland pollen types. To aid in comparison, modern 
pollen spectra (5MT4475.5 and 5MT4512) are also 
shown. If an archaeological sample contains more sage
brush than do the modern samples, it is interpreted as 
indicating drier conditions. If it has less sagebrush, it 
is interpreted as indicating wetter condition. 

To overcome possible biases from location within an 
archaeological site, the 4 major pollen types from all 
pollen samples assigned to the same modeling period 
were averaged together. Table 4.27 lists the sites, the 
modeling period and subperiod assignments, and the 
pollen samples that were averaged together. Two pollen 
samples considered too aberrant to be included in this 
averaging process were excluded. They were PN (pollen 
sample number) 466 from Site 5MT4475 and PN 22 
from Site 5MT2241 . 

In this test of the climatic reconstruction, the emphasis 
is on comparison of pollen spectra with the present and 
on the direction , rather than on the absolute magnitude, 
of changes through time within a single site. The 2 mod
ern samples in figure 4.4 illustrate the range the modern 
pollen spectra from upland sites can have, and Petersen 
and Scott ( 1985) provide additional examples of 
variation. 

Except for a dry period between about A.D. 650 and 
675, the period from A.D. 600 to about A.D. 740 is 
reconstructed as being similar to the present (sect. 6). 
The Site 5MT4545 sample spectrum for the early A.D. 
600's is very similar to the present Site 5MT4512 spec
trum, and the site 5MT 4684 spectrum is consistent with 
Petersen's reconstruction for drier conditions in the 
middle A.D. 600's (i .e., increased sagebrush). 
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Figure 4.3 - Dating of Dolores Archaeological Program archaeological contexts containing pollen samples, based on modeling period assignment. 
Broken lines distinguish different sample sets from the same site or 2 possible date assignments for the same sample set. Similarly, 
a decimal point followed by a number indicates multiple samples for the same site or multiple date range interpretations for the 
same site (the smallest number indicates the oldest date range). For example, 2 samples are shown for Site 5MT2192: 2192.1 is the 
oldest, 2192.2 is the youngest. Two date ranges are possible for the latter: A.D. 800-840 and A.D. 840-880. 

Petersen reconstructs the A.D. 800 to I 000 period as 
being drier than the present, which should be reflected 
by higher sagebrush proportions than at present. The 
driest conditions are centered on A.D. 900, with con
ditions being progressively less dry on either side. The 
paired samples from Site 5MT2320 show an increase 
in the proportion of sagebrush in the manner predicted 
by Petersen for the A.D. 800's (fig. 4.4). The paired 
samples from Site 5MT2192 are very similar, which 
might suggest they are quite close to each other in age. 
The slightly smaller proportion of sagebrush in the 
5MT2192.2 sample may be related to the short period 
of relatively wetter conditions centered on A.D 800. 

The series of pollen samples from Site 5MT4475 
(fig. 4.4) provides the longest continuous test of the di
rection of vegetation change after A.D. 900. From 
shortly before A.D. 900 up to shortly before A.D. 1000, 
the pollen spectra show a reduction of sagebrush from 
a proportion greater than at present to one much less 
than at present. 

The climatic reconstruction also suggests that, because 
of the relatively greater summer and winter precipita
tion during the A.D. 1000-1110 period, the dry-farming 
belt at that time was wider than at present. Based on 
the results from Site 5MT4475, sagebrush also might 
have been less extensive in the project area from A.D. 
1000 to 1110. One other site (Site 5MT5106) shows the 
same trend, but its later pollen spectrum (5MT5106.2) 
is very similar to that of the modern Site 5MT4512. 
However, the date assignment for 5MT51 06.2 is not 
secure. 

The A.D. 1110-1325 period is reconstructed as having 
been drier than the present, and Site 5MT2241, which 
dates to the A.D. 1100's, has larger proportions of sage
brush than either of the modern samples. It is similar 
to other pollen spectra believed to represent time pe
riods when the project area was drier than at present. 

Discussion 

The analysis reported here provides both greater dating 
control and greater detail than the other tests. All in 
all, the results of the pollen analysis of upland archae
ological sites in the project area support Petersen's 
( 1985a) general climatic reconstruction for the project 
area, which is based on a pollen record from the La 
Plata Mountains. This climatic reconstruction serves 
as a basis for arguments linking environmental change 
and cultural process. 

Refer to section 6, this chapter, for a complete discus
sion of other regional climatic studies. In brief, the se
quence outlined is in general agreement with that 
presented by Schoenwetter ( 1966, 1967, 1970); Schoen
wetter and Eddy ( 1964); Euler et al. ( 1979); and Dean 
et al. (1985). 

The palynological record at Hovenweep National Mon
ument has provided the only study in southwestern Col
orado that shows an increase in arboreal pollen 
frequencies over nonarboreal pollen frequencies during 
the A.D. 700-900 period (Weir 1976, 1977). Hoven weep 
National Monument is located below the elevational 
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5MT4512, 5MT4545, 5MT4684, and 5MT5 106. 
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Table 4.27 - Dates for selected pollen samples whose pollen counts were 
averaged together to produce pollen spectra shown in figure 4.4. 

Site number Date range 
MP, SP (A.D.) 

5MT2192.1 
MP 2, SP3 780-800 

5MT2192 .2 
MP 3 or MP 4 800-840 or 

840-880 
5MT2241 

MP 7, SP3 1100-1175 
5MT2320.1 

MP 3, SP2 through 820-860 
MP 4, SPI 

5MT2320.2 
MP 4, SP2 through 860-900 

MP 5, SPI 
5MT4475.1 

MP 5, SP2 860-880 
5MT4475 .2 

MP 4, SPI 880-920 
through SP2 

5MT4475 .3 
MP 6, SPI 920-940 

5MT4475.4 
MP 6, SP2 940-980 

5MT4475.5 
Modern surface 

5MT4512 
Modern surface 

5MT4545 
MP I, SPI 600-660 

5MT4684 
MP I, SP2 660-700 

5MT5106.1 
MP 5, SPI 880-900 

5MT5106.2 
MP 7, SP2 or SP3 1025-1100 or 

1100-1175 

MP - Modeling period. 
SP - Modeling subperiod. 
PN - Pollen sample. 

range of pinyon (Petersen 1984a). If this increase in 
arboreal pollen was primarily due to an increase in pin
yon trees, then it could be interpreted as being in agree
ment with the La Plata Mountain record, because 
pinyon is believed to have increased during the A.D. 
7 50-900 period, due to increased summer rainfall and 
decreased winter precipitation. Only a site located well 
away from ponderosa pine and oak, such as Hovenweep 
National Monument, might be expected to be especially 
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PN Number 

26, 29, 31 , 32, 36, 38 

21 , 24 

I, 2, 3, 4, 9, 10, 23, 24 

21 

4, 7 

447, 448, 449 

133, 160, 174, 175, 177, 178, 
198, 200, 213, 214, 215 , 216, 
21~ 218, 465 , 467, 469 

459, 463 

9, 37, 40, 45, 85 

8001 

2, 5, 8 

5, 6, 7, 8, 9, II 

17, 26, 34, 39, 41 , 45 , 47, 49, 
52, 54, 96, I 00, I 04 

22, 23, 24, 28, 29, 30, 32, 39 

15, 17, 21 

sensitive to an increase in an arboreal pollen compo
nent primarily made up of pinyon. 

The pollen record from DAP archaeological samples 
verifies the climatic reconstruction presented in section 
6. Drier conditions are believed to have resulted in a 
narrower dry-farming belt than exists at present. In 
terms of Problem Domain 5, which examines popula
tion growth , movement, and decline during relatively 



drier periods, the project area is expected to have be
come more attractive to Anasazi populations living at 
the lower elevational limit of a shrinking dry-farming 
belt. Refer to section 6 for other climatic conditions 
that must be considered before a full evaluation can be 
made of the influence of climate on the Dolores 
Anasazi . 

SUMMARY 

The problem domains in the general research design 
(Kane et al. 1983) provide a useful framework for dis
cussing the results of DAP pollen studies. Analysis re
sults are applicable primarily to Problem Domain I 
(Economy and Adaptation) and Problem Domain 5 
(Cultural Process). 

In answering questions pertaining to Dolores Anasazi 
economy and adaptations, the results of pollen analysis 
give some insight into the potential resources available. 
Modern vegetation in the project area is characterized 
by a mosaic of sagebrush, juniper, pinyon, and oak. This 
same mosaic, and the associated plants that potentially 
are of economic importance, were present throughout 
the entire Anasazi occupation, although their respective 
proportions may have fluctuated. 

The number of pollen types identified for the project 
area is relatively large; these types provide an inventory 
of plant taxa present. When used in conjunction with 
the results of the packrat midden analysis (VanDeven
der 1985) and the macrobotanical analysis of bulk soil 
samples from the archaeological sites (sect. 2), an ex
tensive inventory is obtained. 

Results of the intensive pollen sampling at Site 
5MT4644 (Scott 1983a, 1984c), when combined with 
the results of the bulk soil sampling (Matthews 1984b ), 
provide an outstanding case study of resource use and 
patterning. The results also allow the specification of a 
pollen sampling plan for Pueblo I pitstructures that 
maximizes information return for the number of sam
ples analyzed. 

A clear picture of past climatic conditions is necessary 
to address questions concerning cultural process. Pe
tersen (sect. 6) suggests a climatic deterioration was 
detrimental to corn farming during the late A.D. 800's 
and the early A.D. 900's, just prior to the Cline Sub
phase; corn farming during the Cline Subphase (the 
A.D. 900's) would have been more risky as well. A 
measure was made of the ubiquity of Zea and Cleome 
pollen in the samples that had sufficient pollen for anal
ysis during each subphase. During the Cline Subphase, 
ubiquity of Zea pollen was reduced at the same time 
that the ubiquity of Cleome pollen slightly increased, 
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although neither the decrease nor the increase are sig
nificant at the 0.05 level. These results seem to confirm 
Petersen's contention that the increased risk of corn 
farming during the A.D. 900's may have resulted in less 
dependence on corn, and possibly in a concomitant 
shift to a greater reliance on native resources. 

Support for Petersen's climatic reconstruction for the 
remainder of the Anasazi occupation of the project area 
can be found in dated pollen spectra from upland ar
chaeological sites. Petersen reconstructs the climate for 
the A.D. 800's, when population reached its height, as 
being drier than that of the present. Pollen spectra rep
resenting that time period indicate more extensive sage
brush, at the expense of woodland, than at present. The 
direction of vegetation change predicted by Petersen's 
overall chronology is largely supported by results of the 
pollen analysis in the project area, even including the 
detection of a short dry period in the middle to late 
A.D. 600's. 

Section 4 

THE DOLORES ARCHAEOLOGICAL PROGRAM 
FAUNAL DATA BASE: RESOURCE AVAILABILITY 

AND RESOURCE MIX 

Sarah W. Neusius 

The primary goal of the DAP Faunal Studies Section 
has been the creation of a faunal data base suitable for 
reconstruction of Dolores area prehistory and useful to 
studies of Dolores Anasazi adaptive strategies. Problem 
Domain I of the general research design (Kane et al. 
1983) focuses on study of prehistoric economy and ad
aptation, and the economic system is a crucial com
ponent in the DAP model of Dolores Anasazi 
adaptations (Lipe 1984; part 4, this volume). In keeping 
with the general project focus , the Faunal Studies Sec
tion has compiled faunal data on resource availability 
and resource mix for the Dolores Anasazi . Four sub
sections address these concerns. 

First, the DAP faunal data base is outlined. The types 
of data available, the procedures used in gathering and 
analyzing data, and the effects of postdepositional proc
esses on the faunal assemblage are briefly discussed. 
Data quality, which is a basic consideration in all faunal 
analyses, is evaluated in this sub-section. Despite the 
major effort put into faunal analysis by the DAP, the 
end product has been shaped by excavation and analysis 
priorities, personnel changes, and shifting theoretical 
emphases during the course of the program's history. 
Although the DAP faunal data is believed to be of high 
quality, a thorough taphonomic study has not been 
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completed, nor have the effects of excavation and anal
ysis procedures been fully researched. The first sub
section acquaints potential researchers with the general 
characteristics of the evidence amassed and with the 
concerns to be addressed in using these data. 

Second, prehistoric resource availability is examined. 
A preliminary report on findings was presented in Neu
sius ( 1985a). This report contained raw data on prob
able resource availability and distribution. It did not 
consider which resources might have been preferred, 
nor how availability and preference may have changed 
through time. Since these topics are of major concern 
in DAP synthetic studies, some attention has been 
given them here. 

The third sub-section presents the evidence for resource 
mix. A list of taxa recognized in the DAP faunal as
semblage is presented in annotated form, and prelim
inary comments on relative abundance are offered. 
Analysis of the composition of the DAP faunal assem
blage has not progressed beyond the most basic stage, 
except in the case of particular sites or communities 
(e.g. , Neusius 1985b; Neusius and Gould 1985), nor has 
temporal variability been studied. The discussion in 
this sub-section is supplemented by tabular presenta
tion of data on taxonomic composition. Both NISP 
(number of individual specimens) and MNI (minimum 
number of individuals) calculations are given. 

Finally, the significance of the data for studying game 
procurement and processing strategies is briefly dis
cussed. Because time and budget constraints precluded 
detailed analysis, this sub-section remains largely de
scriptive, although some of the ideas presented may 
serve to guide future research. That much more analysis 
could be conducted is a reflection of the DAP's thor
oughness in developing a usable data base, for without 
a sound data base, there would be much less to be stud
ied in the future . 

THE DOLORES ARCHAEOWGICAL PROGRAM 
FAUNAL DATA BASE 

Background Studies 

Zooarchaeological analysis involves more than the 
identification and study of faunal remains recovered 
from archaeological sites. Faunal assemblages must be 
placed in perspective with respect to environmental re
constructions, resource availability, ethnohistoric and 
ethnographic records of subsistence practices, and the 
archaeological record from relevant locales, time pe
riods, and cultural groups. Although the need for back
ground information on these topics was recognized by 
the DAP, collection of such data was limited by the 
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more compelling necessity of recording and describing 
the archaeologically recovered faunal remains. 

As a result, the only background studies undertaken 
consisted of research on faunal resource availability and 
on known uses of faunal resources by Southwestern 
groups. Summaries of the information collected in each 
case have been presented in Neusius ( 1985a, 1985c). In 
these documents, faunal species possibly found in the 
project area prehistorically have been listed. The hab
itats in which each animal may be found and the rel
ative abundance of each species also have been 
indicated. In addition, uses of taxa by various ethno
graphically known groups have been tabulated accord
ing to three general use categories: food , raw materials, 
and medicinal or ceremonial uses. Neusius ( 1985a, 
1985c) should be consulted for more detailed 
information. 

Archaeological Data 

The archaeological faunal remains collected by the 
DAP can be subdivided into 3 categories: macrofauna) 
remains , microfauna) remains , and miscellaneous 
faunal remains. The different assemblages in each of 
these categories can be kept separate and considered as 
different indicators of the Dolores Anasazi's use of an
imal resources. Noncultural assemblages of bone can 
be deleted from such considerations. 

The macrofauna! assemblage consists of nonhuman 
bones collected during the course of routine excavation. 
Most of the faunal remains from DAP sites (76 224 
fragments) are included in this assemblage. The ma
jority of the bones were collected during the course of 
shoveling, troweling, and screening of site deposits. No 
special sampling strategies were employed in the re
covery of these bones, although, as discussed below, 
collection mode did vary and was used to subsample 
assemblages in the faunal laboratory when required . 
Included in the macrofauna) assemblage are some non
human bones collected from packrat middens at Site 
5MT4654 (Emslie 1985; VanDevender 1985). 

The smallest pieces of bone, including those from very 
small animals, usually were not recovered during the 
course of routine excavation. The microfauna! assem
blage consists of 5723 bones collected by methods de
signed to recover very small items. A very small 
percentage of these materials was collected by dry
screening sediment through mesh measuring 1/16-inch 
or less. A larger, but still small, percentage of the mi
crofauna! assemblage was recovered during water
screening through similar-sized mesh. While the former 
recovery method was employed in an unsystematic 
manner at the discretion of field crew chiefs, the latter 
method was routinely applied to hearth fills at several 



sites. Because the water-screening of hearth fills re
sulted in the recovery of very large quantities of bones, 
only a small number of these bones were actually iden
tified by the Faunal Studies Section. 

Most of the microfauna) remains came from bulk soil 
(flotation) samples. The DAP bulk soil sampling pro
gram was aimed primarily at recovery of botanical re
mains (Litzinger 1979, 1980). Nevertheless, many of the 
sampled contexts (e.g. , hearths, middens) also were of 
interest with respect to faunal remains. Thus, these 
samples were further subsampled by the Faunal Studies 
Section as a check on results obtained from the macro
faunal assemblage. 

Initially, the heavy fractions of all bulk soil samples 
were "picked" for bone. These bones and any located 
by the Botanical Studies Section during their exami
nation of light and heavy fractions were scanned for 
diagnostic elements. Such scanning procedures are one 
means of dealing with vast quantities of small-scale re
mains (Neusius 1978), but they cannot be relied on to 
provide a representative list of taxa or skeletal elements. 

In 1981 , a new approach to the study of bulk soil re
mains was initiated. The goal of this new approach was 
to check the taxonomic composiiton of the DAP faunal 
assemblage. Two groups of animals, fish and very small 
mammals such as shrews, mice, and voles, could have 
been under-represented among the macrofauna! re
mains. While fish generally have been considered to 
have been unimportant in Anasazi economics, recovery 
procedures usually have not been good enough to une
quivocally demonstrate that such was the case. Fur
thermore , the Dolores Anasazi inhabited a 
comparatively well watered environment in which 
some fish would have been available. For these reasons, 
it was important to establish that use of fish was as 
minor as suggested by the macrofauna) assemblage. 

With respect to small mammals, the primary concern 
was not dietary or economic reconstruction, but the 
possibility that key environmental indicators had been 
overlooked. Many small mammals are excellent indi
cators of environmental change because they are par
ticularly sensitive to such change. Even though the 
analysis of this type of material could not have been 
performed at the Dolores faunal laboratory, consulta
tion with specialists would have been warranted if the 
bulk soil samples had been rich in this type of material. 

Given these research goals, the nonhuman bone re
covered from bulk soil samples had to be examined in 
a more detailed manner than it had been previously. 
All midden samples and a 5-percent random sample of 
all other bulk soil samples from cultural contexts were 
selected for study, and each bone fragment was to be 
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studied and coded in the same way as the macrofauna! 
remains (Neusius and Canaday 1985). Thus, subsam
pling was done at the sample level rather than at the 
level of individual bones. Due to time and personnel 
constraints, only materials from the midden samples 
were identified. 

As a result of these changing approaches, the micro
faunal assemblage is not as representative as the ma
crofauna) assemblage. However, 5723 fragments of 
bone have been examined. This assemblage is not with
out implications for resource mix. 

The miscellaneous category of faunal remains from the 
DAP includes 3 small assemblages of bone. None of 
these are considered in this chapter, but the reader 
should be advised of their existence. The first of these 
consists of nonhuman bone recovered from coprolite 
samples. These bones have been listed in Jones (1983) . 
Although these remains may be of dietary significance, 
the sample is too minuscule to be interpretable. The 
second assemblage consists of the bones of an extinct 
musk ox (Symbos sp.) recovered from eolian deposits 
beneath the Grass Mesa Village site (site 5MT23). 
These remains, which apparently are not associated 
with the human habitation of the Dolores area, have 
been described in detail in Clay, Canaday, and Neusius 
(1985) and in McDonald et al. (1985). Finally, some 
nonhuman bone was collected from packrat middens 
at Site 5MT4654 (Emslie 1985; Van Devender 1985). 
These materials were not studied further, but they are 
available for analysis and may be of environmental 
significance. 

Procedures 

Field and laboratory procedures have had both positive 
and negative effects on the DAP faunal data base. Neu
sius (1985b) and Neusius and Gould (1985) have con
sidered some possible effects; however, judgments 
concerning the quality of the DAP faunal data base 
remain largely subjective. The following review of the 
procedures employed by the DAP highlights areas in 
which recovery and analytical procedures may have had 
an effect on the faunal assemblage. Further study would 
be required to arrive at an objective assessment of the 
influence of archaeological procedures. 

Two general methods of sampling were employed at 
DAP sites. The probability sampling program described 
by Kohler and Gross (1984) has provided useful esti
mates of artifact and structure populations (Kohler 
1985). A less formal judgmental approach to sampling 
also was employed by the DAP. Two differences be
tween probability and judgmental sampling pertain to 
the amount of screening (more in probability sampling 
than in judgmental sampling) and the emphasis on 
structural contexts (less in probability sampling than in 
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judgmental sampling). However, preliminary compar
ison of the faunal assemblages from these 2 types of 
samples indicates only minor differences (Neusius 
1985b; Neusius and Gould 1985). 

Nevertheless, the faunal remains recovered from dif
ferent context types do appear to vary (Neusius and 
Gould 1985). Therefore, the types of contexts sampled 
may affect the composition of the DAP faunal assem
blage. Table 4.28 provides a list of context types rep
resented in the DAP faunal assemblage. This table 
provides only the most general means of assessing the 
representativeness of the assemblage, because the ob
vious emphasis on pitstructures may reflect selection 
of more of these contexts for excavation, more thorough 
excavation of these contexts, better preservation within 
these contexts, disposal of refuse in abandoned struc
tures, or catastrophic abandonment ofpitstructures. No 
attempt is made in this section to attribute the amount 
or the type of faunal remains from various contexts to 
one or more factors . However, this topic should not be 
wholly ignored and the assemblages from individual 
time periods should be evaluated with respect to 
context. 

As for the types of activities represented by these re
mains, a breakdown of use area types for the assemblage 
indicates that much of the material comes from con
texts classified as "unknown" in terms of use area type 
(table 4.29). Otherwise, the bone usually comes from 
contexts interpreted to be general-purpose use areas. 
Relatively little faunal material is clearly assignable at 
the activity area level. 

Several recovery methods were employed in the collec
tion of this data base (table 4.30). Variability in col
lection procedures is a necessity for large mitigation 
projects such as the DAP, because some sites are ex
cavated quickly, while others are intensively excavated. 
However, different procedures result in faunal assem
blages that differ in representativeness and that may 
not be comparable. 

Kane and Robinson ( 1984) sought to deal with the prob
lem of representativeness and comparability by defin
ing assemblage and nonassemblage mode techniques on 
the basis of how representative the recovery was likely 
to be. They then provided guidelines for the use of these 
2 techniques during excavation. Neusius (1985b) and 
Neusius and Gould ( 1985) have examined differences 
in the taxonomic and element composition of faunal 
assemblages according to collection mode. In general, 
these studies suggest only weak correlations between 
collection mode and assemblage composition. How
ever, troweling may be a less reliable method of ob
taining a representative faunal sample than assumed by 
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Kane and Robinson (refer to Neusius and Gould 
[ 1985)). 

Figure 4.6 provides a quick assessment of relative rep
resentativeness if one accepts Payne's ( 1975) suggestion 
that percent identifiable is inversely related to sample 
representativeness. Low percentages of identifiable re
mains are believed by Payne to indicate more repre
sentative assemblages. As shown in figure 4.6 , the 
percent identifiable varies from 6.1 to 42.1 percent, 
with screening resulting in the lowest percentages, and 
shoveling and heavy equipment producing the highest. 
Surface collection and other methods produce unex
pectedly low percentages (less than 30 percent). The low 
percentage of identifiable remains in surface collections 
can perhaps be explained by the more extensive weath
ering and breakage of bones from such contexts and by 
the collecting and processing procedures used for sur
face materials. These figures generally support Kane 
and Robinson's ( 1984) grouping of assemblage and non
assemblage mode techniques, although troweling, with 
34.9 percent identifiable, clearly is not an assemblage 
mode technique. 

Identification procedures for DAP faunal remains have 
been discussed in detail in Neusius and Canaday 
( 1985). Identifications were made by comparisons to 
modern reference skeletons in the Anasazi Heritage 
Center collection or on loan to the Faunal Studies Sec
tion . Prior to 1981 , the collections of the Center for 
Western Studies (Flagstaff, Arizona) also were con
sulted (Emslie 1982). When comparative material was 
lacking, or when metric analysis was too time consum
ing, identifications were made only to higher taxonomic 
levels. The "compares favorably" designation (c.f.) also 
was used to indicate identifications made with less 
reliability. 

A detailed computer coding format was employed for 
all specimens. Record was made of provenience, human 
and nonhuman modification, taxon , element side, ele
ment type, element portion, number of items, age of 
breakage, cut marks, and burning. Additional infor
mation also was recorded less formally with a code in 
the computer file. Neusius and Canaday ( 1985) provide 
detailed coding instructions. 

Several secondary intensive studies that provide im
portant supplementary data also were undertaken by 
the Faunal Studies Section. These studies include in
dentification of cottontail mandibles and use of this 
information to test a hypothesis of localized procure
ment (Flint and Neusius 1985; Neusius and Flint 1985), 
detailed measurement and analysis of canid remains 
from DAP sites (Clark et al. 1985), and development 
of a computer program for the calculation of MNI's 
(Udick and Gross 1985). All of these studies have been 
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Table 4.28 - Context types represented in the Dolores Archaeological Program faunal assemblage 

Not Benches Wall Artifact Burial Fire-related Storage Ritual Other Total 
features features features features features features features features 

N % N % N % N % N % N % N % N % N % N % 

Surface structures 
Associated with surfaces 2 619 3.2 X 53 0.1 36 0.0 123 0.2 2345 2.9 689 0.8 X 751 0.9 6 616 8.1 
Not associated with surfaces 6 837 8.3 X X 0 0.0 4 · 0.0 I 0.0 655 0.8 X 2 0.0 7 499 9.2 
Total 9 456 11.5 X 53 0. 1 36 0.0 127 0.2 2346 2.9 1344 1.6 X 753 0.9 14 115 17.2 

Pitstructures 
Associated with surfaces 5 208 6.4 575 0.7 2562 3. 1 30 0.0 284 0.3 3787 4.6 2915 3.6 265 0.3 3502 4.3 19 128 23.3 
Not associated with surfaces 17 357 21.2 X X 374 0.5 114 0.1 41 0.1 8 0.0 X 175 0.2 18 069 22.0 
Total • , 22 565 27.5 575 0.7 2562 3.1 404 0.5 398 0.5 3828 4.7 2923 3.6 265 0.3 3677 4.5 37 197 45.4 

Miscellaneous structures 
Associated with surfaces 0 0.0 172 0.2 0 0.0 0 0.0 0 0.0 56 0.1 39 0.0 0 0.0 0 0.0 267 0.3 
Not associated with surfaces 173 0.2 X X 0 0.0 0 0.0 0 0.0 0 0.0 X 0 0.0 173 0.2 
Total 173 0.2 172 0.2 0 0.0 0 0.0 0 0.0 56 0.1 39 0.0 0 0.0 0 0.0 440 0.5 

Nonstructural units 
Associated with surfaces I 067 1.3 X X 28 0.0 105 0.1 650 0.8 100 0. 1 X 2190 2.7 4140 5.1 
Not associated with surfaces 10 289 12.6 X X 0 0.0 224 0.3 0 0.0 0 0.0 X 8 0.0 10 521 12.8 
Total II 356 13.9 X X 28 0.0 329 0.4 650 0.8 100 0.1 X 2198 2.7 14 66 1 17.9 

Excavation units 
Total 2 792 3.4 X X 0 0.0 0 0.0 0 0.0 43 0.1 X 4 0.0 2 839 3.5 

RDA's 
Total I 625 2.0 X X 0 0.0 0 0.0 0 0.0 0 0.0 X 0 0.0 I 625 2.0 

Grid squares 
Total 9 884 12.1 X X 3 0.0 36 0.0 85 0.1 17 0.0 X 517 0.6 10 542 12.9 

Other Proveniences 
Total 341 0.4 X X 0 0.0 I 0.0 49 0.1 0 0.0 X 137 0.2 528 0.6 

Total 58 192 71.0 747 0.9 2615 3.2 471 0.6 89 1 1.1 7014 8.6 4466 5.4 265 0.3 7286 8.9 81 947 
-

An " X" in the N column indicates that a particular provenience-feature combination is not possible; for example, benches do not occur in surface structures. 
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Table 4.29 - Use area types represented in the 
Dolores Archaeological Program faunal assemblage 

Use area type No. of bones % of total 

lntrahousehold or household 
Economic 7 269 8.9 
Domestic 7 275 8.9 
Multipurpose 12 0.0 
nfs 2 469 3.0 

I nterhousehold 
Economic 4 026 4.9 
Multipurpose 15 989 19.5 
nfs 34 0.0 

Room block 
Economic 2 070 2.5 
Integrati ve 990 1.2 
Multipurpose 474 0.6 

Community cl uster 
Integrati ve 100 0.1 
nfs 64 0.1 

No group assigned 9 472 11.6 

Unknown 31 703 38.7 

Total 81 947 100.0 

nfs - Not further specified. 

documented elsewhere and are not discussed further in 
thi s report. 

The Effects of Postdepositional Processes 

Due to practical considerations, relatively little atten
tion could be paid to the issue of postdepositional trans
formation of the Dolores faunal assemblage. Except for 
a study of pitstructure filling (Petersen et al. 1985), 
analyses of site formation processes have not been car
ried out by the DAP. Chemical analysis of sediments 
at DAP sites also has been limited (Clay, Petersen, and 
Decker [ 1985]). Further work is required to understand 
the possible effects of postdepositional processes; how
ever, both the condition of the faunal remains and the 
good contextual control achieved during excavation al
low some degree of confidence about this data base. 

Alteration of DAP faunal remains by carnivores and 
rodents has been recorded when observed. The inci
dence of both types of gnawing is low. Bones. from ro
dent burrows have been deleted from the assemblage. 
However, examination of the other types of contexts 
containing gnawed bone might prove informative. 
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Similarly, most of the DAP faunal remains are well 
preserved and nonfriable, and they exhibit very little 
checking or exfoliation. Again, study of the contexts 
from which weathered bone was recovered might be 
informative. 

Finally, detailed provenience information is available 
for all the DAP faunal remains. For analytic purposes, 
bone from contexts identified as recently disturbed has 
not been included in the analyses. In general , such areas 
were not excavated, and the materials were not col
lected. Nevertheless, a review of this information might 
provide some insights into postdepositional processes. 

RESOURCE AVAILABILITY 

Abundant information on this topic has been compiled 
by the DAP; the " raw data" are presented in Neusius 
( 1985a). Although these data require critical evaluation, 
they do represent a comprehensive list of the species 
probably available, and they give some information on 
the types of habitats in which each species might have 
been found. However, all of the animals listed would 
not have been important Anasazi resources. Also, re
source distribution, abundance, and preference may 
have changed through time. Even if the time frame is 
restricted to the period between A.D. 600 and 950, dur
ing which the principal Anasazi occupation occurred , 
possible changes in resources availability should be 
considered. 

Thus, the concern in the following discussion is the 
transformation of the data presented in Neusius 
( 1985a) into a more usable form . The first problem 
considered is which resources might have been pre
ferred by the Dolores Anasazi . A wide variety of re
sources would have been available, but not all of these 
would have been good sources of food and raw materials 
and easily procured. Which species were most likely to 
have been exploited? The second problem is whether 
significant variation in faunal resource supply occurred 
prehistorically. Two possible sources of change in avail
ability are considered here. These are climatic change 
and the impact of humans. 

Preferred Resources 

Because description of the archaeological faunal re
mains was the first priority, and because time, person
nel , and library access was limited , the issue of 
preference has not been completely explored. However, 
despite the fact that a thorough investigation of this 
problem was beyond the scope of this chapter, a sim
plified approach was developed and applied to the 



ENVIRONMENTAL ARCHAEOLOGY 

Table 4.30 - Collection mode used in the recovery of the 
Dolores Archaeological Program faunal assemblage* 

Collection mode Identifiable NHBt Indeterminate NHB Total NHB 
No. of %of No. of %of No. of %of 
bones total bones total bones total 

One-six teen th-inch 
screen, wet and dry 263 0.3 4 035 4.9 4 298 5.2 

One-eighth-inch 
screen, wet and dry I 013 1.2 4 273 5.2 5 286 6.5 

One-quarter-inch 
screen, wet and dry 9 345 11.4 25 532 31.2 34 877 42.6 

Other screen methods 455 0.6 6 197 7.6 6 652 8.1 
Trowel 5 021 6.1 9 371 11.4 14 392 17.6 
Mixed methods 4 939 6.0 7 029 8.6 II 968 14.6 
Shovel 557 0.7 765 0.9 I 322 1.6 
Heavy equipment 636 0.8 881 1.1 I 517 1.9 
Surface collection 220 0.3 690 0.8 910 1.1 
Other methods 199 0.2 526 0.6 725 0.9 

Total 22 648 27.6 59 299 72.4 81 947 100.0 

* Only the collection mode used for most of a context was recorded. Thus, bulk soil 
sampling does not appear here, and bones from bulk soil samples are grouped according to 
the method of collection generally used for that provenience. 
t Identifiable at least to order. 
NHB - Nonhuman bone. 

mammalian species listed by Neusius ( 1985a). The fol
lowing discussion describes the method used and pro
poses several lists of mammalian resources against 
which the archaeological data can be evaluated. The 
reader is referred to recent sources that use optimal 
foraging theory and linear programming to model re
source use among hunter-gatherers (Winterhalder and 
Smith 1981; Reidhead 1976; Keene 1981) and to Has
torrs ( 1980) work with the prehistoric agriculturalists 
of the Mimbres Valley for examples of in-depth re
source studies. 

It is assumed relative biomass can be used to assess the 
probability of inclusions in the Dolores Anasazi diet. 
Those species with the highest relative biomass were 
most likely to have been exploited, and the probability 
of inclusion in the diet decreased along with decreasing 
biomass. It is not assumed that natural biomass can be 
used to predict either the proportion of a species in the 
diet or the number of species (diet breadth). Thus, only 
a generalized understanding of those animals most 
likely to be part of the resource mix can be gained from 
biomass estimates. 

In the st1 ·ctest sense, this assumption is naive. Inclusion 
in the die t certainly is a function of a complex set of 
factors of which natural biomass is only one (Earle 
1980). Nevertheless, this approach provides a starting 

point. Perhaps more importantly, with only a small 
amount of additional information, the data given by 
Neusius ( 1985a) can be transformed into relative bio
mass estimates, and a clearer picture of the implications 
of resource availability can be gained. 

Biomass estimates usually are derived by multiplying 
the average density of a species by the average weight 
per individual of that species. Average weights can be 
obtained easily from many sources that provide de
scriptions of taxa (e.g. , Nowak and Paradiso 1983; 
Lechleitner 1969). However, the use of averages for spe
cies that display sexual dimorphism or extreme varia
tion in size could be questioned. 

Density figures are more of a problem. These are scat
tered throughout the ecological , wildlife management, 
and zoological literature. Accurate figures for specific 
regions are difficult to obtain. However, Neusius 
(1985a) included the qualitative abundance estimates 
from the Colorado latilong studies (Bissell 1978; Bissell 
and Dillon 1982; Hammerson and Langlois 1981; Chase 
et al. 1982; Kingery and Graul 1978). Following Yesner 
( 1981 ), these estimates can be transformed into nu
merical figures, as shown in table 4.3 1, and used to 
provide biomass rankings. It must be stressed that these 
rankings do not provide real estimates of density or 
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Figure 4.6 - Percent identifiable in the faunal assemblage for each 
collection mode. Percent based on total number of 
bones within each collection mode category. 

Table 4.31 - Transformation of qualitative abundance 
estimates 

Qualitative abu ndance Rank Relative order of magnitude 

Abundant I 10~ 

Common 2 10' 
Fairly common 3 10" 
Unusual 4 10- ' 
Rare 5 10-~ 

Undetermined 3 10'' 

biomass, but relative ones, which it is hoped are rea
sonably accurate . The use of powers of I 0 is arbitrary; 
it follows Yesner ( 1981 :appendix 2) and, to some extent, 
Fay and Cade (1959:83-87). The author finds the use 
of powers of I 0 preferable to the use of the constants 
I through 5, because, with the former, density is 
weighted fairly equally with average meat weight as a 
result. Otherwise, density tends to be insignificant in 
comparison to meat weight. 

Table 4.32 contains the calculation of biomass ranks 
for the mammals listed by Neusius. A general rank is 
calculated first , and then adjustments are made for sea
sonal availability, following the discussion in Neusius 
( 1985a). Species not available for the entire year are 
assigned lower biomass figures by this adjustment. It is 
probably not accurate to assume that a species either 
was or was not present during a given season. Instead, 
relative abundance should be adjusted for each season 
and an average calculated; as done by Yesner ( 1981 ). 
However, qualitative abundance estimates were not 
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available by season, so only presence/absence could be 
estimated. 

A second difficulty is in assessing the influence of hi
bernation or winter dormancy. In some instances, hi
bernation may simply make an animal's location more 
predictable rather than make the animal unavailable. 
Thus, 2 rankings adjusted for season were calculated 
(table 4.32). In the first , hibernation was assumed to 
remove the species from the group of available re
sources. In the second, shown in parentheses, these spe
cies were assumed to remain available. 

No adjustment has been made in table 4.32 for the 
habitat distributions of these species, although these 
distributions certainly affect the biomass available. Al
though information on the areal extent for each habitat 
type was not available to the author when this section 
was being prepared, such information can be obtained 
in other DAP reports (Petersen 1985c; Orcutt 1984b). 
Correction for the extent of the Escalante Sector or of 
an individual site catchment would result in refined 
predictions of resource preference. 

Tables 4.33, 4.34, and 4.35 present several rankings of 
mammalian resources. In table 4.33, general preference 
lists for mammals are given. These lists, which are reor
dering a species listed in table 4.32 according to rank 
rather than taxonomy, include an unadjusted ranking 
and 2 variants of a ranking adjusted for season. These 
rankings might be compared with the total DAP faunal 
assemblage to obtain a general understanding of 
whether biomass might have influenced resource 
selection. 

Table 4.34 presents a similar set of ran kings, except that 
species considered unavailable within each season are 
deleted. This list might be useful in considering season 
of occupation for particular sites. For example, the 
faunal assemblage from all field houses might be com
pared to the summer preference list. 

Table 4.35 presents habitat-specific rankings. These 
might be used to assess habitat utilization by the in
habitants of various sites. For example, Neusius ( 1983a, 
1983b) suggested the use of the riparian habitat by the 
inhabitants of LeMoc Shelter (Site 5MT2151) and 
Prince Hamlet (Site 5MT2161) seemed lower than one 
would expect based on the proximity of these sites to 
this vegetation zone. These preference rankings could 
be used to more closely examine habitat utilization at 
such sites. 

The rankings in these tables serve 2 purposes. First, 
they demonstrate the issue of resource preference can 
be addressed using Neusius' ( 1985a:table 13) data and 
a small amount of additional information. The actual 
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Table • .32 - Calculation of relative biomass estimates and ranks for mammalian species probably present in the Escalante Sector prehistorically 

Scientific name• Common name• 

Sora vagratU Wanderina shrew 

Sora nanus Dwarf shrew 

Sora polustris Water shrew 

Sora m"'iam i Merrian's shrew 

Microsora hoyi Pyamy shrew 

Myotis lw:ifwgus Little brown bat 

Myotis yum,MtUis Yuma myotis 

Myotis ~is Lona-eared myotis 

Myotis thysanod's Frin,ed myotis 

Myotis califomicus California myotis 

Myotis J'ibii Small-footed myotis 

Myotis volans Lona-leued myotis 

Lasionyctnis noctivagatU Silver-haired bat 

Pipistr~lus h'spmu Westem pipistrelle 

Ept,sicus fuscus Bia brown bat 

LasiutuJ ciMrnM Hoary bat 

Pi«01us towtU,ndii Townsend's bia eared bat 

Antrozous pollidus Pallid bat 

Tadarida brasili,tUis Brazilian free-tailed bat 

Sylvilagus f!uttallii Nuttall ' s cottontail 

SyMiagw audubonii Desert cottontail 

Upusamn-icaf!us Snowshoe hare 

UpustowtUt'rldii White-tailed jackrabbit 

Upus californicus Black-tailed jackrabbit 

Eutamias miflimus Least chipmunk 

Eutamias qu.tJdrivittatus Colorado chipmunk 

Marmotajlavivnrtris Yellow-bellied marmot 

Qualitative 
abundance 

assessmentt 

Common 

Undetermined 

Fairly common 

Undetermi ned 

Undetermined 

Common 

Fairly common 

Undetermined 

Ra.e 

Undetermined 

Fairly common 

Common 

Undetermined 

Common 

Common 

Common 

Common 

Fairly common 

Rare 

Common 

Abu ndant 

Common 

Common 

Abundant 

Common 

Common 

Common 

Amf!Ospnmophilus inKW1lJ White-tailed antelope squirrel U ndetermined 

Sptrmophilus spi/osOtM Spotted around squirrel Fairly common 

SJWrmophilus latvalis Golden-mantled around 
squirrel 

Spnmophilus VQ riqatus Rock squirrel 

Gunnison 's prairie dot 

SciufUJ alwrti Abert 's squirrel 

Tam iasciurus hudsonicus Chidaree 

Thomomys boua' Valley pocket aopher 

Thomomys talpoid's Northem pocket aopher 

P~MJIIus jlavus Silky pocket mouse 

P"ogrta~llus apochr Apache pocket mouse 

Dipodomys ordii Ord's kanproo rat 

Castor canmJ,mis Beaver 

RrithrodOfllomys trt.tgalotis Westem harvest mouse 

Pnomyscus maniculatus Deer mouse 

Abundant 

Common 

Common 

Fairly common 

Common 

Common 

Common 

Common 

Undetermined 

Abundant 

Common 

Abundant 

Abundant 

Relative Averaae Percent Edible meat Relative Rank No. of Adjusted relative Rank adjust-
abundance adult edible wtia.ht biomass within biomass••• ed for seas-
estimate§ wtia.ht•• estimatett class present§§ on avail-

(k&) (k&) (k&) ability••• 

10 ' 0.010 ~ 0.00~ 0.0~0 ~ 0.0~0 ~0 (~ I ) 

10' .010 ~0 .00~ .00~ ss . 00~ S7 (~8) 

10' .010 ~0 .00~ .00~ ss . 00~ S7 (~8) 

10' .010 ~0 .00~ .00~ ss . 00~ S7 (~8) 

10' .004 ~0 .002 .002 ~6 .002 ~9 (60) 

10' .010 ~0 .00~ .0~0 ~0 .0~0 ~0 (S7) 

10' .010 ~0 .00~ .00~ ~~ .00~ S7 (~8) 

10' .010 ~0 .00~ .00~ ~~ .00~ S7 (~8) 

I()' .010 ~0 .00~ .000 ~7 .000 61 (62) 

10' .010 ~0 .00~ .00~ ~~ .00~ ~7 (~8) 

10' .010 ~0 .00~ .00~ ~~ .00~ ~7 (~8 ) 

10' .010 ~ .00~ .0~0 ~0 .0~0 ~0 (~I) 

10' .010 ~ .00~ .00~ ss .004 ~8 (~9) 

10' .012 ~ .006 .060 48 .060 48 (49 ) 

10' .022 ~ .011 .110 44 .110 44 (44 ) 

10' .018 ~0 .009 .()90 4~ 47 (48) 

10' .013 ~0 .007 .070 .070 46 (47) 

10' .023 ~0 .012 .012 53 .072 ~3 (~4) 

.013 ~0 .007 .000 ~7 .000 61 (62) 

10' 1.473 ~0 .737 7.370 24 7.370 24 (24) 

10' 1.473 ~0 .737 73.700 73.700 8 (8) 

10' 1.703 ~0 . 8~2 8 . ~20 23 8 . ~20 22 (23) 

10' 3.819 ~0 1.910 19. 100 20 19.1 00 20 (20) 

10' 3.274 ~0 1.637 163.70 163.700 ~ (~) 

10' .()64 ~0 .032 .320 38 3 (4) .240 (.320) 40 (38) 

10' ~0 .032 .320 38 3 (4) .240 (.320) 40 (38) 

10' ~ . 120 ~0 2.~60 2S.600 16 3 (4) 19.200 (2~ .600) 19 ( 16) 

10' .II. ~0 .OH .OH 49 .OH 49 (~0) 

10' .113 ~0 .OH .OH 49 .OH 49 (~0) 

10' . 23~ ~0 .118 11.800 21 3 (4) 8 .8~ ( 11.800) 21 (2 1) 

10' .838 ~0 .419 4.190 28 4.190 26 (28) 

10' . 92~ ~0 .463 4.630 26 3 (4) 3.463 (4.630) 28 (26) 

10' .600 ~0 .300 .300 39 .300 38 (39) 

10' .227 ~0 .114 1.140 3J 1.140 3J (33) 

10' .340 ~0 .170 1.700 32 1.700 32 (32) 

10' .340 ~0 .170 1.700 32 1.700 32 (32) 

10' .027 ~0 .014 .140 43 .140 43 (43 ) 

10' .027 ~0 .014 .014 ~2 .014 ~2 (53) 

10' .108 ~0 .0~4 ~ .400 2~ 3 (4) 4 .0~0 (~ .400) 27 (2~1 

10' 17. 190 70 12.033 120.JJO 120.JJO 6 (6) 

10' .013 ~0 .007 .700 JS .700 

10' .039 ~0 .020 2.000 3 1 2.000 31(31) 
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Table 4 32 - Calculatio n of relative biomass esti mates and ranks for mammalian species probably present in the Escalante Sector prehistoricall y - Continued 

Scientific na~• Common name• 

Peromy.u:us boyli1 Brush mousr 

Pinyon mouse 

Canyon mouse 

Nonhem a,rasshoppc:r mouse 

Nt•owme C'inerae Bushy-tailed wood rat 

Nt•owme me.n cana Mexican wood rat 

White-throated wood rat 

Mtaotus montanus Montane vole 

Lona-tailed vole 

MimNus me:cicanus Mexica n vole 

Meadow vole 

Ondatra ; iht!thims Muskrat 

Zopu.{ print:eps Western jumping mouse 

Erethi;on dor.ratum Porcupine 

Cani.r lmram Coyote 

CaniJ lupm Gray wolf 

Vulpe.r ''lllpe.r Red fox 

Vulpe.r maatNis Kit fox 

Ur.nu amerifanu.r Black bear 

Ba.uari.rnt.r a.rtwu.r Ringtail 

Raccoon 

Marte.r americana Marten 

Ermine 

Mll.\'lt'la vi.ron Mink 

Mu.,·tela (renata Long-tailed weasel 

Ta.ndea taxu.r Badger 

Spiltlf(ale puwriu.r Spotted sk unk 

Mephiti.r mephitis Striped skunk 

Bobcat 

FeliJmnmlor Mountain lion 

Cervu.r elaph11.f American elk 

OdtJI.·oileu.r hemiomu Mule deer 

Anttlot:apra americana Pronghorn 

01•i.\' canadensi.r Bigho rn 

Qualitative 

abundance 

assess~ntt 

Undetermined 

Common 

Common 

Common 

Common 

Common 

Common 

Abundant 

Com mon 

Ra.-e 

Common 

Abundant 

Com mon 

Common 

Common 

Undetermined 

Commo n 

Rare 

Commo n 

Commo n 

Fai rly common 

Common 

Commo n 

Fairly common 

Fairly com mo n 

Common 

Commo n 

Commo n 

Common 

Common 

Fairly commo n 

Com mon 

Common 

Common 

Commo n 

Relati~ 

abundance 
esti mate§ 

I() ' 

10' 

10 ' 

10 ' 

10 ' 

10 ' 

10 ' 

10' 

I (} ' 

10' 

10' 

10' 

I()' 

10' 

10 ' 

10 ' 

I()' 

10 ' 

10 ' 

I()' 

I()' 

10 ' 

10 ' 

10 ' 

10 ' 

10' 

I()' 

10' 

10' 

10' 

10' 

Average 

ad ult 
weight•• 

(kg) 

0 .039 

.039 

.039 

.042 

.227 

.227 

.227 

.049 

.049 

.049 

.049 

1.249 

.017 

7.518 

12.900 

47.229 

4.653 

2.050 

4.750 

144.564 

1.081 

7.000 

.886 

.150 

1.153 

.224 

8.354 

.567 

2. 11 7 

9.593 

66.500 

210.531 

100.567 

51.63g 

76.304 

Ptrctnt Edible meat Relati ve Rank 
ed ible weight biomass with in 

estimatett class 
(kg) (kg) 

50 0.020 0.020 51 

50 .020 .200 42 

50 .020 .200 42 

50 .021 .210 41 

50 . 114 1.140 33 

50 . 114 1.140 33 

50 .114 1.140 33 

50 .205 2.500 30 

50 .025 .250 40 

50 .025 .000 57 

50 .025 .250 40 

50 .625 62.500 10 

50 .009 .090 45 

50 3.759 37.590 IJ 

50 6.450 64 .500 

50 23.6 15 23 .6 15 18 

50 2.327 23.270 19 

50 1.025 .000 54 

50 2.375 23 .750 17 

50 72.28 722.820 

50 .541 .541 37 

50 3.500 35.000 14 

50 .443 4.430 27 

50 .075 .075 46 

50 .577 .577 36 

50 . 11 2 1. 120 34 

50 5.848 5g ,4&Q I I 

50 .284 2.840 29 

50 1.058 10.5&0 22 

50 4.797 47.970 12 

50 33.250 33.250 15 

58.7 123.582 1235.820 

50 50.284 502.840 

50 25 .819 25g. l90 

50 38.152 3gl.520 

No. of 
seasons 

present§§ 

3 (4 ) 

3 (4) 

3 (4) 

3 (4) 

3 (4) 

Adj usted relat ive Rank adjust-
biomass••• ed for ~as

o n avail
abilit y••• 

0 .020 51 (52) 

.200 42 ( 4 2) 

.200 42 (42) 

.2 10 41 (41 ) 

1.140 33 (331 

1.140 33 (331 

1.140 33 (331 

2.500 29 (301 

.250 39 (401 

.000 6 1 (621 

.250 39 (40) 

62 .500 10 ( 10) 

,(16g (.0901 47 (451 

37.590 13(13) 

64 .500 9 (91 

23.615 17 ( 181 

23.270 18 ( 19) 

.000 55 (561 

23.750 16 (1 71 

542.120 (722 .820) 1(11 

.541 37 (371 

26.250 (35 .000) 15 (141 

4.430 25 (271 

.075 45 (46) 

.517 36 (361 

1. 120 J4 (341 

58.4&0 11(11) 

2.130 (2 .840) 30 (29) 

7.935 ( 10.5&01 23(221 

47.970 12 (Ill 

33.250 14 ( 18) 

30g,955 3 (3) 

377.130 2 (21 

193.643 4 (41 

95 .3&0 7( 7) 

• Specie-s list obtained from Neusi us ( 1985a:table 13). excludi ng specie-s known o nly from habitats other than thost reconstructed fo r the Escala nte Sector or from adjact ntlatilongs. unless these species are present 
archaeologically. 

t Abundance co mpiled from Bissell and Dillon ( 1982): Chase et al . (1982): and Hammerson and Langlois ( 1981). 
§ Followina Ye-sner (1981): refer to text and table 4.31. 

Compiled from Nowak and Paradiso ( 1983). 
tt Relative abundanct estimate time-s edible meat weight. 
§§ From Neusius ( 1985a). 

Numbers in parentheses indicatr number of seasons o r rank if hibernatio n is considered to have no effect o n species avai labi lity. 

rankings might need additional adjustments to better 
approximate actual preference patterns. For example, 
large carnivores such as bears and mountain lions tend 
to rank high on these lists; yet these animals would have 
been difficult and dangerous to catch. Biomass alone 
would not likely have dictated the exploitation of these 
species. However, that this questions arises indicates 
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the utility of this approach rather than its inadequacy. 
This approach , though overly simplistic, provides a bet
ter understanding of preferences in resource selection 
than no attempt at all. 

Second, this attempt to rank mammals according to the 
biomass they provide sheds light on some aspects of 



N 
0 
'-0 

e e 

Table 4.33 - The 25 mammals most likely to have been exploited based on general and seasonally adjusted biomass rankings 

General Adjusted for season 1* 

Cervus e/aphm American elk Ursus americanus 
Ur.w s americanus black bear Odocoileus hemionus 
Odocoih!us hemionus mule deer Cervus e/aphus 
O•·is canadensis bighorn Antilocapra americana 
Ami/ocapra americana pronghorn Lepus californicus 
Lepus califurnicus black-tailed jackrabbit Castor canadensis 
Castor canadensis beaver Ovis canadensis 
S.rhoilaKUS auduhonii desert cottontail Sy/vi/agus audubonii 
Canis /arran.~ coyote Canis latrans 
Ondatra ::iehethicus muskrat Ondatra zibethicus 
Taxidea taxus badger Taxidea laxus 
L.m x rufit.\' bobcat Lynx rufus 
Erethi::on dorsa/urn porcupine Erethi::on dorsa/urn 
Pmc_ronlotor raccoon Felis conco/or 
Fells concolor mountain lion Procyon /01or 
Marnwta .fla••iventris yellow-bellied marmot Urocyon cinereoargenteus 
Uroc.tnn cinereoargenlelts gray fox Canis lupus 
Canis lupus gray wolf Vulpes vu/pes 
Vulpes v1dpes red fox Marmot a j/aviventris 
Lepus tmrnsendii white-tailed jackrabbit Lepus /Ownsendii 
Spennophilus latera/is golden-mantled ground squirrel Spermophilus latera/is 
Mephitis mephitis striped skunk Lepus americanus 
Lepus americanus snowshoe hare M ephitis mephitis 
S.rh·ilaKUS nwtallii Nuttall's cottontail Sy/vi/agus matallii 
Dipodom.rs ordii Ord's kangaroo rat Martes americana 

Hibernation assumed to remove some species from group of available resources. 
t Hibernation assumed to have no effect on species availability. 

black bear 
mule deer 
American elk 
pronghorn 
black-tailed jackrabbit 
beaver 
bighorn 
desert cottontail 
coyote 
muskrat 
badger 
bobcat 
porcupine 
mountain lion 
raccoon 
gray fox 
gray wolf 
red fox 
yellow-bellied marmot 
white-tailed jackrabbit 
golden-mantled ground squirrel 
snowshoe hare 
striped skunk 
Nuttall's cottontail 
marten 

Adjusted for season 2* 

Ursus americanus black bear 
Odocoileus hemionus mule deer 
Cervus elaplws American elk 
Anitlocapra american proghorn 
Lepus ca/ifornicus black-tailed jackrabbit 
Castor canadensis beaver 
Ovis canadensis bighorn 
Sy/vilagus audubonii desert cottontail 
Canis latrans coyote 
Ondatra zibethicus muskrat 
Ta.xidea taxus badger 
Lynx rufus bobcat 
Erethi::on dorsatum porcupine 
Procyon lotor raccoon 
Felis concolor mountain lion 
Marmota j/aviventris yellow-bellied marmot 
Urocyon cinereoargenteus gray fox 
Canis lupus gray wolf 
V1dpes vulpes red fox 
Lepus /OII'IlSendii white tailed jackrabbit 
Spermophilus latera/is golden-mantled ground squirrel 
M ephitis mephitis striped skunk 
Lepus americanus snowshoe hare 
Sylvilagus nllltallii Nuttall 's cottontail 
Dipodomys ordii Ord's kangaroo rat 
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Table 4.34 - Mammals most likely to have been exploited during each season 

Winter 1• Winter 2t Spring Summer 

Cervus e/aphus American elk Cervus e/aphus American elk Ursus americanus black bear Ursus americanus 
Od(x.:oileus hemionus mule deer Ursus americanus black bear Odocoileus hemionus mule deer Antilocapra americana 
Ovis <·anadensis bighorn Odocoi/eus hem ionus mule deer Antilocapra americana pronghorn Lepus callfornicus 

Ll•p1u caN{ornicus black-tailed Ovis canadensis bighorn Lepus ca/ifornicus black-tailed Castor canadensis 
jackrabbit jackrabbit 

Castor c·anadensis beaver Lepus californicus black-tailed Castor canadensis beaver S)'lvigus audubonii 
jackrabbit 

S.rlvi/axus audubonii desert Castor canadensis beaver S ylvilagus audubonii desert Canis /auans 
cottontail cottontail 

Canis latrans coyote Sy/'.l i/agus audubonii desert Canis latrans coyote Ondatra zibethicus 
cottontail 

Ondatra :ibethicus muskrat Canis latrans coyote Ondatra zibethicus muskrat Taxidea taxus 
Ta.x idea laxus badger Ondatra zibethicus muskrat Taxidea taxus badger Lynx rufus 
L.rnx n~{us bobeat Taxidea taxus badger Lynx rufus bobeat Erethizon dorsatum 
Erethi: on dorsatum porcupine Lynx rufus bobeat Erethizon dorsatum porcupine PrOCJ'(Jn lotor 
Fl'lis conco/or mountain lion Erethizon dorsatum porcupine Procyon lotor raccoon Felis concolor 
Umc)vm d nereoargenteus gray fox Proc.von lotor raccoon Felis conco/or mountain lion Marmota flaviventris 

Canis lupus gray wolf Felis concolor mountain lion Marmota flaviventris yellow-bellied Urocyon cinereoargenteus 
marmot 

Vulpes vu/pes red fox Marmota v/aviventris yellow-bellied Urocyon cinereoargenteus gray fox Canis lupus 
marmot 

Ll•pus townsendii white-tailed Urocyon cinereoargenteus gray fox Canis lupus gray wolf Vu/pes vu/pes 
jackrabbit 

Lepus americanus snowshoe hare Canis lupus gray wolf Vulpes vu/pes red fox Lepus townsendii 

S.rh•i/agus nuual/ii Nuttall's Vu/pes vulpes red fox Lepus townsendii white-tailed Spermophilus latera/is 
cottontail jackrabbit 

Martes americana marten Lepus townsendii white-tailed Spermophi/us latera/is golden-mantled Mephitis mephitis 
jackrabbit ground squirrel 

Spermophi/us variegatus rock squirrel Spermophi/us latera/is golden-mantled Mephitis mephitis striped skunk Lepus americanus 
ground squirrel 

Spi/oga/e putorius spotted skunk Mephitis mephitis striped skunk Lepus americanus snowshoe hare Sylvilagus nulla/Iii 

Microtus m ontanus montane vole Lepus americanus snowshoe hare S ylvilagus nulla/Iii Nuttall 's Dipodomys ordii 
cottontail 

Pnom.l·scus manicu/atus deer mouse S.rlvilagus nulla/Iii Nuttall 's Dipodomys ordii Ord's kangaroo Cynom ys gunnisoni 
cottontail rat 

Thomom.rs bouae valley pocket Dipodomys ordii Ord's kangaroo Cynom ys gunnisoni Gunnison 's Martes americana 
gopher rat prairie dog 

Tamiasciurus hudsunicus chickaree Cynomys gunnisoni Gunnison's Martes americana manen Spermophilus variegatus 
prairie dog 

. Hibernation assumed to remove some species from group of available resources . 
Hibernation assumed to have no effect on species availability. 
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Fall 

black bear Ursus ameril·anus 
pronghorn Odtx·oileus hemionuJ 
black-tailed AntiltX"apra americ·ana 
jackrabbit 
beaver Lepus l·a/{fhrnicus 

desert Castt" l·anadensi.f 
cottontail 

coyote S ylvilax u.f auduhonii 

muskrat Canis /atrans 

badger Ondatra :ibethicu.\· 
bobcat Tax idea ta.xus 
porcupine L.vnx n~(u.f 
raccoon Erethi: on donatum 
mountain lion Prtx:yon lotor 
yellow-bell ied Feli.f concolor 
marmot 

gray fox Marmot a flaviventris 

gray wolf Urti(IYm cinereoar~wnteus 

red fox Canis lupus 

white-tailed Vu/pes ''u/pes 
jackrabbit 
golden-mantled Lepus townsendii 
ground squirrel 
striped skunk Spermophilu.f latera/is 

snowshoe hare Mephitis mephiti.\· 

Nuttall 's Lep1u aml'ri<'anJu 
cottontail 

Ord's kangaroo S ylvi/agus matallii 
rat 

Gunnison's DipodtJm)'.\' ordii 
prairie dog 
marten Cynom _r.f gunni.w ni 

rock squirrel Martl'.\. americana 

black bea r 
mule deer 
pronghorn 

black-tailed 
jackrabbit 
beaver 

desert 
cottontail 

coyote 

muskrat 
badger 
bobcat 
porcupine 
raccoon 
mountain lion 

yellow-bellied 
marmot 

gray fox 

gray wolf 

red fox 

white-tailed 
jackrabbit 
golden-mantled 
ground squirrel 
striped skunk 

snowshoe hare 

Nuttall's 
cottontail 

Ord 's kangaroo 
rat 

Gunnison 's 
prairie dog 
manen 
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Riparian transition Aspen Pinyon~j uniper 

Ursus americanus Cervus e/aphus Odocoileus hemionus 
Odocuileus hemionus Castor canadensis Lepus ca/ifornicus 
Castor canadensis Canis latrans Canis /atrans 
Sylvilagus audubonii Erethizon dorsatum Taxidea taxus 
Canis /atrans MarmOlaj/avivemris Erethizon dorsatum 
Lynx n~{us Vulpes vu/pes Marmota vltNiventris 
£r(1hi=on dorJallim Spermophi/us latera/is Urocyon cinereoargenteus 
Pmt.')Vn lowr Mephitis mephitis Lepus townsendii 
FeliJ ronco/or Lepus americanus Spermophi/us latera/is 
Marmotajlaviventris Peromyscus manicularus Mephitis mephitis 
Ura :Jvn cinereoarxenteus Thomomys talpoides Sylvilagus nulla/Iii 
Vu/pes vu/pes Tamiusciurus hudsonicus Spermophilus variegatus 
Mephitis mephitis Neotoma cinerea Spilogale putorius 
U•pus americanus Muste/afrenata Peromyscus maniculatus 
Splvilagus nuual/ii Euramias minimm NI!Oioma cinerea 
Spermophilus variegatus MicrcNus /ongicaudus NI!Oloma mexicana 
Spiloxale putorius Zapus princeps Nrowma a/bigula 
MicrOlus montanu.s Sorex vugrans Muste/afrenara 
Peromyscus maniculatus Peromyscus boy{ii Bassariscus astutu.s 
Thomom.vJ talpoides Sorex palmtris Eutamias minimus 
Tamiasciurus hudsonicus MJ'Olis yumanensis Euramius quadrivillatus 
Neotoma cinerea Microsorex hoy/ PeromyJCUS true/ 
Mustelafrenata Peromyscus crinitus 
Mustela vison EpteJicusfuscus 
Emamias minimus Lasiurus cinereus 

• Onfv nalural/.v occurring habitats included. 
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Tab&e 4.35 - Mammals most likely to have been exploited within each habitat type• 

Ponderosa pine 

Cervus e/aphus 
Canis /arrans 
Lynx rufus 
Erethizon dorsatum 
Felis concolor 
UroC)un cinereoargenteus 
Lepus townsendii 
Mephitis mephitis 
Martes americana 
Spermophi/us variegarus 
Peromyscus manicularus 
Neolome mexicana 
Muste/a[renaJa 
Euramias minimus 
Eutamias quadrivittatus 
Sciurus aberti 
Epmicusfuscus 
ZApus princeps 
Lasiurus cinereus 
Plecotus townsendii 
Sorex vagrans 
Sorex nanus 
Myotis evotis 
Lasionycteris noctivagans 
Myotis thysanodes 

Douglas-fir 

Cervus e/aphus 
Ursus americanus 
Odocoileus hemionus 
Canis laJrans 
Lynxrefus 
Mephitis mephitis 
Manes americana 
Peromyscus manicu/arus 
Mustelafrena~a 

Sorex vagrans 
Sorexnanus 
Sorex palustris 

Scrub oak 
(mountail brush) 

Cervus elaphus 
Odocoileus hnnionus 
Ovis canadensis 
Lepus ca/ifomirus 
Sy{vilagus audubonii 
Canis latrans 
Lynx rufus 
Erethizon dorsatum 
MarmOlajltNiventris 
Urocyon cinereoargenteus 
Lepus townsendii 
Mephit is mephitis 
Lepus americanus 
Sylvi/agus nulla/Iii 
Spermophi/us variegaJus 
Microtus mont anus 
Peromyscus maniculatus 
Thomomys ta/poides 
Neotoma mexicana 
NI!Oioma albigula 
Mustelafrenata 
BasJariscus astutus 
Eutamias minimus 
Ewamias quadriviuatus 
Micr01.us /ongicaudus 

Sqebrush 

Odocoi/eus hemionus 
Ovis canadensis 
Canis latrans 
Taxidea taxus 
Lynx rufus 
Urocyon cinereoargenteus 
Lepus townsendii 
Mephitis mephitis 
Dipodom_V< ordii 
Spi/oga/e putorius 
PeromyJCUS maniculatus 
Thomomys ta/poides 
Neotoma cinerea 
Muste/afrenata 
Reithrodontomys mega/Olis 
Microtus /ongicaudus 
Onochomys leucogaster 
Peromyscus true/ 
Sorex merriami 
Myotis thysanodes 

Mountain meadow 
or parkland 

Cervus elaphus 
Canis Ia/ rans 
Taxidea taxus 
Vu/pes vulpes 
Lepus wwnsendii 
Mephitis mephitis 
Sylvi/agus nuual/ii 
C.vnomys gunnisoni 
Spermophi/us variegarus 
PeromyJCUS manic1Jiatus 
Thomonys bonae 
Thomom.vs ta/poides 
Mustelu/renata 
Eutamias minimus 
Microtus penns.vlvanicw; 
Mmtela erminea 
Sorex vagrans 
MJ'Oiis leibii 

Aquatic 

Cas/or canad(•nsis 
Canis latranJ 
Ondatra =ibethicu:; 
L.m.x n~/itS 
Prcx')tm /owr 
Vulpes vu/peJ 
Mephitis mephitis 
MicrVIwi montanus 
Perom.l'SHL'I manicu/atus 
Mustelafrenata 
Reithmdontomys mexulr"is 
Micr01m !tmxh·audus 
MicrcNUJ penns.l•lvunicu.'i 
Sl.m•x \'UKfans 
Sl.m•x pa/wuris 
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FINAL REPORT 

the environment of the Dolores area. With respect to 
mammals, seasonal variation appears to be less impor
tant than habitat distribution. Some habitats were no
ticeably less productive in terms of mammals than 
others (e.g., aquatic habitats, Douglas-fir forest). Fewer 
than 25 mammal species are listed for several of the 
habitat types, including sagebrush. Because sagebrush 
probably covered much of the Escalante Sector prehis- · 
torically (Petersen 1985c), the availability of mammal
ian fauna in the Dolores area may be more depauperate 
than it at first appears. 

Temporal Variability 

In the preceding discussion, resource availability and 
preference was treated as a constant throughout pre
history. This obviously is a fallacy. Two factors, climatic 
change and land clearing by the Anasazi , are believed 
to have affected the availability and distribution of re
sources during the peak period of occupation of the 
Dolores area (ca. A.D. 600 through 950). 

For the A.D. 600-740 period, Petersen (1985a) recon
structs the environment of the Dolores area as being 
similar to that of today; however, during the A.D. 740-
1000 period, he believes a shift upslope of the major 
vegetation zones could have occurred. (This shift is il
lustrated in figures 4.15 and 4.17 in section 6 of this 
chapter). During this time, an expansion of the portion 
of the Escalante Sector covered by both pinyon-juniper 
woodland and sagebrush is seen. During the A.D. 800-
980 period, oakbrush or mountain brush also covers 
much of the area formerly supporting ponderosa pine, 
aspen, and Douglas-fir. 

The impacts of this change on resource supply should 
have been subtle. Sagebrush is a less productive habitat 
than pinyon-juniper wood land, but oak/mountain 
brush is a more productive habitat than ponderosa pine, 
aspen, and Douglas-fir woodlands. Thus, the overall 
affects in biomass may have balanced out. A change in 
proportions of xeric Sonoran fauna may have occurred. 
The more interesting question pertains to changes in 
the habitats around individual sites. Figures 4.15 and 
4.17 show significant changes may have occurred at the 
site catchment level. To look at the effects on supply 
and preference for each site, a catchment approach 
must be used and the figures in table 4.32 adjusted, 
tasks beyond the scope of this volume. 

The timing of habitat change due to land clearing is 
less firm . It is assumed the Anasazi settlers of the Do
lores area either cleared land for fields or removed trees 
for fuel and construction. Through time, a progressively 
larger part of the Escalante Sector was either under 
cultivation or was in the early stages of succession as 
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population grew. With the population decline after 
A.D. 900, this trend should have reversed itself. 

It also is assumed that land clearing had a generally 
positive effect on animal biomass because it would have 
increased the area of edge and the availability of food 
(greens, seeds, insects). Certain species are more likely 
to have been attracted to fields, their margins, fallow 
fields, or disturbed areas than others. Rabbits often pre
fer edges (e.g., Armstrong 1972:82, 85), and both cot
tontails (Bissell and Dillon 1982:7) and jackrabbits 
(Lechleitner 1969:73) are known to damage crops. 
Some species of ground squirrel and prairie dog damage 
crops (Lechleitner 1969:92, 98). Rock squirrels have 
been found in croplands (Bissell and Dillon 1982:9) and . 
pocket gophers commonly are found in agricultural 
areas (Lechleitner 1969: I 09 ; Bissell and Dillon 
1982: 10). Various mice and vole species are obvious 
candidates for garden hunting species (Armstrong 1972; 
Lechleitner 1969). 

Predators also would have been found in gardens and 
fields. These include: (I) coyotes, which are attracted 
to edges because of prey abundance (Armstrong 
1972:255); (2) foxes, because they prey on rabbits, 
pocket gophers, and other rodents (Lechleitner 
1969: Ill , 126); (3) raccoons, which are known to favor 
gardens and fields (Armstrong 1972:267; Lechleitner 
1969: 1984; Bissell and Dillon 1982: 18); and ( 4) skunks, 
which also favor agricultural areas (Armstong 1972:286; 
Lechleitner 1969:201 ; Bissell and Dillon 1982: 19). 

Deer are attracted to fields and gardens; however, rel
atively few deer would have remained at the elevation 
of Dolores Anasazi fields during the summer. Birds also 
are attracted. Avian taxa that should be common have 
been specified by Emslie (1981 :318-320). These include 
some species of waterfowl, hawks and falcons, turkey, 
sandhill crane, doves, owls, horned lark, nighthawks, 
swallows, robin , bluebirds , blackbirds , and 
meadowlarks. 

Biomass estimates for areas under cultivation or in fal
low could be generated for comparison with the esti
mates for other habitat types outlined above. This could 
be done on either an individual site basis or for the 
Escalante Sector as a whole, taking into account infor
mation on population density to achieve temporal var
iation. In future studies of Dolores area faunal resource 
availability, it would be important to include this hab
itat type. Certainly, the composition of Dolores faunal 
assemblages should be compared to the list of taxa 
available in and around fields and gardens, because gar
den hunting may have been an important game pro
curement strategy among the Dolores Anasazi (Emslie 
1981 ; Linares 1976; Neusius 1984; Neusius and Phagan 
1983). 



RESOURCE MIX 

Less justice has been done to the topic of resource mix 
than to resource availability. The primary reason for 
this is that the study of resource mix, except on a site
specific basis (e .g., Neusius 1983a, 1983b, 1985b, 
1985d; Neusius and Gould 1985), was not possible until 
identifications were completed. Neusius (1985d) pre
sented a basic list of taxa identified prior to the fall of 
1984 and offered some comments on specific taxa that 
deserved further examination. Because the scope of the 
present study is limited, this section contains an an
notated list of taxa and some comments on using the 
raw data on relative abundance. Anyone who hopes to 
use the data presented in tabular form is strongly ad
vised to consult the following text, as it is intended to 
alert those not familiar with this data base to potential 
problems. Additional discussion of resource mix can be 
found in chapter 7 of this volume. 

Annotated List of Taxa 

The faunal remains recovered by the DAP have been 
assigned to a variety of mammalian, avian, reptilian, 
amphibian , and piscine taxa, as well as to an indeter
minate vertebrate category (tables 4.36, 4.37, 4.38, and 
4.39). However, the overwhelming majority of the 
bones (90.6 percent of the macrofauna! remains and 
84.9 percent of the microfauna! remains) apparently 
represent mammals (tables 4.36 and 4.37). Reptile, am
phibian, and piscine remains occur very rarely among 
both the macrofauna! and microfauna! remains. 
Twenty-one orders, 42 families , 77 genera, and 92 spe
cies are represented by the taxa that make up the iden
tifiable assemblages (the assemblages of remains 
identified at least to order). The most basic level at 
which taxonomic composition can be considered is 
presence versus absence. At this level, note is made of 
the animals represented and of the types of habitats 
preferred by each. An annotated list of taxa at or below 
the level of order follows. Tables 4.38 and 4.39 should 
be consulted for additional detail. 

Insectivora, Soricidae, Microsorex hoyi - Insectivores, 
Shrews, Pygmy Shrew 

Because the only insectivores known from southwestern 
Colorado are shrews (Soricidae) (Armstrong 1972:41; 
Bissell and Dillon 1982), the designation insectivore 
can be considered synonymous with Soricidae. As in
dicated in Neusius (1985a:table 13), 7 types of shrews 
may have occurred in the immediate Dolores area pre
historically (refer also to Bissel and Dillon [ 1982]). In 
general, the Anasazi Heritage Center collection was in
adequate for the identification ofSoricidae skeletal ma
terial beyond the level of family. The identification of 

ENVIRONMENTAL ARCHAEOLOGY 

8 fragments as pygmy shrew (Microsorex hoyi) was 
made prior to the formation of the EAG.• As noted 
previously (Neusius !985d), this identification should 
be checked further because most authorities (Burt and 
Grossenheider 1976: 13; Armstrong 1972:51 ; Bissell 
1978:2) have indicated a range well removed from the 
Dolores area. However, recent note of this species by 
Bissel and Dillon ( 1982:2) in the Montrose latilong, 
adjacent to the Cortex latilong (in which the Escalante 
Sector is situated), suggests this species may have a less 
restricted range than previously believed. 

Shrews are known to frequent virtually all the habitats 
believed to have existed in the Escalante Sector pre
historically, with the exception of the garden habitat 
created by Anasazi land clearing, cultivation , and fal
lowing (Neusius 1985a: table 13). However, the pygmy 
shrew is commonly found in mountain meadows and 
in aspen and coniferous forests (Armstrong 1972:51 ), 
and probably would have been confined to the highest 
elevations in the Escalante Sector. Further identifica
tion of the shrew remains in the Dolores faunal assem
blage might provide some insights concerning past 
environments, because each species is environmentally 
sensitive. The small number of bones assigned to this 
order did not warrant further work in the initial phase 
of identification. 

Lagomorpha, Leporidae - Pikas, Rabbits and Hares 

The most commonly occurring order in Dolores faunal 
assemblages is Lagomorpha. Almost without exception, 
these bones are from cottontails or jackrabbits (Lepor
idae). In some instances, due to poor preservation or 
fragmentation , specimens could not be identified be
yond order or family. 

Ochotona princeps - Pika 

Only I bone is assigned to this species (table 4.38). Such 
rarity might be expected, given this species' preference 
for alpine and subalpine habitat types which are not 
likely to have occurred within the Escalante Sector pre
historically. According to Armstrong ( 1972:76) and Bis
sell and Dillon ( 1982:7), this species inhabits talus 
slopes near and above timberline and is seldom found 
below 2590 m (8500 ft). The occurrence of pika might 
be an indication of the mobility of Dolores populations 
after the majority of Dolores Anasazi sites had been 
abandoned, since the context from which this bone was 
recovered has been dated to Modeling Period 7 
(A.D. 980-1250). 

' Identifications made by Steven D. Emslie, consultant, Center for West
ern Studies, Flagstaff. 
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Table 4.36 - NISP in the total macrofauna! assemblage 
-

Modeling Period I 
Indeterminate Identifiable* Total 

o/o o/o o/o o/o o/o o/o 
N class total N class total N class total 

Mammalia: 
Indeterminate I 0 .0 0.0 26 3.4 3.2 27 1.2 1.2 
Small 242 17.0 16.8 368 48.2 46.6 6 10 27.9 27.4 
Medium 522 36.8 36.3 72 9.4 9. 1 594 27.2 26.7 
Medium or large 13 0.9 0.9 13 0.5 0.5 
Large 638 45 .0 44.4 297 38.9 37.6 935 42 .9 42.0 

Total Mammalia 141 6 100.0 98.6 763 100.0 96.7 21 79 100.0 97.9 

Mammalia o r Aves 6 100.0 0.4 6 100.0 0.2 

Aves: 
Indeterminate 9 69.2 0.6 35 89.7 1.5 
Small 0 0.0 0.0 0 0.0 0.0 
Medium 2 15 .3 0.1 2 5.1 0.0 
Large 2 15 .3 0.1 2 5. 1 0.0 

Total Aves 13 100.0 0.9 26 100.0 3.2 39 100.0 1.7 

Osteichthyes 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 

Reptilia 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 

Amphibia 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 

Vertebrata, indeterminate 0 0.0 0.0 0 0.0 0.0 

Total assemblage 1435 100.0 789 100.0 2224 100.0 

A blank indicates that the number and percentages for the correspondi ng category were not calculated. 
NISP- Num ber of individual specimens. 

e e 

Indeterminate 
o/o o/o 

N class total 

3 0.0 0.0 
2745 63.7 6 1.6 

744 17.2 16.7 
40 0.9 0.8 

775 17.9 17.4 

4307 100.0 96.7 

35 100.0 0.7 

87 88 .7 1.9 
2 2.0 0.0 
4 4.0 0.0 
5 5.1 0.1 

98 100.0 2.2 

0 0.0 0.0 

4 100.0 0.0 

0 0.0 0.0 

8 100.0 0.1 

4452 100.0 

Modeling Period 2 
Identifiable* 

o/o o/o 
N class tota l 

58 2.1 2.0 
2059 77.4 73.8 

129 4.8 4.6 

41 2 15.5 14.7 

2658 100.0 95.3 

131 100.0 4.6 

0 0.0 0.0 

0 0.0 0.0 

0 0.0 0.0 

2789 100.0 

Total 
o/o 

N class 

6 1 0.8 
4804 68 .9 

873 12.5 
40 0.5 

11 87 17.0 

6965 100.0 

35 IOO.U 

218 95.1 
2 0.8 
4 1.7 
5 2. 1 

229 100.0 

0 0.0 

4 100.0 

0 0.0 

8 100.0 

7241 

o/o 
total 

0 .8 
66 .3 
12.0 
0.5 

16.3 

96. 1 

0.4 

3.0 
0.0 
0.0 
0.0 

3. 1 

0.0 

0.0 

0.0 

0.1 

100.0 
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Mammalia: 
Indeterminate 
Small 
Medium 
Medium or large 
Large 

Total Mammalia 

Mammalia or Aves 

Aves: 
Indeterminate 
Small 
Medium 
Large 

Total Aves 

Osteichthyes 

Reptilia 

Amphibia 

Vertebrata. indeterminate 

Tota l assemblage 

Indeterminate 
o/o o/o 

N class total 

128 2.9 2.8 
1937 45.3 43.7 
834 19.5 18.8 
Ill 2.6 2.5 

1257 29.4 28.3 

4267 100.0 96.2 

93 100.0 2.0 

50 75.7 1.1 
6 9.0 0.1 
3 4.5 0.0 
7 10.6 0.1 

66 100.0 1.4 

0 0.0 0.0 

I 100.0 0.0 

0 0.0 0.0 

4 100.0 0.0 

4431 100.0 

e 

Table 4.36 - NISP in the total macrofaunal assemblage- Continued 

Modeling Period 3 
Identifiable* Total Indeterminate 

o/o o/o o/o o/o o/o o/o 
N class total N class total N class total 

107 4.2 4.0 235 3.4 3.3 98 2.5 2.3 
1562 62 .3 59.4 3499 5 1.6 49.5 950 24.6 22.3 
275 10.9 10.4 1109 16.3 15.7 484 12.5 11.4 

Ill 1.6 1.5 460 11 .9 10.8 
562 22.4 21.3 1819 26.8 25.7 1860 48.2 43.8 

2506 100.0 95 .3 6773 100.0 95.9 3852 100.0 90.7 

93 100.0 1.3 170 100.0 4.0 

169 91.3 2.3 37 29.1 0.8 
6 3.2 0.0 37 29. 1 0.8 
3 1.6 0.0 21 16.5 0.4 
7 3.7 0.0 32 25.1 0.7 

119 100.0 4.5 185 100.0 2.6 127 100.0 2.9 

0 0.0 0.0 0 0.0 0.0 35 100.0 0.8 

0 0.0 0.0 I 100.0 0.0 I 100.0 0.0 

4 100.0 0.1 4 100.0 0.0 21 100.0 0.4 

4 100.0 0.0 37 100.0 0.8 

2629 100.0 7060 100.0 4243 100.0 

Modeling Period 4 
Identifiable* 

o/o o/o 
N class total N 

71 4.6 4.4 169 
846 55 .2 52.8 1796 

95 6.2 5.9 579 
460 

519 33.8 32.4 2379 

1531 100.0 95 .6 5383 

170 

105 
37 
21 
32 

68 100.0 4.2 195 

0 0.0 0.0 35 

2 100.0 0.1 3 

0 0.0 0.0 21 

37 

1601 100.0 5844 

Total 
o/o 

class 

3.1 
33.3 
10.7 
8.5 

44.1 

100.0 

100.0 

53.8 
18.9 
10.7 
16.4 

100.0 

100.0 

100.0 

100.0 

100.0 

o/o 
total 

2.8 
30.7 

9.9 
7.8 

40.7 

92.1 

2.9 

1.7 
0.6 
0.3 
0.5 

3.3 

0.5 

0.0 

0.3 

0.6 

100.0 
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Table 4.36 - NISP in the total macrofauna! assemblage - Continued 

Modeling Period 5 
Indeterminate Identifiable* Total Indeterminate 

% % % % % % % % 
N class total N class total N class total N class total 

Mammalia: 
Indeterminate 931 9.8 7.4 249 6.3 5.8 I 180 8.7 7.0 5 0.0 0.0 
Small 2 506 26.4 20.1 2215 56.2 52.2 4 721 35.1 28.2 1244 23 .7 23.0 
Medium 1429 15.0 11.4 210 5.3 4.9 I 639 12.2 9.8 942 17.9 17.4 
Medium or large I 255 13.2 10.0 I 255 9.3 7.5 85 1.6 1.5 
Large 3 359 35.4 26.9 1267 32.1 29.8 4626 34.4 27.6 2959 56.5 54.7 

Total Mammalia 9 480 100.0 76.0 3941 100.0 92.9 13 421 100.0 80.3 5235 100.0 96.8 

Mammalia or Aves 727 100.0 5.8 727 100.0 4.3 48 100.0 0.8 

Aves: 
Indeterminate 142 57.2 1.1 439 80.5 2.6 50 74.6 0.9 
Small 23 9.2 0.1 23 4.2 0.1 4 5.9 0.0 
Medium 29 11.6 0.2 29 5.3 0.1 5 7.4 0.0 
Large 54 21.7 0.4 54 9.9 0.3 8 11.9 0.1 

Total Aves 248 100.0 1.9 297 100.0 7.0 545 100.0 3.2 67 100.0 1.2 

Osteichthyes 28 100.0 0.2 0 0.0 0.0 28 100.0 0.1 39 100.0 0.7 

Reptilia 0 0.0 0.0 I 100.0 0.0 I 100.0 0.0 0 0.0 0.0 

Amphibia 3 100.0 0.0 2 100.0 0.0 5 100.0 0.0 5 100.0 0.0 

Vertebrata, indeterminate I 981 100.0 15.8 I 981 100.0 11.8 II 100.0 0.2 

Total assemblage 12 467 100.0 4241 100.0 16 708 100.0 5405 100.0 

e e 

Modeling Period 6 
Identifiable* 

% % 
N class total 

86 3.4 3.2 
1433 58.2 54.3 
204 8.2 7.7 

738 29.9 27.9 

2461 100.0 93.2 

178 100.0 6.7 

0 0.0 0.0 

0 0.0 0.0 

0 0.0 0.0 

2639 100.0 

Total 
% 

N class 

91 1.1 
2677 34.7 
1146 14.8 

85 1.1 
3697 48.0 

7696 100.0 

48 100.0 

228 93.0 
4 1.6 
5 2.0 
8 3.2 

245 100.0 

39 100.0 

0 0.0 

5 100.0 

II 100.0 

8044 

% 
total 

1.1 
33.2 
14.2 

1.0 
45 .9 

95 .6 

0.5 

2.8 
0.0 
0.0 
0.0 

3.0 

0.4 

0.0 

0.0 

0.1 

100.0 
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Indeterminate 
% % 

N class total 

Mammalia: 
Indeterminate 370 17. 1 11.6 
Small · 634 29.3 19.8 
Medium 378 17.4 11.8 
Medium or large 113 5.2 3.5 
Large 666 30.8 20.9 

Total Mammalia 2161 100.0 67.8 

Mammalia or Aves 750 100.0 23 .5 

Aves: 
Indeterminate 21 67.7 0.6 
Small 3 9.6 0.0 
Medium 0 0.0 0.0 
Large 7 22.5 0.2 

Total Aves 31 100.0 0.9 

Osteichthyes 8 100.0 0.2 

Reptilia I 100.0 0.0 

Amphibia 4 100.0 0.1 

Vertebrata, indeterminate 231 100.0 7.2 

Total assemblage 3186 100.0 

t Other - Not assigned to period. 

e 

Table 4.36 - NISP in the total macrofauna! assemblage - Continued 
--

Modeling Period 7 
Identifiable* Total Indeterminate 

% % % % % o/o 
N class total N class total N class total 

62 7.9 7.2 432 14.6 10.6 275 1.5 1.4 
553 70.6 64.6 1187 40.3 29.3 4 931 28.4 26.8 

41 5.2 4.7 419 14.2 10.3 2 601 15.0 14.1 
113 3.8 2.7 I 694 9.7 9.2 

127 16.2 14.8 793 26.9 19.6 7 839 45.2 42.7 

783 100.0 91.5 2944 100.0 72.8 17 340 100.0 94.5 

750 100.0 18.5 422 100.0 2.3 

85 89.4 2.1 112 23.7 0.6 
3 3.1 0.0 40 8.4 0.2 
0 0.0 0.0 94 19.9 0.5 
7 7.3 0.1 225 47.7 1.2 

64 100.0 7.4 95 100.0 2.3 471 100.0 2.5 

6 100.0 0.7 14 100.0 0.3 27 100.0 0.1 

2 100.0 0.2 3 100.0 0.0 3 100.0 0.0 

0 0.0 0.0 4 100.0 0.0 6 100.0 0.0 

231 100.0 5.7 71 100.0 0.3 

855 100.0 4041 100.0 18 340 100.0 

Othert 
Identifiable* 

o/o % 
N class total N 

321 5.0 4.7 596 
3833 60.4 57.0 8 764 

387 6.1 5.7 2 988 
I 694 

1795 28 .3 26.7 9 634 

6334 100.0 94.2 23 676 

422 

466 
40 
94 

225 

354 100.0 5.2 825 

4 100.0 0.0 31 

II 100.0 0.1 14 

17 100.0 0.2 23 

71 

6722 100.0 25 062 

Total 
o/o 

class 

2.5 
37.0 
12.6 
7.1 

40.6 

100.0 

100.0 

56.4 
4.8 

11.3 
27.2 

100.0 

100.0 

100.0 

100.0 

100.0 

o/o 
total 

2.3 
34.9 
11.9 
6.7 

38.4 

94.4 

1.6 

1.8 
0.1 
0.3 
0.8 

3.2 

0.1 

0.0 

0.0 

0.2 

100.0 
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FINAL REPORT 

Table 4.36 - NISP in the total macrofauna! assemblage - Continued 

Indeterminate 
% % 

N class total 

Mammalia: 
Indeterminate I 811 3.7 3.3 
Small 15 189 31.6 28.1 
Medium 7 934 16.5 14.7 
Medium or large 3 771 7.8 6.9 
Large 19 353 40.2 35.8 

Total Mammalia 48 058 100.0 89.0 

Mammalia or Aves 2 251 100.0 4.1 

Aves: 
Indeterminate 508 45.3 0.9 
Small 115 10.2 0.2 
Medium 158 14.0 0.2 
Large 340 30.3 0.6 

Total Aves I 121 100.0 2.0 

Osteichthyes 137 100.0 0.2 

Reptilia 10 100.0 0.0 

Amphibia 39 100.0 0.0 

Vertebrata, indeterminate 2 343 100.0 4.3 

Total assemblage 53 959 100.0 

* Identifiable at least to order. 

Sylvilagus spp., Sylvilagus nuttalli, Sylvilagus audubonii 
- Cottontails, Nuttall's cottontail, Desert Cottontail 

Cottontails are the most common taxa in the Dolores 
faunal assemblages. Although both Nuttall 's and desert 
cottontails were present in the Dolores area, most cot
tontail remains cannot be separated on the basis of os
teological characteristics . Relatively com plete 
mandibles from adult cottontails apparently can be sep
arated on the basis of the ratio of depth to length (Fin
dley et al. 1975 :83-86) . Measurements of such 
mandibles in the Dolores faunal assemblage have been 
made (Flint and Neusius 1985; Neusius and Flint 1985), 
and identifications based on these are indicated in ta
bles 4.38 and 4.39. However, Neusius and Flint (1985) 
also found that the separation based on these charac
teristics is incomplete, and they have suggested that 
additional characteristics and specimens be studied. 

The Nuttall's cottontail is also known as the mountain 
cottontail (in contrast to the desert cottontail) (Arm-

218 

Total 

Identifiable* Total 
% % % % 

N class total N class total 

980 4.6 4.4 2 791 4.0 3.6 
12 869 61.3 57.7 28 058 40.6 36.8 

I 413 6.7 6.3 9 347 13.5 12.2 
3 771 5.4 4.9 

5 717 27.2 25 .6 25 070 36.3 32.8 

20 979 100.0 94.2 69 037 100.0 90.5 

2 251 100.0 2.9 

I 745 74.0 2.2 
115 4.8 0.1 
158 6.7 0.2 
340 14.4 0.4 

I 237 100.0 5.5 2 358 100.0 3.0 

10 100.0 0.0 147 100.0 0.1 

16 100.0 0.0 26 100.0 0.0 

23 100.0 0.1 62 100.0 0.0 

2 343 100.0 3.0 

22 265 100.0 76 224 100.0 

strong 1972:82). Flint and Neusius ( 1985) found a close 
correspondence between the amount of reconstructed 
sagebrush in a site catchment (Petersen 1985a; Orcutt 
1984b, 1984c, 1985a, 1985c) and the proportion of de
sert cottontail mandibles among the total cottontail 
mandibles from that site. This seems to confirm the 
assumption that cottontails were procured in close 
proximity to habitations. 

Lepus spp., Lepus americanus, Lepus townsendii, Lepus 
californicus - Jackrabbits, Snowshoe Hare, White-tailed 
J ackrabbit, Black-tailed Jackrabbit 

Remains of jackrabbits also are very common in Do
lores faunal assemblages. The majority of these bones 
have been assigned only to Lepus spp. , because thor
ough analysis was precluded by lack of comparative 
materials and time. Originally, most of these remains 
were believed to represent black-tailed jackrabbits, the 
species most common in the Southwest. However, care
ful comparison of a sample of Lepus remains with U.S. 



ENVIRONMENTAL ARCHAEOLOGY 

Table 4.37 - NISP in the total microfauna! assemblage 

Indeterminate 
o/o o/o 

N class total 

Mammalia: 
Indeterminate 339 7.5 6.4 
Small 3919 87.1 73.4 
Medium 9 0.2 0.2 
Medium or large 133 3.0 2.5 
Large 97 2.2 1.8 

Total Mammalia 4497 100.0 84.3 

Mammalia or Aves 301 100.0 5.6 

Aves: 
Indeterminate 16 64.0 0.3 
Small 9 36.0 0.2 

Total Aves 25 100.0 0.5 

Osteichthyes 5 100.0 0.1 

Reptilia 2 100.0 0.0 

Amphibia I 100.0 0.0 

Vertebrata, indeterminate 509 100.0 9.5 

Total assemblage 5340 100.0 

* Identifiable at least to order. 
NISP - Number of individual specimens. 

Fish and Wildlife Service collections in Fort Collins, 
Colorado, indicated a small proportion of the materials 
represented snowshoe hare, while both white-tailed and 
black-tailed jackrabbits were well represented. The 
identifications made in Fort Collins have been recorded 
and are reflected in tables 4.38 and 4.39. Identifications 
to jackrabbit species, which predate the author's tenure 
at the DAP, have been reviewed and in most cases 
changed to a genus or family designation, pending fur
ther analysis. 

The most conservative approach to these identifica
tions would be to equate all of the speciated remains 
with Lepus spp. However, there is reason to trust the 
snowshoe hare identification, because of the smaller 
size of this species. This animal usually is found be
tween 2440 and 3350 m (8000 and II 000 ft) and pre
fers brushy openings in mountain forests (Armstrong 
1972:87-88). It is known to occur in southwestern Col
orado (Bissell and Dillon 1982:7) and may even have 
been found in higher-altitude habitat types recon
structed for the Escalante Sector (Neusius 1985a:table 
13). This species occurs throughout the temporal se-

Identifiable* Total 
o/o o/o % % 

N class total N class total 

17 4.7 4.4 356 7.3 6.2 
329 90.1 85.9 4248 87.4 74.2 

9 2.5 2.4 18 0.4 0.3 
133 2.7 2.3 

10 2.7 2.6 107 2.2 1.9 

365 100.0 95 .3 4862 100.0 84.9 

301 100.0 5.3 

15 100.0 3.9 31 77.5 0.5 
9 22.5 0.2 

15 100.0 3.9 40 100.0 0.7 

5 100.0 0.1 

3 100.0 0.8 5 100.0 0.1 

I 100.0 0.0 

509 100.0 8.9 

383 100.0 5723 100.0 

quence in small numbers. Thus, accepting the argument 
that it is a marker for the expansion of boreal habitats 
due to climatic changes is difficult (Benz 1984:2 11 ). 

The separation of the black-tailed and white-tailed jack
rabbit is a more difficult issue. Osteological separation 
using mandibular characteristics and discriminant 
analysis has been undertaken for the Great Basin (Leon
ard 1980), but there is less reason to expect that po
stcranial remains can be separated.5 The white-tailed 
jackrabbit tends to be larger in size, but this is difficult 
to assess, except relatively. Based on the Fort Collins 
collection, it appears some elements or parts of ele
ments with distinct morphological attributes do occur. 
These elements are the innominate, the humerus, the 
distal femur, the proximal tibia, and probably the ra
dius. However, the DAP has not been able to test the 
reliability of those observations on other materials. For 
this reason , it now seems most advisable to consider 

' Robert D. Leonard, Black Mesa Archaeological Project, Center for 
Archaeological Investigations, Southern Illinois University, Carbon
dale, personal communication. 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage m 
""0 
0 

Taxon I Modeling Period I Modeling Period 2 Modeling Period 3 
JJ 
-i 

% % % % % % 
N class total N class total N class total 

Mammalia: 
lnsectivora 
insectivores 

Soricidae 
shrews I I I (I) 0.0 (0.0) 0.0 (0.0) 

Microsorex hoyi 
pygmy shrew I I 7 (7) 0.2 (0.2) 0.2 (0.2) 

Lagomorpha 
pikas, rabbits, and hares I I (I) 0.1 (0.1) 0.1 (O. t) I I (I) 0.0 (0.0) 0.0 (O.o) I 7 (7) 0.2 (0.2) 0.2 (0.2 ) 

Ochotona princeps 
pika 

Leporidae 
rabbits and hares I 6 (6) 0.8 (0.7) 0.7 <0.7> I 24 (24) 0.9 (0.9) 0.8 (0.8) I 12 (12) 0.4 (0.4) 0.4 (0.4) 

Sylvilagus spp. 
cottontails I t28 <DO> 11.1 (t7.o> t6.6 (16.4) 1 997 (997) 38.t (37.5) 36.4 (35.7) I 565 (567) 23.1 (22.6) 22 .2 (21.5) 

Sylvilagus nuJtallii 
Nuttall's cottontail I I 5 (6) 0.1 (0.2) 0.1 (0.2) I 16 (20) 0.6 (0.7) 0.6 (0.7) 

Sylvilagus audubonii 
desert cottontail I 5 (5) 0.6 (0.6) 0.6 <0.6> 1 37 (37) 1.4 (1.3) 1.3 < 1.3) I 24 (24) 0.9 (0.9) 0.9 (0.9) 

Lepus spp. 
jackrabbits I 65 (65) 8.6 (8.5) 8.4 (8.2) 1 387 <400> 14.7 (15.o> 14.1 (14.3) 1 302 (312) 12.3 (12.4) 11.8 (11.8) 

Lepus americanus 
snowshoe hare I I 9 (9) 0.3 (0.3) 0.3 (0.3) 1 I (I) 0.0 (0.0) 0.0 (0.0) 

Lepus townsendii 
white-tailed jackrabbit 2 (4) 0.2 (0.5) 0.2 (0.5) 2 (5) 0.0 (0.1) 0.0 (0.1) 12 (18) 0.4 (0.7) 0.4 (0.6) 

Lepus californicus 
black-tailed jackrabbit 0 (I) 0.0 (0.1) 0.0 (0.1) 4 (6) 0.1 (0.2) 0.1 (0.2) 

Rodentia 
rodents II (II) 1.4 (1.4) 1.4 (1.3) 39 (39) 1.4 (1.4) 1.4 (1.3) 54 (54) 2.2 (2. 1) 2.1 (2.0) 

Sciuridae 
squirrels 21 (21) 2.8 (2.7) 2.7 (2.6) 79 (79) 3.0 (2 .9) 2.8 (2.8) 52 (52) 2.1 (2.0) 2.0 ( 1.9) 

Eutamias spp. 
chipmunks 

e e e 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon I Modeling Period I 

I 
Modeling Period 2 

I 

Modeling Period 3 
% % % % % % 

N class total N class total N class total 

Marmota flaviventris 
yellow-bellied marmot 13 (14) 1.7 ( 1.8) 1.6 ( t.7) I 103 (103) 3.9 (3.8) 3.7 (3.6> I 104 (110) 4.2 (4.3) 4.0 (4.1) 

Amnospermophilus /eucurus 
white-tailed antelope 
squirrel 

Spermophi/us spp. 
ground squirrels 

Spermophi/us spi/osoma 
spotted ground squirrel I 2 (2) 0.2 (0.2) 0.2 (0.2) I 58 (59) 2.2 (2.2) 2.1 (2.1) 

Spermophilus latera/is 
golden-mantled ground I I I (2) 0.0 (0.0) 0.0 (o.o> 1 3 (4) 0.1 (0.1) 0.1 (0.1) 
squirrel 

Spermophi/us variegatus 
rock squirrel 3 (3) 0.4 (0.3) 0.3 (0.3> 1 18 (19) 0.6 (0.7) 0.6 (0.6) 1 34 (35) 1.3 (1.3) 1.3 (1.3) 

Cynomys gunnisoni 
Gunnison's prairie dog 95 (95) 12.7 (12.4) 12.3 (12.0) 145 (147) 5.5 (5.5) 5.2 (5.2) 1 46 (46) 1.8 ( 1.8) 1.8 ( 1.7) 

Geomyidae 
pocket gophers I (I) 0.0 (0.0) 0.0 (o.o> 1 2 (2) 0.0 (0.0) 0.0 (0.0) 

Thomomys spp. 
pocket gophers 7 (7) 0.9 (0.9) 0.9 (0.8) 16 (16) 0.6 (0.6) 0.5 (0.5) 1 85 (86) 3.4 (3.4) 3.3 (3.2) 

Thomomys bollae 
valley pocket gopher 9 (9) 1.2 ( 1.1) 1.1 ( 1.1) 14 (14) 0.5 (0.5) 0.5 (0.5) 24 (24) 0.9 (0.9) 0.9 (0.9) 

Thomomys ta/poides 
nothern pocket gopher m 

Heteromyidae z 
< 

pocket mice, kangaroo :Ii 
rats 0 z 

Perognathus apache s:: 
Apache pocket mouse m z 

Dipodomys ordii ~ Ord's kangaroo rat 0 (I) 0.0 (0.1) 0.0 (0.1) 0 (2) 0.0 (0.0) 0.0 (0.0) r 
Castor canadensis )> 

beaver 9 (10) 1.2 (1.3) 1.1 ( 1.2) II (II) 0.4 (0.4) 0.4 (0.3) 16 (16) 0.6 (0.6) 0.6 (0.6) 
:0 
() 

Cricetidae ::I: 

New World rats and mice 12 ( 12) 0.4 (0.4) 0.4 (0.4) 30 (30) 
)> 

1.2 ( 1.1) 1.1 ( 1.1) m 
0 
r 

N 
0 
G) N -< 
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Table 4.38 - NISP in the identifiable macrofauna( assemblage - Continued 0 
::0 
-t 

I Taxon Modeling Period I 

I 
Modeling Period 2 

I 
Modeling Period 3 

% % % % % % 
N class total N class total N class total 

Peromyscus spp. 

I white-footed mice I 48 (48) 1.8 ( 1.8) 1.7 < t.7) I 48 (48) 1.9 ( 1.9) 1.8 ( 1.8) 
Peromyscus maniculmus 
deer mouse 

Peromyscus boy/ii or truei 
brush or pinyon mouse 

I I 

7 (7) 0.2 (0.2) 0.2 <0.2l I 2 (2) 0.0 (0.0) 0.0 (0.0) 
Onochomys leucogaster 
northern grasshopper mouse 3 (3) 0.1 (0.1) 0.1 (0.1) 

Neotoma spp. 
wood rats 2 (2) 0.2 (0.2) 0.2 (0.2) 27 (27) 1.0 ( 1.0) 0.9 (0.9) 127 (127) 5.2 (5.0) 4.9 (4.8) 

Neotoma cinerea 
bushy-tailed wood rat 3 (4) 0.1 (0.1) 0.1 (0.1) 2 (3) 0.0 (0.1) 0.0 (0.1) 

Neotoma mexicana 
Mexican wood rat 2 (2) 0.0 (0.0) 0.0 (0.0) 2 (2) 0.0 (0.0) 0.0 (0.0) 

Microtus spp. 
voles I (2) 0.1 (0.2) 0.1 (0.2) 4 (4) 0.1 (0.1) 0.1 (0.1) I 10 (10) 0.4 (0.3) 0.3 (0.3) 

Microtus m ontanus 
montane vole 18 (18) 0.6 (0.6) 0.6 (0.6) I (I) 0.0 (0.0) 0.0 (0.0) 

Microtus /ongicaudus 
long-tailed vole 

I 

I (I) 0.0 (0.0) 0.0 (0.0) 

Microtus mexicanus 
Mexican vole 5 (5) 0.2 (0.1) 0.1 (0.1) 

Microtus pennsylvanicus 
meadow vole 0 (I) 0.0 (0.0) 0.0 (0.0) 

Ondatra zibethicus 
muskrat 0 (I) 0.0 (0.0) 0.0 <o.o) I I (I) 0.0 (0.0) 0.0 (0.0) 

Zapodidae 
jumping mice 

Erethizon dorsa/urn 
porcupine 

I 
6 (6) 0.8 (0.7) 0.7 (0.7) I 20 (20) 0.7 (0.7) 0.7 (0.7) I 55 (58) 2.2 (2.3) 2.1 (2.2) 

Carnivora 
carnivores 8 (8) 1.0 (1 .0) 1.0 (1 .0) 2 (2) 0.0 (0.0) 0.0 (0.0) 9 (9) 0.3 (0.3) 0.3 (0.3) 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon Modeling Period I Modeling Period 2 

I 

Modeling Period 3 
% % % % % % 

N class total N class total N class total 

Canidae 
can ids 

I 

2 (2) 0.2 (0.2) 0.2 (0.2) I 5 (5) 0.1 (0.1) 0.1 (0.1) I 4 (8) 0.1 (0.3) 0.1 (0.3) 
Canis spp. 
dog, coyote, or wolf . 5 (5) 0.6 (0.6) 0.6 (0.6) II (12) 0.4 (0.4) 0.4 (0.4) 25 (36) 1.0 (1.4) 0.9 ( 1.3) 

Canis familiaris 
domestic dog I 20 (20) 2.6 (2.6) 2.5 (2.5) 1 65 (65) 2.4 (2.4) 2.3 (2.3) I 184 (1 84) 7.5 (7.3) 7.2 (6.9) 

Canis familiaris or latrans 
dog or coyote 

Canis latrans 
coyote 5 (5) 0.6 (0.6) 0.6 (0.6) 1 7 (7) 0.2 (0.2) 0.2 (0.2) I 4 (4) 0.1 (0.1) 0.1 (0.1) 

Canis lupus 
gray wolf I 2 (2) 0.2 (0.2) 0.2 (0.2) 1 0 ( I) 0.0 (0.0) 0.0 (0.0) 

Vu/pes spp. 
red or kit foxes 

Vulpes vu/pes 
red fox I 23 (23) 3.0 (3 .0) 2.9 (2.9) I II (13) 0.4 (0.4) 0.4 (0.4) I 3 (4) 0.1 (0.1) 0.1 (0.1) 

Vu/pes or Urocyon spp. 
foxes 

Urocyon cinereoargenteus 
gray fox I I I (I) 0.0 (0.0) 0.0 (0.0) 

Ursus spp. 
bears 3 (3) 0.4 (0.3) 0.3 (0.3) 2 (2) 0.0 (0.0) 0.0 (0.0) 

Ursus american,us m z 
black bear 0 (I) 0.0 (0.1) 0.0 (0.1) < 

Bassariscus astll/us Jj 

ringtail I (I) 0.0 (0.0) 0.0 (0.0) 2 (2) 0.0 (0.0) 0.0 (0.0) 0 z 
Mustelidae ~ 
mustelids m z 

Maries americana );! 
marten I (I) 0.0 (0.0) 0.0 (0.0) r 

M ustela spp. )> 
:::0 

weasels () 
I 
)> 
m 
0 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 
-o 
0 
JJ 
-l 

Modeling Period 3 Taxon I Modeling Period l Modeling Period 2 

I 
% % % % % % 

N class total N class total N class total 

Muste/a vison 
mink 

Muste/a frena/a 

I I long-tailed weasel 2 (2) 0.0 (0.0) 0.0 <O.o) I 2 (2) 0.0 (0.0) 0.0 (0.0) 

Gu/o gulo 
wolverine 

Taxidea taxus 
badger I I 7 (7) 0.2 (0.2) 0.2 <0.2l I l (l) 0.0 (0.0) 0.0 (0.0) 

Spi/ogale plllorius 
spotted skunk 

Mephitis mephitis 
I striped skunk I I I (2) 0.0 (0.0) 0.0 (0.0) 

Felidae 
cats 

Lynx spp. 
I bobcat or lynx I I 2 (2) 0.0 (0.0) 0.0 (0.0) 

Lynx n{{us 

I bobcat 8 (8) 1.0 (1.0) 1.0 < 1.o) I 5 (5) 0.1 (0.1) 0.1 (O.i l I 4 (4) 0.1 (0.1) 0.1 (0.1) 

Felis concolor 
mountain lion 

Equus spp. 
horses 

Equus cabal/us 
horse 

Artiodactyla 
artiodactyls 104 (104) 13.9 (13.6) 13.4 (13.1) 82 (89) 3.1 (3.3) 2.9 (3.1 l I 197 (198) 8.0 (7.9) 7.7 (7. 5) 

Cervidae 
deer 115 (115) 15.3 (15.0) 14.9 (14.5) 204 (204) 7.8 (7.6) 7.4 (7.3) I 117 (118) 4.7 (4.7) 4.5 (4.4) 

Cervus e/aphus 
American elk l (2) 0.1 (0.2) 0.1 (0.2) 3 (4) 0.1 (0.1) 0.1 <O. ll I 4 (6) 0.1 (0.2) 0.1 (0.2) 

Odocoileus hemionus 
mule deer 36 (40) 4.8 (5 .2) 4.6 (5 .0) 94 (96) 3.5 (3.6) 3.4 (3.4) I 205 (212) 8.3 (8.4) 8.0 (8.0) 

e e e 
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Taxon 

Antilocapra americana 
pronghorn 

Antilocapra or Ovis spp. 
pronghorn or sheep 

Ovis spp. 
sheep 

Ovis canadensis 
bighorn 

Ovis aries 
domestic sheep 

Ovis or Capra spp. 
sheep or goat 

8os taurus 
domestic cow 

8os or Bison 
cow or bison 

Total Mammalia 

Aves: 
Gavii formes 
loons 

Ciconiformes 
deep water waders 

Anatidae 
geese and ducks 

Anserinae 
geese 

Bran/a canadensis 
Canada goose 

Anas spp. 
surface-feedin11. ducks 

e 

Table 4.38 - NISP in the identifiable macrofau na! assemblage - Continued 

Modeling Period I Modeling Period 2 
% % % % 

N class total N class total 

15 (15) 2.0 ( 1.9) 1.9 ( 1.9) 9 (9) 0.3 (0.3) 0.3 (0.3) 

14 (14) 1.8 ( 1.8) 1.8 ( 1.7) 7 (9) 0.2 (0.3) 0.2 (0.3) 

I (I) 0.1 (0.1) 0.1 (0.1 

748 (763) 100.0 (100.0) 97.0 (96.7) 26 15 (2658) 100.0 (100.0) 95.5 (95.3) 

I (2) 4.3 (7.6) 0.1 (0.2) 2 (2) 1.6 ( 1.5) 0.0 (0.0) 

N 

7 

7 

I 

II 

2441 

I 

I 

I 

I 

Modeling Period 3 
% % 

class total 

(7) 0.2 (0.2) 0.2 (0.2) 

(7) 0.2 (0.2) 0.2 (0.2) 

( I) 0.0 (0.0) 0.0 (0.0) 

(I I) 0.4 (0.4) 0.4 (0.4) 

(2506) 100.0 (100.0) 95 .9 (95 .3) 

(I) 1.0 (0.8) 0.0 (0.0) 

(I) 1.0 (0.8) 0.0 (0.0) 

( I) 1.0 (0.8) 0.0 (0.0) 

(I) 1.0 (0.8) 0.0 (0.0) 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued -u 
0 
:D 

Taxon I Modeling Period I Modeling Period 2 

I 
Modeling Period 3 -I 

o/o o/o o/o o/o o/o o/o 
N class total N class total N class total 

Anas platyrhynchos 
mallard I I I 0 (I) 0.0 (0.8) 0.0 (0.0) 

Oxyura jamaicensis 
ruddy duck I I I 5 (6) 5.0 (5.0) 0.1 (0.2) 

Falconi formes 
vultures, hawks, and I I 2 (2) 1.6 ( 1.5) 0.0 (0.0) I (I) 1.0 (0.8) 0.0 (0.0) 
falcons 

Cathartes aura 
turkey vulture I (5) 0.8 (3.8) 0.0 (0.1) 

Accipitridae 
hawks and eagles 

Accipiter spp. 
hawks 

Accipiter gentilis 
goshawk 

Accipiter stria/lis 
sharp-shinned hawk 

Accipiter cooperii 
Cooper's hawk 

Buteo spp. 
buteos 

Buteo jamaicensis 
red-tailed hawk I I I I (I) 1.0 (0.8) 0.0 (0.0) 

Bweo swainsoni 
Swainson's hawk 

Aquila or Haliaeetus spp. 
eagles 

Aquila chrysaetos 
golden eagle I 2 (2) 8.6 (7.6) 0.2 <0.2> I 2 (2) 2.0 ( 1.6) 0.0 (0.0) 

Haliaeetus leucocephalus 
bald eagle 

Falco mex icanus 
prairie falcon 

e e e 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon Modeling Period I Modeling Period 2 Modeling Period 3 
% % % % o/o % 

N class total N class total N class total 

Falco span•erius 
American kestrel I I 12 ( 12) 9.7 (9.1) 0.4 <OA> I 2 (2) 2.0 ( 1.6) 0.0 (0.0) 

Galliformes 
fowl-like birds 

I (1.3) I 
I (I) 0.8 (0.7) 0.0 (0.0) 

Tetraonidae 
grouse II (II) 47.8 (42.3) 1.4 27 (28) 21.9 (21.3) 0.9 < I.O) I 43 (48) 43.4 (40.3) 1.6 ( 1.8) 

Ce,itrtJ(·erclts 1trophasian1ts 
sage grouse 

Gallus domesticus 
chicken 

MeleaKris Kallopai'O 
turkey 4 (5) 17.3 (19.2) 0.5 (0.6) 1 39 (39) 31.7 (29.7) 1.4 < 1.3) I 17 (27) 17.1 (22.6) 0.6 (1 .0) 

Grus canadensis 
sandhill crane I I 16 ( 17) 13 .0 (12.9) 0.5 (0.6) I 4 (7) 4.0 (5.8) 0.1 (0.2) 

Trin[?a melanoleuca 
greater yellowlegs 

Zenaida macroura 
mourning dove I 0 (I) 0.0 (3.8) 0.0 (O. I) 1 I I ( I) 1.0 (0.8) 0.0 (0.0) 

Ollis asio 
screech owl 

Bubo virginianus 
great horned owl 2 (2) 2.0 ( 1.6) 0.0 (0.0) m 

Glaucidium gnoma z 
< pygmy owl 5j 

Asio spp. 0 
long- or short-eared owl I (I) 1.0 (0.8) 0.0 (0.0) 

z 
~ 

.4sio VIliS m 
long-eared owl z 

~ Colaptes aura/us r 
common fl icker 2 (2) 8.6 (7.6) 0.2 (0.2) 3 (3) 2.4 (2.2) 0.1 (0. 1) I (I) 1.0 (0.8) 0.0 (0.0) )> 

Passer((ormes JJ 
() 

perching birds I (I) 4.3 (3.8) 0.1 (0.1) 12 (12) 9.7 (9.1) 0.4 (0.4) 2 (2) 2.0 ( 1.6) 0.0 (0.0) I 
)> 
m 
0 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage -Continued m -o 
0 

Taxon I Modeling Period I 

I 
Modeling Period 2 

I 
Modeling Period 3 

::IJ 
-1 

% % % % % % 
N class total N class total N class total 

Tyrannus vertica/is 
western kingbird 

Corvidae 
jays. crows. and magpies I I 2 (2) 1.6 ( 1.5) 0.0 (0.0) 

Corvus spp. 
raven or crow 

Corvus corax 
common raven I (I) 4.3 (3.8) 0.1 <O.IJ I 2 (2) 1.6 ( 1.5) 0.0 <o.o) I I (I) 1.0 (0.8) 0.0 (00 ) 

Corvus brach.vrhynchos 
common crow I I I (I) 1.0 (0.8) 0.0 (0.0) 

Cyanocilla stelleri 
Steller's jay 

Gymnorhinus cyanocepha/us 
pinyon jay 

Aphelocoma coerulescens 
scrub jay 

Pica pica 
black-billed magpie I I I 3 (3) 3.0 (2.5) 0.1 (0.1) 

Turdidae 
thrushes and bluebirds 

Sialia currucoides 
mountain bluebird 

Turdus migratorius 
American robin I I 0 (I) 0.0 (0.7) 0.0 (0.0) 

Lanius excubitor 
northern shrike 

Swrnella spp. 
I meadowlarks I I (I) 0.8 (0.7) 0.0 (0.0) 

Xanthocephalus 
xanthocepha/us 

yellow-headed blackbird 
Fringillidae 

I I finch-like birds I ( I ) 0.8 (0.7) 0.0 (0.0) 

e e 
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Taxon 

Pipi/o ch/orura 
green-tailed towhee 

Total Aves 

Repti lia: 
Squamata 

lizards and snakes 
Sauria 
lizard 

Sceloporus undulatus 
elongallls 

northern plateau lizard 
Serperites 
snakes 

Crotalus viridis 
western rattlesnake 

Total Reptilia 

Amphibia: 
Anura 
frogs and toads 

Bufo spp. 
true toads 

Total Amphibia 

Osteichthyes: 
Cypriniformes 
cyprinids 

Catostomidae 
suckers 

N 

I 

23 

e 

Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Modeling Period I Modeling Period 2 
% % % % 

class total N class total 

(I) 4.3 . (3.8) 0.1 (0.1) 2 (3) 1.6 (2.2) 0.0 (0.1) 

(26) 100.0 (100.0) 2.9 (3 .2) 123 (131) 100.0 (100.0) 4.4 (4.6) 

Modeling Period 3 
% 

N class 

8 (8) 8.0 (6.7) 

99 ( 119) 100.0 (100.0) 

4 (4) 100.0 ( 100.0 

4 (4) 100.0 ( 100.0) 

% 
total 

0.3 (0.3) 

3.8 (4.5) 

0.1 (0.1) 

0.1 (0. 1) 
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Taxon 

Catostomus spp. 
flannelmouth or bluehead 
sucker 

Total Osteichthyes 

Total assemblage 

e 

Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Modeling Period I Modeling Period 2 
% % % % 

N class total N class total 

771 (789) I 00.0 (I 00.0) 2738 (2789) 100.0 ( 100.0 

e 

Modeling Period 3 
% 

N class 

2544 (2629) 

% 
total 

I 00.0 (I 00.0) 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon I Modeling Period 4 Modeling Period 5 Modeling Period 6 
% % % % % % 

I 
N class total N class total N class total 

I 
Mammalia: 

Insectivora 
insectivores I I 0 (3) 0.0 (0.0) 0.0 (0.0) 

Soricidae 
shrews 

Microsorex hoyi 
pygmy shrew I I I (I) 0.0 (0.0) 0.0 (0.0) 

Lagomorpha 
pikas, rabbits, and hares I I I (I) 0.0 (0.0) 0.0 (0.0) 

Ochotona princeps 
pika 

Leporidae 
rabbits and hares 

I 
28 (28) 1.9 ( 1.8) 1.8 ( 1.7) I 72 (72) 1.9 ( 1.8) 1.8 ( 1.6) I 2 (2) 0.0 (0.0) 0.0 (0.0) 

Sylvilagus spp. 
cottontails 284 (294) 19.6 (19.2) 18.9 (18.3) 588 (602) 16.0 (15 .2) 14.9 (14.1) 686 (686) 28.5 (27.8) 26.9 (25.9) 

Sylvilagus nullallii 
Nuttall 's cottontail 5 (6) 0.3 (0.3) 0.3 (0.3) 9 (9) 0.2 (0.2) 0.2 (0.2) 4 (6) 0.1 (0.2) 0.1 (0.2) 

Sylvilagus audubonii 
desert cottontail 12 (12) 0.8 (0.7) 0.8 (0.7) 36 (37) 0.9 (0.9) 0.9 (0.8) 34 (36) 1.4 (1.4) 1.3 (1.3) 

Lepus spp. 
jackrabbits 175 (185) 12.1 (12.0) 11.6 (11.5) 787 (80 I) 21.4 (20.3) 20.0 ( 18.8) 258 (258) 10.7 (10.4) 10.1 (9.7) 

Lepus americanus 
snowshoe hare I (I ) 0.0 (0.0) 0.0 (0.0) 3 (3) 0.0 (0.0) 0.0 (0.0) 5 (5) 0.2 (0.2) 0.1 (0.1) 

Lepus 10wnsendii m z 
white-tailed jackrabbit I I (1 8) 0.7 ( 1.1 ) 0.7 ( 1.1 ) 32 (69) 0.8 ( 1.7) 0.8 ( 1.6) 0 (2) 0.0 (0.0) 0.0 (0.0) < 

Lepus californicus Jj 

black-tailed jackrabbit 2 (6) 0.1 (0.3) 0.1 (0.3) 14 (42) 0.3 (1 .0) 0.3 (0.9) 2 (3) 0.0 (0.1) 0.0 (0.1 ) 0 z 
Rodentia ~ 

rodents 20 (20) 1.3 (1.3) 1.3 ( 1.2) 56 (56) 1.5 (1.4) 1.4 ( 1.3) 39 (39) 1.6 ( 1.5) 1.5 (1.4) m z 
Sciuridae ::;! 
squirrels 29 (29) 2.0 ( 1.8) 1.9 ( 1.8) 70 (73) 1.9 ( 1.8) 1.7 (I. 7) 134 (135) 5.5 (5.4) 5.2 (5.1) r 

Eutamias spp. 
)> 
:D 

chipmunks I (I) 0.0 (0.0) 0.0 (0.0) 0 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued -u 
0 
:D 

Taxon I Modeling Period 4 

I 
Modeling Period 5 

I 
Modeling Period 6 

-i 

% % % % % % 
N class total N class total N class total 

Marmot a .flavivemris 
yellow-bellied marmot 38 (44) 2.6 (2.8) 2.5 (2.7) 1 55 (58) 1.5 (1.4) 1.3 ( 1.3) I 24 (26) 1.0 (1 .0) 0.9 (0.9) 

Amnospermophilus leucurus 
white-tailed antelope 
squirrel 

Spermophilus spp. 
ground squirrels I 1 (I) 0.0 (0.0) 0.0 (0.0) 

Spermophilus spilosoma 
spotted ground squirrel 

I (0.8) I (0.2) I 
0 ( 1) 0.0 (0.0) 0.0 (0.0) 

Spermophilus latera/is 
golden-mantled ground 12 (14) 0.8 (0.9) 0.8 10 ( 11) 0.2 (0.2) 0.2 2 (2) 0.0 (0.0) 0.0 (0.0) 

squirrel 
Spermophilus variegallls 
rock squirrel 

I 

15 ( 15) 1.0 (0.9) 1.0 (0.9) I 43 (50) 1.1 ( 1.2) 1.0 
( l.l) I 31 (38) 1.2 ( 1.5) 1.2 ( 1.4) 

Cynomys gunnisoni 
Gunnison's prairie dog 60 (67) 4.1 (4.3) 4.0 (4 . 1) 120 (135) 3.2 (3.4) 3.0 (3 .1) 124 ( 125) 5.1 (5 .0) 4.8 (4.7) 

Geomyidae 
pocket gophers 

Thomomys spp. 
pocket gophers 

I 

26 (28) 1.8 (1.8) 1.7 
( 1.7) I 64 (68) 1.7 ( 1.7) 1.6 ( 1.6) I 24 (26) 1.0 ( 1.0) 0.9 (0.9) 

Thomomys bouae 
valley pocket gopher 7 (7) 0.4 (0.4) 0.4 (0.4) 18 (18) 0.4 (0.4) 0.4 (0.4) I 5 (5) 0.2 (0.2) 0.1 (0.1) 

Thomomys talpoides 
northern pocket gopher 

Heteromyidae 
pocket mice, kangaroo rats I I 0 (8) 0.0 (0.2) 0.0 (0.1) 

Perognathus apache 
Apache pocket mouse I I 0 (3) 0.0 (0.0) 0.0 (O.o) I 8 (8) 0.3 (0.3) 0.3 (0.3) 

Dipodomys ordii 
Ord's kangaroo rat 

I ( 1.3) I 
0 (1) 0.0 (0.0) 0.0 (0.0) I 0 (2) 0.0 (0.0) 0.0 (0.0) 

Castor canadensis 
beaver 20 (22) 1.3 ( 1.4) 1.3 38 (41 ) 1.0 ( 1.0) 0.9 (0.9) 26 (27) 1.0 (1.0) 1.0 ( 1.0) 
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Table 4.38 - NISP in the identifiable macrofauna( assemblage - Continued 

Taxon I Modeling Period 4 Modeling Period 5 Modeling Period 6 
% % % % % % 

N class total N class total N class total 

Cricetidae 
New World rats and mice 3 (3) 0.2 (0.1) 0.2 (0.1) 24 (24) 0.6 (0.6) 0.6 <0.5l 1 13 ( 13) 0.5 (0.5) 0.5 (0.4) 

Peromyscus spp. 
white-footed mice 42 (42) 2.9 (2.7) 2.8 (2.6) 70 (71) 1.9 ( 1.8) 1.7 < 1.6) I I (I) 0.0 (0.0) 0.0 (0.0) 

Peromyscus maniculallls 
deer mouse 

Peromyscus boylii or truei 
brush or pinyon mouse 

Onochomys leucogaster 
northern grasshopper mouse 0 (I) 0.0 (0.0) 0.0 (0.0) I 0 (I) 0.0 (0.0) 0.0 (0.0) 

Neotoma spp. 
wood rats 26 (29) 1.8 ( 1.8) 1.7 ( 1.8) 34 (38) 0.9 (0.9) 0.8 <0.8l 1 25 (26) 1.0 (1.0) 0.9 (0.9) 

Nemoma cinerea 
bushy-tailed wood rat I (I) 0.0 (0.0) 0.0 (0.0) 

Neotoma mexicana 
Mexican wood rat I (I) 0.0 (0.0) 0.0 (0.0) I I 0 ( I ) 0.0 (0.0) 0.0 (0.0) 

Microtus spp. 
voles 9 (9) 0.6 (0.5) 0.6 (0.5) 8 (14) 0.2 (0.3) 0.2 (0.3) 1 I (I) 0.0 (0.0) 0.0 (0.0) 

Microtus montanus 
montane vole 

Micro/lis longicaudus 
long-tailed vole I (5) 0.0 (0.2) 0.0 (0.1) 

Microtus mexicanus m 
Mexican vole z 

Microtus pennsylvanicus < 
:Xi 

meadow vole 0 
Ondatra zibethicus z s:: 
muskrat 2 (2) 0.1 (0.1) 0.1 (0.1) I (I) 0.0 (0.0) 0.0 (0.0) m z Zapodidae 

~ jumping mice I (I) 0.0 (0.0) 0.0 (0.0) r 
' .· .. Erethi::on dorsatwn )> 

porcupine 21 (30) 1.4 (1 .9) 1.4 ( 1.8) 38 (48) 1.0 ( 1.2) 0.9 ( 1.1) 64 (69) 2.6 (2.8) 2.5 (2.6) :D 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 0 
:0 
--1 

Taxon I Modeling Period 4 

I 
Modeling Period 5 

I 
Modeling Period 6 

% % % % % % 
N class total N class total N class total 

Cricetidae 
New World rats and mice 3 (3) 0.2 (0.1) 0.2 (0.1) I 24 (24) 0.6 (0.6) 0.6 (0.5) I 13 (13) 0.5 (0.5) 0.5 (0.4) 

Peromyscus spp. 
white-footed mice I 42 (42) 2.9 (2.7) 2.8 (2.6) I 70 (71) 1.9 ( 1.8) 1.7 ( !.6) I I (I) 0.0 (0.0) 0.0 (0.0) 

Peromyscus manicu/atus 
deer mouse 

Peromyscus boylii or truei 
brush or pinyon mouse 

Onochomys /eucogaster 
northern grasshopper mouse 

I 

0 (I) 0.0 (0.0) 0.0 (0.0) 0 (I) 0.0 (0.0) 0.0 (0.0) 
Neotoma spp. 
wood rats 26 (29) 1.8 ( 1.8) 1.7 ( 1.8) I 34 (38) 0.9 (0.9) 0.8 (0.8) 1 25 (26) 1.0 (1 .0) 0.9 (0.9) 

Neotoma cinerea 
bushy-tailed wood rat I I (I) 0.0 (0.0) 0.0 (0.0) 

Neotoma mexicana 
Mexican wood rat I I (I) 0.0 (0.0) 0.0 (O.o) 1 0 (I) 0.0 (0.0) 0.0 (0.0) 

Microtus spp. 
voles I 9 (9) 0.6 (0.5) 0.6 (0.5) 1 8 ( 14) 0.2 (0.3) 0.2 (0.3) I I (I) 0.0 (0.0) 0.0 (0.0) 

Microtus man/anus 
montane vole 

Microtus /ongicaudus 
long-tailed vole I I I (5) 0.0 (0.2) 0.0 (0.1) 

Microtus mexicanus 
Mexican vole 

Microtus pennsylvanicus 
meadow vole 

Ondatra ziebethicus 
muskrat I 2 (2) 0.1 (0.1) 0.1 (0.1) 1 I I (I) 0.0 (0.0) 0.0 (0.0) 

Zapodidae 
jumping mice I I I· I (I) 0.0 (0.0) 0.0 (0.0) 

Erethizon dorsa/urn 
porcupine I 21 (30) 1.4 ( 1.9) 1.4 ( 1.8) I 38 (48) 1.0 (1.2) 0.9 (1.1) I 64 (69) 2.6 (2.8) 2.5 (2.6) 

e e e 
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Table 4.38 - NISP in the identifiable macrofauna( assemblage - Continued 

Taxon I Modeling Period 4 Modeling Period 5 Modeling Period 6 
% % % % % % 

N class total N class total N class total 

Carnivora 
carnivores 15 (15) 1.0 (0.9) 1.0 (0.9) 30 (31) 0.8 (0.7) 0.7 <0.7> 1 7 (7) 0.2 (0.2) 0.2 (0.2) 

Canidae 
canids 2 (2) 0.1 (0.1) 0. 1 (0.1) 24 (28) 0.6 (0.7) 0.6 (0.6) I 18 (19) 0.7 (0.7) 0.7 (0.7) 

Canis spp. 
dog, coyote, or wolf 32 (34) 2.2 (2.2) 2.1 (2.1) 115 (131) 3.1 (3.3) 2.9 (3 .0) 16 (17) 0.6 (0.6) 0.6 (0.6) 

Canis fami/iaris 
domestic dog I 29 (30) 2.0 ( 1.9) 1.9 < !.8) I 67 (82) 1.8 (2.0) 1.7 < !.9) I 25 (27) 1.0 (1 .0) 0.9 (1 .0) 

Canis fami/iaris or /atrans 
dog or coyote 

I (0.3) I 
8 (8) 0.2 (0.2) 0.2 (0.1) I 2 (2) 0.0 (0.0) 0.0 (0.0) 

Canis /atrans 
coyote 5 (5) 0.3 (0.3) 0.3 II (II) 0.3 (0.2) 0.2 (0.2) 23 (23) 0.9 (0.9) 0.9 (0.8) 

Canis lupus 
gray wolf I I (I) 0.0 (0.0) 0.0 <o.o> I I (2) 0.0 (0.0) 0.0 (0.0) 2 (2) 0.0 (0.0) 0.0 (0.0) 

Vu/pes spp. 
red or kit foxes 0 (I) 0.0 (0.0) 0.0 (0.0) 

Vu/pes vu/pes 
red fox 2 (2) 0.0 (0.0) 0.0 <o.o> I 24 (27) 1.0 ( 1.0) 0.9 ( 1.0) 

Vu/pes or Urocyon spp. 
foxes I 4 (4) 0.1 (0. 1) 0.1 (0.1) 

Urocyon cinereoargenteus 
gray fox 

Ursus spp. 
bears 10 (13) 0.6 (0.8) 0.6 (0.8) I (I) 0.0 (0.0) 0.0 (0.0) 2 (2) 0.0 (0.0) 0.0 (0.0) 

Ursus americanus m z 
black bear 2 (2) 0.0 (0.0) 0.0 (0.0) I (I) 0.0 (0.0) 0.0 (0.0) < 

Bassariscus astutus Jj 
0 

ringtail z 
Mustelidae ~ 

m 
mustelids I (2) 0.0 (0.0) 0.0 (0.0) z 

Martes americana );! 
marten 0 (I) 0.0 (0.0) 0.0 (0.0) I (I) 0.0 (0.0) 0.0 (0.0) r 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 0 
:Il 
-i 

Taxon I Modeling Period 4 Modeling Period 5 

I 

Modeling Period 6 

% % % % % % 

N class total N class total N class total 

Mustela spp. 
weasels I (I) 0.0 (0.0) 0.0 (0.0) I 13 ( 13) 0.5 (0.5) 0.5 (0.4) 

Mustela vison 
mink 

Mustela frena/a 
long-tailed weasel I (I) 0.0 (0.0) 0.0 <o.o> I 3 (3) 0.1 (0.1) 0.1 (0.1) 

Gulo gulo 
wolverine 

(0.0) I 
I (I) 0.0 (0.0) 0.0 (0.0) 

Taxidea taxus 
badger I (I) 0.0 (0.0) 0.0 3 (6) 0.0 (0.1) 0.0 <O.Il I 3 (4) 0.1 (0.1) 0.1 (0.1) 

Spilogale putorius 
spotted skunk I (I) 0.0 (0.0) 0.0 (O.o> I I I (I) 0.0 (0.0) 0.0 (0.0) 

Mephitis mephitis 
striped skunk 

Felidae 
cats 

Lynx spp. 
bobcat or lynx I 2 (3) 0.1 (0.1) 0.1 <O.tl I 2 (2) 0.0 (0.0) 0.0 (0.0) 

Lynx rufus 
bobcat 4 (4) 0.2 (0.2) 0.2 (0.2) 7 (9) 0.1 (0.2) 0.1 <0.2> I 24 (25) 1.0 (1 .0) 0.9 (0.9) 

Felis concolor 
mountain lion I (I) 0.0 (0.0) 0.0 <o.o> I 0 (I) 0.0 (0.0) 0.0 (0.0) 

Equus spp. 
horses 3 (3) 0.0 (0.0) 0.0 (0.0) 

Equus caballus 
horse I (I) 0.0 (0.0) 0.0 (0.0) 

Artiodactyla 
artiodactyls 240 (242) 16.6 (15 .8) 16.0 (15.1) 513 (515) 14.o (13.0) 13.o 02.1) I 215 (221) 8.9 (8.9) 8.4 (8.3) 

Cervidae 
deer 67 (67) 4.6 (4.3) 4.4 (4.1) 224 (226) 6.1 (5.7) 5.6 (5.3) I 118 ( 118) 4.9 (4.7) 4.6 (4.4) 

Cervus elaphus 
American elk 9 ( 12) 0.6 (0.7) 0.6 (0.7) 24 (37) 0.6 (0.9) 0.6 (0.8) I 101 (101) 4.2 (4.1) 3.9 (3.8) 

e e e 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 
- ---

Taxon Modeling Period 4 Modeling Period 5 
% % % % 

N class total N class total 

Odocoileus hemionus I. 
mule deer 155 (162) 10.7 ( 10.5) 10.3 (10.1) 387 (429) 10.5 (10.8) 9.8 (10.1) 

Antilocapra americana 
pronghorn 6 (9) 0.4 (0.5) 0.4 (0.5) 21 (28) 0.5 (0.7) 0.5 (0.6) 

Anti/ocapra or Ovis spp. 
pronghorn or sheep 5 (5) 0.3 (0.3) 0.3 (0.3) 2 (2) 0.0 (0.0) 0.0 (0.0) 

Ovis spp. 
sheep 

Ovis canadensis 
bighorn 7 (8) 0.4 (0.5) 0.4 (0.4) 18 (19) 0.4 (0.4) 0.4 (0.4) 

Ovis aries 
domestic sheep I (I) 0.0 (0.0) 0.0 (0.0) 

Ovis or Capra spp. 
sheep or ' goat 

Bos taurus 
domestic cow 

Bos or Bison 
cow or bison 

Total Mammalia 1444 (1531) 100.0(100.0)96.3 (95 .6) 3662 (3941) 100.0 ( 100.0) 93 .0 (92.9) 

g (2) (6) 

Modeling Period 6 
% % 

N class total 

212 (218) 8.8 (8 .8) 8.3 (8 .2) 

30 (30) 1.2 ( 1.2) 1.1 ( 1.1) 

40 (44) 1.6 ( 1.7) 1.5 ( 1.6) 

2400 (2461) 100.0 ( 100.0) 94.2 (93 .2) 

(3) 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued m 
"U 
0 

Taxon I Modeling Period 4 Modeling Period 5 Modeling Period 6 :D 
-i 

% % % % % % 
N class total N class total N class total 

Anas spp. 
surface-feeding ducks I I 2 (3) 0.7 (1 .0) 0.0 (0.0) I 1 (l) 0.6 (0.5) 0.0 (0.0) 

Anas p/atyrhynchos 
mallard I I I ( 1) 0.3 (0.3) 0.0 <o.o> 1 2 (2) 1.3 ( 1.1) 0.0 (0.0) 

Oxyura jamaicensis 
ruddy duck 

Falconi formes 
vultures, hawks, and I 5 (5) 9.4 (7.3) 0.3 <0.3> 1 1 (2) 0.3 (0.6) 0.0 (0.0) 

falcons 
Cathartes aura 
turkey vulture I I I 0 ( 1) 0.0 (0.5) 0.0 (0.0) 

Accipitridae 
hawks and eagles I 4 (4) 1.4 ( 1.3) 0.1 (0.0) 

Accipiter spp. 
hawks 0 ( 1) 0.0 (0.3) 0.0 (0.0) 

Accipiter genii/is 
goshawk I ( I ) 0.6 (0.5) 0.0 (0.0) 

Accipiter striatus 
sharp-shinned hawk 2 (2) 1.3 ( 1.1) 0.0 (0.0) 

Accipiter cooperii 
Cooper's hawk 1 (I) 0.3 (0.3) 0.0 (0.0) 1 (I) 0.6 (0.5) 0.0 (0.0) 

Bweo spp. 
buteos 1 (I) 1.8 ( 1.4) 0.0 (0.0) 7 (7) 2.5 (2.3) 0. 1 (0.1) I ( 1) 0.6 (0.5) 0.0 (0.0) 

Bill eo jamaicensis 
red-tailed hawk 5 (6) 1.8 (2.0) 0.1 (0.1) 1 (1) 0.6 (0.5) 0.0 (0.0) 

Bweo Sll'ainsoni 
Swainson's hawk I ( I) 0.6 (0.5) 0.0 (0.0) 

Aquila or Haliaee/lls spp. 
eagles 1 (I) 0.6 (0.5) 0.0 (0.0) 

Aquila chrysae10s 
golden eagle I ( 1) 1.8 (1.4) 0.0 (0.0) 1 (1 ) 0.3 (0.3) 0.0 (0.0) 8 (8) 5.4 (4.4) 0.3 (0.3) 

Haliaeellls leucocephalus 
bald eagle I I I 1 ( 1) 0.6 (0.5 ) 0.0 (0.0) 

e e e ......... __________________ __ 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon Modeling Period 4 Modeling Period 5 Modeling Period 6 
o/o o/o o/o o/o o/o o/o 

N class total N class total N class total 

Falco mexicanus 
prairie falcon 0 (I) 0.0 (0.3) 0.0 (0.0) 

Falco sparverius 
American kestrel I 2 (2) 1.3 ( 1.1) 0.0 (0.0) 

Galliformes 
fowl-like birds 4 (5) 7.5 (7.3) 0.2 (0.3) I (I) 0.3 (0.3) 0.0 (0.0) 

Tetraonidae 
grouse 19 (19) 35.8 (27.9) 1.2 ( 1.11) 41 (45) 15.1 (15 .1) 1.0 ( 1.0) I 42 (49) 28 .7 (27.5) 1.6 ( 1.8) 

Centrocercus urophasianus 
sage grouse I (I) 1.8 ( 1.4) 0.0 (0.0) 2 (2) 0.7 (0.6) 0.0 (0.0) 10 (10) 6.8 (5 .6) 0.3 (0.3) 

Gallus domesticus 
chicken 

Me/eagris gal/opavo 
turkey 16 (28) 30.1 (41.1) 1.0 ( 1.7) 178 ( 189) 65.9 (63.6) 4.5 (4.4) 49 (69) 33.5 (38.7) 1.9 (2.6) 

Grus canadensis 
sandhill crane 2 (2) 0.7 (0.6) 0.0 (0.0) I (I) 0.6 (0.5) 0.0 (0.0) 

Tringa melanoleuca 
greater yellowlegs 0 (I) 0.0 (0.5) 0.0 (0.0) 
enaida macroura 
mourning dove I (I) 0.3 (0.3) 0.0 (0.0) I (I) 0.6 (0.5) 0.0 (0.0) 

Otus asio 
screech owl I (I) 0.3 (0.3) 0.0 (0.0) m 

Buho virginianus 
z 
< 

great horned owl 0 (I) 0.0 ( 1.4) 0.0 (0.0) 4 (4) 1.4 (1.3) 0.1 (0.0) 6 (7) 4.1 (3.9) 0.2 (0.2) ii 
Glaucidiwn gnoma 0 z 
pygmy owl s:: 

Asio spp. m z 
long- or short-eared owl ~ 

Asio otus r 
long-eared owl )> 

::D 
Colaptes aura/lis 0 
common flicker I 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 
"'0 
0 
:n 
-I 

Taxon I Modeling Period 4 Modeling Period 5 Modeling Period 6 
% % % % % % 

N class total N class total N class total 

Passeriformes 
perching birds 2 (2) 3.7 (2.9) 0.1 (0.1) I (2) 0.3 (0.6) 0.0 (0.0) I I (I) 0.6 (0.5) 0.0 (0.0) 

Tyrannus verticalis 
western kingbird I I (I) 0.6 (0.5) 0.0 (0.0) 

Corvidae 
jays, crows, and magpies 2 (2) 0.7 (0.6) 0.0 (0.0) 

Corvus spp. 
raven or crow 0 (I) 0.0 (0.3) 0.0 (0.0) 

Corvus corax 
common raven I (I) 1.8 (1.4) 0.0 (0.0) 6 (6) 2.2 (2.0) 0.1 (0.1) 1 3 (3) 2.0 ( 1.6) 0.1 (0.1) 

Corvus brachyrhynchos 
common crow I (I) 1.8 (1.4) 0.0 (0.0) I (2) 0.3 (0.6) 0.0 (0.0) 

Cyanocilla stel/eri 
Steller's jay 

Cymnorhinus cyanocepha/us 
pinyon jay 

Aphe/ocoma coeru/escens 
scrub jay 

Pica pica 
black-billed magpie I I I 4 (4) 2.7 (2.2) 0.1 (0.1) 

Turdidae 
thrushes and bluebirds 

Sialia currucoides 
mountain bluebird 

Turdus migratorius 
American robin I I 0 (I) 0.0 (0.3) 0.0 (0.0) 

Lanius excubitor 
northern shrike 

Stumel/a spp. 
meadowlarks 

Xanthocepha/us 
xanthocepha/us 
yellow-headed blackbird I I I 0 (I) 0.0 (0.5) 0.0 (0.0) 

e e e 
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Taxon 

Fringillidae 
finch-like birds 

Pipilo chlorura 
green-tailed towhee 

Total Aves 

Reptilia: 
Squamata 
lizards and snakes 

Sauria 
lizard 

Sceloporus undulatus 
e/ongatus 
northern plateau lizard 

Serpentes 
snakes 

Crotaius viridis 
western rattlesnake 

Total Reptilia 

Amphibia: 
Anura 
frogs and toads 

Bufo spp. 
true toads 

Total Amphibia 

Osteichthyes: 
Cypriniformes 
cvorinids 

N 

53 

2 

2 

e 

Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 
-- - -

Modeling Period 4 Modeling Period 5 
% % % % 

class total N class total 

(68) 100.0 (100.0) 3.5 (4.2) 270 (297) I 00.0 ( I 00.0) 6.8 (7.0) 

(2) 100.0 (100.0) 0.1 (0.1 ) I (I) 100.0 ( 100.0) 0.0 (0.0) 

(2) I 00.0 (I 00.0) 0.1 (0.1) I (I) 100.0 ( 100.0) 0.0 (0.0) 

2 (2) I 00.0 (I 00.0) 0.0 (0.0) 

2 (2) I 00.0 (I 00.0) 0.0 (0.0) 

Modeling Period 6 
% 

N class 

146 ( 178) 100.0 ( 100.0) 

% 
total 

5.7 (6.7) 
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Taxon 

Catostomidae 
suckers 

Catostomus spp. 
flannelmouth or bluehead 
sucker 

Total Osteichthyes 

Total assemblage 
-

e 

Table 4.38 - NISP in the identifiable macrofauna) assemblage - Continued 

Modeling Period 4 Modeling Period 5 
% % % % 

N class total N class total 

1499(1601) 100.0 ( 100.0) 3935 (4241) I 00.0 ( I 00.0) 

e 

Modeling Period 6 
% 

N class 

2546 (2639) 

% 
total 

I 00.0 (I 00.0) 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage .- Continued 
------

Taxon I Modeling Period 7 Other* Total 
% % % % % % 

N class total N class total N class total 

Mammalia: 
I nsecti vora 
insectivores 0 (3) 0.0 (0.0) 0.0 (0.0) 

Soricidae 
shrews 0 (I) 0.0 (0.0) 0.0 (0.0) I (2) 0.0 (0.0) 0.0 (0.0) 

Microsorex ho.l'i 
pygmy shrew 8 (8) 0.0 (0.0) 0.0 (0.0) 

Lagomorpha 
pikas, rabbits, and hares 10 (10) 1.3 ( 1.2) 1.2 < u) I I (I) 0.0 (0.0) 0.0 <o.o) 1 21 (21) 0.1 (0.1) 0.0 (0.0) 

Oclwtona princeps 
pika I (I) 0.1 (0.1) 0.1 (0.1) I I (I) 0.0 (0.0) 0.0 (0.0) 

Leporidae 
rabbits and hares 31 (33) 4.0 (4.2) 3.8 (3.8) 83 (83) 1.3 (1.3) 1.3 (1.2) I 258 (260) 1.2 ( 1.2) 1.2 ( 1.1) 

S_l'/vilagus spp. 
cottontails 233 (235) 30.6 (30.0) 28.8 (27.4) 1407 (1437) 23.5 (22.6) 22.3 (21.3) 4888 (4948) 24.4 (23.5) 23.1 (22.2) 

Sylvilagus nulla/Iii 
Nuttall's cottontail 4 (6) 0.5 (0.7) 0.4 (0.7) 18 (23) 0.3 (0.3) 0.2 (0.3) I 61 (76) 0.3 (0.3) 0.2 (0.3) 

S.rlvilagus audubonii 
desert cottontail 14 (14) 1.8 ( 1.7) 1.7 ( 1.6) 46 (48) 0.7 (0.7) 0.7 (0.7) 208 (213) 1.0 (1 .0) 0.9 (0.9) 

Lepus spp. 
jackrabbits 47 (48) 6.1 (6.1) 5.8 (5 .6) 755 (784) t2.6 < t2 .3) 12.0 (lt.6) 1 2776 (2853) 13.8 (13.5) 13.1 (12.8) 

Lepus americanus 
snowshoe hare 9 (10) 0.1 (0.1) 0.1 (0.1) 28 (29) 0.1 (0.1) 0.1 (0.1) m 

Lepus townsendii z 
< 

white-tailed jackrabbit 62 (93) 1.0 (1.4) 0.9 ( 1.3) 121 (209) 0.6 (0.9) 0.5 (0.9) :D 
Lepus cal({ornicus 0 
black-tailed jackrabbit 15 (35) 0.2 (0.5) 0.2 (0.5) 37 (93) 0.1 (0.4) 0.1 (0.4) z 

s:: 
Rodentia m 
rodents 56 (56) 7.3 (7.1) 6.9 (6.5) 137 (137) 2.2 (2.1) 2.1 (2.0) 412 (412) 2.0 ( 1.9) 1.9 ( 1.8) 

z 
~ Sciuridae r 

squirrels 18 (18) 2.3 (2.2) 2.2 (2. 1) 135 (135) 2.2 (2.1) 2.1 (2 .0) 538 (542) 2.6 (2.5) 2.5 (2.4) )> 

Ewamias spp. :D 
() 

chipmunks 0 (I) 0.0 (0.0) 0.0 (0.0) I (2) 0.0 (0.0) 0.0 (0.0) :I: 
)> 
m 
0 
r 

N 0 
.j:. (j) 
w -< 



N "'T1 

""'" z 
""'" )> 

r 
::Il 

Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 
m ., 
0 
::Il 

Taxon I Modeling Period 7 Other* 

I 
Total --i 

% % % % % % 
N class total N class total N class total 

Marmot a .f/avivemris 
yellow-bellied marmot I 2 (2) 0.2 (0.2) 0.2 <0.2l 1 183 (208) 3.0 (3.2) 2.9 o.o) I 522 (565) 2.6 (2.6) 2.4 (2 .5) 

Amnospermophilus leucurus 
white-tailed antelope I I 2 (2) 0.0 (0.0) 0.0 (0.0) I 2 (2) 0.0 (0.0) 0.0 (0.0) 

squirrel 
Spermophilus spp. 
ground squirrels I (4) 0.0 (.0.0) 0.0 (G.O) I 3 (6) 0.0 (0.0) 0.0 (0.0) 

Spermophilus spi/osoma 
spotted ground squirrel 41 (42) 0.6 (0.6) 0.6 <0.6l I 101 (104) 0.5 (0.4) 0.4 (0.4) 

Spermophilus latera/is 
golden-mantled ground 2 (2) 0.2 (0.2) 0.2 (0.2) 9 (II) 0.1 (0.1) 0.1 <O. tl I 39 (46) 0.1 (0.2) 0.1 (0.2) 

squirrel 
Spermophilus variegatus 
rock squirrel 8 (9) 1.0 (1.1) 0.9 ( 1.0) 127 (138) 2.1 (2.1) 2.0 (2.0) I 279 (307) 1.3 ( 1.4) 1.3 ( 1.3) 

Cynomys gunnisoni 
Gunnison 's prairie dog 60 (60) 7.9 (7.6) 7.4 (7.0) 165 . (172) 2.7 (2.7) 2.6 <2.5) I 815 (847) 4.0 (4.0) 3.8 (3.8) 

Geomyidae 
pocket gophers I (I) 0.0 (0.0) 0.0 <O.Ol I 4 (4) 0.0 (0.0) 0.0 (0.0) 

Thomomys spp. 
pocket gophers 9 (9) 1.1 ( 1.1) 1.1 (1 .0) 151 (164) 2.5 (2 .5) 2.4 (2.4) I 382 (404) 1.9 ( 1.9) 1.8 ( 1.8) 

Thomomys bottae 
valley pocket gopher II (II) 1.4 (1.4) 1.3 ( 1.2) II (13) 0.1 (0.2) 0.1 <O.Il I 99 (101) 0.4 (0.4) 0.4 (0.4) 

Thomomys ta/poides 
northern pocket gopher I 0 (I) 0.0 (0.1) 0.0 <O.Il I I (I) 0.0 (0.0) 0.0 <o.o) I I (2) 0.0 (0.0) 0.0 (0.0) 

Heteromyidae 
pocket mice, kangaroo rat I I I 0 (8) 0.0 (0.0) 0.0 (0.0) 

Perognathus apache 
Apache pocket mouse 0 ( I) 0.0 (0.0) 0.0 <o.o) I 8 (12) 0.0 (0.0) 0.0 (0.0) 

Dipodomys ordii 
Ord's kangaroo rat 0 (I) 0.0 (0.1) 0.0 (0. 1) 0 (2) 0.0 (0.0) 0.0 (0.0) I 0 (9) 0.0 (0.0) 0.0 (0.0) 

CasLOr canadensis 
beaver 17 (17) 2.2 (2.1) 2.1 (1.9) 74 (81) 1.2 (1.2) 1.1 ( 1.2) 211 (225) 1.0 (1.0) 0.9 (1.0) 

e e e 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon I Modeling Period 7 Other• Total 
% % % % % % 

N class total N class total N class total 

Cricetidae 
New World rats and mice II ( 11) 1.4 (1.4) 1.3 ( 1.2) 13 (13) 0.2 (0.2) 0.2 <O.t > 1 106 (106) 0.5 (0.5) 0.5 (0.4) 

Peromyscus spp. 
white-footed mice 17 ( 18) 2.2 (2.2) 2.1 (2.1) 149 (154) 2.4 (2.4) 2.3 (2.2) 1 375 (382) 1.8 ( 1.8) 1.7 (1.7) 

Peromyscus maniculatus 
deer mouse 0 (9) 0.0 (0.1) 0.0 <O.t) 1 0 (9) 0.0 (0.0) 0.0 (0.0) 
Peromyscus boylii or truei 
brush or pinyon mouse 2 (2) 0.2 (0.2) 0.2 (0.2) 2 (2) 0.0 (0.0) 0.0 (O.o) 1 13 (13) 0.0 (0.0) 0.0 (0.0) 

Onochomys leucogaster 
northern grasshopper mouse 

Neotoma spp. 
wood rats 24 (30) 3.1 (3.8) 2.9 (3.5) I 117 (124) 1.9 ( 1.9) 1.8 < t.8> I 382 (403) 1.9 ( 1.9) 1.8 ( 1.8) 

Neotoma cinerea 
bushy-tailed wood rat 7 (7) 0.9 (0.8) 0.8 (0.8) 27 (28) 0.4 (0.4) 0.4 (0.4) I 40 (43) 0.1 (0.2) 0.1 (0.1) 

Neotoma mexicana 
Mexican wood rat I (I) 0.1 (0.1) 0.1 (0.1) 

(0.9) I 
6 (7) 0.0 (0.0) 0.0 (0.0) 

Microtus spp. 
voles 16 (18) 2.1 (2.2) 1.9 (2.1) 65 (66) 1.0 (1.0) 1.0 114 (124) 0.5 (0.5) 0.5 (0.5) 

Microtus montanus 
montane vole I (I) 0.0 (0.0) 0.0 (0.0) 20 (20) 0.0 (0.0) 0.0 (0.0) 

Microtus longicaudus 
long-tailed vole I (I) 0.0 (0.0) 0.0 (0.0) 3 (7) 0.0 (0.0) 0.0 (0.0) m 

Microtus mexicanus z 
< 

Mexican vole 3 (3) 0.3 (0.3) 0.3 (0.3) 0 (4) 0.0 (0.0) 0.0 (0.0) 8 (12) 0.0 (0.0) 0.0 (0.0) :0 
Microtus pennsylvanicus 0 z 
meadow vole 0 (I) 0.0 (0.0) 0.0 (0.0) s:: 

Ondatra zibethicus m z 
muskrat 2 (2) 0.2 (0.2) 0.2 (0.2) 2 (2) 0.0 (0.0) 0.0 (0.0) 8 (9) 0.0 (0.0) 0.0 (0.0) ~ 

Zapodidae r 
jumping mice I (I) 0.0 (0.0) 0.0 (0.0) )> 

JJ 
Erethizon dorsatum () 

porcupine 2 (2) 0.2 (0.2) 0.2 (0.2) 91 (94) 1.5 ( 1.4) 1.4 (1.3) 297 (327) 1.4 ( 1.5) 1.4 ( 1.4) J: 
)> 
m 
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Table 4.38 - NJSP in the identifiable macrofauna! assemblage - Continued 0 
:n 
-1 

Taxon I Modeling Period 7 Other• Total 
% % % % % % 

N class total N class total N class total 

Carnivora 
carnivores 3 (3) 0.3 (0.3) 0.3 (0.3) 39 (39) 0.6 (0.6) 0.6 (0.5) I 113 (114) 0.5 (0.5) 0.5 (0.5) 

Canidae 
can ids 2 (2) 0.2 (0.2) 0.2 (0.2) 23 (27) 0.3 (0.4) 0.3 (0.4) I 80 (93) 0.3 (0.4) 0.3 (0.4) 

Canis spp. 
dog, coyote, or wolf I (I) 0.1 (0.1) 0.1 (0.1) 85 ( 112) 1.4 (I. 7) 1.3 ( 1.6) 290 (348) 1.4 ( 1.6) 1.3 ( 1.5) 

Canis familiaris 
domestic dog I 34 (43) 0.5 (0.6) 0.5 <0.6l I 424 (451) 2.1 (2.1) 2.0 (2 .0) 

Canisfamiliaris or /atrans 
dog or coyote 

I 

2 (2) 0.0 (0.0) 0.0 (0.0) I 12 (12) 0.0 (0.0) 0.0 (0.0) 
Canis latrans 
coyote 4 (4) 0.5 (0.5) 0.4 (0.4) 27 (33) 0.4 (0.5) 0.4 (0.4) 86 (92) 0.4 (0.4) 0.4 (0.4) 

Canis lupus 
gray wolf I I 2 (3) 0.0 (0.0) 0.0 <O.o) I 8 ( 11) 0.0 (0.0) 0.0 (0.0) 

Vu/pes spp. 
red or kit foxes 

( 1.0) I 
0 (I) 0.0 (0.0) 0.0 (0.0) I 0 (2) 0.0 (0.0) 0.0 (0.0) 

Vu/pes vu/pes 
red fox 9 (9) 1.1 ( 1.1) 1.1 32 (42) 0.5 (0.6) 0.5 (0.6) 104 (120) 0.5 (0.5) 0.4 (0.5) 

Vu/pes or Urocyon spp. 
foxes 

I 

2 (2) 0.0 (0.0) 0.0 (O.o) I 6 (6) 0.0 (0.0) 0.0 (0.0) 

Urocyon cinereoargenteus 
gray fox 9 (9) 0.1 (0.1) 0.1 (0.1) I 10 ( 10) 0.0 (0.0) 0.0 (0.0) 

Ursus spp. 
bears I I 7 (9) 0.1 (0.1) 0.1 (O.! l I 25 (30) 0.1 (0.1) 0.1 (0.1) 

Ursus americanus 
black bear I I I (I) 0.0 (0.0) 0.0 <O.o) I 4 (5) 0.0 (0.0) 0.0 (0.0) 

Bassariscus astutus 
ringtail I I I 3 (3) 0.0 (0.0) 0.0 (0.0) 

Mustelidae 
mustelids I I 2 (2) 0.0 (0.0) 0.0 <O.o) I 3 (4) 0.0 (0.0) 0.0 (0.0) 

Martes americana 
marten I I 2 (3) 0.0 (0.0) 0.0 (0.0) I 4 (6) 0.0 (0.0) 0.0 (0.0) 

e e e 



e e e 

Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon I Modeling Period 7 Other* Total 
% % % % % % 

N class total N class total N class total 

Mustela spp. 
weasels 4 (4) 0.0 (0.0) 0.0 (0.0) 18 (18) 0.0 (0.0) 0.0 (0.0) 

Muste/a vison 
mink I I I (I) 0.0 (0.0) 0.0 <O.o> I I (I) 0.0 (0.0) 0.0 (0.0) 

Mus tela frenata 
long-tailed weasel I I (I) 0.1 (0.1) 0.1 (0.1 > I 5 (5) 0.0 (0.0) 0.0 (0.0) I 14 (14) 0.0 (0.0) 0.0 (0.0) 

Gulo gulo 
wolverine I I I I (I) 0.0 (0.0) 0.0 (0.0) 

Taxidea laxus 
badger I 3 (3) 0.3 (0.3) 0.3 <0.3) I 8 (10) 0.1 (0.1) 0.1 <o.t > I 26 (32) 0.1 (0.1) 0.1 (0.1) 

Spi/oga/e putorius 
spotted skunk I I 6 (6) 0.1 (0.0) 0.0 (0.0) I 8 (8) 0.0 (0.0) 0.0 (0.0) 

Mephitis mephitis 
striped skunk I I 25 (25) 0.4 (0.3) 0.3 (0.3) I 26 (27) 0.1 (0.1) 0.1 (0.1) 

Felidae 
cats 

I I 
0 (I) 0.0 (0.0) 0.0 <O.o) I 0 (I) 0.0 (0.0) 0.0 (0.0) 

Lynx spp. 
bobcat or lynx 2 (4) 0.0 (0.0) 0.0 (O.o) I 8 ( 11) 0.0 (0.0) 0.0 (0.0) 

Lynx rufus 
bobcat 5 (6) 0.6 (0.7) 0.6 (0.7) 39 (44) 0.6 (0.6) 0.6 (0.6) I 96 (105) 0.4 (0.5) 0.4 (0.4) 

Felis concolor 
mountain lion I (2) 0.0 (0.0) 0.0 (0.0) m 

Equus spp. z 
< 

horses 3 (3) 0.0 (0.0) 0.0 (0.0) 6 (6) 0.0 (0.0) 0.0 (0.0) ii 
Equus cabal/us 0 z 
horse I (I) 0.0 (0.0) 0.0 (0.0) 2 (2) 0.0 (0.0) 0.0 (0.0) s:: 

Artiodactyla m z 
artiodactyls 41 (43) 5.4 (5.4) 5.0 (5.0) 775 (779) 12.9 (12.2) 12.3 (11.5) 2167 (2191) 10.8 (10.4) 10.2 (9.8) ~ 

Cervidae r 
deer 2 (2) 0.2 (0.2) 0.2 (0.2) 169 (169) 2.8 (2 .6) 2.6 (2.5) 1016 (1019) 5.0 (4.8) 4.8 (4.5) )> 

Cervus elaphus 
JJ 
() 

American elk 6 (6) 0.7 (0.7) 0.7 (0.7) 42 (48) 0.7 (0.7) 0.6 (0.7) 190 (216) 0.9 (1 .0) 0.8 (0.9) ' I 
)> 
m 
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Taxon 

Odocoileus hemionus 
mule deer 

Antilocapra americana 
pronghorn 

Antilocapra or Ovis spp. 
pronghorn or sheep 

Ovis spp. 
sheep 

Ovis canadensis 
bighorn 

Ovis aries 
domestic sheep 

Ovis or Capra spp. 
sheep or goat 

Bos taurus 
domestic cow 

Bos or Bison 
cow or bison 

Total Mammalia 

Aves: 
Gaviiforrnes 
loons 

Ciconiformes 
deep water waders 

Anatidae 
geese and ducks 

Anserinae 
geese 

Branta canadensis 
Canada 11.oose 

e 

Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Modeling Period 7 Other* 
% % % % 

N class total N class total 

64 (66) 8.4 (8.4) 7.9 (7.7) 578 (628) 9.6 (9.9) 9.1 (9.3) 

3 (3) 0.3 (0.3) 0.3 (0.3) 24 (31) 0.4 (0.4) 0.3 (0.4) 

I (I) 0.0 (0.0) 0.0 (0.0) 

2 (2) 0.0 (0.0) 0.0 (0.0) 

7 (7) 0.9 (0.8) 0.8 (0.8) 61 (71) 1.0 ( 1.1) 0.9 ( 1.0) 

4 (4) 0.0 (0.0) 0.0 (0.0) 

4 (4) 0.0 (0.0) 0.0 (0.0) 

38 (40) 0.6 (0.6) 0.6 (0.5) 

I (I) 0.0 (0.0) 0.0 (0.0) 

759 (783) 100.0 (100.0) 93.8 (91.5) 5962 (6336) 100.0 ( 100.0) 94.8 (94.2) 

(3) (0.) 

e 

Total 
% % 

N class total 

1731 (1851) 8.6 (8.8) 8.1 (8.3) 

115 (132) 0.5 (0.6) 0.5 (0.5) 

8 (8) 0.0 (0.0) 0.0 (0.0) 

2 (2) 0.0 (0.0) 0.0 (0.0) 

161 (179) 0.8 (0.8) 0.7 (0.8) 

7 (7) 0.0 (0.0) 0.0 (0.0) 

4 (4) 0.0 (0.0) 0.0 (0.0) 

49 (51) 0.2 (0.2) 0.2 (0.2) 

I (I) 0.0 (0.0) 0.0 (0.0) 

20 031 (20 979) 100.0 (I 00.0) 94.7 (94.2) 

I (I) 0.0 (0.0) 0.0 (0.0) 

0 (4) 0.0 (0.3) 0.0 (0.0) 

2 (2) 0.1 (0.1) 0.0 (0.0) 

II (II) 1.0 (0.8) 0.0 (0.0) 

12 (19) 1.1 ( 1.5) 0.0 (o.o: 
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Table 4.38 - NISP in the identifiable macrofauna( assemblage - Continued 

Taxon I Modeling Period 7 Other* Total 
% % % % % % 

N class total N class total N class total 

Anas spp. 
surface-feeding ducks I (I) 2.0 ( 1.5) 0.1 (0.1) I (I) 0.3 (0.2) 0.0 (0.0) 6 (7) 0.5 (0.5) 0.0 (0.0) 

Anas platyrh.vnchos 
mallard 

I 

3 (4) 0.2 (0.3) 0.0 (0.0) 
Oxyura jamaicensis 
ruddy duck 5 (6) 0.4 (0.4) 0.0 (0.0) 

Falconi formes 
vultures, hawks, and 0 (5) 0.0 (7.8) 0.0 (0.5) 3 (4) 1.0 (1.1) 0.0 <o.o) 1 12 (19) 1.1 ( 1.5) 0.0 (0.0) 

falcons 
Cathartes aura 
turkey vulture I I 0 (2) 0.0 (0.5) 0.0 (O.Ol I I (8) 0.0 (0.6) 0.0 (0.0) 

Accipitridae 
hawks and eagles I 4 (4) 8.3 (6.2) 0.4 <OAl I 14 ( 14) 4.7 (3 .9) 0.2 <0.2l I 22 (22) 2.0 ( 1.7) 0.1 (0.0) 

Accipiter spp. 
hawks 

I I (0.0) I 
0 (I) 0.0 (0.0) 0.0 (0.0) 

Accipiter gentilis 
goshawk I ( I) 0.3 (0.2) 0.0 2 (2) 0.1 (0.1) 0.0 (0.0) 

Accipiter st riallls 
sharp-shinned hawk I I 5 (5) 1.6 ( 1.4) 0.0 <O.ol I 7 (7) 0.6 (0.5) 0.0 (0.0) 

Accipiter cooperii 
Cooper's hawk I I I 2 (2) 0.1 (0.1) 0.0 (0.0) 

Bweo spp. 
buteos 3 (3) 6.2 (4.6) 0.3 (0.3) 7 (8) 2.3 (2.2) 0.1 (0.1) 19 (20) 1.7 ( 1.6) 0.0 (0.0) m 

Bweo jamaicensis z 
< red-tailed hawk 0 (2) 0.0 (0.5) 0.0 (0.0) 7 (10) 0.6 (0.8) 0.0 (0.0) :Ii 

Bllleo swainsoni 0 
Swainson's hawk I (I) 0.0 (0.0) 0.0 (0.0) z 

~ 
Aquila or Haliaeetus spp. m 
eagles 0 (I) 0.0 ( 1.5) 0.0 (0.1) 2 (2) 0.6 (0.5) 0.0 (0.0) 3 (4) 0.2 (0.3) 0.0 (0.0) z 

~ Aquila chrysae/os r 
golden eagle 2 (2) 0.6 (0.5) 0.0 (0.0) 16 (16) 1.5 (1.2) 0.0 (0.0) )> 

Haliaeetus leucocephalus :0 
() 

bald eagle I (I) 0.0 (0.0) 0.0 (0.0) J: 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 0 
::D 
-i 

Taxon I Modeling Period 7 Other* 

I 
Total 

% % % % % % 
N class total N class total N class total 

Falco mexicanus 
prairie falcon I 0 ( I ) 0.0 (0.0) 0.0 (0.0) 

Falco sparverius 
American kestrel 0 {I ) 0.0 (0.2) 0.0 (0.0) 16 (17) 1.5 ( 1.3) 0.0 (0.0) 

Galliformes 
fowl-like birds I {I) 2.0 ( 1.5) 0.1 (0.1) 5 (6) 1.6 ( 1.6) 0.0 (0.0) 12 (14) 1.1 ( 1.1) 0.0 (0.0) 

Tetraonidae 
grouse 13 (13) 27.0 (20.3) 1.6 ( 1.5) 106 ( 118) 35.6 (33 .3) 1.6 ( 1.7) 302 (331 ) 28 .5 (26.7) 1.4 ( 1.4) 

Cemrocercus urophasianus 
sage grouse I (I ) 2.0 ( 1.5) 0.1 (0.1) 4 (4) 1.3 ( 1.1) 0.0 (0.0) 18 (18) 1.6 ( 1.4) 0.0 (0.0) 

Gallus domesticus 
chicken I (I) 0.3 (0.2) 0.0 (0.0) I {I) 0.0 (0.0) 0.0 (0.0) 

Meleagris gallopavo 
turkey 10 ( 17) 20.8 (26 .5) 1.2 ( 1.9) 73 (90) 24.5 (25.4) 1.1 (1.3) 386 (464) 36.4 (37.5 ) 1.8 (2.0) 

Grus canadensis 
sandhill crane I (I) 2.0 ( 1.5) 0.1 (0.1) 4 (6) 1.3 ( 1.6) 0.0 (0.0) 28 (34) 2.6 (2.7) 0.1 (0.1) 

Tringa melanoleuca 
greater yellowlegs 0 {I ) 0.0 (0.0) 0.0 (0.0) 

Zenaida macroura 
mourning dove 0 (2) 0.0 (0.5) 0.0 (0.0) 3 (6) 0.2 (0.4) 0.0 (0.0) 

Ollis asia 
screech owl I ( I ) 0.0 (0.0) 0.0 (0.0) 

Bubo virginianus 
great horned owl 4 (7) 1.3 ( 1.9) 0.0 (0.1 ) 16 (21 ) 1.5 ( 1.6) 0.0 (0.0) 

Glaucidium gnoma 
pygmy owl I (I ) 0.3 (0.2) 0.0 <O.o> I I (I ) 0.0 (0.0) 0.0 (0.0) 

Asia spp. 
long- or short-eared owl 

(0.0) I 
I ( I ) 0.0 (0.0) 0.0 (0.0) 

Asia OlliS 

long-eared owl I ( I ) 0.3 (0.2) 0.0 I ( I ) 0.0 (0.0) 0.0 (0.0) 
Colaptes auratus 
common flicker I I I ( I ) 0. 3 (0.2) 0.0 (0.0) I 7 (7) 0.6 (0.5) 0.0 (0.0) 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon I Modeling Period 7 Other* Total 
o/o o/o o/o o/o o/o o/o 

N class total N class total N class total 

Passeriformes 
perching birds 4 (4) 8.3 (6.2) 0.4 (0.4) 27 (28) 9.0 (7.9) 0.4 (0.4) 50 (52) 4.7 (4.2) 0.2 (0.2) 

Trrannus venicalis 
western kingbird 

I (0.8) I 
I (I) 0.0 (0.0) 0.0 (0.0) 

Corvidae 
jays. crows. and magpies 7 (7) 14.5 (10.9) 0.8 I (2) 0.3 (0.5) 0.0 (0.0) I 12 (13) 1.1 (1.0) 0.0 (0.0) 

Corvus spp. 
raven or crow I 0 (I) 0.0 (0.0) 0.0 (0.0) 

Corl'US corax 
common raven 14 (17) 4.7 (4.8) 0.2 (0.2) 1 28 (31) 2.6 (2.5) 0.1 (0.1) 

Corl'us hrachrrhynchvs 
common crow 2 (3) 0.6 (0.8) 0.0 <O.o) 1 5 (7) 0.4 (0.5) 0.0 (0.0) 

C'_l'ilnocilla sielleri 
Steller's jay 0 (I) 0.0 ( 1.5) 0.0 (0.1) 5 (6) 1.6 (1.6) 0.0 (O.Ol I 5 (7) 0.4 (0.5) 0.0 (0.0) 

G,lmnorhinus cyanocephalus 
pinyon jay I 0 (2) 0.0 (3.1) 0.0 (0.2) 1 I 0 (2) 0.0 (0.1) 0.0 (0.0) 

Aphelocoma cuerulescens 
scrub jay I 3 (3) 6.2 (4.6) 0.3 (0.3) 1 2 (2) 0.6 (0.5) 0.0 (O.Ol I 5 (5) 0.4 (0.4) 0.0 (0.0) 

Pica pica 
black-billed magpie 3 (3) 1.0 (0.8) 0.0 (O.Ol I 10 (10) 0.9 (0.8) 0.0 (0.0) 

Turdidae 
thrushes and bluebirds I (I) 0.3 (0.2) 0.0 (0.0) I (I) 0.0 (0.0) 0.0 (0.0) 

Sialia currucvides m 
mountain bluebird 0 (I) 0.0 (0.2) 0.0 (0.0) 0 (I) 0.0 (0.0) 0.0 (0.0) 

z 
< 

Turdus migra[l)rius J5 
American robin 2 (2) 0.6 (0.5) 0.0 (0.0) 2 (4) 0.1 (0.3) 0.0 (0.0) 0 z 

Lanius excubi[l)r !'::: 
northern shrike I (I) 0.3 (0.2) 0.0 (0.0) I (I) 0.0 (0.0) 0.0 (0.0) 

m z 
S!urnella spp. );! 
meadowlarks I (I) 0.0 (0.0) 0.0 (0.0) r 

Xamhocephalus )> 
::D 

xamhvcephalus (") 

yellow-headed blackbird 0 (I) 0.0 (0.0) 0.0 (0.0) I 
)> 
m 
0 
r 

N 0 
VI G) 

-< 
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Vl 
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Taxon 

Fringill idae 
finch-like bi rds 

Pipi/o chlorura 
green-tai led towhee 

Total Aves 

Reptilia: 
Squamata 
lizards and snakes 

Sauria 
li zard 

Sce/oporus undulatus 
elongatus 

northern plateau lizard 
Serpentes 
snakes 

Crotalus viridis 
western rattlesnake 

Total Reptilia 

Amphibia: 
Anura 
frogs and toads 

Bufo spp. 
true toads 

Total Amphibia 

yp 

e 

N 

48 

2 

2 

Table 4.38 - NISP in the identifiable macrofauna! assemblage- Continued 
-

Modeling Period 7 Other* 
% % % % 

class total N class total 

(64) 100.0 (100.0) 5.9 (7.4) 297 (354) 100.0 ( 100.0) 4.7 (5.2) 

3 (3) 30.0 (27.2) 0.0 (0.0) 

(2) 100.0 (100.0) 0.2 (0.2) I ( I) 10.0 (9.0) 0.0 (0.0) 

I (I) 10.0 (9.0) 0.0 (0.0) 

5 (5) 50.0 (45.4) 0.0 (0.0) 

0 (I) 0.0 (9.0) 0.0 (0.0) 

(2) 100.0 ( 100.0) 0.2 (0.2) 10 ( II ) 100.0 ( 100.0) 0. 1 (0 .1 ) 

17 ( 17) 100.0 ( 100.0) 0.2 (0.2) 

17 (17) 100.0 (100.0) 0.2 (0.2) 

I (I) 50.0 (25.0) 0.0 (0.0) 

e 

Total 
% 

N class 

I (I) 0.0 (0.0) 

II (12) 1.0 (0.9) 

1059 ( 1237) 100.0 (100.0) 

3 (3) 20.0 (18 .7) 

3 (3) 20.0 ( 18.7) 

I ( I) 6.6 (6.2) 

8 (8) 53.3 (50.0) 

0 ( I) 0.0 (6.2) 

15 ( 16) 100.0 ( 100.0) 

21 (21) 91.3 (91.3) 

2 (2) 8.6 (8.6) 

23 (23) 100.0 ( 100.0) 

I (I) 50.0 CIO.Ol 

% 
total 

0.0 (0.0) 

0.0 (0.0) 

5.0 (5.5) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.1 (0. 1) 

0.0 CO.Ol 

e 
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Table 4.38 - NISP in the identifiable macrofauna! assemblage - Continued 

Taxon Modeling Period 7 Other* 
% % % % 

N class total N class total 

Catostomidae 
suckers 0 (6) 0.7 (100.0) 0.0 (0.7) 0 (2) 0.0 (50.0) 0.0 (0.0) 

Catostomus spp. 
flannelmouth or bluehead I (I) 50.0 (25.0) 0.0 (0.0) 
suckers 

Total Osteichthyes 0 (6) 100.0 ( 100.0) 0.0 (0.7) 2 (4) 100.0 (100.0) 0.0 (0.0) 

Total assemblage 809 (855) 100.0 (100.0) 6288 (6722) 100.0 ( 100.0) 

Figures in parentheses indicate counts and percentages when bones that compare favorably to that taxon are included. 
NISP- Number of individual specimens. 
* Identifiable at least to order. 
t Other - Not assigned to period. 

Total 
% 

N class 

0 (8) 0.0 (80.0) 

I (I) 50.0 ( 10.0) 

2 ( 10) 100.0 (100.0) 

21 130 (22 265) 

% 
total 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

100.0 (100.0) 
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Table 4 39 - NISP in the identifiable microfauna! assemblage• 

Taxon % % 
N class total 

Mammalia: 
Soricidae 
shrews 72 (72) 20.3 (19.7) 19.4 (18.8) 

Lagomorpha 
pikas, rabbits, and hares 2 (2) 0.6 (0.6) 0.5 (0.5) 

Leporidae 
rabbits and hares I (I) 0.3 (0.3) 0.3 (0.3) 

S.vlvi/agus spp. 
cottontails 94 (98) 26.5 (26.9) 25.3 (25.6) 

Sylvilagus nuttallii 
Nuttall's cottontail I (I) 0.3 (0.3) 0.3 (0.3) 

Sylvi/agus audubonii 
desert cottontail I (I) 0.3 (0.3) 0.3 (0.3) 

Lepus spp. 
jackrabbits 25 (26) 7.1 (7.1) 6.7 (6.8) 

Rodentia 
rodents 17 (17) 4.8 (4.7) 4.6 (4.4) 

Sciuridae 
squirrels 7 (7) 2.0 (1.9) 1.9 (1.8) 

Marmot a flaviventris 
yellow-bellied marmot 2 (2) 0.6 (0.6) 0.5 (0.5) 

Spermophi/us latera/is 
golden-mantled ground 3 (3) 0.9 (0.8) 0.8 (0.8) 

squirrel 
Spermophilus variegatu.s 
rock squirrel I (I) 0.3 (0.3) 0.3 (0.3) 

Cynomys gunnisoni 
Gunnison's prairie dog 16 (16) 4.5 (4.4) 4.3 (4.2) 

Thomomys spp. 
pocket gophers 10 (10) 2.8 (2.7) 2.7 (2.6) 

Thomomys bottae 
valley pocket gopher 2 (2) 0.6 (0.6) 0.5 (0.5) 

Cricetidae 
New World rats and mice 6 (6) 1.7 ( 1.7) 1.6 (1.6) 

Peromyscus spp. 
white-footed mice 58 (58) 16.3 (15.9) 15.6 (15 .1) 

Peromyscus maniculatus 
deer mouse 0 (4) 0.0 (I. I) 0.0 (1.0) 

Peromyscus boylii or truei 
brush or pinyon mouse 6 (6) 1.7 ( 1.7) 1.6 (1.6) 

Neotoma spp. 
wood rats 5 (5) 1.4 (1.4) 1.3 (1.3) 

Microtus spp. 
voles 8 (8) 2.2 (2.2) 2.2 (2.1) 

Erethizon dorsatum 
porcupine 5 (5) 1.4 ( 1.4) 1.3 (1.3) 

Canis familiaris 
domestic dog I (I) 0.3 (0.3) 0.3 (0.3) 

Vulpes vulpes 
red fox 3 (3) 0.9 (0.9) 0.8 (0.8) 

Artiodactyla 
artiodactyls 5 (5) 1.4 (1.4) 1.3 (1.3) 

Cervus e/aphus 
Americn elk 0 (I ) 0.0 (0.3) 0.0 (0.3) 

Odocoileus hemionus 
mule deer 4 (4) 1.1 (1.1) 1.1 (1.0) 

Total Mammalia 355 (365) 100.0 (100.0) 95.5 (95 .4) 

Aves: 
Me/eagris gal/opavo 
turkey 4 (4) 28.6 (26.7) 1.1 (1.0) 

Colaptes aura/us 
common flicker I (I) 7.1 (6.7) 0.3 (0.3) 

Passcriformes 
perching birds 9 (9) 64.3 (60.0) 2.4 (2.4) 

Cyanocitta stelleri 
Steller's jay 0 (I) 0.0 (6.7) 0.0 (0.3) 

Total Aves 14 (15) 100.0 (100.0) 3.8 (4.0) 

Reptilia: 
Serpentes 
snakes I (I) 33.4 (33.4) 0.3 (0.3) 

Pituophis melano/eucus 
gopher snake 2 (2) 66.7 (66.7) 0.5 (0.5) 

Total Reptilia 3 (3) 100.0 (100.0) 0.8 (0.8) 

Total assemblage 372 (383) 100.0 (100.0) 

• Identifiable at least to order. 
Figures in parentheses indicate counts and percentages when bones that compare 
favorably to that taxon are included. 
NISP - Number of individual specimens. 
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all the Dolores black-tailed and white-tailed jackrabbit 
remains as Lepus spp. 

Because good reason exists to expect both species in 
the Dolores vicinity, some important biogeographical 
implications might result from the resolution of this 
problem. Armstrong ( 1972:90) states that the white
tailed jackrabbit occurs in mountain parks in south
western Colorado, while the black-tailed jackrabbit is 
found in dry valley habitats. Records of white-tailed 
jackrabbits in pinyon-juniper woodlands, ponderosa 
pine forests, scrub oak or mountain brush, sagebrush, 
and mountain meadows in southwestern Colorado have 
been summarized in Bissell and Dillon ( 1982:7) and 
Neusius ( 1985a:table 13). The black-tailed jackrabbit is 
known from pinyon-juniper woodland and scrub oak 
or mountain brush habitat types according to these 
same sources_ 

Most importantly, the Escalante Sector is situated close 
to the juncture of the modern ranges of these 2 species. 
It is known that the range of the black-tailed jackrabbit 
has expanded at the expense of the white-tailed jack
rabbit in eastern Colorado during historic times. Al
though Armstrong ( 1972:90) discounts it due to the 
complex topography, there is at least a possibility of 
range change in southwestern Colorado as well. The 
Dolores data may be an important indication of such 
change, particularly if, in contrast to the modern sit
uation, the white-tailed jackrabbit proves to be more 
common than the black-tailed jackrabbit. 

Rodentia - Rodents 

A fairly large number of remains have been assigned to 
the order Rodentia; some of these, mostly incisoriform 
teeth fragments , could not be identified further_ Since 
a wide variety of rodents are known to occur in Col
orado (Armstrong 1972:94) and in the Escalante Sector, 
the presence of rodent bone is not at all surprising. The 
key question raised is whether these represent intrusive 
individuals, or the prey of the Dolores Anasazi. No 
simple resolution to this problem is available, but the 
figures in tables 4.38 and 4.39 have been adjusted in 
all analyses so as to remove bones from rodent burrows 
or other obviously disturbed contexts-

Sciuridae - Squirrels 

According to Armstrong (1972:9 5-96), 18 squirrel spe
cies occur today in Colorado_ Ten species are recorded 
from southwestern Colorado (Bissell and Dillon 
1982:8-10): chipmunk (Eutamias minimus, Eutamias 
quadrivittatus), yellow-bellied marmot (Marmota jlavi
ventris), white-tailed antelope squirrel (Ammospermo
philus leucurus), ground squirrel (Spermophilus 



spilosoma, Spermophi!us latera/is), Spermophilus varie
gatus, Gunnison's prairie dog (Cynomys gunnisoni), 
Abert's squirrel (Sciurus aberti), and chickaree (Tam
iasciurus hudsonicus). The lack of the more boreal 
Abert's squirrel and chickaree in the DAP assemblage 
should be noted, as it does not result from inadequate 
comparative materials, and there is no reason to expect 
that the remains of these species would be less well 
preserved than other remains. 

Eutamias spp. - Chipmunks 

Two species of chipmunk, the least chipmunk, (Euta
mias minimus) and the Colorado chipmunk (Eutamias 
quadrivittatus), are known from southwestern Colorado 
(Bissell and Dillon 1982:8; Armstrong 1972:96-113). 
The least chipmunk has the broader range of the 2 and 
inhabits a variety of habitats in southwestern Colorado, 
including ponderosa pine forest, pinyon-juniper, scrub 
oak, or mountain brush, mountain meadows, aspen 
stands, and riparian woodland (Neusius 1985a:table 
13). The Colorado chipmunk is known from the 
ponderosa pine, pinyon-juniper, and scrub oak or 
mountain brush habitat types. These species of chip
munk are quite similar in appearance, and Armstrong 
( 1972: I 06) recommends careful study of their ecology 
and morphology (refer to Telleen [ 1978] for informa
tion on E. minimus elsewhere in Colorado). 

Marmota flaviventris - Yellow-bellied Marmot 

The yellow-bellied marmot is the largest member of the 
squirrel family found in southwestern Colorado. Ac
cording to Armstrong ( 1972: 113), it is largely confined 
to the mountainous areas and prefers rocky outcrops 
between about 1650 and 4200 m (5400 and 13 760ft.) 
It is known to occur near rock outcrops in several of 
the habitat types in the Escalante sector, including 
pinyon-juniper woodland, scrub oak or mountain 
bursh, and riparian transition woodlands (Bissell and 
Dillon 1982:8). 

Amnospermophilus /eucurus - White-tailed Antelope 
Squirrel 

This animal is found in the semidesertic habitats of 
western Colorado, seldom above 2130 m (7000 ft) 
(Armstrong 1972: 117). In southwestern Colorado, it is 
reported in pinyon-juniper woodland and scrub oak or 
mountain brush habitats, types similar to those that 
have been reconstructed for the Escalante Sector pre
historically (Petersen 1985a). Remains of this animal 
are either unassigned temporally, or are from a context 
dating to Modeling Period 3 or Modeling Period 4, or 
sometime between A.D. 800 and 880. 

ENVIRONMENTAL ARCHAEOLOGY 

Spermophilus spp., Spermophilus spilosoma, Spermo
philus latera/is, Spermophilus variegatus- Ground Squir
rels, Spotted Ground Squirrel, Golden-mantled Ground 
Squirrel, Rock Squirrel 

The remains of ground squirrels are reasonably com
mon in the DAP faunal assemblage. Three types, the 
spotted ground squirrel, the golden-mantled ground 
squirrel, and the rock squirrel, are known from south
western Colorado (Bissell and Dillon 1982:9; Arm
strong 1972:127-134). All 3 of these have been 
recognized in the Dolores assemblage, and a few bones 
have not been assigned beyond genus. 

The spotted ground squirrel is known from areas of 
sandy soil in southwestern Colorado (Armstrong 
1972: 127), but not from any of the habitat types re
constructed for the Dolores area (Neusius 1985a; table 
13). The golden-mantled ground squirrel occurs in west
ern Colorado between 1590 and 3810 m (5200 and 
12 500 ft) (Armstrong 1972: 131 ). Bissell and Dillon 
( 1982:9) report its presence in southwestern Colorado 
in pinyon-juniper and aspen woodlands similar to those 
probably found in the Escalante Sector prehistorically. 
The rock squirrel is the largest ground squirrel in south
western Colorado, and ground squirrel identification is 
facilitated by this size difference. As its name indicates, 
this animal is associated with rocky areas but also is 
reported from ponderosa pine, pinyon-juniper, riparian 
woodland, mountain meadow, and scrub oak or moun
tain brush habitats. It also has been found in croplands 
(Neusius 1985a:table 13; Bissell and Dillon 1982:9; 
Armstrong 1972: 129). 

Because these animals burrow, their presence in ar
chaeological sites is particularly suspect. On the other 
hand, ground squirrels are kn.own to have been used 
for food by historic Southwestern groups (Underhill 
1930; Gnabasik 1981:85, 126; Hawley 1950:22; Hill 
1937:54). None of the remains of these species from 
obvious rodent burrows or disturbed areas has been 
used in analyses. 

Cynomys gunnisoni - Gunnison's Prairie Dog 

Gunnison's prairie dog is the smallest species of prairie 
dog found in Colorado. It inhabits a variety of xeric 
habitats found at the lower elevations in southwestern 
Colorado (Armstrong 1972: 138-139), but is also known 
from mountain meadows (Bissell and Dillon 1982:9). 
The modern range of the white-tailed prairie dog (Cy
nomys leucurus) does not encompass the Escalante Sec
tor, but as noted by Neusius (1985a:table 13), this 
species does occur in adjacent latilongs. For this reason, 
the prairie dog remains in the Dolores faunal assem
blage might profitably be compared to skeletons from 
both species. However, the habitat preferences of the 
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white-tailed prairie dog do not differ greatly from those 
of the Gunnison's prairie dog in southwestern Colo
rado. Prairie dog remains also may be intrusive, al
though prairie dogs were collected by ethnohistoric 
groups (Neusius 1985c:table 16). 

Geomyidae, Thomomys spp., Thomomys bottae, Thom
omys talpoides- Pocket Gophers, Valley Pocket Gopher, 
Northern Pocket Gopher 

Pocket gopher remains are reasonably numerous in the 
Dolores faunal assemblage. Two species, the valley 
pocket gopher and the northern pocket gopher, have 
modern ranges adjacent to or including the Escalante 
Sector. The valley pocket gopher is the usual species in 
the warm valleys of southwestern Colorado and Mesa 
Verde (Armstrong 1972: 149; Douglas 1969). The north
ern pocket gopher has less restrictive ecological re
quirements but generally is found to the north and east 
of the Escalante Sector and at higher elevations than 
the valley pocket gopher (Armstrong 1972: 154; Bissell 
and Dillon 1982: I 0). Given these modern distributions, 
the rarity of the northern pocket gopher in the Dolores 
assemblage is expected. 

Pocket gophers generally are restricted to areas of deep 
soil because they are burrowing creatures. This attrib
ute also makes them likely candidates for intrusion into 
archaeological sites. They are known to frequent agri
cultural areas (Bissel and Dillon 1982: 10) and may be 
considered targets for garden hunting (Henderson and 
Harrington 1914:32). Use of pocket gophers as food has 
been documented for the Tarahumar and Tepehuan In
dians of northern Mexico (Pennington 1963 :92, 
1969:125). As with the other rodent remains listed in 
tables 4.38 and 4.39, the pocket gopher remains from 
obviously disturbed contexts were not included in 
analyses. 

Heteromyidae, Perognathus apache, Dipodomys ordii -
Pocket Mice and Kangaroo Rats, Apache Pocket Mouse, 
Ord's Kangaroo Rat 

The remains of these animals are quite rare in the Do
lores assemblage. The Apache pocket mouse occurs in 
the arid valleys of southwestern Colorado (Armstrong 
1972: 172) and is known from Mesa Verde National 
Park (Douglas 1963). This species constructs its bur
rows in sand beneath brush and cactus (Armstrong 
1972:171 ), but is also known from pinyon-juniper 
woodlands (Bissell and Dillon 1982: II). Ord's kangaroo 
rat also is associated with xeric habitats at low eleva
tions and prefers sandy soils (Armstrong 1972: 177). It 
might have been found in areas of sagebrush within the 
Escalante Sector prehistorically. Like the pocket go
phers, these animals may be intrusive or they may be 
associated with garden hunting. 

256 

Castor canadensis - Beaver 

The beaver occurs throughout the state (Armstrong 
1972:183: 184; Bissell and Dillon 1982: 12}, although it 
is restricted to riparian habitats. Within the Escalante 
Sector, the Dolores River and its tributaries may have 
supported beaver populations, with tributaries such as 
Beaver Creek being extremely probable locations for 
such populations. Marshy areas, such as may have been 
present in Sagehen Flats, also might have provided hab
itats suitable for the beaver. 

Cricetidae - New World Rats and Mice 

The remains of various Cricetidae are quite common 
in the Dolores faunal assemblage. These materials are 
difficult to identify beyond the family level. Postcranial 
identifications require excellent comparative material 
and even then may not be feasible . The Faunal Studies 
Section was conservative in identifying cricetid re
mains, and as a result, quite a few bones were not iden
tified beyond the level of family. Nonetheless, 3 main 
groups of cricetids - white-footed mice (Peromyscus 
spp.}, wood rats (Neotoma spp.}, and voles (Microtus 
spp.) - were recognized. The absence of the western 
harvest mouse (Reithrodontomys mega/otis ) should be 
noted. 

Peromyscus spp., Peromyscus maniculatus, Peromyscus 
boylii or truei- White-footed Mice, Deer Mouse, Brush 
or Pinyon Mouse 

White-footed mice probably were abundant in south
western Colorado, with the deer mouse being particu
larly ubiquitous (Anderson 1961 :50-5 3; Bissell and 
Dillon 1982: 12-13). The success of the deer mouse can 
be attributed to its use of a broad variety of habitat 
types (Armstrong 1972: 194-195). However, its prefer
ence for disturbed and early successional habitats (Bis
sell and Dillon 1982: 12) should have made it 
particularly common in the garden habitat. Despite its 
small size, it might have been procured by the Anasazi ; 
Underhill (1930) recorded the use of this species for 
food. 

Both the brush mouse and the pinyon mouse are less 
common. The brush mouse prefers rocky or barren 
areas in pinyon-juniper or brush (Armstrong 1972:208; 
Bissell and Dillon 1982: 12). The pinyon mouse is de
pendent on pinyon-juniper trees for resting sites and 
winter food (Armstrong 1972:209) but occurs in a 
broader range of habitats (Neusius 1985a:table 13; Bis
sell and Dillon 1982: 13). Once again, any remains listed 
in table 4.38 and 4.39 that obviously are intrusive have 
been excluded from subsequent analyses. 



Onochomys leucogaster - Northern Grasshopper Mouse 

This animal frequents semiarid grasslands and shrub
lands (Armstrong 1972:212) and also is known from 
croplands (Bissell and Dillon 1982: 13). The rarity of 
remains assigned to this species may be partially at
tributable to limitations of comparative material and 
to the conservative nature of DAP identifications. 

Neotoma spp., Neotoma cinerea, Neotoma mexicana -
Wood rats, Bushy-tailed Wood Rat, Mexican Wood Rat 

Three species of wood rat occur today within the Es
calante Sector: the bushy-tailed wood rat, the Mexican 
wood rat, and the white-throated wood rat (Neotoma 
albigula). In general, the Anasazi Heritage Center com
parative collection , even when augmented by skeletal 
loans, was not adequate for species identification. Some 
remains were speciated prior to the creation of the EAG 
in 1981 , and these are listed in tables 4.38 and 4.39. 
Further work with the wood rat remains might be in
formative environmentally, because the ecology of Col
orado wood rats is fairly well understood (Finley 1958). 
In southwestern Colorado, the white-throated wood rat 
generally occupies the lowest elevations and the most 
arid sites, while the Mexican wood rat occurs in the 
foothills and lower mountains and prefers horizontal 
rock shelters for its dens. The bushy-tailed wood rat is 
found at moderate to high elevations, probably even 
above timberline, and uses vertical fissures and caves 
for its dens (Armstrong 1972:220, 225). 

Microtus spp., Microtus montanus, Microtus longicau
dus, Microtus mexicanus, Microtus pennsylvanicus -
Voles, Montane Vole, Long-tailed Vole, Mexican Vole, 
Meadow Vole 

Three species of voles, the montane vole, the long-tailed 
vole, and the Mexican vole, are reported in the vicinity 
of the Escalante Sector. In addition, the meadow vole 
is found in an adjacent latilong (Bissell and Dillon 
1982: 14-15), although Armstrong's (1972:fig. 81) dis
tribution map would place the meadow vole at some 
distance from the Escalante Sector and generally across 
the Continental Divide. According to Armstrong, this 
animal is restricted to wetlands with abundant standing 
water, so the mountains present a barrier to expansion 
(Armstrong 1972:235). The presence of a possible 
meadow vole bone in the DAP collection (table 4.38) 
is therefore surprising. 

The montane and long-tailed voles are sympatic in Col
orado. The montane vole is reported from riparian 
transition woodlands, oak brush, and marshes similar 
to those reconstructed for the Escalante Sector prehis
torically (Petersen 1985a). It is also known from crop
lands (Bissell and Dillon 1982: 14 ). The long-tailed vole 
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has more flexible habitat requirements and is found 
from below 1520m (5000 ft) to well above timberline 
(Armstrong 1972:240). 

The Mexican vole has been reported only from south
western Colorado, primarily from Mesa Verde National 
Park (Armstrong 1972:243, Anderson 1961:55). It is 
adapted to drier and more open habitats than are the 
montane and long-tailed voles. However, Bissell and 
Dillon ( 1982: 15) report that it occurs in ponderosa pine 
forest. Since this species is rare in Colorado today, its 
presence in the Dolores assemblage may be important 
biogeographically. 

Ondatra ziebethicus - Muskrat 

Only a few muskrat bones occur in the Dolores faunal 
assemblage (table 4.38). This may reflect a small pop
ulation in the Escalante Sector prehistorically. As Arm
strong ( 1972:246) notes, suitable habitat, including 
marshes and ponds, are scarce in the mountains of Col
orado; these habitats probably were even scarcer before 
the days of Euro-American ranching. However, the 
muskrat often is found in beaver ponds in mountain 
streams. 

Zapodidae - Jumping Mouse 

The western jumping mouse (Zapus princeps) is com
mon in the mountains of Colorado, including those ad
jacent to the Escalante Sector (Armstrong 1982:249; 
Bissell and Dillon 1982: 16). It often is associated with 
willows and is known from riparian transition as well 
as ponderosa pine and other forest types. The rarity of 
remains from jumping mice in the Dolores faunal as
semblage, and the failure to identify remains beyond 
the level of family, could be due to poor comparative 
material. 

Erethizon dorsatum - Porcupine 

In Colorado, the porcupine is an animal of the moun
tains, particularly of the coniferous forests (Armstrong 
1972:292). Porcupines occur in the riparian forests of 
the Colorado mountains as well (Bissell and Dillon 
1982: 16). This animal might be expected to be rarer in 
the faunal assemblages from sites located in the more 
open, unwooded parts of the Escalante Sector. 

Carnivora, Canidae, Mustelidae, Felidae - Carnivores, 
Canids, Mustelids, Felids 

Just as a wide variety of carnivores probably were avail
able in southwestern Colorado prehistorically, a variety 
of taxa belonging to this order have been recognized in 
the Dolores faunal assemblage. Some of the bone and 
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teeth fragments recovered could not be identified be
yond the level of order; other fragments could be pla
ceed at the family level (e .g., Canidae, Mustelidae, and 
Felidae). 

Canis spp., Canis familiaris, Canis familiaris or latrans, 
Canis latrans, Canis lupus - Dog, Coyote, or Wolf; Do
mestic Dog; Domestic Dog or Coyote; Coyote; Gray Wolf 

Two wild species belonging to the genus Canis are 
known from Colorado. These are the coyote and the 
wolf; however, the wolf has been more or less extirpated 
in historic times (Bissell and Dillon 1982: 17). In ad
dition, the domestic dog was expected and does occur 
in the Dolores faunal assemblage. The variety of do
mestic dog at Dolores appears to be very similar to the 
small Indian dog or "Small Pueblo Dog" (Olsen 1972, 
1974: Clark et al. 1985; Emslie 1978). A more detailed 
discussion of the prehistoric domestic dogs in the Do
lores area, including material information, is contained 
in Clark et al. ( 1985). 

The coyote occurred prehistorically in reasonably large 
numbers in the Colorado mountains . Armstrong 
( 1972:255) attributes this to the abundance of ecolog
ical edges resulting from the mosaic of vegetation in 
the mountains. Such a mosaic certainly is reconstructed 
for the Escalante Sector (Petersen 1985a, 1985c). The 
coyote is known from all habitat types reconstructed 
for the Escalante Sector. 

The habitat preference of the gray wolf in Colorado is 
much more difficult to reconstruct because of its ex
tirpation. This predator persisted in parts of Colorado, 
notably in mountain valleys and on the western slope 
of the Rocky Mountains, well into the 20th century 
(Armstrong 1972:258-259). 

Vulpes spp., Vulpes vulpes, Vulpes or Urocyon spp., Uro
cyon cinereoargenteus - Red or Kit Foxes, Red Fox, Red 
or Gray Fox, Gray Fox 

The nomenclature used in this volume follows that of 
the Colorado Division of Wildlife, which does not refer 
to the red fox as Vulpes fulva (Bissell and Dillon 
1982: 17; Bissell 1978). Remains of foxes occur in 
smaller numbers than those of other types of canids 
within the DAP faunal assemblage. The red fox is par
ticularly well represented. This species of fox occurs in 
large numbers in the mountains of Colorado, including 
those of southwestern Colorado, where it is associated 
with riparian woodland, marsh, and mountain meadow 
habitats (Bissell and Dillon 1982: 17). This species is 
also common in agricultural areas. The kit fox appar
ently is not represented at Dolores, although it is pres
ent today in western Colorado (Armstrong 1972:262; 
Bissell and Dillon 1982: 17). The gray fox is found in 
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pygmy conifer woodlands (e.g., pinyon-juniper) and 
brushy areas at lower elevations in Colorado (Arm
strong 1972:264 ). The uncommonness of gray fox bones 
in the Dolores assemblage is noteworthy, as this animal 
is found in many of the habitat types reconstructed by 
Petersen ( 1985a) for the Escalante Sector (Bissell and 
Dillon 1982: 17; Neusius 1985a:table 13). 

Ursus spp., Ursus americanus - Bears, Black Bear 

Bear remains are rare in the DAP faunal assemblage 
despite the probability that bear populations in the Es
calante Sector were high prehistorically (Armstrong 
1972:269; chap. 7). The black bear is known to frequent 
riparian transition woodlands similar to those recon
structed for the Escalante Sector in prehistoric times 
(Bissell and Dillon 1982: 17). No remains of grizzly bear 
( Ursus arctos) were identified, although the presence of 
this species in the adjacent San Juan Mountains his
torically is well documented. 

Bassariscus astutus - Ringtail 

The ringtail inhabits the broken terrain of the South
west (Armstrong 1972:265). It is found in pinyon
juniper woodland, scrub oak or mountain brush, and 
mountain meadow habitats in Colorado (Bissell and 
Dillon 1982: 18) and is common at Mesa Verde National 
Park (Anderson 1961 :58). Only 3 bones in the DAP 
assemblage have been assigned to this species (table 
4.38), all of which came from contexts dated between 
A.D. 780 and 840. 

Perhaps most significantly, the ringtail is the only pro
cyonid in this assemblage. Since the raccoon (Procyon 
lotor) occurs in the area today (Bissell and Dillon 
1982: 18), its absence from the DAP assemblage is very 
conspicuous and may indicate that its past distribution 
differs from its distribution today . Armstrong 
( 1972:267) speculates that the range of raccoon has ex
panded in historic times, as it thrives in well-settled 
areas. The raccoon seems to be absent from , or rare, 
in Anasazi sites in general (e.g., Akins 1984; R. Leon
ard, personal communication).6 Further study of the 
biogeographical issues with respect to Anasazi sites and 
raccoons might be productive. 

Martes americana - Marten 

Remains of martens are rare in the Dolores assemblage, 
as might be expected for any boreal mammal. In Col
orado, martens are restricted to lodgepole pine (which 
does not occur in southwest Colorado today) or spruce
fir forest and usually are found above 2740 m (9000 ft) 

' Black Mesa Archaeological Project, Center for Archaeological Inves
tigations, Southern Illinois University, Carbondale. 



(Armstrong 1972:274). Bissell and Dillon (1982: 18) list 
this species as a presumed breeder in the southwestern 
part of the state, while Armstrong ( 1972:fig. 98) indi
cates that the range of martens in Montezuma County 
is confined to the northeasternmost corner. Benz 
( 1984:211) notes that the presence of this species in the 
DAP assemblage might support an argument for colder 
climate or for more distant hunting. However, proving 
either case is difficult with only 6 bone fragments from 
contexts representing several time periods (table 4.38). 

Mustela spp., Mustela vison, Mustelafrenata- Weasels, 
Mink, Long-tailed Weasels 

Four species within the genus Mustela may have oc
curred within the Escalante Sector (Neusius 1985a:table 
13). These include ermine (Mustela erminea) and the 
black-footed ferret (Mustela nigripes), as well as the 
mink and the long-tailed weasel, the only 2 recognized 
in the Dolores faunal assemblage. The uncommonness 
of weasel bones may be due, at least in part, to inad
equate comparative material, but large quantities of 
bone assignable to weasel were not expected. 

The mink is not common in Colorado today and is 
largely restricted to the margins of ponds (Armstrong 
1972:280) and to riparian woodlands (Bissell and Dil
lon 1982: 19). In contrast, the long-tailed weasel has 
broad ecological requirements and might have been 
found in all of the habitats reconstructed for the pre
historic Escalante Sector (Armstrong 1972:276-277; 
Bissell and Dillon 1982: 18). The ermine is not partic
ularly common in Colorado, but has been reported 
from scrub oak or mountain brush, mountain meadow 
habitats, and from southwestern Colorado. As for the 
black-footed ferret, it is now nearly extirpated, but was 
common in the western valleys of Colorado in the past. 
It may have been distributed primarily in habitats sup
porting prairie dogs (Armstrong 1972:279). 

Gulo gulo - Wolverine 

Only I bone has been identified to this species (table 
4.38), which is not found in southwestern Colorado 
today (Bissell and Dillon 1982: 19). Even if this animal 
did have a wider range prehistorically, it is a boreal 
mammal confined to high altitude forests (Armstrong 
1972:282; Bissell and Dillon 1982: 19), and is not likely 
to have been present in the Escalante Sector itself. 

Taxidea taxus - Badger 

The badger is an animal of open habitats, but it is re
ported from pinyon-juniper woodland as well (Bissell 
and Dillon 1982: 19; Armstrong 1972:283). This animal 
probably was common within the more open parts of 
the Escalante Sector. Because it is a burrowing animal, 
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it could represent intrusion in archaeological sites. 
However, like the rodents, any of the remains listed in 
table 4.38 that obviously were intrusive have not been 
included in subsequent analyses. Records of the use of 
this animal by Southwestern groups also are available 
(Neusius 1985c:table 16). 

Spilogale putorius, Mephitis mephitis - Spotted Skunk, 
Striped Skunk 

Both the spotted and the striped skunk probably were 
present in the Escalante Sector prehistorically, and both 
probably are represented in the Dolores faunal assem
blage. The spotted skunk is the most abundant species 
in the area today (Anderson 1961: 60; Armstrong 
1972:286); it frequents pinyon-juniper or riparian 
woodlands, as well as sagebrush habitats (Bissell and 
Dillon 1982: 19). However, the striped skunk has much 
broader ecological and altitudinal requirements and 
may have frequented the areas of Anasazi fields (Arm
strong 1972:288; Bissell and Dillon 1982: 19). 

Lynx spp., Lynx rufus - Bobcat or Lynx, Bobcat 

The bobcat is the primary species of this genus, which 
should have been present in the Escalante Sector, since 
the Canada lynx (Lynx canadensis) occurs at high al
titudes in coniferous forest (Bissell 1978: 16; Armstrong 
1972:297). The bobcat is reported from a variety of 
habitats, including several reconstructed for the Esca
lante Sector. These are ponderosa pine, Douglas-fir, ri
parian transition woodland, scrub oak or mountain 
brush, and marshes (Bissell and Dillon 1982:20). Today, 
the bobcat is most common in the canyons and foothills 
of the western slope of the Rockies (Armstrong 
1972:298). 

Felis concolor - Mountain Lion 

The mountain lion may have occurred in the riparian 
transition woodlands and ponderosa pine forests of the 
Escalante Sector in prehistoric times (Neusius 
1985a:table 13). Mountain lions are present in the area 
today and were sighted by early DAP field crews. Only 
2 bones have been assigned to this species (table 4.38). 

Equus spp., Equus cabal/us - Horses, Horse 

The few horse remains recovered from Dolores sites 
obviously represent domestic animals of historic origin. 
The presence of this species in contexts assigned to pre
historic time periods clearly requires re-evaluation: the 
identification of the bones themselves should be 
checked, and the contextual associations should be re
viewed. Since this verification step has not yet been 
possible, all remains identified as horse have been de
leted from further analyses. 

259 



FINAL REPORT 

Artiodactyla - Artiodactyls 

Artiodactyl remains are extremely common in the Do
lores faunal assemblage, as might be expected based on 
the large amounts of food and raw material these ani
mals provide and on the ethnographic (Neusius 
1985c:table 16) and archaeological (e.g., Akins 1984; 
Binford et al. 1982; Bertram and Draper 1983) records. 
Much of the DAP material could not be further iden
tified as a result of fragmentation and poor preserva
tion. This is consistent with the general pattern in 
faunal assemblages from DAP sites: lower proportions 
of large mammal remains relative to small mammal 
remains could be identified even to order. The reasons 
for this have not been fully investigated, but, in general, 
the effects of postdepositional processes should lead to 
the reverse pattern. Artiodactyls may be more similar 
morphologically than various types of small mammals, 
and this may hinder identification. However, it seems 
intuitively unlikely that this factor fully explains the 
observed pattern. Instead, differential processing by the 
Anasazi may be responsible. This possibility deserves 
further study. 

Cervidae - Deer 

Cervids are the most common type of artiodactyl rep
resented in the Dolores assemblage. Quite a few frag
ments were not identifiable beyond the family level. 
This conforms to the general pattern concerning large 
mammals mentioned above. However, much of the cer
vid material is cranial, including a large number of an
tler fragments . This may well be an example of artificial 
inflation by NISP, although the ratio of MNI to NISP 
is not a great deal lower for cervids than for indeter
minate artiodactyls (0.068 for Cervidae, 0.114 for 
Artidactyla). 

Cervus elaphus - American Elk 

The nomenclature used here follows that of Bissell and 
Dillon ( 1982) and indicates that the American elk is 
conspecific with the red deer. This position is now 
widely held by taxonomists, although the former name 
(Cervus canadensis) is still in use in some circles. 

The American elk was the largest animal available to 
the inhabitants of the Dolores area. As a result, its pres
ence in the faunal assemblage is to be expected. How
ever, this animal has a seasonal cycle, and it is absent 
from the Escalante Sector during the warmer parts of 
the year. Neusius and Phagan (1983) have argued that 
this cycle seriously affected the hunting strategies of the 
Dolores Anasazi. The elk could have frequented the 
ponderosa pine, Douglas-fir, scrub oak or mountain 
brush, mountain meadow, and aspen habitat types 
when present within the Escalante Sector. 
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Odocoileus hemionus - Mule Deer 

The remains of mule deer occur more commonly than 
those of any other artiodactyl in this assemblage. This 
animal is large and abundant and a predictable prey 
choice for humans. It also practices a seasonal cycle of 
altitudinal relocation in search of food. Although pres
ent in small numbers even in the summer, mule deer 
populations would have been largest during the colder 
months of the year. Hunting strategies certainly would 
have taken this into account (Neusius and Phagan 
1983). Mule deer are known from pinyon-juniper wood
land, Douglas-fir forest, riparian transition woodland, 
scrub oak or mountain brush, and sagebrush habitats 
(Bissell and Dillon 1982:21 ). Armstrong ( 1972:304) 
states that this animal prefers forest edge, woodland, 
and brush habitats. Mule deer also may have been at
tracted to Anasazi fields and gardens because of this 
preference. However, if summer populations were 
small, this may not have been a serious consideration. 

Antilocapra americana - Pronghorn 

The pronghorn was less important to the Dolores An
asazi than to many other Anasazi groups (e.g. , Akins 
1984). This can be attributed to the less arid, more 
wooded environment of the Escalante Sector. The an
telope was extirpated from this part of Colorado his
torically , and as a result, it is difficult to fully 
reconstruct its habitat preferences (Armstrong 
1972:307; Bissell and Dillon 1982:21 ). The pronghorn 
may have been present in the Sagehen Flats section of 
the Escalante Sector during summer months; however, 
antelope herds probably generally were located to the 
south and west in the Montezuma Valley. During most 
winters, the snow depth in the Escalante Sector prob
ably would have been too great for pronghorn (Schmidt 
and Gilbert 1978; Wallace 1940). 

Ovis canadensis - Bighorn 

Bighorns almost certainly were present in the Escalante 
Sector during some part of the year. They are known 
from sagebrush and scrub oak or mountain brush com
munities (Bissell and Dillon 1982:21) and formerly oc
curred at moderate elevations in Colorado (Armstrong 
1972:310). Their distribution and habits have been so 
seriously disrupted in historic times that it is difficult 
to predict these prehistorically. However, some evi
dence indicates that these animals also relocated alti
tudinally in an annual cycle according to snow depth 
and food (Packard 1946:7). 

Ovis aries - Domestic Sheep 

As was the case with horse bones, domestic sheep bones 
are unequivocably of historic origin. Their presence in 



contexts currently assigned to the prehistoric period 
must be re-examined. Either the taxonomic identifi
cation or the temporal assignment is incorrect. For the 
time being, these bones have been deleted from 
analyses. 

Antilocapra or Ovis spp., Ovis spp., Ovis or Capra spp. 
- Antelope or Sheep, Sheep, Sheep or Goat 

A small number of bones were clearly antilocaprid or 
caprine, but due to fragmentation or inadequate com
parative material, they could not be identified. In table 
4.38, these bones are listed in the categories given 
above. The sheep or goat fragments have been deleted 
from further analysis because they are believed to be 
historic. 

Bos taurus, Bos or Bison spp. - Domestic Cow, 
Cow or Bison 

A number of fragments in the Dolores faunal assem
blage were identified as domestic cow. The remains of 
domestic cow must be historic in origin, and problems 
are similar to those raised for horse and sheep with the 
temporal assignment of much of this material. In this 
case, more serious attention should be given to the iden
tifications themselves than in the other instances. In I 
instance, a bone originally assigned to cow has been 
reassigned to either Bos or Bison spp. on the basis of 
morphological similarities and the context in which it 
was found . 

Bison are known to have occurred in most of Colorado 
except in southwestern Colorado (Armstrong 
1972:308). However, some bison remains have been re
covered from Anasazi sites in the area (Hayes and Lan
caster 1975:appendix I; Emslie 1977:90-91). For this 
reason, all the bones in these categories should be re
examined and proper comparative material consulted. 

Gaviiformes - Loons 

The most probable species represented by the single 
bone assigned to the order of loons (table 4.38) is the 
common loon (Gavis immer). This species is a migrant 
in southwestern Colorado, in Colorado, and the upper 
Colorado River drainage in general (Chase et al. 1982: I; 
Hayward 1967:16; Bergtold 1928:56). Chase et al. 
(1982: I) report that the arctic loon ( Gavia arctica) oc
curs only on an accidental basis in extreme southwest
ern Colorado. The preference of loons for lakes and 
reservoirs makes its occurrence in the Dolores record 
somewhat surprising. Although a number of small res
ervoirs occur in the area today, few natural lakes can 
be assumed to have been present prehistorically. 
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Ciconiformes - Deep Water Waders 

A number of species representing this order could have 
been present in the Escalante Sector prehistorically 
(Neusius 1985a:table 13; Chase et al. 1982:3-4). These 
include the heron (Ardea herodias, Nycticorax nycti
corax), the snowy egret (Egretta thula), the American 
bittern (Botaurus lentiginosus), and the white-faced ibis 
(Plegadis chihi). Of these, only the great blue heron is 
a resident (Chase et al. 1982:3). The Anasazi Heritage 
Center comparative collection did not permit further 
identification of the four bones that appear to represent 
this order (table 4.38). 

Anatidae - Geese and Ducks 

A small number of bone fragments have been assigned 
to this family. As indicated in Neusius ( 1985a:table 13), 
there is reason to expect that a wide variety of ducks 
and geese were in the area during at least part of the 
year in prehistoric times. At least this is the case today 
(Chase et al. 1982:5-10). The apparent failure of the 
Dolores Anasazi to exploit waterfowl suggests that pop
ulations of ducks and geese were smaller prehistorically. 
Certainly, Hayward (1967:4-6) is correct that natural 
lakes were uncommon throughout the upper Colorado 
drainage until recently, and this would have affected 
bird populations. The extent to which historic stock 
ponds and irrigation have improved the aquatic habi
tats of the Escalante Sector is unclear, but it would be 
unwise to ignore this possibility in considering the gen
eral lack of waterfowl remains in Dolores faun al 
assemblages. 

Anserinae, Branta canadensis - Geese, Canada Goose 

The Canada goose is the only resident goose of south
western Colorado today, but the snow goose (Chen 
caerulescens) is a migrant in the area (Chase et al. 1982: 
5-6). Hayward (1967:19) indicates that the Canada 
goose can be found nesting above the banks of the larger 
streams in the upper Colorado River basin. This bird 
often is found in croplands as well as in aquatic 
habitats. 

Anas spp., Anas platyrhynchos, Oxyura jamaicensis -
Surface-feeding Ducks, Mallard, Ruddy Duck 

A number of ducks are found in the area today (Chase 
et al. 1982:6-10). Both the variety and density of these 
species may have been less prehistorically. Neusius 
(1985a:table 13) lists all these species as possibly avail
able, because the magnitude of change in aquatic hab
itats as the result of historic water-control activities has 
not been determined. The mallard is the only resident 
duck in the area, although some other species, including 
the ruddy duck, breed in southwestern Colorado. Like 
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the Canada goose, the mallard is known from crop
lands, as well as from aquatic and riparian habitats 
(Chase et al. 1982:6). The ruddy duck is known more 
exclusively from marshes and lakes. 

Falconiformes, Accipitridae - Vultures, Hawks, and Fal
cons; Hawks and Eagles 

. These taxa were assigned to particularly fragmentary 
pieces of bone that apparently represented hawks, ea
gles, falcons , and vultures. Most of the Falconiformes 
remains recovered from Dolores sites appear to rep
resent species of Accipitridae, although Cathartidae 
and Falconidae also were identified in the Dolores 
assemblage. 

Cathartes aura - Turkey Vulture 

The turkey vulture breeds in southwestern Colorado 
today and is found in riparian transition habitats and 
near cliffs (Chase et al. 1982: II). This species was rare 
in the Dolores faunal assemblage, as might be expected 
for such a large bird of prey. Some ethnographic record 
shows the use of this bird's feathers for ceremonial or 
medicinal purposes (Neusius 1985c:table 16; Hill1937; 
Pennington 1969) by non-Puebloan groups in the 
greater Southwest. 

Accipiter spp., Accipiter gentilis, Accipiter striatus, Ac
cipiter cooperii - Hawks, Goshawk, Sharp-shinned 
Hawk, Cooper's Hawk 

All 3 of the species in this genus probably were residents 
of the Excalante Sector in prehistoric times (Neusius 
1985a:table 13; Chase et al. 1982: 11-12). Several records 
of the use of the sharp-shinned hawk and Cooper's hawk 
by native groups in the greater Southwest are reported 
in Neusius (1985c:table 16). In general , these hawks do 
not seem to have been food sources. 

The sharp-shinned hawk has been reported from a wide 
variety of habitats, including coniferous and deciduous 
forest, sagebrush, and agricultural habitats, but it is not 
common in Colorado today (Chase et al. 1982: II). The 
Cooper's hawk also is uncommon, but is reported in 
coniferous forest, mountain meadow, riparian and as-

. pen woodland, and scrub oak or mountain brush hab
itats (Chase et al. 1982:12). Records for the goshawk 
also are from coniferous and deciduous forests, al
though they occur in some sagebrush areas in the winter 
(Chase et al. 1982: 12). 

Buteo spp., Buteo jamaicensis, Buteo swainsoni- Buteos, 
Red-tailed Hawk, Swainson's Hawk 

Four species of buteos might have occurred in the Es
calante Sector prehistorically (Neusius 1985a:table 13). 
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These include the rough-legged hawk (Buteo /agopus), 
which is a winter visitor in the area (Chase et al. 
1982: 13), and the ferruginous hawk (Buteo regalis), as 
well as Swainson's and red-tailed hawks. Of these, only 
the red-tailed hawk is a resident today (Chase et al. 
1982:12). Hayward (1967:22) considers this species to 
be the "most common soaring hawk" in the upper Col
orado River basin. The red-tailed hawk is found in con
iferous forests, deciduous forests , and agricultural 
areas. It also can be seen in urban areas in Colorado 
today. Swainson's hawk is reported to breed in riparian 
transition woodlands, grasslands, and agricultural areas 
in adjacent latilongs, but not within the Cortez latilong 
in which the Escalante Sector is located (Chase et al. 
1982: 12). 

Aquila or Haliaeetus spp., Aquila chrysaetos, Haliaeetus 
leucocephalus - Eagles, Golden Eagle, Bald Eagle 

Both golden and bald eagles are residents of the Es
calante Sector today (Chase et al. 1982: II , 13 ; Hayward 
1967:23). The golden eagle is more common than the 
bald eagle and, during some part of the year, is found 
in all of the habitat types reconstructed for the Esca
lante Sector. It also is known from agricultural areas 
today. The bald eagle is somewhat more restricted to 
aquatic, riparian, and other deciduous forest habitats, 
although it is also reported from sagebrush, agricul
tural, and urban habitats during the winter months, 
Tyler ( 1979) considers this bird to be important in 
Pueblo Indian mythology and ceremonies. 

Falco mexicanus, Falco sparverius - Prairie Falcon, 
American Kestrel 

Both the prairie falcon and the American Kestrel are 
residents of the Escalante Sector today. According to 
Hayward (1967:24), the American kestrel is more com
mon than the prairie falcon, but Chase et al. (1982:14) 
indicate that the prairie falcon is uncommon in Colo
rado only during the breeding season. Both these spe
cies have been reported from a variety of habitats. The 
prairie falcon is known from almost all the habitat types 
reconstructed for the Escalante Sector prehistorically 
during the breeding season, but it is restricted to open 
and brushy habitats, including croplands, mountain 
meadows, mountain brush, and sagebrush, during the 
rest of the year. The American kestrel is found through
out the year in mountain brush, sagebrush, mountain 
meadow, and agricultural habitats; during the breeding 
season, it is found in ponderosa pine and pinyon
juniper woodlands as well. This bird also is known from 
riparian and aspen forest habitats when not breeding 
(Chase et al. 1982: 13). 

Galliformes - Fowl-like Birds 

The majority of the avian remains from Dolores have 
been assigned to taxa within this order. Grouse (Te
traonidae) and turkey (Meleagris gallopavo) are the most 



common avian taxa in the faunal assemblage. A few 
remains were not identifiable beyond order. 

Tetraonidae, Centrocercus urophasianus - Grouse, Sage 
Grouse 

Three species of grouse might be represented in the 
Dolores assemblage. These are sage grouse, blue grouse 
(Dendragapus obscurus), and sharp-tailed grouse (Pe
dioecetes phasianellus) (Neusius 1985a: table 13; Chase 
et a!. 1982: 14-15). The Anasazi Heritage Center com
parative collection lacked proper materials for distin
guishing these osteological remains. A few bones were 
identified to sage grouse prior to 1981. 7 

The habitat preferences of these 3 species of grouse are 
somewhat different, which makes species determina
tion a worthwhile undertaking. The sage grouse is very 
closely associated with sagebrush habitats, although it 
tends to prefer large, flat areas of sagebrush rather than 
sagebrush areas in broken terrain (Rogers 1964:7, 13, 
19; Chase et a!. 1982: 15). The sharp-tailed grouse is 
found in grassy areas where trees and shrubs are inter
spersed (Rogers 1969:7, 14). Following Chase et a!. 
(1982: 15), possible habitats for this species within the 
Escalante Sector prehistorically include ponderosa pine 
forest, mountain brush, sagebrush, mountain meadow, 
and agricultural areas (Neusius 1985a: table 13). The 
blue grouse is the most closely associated with wood
land habitats of the 3 species (Rogers 1968: 16-18). 
Chase et a!. ( 1982: 14) report the species present in ri
parian transition woodland, aspen woodland, conifer
ous woodland (except pinyon-juniper), mountain brush, 
mountain meadow, and even alpine transition habitats. 

Gallus domesticus - Domestic Chicken 

One bone in the Dolores faunal assemblage appears to 
represent the domestic chicken (table 4.38). This bone 
obviously is of historic origin, although the context 
from which it came has been assigned to a prehistoric 
time period. This is another instance in which further 
study is warranted. This bone has been deleted from 
analyses of the Dolores assemblage. 

Me/eagris gal/opavo - Turkey 

The remains of turkey are more common in the Dolores 
faunal assemblage than those of any other avian taxon. 
Nevertheless, fewer than 500 fragments of bone have 
been assigned to turkey (tables 4.38 and 4.39). These 
bones may represent wild turkeys or domestic turkeys 
or both. However, a definitive statement is not possible 
without additional research. 

' Identifications made by Steven D. Emslie, consultant, Center for West
ern Studies, Flagstaff. 
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Several unresolved issues with respect to the turkey in 
the Southwest hindered the resolution of this problem. 
The primary issue is whether the turkey was a native 
wild bird that was domesticated by the Anasazi or was 
already domesticated outside the Southwest (most 
probably in Mesoamerica) and traded in for its feathers 
and its ceremonial value. In the latter case, the modern 
wild turkey would have to be considered a feral des
cendant of a domestic bird (McKusick 1980; Rea 1980). 
Related issues revolve around the Pleistocene and early 
Holocene record for turkey in the Southwest (Rea 
1980), the first appearance of turkey in Anasazi faunal 
records (Schorger 1966), the use of turkey for food as 
opposed to for ceremonial functions (Lange 19 50), and 
the osteological distinctions between wild and domestic 
birds. Each of these questions, if answered, would pro
vide a basis for evaluating the primary issue of the or
gions of the bird. Once this was resolved, the 
significance of turkey to the Anasazi might be consid
ered. However, to date, none of these issues has been 
adequately explored. 

The remains of turkey occur throughout the Dolores 
Anasazi sequence. No remains came from contexts 
dated prior to A.D. 600, and very few came from con
texts dated prior to A.D. 720. An increase in numbers 
occurs over time until A.D. 980, after which only a few 
bones occur. However, there are few excavated contexts 
dating after A.D. 980 at Dolores. 

No evidence for turkey keeping exists in the Dolores 
record: there are no guano deposits and no obvious 
pens. One fairly complete turkey skeleton occurs in a 
burned storage room belonging to the McPhee Com
munity Cluster, but this instance alone cannot provide 
the evidence for domestication. Osteological measure
ments provide inconclusive support for domestication 
as well. This is due in part to the fact that good de
scriptions of osteological differences between wild tur
keys and various races of domestic turkey were 
unavailable. Finally, most of the turkey bones recovered 
were found disarticulated. There is a fairly even rep
resentation of forelimb (28.4 percent) and hindlimb 
(25.4 percent) body part fragments. Although addi
tional study is required, these preliminary indicators 
suggest use of turkeys for food rather than for feathers 
alone. 

Grus canadensis - Sandhill Crane 

The sandhill crane migrates through adjacent parts of 
Colorado today (Chase et a!. 1982: 17; Hayward 
1967:26), and because of its presence in the Dolores 
record, is presumed to have been present in the general 
area prehistorically. However, the bird is not common 
today. It is known from sagebrush, agricultural, and 

263 



FINAL REPORT 

aquatic habitats. No attempt has been made to distin
guish between the greater (Grus canadensis tabida) and 
the lesser sandhill crane (Grus canadensis canadensis) 
(Drewien and Bizeau 1974). 

Tringa melanoleuca - Greater Yellowlegs 

As shown in Neusius (1985a: table 13), a wide variety 
of shorebirds might have occurred in the Escalante Sec
tor during part of the year. Of these, the ·greater yel
lowlegs, a sandpiper, is the only one identified in the 
Dolores faunal assemblage. While this may be attrib
uted in part to inadequate comparative material, it 
probably reflects infrequent use of those birds that mi
grate through Colorado in varying numbers . The 
greater yellowlegs is a fairl y common migrant today and 
is found in marshes, lakes, and rivers, as well as in mud 
flats (Chase et al. 1982: 19), but its numbers prehistor
ically are unknown. 

Zenaida macroura - Mourning Dove 

Today, the mourning dove is found in large numbers 
during the breeding season in southwestern Colorado 
(Chase et al. 1982:29). There are a few isolated winter 
records as well (Hayward 1967:32). Habitat types in 
which it might have been found if it occurred prehis
torically include riparian transition woodland, ponde
rosa pine forest , mountain brush, sagebrush, mountain 
meadow, and agricultural (Neusius 1985a: table 13). Its 
use for food and in ceremonies among Southwestern 
groups is well documented ethnographically (Neusius 
1985c:table 16). 

Bubo virginianus - Great Horned Owl 

The great horned owl is a common resident in south
western Colorado (Hayward 1967:33; Chase et at. 
1982:30). It is known from all types of woodlands that 
may have occurred in the Escalante Sector and from 
agricultural areas also (Neusius 1985a:table 13). Its 
presence in the Dolores faunal record is not at all 
surprising. 

Otus asio, Glaucidium gnoma, Asio spp., Asio otus -
Screech Owl, Pygmy Owl, Long or Short-eared Owl, 
Long-eared Owl 

The presence of remains of other types of owls is a bit 
more surprising since, though present, these species are 
not common in the area today (Chase et al. 1982:30-
31 ). Several habitat types reconstructed for the Esca
lante Sector prehistorically might be represented by 
these few bones, notably woodland, sagebrush, and ag- · 
ricultural areas. If the short-eared owl (Asio flammeus) 
is indeed present, meadowlands and marshes also could 
be represented. 
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Colaptes auratus - Common Flicker (C. cafer included) 

The only woodpecker identified in the Dolores faunal 
assemblage is the common flicker. This bird is a com
mon resident in southwestern Colorado (Chase et al. 
1982:36), and it occurs in all types of wooded areas 
(Bailey and Niedrach 1965:484). Chase et at. 1982:36) 
also report its presence in mountain brush habitats dur
ing the winter. The lack of other woodpeckers in the 
Dolores record can be attributed, at least in part, to 
lack of adequate comparative material. 

Passeriformes - Perching Birds 

A wide variety ofPasseriformes probably were available 
to the prehistoric inhabitants of the Dolores area. A 
few of these species have been identified, and some 
bones have been identified only to order. Comparative 
material belonging to the Anasazi Heritage Center was 
inadequate for identifying Passeriformes. More mate
rial undoubtedly would have been identified had this 
not been the case. 

Tyrannus verticalis - Western Kingbird 

The western kingbird is a fairly common breeder in 
southwestern Colorado today (Hayward 1967:38). Its 
breeding habitats include agricultural areas, riparian 
transition woodlands, and pinyon-juniper woodlands, 
according to Chase et al. ( 1982:39). Bailey and Nied
rach (1965:511) list several records of this bird from 
southwestern Colorado, although they note that it is 
more abundant in the eastern part of the state. 

Corvidae - Crows, Jays, and Magpies 

Remains of taxa belonging to this family have been 
recognized more frequently than those of other Pas
seriformes in the Dolores faunal assemblage. Although 
this might reflect the general abundance of these birds, 
ease of identification and more adequate comparative 
material certainly are partly responsible. 

Corvus spp., Corvus corax, Corvus brachyrhynchos -
Raven or Crow, Common Raven, Common Crow 

Both crows and ravens should have been present in a 
variety of habitats within the Escalante Sector prehis
torically (Neusius 1985a:table 13). Most importantly, 
these birds may have frequented gardens and fields as 
they do today and should have been targets of garden 
hunting. Their presence in the Dolores faunal assem
blage is to be expected. 



Cyanocitta stelleri, Gymnorhinus cyanocephalus, Aphel
ocoma coerulescens- Steller's Jay, Pinyon Jay, Scrub Jay 

These 3 species of jay probably occurred in the prehis
toric Escalante Sector (Neusius 1985a:table 13). All are 
residents in southwestern Colorado today (Chase et a!. 
1982:41 ). The Steller's jay is reported from montane 
coniferous forest and mountain brush habitats by Hay
ward (1967:42), and according to Chase eta!. (1982:41), 
is known from coniferous and aspen forests. Similarly, 
Bailey and Niedrach (1965:557) place this bird in pon
derosa pine habitats within the transition life zone. The 
pinyon jay is common in pinyon-juniper woodlands, as 
the name suggests (Bailey and Niedrach 1965:571; Hay
ward 1967:42). Chase eta!. (1982:41) report the pres
ence of this bird in riparian transition woodland 
mountain brush, and sagebrush habitats, as well as i~ 
pinyon-juniper woodlands. The scrub jay also is fairly 
common in southwestern Colorado today (Bailey and 
Niedrach 1965:560; Hayward 1967:42). It might have 
been found prehistorically in either pinyon-juniper 
woodlands or mountain brush (Neusius !985a:table 
13). 

Pica pica - Black-billed Magpie 

The black-billed magpie is conspicuous and common 
in the Escalante Sector today. It frequents riparian tran
sition woodland, mountain brush, sagebrush, and ag
ricultural areas (Chase eta!. 1982:41 ). It also might have 
been a target of garden hunting. Its use in ceremonies 
by Southwestern groups is well documented ethno
graphically (Neusius 1985c:table 16). 

Turdidae, Sialia currucoides, Turdus migratorius -
Thrushes and Bluebirds, Mountain Bluebird, American 
Robin 

A few bones were identified to species within this fam
ily, but the collection of the Anasazi Heritage Center 
generally was inadequate for this purpose. The moun
tain bluebird is a resident and breeder in southwestern 
Colorado and is common in Colorado in general (Chase 
eta!. 1982:46; Bailey and Niedrach 1965:632; Hayward 
1967:46). Habitats in which it may have been found 
during part of the year include aspen, pinyon-juniper, 
ponderosa pine woodland, mountain brush, sagebrush, 
mountain meadow, and agricultural. The American ro
bin is a common bird throughout much of North Amer
ica and is a resident of southwestern Colorado (Bailey 
and Niedrach 1965:610; Chase eta!. 1982:47; Hayward 
1967:47). The only habitat types reconstructed for the 
prehistoric Escalante Sector in which the robin prob
ably did not occur are aquatic habitats and mountain 
meadows (Neusius 1985a:table 13). 

ENVIRONMENTAL ARCHAEOLOGY 

Lanius excubitor - Northern Shrike 

The northern shrike is a winter visitor in southwestern 
Colorado, but it is uncommon today (Hayward 
1967:48; Chase et a!. 1982:49). Bailey and Niedrach 
(1965:649) indicate that this bird arrives in Colorado 
in October. Riparian transition, pinyon-juniper wood
land, mountain brush, sagebrush, mountain meadow, 
and agricultural areas are among the possible habitats 
for this bird. 

Sturnella spp. - Meadowlarks 

The western meadowlark (Sturnella neglecta) is the 
probable species represented by this taxon, as eastern 
meadowlark certainly does not occur in this part of 
Colorado today (Chase et a!. 1982:66; Bailey and Nied
rach 1965:713-715). Hayward (1967:52) reports that 
this bird is particularly common on farmlands near 
water. Neusius (1985a:table 13) lists it as possibly pres
ent in pinyon-juniper woodlands, sagebrush, and moun
tain meadows. 

Xanthocephalus xanthocephalus - Yellow-headed 
Blackbird 

Only I bone has been assigned tentatively to this species 
(table 4.38), but its presence would not be particularly 
surprising, as it is a common breeder in the area today. 
It builds its nests in marshes, and thus is associated 
with this type of habitat (Bailey and Niedrach 
1965:715-719; Chase eta!. 1982:66; Hayward 1967:52). 

Fringellidae, Pipilo chlorura - Finch-like Birds, Green
tailed Towhee 

This is another passerine family apparently represented 
in the Dolores faunal assemblage. The green-tailed tow
hee bones were identified prior to the formation of the 
Faunal Studies Section (table 4.38).8 This bird is a 
breeder in the area today and is found in the riparian 
transition woodland, mountain brush, sagebrush, and 
mountain meadow habitat types (Chase et a!. 1982:60; 
Hayward 1967:55 Bailey and Niedrach 1965:792). 

Squamata, Sauria, Serpentes - Lizards and Snakes, Liz
ards, Snakes 

Reptilian remains are very rare in the Dolores faunal 
assemblage, although several species should have been 
available (Neusius 1985a:table 13). This seems to be 
due to a real lack of such materials, as well as to the 
inadequacy of DAP reptilian comparative materials. 

' Identifications made by Steven D. Emslie (consultant, Center for West
ern Studies, Flagstafl) based on better comparative materials than those 
available at the Dolores facility. 
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After all, placement in one of the general categories 
should have been possible for most fragments even 
without comparative skeletons. 

Sceloporus undulatus elongatus - Northern Plateau 
Lizard 

One bone was identified to northern plateau lizard 
prior to the formation of the Faunal Studies Section 
(table 4.38).9 This lizard is common in the area today 
and is known from ponderosa pine, Douglas-fir, 
pinyon-juniper, sagebrush, mountain brush, and cliff 
and talus slope habitats (Hammerson and Langlois 
1981:13). Douglas (1966:726) reports that this species 
occurs within a variety of habitats near rocky terrain 
within Mesa Verde National Park. 

Pituophis melanoleucus - Gopher Snake 

Two bones in the microfauna! assemblage have been 
assigned to gopher snake (table 4.39). This is the only 
instance in which a taxon recognized in the microfauna! 
assemblage was not recognized in the macrofauna! as
semblage. The gopher snake occurs in Colorado today 
(Hammerson and Langlois 1981 :20) in habitats similar 
to those reconstructed for the Escalante Sector (Peter
sen 1985a), and Neusius (1985a:table 13) lists it as pos
sibly being available within the Escalante Sector 
prehistorically. It is known from all habitat types re
constructed for the prehistoric Escalante Sector except 
aspen and agricultural areas. 

Crotalus viridis- Western Rattlesnake 

The western rattlesnake occurs in the Escalante Sector 
today and probably did so prehistorically (Hammerson 
and Langlois 1981 :23; Neusius 1985a:table 13). Sub
specific determination has not been attempted. This : 
species may have been found along the talus slopes and 
cliffs of the Dolores Canyon, and in sagebrush areas, 
pinyon-juniper woodlands, and riparian transition 
woodlands. 

Anura, Bufo spp. - Frogs and Toads, True Toads 

A few remains of amphibians were recovered from Do
lores archaeological sites. In general, comparative ma
terial was inadequate for identification, although 2 
fragments have been identified to the genus Bufo (table 
4.38). A variety of habitats might be represented by 
these bones, as indicated in Neusius (1985a:table 13). 

'Identifications made by Steven D. Emslie, consultant, Center for West
ern Studies, Flagstaff. 
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Cypriniformes, Catostomidae, Catostumus spp. - Cy
prinids, Suckers, Flannelmouth or Bluehead Sucker 

Although approximately 150 bone fragments in the Do
lores assemblage have been identified to fish , reliable 
identifications beyond the Class level generally have not 
been possible. Those remains that have been identified 
further are all cyprinid, probably sucker. The large min
now, Colorado squawfish (Ptychocheilus lucius), also 
may be present, but further comparative work is re
quired, as this species is not now known from the Do
lores drainage (Holden and Stalnaker 1975). Fish 
probably were procured from the Dolores River itself, 
as its tributaries do not have consistently adequate flow. 

Relative Abundance 

The relative abundance of taxa and the changes in rel
ative abundance over time are key questions in most 
archaeological faunal analyses. However, the measure
ment of relative abundance is a complex matter. Four 
relative measures commonly used by zooarchaeologists 
are NISP, MNI, estimated meat weight represented, 
and bone weight of each taxon. Although bone weight 
figures are not available for the DAP assemblages, and 
only NISP values have been computed for the micro
faunal assemblages (tables 4.37 and 4.39), both NISP 
and MNI figures are available for the macrofauna) as
semblages (tables 4.36, 4.38, 4.40, and 4.41). Meat es
timates can be calculated by multiplying the MNI 
figures by an average meat weight for each taxon. How
ever, caution should be exercised when interpreting the 
results of each of these measures of relative abundance 
and in using percentages based on them (cf. Grayson 
1973, 1978, 1984). Anyone seeking to use the data 
should be familiar with potential problems in inter
preting relative abundance. 

The MNI values listed in tables 4.40 and 4.41 were 
computed using the DAP MNI program described in 
Udick and Gross ( 1985). Bones first were grouped 
within taxa by household; bones not assigned to a par
ticular household were grouped by temporal-spatial ele
ment or episode (refer to chap. 5 for explanations of 
these terms). If even an element or episode assignment 
was not possible, all bones assigned to each modeling 
period at each site were grouped as a single unit. Once 
sorted in this manner, MNI's were calculated for most 
skeletal elements by matching portions according to 
proximity and completeness, axiality and completeness, 
and laterality and completeness for each side of the 
body. Matches were not attempted for axiality unless 
proximity was not coded, nor for laterality unless both 
proximity and axiality were not coded. Fragments were 
assumed to represent already-counted individuals, un
less the MNI obtained without fragments was less than 
the number of fragments; in this case, an additional 
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Table 4.40 - MNI in the total macrofauna! assemblage - Continued 

Modeling Period 5 
Indeterminate Identifiable* Total Indeterminate 

% % % % % % % % 
N class total N class total N class total N class total 
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Table 4.40 - MNI in the total macrofaunal assemblage - Continued 

Modeli ng Period 7 Othert 
Indeterminate Identifiable* Total Indeterminate Identifiable* 

% % % % % % % % % o/o 
N class total N class total N class total N class total N class total N 

5 8.4 5.2 15 7.0 6.0 20 7. 3 5.8 23 8.7 6.0 92 7. 5 6.6 115 
19 32.2 20.0 150 70.4 60.2 169 62 .1 49.1 77 29.2 20.1 781 64.1 56.6 858 
12 20.3 12.6 16 7.5 6.4 28 10.2 8.1 53 20.1 13 .8 126 10.3 9.1 179 
9 15 .2 9.4 9 3.3 2.6 48 18 .2 12.5 48 

14 23 .7 14.7 32 15.0 12.8 46 16.9 13.3 62 23 .5 16.2 219 17.9 15.8 281 

59 100.0 62 .1 213 100.0 85 .5 272 100.0 79.0 263 100.0 68.8 1218 100.0 88.3 1481 

9 100.0 9.4 9 100.0 2.6 28 100.0 7.3 28 

8 61.5 8.4 41 89.1 11.9 21 34.4 5.4 168 
I 7.6 1.0 I 2.1 0.2 9 14.7 2.3 9 
0 0.0 0.0 0 0.0 0.0 14 22.9 3.6 14 
4 30.7 4.2 4 8.6 1.1 17 27.8 4.4 17 

13 100.0 13.6 33 100.0 13.2 46 100.0 13.3 61 100.0 15.9 147 100.0 10.6 208 

4 100.0 4.2 I 100.0 0.4 5 100.0 1.4 7 100.0 1.8 3 100.0 0.2 10 

I 100.0 1.0 2 100.0 0.8 3 100.0 0.8 2 100.0 0.5 7 100.0 0.5 9 

3 100.0 3.1 0 0.0 0.0 3 100.0 0.8 5 100.0 1.3 3 100.0 0.2 8 

6 100.0 6. 3 6 100.0 1.7 16 100.0 4.1 16 

95 100.0 249 100.0 344 100.0 382 100.0 1378 100.0 1760 

e 

Total 
o/o 

class 

7.7 
57.9 
12 .0 
3.2 

18.9 

100.0 

100.0 

80.7 
4.3 
6.7 
8.1 

100.0 

100.0 

100.0 

100.0 

100.0 

o/o 
total 

6.5 
48.7 
10.1 
2.7 

15.9 

84.1 

1.5 

9.5 
0.5 
0.7 
0.9 

11.8 

0.5 

0.5 

0.4 

0.9 

100.0 

e 
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. ENVIRONMENTAL ARCHAEOLOGY 

Table 4.40 - MNI in the total macrofauna! assemblage - Continued 

Total 

Indeterminate Identifiable* Total 
% % % % % % 

N class total N class total N class total 

Mammalia: 
Indeterminate 68 6.0 4.3 277 6.9 6.2 345 6.7 5.7 
Small 290 25.8 18.6 2519 63.0 56.5 2809 54.8 46.7 
Medium 229 20.3 14.7 397 9.9 8.9 626 12.2 10.4 
Medium or large 249 22.1 16.0 249 4.8 4.1 
Large 288 25 .6 18 .5 801 20.0 17.9 1089 21.2 18.1 

Total Mammalia 11 24 100.0 72 .2 3994 100.0 89.5 5118 100.0 85 .1 

Mammalia or Aves 125 100.0 8.0 125 100.0 2.0 

Aves: 
Indeterminate 85 39.1 5.4 529 80.0 8.7 
Small 35 16.1 2.2 35 5.2 0.5 
Medium 44 20.2 2.8 44 6.6 0.7 
Large 53 24.4 3.4 53 8.0 0.8 

Total Aves 217 100.0 13.9 444 100.0 9.9 661 100.0 10.9 

Osteichthyes 22 100.0 1.4 4 100.0 0.0 26 100.0 0.4 

Reptilia 6 100.0 0.3 II 100.0 0.2 17 100.0 0.2 

Amphibia 13 100.0 0.8 5 100.0 0.1 18 100.0 0.2 

Vertebrata, indeterminate 48 100.0 3.0 48 100.0 0.7 

Total assemblage 1555 100.0 4458 100.0 6013 100.0 

A blank indicates that the number and percentages for the corresponding category were not cal
culated. 
MNI - Minimum number of individuals. 
t Other - Not assigned to period. 
• Identifiable at least to order. 

individual was counted. The MNI obtained for each 
side-element combination was then listed and the high
est value selected. This was manually compared with 
data on skeletal elements for which the program was 
not suitable. Such elements included skull elements and 
phalanges and vertebrae for which the number varied 
depending on taxon. The coding of skull elements was 
difficult to interpret nonsubjectively. If necessary, MNI 
values were raised to correspond to those obtained by 
hand. 

Once MNI values were obtained for each household, 
element or episode, and modeling period at each site, 
all MNI's for each modeling period were summed for 
the entire project, and then all modeling periods were 
summed. More detailed information on the program 
used can be found in Udick and Gross (1985). 

Tables 4.36, 4.38, 4.40, and 4.41 provide NISP and 
MNI values for the DAP macrofauna! assemblages, by 

modeling period. Breakdowns are provided for both 
total and identifiable assemblages. The information in 
these tables has not yet been studied in detail, but it 
should enable the reader to address the issue of tem
poral change in faunal exploitation strategies among the 
Dolores Anasazi. This can be done either at a very gen
eral level using the class breakdowns in tables 4.36 and 
4.40, or in a more detailed manner using only the iden
tifiable assemblage information presented in tables 4.38 
and 4.41. 

The data in the aforementioned tables could be used 
to study a number of specific questions or topics of 
special interest. First, comparisons with the species 
composition predicted in the resource availability sec
tion of this chapter should be undertaken. To what ex
tent does relative biomass appear to have affected 
inclusion in the diet, and when little or no correlation 
exists, is this a reflection of the crudeness of the biomass 

27 1 



N 
-.1 
N 

Taxon 

Mammalia: 
Insecti vora 
insectivores 

Soricidae 
shrews 

Microsorex hoyi 
pygmy shrew 

Lagomorpha 
pikas, rabbits, and hares 

Ochotona princeps 
pika 

Leporidae 
rabbits and hares 

Sylvilagus spp. 
cottontails 

Sylvilagus nutta/lii 
Nuttall's cottontail 

Sylvilagus audubonii 
desert cottontail 

Lepus spp. 
jackrabbits 

Lepus americanus 
snowshoe hare 

Lepus townsendii 
white-tailed jackrabbit 

Lepus ca/ifornicus 
black-tailed jackrabbit 

Rodentia 
rodents 

e 

N 

I (I) 

2 (2) 

18 (20) 

4 (4) 

15 (15) 

I (2) 

0 (I) 

4 (4) 

Table 4.41 - MNI in the identifiable macrofauna) assemblage* 

Modeling Period I Modeling Period 2 
% % % % 

class total N class total 

I (I) 0.2 (0.2) 0.20 

2 (2) 0.4 (0.4) 0.4 

0.7 (0.6) 0.6 (0.6) I (I) 0.2 (0.2) 0.2 

1.4 (1.3) 1.3 (1.2) 8 (8) 1.9 ( 1.8) 1.8 

13.2 (13.3) 12.2 (12.1) 75 (76) 18.6 (17.6) 17.2 

5 (6) 1.2 (1.3) 1.1 

2.9 (2.6) 2.7 (2.4) 21 (21) 5.2 (4.8) 4.8 

11.0 (10.0) 10.2 (9.1) 40 (42) 9.9 (9.7) 9.2 

2 (2) 0.4 (0.4) 0.4 

0.7 (1.3) 0.6 ( 1.2) 2 (4) 0.4 (0.9) 0.4 

0.0 (0.6) 0.0 (0.6) 

2.9 (2.6) 2.7 (2.4) 8 (8) 1.9 ( 1.8) 1.8 

e 

Modeling Period 3 
% 

N class 

(0.2) 

(0.4) 

(0.2) 4 (4) 0.8 (0.8) 

( 1.7) 4 (4) 0.8 (0.8) 

(16.2) 42 (43) 9.3 (8.9) 

(1.2) 13 (15) 2.9 (3. 1) 

(4.4) 12 (12) 2.6 (2.5) 

(8.9) 38 (39) 8.4 (8.1) 

(0.4) I (I) 0.2 (0.2) 

(0.8) 6 (9) 1.3 ( 1.8) 

2 (4) 0.4 (0.8) 

( 1.7) 9 (9) 2.0 ( 1.8) 

% 
total 

0.8 

0.8 

8.6 

2.6 

2.4 

7.8 

0.2 

1.2 

0.4 

1.8 

(0.7) 

(0.7) 

(8.2) 

(2.8) 

(2.2) 

(7.4) 

(0.1) 

( 1.7) 

(0.7) 

(I. 7) 

e 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage* -Continued 

Taxon I Modeling Period I 

I 
Modeling Period 2 Modeling Period 3 

% % % % % % 
N class total N class total N class total 

Sciuridae 

I squirrels 5 (5) 3.6 (3.3) 3.4 (3.o> 1 17 (17) 4.2 (3.9) 3.9 (3.6) I 16 (16) 3.5 (3.3) 3.2 (3.0) 
Eutamias spp. 
chipmunks 

Marmota flaviventris 
yellow-bellied marmot I 6 (6) 4.4 (4.0) 4.0 (3.6) I 17 (17) 4.2 (3.9) 3.9 (3.6) I 33 (38) 7.3 (7.9) 6.7 (7.2) 

Amnospermophilus leucurus 
white-tailed antelope 
squirrel 

Spermophilus spp. 
ground squirrels I I I I (I) 0.2 (0.2) 0.2 (0.1) 

Spermophilus spilosoma 
spotted ground squirrel I I (I) 0.7 (0.6) 0.6 (0.6) I 3 (4) 0.7 (0.9) 0.6 (0.8) 

Spermophilus latera/is 
golden-mantled ground I I I (2) 0.2 (0.4) 0.2 (0.4) I 4 (5) 0.8 (1.0) 0.8 (0.9) 

squirrel 
Spermophilus variegatus 
rock squirrel I 3 (3) 2.2 (2 .0) 2.0 < 1.8) I 7 (8) 1.7 ( 1.8) 1.6 < 1.7) I 13 (14) 2.9 (2.9) 2.6 (2.6) 

Cynomys gunnisoni 
Gunnison's prairie dog I 12 (12) 8.8 (8 .0) 8.1 (7.3) I 24 (26) 5.9 (6.0) 5.5 (5.5) I II ( I I) 2.4 (2 .2) 2.2 (2.0) 

Geomyidae 
pocket gophers I (I) 0.2 (0.2) 0.2 (0.2) I (I) 0.2 (0.2) 0.2 (0. 1) 

Thomomys spp. 
m z 

pocket gophers 2 (2) 1.4 (1.3) 1.3 (1 .2) 10 (10) 2.4 (2.3) 2.3 (2.1) 18 (19) 4.0 (3 .9) 3.6 (3.6) < 
Jj 

Thomomys bottae 0 
valley pocket gopher 0 (3) 0.0 (2.0) 0.0 ( 1.8) 5 (5) 1.2 ( 1.1) 1.1 ( 1.0) 12 (12) 2.6 (2.5) 2.4 (2.2) z 

Thomomys talpoides 
~ 
m 

northern pocket gopher z 
Heteromyidae ;;! 

r 
pocket mice, kangaroo rats )> 

Perognathus apache ::D 

Apache pocket mouse 
(") 
:I: 
)> 
m 
0 
r 
0 

1'-.) G) 
-..J -< w 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage• - Continued 

Taxon Modeling Period I Modeling Period 2 Modeling Period 3 
o/o o/o o/o o/o o/o o/o 

N class total N class total N class total 

Zapodidae 
jumping mice 

Erethi::on dorsa/Urn 
porcupine I 4 (4) 2.9 (2.6) 2.7 (2.4) I 9 (9) 2.2 (2.0) 2.0 < 1.9) I 14 (17) 3.1 (3.5) 2.8 (3.2) 

Carn ivora 
carnivores I 4 (4) 2.9 (2.6) 2.7 (2.4) I 2 (2) 0.4 (0.4) 0.4 (0.4) I 6 (6) 1.3 ( 1.2) 1.2 ( 1.1) 

Canidae 
can ids I I (I) 0.7 (0.6) 0.6 <0.6) 1 2 (2) 0.4 (0.4) 0.4 <OA> I 3 (4) 0.6 (0.8) 0.6 (0.7) 

Canis spp. 
dog, coyote, or wolf I 3 (3) 2.2 (2.0) 2.0 < 1.8) I 7 (8) 1.7 ( 1.8) 1.6 < 1.7) I 7 (9) 1.5 ( 1.8) 1.4 ( 1.7) 

Canis j(uni/iaris 
domestic dog I 5 (5) 3.6 (3.3) 3.4 <3.o) 1 14 (14) 3.4 (3 .2) 3.2 <2.9) 1 10 (10) 2.2 (2.0) 2.0 (1.9) 

Canis.familiaris or latrans 
dog or coyote 

Canis latrans 
coyote I 2 (2) 1.4 ( 1.3) 1.3 < 1.2) I 4 (4) 0.9 (0.9) 0.9 <0.8) 1 3 (3) 0.6 (0.6) 0.6 (0.5) 

Canis lupus 
gray wolf I I (I) 0.7 (0.6) 0.6 (0.6) 1 0 (I) 0.0 (0.2) 0.0 (0.2) 

Vulpes spp. 
red or kit foxes 

Vu/pes vu/pes 
red fox I (I) 0.7 (0.6) 0.6 (0.6) 4 (5) 0.9 ( 1.1) 0.9 (1.0) 2 (3) 0.4 (0.6) 0.4 (0.5) m 

Vrtlpes or Urocyon spp. z 
< foxes Jj 

Urocyon cinereoargenteus 0 
gray fox I (I) 0.2 (0.2) 0.2 (0.2) z 

s:: 
Ursus spp. m 
bears I (I) 0.7 (0.6) 0.6 (0.6) . 2 (2) 0.4 (0.4) 0.4 (0.3) z 

~ Ursus americanus r 
black bear 0 (I) 0.0 (0.6) 0.0 (0.6) )> 

Bassariscus astlllus :D 
() 

ringtail q (I) 0.2 (0.2) 0.2 (0.2) 2 (2) 0.4 (0.4) 0.4 (0.3) :I: 
)> 
m 
0 
r 

N 0 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage* - Continued "'0 
0 
::0 

Taxon I Modeling Period I 

I 
Modeling Period 2 

I 
Modeling Period 3 

_, 
% % % % % o/o 

N class total N class total N class total 

Mustelidae 
mustelids 

Maries americana 
marten I I I I (I) 0.2 (0.2) 0.2 (0.1) 

Mustela spp. 
weasels 

Mustela vison 
mink 

Muste/a .frena/a 
long-tailed weasel I I I (I) 0.2 (0.2) 0.2 <0.2l I 2 (2) 0.4 (0.4) 0.4 (0.3) 

Gulo gulo 
wolverine 

Taxidea lax us 
Badger I I 2 (2) 0.4 (0.4) 0.4 <OA> I I ( I ) 0.2 (0.2) 0.2 (0. 1) 

Spi/oga/e putorius 
spotted skunk 

Mephitis mephitis 
striped skunk I I I I (2) 0.2 (0.4) 0.2 (0.3) 

Felidae 
cats 

Lynx spp. 
bobcat or lynx I I I I ( I) 0.2 (0.2) 0.2 (0. 1) 

Lynx ru.fus 

I bobcat 3 (3) 2.2 (2.0) 2.0 < !.8) I 3 (3) 0.7 (0.6) 0.6 (0.6) I 4 (4) 0.8 (0.8) 0.8 (0.7) 

Felis concolor 
mountain lion 

Artiodactyla 
(6.7) I artiodactyls II (I I) 8.0 (7.3) 7.4 20 (24) 4.9 (5.5) 4.6 (5. 1 > I 35 (36) 7.8 (7. 5) 7. 1 (6.8) 

Cervidae 
deer 5 (5) 3.6 (3.3) 3.4 (3.o> I 8 (8) 1.9 ( 1.8) 1.8 < 1.7) I 4 (4) 0.8 (0.8) 0.8 (0.7) 

Cervus e/aphus 
(0.6) I American elk I ( I) 0.7 (0.6) 0.6 2 (3) 0.4 (0.6) 0.4 (0.6) I 4 (6) 0.8 (1.2) 0.8 ( I. I) 

e e e 
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Taxon 

Odocoi/eus hemionus 
mule deer 

Antilocapra americana 
pronghorn 

Anlilocapra or Ovis spp. 
pronghorn or sheep 

Ovis spp. 
sheep 

Ovis canadensis 
bighorn 

Bas or Bison 
cow or bison 

Total Mammalia 

Aves: 
Gaviiformes 
loons 

Ciconiformes 
deep water waders 

Anatidae 
geese and ducks 

Anserinae 
geese 

Branta canadensis 
Canada goose 

Anas spp. 
su.rface-feeding ducks 

Anas p/atyrhynchos 
mallard 

Oxyura jamaicensis 
ruddy duck 

N 

12 (15) 

I (I) 

3 (3) 

136 (150) 

I (2) 

e 

Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued 

Modeling Period I Mode:ing Period 2 
% % % % 

class total N class total 

8.8 (10.0) 8.1 (9.1) 21 (24) 5.2 (5 .5) 4.8 (5.1) 

0.7 (0.6) 0.6 (0.6) 3 (3) 0.7 (0.6) 0.6 (0.6) 

2.2 (2.0) 2.0 ( 1.8) 4 (6) 0.9 ( 1.3) 0.9 (1.2) 

100.0 ( 100.0) 92.5 (91.4) 402 (43 1) 100.0 (100.0) 92.6 (92.2) 

9.0 ( 14.2) 0.6 ( 1.2) I (I) 3.1 (2.7) 0.2 (0.2) 

Modeling Period 3 
% 

N class 

27 (29) 6.0 (6.0) 

II (II) 2.4 (2.2) 

5 (5) 1.1 ( 1.0) 

448 (479) 100.0 (100.0) 

I ( I ) 2.6 (2.2) 

I (I) 2.6 (2.2) 

I (I) 2.6 (2.2) 

I (I) 2.6 (2.2) 

0 (I) 0.0 (2.2) 

I (I) 2.6 (2.2) 

% 
total 

5.5 

2.2 

1.0 

91.9 

0.2 

0.2 

0.2 

0.2 

0.0 

0.2 

e 

(5.5) 

(2.0) 

(0.9) 

(91.4) 

(0.1) 

(0. 1) 

(0.1) 

(0.1) 

(0.1) 

(0. 1) 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage•- Continued 
"'0 
0 
::Il 
-t 

Taxon I Modeling Period I 

I 
Modeling Period 2 

I 
Modeling Period 3 

% % % % % % 

N class total N class total N class total 

Falconiformes 
I vultures, hawks and I 2 (2) 6.2 (5 .5) 0.4 <OA) I I (I) 2.6 (2.2) 0.2 (0.1) 

falcons 
Cathartes aura 
turkey vulture I I I (I) 3.1 (2.7) 0.2 (0.2) 

Accipitridae 
hawks aild eagles 

Accipiter spp. 
hawks 

Accipiter gentilis 
goshawk 

Accipiter stria/lis 
sharp-shinned hawk 

Accipiter cooperii 
Cooper's hawk 

Buteo spp. 
buteos 

Bweo jamaicensis 
I red-tailed hawk I I I (I) 2.6 (2 .2) 0.2 (0.1) 

Bllleo swainsoni 
Swainson's hawk 

Aquila or Haliaee/lls spp. 
eagles 

Aquila chrysaetos 

I golden eagle I (I) 9.0 (7.1) 0.6 (0.6) I I 2 (2) 5.2 (4.5) 0.4 (0.3) 

Haliaeetus leucocephalus 
bald eagle 

Falco mexicanus 
prairie falcon 

Falco sparverius 

I 
American kestrel 

I 
3 (3) 9.3 (8 .3) 0.6 (0.6) I I (I) 2.6 (2.2) 0.2 (0. 1) 

Galliformes 
fowl-like birds I (I) 3.1 (2 .7) 0.2 (0.2) 

e e e 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued 

Taxon I Modeling Period 1 Modeling Period 2 Modeling Period 3 
% % % % % o/o 

N class total N class total N class total 

Tetraonidae 
grouse 4 (4) 36.3 (28 .5) 2.7 (2.4) 4 (5) 12.5 (13.8) 0.9 < t.ol I 9 (12) 23.6 (27.2) 1.8 (2.2) 

Centrocercus urophasianus 
sage grouse 

Me/eaxris gallopavo 
turkey 

I 

1 (2) 9.0 ( 14.2) 0.6 ( 1.2) I 7 (7) 21.8 (19.4) 1.6 OAl I 6 (6) 15.7 (13.6) 1.2 ( 1.1) 
Grus canadensis 
sandhill crane 3 (4) 9.3 (11. 1) 0.6 (0.8l 1 2 (4) 5.2 (9.0) 0.4 (0.7) 

Tringa melanoeuca 
greater yellowlegs 

Zenaida macroura 
mourning dove I 0 (l) 0.0 (7. 1) 0.0 (0.6) 1 I 1 (l) 2.6 (2.2) 0.2 (0.1 ) 

01us asio 
screech owl 

Bubo virginianus 
great horned owl I I I 2 (2) 5.2 (4.5) 0.4 (0.3) 

Glaucidiwn xnoma 
pygmy owl 

Asio spp. 
long- or short-eared owl I I I 1 ( 1) 2.6 (2.2) 0.2 (0. 1) 

Asio OlliS 
long-eared owl 

Co/aples aura/lis m 
common flicker 1 (l) 9.0 (7. 1) 0.6 (0.6) 2 (2) 6.2 (5.5) 0.4 (0.4) 1 (l) 2.6 (2.2) 0.2 (0.1) 

z 
< 

Passeriformes :0 
perching birds 1 (l) 9.0 (7.1) 0.6 (0.6) 3 (3) 9.3 (8.3) 0.6 (0.6) 1 (l) 2.6 (2.2) 0.2 (0. 1) 0 z 

Trrannus verlicalis ~ 
western kingbird m z 

Corvidae );! 
jays. crows, and magpies 1 (l) 3.1 (2.7) 0.2 (0.2) r 

Corvus spp. )> 
JJ 

raven or crow () 
I 
)> 
m 
0 
r 
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0 
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Taxon 

Corvus corax 
common raven 

Corvus brachyrhynchos 
common crow 

Cyanocilla stelleri 
Steller's jay 

Cymnorhinus cyanocephalus 
pinyon jay 

Aphelocoma coerulescens 
scrub jay 

Pica pica 
black-billed magpie 

Turdidae 
thrushes and bluebirds 

Sialia currucoides 
mountain bl uebird 

Turdus migratorius 
American robin 

Lanius excubitor 
northern shrike 

Slllrnel/a spp. 
meadowlarks 

Xanthocephalus 
xanthocepha/us 

yellow-headed blackbird 
Fringillidae 
finch-like birds 

Pipilo chlorura 
green-tailed towhee 

Total Aves 

e 

N 

I (I) 

I (I) 

II ( 14) 

Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued 

Modeling Period I Modeling Period 2 
% % % % 

class total N class total 

9.0 (7.1) 0.6 (0.6) I (I) 3.1 (2.7) 0.2 (0.2) 

0 (I) 0.0 (2.7) 0.0 (0.2) 

I (I) 3.1 (2.7) 0.2 (0.2) 

I (I) 3.1 (2.7) 0.2 (0.2) 

9.0 (7.1 ) 0.6 (0.6) I (2) 3.1 (5.5) 0.2 (0.4) 

100.0 ( 100.0) 7.4 (8.5) 32 (36) 100.0 (100.0) 7.3 (7.7) 

e 

Modeling Period 3 
% 

N class 

I (I) 2.6 (2.2) 

I (I) 2.6 (2.2) 

2 (2) 5.2 (4.5) 

I (I) 2.6 (2.2) 

38 (44) 100.0 ( 100.0) 

o/o 
total 

0.2 

0.2 

0.4 

0.2 

7.8 

(0.1) 

(0.1) 

(0.3) 

(0.1) 

(8 .3) 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage* - Continued 

Taxon I Modeling Period 4 Modeling Period 5 

I 
Modeling Period 6 

% % % % % % 
N class total N class total N class total 

Marmota jlaviventris 
yellow-bellied marmot 18 (22) 5.5 (5.8) 5.2 (5.4) 15 (17) 2.2 (2.1) 2.09 < !.9) I 6 (7) 1.9 (2.0) 1.7 (I. 7) 

Amnospermophilus leucurus 
white-tailed antelope 

squirrel 
Spermophilus spp. 
ground squirrels I I (I ) 0.3 (0.2) 0.2 (0.2) 

Spermophilus spilosoma 
spotted ground squirrel I I I 0 (I) 0.0 (0.2) 0.0 (0.2) 

Spermophilus latera/is 
golden-mantled ground I 5 (7) 1.5 ( 1.8) 1.4 < t. 7) I 4 (4) 0.6 (0.5) 0.5 (0.4) I I (I) 0.3 (0.2) 0.2 (0.2) 

squirrel 
Spermophilus variegatus 
rock squirrel I 4 (4) 1.2 ( 1.0) 1.1 <0.9> I 12 (15) 1.8 ( 1.9) 1.6 < t. 7) I 9 (II) 2.9 (3.2) 2.5 (2.7) 

Cynomys gunnisoni 
Gunnison's prairie dog I 17 (20) 5.2 (5.3) 4.9 (4.9) I 26 (31) 3.9 (3.9) 3.5 (3 .5) I 24 (25) 7.9 (7.3) 6.8 (6.2) 

Geomyidae 
pocket gophers 

Thomomys spp. 
pocket gophers I II (13) 3.4 (3.4) 3.1 (3.1 > I 24 (25) 3.6 (3.1 ) 3.3 (2.8> I 6 (7) 1.9 (2.0) 1.7 ( 1.7) 

Thomomys bottae 
valley pocket gopher 3 (3) 0.9 (0.7) 0.8 (0.7) 6 (6) 0.9 (0.7) 0.8 (0.6) 4 (4) 1.3 ( 1.1) 1.1 ( 1.0) 

Thomomys talpoides m 
northern pocket gopher z 

< Heteromyidae :0 
pocket mice, kangaroo rats 0 (I ) 0.0 (0.1) 0.0 (0.1) 0 

Perognathus apache z 
s:: 

Apache pocket mouse 0 (I ) 0.0 (0.1) 0.0 (0.1 ) I (I ) 0.3 (0.2) 0.2 (0.2) m 
Dipodomys ordii z 

);! Ord's kangaroo rat 0 (I ) 0.0 (0.1) 0.0 (0.1) 0 (I ) 0.0 (0.2) 0.0 (0.2) r 
Castor canadensis )> 

beaver 7 (8) 2.1 (2.1) 2.0 ( 1.9) 13 (15) 1.9 ( 1.9) 1.7 ( I. 7) 6 (7) 1.9 (2.0) 1.7 ( I. 7) :0 
() 
I 
)> 
m 
0 
r 
0 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage• -Continued m 
""0 
0 

Taxon I Modeling Period 4 Modeling Period 5 

I 

Modeling Period 6 
:0 
-i 

% % % % % % 

N class total N class total N class total 

Cricetidae 
New World rats and mice 2 (2) 0.6 (0.5) 0.5 (0.4) 5 (5) 0.7 (0.6) 0.6 (0.5) I 2 (2) 0.6 (0.5) 0.5 (0.5) 

Peromyscus spp. 
white-footed mice 6 (6) 1.8 ( 1.5) 1.7 (1.4) 15 (16) 2.2 (2.0) 2.0 < 1.8) I I (I) 0.3 (0.2) 0.2 (0.2) 

Peromyscus manicu/atus 
deer mouse 

Peromyscus boylii or truei 
brush or pinyuon mouse 

Onochomys leucogaster 
northern grasshopper I 0 ( I ) 0.0 (0.2) 0.0 (0.2) I 0 (I) 0.0 (0.1) 0.0 (0.1) 

mouse 
Neotoma spp. 

(3.9) I wood rats 13 (16) 4.0 (4.2) 3.7 16 (17) 2.4 (2 .1 ) 2.2 < 1.9) I 8 (9) 2.6 (2.6) 2.2 (2.2) . 

Neotoma cinerea 
bushy-tailed wood rat I (I) 0.3 (0.2) 0.2 (0.2) 

Neotoma mexicana 
Mexican wood rat I I 0 (I) 0.0 (0.2) 0.0 (0.2) 

Microtus spp. 

I (0.9> I voles 4 (4) 1.2 (1.0) 1.1 7 ( II ) 1.0 (1.3) 0.9 < 1.2) I I (I) 0.3 (0.2) 0.2 (0.2) 

Microtus montanus 
montane vole 

Microtus /ongicaudus 
I I long-tailed vole I I (2) 0.3 (0.5) 0.2 (0.5) 

Microtus mexicanus 
Mexican vole 

Microtus pennsylvanicus 
meadow vole 

Ondatra ziebethicus 
muskrat 

I 
I (I) 0.3 (0.2) 0.2 (0.2) I I I (I) 0.3 (0.2) 0.2 (0.2) 

Zapodidae 
I jumping mice I I (I) 0.3 (0.2) 0.2 (0.2) 

Erethizon dorsatum 
porcupine I 9 ( 15) 2.7 (3.9) 2.6 (3 .6) I 9 (12) 1.3 ( 1.5) 1.2 ( 1.3) I 13 (16) 4.3 (4.7) 3.7 (4.0) 

e e e 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage• -Continued 

Taxon I Modeling Period 4 Modeling Period 5 Modeling Period 6 
% % % % % % 

N class total N class total N class total 

Carnivora 
carnivores 6 (6) 1.8 ( 1.5) 1.7 0.4> I 8 (9) 1.2 ( 1.1) 1.1 ( LO> I 3 (3) 0.9 (0.8) 0.8 (0.7) 

Canidae 
can ids I (I) 0.3 (0.2) 0.2 (0.2) 1 5 (8) 0.7 ( 1.0) 0.6 (0.9) 1 3 (4) 0.9 ( 1.1) 0.8 (1 .0) 

Canis spp. 
dog, coyote, or wolf 9 (10) 2.7 (2.6) 2.6 (2.4) I 20 (25) 3.0 (3.1) 2.7 (2.8> 1 3 (4) 0.9 ( 1.1) 0.8 (1 .0) 

Canis familiaris 
domestic dog 3 (3) 0.9 (0.7) 0.8 (0.7) I 12 (19) 1.8 (2.4) 1.6 (2.1) I 4 (6) 1.3 (I. 7) 1.1 ( 1.5) 

Canis familiaris or latrans 
dog or coyote I (I) 0.1 (0.1) 0.1 (0.1) I (I) 0.3 (0.2) 0.2 (0.2) 

Canis latrans 
coyote I (I) 0.3 (0.2) 0.2 (0.2) 1 2 (2) 0.3 (0.2) 0.2 (0.2> 1 5 (5) 1.6 (1.4) 1.4 (1.2) 

Canis lupus 
gray wolf I I (I) 0.3 (0.2) 0.2 (0.2) 1 0 (I) 0.0 (0.1) 0.0 (O.I> 1 I (I) 0.3 (0.2) 0.2 (0.2) 

Vulpes spp. 
red or kit foxes I I I I (I) 0.3 (0.2) 0.2 (0.2) 

Vulpes vulpes 
red fox I I I (I) 0.1 (0.1) 0.1 (0.1) 1 5 (7) 1.6 (2.0) 1.4 (I. 7) 

Vulpes or Urocyon spp. 
foxes I I 0 (I) 0.0 (0.1) 0.0 (0.1) 

Urocyon cinereoargenteus 
gray fox 

Ursus spp. m 
bears 3 (4) 0.9 (1.0) 0.8 (0.9) I (I) 0.1 (0.1) 0.1 (0.1) 2 (2) 0.6 (0.5) 0.5 (0.5) 

z 
< 

Ursus americanus :0 
black bear I (I) 0.1 (0.1) 0.1 (0.1) I (I) 0.3 (0.2) 0.2 (0.2) 0 z 
Bassariscus astutes s:: 
ringtail m z 

Mustelidae );! 
mustelids 0 (I) 0.0 (0.1) 0.0 (0.1) r 

Martes americana )> 
JJ 

marten 0 (I) 0.0 (0.1) 0.0 (0.1) I (I) 0.3 (0.2) 0.2 (0.2) () 
:I 
)> 
m 
0 
r 

N 0 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage* -Continued 0 
::0 
-1 

Taxon I Modeling Period 4 

I 
Modeling Period 5 

I 
Modeling Period 6 

% % % % % % 
N class total N class total N class total 

Mustela spp. 

I weasels I (I) 0.3 (0.2) 0.2 (0.2) 1 I 3 (3) 0.9 (0.8) 0.8 (0.7) 
Mustela vison 
mink 

Mustela f rena/a 
long-tailed weasel I I (I) 0.3 (0.2) 0.2 (0.2) I I 2 (2) 0.6 (0.5) 0. 5 (0.5) 

Gulo gulo 
wolverine I ( I ) 0.1 (0. 1) 0. 1 (0.1) 

Taxidea laxus 
badger I (I) 0.3 (0.2) 0.2 (0.2) 3 (5) 0.4 (0.6) 0.4 (0.5) I I (2) 0.3 (0. 5) 0.2 (0.5) 

Spilogale putorius 
spotted skunk I (I) 0.3 (0.2) 0.2 (0.2) I I (I) 0.3 (0.2) 0.2 (0.2) 

Mephitis mephitis 
striped skunk 

Felidae 
cats 

Lynx spp. 
bobcat or lynx I I (2) 0.3 (0.5) 0.2 <OA> I 2 (2) 0.3 (0.2) 0.2 (0.2) 

Lynx rufus 
bobcat 4 (4) 1.2 (1.0) 1.1 (0.9) 4 (5) 0.6 (0.6) 0.5 (0.5) 5 (6) 1.6 ( I. 7) 1.4 ( 1.5) 

Felis concolor 
mountain lion 0 (I) 0.0 (0.2) 0.0 (0.2) 

Artiodactyla 
artiodactyls 24 (26) 7.4 (6.9) 6.9 (6.3) 57 (58) 8.6 (7.3) 7.8 (6.6) 18 (20) 5.9 (5.8) 5.1 (5 .0) 

Cervidae 
deer 12 (12) 3.7 (3.1) 3.4 (2.9) 14 ( 15) 2.1 (1 .9) 1.9 ( 1.7) 6 (6) 1.9 ( 1.7) 1.7 ( 1.5) 

Cervus elaphus 
American elk 4 (7) 1.2 ( 1.8) 1.1 ( 1.7) 6 (9) 0.9 ( 1.1) 0.8 ( 1.0) I 6 (6) 1.9 (1.7) 1.7 ( 1.5) 

Odocoileus hemionus 
mule deer 29 (33) 9.0 (8.7) 8.3 (8.1) 57 (74) 8.6 (9.3) 7.8 (8.4) 20 (23) 6.6 (6.7) 5.7 (5.7) 

Antilocapra americana 
pronghorn 3 (6) 0.9 ( 1.5) 0.8 ( 1.4) 8 (10) 1.2 ( 1.2) 1.1 ( 1.1) I 4 (4) 1.3 ( 1.1) 1.1 ( 1.0) 

e e e 
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Taxon 

Antilocapra or Ovis spp. 
pronghorn or sheep 

Oris spp. 
sheep 

Oris canadensis 
bighorn 

Bos or Bison 
cow or bison 

Total Mammalia 

Aves: 
Ciconiformes 
loons 

Ciconifmores 
deep water waders 

Anatidae 
geese and ducks 

Anserinae 
geese 

Brama canadensis 
Canada goose 

Anas spp. 
surface-feeding ducks 

Anas p/atyrhynchos 
mallard 

Oxrura jamaicensis 
ruddy duck 

Falconi formes 
vultures. hawks. and 
falcons 

N 

3 (4) 

322 (376) 

1 (2) 

3 (3) 

e 

Table 4.41 - MNI in the identifiable macrofauna! assemblage* - Continued 
- -

Modeling Period 4 Modeling Period 5 
% % % % 

class total N class total 

2 (2) 0.3 (0.2) 0.2 (0.2) 

0.9 (1 .0) 0.8 (0.9) 10 ( II ) 1.5 (1.3) 1.3 (1.2) 

100.0 ( 100.0) 93.0 (92.3) 659 (788) 100.0 ( 100.0) 90.8 (90.3) 

2 (2) 3. 1 (2.4) 0.2 (0.2) 

4.3 (6.6) 0.2 (0.4) 1 (3) 1.5 (3.6) 0.1 (0.3) 

2 (3) 3. 1 (3.6) 0.2 (0.3) 

1 (l) 1.5 ( 1.2) 0.1 (0. 1) 

13.0 (10.0) 0.8 (0.7) 0 ( I) 0.0 ( 1.2) 0.0 (0.1) 

Modeling Period 6 
% 

N class 

6 ( 10) 1.9 (2 .9) 

301 (339) 100.0 (100.0) 

2 (2) 4.0 (3.4) 

1 (2) 2.0 (3.4) 

1 ( I) 2.0 ( 1.7) 

2 (2) 4.0 (3.4) 

% 
total 

1.7 

86.0 

0.5 

0.2 

0.2 

0.5 

----

(2.5) 

(85.3) 

(0.5) 

(0.5) 

(0.2) 

(0.5) 

e 

m z 
< 
Jj 
0 z 
s:: 
m z 
~ 
r 
)> 
JJ 
(') 
::r: 
)> 
m 
0 
5 
G> 
-< 



N "T1 
CXl z CXl )> 

r 
:::0 
m 

Table 4.41 - MNI in the identifiable macrofauna! assemblage* - Continued "'0 
0 
:::0 

Taxon I Modeling Period 4 Modeling Period 5 

I 
Modeling Period 6 

-t 

% % % o/o o/o o/o 
N class total N class total N class total 

Cathartes aura 
turkey vulture I 0 ( I) 0.0 ( 1.7) 0.0 (0.2) 

Accipitridae 
hawks and eagles I I 3 (3) 4.6 (3.6) 0.4 (0.3) 

Accipiter spp. 
hawks 

I I 

0 (I) 0.0 ( 1.2) 0.0 (0.1) 
Accipiter gentilis 
goshawk I I (I) 2.0 ( 1.7) 0.2 (0.2) 

Accipiter striatus 
sharp-shinned hawk I I I I ( I) 2.0 ( 1.7) 0.2 (0.2) 

Accipiter cooperii 
Cooper's hawk 

(0.2) I 
I (I) 1.5 ( 1.2) 0.1 (0.1) I I (I) 2.0 ( 1.7) 0.2 (0.2) 

Bweo spp. 
buteos I (I) 4.3 (3.3) 0.2 3 (3) 4.6 (3.6) 0.4 (0.3) I (I) 2.0 ( 1.7) 0.2 (0.2) 

Bweo jamaicensis 
red-tailed hawk I (2) 1.5 (2.4) 0.1 (0.2) I (I) 2.0 ( 1.7) 0.2 (0.2) 

Bweo swainsoni 
Swainson's hawk I (I) 2.0 ( 1.7) 0.2 (0.2) 

Aquila or Haliaeetus spp. 
eagles I (I) 2.0 ( 1.7) 0.2 (0.2) 

Aquila chr.vsaetos 
golden eagle I I (I) 4.3 (3.3) 0.2 (0.2> I I (I) 1.5 ( 1.2) 0.1 (O.IJ I 4 (4) 8.1 (6.8) 1.1 (1.0) 

Haliaeetus leucocephalus 
bald eagle I I I I ( I) 2.0 ( 1.7) 0.2 (0.2) 

Falco mexicanus 
prairie falcon I I 0 (I) 0.0 ( 1.2) 0.0 (0. 1) 

Falco sparverius 
I American kestrel I I I (I) 2.0 ( 1.7) 0.2 (0.2) 

Galliformes 
fowl-like birds 

I 
I (2) 4.3 (6.6) 0.2 (0.4) I I (I) 1.5 (1.2) 0.1 (0.1) 

Tetraonidae 
grouse 7 (7) 30.4 (23.3) 2.0 ( 1.7) I 16 (18) 25.0 (21.9) 2.2 (2.0) I 10 ( 12) 20.4 (20.6) 2.8 (3.0) 

• • • I 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued 

Taxon I Modeling Period 4 Modeling Period 5 

I 
Modeling Period 6 

% % % % % % 
N class total N class total N class total 

Centrocercus urophasianus 
sage grouse I (I) 4.3 (3 .3) 0.2 (0.2) 2 (2) 3.1 (2.4) 0.2 (0.2) I 2 (2) 4.0 (3.4) 0.5 (0.5) 

Me/eagris gallopavo 
turkey 6 (10) 26 .0 (33.3) 1.7 (2.4) 18 (23) 28.1 (28 .0) 2.4 (2.6) I 7 (9) 14.2 (15.5) 2.0 (2.2) 

Grus canadensis 
sandhill crane 2 (2) 3.1 (2.4) 0.2 (0.2) I (I) 2.0 ( 1.7) 0.2 (0.2) 

Tringa me/anoleuca 
greater yellowlegs 

(0.1) I 
0 (I) 0.0 ( 1.7) 0.0 (0.2) 

Zenaida macroura 
mourning dove I (I) 1.5 (1.2) 0.1 I (I) 2.0 ( 1.7) 0.2 (0.2) 

Otus asio 
screech owl I (I) 1.5 ( 1.2) 0.1 (0.1) 

Bubo virginianus 
great horned owl 0 (I) 0.0 (3.3) 0.0 (0.2) 2 (2) 3.1 (2.4) 0.2 <0.2l I 3 (4) 6.1 (6.8) 0.8 (1.0) 

G/aucidium gnoma 
pygmy owl 

Asiv spp. 
long- or short-eared owl 

Asio OlliS 

long-eared owl 
Co/aptes auraws 
common flicker m 

Passeriformes z 
< 

perching birds 2 (2) 8.6 (6.6) 0.5 (0.4) I (2) 1.5 (2.4) 0.1 (0.2) I (I) 2.0 ( 1.7) 0.2 (0.2) ~ 
Tyrannus verticalis 0 z 
western kingbird I (I) 2.0 (1.7) 0.2 (0.2) s:: 

Corvidae m z 
jays, crows, and magpies 2 (2) 3.1 (2.4) 0.2 (0.2) );! 

Cwvus spp. r 
raven or crow 0 (I) 0.0 (1 .2) 0.0 (0.1) )> 

:D Corvus corax () 

C'Jmmon raven 3 (3) 4.6 (3.6) 0.4 (0.3) 2 (2) 4.0 (3.4) 0.5 (0.5) I 
)> 
m 
0 r 
0 

N G> 
00 -< \0 . 
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Taxon 

Corvus brachyrhynchos 
common crow 

Cyanocilla stelleri 
Steller's jay 

Gyrnnorhinus cyanocephalus 
pinyon jay 

Aphe/ocorna coerulescens 
scrub jay 

Pica pica 
black-billed magpie 

Turdidae 
thrushes and bluebirds 

Sialia currucoides 
mountain bluebird 

Turdus rnigratorius 
American robin 

Lanius excubitor 
northern shrike 

Sturnella spp. 
meadowlarks 

Xanthocephalus 
xanthocephalus 

yellow-headed blackbird 
Fringillidae 
finch-like birds 

Pipilo ch/orura 
green-tailed towhee 

Total Aves 

Reptilia: 
Squamata 

lizards and snakes 

e 

N 

23 (30) 

Table 4.41 - MNI in the identifiable macrofauna! assemblage• - Continued 

Modeling Period 4 Modeling Period 5 
% % % % 

class total N class total 

0 (I) 0.0 (1.2) 0.0 (0.1) 

0 (I) 0.0 (1 .2) 0.0 (0.1} 

100.0 (100.0) 6.6 (7.3) 64 (82) 100.0 (100.0) 8.8 (9.4) 

e 

Modeling Period 6 
% 

N class 

2 (2} 4.0 (3.4) 

0 (I) 0.0 ( 1.7) 

49 (58) 100.0 ( 100.0) 

o/o 
total 

0.5 

0.0 

14.0 

(0.5 ) 

(0.2) 

(14.6) 

e 
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Taxon 

Sauria 
lizard 

Sceloporus undulatZJs 
elongatus 

northern plateau lizard 
Serpentes 
snakes 

Crotalus viridis 
western rattlesnake 

Total Reptilia 

Amphibia: 
Anura 
frogs and toads 

Bufo spp. 
true toads 

Total Amphibia 

Osteichthyes: 
Cypriniformes 
cyprinids 

Catostomidae 
suckers 

Catostomus spp. 
flannelmouth or bluehead 
sucker 

Total Osteichthyes 

Total assemblage 

N 

I (I) 

.___ __ 
! l (I) 

346 (407) 

e 

Table 4.41 - MNI in the identifiable macrofauna! assemblage* -Continued 

Modeling Period 4 Modeling Period 5 
% % % % 

class total N class total 

100.0 (100.0) 0.2 (0.2) I (I) 100.0 (100.0) 0.1 (0.1) 

100.0 (100.0) 0.2 (0.2) I (I) 100.0 (100.0) 0.1 (0.1) 

I (I} 100.0 (100.0) 0.1 (0.1) 

I (I) 100.0 ( 100.0) 0.1 (0.1) 

I 00.0 (I 00.0) 725 (872) 100.0 ( 100.0) 

Modeling Period 6 
% 

N class 

350 (397) 

% 
total 

100.0 (100.0) 
-- ·-----
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Table 4.41 - MNI in the identifiable macrofauna! assemblage* - Continued m 
"'0 
0 

Taxon I Modeling Period 7 Othert 

I 
Total :0 

-I 
% % % % % % 

N class total N class total N class total 

Mammalia: 
Insectivora 
insectivores 

(0.0) I 
0 ( I ) 0.0 (0.0) 0.0 (0.0) 

Soricidae 
shrews 0 (I) 0.0 (0.0) 0.0 I (2) 0.0 (0.0) 0.0 (0.0) 

Microsorex hoyi 
pygmy shrew 3 (3) 0.0 (0.0) 0.0 (0.0) 

Lagomorpha 
pikas. rabbits. and hares I (I) 0.5 (0.4) 0.4 <0.4l I I (I) 0.0 (0.0) 0.0 <O.oJ I 9 (9) 0.2 (0.2) 0.2 (0 2) 

Ochotona princeps 
pika I (I) 0.5 (0.4) 0.4 (0.4l I I 4 (4) 0.1 (0.1) 0.1 (0.0) 

Leporidae 
rabbits and hares 7 (8) 3.6 (3.7) 3.1 (3.2) 27 (27) 2.6 (2.2) 2.3 < t.9 l I Si (82) 2.3 (2.0) 2.1 ( 1.8) 

Sv/vi/agus spp. 
cottontails 29 (3 1) 15.1 ( 14.5) 13.2 ( 12.4) 148 (162) 14.4 ( 13.3) 12.8 < II.7J I 475 (509) 13.6 (12.7) 12.3 ( 11.4) 

Sylvilagus nllltallii 
Nuttall's cottontail 3 (5) 1.5 (2.3) 1.3 (2 .0) 14 (19) 1.3 ( 1.5) 1.2 < 1.3) I 45 (58) 1.2 (1.4) 1.1 ( 1.3) 

Sylvilagus audubonii 
desert cottontail 6 (6) 3.1 (2.8) 2.7 (2.4) 24 (25) 2.3 (2.0) 2.0 < t.Sl I 114 (116) 3.2 (2.9) 2.9 (2.6) 

Lepus spp. 
jackrabbits 13 (14) 6.7 (6.5) 5.9 (5.6) I 70 (82) 6.8 (6.7) 6.0 (5.9J I 311 (339) 8.9 (8.4) 8.0 (7.6) 

Lepus americanus 
snowshoe hare 

I I 
6 (7) 0.5 (0.5) 0.5 <0.5J I 15 (16) 0.4 (0.4) 0.3 (0.3) 

Lepus townsendii 
white-tailed jackrabbit 20 (33) 1.9 (2.7) 1.7 (2.3J I 50 (92) 1.4 (2.3) 1.2 (2.0) 

Lepus ca/ifornicus 
black-tailed jackrabbit 5 (17) 0.4 ( 1.3) 0.4 ( 1.2) I 14 (48) 0.4 ( 1.2) 0.3 (1.0) 

Rodentia 
rodents 10 (10) 5.2 (4.6) 4.5 (4.0) 25 (25) 2.4 (2.0) 2.1 (1.8) 93 (93) 2.6 (2.3) 2.4 (2.0) 

Sciuridae 
squirrels 12 (12) 6.2 (5.6) 5.4 (4.8) 38 (38) 3.7 (3. 1) 3.3 (2.7) I 141 (1 45) 4.0 (3.6) 3.6 (3.2) 

Ewamias spp. 
chipmunks I I 0 (I) 0.0 (0.0) 0.0 (0.0) I I (2) 0.0 (0.0) 0.0 (0.0) 

e e e 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued 

Taxon I Modeling Period 7 Othert 

I 
Total 

% % o/o o/o o/o o/o 
N class total N class total N class total 

Marmvta .flaviventris 
yellow-bellied marmot I (I) 0.5 (0.4) 0.4 <DA> I 28 (43) 2.7 (3.5) 2.4 (3 .1) I 124 ( 151) 3.5 (3 .7) 3.2 (3.3) 

Amnospermvphilus /eucurus 
white-tailed antelope I I 2 (2) 0.1 (0.1) 0. 1 (0.1) 1 2 (2) 0.0 (0.0) 0.0 (0.0) 
squirrel 

Spermophilus spp. 
ground squirrels 

I I 

I (4) 0.0 (0.3) 0.0 (0.2) I 3 (6) 0.0 (0. 1) 0.0 (0. 1) 
Spermophilus spilosvma 
spotted ground squirrel 5 (6) 0.4 (0.4) 0.4 (0.4) 9 (12) 0.2 (0.3) 0.2 (0.2) 

Spermophilus lm.:ralis 
golden-mantled grou nd I 2 (2) 1.0 (0.9) 0.9 <0.8J I 6 (8) 0.5 (0.6) 0.5 <0.5l I 23 (29) 0.6 (0.7) 0.5 (0.6) 

squirrel 
Spermvphilus var'ega/us 

rock squirrel 

I 

5 (6) 2.6 (2.8) 2.2 (2.4) I 26 (33) 2.5 (2.7) 2.2 (2.3) I 79 (94) 2.2 (2.3) 2.0 (2.1) 
Cyno•nys gunnisoni 
Gunnison's prairie dog II (II) 5.7 (5.1) 5.0 (4.4) l 37 (40) 3.6 (3.2) 3.2 (2.9) 162 (176) 4.6 (4.4) 4.2 (3.9) 

Geomyidae 
pocket gophers I I I (I) 0.0 (0.0) 0.0 <o.o> I 3 (3) 0.0 (0.0) 0.0 (0.0) 

Tlwmomys spp. 
pocket gophers 6 (6) 3.1 (2.8) 2.7 (2.4) I 50 (56) 4.8 (4.5) 4.3 (4.0J I 127 (138) 3.6 (3.4) 3.2 (3.0) 

Tlwmomrs bottae 
va lley pocket gopher 4 (4) 2.0 ( 1.8) 1.8 ( 1.6) 9 (9) 0.8 (0.7) 0.7 (0.6) 43 (46) 1.2 ( 1.1) 1.1 ( 1.0) m 

Tlwmom.n ta/pvides 
z 
< 

nonhern pocket gopher 0 (I) 0.0 (0.4) 0.0 (0.4) · I (I) 0.0 (0.0) 0.0 (0.0) I (2) 0.0 (0.0) 0.0 (0.0) :D 
Heteromyidae 0 z 
pocket mice. kangaroo rats 0 (I) 0.0 (0.0) 0.0 (0.0) s::: 

Perogna/hus apache 
m z 

Apache pocket mouse 0 (I) 0.0 (0.0) 0.0 (0.0) I (3) 0.0 (0.0) 0.0 (0.0) };! 
Dipodvmys vrdii r 

Ord's kangaroo rat 0 (I) 0.0 (0.4) 0.0 (0.4) 0 (2) 0.0 (0.1) 0.0 (0.1) 0 (8) 0.0 (0.2) 0.0 (0.1) )> 
:D 

Castor canadensis () 

beaver 5 (5) 2.6 (2.3) 2.2 (2.0) 21 (26) 2.0 (2.1) 1.8 (1.8) 65 (75) 1.8 ( 1.8) 1.6 ( 1.6) :X: 
)> 
m 
0 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued ""0 
0 
:0 

Taxon I Modeling Period 7 Othert 

I 
Tota l -1 

% % % % % % 
N class total N class total N class total 

Cricetidae 
New World rats and mice 4 (4) 2.0 ( 1.8) 1.8 ( 1.6) 10 (10) 0.9 (0.8 ) 0.8 <0.7> I 34 (34) 0.9 (0.8) 0.8 (0.7) 

Peromyscus spp. 
white-footed mice 7 (8) 3.6 (3.7) 3.1 (3.2) 55 (58) 5.3 (4.7) 4.7 (4.2) I 112 (117) 3.2 (2.9) 2.9 (2.6) 

Peromyscus maniculatus 
deer mouse 0 (2) 0.0 (0. 1) 0.0 <O. I> 1 0 (2) 0.0 (0.0) 0.0 (0.0) 

Peromyscus boy/ii or truei 
brush or pinyon mouse I (I) 0.5 (0.4) 0.4 (0.4) I ( I ) 0.0 (0.0) 0.0 <O.O> I 5 (5) 0.1 (0.1) 0. 1 (0.1) 

Onochomys leucogaster 
northern grasshopper mouse I I I I (3) 0.0 (0.0) 0.0 (0.0) 

Neotoma spp. 
wood rats 7 (II) 3.6 (5 .1 ) 3. 1 (4.4) I 34 (39) 3.3 (3.2) 2.9 <2.s> 1 105 ( 11 9) 3.0 (2.9) 2.7 (2 .6) 

Neotoma cinerea 
bushy-tailed wood rat 2 (2) 1.0 (0.9) 0.9 (0.8) 4 (5) 0.3 (0.4) 0.3 <0.3> 1 10 ( 13) 0.2 (0.3) 0.2 (0.2) 

Neotoma mexicana 
mexican wood rat I (I) 0.5 (0.4) 0.4 (0.4) 4 (5) 0.1 (0. 1) 0.1 (0.1) 

Microtus spp. 
voles 8 (10) 4.1 (4.6) 3.6 (4.0) 29 (30) 2.8 (2.4) 2.5 (2.1) 62 (70) 1.7 ( 1.7) 1.6 ( 1.5) 

Microtus montanus 
montane vole 4 (4) 0. 1 (0.1) 0.1 (0.0 

Microtus longicaudus 
long-tailed vole I ( I ) 0.0 (0.0) 0.0 (0.0) 3 (4) 0.0 (0.1) 0.0 (0.0) 

Microtus mexicanus 
Mexican vole I (I) 0.5 (0.4) 0.4 (0.4) 0 (3) 0.0 (0.2) 0.0 (0.2) 4 (7) 0.1 (0. 1) 0.1 (0.1) 

Microtus pennsylvanicus 
meadow vole 

(0.0) I 
0 (I) 0.0 (0.0) 0.0 (0.0) 

Ondatra ::ibethicus 
muskrat I ( I ) 0.5 (0.4) 0.4 (0.4) I (I) 0.0 (0.0) 0.0 5 (6) 0.1 (0.1) 0.1 (0.1 ) 

Zapodidae 
jumping mice 

(2. 1) I 
I ( I) 0.0 (0.0) 0.0 (0.0) 

Erethi::on dorsatum 
porcupine I ( I ) 0.5 (0.4) 0.4 (0.4) 26 (29) 2.5 (2.3) 2.2 85 ( 103) 2.4 (2.5) 2.2 (2.3) 

e e e 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage* - Continued 

Taxon I Modeling Period 7 Othert Total 
% % % % % % 

N class total N class total N class total 

Carnivora 
carnivores 3 (3) 1.5 (1.4) 1.3 ( 1.2) 16 (16) 1.5 ( 1.3) 1.3 (1.1) 48 (49) 1.3 ( 1.2) 1.2 (1 .0) 

Canidae 
can ids I (I) 0.5 (0.4) 0.4 (0.4) 10 (13) 0.9 (1.0) 0.8 (0.9) 26 (34) 0.7 (0.8) 0.6 (0.7) 

Canis spp. 
dog, coyote, or wolf I I (I) 0.5 (0.4) 0.4 (0.4) I 26 (33) 2.5 (2.7) 2.2 (2.3) 76 (93) 2.1 (2.3) 1.9 (2.0) 

Canis familiaris 
domestic dog I I 15 (19) 1.4 ( 1.5) 1.3 < 1.3) I 63 (76) 1.8 ( 1.9) 1.6 ( 1.7) 

Canis fam iliaris or latrans 
dog or coyote 

I 
I 2 (2) 0.1 (0.1) 0. 1 (O. I l 1 4 (4) 0.1 (0.1) 0.1 (0.0) 

Canis latrans 
coyote 2 (2) 1.0 (0.9) 0.9 (0.8) 1 9 (I I ) 0.8 (0.9) 0.7 (0.7) 1 28 (30) 0.8 (0.7) JJ.7 (0.6) 

Canis lupus 
gray wolf 2 (2) 0.1 (0.1) 0.1 (O. Il 1 5 (7) 0.1 (0.1) 0.1 (0.1) ' 

Vulpes spp. 
red or kit foxes I ( I) 0.0 (0.0) 0.0 <o.o) 1 2 (2) 0.0 (0.0) 0.0 (0.0) 

Vulpes vulpes 
red fox I (I) 0.5 (0.4) 0.4 (0.4) 7 (10) 0.6 (0.8) 0.6 (0.7) I 21 (28) 0.6 (0.7) 0.5 (0.6) 

Vulpes or Urocyon spp. 
foxes 0 . (I) 0.0 (0.0) 0.0 (0.0) 0 (2) 0.0 (0.0) 0.0 (0.0) 

Urocyon cinereoargenteus 
gray fox 4 (4) 0.3 (0.3) 0.3 (0.2) 5 (5) 0. 1 (0. 1) 0.1 (0.1) 

Ursus spp. m z 
bears 4 (6) 0.3 (0.4) 0.3 (0.4) 13 (16) 0.3 (0.4) 0.3 (0.3) < 

Ursus americanus jj 

black bear I (I) 0.0 (0.0) 0.0 (0.0) 3 (4) 0.0 (0.1) 0.0 (0.0) 0 z 
Bassariscus astlllus s: 
ringtail 3 (3) 0.0 (0.0) 0.0 (0.0) 

m z 
Mustelidae ~ 

rr. t!stelids 2 (2) 0.1 (0.1) 0.1 (0.1) 2 (3) 0.0 (0.0) 0.0 (0.0) r 

Martes americana 
)> 
:D 

marten 2 (3) 0.1 (0.2) 0.1 (0.2) 4 (6) 0.1 (0.1) 0.1 (0.1) () 
::I: 
)> 
m 
0 r 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage* - Continued 
0 
:D 
-i 

Taxon I Modeling Period 7 Othert Total 
% % % % % % 

N class total N class total N class total 

Mustela spp. 
weasels 2 (2) 0.1 (0.1) 0.1 <O. I> I 6 (6) 0.1 (0.1) 0.1 (0. 1) 

Musatela vison 
mink I I I (I) 0.0 (0.0) 0.0 <o.o> I I (I) 0.0 (0.0) 0.0 (0.0) 

Mustela frenata 
long-tailed weasel I I (I) 0.5 (0.4) 0.4 (0.4) I 3 (3) 0.2 (0.2) 0.2 (0.2) I 10 ( 10) 0.2 (0.2) 0.2 (0.2) 

Gulo gulo 
wolverine I I I I (I) 0.0 (0.0) 0.0 (0.0) 

Taxidea taxus 
badger I ( I ) 0.5 (0.4) 0.4 (0.4) 6 (7) 0.5 (0.5) 0.5 (0.5) I 15 (19) 0.4 (0.4) 0.3 (0.4) 

Spilogale putorius 
spotted skunk 3 (3) 0.2 (0.2) 0.2 (0.2) 5 (5) 0.1 (0.1) 0.1 (0.1) 

Mephitis mephitis 
striped skunk I (I) 0.0 (0.0) 0.0 (0.0) 2 (3) 0.0 (0.0) 0.0 (0.0) 

Felidae 
cats 0 (I) 0.0 (0.0) 0.0 (0.0) 0 (I) 0.0 (0.0) 0.0 (0.0) 

Lyns spp. 
bobcat or lynx I (2) 0.0 (0. 1) 0.0 (0.1) 5 (7) 0.1 (0. 1) 0.1 (0.1) 

Lynx rufus 
bobcat 5 (6) 2.6 (2.8) 2.2 (2.4) 1 10 ( 15) 0.9 ( 1.2) 0.8 < LO> I 38 (46) 1.0 ( 1.1) 0.9 (1 .0) 

Felis concolor 
mountain lion I I I 0 (I) 0.0 (0.0) 0.0 (0.0) 

Artiodactyla 
artiodactyls 

I 
II (13) 5.7 (6.1) 5.0 (5 .2) 1 60 (62) 5.8 (5 .0) 5.2 (4.4) I 236 (250) 6.7 (6.2) 6.1 (5.6) 

Cervidae 
deer I (I) 0.5 (0.4) 0.4 (0.4) I 18 (18) 1.7 (1.4) 1.5 < 1.3) I 68 (69) 1.9 (1.7) 1.7 ( 1.5) 

Cervus elaphus 
American elk 

I 
2 (2) 1.0 (0.9) 0.9 (0.8) 1 10 (15) 0.9 ( 1.2) 0.8 <I. OJ I 35 (49) 1.0 (1.2) 0.9 ( 1.0) 

Odocoileus hemionus 
mule deer 10 ( 12) 5.2 (5.6) 4.5 (4.8) 1 60 (79) 5.8 (6.4) 5.2 (5.7) I 236 (289) 6.7 (7.2) 6.1 (6.4) 

Antilocapra americana 
pronghorn I 2 (2) 1.0 (0.9) 0.9 (0.8) I 8 (13) 0.7 (1 .0) 0.6 (0.9) I 40 (50) 1.1 ( 1.2) 1.0 ( 1.1 ) 
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Taxon 

Antilocapra or Ovis spp. 
pronghorn or sheep 

Ovis spp. 
sheep 

Ovis canadensis 
bighorn 

Bas or Bison 
cow or bison 

Total Mammalia 

y 

e 

Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued 

Modeling Period 7 Othert 
% % % % 

N class total N class total 

I (I) 0.0 (0.0) 0.0 (0.0) 

2 (2) 0.1 (0.1) 0.1 (0.1 ) 

2 (2) 1.0 (0.9) 0.9 (0.8) 12 (19) 1.1 ( 1.5) 1.0 (1.3) 

I (I) 0.0 (0.0) 0.0 (0.0) 

192 (2 13) 100.0 (1 00.0) 87.6 (85.5) 1026 (1218) 100.0 (I 00.0) 89.2 (88.3) 

I (I) 4.0 (3.0) 0.4 (0.4) 

0 (I) 0.0 (3.0) 0.0 (0.4) 

(2) 

Total 
% 

N class 

3 (3) 0.0 (0.0) 

2 (2) 0.0 (0.0) 

45 (60) 1.2 ( 1.5) 

I (I) 0.0 (0.0) 

3486 (3994) 100.0 ( 100.0) 

(4) 

% 
total 

0.0 (0.0) 

0.0 (0.0) 

1.1 (1.3) 

0.0 (0.0) 

90.3 (89.5) 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage*- Continued -o 
0 
:Il 

Taxon I Modeling Period 7 Othert 

I 
Total -I 

% % % % % % 
N class total N class total N class total 

Accipitridae 
hawks and eagles 2 (2) 8.0 (6.0) 0.9 (0.8) 3 (3) 2.6 (2.0) 0.2 (0.2) I 8 (8) 2.2 (1 .8) 0.2 (0.1) 

Accipiter spp. 
hawks 

(0.0) I 
0 (I) 0.0 (0.2) 0.0 (0.0) 

Accipiter gentilis 
goshawk I (I) 0.8 (0.6) 0.0 2 (2) 0.5 (0.4) 0.0 (0.0) 

Accipiter stria/us 
sharp-shinned hawk I (I) 0.8 (0.6) 0.0 <o.o) I 2 (2) 0.5 (0.4) 0.0 (0.0) 

Accipiter cooperii 
Cooper's hawk I 2 (2) 0.5 (0.4) 0.0 (0.0) 

Bweo spp. 
buteos 2 (2) 8.0 (6.0) 0.9 (0.8) 6 (7) 5.3 (4.7) 0.5 <0.5) I 13. (14) 3.6 (3 .1) 0.3 (0.3) 

Bill eo jamaicensis 
red-tailed hawk 0 (2) 0.0 ( 1.3) 0.0 (0.1) 3 (6) 0.8 ( 1.3) 0.0 (0.1) 

Bweo swainsoni 
Swainson's hawk I (I) 0.2 (0.2) 0.0 (0.0) 

Aquila or Haliaeetus spp. 
eagles 0 (I) 0.0 (3.0) 0.0 (0.4) 2 (2) 1.7 ( 1.3) 0.1 (0.1) 3 (4) 0.8 (0.9) 0.0 (0.0) 

Aquila chrysaetos 
golden eagle I I ( I ) 0.8 (0.6) 0.0 <o.o) I 10 (10) 2.8 (2 .2) 0.2 (0.2) 

Haliaeellls leucocephalus 
bald eagle 

I I I 

I (I) 0.2 (0.2) 0.0 (0.0) 

Falco mexicanus 
prairie falcon 0 (I) 0.0 (0.2) 0.0 (0.0) 

Falco sparverius 
American kestrel 0 (I) 0.0 (0.6) 0.0 (0.0) 5 (6) 1.4 ( 1.3) 0.1 (0.1) 

Galliformes 
fowl-like birds I (I) 4.0 (3.0) 0.4 (0.4) 2 (2) 1.7 ( 1.3) 0.1 (0.1) 6 (7) 1.6 ( 1.5) 0.1 (0.1) 

Tetraonidae 
grouse 6 (6) 24.0 (18.1) 2.7 (2.4) 23 (27) 20.5 (18.3) 2.0 (1 .9) 79 (91) 22 .3 (20.4) 2.0 (2.0) 

Centrocercus urophasianus 
sage grouse I I (I) 4.0 (3.0) 0.4 (0.4) I 2 (2) 1.7 ( 1.3) 0.1 (O.t) I 8 (8) 2.2 ( 1.8) 0.2 (0.1) 

e e e 
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Table 4.41 - MNI in the identifiable macrofaunal assemblage• - Continued 

Taxon Modeling Period 7 Othert Total 
% % % % % % 

N class total N class total N class total 

Me/eagris ga/lopavo 
tu rkey 6 (10) 24.0 (30.3) 2.7 (4.0) 1 19 (26) 16.9 (1 7.6) 1.6 < t.8l I 70 (93) 19.7 (20.9) 1.8 (2.0) 

Grus canadensis 
sandhill crane I (I) 4.0 (3.0) 0.4 (0.4) 3 (5) 2.6 (3.4) 0.2 (0.3) I 12 (17) 3.3 (3.8) 0.3 (0.3) 

Tringa me/anoleuca 
greater yellowlegs 0 (I) 0.0 (0.2) 0.0 (0.0) 

Zenaida macroura 
mourning dove 0 (2) 0.0 ( 1.3) 0.0 (0.1) I 3 (6) 0.8 ( 1.3) 0.0 (0.1) 

Otus asio 
screech owl I (I) 0.2 (0.2) 0.0 (0.0) 

Bubo virginianus 
great horned owl 2 (4) 1.7 (2 .7) 0.1 (0.2) I 9 (13) 2.5 (2.9) 0.2 (0.2) 

G/aucidium gnoma 
pgymy owl I I I (I) 0.8 (0.6) 0.0 (O.o) I I (I) 0.2 (0.2) 0.0 (0.0) 

Asio spp. 
long- or short-eared owl 

(0.0) I 
I (I) 0.2 (0.2) 0.0 (0.0) 

Asio OlliS 

long-eared owl I (I) 0.8 (0.6) 0.0 I (I) 0.2 (0.2) 0.0 (0.0) 
Co/aptes auratus 
common flicker I (I) 0.8 (0.6) 0.0 <O.o) 1 5 (5) 1.4 ( 1.1) 0.1 (0.1) 

Passeriformes 
perching birds 2 (2) 8.0 (6.0) 0.9 (0.8) 23 (24) 20.5 (16.3) 2.0 ( 1.7) 34 (36) 9.6 (8.1) 0.8 (0.8) 

7)-rannus vertica/is m 
w!stern kingbird I (I) 0.2 (0.2) 0.0 (0.0) z 

< Corvidae :0 
jays. crows, and magpies 2 (2) 8.0 (6.0) 0.9 (0.8) I (2) 0.8 ( 1.3) 0.0 (0.1) 6 (7) 1.6 ( 1.5) 0.1 (0.1) 0 

Corvus spp. z 
~ 

raven or crow 0 ( I) 0.0 (0.2) 0.0 (0.0) m z Corvus corax • -i 
common raven 5 (8) 4.4 (5.4) 0.4 (0.5) 13 (16) 3.6 (3 .6) 0.3 (0.3) 

)> 
r 

Corvus brachyrhynchos )> 

common crow 2 (3) i.7 (2 .0) 0.1 (0.2) 3 (5) 0.8 ( 1.1) 0.0 (0.1) :Il 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage• - Continued 

Taxon Modeling Period 7 Othert 
% % % % 

N class total N class total 

Cyanocitta stel/eri 
Steller's jay 0 (I) 0.0 (3.0) 0.0 (0.4) I (2) 0.8 ( 1.3) 0.0 (0.1) 

Cymnorhinus cyanocephalus 
pinyon jay 0 (I) 0.0 (3.0) 0.0 (0.4) 

Aphelocoma coerulescens 
scrub jay I (I) 4.0 (3.0) 0.4 (0.4) I (I} 0.8 (0.6) 0.0 (0.0) 

Pica pica 
black-billed magpie 2 (2) 1.7 (1.3) 0.1 (0.1) 

Turdidae 
thrushes and bluebirds I (I} 0.8 (0.6) 0.0 (0.0) 

Sialia currucoides 
mountain bluebird 0 (I) 0.0 (0.6) 0.0 (0.0) 

Turdus migratorius 
American robin I (I) 0.8 (0.6) 0.0 (0.0) 

Lanius excubitor 
northern shrike I (I} 0.8 (0.6) 0.0 (0.0) 

Stumella spp. 
meadowlarks 

X anthocephalus 
xanthocephalus 
yellow-headed blackbird 

Fringillidae 
finch-like birds 

Pipilo chlorura 
green-tailed towhee 

Total Aves 25 (33) 100.0 (100.0) 11.4 (13.2) 112 (147) 100.0 (100.0) 9.7 (10.6) 

Reptilia: 
Squamata 
lizards and snakes 

Sauria 
lizard 2 (2) 100.0 (100.0) 0.9 (0.8) (I) 

e e 

Total 
% 

N class 

I (3) 0.2 (0.6) 

0 (I) 0.0 (0.2) 

2 (2) 0.5 (0.4) 

6 (6) 1.6 ( 1.3) 

I (I) 0.2 (0.2) 

0 (I) 0.0 (0.2) 

I (3) 0.2 (0.6) 

I (I) 0.2 (0.2) 

I (I) 0.2 (0.2) 

0 (I) 0.0 (0.2) 

I (I) 0.2 (0.2) 

3 (4) 0.8 (0.9) 

354 (444) 100.0 (100.0) 

I (I} 10.0 (9.0) 

3 (3) 30.0 (2 7.2) 

% 
total 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9.1 

0.0 

0.0 

(0.0) 

(0.0) 

(0.0) 

(0.1) 

(0.0) 

(0.0) 

(0.0) 

(0.0) 

(0.0) 

(0.0) 

(0.0) 

(0.0) 

(9.9) 

(0.0) 

(0.0) 
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Table 4.41 - MNI in the identifiable macrofauna! assemblage•- Continued 
-

Taxon Modeling Period 7 Othert 
% % % % 

N class total N class total 

Sceloporus undulatus 
elongatus 
northern plateau lizard I (I) 16.6 (14.2) 0.0 (0.0) 

Serpentes 
snakes 3 (3) 50.0 (42.8) 0.2 (0.2) 

Crotalus virdis 
western rattlesnake 0 (I) 0.0 (14.2) 0.0 (0.0) 

Total Reptilia 2 (2) 100.0 ( 100.0) 0.9 (0.8) 6 (7) 100.0 ( 100.0) 0.5 (0.5) 

Amphibia: 
Anura 
frogs and toads 3 (3) 100.0 (100.0) 0.2 (0.2) 

Bufo spp. 
true toads 

Total Amphibia 3 (3) 100.0 ( 100.0) 0.2 (0.2) 

Osteichthyes: 
Cypriniformes 
cyprinids I (I) 50.0 (33.3) 0.0 (0.0) 

Catostomidae 
suckers 0 (I) 0.4 (100.0) 0.0 (0.4) 0 (I) 0.0 (33.3) 0.0 (0.0) 

Catostomus spp. 
flannelmouth or blueheaad I (I) 50.0 (33.3) 0.0 (0.0) 
suckers 

Total Osteichthyes 0 (I) 100.0 (100.0) 0.0 (0.4) 2 (3) 100.0 ( 100.0) 0.1 (0.2) 

Total assemblage 219 (249) 100.0 (100.0) 1149 (1378) 100.0 ( 100.0) 

• Identifiable at least to order. 
Figu~es in parentheses indicate counts and percentages when bones that compare favorably to that taxon are included. 
M.NI- Minimum number of individuals. 

Total 
% 

N class 

I (I) 10.0 (9.0) 

5 (5) 50.0 (45.4) 

0 (I) 0.0 (9.0) 

10 (II) 100.0 ( 100.0) 

4 (4) 80.0 (80.0) 

I (I) 20.0 (20.0) 

5 (5) 100.0 ( 100.0) 

I (I) 50.0 (25.0) 

0 (2) 0.0 (50.0) 

I (I) 50.0 (25.0) 

2 (4) 100.0 (100.0) 

3857 (4458) 

% 
total 

0.0 (0.0) 

0.1 (0.1) 

0.0 (0.0) 

0.2 (0.2) 

0.1 (0.0) 

0.0 (0.0) 

0.1 (0.1) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

100.0 (100.0) 
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measures used or of the selective forces operative? Sec
ond, studies could be undertaken to determine the ex
tent to which the composition of the faunal assemblage 
covaries with other aspects of the Dolores record, such 
as population size, degree of population aggregation, 
and interhousehold versus intrahousehold organization 
of activities (chaps. 5 and 7). Third, comparisons be
tween the microfauna! assemblage and the macro faunal 
assemblage should be made. The study of micro faunal 
remains was primarily intended to verify the compo
sition of the assemblage as indicated by the macro
faunal assemblage. Specifically, the goal was to 
determine if fish, very small rodents, insectivores, and 
passerine birds might be under-represented in the ma
crofauna! assemblage. Even a cursory glance at table 
4.39 indicates that, while the remains of mammals 
often are less common in the microfauna! assemblage, 
fish, birds, reptiles, and amphibians are not necessarily 
more common. Instead, the lower proportion of mam
mals seems to be related to an increase in indeterminate 
vertebrate and bird-mammal remains. This suggests 
that greater fragmentation is responsible. As for the 
small rodents and insectivores, these may be somewhat 
more frequent in the microfauna! assemblage. Of 
course, statistical analysis of these subjective and gen
eral observations should be undertaken. 

A fourth topic that warrants additional consideration 
is the general diversity of the Dolores identifiable as
semblages. While lagomorphs and artiodactyls are the 
most commonly occurring taxa in the identifiable as
semblages, these animals hardly dominate entirely. A 
wide variety of mammals and quite a few birds are 
represented. This diversity generally is not found in the 
Black Mesa faunal assemblage,10 which perhaps sug
gests that the environmental diversity at Dolores is an 
important factor. This topic deserves much more at
tention, as this diversity may be more apparent than 
real. 

Finally, the domestic dog (Canisfamiliaris) and the tur
key (Meleagris gallopavo) deserve further study. The do
mestic dog remains from Dolores appear to represent 

·the "Small Pueblo Dog" variety (Clark et al. 1985). 
Their presence in the Dolores assemblage is not at all 
surprising, as domestic dogs were kept by many pre
historic groups. On the other hand, the turkeys at Do
lores may be either wild or domestic, and the 
implications for understanding the strategies of the Do
lores Anasazi are significant in either case. Further at
tention is warranted. 

In summary, many potential avenues for further re
search using the faunal data base are described in this 

10Robert D. Leonard, Black Mesa Archaeological Project, Center for 
Archaeological Investigations, Southern Illinois University, Carbon
dale, personal communication. 

302 

section. The data have been presented in the hopes that 
other researchers will be able to explore some of these 
issues and to use the DAP faunal assemblages for com
parative purposes. Interpretations of portions of the 
data base are presented in other DAP reports, which 
the reader is encouraged to consult. These reports in
clude Neusius and Gould (1985), Neusius ( 1984, 
1985b), Neusius and Phagan (1983), Neusius and Mat
thews ( 1985), and chapter 7 of this volume. In the con
clusions for this section, a tentative outline of the 
strategies and variability in strategies among the Do
lores Anasazi is given. 

CONCLUSIONS: IMPLICATIONS FOR 
PROCUREMENT AND PROCESSING 

Understanding the economy and adaptations of the Do
lores Anasazi requires studies of resource availability 
and resource mix and, by implication, studies of Do
lores Anasazi procurement and processing strategies. 
What were those strategies and how did tht:y change in 
response to variability in other aspects of the system? 
Although final answers to these questions have not yet 
been obtained, some suggestions are offered here. These 
suggestions are tentative; however, some attempts to 
corroborate them have been made (Neusius and Phagan 
1983; Neusius 1985b; Neusius and Gould 1985; Neu
sius and Matthews 1985; chap. 7). 

First, game seems to have been an important part of 
Anasazi economics throughout the Dolores sequence. 
Although agriculturalists or horticulturalists, these peo
ple relied on game for protein and variety, and as ·part 
of a buffer device against crop failure (Neusius 1985b; 
Neusius and Matthews 1985; chap. 7). Increases or de
creases in demand or in the reliability of agricultural 
production may have decreased or increased reliance 
on wild game, but at no time were these resources of 
little importance. Domestic animals seem to have been 
of minor importance in terms of subsistence and ritual. 

Second, 2 key game procurement strategies seem to 
have been adopted. The first , sometimes called garden 
hunting (Linares 1976; Emslie 1981 ; Neusius 1984), is 
an expedient or opportunistic strategy in which prey 
are procured as encountered in the course of other ac
tivities. This activity may have been embedded in crop 
planting, maintenance and harvesting, and possibly in 
wild plant collecting. Lists of characteristic species can 
be developed for this strategy, but caution should be 
exercised when interpreting such lists: high diversity 
does not necessarily imply heavy usage of small game 
(Neusius 1984). 

The second strategy is winter large-game procurement. 
This too was a low-cost strategy, because during the 



winter months, large game such as deer and elk tend to 
move to lower elevations, passing through or even con
gregating in the Dolores River valley (Neusius and Pha
gan 1983). In contrast, although these animals are 
excellent sources of meat and raw materials, they would 
have been expensive to procure in summer because they 
are located at higher elevations than Dolores Anasazi 
settlements and fields . Scheduling conflicts also would 
have been more of a problem during the summer. 

Although not all game procurement fell into these 2 
categories, most of the meat and raw material from 

· game probably was procured in I of these 2 ways. If 
this is correct, the Dolores faunal assemblages should 
provide substantiating evidence. Preliminary support 
has been found by Neusius ( 1985b ), Neusius and Gould 
(1985), and Neusius and Phagan (1983), but an ex
haustive study has not been completed. 

Little change in these strategies is expected during the 
Dolores sequence, although climatic deterioration and 
population increase may have affected strategies. An 
increase in demand or a greater need to buffer agri
cultural production might have made summer large
game hunting more attractive. Assuming that task 
groups were logistically organized, long-distance hunts 
during the summer months might have been adopted. 
Evidence for this was not found in the Grass Mesa Vil
lage or the McPhee Community faunal assemblages 
(Neusius and Gould 1985; Neusius 1985b). Evidence 
for rabbit driving, another possible strategy, also was 
not found (Neusius and Gould 1985), although in both 
cases the test procedures may be have been inadequate 
rather than the expectations. 

As for processing strategies, these should have been 
nonselective, except in the case of long-distance hunt
ing. Preliminary tests generally support this prediction 
(Neusius 1985b; Neusius and Gould 1985). However, 
it seems probable that large mammal carcasses were 
more extensively processed than small mammal car
casses and that this partially explains the lower pro
portion of identifiable large mammal bones. Increases 
in demand may have led to heavier use and processing 
of large game. 

In conclusion. the DAP has generated a large and po
tentially valuable faunal data base primarily relevant 
to studies of Dolores Anasazi adaptations. Data on both 
resource availability and a resource mix have been gath
ered. Thorough interpretation of this data has not been 
possible under the auspices of the DAP, but the data 
have been useful in DAP synthetic studies and may be 
useful to other researchers in the future. 
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Section 5 

GEOLOGICAL STUDIES: A REVIEW 

Kenneth Lee Petersen 

The geologic setting of the project area is controlled 
primarily by gently southerly dipping mesozoic sedi
mentary rock, the east-west-trending House Creek fault , 
and the Dolores River and its tributaries, which are 
entrenched into the uplifted geologic strata. Overlying 
much of the project area is a mantle of deep loessal 
sediment that historically has supported successful dry 
farming. 

DOLORES ARCHAEOLOGICAL PROGRAM GEO
LOGICAL STUDIES: AN OVERVIEW, 1978-1982 

Studies of geological resources have been used to ad
dress the problem domains of the DAP general research 
design. Petersen et a!. ( 1984) developed a midlevel re
search design that provided a more specific focus for 
studies conducted by the Earth Resources Section of 
the EAG. Topics addressed included the following: geo
morphology and characteristics of site location; stra
tigraphy of archaeological sites and pertinent resource 
areas; and delineation of potential resources areas on 
project-wide maps of modern bedrock, landforms, soils, 
and stream orders. 

One of the primary responsibilities of the Earth Re
sources Section of the EAG was to provide program 
archaeologists with guidelines for recording and de
scribing stratigraphic profiles and to aid the archaeol
ogists in interpreting those profiles. To this end, a guide 
was written and included in the excavation manual 
(Leonhardy et a!. 1984:380-393). In addition, 3 early 
DAP site reports contain appendixes specifically deal
ing with geology. Clay et a!. (1982: 143-145) describes 
the bedrock geology and soils at Tres Bobos Hamlet 
(Site 5MT4545); Hampson (1982:123-126) comments 
on the bedrock, drainages, and soils at Apricot Hamlet 
(Site 5MT2858); and Glaser (1982:102-104) outlines 
the bedrock geology, soils, and drainage at Pheasant 
View Hamlet (Site 5MT2192). Later site reports do not 
have specific appendixes, but geological information 
was integrated into the individual reports. The DAP 
geologist was responsible for insuring that adequate de
scription and interpretation of the geological data were 
presented in the site reports. Geological consultants 
also were contacted to provide both site
specific and project-wide reports (refer to chap. I). 
Some of these reports have been included in Dolores 
Archaeological Program: Studies in Environmental Ar
chaeology (Petersen et al 1985). 
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One of the purposes of the environmental archaeology 
volume (Petersen et al. 1985) was to describe the history 
of DAP environmental studies and io as~emble in I 
place the basic data on the project environment up to 
the time of the volume's production. Included in that 
volume is a discussion of bedrock geology, general land
forms, and modern stream order and drainage basins 
(Leonhardy and Clay 1985a); a reconnaissance soils 
map of the project area (Leonhardy and Clay 1985b: fig. 
23); 11 and site-specific geology reports on Periman 
Hamlet (Site 5MT4671 ), Rio Vista Village (Site 
5MT2182), McPhee Community Cluster (specifically, 
Sites 5MT4475, 5MT4477, and 5MT4479), and Grass 
Mesa Village (Site 5MT23) Holliday and Piety 1985). 
Holliday and Piety ( 1985) also describe the geology of 
the Dolores River flood plain and low terraces; they 
review the geomorphology, Quaternary geology, and 
soils of the project area; and they provide a surficial 
geology map of the project area. Because these authors 
differ to varying degrees on some specific interpreta
tions, another chapter in the environmental archaeol
ogy volume is devoted to offering suggestions as to how 
the differences might be reconciled (Clay !985a). Clay 
comments specifically on the mapping of the distri
bution of loess, river terraces, alluvial fans, and pedi
ment. She also describes the geological origin of 
Sagehen Flats, the Rio Vista Village (Site 5MT2182) 
bench, and the noncultural surficial sediments at Grass 
Mesa Village (Site 5MT23). 

Clay (1985b) also reports on a sedimentary study of the 
Sagehen Flats marsh. This report provides information 
on potential resources and past environmental condi
tions, and it illustrates the probable role that uplifting 
and faulting had in developing the Sagehen structural 
basin, factors that probably affected the entire project 
area. Radiocarbon dating results are used to determine 
when the marsh may have existed prehistorically, and 
what its nature and extent were. Clay concludes that 
the marsh probably existed intermittently during the 
Anasazi occupation, but was not as extensive as the 
modern marsh, which is largely a product of a historic 
irrigation canal located uphill from it. 

GEOLOGICAL STUDIES AND THE GENERAL 
RESEARCH DESIGN: 1983-1985 

Dolores Archaeological Program geological studies can 
be applied directly to Problem Domain I (Economy 

"Subsequent to the production of the reconnaissance soils map, Cortez 
SCS (Soil Conservation Service) personnel mapped portions of the proj
ect area in more detail. The greatest difference between later maps and 
the map in the environmental archaeology volume (Leonhardy and Clay 
1985b:fig. 23) is in the designation of soils at higher elevations within 
the project area. 
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and Adaptation) and Problem Domain 4 (Extraregional 
Relationships) (Kane et al. 1983:42,55). Because Prob
lem Domain 4 is primarily addressed by only I study, 
it will be treated first. 

Problem Domain 4: Extraregional Relationships 

Keane and Clay ( 1984) report on a variety of minerals 
and rocks that do not occur naturally in the project area 
and that were recovered during DAP archaeological ex
cavations. All unusual rocks and minerals were char
acterized to determine which were local and which were 
exotic; sources of the exotic materials were then sought 
and mapped. Keane and Clay ( 1984) conclude that 
when these materials are considered on a per capita 
basis, the frequencies are more or less constant through 
time. 

Keane and Clay ( 1984) also discuss the occurrences of 
local ferruginous minerals, calcite, gypsum, fossil pyc
nodont mollusc, quartz and other silicates, coal, weath
ered rock (pigment sources?), sandstone, siltstone, 
mudstone, limestone, pebbles and cobbles, gastroliths, 
and calcium carbonate. They treat the following as non
local materials: turquoise and other copper minerals, 
jet, sulfer, mica, barite, magnetite, graphite, manganite, 
certain fossil teeth, and galena. 

Problem Domain 1: Economy and Adaptation 

Several DAP studies address resource availability and 
use. Rock available for tool manufacture is described 
in brief in Leonhardy and Clay ( 1985a) and in various 
site reports. Wilson et al. ( 1985) look specifically at clay 
resources within the project area. They find that usable 
clay occurs in the Morrison and Burro Canyon For
mations, in the middle of the Dakota Sandstone For
mation , and in members of the Mancos Shale 
Formation. Results of analysis suggest that the Anasazi 
potters were selecting a small subset of available clays 
and that sources from the Dakota Sandstone and Man
cos Shale probably were the most frequently used. 

The characteristics and distribution of arable soils in 
the project area also was studied. The Anasazi were 
sedentary farmers that grew corn, beans, squash, and 
other crops in cleared fields near their habitations. Bed
rock, major landforms, and major drainages have 
changed little since Anasazi times. However, soils, mi
crotopography, small drainages, and the water table 
have changed even in historic times in the project area 
in response to climatic change, vegetation change, and 
the impact of humans. One of the emphases of the later 
geological studies has been understanding chemical, 
physical, and environmental limitations that affected 
the suitability of project soils for dry farming, and the 
depositional and erosional processes affecting the dis
tribution of those soils. 



A fortuitous paleontological find contributed signifi
cantly to the understanding of the history of the agri~ 
culturally important loess in the project area. In 1982, 
a part ial skeleton of an extinct genus of musk ox (Sym
bos) was discovered during excavations at Grass Mesa 
Village, below the earliest level of human occupation 
(Clay, Canady, and Neusius 1985). A date of 15 970 ± 

155 years B.P. (SI-6 137) was yielded by several collagen
dated vertebrae. This date and the context of the find 
permitted the assignment of a more precise date range 
for the most recent depositional episode of loess than 
had been possible previously. Examination of the con
text and date of the musk ox suggests that the last major 
eolian deposition of loess might have occurred during 
pluvial times following rapid deglaciation in the nearby 
San Juan and La Plata Mountains. In addition, as the 
first Symbos specimen to be discovered in southwestern 
Colorado, and as I of the relatively few specimens to 
be found with both cranial and postcranial elements, 
the Grass Mesa musk ox is a significant paleontological 
fino that contributes to the data base for this little
documented species. 

A collection of papers deals specifically with prehistoric 
agricultural potential in the project area (Petersen and 
Orcutt 1985, comps.). The Anasazi inhabited the Do
lores River valley for roughly 300 years, beginning in 
the A.D. 600's. After Anasazi abandonment, the project 
area did not sustain another long-term sedentary farm
ing population until early Euro-American settlers began 
to clear and ti ll the land late in the 19th century, since 
that time, the area has supported successful dry farm
ing. Some of the questions addressed in Petersen and 
Orcutt ( 1985, comps.) deal with the role that soil as 
well as climate may have played in agricultural success 
or fail ure. Did changing farming capability play a part 
in the rapid Anasazi growth and decline in the river 
valley? How critical are the factors of soils fertility and 
distribution? How is the agricultural potential of a par
ticular plot of ground influenced by growing season 
lengt h , topograp hic si tuations , elevation , and 
precipitation? 

A study by Darsie (1983) addresses the topic of agri
cultural potential of soils by using computer simula
tions. Darsie recorded 8 soil variables on a grid that 
covered the central portion of the project area. Meas
ures of the variables were obtained from project top
ographic, preliminary soils, and cold air maps, as well 
as from SCS and Forest Service soil pedon descriptions. 
The 8 variables were elevation, slope, aspect, relative 
elevation, cold air drainage, soil depth, soil moisture
holding capacity, and soil permeability. 

l'sing the grid of data points and a computer graphics 
program (SYMAP), Darsie ( 1983) generated maps of 
farming potential. Several iterations that took into ac-
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count different sets of climatic conditions were pro
duced. The maps represent a theoretical distribution of 
land units classified by agricultural potential, but no 
field checking was undertaken to test the results. Also, 
Darsies's (1983) chronology of climatic change in the 
project area is based on a preliminary report by Peter
sen (1983) that has since been refined (sect. 6, this 
chap.). 

Subsequent studies were undertaken to refine or expand 
on the preliminary study by Darsie (1983). Clay and 
Petersen ( 1985) report on the high-resolution mapping 
of soils near McPhee Village and Periman Hamlet (Site 
5MT4671). This study involved on-the-ground testing 
and mapping to evaluate the extent of arable soils avail
able to the inhabitants of those 2 large Anasazi 
complexes. 

A grid of soil pits at I 00-m intervals was dug to measure 
the soil depth and to record other soil and topographic 
features. A 2000- by 1800-m grid of soil pits centered 
on McPhee Pueblo (Site 5MT4475) determined that 19 
percent of the land is excellent loessal soil, and an ad
ditional 59 percent is potentially arable, but not as high 
quality. Thus, 78 percent of the land is potentially ar
able. Poor-quality or nonarable land (colluvium and 
bedrock) make up the remaining 22 percent. 

Based on the 3200- by 300-m Periman Hamlet grid, 
36 percent of the land near the Periman Hamlet site is 
estimated to be excellent and 33 percent is potentially 
arable but not as high quality; this yields a total of 
69 percent potentially arable land. The remaining 
31 percent is steep canyon wall, bedrock, and collu
vium. Based on these results, Clay and Petersen ( 1985) 
conclude the amount of arable soil potentially available 
for prehistoric cultivation was extensive and probably 
would not have been a limiting factor when the distri
bution of arable soil alone is considered. 

SCS personnel have mapped a large portion of the proj
ect area as part of their Montezuma County soil survey. 
Petersen (1985d) describes the production of 2 maps 
in his report that replace Leonhardy and Clay's ( 1985b) 
reconnaissance soils map. This latter map was based 
primarily on aerial photograph inU:rpretations with 
some ground checking. Figure 4.7 is the map of SCS 
soil units; table 4.42 provides a key to these map units. 

Table 4.42 also lists SCS agricultural capability classi
fications for nonirrigated land. The soil units with the 
same capability classifications were grouped together 
to produce figure 4.8. Also mapped in this figure are 
areas that were not mapped by the SCS but were class
ified on the basis of adjacent areas indicated in the SCS 
survey. Possibly as much as 50 percent of the land is 
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SCS SOILS MAP. DOLORES PROJECT 

., 

Figure 4.7- Soil Conservation Service map of soils in the Dolores Project area. Refer to table 4.42 for key to soil mapping units. Source: 
Petersen ( 1985d:fig. I). 
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Table 4.42 - Key to soil mapping units in figure 4. 7 

Mapping unit Series name Degree of slope Capability 
symbol (%) 

AQ Poganeab loam (}.2 
AlB Torritluvents-Auvaquents (}.3 
A2B Sili silty clay loam (}.3 
A4A Ustic Torritluvents, gravelly substratum (}.3 
A5C Sili silty clay loam 3-6 
C2CE Zyme very channery clay loam 3-25 
C2F Zyme very channery clay loam 25-65 
DOCE Circleville Variant cobbly loam 3-25 
GP Pits, gravelly n.a. 
HI CD Sili clay loam, bedrock substratum 3-12 
H5E Romberg-Cragola-Rock outcrop complex 25-80 
H6D Sedillo very stony sandy loam 6-25 
JIB Sycle sandy loam (}.3 
M2C Romberg-Cragola complex 6-25 
M2CE Romberg-Cragola-Rock outcrop complex 25-80 
M2DD Gladei-Pulpit complex, rocky 3-9 
M5E lles-Granath loams 2-6 
M7E Pinata-Granath complex 3-12 
RL Rock outcrop n.a. 
ROB Witt Loam 1-3 
ROC Witt loam 3-6 
ROD Witt loam 6-12 
ROHC Pulpit loam 3-6 
ROHD Pulpit loam 6-12 
ROLC Sharps loam 3-6 
ROLD Sharps loam 6-12 
RIC Granath loam 3-6 
RID Granath loam 6-10 
R3C Cahona very fine sandy loam 3-6 
R3D Cahone very fine sandy loam 6-10 
R4C Cahona-Sharps-Witt complex 2-6 
R4D Sharps-Cahona complex 6-12 
R7C Sharps-Pulpit loams 2-6 
R7D Sharps-Pulpit loams 6-10 
R9B Ascalon loam (}.6 
S52 lles-Granath loams 2-6 
S53 lles-Granath loams 6-12 
S6 Ormiston-Acre sandstone substratum complex 1-6 
S6E Pramiss very stony loam 6-25 
sse lles-Pramiss-Granath loams 2-6 
T2C Pinata extremely cobbly loam (}.9 
VIC Hesperus loam 3-6 
VID Hesperus loam 6-12 
V4C Fughes loam 2-9 
WOB Ackmen loam 1-3 
WOBB Ackmen loam, seeped 1-3 
woe Ackmen loam 3-6 
XH2E Sheek-Archuleta-Rock outcrop complex 25-80 
XH3E Sheek-Archuleta-Rock outcrop complex 25-80 
013 Unnamed loam (}.15 
110 Unnamed very cobbly clay loam (}.30 
512 Witt loam (}.10 
527 Ormiston-Kiln complex (}.5 
802 Unnamed-Unnamed complex 3(}.60 
803 Unnamed-Unnamed-Rock outcrop complex 15-30 
804 Romberg-Cragola complex 3(}.60 
860 Acree-Nortez loams (}.15 

Capability N-irr - Soil Conservation Service land classification-capability class for nonirrigated land 
(Nielsen 1979). 

Ill - Best in project area, suitable for dry farming. 
IV - Good, suitable for dry farming. 
VI - Marginal, severe limitation for dry farming. 

VII - Not possible for dry farming due to very severe limitations. 
VIII - Not possible for dry farming. 

e - Limited because subject to erosion due to steepness or slope. 
w - Limited by excessive wetness. 
s - Limited by shallow root zone. 
c - Limited by climate, (e.g., too short a growing season, north-facing slope, too dry). 

n.a. - Not applicable. 
Source: Clay, Petersen, and Decker (1985:table I). 

N-irr 

Vlw 
Vlw 
Ills 
VIs 
llle 
VIe 
VIle 
VIIs 
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arable; if the results of Clay and Petersen's (1985) high
resolution mapping are any indication, this figure may 

· be even higher. 

The SCS also listed agricultural capability classifica
tions, although their system was designed for mecha
nized farming. Plots too small for mechanized farming 
probably are scattered throughout all the soil classifi
cation units. These probably could have been farmed 
using Anasazi techniques. 

Clay, Petersen, and Decker (1985) completed sediment 
and chemical analysis of most of the SCS-designated 
soils in the project area. Based on the 83 samples proc
essed, the only possible limitations were stoniness, al
kalinity, and clayey texture in a few of the soil series. 
The majority of the project area soils are derived from 
loessal eolian parent materials. These soils are fertile 
and have loamy textures suitable for dry-land agricul
ture. Anasazi farming techniques probably never would 
have used the macronutrients and micronutrients at a 
rate that would have led to such low levels that a par
ticular field would have to have been abandoned. 

An additional DAP study deals with how much soil may 
have eroded away during and since Anasazi occupation. 
Loessal sediments deposited in the modern marsh (Clay 
1985b) indicate that soil has eroded away from the up
lands in historical times and has been deposited into 
the marsh. The drainage area of the marsh is 1884 ha. 
Based on Bye's (1985:fig. I) actual natural vegetation 
map, it is estimated that 36 percent of the drainage 
area, or 695 ha, has been cultivated or disturbed 
historically. 

Petersen et al. ( 198 5:31) note that agricultural practices 
of historic and modern farmers have resulted in com
plete clearing of modern fields. The plowed areas tend 
to be on gentle slopes (2• to 5" dip), and during spring 
runoff or a heavy rainstorm, as much as 10 to 20 em 
of upper unvegetated sediment moves downslope. Sage
brush located below such fields has been partially bur
ied during summer rainstorms. A water flume in the 
Sagehen marsh dating to A.D. 1889 was buried by 
0.78 m of recent sediment (Clay 1985b). 

Clay and Petersen (1985) determined that for the 
nearby McPhee Village, as much as 78 percent of the 
land could be farmed. Orcutt ( 1984b:table 17) esti
mated roughly 500 ha within a 1-km catchment would 
have been need..:d to support that community at peak 
population . This suggests that substantial human
caused erosion could have been possible. 

One. of the characteristics that Clay and Petersen ( 1985) 
recorded was ~oil depth. Some soil pits in the McPhee 
Village grid indicated th<•t the loessal deposits over 
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some bedrock were too thin at present to support farm
ing, but this may not have been the case early in the 
Anasazi occupation. Based on the redeposition of loes
sal sediment into McPhee Village pitstructures and 
other project pitstructures, Clay and Petersen ( 1985) 
suggest that during the Anasazi occupation, possibly as 
much as 5 percent more land could have been farmed. 

Anasazi clearance and maintenance of fields most likely 
had a wide-ranging effect on the environment. An en
vironmental impact model is presented by Petersen et 
al. ( 1985), and geological evidence was examined in 
light of that model. In particular, the rates of human
caused erosion were examined in detail. Modern sed
iment deposition into an open pitstructure in the 
McPhee Village was studied over a !-year period while 
the climatic conditions were being monitored. Based 
on this study, Anasazi pitstructures, when left open to 
the elements, probably filled quite rapidly (possibly as 
little as 100 years after abandonment) due to the avail
ability of sediment on a largely disturbed landscape. 

Petersen et at. (1985) also examined prehistoric sedi
ment profiles from McPhee Village pitstructures to ex
amine the pit fill sequences on the same landforms 
within I km of each other. Apparently, no obvious pat
tern to the sediment deposition occurs except for a fin
ing toward the top of the sequence. The overriding 
tendency of grain size is to reflect the parent material 
closest to the pitstructure. 

Many DAP geological studies provided answers toques
tions generated in the general research design. Extrare
gional relationships were demonstrated by Keane and 
Clay's (1984) study of rocks and minerals. Geological 
resource studies focused on the distribution and char
acteristics of ceramic clay and of soils suitable for dry 
farming. The project area consists of about 63 km2, and 
of that, about 20 percent (or 12.6 km2) has been farmed 
historically. The latter has been mapped as disturbed 
or cultivated land by Bye (1985:fig. 1). Based on soil 
capability alone, much more than 50 percent of the land 
could be farmed both today and prehistorically. How
ever, another factor, growing season length, was deter
mined to be critical for growing corn in the project area, 
as demonstrated by modern corn plots located in areas 
subject to cold air pooling (Schuster and Bye [ 1983, 
1984 ]). The effect of changes in the length of the killing 
frost-free season on the amount of arable land that 
could grow corn prehistorically is examined briefly in 
the next section. 

Geological Studies and the Dolores Archaeological 
Program Model 

A generalized sociopolitical model was developed by 
the DAP to specify variables that might be responsible 
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for structural change in the Dolores Anasazi systems 
(refer to part IV, this volume). Variables targeted for 
study included population, resource supply, economic 
costs, social differentiation, and the technology of tools 
and facilities . Important for the discussion here is the 
contribution that geological studies can make in the 
effort to evaluate changes in resource supply through 
time. A decrease in resource supply can be brought 
about by climatic change or by human activities that 
deplete resources or alter habitats. Geological studies 
of the impact of human activities ,on the distribution 
of soils indicate a relatively minor effect of possibly 
plus or minus 5 percent on the total amount of arable 
soil (Petersen et al. 1985). The next topic to be consid
ered is the effect of changing length of the killing frost
free period. 

Rugged mesa and canyon topography can produce ex
treme temperature variations within a small geographic 
area. Temperature profiles were used by Petersen and 
Clay ( 1984) to quantify the differences in the growing 
season length between upland and canyon-bottom sites. 
A map was prepared that showed the modern distri
bution of growing season length for low-risk(> 120 days), 
moderate-risk (90 to 120 days), and high-risk (60 to 90 
days) areas. The map is based on a model developed 
to predict the frost-free season length for a particular 
site based on its location in relation to the local inver
sion layer and the local thermal belts (Petersen and Clay 
1984). 

A tree-ring-derived proxy of past periods of short grow
ing seasons (Petersen 1984b; Petersen and Clay 1984) 
was used to reconstruct time periods when moderate
risk land became high-risk land and when low-risk land 
became moderate-risk land. Two maps showing the dif
ferent distributions of high-risk land are presented in 
section 6, this chapter (figs. 4.22 and 4.23). 

Because of the large area of fertile soils within the proj
ect area, the changing distribution ofland with growing 
seasons adequate for corn may have been much more 
important to farming success during particular time pe
riods. Refer to chapter 9, this volume, for a more concrete 
project-wide application of this expectation. Two local 
examples are discussed next. 

SITE-SPECIFIC GEOLOGICAL STUDIES 

Two studies that integrate many of the geologic studies 
presented above are the geoarchaeology reports on 
McPhee Village (Clay 1984) and Grass Mesa Village 
(Clay 1985c). Each will be discussed in turn. · 

In her McPhee Village geoarchaeology report, Clay 
( 1984) summarizes the general geology and geography 
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of the area. She outlines the geological resources, in
cluding rocks, landforms, soils, and water, and she de
scribes the possible prehistoric us es of these 
immediately available resources. Dakota Sandstone, 
Mancos Shale, and Dolores River gravels provide lo
cally available rock and clay materials for tool and con
tainer manufacture and building construction. 

Clay ( 1984) notes the discrepancies in some of the land
form maps discussed earlier, reproduces portions of 2 
of them, and then produces a third map of the im
mediate environs of the McPhee that reconciles the dis
crepancies and identifies the distinct landforms . and 
associated deposits near McPhee. 

When dealing with agricultural potential , Clay (1984) 
compares the Ackmen and Witt loams and Leonhardy 
and Clay's ( 1985b:fig. 23) soils map to Darsie's ( 1983) 
distribution of class I and class II lands during the A.D. 
800-880 period and to the land classified as excellent 
in figure 4.8 of this report. The similarities in these 
maps led Clay (1984) to conclude that the larger grid 
sampling and data recovery from topographic and soils 
maps accomplished by Darsie (1983) were relatively 
accurate when compared to ground recconnaissance for 
the same area. 

Clay (1984) concluded that soils and their presumed 
agricultural potential are probably the most dynamic 
of the geological resources near McPhee Village. Results 
of her in-depth study of a number of soil monoliths 
from McPhee Village pitstructures (Petersen et al. 
1985) suggest that continued erosion and deposition of 
soil profiles probably has altered at least some of the 
soil properties (depth, degree of weathering, and hori
zontation) since Anasazi times. Clay (1984) remarks 
that agricultural potential to grow and mature corn and 
other crops may have fluctuated more with climatic 
change than with soil changes or movement. 

Clay's (1985c) geoarchaeology report for Grass Mesa 
provides another good demonstration of the integration 
of many lines of geological information to better un
derstand the archaeological site setting. The location of 
Grass Mesa Village (Site 5MT23) is particularly favor
able when considering access to and availability of geo
logical resources. As she did in the McPhee report, Clay 
( 1985c) examines all the maps that provide information 
on potential soils for prehistoric agriculture. She notes 
that good soils are located on the flood plain, on high 
terraces, and on the upland dip slope in the village vi
cinity, where fine textures, gentle slopes, and adequate 
soil depths are common. 

Clay ( 1985c) notes that Darsie's ( 1983) maps indicate 
that areas of good agricultural potential existed in up
land areas and canyon bottoms in the A.D. 600-800 



and A.D. 800-880 periods, and that canyons and high · 
uplands had poor agricultural potential in the A.D. 880-
950 period. Uplands above Grass Mesa Village and di
rectly across the river, however, had good agricultural 
potential in the A.D. 880-950 period. The good land 
classes in the river and stream valley were lost during 
the later years of the Anasazi occupation, while good 
land classes in the uplands adjacent to Grass Mesa Vil
lage remained adequate throughout the occupation. 

Information presented in the musk ox study (Clay, Can
aday, and Neusius 1985) and in the Grass Mesa report 
(Clay 1985c) indicates eolian deposits in the vicinity of 
Grass Mesa may be more than 5 m thick. As she did 
in the McPhee report (Clay 1984), Clay (1985c) con
cludes climate may have been a major contributing fac
tor in the amo unt of land readily available for 
agriculture at any one time. 

Darsie's ( 1983) exploratory study of reconstructed 
farming potential in the area of the McPhee and Grass 
Mesa Villages seems to be largely substantiated by 
Clay's ( 1984, 1985c) results reviewed here. In addition, 
the reader is encouraged to review chapter 9, this vol
ume, and Orcutt ( 1984b, 1985a, 1985c). Orcutt used a 
finer time scale, more sampling points, a more updated 
soils map, and a more refined map of the distribution 
of killing frost-free periods, among other things, than 
did Darsie. This allowed for a more detailed evaluation 
of farming potential within the project area. 

SUMMARY 

Geological research in the project area has been guided 
primarily by the general research design (Kane et al. 
1983). More specific questions have been generated by 
applying a geological perspective to all facets of DAP 
research. As a result, information has been generated 
about geomorphology and characteristics of site loca
tions, stratigraphy of archaeological sites and pertinent 
resource areas, and delineation of potential resource 
areas on project-wide maps of modern bedrock, land
forms , stream orders, and soils. Much of the data ac
cumulated between 1978 and 1982 is summarized in 
Dolores Archaeological Program: Studies in Environ
mental Archaeology (Petersen et al. 1985). After 1982, 
geological studies concentrated more on the archaeo
logical application of geological studies in the project 
area. 

Keane and Clay ( 1984) found that when viewed on a 
per capita basis, exotic geological materials did not fluc
tuate through time. Wilson et al. ( 1985) found that just 
a few potential clay sources were probably being used. 
The radiocarbon-dating results ofremains of an extinct 
musk ox (Symbos) (Clay, Canaday, and Neusius 1985) 
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provided an extremely important key to unraveling the 
history of over 5 m of eolian loess deposited on Grass 
Mesa. Loess provides the matrix for the very fertile soils 
found within the project area. 

Historically, locations of dry farms in southwestern 
Colorado and southeastern Utah have been determined 
largely by climatic limitations (in this case, precipita
tion) rather than by soil factors alone (Petersen 1985e). 
The geological studies completed since 1983 have de
termined that climatic limitations (in this case, length 
of growing season) were probably the most significant 
factors prehistorically. 

Studies of the sedimentary and chemical characteristics 
of project soils and the distribution of soils within the 
project area received much more emphasis after 1982. 
Also examined was the distribution and archaeological 
implications of killing frost-free periods within the 
project area. The changing distribution of areas that 
were low risk, medium risk, and high risk possibly was 
the most critical factor in determining if a particular 
plot of ground could support com and other crops to 
maturity during the Anasazi occupation. 

Section 6 

CLIMATIC RECONSTRUCTION FOR 
-r~E DOLORES PROJECT AREA 

Kenneth Lee Petersen 

Reconstruction of the prehistoric environment of the 
Dolores area was essential to answering many of the 
questions posed in the DAP general research design 
(Kane et al. 1983) and in the EAG midlevel re~earch 
design (Petersen et al. 1984). The meth~ds used m th.e 
climatic reconstruction and the resultmg characten
zation of the environment are the subjects of this 
section. 

Extensive research in the Colorado Plateau has indi
cated the Anasazi were well adapted to a varied and, 
at times harsh environment. But more specific knowl
edge of ~nvironmental and cultural factors specific to 
the Escalante Sector was needed to understand and ex
plain long-term cultural process in the Dolores River 
valley. For instance, more detailed evaluations ?f t~e 
past climate were needed to reconstruct the ~re~I~tonc 
resource base the potential location and sUitability of 
agricultural r:elds, and the possible effects of climatic 
change on the culture. 

This last topic is of special interest because ~uler et a~ . 
( 1979) and Dean et al. ( 1985), using many I:nes of evi
dence, propose that many cultural changes m the C?l
orado Plateau (fig. 4.9) were contemporaneous with 
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Figure 4.9 - Map showing the locations of the Dolores Project area 
and the paleoenvironmental sequences discussed in 
text. 

environmental changes. Reported here is a summary of 
the findings of the DAP that provide an independent 
test for part of the Euler et al. ( 1979) and Dean et al. 
(1985) scheme and that introduce an additional cli
matic variable, summer warmth, not considered in their 
original presentations. 

THE DATA BASE 

Earlier studies (Petersen and Mehringer 1976; Burns 
1983; Dean and Robinson 1977; Rose et al, 1982; Fritts 
et al. 1965; Petersen 1981) have shown the prehistoric 
environment of southwestern Colorado was both var
iable and occasionally marginal for corn horticulture 
(Shuster and Bye [ 1983, 1984]). Both cultural and en
vironmental factors must be considered in any study 
of the processes that shaped Anasazi prehistory (Do
lores Archaeological Program 1983, 1984). 

For periods prior to weather instrumentation (which 
began in the late A.D. 1800's), climatic reconstruction 
for the Dolores Project area can be accomplished only 
by the use of proxy records. In addition to evidence 
from archaeological sites, these proxy records could in
clude such things as pollen deposition in alluvium, 
caves, lakes, and bogs; accumulations of plant remains 
in packrat nests and middens; tree-ring growth; and cut
and-fill alluvial sequences. The DAP has sought paleo
climatic data from a number of different sources. 

Tree-Ring Studies 

Two studies (Petersen 1985f, 1985g) provide informa
tion on past variations in precipitation and on the oc-
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currence of droughts in the project area. In these 
documents, Petersen reports on 2 other studies that 
have proven valuable for the project. The first is a re
port that uses tree rings to reconstruct inches of rainfall 
in southwestern Colorado (Rose et al. 1982); unfortu
nately, this study extends back to only A.D. 909. The 
second study (Burns 1983) uses tree rings to reconstruct 
the potential production of bushels of corn per acre in 
southwestern Colorado. Petersen ( 1985f) demonstrated 
the specific applicability of this report to the Dolores 
Project area. 

In Petersen (1984b), a tree-ring record of high elevation 
bristlecone pine is used to reconstruct periods of short 
growing seasons that would have critically affected corn 
production in the project area. The elevation and phy
siographic setting of the project area is such that short 
growing seasons are a factor that must be considered 
when reconstructing past climates that might have been 
suitable for growing corn . 

Packrat Midden Study 

Van Devender ( 1985) reports on the results of analysis 
of the remains of porcupine and packrat middens re
covered from Beaver Trap Shelter (Site 5MT4654). Ra
diocarbon dates were provided by the University of 
Texas Radiocarbon Dating Laboratory, Austin , for 
samples collected from 3 packrat middens (samples dat
ing to approximately A.D. 500, 960, 1050, and 1370) 
and I porcupine midden (sample dating to approxi
mately A.D. 1280). These data provide an inventory of 
local plants independent of that recorded for archae
ological contexts. 

Additional Pollen Studies 

In addition to pollen samples from DAP archaeological 
contexts, pollen samples from the marsh in Sagehen 
Flats (I km from McPhee Village and the packrat mid
den location) were processed and analyzed (Petersen 
1985b). Pollen changes within a sequence of 3 peat de
posits (dating approximately 5500 D.P., A.D. 625, and 
about A.D. 1730 to the present) complement the data 
from the packrat midden studies. 

INTEGRATION OF CLIMATIC STUDIES 

The preliminary report on the climatic reconstruction 
for the project area (Petersen 1985h) was based on pol
len studies from the La Plata Mountains (Petersen 
1981 ); since then, analysis has been done on close in
terval samples from the La Plata Mountains Beef Pas
ture pollen locality for the A.D. 500-1150 period 
(Petersen 1985i). This additional study of the La Plata 
Mountains pollen sequence has increased the resolution 



for summer temperature and winter and summer pre
cipitation reconstruction. It provides a comparative 
framework for the data from the Sagehen Marsh pollen 
and sediment sequences, the archaeological pollen sam
ples, the modern pollen rain transect, the packrat mid
den analysis, and finally, the climatic reconstruction 
based on tree rings. The following is the most up-to
date climatic reconstruction for the project area. 

DOLORES PROJECT AREA 
CLIMATIC RECONSTRUCTION 

Reconstruction from Pollen 

The Dolores Project area is located near the modern 
upper limits of the dry-farming belt (fig. 4.1 0). Stippling 
in figure 4.10 shows the distribution of the potential 
dry-farming belt. Based on where dry farming is suc
cessfully practiced today, only a narrow agricultural belt 
(2010 m [6600 ft] to 2380 m [7800 ft] elevation) is both 
wet enough (greater than about 360 mm [14 in] an
nually) and warm enough (greater than 110-day frost
free season) to allow routine dry farming of such crops 
as corn, beans, and grains (U.S. Department of Agri
culture, Soil Conservation Service 1976). Changes in 
the elevation or width of this belt during prehistoric 
times would have affected Anasazi farm location just 
as it would were such changes to occur today. 

Generally speaking, reconstruction of the prehistoric 
elevation and width of the dry-farming belt in the Four 
Corners region is aided by the knowledge that the cli
matic factors that can affect horticulture are the same 
factors that affect natural plant community composi
tion and distribution. 

Figure 4.11 is a portion of the Beef Pasture pollen re
cord from the La Plata Mountains in southwestern Col
orado. The pollen site is located 30 km east of the 
Dolores Project area (Petersen and Mehringer 1976; 
Petersen 1981 , 1985i). At 3060 m (10 040 ft) elevation, 
Beef Pasture is above the ponderosa pine (Pinus pon
derosa) and the still lower pinyon (Pinus edu/is) zones, 
but is within the spruce (Picea enge/mannii) forest, near 
the lower border of the forest . This pollen record is 
especially sensitive to past changes in winter precipi
tation manifested through changes in the elevation of 
the lower spruce forest border. Dating control is pro
vided by tree-ring-corrected (Damon et at. 1974) ra
diocarbon dates. Increases and decreases in the spruce/ 
pine pollen ratio (fig. 4.11) are interpreted as indicating 
long-term changes in winter precipitation. Because the 
lower elevational limit of the farming belt in the Four 
Corners region is in part determined by the amount of 
winter precipitation, the La Plata Mountains spruce/ 
pine ratio can aid in reconstructing the relative eleva-
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tion of the lower limit of the dry-farming belt (Petersen 
1985j). Petersen (1985e) provides illustrations of the 
changing width of the farming belt in the project area 
during the Anasazi occupation. 

Figure 4.11 also shows the number of pinyon pine pol
len grains that originated in the lowlands surrounding 
the La Plata Mountains and that were subsequently 
deposited at the Beef Pasture on a l-cm2-surface area 
during a year's time (annual pollen influx). The influx 
values are proportional to the number of pinyon trees 
on the landscape in the lowlands adjacent to the La 
Plata Mountains (Petersen 1985i). 

Natural pinyon pine tree distribution is dependent on 
summer precipitation (Fritts et at. 1965, Petersen 1981 , 
1985i; Wells 1979), which is mostly derived from the 
summer monsoon (Bryson and Lowry 1955; Hunting
ton 1914; Mitchell1976). Thus, a reconstruction of pin
yon pine distribution may also be a reconstruction of 
the strength of the summer monsoon. Petersen ( 1985k, 
1985i) treats this in more detail, but a summary is pro
vided here. A weak monsoon arrives late in the Four 
Corners region, does not penetrate as far north in Col
orado, leaves early, and produces relatively lower sum
mer precipitation. A strong monsoon, on the other 
hand, arrives early, penetrates farther north, leaves 
later, and provides ·relatively higher levels of summer 
precipitation. Increased rates of pinyon pine pollen 
deposition (fig. 4.11) are interpreted as indicating a 
greater number of pinyon pine trees in southwestern 
Colorado resulting from higher summer monsoon rain
fall. Of course, there is a lag between the establishment 
of pinyon seedlings and the growth of trees mature 
enough to produce pollen. In the project area, pinyon 
trees removed by chaining have been replaced by ma
ture, pollen-producing trees within a couple of decades. 

A Local Test of the Dating in Figure 4.11 

A deposition curve derived from radiocarbon dates pro
vides the basis for the age assignment of pollen samples 
in the Beef Pasture pollen core (Petersen 1981 , 1985i). 
That these age assignments be substantiated is critical 
so the correlations based on the dates will be reliable. 
In the earlier pollen discussion (sect. 3), a test of the 
Beef Pasture reconstruction is outlined. It will be briefly 
reviewed here. 

In the Beef Pasture spruce/pine pollen ratios, a ratio 
less than 0.60 represents winter precipitation less than 
that of today. During those time periods when ratios 
are less than 0.60, pollen spectra from archaeological 
sites that date to the same time oeriod are expected to 
be characterized by more sagebrush pollen that can be 
found in pollen spectra from the modern ground sur
face. This is the case. Also, when paired archaeological 
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Figure 4.10- Birds-eye view of modern potential dry-farming belt (stippled), southwestern Colo
rado. Dolores Project area shown by hatching. Source: Petersen ( 1985e). 
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Figure 4.11 - Portion of the Beef Pasture pollen record, La Plata 
Mountains, southwestern Colorado (Petersen 1981, 

. 1985i, 1985j). 

samples have dates that coincide with time periods 
characterized by Beef Pasture spruce/pine pollen ratio 
values both greater than and less than 0.60, the direc
tion of the vegetational change indicated by comparing 
the 2 archaeological pollen spectra is consistent with 
that predicted by the Beef Pasture climatic reconstruc
tion. The timing of the changes also seems to be within 
approximately 25 years of that indicated by the Beef 
Pasture record. Timing on a finer scale is not possible 
because of the limits of the archaeological dates de-
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pendent on ceramics. However, it is reassuring when 
such dating agreement is demonstrated between the 
Beef Pasture reconstruction and the archaeological 
record. 

Another independent test of the Beef Pasture chronol
ogy can be demonstrated using the pith dates of pon
derosa pine (Pinus ponderosa) timbers used in 
construction in the project area. Ponderosa pine seed
ling establishment usually coincides with springs char
acterized by higher-than-average precipitation (Bates 
1923:158; Schubert 1974:10-18; Minore 1979:10-12). 
During such springs, a number of seedlings will become 
established, giving rise to stands of trees very similar 
in age . 

Germination of ponderosa seedlings is inhibited by dry 
springs. And even when springs may have been wetter 
than normal, if the winter that follows has less-than
normal snow cover so that deep soil freezing can occur, 
new seedlings are likely to be killed by frost heave or 
desiccation. Even older, shallow, rotted trees may be 
seriously damaged when moisture in their root zone is 
frozen. 

Thus, pith dates for seedling establishment of ponde
rosa pine would be expected to coincide with times 



when the Beef Pasture spruce/pine ratio is greater than 
0.60. Figure 4.12 is a histogram plot of pith dates pro
vided the DAP by the Laboratory of Tree-Ring Re
search, University of Arizona. As can be seen, primary 
ponderosa seedling establishment occurs coincident 
with times interpreted to have winter precipitation sim
ilar to that of the present. The lack of seedling estab
lishment during drier times is pronounced. This 
suggests that the dating of the Beef Pasture spruce/pine 
pollen ratio for those time periods basically seems to 
be correct. 

A Regional Test of the Climatic Reconstruction in Figure 
4.11 

Comparison of the Beef Pasture, La Plata Mountains, 
reconstruction with the results of other regional pollen 
and climatic studies shows past changes in interpreted 
plant community distribution and hydrologic compe
tence that appear to be in concert with one another (fig. 
4.13). To allow further evaluation, each curve in figure 
4.13 is discussed in turn; the curves are arbitrarily 
shown in the order originally published. 

Comparison of modern pollen ratios and pollen spectra 
with those from dated alluvial and archaeological sites 
allowed Schoenwetter (Schoenwetter 1966, 1967, 1970; 
Schoenwetter and Eddy 1964) to reconstruct an effec
tive moisture curve for the Navajo Reservoir and 
Chuska Valley areas of the Colorado Plateau (curves A 
and B, fig. 4.13). Higher arboreal (tree) pollen values 
are interpreted by Schoenwetter as indicating greater 
effective moisture. 

Schoenwetter's reconstruction is largely mirrored by 
the hydrologic chronology (curve C, fig. 4.13) presented 
by Euler et al. ( 1979:fig. 4). The climatic reconstruction 
of Euler et a!. ( 1979) is based partly on pollen, soils, 
and a cut-and-fill alluvial sequence from widely scat
tered stratigraphic sections at Black Mesa, Arizona. 
These sections were dated by archaeological markers 
and radiocarbon dating and were correlated to a tree
ring chronology. Finally, the hydrologic curve was 
smoothed to fit 2 apparently repeating cycles of differ
ent lengths. 

Dean et al. (1985:fig. lA) providt an updated version 
of figure 4.13, curve C, not reproduced here. The 2 
figures are very similar. In the latest version, Dean et 
al. ( 1985) indicate the updated hydrologic curve rep
resents fluctuations in alluvial ground water level. The 
new version also distinguishes between primary and 
secondary fluctuations; some of each are shown in fig
ure 4.13, curve C. 

Dean et al. ( 1985:fig. I B) ::tlso present another curve 
that measures effective moisture based on pollen, and 
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Figure 4.12- Histogram (25-year groupings) of ponderosa pine pith 
dates supplied by the Laboratory of Tree-Ring Re
search, University of Arizona. Total n = 98; obvious 
duplicates from the same log have been excluded. 
Solid bars indicate spruce/pine ratios below 0.60 in 
figure 4.11, which is believed to indicate winter pre
cipitation averaging below that of modern times. 
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Figure 4.13 -Comparison of Four Corners region paleoenviron
mental sequences, A.D. 500-1325. 

again a distinction is made between primary and sec
ondary fluctuations . The primary fluctuations in ef
fected moisture based on pollen mirror the primary 
fluctuations in alluvial ground water level. Euler et al. 
(1979) and Dean et al. (1985) provide a more detailed 
discussion of this subject. 

Navajo Reservoir, Chuska Valley, and Black Mesa have 
changes that appear to be synchronous with the Beef 
Pasture, La Plata Mountains (fig. 4.13). The fact that 
they were all dated independently adds support to the 
chronology for the general climatic reconstruction for 
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the Four Corners region illustrated in figure 4.13. 
Schoenwetter ( 1966) was the first to propose this chro
nology for winter dominant precipitation. He also sug
gested that the times of low winter precipitation were 
offset by increased summer precipitation. Support for 
this relationship is found in the La Plata Mountains 
record (fig. 4.11 ). 

The History of the Dry-Farming Belt 

The following climatic correlates for the DAP area are 
derived from figure 4.11. The A.D. 800-1000 and A.D. 
Ill 0-1325 periods are dry and are characterized by rel
atively low winter (jet-stream-derived) precipitation. 
(The A.D. 1110 date is based on tree-ring dating, which 
will be discussed below). The A.D. 575-800 and A.D. 
1000-1110 periods are characterized by relatively 
higher winter precipitation, much like the present. The 
A.D. 750-900 period shows increasing summer 
(monsoon-derived) precipitation that compensates for 
the decrease in winter precipitation during the same 
time period. The A.D. 900-1000 period shows the re
verse: decreasing summer rainfall that is offset by in
creasing winter precipitation. The A.D. 1000-1110 
period shows increases in both summer and winter pre
cipitation; and, the A.D. 1110-1325 period shows rel
atively lower precipitation for both summer and winter. 

Radiocarbon-dated pollen spectra from marsh sedi
ments in the Dolores Project area suggest the vegetation 
and climate of the A.D. 600's was similar to the early 
part of the 20th century prior to clearing of native veg
etation for farming (Petersen 1985b ). Based on that 
similarity, figure 4.14 was constructed to show the dis
tribution of the potential dry-farming belt for the A.D. 
575-800 period. Figure 4.15 shows the vegetation for 
the project area for the same time period. Figure 4.15 
reconstructs Dolores area vegetation circa A.D. 1920, 
prior to the extensive clearing of natural vegetation for 
modern farming. Refer to Petersen (1984a, 1985a) for 
a more complete discussion of the development of this 
vegetation map. 

As judged by figure 4.11, the A.D. 800's must have been 
relatively drier than both the A.D. 600's and the early 
part of this century. Therefore, the lower boundary of 
the dry-farming belt in the A.D. 800's was probably at 
a relatively greater elevation than at present. As evi
denced by the estimated population levels in the project 
area during the A.D. 800's (Schlanger, chap. 8}, the area 
was still located within the dry-farming belt. During 
the A.D. 800 to 1000 period, then, the dry-farming belt 
in southwestern Colorado and adjacent areas probably 
was narrower than either the preceding or succeeding 
periods. Figure 4.16 is the reconstructed distribution 
of the potential dry-farming belt during this time. 
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During the A.D. 800's, the Dolores Project area would 
have been relatively more attracti ve for dry farming 
than areas lower in elevation that had been farmed prior 
to the A.D. 800's but that had been left below the po
tential dry-farming belt with the drying conditions of 
the A.D. 800's. 

Figure 4.17 is the reconstructed vegetation with in the 
project area for the A.D. 800-1000 period under con
ditions relatively drier than those at present. Refer to 
Petersen (1985a) for a more complete di scussion of the 
development of this figure and to section 3, this chapter, 
for an evaluation of that reconstruction. This recon
struction does not take into account the possible impact 
the Anasazi may have had on the landscape through 
clearing for farming. Refer to Petersen et al. ( 1985) fo r 
a more complete discussion of that factor. 

Although the A.D. 800-1000 period is believed to have 
had lower winter precipitation than at present, th is may 
have been offset by the high summer precipitation (fig. 
4.11 ). In the Four Corners region , Petersen ( 1985k) has 
found that summer precipitation tends to be more con
centrated within the dry-farming belt than in elevations 
below it. Thus, even during a time period when summer 
rainfall is high, only areas above certain elevations 
would be expected to benefit. 

During the next period, A.D. 1000 to 1110, the Beef 
Pasture spruce/pine ratio (fig. 4.11) again reaches values 
similar to some reached prior to A.D. 800. Using the 
spruce/pine ratio alone, the farming belt would be ex
pected to be as wide as the modern farming belt. How
ever, summer rainfall is judged to be higher during the 
A.D. 1000-1110 period than during the period prior to 
A.D. 800. This should result in a highel" annual total. 
Petersen ( 1985e) has shown that rather than being lin
ear, the increase of precipitation with increasing ele
vation is actually curvilinear in southwestern Colorado. 
Weather stations between 1520 m (5000 ft ) and 1980 m 
(6500ft) all receive about 310 mm (1 2 in) of precipi
tation/year. If annual precipitation were to increase at 
all stations by 50 to 100 mm (2 to 4 in), a very large 
area that is too dry at present would become available 
for dry farming. 

Archaeological pollen spectra from the project area that 
date between A.D. 900 and 1000 show increasing ar
boreal pollen percentages up to levels greater than the 
present, which suggests the farming belt also may have 
been becoming wider than the present during that t ime 
(sect. 3). Figure 4.18 illustrates the reconstructed dry
farming belt for the A.D. 1000-1110 period; it is much 
Wider than at present. 

With a widening dry-farming belt in the region begin
ning after A.D. 900, the project area would again oc
cupy a more marginal pos ition near th e upper 
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Figure 4.14- Birds-eye view of the reconstructed potential dry-farming belt, A.D. 575-800, southwestern Col
orado. 

elevationallimit of the potential dry-farming belt. Since 
the upper limit of the belt is determined by the length 
of the growing season, the project area may have been 
subject to more frequent occurrences of short growing 
season than lower elevation areas within the belt. Thus, 
the center of the potential dry-farming belt might have 
been relatively more attractive than either the upper or 
lower margins. 

The A.D. 1110-1275 period is characterized as having 
relatively less winter and summer precipitation (fig. 
4.11 ). However, it is unlike the prior 3 periods just 
discussed. Even though it has a spruce/pine ratio sim
ilar to that for the A.D. 800's, it does not have as much 
summer rainfall. Because of the relatively lower winter 
and summer precipitation, a narrower dry-farming belt 
is illustrated in figure 4.19. However, farming that was 
strictly dependent on summer rainfall within the dry
farming belt in the A.D. 1110-1275 period may have 
been relatively more risky than farming during the 
A.D. 800's. 

To compensate for the greater risk associated with less 
dependable summer rains within a narrow dry-farming 
belt, farming practices might have become more di
versified after A.D. 1100 than they were during the 

A.D. 800's. The relative attractiveness of the entire dry
farming belt in general and the project area in particular 
might not have been as high after A.D. 1100 as it had 
been during the A.D. 800's. 

Climatic Reconstruction from Tree Rings 

The changes in figure 4.11 are long-term, low-frequency 
fluctuations. They reflect effective moisture changes of 
a duration that allowed plant migration, establishment, 
and pollen production. However, short-term, higher
frequency changes on the order of individual years or 
decades are not evident in such a record, and such 
changes were probably more critical for prehistoric 
farmers growing corn and other crops. Tree rings have 
been used elsewhere to provide such short-term, high
frequency records (e.g., Euler et al. 1979; Dean and 
Robinson 1982; Dean et al. 1985; Rose et al. 1981). 

Euler et al. ( 1979: 1094) note that periodicities of greater 
than I 00 years are not seen in archaeological tree-ring 
data because of the sampling limitations and because 
the mathematical transformations of ring widths and 
indices tend to suppress low-frequency variability. Re
cognizing the difference in their long- and short-term 
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Figure 4.16 - Birds-eye view of the reconstructed potential dry-farming belt, A.D. 800.1000, southwestern Colorado. 

records of variability at Black Mesa, Euler et al. 
(1979:fig. 5, column I) superposed their 10-year tree
ring-departure sequence on their regional hydrological 
curve (fig. 4.13, curve C). In the Black Mesa report 
(Euler et al. 1979), tree-ring and pollen ratios were vis
ually superposed; here, the records will simply be dis
cussed. Dean et al. (1985) also chose not to superpose 
long- and short-term records. 

The University of Arizona Laboratory of Tree-Ring 
Research provided the DAP with a tree-ring chronology 
from A.D. 371 to 1136 derived from mixed species ana
lyzed from the archaeological samples obtained from 
the Dolores Project area (Petersen l985f). An addi~ 
tiona! tree-ring record from high-elevation trees was 
also sought because LaMarche ( 1974) has demonstrated 
that in addition to a tree-ring chronology from the lower 
forest border used to reconstruct relative dry condi
tions, a tree-ring chronology from the upper treeline 
can be used to reconstruct a complementary record of 
relative summer warmth. The closest high-elevation re
cord long enough to cover the time period of Anasazi 
occupation is from bristlecone pine (Pinus aristata) 
from Almagre Mountain, near Pikes Peak in central 
Colorado (fig. 4.9) (Drew 1974; LaMarche and Stockton 
1974). The following reconstruction is based on this 
high elevation tree-ring record. Sample depth (number 
of tree-ring samples used for analysis) from this area 

for the time period that coincided with Anasazi occu
pation in the project area is not very great. In addition, 
rigorous calibration techniques developed by the Lab
oratory of Tree-Ring Research at the University of Ar
izona (Fritts 1976) were not used in this study. The 
reconstruction, therefore, remains a tentative one that 
needs to be tested further by comparison with future 
high-elevation bristlecone pine records and by com
parison with other independently derived climatic 
reconstructions. 

Historic kill ing-frost-free periods for the Dolores area 
(average 130 days) were calibrated to the Almagre 
Mountain record. Visual inspection of plots of the data 
from both areas suggests the correlation between the 2 
areas is reasonably good (Petersen l984b ). Figure 4.20 
plots the Almagre Mountain indices. All points are suc
cessive 10-year means plotted on the midpoints. A dec
ade that averages less than an index of 0.90 in the 
Almagre Mountain sequence (solid line, fig. 4.20) had 
an average killing frost-free period in the Dolores area 
of less than 110 days (Petersen l984b ). A growing sea
son of less than 110 days (solid bars, fig. 4.20) is too 
short to reliably grow mature aboriginal varieties of 
corn to maturity (Bradfield 1971 : 6; Hack 1942:20, 23). 
Refer to Peter~en and Clay (1984) for a more complete 
discussion. 
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Figure 4.17- Vegetation reconstruction for the Dolores project area, A.D. 800.1000. Source: Petersen (1985a:fig. 10). 
Note that the stippling and hatching conventions differ slightly from those used in figure 4.15. 
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Figure 4.18- Birds-eye view of the reconstructed potential dry-farming belt, A.D. 1000-1110, southwestern Colorado. 
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Figure 4.19- Birdf.-eye view of the reconstructed potential dry-farming belt, A.D. 1110-1275, southwestern Colorado. 
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The Dolores tree-ring sequence is shown by a dashed 
line in figure 4.20. Normalization 0f the 10-year mean 
departures follows Dean and Robinson ( 1982). Each 
ring index was converted to a standard variate (mean 
equal to zero, and the standard deviation equal to I). 
Because of the small sample size (n=IO}, the variates 
for the decade were multiplied by a constant [ !O(n°·5

)] 

and the .results summed algebraically and divided by 
!On. 

The Dolores chronology only extends up to A.D. 1136. · 
However, the Dolores chronology cerrelates well with 
that of Mesa Verde (Robinson 1983). Therefore, the 
Mesa Verde chronology (dotted line, fig., 4.20}, which 
contains samples collected from both archaeological 
and living Douglas-fir (Pseudotsuga menziesii) trees, 
was used to extend the record between A.D. 1140 and 
1325 (Dean and Robinson 1977, 1978) and for modern 
calibration (Petersen 1985f). Decades that depart more 
than one negative standard deviation (lined bars, fig. 
4.20) are decades that were as dry or drier than any of 
the historic droughts for the region (i.e., A.D. 1894-
1904, A.D. 1924-1934, and A.D. 1946-1957 [Barry and 
Bradley 1976:fig. I 0]). 

Droughts and Short Growing Seasons 
in the Dolores Area 

While figure 4.11 provides a way to reconstruct the 
relative low-frequency changes in the elevation of the 
lower boundary of the dry-farming belt (Petersen 
1985e}, the changes in figure 4.20 show high-frequency 
changes affecting potential corn production within the 
dry-farming belt. Reconstructed droughts would be 
most critical at the lower elevations within the dry
farming belt (Petersen 1985f, !985g}, whereas recon
structed shortened growing seasons would be most crit
ical at higher elevations within the dry-farming belt and 
other areas subject to the affects of cold air drainage 
(Petersen 1984b; Petersen and Clay 1984 ). 

Droughts in the project area occurred only once be
tween A.D. 575 and about A.D. 875 (i.e., about A.D. 
700), but numerous times between A.D. 875 and 1175 
(fig. 4.20). Droughts would be expected to stress the 
Dolores Anasazi; however, due to the higher annual 
precipitation of the Dolores area (the result of its 
greater elevation and proximity to the La Plata and San 
Juan Mountains to the east and north), it would be 
relatively more attractive to people living in areas lower 
in elevation. 

Between A.D. 550 and 600 (the most severe period 
shown in figure 4.20), the Dolores area had killing-frost
free periods too short for growing corn. The A.D. 600's, 
the late A.D. 700's through the A.D. 800's, and the A.D. 
1100's were periods when all decades averaged growing 
seasons greater than II 0 days. 
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During the late A.D. 700's through the A.D. 800's, when 
population was growing rapidly in the Dolores area 
(Dolores Archaeological Program 1984 ), there seems to 
have been a few constraints from either short growing 
seasons or lengthy droughts. A combination of drought 
followed by a period of short growing seasons beginning 
about A.D. 875 and ending approximately A.D. 950 is 
evident in figure 4.20. Droughts would possibly make 
the project area more attractive, while short growing 
seasons would tend to make it less attractive. The im
pact of short growing season within the project area 
will be examined in greater detail next . 

To allow testing of a processual model of cultural 
change within the project area (Lipe 1984; also, chaps: 
I and 6, this volume}, the Anasazi occupation was di
vided into a series of periods. These periods were es
tablished using tree-ring-dated ceramic assemblages 
(Blinman 1984; chap. I). Figure 4.21 shows the Almagre 
tree-ring record for the span of time having the greatest 
amount of archaeological data from the project area. 
Also shown is the time covered by the various periods 
and subperiods. Decades that average killing-frost-free 
periods of less than I fo days are shown by black bars. 

Figure 4.22 shows a map of frost-free periods within 
the project area under modern conditions (Petersen and 
Clay !984:fig. 12). The canyon bottom and relatively 
level uplands above 2380 m (7800 ft) have growing sea
sons too short for growing corn. Shallow drainages are 
at times subject to inversion layers making farming 
more risky, but during years when the inversions are 
not deep or generally are infrequent, then corn could 
be successfully grown. 

Figure 4.23 shows a map believed to represent the dis
tribution of frost-free periods within the project area 
during the time periods represented by the black bars 
in figure 4.21. Under these conditions, the shallow 
drainages are believed to also have had growing seasons 
less than 90 days. The uplands are believed to have had 
growing seasons greater than 90 days, but at times they 
were risky for growing corn. 

Comparison of figures 4.22 and 4.23 suggests a dra
matic loss of land if growing seasons are shortened ap
preciably in the project area. The later parts of 
subperiods 1.2 and 2.1, all of 5.2, and the early portion 
of 6.2 are times of shortened growing seasons and pos
sibly were subject to changes that could be detected in 
the archaeological record. 

Relative Attractiveness and Abandonment 
of the Dolores Area 

Figure 4.24 is a summary of the major factors that 
would have affected the attractiveness of the Dolores 
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Figure 4.20- Paleoenvironmental reconstruction for the Dolores Project area based on low- and high
elevation tree-ring records, A.D. 500-1325. 
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Figure 4.2 1 - Reconstructed killing-frost-free periods and Dolores 
Archaeological Program archaeological periods and 
subperiods for the project area up to A.D. 1000. 

Project area relative to adjacent areas. Droughts would 
make the project area relatively more attractive to peo
ple living in lower areas. Because frosts are considered 
to have a greater impact in the project area, short grow
ing seasons rather than droughts have been included in 
this evaluation. A plus and minus system is employed, 
with a plus indicating greater attractiveness, and ami
nus indicating lesser attractiveness. More detail is 
shown in the subperiod breakdown in table 4.43 . Neu-

tral (0) is applied to that portion of the record believed 
to be most like the present, based on the Sagehen Marsh 
pollen studies. 

Coincident with the large population increase in the 
project area during the A.D. 800's, the project area is 
relatively most attractive. A combination of drought 
followed by a period of short growing seasons beginning 
about A.D. 875 and lasting until roughly A.D. 950 
seems to have been too much for the inhabitants of the 
Dolores Project area (fig. 4.20). A large population de
cline occurred and the Dolores River valley was aban
doned. Possibly the areas west and south of the project 
area were relatively more attractive because they were 
less affected by the occurrence of the short growing 
seasons common after A.D. 900. 

Figure 4.24 indicates that about A.D. 1200 summer 
temperatures became cooler (growing seasons shorter) 
than those at present. During the A.D. 1275-1300 
"great drought" (fig. 4.20), the potential dry-farming 
belt in the Four Corners region may well have been 
pinched out due to relatively less winter and summer 
precipitation affecting the bottom of the belt, and 
shorter growing season affecting the top (fig. 4.25). It 
was during and immediately after this "cold drought" 
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Figure 4.22 - Distribution map of killing-frost-free period length in the Dolores Project area under modern conditions and during times when 
growing seasons average more than 110 days in figure 4.21 (adapted from Petersen and Clay 1984:fig. 12). 

that final regional abandonment seems to have oc
curred. The risk of farming failure during the early A.D. 
900's and the late A.D. 1200's probably was further 
compounded by the reduction of summer rainfall dur
ing the early lOth century (fig. 4.24), and by the much
reduced level of summer rainfall during the late 13th 
century, as measured by pinyon pine pollen influx. 
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The factors that contributed to the 13th-century aban
donment of a large portion of the Colorado Plateau 
have been the topic of considerable debate (Euler et al. 
[ 1979]). The results of the Dolores Project study suggest 
changes in the width of the dry-farming belt, the 
amount and dependability of summer rain , and the 
growing season length were critical in southwestern Col-



orado for cultures dependent upon corn and other crops 
for subsistence. 

Section 7 

OVERVIEW AND CONCLUSIONS 

Kenneth Lee Petersen 

MACROBOTANICAL DATA 

Matthews (section 2) summarizes the macrobotanical 
data base as it applies to Problem Domain I (Economy 
and Adaptation) and Problem Domain 5 (Cultural 
Process) of the general research design. These 2 topics 
are addressed in terms of potential availability of bo
tanical resources, the actual resource mix used, and the 
changes in mix through time. Available resources are 
assessed by using information collected during a mod
ern vegetation reconnaissance. Evidence for the mix of 
botanical resources used is provided by macrobotanical 
remains recovered from excavated sites. Matthews 
notes, however, that an accurate reconstruction of the 
resource mix cannot be ascertained, because factors 
such as preservation and sampling bias have altered the 
archaeological record and the representation of macro
botanical remains. Change in the resource mix is eval
uated through expectations generated by a model of 
agricultural intensification. 

Four groups of botanical resources are discussed: cul
tigens and pioneer, wild, and woody plants. Except for 
the occurrence of domesticated plants and modern con
taminants, all other plants identified in the macrobo
tanical assemblage could have been indigenous to the 
DAP area, although not all of them were documented 
in the present-day vegetation communities of the proj
ect area. The predominance of an agricultural subsist
ence base is believed to have been influential in altering 
the natural environment of the project area and in di
recting the composition of the resource mix. Therefore, 
change in the agricultural system would have had an 
impact on the resource mix, and consequently, change 
in the mix should be reflected in the compositions of 
the different plant categories. 

Zea mays is both ubiquitous and the most abundant 
domesticate represented. Phaselous vulgaris, the only 
species of bean represented in the assemblage, is also 
ubiquitous but not as consistently abundant. Remains 
of Cucurbita sp. , C. pepo, and Lagenaria siceraria occur 
sporadically and only in low quantities. The genera 
within the cucurbit family probably were more impor
tant than their minimal presence in the macrobotanical 
assemblage tends to indicate, although Matthews also 
suggests that the deteriorating climatic conditions re-
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constructed by Petersen (sect. 6) would have had del
eterious effects on the reproductive success o f 
cucurbits. The intensive analyses of Zea mays cobs in
dicates 12-row maize was the most abundantly repre
sented type of maize in all time periods. However, 
analytical methods are not considered sophisticated 
enough to allow definition of distinct varieties or races 
of maize within the assemblage. 

Matthews believes that changing representation of pi
oneer plant remains in the macrobotanical assemblage 
is the result of an agricultural intensification strategy 
being pursued during Periods 4 and 5 (A.D. 840-920). 
Based on a subsample of the assemblage, the data in
dicate that pioneer plant procurement also intensifies. 
Matthews argues that part of the intensification process 
could entail a multiple-cropping system, intercropping 
domesticates, and selection of particular genera of pi
oneer plants. Ubiquity measures support the argument 
that seven genera of pioneer plants were preferred 
resources. 

The evidence of change in wild plant resources is am
biguous. Although abundance, diversity, and ubiquity 
measures do fluctuate to varing degrees over time, bias 
introduced by differential preservation, collection tech
niques, and small sample size hinders accurate assess
ment of the role played by wild plant resources 
throughout the Dolores Anasazi sequence. 

The category of woody remains has not been given ad
equate attention, and data interpretation suffers from 
biases incurred through field methods. Earlier reports 
(Kohler et al. 1984; Kohler and Matthews 1984) sug
gested a model of wood resource depletion that does 
find some support in the macrobotanical data but needs 
to be more vigorously tested. The present study shows 
a correlation between site location and the taxa of wood 
used for construction posts. 

The macrobotanical assemblage in general reflects a 
certain amount of diachronic consistency in the re
source mix. This is the result of an agricultural sub
sistence base being maintained throughout all the time 
periods under investigation. The most noticeable 
change in the resource mix is evident for corn and pi
oneer plant resources, which not only reflect increased 
disturbance to the environment as the result of agri
cultural practices, but also indicate a change in pro
curement strategy, possibly as a result of agricultural 
intensification. 

POLLEN DATA 

Pollen samples were collected to obtain information 
concerning potential economic resources that could 
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Figure 4.23 - Distribution map of killing-frost-free period length in the Dolores Project area during times when growing seasons average less 
than 110 days in figure 4.21 (adapted from Petersen and Clay 1984:fig. 12). 

have been used by the Dolores Anasazi and to gain 
information on the prehistoric environment. Because 
archaeological pollen samples often can be dated to 
within 25 years of the deposition of the pollen due to 
their archaeological associations, they provide a rela
tively precise chronological tool for reconstructing past 
changes in the local environment. Distinguishing 
changes due to the influence of humans versus that 
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caused by climate has been particularly difficult, but 
DAP pollen analysis has made some progress in this 
area. 

Petersen (sect. 3) lists pollen taxa or types identified in 
the analyzed DAP samples. Pollen types representing 
plants that potentially could have been used for food 
also are indicated. Although pollen grains originally are 
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Figure 4.24- Summary figure showing the combined records used 
to reconstruct the relative attractiveness of the Do
lores Project area to areas lower in elevation. 

derived from plants, the deposition may or may not be 
related to the plant being present at the archaeological 
site. Macrobotanical remains provide complementary 
and more specific evidence for plant use by the Anasazi. 

Some coprolites collected from Singing Shelter (Site 
5MT4683) were analyzed for pollen. The pollen anal
ysis complemented the macrobotanical analysis but 
added little additional about dietary components. 

Pollen analysis of closely spaced samples from both 
floor and above-floor sediments of Pitstructure I and 
from floor sediments of Pitstructure 2 at Windy Wheat 
Hamlet (Site 5MT4644) gave clear evidence that the 
distribution of pollen was patterned. The macrobotan
ical remains also showed patterning and some corro
boration for the pollen patterns. A table is presented 
that shows the ubiquity of certain economic pollen 
types in the Windy Wheat Hamlet samples that had 
sufficient pollen for analysis. Petersen concludes much 
can be said if rare economic pollen types are identified 
(especially in large frequencies) , but the fact that such 
types are not tallied may only be a function of small 
sample size. A large sample size increases the chance 
of identifying the rarer economic pollen types. On the 
other hand, many samples from a single floor should 
be averaged together to obtain a representative picture 
of the regional pollen rain . Such averaging tends to re
duce the bias of economic pollen types. 

Zea and Cleome pollen can be identified easily and their 
presence in an archaeological site can be attributed to 
the fact that the plants were also there. The same ar
gument is made at Windy Wheat Hamlet for Umbel
liferae pollen because of the ubiquity of this pollen type. 
Although Umbelliferae pollen occasionally occurs in 
natural pollen rain , Cleome almost never does, and the 
high ubiquity of both suggests that these plants, while 
in flower, might have been stored hanging from the 
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Table 4.43 - Relative attractiveness of the Dolores area, 
by modeling period and subperiod 

Dolores Archaeological Program 
modeling periods 

Period l -A.D. 600-720 
l.l -A.D. 600-660 
1.2- A.D. 660-700 
1.3 -'A.D. 700-720 

Period 2 -A.D. 720-800 
2.1- A.D. 720-760 
2.2- A.D. 760-780 
2.3- A.D. 780-800 

Period 3 -A.D. 800-840 
3.1 -A.D. 800-820 
3.2- A.D. 820-840 

Period 4 -A.D. 840-880 
4.1- A.D. 840-860 
4.2 - A.D. 860-880 

Period 5 -A.D. 880-920 
5.1- A.D. 880-900 
5.2- A.D. 900-920 

Period 6 -A.D. 920-980 
6.1- A.D. 920-940 
6.2- A.D. 940-980 

Period 7 -A.D. 980-1250 
7.1 -A.D. 980-1025 
7.2- A.D. 1025-1100 
7.3- A.D. 1100-1175 
7.4- A.D. 1175-1250 

Relative attractiveness 

0 
0 

0 

+ 

++ 
++ 

++ 
++ 
++ 

++ 
++ 
++ 

0 
++ 

0 
+ 

+ 

0 - Average attractiveness similar to today. 
+ - Greater attractiveness. 

- Lesser attractiveness. 

rafters of the pitstructures at Windy Wheat Hamlet in 
a fashion similar to that observed at modern pueblos. 

The ubiquity of Zea and Cleome pollen was examined 
through time to see if any changes could be detected. 
Zea occurred in about 45 percent of the 501 samples 
examined, while Cleome occurred in roughly 84 per
cent. A significant decrease in the ubiquity of Zea was 
noted between the Grass Mesa and Cline Subphases; 
the decrease in Zea ubiquity coincides with a time in 
the A.D. 900's when Petersen (sect. 6) reconstructs that 
corn farming was more risky in the project area. Be
cause there was not a similar decrease in Cleome ubiq
uity, this suggests that the decrease in the ubiquity of 
Zea pollen is real and not just an artifact of sampling. 

Two pollen projects were undertaken specifically to at
tempt reconstruction of the climate within the project. 
The first was pollen analysis of the marsh in Sagehen 
Flats. The pollen record proved discontinuous, and only 
some marsh sediments that radiocarbon dated to the 
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Figure 4.25- Birds-eye view of the project area, A.D. 1275-1300. No potential dry-farming belt is believed to be 
present in southwestern Colorado. 

A.D. 600's could be analyzed to give information on 
climate during a portion of the Anasazi occupation. The 
second study was the analysis of pollen samples from 
Singing Shelter (Site 5MT4683). This record proved to 
be less than satisfactory because of the difficulty of as
signing ages to the individual pollen samples, and be
cause the changing rates of deposition made 
comparisons between pollen samples problematical. 
However, when used in conjunction with other studi.es, 
these 2 pollen studies help complete the overall picture 
of changing climate and vegetation in the project area. 

The pollen data from the archaeological sites in the 
project area provide an independent and more satis
factory test of the climatic scheme developed by Pe
tersen (sect. 6). Petersen, using a pollen record from the 
La Plata Mountains, reconstructs a sequence of climatic 
conditions that fluctuate between those similar to and 
those drier than the present; the climatic fluctuations 
:esulted in corresponding vegetation changes in the 
project area. Because of the tight dating control for the 
DAP archaeological pollen samples, these samples 
could be used to see if the direction and magnitude of 
change reconstructed by Petersen from the La Plata 
Mountains record could be seen in the archaeological 
record. 

To overcome possible bias in the archaeological pollen 
record due to the effects of humans on the local pollen 
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rain preserved in an archaeological site, all samples of 
a similar age were averaged together, and then only the 
pollen of the 4 major cover plants (i.e., s~gebrush , jun
iper, pine, and oak) were examined. The results suggest 
that the chronology and direction of climatic change 
presented by Petersen (sect. 6) is basically correct. 

The initial goal of obtaining information on the poten
tial economic resources that could have been used by 
the Dolores Anasazi and that of obtaining information 
on the prehistoric environment have largely been 
reached. In addition, a large number of pollen samples 
have been collected and are being curated, which may 
aid future pollen research directed toward more specific 
problems. 

FAUNAL DATA 

The DAP devoted much effort toward establishing a 
quality data base from which could be derived infor
mation on potential resource availability and the prob
able resource mix used by the Dolores Anasazi . For 
instance, Neusius (1985b) and Neusius and Gould 
(1985) examined the correlation between taxonomic 
and bone element composition of the faunal assemblage 
and the collection mode under which it was recoverded. 
Only a weak correlation was found between collection 



mode and assemblage composition, which suggests the 
collection is fairly free of bias introduced by the manner 
in which the bone was recovered. However, in the pres
ent report, Neusius does note faunal assemblages re
covered through troweling may not be as representative 
as was assumed when the excavation manual was writ
ten (Kane and Robinson 1984). 

Earlier, Neusius ( 1985a) presented a discussion on the 
potential availability of fauna both historically and pre
historically. In section 4 of this chapter, she uses the 
data presented in that earlier document to determine 
the relative faunal biomass within the project area and 
to assess the probability that a particular species might 
be included in the Dolores Anasazi diet. Those species 
with the highest relative biomass generally could be 
expected to be the ones most likely to have been ex
ploited and included. As the relative biomass de
creased , it would be expected the probability of 
inclusion in the diet would also decrease. 

Several rankings of mammalian resources were gener
ated and compared with the archaeological data. The 
results indicate seasonal variation seems to be less im
portant than habitat distribution. Several habitats have 
25 species that could have been exploited, while others 
have fewer than 25. Two habitats are noticeably less 
productive than the others in terms of mammals: 
aquatic habitats and Douglas-fir forest. Sagebrush has 
20 species, and because of the extent of sagebrush hab
itat reconstructed for the project area during the height 
of Anasazi occupation in the A.D. 800's (sect. 3), the 
project area might have been less productive in terms 
of mammals than if it and all pinyon-juniper woodland 
or scrub oak/mountain brush, each of which has 25 
species. This assessment does not take into account the 
effect of clearing for farms or the effects of climatic 
change on habitat redistribution. 

Roughly 90 percent of the remains in the macrofauna! 
assemblage are those of mammals. and of these, cot
tontails are the most common taxa. Most cottontails in 
the DAP macrofauna! assemblage are identified only 
to genus; however, most of these specimens likely rep
resent the desert cottontail or the Nuttall's cottontail. 
Because these 2 species have different and distinct hab
itat preferences, their remains could provide informa
tion about the prehistoric environment. 

A more detailed treatment of the issue of cottontail 
species and habitat type than was presented in section 
4 of this chapter was provided in an earlier DAP report 
by Flint and Neusius ( 1985). In the latter study, it was 
anticipated the majority of the cottontails identified 
would be Nuttall's, because of the elevation and 
wooded vegetation cover of the project area. The proj
ect area today is near the upper elevational range limit 
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of the desert cottontail, which has a preference for more 
open and less wooded habitat than the Nuttal's cotton
tail. Therefore, it was surprising to find the most com
mon cottontail that could be identified to species in the 
Dolores faunal assemblage is the desert cottontail. The 
high occurrence of this species could mean the open 
habitat provided by the cleared fields tended to draw 
the desert cottontail into the project area. Alternatively, 
during the A.D. 800's, the time of highest Anasazi pop
ulation in the project area, Petersen (1985a) suggests a 
shift upslope of the major vegetation zones in the proj
ect area. If the range of the desert cottontail also shifted 
upslope, this might account for the observed trend in 
the DAP faunal assemblage. 

Flint and Neusius (1985) found a close correspondence 
between the amount of sagebrush in the reconstructed 
vegetation catchment of an archaeological site and the 
proportion of desert cottontail mandibles to total cot
tontail mandibles collected from the site. This suggests 
the reconstruction of sagebrush habitat by Petersen may 
be realistic. Also, since sagebrush most likely was the 
first vegetation cleared for fields, the proportion of de
sert cottontail mandibles may be related to a combi
nation of sagebrush and cleared fields. 

The final point of the study conducted by Flint and 
Neusius (1985) is that cottontail hunting appears to 
have been a very localized activity, based on the 
makeup of the reconstructed catchment and on the cor
relation between cottontail species type and vegetation 
type. Neusius also suggests land clearing would have 
had a generally positive effect on animal biomass for a 
number of species because it would have increased the 
area of edge and the availability of food (greens, seeds, 
insects). 

In section 4, Neusius presents an annotated list of 
faunal taxa recovered during DAP excavations. She 
notes that Lagamorphs and artiodactyls are the most 
commonly occurring taxa in the identifiable assem
blages. However, these hardly dominate the assemblage 
entirely. Many types of mammals and quite a few birds 
are represented. Dogs were recovered and are consid
ered to have been domesticated; no clear evidence for 
domestication was established for turkey. 

The Dolores faunal assemblage is very diverse. This 
may be due to the proximity of the Dolores area to the 
highlands to the north and east or to the large size of 
the Dolores faunal assemblage, which would tend to 
increase the probability of more rare items occurring. 

Neusius concludes in section 4 that game seems to have 
been an important part of Anasazi economics through
out the Dolores sequence. Two game procurement strat
egies probably were used. The first can be characterized 
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as opportunistic garden hunting, where game is pro
cured in the course of other activities. Such hunting 
might have been embedded in crop planting, mainte
nance, and harvesting, and possibly even in wild plant 
collecting. The second strategy is winter large-game pro
curement. The 2 different strategies should result in 
different characteristic fauna in the resource mix. The 
evidence for temporal changes in faunal resource mix 
is discussed in greater depth in chapter 7. 

GEOLOGICAL DATA 

Geological studies undertaken in conjunction with ar
chaeological excavation in the Dolores Project area 
have generated a number of reports that cover a wide 
range of subjects, including geomorphology and char
acterist ics of site location, stratigraphy of archaeolog
ical sites and pertinent resource areas, and delineation 
of potential resource areas on project-wide maps of 
modern bedrock, landforms, stream order, and soils. 
Regional maps delineate possible source areas for exotic 
rocks and minerals. Two project-wide maps showing the 
distribution of growing season length under 2 different 
climatic regimes have proven valuable in evaluating the 
capability of a particular plot of ground to mature corn 
and other crops. A number of studies have focused on 
the changes of the distribution of arable land through 
time. 

Section 5 of this chapter provides an overview of DAP 
geology reports. In early site reports, geological infor
mation was included in appendixes; in later reports, 
discussions were integrated into the reports themselves. 
The environmental archaeology volume (Petersen et al. 
1985) also contains a number of reports that describe 
bedrock geology, landforms, geomorphology, and mod
ern stream order. In addition, the volume contains a 
report on the marsh in Sagehen Flats; in this report, an 
attempt is made to ascertain when the marsh might 
have existed in the past and therefore when it might 
have been available for exploitation by the Anasazi . 

Later DAP geology reports focused primarily on ques
tions derived from both the general research design 
(Kane et al. 1983) and the modeling effort (Lipe 1984, 
part IV, this volume). Problem Domain 4 in the general 
research design deals with extraregional relationships. 
Keane and Clay (1984) found that a variety of rocks 
and minerals recovered from DAP sites do not occur 
naturally in the project area. Maps of possible sources 
were produced to allow assessment of potential extrare
gional relationships. Keane and Clay (1984) conclude 
that when exotic materials are considered on a per cap
ita basis, the frequencies are essentially constant 
through time. 
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Problem Domain I focuses on the resources useci by 
the Dolores Anasazi . Wilson et al. (1985) found that, 
although many of the geological formations could sup
ply suitable clay for ceramics, a smaller subset of the 
most desirable seems to be what was used. 

Problem Domain I allows the formulation of questions 
dealing with the distribution of arable land in the proj
ect area. In the Four Corners region, loess provides the 
most ideal dry-farming soil, and an examination of An
asazi site locations in the Four Corners area shows that 
the sites are largely confined to loessal soils. The re
covery, identification, and subsequent radiocarbon dat
ing of the partial skeleton of an extinct genus of musk 
ox at Grass Mesa Village allowed a more precise date 
assignment (i.e., within the last 16,000 years B.P.) for 
the most recent episode of loess deposition. 

A series of reports dealing with the agricultural poten
tial in the project area (Petersen and Orcutt 1985, 
comps.) points out that arable soil distribution and the 
length of the frost-free season may have had much to 
do with the occupation, rapid population growth, and 
abandonment of the project area during the A.D. 600-
950 period. After abandonment, the project area did 
not sustain another long-term sedentary farming pop
ulation again until the 19th century. Maps show that 
the amount of arable soil probably was not the limiting 
factor, but that during years of short growing seasons, 
a good portion of the arable soil could not be success
fully farmed because of the effect of cold air pooling 
in low-lying areas within the project area. 

Another aspect examined was the impact that a large 
Anasazi population would have had on the environ
ment. Petersen et al. ( 1985) concluded that, in most 
instances, the impact was not negative to the point it 
would have led to permanent abandonment. To develop 
a well-documented case study of the possible affects of 
Anasazi-caused erosion, a modern pit-filling experi
ment was undertaken in which climate and sediment 
deposition were monitored and the findings compared 
with soil monoliths recovered from McPhee Village pit
structures. Clay (in Petersen et al. 1985) concludes that 
project pitstructures probably filled within 100 years of 
exposure in areas that had landscapes largely denuded 
by clearing for fields. However, this erosion probably 
was not severe enough to have led to abandonment of 
the area. 

PALEOCLIMATIC DATA 

In section 6 of this chapter, Petersen draws together a 
number of lines of evidence to reconstruct the climate 
in the project area. Contemporaneous change reflected 



in DAP archaeological data and in palynological, ra
diocarbon, geological, and dendrochronological data 
from the northern American Southwest supports the 
interpretation that Anasazi population dislocations in 
the Dolores River valley were triggered by environ
mental fluctuations. Critical changes in growing season 
length, and in summer and winter precipitation during 
the A.D. 550-1325 period resulted in changes in the 
elevation and width of the potential dry-farming belt 
in southwestern Colorado and adjacent southeastern 
Utah. The changes, in turn, affected where the Anasazi 
located their habitations and agricultural fields . 

The environmental data set used in the climatic recon
struction included data from tree-ring analyses, a pack
rat midden study, the Sagehen Flats marsh pollen study, 
and an ongoing pollen study of vegetational history in 
the La Plata Mountains, which began in 1972 (Petersen 
and Mehringer 1976; Petersen 1981). The chronology, 
direction, and magnitude of climatic change derived 
from the La Plata Mountain study seem to be substan
tiated by the pollen results from the project area and 
by a test that uses a histogram of the pith dates of 
ponderosa pine beams recovered within the project 
area. Even the short climatic reversal from dry to wet 
conditions dated to about the A.D. 800's from the La 
Plata Mountain chronology seems to be clearly indi
cated in the clustering of pith dates. 

Vegetation distribution maps of the project area have 
been compiled for different time periods. The distri
butions shown on these maps seem to be substantiated 
by the results of DAP pollen analysis from archaeolog
ical sites and by the findings of the cottontail study 
(Flint and Neusius 1985; Neusius and Flint 1985). 

The importance of past changes in the distribution of 
land available for farming is dramatically illustrated by 
maps showing changes in growing season length. The 
time periods characterized by short growing seasons 
were reconstructed using a remote high-elevation tree
ring record of Bristlecone pine from central Colorado. 
Although the correlation between local killing-frost-free 
season length and the tree-ring record has not been sub
jected to the vigorous testing and confirmation routines 
developed at the University of Arizona Laboratory of 
Tree-Ring Research (Fritts 1976), the results shown in 
this study and in the other supporting studies (Petersen 
1984b; Petersen and Clay 1984) are compelling. 

Petersen reconstructs an index of relative attractiveness 
of the DAP in relation to the areas to the south and 
west and at lower elevations. Based on relative attrac
tiveness, population movements might be accounted 
for, and this measure might prove useful in explaining 
some of the other changes evident in the DAP archae
ological record. Refer to part IV for further discussion. 
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General Layout and Structure Populations 

Habitation sites seem to conform to I of 2 general pat
terns: large aggregated villages consisting of several to 
more than 15 roomblock units (fig. 5.17), and isolated 
single-roomblock settlements (termed "outlying settle
ments" by the DAP), which are assumed to be socially 
related to specific aggregated villages. The roomblock 
units within the large villages exhibit the "right-tailed" 
total size distribution common in DAP data (fig. 5.18). 
The ranked size distribution does exhibit a small sec
ondary peak at 80 to 90 m, which suggests that Periman 
Subphase roomblocks might be categorized as "small" 
(less than 10 to approximately 60 m in length) or 
"large" (more than 60 m in length). With the exception 
of Room block Unit 39 at Grass Mesa Village, all of the 
"large" roomblocks are situated at the 3 largest project 
area villages (McPhee Village, Windy Ruin, and Cline 
Crest Ruin [Site 5MT2663]). This relationship is fur
ther discussed in the social organization chapter (chap. 
14). The "small" roomblock units generally consist of 
8 to 20 individual rooms and I to 3 pitstructures, while 
the "large" units consist of 30 or more individual rooms 
and 5 or more pitstructures. The small roomblocks ap
pear to be spatially patterned according to the locations 
of the more centralized large units, and the intravillage 
spatial arrangements are believed to reflect social af
finities. Also, the presence of the small roomblocks 
might be partially explained by population growth; they 
may reflect late immigrations into the area or "bud
ding" from established roomblock units. 

Internal roomblock configurations conform to the gen
eral pattern described for the preceeding Dos Casas 
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Figure 5.17 - Periman Subphase habitation site layout (adapted from 
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lengths. 

Subphase: a roomblock, usually cresent shaped or pos
sibly horseshoe shaped; a plaza area south of the room
block containing pitstructures and extramural work 
areas; and a midden or possibly 2 to 3 separate refuse 
mounds south of the living complex. Small room block 
units range from 0.1 to 0.2 ha in area, while the large 
roomblock units usually cover between 0.2 to 0.4 ha. 
Village areas may be several to up to 10 ha in area. 

Besides roomblocks and pitstructures at habitation 
sites, Periman Subphase architecture also includes ag
ricultural field houses. Such sites usually are located a 
few kilometers away from the large aggregated multiple 
roomblock settlements and consist of I or a few surface 
rooms and outdoor activity areas. The field house 
rooms are relatively small and appear to have func
tioned as storage facilities ; a larger room with a hearth 
was investigated at Little House (Site 5MT2191 [Hewitt 
1983d]). Periman field houses exhibit less investment 
in materials and labor and less substantial construction 
than surface rooms at habitation sites. These field 
houses were not included in the data set used for the 
Periman surface room discussion. Field house archi
ltecture is discussed further in pertinent DAP site re
ports (Little House [Site 5MT2191; Hewitt 1983d], 
Moonlight House [Site 5MT2205; Kleidon 1982], and 
Hamlet de Ia Olla [Site 5MT2181 , Etzkorn 1983]). 

Surface Structures - Back Rooms 

Periman Subphase back rooms are in many ways mor
phologically similar to their Dos Casas predecessors. 
The back rooms are arranged linearly within the con
tiguous roomblock, and I or 2 back rooms are found 
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per I front room; a Periman Subphase roomsuite con
sisting of 2 back rooms and a front room is depicted 
in figure 5.19. Specific architectural characteristics are 
as follows. 

I. Shape. Without exception, the structures ap
pear to be rectangular or square in plan. 

2. Size. The distribution of room sizes approxi
mates a normal curve. The mean size (floor area) is 
approximately 5.5 or 6.0 m2 (Wolf 1985a:table 2; 
Wilshusen 1985c:table 3), which is substantially 
larger than the mean size of Dos Casas back rooms 
(3.5 m2) ; this may indicate increased investment in 
and reliance on storage facilities (Wolf 1985a; Gross 
chap. 13). Some exceptions to the normal distribu
tion have been observed; for example, Room 18 at 
Pueblo de las Golondrinas (Site 5MT5107 [Brisbin 
1984c: 136]) is more than I 0 m2 in area. This may 
represent a modification of the original architectural 
pattern to meet functional needs. 

3. Wall construction. A variety of wall construc
tion types are observed for Periman Subphase back 
rooms. Most back room walls were of composite 
construction; the lower portion (0.5 to 1.0 m) W"!S 

masonry, and the upper portion was daub or jacal. 
Wall foundations were of daub, horizontally laid 
sandstone slabs, or vertically placed sandstone slabs; 
subfloor trenches were often prepared to accom
modate the foundation materials. Vertical-slab foun
dations in Periman Subphase back rooms may 
represent retention of original wall bases dating to 
the previous Dos Casas Subphase. Variability in wall 
construction for the late Pueblo I period (A.D. 800-
900) has also been described by Brew ( 1946:218-219) 
in a synthesis of early Anasazi architecture. The in
creased investment in materials and labor necessary 
to build partial masonry walls for back rooms may 
reflect increased dependence on storage and the need 
for a secure storage environment. Access to back 
rooms apparently was by means of a small door or 
hatch in the south wall. Field observations suggest 
that the hatch was above the floor level and may 
have been reached by means of a step in the front 
room. 

4. Roof construction. Most back rooms have 4 
postholes near the 4 corners, which suggests that the 
standard four-post roof-support pattern was em
ployed. The roof itself apparently consisted of pri
mary beams, secondary beams, and several layers of 
closing materials. Postholes in back rooms are 
deeper, and they more consistently incorporate brac
ing and footing materials than do postholes in front 
rooms, perhaps indicative of more substantial roof 
construction. 
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5. Floor. Floors in back rooms usually consist of 
the use-compacted excavated ground surface, per
haps with a veneer of dried mud. They usually are 
located I 0 to 20 em below prehistoric ground surface 
and are level or basin shaped. 

6. Domestic and economic activity areas. Pueblo 
I back rooms usually are assumed to have functioned 
primarily as storage facilites (Brew 1946: 190-191 ; · 
Hayes and Lancaster 1975:182-183). The DAP data 
mostly support this assumption, with some excep
tions (Wolf 1985a:53). Periman Subphase back 
rooms apparently were multipurpose, based on their 
contents. They functioned as granaries (for storage 
of cultivated foodstuffs such as corn and beans), as 
storerooms (for storage of domestic tools and agri- · 
cultural implements, of wild or ruderal plant foods 
such as amaranth and chenopods, and perhaps of 
firewood or construction materials) , and infre
quently as locations for processing activities. The 
occasional presence of mealing tools in Periman 
Subphase back rooms (Wolf 1985a:62) suggests that 
preparation of cornmeal or other milled foodstuffs 
might have taken place on occasion. Rectangular 
bins and subfloor bell-shaped cists have also been 
recorded in Periman subphase back rooms; this sug
gests that activities in these rooms included com
partmentalized storage, perhaps for items in bulk. 

Architectural characteristics and functions of Periman 
Subphase back rooms appear similar to those of the 



preceding Dos Casas Subphase. Periman Subphase 
back rooms are larger, incorporate more substantial 
construction, and were used for a greater variety of 
activities, although produce storage remained the pri
mary function . 

Surface Structures - Front Rooms 

The sizes and feature populations of Periman Subphase 
front rooms have bimodal distributions. Large (greater 
than 10m2 floor area) front rooms usually have feature 
populations consistent with definition of the structures 
as habitation or domestic rooms, while small (less than 
10 m2 floor area) front rooms may have functioned as 
habitation rooms or as processing facilities. The simi
larity in form and content between Periman and Dos 
Casas front rooms suggests that the original functional 
patterns established in the late A.D. 700's remained 
basically unchanged into the late A.D. 800's. Remod
eling and other modifications that resulted in depar
tures from the normal pattern apparently were more 
frequent during the Periman Subphase. Examples of 
this phenomenon include use of small front rooms as 
living rooms and division of large front rooms into 2 
smaller units. Specific architectural characteristics of 
Periman Subphase front rooms are as follows: 

I. Shape. Periman front rooms are rectangular or 
subrectangular in plan. The south corners may be 
rounded, which results in a " scalloped" appearance 
along the room block outline. Shape distributions are 
similar to those of the previous Dos Casas Subphase. 

2. Size. Room sizes for Periman front rooms 
range from about 7 m2 to 25 m2• The distribution 
has 2 peaks and closely resembles the distribution 
for Dos Casas front rooms. The mean floor area for 
large rooms is about 17 m2, which is slightly more 
than that for large Dos Casas rooms, while the mean 
for small rooms (approximately 8 m2) is about the 
same as that for small Dos Casas Subphase rooms. 

3. Wall construction. Periman front room walls 
are similar in form and construction to Dos Casas 
front room walls. With the exception of the north 
wall , Periman front rooms incorporate less substan
tial materials than do back rooms; most construction 
is probably of daub turtlebacks or jacal. Foundations 
and some lower wall portions are of vertical sand
stone slabs or of horizontally positioned stone blocks 
or cobbles. 

4. Roof construction. Periman front room roofs 
probably were similar to Dos Casas front room 
roofs. The standard Anasazi four-post support sys
tem was common, although sometimes 2 or even 4 
additional support posts were used near the center 
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of large rooms. In such cases, the additional posts 
probably were used to support additional construc
tion members in rooms with relatively long east-west 
dimensions. 

5. Floors and associated features . Floor construc
tion and feature complements in Periman front 
rooms are similar to those described for comparable 
Dos Casas structures; refer to the Dos Casas de
scription for details. 

Pitstructures 

Periman Subphase pitstructures exhibit greater varia
bility in form and function when compared to earlier 
pitstructures. Between 2 and 8 pitstructures per room
block unit is characteristic of Periman Subphase hab
itation sites, and more than 40 pitstructures may have 
been in simultaneous use at some of the larger villages. 
Periman pitstructures appear to be consistently located 
in the plaza area south of the room block. Size, feature 
complement, and function are interrelated. Based on 
size rankings (chap. 14, fig. 14.2), Periman Subphase 
pitstructures are characterized as " small," " oversized," 
or "great kivas." Most " small" pitstructures contain a 
preponderence of domestic and processing features 
with some contents or features believed to have had 
ritual functions; these structures probably are " proto
kivas." Figure 5.20 depicts the plan of a Periman Sub
phase "small" pitstructure. "Oversized" (greater than 
30 m2

) Periman pitstructures generally contain both do
mestic and ritual features and items, although the pop
ulation of ritual features is more complex when 
compared to " small" pitstructures. The 2 largest re
corded " oversized" pitstructures (Pitstructure 9 at 
Pueblo de las Golondrinas [Site 5MT5107] and Pit
structure 3 at McPhee Pueblo [Site 5MT4475]) are as
sociated with horseshoe-shaped roomblocks and are 
thought to represent locations of suprahousehold or
ganizations and managerial power (chap. 14). These 2 
structures lack artifacts and features indicative of do
mestic activities; rather, the feature and artifact content 
(rectangular central pits, floor vaults, paho marks, or
naments) appears to entirely reflect ritual and cere
mony. A plan of an oversized pitstructure is illustrated 
in figure 5.21. 

A possible Periman Subphase great kiva was investi
gated at Singing Shelter (Site 5MT4683 [Nelson and 
Kane 1985]); the " possible" qualification i.s necessary 
because use of the structure could only be. assigned an 
A.D. 800-900 bracket date based on stratigraphic re
lationships and associated ceramics. This structure is 
very large (approximately 800m2 of floor space), even 
when compared to other described Pueblo I great kivas. 
The structure contains a circumferential bench and may 
have been enclosed by a row of rooms on the south and 
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Figure 5.20 - Plan of a Periman Subphase "small" pitstructure 
(adapted from Kleidon [ 1984a:fig. 33)). 

west sides. It apparently was not roofed, although the 
natural shelter setting would have provided partial pro
tection for the north and east portions. The true nature 
of associated artifact and feature populations could not 
be accurately estimated because only small parts of the 
floor were preserved; however, a possible reconstruc
tion of the floor plan of th is structure is offered in figure 
5.22. This reconstruction represents the author's con
cept of what the floor of such a structure might look 
like; evidence for specific features and other architec
tural details shown in figure 5.22 was not necessarily 
encountered during excavation of the Singing Shelter 
great kiva. Refer to Nelson and Kane (1985:fig. 21) for 
the actual floor plan of this structure, as mapped during 
excavation. 

Specific characteristics of Periman pitstructures are as 
follows. This discussion does not take into considera
tion the Singing Shelter great kiva. 

I. Shape. Periman pitstructures are rectangular 
with rounded corners; the mean squareness index is 
0.934, very close to the value for Dos Casas pit
structures (0.937 [Hewitt et al. 1983: 135]). 
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Figure 5.21 - Plan of a Periman Subphase oversized pitstructure 
(adapted from Kuckelman [ 1984a:fig. 20)). 

2. Size. The size distribution of Periman pit
structures conforms to a right-tailed curve, reflecting 
a diverse size and functional population (chap. 14, 
fig. 14.2). Small pitstructures have a mean floor area 
of 17 to 18m2• Oversized pitstructures have a mean 
floor area of about 40 m2• The 2 pitstructures at 
McPhee Village associated with horseshoe-shaped 
roomblocks have floor areas of 63m2 and 50m2 • 

3. Depth. The mean depth for · the smaller pit
structures is about 1.6m; for the larger structures, it 
is about 2.0 m. Periman pitstructures are somewhat 
deeper than Dos Casas pitstructures. Pitstructure 3 
at McPhee Pueblo is anomalous, with a depth of over 
3m. 

4. Roof construction. Roof patterns are similar to· 
those for Dos Casas Subphase pitstructures. Four 
main support postholes are present; these are located 
in the northeast and northwest corners and in the 
wingwall; auxiliary posts may be present. Leaner 
posts apparently were footed on a ground-level shelf 
around the margin of the structure, as benches are 
absent in Periman pitstructures. 

5. Bench. Benches are almost invariably absent in 
Periman pitstructures. The only recorded Periman • 
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Chapter 5 

PREHISTORY OF THE DOLORES RIVER VALLEY 
Allen E. Kane 

INTRODUCfiON' 

Field and laboratory research conducted by the DAP 
from 1978 through 1985 focused on the reconstruction 
of lifeways and the explanation of cultural process for 
the prehistoric Anasazi population of the Dolores River 
valley. In this chapter, the intent is to present an ov
erview, or "culture history," that integrates the data 
presented in the analytical contributions (chaps. 2 
through 4) and some of the results of the DAP modeling 
effort (chaps. 6 through 16). 

This chapter is divided into 3 major sections. The first 
presents the DAP site typology, the spatial series, and 
the temporal scheme, which together constitute the 
body of common archaeological conventions and ter
minology used by the DAP to describe spatial and tem
poral variability in the Dolores data. Collectively, these 
tools for examining the archaeological data are referred 
to as "program systematics." 

DAP systematics were based on ethnographic and ar
chaeological analogies, inferences from ;>ertinent proj
ect excavation and survey data, and logical derivations 
regarding the "fit" between project data and the more 
general analogies. As the project data base expanded, 
perceptions of Dolores Anasazi culture process were 
modified accordingly, and the systematics framework 
came to be regarded as a flexible tool for describing and 
quantifying the patterns observed in the archaeological 
record. Thus, DAP systematics have undergone nu
merous refinements since their initial presentation in 
the first DAP volume (Kane 1983b) and their subse
quent update in the second volume (Kane 1984a). In 
this chapter, the final version of DAP program system
atics is presented; the presentation is a convenient ref
erence when specialized DAP terminology is 
encountered in the other chapters. 

'Portions of this chapter ·first appeared in an earlier Dolores Archae
ological Program report entitled Fieldwork and Systematics (Kane 
1983a). Many of the topics discussed in this chapter, and in the report 
from which it has been excerpted, are based on concepts originally 
presented by Kane in Dolores Archaeological Program: Field Investi
gations and Analysis - 1978 (Kane 1983b). 

The second major section provides a summary of the 
culture history of the project area. The presentation is 
limited mainly to the Anasazi Tradition and contains 
a comprehensive discussion for each phase and sub
phase defined for the Anasazi occupation at Dolores. 
Anyone interested in particular aspects of Dolores An
asazi culture history should refer to the analytical and 
modeling chapters (chaps. 2 through 4, and 6 through 
16) for more detailed treatments. 

The final section of this chapter presents a summary 
of architectural styles and forms characteristic of hab
itation sites assigned to particular subphases. Specifi
cally, characteristics of and changes in structure 
population, general site layout, surface room construc
tion, and pitstructure construction are charted through
out the Dolores Anasazi sequence . Significant 
departures from the norm are also noted, and ample 
citations to specific DAP site reports are provided for 
those interested in pursuing specific topics. 

DOLORES ARCHAEOLOGICAL PROGRAM 
SYSTEMATICS 

This section summarizes DAP systematics, or the sets 
of archaeological units developed to provide a common 
frame of reference for the project analytical and field 
staffs. DAP systematics consist of 3 separate but com
plementary sets of units. The organization of each set 
is hierarchical; that is, smaller units in each set can be 
combined to form larger categories. The 3 sets consist 
of a site typology, a spatial series, and a temporal (or 
formal) series. 

The site typology was used by the DAP to classify sites 
recorded during survey. The proportions of different 
site types were then used as a basis for estimating the 
composition of the archaeological resource. 

The spatial series provides a means of describing and 
interpreting units of space recognized during field in
vestigations. The units were defined according to the 
concept of social space, which appeared to provide a 
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more appropriate interpretive framework than archae
ological units of space such as "site" or "grid square." 

The third systematics set, the temporal series, consists 
of several types of units (basic, synthetic, and integra
tive) used to describe temporal patterning in the DAP 
data. Included in the temporal systematics is the DAP 
phase scheme, which was used by the analytical staff 
and site report writers as a common frame of reference. 
Because the specific units defined for the phase scheme 
(phases and subphases) were based on organization and 
settlement pattern variability that in some cases over
lapped, a separate temporal classification using mod
eling periods, which were based solely on increments 
of time, was used for the modeling effort (part IV of 
this volume). 

Dolores Archaeological Program 
Site Typology 

The development and implementation of a site classi
fication system based on formal site attributes and con
tent was prerequisite to describing settlement patterns 
and designing field sampling plans. The DAP site ty
pology is based on a simple model of the relationship 
between the settlement behavior of prehistoric groups 
and the formal attributes of "sites" reflective of that 
behavior. The frequency of site use and the duration 
of each use can be viewed as a continuum, from con
stant, continuous use at one extreme, to sporadic, tem
porary use at the other. Frequency and duration of use 
are related to the number of different activities per
formed at a site; sites occupied continuously usually 
served .as bases for a wide range of activities, while those 
used only sporadically and for short periods often were 
used for a narrower range of activities. This range of 
use intensity and diversity is reflected in the archaeo
logical record and usually can be recognized from sur
face evidence. In developing the project typology, the 
hypothetical continuum of use intensity and activity 
diversity was divided into 3 segments, which formed 
the basic units of the system: 

I. Habitations. Habitations were continuously oc
cupied sites where a wide range of activities was 
performed. They are equivalent to the habitation 
units discussed in the section on spatial systematics. 
For the Anasazi Tradition, habitations usually con
sist of I or more household clusters earlier in the 
sequence and I or more interhousehold clusters later 
in the sequence. For other traditions, habitations 
might consist of base camps used for periods of sev
eral months rather than continuously. Refer to the 
discussion of the DAP spatial series for an expla
nation of the terms " household cluster," "inter
household cluster," and "habitation." 
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2. Seasonal loci. Seasonal loci were occupied on a 
short-term basis, usually by household or inter
household groups. "Seasonal" suggests that use of 
these sites might have been related to domestic or 
economic seasons (e.g. , harvest season or spring 
planting season). Seasonal sites were established for 
specific purposes, and most activities performed at 
these sites reflect these purposes. Seasonal sites 
might have been used for a few days to several weeks; 
use of these sites was periodic (e.g., they were used 
annually or perhaps several times a year). 

3. Limited activity loci . Limited activity loci were 
occupied for only a short period by individuals or 
small groups. Activities performed at limited activ
ity loci were limited in number and reflected a spe
cific purpose; the sites probably were used for only 
a very brief period - a few hours to a few days -
though perhaps repeatedly. Limited activity sites 
tend to yield artifact and feature assemblages con
sistent with the interpretation of short-term use and 
a narrow range of activities. 

Subcategories of the 3 basic site types are defined ac
cording to function; these subcategories are discussed 
by Kane ( 1983b: 19-23) and are listed in table 5.1 

Dolores Archaeological Program Spatial Series 

The DAP spatial series consists of hierarchical units at 
the intra-community and intercommunity levels.' Def
initions of units are based on social space, the space 
and facilities used by human groups for domestic, eco
nomic, and integrative activities. The definitions of 
some intracommunity units recognized by the DAP 
have changed as new data have become available. Ini
tially, these units were based on the use of space model 
developed by Flannery ( ed. 1976) in a study of Form
ative communities in Mesoamerica. Subsequently, as 
new data revealed evidence of spatial and social organ
ization not adequately explained by the initial model, 
selected definitions were revised and expanded to in
corporate concepts introduced by Wilk ( 1981) and Wilk 
and Netting ( 1981 ), based on modern ethnographic 
studies. The intracommunity units at the household 
and interhousehold levels reflect the concepts of Flan
nery (1976a, 1976b) and Wilk and Netting (1981), se
lectively applied to different portions of the Dolores 
Anasazi sequence. 

The definitions of intercommunity units were based on 
results of earlier efforts to devise regional spatial sys
tematics for southwestern Colorado (cf. Bullard 1962; 
Lehmer 1971; Gillespie 1976). Because modeling pre
historic organization and use of space at an intercom
munity level is difficult, intercommunity units are 



I. 

II. 

III. 

Table 5.1 - Dolores Archaeological Program 
site typology • 

Habitations 

A. Base camps 

B. Hamlets (I to 3 dwelling units or household 
clusters) 

c. Large hamlets (usually 4 to 8 dwelling units 
and several pitstructures arranged in 2 to 4 
interhousehold clusters) 

D. Villages (usually more than 20 dwelling units 
in 5 or more roomblock clusters) 

E. Function-specific habitations 

Seasonal loci 

A. Economic or technical 

I. Towers 

2. Forts 

3. Isolated kivas or great kivas 

c. Communications 

Limited activity loci 

A. Economic or technical 

I. Procurement loci: specific types include 
quarries, kill sites, gathering stations, ag
ricultural sites (garden plots), water con
trol sites 

2. Primary processing loci: specific types in
clude butchering and timber reduction 
stations 

3. Secondary processing (manufacturing) 
loci: specific types include kilns, chipping 
stations 

4. Maintenance loci 

5. Storage loci 

6. Consumption loci 

7. Discard loci 

B. Social or ceremonial loci: specific types in
clude shrines, petroglyph and pictograph 
panels, cemeteries 

C. Communications loci: individual types in
clude trails and roads, signal fire locations 

• Adapted from Kane (l983b: 19-23). 
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administrative divisions defined on the basis of envi
ronmental characteristics rather than on models of pre
historic behavior. 

Intracommunity Units 

Intracommunity units can be characterized as those 
pertaining to the household level of organization and 
its spatial correlate, the household cluster, and those 
pertaining to community organization above the house
hold level. Intracommunity spatial units at the house
hold level are depicted in figure 5.1; units above the 
household level are depicted in figure 5.2. The latter 
figure also illustrates the changes in dwelling units, 
household clusters, and interhousehold clusters through 
time. 

Activity area. -An activity area is a location where an 
activity or series of activities was performed (Kane 
1983b: 12). It is often a location where an individual 
household member carried out a task, but it is possible 
that an intrahousehold task group composed of several 
individuals, or individuals representing several differ
ent households, used the activity area. 

Use area. - A use area is defined as a space used by 
individuals and task groups for multiple activities 
(Kane 1983b: 12). Use areas consist of several or even 
numerous activity areas, and often are either artifact 
scatters or enclosed spaces defined by the limits of sur
faces. Activities performed in use areas usually are func
tionally related and reflect the general purpose of the 
group in using that space (for example, storage, pro
cessing of animal and plant materials, domestic tasks, 
refuse discard, or group integration). Use areas are not 
limited to domestic architecture or space; spaces re
served for specific activities can be identified in shared 
or public areas as well. Houses usually consist of several 
use areas where domestic activities were conducted; 
this is a modification of the original concept of use area 
as defined by Kane (1983b: l2). 

Dwelling unit. - This term refers to the architectural 
compon~nt of a household cluster (in the original DAP 
system, the specific terms "roomsuite" or " pithouse" 
usually were used to describe such components). The 
dwelling unit represents the primary architectural fa
cility used by a family unit or household. In the Dolores 
Project area, the types of dwelling units used by the 
Anasazi changed through time (fig. 5.2). During the 
early part of the Dolores Anasazi sequence (Tres Bobos 
and Sagehill Subphases [A.D. 600-780]), and perhaps 
during the Grass Mesa Subphase (A.D. 870-910), dwell
ing units were equivalent to pithouses. (Refer to dis
cussion of DAP temporal systematics for an 
explanation of phases and subphases). During the mid
dle portion of the sequence (Dos Casas and Periman 
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Figure 5.1 - Relationships of intracommunity spatial units at the 
household cluster level. Not to scale. 

Subphases [A.D. 760-910]), dwelling units consisted of 
roomsuites (I front living room and I or 2 rear storage 
rooms) in surface pueblos. Overlap periods (A.D. 760-
780 and A.D. 870-910) occurred during which both 
forms were present. 

Dwelling units were characterized by comparatively 
greater variability in later periods at Dolores (the Grass 
Mesa and Cline Subphases [A.D. 870-1000] of the 
McPhee Phase, and the Marshview [A.D. 1000-1200] 
and Escalante [A.D. 1120-1180] Subphases of the Sun
dial Phase). Grass Mesa Subphase dwelling units were 
roomsuites or small, architecturally simple pithouses. 
The Cline Subphase (A.D. 920-1000) was characterized 
by greater complexity and specialization in architec
tural forms; roomsuite dwelling units are identifiable, 
although their configurations are more complex than 
those of the earlier Dos Casas and Periman analogs. 
Sundial Phase (A.D. 1000-1200) dwelling units are usu
ally small pithouses consistent with the nonintensive, 
seasonal use of most of the project area during the late 
period. Exceptions are found at the Escalante and Res
ervoir complexes on the southern fringe of the project 
area, where dwelling units consisted of roomsuites in 
roomblock units. 

Dwelling units incorporate sets of use areas and activity 
areas that reflect domestic activities. These include fa
cilities and space used for raw material processing, pot-
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tery manufacture, stone and bone tool manufacture and 
maintenance, food preparation, cooking, eating, heat
ing and ventilation, sleeping, and temporary and per
manent storage of tools and foodstuffs . Although spatial 
patterning of these activities within dwelling units is 
noted, some temporal and spatial variation is observed 
as well . For example, rear rooms in Dos Casas and 
Periman Subphase roomsuite dwelling units were used 
primarily for storage, but perhaps occasionally served 
as tool maintenance and mealing areas as well (Wolf 
1985a). 

Household cluster and interhousehold cluster. - As 
originally defined by the DAP (Kane 1983b: 12-13), a 
household cluster referred to all space and facilities 
used by a household. This definition was based on a 
similar concept presented by Flannery ( 1976c) and 
Winter ( 1976:25-31) in their study of Formative Me
soamerican village life. As originally presented by Kane 
( 1983b: 13), an interhousehold cluster consisted of a 
"spatially or otherwise related grouping of household 
clusters." The DAP interhousehold was conceived as 
being similar in content and organization to what Flan
nery ( 1976b:75) termed the "courtyard group," or 
"groups of 3 to 4 households, all sharing the same court
yard or open work space." The original DAP concepts 
have since been re-evaluated in light of recent studies 
by Wilk and Rathje ( 1982), Wilk ( 1981 ), and Wilk and 
Netting (1981 ). These researchers strongly ad vise that 
the household be regarded as a functional rather than 
a biological unit, with an emphasis on the basic eco
nomic functions necessary for survival. The DAP 
household, however, more closely represents the nu
clear family biological unit. 

The Mesoamerican households analyzed by Flannery 
and his coworkers (Flannery ed. 1976) are probably 
equivalent to "independent households" as described 
by Wilk ( 1981 :9) for the Kekchi Maya. "Independent 
households" generally consist of a nuclear family (a 
married couple and their children), although an odd 
relative, perhaps a widowed grandparent, might be ab
sorbed into the group as well . The members of this 
nuclear family household cooperate in performing the 
tasks necessary for meeting the basic survival needs of 
the group; little cooperation with other nuclear families 
is shown in satisfying these needs. Wilk and Rathje 
(1982:621-631) suggest that the basic functions of a 
household are subsistence-related production and dis
tribution, reproduction, and transmission of social val
ues, knowledge, and property to the succeeding 
generation. Wilk ( 1981 :9-11) also describes "household 
clusters," although his use of the term refers to a social 
unit rather than to a unit of space as employed by Flan
nery and the DAP. Wilk's "household clusters" consist 
of several nuclear family units that usually are related 
through one of the parents (e.g., a married man and his 
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Figure 5.2 - Relationships of intracommunity spatial units above the household 
cluster level. Top left: Tres Bobos or Sagehill Subphase settlement 
containing I dwelling unit and I household cluster. Top right: Dos 
Casas Subphase settlement containing I roomblock unit and I 
interhousehold cluster with several dwelling units. Bottom: Peri
man Subphase settlement with multiple roomblock units contain
ing numerous interhousehold clusters and dwelling units. Not to 
scale. 
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married sons, 2 sisters and their husbands); each family 
occupies a separate dwelling unit, but basic household 
tasks are shared by the participating family units. 

The DAP term "household cluster" refers to space rep
resenting the nuclear family unit. During the Tres Bo
bos, Sagehill, Grass Mesa, and Marshview Subphases 
(A.D. 600-780, A.D. 870-910, A.D. 1000-1200), this is 
equivalent to the space used by an independent single 
nuclear family household, but represents only part of 
the space used by a multiple-family household later in 
the record. The DAP "interhousehold cluster" is 
appropriate when referring to the space used by the 
multiple-family household during the middle and late 
portions of the Anasazi occupation at Dolores (Dos 
Casas, Periman, and Cline Subphases (A.D. 760-910, 
A.D. 920-1000]). A more detailed description of Do
lores Anasazi household organization is provided by 
Wilshusen ( 1985a). 

multiple-family household; it includes a dwelling unit 
and surrounding outside use space (fig. 5.2). During the 
Tres Bobos, Sagehill, Grass Mesa, and Marshview Sub
phases, a household cluster represents the space used 
by an independent nuclear family; it consists of a pit
house dwelling unit, outdoor work areas, small storage 
rooms or cists, and a refuse area. During the Dos Casas, 
Periman, and Cline Subphases, household clusters con
sist of roomsuite dwelling units and extramural work 
areas representing a nuclear family cooperating in a 
larger group (Wilk's "household cluster"). 

Household cluster. In DAP site reports, "household 
cluster" is synonymous with the space used by a nuclear 
family household or a nuclear family component of a 

Interhousehold cluster. This unit represents the space 
used by a multiple-family household (fig. 5.2). The 
space may include I or several dwelling units, process
ing rooms and extrahousehold storage rooms, a plaza 
area, a shared pitstructure (termed a "protokiva"), 
peripheral extramural work areas, and a midden. 

Roomblocklunit or roomblock cluster. - A roomblock 
unit or cluster refers to aggregated groups of inter
household clusters (fig. :.' .2). During the Dos Casas, Per
iman, and Cline Subphases, these units typically consist 
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of from 2 to 25 nuclear family dwelling units arranged 
linearly in a single roomblock, and 2 to 8 pitstructures 
located in front of the roomblock. These roomblock 
units can be classified as small (2 to 5 dwelling units 
and I or 2 pitstructures, which together constitute I to 
2 interhousehold clusters) or large (8 or more dwelling 
units and 3 or more pitstructures, which together con
stitute 3 to more than 10 interhousehold clusters). At 
McPhee Village, large roomblock clusters include over
sized pitstructures with ritual feature complexes (e.g., 
Brisbin et al. 1985); small roomblock clusters at 
McPhee lack these ritually specialized structures (e.g., 
Kleidon 1984a). This pattern is not consistent in the 
project area as a whole, however. For example, at Grass 
Mesa Village (Lipe et al. 1985:18.140, 18.147), over
sized pitstructures with ritual features were identified 
at both large and small roomblocks. Room block clusters 
may represent the locations of suprahousehold organ
izations, operating above the household and inter
household levels. These organizations and 
interhousehold groups may be similar to the "corporate 
groups" described by Hayden and Cannon ( 1982). Cor
porate groups consist of co-residential nuclear families 
that might have cooperated in some subsistence activ
ities (e.g., field clearing, harvesting, and organized 
hunts) and might have performed some managerial 
functions (e.g. , land tenure, scheduling of coordinated 
activities, and responsibility for integrative ritual and 
ceremony). The appearance of large roomblock clusters 
in the archaeological record at Dolores after A.D. 780 
may be related to increasing competition for agricul
tural land or the appearance of ranked leadership 
groups (chap. 14). 

Habitation. - The definition of habitation provided 
here is similar to the initial concept developed in 1978: 
habitations (or "settlements"; these terms are used in
terchangeably in this chapter) are the residential centers 
of the community and contain the dwellings (household 
and interhousehold clusters), integrative structures, and 
other facilities and spaces integral to the community 
cluster (Kane 1983b: l3). 

Early Dolores Anasazi communities (those assigned to 
the Tres Bobos, Sagehill, and Dos Casas Subphases 
[A.D. 600-840]) generally are characterized by a habi
tation "zone" or core settlement area in which house
hold clusters or interhousehold clusters are dispersed 
across the landscape. Each individual household or in
terhousehold cluster can be considered a habitation. 
During the Periman and Cline Subphases (roughly A.D. 
840-1 000), Dolores settlements are aggregated or nu
cleated. Such settlements usually consist of a large cen
tral habitation (or "village") with multiple roomblock 
clusters and specialized structures used for ritual and 
ceremony ("oversized" pitstructures) and an outlying 
network of smaller "satellite" habitations consisting of 
I or 2 roomblock units. 

358 

Community cluster. - The definition of community 
cluster has remained essentially the same since its in
troduction: a community cluster is the "space, facilities, 
and architecture normally used by a community" (Kane 
1983b: 13). Three distinct types of community clusters 
have been recognized in the DAP archaeological record: 
dispersed, dispersed/aggregated, and aggregated. 

A dispersed community cluster, or "neighborhood" 
(Kane 1983b:l3-14), consists of about 4 to 8 habita
tions, separated by approximately 100 to 150m, and a 
complement of seasonal and limited activity sites. The 
constituent habitations exhibit little or no tendency to
ward aggregation; each habitation consists of I house
hold cluster (or occasionally 2) with domestic facilities 
only. Special sites that served to integrate the various 
constituent sites within the dispersed community clus
ter probably existed but have not been documented in 
the Dolores area. Dispersed community clusters are 
characteristic of the A.D. 600-780 period (Tres Bobos 
and Sagehill Subphases and the Sagehen Phase). 

In a dispersed/aggregated community cluster, also 
called a "neighborhood," household clusters are aggre
gated, but interhousehold clusters usually are not. Hab
itations consist of I room block unit with 2 to 6 nuclear 
family dwelling units and I to 2 pitstructures. These 
dwelling units and their shared pitstructures usually 
constitute I, sometimes 2, interhousehold clusters. Dis
persed/aggregated community clusters also contain a 
complementary set of seasonal and limited activity 
sites. Dispersed/aggregated community clusters have 
been documented in the Dolores Project area at sites 
that date to A.D. 760-820 (early Dos Casas Subphase). 
For example, Dos Casas Hamlet (Site 5MT2193 
[Brisbin et al. 1982]) and Windy Wheat Hamlet (Site 
5MT4644 [Brisbin 1984a]) are constituent settlements 
of dispersed/aggregated communities. 

After A.D. 820, DAP community clusters can be de
scribed as aggregated or nucleated. These community 
clusters include central habitations, consisting of 5 to 
20 roomblock units, and smaller sites located at some 
distance from the central habitation. The distant sites 
include I or 2 roomblock unit habitations, seasonal 
sites (including agricultural field houses), and limited 
activity loci. Apparently, aggregated community clus
ters developed as the result of internal growth and the 
influx of foreign groups (cf. Kane 1985a). 

Intercommunity Units 

Intercommunity units (localities, sectors, and districts) 
form a nested hierarchical series above the level of com
munity. These units are administrative divisions based 
on topographic features; they do not reflect prehistoric 
use of the project area. However, some of the locality 



boundaries may reflect approximate catchment limits 
of McPhee Phase (A.D. 840-1000) community clusters, 
at least for the community area containing habitation 
sites and adjacent agriculture plots. Sectors are spatial 
units intermediate between locality and district and 
may reflect social ties or ethnic identity above the com
munity level. Because recognizing the presence or ab
sence of intercommunity social units in Anasazi culture 
is very difficult, assigned sectors in the Dolores Project 
area represent spatially contiguous groups of localities. 

The district is the largest unit in the DAP spatial series; 
this concept originally was developed by Morris ( 1939) 
and Bullard ( 1962) and later was modified by Gillespie 
(1976). Districts were established to correspond ap
proximately to recognizable general differences in cul
tural patterns or to define areas in which archaeological 
work had been concentrated. To remove this ambiguity, 
Eddy et al. ( 1983) have suggested the term "drainage 
unit" be used to approximate general cultural similar
ities, and "district" be used to describe administrative 
archaeological areas. Using the scheme developed by 
Eddy et al. ( 1983), most of the Dolores Project area is 
contained in the Dolores Drainage Unit, with some por
tions in the adjacent McElmo and Monument Drainage 
Units. DAP site reports written from 1978 through 
1982 incorporate the broader district concept; in this 
scheme, most DAP sites are located in the Yellowjacket 
District. A detailed discussion of DAP spatial units 
above the community level is provided by Kane 
(1983b:l4-19); table 5.2 summarizes defined DAP in
tercommunity units. 

Dolores Archaeological Program 
Temporal or Formal Series 

The DAP formal series was originally presented by 
Kane (1983b), and the phase system was further dis
cussed in the DAP interim synthetic report (Kane 
1984a). The DAP formal series consists of 3 sets of 
units: basic units (episode and element), synthetic units 
(phase, subphase, and tradition), and integrative units 
(component, local sequence, and sector sequence). 

The episode and element concepts are the building 
blocks upon which the remainder of the system rests, 
and they represent discrete intervals of site use. An 
episode is the smallest unit of time recognizable in the 
archaeological record. It represents brief (a few hours 
to a week or two), transitory use of a site by an indi
vidual or small task group for a specific purpose, often 
economic in nature. In contrast to an element, an ep
isode is not associated with construction and use of 
major architectural facilities; however, architectural fa
cilities abandoned by their original users during an ele
ment may be used during subsequent episodes, Episode 
assignments generally have been made for occupations 
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at limited activity sites (in which case, the episode may 
reflect multiple periods of short-term use). Episodes 
also have been assigned to more specific instances of 
short-term use, such as intrusive burials in postaban
donment deposits at sites processing substantial archi
tecture, temporary structures and living surfaces in 
structure fills, and ceramic assemblages from posta
bandonment fills or from surfaces that represent later 
use. 

The second building block in the system, the element, 
is also a discrete time interval, but it represents a period 
during which a structure or related group of structures 
was built and used. This unit was developed in part 
because of its applicability to the archaeological record 
in the Dolores area, where most of the excavation data 
can be provenienced by structure. Elements usually re
flect the social groups that used architectural spaces; 
these groups are assumed to be the same groups - i.e., 
households or interhouseholds - responsible for eco
nomic production. Because the element is linked to ar
chitecture, assignment of these units is limited to 
habitation sites and to seasonal sites with structures. 

The duration of an element corresponds to the uselife 
of its constituent structures: this is estimated to range 
between I 0 and 30 years, and probably reflects the du
rability of the roof of a structure (Kane 1984a:37). 
Roofing material consists of timber, other perishable 
vegetal matter, and earth; most of these materials ap
parently will deteriorate beyond repair after about 30 
years, necessitating replacement (McGuire and Schiffer 
1983:291). Refurbishing may extend the uselife of cer
tain structures to 50 or 60 years, and extensive remod
eling or modification of a structure is usuall y 
justification for the assignment of a new element. 

The definitions of the synthetic units (phase, subphase, 
and tradition) have not changed significantly since the 
original development of the formal series. The DAP 
phases and subphases are defined on the basis of broad 
similarities in cultural patterns (economic practices, ar
chitectural styles and layouts, and social organization) 
among communities; in terms of the DAP spatial series, 
phases usually include community clusters within a sec
tor or across sectors. Phases and subphases are defined 
by archaeological content and hence are not strictly 
units of time, although all defined phases and subphases 
have a distribution in time. The time spans of some 
phases and subphases overlap. 

Traditions are also defined as cultural units (Kane 
1983b:26) and are similar to " full cultural traditions" 
or "cultures" as described by Willey and Phillips 
( 1958:47-78) and Willey (1966:4) . Traditions are de
fined on the basis of general ~imilarities in adaptations, 
social patterns, and lifeways, and they are assumed to 
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Table 5.2 - Dolores Archaeological Program intercommunity units 

Drainage unit 

Dolores 

McElmo 

Monument 

Sectors 

Escalante 

Haycamp 

House Creek 

Narraguinnep 

Doe Canyon 

Bradfield 

Totten 

Hartman 

Yellowjacket 

Sandstone 

Localities 

Willow Draw, Salter Canyon, Yellowjacket 
Crest, Hoppe Point, Grass Mesa, Trimble 
Point, Beaver . Point, Cline Crest, Periman, 
Sagehen Flats, House Creek, Escalante, Do
lores, May Canyon, Reservoir, and Windy 
Ruin 

Haycamp Mesa, Carver, and Grouse Point 

Hatchery, Stump, Tucker, Bean Canyon, Rail
road, and Carlyle Point 

Hinchman, Summers, Long Park, Ferris, Or
miston, Lost Park, and Narraguinnep 
Canyon 

Five Pine and Clydia 

Cabin Canyon, Lone Dome, Ryman, and Wil
liams Draw 

Ritter Draw, Simon Draw, Lakeview, Sunset, 
Cash Canyon, Camp Ditch, East Lakeview, 
and Kernan Canyon 

Mildred, Corkscrew, Cedar Grove, Leavell, 
and Lebanon 

Lone Pine, Brumley, Koskie, Wilson, Lanier, 
Ives, Suraouro, Emmanuel, Gai, and Dove 
Roost 

Pipeline and Sandstone 

None assigned None assigned 

represent ethnic groups; hence, they are not strictly tem
poral in nature. 

The component concept in its present form is an ex
pansion of the original definition presented by Kane 
( 1983b:25). 

Integrative units (component, local sequence, sector se
quence) have also retained their original meanings. The 
term " integrative units" refers to combinations of basic 
units that can be used for spatial or temporal compar
ison. For example, temporal trends in local areas can 
be examined by comparing local sequences (sequences 
of components at specific community clusters), while: 
more regional trends can be investigated through com·· 
pari son of sector sequences (sequences of phases within 
a sector). The component is a key concept; it refers to 
the manifestation of a phase or subphase at a com
munity cluster. A component consists of a set of ele
ments and episodes assigned to sites used by a 
community. Single components ideally represent 
broadly similar behavioral patterns over a community 
" life span" or over a period of social and political in
tegrity (Kane and Phagan 1981 ). Community clusters 
that demonstrate marked occupational discontinuities 
or major architectural remodeling (e.g., evidence of raz
ing of room block units, rebuilding) are assigned several 
components depending on the number of tbese events. 
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Phases, subphases, and traditions are combined hier
archically to form the DAP phase system. This system 
was originally reported by Kane ( 1983b:27-32), and 
later was expanded in the 1981 interim synthetic report 
(Kane 1984a:25-33). The phase scheme is used to or
ganized the following discussion of Dolores area 
prehistory. 

THE PREHISTORY OF THE 
DOWRES PROJECT AREA 

This section presents a summary of the prehistory of 
the Dolores Project area organized according to the 
DAP phase system. The individual description of the 
phase system units presented are th~ final interpreta
tions of the project data base; consequently, some 
changes from the original descriptions (Kane 1983b:27-
32) and from those presented in the interim synthetic 
report (Kane 1984a:25-33) have occurred. A new phase 



representing Basketmaker II occupation in the Dolores 
area has been added (the Cougar Springs Phase), and 
the date ranges for some phases and subphases have · 
been refined. The individual discussions are basically 
inferential and hence are to some degree subjective. An 
effort was made to base the inferences on project data 
and on pertinent ethnographic and archaeological anal
ogies. However, such sources are subject to varying 
interpretations based on the individual's own percep
tions and experiences. Thus, the interpretations offered 
here reflect the author's viewpoint and not necessarily 
the views of other members of the DAP staff. The basic 
sources for the presentations are the analytic and mod
eling chapters (chaps. 2 through 4, and 6 through 16), 

· supplemented by data from other DAP reports. 

Paleo-Indian Tradition (Prior 
to 5000 B.C.?) 

Prehistoric use of the Dolores area by Paleo-Indian peo
pleS' is suspected, but not convincingly demonstrated. 
One fragment of a parallel-flaked projectile point was 
recovered by a DAP survey crew in 1979; however, cu
ration of this particular item by later groups cannot be 
ruled out. Possible Paleo-Indian occupations at site lo
cations in the high plateau area north of the project 
have been reported by various authors (Bradley and 
King 1983:70; Hibbetts and Wharton 1980; York 1981), 
and a summary discussion is presented by Webster 
(1985:3-6). The hypothetical Paleo-Indian occupations 
are based on the recovery of diagnostic artifacts (Hell 
Gap, Concave Base A type, and Jimmy Allen projectile 
points, and lanceolate parallel-oblique flaked blades) 
from designated sites or from isolated locations. Be
cause of the equivocal nature of the available evidence, 
no DAP phases have been assigned to the Paleo-Indian 
Tradition. 

Archaic Tradition (5000 B.C.
A.D. 500) 

Early Archaic occupation of the project area is undocu
mented, and no phase or subphase designations have 
been made for the early part of this tradition. More 
substantial evidence exists for use of the project area 
by prehistoric groups beginning about 2000 B.C. The 
late Archaic use of the project area is termed the Great 
Cut Phase. 

Great Cut Phase (2000 B.C. - A.D. 500) 

Archaeological deposits believed to be Archaic were 
identified at II intensively excavated or tested sites in 
the project area (chap. I, table 1.13 ). The Archaic as
signments were based on radiocarbon dates when avail
able; the presence of "diagnostic" artifacts; and "lithic 
profiles," or characteristics of the lithic assemblages 
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from suspected Archaic contexts (Phagan 1984 and 
chap. 3; Greenwald 1981 ). The archaeological contents 
of the identified Great Cut occupations suggest sea
sonal and nonintensive use of the project area. The 
pertinent contexts generally, though not always, consist 
of ephemeral use surfaces and a few associated pit fea
tures including small, basi ned, cobble-lined hearths. Ar
tifacts recovered from the deposits are almost 
exclusively of stone and consist of flaked lithic tools 
(utilized flakes, bifaces, unifaces, choppers, and pro
jectile points), flaked lithic debitage, nonflaked lithic 
tools (basin metates, one-hand manos, hammerstones), 
and burned igneous cobbles and sandstone fragments. 

A more permanent and intensive Great Cut use of the 
project area was documented at Casa de Nada (Site 
5MT2731; Kane et al. 1985). The remains of what 
might have been a small brush and daub structure and 
an associated outdoor work area were discovered. The 
occupation was dated to 1200 B.C., plus or minus a few 
hundred years, based on 3 radiocarbon dates. The au
thors (Kane et al. 1985:74-75) suggest this site might 
have functioned as a seasonal base camp analogous to 
the base camps described for the late Archaic settlement 
systems of northwestern New Mexico (Irwin-Williams 
1973:8-10). They also suggest that other project-area 
Archaic occupations (e.g. , at Beaver Trap Shelter [Site 
5MT4654] and Singing Shelter [Site 5MT4683]) may 
be contemporaneous with Casa de Nada (Kane et al. 
1985:69-70). Thus, use of the project area during the 
Great Cut Phase may have been limited to seasonal use 
by highly mobile groups relying on a hunting and gath
ering subsistence strategy. Casa de Nada might have 
served as a base camp from which small task groups 
regularly canvassed the river valley and adjacent high
lands for exploitable resources. 

A major problem in investigating possible Great Cut 
occupations is distinguishing them from nonceramic 
Anasazi and late prehistoric occupations. The cultural 
affiliation of aceramic site deposits has been one focus 
of DAP research; results of some of this research are 
presented elsewhere (Phagan 1984 and chap. 3, this vol
ume; Dolores Archaeological Program 1985). 

Anasazi Tradition (A.D. l-1200) 

Anasazi groups apparently began using the Dolores area 
soon after the beginning of the first millenium. Early 
use probably was seasonal and transitory, with per
manent settlement of the river valley and the adjacent 
highlands occurring in the A.D. 600's. The transition 
from Archaic to Anasazi is thought to have occurred 
via colonization rather than via direct transition. An
asazi population densities reached maximum levels in 
the late A.D. 800's, and permanent settlement of most 
of the area ceased soon after A.D. 900. The river valley 
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and northern highlands were used as seasonal resource 
procurement zones by Anasazi groups settled near the 
southern fringe of the project area and perhaps by 
groups residing to the west during the A.D. lOOO's and 
1100's. 

Cougar Springs Phase (A.D. 1-600) 

The Cougar Springs Phase was established to represent 
use of the project area during the Basketmaker II per
iod. Basketmaker II deposits have been encountered at 
only I DAP site (Cougar Springs Cave [Site 5MT4797]; 
Gross [ 1984a]); hence, generalizations regarding the ex
tent of the Cougar Springs occupation, group organi
zation , and subsistence practices are difficult to make. 
As only I Cougar Springs occupation was identified in 
the project area, population levels during the phase 
were probably low and occupations probably were sea
sonal or transitory. 

Although no structures were identified at the cave, a 
fairly sizable material culture complement was re
covered from Cougar Springs Cave, so some specula
tions regarding the cultural practices of the 
Basketmaker II group or groups using this particular 
site are possible. Investigated features included several 
hearths and pits; deposits of organic material, which 
may represent refuse cleaned from hearths; and a linear 
arrangement of basin-shaped bedrock pits across the 
front of the shelter, which may have been the founda
tion for a post-supported wall or a windbreak. Radi
ocarbon dates obtained from shelter deposits and the 
similarity of the shelter materials to those associated 
with other Basketmaker II sites in southwestern Col
orado (cf. Talus Village [Morris and Burgh 1954] near 
Durango and Valentine Village [Eddy 1961 :67-72] in 
the Pine River drainage) suggest the Cougar Springs 
group or groups occupied the shelter between A.D. I 
and 600. Gross ( 1984a:95) suggests the occupation 
dates to the late portion of the Basket maker II period, 
or A.D. 375-620. 

Based on the archaeological data recovered from the 
shelter and on archaeological analogs, Gross ( 1984a:96-
l 0 I) postulates that the shelter was used on a seasonal 
basis by a small group or groups engaged in economic 
pursuits. Based on the relatively small size of the shelter 
and low feature density, the occupation was probably 
by I or 2 families or task groups (perhaps 5 to 10 in
dividuals). Activities performed by these small groups 
during their stay at the shelter evidently included stone 
tool manufacture, milling of vegetable foodstuffs (per
haps including maize) , and meal preparation and 
consumption. 

Several classes of material items were recovered from 
the shelter, including flaked lithic tools, debitage, non-
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flaked lithic tools, raw clay, worked bone items, un
worked bone refuse, and botanical remains (including 
uncultivated seeds and fruits , maize cobs and kernels, 
and charcoal from consumed firewood). The charac
teristics of the flaked lithic tool assemblage appear to 
be distinctive from DAP aceramic (mixed Archaic and 
Anasazi deposits) and Anasazi comparative collections. 
The Cougar Springs assemblage contains higher pro
portions of utilized flakes and lower proportions of 
cores, used cores and cobble tools, unifacial and bifacial 
tools, and projectile points than the ground aceramic 
assemblage. When compared to grouped Anasazi lithic 
assemblages, the Cougar Springs collection has more 
utilized flakes, bifaces , and projectile points, but fewer 
cores, used cores and cobble tools,. and unifaces (Gross 
1984a:72). Gross suggests 2 factors may be responsible 
for the observed variation: first , differences in lithic 
manufacture and use technologies among the 3 groups; 
and second, the emphasis on tool manufacture as a ma
jor activity based at the shelter (Gross 1984a:73). Non
flaked lithic tools present in the Cougar Springs 
collection include one-hand manos, a two-hand mano, 
basin and trough metates, hammerstones, and miscel
laneous or indeterminant items. The metate fragment 
classified as a trough metate did not exhibit the usual 
trough pattern associated with Anasazi trough metates 
(Gross and Howes 1984: 115). 

Among the other materials classified as tools or mod
ified items were 13 worked bone objects, including an 
awl fragment, a pointed piece, 8 gaming pieces, and 
several edged fragments. Also, a lump of unfired clay 
was recovered. This item may have functioned as a bas
ket liner, similar to those noted by Guernsey and Kid
der ( 1921 :98) during their explorations of Basketmaker 
II occupations in several shelters in northeastern Ari
zona. Gross notes the morphological similarities be
tween the items in the Cougar Springs collections and 
those from the Basketmaker II deposits at Talus Village 
and Valentine Village. In particular, projectile points, 
manos, and metates seem to be very similar morphol
ogically (Gross 1984a:74-75). 

Unworked bone refuse from the shelter included a high 
proportion of cottontail (Sylvilagus spp.) remains, and 
lesser proportions of bones from other animals, includ
ing squirrel (Sciuridae), beaver (Castor canadensis), por
cupine (Erethizon dorsatum) and mule deer (Odocoileus 
hemionus). Wild plant remains included seeds or fruits 
from pigweed (Amaranthus) , goosefoot (Chenopodium) , 
pinyon pine (Pinus edulis), and chokecherry (Prunus vir
giniana), and charred wood fragments from pine (Pinus 
spp.), juniper (Juniperus spp.), scrub oak (Quercus gam
be Iii), and willow (Salicaceae). Gross suggests 
(1984a:59, 97) the animal and plant remains represent 
local hunting and gathering forays and hunting prob
ably was opportunistic rather than targeted at a few 



species. The corn remains include inflorescences and 
charred kernels and cob fragments; these were re
covered in proximity to hearths. Gross speculates 

_ ( 1984a:97) that the corn was brought with the Cougar 
Springs groups when they moved to the shelter; equally 
likely, however, the shelter occupants might have main
tained small corn plots near the shelter. 

In summary, Basketmaker II groups were uncommon 
in the Dolores area. Sampling error in the field may 
have resulted in an underestimation of the Basketmaker 
II (Cougar Springs Phase) occupation. DAP excavations 
in the river canyon itself were numerous and included 
several other shelters in addition to Cougar Springs 
Cave, locations that might have been preferred by Bas
ket maker II groups. However, except for Cougar 
Springs Cave, no Basketmaker II deposits were iden
tified in the Dolores Project area. Early Anasazi use of 
the Dolores valley, at least in the project area, was not 
as intensive as that documented for other river valleys 
to the south and east. Basketmaker II villages with fairly 
substantial populations have been documented in the 
LaPlata, Animas, and Pine River drainages (Foster 
1983; Morris and Burgh 1954; Eddy 1961:64-72). Do
lores may have been a fringe area to the north and west 
of the main locations of Basketmaker II settlements. 

Sagehen Phase (A.D. 600-840) 

The Sagehen Phase was a period of large-scale immi
gration and population growth by the Anasazi. Settle
ments were dispersed, and locations with good farming 
soils were favored. Economic and demographic strat
egies usually were based on small-group organization. 
Most settlements were occupied by I or 2 households 
that, for the most part, probably functioned 
independently. 

Tres Bobos Subphase (A.D. 600-700). - The Tres Bobos 
Subphase was the period of initial Anasazi colonization 
and use of the Dolores area as a permanent settlement 
zone. The movement of Tres Bobos groups into the 
project area probably was initiated in the· first half of 
the seventh century A.D., based on the apparent set
tlement of Tres Bobos Hamlet (Site 5MT4545) during 
this period (Brisbin and Varien 1981:124-126). How
ever, the major part of the immigration probably was 
delayed until the last half of the seventh century, based 
on tree-ring dating of other Tres Bobos occupations. 
For example, Pitstructure 2 at Rusty Ridge Hamlet 
(Site 5MT2848 [Hewitt 1983a:96-151]) apparently was 
constructed in the late A.D. 680's, Pitstructure I at 
Chindi Hamlet (Site 5MT4684 [Tucker 1983]) was con
structed in the A.D. 670's, and Pitstructure I at Lone 
Pine Hamlet (Site 5MT2162 [Hewitt 1983b:71-95]) was 
built in the A.D. 690's (app. A). The seventh century 
movement of Anasazi groups into the Dolores area may 
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have been part of a larger scale Basketmaker III 
"spread" to the north and east from a core area farther 
south. This speculation is supported by tree-ring con
struction dates in the late A.D. 600's from Basketmaker 
III structures investigated to the north and west of Do
lores (Lux-Harriman 1982a:6.39; Gerwitz 1982:6.1 07; 
Adams 1982:6.163). 

Population levels for the Tres Bobos Subphase appar
ently were very low when compared to other subphases. 
Schlanger (chap. 8, fig. 8.4) estimates a momentary 
household population of only 3 (about 13 individuals) 
for the length of the entire subphase. Of course, pop
ulation levels may have been lower before A.D. 650 and 
higher for the A.D. 650-700 period. Most Tres Bobos 
settlements consisted of single household dwellings; this 
is in contrast with later subphases (chap. 8, fig. 8.5) and 
is consistent with the colonization interpretation. 

Tres Bobos settlements were dispersed and apparently 
contained independent households; household organi
zation appears to have been based on the nuclear fam
ily. Habitation sites may have been affiliated with other 
small adjacent settlements; together, these sites consti
tute dispersed communities or "neighborhoods" in the 
DAP system. 

Architectural styles conform to regional Basketmaker 
III patterns (Hayes and Lancaster 1975; Birkedal 1976). 
Pitstructures are relatively shallow and D-shaped, and 
have an antechamber to the south. They incorporate a 
bench and a vertical slab wingwall with storage bins 
built into the southern corners. These pitstructures ap
parently served as the living quarters for the domestic 
household and hence can be termed "pithouses." 

The pithouse is accompanied by a complement of sur
face facilities arranged in an arc west and north of the 
pithouse. These facilities include ramadas, extramural 
activity areas, and small round or oval rooms that might 
have had dome or "beehive" roofs. The beehive rooms 
might have been used for storage, although they would 
have provided a poorly controlled storage environment, 
and as locations for some auxiliary household activities. 
Corner hearths are present in some of these rooms (cf. 
Brisbin 1985b:fig. IS). Tres Bobos structures appear to 
exhibit less investment in materials and labor than do 
their 8th, 9th, and lOth century counterparts; this may 
reflect nuclear-family versus multiple-family household 
organization and subsistence strategies that incorporate 
a relatively great degree of mobility. Tres Bobos ma
terial culture includes ceramic vessels (gray ware jars 
and bowls and Chapin Black-on-white bowls), basketry 
and matting, flaked lithic and nonflaked lithic imple
ments (the nonflaked lithic tool inventory includes 
trough metates, one-hand mano:; and lapstones), hone 
tools, and shell and bone ornaments. 
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To provide a comparative framework for the subphase 
discussions of lithic tool assemblages, some tentative 
correlations between social organization and lithic tech
nologies have been postulated (table 5.3). These cor
relations were suggested by patterns in the lithic data 
sets described by Phagan (chap. 3, figs . 3.4 and 3.6; 
chap. II , fig. 11 .1 ). While Phagan does not discuss these 
possible relationships, some fairly consistent correla
tions exist between household task organization and 
some characteristics of the lithic data. The character
istics of the Tres Bobos lithic assemblages seem t0 be 
consistent with the expectations for societies with sim
ply organized (nuclear family) households. The Tres Bo
bos flaked lithic assemblage contains low proportions 
of utilized flakes and high proportions of used cores 
and cobble tools, thin unifaces, and projectile points; 
the associated diversity-equitability measures are com
paratively high (chap 3, fig. 3.4). The nonflaked lithic 
tool assemblages contain high proportions of one-hand 
manos and miscellaneous tools and low proportions 
of two-hand manos and ornaments; the associated 
diversity-equitability measures are comparatively low 
(chap. 3, fig. 3.6). The flaked-nonflaked lithic tool ratio 
is low when compared to those of the Dos Casas, Per
iman, and Marshview Subphases. In the ceramic con
tainer inventory, gray ware seed jars are in relatively 
high proportions compared to later subphases (chap. 
2). This suggests Tres Bobos groups had a poorly de
veloped storage facility technology and relied to a rel
atively large extent on vessel storage rather than on bulk 
storage in rooms. 

Cultigens represented in Tres Bobos habitation site as
semblages include corn, beans, squash, and gourd. Sage
brush, willow, pinyon and ponderosa pine, juniper, oak, 
and cottonwood were used in construction or for fire
wood. A resource mix study aimed at determining plant 
use diversity and relative reliance on corn (app. D) sug
gests the range of plant species used by Period I (ap
proximately the Tres Bobos Subphase) groups was 
probably greater than during later subphases and reli
ance on corn was probably less. The validity of these 
interpretations could not be demonstrated statistically. 
Beans were recovered from a late seventh century Tres 
Bobos site (Chindi Hamlet, Site 5MT4684) but were 
absent from an early seventh century settlement (Tres · 
Bobos Hamlet, Site 5MT4545). Perhaps beans were in
troduced to the area after A.D. 650. 

Tres Bobos Subphase sites investigated by the DAP in
clude Tres Bobos Hamlet (Brisbin and Varien 1981 ), 
Chindi Hamlet (Tucker 1983), Apricot Hamlet (Site 
5MT2858 [Montgomery 1982]), and Poco Tiempo 
Hamlet (Site 5MT2378 [Brisbin 1984b]). 

Sagehill Subphase (A.D. 700-780). - During this sub
phase, the area continued to be used by small, mobile, 
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horticultural groups. Population levels probably re
mained steady or increased at low rates during most of 
the subphase; Petersen indicates that the Dolores area 
had "neutral" attractiveness for potential immigrants 
during the first half of the eighth century A.D. (chap. 
4, sect. 6, fig. 4.25). However, after A.D. 750 or 760, 
the area became highly attractive, and immigration in
creased. Thus, while Schlanger (chap. 8, tables 8.5 and 
8.9) estimates the momentary population level dunng 
Period 2 (Sagehill and early Dos Casas Subphases) at 
37 households, and suggests a relatively high growth 
rate between Period I (Tres Bobos Subphase) and Per
iod 2 (0.0266 percent/annum), these figures probably 
reflect increased rates of immigration after A.D. 750. 
Also, Schlanger's figures include early Dos Casas resi
dent groups (cooperating family household organiza
tion) as well as Sagehill groups. Prior to A.D. 750, the 
Sagehill population probably was very sparse, with mo
mentary population levels averaging less than 20 house
holds. Sagehill settlements (single family farmsteads or 
"hamlets") have been recorded in the Sagehen Flats 
area (for example, Sagehill Hamlet [Site 5MT2198] and 
Prairie Dog Hamlet [Site 5MT4614]; Hewitt [1983c] 
and Yarnell [ 1982a], respectively) and through the 
length of the river valley proper (for example, Sagehill 
occupations have been recorded at LeMoc Shelter (Site 
5MT2151 [Hogan 1983]), Grass Mesa Village (Site 
5MT23 [Lipe eta!.. 1985:18.8-18.16]), and Pozo Ham
let (Site 5MT4613 [Nelson 1984]). Thus, the general 
distribution of Sagehill settlements may have been 
more widespread in the project area when compared 
to the previous Tres Bobos Subphase; Tres Bobos set
tlements seem to be absent from the northern part of 
the project area. 

The Sagehill occupation at Grass Mesa consisted of 12 
pithouses (dwellings) and a larger pitstructure possibly 
serving as an integrative facility (Pitstructure 93). Ad
ditional Sagehill structures might have been present, 
but, if so, were not discovered by the field crews (Lipe 
et a!. suggest that momentary household levels at the 
site were between 22 and 35 [1985:18.74]). Again, pop
ulaticn levels were probably lower during the first part 
of the subphase and higher later. 

The basic economic, demographic, and organizational 
strategies practiced by Sagehill groups remained un
changed from the Tres Bobos Subphase (nuclear-family 
household organization, dispersed settlements with sin
gle household clusters, and loose ties at the community 
level). Architectural styles, however, underwent several 
major changes: pitstructures were deeper, subrectan
gular rather than D-shaped, and lacked benches. The 
Basketmaker antechamber was replaced with a venti
lator system. Surface structures include rectangular 
rooms with four-post roof-support systems and Tres 



Bobos-style "beehi ve" rooms; these rooms are noncon
tiguous and are arranged in an arc west and north of 
the pithouse. 

Other material culture apparently was similar to the 
preceding Tres Bobos Subphase. Lithic assemblages in 
general exhibit characteristics indicative of simple or
ganization (table 5.3), although there were a few ex
ceptions. The flaked lithic toolkit has relatively high 
proportions of used cores and cobble tools, thin uni
faces , and thick bifaces, and low proportions of utilized 
flakes (chap. 3, fig. 3.4); proportions of projectile points 
are lower than anticipated. The diversity and equita
bility measurements are relatively high (chap. 3, 
fig. 3.4) and thus are consistent with the expectations 
in table 5.3. The nonflaked lithic assemblages (chap. 3, 
fig. 3.6) have low proportions of two-hand manos, 
hafted items, and ornaments, and high proportions of 
one-hand manos, which is consistent with organiza
tional expectations; proportions of miscellaneous items 
were unexpectedly low, however. The nonflaked lithic 
diversity-equitability measures and flaked/nonflaked 
lithic tool ratio are low, which is compatible with ex
pectations. Red ware vessels probably were introduced 
into the ceramic inventory during the Sagehill Sub
phase. Also, the proportions of seed jars in ceramic 
collections decreases, perhaps reflecting a shift in stor
age practices from vessel storage to bulk storage in sur
face rooms (chap. 2). 

Subsistence resources exhibit little change during the 
Sagehill Subphase; cottontail, jackrabbit, and other 
small mammal remains are common in Sagehill de
posits, while the large mammal fraction is d0minated 
by mule deer. The results of the resource mix study 
presented in appendix D suggest that diversity in uti
lized plant species perhaps was lower during the Sa
gehill Subphase than during the Tres Bobos Subphase 
and perhaps was on a par with later subphases. Also, 
dependence on corn probably was less than during later 
subphases. However, the validity of these interpreta
tions could not be demonstrated through application 
of statistical tests, so they must be regarded as specu
lation only. 

Sagehill Subphase sites excavated by the DAP include 
LeMoc Shelter, the earliest well-documented occupa- . 
tion (Site 5MT2151 [Hogan 1983]), Prairie Dog Hamlet 
(Site 5MT4614 [Yarnell 1982a]), Sagehill Hamlet (Site 
5MT2198 [Hewitt 1983c]), and Pozo Hamlet (Site 
5MT4613 [Nelson 1984]). Grass Mesa Village (Site 
5MT23) also contained a substantial Sagehill Subphase 
component (Lipe eta!. 1985:18.8-18.13). The Sagehill 
manifestation at this particular site is noteworthy be
cause of the aggregation of household clusters (the ear
liest recorded aggregation of population in the project 
area) and the presence of large integrative pitstructures. 
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Dos Casas Subphase (A.D. 760-840). - This period is 
marked by sweeping changes in architecture, settlement 
patterns, and social organization. The Tres Bobos
Sagehi\1 pattern of nuclear family household organi
zation is replaced by a more complex unit consisting 
of several. cooperating nuclear families. Settlements 
originally were dispersed, although several of the large 
villages (Mc);!hee [multiple sjte numbers] , Rio Vista 
[Site 5MT2182], and House Creek [Site 5MT2320]) re
corded in the project area apparently were founded dur
ing this per iod and may have contained quite 
substantial resident populations. Also, a large early Dos 
Casas occupation, including a great kiva, was at Grass 
Mesa; however, population levels declined after A.D. 
825 (Lipe eta!. 1985: 18.16-18.20). A project-wide trend 
of movement of most dispersed groups to the large cen
tral vi llages is evident late in the period. Settlements 
characteristically contain I or 2 roomblocks, each con
taining I to 2 interhousehold clusters and 2 to 6 nuclear 
family dwelling units. Whether this shift in basic social 
organization was a transition by indigenous groups or 
whether the shift reflects a second wave of migrants 
already possessing complex household organization is 
not possible to say with certainty. The evidence seems 
to strongly favor the latter alternative. Very few, if any, 
sites might be considered " transitional," and regional 
climatic patterns during the period favor migration into 
the Dolores Project area (Schlanger 1985 and 
chap. 8, this vol.). 

The generally favorable climate during the subphase 
(chap. 4, sect. 6) probably was conducive to internal 
growth as well as to immigration. The figures supplied 
by Schlanger (chap. 8, table 8.5) suggest that momen
tary population levels in the project area were over 50 
percent higher during Period 3 (A.D. 800-840, late Dos 
Casas Subphase) than during Period 2 (A.D. 720-800, 
Sagehill and early Dos Casas Subphases). Two of the 
largest settlements, Grass Mesa Village (Site 5MT23) 
and Rio Vista Village (Site 5MT2182), both in the 
northern part of the project area, were either estab
lished or exhibited rapid population expansion during 
the first half of the subphase (before A.D. 800), based 
on tree-ring dates from structural timbers. However, 
these 2 vi llages apparently suffered an unexplained (by 
lack of documented climatic stress or agricultural pro
duction shortfalls) population decline in the late part 
of the subphase (after A.D. 825). McPhee Village and 
House Creek Village, both in the central part of the 
project area, may have been established in the A.D. 
820's or 830's. The population from Grass Mesa and 
Rio Vista may have moved to the new village locations. 
Much of the early Dos Casas project population resided 
in small farmstead "hamlets," such as Dos Casas Ham
let (Site 5MT2193 [Brisbin et a!. 1982]) and Windy 
Wheat Hamlet (Site 5MT4644 [Brisbin 1984a]). Settle
ment longevity apparently increased during the Dos 
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Table 5.3 - Househ.Jlti organization- lithic assemblage correlations 

Simple organization 
(nuclear family 

households) 

Flaked lithic tool High proportions of spec-
proportions ialized tools (used cores/ 

cobble tools, unifaces, 
projectile points); low 
proportions of expedient 
tools (utilized flakes) 

Flaked lithic tool diver- High 
sity, equitability 

Nonflaked lithic tool Low proportions of agri-
proportions culturally and architec-

turally specialized tools 
(two-hand manos, 
hafted items) and orna-
ments; high proportions 
of general-purpose tools 
(miscellaneous tools, 
one-hand manos 

Nonflaked lithic tool di- Low 
versity, equitability 

Flaked lithic/nonflaked Low 
lithic tool ratio 

Casas Subphase. While Tres Bobos and Sagehill struc
tures generally exhibit only slight evidence of refur
bishing, ample evidence is present for renovation of 
Dos Casas structures, including wingwall reconstruc
tion and replacement of vertical support posts (cf. Bris
bin 1984a:fig. 29). Also, the stratigraphic relationships 
between some superimposed Dos Casas pitstructures 
indicate the newer ones were built soon after abandon
ment of the older ones. Some Dos Casas settlements 
were probably inhabited for 2 to 3 generations (30 to 
50 years) rather than for I to 2 generations, as was the 
case for the Tres Bobos and Sagehill Subphases. 

Domestic architecture exhibits several major changes 
in construction techniques, form, and function during 
the Dos Casas Subphase. Habitation sites consist of a 
double-row surface roomblock containing several spa
tially distinct but contiguous roomsuite apartments 
(usually 2 smaller rear, or northern , rooms serving as 
crop storage facilities and auxiliary work areas, and a 
larger, southern room functioning as a habitation or 

366 

Complex organization Intrahousehold 
(cooperating nuclear task group 
family households) organization 

(seasonal 
agricultural 

occupations) 

Low proportions of spec- High proportions of expe-
ialized tools (used cores/ dient tools (utilized 
cobble tools, unifaces, flakes) 
projectile points); high 
proportions of expedient 
tools (utilized flakes) 

Low ·Very low 

High proportions of agri- High proportions of task-
culturally and architec- specialized tools 
turally specialized tools 
(two-hand manos, 
hafted items) and orna-
ments; lower propor-
tions of general-purpose 
tools (miscellaneous 
tools, one-hand manos) 

High Very low 

High (reflects high pro- Low (reflects high propor-
portion of expedient tions of specialized non-
flaked-lithic tools (uti- flaked lithic tools) 
lized flakes)) 

living room), I or more pitstructures shared by the in
terhousehold unit for domestic and integrative ritual 
functions, a shared plaza area, and a refuse midden to 
the south of the architectural complex. Construction 
costs associated with Dos Casas and Periman Subphase 
dwellings are greater than those associated with their 
Tres Bobos and Sagehill analogs (see discussion in ar
chitecture section). Wilshusen ( 1984) believes pit
structure and roomblock construction of these 
interhousehold units are very closely linked, with the 
earth excavated from the pitstructure serving as con
struction material for room walls. Much greater in
vestment in storage technology is evident during this 
and subsequent periods, compared to Tres Bobos and 
Sagehill storage facilities (Gross and Wolf 1984; Gross, 
chap. 13, this volume). This greater attention to storage 
facilities is manifested in the adoption of rectangular, 
corner-post-supported storage rooms as standard ar
chitectural facilities in place of the beehive form com
mon during the Tres Bobos and Sagehill Subphases, and 
the attachment of these rooms to the rear (north) of 



habitation rooms, which provided better security, eas
ier access, and a more controlled storage environment, 
Also, Dos Casas storage rooms exhibited more sturdy 
construction in the form of a foundation course of slabs 
or horizontal stone masonry, or, in some cases, the 
lower portion of the walls was of stone masonry, while 
the upper portion was of jacal or daub. 

Changes in the functions of various types of structures 
can be summarized as follows: Surface rooms and other 
surface structures during the Dos Casas Subphase were 
primary locations for nuclear family activities, includ
ing food storage, rather than incipient storage and aux
iliary activity locations, as they were during earlier 

· periods. Dos Casas Subphase pitstructures served as 
foci of interhousehold domestic and ritual activities, 
rather than as dwellings for nuclear family households. 
"Oversized" pitstructures (greater than 30m2 in floor 
area) containing ritually oriented features probably first 
appeared near the end of the period (chap. 14). These 
particular structures are though to have functioned as 
interhousehold facilities and as managerial-ritual lo
cations for room block "corporate group" organizations 
above the household level. That the Dos Casas groups 
possessed sophisticated engineering skills and were ca
pable of impressive building achievements is demon
strated by the great kiva at Grass Mesa village 
(Lightfoot 1984; Lightfoot et al. 1985:7.51-7.112). This 
tremendous structure (for the times) was built at ap
proximately A.D. 800; it had over 400m2 of roofed area 
and was roofed through a complex system of vertical 
and horizontal supports. It was probably used for com
munity or intercommunity integrative group 
ceremonies. 

Material culture and subsistence practices also appear 
to exhibit some major changes. In ceramics, the pro
portion of large seed jars decreases significantly, prob
ably reflecting increased reliance on bulk storage of 
com and other produce in the back rooms in the surface 
pueblos (chap. 13). Neckbanded cooking and storage 
jars appear for the first time as well as Piedra Black
on-white vessels. Flaked and nonflaked lithic toolkits 
remain mostly unchanged as far as individual tools rep
resented in the kits are concerned, but proportions of 
various tools do show some directional changes (chap. 
3, figs. 3.4 and 3.6). In the flaked lithic tool assem
blages, used cores and cobble tools decrease in fre
quency during the Dos Casas Subphase, and 
frequencies remain comparatively low during succeed
ing periods, while utilized flakes increase in frequency. 
This seems to be consistent with a trend toward a more 
"expedient" approach to flaked lithic technologies dur
ing the later periods. Both the diversity and equitability 
of flaked lithic toolkits decrease during the Dos Casas 
Subphase (chap. 3, fig. 3.4); this is interpreted as re
flecting a lesser emphasis on flaked lithic tools and 
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probably the activities they represent (chiefly animal 
procurement and animal product processing). 

The other subphases characterized by complex house
hold organization (Periman and Cline) also exhibit 
comparatively low diversity and equitability indices. 
The nonflaked lithic toolkit also exhibits some changes 
during and after the Dos Casas Subphase. Proportions 
of large hafted tools and ornaments increase, possibly 
reflecting the increased importance of wood prepara
ti:in for construction and the greater complexity of so
cial relationships during the later periods. Nonflaked 
lithic toolkit diversity and equitability exhibit trends 
opposite those recorded for flaked lithic tools (chap. 3, 
fig. 3.6). These indices are higher for the organization
ally complex Dos Casas and Periman Subphases than 
for the Tres Bobos and Sagehill Subphases. 

This trend probably reflects more of an emphasis on 
nonflaked lithic tool technologies, and on the activities 
such technologies reflect (preparation of plant products, 
especially cultivated grains), during the later periods. 
These shifts in stone tool technologies may be corre
lated with changes in basic economic organization; that 
is, the shifting technological emphasis from flaked to 
non flaked lithic tools may be associated with the change 
from nuclear family household organization to multiple 
family household organization noted during the Dos 
Casas Subphase. This hypothesis is supported by the 
comparison of the measurements for the Grass Mesa 
Subphase flaked and nonflaked lithic tool assemblages 
versus those for the other periods. The Grass Mesa Sub
phase is a later period characterized by nuclear family 
household organization (see Grass Mesa Subphase dis
cussion); the relevant measurements are more similar 
to the organizationally simple Tres Bobos and Sagehill 
patterns than to the organizationally complex Dos 
Casas, Cline, and Periman Subphases (compare chap. 
3, figs . 3.4 and 3.5). Thus, the household organizational 
changes described for the Dos Casas Subphase probably 
are associated with lithic toolkit and subsistence change 
as well. The direction of the change is probably from 
a subsistence strategy based on exploitation of multiple 
food sources to one emphasizing production of agri
cultural produce, especially corn. 

The botanical data also exhibit some changes consistent 
with those noted for architecture and tools. In chapter 
7, it is concluded that greater use of cultigens began 
during Modeling Period 2 (see chap. I for an expla
nation of modeling periods) and continued into the 
later periods (except Period 7) based on the compara
tive ubiquity of cultigen remains in fire-related features . 
The Period 2 data base consists of both Sagehill and 
Dos Casas Subphase contexts but is probably biased 
toward the latter because of the inclusion of materials 
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from comparatively large si tes such as Dos Casas Ham
let (Si te 5MT2193) and Windy Wheat Hamlet (site 
5MT4644). New varieties of corn may also have been 
introduced during the Dos Casas Subphase. This spec
ulation is based on the possibility that 14- and 16-row 
corn appear during Periods 2 and 3, probably during 
the Dos Casas Subphase (chap. 4, sect. 2, table 4.10). 
The sample for Period I is too small to permit a definite 
statement. The evidence for pioneer plants generally 
parallels the cultigen group, although there is a lower 
ubiquity index for Period 2 (chap. 7). Pioneer plants 
may have been deliberately encouraged by agricultural 
groups as a supplement to crop produce. Thus, an in
crease in the use of pioneer plants (again measured as 
ubiquity in fire-related features) is interpreted as in
dicating increased reliance on agricultural subsistence 
strategies (chap. 7), However, a separate resource mix 
study (app. D) suggests no significant changes in plant 
use occurred during this time and that noncultural fac
tors might have been largely responsible for the vari
ability in this data set. Analysis of the animal bone data 
did not reveal any significant changes in faunal pro
curement practices curing the modeling periods that 
coincide with the Dos Casas Subphase as compared to 
earlier periods (chap. 7). 

The DAP investigated numerous sites with Dos Casas 
Subphase occupations. Among the more noteworthy in 
terms of subsistence report coverage are the second re
corded occupation at LeMoc Shelter (Site 5MT215 1 
[Hogan 1983]), a major occupation at Grass Mesa Vil
lage (Site 5MT23 [Lipe et al. , comps. 1985]), Periman 
Hamlet (Site 5MT4671 (Wilshusen 1983]), Dos Casas 
Hamlet (Site 5MT2193 [Brisbin et al. 1982]), Windy 
Wheat Hamlet (Site 5MT4644 [Brisbin 1984a]), Pheas
ant View Hamlet (Site 5MT2192 [Yarnell 1982b]), Cas
cade House (Site 5MT4512 [Wilshusen 1982a]), and the 
second occupation at Aldea Sierritas (Site 5MT2854 
[Kuckelman 1983]). 

McPhee Phase (A.D. 840-1000) 

The McPhee Phase was the period during which the 
growth/aggregation trends initiated during the previous 
Sagehen Phase culminated. The population in the proj
ect area peaked in the middle to late A.D. 800's and 
then swiftly declined in the last 20 years of the 9th 
century and in the early decades of the lOth century. 
By A.D. 1000, the river valley itself and the plateau 
areas to the east and west were abandoned as settlement 
zones; only the Reservoir and Escalante Village areas 
on the southern fringe of the project area remained 
permanently inhabited into the II th and 12th centuries. 
McPhee Phase communities were aggregated or nu
cleated, with most of the population based in large, 
central villages consisting of multiple room block units. 
The villages were fairly evenly distributed along the 
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flood plain of the ri ver valley and on the mesas to the 
east and west. 

Periman Subphase (A.D. 840-9 10).- Climate continued 
to be generally favorable during the first half of the 
Periman Subphase; indigenous population levels con
tinued to rise as a result of both internal growth and 
immigration (chap. 8). 

Population probably reached a peak in the 20 years 
between A.D. 860 and 880. Schlanger estimates that as 
many as 1250 people were present in the " Dolores area" 
(the project takeline) at any time during the late 9th 
century (chap. 8, table 8.5). This estimate is based on 
rubble mound measurements, the conversion of rubble 
area to number of dwelling un its, and the useli ves of 
the structu res that make up the dwelling units. Intui
tively, th is estimate seems low given the total amount 
of archi tectu re evident in the villages of the period and 
climatic reconstructions (chap. 4, sect. 6) that indicate 
little subsistence stress on the indigenous population 
duri ng this period. 

An alternative approach based on roomblock length 
measurements and a different set of assumptions is pre
sented in chapter 14. This alternative calculations sug
gest a momentary population of 3000 to 4000 
individuals in the " Dolores area" during the A.D. 860-
880 period. The alternative estimate appears more rea
sonable in terms of predicted subsistence stress. Schlan
ger (chap. 8, table 8.4) suggests a potential peak 
population of about 6500 individuals, based on esti
mated yields of the prehistoric agricultural system and 
assuming reliance on corn as a dominant crop and a 
50-percent fallow cycle. More likely, stress would have 
occurred if population levels were 50 or 60 percent of 
maximum potential numbers rather than the 20 percent 
estimated by Schlanger. 

Increasingly unfavorable and unpredictable climatic 
conditions, the result of consecutive years of drought 
and crop failures due to killing frosts , prevailed in the 
last part of the ninth century (chap. 4, sect. 6). Assum
ing the population estimates based on room block length 
are reasonably accurate, then the local villages would 
have been faced with a series of worsening production 
shortfalls beginning in the late A.D. 860's and contin
uing into the first decade of the lOth century (Wolf 
1985b). The latest tree-ring dates representing the nu
cleated vi llage occupation in the project area are in the 
A.D. 880's, which suggests abandonment began in that 
decade. 

Other supporting ev idence (ceramic dates, archaeo
magnetic dates, architectural and depositional stratig
raphy) suggest that, without exception, the Periman 
Subphase villages were totally abandoned by A.D. 910 



or 920 (refer to, for example, Kane [ 1985a]). Thus, the 
abandonment is viewed as a gradual and drawn out 
event rather than a sudden, hasty exodus. The temporal 
correlation between the advent of unfavorable and un
predictable climate and the abandonment of the Do
lores area has been interpreted as cause and effect by 
the Dolores staff (chap. 16). 

During the Periman Subphase, the "interhousehold" (a 
cooperating group of several nuclear families linked by 
co-residence in the same architectural complex and 
probably by kin ties as well) continues to be the unit 
responsible for most domestic and economic tasks. The 
architectural manifestations of the interhousehold are 
similar to their Dos Casas Subphase analogs: the in
terhousehold cluster consists of several nuclear family 
apartments in a contiguous roomblock, and a shared 
plaza area, pitstructure, and midden. The surface room
block exhibits more substantial construction; more 
stone masonry was incorporated into the exterior and 
interior walls. This is most evident in storage room 
construction, where the walls often are of hybrid con
struction- the lower meter or so consists of horizontally 
laid sandstone slab masonry, while the upper portions 
consist of jacal construction (Morris 1984:36, fig. 18). 

lnterhousehold clusters are incorporated into larger 
roomblock units; the latter vary greatly in size and con
tain from 2 to more than 20 nuclear family dwelling 
units. This aggregation of household architecture into 
larger complexes suggests social organization above the 
household level was a prominent force within Periman 
Subphase communities. Such suprahousehold organi
zation might be equivalent to corporate groups as de
scribed by Hayden and Cannon ( 1982). Their probable 
presence at Dolores implies that unencumbered land in 
the local area was becoming scarce and competition for 
croplands probably occurred. 

In addition to the control and transmission of land 
holdings, Hayden and Cannon (1982: 14 7) cite educa
tion, worship, sacrifice, and economic affairs as poten
tial responsibilities of corporate groups. 
Suprahousehold groups also control specialized struc
tures within the residential area to conduct group
oriented activities. At Dolores, such specialized archi
tecture is thought to consist of oversized pitstructures 
containing ritual features (Wilshusen 1985b; Kane 
1985b; and chap. 14). Horseshoe-shaped roomblocks 
may also be activity centers for suprahousehold organ
izations within Periman Subphase communities (chap. 
14 ). The presence of corporate groups may imply status 
categories within the late ninth century Dolores vil
lages. Although the evidence for ranking and stratifi
cation within Dolores communities is equivocal, Kane 
(chap. 14) suggests a correlation between proximity to 
corporate group facilities and economic well-being 
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(measured as the relative sizes of household structures); 
however, examination of individual household clusters 
did not suggest any great variations in material wealth 
based on feature and artifact content (chap. 14). 

In addition to large aggregated villages, which probably 
functioned as the centers of management and com
merce as well as the primary residences for most of the 
populace, Periman Subphase communities also in
cluded smaller satellite settlements and agricultural 
field houses removed from the central village. Each 
community probably had a territory centered on the 
large village settlement; the Thiessen polygon territories 
developed and analyzed by Orcutt ( 1985) are an ar
chaeological approximation of these community areas. 
The Periman Subphase settlement pattern reflects a lo
gistically organized system in which resources and 
goods move to central consumer locations (cf. Binford 
1980: 10-12). It is probably a more extreme variant of 
such a system than those of earlier subphases, which 
incorporated greater degrees of mobility. Kane (chap. 
14) suggests competition between village centers for 
population and resources was based on the spacing be
tween centers and the ranked size distribution of set
tlements. Th(! Dolores-area Periman villages may have 
shared an intercommunity ritual-integrative facility -
the Singing Shelter great kiva (Nelson and Kane 
[ 1985]). The presence of this structure suggests the local 
villages may have participated collectively in certain 
rites and ceremonies. Blinman (chap. 15) suggests the 
Singing Shelter great kiva may have replaced the Dos 
Casas Subphase great kiva at Grass Mesa Village. Thus, 
the local center of intercommunity interaction may 
have shifted from the northern villages to the central 
portion of the river valley. This shift is consistent with 
the speculation regarding the possible movement of 
population from the Grass Mesa and Rio Vista areas 
to the McPhee and House Creek areas during the late 
Dos Casas Subphase (refer to the Dos Casas Subphase 
discussion). 

The Dolores-area Periman villages exhibit a high degree 
of homogeneity in architectural and ceramic styles. 
This homogeneity suggests the local communities may 
have participated in an "alliance"; strong political and 
economic ties may have existed among the higher status 
groups of the larger settlements (cf. Plog 1983:310-311 ). 

Material culture and subsistence practices generally 
seem to conform to those of the preceding Dos Casas 
Subphase, although evidence indicates some "intensi
fication" in subsistence activities and organization. In 
ceramics, new types introduced during the period in
clude Mancos Gray and sherd-tempered red wares. Pro
portions of individual tool types in the flaked and 
nonflaked lithic tool assemblages are similar to those 
during the Dos Casas Subphase, except for a significant 
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increase in the proportion of two-hand manos (chap. 
3, fig. 3.6). The diversity and equitability measure
ments for the Periman flaked and nonflaked lithic as
semblages are very similar to those for the preceding 
Dos Casas Subphase, perhaps indicating a general sim
ilarity in lithic tool technologies and applications (chap. 
3, figs. 3.4 and 3.6). Compared to the other subphases, 
the diversity and equitability measurements for these 
2 periods are relatively low for the flaked tool lithic 
assemblages and high for nonflaked lithic tools. Thus, 
the characteristics of the Periman Subphase lithic as
semblages generally conform to the expectations for 

. complex organization (table 5.3). 

The faunal and botanical data for the Periman Sub
phase (chap. 4, sect. 4; chap. 4, sect. 2; chap. 7) do not 
readily lend themselves to interpretation in terms of 
possible trends in subsistence practices. Part of the dif
ficulty is due to incompatibility of the temporal units 
used for the analyses. The analysts employed modeling 
periods rather than subphases as temporal increments 
to provide compatibility with the modeling effort. In 
converting modeling period to subphase, Period 4 (A.D. 
840-880) is roughly equivalent to the earlier 2/3 of the 
Periman Subphase, but Period 5 combines the last 1/3 
of the Periman Subphase and the Grass Mesa Subphase. 
The resource mix study presented in appendix D sug
gests no significant changes in plant use occurred during 
the Periman Subphase but that use of corn apparently 
was greatest during the Dos Casas and Periman 
Subphases. 

The Periman Subphase represents the climax period of 
trends in population, organization, and subsistence 
practices initiated in the previous periods. Indigenous 
population levels probably reached their peak in the 2 
decades between A.D. 860 and 880, fueled by successful 
internal reproduction and by continued immigration 
from outside the Dolores area; peak population for pre
historic Dolores is estimated to have been between 
3000 and 4000 individuals. Domestic (household) or
ganization remained stable and consisted of several co
operating nuclear families constituting an 
"interhousehold." Organization above the household 
level increased in importance and complexity due to 
the increasingly aggregated population distribution. 
The appearance of nucleated village centers necessi
tated more complex managerial organizations and spe
cial facilities to carry out leadership and integrative 
functions. Subsistence practices and resource mix dur
ing the early part of the period appear similar to the 
previous Dos Casas Subphase, except there may have 
been additional agricultural intensification. After A.D. 
880, dramatic changes occurred in all aspects of local 
culture, perhaps in response to worsening climate (in 
terms of agricultural potential). Population levels de
clined drastically between A.D. 880 and 910, probably 
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reflecting immigration to other areas, chiefly to the west 
and south of the project area. Remnant groups appar-
ently retained the traditional interhousehold domestic 
structure in the southern portion of the project area, 
but groups at Grass Mesa (Site 5MT23) and Rio Vista 
(Site 5MT2182) Villages seem to have reverted to a 
simple nuclear family organization. This shift in or- )< 
ganizational strategies has been termed the Grass Mesa - J 

Subphase (see following discussion). Subsistence strat-
egies during the late part of the Periman Subphase 
might have featured a higher proportion of wild plant 
and animal food sources, a greater reliance on pioneer 
plants, and less emphasis on corn agriculture. Such 
strategies might have been necessary to buffer or sup
plement the increasingly unreliable agricultural base. 

The DAP invested the greatest proportion of field labor 
in investigating Periman Subphase archaeological con
texts. Most efforts were spent at 2 of the large village 
sites, Grass Mesa Village (5MT23) and McPhee Village 
(multiple site numbers), but substantial excavations 
were conducted at other Periman Subphase sites as well. 
Investigations at Grass Mesa and McPhee Villages are 
reported in 2 separate DAP volumes (Lipe et al., comps. 
1985; Kane and Robinson 1985a). Investigations at 2 
smaller villages (Rio Vista and House Creek; Sites 
5MT2182 and 5MT2320, respectively) and at the Sing
ing Shelter Periman Subphase great kiva are described 
in a separate volume (Kane and Robinson 1985b). Ex
cavations at smaller, outlying Periman Subphase set
tlements and at affiliated field houses were conducted 
at LeMoc Shelter (Site 5MT2151 [Hogan 1983)), Prince 
Hamlet (Site 5MT2161 [Sebastian 1983)), Hanging 
Rock Hamlet (Site 5MT4650 [Gross 1984b)), Hamlet 
de Ia Olla (Site 5MT2181 [Etzkorn 1983)), Dovetail 
Hamlet (Site 5MT2226 [Nelson 1985)), Kin Tl'iish (Site 
5MT2336 [Dohm and Gould 1985)), Little House (Site 
5MT2191 [Hewitt 1983d)), and Hawk House (Site 
5MT4681 [Brown 1981)). 

Grass Mesa Subphase (A.D. 870-910).- Worsening cli
mate in the last decades of the 9th century and in the 
first portion of the lOth century (chap. 4, sect. 6) led 
to some sweeping lifestyle changes within the Dolores 
Anasazi communities. While some members of the Do
lores staff(e.g., Orcutt chap. 10; Matthews chap. 4, sect. 
2) have presented a case for continued organizational 
and subsistence intensification, an alternative case can 
be made for simplification ("deintensification"), div
ersification, and out-migration as the responses in some 
areas. The Grass Mesa Subphase is viewed as one cul
tural response in this period of stress and can be char
acterized as a "shift to a lower-overhead, lower
investment, higher-mobility adaptation" (Lipe et al. 
1985:18. 100). Based on the limited data from excavated 
sites, the Grass Mesa Subphase expression may have 
been confined to the northern half of the project area. 



Excavated Grass Mesa contexts are confined to the Rio 
Vista Village (5MT2182) and Grass Mesa Village 
(5MT23) areas and to a few seasonal sites. It appears 
that coeval prehistoric groups in the southern portion 
of the project area chose to maintain traditional forms 
of organization and subsistence (their manifestation is 
classified as Periman Subphase), while most of the 
northern residen~s chose to simplify organization and 
diversify subsistence (Lipe et al. 1985:18.108-18.112). 

Apparently, both the northern and southern portions 
of the project area lost population at a rapid rate after 
A.D. 880 (Kane [ 1985a] and Wilshusen [comp. 
1985;596]). An exception was the Grass Mesa site itself, 
which may have gained population during the A.D. 
880's (Lipe et al. 1985:18.78). The population gain at 
Grass Mesa Village may represent a coalescence of 
northern groups at this site. By employing calculations 
based on estimated pitstructure lifespans and total 
number ofpitstructures, Lipe and his associates arrived 
at high (about 250) and low (about 150) momentary 
total household estimates for the Grass Mesa Subphase 
occupation at the Grass Mesa site (1985:18.82-18.83). 
Based on ceramic deposition rates (Kohler 1985), the 
lower range of the estimates presented by Lipe et al. is 
more realistic. Given an estimated average of 150 
households per year during the Grass Mesa Subphase, 
the deposition rate of sherds per household would be 
less than 1/3 of what it was during the preceding Per
iman Subphase, based on the figures supplied by Kohler 
( 1985:fig. 3.6). A number of possible explanations 
would account for this phenomenon, including differ
ential breakage rates, a shift in behavior associated with 
ceramic artifacts, a shift in settlement patterns, or over
estimation of the average number of households. Koh
ler (1985:3 .32-3.34) cites a shift in subsistence patterns 
and a related greater emphasis on offsite activities as 
a possible alternative explanation. However, the rate of 
household sherd deposition for Period 2 (A.D. 720-800) 
(628 sherds/household/year), when households are 
thought to have been relatively highly mobile and there
fore comparable to Grass Mesa households, is more 
than twice that of the Grass Mesa Subphase. This sug
gests that overestimation of the average number of 
households may be a better explanation; it may have 
been that the average number of Grass Mesa house
holds during the early part of the period (A.D. 880-890) 
approximated the lower estimate presented by Lipe and 
his associates (for instance, 125 to 150 households), and 
that population rapidly declined after A.D. 890. 

The extent of the Grass Mesa Subphase occupation out
side the Grass Mesa site was not well investigated. Wil
shusen (comp., 1985:table 92) identified only 3 Grass 
Mesa Subphase household clusters at Rio Vista Village. 
However, the site was not completely excavated, and 
smaller, outlying se:ttlements were not subjected to in-
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vestigation. Even allowing for the possible presence of 
undetected household units, average momentary pop
ulation for Rio Vista was likely less than 10 households 
for the A.D. 880-900 period and Jess than 5 households 
after A.D. 900. It is questionable whether the Grass 
Mesa pattern of organization and subsistence was 
adopted at more than a few of the other northern Do
lores ninth century settlements. The magnetometer re
connaissance of Cline Crest Village suggests the 
subsurface pattern of architecture was similar to 
McPhee village and thus probably conformed to the 
Periman Subphase type. Even less of a statement can 
be made concerning the contemporary late ninth cen
tury occupation at Windy Ruin, although the village 
contains a horseshoe-shaped roomblock, and hence 
may be organizationally more similar to the Cline Crest 
and McPhee Communities. Stronger leadership groups 
at these communities may have acted to preserve tra
ditional forms of household and corporate group or
ganization. Downstream (northwest) of the Grass Mesa 
site, a substantial Grass Mesa occupation has been re
corded at LeMoc Shelter (Hogan 1983:153-162), and 
possible occupations are present at Prince Hamlet and 
Hanging Rock Hamlet, based on the presence of post
abandonment use ·surfaces and features in the fills of 
Periman Subphase pitstructures. However, these oc
cupations appear to have been seasonal. Most of the 
Grass Mesa Subphase residential structures likely were 
built at the Grass Mesa site, with small Grass Mesa 
occupations at a few of the other northern river valley 
settlements. Given the apparent increase in average mo
mentary populations at Grass Mesa Village in the 
A.D. 880's, some of the outlying Periman Subphase 
population within the Grass Mesa Locality and other 
nearby areas (for example, at the Hanging Rock Hamlet 
and Prince Hamlet sites) may have moved to the former 
location. Total average population for the Grass Mesa 
Subphase was perhaps 150 ± 30 households ( 600 to 800 
individuals) for the early part of the assigned period 
(A.D. 870-890) and much lower after A.D. 890. 

In addition to the just-described population upheavals 
in local communities, some major changes in other life
ways also are evident during the Grass Mesa Subphase. 
While some of the project staff (chap. 7) have chosen 
to interpret these changes as "intensification" consist
ent with the economic model of change at Dolores 
(chap. 6), it might be more suitable to characterize the. 
changes as diversification and simplification. To pres
ent some expectations that contrast with those derived 
for the economic model, an alternative "extensifica
tion" model is presented here. For both models, the 
factors responsible for the change are the same: increas
ing subsistence and social stress resulting from contin
uing high population levels in the face of worsening and 
more unpredictable climate. Wolfs ( 1985b) agricultural 
production simulation study suggests that a series of 
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production shortfalls began in the A.D. 860's and be
came more severe in the A.D. 870's and g81)'s. These 
" bad times" must have stimulated some major cultural 
responses. The economic model suggests "intensifica
tion" would be a preferred strategy; more effort would 
be expended in increasing the yield from existing food 
sources, and alternate, more costly sources would be 
tapped as well. Intensification would necessitate in
creased managerial overhead to coordinate and direct 
the increased subsistence effort. The extensification 
model postulates a combination of strategies to cope 
with increased subsistence and social stress. These are, 
first , a shift to alternate subsistence resources, primarily 
animals and wild and ruderal plants, and less reliance 
on corn agriculture; second, increased mobility and 
more flexible organization; and lastly, reduction in so
cial overhead and control. In many respects, the exten
sification strategies are a regression to the Tres Bobos 
and Sagehill lifestyles. Expectations for the extensifi
cation model can be derived for trends in architecture, 
social organization, tools and containers, and subsist
ence resources. These expectations are presented in ta
ble 5.4, and are discussed and evaluated in the following 
presentations of Grass Mesa Subphase architecture, so
cial organization, and material culture, although no for
mal statistical procedures were used to test the validity 
of the expectations. 

Several shifts in Grass Mesa subsistence-related and 
organizational practices are indicated by the architec
tural data. Domestic architecture exhibits a number of 
different forms , with the high degree of variability rep
resenting a significant departure from the Periman pat
tern of uniformity/conformity. Household dwellings 
variously consisted of: (I) roomsuite complexes where 
the front (south) rooms functioned as habitation rooms 
and the rear (north) rooms as storage facilities (a con
tinuation of the traditional Periman pattern); (2) sur
face room complexes where the original back rooms 
served as habitation rooms and the former front rooms 
were modified into ramadas or outdoor work areas; (3) 
small pithouses with associated isolated surface rooms; 
and ( 4) pithouses without associated surface structures 
(Lipe et al. 1985:18.152-18.155). This suggests some 
groups, albeit a minority, maintained the traditional 
"interhousehold" form of domestic-economic organi
zation, while most groups shifted to a more independ
ent form with less direct cooperation among nuclear 
families. 

In many ways, the organization of the latter groups 
probably was similar to the early Tres Bobos-Sagehill 
("Basketmaker III") type of organization characterized 
by economically independent nuclear family house
holds. These small, autonomous household units are 
thought to have practiced a subsistence strategy fea-
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turing diversity of exploited resources and a relatively 
great degree of mobility. 

Grass Mesa Subphase households probably cooperated 
to a comparatively greater degree with other neighbor
ing households in economic and social functions, based 
on the relatively close spacing of household clusters at 
the Grass Mesa site and the apparent clustering or spa
tial ordering of these units (Lipe et al. 1985: 18.58-
18.65,18.152-18.155). The feature assemblages com
mon to Grass Mesa Subphase pitstructures suggest that 
internal activities were almost exclusively domestic or 
economic in nature; ritually oriented features are often 
absent in these structures (Lipe et al. 1985: 18.45), or, 
if present, are usually in the form of simple sipapus or 
clusters of paho marks. This is in marked contrast to 
the Periman Subphase, when ritual feature complexes 
were ubiquitous in pitstructures. This again suggests the 
breakdown of organization at the interhousehold level 
and the increasing independence of nuclear family 
units. Lipe et al. (1985: 18 .155) suggest that some Grass 
Mesa Subphase households residing in small "pocket 
pithouses" may have been associated with remnant Per
iman Subphase interhouseholds. If so, the more auton
omous Grass Mesa nuclear family households might 
have maintained social affiliations with these more tra
ditional groups and might have accessed their facilities. 

The DAP identified and investigated a structure (Pit
structure 32) that apparently functioned solely as a rit
ual/ceremonial location for the Grass Mesa Subphase 
populace (Varien 1985 :4.344-4.357 ; Lipe et al. 
1985:18.156-18.157). Pitstructure 32 is "oversized," 
comparable in floor area to the earlier Periman over
sized pitstructures at Grass Mesa, and lacks floor-as
sociated features and artifacts indicative of domestic 
activities. The structure also lacks most ritual feature 
complexes common to Periman Subphase oversized 
structures; however, cylindrical, sand-filled pits that 
may be equivalent to the "altar anchors" identified in 
Periman pitstructures were identified on the floor of 
Pitstructure 32 (refer to architecture discussion in this 
chapter and to Wilshusen [ 1985:27-35]). The floor area 
is also noteworthy for its low density of features and 
artifacts of any sort. The low density of floor-associated 
features and materials suggests the structure could have 
been used for large group assemblages or coordinated 
activities with only few restrictions on membership. In 
this respect, Pitstructure 32 is more similar to then
contemporary great kivas than to Periman Subphase 
oversized structures, which are characterized by rela
tively "cluttered" floors and formally structured, im
movable feature complexes. 

Based on this difference, Lipe et al. ( 1985:18.156-
18.157) have suggested a restructuring of ritual patterns 



Several ceramic types (Mancos Gray, Cortez Black-on
white, McPhee Black-on-red, and other sherd-tempered 
red wares) are introduced into the archaeological record 
or increase markedly in frequency during the Grass 
Mesa Subphase. These changes apparently are regional 
and are not related to the adaptation shifts character
izing the subphase. They are valuable, however, in tem
poral and cultural assignment of excavated and survey
recorded site deposits. 

The flaked and nonflaked lithic tool data also exhibit 
some changes probably related to adaptational shifts. 
In the flaked tool collections, the proportions of pro
jectile points and nonlocal raw materials increase 
through time at the Grass Mesa site. Phagan 
(1985:14.33) argues the increase may be due to more 
frequent visits to distant areas by Grass Mesa residents 
after A.D. 840, and especially after A.D. 880, probably 
in conjunction with long-distance hunting. This inter
pretation is consistent with the model of increased sub
sistence diversity during the Grass Mesa Subphase. In 
the nonflaked lithic tool assemblage, frequencies of 
some agriculture-associated tools, such as two-hand 
manos, hammerstones, and used cores/cobble tools, in
crease during the Grass Mesa Subphase (chap. 3, fig. 
3.5; chap. ll , fig. 11.2). This change might be inter
preted as indicating intensification of agriculture (ham
merstones and used cores/cobble tools were perhaps 
used to shape and maintain manos and metates). How
ever, the proportions of other non flaked lithic tools that 
have agricultural applications (trough metates and mis
cellaneous nonflaked lithic tools) decrease, which ren
ders interpretation of the data equivocal. Although 
Phagan (chap. II) argues that proportion of trough me
tates is not a good indicator of subsistence strategies, 
arguing for agricultural intensification based on an in
crease in two-hand manos and a decrease in trough 
metates seems difficult. Most of the smaller portable 
nonflaked lithic tools (e.g., manos, hammerstone, used 
cores) probably had multiple purposes, and therefore, 
increases in their proportions cannot be said to directly 
indicate intensification . Lipe et al. ( 1985:18.105-
18.1 06) argue the changes may be due instead to shifts 
in settlement behavior and seasonality. This seems a 
reasonable explanation; with the partial dismantlement 
of the field house system, more plant-processing activ
ities would have been based at the principal residence. 
Also, organizational changes may have affected the 
composition of lithic toolkits. During the Periman Sub
phase, a large proportion of agricultural produce pro
cessing was performed by the interhousehold in the 
shared pitstructure facility (refer to the discussion of 
architecture in this chapter). With the dissolution of 
the interhousehold during the Grass Mesa Subphase, 
the entire burden of food processing would have re
verted to the nuclear family household; hence, house
hold nonflaked lithic tool inventories would have to be 
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augmented to accommodate the additional processing 
demands. 

Some whole-assemblage measurements of the lithic 
data also have implications for interpretation of sub
sistence strategies. Grass Mesa Subphase ratios of 
flaked lithic tools to nonflaked lithic tools are much 
lower during the Grass Mesa Subphase than during the 
preceding 2 periods (chap. II , fig. 11.1 ). This might 
superficially be interpreted as an increase in plant pro
cessing and agricultural " intensification" (see chap. II 
and Lipe et al. [1985:18.103-18.1051). However, the ex
pectations for this ratio seem to be the reverse of what 
might intuitively be expected, given the established 
trends in organization and subsistence based on other 
data sources. The flaked tool/nonflaked tool ratio is 
relatively low for the Tres Bobos and Sagehill Subphases 
(characterized by simple organization and generalized 
subsistence) and relatively high for the Dos Casas and 
Periman periods (characterized by complex organiza
tion and agriculturally dominated subsistence). Thus, 
this ratio is more difficult to interpret than a first pe
rusal would indicate (table 5.3). Probably more signif
icantly, the Grass Mesa Subphase ratio is closer to the 
Tres Bobos and Sagehill values than to those for the 
Dos Casas and Periman Subphases. The Grass Mesa 
Subphase diversity and equitability measurements re
flect the patterns thought to be indicative of a gener
alized resource adaptation; that is , flaked lithic 
assemblages are characterized by relatively high 
Shannon-Wiener diversity and equitability indices, 
while the nonflaked lithic tool indices are compara
tively low. For both the flaked and nonflaked lithic tool 
indices, the relevant Grass Mesa Subphase values are 
closest to the comparable values for the Tres Bobos and 
Sagehill Subphases (chap. 3, figs . 3.4 and 3.6). However, 
the low diversity index for the Grass Mesa Subphase 
reflects in large part the high proportion of two-hand 
manos, while the high indices for the Tres Bobos and 
Sagehill Subphases are in part due to the high propor
tions of miscellaneous tools. 

The faunal and botanical remains are more difficult to 
interpret, partly because of the difficulty in quantifying 
such data. The faunal data suggests that hunting and 
reliance on animal resources increased during the Grass 
Mesa Subphase. This interpretation is based on an in
crease in the ratio of total number of bones deposited 
per household for the Grass Mesa Subphase compared 
to the preceding Periman Subphase and on an increase 
in the bone to sherd ratios between the Periman and 
Grass Mesa screened midden collections (Neusius and 
Gould 1985:fig. 15.10); sherds were chosen as an index 
based on the assumption of fairly stable rates of dep
osition through time.2 The straightforward interpreta-

' Kohler's ( 1985:table 3. 7) figures ~uggest a sharp decline in sherd dep
osition rates during the Grass Mes~ Subphase, wh ich would affect this 
interpretation. 
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tion of these measurements is that more animals per 
household were being processed and consumed during 
the Grass Mesa Subphase. The analysts responsible for 
the Grass Mesa data urge caution regarding the cer
tainty of this interpretation and suggest some possible 
complicating factors (Neusius and Gould 1985:15.135-
15.136; Lipe et al. 1985: 18 .99). 

The botanical data contain some nuances that can be 
used to support the extensification model, although 
other interpretations are possible. Matthews ( 1985) 
analyzed and reported on the botanical remains re
covered during archaeological investigations at the 
Grass Mesa site and found the abundance and ubiquity 
of pioneer plants (those species adapted to recently dis
turbed areas, including agricultural fields) and of wild 
plants increased during Periods 4 and 5 (A.D. 840-880 
and A.D. 880-920, respectively; or roughly equivalent 
to the Periman and Grass Mesa Subphases). Lipe et al. 
( 1985: 18 .94) suggest increased limitations on arable 
land during the Grass Mesa Subphase (due to cooler 
climate) might have hampered corn agriculture and ca
loric requirements were being met by a shift to greater 
reliance on pioneer and wild plants. Also, in chapter 7, 
a slight decrease in the ubiquity of corn and an increase 
in the ubiquity of wild plant remains were noted for 
Period 5 (late Periman Subphase and Grass Mesa Sub
phase). Although in chapter 7 this shift is interpreted 
as intensification, given the direction of the changes, 
the apparent increased dependence on wild and pioneer 
plants and decreased dependence on corn in the Grass 
Mesa Subphase portion of the Period 5 data, could be 
viewed as support for the extensification model. The 
separate resource mix study presented in appendix D 
supplies some supporting evidence for the extensifi
cation model regarding use of corn during Period 5. 
Grass Mesa Subphase hearths contained significantly 
less corn than contemporaneous Periman hearths (app. 
D, table D.2), although the significance of the difference 
is weak. In this study, no diversification of the botanical 
resource base during the subphase was identified. In 
chapter 4, section 2, it is suggested that late Periman 
and Grass Mesa Subphase agriculturalists may have de
liberately chosen to grow more 10-row corn (perhaps 
similar to a Pima-Papago variety), although most corn 

.•• remains were of the 12-row variety (perhaps related to 
the Chapolote type). This increase in 10-row corn is 
suggested to reflect intensification because the hybrid 
would be more productive in terms of yield, although 
less storable. However, Anasazi I 0-row corn also prob
ably was more hardy in terms of resistance to cold. 
Thus, it seems equally likely that the Grass Mesa groups 
may have selected planting mixtures with greater pro
portions of 10-row corn as a means of coping with cold 
years. Less storability would be a favorable trade-off, 
given the lesser dependence on stored resources by 

376 

Grass Mesa groups. The latter interpretation is con
sistent with the extensification model. 

The Grass Mesa Subphase is viewed as representing 
shifts in organizational and subsistence strategies in re
sponse to worsening and more unpredictable climate 
and an associated "squeeze" on arable lands accessible 
to northern project-wide communities. In terms of or
ganization, the indicated response apparently was a 
shift to a simpler and more flexible economic organi
zation and a reduction in the overhead associated with 
social institutions. Economic organization was vested 
in the nuclear family household as opposed to groups 
of cooperating, co-resident families . A return to nuclear 
family organization probably resulted in more freedom 
and flexibility in terms of resource procurement sched
uling and economic mobility. Reduction in overhead 
associated with social institutions was accomplished by 
eliminating or reducing the influence of the interme
diate groups between the household and the commu
nity. Roomblock-level groupings of household 
dwellings were not present during the Grass Mesa Sub
phase, and interhousehold-level groups were highly var
iable in size, form , and spacing of dwellings (Lipe et al. 
1985: 18.158). It appears that some groups residing at 
the Grass Mesa site retained the cooperating family
interhousehold form of organization into the A.D. 
880's. Lipe et al. ( 1985: 18.159) speculate the remaining 
interhousehold groups may have been the ones with 
access to the best remaining agricultural lands who thus 
were able to maintain traditional forms of subsistence 
and organization. Of the perhaps ISO contemporaneous 
households in the A.D. 880's, approximately 30 main
tained formal interhousehold architectural affiliations, 
and the other 120 were only loosely affiliated or were 
independent. After A.D. 890, virtually all households 
were of the simple nuclear family type. Thus, the re
maining groups were freed of the overhead necessary 
to maintain the higher-order groups. This overhead 
would have been in the form of specialized architecture 
and portable artifacts (white and red ware serving ves
sels, large cooking pots, items of personal adornment) 
used at group rituals and gatherings. 

Domestic architecture during the Grass Mesa Subphase 
was much simpler and less costly in terms of materials 
and labor investment. Dwellings consisted of small 
"pocket" pithouses rather than roomsuites in surface 
pueblos and shared interhousehold pitstructures. In ad
dition to simplified social organization, the new forms 
of domestic architecture also suggest increased mobility 
for the Grass Mesa households, which probably spent 
more time away from the central settlement and ex
ploited a larger territory in attempting to compensate 
for the loss of agricultural produce. The lack of spec
ialized storage architecture during this subphase sug
gests that storage of agricultural produce was no longer 



an important facet of subsistence practices. The archi
tectural data and inferred forms of social organization 
for the subphase appear to support the extensification 
model rather than the intensification model. Appar
ently, less investment in architectural facilities was 
made, and suprahousehold institutions generally were 
less influenti~l, even to the point of being dissolved in 
some cases. 

The artifact data also appear to lend more support to 
the extensification model, although not without excep
tion. Ceramic assemblages feature a higher proportion 
of gray wares, which suggests more of an emphasis on 
domestic cooking and storage and less on group activ
ities and potlucks. The lithic assemblages exhibit the 
low nonflaked lithic tool and high flaked lithic tool di
versity measurements thought to be characteristic of 
simply organized, subsistence-diversified societies. An 
increase in two-hand manos during the subphase might 
suggest agricultural intensification; however, this is not 
accompanied by a complementary increase in metates. 
Phagan (chap. 11) interprets a decrease in the flaked 
tool to nonflaked tool ratio as intensification; however, 
low flaked tool proportions appear to be characteristic 
of organizationally simple, subsistence-diversified 
groups at Dolores, if one considers the entire record 
(table 5.3). 

The faunal and botanical data bases are not as readily 
useful in terms of evaluating the models, and the results 
must be considered equivocal. Hunting may have in
creased during the subphase, an interpretation based 
on the increase in the amount of scrap bone in material 
collections. The expectation of greater wild and pioneer 
plant diversity given more flexible subsistence strate
gies could not be verified. Less corn was probably used 
by Grass Mesa households than by contemporaneous 
Periman Subphase groups at other project-area villages. 
Also, Grass Mesa and late Periman groups may have 
chosen to plant increased amounts of a type of corn 
characterized by greater resistance to cold and better 
yields but less storability. While some DAP staff inter
pret the changes in the botanical data base as intensi
fication (chap. 4, sect. 2), the data appears just as easily 
to support the extensification model. 

By far the most fieldwork involving the investigation 
of the Grass Mesa Subphase was accomplished at the 
Grass Mesa Village site. Investigations at Grass Mesa 
Village are reported in a single volume (Lipe ct a!. , 
1985), where a different overview of the Grass Mesa 
Subphase is presented. Other substantial Grass Mesa 
occupations were investigated at Rio Vista Village (Site 
5MT2182 [Wilshusen 19R5]) and at LeMoc Shelter (Site 
5MT2151 [Hogan 1983]). Prince Hamlet (Site 
5MT2161 [Sebastian 1983]) and Hanging Rock Hamlet 
(Site 5MT4650 [Gross 1984b]) might have been the 
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locations of less intensive Grass Mesa occupations 
based on the discovery of features and surfaces in aban
doned Periman Subphase structures, but these phenom
ena may date to a later period. 

Cline Subphase (A.D. 920-1000). - The Cline Subphase 
represents a middle- I Oth-century reoccupation of the 
southern portion of the project area. Most of the Cline 
expression was centered at McPhee Village, where the 
reoccupation apparently was confined mainly to 3 of 
the former Periman roomblock units. A second Cline 
settlement was recorded at Kin Tl'iish (Site 5MT2336 
[Dohm and Gould 1985]), east of the river and about 
4 km south of McPhee Village. Possible seasonal Cline 
occupati,ms have been documented at LeMoc Shelter 
(Site 5MT2151 [Hogan 1983]) and at Casa Roca (Site 
5MT2203 [Brisbin 1982]). Possible limited activity use 
of several other sites in the Dolores Project area by 
Cline groups has also been documented. 

Originally, the Cline Subphase was assigned an A.D. 
900-975 date range. The revised A.D. 920-!000 date 
range introduced here is founded on the discussion of 
the McPhee Village occupation by Kane ( 1985a), in 
which it is suggested that a short hiatus in village oc
cupation occurred between A.D. 910 and 920. Evidence 
for a hiatus consists of archaeomagnetic and ceramic 
dates and on the stratigraphic sequence of construction 
and abandonment. Also based on the archaeomagnetic 
and ceramic dates, the Cline occupation may have ex
tended beyond the original A.D. 975 date, perhaps into 
the A.D. 980's or 990's. The Cline occupation mirrors 
the trends in relative attractiveness of the Dolores area 
reconstructed by Petersen (chap. 4, sect. 6, table 4.43); 
these trends were based on climatic reconstructions for 
Dolores and nearby areas. The A.D. 900-920 period is 
characterized as very unattractive, and this corresponds 
to the proposed occupational hiatus. The A.D. 920-940 
period is thought to have been relatively attractive, and 
it corresponds to the period of influx of the Cline pop
ulation. The A.D. 940-980 and A.D. 980-1025 periods 
are characterized as unattractive and correspond to, 
first , declining population within the Cline settlements, 
and then to abandonment of the project area by Cline 
groups. 

Momentary population levels during the Cline Sub
phase were drastically reduced in comparison to the 
preceding Periman and Grass Mesa Subphases. Brisbin 
et a!. ( 1985:498) estimate that 9 household clusters or 
dwellings were used throughout the duration of the 
Cline occupation of McPhee Pueblo. The extent of the 
Cline occupation at other village roomblocks is less 
clear. At Masa Negra Pueblo (Site 5MT4477), Kuck
elman ( 1984a:274) estimates that at least 4 and perhaps 
additional household dwelling units were present dur
ing the Cline Subphase. These domiciles probably were 
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abandoned before A.D. 950, based on an estimated 
A.D. 930 date of construction and lack of evidence for 
remodeling. The Cline occupation at the Site 5MT4476 
room block probably had at least 2 and perhaps as many 
as 4 to 6 household dwellings; the Cline occupation at 
this site probably was confined to the first half of the 
subphase (A.D. 920-950). Thus, Cline Subphase pop
ulations for the village area probably were about 15 to 
20 households, or 75 to 100 individuals, for the first 
half of the subphase, and 8 to 9 households, or 40 to 
45 individuals, for the last part of the subphase. Outside 
the village area, the only Cline settlement excavated by 
the DAP was at Kin Tl'iish. Dohm and Goul-d 
( 1985:290, 297-298) suggest the Cline occupation dated 
between A.D. 900 and 950 and consisted of 2 small 
pitstructures and associated surface rooms. Assuming 
a ratio of 2 to 3 households per pitstructure. The Cline 
occupation of Kin Tl'iish may have consisted of 4 to 6 
households. 

A search of the DAP site survey file for additional po
tential Cline Subphase settlements bears out the orig
inal interpretation that indigenous population levels in 
the project area were comparatively very low during 
this subphase. The search yielded only 10 additional 
habitation sites within the project takeline assigned to 
a lOth or lith century occupation and yielded Cortez 
Black-on-white sherds (the presence of Cortez Black
on-white would suggest a I Oth rather than an II th cen
tury occupation, based on the assumed manufacturing 
dates for this ceramic type; refer to figure 2.11 in chap. 
2). Five of the recorded probable Cline occupations are 
at the Reservoir Ruin complex (also referred to as "Res
ervoir Village"), which suggests a substantial Cline oc
cupation at this large, predominantly late Pueblo 11-
early Pueblo III residential and ceremonial center (see 
Sundial Phase discussion). The Reservoir Ruin com
plex is near the southern limit of the project area, on 
the bluffs that overlook the main portion of the project 
area and river valley to the north. Also, a possible small 
Cline occupation settlement is located on the north side 
of the river opposite the main part of Reservoir Village; 
by virtue of its location, this settlement probably was 
closely associated with the village. North of this south
em fringe area, only 4 possible small Cline settlements 
were identified by the survey crews. One is west of the 
river on the highlands south of the Sagehen Flats area 
and may have been associated with the Cline occupa
tion at McPhee Village or with an unknown settlement 
complex located to the south. Two of the small settle
ments are located a few kilometers west of the McPhee 
Village area and may have had affiliations with the lat
ter. The last possible Cline occupation settlement is at 
Cline Crest Ruin (Site 5MT2663), a large, predomi
nantly Periman Subphase settlement roughly 5 km 
northwest of McPhee. Based on the presence of early 
Pueblo II ceramics at one of the Cline Crest room-
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blocks, this settlement may have been the location of 
a Cline Subphase reoccupation similar to the one in
vestigated at McPhee, albeit on a smaller scale. All 
small, survey-recorded Cline occupations north of Res
ervoir Village probably consisted of 2 to 4 households 
each, based on the suspected presence of single room
blocks with I or 2 associated kivas. 

Considered together, the excavation and survey data 
suggest a sparse, low-density indigenous population 
during the Cline Subphase. The McPhee and Reservoir 
Village areas may have served as local centers of pop
ulation and group interaction. If the fringe Reservoir 
Ruin settlements are excluded from estimates, momen
tary population levels during the early part of the sub
phase probably were about .30 to 40 households total 
( 150 to 200 individuals) in the project area north of 
Reservoir Ruin; late in the subphase, momentary pop
ulation probably was 15 to 30 households (7 5 to !50 
individuals). If the fringe Reservoir Village settlements 
are included, the early Cline population was probably 
in the neighborhood of 50 to 70 households (250 to 350 
individuals) and the late population perhaps consisted 
of 40 to 60 households (200 to 300 individuals). Ap
parently, the northern and eastern portions of the proj
ect area (east of the river, north of Reservoir Village) 
were abandoned except for seasonal resource exploi
tation during the Cline Subphase. 

Architecture, organization, and subsistence practices 
generally conformed to the "Pueblo Il"pattern as pre
sented in other treatments of Anasazi culture (e.g., Mor
ris 1939:33-35). The traditional McPhee Phase set of 
architectural facilities (surface rooms in a contiguous 
room block and pitstructures in a plaza area to the south 
of the roomblock) continues as the main physical man
ifestation of Cline settlements, although there are sev
eral noteworthy changes in construction techniques, 
morphology, and function . Pitstructures, at least in 
morphology, appear to have been generally equivalent 
to "kivas." They were generally circular in outline, in
corporated a bench or banquette and a ventilator, and 
had a roof supported by 4 vertical posts set near or into 
the walls of the structure. Thus, they were different in 
form from the previous Periman Subphase pit
structures, which were subrectangular in outline and 
generally lacked benches. Several other significant 
changes were present as well. The Cline Subphase pit
structures lacked the Periman-style wingwall that ef
fectively divided the pitstructure main chamber into 
northern and southern rooms. Also, Cline pitstructures 
lacked the ritual feature complexes (vaults or complex 
sipapus, altar anchors, and prayer stick marks) com
monly encountered in Periman pitstructures (refer to 
Periman Subphase discussion). The Cline " kivas," 
while generally conforming to the "normal" description 



just presented, did exhibit a range of architectural var
iability that seems subjectively greater than their Per
iman p re de cessors . Fo r exa mple , som e Cline 
pitstructures (specifically, Pitstructures 4 and 8 at 
Mc Phee Pueblo (Site 5MT 4475 [Brisbin et al. 
1985:461 -479 and figs. 116 and 153]) were subrectan
gular rather than circular, probably because they in
corporated portions of abandoned Periman Subphase 
structures. Also, the location and extent of the bench 
was variable: Pitstructure 5 at Masa Negra Pueblo 
(Kuckelman 1984a:fig. 41) incorporated a bench 
around the southeastern half of the structure, while Pit
structure 8 at McPhee Pueblo had a bench only on the 
west side. Pitstructure I at McPhee Pueblo (Brisbin et 
al. 1985:fig. 147) incorporated a more " normal" Pueblo 

· II full-circumference bench. Other variations include a 
partial wingwall in Pitstructure 8 at McPhee Pueblo, a 
Peri man-style complex sipapu in Pitstructure 5 at Masa 
Negra Pueblo, and possible altar anchors in Pitstructure 
2 at McPhee Pueblo. The variability seems to indicate 
that, while Cline pitstructures in general conformed to 
Pueblo II "kiva" morphology, in some cases they re
t ai n ed some P ueblo 1/Periman Sub phase 
characteristics. 

These morphological changes probably are related to 
some basic changes in function as well. Cline Subphase 
structures lack the formal mealing areas common to 
Periman pitstructures, although mealing tools are rep
resented in some of the floor assemblages. The density 
of floor-associated domestically oriented artifacts, es
pecially storage vessels and nonflaked lithic tools, is 
much lower when compared to Periman Subphase an
alogs. Most domestic tasks appear to have been rele
gated to the roomblock area and the pitstructures 
generally were reserved for more specialized activities 
including ri tual activities, craft manufacture, and pro
duction and maintenance of some tools. The kiva func
tional interpretation is a generalization. Some Cline 
pitstructures (for example, Pitstructures 5 and 8 at 
McPhee Pueblo) yielded floor assemblages with high 
densities of domestic tools and other " household" fur
niture. Thus, some pitstructures may have retained a 
more traditional partial domestic function during the 
Cline Subphase. Pueblo II kivas usually have been in
terpreted as primarily "ceremonial and integrative" in 
function (cf. Morris 1939:34 and Gillespie 1976:86-
188). Thus, it seems somewhat contradictory that the 
elaborate ritual feature complexes common in Periman 
Subphase pitstructures were not maintamed 111 the 
Cline " kivas." The discontinuation of the maintenance 
of the Periman ritual complexes indicates a shift in the 
type and orientation of ritual/ceremonial activities 
rather than their removal. The proposed shift would be 
in the direction of mobile group activities requiring 
relatively large amounts of open space (e.g., dances), 
rather than the stationary activities implied by the rei-
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ati vely high feature density, cluttered Periman pit
structures surfaces. 

The surface room blocks north of the plaza-pitstructure 
area maintained the crescent shape, north-south axis 
orientation, and double-room row arrangement char
acteristic of the preceding Periman Subphase. Cline sur
face room facilities in general appear to have 
incorporated more coursed stone masonry into room 
walls than did their Periman predecessors. This trend 
toward more substantial construction is most evident 
in the post-A.D. 950 roomblock at McPhee Pueblo. 
Late Cline Subphase room construction at this room
block unit featured sturdy walls, usually consisting of 
large sandstone blocks set in mud mortar. The rear wall 
of the surface pueblo consisted of blocks and slabs set 
crosswise in the wall, which substantially increased its 
massiveness and stability. 

The function and spatial organization of individual 
room faci lities within the room block generally seem to 
have remained similar to the patterns evident during 
the Periman Subphase. Front rooms generally served 
as the domestic centers for households, while back 
rooms maintained their traditional function as primary 
storage faci lities. One apparent functional change was 
the incorporation of mealing stations into some of the 
rear rooms. For example, Rooms I, 3, 8, and 78 at 
McPhee Pueblo (Brisbin et al. 1985:figs. 94, 99, 103, 
and 112) are back rooms that incorporate at least I 
mealing station (as indicated by the presence of me
tates). The distribution of the rooms containing meal
ing stations (one such room per household apartment) 
suggests these facilities were primarily accessed by 
household groups. Two of the rooms (Rooms 3 and 78) 
have only I mealing station, while the other 2 (Rooms 
I and 8) have multiple mealing stations; this suggests 
the latter 2 rooms may have been facilities shared by 
more than I household unit or by several grain pro
cessors from the same household. 

The patterns of Cline Subphase architecture suggest the 
traditional Periman form of domestic/economic social 
organization remained virtually intact during the Cline 
Subphase. Most, if not all, activities and technologies 
necessary for economic survival apparently were or
ganized at the nuclear family (household) or cooper
ating family (interhousehold) level. The retention of the 
conliguous famtly apmtments and shared pttstructure 
pattern suggests the interhousehold continued to be the 
critical social unit in economic production. Higher level 
organization probably was less structured and less of a 
factor in everyday life during the Cline Subphase than 
it was during the organizationally complex late ninth 
century (Periman) occupation. The drastic decline in 
local population levels between the Periman and Cline 
Subphases probably meant the pressure on agricultural 
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lands inferred for the Periman period was relaxed. 
Hence, the major impetus for formation and mainte
nance of corporate groups was no longer a factor. The 
Cline population apparently continued to use a logis
tically oriented resource exploitation system incorpo
rating seasonally used camps and agricultural fi eld 
houses. The DAP excavated a Cline Subphase field 
house in the Sagehen Flats area in 1979 (Casa Roca; 
refer to Brisbin [ 1982)); also, a seasonal Cline occu
pation, perhaps a base camp, was identified at LeMoc 
Shelter in the northern part of the project area (Hogan 
1983:162-174, 232-233). Small aggregated population 
centers (settlements with multiple-roomblock un its) 
probably served as the social and ceremonial centers 
for outlying settlements. This speculation is supported 
by the presence oflarger-than-normal pitstructures (Pit
structure 2 during the early part of the Subphase, Pit
structure I during the late part of the subphase; refer 
to Brisbin et al. [1985 :447-461 , 590-608)) at McPhee 
Pueblo. These structures may have served as the loca
tions for local social interchange and ceremony. Res
ervoir Village may have been another such center 
during the Cline Subphase. 

If the Cline Subphase groups at Dolores maintained the 
inte rhousehold form of economic organization, as im
plied by the associated architectural patterns, then it 
might be inferred that the Cline groups relied on tra
ditional means of subsistence as well. The interhouse
hold form of domestic o rganiza ti on sho uld be 
associated with a relatively great dependence on corn 
agriculture as a primary subsistence means and with 
suitable tool and container inventories (table 5.3). This 
hypothesis can be tested through an evaluation of the 
associated material culture, including the lithic tool and 
ceramic container data sets and the faunal and botan
ical remains. 

Measurements of the lithic tool data (chap. 3, figs . 3.4 
and 3.6) are ambiguous in terms of support or non
support of the hypothesis. Cline Subphase flaked lithic 
tool assemblages are similar in composition to those of 
other subphases characterized by agricultural depend
ence and organizational complexity (the Dos Casas and 
Periman Subphases [table 5.3)); they contain relatively 
high proportions (greater than 40 percent) of utilized 
flakes and relatively low proportions of used cores/ 
cobble tools and high-production-input tools (e.g. , thin 
unifaces, specialized forms, and thin bifaces). Propor
tions of projectile points, however, are higher in Cline 
Subphase assemblages than predicted by the hypothet
ical relationships in table 5.3. The equitability and 
Shannon-Wiener diversity measurements for the Cline 
Subphase flaked lithic tool assemblages (chap. 3, fig. 
3.4) are consistent with the high agricultural depend
ence model. While both measurements are somewhat 
higher than the comparable Dos Casas and Periman 
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indices, they are more similar to these subphases than 
to the organizationally simple Tres Bobos, Sagehill , and 
Grass Mesa Subphases. 

The measure ments for Cline Subphase nonflaked lithic 
collections are more ambiguous in terms of the 
organization-lithic assemblage correlations suggested in 
table 5.3. In general, the proportions of tool types 
within the assemblages seem consistent with the ex
pectations for an organi zationall y complex, highly ag
ricu lturally dependt: nt soc iety. Proportions of two-hand 
manos, large hafted items, and ornaments are relati ve ly 
high, and proportions of one-hand manos are low, 
which is consistent with the expectations. However, the 
equitabil ity and Shann on-Wiener di ve rsity indices 
(chap. 3, fig. 3.6) are comparati vely l ow and similar to 
the corresponding Tres Bobos and Sagehill indices, con
trary to the hypotheti cal relationships proposed in table 
5.3. Flaked lithic tool to nonflaked lithic tool propor
tions (chap. II , fig. 11 .1) for the subphase more closely 
resemble the earl ier " non in tensive" Tres Bobos and Sa
gehill values (although they are not as extreme as the 
Grass Mesa index) than they do the " intensive" Dos 
Casas and Periman values. 

The characteristics of the Cline Subphase nonflaked 
lithic assemblages are not easily interpreted, but do con
tain some characteristics (high proportions of two-hand 
manos, large hafted items, and ornaments) thought to 
reflect complexly organized, agriculturally dependent 
groups. The flaked to non flaked lithic tool ratio suggests 
closer overall affinities to the generalized subsistence 
pattern; however, as previously discussed (refer to Per
iman Subphase presentation), this measurement ts 
probably not amenable to simple interpretation. 

The treatment of ceramic containers (chaps. 2 and 12) 
is germane to this argument. However, these discus
sions are primary restricted to Modeling Periods I 
through 5 (A.D. 600-920), both because the available 
data sets for other periods were very small , and because 
the pre-A.D. 920 record was most important in terms 
of the modeling effort. Consequently, only portions of 
the presentation are useful here. 

Blinman's specific discussion of food storage in ceramic 
vessels (chap. 12, fig. 12.1) suggests Cline Subphase 
groups continued to rely heavily on bulk cultigen stor
age in specialized room facilities , rather than on storage 
in containers; this inference is based on the low pro
portion of vessels thought to be used for storage of dry 
and perishable materials in the Cline collections (e.g., 
seed jars). Blinman also presents estimates of dietary 
reliance on agriculture based on the ratios of cooking 
jars to bones and cooking jars to bowls in the assem
blages for individual periods (chap. 12, figs . 12.2 and 
12.3). 



Cline Subphase groups apparently relied to a greater 
extent on animal food sources than did the preceding 
Periman groups, based on substantial increases in the 
animal bone/cooking jar sherd ratio in Cline collec
tions. However, Cline groups also apparently main
tained a high reliance on agricultural products based 
on a continued high ratio of cooking jar sherds to bowl 
sherds; Blinman's calculations indicate this ratio did 
not fluctuate much between Modeling Periods 4, 5, and 
6 (A.D. 840-980). This ratio may be affected by other 
factors , and the surface interpretation given here must 
be tempered with caution. The ratio might be affected 
by the frequency of "potluck" rituals (requiring serving 
bowls) and the size of the group for which food is being 
prepared (larger groups would require larger vessels, 
which would increase the volume of jar sherds but not 
the number of actual vessels). The effect of these factors 
on the relevant ratios could not be judged. 

Post-A.D. 920 (Cline Subphase) ceramic collections 
also differ markedly in presence or absence and pro
portions of certain types. Corrugated gray ware vessels 
appear in the record for the first time. Mancos Gray 
sherds are more abundant than Moccasin Gray; the 
number of Mancos Gray sherds was augmented by clap
boarded sherds from "hybrid" partially corrugated, 
partially neckbanded vessels (chap. 2). Cortez Black
on-white became the predominant white ware type, 
Piedra Black-on-white continues to be present, and 
Mancos Black-on-white is present, but rare; the Mancos 
Black-on-white sherds probably are attributable to the 
late portion of the Cline Subphase (post-A.D. 950). 
These shifts in ceramic types apparently are unrelated 
to the described change in demography, organization, 
and subsistence. 

Blinman's interpretations (chap. 2) are not well sup
ported by other measurements of the Period 6 (Cline 
Subphase) faunal data, however. Based on variations in 
the regression of bone against sherds for the modeling 
periods, it is suggested in chapter 7 that Periods 4 and 
5 may have been characterized by less reliance on total 
fauna; thus, Period 6 groups may have relied on faunal 
resources to a greater extent than their large village 
predecessors. However, Period 6 was longer than Pe
riods 4 and 5, and hence, the difference may reflect 
length of the deposition period rather than cultural var
iation. The results presented in chapter 7 cannot be 
used to verify another of Blinman's (chap. 12) inter
pretations, that reliance on large game increased during 
the Cline Subphase. 

Also in chapter 7, a series of Period 6 (Cline Subphase) 
botanical measurements is presented and discussed 
(figs. 7.8-7.13). Ubiquity measurements (figs. 7.8-7.10) 
suggest that reliance on corn was relatively low and that 
use of pioneer plants also was somewhat low, but re-
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liance on wild plants was very high. A different series 
of measurements, based on ratio of number of plant 
remains to number of sherds (figs. 7.11-7.13) produced 
results that did not provide much consistency with the 
ubiquity measurements. Reliance on corn during Per
iod 6 does appear to be relatively low. On the surface, 
then, the botanical data do not support the hypothesis 
of Cline Subphase high agricultural dependence. The 
resource mix study presented in appendix D, which was 
designed to control for some noncultural variability in 
the botanical data set, also suggests that reliance on 
corn may have been somewhat less during the Cline 
Subphase than during previous periods, although the 
differences between periods were not significant. Plant 
family diversity, which should reflect general depe:ld
ence on wild and pioneer plants, apparently did not 
increase during the Cline Subphase. In its entirety, then, 
the botanical data suggests decreased dependence on 
corn during the Cline Subphase and, possibly, more 
frequent use of wild plants. These results tend to con
tradict the high agricultural dependence hypothesis. 

The material culture data provide only equivocal sup
port for the hypothesis that Cline Subphase groups were 
relatively highly dependent on agriculture, consistent 
with the interpretation of complex household organi
zation. The Cline flaked lithic tool assemblages are con
sistent with the complex organization patterns outlined 
in table 5.3. However, the nonflaked lithic assemblages, 
perhaps more crucial in terms of measuring reliance on 
agricultural produce, are more ambiguous in terms of 
the hypothesis. While some tool proportions are con
sistent with the complex organization patterns de
scribed in table 5.3, the associated diversity and 
equitability measures are more compatible with the 
simple organization-diversified subsistence pattern. 
The ceramic data seem consistent with the high de
pendence hypothesis. No clear conclusions could be 
drawn from the faunal data, although one line of evi
dence suggests that use of faunal resources may have 
increased during the Cline Subphase, a finding at odds 
with the hypothesis. Although the botanical data are 
very difficult in terms of controlling for noncultural 
factors and in terms of identifying consistent patterns, 
reliance on corn likely decreased during the Cline Sub
phase in comparison with the previous Periman Sub
phase, and use of wild plants may have increased. 

Thus, the applicable data in its entirety cannot be in
terpreted as providing strong support for the model of 
high agricultural dependency. This suggests some in
ternal variability probably exists in the patterns out
lined in table 5.3 and that complex household 
organization may not be consistently indicative of an 
economy with high agricultural depl!ndence. Certain 
circumstances may result in a mor~ ilexible economy 

381 



FINAL REPORT 

with more emphasis on wild plant and animal re
sources. For example, the Cline Subphase groups were 
not faced with subsistence competition from nearby 
settlements, and native wild animals and plants might 
have reclaimed some of their former range after the 
exodus of the Periman and Grass Mesa groups and 
hence may have been more accessible to the Cline 
groups. While the lithic data from individual subphases 
seem to generally support the patterns outlined in table 
5.3, the suggested correlations between complex house
hold organization and agricultural dependency and 
simple organization and subsistence diversity are not 
consistently supported by the data. Evidently, the Do
lores Anasazi groups were flexible in their economic 
pursuits when permitted by circumstance. Competition 
among neighboring communities and human pressures 
on native fauna and flora may have limited subsistence 
options in periods of high population density and re
sulted in more consistent conformance with the ideal
ized patterns formulated in table 5.3. 

More detailed descriptions of Cline Subphase architec
ture and material culture are provided in the appro
priate individual site reports. For the McPhee village 
area, these include McPhee Pueblo (Site 5MT4475 
[Brisbin et al. 1985]) and Masa Negra Pueblo (Site 
5MT4477 [Kuckelman 1984a]). Other DAP reports 
containing descriptions of Cline Subphase occupations 
include LeMoc Shelter (Site 5MT2151 [Hogan 1983]), 
Casa Roca (Site 5MT2203 [Brisbin 1982]), and Kin 
Tl'iish (Site 5MT2336 [Dohm and Gould 1985]). 

Sundial Phase (A.D. 1000-1200) 

Anasazi use of the project area continued after A.D. 
I 000, although the occupation of most of the project 
area after the Cline Subphase probably was less inten
sive in comparison to earlier phases. DAP site survey 
records suggest approximately 90 to 100 sites recorded 
in the project area (within the reservoir takeline) have 
Sundial Phase components. Of this total, approximately 
60 were judged to be limited activity sites, about 30 
were classified as seasonal sites, and the remainder (ap
proximately I 0) apparently were more permanent hab
itation sites. 

The recorded habitation sites are separate roomblock 
units at larger aggregated communities. These com
munities are located on the uplands south and west of 
the reservoir (formerly the portion of the river valley 
north and west of Dolores); hence, the inference that 
most of the project area was used less intensively during 
this phase. Most of the Sundial Phase sites in the river 
valley proper or in its vicinity are interpreted to have 
been seasonal habitations or limited activity locations 
for nonindigenous groups exploiting the area for par
ticular subsistence resources. Some of the recorded sites 
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with more substantial architecture may represent at
tempts to recolonize this formerly densely inhabited 
area. Most Sundial occupations apparently date to the 
100 years between A.D. 1050 and 1150. Apparently, 
less use was made of the project area after the latter 
date, and even transitory use ceased by approximately 
A.D. 1200. Two subphases have been defined for the 
Sundial Phase, the Marshview Subphase (A.D. 1000-
1200) and the Escalante Subphase (A.D. 11 20-1180). 
The Marshview Subphase represents mainly seasonal 
use of the project area by groups maintaining principal 
residence at larger settlements to the south and west. 
The Escalante Subphase represents use of the area by 
groups residing at the Escalante village, a 12th century 
settlement centered on the Escalante Ruin, a Chocoan 
trading outpost. 

The Marshview Subphase (A.D. 1000-1200). - The 
Marshview Subphase primarily represents noninten
sive, primarily seasonal use of the river valley and ad
jacent uplands by "late" (late Pueblo II and Pueblo III 
periods; A.D. 1050-1200) Anasazi groups. According to 
Petersen's reconstruction of project area attractiveness 
based on regional climatic variability, Dolores was gen
erally unattractive to immigrants (and probably to in
digenous populations) after A.D. 940, except for the 
period between A.D. 1100 and 1175 (chap. 4, sect. 6, 
table 4.43). The peak period of Marsh view occupation 
corresponds fairly well with this favorable time, al
though the influx during the 12th century was not as 
large as predicted. 

Marshview Subphase sites containing architecture are 
widely dispersed over the southern half of the project 
area, and generally appear to be distributed in a random 
fashion (fig. 5.3). Only 2 Marshview sites with associ
ated architecture were recorded in the northern portion 
of the project area, and both - LeMoc Shelter (Site 
5MT2151) and Beaver Creek Shelter (Site 5MT2216) 
are in shelter settings, as their names imply. One cluster 
of recorded Marshview Subphase sites is located near 
the southern limit of the project area on the bluffs above 
the river. This cluster represents the seperate room
block units of Reservoir Village, a large Pueblo 11-early 
Pueblo III settlement. A second site cluster is located 
approximately I km to the northwest; this is Escalante 
Village, which is the main focus of the Escalante Sub
phase (see discussion of Escalante Subphase). Settle
ments with multiple aggregated roomblocks are 
noticeably absent in the main portion of the project 
area. A Marshview architecture recorded by DAP field 
crews exhibits relatively great variability in form and 
comparatively low investment in materials and labor. 
Architectural expressions consist of small, isolated pit
structures without associated surface rooms, surface 
rooms without pitstructures, or single pitstructures as
sociated with surface rooms. Most architectural sites 
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Figure 5.3 - Locations of Sundial Phase (Marshview and Escalante Subphase) occupations in the project area. 
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were small; the results of DAP excavations suggest 
most, if not all , Marsh view sites with architecture con
tained only a single pitstructure or a small surface room 
complex. The size of some of the individual room blocks 
at Reservoir Village suggests the presence of multiple 
pitstructures, but sites within the village area were not 
investigated . .1 

The accumulated Marshview site survey and excavation 
data suggest indigenous population levels were very low 
during this subphase and probably varied according to 
season, except for the Reservoir Village area. Of the 
approximately 100 total components assigned to the 
Sundial Phase, more than 90 probably are affiliated 
with the Marshview Subphase. Excepting those sites 
classified as limited activity sites (those sites without 
structures and with low material culture densities), the 
Marshview archaeological expression consists of ap
proximately 30 sites classified as seasonal occupations 
and I 0 others classified as habitations (generally indi
vidual roomblock units). 

Sundial Phase (and Marsh view Subphase) seasonal sites 
are restricted primarily to the southern half of the proj
ect area. Only 4 Marshview Subphase seasonal occu
pations were recorded north of Sagehen Flats and the 
House Creek drainage. The 2 northernmost recorded 
occupations, at LeMoc Shelter and at Beaver Creek 
Shelter, are in canyon talus overhangs in the Grass Mesa 
Locality. Marshview Subphase settlements are ex
tremely restricted in their spatial extent and appear to 
be confined to Reservoir Village and its vicinity. 

Temporally, most Marsh view occupations seem to date 
to the 100-year period between A.D. 1050 and 1150. To 
test the accuracy of this inference, project sites that 
yielded Mesa Verde Black-on-white ceramics in site sur
vey or excavation collections were identified. It was 
assumed that the presence of Mesa Verde Black-on
white pottery would indicate post-A.D. 1180 occupa
tions, based on the accepted A.D. 1200-1300 manufac
turing date range for this type (Breternitz et al. 1974:46; 
Blinman, chap. 2). Eleven Marshview sites with Mesa 
Verde Black-on-white sherds were identified, which 
supports the inference that post-A.D. 1150 Anasazi use 
of the project area was minimal. Of the II identified 
late occupations, 9 are interpreted to be limited activity 
loci, based on the individual descriptions provided on 
the site survey forms. The other 2 late occupations are 
at Reservoir Village, which suggests this particular set
tlement remained inhabited into the post-A.D. 1150 
period. The presence of late sherds at 3 canyon shelter 

' Reservoir Village was not directly impacted by project construction 
and was not investigated by DAP field crews. Most of this presentation 
is based on the results of fieldwork conducted at the seasonal Marsh
view sites in the river valley and vicinity, north of Reservoir Village. 
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sites (LeMoc Shelter, Singing Shelter, and Site 
5MT22 16) suggests such locations were used by later 
as well as earlier groups in the Dolores area. 

In the preceding discussion , it is assumed population 
levels within most of the project area (with the excep
tion of the southernmost portion) were very low during 
the Marshview Subphase. Most use probably was con
fined to the more clement portions of the year, given 
the inferred emphasis on specialized economic activi
ties. Thus, Marshview use of the river valley and the 
adjacent uplands was perhaps generally correlated with 
annual economic cycles, such as the growing season and 
the hunting season. 

One Marshview Subphase occupation investigated by 
the DAP (at Beaver Trap Shelter [Site 5MT4654] ; Hew
itt and Harriman [ 1984]) exhibits architecture that 
might be indicative of more permanent, year-round oc
cupation. A full complement of domestic facilities (hab
itation rooms and storage rooms or cists) and a kiva
like integrative structure are present at this shelter 
location. 

Alternatively, some of the sites classified as seasonal 
settlements might represent attempts to recolonize the 
middle portion of the valley area. Forms of architecture 
that depart from the norm, and relatively low invest
ments in architectural facilities would be consistent 
with colonizer settlements as well as with seasonal use 
sites. For example, Marsh view Hamlet (Site 5MT2235) 
may represent such an attempt at recolonization. In 
archaeological investigations at Marshview Hamlet, 
Wilshusen (1982b:91, 93-94) speculates the site might 
have been the residence of a nuclear family that budded 
off from a not-too-distant nucleated settlement. 

Regardless of whether Marsh view architectural sites are 
seasonal locations or pioneer settlements, the number 
of groups to be found in the main part of the project 
area at any I time probably was very low. Even during 
the peak A.D. I 050-1150 use period, the momentary 
occupation probably consisted of fewer than I 0 nuclear 
families or economic task groups, and perhaps fewer 
than 5. During other portions of the subphase, mo
mentary population levels were probably even lower. 

Large, permanent, nucleated settlements were present 
in the southern portion of the project area and outside 
the project area to the west and south. Reservoir Village 
and Escalante village (Escalante Subphase) were located 
a few kilometers west of the present town of Dolores 
in the area where the river canyon makes a 90• ben 
to the north . Reservoir Village consists of more th: 
20 separate residential roomblocks. Also present in 1 

village area are a tri-wall structure and a possible g· 
kiva, the latter visible as a large depression associ 



with the largest roomblock. Most of the residential units 
are situated on the high bluff south of the river valley, 
although 2 room blocks are located on the edge of the 
low bluffs on the north side of the valley opposite the 
main residential area . The DAP archaeological and his
toric resource survey crew recorded 14 separate room
blocks within the village area, but the village also 
extends to the west, outside the limits of the project 
area. MAPCO field crews recorded 7 additional room
blocks in this western area and test excavated 4 of them 
(Spears 1982; Honeycutt 1982; Lux-Harriman 1982b); 
other unrecorded roomblock units are present in the 
vicinity as well. The village might have accomodated a 
total population of approximately 600 to 700 individ
uals, based on an estimated total length for all room-

. blocks of 600 to 700 m, and assuming approximately 
I inhabitant per linear meter of architecture. This con
version has been used in other DAP estimates of village 
population (Kane 1985a). Momentary population fig
ures were probably somewhat lower. It seems reason
able to assume that at least 70 to 80 percent of the 
available dwellings were occupied simultaneously dur
ing the peak population period (cf. Hill 1970; Kane · 
1985a); thus, maximum momentary population levels 
for the village probably were close to 500 to 600 
individuals. 

The Reservoir Village occupation can be dated by ap
plying the ceramic assemblage typological composition 
method developed by Blinman (chap. 2) to the DAP 
site survey collections and to the excavation collections 
made by MAPCO (Spears 1982:table 5.2-1; Lux-Har
riman 1982b:table 5.2-2). Based on the application of 
several measures suggested by Blinman (table 5.5), most 
ceramic deposition at Resevoir Village dated to the 
A.D. 1025-1100 period, with less deposition during the 
earlier A.D. 910-980 (Cline Subphase) and A.D. 980-
1025 periods. The village was abandoned before A.D. 
II 00, based on the virtual absence of McEimo Black
on-white sherds from the collection. Thus, the occu
pation at Reservoir Village lasted approximately 100 
to 150 years, or perhaps from A.D. 950 to 1075, with 
the most intensive use probably occurring between A.D. 
1025 and 1075. With the exception of Escalante Village, 
most other post-A.D. 900 settlements on the periphery 
of the project area appear to be essentially Pueblo II 
(A.D. 900-1100) occupations. For example, neither the 
Brumley Ruin (Site 5MT2372, located about 3 km 
northwest of the Sagehen Flats area and recorded by 
DAP survey crews in 1974), or 2 other post-A.D. 900 
settlements located just to the west of the project area 
and tested by MAPCO crews (Sites 5MT5495 and 
5MT5456; see Lux-Harriman [ 1982c] and Cavanaugh 
[ 1982]) were occupied later than A.D. 1100, based on 
the ceramic evidence. Thus, the recorded post-A.D. 
I 07 5-1100 occupations in the project area likely reflect 
visits from further-removed settlements (for example, 
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post-A.D. 1100 groups residing at Yellow Jacket Ruin 
[Site 5MT5], located approximately 10 km west of the 
project area) or use by the Escalante Village residents 
(Escalante Subphase), which dates to the 12th century. 

Marshview Subphase architecture exhibits a relatively 
great degree of variability, and except for Reservoir Vil
lage, does not conform to "normal" Pueblo II and 
Pueblo III patterns (Morris [ 1939:33-46]). Marsh view 
Subphase architectural sites (this discussion refers 
strictly to those sites outside the Reservoir Village area) 
invariably lack full architectural complements (habi
tation rooms, storage rooms, and a plaza area contain
ing kivas). Of the 8 sites with Marsh view architecture 
investigated by the DAP (LeMoc Shelter [Site 
5MT2151], Marshview Hamlet [Site 5MT2235], South
view House [Site 5MT2241), Paintbrush House [Site 
5MT2729], Beaver Trap Shelter [Site 5MT4654], Sing
ing Shelter [Site 5MT4683], Pinyon House [Site 
5MT4751], and Weasel Pueblo [Site 5MT5106]), 5 con
tain pitstructures, and of the 3 that do not, 2 are in 
shelter locations. A shelter location might partially ob
viate the need for a pitstructure, given the availability 
of natural protection. 

One Marshview occupation, at Beaver Trap Shelter 
(Hewitt and Harriman 1984) did contain a full com
plement of habitation rooms, storage rooms, and a kiva
like structure.• However, the spatial arrangement of the 
Beaver Trap facilities is unusual in that the kiva is in
corporated into the roomblock and the storage rooms 
are in the form of separate walled-off natural alcoves 
rather than being incorporated into surface room apart
ment suites. Much variability is evident in the surface 
room complement. Given the seasonal or pioneer 
homestead nature of Marsh view Subphase architectural 
sites, well-constructed surface room complexes may 
have been considered unnecessary, in terms of invest
ment in materials and construction expense. When 
present, Marshview Subphase surface room complexes 
generally consist of a single masonry or pole-and-daub 
room and associated extramural features, both gener
ally situated to the north of the pitstructure. Most 
Marshview Subphase surface rooms (for example, the 
surface rooms at Singing Shelter and Beaver Trap Shel
ter) seem to have functioned primarily as habitation 
rooms, based on their feature and artifact content. The 
only rooms that apparently functioned strictly as stor
age facilities were the alcove rooms at ,Beaver Trap Shel
ter. The form and content or even certain presence of 
surface rooms at Marshview Hamlet, Paintbrush 
House, and Pinyon House could not be ascertained be
cause of postabandonment decay or disturbance. 

'This particular occupation may date either to the A.D. 910-980 (Cline 
Subphase) or A.D. 980-1025 (Marshview Subphase) period based on 
the characteristics of the ceramic collection. Here it is somewhat ar
bitrarily treated as a Marshview occupation. 
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Table 5.5 - Ceramic assemblage measurements used to date the Reservoi r Villge occupation 

Measurement Expectation for particular period* Results Inference 

A.D. 980- A.D. 1025-
A.D. 910-980 1025 1100 A.D. 1100-1175 

Presence/absence of Me- Absent Absent Absent Present Absent at all collected room- The virtual absence of McElmo Black-on-
Elmo Black-on-white blocks with the exception of white and the rarity of Cortez Black-on-

the Reservoir .site (Site white and Moccasin and Mancos neck-
5MT4450) itself banded types suggest the village occupa-

tion dates primarily to the A.D. 980-
Presence/absence and pro- Rare Present Sole painted Predominant The predominant painted white 1025 and A.D. 1025-1100 periods, with 

portion of Mancos white ware ware in all collected abandonment occurring before A.D. 
Black-on-white type room blocks 1100. The very low proportions of Cor-

tez Black-on-white and Mancos Gray 
Presence/absence and pro- Predominant Present Absent Absent Present in low proportions at 6 types suggest an emphasis on the A.D. 

portion of Cortez Black- roomblocks, absent at 4 1025-1100 period 
on-white others 

Presence/absence and pro- Predominant Present Absent Absent Present in very low proportions 
portion of Moccasin and portions at 7 collected room-
Mancos Gray blocks, absent at 3 others 

Proportions of rock- Higher pro- Even propor- Higher propor- Rock temper For the 8 collected roomblocks The results of these two measurements 
tempered white ware to portions of tions tions of sherd virtually for which this measurement support the inferences based on the firs t 
sherd-tempered white rock temper absent was available, the ratio fo r measurements - most vi llagt> occupation 
ware temper the total collection was 530 in the A.D. 980-1025 and A.D. 1025-

rock temper to 387 sherd 1100 periods. The temper measurement 
temper. Only I roomblock suggests a stronger I Oth century pres-
unit (Site 5MT4447, the tri- ence than stated in the original interpre-
wall structure) exhibited high tation; however, the corrugated 
proportions of sherd-tem- measurement supports the original 
pered white wares strong II th century interpretation. 

These measurements also suggest the use 
Proportions of Mancos All Mancos Higher propor- Dolores Corru- This measurement was avai l- of the tri -wall structure (Site 5MT4447) 

Corrugated versus Do- All Mancos Corrugated tions of Man- gated more able for all 10 collected room- may have continued later than the other 
!ores Corrguated Corrugated cos Corru- common blocks; the ratio for the total architectural units. 

gated collection was 122 Mancos 
Corrugated to 55 Dolores 
Corrugated. Only I room-
block (Site 5MT4447) had rei-
atively high proportions of 
Dolores Corrugated 

• Expectations based on the discussion of ceramic assemblage dating presented by Blinman (chapter 2). 

e e 
- --- ---~ • 

::!J 
z 
)> 
r 
:IJ 
m 
"0 
0 
:IJ 
-i 



Marsh view Subphase pitstructures can be characterized 
as small, as requiring relatively low investment in ma
terials and labor, and as functioning a& domestic and 
resource processing facilities rather than as "kivas." 
They generally are round and relatively shallow; con
struction was simple, with the sides of the original ex
cavated pit serving as the walls of the structure. Often, 
stone coursing was added in some sections (for exam
ple, around the ventilator opening), probably to provide 
added structural strength. The domestic and resource 
processing inference is based on an assessment of floor 
features and artifact content, and the lack of formal, 
stylized construction generally associated with kivas. 
Floor features usually consist of a basic set of utilitarian 
features (central hearth, ash pit, warming pits, venti
lator system, and wall and floor cists) that appear to be 
consistent with the domestic space interpretation. A 
simple sipapu is usually present as well; its presence is 
not inconsistent with the domestic interpretation, as 
any prolonged occupation by small groups probably 
would have necessitated a simple ritual or worship lo
cus. The associated artifact assemblages appear to be 
de facto refuse; cooking and serving vessel fragments, 
expediently processed flaked lithic tools, and manos 
(perhaps used in mealing activities) are common com
ponents of Marsh view pitstructure floor collections. 

More "normal"architectural patterns are evident at 
Reservoir Village. Although the lack of relevant exca
vation data makes a certain conclusion impossible, the 
survey information suggests the presence of linear L
shaped and C-shaped masonry roomblocks, with as
sociated pitstructures in a formal plaza area to the 
south. Note should be made of a tri-wall structure, 
named the Emerson Ruin (Site 5MT4447) in earlier 
accounts (Fewkes [1919:33-35] and Eddy and Kane 
[ 1983:260-261 ]), and a great kiva within the village 
area. Specific characteristics of Marshview structures 
are presented in the architecture summary later. The 
seasonal activity-pioneer settlement characterization of 
the Marshview project occupation was derived pri
marily from the architectural data. Architectural and 
settlement data were used to develop the discussion of 
social organization that follows. 

The architectural and settlement data suggest that most 
of the Marshview Subphase sites (with the exception of 
the Reservoir Village area) were used by small, do
mestically oriented groups. Given the descriptions of 
the local Marshview population, settlement patterns, 
and architecture presented in this section, the Marsh
view sites were used primarily by nuclear family units, 
or task-oriented family subgroups. This inference is 
based on the low indigenous population levels, the lack 
of any socially derived patterning among Marshview 
sites (the locations of Marshview sites seem to reflect 
only economic considerations and the advantages of the 
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location itself in terms of protection against the ele
ments), and the characteristics of the individual sites. 

Regarding the last source of inference, only single sets 
of architectural facilities are usually present, the single 
exception being Beaver Trap Shelter, where the Marsh
view occupation contains several individual habitation 
rooms. With the cited exception, only sites with I pit
structure or I pitstructure-roomblock complex were 
identified by DAP excavation crews. Another pertinent 
point is that investigated structures appear to be strictly 
domestic or economic in function. The general infer
ence is that most Marshview sites in the project area 
north of Reservior Village were used by nuclear family 
or subfamily groups in pursuit of economic ends -
either as pioneering homesteads, seasonal farmsteads 
(field houses), hunting camps, or other locations from 
which locally available resources could be conveniently 
accessed. 

The Reservoir Village area itself provides a marked 
contrast in organizational complexity to the rest of the 
project area (fig. 5.4). This residental complex is note
worthy fo r 2 prominent settlement characteristics. 
First, while the village obviously is a single aggregated 
residential area, the individual roomblocks that con
stitute the village are dispersed within the village area 
and conform to no observable regular pattern; a cluster 
of small room blocks is in the vicinity of the larger one 
that contains a great ki va (the Reservoir Ruin [Site 
5MT4448]). Second, the individual roomblocks are rel
atively small,and only a few contain more than 2 to 3 
kivas and more than 20 rooms. 

Reservoir Village contains 33 known roomblocks with 
a total estimated roomblock length of 745 m (or an 
average of about 22.5 linear meters per roomblock; by 
contrast, in the late A.D. 800's, McPhee Village (Kane 
l985a) contained 20 individual roomblock units with 
a total room block length of 915 m (about 46 linear me
ters per roomblock). Reservoir Village provides a con
trast with most known post-A.D. I 000 large Anasazi 
settlements, which feature relatively large roomblocks 
with some formal overall organization of the separate 
residential units (for example, Yellow Jacket Ruin [Site 
5MT5; Brown 1975], or Sand Canyon Pueblo [Site 
5MT765; Adams 1985]). 

At least one post-A.D. I 000 community does exhibit a 
less regular patterning of residential units and hence 
may be analogous in some respects to Reservoir Village. 
This is Mud Springs Ruin (Site 5MT4466 [Fewkes 
1919:20-22]), located approximately 20 km southwest 
of the project area and dating primarily to the 13th 
century. This variability in internal settlement structure 
suggest the management or administrative hierarchies 
at Reservoir and Mud Springs were less well developed 

387 



w 
00 
00 

5507 
!iii] CO ... 

L EGEND 
ROOMBLOCK 

PITSTRUCTURE 
DEPRESSION 

KIVA 

e 

r?' 
, , 
.,. 
0 

! 
-N-

~ 
0 50 100 meters 

APPROXIMATE SCAL E 

5502 
~ 
~, .; 5501 

~ c::r 5500 
,,~ ..... .,. 

5499~ .,. 

5497~ 

5498 
c:= 
~:~ 

~ 

... -.. 

4460 

5496 
= 
;;~ 

4464 4465 = = ~:-:. ;;-:. 

= ;:~ 

4452 

4455 
= -·.. ,,-

4509 
5? -.: 

4449 

'f:2:~ 

4 510 
= ~" , .. 
-, ~· ;,· 

4448 

-~'fl@ -,. 

~ .: 4 450 (RESERVOIR RUIN) 

~~ 
~Q ~·~ w 4447 (EMERSON RUIN) t .. (J·: -·!i;> 

TWO . ., ~4502 
STORY ~ 
STRUCTURE AND 
GREAT KIVA 

~4503 

4453~ ~4454 

Figure 5.4 - Map of Reservoir Village. Not to scale; approximate scale provided only as a general reference. 

e e 

"'Tl z 
~ 
r 
:0 
m 
""0 
0 
~ 



and not as powerful as those at the more formally or
ganized settlements. Many of the more regularly pat
terned settlements contain a separate, compact, 
multiple-story roomblock that bears morphological re
semblance to published descriptions of "Chacoan out
liers" (Powers et al. 1983). 

These "Chacoan structures" may represent the location 
of village management or government and their more 
regularly patterned spatial plan may be due to the in
fluence of these management groups. Reservoir and 
Mud Springs are not coeval with the Chacoan
influenced sites (Reservoir is 50 years earlier, Mud 
Springs is 100 years later), and consequently their non
Chacoan management structure may not have been as 
effective in influencing residential construction within 
the village area. The 4 largest recorded room blocks that 
might have served as the locations of suprahousehold 
management groups within the Reservoir Village area 
are fairly well dispersed within the community area and 
not grouped in I location. However, the administrative 
center of the village is thought to have been in the east
ern portion of the village, based on the presence of a 
great kiva with an associated two-story roomblock and 
several smaller roomblocks, and a nearby tri-walled 
structure (Site 5MT4447, the Emerson Ruin). 

The last structure deserves further comment. The 
Emerson Ruin was first mentioned in the archaeolog
ical literature by Fewkes ( 1919:33-35), who provides a 
ground plan clearly showing the symmetrically placed 
radial walls characteristic of tri-walled structures. The 
site was visited by the DAP in 1978; new compass ori
entations for the radial walls were obtained through 
transit measurement, and a ground plan map was made 
(Eddy and Kane 1983:260-261, fig. 9.10); the Emerson 
Ruin data are included in a wider treatment of prehis
toric archaeoastronomy at Dolores (Eddy and Kane 
1983). A reconstruction of the tri-walled edifice based 
on the available project data and archaeological analogs 
(fig. 5.5), suggests that the ruin was about 20m in di
ameter and contained about 17 radial rooms (6 or 7 in 
the inner circle and I 0 in the outer circle). Thus, the 
Emerson Ruin is comparable in size to excavated tri
walled structures, that is, the comparable structi.lres at 
the Aztec Ruin (8 inner rooms and 14 outer room:; 
[Vivian 1959:fig. 5]) and at Pueblo del Arroyo (6 inner 
rooms and I 0 outer rooms [Vivian 1959:fig. ··~8]). 

Whether the Emerson Ruin contained a central kiva 
could not be ascertained; the analogous stmcture at 
Aztec Ruin did have such a kiva, while the Pueblo del 
Arroyo example might have lacked one. 

The function of tri-walled structures within the social 
fabric of local Anasazi communities remains a ques
tion. Vivian ( 1959:85) suggests the structure functioned 
as the principal dwelling and place of instruction for 
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Figure 5.5 - Possible reconstruction of the ground plan of Emerson 
Ruin, based on the plan provided by Eddy and Kane 
( 1983:fig. 9. 10). Not to scale; approximate scale provided 
only as a reference. 

inctptent priestly groups. Thus, the presence of tri
walled structures may signify the beginnings of hier
archial class structure in Anasazi society. A difficulty 
with Vivian's hypothesis is that the radial rooms seem 
to be rather small to be considered habitation rooms 
and lack the features (central hearths, storage cists) 
commonly associated with these types of facilities. The 
characteristics of the radial rooms are consistent with 
a storage facility interpretation. In Plog's ( 1969:149-
165) discussion of resource redistribution in prehistoric 
Anasazi society, tri-walled structures are cited as a pos
sible location for the control and allocation of com
munity food resources. This interpretation is consistent 
with the inferred storage function of the radial rooms 
as, in Plog's model , those rooms would have been used 
to store the communal produce. 

Given either interpretation, the presence of tri-walled 
structures implies the presence of a class-stratified so
ciety. Such societies would contain an elite group with 
theocratic privilege and control over food resources. 
Thus, the presence of the Emerson triple wall has like 
implications for the social structure of the Reservoir 
community. The Emerson tri-walled structure appar
ently dates to the II th century; most documented triple 
walls are believed to have dated I 00 or 150 years later, 
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or to the late 12th or 13th century. The early appearance 
of a tri-walled structure at Reservoir Village suggests 
the comparatively early development of complex so
ciety in the Dolores area. 

One additional project discovery should be mentioned 
in the general context of Marshview Subphase social 
relationships. A possible cannibalism incident was in
vestigated at Marshview Hamlet (Site 5MT2235), a 
small, late Marshview Subphase site in the Sagehen 
Flats area. While removing postoccupational fill from 
a pitstructure, the excavation crew encountered a lower 
stratum containing fragmented human bone. The bone 
was carefully removed to the laboratory for analysis. 
The project physical anthropologist was understanda
bly reluctant to conclude that the archaeological context 
represented prehistoric cannibalism; she did infer, how
ever, that the human remains had been subject to vi
olent treatment , probably forceful blows directly 
applied to the bones (Wiener 1982: 128). The human 
remains later were sent for additional examination to 
an authority on prehistoric Southwestern cannibalism, 
Christy G. Turner II , of Arizona State University. 
Turner concluded the find could represent cannibalism, 
based on similarities between the Marshview Hamlet 
remains and other relevant data: 

"The qualitative and quantitative characteristics 
of the human skeletal remains excavated at the 
Marshview Hamlet in southwestern Colorado 
correspond well with the newly established ta
phonomic features of prehistoric Southwest mass 
burials evidencing cannibalism, violence, and be
havior never described in missionary, explorer, 
or ethnographic accounts" (Turner 1982: 150). 

The distinctive features include massive perimortem 
bone breakage, burning and cutting of bone, postmor
tem bone gnawing by animals or humans, excellent 
bone preservation indicative of rapid deposition, and 
telltale patterning in missing skeletal elements, partic
ularly vertebrae. 

In the site report, the mass of human remains is treated 
as a secondary burial (Wilshusen 1982b:43-50). The 
burial consisted of 5 to 6 individuals: 3 adults, a ju
venile, and 2 children. The remains apparently were 
accompanied by grave goods, including II pottery ves
sels, I ceramic canine head effigy, and 2 bone tube 
beads. The grave goods were not arranged on the pe
riphery of the skeletal remains in a regular fashion as 
one might expect in a primary burial. Rather, the goods 
were broken and scattered, and fragments of some were 
recovered from site deposits removed from the pit
structure. This phenomenon led the excavators to be
lieve the burial was secondary in origin (Wilshusen 
1982b:4 7). Based on stratigraphic evidence, the mass 
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burial is believed to date slightly after the abandonment 
of the pitstructure, or sometime between A.D. I 07 5 and 
1150. 

If the Marshview Hamlet remains indeed represent pre
historic cannibalism, it is not known whether the in
dividuals were victims of a foreign group frequenting 
the hinterland to the north of the primary Anasazi set
tlement zone, or whether the act was perpetrated by 
local Anasazi groups, perhaps as a type of "emergency" 
cannibalism (cf. Nickens 1975). Regardless of the re
sponsible agents, the possible cannibalism at Marsh
view Hamlet is not an isolated instance in Four Corners 
prehistory (e.g., Nickens 1975; Luebben and Nickens 
1982). Most possible instances of Anasazi cannibalism 
appear to date to the 12th century, which may reflect 
increasing subsistence hardships during this period. 

What are the expectations for Marsh view Subphase ma
terial culture given the interpretation of seasonal or 
pioneer occupation presented earlier in this subphase 
discussion? In the site report for Paintbrush House (Site 
5MT2729 [Kleidon I984b: 19]), it is suggested that " col
onization assemblages" should be characterized by rel
atively high proportions of materials used for 
construction and in transport and relatively low pro
portions of heavy objects and materials that accumulate 
during lengthy occupations. Additional expectations 
can be developed based on the household organization
lithic assemblage correlations presented in table 5.3. As 
the 12th century influx of new population into the Do
lores area apparently was by nuclear family households 
or intrahousehold task groups, Marshview Subphase 
lithic assemblages should exhibit the characteristics 
correlated with these organizational categories (the left 
and right columns in table 5.3). Therefore, Marshview 
assemblages should contain relatively high proportions 
of easily transportable general-purpose tools and items 
that can be manufactured with a minimum of effort. 
Relatively low proportions of heavy or unwieldy items 
and specialized tools should be found. This character
ization suggests diversity/richness indices for both 
flaked and nonflaked lithic tools should be compara
tively low. 

Container collections (here effectively restricted to the 
ceramic data set) should feature high proportions of 
small, easily transported and low proportions of large 
storage vessels and ollas, which are more clearly asso
ciated with more permanent, over-winter occupations. 
Also, the sizes of Marshview cooking and serving ves
sels should be relatively small, given the relatively small 
size of the groups who are thought to have used these 
sites. Ratios of ceramic items to lithic items should be 
relatively low at Marsh view sites, given the expectation 
that use of ceramic containers would be greater at per
manently occupied settlement. 



The seasonal-pioneer characterization of Marshview 
occupation also has implications for the content of 
faunal and botanical collections. The less-than-substan
tial architecture characteristics of Marsh view sites sug
gests seasonal occupations probably were restricted to 
the more clement portions of the annual economic 
cycle; it is assumed Marshview groups usually did not 
winter in the project area. Given this assumption, 
Marshview groups were likely relying on a variety of 
recently procured, "fresh" produce rather than on 
stored resources. This inference is supported by the ap
parent low frequency of formal storage facilities (except 
at Beaver Trap Shelter) in the Marshview architectural 
record. Conversely, groups that wintered in the area 
would be expected to rely to a greater extent on stored 
resources. As for the Anasazi, if stored resources con
sisted mainly of agricultural produce (especially maize; 
Wolf [ I98 5a]), then Marsh view food refuse should con
tain greater proportions of faunal refuse and wild plants 
and ruderals and lesser proportions of corn. Similar 
exp't.:ctations can be generated for a seasonal-pioneer 
occupation model for the Marshview Subphase. Pi
oneer subsistence strategies initially would be geared to 
exploiting a variety of expediently available resources; 
it would require a few years preparation before a more 
directed agriculturally oriented strategy could be im
plemented. To become effective, agriculturally based 
subsistence systems would require a fairly substantial 
labor and construction investment in associated tools 
and facilities, such as prepared fields, suitable storage 
environments, drying areas, milling tools, and cooking 
wares. It would probably require at least a year and 
perhaps longer for a pioneer group to accomplish the 
necessary preparations. In the meantime, the group 
probably would practice a more generalized food re
source procurement strategy. In the following discus
sion, the relevant data from the lithic, ceramic, faunal, 
and botanical data bases are considered in the context 
of this argument.5 

Marshview Subphase flaked lithic assemblages (chap. 
3, fig. 3.4) exhibit very high proportions of utilized 
flakes (nearly 60 percent of the total assemblage) and 
comparatively very low proportions of virtually every 
other tool type. As might be expected, this dominance 
of utilized flakes is reflected in the Shannon-Wiener 
diversity and equitability indices, which are the lowest 
when considering all subphases. The characteristics of 
the flaked lithic tool data set thus support the seasonal
pioneer model of Marshview Subphase occupation; 
there are high proportions of expediently produced, 
general-purpose tools (utilized flakes), and diversity-

'Generally, with the exception of the lithic data sets, project analysts 
used modeling periods rather than subphases as temporal units. In this 
discussion, " Period 7" (A.D. 980-1250) is equivalent to the Marshv iew 
Subphase. 
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equitability indices are as predicted. Marshview Sub
phase nonflaked lithic assemblages also appear to gen
erally conform to the expectations of the seasonal
pioneer occupation model. The comparative figure pre
pared by Phagan (chap. 3, fig. 3.6) indicates that Marsh
view non flaked lithic collections consist of moderate to 
fairly high proportions of miscellaneous tools and two
hand manos (miscellaneous tools probably can be con
sidered low-production-input, general-purpose tools; 
two-hand manos are relatively high-production-input 
tools, and their possible role in tasks other than milling 
grain is speculative). Subphase variation in the pro
portion of two-hand manos exhibits little correspond
ence with trends in the proportions of trough metates. 
Indeed, an increase in the proportion of two-hand 
manos often seems to be accompanied by a decrease in 
the proportion of trough metates (for example, during 
the Grass Mesa and Marshview Subphases), perhaps 
indicating multiple-functions for these particular tools. 
Proportions of heavy, difficult-to-transport items, such 
as trough, slab, and basin metates, are low in Marsh
view assemblages, as are proportions of items that 
might be associated with long-term site use, such as 
large hafted items and ornaments. The Marsh view pro
duction evaluation index, which reflects the percentage 
of well-made items in the assemblage, is relatively low 
and less than that for the preceding Periman, Grass 
Mesa, and Cline Subphases. As predicted, the Marsh
view Shannon-Wiener diversity and equitability indices 
are comparatively very low, reflecting the dominance 
in the collections of miscellaneous tools and two-hand 
manos. This is again consistent with the expectations 
derived from the model. 

The Marsh view stone tool assemblages can also be com
pared with the general seasonal site profiles (chap. 3, 
figs. 3. 7 and 3.8). Again, the flaked lithic assemblage 
features a very high proportion of utilized flakes and 
low proportions of high-production-input tools (thick 
bifaces, thin bifaces, and projectile points); some of the 
other tool proportions are not similar, but the impli
cations of this variation are unclear in terms of the 
model. The relevant nonflaked lithic tool indices illus
trate similar proportions in the tool types singled out 
as especially pertinent in terms of the model; propor
tions of miscellaneous tools and two-hand manos are 
moderate to high; proportions of metates are low; and 
proportions of ornaments are very low (chap. 3, fig. 
3.9). 

One other stone tool assemblage measurement is rele
vant in the evaluation of the model. This is the flaked 
lithic tool/nonflaked lithic tool ratio in the total Marsh
view assemblage (chap. 3, fig. 3.6). This ratio is rela
tively high in comparison with the ratios for the other 
subphases, which is consistent with an expedient tech
nology that features high proportions of utilized flakes. 
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The ratio also is closest to the comparable values for 
the Dos Casas and Periman Subphases. The factors that 
produced high proportions of flaked lithic tools may be 
different, however. The high proportions in the Dos 
Casas and Periman Subphases are thought to reflect an 
expedient approach to flaked lithic tool technology; that 
is, flaked lithic tools were quickly produced for the job 
at hand and then discarded. This behavior would result 
in a relatively high discard rate in comparison with the 
more specialized and probably curated nonflaked lithic 
tools. The high proportions of flaked lithic tools in the 
Marshview Subphase assemblages may to some extent 
reflect an expedient approach to lithic technology (this 
approach would seem consistent with expectations for 
a seasonal-pioneer occupation), but also might reflect 
low proportions of heavy and unwieldy non flaked lithic 
items. Some characteristics of the Marsh view Subphase 
stone tool assemblages seem consistent with the expec
tations deri ved for the seasonal-pioneer occupation 
model. 

Blinman limits his discussion of ceramic containers 
(chap. 12) to Periods I through 6; hence, the expecta
tions derived for the ceramic data base could not be 
formally evaluated through comparison of subphase as
semblages. Here, 2 ad hoc tests are presented that com
pare individual site data (table 5.6). The first test is a 
comparison of the bowl sherd/jar sherd ratio at Marsh
view sites versus the same ratio at two Dos Casas Sub
;:>hase and 2 Periman Subphase roomblock units. The 
expectation is that the ratio would be higher at Marsh
view sites, because serving vessels (bowls) are assumed 
to have been necessary at seasonal-pioneer sites, while 
food and water storage vessels and perhaps a full com
plement of cooking vessels Uars and ollas) are not. The 
results of this test support the model. For 3 of the 4 
Marshview sites, the bowl/jar ratio is higher than that 
for any of the Dos Casas or Periman room block sites. 
The average ratio for the 4 Marshview sites is 0.172, 
versus 0.103 for the room block sites. 

The second test uses the same sites in a comparison of 
the ratio of total ceramic items versus total lithic (flaked 
and nonflaked) items. The expectation is that this ratio 
will be lower at Marshview sites, given the assumption 
in the model that seasonal or pioneer groups would 
make less use of ceramic containers than their coun
terparts at permanent habitation sites. The results of 
this test also support the seasonal-pioneer model. All 4 
Marshview Subphase sites in the test set had lower ce
ramic item/stone tool ratios than any of the Dos Casas
Peri man roomblock sites. The average ratio for the 
Marshview sites was about 3.5 sherds per stone tool, 
while the Dos Casas-Periman sites ratio was about 11.5 
sherds per stone tool. A Mann-Whitney U-test was im
plemented using the table data to determine whether 
the Marshview ratio was significantly larger. The dif-
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ference was significant (P- 0.04) at a 0.05 level of 
confidence. 

Little relevant data for evaluating the model is con
tained in the resource studies chapter (chap. 7). Because 
oflow sample numbers, Periods 6 and 7 were combined 
in a study of changes in the use of faunal resources. 
The results (chap. 7, tables 7.3, 7.5, and 7.6) appear to 
support the seasonal-pioneer hypothesis, as the indices 
for Period 6-7 (the Cline and Marshview Subphases) 
are relatively high compared to indices for the other 
periods. However, the difference in period length (Per
iod 6-7 is 330 years long; most other periods are 40 to 
80 years in length) was not considered in the calcula
tions. The possible effect of variations in period length 
on the measurements is unknown, although it is prob
ably severe. Hence, the measurements presented in 
chapter 7 must be considered ambiguous in terms of 
support or lack of support for the model presented here. 

The discussion of botanical resource use in the same 
chapter and the resource mix study presented in ap
pendix D are limited to Periods I through 6 and are 
not germane to this discussion. Because of limited sam
ple size and inherent interpretive difficulties, ad hoc 
evaluations of the seasonal-pioneer model using the bo
tanical data base were not developed a~ for the ceramic 
data base. 

The lithic and ceramic data appear to support the 
seasonal-pioneer model of Marshview Subphase occu
pation. Marshview groups were using a set of tools and 
containers that was characterized by high proportions 
of general-purpose items, by low-production cost, and 
by ease of transportation. However, this interpretation 
could not be further supported by the faunal and bo
tanical data, either because analysis results were diffi
cult to interpret or because pertinent studies were not 
undertaken. 

Reports summarizing specific DAP field investigations 
of Marshview occupations are available from other 
sources. These include the site reports for Marshview 
Hamlet (Site 5MT2235 [Wilshusen 1982b]), Southview 
House (Site 5MT2241 [Morris 1983]), Paintbrush 
House (Site 5MT2729 [KJeidon 1984b]), Beaver Trap 
Shelter (Site 5MT4654 [Hewitt and Harriman 1984]), 
Singing Shelter (Site 5MT4683 [Nelson and Kane 
1985]), Pinyon House (Site 5MT4751 [Kuckelman 
1984b]), and Weasel Pueblo (Site 5MT5106 [Morris 
1984 ]). In addition, Blinman and Wilson's report on 
Pueblo II and Pueblo III ceramics in the project area 
(Biinman and Wilson 1985b) also contains pertinent 
information. 

Escalante Subphase (A.D. 1125-1175).- The Escalante 
Subphase represents use of the project area by groups 



w 
\0 
w 

e e 

Table 5.6 -Tests of the Marsh view seasonal-pioneer occupation model using ceramic data 

Site Ceramic item/stone tool ratio 

Total ceramic Total flaked 
items lithic tools 

Marshview Hamlet (Site 5MT2235)* 3 233 538 
Southview House (Site 5MT2241)t 570 114 
Paintbrush House (Site 5MT2729)§ 419 152 
Pinyon House (Site 5MT4751)** 721 134 

Average Marshview ratio 

Windy Wheat Hamlet 
(Site 5MT4644)tt 10 939 1251 

Periman Hamlet, Area I 
(Site 5MT4671) §§ 7 465 818 

Aldea Alfareros 
(Site 5MT4479)*** 12 221 346 

Pueblo de las Golondrinas 
(Site 5MT5107)ttt 27 605 1727 

Average Dos Casas/Periman ratio 

• Data from Wilshusen (1982b:tables 12.A.I , 12.B.I , and 12.B.3). 
t Data frum M. Morris (1983:tables 3, 4, and 5). 
§ Data from Kleidon (1984b:tables A. I, A.3 , and A. 4). 

•• Data from Kuckelman (1984b:tables A.4, B. I, and B.3). 
tt Data from Brisbin (1984a:tables A. I, A.2, and A.4). 
§§ Data from Wilshusen (1983:tables 34, 35, and 37). 

••• Data from Kleidon (1984a:tables A.3 , A.9, and A.l2). 
ttt Data from Brisbin (1984c:tables A.l, A.2 , and A.4). 

Total nonflaked 
stone tools 

347 
37 
II 
42 

331 

272 

298 

331 

Bowl sherd/jar sherd ratio 

Ratio Total bowl Total jar Ratio 
sherds sherds 

3.653 552 2 650 0.208 
3.775 52 508 0.102 
2.570 65 348 0.187 
4.096 116 598 0.194 

3.523 0.173 

6.915 981 9 730 0.101 

6.849 833 6 577 0.127 

18.977 801 II 257 0.071 

13.413 2771 24 330 0.114 

11.538 0.103 
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affiliated with Escalante Village, a Pueblo III settlement 
located near the southern limit of the project area. Ar
chitectural sites seem to be almost totally confined to 
the village area, with one possible exception (Sundance 
Hamlet [Site 5MT2215]; Harriman [1983]). Nonarchi
tectural Escalante occupations are virtually impossible 
to identify, as stone toolkits and ceramic assemblages 
are essentially the same as those for the late Marsh view 
Subphase. Some post-A.D. 1100 project-area nonar
chitectural contexts assumed to be late Marsh view Sub
phase occupation may have actually been Escalante 
occupations. 

Escalante Village is located on the bluffs overlooking 
the Dolores River valley and main project area to the 
east and north; the village area is only about 500 m 
north of the residential area integral to nearby (but not 
contemporaneous) Reservoir Village (fig. 5.3). 

Escalante Village consists of the Escalante Ruin itself 
(Site 5MT2149) and a number of small, dispersed res
idential units (fig. 5.6). The Escalante Ruin was par
tially excavated by University of Colorado crews in 
1975 and 1976 (Hallasi 1979) and stabilized for public 
visitation. The site consists of a single rectangular 
roomblock containing 25 separate rooms and a kiva. A 
second kiva is situated to the south of the pueblo and 
a refuse midden is located to the west. 

The results of tree-ring dating of construction timbers 
(Hallasi 1979:392-396, table 46) suggest the main ar
chitectural complex was constructed in the late A.D. 
11 20's, with major remodelings in the A.D. 11 30's. The 
presence oflate use surfaces in the rooms superimposed 
over roof fall and original room floors suggests a rela
tively lengthy occupation, probably extending into the 
last half of the 12th century. Escalante Ruin has been 
interpreted as a Chacoan outlier based on diagnostic 
architectural characteristics. These include: (I) large
scale planning before construction, based on the sym
metry of the roomblock about a north-south axis and 
incorporation of an intramural kiva; (2) masonry wall 
styles, including core-and-veneer construction and dec
orative banding on the exterior of the roomblock walls; 
(3) ceiling height (original ceiling height was probably 
in excess of 2 m, based on the existing heights of nearly 
2m in some cases [Hallasi 1979: figs . 37 and 44]); and 
( 4) kiva architecture, including horizontal pi! sters, 
eight-pilaster roof-support pattern , subfloor ventilator, 
absence of outh rn recess, and presence of lateral floor 
vaults (Hallasi 1979:fig. 58). The material culture in
ventory generally supports the Chacoan outlier inter
pretation. Although only a small fraction of the sherds 
were identified as originating in the Chaco Canyon 
area, many unusual items are in the collections, in
cluding trade wares from the Kayenta, Cibola, and 
Chaco areas (Hallasi 1979:254), a sandstone "paint 
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grinder" (Hallasi 1979:296), an inlay pendant (Hallasi 
1979:298, fig. 23), several building stones with incised 
designs (Hallasi 1979:figs. 25-30), and a stone effigy, 
which probably was mortised into a room or kiva wall 
(Hallasi 1979:fig. 31 ). The Escalante Ruin and its Cha
coan affinities are futher described in the Chaco Center 
reports summarizing outliers of the Chaco system 
(Powers et al. 1983:167-169). 

Based on previous archaeological survey and the results 
of a walk-over reconnaissance by the author and a mem
ber of the Anasazi Heritage Center staff, the Escalante 
Village area also contains at least 16 and probably more 
" unit" type pueblos, characterized by single, small, lin
ear or L-or C-shaped roomblocks with single kivas (cf. 
Prudden 1903:234-239, fig. 6). These roomblocks are 
dispersed over the lower slopes of the Escalante hill 
itself and across a small drainage to the west. The dis
tribution of these smaller sites approximates a fan 
shape to the east, south, and west of the Escalante Ruin 
(fig. 5.6). The distribution suggests several factors de
termined the specific locations of these smaller resi
dential units including proximity to Escalante Ruin, 
southern exposure, and terrain amenable to roomblock 
and kiva construction. 

Based on their surface manifestations and data avail
able from the excavation of 2 units, these small room
blocks exhibit a remarkable uniformity in architectural 
content. Each apparently consists of a small linear 
roomblock, with the length of the block ranging from 
6 to 12m, and single kiva. The excavated roomblocks 
are the Dominguez Ruin (Site 5MT2148), investigated 
by the University of Colorado in 1976 as part of the 
Bicentennial Escalante Trail Project, and Casa de 
Suefios (Site 5MT3778), investigated by the Bureau of 
Land Management in 1983 as a portion of a cultural · 
resource mitigation program associated with the con
struction of the Anasazi Heritage Center. Both room
block units are similar in building styles to other 12th 
century "Mesa Verde" settlements (for example, Big 
Juniper House on Wetherill Mesa [Swannack 1969], 
Site 5MT499 in the Far View group at Mesa Verde 
[Lister 1964], and Sites 5MTUMR1238 and 
5MTUMR2346 in Mancos Canyon [Nordby 1973, 
1974]), and lack the _characteristics of Chaco-system ar
chitecture. In comparison to contemporaneous residen
tial architecture, the small excavated Escalante 
roomblocks appear to exhibit relatively low invest
ments 10 materials and labor. Considering surface room 
complements, Dominguez Ruin contains a small line
arly oriented roomblock with 3 fairly small rooms. The 
wall masonry is of relatively good construction quality, 
consisting of double courses of flaked and pecked sand
stone blocks (Reed 1979: 16). Casa de Suefios contains 
a single surface masonry surface room. Less care is ev
ident in the wall construction when compared to Dom
inguez; the walls incorporate both sandstone blocks and 



PREHISTORY 

~ 4384 • 
\\}~j2149 t._~_ .. , 

'"··· • • 
~2148 

LEGEND 

~ 
3777 

~3778 

.. 
o;:: UNRECORDED 
~ 
~·,':::: 

4613. 

RUBBLE MOUND -ROOMBLOCK 
.,.,. 

l,•c 

UNRECORDED UNRECORDED 
1 

- N-

PITSTRUCTURE ;j 
DEPRESSION 

PITSTRUCTURE 0 

REFUSE OR SURFACE • MATERIAL CON-

• l 
CENT RATION 

TERRACE ""'c!, 

0 100 200 meters 

---111::::===~ APPROXIMATE SCALE 

Figure 5.6- Map of Escalante Village. Not to scale; approximate scale provided only as a general reference. 

river cobbles, which were laid in irregular fashion 
(Douthit 1984:figs. I 0--12). The overall effect is that of 
a double-coursed structure, but the masonry is not as 
regular as at Dominguez. Both small units incorporate 
a small kiva, and each kiva features earthen walls below 
and above the bench, although the pilasters (several of 
which had collapsed after abandonment) are of stone 
masonry construction. Twelfth century kivas usually in
corporate masonry walls and sturdy construction. The 
inference of low material and labor investment was 
based partially on the simple appearance and rudimen
tary construction of the Dominguez and Casa de Suei\os 
kivas. 

The architectural and material complements of these 2 
sites would seem to approximate the facilities used by 
a single household social unit. Deserving of comment 
is the presence of a high-status burial at the Domingt1ez 
Ruin (Reed 1979:99-102, figs. 31-33). The buriai con
sists of I female adult and possibly I infant interred 
on the floor of the west surface room. The adult was 
accompanied by a large assemblage of grave goods, in
cluding 3 turquoise, shell , and hematite pendents; 6900 
turquoise jet and shell beads (probably the remnants of 
several necklaces or other strung jewelry); bone tools; 
and 2 ceramic vessels. The contradiction of a high
status interment and an architecturally impoverished 
settlement is immediately apparent. The obvious in
ference is that the high-status individual was a resident 
of Escalante Ruin itself rather than a member of the 

Dominguez resident household (Reed 1979: 129-130). 
This association reinforces the interpretations that the 
Escalante and Dominguez sites were absolutely contem
poraneous and that clear social relations existed be
tween the groups living at the 2 settlements. 

The results of prior investigations and the on-the
ground reconnaissance undertaken by the author sug
gest the locations of other areas of prehistoric activity 
within the village in addition to the room blocks already 
described; some of these locations are indicated in fig
ure 5.6. Site 5MT3777, located just west of Casa de 
Suei\os, apparently was an agricultural terrace, based 
on the results of 1983 excavations conducted by the 
Bureau of Land Management (Douthit 1984). Concen
trations of surface materials located approximately 
450 m west and 400 m south of Escalante Ruin appear 
to be the refuse areas usually associated with room block 
units. However, no building rubble indicative of surface 
rooms was identified. Perhaps the associated room
blocks are not visible from the surface or possibly dif
ferent types of activity are indicated. 

Outside of the village area, occupations associated with 
the Escalante Community are difficult to identify; tem
poral assignments oflate occupations in the project area 
are based almost solely on ceramic types (Blinman and 
Wilson 1985b ); however, the composition of ceramic 
collections does not allow more specific cultural iden
tification, in this case, whether occupations assigned to 
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the 12th century are associated with Escalante Village 
or with "Mesa Verdean" communities located near the 
fringes of the project area. Here, 2 other sources of 
evidence, architectural style and proximity to the vil
lage area, suggest that some archaeological contexts out
side the village area may have affinities with Escalante. 

As presented in the previous Marshview Subphase dis
cussion, project area architeCtural sites dating to the 
12th century seem to conform to a seasonal-pioneer 
model of occupation. The use of seasonally occupied 
sites is thought to have corresponded with economic 
seasons such as the growing season or the hunting sea
son. It seems reasonable to assume that the agricultural 
system that supported Escalante Village did not extend 
more than a few kilometers from the village area, given 
the relatively small size of the settlement. In terms of 
local topography, this would restrict the agricultural 
lands associated with the community to the mesa top 
area west of the river valley and south of the House 
Creek fault escarpment, to that portion of the river 
valley in the vicinity of Escalante, and perhaps to the 
relatively flat areas above the low bluffs on the east side 
of the river. 

Three A.D. 1100-1175 occupations were recorded in 
this area (Biinman and Wilson 1985b:fig. 6), and one, 
Pinyon House (Site 5MT4751 [Kuckelman 1984b]), 
was excavated by the DAP. None of these sites seems 
to exhibit any architectural or material culture attri
butes suggestive of a particular affiliation with Esca
lante Village. However, Escalante Village is the closest 
known 12th century settlement in each of these cases. 
Additional 12th century sites in the project area are 
further removed ·(north) from the Escalante Village 
area. With I possible exception, the occupations seem 
to correspond with the Marsh view seasonal-pioneer use 
model. 

The I exception is Sundance Hamlet (Site 5MT2215 
[Harriman 1983]), which contains several noteworthy 
architectural characteristics. The site is located on the 
low bluffs above the Dolores River valley, just east of 
the river and south of House Creek. Sundance Hamlet 
consisted of 2 connected surface rooms and a pit
structure. Wall construction in the surface roomblock 
consists of double-coursed core-and-veneer masonry, 
similar to that at Escalante Ruin itself. The sizes of the 
surfaces rooms (approximately 15 m2 of floor area) and 
the pitstructure (almost 20 m2 of floor area) are sub
stantially larger than the sizes of structures at other 
Sundial Phase architectural sites (mean size is 5 to 6m2 

for surface rooms and about 7 m2 for pitstructures; Wil
shusen [ 1985c:tables 2 and 3]). Thus, wall construction 
techniques and structure sizes at Sundance suggest a 
departure from the low material-labor investment ex
pectation developed for the Marshview occupation. 
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Unfortunately, the aboriginal construction at the site 
was not completed, nor was the site occupied beyond 
the construction period; hence, material culture from 
site contexts was not available for comparison. The site 
may have had affinities with Escalante Village because 
of the noted similarities in wall construction techniques 
and the dissimilarities of contemporaneous Marsh view 
Subphase sites which are thought to reflect "Mesa Ver
dean" styles. Twelth century occupations in rockshel
ters in the project area (at Singing Shelter and LeMoc 
Shelter) may also represent use by Escalante Subphase 
groups, although, this is not obvious in the material 
remains. Such use may reflect long-distance faunal and 
botanical resource procurement strategies. 

Use of limited activity locations by Escalante Subphase 
groups is even more difficult to document due to the 
absence of structures and the low densities of material 
remains. Thus, no limited activity occupations inves
tigated by the DAP were singled out as possibly having 
affinities with Escalante Village, although the possibil
ity of such affiliations is noted. 

Escalante Village appears to have been small, in terms 
of resident population, when compared to the aggre
gated communities previously described. The total lin
ear extent of the recorded village area roomblocks is 
approximately 200m (assuming the average length of 
the small roomblocks is 8 m and summing the east, 
north, and west sides of the rectangular Escalante 
Ruin). Assuming I linear m per person, perhaps 200 
persons occupied the community area at peak use, or 
if 75 percent of the residential units were occupied at 
any one time, maximum population may have been 
about 150 to 200 persons. Additional roomblocks in 
the village area probably went undiscovered, however, 
which suggests maximum village population may have 
been in excess of the original 200-person estimate. 

Architecturally, the identified Escalante settlements ap
pear to consist of masonry roomblock-kiva complexes, 
which is the "normal" complement for the early Pueblo 
III period in the Mesa Verde Region (cf. Prudden 1914, 
1918; Lister 1964, 1966; Nordby 1973, 1974). Generally 
speaking, the construction styles and techniques exhib
ited in the excavated sites also correspond to normal 
Pueblo III patterns, albeit the Escalante Ruin itself 
shows many architectural similarities with the "Cha
coan" communities of northwestern New Mexico 
rather than with local "Mesa Verdean" settlements. At
tention is also drawn to the contrast in architecture 
between the smaller room blocks within the village area 
and Escalante Ruin. The small roomblocks are char
acterized by low investments in materials and construc
tion labor (small rooms and kivas, lack of masonry 
veneer in kivas), while Escalante Ruin is a single pre
planned architectural unit, which required planning 



, 
and a coordinated labor force. Most of the walls at 
Escalante Ruin are of compound construction with a 
rubble core and coursed stone masonry veneers. These 
walls often are more than 50 em in width and 2 m or 
more in original height, and must have required a sub
stanti~l initial effort in quarrying, transporting, and 
stockpiling building materials. 

The intramural kiva (Kiva A) exhibits a high degree of 
engineering sophistication lacking in the smaller room
block units and in most 12th century "Mesa Verde" 
architecture. The inner shell of this structure (Hallasi 
1979:fig. 58) apparently was constructed first; this in
itial phase required excavation of the kiva space, and 
construction of the masonry veneer walls, subfloor ven
tilator, and roof-support system. The latter is a Chaco 
eight-pilaster type incorporating horizontal log sup
ports anchored into the fill behind the kiva walls (Hal
lasi 1979:fig. 63). After construction of the inner shell, 
the str~cture was buttressed by a framework of outer 
walls, including a high-standing concentric wall to the 
north and east, which probably served to partially cush
ion the inner walls from load-bearing stresses and to 
protect from percolating moisture. The overall effect is 
similar to Chacoan-style tower kivas (for example, the 
tower kiva at Salmon Ruin [Irwin-Williams 
1974:frontispiece ]). Thus, a marked architectural con
trast exists between Escalante Ruin and the other room
block units within the village area. This dichotomy 
probably reflects a social hierarchy within the village. 

The smaller roomblock units within the village area 
probably were the domiciles for small family house
holds integral to the community. Total roofed space, 
counting both pitstructures and rooms, was approxi
mately 24m2 for Casa De Suei'los and 37m2 for the 
Dominguez Ruin . This relatively low amount of total 
enclosed space, the few number of structures per room
block units, and the lack of duplicated domestic facil
ities (no more than I surface room containing a working 
hearth, only I formal milling area at each roomblock 
unit) suggest the 2 excavated roomblock units housed 
small household groups , perhaps nuclear families. 
Based on comparable sizes, this generalization con
cerning the size of the domestic group inhabiting the 
small roomblocks probably can be extended to the un
investigated units as well. Some of the larger units may 
have housed extended families . 

By contrast, the Escalante Ruin contains over 300 m2 

of roofed space, including the intramural kiva. The pat
terning of the rooms suggests the interior space can be 
divided into 5 "suites" (east, northeast, northwest, 
west, and south apartments; fig. 5.7), counting the 
larger five-room addition built onto the south side of 
the original pueblo. The individual room content of the 
excavated east suite seems to support this reconstruc-
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Figure 5.7 - Suggested household suite groups, Escalante Ruin 
(adapted from Hallasi [ 1979:fig. 61). 

tion; the outermost rooms seem to be storage and work 
rooms, while the 3 inner rooms (Rooms 2, 8, and 10) 
functioned as habitation or resource processing spaces. 
Thus, these 5 rooms appear to contain the total facilities 
needed by a household group. Each suite contains 55 
to 60 m2 of floor space. Even considering that the res
ident groups at Escalante Ruin were of high status and 
thus had larger living chambers, it appears the five
room roomsuite arrangement and relatively great 
amount of total space probably represents a larger 
household group, probably an extended family, than the 
smaller architectural groupings at the other village 
roomblocks. This inference is supported by the pres
ence of duplicated facilities in the excavated suite: 
Rooms 2 and 6 contain cooking hearths, and Room 10 
contains multiple grinding stations in 2 separate clus
ters. Kiva A served as an integrative shared facility for 
the complex. The pitstructure is " oversized" (±31m2 

in floor area) by DAP standards and contains a floor 
vault in the western portion of the floor. 

Based on the contrasts in architecture and the inter
pretation of the Dominguez Ruin status burial, a social 
hierarchy existed within the Excalante Community, 
with the residents of Escalante Ruin proper constituting 
the upper tier, and the residents of the smaller, periph
eral roomblocks constituting the lower tier. The exact 
relationship between the upper and lower tiers must be 
speculative. The low-status groups may have provided 
basic support for the upper tiers by supplying agricul
tural produce and gathered faunal and botanical re
sources, while the upper tier provided religious 
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guidance and managed the affairs of the village; this 
speculation is simi lar to the interpretation offered by 
Reed (1979: 136-13 7). Reed (1979: 13 7) also suggests the 
lower tier groups may have been a labor force that har
vested perishable resources in the field for transport to 
the Chacoan towns of northwestern New Mexico. Hal
lasi ( 1979:399-403) also makes some speculations re
garding the social orgamzation of the village. She 
suggests the groups residing at Escalante Ruin were 
members of a Chaco colony later absorbed into the 
mainstream Mesa Verdean culture through intermar
riage. Hallasi also notes ( 1979:399-400) the original 
Chaco-affiliated occupation of the Escalante Ruin 
roomblock was followed by 2 later Mesa Verdean-style 
uses. These later occupants built new, stratigraphically 
higher floors and used Mesa Verde-style tools and ce
ramic containers. The 2 small roomblocks excavated 
did not exhibit any evidence of reoccupation. 

The small roomblocks are architecturally "poor" even 
when compared to other 12th century Mesa Verdean 
settlements. For example, Site 5MT499 on Chapin 
Mesa ultimately consisted of 15 to 20 rooms (including 
some two-story rooms), 2 kivas, and a tower, although 
it was originally in the form of a three-room surface 
roomblock and associated kiva, similar to the Dom
inguez ruin (Lister 1964:42-45 , fig . 10). Site 
5MTUMR2346 also exhibits growth from a small, sim
ple unit to a more complex form with added rooms 
(Nordby 1974:figs. 31 and 38). Other southwestern Col
orado Chacoan "outliers" (for example, Yucca House 
[Powers et al. 1983:fig. 84]) often are associated with 
long linear alinements of Mesa Verdean-style room
blocks. Why the peripheral room blocks at Escalante did 
not exhibit internal growth or aggregation consistent 
with the patterns observed at other 12th century set
tlements is an important question. Maybe, the small 
roomblock units were not inhabited for a long enough 
period for growth to occur, or possibly growth was dis
couraged by the high-status Escalante Ruin groups be
cause of management considerations (i .e., a larger 
population might have been more difficult to control). 

A summary of Escalante Subphase material culture is 
not presented here, as no Escalante-affiliated site col
lections were recovered by DAP field crews, and the 
collections recovered during the University of Colorado 
(Bicentennial Escalante Trail Project) and BLM inves
tigations are not directly comparable to project collec
tions because of differences in field recovery and 
analytical techniques. For more detailed descriptions 
of the Escalante Village roomblock units, associated 
material culture, and the field investigations them
selves, refer to the site reports (Reed 1979; Hallasi 1979; 
Douthit 1984). 
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Numic and Late Pueblo Traditions (A.D. 1500-1870) 

Use of the project area by post-Anasazi Numic (Sho
sonean) and late Puebloan groups has been documented 
through the presence of diagnostic ceramics in survey 
collections and through the discovery and investigation 
of several protohistoric burials. Representative samples 
of Numic or late Pueblo Tradition structures and ma
terial culture, however, are lacking in the DAP data sets. 
The paucity of information regarding late occupations 
is probably due to 2 factors . First, the post-Anasaziuse 
of the area appears to have been seasonal or transitory 
in nature, and hence associated structure populations 
and material culture densities were probably low. Sec
ond, post-Anasazi occupations are part . of the general 
"aceramic problem." That is, a sizable minority of sites 
recorded by DAP survey crews (roughly 400 of the ap
proximately 1600 recorded sites [Dolores Archaeolog
ical Program 1985: I]) could not be assigned to a 
recognized DAP cultural tradition (Archaic, Anasazi, 
or Numic/Late Pueblo). These sites are characterized 
by lack of easily recognizable structures, high propor
tions of flaked lithic items (tools and debitage), very 
low proportions of other material classes, and the scarc
ity of diagnostic items. These unassignable remains are 
thought to represent occupations by Archaic, Anasazi, 
or post-Anasazi groups, or use by groups representing 
2 or more of these traditions. Thus, confident assign
ment to a particular tradition is often impossible. A 
more thorough treatment of the aceramic problem is 
presented in a separate DAP report (Dolores Archae
ological Program 1985). 

Given the lack of representative information regarding 
late occupations, no systematic attempt to reconstruct 
lifestyles has been included in the individual phase 
presentations. Two phases have been defined for the 
late occupations; the separation was based on whether 
the groups had or did not have contact with historic 
Anglo or Spanish cultures. 

Beaver Point Phase (A.D. 1500-1800) 

Use of the project area by Numic and late Puebloan 
peoples after the Anasazi abandonment and before his
toric contact is assigned to the Beaver Point Phase. Er
rickson and Wilson ( 1985) identify 17 sites in the 
project area with associated material collections that 
contain post-Anasazi ceramics.6 In addition, a radi
ocarbon date of 290 B.P. ± 50 (A.D. 1660) was re
covered from Lone Aspen Camp (5DL444), an open, 
multicomponent site located on the high plateau of the 
river canyon (Kleidon 1984c). Of the 15 identified late 
contexts, 13 are archaeologically represented as survey 

'Errickson and Wilson (1985) also identified these late occupations 
from survey collections representing sites removed from the project 
area. 



surface collections, while the other 2 (at Lone Aspen 
Camp and Singing Shelter [Site 5MT4683]; Kleidon 
[1984c] and Nelson and Kane [1985]) are excavation 
contexts. According to Errickson and Wilson 
(1985:table 1), indeterminate or micaceous brown ware 
sherds were recovered from II sites; these ceramic frag
ments are interpreted as being indicative of Numic 
(Shosonean) occupations. Also, 174 Awatovi or Jeddito 
Yellow ware sherds indicative of late Puebloan (Hopi) 
were recovered from 10 sites. Survey collections from 
3 sites yielded both Shoshonean and Hopi ceramics 
(Errickson and Wilson 1985:table 1). The locations of 
these sites are depicted in figure 5.8. 

The survey form descriptions for the post-Anasazi sites 
suggest that associated structures generally were absent. 
A structure was investigated at Lone Aspen Camp, and 
evidence for a possible structure (a concentration of 
fire-cracked rock) was noted at Site 5MT6693, located 
just north of the House Creek Canyon drainage, east 
of the Dolores River. Most of the project-area post
Anasazi site occupations conform to the "sherd and 
lithic scatter" type thought to be indicative of hunter 
and gatherer adaptations in montane and plateau prov
inces of southwestern Colorado (Gieichman and Legard 
1977: 155-388). 

Errickson and Wilson ( 1985: II) note that 12 of the 17 
post-Anasazi sites (or 18, if Lone Aspen Camp is in
cluded) are located along major canyon rims and, with 
the exception of Singing Shelter, all are located in top
ographically prominent locations. They (1985:15) also 
point out that for II of the recorded post-Anasazi oc
cupations, Pueblo II (Marsh view Subphase) sherds were 
also present in the surface survey collections. This prob
ably is indicative of similar preferences by Marsh view 
Subphase and post-Anasazi groups for limited activity 
site locations. Both groups probably used the project 
area with similar economic goals (acquisition of re
sources targeted by hunting and gathering activities). 

The Beaver Point Phase subsurface contexts investi
gated by DAP field crews do not add much in the way 
of interpretable data to this description. The post
Anasazi sherds at Singing Shelter were recovered from 
shallow, disturbed deposits; because of the ambiguous 
provenience of these artifacts, the authors of the site 
report merely note the presence of a post-Anasazi oc
cupation and do not speculate as to its intrasite asso
ciations or nature (Nelson and Kane 1985:49). The 
possible Beaver Point Phase occupation at Lone Aspen 
Camp7 consists of the remains of a post-supported 

'The radiocarbon dating of 290 B.P. ± 50 (A.D. 1660 ± 50) was ob
tained from one of the construction posts associated with the structure; 
however, Anasazi sherds also were recovered from the same area, rais
ing a question concerning the true cultural affiliation of the structure 
and material remains. Here, the radiocarbon is interpreted to reflect 
the use of the structure. 
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structure and an associated collection of artifacts (Kiei
don 1984c:46-51 ). The archaeological remains of the 
structure consisted of 27 postholes arranged in an oval 
pattern; the postholes might represent a wickiup-like 
structure (Kieidon 1984c:51 ). The structure apparently 
was about 2.7- by 2.0-m, with a floor area of approxi
mately 4m2• The associated artifacts included over 100 
pieces of debitage, several utilized flakes and unifacially 
flaked tools, I thin bifacially flaked tool, I grooved 
abrading/grinding stone, I metate fragment , and 2 red 
ware sherds. The last, of Anasazi origin, may reflect 
contamination from an earlier occupation of the site 
centered approximatel y 20m southwest of the 
structure. 

Little specific dating evidence is available for the 
survey-recorded sites with late ceramics. The architec
tural and stone tool data are not amenable to precise 
dating inference. The project staff relied largely on the 
associated ceramic data in dating the area's Anasazi 
occupations, but this source is of limited value in dating 
post-Anasazi archaeological contexts. Based on a survey 
of published descriptions, Errickson and Wilson 
( 1985:3) surmise that micaceous brown ware sherds had 
a wide prehistoric distribution over the late prehistoric 
West and Southwest. The dates of their introduction 
into specific areas are uncertain; they may have been 
introduced into Nevada and western Utah as early as 
A.D. 1050-1300 (Errickson and Wilson 1985:8), based 
on the co-occurrence of these wares in strata also con
taining Virgin Anasazi and Fremont ceramics (Fowler 
et al. 1973: 16-19). In southwestern Colorado, some evi
dence indicates introduction of micaceous brown wares 
before A.D. 1500 (e.g. , Annand 1967:58-59); however, 
most evidence seems to favor a post-A.D. 1500 intro
duction date (Buckles 1971 ). Based on these sources, 
Errickson and Wilson (1985:9) suggest a date range of 
A.D. 1500-1850 for the Dolores area sites with mica
ceous brown wares. The dating of Hopi wares is more 
clearcut, although a long time span of use is evident. 
According to Colton ( 1956), Jeddito wares date to A.D. 
1300 to the present. This information does not affect 
the original date estimate of A.D. 1500-1850 provided 
by Errickson and Wilson (1985:9). The A.D. 1660 ± 50 
radiocarbon date obtained from Lone Aspen Camp sup
ports this general date range for Beaver Point Phase 
occupations. 

The archaeological evidence indicates the Beaver Point 
Phase (post-Anasazi, pre-Anglo contact) use of the proj
ect area was seasonal or transitory in nature. The use 
probably was part of a wider economic strategy directed 
toward the use of local faunal and botanical resources. 
These inferences are based on the locations of the Bea
ver Point sites, which provide a good vantage point over 
the surrounding terrain,and the charac1cristics of the 
sites themselves, which conform to the sherd-and-lithic 
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Figure 5.8 - Locations of Dolores Archaeological Program sites yielding Shoshonean or Hopi ceramics (adapted from Errickson 
and Wilson [1985:fig. 2)). Four sites, including Lone Aspen Camp, are located beyond boundaries shown on map. 



scatter, low-structure-density pattern indicative of 
highly mobile hunting and gathering groups. The 
wickiup-like Beaver Point structure investigated at 
Lone Aspen Camp, considering its small size and simple 
construction, is consistent with the high-mobility inter
pretation. Based on the available evidence, only a gen
eral date range of A.D. 1500-1850 could be derived for 
the Beaver Point occupations; this range includes both 
the Shoshonean and the Hopi occupations. Recorded 
site density for the period is very low- only 18 Beaver 
Point occupations were identified after evaluation of 
the survey and excavation data. However, other post
Anasazi contexts likely were present, but lacked diag
nostic artifacts. Additional information regarding the 
Beaver Point Phase and post-Anasazi use of the project 
area is available in other DAP reports (Dolores Ar
chaeological Program 1985; Errickson and Wilson 
1985; Kleidon 1984c). 

Protohistoric Phase (A.D. 1750-1870) 

The Protohistoric Phase represents use of the Dolores 
area by Native Americans during the period of contact 
with and settlement of the area by historic Anglo and 
Spanish groups. Protohistoric occupations were iden
tified through the presence of diagnostic artifacts (trade 
beads, metal and glass projectile points) in DAP survey 
or excavation collections. 

Three Protohistoric Phase project-area occupations 
were recognized in the excavation data set. These were 
2 human interments (I probably representing deliberate 
burial and the other perhaps the result of an accidental 
or natural death) and a temporary camp in a shelter 
location. 

The deliberate burial was discovered in a natural crev
ice in the rimrock forming the southern wall of the 
Dolores River canyon a few kilometers west of the town 
of Dolores; the rimrock and talus also includes a small 
rockshelter used by the Anasazi. The burial and shelter 
were treated as I site by DAP field crews (Star Bead 
Shelter [Site 5MT5380]; Hovezak [1983]). The human 
remains apparently were placed in the bottom of the 
crevice and covered with sandstone slabs. Items of per
sonal adornment apparently were left with the body: 
over 40 000 seed beads, several larger beads, 5 percus
sion caps, 2 lead balls, and 3 pieces of German sil v~r 
were recovered. The beads and silver are probably rem
nants of clothing and jewelry. The percussion caps, lead 
balls, and a fragment of possible patching material in
dicate the individual carried a muzzle-loading handgun 
or rifle. The burial artifacts allowed fairly precise dat
ing; Hovezak estimates that the interment occurred be
tween A.D. 1860 and 1880 based on manufacturing 
dates for the burial-associated items and the condition 
of the items ( 1983:48). The context of the burial and 
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the nature of the associated artifacts suggest the burial 
was probably Shoshonean in origin (Hovezak 1983:49). 

The other protohistoric burial (Los Atavios [Site 
5MT5399]; Chenault [ 1983]) was discovered in the 
Sagehen Flats area in the vicinity of the McPhee Rec
reation Area boat ramp, about 4.5 km northwest of Do
lores. The burial consisted of the remains of an adult 
female and associated items classified as domestic 
tools, adornment, or the remains of clothing. These in
cluded over 17 000 seed beads, elk tooth pendants, 
rusted metal items (shears, I knife, I nail, and I awl 
or punch), I brush, and I piece of worked glass, possibly 
used as a cutting implement. The characteristics of the 
artifacts suggest affiliation with the Protohistoric 
Phase, with interment of the remains probably occur
ring between A.D. 1850 and 1890. The burial did not 
show any signs of deliberate interment, although the 
author of the report believes interment rather than ac
cident is more likely, given the condition of the burial 
(Chenault 1983:20). The shallow ravine in which the 
burial was discovered would have provided a conve
nient location to cover a body. Chenault ( 1983:20-21) 
suggests the remains are Shoshonean in origin, based 
on the characteristics of the associated items. 

The other protohistoric field context was discovered at 
Beaver Trap Shelter (Site 5MT4654 [Hewitt and Har
riman 1984]); the shelter is located in the cliffs north 
of the McPhee Village area, about 6 km northwest of 
Dolores. During field investigations, a single glass seed 
bead was recovered from disturbed cultural strata near 
the surface of the shelter. The strata also yielded An
asazi and historic artifacts and sheep and cattle dung, 
which probably is indicative of extreme disturbance 
and mixing of deposits. Several use surfaces and as
sociated features (shallow pits and hearths) were iden
tified in this part of the shelter, and a fragment of 
vegetal matting, perhaps indicative of a sleeping loca
tion, was recovered from one of the use surfaces. The 
relationships between the historic, protohistoric, and 
Anasazi occupations, the recorded surfaces and fea
tures, and the recovered artifacts were difficult to judge 
because of the extreme disturbance. Hewitt and Har
riman ( 1984:59) note, however, that beads similar to 
the bead recovered from the shelter were common into 
the 20th century. The high density of ash and charcoal 
in the strata suggests the kindling of numerous fires 
over an extended per iod. Hewitt and Harriman 
( 1984:91) propose that the shelter was used frequently 
by Protohistoric groups. 

Additional information regarding the Protohistoric 
Phase can be gleaned through research into early his
toric accounts of the area. Spanish explorers and traders 
apparently were active in the area as early as the middle 
portion of the 18th century (Bloom 1984: 56), and doc
umented accounts of some of these early uccupations 
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date from the Ri vera expedition of A.D. 1765. Dom
inguez and Escalante did not encounter any native 
Americans in or near the project area during their ex
pedition in A.D. 1776, although the local area was con
si dered the territory of the " Muhuache ' s Yutas" 
(Muwach Band of the Ute Tribe, the modern Southern 
Utes) . The expedition later encountered small transi
tory groups of Tabehuachi Utes in the Montrose area 
and a large encampment of the same band on Grand 
Mesa southeast of Grand Junction (Chavez 1976:17-
33). 

Early Native American-Anglo settler relations in the 
Dolores area apparently were characterized by frequent 
violent interchange. The public lands in the project area 
were surveyed and opened for homesteading in the A.D. 
1870's (Bloom 1984:58). Early Anglo settlement of the 
area created a conflict between the new settlers and the 
local Ute groups who continued to forage in the area. 
In A.D. 1885 a small encampment of Utes camped near 
the mouth of Beaver Creek (probably in the vicinity of 
or on the Grass Mesa site [Site 5MT23]) was attacked 
by local cowboys; 6 Native Americans were killed 
(Bloom 1984:61 ). With the aid of military troops from 
Fort Lewis, the area was pacified, and trouble between 
settlers and Indians was rare after A.D. 1890. 

Except for possible inferences regarding burial prac
tices, the DAP protohistoric data is too scant to draw 
in-depth interpretations regarding cultural practices. 
Use of the project area during the Protohistoric Phase 
was probably similar to that during the preceding Bea
ver Point Phase; the area was used on a seasonal or 
transient basis by small groups in pursuit of game or 
wild plant resources. The previously cited historic rec
ords confirm that the area was part of the home ter
ritory of the Muwach Ute band , and that small 
transitory groups were frequenting the area in the 18th 
century. 

A SUMMARY OF DOLORES 
ANASAZIARCHITECTURE 

This section summarizes characteristics of surface 
structures and pitstructures and the intrasite patterning 
of these units for the Anasazi subphases of the DAP 
phase scheme. This presentation is descriptive and is 
intended to provide a comprehensive overview of DAP 
Anasazi architecture. The architectural data categories 
considered are, first , general site layout and architec
tural populations; second, characteristics of surface 
structures; and third, characteristics of pitstructures. 
Separate discussions are included for each Anasazi sub
phase as enumerated in the DAP phase scheme dis
cussion. The presentations are based on a general 
assumption of Pecos classification normal patterning 
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for each subphase; however, substantial variations are 
pointed out. The Grass Mesa and Marshview Sub
phases in particular are characterized by abnormal pat
terns. Many of the size and shape statistics reported in 
the individual descriptions are taken from other project 
studies of architecture (Hewitt et al. 1983; Kane 1984b; 
Wilshusen 1985c).8 

Cougar Springs Phase (A.D. 1-600) 

No Cougar Springs Phase structures were discovered 
by DAP field crews. The one investigated Cougar 
Springs occupation (at Cougar Springs Cave [Site 
5MT4 797]; Gross [ 1984a]) consisted of use surfaces 
and associated features and artifacts in a small, north
facing shelter. The presence of Basketmaker II struc
tures (perhaps similar to those discovered in rockshelter 
settings near Durango, Colorado [Morris and Burgh 
1954]) in uninvestigated locations within the project 
area cannot be ruled out. 

Tres Bobos Subphase of the Sagehen Phase 
(A.D. 600-700) 

Tres Bobos Subphase architecture appears similar in 
most respects to other early Basketmaker III patterns 
investigated in the Mesa Verde Region (for example, 
on Wetherill Mesa [Hayes and Lancaster 197 5; Birkedal 
1976] or west of the project area [Rohn 1975; Gerwitz 
1982; Adams 1982]). The Tres Bobos Subphase archi
tectural data were collected from several individual site 
investigations; these included Tres Bobos Hamlet (Site 
5MT4545 [Brisbin and Varien 1981]), Chindi Hamlet 
(Site 5MT4684 [Tucker 1983]), Apricot Hamlet (Site 
5MT2858 [Montgomery 1982]), and Poco Tiempo (Site 
5MT2378 [Brisbin 1984b]). 

General Layout and Structure Populations 

Habitation sites usually contain I pitstructure, an arc 
of surface structures and outdoor activity areas north 
and west of the pitstructure, and a refuse scatter, or 
midden, south of the pitstructure (fig. 5.9). Other 
smaller extramural features or structures, such as 
hearths, pits, ramadas, and borrow areas, may be pres
ent as well. Overall dimensions of habitation sites are 
about 40 to 60 m east-west by 40 to 60 m north-south; 
average site area is about 2000 to 2500 m2• The surface 
structures, pitstructure, and refuse deposit usually are 

'The figures provided in this section are intended to illustrate typical 
or representative architectural units at different points in the Anasazi 
sequence. The site and structure plans are composites based on patterns 
observed at many sites and represent the author's. idealized view of 
what a " typical" site or a " typical" structure might resemble. The ci
tation provided for each figure refers to the map that served as the 
basis for the illustration, although many changes will have been made 
for adaptation to this report. 



0 4 

p 
0 

0 
0 p 

~ . 

0FP 

8 meters 

l . ,_ 

l 

oP 
0 

QP 00~ 
C!M QP 

QFP 

.... -...... 
/ ' I \ 

I I 

,."'/ ', ,.... ....._ .... 
, ' I I 

I I 
\ \ 

- ... .... , MIDDEN ' - ... , 
\ I 
I I : ----/ 
: /~"" 
I I ..... ___ ., 
LEGEND 
BORROW PIT BP PIT 
FIREPLACE FP PITHOUSE PH 
HEARTH H POSTHOLE • 
RAMADA R ROOM RM 

Figure 5.9- Tres Bobos Subphase habitation site layout (adapted from 
Brisbin and Varien [1981 :fig. 2.11)). 

alined northwest-southeast or north-south. Sites with 
more than I pithouse have been recorded in the project 
area, but no aggregations of dwelling units such as those 
reported in the Yellow Jacket area west of the project 
(Rohn 1975; Wheat 1955). 

Surface Structures 

The more common and substantial surface structures 
are small, oval rooms with "beehive" roofs. These 
rooms average slightly over 3m2 in area (Wilshusen 
1985c:table 3) and are semisubterranean, with a pre
pared floor surface excavated 20 to 30 em below ground 
surface. The rooms generally lack floor features, al
though small hearths situated against the southwall 
have been recorded (Brisbin 1984b:42, fig. 21 ). Roof 
construction for these structures does not conform to 
the usual four-post roof-support pattern recorded for 
most Anasazi structures. Rather, the best reconstruc
tion based on the available evidence is that the super
structure was beehive or tipi-like in form and was 
constructed of a daub outer layer over a pole framework 
that formed an enclosure around the perimeter of the 
excavated floor. This slanting superstructure served as 
walls and roof. Functionally, these structures appear to 
have served primarily as storage and general-purpose 
facilities. This conclusion is based on the general lack 
of internal features and artifact concentrations, the 
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small size of the structures (rendering it difficult to per
form activities inside the structure), and the recovery 
of charred corn and other vegetal materials from some 
structures. The presence of small hearths in a few rooms 
suggests activities besides storage might have taken 
place. Populations of these small rooms range between 
8 and 18 per site, and appear to cluster in groups of 3 
to 4, perhaps indicating functional associations or dif
ferential use by the inhabitants of the site. 

Also present at Tres Bobos habitations are more ephem
eral surface structures that probably can be classed as 
ramadas. These appear to be less common than the semi
subterranean rooms (I to 2 per site). These structures 
apparently were without substantial walls or roofs; they 
are recognized and defined on the basis of 4 postholes 
at the edges of a use surface. Although no evidence is 
available from project excavations, temporary pole and 
brush walls may have been present. Mean floor area for 
these structures apparently is about 4m2• Interior fea
tures include hearths and pits. Ramadas apparently 
served as outside work areas that provided some pro
tection from the elements. 

Pitstructures 

Tres Bobos Subphase pitstructures conform to the " nor
mal" Mesa Verde Region Basketmaker III pattern (Bir
kedal 1976; Hayes and Lancaster 197 5). Based on the 
artifacts left at abandonment, most indoor activities 
probably were domestic; therefore, these structures are 
termed "pithouses." Tres Bobos pithouses usually con
sist of a larger room ("main chamber") to the north 
and a smaller antechamber to the south connected by 
a passage. The chambers are roughly D-shaped, with 
the flat sides facing each other. Figure 5. 10 illustrates 
a Tres Bobos Subphase pitstructure. The architectural 
specifications are provided in the following list: 

I. Shape. The squareness index (a value of 1.000 
is square; 0.0785 is round; Hewitt et al. [ 1983:table 
I]) for Tres Bobos pitstructures is 0.90; this is the 
lowest index for all temporal units used in the study 
by Hewitt and her associates. 

2. Size. The mean size of Dolores area Tres Bobos 
pitstructures is about 25m2, including main cham
ber and antechamber (Wilshusen 1985c:table 3); 
however, considerable variability in size is noted 
(the standard deviation is about 9 mi). 

3. Depth. Depths (prehistoric ground surface to 
floor) of Tres Bobos pitstructures average about I m 
(Wilshusen 1985c:table 3); this is relatively shallow 
when compared to the pit!'tructures of later periods. 

4. Roof construction. Tres Bobos pitstructures are 
characterized by the '·normal" four-post roof
support pattern. The 2 southern posts are in the 
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Figure 5.10 - Plan of a Tres Bobos Subphase pitstructure (adapted 
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l 

wingwall or against the south wall of the main cham
ber. The northern posts are located in the northwest 
and northeast quarters; they are positioned nearer 
the center of the pitstructure than in later pit
structures. Leaner posts usually are anchored on the 
outer perimeter of the bench. Auxiliary posts may 
be positioned to shore up weak portions of the roof. 

5. Bench. Benches usually are present in the main 
chamber and may be present in the antechamber as 
well. They are wider (0.5 to 1.0 m) than in later 
pitstructures. 

6. Wingwall. A wingwall is usually present; it sep
arates the southern quarter of the main chamber 
from the remainder of the chamber. The wall usually 
is constructed of vertical slabs and usually forms I 
wall of an associated corner bin. 

7. Bins. Two above-floor bins are usually present 
in the southwest and southeast corners; these are 
similar to "cupboards" in that they were roofed and 
had a side entry hole with a cover (cf. Adams 
1982:fig. 6.6-4). 

8. Ventilation system. Air apparently flowed into 
the main chamber from the antechamber passage; a 
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deflector slab is positioned within 0.75 m of the 
south wall of the main chamber. 

9. Hearth and heating complex. A cooking hearth , 
also used to warm the structure, is located near the 
center of the main chamber north of the wingwall. 
Tres Bobos central hearths are shallow and usually 
smaller than in later pitstructures, perhaps indicat
ing that the group using the hearth was smaller. An 
ash pit is usually associated with the hearth and is 
located to the south on the north-south axis. A pair 
of warming pits (cf. Brisbin 1984b:fig. 29) may be 
present; these are usually located approximately I m 
to either side of the hearth in the main chamber. 
These pits are shallow and basin shaped and prob
ably were used as an auxiliary source of heat; fire
cracked cobbles often are found in these pits. A small 
central hearth may be present in the antechamber. 

10. Domestic and economic activity areas. One or 
two metate grinding stations are usually located in 
the northeast quadrant of the main chamber or ad
jacent to the east or west walls. The metates may be 
temporarily stored by being leaned against the east 
or west walls in an upright position (Tucker 1983: 
fig. 22). 

II. Ritual activity areas. A sipapu is usually lo
cated on the north-south axis of the main chamber 
between the central hearth and the north wall. This 
feature may be a simple cylindrical pit without as
sociated features, or it may be a cylindrical pit as
sociated with a cluster of smaller conical pits. The 
latter have been inferred to represent the marks left 
by prayer sticks, or "pahos" (Wilshusen 1985b:4-5). 

As domestic pithouses, Tres Bobos · pitstructures are 
thought to represent the primary dwelling space or 
"house" for early Anasazi families . Small pithouses 
(perhaps those pitstructures with less than 25 m2 of to
tal floor area) were probably used by small nuclear fam
il ies, while larger pitstructures may have housed 2 
nuclear fami lies, perhaps related by kinship ties. 

Sagehill Subphase of the Sagehen Phase 
(A.D. 700-780) 

Sagehill Subphase architectural patterns appear to be 
similar in most respects to "late" (post-A.D. 700) Bas
ketmaker III regional patterns. Descriptions of site
specific Sagehill architectural descriptions are available 
in other DAP reports (Sagehill Hamlet [Site 5MT2198; 
Hewitt 1983c]; Aldea Sierritas [Site 5MT2854; Kuck
elman 1983]; Prairie Dog Hamlet [Site 5MT4614; Yar
nell 1982a]: Pozo Hamlet [Site 5MT4613; Nelson 
1984]). 



General Layout and Structure Populations 

The layout of Sagehill Subphase habitation sites is sim
ilar to that ofTres Bobos Subphase sites: I pitstructure, 
an arc of surface structures north and west of the pit
structure, and an area of sheet refuse to the south or 
southeast (fig. 5.11 ). The Grass Mesa site is an excep
tion; Lipe eta!. (1985:18.8-18.15 and table 18.1) report 
the documented or suspected presence of at least 13 
Sagehill Subphase pitstructures at this site. These seem 
to be distributed in 2 clusters - a smaller one in the 
eastern portion of the site, and a larger one centered 
on a contemporaneous oversized pitstructure (Pit
structure 93) in the western portion of the site. In ad
dition to surface rooms and pitstructures, Sagehill 
Subphase habitation sites contain outdoor features such 
as hearths, pits, and borrow areas. Overall site dimen
sions of Sagehill Subphase habitation sites range from 
40 to 60 m east-west by 40 to 60 m north-south; site 

·areas average about 2000 to 2500 m2• 

Surface Structures 

Sagehill Subphase surface structures appear more var
iable in form and function than their Tres Bobos Sub
phase predecessors. Three gross structural-functional 
categories are suggested by the data, although the avail
able sample is too small to test the validity of these 
categories. One category (thought to correspond to the 
definition for " living" room) includes relatively large 
structures with substantial roof and wall construction 
and with relatively numerous floor artifacts and fea
tures representing indoor activities. Included in the sec
ond category are relatively large structures with 
insubstantial walls and roofs and with relatively few 
floor artifacts and features . These structures are 
thought to be "ramadas" - outside work areas partially 
protected from the elements by pole and brush super
structures. The third category consists of relatively 
small rooms that may have functioned primarily as stor
age space. In form, some of these may have been similar 
to Tres Bobos "beehive" rooms (for example, Rooms 
I, 2, and 3 at Pozo Hamlet [Nelson !984:figs . 17 and 
19]), while others apparently were rectangular in outline 
with vertical walls (for example, Room 6 at Prairie Dog 
Hamlet [Yarnell 1982a:fig. 6.34]). The storage inter
pretation is based on the relatively small sizes and low 
densities of internal features and artifacts. 

Sagehill surface structures are noncontiguous and are 
arranged in an arc west and north of the pitstructure 
area. The structures may be spatially clustered in func
tionally associated groups, a phenomenon also noted 
for Tres Bobos Subphase sites. The number of surface 
structures per site ranges between 6 and 12. Specific 
architectural details are as follows: 
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Figure 5.11 - Plan of a Sagehill Subphase habitation site layout 
(adapted from Yarnell [ 1982a:fig. 6.9)). 

I. Shape. The structures usually are subrectan
gular or oval in plan. 

2. Size. The distribution of room sizes appears to 
be bimodal; most of the rooms are small (3.3 to 
6.0 m2) , but a significant minority are larger ( 10.0 
to 14.0 m2). This dichotomy apparently reflects func
tional differences: the smaller structures are storage 
rooms, while the larger are living rooms or ramadas. 

3. Wall construction. The lack of sandstone slabs 
or rubble in the fill of Sagehill Subphase surface 
structures suggests that walls were constructed of ja
cal, adobe, or daub. The structural integrity and sub
stantiveness of these rooms is conjectural; some of 
the " rooms" might have had only partial walls or 
might have been ramadas. 

4. Roof construction. Most structures have post
holes in the corners, which suggests that a standard 
four-post support pattern was prevalent for roof con
struction; ramadas probably had insubstantial roofs 
of poles and brush. 
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5. Floor. The floors of Sagehill Subphase surface 
structures exhibit little evidence of preparation or 
finishing. Usually they consist of the leveled earthen 
surface that was cleared or excavated for the room 
and a veneer of dried mud or sand. The floors of 
some structures were excavated 15 to 30 em into the 
prehistoric ground surface (these were probably true 
"rooms" with daub or jacal walls), while others ap
parently lacked sunken floors (these may have been 
ramadas). 

6. Domestic and economic activity areas. Most 
rooms lack in situ artifacts and features and are 
tho'ught to represent storage facilities, although there 
is little direct evidence for this. Some of the large 
rooms might have functioned as centers of domestic 
activity : Room 3 at Prairie Dog Hamlet (Site 
5MT4614 [Yarnell 1982a:79-85]) contains a fire
place, lithic debitage, and an in situ metate, which 
suggests that cooking, stone tool manufacture, and 
mealing were performed in the structure. 

Pitstructures 

Sagehill Subphase pitstructures differ markedly in form 
from Tres Bobos pitstructures. The antechamber is re
placed by a tunnel and shaft ventilator system. The 
structures are deeper and usually are subrectangular in 
plan rather than D-shaped. Typically, they lack benches. 
Usually only one contemporaneous pitstructure occurs 
per habitation site, although the presence · of several 
noncontemporaneous pitstructures suggests multiple 
building episodes might have taken place. Feature pop
ulations and in situ artifacts generally reflect domestic 
or economic activities; hence, the term "pithouse" 
probably is an appropriate designation for most Sage
hill pitstructures. An oversized Sagehill pitstructure was 
identified in Area 5 of Grass Mesa Village (Site 5MT23 
[Lightfoot et a!. 1985:7.246]). This structure was only 
partially trenched, and hence its characteristics are 
speculative. It probably was rectangular in outline with 
an antechamber and a floor area of over 40m2• It may 
have resembled a Basketmaker III oversized pit
structure investigated by the MAPCO project a few kil
ometers west of the Dolores Project area (Lux
Harriman 1982a:fig. 6.2-4). A normal-size Sagehill Sub
phase pitstructure is illustrated in figure 5.12. Archi
tectural characteristics are as follows: 

l . Shape. Sagehill Subphase pitstructures gener
ally can be characterized as subrectangular (square
ness index is 0.92, compared to 0.90 for Tres Bobos 
structures). "Subrectangular" is only a general de
scription; many are irregular with reference to wall 
orientations and outlines. 

2. Size. Sagehill Subphase pitstructures average 
about 18m2 in area (Wilshusen 1985c:table 2); this 
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Figure 5.12- Plan of a Sagehill Subphase pitstructure (adapted from 
Hewitt [ 1983c:fig. 5.7]). 

is substantially less than comparable Tres Bobos 
structures. There is also less size variability in pit
structures assigned to this subphase, perhaps indi
cating less variation in the sizes of groups using the 
pitstructures. The pitstructure population includes 
2 very small examples (considered "outliers" in the 
graphed distribution of all Dolores pitstructures); 
the true average might be somewhat higher than 
18m2• 

3. Depth . Depths of Sagehill Subphase pit
structures average about 1.5 m (Wilshusen 
1985c:table 2); this is about 0.5 m greater than Tres 
Bobos structures and about 0.4 m less than Periman 
Subphase structures. 

4. Roof construction. Sagehill Subphase pit
structures incorporate the standard four-post roof
support system. Leaners apparently were grounded 
on the outside of the pit, perhaps on a prepared 



"leaner" shelf. Brisbin et a!. ( 1982:44) report the 
presence of such a feature in Pitstructure I at Dos 
Casas Hamlet (Site 5MT2193). Auxiliary posts 
might have been employed to shore up weak areas 
of the roof. 

5. Bench. Most Sagehill Subphase pitstructures 
lack a bench. Pitstructure I at Pozo Hamlet (Site 
5MT4613 [Nelson 1984:fig. 10]) is an exception. 
This structure contains a fairly narrow bench (ca. 
40 em wide) along the west and east walls. 

6. Wingwall. Sagehill Subphase pitstructures usu
ally incorporate a wingwall that separates the south
ern quarter of the main chamber from the rest of 
the chamber. An approximate 1.5 m gap is present 
between the 2 halves of the wingwall. Wingwalls are 
usually built of adobe or mud and sometimes are 
reinforced with vertical poles or sandstone slabs. 

7. Bins and cists. No corner bins are present in 
Sagehill Subphase pitstructures. Wall cists or floor 
cists, apparently used for storage of tools or mate
rials, may be present. 

8. Ventilation system. Tres Bobos antechambers 
are replaced by tunnel and shaft ventilator systems. 
Ventilator shafts are much larger in diameter than 
those in pitstructures assigned to later subphases, 
and may also have served as storage areas or as loci 
of other activities. The deflector is usually located 
between the wingwall and the southwall, approxi
mately 50 em north of the ventilator tunnel 
entrance. 

9. Hearth and heating complex. A heating and 
cooking complex is present in the form of a central 
hearth and ash pit; warming pits are sometimes pres
ent to the east and west of the central hearth. 

10. Domestic and economic activity areas. A me
tate station is usually present in the southwest or 
southeast corner of the structure, behind the wing
wall . The opposite southern corner is often used for 
storage of lithic tools (e.g., axes, cores, manos). 

II. Ritual activity areas. A simple sipapu is usually 
present; it is located on the north-south axis of the 
structure between the central hearth and north wall. 

Sagehill Subphase pitstructures appear to be similar in 
function to their Tres Bobos antecedents; they appar
ently served as the dwelling and primary domestic space 
for small family units. The discovery of multiple grind
ing stations in Pitstructure I at Dos Casas Hamlet (Bris
bin et a!. 1982 :50-51) suggests this particular 
pitstructure may have been used by several family 
groups. 
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Dos Casas Subphase of the Sagehen Phase 
(A.D. 760-840) 

Dos Casas Subphase architecture is similar to the gen
eral Pueblo I pattern in the Mesa Verde Region (Brew 
1949; Morris 1939; Hayes and Lancaster 1975; Martin 
and Rinaldo 1939; Gillespie 1975). Descriptions of Do
lores site-specific Dos Casas architecture are available 
in other DAP reports: Windy Wheat Hamlet (Site 
5MT4644 [Brisbin 1984a]), Perim-an Hamlet (Site 
5MT4671 [Wilshusen 1983]), Dos Casas Hamlet (Site 
5MT2193 [Brisbin eta!. 1982]), Hamlet de Ia Olla (Site 
5MT2181 [Etzkorn 1983]), and Dovetail Hamlet (Site 
5MT2226 [Nelson 1985]). 

General Layout and Structure Populations 

Dos Casas Habitation sites usually contain a single ma
jor roomblock with a double row of rooms, a plaza
pitstructure area to the south,and a refuse midden (fig. 
5.13). However, several of the large roomblock com
plexes at the major Periman Subphase villages were 
probably first established during the Dos Casas Sub
phase. Roomblocks usually have 2 to 5 front rooms and 
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4 to 15 back rooms, although some larger units were 
encountered by the DAP. Single, noncontiguous rooms 
or ramadas also may be prese.nt, either east or west of 
the roomblock, or both. South of the roomblock is a 
plaza containing outside work areas and features and 
I or more pitstructures. South, southeast, or southwest 
of the plaza is a midden area that usually can be better 
characterized as a " mound" rather than as "sheet re
fuse ." Dos Casas Subphase habitation sites exhibit 
greater size variability than earlier sites. Small habi
tation sites average about 1000 m 2 (30 m east-west by 
35 m north-south) in area, while large ones may be over 
5000 m2 (75 m east-west by 75 m north-south) in area. 

Surface Structures - Back Rooms 

Most back rooms in the main roomblocks are assumed 
to have functioned as storage facilities because of the 
relatively high investment in wall and roof construction 
and the lack of floor features. Other excavations of late 
A.D. 700's to early A.D. 800's settlements in the North
ern San Juan Area (Morris 1939; Brew 1946) have re
vealed rooms similar to Dolores area Dos Casas back 
rooms. Burned back rooms are often discovered during 
excavations, and these may be filled with the remains 
of cultigens (usually maize). This is additional evidence 
to support the storage function inference. In addition 
to serving as loci for storage of cultivated crops, the 
Dos Casas back rooms probably also functioned as 
storerooms for tools. Activities other than storage, such 
as animal and plant product processing or tool main
tenance, also might have taken place in these locations 
(Wolf 1985a:62-63). 

The " normal" Dos Casas pattern is 2 rear rooms per 
I front room; this three-room unit served as the dwell
ing unit for a family ; an example of a Dos Casas three
room apartment is illustrated in figure 5.14. There do 
not seem to be any structural or functional differences 
when the 2 rear rooms common to a dwelling until are 
compared. Specific architectural details of Dos Casas 
rear storage rooms are as follows: 

I. Shape. The structures are rectangular or sub
rectangular in plan. 

2. Size. The size distribution of back rooms ap
pears to approximate a normal curve. The mean 
floor area is approximately 3 . 5 m 2 (Wolf 
1985a:table I; Gross chap. 13, table 13.1), approxi
mately 0.5 m2 greater than comparable Sagehill Sub
phase structures. This increase may indicate the 
growing importance of storage as an economic prac
tice. Gross (chap. 13) discusses the relationship 
among storage room characteristics, their contents, 
and reliance on stored resources. 
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Figure 5.14- Plan of a Dos Casas Subphase three-room apartment 
(adapted from Brisbin [ 1984a:figs. 49, 50)). 

3. Wall construction. A variety of materials was 
used in constructicn of Dos Casas back room walls. 
Back rooms at Dos Casas Hamlet (Brisbin et al. 
1982), Windy Wheat Hamlet (Brisbin 1984a), and 
Dovetail Hamlet (Nelson 1985) are characterized by 
vertical sandstone slab construction for the base 
course and what is believed to be post and daub 
construction for upper portions. At Area I of Peri
man Hamlet (Wilshusen 1983), lower walls consisted 
of masonry courses with horizontally laid sandstone 
blocks and river cobbles; upper courses were pri
marily daub, with some sandstone rubble incorpo
rated as filler material. At Prince Hamlet, Site 
5MT2161 (a settlement occupied primarily in the 
late ninth century, but at which initial construction 
probably began somewhat earlier [Sebastian 1983]), 
the lower courses of rear room walls consisted of a 
combination of horizontal slab/block coursing and 
very large vertical slabs. 

No certain conclusions regarding the distribution of 
construction modes can be drawn because of the in
adequate size of the excavation sample; 2 tentative 
trends are suggested for future evaluation. First, con
struction of room walls was expedient, and materials 



available within a short distance of the site were 
used. Hence, in the Sagehen Flats area, thin sand
stone slabs were the only stones incorporated be
cause few workable sandstone outcrops were 
available in the vicinity of the sites. Sandstone and 
river cobbles were readily available within a short 
distance of the sites located within the canyon proper 
(Prince Hamlet and Periman Hamlet) and were used 
in greater amounts. Second, construction seems to 
become more substantial and incorporates more 
stone masonry late in the subphase (post-A.D. 800). 
This might reflect the increasing importance of stor
age facilities to the prehistoric groups in the Dolores 
area. More materials and labor were invested in Dos 
Casas Subphase back rooms than in analogous struc-

. tures of the Tres Bobos and Sagehill Subphases. This 
is also interpreted as reflecting the increased im
portance of storage in later periods. 

4. Roof construction. Most rooms contain post
holes in the corners, suggesting four-post roof
support construction. 

5. Floor. Floors of Dos Casas Subphase back 
rooms usually do not appear to have been prepared 
or finished . Usually they are merely a leveled surface 
that became compacted through use; a thin layer of 
charcoal-mottled sand or mud may be present. Floor 
features often are limited to 4 corner postholes for 
the roof-support posts; corner bins and small storage 
cists are sometimes present. 
6. Domestic and economic activity areas. The dis

tribution of floor artifacts in Dos Casas Subphase 
back rooms does not suggest spatially discrete activ
ity areas; rather, the distributions seem to be the 
result of abandonment activity and postabandon
ment processes. If the rooms have burned, quantities 
of burned corn kernels and beans are usually dis
covered, suggesting that a primary function was food 
storage. In Room 4 at Windy Wheat Hamlet (Brisbin 
1984a:fig. 48), a storage vessel associated with a large 
quantity of beans was found . Nonflaked lithic tools 
(e.g., metates, manos, axes) are sometimes present, 
1ut their positions (e.g. , leaning against walls, in cor
ners) suggest temporary storage rather than use 
within the room. Two possible gaming pieces were 
recovered from Room 4 at Periman Hamlet (Wil
shusen 1983), perhaps indicating that items in ad
dition to tools were stored in back rooms. Dos Casas 
back rooms also contained low densities of flaked 
lithic tools and debitage. These items may represent 
tool maintenance activities, but more likely reflect 
abandonment or postabandonment deposition. 

Surface Structures - Front Rooms 

Front rooms in Dos Casas roomblocks are interpreted 
as habitation rooms or as processing rooms. Habitation 
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rooms usually are arranged in apartment "suites" con
sisting of I or 2 back rooms and a front room. Habi
tation rooms contain full complements of features 
associated with domestic activites: central hearths, 
warming pits, corner bins, and mealing stations. Some 
front rooms may have served as specialized processing 
facilities; these are usually smaller in area and contain 
a more restricted feature complement. A definition 
problem, especially for the early part of the subphase, 
is whether these structures are completely enclosed 
"rooms" or are partially enclosed "ramadas," as sug
gested by McKenna (1981 : 11-12); here they are consid
ered to be rooms. Specific architectural details are as 
follows. 

1. Shape. Dos Casas front rooms are rectangular 
or subrectangular. The north walls and 2 northern 
corners form square (90•) angles where the front 
rooms abut the rear rooms. The front (south) walls 
and south corners are often rounded, giving a " scal
loped" appearance to plan views of Dos Casas 
room blocks. 

2. Size. Front rooms range from 5 to 20 m 2 in 
area. An inspection of the distribution of room sizes 
suggests a double peak that probably represents 2 
size and function populations. Front rooms with a 
mean area of about 14 to 15 m2 probably can be 
functionally typed as habitation or domestic rooms; 
smaller front rooms have a mean area of about 8 m 2 

and represent more functionally specialized pro
cessing rooms or remodeled or added-on habitation 
rooms. 

3. Wall construction. Walls of front rooms are less 
substantial than those of rear rooms, and incorpo
rate less stone; an exception is the north wall, which 
is shared by both front and rear rooms. Evidence for 
pre-A. D. 800 construction methods is scant, because 
most early Dos Casas sites investigated by the DAP 
were in upland plowed areas. Front rooms might 
have been constructed of mud, perhaps in the form 
of turtleback courses; the walls might have formed 
complete enclosures or they might have been only 1 
to 1.5 m high. After A.D. 800, lower wall portions 
consisted of cobbles, or of sandstone blocks or slabs; 
upper courses were of dried mud that incorporated 
stone rubble. Front rooms at some canyon sites (for 
example, Prince Hamlet [Site 5MT2Hi1] and Peri
man Hamlet [Site 5MT4671]) incorporate lower 
courses of vertical slabs or horizontal stone masonry 
(Sebastian [ 1983] and Wilshusen [ 1983]). 

4. Roof construction. The locations of postholes 
in Dos Casas front rooms suggest that the four-post 
roof-support system was the standard practice, al
though sometimes an extra pair of support posts 
were located near the north and south walls on the 

409 



FINAL REPORT 

north-south axis of the structure. The latter posts 
probably were used as additional support for the 
primary beams in larger rooms that have relatively 
long east-west dimensions. The posts also may have 
supported an additional north-south primary beam 
across the center of the room. 

5. Floor. The floor usually is excavated approxi
mately 10 to 15 em below prehistoric ground surface. 
The surface is formed by a veneer of dried mud that 
is covered by a layer of sand, and frequently has a 
dark cast, probably due to the inclusion of charcoal 
and other organic material. Usually a much greater 
density of artifacts and features occurs in front 
rooms than in back rooms. Some features that might 
be present include the following: 
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a. Corner bins. One corner bin per room is usu
ally present. The location is not consistent; it may 
be situated in a front or back corner. 

b. Hearth-ash pit complex. A large hearth is al
ways present in a habitation room and may be 
supplemented with an ash pit; specialized pro
cessing rooms may lack hearths or contain mul
tiple hearths. The hearth is usually centrally 
located, although sometimes it is situated in the 
west-center or east-center of the room. 

c. Step-ups. Step-ups may be present along the 
b~ck walls in front of the possible locations of 
hatchways to the back rooms. These features ap
parently served as steps to enter the back rooms. 
Step-ups may consist of an enclosure or "bin" 
formed by vertical slabs, or they might consist of 
a single vertical slab. 

d. Ventilation system. Ventilation systems were 
present in Rooms 2 and 16 at Periman Hamlet 
(Wilshusen 1983:52, 70-71). These systems con
sist of a subwall tunnel located near the center of 
the south wall and deflector positioned between 
the interior tunnel opening and the hearth. 

e. Mealing stations. Dos Casas front rooms may 
incorporate mealing stations (a metate, often 
seated on a rest; one or more manos; and a col
lecting basin), usually in the southwest or south
east quarter of the room. 

f. Features in small front rooms. The features 
in the small rooms believed to be processing 
rooms differ from those in the larger living 
rooms. In addition to the 4 postholes needed for 
roof support, processing rooms may contain a 
hearth or series of hearths for heat or fire pro
cessing and I or more floor cists or pits for tem
porary storage of materials and tools. 

6. Functional and feature complement variabil
ity. The architectural descriptions of surface rooms 
are based on a perception of " normal" distributions 
in the available data. However, exceptions to the 
normal pattern do occur, for both the Dos Casas 
Subphase and the succeeding Periman Subphase. Ex
amples of exceptions are large back rooms that ap
parently served as li ving rooms ; these were 
constructed by removing the shared center wall be
tween 2 small back rooms and adding features. Also, 
partitioned front rooms that apparently served as 
storage facilities and small front rooms that appear 
to have functioned as living quarters rather than as 
processing facilities exist. 

7. Domestic and economic activity areas. Large 
front rooms (habitation rooms) usually contain the 
space and features necessary for completion of day
to-day domestic tasks. The complement of features 
includes facilities for heating and cooking, food 
preparation, tool manufacture and maintenance, 
and temporary storage. Space for sleeping is usually 
available also. Small front rooms (processing rooms) 
contain features and space used for processing raw 
materials usually associated with subsistence. No rit
ual features (sipapus, basin-shaped pits with " paho" 
marks, or "paho" marks on floors) have been re
corded in Dos Casas Subphase surface rooms. 

Pitstructures 

An example of a Dos Casas Subphase pitstructure is 
shown in figure 5.15. The architectural characteristics 
of Dos Casas pitstructures differ from those of Sagehill 
pitstructures, but the differences are not as extreme as 
those between Tres Bobos and Sagehill structures. Ex
cavation data suggest that there are usually I to 2 pit
structures per habitation site; larger Dos Casas 
Subphase roomblock-pitstructure complexes at the 
large village sites probably were destroyed by later Per
iman Subphase construction or remodeling; numerous 
Dos Casas pitstructures were identified at the Grass 
Mesa site (Site 5MT23 [Lipe et al. , 1985]). Dos Casas 
pitstructures are about as deep as Sagehill pitstructures, 
but have larger mean floor areas (Wilshusen 1985c:table 
2). Dos Casas pitstructures usually incorporate a bench, 
vertical-slab-based wingwalls, and a ventilation system. 
Central hearths are comparatively large and associated 
ash pits are common. Functionally, most Dos Casas 
pitstructures can probably be classified as "protokivas" 
(Morris 1939; Hayes and Lancaster 1975: 183), since in
vestigated inside activity areas seem to be either do
mestic/economic or ritual/ceremonial in function . 
Some Dos Casas pitstructures (for example, Pit
structure 2 at Windy Wheat Hamlet [Site 5MT4644; 
Brisbin 1984a]) can probably be classified as oversized 
pitstructures by virtue of their size (greater than 30 m 2 
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Figure 5.15 - Plan of a Dos Casas Subph~.se pitstructure (adapted 
from Brisbin [ 1984a:fig. 15)). 

of roofed area) and feature complement. Their presence 
may be related to the appearance and growing influence 
of suprahousehold corporate groups in ninth century 
A.D. Dolores Anasazi society. A Dos Casas Subphase 
great kiva was identified and partially excavated at the 
Grass Mesa settlement (Lightfoot et al. 1985:7.51-
7.112). This structure is round, very deep (the floor is 
approximately 1.8 m below the prehistoric ground sur
face), and very large (about 22.5 m in diameter and 
approximately 400 m2 of roofed area, including the 
bench). Recorded internal features include 6 reinforced 
postholes serving as the footings for vertical roof sup
ports, a bench, and a centrally located raised mound. 
The floor also contained over 150 shallow, basined pits. 
These are probably attributable to postabandonment 
processes rather than kiva use, however (Lightfoot et 
al. 1985:7.84). This great kiva may be the largest Bas
ketmaker III - Pueblo I roofed structure in the prehis
toric northern Southwest; sophisticated engineering 
skills are evident in its specialized roof construction 
(Lightfoot 1984). A possible reconstruction of the floor 
plan of the kiva is depicted in figure 5.16; for the actual 
floor plan of this structure, as recorded during exca
vation , refer to Lightfoot et al. (1985:fig. 7.14). Figure 
5.15 illustrates the general architectural characteristics 
and feature layout of more typical Dos Casas Subphase 
pitstructures. Specific architectural characteristics are 
as follows: 
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Figure 5.16 - Possible reconstruction of the plan of the Dos Casas 
Subphase great kiva at Grass Mesa. For actual plan of 
this structure as recorded during excavation, refer to 
figure 7.14 in Lightfoot et at. ( 1985), which served as 
the basis for this hypothetical reconstruction. 

I. Shape. Dos Casas pitstructures are more reg
ular in shape and more square than Sagehill struc
tures . Dos Casas pitstructures apparently are 
subrectangular; the mean squareness index is 0.937, 
which is greater than that for Sagehill pitstructures 
(Hewitt et al. l983:table 3). 

2. Size. Dos Casas Subphase pitstructures average 
about 23 m2 in area (Wilshusen 1985c:table 2), about 
5 m2 more than Sagehill Subphase pitstructures. Size 
variability is somewhat greater than during the Sa
gehill Subphase: standard deviations in size are close 
to 9 m2 (Dos Casas), compared to approximately 
6.6 m2 (Sagehill); this greater variation in size may 
reflect more variation in the size of and number of 
groups using the structure. 

3. Depth. The mean depth of Dos Casas pit
structures is about 1.6 m, which is slightly greater 
than the figure obtained for Sagehill Subphase 
pitstructures. 

4. Roof construction. Four-post roof-support pat
terns were present in all investigated structures, with 
the exception of the Grass Mesa Village great kiva. 
The northern 2 postholes are near the corners, while 
the southern postholes are incorporated into the 
wingwall. Auxiliary posts (e.g. , smaller supports 
paired with the wingwall posts or 2 additional sup
ports against i:he south wall) may be present. Leaner 
posts we1e f:>Oted on the bench. 
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5. Bench. Dos Casas Subphase pitstructures usu
ally incorporate a 3/4 bench on the east, north , and 
west walls. The bench served as a foundation for the 
leaner poles that formed the vertical portion of the 
roof. The bench was also used for temporary storage 
of tools and containers. 

6. Wingwall. Wingwalls usually are present in Dos 
Casas Subphase pitstructures. Wingwalls form a par
tition across the southern end of the structure, which 
creates a separate southern room or work area sep
arated from the main chamber. The wingwalls are 
usually parallel to the north and south walls of the 
pitstructure. A gap may exist in the center portion 
of the wingwall on the north-south axis, perhaps to 
accommodate access between the main chamber and 
south room. Wingwall construction usually consists 
of a veneer of hardened mud and plaster over an 
internal support of vertical sandstone slabs or small 
posts set into the floor. If vertical slabs are incor
porated, they are arranged in either a single row or 
a double row with a core of mud or adobe (Brisbin 
!984a:fig. 29). The southern 2 main post supports 
usually are incorporated into the wingwall in Dos 
Casas Subphase pitstructures. 

7. Bins. No corner or other floor bins have been 
recorded in Dos Casas Subphase pitstructures. 

8. Ventilation system. Dos Casas pitstructures 
contain a standard ventilation system in the form 
of a vertical shaft and a horizontal tunnel, the latter 
opening into the pitstructure in the center of the 
southwall at floor level. The floor of the ventilator 
shaft is smaller in mean area than the floor of Sa
gehill shafts ( 1.1 m2 versus 1.6 m2) (Hewitt et al. 
1983: 138) and apparently was not used for storage 
or other activities. A deflector slab is positioned be
tween the tunnel entrance and the central hearth. 
Usually this slab is located immediately south of the 
hearth , although one example (Pitstructure 2 at Dos 
Casas Hamlet [Brisbin et al. 1982:fig. 5.18]) was re
corded where the deflector was in the south end of 
the structure very close to the tunnel entrance. 

9. Hearth and heating complex. Dos Casas Sub
phase pitstructures contain a central hearth that 
often is complemented by an ash pit just south of 
the hearth. The hearth is usually slightly larger than 
Sagehill counterparts. 

10. Domestic and economic activity areas. A meal
ing station is usually present in the south end, either 
in the eastern or western corner. The other south 
corner often was used as a storage area for lithic tools 
(e.g. , manos, axes, cores). Additional metate stations 
may be present north of the wingwall; these usually 
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are located west of the central hearth. During in
vestigations of Pitstructure 2 at Dos Casas Hamlet 
(Brisbin et al. 1982), a flat sandstone slab with a 
lump of raw clay was found in situ west of the hearth. 
This suggests that during this period preliminary 
stages of ceramic vessel manufacture might have 
been based in pitstructures. 

II. Ritual activity areas. Apparently, a ritual ac
tivity area centered around a sipapu usually was sit
uated north of the hearth on the north-south axis. 
Several sipapu forms have been recorded: simple cy
lindrical holes thought to be sipapus; "complex" si
papus incorporating small pits believed to represent 
marks left by prayer sticks or "pahos"; and clusters 
of small, cylindrical pits surrounded by prayer stick 
marks. In addition, some Dos Casas pitstructures 
have sand-filled pits that are thought to have func
tioned as altar anchors (Wilshusen 1985b:21-29) 

The larger mean size, greater variation in size, and in
crease in the number and complexity of ritual features 
associated with Dos Casas pitstructures suggest some 
functional shifts as well. While Tres Bobos and Sagehill 
pitstructures have been interpreted as representing the 
"house" or domestic headquarters used by a nuclear 
family group (occasionally 2 nuclear families), Dos 
Casas pitstructures are thought to represent space 
shared by 2 or more cooperating and related nuclear 
families. These families are allied in a more complex 
household organization, termed the "interhousehold" 
by the DAP. While each constituent nuclear family 
maintained its own domestic space in the associated 
surface roomblock, certain activities were shared by the 
interhousehold as a group; these included some meal 
sharing, ritual and ceremony, and perhaps some routine 
domestic tasks such as preparation of cornmeal. Over
sized Dos Casas pitstructures (more than 30 m2 in floor 
area) may have served as the locations for ritual and 
ceremony that integrated several interhouseholds. 

Periman Subphase of the 
McPhee Phase (A.D. 840-910) 

Periman Subphase architecture again is similar to re
gional Pueblo I patterns (Morris 1939; Martin and Rin
aldo 1939; Brew 1946; Hayes and Lancaster 1975). 
Specific architectural descriptions are available in the 
following DAP reports: Prince Hamlet (Site 5MT2161 
[Sebastian 1983]), Grass Mesa Village (Site 5MT23 
[Lipe et al., 1985]), Rio Vista Village (Site 5MT2182 
[Wilshusen, camp. 1985]), House Creek Village (Site 
5MT2320 [Robinson and Brisbin 1984]), McPhee Vil
lage (multiple site numbers [Kane and Robinson 
1985a]), and Little House (Site 5MT2191 [Hewitt 
1983d]). 



General Layout and Structure Populations 

Habitation sites seem to conform to I of 2 general pat
terns: large aggregated villages consisting of several to 
more than 15 roomblock units (fig. 5.17), and isolated 
single-roomblock settlements (termed "outlying settle
ments" by the DAP), which are assumed to be socially 
related to specific aggregated villages. The roomblock 
units within the large villages exhibit the "right-tailed" 
total size distribution common in DAP data (fig. 5.18). 
The ranked size distribution does exhibit a small sec
ondary peak at 80 to 90 m, which suggests that Periman 
Subphase roomblocks might be categorized as "small" 
(less than 10 to approximately 60 m in length) or 
"large" (more than 60 min length). With the exception 
of Room block Unit 39 at Grass Mesa Village, all of the 
" large" roomblocks are situated at the 3 largest project 
area villages (McPhee Village, Windy Ruin , and Cline 
Crest Ruin [Site 5MT2663]). This relationship is fur
ther discussed in the social organization chapter (chap. 
14). The "small" roomblock units generally consist of 
8 to 20 individual rooms and I to 3 pitstructures, while 
the "large" units consist of 30 or more individual rooms 
and 5 or more pitstructures. The small roomblocks ap
pear to be spatially patterned according to the locations 
of the more centralized large units, and the intravillage 
spatial arrangements are believed to reflect social af
finities . Also, the presence of the small roomblocks 
might be partially explained by population growth; they 
may reflect late immigrations into the area or "bud
ding" from established roomblock units. 

Internal roomblock configurations conform to the gen
eral pattern described for the preceeding Dos Casas 
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lengths. 

Subphase: a roomblock, usually cresent shaped or pos
sibly horseshoe shaped; a plaza area south of the room
block containing pitstructures and extramural work 
areas; and a midden or possibly 2 to 3 separate refuse 
mounds south of the living complex. Small room block 
units range from 0.1 to 0.2 ha in area, while the large 
roomblock units usually cover between 0.2 to 0.4 ha. 
Village areas may be several to up to 10 ha in area. 

Besides roomblocks and pitstructures at habitation 
sites, Periman Subphase architecture also includes ag
ricultural field houses. Such sites usually are located a 
few kilometers away from the large aggregated multiple 
room block settlements and consist of I or a few surface 
rooms and outdoor activity areas. The field house 
rooms are relatively small and appear to have func
tioned as storage facil ities; a larger room with a hearth 
was investigated at Little House (Site 5MT2191 [Hewitt 
1983d]). Periman field houses exhibit less investment 
in materials and labor and less substantial construction 
than surface rooms at habitation sites. These field 
houses were not included in the data set used for the 
Periman surface room discussion. Field house arch i-
1tecture is discussed further in pertinent DAP site re
ports (Little House [Site 5MT2191 ; Hewitt 1983d], 
Moonlight House [Site 5MT2205; Kleidon 1982], and 
Hamlet de Ia Olla [Site 5MT21 81, Etzkorn 1983]). 

Surface Structures - Back Rooms 

Periman Subphase back rooms are in many ways mor
phologically similar to their Dos Casas predecessors. 
The back rooms are arranged linearly within the con
tiguous roomblock, and I or 2 back rooms are found 
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per I front room; a Periman Subphase roomsuite con
sisting of 2 back rooms and a front room is depicted 
in figure 5.19. Specific architectural characteristics are 
as follows. 

I. Shape. Without exception, the structures ap
pear to be rectangular or square in plan. 

2. Size. The distribution of room sizes approxi
mates a normal curve. The mean size (floor area) is 
approximately 5.5 or 6.0 m2 (Wolf 1985a:table 2; 
Wilshusen 1985c:table 3), which is substantially 
larger than the mean size of Dos Casas back rooms 
(3 .5 m2) ; this may indicate increased investment in 
and reliance on storage facilities (Wolf 1985a; Gross 
chap. 13). Some exceptions to the normal distribu
tion have been observed; for example, Room 18 at 
Pueblo de las Golondrinas (Site 5MT5107 [Brisbin 
1984c:136]) is more than 10m2 in area. This may 
represent a modification of the original architectural 
pattern to meet functional needs. 

3. Wall construction. A variety of wall construc
tion types are observed for Periman Subphase back 
rooms. Most back room walls were of composite 
construction; the lower portion (0.5 to 1.0 m) was 
masonry, and the upper portion was daub or jacal. 
Wall foundations were of daub, horizontally laid 
sandstone slabs, or vertically placed sandstone slabs; 
subfloor trenches were often prepared to accom
modate the foundation materials. Vertical-slab foun
dations in Periman Subphase back rooms may 
represent retention of original wall bases dating to 
the previous Dos Casas Subphase. Variability in wall 
construction for the late Pueblo I period (A.D. 800-
900) has also been described by Brew ( 1946:218-219) 
in a synthesis of early Anasazi architecture. The in
creased investment in materials and labor necessary 
to build partial masonry walls for back rooms may 
reflect increased dependence on storage and the need 
for a secure storage environment. Access to back 
rooms apparently was by means of a small door or 
hatch in the south wall. Field observations suggest 
that the hatch was above the floor level and may 
have been reached by means of a step in the front 
room. 

4. Roof construction. Most back rooms have 4 
postholes near the 4 corners, which suggests that the 
standard four-post roof-support pattern was em
ployed. The roof itself apparently consisted of pri
mary beams, secondary beams, and several layers of 
closing materials . Postholes in back rooms are 
deeper, and they more consistently incorporate brac
ing and footing materials than do postholes in front 
rooms, perhaps indicative of more substantial roof 
construction. 
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5. Floor. Floors in back rooms usually consist of 
the use-compacted excavated ground surface, per
haps with a veneer of dried mud. They usually are 
located I 0 to 20 em below prehistoric ground surface 
and are level or basin shaped. 

6. Domestic and economic activity areas. Pueblo 
I back rooms usually are assumed to have functioned 
primarily as storage facilites (Brew 1946: 190-191; · 
Hayes and Lancaster 1975:182-183). The DAP data 
mostly support this assumption, with some excep
tions (Wolf 1985a:53). Periman Subphase back 
rooms apparently were multipurpose, based on their 
contents. They functioned as granaries (for storage 
of cultivated foodstuffs such as corn and beans), as 
storerooms (for storage of domestic tools and agri- , 
cultural implements, of wild or ruderal plant foods 
such as amaranth and chenopods, and perhaps of 
firewood or construction materials) , and infre
quently as locations for processing activities. The 
occasional presence of mealing tools in Periman 
Subphase back rooms (Wolf 1985a:62) suggests that 
preparation of cornmeal or other milled foodstuffs 
might have taken place on occasion. Rectangular 
bins and subfloor bell-shaped cists have also been 
recorded in Periman subphase back rooms; this sug
gests that activities in these rooms included com
partmentalized storage, perhaps for items in bulk. 

Architectural characteristics and functions of Periman 
Subphase back rooms appear similar to those of the 



preceding Dos Casas Subphase. Periman Subphase 
back rooms are larger, incorporate more substantial 
construction, and were used for a greater variety of 
activities, although produce storage remained the pri
mary function . 

Surface Structures - Front Rooms 

The sizes and feature populations of Periman Subphase 
front rooms have bimodal distributions. Large (greater 
than 10m2 floor area) front rooms usually have feature 
populations consistent with definition of the structures 
as habitation or domestic rooms, while small (less than 
10m2 floor area) front rooms may have functioned as 
habitation rooms or as processing facilities. The simi
larity in form and content between Periman and Dos 
Casas front rooms suggests that the original functional 
patterns established in the late A.D. 700's remained 
basically unchanged into the late A.D. 800's. Remod
eling and other modifications that resulted in depar
tures from the normal pattern apparently were more 
frequent during the Periman Subphase. Examples of 
this phenomenon include use of small front rooms as 
living rooms and division of large front rooms into 2 
smaller units. Specific architectural characteristics of 
Periman Subphase front rooms are as follows: 

I. Shape. Periman front rooms are rectangular or 
subrectangular in plan. The south corners may be 
rounded, which results in a "scalloped" appearance 
along the roomblock outline. Shape distributions are 
similar to those of the previous Dos Casas Subphase. 

2. Size. Room sizes for Periman front rooms 
range from about 7 m2 to 25 m2• The distribution 
has 2 peaks and closely resembles the distribution 
for Dos Casas front rooms. The mean floor area for 
large rooms is about 17m2, which is slightly more 
than that for large Dos Casas rooms, while the mean 
for small rooms (approximately 8 m2) is about the 
same as that for small Dos Casas Subphase rooms. 

3. Wall construction. Periman front room walls 
are similar in form and construction to Dos Casas 
front room walls. With the exception of the north 
wall, Periman front rooms incorporate less substan
tial materials than do back rooms; most construction 
is probably of daub turtlebacks or jacal. Foundations 
and some lower wall portions are of vertical sand
stone slabs or of horizontally positioned stone blocks 
or cobbles. 

4. Roof construction. Periman front room roofs 
probably were similar to Dos Casas front room 
roofs. The standard Anasazi four-post support sys
tem was common, although sometimes 2 or even 4 
additional support posts were used near the center 
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of large rooms. In such cases, the additional posts 
probably were used to support additional construc
tion members in rooms with relatively long east-west 
dimensions. 

5. Floors and associated features. Floor construc
tion and feature complements in Periman front 
rooms are similar to those described for comparable 
Dos Casas structures; refer to the Dos Casas de
scription for details. 

Pitstructures 

Periman Subphase pitstructures exhibit greater varia
bility in form and function when compared to earlier 
pitstructures. Between 2 and 8 pitstructures per room
block unit is characteristic of Periman Subphase hab
itation sites, and more than 40 pitstructures may have 
been in simultaneous use at some of the larger villages. 
Periman pitstructures appear to be consistently located 
in the plaza area south of the room block. Size, feature 
complement, and function are interrelated. Based on 
size rankings (chap. 14, fig. 14.2), Periman Subphase 
pitstructures are characterized as "small," "oversized," 
or "great kivas." Most "small" pitstructures contain a 
preponderence of domestic and processing features 
with some contents or features believed to have had 
ritual functions ; these structures probably are "proto
kivas." Figure 5.20 depicts the plan of a Periman Sub
phase "small" pitstructure. "Oversized" (greater than 
30 m2) Periman pitstructures generally contain both do
mestic and ritual features and items, although the pop
ulation of ritual features is more complex when 
compared to "small" pitstructures. The 2 largest re
corded "oversized" pitstructures (Pitstructure 9 at 
Pueblo de las Golondrinas [Site 5MT5107] and Pit
structure 3 at McPhee Pueblo [Site 5MT4475]) are as
sociated with horseshoe-shaped roomblocks and are 
thought to represent locations of suprahousehold or
ganizations and managerial power (chap. 14). These 2 
structures lack artifacts and features indicative of do
mestic activities; rather, the feature and artifact content 
(rectangular central pits, floor vaults, paho marks, or
naments) appears to entirely reflect ritual and cere
mony. A plan of an oversized pitstructure is illustrated 
in figure 5.21. 

A possible Periman Subphase great kiva was investi
gated at Singing Shelter (Site 5MT4683 [Nelson and 
Kane 1985]); the "possible" qualification i.s necessary 
because use of the structure could only be assigned an 
A.D. 800-900 bracket date based on stratigraphic re
lationships and associated ceramics. This structure is 
very large (approximately 800m2 of floor space), even 
when compared to other described Pueblo I great kivas. 
The structure contains a circumferential bench and may 
have been enclosed by a row of rooms on the south and 
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Figure 5.20 - Plan of a Periman Subphase "small" pitstructure 
(adapted from Kleidon [ 1984a:fig. 33]). 

west sides. It apparently was not roofed, although the 
natural shelter setting would have provided partial pro
tection for the north and east portions. The true nature 
of associated artifact and feature populations could not 
be accurately estimated because only small parts of the 
floor were preserved; however, a possible reconstruc
tion of the floor plan of this structure is offered in figure 
5.22. This reconstruction represents the author's con
cept of what the floor of such a structure might look 
like; evidence fo r specific features and other architec
tural details shown in figure 5.22 was not necessarily 
encountered during excavation of the Singing Shelter 
great kiva. Refer to Nelson and Kane ( 1985:fig. 21) for 
the actual floor plan of this structure, as mapped during 
excavation. 

Specific characteristics of Periman pitstructures are as 
follows. This discussion does not take into considera
tion the Singing Shelter great kiva. 

I. Shape. Periman pitstructures are rectangular 
with rounded corners; the mean squareness index is 
0.934, very close to the value for Dos Casas pit
structures (0.937 [Hewitt et al. 1983: 135)). 
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Figure 5.21 - Plan of a Periman Subphase oversized pitstructure 
(adapted from Kuckelman [1984a:fig. 20]). 

2. Size. The size distribution of Periman pit
structures conforms to a right-tailed curve, reflecting 
a diverse size and functional population (chap. 14, 
fig. 14.2). Small pitstructures have a mean floor area 
of 17 to 18m2• Oversized pitstructures have a mean 
floor area of about 40 m2 • The 2 pitstructures at 
McPhee Village associated with horseshoe-shaped 
roomblocks have floor areas of 63 m2 and 50m2• 

3. Depth. The mean depth for · the smaller pit
structures is about 1.6m; for the larger structures, it 
is about 2.0 m. Periman pitstructures are somewhat 
deeper than Dos Casas pitstructures. Pitstructure 3 
at McPhee Pueblo is anomalous, with a depth of over 
3m. 

4. Roof construction. Roof patterns are similar to· 
those for Dos Casas Subphase pitstructures. Four 
main support postholes are present; these are located 
in the northeast and northwest corners and in the 
wingwall; auxiliary posts may be present. Leaner 
posts apparently were footed on a ground-level shelf 
around the margin of the structure, as benches are 
absent in Periman pitstructures. 

5. Bench. Benches are almost invariably absent in 
Periman pitstructures. The only recorded Periman , 
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Figure 5.22 - Possible reconstruction of the plan of the Periman 
Subphase great kiva at Singing Shelter. Reconstruc
tion represents the author's idealized concept of what 
the floor of such a structure might look like; evidence 
for specific features (e.g., the central fireplace, floor 
vaults) and other architectural details was not neces
sarily encountered during excavation of this specific 
kiva. Refer to Nelson and Kane (1985:fig. 21) for the 
actual floor plan of this structure, which served as the 
basis for this hypothetical reconstruction. 

benches are in Pitstructure 3 at McPhee Pueblo, and 
in Pitstructure 9 at Pueblo de las Golondrinas. The 
former consists of a low, raised platform fronted by 
slabs and situated against a114 walls of the structure. 
In form and function, the bench in this structure is 
probably more akin to great kiva benches than to 
similar features in Tres Bobos or Dos Casas pit
structures. Pitstructure 9 at Pueblo de las Golon
drinas included a partial bench against the north 
wall. 

6. Wingwall. Wingwalls are found in most Peri
man Subphase pitstructures and are similar in gen
eral form and position to those in Dos Casas 
pitstructures. Wingwalls in oversized Periman pit
structures are very regular and stylized in form and 
are more massive in construction than are the wing
walls in the smaller pitstructures. Periman pit
structure wingwalls often are constructed of 
horizontal masonry or vertical posts rather than of 
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the vertical slabs commonly used during preceding 
periods. Periman wingwalls often incorporate 2 
notches and steps on either side of the deflector, for 
access to the south room. 

7. Bins. Bins are usually absent in Periman pit
structures; however, Pitstructure 2 at Prince Hamlet 
(Sebastian 1983) contains a comer bin built into the 
southwest comer of the main chamber north of the 
wingwall. 

8. Ventilation system Periman pitstructure ven
tilation systems are similar to those of the preceding 
Dos Casas Subphase. The deflector is usually an ex
tension of the wingwall, but sometimes it is built 
into the south rim of the central hearth. The wing
wall may jog north to incorporate the deflector. The 
deflector is usually a vertically positioned sandstone 
slab, but in some cases it may be constructed of 
horizontally laid masonry. At Pitstructure 3 at 
McPhee Pueblo, the ventilator shaft and tunnel also 
may have served as entrance and exit for the 
structure. 

9. Hearth and heating complex. A central hearth 
and ash pit are present in Periman pitstructures. The 
ash pit is located south of the hearth; in some pit
structures, this complex may be augmented with 
shallow, basin shaped heating pits east and west of 
the hearth. A small, cylindrical " sand receptacle" 
(e.g., Brisbin et al 1985) is sometimes present north 
of the hearth. This may have provided a convenient 
container for sand used to prop vessels in the hearth 
or may have been used for other hearth-related 
activites. 

10. Domestic and economic activity areas. Loca
tions of domestic and economic activity areas are 
similar to those in Dos Casas pitstructures. A meal
ing station is located in the west or east corner of 
the south room, with a tool storage area located in 
the opposite comer. Additional mealing stations 
may be located immediately north of the wingwall 
in the 2 comers formed by the wingwall and pit
structure walls. A lapstone is often found north of 
or to either side of the hearth, perhaps indicating 
that stone tool manufacture or maintenance took 
place in these areas. Pot rests are often located ad
jacent to the east and west walls and probably were 
used for temporary storage of water or raw materials 
in ceramic vessels. 

The above description applies primarily to the small, 
domestic Periman pitstructures; the oversized pit
structures contain fewer features and artifacts that 
indicate the presence of domestic or economic ac
tivities. A metate statim! was recorded in the south
east corner of Pitstructure 2 at Masa Negra Pueblo 
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(Site 5MT44 77 [Kuckelman 1984a]), and 2lapstones 
were located just southeast and southwest of the cen
tral hearth in the same pitstructure. A lapstone was 
also recovered from the floor of Pitstructure 9 at 
Pueblo de las Golondrinas. Oversized pitstructures 
at Rio Vista Village and Grass Mesa Village also 
contained some domestically oriented features and 
materials. 

II. Ritual act1v1ty area. In small Periman pit
structures, a ritual or integrative activity area is usu
ally located north of the central hearth on the north
south axis. This complex may consist of a sand filled 
oval basin with small circular pits (perhaps from 
prayer sticks or "pahos") arranged in an east-west 
arc within and to either side of the basin. Or the 
ritual feature may be a simple cylindrical hole or 
sipapu or a cluster of superimposed cylindrical holes 
and paho marks (Wilshusen 1985b:2-15). 

Small Periman Subphase pitstructures also contain 
a complement of paired, symmetrically positioned, 
sand-filled, cylindrical pits believed to have func
tioned as "altar anchors" (Wilshusen 1985b:21-30, 
table I); figure 5.23 illustrates the normal placement 
of these pits in a small Periman pitstructure. Gen
erally speaking, there are between 10 and 20 of these 
features per pitstructure, which is fewer than the 
comparable population in "oversized" Periman pit
structures. Small pitstructures generally lack other 
ritual-ceremonial features, such as rectangular cen
tral pits, lateral vaults, and zoomorphic pits, re
corded in " oversized" Periman pitstructures. 
Exceptions to this generalization have been identi
fied at Grass Mesa Village, where some "normal
sized" pitstructures contain rectangular central 
vaults. 

More complex ritual-ceremonial feature assem
blages are present in oversized Periman pit
structures. A roofed, rectangular central vault is 
situated to the north of the hearth/ash pit complex 
and is associated with numerous small tapered pits 
(paho marks). A pair of lateral vaults is situated to 
the east and west of the hearth; the rectangular cen
tral vaults and lateral vaults may be functionally in
terrelated (Wilshusen 1985b: 17). Oversized 
pitstructures also contain the series of cylindrical 
sand-filled pits thought to be indicative of altar 
placements; subjectively, there appear to be greater 
numbers of these altar locations when compared to 
small pitstructures. 

The formal variability of Periman Subphase pit
structures, manifest as different sizes and associated 
feature and artifact populations, suggests a relatively 
large degree of functional variability as well. Functional 
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Figure 5.23- Example oflocations of cylindrical sand-filled pits (altar 
anchors) in small Periman Subphase pitstructures 
(adapted from Kleidon [ 1984a:fig. 33)). 

interpretations for Periman pitstructures are similar to 
those inferred for the preceding Dos Casas Subphase. 
"Small" (normal-sized) pitstructures are thought to 
have been facilities primarily used by the interhouse
hold social unit. Members of the interhousehold used 
small pitstructures for such domestically oriented ac
tivities as cornmeal preparation and tool and container 
manufacture and maintenance. The interhousehold 
groups probably also shared at least some meals in the 
structure, although the exact composition of pit
structure meal-sharing groups cannot be estimated. The 
ritual feature complexes are also thought to have been 
accessed primarily by the interhousehold group during 
ritual and ceremonial observances. Such observances 
probably helped integrate the nuclear family units that 
constituted each interhousehold. 

Because of their larger floor areas, Periman oversized 
pitstructures are thought to have served some supra
household organizations (corporate groups) as well as 
a resident interhousehold. The characteristics of the 
associated feature assemblages suggest that most over
sized pitstructures served as habitation and work space 



and as integrative loci for the interhousehold. It is sug
gested that, in addition, oversized pitstructures were 
accessed by more inclusive, higher-order corporate 
groups for managerially oriented ritual and ceremony. 
Such observances may have been attended by repre
sentatives of different interhouseholds residing in the 
same roomblock unit or in related roomblock units. 
These organizations are viewed as similar in structure 
and responsibilities to the corporate groups described 
by Hayden and Cannon (1982:132-158). The largest 
oversized pitstructures recorded by the DAP (Pit
structure 3 at McPhee Pueblo and Pitstructure 9 at 
Pueblo de las Golondrinas) did not contain domestic 
features or artifacts. These 2 structures are thought to 
have functioned strictly as locations for corporate group 
ritual and ceremony. Both pitstructures are associated 
with horseshoe-shaped roomblocks; this association is 
thought to be significant in terms of the managerial 
structure oflarge, Dolores-area communities (chap. 14). 

Grass Mesa Subphase of the McPhee Phase 
(A.D. 870-910) 

Grass Mesa Subphase architecture is aberrant when 
compared to recorded late Pueblo I or early Pueblo II 
patterns in the Mesa Verde Region. Specific architec
tural descriptions for the Grass Mesa Subphase are pre
sented in the Grass Mesa (Site 5MT23) report (Lipe et 
al, 1985) and in the Rio Vista Village (Site 5MT2182) 
report (Wilshusen 1985, comp. 1985). 

General Layout and Structure Populations 

Grass Mesa Subphase layouts and population size are 
variable. In many instances, the Grass Mesa inhabitants 
reoccupied Periman Subphase structures and often re
modeled the former surfaces to accommodate new ar
rangements of features and activity areas. In other 
instances, entirely new structures were built. Also, the 
Grass Mesa groups apparently resided side by side with 
traditional Periman groups, and probably participated 
in rituals and ceremonies held in the traditional loca
tions (Lipe et al. , 1985). Grass Mesa Subphase habi
tation sites , therefore, are characterized by 
continuation of the old Periman room block-plaza pat
terns, which have been rendered more complex by 
abandonment of some units and addition of others. 
Mean estimates of numbers of architectural units per 
habitation site are difficult to calculate because Grass 
Mesa Occupation have been recorded only at 2 sites: 
Grass Mesa Village and Rio Vista Village; both sites 
contain roomblock unit occupations assigned to this 
subphase. The general plan of a Grass Mesa settlement 
is depicted in figure 5.24. 

Surface Structures 

Grass Mesa surface rooms conform to the inferred pat
tern of relatively great architectural variability. In cases 
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where Periman rooms were reused, former back storage 
rooms may have been modified into living or domestic 
rooms through addition of hearths and other features. 
Former front living rooms might have been reoccupied 
as open, ramada-like areas on the northern margins of 
plazas (Varien 1985:4.122). Areas where the Grass 
Mesa groups constructed new rooms have been re
corded. These rooms usually are small (ca. 4 to 6m2 in 
area) and noncontiguous, similar to Tres Bobos and 
Sagehill rooms. No definitive characteristics are listed 
here for Grass Mesa rooms because of the variability 
in the data set. 

Pitstructures 

Grass Mesa pitstructures also are relatively variable 
when compared to those from other periods. Some ap
parently can be classified as protokivas, reflecting con
tinuation of the old Dos Casas-Periman pattern of a 
dual function as domestic and integrative structures. 
Others (termed "pocket pitstructures") apparently 
served solely as living or economic activity locations 
and therefore can be termed "pithouses." These pit
houses are characterized by their small size (from 6 to 
15 m2), expedient construction mode, and variability in 
feature complement and placement. For example, the 
structures are generally subrectangular with many ir
regularities in wall outlines; wingwalls may be present 
or absent; and the positions of mealing stations are var
iable, although they are usually west or south of the 
hearth. The standard four-post roof-support pattern is 
maintained in Grass Mesa pitstructures. Because of the 
inherent variability in the data set, no definitive char
acteristics of Grass Mesa Subphase pitstructures are 
described here. A plan view of a Grass Mesa "pocket 
pitstructure" is illustrated in figure 5.25 . 

A Grass Mesa Subphase oversized pitstructure (Pit
structure 32) was identified near the east end of the 
Grass Mesa site (Varien 1985:4.344-4.357). This struc
ture has a total floor area of over 40 m2 and an eight
post rather than the standard four-post support system. 
Unlike Periman oversized structures, Pitstructure 32 
lacks a wingwall and vaults and consequently has a great 
expanse of unencumbered floor space. It thus could 
have accommodated mobile group activities such as 
dances. The structure is inferred to have functioned as 
a ritual-integrative facility for the resident Grass Mesa 
Subphase groups (Varien 1985:4.355-4.356). 

Cline Subphase of the 
McPhee Phase (A.D. 920-1000) 

Cline Subphase architecture in general is similar to 
early Pueblo II patterns described for the Mesa Verde 
Region (Morris 1939:33-35; Farmer 1977:31-64, 115-
141 , 176-227; Lister 1965, 1966). Specific descriptions 
of excavated Cline Subphase architectural units can be 
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Figure 5.24 - Grass Mesa Subphase habitation site layout (adapted from Varien [1985:fig. 4.101]). 

located in the DAP site reports for McPhee Pueblo (Site 
5MT4475 [Brisbin et al. 1985]), Masa Negra (Site 
5MT 44 77 [Kuckelman 1984a]), and Kin Tl'iish (Site 
5MT2336 [Dohm and Gould 1985]). 

General Layout and Structure Populations 

Cline Subphase occupations generally are restricted to 
the Sagehen Flats and McPhee Community areas and 
to the southern portion of the river valley within the 
project area. A fairly substantial Cline Subphase oc
cupation was recorded during field investigations at 
McPhee Village; Cline groups apparently reoccupied 5 
or 6 of the room block units originally constructed and 
used during the earlier Periman Subphase. Cline Sub
phase roomblock units consist of masonry surface 
rooms and a plaza area containing pitstructures. Total 
populations of structures are less than during the pre
vious Cline occupation; 2 of the Cline room block units 
contained over 20 rooms and 2 to 3 pitstructures each, 
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while architecture at the other 3 to 4 roomblocks prob
ably was limited to several rooms and I pitstructure. 
A plan of a Cline Subphase roomblock is depicted in 
figure 5.26. 

Surface Structures 

Cline Subphase surface rooms are generally similar in 
form and function to their Periman predecessors, al
though several differences are noted. Mealing areas 
seem to become more formalized and spatially distinc
tive, and some Cline Subphase rooms may have func
tioned primarily as mealing facilities. This change in 
surface room function is probably related to shifts in 
pitstructure function . With the shift from "protokiva" 
to "kiva" and the deletion of mealing locations from 
pitstructures, an accommodation was made in surface 
room architecture. Cline surface rooms are not easily 
grouped into domiciliary suites consisting of storage 
rooms and a Jiving room; ambiguous wall alinements 
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Figure 5.25 - Plan of a Grass Mesa Subphase pitstructure (adapted 
from Morris et al. [1985:fig. 6.15]). 

do not allow a simple definition; however, domestic 
apartments are definable on the basis of minimum nec
essary facilities rather than on regular wali lines. This 
may reflect organizational changes in the composition 
of Cline domestic and economic groups. Cline surface 
rooms incorporate more horizontal masonry into their 
construction, and comparatively speaking, reflect a 
greater investment in materials and labor. Most Cline 
surface rooms are built over previously occupied Per
iman rooms and may incorporate portions of original 
Periman walls or surfaces in the new construction. Ar
chitectural characteristics of Cline Subphase surface 
rooms are listed below: 

I. Shape. The structures are rectangular in plan. 

2. Size. Two populations are discerned: small 
storage or processing rooms with a mean area of 
about 6m2, and large living rooms with a mean area 
of about 15 m2 (Wilshusen 1985c:table 3). 

3. Wall construction. Walls are constructed pri
marily of horizontally laid and mortared sandstone 
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Figure 5.26 - Cline Subphase habitation site layout (adapted from 

Kuckelman [1984a:fig. 2)). 

block masonry. The individual blocks are shaped by 
flaking, and they often have a "scabbled" appear
ance (Brisbin et a!. 1985). Back room walls might 
have been constructed entirely of masonry, while 
front room walls probably had upper portions of 
jacal or turtleback daub. 

4. Roof construction. Most rooms contain post
holes in the 4 corners, suggesting that standard four
post construction was the dominant roofing pattern., 
Large front rooms may contain 2 additional post 
supports near the north-south axis of the structure. 

5. Floor. Floors consist of the original surface of 
the excavation covered with a veneer of dried mud 
or sand. 

6. Domestic and economic activity areas. Rooms 
can be functionally classified as storage, processing, 
or habitation rooms. Storage rooms contain few fea
tures and usually are small back rooms. Processing 
rooms contain grinding stations or sets of hearths 
and are small back or front rooms. Habitation rooms 
contain a complement of features (e.g. , corner bins, 
central hearths, warming pits, mealing stations) used 
in the performance of day-to-day domestic tasks. 

Pitstructures 

Cline pitstructures exhibit marked changes in form and 
function when compared to their Dos Casas and Per
iman Subphase predecessors. One or several pit
structures are present per room block unit. Pitstructures 
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are generally circular rather than rectangular, and they 
usually have a bench. Pitstructures 4 and 5 at McPhee 
Pueblo are subrectangular; they incorporate portions of 
abandoned Periman Subphase pitstructure construc
tion. Wingwalls are absent and domestic/economic ac
tivity areas are less common, suggesting increased use 
of the pitstructure as a location for ritual and for group 
integrat ion. T he fo rm and function of Cline pit
structures approximates the descriptions of the true 
"kiva" as presented in the archaeological literature 
(Lancaster and Pinkley 1954:55; Gillespie 1976:85-98). 
Figure 5.27 depicts the plan of a Cline Subphase pit
structure. Specific architectural characteristics are as 
follows: 

I. Shape. Cline Subphase pitstructures are gen
erally round or oval, except when the builders ex
pedie ntl y inco rpo ra ted portions of Periman 
Subphase structures. This is in marked contrast to 
the rigid .subrectangular plans of the previous Peri
man Subphase. 

2. Size. Usable roofed areas (floor plus bench sur
faces) for Cline Subphase pitstructures range from 
less than 10m2 to almost 30m2• If outliers in the 
size distribution are omitted, then most Cline pit
structures are between 10m2 and 20m2 in area; the 
mean roofed area is approximately 18 m2 (Wilshusen 
1985c:table 3). Pitstructures I and 2 at McPhee 
Pueblo (these are superimposed structures) are larger 
than the " normal" population (27.4 m2 and 34.1 m2, 

respectively) and may be equivalent to the "over
sized" pitstructures of the Periman Subphase. 

3. Depth . Depths for Cline Subphase pit
structures range from I. 3 to I. 7 m; mean depths are 
approximately 1.5 m (Wilshusen 1985c:table 2). 

4. Roof construction. Four-post roof support pat
terns are common, although some structures appar
ently had roofs with the main beams footed on the 
tops of the walls, that is, at ground level. When pres
ent, the 4 main supports are footed in the bench in 
the northwest, northeast, southwest, and southeast 
corners. This style of construction would have in
creased the amount of unencumbered floor space in 
comparison with Periman pitstructures. 

5. Bench. Presence or absence of a bench is var
iable in Cline pitstructures and may covary with size 
(large pitstructures incorporate a bench, small pit
structures usually do not). Pitstructure 5 at Masa 
Negra Pueblo (Kuckelman 1984a), near the small 
end of the size distribution, had a high bench. This 
feature may have served as reinforcement for the 
walls rather than as the more typical kiva bench. The 
"oversized" pitstructures at McPhee Pueblo (Pit-
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Figure 5.27 - Plan of a Cline Subphase pitstructure (adapted from 
Kuckelman [1984a:fig. 41]). 

structures I and 2) contained benches. Pitstructure 
8 at the same roomblock unit contained a partial 
bench on the west side. 

6. Wingwall. Wingwalls are absent in Cline Sub
phase pitstructures. 

7. Bins. Bins are absent in Cline pitstructures. 

8. Ventilation system. Cline Subphase pit
structures incorporate a standard ventilation system 
in the form of a horizontal tunnel and a vertical 
shaft, the former opening into the pitstructure at 
floor level from the south. Pitstructure I at McPhee 
Pueblo (Brisbin et al. 1985) has a subfloor ventilator 
tunnel with an opening just south of the central 
hearth. 

9. Hearth and heating complex. Cline Subphase 
pitstructures incorporate a central hearth, usually 
accompanied by an ash pit to the south. 

10. Domestic and economic activity areas. Feature 
and artifact populations indicative of domestic or 
economic tasks are variable in Cline Subphase pit
structures. Some pitstructures (Pitstructures I and 
2 at McPhee Pueblo [Brisbin et al. 1985], Pit
structure 5 .at Masa Negra Pueblo [Kuckelman 



1984a], and Pitstructure 4 at Kin Tl'iish [Dohm and 
Gould 1985]) contained relatively sparse popula
tions of features and artifacts, which suggests a use 
other than as living space. Others (most notably Pit
structures 4 and 8 at McPhee Pueblo) contain high 
densities of material items, including flaked stone 
tools, ground stone tools, ceramic fragments, and 
chipping waste. Some of this material may represent 
postabandonment disposal of refuse; however, some 
of the recovered materials probably reflect use of the 
structure. Even when high material densities are 
present, the items do not appear to be spatially ar
ranged in any regular fashion . Formal mealing areas, 
which are commonly encountered in Periman pit
structures, are absent from Cline pitstructures. 

II . Ritual activity areas. Cline Subphase pit
structures usually contain a simple, cylindrical si
papu on the north-south axis of the structure 
between the central hearth and the north wall. Pit
structure 5 at Masa Negra Pueblo (Kickelman 
1984a: 125-140) contains a capped basin-shaped pit 
which is similar in form and location to Periman 
Subphase complex sipapus (Wilshusen 1985b: 11-
14). The 2 "oversized" Cline pitstructures at Mc
Phee Pueblo contained niches, possibly used for stor
age of ceremonial items, in the north wall on the 
north-south axis. Cline pitstructures do not contain 
complex assemblages of ritual features such as those 
described for Periman counterparts. 

The feature and artifact data suggest that Cline pit
structures can morphologically and functionally be 
classified as kivas. They are generally round or oval in 
outline except when portions of abandoned Periman 
structures have been incorporated. They lack wingwalls, 
and the main support posts have been incorporated into 
the bench or outer walls, thus creating a relatively large 
expanse of unencumbered space. Cline Subphase pit
structures also lack the standard Periman domestic ac
tivity areas and features (mealing stations, tool storage 
areas, warming pits, etc.) and Periman-style complex 
ritual features. Again, the effect of the removal of most 
"furniture" associated with the structures would be to 
free up space, perhaps to facilitate mobile group activ
ities. Thus, Cline Subphase pitstructures generally ex
hibit similar morphology to published descriptions of 
early "Mesa Verde" kivas and are probably functionally 
similar as well. Most domestic activities probably were 
relocated in the surface rooms. Pitstructures 4 and 8 at 
McPhee Pueblo may have been the locations of some 
domestic activities. However, a large portion of the 
"domestic" artifacts associated with these structures 
may be secondary refuse. The possible domestic activ
ites do not appear to be patterned. The substitution of 
a simple sipapu in lieu of the complex Periman-style 
ritual feature assemblages suggests that the types of 
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ritual-ceremonial observances and perhaps the com
position of the groups participating in these observ
ances also changed. Specifically, it is proposed that 
Cline ritual observances were more mobile than static, 
when compared to Dos Casas-Periman analogs. 

Marshview Subphase of the Sundial Phase 
(A.D. 1000-1200) 

Marshview Subphase structures identified and inves
tigated by DAP field crews do not correspond to the 
published descriptions of Mesa Verde Region Pueblo 
II and Pueblo III architecture (e.g. , Morris 1939; Hayes 
and Lancaster 1975; Rohn 1971). The uninvestigated 
sites in the vicinity of the Reservoir Village probably 
contain architectural patterns more similar to the pub
lished accounts. Specific descriptions of Marsh view ar
chitecture are available in the following DAP reports: 
Marsh view Hamlet (Site 5MT2235 [Wilshusen 1982b]), 
Paintbrush House (Site 5MT2729 [K.Jeidon 1984b]), 
Pinyon House (Site 5MT4751 [Kuckelman 1984b]), 
Southview House (Site 5MT2241 [Morris 1983]), Wea
sel Pueblo (Site 5MT5106 [Morris 1984]), and Beaver 
Trap Shelter (Site 5MT4654 [Hewitt and Harriman 
1984]). The following discussion is limited to the 
Marshview occupations investigated by the field staff; 
these sites are generally in the middle and northern 
parts of the project area. The Reservoir Village area, 
on the southern fringe of the project, contains more 
typical Pueblo II - Pueblo iii architecture, including 
masonry surface room-kiva complexes. The village also 
contains specialized architecture in the form of a two
story, rectangular roomblock similar in form to Esca
lante Ruin, a tri-walled structure (the Emerson Ruin) 
and a possible great kiva (fig. 5.4 and 5.5). 

General Layout and Structure Populations 

Marshview Subphase architectural sites are character
ized by comparatively low structure populations and 
considerable variability in the proportions of structure 
types. Architectural sites with only I structure are com
mon, and generally speaking, no more than a few struc
tures are present. Marshview architectural sites may 
consist of a single pitstructure without surface rooms, 
a surface room without pitstructures, or a surface room
pitstructure complex with one or several surface rooms 
and a single pitstructure. Marsh view architectural sites 
exhibit the typical Anasazi north-south axis alinement 
with surface rooms (when present) to the north , pit
structures in tht: center, and a midden or sheet refuse 
area to the south. These sites are very small (sites usu
ally are less than 600 m2 in total area). The small size, 
structure variability, and expedient, low-cost construc
tion of Marshview sites suggest many were probably 
seasonal occupations rather t!l<tn permanent settle
ments. A plan of Marsh view Subphase architcctuial site 
is depicted in figure 5.28. 
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Figure 5.28 - Marshview Subphase habitation site layout (adapted 
from Wilshusen [1982b:figs. 12.9, 12.10)). 

Surface Structures 

Marshview surface structures are variable in form and 
construction. Several Marshview sites contain stone 
masonry surface rooms; these can be briefly described 
as follows: Beaver Trap Shelter contains a masonry 
room block with 4 contiguous structures; I of the struc
tures possesses kiva-like construction and features . Pin
yon House has a single masonry room thought to have 
been a storage facility. Southview House contains a sin
gle rectangular masonry room with walls that originally 
were over 2 m in height; the room apparently served as 
the location for a variety of activities. Singing Shelter 
(Site 5MT4683) contained a Marshview dry-laid ma
sonry surface room that apparently functioned as a hab
itation; a central ·hearth and masses of soft vegetal 
'naterials interpreted as bedding were present in the 
structure. The Marsh view component at Weasel Pueblo 
was marked by a round surface structure, which prob
ably was part of a tower-kiva complex. Excavation of 
2 Marsh view sites without substantial surface architec
ture (Paintbrush House and Marshview Hamlet) 
yielded indications of jacal or brush ramada-like struc
tures north of the pitstructures. However, because of 
postabandonment erosion and disturbance, the form 
and function of these structures could not be estimated. 
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Because of the variability within this data set, few gen
eralizations are possible. Mean floor areas for Marsh
view structures are between Sand 6m2, with a standard 
deviation of over 2 m2 (Wilshusen 1985c:table 3). 

Pitstructures 

Marshview Subphase pitstructures are very small and 
shallow, and reflect less investment in materials and 
labor than their counterparts during previous sub
phases. Functionally, they probably can be considered 
pithouses rather than kivas or protokivas, as they lack 
evidence for ritual or ceremonial activity. Specific ar
chitectural characteristics are given in the following list: 

I. Shape. Marshview pitstructures are round or 
oval. 

2. Size. Floor areas of Marshview Subphase pit
structures range from 5.3 m 2 to over 14m2; the mean 
is about 7 m2 (Wilshusen 1985c:table 2). Marsh view 
pitstructures thus encompass less than half of the 
mean floor area when compared to pitstructures of 
other subphases. 

3. Depth. The mean depth of Marshview Sub
phase pitstructures is about 1.0 m (Wilshusen 
1985c:table 3); the pitstructures are very shallow 
when compared with pitstructures of other 
subphases. 

4. Roof construction. Roof beams usually were 
footed at the top of the pit walls. 

5. Bench. Benches are absent from Marshview 
pitstructures. 

6. Wingwall. Wingwalls are absent from Marsh
view pitstructures. 

7. Bins. Bins are absent from Marshview 
pitstructures. 

8. Ventilation system. Marshview pitstructures 
incorporate a standard horizontal tunnel-vertical 
shaft ventilation system. A deflector is usually lo
cated on the south margin of the central hearth . 

9. Hearth and heating complex. Marshview pit
structures contain a central hearth and sometimes 
an associated ash pit south of the hearth. The de
flector is usually anchored in the southern clay lining 
of the hearth itself. Lateral warming pits are absent. 

10. Domestic and economic activity areas. Fea
tures indicative of domestic or economic activities, 



such as in situ metate stations or lapstones, are usu
ally absent from Marshview pitstructures. Features 
indicative of storage, such as wall or floor cists and 
pot rests, are often present. 

II. Ritual activity areas. Evidence for ritual activ
ities in Marshview pitstructures is usually absent; a 
simple cylindrical sipapu may be located between 
the hearth and the north wall. 

Because of their small sizes, their variability in and low 
cost of construction, and their lack of association with 
household surface roomsuites, Marshview Subphase 
pitstructures are interpreted to be habitation facilities. 
Because they are very small when compared to other 
project habitation structures (Tres Bobos pitstructures, 
for example, have a mean floor area of over 25 m\ 
versus 7 m 2 for comparable Marshview structures), 
Marshview pitstructures may have been used only on 
a seasonal basis. Marshview pitstructures do not con
tain the set of formal morphological attributes (bench, 
plaster-footed roof, masonry wall lining, etc.) used to 
define Mesa Verde Region kivas (Lister 1966:77-87). 
Rather, Marshview pitstructures can be considered 
"least cost" in terms of labor expenditure and mate
rials: they are small and shallow and have low feature 
populations, earthern walls, and roofs that are footed 
on the wall margins of the pit. This expedient style of 
construction reinforces the impression that these struc
tures were used by small groups on a seasonal basis. 

Escalante Subphase of the Sundial Phase 
(A.D. 1120-1180) 

Because DAP excavations of Escalante Subphase ar
chitectural contexts were limited to I site (Sundance 
Hamlet [Site 5MT2215]; Harriman [ 1983]), no archi
tectural summary is presented here. For architectural 
descriptions, refer to the general Escalante Subphase 
discussion in the first section of this report and the 
reports of site investigations undertaken by other in
stitutions (Reed 1979; Hallasi 1979; Douthit 1984). 
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Chapter 6 

MODELING DOLORES AREA CULTURAL DYNAMICS 
William D. Lipe 

INTRODUCfiON 

This chapter is devoted to the development of a general 
model of sociocultural change and to the identification 
of some implications of this model that can be tested 
against archaeological data from the Dolores area. After 
introductory comments about the nature of building 
and testing theoretical models, a major section is de
voted to presenting a general model of a regional so
ciocultural system. This model is not specific to the 
Dolores area or to Anasazi culture, but is derived from 
theoretical considerations and substantive generaliza
tions about how "Formative" level (Willey and Phillips 
1958) sociocultural systems work. This general model 
is presented and discussed to identify variables and re
lationships potentially important in bringing about so
ciocultural change. Thus, it is intended as a survey of 
variables and relationships that might be considered in 
investigating specific instances of sociocultural change. 

The next section of the chapter briefly discusses pos
sible approaches to developing testable expectations 
from the general model. It is concluded that, short of 
a complex computer simulation beyond the capacity of 
the Dolores Archaeological Program, only selected ex
pectations can be tested. 

In the final section, selected variables and relationships 
are used to construct 2 specific processual models of 
change for evaluation against the Dolores archaeolog
ical data. The first assumes as primary an economic 
system that has stable economic goals and articulates 
population, material needs, and resouret:s in a cost
efficient way. Sociopolitical development is seen as a 
necessary accompaniment to increased population den
sity or to economic intensification brought about by 
resource supply/demand imbalances. The second model 
assumes that under any of a broad range of economic 
conditions, social variablt:s can become primary, with 
status differentiation and competition promoting eco
nomic intensification, population growth, and socio
political development. Contrasting expectations are 
developed for these alternative specific models of sys
temic change. These expectations are examined, in light 

of several categories of data, in chapters 7 through 15. 
In some of these chapters, additional evaluations of 
relationships among variables taken from the general 
model are also attempted. Chapter 16 presents a syn
thesis of results. A number of the supporting studies 
that contributed data used in chapters 7 through 16 are 
published in Petersen and Orcutt ( 1985) and in Blin
man et al. ( 1985). 

Definition and General Requirements 
of Modeling 

A model is a simplified or abstract representation of a 
real system, incorporating only the few variables and 
relationships believed to be most important in account
ing for the variability in the real system (cf. Clarke 
1968:32). Since a system is being modeled , relation
ships among the variables must be stated; i.e. , how 
change in I variable is likely to result in change in 
others. If this change is repetitive and is maintained 
within a steady range of values, the relationships among 
these variables can be viewed as maintenance processes 
regulating the operation of the system. To the extent 
that the system as a whole or major subsystems within 
it undergo nonrepetitive or structural change, the re
lationships linking the sequent states may be viewed as 
evolutionary or change processes. 

The model must be relevant to the system, i.e., the mod
eled variables must be thought to be present, important , 
and measurable (or at least capable of being estimated) 
in the real system. On the other hand, the variables and 
relationships chosen should be derivable from general 
sociocultural theory, and the results of testing propo
sitions derived from the model against data should be 
able to contribute to general theory. Thus _..the model 
will be powerful to the extent that it can both account 
for a variety of characteristics of the real system data 
and can also be related to general theory about the op
eration of systems of the kind under study. 

Archaeological modeling operates under the burden of 
having to work with data deri ved from the archaeolog
ical record and hence somewhat removed from the so
ciocultural phenomena being modeled. The model must 
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not only incorporate theory about how sociocultural 
systems work, but must also use " middle-range theory" 
(Binford 1977) about how the sociocultural phenomena 
of interest are expressed in the archaeological record . 
These links are discussed in chapters 7 through 15 and 
in numerous supporting studies (Petersen and Orcutt 
[ 1985]; Blinman et al. [ 1985]). 

Testing a model -requires that researchers be able to 
develop from the model predictions or expectations 
about archaeological data that did not enter into the 
construction of the model itself, i.e., did not provide 
the basis for delineating the variables and their rela
tionships. This is not a difficult constraint because the 
model presented is based on generalizations about so
ciocultural continuity and change and because expec
tations about the Dolores case are derivable from these 
general considerations, rather than from examination 
of specific Dolores archaeological data. 

For the same reasons, however, the model itself is test
able only in 2 rather indirect ways. In the first, and 
more direct way, propositions can be drawn from the 
model and compared to the Dolores area data. For ex
ample, we might posit that increased population density 
should be followed by increased social differentiation 
and by increased agricultural intensification. Should we 
find these expectations are not supported by the Dolores 
data, it would show that the posited relationships did 
not hold in this particular test, but would not dem
onstrate they were not generally present. These rela
tionships have been found in numerous other cases, or 
at least it has been so argued (e.g., Plog 1974; Boserup 
1965), and we would have added only one counter
example. The finding would, however, contribute to the 
literature on these propositions and might to some ex
tent modify our evaluation of their worth as 
generalizations. 

In the second, and less direct sense, the overall useful
ness of the general model can be evaluated by asking 
"Did the general model assist in isolating variables and 
relationships that could be shown to account for aspects 
of Dolores area sociocultural continuity and change?" 
To the extent that this question can be answered af
firmatively, the general model can be considered to 
have been supported by this application or "test." This 
does not mean, however, that some other general model 
might not have served better. 

The view of testing presented here emphasizes the role 
of the general model in the DAP approach to Problem 
Domain 5 (Cultural Process) in the DAP general re
search design (Kane et al. 1983). The model serves to 
generate propositions whose applicability to Dolores 
prehistory can be tested. Thus, the focus is on deter
mining what variables and relationships account for 
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Dolores area continuity and change; the general con
siderations are useful and relevant to the extent they 
contribute to that goal. 

Testing propositions derived from the model also re
quires that the tests be capable of being falsified; that 
is, some states of the variables could conceivably occur 
that would deny the predictions of the model. And, the 
archaeological data used in testing must be linked by 
credible warranting arguments to the variables em
ployed in the propositions that are being tested. 

A GENERAL MODEL OF SOCIOCULTURAL 
STABILITY AND CHANGE 

This general model provides a selection of variables for 
examination, and a justification as to why these vari
ables are potentially important in accounting for sta
bility and change in regional sociocultural systems. It 
also indicates general directions of influence or effect 
among variables, what co-variance is to be expected and 
which variables are likely to change in response to 
change in others. The model is to be used as a frame
work for abstractly describing the state of a regional 
sociocultural system and for comparing the system at 
different points in time. It can also serve for describing 
and comparing different regional systems at the same 
or different times. 

In figure 6.1, a number of variables are name~ and 
relationships among them shown by connecting arrows. 
The directions of the arrows indicate the direction of 
influence or effect. The variables and relationships are 
those thought to have the potential to affect sociocul
tural stability and change in a system of the kind found 
in the Dolores area during the period of interest. The 
individual variables and their probable relationships 
are discussed later. 

Figure 6.1 and the discussions that follow present a very 
general model of a regional sociocultural system. The 
model also incorporates aspects of the natural environ
ment and of adjacent sociocultural systems to the extent 
these may have had an effect on the regional system 
under study. Although most variables (e.g., population, 
resource demand) will play a part in the functioning of 
the system in any state it might assume, some of the 
variables (e.g., immigration, intersystem exchange) may 
not. All variables have the potential to change through 
time, but some may not in a particular case. For ex
ample, in the Dolores area, the supply of most raw 
materials for lithic tools appears inexhaustible and was 
probably not measurably depleted by use. On the other 
hand, the Dolores area population changed greatly 
through time. The strength of the relationships among 
variables may not vary through time. In the Dolores 
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Figure 6.1 - A general model of sociocultural stability and change. 

case, it seems likely that the technology of tool man
ufacture and use exerted a fairly constant effect on re
source procurement and processing costs throughout 
the time period of interest (cf. chap. II). On the other 
hand, immigration was probably a strong contributor 
to population size in some periods and not in others. 

Some Basic Considerations 

Homeostasis and Open Versus Closed Models 

The system modeled here is assumed to have a tendency 
tow~rds homeostasis, in that mechanisms exist to con
strain variability within certain limits so that the states 
of a given variable oscillate around a (statistical) norm. 
Some of this variability may be viewed as stochastic, 
and some as a result of directional change processes 
interrupted by a cultural response that restores a pre
vious state. Thus the progressive deterioration of fa
cilities may be halted by repair or by the construction 
of new facilities, disparities in rates of accumulation of 
goods may be reduced by ritual distribution, and so 
forth. The degree to which the system's components are 
functionally interrelated can be seen as leading to ho
meostasis, if one assumes a certain amount of inertia 
or resistance to change within each of the components. 
The existence of homeostatic or deviation-damping 

(Flannery 1968) mechanisms does not imply the system 
cannot change or that it is always, or ever, in perfect 
equilibrium. Nonetheless, homeostatic mechanisms 
must operate to some extent if the system is to maintain 
an adequate amount of functional integration and 
coherence. 

The system should not be viewed, however, as so suc
cessfully and thoroughly homeostatic that it remains in 
a state of equilibrium until a forceful enough disruption 
sends it oscillating toward a new equilibrium state. This 
view implies a kind of all-pervasive, well-oiled func
tional integration is the normal state, and further, that 
disruptions must come from outside the system. They 
could not come from inside if complete functional har
mony is the rule (Jarvie 1965). An undue emphasis on 
homeostasis and integration leads us to view the system 
as closed and directs the search for change agents to 
the larger social or natural environment outside the 
system. 

Wood and Matson (1973) have properly criticized this 
view and have proposed that, following Buckley ( 1968), 
sociocultural systems be viewed as open. The system is 
defined as a nexus of interacting variables; to the extent 
that variables affect one another, they are part of the 
system. This is very close to the view adopted; in this 
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proposed model , certain sociocultural and environ
mental forms (variable states) are seen as the product 
of a balance among interacting forces; a change in any 
or all of these forces may cause a change in the balance 
so that a new set of forms emerges. Rapidity of change 
is constrained by the effectiveness of functional inte
gration and deviation-damping mechanisms. Change is 
also assumed to be constrained by a certain inertia, 
resulting from attachment to particular cultural solu
tions to the problems of life, due probably to the in
tellectual , affective, and neuromuscular investments 
required to learn particular patterns of behavioral re
sponse (Jochim 1981 :27-28). 

In keeping with the open system concept, the model 
presented (fig. 6.1) includes aspects of the local envi
ronment as well as variables that are sociocultural and 
demographic. The key element in the treatment of the 
environment is resource supply, which is considered to 
be those aspects of the environment recognized by the 
area's population as actual or potential resources. Al
though climate is likely to have affected resource supply 
both directly (e.g. , by early killing frosts) and indirectly 
(e.g., by causing long-term shifts in vegetation com
munity distributions), socioeconomic factors must have 
had substantial effects on resources as well. These 
would have included, for example, the results of land 
clearing and cultivation and of collecting wild plant and 
abiotic materials and animals. From this perspective, 
treating resource supply as a product of a coupled, but 
separate, environmental system would be unnecessarily 
awkward. 

Geographic Boundaries of the Dolores Area 

The Dolores area is coextensive with the Escalante Sec
tor in the DAP spatial systematics (Kane 1983). The 
Escalante Sector was established to encompass the cen
tral impact area and project takeline and is based on 
the extent of the Anasazi settlement system centered 
on the Dolores River canyon. In the model diagram 
(fig. 6.1 ), the Dolores area is distinguished from adja
cent areas, some of which were inhabited by other An
asazi populations. This spatial boundary is not 
necessarily (though at some times it has been) a "nat
ural" one, i.e., one that represents a fall-off in popu
lation density or in amount of social interaction 
between settlements. It is a heuristic bounding that fa
cilitates consistent investigation of the prehistory of the 
Dolores area; it is the area from which most of our 
available data come; it is large enough to include several 
Anasazi communities and their primary economic 
catchments during the time period of interest; and it 
has environmental variety, but not so much that it can
not be summarized by a small set of physiographic, 

442 

biotic, climatic, and edaphic patterns. In keeping with 
the open systems assumption, relationships with socio
cultural systems outside the Dolores area are included 
in the model because they have the potential to affect 
variable states within the region of primary interest. 

During the A.D. 600-950 period, Anasazi populations 
were present at least part of the time in areas imme
diately south, west, and northwest of the Dolores area. 
To the east and northeast, the higher, forested areas 
seem not to have supported Anasazi settlements, at 
least not on a year-round basis, nor does any evidence 
show they were occupied at this time by non-Anasazi 
hunters and gatherers. Further afield, Anasazi popu
lations in the Durango and Animas-La Plata areas, the 
San Juan Valley near Farmington, the Mesa Verde 
proper, the Montezuma Valley and McEimo drainage, 
and the Blanding-Bluff region of southeastern Utah 
may have had interactions with and effects on the Do
lores area Anasazi . 

It is assumed the non-Dolores systems can also be char
acterized by the general model - that all things being 
equal, they would respond to change in a given variable 
in much the same way as would the Dolores system. 
The credibility of this assumption may be increased by 
the fact that the populations likely to have been inter
acting with the Dolores Anasazi all participated in the 
Mesa Verde Anasazi Cultural Tradition, and thus prob
ably had similar sets of cultural expectations and 
norms, had a generally similar level of sociopolitical 
complexity, and depended on generally similar eco
nomic resources. Of course, not all things were equal 
across southwestern Colorado and adjacent areas -
population density, costs and risks of obtaining nec
essary resources, and degree of agricultural intensifi
cation - varied through both time and space, providing 
much of the impetus for economic, social, and demo
graphic interactions among regions (cf. Braun and Plog 
1982; Judge et al. 1981, Plog 1984). 

The bounding of the Dolores area appears to be least 
arbitrary, in a demographic and sociological sense, dur
ing the A.D. 800's, when the Dolores River valley and 
some of the adjacent uplands were more heavily pop
ulated than were surrounding regions. The boundaries 
of the Escalante Sector probably passed through areas 
of relatively low population density and social inter
action. Earlier, however, the small dispersed home
steads and hamlets that characterized the Dolores area 
in the A.D. 600's and 700's may well have been part 
of a larger distribution of such settlements that ex
tended outside the area to the south and west. Their 
community boundaries may not necessarily have co
incided with the edge of Escalante Sector. 



Sources of Systemic Change in the 
General Model 

In the following paragraphs, several groups of variables 
and relationships are described; each cari be considered 
as a major component of the system and as a potential 
source of change. 

Because the modeling studies are focused on the Do
lores area, which has geographic boundaries, the first 
group of variables and relationships are referred to as 
" interareal," as extending outside the Dolores area. 
That is not meant to contradict the "open system" as
sumption described earlier but is the result of the adop
tion of a geographic focus . Social, economic, and 
demographic relationships that extend outside the Do
lores area are not necessarily more or less important in 
determining sociocultural responses within the 
Dolores-based system than are its own economic, so
cial, or demographic subsystems. 

lnterareal Relationships 

In the model, the factors that extend beyond the Do
lores area and that can bring about responses leading 
to change within the Dolores area are regional climate 
and relationships between the local system and adjacent 
sociocultural systems. Regional climatic variability can 
affect local climate, which in turn affects the supply of 
basic resources- in particular, the capability of Dolores 
area lands to yield agricultural products. The regional 
climate's effects on surrounding areas can also alter the 
relative attractiveness of the Dolores area vis-a-vis sur
rounding areas and hence can affect the attractiveness 
of emigration or immigration as solutions to economic 
or social problems in any of these areas. 

Turning to sociocultural relationships, immigration to 
and emigration from the Dolores area are thought to 
have affected local population size and density, at least 
at times, although internal rates of growth and decline 
must also be considered. Population movement into 
and out of the Dolores area may have been strongly 
influenced by its economic costs, risks, and productiv
ity relative to neighboring locales. Such movements may 
also have been constrained by the type and degree of 
leadership and social integration within each area and 
by the kinds of social interaction (including, for ex
ample, intermarriage and warfare) between groups in 
the different areas. Furthermore, though emigration 
might have solved economic or social problems for the 
individuals or group that moved, it might have caused 
other problems (e.g., a change in the ratio of food pro
ducers to consumers or a disruption of established co
operative hunting relationships) for the population that 
remained. Problems of social integration and access to 
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resources and settlement space might also have been 
present in the area receiving the migrants. 

An additional external relationship that may have af
fected the states of variables within the Dolores system 
was interareal exchange (cf. Braun and Plog 1982; Judge 
et al. 1981; Upham 1982; Plog 1983). Incoming items 
would have supplemented the inventory of resource raw 
materials or of finished cultural materiel available lo
cally. This could have served to compensate for tem
porary insufficiencies (e.g. , due to crop failure) in local 
supplies of resources and material. The movement out 
of the area of exchanged items would have increased 
demand for resources needed to furnish these items. 

Movement of goods between areas can be accomplished 
by exchange or by one-way transfers (Pryor 1977). Of 
the 2 mechanisms, exchange seems the more likely for 
interareal relationships. Such external exchange may 
have effects on social and socioeconomic systems. Be
cause the distances involved are relatively great and 
because social relationships must be established with 
members of "foreign" groups, external exchange prob
ably takes a greater investment of time by the partic
ipants than does local exchange. Perhaps for this reason, 
external trade appears to have a greater potential for 
social manipulation, e.g., by restricting participation to 
only certain groups (Upham [ 1982]). To the extent that 
foreign products are widely desired or admired, the 
group in control of their acquisition through exchange 
can obtain an economic advantage and can use the 
products to display and validate its special status. I am 
not asserting that in the Dolores case mechanisms for 
external trade or transfer of goods went beyond trading 
partnerships among individuals (Snow 1981 , Ellis 
1981 ), but merely raising this possibility. 

Resource Supply 

Within the Dolores area, the local environment is con
sidered to be part of the system under study because it 
furnishes resources of value to the local population. 
One of the most likely sources of variability that could 
have affected other components in the system is re
source supply. The agricultural potential of soils in this 
area can be greatly affected by even small variations in 
local climate, notably in length of growing season (Shus
ter 1981; Petersen and Clay 1985); it is also affected to 
a lesser extent by amount and seasonal distribution of 
precipitation. Climatic variability could also have af
fected the area's vegetation types and distribution (Pe
tersen 1981 , 1985), with possible effects on wild plant 
and animal resources. 

Furthermore, the effects of resource use O;I the envi
ronment must have had e~ecrs on resource supply by 
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decreasing the availability of some items (e.g., pinyon 
pine [Pinus edulis] as a result of land clearing for ag
riculture) and by increasing the supply of others (e.g., 
edible pioneer plants such as goosefoot [Chenopodium 
sp.], which thrive in disturbed areas, such as cleared 
fields) (Bye and Shuster 1984; Petersen et al. 1985). 
Such environmental effects would include those re
sulting from land clearing and cultivation, harvesting 
timber for building materials and fuels (Kohler et al. 
1984; Kohler and Matthews 1984}, hunting, exploiting 
clay and lithic resources, and so forth . 

Population 

Another powerful source of systemic response and, po
tentially, of structural change, is variability in popu
lation. In some theories of sociocultural change this is 
considered a prime mover (e.g., Boserup 1965}, al
though in others it is considered as one of several factors 
that might place stress on the system and hence even
tually promote structural change (e.g., Flannery 1972, 
Hassan 1981; Lightfoot 1984 ). This latter perspective 
is adopted here. In this model, it is assumed population 
change is likely to have had important effects on other 
aspects of the Dolores system in 2 main ways: first, 
through its effects on resource demand; and second, 
through its effects on population density with conse
quent effects on the social system. 

In societies in which most economic activity is focused 
on providing small and relatively equal amounts of 
basic cultural materiel - food, shelter, clothing, fuel, 
and tools - for all members of the population, a major 
component of resource demand wiii vary directly with 
population. The demand for food - in terms of calories 
and basic nutrients - is likely to be most closely tied 
to population size. Demand for fuel and for material 
culture and facilities (and hence for the resources nec
essary to provide them) will also vary more or less di
rectly with population, but will be conditioned as well 
by demands stemming from the character of the soci
oeconomic system and technology (e.g., degree of se
dentism, importance of storage) and of the social 
system (e.g., the need for group assembly facilities, the 
need for imported goods to validate social status). If 
interareal exchange is substantial, this will also of 
course affect the directness of the relationship between 
change in population and change in resource supply and 
demand. 

Change in population size within a given area of course 
changes population density, which likely affects the so
cial system by changing the number and frequency of 
interactions among individuals and groups, and thus 
increasing the opportunities for conflict, including 
those arising from overlaps in role definition. Numer
ous studies have cited increasing population density as 
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one of the preconditions for increasing social differ
entiation and for the development of sociocultural com
plexity in general (cf. Plog 1974; Blau 1975; Carneiro 
1967). If density is the aspect of population size with 
the strongest effects on social relationships, these ef
fects might be achieved by aggregation of a dispersed 
population into larger, high-density settlements, even 
in the absence of change in regional population size. 
The effects of increased density should be most pro
nounced when both regional population size and ag
gregation are increasing, as was true for the Dolores 
area in the A.D. 800's. If average community size stays 
the same, population growth in an area would then in
crease the density of communities (i.e., number of com
munities in a given area). Situations in which resources 
are localized or are scarce overall may lead to territorial 
conflicts among communities, which may have an effect 
on sociopolitical relationships between communities or 
on sociopolitical institutions within communities. 

Some of the possible effects of population change on 
the social and economic subsystems have been dis
cussed. But what brings about population change? The 
balance of births and deaths is controlled by factors 
intrinsic to the population (Palkovich [ 1980]; Wetter
strom [ 1976]), and population size may also be affected 
by immigration and emigration. 

In the model presented, one of the most powerful de
terminants of immigration and emigration is assumed 
to be the difference in economic costs and risks among 
areas close to one another. This differential is likely to 
result from the effects of climatic conditions on areas 
having differences in factors such as elevation, phy
siography, and soils, as well as from differences among 
areas in population densities. For example, immigra
tion into the Dolores area would occur when conditions 
for agriculture were substantially more favorable than 
in nearby areas, and emigration out of the Dolores area 
would be most common when other areas had become 
relatively more favorable. 

Economic differentials should be most effective in trig
gering population movement when the receiving area 
has low population density. As population density in
creases, rates of immigration should increasingly be af
fected by social factors such as marriage and land tenure 
patterns, including the development of land ownership 
by kin or other corporate groups that regulate access to 
land (Hunter-Anderson 1980; Hayden and Cannon 
1982). Also, a history of social relationships (e.g. , trade, 
intermarriage) among adjacent areas would enhance the 
possibilities for population movement between them. 
Responses to immigration may vary, depending on the 
character and history of the social and economic sys
tems. When economic integration is low, when small 



groups are essentially independent economically, im
migration should slow gradually as population increases 
and arable land becomes more scarce. With greater eco
nomic integration in the recipient area, one might also 
envision a scenario in which the adoption of labor
intensive forms of agriculture or the growing impor
tance of local economic differentiation and exchange 
would favor some amount of immigration (Lightfoot 
1984). 

Lightfoot (1984) argues that even in relatively simple 
societies, the development of institutionali zed leader
ship groups and the competition among leaders and 
their communities for followers may promote immi
gration to particular settlements or localities. He also 
notes that competition among leaders to achieve and 
maintain status may promote other developments, such 
as agricultural intensification, warfare, or increased 
trade, which may then attract population to an area. 
Braun and Plog ( 1982) discuss interregional economic 
intensification and integration through the develop
ment of exchange networks, and note that population 
may be attracted to the major nodes in such systems. 

Factors likely to have affected intrinsic rates of popu
lation change include the general state of the popula
tion 's nutrition and health (Frisch 1978; Wetterst rom 
1976). The occurren ce of nutritional and di sease 
stresses can be inferred from skeletal materi al (Palkov
ich 1980). The relati vely small number of burials from 
the Dolores area makes thi s approach of secondary use
fulness, even though the existing materials do yield val
uable information (Wiener 1984; Stodder 1985). 
Modeling of variation in food resource supply (pri
marily of agricultural yields) will have to be relied on 
for estimates of whether food shortages that could not 
be buffered by storage or other mechanisms are likely 
to have occurred. 

Because most preindustrial societies have been char
acterized by very low rates of population increase 
(Cowgill 1975a, 1975b), and Malthusian controls ap
pear seldom to have operated , it can be in ferred that 
most prehistori c populations had some ki nd of cultural 
patterns resulting in population regulatior. well below 
the carrying capacity of their sustaining area and tech
nology. This seems especially clear for hunter-gatherer 
societies (Hassan 198 1: 160). The adoptio.t of an 
agriculture-based system, and particularly the devel
opment of attempts to intensi fy agricultu re, apparently 
created in some times and places a demand for add i
tional unskilled labor of the sort that could be provided 
by children. In such circumstances, la rger families and 
population growth would be expected (Nardi 198 1; 
Hassan 1981 :223-224; Stuart and Gauthier 1981 :23-24; 
Lightfoot 1984).This might lead to a positive feedback 
relationship in which population growth raised costs of 
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meeting resource demand, which favored further inten
sification, and so forth. 

In our situation, increases in population associated with 
agricultural intensification might be expected, provided 
it was of the type that would have made children's labor 
more valuable. It can also be argued that increasing 
social differentiation mlly create more statuses, or 
"niches," which then create a demand for a larger local 
population so these positions can be kept filled . Ref
erence has already been made to situations in which 
competing leaders seek by various means to increase 
the population of their own faction, community, or 
tribe (Lightfoot 1984). Likewise, a decrease in popu
lation may make it difficult for a group to maintain 
complex kinship or ritual organization, or for leaders 
to retain political power, which would promote change 
in these aspects of culture. 

Economic Subsystem 

This subsystem, which plays a central role in the model, 
consists of the economic decision structure and the var- · 
iables associated with it (resource supply, resource de
m and, resource costs and risks , technology , 
socioeconomic organization, exchange, resource acqui
sition/production, and resource processing). Resource 
supply has already been treated as part of a separate 
nexus of variables, but it is also considered as partic
ipating in the economic subsystem as well. The inter
action of resource supply and resource demand is the 
most powerful determinant of resource costs, although 
technology, task group organization, and settlement 
size and location can also affect costs directly. 

In developing this aspect of the model, several as
sumptions were made about: (I) economic goals; and 
(2) economic decision criteria. Because of the impor
tance of these assumptions, they are discussed in detail 
in the following paragraphs. These assumptions prop
erly apply to individuals, but, as is commonly done, 
are generalized to the whole system. In other words, 
economic goals are held by individuals, and decisions 
about how to allocate available means to meet these 
ends are also made by individuals. However, in the 
modeled system, we assume these goals and decision 
cri teria are widely enough held as shared cultural norms 
that they can be considered in aggregate as properties 
of the system. This can be a dangerous assumption, 
because even in a relatively egalitarian, undifferen
tiated social and economic system, it is probably un
likely that individuals, roles, groups, and communities 
had identical economic norms. With the development 
of economic or political status differentiation, almost 
certainly differences among statuses or groups in eco
nomic goals and in access to economic resources, goods, 
or services would exist. In any case, the assumption of 
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identity can allow us to model responses expected under 
such a condition; disparities seen in actual findings may 
allow us to identify differences in economic behavior 
that may reflect different economic norms among com
munities or other social segments. 

The goals of the economic subsystem are assumed to 
be the provision of enough cultural materiel (i.e. , food , 
fuel , clothing, toofs, and shelter) to meet predetermined 
needs. It is assumed land is not a commodity; hence, 
access to land is subsumed under settlement pattern as 
a component of the socioeconomic organization. 

This assumption of a "satisficer" criterion in the 
decision-making process (Jochim 1976:6-7; Earle 
1980: 16) seems appropriate for a relatively undiffer
entiated society. Maximization as a goal appears to be 
likely only where economic differentiation and ex
change are highly enough developed so that individuals 
or groups can turn surpluses into goods they did not 
themselves produce, and hence can raise their standard 
of living significantly. Upham et al. ( 1981) and Light
foot and Feinman ( 1982) argue from several South
western cases that certain individuals or groups were 
involved in the differential accumulation of wealth as 
a means of enhancing status, political power, and un
doubtedly, economic security. In their example, how
ever, differentials seem quite small, and certainly are 
so by comparison with truly complex societies. In mod
eling, the satisficing assumption is used to develop ex
pectations; its adoption does not preclude our finding 
evidence for economic maximization at some times or 
in some areas of Dolores Anasazi economics. 

Under the satisficing assumption , then , demand for cul
tural materiel and hence for resources from the envi
ronment is presumed to spring from : (I) population size 
- the needs of the populace for adequate food , fuel , 
clothing, and shelter; (2) technology - the needs for 
tools and facilities to obtain and process food and fuel, 
and to make other material culture items; and (3) social 
organization - the requirements of the social and ide
ological systems for items associated with status dif
ferentiation , for ritual paraphernalia, and for facilities 
used for ritual or sociopolitical activities (above and 
beyond those used for basic housing and storage needs). 

Demand can be estimated with aid from the archaeo
logical record , population estimates, environmental re
constructions, and ethnographic analogy. The 
satisficing assumption implies the general level of use 
should indicate the general level of demand. 

The archaeological record can often provide us with a 
relatively good list of what resource materials were ac
tually used for food , fuel , material culture, and facilities 
by the prehistoric inhabitants. Environmental recon-
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structions and specific ethnographic analogy (from 
groups occupying closely similar environments) can 
help fill out the list of what resources were probably 
used. Estimation of amounts of resources used is more 
difficult. For imperishable materials (e.g. , stone for 
building and for tools), the archaeological record may 
provide fairly direct measurements of total actual 
amounts used (though in calculating demand at any 
particular time for a given population size, allowance 
needs to be made for longevity of use and for reuse). 
For other materials, relative frequencies of use can 
sometimes be estimated for a series of resources having 
similar contexts of discard and deposition (e.g., animal 
bones in trash , charcoal in firepits) . For broad classes 
of resources (e.g., plant foods , animal foods, fuel , wood 
for building), level of demand can be estimated from 
ethnographic analogy and from clues in the archaeo
logical record. Proportional demand or desired re
source mix can be estimated with the aid of uniform 
marginal cost analysis (refer to following discussion and 
to Earle 1980; Christenson 1980, 1981 ; Hastorf 1980), 
using the aforementioned list of"culturally acceptable" 
resources in conjunction with estimates of level of sup
ply (from environmental reconstructions) and level of 
demand (from estimates of per capita demand and of 
population size). 

The satisficing assumption does not mean that per cap
ita demand for cultural materiel cannot change from 
time to time or differ from place to place. Rather, it 
implies that change does not come from a goal of eco
nomic maximization per se, but must be explained in 
a larger systemic context. For example, additional de
mand for raw materials for manufacture of tools or 
storage facilities might be engendered by intensification 
of agriculture in response to increasing costs or risks of 
farming. Additional demand for ritual paraphernalia or 
facilities might be generated by increased ceremonial 
activities, in turn related to agricultural intensification, 
to resolving stresses generated by higher population 
density, or to the use of ritual to validate increased 
status for powerful individuals or groups. Competition 
among individuals, groups, or societies for status and 
influence might also generate increased demand for 
goods to be used in "conspicuous consumption" or to 
be distributed at festivals designated to recruit sup
porters. General increases in standard of living and 
hence demand for resources might also follow techno
logical changes resulting in either increased efficiency 
in production of food or material culture, or in in
creased productive capacity per capita or per unit of 
land. 

Decisions about how to apply available means to meet 
economic goals are assumed to have generally followed 
a least cost or minimization of effort course (Earle 
1980: 14; Athens 1977:362) consistent with fulfilling 



predetermined demand for resources and material. This 
strategy is characterized by Christenson ( 1982:424) as 
" minimization of input, with a constraint on output." 
In our model, cost is equated with labor, which is meas
ured or estimated as time expended (Earle 1980:6). Ac
tual energy expenditure would be more appropriate but 
much more difficult to measure or estimate, except as 
a conversion from time. Like the others, the least cost 
assumption is admittedly unrealistic, because the 
embedding of economic activities in larger social pat• 
terns in simple societies is well documented (Polanyi 
1957). Nevertheless, the assumption can provide the 
basis for developing some expectations as to economic 
behavior, and other possible assumptions are equally if 
not more unrealistic. 

It is also assumed culturally defined ecoromic goals are 
general enough that several resources can potentially be 
substituted for one another in meeting these goals. 
Within a category such as subsistence, the goal will be 
to obtain adequate calories and nutrients, and a range 
of food resources will be considered culturally accept
able for meeting the goal. Consequently, different com
binations of resources can potentially be used to satisfy 
the need. What foods were actually on the "culturally 
approved" list can be estimated from archaeological 
remains, and reconstructions of past environments can 
provide information on what was likely to have been 
available for selection. 

The substitutability of resources within general do
mains (e.g., subsistence, fuel and building timbers, raw 
materials for stone tools, raw materials for ceramics) 
makes possible the further assumption that within a 
general class of resources, least cost decisions as to de
sired resource mixes can be modeled with the aid of 
marginal cost theory (Earle 1980; Christenson 1980, 
1981 ). It can be assumed that a mix of resources was 
chosen so as to obtain the lowest possible uniform mar
ginal cost of exploitation for the aggregate of resources. 
Marginal cost is the cost of obtaining the last unit of a 
resource, " the increase in total production cost (input) 
when output is increased by one unit" (Christenson 
1982:421). Under this assumption, low cost resources 
are exploited until their marginal cost rises to equal the 
initial cost of exploiting the next most expensive re
source, at which time the latter_ is added to the resource 
mix. The result is a resource mix in which the marginal 
costs of each resource used will be more or less equal 
or uniform across the aggregate of resources exploited 
to meet the demand for calories, building material, and 
so forth . 

This set of assumptions places emphasis on estimating, 
in at least a rough way, the costs of obtaining resources 
from the environment to provide sufficient cultural ma
teriel to meet economic demands, as set by predeter-
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mined economic goals. Changes in resource costs can 
have important effects on the whole sociocultural sys
tem through the effects they exert on the socioeconomic 
subsystem. As demand for resources rises in a given 
area, the per unit costs of obtaining them can be ex
pected to increase, leading ultimately to the adoption 
of intensified strategies of resource procurement or pro
duction to satisfy demand. This may promote the de
velopment or adoption of new technology or new forms 
of social organization (cf. Earle 1980; Christenson 1980; 
Athens 1977). 

Related to the least cost assumption is the assumption 
that, to the extent feasible, risk is also to be minimized 
in meeting economic goals. Risk can be defined as the 
probability that output from a given economic strategy 
will be insufficient (Christenson 1982:422-423). Risk 
derives from variability in the supply of natural re
sources and in the reliability of various techniques for 
obtaining these resources. In the Dolores case, the risks 
most important to the economic system were probably 
those associated with variability in farming success re
lated to variability in local climate. In these terms, risk 
can be considered the probability that the caloric needs 
of a given group of people (ranging from a household 
to the population of the Dolores area, depending on 
the level of analysis being undertaken) will not be met 
by a given agricultural strategy. 

As risks rise, farrners can be expected increasingly to 
employ buffering responses, such as planting increased 
acreage, diversifying field locations, intensifying their 
use of the least risky parcels of land, building more 
storage facilities , increasing their dependence on wild 
foods, increasing their involvement in exchange net
works, or moving to a different but lower risk area. 
Most of these alternatives would appear to increase sub
sistence costs. Furthermore, the magnitude of risk 
(probability of not being able to satisfy basic demand) 
and the effects of risk on the economic system may 
increase with increasing resource costs. When costs (la
bor inputs) are already high, the individual farmer or 
aggregate of farmers may simply be unable to marshal 
the time, technology, or organizational arrangements to 
respond effectively to a change in risk, particularly if 
this has been brought about by a rapid change in the 
magnitude or frequency (Jorde 1977) of the resource 
fluctuations. Consequently, the level of demand relative 
to supply has an effect on risks because of its effect on 
costs, and vice versa. A given climatic fluctuation may 
introduce greater risks if demand for agricultural or 
other products relative to supply is high than if demand 
is low. 

As Christenson ( 1982) notes, the complexity of the re
lationships among risks, costs, and subsistence strate
gies make the concept of risk a difficult one to isolate 
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and define operationally, and hence a difficult one to 
apply in economic modeling. He apparently prefers to 
treat assessment of risks as one of the factors contrib
uting to determination of the target minimum (satisf
icing) level of resource output. 

For example, if variability in yields per acre are high, 
more land will have to be planted to avoid risk than if 
variability is low. Also, higher cost resources may be 
substituted for lower cost ones if dependence on the 
former involves greater risk. 

Our concern with risk is thus founded on the effects of 
resource supply fluctuation on basic subsistence de
mand. This also leads us to expect that the economic 
strategies for meeting a given level of demand might 
vary under differing conditions of fluctuation in re
source supply. Under a high risk (high fluctuation) scen
ario, strategies incorporating storage, exchange, or 
diversification of field locations might be favored. Oc
casional surpluses would also be generated, which the 
system would have to discard. 

Use of a least cost and low risk assumption in the model 
does not imply that the actual costs of obtaining re
sources will always be low or that risks will never be 
high in a given sociocultural system. When a subsist
ence economy is intensified, when more resource units 
are extracted per unit of space (Turner and Doolittle 
1978:297), the labor costs per unit of resource are likely 
to rise (Earle 1980), and to the extent that intensifi
cation requires concentration on one or a few of the 
most productive resources (Christenson 1980, 1981 ), 
the system may be placed in greater risk from environ
mental fluctuation. That is not to say, however, that the 
resource mix chosen and the technology and organi
zation used will not be the lowest cost, lowest risk ones 
possible consonant with obtaining or producing the 
amount of food required to meet demand. Athens 
( 1977) and Stuart and Gauthier ( 1981) show how at
tempts to reduce risk in seasonally variable environ
ments by generating food surpluses for storage can lead 
to demand for more labor to increase production, which 
in turn can cause population to increase, resulting in a 
need for more intensification and a trajectory of growth 
in system size and complexity at the same time the 
subsistence resource mix is being simplified or niche 
width (Christenson 1980) reduced. Even in low risk en
vironments, population growth due to other factors 
(e.g. , immigration) could set in motion the same tra
jectory of intensification and system differentiation; so 
could other processes that strongly increase resource 
demand in the face of constraints on supply. 

Modeling economic decisions in the fashion just de
scribed also provides a way to view economic intensi
fication (or lack of it) as the product of rational and 
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situationally expedient decision making over time, 
rather than as a long-range system goal, or as the in
evitable result of improvements in tools, or of the in
troduction of cultigens. It also provides a mechanism 
to account for socioeconomic change without invoking 
Malthusian scenarios; the perception that resource 
costs are increasing or decreasing can be seen as the 
proximate cause of change; this avoids the unrealistic 
and mechanistic assumption that malnutrition, star
vation, or the complete exhaustion of nonsubsistence 
resources had to occur before change would be forced 
to take place. This modeling perspective also avoids 
assuming fuzzily defined " insight" or "foresight" as 
mechanisms for triggering change and instead provides 
a clear, if idealized, model of change as a rational re
sponse to tangible factors in the economy. 

The discussion of the economic subsystem so far has 
emphasized how the assumed decision structure can 
produce change in resource mixes and associated ac
quisition and processing behavior by differential allo
cation of means to ends in response to cost factors, but 
it has not considered other ways in which change could 
originate in or be affected by the economic subsystem. 
In addition to attempting to achieve least costs in the 
use of available means, the economic decision structure 
should favor the invention or adoption (i .e., through 
cultural borrowing) of means that: (I) decrease costs at 
a given level of output; or (2) that enable output to be 
increased beyond levels achievable through existing 
means; or (3) that enable output to be increased at a 
rate of cost increase slower than if existing means were 
used. Christenson ( 1981) suggests the first type of 
change, which increases overall efficiency in the system, 
may occur whether or not change in resource supply/ 
demand relationships occurs. On the other hand, his 
discussion implies the second and third types of change 
may only be likely to occur when increasing demand 
requires increased output. In this type of situation, a 
change that enables output to increase may be devel
oped or adopted, even if it results in some decrease in 
total efficiency (i.e., results in an increase in costs per 
unit output). Changes that can have these effects can 
be made either in technology or in socioeconomic 
arrangements. 

Turning first to technology, this is a variable in which 
innovation or borrowing can clearly affect costs in the 
economic subsystem. As defined here, technology in
cludes: (I) tools and facilities; (2) techniques for ac
quiring resource materiels ; (3) techniques for 
transforming them into cultural materiel; and (4) the 
technical information required to successfully use tools, 
facilities, and techniques to satisfy demand for cultural 
materiel. Some resource acquisition and processing 
(e.g., picking and eatjng raw fruit) does not require tools 
or facilities, but all resource acquisition and processing 
requires techniques and knowledge. 



All4 of these components of technology may be a source 
of technical change through innovation or borrowing. 
All 4 components of technology may have somewhat 
different functional interrelationships within the sys
tem and these differences may constrain the acceptance 
or integration of either a diffused or i"nnovated tech
nology. For example, the adoption of a storage tech
nology may be affected if the new kinds of facilities 
required come into conflict with the existing allocation 
of space in a household cluster, this allocation being a 
function of social as well as economic factors. However, 
the degree to which a technological innovation or bor
rowing would help solve problems of economic costs 
or security would affect the likelihood of its overcoming 
resistance based on conflicts with existing functional 
relationships. It follows that if economic costs or risks 
are rising, the rate of trial and acceptance or the rate 
of technological borrowings or innovations should 
increase. 

With respect to the socioeconomic area, the relation
ships of supply, demand, and costs can be profoundly 
affected by the structure of economic task groups, by 
settlement location, by settlement size, and by intra
system exchange, both reciprocal and redistributive. 
Changes in any of these components may provide an 
effective response to economic needs to increase effi
ciency or to increase output. Furthermore, because 
these socioeconomic arrangements usually serve to 
solve social as well as economic problems, a change in 
response to social needs may have substantial effects 
on the economic system. For example, an increase in 
settlement size, if accomplished by aggregating small 
dispersed settlements, may substantially affect travel 
time to various resource loci and at the same time pro
vide new opportunities for intracommunity exchange 
and for different structuring of task groups. Yet, the 
proximate cause of the aggregation may not have been 
these intended economic effects but may instead have 
been a response to intraregional and interregional hos
tilities or to problems of the social integration of the 
community. It is best to view the socioeconomic sub
system from the perspective of both the social and eco
nomic problems of the system as a whole. 

Social Subsystem 

The social subsystem of the model has at its core social 
organization; it also includes, and shares with the eco
nomic subsystem, the components that make up soci
oeconomic organization . The distinction between 
social organization on the one hand and socioeconomic 
organization on the other is heuristic rather than re
flective of any "natural" separation. Because socioec
onomic organization plays such an important role in 
this model and because the components included in this 
construct are likely to have relatively clear archaeolog-
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ical expression, this element of the model has received 
more detailed treatment than has social organization 
per se. Social organization as a whole is treated in terms 
of the abstract variables differentiation and integration. 
One of its parts - socioeconomic organization - is 
drawn out for treatment at a more concrete level of 
analysis. 

Social organization is characterized along the dimen
sions of social differentiation and integration (Blau 
197 5). This conceptual structure is flexible enough to 
serve as framework for a number of kinds of measures 
of social complexity, and it is also compatible with a 
number of general theories of sociocultural change. 

Differentiation, as the name implies, has to do with the 
division of society into differing parts - in this case, 
into roles and subgroups. These divisions have 2 main 
dimensions - horizontal and vertical (Tainter 
1977:331 ). Horizontal differentiation refers to the num
bers of roles and subgroups within a community or 
society. Proliferation of such divisions may be related 
to economic division oflabor, to ethnic or associational 
memberships, to kinships or ceremonial structure, or 
to sociopolitical structures. Vertical differentiation has 
to do with the extent to which roles and subgroups can 
be ranked or arranged hierarchically in terms of their 
access to economic goods, to influence over individuals 
and groups, to ceremonial power or prerogatives, or to 
political authority. There is ·general agreement that 
change in social differentiation is one of the major proc
esses of sociocultural change (Plog and Bates 1980:389-
390). Aspects of social differentiation may be detected 
and measured with data from the archaeological record 
of a society in a number of ways; in particular, archae
ologists have had success in recognizing differential sta
tus, as well as craft specialization and other forms of 
economic division of labor. 

Integration has to do with mechanisms by which social 
cohesion is maintained, at whatever level, ranging from 
household through total society. To the extent that dif
ferentiation results in the appearance of roles and 
subgroups having goals different from one another, a 
potential is created for conflict or confusion. If a so
ciety, or a component social group within it, is to main
tain a reasonable amount of internal order, or to take 
collective action, or to defend itself from outside 
threats, some mechanisms must exist to reinforce com
mon concerns and values, to disseminate the infor
mation essential to the successful interaction of 
different social components, and to resolve conflicts. 
Such integrating mechanisms can range from informal 
methods for achieving consensus in small groups, to 
ceremonies that promulgate and reinforce integrative 
values and behavior, to formal politi<::al structures that 
allocate group decision-m:1king authority anct provide 

449 



FINAL REPORT 

for centralized conflict resolution and punishment of 
disruptive behav ior. 

Changes in social differentiation and integration can 
occur in response to changes in the economic sector, 
either because they affect socioeconomic arrangements 
such as settlement pattern or because of changes in eco
nomic security for particular groups or the society as a 
whole. In the latter case, if the economic system does 
not adequately buffer the effects of variability in re
source supply, the decline in economic security may 
engender a number of stresses because of increased fre
quency of physical deprivation, uncertainty over future 
economic well-being, and trials of new behavior pat
terns. Such a situation should promote the development 
of more effective integrative mechanisms, as well as 
select for successful responses to these problems in the 
strictly economic sphere. 

Another major source of change in social organization 
is change in population density, especially as it is ex
pressed in the number and size of settlements in the 
region. As population density increases, the potential 
for role and intergroup conflict increases, leading to a 
need for stronger integrative structures; to the extent 
that these employ ceremonial or political specialists, 
this process also can contribute to further differentia
tion, as can the failure of integration and the onset of 
intergroup feuding or warfare. 

Interregional relationships, including warfare, inter
marriage, alliances, and external trade, can also affect 
the complexity of the social organization. Warfare may 
lead to the development of warrior and war chief roles, 
or the promotion of these roles to higher levels of status 
or authority. External trade may provide individuals or 
groups with a route by which they may escape economic 
insecurity, and in so doing become differentiated from 
the food-producing, essentially self sufficient majority. 

Whether change in social differentiation and integra
tion can occur as independent developments (from 
causes lying within the social organization itselt) is an 
open question; this possibility is certainly not ruled out 
in the model. The more complex the society becomes, 
the more likely contradictions in the goals of compo
nent roles and subgroups will be a source of stresses 
that can lead to the development of new integrative 
forms or to further social differentiation. Furthermore, 
as Flannery ( 1972) has pointed out, if a role or subgroup 
is promoted in status to solve a problem, that com
ponent will tend to attempt to maintain its status even 
when the problem has been solved. 

Lightfoot (1984) argues that a simple leadership/man
agement hierarchy can develop even in very simple so
cieties as a response to any of a variety of factors that 
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increase the amount of information that must be proc
essed in the society and that create conditions where 
the adoption of a reliable decision-making mechanism 
gives the society a selective advantage. These triggering 
or forcing factors can include population increase, se
dentarism, localized highly productive subsistence 
resources, warfare, social or environmental circum
scription, or dependence on exchange. Once leadership 
is established, a tendency for vertical status differen
tiation to increase will be promoted by a feedback cycle 
based on differential advantages that acrue to leaders. 
In an attempt to maintain or increase their standard of · 
living, access to ceremonial and social perogatives, and 
so forth, leaders may accumulate and distribute eco
nomic surpluses, increase local population by recruiting 
followers, and initiate interregional exchange to acquire 
valued goods for redistribution. These processes them
selves, in addition to competition engendered among 
aspiring leaders or between communities, create de
mands for additional centralized decision making and 
management and hence promote increased further ver
tical differentiation. To the extent that communities or 
societies having greater sociopolitical development can 
grow at the expense of less-developed societies, or are 
more effective at meeting external or internal threats 
to their continued integration, sociopolitical develop
ment has a selective advantage. Lightfoot (1984) points 
out, however, that operation of this developmental 
cycle often runs counter to "leveling devices" designed 
to counter status differentiation, and that it may create 
societal instability by overburdening some subgroups 
or by promoting overexploitation of resources. Con
sequently, sociopolitical development is often trun
cated before it results in major structural 
transformations of society. 

Whatever their source, changes in social organization 
can result in additional constraints or demands being 
placed on other aspects of the system. For example, if 
defensive needs or the formation of larger cooperative 
work groups or increased intracommunity exchange 
lead to the formation of larger settlements, some of the 
costs of resource acquisition may increase because in
dividuals will be residing farther from resource loci . 
This may have an effect on factors such as resource mix 
and storage technology which, in turn, might have still 
other effects on the organization of economic task 
groups. 

In another familiar example, intensification of the sub
sistence economy, particularly if accomplished by 
higher labor inputs, may promote an increased or in
creasingly clear cut division of labor and the develop
ment of essential managerial roles even in the presence 
of strong social or cultural constraints on the devel
opment of vertical differentiation. These changes may 
generate demands for additional cultural materiel to be 



used in signifying or validating new statuses; in pro
viding facilities, equipment, or goods to be used by 
integrative activities or institutions needed to counter 
the effects of increased differentiation; and in providing 
goods and equipment for managerial or other integra
tive specialists no longer producing these items them
selves. In addition , as specialization increases, and 
acquisition of cultural material no longer depends 
largely on one's own household production, a situation 
is created in which individuals or groups may improve 
their standard of living either by producing more of 
their particular speciality for exchange for a variety of 
other desired items or by gaining influence or control 
over the surplus production of others. All of these re
sults lead to increased demands on the economy for the 
production of cultural materiel, which in turn may lead 
to further differentiation of society. 

Summary of Variables 

In the following section, each of the terms used in 
figure 6.1 is defined and its role in the model briefly 
indicated. These definitions and relationships are dis
cussed more fully in the preceding text; this section is 
intended as a compact reference aid. The model's var
iables, or factors, are grouped in several categories, in 
accord with the relationships discussed under "Sources 
of Systemic Change in the General Model." The inter
areal relationships previously discussed are presented 
here along with the group of variables with which each 
is most closely related. An attempt is made to relate 
these general variables to the Dolores area, the subject 
of this investigation. 

Resource Supply Variables 

Resource supply. - Resource supply is determined by 
the quantities and kinds of resource materials obtain
able from the environment. Resource supply is affected 
by the rates at which supply decreases with use and by 
the edaphic, biologic, and geological properties of the 
area, which may vary with climate and the effects of 
resource use. Resource supply and demand are the ma
jor variables affecting resource costs. 

Regional climate. - Factors such as temperature and 
precipitation in the region, including seasonal , inter
annual, and long-term variability. In the Four Corners 
region of the Southwest, these types of variability affect 
the relative attractiveness of various areas, e.g., the Do
lores area versus the Montezuma Valley versus the Dur
ango area, for settlement or resource acquisition. 

Local climate. - In the Dolores area, the most impor
tant components of local climate are temperature, pre
cipitation, and patterns of cold air pooling and 
drainage. Diurnal , seasonai, interannual. and longterm 
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variability of these factors must all be considered. In 
conjunction with other local environmental factors 
(e.g., geological properties such as elevation, exposure, 
slope; edaphic properties such as soil type), local cli
mate affects relative resource potentials of loci within 
the Dolores area. 

Edaphic/biologic properties of area. - Types and dis
tributions of soils, plants, and animals within the Do
lores area, with emphasis on the resource potential of 
these for farming, subsistence hunting and gathering, 
and acquisition of fuel and resources for material cul
ture and facilities. Edaphic/biologic properties are af
fected by changes in local climate, by geologic variables 
including rates of geomorphic processes, and by the 
direct and indirect effects of human resource use (e.g., 
depletion, succession initiated by land clearing). 

Geologic properties of area. - Bedrock and surficial 
deposits, physiography, ongoing geomorphic proc
esses-principally erosion and sediment deposition. 
These properties directly determine supply of resources 
such as stone for tools and building, and clay and tem
per for pottery. They indirectly affect edaphic/biologic 
properties through relationships of the latter to factors 
such as elevation, slope, exposure, and substrate. In 
theory, geologic resource materials are subject to de
pletion; in actuality, most of the geologic raw materials 
used by prehistoric Dolores area inhabitants occur in 
quantities large enough so as to be inexhaustible. 

Environmental effects of resource use . - Response of 
the edaphic, biologic, and geologic properties of the 
area to the direct and indirect effects of growing and 
collecting plants, hunting animals, and collecting geo
logic materials. The results of these activities may con
sist not only of depletion, but of changes in biotic 
communities or in soil characteristics in the wake of 
land clearance and timber harvesting. 

Population Factors 

Population size. - The number of people in the Dolores 
area at any given time. Changes in population size are 
determined by intrinsic rates of increase or decrease, 
as well as by rates of immigration and emigration. Af
fecting intrinsic rates is the population's state of nu
trition and health, which is related to the ability of the 
economy to provide adequate food, fuel , material cul
ture, and facilities. The economic system's demand for 
labor, especially for child labor, may also affect rates 
of population growth. Social differentiation may also 
have an effect on population size by providing addi
tional roles: increased differentiation may create de
mands for more people to keep these roles filled . 
Development of leadership statuses having prospects 
for upward mobility may promote population growth 
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through recruitment of followers , especially if compe
tition develops among factions, communities, or soci
eties. Recruitment may include promoting intrinsic 
increase for a group, as well as encouraging immigra
tion . Population size is an important determinant of 
demand for cultural materiel , which determines de
mand for resources. 

Population density. :- Population size is related, by def
inition, to population density; density affects the fre
quency of interpersonal and intergroup contacts and 
hence affects social organization. By ordering social re
lations, social organization also affects the population 
density that can be sustained in an area. Because ag
riculturalists spend most of their time in settlements, 
size and number of settlements in a region are impor
tant aspects of population density with respect to social 
organization. As population density increases, patterns 
of land tenure and access may also have major effects 
on social organization. 

Immigration and emigration. - These factors are de
fined as the rates of movement into and out of the 
Dolores area. These rates are affected by conditions in 
the Dolores area relative to those in adjacent and 
nearby areas. Conditions thought to be relevant to de
cisions to emigrate/immigrate include relative eco
nomic potential, relative population size, and relative 
degree of social integration and differentiation in the 
current versus the considered area. Previous interareal 
social relationships (or lack of same) established 
through trade, intermarriage, and ceremonial affilia
tions, are probably also relevant. 

Nutrition and health . - These factors determine the 
state of physical well-being of the population and are 
affected by the ability of the economy to provide ad
equate food , fuel , tools, clothing, and shelter. If nutri
tion and health fall below minimal levels, it will cause 
the population to decline, may contribute to the level 
of stress in society and hence affect social organization, 
and may contribute to decisions to move to another 
area, as well as to intrasystem economic change. 

Economic Variables 

Resource supply.- (Refer to discussion of resource sup
ply variables). 

Resource demand. -System requirements for raw ma
terials from the environment are generated by demand 
for cultural materiel. Resource demand is one of the 
factors contributing to the determination of economic 
costs. 

Economic costs. - This variable is determined by the 
costs (in person-days or person-hours, as a substitute 
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for actual energy expenditures) of obtaining resource 
materials and producing cultural material. It includes 
not only the direct costs of acquiring resources, but the 
costs of making and maintaining tools and facilities 
needed to obtain and store ·resources; costs of learning 
and transmitting economic and technical information 
and techniques; and costs of organizing and maintain
ing economic task groups and managerial personnel. 
Consequently, the main contributors to economic costs, 
in addition to resource supply and demand, are tech
nology and socioeconomic organization. 

Resource risks. -Risk can be defined as the probability 
that output from a given resource acquisition/produc
tion strategy will be insufficient to meet basic demand. 
Risk derives from variability through time and space 
in the supply of resources and, to a lesser extent, from 
variability in various techniques for obtaining these re
sources. Risk is related to costs in that the ability to 
meet demand in the face of a drop in supply may be 
more difficult if costs of obtaining needed resources are 
high than if they are low. The necessity to buffer risks 
may also require use of higher cost resources or organ
ization than if average resource yields could always be 
relied upon. 

Economic decisions. - This variable includes decisions 
about how much of what resources to acquire and proc
ess into cultural materiel, with what technology and 
what economic task groups. The model assumes deci
sions are made to select least cost alternatives after 
considering marginal costs of required acquisitioh or 
production and that, for a given producing unit, the 
goals of production are sufficient supplies of desired 
cultural material, rather than maximal production of 
goods to provide "buying power." Underlying these as
sumptions about economic goals are the expectations 
that aspirations for a rising standard of living are lim
ited to a considerable degree by weakly developed social 
differentiation and convertibility of goods and services, 
and hence by the absence of pervasive use of markets 
or barter. 

Resource acquisition/production. - These variables in
volve the total amounts of resources acquired (as in 
hunting and gathering) or produced (as in agriculture 
or husbandry), as well as the proportional mix of these 
resources. It is assumed economic decision making of 
the sort just described will cause the proportional mix 
of resources chosen to vary in response to variation in 
resource costs. In the absence of extensive exchange, 
substitution of resources can occur only within resource 
categories (e.g., plant foods, animal foods, fuels and 
building timbers, source materials for stone tools) that 
permit functional needs to be satisfied in a variety of 
ways (e.g. , corn [Zea mays] to take the place of wild 
seeds as a nutrient source, juniper [Juniperus sp.] to 



take the place of Douglas-fir [Pseudotsuga menziesii] as 
building material). 

Resource processing.- Processing activities are needed 
to transform acquired or produced resource materials 
into cultural materiel. Some resource processing will 
require the organization of economic task groups, and 
much of it will require the use of tools or facilities, as 
well as techniques. Some resource material (e.g., fuel 
wood, some foods) may receive little or no processing 
before use; the act of producing or acquiring is suffi
cient to transform it into cultural materiel. 

Technology. - This variable is represented by the tools, 
facilities, and techniques used to acquire and process 
resource materials into cultural materiel. Not all re
source acquisition, production, and processing requires 
tools or facilities, but all require techniques. The costs 
of technology include the costs of obtaining materials 
for tools and facilities, making and maintaining these, 
and learning techniques. Technological costs are con
sidered part of the resource costs of the system. 

Socioeconomic organization. - Those aspects of social 
organization most directly related to the economy com
prise this variable. For the purpose of this model, the 
components of socioeconomic organization are consid
ered to be economic task group organization, intrasys
tem exchange, settlement size, and settlement location. 
The specific form of all these components is con
strained by the organizational requirements of resolv
ing social as well as economic problems. Settlement 
location is a function of social needs to facilitate in
teraction among social groups, as well as of the need 
to minimize costs of acquiring resources and of dis
tributing cultural materiel. Socioeconomic organiza
tion is affected by economic decisions, and contributes 
to economic decisions through its effects on resource 
costs. As part of the total social organization, socio
economic organization helps generate demands for cul
tural materiel that go beyond the amounts needed to 
maintain the population's minimum biological well
being. 

Cultural materiel. - Food, fuel , material culture (e.g., 
clothing, containers. tools, ornaments), and facilities 
(e.g., houses, storage structures, community assembly 
structures) comprise the cultural materiel required by 
the system. The demand for cultural materiel generates 
demand for resources from the environment; the econ
omy obtains resources and converts them into cultural 
materiel. In any adapted system, enough food, fuel, 
equipment, and facilities must be provided to ensure 
the population's biological survival and continuance; 
consequently, population size can be seen as setting a 
minimum level of demand for cultural materiel. 
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In all human societies, however, some demands that go 
beyond this abstract minimum are satisfied, and in 
some, the demand for and supply of cultural materiel 
goes far beyond the minimum. This permits an in
creased standard of living for some groups in the so
ciety, the support of an "overhead" level of personnel 
not involved with producing basic items such as food 
and fuel , and the widespread use of cultural materiel 
to signify social and ideological arrangements. 

The evolution of rising demand for and supply of cul
tural materiel appears to involve complex relationships 
among adaptive success, social differentiation and in
tegration, and exchange. For example, economic dif
ferentiation and the development of exchange in widely 
substitutable goods and services (with money providing 
the extreme example of a substitutable item) permits 
individuals and groups to increase their standard and 
security of living by producing more of particular goods 
and services and then exchanging them for a variety of 
other goods and services. Without specialization and 
exchange, their ability to increase their own standard 
of living would be less because they would have to sat
isfy their full range of demands by their own 
production. 

Social Variables 

Social organization. - Although socioeconomic organ
ization is treated in more detail elsewhere in the model, 
social organization as a whole can be viewed abstractly 
along the dimensions of differentiation and integration. 
Horizontal differentiation refers to the numbers and 
kinds of social roles and groups present in the society; 
vertical differentiation refers to the extent to which 
these components can be ranked in terms of social priv
ilege or access to economic, political , or ceremonial 
power. Integration refers to mechanisms by which in
terpersonal or intergroup conflicts are avoided or re
solved, by which collective action is achieved, and by 
which a generally orderly working of social relations is 
maintained. Increased differentiation (and hence in
creased demand for integration) is thought to be pro
moted by economic intensification, including increased 
division of labor and the rise of economic managers; 
by increased population density, which increases op
portunities for interrole and intergroup conflict and 
hence favors the emergence of integrative specialists; 
by increased immigration or exogamy, if this increases 
ethnic diversity within the society; by increased ex
change, to the extent that this favors the emergence of 
specialists and the signification of social differences; 
and by some kinds of intersystem relationships, espe
cially warfare. Any of these stresses may also trigger a 
feedback cycle by promoting establishment of leader
ship statuses. An emerging leader, in seeking to main
tain or promote a privileged status, may engage in 
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activ ities that favo r furt her stat us different iation. So
cioeconomic orga ni zation is, of course, a part of social 
organi zation but has been di stinguished as a separate 
component in the model because of its role in the econ
omy, its importance in the model, and the likelihood 
that it wi ll have a greater archaeological expression than 
will some other aspects of social organization. 

Intersystem exchange. - This factor is related to the 
economic system as well as to the social system because 
it in volves the acquisition or disposi tion of cultural ma
teriel. In systems of the sort modeled here, foreign ex
change may in part or even largely result from demand 
for items used ceremoniall y (a probable relationship 
with social integration) or fo r use in symbolically val
idating ceremonial , economic, or political status or in
flu e nc e (a r e latio nshi p with diffe re nti a ti o n) . 
Intersystem exchange may also serve more directly 
adapti ve functions if it involves goods such as foods, 
tools, or raw materials (e.g., hides) that have clear eco
nomic as well as social significance. Intersystem ex
change is likely also to function as a mediator and 
maintainer of intersystem social relationships such as 
trading part nerships, which can be called on for other 
purposes, e.g., when individuals or groups desire to 
travel outside their own territory, are seeking mates, 
wish to emigrate to a new area, or need food or other 
basic economic goods in times of adapti ve stress. To 
the extent that the Dolores system was not a politic-al 

. entity and its boundaries were not clearly defined in 
prehistoric times, external trade is not likely to be 
sharply distinguished from internal exchange. 

In any case, the greater the distances involved, the 
greater the cost of the exchange and the more likely it 
is that social rather than utilitarian economic relation
ships are emphasized in or signifi ed by the exchange. 
The effect of external t rade on social organization is 
probably proportional to its frequency and the amounts 
of goods involved. Because it involves more time per 
unit of goods moved, and has more logistic require
ments than does most intrasystem exchange, foreign 
trade would appear to lend itself to being run by spe
cialists if the amount and frequency of this exchange is 
high . On the other hand, low volumes of external ex
change certainly would not requ ire specialists; the ex
tent to which excha nge se r ved to mediate other 
relationships would also mi li tate against the develop
ment of specialization. 

Intersystem interaction and warfare. - Movement to 
new areas by individuals, groups, or populations is a 
strategy often used to resolve adaptive or social prob
lems. Individual and group travel outside home terri
tories is also documented ethnographically for many 
groups, as is occasional recourse to neighboring villages 
or even other ethnic groups for provisions in times of 

454 

adapti ve stress. For these reasons, it is advantageous 
for individuals and communities to maintain knowl
edge of adjacent areas and relationships with thei r in
habitants. The role of exchange in such relat ionships 
has been discussed with the preceding variable; ar
chaeological identification of external exchange may 
provide clues to these relationships, though not all are 
likely to have had exchange as a component. It also 
seems likely that feuding or warfare was a possible type 
of relationship among communities in adjacent areas, 
especially if population density was high over the whole 
region and resource supply was fluctuating. In the ab
sence of well-developed polities, hostilities may have 
been most likely among adjacent settlements, whether 
or not they were inside or across area boundaries. In 
any case, warfare, if frequent, destructi ve, or sustained, 
is likely to have promoted differentiation of the role of 
warrior, and probably the aggregation of population. If 
defensi ve facilities were constructed, th is would have 
placed additional demands on the economy. If war par
ties were large enough, or the threat to the whole group 
great enough, the status of war leaders would probably 
have increased, thereby ampli fying the level of political 
integration during times of hostility and raising the pos
sibility that such leaders would attempt to maintain 
their authority after the cessation of hostilit ies. Warfare 
may also have contributed to the elaboration of ri tual 
and religious ideology, both because this could con
tribute to greater group integration and because hos
tilities would rai se psychological stresses that ritual 
might be able to reduce. 

OPERATIONALIZING THE MODEL: 
GENERAL CONSIDERATIONS 

Two main problems, or groups of problems, occur with 
operationalizing any model of a sociocultural system. 
The first is how hypotheses or expectations about 
change and continuity are to be derived, given the mul
tivariate, multirelational nature of the model. The sec
ond problem is how the model is to be linked with the 
archaeological record. What properties of the archae
ological record represent the abstract variables mod
eled? What kinds of variation and covariation in the 
archaeological phenomena indicate significant varia
tion and covariation in and among modeled variables? 

The first problem is concerned with the ways in which 
expectations can be derived from the general model. 
How can we credibly predict the effects of changes in 
I variable on the states of other related variables? Even 
though the model is drastically simplified as compared 
with a real sociocultural system and its environmental 
context, the model nonetheless has many variables and 
many possible interrelationships. Therefore, the prob
lem of equifinality (i .e., that the same result can be 



produced in several ways, depending on complex chain
ings of interaction among the variables involved) is a 
large one. This obviously complicates the task of mak
ing predictions. 

At least 4 ways of approaching the problem of deriving 
expectations are considered here. The first is the stan
dard "linear" hypothesis - the "if ... then" statement 
linking 2 or at most a few variables in an independent
dependent relationship. An example drawn from the 
model is " If resource demand increases, resource costs 
will rise." The model also tells us, however, that this 
should more properly be stated "If resource demand 
increases while resource supply, technology, and soci
oeconomic organization are held constant, resource 
costs will rise (provided supply is depleted under the 
level of increased demand that is anticipated)." Most, 
if not all, other examples that can be drawn from the 
model show the same characteristics - any given var
iable can be affected by, and can affect, several others. 

This suggests that testing a large number of simple, 
univariate hypotheses will be very cumbersome and 
may not provide satisfactory results. This leads us to a 
second alternative for deriving expectations for testing 
against the Dolores area data - a computer simulation 
that could incorporate all or at least many of the mod
el's variables. Although in theory this appears to be the 
most appropriate way to approach the problem, in prac
tice it poses a number of problems. The first is the lack 
of other comparably large simulations of whole socio
cultural systems, using archaeological data to investi
gate continuity and change. Examples of this kind of 
project that could be fairly readily adapted to our needs 
are lacking; consequently, we would have to pioneer 
such a large-scale simulation. Futhermore, the immense 
demands on staff and computer time that this project 
would entail proved to be beyond the resources of the 
DAP, given the many other contractually required anal
yses and reports that had to be produced. 

A third alternative is to investigate relationships among 
domains of related variables. At a DAP modeling sem
inar held in 1982 (Dean 1983; Lipe et al. 1983) change 
in 7 major domains of variables was targeted for ex
planation, and each was assigned to a working group. 
The variable domains chosen were population size and 
growth, settlement behavior, exchange, resource mix, 
technology, resource costs, and social organization 
viewed as social differentiation and integration. Each 
of the target groups of variables was to be considered 
as a dependent variable, and effects on it of the other 
variables (at least, those indicated by the general model 
as affecting the target variable) were to be examined. 
The intent, then, was to use the Dolores area data to 
arrive at conclusions about the directionality of caus-
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ation, or at least, influence, among a set of variables 
considered in highly abstract form. Although some 
progress was made toward this goal, and these efforts 
are reflected in some of the presentations in chapters 
7 through 15, the time and data demands of this project 
also proved too great in relation to the many other ob
ligations of the DAP staff. Futhermore, some of the 
DAP staff involved in this work became concerned that 
the focus was on the variables, rather than on the Do
lores case itself. In other words, the Dolores data was 
to be disarticulated to better understand the relation
ships among the variables specific in the general model. 
The alternative was to focus on the specific trajectory 
of the Dolores Anasazi sociocultural system through 
time, and to concentrate work on those variables and 
relationships that seemed most promising for providing 
a processual understanding of the systemic changes re
flected in the Dolores archaeological record. 

Consequently, a fourth approach was considered and 
eventually adopted. This was to select 2 contrastive 
weightings of key variables and relationships, and to 
incorporate these into 2 alternative processual models, 
each of which might account for the observed trajectory 
of the Dolores system. Then, the archaeological data 
could be used to evaluate the 2 specific (as opposed to 
general) models. The first model assumes as primary 
an economic system that has stable economic goals, and 
that articulates population,. demand for materiel, and 
resources in a cost-efficient way. Sociopolitical devel
opment is seen as a necessary accompaniment to in
creased population density and to economic 
intensification brought about by resource supply/de
mand imbalances. Climatic variation is seen as creating 
interregional variations in agricultural productivity and 
risk that lead to immigration into the Dolores area at 
certain times, and emigration at others. The second 
model assumes that under any of a broad range of cli
matic, economic, and demographic conditions, social 
variables can become primary in bringing about change. 
Hence, even low initial levels of status differentiation 
may bring about competition among individuals or 
groups, and promote economic intensification, popu
lation growth, and sociopolitical development. These 
models are more fully described in the following section 
of this chapter, and contrastive expectations are de
veloped for evaluation in chapters 7 through 15. 

This fourth approach does not fully resolve the prob
lems of equifinality, but does so better than the first 
approach suggested - that of attempting to test a large 
number of specific hypotheses, considered one at a 
time. This approach is feasible under the time and fund
ing available, which the second, or simulation, ap
proach was not, and it places the emphasis on 
explaining the Dolores systP-m trajectory i~ terms of the 
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interaction of selected variables, rather than the re
verse, which characterized the third approach. 

The second major problem of operationalization has to 
do with the relationships between the model, which is 
an abstract, simplified version of how a kind of socio
cultural system is thought to work in general, and the 
archaeological record, which is composed of the debris 
and traces of specific acts of human behavior that took 
place in a specific sociocultural system. Most of this 
record has to do with the production, use, and discard 
of cultural materiel , including facilities; cultural ma
teriel , of course, is only one of the many components 
of the model. The behaviors that produced the archae
ological record can be linked to the abstract factors in 
the model only by chains of inference of varying 
lengths, but all of them long. 

Furthermore, although the archaeological record was 
created in large part by past sociocultural behavior, it 
has been subject to geologic and other processes (in
cluding both prehistoric and recent human disturbance 
in some cases) that have removed portions of what was 
once there and that have altered spatial and quantita
tive relationships among what remains. We also know 
this .record only from a sample of observations and 
collections, most of which have been made/acquired 
with methods of field recording, specimen collection, 
and specimen analysis that represent our best guess in 
1978-1979 as to what data would be most generally 
useful. 

These problems appear large because our modeling ef
fort is ambitious, but they are not different in kind from 
the problems faced by any archaeologist who wishes to 
make statements about past culture from the evidence 
he has obtained from the ground and from the objects 
he has collected. Yet an increasingly explicit awareness 
of these problems appears to have stimulated, rather 
than crushed, the efforts of archaeologists to make sense 
of the past. 

To investigate some of the variables and relationships 
outlined in the general model, a number of studies of 
aspects of the Dolores area archaeological record were 
undertaken in 1982 through 1984. These supporting 
~tudies are reported in Petersen and Orcutt (1985) and 
Blinman et al. ( 1985). The studies attempted (with vary
ing success) to take into consideration the problems of 
relevance of the archaeological data to the abstract var
iables, the problems of sampling and variance intro
duced by modes of data collection, as well as problems 
of loss and locational change from postdepositional 
transformations. More abstract consideration of prob
lems of data relevancy and linking arguments are pro
vided in chapters 7 through 15. 
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TWO SPECIFIC MODELS OF SOCIOCULTURAL 
CHANGE IN THE DOLORES AREA, A.D. 600-980 

As described in the previous section, 2 narrower, more 
focused models of change have been developed from 
the general model. One views economic responses to 
population and resource imbalances as the driving force 
in change, and the other sees sociopolitical develop
ment as predominant. For convenience of reference, the 
2 models are labeled "the economic model" and "the 
social model." Of course, both areas are functionally 
interrelated; both economic and social factors are im
portant in each model. The goal, however, is to con
struct the alternative models in such a way that the 
relative strength of the constrastive assumptions can be 
assessed. The approach is designed, therefore, to be a 
heuristic one that will help sort out the web of cause 
and effect present in an actual prehistoric sociocultural 
system. 

Below, the basic assumptions and characteristics of 
each model are briefly described. Following this, some 
of the contrastive implications of each model that can 
potentially be examined in the archaeological record 
are discussed. 

The Economic Model 

The first model can be characterized as a least cost 
economic response model, hereafter referred to as the 
economic model (fig. 6.2). Its basic assumptions are 
that subsistence intensification and the development of 
leadership and management hierarchies are responses 
to economic stress brought on by imbalances between 
resource supply and population demand. The model 
also implies that if economic stress lessens or if con
straints on lower cost options weaken, then the lower 
cost options will be pursued. These might include dis
persal, subsistence "deintensification," abandonment 
of expensive facilities, or rejection of managerial su
perstructures. The subsistence response portion of the 
model derives largely from work by Earle (1980) and 
Christenson ( 1980), while the assumptions about or
ganizational responses overlap somewhat with Stuart 
and Gauthier's ( 1981) notion of an "efficient" 
adaptation. 

In this model, systemic change is promoted by popu
lation/resource imbalances brought on by an increase 
in population relative to population size. (Actually, re
source demand is the critical factor, but because pop
ulation is the primary source of resource demand in 
societies of the type treated here, population can be 
used directly.) Population increase may result from the 
movement of people into an area because of its low 
relative costs or risks, or it may occur as a result of in 
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Figure 6.2 - Economic model , part I. 

situ population growth, which presumably would be en
hanced by a period of low economic stress. A decrease 
in resource supply can be brought about by climatic 
change or by human activities that deplete resources 
and alter habitats. Increased risk due to greater varia
bility in resource supply may have effects similar, 
though not identical, to those of decreased resource sup
ply. The system will have to adapt to a greater frequency 
or magnitude of "bad years" and will have to increase 
buffering of seasonal or interannual shortfalls. 

Given a relative increase in demand due to population 
increase, or to a decrease in resource supply, the eco
nomic model assumes that the population in question 
will seek a least cost solution to the imbalance. If ad
jacent areas have more favorable population/resource 
relationships, i.e., lower resources costs, then the fa
vored or "least cost" solution may be movement. If 
movement is not economically attractive, or is con
strained for sociopolitical reasons, the solution will be 
to intensify the local economy - to meet increased de
mand by extracting more resources from the local area. 
For the subsistence economy, this can be modeled with 
the aid of uniform marginal cost theory, as described 
by Earle and Christenson ( 1980). 

In the Dolores area, and probably for the Four Corners 
area in general, subsistence intensification by Anasazi 
groups will ordinarily mean increased dependence on 
cultigens, often in combination with pioneer plants that 
grow in cultivated or abandoned fields (Shuster 1981 ). 
The marginal costs for increasing the output of such 
resources will ordinarily rise much more gradually than 
will costs for increased harvests of wild plants or ani
mals from the same area. 

Agricultural intensification promotes a number of other 
changes in the sociocultural system (fig. 6.3). Techno
logical responses include greater investment in pro
cessing of subsistence resources for cooking and storage, 
as well as in construction of storage facilities. The tool 
and container assemblage therefore can be expected to 
show increased emphasis on production or on process-

ing of cultigens, and on construction of storage and 
other facilities. Organizational responses to agricultural 
intensification include decreased mobility, increased 
interareal exchange, and greater scheduling and man
agement of economic task groups. Assuming that pop
ulation density also has increased, greater number of 
people in combination with agricultural intensification 
will promote greater regulation of access to land and 
perhaps to other key resources. This may contribute to 
community aggregation, which reduces conflicts due to 
overlapping of small catchments and facilitates land use 
regulation at a community or large kin group level. 

These responses create conditions favorable for the 
growth of more effective leadership and management 
roles. In this situation, statuses are likely to be rein
forced by increased ceremonial validation and by in
terregional trade in valuable items that serve as status 
indicators. These processes create an "overhead" cost 
that might seem incompatible with a "least cost" 
model. For example, aggregation increases costs by in
creasing travel time to fields and other resource loca
tions, while the activities associated with maintaining 
leadership statuses also add costs. On the other hand, 
the alternatives are presumably even more costly crop 
failures due to poor scheduling or social conflicts due 
to increased population density and competition for 
land or other resources. The model does predict, how
ever, that status elaboration will be minimal and will 
decline if economic stress and agricultural intensifica
tion decline. Even though sociopolitical development 
is promoted by ecological stress, the relatively low level 
of investment in this area may make the society vul
nerable to adaptive failure in the face of major envi
ronmental problems or of competition from a more 
highly organized society. 

The Social Model 

The second model can be characterized as a sociopol
itical development model, hereafter referred to as the 
social model (fig. 6.4). It proceeds from different as
sumptions and implies a different trajectory of change. 
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Figure 6.4 - Social model. part I. 

This m·odel is derived largely from recent work by 
Lightfoot (1984) and has similiarities to the "power" 
model proposed by Stuart and Gauthier ( 1981 ). 

Lightfoot offers a model of sociopolitical development 
that has at its core a feedback cycle that can be initiated 
in even very simple societies once a simple decision
making hierarchy has emerged. Several conditions can 
select for such leadership development. These include 
population increase, sedentarism, warfare, and others. 
What these conditions have in common is that they 
increase the density of activities and information in the 
society and hence select for effective decision making 
as an alternative to inaction, confusion, or conflict. 

Once a simple decision hierarchy appears, a feedback 
cycle is set in motion (fig. 6.5). To maintain or enhance 
their positions, leaders recruit followers,and as part of 
this effort may foster subsistence intensification and the 
amassing and distribution of surplus foodstuffs. Lead
ership statuses can also be validated by interregional 
trade in valuable items and by hosting or promoting 
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certain ceremonies. Competition among potential lead
ers may intensify these developments. Overall, they 
lead to higher levels of population density, activity, and 
information flow, which in turn select for additional 
management and leadership. Futhermore, groups that 
successfully attract population and that have the or
ganizational capacity to respond effectively to problems 
are likely to expand at the expense of neighboring 
groups. As regional population density increases, this 
is likely to promote intergroup competition that selects 
for further sociopolitical development within specific 
groups. 

The model does not assume that societies exist in an 
economic vacuum, but that one of the results of lead
ership development is to create surpluses and to in
crease the flow of energy through the system. 
Consequently, these groups tend to be fairly well buff
ered against environmental variability. Nevertheless, 
because resources play an important role at several 
points in the feedback cycle (e.g. , support of increased 
populations), the development process should be most 
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successful in times and places of relative resource abun
dance and stability. Groups with well-developed man
agerial hierarchies should also be able to respond 
effectively to environmental problems. Because of in
tragroup competition for leadership statuses, however, 
the hierarchy may be inherently unstable, and pro
longed or severe economic problems may exacerbate 
weaknesses and lead to collapse of the relatively "ex
pensive" superstructure. 

Summary 

In sum, both the economic and social models account 
for the development of agricultural intensification and 
managerial hierarchies, but to different degrees and by 
different pathways. In the following section, some of 
the contrasting implications of the 2 models are dis
cussed. A number of these contrasts are only partial; 
for example, if aggregation precedes area-wide popu
lation increase and agricultural intensification, this 
lends support to the social model, but if aggregation 
accompanies population growth and intensification, it 
could result from either social or economic factors. The 
set of implications discussed in the following section 
should provide a basis for assessing the differential suc
cess of the models in accounting for Dolores Anasazi 
sociocultural change. 

Implications of the Models 

Population Distribution 

The economic model implies that population should be 
distributed so that subsistence costs are similar over 

both the Dolores area and the larger Mesa Verde area 
of which it is a part. Population density should be 
higher in the more productive parts of the area and 
lower in the more marginal parts . (figs. 6.6). Because 
agriculture appears to have been quantitatively the 
most important contributor to subsistence during the 
period of interest, it is assumed that relative agricul
tural productivity and costs will be a good predictor of 
relative population density across the area. 

The social model implies that sociopolitical mecha
nisms are strong enough to generate surpluses and fos
ter subsistence intensification within broad ranges of 
resource productivity. Within the zone of agricultural 
feasibility (referred to as "the dry-farming belt" by Pe
tersen in the environmental studies chapter of this vol
ume [chap. 4]), relative population densities should 
have more to do with the success of communities in 
attracting followers and in absorbing competing settle
ments than with variations in the agricultural produc
tivity of their catchments (fig. 6.6). For the region as a 
whole, there should be a great variability in economic 
costs, with the sociopolitically more developed centers 
having substantially higher subsistence costs because of 
their higher population densities, greater degree of ag
gregation, and higher rates of surplus accumulation and 
conversion. 

Population Movement 

Under both models, population movement should con
form to the general principles of population distribu
tion (fig. 6. 7). The economic model predicts that 
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Social ~1odel 
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Figure 6.6 - Populatio n distribution. 
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Social Model 
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Adjacent Areas 

Emigration With Adaptive 
Or Sociopolitical Failure 
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Greater Sociopolitical 
Development In Adjacent 
Area 

Figure 6.7 - Population movement. 

population movement should equalize the cost and risk 
differentials among areas - people should move from 
high cost or high risk areas to lower cost or lower risk 
areas - although some constraint on movement will be 
due to investment in facilities and in social relation
ships. The social model , on the other hand, indicates 
that within the general zone of adaptive feasibility, pop
ulation movement should be from areas or communi
ties having a lower degree of sociopolitical development 
to those having a higher degree. Because larger settle
ments ordinarily will have higher subsistence costs, this 
implies that movement will often be from low cost to 
high cost situations. 

Settlement Pattern 

Within a given area, the general characteristics of set
tlement pattern are predicted by the previously dis
cussed principles . Under the economic modeJ, 
community size should vary with catchment produc
tivity, as should community spacing (fig. 6.8). Settle
ments and communities will be distributed so as to at 
least roughly even out subsistence costs over the area, 
with larger and more closely spaced communities in the 
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more productive areas and smaller, less closely spaced 
communities in the more marginal areas. The social 
model , on the other hand, implies that within the zone 
suitable for agriculture, relative community sizes 
should fit a hierarchy determined by degree of socio
political development and that there should be regular 
spacing among communities that occupy central roles 
in competing sociopolitical systems (fig. 6.8). 

Aggregation 

Because aggregation generally increases the costs of sub
sistence by increasing travel time to fields and other 
resource locations, the economic model predicts the 
system will "attempt" to maintain a dispersed settle
ment pattern under most conditions of low population 
density (fig. 6.9). Exceptions might occur if several crit
ical resources have spatially uncorrelated locations. 
With increasing population density, aggregation may be 
favored as a solution to conflicts created by catchment 
overlap and access to resources distant from the settle
ment. Aggregation may also be a component in systems 
of increased social control, and hence may be favored 
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Figure 6.8 - Settlement pattern. 

Aggregation 

Economic Model 
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Density, Agricultural 
Intensification, High 
Costs/Risks In Time And 
Space 

Social Model 
Correlates With Leadership 
Development; May Precede 
Increased Population 
Density And Agricultural 
Intensification 

Figure 6.9 - Aggregation. 

by the need for greater organization and conflict res
olution fostered by increased population density, ag
ricultural intensification, and high subsistence costs or 
risks. In the Dolores area, where both land and water 
are relatively abundant and widely distributed, we 
would expect the system to aggregate "reluctantly" and 
only in association with or following substantial in
creases in population, agricultural intensification, and 
economic costs and risks. 

Under the social model, aggregation is an aspect of the 
successful development of leadership and recruitment 
of followers (fig. 6.9). Consequently, it may precede, or 
at least be uncorrelated with, the rate of population 
increase and the degree of agricultural intensification. 

Sociopolitical Development 

In both models, sociopolitical development should be 
expressed archaeologically by the development of set
tlement size hierarchies within the sphere of influence 
of a particular sociopolitical unit (fig. 6. 10). Architec
tural differentiation should also demarcate ceremonial, 
administrative, or residential locations associated with 
leadership and management functions. Under the eco
nomic model, the expression of settlement hierarchies 

should be more influenced by local resource relation
ships than under the social model. 

The economic model would also lead us to expect an 
ethic of egalitarianism would be maintained as long as 
possible even when some form of greater managerial 
control was adopted. This would be consistent with 
keeping "overhead" costs low and probably with main
tenance of individual options to solve economic or so
cial problems by relocating. Consequently, both 
settlement and architectural expressions of hierarchy 
should be more weakly expressed if the assumptions of 
the economic model apply rather than those of the so
cial model. The economic model therefore implies that 
leaders would be likely to exercise control indirectly, 
perhaps through manipulating ceremonial sanctions, 
and that leaders might be expected to eschew higher 
standards of living and visible trappings of status. 

The sociRI model , on the other hand, implies the de
velopment of more direct and overt forms ofleadership. 
If the assumptions of this model apply, administrative 
facilities are more likely to appear, and leaders would 
be more likely to possess large residences and to control 
exotic manufactured or imported goods. Another con
trasting implicativn of the 2 models is that under the 
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Figure 6.10 - Sociopolitical development. 

economic model, archaeological expression of in
creased managerial hierarchy should accompany or fol
low increases in population density, aggregation, 
agricultural intensification, and economic costs and 
risks. However, the social model implies these expres
sions of sociopolitical development should precede or 
accompany the appearance of some of these factors. 
They might also be more strongly expressed in the ab
sence of severe economic uncertainty or risk. 

Agricultural Intensification 

This refers to the use of agriculture to increase the out
put of food from a given area. Above rather low levels 
of demand, the costs of increasing food output by ag
riculture can be expected to rise less rapidly than the 
costs of increasing the exploitation of wild plants and 
animals. Consequently, as output continues to increase, 
agriculture should contribute an increasingly larger pro
portion of the diet. As the subsistence system's marginal 
costs rise, however, additional types of wild plants and 
animals heretofore too "expensive" to exploit may be 
added to the subsistence mix. Therefore, the number 
of food sources used may increase, even though non
agricultural elements comprise an increasingly small 
proportion of the diet. Provision of essential nutrients 
and a desire for taste variety may also contribute to the 
maintenance of subsistence variety. 

The economic model implies that agricultural intensi
fication will correlate closely with both population 
change and with the costs of exploiting wild food 
sources (fig. 6.11 ). Agricultural intensification should 
also increase with aggregation because wild plant and 
animal sources should be rapidly depleted in the vicin
ity of large settlements. Intensified agriculture will or-
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dinarily require increased management and scheduling 
and it may also promote aggregation to the extent that 
this is associated with development of a higher order 
of social control. 

The social model implies that agricultural intensifica
tion will be undertaken as a way of developing a reliable 
surplus that can be controlled by leaders and as a way 
of supporting community growth (fig. 6.11 ). It should 
thus correlate with aggregation and with evidence of 
growth in leadership hierarchies. It will not necessarily 
correlate with regional population density or with the 
costs of wild foods. 

Storage 

Under the economic model , increased storage is to be 
expected as agriculture is intensified, so that the sea
sonal surplus can be distributed across other seasons 
(fig. 6.12). Increased storage can also serve to buffer 
climatic variability that affects crop production. Con
sequently, storage should increase in times or places of 
high agricultural risk or when costs vary substantially 
from one year to the next. Storage should be managed 
by agricultural production units (ordinarily households 
or small groups of households) and little variability in 
storage within or between communities should occur, 
except as predicted by the distribution of agricultural 
intensification and subsistence risk. 

The social model implies that storage increase is as
sociated with the creation of food surpluses for dis
position by leaders (fig. 6.12). This can serve to increase 
buffering of climatic variability, but also plays a role 
in competition for followers among emerging leaders 
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Figure 6.12 - Storage. 

within a community or between communities. Conse
quently, storage volume should be greatt:st at the lead
ing settlements within a sociopolitical sphere and 
should also be highest within the communities at res
idences, administrative facilities, or ceremonial facili
ties associated with leaders. Storage volume should not 
vary directly with the level of agricultural intensifica
tion and risks, and storage volume may actually be 
greatest in times of low costs and risks when abundant 
crops facilitate surplus accumulation. 

Exchange 

The economic model implies that exchange serves to 
even out variability in the distribution of useful com
modities within and between regions (fig. 6.13). Fur
thermore, it functions to establish and maintain 
networks of social relationships adaptive because they 
play a role in providing mates and may furnish indi
viduals or groups with economic support or even a 
place to resettle during times of hardship. If we also 
assume that egalitarian organization, or at least the ap
pearance of egalitarianism, is low cost, then the eco-

nomic model implies that exchange needs will be met 
largely by a network of trading partnerships manned 
by individuals at the same status or sociopolitical level. 
This should result in a relatively uniform distribution 
of exchanged goods within and among communities. It 
also implies that there will be relatively little traffic in 
exotic items for use as status markers and that these 
will be rare and not differentially distributed in the 
archaeological record. 

The social model implies that exchange will be used as 
a path to leadership, so that both commodity and status 
exchange will tend to come under control of a leader
ship hierarchy or will be used by competing leaders (fig. 
6.13). The model also implies that overt status differ
entiation is likely to emerge early in the process of so
ciopolitical development and hence that exotic items 
will be relatively abundant. It also implies that these 
should be differentially distributed in the archaeolog
ical record, possibly in high-status residences or in cer
emonial contexts that function to enhance leadership. 
Such goods should certainly demarcate the burials of 
high-status individuals. 
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Figure 6.13 - Exchange. 
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Chapter 7 

RESOURCE STUDIES 
Kenneth Lee Petersen 

INTRODUCfiON• 

During the main Anasazi occupation of the Dolores 
River valley (A.D. 600 to sometime after A.D. 950), 
changes in settlement types and patterns, in facilities, 
in artifact types, and in regional population size oc
curred. One goal of the DAP is to describe and explain 
these social-cultural patterns. 

Archaeological investigations by the DAP were guided 
by a general research design (Kane et al. 1983). The 5 
problem domains outlined in the general 'research de
sign include a number of specific questions concerning 
prehistoric adaptations and social organization during 
specific time periods in the Dolores Project area. Prob
lem Domain 5 (Cultural Process) is designed to ex
amine the subject matter of all the other domains in a 
dynamic framework (i.e., to examine change through 
time). 

To address Problem Domain 5, a model of cultural 
change and continuity in the project area has been pro
posed (chap. 6). This model incorporates a systems ap
proach in which only the variables most relevant to 
understanding and charting change in the area are in
cluded. These variables constitute only a small pro
portion of the total number of variables involved in a 
natural system (cf. Odum 1971). In a system such as 
the one modeled here, changes in one variable may 
cause changes in other variables that show the pathways 
by which variables interact. From this network, expec
tations can be generated about the relationship between 
changes in individual variables (or components) and 
changes in the rest of the system. 

The DAP model proposed by Lipe (chap. 6) emphasizes 
4 classes of variables related to resource supply, pop
ulation, economy, and the social system. Resource sup
ply is modeled as being dependent on regional climate, 

'Portions of this chapter first appeared in a paper delivered at the 50th 
Annual Meeting of the Society for American Archaeology, Denver 
(Neusius and Matthews 1985). 

local climate, edaphic/biologic properties of the area, 
geologic properties of the area, and environmental ef
fects of resource use. In addition to its dependent role, 
resource supply is also one of the factors affecting eco
nomic variables, including economic cost (direct rela
tionship), economic decisions (indirect relationship 
through cost), and resource acquisition (indirect rela
tionship through decisions). 

Region-wide environmental and social changes, as well 
as changes initiated within the Dolores area proper, 
could have affected the Dolores Anasazi system through 
the movement of population or resources into or out 
of the area. Such influences could change relationships 
among variables within the Dolores system itself. As 
the DAP modeling studies progressed, they have fo
cused increasingly on the economic and social subsys
tems as well as on interregional relationships as sources 
of change in the Dolores system. 

From the general model, 2 narrower, more focused sub
models of the source of change have been developed: 
the economic submodel and the sociopolitical submo
del. The economic submodel views economic response 
to population demands and resource imbalance as the 
driving force in change, while the sociopolitical sub
model views sociopolitical development as predomi
nant (chap. 6). Both undoubtedly are interrelated, but 
these submodels have been developed to assess the rel
ative strengths of these 2 sources of change. The focus 
of this chapter is the analysis of change in resource 
supply and .resource mix in light of the economic 
submodel. 

RESOURCE SUPPLY AND DEMAND 

Modeling prehistoric resource supply provides a means 
of organizing the various components envisioned or de
tected in the paleoenvironmental system. Anasazi re
source supply can be reconstructed on 2 different levels 
(Dean 1978): at the systemic level, resource supply is 
reconstructed through knowledge of the components of 
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the present-day ecosystem and of the relationships be
tween those components; at the analytic level , it is re
constructed by examining the archaeological and fossil 
records to obtain information about the various com
ponents of the paleo-ecosystem and their interactions. 

In the reconstruction of resource supply, it is assumed 
that the prevailing environmental conditions limit the 
number of people that can be sustained by a corn ag
riculture subsistence system. Therefore, reconstruction 
of past environmental conditions is important in un
derstanding the effects of resource supply on the sys
tem, as outlined in the DAP general model (chap. 6). 
Pollen analysis of Sagehen Flats marsh sediments (lo
cated near the center of the project area) dating to the 
early A.D. 600's indicates that corn agriculture was un
derway and that the vegetational mosaic of pinyon
juniper-oak-sagebrush was indistinguishable from that 
of the early A.D. 1900's (Petersen 1985a). Regional re
construction based on pollen records from the La Plata 
Mountains shows that the climate from about A.D. 800 
to I 000 was drier than at present, which fostered a slight 
expansion of sagebrush at the expense of other wood
land species (pinyon, juniper, and oak) (Petersen !984a, 
1985a, 1985b, 1985c, and chap. 4, sect. 6). Resource 
supply for the Dolores Anasazi may have been affected 
only minimally by large-scale climatic and vegetational 
change, since the kinds of plants and animals would 
have remained the same, although their distributions 
might have shifted. Native flora and fauna may have 
been influenced more dramatically by cultural factors 
affecting the environment than by changes in the cli
mate (Petersen et al. 1985). 

The demand for corn and other crops is strongly related 
to population size. As the population grows, more nat
ural vegetation must be cleared for the planting of do
mestic crops. Agriculture disrupts the natural climax 
vegetation through clearing, and the cultivated area is 
opened to invasion by weedy plant species. The greater 
the agricultural activity, the more widespread the dis
turbance to the natural ecosystem. Beginning in the 
early to middle A.D. 800's, the human population in 
the project area appears to have dramatically increased, 
and in the A.D. 870's, population growth peaked 
(Schlanger 1983, and chap. 8). The presence of village 
complexes indicates the population was aggtegating 
within defined communities (Kane 1984). One response 
to the increase in population and aggregation was adop
tion of an economic strategy of agricultural intensifi
cation to meet the increased energy needs of the 
growing population (Lipe 1983, Orcutt 1985a, 1985b). 

During the late A.D. 800's to the early A.D. 900's, the 
project area came under increasingly severe climatic 
stress in the form of periodic, consecutive seasons of 
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shortened frost-free period and decreased precipitation 
(Orcutt 1985a; Petersen 1984b, 1985d, and chap. 4, 
sect. 6). Although the prehistoric population appears to 
have decreased during this time and never again in
creased in the project area (Schlanger, chap. 8), agri
cultural intensification is believed to have remained the 
major eco!lomic strategy, but was used for the produc
tion of surplus foodstuffs that were stored as a buffer 
against low-yield harvests (Orcutt !985b ). 

RESOURCE MIX 

Against the general framework of changing population 
and changing climate, modeling changes in resource 
supply and demand and then testing for changes in re
source mix by examining the floral and faunal remains 
recovered through excavation is possible. The mix of 
food resources used by the Dolores Anasazi has been 
estimated from the analysis of large quantities of floral 
and faunal remains collected from project area sites. 
These data also provide some basis for evaluating the 
general model and. the economic and sociopolitical sub
models. Specifically, the economic submodel assumes 
that least-cost decisionmaking guided the use of re
sources, while the sociopolitical submodel expects the 
fit between resource mix and cost to be less than perfect 
because of social factors. The goal in this section is to 
begin the process of evaluating the Dolores floral and 
faunal data in terms of the economic submodel. 

One prediction of least-cost models, similar to predic
tions of the economic submodel presented by Lipe in 
chapter 6, is that agricultural intensification will occur 
in response to population growth and aggregation be
cause intensification is an efficient way to meet the 
increased demand for food (e.g., Christenson 1980). 
Given the marked changes in population size and ag
gregation discussed by Schlanger (chap. 8), the degree 
of agricultural intensification is expected to vary at dif
ferent times during the Dolores sequence. The temporal 
and spatial variability in resource supply outlined by 
Petersen (chap. 4, sect. 6) and Kohler et al. (chap. 9) 
also should reflect agricultural intensification if the eco
nomic submodel is essentially correct. On the other 
hand, social causes should be sought when the recon
structions of supply and demand are not sufficient ex~ 
planations for the variability in this aspect of resource 
mix. 

In the following sections, the as~umptions regarding 
and the expectations for agricultural intensification will 
be discussed. Next, the evidence for use of animals and 
plants will be presented, and finally, the extent to which 
the data fit the predictions will be discussed. 



Definitions, Assumptions, and Expectations 

The subsistence economy of the Dolores Anasazi is con
ceived as having 3 general components (fig. 7.1): agri
culture, wild plant gathering, and game procurement. 
This kind of mixed economy is well documented in the 
Southwest (Piog 1979; Cordell 1979), and is suggested 
in the Dolores record for the entire Anasazi sequence. 
Change in the relative importance of these 3 compo
nents is expected to be associated with agricultural 
intensification. 

Agricultural strategies in the prehistoric Southwest gen
erally involved more than the cultivation of corn, 
beans, and squash (Ford 1984; Shuster 1981 ; Bye and 
Shuster 1984; Winter 1974; Wetterstrom 1976). Pioneer 
plants, which in climax communities occur in low num
bers and in scattered populations, can maintain dense 
stands in an agricultural field either actively being cul
tivated or in the early stages of fallow (Ford 1984: 128). 
Encouraging and harvesting pioneer plant populations 
in agricultural fields increases the primary productivity 
of a field under cultivation, increases the predictability 
of yield, and enhances the nutritional basis of agricul
turalists (Ford 1984: 13 7). Thus, use of pioneer plants 
is viewed as part of the agricultural system. 

Documenting this secondary aspect of the agricultural 
system is difficult , because the pioneer species re
covered through excavation might have been collected 
from areas other than gardens or might have occurred 
in agricultural fields but were not intentionally har
vested (Leonard 1985). However, given what can be 
learned from the ethnographic record (e.g., Ford 1968), 
it seems unwise to limit the definition of agriculture to 
the cultivation of non-native domesticates (Matthews 
1985a, 1985b, 1985c). 

Garden hunting, i.e., the harvesting of the animal bi
omass in the vicinity of fields and gardens (Emslie 1981 ; 
Linares 1976; Neusius 1984; Seme' 1984), also might 
be considered I component of an "agricultural com
plex." This has been suggested by some authors (Bye 
and Shuster 1984). However, if agriculture is defined 
to include faunal procurement, the floral and faunal 
data would have to be summarized into a single meas
ure for agricultural production. Deriving such a meas
ure would be difficult, because of the vastly different 
sampling strategies used to collect floral and faunal ma
terials, and because of problems in deriving caloric es
timates. Thus, in the present study, garden hunting is 
viewed as a type of game procurement strategy that is 
a separate entity embedded in agricultural strategies, 
rather than as an agricultural strategy per se. All other 
game procurement strategies, including large game pro
curement, are considered together in this chapter. 

RESOURCE STUDIES 

harvesting pioneer plants 

AGRICULTURE< 

cultivating domestic plants 

WILD PLANT GATHERING 

<garden hunting 

GAME PROCUREMENT 

nongarden hunting 

Figure 7.1 -The three primary components of Anasazi food sources 
and their subsets. 

Although wild plant gathering could include collection 
of wood resources as well as of edible wild plants, wood 
resources are not considered in the analyses presented 
in this chapter (however, they are discussed in Kohler 
et al. [ 1984], and in chap. 4, sect. 2). The wild plants 
considered here do not benefit from disturbance, and 
most are perennials rather than annuals. All of them 
are sources of food . 

Relative reliance on agriculture can be measured 
against wild plant gathering or against game procure
ment, and it is assumed that relative reliance mirrors 
intensification. Here, agricultural intensification refers 
to practices that increase expenditure of labor on crop 
maintenance, such as shortening the fallow, planting 
larger areas, and planting or exploiting a greater variety 
of plants. Because a greater expenditure of energy is 
required on agricultural production, it is assumed that· 
the returns are higher and that this will be reflected in 
an increase in agricultural subsistence remains as com
pared to wild plant and faunal remains. Thus, this rel
ative reliance can be used as a proxy measure of 
agricultural intensification. 

The study presented here concentrates primarily on 
temporal variability in agricultural intensification. 
With a few exceptions, changes in resource supply and 
population are not evaluated for the project area for 
each time period, but a brief outline of these variables 
is provided. It is assumed that resource supply generally 
was abundant and conditions for agriculture generally 
were favorable throughout the Dolores sequence until 
approximately A.D. 880. At this time (Period 5), a com
bination of drought followed by a shortening of the 
growing season impacted resource supply. One critical 
resource during this period is arable land (Petersen, 
chap. 4, sect. 5); this and more subtle issues, such as 
the Anasazi impact on the landscape (Petersen et al. 
1985), are not considered here. With regard to change 
in population, the project area was sparsely inhabited 
during Period I (A.D. 600-720). During Period 2 (A.D. 
720-800) more sites were present and they covered a 
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larger portion of the project area, but sites remained 
small. Population continued to grow through Period 3 
(A.D. 800-840), with a sharp increase during Period 4 
(A.D. 840-880). Population began to decline during Per
iod 5 (A.D. 880-920), and by Period 6 (A.D. 920-980) 
it was very low. 

The specific expectations derived from this background 
and that provided in the other chapters in this volume 
are summarized in figure 7.2. Although a single line is 
shown for the relative reliance measures in figure 7.2, 
the measure is not a combined measure but represents 
each resource separately (i.e. , wild plants or nongarden 
game). Generally, the degree of reliance on agricultural 
strategies and on garden hunting is believed to have 
been dependent on population size. Reliance goes up 
as population increases, and goes down as population 
decreases. Period 5 is expected to represent something 
of an exception, with energy expended on agricultural 
strategies decreasing somewhat, but niche breadth ex
panding in response to the increased risk involved in 
agriculture. Such a buffering strategy might involve 
producing and storing surplus agricultural products; 
thus, the agricultural and garden hunting curve is not 
lowered as sharply as might be expected from the pop
ulation curve (Orcutt 1985a, 1985b, 1985c). 

An inverse relationship between reliance on agriculture 
and garden hunting and reliance on wild plants and 
nongarden game procurement is predicted. However, 
once again Period 5 is an exception, with both wild 
plant gathering and nongarden game procurement re
bounding rapidly due to the need to buffer agricultural 
production. The curves for Period 5 have been con
structed to demonstrate this complexity. However, the 
relative reliance scale in this graph must be interpreted 
very loosely - it really is not a scale at all, and per
centage contribution is not intended. It is simply a 
graphic presentation of expectation derived for this 
study. 

The Evidence for Resource Mix and for 
Agricultural Intensification 

This section summarizes the authors' current under
standing of the evidence for some of the expectations 
outlined above. T he data were investigated by plotting 
the ubiquity of all game, garden game, cultigens, pi
oneers, and wild plants, by period. These plots provide 
one means of evaluating the validity of the expecta
tions , eve n as they raise a variety of additional 
questions. 

Faunal Evidence 

Consideration of the faunal data for this chapter centers 
on 2 questions. First, does the overall role of game pro-
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Figure 7.2- Expectations regarding relati ve reliance of Dolores An
asazi on two classes of resources through time. 

curement appear to have changed; and second, to what 
extent can any change be attributed to more or less 
reliance on garden hunting as opposed to other types 
of game procurement? 

Before proceeding, the extent to which different sam
pling methods and sample size might be biasing the 
indicators must be considered. With regard to sampling 
methods, only a small part of the total DAP faunal 
collection was recovered through flotation or fine water 
screening, and the data from this assemblage (the mi
crofauna! assemblage) parallel the data from the assem
blage recovered in the course of routine excavation, 
without special sampling or techniques (the macro
faunal assemblage). 2 Therefore, the microfauna! assem
blages can be deleted from consideration. This results 
in at least gross comparability in sampling method, with 
few repercussions within the data base (for discussion 
of the representatives of collections obtained through 
various recovery techniques, see chap. 4, sect. 4, and 
to Neusius and Gould [ 1985]). 

Ubiquity measures were more difficult to construct for 
the faunal data than for the botanical data because of 
the small sample size for some contexts. A straightfor
ward measurement of abundance such as MNI (mini
mum number of individuals), calculated without regard 

' For a more thorough discussion of the 2 types of faunal assemblages. 
refer to chapter 4, section 4. 



for the total number of contexts dating to a particular 
period , does not provide reliable estimates of change 
in the relative importance of animals if more contexts 
dating to one period were excavated than contexts dat
ing to other periods. Because of these potential prob
lems with the indiscriminate use of MNI (cf., Grayson 
1973, 1978, 1979, 1984), MN! measures were calibrated 
against general artifact abundance. This approach was 
chosen because the bones that make up the macrofauna! 
assemblage usually were collected during the course of 
excavation, in a manner similar to that used to collect 
other types of artifacts. Thus, even though the amount 
of excavation effort varied for the different periods, one 
can contrast the amount of bone recovered to the 
amount of artifacts recovered. Gray ware sherds are 
used here as the measure of artifact abundance because 
these sherds are both abundant and ubiquitous in Do
lores sites. Gray wares also are assumed to be utilitarian 
in nature and are least likely to be spatially segregated 
in a manner different from bone. Additionally, if the 
rate of ceramic breakage and disposal for each person 
remained relatively constant through time, the rate 
would provide a relatively stable measure against which 
faunal MNI might be compared. ' 

Figure 7.3 is a plot of the ratio of bone (MNI) to gray 
ware sherds. The ratios were obtained by combining 
the data from all individual elements or episodes that 
could be assigned to a particular modeling period. Pe
riods 6 and 7 are combined in this analysis because the 
numbers of elements and episodes assigned to these 
periods are particularly small. Elements and episodes 
not assigned to a specific single period were not used 
except for those with a combined assignment to Periods 
6 or 7. 

At the onset, it was anticipated that fauna, in relation 
to overall resource mix, might contribute relatively less 
during those periods of high population and agricul
tural intensification. The opposite trend appears to be 
true in figure 7.3. In addition, the very high contribu
tion of fauna to the resource mix in Period 5 was 
unexpected. 

Faunal MNI in figure 7.3 represent total fauna: no dis
tinction is made between garden game and nongarden 
game. In figure 7.2, it was predicted nongarden game 

'After the faunal study was completed, it was realized that the argument 
for using gray ware sherds is valid only if gray ware vessels served the 
same functions through time and constituted a consistent proportion 
of the daily-use assemblage. If these conditions are not met (for ex
ample, if there was an increased use of decorated wares for some pur
poses), then bias could be introduced. Therefore, when the botanical 
study was undertaken , total sherds was used as the ceramic measure. 
The resulting larger sample size is believed to be more stable, if the 
assumption that rates of breakage and discard remained relatively con
stant through time is correct. 
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Figure 7.3- Ratio of bone (MNI) to number of gray ware sherds. 
Differences between Periods I, 2, 3, 4, and 6-7 are not 
significant. 

would contribute relatively low amounts to the resource 
mix in Period 4, while garden game would contribute 
relatively high amounts. The relative contributions in 
Period 4 from both garden and nongarden game may 
balance one another out, and thus the combined con
tribution of game from both types of hunting strategies 
to the resource mix might not have changed or might 
have been slightly lower, as will be discussed later. 

During Period 5 the contribution to the resource mix 
of garden game was modeled as remaining relatively 
high as the contribution of nongarden game increased 
(fig. 7.2). This would result in an overall relative in
crease in the proportion of game in the resource mix. 

473 



FINAL REPORT 

As judged by the results in figure 7.3, the high ratio of 
faunal MNI . to gray ware sherds in Period 5 supports 
this interpretation; however, the relative proportions of 
garden game and nongarden game may have remained 
relatively stable from Period I through Period 7. This 
will be discussed in more detail later in this chapter. 

These results are dependent on the crucial assumption 
that gray ware breakage and disposal practices re
mained relatively stable throughout the time of occu
pation. To calculate the individual ratios, an SPSS 
(Statistical Package for the Social Sciences) (Nie et al. 
1975), regression program was used to calculate regres
sion lines. The points used to derive each line represent 
individual temporal elements or episodes at DAP sites. 
Figure 7.4 shows the regression lines that summarize 
these relationships. Log-log scales were used to aid in 
plotting the widely ranging sample sizes. The correla
tion between MNI and gray ware sherds is significant 
for all periods, with r values ranging from 0.67659 to 
0.87067. Probability levels range from 0.00000 to 
0.01143. However, analysis of the residuals and scat
tergrams suggests the linear fit is less than perfect. 

A BMDP (Biomedical Computer Programs, P-Series) 
(Dixon and Brown 1979) one-way analysis of variance 
and covariance program was used to compare the in
tercepts and slopes of these lines. The results tend to 
confirm the visual impression that the slopes for Pe
riods I, 2, 3, 4, and 6-7 do not differ significantly (over
all F = 1.4390; probability > F < 0.2147). However, 
the difference for Period 5 as compared with the others 
is significant. The slope is derived from the ratio be
tween faunal MNI and gray ware sherds, which is plot
ted in figure 7.3. Thus, for all periods except Period 5 
the slopes are quite similar. Unless evidence suggests 
breakage and disposal practices for gray wares changed 
during Period 5, the relative increase in faunal MNI in 
Period 5 (figure 7.3) could be judged as both real and 
significant. 

However, the high ratio (fig. 7.3) and steep slope 
(fig. 7.4) for Period 5 might be the result of having 
combined elements and episodes with very different 
catchments. Specifically, the Grass Mesa Locality at the 
northern end of the project area should have been most 
severely impacted by the climatic deterioration recon
structed for this period, because arable land was in 
shorter supply here than elsewhere (Orcutt 1985b). The 
biomass of nongarden game in this locality also might 
have been higher than elsewhere within the project area. 
As a result, it might be predicted that there should be 
a greater reliance on wild plants and nongarden game 
at sites in this locality. 

Therefore, the regression analysis was rerun separating 
Period 5 elements and episodes into Grass Mesa Lo-
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cality versus non-Grass Mesa Locality. Somewhat sur
prisingly, both new regression lines have a reasonably 
steep slope and both have negative Y-intercepts. Fur
thermore, the non-Grass Mesa Locality elements and 
episodes show heavier use of total game than do the 
Grass Mesa locality elements and episodes. If figure 7.2 
is used as the game procurement model, it may be that 
garden game is the major contributor to fauna in the 
resource mix during Period 5 at non-Grass Mesa Lo
calities, although this possibility is not explored here. 
Blinman (chap. 12) found a slight relative increase 
throughout the project area in the proportions of garden 
game in well-dated Period 5 contexts interpreted to be 
refuse. This trend will be discussed more later. 

Differences in the Y-intercept of the regression lines in 
figure 7.4 can be interpreted as relative differences in 
faunal MNI density. The higher the Y-intercept in fig
ure 7.4, the more faunal individuals represented in re
lation to gray ware sherds. This Y-intercept does not 
take into consideration the amount of time represented 
by the periods. Periods I, 2, and 6-7 are much longer 
(i.e. , 120, 80, and 330 years, respectively) than Periods 
3, 4, and 5 (i.e., 40 years each). The longer the period, 
the more likely the accumulation of faunal MNI and 
gray ware sherds. Again, this is dependent on a rela
tively constant rate of breakage and disposal of gray 
wares/person. If this was the case, then the effects of 
changing population and length of time represented in 
a period are minimized through this measure. 

In figure 7.4, the Y-intercepts of the lines do differ 
significantly between periods (F = 4.0925; probabil
ity > F < 0.0017). Student's t-tests also indicate Period 
6-7 differs most significantly from the others in terms 
of intercept, although the similar difference in the in
tercept of Periods I and 2 as contrasted with the re
maining intercepts also would be significant at the 0.10 
level. 

The differences in both slope and Y-intercept among 
Periods I through 4 are minor (fig. 7.4). Based on the 
expectation that intensification would be highest in Per
iod 4, it was assumed Period 4 would contrast with the 
earlier periods by having an even lowerY-intercept as 
well as a different slope. When the analysis was rerun 
for 3 gross time periods- pre-A.D. 840, A.D.840-880, 
and post-A.D. 880 - the middle period, which corre
sponds to Period 4, has the lowest Y-intercept, which 
supports the predicted decreases in game use. However, 
the analysis of variance does not consider either the 
intercept or the slope of these 3 lines to be signifi
cantly different. Nevertheless, the results of earlier 
community-specific studies (Neusius 19R5; Neusius 
and Gould 1985) also support a drop in the overall use 
of game during Period 4 when compared to earlier and 
later periods. 
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Figure 7.4- Regression lines resulting from plots of faunal MNI against gray ware sherds for different modeling periods (indicated by numbers 
I through 7) . Because of the wide range of sample sizes, plots were done with log scales. 

Because of the complexity of figure 7.4, figure 7.5 is 
provided to show the plot of the Y-intercept against 
each period. The relative absolute density of faunal 
MNI when portrayed this way does not take into ac
count the differences in the length of time for each 
period. In figure 7.5 a steady decline in the relative 
absolute amount of faunal MNI in relation to gray ware 
sherds from Periods I through 5 seems to occur, and 
then an increase in Period 6-7. Because Periods 3, 4, 
and 5 each represent the same length of time, it might 
be easier to compare these periods and detect any real 
differences in the Y-intercept (i.e., relative faunal MNI 
density). But first, the problem of the steeper slope for 
the Period 5 regression line in figure 7.4 must be 
addressed. 

The rate of breakage and disposal of gray ware sherds/ 
person can be demonstrated to be relatively constant 
for all periods. If the same rate is accepted, especially 
for Periods 3, 4, and 5, then an estimate of the relative 
absolute number of faunal MNI (i.e., the Y-intercept) 
can be made for Period 5 by determining the coefficient 
that faunal MNI must be multiplied by to produce a 
slope equivalent to Periods 3 and 4. In this case, the 
coefficient is 0.67. Thus, the faunal MNI accumulation 

rate as compared to sherd deposition in Period 5 is 
1.475 (the reciprocal of 0.67) times as rapid as that in 
Periods 3 and 4 and thus, during Period 5, 1.475 times 
as many bones should accumulate for every sherd de
posited as during Periods 3 and 4. Taking this adjust
ment into consideration, an estimated Y-intercept can 
be plotted for Period 5, as shown in figure 7.6. Of 
course, if evidence showed the rate of sherd deposition 
per person or per household during Period 5 differed 
from that during Periods 3 and 4, this approach could 
be invalidated. 

The pattern in figure 7.6 does agree with the expected 
reduction in faunal MNI between Periods 3 and 4 and 
with the expected increase between Periods 4 and 5. 
The changes in Periods 3, 4, and 5 are for periods 
of equal time lengths. Because these changes in 
Y-intercepts were measured against gray ware sherd fre
quency, this approach should avoid the problem of 
changing population during these times as long as the 
rate of ceramic breakage and disposal per person did 
not significantly change during Periods 3, 4, and 5. 
However, even though the direction of change seems to 
fit the model presented earlier, the magnitude of change 
between periods may not be significant. 
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Figure 7.5- Plot of Y-intercept against modeling period, as shown 
in figure 7.4. Provides a relative measure of absolute 
number of bones at sites with in a given period. Because 
Period 5 has a different slope, it is not strictly com
parable to the other periods and so is marked by hatch
ing. 

The types of game procurement strategies employed 
will not be explored in detail here. However, in earlier 
studies of Dolores Anasazi communit ies (Neusius 1985; 
Neusius and Gould 1985) and in the project-wide 
faunal data base, the proportion of MNI's from taxa 
that might represent a garden hunting strategy remains 
relatively uniform (fig. 7.7) . The 96 percent confidence 
intervals for these proportions overlap in all instances 
(I = 0.303 to 0.45 1; 2 = 0.388 to 0.482; 3 = 0.353 to 
0.439; 4 = 0.284 to 0.418; 5 = 0.305 to 0.3 75; 6 = 0.407 
to 0.501 ; 7 = 0.355 to 0.477). The same can be said for 
proportions of large mammals. 

Using another approach to detect a change in the pro
portion of meat in the Anasazi diet, Blinman (chap. 12) 
uses the ratios of nonhuman bone to cooking jar sherds 
fro m well-dated, s.creened refuse collections. Blinman 
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Figure 7.6- Plot of Y-intercept against modeling period, with an 
adjustment made for Period 5 (hatched) to make it 
comparable to the other periods. Provides a relative 
measure of absolute numbers of bones at sites within 
a given period. 

uses cooking jar sherds because he believes that boiling 
in ceramic vessels would encompass much of the prep
aration of both meat and cultigens, and therefore the 
cooking jar breakage and di scard rate should produce 
a relatively stable index in relation to food preparat ion. 
If the index is not stable, then Blinman believes the 
direct ion of the bias within the index should tend to 
improve the contrast between cooking jar sherds and 
animal bones as an index of the reliance on cult igens. 

Blinman plots the rat ios of nonhuman bone to gray 
ware cooking jar sherds from screened refuse collec
t ions for Periods I through 6 (chap. 12, fig. 12.2). Al
though he uses numbers of bones or bone fragments, 
rather than MNI, Blinman does calculate the relative 
contribution of animal size classes (i.e., small mammal 
and bird, medium mammal, and large mammal), which 
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should allow some comparison with figure 7. 7 (for in
stance, the slight peaks in Periods 2 and 6 in figure 7.7 
are also evident for small animals in figure 12.2). Refuse 
collections were chosen to minimize variance within 
ceramic material from uncontrolled contexts. Also, 
Blinman believes that vessel form proportions in refuse 
are most likely to approximate the intensity of vessel 
use. Screened proveniences were chosen to minimize 
recovery bias toward either bones or sherds. 

Blinman (chap. 12, fig. 12.2) found that the highest 
bone/sherd ratio occurs in the Period 2 collection, due 
primarily to the extremely large contribution of small 
animal bones. The bone/sherd ratio declines in Period 
3, with small animal bones continuing to contribute the 
largest proportion. The bone/sherd ratio declines to the 
lowest level in Period 4, with small, medium, and large 
animals contributing roughly equal proportions. An in
crease in the bone/sherd ratio occurs in Period 5 re
sulting in a ratio not as high as that for Period 3. The 
contribution of large mammal bones to the total in Per
iod 5 is slightly less than for the other 2 animal bone 
groups, which might indicate a renewed emphasis on 
garden hunting. The bone/sherd ratio for Period 6 is 
higher than that for Period 5, and the proportion of 
large mammal peaks. 

Blinman (chap. 12) concludes these results are consist
ent with the interpretation that dietary change accom
panied human population increase in the Dolores area. 
He believes that if cooking jar sherds can be used as a 
stable proxy of total food consumption, then the re
duction in the relative meat protein contribution to the 
diet during Period 4 is dramatic. This reduction in meat 
is presumed to be accompanied by an increased con
sumption of cultigens. However, Blinman notes bias 
could result in overestimation of the relative decrease 
in meat consumption. Boiling and soaking associated 
with cultigen preparation in ceramic vessels is expected 
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to be positively correlated to have no correlation with 
cultigen preparation, rather than to be negatively cor
related. This bias would tend to increase utility of the 
use of cooking jar sherds as an index of relative reliance 
on cu)tigens. 

Evidence seems to indicate a change in the relative 
overall importance of game during the Dolores se
quence. A regression analysis was done between faunal 
MNI and gray ware sherds for different periods. When 
the bone/sherd ratio (regression slope) is evaluated, 
only Period 5 is significantly different. This can be in
terpreted as indicating a greater accumulation of faunal 
remains (and hence greater relative reliance on animals) 
during Period 5 than during any of the other periods, 
or alternatively, that the rate of gray ware sherd dep
osition was significantly reduced during Period 5. 

Differences in theY-intercept of the regression of bone 
against sherds can be interpreted as relative differences 
in the number of faunal MNI in relation to gray ware 
sherds. Periods 4 and 5 have a much lower relative 
number of faunal MNI, which seems to support the 
expectation that a decrease in reliance in total fauna 
occurred during these periods. However, the difference 
in the length of each period could affect the MNI count, 
because more fauna remains could have accumulated 
during longer periods. On the other hand, the difference 
between Periods 3 and 4 is marked, even though Pe
riods 3, 4, and 5 are all 40 years in length, which sug
gests an explanation other than period length must be 
applied. 

The evidence for garden hunting during Periods 4 and 
5 is slight or nonexistent. The only clear evidence for 
a heavy reliance on small animals is for Period 2, based 
on Blinman's (chap. 12, fig. 12.2) comparison of num
ber of individual specimens of bones and gray ware 
cooking jars from well-dated, screened refuse collec
tions. Blinman's study of refuse collections also pro
vides the clearest evidence for a shift to a greater 
reliance on large game during Period 6 (he did not ex
amine Period 7). Such evidence was not found in the 
present study when examining that portion of the total 
DAP faunal assemblage that could be assigned to per
iod, possibly because too many different types of con
texts were used. 

Macrobotanical Evidence 

With respect to interpreting the botanical remains, only 
charred reproductive parts of each taxon, including 
seeds, fruits, cotyledons,and the cobs, glumes, and cu
pules of corn, have been considered. The cultigen 
groups, unless otherwise specified, includes 4 taxa: corn 
(Zea mays), beans (Phaseolus vulgaris), squash (Cucur
bita spp., C. Pepo) , and gourd (Lagenaria siceraria). The 
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pioneer group includes 21 different taxa, notably pig
weed (Arnaranthus sp.), goosefoot (Chenopodium sp.), 
purslane (Portulaca sp.), tansymustard (Descurainia 
sp.), and groundcherry (Physalis sp.). The wild plant 
group includes 23 different taxa representing a variety 
of berries and seeds (table 7.1 ). 

The poor preservation potential of beans and squash 
has affected both the composition and the size of the 
cultigen component in the DAP macrobotanical assem
blage. Consumption of many wild plants raw also could 
have resulted in their low visibility in the archaeological 
record. These potential problems should be noted but 
cannot be remedied. 

A second set of problems has to do with botanical sam
pling at the DAP. Large-scale vegetal remains were col
lected during routine excavation, when condition or 
quantity suggested to the excavator that collection was 
warranted; no special excavation techniques or sam
pling strategies were employed. Small-scale remains 
were collected through bulk soil , or flotation , sampling. 
The floatation sampling strategy (Litzinger 1979) em
phasized collection of samples from undisturbed fea
ture fills, living surfaces, and midden deposits. The 
focus on fire-related features in this study stems partly 
from the fact that both large-scale vegetal remains and 
small-scale remains were recovered from them. 

The combination of sampling strategies also has re
sulted in an uneven representation among periods, with 
Period 5 having a substantially larger total sample (ta
bles 7.2, 7.3, and 7.4). Two ways of dealing with this 
problem have been explored: use of ubiquity indices 
and comparisons of taxon abundance with total abun
dance using rank order correlation. Only the ubiquity 
information will be presented here. 

A ubiquity index records the proportions of all samples 
or contexts in which a given taxon is present. Thus, it 
records the pervasiveness of a taxon rather than its rel
ati ve abundance. Highly ubiquitous taxa are assumed 
to have been relatively important; rare taxa are assumed 
to have been less important. 

Relative reliance on cultigens can be estimated by ex
amining the ubiquity of cultigens in fire-related fea
tures. Figure 7.8 shows the percentage of these features 
that contain cultigens. Ubiquity of cultigens is lowest 
during Period I at 30 percent and quite high during 
Periods 2 through 6, with the percentage being highest 
during Period 4 (83.9). During Period 7 only 35.5 per
cent of these features contain cultigens, which suggests 
less use of these plants once again . The high ubiquity 
of cultigens in Period 2 is surprising, but the fact that 
the cultigens are most pervasive in Periods 4 and 5 is 
consistent with the expectations generated in this study. 
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Evidence. for the use of pioneer plants parallels that for 
the cultigen group (fig. 7.9). The ubiquity of pioneers 
is lowest during Period I (35.0 percent), increases dur
ing Periods 2 and 3, and is quite high during Periods 
4 and 5 (74.2 and 74.8 percent, respectively). Once 
again, some drop in ubiquity occurs in the Period 6 
record, followed by a low in Period 7 early equal to 
that in Period I. 

When examining the occurrence of wild plants (fig. 
7.10), ubiquity indices again indicate relative rarity 
early in the sequence and an overall increase through 
time (although Period 2 has a somewhat higher ubiquity 
index than Period 3), with Periods 4, 5, and 6 having 
the highest percentage of fire-related features contain
ing wild plants (64.5, 67.9, and 66.7 percent). 

The trends in ubiquity are believed to represent real 
trends in the reliance on these 3 groups of plants. Al
though not discussed here, the abundance and the di
versity measures for each of these groups suggest quite 
similar trends, and preliminary attempts at rank order 
comparisons have indicated sample size is not respon
sible (sample size will be treated in detail later). Studies 
of community-specific macrobotanical records also 
support these observations (Matthews 1985a, 1985b, 
1985c). Thus, evidence for change in the use of botan
ical resources exists within the Dolores Anasazi 
sequence. 

In a general sense, use of plants appears to have been 
relatively low in Period I, to have increased rather dra
matically in Period 2, and to have reached a high or 
near high in Period 4. In Period 5 the ubiquity of cul
tigens drops off, while the ubiquity of both pioneer and 
wild plants remains high. Then, in Period 6, the ubiq
uity of pioneer plants drops, while wild plant ubiquity 
remains high. Finally, all reach a low in Period 7 that 
is about as low as in Period I. The ubiquity of wild 
plants does not entirely follow the expected pattern 
(fig. 7.2). Instead of decreasing in relative importance 
in Periods 2, 3, and 4, the ubiquity of wild plants in
creases. However, during Periods 5 and 6 wild plants 
seem to take on greater relative importance when com
pared to the decreasing ubiquity of cultigens. The pat
tern of cultigens does seem to mirror that predicted for 
reliance on agriculture and garden game hunting. The 
overall use of plants appears to have been highest during 
those periods that other evidence suggests would have 
had the highest demand (Period 4) (Schlanger, chap. 8) 
and the greatest risk (Period 5) (Petersen, chap. 4, 
sect. 6). 

Changes in wild plant ubiquity through Period 4 gen
erally follow the pattern evident for cultigens and pi
oneer plants. This is in contradiction to the expectation 
t~at wild plant gathering was an alternative strategy 



e 

e 

RESOURCE STUDIES 

Table 7.1 - Taxa in each general plant group 

Cultigen Pioneer Wild 

Scientific name Common name Scientific name Common name Scientific name Common name 

Cucurbitaceae Gourd family Amaranthus sp. Pigweed Allium sp. Wild onion 
Cucurbita spp. Squash Chenopodium sp. Goosefoot Amelanchier sp. Serviceberry 
C. pepo Summer Squash Cheno-am Chenopodium-A maranthus Cactaceae Cactus family 
Langenaria Gourd indistinguishable Cordylanthus sp. Bird beak 
siceraria Cleome serrulata Beeweed Cyperaceae Sedge family 

Phaseolus vulgaris Common bean Compositae Composite family Ephedra sp. Mormon tea 
Zea mays Corn Cruciferae Mustard famil y Iva sp. Sumpweed 

Datura sp. Datura 
Descurainia sp. Tansymustard Leguminosae Pea family 
Gramineae Grass fam ily Liliaceae Li ly family 
Helianthus sp. Sunflower Opuntia sp. Pricklypear 
Malvaceae Mallow family Penstemon sp. Penstemon 
Mentzelia albicaulis Blazing star Phragmites sp. Reed 
Nicotiana al/enuata Tobacco 
Oryzopsis Indian ricegrass 

hymenoides Asciepias Milkweed 
Physalis sp. Groundcherry Chenopodiaceae Goosefoot family 
Polygonaceae Buckwheat family Ranunculaceae Buttercup family 
Polygonum sp. Knot weed Rubus sp. Raspberry/ 
Portulaca sp. Purslane Rumex sp. thimbleberry 
Sphaeralcea sp. Globemallow Scirpus sp. Dock 
Solanaceae Nightshade family Scutellaria sp. Bul rush 
Solanum sp. Nightshade Typha sp. Skull cap 

Verbena Cattail 
Yucca sp. Verbena sp. 
Y. baccata Yucca 

Dati l yucca 

Table 7.2 - Type and number of selected provenience units fro m which macrobotanical 
remains were analyzed, by modeling perio d* 

Provenience unit Period 
I 2 3 4 5 6 7 Othert Total 

Study units 53 100 118 135 208 47 44 216 921 
Total features 51 137 174 222 429 48 42 56 1159 
Flotation samples§ 48 146 544 202 450 61 47 135 1633 
Fire-related features** 20 51 47 62 13 1 27 31 23 392 

* Numbers of proveniences are tallied according to the modeling period to which the 
macrobotanical materials recovered from the proveniences have been assigned. The prov
eniences themselves might not be assigned to the same modeling periods as the macrobo
tanical remains, because the latter may represent cultural activity earlier than or later than 
the use of the provenience. 
t Other-not assigned to period. 
§ Upper and lower control samples not included. 
** The feature types included in this category are hearth, fireplace, ash pit, warming pit, 
and pit (not futher specified) with burning. 
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Table 7.3 -Abundance of selected charred cultigen taxa in the macrobotanical 
assemblage, by modeling period* 

Period Zea mays, Zea mays, Phaseo/ust Cucurbita Lagenaria§ 
kernels not kernels 

(g) (N) (N) (N) (N) 

I 628 833 384 4 0 
2 554 828 45 I 0 
3 I 161 I 127 1570 4 0 
4 I 058 I 315 48 II 0 
5 10 426 8 736 227 32 0 
6 430 720 II 0 0 
7 8 109 I 0 0 

Other** 391 231 20 2 

Total 14 656 13 899 2306 54 

* Zea mays kernels are weighed; all other plant remains are counted. Fragments 
not included in counts. Remains from upper and lower control samples not 
considered. 
t Includes Phaseo/us spp. and Phaseolus vulgaris. 
§ Includes Cucurbitaceae, Cucurbita spp., and Cucurbita pepo. 
** Other-not assigned to period. 

Table 7.4- Abundance of selected charred pioneer and 
wild plant taxa in the macrobotanical assemblage, 

by modeling period* 

Period Pioneer Wild 
(N) (N) 

I 93 38 
2 I 386 24 
3 I 215 23 
4 582 48 
5 8 217 2108 
6 744 14 
7 243 II 

Othert 690 46 

Total 13 170 23 12 

* Fragments and remains from upper and lower con
trol samples not included. Only reproductive parts 
considered. 
t Other-not assigned to period. 

that would have become less important as more and 
more energy was put into agricultural strategies. It can 
only be concluded that the importance of wild plant 
gathering in the system is misunderstood at this time. 
Perhaps more detailed examination of the particular 
resources involved will provide further insights. 

Finally, some subtle but important differences exist in 
the trends for cultigens versus pioneer plants. Specifi
cally, the relative importance of cultigens appears to be 
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greater than expected for Period 2. Heaviest use of pi
oneer plants clearly is confined to Periods 4 and 5. The 
heavier use of pioneers in Periods 4 and 5 possibly is 
evidence for intensification of agriculture. For the Do
lores Anasazi, harvesting of pioneers and use of mul
tiple cropping strategies were a means of increasing the 
productivity of agricultural strategies. As predicted, 
this sort of intensification might have been a response 
to high demand for food in Period 4. During Period 5, 
when shortened growing seasons made the cultivation 
of maize, beans, and squash risky, these pioneer annuals 
could have provided an important buffer (Matthews 
1985a, 1985b, 1985c). 

The amounts of beans and squash shown in table 7.3 
are smaller for Period 6. Matthews ( 1985a) suggests a 
similar reduction noted at the McPhee Community is 
best explained by the less favorable climate for cultigens 
in the project area late in Period 5 and continuing into 
Period 6. Pioneer plant taxa are not as sensitive to the 
climatic changes that would affect cultigens, and this 
might explain why the ubiquity of pioneer taxa remains 
relatively high in Period 5 before dropping off some
what in Period 6. Pollen data from the project area also 
suggest Period 6 experienced a shift to Jess reliance on 
farming in the Dolores project area due to the greater 
risk of corn farming after A.D. 900 (Petersen, chap. 4, 
sect. 3). The pollen data will be discussed more later. 

As shown in table 7.3. the amount of corn remains 
varied between periods. with Period 5 showing the high
est amount. This large amount could simply be a func
tion of the greater number of COl' texts dating to Period 
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N/T, where N = the number of fire- related features 
from which charred cultigen taxa (reproductive parts 
only) were identified, and T = the number of fire
related features yielding macrobotanical materials that 
were analyzed and could be assigned to modeling per
iod. Feature types included are hearth, fireplace, ash 
pit, warming pit, and pit (not further specified) with 
burning. Remains from upper and lower control sam
ples are excluded. Macrobotanical materials are con
sidered whether or not related to the use of the feature. 
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Figure 7.9- Ubiquity of pioneer plant taxa in selected fire-related 
features, by modeling period. Ubiquity is calculated 
by N/T, . where N = the number of fire-related features 
from which charred pioneer plant taxa were identi fied , 
and T = the number of fi re-related features yielding 
macrobotanical materials that were analyzed and could 
be assigned .to modeling period. Feature types included 
are hearth, fireplace, ash pit, warming pit, and pit (not 
further specified) with burning. Remains from upper 
and lower control samples are excluded. Macrobotan
ical materials are considered whether or not related to 
the use of the feature. 

5 that were excavated. A control fo r this would be to 
measure the amount of corn recovered against some 
other artifact category. As was done in the faunal re
mains study, sherds were selected because they are both 
abundant and ub iqu itous. Total sherds for the project 
area fo r each period were selected over gray ware 
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sherds, because it was thought that total sherds wou ld 
be the most stable indicator of excavation intensity! 
Weighed corn ke rnels (table 7.3) were selected as being 
representative of the changes in corn remains between 
periods. As argued in the discussion of the faunal evi
dence, if it can be assumed that the rate of ceramic 
breakage and discard ofsherds remained relatively con
stant through time, then changes in the amount of corn 
remains may be compared between periods, and the 
effects of the varying lengths of the periods and the 
number of contexts excavated are minimized. Table 7.5 
lists the corn kernel weights and the total number of 
sherds recovered from the project area. Nearly twice as 
many sherds were recovered from Period 5 contexts as 
~ere recovered from Period 4 contexts, which is an 
indication that many more Period 5 contexts were 
excavated. 

To determine whether the increase in corn remains 
might simply be a function of the greater number of 
Period 5 contexts excavated, the amount of corn kernels 
was di vided by the number of total ceramics. The ratio 
is plotted in figure 7.11. Even though more ceramics 
were recovered from Period 5 contexts, the amount of 
corn still is relatively much greater than during any 
other period. For instance, the corn/sherd ratio for Per
iod 5 is nearly 5 times greater than that for Period 4. 
If one applies the same arguments presented in the 
faunal discussion to the results of the corn study, the 
high corn/sherd ratio during Period 5 could be inter
preted in 2 ways: it could reflect a greater accumulation 
of corn remains (and hence, greater relative reliance on 
corn) during Period 5 than during any of the other pe
riods, or it could reflect a significantly reduced rate of 
total sherd deposition during Period 5. 

Trends in corn remains are discussed in greater depth 
in chapter 4, section 2. In that discussion, an increase 
in 10-row variety corn is documented for Period 5, an 
increase that might be the result of cultural selection. 
The 10-row corn might have been a higher-yield flour 
type, similar to the modern Pima/Papago variety, re
sulting from a cross between 8- and 12-row varieties. 
If thi s assessment is correct, then agricultural intensi
fi cation may be manifested not only in the amount of 
corn remains b.ut also in the varieties present. 

In table 7.4, the relative abundance of pioneer and wi ld 
plant remains are presented. Just as was done with the 
corn kernels, these counts can be divided by the total 
sherds recovered from the project area for each period. 
In table 7.6, all the ratios of the wi ld plants are less 
than 0.0144, while ratios of pioneer plants range fro m 
0.0063 up to 0.0563. The range of pioneer plant ratios 
from lowest to highest is characterized by roughly a 

' Refer to footnote 3. 
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nine-fold increase, and the highest ratio is nearly 4 
times that of wi ld plant remains. These ratios are plot
ted in figures 7.12 and 7.13 using the same scale. 
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Figure 7.10- Ubiquity of wild plant taxa in selected fire-related 
features, by modeling period. Ubiquity is calculated 
by N/ T, where N = the number of fire-related features 
fro m which charred wild plant taxa (reproductive 
parts only) were identified, and T = the number of 
fire-related features yielding macrobotanical mate
rials that were analyzed and could be assigned to 
model ing period. Feature types included are hearth , 
fireplace , ash pit, warming pit, and pit (not further 
specified) with burning. Remains from upper and 
lower control samples are excluded. Macrobotanical 
materials are considered whether or not related to 
the use of the feature . 



Table 7.5 - Grams of Zea mays kernels and numbers 
of total sherds, by modeling period 

Period Zea mays kernels Sherds 
(g) (N) 

I 629.6 14 837 
2 506.8 35 335 
3 I 141.0 52 534 
4 I 012.8 70 532 
5 10 216.9 146 032 
6 430.7 27 903 
7 8.9 7 728 

Other* 638.3 141 483 

Total 14 585.0 496 384 

• Other-not assigned to period . 
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Figure 7.11 - Ratio of grams of corn kernels to total number of 
sherds, by modeling period. 
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Table 7.6 -Abundance of selected charred pioneer and 
wild plant remains and the ratio of each to total sherds, 

by modeling period* 

Period Pioneer Wild 
Count Ratiot Count Ratiot 

I 93 0.0063 38 0.0026 
2 I 386 .0392 24 .0007 
3 I 215 .0231 23 .0004 
4 582 .0083 48 .0007 
5 8 217 .0563 · 2108 .0144 
6 744 .0267 14 .0005 
7 243 .0314 11 .0014 

Other§ 690 .0049 46 .0003 

Total 13 170 .0265 2312 .0047 

* Fragments and remains from upper and lower con
trol samples not included. Only reproductive parts 
considered. 
t Number of plant remains divided by total sherds 
shown in table 7.5. 
§ Other-not assigned to period. 

Figure 7.12 shows that the highest ratio of pioneer 
plants to total ceramics occurs in Period 5, which is the 
period with the highest ubiquity index of pioneer plants 
in fire-related features (fig. 7.10). Period 4 having the 
second-to-lowest ratio (fig. 7.12) was unexpected. The 
fact that the ratios following Period 5 remain higher 
than the ratios for any other period (except Period 2) 
suggests that pioneer plants were still important in the 
economic subsystem in Periods 6 and 7. 

A comparison of the ratio of wild plants (fig. 7.13) to 
pioneer plants (fig. 7.12) shows the importance of wild 
plants remained relatively minor. Period I has a rela
tively high wild plant/sherd ratio, as was anticipated, 
but the very high wild plant ratio in Period 5 was un
expected. Even in Period 6, when it was thought that 
wild plant use might be relatively high (similar to its 
ubiquity measure [fig. 7.10]), the ratio is relatively low. 
The slight increase in Period 7 was predicted. 

The number of total sherds was used as an index against 
which the abundance of plant remains could be meas
ured. Because the ubiquity measure used here only ad
dresses the presence or absence of a taxon in fire-related 
features and not total abundance, it was hoped that the 
ratio with total sherds would reflect relative amounts. 
However, the most consistent patterns discerned using 
the ratio are the very high Period 5 ratios, and these 
could be a function of a lower rate of ceramic breakage 
and discard. This possibility will be treated in greater 
detail in the discussion section. 
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Figure 7.12- Ratio of number of pioneer plant remains to total 
number of sherds, by modeling period. 

Pollen Evidence 

Petersen (chap. 4, sect . 3) reviews the pollen evidence 
for Zea and Cleome during the Anasazi occupation of 
the project area. One of the conclusions drawn by Pe
tersen is that a slight reduction in the ubiquity of Zea 
pollen in the Cline Subphase may occur as compared 
to the Periman and Grass Mesa Subphases. Such a 
change could have had a bearing on the reconstruction 
of resource supply and demand. 

Pollen cannot be routinely identified to the same tax
onomic level as macrobotanical remains. However, the 
pollen of Zea and Cleome (beeweed) can be easily iden
ti fi ed . Zea is an obvious cultigen, and Cleome is a com
m onl y used pioneer plant that might have bee n 
encouraged by the Anasazi . Cleome pollen is extremely 
rare in nonarchaeological sediments (Martin and Byers 
1965; Petersen and Scott 1985); thus, its presence at an 
archaeological site probably indicates the source plant 
also was at the site, just as the presence of Zea pollen 
at a site indicates the past presence of corn. Several 
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Figure 7.13- Ratio of number of wild plant remains to total num
ber of sherds, by modeling period. 

important implications can be derived from these 
observations. 

Within the DAP collections, 594 pollen samples had 
sufficient pollen to allow analysis. Of these, 473 could 
be assigned to a modeling period. In chapter 4, section 
3, Petersen examines the percent occurrence of Zea and 
Cleome pollen using the DAP phase/subphase scheme; 
in this chapter, the same data are examined using mod
eling period assignments. When the data are grouped 
by modeling period, the average ubiquity of Cleome 
(i.e. , the percent of the time it is present) for all periods 
is 84.4 percent. Figure 7.14 shows that, except for 
Period 7, Cleome is present in about 4 of every 5 pollen 
samples. Because Cleome pollen is extremely rare in the 
natural pollen rain - no Cleome pollen was found in 
the modern DAP surface samples (Petersen and Scott 
1985)- the presence of Cleome in DAP pollen samples 
may act as a clear marker of archaeological sediments. 5 

'Cieome is relatively rare in the natural vegetation. and its mechanis m 
for pollination probably is a combination of insect and wi nd dispersal 
(Martin and Byers 1965). This may account for the absence of Cleome 
pollen in the modern DAP surface samples . 
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Figure 7.14- Ubiquity of C/eome pollen in samples with sufficient 
pollen for analysis, by model ing period. Ubiquity is 
calculated by N/T, where N = the number of pollen 
samples in which Cleome pollen was tallied or ob
served, and T = the number of pollen samples with 
sufficient pollen. 

T he conspicuously high ubiquity of Cleome in archae
ological sediments may be the result of Cleome with 
flowers most often havi ng been brought into an a r
chaeological site, or the result of Cleome having been 
a llowed to grow in the disturbed ground within a si te. 
U nder these circumstances, Cleome pollen is likely to 
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be disseminated in large enough quantities to be de
tectable in archaeological pollen samples. 

T he highest ubiquity of Cleome occurred in Period I , 
with 92 .9 percent: the lowest occurred in Period 7 with 
63.6 percent. A 2 X 2 chi-square test that contrasted 
samples with and without Cleome for adjacent periods 
revealed that only the difference between Periods 6 and 
7 was significant at the 0.05 level of probability (chi
square = 4.8 I 39; probability > chi-square < 0.0282) . 

Little q uestion exists among pollen a nal ysts that the 
presence of Zea pollen in an archaeological site means 
that corn was used at the site, because the Zea pollen 
gra in is very large and its dispersal is limited, even in 
modern corn fields (Martin I 963 :50). The average Zea 
ubiquity for all modeling periods was 44.6 percent. The 
highest was 57. I percent in Period I ; the lowest was 
27.3 percent in Peirod 7 (fig. 7.15). A chi-squre test also 
demonstrates that the only significant difference is be
twee n Periods 3 and 4 (chi-square = 7.0637; probability 
> ch i-square < 0.0079), which suggests the amount of 
change in the ubiquity of Zea pollen between Periods 
3 and 4 could be statistically accounted for by chance 
a lone in only I out of I 00 cases. 

T he low ubiquity of Zea pollen in Period 4 may be the 
resu lt of small sample size; however, 58 samples seems 
adeq uate, especially when 4 other periods have fewer 
samples. Another possibility is that a greater number 
of samples were from noncultural sedi ments (e.g., non
cultu ral fill , sterile lower control samples). It is assumed 
here that the occurrence of Cleome pollen can act as a 
check for this bias, because of the relatively common 
occu rrence of Cleome in DAP pollen samples from cul
tural sediments. For instance, the reason Period 7 has 
both the lowest Zea and Cleome ubiquity is that it prob
ably has a larger proportion of samples from noncul
tural sediments. On the other hand, Period 4, which 
has the second-lowest ubiquity of Zea, does not have a 
concomitant low ubiquity of Cleome. This suggests Per
iod 4 samples may reflect a real decrease in the ubiquity 
of Zea pollen. The drop in ubiquity between Periods 3 
and 4 is in direct contrast with the expected trend in 
re lative reliance of the Dolores Anasazi on cultigens 
(including corn) as modeled in figure 7.2. The possible 
reasons for this discrepancy will be explored in the next 
section. It is sufficient to indicate here that the drop in 
Zea pollen ubiquity between Period 3 and Period 4 
appears to be both real and signi ficant. 

DISCUSSION 

Within the framework of changing population and 
changing climate, it is possible to model changes in 
Dolores Anasazi resource supply and demand and then 
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Figure 7.15- Ubiquity of Zea pollen in samples with sufficient 
pollen for analysis, by modeling period. Ubiquity is 
calculated by N/T, where N = the number of pollen 
samples in which Zea pollen was tallied or observed, 
and T = the number of pollen samples with sufficient 
pollen. 

test for changes in resource mix by examining faunal 
and floral remains recovered in the DAP area. Increas
ing demand due to increasing population is expected 
to result in agricultural intensification, or an increase 
in the expenditure of labor on crop maintenance (e.g. , 
shorten ing fallow, planting larger areas, and planting or 
exploiting a greater variety of plants). Figure 7.2 depicts 
the expectations when a positive relationship exists be
tween increasing population and the reliance on agri
culture, pioneer plants, and garden hunting, and an 
inverse relationship between population and reliance 
on wild plants and nongarden game. A key test of these 
expectations rests on the relative changes of various 
resources in Period 4 (when population peaks), as con
trasted with the immediately preceding and succeeding 
periods. 
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Two measures were used as possible indicators of the 
relative importance of faunal and botanical resources 
during each of the 7 modeling periods. Ubiquity (i .e., 
the percent of time a resource is present) was used for 
both macrobotanical remains and pollen, but was not 
considered here for faunal remains. Ubiquity gives 
presence or absence information, but no indication of 
the relative amounts involved. The second measure was 
the ratio of a resource against either gray ware sherds 
or total sherds. It was hoped that the ratios of resources 
to sherds would indicate the relative amounts of the 
resources used. 

Based on the results of the macrobotanical ubiquity 
measures, Period I is characterized by low ubiquity for 
cultigen, pioneer, and wild plant taxa in fire-related 
features. In Period 2, a marked increase occurs in all 3 
ubiquity indices; in Period 4, the indices rise to a high 
or near high. In Period 5, the ubiquity of cultigens drops 
off slightly, while the ubiquity of both pioneer and wild 
plants remains high. The ubiquity of pioneer plants 
drops in Period 6, although that of wild plants remains 
high. Finally, all ubiquity indices reach a low in Period 
7 that is about as low as that for Period I. The ubiquity 
of wild plants does not follow the expected pattern for 
Periods 2, 3, and 4; it increases instead of decreases. 
On the other hand, during Period 5, the ubiquity of 
pioneer and wild plants remains high, while the ubiq
uity of cultigens decreases. During Perio~ 6, the ubiq
uity of wild plants remains high, while that of pioneers 
and cultigens. 

The foregoing evidence may be interpreted as indicat
ing the basic subsistence regime was established by Per
iod 2 and changed little through Period 4. Even the 
slight peaks or near peaks in Period 4 (as contrasted 
with Period 3) do not give a clear signature that can be 
interpreted as indicating an increase in agricultural in
tensification specifically in Periods 4 and 5 coincident 
with the highest population level and demand. With 
the decrease in population in Period 6, there does seem 
to be a signature of "de-intensification" of agriculture 
with a detectable shift to a greater relative reliance on 
pioneer and wild plants in Periods 5 and 6. This could 
be due in part to the greater risk involved in growing 
cultigens after A.D. 900, because of the greater fre
quency of short growing seasons within the project area. 

The next test of agricultural intensification in Periods 
4 and 5 was the use of a ratio of a specific resource to 
sherds. Using this measure, possible evidence of agri
cultural intensification is indicated for Period 5, where 
the highest ratio of corn to ceramics occurs. However, 
it appears that Period 5 contexts produce more perish
able items than any other period, when the ratios of 
faunal MNI/gray ware sherds, grams of corn kernels/ 
total sherds, pioneer plants/totdl .;herds, and wild 



plants/total sherds are compared. This suggests the 
overall rate of ceramic deposition was relatively lower 
during Period 5 than during the other periods, which 
would partially account for the high ratios. The clearest 
suggestions that Period 5 might be aberrant are the 
faunal MNI/gray ware sherd ratio (fig. 7.3) and the wild 
plant/total sherd ratio (fig. 7.13), in which only the Per
iod 5 ratios differ significantly from those of the other 
periods. 

The higher frequency of perishable material during Per
iod 5 may result from a slightly different history for 
Period 5 than for the other periods. The project area 
was largely abandoned near the end of Period 5. The 
increase in perishable items in relation to sherds could 
have resulted from the fact that, on abandoning the 
area, the inhabitants might have carried as much ma
terial away with them or might have had opportuni
ties to scavenge sites. If ceramic vessels were one of 
the primary items carried away, this would certainly 
bias the ratio of resource remains to sherds during 
Period 5. 

Whatever the actual cause of the biased ratios in Peri
od 5, Blinman (chap. 12) may have circumvented the 
bias in his study, in which a ratio of nonhuman bone 
to cooking jar sherds from well-dated, screened refuse 
collections is examined. Blinman chose sherds collected 
from refuse because he felt that vessel form proportions 
based on broken and discarded vessels would most 
likely approximate the intensity of vessel use. In ad
dition, this approach would minimize the variance 
within ceramic assemblages introduced by collection of 
materials from uncontrolled contexts (e.g. , whole ves
sels on structure floors) . 

Blinman (chap. 12, fig. 12.2) found the highest and most 
significant bone/sherd ratio occurred in the Period 2 
collections. This is due primarily to the extremely large 
contribution of small mammal and bird bones. A sim
ilar, but slight and not significant, peak occurs in gar
den-type fauna as a proportion of total MNI (fig. 7. 7). 
Blinman's results possibly indicate a strong shift be
tween Periods I and 2 in the reliance on garden hunting 
coincident with the shift to a strong reliance on agri
culture in Period 2 as judged by the three macro botan
ical ubiquity measures. 

Blinman (chap. 12, fig. 12.2) shows a marked decrease 
in the proportion of all faunal types during Period 4. 
This would agree with the model that less dependence 
on fauna should occur during Period 4 coincident with 
the population peak. This same decrease is evident in 
figures 7.5 and 7.6, which show the relative measure of 
the absolute number of faunal MNI for each period. If 
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this decrease in dependence on fauna was offset by an 
increase in the use of cultigens (as argued by Blinman), 
then this decrease may be the strongest evidence of 
agricultural intensification during Period 4. Because of 
the bias, Period 5 ratios involving ceramics in this chap
ter were largely ignored. 

Except for Period I (and, of course, Period 5), the ratio 
of grams of corn kernels to total ceramics (fig. 7.11) is 
very similar between periods and therefore much like 
the relatively stable ratio of bone (MNI) to gray ware 
sherds for all but Period 5 (fig. 7.3). This particular use 
of ratios does not seem to lend itself to testing changes 
in the actual amount of corn or bone through time. 

However, the ratio of pioneer plants to total sherds (fig. 
7.12) does change. The increase in Period 2 reinforces 
the interpretation that Period 2 was characterized by a 
greater reliance on agriculture, garden hunting, and the 
exploitation of pioneer plants than was Period I. Be
cause the ratio of pioneer plants to sherds tends to de
crease from Period 2 to a near low in Period 4, it is 
acting in a manner opposite than predicted in figure 
7.2. If Period 5 is ignored, then Periods 6 and 7 show 
increases which again are in the opposite direction than 
predicted. 

The ubiquity of cultigens (fig. 7.8) reaches a high in 
Period 4, and somewhat follows the expected curve 
shown in figure 7.2. Therefore, the cultigen ubiquity 
measure may reflect changes in agricultural intensifi
cation. With the peak in Period 2, it has been dem
onstrated that there was increased exploitation of both 
garden game and pioneer plants. This was also pre
dicted to have occurred in Period 4. However, based 
on the ceramic ratios with pioneer plants (fig. 7.12) and 
nonhuman bone (fig. 12.2), this was not the case, be
cause during Period 4 these ratios were near the lowest 
of any period. However, in Period 5, Blinman (chap. 
12, fig. 12.2) found a slight increase in small animals 
in relation to cooking jar sherds, which could be inter
preted as a renewed emphasis on garden hunting. The 
macrobotanical ubiquity measures also show a greater 
relative reliance on pioneer and wild plants during Pe
riods 5 and 6. Rather than being indicators of agricul
tural intensification in Period 5, garden hunting and 
the exploitation of pioneer plants may be measures of 
"de-intensification" and expansion of the resource 
base. Blinman indicates a greater reliance on large game 
in Period 6, which would be consistent with figure 7.2. 

The significant reduction in the ubiquity of Zea pollen 
between Periods 3 and 4, followed by an increased ubiq
uity in Period 5 (fig. 7.15), is puzzling. This anomaly 
interrupts an otherwise overall decreasing trend from 
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Period I through Period 7. The unexpectedly low Per
iod 4 ratio possibly results from sampling bias. 

Population pressure alone may not have been enough 
to bring about sufficient stress to the subsistence system 
in Period 4 to require increased exploitation of pioneers 
and garden fauna . However, with deteriorating climate 
in Period 5 (droughts early in the period and short grow
ing seasons later [chap. 4, sect. 6]), which continued 
into Period 6 (short growing seasons}, the evidence sug
gests that in Period 5 agriculture was supplemented by 
broadening the resource base. But the steps taken by 
the Anasazi early in Period 5 were not totally adequate, 
and the project area was largely abandoned late in Per
iod 5 (early A.D. 900's) (chaps. 8 and 10). When the 
area was again occupied during Period 6 (A.D. 920-
980}, wild plants and big game were relatively more 
important than during the immediately preceding 
periods. 

SUMMARY 

The data suggest the assumption that changes in supply 
and demand will be good predictors of changes in the 
resource mix is heuristically useful. This does not mean 
that factors in the sociopolitical model (chap. 6) should 
be ignored, but with respect to this aspect of resource 
'llix, an economic model seems adequate to explain 
some changes in the archaeological record. 

At Dolores, the case for agricultural intensification as 
a response to population growth and a corresponding 
greater demand for resource supply is not as strong as 
expected and is mixed. Population growth peaked dur
ing Period 4 (A.D. 840 to 880), and the clearest case 
for agricultural intensification is found during that per
iod. However, the case for intensification is based on 
a decrease in faunal remains and the assumption that 
this decrease is offset by an increased dependence on 
cultigens. 

The evidence does suggest it might have been wrong to 
construct the predictions in this chapter around the 
contrast between agricultural versus nonagricultural r\!
sources. In response to changing supply and demand, 
11lant use tends to increase and then decrease again, 
while animal use tends to decrease and then increase 
again. It was found that instead of being opposed, at 
times they changed together or changed at times not 
originally predicted. Possibly the specific strategies of 
interest are not being recognized in the archaeological 
record . Alternatively, the relative attract iveness of 
strategies or the boundaries of strategy types most 
meaningful among the Dolores Anasazi are not being 
understood. These issues deserve further attention. 
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Chapter 8 

POPULATION STUDIES 
Sarah H. Schlanger 

INTRODUCfiON TO POPULATION STUDIES 

The primary question addressed in this chapter is 
"What caused the pattern of population change ob
served in the Dolores area record?" The aspects of pop
ulation change of particular concern are population size 
and growth rate, population density, inter-area popu
lation movement (immigration and emigration), and 
population health . The phrasing of the question "What 
caused the pattern of population change .. . ?," places 
emphasis on the role of population as a dependent var
iable in a model of general adaptation in the Dolores 
area . . 

The phrase "Dolores area" refers to that area falling 
within the Dolores Project takeline, an area of approx
imately 65 .5 km 1 along the Dolores River, just down
stream from the town of Dolores, Colorado. This area 
is the focus of most of the modeling work undertaken 
by the DAP. Because the population changes in the Do
lores area appear to be linked to changes within the 
surrounding region, and in particular within the area 
known as the " Great Sage-plain" (Newberry 1876:84), 
which extends to the south and west of the Dolores area, 
the studies reported here often have a broader regional 
focus. Because the population trends appear to be part 
of a larger system, the temporal boundaries for the pop
ulation studies have been extended to match the oc
cupation span of the larger region; the time period 
addressed by these studies extends from A.D. 600 to 
1250, about 300 years longer than that used for most 
of the modeling studies. 

This chapter begins with a discussion of the role of 
population and population variables in the general 
model of Dolores area adaptations described by Lipe 
in chapter 2. This is followed by definitions of the var
iables that appear to be the primary links between pop
ulation and the rest of the system and those that make 
up the population section of the model. Each of the 
studies carried out with population variables as the pri
mary focus is then described. Finally, the results of the 
studies are given. 

The Role of Population in the General Model 

The general model for studying the Dolores area socio
cultural system between A.D. 600 and 950 consists of 
5 major subareas: (I) relationships between the Dolores 
area and surrounding areas , determined primarily 
through the effects of regional climate on population 
location and movement; (2) the supply of food and 
other vital resources, determined primarily by the ef
fects of climate and human behavior on the agricultural 
potential of the Dolores area; (3) human population; 
(4) the economic system which supplies the population 
with cultural materials; and (5) the social system, which 
orders interaction between members of the population. 
Although population variables such as size, level of nu
trition and health, and interareal movement are illus
trated as occupying a small corner of the general model 
(chap. 2), the human population subarea might be bet
ter conceived of as central to the model as a whole. The 
central position of population becomes clear when the 
various aspects of the subarea (population size, popu
lation density, inter-area movement , and nutrition and 
health) are examined in terms of their relationships to 
the remaining 4 subareas. 

The link between population and inter-area relation
ships is regional climate. The location of population 
within the greater region that includes the Dolores area 
and the uplands to the south and west, is determined 
by the regional climate. 

The Dolores area is at the northeastern edge of the Sage
plain, a slightly tilted, eroded plain with a bedrock of 
Dakota Sandstone extending west from Cortez to Mon
ticello and from the edge of the Dolores River canyon 
south to the entrenched canyons draining to McEimo 
Canyon and the San Juan River. Elevation in the Sage
plain ranges from just below 6000 ft ( 1830 m) up to 
7800 ft (2379 m), with rainfall averaging about 10 to 
12 in (25.4 to 30.5 em) per year at the lower elevations 
and 18 in (45.7 em) per year at the higher elevations. 
Growing season ranges from about 140 days at the 
lower elevations to II 0 days at the upper elevations. 
Crop insurance is not ~urrently sold for lands below 
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6000 ft ( 1830 m) in elevation (Petersen 1985:6); the 
short growing season at the upper elevations is also at 
the edge of what has been considered adequate for ab
original corn agriculture (Hack 1942; Carter 1945; 
Schoenwetter and Eddy 1964). Past changes in rainfall 
and the average growing season length would shift the 
arable portion of the Sage-plain area from its current 
location and affect the ability of agricultural popula
tions to maintain themselves in the region. 

While it is unlikely the entire region was normally un
farmable , the Dolores area, which is at the northeast 
margin of the region, may at times have been more or 
less attractive as farmland than other sections of the 
region . As attractiveness rose and waned, population 
would have moved from one area to another in the 
region . Rates of movement also may have been linked 
to the relative agricultural attractiveness of the various 
sections of the region. 

Population is connected to resource supply in 2 ways. 
First, it is a dependent variable, where resource supply 
determines population size and rates of change in pop
ulation size through the intermediate variables of nu
trition and health . Second, population is connected to 
resource supply as an independent variable. Resource 
supply is dependent on population levels because pop
ulation levels affect the local environment and resource 
levels. Land clearing and cultivation, timber harvesting, 
hunting, and rock and mineral quarrying would all have 
affected local levels of certain resources, leading to 
shortfalls in some resources, but enhancement of others 
(Kohler et al. 1984; Bye and Shuster 1981 ). To the ex
tent that population levels affected local resources, re
source supply may be considered to be dependent on 
population, although resource supply is largely deter
mined by climate. This latter relationship between pop
ulation and resource supply is not addressed in this 
volume. 

The primary connection between population variables 
and the economic subsystem is through the variable of 
resource demand. Because the Dolores system is not 
thought to have been characterized by wealth differ.: 
entation and the accumulation of excess goods by in
dividual members or by communities within the area, 
the link between population and resource demand is 
fairly straightforward; population size sets the level of 
resource demand directly. How the demand is met is 
not of concern here. 

Population density is seen as a major determinant of 
the social structure subsystem. Population density lev
els determine, to a large extent, the frequency of inter
action among individuals, and thus the need for some 
social mechanism for regulating the interactions be
tween individuals. As population density increases 
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through population growth , through the aggregation of 
population, or both , social differentiation and social 
complexity increase. In the studies reported here, pop
ulation density is ordinarily equivalent to population 
size because the area under consideration for the Do
lores population is the same throughout the period un
der study. 

Dependent and Independent Variable Relationships 

The connections between population movement and re
gional climate, population size and resource demand, 
population size and resource supply, and population 
density and social organization seem relatively clear. 
The following studies focus on the dependent variables 
of population size (and density), population movement, 
and rates of growth and movement. 

Independent Variables Affecting Population Size, 
Density, Movement, and Growth Rates 

Four variables are considered to be the most important 
determinants of change in population size, movement 
into and out of the Dolores area, and growth rates 
within the Dolores area: (I) the relative attractiveness 
of the Dolores area for small-scale horticulturalists; (2) 
the supply of local resources, primarily foodstuffs , ag
ricultural lands, building supplies, and fuel ; (3) social 
organizational opportunity, or the social niches avail
able locally; and (4) socioeconomic opportunity, or the 
availability of work. Only the first 2 variables are ex
amined in detail in this chapter. 

Relative Attractiveness of the Dolores Area 

The attractiveness of an area may be determined by a 
large number of factors including aesthetic values; prox
imity to water, fuel, food, and manufacturing resources 
such as clay and tool stone; the availability of arable 
land; and the degree to which the area is currently oc
cupied. This research concentrates on the arable land 
aspect of relative attractiveness, with relative attrac
tiveness defined as the suitability of the Dolores area 
for dry farming corn relative to other portions of the 
Sageplain region. Suitabilities determined through 2 
measures: (I) the past patterns of potential crop failure 
as a result of short growing seasons or inadequate rain
fall in the Dolores area and elsewhere in the region; and 
(2) the location of the Dolores area with respect to the 
position of the farm belt within the region at any point 
in time. 

Resource Supply Within the Dolores Area 

The critical resources for the Dolores area population 
include agricultural crops, wild foods (vegetal and an
imal), building supplies, fuel , and manufacturing sup
plies such as clay and stone. This research concentrates 



on the availability of agricultural crop resources, par
ticularly corn harvests. Resource supply is defined nar
rowly here as the agricultural crop supply for the area. 
Because agricultural crop supply is modeled by land 
area and climatic variables, which may be presumed to 
affect wild resources as well , agricultural resource sup
ply changes may stand in for resources in general. 

Social Organizational Opportunity 

Social organizational opportunity is defined as the re
lationship between the number of social positions, or 
niches, available, and the number of participants who 
can be accommodated in a particular niche or position. 
Where the number of participants is below some limit 
of niche occupancy, local population may rise to fill the 
vacancy. Where niche occupancy is met or exceeded, 
potential participants will be excluded and excess mem
bers may be eliminated. 

Socioeconomic Opportunity 

Socioeconomic opportunity is defined as the relation
ship between the number of economic positions, or 
jobs, and the number of workers available to fill the 
positions. Where the number of jobs exceeds the num
ber of available workers, a demand for labor is created 
that may serve to increase local population. Where la
bor exceeds demand, excess workers may be eliminated 
or encouraged to move elsewhere. 

Dependent Variables in the Population Sphere 

Five dependent variables in the population subarea are 
considered: (I) population size; (2) population density; 
(3) population movement within the region; (4) popu
lation health ; and (5) population growth rate. 

Population Size 

Population size is defined as the number of people pres
ent at any time during the occupation of the study area. 
Size is generally inferred from archaeological evidence, 
primarily architectural remains. 

Population Density 

The definition of population density follow5 the ordi
nary usage, i.e. , the number of people per ;.mit area. 

Population Movement 

Population movement within the region and into the 
region from outside and vice versa, probably took place 
fairly frequentl y during the Anasazi occupation . Pop
ulation movement is defined as the relocation of pop
ulations within the region-into and out of the Dolores 

POPULATION 

area and other areas within the region . When growth 
rates within the Dolores area exceed those possible 
through natural reproduction , population movement 
into the area may be assumed. Movement also may be 
taking place where growth rates do not exceed theoret
ical maximums for internally generated growth, of 
course, but this movement may prove difficult to detect. 
Detection techniques are described more fully in the 
following studies of pOp!Jlation movement. 

Level of Nutrition and Health 

The level of nutrition and health is defined as the level 
of disease, physical trauma, anq longevity of the pop
ulation. The nutritional and health status of the Dolores 
population is reported elsewhere (Stodder 1985). 

Population Growth Rate 

Population growth rate is defined as the rate of change 
between inferred population sizes for the various time 
periods of interest. 

STUDIES UNDERTAKEN AS PART OF THE 
DOLORES ARCHAEOLOGICAL PROGRAM 

MODELING EFFORT 

Five research projects make up the bulk of the popu
lation subarea studies: (I) an analysis of the relative 
attractiveness of the Dolores area and 2 other areas 
lying along an elevational cline to the southwest chosen 
for comparison to the Dolores area; (2) a synthesis of 
data on the Dolores area resource supply, with an em
phasis on the supply of arable land and returns from 
arable land; (3) an analysis of change in population size 
and growth rate in the Dolores area; ( 4) an analysis of 
change in population size in 2 areas immediately south
west of the Dolores area (the same considered in the 
evaluation of relative attractiveness) considered to be 
likely sources of immigrants to the Dolores area; and 
(5) an analysis of the health status of the Dolores pop
ulation . Two of these studies - the changes in popu
lation size and growth rate in the Dolores area and the 
evaluation of the health of the Dolores population have 
been reported fully elsewhere (Schlanger 1985; Stod
der 1985). 

Relative Attractiveness of the Dolores Area 
and Other Areas Along an Elevational Gradient 

in the Sage-Plain 

A growing body of research and a synthesis of the results 
of population trends on the Colorado Plateau and else
where in the American Southwest point to a strong cor
respondence betweea populatiou growth patterns and 
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environmental fluctuations at a variety of scales of in
vestigation (Malde 1964; Schoenwetter and Dittert 
1968; Irwin-Williams and Haynes 1970; Euler at al. 
1979; Berry 1982; Slatter 1979; Jorde and Harpending 
1976; Jorde 1977; Cordell 1975). These studies suggest 
that long-term and short-term changes (or low- and 
high- frequency variation) in rainfall and growing sea
son length were the most important factors in deter
mining the patterns of population change. 

The Dolores area and the land sloping off to the south
west make up an environmental cline defined by an 
elevational gradient that falls smoothly from relatively 
high elevations at the Dolores canyon rim and further 
northwest to relatively low elevations at the San Juan 
River. The gradual slope between these 2 major drain
ages is associated with short, cool, and wet growing 
seasons at Dolores, and long, hot, and dry growing sea
sons at the San Juan River. The presence of this cline, 
which occurs over a span of fewer than 30 mi , makes 
this an excellent place to study the relationship between 
climatic change and population growth. The underlying 
bedrock and general physiography, including slope and 
aspect, is the same across the region and soils are similar 
(U .S. Department of Agriculture, Soil Conservation 
Service 1976), so these factors also may be considered 
constant across the region . 

The rolling pinyon, juniper, oak, and sagebrush covered 
country does not lend itself easily to irrigation and 
water control schemes, so even today the area is largely 
a dry-farming region. This suggests rainfall is a critical 
factor for successful agriculture in the region; the rel
atively high elevations- just about 5000 ft (1525 m) at 
the San Juan River, rising to just under 8000 ft 
(2440. m) in the Dolores area - make growing season 
length another critical factor. 

Comparison Areas Within the Sage-Plain 

Two areas within the region were selected for compar
ison to the Dolores area (fig. 8.1 ). The first of these, 
referred to as the Woods Canyon area, lies immediately 
to the south and southwest of the town of Yellow Jacket, 
Colorado. This general area has been the focus of a good 
deal of archaeological research , including work directed 
by Rohn (1974, 1975}, Wheat (1955}, the DAP (lves 
and Orcutt 1981 ; Ives and Errickson 1983; Walkenhorst 
et al. 1983), Fetterman and Honeycutt (1980, 1982}, 
Honeycutt and Fetterman ( 1982) and the Mesa Verde 
Regional Research Center, directed by David A. Bre
ternitz (Martin et al. 1971 ). Recent surveys in connec
tion with Reach-! of the proposed Dove Creek Canal , 
the Fairview lateral, a Shell Oil carbon dioxide project, 
and an Empire Electric utility project have amassed a 
reasonably extensive and complete data base of ar
chaeological resources in the area. This recent work has 
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been conducted so as to be compatible with the chron
ological scheme in use at the DAP, which makes the 
area particularly attractive as a study unit for this 
investigation. 

The second area is at the southwestern end of a transect 
drawn from the Dolores River to the confluence of 
McElmo Creek and the San Juan River. This area is 
Mockingbird Mesa, the site of an intensive survey un
dertaken by the Bureau of Land Management, Durango 
office, under the direction of Steven Fuller. This survey 
was also designed to use the DAP analytical systems 
for recording and collection , making the area also es
pecially suitable for use in this research . 

Reconstructing Past Patterns of Crop Failure 
in the Region 

The relative attractiveness of these areas, and any place 
in the region , may be assessed by reference to the fre
quency and patterning of potential crop failures during 
the period A.D. 600 to 1250. Crop failures are assumed 
to have taken place in any given year when the annual 
rainfall fell below 12 in (30.5 em) or the growing season 
was shorter than II 0 days. The crop failure potential 
for any given year is estimated based on the tree-ring 
indices from a high-elevation tree-ring record from the 
Almagre Mountains of central Colorado, which was 
used to estimate growing season length , and from a low
elevation tree-ring record from the Mesa Verde region, 
just southeast of the study region , used to estimate an
nual rainfall. The method for assessing the crop failure 
potential is relatively complex and is presented here in 
some detail. 

Petersen 's work and paleoclimates of southwestern Col
orado provides the key to recognizing prehistoric pe
riods of drought and insufficient growing season length 
in the region (Petersen and Mehringer 1976; Petersen 
1981 , 1985; Petersen and Clay 1985). As part of his 
work in identifying climatic conditions during the oc
cupation of the Dolores area and southwestern Colo
rado in general , Petersen developed tree-ring-width
based proxy measures for summer warmth and precip
itation (Petersen 1983, 1985; Petersen and Clay 1985). 

Petersen's technique follows the approach of LaMarche 
( 1974) in using a high-elevation tree-ring record (from 
trees close to the upper limits of tree line) as a proxy 
for temperature and a low-elevation record as a proxy 
for precipitation. The high-elevation record comes from 
the Almagre Mountains of the central Colorado Rock
ies, as reported by the Laboratory of Tree-Ring Re
search at the University of Arizona (Drew 1974); the 
trees that make up this record are bristlecone pine (Pi
nus aristata) . Petersen's low-elevation record comes 
from a local Dolores area chronology of mixed species, 
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Figure 8.1 - Location of the Dolores, Woods Canyon, and Mockingbird Mesa study areas, southwestern Colorado. 
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which is extended aft er A.D. 1136 with a Mesa Verde 
chronology based on Douglas fir (Pseudotsuga menzezii) 
(Dean and Robinson 1978). Both of these chronologies 
were prepared by the Laboratory of Tree-Ring Re
search; however, the Dolores chronology is as yet un
published . The Alm agre Mountains record was 
obtai ned from an area considerably distant from the 
Sage-plain region and may not be the best indicator of 
climatic conditions in thi s region. Unfortunately, it is 
the only long record from a high-elevation stand that 
covers the time period of interest, and is used here in 
lieu of a more suitable record. 

Petersen's ( 1983) comparisons of the plots of I 0-year 
averages for the Almagre Mountains normalized tree
ring width indices and 9-year, moving, weighted aver
ages of killing-frost-free periods for the study region, 
using data on frost-free periods from Bradley ( 1980) 
and Petersen ( 1983:32, fig. 19), indicates that negative 
tree-ring index departures in excess of one standard 
deviation equate well with a growing season of fewer 
than II 0 days. His comparison of a plot of I 0-year av
erages of the normalized Mesa Verde tree-ring indices 
with hi storic droughts in the A.D. 1900's for the study 
region (Barry and Bradley 1976) indicates the droughts 
are roughly correlated with a negative departure of one 
standard deviation in the tree-ring record (Petersen 
1983:36, fig. 21 ). These correlations were obtained by 
visual inspection only and have not been subjected to 
the rigorous testing and confirmation routines devel
oped at the University of Arizona Laboratory of Tree
Ring Research for making climatic retrodictions from 
tree-ring data (Dean and Robinson 1977; Fritts 1976; 
Fritts and Shatz 1975; Firtts et al. 1971; Dean and Ro
binson 1982; Rose et al. 1981 ). 

Identifying drought years in the study region.- Drought 
is defined here as annual rainfall or less than 12 in 
(30.5 em), a figure Hack (1942:8) suggests as the min
imum required for crop success with aboriginal corn 
varieties. Petersen's rough calibration of standard de
viation units of departure at Mesa Verde with historic 
droughts of the A.D. 1890's, 1930's, and 1950's, as re
ported by Barry and Bradley ( 1976), can be used to tie 
the tree-ring width records to drought conditions at var
ious elevations across the study region. The data on the 
severity of the A.D. 1890's and 1930's droughts are 
sketchy, but the records for the A.D. 1950's (U.S. De
partment of Commerce 1948-198la, 1948-1981b) are 
sufficiently complete for estimating the drought sever
ity. The A.D. 1950's drought severity may be estimated 
at a 16.7 percent reduction in annual rainfall across the 
study region, using records from Northdale, Cortez, 
Mancos, Mesa Verde, and Dolores from 1948 to 1981 
in the Climatic summaries. Actual reductions at the sta
tions represented in the weather summaries for the A.D. 
1950's were 26.1 percent at Northdale, 18.5 percent at 
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Cortez, 16.0 percent at Mancos, 12.7 percent at Mesa 
Verde, and 10.2 percent at Dolores (U.S. Department 
of Commerce 1948-1981 a, 1948-1981 b). Average an
nual precipitation for this decade was 9.0 in (22.9 em) 
at Northdale, 16.0 in (40.6 em) at Cortez, 13.5 in 
(34.3 em) at Mancos, 15.3 in (38.9 em) at Mesa Verde, 
and 16.0 in (40.6 em) at Dolores. 

The actual tree-ring-width index departure in the Mesa 
Verde record for this decade is - 1.28 standard devia
tions below the long-term mean, so a rough correspond
ence can be assumed between - 1.28 standard deviation 
units and a reduction in annual rainfall of some 
16.7 percent. Standard deviation units of departure 
equivalent to an annual precipitation total of 12 in 
(30.5 em) or less can be calculated for any given ele
vation by determining the necessary reduction in rain
fall for that elevation that brings the local total down 
to 12 in (30.5 em) or less. Annual precipitation averages 
for the various elevations in the study areas are esti
mated using a regression of annual precipitation on el
evation for the 12 weather stations in the vicinity of 
the study region. The regression line fits precipitation 
to elevation as 

Y = 15.993- 0.0047x + 0.0000066x' 

where Y is annual rainfall and x is elevation. The r
square value for this line is 0.95, with an associated 
probability of less than 0.0001. The estimated corre
sponding departure values for the various elevations are 
provided in table 8.1 

Identifying short growing seasons in the region . - A 
similar technique is used to identify short growing sea
sons in the region. A short growing season year is de
fined as any year in which the growing season is 
estimated to have been less than 110 days, the lower 
limit for successful corn maturation, as reported by 
Hack ( 1942:23), Carter ( 1945:88-89), and Schoenwetter 
and Eddy (1964:120). Petersen (1985) reports a rough 
correspondence between a value of -I standard devia
tion from the mean in the Almagre Mountain tree-ring 
index series and a growing season of about 110 days in 
the study region. The regional average at present is 
about 130 days (U.S. Department of Commerce 1948-
1981 a, 1948-1981 b) so that the II 0 day figure may be 
assumed to correlate roughly with a IS-percent drop in 
growing season length. A simple linear model of the 
relationship between elevation and growing season 
length is used to estimate growing season length for 
elevations represented in the study areas. The model is 
represented by the equation 

y = -0.02x + 256.468 

where y is elevation and xis growing season length. The 
estimated departure equivalents, in standard deviation 
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Table 8.1 -Estimated tree-ring-index departure equivalents for annual rainfall and 
growing season length across the study region 

Elevation Estimated Departure Estimated Departure equivalent 
(ft) annual . equivalent to growing to II 0 growing 

rainfall 12 in of rainfall* season season dayst 
(in) 

5600 11.6 +0.3 144.5 - 1.6 
5800 12.3 -0.2 140.5 -1.5 
6000 13.0 -0.6 136.5 - 1.3 
6200 13.8 -1.0 132.5 -1.1 
6400 14.6 -1.4 128.5 -1.0 
6600 15.5 -1.7 124.5 -0.8 
6800 16.4 -2.1 120.5 -0.6 
6900 16.9 -2.2 118.0 -0.5 
7000 17.4 -2.4 116.5 -0.4 
7200 18.4 -2.7 112.5 -0.2 
7400 19.5 -2.9 108.5 +0.1 
7600 20.7 -3.2 104.5 +0.4 
7700 21.3 -3.3 102.5 +0.5 
7800 21.9 -3.5 100.5 +0.6 

• Standard deviation departure units measured from long-term mean of the Mesa Verde 
tret:-ring record. 
t Standard deviation departure units, Almagre Mountain tree-ring record. 

units from the long-term mean of the Almagre Moun
tain record, are given in table 8.1. 

Identifying crop failure years in Dolores and the com
parison areas. - Table 8.1 contains the information 
needed to identify individual crop failure years in each 
of the 3 areas. Two sets of values are generated from 
this table. The first, or Level I values, mark those levels 
at which rainfall or growing season length would have 
begun to affect a particular study area. These values 
correspond to the levels at which rainfall would be in
sufficient at the lower elevational boundary of the study 
area and at which growing season length would be in
adequate at the upper elevational boundary of the study 
area. The second level values (Level 2) are set to cor
respond to the higher elevational boundary for rainfall 
and the lower elevational boundary for growing season 
length. If the annual precipitation and growing season 
length estimates for these values are accurate, then, 
when these conditions occurred, crops should have 
failed across the entire elevational range of the area. 

Modeling the Relative Attractiveness of the Three Areas 

The relative attractiveness of the 3 areas can be deter
mined from the incidence of potential crop failures in 
each area and by examining the spatial relationship be
tween the areas and the position of the arable portion 
of the region. The arable portion of the region may be 
considered to be a sort of movable "farmbelt" that 

shifts position according to changes in growing season 
length and precipitation. 

Crop failure frequency and relative attractiveness of the 
three areas. - Determining exactly what drought or 
short growing season pattern might result in movement 
from one area to another within the region is difficult, 
although it appears that a single year of crop failure 
would probably not be sufficient. Slatter ( 1979:table 13) 
provides data supporting a pattern of 2 and 3 crop fail
ure years in succession as one that creates sufficient 
stress to promote emigration among historic South
western Pueblo Indians. His patterns are used here as 
an approximation of the stress required for population 
movements within the region. 

The simplest way of determining the relative attractiv
ness of the various areas is to compare the frequency 
of crop failure within each area. When the frequency 
of failure is lower in one area than in another, the area 
with the lower incidence is considered to be the most 
attractive. In general, more attractive areas are ex
pected to receive migrants from less attractive areas. 
This approach assumes, of course, that other factors 
affecting attractiveness, such as distance from present 
location, population density, communal ties, and will
ingness to relocate, are not operating here. 

Going strictly by the criterion of frequency of crop fail
ure, the Dolores area is almost ah.,ays the least attrac
tive of the study areas and the Woods Canyon and 
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Mockingbird Mesa areas alternate frequently in their 
relative attractiveness. The only time the Dolores area 
has a lower frequency of crop fa ilures than either of the 
other two is in Period 3, with Level 2 crop failures. 
Ranks for the areas by period and failure type are listed 
in table 8.2. The relative attractiveness of each area is 
illustrated in figure 8.2. 

The position of the farm belt. - Table 8.1 also supplies 
the data necessary to model the location of the farmbelt 
during the prehistoric occupation of the region. Figure 
8.3 shows the elevation of the farmbelt between 
A.D. 600 and 1250. This figure was constructed fol
lowing the methods correlati ng tree-ring indices, annual 
rainfall , and growing season outlined previously. These 
methods do not reflect orographic or physiographic fea
tures that may affect local rainfall and growing season 
length; therefore, the resulting farmbelt reconstructions 
are approximations, not exact representations. 

An example may clarify the procedure for fixing the 
elevations of the farm belt at a particular time. For the 
decade A.D. 700 to 710, the Mesa Verde tree-ring-index 
average departure is -1.31 standard deviation units and 
the Almagre Mountain tree-ring-index average depar
ture is -0.02 standard deviation units. These departures 
are associated with annual rainfall of 12 in (30.5 em) 
or more at elevations equal to or greater than 6400 ft 
(1952 m) and growing seasons of 110 or more days at 
elevations of 7400 ft (2257 m) or lower, respectively. 
The lower boundary of the farm belt for this decade is 
thus set at 6400 ft (1952 m) and the upper boundary is 
set at 7400 ft (2257 m). 

The farmbelt reconstruction identifies several features 
of the relative attractiveness for the 3 areas and the 
climatic characteristics of the region in general. The 
most interesting feature is that for most of the A.D. 
600-1250 period, the farmbelt is narrower than the 
range of elevations in the study areas. Furthermore, it 
appears that the farmbelt shifted frequently during the 
Anasazi occupation of the region. Finally, shifts in the 
location of the farm belt may have had a greater effect 
on the Dolores area than on the Mockingbird Mesa and 
Woods Canyon areas. The greater part of the Dolores 
area falls outside the farmbelt during Periods 2, 5, and 
7.4, whereas the greater part of the Mockingbird Mesa 
area falls outside the farmbelt only during Period 7.3, 
and no period occurs during which the greater part of 
the Woods Canyon area lies outside the farmbelt . If 
shifts in the location of the farm belt at the illustrated 
frequencies of 10 and 20 years affect occupation pat
terns in the region at all, they probably had their largest 
effect in the Dolores area. 

Predictions for population movement between the 
study areas in response to changes in relative attrac-
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tiveness. - Population is expected to respond to the 
relative attractiveness of the areas by moving from 
areas of low attractiveness, measured by high frequen
cies of crop failure, to areas of high attractiveness, 
measured by low frequencies of crop failure . This move
ment is expected to be particularly marked when areas 
switch positions in their ranking based on crop failure 
frequency. A good example of this is seen in figure 8.2 
where the line connecting the' Woods Canyon values 
and the Mockingbird Mesa values cross. Using these 
criteria, emigration from Woods Canyon to Mocking
bird Mesa is expected to take place during Periods 2, 
5, 7.1, and 7.4 and may be reflected in a drop in pop
ulation in Woods Canyon and a rise in population in 
the Mockingbird Mesa area at these times. Predictions 
for population movement based on crop failure fre
quency are summarized in table 8.3. 

Migration into the Dolores area.- The crop failure and 
farmbelt reconstructions suggest that immigration into 
the Dolores area from the Woods Canyon area or the 
Mockingbird Mesa area was probably not due to overall 
greater climatic attractiveness in the Dolores area. The 
Dolores area was almost always the least attractive of 
the 3 areas in terms of crop failure frequency and re
lationship to the farm belt. If immigration were to occur 
because of an enhanced attractiveness of the Dolores 
area, however, it should occur during those periods 
when the Dolores area is the least affected by crop fail
ures and when the area falls largely within the limits 
of the reconstructed farm belt. 

This analysis of crop failure frequency indicates the 
most probable periods for the Dolores area to receive 
migrants from the rest of the study region would be 
Periods 3, 4, 6, 7.1, 7.2, and 7.3. The farm belt recon
structions suggest that migrants might come to the Do
lores area in Period I, at the boundary between Periods 
3 and 4, in Periods 6 and 7.1, at the beginning and end 
of Period 7.2, and in Period 7.3. Immigration from the 
Woods Canyon and Mockingbird Mesa areas is not ex
pected to occur in Periods 2 and 5. 

Potential harvest shortages and relative attractive
ness. - Bums (1983) recent study of potential harvest 
shortages for the period A.D. 652 to 1968, which is 
based on a calibration of corn and beans harvests from 
5 counties in southwestern Colorado and 5 tree-ring 
chronologies from the northern Colorado Plateau, pro
vides another source of inferences about population 
movement in the region. Burns retrodicted series of 
harvest shortfalls and excesses were created by assum
ing the long-term mean of the retrodicted potential 
yield per harvested acre was equal to a normal con
sumption level for inhabitants of the region. Retrod
icted harvests in excess of the long-term mean were 
assumed to have produced surpluses, and retrodicted 
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Table 8.2 - Relative attractiveness ranking for the three study areas by period and 
crop failure level. 

Period Level I Level 2 

Single-year Two-year Three-year Single-year Two-year Three-year 
duration duration duration duration duration duration 

1st 2nd 3rd 1st 2nd3rd 1st 2nd3rd 1st 2nd3rd 1st 2nd 3rd 1st 2nd3rd 

I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 I 2 - 3 I 
2 3 2 I 3 2 I 3 2 I 2 3 I 2 - 3 I 2 - 3 I 
3 2 3 I 2 3 I 2 3 I 2 I 3 2 - 3 I 2 - 3 - I 
4 2 3 I 2 3 I 3 - 2 I 2 3 I 2 - 3 I 2 - 3 - I 
5 3 2 I 3 2 I 3 2 I 3 2 I 3 2 I 3 2 I 
6 3 - 2 I 3 2 I 3 2 I 3 2 I 2 - 3 I 3 - 2 I 
7.1 3 2 I 3 2 I 3 - 2 I 2 3 I 2 3 - I 3 - 2 - I 
7.2 2 3 I 3 2 I 3 2 I 3 2 I 2 - 3 I 3 - 2 - I 
7.3 2 3 I 2 3 I 3 2 I 2 3 I 2 3 I 3 - 2 - I 
7.4 3 2 I 3 2 I 3 2 I 3 2 I 3 2 I 2 3 I 

Ranks are from best (I st) to worst (3rd). Dashes indicate equivalent ranking. 
I - Dolores area. 
2 - Woods Canyon area. 
3 - Mockingbird Mesa area. 

harvests smaller than the long-term mean were assumed 
to have resulted in shortfalls. After introducing a stor
age effect that simulated a variety of storage patterns 
(equal to maintaining stores of 1-1/2 times to 5 times 
the long-term mean production per harvested acre), 
Burns was able to identify series of years characterized 
by harvest shortfalls. Burns best data has to do with 
dry bean harvests, which were evidently prone to more 
severe shortfalls than corn (Burns 1983: 196), but the 
shortfall pattern for the 2 is similar. 

Burns retrodictions allowed him to identify a number 
of shortfall patterns, including "24-year famines" that 
equaled the length of the "Great Drought" of A.D. 
12 7 6-12 99, the most severe decades of shortfalls, pe
riods of 6 or more successive years of shortfall, and 
long periods of successive or nearly su..::cessive short
falls. Between A.D. 652 and 1250 Burns detected severe 
24-year famines (using a 3-year storage pattern) that 
occurred between A.D. 705-726 and A.D. 1170-1193 
(Burns 1983:203, table 7.15). Decade shortfall periods 
(based on a 3-year storage pattern) occurred between 
A.D. 709 and 718, A.D. 715 and 724, A.D. 751 and 
760, A.D. 870 and 879, A.D. 1146 and 1155, ,tnd A.D. 
1171 and 1180 (Burns 1983:235, table 7.19). Lengthy 
periods of shortfall (using a 3-year storage pattern) oc
curred between A.D. 705 and 726, A.D. 751 and 757, 
A.D. 870 and 876, A.D. 995 and 1003, A.D. 1035 and 
1041 , A.D. 1170 and 1176, A.D. 1184 and 1193, and 
A.D. 1240 and 1246 (Burns 1983:240, table 7.21 ). 

Taken altogether, Burns studies indicate potential 
shortfall difficul,ties between A.D. 705 and 727, A.D. 

751 and 760, A.D. 870 and 879, A.D. 995 and 1003, 
A.D. 1035and 104l,A.D. 1146and 1155;A.D. 1170 
and 1193, and A.D. 1240 and 1246. These correspond 
to a shortfall episode of24 years duration during Period 
I (or the boundary between Periods I and 2), a rela
tively severe decade during Period 2, a relatively severe 
decade during Period 4, a shortfall episode of 9 years 
duration during Period 7.1 , an episode of 7 years du
ration during Period 7.2, a severe decade in Period 7.2, 
and an episode of 7 years duration in Period 7.4, fol
lowing the abandonment of the Dolores area. The short
fall episodes are distributed fairly evenly across the 
occupation span of the region and no particular period 
appears to have been more severely affected than any 
other, with the possible exception of late Period I or 
early Period 2. 

The relationship between Burns shortfall periods and 
the relative attractiveness of various areas in the region 
presented thus far is best illustrated in a comparison 
of the shortfall periods and the farmbelt reconstruction 
(fig. 8.3). Burns ( 1983) crop data comes from land that 
lies below most of the elevations of the Dolores area, 
and the harvests are tied more closely to precipitation 
than they would be in the Dolores area. It is not sur
prising, therefore, that the shortfall periods docu
mented by Burns correspond closely with upward 
movments in the reconstructed farmbelt but fail to cor
respond to reconstructed drops in the farmbelt. The 
prehistoric reconstructed farmbelts drop below 7000 ft 
(2135 m) only twice between A.D. 600 and 1250 for 
short periods. Because Burns shortfall periods result 
from rather particular patterns of shortfall years, such 
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Figure 8.2 - Crop failure percentages for the Dolores, Woods Canyon, and Mockingbird Mesa study areas. Points are plotted at period midpoints. 

that not every year in which a shortfall occurred would 
be part of an extended shortfall period, not all years in 
which climatic stress occurred would be identified as 
shortfall episodes in his analysis. This feature of his 
analysis and the fact that the farmbelt reconstructions 
are based on decade averages and not individual years 
explain the differences between the farmbelt recon
structions and Burns shortfall periods. 

The shortfalls Burns identifies may have prompted 
movement from the lower lying areas, below 7000 ft 
(2135 m) or so, to higher elevations, such as the Dolores 
area, particularly when the shortfall episodes at the 
lower elevations corresponded to periods with a rela
tively high farmbelt, such as occurred in Periods 4, 7.1 , 
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and 7.3. These periods may be considered especially 
favorable for emigration from the Woods Canyon and 
Mockingbird Mesa are.as into the Dolores area. 

Resource Supply in the Dolores Area 

Changes in resource supply, restricted here to agricul
tural resources, were examined using 2 proxy measures. 
The frequency of crop failure in the Dolores area for 
each time period was used as an indicator of general 
changes in agricultural resource supply, and the poten
tial corn production for the Dolores area for each per
iod was treated as a more direct indication of 
agricultural resource supply. 



POPULATION 

Upper limit based on frost-free season 

~ 
i::: SUCCESSIVE 
~ 24 YEARS 

~ 

~ 

5660 
I 

A.D.---- 600 720 800 840 880 920 980 1025 1100 1175 1250 

2 3 4 5 6 7.1 7.2 7.3 7.4 
---PERIODS 

Figure 8.3 - Estimated farmbelt position in relation to shortfall periods. Successive shortfalls and 24-year famines adapted from Burns (1983). 

Crop Failure Frequency in the Dolores Area 

The frequency of crop failure per period in the Dolores 
area is reported in table 8.1 and illustrated in figure 
8.2. 

The frequency of failure is assumed to hold a fairly 
direct relation to agricultural resource supply, such that 
as failures increase, agricultural resource supply de
creases. The pattern of crop failure frequencies by per
iod is quite similar for the Dolores area regardless of 
which level of crop failures are considered or which 
particular pattern - single years, 2 successive years, or 
3 successive years- is used. The crop failure frequency 
is low in Period I, rises in Period 2, and falls in Period 
3. The frequency rises again in Periods 4 and 5, falls 
throughout Periods 6, 7.1, 7.2, and 7.3, then rises in 
Period 7.4. The exception to this pattern is single years 
of Level I failures , which rise in Period 7.2, fall to a 
low in Period 7.4, then rise to a high level in Period 
7.4. The highest incidence of crop failures occurs in 
Periods 5 and 7.4. Ranking the crop failure frequency 
for each measurement level and type and combining 
these scores gives the following ranking for crop failure 
frequency for each period from lowest to highest: Per
iod 7.3, 3, 4, 7.1, I, 7.2, 2 and 6, and 5 and 7.4. 

Arable Land and Agricultural Production Potential 

The following discussion of arable land and agricultural 
production potential is based on research conducted by 
Orcutt ( 1985). 

The soil quality, susceptibility to frost , and location in 
zones subject to cold air pooling of the Dolores area 
lands, and the climatic conditions prevailing during the 
various periods were used to construct estimates of the 
potential corn production within the Dolores area. Soil 
quality and cold air susceptibility data come from Or
cutt ( 1985). The relevant climatic conditions were mod
eled by the changes in the tree-ring indices from a low
elevation tree-ring chronology (the Mesa Verde record) 
and a high-elevation tree-ring chronology (the Almagre 
Moutain record) in much the same manner that crop 
failure frequency was modeled in the previous section 
on relative attractiveness in the region. The records 
were calibrated somewhat differently, however, with a 
negative departure of I standard deviation from the 
long-term mean, signaling dangerously short growing 
seasons when such deviations were recorded in the Al
magre Mountain chronology and potential drought con
ditions when such deviations were recorded in the Mesa 
Verde chronology. 

In Orcutt's ( 1985) development of potential production 
figures, she employed a study area that included the 
Dolores area (the DAP takeline) and a 1-km radius 
around that area, resulting in a total study area size of 
137 km 2, roughly twice the size of the Dolores study 
area in this chapter. This area is similar enough to the 
Dolores area in its distribution of soil types and to
pography that the pattern of changes in potential pro
ductivity determined for the study area may be 
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Table 8.3 - Predicted population change in the study areas 

Period Area(s) losing Area(s) gaining 
population population 

Dolores, Mockingbird Woods Canyon 
Mesa 

2 Dolores, Woods Canyon Mockingbird Mesa, 
Woods Canyon 

3 Dolores, Mockingbird Woods Canyon, 
Mesa Mockingbird Mesa 

4 Dolores Woods Canyon, 
Mockingbird Mesa 

5 Dolores, Woods Canyon Mockingbird Mesa 
6 Dolores, Woods Canyon Mockingbird Mesa 
7.1 Dolores, Mockingbird Woods Canyon 

Mesa 
7.2 Dolores, Woods Canyon Mockingbird Mesa 
7.3 Dolores, Mockingbird Woods Canyon 

Mesa 
7.4 Dolores, Woods Canyon Mockingbird Mesa 

Areas are listed in orde·r of greatest to least expected change. 

assumed to apply to the Dolores area used here. In the 
following discussion , Orcutt's figures are adjusted to 
account for the size difference between the Dolores area 
and her study area (65 .5 km1 and 137 km 2, respectively). 

Orcutt's area was divided into 4-ha units, each of which 
was assumed to be capable of producing approximately 
7 585 000 kcal from corn when conditions were good. 
the yield from each unit was adjusted for cold air sus
ceptibility, soil quality, drought conditions, and a fallow 
period that kept half the lands out of production at any 
one time. Yields from all the units within the Dolores 
area were totaled to provide the average annual corn 
yield in kilocalories per period (table 8.4). Potential 
population figures, calculated by allowing an annual 
consumption rate of 329 kcal per person, are also pro
vided in table 8.4. This consumption rate is set to equal 
half the estimated annual caloric requirement for the 
average human, using a figure of 1800 calories as the 
daily requirement (Hassan 1981 :48). 

The potential population for the Dolores area ranges 
from a low of 4644 people in Period 7.1 to a high of 
6540 people in Period 4. A trend toward increasing 
potential population or increasing supportable popu
lation occurs from Periods I through 4. The support 
level declines sharply in Period 5, rises slightly in Period 
6, and then declines again in Period 7.1. After Period 
5 (ca. A.D. 880 to 920), the support level falls below 
that projected for any of the preceding periods. In gen
eral, then, this analysis suggests a 2-part division of the 
Dolores sequence, a period of rising support levels or 
rising potential for population from A.D. 600 to 880 
and a period of lowered potential after A.D. 880. 
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Population Change in the Dolores Area 

Changes in population size, density, growth rate, and 
habitation size were studied as part of the DAP mod
eling studies. The greatest research effort went into de
termining population size for the area, an endeavor 
requiring a series of studies to be made, including an 
analysis of site types and typological assignments for 
sites known primarily from survey records (Schlanger 
and Orcutt 1985); selection of an appropriate popula
tion proxy measure (Schlanger 1985); experimentation 
with methods of estimating site size from surface evi
dence such as rubble mound area, overall site size, and 
length of the rubble mound (Wilshusen 1982); and de
termination of structure longevity and duration of site 
occupation (Schlanger 1985). The results of these stud
ies are summarized here. 

Calculating the Dolores area population for each of the 
time periods involved the following steps, progressing 
from the Dolores area archaeological data to estimates 
of population size: (I) identification of habitations; (2) 
determining the number of proxy population units pres
ent at each site; (3) determining in which period or 
periods the site was occupied; ( 4) figuring the duration 
of site occupation; and (5) assigning a population total 
to the site. 

Identification of Habitations 

Habitations were identified by reference to a site type 
model that specified differences between 3 general 
types of sites expected in the Dolores area: (I) nonres
idential sites, or limited activity loci; (2) short-term 
summer residences, or seasonal loci; and (3) permanent 
residences, or habitation loci. Only habitation loci were 
included in the calculation of human population totals 
for the Dolores area because these sites represent the 
year-round occupations. Inclusion of seasonal loci or 
limited activity loci would risk an overestimate of local 
population. 

Habitations in the Dolores area are "occupied contin
uously, or for a major portion of the year" and "sub
stantial architectural remains such as rooms, 
pitstructures, and outside work areas are usually pres
ent" (Kane 1983:23). These sites are the locus of most 
personal maintenance activities (including housing and 
food preparation, storage and consumption) and tool 
manufacture and maintenance activities. The architec
tural features associated with these sites include do
mestic pitstructures, integrative pitstructures (kivas 
and great kivas), above-ground living rooms, storage 
rooms, ramadas, and cists. Above-ground structures 
shift from small, usually round or oval, noncontiguous 
rooms early in the occupation of the Dolores area to 
rectangular, contiguous rooms arranged in single or 
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Table 8.4 - Potential kilocalories of corn production and levels of population support 

Period Average annual Potential Actual momentary Percent of Maximum Percent of 
keats of corn* populationt population estimate potential population§ potential 

I 
2 
3 
4 
5 
6 
7.1 
7.2 
7.3 

(X !OJ) 

I 926 105 
2 029 562 
2 014 069 

_2 151 826 
I 734 283 
I 915 962 
I 534 338 
I 772 754 
I 833 906 

5854 
6169 
6122 
6540 
5271 
5824 
4664 
5388 
5574 

* Corn production figures based on 50 percent fallow. 

13 
185 
290 

1250 
675 

45 
65 
95 
10 

0.2 125 2.1 
3.0 1225 19.9 
4.7 970 15.8 

19.1 4175 63.8 
12.8 2255 42.8 
0.8 230 3.9 
1.4 245 5.3 
1.8 585 10.9 
0.2 60 1.1 

t Potential population based on 50 percent corn diet, 329 kcal/year. 
§ Maximum population represents a total of people per period, not adjusted by length of period. 

double rows late in the occupation. Walls in the early 
rooms are made of jacal or mud turtlebacks and stone. 
Walls in the later contiguous rooms usually feature a 
stone slab or cobble base, above which there is either 
coursed stone masonry topped with jacal (ordinarily in 
the back rooms of the double row roomblocks), or jacal 
and dirt (primarily in the front rooms) (Kane 1984a; 
Lipe and Breternitz 1980). 

Unexcavated sites that exhibited substantial architec
tural remains, including upright sandstone slab aline
ments, large pieces of unshaped rubble, masonry walls 
and wall fall , and evidence of subsurface pitstructures 
were identified as habitations. Analysis of the surface 
artifact assemblages associated with these sites con
firmed these identifications (Schlanger and Orcutt 
1985). Such sites are distinguished from those exhib
iting no domestic architectural features or small con
centrations of small chunks of sandstone rubble 
(identified as limited activity loci and seasonal loci, 
respectively) by generally higher numbers of artifacts, 
but fewer types of artifacts per collection unit than are 
encountered at the other site types. Habitation collec
tions contain absolutely greater numbers of types of 
artifacts, however. In comparison to seasonal loci (the 
other site type with domestic architecture found in the 
area), the assemblages from habitations contain rela
tively high proportions of flaked lithic tools and de
bitage and relatively lower proportions of gray ware 
sherds and manos (Schlanger and Orcutt 1985). The 
higher proportion of gray ware sherds and manos at the 
seasonal loci are expectable consequences of summer 
residence patterns that necessitate water storage and 
transportation, a casuai camp life, and corn processing 
activities. 

Site type determinations for those sites for which no 
architectural information was available were made us-

ing a discriminant function technique (Klecka 1980). 
The discriminant function was created from a set of 
known habitation sites and sites that fit the architec
tural model (Schlanger and Orcutt 1985). Some sites 
could not be satisfactorily placed in any of the 3 types, 
because of either insufficient data in the surface col
lection or insufficient data about the architectural type. 

Proxy Population Measures and Estimation of Site Size 

The living, or dwelling, room was chosen as the best 
population proxy for the Dolores area. These living 
rooms are used as the architectural expression of a 
household, a population unit that may be translated 
more directly into estimates of population size. A struc
ture-based proxy was selected because structures or 
structural remains are relatively easy to detect in the 
field , and survey field crews were specifically instructed 
to search for architectural remains and to record them 
in detail , and because the excavation of about 400 pre
historic structures in the Dolores Project area (Kane 
1984a) has resulted in a considerable body of infor
mation on structure function, form, construction, re
lationships between architectural elements at sites, and 
relationships between structure form and function 
(Wilshusen 1984; Glennie and Lipe 1984; Hewitt et al. 
1983; Varien 1984; Lightfoot 1984; Gross and Wolf 
1984; Kane 1984a). 

Two types of living rooms are present in the Dolores 
area. Domestic activities, marked by roofed, enclosed 
rooms with hearths, storage, and food preparation fa
cilities, took place in pitstructures early in the local 
archaeological sequence and in both surface structures 
and pitstructures later. The greatest portion of the oc
cupation of the Dolores area took place between A.D. 
600 and 950, a period of architectural innovation and 
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variety in structures and structure arrangements. The 
question was which structures were residences (con
tained fire hearths, were roofed or fully enclosed, and 
had a large enough floor area to accommodate at least 
one sleeping person) and should be included in dwelling 
rooms counts for the purpose of estimating human pop
ulation at the site? 

The earliest habitations assigned to the A.D. 600-950 
occupation pose no problem because only one type of 
domiciliary structure, the pithouse, is present. At sites 
occupied between A.D. 700 and 900, however, the sit
uation is confused by the frequent presence of surface 

· structures and pitstructures, both of which exhibit fea
tures characteristic of domiciliary structures. No clear 
concensus on the relative functions of pitstructures and 
surface dwelling rooms has emerged from the recent, 
well-documented debate on this subject (Gillepsie 1976; 
Hagley-Baumgartner 1984; Gilman 1983; Powell 1980; 
Breternitz 1982; Kane 1984b ). The major focus of the 
debate is the seasonal use of the 2 structure types, with 
surface rooms in the position of potential summer 
dwellings and pithouses in the position of potential win
ter dwellings for the same occupying group. If surface 
rooms and domiciliary pithouses are seasonally occu
pied, but functionally equivalent, counting both will 
result in an overestimate of the number of dwelling 
rooms present, and will eventually result in estimates 
of local population that are too high. If both types of 
rooms are occupied simultaneously, however, failure to 
count one will result in underestimates of local 
population. 

This problem was resolved for this study by reference 
to the floor area enclosed in each type of structure at 
different times (Schlanger 1985). Three questions are 
relevant to the winter-summer proble·m. First, are pit
structures larger than surface structures, on the aver
age? Because the ratio of surface dwelling rooms to 
pitstructures often exceeds I: I, occupants of the surface 
rooms would have to share a winter pitstructure. Sec
ond, are the pitstructures larger than the combined area 
of their associated surface dwellings? Third, could the 
households occupying the surface structures all fit into 
the pitstructures during the winter, or any other season? 
Data for this analysis came from a sample of 14 pit
structures and their associated surface structures cho
sen to span the period between A.D. 600 and 920. 

A comparison of pitstructure floor area to surface 
dwelling room area per household in surface structures 
revealed that in the majority of cases (10 of 14 cases), 
pitstructures were larger than the average associated 
surface dwelling, lending support to the winter-dwelling 
hypothesis (Schlanger 1985). When pitstructure area 
was compared to aggregate surface dwelling area, a tem
poral trend emerged. For those samples occupied before 
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A.D. 780 or 800, pitstructure area was larger than the 
associated surface dwelling total. After A.D. 800, sur
face dwelling space was greater than pitstructure space. 
These results support the winter pitstructure dwelling 
hypothesis for the pre-A.D. 800 occupation, but fail to 
support the hypothesis for the post-A.D. 800 occupa
tion (Schlanger 1985). When pitstructure space per sur
face dwelling room is compared with average surface 
dwelling room area, addressing the third question, A.D. 
800 again appears to mark a boundary in structure use. 
After A.D. 800, pitstructure space per surface dwelling 
room falls below the average surface dwelling room 
area. This indicates living in the pitstructure during the 
winter would have entailed a considerable reduction in 
space per person. Given an average of 4 to 6 people 
per surface dwelling room and 1.5 m2 per person, sur
face room occupants attempting to fit into pitstructures 
in the winter would have taken up all the available floor 
space making this an impossible situation (Schlanger 
1985). These analyses indicate the pitstructures asso
ciated with surface dwelling rooms after A.D. 800 were 
probably not used as domiciles by the entire occupying 
group. 

The solution to the problem of what to count as a proxy 
population measure was to use the number of surface 
dwelling rooms per site for those sites occupied after 
A.D. 800 and to use the median number ofpitstructure 
dwelling rooms per site, derived from excavated sites, 
as the population proxy measure for those sites occu
pied between A.D. 600 and 800 unless surface archi
tectural remains were substantial. 

The number of dwelling structures present at sites oc
cupied after A.D. 800 was estimated from the quantity 
and dimensions of rubble mounds composed primarily 
of sandstone rubble and decomposing building stone. 
A conversion factor of 50m2 per dwelling room was 
used to estimate dwelling room and household totals. 
This figure was chosen after reviewing work on the re
lationship between various measures of site size and 
number of households, or dwelling units, in the Dolores 
area (Wilshusen 1982), a consideration of the size · of 
structures, and a consideration of the amount of rubble 
present per household at sites that had been completely 
or nearly completely excavated (Schlanger 1985). 

Assigning Sites to Periods 

All temporal site assignments used to estimate popu
lation for the Dolores area are based on ceramic as
semblages from the modern ground surface for sites at 
which no excavation was conducted and ceramic as- · 
semblages from both surface and excavated proveni
ences for those sites at which excavation took place. 
The assignment method followed Blinman ( 1983, 
1984). 



Temporal assignments for both surface assemblages and 
households inferred from excavation data are available 
for a set of 21 sites in the area, enabling a comparison 
of the 2 assignment methods. All 21 sites were com
pletely or almost completely excavated and the surface 
assemblages contain either all artifacts visible on the 
site surface prior to excavation or a 50-percent sample 
of the site surface artifacts, with collection units ar
ranged in a checkerboard pattern across the site surface. 
The surface collection assignment and the excavation 
assignment are the same or very nearly the same (i.e., 
Period 4 for the surface collection and Periods 4.2 
through 5.1 for the excavation material) for 14 (67 per
cent) of the 21 sites. In 5 cases (23.8 percent), the sur
face collection assignment did not include an earlier 
occupation or indicated a later occupation than the ex
cavation assignment. In 2 cases (9.5 percent), the sur
face collection assignment did not include a later 
component indicated by excavation. In 3 cases (14.3 
percent), the surface collection assignment contained a 
later component not picked up by the excavations. Pre
sumably these later components did not include habi
tations (Schlanger 1985). 

Estimating Site Occupation Duration 

Site occupation duration was estimated from data on 
structure lifespans, data on the number of remodeling 
episodes per structure, and the length of occupation 
spans based on period assignments. 

Archaeological evidence from 25 structures with tree
ring dates, archaeomagnetic determinations, ceramic 
assemblage date assignments, and stratigraphic data in
dicate that a structure lasted no more than 30 years 
(Schlanger 1985); ethnographic evidence and remod
eling studies based on the data collected by the Uni
versity of Arizona Laboratory of Tree-Ring Research 
(Ahlstrom 1984) suggest an average life expectancy of 
about 10 to 12 years. 

Remodeling evidence, primarily in the form of multiple 
floor-building episodes, indicates relatively few of the 
structures in the Dolores area were remodeled. Only 
about II percent of a sample of 60 I surface rooms and 
65 pitstructures with excavation-based evidence: for the 
number of floors had more than I floor. Rooms built 
early in the Dolores occupation (between A.D. 600 and 
800) have higher frequencies of multiple floors than do 
rooms built between A.D. 800 and 920. Rooms built 
between A.D. 920 and 1150 have the highest incidence 
of multiple floors (47.4 percent for surface structures 
and 22 .2 percent for pitstructures [Schlanger 1985]); 
however, 9 of the I 0 structures with 3 or 4 floors belong 
to the middle portion of the occupation (between A.D. 
800 and 920). The largest number of floors per structure 
in the sample is 4. 

POPULATION 

Data from excavated sites indicates that the smaller 
sites, with 2 or fewer households, have occupations of 
fewer than 30 years; sites with 3 or more households 
tend to be occupied considerably longer (Schlanger 
1985). Larger sites first occupied in Period 2 (between 
A.D. 720 and 800) tend to increase in size through Per
iod 5 (A.D. 880-920). Sites originally occupied during 
Period 4 (A.D. 840-880) tend to have occupation spans 
of 80 to 100 years, with a maximum population size in 
late Period 4 or 5 (Schlanger 1985). These data fit fairly 
well with the remodeling frequencies . Although sites in 
the early and late portions of the occupation had higher 
frequencies of multiple floors, most of the structures 
with multiple floors in these periods had only 2 floors, 
supporting the notion that total site occupation length 
for these periods was 30 years or less. Sites occupied 
in the middle portion of the occupation (A.D. 800-920) 
had the highest incidence of 3-floor and 4-floor struc
tures, which supports the other excavation evidence for 
longer occupation spans during this period. 

Household Totals and Population Size Estimates for the 
Dolores Area 

The number of households estimated for the Dolores 
area for each period is presented in table 8.5. Momen
tary household population figures, or the average house
hold population present at any time during a period, 
are calculated by multiplying the total number of dwell
ings by an adjustment factor, dwelling uselifellength of 
period, that corrects the estimate for uselives of struc
tures and the length of the period. Twelve years was 
used as the uselife value for dwellings with I floor, and 
24 years was used as the uselife value for structures 
with more than I floor. The proportions of dwellings 
with I floor and more than I floor were taken from 
analyses described earlier and in Schlanger ( 1985). The 
household figures were transformed to human popu
lation estimates by allowing 5 people per household, 
following a review of ethnographic and archaeological 
evidence for household size among native peoples of 
the American Southwest (Schlanger 1985). 

The reconstructed population curve for the Dolores 
area (fig. 8.4) shows a very low momentary population 
for Period I (A.D. 600-720) followed by increasing mo
mentary population levels from Period I through Per
iod 4 (A.D. 600-880). The population rise between A.D . . 
800 and 880 (i .e., from the beginning of Period 3 to the 
end of Period 4) is quite large and represents more than 
a 4-fold increase in momentary population. After 
Period 4, momentary population drops quickly to 
about 1/2 of the previous level by Period 5 (A.D. 880-
920) and then drops drastically again to the level es
timated for Period 6 (A.D. 920-980). Momentary pop
ulation rises during Periods 7.1 and 7.2 (A.D. 980-
1100), but falls again in Period 7.3, the last occupation 
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Table 8.5 - Estimated momentary household and 
human population 

Period Momentary household Momentary human 
population population 

I 3 13 
2 37 185 
3 58 290 
4 250 1250 
5 135 675 
6 9 45 
7.1 13 65 
7.2 19 95 
7.3 2 10 

period in the Dolores area, to a level approximately 
equal to that in Period I. The whole pattern is a re
markably balanced rise and fall in Dolores area 
population. 

Population Density and Relationship to Arable Land 

The estimated population maximum of 1250 people in 
Period 4 gives a maximum population density for the 
65.5-km2 Dolores area of about 19 people per km 2• This 
figure is somewhat misleading, however, because not 
all of this land is arable. The amount of arable land in 
the area may be estimated by using Orcutt's ( 1985) data 
on the potential returns, in kilo-calories of corn per 
year, for the land in the Dolores area. Orcutt's calcu
lations give a figure of about 3392 ha (35 km2) of land 
capable of producing some corn during each year of the 
Dolores occupation. The amount of land capable of 
producing enough corn to supply half of an individual's 
caloric requirements for a year, calculated as a mini
mum of 329 kcal (based on 50 percent of the annual 
657-kcal figure used by Hassan [ 1981 :48]), is estimated 
at 2276 ha for the duration of the Dolores occupation. 
When density estimates are adjusted for arable land, 
maximum achieved population density falls at about 
37 people per km2 of land for which some return may 
be expected and 54 people per square kilometer of land 
capable of supplying the annual corn requirement per 
capita. Density per period for each estimate of arable 
land is presented in table 8.6. 

The Dolores situation may be profitably compared with 
that at Oraibi , a Hopi village at the southwestern edge 
of Black Mesa in northeastern Arizona (Bradfield 
1971 ). Bradfield's study is used for comparison because 
it is the best documented work of this kind known to 
the author. The Hopi are not perfectly analogous to the 
Dolores area Anasazi, however, as they currently cul
ti vate foods not used prehistorically (e.g. , wheat, alfalfa, 
chili , peaches, apples, plums, and cherries) but intro
duced by the Spanish in the 17th century (Dozier 
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Figure 8.4- Estimated Dolores study area momentary population, 
A.D. 600 to 1250. 

1970:127), and because they engage in trade for sheep 
with their Navajo neighbors. Corn remains their pri
mary crop, grown almost entirely for local consumption 
and the level of corn production is probably close to 
that of the prehistoric Anasazi. 

Arable land figures for the village of Oraibi were esti
mated from Bradfield's (1971 :pocket map) map of cul
tivated lands in the Oraibi Valley. These estimates 
include all land in the main river flood plain and trib
utary valleys up to the boundary of the foot of the side 
valley slopes. These areas contain almost all of the cur
rently cultivated fields and abandoned fields mapped 
by Bradfield. The remaining fields, fed by springs and 
seeps near Old Oraibi, were also included in the esti-· 
mate of arable land. Orchards and lands in the general 
location of existing orchards were not included in the 
total. 

Population maximum densities, and available acreage 
per person for the Dolores area and for Oraibi are given 
in table 8. 7. These figures show Dolores area population 
density may have been as much as twice as high as that 
identified by Bradfield at Oraibi . If the Dolores area 
were populated at the Oraibi density, maximum pop
ulation would have been around 710 people using the 
arable lands capable of producing some corn, and 481 
people using the figure for arable lands capable of sup
porting I individual for I year. Estimated momentary 
populations for Periods 4 and 5 both exceed these max
imums (table 8.6). 

It is also informative to compare the Dolores area fig
ures with the Oraibi figures from the standpoint of 
available acreage per person. Bradfield ( 1971) estimates 
the Hopi plant 2 acres to corn per individual per year, 
and plant an additional half acre to other crops, in
cluding the cotton, tobacco, beans, and squash, culti
vated prehistorically , bringing the total cultivated 
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Table 8.6 - Population density and acreage per person 

Period 

I 
2 
3 
4 
5 
6 
7.1 
7.2 
7.3 

Estimated momentary 
population 

13 
185 
290 

1250 
675 

45 
65 
95 
10 

Table 8. 7 - Comparison of Dolores area and Oraibi 
population densities 

Sample 

Dolores area 
land with 
"some" 
production 
capability 

Dolores area 
land capable 
of supplying 
"enough" corn 
for an 
individual 

Village lands 
at Oraibi 
ca. A.D. 1900 

Maximum Area People Acres per 
population (km2) per km 2 person 

1250 34 36.8 1.1 

1250 23 54.3 0.7 

800 42 20.9 11.8 

ac reage up to 2-1/2 acres per person (Bradfield 
1971 :21 ). This estimate is also supported by Woodbury 
(1961 :38), who used Stephen's report from the Hopi 
Mesas (Parsons 1936:954-955) and Hack's ( 1942: 10) re
search on Hopi land use in the A.D. 1930's, in Wood
bury [ 1961 :38)), to estimate that "the Hopi and their 
ancestors have probably always needed to plant 3 or 
4 acres per person each year. .. As a guess we can use 
2 acres per person as the minimum" (Woodbury 
1961:38). 

With total arable land based on acres capable of sup
porting an individual , the Dolores inhabitants would 
have had fewe r than 2 acres available per person from 
Period 4 through Period 5 (A.D. 840-920) (see table 
8.6). When they plant 2-1/2 acres per person, the Hopi 
at Oraibi are actually cultivating only 20 percent of the 
land potentially available for cultivation. At this rate, 

Acres per person 
producing 

some enough 

106.0 71.0 
7.4 5.0 
4.7 3.2 
1.1 0.7 
2.0 1.4 

30.5 20.5 
21.1 14.2 
14.4 9.7 

137.3 92.1 

Persons per km 2 

producing 
some enough 

0.4 0 .6 
5.4 8.0 
8.5 12.6 

36.8 54.3 
19.9 29.3 

1.3 2.0 
1.9 2.8 
2.8 4.1 
0.3 0.4 

the Dolores occupants would have been planting over 
20 percent of the available acreage during Periods 2, 3, 
4, 5, 7.1, and 7.2. Planting at a rate of 2-1/2 acres per 
person allows a maximum population density of 
100 people per km2, a density that was never attained 
by the Dolores occupants (table 8.6). 

Co-residential Group Size 

Co-residential group size, where the group is comprised 
of those households living in physical proximity, with 
the potential for face-to-face encounters during ordi
nary daily activity, represents another aspect of pop
ulation density. Two measures of co-residential group 
size are presented here: (I) the number of households 
per excavated site; and (2) the number of households 
per contiguous room block (table 8.8). A full discussion 
of the methods used to arrive at these figures is pre
sented by Schlanger (1985). 

Households per site. - The median, rather than the 
mean, number of households per site is discussed here 
because the mean is highly influenced by the value for 
I site, Grass Mesa Village (Site 5MT23). 

The median number of households per site reaches a 
peak during Period 4; the range in household numbers 
per site also peaks at this time. The greatest number of 
households per site occurs at Grass Mesa Village, which 
lies on an isolated finger of land above the confluence 
of two watercourses. Both its placement and its size are 
apparently unique in the Dolores Project area. The next 
largest site in this period is still larger than any other 
site in any other period; in fact, the next 4 largest sites 
assigned to Period 4 are still larger than anything found 
in the other periods. 

The high median number of households per site in Per
iod 4 is maintained through Periods 5 and 6, and the 
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distribution of the values for median household num
ber per period suggests 2 groups: (I) those periods char
acterized by sites of I or 2 households (i .e., Periods I , 
2, and 7.3}, and (2) periods with 5 to 7 households per 
site (i.e., Periods 4, 5, and 6). Sharp breaks in median 
number of households per site occur between Periods 
3 and 4 and Periods 6 and 7. 

The distribution of households per site through time 
(fig. 8.5) shows a predominance of sites with I and 2 
households for Period I, 2, 3, and 7. During Periods 4 
and 5, there is a wide range of households per site . 

Households per rubble mound . - Data on rubble 
mound size are available for the 94 si tes that could be 
assigned to a single period. The inferred number of 
households per rubble mound, using a conversion fac
tor of 50 m~ of rubble to I household , is at a peak during 
Periods 5 and 7 (table 8.8). These data are interpreted 
to mean that the size of some cooperating social unit , 
the members of which lived in contiguous rooms and 
so had some daily contaCt, was at a peak in the Dolores 
area during these periods. Period 4, which has the high
est overall momentary population and the highest me
dian number of households per si te, has roomblock 
units similar in size to those in Periods I, 2, 3, and 6. 
Period I is a time of very low momentary population 
in the Dolores area, Periods 2 and 3 are times of rising 
population, and Period 6 is a time of declining popu
lation. That Period 4 should share room block size char
acteristics with Periods I, 2, and 3 suggests the high 
population achieved in Period 4 was the result of a 
coalescence of groups of a size common to these pe
riods. The rise in roomblock size in Period 5 suggests 
a change in the internal organization of these clusters 
of rooms. This change apparently did not survive into 
Period 6, a time of sharply reduced population. 

Population Growth Rates 

Population growth rates were calculated using the fol
lowing formula : 

where N 1 is the population of the earlier modeling per
iod, N2 is the population of the later modeling period, 
and t is the time between modeling periods. 

Two ways of calculating the time between periods are 
presented in table 8.9; elapsed time is reckoned from 
period midpoint to midpoint, and maximum elapsed 
time is calculated from the beginning of the first period 
to the end of the later period. 

Potential Rates of Increase for the Dolores Area 

The potential rate of increase possible for any given 
population may be estimated from several population 
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parameters: (I) average lifespan for women after they 
reach childbearing age; (2) birth spacing; (3) total births 
per female, or the gross reproduction rate; ( 4) mean age 
at childbearing, or the generation length; and (5) net 
reproduction rate, or the gross reproduction rate re
duced by the proportion of women surviving to the 
mean age at childbirth . Values for these parameters 
were estimated for the Dolores area as: (I) average life
span of 30 years for those who reach reproductive age 
(Stodder 1983; Schlanger 1985); (2) 28 months birth 
spacing (Hassan 1981: 127); (3) 5 births per female 
(Schlanger 1985); ( 4) mean childbearing age of 24 years 
(Hassan 1981 :139, Schlanger 1985); and (5) a net re
production rate of 1.44 (Schlanger 1985). 

The potential natural growth rate for a stable popula- · 
tion in the Dolores area is calculated as the Lotka rate 
(P) , which is derived from the net reproduction rate as 
follows: 

P = (y NRR)- I 

(Source: Hassan 1981 : 139) where y is the mean age at 
childbearing, or 24, and NRR is the net reproductive 
rate ( 1.44}, which is the gross reproductive rate of 5.14 
(reproductive period of 12 years, child spacing of 28 
months) adjusted by the proportion of female births 
(48.8 percent) and then adjusted by the proportion of 
women who survive to the mean age of childbearing 
(57.4 percent in the Mesa Verde sample). 

For the Dolores area, P is estimated as 0.0153, which 
represents an annual increase of 1.53 percent, or 15 
people per thousand. 

Alternatively, growth potential may also be calculated 
as 

r = In (NRR) I GL 

(Hassan 1981: 139) where GL is the generation length, 
or the mean age at childbirth . 

This equation yields a value of 0.0 !52 for r, almost 
identical with the Lotka rate figure . If a generation 
length of 20 years is used instead of 24 years, these 
calculations give growth values of 0.0244 for P and 
0.0241 for r. 

The potential growth rate of population in the Dolores 
area can be estimated to fall between 0.015, or 1.5 per
cent per year, and 0.024, or 2.4 percent per year. The 
true maximum growth rate probably lies toward the 
upper end of this range; the lower end of the range is 
a conservative estimate of the potential growth rate for 
the area. 

When the empirically derived rates exceed the theo
retical maximum range of 0.015 to 0.024, growth in the 
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Table 8.8 - Households per site and households per rubble mound 

Period Mean No. Median No. No. Range in Mean No. House-
of house- of house- of household rubble of holds per 
holds per holds per cases No. per site area cases rubble 

site site* mound 

I 1.3 1.0 7 1-3 117.6 7 2 
2 5.6 2.0 21 tt-80, 1-6 126.1 25 2 
3 7.0 2.0 9 tt-40, 1-7 92.3 6 I 
4 26.4 7.0 17 t2-280, 2-30 132. 8 19 2 
5 21.4 6.5 12 t2-178 , 2-14 200.2 31 4 
6 4.7 5.0 3 1-8 64.0 I I 
7 1.5 1.5 4 1-2 288 .8 5 5 

'"I 

• Excavated sites only. 
t Grass Mesa figures . Second range is with Grass Mesa removed from the sample. 

Table 8.9 - Growth rates in the Dolores area 

Periods 

I to 2 
2 to 3 
3 to 4 
2 to 4 
I to 4 
4 to 5 
5 to 6 
6 to 7.1 
7.1 to 7.2 
7.2 to 7.3 

Measured from period 
midpoint to midpoint 

0.0266 
0.0075 
0.0365 
0.0190 
0.0230 

-0.0156 
-0.0544 
-0.0066 
0.0061 

-0.0313 

n.o. - No observation possible. 

Dolores area may be considered to be in excess of what 
might be expected from local population growth alone. 
Such instances point to times of probable population 
movement into the area. A period by period analysis 
(table 8.9) indicates 2 episodes of high growth rate; 
growth between Periods I and 2 and growth between 
Periods 3 and 5 exceeds the theoretical maximum when 
rate of growth is calculated using the period midpoints. 
Growth rates do not exceed the upper theoretical max
imum when the maximum elapsed time period method 
is used, although the growth rate between Periods 3 and 
4 does exceed the lower limit .ofthe theoretically achiev
able range. This analysis indicates that movement into 
the area is at least partially responsible for the high 
population in Period 4. The jump in population during 
Period 2 may also be partially due to population move
ment into the Dolores area. 

Regional Population Change 

Regional population was studied directly, by comparing 
the population trends in the Dolores area with those in 
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Measured from beginning 
of first period to end 

of next period 

0.0133 
0.0037 
0.0183 
0.0119 
0.0160 

n.o. 
n.o. 
n.o. 
n.o. 
n.o. 

the Woods Canyon and Mockingbird Mesa areas, and 
indirectly, by analyzing the proportion of ceramics in 
the Dolores area assemblages that originated outside 
the region, particularly in the vicinity of the 2 com
parison areas. 

Regional Population Trends 

Population changes within the region defined by the 
Dolores area on the north and Mockingbird Mesa on 
the south were studied through an analysis of 3 pop
ulation samples: (I) the habitations recorded in the Do
lores area; (2) the habitations recorded in the Woods 
Canyon area; and (3) the habitations recorded on Mock
ingbird Mesa. Determinations of which sites repre
sented habitations followed the methods outlined 
previously. Only those sites that could be placed into 
a single period or into I of 2 consecutive periods on 
the basis of the ceramic assemblage from the surface 
collection or on the basis of excavation data, were in
cluded in the analyses. As site size data for the Woods 



Canyon and Mockingbird Mesa areas was not as com
plete as the data for the Dolores sample, the Dolores 
area sample parameters for median site size per period 
and site occupation duration were used to estimate sizes 
in these areas. Estimates of median site size per period 
for the periods after A.D. 980, when the Dolores data 
are poor, were made from the site size information re
ported by Rohn (1971) and Hayes (1964) for Chapin 
and Wetherill Mesas, Mesa Verde National Park. The 
Mesa Verde figures are the best data currently available 
from anywhere relatively close to the study region. 

The procedure used to generate population estimates 
for the 3 samples follows. First, site total per period 
was adjusted by median number of households per site 
and estimated frequency of structure reoccupation. 
These parameters were taken from the Dolores area 
analyses reported earlier. Second, momentary popula
tion, in households, was determined by adjusting the 
household population total for site occupation duration 
(set at a conservative figure of 20 years). Third, mo
mentary household population was multiplied by 5 to 
get the final momentary human population figures. For 
purposes of consistency, the Dolores sample was treated 
in the same way as those from Woods Canyon and 
Mockingbird Mesa. The Dolores population curve es
timated in this manner differs from the Dolores pop
ulation curve presented earlier (fig. 8.4}, primarily in 
the relative sizes of the Period 7.1 and 7.2 occupations. 
In the earlier curve, based on actual site by site esti
mates of size for the Dolores area, momentary popu
lation rose from Period 6 to Period 7.2. In the curve 
based on Dolores area parameters for median site size 
and site occupation duration, population decreases 
slightly from Period 6 through Period 7.3. Period 3 pop
ulation is also slightly higher in the curve derived di
rectly from the Dolores data. 

The percentage of sites per period per area and the 
percentage of momentary population per period per 
area are presented in figures 8.6 and 8.7; the actual 
population values are listed in table 8.10. The shape of 
the curve based on numbers of sites, which can be taken 
as an index of site construction or foundation activity, 
differs from that made by the estimated momentary 
population, which may be considered as a sort of oc
cupation intensity index. The difference is particularly 
pronounced for the Dolores area, where the greatest 
population occurs during Periods 4 and 5, both of which 
have relatively high numbers of households per site 
compared to the earlier period. The 2 measures result 
in similar graphs for the Woods Canyon and Mocking
bird Mesa areas, which exhibit very low levels, or no 
habitations at all, during Period 4. 

These figures are drawn to show the relative distribu
tion of sites or population per period within each area; 
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Figure 8.6 - Distribution of sites by period in the Dolores, Woods 
Canyon, and Mockingbird Mesa study areas. 

the actual numbers of sites or people are different from 
area to area. For example, a drop of iO percent in the 
Dolores area represents a loss of about 240 people, 
whereas a drop of 10 percent in the Woods Canyon area 
represents a loss of about 60 people. These 3 areas are 
only samples from a much larger region, and as relative 
population levels fall and rise in one area, there may 
be no corresponding absolute increase or decrease in 
another area. 

Site construction or establishment activity is high in 
the Dolores area during Periods 2, 3, 4, and 5, with 
Periods 2 and 4 registering the greatest site foundation 
rates. Site construction activity is highest in Periods 7.1 
and 7.4 in the Woods Canyon and Mockingbird Mesa 
areas. Interestingly, construction activity in all 3 areas 
is relatively high for Periods I and 2. Site construction 
activity in the Dolores area forms a fairly smooth curve, 
rising to a peak in Period 4, with a secondary peak in 
Period 2, and then falling steadily through Period 7.3. 
The pattern of site establishment activity in the other 
2 areas is similar, with gaps of low points between Pe
riods 2 and 6, and again between Periods 7.1 and 7.3. 
The Woods Canyon curve shows longer and more pro
nounced gaps than does the Mockingbird Mesa curve. 
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Figure 8.7- Estimated momentary population by period in the Do
lores, Woods Canyon, and Mockingbird Mesa study 
areas. 

The estimated momentary population curves are sim
ilar to the site curves. For the Dolores area, the rise 
and fall pattern is even smoother for these data than 
for the site distribution data. The same gaps and low 
spots that occurred in the Woods Canyon and Mock
ingbird Mesa patterns for sites are present in the esti
mated momentary population histograms. 

The most striking feature of these graphs is the corre
spondence between peaks on the Dolores graph and 
troughs on the graphs of site and population distribu
tion for the other 2 areas. The relatively high population 
early in the occupation of the Woods Canyon and 
Mockingbird Mesa areas correspond to low levels in 
the Dolores area, particularly in Period I. While pop
ulation remains stable or climbs slightly in the Dolores 
area during Period 3, population and sites drop dras
tically in the other two areas. The remarkable peak in 
the Dolores pattern in Period 4 is matched by absences 
or extremely low site and population levels in the other 
2 periods. The re-establishment of population in the 
Woods Canyon and Mockingbird Mesa areas during 
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Period 6 occurs during continued decline in the Dolores 
area. Surprisingly, however, when population begins to 
decline abruptly in Period 5 in the Dolores area, no 
corresponding increase in population or sites occurs in 
the other 2 areas. The relative population boom in the 
Woods Canyon and Mockingbird Mesa areas during 
Period 7.3 and especially during Period 7.4, is matched 
by very low population levels and an absence of pop
ulation altogether in the Dolores area. Period 7.2, when 
the Dolores area experiences a slight rise in population 
(fig. 8.7), corresponds to a drop in population in the 
Woods Canyon and Mockingbird Mesa areas. These 
correspondences are a good indication that the Dolores 
area, the Woods Canyon area, and the Mockingbird 
Mesa area were all occupied by the same regional 
population. 

The Regional Contribution of Dolores Area Ceramic 
Assemblages 

The composition of Dolores area ceramic assemblages 
was examined for evidence of population change and 
movement within the region. When people were present 
in the 3 areas, Dolores assemblages are expected to con
tain ceramic pieces that were manufactured in all 3 
areas, as the regional populations exchanged goods and 
services throughout the region. When populations were 
absent from Woods Canyon and Mockingbird Mesa, 
the contribution of ceramics from these areas is ex
pected to decline in proportion to those items manu
factured in the Dolores area. 

Areas of ceramic manufacture, or " manufacturing 
tracts" (Lucius 1981 ), are identified for the Mesa Verde . 
region on the basis of tempering material , clay char
acteristics, paint type, and design style (Blinman and 
Wilson 1985). Four manufacturing tracts occupying 
three geographic areas are important to this analysis. 

Dolores Manufacturing Tract 

This tract is characterized by a "particular variety of 
crushed igneous rock temper" (Blinman and Wilson 
1985: II). The geographical extent of the Dolores Tract 
covers much of the region except for a section near the 
center (Blinman and Wilson !985:fig. I). The excluded 
section stretches from the southern and western borders 
of the Dolores area southward and westward in a fan
shaped area that includes the Woods Canyon and 
Mockingbird Mesa sample areas. 

San Juan Manufacturing Tract 

The San Juan Tract is characterized by a second variety 
of crushed igneous rock temper. This tract is located 
to the south of the Dolores area and to the east of the 
Utah-Colorado border, with the highest frequencies of 
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Table 8.10 -Site and population estimates for the Dolores, Woods Canyon, and Mockingbird Mesa areas 

Period Dolores Woods Canyon Mockingbird Mesa Woods Can-
yon and 

Mockingbird 
Mesa 

Sites Population Population Sites Population Sites Population Population 
N % N % per km 2 N % N % N % N % per km 2 

I 13 7.8 15 - 0.4 3 7.9 30 5.2 5 4.5 10 0.9 1.0 
2 44 26.3 145 6.1 4.3 I 2.6 20 3.5 7 6.3 70 6.1 7.0 
3 27 16.2 170 7.2 5.0 0 0.0 0 0.0 0 0.0 5 0.4 0.5 
4 40 24.0 1170 49.4 34.4 0 0.0 0 0.0 0 0.0 20 1.7 2.0 
5 28 16.8 705 29.7 20.7 0 0.0 0 0.0 0 0.0 0 0.0 0.0 
6 6 3.6 75 3.2 2.2 3 7.9 95 16.5 2 1.8 20 1.7 2.0 
7.1 3 1.8 40 1.7 1.2 13 34.2 155 27.0 30 26.8 285 24.9 28.5 
7.2 3 1.8 25 1.0 0.7 4 10.5 35 6.1 5 4.5 50 4.4 5.0 
7.3 3 1.8 25 1.0 0.7 3 7.9 50 8.7 14 12.5 155 13.5 15.5 
7.4 0 0.0 0 0.0 0.0 11 28.9 190 33.0 49 43.8 530 46.3 53.0 
7.4* 0 0.0 0 0.0 0.0 0 0.0 0 0.0 2 - t - -

Total 167 100.0 2370 100.0 n.a. 38 100.0 575 100.0 §112 100.0 1145 100.0 n.a. 

• Sites placed in one period or another (i.e., Period I or Period 2) were assigned to a single period in proportion to the distribution of sites placed in 
single periods. 
t No estimate possible because period endpoint is unknown. · 
§ Not including Period 7.4*. 
All percents are figured for columns. 
n.a. - Not applicable. 
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this temper type found thus far in assemblages from 
Mesa Verde National Park (3linman and Wilson 
1985: II). This tract may include the Woods Canyon 
and Mockingbird Mesa areas. 

Cahone and Sandstone Manufacturing Tracts 

These 2 tracts are characterized by the presence of va
rieties of crushed sedimentary rock tempers. Both are 
believed to occupy the same geographic area in the cen
ter of the Mesa Verde region and include the Woods 
Canyon and Mockingbird Mesa areas (Blinman and 
Wilson 1985: 13, fig. 2). 

Although all assemblages from the 3 sample areas are 
dominated by Dolores Tract sherds (Blinman 1983), the 
relative proportions of the San Juan and Cahone/Sand
stone Tract components are highest in the areas covered 
by these tracts. When these tracts were not occupied, 
the San Juan and Cahone/Sandstone components of the 
Dolores area assemblages are expected to register 
decreases. 

Data used in the following analyses are from those Do
lores samples with the best temporal control and the 
highest spatial provenience integrity. Sample size 
ranges from 273 sherds in the Period 7.1 sample to over 
45 000 sherds in the Period 5 sample. Six of the seven 
temporally ordered samples contain over I 0 000 sherds, 
so sample size was not a constraint on the analyses. The 
relative proportions of Dolores Tract, San Juan Tract, 
and Cahone/Sandstone Tract sherds in each period are 
listed in table 8.11 and illustrated in figures 8.8 and 
8.9. The changes in proportions between Dolores Tract 
and the combined values of the San Juan and Cahone/ 
Sandstone Tract sherds are significant at the 0.05 level 
in all cases except for the change in gray ware propor
tions between Periods I and 2 and the change in white 
ware proportions between Periods 2 and 3. 

The momentary population estimates for each area re
ported in the previous section were used to generate 
expectations for change in manufacturing tract pro
portions. The following changes are expected: (I) no 
change in relative proportions between Periods I and 
2; (2) a rise in Dolores Tract proportions in Period 3; 
(3) no change or a rise in Dolores Tract proportions in 
Period 4; (4) a rise in Dolores Tract proportions in Per
iod 5; (5) a drop in proportion of Dolores Tract sherds 
in Period 6; and (6) a drop in proportion of Dolores 
Tract sherds in Period 7.1. 

The changes in the relative proportions of the gray ware 
sherds from each of the 3 manufacturing areas match 
the expectations in all cases: no significant change oc
curs in the proportions from Period I to Period 2; the 
expected rise in Dolores Tract gray wares happens in 
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Periods 3, 4, and 5; and the expected drop in proportion 
of Dolores Tract gray wares occurs in Periods 6 and 7.1 . 

The white ware picture is more complicated. No real 
change was expected between Periods I and 2, but Do
lores Tract white ware proportions register a drop. A 
rise in the proportion of Dolores Tract sherds was ex
pected in Period 3, but there was no significant change 
in the proport ion of Dolores Tract white wares in Pe
riods 2 and 3. A rise in Dolores tract proportions occurs 
if only Cahone/Sandstone sherds are considered, how
ever. The expected rise in proportion of Dolores Tract 
sherds in Period 4 is met. The Dolores Tract component 
was expected to rise again in Period 5, but the data show 
it actually falls. Again, however, if only the Cahone/ 
Sandstone and Dolores Tract sherds are considered, the 
expected ri se occurs. The drop in production of Dolores 
Tract sherds expected for Period 6 is matched by the 
data. In Period 7.1, the Dolores Tract proportion is ex
pected to drop, but it actually rises. · 

In general, the Cahone/Sandstone and Dolores Tract 
white ware proportions behave as expected from the 
population model, while the San Juan component does 
not conform. The Period 5 rise in San Juan Tract 
sherds, which could come from Mesa Verde as well as 
the Woods Canyon or Mockingbird Mesa areas, sug
gests that exchange patterns between the Dolores area 
and the surrounding regions were realined when pop
ulation levels dropped south and west of the Dolores 
area (in the vicinity of the Woods Canyon and Mock
ingbird Mesa areas). The drop in both Cahone/Sand
stone and San Juan white wares in Period 7.1, when the 
southern areas were reoccupied, suggests that the Do
lores area did not switch back to the old, pre-Period 4 
and 5 exc hange patt ern after these areas were 
reoccupied. 

RESULTS AND CONCLUSIONS 

Resource Supply and Population Change 
Within the Dolores Area 

Resource supply figures based on the potential corn 
production in the Dolores area indicate high, but rel
atively stable population potentials for the Dolores area 
fro m Periods I through 3. Potential rises sharply in 
Period 4, then declines in Period 5. The model of re
source supply and population underlying this work pre
dicts stable and plentiful conditions will bring on a rise 
in local population , part icularly through intrinsic 
growth. Actual population values rise from Period I 
th rough Period 4, as predicted. These results suggest the 
growth period in the Dolores area (ca. A.D. 600 to 880) . 
was sustained or supported by the relatively high ag
ricultural potential during this time. Certainly the high 
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Table 8.11 - Relative proportions of Dolores, San Juan, and Cahone/ 
Sandstone Tract gray ware and white ware sherds by period 

Period 

I 
2 
3 
4 
5 
6 
7.1 

% 
100 

50 

40 

30 

20 

10 

Gray ware 

Sherd % %San %Cahone/ 
count Dolores Juan Sandstone 

Tract Tract Tract 

10094 96.50 0.32 3.18 
22 925 96.41 0.22 3.64 
26 824 97.22 1.01 1.77 
25 610 98.10 1.03 0.87 
46 533 98.68 0.89 0.42 
21040 94.30 5.36 0.34 

273 53.94 45.41 0.64 
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Figure 8.8 - Proportions of Dolores, San Juan, and Cahone/Sand
stone Tract gray ware sherds, by period. 
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White ware 

Sherd % %San o/o Cahone/ 
count Dolores Juan Sandstone 

Tract Tract Tract 

656 90.49 4.03 5.49 
1076 80.48 9.25 10.27 
1065 79.68 19.77 0.55 
1243 90.36 7.02 2.62 
3499 81.91 17.66 0.42 
3560 46.50 53.23 0.27 

28 98.50 1.50 0.00 

% 
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Figure 8.9 - Proportions of Dolores, San Juan, and Cahone/Sand
stone Tract white ware sherds, by period. 
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production potential would have been an incentive for 
the initial occupation of the area. The high rate of 
growth between Periods I and 2 and Periods 3 and 4, 
when growth exceeded the theoretically expectable in
trinsic growth maximum, matches expectations for 
population behavior under these conditions. 

Period 5 potential population values drop by about 
20 percent from the high registered in Period 4. This 
drop in population potential is echoed in a drop in 
actual population during this period, as expected from 
the modeled relationship between resource supply and 
population size. 

In Period 6 population potential rises again almost to 
the pre-Period 5 level. This rise is not reflected in a 
similar rise in actual population, however. Potent ial 
population falls precipitously again in Period 7.1, which 
registers a 20 percent drop from the Period 6 level. 
There is a slight rise in actual population during 
Period 7 .I , which is not expected. Population potential 
rises once more through Periods 7.2 and 7.3, but actual 
momentary population rises only during Period 7.2, 
dropping to the lowest level in the occupation sequence 
of the Dolores area in Period 7.3. 

The population-resource supply predictions are borne 
out between A.D. 600 and 880, duri ng the growth phase 
of the Dolores area occupation. The predictions are not 
well matched with the study results after A.D. 880, 
when population in the Dolores area was in decline. 

Relative Attractiveness and Population Movement 

The studies of relative attractiveness suggest that the 
Dolores area may have been attractive to regional pop
ulations only under fairly special circumstances. Esti
mated crop failure frequencies for the 3 sample areas, 
which were based on low elevation and high elevation 
tree-ring-index values, indicate that, at least on a per
iod-by-period basis, the Dolores area would have been 
the least attractive of the 3 areas studied; the 2 areas 
to the southwest (Woods Canyon and Mockingbird 
Mesa) alternated in relative attractiveness. The fact that 
the Dolores area did support a substantial population 
for some time suggests that either this overall, period
long measure of attractiveness is not a particularly good 
measure of actual attractiveness, or that population was 
not responding to such gross measures of attractiveness 
as this long-term one. The latter alternative appears the 
more likely in view of the other att ractiveness studies. 
The crop failure frequency analysis suggests the most 
likely periods for the Dolores area to receive immi
grants from the rest of the region would have been dur
ing Periods 3, 4, 6, 7.1, 7.2, and 7.3. 
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The farm belt reconstructions, based again on a complex 
link between tree-ring indices, growing season length, 
and precipitation across the elevational span of the re
search region, offer what appears to be a more reason
a ble picture of relati v e attractiv e ness . Th ese 
reconstructions suggest that the most likely times for 
migrants to come to the Dolores area would have been 

. during Period I, the boundary between Periods 3 and 
4, in Periods 6 and 7.1, at the beginning and end of 
Period 7.2, and in Period 7.3. 

Petersen's farmbelt reconstructions (chap. 4, sect. 6) 
suggest migration to the Dolores area may occur in 
Period I and should occur in Periods 2, 3, 4, and early 
Period 5, and Periods 7.1, 7.2, and 7.3. The Dolores 
area is most attractive in Periods 3 and 4. The initial 
horticultural occupation of the Dolores area, beginning 
in Period I and continuing in Period 2, confirms the 
first of these predictions. Although the Period 3 pop
ulation in the Dolores area is not very much greater 
than that estimated for Period 2, and the growth rates 
are not in excess of what might indicate immigration, 
the presence of population in the Dolores area at this 
time, coupled with the absence of population in the 2 
areas to the southwest, confirms the expectation of 
growth through a relative attractiveness differential 
during this period. Periods 3 and 4 were predicted to 
be growth periods for the Dolores area, and these ex
pectations are borne out. The actual population growth 
between Periods 3 and 4 represents the highest growth 
rate during the Dolores occupation, in excess of what 
could be expected for intrinsic growth. This growth rate, 
along with the very low population levels in the Mock
ingbird Mesa area and the absence of population in the 
Woods Canyon area, is strong support for the effects 
of differential relative attractiveness at this time. 
Period 5 was not predicted to be a growth period for 
the Dolores area, in terms of its relative attractiveness, 
and the actual population drop in this period is some 
confirmation of this prediction. The absence of popu
lation to the southwest is not predicted by the relative 
attractiveness model, however, and it cannot be ex
plained in terms of this model. 

The density of population across the region may also 
be considered as a measure of relative attractiveness. 
Under an economic model, such as that employed here, 
areas with higher population densities would be less 
attractive than areas with lower population, especially 
when the agricultural potential in the areas is fairly 
similar. Agricultural potential across the region is only 
close during Period I, however, which complicates eval
uation of this measure of relative attractiveness. During 
Period I, population density is lower in the Dolores 
area than it is in the Mockingbird Mesa area, although 
it is not substantially lower. The economic model would 
predict that the Dolores area should receive immigrants 



from the Mockingbird Mesa area in this case. The other 
relative attractiveness measures already predict that the 
Dolores area will receive immigrants from the south- . 
western sections of the region in Period 3, and the ac
tual population changes support these predictions. For 
the other periods, differences in agricultural potential, 
as measured by the frequency of crop failure and the 
position of the farmbelt, make it difficult to predict 
what effect population density differences should have 
on population movement. 

The socioeconomic demand and social organization de
mand elements in the model would have the opposite 
effect in regards to population density, however. Areas 
with high density may be expected to attract more pop
ulation, as long as the roles are not more fully occupied. 
It is difficult to see how the population rise and fall in 
the 3 areas can be explained in terms of these variables. 
The Period 5 population carryover in the Dolores area, 
which the environmental relative attractiveness meas
ures suggest is not the optimum place in the region at 
this time , may be explained in part by these 
relationships. 

Population Trends in the Dolores Area and Change in 
Other Subsystems 

The population changes in the Dolores area may serve 
to promote change in other aspects of the Dolores sys
tem, particularly the type of social organization needed, 
the demand for resources, and the subsequent use of 
resources. Changes in overall size, density, and rate of 
change may all be important catalysts for change in 
these parts of the system. The greatest changes in pop
ulation size, density, and growth rates are reviewed 
here. 

Overall population size, density, and growth rates all 
reach a peak in the Dolores area sometime during Per
iod 4. If changes in social organization and economic 
organization occur in the Dolores area during the pre
historic occupation, they should be evident in this per
iod or during Period 3 (this is not to say that such 
changes cannot occur during other times as we1l). The 
Dolores area was undergoing rapid population growth, 
due to both high intrinsic growth rates and migration 
throughout the period A.D. 600-880, and adjustments 
in social organization and economic organization l:an 
be expected at any time during this period. Adjustments 
in social organization should take the form of attempts 
to integrate greater numbers of nonkin or more dis
tantly related kin as the population grows larger and 
the immigrant component increases toward the end of 
this period. The form of changes in economic organi
zation arc harder to · predict. Although the maximum 

POPULATION 

population figures for Period 4 and the corn production 
potential of that period combine to indicate a popu
lation living at about 60 percent of local corn-carrying 
capacity, there is no evidence for extreme stress of the 
agricultural potential of the area at any time during the 
occupation except possibly during Period 4. 

As population begins to decline, sometime in Period 5, 
the shrinking population of t~e area may also have 
posed adaptational problems for the Dolores occu
pants. Period 5 represents a severe reversal of the pre
vious population trends; Period 6 shows an even more 
drastic reversal. These changes may engender social and 
socioeconomic responses designed to cope with a de
clining workforce and social network. The change in 
exchange networks, indicated in a gross fashion by the 
analyses of manufacturing tract proportions in the ce
ramic assemblage, suggest some realinement in this 
sphere that may be such a response. Social and eco
nomic changes made in response to the rapid growth 
phase of the Dolores area occupation may not be easy 
to reverse; population may tend to abandon the area in 
fairly large groups of several households. The site size 
data on households per site and households per rubble 
mound discussed earlier suggest that the groups of peo
ple who came together in the large sites of Period 4 gave 
rise to groups who remained together for the most part 
in Period 5, despite the declining production potential 
of the area and the drop in relative attractiveness. 

Conclusions 

The population patterns discussed in this chapter fol
low the relative attractiveness and resource supply in
dices fairly closely and lend support to an economic 
explanation for the population trends in the Dolores 
area. At some points the population pattern and the 
expectations diverge, however, particularly during Pe
riods 6 and 7.1 (ca. A.D. 920-1025) and Period 7.3 (ca. 
A.D. 11 00-1175). The estimated population potential 
of the area rises in Period 6 but is not matched by a 
rise in actual population. Actual population rises 
slightly in Period 7.1, when population potential is 
dropping. Finally, in Period 7.3, although the relative 
att ractiveness indices and the production potential, or 
resource supply, figures suggest tha! the Dolores area 
should experience rising population levels, actual pop
ulation drops to its lowest point, and by A.D. 1175 (the 
end of Period 7.3) the area is abandoned. These results 
raise the possibility that the growth phase of the Do
lores area may have been governed by rather different 
forces than the decline phase. As population built in 
the Dolores area during the A.D. 800's, the areas to the 
southwest were largely abandoned. As these areas built 
up population (in the A.D. lOOO's and 1100's), popu
lation dwindled in the Dolores area and eventually the 
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area was deserted. These patterns suggest the popula
tion in the region was limited and operated as some
thing of a unit, so that population moved from area to 
area in response to environmental changes and social 
pressures, perhaps in response to the location of ex ist
ing population concentrations. 
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Chapter 9 

ANASAZI SPREADSHEETS: THE COST OF DOING 
AGRICULTURAL BUSINESS IN PREHISTORIC DOLORES 

Timothy A. Kohler, Janet D. Orcutt, Eric Blinman, and Kenneth Lee Petersen 

This chapter builds on Petersen's climatic reconstruc
tion (chap. 4) and on the accumulated excavation and 
survey data to examine one aspect of the general ques
tion that provides a central focus for the DAP economic 
model: Can any portion of the culture change observed 
in the Dolores area be explained as the result of at
tempts to minimize labor input in the context of max
imizing, or even "satisficing" (Jochim 1976) output? 
Or, on the other hand, are costs largely irrelevant 
(within reasonable limits), with other facts of greater 
importance in engendering culture change? The role of 
costs in culture change are discussed further in chapter 
6. 

In their discussion of the relationship between changing 
climates and population movements in the Dolores area 
and in areas to the south and west of the Dolores River 
valley, Petersen (chap . 4 , sect. 6) and Schlanger 
(chap. 8) conclude that movements into and out of the 
project area for the period of the main Anasazi occu
pation correspond reasonably well with the relative ag
ricultural opportunities in these areas. These relative 
agricultural opportunities are taken to be a rough ap
proximation of agricultural costs, as might be more 
powerfully measured by the ratio of caloric input to 
caloric return for agricultural endeavors. 

However, a measure of such costs, in calories, is im
possible to achieve outside the Dolores area, where we 
often lack detailed paleoenvironmental and demo
graphic information. Even for the Dolores area, it 
verges on intellectual arrogance to think that such a 
measure could be reconstructed for all aspects of ag
riculture. The goal of this chapter is to work towards 
providing a measure for the costs incurred by travel to 
and from residences and agriculture fields and the cart
age involved on these trips. These costs are presented 
as an index, rather than as a firm measure of caloric 
expense, and the main thrust of interpretation is on 
relative differences across the project area at any one 
time and on change in the index through time. 

Rather than treating the relationship between popula
tion movements and resource supply as affected by cli
mate on a regional basis, as has been done by Petersen 
(chap. 4, sect. 6) and Schlanger (chap. 8), the focus is 
on how changing climates and differing agricultural op
portunities across the project area affect the distribu
tion of population within the Dolores area. Specifically, 
the extent of population change from one period to the 
next is examined to determine if it is in a direction 
consistent with attempts to minimize the costs of 
agriculture. 

The approach developed is to simulate one aspect of 
agricultural costs across the project area for all sites in 
each period. A linear relationship is then found between 
these costs at each location and the estimated number 
of households at each location. This done, the residuals 
from this least squares line indicate locations where 
agriculture was relatively more expensive or less ex
pensive than the project-wide household average. The 
relative agricultural cost indices represented by these 
residuals are compared to the population growth or de
cline for each location from one period to the next. If 
cost minimization for agriculture was an important fac
tor in decisions to occupy or to leave a specific location, 
then population should decline in relatively "expen
sive" locations and increase in relatively "cheap" lo
cations. Surprisingly, the opposite was almost always 
the case. 

A JUSTIFICATION FOR STUDYING 
AGRICULTURAL COSTS 

Two factors provide the rationale for the study of ag
ricultural costs as possible determinants of site location 
and growth to the exclusion of wild food resources or 
Nher plausible environmental variables, such as the 
presence of potable water and fuel resources. First, Pe
tersen's (chap. 4, sect. 6) reconstruction of changes in 
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the regional farming belt, viewed as a relative approx
imation of agricultural costs, has proven useful in ex
plaining population movement into and out of the 
Dolores area. Here, whether the same effect can be ob
served on a local scale, or whether different determi
nants were operating at different spatial scales is of 
interest. Second, agricultural products were certainly 
important, and perhaps dominant, in the Dolores An
asazi diet. Plog ( 1979: 112) has surmised that by A.D. 
800 to I 000 "most of the western Anasazi diet was 
derived from food production." Aasen ( 1984) analyzed 
coprolites from Turkey Pen Ruin in southeast Utah and 
found that by Basketmaker III times Anasazi coprolit~s 
already contained more corn macrofossils than any 
other macrofossil. In his review of Southwestern eth
nohistory and ethnography, Jorgensen ( 1983:693) re
ports all Puebloan groups obtained "more than 
50 percent of their total sustenance from agricultural · 
products" with wild plants probably contributing no 
more than about 20 percent of the diet. 

In many areas of the Anasazi Southwest these subsist
ence considerations appear to have had important im
plications for the location of residences and field 
stations. Kintigh (1984 ), for example, attributes major 
shifts in residential location among the late prehistoric 
period Zuni to advances in water-control technology, 
which changed the location of the most rewarding areas 
for agriculture. Dean et al. ( 1978) show a strong and 
consistent association between arable soils and resi
dential sites in Long House Valley, northeastern Ari
zona, beginning in Pueblo II times. A final indication 
of the centrality of agriculture to the Puebloan lifeway 
is the focus of their ritual on the life cycle of maize 
(Lamphere 1983:754). 

For relatively rare events, such .as hunting big game or 
acquiring construction materials for a pithouse or 
pueblo with a long life expectancy, the costs incurred 
are probably not subject to very much selection. The 
habitual activities of cultivation in predominantly ag
ricultural societies, however, should be more sensitive 
to costs. Moreover, some areas of the DAP are relatively 
more rewarding for agriculture than others. Figure 9.1 
is a pseudo-three-dimensional view of the Dolores area 
from a vantage point above it and to the south. The 
relatively broad, open southern portions of this area 
have generally high-quality soils and are less subject to 
cold air pooling; these locations are in contrast to the 
narrower valleys, steeper canyon walls, and higher mesa 
tops of the northern portions of the study area. The 
Dolores River valley can be seen as the depression run
ning approximately north-south in the southern 2/3 of 
the project area; towards the north it takes a bend to 
the west at about the point where Beaver Creek flows 
into it from the east. The northeast-to-southwest trend
ing change in elevation crossing the southern 1/3 of the 
project area is the House Creek Fault. 
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METHODS 

In this study, the initial calculation of agricultural costs 
is related to how far people have to go to get to their 
fields, rather than other kinds ofagricultural costs, such 
as those due to processing or storage, since these are 
believed to be approximately equivalent across the proj
ect area. First, the DAP study area plus a 1-km-wide 
border was divided into 200- by 200-m cells, each with 
an area of 4 ha (Orcutt 1985a). There are 3425 of these 
cells in the 137-km2 study area. All calculations are 
based on environmental and demographic data using 
these cells as the units of observation. In some cases, 
2 or more sites fall within a cell, and hence the number 
of occupied locations is often less than the number of 
occupied sites for each period. Environmental data are 
described by the modal attribute in each cell; the dom
inant soil category, for example, is represented as the 
only soil category (Orcutt 1985a). 

In addition to the spatial location of each cell , the data 
important to estimating agricultural costs are as 
follows: 

I. The estimated growing season for each loca
tion, using 3 possible values: less than 90 days; 90 to 
120 days; and greater than 120 days (Petersen and 
Clay 1985). 

2. A soil quality designation based 0:1 SCS (Soil 
Conservation Service) codes of 4 values: 3 and 4, 
representing the best agricultural soils in the valley; 
6, representing soil generally unsuitable for agricul
ture but contains small pockets of usable soils; and 
7, representing soil considered to be completely un
suitable for agricultural use (Petersen 1985a). 

3. The number of households in each location m 
each period, derived from excavation or more often 
from survey data, as described by Schlanger (chap. 
8). The maximum number of possible households 
for each period is used without corrections for length 
of period (except for Grass Mesa Village [Site 
5MT23]); all households estimated for a site were 
assumed simultaneously occupied and all locations 
in use during a period were also assumed simulta
neously occupied. (Alternatively, population levels 
in each location could have been divided by a factor 
reflecting the use-life of structures and the length of 
each period. This procedure, which assumes popu
lation levels are constant for the duration of each 
period, is no more justifiable than the one we chose, 
especially for the early, long periods where fractional 
households would be associated with many loca
tions. In any case, the lengths of periods 3-6 are 
approximately equal, so this correction would have 
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no effect on the results for the time period of maximum interest.) 

In addition to these variables measured for each cell, 
2 other factors vary through time. The first is the fre
quency of shorter-than-average growing seasons. as es
timated from the high-altitude Almagre Mountain tree
ring record (Petersen, chap. 4, sect. 6). Within each 
period, the proportion of years greater than or equal to 
I standard deviation below the long-teun mean for this 

record was used to model reduction in yields due to 
short growing seasons. Only cells with a growing season 
of90 to 120 days were considered to be sensitive to the 
variations documented in the tree-ring record. This fac
tor is relatively important to the results of this study 
since these sensitive locations are distributed unequally 
across the project area. Also. the proportion of years 
greater than or equal to I standard deviation below the 
nwun fi.1r tht• Dolores tree-ring record was used to model 
reductions in yidd dut> to drought (Petersen 1985b). 
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Although these reductions vary from period to period, 
they are the same across the project area within any 
gi ven period and hence do not affect synchronic relative 
costs. 

For each cell, then , unchanging soil quality and grow
ing-season characteristics are combined with changing 
multipliers reflecting the likelihood of freeze or drought 
in each period to calculate kca/yld- the probable long
term yield of each cell in terms of kilocalories of corn 
as follows: 

kca/yld = 7585 x d x sq x gs x jJ 

where 7585 = potential yield per 4-ha cell in kil
ocalories (Calories X 103, or Calo
ries X 106) of corn adapted from 
Wetterstrom ( 1976) by Orcutt 
(1985b, 1985c) 

d = drought = proportion of years 
greater than or equal to I standard 
deviation below the mean in the 
Dolores tree-ring record for that 
period 

sq = soil quality = I for SCS categories 
3 and 4; 0.2 for SCS 5; and 0 for 
scs 7 

gs = growing season = I for cells in the 
greater than 120-day belt; 0 for cells 
in the less than 90-day belt; and for 
each period, the proportion of years 
greater than or equal to I standard 
deviation below the mean in the Al
magre Mountain tree-ring record 
for cells in the 90-to-120-day belt 

JJ= fallow factor = 0.5 for all periods 
and locations. 

The multipliers associated with drought and short 
growing season are shown in table 9.1 for each period. 
Potential corn yields are reconstructed across the proj
ect area for each period using this algorithm; potential 
yields during Period I are shown, by way of example, 
in figure 9.2. 

The agricultural cost index was constructed through 
simulation for Periods I through 7.2. Given the known 
location of population and the reconstructed potential 
corn yields of each 4-ha unit of land within the project 
area, simple decision rules were applied to simulate the 
size and shape of the catchment needed to supply suf
ficient corn for the inhabitants of each site. We assumed 
5-person households, caloric requirements of 2400 Cal/ 
person/day (after Wing and Brown [ 1979:2]; also Orcutt 
[ 1985c, 1985d]), and a 60-percent contribution of ag
ricultural products to the total caloric intake. The anal
ysis that follows is sensitive to changes in these 
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Table 9. 1 - Proportion of each period without dry 
years and without short growing seasons 

Period Dates Proportion of Proportion of 
(A.D.) period without period without 

dry years short seasons 

I 600-720 0.83 0.92 
2 720-800 0.87 0.94 
3 800-840 0.85 1.00 
4 840-880 0.92 0.95 
5 880-920 0.80 0.67 
6 920-980 0.83 0.90 
7.1 980-1025 0.67 0.87 
7.2 1025-1100 0.77 0.89 

assumptions where calculations of absolute travel dis
tances and sizes of catchments are co.ncerned. However, 
relative differences through time and across space are 
unaffected by changes in these assumptions. The mod
eled 60-percent contribution of agriculture to the diet 
is almost certainly too high for Period I and probably 
too low for Period 4. Nevertheless, this figure was not 
allowed to change through time to preserve the maxi
mum amount of comparability for the calculated 
indices. 

Catchments are built around each occupied cell in the 
following manner. A first pass through the data assigns 
all cells within an arbitrarily large radius around each 
occupied cell to that cell; many cells are thus initially 
assigned to more than I site. Caloric need for each oc
cupied cell is next determined by multiplying its num
ber of households times the caloric requirements/ 
household. Each occupied cell then "claims" the cell it 
occupies and calculates the yield, if any, from that cell. 
(In this case, that yield is reduced by a factor propor
tional to the number of households occupying the cell 
to reflect lost opportunities for agriculture due to space 
required for the settlement.) If this yield is not suffi
cient, then each occupied cell ranks all the unclaimed 
cells in its first radius (eight 4-ha cells) and claims them, 
one at a time, until needs are met. In this part of the 
simulation, no cell may be claimed by more than one 
occupied cell. If needs are still unmet, this process is 
repeated for each tier (second, third, and so forth) of 
cells around each occupied cell until needs are met for 
each occupied cell. Cells with no potential agricultural 
potential productivity are not claimed. Because each 
occupied cell selects from only one tier of cells before 
selection opportunity passes to the next occupied cell, 
no occupied cell is artificially forced to have an ex
tremely large radius for its agricultural catchment. 
However, in areas where sites are closely packed, all 
catchments tend to be large and somewhat distorted. 
The results of this process for Period I, a time of low 
site density, are shown in figure 9.3. In this figure cells 
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Figure 9.2 - Potential corn yield in kilocalories, Period I (DAP 16151 0). 

that depart from zero on the Z-axis have been 
"claimed" by an occupied cell, and the height of each 
cell on the Z-axis reflects its reconstructed yield. Un
fortunately, directly checking the validity of this selec
tion process is impossible. No agricultural field dating 
to the Anasazi period of occupation has been identified 

·with any certainty. Even if it had been, the association 
of a specific field with a specific site could be made 
only on the basis of propinquity, the same criterion 
used in this model. 

After a catchment is built, the agricultural cost index 
is computed for each occupied cell by multiplying the 

-
Euclidean distance of that occupied cell to each cell in 
its reconstructed agricultural catchment by the poten
tial corn productivity of that cell. (A simple distance 
measure is calculated at the same time.) For each site 
these products are summed across all the cells in the 
agricultural catchment. Therefore, a cell far from a res
idence and contributing a high corn yield is more costly 
- and contributes more to the index - than does either 
a cell close to home contributing the same yield or an 
equally distant cell contributing a smaller yield. This 
index reflects only the costs involved in walking back 
and forth to fields and ~artage . It is assumed that no 
field houses are in use. 
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Figure 9.3 - Simulated agricultural catchments in Period I (DAP 
161516). 

The decision to include yield in the cost estimates re
quires some explanation. Cells may have no yield what
soever for I of 2 reasons: they may lie within a short 
growing season elevational belt, or they may have an 
SCS code of 7. Such cells do not enter into the cost 
calculation at all , except in the indirect sense that their 
presence close to an occupied cell may force selection 
of fields at a greater distance, thus increasing travel 
times and costs. For cells that do produce, within any 
given period the main factor introducing variability in 
yields is their SCS designation. We assume that cells 
with a low yield due to an SCS designation of 6 are 
planted in small areas only. Hence, the number of trips 
to and from such cells, as well as any cartage, will be 
proportionately less than for a cell that is fully planted. 
Since our cost index is meant to be proportional to the 
number of trips times the distance and cartage in
volved, these cells are allowed to contribute less to costs 
than do equally distant cells that are completely 
planted, require more visits, and involve more cartage. 
As a check on the effect of including yields in the cost 
figure , all calculations were also done with a simple 
distance measure for costs with results similar to those 
that follow. 

RESULTS 

Relatively few sites are in the project area during Period 
I. All are small, with the largest containing 7 house-
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holds. Most of these sites are in the Sagehen Flats area 
(chap. I). The simulated agricultural catchments 
around these sites were displayed in figure 9.3 . The 
inhabitants of each site can satisfy their agricultural 
requirements within very short distances of their resi
dences. The relationship of the agricultural cost index 
in Period I , as calculated from these catchment data, 
to the number of households in each location during 
that period is shown in figure 9.4. The way the index 
is calculated virtually guarantees a strong linear rela
tionship between the cost index (on the X-axis) and the 
number of households at each location (on theY-axis). 
The regression line tracks the average relationship, 
across the project area, between the number of house
holds and the agricultural cost index. However, varia
bility around the regression line is due to the 
agricultural characteristics of the area immediately sur
rounding each site. Locations where agriculture is 
cheaper (for each household) than the project-wide av
erage for any period will fall above this line and will 
have positive residuals. Locations below this line have 
fewer households than the project-wide average for the 
estimated costliness and thus partition those costs 
among fewer households, each having relatively high 
costs/household. 

Under the assumption that people should respond to 
agricultural cost differential by moving from locations 
with relatively high cost experience (negative residuals 
on this regression), we compare the change in popu
lation in Period 2 for all cells occupied in Period I. In 
Period 2, many more sites are in a much wider portion 
of the project area, but sites remain small. The scat
terplot (fig. 9.5) for the change in population from Per
iod I to Period 2 (on the Y-axis) versus the residuals 
from the previous regression (on the X-axis) shows a 
weak and nonsignificant negative relationship (table 
9.2) between the 2 variables, the opposite of the direc
tion predicted. Practically speaking, the relative cost 
experience of a location for agriculture in Period I has 
no effect on the growth or decline of population at that 
location by the next period. This does not indicate no 
selection from the environment for agriculturally fa
vorable places; it does indicate no selection of previ
ously occupied places where costs were favorable. A 
previous analysis comparing the composition of catch
ments for 1-km-radius habitations to catchments for 
random points identified selection for good-quality ag
ricultural locations and avoidance of poor-quality ag
ricultural locations among habitation sites for all 
periods prior to Period 6 (Orcutt 1985a). No conflicts 
were noted among occupied cells in the process of 
claiming the 46 cells required for agriculture during 
Period I (table 9.3) 

For Period 2 the relationship between agricultural costs 
and number of households in occupied locations is 
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Figure 9.4 - Agricultural costs versus number of households, 
Period I. 

2 2. 5 

20 .o 

17 . 5 

15 .o 

12 . 0 

10 . 0 

7. 0 

0 . 0 

2 .0 

0 

0 .0 

- 2 . 5 

- 5 . 0 0 

- 7 . 5 

-10 . 0 

-1 . 5 -1 .0 -0 .5 o.o o.o 1.0 1.5 

RELATIVE AGRICULTURAL COST INDEX 

2.0 

Figure 9.5 - Agricultural costs versus change in number of house
holds, Period I to Period 2. 

SPREADSHEETS 

shown in figure 9.6. In this and the following periods, 
this relationship begins to take on a slightly curvilinear 
appearance as locations with large numbers of house
holds increase costs at a faster rate than locations with 
fewer households (the cost of aggregation). When plot
ted against a linear function, this results in positive 
residuals for many small- and moderate-sized settle
ments and negative residuals for most larger settle
ments. The change in population in Period 3 for 
locations occupied in Period 2 (on theY-axis of figure 
9. 7) and the relative agricultural cost experience of 
those locations in Period 2 (the residuals from fig. 9.6) 
exhibit a weak but significant negative relationship . 
Most population increase taking place in previously oc
cupied locations is in zones of average agricultural 
costs; both relatively "expensive" locations and rela
tively "cheap" locations lose population across the Per
iod 2-3 boundary. The negative trend, however, shows 
that cheap locations lose more population, on the av
erage, than expensive locations. 

Simulated agricultural catchments for all Period 3 sites 
are shown in figure 9.8. Comparing this figure with 
figure 9.2, a fair amount of unused agricultural land 
still appears to be available in the project area. The 
relationship between agricultural costs and number of 
households in locations occupied in Period 3 assumes 
an even more markedly curvilinear quality (fig. 9.9). 

Figure 9 .I 0 shows the change in Period 4 population 
for Period 3 locations, plotted against the residuals 
from figure 9.9. Three cells with population growth in 
excess of 38 households (in the upper left-hand quad
rant of figure 9.1 0) are largely responsible for this neg
ative trend. Of these, the most influential is Grass 
Mesa, the uppermost data point in the figure, with an 
increase of 89 households from Period 3 to Period 4. 
(This study uses an older set of population figures for 
Grass Mesa than those presented by Kohler [ 1985], but 
the figures are generally similar.) Without those 3 cells 
having the largest population increase, population re
distribution in the project area across the Period 3/4 
boundary has a weak, nonsignificant positive relation
ship with relative agricultural costs - apparently pop
ulation growth or decline at small sites is generally more 
responsive to agricultural costs than it is at large sites. 
The number of cells claimed and the number of cells 
in conflict rise dramatically in Period 4 (table 9.3). 

The agricultural costs in Period 4 are compared against 
the number of househoids in occupied cells in figure 
9.11. The residuals from this regression are compared 
in figure 9.12 with the change in population in Period 
5 for locations occupied in Period 4. Once again, most 
population growth in Period 5 takes place in areas that 
were average cost for agriculture in Period 4; both high
cost (negative residual) and low-cost (positive residual) 
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Table 9.2 - Summary of regression analyses, by period 

Model n r r2 a b F p 

HHI = AVAGCINI 15 0.90 0.82 0.7159 0.00095 62.5 0.0001 
DELPOP21 = Residuals -.32 .10 -1.8750 -.86436 1.6 .2214 

HH2 = AVAGCIN2 66 .93 .86 1.6470 .00032 389.5 .0001 
DELPOP32 = Residuals -.33 .11 -2.1343 -.96422 8.1 .0060 

HH3 = AVAGCIN3 44 .88 .77 2.2451 .00031 147.1 .0001 
DELPOP43 = Residuals -.36 .13 - 3.3333 -2.71124 6.4 .0155 

HH4 = AVAGCIN4 65 .93 .87 3.8373 .00020 441.0 .0001 
DELPOP54 = Residuals -.37 .14 -4.7727 -.40463 10.6 .0018 

HH5 = AVAGCIN5 36 .94 .88 5.4865 .00019 257.5 .0001 
DELPOP65 = Residuals -.33 . II -12.5405 -.95326 4.3 .0461 

HH6 = AVAGCIN6 5 .96 .96 1.9780 .00058 47.6 .0023 
DELPOP76 = Residuals -.04 .00 -2.5000 -.29166 0.0 .9433 

HH7 = AVAGCIN7 6 .95 .92 1.8850 .00036 53.9 .0007 
DELPOP87 = Residuals .27 .07 -4.5714 .88419 0.4 .5649 

HH8 = AVAGCIN8 6 .97 .95 4.9634 .00029 86.3 .0002 
DELPOP98 = Residuals -.23 .05 -15.4286 -1.00000 0.3 .6135 

HHn is the population (in household units) of each location in Periods I through 7.2 respectively. 
DELPOPm is the change in population from one period to another. For example, DELPOP21 (Period I through 
Period 2) is positive if the number of households at a location is larger in Period 2; otherwise, it is negative or zero. 
AVAGCINn is the agricultural cost index for each period. 
Residuals are the difference between the predicted number of households at a location (given the average relationship 
between agricultural costs and number of people at each location in each period) and the actual number of households 
(based on survey or excavation data) as calculated in the previous model. Where there are more households than 
predicted, the residuals are positive and the agricultural costs for transport and travel are lower than the average 
over the valley for that settlement size. Where there are fewer households than predicted, the residuals are negative 
and the agricultural costs/household are above that of the local average. 

locations lose population, although the significant neg
ative linear trend (table 9.2) indicates that cheap lo
cations lose more than expensive locations. 

The simulated agricultural catchments for all sites in 
Period 5 (fig. 9.13) suggest a considerable portion of 
the available arable lands are in agricultural use by this 
time. Table 9.3 shows the number of cells in agriculture 
and the number of cells in conflict decline slightly at 
this time in response to population decline. Figure 9.14 
shows the relationships between costs and number of 
households for locations occupied in Period 5; figure 
9.15 uses the residuals from this regression to compare 
the relative agricultural cost experience for locations 
occupied in Period 5 with their change in population 
across the Period 5/6 boundary. In this time of almost 
complete depopulation, the negative relationship is 
hardly surprising or meaningful. No locations occupied 
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in Period 5 gained population in Period 6 and residen
tial site locations shifted towards the extreme southern 
end of the project area where they remained until final 
depopulation. The last 3 periods of occupation are not 
discussed due to our small sample size, although sum
maries of the analyses for the first 2 periods can be 
found in the tables. 

DISCUSSION 

Table 9.4 summarizes much of what was learned from 
these simulations about travel distance and relative ag
ricultural costs in the project area. The average agri
cultural cost index/household was estimated by using 
the mean number of households for each occupied cell 
in each period as Y and solving for costs (x) using the 
slope and intercept estimates from table 9.2; the result 

I 



I 
Table 9.3 - Number of cells claimed for agriculture 

and number of cells in conflict for each period 

Period No. of cells 
in conflict* 

I 
2 
3 
4 
5 
6 
7.1 
7.2 

0 
103 
157 

1421 
992 

0 
61 
52 

No. of cells Ratio conflict/ 
claimed claimed 

46 
309 
322 
810 
681 

37 
72 

117 

0.0 
0.33 
0.49 
1.75 
1.46 
0.0 
0.85 
0.44 

*Number of blocked attempts to choose any cell already 
selected by another occupied cell. 
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Figure 9.6 - Agricultural costs versus number of households, 
Period 2. 

was divided by the average number of households for 
each occupied cell. The same approach was used to 
calculate the average distance traveled (regression es
timates were calculated but not reported for the rela
tionship between number of households and travel 
distance for each period). 

The agricultural cost index increases dramatically from 
Period I to Period 2, coinciding with the appearance 
of a 2-tiered settlement hierarchy (chap. 10) implying 
the ex istence of a simple decision-making hierarchy 
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Figure 9. 7 - Agricultural costs versus change in number of house
holds, Period 2 to Period 3. 
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Figure 9.8 - Simulated agricultural catchments in Period 3 (DAP 
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for each "claimed" cell in this period. 
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Figure 9.9 - Agricultural costs versus number of households, 
Period 3. 

(Lightfoot 1984). Costs remain at similar levels in Pe
riods 2 and 3, as does the decision-making hierarchy. 
Costs again increase rapidly from Period 3 to Period 4 
and remain at the same level in Period 5. Both Periods 
4 and 5 display a 3-tiered settlement hierarchy indic
ative of a 2-tiered decision-making hierarchy. Costs re
ma in h igh in Peri od 5 d espite the decrease in 
population due to continued population aggregation 
(table 9.4) and deteriorating climate (table 9.1 ). The fact 
that average travel di stance goes up in Period 5 as costs 
remain similar (or decline slightly) indicates the fields 
fart hest from the habitation sites were poor yielders. 

The crash in costs and travel distance in Period 6 ac
companies a decline in settlement complexity to a 2-
tiered settlement hierarchy. Costs increase again in Pe
riods 7. 1 and 7.2, which are characterized by 2-tiered 
and 3-tiered settlement hierarchies, respectively. As Or
cutt (chap. I 0) discusses, the changes in settlement com
plex ity correlate with changes in population density, 
aggregation, and proxied agricultural intensification. 
Changes in agricultural costs, as measured here, are 
sensiti ve to aggregation and population density, thus 
the close correspondence between changes in cost and 
changes in settlement complexity. 

Even at the period of maximum costs, the average travel 
distance from residence to fields is less than 2 km, well 
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Figure 9.10 - Agricultural costs versus change in number of house
holds, Period 3 to Period 4. 

under the 6.5 km cited by Bradfield ( 1971) as the usual 
limit of distance between field and residence for the 
Hopi, given foot transport, and comfortably within the 
ranges of average distance to fields for peasant agri
cultural communities in a long series compiled by 
Chisholm ( 1968). Certainly, no support is found for the 
contention that the project area was abandoned because 
of unacceptably great distances from residence to field . 
However, these estimates show that by Period 5, travel 
distances and the costs they incurred were substantially 
higher than earlier in the colonization cycle. The eco
nomic model assumes if total costs were less in another 
area, population would flow to that area. On the as
sumption agricultural costs are an important part of 
total costs, and following discussions by Petersen (chap. 
4, sect. 6) and Schlanger (chap. 8), the nearly total aban
donment of the project area during Period 5 could be 
in response to regional cost differentials. 

The economic model , however, does not predict the 
behavior of settlement placement and growth observed 
in these data at the local scale. People were not system
atically selecting areas with relatively low-cost potential 
in the Dolores area. Instead, most population growth 
and rearrangement was towards places with average 
costs/household or even towards places where costs/ 
household were slightly higher than the project average. 
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Figure 9.11 - Agricultural costs versus number of households, 
Period 4. 

These results - which appear to run in a direction op
posite that predicted by an economic model - can be 
accommodated in several ways without abandoning the 
idea that Anasazi populations in the Dolores area were 
sensitive to, and behaved according to, least cost prin
ciples. First, this study does not consider all costs. Im
portant activities (for example, fuel collection and 
hunting) with variable costs across the project area may 
explain the · surprising results. Second, costs probably 
respond to social organizational factors that cannot be 
taken into account in a simple model such as this. Per
haps a more efficient organization of task groups and 
the more extensive division of labor that might be as
sociated with aggregation more than overcome any cost 
penalties associated with aggregation. 

However, additional work along these same lines might 
indicate the same thing suggested by the present results, 
if taken at face value: the growth of population in stable 
locations into large aggregations in the Dolores Project 
area does not follow least cost principles. Of formative 
period sites in the Valley of Mexico and southern Ve
racruz, admittedly on a different scale of sociopolitical 
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Figure 9.12 - Agricultural costs versus change in number of house
holds, Period 4 to Period 5. 

organization than the Dolores Anasazi , Earle ( 1976) 
noted the founding and spacing of large villages or re
gional centers followed another. The social factors op
erating in this distinction probably operate , in 
miniature, in smaller scale societies as well (refer to our 
results for population growth across the Period 3/4 
boundary). The small Dolores habitations, often 
founded and abandoned within I period, probably do 
respond to least cost environmental factors much better 
than do the somewhat larger sites that heavily influence 
the results of the analyses reported here. The approach 
used here does not directly evaluate whether the choice 
of new locations in any period is in response to least 
cost principles. 

Areas that were quite expensive, on our index, do not 
normally experience much growth, but areas that were 
quite cheap do not either. One mechanism probably at 
work in this process is aggregation itself. Large sites 
come to increasingly dominate the best agricultural 
areas, even though they may not be located directly in 
them. This begs the questiou of what causes aggrega
tion, but at least it is clear, b:1sed on our results, that 
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Figure 9.14 - Agricultural costs versus number of households, 
Period 5. 

it has little to do with cost minimization, although costs 
are not ignored. Based on these results, we would sug-
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Figure 9.15 - Agricultural costs versus change in number of house
holds, Period 5 to Period 6. 

Table 9.4 - Average agricultural costs and travel 
distances to fields/household, evaluated at mean n of 
households/occupied cell 

Period Mean n of Average travel Average 
households/ distance/ agricultural 

occupied cell household* cost index/ 
(km) household 

I 2.1 0.24 698 
2 3.4 0.66 1611 
3 4.8 0.74 1723 
4 10.4 1.27 3155 
5 13.2 1.66 3076 
6 5.3 0.38 1085 
7.1 7.6 0.88 2087 
7.2 15.4 0.89 2343 

*Simulated one-way distance from residence to fields . 

gest a tentative compromise between the 2 models being 
compared in the DAP general model. Perhaps impor
tant forces were at work governing the distribution of 
population within the Dolores area that could operate 
most effectively within this "average cost" zone. In
creasing costs - up to a point - may actually stimulate 
sociopolitical organization and hence population 
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growth. The existence of a socially driven "power" or 
"growth" model for change embedded within a satisf
icing model, rather than at odds with a least cost model, 
would be consistent with these results. 

A methodological point should be made in closing. The 
approach used here is different than most "catchment"
oriented studies, where an area of constant size and 
shape around each site is used to calculate agricultural 
productivity or the availability of some other resource. 
The catchments calculated by the simulation are cer
tainly not identical to those that would actually have 
been in use around our sites, but we believe that they 
are a better approximation to the real situation than a 
simple radius drawn blindly around each site. 

It is interesting to speculate as to what our results might 
have been had we used the constant-radius approach. 
Certainly, unless the radius was quite large, some of the 
larger sites would have actually been exploiting an area 
larger than that ascribed to them. If we had then cal
culated the relationship between agricultural produc
tivity (on the x-axis) and population size (on they-axis), 
we would have found that larger sites had more people 
than would be expected based on the productivity of 
the agricultural catchments. 

This is exactly the approach used by Steponaitis ( 1981 }, 
among others, although he used site size (in hectares) 
as a proxy for population size. Steponaitis was able to 
distinguish among several groups of formative sites in 
the Valley of Mexico that ranged in size from less than 
I 0 to well over I 00 ha, based on the slopes and inter
cepts of the regression lines between site size and the 
agricultural productivity of their 1.5-km catchments. 
Because the secondary regional centers supported con
siderably more people than the local centers, and the 
local centers more than the nuclear villages, without 
having significantly greater agricultural productivity 
within 1.5 km, Steponaitis argued that there must have 
been a flow of tribute from nucleated villages to local 
centers, and from local centers to secondary regional 
centers. 

We suggest that Steponaitis' results could have easily 
been an artifact of the constant and rather small radius 
size he used to compute agricultural productivity. We 
found that catchment shape and size varied widely 
among sites within periods. Had we artificia!ly re
stricted catchment size to a single, srnall radius, VJe too 
would have achieved results in which 2 or 3 groups of 
sites were apparent in any given period on scatterplots 
between number of households and catchment produc
tivity, but it is doubtful whether these groups should 
be used to imply a flow of tribute in our situation. 
Steponaitis may well be correct in his inferences about 
flow of tribute, but his argument is not significantly 
strengthened by his spatial analysis. 
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Chapter 10 

SETTLEMENT BEHAVIOR MODELING SYNTHESIS 
Janet D. Orcutt 

The DAP's efforts to develop and test a model of culture 
. change (Lipe 1983) involved dividing the larger model 

into several components destined for in-depth inves
tigation. The settlement behavior component discussed 
here consists of the interactions among independent 
and dependent variables. The structure of the settle
ment behavior model emphasizes multiple paths of in
fluence and feedback among variables. While more 
difficult to operationalize, feedback, or "circular caus
ality" (Ellen 1982: 180), models provide more accurate 
depictions of reality than unidirectional (i.e., a causes 
b) models (Ellen 1982). 

Two years after the development of the DAP general 
model, it was decided that a second model also should 
be examined. After some discussion over what the sec
ond model should be, Lightfoot's ( 1984) model of so
ciopolitical change was deemed acceptable. While the 
sociopolitical model (also called the social model [Lipe, 
chap. 6]) is addressed in this chapter very little time 
was available for developing expectations from the so
cial model and for testing the model. Because the social 
model has a strong economic undertone, the distinc
tions between the 2 models are fuzzy and it was pre
ferred to view them as parts of the same model of 
culture change; however, personal biases did not affect 
the analysis of settlement organization (see discussion 
of the social model), which faithfully follows Lightfoot's 
approach. 

The emphasis in this chapter is on the settlement be
havior model and the studies that test portions of the 
model. Following a presentation of the components in 
the model and summaries of the studies, the perform
ance of the settlement behavior model is assessed. Next, 
an attempt is made to test expectations for settlement 
organization derived from the social model. The social 
variables are then integrated into the settlement be
havior model, expectations are derived, and the fit be
tween the expectations and the settlement hierarchy 
data are examined. 

THE SETTLEMENT BEHAVIOR MODEL 

The original formulation of the settlement behavior 
model (Orcutt 1983) focused on the question "Why are 
there changes in settlement behavior?" The original 
model presented the interrelationships among the set
tlement behavior variables (site location, settlement 
permanence, population, aggregation, intercommunity 
spacing, and land-use intensification) and the inde
pendent variables (resource mix, population, social or
ganization, exchange, and facilities). Figure 10.1 depicts 
settlement behavior as a dependent variable influenced 
by several independent variables. No feedback occurs 
between settlement behavior and the independent var
iables in this figure because it represents an oversim
plification of the relationships among these variables; 
it does, however, identify the independent variables be
lieved to influence settlement behavior and sets the 
stage for the more complex relationships presented in 
figure 10.2. 

Figure 10.2 is the refined version of Orcutt's ( 1983) 
settlement behavior model. The variables in the model 
arc the same as those originally presented; changes to 
the original model arise from an increased understand
ing of the theoretical foundations of the model, and the 
end product is a better (and more complex) depiction 
of the relationships among the variables. 

The following discussion explains the processes in the 
flow diagram (fig. 10.2). The presentation is as logical 
and simple as possible, given the number of variables 
and arrows connecting the variables. The discussion 
begins with the variables at the top .of figure 10.2 and 
proceeds downward through the diagram. 

Catchment Composition and Diversity 

Site locations can be perceived as points from which 
resource exploitation occurs. The area exploited is the 
catchment area. Catchment areas can be described in 
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Figure I 0.1 - Independent variables affecting settlement behavior. 

terms of composition (resource structure) and the di
versity of the resource present. 

In the model, catchment composition and diversity are 
affected by resource use (mix), exchange, and settle
ment permanence. Theoretically, a diverse resource 
mix would require a diverse catchment with many dif
ferent resources, and a inore focal, or intensified, econ
omy would require a less diverse catchment with fewer 
kinds of resources. Frequent participation in an ex
change network (intersite) would require catchments 
capable of supplying the exchanged products; con
versely, the absence of particular resources in a catch
ment might encourage participation in an exchange 
system. Settlement permanence affects catchment com
position because the longer a catchment is utilized, the 
greater the effects on the resource structure. In a situ
ation where a catchment is used more frequently, a 
different resource structure may evolve of more inten
sive exploitation. A catchment that is exploited spo
radically and for a short time will retain its natural 
resource structure longer than one that is used 
frequently. 

Resource mix diversity and catchment composition/di
versity might influence the number of types of catch
ments, in that a diverse economy should encourage 
selection for diverse catchments, leading to a wide va
riety of catchment types, and an intensified economy 
(lacking in resource mix diversity) should result in the 
opposite. The resources exploited within a catchment 
should affect the tool assemblages (composition and 
diversity) associated with those catchments. A catch
ment's resource structure (composition) should be a 
factor in resource exploitation costs, depending on the 
maximum potential yield of each resource and the spa
tial distribution of each resource. 

Types of Catchments 

Catchments can be grouped into types, either for in
dividual site types or for all sites regardless of type, 
depending on the kinds and quantities of resources 
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present. The variables affecting the types of catchments 
in a settlement system are catchment composition/di
versity and site type diversity. In a diverse economy, 
individual catchments are expected to be diverse and 
the potential exists for greater variety between catch
ments . A higher diversity of site types, reflecting the 
diversity in the economy, also leads to greater variety 
between catchments. Less internal catchment diversity 
or less site type diversity in a more focal economy leads 
to less variety in the types of catchments in the settle
ment system. The type of catchment exploited affects 
tool assemblage composition/diversity - similar catch
ments should have similar assemblages, and these as
semblages should differ from those associated with 
other types of catchments. 

Site Type Diversity 

Settlement systems are composed of sites with different 
functions. The diversity of these functional types in the 
settlement system is affected by resource mix. Thus, a 
diverse resource mix will encourage a higher diversity 
of functional site types because more resources are ex
ploited than in a less diverse economy. In the latter, 
site type diversity should be lower because the economy 
concentrates on fewer resources. 

Resource Use (Mix) 

Resource mix refers to the kinds and proportions of 
(subsistence) resources used by a population. In this 
model, resource mix is affected by resource exploitation 
costs. The latter is a complex variable affected by sev
eral other variables (fig. 10.2). A detailed discussion of 
the complexities involved in understanding resource 
costs and the effects of changing costs on resource mix 
is presented under resource costs. 

Resource mix affects catchment composition and di
versity in the manner described above; i.e. , more di
verse resource use leads to more diverse catchments 
containing a variety of resources. Resource mix also 
affects the personnel needs necessary to assure suc
cessful subsistence strategies. More intensive subsist
ence strategies (which focus on fewer kinds of resources) 
can require a larger labor force for activities such as 
land clearance and constructing water control/diversion 
and soil control features than less intensive (more di
verse) strategies; additionally, the risk attending inten
sive strategies can be mitigated through larger groups 
that can support systems of intravillage sharing and 
distribution of food . More intensive subsistence strat
egies that produce more per unit area should encourage 
settlement permanence and aggregation because more 
people can be supported in the same location for a 
longer time. 
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Figure I 0.2 - The settlement behavior model. 

Resource Exploitation Costs 

The concept of resource costs encompasses the rela
tionships among several variables, some of which are 
shown in figure I 0.2. Resource costs, as part of a least 
cost or least effort decision structure, have been mod
eled by Earle ( 1980). In general, the costs of procuring 
resources are affected by technology, transportation, 
collection, processing, and storage (Earle 1980). The 
individual costs of procurement activities are summed 
to produce an estimate of the total cost of exploiting a 
particular resource. The cost of a subsistence strategy 
and the maximum potential yield of the resource de
termine whether that resource will be exploited relative 
to other resources (resource mix). 

In the settlement behavior model, resource costs are 
affected by gross biomass, climate, catchment compo
sition and diversity, tool assemblage composition and 
diversity, exchange, aggregation, population density, 
and settlement permanence. The overall resource struc
ture of an area (gross biomass) and climate (precipi
tation, temperature) are 2 variables that affect the 
productivity of all resources and ultimately the pro
ductivity of potential subsistence resources. While not 
the only variables affecting resource productivity, they 
do play a major role in the maximum potential yields 
of critical resources. The types, density, diversity, and 
spatial distributions of resources (catchment compo· 
sition and diversity) also determine the maximum po
tential of resources; for example, few types of rewurces 
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sparsely distributed in an area in low densities will have 
lower maximum potential yields than few types of re
sources abundantly distributed and in high densities. 
Technology (tool assemblage composition and diver
sity) affects the costs of procuring resources and , in the 
case of such technological innovations as water/soil 
control devices, can effect the maximum potential 
yields of resources. Exchange affects the shapes of re
source cost curves by making resources available that 
otherwise might be too expensive to procure directly. 

Population distribution (aggregation, population den
sity) also affects resource costs on the regional and 

· catchment levels. Population density affects the pop
ulation's total caloric requirement; an increase in pop
ulation density raises the population's caloric (output) 
requirement and, if all resources are exploited at the 
same marginal cost (Earle 1980), the increased output 
requirement leads to exploiting resources at a higher, 
still uniform, marginal cost. Under these circumstan
ces, intensification of existing strategies and diversifi
cation into new strategies are predicted (Christenson 
1980; Earle 1980). Any changes in resource mix will 
then affect the costs of exploiting those resources (pos
itive feedback) , eventually producing a different re
source mix. 

Aggregation as a measure of population density within 
a catchment area, has the same affects on resource costs 
and resource mix as population density. In addition, 
larger aggregates create a greater potential for human 
disturbance of the environment, particularly through 
agriculture, and there is more opportunity to alter the 
resource structure in favor of anthropogenic commu
nities (i.e., biotic communities common to disturbed 
soils). The resource costs in anthropogenic communi
ties usually are lower than those in natural communities 
because the resources are more evenly distributed, their 
locations are predictable, and the yields are higher 
(Ford 1984). Settlement permanence also is part of this 
density-aggregation-disturbance pattern as the longer 
an area is exploited, the greater the potential for altering 
the natural resource structure. The relationship be
tween settlement permanence and the spatial distri
bution of resources will reflect transportation costs, 
thus affecting the shape of a resource's cost curve. 

All of these aspects of resource costs affect the sub
sistence choices that a population makes (resource 
mix). In general, resource mix changes for 2 reasons: 
(I) changes in output requirements (due to changes in 
population density, aggregation in a catchment) pro
duce a movement along the cost function to arrive at 
an appropriate mix (Earle 1980); and (2) changes in any 
of several variables (gross biomass, climate, tool tech
nology, exchange, settlement permanence) will affect 
the shape of the cost function, thus leading to adjust-
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ments in resource mix (Earle 1980). Differential re
source costs between catchments, localities, or regions 
can affect population density in that lower cost areas 
should attract population. 

Tool Assemblage Composition and Diversity 

The kinds of tools and diversity of foods in an assem
blage are affected by the resource composition and di
versity in a catchment area and by the variety of types 
of catchments in a region. Catchments with a diversity 
of resources, reflecting a diverse economy, will have 
diverse assemblages, and catchments with low resource 
diversity, reflecting a less diverse economy, should not 
have diverse assemblages. In a region, if there is a va
riety of different types of catchments, assemblages 
should comprise a variety of tools and these assem
blages should be diverse. If few types of catchments are 
in a region, assemblage diversity should be low and 
there should be few tool types. 

The requirements for constructing and maintaining fa
cilities should affect the kinds of tools found in assem
blages; thus, sites with more facilities should have 
different tools and a higher diversity of tools compared 
to sites with fewer facilities . Technology affects resource 
cost curves. A technology that increases procurement 
efficiency, thus lowering the cost of exploitation, allows 
a resource to become more important in an economy 
(Earle 1980; Hill and Hawkes 1983; Yost and Kelly 
1983). A technology that increases the maximum po
tential yield of a resource allows intensification of that 
strategy (Earle 1980). 

Exchange 

The products obtained through indirect procurement, 
the repetitiveness with which these activities occur, and 
the amounts of materials involved in these transactions 
are affected by catchment composition and diversity. 
If resources are lacking in a catchment area, exchange 
partnerships with persons having the resource(s) but 
lacking in something else can balance resource inequ
ities or insecurities. Also, the use of exchange partner
ships for risk minimization (i .e., maintaining ties for 
use in times of stress) may affect the choice of a site 
location to include exchangeable products in the catch
ment. Exchange affects resource costs by lowering the 
costs of direct procurement. How often one must en
gage in procurement or manufacture of exchange prod
ucts affects personnel needs and the size of the aggregate 
participating in the system. An aggregated population 
can support an exchange system demanding frequent 
participation better than a dispersed population be
cause the former has quicker, better organized access 
to personnel and resources than the latter. 



Facilities 

Facilities construction, maintenance, and fuel effi
ciency is affected by settlement permanence. As people 
become more sedentary, investments in facilities that 
would bind them to a particular location become feas
ible (and probably necessary). Sedentary populations 
can defend their storage facilities, for example, better 
than a mobile population that is not always there to 
protect the investment. Time for constructing facilities 
is available when a population resides in one place 
longer, and it is easier to maintain facilities when the 
population or a portion of the population is resident. 
The investment in (storage) facilities also encourages 
settlement permanence because storage makes it pos
sible for a population to reside in one place and exist 
on stored foods rather than moving residences in pur
suit of food. 

Facilities require the technology for construction and 
maintenance, thus tool assemblages will reflect these 
activities. A labor force larger than the family may be 
required to construct and maintain some facilities (e.g., 
water control devices, irrigation canals, centralized 
storage areas), thus personnel needs will rise. The pres
ence of storage facilities and devices that raise resource 
productivity encourage population aggregation in those 
sites because larger groups of people can be supported. 

Personnel Needs 

Activities that require the participation of extrahouse
hold groups will encourage the formation of larger ag
gregates . The permanence of these aggregates will 
depend on the frequency with which they must func
tion, and the amount of security or risk buffering they 
offer. 

Personnel needs are affected by resource mix, exchange, 
facilities, and integration. Intensified subsistence strat
egies often need cooperative labor groups and security 
buffers in the form of food collection and distribution. 
Sizeable exchange systems need a large population base 
to function. Facilities require labor groups for construc
tion and maintenance. Integration requires personnel 
to fill social positions and to provide food collection/ 
distribution when crops fail or when the supply of 
stored goods is low (Ford 1972). 

Personnel needs affect aggregation because the greater 
and more frequent these needs are, the more incentive 
there is to form population aggregates. These aggregates 
may be temporary or permanent depending on their 
function and the frequency with which they must op
erate. The costs of forming and disbanding aggregates 
must be weighed against the costs of maintaining per
manent aggregates. 

SETTLEMENT BEHAVIOR 

Aggregation 

Aggregation refers to a nucleated population whose 
members interact regularly (Glassow 1977; Henderson 
1979). The greater the need for labor groups or coop
eration in food collection/distribution, the more aggre
gation will occur. Exchange systems also encourage 
aggregation for their perpetuation and success (Graves 
et al. 1982). Larger aggregates are "encouraged" by the 
presence of storage facilities ·and other facilities that 
raise resource productivity. Population density and ag
gregation also are related; as density increases, the prob
lems of dispersed populations infringing on other's 
territories become more obvious and aggregation is one 
way to alleviate such problems. As integrative needs 
increase, aggregation will be favored over dispersion. 
Changes in resource mix can affect aggregation as strat
egies producing more per unit area may encourage peo
ple to aggregate. 

Aggregation affects the spacing between population ag
gregates; as aggregates grow in size, the space between 
them should increase. In a region where population 
density is low and aggregation is low, the space between 
aggregates will be high; if population grows and aggre
gates remain small, the space between aggregates will 
decrease and problems of unwanted interaction and 
"trespass" will develop. Population aggregation is one 
solution to the problems. The formation of widely 
spaced aggregates provides sufficient territory for sub
sistence pursuits and allows the formation of buffer ter
ritory between aggregates . Aggregation will affect 
resource costs because of the effects of larger aggregates 
on the natural resource structure and the output re
quirement of the aggregated group. Aggregated groups 
are more likely to be in permanent settlements because 
of logistic problems with large group mobility. 

Integration 

As the number of component groups in a society grows, 
and as the activities that these groups perform become 
more differentiated, positions develop to coordinate 
and tie the groups together (Plog 1974, 1978). An ag
gregated population is better able to fill these positions 
than a dispersed population, thus the need for integra
tion encourages aggregation. The opposite also is true: 
aggregated populations need integrative mechanisms to 
pull disparate groups together and to assure that the 
society can operate as a whole. 

The effects of population density on integration are 
similar to those on aggregation: the higher the density, 
the greater the need to coordinate activities and move
ments to avoid conflicts. 
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Spacing 

The amount of space between population aggregates is 
affected by the degree of aggregation and population 
density. As aggregation increases, so will the space be
tween aggregates . As population increases, the space 
between aggregates will decrease. If population density 
increases, the space between aggregates will decrease 
until population aggregation occurs; at that time, the 
space between aggregates will begin to widen. 

Population Density 

As the population in a given area grows, the densit.y of 
that population increases. Population density is im
portant in this model because of the implications of 
growth for so many aspects of the socioeconomic sys
tem. Most of these relationships have been described 
previously and are summarized here. 

Population density affects resource exploitation costs, 
aggregation, integration, spacing, and settlement per
manence. A population's caloric requirement is deter
mined b y the size and age-sex structure of the 
population; changes in population density affect this 
caloric requirement which, in turn, affects the level at 
which resources must be exploited to meet the require
ment. An increase in population density raises the out
put requirement, resulting in the exploitation of 
resources at a higher marginal cost than before. Changes 
in population density will affect aggregation and inte
gration. As population density grows, integration and 
aggregation will increase in response to population 
packing and the need to coordinate the movements and 
activities of a larger population. Population density af
fects the spacing between population aggregates. As 
density increases, the space between aggregates will de
crease ; however , this is mediated by population 
aggregation. 

Population density affects settlement permanence for 
reasons similar to those for its affects on aggregation. 
The higher the density in an area, the greater the po
tential for conflicts with a mobile subsistence strategy. 
Settlement permanence reduces mobility, thus helping 
to alleviate some of the problems faced by a denser 
population. 

Population density is affected by settlement perma
nence because as mobility becomes restricted there are 
more opportunities for new populations to move into 
an area and establish new settlements. Population den
sity also is affected by costs, with lower cost areas being 
more attractive than higher cost areas. 

Settlement Permanence 

The length of time that a habitation is occupied during 
the year is affected by aggregation, population density, 
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fac il ities, and subsistence strategies (resource mix). The 
costs of maintai ning mobility under aggregated con
di tions are likely to be high , thus, as aggregation in
creases, so should settlement permanence. This does 
not imply that people do not move; it implies that not 
everyone moves at the same time (i.e., a portion of the 
population always is in residence at the habitation). 
Population density and settlement permanence are re
lated - an increase in density will eventually require 
curtailed mobility. The presence of facilities requiring 
protection and maintenance will encourage settlement 
permanence, or at least a "skeleton crew" in residence 
at the habitation for most of the year. Settlement per
manence affects facilities construction as the longer 
people are in one place, or if they return regularly, the 
more feasible the investment in permanent facilities for 
storage or subsistence intensification. Finally, subsist
ence strategies requiring increased production per unit 
area will encourage settlement permanence. 

Conclusion 

The settlement behavior model is complex, and at
tempts to test such a model cannot deal with all of the 
relationships at once. Several studies using DAP data 
were designed to expl icate some of the relationships. 
In the .following 2 sections, the DAP data used in the 
settlement behavior modeling studies are described and 
the modeling studies are summarized. 

DATA BASES 

The most commonly used data in the settlement be
havior studies were the set of intensively surveyed sites 
in the DAP takeline and the environmental data from 
which site catchment contents were computed. These 
data are briefly described here. 

The survey sites provide data on over 900 prehistoric 
sites within the DAP takeline, and for 90 to 95 percent 
of the sites, the survey data represents the only data 
recorded. This is the only data base suitable for settle
ment studies as it covers both the river valley and the 
uplands, and represents I 00-percent coverage of the 
takeline except on canyon walls. The excavation data 
favor the river valley and large habitation sites, a sit
uation unsuitable for settlement system analyses. The 
sites have been placed into fu nctional site types based 
on surface architecture; the site type classification 
yielded 480 limited activity loci, 319 habitation loci, 
67 seasonal loci, and 75 sites of unknown type. 

Most of the sites in the Dolores area a,re limited activity 
loci ; unfortunately, these sites are the most difficult to 
date making them the least useful data for diachronic 
studies. However, some analyses were conducted using 



limited activity" site data, and these are discussed in the 
modeling study summaries. The seasonal loci also are 
di fficult to date, which limits the kinds of studies that 
can be done with these sites. Habitation sites are the 
easiest to identify and the easiest to date, thus, they 
fo rm the basis for most of the settlement behavior mod
eling studies. 

An envi ronmental data set was compiled for use in the 
catchment studies, which were an important part of the 
settlement behavior modeling effort. A grid of 200-
by 200-m cells, based on UTM (Universal Transverse 
Mercator) coordinates, was placed over the Dolores 
takeline, plus I km outside the takeline (for a total of 
13,728 ha). For each cell, all types of water sources were 
coded and the dominant soil quality, cold air drainage 
risk, and vegetation were coded (Orcutt 1985a). Based 
on site UTM coordinates, the appropriate cells within 
a specified distance up to I km from the site were in
cluded in the site 's catchment area by Microsoft and 
SuperSoft Fortran programs run on an IBM PC. 

The variables in the environmental data set have been 
described by Orcutt ( 1985a) and are summarized here. 
The water types present in the Dolores area, according 
to the USGS (U.S. Geological Survey) 7.5' topographic 
maps, are permanent drainages, intermittent drainages, 
marshes, springs, and no water. Soil quality is based on 
the Soil Conservation Service's land-capability classes 
(Nielsen 1979). In the Dolores area, 4 of these classes 
are present: III, IV, VI , and VII. In the catchment stud
ies these were named "good," "adequate," "marginal," 
and " nonagricultural." Cold air drainage risk refers to 
spatial variability in the growing season related to phy
siography and elevation. The 3 types of cold air drain
age risk and associated growing season length are: low 
(greater than 120 days), moderate (90 to 120 days), and 
high (60 to 90 days). A risky growing season (Orcutt 
1985b, 1985c) shifts moderate risk land to high risk and 
shifts low risk land to a growing season of greater than 
90 days (Petersen and Clay 1985). 

Vegetation cover types in the Dolores area consist of 
the fo llowing: big sagebrush, riparian, aspen, pinyon
jun iper, oak, mountain brush, ponderosa-oak, oak and 
Douglas-fir, and mountain brush and Douglas-fir. Two 
vegetation maps were constructed for the Dolores area 
to show the vegetation distribution for different cli
matic conditions in the past. One map, based on the 
vegetation ca. 1920, shows the vegetation distribution 
fo r periods that are characterized by relatively moist 
conditions: A.D. 600 to 800 and between approxi
mately A.D. 1000 and 1100 (Petersen 1985a:fig. 1). The 
second map reconstructs the vegetation distribution for 
periods with relati vely drier conditions: A.D. 800-1000 
and 1100-1 175 (Petersen 1985a:fig. 9). 

SETILEMENT BEHAVIOR 

MODELING STUDY SUMMARIES 

Studies developed to test aspects of the settlement be
havior model are summarized in this section. One study 
deals with site types, several of the modeling studies 
focus on aspects of the catchment composition rela
tionships, and one study examines aggregation and 
spacing in the context of the settlement behavior model. 

Site Type Studies 

The definition of functional site types is critical to set
tlement system analyses. Schlanger and Orcutt (1985) 
examined the relationships among architectural site 
types, based on architecture, modeled functional site 
types, and artifact assemblage characteristics. If the ex
pected site types were proxies for functional site types, 
then the assemblage variables should confirm the ar
chitectural characteristics. The goal was not to refine 
existing typologies, such as that employed by the South
western Anthropological Research Group (Plog and 
Hill 1971 ), because archaeologists still are coping with 
the task of distinguishing the site types commonly in 
use. For example, sites with I or 2 rooms (" small sites" 
[Pilles and Wilcox 1978; Ward 1978]) are classified as 
habitations by some (Euler and Chandler 1978:78; Plog 
1978:58) and as limited activity sites by others (Dean 
and Lindsay 1978: Ill ; Dean et al. 1978:29). 

Three general site types were expected in the Dolores 
are: (I) non-residential sites (limited activity loci); (2) 
short-term residences (seasonal loci); and (3) perma
nent residences (habitation loci). Three kinds of sites 
could be distinguished from the survey data on the basis 
of architecture: (I) sites with no architecture visible on 
the surface and no indication of subsurface architec
ture; (2) sites with concentrations of small chunks of 
sandstone rubble; and (3) sites with substantial archi
tectural remains, including upright sandstone slab 
alinements, larger pieces of unshaped rubble, masonry 
walls and wall fall , and subsurface pitstructures . 
Whether these architectural types fit the expected gen
eral site types was assessed using a model of artifact 
assemblage characteristics. 

The model of expected differences between site types 
was based on 2 concepts. First, the more time spent in 
a place during a given episode of use, the more domestic 
activities will take place and 6e reflected in the ar
chaeological record. Thus, length of stay or anticipated 
length of stay will influence the investment made in 
facilities for housing, cooking, food storage, and equip
ment storage. The 2 extremes of the length-of-stay con
tinuum are the permanent residence (habitation locus) 
and the short-term procurement or collecting site (lim
ited activity locus). Second, the site types are part of 
an integrated system of tool use and discard (Binford 

545 



FINAL REPORT 

1979; Ellis 1978; Russell 1978). These 2 principles 
structure the following definitions and assemblage ex
pectations for the 3 site types: limited activity loci, sea
sonal loci , and habitation loci. 

In the Dolores area, limited activity loci sites were used 
for a short time (days) and for a single economic season 
by a few individuals (Kane 1983:20). The activities per
formed at these sites probably varied from place to 
place and the characteristics distinguishing these sites 
as a group result from their use by workers coming from 
a residential base and include the absence of permanent 
shelters or houses, and an artifact assemblage composed 
primarily of discarded, unusable tools and the manu
facturing debris from tool repairs and quickly made 
tools. Relatively few tool types should be present at any 
one of these sites. 

Seasonal loci were used for several days, weeks, or even 
2 or 3 months by small social groups (Kane 1983:21-
22). Seasonal sites have architecturally bounded spaces 
similar to those at habitations (i.e., aboveground rooms 
consisting of I living room and several storage rooms) 
but lack pitstructures (Kane 1983:22). Because these 
sites are in use for relatively long periods, discarded 
materials should reflect domestic activi ties - cooking 
and food preparation, eating, and tool manufacture and 
maintenance. As secondary habitations the assemblages 
should resemble those from habitations more than 
those from limited activity loci. 

Habitation loci were continuously occupied or were oc
cupied for a major portion of the year. Architectural 
remains are substantial, including roo ms and pit
structures (Kane 1983:23). Because these sites represent 
the primary residential component in the settlement 
system, they should be the locus of most personal main
tenance - housing, food preparation, storage, and con
sumption - and the locus of the greatest amount of tool 
manufacture and maintenance. The number of tasks 
performed, and the tools and equipment needed to per
form them, should be greatest at these sites. 

Three stages of analysis were designed to test the fit 
between the architectural types and the expectations for 
those types. All artifact assemblage variables used in 
the analyses are from the DAP additive technologies 
(Blinman et al. 1984) and reductive technologies (Pha
gan and Hruby 1984) analytic systems. The artifacts 
come from systematic, intensive surface collections 
(Bohnenkamp et al. 1984; Schlanger and Harden 1983); 
the majority of the materials are from complete (" I 00 
percent") collections of all stone and ceramic artifacts 
found on the site surfaces. 

In the first stage of analysis, 48 sites fro m the proba
bility survey (Schlanger and Harden 1983) were used 
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in analysis of variance and di scriminant analysis. Of 
the 48 si tes, 31 could be typed and 17 are " unknown" 
because of incomplete architectural data. A large num
ber of variables was used , including the number of 
flaked lithic tool types, the number of nonflaked lithic 
tool types, the number of ceramic types, and the total 
number of artifact types (refer to Schlanger and Orcutt 
[ 198 5] for a complete list of the variables). The analysis 
of variance indicated the groups are significantly dif
fere nt with respect to all the variables except the num
ber of ceramic types; the F value greater than I for the 
number of ceramic types, however, indicates that the 
groups are different but not statistically different 
(Schlanger and Orcutt 198 5). 

The model of functional types expects the number of 
tool types to increase from limited activity loci to sea
sonal loci to habitation loci, and intragroup variation 
in the number of tool types should decrease from lim
ited activity loci to seasonal loci to habitation loci , re
flecting reduced intragroup variation in site functions. 
These expectations were tested using predicted and ac
tual means and CV's (coefficients of variation) for the 
variables. The results indicate complete agreement be
tween the predicted and actual rank orders for the num
ber of nonflaked lithic tool types and for the number 
of ceramic types; the mean and CV rank orders do not 
agree with the predicted order for the number of fl aked 
lith ic tool types, and the CV rank order does not match 
the predicted order for the number of all artifact types. 
Overall, however, good agreement was achieved be
tween the actual and predicted rank orders, lending sup
port to the architectural types as functional types 
(Schlanger and Orcutt 1985). 

Discriminant analysis was used in the first stage to con
firm the group assignments based on architecture using 
the art ifact variables. The variables consisted of the 
assemblage proportions of 20 artifact types, flaked 
lithic tool energy input, nonflaked lithic tool energy 
input, and ceramic energy input (Schlanger and Orcutt 
1985). The discriminant analysis results are described 
in detail by Schlanger and Orcutt ( 1985); they indicate 
good group separation based on Wilk's lambda, and the 
correlations between the variables and the discriminant 
functions, and the group centroids on the functions con
form well with the expected differences between the site 
types. Generally, the discriminant functions separate 
the groups on the basis of the relative contributions of: 
(I) expedient tools (utilized flakes and debitage without 
cortex); (2) domestic maintenance items (sherds); and 
(3) nonflaked lithic tools, especially manos, assoCiated 
with food preparation. Limited activity loci have high 
proportions of expedient tools and low proportions of 
sherds and manos. Seasonal loci have low proportions 
of expedient tools and high proportions of sherds and
manos. Habitation loci are similar to seasonal loci and 



have higher proportions of expedient tools and lower 
proportions of sherds and manos than seasonal loci. 

The discriminant analysis classified 90.3 percent of the 
sites correctly. One (7.1 percent) of the 14 limited ac
tivity loci was classified as a habitation locus and 2 
(20 percent) of the seasonal loci were classified as hab
itation loci . All habitation loci were classified correctly. 

In the second stage of analysis, a different set of sites 
was used and the number of variables was reduced to 
7 (Schlanger and Orcutt 1985). The discriminant func
tions and group centroids indicated that the site types 
were distinguishable along the lines expected and gen
erally supported the differences obtained in the first 
stage discriminant analysis. Classification accuracy was 
high, 90.6 percent correct, with only 3 sites being mis
classified by the discriminant analysis. 

Because the 2 discriminant analyses had confirmed the 
site groups with high accuracy, it was decided the sec
ond stage discriminant functions would be used to clas
sify 198 sites for which we knew the site type but which 
were entered as " unknown." This is different from the 
confirmatory uses of discriminant analysis discussed 
above; in this part of the study, the discriminant anal- · 
ysis was expected to assign ungrouped (" unknown") 
sites to groups, allowing us to assess the accuracy of the 
procedure. 

Only 43.4 percent of the "unknown" cases were as
signed to the correct type (Schlanger and Orcutt 1985). 
Although the classification accuracy is low, it is not as 
low as making random site type assignments. A tau 
value of 0.16 indicates 16 percent fewer classification 
errors than would be expected if sites were randomly 
assigned to types (Klecka 1980:51 ), indicating that 
when architectural features cannot be used to make type 
assignments, the discriminant classification technique 
would be preferable to assigning sites at random. 

In the third stage of analysis, a potentially complicating 
cultural factor that may have contributed to the poor 
discriminant classification performance was examined. 
While many factors can contribute to assemblage var
iability that would cause the discriminant analysis to 
have difficulty in making correct assignments, Schlan
ger and Orcutt ( 1985) decided to examine functional 
shifts in use that did not correspond to architectural 
changes. If agriculture became more important in the 
Dolores subsistence economy as local population grew 
and natural resources became more scarce (Kane et a!. 
1982; Orcutt 1983; Schlanger 1982), site type assem
blages might change in response to this economic 
change. Specifically, an increase in agricultural de
pendence would increase the use of field houses, of 
other seasonal loci, and of limited activity loci because 
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the population would be tied to agricultural stores and 
land; this should produce increases in food storage fa
cilities and food processing facilities and equipment at 
either the habitation loci or the seasonal loci, and prob
ably at both. Expectations for changes in assemblages 
were derived to test the economic change hypothesis 
and the surface collections from 28 habitation sites in 
4 temporal groups were used for testing. A discriminant 
analysis classified 46.4 percent of the sites correctly 
(28.6 percent better than random assignments), indi
cating that site type functions may have varied signif
icantly through time. Difference-of-means tests also 
indicated that assemblage changes through time fit well 
with the predictions for change based on the economic 
change model. 

These temporal (economic) differences may have af
fected the second stage discriminant classification. To 
test this, 35 habitation sites used in the second stage 
discriminant analysis were assigned to I of 2 temporal 
groups (A.D. 600-800 and 800-920) and the discrimi
nant classifications for each site were examined. Of the 
I I A.D. 600-800 sites, 8 were classified as habitations 
and 3 as seasonal loci by the discriminant analysis; of 
the 24 A.D. 800-920 habitations, 9 were classified as 
habitations and 15 as seasonal loci by the discriminant 
analysis. A Fisher's exact probability test indicates 
these differences are significant and that the A.D. 800-
920 sites are more likely to be classified as seasonal loci 
than as habitation loci. Because the architectural fea
tures at these sites are consistent with the model for 
permanent habitation sites , Schlanger and Orcutt 
(1985) concluded that the activities at these sites were 
more similar to those at seasonal sites during this period 
(A.D. 800-920), thus introducing variability that the 
discriminant functions could not handle well. 

Despite the confounding effects of assemblage varia
bility on discriminant classification success, the dis
criminant analysis can be used to classify sites for which 
architectural data are incomplete. Overall, the archi
tectural types appear to be good proxies for functional 
site types; however, the possibilities of complicating 
factors, such as economic change, should be considered. 

Catchment/Locational Studies 

Orcutt ( 1985a) examined the relationships among re
source costs, resource mix, and habitation site catch
ment composition/diversity. No direct estimates for 
resource costs and resource mix were available at the 
time of the study so proxy measures were developed 
based on arguments derived from Christenson ( 1980) 
and Earle ( 1980). While these proxies were carefully and 
logically derived from the margiPal cost model, they 
may not accurately reflect the changes in resource mix. 
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Several variables - population density, social organi
zation complexity, human disturbance to the natural 
environment, and climate- have important effects on 
the marginal cost at which resources will be exploited 
and on the cost curves themselves (Earle 1980). These 
form the basis for 2 proxy variables used to predict 
changing resource use. The variables used to create the 
proxies are described below. 

Population density was computed 2 ways (Orcutt 
1985d). First, population density for the Dolores area 
was calculated, in which case the trajectory is the same 
as that for population size. Second, population density 
was calculated relative to the size of the area occupied 
during each period (data assignments for DAP periods 
are outlined in chapter I). The latter provides an es
timate of the pressure on local resources, assuming that 
populations utilize areas closer to them more heavily 
than distant areas. 

Climatic stress refers to below average precipitation 
and risky growing season length (Orcutt 1985b, 1985c). 
In the absence of specific knowledge of the differential 
effects of precipitation and growing season length on a 
variety of resources, the 2 are considered to represent 
a similar stress on subsistence resources. The problem 
in considering the 2 together is that not all resources 
may respond the same way to moisture stress, to tem
perature stress, or to both; however, there is support 
for taking this approach in a gross level analysis (Garza 
1978; Shuster 1983; Wetterstrom 1976). Droughts are 
represented by a tree-ring width greater than or equal 
to I /2 standard deviation below the mean (Slatter 1979) 
in the Dolores (pre-A.D. 1136) or Mesa Verde (post
A.D. 1136) tree-ring chronologies. A risky growing sea
son of 113 days or less is defined by a tree-ring width 
greater than or equal to 112 standard deviation below 
the mean (Orcutt 1985b, 1985c) in the Almagre Moun
tain tree-ring index (Petersen 1985b ). 

The degree of aggregation is used to represent social 
organization (i .e., the ability to mobilize work groups) 
and the impact of human disturbance on the environ
ment. Household aggregation, the average number of 
households per rubble area (Orcutt 1985d), provides an 
estimate of social organization complexity. Spatial ag
gregation, the average number of households within 
500 m of a rubble area (Orcutt 1985d), represents both 
social complexity and the potential for environmental 
disturbance. 

The variables were combined to produce 2 potential 
resource costs/resource mix proxies: (I) project area 
population density, frequency of climatic stress, dura
tion of climatic stress, household aggregation, and spa
tial aggregation; and (2) occupation area population 
density, frequency of climatic stress, duration of eli~ 
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matic stress, household aggregation, and spatial aggre
gation. Each period was ranked on each of the variables 
to produce a total rank; the total ranks for the periods 
represent an "intensification index," wher(! the lowest 
rank reflects the least intensification and the highest 
rank reflects the most intensification (tables 10.1 and 
10.2). The intensification trajectories are similar for the 
2 proxies (figs. 10.3 and 10.4). For the first proxy var
iables, the periods rank (from lowest to highest) in the 
following order: 7.3, I , 6, 3, 2, 4, 7.1, 7.2, 5. For the 
second proxy variables the periods rank in the following 
order: I, 7.3, 3, 6, 2, 4, 7.1, 7.2, 5. 

The proxy variables (intensification index) are inte
grated with additional expectations regarding risk or 
uncertainty minimization and the long-term implica
tions of human disturbance to make predictions re
garding resource use in the Dolores area. Uncertainty 
was assessed qualitatively and refers only to the un
certainty accompanying climatic stress; responses to 
uncertainty were expected to be seen in locational se
lection for soil quality/cold air drainage risk situations. 
In general, high uncertainty would select for high di
versity of soil quality/cold air drainage risk and low 
uncertainty would select for low diversity; moderating 
the level of diversity is the predictability of the type of 
stress and the stress itself. Droughts should select for 
low and moderate cold air drainage risk land, risky 
growing seasons should select for low cold air drainage 
risk land, and the presence of both stresses should select 
for low and moderate risk land. Human disturbance is 
assumed to be additive; many years of agricultural ma
nipulation by a growing population creates a positive 
feedback situation, encouraging the continued use of 
agriculture and adding to the intensification expected 
on the basis of the intensification index. A declining 
population will disturb less land, and if nondisturbance 
continues, these areas will proceed through normal 
successional stages. Cost curves for subsistence re
sources will shift several times throughout the succes
sional cycle with agriculture becoming more costly than 
in a disturbed habitat. 

Based on the predictions using the intensification index 
and considerations of uncertainty and human disturb
ance, expectationsfor changes in habitation catchments 
were developed for each period (Orcutt 1985a). Envi
ronmental data from 1-km radius habitation catch
ments for pairs of periods were compared and evaluated 
in light of the expectations; overall agreement between 
the data and the expectations was not good. In partic
ular, expectations for differences in vegetative and soil 
quality/cold air drainage risk diversity were not sup
ported by the data. Locations chosen may have offered 
sufficient diversity and access to appropriate cold air 
drainage risk situations to allow populations to adjust 
their land-use strategies when necessary. 
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Table 10.1 - Rankings on variables, by period 

Period Project area 
pop density 
(low-high) 

I 3 

2 6 

3 7 

4 9 

5 8 

6 2 

7.1 4 

7.2 5 

7.3 I 

Occup - Occupation. 
freq - Frequency. 
pop - Population. 

Occup area 
pop density 
(low-high) 

I 
4 
5 
7 
8 
3 
6 
9 
2 

Table 10.2 - Total ranks for proxy variables for each 
period 

Proxy 
variables* 

====== 

Period 
2 3 4 5 6 7.1 7.2 7.3 

I 14 24 22 27 41 20 32 32 13 
2 12 22 20 25 41 21 34 36 14 

*I = Project area population density, frequency and 
duration of climatic stress,household aggregation, and 
spatial aggregation (total ranks are plotted in fig. 10.3). 
2 = Occupation area population density, frequency and 
duration of climatic stress, household aggregation, and 
spatial aggregation (total ranks are plotted in fig. lOA). 

Habitation locations (catchments) were compared to 
catchments for a set of random points in the Dolores 
area. The random points represent a nonselection sit
uation that approximates the distribution of environ
mental characteristics in the Dolores area. The results 
of this analysis were more interpretable in terms of the 
expectations for subsistence/locational change than the 
results of the habitation comparisons. 

The most striking pattern to emerge from the 
habitation-random points comparisons is that the A.D. 
600-920 habitation site catchments apparently were 
placed to maximize good-quality agricultural locations 
and to minimize poor-quality agricultural locations. 
Even in periods of high population density, when good 
agricultural land might have become scarce, this selec
tion still is evident. The post-A.D. 920 catchments do 
not exhibit selection for good agricultural locations; 
however, most show a preference against poor agricul
tural locations. Interpreting the post-A.D. 920 patterns 
is difficult. although it is tempting to propose that they 

Climatic stress Aggregation 

Freq Length Household Spatial 
(low- (low- (low- (low-
high) high) high) high) 

6 
7 
4 
3 
9 
I 
8 
5 
2 

3 I I 
4 3 4 
2 4 5 
I 5 9 
9 8 7 
8 6 3 
7 7 6 
5 9 8 
6 2 2 

represent subsistence diversification (which is contrary 
to what was expected for 2 of the 4 periods). Part of 
the problem in interpreting the data is that the Dolores 
area is sparsely occupied after A.D. 920 and it may be 
necessary to understand the relationship of the Dolores 
occupation to surrounding areas before a reasonable 
understanding of the patterns can be achieved. 

The major period of occupation in the Dolores area 
(A.D. 800-920) was characterized by the formation of 
large villages and communities. Thiessen polygons for 
7 villages/communities (McPhee, House Creek, May 
Canyon, Rio Vista, Grass Mesa, Windy Ruin, and Cline 
Crest) were constructed to evaluate resource availabil
ity, population density and agricultural quality, and the 
potential for intensification. Problems with the Thies
sen polygons that may have affected some of the results 
are noted but cannot be evaluated: some polygon 
boundaries are arbitrary due to the absence of bounding 
communities or the presence of steep canyon walls; 
none of the polygons have been completely surveyed, 
and survey coverage varies among the polygons; thus, 
the analysis of the relationship between population den
sity (for surveyed areas only) and agricultural quality 
(for the entire polygon) may be suspect. 

The polygons differed with respect to vegetative com
position, vegetative diversity, soil quality/cold air 
drainage composition, and soil quality/cold air drain
age diversity. Aspects of vegetative composition and 
soil quality/cold air drainage risk composition were 
used to assess agricultural quality and to rank the pol
ygons with respect to agricultural quality in the A.D. 
800-840, A.D. 840-880, and A.D. 880-920 periods. The 
type of climatic stress in each period was used to create 
a list of the best agricultural variables for that climate. 
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Figure 10.3 - In tensification trajectory, proxy variable one 
(adapted from Orcutt 1985a: fig. 1). 

In addition, variables such as high-risk land, marginal 
land, and nonagricultural land were assumed to detract 
from a polygon's agricultural quality. 

Because the A.D. 800-840 and A.D. 840-880 periods 
are characterized by droughts, variables enhancing ag
ricultural quality include: good- and adequate-quality 
low- and moderate-risk land, and big sagebrush vege
tation (the easiest vegetation to clear); the variables sub
t racti ng from agricultural quality are good- and 
adequate-quality high-risk land, all marginal quality 
land, and all nonagricultural land. For the A.D. 880-
920 period, characterized by risky growing seasons, the 
fo llowing variables add to agricultural quality: good
and adequate-quality low-risk land, and big sagebrush 
vegetation. Subtracting from agricultural quality are 
good- and adequate-quality moderate- and high-risk 
land, all marginal quality land, and all nonagricultural 
land. The percentage ofland in each category was added 
or subtracted to produce a value representing the over
all agricultural quality of the polygon in each period; 
the better quality polygons had the higher ranks, and 
the poorer quality polygons had the lower ranks. 

The polygons were ranked according to population den
sity in the surveyed portions of the polygons and were 
compared to the agricultural quality ranks to test the 
proposition that better quality agricultural areas had 
higher population densities. The correlations in all 3 
time periods were low and none were significant. It is 
not known how much the absence of complete survey 
in the polygons affected these results, if at all. 

Arable land demand in each polygon was simulated to 
obtain estimates of the potential for increasing agri
cultural production and to better understand how labor 
and land intensification might occur. Three modeled 
demand levels per household were used in the analysis: 
3.5 ha/household, 5.0 ha/household, and 8.0 ha/house
hold (Bradfield 1971 ; Culley et al. 1982; Ford 1968; 
Lange 1968). Each of these figures includes a 50-percent 
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Figure 10.4 - Intensification trajectory, proxy variable two 
(adapted from Orcutt 1985a:fig. 2). 

fallow (modified from Ford 1968); thus, cultivated land 
is 1.75 ha/household, 2.5 ha/household, and 4.0 ha/ 
household. Cultivating I. 7 5 ha/household provides 
67 percent of a population's annual caloric requirement 
and produces a surplus of calories equivalent to ap
proximately 0. 7 to 1.9 months/household (Orcutt 
1985b, 1985c); cultivating 2.5 ha/household provides 
96 percent of a population's annual caloric requirement 
and provides a surplus of calories equivalent to 6.6 to 
7.5 months/ household (Orcutt 1985b, 1985c); culti
vating 4.0 ha/household provides 100 percent of the 
annual caloric requirement and a surplus of approxi
mately 18 months/household (Orcutt 1985a). These fig
ures strongly suggest high production is necessary if 
storage capacity is to be more than a fraction of a year. 

Arable land demand in the polygons was simulated us
ing momentary population estimates. The simulations 
indicated that in the A.D. 800-840 period all of the 
polygons had sufficient arable land to satisfy the 3 de
mand levels. Expanding production to meet increased 
output requirements or to raise the amount in storage 
was feasible in all the polygons. In the A.D. 840-880 
period, all of the polygons had sufficient arable land to 
supply 3.5 ha/household and 5.0 ha/household. Only 
the Grass Mesa and McPhee polygons could not supply 
8.0 ha/household as modeled with the 50-percent fal
low; Grass Mesa's polygon could supply 4.0 cultivated 
ha/household with a 21-percent fallow and McPhee's 
polygon could supply 4.0 cultivated ha/household with 
a 45-percent fallow. Expanding agricultural production, 
therefore, was possible in all the polygons, but would 
have required greater intensification at Grass Mesa and 
McPhee (fallowing less land). In the A.D. 880-920 per
iod, all moderate-risk land becomes high-risk land 
60 percent of the time so that for all practical purposes, 
only low-risk land is considered available during this 
period. Despite the loss of moderate risk land for ag
riculture, all polygons can supply 3.5 ha/household and 
all except Grass Mesa can supply 5.0 ha/household. 
Eight ha/household is possible in all the polygons except 



Grass Mesa and McPhee. The Grass Mesa polygon 
could supply 2.5 cultivated ha/household with a 
38-percent fallow, or 4.0 cultivated ha/household with 
a !-percent fallow. The McPhee polygon could supply 
4.0 cultivated ha/household with a 37-percent failow. 
As in previous periods, the potential for intensification 
of agricultural production exists in the Dolores area. 
Intensification at Grass Mesa and McPhee requires 
more effort because the fallow has to be reduced. In
tensification to provide a higher storage buffer may 
have been necessary during this time period to survive 
the longer climatic stress episode (averaging 6 consec
utive years in length, separated by an average of 2 
years). 

To understand the relationship between resource use 
and catchment composition, one aspect of field house 
location was examined. One expectation for habitation 
site catchments was that A.D. 800-840 and A.D. 840-
880 catchments should show a preference for low- and 
moderate-risk land and A.D. 880-920 catchments 
should prefer low-risk land; the expectation was not 
borne out by the habitation catchment data. Because 
field houses probably were located adjacent to the land 
being cultivated, their locations may provide a better 
indication of the immediate concerns for maximizing 
production potential than do habitation site locations. 
The results of analyzing 250-m radius catchments for 
field houses indicated that the A.D. 880-920 locations 
showed a significant selection against moderate risk 
land. 

Orcutt ( 1985a) developed expectations for subsistence 
change based on proxies for resource costs and then 
extended these expectations to composition and diver
sity of habitation site catchments. The catchment ex
pectations were tested by examining differences in 
habitation site catchments between pairs of periods, 
and differences between habitation site catchments and 
random points catchments. Because the latter analysis 
compared 2 contrasting data sets, the results were easier 
to interpret in a selection versus nonselection context 
than were the comparisons among the habitation site 
catchments. Differences were obtained in both com
parisons, but the differences were not always congruent 
with the expectations and probably reflect the pitfalls 
of too simplistic a model. The model focused on sub
sistence requirements as the prime mover in habitation 
location, and most of the results support this assump
tion; however, improvements could be made by mod
eling the contributions of social costs and non
subsistence resources costs to habitation location 
decisions. 

A study by Goulding ( 1985a) examined the relation
ships among catchment composition, types of catch
ments, and tool assemblage composition for 7 villages 
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and 28 hamlets in the A.D. 840-920 period. Goulding's 
( 1985a) framework for structuring the study included 
the following assumptions: (I) heterogeneous resource 
distributions will be exploited using logistic strategies; 
(2) resource structure close to a habitation will condi
tion subsistence and organizational strategies more 
than the resource composition farther from the site; (3) 
differences in organizational strategies required to pro
cure different resources should be reflected in artifact 
assemblage composition; and (4) some aspects of as
semblages should correlate with environmental and cul
tural variables affecting subsistence strategies. Also of 
interest in the study was determining whether villages 
were organizationally different from smaller hamlet 
sites and whether these differences, if they existed, were 
reflected in assemblage composition. 

An arability index was created for each site by multi
plying the percent of each soil quality class in a site's 
catchment area ( 1-km radius for villages; 5-km radius 
for hamlets) by a land quality rank (I to 4, worst to 
best). The ranks were summed for each catchment to 
obtain an overall index for the catchment (Montgomery 
1983). Cold air drainage risk was considered separately 
from soil quality to avoid possible correlations between 
cold air risk and soil quality; in Goulding's study, cold 
air risk was measured as the percent of land subject to 
moderate or high cold air risk. 

On the basis of the arability index and cold air risk 
index, the habitation site catchments appear to be very . 
heterogeneous. If micro-environmental variation 
among catchments is important for site-specific sub
sistence strategies, assemblage variability should be 
broad. A possible separation between villages and ham
lets is apparent in the arability and cold air risk indices 
- the majority of the villages have poorer arability in
dices than 96 percent of the hamlets. Also, the total 
number of households per site is negatively correlated 
with the arability index. 

Assemblage composition was examined for 3 artifact 
classes - flaked lithic tools, flaked lithic debitage, and 
ceramics- and it was found that the relative frequencies 
of the artifact classes were similar for the villages. While 
the villages fall within the range of variation exhibited 
by the hamlets, the village frequencies cluster at the 
high end of the ceramics range and at the low end of 
the flaked lithic tools range. 

The next step in the assemblage composition analysis 
was to examine relative frequencies of artifact types 
within the artifact classes. No distinct differences were 
apparent between villages and hamlets but some trends 
were discerned. Most notably, significant differences 
appeared between villages and hamlets in the percent
age of cores and the percentage of debitage with cortex; 
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villages and hamlets also differed in the percentage of 
thick bifaces and the percentage of utilized flakes. Un
fortunately, the differences in cores may be spurious 
because of the high number of zero values for this 
variable. 

Villages and hamlets also were examined with respect 
to hypothesized differences in the scope of interaction. 
Village populations often arc viewed as participants in 
social/exchange networks while hamlet populations are 
not. If so, there should be more nonlocal sherds and a 
higher diversity of lithic raw materials in village assem
blages. Goulding found the percentage of nonlocal 
sherds did not differ among villages and hamlets, and 
lithic raw material diversity correlated significantly 
with sample size making this variable unsuitable for 
the analysis. 

The relationships between arability and assemblage 
composition, and between cold air risk and assemblage 
composition were examined by Goulding ( 1985a) by 
grouping the habitation sites into 3 arability classes and 
3 cold air risk classes and comparing the assemblages 
in the different classes. With respect to arability, only 
the percentage of cores was significantly different (at 
the 0.10 level); however, the high number of zero values 
may have created a spurious relationship. There is a 
trend for differences among the arability classes in the 
nercentage of utilized flakes, thick bifaces, and jar 
sherds. The only significant (0.04 level) difference 
among the cold air risk classes was in the percentage 
of jar sherds. 

Finally, assemblage composition and population size 
were examined. Only the percentage of cores correlates 
significantly (0.021evel) with the total number of house
holds at a site and this relationship may be spurious. 
The deletion of 7 outliers from this analysis produced 
a significant (0.02 level) correlation between population 
and the percentage of utilized flakes. 

Goulding ( 1985a) concludes that villages and hamlets 
do not differ in assemblage composition; thus, subsist
ence and organizational strategies were similar for vil
lages and hamlets, and local environmental variation 
rioes not condition catchment-specific logistic strate
gies. He also suggests these conclusions might change 
if the data were subjected to a multivariate analysis. 
Based on the conclusions forced by this analysis, how
ever, Goulding suggests that because the populations 
apparently were involved in similar subsistence strat
egies, regardless of catchment or habitat variation, risk
compensating strategies must have been employed. The 
most probable risk-compensating strategy would have 
been food sharing through local exchange. 
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Another study by Goulding (1985b) deals with the re
lationship between limited activity site location and 
assemblage diversity. Goulding assumed that limited 
activity sites represented a logistical strategy respond
ing to the uneven spatial distributions and the season
ality of resources, that the sites were the locations of 
functionally discrete activities. and that the use
histories of the sites were functionall y redundant (i .e .. 
repeatedly used for the same activity or combination 
of activities). Artifact assemblage characteri stics were 
expected to reflect the use-histories of the sites; sites 
repeatedly used for similar purposes should have sim
ilar assemblages, and assemblage variability should 
cluster into distinct groups representing the different 
use-histories. The goal of the study was not to identify 
functional subtypes of limited activity sites, but was to 
explicate the overall role of the limited activity strategy 
in the Dolores system (Goulding 1985b). 

A total of II variables, consisting of flaked lithic tools, 
flaked lithic debitage, nonflaked lithic tools, and ce
ramics for 94 limited activity sites were used in the 
analysis. The 94 sites represent only a fraction of the 
limited activity sites recorded. The number was re
duced because of surface collection comparability prob
lems, historic disturbance (e.g., plowing), and statistical 
outliers. The 94 sites appear to be representative of the 
elevational distribution in the population of Dolores 
area limited activity sites; however, the site sizes in the 
sample are smaller than the site sizes in the population. 
Nonrepresentative site sizes probably result from elim
inating sites with less than 100-percent surface artifact 
collection, thereby eliminating very large sites (greater 
than 50 000 m2). Initial exploration of univariate and 
bivariate relationships, and attempts to measure or
ganizational complexity and assemblage similarity us
ing ratios did not reveal any patterns. Multi-variate 
analysis, particularly factor analysis, was thought to be 
the next appropriate step. 

Goulding ( 1985b) believed that statistical relationships 
representing distinct dimensions of organizational var
iability needed to be isolated in the assemblages and 
that factor analysis was appropriate for such an anal
ysis. The SPSS (statistical package for the social sci
ences) (Nie et al. 1975:468-514) factor procedure "PA2: 
Principal Factoring with Iteration" was used. PA2 re
places the main diagonal of the correlation matrix with 
communality estimates; in addition , default options 
were used, including VARIMAX criterion for orthog
onal rotation and OBLIQUE with direct oblimin cri
terion for oblique rotation. The orthogonal and oblique 
rotations produced similar results in terms of factor 
composition and interpretation. Three significant fac
tors were extracted in both rotations and were named 
according to the assemblage variables loading on the 
factors (biface factor, debitage factor, uniface factor). 



The uniface factor accounts for the most variance in 
the oblique solution, followed by the biface factor and 
the debitage factor. 

Composite variables based on the factor loadings were 
created so that additional limited activity sites could 
be used in subsequent analyses. The composite varia
bles correlate significantly with the factor scores; thus, 
it was assumed that analyses using the composite var
iables would produce results similar to those that would 
be obtained using factor scores, with the advantage that 
additional sites could be included in the analyses. The 
composite variables are: (I) the frequency of bifaces, 
used cores/cobble tools, and projectile points; (2) the 
frequency of unifaces and utilized flakes; and (3) the 
frequency of debitage. 

Goulding suggests the diversity of the composite var
iables in each assemblage should reflect the organiza
tional variability in an assemblage and, when compared 
to environmental distributions of sites ( and their di
versity scores), should measure the relative differences 
in exploitation strategies among environmental zones. 
Diversity scores for 217 limited activity sites did not 
reveal obvious categories or groups of diversity, which 
Goulding interprets as indicating that the operation of 
the limited activity strategy involved activities within 
a normal day's foraging radius (Binford 1978:487). 

One factor affecting the limited activity strategy is sea
sonality of resource availability. To investigate this fur
ther, the distribution of diversity scores in the 
predominant vegetation cover types (big sagebrush, 
pinyon-juniper, and oak) was examined. Differences in 
diversity trajectories were noted among the zones, but 
the greatest difference was only I 0 percent and the dif
ferences in mean diversity between the possible pairs 
of cover types were not statistically significant. Thus, 
instead of discovering the expected differences in as
semblage composition among supposedly distinct re
source zones, the opposite was found. As a potential 
explanation, Goulding ( 1985b) proposed no significant 
differences occurred among resources because limited 
activity sites were locations for the exploitation of dis
turbed habitats; i.e., rather than exploiting wild re
sources unique to each zone, the sites represent the 
exploitation of resources in agriculturally disturbed 
habitats regardless of vegetation cover. Thus, limited 
activity sites were part of a logistically organized sys
tem, as modeled , but the resources exploited were as
sociated with the agricultural system - plants and 
animals favoring disturbed habitats. Because the same 
resources were exploited in each vegetation zone, dif
ferences in the seasonality and spatial distribution of 
resources were not factors in site location or tool use. 
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A final study was initiated to tie up loose ends origi
nating from Goulding's ( 1985b) study of limited activ
ity sites and from Orcutt's ( 1985a) cursory examination 
of seasonal site locations. If limited activity sites and 
seasonal sites are components of the agricultural system 
-the former to exploit wild plants and animals favoring 
disturbed habitats (fields and fallow fields) , and the 
latter to plant, tend, and harvest domestic crops - their 
locations should be similar and should exhibit selection 
for good agricultural locations. Conversely, if limited 
activity sites were located to exploit wild resources not 
associated with disturbed habitats, there should not be 
a selection for good agricultural locations. Good agri
cultural locations are characterized by good or adequate 
soil, low or moderate cold air drainage risk, and big 
sagebrush vegetation. Catchment radii of 250 m were 
used to identify the kinds oflocations preferred for both 
site types; limited activity and seasonal catchments 
were compared to random point catchments and to 
each other. In total, 217 limited activity sites and 71 
seasonal sites were used in this analysis. 

The catchments were compared using the one-tailed 
Mann-Whitney U test. Compared to the random points 
catchments, the limited activity catchments have sig
nificantly more big sagebrush vegetation (p <0.002) and 
good- and adequate-quality low- and moderate-risk 
land (p <0.000 I), and significantly less riparian vege
tation (p <0.005) and high-risk land '(p <0.002). Thus, 
the limited activity catchments appear to be located to 
maximize good agricultural locations and minimize 
poor agricultural locations (e.g., areas that have vege
tation more difficult to clear, and areas that are high 
risk). 

The seasonal catchments have significantly more ri
parian vegetation (p <0.04), pinyon-juniper vegetation 
(p <0.008), good- and adequate-quality low-risk land 
(p <0.06), and nonagricultural quality land (p <0.06) 
than the random catchments. Surprisingly, selection for 
good agricultural locations among seasonal sites is not 
as obvious as for limited activity sites. While the sea
sonal sites do maximize good locations in terms of soil 
quality and cold air drainage risk, selection also in
cludes land with vegetation more difficult to clear and 
for nonagricultural land. 

Comparing limited activity catchments to seasonal 
catchments, the limited activity catchments have sig
nificantly more big sagebrush vegetation (p <0.0002), 
good- and adequate-quality low-risk land, and good
and adequate-quality low- and moderate-risk land 
(p <0.009), and significantly less riparian vegetation 
(p <0.002). The limited activity catchments appear to 
select for better agriculturai locations than seasonal 
catchments. 
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The characteristics of the limited activity catchments 
would appear to support Goulding's ( 1985b) hypothesis 
that the function of these sites within the local Dolores 
system is to exploit the anthropogenic communities as
sociated with agricultural activities. The seasonal si te 
locations are a problem - these sites are supposed to 
be an integral part of the agricultural system, yet the 
expected selection for good agricultural locations is not 
as strong as that for limited activity sites and is almost 
contradictory to the expectation. The selection for good 
argricultural locations among seasonal sites does not 
appear to be as strong as that for the pre-A.D. 920 
habitation sites (Orcutt 1985a). 

Because seasonal sites presumably were occupied for 
longer periods of time than limited activity sites (hence 
the differences in the architectural remains associated 
with the 2 site types [Schlanger and Orcutt 1985]), lo
cation near water for domestic or agricultural purposes 
may have been an additional consideration for seasonal 
site locations. The differences in the water types present 
in the catchments were compared to the water types 
present in the Dolores area using the test of equality 
of percentages (Sakal and Rohlf 1969:607-6 10). The 
limited activity catchments have a higher percentage of 
cells with no water than are present in the Dolores area 
(p <0.001). Also, the limited activity catchments have 
lower percentages of cells with permanent water 
(p <0.00 I) and cells with permanent and intermittent 
water (p <0.001) than the Dolores area. The seasonal 
catchments have higher percentages of cells with per
manent water (p <0.001) and cells with permanent and 
intermittent water (p <0.05), and a lower percentage 
of cells with intermittent water (p <0.05) than the Do
lores area. It appears that the locations of seasonal sites 
are determined in part by the presence of water; thus, 
dual selection criteria may exist for the locations of 
these sites, i.e., good agricultural locations, at least in 
terms of soil quality and cold air drainage risk, in areas 
close to water. The apparent selection of land wilh dif
ficult to clear vegetation, nonagricultural land, and high 
cold air drainage risk areas in seasonal catchments may 
reflect selection for locations with water rather than 
direct selection for those particular variables. The sig
nificant amount of permanent water in seasonal catch
ments suggests proximity to the Dolores River, to 
House Creek, or to Beaver Creek, all of which contain 
permanent water and are characterized by riparian veg
etation on lower canyon walls, pinyon-juniper vegeta
tion higher on the canyon walls, nonagricultural land, 
and high cold air drainage risk. 

Aggregation and Spacing Studies 

Orcutt ( 1985d) describes the changes that occurred in 
spatial aggregation, household aggregat ion, and spacing 
between population aggregates in the Dolores area. In 
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trying to explain the changes in aggregation and spac
ing, 2 sets of relationships were examined: ( I) the re
lation ships among resource costs , resource m ix, 
population density, and aggregation; and (2) the rela
tionships among population density, aggregation, and 
spacing. 

Based on the average number of households per rubble 
area (fig . 10.5), household aggregation increased 
188 percent from A.D. 600 to A.D. 920. Household 
aggregation reached its first peak in the A.D. 880-920 
period, with 5.16 households per rubble area. Aggre
gation decreased in the A.D. 920-980 period and in
creased again in the A.D. 980-1025 and A.D. 1025-1100 
periods. In the latter period, household aggregation 
reached a high of 6.35 households per rubble area be
fore decreasing 62 percent in the A.D. 1100-1175 
period. 

The characteri stics of household aggregation can be 
seen in the percentage of rubble areas of each household 
size (fig. 10.6) and the percentage of households in rub
ble areas of each household size (fig. 10. 7). One-house
hold rubble areas were present in all periods except 
A.D. 920-980 and A.D. 1100-1175. In the A.D. 920-980 
period, rubble areas ranged in size from 2 households 
to 6 households and in the A.D. 1100-1175 period, only 
rubble areas of2 and 4 households have been identified. 
All of the population in the A.D. 600-720 period was 
in rubble areas of 5 households or less. From A.D. 720 
through 800 the percentage of the population in rubble 
areas with less than 5 households declined , and from 
A.D. 800 through 880 the majority of the population 
had aggregated into larger rubble areas. In the A.D. 920-
980 period, the majority of the population was in rubble 
areas of 4 to 6 households, and in the A.D. 980-1025 
period the majority was in rubble areas of less than 8 
households. More than 50 percent of the population in 
the A.D. 1025-1100 period was in rubble areas of 
greater than 14 households. In the A.D. 1100-1175 per
iod the population was in rubble areas of less than 4 
households. 

Using the average distance between rubble areas in each 
period, spatialaggregation was most marked in the fol
lowing periods: A.D. 720-800, 840-880, 880-920, and 
1025-1100. In the A.D. 840-880 period the average dis
tance to the nearest rubble area ( 136 m) was smaller 
than in any other period. The average number of house
holds present at different distances from a rubble area 
indicate that spatial aggregation was highest in the A.D. 
840-880 period, followed by either the A.D. 880-920 
period or the A.D. 1025-1100 period, depending on the 
distance. 

Other measures of spatial aggregation are household 
density for the entire study area (takeline) and for the 
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Figure 10.5 - Household aggregation curve (adapted from Orcutt 
1985d:fig. I). 

area actually occupied during each period. In the study 
area, household density was highest in the A.D. 840-
880 and 880-920 periods (fig. 10.8). The household 
densities for the area occupied (fig. 10.9) increased 
steadily through the A.D. 880-920 period. Density de
creased in the A.D. 920-980 period but increased again 
in the following period. The increase continued in the 
A.D. 1025-1100 period when density was highe:: than 
in any other period. The density in the A.D. 1100-1175 
period was low. The amount of area occupied in t::ach 
period began to decrease dramatically in the A.D. 880-
920 period and remained very low throughout the rest 
of the occupation. 

The spatial distribution of population in the Dolores 
area was mapped using household densities per quarter 
section on USGS topographic maps. In the A.D. 600-
720 period (fig. 10.10}, population clusters are small 
and distributed throughout the area although house
hold density is higher in the middle of the proj<:ct art>a 
west of the river. Larger population clusters develop in 
the A.D. 720-800 period (fig. 10.11) and some of tne 
occupation occurs in areas that previously were unoc
cupied. In the A.D. 800-840 period (fig. 10.12}, popu
lation appears to contract into larger clusters, especially 
in the middle and southern areas. The more northern 
clusters remain fairly small and close together. 

The A.D. 840-880 period (fig. 10.13), when population 
size is at its highest in the Dolores area, is characterized 
by population expansion into areas unoccupied in the 
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pr<~vious period and the continued clustering of people 
intr, iarger groups. In the A.D. 880-920 period (fig. 
I 0.14), population again contracts by abandoning areas 
occupied previously, and is highly clustered, particu
larly in tlt·: northern areas. Relatively few of the clusters 
of I to 5 households exist during this period. The pop
ulation in the A.D. 920-980 period (fig. 10.15) is located 
in the southern and middle areas in fairly small clusters 
compared to the previous periods, In the A.D. 980-1025 
period (fig. I 0.16) occupation continues in the southern 
and middle areas and larger clusters of households ap
pear. The distribution of population in the A.D. 1025-
1100 period (fig. 10.17) retains the pattern of the pre
vious period but the clusters are larger. In the A.D. 
II 00-1175 ;Jeriod (fig. J 0.18) the southern-most clusters 
are gone, a slight northerly shift in occupation has oc
curred, and the clusters are small compared to the pre
vious period. 

The changes described in household aggregation and 
spatial aggregation were examined in the context of the 
settlement and spatial model. Particularly, the modeled 
effects of population density and resource mix on ag
gregation were examined separately and together to de
termine whether actual aggregation and predicted 
aggregation correlated. 

The model expects increasing population density to 
lead to aggregation. The time periods were ranked ac
cording to population density and that ranking was 
used to predict the corresponding aggregation rank or
der. The correlation between the 2 rankings was as
sessed with the Spearman rank correlation coefficient. 
The predicted aggregation rank order correlates signif
icantly with the household and spatial aggregation rank 
orders (table 10.3). 

Resource mix could not be measured directly so 6 dif
ferent proxy measures of resource costs and resource 
mix were used to predict aggregation (table 10.3). These 
proxies were: (I) frequency of climatic stress; (2) fre
quency of short growing seasons; (3} climatic stress, 
population size, and population density; ( 4) short grow
ing seasons, population size, and population density; 
(5) climatic stress and population density; and (6) short 
growing seasons and population density. These partic
ular proxies were chosen on the basis of arguments de
rived from Earle ( 1980) regarding the effects of 
population density and climatic change on costs. 
Household aggregation correlates significantly with all 
of the proxy variables except the frequency of climatic 
stress (table 10.3). Spatial aggregation correlates sig
nificantly with 3 of the 6 rroxy variables; the 3 variables 
with which it does not correlate are: (I) frequency of 
clim<.cic stress; (2) frequency of short growing seasons; 
and (3} climatic stress and population density. 

In the model , the variables that affect spacing among 
population aggregates are aggregation, population size, 
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Figure I 0. 7 - Graph of the percent of households in rubble area of each household size (from Orcutt 1985d:fig. 3). 

and population density. These variables were used to 
create a predicted rank order for spacing; the correla
tion between the predicted rank order and the actual 
spacing rank order (the average distance to the nearest 
rubble area) is significant (table 10.3). 

EVALUATION OF THE SETTLEMENT 
BEHAVIOR MODEL 

The studies designed to test aspects of the settlement 
behavior model provide some contirmation of the 

model, some deviations from the model, and revealed 
some interesting patterns suggestive of prehistoric re
source use in the Dolores area. The settlement behavior 
model fared well in predicting changes in aggregation 
and spacing, and in some aspects of settlement location 
selection (hypothesized resource use). The studies in
dicate a better understanding of the function of limited 
activity sites, and some revisions of the proposed re
lationships among types of habitations (villages versus 
hamlets), types of agricultural catchments (potential re
source use), and tool assemblages (subsistence strategy 
execution) are needed. 
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occupied (from Orcutt 1985d:fig. 5). 

THE SOCIOPOLITICAL MODEL 

Lightfoot's (1984) version of a sociopolitical model was 
adopted by the DAP as an "alternative" to a perceived 
economic bias in the general model. The sociopolitical 
model (social model [Lipe, chap. 6]) is addressed briefly 
here because of the lateness in adopting this approach. 
Only one settlement study could be completed that spe
cifically tested expectations derived from the social 
model. 

With the social model , social hierarchies are expected 
to develop earlier and be independent of economic 
events or increases in population density that can be 
attributed to economic causes. If the developmental tra-

558 

o.__tl:2====i4 km 

LEGEND 
1- 5 HOUSEHOLDS Q 
6 - 12 HOUSEHOLDS EJ 

I. ,~,.., I 
DOLORES PROJECT AREA 

Figure 10.10 - Distribution of households by quarter section, A.D. 
600-720 (from Orcutt 1985d:fig. 6). 

jectory of complex social hierarchies coincides with 
changes in resource costs, intensification, and popula
tion density, the concepts of the social model can be 
considered suspect (this does not discount the impor
tance of social factors in culture change, however). Ac
cording to the social model , competition accompanies 
the development of complexity. 

Site size and rank-size distributions can be used to 
search for evidence of social hierarchies or complexity 
in settlement organization. Site size as a reflection of 
settlement organization complexity includes data on 
site size groups based on histograms, ranges of site sizes, 
site size diversity, the number of settlement organiza
tion tiers (based on site size groups), and a weighted 
value for settlement tiers (the number of tiers times the 
site size range). Simply stated, we would expect multi
tiered settlement organizations to develop early in the 
Dolores area; accompanying the development of these 
hierarchies should be a greater range of site sizes and 
a higher diversity of site sizes. It is expected that if the 
development of complex organizations is not economic 
it will occur early and quickly. 

Although not dealt with by Lightfoot (1984), one might 
expect the hierarchical system to disintegrate quickly 
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Figure 10.11 - Distribution of households by quarter section, A.D. 
720-800 (from Orcutt 1985d:fig. 7). 

under stress for the following reasons: because the lead
ership system's perpetuation depends on the leader's 
ability to amass food surpluses and serve as an exchange 
node, thus providing incentives for his followers to stick 
with him. As soon as he is unable to support his po
sition, the followers will quickly abandon him in search 
of another leader. If a complex set of social and eco
nomic relationships binds the group together (beyond 
the leader's influence), the complexity should persist 
beyond the time of the leader's downfall (cf. Firth 
1959). Thus, a quick decline in complexity after A.D. 
880 would be expected by the social model because 
environmental stress - consecutive years of reduced 
crop yields- would use up the surpluses and undermine 
the leader's power. 

Evidence of competition should be manifested in site 
locations, especially the locations of the "centers." 
Nearest neighbor analysis is used for testing this asser
tion (Lightfoot 1984) and one expects these "centers" 
to be evenly distributed if competition were a factor 
influencing habitation locations (Lightfoot 1984). 

Histograms of the number of households at habitation 
sites in each period were examined for evidence of site 
size groups (fig. 10.19; table 10.4). Obvious breaks in 
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Figure 10.12 - Distribution ofhousehold.s by quarter section, A.D. 
800-840 (from Orcutt 1985d:fig. 8). 

the histograms (Lightfoot 1984) were used to define the 
groups. The development of complex settlement organ
izations appears to be slow. The simple, two-tiered set
tlement organization present in the A.D. 720-800 
period is more complex than in the A.D. 600-720 per
iod; however, the decision-making hierarchy in the 
A.D. 920-980 period remains simple. A three-tiered set
tlement organization appears in the A.D. 840-880 per
iod and continues to exist in the A.D. 880-920 period. 
A return to a simple, two-tiered settlement hierarchy 
in the A.D. 920-980 period is in some ways a surprise, 
given the small number of sites in the area (6 sites as 
compared to the A.D. 600-720 period with no decision
making hierarchy and 16 sites, and the A.D. 720-800 
period with a simple hierarchy and 69 sites). Com
plexity declines in the A.D. 980-1025 period with no 
indication of a decision-making hierarchy. A three
tiered settlement hierarchy appears again in the A.D. 
1025-1100 period; a return to no hierarchy occurs in 
the A.D. II 00-117 5 period. The latter 4 periods in the 
Dolores area are represented by a small number of sites 
in each period and interpretation is difficult. The A.D. 
1025-1100 occupation of the Dolores area, though 
sparse, may have been part of a complex regional system 
of which we know little. 
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Figure 10.13 - Distribution of households by quarter seciion, A.D. 
840-880 (from Orcutt 1985d:fig. 9). 

The development of decision-making hierarchies does 
not seem to correspond to the expectation that hier
archies would develop early and quickly- although sim
ple hierarchies appear in the A.D. 720-800 period, they 
do not become more complex in the subsequent period 
- and the hierarchies do not disintegrate quickly. The 
A.D. 880-920 population retains the three-tiered set
tlement hierarchy despite extreme climatic conditions 
(and later in that period the area is abandoned). If site 
size range, site size diversity, and weighted settlement 
tier values increase as complexity increases, these data 
may help clarify the processes occurring within periods 
as well as between periods. 

The range of site sizes (table 10.5; fig. 10.20) is small 
in the A.D. 600-720 period, increases in the A.D. 720-
800 period, and remains the same in the A.D. 800-840 
period. These data seem to confirm that the initial de
velopment of complexity was slow. The ranges are large 
in the A.D. 840-880 and 880-920 periods, although a 
smaller range exists for the latter period, suggesting the 
decline of the hierarchy system in A.D. 880-920 was 
not as rapid as expected. Site size range is small in the 
A.D. 920-980 period but increases in the A.D. 980-1025 
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Figure 10.14 - Distribution of households by quarter section, A.D. 
880-920 (from Orcutt 1985d:fig. 10). 

and 1025-1100 periods. The A.D. 1100-1175 period has 
the smallest site size range of all the time periods. 

The site size diversity data (table 10.5; fig. 10.2 1) in
dicates that complexity increased in the A.D. 720-800 
period and 800-840 periods. Because the site hierarchy 
data, site size data, and weighted tier values show no 
increases in complexity in the latter period, the diver
sity data may be indicating that the decision-making 
hierarchy remained simple and that a number of in
ternal developments were occurring, particularly the 
addition of population to existing sites through natural 
growth and the budding off of households into new 
sites. Site size diversity increases in the A.D. 840-880 
period and reaches a peak in the A.D. 880-920 period. 
The high diversity during the latter period may reflect 
diverse attempts to cope with stress, or differential rates 
at which different sizes of sites were abandoned. Site 
size diversity decreases through A.D. 1025, increases 
in the 1025-1100 period, and reaches a low in the A.D. 
1100-1175 period. 

The weighted tier values (table 10.6; fig. 10.22) rein
force the hierarchy and site size range data. In addition, 
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Figure 10.15 - Distribution of households by quarter section, A.D. 
920-980 (from Orcutt 1985d:fig. II). 

these values serve as relative measures of the range of 
complexity in time periods with two-tiered settlement 
organizations (A.D. 720-800, 800-840, 920-980, and 
980-1025). The complexity within these organizations 
appears to be the least in A.D. 920-980 and the greatest 
in A.D. 980-1025. 

The settlement data present a picture of slowly devel
oping complexity, with changes closely mirroring those 
in population size and the narrowing of the farming 
belt in the A.D. 600-920 period (a closer examination 
of these relationships is presented in the next section). 
The post-A.D. 920 developments are not as easy to un
derstand and demand a better handle on the regional 
system of which the Dolores area apparently was a mi
nor part. In other words, complexity during th~ major 
occupation of the Dolores area (A.D. 600-920) does not 
appear to conform to the expectations of the social 
model. Despite this conclusion, analysis continued 
along another line of settlement organization. 

Rank-size distributions can be used to describe and 
interpret settlement system organization (Lightfoot 
1984 ). Lightfoot presents the following discussion of the 
types of rank-size distributions: 

SETTLEMENT BEHAVIOR 

o.__tl:2:==:j4 km 

L£G£NO 
1- !5 HOUSEHOLDS [) 

8 -1 2 HOUSEHOLDS II 
14 - 24 HOUSEHOLDS c:!J 
Z!h HOUSEHOLDS E:] 

I. =M•oo I 
DOLORES PROJECT AREA 

Figure 10.16 - Distribution of households by quarter section, A.D. 
980-1025 (from Orcutt 1985d:fig. 12). 

A primate distribution , indicating that one large 
site dominates all others in size, suggests that ma
jor functional differences existed between it and 
all other sites in the settlement system. A convex 
distribution ... might suggest that several inde
pendent units existed in an area .. . [A] log-nor
mal distribution would most likely indicate a 
well-integrated political system composed of 
more than one decision-making level ( 1984:70). 

Rank-size distributions can be difficult to interpret, so 
to be consistent with Lightfoot, his rank-size distribu
tions and identifications of such were used as templates 
for identifying the types of distributions in the Dolores 
data. It is difficult to develop expectations for the Do
lores area with respect to expected changes in rank-size 
distributions; however, one might expect that if Light
foot-type sociopolitical development occurred here, bui 
it developed late as indicated by the settlement hier
archy data, the periods of greater complexity (A.D. 840-
880 and 880-920) would exhibit convex distributions 
indicating the larger sites were independent, competing 
·Jnits. 

The rank-size distributions (figs . 10.23 through 10.30; 
table 10.7) do not confirm the expectations; the convex 
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Figure I 0.17 - Distribution of households by quarter section, A.D. 
1025-1100 (from Orcutt 1985d:fig. 13). 

distributions occur early when the decision-making 
hierarchies were simple. The 2 periods with multi
tiered organizations (A.D. 840-880 and 880-920) sug
gest a well-integrated system in which communication, 
goods, serviCes, and information flowed freely. The pe
riods between A.D. 920 and A.D. 1100 exhibit a pri
mate distribution , indicating the presence of one center 
in each of those periods. 

The convex distributions in the earlier periods may re
flect a settlement pattern of clusters of interacting farm
steads developing through "interdependent immi
gration" (Warren and O'Brien 1984:44). As population 
density reached a level that required management of 
activities and movements, the independent units had 
to become more integrated and more decision-making 
units were necessitated; thus, the appearance of inte
grated multitiered hierarchies instead of competing 
hierarchies. 

Competition is an expectation of the sociopolitical 
model , and can be measured using nearest neighbor 
analysis. Lightfoot ( 1984:48) presents the following ex
pectations for competition among decision-making 
hierarchies. 
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Figure 10.18 - Distribution of households by quarter section, A.D. 
1100-1175 (from Orcutt 1985d:fig. 14). 

Regions characterized by competitive one-tiered 
decision-making organizations [two-tiered settle
ment organization] will contain settlement clus
ters uniformly distributed across space . .. Two
tiered decision-making organizations [three
tiered settlement organization] will be character
ized by settlement clusters ... evenly distributed 
across a region. 

Based on Lightfoot's statement, one would expect that 
in the periods in which decision-making hierarchies are 
present, the largest sites will be evenly distributed (reg
ular distribution). Lightfoot's argument must be carried 
further, however, to consider the implications of the 
rank-size distributions in proposing the nature of com
petition in an area. One expects convex distributions 
to be characterized by competition among the inde
pendent units; thus, the larger sites should be evenly 
distributed with smaller sites clustered around them. 
Log-normal distributions, if they represent well-inte
grated systems, should not be characterized by even site 
distributions but by clustered or random distributions, 
depending on the factors influencing location. With pri
mate distributions, smaller sites should cluster around 
the large center. One might expect that the absence of 
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Table 10.3- Summary of results of Spearman rank correlation 
coefficient tests 

Variables 

Population density ranking with 
aggregation ranking 

Climatic stress ranking with 
aggregation ranking 

Short growing season ranking with 
aggregation ranking 

Climatic stress, population size, 
and populat ion density ranking 
with aggregation ranking 

Short growing season, population 
size, and population density 
ranking with aggregation ranking 

Climatic st ress and population 
density ranking with aggregation 
ranking 

Short growing season and popu
lation density ranking with 
aggregation ranking 

Population size, population 
density, and household aggre
gation ranking with spacing 
ranking 

Spearman's rank order correlation 
coefficient and significance 

Household 
aggregation 

r, = 0.87 
p < 0.01 

r, = 0.45 
not significant 

r, = 0.70 
p < 0.05 

r, = 0.88 
p < 0.01 

r, = 0.82 
p < 0.01 

r, = 0.81 
P < O.ol 

r, = 0.91 
p < O.ol 

Spatial 
aggregation 

r, = 0.95 
p < 0.01 

r, = - 0.03 
not significant 

r, = 0.28 
not significant 

r, = 0.88 
P < 0.01 

r, = 0.90 
p < 0.01 

r, = 0.57 
not significant 

r, = 0.91 
P < 0.01 

r, = 0.87 
P < O.ol 

r, - Spearman rank correlation coefficient. 
p - Probability. 

decision-making hierarchies would favor random site 
distributions related to the locations of resources. 

Table I 0.8 presents the results of the nearest neighbor 
analysis using the Clark and Evans ( 1954) formula, fol
lowing Lightfoot's ( 1984:72) lead, and Pinder et al. 
( 1979) to assess the type of distribution (random, clus
tered, or regular). Sites closer to the border of the sur
veyed area than to a site within the surveyed area were 
eliminated from the analysis (Lightfoot 1984:72). 

The periods without evidence of decision-making hier
archies (A.D. 600-720and 1100-1175) were expected to 
have random site distributions. The nearest neighbor 
analysis could not be performed for the A.D. 1100-1175 
period because of the small number of sites and high 
number of border sites. The A. D. 600-720 habitations 

are clustered rather than randomly distributed. If this 
represents a colonization situation, the pattern may re
flect interdependent immigration and Iocational con
siderations for the benefits of living near familiar 
groups in small clusters, as opposed to being isolated 
(Warren and O'Brien 1984:53). 

The periods characterized by two-tiered settlement or
ganizations and convex rank-size -;Iistributions should 
show even spacing among the larger " centers" (A.D. 
720-800 and 800-840). During both these periods, the 
distribution of all habitations is clustered, the distri
bution of medium habitat ions is clustered when bor
dered sites are eliminated and are random when border 
sites are included, and the distribution of small habi
tations is clustered. The distribution of small habita
tions could be an indication of clustering around the 
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Table 10.4- Site size groups 

Size (number of households) 

Period (years A.D.) 

600-720 720-800 800-840 840-880 880-920 920-980 980-1025 1025-1100 1100-1175 

1-7 1-10 1-9 1-15 1-18 1-6 1-6 1-6 2-4 

14-21 12-21 25-36 44-48 13 14-15 

70-159 89-112 44 66 

Table 10.5 - Site size range and diversity 

600-720 720-800 800-840 

6 20 20 

0.540 0.756 0.964 

2 3 4 5 6 7.1 

PERIODS 

Figure I 0.20 - Site size ranges. 

2 3 4 5 6 7.1 

PERIODS 

Figure 10.21 - Site size diversity. 

840-880 

!58 

1.079 

7.2 7.3 

7.2 7.3 

Period (years A.D.) 

880-920 920-980 980-1025 1025-1100 1100-1175 

Ill 12 43 65 2 

1.196 0.679 0.413 0.847 0.218 

larger habitations; however, the clustered (or random 
when border shes are included) distribution for the 
larger habitations implies the absence of competition, 
contrary to the expectations. 

Three-tiered settlement organizations and log-normal 
distributions should be characterized by clustering 
around the largest settlements, and random or clustered 
distributions of the larger sites. During these periods 
(A.D. 840-880 and 880-920), 2 large or medium villages 
are known to have existed outside the area surveyed; 
however, the exact location of one is not known (only 
to the quarter section), and the sizes of these sites in 
each period are not known. The majority of the large 
and medium sites in the surveyed area are closer to a 
comparable site in the surveyed area than to one outside 
the surveyed area. To be conservative, when a site in 
the surveyed area was closer to one of the outside sites, 
these measurements were taken and the nearest neigh
bor statistic was calculated for both scenarios. In all but 
one case where this was done, no differences resulted, 
and in the one instance where a difference was involved, 
the site did not have good Iocational data. The nearest 
neighbor analysis shows all habitations are clustered in 
both periods, large habitations are randomly distrib
uted (regardless of sites outside the surveyed area), me
dium habitation are randomly distributed (regardless 
of sites outside the surveyed area), and small habita
tions are clustered. Large and medium habitations to
gether are randomly distributed in the A.D. 840-880 
period, regardless of sites outside the surveyed area, and 
in the A.D. 880-920 ptriod when distances are meas
ured to the nearest comparabk site within the surveyed 
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Table 10.6 -Weighted settlement tier values* 

Period (years A.D.) 

600-720 720-800 800-840 840-880 

Weighted 
tiers 6 40 40 474 

* Number of settlement tiers times site size range. 

(/) 
474 

UJ 
:::::> 
...J 

~ 356 

Q:: 
UJ 

~ 238 

0 
UJ 
1-
:I: 120 
~ 
UJ 
Jt 

2 

2 4 5 6 7.1 7.2 7.3 

PERIODS 

Figure I 0.22 - Weighted tier values. 

area. The large and medium A.D. 880-920 habitations 
are regularly distributed when a site in the surveyed 
area is closer to one outside than inside the area. The 
expectations for the A.D. 840-880 and 880-920 periods 
are confirmed with small habitations being clustered 
around larger sites, and the larger sites (large, medium, 
and large and medium combined) being randomly dis
tributed, indicating the absence of competition in a 
well-integrated system. 

The one possible deviation from the expectations, the 
regular distribution oflarge and medium sites when one 
distance was calculated to a site outside the surveyed 
area in the A.D. 880-920 period, may hint at potential 
competition. The rank-size distribution for this period 
was characterized as log-normal, and Lightfoot labels 
similar distributions as log-normal; however, when 
compared to the log-normal distribution for the A.D. 
840-880 period, the distribution departs more from the 
log-normal than the A.D. 840-880 period, and is closer 
to a convex distribution. The greater deviation in the 
convex direction and the · weak possibility of a regular 
distribution in the large and medium sites may suggest 
a low level of competition was present in this period. 
With the amount of climatic stress in the A.D. 880-920 
period, competition over resources might be expected. 
Other analyses would be necessary to clarify this 
situation. 

The primate rank-size distributions in the A.D. 920-
980, 980-1025, and 1025-1100 periods with two-tiered 
settlement organizations in the first 2 period and a 
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Figure 10.23 - Rank-size distributions, A.D. 600-720. 

three-tiered settlement organization in the last period, 
suggest the presence of a central site with smaller sites 
clustered around it in the Dolores area. The nearest 
neighbor statistic cannot be used to evaluate the ex
pectations because of the small number of sites and too 
many of the sites are closer to the surveyed border than 
to a site within the surveyed area. 

The settlement data presented suggests that social fac
tors are not substantiated as the primary drivers of 
change. The picture appears to be one of small, auton
?mous, colonizing groups entering the area and locating 
m small clusters of (related?) households. As more col
oni~e.rs move.into the area in the early periods, simple 
deciSion-makmg hierarchies develop and the groups re
main somewhat autonomous, but not actively compet
itive; this situation remains stable until another wave 
of colonization creates a high density situation neces
sitating the development of more complex decision
making hierarchies. The Dolores inhabitants then be
come involved in an integrated system rather than 
maintaining the autonomous system present earlier. 
That this was an integrated system is supported by the 
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Figure 10.24 - Rank-size distributions, A.D. 720-800. 
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Figure 10.25 - Rank-size distributions, A.D. 800-840. 

rank-size distributions and the nearest neighbor anal
ysis, with the weak suggestion of some competi1 :on in 
the A.D. 880-920 period. Between A.D. 920 and 1!00, 
complex decision-making organizations apparently 
were present in the Dolores area but the data are in
sufficient to pursue an analysis of these periods. 

SOCIOPOLITICAL VARIABLES AND THE 
SETILEMENT BEHAVIOR MODEL 

Lightfoot's sociopolitical variables - sedentarism, ag
ricultural intensification, regional exchange, leadership 
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Figure 10.26 - Rank-size distributions, A.D . 840-880. 
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Figure I 0.27 - Rank-size distributions, A.D. 880-920. 

development, competition, and surplus accumulation -
can be integrated into the settlement behavior model . 
(fig. 10.31 ). The first 3 variables already were in the 
model as settlement permanence, resource mix, and ex
change. Only those new relationships related to the pre
vious section are explicated in the following discussion. 

Leadership development and competition are affected 
by a number of variables (fig. I 0.3 1 ), some of which 
can be measured using DAP data. Leadership devel
opment is implied in the settlement hierarchies pre
sented earlier, so they are used as the p roxy for 
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Figure 10.29 - Rank-size distributions, A.D. 980-1025. 

increasingly complex leadership situations. The nearest 
neighbor statistic can be used to measure competition; 
although not the only statistic that can be used, it is 
the only one for which data have been gathered. Of the 
variables directly or indirectly contributing to leader
ship development and competition, the ones for which 
data are available are population density, aggregation, 
and agricultural intensification (fig. 10.31 ). 

As explained earlier in the presentation of the settle
ment behavior model, population density is affected by 
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Figure 10.30 - Rank-size di stributions, A.D. 1025- 11 00. 

Table 10.7- Rank-size distribution 

Period (years A.D.) Rank size 

600-720 
720-800 
800-840 
840-880 
880-920 
920-980 
980-1025 

1025-1100 
11 00-11 75 

Convex 
Convex 
Convex 
Log-normal 
Log-normal 
Primate 
Primate 
Primate 
• 

• Range of site sizes too small to interpret rank size 
distribution. 

resource costs and settlement permanence (sedentar
ism). If resource costs are lower in an area, population 
might be expected to move to those more "attractive" 
areas, creating higher population densities; conversely, 
higher cost areas should be less attractive and should 
lose population to lower cost areas. Higher densities 
can create a situation in which unwanted interaction 
in overlapping territories becomes more frequent. 
Overlapping catchments present the potential for ar
guments over resource priorities and "ownership," thus 
creating a situation requiring at least a minimal level 
of management. One way to solve the problem of over
lapping catchments is to aggregate into large groups, 
put more space between these groups, and coordinate 
activities within the catchments (integration) and per
haps between the catchments (also a form of integra
tion). The coordination of activities is accomplished 

e 
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Table 10.8 - Nearest neightbor analysis summary 

Site groupings Periods (years A.D.) 

600-720 720-800 800-840 840-880 880-920 post-920 

All habitations Clustered Clustered Clustered Clustered Clustered Too few sites 
and too many 
border sites 

Large habitations Random Random 

Medium habitations Clustered Clustered Random Random 
(without (without 
border sites) border sites) 

Random (with Random (with 
border sites) border sites) 

Large and medium Random Random (sites 
habitations within sur-

veyed area) 
Regular (site 
outside sur-
veyed area) 

Small habitations Clustered Clustered Clustered 

through some form of leadership. Competition is min
imized by creating larger catchments for the aggregates, 
thereby facilitating integration and interaction among 
the aggregates. 

The expectations are that as population density in
creases because of the "attractiveness" (Petersen 1985c) 
of the Dolores area (i .e., the higher boundary for the 
lower edge of the farming belt probably makes Dolores 
a lower cost area) from A.D. 720 through 880, settle
ment organization should become more complex and 
this complexity should mirror the increases in popu
lation density. Settlement organization complexity also 
should correlate with increasing aggregation and in
creasing agricultural intensification. (Agricultural in
tensification is proxied rather than measured directly 
using spatial aggregation, household aggregation, pop
ulation density, and human disturbance [Orcutt 1985a]. 
The study of agricultural costs by Kohler et al. [chap. 
9] did not occur until after all modeling studies were 
complete and the final report was underway. The av
erage agricultural cost index developed by Kohler et al. 
agrees closely with Orcutt's proxied agricultura l 
intensification.) 

Competition should be absent at low population dens
ities, should increase along with population density, 
and should decrease again as spatial aggregation 
increases. 

To determine whether settlement organization com
plexity accompanied changes in population density, 
proxied agricultural intensification, and aggregation, 
the Spearman rank correlation coefficient was calcu
lated (table I 0.9). Only the correlation between site size 
diversity and household aggregation is not significant. 
Population density, proxied agricultural intensifica
tion, and spatial aggregation influenced the develop
ment of settlement organization complexity as expected 
from the model. Household aggregation was not as good 
a predictor of complexity as the other variables, but the 
correlation with spatial aggregation lends credence to 
the proposition that problems with the frequency of 
unwanted interaction was a factor in the development 
of decision-making hierarchies. 

The differences in ranks used to compute the Spearman 
rank correlation coefficients were summed across all 
the correlations in a period to produce a total difference 
in ranks for each period (table I 0.10) A positive total 
rank indicates the settlement complexity variables 
ranked higher overall than the settlement behavior var
iables, and that complexity was higher than expected 
based on the model. A negative total rank indicates the 
settlement complexity variables ranked lower overall 
than the settlement behavior variables, and that com
plexity was lower than expected based on the model. 
Equal ranks indicate agreement between the expecta
tions and the data. 
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VI 
'I 

e 

Site size range 

Population Ag int Household Spatial 
density index agg agg 

A.D. 60(}. r, ~ 0.8458 ' · = 0.8917 '· = 0.7 125 ' · = 0.9625 
1175 p <0.01 p <0.01 p <0.05 p <0.01 

r, - Spearman rank correlation coefficient. 
p - Probability. 

Ag int - Agricultural intensification. 
agg - Aggregation. 

Period Site size Site size Site size 
(years A.D.) range and range and range and 

pop density ag int household 
agg 

60(}.720 -1.0 0.0 1.0 

72(}.800 -1.5 -0.5 1.5 

80(}.840 -2 .5 0.5 0.5 

840-880 0.0 3.0 4.0 

88(}.920 0.0 -1.0 0.0 
-

92(}.980 1.0 0.0 -3 .0 
--

98(}.1025 2.0 -1.5 -1.0 
-
1025-1100 2.0 -0.5 -2 .0 

iiOG-1175 0.0 0.0 -1.0 

agg - Aggregation. 
ag int - Agricultural intensification. 

pop - Population. 

Site size 
range and 

spatial 
agg 

1.0 

0.5 

-0.5 

0.0 

1.0 

0.0 

0.0 

-1.0 

-1.0 
--

e 

Tabie 10.9 -Spearman rank correlation coefficients 

Site size diversity No. of settlement tiers No. of settlement tiers x 
site size range 

Population Ag int Household Spatial Population Ag int Household Spatial Population Ag int Household 
density index agg agg density index agg agg density index agg 

' · ~ 0.9000 ' · = 0.6042 ' · = 0.4500 ' · = 0.7000 ' · = 0.7708 r, = 0.8542 r, = 0.8208 ' · = 0.9375 r, = 0.8458 ' · = 0.8917 ' · = 0.7125 
p <0.01 p <0.05 p <0.05 p <0.05 p <0.05 p <0.01 p <0.01 p <0.01 p <0.01 p <0.01 p <0.05 

Table 10.10- Difference of ranks for significant correlations 

Site size Site size Site size No. of No. of No. of No. of Weighted Weighted Weighted Weighted Total 
diversity diversity di versity settlement settlement settlement settlement settlement settlement settlement settlement differ-
and pop and ag and spatial tiers and tiers and tiers and tiers and tiers and tiers and tiers and tiers and ence of 
density int agg pop density ag int household spatial agg pop density ag int household spatial agg ranks 

agg agg 

0.0 1.0 2.0 -1.5 -0.5 0.5 0.5 -1.0 0.0 1.0 1.0 4.0 

-1.0 0.0 1.0 -1.5 -0.5 1.5 0.5 -1.5 .{).5 1.5 0.5 0.0 

0.0 3.0 2.0 -2.5 0.5 0.5 .{).5 -2.5 0.5 0.5 -0.5 -1.0 

-1.0 2.0 -1.0 -1.0 2.0 3.0 -1.0 0.0 3.0 4.0 0.0 17.0 

1.0 0.0 2.0 0.0 -1.0 0.0 1.0 0.0 -1.0 0.0 1.0 3.0 

2.0 1.0 1.0 2.5 1.5 -1.5 1.5 1.0 0.0 -3 .0 0.0 4.0 

-2.0 -5.5 -4.0 0.5 -3.0 -2.5 -1.5 2.0 -1.5 -1.0 0.0 -19.0 

1.0 -1.5 -2 .0 3.0 0.5 -1.0 0.0 2.0 .{).5 -2 .0 -1.0 -3.0 

0.0 0.0 -1.0 0.5 0.5 .{).5 .{).5 0.0 0.0 -1.0 -1.0 -5.0 

e 

Spatial 
agg 

' · = 0.9625 
p <0.01 
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The A.D. 600-720 period is more complex than ex
pected from the settlement behavior model. The A.D. 
720-800 period shows agreement between expected and 
measured complexity, but the A.D. 800-840 period is 
less complex than expected. Settlement complexity in 
the A.D. 840-880 period is much higher than expected 
and is slightly higher than expected in the A.D. 880-
920 and 920-980 periods. The A.D. 980-1025, 1025-
1100, and 1100-1175 periods are less complex than 
expected. 

The higher-than-expected complexity for the A.D. 600-
720 period is difficult to explain, given the apparent 
lack of complexity indicated by all the measures used. 
More internal variability must be present during this 
period than in other periods with low population. The 
agreement in ranks in the A.D. 720-800 period supports 
the model in assuming complexity developed along 
with population density, aggregation, and intensifica
tion . The lower-than-predicted rank in the A.D. 800-
840 period indicates while the level of complexity does 
not match that expected, based on the settlement be
havior variables, neither does it support the existence 
of some "power" drive to recruit personnel in a com
petitive leadership situation. 

The high complexity during the A.D. 840-880 period 
probably was the product of a number of factors, in
cluding population density, aggregation, and intensifi
cation. Related to.population density, but not measured 
(and not dealt with in the social organization modeling 
studies), are certain social costs that contribute to 
changes in organization. If population grows but re
mains dispersed, the potential for overlapping catch
ments becomes greater and greater. While it probably 
is "cheaper" to remain dispersed, the efficiency of this 
type of organization should decline as catchment over
lap increases; the costs of maintaining this organization 
with its attendant problems of unwanted interaction 
must, at some point, have to be evaluated against the 
costs of aggregation. The latter offers a more efficient 
organization for mobilizing extrahousehold groups and 
provides for management of daily movements and ter
ritory, but comes with a price tag involving intensifi
cation and the maintenance of a weightier social 
system. 

The lack of convincing evidence for competition in the 
nearest neighbor analysis would suggest that whatever 
reorganization occurred, and for whatever reason(s) it 
occurred, the result was a well-integrated system with 
communication among the aggregates. Although Kane 
( 1985) attributes higher status to villages with larger 
populations, the settlement data do not suggest these 
villages were involved in competitive recruitment re
lated to status or leadership. 
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SUMMARY AND CONCLUSIONS 

The model of settlement behavior was presented and 
modeling studies summarized. While the results of the 
studies support the general framework of the settlement 
behavior model, interesting discrepancies regarding 
preconceived ideas of the role of limited activity sites 
in the Dolores settlement system and of the differences 
between hamlets and villages were noted. The attempt 
to test the "alternative" social model produced results 
more consistent with the expectations of the econom
ically based settlement behavior model. 

Because one goal of modeling is to learn how cultural 
systems operate, the modeling effort has been produc
tive. Results that deviate from expectations, or are am
bivalent, provide the greatest opportunity to learn as 
they supply the challenge to pursue model refinement. 

Sociopolitical development and economic development 
should occur together through multiple avenues of 
cause, effect, and feedback , and neither can be under
stood without recognizing the linkages among social 
and economic variables. In more complex sociopolitical 
systems such as chiefdoms and states, subsistence econ
omy and political economy are linked in their opera
tion.' There is no reason to suggest that similar 
relationships do not exist in simpler systems -they just 
do not produce the complexity observed in systems sup
porting larger population. 

'Timothy K. Earle, University of California, Los Angeles; personal 
communication as discussant in the 50th Annual Meeting of the Society 
for American Archaeology, Denver. 
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Chapter 11 

TECHNOWGY: LITHIC TOOLS 
Carl J. Phagan 

The research orientation and data acquisition of the 
DAP was initially guided by the program general re
search design, which outlines a series of relevant ques
tions within a set of 5 problem domains: economy and 
adaptation, paleodemography, social organization, 
extra-regional relationships, and cultural process (Kane 
et al. 1983). Many DAP descriptive, synthetic, and sup
porting studies have dealt in varying ways with these · 
problem domains, particularly the first 4. However, ex
plaining the processes of Dolores Anasazi cultural 
change, rather than simply describing such change, is 
recognized as a complex analytic task of a higher order, 
requiring an appropriately multi-variate theoretical and 
methodological approach. This analytic approach has 
come to be called the DAP " modeling effort" because 
of its dependence on the development and use of a 
general model of cultural change. 

Selecting and developing a cultural change model suf
ficiently general to encompass a wide range of data and 
research interests, yet sufficiently detailed to provide 
effective and consistent interpretive cohesion has been 
a difficult and lengthy process. Several distinct stages 
in arriving at an acceptable concensus modeling posture 
are identifiable. First, a summary statement was pre
pared by Lipe ( 1984a:250-256), which identified several · 
primary variables involved in Dolores Anasazi culture 
change and established a largely economic system of 
interrelationships among them, based primarily on the 
marginal cost and least cost principles outlined by 
Christenson ( 1980) and Earle ( 1980). 

This economic modeling approach was considerably 
elaborated upon during a planning seminar held at 
Mesa Verde National Park, November I to 5, 1982. 
During this seminar, methodological approaches were 
planned for each major area of data responsibility, and 
summary statements were prepared. An alternative to 
this economic model was then introduced by Kane 
(1983) and summarized by Lipe (1984b). This alter-

. native model of Anasazi cultural change was based on 
the concept of developing "power cycles" or social 
"growth" similar to that proposed by Stuart and Gau-

thier ( 1981 ), though economics was still viewed as crit
ical in that it motivated culture change through the 
accumulation of resources in excess of immediate con
sumption needs. Finally, a further adjustment was 
made to the power cycles modeling alternative; this in
cluded more overtly social causes of important culture 
change, as proposed by Lightfoot ( 1984 ), and resulted 
in a rather clear distinction between an economic least 
cost model and an alternative social growth model of 
Dolores Anasazi culture change (Lipe 1985). 

Resulting from this continuing development of the 
DAP modeling posture is a considerable degree of syn
chronic and diachronic variability in theoretical ap
proach , data structure, and interpretive emphasis 
among DAP modeling-based reports. Because of the 
recent introduction of the social growth modeling al
ternative, most study results - including this one on 
the interpretation of technological changes in tools -
tend to emphasize responses based on the economic 
least cost model. This should not be viewed, however, 
as an a priori theoretical or methodological preference, 
but simply as a limited opportunity to organize appro
priate responses to the social growth, or sociopolitical 
model. 

A least cost economic response model suggests that ma
jor cultural changes occur in response to economic 
stresses in the demand-supply balance, which are pro
duced largely by population growth, negative subsist
ence condition, or both. For the Dolores Anasazi, such 
negative subsistence conditions are most likely to have 
resulted from climatic deterioration that adversely af
fected agricultural production. Cultural changes that 
occurred during, or immediately following, periods of 
rapid population growth or declining agricultural suit
ability may therefore be tentatively considered as sup
porting such a least cost model. 

A sociopolitical development model , on the other hand, 
supposes that major culture change results from 
stresses, primarily those that operate on a group's in
formation-processing, decision-making structure. Such 
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stresses promote the development of leadership hier
archies , ranked social structures, and competition 
within and among communities. Such changes nor
mally result in higher overhead costs, even for rather 
small groups, and might be expected to occur when 
these higher costs may be more easily borne; i.e. , during 
periods of relati vely secure economic productivity. Ma
jor cultural changes occurring during such periods may 
therefore be better explained by the social model than 
by the economic model. 

Tools of various sorts are always involved in human 
systems of adaptation to the environment, and they 
constitute much of the archaeological record . The re
lationships between certain categories of adaptive be
havior and tool categories are often rather direct, and 
kinds and intensities of behavior may often be inferred 
from tools. Such relationships, however, should be ex
plicitly defined as intermediate or bridging arguments 
that link some interpretive structure (a model) with 
observed data. This normally involves a series of 
"if ... , then . . . " propositions. The more linking argu
ments, and the more reasonable they are, the more thor
oughly and convincingly the interpretive structure can 
be addressed. Most of this chapter is devoted to the 
construction of such linking arguments and their ex
amination in the light of observed variation in lithic 
tools. Su.ch technological data are arranged and inter
preted as dependent variability among categories of in
dependently established variability such as time, space, 
organizational complexity, or site size. 

Three broad cultural aspects or variables have emerged 
as particularly useful in observing and understanding 
Anasazi cultural change within this analytic framework. 
They are agricultural intensification, resource diversi
fication , and organizational differentiation (chap. 6). 
Each serves as a core around which bridging arguments 
can be constructed to link observed data variability 
with modeled expectation. Of particular concern are 
technological changes having to do with rather broad
scale variation in the production and use of lithic tools, 
particularly the extracting and processing of subsistence 
resources. Initial expectations are this technological 
change will be somewhat limited for the Dolores An
asazi, since their basic subsistence pattern appears to 
change very little during the period A.D. 600-1000. No 
fundamentally new tool forms or techniques for their 
production are introduced, not even stone- or bone
tipped earth-working implements; only slight evidence 
possibly suggests systems may have been used; and new 
varieties of com are only minimally involved, if at all. 
The most observable changes in subsistence technology 
should therefore occur as changes in the relative im
portance of various resources and their associated pro
duction or processing equipment, and as changes in the 
organization of labor. 
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AGRICULTURAL INTENSIFICATION 

The term "intensification" is subject to some latitude 
of definition , but here it is intended to convey the gen
eral notion of increased input invested in the agricul
tural component of subsistence. The tacit assumption 
is that increased output (production) should result; or, 
at least, significantly increased output is not likely to 
occur without increased input. In addition , observing 
changes in agricultural intensification from assem
blages of lithic artifacts is even more indirect in this 
case because no Anasazi artifacts in the DAP assem
blages can definitely be associated with agricultural pro
duction. However, several kinds of lithic implements 
can be associated with various kinds of resource pro
cessing. The relationship between production and pro
cessing is expected to be particularly strong in the case 
of corn, which in its dried and storage form requires 
some type of processing prior to consumption. The ar
gument that links processing tools with agricutural in
tensification consists of several steps, but nevertheless 
seems rather convincing. Of particular importance in 
this argument concerning agricultural intensification 
are indications that corn either increases or decreases 
as a proportion of the total Anasazi diet, or at least of 
its vegetative component. Considerable attention will 
be given to this relative dietary importance of corn. 

The ratio of flaked lithic tools to non flaked , or ground, 
stone tools may be considered a general indication of 
the relative proportions of plant and animal products 
in the subsistence structure. Flaked lithic technology 
produces most of the tool edges necessary for cutting 
and scraping tasks, including those associated with pro
cessing animal products. Ground stone technology, on 
the other hand, produces most tool surfaces associated 
with the crushing and grinding tasks of plant processing. 
Certainly this technological dichotomy is stated here in 
an extreme form, and there are exceptions, but the gen
eralization is expected to be sufficiently strong to sup
port broad comparisions of animal and plant processing 
activities. In this ratio of flaked to ground stone tools, 
lower ratios mean relatively more ground stone tools 
and should indicate relatively more plant processing. 

The flaked stone tool/ground stone tool ratio for all 
DAP data asssignable with reasonable confidence and 
integrity to temporally ordered subphases (fig. 11 .1) in
dicates a marked relative decrease in plant processing 
during the environmentally comfortable Dos Casas 
Subphase, which corresponds roughly to Period 3 (see 
chap. I for period definitions). This is followed by rel
ative increases in plant processing during the populous 
and climatically difficult Periman and Grass Mesa Sub
phases, which correspond approximately to Periods 4 
and 5, respectively. Finally, a relative decrease in plant 
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Figure 11.1 - Flaked lithic tool/nonflaked lithic tool ratio for 
subphases. 

processing is noted for the Cline and Marshview Sub
phases, or Periods 6 and 7, respectively. The corre
spondence of the major increase in plant processing 
with the increasing economic stresses during the Peri
man and Grass Mesa Subphases suggests a general level 
of support for the economic model of culture change. 
In addition , the lowest relative levels of plant processing 
during the economically comfortable Dos Casas Sub
phase indicates a possible economic subsistence "dein
tensification" response to a greater range of resources, 
which would be an unlikely response under the social 
model, but completely consistent with expectations of 
the economic model. The decreased plant processing 
during the Cline and Marshview Subphases simply re
flects the inadequacy of any agricultural intensification 
efforts to alleviate subsistence stress during Periods 6 
and 7; in addition, it reflects the necessity for diver
sification to include more animal products, which is 
also consistent with economic least cost expectations. 

Perhaps the most direct indication of the relative im
portance of corn grinding and other plant processing is 

LITHIC TOOLS 

the proportion of manos and metates in non flaked lithic 
tools assemblages. One-hand manos and basin metates 
are interpreted as representing a generalized plant pro
cessing complex, though certainly animal or mineral 
products could have been manipulated as well. Two
hand manos and trough metates, on the other hand, are 
assumed to represent a system virtually restricted to 
corn grinding. In examining these data, attention is fo
cused on manos as the better indicator of the amount 
of grinding or plant processing represented. Metates are 
thought to be less useful indicators because they exist 
in far fewer numbers, they tend to be tools or artifacts 
in something of a site furniture sense, and they dem
onstrate an amazing propensity to find their way into 
dubious contextual situations such as wall or storage 
bin construction. Figure 11.2 presents the proportions 
of one-hand manos, two-hand manos, and trough me
tates in subphase nonflaked lithic tools assemblages. 

The proportion of one-hand manos is a constant 2 to 
5 percent of the nonflaked lithic assemblages for all 
subphases. This indicates a consistent pattern of gen
eralized plant processing throughout the entire se
quence, against which the levels of corn processing vary 
noticeably. Two-hand manos make up a rather constant 
II to 13 percent of non flaked tool assemblages for the 
3 initial subphases (those assigned to the Sagehen 
Phase). Then, a marked increase to 21 percent occurs 
during the Periman Subphase and a further increase to 
33 percent in the Grass Mesa Subphase. This is fol
lowed by an abrupt decrease to 25 percent and 22 per
cent during the Cline and Marsh view Subphases. These 
data are a rather clear indication that corn grinding 
increased significantly, relative to generalized plant 
processing, during the period A.D. 840-920, the time 
of maximum population size and environmental stress. 
The lithic data indicate this increase was followed by 
a decrease in corn processing after A.D. 920, during 
the Cline and Marshview Subphases. The economic 
model of culture change, rather than the social model, 
would seem to provide the best explanation for this data 
variability. 

Two additional and closely related measures of the rel
ative intensity of corn processing are the combined pro
portions of two-hand manos and trough metates (fig. 
11 .3) and the ratio of generalized plant processing one
hand manos to specialized corn processing two-hand 
manos (fig. 11.4). Both demonstrate rather unambig-

' uous evidence for a major increase in corn processing 
intensity relative to more generalized plant processing 
between the Dos Casas and Periman Subphases, which 
roughly corresponds with the major population increase 
in the project area, the development of large villages, 
and the likely onset of major subsistence stress. This is 
also seen as clear support for the economic model of 
culture change. 
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Figure 11 .2 - Proportions of manos and trough metates within the 
non naked lithic tool (NFL T) asse mblage for 
subphases. 

If corn processing increases as a percent of all plant 
processing, or becomes more important and special
ized, then equipment associated with this corn pro
cessing should increasingly dominate the nonflaked 
lithic assemblage, and measures of non flaked lithic tool 
diversity should decrease. Both Shannon-Wiener and 
equitability measures of this diversity (fig. 11.5) dem
onstrate a generally increasing value through the Per
iman Subphase, followed by a marked decline to 
beginning levels at the Grass Mesa Subphase. The var
iability in these diversity measures is not great, ranging 
only from 0.90 to 0.97 for the Shannon-Wiener index 
and 0. 77 to 0.83 for the equitability measure (see Pha
gan and Hruby [1984] for an explanation of the cal
culation and interpretation of diversity measures). The 
slight suggestion, however, is for an increasingly more 
even distribution of non flaked lithic tool types through 
A.D. 880, after which some indications show a few tool 
types dominate the assemblage. This is almost certainly 
the result of the increased use of two-hand manos dur
ing the Grass Mesa Subphase. 
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Figure 11 .3 - Proportions of two-hand manos and trough metates 
within the nonnaked lithic tool (NFLT) assemblage 
for subphases. 

The preceding measures of agricultural intensification , 
most of which focus on organization or temporal var
iability in nonflaked lithic plant processing equipment, 
consistently tend to support expectations of the eco
nomic model of culture change. Major changes in plant 
processing appear to coincide with or to follow periods 
of likely economic stress, which are induced by popu
lation increase, climatic deterioration , or both. Changes 
during the economically good times predicted by the 
social model, particularly during the Dos Casas Sub
phase, seem not to occur, at least insofar as they are 
apparent from such nonflaked lithic measures of plant 
processing intensity. 

RESOURCE DIVERSIFICATION 

The second aspect of culture change that structures the 
interpretation of artifact data in the modeling context 
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Figure 11.4 - One-hand mano/two-hand mano ratio for subphases. 

is subsistence resource diversification, or an increase 
in the number of plant and animal species used regu
larly in the subsistence system. Lipe (chap. 6) indicates 
resource diversification across the entire subsistence 
structure may sometimes accompany intensification in 
one portion of that structure (i.e., along with intensi
fication of corn production may be an increase in the 
range of other plant and animal species regularly har
vested). However, if agricultural intensification pro
duced a significantly increasing proportion of corn in 
the Anasazi diet as suggested by the preceding data, 
then diversification of other resources will be restricted 
to the remaining, decreasing proportion of the diet. In 
other words, good reason exists to expect that if both 
intensification and diversification are operating simul
taneously, they must do so counter-actively and to a 
relatively restricted degree. As with agricultural inten
sification, resource diversification must be recognized 
somewhat indirectly in lithic artifact assemblages as 
varying tool types or raw material proportions. 
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Figure 11.5- Nontlaked lithic tool (NFLT) morpho-use (D) diver
sity index measures for subphase assemblages. 

Expanding the number of regularly collected species 
should be accompanied by some increase in the effec
tive catchment area of economic groups, and together 
with an increased scope of procurement strategies and 
associated equipment, it should affect tool assemblages 
in predictable ways. For example, procuring lithic raw 
materials for flaked tool production has been identified, 
probably correctly, as behavior largely embedded in 
other subsistence activities (Binford 1979; Binford and 
Stone 1985). An expanded area from which subsistence 
resources are regularly collected might then also pro
vide opportunity for collecting an increased variety of 
lithic materials, either from geologic exposures or as 
relic items from the surface of earlier sites. As a result, 
the proportion of nonlocal materials in flaked tool as
semblages might be expected to increase, the total raw 
material diversity may increase, and the cost of ob
taining those raw materials should increase. 

The proportions of non local raw materials in subphase 
flaked lithic tool assemblages are presented in figure 
11 .6. The proportion of nonlocal material increases 
slightly, from 2 to 5 percent, from the Sagehill through 
the Grass Mesa Subphase, after which it remains fairly 
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Figure 11.6 - Proportions of nonlocal raw material in subphase 
flaked lithic tool (FLT) assemblages. 

stable. In interpreting this variabi lity in a location such 
as the Dolores River valley, where a wide range of suit
able lithic raw material is readily available, even rather 
small variations in nonlocal materials may be impor
tant. This increase in the proportion of nonlocal ma
terials throughout an increasingly stressful period may 
suggest an increasing range of activities within which 
procurement is embedded. 

Flaked lithic tool raw material diversity is presented in 
figure 11 .7. Slight overall diversity variability is not par
ticularly patterned in the subphase sequence, suggesting 
that formal diversity measures may not be appropriate 
to indicate catchment size variation, at least for the 
Dolores Ana~azi . However, ample evidence of signifi
cant between-subphase variability exists in the propor
tions of individual raw material categories (chap. 3); 
this may be due to spatially differential subsistence ac
tivities within which raw material procurement is 
embedded, differential patterns of settlement aggrega
tion and the concentrated use of the closest suitable 
raw materials, or both. 

The relative cost of acquiring raw materials for flaked 
lithic tools has been calculated using assessments of 
quality, amount, and especially distance from its closest 
geologic source (Phagan and Maloney 1983). This 
flaked lithic tool raw material acquisition cost is pre
sented for subphase assemblages in figure 11.8. Raw 
material acquisition cost is greatest during the earliest 
2 subphases, drops quite sharply during the Dos Casas 
Subphase, and is much lower during the Periman Sub
phase. It then increases to moderate levels during the 
final 3 subphases. This suggests a focus on relatively 
cheaper, closer, and perhaps poorer quality raw mate
rials during the Dos Casas and Periman Subphases, and 
an agriculturally favorable period with low population 
growth and it may also reflect the beginning stages of 
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Figure 11.7- Flaked lithic tool (FLT) raw material di versity index 
measures for subphase assemblages. 

settlement aggregation in the early A.D. 800's. This is 
one of the few instances of marked change in Period 3 
artifact assemblages, supporting the social model rather 
than the economic model of culture change. The in
creased raw material acquisition costs after A.D. 880, 
however, are most likely to be related to procuring 
slightly better quality materials from greater distances, 
perhaps in conjunction with an expanded resource 
catchment area, and they tend to support the economic 
model. 

Another general indication of subsistence resource di
versification, particularly with reference to the exploi
tation of animal resources, may be an increase in the 
diversity of flaked lithic tools used to procure or process 
such an increased resource diversity. The proportion of 
projectile points in flaked lithic tool assemblages may 
be a rather direct indication of changing animal re
source procurement. 

Flaked lithic tool type diversity measures are presented 
in figure 11 .9. A marked diversity decrease occurs dur
ing the Dos Casas Subphase, a period when economic 
stress was likely to be relatively low, suggesting a flaked 
lithic tool assemblage somewhat more dominated by a 
few artifact classes. The typically dominating flaked 
lithic tool class in Dolores Anasazi assemblages is the 
functionally and technologically very generalized " uti
lized flake" ; therefore, such a diversity decrease may 
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Figure 11 .8 - Flaked lithic tool (FL T) acquisition cost index for 
subphase assemblages. 

indicate the increased presence of this more generalized 
tool form , and a less specialized animal resource pro
curement strategy during this low stress period. This 
would be consistent with the expectations of the eco
nomic model. Flaked lithic tool diversity increases 
slightly during the Periman Subphase and significantly 
during the Grass Mesa Subphase, as economic stress 
increases. Animal resource procurement and its asso
ciated toolkit again appear to be more evenly balanced, 
with more specialized tools and the increased resource 
variability they imply. Diversity declines during the 
Cline and Marsh view Subphases, suggesting a return to 
a less specialized pattern of animal resource procure
ment. This evidence from flaked lithic tool diversity is 
not considered to be particularly strong or convincing, 

X 
11.1 

1.0 

0 .9 

0 0 .8 
~ 
>-
1-
1/) 
a: 
11.1 
> 
0 
0 
11.1 
1/) 
::::> 
I 

0 
:I: 
~ 
0 
~ 

0.6 

0 .5 

1/) 

0 
Cil ..J 0 ..J Cil x 
1/) IIJ 
IIJ (!) 
a: < 
1- 1/) 

LITHIC TOOLS 

1/) 

< 
1/) 

< u 
1/) 
0 
0 

DIVERSITY INDEXES: 

~ SHANNON-WIENER 

~ EQUITABILITY 

< 
1/) 

11.1 
z ~ 
< 
~ 

1/) 
11.1 1/) 

a: < ~ 
IIJ a: ..J 
~ (!) u 

SUB PHASE 

3lt 
IIJ 

> 
:I: 
1/) 
a: 
< 
~ 

Figure 11.9 - Flaked li thic tool (FLT) morpho-use (D) diversity 
index measures for subphase assemblages. 

but seem to be consistent with the expectations of the 
economic model. 

The proportions of projectile points in subphase flaked 
lithic tool assemblages are presented in figure 11.1 0. 
This proportion decreases steadily through the Dos 
Casas Subphase, increases through the Periman and 
Grass Mesa Subphases, and again declines during the 
Cline and Marshview Subphases. This variability pat
tern rather closely parallels that of decreasing, increas
ing, and decreasing econom ic stress induced by 
combinations of population levels and climatic con
ditions. It therefore tends to support the economic 
model of culture change, particularly in the earlier por
tions of the DAP sequence. Incidentally, projectile 
points are interpreted principally as indicators of ani
mal procurement rather than warfare. Occam's razor 
virtually requires such an interpretation , especially 
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Figure 11 .10- Proportions of projectile points in subphase flaked 
lithic tool (FLT) assemblages. 

since Anasazi warfare is simply not otherwise sup
ported in the DAP data. 

ORGANIZATIONAL DIFFERENTIATION 

Both models of culture change address the development 
of organizational differentiation -the economic model 
as a response to economic supply-demand imbalance 
and the social model as a response to the opportunity 
for leadership development. If economic factors are the 
cause, developing differentiation should be rather low 
in cost, characterized generally by economic coopera
tion, and primarily horizontal in nature without much 
indication of within- or between-group status ranking. 
On the other hand, if causal factors are sociopolitical, 
developing differentiation should be characterized by 
competition and relatively high economic costs, and 
should be largely vertical in nature, with clear indica
tions of within- and between-group status ranking. 

Recognizing potential status differentiation in artifact 
assemblages requires an additional independent data 
structuring mechanism that serves as a framework for 
interpreting artifact variability. In chapter 10, Orcutt 
has provided one such structuring mechanism by di
viding DAP habitations assigned to Period I through 
6 into a maximum of 3 size categories. A critical in
terpretive assumption is that any vertical ranking of 
sites should appear as an indicator of increased status 
in larger sites. Tables 11 .1, 11 .2, and 11.3 present flaked 
lithic tool, nonflaked lithic tool, and flaked lithic de
bitage data for these site size categories for Periods I 
through 6. Note that the assemblages from medium-
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sized sites assigned to Period 2 are rather small, par
ticularly the nonflakcd lithic tools. 

Several lithic tool variables already interpreted in this 
report as functional indicators demonstrate rather ex
treme period and site-size variabi lity, suggesting again 
the organization of certain subsistence tasks may 
t:'hange a great deal , not only with time, but also with 
site size. For example, flaked lithic tool/non flaked lithic 
tool ratio demonstrates significant changes between Pe
riods 3 and 4 and again between Periods 4 and 5. De
termining the nature of the~e organizational changes is 
complex and is not as important for this study as are 
the timing and magnitude of the changes. Such changes 
in the organization of subsistence tasks have already 
been demonstrated and discussed , and this data struc
ture indicates subsistence-related functional variability 
extends to site-size categories as well. 

The proportions of two-hand manos in nonflaked lithic 
tool assemblages also demonstrate major changes be
tween Periods 3 and 4 and between Periods 4 and 5. 
The ratios of one-hand manos to two-hand manos also 
indicate a major change between Periods 3 and 4, 
though not between Periods 4 and 5. Both flaked and ' 
nontlaked lithic tool diversity measures indicate 
marked change between Periods 3 and 4. All of these 
variables tend to confirm major changes in Dolores An
asazi subsistence behavior closely associated with ma
jor population expansion and the development of large 
villages during Period 4 (A.D. 840-880), followed rather 
quickly by climatic deterioration, probable severe eco
nomic stress, and depopulation. However, while these 
variables tend to confirm an economic model of culture 
change from the perspective of functional differentia
tion, they are not particularly appropriate to indicate 
any vertical status differentiation that may exist be
tween site-size categories. To indicate such possible sta
tus differentiation , 4 lithic variables are used: the 
proportion of nonlocal materials in flaked tool assem
blages, the flaked tool raw material acquisition cost in
dex , and the proportion of extremely well worked items 
in both flaked and nonflaked tool assemblages. All may 
be interpreted on the assumption that increased status 
may be accompanied by such indicators as an increased 
proportion of nonlocally acquired or better quality ma
terials, into which increased amounts of tool produc
tion input have been invested. 

The proportions of nonlocal raw materials for the site
size groupings varies only from 2 to 5 percent (table 
11 .1 ), with no indication that larger sites yield higher 
proportions than smaller ones. The acquisition cost in
dex (Phagan and Maloney [ 1983]) for the site-size 
groups is presented in figure II . II. During Periods 4 
and 5, acquisition costs appear somewhat higher at 
larger sites, though this could easily be related to tech
nological or functional variability associated with the 
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Table 11 .1 - Flaked lithic tool variables. by period and site size 

Period I Periqd 2 Period 3 Period 4 Period 5 Period 6 

Small Small Medium Small Medium Small Medium Large Small Large Medium 
sites sites sites sites sites sites sites sites sites sites sites 

(N = 702) (N = 1558) (N = IOI ) (N = 15 15) (N =231 ) (N =625) (N= 348) (N = 762) (N=286) (N = 2407) (N = 1456) 
% % % % % % % % % % % 

Morpho-use (A) 
Utilized flake 33 31 53 40 48 62 30 42 28 35 37 
Core 8 9 9 13 5 5 8 8 7 9 5 
Used core. cobble tool 19 19 14 II 14 II 14 15 18 18 15 
Thick uniface 10 II 5 II 8 8 16 10 13 9 II 
Thin uniface 5 6 I 5 4 2 4 2 5 3 3 
Specialized form 2 2 3 3 I I 2 2 2 2 
Thick biface 8 10 7 6 10 5 7 8 13 II 9 
Thin biface 3 5 2 5 3 I I 3 5 3 5 
Projectile point 8 5 9 3 4 3 7 7 7 6 7 

Raw material identification (B) 
Non local 4 2 3 5 2 3 2 3 4 4 4 
Morrison quartzite 22 32 57 19 40 30 24 34 19 31 20 
Morrison chert 5 6 6 4 4 2 3 7 I 5 4 
Burro Canyon quartzite 14 8 4 13 7 9 14 5 14 6 9 
Burro Canyon chert 10 12 I I 27 I I 22 30 II 26 9 7 
Local cobbles (hornfels) 27 17 10 12 20 14 16 23 22 30 30 
Local. unspecified 17 19 9 15 15 20 I I 16 14 13 10 

Dorsal face evaluation 
Items with cortex 34 36 39 4 1 33 42 47 44 41 45 48 
Unworked 54 55 67 63 67 72 56 65 52 58 51 
Edged 8 II 2 10 10 10 16 8 15 II 15 
Primarily thinned 2 2 4 2 I I 2 2 3 I 3 
Secondarily thinned 4 2 5 2 3 I 2 3 4 3 3 
Well shaped 5 2 2 2 I 2 3 3 5 3 8 
Stylized I I < I I I < I I I 

Morpho-use (D) di versit y 
Shannon-Wiener Index 0.91 0.91 0.73 0.86 0.80 0.63 0.86 0.86 0.94 0.90 0.90 
Equitability Index 0.74 0.72 0.68 0.70 0.68 0.54 0.73 0.68 0.80 0.72 0.72 

Raw material diversity 
Shannon Wiener Index 0.80 0.79 0.6 1 0.8 3 0.71 0.74 0.74 0.75 0.76 0.76 0.81 
Equ itability Index 0.89 0.88 0.72 0.92 0.79 0.82 0.87 0.83 0.84 0.84 0.90 

Acqui sition cost index 13.5 14.4 9.8 11.4 11.7 7.0 7.1 10.0 8.0 10.4 12.2 
Producti on cost index 9.4 8.8 8.6 8.7 8.8 8.4 9.3 9. 1 10.0 9.1 10.2 

Mean weight (g) 113 89 89 86 86 91 85 124 129 134 10 1 
Standard deviation 188 129 97 114 103 190 158 209 230 215 167 

----

Values presented in this table are percents. un less otherwise indicated. The values in the category "Dorsal face evaluation" are not mutually exclusive (i.e .. an item may 
belong to more than one category) . For some variables. the values "not applicable" and "indeterminate" have been omitted from the data presentation: thus. some columns 
may total less than 100 percent. Letters in parentheses identify variable recodes (see Phagan and Hruby 1984). 
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Table 11.2 - Nonflaked lithic tool variables, by period and site size 

Period I Period 2 Period 3 Period 4 Period 5 Period 6 

Small Small Medium Small Medium Small Medium Large Small Large Medium 
sites sites sites sites sites sites sites sites sites sites sites 

(N=343) (N=929) (N=46) (N=627) (N= 136) (N=I39) (N= 140) (N=537) (N =260) (N=2065) (N=964) 
% % % % % % % % % % % 

Morpho-use (A) 
Hammerstone 15 25 9 16 15 17 5 12 10 18 21 
One-hand mano 4 8 2 7 2 I 2 6 3 3 
Two-hand mano 12 II 7 15 10 8 19 26 26 23 25 
Trough metate 13 7 8 10 9 13 II 12 12 !0 
Hafted tool 2 3 7 5 2 4 6 4 4 6 4 
Ornament 2 I 7 2 2 I I 2 < I 2 2 

-

Production evaluation 
Unmodified 53 59 67 53 46 63 40 42 35 45 45 
Minimally modified 13 22 13 19 13 12 14 18 17 16 13 
Well shaped 18 8 7 17 16 12 23 28 34 27 31 
Stylized I < I 4 I 2 I 2 2 I 

Morpho-use (D) diversity 
Shannon-Wiener index 0.95 0.92 0.75 0.98 0.88 0.89 0.90 0.95 0.95 0.97 0.90 
Equitability index 0.80 0.78 0.79 0.84 0.75 0.83 0.81 0.81 0.81 0.82 0.76 

One-hand mano/two-hand mano 0.37 0.75 0.14 0.64 0.27 0.07 0.09 0.22 0.11 0.12 
ratio 

Two-hand mano/trough metate 0.91 1.48 1.84 1.08 0.92 1.50 2.38 2.19 1.93 2.38 
ratio 

Two-hand mano and trough 0.25 0.18 0.23 0.20 0.17 0.32 0.36 0.38 0.35 0.35 
metate/NFLT ratio 

FLT/NFLT ratio 2.0 1.7 2.2 2.4 1.7 4.5 2.5 1.4 1.1 1.2 1.5 

Values presented in this table are percents unless otherwise indicated. Some variables (e.g., "indeterminate") have been omitted from the data presentation; thus, some 
columns total less than 100 percent. Letters in parentheses identify variable recodes (see Phagan and Hruby 1984). 
NFLT- Nonflaked lithic tool. 
FLT- Flaked lithic tool. 
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Table 11 .3 - Flaked lithic debitage variables, by period and site size 

Period I Period 2 Period 3 Period 4 Period 5 Period 6 

Small Small Medium Small Medium Small Medium Large Small Large Medium 
si tes sites sites sites sites sites sites sites sites sites sites 

(N=5446) (N= 17 410) (N =852) (N = II 278) (N = 1820) (N =4591) (N =3505) (N =6193) (N = 3448) (N = I7 598) (N = IO 572) 
% % % % % % % % % % % 

Flakestnake frags: 
Grain size 

Fine 22 18 37 14 45 29 29 33 30 36 40 
Very fine 56 45 50 47 43 52 37 49 45 46 26 
Microscopic 19 35 13 37 10 14 32 15 21 17 32 

Nonlocal items 0.50 0.50 0.35 0.16 0.16 0.24 0.26 0.32 0.26 0.58 1.48 
Items with cortex 26 19 24 31 27 30 34 29 35 32 31 
Mean weight (g) 8.8 6.6 3.4 7.6 8.3 7.9 5.5 6.1 6.8 7.5 7.1 

FLD/FLT ratio 7.8 11 .2 8.4 7.4 7.9 7.3 10.1 8.1 12.1 7.3 7.3 

Values presented in this table are percents unless otherwise indicated. Some variable values (e.g. , medium grain size) have been omitted from the data presentation ~ thus, 
the grain size columns do not total 100 percent. 

frags - Fragments. 
FLD - Flaked lithic debitage. 
FLT - Flaked lithic tool. 
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development of large villages rather than with any sta
tus differentiation. There is no suggestion of status dif
ferentiation prior to Period 4. 

Figure 11.12 presents the combined proportion of well
shaped and stylized nonflaked lithic tools in site-size 
assemblages (see Phagan and Hruby [ 1984] for defini
tions of these technological categories). No production
input differentiation is indicated for Period 3. Produc
tion input increases significantly with site-size increase 
during Period 4, but during Period 5 this trend is re
versed. The Period 4 pattern could be related, of course, 
to functional subsistence variability as easily as to sta
tus differentiation . The occurrence of high-production
input items during Period 4 rather than Period 3 tends 
to support the economic model rather than the social 
model. The proportions of well-shaped and stylized 
items in the flaked lithic tool assemblages (table 11.1) 
demonstrate no clear indication of increased produc
tion input at larger sites in any period. 

The preceding suggests rather clearly that little lithic 
data supports the development of important status dif
ferentiation among site-size categories, particularly as 
early as Period 3 (i.e., prior to A.D. 840). Differences 
appear to be at least as explainable in an economic 
context as in a social development context, and not 
particularly high in cost. If status differences occur, they 
are not apparent in these lithic data structured by site 
size within each temporal period. A second independ
ent data structuring mechanism used to examine the 
possible development of status differentiation has been 
developed by Kane (chap. 14) using a hierarchy of ar
chitecturally defined units within larger habitations 
from Periods 4 and 5. This is synchronic rather than 
diachronic and simply responds to the question, "Is 
status differentiation apparent in the hierarchy of ar
chitectural complexity by the period A.D. 840-920?" If 
so , it should be evident to greater degree in the more 
complex architectural units. Four increasingly complex 
groupings of architectural units, labeled I through IV, 
were used to structure flaked lithic tools, nonflaked 
lithic tools, and flaked lithic debitage; these data are 
presented in tables 11.4, 11.5, and 11.6, respectively. 
(Refer to chap. 14 for definition and justification of 
these data groups). 

Figure 11.13 presents the ratio of flaked to nonflaked 
lithic tools for the 4 architectural groups, and flaked 
lithic tools from the simplest group (I) are considerably 
more numerous, perhaps indicating a relatively reduced 
attention to plant processing. In figure 11.14, the pro
portion of nonflaked lithic tool types in the architec
tural complexity groupings indicates considerable 
between-group variability, most of which is likely to be 
associated with functional rather than status differen
tiation. However, in the most complex group (IV), or
naments comprise 4 percent of the assemblage, whereas 
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in groups I, II, and III, ornaments make up only I per
cent. This is tentative indication of slightly higher group 
IV status. 

Figure 11.15, which illustrates the ratios of one-hand 
manos to two-hand manos, indicates a functional dis
tinction between group I and the 3 more complex 
groupings. Whether this may also be associated with 
some status differentiation is conjectural. 

Figure 11.16 presents the distribution of flaked lithic 
tool morpho-use type and the proportion of nonlocal 
raw materials. There is no suggestion of status differ
entiation; of particular note is the Jack of increase in 
nonlocal items. The acquisition cost of the flaked tool 
assemblages is given in figure 11.17, and shows a slight 
increase for groups III and IV. This could indicate either 
a slight status increase or it could be related to a number 
of possible functional distinctions. 

The combined proportion of well-shaped and stylized 
tools from flaked and nonflaked lithic tool assemblages 
is presented in figure 11.18. The nonflaked lithic tool 
assemblage displays a marked increase in production 
input that, in addition to functional implications, may 
suggest some status increase with increasing architec
tural complexity. Diversity measures for both flaked 
and nonflaked tool assemblages are presented in figure 
11.19. The only significant variation is a reduced flaked 
tool diversity in group I, suggesting an assemblage dom-

. inated more by a few flaked tool types. Table 11.14 data 
clearly indicate this to be domination of the assemblage 
by utilized flakes, which is clearly related to functional 
variability, but may also have indirect implications for 
status differentiation. 

The arrangement of lithic data in these synchronic ar
chitectural complexity categories provides little indi
cation of important status differentiation among 
categories, and therefore fails to provide support for 
the social model of culture change in the Dolores An
asazi situation. However, this may be due largely to the 
likelihood the lithic variables considered are simply 
more suitable for assessing economic (i.e ., functional 
and technological) factors rather than social factors. 

Two DAP studies are useful in recognizing differentia
tions among Anasazi household and interhousehold 
clusters. A techno-functional analysis of reductively 
produced tools (stone and bone) from household and 
interhousehold clusters (Hruby 1985) demonstrates a 
high degree of homogeneity among household toolkits 
from Periods I and 2. This household toolkit stand
ardization decreases considerably during Periods 3 and 
4, as indicated by a reduced number of significantly 
correlated tool pairs (Hruby 1985), and this may in
dicate some degree of household specialization or dif-



ferentiation within interhouseholds. Toolkits from the 
larger interhousehold clusters of Periods 3 and 4 exhibit 
roughly the same kind and degree of standardization 
observed in toolkits from the earlier, smaller household 
clusters. This is perhaps best viewed as a shift in the 
basic Anasazi economic unit from the smaller house
hold to the larger interhousehold at around A.D. 800. 
This shift clearly has implications for an economic 
model of culture change, but its initiation during a per
iod of relatively low economic stress (Period 3) also 
suggests some support for the sociopolitical model. 

A microwear analysis of flaked lithic tools from many 
of the same household and interhousehold clusters 
(Neusius 1985) indicates all of these assemblages are 
quite similar with respect to the kinds and relative pro
portions of edges produced. Within these rather ho
mogeneous sets of edges, however, major use-wear 
variability is quite apparent, and it seems clearly as
sociated with a functional distinction, especially be
tween habitations and field houses, as well as between 
household and interhousehold clusters. Also, indica
tions of increased use-wear differentiation appear be
tween interhousehold clusters assigned to Period 4, 
suggesting the greater horizontal (functional) differen
tiation predicted by the economic model of culture 
change. 
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SUMMARY 

Indications of technological change in Dolores Anasazi 
lithic assemblages tend to support the economic model, 
in which cultural changes occur as responses to eco
nomic stress accompanying population growth and/or 
climatic deterioration in the immediate area. However, 
some indications from these assemblages show that 
some technological change may occur during periods of 
little economic stress, suggesting that not all change is 
economically induced, or at least that some change may 
be associated with the development of social 
hierarchies. 

Insofar as lithic artifact variability is a reliable indicator 
of ranked status and relative cost, there is good indi
cation that Dolores Anasazi social and economic dif
'ferentiation is a relatively low-cost phenomenon, with 
little indication of within- or between-group status 
rankings. Differentiation appears to be primarily hor
izontal in nature, cooperative rather than competitive, 
and related functionally to subsistence behavior. Evi
dence for diversification of plant resources other than 
corn is mixed and rather weak, but it is perhaps best 
understood in an economic least cost context. Lithic 
artifact variability associated with changes in agricul
tural intensification provides rather convincing support 
for the economic model. 
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figure 11 .12 - Proportions of well-shaped and stylized non flaked lithic tools (NFLT) for sit~ size group:;. 
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Table 11.4- Flaked lithic tool variables, by architectural complexity group, 
Periods 4 and 5 

Group I Group II Group III Group IV 
N = 1003 N = 1641 N = 691 N = 504 

% % % % 

Morpho-use (A) 
Utilized flake 53 31 40 32 
Core 8 II 9 2 
Used core, cobble tool 12 18 16 23 
Thick uniface 9 12 10 II 
Thin uniface 3 4 3 2 
Specialized form I 2 3 2 
Thick biface 5 II 9 14 
Thin biface 4 3 3 2 
Projectile point 3 5 5 5 

Raw material identification (B) 
Nonlocal 4 3 5 5 
Morrison quartzite 27 24 31 27 
Morrison chert 2 3 5 3 
Burro Canyon quartzite II 8 8 5 
Burro Canyon chert 23 14 12 II 
Local cobbles, hornfels 14 33 26 36 
Local, unspecified 17 13 12 14 

Dorsal face evaluation 
Items with cortex 40 46 35 55 
Unworked 67 56 57 62 
Edged 9 12 14 10 
Primarily thinned 2 2 2 I 
Secondarily thinned I 2 3 3 
Well shaped 2 3 3 3 
Stylized <.I <I < I I 

Morpho-use (D) diversity 
Shannon-Wiener index 0.73 0.90 0.87 0.87 
Equitability index 0.59 0.73 0.71 0.74 

Raw material diversity 
Shannon-Wiener index 0.79 0.76 0.76 0.72 
Equitability index 0.87 0.84 0.84 0.80 

Acquisition cost index 9.0 8.2 10.9 10.7 
Production cost index 8.4 8.9 9.2 9.2 

Mean weight (g) 113 130 119 162 
Standard deviation 258 206 204 240 

Values presented in this table are percents unless otherwise indicated. The values in 
the category "Dorsal face evaluation" are not mutually exclusive (i.e., an item may 
belong to more than one category). For some variables, the values "not applicable" and 
"indeterminate" have been omitted from the data presentation; thus, some columns 
may total less than I 00 percent. Letters in parentheses identify variable recodes (Phagan 
and Hruby [1984)). 



Table 11.5 - Nonflaked lithic tool variables, by architectural complexity group, 
Periods 4 and 5 

Group I Group II Group III Group IV 
N = 281 N ~ 1219 N = 560 N = 503 

% % % % 

Morpho-use (A) 
Hammerstone 14 16 15 15 
One-hand mano I 3 3 3 
Two-hand mano 13 22 20 23 
Trough metate 14 II II 14 
Hafted tool 6 7 7 3 
Ornament I I I 4 

Production evaluation 
Unmodified 46 44 43 46 
Minimally modified 20 16 16 12 
Well shaped 21 27 30 32 
Stylized I I I 4 

Morpho-use (D) diversity 
Shannon-Wiener index 0.99 0.97 0.99 0.95 
Equitability index 0.84 0.82 0.84 0.83 

One-hand/two-hand mano 0.08 0.13 0.15 0.13 
ratio 

Two-hand mano/trough metate 0.97 2.05 1.84 1.72 
ratio 

Two-hand mano and trough 0.27 0.33 0.31 0.37 
metate/NFLT ratio 

FLT/NFLT ratio 3.6 1.3 1.2 1.0 

Values presented in this table are percents unless otherwise indicated. Some variable 
values (e.g., "indeterminate") have been omitted from the data presentation; thus, some 
columns total less than I OQ percent. Letters in parentheses identify variable recodes 
(Phagan and Hruby [1984)). 
NFLT - Nonflaked lithic tool. 

FLT- Flaked lithic tool. 

Table 11.6 - Flaked lithic debitage variables, by architectural complexity group, 
Periods 4 and 5 

Group I Group II Group III Group IV 
N = 6166 N = 12 439 N = 5022 N = 2806 

% % % % 

Flakes/flake frags: 
Grain size 
Fine 20 35 28 39 
Very fine 5.J. 42 56 37 
Microscopic 24 23 14 22 

Nonlocal items 0.28 0.28 0.70 0.96 
Items with cortex 30 37 28 31 
Mean weight (g) 7.7 8.0 8.0 6.3 

FLD/FL T ratio 6.1 7.6 7.3 5.6 

Values presented in this table are percents unless otherwise indicated. Some variable 
values (e.g. , medium grain size) have been omitted h·om the data presentation· thus 
the grain size columns do not total 100 percent. ' ' 
frags - Fragments. 
FLO - Flakecl lithic debitage. 
FL'[ - Flaked lithic tool. 

LITHIC TOOLS 
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Figure 11 .13 - Flaked lithic tool/nonflaked lithic tool 
(FLT/ NFLT) ratio for Period 4 and 5 
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Figure 11.15 - One-hand mano/two-hand mano ratio for 
Period 4 and 5 architectural groups. 
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Chapter 12 

TECHNOLOGY: CERAMIC CONTAINERS 
Eric Blinman 

Portable containers comprise diverse category of Do
lores Anasazi material culture, including baskets, bags, 
and pottery vessels. These containers serve functions 
of storage, transportation, and various aspects of ma
nipulation, the latter dominated by food preparation. 
Containers are generally assembled in their construc
t ion, with a correspondingly greater control of form 
than is true of other types of tools (e.g., flaked stone 
tools). Container attributes such as shape and volumes 
can be interpreted directly as designed features reflect
ing intended functions (Smith and Hargrave 1984). 
Functional inferences from container and container as
semblage data can then be used in the evaluation of 
change in technology and in broader aspects of eco
nomic and social organization. 

The archaeological perception of containers in the Do
lores area collections is practically limited to the ce
ramic data set. Baskets and textile containers have been 
recovered as charred, or rarely uncharred, fragments 
from some Dolores area sites, but basketry assemblages 
are at best partial due to generally poor preservation 
(chap. 2). This incomplete representation, coupled with 
their scarcity, precludes detailed evaluations of varia
bility in space or time. Hide containers may have ex
isted, based on their presence in other areas of the 
Southwest and on the recovery from DAP sites of awls 
not appropriate for basketry construction, but no spec
imens of hide have been recovered. Containers of wood 
or stone are also absent from the archaeological ma
terial inventory, and these absences effectively limit ar
chaeological studies to pottery vessels. 

Although representing a single material subset of the 
portable container class, ceramic materials provide a 
strong data set for interpretations. Potsherds are the 
single most abundant archaeological material class in 
Dolores area sites, and their abundance increases the 
ability to evaluate the significance of systemic as op
posed to sampling-error sources for observed variation. 
Ceramic vessels also play diverse functional roles in 
subsistence systems, allowing comparisons between 
roles while avoiding potential variation associated with 
crossing boundaries of material classes (e.g., archaeo
logical recovery bias). However, some limitations are 

present due to the probable existence of functions not 
represented in ceramic containers (e.g., long distance 
transport or winnowing) and, therefore, cannot be ad
dressed in DAP studies of technological change. 

Close ties are assumed to exist between technology and 
subsistence behavior (chap. 6). Change within the Do
lores area cultural system that affects subsistence be
havior is expected to affect containers, and innovation 
within technology (new techniques, tools, or containers) 
should in turn influence other aspects of the cultural 
system. The basic principles of container technology 
(types of containers [Blinman 1985]) appear to be rel
atively stable through the A.D. 600-980 period in the 
Dolores area, and change in containers is not expected 
to be a significant independent variable engendering 
change in other aspects of the cultural system. Thus, 
change in containers is treated as a dependent variable, 
responsive to, rather than determinate of, change in the 
Dolores cultural system. 

Possible motivations for broader systemic change in the 
Dolores area include economic (least cost) decision 
structures and social forces associated with the devel
opment of leadership hierarchies (Earle 1980; Lightfoot 
1984; Lipe, chap. 6). Both motivational constructs are 
assumed to affect containers through changes in the 
content and organization of the subsistence system. 
Content changes are subsumed under the concept of 
intensification, which is used in the sense of increase 
in labor or in energy expenditure to achieve a given 
level of per capita resource output. Within the content 
of limited nonagricultural subsistence resources of the 
Dolores area, the practical expression of intensification 
is increased reliance on agricultural products in the diet. 
Organizational changes include both changes in the or
ganization of production and changes in the patterns 
of consumption. 

MEASURES OF SUBSISTENCE 
INTENSIFICATION 

Several of the observed changes in ceramic vessel forms 
can be related to changes in the level of reliance on 
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cultigens in the subsistence mix within the Dolores 
Project area. Some of these changes are detectable in 
the types and sizes of particular vessel forms, some are 
present as ratios of sherds assignable to form classes, 
and some are detectable as changes in relationship be
tween ceramic materials and other artifact classes. 

Comestible Storage in Containers 

Vessels designed for the storage of dry and perishable 
materials are labeled as seed jars in DAP collections 
(Blinman 1985). These vessels are associated with the 
long term storage of seeds (especially cultigens), and 
often have holes or lugs in the vicinity of the rim to 
facilitate secure closure. This form is present in both 
gray and decorated wares throughout the A.D. 600-980 
period, and reconstructible examples in DAP collec
tions range in volume from less than 250 mL to more 
than 7 500 mL. Small seed jars are assumed to have been 
used to store small quantities of valuable perishable 
materials (ranging from feathers to seed corn), and only 
large seed jars (greater than 4 L in volume) are likely 
to have functioned as storage facilities for quantities of 
comestibles. 

These large seed jars are numerically scarce relative to 
other size classes, they are confined to the gray ware 
category, and reconstructible vessels of this size only 
occur in pre-A.D. 840 contexts. Since inferences based 
on observed variability within the reconstructible ves
sel data set are limited by the small number of vessels 
and the high probability of sampling error, the relative 
frequencies of gray ware vessel forms in well-dated, 
screened refuse sherd collections were examined. 
Screened refuse collections were chosen for the com
parison because they are less likely to reflect high var
iance due to the occasional inclusion of reconstructible 
vessels. Rim sherds of gray ware seed jars are reliably 
distinguishable from rim sherds of other gray ware jar 
forms (predominantly cooking jars, but also including 
some ollas), and similar numbers of rim sherds are pro
duced upon the breakage of seed jars and cooking jars. 
Thus, a ratio of seed jar sherds to other gray ware jar 
sherds (cooking jar sherds) in refuse should provide a 
comparison of the changing relative importance of ce
ramic storage of comestibles through time. 

Ratios of seed jar sherds to cooking jar sherds through 
the A.D. 600-980 period are presented in figure 12.1. 
For Period I refuse, approximately 1.0 seed jar sherd 
is found for every 1.7 cooking jar sherds. This ratio 
declines dramatically after A.D. 720 to I seed jar sherd 
for 83 or more cooking jar sherds. The sample size (total 
number of sherds in the dated refuse collections) for 
Period I is the smallest of those used in this compar
ison, and some of the discrepancy between the pre-A. D. 
720 and post-A.D. 720 ratios could be due to sampling 
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error. However, multiple vessels are represented in the 
early collections, and the number of seed jars sherds in 
the early collection (N = 15) is equal to the largest num
ber of seed jar sherds in any of the other larger 
collections. 

This changing ratio reflects the deletion of the large, 
gray ware seed jar from the Dolores area ceramic vessel 
assemblage after A.D. 720. Based on the assumed func
tion of this size class of seed jars (storage of large quan
tities of comestibles), storage technology appears to 
have undergone a change at this time. The population 
density within the Dolores area increased dramatically 
from Period I to Period 2 (Schlanger 1985; chap. 8). 
Exploitive pressure on the availability of nonagricul
tural resources is assumed to have increased, resulting 
in an increased reliance on cultigens, and creating an 
increased demand for long term storage facilities . Such 
a demand could have been satisfied by an increase in 
the number and size of large seed jar vessels, but it 
appears to have been satisfied instead by a transition 
to architectural storage facilities (chap. 13) and a sharp 
decline in the use of ceramic vessels for comestible 
storage. 

Temporal Changes in Diet and Food Preparation 

A correlate of the predicted changes in reliance on ag
riculture through the occupation of the Dolores area is 
a change in the proportion of meat in the diet. Food 
boiling in ceramic vessels encompasses much of the 
preparation of both meat and cultigens, and the rate of 
breakage and discard of cooking jars can be used as an 
index of food preparation activity. This index itself may 
be subject to change as dietary composition changes 
due to a potentially greater use of boiling (as opposed 
to roasting or baking) in conjunction with cultigen prep
aration. Although possibly invalidating the use of cook
ing jar sherds as a constant index of food preparation, 
the direction of such a bias within the index would tend 
to improve the utility of the contrast between cooking 
jar sherds and animal bones as an index of the reliance 
on cultigens. 

The ratios of nonhuman bone to cooking jar sherds for 
well-dated, screened refuse collections are presented in 
figure 12.2. Refuse collections were chosen because they 
should minimize variance within the ceramic materials 
that can result from the recovery of reconstructible ves
sels (often encountered in structure surface proveni
ences), and because the vessel form proportions in 
refuse are more likely to approximate the intensity of 
vessel use than are the proportions in structure surface 
assemblages, which are more likely to reflect momen
tary vessel inventories. Screened proveniences were 
chosen to reduce the possibility that recovery bias 
would under-represent either nonhuman bones or 
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sherds relative to each other. Numbers of bones or bone 
fragments, rather than minimum numbers of individ
uals or estimates of edible meat weight, are used in ratio 
calculation , and thus the ratio cannot be interpreted 
directly as representing the meat contribution to the 
diet. To mediate this limitation, the relative contribu
tions of animal size classes to the bone/cooking jar 
sherd ratios are shown in the histogram (fig. 12.2). The 
numbers of bones in the Period I, 4, and 6 collections 
are small , and although the ratios of bones to sherds 
are likely to be relatively stable, the proportionate con
tributions of the 3 animal size classes may be unstable. 

The highest bone/sherd ratio occurs in the Period 2 
collection , due in part to an extremely large contribu
tion of small mammal bone. The ratio declines for Pe
riods 3 and 4 and then increases for Periods 5 and 6, 
with more even representations of the 3 animal size 
classes (large mammals are proportionately most abun
dant in the small Period 6 collection). The changes in 
the ratio after Period 2 are inverse to the observed 
changes in the human population in the Dolores area, 
with the smallest ratio corresponding to the greatest 
human population. Since the ratio is based on bones 
rather than meat, and much of the meat consumed is 
likely to have been concentrated within the large mam
mal category, it is important that the large mammal 
bone/sherd ratio also roughly parallels the inverse of 
the human population curve (with the exception of Per
iod 2). 

These trends are consistent with the interpretation that 
dietary change accompanied human population in
crease within the Dolores area. Using cooking jar sherds 
as a stable proxy for total food consumption, the 
changes in the meat protein contribution to the diet are 
dramatic and are presumably replaced by cultigens. If 
boiling and soaking activities are positively correlated 
with cultigen preparation, then the index of food prep
aration is biased, and the observed changes in the bone/ 
sherd ratio support the increase in reliance on cultigens 
but o verestimate the relative decrease in meat 
consumption. 

Another potential index of food consumption is the 
ratio between cooking jar sherds and bowl sherds. This 
ratio is a weaker index of food consumption than the 
ratio between bones and cooking jar sherds for 2 major 
reasons. Ritual activities (hosting of gatherings or 
potlucks) appear to influence sherd collections by in
flating the numbers of bowl sherds spatially associated 
with collections from ritual activity loci (chap. 15). This 
source of variation appears to be restricted to larger 
sites and to specific roomblocks within sites that have 
architectural evidence of ritual complexity, and the ef
fect of this variation would be to decrease the observed 
ratio of cooking jar to bowl sherds. The second con-
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straint associated with this index is that its use requires 
the assumption that cooking jar use is positively related 
to cultigen preparation. This assumption receives cir
cumstantial support from a lack of evidence for baking, 
roasting, or frying corn products, but the negative evi
dence for alternatives to boiling is a weak basis for 
accepting the assumption due to the limited preserva
tion of perishable food materials in Dolores area sites. 

However, since vessel breakage is assumed to be pro
portional to vessel use, and since food consumption 
(bowl breakage) is likely to be relatively constant per 
person or per household regardless of material con
sumed, then a changing cooking jar to bowl sherd ratio 
should indicate a change in the emphasis on boiling as 
a preparation technique. In the presence of evidence 
that meat content in the diet was varying inversely with 
cooking jar sherd discard , it is reasonable to assume 
that cultigen preparation and consumption co-varies 
with cooking jar frequency and that a ratio of cooking 
jar to bowl sherds in refuse will reflect gross variation 
in cultigen contribution to the diet. 

No increase is apparent across the Period 1-Period 2 
boundary even though both a relatively large popula
tion increase and a change in the level of cultigen re
liance occurs, as measured by the demand for storage 
facilities. The increase in the ratio during Period 5 sug
gests continued agricultural intensification as popula
tion falls. This is a surficial contradiction when 
population alone is used as a proxy for intensification, 
but the apparent increase in intensification of agricul
ture may be appropriate given the increased stress on 
the subsistence system expected for that time period, 
based on climatic fluctuations (Orcutt 1985a). The lack 
of significant decrease in Period 6 is also a contradic- · 
tion , based on a dramatically reduced population 
within the Dolores area, but the collection size that 
represents Period 6 is small (see fig. 12.1 for collection 
sizes), and the observed ratio may be subject to sam
pling error. 

Spatial Variation in Agricultural Intensification 

If the bone/sherd and cooking jar/bowl ratios do reflect 
changing proportions of cultigens in the diet, then var
iation in the ratios from community cluster to com
munity cluster within the project area may reflect 
variation in agricultural intensification. Evaluation of 
community cluster catchments within the Dolores area 
indicates considerable range in the quality of adjacent 
land for agricultural purposes (Orcutt 1985a). This var
iation is reflected in the very different costs of practic
ing agriculture between the varying community clusters 
(chap. 9), and, given marginal cost theory (Earle 1980), 
the consequence should be variation in the degree of 
reliance on agriculture. 



e 
CERAMIC CONTAINERS 

(/) 
15 0 

Q:: 
IJJ 
I 
(/) 

...J 
~ 
0 
al 

10 ...... 
(/) 
0 
Q:: 
IJJ 
I 
(/) 

Q:: 

< 5 ..., 
(.!) 

z 
:.:: 
0 
0 
u 

0 

PERIOD I 2 3 4 5 6 

I I I I I I I I I I I I I I I I 
600 650 100 750 800 850 900 950 

DATE (A.D.) 

Figure 12.3 - Ratios of cooking jar sherds to bowl sherds in screened refuse collections. Collection sizes upon which the ratios are based are 
the same as those used in figure 12.1. 

The relative agricultural quality of catchments for por
tions of the Dolores area have been calculated by Orcutt 
(1985a:57-58) based on soil quality, growing season 
length (edaphic effects of cold air drainage), and cli
matic fluctuations . Excavated collections of refuse are 
available from sites within 4 of these community clus
ters, but data have been lumped for 2 adjacent com
munity clusters (Rio Vista Village, Site 5MT2182 
[Wilshusen 1985], and House Creek Village, Site 
5MT2320 [Robinson and Brisbin 1984]), and these data 
are used to represent the Middle Canyon portion of the 
project area. Orcutt's agricultural quality ranks are pre
sented in figure 12.4 for Periods 3, 4, and 5. The slight 
changes in ranks between Periods 3 and 4 are due to 
catchment readjustments resulting from the large pop
ulation growth and aggregation during Period 4, and 
the stronger changes after A.D. 880 are due to climatic 
fluctuations that reduce the length of the growing sea
son in some portions of the Dolores area. 

The ranks cannot be interpreted on an absolute scale, 
but they do provide a relative measure of changes in 
marginal costs associated with agriculture in the dif
ferent catchments. In all cases, agricultural intensifi
cation should be more expensive in the vicinity of Grass 
Mesa Village than at the other community clusters. The 
McPhee Community Cluster is somewhat better situ
ated for agricultural intensification than the Middle 
Canyon area until Period 5, when shortened growing 
seasons affect a greater proportion of the McPhee Com
munity Cluster catchment. These ranks should be pre
dictors of the relative values ofbone/sherd and cooking 

jar/bowl ratios in the different portions of the Dolores 
Project area. 

Bone/sherd ratios for the different portions of the Do
lores area are presented in figure 12.5. The ratios are 
based on screened collections from well-dated refuse 
deposits. (The definition of refuse used here is slightly 
broader than that used in the discussion of temporal 
trends in the project area. This results in slightly larger 
sample sizes, and although magnitudes are comparable, 
direct comparisons between these ratios and those pre
sented in figure 12.2 are not appropriate.) The direction 
of temporal variation in all of the ratios conforms to 
that seen for the project area as a whole (fig. 12.2) with 
the exception of the Period 2 collection from the vi
cinity of Grass Mesa Village. Investigation of this dis
crepancy indicates the Period 2 collection for the 
project area as a whole is dominated by a single col
lection with an unusually high concentration of small 
mammal remains, and the Grass Mesa Village collec
tion is representative of the majority of the site collec
tions from that time period. 

In comparison with contemporary collections from the 
other portions of the Dolores area, collections from the 
vicinity of Grass Mesa Village contain consistently 
more nonhuman bone. In those cases for which Period 
5 collections are available from both the Middle Can
yon area and the McPhee Community Cluster, there is 
slightly less bone from the Middle Canyon. Period 6 
refuse is only represented by collections from the 
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Figure 12.4 - Relative agricultural quality of three Dolores area community catchments (adapted from Orcutt 1985a:57-58). The larger values 
reflect better quality soils and lower risk due to cold air drainage than the smaller values. Values used for the Middle Canyon area 
are averages for the values calculated for Rio Vista Village and House Creek Village. 
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Figure 12.5 - Ratios of nonhuman bone to cooking jar sherds in 
screened refuse deposits from different portions of 
the Dolores area. 

McPhee Community Cluster. Rankings based on de
creasing ratio value conform well to the rankings based 
on increasing quality of the associated agricultural 
catchment. In addition, the closeness of Period 5 ratios 
for the Middle Canyon area and McPhee Community 
Cluster, as well as their distance from the Grass Mesa 
Village ratio, suggests a quantitative inverse relation
ship may exist between the agricultural quality meas
ures and the observed reliance on game animals in the 
diet. 

Cooking jar/bowl ratios for the different portions of the 
Dolores area should also reflect this variability in ag-
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ricultural intensification; higher ratios should coincide 
with higher agricultural quality ranks. Figure 12.6 pre
sents the cooking jar/bowl sherd ratios for screened re
fuse from the 3 community clusters. Screened refuse 
collections were not made for all time periods for all 
community clusters, and comparisons are limited as a 
result. However, collections from those contexts sam
pled are surprisingly large (ranging from 1597 to 7699 
sherds with a mean of 5116 sherds}, and all ratios except 
that for Period 6 are expected to be stable. The Grass 
Mesa Village ratio is consistently lower than those for 
the other community clusters. The Middle Canyon area 
ratio is higher than that for Grass Mesa Village in Pe
riods 3 and 4, and the Middle Canyon ratio is greater 
than that for collections from the McPhee Community 
Cluster for Period 5. Period 6 collections are only avail
able from the McPhee area. 

The observed variation in the cooking jar/bowl ratios 
for the individual community clusters conforms to the 
ranking predicted by the relative agricultural quality of 
the community catchments. However, differences are 
not as strongly expressed as those evident in the sherd/ 
bone ratios. This weaker expression may reflect the rel
atively greater "noise" inherent in the use of this meas
ure due to potential ritual gathering biases. 

ECONOMIC AND SOCIAL ORGANIZATION 

Changes in economic and social organization affect 
both the production and the use of containers. Organ
ization of the production of ceramic vessels is affected 
by resource availability, differential skill levels among 
artisans, and the relationship between social hierarchies 

e. 
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Figure 12.6 - Ratios of cooking jar sherds to bowl sherds in screened refuse collections from three of the community clusters or locations in the 
Dolores area. Appropriate collections are not available for all community clusters for all time periods. The shaded area represents 
the ratio for collections from the project area as a whole, and the coincidence with the McPhee Community Cluster collection for 
Period 6 is due to the lack of screened refuse collections from other portions of the Dolores area for that period. 

and control of production and distribution. In turn, the 
organization of production affects some aspects of so
cial interaction by establishing a need for commodity 
exchange and economic interdependence of social 
units. Use of containers is affected by the need to satisfy 
specific functional requirements within the tasks of 
food preparation and consumption. The strongest of 
the relationships linking use to social organization ap
pears to be the size of the food consuming group. 

Specialization in Ceramic Manufacture 

Increasing economic differentiation is expected as a 
concommitant to increasing social complexity, and 
craft specialization is an aspect of economic differen
tiation. However, whereas specialization is expected 
within complex societies, specialization can also occur 
without significant political complexity. In terms of ce
ramic manufacture, specialization can occur as a re
gional emphasis on the manufacture of pottery or of 
certain pottery wares, as a part time specialization at 
the level of skilled individuals, as a full time occupation 
without other subsistence responsibilities, or as com
binations of intermediate states of these conditions. 

These levels of specialization share the characteristic 
that ceramic production is unevenly distributed among 
the households of the population, but the levels of spe
cialization vary in their implications for social 
complexity. 

Changing levels of social complexity have been pro
posed for the Dolores area on the basis of site size 
hierarchies (chap. I 0) and architectural complexity 
hierarchies (chap. 14). Simple decision making hier
archies are implied by a two-tiered, site size ranking as 
early as Period 2, with complex decision making hier
archies evidenced as part of the high population levels 
in Periods 4 and 5. The complex decision making hier
archies of Periods 4 and 5 coincide with intrasite ar
chitectural complexity in some members of the largest 
site-size tier. These increasing levels of complexity from 
Period I through Period 5 could simply be a response 
to the management and conflict mitigation needs of the 
increasing local population in the face of pressure on 
the access to agricultural land. Alternatively, the com
plexity in Periods 4 and 5 could reflect leadership de
velopment beyond the adaptive needs of the population 
(cf. Lightfoot 1984). 
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Spc:cialitation llf L'l'l"a lllil· ;; ; ; ln ul ·.~ , · t urc: cnuld bccur as 
one aspect of a broader l'Conomic differentiation (task 
specialization resulting in the economic interdepend
ence of household groups) associated with the process 
of developing social complexity. This is not a require
ment of either the minimalist expectations for social 
complexity under an economic model of behavior or 
the power or control expectations for social complexity 
under a leadership development model of behavior. 
However, the increased overhead costs of the leadership 
model are slightly more compatible with the develop
ment of specialized manufacture than is the efficiency 
concept associated with economic motivations for or
ganized social control. 

Measures of specialization of ceramic production in 
archaeological contexts are varied but often focus on 
the level of standardization in the execution of partic
ular vessel forms (Rice 1981 ). Such measures are mar
ginally appropriate for the northern Anasazi due to the 
predominance of hand-built, as opposed to mold-made 
or wheel-thrown pottery. Even under conditions where 
specialization (or at least mass production) is suspected 
in the context of hand built pottery, such standardiza
tion appears to be secondary to shared conceptions of 
style among regional populations of potters (Toll 1985). 
Other measures of specialization consist of the iden
tification of evidence of ceramic production (work
shops, tools, raw material concentrations), and the 
evaluation of the eveness of the distribution of such 
evidence. These measures can be implemented in the 
context of the northern Anasazi and have been used 
successfully to identify craft specialization at the level 
of skilled individuals (Ambler 1983). 

Within this framework for the identification of spe
cialization, positive occurrence of ceramic manufac
turing must be weighed against the absence of such 
evidence. This requires the assessment of the interac
tion between sample size and the perception of negative 
evidence, and arguments become subjectively proba
balistic. Within the Dolores area, the technology of ce
ramic production changes through time, resulting in a 
need for different criteria for the acceptance of negative 
evidence. These differences result in a greater difficulty 
in accepting negative evidence from contexts dating to 
Periods I and 2 (Blinman and Wilson 1985a) than from 
contexts dating to Periods 4 and 5 (Blinman and Wilson 
1985b). Insufficient data are available to derive models 
of production evidence from Periods 3 and 6. 

Although weakened by the need to depend on negative 
evidence, the distribution of ceramic production evi
dence suggests a low level of specialization in manu
facture of gray ware vessels during Periods I and 2 
(Blinman and Wilson 1985a). At least one large collec
tion attributable to the activities of a single household 
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lad,s production evidence, and several moderate-si ze 
collections also lack such evidence. Circumstantial sup
port for the inference of noninvolvement in ceramic 
production at these households is provided by the co
incidence of higher frequencies of nonlocal gray ware 
sherds in the collections that lack associated evidence 
of ceramic manufacture (chap. 15). No positive evi
dence of white ware vessel manufacture occurs in any 
of the Period I or 2 collections, and although white 
ware production cannot be ruled out, it is likely to have 
been at least partially specialized, probably at the level 
of skilled individuals. Red ware vessels are first present 
in Period 2 collections, but their manufacture appears 
to have been regionally specialized outside of the Do
lores area (Lucius and Wilson 1980; Lucius and Bre
ternitz 1981 ). Thus, a low level of specialization in gray 
ware manufacture appears to characterize the early An
asazi occupation of the Dolores area, with a higher level 
of white ware production specialization, and regional 
specialization of red ware production. 

In contrast to the apparent situation in Periods I and 
2, no specialization in gray ware production can be 
argued for Periods 4 and 5. This conclusion is based 
on a detailed evaluation of collections from the McPhee 
Community Cluster (Blinman and Wilson 1985b), and 
a similar situation is assumed to apply to the other 
contemporary villages and communities within the Do
lores area. No large collections associated with indi
vidual household or interhousehold groups lack 
evidence of ceramic production. Gray ware manufac
ture appears to be ubiquitous, but only some house
holds can be positively associated with white ware 
manufacture. Production of red ware vessels continues 
to be regionally specialized. Thus, there appears to have 
been a decrease rather than an increase in household 
economic interdependence, as measured by the ubiq
uity of ceramic production, through the A.D. 600-920 
period. This suggests a limited influence of social com
plexity on this aspect of economic organization. 

Cooking Jar Volume Variation 

Apart from the influences of dietary composition on 
ceramic vessel variation , changes in the organization 
aspects of food consumption may influence ceramic 
containers through the size of the group for which food 
is prepared. This has been argued by Turner and Lof
gren ( 1966) who used variation in cooking jar volume 
as a proxy for variation in household size, but other 
factors appear to influence vessel size as well (Nelson 
1981 ). These factors are both functional (the types of 
food prepared and the variety of preparation tech
niques) and organizational beyond simple family size. 
The organizational influences affect the size of the food 
consuming unit, augmenting household needs by needs 
imposed by or connected with the status and political 



and social roles of the particular household. These fac
tors limit the confident interpretation of variation in 
cooking jar size, but to the extent that confounding 
factors can be controlled, they effectively extend the 
range of lower confidence inferences that can be drawn 
about the organizational aspects of food consumption. 

The basic assumption linking aspects of social organi
zation to vessel size is that cooking jar volume is pre
determined to suit the modal need or needs for the 
volume of food to be prepared at one time. This need 
is translated into vessel volume by the potter, and the 
closer the relationship between the potter and the need 
felt , the more sensitive vessel volume is likely to be to 
changes in the modal need. Although some speciali
zation of gray ware (predominately cooking jar) man
ufacture is evident prior to A.D. 800, the level of 
specialization is low, with many sources of gray ware 
vessels. Under these circumstances, designed vessel vol
ume is likely to approximate needed vessel volume with 
some possibilty of error. After A.D. 840, gray ware pro
duction is ubiquitous, and designed vessel volume is 
likely to correspond closely with modal needs. Ex
change of gray ware vessels was relatively common for 
all time periods (chap. 15) and could decrease the as
sociation between household needs and household ves
sel characteristics insofar as needs were unevenly 
expressed across the geographic extent of the exchange 
and interaction system. 

Potential influences on the felt need for particular cook
ing jar volumes in the Dolores area include changes in 
the types of materials being consumed, changes in prep
aration techniques, and changing sizes of the food con
suming unit. Variation in the nonorganizational 
influences are unlikely to have major effects on indi
vidual vessel characteristics. No indications show that 
classes of food items were added to or deleted from the 
subsistence system through the A.D. 600-980 period. 
Observed or anticipated changes are restricted to 
changes in relative emphases on cultigens, primarily 
corn, and concurrent changes in the level of wild food 
procurement and consumption. No "new" functional 
vessel forms (such as the comal [Reina and Hill 1978]) 
are introduced into the container assemblage, suggest
ing relative stability in food preparation techniques, at 
least in terms of broad technique categories. However, 
this broadly defined technological stability does not 
preclude the possiblity of variety within broad prepa
ration categories (e .g. , soups, stews, and gruels as va
rieties of boiled foods) . 

Given the stability observed or inferred for types of 
foods and types of preparation techniques, much of the 
variation in cooking jar volume is likely to be in re
sponse to variation in the size of the food consuming 
group. This variation subsumes change in household 
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size, changing patterns of regular hosting of gatherings 
that include individuals from outside of the household, 
and changes in economic behavior that would subdi
vide the household group on a regular basis. All 3 of 
these factors could have influenced cooking jar size in 
the Dolores area in the A.D. 600-980 period. 

The population history of the Dolores area (chap. 8) 
includes instances of rapid population growth between 
Periods I and 2 and between Periods 3 and 4. The rate 
of increase is believed to be too extreme to reflect in
ternal population increase, and the regional pattern of 
settlement location indicates that abandonment of ad
jacent areas at lower elevations coincided with the in
creases of population in the Dolores area . If the 
inference of immigration into the Dolores area is in
correct or only partially correct, then an extreme in
crease in household size would be necessary to explain 
the observed population growth in the Dolores area. 
This potential variation in household size should be 
reflected in cooking vessel size. 

Concurrent with the increases in Dolores area popu
lation are increases in local population density or ag
gregation (Orcutt 1985b). In Period I, the median site 
size suggests the presence of a single household, but 
enough multiple household sites are present to raise the 
mean size estimate to 2.1 households. Median site size 
remains at one household in Period 2, but more and 
larger multiple household sites are present, and the 
mean site size increases to 3.4 households. Aggregation 
continues in Period 3 with a median site size of 3 house
holds and a mean of 4.9 households. The large popu
lation increase in Period 4 was concentrated in a limited 
number of large villages, such that the median size in
creased to I 0.9 households. Smaller sites appear to have 
been abandoned more rapidly than the villages as part 
of the Period 5 population decline, raising the median 
site size to 7 households as the mean site size increased 
to 14.8 households. Futher population decline in Period 
6 reduced the median site size to 4 households and the 
mean to 5.3 households. Some hosting of suprahouse
hold gatherings is expected for all time periods, but 
hosting activity is expected to intensify as aggregation 
increases. This hosting should be reflected in increased 
numbers of large volume cooking jars in vessel 
assemblages. 

Changes in aggregation are also accompanied by 
changes in the spatial organization of economic (agri
cultural) activities. Settlements and their agricultural 
catchments are relatively compact at low population 
levels and low levels of aggregation. As aggregation in
creases, the sizes of agricultural catchments increase 
and the mean distance between the settlement and field 
locations increases (chap. 9). To the extent that fields 
require attention (planting, weeding, protection from 
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herbivors) , seasonal field house strategies would be
come relatively cost effective alternatives to the high 
transportation costs associated with permanent village 
residence. Increased aggregation (as measured by both 
mean settlement size and the discrepancy between me
dian and mean settlement size) suggests that field house 
strategies should be expected in Periods 4 and 5 (al
though most field houses [seasonal sites] are attribut
able to Periods 4 and 5, some date to Periods 3 and 6 
as well). Adoption of such a strategy could be accom
panied by (but would not necessarily require) occa
sional subdivision of the household into smaller units, 
with occasional needs for the preparation of small quan
tities of food. 

Volumes of 145 reconstructible cooking jars from DAP 
structures have been measured as part of a study of 
vessel form and function (Biinman 1985). The size dis
tribution (fig. 12 .7) indicates a considerable range, from 
a miniature of less than 0.5 L to a vessel with a capacity 
exceeding 14.0 L. Following Turner and Lofgren 
( 1966: 125-127), it is assumed that some of these vessels 
were not intended for normal household use, and the 
volume distribution was divided into small, medium, 
and large categories. The division into small and me
dium categories is defensible on the observed charac
teristics of the histogram (fig. 12. 7), which indicate 
bimodality within the smaller vessels. A low freque ncy 
of vessels of between 6.0 and 6.5 L capacity serves as 
the justification for the division between medium and 
large vessels, but this division is considerably less de
fensible on the basis of histogram shape alone. Again 
following Turner and Lofgren, some support for this 
division can be found in that cooking jars of 6.0 L or 
more could contain 8 servings (based on a mean serving 
size of about 0. 7 L [Turner and Lofgren 1966: 12 7)). 
Eight servings is unlikely to represent a modal house
hold size except where large extended families are in
volved or under conditions of ext reme population 
growth, and such a size cannot be supported by Dolores 
area architectural organization or room size arguments. 

Mean vessel volumes for all cooking jars and for me
dium-sized cooking jars are presented in table 12.1 for 
Periods 2 through 5. Mean volumes increase in both 
jar categories between Periods 2 and 3 but remain rel
ati vely stable thereafter. The magnitude of the Period 
3 increase is about 15 percent of the Period 2 volume 
for both jar categories and is slightly less than the single 
serving volume estimate used by Turner and Lofgren 
( 1966). Both mean volume and temporal trends in vol
ume are remarkably similar between the 2 categories, 
suggesting the arbitrary difinition of 2- to 6-L jars as 
household cooking vessels does not mask any signifi
cant variation. 

Frequencies of the 3 size classes of cooking jars for each 
period (fig. 12.8) indicate more variation than is evi-
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Figure 12.7 - Vol umes of gray ware cooking jars from A.D. 720-
920 structure surfaces. Arbitrary size classes of cook
ing jars are defined to refl ect the discontinuities in 
the volume di stribution at 2 and 6 L (adapted from 
Blinman 1985). 

Tabie 12.1 - Mean cooking jar volumes for 
Periods 2 through 5 

Vessel size class Period 2 Period 3 Period 4 Period 5 

Medium cooking 3658 mL 4287 mL 4319 mL 4471 mL 
jars 

All cooking jars 3944 mL 4504 mL 4358 mL 4361 mL 
-

dent in the mean volume data. The two Period I vessels 
fall into the large size class, but their volumes could 
not be precisely measured due to their fragmenta ry con
dition , and no mean volumes appear in table 12. 1. 
Small samples for Periods I, 2, and 3 cast some doubt 
on the representativeness of the proportions, and these 
samples of vessels cannot be interpreted as random 
samples of temporally defined populations. However, 
despite these weaknesses in the data, medium-sized jars 
dominate the collections from all but Period I. Me
di um-sized jars are most abundant in Period 3 collec
t ions; their frequencies decline in Periods 4 and 5. 
Small jars are present during Periods 2 through 5, but 
appear to increase in frequency in Periods 4 and 5. 
Similarly, large jars are present in collections from all 
periods, but are more common in Period 4 collections. 
Relative ratios of small to large jars do not appear to 
change during Periods 2 through 5, and the change in 
mean volume of all cooking jars from Period 2 to 3 
(table 12.1) is unlikely to reflect changes in the 2 ex
treme size classes. 

The increase in cooking jar volume at A.D. 800 coin
cides with the first increase in median site size within 
the Dolores area, but the increase in mean site size in 
Period 3 is not significantly different from the mag
nitude of the previous increases. Although site size in
creases, Period 3 exhibits a stable rate of population 
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Figure 12.8- Proportions of cooking jar size classes in dated structure surface collections. Numbers above the graphs represent the numbers of 
reconst ructible vessels on which the proportions are based. 

growth relative to Period 2, and the extremely large 
increase in Period 4 appears to be initiated after the 
start of Period 4 rather than beginning in Period 3. This 
implies the observed increase in cooking jar volume at 
A. D. 800 is either not related to or only weakly related 
to a change in the size of the household unit. Also, the 
lack of change in cooking jar volume coincident with 
the Period 4 population increase suggests the food con
suming unit did not change in size during the growth 
period and that immigration is a better explanation for 
the increase than is internal population growth. 

A possible confounding factor affecting the archaeo
logical perception of change in cooking jar volume at 
A. D. 800 is a change in cooking jar shape. Prior to 
Period 3, cooking vessels are predominantly Chapin 
Gray jars with plain rims, short necks, and relatively 
little neck flare . In Period 3, Chapin Gray jars begin to 
be replaced by Moccasin Gray jars. These neckbanded 
jars have longer necks with relatively more neck flare 
and wider orifices. The changing neck and orifice char
acteristics of the Moccasin Gray jars increase measured 

volume without necessarily increasing the effecti ve vol
ume of the body of the vessel below the shoulder. It is 
unlikely this stylistic change within cooking jar shape 
can explain all of the observed differences between Per
iod 2 and Period 3 volumes, but it does account for · 
some of the difference. 

The increased number of small and large cooking jars 
in Periods 4 and 5 correspond with increased popula
tion and the increased aggregation of that population. 
The aggregation correlates with settlement d istribution 
and architectural measures of increased social com
plexity and integration both within settlements and 
within the Dolores area as a whole (chap. 10, 13, and 
14). Opportunities for hosting gatherings are assumed 
to be enhanced by the proximity of population and the 
need for integrative rituals to mediate potential con
flict , providing at least a partial, and perhaps a total, 
explanation for the increase in the large jar category. 
Large cooking jars are relatively evenly d istributed 
across sites and structures in Periods 4 and 5 ( 16 struc
tures contained I large jar, 3 structures contained I 
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large jar, and I structure contained 3 large jars), sug
gesting that food preparation for large numbers of peo
ple was evenly distributed among the households within 
communities. This even distribution of large volume 
food preparation contrasts with the concentration of 
food consumption evidence at particular sites and 
room blocks (chap. 15), and it appears that food prep
aration in support of ritual gatherings was broadly dis
tributed rather than being concentrated as a 
responsibility of "leadership" positions. 

The increase in numbers of small jars with the Period 
4 and 5 aggregation is not equally expressed within dif
ferent structures or site types. The structures contrib
uting to the data in figure 12.8 are all from habitations 
and include both pitstructure and surface room collec
tions. Within this data set, small cooking jars are more 
abundant in Period 4 and 5 surface room collections 
than in pitstructure collections (table 12.2), medium
sized cooking jars are more abundant in pitstructures, 
and large cooking jars comprise similar proportions in 
collections from the 2 structure types. During these pe
riods, surface rooms are assumed to be loci of house
hold activities while pitstructures are assumed to be 
domestic and ritual space shared by more than I house
hold (Kane 1983; chap. 5). The weak association of 
small cooking jars with space assumed to be restricted 
to household use suggests the primary use of small jars 
within the context of food preparation for the house
hold or its subsets. 

No reconstructible cooking jars were recovered from 
the few field house excavations carried out by the DAP, 
but one field house collection did result in the recovery 
of 42 rim sherds attributable to cooking jars. The field 
house, Site 5MT2191 (Hewitt 1983), is assumed to have 
been used by residents of the McPhee Community Clus
ter on the basis of proximity, and the ceramic materials 
indicate that use of the field house occurred primarily 
within Period 4 and may have continued slightly into 
Period 5. Architecture at the site is substantial relative 
to other field houses, and the amount of material cul
ture recovered in the excavations suggests repeated use 
of the site to an extent not apparent at other field houses 
(e .g., site 5MT2181 [Etzkorn 1983]). 

Comparisons between rim radius data and cooking jar 
volume data are limited by several constraints. Al
though rim radius is positively correlated with vessel 
volume, volume estimates based on rim radius entail 
some error. Also, estimation of rim radii from sherds 
is subject to measurement error due to the small size 
of most sherds (Plog 1985). The former constraint is 
dealt with by compiling data on rim radii for the size 
classes of reconstructible cooking jars (fig. 12.9). Over
lap is evident between the size classes, but the overlap 
(potential errors in classification) appears to be greater 
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Table 12 .2 - Cooking jar size distributions by structure 
type, Periods 4 and 5 

Structure type Cooking jar size class 

Small Medium Large 
N % N % N % 

Surface rooms 11 35 .5 13 41.9 7 22.6 

Pitstructures 21 28 .3 35 47.3 18 24.3 

Percentages are calculated based on the total number 
of cooking jars associated with each structure type. 

for the medium and large size classes than for the small 
and medium size classes. 

Potential measurement errors for the field house rim 
sheds were minimized (but not eliminated) by appli
cation of a consistent measurement technique. The rim 
arcs were compared with polar coordinate graph paper, 
and the "best match" radius was recorded for each 
sherd. Quantification consisted of the degrees of arc 
subsumed by each sherd. All measurements were made 
by a single analyst (minimizing the effects of observer 
inconsistency), and random errors in measurement 
probably do not exceed I em in radius, or 5" in arc. 
The degrees of arc measurements were used as an ap
proximation of vessel equivalents by accumulating 
measurements for each 0.5-cm radius interval. Thus, 5 
small sherds that subsume a total of 75" of arc are in
terpreted as the same vessel representation as a single 
sherd that subsumes 7 5" of arc. 

Although the accumulated degrees of arc of the radius 
intervals are assumed to be the best estimators of the 
relative frequencies of the vessel sizes broken at the 
field house (fig. 12.9), comparison with the habitation 
vessel radius data must be made with caution. The hab
itation data approximate "in use" vessel inventories, 
and the field house data approximate vessel inventories 
as modified by breakage rates (David 1972; DeBoer 
1985). Thus, the habitation data are used to aid in trans
forming the field house rim radii measures into vessel 
size classes, and the field house data are interpreted as 
reflecting the relative intensities of use of the different 
vessel size classes at the field house. 

The range of rim radii in the field house collection is 
great and sherds could have been derived from vessels 
of all size classes. However, relatively few sherds could 
have been derived from large jars, and sherds attrib
utable to small jars are more abundant than those at
tributed to medium-sized jars. Food preparation at 
field houses appears to have served a small consuming 
group with fewer instances of food preparation for the 
full household or an extended consuming group. This 
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conforms to the expectation that seasonal field house 
strategies would fragment the household unit for por
tions of the year, and provides a likely explanation for 
the increase in the number of small cooking jars after 
A.D. 840. 

CONCLUSION 

The observed changes in the ceramic container class of 
Dolores Anasazi material culture conform to general 
expectations based on changes in the subsistence econ
omy and in aspects of social interaction. The former 
changes consist of varying levels of agricultural inten
sifi cation as the relationship between population (re
source demand) and resource supply changes through 
time. The latter changes are assumed to accompany 
changes in population aggregation. Both intensification 
and aggregation can be interpreted as consequences of 
economic decisions or as consequences of feedback 
within a leadership development cycle (Lightfoot 1984), 
but the timing of the changes in the Dolores area con
forms more closely to the interpretation of economic 
motivational factors. 

The close coincidence of changes in bone/sherd ratios 
with changes in Dolores area population supports the 

CERAMIC CONTAINERS 

interpretation that agricultural intensification was an 
economic response to stress on resource supply. The 
single discrepancy between population predictions and 
the ratio (continued intensification in Period 5) coin
cides with increased climatic stress on the agricultural 
system, and the additional constraints on resource sup
ply exceed the decrease in population-based resource 
demand. More confirmation of the sensitivity of inten
sification to economic factors is the close correspond
ence between bone/sherd ratios of indi v idu a l 
communities and their agricultural catchment ranking. 
This observation has implications for differential needs 
for storage facilities between the communities and for 
social status interpretations from storage data (chap. 
13). 

Organizational changes that can be measured with 
changes in the ceramic data set are less clearly associ
ated with either causal model of culture change. The 
changing level of specialization in gray ware manufac
ture is opposite that which could be expected to result 
from aggregation, regardless of the motivation for the 
aggregation. However, the change may be related less 
to aggregation than to the relative level of demand for 
cooking vessels. The increase in reliance on corn that 
is apparent as early as Period 2 (the change in storage 
containers) may have increased the demand for food 
preparation vessels to the point that household pro
duction was more efficient than intensifying the craft 
specialization in some households. 

The container data set is not strong enough to evaluate 
the subtle changes in cooking jar volume expected to 
accompany the early stages of aggregation (Periods 2 
and 3), but the more extreme changes in aggregation 
associated with village formation (Periods 4 and 5) are 
reflected in vessel assemblages. These include the abun
dance of large jars within the temporally defined vessel 
assemblages, the strong association of small jars with 
field houses, and the weaker association of small jars 
with surface rooms in villages. Large jars are widely 
and relatively evenly distributed, and although hosting 
of ritual gatherings appears to be concentrated at spe
cific roomblocks within villages, there does not appear 
to be a corresponding concentration of large jars. This 
Jack of association implies widely shared responsibility 
for provisioning ritual gatherings rather than an exclu
sive responsibility that could be associated with indi
vidual or leadership roles. 
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Chapter 13 

TECHNOLOGY: FACILITIES 
G. Timothy Gross 

STATEMENT OF QUESTION 

Changes in the form, size, relative locations, and meth
ods of construction of facilities during the Anasazi oc
cupation of the Dolores Project area are well 
documented and are distinctive enough to serve as the 
basis for the definition of phases and subphases for the 
DAP (Kane 1984:25). The major focus of investigations 
under the facilities subdomain of the technology mod
eling domain has been an explanation of these changes 
in relation to other aspects of the cultural systems that 
operated in the area. -

Changes in facilities are some of the most easily ob
served changes in the archaeological record and are 
often evident through the comparisons of survey rec
ords alone. A relationship between the forms of facil
ities and the behavior of individuals and families is 
often assumed, but its study has not received much 
attention (Trigger 1968:55). Housing is one of the more 
conservative aspects of human technology (Hoebel 
1966:251 ), and yet in the span of about 350 years (ca. 
A.D. 600-950), rather large changes can be seen in hous
ing in the Dolores Project area. The rapidity of the 
change and the size of the DAP data base bearing on 
that change make its study and explanation a prime 
target for research. 

This chapter contains discussions of facilities change at 
Dolores and attempts to explain that change within the 
framework of the DAP model (Lipe 1983). Previous 
studies of the Dolores area facilities and new tests based 
on manipulations of a computerized data base are pre
sented, but the discussion relies on previous faciiities 
modeling work (Gross 1983) for its basic structure. 

The convention of viewing economic and social vari
ables as 2 separate sources of change in the archaeo
logical system (chap. 6) arose relatively late in the 
history of DAP model construction and testing; neither 
time nor personnel was available to incorporate this 
view into the facilities studies. Some other chapters 
examine contrasting expectations derived from consid
eration of the economic and social variables as separate 
sources of change. The discussion in this chapter, how-

ever, employs a view of facilities change within a gen
eral model of culture change that incorporates both 
economic and social variables. Since this earlier con
ception of the model relied heavily on the variables that 
became part of the economic set in the later modeling, 
the following discussions have a strong economic cast. 
Social variables have been considered in the discus
sions, but as part of an integrated system and not as a 
separate source of change. 

Although it was not possible to direct much research at 
testing implications of social versus economic sources 
of change as they relate to facilities, the DAP data base 
will certainly provide a basis for such studies in the 
future . In the meantime, Kane (chap. 14) presents a 
discussion of social organization, which uses facilities 
data to examine many aspects of social change and of 
social variables as independent sources of change. 

SYSTEMIC RELATIONSHIPS 

Figure 13.1 is adapted from Lipe's general model dia
gram (chap. 6:fig. 6.1 ); the simplified version presented 
here focuses on facilities technology. This, along with 
most of the definitions listed in the following section, 
is adapted from Lipe (1983). The general model , the 
definition of terms, and the relationships between var
iables have all been considered to some degree in pre
ceding chapters and are presented only briefly here. 

Definitions of Variables 

Facilities 

These have been defined in the archaeological literature 
as "objects which serve to prevent motion and/or en
ergy transfers" (Binford 1968:272) and similarly as "de
vices which contain or restrain the motion of matter" 
(Hunter-Anderson 1977:295). Both of these definitions 
are based on Wagner ( 1960) and express essentially the 
same idea. Facilities intervene between their contents 
and the environment in some way. They may keep ma
terial together, protect material or people, or serve to 
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Figure 13.1 - Diagram of the facilities technology portion of the model. 

restrict the motion of materials being processed. This 
chapter deals with 3 classes of facilities : houses, storage 
facilities, and integrative facilities . 

Houses and integrative facilities contain people and 
shelter them from the environment. They also contain 
the activities performed by people. Storage facilities 
serve both to contain materials and to protect them 
from the environment. Storage does not always require 
specialized facilities, as materials may be stored in gen
eralized containers within houses, but separate facilities 
may be constructed. 

Facilities Technology 

Facilities technology is defined as the body of knowl
edge, motor skills, and habits involved in the construc
tion and use of facilities . 

Economic Decisions 

The process of determining which resources to obtain, 
the quantities to be sought, and the technology and 
organization to be employed in the procurement or pro
duction of those resources. 

Resource Acquisition/Production 

Acquisition/production is the result of all economic de
cisions. It is the total amount of materials obtained 
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(whether collected or produced) and can be conceived 
of as either individual quantities or as the proportional 
mix of resources. An aspect of this variable with im
portant implications for facilities is the degree of de
pendence on stored resources. 

Population 

Population is the number of people for a unit of area. 
Population can be viewed at a number of levels ranging 
from the individual structure to the population of a 
region or larger area. Household , community, and re
gional populations are particularly important in the fol
lowing discussion. 

Economic Costs 

Economic costs are the amounts of energy and cultural 
material expended in the procurement and processing 
of a resource. 

Intersystem Exchange 

Intersystem exchange refers to the transfer of material, 
services, or information into or out of the system under 
study. The commodity transferred either originates or 
ends up in another cultural system. 



Social Organization 

Social organization is the way in which human inter
actions within a cultural system are structured. In this 
discussion , 3 aspects of social organization are consid
ered. These are economic organization, social differ
entiation , and integration. Economic organization is 
defi ned as the ways in which people cooperate in the 
procurement and processi ng of resources. Differentia
tion refers to the number and degree of ranking of social 
roles. Integration is defined as the mechanisms em
ployed to alleviate conflicts, to achieve collective ac
tion, and to maintain the interaction necessary for the 
system to function. 

FACILITIES TECHNOLOGY AND FACILITIES AS 
DEPENDENT VARIABLES IN THE MODEL 

Facilities serve to contain things and to shelter their 
contents. The form , size, location, and effort involved 
in construction should be determined by the following 
factors: 

I. The form of the contents (Hunter-Anderson 
1977:296-299; Schiffer et al. 1975). 

2. The homogeneity/hetrogeneity of the contents, 
whether they are materials (Schiffer 1973:304-305) 
or people, and their associated roles (Hunter-An
derson 1977:303). 

3. Frequency of use of the facility or of access to 
the contents of the facility. 

4. The subsistence strategy, particularly economic 
decisions about the length of dependence on stored 
resources (cf. Gilman 1982, 1983:128-134) and the 
nature of cooperating economic groups. 

5. The range of expected environmental conditions 
that the facilities shelter their contents from (Trigger 
1968:56). 

These factors vary in their importance to the 3 types 
of facilities under consideration, as will be seen in the 
following discussion of the effects of the model's var
iables on facilities. 

Facilities Technology 

Facilities technology includes both the knowledge of. 
how to construct various kinds of facilities and the tech
niques for using those facilities. The technological as
pect of facilities has an influence on economic costs 
and is influenced by economic decisions. 

FACILITIES 

Technology contributes to economic costs in 2 ways. 
First, facilities have costs. These costs, as Earle ( 1980) 
points out, arise primarily from the construction of the 
facilities , but also include maintenance (McGuire and 
Schiffer 1983:278), and are averaged over the use of the 
facilities . Since facility costs are generally high initially, 
it is worthwhile to construct facilities with a fairly long 
uselife so the cost may be spread over a number of use 
episodes. One way to reduce long-term costs to the sys
tem would be to construct more permanent facilities 
so the cost could be averaged over a larger number of 
uses. 

The second way technology affects economic costs is in 
limiting the number of alternatives. Only those strat
egies for which technology exists or is obtainable can 
be considered. It is not possible to consider a subsist
ence strategy that calls for the storage of items in the 
absence of a storage technology. 

Changes in technology can have a great effect on the 
costs of various subsistence options (Earle 1980). Tech
nological changes can allow for the more efficient pro
curement and storage of a resource that in turn changes 
the cost of that resource relative to others. For example, 
a change in the construction techniques of storage fa
cilities that makes those facilities more secure from 
pests could increase the percentage of the stored re
source available at the end of the storage period, thereby 
making the dependence on stored resource more effi
cient. Less of the resource would have to be produced 
or procured over the long run. 

Economic decisions influence technology in that the 
particular decisions about economic alternatives will 
determine what available technological alternatives are 
to be used and to what extent. Economic decisions are 
limited by available technology, but the decisions de
termine how available technology is to be employed. 
The choice of particular strategies determines the set 
of facilities to be constructed and which techniques will 
be employed. 

Facilities 

The actual facilities, as contrasted to the technological 
aspects just discussed, have a direct influence on re
source demand and in turn are influenced by popula
tion , resource acquisition/production, resource 
processing, social organization , and intersystem 
exchange. 

Resource Demand 

The demand for resources to construct facilities is de
pendent on the number of facilities required by the 
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population and the technology employed to construct 
those facilities. As the demand for facilities changes, a 
similar change should occur in the demand for the re
sources required. Changes in technology may serve to 
either increase or decrease the demand for resources 
depending on the nature of the change. Structural 
changes, for instance, may increase the use of building 
stone while decreasing the demand for timber. Changes 
in technology of construction may increase demands on 
all resources involved. Such a change might come about 
if a population were trying to build more pest-resistant 
storage facilities or more weatherproof houses. 

Population 

The level of the population sets the demand for the 
number of facilities . Changes in overall population in 
a given area should cause related changes in the number 
of facilities or at least in the total facilities volume 
within the region. 

The size of the individual facilities should be a function 
of the number of people dependent upon those facili
ties. While other factors enter into the determination 
of facility size, the size of the group using the facility 
should be an important factor. 

Resource Acquisition/Production 

Resource acquisition/production should have the great
est effect on storage and processing facilities (resource 
processing is a separate variable under the model and 
is discussed later). The proportional mix of resources 
selected by a group has serious implications for storage 
facilities, since it includes those resources, if any, that 
must be stored. The diversity of stored resources should 
be related to both the size and the shape of the facilities 
employed. The greater the diversity of resources stored 
within a particular facility, the greater the likelihood 
the facility will be rectilinear rather than curvilinear 
(Hunter-Anderson 1977:297-298) and the greater the 
proportion of the total volume likely to be devoted to 
access volume (Schiffer 1973). 

The long-term strategy should include decisions about 
the length of time people will be dependent on those 
resources in storage. The longer the period of depend
ence, the larger the amount of material that will have 
to be stored and the greater the volume required to store 
that material. Changes in the length of that period of 
dependence (e.g., increased sedentism) should be re
flected in changes in storage volume. 

The more dependent a population is on stored re
sources, the greater the need for protection of these 
resources. Gilman ( 1982}, in a review of ethnographic 
literature for the Southwest, provides some interesting 
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support for this assertion. She found that people with 
a relatively high dependence on agriculture (70 per
cent), and by implication a high dependence on stored 
resources, stored their produce in rooms adjoining their 
houses. People with lower levels of dependence stored 
in locations away from the houses (caves, pits, basketry 
granaries). Storing resources in facilities connected to 
houses does provide a degree of protection in that it 
allows monitoring of the condition of the stored ma
terial and provides some control of access to the facility. 
Protection also can be afforded by investing greater 
effort in construction (Gilman 1982). 

The acquisition/production aspect of the model also 
may be reflected in house form and size. House form 
should be related to the number of biological functions 
and role-related activities performed within the house, 
the diversity and timing of those activities, and the bulk 
of implements, raw materials, and facilities associated 
with the activities and functions (Hunter-Anderson 
1977:304-305). The greater the value of any or all of 
these variables, the more likely it is that the house will 
be rectangular rather than curvilinear. The nature, di
versity, timing, and material associated with at least 
some of the role-related activities should be a function 
of the proportional mix of resources exploited. 

Hunter-Anderson ( 1977:331) suggests 

that there is a regular relationship between the 
certainty of procurement of large amounts of re
sources and the amount of effort invested in fa
cilities. Facilities are constructed when the 
availability of the contents that they will contain 
or house is to some degree predictable. 

It would follow that an increase in a group's dependence 
on stored resources should be accompanied by an in
crease in the effort expended in construction of facil
ities, since the decision to increase dependence on 
stored resources implies a degree of predictability to 
the availability of those resources. 

Resource Processing 

The types of resource processing facilities required by 
a system will be a direct result of economic decisions 
about the proportional mix of resources. Not all pro
cessing requires facilities , as many processing tasks may 
be accomplished with implements alone. The facilities 
produced should respond to some of the same influ
ences as other sorts of facilities. Size of facilities such 
as drying areas, cooking pits, or collecting bins should 
be related to the number of people relying on them and 
the frequency of the processing event (e.g. , annual 
drying of produce versus daily grinding of meal). 



Housing may reflect resource processing activities as 
well. Those activities performed inside the house 
should contribute both to the size and shape. 

Social Organization 

Social organization should be reflected in several as
pects of facilities. House size and shape should reflect 
the number and diversity of roles. The location of fa
cilities, particularly houses, should reflect aspects of so
cial control (Birkedal 1982). The type and number of 
integrative mechanisms should be at least partially re
flected by the type and elaborateness of integrative 
structures (cf. McGuire and Schiffer 1983:281 ). 

Within social organization, vertical differentiation may 
be reflected in house size or by variations in storage 
volume. Atypically large houses, storage facilities, or 
both, may indicate the presence of high status individ
uals (Lightfoot and Feinman 1982; Lightfoot 1984; 
Kane and Wilshusen 1985). 

Exchange 

Involvement in exchange has the potential for affecting 
primarily storage facilities. To the extent that materials 
to be exchanged may be stored prior to exchange, in
creases m storage volume may be related strictly to 
exchange. 

THE FACILITIES DATA BASE 

Nature of the Data 

The data base available for facility studies consists of 
various DAP forms (including those for features , struc
tures, surfaces, and architectural inferences), narrative 
field notes, field maps, and photographs. This data base 
differs in some important ways from most of the data 
sets used to evaluate the DAP model. The resulting 
information does provide a useful and, in many cases, 
outstanding data base for the explanation of change in 
facilities, but the ways in which this data base differs 
from others, and some of the biases that may be present 
in it, must be considered. 

While artifact and ecofact analysis systems were de
signed to answer specific questions, were implemented 
by analysts trained in their use, and were supervised 
by full-time specialists, the majority of the facilities 
data has been collected as routine observations in the 
course of site excavation. Standardized forms, in a com
puter compatible format , were prepared during the first 
year of program operations to describe both observa
tions and inferences about various types of facilities 
(features, structures, and their associated surfaces) en-

FACILITIES 

countered during excavation. These forms were com
pleted by the excavation supervisors at each site. In 
addition to the forms, a wealth of information also ex
ists in the narrative notes, maps, and photographs, 
which can, and have been, consulted to fill out the pic
ture presented in the computer-coded data base. Even 
though first-hand observers provided the bulk of the 
description, a great deal of variation occurred between 
individual observers. Forms were reviewed for con
sistency and feedback was provided to the observers, 
but the system of facilities data collection was never 
subject to the kinds of review and justification process 
that the analysis systems for the individual classes of 
material had to undergo. The major analytic groups 
(additive technologies, reductive technologies, environ
mental archaeology, and survey) all prepared midlevel 
research designs and formal or informal coding man
uals (or in the case of survey, a field manual) that both 
justified procedures and the variables measured, and 
provided for standardization of recording. The forms 
comprising the core of the facilities recording at the 
DAP did not go through such formalized review but 
remained much as they were originally designed. Values 
for existing variables, and occasionally entirely new var
iables, were added when unexpected situations were 
encountered, and the forms did undergo modification 
during a project-wide review aimed at reducing redun
dancy in computer files . 

As is always the case when trying to design forms for 
general description, the architecture forms were very 
broad in scope but were only minimally focused on 
specific problems. The lack of a specific facilities re
search design until after most of the data had been 
collected meant the forms and notes did not always 
meet the needs of the research (Wilshusen 1982: 13). 
That is unavoidable and should not be construed as a 
general criticism of the conduct of the program. 

The data that are available form an excellent base from 
which to both document and, in concert both with the 
model and the other DAP data bases, explain change 
in facilities at Dolores. The data are, however, spread 
out among several computer files and throughout the 
archives of field notes, maps, and photographs. To deal 
with this, individual researchers have had to create their 
own computer files that pull together information from 
the various separate date sets into a usable form. 

STRUC20: The Facilities Data File 

Description 

The computerized data file used in later analyses in this 
chapter has been given the name STRUC20. The file 
was originally compiled as a general purpose file to be 
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used in program architecture studies. The file was as
sembled by laboratory personnel , using both paper rec
ords and excavation reports. 

As it was originally compiled, the file contained floor 
area estimates for as many excavated or partially ex
cavated structures as possible. Additional management 
variables included site and structure number, assess
ment of site type and structure type, and the source of 
the floor area estimate (planimeter measurement, site 
report, or other). To make the file more useful for the 
evaluation of the facilities portion of the model, tem
poral period assignments were added to each room so 
that data could be grouped by period. The temporal 
assignments used reflect the program temporal file as 
of early spring, 1985. Also taken from that file were con
fidence and integrity assessments, so it was possible to 
select for analysis only structures assigned to particular 
time periods with a specified level of confidence. 

It appears that no screening process was part of the 
compilation of the file; estimates appear to have been 
included whenever available in the reports or records, 
without regard to the potential accuracy of the estimate. 
Some rooms were included with only inferred wall lines 
as evidence of the floor area. 

Evaluation 

Most of the surface structure floor area estimates con
tained in the file were coded as originating in reports 
or other sources, and none of the estimates was coded 
as being a planimeter measurement. For these reasons, 
it seemed desirable to check the consistency of the data 
contained in the file. To examine the quality of the data, 
a sample of 20 surface structures was drawn using a 
table of random numbers. For each of the 20 structures 
selected, floor areas were measured using a compen
sating polar planimeter. The planimeter measurements 
were then compared with the values contained in the 
file. Differences between the file data and the plani
meter measurements were assessed for statistical sig
nificance using a t test for paired samples (Snedecor 
and Cochran 1967:92-94). 

Table 13.1 presents the comparison of the 2 estimates 
of floor area for each structure in the sample. The dif
ferences ranged from - 2.13 to 1.83 m2 with a mean of 
the difference of -0.04. While extreme differences of 
2 m2 between the file estimates and the planimeter 
measurements are disquieting, the small mean suggests 
that the differences will not have great effects on the 
analyses. The t test for paired samples comparing these 
2 sets of observations (table 13.2) gave a value of 0.22, 
which is not significant at the 0.5 level. 
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The results of the t test suggest the variation between 
the file estimates and the planimeter measurements acts 
like a random variation in the data. The differences 
tend to even out when more than a few cases are con
sidered together. Although this appears to be true for 
the whole sample, there were several extreme cases so 
the file was examined for some sort of systematic bias 
in the data. It appeared that many of the estimates in 
the sample were obtained by multiplying the length of 
a room by its width. It seemed likely that rooms that 
were curvilinear in plan rather than rectangular would 
yield distorted values when this method was employed. 
To test this possibility, the data from the sample were 
grouped by time, since earlier structures were often cur
vilinear in plan, and by structure type, because rooms 
classed as "other rooms" are often curvilinear. The t 
test results, presented in table 13.2, all suggest no sig
nificant difference between the 2 types of estimate. 

One other check was performed to explore the effects 
of curvilinear rooms on the sample. All of the rooms 
at LeMoc Shelter (Site 5MT2151) are curvilinear, are 
classed as "other rooms," and are assigned to Period 2 
(period definitions are provided in chapter I). The rec
ords for the rooms were examined. One room, Room 
13, was inferred without enough evidence to allow for 
a reasonable planimeter measurement, although an area 
estimate based on the length and width inferred for the 
room did appear in the file . Planimeter measurements 
of all the other rooms at LeMoc Shelter were compared 
to the estimates contained in the file. The t value ob
tained for this comparison was 2.26 (0.050 > p < 0.025 , 
with I 0 degrees of freedom). This is not a random sam
ple, but it does demonstrate that for these curvilinear 
rooms the estimates in the file, apparently derived by 
multiplying measured or inferred lengths by widths, did 
not very closely approximate the actual floor areas as 
measured by planimeter. 

The following analyses should be viewed with some 
caution, given the differences between the measure
ments of the floor areas and the estimates that appear 
in the computer file. Time did not allow the measure
ment of all of the rooms in the file , but the t test values 
suggest the results obtained using STRUC20 are useful, 
particularly if sample size is large. The problems noted 
with curvilinear rooms should not affect the compari
sons and analyses reported in the following text to any 
great extent because these rooms appear to be early or 
to be classed as other rooms. Early rooms are only com
pared with one another, and few conclusions are drawn. 
The general patterns of change probably hold from per
iod to period, but the magnitude may be less than that 
reported. In later periods, although other rooms are 
present in the sample, they do not enter into the anal
ysis. Discussions in the following section briefly de
scribe the studies that have been aimed at facilities, and 
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Table 13.1 - Comparison of floor area estimates in the 
structure data base (STRUC20) and planimeter measurements 

Site Room Planimeter STRUC20 Difference 
number number area (m2) area (m2) (m2) 

5MT23 3 5.01 4.62 0.39 
5MT23 4 5.73 4.83 0.90 
5MT23 79 19.89 20.00 -0.11 
5MT23 165 3.11 3.10 0.01 
5MT2151 12 10.49 10.29 0.20 
5MT2161 I 3.97 4.60 -0.63 
5MT2336 8 3.81 3.82 -0.01 
5MT4475 18 9.55 9.80 -0.25 
5MT4479 7 13.78 14.04 -0.26 
5MT4545 4 3.38 4.80 -1.42 
5MT4613 I 4.00 4.06 -0.06 
5MT4614 5 8.07 10.20 -2.13 
5MT4654 2 8.93 7.10 1.83 
5MT4671 2 7.45 7.00 0.45 
5MT4671 33 5.05 4.80 0.25 
5MT4671 39 1.31 1.30 0.01 
5MT4725 I 1.41 1.20 0.21 
5MT5107 13 11.24 11.25 -0.01 
5MT5108 3 4.68 4.95 -0.27 
5MT5108 4 5.43 5.40 0.03 

Table 13.2 - Results oft tests evaluating the data 
used in analysis of structure floor area 

Test Sample size Degrees of t value Probability of a 
freedom 

Whole sample 20 
Periods 1-3 6 
Periods 4-6 14 
Front rooms 4 
Back rooms 10 
Other rooms 6 

comments are provided on the data sets assembled for 
these studies. 

FACILITIES STUDIES 

Because no full-time supervisor for facility studies was 
appointed, investigations were performed by various 
DAP staff members as the demands of their other (often 
unrelated) duties allowed, or were performed by indi
viduals assigned to investigate a specific area on a more 
or less full-time basis. Two of the studies that figure 
heavily into the discussion of facilities change at Do
lores were performed as thesis research. Although these 
studies relied on DAP data, they were independent of 
the program. 

19 
5 

13 
3 
9 
5 

higher value 

0.22 p > 0.50 
-1.14 0.40 > p < 0.20 
0.94 0.40 > p < 0.20 
0.13 p > 0.50 
0.31 p > 0.50 
0.40 p > 0.50 

Despite the lack of a full-time facilities specialist, a 
number of productive studies have been carried out. 
One of the earliest DAP studies of facilities was a paper 
by Lipe and Breternitz ( 1980) focusing on the varia
bility inherent in structures from the Dolores area. 
After summarizing the trends observed in structure 
change, they discuss 3 basic approaches for study of 
changes in Dolores Anasazi structures. The 3 ap
proaches emphasize different sets of variables: adap
tative, demographic, and social variables. This study 
was intended to point directions for fruitful research, 
and available DAP data was brought into the discussion 
where possible. The set of variables that the 3 ap
proaches centered on have been incorporated into the 
model of facilities change, and many of the questions 
posed have been pursued. 
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In late 1980 and early 1981, research was conducted on 
the temporal variability observed in pitstructure con
struction at the DAP (Hewitt eta!. 1983). A data base 
was compiled from existing records concerning both 
metric and presence/absence variables and the con
struction dates of structures. Since the data set was 
quite small, structures from other parts of the Mesa 
Verde Region were also included in the file. Despite 
the small data set, some significant trends were rec
ognized. The main focus was on documenting archi
tectural trends in hopes of developing a means of dating 
pitstructures in the absence of wood for tree-ring dat
ing, and does not attempt to explain the changes 
observed. 

In 1982, a study of evidence for ritual behavior at DAP 
sites was commissioned. Raffensperger ( 1982) consid
ered not only artifacts but features and structures as
sociated with ritual. Her models for identification were 
based both on general theory and on ethnographic 
accounts. 

At about the same time as the ritual study was com
missioned, a study on architecture was initiated using 
data gathered to that time. The study had as its goals 
the documentation of variation in the size of habita
tions, the examination of spatial organization of units 
at the household and interhousehold level, the devel
opment of a scale of technological input into the con
struction of structures, and a synthesis of data that 
would allow evaluation of change in Anasazi social or
ganization at Dolores during the major occupation 
(Wilshusen 1982:3). The specific data set assembled for 
this study included information on numbers and sizes 
of the pitstructures, surface living rooms, and surface 
storage structures associated with 23 elements at 16 
Dolores area sites. Evidence of structures and rubble 
scatters was also evaluated in the examination of hab
itation size variation. Although the study did not meet 
all of its goals, it provided an important baseline data 
set and served as the basis for a number of synthetic 
reports by Wilshusen on various aspects of Dolores An
asazi architecture and social organization. 

Both Raffensperger's ritual study and Wilshusen's ar
chitecture studies were aimed at broad aspects of prob
lems identified both in the initial DAP research design 
(Kane eta!. 1983) and in the early program discussions 
of modeling (Lipe 1984). As outgrowths of later dis
cussions, several studies were initiated. In late 1982, an 
informal study of the demand for storage facilities was 
undertaken (Gross 1982a). Based on figures provided 
by Wilshusen, it was estimated that the amount of stor
age space for each household was more than adequate 
to store the amount of corn needed by that household 
for several years, indicating that storage had the ability 
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to buffer fluctuations in the availability of edible 
resources. 

Two modeling-related studies were undertaken by Wolf. 
The first (Wolf 1985) tested differences between struc
tures inferred to have been storage facilities and struc
tures (pitstructures and surface rooms) inferred to have 
been dwellings. She found significant differences be
tween inferred storage facilities and dwellings in both 
feature compliments and in artifact content. She went 
on to explore differences in other aspects of artifact 
content in the storage rooms. The second study (Wolf 
et a!. 1985) looked at agricultural production and the 
ability to buffer fluctuations in that production through 
accumulation of surpluses. As part of this study, she 
examined spatial variation in storage facility floor area. 
For these studies, files were created that pulled together 
aspects of structure size and artifact content at selected, 
well-dated sites. 

Finally, 2 studies conducted as part of master's thesis 
research contributed substantially to the understanding 
of change in Dolores area facilities. These projects con
sisted of the replication of an Anasazi pitstructure 
(Glennie 1983) and a surface roomsuite (Varien 1984). 
These structures were based on actual excavated ex
amples from the Dolores Project area and on the results 
of theoretical reconstructions based on engineering for
mulae (Wilshusen 1985a). As part of both studies, ex
tensive records on labor expenditure and on the use of 
materials were kept. Based on these efforts, comparing 
the construction costs of different types of structures 
observed in the archaeological record at Dolores is pos
sible. Such comparison is critical to the evaluation of 
the DAP model and has allowed some interesting in
sights to be gained about the interrelationships of the 
types of structures that occur on Dolores Anasazi sites. 

Dolores Archaeological Program facility studies have 
ranged from theoretical discussions of how such studies 
can be approached to detailed studies of observed var
iation in the archaeological record. The DAP modeling 
effort has led to 2 replication experiments as well. These 
studies form the basis for the discussion of change in 
Anasazi facilities that follows. 

EXPLAINING CHANGE IN DOLORES 
ARCHAEOLOGICAL PROGRAM FACILITIES 

The changes in the various kinds of facilities have been 
summarized in the general chapter on the prehistory of 
the Dolores Project area (Kane, chap. 5) and in other 
reports (Lipe and Breternitz 1980; Kane 1983, 1984; 
Wilshusen 1982, 1985a). The following discussion will 
examine shape, size, location relative to other types of 
structures, and construction input. 



Although the model discussions (Gross 1982b, 1983) 
are phrased in terms of households, storage facilities, 
processing facilities, and integrative facilities , the ar
chaeological record at Dolores has been described in 
terms of pitstructures and surface structures. The func
tions of the archaeologically observed structure types 
change through time such that it would be difficult to 
organize the discussion of changes around the types of 
facilities recognized by the model. Pitstructures and 
surface structures are the main organizing criteria for 
the discussion that follows. Surface structures will be 
further divided into isolated rooms, back rooms in 
roomblocks, and front rooms in roomblocks. 

Pitstructures 

Shape 

The earliest DAP pitstructures are round and have an
techambers that are also rounded. By A.D. 700, pit
structures become more square in plan, and by A.D. 
760 the pitstructures are square with rounded corners. 
After A.D. 920, a few true kivas are recorded at Do
lores. These late structures are again round. 

Since all DAP facilities have features indicating activ
ities performed in them, they fit Hunter-Anderson's 
( 1977:303) definition of activity houses. Hunter
Anderson argues that the shape of an activity house is 
related to the number of biological functions and role
related activities performed in the structure, the diver
sity and degree of temporal overlap of the functions 
and activities, and the volume of raw materials, imple
ments, and facilities associated with the functions and 
activities ( 1977:304-307). As the values of these vari
ables become greater, the greater is the tendency for the 
activity house to be rectangular. Round houses are as
sociated with low values of all these variables. 

Evidence at Dolores indicates an increase in both the 
number and the diversity of activities being performed 
in pitstructures . Between A.D. 600 and 700, pit
structures were the main domiciles. A number of rou
tin e dome s tic activi ties were performed in 
pitstructures, including the processing of food and other 
resources. Also, evidence shows that some ritual activ
ities were performed in these structures. By A.D. 725-
760, elaboration is seen in ritual activity in the form 
of complex sipapus (Wilshusen 1985b: II). Sand-filled 
pits, which Wilshusen argues may have played a role in 
anchoring altars or partitions ( 1985b:27-35), occur on 
pitstructure floors by A.D. 750, and by A.D. 860-880 
they are very common features in a number of pit
structures. Central vaults, another feature that appears 
to have been associated with ritual activities, occur in 
pitstruct ures at A.D . 860 and later (Wilshusen 
1985b:37). By A.D. 860, the pitstructure had been re-
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placed by surface living rooms as the main domicile, 
but domest ic activities continue to be common in pit
structures. For example, metates are found in pit
structures dating to all periods prior to A.D. 860. The 
continuation of domestic activities in the pitstructures 
and the increasing elaboration of ritual in the struc
tures, as evidenced in the types of features present and 
in the occurrence of artifacts that Raffensperger ( 1982) 
argues are associated with ritual, would lead to increas
ing the number of activities, the bulk of the materials 
and features associated with those activities, and the 
heterogeniety of the activities. Following Hunter
Anderson, this situation would lead to the construction 
of rectangular pitstructures. The adoption of round pit
structures again after A.D. 920 is probably related to 
a reduction in the number of roles. By this time the 
structures appear to be primarily integrative/ritual 
structures and domestic activities have been removed 
from them. With fewer, relatively similar activities to 
house, there is a greater tendency for the structures to 
be round. 

Size 

A great deal of variability occurs in size ofpitstructures, 
as measured both by floor area and by depth. It was 
originally expected that a simple relationship would ex
ist between the size of a structure and the population 
of that structure. Wilshusen's (1984) argument that 
there is a relationship between pitstructure size and the 
number and method of construction of the surface 
structures at a site questions the simple relationship 
with population. However, the greatest part of the var
iation in pitstructure volume related to surface struc
ture construction appears to be accounted for by the 
increasing depth of structures. Variation noted in pit
structures dating between A.D. 600 and 720, a period 
where the pitstructure/surface structure relation does 
not hold, may be related to variation in household size. 

Kane (1983, 1984) and Wilshusen (1985a) have noted 
a trend toward increasing pitstructure floor area 
through time. These increases may well go hand in hand 
with the increase in ritual activity noted. Certainly the 
presence of 2 size classes of pitstructures in the A.D. 
800's suggests the presence of 2 levels of integration. 

The presence of a class oflarge pitstructures in the A.D. 
840-920 period fits model expectations rather well. 
These large pitstructures are associated with room
blocks that appear to have been the scene of unusual 
levels of food consumption as measured by the inflated 
levels of bowl sherds relative to cooking jar sherds. Blin
man (chaps. 12 and 15) argues this is a result of these 
sites having been the locations of ritual gatherings. Peo
ple from outside the roomblock unit would have 
brought their own serving bowls. Those broken at these 
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gatherings were discarded at the site, along with the 
bowls broken during the course of day-to-day activities. 
Based on the model, community level integration is 
expected at this time period to alleviate the stresses 
brought on by increased population levels in general 
and by the increase in population aggregation in par
ticular (Lipe 1984:257). 

Relative-Location 

The location of pitstructures relative to other kinds of 
structures at Dolores area sites remains relatively stable 
through time. The distinctive pattern of site organi
zation in which pitstructures are located generally south 
of the surface structure occurs throughout the Anasazi 
occupation. 

Construction Input 

The most obvious change in construction input is that 
pitstructures tend to become deeper through time. This 
change is quite understandable in light of Wilshusen's 
(1984) argument that pitstructure backdirt formed the 
basic construction material for surface rooms. This sit
uation is reversed after A.D. 880, as Grass Mesa and 
Cline Subphase pitstructures tend to be shallower than 
pitstructures of the preceding Periman Subphase. 

Another aspect of construction input that changes 
through time at Dolores is the use of wood in pit
structure construction. Although no well-preserved roof 
fall patterns for structures date to the period between 
A.D. 600 and 760, Wilshusen (1985a:50-57) was able 
to reconstruct general patterns of wood use and indi
cates that much less wood is required for roof construc
tion in the A.D. 700-760 pitstructures than in the 
preceding period. Surface structure construction 
changed at the same time, however, to require much 
more wood. Timbers required for surface structures 
were generally shorter than those for pitstructures, and 
fewer large-diameter timbers were required. If, as has 
been suggested by Kohler et al. (1984), depletion of 
wood resources was a problem during the Anasazi oc
cupation of the Dolores area, then this change might 
be a response to changes in the availability of long or 
large-diameter timbers. 

An increase in the wood demands for pitstructures oc
curs between A.D. 760 and 800 with the addition of 
small-diameter leaners that appear to have served a 
trusslike function . After A.D. 800, the design of roofs 
changes to a flat roof that is rather efficient with wood 
(Wilshusen l985a:56-70). Again, the trend toward ef
ficiency in wood use suggests a concern for wood use 
and may indicate that wood, particularly long or large
diameter timber, was becoming more costly to obtain. 
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Surface Structures 

Three types of surface structures are discussed here. 
These are isolated surface structures, back rooms in 
roomblocks, and front rooms in roomblocks. 

Isolated Surface Structures 

Isolated surface structures accompany pitstructures in 
the period between A.D. 600 and 760. From A.D. 600 · 
to 700 these structures are round and appear to have 
had relatively light superstructures of brush and mud. 
After A.D. 700, the structures become square and have 
evidence of more substantial superstructures, including 
post-supported roofs. 

Wolf ( 1985) has demonstrated that statistical differ
ences do occur between these structures and pit
structure main chambers of the same period in the 
occurrence of both features and artifacts. The isolated 
surface structures contain fewer features and fewer ar
tifact types and appear to have served primarily as stor
age facilities. 

Shape. - The change from round to rectangular shape 
in storage structures is discussed by Hunter-Anderson 
( 1977). She argues that round facilities more often hold 
contents that are homogeneous. When items are being 
withdrawn from storage, each item has an equal target 
value (Schiffer 1973) so it does not matter which items 
are withdrawn. As contents become more diversified 
so that it begins to matter what part of the contents of 
a storage facility are withdrawn at a given time, there 
is a tendency toward rectangular facilities. In the Do
lores case, a change in the diversity of stored resources 
should be expected to coincide with the change in the 
shape of storage facilities at A.D. 700. 

The increase in heterogeneity of resources stored could 
result from an increase in kinds of cultigens being 
stored (e.g., storage of different varieties of corn) or in 
the mix of cultivated and noncultivated plant material 
being stored. While some evidence indicates an increase 
in the use of all types of plants at the time in question 
(Neusius and Matthews 1985), no evidence suggests any 
resource but corn having been stored on a large enough 
scale to contribute to the noted shape change. There is 
certainly good evidence for the increased use of agri
cultural products at this time, but we have not recog
nized differences in corn varieties and cannot, 
therefore, suggest that differences in corn varieties are 
contributing to the change. 

A relationship also exists between the form of the con
tents of a storage structure and the shape of the struc
ture (Hunter-Anderson 1977). A change in the form of 



the material being stored could account for the change 
in shape of storage facilities . Changing from storage of 
shelled corn to the storage of ear corn might be re
sponsible for such a change. Storage of individual grains 
is quite efficient in round facilities (Hunter-Anderson 
1977), but storage of ear corn is probably more efficient 
when it is stacked in rectangular containers. One bit of 
evidence is available to support this suggestion. Blin
man (chap. 12) notes that vessel storage, which is prac
tical only for shelled corn, appears only in the pre-A. D. 
720 portion of the record at Dolores. Charred cob frag
ments in the concentrations of charred corn at Tres 
Bobos Hamlet (Brisbin and Varien 1981) and at Chindi 
Hamlet (Tucker 1983), sites which both date to the ear
liest period of occupation at Dolores, suggest some stor
age of ear corn occurred in this period preceding the 
change in structure form. Although no strong evidence 
supports any of the possible explanations for this 
change in shape, it is probably due to some sort of major 
shift in storage strategy. 

Size. - The size of storage structures has been taken as 
a direct proxy measure for volume of stored resources 
and indirectly for degree of dependence on stored re
sources (LeBlanc 1982) and for size of population 
(Schiffer 1972). It was originally assumed that such re
lationships would hold at Dolores. 

A storage demand study explored the relationship be
tween the amount of material that could have been 
stored in DAP facilities (based on volume estimated 
from floor area) and the amount of material needed by 
a household. Since that study was reported only in an 
informal meeting paper (Gross 1982a), and since the 
volume estimates used in that paper were based on tem
poral groupings of structures that are now out of date, 
that study is briefly summarized and updated here. 

The purpose of the storage volume study was to esti
mate the storage space required for a family and to 
investigate the degree to which that space requirement 
could have been met by Dolores area structures. It was 
relatively easy to determine the floor areas of structures, 
and by making assumptions about the depth to which 
the structures could have been filled, to estimate avail
able storage volume. Estimating the amounts of ma
terial needed by a household was more difficult. Since 
it was assumed that corn was the principal stored crop 
and that corn was stored on the cob, it was necessary 
to estimate the volume of ear corn required to support 
a household. No figures on the caloric content per unit 
volume were readily available for ear corn, so it was 
necessary to estimate this quantity from available 
materials. 

Fortunately, the Environmental Study Group's Botan
ical Studies Section had corn grown in the DAP ex-
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peri mental garden (Shuster and Bye 1984). This served 
as the basis for the estimation of the volume of ear corn 
in storage and for the weight of the corn per unit vol
ume. Caloric content was taken from nutrition tables 
(Davidson et al. 197 5: 198) at 356 kcal/1 00 g, the value 
of whole grain meal. Corn ear volume was estimated 
as though the cob were a rectangular solid measuring 
17 by 3 by 3 em, based on measurements of an ear 
judged to be average from the experimental garden. 
This volume estimate assumes stored corn was stacked 
in storage facilities, but almost certainly overestimates 
the amount of space wasted by stacking. Since a max
imum volume estimate was desired, overestimation was 
preferable to underestimation. The average yield of an 
ear of corn, based on 5 samples from the experimental 
garden, was 56.6 g of kernels. Taken in combination 
with the caloric content derived from the literature, 
estimates of 2.7 cm3/g or 0.7 cm3/kcal for ear corn 
in storage were obtained. Similar figures (2.8 cm3/g or 
0. 78 cm3/kcal) are obtained using the formula described 
by Wallace and Bressman (1937:21) and a weight of 56 
lbs/bu for corn. 

The original study estimated storage volumes required 
for different size households, with corn contributing 
differing amounts to the total diet, and with varying 
proportions of yearly needs added to the total figure 
beyond the assumed consumption as a buffer against 
crop failure or storage losses. These figures were then 
compared to the amounts of storage volume estimated 
to have been available. Table 13.3 presents a simplified 
approach to these comparisons. In the table, the storage 
volume of the mean size storage structure (updated 
from the 1982 figures) from each period during the 
major occupation of the DAP is expressed in terms of 
person-years of corn (the amount of corn estimated to 
have been required to provide the total caloric require
ment for I person for I year). Estimates in the ta
ble are based on storage of corn I m deep in the 
rooms. The average caloric requirement was estimated 
at 2200 kcallday following Hassan (1974), who argues 
that this figure is reasonable for horticulturists. 

Table 13.3 indicates that a single room during any per
iod could have held enough corn to have supplied the 
total yearly caloric requirements of a household of 5 
people. In all periods, however, more than one storage 
structure was associated with each household, so that 
the "two room" column provides a more reasonable 
estimate of available storage volume for most periods. 

The Period I figures may be somewhat misleading. The 
storage volume estimates assume that structures are cu
bical. Period I structures, however, are rounded in plan 
and probably had conical superstructures (Wilshusen 
1985a:52). Conical structures would not allow as great 
an amount of storage space per unit of floor area as 
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Table 13.3 -Corn storage potential of Dolores Archaeological 
Program facilities inferred to have been used for storage 

Period Mean floor Person-years for Person-years for 
area (m2) single structure two structures 

I 4.35 7.14 14.29 
2.1-2.2 7.91 12.99 25.98 
2.2-2.3 4.15 6.81 13.63 

3 3.53 5.80 11.59 
4.1 4.28 7.03 14.05 
4.2 5.85 9.61 19.21 
5 6.04 9.92 19.84 
6 6.49 10.66 21.31 

Person-year figures are the number of years person could 
be supported by the amount of corn that could be stored in 
a facility if it were filled I m deep with corn. An average 
caloric requirement of 2200 kcal/day is assumed. 

would cubical structures. The fact that several such 
structures were associated with each household in 
Period I indicates ample storage volume was available 
to households in this period. 

From the table it appears adequate space was available 
in all periods for the storage of the corn required by a 
family of about 5 people, with corn supplying 100 per
cent of the calories required by a family. Such a diet 
would be boring and not particularly healthy (Wetter
strom 1976). More reasonable figures of between 50 and 
7 5 percent of the diet for corn consumption would in
crease the differences between the amount of volume 
required and that actually available. Space beyond that 
required for storage of the anticipated yearly con
sumption could have been devoted to the storage of 
additional corn as a buffer, or for use as trade goods 
or gifts. Even with buffer materials in storage, though, 
it appears ample space is left to account for access vol
ume (Schiffer 1973) and for unavoidable wasted space. 
Additional food and nonfood items could also have 
been stored in these structures. Since it appears more 
storage space was always available than would have 
been required to meet individual needs, it cannot be 
assumed that changes in storage volume necessarily re
flect changes in the volume of food stored. Other factors 
must also be considered. 

There is a change in observed size of isolated surface 
structures between Period I and Period 2. The mean 
size of isolated surface structures before A.D. 720, the 
end of the first period as coded in the structure file, 
was 5.40 m2, with a standard deviation of 6.31 m2• 

When the most extreme case was removed from the 
calculation of the mean, the figure dropped to 4.35 m2, 

based on 24 cases. The 12 isolated rooms from Period 
2 (A.D. 720 to 800) had a mean floor area of 6.45 m2 
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with a standard deviation of 3.28 m2• The 4 rooms that 
could be confidently dated to the period A.D. 720 to 
760 had a mean floor area of 7.91 m2 with standard 
deviation of 2.51 m2• There is, then, an increase in the 
floor area of storage structures that accompanies the 
change in shape of the structures. 

The change in storage volume, as reflected in floor area, 
is probably a function of both the greater reliance on 
plant materials, particularly agricultural products, and 
the change in storage methods suggested by the absence 
of large seed jars from the post-A.D. 720 assemblages. 
Although corn always appears to have been stored on 
the cob, this change in storage method for other ma
terials (or for some part of the corn stores), could have 
added to access volume requirements for the storage 
facility, or could have contributed to wasted space, or 
both. 

Relative location. - This aspect of isolated surface 
structures does not change. Isolated surface structures 
tend to be arranged in a loose group to the west, north
west, and north of the pitstructures. Gilman ( 1982), in 
a review of ethnographic literature from Southwest 
groups, notes that peoples with between 30- and 
50-percent dependence on agriculture stored items in 
various kinds of situations including the basketry gran
ary. The isolated surface rooms appear to be most anal
ogous to such granaries. 

Construction input. - When surface rooms became 
more rectangular in plan, they also became more sub
stantial constructions. Wilshusen (1985a:54) notes that 
some of these structures had roofs supported by 4 posts 
and that the structures probably were akin to the jacal 
structure experimentally replicated by Varien ( 1984). 
The fact that no portions of superstructures of any of 



these structures is preserved in the excavated sample 
makes it difficult to reconstruct the exact nature of the 
structures. 

An increase in construction input is expected under 
conditions of agricultural intensification or in any sit
uation where a dependence on stored resources is oc
curring, especially if that increased input results in a 
better storage environment within the structure (Gross 
and Wolf 1984). Thicker walls, for instance, would in
crease the insulation for the structure and would prob
ably have made them more pest-proof; both factors 
would potentially lower storage Joss. Reduction in stor
age Joss makes more of the harvest available over the 
long run and therefore increases the consumable yield. 

Back Rooms 

Back rooms are the northern row of rooms in contig
uous, double-row roomblocks (they are the farthest 
rooms from the pitstructure). These rooms are also 
found on the northwest and northeast sides of the room
block (for a discussion of general site layout, refer to 
Kane and Robinson (1984]). Wolfs (1985) study of 
structures indicated back rooms generally fit her ex
pectations for storage rooms. 

Shape. - Back rooms continue the trend established in 
storage structures after A.D. 720, in that they are rec
tangular. The general arc of the roomblock makes these 
back rooms deviate slightly in form, from rectangular 
to truncated wedges. The greater the curvature of the 
roomblock, the greater the deviation from a true 
rectangle. 

Size. - Mean floor areas for back rooms are presented 
in table 13.4. The 9 5 percent confidence levels for these 
means are plotted in figure 13.2. Figure 13.2 indicates 
a change in mean floor areas. Two contrasting groups 
of rooms can be identified: structures dating prior to 
A.D. 860 (prior to Period 4.2) and those dating to A.D. 
860 or later. Within these 2 groups, it is hard to rule 
out sampling error as the cause of the variation, al
though the change between Periods 2.2-2.3, and Period 
3 may be due to an actual change in mean floor area. 
It would be expected that both the major change at A.D. 
860 and the smaller change at A.D. 800 would be the 
result of changes in storage methods. No evidence for 
changes in storage methods at either of these times was 
found. The slight decrease in storage volume at A.D. 
800 does coincide with a dip in the ubiquity of all kinds 
of plants (cultigens, pioneers, and wild plants) re
covered from fire-related features by the DAP (Neusius 
and Matthews 1985). These ubiquity indices are seen 
as reflecting relative reliance on plants, so that the de
crease in this index does support the explanation of the 
decrease in floor area. Interestingly enough, the decline 
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Table 13.4 - Mean floor areas of back rooms 

Period No. of rooms Mean Standard deviation 

2.2-2.3 14 4.15 1.48 
3 23 3.53 1.81 

4.1 6 4.28 0.68 
4.2 38 5.85 1.63 
5 31 6.04 1.41 
6 13 6.49 2.67 

in the use of cultigens appears to be proportionally 
greater than the decline in either wild plant or pioneer 
plant use. 

A rise in the use of plants in general between Periods 
3 and 4 also occurs, as measured by the ubiquity in
dices. The botanical information is only presented by 
period, and it is not possible to determine where in 
Period 4 the change comes. The large change in floor 
area comes in Subperiod 2 of Period 4 (Period 4.2), or 
A.D. 860-880. The indices for Period 5 suggest pro
portional rises in the use of both cultigens and pioneers, 
but a decrease in the use of wild plants. A very small 
rise is seen in the floor area of back rooms, but it is 
not possible to eliminate sampling error as the cause 
of the apparent rise. A decrease in the ubiquity of all 
plant remains in Period 6 is not reflected in the floor 
area means, but the sample for Period 6 (the second 
smallest - 13 rooms) and the mean and the standard 
deviation are the largest for all periods (mean = 6.49; 
standard deviation = 2.67 m2) . 

Another possible factor involved in the change in floor 
areas of storage rooms is mean number of people de
pendent on the storage facility. Because of the spatial 
association of living rooms with storage rooms, it is 
inferred that the household was the basic unit using the 
storage facilities associated with each living room. Blin
man (chap. 12) has employed Turner and Lofgren's 
( 1966) method to examine household size using ceramic 
jar and bowl volume variation through time. His anal
ysis indicates that household size remained stable 
throughout the Anasazi occupation of the Dolores Proj
ect area. For that reason, change in household size will 
not be considered further as a possible cause for change 
in facilities size. 

Kane and Wilshusen ( 1985), following Lightfoot ( 1984), 
suggest that within-period variation in storage volume 
can be taken as a measure of the degree of social dif
ferentiation and that sites with larger-than-average stor
age volumes were the headquarters of leaders. They 
then point out that differences in storage volume at the 
different villages investigated at the DAP correlate with 
expected differences in the complexity of the social 
structure at the sites. It is specifically suggested that 
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Figure 13.2 - Mean floor area of back rooms . . 

McPhee Community was a higher status community 
than others in the Dolores Project area. 

Where Kane and Wilshusen ( 1985) suggest the devel
opment of community-level status differentiation as an 
explanation for the differences in storage volume be
tween communities, an alternative view would suggest 
that storage volume would be more strongly associated 
with the degree of dependence on stored resources, es
pecially cultigens. Differences in potential agricultural 
production have been suggested for communities in the 
Dolores Project area, and Orcutt ( 1985) has compiled 
indices that measure the relative agricultural quality of 
site catchments (in this case, Thiessen polygons drawn 
around the major village of the community). Since the 
agricultural quality of a village's catchment should be 
related to degree of dependence on agriculture, it is 
expected that a relationship between catchment agri
cultural quality and degree of dependence on stored 
(agricultural) resources will exist. 

Table 13.5 presents both the agricultural quality indexes 
and mean back room floor areas for the 5 community 
clusters for which excavation data are available. Num
ber of cases from which means were calculated is also 
reported. In several cases, the comparisons are ham
pered by small sample sizes, and several of the com
munity clusters lack back rooms confidently dated to 
either the A.D. 800-840 period or the A.D. 880-920 
period. 

A Spearman rank correlation coefficient was calculated 
to test the correlation between the ranking based on 
agricultural quality of the catchment and the ranking 
of the back room size. Only the A.D. 840-880 period 
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could be tested since that was the only period in which 
values for each of the five communities were available. 
The results indicated no correlation (r, = 0.02). The 
same test was run on the ranking of total roomblock 
length in the community (A.D. 860-880), seen by Kane 
and Wilshusen as a proxy measure for community sta
tus, and the ranking of back room size. Again, no cor
relation was demonstrated (r, = - 0.1 ). 

The lack of correlation in either test may be a result of 
sampling error due to small sample size for several of 
the communities, and it may be exacerbated by the dat
ing problems for House Creek Community Cluster 
(having to lump material dated to A.D. 820-860 with 
material dated to A.D. 860-900). It is also possible that 
the agricultural quality index is not a very good pre
dictor of degree of dependence on agriculture and hence 
stored food. 

Blinman (chap. 12) has developed 2 measures that seek 
to reflect changes in the degree of dependence on ag
riculture. The ratio of nonhuman bone to cooking jars 
is seen as reflecting the contribution of animals to the 
diet in relation to cultigens, while the ratio of cooking 
jars to bowls is seen as reflecting the proportions of 
cultigens represented in the total amount of food con
sumed. Both of these measures are calculated for ma
terials from screened refuse in an attempt to control 
for cluster effect caused by reconstructible vessels in 
nonrefuse contexts and to aid in comparability of the 
samples. The 2 ratios have been calculated for McPhee, 
Grass Mesa, Rio Vista, and House Creek Community 
Clusters, but the data from the neighboring Rio Vista 
and House Creek have been combined under the term 
Middle Canyon communities. 

Grass Mesa Community Cluster has the largest amount 
of bone relative to cooking vessel sherds of any con
temporary sites. Of the sites for which the bone/sherd 
ratios were calculated, Grass Mesa Community sites 
also have the lowest mean floor area for back rooms. 
Only May Canyon Community Cluster, for which the 
sherd-based measures were unavailable, ever has a 
smaller mean back room floor area, and this is based 
on a sample of only 6 rooms. 

Bone/sherd ratios are not available for the McPhee 
Community or the Middle Canyon communities during 
the A.D. 840-880 period, but from A.D. 800-920, Mid
dle Canyon sites appear to have had a slightly greater 
dependence on agriculture than McPhee Community 
sites. McPhee Community Cluster has more mean stor
age space in this period than does Grass Mesa, but 
figures for only one of the Middle Canyon communities 
are available for comparison. At House Creek Com
munity Cluster, 6 rooms dating to this period have a 
smaller mean area than McPhee back rooms. In the 
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Table 13.5- Agricultural quality indices and 
mean back room floor areas for community clusters 

Community A.D. 800-840 A.D. 840-880 A.D. 880-920 
cluster Quality Area Quality Area Quality Area 

index (N) (m2) index (N) (m2) index (N) (m2) 

McPhee 37.2 43.0 68 5.9 3.8 24 6.1 
May Canyon 32.9 39.8 5 4.2 28.0 
Rio Vista 5.0 20 3.5 29.7 6 6.5 18.9 
House Creek 5.0 6 *5.9 -5.8 12 t4.9 -6.8 6 §3.8 
Grass Mesa -84.4 2.4 -73.2 30 4.8 -81.2 9 5.2 

* Rooms actually assigned to the period A.D. 820-860. 
t Rooms actually assigned to the period A.D. 820-860, or the period A.D. 860-900. 
§ Rooms actually assigned to the period A.D. 860-900. 
Agricultural quality from Orcutt ( 1985:58-59). 

A.D. 840-880 period, where bone/sherd ratios are un
available, Rio Vista Community Cluster of the Middle 
Canyon group does have a larger mean back rooms size 
than McPhee Community Cluster, but only 6 rooms 
are in the Rio Vista sample. If the data for Rio Vista 
and House Creek Community Clusters are averaged to
gether, the resulting mean is 5.4 m2, based on 18 cases 
and is smaller than the McPhee mean. 

Bowl/jar ratios for Grass Mesa are lower than other 
communities for all time periods, reinforcing the 
impression given by the bone/jar ratio. For the A.D. 
800-840 and A.D. 840-880 periods, Middle Canyon 
communities have higher bowl/jar ratios than Grass 
Mesa, and both of the communities in the Middle Can
yon group have higher mean back room floor areas. As 
with the bone/jar ratio, Middle Canyon is also higher 
than McPhee in the A.D. 880-900 period. 

The 2 sherd-based measures agree with the back room 
floor area rankings where data are available for com
parison. If these ratios are indeed measuring the rela
tive contribution of agriculture to the diet, it appears 
storage volume is varying with the degree of depend
ence on agriculture. 

To return for a moment to the question of storage area 
reflecting the locations of leaders in some sort of ad
ministrative hierarchy (Lightfoot 1984), it seems that 
mean storage area may not be the most appropriate 
measure. Mean storage area per roomblock should 
measure trends in storage for all households in the 
room block. If, as Lightfoot ( 1984) suggests, storage vol
umes should be larger for the households ofleaders than 
other households, little difference in the mean values 
should occur unless a significant proportion of the 
households at a room block include leaders. An increase 
in storage room size across the board might be expected 
in roomblocks where the disbursement of the leader's 

"fund of power" was to those who lived nearby. Even 
in such a circumstance, the leader would still require 
storage space larger than those of other households not 
involved in the accumulation of a fund of power. Such 
extra large storage facilities should inflate the standard 
deviation of the floor area measures, as well as the 
mean, assuming any possible households of leaders are 
included in our excavated sample. 

Between A.D. 760 and 920, standard deviations of back 
room floor area range from a low of 0.68 m2 to a high 
of 1.81 m2. In the A.D. 920-980 period (Period 6), the 
standard deviation jumps to 2.67 m2. When the room 
size from McPhee Pueblo is examined through time 
(table 13.6) the largest standard deviations also fall 
within the A.D. 920-940 period (Period 6.1) and the 
940-980 period (Period 6.2). There may be evidence, 
then, for variation in storage volume due to the devel
opment of leadership hierarchies in this late period, 
essentially the Cline Subphase. 

Relative location. - As their name indicates, back 
rooms are located on the back, or north, side of the 
roomblock. From A.D. 720 on, they maintain this rel
ative position. The important change, then, is the 
change from storage in isolated rooms to rooms in the 
northern row of a double-row room block. 

Changes in the location of storage structures are ex
pected as a result of increases in dependence on agri
culture, with its implied increase in dependence on 
stored foods, and with increases in aggregation of pop
ulation. Gilman's (1982) survey of the Southwestern 
ethnographic literature indicated that groups whose de
pendence on agriculture was 70 percent or greater 
stored food in facilities connected to their dwellings. 
Incorporation of storage rooms into the dwelling unit 
allows for easier monitoring of the conditions of the 
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Table 13.6 - Mean floor areas of back rooms 
at McPhee Pueblo, by temporal period 

Period No. of rooms Mean Standard deviation 

4.2 17 6.2 1.9 
6 2 5.0 0.8 
6.1 14 6.4 2.6 
6.2 6 6.2 2.2 

contents of the facilities. Monitoring of material in stor
age is recognized as being important in maintaining the 
overall condition of that material and allows for early 
detection of problems such as insect infestation or ro
dent damage (Bailey 1974:355; Shove 1970:72). The 
placement of the storage rooms to the north of the living 
rooms means the front rooms provide insulation for 
the storage rooms - important in maintaining reason
able storage environments within the back rooms (Gil
man 1983:125; Gross and Wolf 1984). 

By bringing more people together at the same location, 
population aggregation also provides an impetus for the 
incorporation of the storage facilities into dwelling 
units. Placement of storage facilities in such a way as 
to limit access to the facility serves both to minimize 
unauthorized withdrawal from the facility (Gross and 
Wolf 1984) and to limit the knowledge of the level of 
the contents of the facilities to those immediately as
sociated with the households (Gilman 1983). Although 
doors are rarely preserved in DAP structures (Wilshu
sen 1985a:65-67), it appears that location of the storage 
room immediately to the north of the dwelling and as 
part of the same architectural unit would effectively 
limit access to the facility. Quite possibly, the only ac
cess to the back rooms was through the front rooms. 

Gross and Wolf (1984) have argued that the change in 
relative location of storage rooms coincides with an 
increase in dependence on agriculture, although no very 
strong lines of evidence support this contention. The 
botanical data presented by Neusius and Matthews 
( 1985) is arranged by period, and show a major increase 
in dependence on plants of all sorts (but especially cul
tigens) in the A.D. 720-850 period over the A.D. 600-
720 period. Population aggregation also increases dur
ing the A.D. 720-840 period (Orcutt 1985:tab1e I). Back 
rooms begin to appear in the Dolores archaeological 
record at A.D. 760. 

Construction input. - Back rooms undergo substantial 
changes in construction input through time. The major 
change from isolated rooms to contiguous rooms is that 
the later structures shared walls, which meant that less 
material and less effort went into any individual struc
ture. In the A.D. 760-800 period, sporadic use of up
right sandstone slabs in the lower walls of structures 
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occurs; after A.D. 800, masonry is common in lower 
wall construction. Between A.D. 860 and 900 there is 
an increase in the use of masonry, and Wilshusen 
(1985a:64) estimates that at least half, and perhaps all, 
of the walls of surface structures of this period were of 
horizontal coursed masonry. In the A.D. 920-980 per
iod, surface rooms are all masonry. 

It is expected that these observed changes in back room 
construction will be related to costs of construction and 
to the degree of dependence on stored resources. 
Changes in construction costs should lead to compen
satory changes in techniques. As dependence on stored 
resources increases, there will be a greater reward for 
constructing facilities that provide better storage en
vironments (Gross and Wolf 1984). 

The relationship between surface structure construc
tion and pitstructure depth has already been noted. As 
the number of surface structures grew relative to pit
structures, techniques that incorporated more rock and 
less mud for each structure were adopted (Wilshusen 
1985a:80-81 ). Changes in wood requirements are also 
summarized by Wilshusen (1985a), but the significance 
of these changes will be left to those studying wood 
resource depletion (Kohler et al. 1984; Kohler and Mat
thews 1984). 

The measures of reliance on agriculture do indicate in
creases at appropriate times, but some contradictions 
exist. From Neusius and Matthews' (1985) ubiquity in
dices, a rise in ubiquity reflecting a rise in degree of 
dependence on cultigens can be seen between Period I 
(A.D. 600-720) and Period 2 (A.D. 720-800). A small 
decline occurs between Period 2 and Period 3 (A.D. 
800-840), followed by a rise in Period 4 (A.D. 840-880) 
to a level higher than any previous level. The ubiquity 
of cultigens reaches an all time high in Period 5 (A.D. 
880-920) and then sharply declines in Period 6 (A.D. 
920-980). 

With the exception of the decrease in dependence on 
agriculture in Period 6 and the decrease between Period 
2 and Period 3, the general increasing trend is as ex
pected from the changes in construction input invested 
into back rooms and suggests that provision of adequate 
storage environment was an important construction 
consideration. It is suggested that the decrease in ubiq
uity of cultigens between Period 2 and Period 3 was 
small enough so as not to have an effect on back room 
construction. The increase in the use of masonry after 
A.D. 920, at a time when dependence on agriculture 
seems to be decreasing, is probably due to construction 
efficiency and may not be related to improvement of 
storage environment. 



Front rooms 

Front rooms enter the archaeological record at Dolores 
after A.D. 760. They form the front , or southern, row 
of rooms in the two-row room block. These rooms usu
ally have hearths and other features, as well as artifact 
assemblages that indicate they were dwellings. Within 
the same roomblock, the construction of front rooms 
is usually less substantial than that of the back rooms. 

Shape. - Front rooms are generally rectangular in 
shape. The shape does not change through time and is 
related to the fact that they are part of contiguous room
blocks. Rectangular rooms are the most efficient form 
for joining in multiple units (Hunter-Anderson 1977). 
This also continues a trend for surface architecture es
tablished in the period prior to the introduction of con
tiguous roomblocks (A.D. 720-800). 

Size. - The trends in the size of front rooms are sum
marized in table 13.7 and in figure 13.3. Front room 
size starts off large in the A.D. 760-800 and declines 
over the next 40 years to reach its all time low at the 
A.D. 840-860 period (Period 4.1 ). There is a sharp in
crease to the maximum size attained in the period be
tween A.D. 860 and 880 (Period 4.2), followed by a 
slight decline, and then a small rise between A.D. 920-
980 (Period 6). The variation is large in each of the 
periods. When the standard deviation is expressed as 
a proportion of the mean, standard deviations for front 
rooms are proportionally larger than those for back 
rooms. The 95 percent confidence limits for the means 
also show a great deal of variation, with one excep
tionally large value for the A.D. 840-860 period (fig. 
13.3). 

Given the extreme variation in the samples, the large 
standard deviation, and the relatively small sample 
sizes, determining whether the observed trends are cul
turally meaningful is difficult. In addition to the prob
lem already discussed, an additional problem is caused 
by the nature of the architectural unit. Since most sur
face rooms occur in suites of 2 or, more commonly, 3 
rooms and since these are arranged with I front room 
paired with 2 back rooms, it is difficult to attribute 
change in front room size to factors independent of 
change in back room size. To explore for correlation in 
the areas of front rooms and the areas of back rooms, 
mean front room area was regressed against mean back 
room area. The correlation coefficient (r = 0.564) sug
gests a weak positive correlation between mean front 
room floor area in each period and mean back room 
floor area. 

The test looked only at the floor area means for each 
room type by period. Since the front rooms investigated 
and measured at any given site may not have belonged 
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Table 13.7- Mean floor areas of front rooms 

Period No. of rooms Mean Standard deviation 

2.2-2.3 6 13.29 6.05 
3 8 11.67 4.82 

4.1 3 9.51 4.42 
4.2 17 14.44 5.95 
5 22 12.26 4.68 
6 8 13.84 4.37 
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Figure 13.3 - Mean floor area of front rooms. 
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to the same roomsuites as the measured back rooms, 
the correlation is probably stronger than indicated. This 
suggests that factors affecting storage volume may ul
timately affect the size of all the surface rooms at a site. 

Before the correlation between back room and front 
room area was recognized, it was expected that front 
room size would respond to changes in household size. 
Ceramic evidence suggests household size does not 
change noticeably through time at Dolores. 

Relative location. - The location of the living rooms, 
attached to storage rooms on the south side, marks a 
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major change in the location of dwellings. This change 
has much to do with providing improved storage en
vironments, in monitoring conditions of stored ma
terials, and in controlling access to stored goods. An 
increase in dependence on agriculture accompanied the 
change to the contiguous room block, in agreement with 
expectations derived from the model. The location of 
front rooms is critical to the quality of storage envi
ronment provided by contiguous roomblocks because 
the front rooms provide insulation on the critical south 
face of the storage rooms and help maintain tempera
ture control. In addition, the joining of roomsuites to
gether into roomblocks enhances the insulation by 
providing additional mass (Gilman 1983). 

In addition to the benefits that accrue to storage facil
ities by the incorporation of the roomsuites into room
blocks, it is expected that there are social benefits as 
well. As Wilshusen ( 1985c) points out, economic co
operation is easiest among households that reside close 
to one another. Then, as population grows, and as it 
becomes more aggregated, a shift from isolated habi
tations (pitstructures) to contiguous dwellings is 
expected. 

Population does increase at the time (A.D. 760) when 
surface living rooms first appear (Schlanger 1985). Pop
ulation aggregation also increases in the period A.D. 
720-800 (Orcutt 1985:table 1). The use of the specific 
measures of population and of population aggregation 
are based on roomblock characteristics, so the problem 
of tautology must be addressed. The measures of room
block size contribute to population estimation, while 
number of households per room block are used to meas
ure aggregation. The change in the location of the pri
mary domicile is a change in spatial pattern and not a 
change necessarily linked to size. 

Two variables appear to interact in a mutually rein
forcing way to bring about the change from residence 
in pithouses to residence in surface rooms in the front 
tier of a double row of rooms. The need for economic 
cooperation in agricultural intensification provided one 
push toward residence in contiguous rooms, while the 
need to provide better storage environments, a minor 
form of agricultural intensification in itself, provided 
a push for contiguous surface rooms located south of 
the storage rooms. Locating living rooms in front of 
storage rooms increased the household's control over 
access to the materials stored in those rooms, providing 
further positive feedback. 

Construction input. - The differential in construction 
input between back rooms and front rooms has already 
been noted. Front rooms are often of much lighter con
struction and are consequently hard to define in com
parison to the back rooms of the same roomsuite. The 
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trends in conservation of earth as pitstructures become 
less common relative to surface rooms hold for front 
rooms as well as back rooms. 

SUMMARY AND CONCLUSION 

Several major changes in facilities occurred during the 
Anasazi occupation of the Dolores area. The function 
of pitstructures changed. They began as being primarily 
domiciles, then became shared domestic and ritual 
structures, and ultimately became solely ritual struc
tures or kivas. Surface structures, which at the outset 
of the Anasazi occupation are scattered, free-standing 
structures, develop into complex arrangements of rows 
of contiguous storage rooms fronted by rows of contig
uous dwellings. These changes are addressed in the pre
ceding pages and are examined in light of other DAP 
data for fit with expectations derived from both the 
general model (Lipe 1983) and the facilities portion of 
the model (Gross 1983). Population growth and aggre
gation, economic decisions, and social organization, 
and especially agricultural intensification play impor
tant parts in the generation of facilities expectations 
and therefore, in the proffered explanations of change. 
Costs of facilities have been addressed where possible, 
but exchange as a source of change has not been 
discussed. 

Viewing the facility changes finally as an interrelated 
set of processes, after having discussed the various par
ticular aspects of the changes, allows for a synthesis of 
causes of facility change in the Dolores case. It appears 
that population growth, including immigration into the 
Dolores area, began to stress the settlement/subsistence 
system. Adjustments in this system led to general sub
sistence intensification, one major aspect of which was 
increases in agricultural production. These increases led 
to greater dependence on stored resources. As stored 
resources became more important, it became necessary 
to provide better storage environments to minimize 
loss of stored foods. This led to one of the first changes 
discussed, the change in the shape of and construction 
input invested into isolated surface rooms. 

As the need to intensify food production grew, it prob
ably became necessary to organize labor beyond the 
household level. As more people began cooperating in 
economic and other matters, there arose a need for in
creased communications and increased integration of 
the population. These led to the increase in ritual fea
tures and the shape change in pitstructures, and to the 
move into surface living rooms that adjoined one an
other. As these trends continued, the need for integra
t ion led to the formation of roomblocks with extra 
ritual functions such as hosting rituals, and perhaps 
even to the development of a rudimentary leadership 



structure. The change to surface living rooms also had 
the beneficial effect of improving the storage environ
ments of the storage rooms. 

The provision of better storage environments may have 
been the impetus for the formation of the classic Pueblo 
I pueblos. The construction of storage rooms is usually 
more substantial than the accompanying living rooms. 
The location of the front rooms to protect the storage 
rooms from solar radiation also suggests that it is the 
storage function of the rooms being accommodated by 
the pattern of construction. Further, the initial change 
in surface structures is the construction of more sub
stantial storage rooms. A few of these rooms have 
hearths and show other signs of having been lived in, 
but they remain primarily storage structures. To form 
a pueblo all that is required is that these surface rooms 
be brought together and that some living rooms be built 
to the south of them to protect the south-facing wall of 
the storage rooms. The fact that these contiguous living 
rooms foster communication adds to the utility of the 
arrangement. 
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Chapter 14 

SOCIAL ORGANIZATION AND CULTURAL PROCESS IN 
DOLORES ANASAZI COMMUNITIES, A.D. 600-980 

Allen E. Kane 

Social organization is recognized as a factor in explain
ing the timing and direction of culture change evident 
in the archaeological record at Dolores. As such, social 
variables are afforded roles in the general model (chap. 
6). The general model has been developed as a central 
framework for analytical studies that attempt to explain 
the demographic and organizational cycles evident for 
local Anasazi communities during the period A.D. 600-
980. 

Social organization consists of several subareas, each 
of which is individually important within the frame
work of the general model. These subareas are as fol
lows: (I) economic organization, or how community 
groups are organized for subsistence production; (2) 
horizontal differentiation, or the array of functionally 
specialized roles within the community without regard . 
to class (including craft specialists and ceremonial or 
religious specialists); (3) vertical differentiation, or the 
array of status roles within and between communities; 
and (4) integration, or the mechanisms and institutions 
developed to facilitate intergroup communication, to 
lessen friction between groups, and to further a sense 
of identity within a community. 

Within the framework of the general model, social or
ganization is linked with other variables that can be 
classified as economic and demographic variables. Eco
nomic variables are those variables affecting agricul
tural productivity and availability of economic 
resources including climate, soil fertility, and human 
disturbances affecting the prehistoric ecosystems. De
mographic variables include population density, settle
ment size, and spacing among settlements. 

A primary source of change within the general model 
are economic variables. These include changes in cli
mate, population density, access to agricultural land, 
and other factors that affect total subsistence produc
tivity or productivity per capita. The effects of eco
nomic variables are modeled as relative costs and these 
affect other variables according to least cost principles. 

For example, a drought year may drive up the cost of 
agricultural products and make them more expensive 
when compared to other potential sources of subsist
ence goods, such as plant gathering or hunting. Based 
on these differences in costs, a least-cost decision would 
focus more effort on alternate, cheaper sources of food, 
and this might necessitate changes in settlement strat
egies and in the organization of economic production 
groups. 

Economic variables are then seen as operating within 
a satisficing, or minimization framework (e.g., the best 
option in terms of rising costs may be to intensify ag
ricultural production and related settlement and social 
organization, especially if increased population density 
and production demands are a factor [Orcutt 1985a:2-
9; Christenson 1980:36]). It may be comparatively 
cheaper to cope with increasing population and rising 
costs of subsistence by investing more labor in agri
cultural production (such as improving field locations, 
increased weeding, or planting more crops in a unit 
area) than by attempting to increase the yields of wild 
plant and animal foods . 

Intensification might also be manifested as change in 
settlement and social strategies. For example, aggre
gation can be viewed as an intensification response to 
rising economic costs in that it might aid efficient mo
bilization of agricultural work groups. A shift from the 
simple nuclear family household to the extended family 
as the unit of economic production might be regarded 
as a similar accommodation. Selection of the cheapest 
option would tend to dampen the overhead costs of 
settlement and social strategies. For example, it may be 
necessary to implement a simple managerial structure 
at the community level to integrate aggregated groups 
that checks the ambitions of the managerial groups to 
keep overall system costs low. 

Risks inherent in production strategies are also an im
portant consideration. To offset risks, groups may de
cide to invest in buffering mechanisms, such as planting 
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increased acreage, diversifying field locations, or build
ing additional and more substantial storage facilities. 
Implementation of these buffering strategies would ap
pear to increase subsistence costs, but in the eyes of 
prehistoric agricultural groups, it would be the cheapest 
option in terms of survival. 

Social organization can be viewed as an alternate or 
perhaps complementary source of change within the 
DAP general model. Even simple forms of social or
ganization may be accompanied by relatively high over
head costs that may conflict with least cost goals. 
Conflict between social and economic goals may be ex
acerbated if the need for organizational and integrative 
mechanisms is increased by population aggregation. 
Rappaport ( 1971 :28) notes that systems that manage 
ritual activities are very expensive. If personages or 
groups with leadership or management responsibilities 
are present, then they will normally act to maintain 
their positions and increase their wealth and power rel
ative to other groups. 

The appearance of either latent or sanctioned manage
ment groups may have several effects on other systems 
variables. For example, the presence of a centralized 
authority, either covert or visibly sanctioned by society, 
may have an effect on local and regional populations. 
The labor requirements associated with construction 
and maintenance of public buildings may have en
couraged active recruitment of new settlers and possible 
participation in ritual ceremonies may have also en
couraged immigration. If the groups residing at the cen
ter are perceived as successful in terms of standard of 
living and subsistence security, additional immigrants 
may be attracted to the settlement. Covert management 
groups might pursue wealth and status without primary 
regard to economic costs, even if acquired wealth must 
be accumulated in an inconspicuous form. Thus, such 
groups might encourage maximization of agricultural 
production above least cost requirements so as to ac
quire manipulable surpluses. Such surpluses could be 
used to fund redistributive ceremonies that would in
crease the status of the hosting groups or could be in
vested in status items, chiefly traded goods. The social 
model of change was primarily developed from the 
study of simple political systems in the prehistoric 
Southwest undertaken by Lightfoot (1984). 

Explanations of prehistoric cultural process in the Do
lores area are focused primarily on the economic and 
social subsystems as the major sources of change. De
mographic variables, especially population growth and 
decline, are often employed by archaeologists as im
portant factors in influencing cultural change. While it 
is recognized that demographic changes have profound 
effects on other cultural subsystems, shifts in popula
tion characteristics are viewed as part of the general 
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economic cost structure or as being responses to social 
requisites rather than being independent developments 
(chap. 6). 

GENERAL IMPLICATIONS OF THE SOCIAL 
AND ECONOMIC MODElS 

Each model of change contains distinct implications for 
the timing of major changes within the cultural system 
and the directions of those changes. Essentially, the so
cial model predicts change during the "good times" 
when production of an agricultural surplus is possible 
and can be manipulated to the advantage of leadership 
or management groups. The economic model predicts 
change during the "bad times" when economic costs 
are rising due to a combination of unfavorable or un
certain climate, high population density, and a decrease 
in the availability of agricultural land or other subsist
ence resources. 

Implications for the Timing of Social Change 

"Good times" or "bad times" at Dolores can be ap
proximated by using climate and population estimates 
and agricultural production simulations (Petersen 
1985; Schlanger, chap. 8; Wolf 1985). For example, 
Wolrs ( 1985) agricultural production and storage be
havior simulations indicate the potential for generating 
agricultural surpluses was relatively high for the first 
61fz decades of the ninth century (A.D. 800-864) given 
the virtually uniform favorable climate during this per
iod.' Wolrs figures are based on Burn's ( 1983) tree-ring 
calibrated drought sequence for southwestern Colorado 
and Petersen's ( 1985) reconstruction of cold years when 
untimely frosts probably affected agricultural produc
tion. According to Wolrs figures (1985:figs. 16-20, 30-
33), per capita excess production amounts (the amounts 
above annual consumption needs) are greatest in the 
A.D. 800's, 810's, 830's, and 850's; however, gross po
tential excess production figures are greatest for the 
A.D. 850's. Surplus production was possible for the ear
lier decades of the ninth century, but significant total 
surplus amounts were probably not produced until the 
middle ninth century given the estimated low indige
nous population levels during the early portion of the 
A.D. 800-860 period. The "good times," or the con
ditions necessary for generating change according to the 
social model, are assigned to the window period A.D. 
820 to 860 (population levels during the first 2 decades 
of the ninth century were probably not high enough to 
produce a significant useful surplus). 

'According to Wolrs reconstruction, a short drought with mild pre
dicted production shortfalls is present between A.D. 847-8 52. 



"Bad times" are indicated by a combination of high 
population and climatic unfavorability. According to 
Schlanger (chap. 8), population at Dolores peaked in 
Period 4 (A.D. 840-880). It is thought that population 
levels were actually highest during the later decades 
(A.D. 860's and 870's); virtually all households con
structed during the A.D. 840's and 850's continued to 
be in use during the last half of Period 4, and in ad
dition, new residential units were constructed in the 
A.D. 860's and 870's (for example, the Weasel Pueblo 
and A Idea Alfareros room block units at McPhee Village 
[Kane 1985]). According to Wolf's ( 1985) simulation, 
agricultural production shortfalls might have been first 
encountered by Dolores groups in the late A.D. 840's 
and probably became a serious problem after A.D. 865. 
Climatic uncertainty was probably also a contributing 
factor, especially after A.D. 860 when a series of 
drought years alternated with good years (chap. 4, sec
tion 6). During the first 6 decades of the ninth century, 
crop failures due to freezes were probably not a prob
lem; however, during the A.D. 860 to 910 period, 
II years with potentially crop-damaging freezes were 
recorded , including 4 consecutive years from A.D. 899 
to 902. " Good years" in the late part of the 9th century 
and the early lOth century (A.D. 860-920) were not as 
favorable as those in the early 9th century in terms of 
production. Even though "surpluses" above annual 
needs could have been produced, both gross and per 
capita excess production amounts are less than during 
the earlier period. The "bad times" or the conditions 
sufficient to produce major change according to the 
economic model , are assigned the window A.D. 860-
920. 

Implications for the Direction of Sociocultural Change 

The direction of the predicted changes is complex and 
may differ for specific cultural variables; essentially 
both models predict change in the direction of "inten
sification" in the economic subsystem (more emphasis 
on higher yielding crops or resources, more yield/unit 
of land, more total labor investment), in the demo
graphic and organizational variables associated with 
production, and in the management of large aggregated 
groups. When considering social organization with ref
erence to the economic model, overhead costs associ
ated with social institutions should be minimized. 
Given production intensification, an expected necessity 
is the appearance and maintenance of managerial 
groups to coordinate complex production tasks, access 
to agricultural land, and aggregated populations. Polit
ical systems should be well integrated and characterized 
by cooperation; competition and status would be min
imized because of the attendant high overhead costs. 
Basic shifts in production organization might be ex
pected in response to rising costs and related changes 
in subsistence strategies and resource mix. 

SOCIAL ORGANIZATION 

Somewhat different predictions for the direction of so
cial organization are possible given the tenets of the 
social model. Simple political groups and social hier
archies based on these groups should be reflected in the 
archaeological record. Coincident with the rise of 
decision-making groups would be associated settlement 
and social phenomena such as the appearance of com
peting settlement systems, each with its own large, cen
trally located administrative center, networks of 
smaller satellite settlements and spheres of influence, 
and the use of status positions within each community. 

Production of an economic surplus is a necessary con
dition for the social model; thus, the inherent economic 
organization of the groups on the threshold of a simple 
political society must have the capacity to produce a 
significant agricultural surplus. Once established, the 
managerial class should act conservatively to preserve 
the economic order that originally was and continued 
to be their source of power. 

If the Dolores system was evolving in the direction of 
a tier power system (Stuart and Gauthier 1981 ), then 
the fledging leaders or managerial class would have 
gathered the trappings of power, including individual 
wealth. Such trappings might be in the form of personal 
material items, large or elaborate residences, or sepa
rate managerial facilities for the exercising of power. 

In the following 2 sections, the economic and social 
models of change are assessed through an examination 
of the applicable archaeological data from Dolores. The 
examination is focused on 2 social subareas that appear 
particularly relevant to evaluating the models - ver
tical differentiation and economic organization. The 
timing of the appearance of managerial organizations 
and the extent to which the leaders or leadership class 
are able to attract power and wealth are critical areas 
in judging the applicability of the models. The timing 
and direction of changes in economic organization are 
also critical determinations in this assessment. 

IDENTIFYING POLITICO-MANAGERIAL 
GROUPS IN THE ARCHAEOLOGICAL RECORD 

AND ESTIMATING THEIR INFLUENCE 

Some of the general implications of the economic and 
social models are evaluated here by examining the rel
evant archaeological data from Dolores. The evaluation 
process consists of a search for the presence of possible 
managerial groups and sociopolitical hierarchies in the 
archaeological record, documentation of the timing of 
the appearance of these groups, and an assessment of 
the social power and wealth of these groups and social 
differences between the managerial class and the groups 
with less political power. 
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Identification of Possible Managerial Groups 
and Sociopolitical Hierarchies 

The presence of managerial groups in the prehistoric 
record at Dolores might be signaled by the appearance 
of settlement hierarchies (large residential centers sur
rounded by a network of smaller settlements) and 
through the simultaneous presence of aggregated resi
dence units and nondomestic architectural facilities 
(where managerial activities were enacted) at the pri
mary residential centers. 

According to the implications developed from the social 
model, settlement hierarchies and managerial architec
ture would be expected to appear in the archaeological 
record in the window A.D. 820 to 860, or during late 
Period 3 or early Period 4; according to the economic 
model, the predicted appearance would be somewhat 
later and should closely parallel the population growth 
curve for the area (A.D. 860 to 920). The critical dif
ference is that in the social model , the appearance of 
managerial groups and the attendant settlement and 
architectural configurations should precede peak pop
ulation periods, if economic production and organi
zation were sufficient to generate a manipulable surplus 
and that enough initial population was present to sup
port an administrative elite. In the economic model, 
the appearance of managerial groups should be a re
sponse to the necessities of efficiently administering 
large aggregated populations to produce subsistence 
goods at the least possible cost. Social model managerial 
groups attract population into aggregated settlements if 
they are successful; economic managerial groups are a 
response to the economic demands and administrative 
necessities of population growth and aggregation. 

Orcutt (chap. 10) has analyzed the relevant settlement 
patterns at Dolores by period and suggests three-tiered 
(3 distinctive size rankings) settlement hierarchies were 
present in Periods 4 and 5; simpler two-tiered patterns 
were present during Periods I, 2, and 3. Therefore, the 
search for the appearance of managerial groups and 
other related settlement and architectural correlates 
was focused on Period 4 (A.D. 840-880) and the im
mediately preceding time span (Period 3, A.D. 800-
840). Inspection of the survey and excavation data from 
the project area led to the identification of 7 relatively 
large settlements-McPhee Village, Windy Ruin , Cline 
Crest Ruin , Grass Mesa Village, May Canyon Ruin, Rio 
Vista Village, and House Creek Village (table 14.1; fig. 
14.1) - which were assumed to be the residential lo
cations of managerial and status groups (the upper tier 
in a social hierarchy). These settlements are character
ized by clustered aggregations of room block units (less 
than 7 5 m between contemporaneous roomblocks 
within the aggregated settlement). Based on excavation 
data from 4 of the 7 villages, aggregated settlements 
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may contain as few as 7 roomblocks with less than 
200m of total roomblock length (House Creek Village) 
to more than 20 roomblocks with roomblock length 
totals exceeding 1000 m (McPhee Village). Oversized 
pitstructures, thought to be locations of intergroup rit
ual activities, are present at each of these settlements. 
These larger settlements, defined as the upper tier, are 
clearly differentiated from smaller settlements of the 
same time frame, which consists of I to 3 roomblocks 
with less than 100m of total roomblock length. A quan
titative test of this proposed dicotomy utilizing a rank
size distribution of settlements in the project area dat
ing to the A.D. 840-880 period was not attempted; how
ever, settlement analysis of individual community 
catchments (cf. Kane 1985) seem to support the pro
posed dicotomy. Thus a two-tier settlement hierarchy 
for Periods 4 and 5 rather than the three-tier construct 
proposal by Orcutt is adopted here. 

The "oversized" pitstructures, thought to possibly rep
resent the locations of managerial activities, are com
paratively large (mean floor area = 46.6 m2 versus 
25.5 m2 for all Period 4 pitstructures) with feature as
semblages more indicative of ritual or ceremony than 
domestic functions. Traditionally, it has been assumed 
that great kivas might fulfill this role; however, at Do
lores only one Period 4 great kiva was identified (at 
Singing Shelter [Nelson and Kane 1985]), and it is not 
within the limits of a large settlement. Rather, it is ad
jacent to the smallest upper-tier settlement, and is fairly 
close to 3 other uppertier locations as well. This socially 
neutral position suggests the structure may have func
tioned as an intercommunity integrative facility. 

A size-rank distribution analysis of all Period 4 pit
structures (fig. 14.2) suggests 2 distinct size popula
tions: first, those pitstructures with less than 32 m2 of 
floor area and second, those with more than 34m2• This 
division is assumed to represent functional classes. 

An examination of the feature assemblages of the large 
pitstructures suggests a correlation between large size 
and the presence of ritual features - rectangular cen
tral pit (or rectangular central vaults), lateral vaults, 
paho marks, and cylindrical sand-filled pits interpreted 
to be possible altar anchors (Wilshusen 1985). Struc
tures with combinations of these particular features are 
assumed to be locations of regularly performed rituals 
or ceremonies and of managerial functions performed 
by groups who used the ceremonies as a medium for 
exerting their authority (Wilshusen 1985:49-50); he 
proposes ( 1985:45-48) a three-tiered hierarchy of ritual 
activity based on the complexity of ritual-associated 
features . 

Wilshusen (1985:45-46) also suggests that red ware pot
tery exchange and deliberate ritual burning at aban
donment were activities associated with pitstructures 
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Table 14.1 - Assumed upper tier settlements in the Dolores Project area 

Site name/ Location Total U-shaped Total room- Oversized Pitstructures 
site number room blocks room blocks block length pitstructures containing central 

(N) (N) (M) vaults 

Documented Estimated Documented Estimated 
total total 

(N) (N) (N) (N) 

McPhee Village• On first terrace above 20 2 855 5 7 5 12 
flood plain west of 
river, within con-
fines of canyon 

Windy Ruin/ On mesa top west of 13 I 484 0 7 0 9 
5MT4353 river canyon 

Cline Crest On mesa top west of 10 I 468 3 8 0 10 
Ruin/5MT2663 river canyon 

Grass Mesa On low mesa head- 9(?) 0 390 5 5 9(?) 14 
Village/5MT23 land within confines 

of canyon east of 
river 

May Canyon On mesa top east of 15 0 370 0 3 0 12 
Ruin/5MT6794 river canyon 

Rio Vista On talus of main can- 7 0 230 I I 2 6 
Village/5MT2182 yon east of river 

House Creek Low, flat area north 7 0 168 0 I 0 5 
Village/5MT2320 of House Creek and 

east of river 

• For a list of sites associated with McPhee Village, refer to chapter I. 

containing rectangular central vaults. The correspond
ence between oversized pitstructures (> 34m2) and rec
tangular central vaults is especially striking; all 
oversized pitstructures contain these features according 
to the excavation data. A number of smaller but still 
relatively large pitstructures also contain rectangular 
central vaults. Here , Wilshusen's basic model is 
adopted: pitstructures containing features in the up
permost tier are thought to be the most likely location 
of managerial functions; pitstructure size is also con
cluded to be an important criterion. 

Eleven Period 4 pitstructures with floor areas greater 
than 34m2 have been positively identified in the project 
area (table 14.2) and all are located within the proposed 
upper-tier settlements. Of the 4 upper-tier locations in
vestigated through excavation programs (Grass Mesa 
Village, McPhee Village, House Creek Village, and Rio 
Vista Village), 3 had at least I oversized pitstructure. 
The possible exception, House Creek Village (Robinson 
and Brisbin 1984:26-35), was not as extensively inves
tigated as the other locations. Magnetometer survey re
sults suggest the possible presence of more large 
pitstructures in areas not examined by the excavation 
crews. Magnetometer survey also suggests the possible 
presence of 3 oversized pitstructures at Cline Crest 
Ruin (Huggins 1983:181-194); this inference was based 

on an estimated diameter of over 10m for I structure 
(Pitstructure 15) and on a correlation between the rel
atively high magnetometer readings (indicating strong 
burning) and the relatively large size of the magnetic 
anomalies for 2 other pitstructures (Pitstructures 2 and 
11). 

Four oversized pitstructures positively or possibly dat
ing to Period 3 are also present in the Dolores data. 
Two of these are at smaller, single roomblock (lower 
tier) sites: Pitstructure 2 at Windy Wheat Hamlet, Site 
5MT4644 (Brisbin 1984b), was completely excavated 
but did not contain a central vault, and hence is not 
included in the sample; Pitstructure 2 at Squawbush 
Hamlet, Site 5MT2322 (Harriman 1984), was incom
pletely excavated and the presence or absence of a cen
tral vault could not be ascertained. Pitstructure 68 at 
Grass Mesa Village (Varien 1985) may be a Period 3 
oversized structure, but the temporal placement of the 
structure is not firm and an estimate of feature assem
blages was not obtained. One other case for a Period 3 
oversized pitstructure is at Site 5MT4692, just south 
of McPhee Village. Although the site was not excavated, 
surface investigations and magnetometer survey indi
cated the presence of 2 or 3 room block units with 8 or 
more pitstructures, including I with an estimated 
45 m2 in floor area. Ceramic type frequency dating of 
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Figure 14.2 - Size-rank distribution of all Dolores Archaeological Program Period 4 pitstructures. 

the surface materials suggests most of the site was oc
cupied in Period 3 (A.D. 800-840). 

In summary, the settlement evidence from Dolores con
sists of the presence of a residential site hierarchy with 
multiple (at least 7) roomblock units comprising the 
upper tier and up to 3 roomblock units in the lower 
tier. Architectural facilities that indicate possible man
agerial locations are present at the upper-tier settle
ments. These are "oversized" pitstructures (floor area 
greater than 34m2) with particular assemblages of ritual 
features. In the ritual hierarchy developed by Wilshusen 
( 1985), these pitstructures constitute the uppermost 
tier. These pertinent settlement and architectural con
figurations are generally manifested in the ninth cen
tury and their presence is a general implication of either 
model. A more thorough analysis is necessary to narrow 
the temporal placement of their first appearance, as 
timing is a critical test for both models. 

Dating the Appearance of Managerial Groups 

Dating the appearance of the relevant settlement and 
architectural configurations is an important test in eval
uating the "fit" of the social or the economic model. 
The social model would predict appearance of mana
gerial groups relatively early in the A.D. 820-860 win
dow, while the economic model would predict 
appearance relatively late (A.D. 850-920). Relevant 
here are first , the architectural development of the vil
lage settlements in the upper tier of the hierarchy in-

eluding the appearance of multiple interhousehold 
roomblocks and aggregations of these and smaller 
roomblocks; second, the development of settlement 
hierarchies with the upper-tier settlements serving as 
managerial centers; and third, the appearance of over
sized pitstructures with ritual feature assemblages. 

Tree-ring dates (appendix A) and ceramic type dating 
suggest relatively lengthy spans of occupations for the 
7 upper-tier settlements, with initial occupation in the 
early A.D. 800's or even late A.D. 700's and abandon
ment in the last 2 decades of the 9th century or perhaps 
as late as the first decade of the I Oth century. This 
apparently long occupation history of the critical set
tlements has resulted in a difficult problem for DAP 
staff archaeologists. The critical period for evaluation 
of the models is the early and middle A.D. 800's; how
ever, the archaeological manifestations examined by the 
field crews and laboratory staff are generally the aban
donment configurations (A.D. 880-910). The critical 
evidence has in many cases been obscured by remod
eling or by prior abandonment and superposition of 
newer architecture. Thus, in many cases, only indirect 
evidence can be brought to bear on the problem. Rel
evant excavation evidence is available from the 4 as
sumed upper-tier settlements partially excavated by the 
Dolores field crews and from several uncontaminated 
Period 3 settlements. 

At Grass Mesa Village, stratigraphic interpretation and 
ceramic type dating suggest the site area was first oc
cupied in the eighth century, possibly around A.D. 750 
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Table 14.2 - Village-associated Period 4 oversized pitstructures identified in the Dolores area 

Contemporaneous associations Size Ritual feature content Reference 
(m' ) 

Grass Mesa Village Associated with Roomblock Unit 39, 40.7 Roofed rectangular central vault, Breternitz and Morris 
Pitstructure 3 the largest recorded roomblock in cylindrical sandfilled pits (altar ( 1985:5.60-5 .115) 

the project area. The roomblock anchors), paho marks 
unit contains over 73 surface rooms 
and 12 or more pitstructures, in-
eluding I other (Pitstructure 33) 
classified as oversized 

Grass Mesa Village Associated with Roomblock Unit 19. 42.9 Unknown (floor not excavated) Morris (1985a:8.102-8.103) 
Pitstructure 26 The roomblock unit contains ap-

proximately 25 to 30 surface rooms 
and 5 pitstructures, including I 
classified as oversized (Pitstructure 
29). 

Grass Mesa Village Associated with Roomblock Unit 19 43.6 Unknown (floor not excavated) Morris ( 1985a:8.108-8.110) 
Pitstructure 29 (contained in the same roomblock 

unit as Pitstructure 26) 

Grass Mesa Village Associated with Roomblock Unit 39 43.5 Roofed rectangular central vault, Varien ( 1985:4.405-4.417) 
Pitstructure 33 (contained in the same roomblock cylindrical sandfilled pits (altar 

unit as Pitstructure 3) anchors); may have other ritual 
features (floor incompletely ex-
cava ted) 

Grass Mesa Village Associated with Roomblock Unit 23. 43.0 Roofed rectangular central vault, Morris et al. 
Pitstructure 82 The roomblock contains 10 to 15 cylindrical sandfilled pits, paho ( 1985:6.21 0-6.222) 

surface rooms marks 

Rio Vista Village Associated with Roomblock Unit 3. 34.6 Roofed rectangular central vault, Wilshusen, comp. 
Pitstructure 20 I The roomblock unit contains 20 to cylindrical sandfilled pits ( 1985:463-490) 

25 surface rooms and I other pit-
structure 

McPhee Village Associated with a large horseshoe- 67.5 Roofed rectangular central vault , Brisbin et al. 
Pitstructure 3 at shaped roomblock unit with 35 to 45 lateral vaults, cylindrical sand- (1985:271-338) 
McPhee Pueblo surface rooms and 5 other pit- filled pits, paho marks 

structures 

McPhee Village Associated with a large roomblock 37.7 Roofed rectangular central vault , Kuckelman ( 1984:56-120) 
Pitstructure 2 at complex north of McPhee Pueblo. lateral vaults, cylindrical sand-
Mesa Negra The roomblock unit contains 40 to filled pits, paho marks 
Pueblo 50 surface rooms and 4 other pit-

structures, including I classified as 
oversized (Pitstructure 6) 

McPhee Village Associated with a large roomblock 45 .5 Unknown (floor not excavated) Kuckelman ( 1984: 140-142) 
Pitstructure 6 at unit north of McPhee Pueblo (con-
Mesa Negra tained in the same room block unit as 
Pueblo Pitstructure 2) 

McPhee Village Associated with a large roomblock 38.5 Large circular pit, smaller rectan- Chenault ( 1983:46-51) 
Pitstructure 4 at unit east of McPhee Pueblo ; the gular slab-lined pit, probably has 
Tres Chapulines roomblock unit contains approxi- other features (floor incompletely 
Pueblo mately 50 surface rooms and 5 other excavated) 

pitstructures 

McPhee Village Associated with a large, horseshoe- 63.7 Roofed rectangular central vault, Brisbin ( 1984a:99-113) 
Pitstructure 9 at shaped roomblock unit northeast of lateral vaults, cylindrical sand-
Pueblo de las McPhee Pueblo; the roomblock unit filled pits, paho marks 
Golondrinas contains approximately 50 surface 

rooms and 3 other pitstructures 
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(Lipe et al. 1985:18.63), with perhaps as many as 40 
households residing at the village by A.D. 800. Lipe et 
al. (1985:18.66-18.67) and Kohler (1985) believe pop
ulation levels during the early ninth century were lower, 
perhaps averaging about 20 households. This inference 
is based on the scarcity of structures dating to this per
iod, as evidenced by tree-ring samples and ceramic col
lections; an alternate interpretation would suggest 
higher populations, but increased structure longevity. 
That is, if pitstructures and surface rooms built rela
tively early were continually occupied and merely re
furbished (including replacement of roofing timbers) 
rather than abandoned and replaced with new struc
ture, then the ceramics and tree-ring samples recovered 
from the continually occupied structures would only 
reflect the last use with little evidence for the early use. 
Such behavior might be anticipated in comparatively 
sedentary groups and is hinted at in some of the Grass 
Mesa data: based on the location of early pitstructures, 
the basic configuration of roomblock units was estab
lished early in the history of the site, a pattern that may 
have not survived if the site was virtually abandoned 
in the early A.D. 800's, and the frequent reuse of early 
timbers in late structures suggests refurbishment rather 
than abandonment and new construction. The impor
tant points here are that the site had a substantial pre
A.D. 840 population and the primary roomblock con
figurations of the site were established at a fairly early 
time during the occupation of the settlement. 

At McPhee Village, early occupations have been doc
umented at the Pueblo de las Golondrinas (Brisbin 
1984a) and McPhee Pueblo roomblock units (Brisbin 
et al. 1985). At Pueblo de las Golondrinas, Pitstructure 
2 is inferred to have been originally constructed in A.D. 
829 or 830 (Brisbin 1984a:64) and this structure is su
perimposed on an earlier pitstructure; there are also 
substantial pre-A.D. 850 deposits in the midden (Bris
bin 1984a:206, table 40). Brisbin (1984a:216-227) sug
gests the roomblock unit was a substantial residential 
complex (4 pitstructures and 35 to 40 rooms) during 
Element 2 (A.D. 780-825) and developed into its ar
chaeological configuration (4 pitstructures, including I 
oversized example, and about 50 surfaces rooms) dur
ing the early part of Element 3 (A.D. 830-880). Thus, 
this roomblock unit is thought to have conformed to 
the pattern indicative of the presence of managerial 
groups at a relatively early (pre-A.D. 840) time. At 
McPhee Pueblo, the architectural configuration inves
tigated by the field crews may have been superimposed 
on an earlier, pre-A.D. 850 roomblock (Brisbin et al. 
1985:23, fig. 8); the midden also contains a substantial 
lower deposit of pre-A.D. 850 materials, based on ce
ramic type frequency dating of the excavated strata 
(Brisbin et al. 1985:26). 

At Rio Vista Village, pitstructures thought to have been 
constructed in the AD. 780's and 790's were present in 
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the northern 2 roomblock units (Wilshusen, comp. 
1985:235, 309); other construction of this settlement 
appears to date to the post-A.D. 850 period. 

Finally, at House Creek Village, Robinson and Brisbin 
( 1984: 179-195) suggest the occupation of this settle
ment may have been initiated before A.D. 800 and the 
use of Pitstructure 4 in particular was probably during 
Period 3 (A.D. 800-840). Thus, it can be established 
that the large settlement locations were in use long be
fore the inferred period of maximum population at Do
lores in the A.D. 860's and 870's. However, the 
continuous use of the settlements through the early 
A.D. 800's and the initiation of the role of these primary 
population centers as locations of managerial functions 
is more difficult to document. 

Relevant settlement data from other occupations dating 
to earlier periods is not abundant. Whether this scarcity 
represents an accurate facet of the archaeological re
cord, sampling error because of later superposition, or 
administrative limits on DAP field investigations is dif
ficult to assess. Periman Hamlet (Site 5MT4671 
[Wilshusen 1983; Yarnell 1983]) exhibits a possible 
early trend in aggregation of roomblock units. At this 
site, 3 small single pitstructure room blocks are adjacent 
to one another; temporal interpretations based on ce
ramic type frequency and archaeomagnetic dating sug
gests all these may have at least been partially 
contemporaneous during the early part of Period 3 
(A.D. 800-820). Periman Hamlet thus can be inter
preted as a possible example of early settlement aggre
gation in the area before the massive population build 
up in the middle ninth century. However, at this site 
none of the room blocks is associated with multiple or 
oversized pitstructures. 

A second example that perhaps is more telling is Site 
5MT4692; however, interpretations based on the data 
from this site are tentative as the site was not excavated 
but was subjected to a surface artifact collection and 
to a magnetometer survey in search of pitstructures 
(Huggins and Weymouth 1981 ). The available evidence 
suggests the presence of 2 to 3 aggregated roomblock 
units with a total of 8 to 9 pitstructures. The central 
roomblock unit probably contains 5 pitstructures, 
based on the magnetometer evidence, with I (Pit
structure 6) probably being an oversized facility. Ce
ramic dating of the surface collection suggests the main 
occupation of the site was in the A.D. 800-840 period. 
Thus, Site 5MT4692 may be a Period 3 settlement with 
multiple roomblocks, one of which is associated with 
more than 2 pitstructures and an oversized facility. In 
terms of the patterning of architectural units, Site 
5MT4692 bears a very close resemblance to the A.D. 
830's and 840's architectural configuration at Pueblo 
de las Golondrinas (Brisbin 1984a:fig. 68), i.e., a long 
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cresent-shaped roomblock with 4 to 5 pitstructures. 
Such configurations may indicate the early presence of 
local groups with a managerial structure. 

Here, it is assumed that the initiation of possible ad
ministrative or managerial functions at upper-tier set
tlements is coincident with the initial construction of 
the associated oversized pitstructures. Tree-ring cutting 
dates of A.D. 852, A.D. 866, A.D. 871 , and A.D. 874 
were recovered respectively from roofing materials as
sociated with oversized pitstructures at Grass Mesa Vil
lage (Pitstructure 3), Rio Vista Village (Pitstructure 
201), and the Masa Negra Pueblo (Pitstructure 2) and 
McPhee Pueblo (Pitstructure 3) roomblock units at 
McPhee Village (appendix A). With the exception of 
the Grass Mesa and the Rio Vista pitstructures, these 
dates probably do not represent construction dates, but 
appear to represent the last time the pitstructure under
went major refurbishment, including replacement of 
the roof. Most oversized pitstructures underwent at 
least one major refurbishing based on the presence of 
capped vertical support postholes or superimposed 
floor surfaces. Wilshusen ( 1985) suggests the ritual fea
tures in these structures probably were regularly com
missioned and decommissioned, perhaps in response 
to the necessities of regularly scheduled ceremonial 
events; hence, the case for major refurbishment must 
be based on main post support modification or super
imposed floor surfaces. The dating assignment inter
pretations for the II oversized pitstructures identified 
in the DAP area are presented in table 14.3. The table 
suggests 2 of the pitstructures may have been con
structed as early as the A.D. 830's or 840's and 2 as 
late as the A.D. 860's, but that most were probably 
constructed in the A.D. 850's. Thus, construction seems 
to coincide with the period of maximum rates of pop
ulation growth but is earlier than the probable time of 
maximum total population levels. 

In summary, some evidence indicates that the settle
ment and architectural configurations thought to be in
dicative of managerial groups , i.e., aggregated 
room block unit settlements and oversized pitstructures, 
preceded or was coincident with the period of maxi
mum population growth and preceded the period of 
maximum population density in the project area. The 
evidence, unfortunately, is not as conclusive as it might 
have been if more directed excavated strategies had 
been implemented and if much of the evidence ex
amined during excavation was not obscured by later 
occupations. However, when considered in total, the 
available evidence seems to support the relatively early 
appearance of managerial groups. Critical questions ad
dressed in the following 2 sections are concerned with 
the influence of these groups within the social frame
work of Dolores communities and the role of these 
groups in intercommunity relationships. 
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Testing the Models: the Settlement Data 

In this section, the implications of the economic and 
social models of prehistoric change will be tested using 
DAP settlement data. The tests are mostly based on the 
locations of the upper-tier villages in the settlement hi
erarchy and the network of lower-tier smaller hamlets 
surrounding each village (the network of smaller settle
ments plus the central village is the area occupied by 
the community). A brief discussion of aggregation is 
included. 

One implication of the economic model is that settle
ment size should correlate with the potential economic 
production of the catchment associated with the indi
vidual upper-tier settlements; conversely, according to 
the social model, settlement size should correlate with 
the effectiveness and influence of the managerial class 
at the particular settlement. 

Potential economic production figures for the catch
ments of the 7 upper-tier settlements were calculated 
using environmental data derived from Orcutt 
(1985a:tables 9 through 15). Predicted settlement size 
rankings were then derived from the production figures , 
and compared with the actual settlement sizes. In figure 
14.3, the solid bars are the predicted settlement size 
from largest to smallest, while the clear bars are the 
actual sizes. The numbers reflect the actual population 
ranks of the settlements. A Spearman rank correlation 
coefficient was calculated for the actual versus the ex
pected values; the rho value is 0.357, indicating a weak 
positive correlation. This correlation is not statistically 
significant (P = 0.216). Most of the actual sizes are 
smaller than predicted, while 2 (Grass Mesa and 
McPhee Villages) are much larger. This analysis sug
gests factors other than simple economic efficiency 
were responsible for the "success" (in terms of total 
population) of individual communities; social factors 
including managerial efficiency or the perception of 
successful leadership may have been partially respon
sible. Assuming all 7 upper-tier settlements were ini
tially settled at virtually the same time, the actual 
estimated population levels illustrate a large range (the 
largest settlement, McPhee Village, is more than 5 times 
as large as the smallest, House Creek Village). This sug
gests differential growth rates among the upper-tier set
tlements, a phenomenon that supports the social model 
(Lightfoot 1984:66-67). 

A second set of test implications derived from the 
models concerns central place tendencies. The appear
ance of competing managerial groups as predicted by 
the social model implies certain spacing particular to 
different tiers in the related settlement system hierar
chies. For example, in a two-tier hierarchy, the small 
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Grass Mesa Village 
Pitstructure 3 

Grass Mesa Village 
Pitstructure 26 

Grass Mesa Village 
Pitstructure 29 

Grass Mesa Village 
Pitstructure 33 

Grass Mesa Village 
Pitstructure 82 

Rio Vista Village 
Pitstructure 201 

McPhee Village 
Pitstructure 3 at 
McPhee Pueblo 

McPhee Village 
Pitstructure 2 at 
Masa Negra 
Pueblo 

McPhee Village 
Pitstructure 6 at 
Masa Negra 
Pueblo 

McPhee Village 
Pitstructure 4 at 
Tres Chapulines 
Pueblo 

McPhee Village 
Pitstructure 9 at 
Pueblos de las 
Golondrinas 

Table 14.3 - Dating summary for village-associated Period 4 oversized pitstructures 
identified in the Dolores area 

Sources of dating inference• 

Ceramic dating of associated fills suggests last use 
of upper floor (Surface I) between A.D. 875 and 
910. Pitstructure is beneath 2 Grass Mesa Sub
phase structures dating to A.D. 88{}-910. Archaeo
magnetic date of A.D. 855-975 obtained from 
hearth in lower floor, date of A.D. 86{}-890 ob
tained for hearth in upper floor. Tree-ring cutting 
date of A.D. 852r obtained from post in ventilator 
fill 

Ceramic dating of postabandonment fills suggest 
they were deposited after A.D. 860. Spatial pat
terning suggests this structure is contemporaneous 
with Pitstructure 29 

Ceramic dating of postabandonment fills suggest 
they were deposited after A.D. 860. Pitstructure 
28. dating to A.D. 88{}-910, is superimposed on 
Pitstructure 29 

Ceramic dating of associated fills suggests upper 
floor dates no earlier than A.D. 860. Pitstructure 
34, dating to A.D. 88{}-910, is superimposed on 
Pitstructure 33; archaeomagnetic date of A.D. 845-
865 obtained from hearth in lower floor 

Pitstructures 80 and 81, dating to A.D. 88{}-910 are 
superimposed in Pitstructure 82. Archaeomagnetic 
date of A.D. 865-945 obtained from hearth in up
per floor. Tree-ring date of A.D. 861 vv obtained 
from post in roofing materials 

Tree-ring cutting date of A.D. 866rG from post in 
roof fall stratum. Archaeomagnetic date of A.D. 
855-910 obtained from floor-associated hearth 

Tree-ring cutting date of A.D. 874r from post in roof 
fall stratum. Archaeomagnetic dates of A.D. 87{}-
890 and A.D. 88{}-890 obtained from hearth in up
per floor; archaeomagnetic date of A.D. 89{}-910 
obtained from north wall . Ceramics associated 
with lower floor date to A.D. 825-910 

Ceramic dating of use-associated and postabandon
ment fills is A.D. 90{}-930. Archaeomagnetic date 
of A.D. 86{}-950 obtained from hearth in upper 
floor. Tree-ring cutting date of A.D. 871 r obtained 
from post in roof fall materials 

Spatial patterning suggests Pitstructure 6 is contem
poraneous with Pitstructures I, 2, 3. and 4 

Spatial patterning suggests Pitstructure 4 is at least 
in part contemporaneous with the other Tres Cha
pulines pitstructures 

Archaeomagnetic date of either A.D. 85{}-870 or 
A.D. 885-925 ; spatial patterning suggests Pit
structure 9 is contemporaneous with Pitstructures 
I. 2, and 10 

Summary of dating assignment argument 

The A.D. 852 timber is interpreted to represent orig
inal construction; a later refurbishing of the main 
chamber roof did not include the ventilator. Sug
gested use is between A.D. 852 and 885. 

A precise dating interpretation is not possible given 
the available evidence. It is suggested that Pit
structure 26 is contemporaneous with Pitstructure 
29 (A.D. 850's to 880's) 

The dating evidence for this pitstructure does not 
allow a precise interpretation. It is suggested that 
it is contemporaneous with the other Grass Mesa 
oversized structures (A.D. 850's to 880's) 

The available evidence suggests the upper floor was 
used in the A.D. 860's and 870's; thus the lower 
floor was probably used in the A.D. 850's; this 
interpretation is consistent with the archaeomag
netic date. Suggested use is between A.D. 850 and 
880. 

The A.D. 861 date is interpreted to represent re
modeling, suggesting the last roof was constructed 
in the A.D. 860's. The lower floor was probably 
used in the A.D. 850's. Suggested use is between 
A.D. 85{}-885, which is consistent with the archaeo
magnetic date 

The A.D. 866 date is interpreted to represent con
struction. Suggested use is between A.D. 866 and 
885, which is consistent with the archaeomagnetic 
date 

The A.D. 874 date is thought to represent remod
eling; original construction was probably 15 to 20 
years earlier. Suggested use is between A.D. 860 
and 895, which is consistent with the archaeomag
netic dates 

The A.D. 871 date is thought to represent remod
eling. Suggested use is between A.D. 855 and 890; 
this interpretation contradicts the ceramic dates; 
however, the upper floor assemblage may have been 
contaminated by subsequent refuse deposition 

A precise interpretation is not possible; it is sug
gested that the use of Pitstructure 6 parallels that 
of Pitstructure 2 (A.D. 855-890) 

A precise interpretation is not possible; Pitstructure 
4 is probably contemporaneous with the general 
use of the site (A.D. 845-880) 

A precise interpretation is not possible; Pitstructure 
9 is probably contemporaneous with the use of the 
main architectural configuration of the room block 
(A.D. 83{}-880) 

• Appropriate site report references are reported in table 14.2. 
r - Less than full section is present, but the outermost ring is continuous around available circumference. 

vv - There is no way of estimating how far the last ring is from the true outside. 
G - Beetle galleries are present on the surface of the specimen. 
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settlements in the lower tier would be expected to clus
ter around the upper-tier large central villages, while 
the villages considered as a group should exhibit a tend
ency toward even spacing, indicative of intercommun
ity competition. Competition among villages would be 
very minor or nonexistent given the tenets of the least 
cost model, because of overhead costs. Rank-size dis
tributions are also indicative of social hierarchies and 
the nature of intercommunity relationships. "Primate", 
or concave, distributions (with only I settlement in the 
highest size ranking) may be indicative of a system 
where one settlement functions as an administrative 
center for a number of smaller ones. Convex distribu
tions may indicate several competing political centers, 
and Jog-normal distributions may be suggestive of well
integrated political systems (arguments derived from 
Lightfoot's [1984] treatment of political dynamics in 
the prehistoric Southwest). 

A nearest neighbor analysis (Hodder and Orton 
1976:40-41) of the upper-tier settlement locations (fig. 
14.1) suggests a more random than even distribution 
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(RE/RA = 1.3, where 1.0 is random spacing and 2. 15 
is exactly even distribution). If an eighth possible upper 
tier settlement located just outside the project area to 
the west (Sites 5MTIO, II, and 12 [fig. 14.1]) is added 
to the case set, the nearest neighbor statistic jumps to 
1.5. The actual location of the eighth possible upper
tier settlement is unknown, and this will affect the near
est neighbor statistic since an arbitrary point was used 
in the calculation. These values are interpreted as not 
reflecting a significant trend toward even spacing. 

A different way of looking at Dolores area settlement 
during Period 4 is to consider it as 2 competing systems 
separated by the river. Settlements on the west side of 
the river would not compete strongly for land or local 
resources on the east side and vice-versa. The river 
would be a formidable obstacle to travel and commu
nication during the runoff season, which would coin
cide with spring planting. Considered as 2 separate east 
and west groupings, the relevant statistics are much 
higher (RE/RA = 2.01 for the upper-tier settlements on 
the east side of the river and I. 7 8 for those on the west 



side if the eighth possible settlement on the west pe
riphery of the project area is included [fig. 14.1]). These 
values are much more indicative of even spacing and 
tend to support the hypothesis of intercommunity com
petition. Admittedly, sampling error is a potential prob
lem in this analysis as only 4 settlements are included 
in each group. Edge effects, however, are probably not 
a factor as the large settlements on the east side mark 
the east limit of the two-tiered Period 4 settlement sys- . 
tern and archaeological survey on the west side suggests 
all potential nearest neighbors have been identified. 

Orcutt (chap. 10) has analyzed other pertinent portions 
of the settlement data and reports the following results: 

I. Small settlements and medium settlements ex
hibit clustered distributions during Periods 2 and 3, 
implying the absence of social hierarchies. 

2. Small settlements are clustered around large set
tlements in Periods 4 and 5, conforming to the pre
dictions for settlement patterns if managerial groups 
are present. 

3. Large settlements are randomly distributed dur
ing Period 4 and grouped medium and large settle
ments (including Sites 5MT10, 5MTII, and 5MTI2 
[fig. 14.1]) exhibit a weak trend toward even spacing 
in Period 5. This finding is essentially similar to the 
nearest neighbor discussed earlier in this report. Or
cutt (chap. 10) used site rubble area rather than 
roomblock length to generate the rank-size distri
butions and did not consider the possible effects of 
the Dolores River on settlement. 

4. Rank-size distribution for all settlements con
forms to the log-normal pattern indicative of well
integrated settlement social systems. Period 5 rank 
sizes exhibit a log normal distribution. 

Aggregation is another aspect of settlement that has 
bearing on the applicability of either model. In the eco
nomic model, aggregation is viewed as a solution to the 
increased costs of higher population density and the 
increased emphasis on agricultural production (agri
cultural intensification) . According to Orcutt 
( 1985b:38-39) increases in population density or re
source mix intensification would produce an increase 
in the measures of aggregation. Aggregation is viewed 
as the cheapest solution to population packing and 
crowding, and to meet the labor requirements of an 
economy dependent to a large degree on agricultural 
production. In the project area, where agricultural land 
and water are both relatively abundant, aggregation 
would occur reluctantly and only in association with 
substantial increases in population, agricultural inten
sification, and economic costs and risks (Lipe, chap. 6). 

SOCIAL ORGANIZATION 

In contrast, in the social model, aggregation is viewed 
as an aspect of the successful development ofleadership 
and the recruitment of followers (Lipe, chap. 6). It may 
also reflect competition among centers in the social hi
erarchy; that is, it may indicate warfare or feuding be
tween neighboring centers. Dispersed populations may 
be attracted to large settlements because of their rela
tive safety under such conditions. In the social model, 
aggregation may precede or at least be uncorrelated 
with the rate of population increase and the degree of 
agricultural intensification. 

Orcutt (1985b) adopted 2 primary approaches in her 
treatment of prehistoric settlement aggregation. In the 
first approach, household aggregation was measured as 
mean number of households for each individual rubble 
area (roughly equivalent to a roomblock unit), the per
cent of rubble areas with each designated household 
size, and the proportion of total households that occur 
in rubble areas of each household size. In the second 
approach, spatial aggregation was measured as the av
erage distance between rubble areas, the average dis
tance to the nearest rubble area, the average distance 
to the nearest 2 rubble areas, the average number of 
households 100 to 1500 m from a rubble area, and the 
total number of households/quarter section (Orcutt 
1985b:6). While levels of household aggregation cor
relate fairly well with levels of population - population 
density and aggregation are both highest in Periods 5 
and 7.2 (fig. 14.4)- household aggregation and popu
lation increase at the same time during the critical time 
span (A.D. 600-980, Modeling Periods 1-6). In figure 
14.4, the greatest rate of increase in household aggre
gation is shown to be between Periods 2 and 3 (A.D. 
760-820), and the greatest rate of increase for popula
tion density is between Periods 3 and 4 (A.D. 820-860). 
This phenomenon is also apparent in Orcutt's other 
graphic displays; for example, during Period 2, 56 per
cent of the population resided in room block units with 
5 or less households, while during Period 3 this figure 
shrank to 40 percent (Orcutt 1985b:fig. 3). She also 
compared aggregation with 6 different variables and 
variable combinations, each of which could be inter
preted as a proxy for resource mix intensification. 

This author interprets the lack of significant positive 
correlation between aggregation and resource mix in
tensification (proxied as climatic stress) as indicating 
that household aggregation levels increase before re
source mix intensification until the latter "catch up" 
during Period 5. The correlation between spatial ag
gregation and population seems stronger when consid
ering periods of increase. However, indications are that 
spatial aggregation increased earlier than expected. For 
example, when the average number of households 
within 100 m of each other was evaluated, they more 
than doubled between Periods 2 and 3 while population 
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Figure 14.4- Comparison of household aggregation and levels of 
population density in the Dolores area by time per
iod. From Orcutt ( 1985b:fig. 16). 

density increased 'only slightly. Again, no significant 
positive correlation is shown between the predicted 
rank orders of spatial aggregation and actual spatial 
aggregation; in fact , there is a slight negative correla
tion. The actual rankings for Periods 3 and 4 are higher 
than expected and are lower than expected during Per
iod 5, suggesting spatial aggregation increased before 
resource mix intensification. While significant positive 
correlations occur between expected rank orders based 
on the proxy measurements and the actual orderings 
(Orcutt 1985b), spatial aggregation is interpreted by 
this author to have been consistently greater than an
ticipated during Periods 3 and 4, indicating that ag
gregation increased before population and resource mix 
intensification. 

Thus, although both types of aggregation appear to be 
positively correlated with increase in population den
sity, the aggregation data is interpreted as supportive 
of the social model. Aggregation in the project area 
increased before population density and before re
source mix intensification. 

Considered as a whole, the settlement data contains 
certain characteristics that can be used to support either 
model. The following points support the social model: 
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I. The poor positive correlation between upper-tier 
settlement size and catchment productivity. 

2. Differential .growth rates among the upper-tier 
settlements. 

3. The even spacing among upper-tier settlements 
(indicating competition), if the comprehensive set
tlement pattern is considered as 2 separate east and 
west systems. 

4. The clustering of small settlements around large 
settlements in Periods 4 and 5. 

5. The increase in household and spatial aggregation 
before increases in population density and climatic 
stress . 

6. The noncorrelation or negative correlation be
tween aggregation and resource mix intensification 
(proxied as climatic stress). 

Points in the settlement data that support the economic 
model include the following: 

I. The nearly random spacing of the upper-tier set
tlements if they are considered as one group. 

2. The clustered distribution of settlements during 
Period 3. 

3. The log-normal rank-size distribution of settle
ments during Periods 4 and 5 (indicating a well
integrated system). 

4. The significant positive correlations between 
household and spatial aggregation and population 
density. 

Characteristics appear to support the social model in 
the settlement data; the disparities among catchment 
productivity and upper-tier settlement size, and the 
early appearance of aggregation are particularly perti
nent points. 

Testing the Models: the Architectural Data 

To further test the implications derived from the al
ternate social and economic models of cultural change, 
architectural data are used to estimate the relative 
power and wealth of managerial groups versus the com
moner class. Generally, according to the predictions of 
the social model, it is expected that managerial groups 
or communities with more effective management 
would be more "visible' in the archaeological record 
than such groups would be in an economic model scen
ario. Early in this chapter, it was assumed oversized 



pitstructures containing assemblages of ritual features 
were the actual locations of managerial functions. Lead
ership can be manifested directly through formal in
stitutions (executive authorities) and enforcement 
groups (judicial authorities and police) or through the 
more subtle and indirect means of ritual and ceremony. 
Rappaport ( 1969: 182; 1968:224-242) stresses the social 
advantages of management by ritual and ceremony. In 
the absence of sanctioned political statuses or offices, 
formalized ritual may serve as a mechanism for dis
tributing land and economic resources, and for regu
lating warfare; it also may serve to resolve conflicts in 
economic production scheduling and seasonality. Rit
ual is thought to have played an important regulatory 
role in societies where the arbitrariness of social con
ventions was increasing, but where the authority of 
managerial groups, if they existed, was limited. The 
assumption made here is that, in general, managerial 
groups are present in societies regulated through ritual, 
but leveling mechanisms are present that inhibit their 
emergence as visible status groups. The presence of 
managerial groups with direct control and their sepa
ration as a social class are regarded as necessary pre
requisites in initiating a true sociodemographic "power 
cycle" as described by Stuart and Gauthier ( 1981 ). 

Wilshusen ( 1985:49-50), in his study of ritual facilities 
at Dolores, suggests the local Anasazi communities 
were ritually regulated and managerial groups probably 
had no direct authority. Here, the search for direct 
power and wealth is carried further, based on an ex
amination of size variability in storage, habitations, 
and pitstructure facilities and a more qualitative eval
uation of the intrasettlement placements of storage fa
cilities and living quarters. 

Variability in Sizes of Architectural Facilities 

The sizes of architectural facilities are examined ac
cording to 2 possible vertical differentiation, or status, 
systems. First, the possible presence of intercommunity 
status divisions is investigated. It is assumed that 
groups residing at the largest communities (those cen
tered at McPhee Village, Cline Crest Ruin, and Windy 
Ruin) would have more status or might be better sit
uated in an economic sense than those residing in com
munities centered on smaller upper-tier settlements. 
For this analysis, 3 architectural data case sets were 
established on the basis of the combined axial lengths 
of the room blocks in the village: (I) communities cen
tered around large upper-tier settlements (total room
block length greater than 450 m [the available 
excavation data is from McPhee Village]); (2) com
munities centered around medium-sized upper-tier set
tlements (total roomblock length of 300-450 m [the 
available excavation data is from Grass Mesa Village]); 
and (3) communities centered around small-sized up-

SOCIAL ORGANIZATION 

per-tier settlements (total room block length of less than 
300m [available excavation data is from Rio Vista and 
House Creek Villages]). 

The second system of vertical differentiation investi
gated related to possible intracommunity status or 
wealth categories. The basic assumption is that varying 
degrees of access to oversized pitstructures within the 
community were reflections of status or power posi
tions. Four hypothetical status categories have been 
designated based on the following criterion: 

I - Residence at a roomblock outside the limits of 
an upper tier central settlement. 

II - Residence at a roomblock within the limits of 
an upper-tier settlement, with no oversized pit
structure in the roomblock. 

III - Residence at a roomblock within the limits of 
an upper-tier settlement, with one or more oversized 
pitstructures present in roomblock. 

IV- Residence at a "horseshoe-shaped" roomblock 
within the limits of an upper-tier settlement. Horse
shoe-shaped room blocks are associated with the larg
est pitstructures (floor area greater than 60 m2); 

access to the oversized pitstructure is assumed to 
have been restricted, especially at McPhee Pueblo, 
where a slab wall connects the arms of the horseshoe 
configuration horseshoe and thus completely en
closes the plaza. 

Figure 14.5 illustrates the relationships among these 
possible intracommunity status categories. 

The possible intercommunity and intracommunity sta
tus categories were evaluated by examining the size dis
tributions for several different functional classes of 
architectural facilities; the architectural data set used 
for these analyses was limited to structures assigned to 
Periods 4.1, 4.2, and 5.1 (A.D. 840-900), or the time 
period when status groupings were most likely to occur. 
Sizes of storage facilities (equivalent to back rooms 
within the ninth century Dolores area roomblock units 
[fig. 14.6]) for the categories were compared. The ex
pectation of the social model is that larger storage fa
cilities would be spatially correlated with high-status 
intercommunity and intracommunity locations. 
Greater storage capacities would be needed at mana
gerial locations to accommodate foodstuffs and other 
goods used in periodic ceremonial redistributions, and 
to accommodate the surplus needed to fund the man
agerial groups and their relatively successful families 
(Lightfoot 1984:46). The economic model predicts re
lationships more indicative of egalitarian groups. Sizes 
of habitation (living-sleeping) rooms (front rooms at 
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DAP ninth century settlements) were compared. The 
assumption was that more successful families and 
groups with a higher standard of living would reside at 
the presumed higher status intercommunity and intra
community groupings; high status would be correlated 
with larger living facilities. Given the implications of 
the economic model, variation in living room sizes 
should be unpatterned and reflective of an egalitarian 
society. Sizes of pitstructures (assumed to be locations 
of ritual or overt managerial activities were also com
pared. Given the general implications of the social 
model, managerial activities should be centered at lo
cations of status and power, and pitstructures should 
be larger at these locations. Also, more variation in 
pitstructure sizes should occur at relatively successful 
communities, reflecting the greater status of managerial 
groups at such locations and greater social distance be
tween the managers and the commoners, especially if 
the upper-tier settlement acted as an attractant for rel
atively poor foreign households. 

In addition, temporal implications for the size of ar
chitectural facilities are based on the social and eco
nomic models. For example, given the implications of 
the social model, increases in the mean size of storage 
facilities should occur relatively early and at the same 
time as the appearance of managerial groups. Given the 
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implication of the economic model , increases in sizes 
of storage facilities should be relatively late, reflecting 
the role of storage as a buffer against crop yield vari
ability and as an aspect of agricultural intensification. 

The results of the analysis of the architectural data for 
the possible presence of status groupings are presented 
as a series of tables and figures (tables 14.4, 14.5, and 
14.6; figs. 14.7, 14.8, and 14.9). Table 14.4 and figure 
14.7 summarize the temporal trends in sizes for the 3 
measured types of facilities (storage rooms, domestic 
rooms, and pitstructures). The size trends are generally 
consistent for all 3 facility categories; the sizes of these 
types of facilities increase through time for the periods 
in question. During the critical period for evaluating 
the models of change (A.D. 820-920), storage room 
mean size increased by nearly 40 percent. Wolf et al. 
( 1985) report similar findings in their study of prehis
toric storage behavior at Dolores: at McPhee Village 
household storage capacity increased from 176 bushels 
in A.D. 800-840 to 260 bushels between A.D. 841-860; 
storage capacity per household also increased at Grass 
Mesa, albeit at a much slower rate. Much of the increase 
is interpreted by this author to have occurred before 
the late 9th and early lOth century period (A.D. 864-
920), when stress on the economic system from climate 
and population would be highest. 
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Table 14.4 -Mean floor areas and standard deviations of architectural facilities, by period 

Time period (A.D.) 

600-720 720-780 780-820 820-860 860-890 880-900 920-980 

(P 1.1-1.3) (P 2.1 -2.2) (P 2.3-3.1) (P 3.2-4.1) (P 4.2-5.1, (P 5.1, Grass (P 6.1-6.2) 

except Grass Mesa Subphase) 
Mesa Subphase) 

x X x X x - -
SD SD SD SD SD X SD X SD 

Back (storage) 
rooms 3.21 0.21 4.17 0.33 3.98 0.23 4.38 0.22 5.55 0.11 t t 6.03 0.48 

Large living 
(habitation) 
rooms • • • • 12.2 1.42 13.22 1.50 15.42 0.53 t t 13.91 1.53 

Small living 
rooms • • • • 6.75 0.25 8.30 0.44 t t 

Pitstructures 23.43 3.29 17.85 1.15 22.87 1.96 25 .65 1.73 26.60 1.83 20.43 4.68 

• These architectural units are not present during Periods I, 2.1, and 2.2. 
t Grass Mesa Subphase architectural data are extremely variable; storage and habitation rooms are not a consistent feature of 
household clusters; hence means and standard deviations were not calculated for the applicable categories. 
X - Mean size (m2) . 

SD - Standard deviation. 
P- Period. 

Table 14.5 - Mean floor areas and standard deviations of architectural facilities for Dolores communities, A.D. 840-900 

Storage rooms 

x 
House Creek and Rio 
Vista Communities 4.67 

Grass Mesa Community 4.76 

McPhee Community 5.95 

• Associated with 2 rear storage rooms. 
t Associated with I rear storage room. 
X - Mean area (m' ). 

SD - Standard deviation. 

SD 

0.28 

0.21 

0.14 

Large habitation Small habitation 
rooms• roomst 

X SD X SD 

14.62 0.93 7.73 0.99 

15.99 1.17 7.41 0.58 

16.97 0.89 9.29 0.69 

Table 14.6 - lntracommunity comparisons of sizes of architectural facilities 

Storage rooms Large habitation Small habitation 
rooms rooms 

X SD X SD X SD 

Group I 4.53 0.19 13.58 0.74 7.20 0.87 
Group II 6.17 0.17 16.14 0.85 8.16 0.44 
Group III 5.28 0.15 15.30 0.80 8.72 0.61 
Group IV 5.95 0.21 18.30 1.44 10.80 1.09 

X -Mean floor size (m2). 

SD - Standard deviation. 
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Pitstructures 

X SD 

23.65 2.28 

26.93 1.60 

25 .43 2.95 

Pitstructures 

X SD 

24.00 2.13 
19.56 1.44 
24.06 1.03 
34.02 8.17 
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Figure 14.8 - Bar graph illustrating variability in facility sizes between communities. 

Standard deviations of storage room. size show a con
sistent decrease through tim.e, indicating a greater 
standardization in sizes of rooms in the later periods. 
Living (habitation) rooms also consistently increase in 
mean size, although the increase in size is not as sub
stantial as for the storage rooms, estimated to be ap
proximately 25 percent between A.D. 800 and 860. To 
assess whether the apparent increase in storage room 
size was strictly a function of increased demand for 
storage space or whether the increase was related to a 
trend to larger habitation facilities in general, ratios of 
storage space to living space were calculated for the 

. A.D. 780-820, A.D. 820-860, and A.D. 860-900 periods, 
omitting structures assigned to the Grass Mesa Sub-

. phase (table 14.7). The increased ratio during the A.D. 
860-900 period suggests that storage capacity may have 
been a more important consideration during this 
period. 

Pitstructures also exhibit a general trend toward in
creasing size with the exceptions of Period I and the 
Grass Mesa Subphase. These exceptions are believed 
to be related to function and to the number of groups · 
using the structure. For example, the rank-size distri
bution of all pitstructures dating to Period I (fig. 14.1 0) 
may be indicative of a bimodal distribution, although 
the case set is too small to make a certain determina
tion . Other evidence indicates large Period I pit
structures were domiciles for 2 nuclear families while 
the smaller ones housed only I domestic unit. During 
the succeeding period (Period 2), only one-family pit
structures were identified. The Grass Mesa Subphase 
pitstructures are thought to represent I family resi
dences with relatively low investments in material and 
labor; they provide an extreme contrast with the func
tionally and architecturally complex pitstructures as
signed to the partially contemporaneous Periman 
Subphase (Periods 4.1, 4.2, and 5.1 [A.D. 850-900]). 

The temporal variation in the mean sizes of different · 
function architectural facilities can be used to support 
either model. The general trend toward increasing size 
can be interpreted as an "intensification" or increased 
investment in architectural facilities. The increase does 
not appear to be correlated with either the A.D. 820-
860 "window" implied by the social model or the later 
A.D. 860-900 window implied by the economic model. 
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The specific higher rate of increase for size of storage 
structures in Periods 4.2 and 5.1 is support for the eco
nomic model. Climatic uncertainty documented for 
this time span (A.D. 860-900) and possible production 
shortfalls (Wolf 1985) may have necessitated increased 
reliance on long-term storage as a buffering mechanism. 

The results of the intercommunity structure compari
sons are shown in table 14.5 and figure 14.9. The results 
are interpreted as generally consistent with the predic
tions derived from the social model. Storage and hab
itation structures are expected to be largest at the largest 
communities, reflecting the relatively greater economic 
and biological success of these household groups . 

Less patterned variation would be expected according 
to the implications of the economic model. The mean 
. sizes of pitstructures for small, medium, and large com
munities vary somewhat from the predictions for the 
social model. As anticipated, the small communities 
contained the smallest pitstructures and the least var
iability in sizes of pitstructures. However, Grass Mesa 
Community pitstructures are larger and have less var
iability in size than McPhee Community pitstructures, 
contrary to the social model expectations. 

This discrepancy is difficult to interpret. Pitstructure 
size is not a sure indication of the relative success of 
household groups , as A.D. 780-900 Dolores pit
structures are generally interpreted as shared facilities 
(Kane 1983:22-25) with both domestic and ritual func
tions. The greater variation in pitstructure size at 
McPhee versus Grass Mesa, perhaps indicative of 
greater divergence in function , is also a consideration. 
The largest 2 oversized pitstructures dating to Period . 
4 are located at McPhee Village; however, the McPhee 
Village architectural data set also contains some very 
small pitstructures, such as Pitstructure I at Willow 
Flat Pueblo (floor area is approximately 13 m2 [Nelson 
1985]). One possible interpretation is that access to 
larger pitstructures and their inherent ritual and cere
monial activities were more restricted at McPhee than 
at Grass Mesa. This speculation is supported by Wil
shusen's ( 1985) distributional analysis of ritual features 
common to Period 4 and 5 pitstructures. 
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Figure 14.9 - Bar graph illustrating variability in faci lities among intracommunity roomblock groups. 
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Table 14.7- Ratios of storage space to living(habitation) space 
during the A.D. 780-900 time span 

Time Period (A.D.) 

820-860 860-900 780-820 
(P 2.3-3.1) (P 3.2-4.1) (P 4.2-5.1) 

Ratio of storage 
space to living 
space 0.65 0.66 0.72 

P- Period. 
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Figure 14.10- Rank-size distribution of Period I pitstructures. 
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Apparently, more pitstructures with rectangular central 
vault features for each household are found at Grass 
Mesa than at McPhee ( 4 to 5 households/vault-con
taining pitstructure at Grass Mesa versus 10 to 12 
households/vault-containing pitstructure at McPhee, if 
it is assumed there are 2 vault-containing pitstructures 
at Mesa Negra Pueblo [Wilshusen 1985]). Thus, the 2 
largest pitstructures at McPhee Village (Pitstructure 3 
at McPhee Pueblo and Pitstructure 9 at Pueblo de las 
Golondrinas) may have subsumed the ritual or mana
gerial functions of several (4 to 5) vault-containing pit
structures at Grass Mesa. Both Pitstructures 3 and 9 
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are situated in the plazas of horseshoe-shaped room
blocks, which may indicate access to these special ritual 
facilities was limited. 

In summary, the intercommunity comparisons of stor
age, habitation, and pitstructure facilities appear gen
erally to conform to the expectations of the social model 
of change. Storage and habitation rooms are largest at 
the largest excavated community (McPhee Village). Pit
structure size might be interpreted as an exception to 
the social model expectations; however, the variability 
in pitstructure size in the Grass Mesa and McPhee data 
sets can be interpreted as possibly reflecting greater so
cial differentiation at McPhee Village, consistent with 
the social model. The greater range in pitstructure size 
as McPhee and the fewer number of vault-containing 
pitstructures/household at this community may indi
cate greater control of large pitstructures and their in
herent ritual activities by local managerial groups. 

The results of the intracommunity comparisons of stor
age and habitation rooms and pitstructures are pre
sented in table 14.6 and figure 14.8. While the trends 
are not as consistent as the intercommunity compari
sons, a general tendency to larger facility sizes at the 
higher social-ranked architectural categories is evident. 
Group I storage and habitation facilities are smaller 
than those within the limits of the upper-tier settle
ments proper, and facilities within the horseshoe
shaped roomblocks are largest for all 3 functional ar
chitecture categories. The unexpected comparatively 
large mean size ofpitstructures at lower tier settlements 
(Group I) may reflect a more integrated functional role 
for pitstructures at outlying settlements. Here, pit
structures may have been locations for relatively di
versified interhousehold functions including domestic
economic tasks, integrative rituals, and managerial ac
tivities, while pitstructures were probably more func
tion-specific at the upper-tier villages (small 
pitstructures function primarily as loci for interhouse
hold routine activities and integration, and oversized 
pitstructures function primarily for higher level inte
gration and management). 

Under the social model, the physical manifestations of 
leaders or managers might be more notable or pro
nounced than those expected by the economic model. 
For example, extrahousehold storage facilities (i.e., 
storage facilities owned by managerial groups and used 
for housing of manipulable crop surpluses, and not spa
tially associated with habitation rooms) would be ex
pected if managerial groups were able to amass overt 
power and wealth. Also, given the implications of the 
social model, the residences of powerful leaders may 
have been significantly larger in size and different in 



content than those of the "commoner" populace. The 
residences of community leaders should be spatially as
sociated with locations of managerial power (room
blocks with oversized pitstructures). 

A search of the architectural data base for evidence of 
nonhousehold , or extrahousehold, storage proved al
most entirely negative. The 2 most likely locations for 
storage facilities owned by leaders or managerial groups 
used for nondomestic purposes were anticipated to be 
the 2 investigated horseshoe-shaped roomblocks 
(McPhee Pueblo and Pueblo de las Golondrinas) at 
McPhee Village. At McPhee Pueblo all storage facilities 
could reasonably be associated with household or in
terhousehold architectural groupings. At Pueblo de las 
Golondrinas 2 storage rooms not spatially associated 
with household configurations were identified on either 
end of the roomblock (Brisbin 1984a:fig. 4). Unfortu
nately, these rooms were not excavated and their con
tents were not ascertained ; they may represent 
interhousehold storage rather than storage space for 
managerial groups. Neither roomblock contained stor
age space associated with the oversized pitstructures or 
with possible high status household architecture 
configurations. 

The architectural data base was also searched for hab
itation architecture that might be indicative of high 
status. The search included identification of unusual 
household cluster configurations, locations, or habita
tion rooms on the large end of the size distribution. 
The configuration and location search yielded I case (a 
household cluster at Willow Flat Pueblo in McPhee 
Village) that might be indicative of high status. The 
size search yielded 7 habitation rooms with floor areas 
greater than 20m2• Six of the rooms are located within 
the limits of McPhee Village (McPhee Pueblo, Rooms 
59, 79, and 116; Aldea Alfareros, Room 8; Rabbitbrush 
Pueblo, Room 8; and Willow Flat Pueblo, Room I), 
and the other large room is located at Grass Mesa Vil
lage (Room 79). 

The largest habitation room in the data set (Room I at 
Willow Flat Pueblo [Site 5MT5104]) is part of a small, 
single pitstructure room block complex spatially distant 
from the assumed locations of power (the 
horseshoe-shaped roomblocks at McPhee Pueblo and 
Pueblo de las Golondrinas). The habitation room is 
associated with the largest 2 storage rooms recorded by 
the DAP and also has a small mealing room attached 
to the front (Nelson 1985). This elaborate household 
cluster configuration with large-sized rooms may be in
dicative of a high-status residence. A turquoise orna
ment fragment was recovered from the floor of the 
room and fragments from a gray ware ceramic effigy 
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vessel was recovered from the postabandonment fill 
above the floor. 

The second largest habitation room recorded by the 
DAP is Room 8 at Rabbit brush Pueblo (Site 5MT4480). 
The room is located in a small, unusual perpendicular 
appendage to the main cresent roomblock. This large 
room is part of a normal three-room apartment con
figuration. The artifact assemblage recovered from the 
floor of the room was unusual in that a large quantity 
of burnt corn (unusual in habitation rooms), relatively 
large numbers of ground stone tools, 2 miniature ves
sels, and an effigy vessel (possibly a canine or ursine 
representation) were present (Kuckelman and Harri
man 1984: 117-129). Whether these unusual character
istics are indicative of high status could not be 
determined. 

Three of the large habitation rooms (Rooms 59, 79, and 
116) are incorporated into the McPhee Pueblo (Site 
5MT4475) horsehose-shaped room-block unit or its 
eastern cresent-shaped appendage; all 3 large habitation 
rooms are incorporated in normally arranged three
room household cluster apartments. Only Rooms 59 
and 79 were excavated; Room 116 was merely outlined. 
The artifact assemblages recovered from the floor sur
face and feature fills of the excavated rooms consist of 
household refuse (Brisbin et al. 1985:44-55, 113-128) 
with few unusual items. A small fragment of azurite 
pigment was recovered from the floor of Room 79. 

Room 8 at Aldea Al.fereros (Site 5MT4479 [Kleidon 
1984]) also does not appear to be in an intravillage 
location reflective of possible status or power. The 
room is situated in a small double-pitstructure room
block complex about 200m east of the McPhee Pueblo 
horseshoe and 100 m south of the Pueblo de las Go
londrinas roomblock. The room is part of a normal 
three-room household cluster apartment; the artifact 
assemblage from the floor of the room did not contain 
any items indicative of high status (Kleidon 1984:86-
94). 

The single large habitation room identified outside of 
the McPhee Village area, Room 79 at Grass Mesa Vil
lage, is also part of a small single-pitstructure room
block complex. The roomblock is located on the west 
extremity of the residential area of Grass Mesa and does 
not have an associated oversized pitstructure. The ar
tifact and feature content of the room suggest it func
tioned as a normal household habitation facility. No 
items indicative of high status are present in the as
sociated material collections (Morris 1985b:39-49). 

In summary, the architectural data from the DAP can 
be used to support either the social or economic model 
of change. Temporal trends in room and pitstructure 
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sizes suggest increasing investment in architectural fa
cilities in the A.D. 800's, consistent with the general 
Dolores area "intensification" of subsistence practices 
and demography documented during this period. 
Household storage capacity increased significantly be
tween A.D. 800-860, which is a point in favor of the 
social model; however, the increase in the ratio of 
household storage space to living space after A.D. 860 
supports the economic model. 

The results of the intercommunity and intracommunity 
spatial comparisons of room and pitstructure sizes were 
generally consistent with some of the implications de
rived from the social model. The largest storage and 
habitation rooms are present at the largest community 
(McPhee Village), suggesting greater biological success 
and a higher standard of living for groups residing at 
the largest communities. Pitstructures are largest at the 
medium-sized community (Grass Mesa Village), but 
standard deviations were largest at McPhee, perhaps 
suggesting greater development of functional differen
tiation and social control of ritual at the latter com
munity. For the intracommunity assumed power 
ran kings of roomblock units, the actual sizes were gen
erally consistent with the predictions. Storage and hab
itation room sizes were larger at the expected higher 
status or power roomblocks. Pitstructures were unex
pectedly large at Group I roomblocks; however, stan
dard deviations were largest at Group IV roomblocks, 
consistent with the expectations of the social model. 

A data base search for nonhousehold storage facilities 
or storage space associated with locations of power 
proved negative. No separate storage rooms or com
partments were associated with oversized pitstructures. 
Nonhousehold associated storage rooms are possibly 
present on both ends of the Pueblo de las Golondrinas 
roomblock, but incomplete excavation renders a con
fident interpretation impossible; nonhousehold asso
ciated storage rooms were absent at McPhee Pueblo. 

The locations of large habitation rooms did not appear 
to be correlated with assumed locations of power anct·; 
the feature and artifact content of these possible high-. 
status residences did not seem to vary significantly · 
from "normal" residences. The 2 best cases for high 
status residences, where large size is correlated with 
either large storage rooms or possible intraroomblock 
prominent position, and possible high status items in 
the associated material culture (Room I at Willow Rat 
Pueblo and Room 8 at Rabbitbrush Pueblo), are situ
ated in Group II roomblocks. The evaluations of par
ticular storage and habitation room contexts did not 
identify any particular associations that would support 
the social model, and thus must be considered a strong 
point in favor of the economic model. 

656 

'--- --- - - - ---- -

SUMMARY AND CONCLUSION 

In this chapter, aspects of prehistoric Anasazi social 
organization in the Dolores area have been examined 
according to alternate models of socio-cultural change. 
The models were developed as part of the DAP's com
prehensive effort to explain local change at Dolores in 
the ninth century. Opposing implications for the ar
chaeological record were developed based on whether 
social or economic factors were primarily responsible 
for the observed changes. Specifically, the social model 
predicts change in response to the rise of managerial 
structures, which may be manifested as the emergence 
of a leadership class and competition among settle
ments, while the economic model predicts change in 
response to subsistence and demographic stress. These 
stresses can be collectively estimated as "costs"; as costs 
for existing economic or demographic strategies in
crease, less costly options are substituted. 

Different implications for the timing and for the di
rection of change are implicit in the models. Essentially, 
the social model predicts the greatest rate of change 
during the "good times" or when settlement expansion 
and production of a crop surplus are most viable; at 
Dolores, the "good times" probably correspond to the 
period A.D. 820-860. Change, given the implications 
of the economic model, probably corresponds to the 
"bad times" when stresses on the system were highest, 
here assigned the time window A.D. 860-920. Impli
cations for the direction of change are more complex; 
basically, both models predict change in the direction 
of cultural intensification, but specific intensifications 
may differ. For example, in the economic model, as the 
basic governing principle is to keep costs at a low level, 
overhead costs associated with necessary managerial in
stitutions would be minimized. The managerial struc
ture might be manifested through indirect means, such 
as ritual iind ceremony rather than overt power. Polit
ical systems would be well integrated and characterized 
by cooperation among communities; conflict within 
and between settlements would be minimized because 
of the added costs of these phenomena. In the social 

. model, the basic principle is the maintenance of man
-ag_erial institutions and groups and the accumulation of 
power and status by these groups once they appear. 
Settlement and architectural hierarchies reflective of 
the position of managerial groups should thus be pres-

. ent in the archaeological record. Once established, the 
managerial class should act conservatively to maintain 
the economic and social conventions that were the 
source of their power. 

Using the models and some derived implications as an 
organizational framework, the relevant social attributes 
of the local Anasazi system were estimated from set
tlement and architecture data and used to evaluate the 



relative applicability of both models. The primary fo
cuses of this chapter were 2 particular aspects of social 
organization - vertical differentiation, or the presence 
or absence of status groups within a society, and the 
influence and the success of these groups in amassing 
individual wealth- and economic organization, or how 
the society is organized for economic production. 

The discussion of vertical differentiation was based on 
a search for possible managerial groups and social hier
archies in the archaeological record at Dolores, docu
mentation of the timing of the appearance of these 
groups, and an assessment of their relative power and 
wealth based on the settlement and architectural data. 
Based on the documented presence of tiered settlement 
hierarchies in the archaeological record in the late ninth 
century, the search for patterns reflecting social hier
archies was focused in Periods 3, 4, and 5 (A.D. 800-
920). A size-rank analysis of settlement sizes during 
Period 4 (A.D. 840-880) suggests 2 separate popula
tions: small, lower tier settlements consisting of I to 3 
roomblock residential complexes and large, upper-tier 
settlements consisting of 7 or more roomblock com
plexes. All upper-tier settlements contained a large 
(oversized) pitstructure with features and associated ar
tifacts assumed to be indicative of ritual and ceremonial 
activities. These pitstructures were assumed to be the 
locations of managerial functions necessary to coordi
nate the community. The coexistence of tiered settle
ment hierarchies and possible managerial facilities in 
the record during the middle A.D. 800's was interpreted 
as verification of the presence of management groups 
during this period. 

A more detailed study was then conducted to ascertain 
the occupational history of the upper-tier settlements 
and the first occurrence of associated oversized pit
structures. All 4 upper-tier settlements subjected to 
field excavations appear to have been settled for periods 
approaching 100 years. Grass Mesa Village apparently 
was first occupied in the mid-eighth century. The es
tablishment of large cresent roomblocks with multiple 
pitstructures apparently dates to Period 3 (A.D. 800-
840) based on the superposition of surface rooms and 
pitstructures evident at some of the large roomblocks. 
While construction of most of the oversized pit
structures apparently dates to the A.D. 850's, there is 
some evidence that some may have constructed some
what earlier, perhaps in the A.D. 830's. 

In conclusion, this study of temporal placement tends 
to support the social model. The settlement and archi
tectural configurations thought to reflect management 
institutions were developed and in place before the per
iod of maximum demographic and economic stress. 
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The larger question of the role of management groups 
in shaping ninth century Anasazi society was then ad
dressed using other pertinent aspects of the settlement 
and architectural data; even though the probable pres
ence of management institutions at early ninth century 
Dolores communities is fairly well established, their 
influence on the direction of change and their relative 
power within the communities are also important de
terminations in terms of the model. 

The settlement data contains different characteristics 
that can be used to support either model. The economic 
model implies that settlement sizes should be positively 
correlated with the agricultural productivity of the as
sociated catchment area. Analysis revealed only a weak, 
insignificant correlation between catchment productiv
ity and settlement size. Two of the settlements, McPhee 
Village and Grass Mesa Village, were much larger in 
terms of population than predicted by the catchment 
data. This discrepancy is attributable to other factors 
perhaps including the relative success of the leaders at 
these settlements in attracting followers. Other points 
in the settlement data that support the social model 
include: a strong tendency toward even spacing (indic
ative of intersettlement competition) among upper-tier 
settlements if the prehistoric settlement pattern is con
sidered as east and west systems separated by the Do
lores River; the clustering of small settlements around 
large settlements during Periods 4 and 5 perhaps in
dicating the larger central settlements were adminis
trative centers; and the poor temporal correlation 
between aggregation and resource mix intensification. 
Points in the settlement data that supported the eco
nomic model include the nearly random spacing of the 
upper-tier settlements if they are considered as one 
group, the clustered distribution of all Period 3 settle
ments, the log-normal rank-size distribution of settle
ments during Period 4 (indicative of a well-integrated 
system), and the statistically significant positive cor
relation between aggregation and population. In con
clusion, while points support both models of change in 
the settlement data, certain aspects seem to indicate 
the influence of social factors in shaping the settlement 
system. These aspects include the relative great success 
of Grass Mesa Village and McPhee Village in attracting 
population beyond the potential productivity of their 
catchments and the spacing among the large settle
ments, which conforms to the expectations if interset
tlement competition was an influential factor in 
settlement location. 

The architectural data also contained characteristics 
that could be used to support either model of change. 
However, considered as a whole, the architectural data 
seems to better correspond to the expectations of the 
economic model. Architectural data favoring the social 
model include the general correlation between the sizes 
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of architectural facilities and hypothetical intercom
munity and intracommunity architectural status group
ings. Larger sized facilities , perhaps indicative of 
relatively high status, are found at predicted locations 
of centralized management or biologically successful 
groups. The sizes of pitstructures exhibit greater size 
variation at assumed high status locations, perhaps in
dicating functional differentiation and control of ritual 
facilities by leadership groups. In general, the sizes of 
storage, habitation, and pitstructure facilities increase 
through time; the capacity of storage facilities appears 
to increase at a relatively high rate in the A.D. 840-860 
period, or before the period of maximum demographic 
and environmental stress. Architectural data support
ing the economic model include the included storage 
space to habitation space ratio after A.D. 860, the ab
sence of identifiable extrahousehold storage facilities, 
and the absence of demonstrable high-status residences. 
Potential high status household architecture, based on 
large room sizes and artifact content, was not correlated 
with locations of power or management. These last 2 
points seem particularly telling. They suggest that the 
emergence of overt leadership at Dolores was hindered 
by social convention and that social "overhead" in the 
form of special facilities reflecting the power of man
agement or leadership groups was minimized. This con
forms to a major expectation of the economic model. 

Temporal changes irt economic organization or the or
ganization of economic production appear to result 
both from social and economic sources and from 
sources of change not accommodated in the model. Two 
fundamental shifts in production organization are be
lieved to have occurred according to the architectural 
and intrasettlement pattern data. The first occurred 
during the A.D. 760-780 portion of Period 2 when eco
nomically autonomous single family households were 
replaced by cooperating multiple-family households. 
" Replaced" appears to be an appropriate term, as 
rather than being a local development, the record in
dicates groups already possessing the more complex or
ganization integrated into the Dolores area. The groups 
with the simpler organization were either assimilated 
or forced to emigrate. The immigration to Dolores may 
have been a budding or colonization of the Dolores area 
from already established adjacent aggregated commu
nities. The multiple-family organization was apparently 
remarkably stable until a general social and demo
graphic collapse of the entire Dolores system in the late 
ninth century. This history appears generally consistent 
with the expectations of the social model: the multiple
family organization and favorable climate of the early 
ninth century would have been conducive to biological 
success and production of a surplus, conditions that 
would have favored the emergence of management in
stitutions and differential wealth. Once established, the 
management groups would have acted conservatively 
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to perpetuate the economic system responsible for their 
existence even in the face of increased environmental 
and demographic stress, which became a significant fac
tor in the late ninth century. When faced with an in
creasingly intolerable situation , the Dolores 
communities did not modify economic organization in 
the direction of intensification as predicted by the eco
nomic model, but rather chose to leave the area. Some 
groups remained and reverted to a simpler and prob
ably more flexible single family economic organization. 
The exodus from the Dolores area and the return to a 
simpler economic organization (termed the Grass Mesa 
Subphase) can be viewed as a classic example of system 
overload and subsequent collapse. 

In conclusion, it appears that cultural change at Do
lores, specifically the ninth century intensification, was 
not significantly affected by the overt political or 
power-seeking action of managerial groups or com
munity leadership. However, the Dolores system was 
probably covertly influenced by social factors . Vertical 
differentiation, or the conspicuous presence of powerful 
or wealthy individuals, households, or extrahousehold 
groups, is not visible in the archaeological data sets. 
The variability in architectural facilities suggests that 
household groups at large settlements and with direct 
access to ritual facilities were more successful and had 
a higher standard of living. However, household archi
tectural forms are very standardized in the period A.D. 
780-880 suggesting the enforcement of a conformist and 
egalitarian ethic. It appears, therefore, that Anasazi so
ciety at Dolores in the ninth century had many parallels 
with the model of ritually regulated society developed 
by Rappaport ( 1969) and with the possible Dolores ap
plications of this model suggested by Wilshusen ( 1985). 

Social factors appear to have influenced direction in 
ninth century settlement pattern development. The 
high attractiveness of McPhee Village and Grass Mesa 
Village to foreign households may have been due to the 
relative success of the leadership at these communities. 
The spacing of large settlements and the clustering of 
small, lower tier hamlets around upper-tier villages sug
gests intercommunity competition, perhaps including 
feuding, but there is no direct evidence of the latter. 
Economic organization remained basically unchanged 
throughout most of the period in question (A.D. 780-
880), which perhaps reflects the general conservative 
nature of the society or the influence of the groups in 
power who acted to conserve the organization that was 
responsible for their positions. The fundamental shift 
from cooperating households to independent house
holds observable as the Grass Mesa Subphase in the 
late ninth century is not an "intensification" response 
but appears to reflect "system overload" due to envi
ronmental factors and consequent social and demo
graphic collapse. 
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Chapter 15 

EXCHANGE AND INTERACTION IN THE DOLORES AREA 
Eric Blinman 

INTRODUCTION 

In a modern or ethnographic sense, "exchange" encom
passes an extremely wide variety of transfers (both ma
terial and nonmaterial) between individuals or groups. 
These transfers form parts of complex systems of in
teraction that are integrated with the economic and so
cial systems of cultures (e.g., Rappaport 1968: 105-109; 
Ford 1968:220-224). Transfers may be reciprocal with 
a bidirectional flow of material, or transfers may be 
one-sided with obligation or status imbalance accruing 
from the transaction. From an economic viewpoint, 
transfers can be viewed as spatial buffering mecha
nisms, moving materials from areas of abundance to 
areas of scarcity. From a social viewpoint, exchange is 
a byproduct of, or a means of expressing, the social 
relationship between the parties to a transfer. Although 
often dichotomized into formalist and substantivist 
conceptualizations, these perspectives are neither mu
tually exclusive nor independent in the operation of 
cultural systems (Earle 1982). 

Prehistoric Exchange 

The varied roles of exchange within modern cultural 
systems provide the stimulus and justification for stud
ies of the distributions of nonlocal materials in ar
chaeological contexts. Since so many behavioral 
considerations influence the distribution of exchanged 
goods, exchange provides a theoretical linkage between 
archaeological data and a wide array of past behavior. 
Although some of this behavior is also accessible 
through other theoretical linkages (e.g., suggested re
lationships between style and social interaction 
[Hantman and Plog 1982; Kintigh 1985; Plog 1980]), 
exchange has received greater attention due to some
what simpler conceptual frameworks and data 
requirements. 

Ethnographic descriptions of exchange include a wide 
variety of distinctions not amenable to archaeological 
investigation. Nonmaterial reciprocations (services as 
opposed to goods, or the status implications of transfers 
as defined by Pryor [ 1977:27]) cannot be observed in 

archaeological contexts and must be inferred from neg
ative evidence. 

Similarly, intervening nodes of exchange networks 
(those between the origin of an item and its final ar~ 
chaeological provenience) can be assumed or inferred 
to exist but cannot be described. Consumption and dis
card subsequent to exchange also biases archaeological 
perceptions, under-representing some exchanged ma
terial (food) and over-representing exchange items that 
are both nonperishable and fragile (pottery). 

The necessary linkage between archaeological studies 
and material evidence further influences and restricts 
studies of prehistoric exchange. Perishable materials 
and valued and conserved (curated) subsets of ex
changed material culture will be under-represented in 
archaeological collections, complicating archaeological 
inferences. Further, weaknesses in the perception of 
origins of items (both the precision of archaeological 
definitions of "nonlocal" and the precision of subse
quent sourcing) can mask the existence of some ex
changes or limit directional inferences. Finally, long
distance procurement (e.g., salt, turquoise, shell) not 
involving any exchange transactions will be misinter
preted as exchange, since most archaeological studies 
must rely on some distance-related assumption for the 
definition of what is "local." 

Despite these weaknesses, the concept of exchange re
mains a valuable theoretical tool in archaeological in
vestigations. Although exceptions are abundant, status 
markers within a society will likely include things re
stricted in supply, nonlocal, and obtained through ex
change. Spatial buffering of resource variation requires 
interaction at some level (from exchange to raiding 
[Ford 1972]) between the residents of adjacent areas. 
Long-distance procurement often entails social inter
action with residents in the source area analogous to 
the interaction associated with actual exchange. Kin
ship obligations and ritual obligations often entail ma
terial assistance or the exchange of gifts as byproducts 
of the maintenance of the social relationship. Thus, ex
change both is a useful framework for the interpretation 
of culture process and is a requ ired consideration in 
explanations of material culture distributions. 
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Exchange and Culture Change in the Dolores Area 

Anasazi occupation in the Dolores area spans the A.D. 
600-1200 period, and within this period considerable 
evidence of change exists, in many aspects of the cul
tural system. Resource supply, population density, set
tlement organization, technology, and social 
organization all appear to fluctuate, leading to ques
tions about the nature of the observed changes, their 
interrelationships, and potential causal factors. 
Changes in exchange can also be identified, and these 
can be used both to reconstruct systemic change and 
to evaluate potential causal interpretations. 

Lipe (chap. 6) outlines a general model of the operation 
of cultural systems based on economic principles. 
Within this framework, expectations for exchange are 
based on both economic considerations and on patterns 
of social interaction consistent with the "efficient" in
tegration of the local and regional populations. Con
trasted with these economic generative principles is a 
mode of leadership development (cf. Lightfoot 1984) 
in which efficiency is secondarily important to the 
maintenance of political control by individuals. Ex
pectations for exchange based on this latter model par
allel those of the former in many aspects, but the 
emphasis on individual control or power would tend 
to emphasize unevenness in participation in some as
pects of exchange. 

Within the context of the economic model, exchange is 
expected to vary in response to change in a wide range 
of systemic variables. Subsistence resource supply is a 
factor, and this includes the relationship between hu
man population, available agricultural land, and cli
matic influences on crop yields in various areas. 
Buffering needs (beyond storage) are assumed to influ
ence the direction and extent of exchange networks and 
"alliance formation" (Plog 1984). The degree of eco
nomic specialization (horizontal differentiation) is as
sumed to influence exchange through control of the 
relationship between the sources of a material or prod
uct and the consumers. This specialization can be a 
consequence of inequities in the spatial distribution of 
resources or it can be a consequence of socially defined 
patterns of production. Kinship and ritual obligation 
networks are also assumed to influence exchange 
through their definition of the spatial extent of regular 
social interaction with attendant gifts and donations. 
The ritual obligation network also encompasses the 
maintenance of whatever leadership positions or insti
tutions are appropriate for the "efficient" management 
of the social aggregate. 

Although the development of management hierarchies 
is expected within the context of economically gener
ated change in the Dolores area cultural system, elab-
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orations of management hierarchies have been 
proposed as potentially independent causal factors in 
culture change (Lightfoot 1984 ). Such leadership de
velopment is in contrast with economic expectations in 
that individual self-interest carries with it a level of 
"overhead costs" (in excess of those associated with the 
efficiency assumptions of economic decision-making 
principles). Exchange is assigned a role in the identi
fication of such leadership development (Lightfoot 
1984:30-31) on the assumption that exercise of lead
ership would extend to the control of the distribution 
of material goods. These would include some control 
over stored food surplus, but emphasis is placed on the 
control of rare and valued (usually exchanged) goods 
as status markers and as tokens of alliance between 
leaders of local cultural systems. 

DATA, ASSUMPTIONS, AND 
FOCI OF INVESTIGATION 

Exchange is treated by the DAP as a category of inter
actions rather than as a single variable within the op
eration of cultural systems. As such, exchange 
encompasses a vast array of individual phenomena, 
each of which can be viewed as a variable, reflecting 
and instigating changes in other aspects of the cultural 
system. In most cases, the action of the cultural system 
on an exchange interaction is interpreted as the effects 
of independent variables on exchange, the dependent 
variable. However, in some instances, an exchange re
lationship can be interpreted as an independent vari
able that appears to be serving as an impetus for change 
in other portions of the cultural system. 

Given the adoption of exchange as a cover term for a 
wide variety of relationships, the potential roles of ex
change in cultural systems (and the potential targets of 
archaeological investigations) are numerous. In an ef
fort to reduce this to manageable proportions, discus
sion will be concentrated on potentially important 
exchange relationships as defined by their implications 
for aspects of the models under consideration. This re
duction is simplified by the types of archaeological data 
available for evaluation and the quality of those data 
for specific inferences. 

Data Categories 

Data sets for the discussion of exchange in the Dolores 
area are dominated by nonperishable material goods 
(stone and ceramics). Both faunal and botanical ma
terials have been identified that are unlikely to have 
been obtainable within the immediate Dolores area, but 
almost all could have been obtained through logistic 
strategies within a short distance of the Dolores area. 
The exceptions are marine shell and a single occurrence 



of what may be cotton fiber. Although marine shell is 
included in the discussion of exchange, the other faunal 
and botanical materials are not because of the possi
bility of logistic procurement and because their relative 
scarcity limits the confident interpretation of their pres
ence or absence in specific archaeological contexts. 

Each of these material classes (lithic, ceramic, and shell) 
entails different sets of assumptions and different lim
itations on use in support of exchange studies. These 
assumptions and limitations include the precision with 
which items are identified as nonlocal, the sourcing of 
items, the quantification of abundance, and the relia
bility of arguments based on negative evidence . 
Whereas some of these assumptions and limitations are 
appropriate to all material classes, some are not, and 
each material class will be reviewed individually. 

Lithic Materials 

Stone artifacts considered include items described by 
I of 3 analysis systems: flaked lithic tools, flaked lithic 
debitage, and non flaked lithic tools (Phagan and Hruby 
1984). Within all of these systems, materials are defined 
as local if they fa ll within the range of variation ob
served in Dolores area geologic formations or in alluvial 
deposits of the Dolores Ri ver. This use of " local" prob
ably under-represents the true quantity of non local ma
terials for two reasons. First, logistic procurement 
strategies are assumed to extend site catchments to in
clude the entire Dolores project area, such that "local" 
materials may actually be nonlocal to a specific site 
location within the Dolores area. Second, the same geo
logic formations that occur within the Dolores Project 
area are extensively exposed within the Mesa Verde 
region as a whole, and many tools or raw materials 
obtained by exchange from outside of the Dolores area 
could not be distinguished from locally procured 
materials. 

Given this broad definition of local, those lithic items 
that are designated as nonlocal materials are confi
dently classified as such. However, specific sourcing of 
lithic materials is variable in both confidence and pre
cision. Although local flaked lithic tools and nonflaked 
lithic tools are attributed to specific material sources 
(geologic formations) , most nonlocal materials are 
classified only to rock or mineral class (e.g. , nonlocal 
chalcedony, nonlocal quartzite). Exceptions are Wash
ington Pass chert that can be identified by macroscopic 
examination and obsidian artifacts that have been sub
jected to x-ray fluorescence analysis (Phagan 1985). Un
like the flaked lithic tools and nonflaked lithic tools, 
material classifications of flaked lithic debitage are lim
ited to a description of material grain size. A separate 
count of nonlocal items is recorded for each lot of de
bitage (using the same local-nonlocal definition applied 

EXCHANGE AND INTERACTION 

for flaked lithic tools), but grain size or rock or mineral 
class of the nonlocal materials is not recorded. Some 
of the rare pieces of obsidian debitage have been 
sourced as part of the x-ray fluorescence study. 

All lithic materials are quantified by count and weight. 
For flaked lithic tools and nonflaked lithic tools, weight 
is recorded for each item. For flaked lithic debitage, 
weight is recorded for each grain size class, but no 
weight is recorded for the nonlocal subset of each de
bitage lot. Thus, only counts can be used to quantify 
nonlocal materials for all lithic artifact classes. Pro
portions of nonlocal materials are conceptually appro
priate for comparison within the flaked lithic debitage 
category (representing the intensity of tool manufacture 
from local versus nonlocal materials), are somewhat ap
propriate within the flaked lithic tool category (repre
senting the frequency of nonlocal tools or tools 
produced from nonlocal materials), but are less appro
priate within the nonflaked lithic tools category. Non
flaked lithic tools are dominated by abrading and 
pounding implements and mealing equipment, and 
nonlocal nonflaked lithic tools are limited to ornaments 
and rare polished stones. Thus, the significance of vary
ing proportions ofnonlocal items within the entire non
flaked lithic tool category is questionable , and 
proportions based on subsets (i.e. , all ornaments) ap
pear to be more appropriate for interpretation. 

In addition to problems related to quantity expressions, 
variable excavation techniques provide a source of bias 
in the quantification of nonlocal lithic materials. Ex
cavation crews were instructed to recover exotic ma
terials (e .g. , turquoise and obsidian) whenever 
encountered (Kane and Robinson 1984:table 4). This 
positive bias in " item-mode collections" contrasts with 
unbiased or "assemblage-mode" collections in which 
all materials encountered are collected. Site collections 
that have large proportions of " item-mode" material 
are likely to have higher proportions of nonlocal lithic 
materials than site collections with mostly "assemblage
mode" material. Also, the recognition of distinctive 
(nonlocal) lithic material in the field occasionally re
sulted in alteration of recovery techniques (such as the 
implementation of water screening) to collect quantities 
of small debitage. Since nonlocal debitage must be 
quantified by count only, the presence of one or more 
concentrations of small materials can strongly affect 
observed frequencies of nonlocal material. 

Ceramic Materials 

Ceramic artifacts consist of fired ceramic materials and 
unfired clay suitable for ceramic manufacture. The lat
ter category includes both tempered and untempered 
clay and several basketliners probably not intended for 
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firing. Unfired ceramics are considered to be local re
gardless of temper or lack of temper. Fired ceramics 
are considered to be local (Dolores Manufacturing 
Tract) if they are gray or white wares and if tempered 
with any one of several varieties of crushed igneous rock 
(Blinman et al. 1984:68-69). Tempers similar to those 
defined as local were used over a wide area of the Mesa 
Verde region (fig. 15.1 ), and a better interpretation of 
the Dolores Tract category is that the ceramics are not 
demonstrably nonlocal. 

Non local ceramics are defined on the basis of temper, 
style, and technological differences from those ceramics 
considered to be local (Biinman et al. 1984:69-75). Non
local sherds are assigned to source areas based on clus
ters of attributes, of which temper, firing atmosphere, 
and paint type are most important. Within the Mesa 
Verde region, nonlocal sherds are assigned to tracts 
whose approximate geographic locations are presented 
in figure 15 .2. Overlap between tract boundaries (com
pare with the extent of the Dolores Tract [fig. 15.1]) 
reflects both the " imperfect" temper selection behavior 
of the prehistoric potters and imperfections in arche
ological analysis techniques and spatial data coverage. 
The Blanding Tract is unique in that it represents red 
ware manufacture within the Mesa Verde region, and 
red ware manufacture is believed to be localized in the 
southeastern Utah area (Lucius and Wilson 1980; Lu
cius and Breternitz 1981 ). All Mesa Verde region red 
wares (San Juan Red Wares) are assigned to the Bland
ing Tract, but temper use in the red wares is not distinct 
from that of the other wares, and there is no criteria 
by which white and gray ware sherds can be assigned 
to the Blanding Tract. 

Non-Mesa Verde Anasazi ceramics are attributed to 
source regions within the greater Southwest called "cul
ture categories" (Wilson and Blinman 1985). These cor
respond to broad regions , branches, or ceramic 
traditions, and the approximate geographic correlates 
are presented in figure 15 .3. Differences between the 
ceramics from the Kayenta and Cibola regions are not 
observable on all sherds (most gray ware sherds and 
unpainted white ware sherds from the 2 culture cate
gories cannot be distinguished), and those sand-tem
pered sherds that cannot be assigned to a specific 
culture category are assigned to the "Kayenta or Cibola 
Culture Category) but may be low in others Some use 
of sand temper has been documented within the Do
lores area (a single sample of unfired clay), and although 
many sand-tempered sherds are extraregional in origin, 
as evidenced by the numerous associations of sand tem
per with organic paint (a Kayenta rather than Mesa 
Verde characteristic), some sherds assigned to the Ci
bola or to the Kayenta or Cibola categories may be Mesa 
Verde in origin. 
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Sherds and unfired clay are distinguished in the analysis 
system, and only sherds contribute to the data sets used 
for exchange interpretation. Quantification of sherds is 
by count, rim count, and weight, but count is routinely 
used for most comparisons. The sherd, rather than ves
sels or vessel equivalents (Orton 1982), is both the unit 
of analysis and the unit of quantification, regardless of 
whether the presence of a reconstructible vessel is 
recognized. 

The emphasis on sherd units creates comparability 
problems where reconstructible vessels contribute to an 
archaeological collection. Each vessel or portion of a 
vessel recovered contributes a cluster of sherds that will 
cause sherd-based proportions to vary to a much greater 
extent than would be expected under conditions of ran
dom sampling from a population of sherds. Fortuitous 
recovery of most of a single nonlocal vessel can result 
in over-representation of that source relative to its 
abundance at the site as a whole. This problem is com
monly associated with structure floor proveniences 
where whole or partial reconstructible vessels are most 
likely to be encountered. The problem is less extreme 
in refuse (midden) deposits where sherds, rather than 
vessels, tend to be the unit of discard, and the problem 
is also minimized by exceedingly large samples. Sys
tematic evaluation of potential vessel effects is carried 
out when appropriate to particular comparisons. 

Excavation biases are somewhat less important in their 
effect on ceramic collections than on lithic collections. 
Most nonlocal ceramics are identifiable only after mi
croscopic examination, and field personnel are unlikely 
to be able to differentiate local from nonlocal sherds. 
Potential over-representation of decorated ceramics 
(white and red wares) exists where item-mode collec
tion was practiced, but this over-representation is not 
expected to be as strong as that affecting exotic lithic 
materials. What may be more important is the tendency 
for excavation strategies to focus on structure floor ma
terials where cluster effects on ceramic data tend to be 
at their most extreme, but this potential bias can be 
controlled through the systematic evaluation of the ef
fects of reconstructible vessels in a collection. 

Marine Shell 

Marine shell is nonlocal and could be derived from 
sources along the Gulf of Mexico, the Gulf of Califor
nia, and the Pacific Coast of California. Comparative 
material in the Anasazi Heritage Center faunal refer
ence collection (Dolores, Colorado) is limited to a few 
specimens from Gulf of California and Pacific Coast 
sources, and published references and keys have been 
used to supplement the comparative material where 
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Figure 15 .1 -Approximate geographic ext~nt of the Dolores Manufacturing Tract. Boundaries are tentative but are believed to be appropriate 
for the A.D. 600-980 period. 

possible.' Where modification of the shell has not ob
literated diagnostic features, shells have been attrib
utable to Gulf of California sources. Modified abalone 
shell items may have been derived from the Pacific 
Coast of California, and no shell can be specifically 
attributed to the Gulf of Mexico. Style of bracelet and 
bilobe bead modification is compatible with Hohokam 
manufacture (Haury 1976; Jernigan 1978), but some 
styles of modification cannot be attributed to a specific 
culture area. 

Shell artifacts occur both as isolated items and as clus
ters in caches and burials. Quantification is by count, 
and counts associated with clusters (e.g., necklaces) will 
result in over-representation of shell for some compar
isons. The effects of excavation bias on shell collections 
is a somewhat lesser problem than the effects on lithic 
or ceramic materials due to the extreme scarcity of shell 
and to the more significant biases that result from clus
ter effects. 

Dynamics of Exchange and Material Distributions 

The patterns of exchange of lithic, ceramic, and shell 
materials are assumed to be broadly determined by 

'Marine shell identification and stylistic comparisons were conducted 
by G. Timothy Gross, DAP. 

availability (production) on a local and regional level 
and by the context of use of the materials within the 
cultural system. Context of use includes the concepts 
of demand (consumption rates) and symbolic charac
teristics associated with the material. The exchange pat
terns of each material category (or subsets thereof) will 
probably be unique or at least will have the potential 
to be unique, and each material must be evaluated 
independently. 

Flaked Lithic Items 

Exchange of flaked lithic materials can occur as the 
exchange of raw materials or the exchange of finished 
products. Either case can occur as commodity exchange 
when a particular type of raw material is not available 
within a given catchment and when the particular ma
terial is functionally valued. Raw materials available 
within the Dolores area are characterized by a wide 
range of physical properties, ranging from microscopic
grained (well-suited for production of sharp thin edges 
and controlled outlines) to medium-grained material 
(well-suited for thick and strong edges while sacrificing 
some control over item shape). This range of locally 
available material does not limit the manufacture of 
any of the flaked tool categories, and exchange of raw 
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Figure 15.2 - Approximate geographic extent of ceramic manufacturing tracts other than the Dolores Tract . Some or all of the ceramics man
ufactured in these areas can be identified as nonlocal if they occur in Dolores area archaeological collections. 

material into the Dolores area is unlikely to be moti
vated purely by a local lack of suitable stone. However, 
in the context of economic principles, microscopic
grained material would be the most likely category for 
exchange into the Dolores area, and if commodity con
siderations were influencing exchange, they should be 
reflected in the exchange of raw material as well as 
fin ished products. 

A second influence on the exchange of flaked lithic 
items could be specialization in manufacture. Produc
tion of high-input tools (e.g., projectile points or thin 
bifaces) is potentially subject to specialization at the 
level of skilled individuals (cf. Ambler 1983). There is 
no indication that specialization was present through 
the A.D. 600-840 period of Dolores area occupation, 
but debitage characteristics support the possibility of 
household or interhousehold specialization after A.D. 
840 (Hruby 1985:66-69). This specialization is evident 
as widely varying amounts of small debitage without 
cortex in collections, and it is interpreted as evidence 
of uneven participation in the final stages of bifacial 
reduction and biface retouch. Although other expla
nations are possible, specialized manufacture and in
creasing interdependence would not be unexpected in 
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the context of the sharp increase in population aggre
gation that took place at that time (chap. 8). Such spe
cialization would tend to concentrate debitage of finer
grained materials at loci of manufacture, and since ex
changed raw materials are likely to have microscopic 
grain sizes, such specialization could produce concen
trations of nonlocal material (primarily debitage). 

Symbolic value inherent in the exchanged material is 
another possible motivation for exchange. If symbolic 
considerations are significant, visual distinctiveness of 
nonlocal raw materials is expected to be strong. (This 
raises the possibility of analytic bias, since the more 
distinctive the material, the greater the likelihood the 
non local item will be identified as such during analysis.) 
Symbolically motivated movement of nonlocal mate
rials could occur in contexts of kinship or ritual obli
gations (gifts) or in exchange that is part of the alliance 
cementation process. If symbolic motivations exist, 

·spatial occurrences of these symbols are expected to 
range along a continuum depending on the degree of 
status associated with the symbol. The widest distri
bution is expected when nonlocal materials are symbols 
of relationships with little status involvement, and the 
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Figure 15.3 -Approximate locations of ceramic culture categories 
represented by sherds in Dolores area collections. 

narrowest distribution is expected when non-local ma
terials are heavily invested with social or political 
status. 

Symbolic or commodity motivations for exchange are 
not exclusive factors, and weighted combinations of the 
2 are expected. Demand originating from both func
tional and symbolic motivations can lead to specialized 
manufacture and the political control of that manufac
ture (such as obsidian blade production in Meso
america [Spence 1982]). While the expected complexity 
of political organization within the Dolores area is not 
comparable with that of Mesoamerica, the process of 
leadership development outlined by Lightfoot (1984) 
could accommodate proprietary access to functionally 
valued and distinctive (i .e. , nonlocal) lithic materials. 
Reinforcement of this pattern would result in an in
creased demand and an increase in the absolute amount 
of nonlocal lithic materials in the regional exchange 
system. 

Nonflaked Lithic Items 

Nonflaked lithic tools are narrowly defined in terms of 
technology of production, but they include an extremely 
broad range of functional classes, ranging from mauls 
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to pendants (Phagan and Hruby 1984). Raw materials 
are readily available in the Dolores area for grinding, 
pounding, and chopping tools, and no need for com
modity exchange of these items or of suitable raw ma
terials is apparent. Ornaments compose a small subset 
of the non flaked lithic tools, and although some locally 
available materials are suitable for ornament manufac
ture, the range of local materials is small compared to 
the types of materials known to be used in the prehis
toric Southwest (Jernigan 1978). Types of materials rare 
or not present in the Dolores area include jet, turquoise, 
malachite, azurite, and obsidian (Keane and Clay 1985; 
Phagan 1985). Commodity motivations for exchange of 
nonflaked lithic materials are likely to be limited to 
ornaments and raw material for ornament 
manufacture. 

Lithic ornaments also carry with them a strong sym
bolic implication. This derives from the distinctive vis
ual characteristics of materials used for stone 
ornaments, the provision for display incorporated into 
their shape (e.g., pendants), and the relatively great ef
fort expended in their manufacture. As was discussed 
in the context of flaked lithic items, such symbolism 
could vary from simple tokens of relationships to pro
prietary status markers. Given the assumed function of 
ornaments as a class, symbolic factors are likely the 
major determinants of ornament distribution. How
ever, a commodity need for suitable raw material is 
expected to affect exchange in situations where orna
ments were locally manufactured. No formal workshops 
for ornament production have been recognized in the 
Dolores area, but small-scale production of some or
naments cannot be ruled out. 

Archaeological distributions of ornaments should be 
relatively even across the population if ornaments 
served as tokens with relatively little status value within 
the local population. Under conditions of high status 
investment (such as would be expected as part of lead
ership elaboration), the spatial distribution of orna
ments should be relatively restricted and should 
coincide with other measures of status. The occurrence 
of exchanged ornaments relative to local ornaments 
need not be significantly different under either condi
tion, but concentrations of exchanged ornaments rel
ative to dispersed local ornaments would be more likely 
if they were functioning symbolically within a regional 
alliance system with greater leadership control of 
interaction. 

Ceramic Materials 

Pottery is similar to nonflaked lithic tools in that the 
definition of the archaeological material class is rela
tively narrow, but the range of functions of ceramic 
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materials within the cultural system can be very broad. 
The best approximation of ceramic function is vessel 
form (Biinman 1985), but a coarse approximation con
sists of archaeological ware classifications (cf. Fry 
1980). This latter approximation is advantageous for 
exchange discussions since ware classifications also in
corporate production and stylistic characteristics of ce
ramic materials. Four wares are used to describe the 
Anasazi ceramics in Dolores area sites, and each ware 
has different implications for production, use, sym
bolism, and ultimately, exchange. 

Gray wares. - Gray ware sherds are defined as those 
sherds neither polished nor painted and fired or in
tended to be fired in a neutral or reducing firing at
mosphere (Biinman et at. 1984:75-77). This definition 
encompasses vessel forms commonly classified as util
itarian and dominated by cooking jars. Bowls, ollas, 
seed jars, effigies, and other forms do occur as gray ware 
vessels, but cooking jar sherds constitute more than 
86 percent of gray ware sherds for all time periods after 
Period I. (The number of gray ware storage jars in Per
iod I decreases the sherds attributable to cooking jars 
to 48 percent of the total gray ware sherds [chap. 2]). 
Assuming that cooking jars have relatively short use
lives (Foster 1960; DeBoer and Lathrap 1979; Longacre 
1985), demand for gray ware production would have 
been relatively high for all time periods. 

Clays suitable for gray ware production are ubiquitous 
within the Dolores area (Wilson et al. 1985). Preferred 
temper sources are less ubiquitous, but all raw materials 
for gray ware manufacture (including fuel) are well 
within the procurement distances observed for ethno
graphic potters (Arnold 1981 ). This abundance places 
no resource-based constraints on gray ware production 
and eliminates one potential explanation for commod
ity exchange of gray ware raw materials or vessels. 

Organization of production is another potential reason 
for commodity exchange, and some specialization of 
ceramic manufacture does appear to exist in the Do
lores area. Prior to A.D. 800 (Periods I and 2), evidence 
of ceramic manufacture is rare and appears to be con
centrated in association with specific households (Blin
man and Wilson 1985a). This pattern is interpreted as 
representing small-scale specialization at the level of 
skilled individuals, with one potter providing vessels 
for several households. The inference of specialization 
is not strong because it is dependent on negative evi
dence in the face of variable excavation intensity (sam
ple sizes), but depending upon the assumptions made, 
ratios of producing to consuming household vary from 
I: I to 2: I. The instances of ceramic production are 
assumed to have been focused on gray ware production, 
but there is no direct evidence apart from the lack of 
suitable pigments for white ware manufacture. 
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Production evidence is equivocal for A.D. 800-840 
(Period 3), but no evidence shows specialization con
tinuing after A.D. 840 (Periods 4 and 5) (Biinman and 
Wilson 1985b). This is in contrast to the apparent spe
cialization of some households in high-input flaked 
lithic tool production and rejuvenation, but no evi
dence indicates that any household or interhousehold 
group did not participate in ceramic manufacture. Fo
cus of production on gray ware manufacture must be 
assumed in most cases (based on the scarcity of evi
dence of white ware production), but unfired gray ware 
vessels have been recovered in some instances. This lack 
of specialization in gray ware manufacture is likely to 
persist into Period 6, but its persistence cannot be in
dependently evaluated for lack of sufficient data. 

This changing pattern of production organization pro
vides a changing motivation for commodity exchange 
of gray ware vessels. Prior to A.D. 800, a subset of the 
Dolores area households would have had to obtain all 
of their gray ware vessels by exchange. The relatively 
small scale of specialization at this time would have 
resulted in a wide dispersal of pottery sources, and the 
geographic extent of gray ware exchange is expected to 
vary with population density. After A.D. 840, no com
modity motivation for gray ware exchange is antici
pated, unless the net movement of vessels is outward 
from the Dolores area. 

The symbolic implications of gray ware vessels are as
sumed to be minor. This assumption is based on the 
minimal surface decoration (limited to neckbanding 
after about A.D. 800), the abundance of cooking vessels 
as a functional class, and the high turnover associated 
with a short uselife. Cooking jars are standard subsist
ence equipment for all households, and apart from var
iation in jar volume (chap. 2) and possibly total 
inventory of cooking jars, any status-related associa
tions of gray wares are unlikely. 

A motivation for gray ware exchange not applicable to 
non-ceramic materials is exchange ancillary to the ex
change of vessel contents. Ceramic containers provide 
a high degree of security to their contents, but vessels 
are heavy and fragile. As such, cooking jars are rela
tively inefficient containers for the long-distance trans
port of large quantities of comestibles, and long 
distance transport is more likely to be accommodated 
in bags or baskets (cf. Lightfoot 1979). However, weight 
and fragility are less of a liability in short-distance 
movement of foodstuffs, and vessels are appropriate 
containers for the transport of partially or totally pre
pared food. This situation is analogous to .the modern 
potluck, in which contributions or gifts of prepared 
food are moved between households. The vessel may 
break at the site of the potluck resulting in its deposition 



in the host midden, an equivalent vessel may be sub
stituted for the original, or the vessel may be returned 
after consumption of its contents. In either of the 2 
scenarios, archaeological analysis will perceive that ex
change of vessels has taken place. 

The patterns of production, use, and ancillary move
ment of gray ware jars as containers are assumed to be 
the primary determinants of gray ware exchange in the 
Dolores area. Prior to A.D. 800, sites without evidence 
of ceramic manufacture are expected to have higher 
frequencies of non local gray wares due to a reliance on 
exchange for provisioning the household with vessels. 
Regardless of the production involvement of particular 
households, some exchange of gray wares is expected 
as part of hosting behavior associated with kinship or 
ritual obligations. The geographic extent of this move
ment of vessels should reflect the geographic extent of 
the kindship network, and based on the assumption of 
a standard mating network size (cf. Wobst 1974), geo
graphic extent of gray ware exchange should decrease 
as population density increases. No concentrations of 
gray ware exchange for any time period are expected to 
result from status or symbolic associations, but differ
ential hosting activity as part of ritual or leadership 
obligations could conceivably result in concentrations 
of nonlocal gray wares. 

White wares. - White ware sherds are defined by the 
presence of a polished surface or paint and evidence of 
a neutral or reducing firing atmosphere. White ware 
sherds are predominantly derived from bowls (62 per
cent), but white ware vessel forms also include storage 
jars, ollas, and effigies. Although many white ware 
sherds are identified as such only on the basis of pol
ished surfaces, the vast majority of white ware vessels 
are decorated with painted designs on parts of their 
visible surfaces (interiors of bowls and exteriors of jars). 

Part of the decorative aspect of painted white ware ves
sels is the contrast between the background color of the 
vessel body and the paint color. The need to establish 
this contrast places greater requirements on both raw 
material selection and artisan skill than is true for gray 
ware manufacture. Although many of the same clays 
may be used for gray and white ware manufacture, some 
potential gray ware clays are poorly suited to white ware 
production because of their color. As a consequence, 
white ware clays are slightly less common than are gray 
ware clays in the Dolores area (although still ubiqui
tous). Pigments used in white ware manufacture within 
the portion of the Mesa Verde region that includes the 
Dolores area are powdered minerals, but the range of 
minerals used and the geographic limitations on their 
availability are not known. Based on ethnographic de
scriptions, pigment raw materials are obtained from 
greater distances than are other ceramic resources (Ar-
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nold 1981 ), and lack of pigments in the local area is 
unlikely to constrain ceramic manufacture. Thus, re
source constraints could be a motivation for white ware 
exchange, but this possibility is only slightly greater 
than that for gray wares. 

White ware sherds are considerably less abundant than 
gray ware sherds in Dolores area collections (about 
7 percent as compared with 88 percent). One impli
cation of this is that white ware production, if present, 
was much less common than gray ware production. No 
direct evidence of white ware production has been re
covered from pre-A.D. 800 sites, and only scant evi
dence has been recovered from post-A.D. 840 sites. 
Although all ceramic manufacturing households in all 
time periods may have produced white wares as well 
as gray wares, the relatively greater complexity of white 
ware technology (pigment selection and greater control 
of firing atmosphere) could encourage the development 
of specialization at the level of skilled individuals (Am
bler 1983). This possibility cannot be evaluated for the 
pre-A. D. 800 manufacturing contexts due to small sam
ples, but the few recovered polishing stones suitable for 
ceramic manufacture and the lack of pigment stones 
provide weak evidence that white ware production, if 
present, was not as common as gray ware production. 

White ware vessels are assumed to have greater poten
tial as carriers of symbolic meaning than gray ware ves
sels. This assumption is based on the presence of visible 
decoration, relative scarcity, and the predominance of 
vessels forms associated with food consumption rather 
than preparation. Decoration also conveys a degree of 
uniqueness to white ware vessels, providing much more 
prominant visual clues of vessel origin and history than 
is true for gray ware vessels. Greater symbolic potential 
could motivate white ware exchange in the sense of 
tokens of relationships, and this potential could further 
support expressions of differential social and political 
status. 

The vessel form characteristics of white wares as a 
whole are less suited to material (e.g., food) transport 
than are gray ware vessels, but some potential for vessel 
movement ancillary to content movement remains. 
White ware storage jars often are relatively small, and 
they could provide high security containment for val
ued dry materials (e.g., seed corn or noncomestibles). 
Bowls could serve as containers for short-distance 
movement of fully prepared foodstuffs or unprepared 
foodstuffs, but the containment security would be low. 
Use of bowls rather than gray ware jars in these contexts 
would probably result only if the bowls were also in
tended for use in food consumption at the site of a 
potluck or if symbolic considerations were more im
portant than the risk of content loss. 

671 



FINAL REPORT 

Motivations for white wares exchange in the Dolores 
area are likely to be determined primarily by the or
ganization of production and symbolic considerations 
and only secondarily by aspects of use or containment. 
Frequencies of nonlocal white wares in collections 
should be greater than frequencies of nonlocal gray 
wares because commodity exchange would be necessary 
to provision the needs of most households. In addition, 
the geographic extent of white ware exchange should be 
greater than that of gray ware exchange because of 
the lower density of production sources within the pop
ulation. As visible markers of interactions and rela
tionships, clustering of nonlocal white wares is expected 
to correlate with status differentiation and leadership 
involvement in the maintenance of long-distance alli
ances. However, clustering of white ware vessels is also 
possible as a consequence of the breakage of vessels at 
the hosting locations of potlucks. 

Red wares. - Red ware sherds are defined on the basis 
of a polished or painted surface in association with an 
iron-rich clay fired in an oxidizing atmosphere or in
tended to be fired in an oxidizing atmosphere. Most 
(72 percent) red ware sherds are derived from bowls, 
and most of the remainder are derived from small stor
age jars, especially seed jars. Painted decoration is pres
ent on the visible surfaces of nearly all red ware vessels, 
and the firing of red ware vessels was manipulated to 
emphasize contrast for the decorated areas (e.g. , firing 
settings were arranged so that fire-clouding rarely af
fects bowl interiors but often affects bowl exteriors). 

Red ware manufacture requires an iron-rich clay that 
will oxidize to a bright red or orange color during firing. 
Suitable clays are present within the Dolores area but 
are not abundant. Refiring analyses of archaeological 
clay samples from the Dolores area indicate that red
firing clays were rarely used in ceramic manufacture. 
Furthermore, no appropriate pigment stones have been 
identified, and no "wasters" associated with red ware 
production have been recovered. This lack of evidence 
supports the inference that red ware manufacture, if 
carried out within the Dolores area, was rare, and that 
red ware vessels were a commodity that had to be ob
tained by exchange. 

A frequency cline in red ware abundance exists across 
the Mesa Verde region. Contemporary sites (the last 
quarter of the eighth century) in the vicinity of Dur
ango, Colorado (east) (Carlson 1963; Ellwood 1980), the 
Dolores area (central), and Site 13 on Alkali Ridge 
(west) (Brew 1946; Blinman 1983) have increasing fre
quencies of red ware sherds as proportions of total ce
ramic collections. First occurrences of red wares are 
also considered to be earlier in the western Mesa Verde 
region (Breternitz et al. 1974), and regional speciali
zation of red ware manufacture in southeastern Utah 
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has been proposed based on the spatial abundance of 
Brushy Basin Formation clays in that area (Lucius and 
Wilson 1980; Lucius and Breternitz 1981 ). This spe
cialization appears likely, and it effectively creates a 
point source for red ware vessels and a strongly direc
tional commodity exchange system to accomplish their 
distribution. 

The emphasis on decoration and the vessel form char
acteristics of red ware vessels are comparable to white 
ware vessels and would support a similar potential for 
symbolic roles in use and exchange. However, the dis
tinct color differences between red ware vessels and 
those of all other wares could enhance that potential. 
Circumstantial support for a proportionately greater 
role of red ware vessels in ritual contexts after A.D. 840 
is provided by their slightly greater frequencies in as
sociation with a subset of pitstructures (Wilshusen 
1985). These pitstructures are interpreted to have 
broader ritual functions than other pitstructures based 
on the presence of suites of floor features that have no 
economic interpretation. Thus, symbolic considera
·tions likely shaped some of their exchange. 

Parallels between red and white ware vessels also extend 
to the possibility of vessel exchange as an ancillary oc
currence to content exchange. Although most red ware 
vessels are bowls, the seed jar form is common, and 
seed jar rims were often drilled or punched for securing 
covers (Blinman 1985). Red ware seed jars are relatively 
small in volume (less than 3.5 L), and would be well 
suited to the transportation of small quantities of val
ued or perishable materials. 

The greatest factor affecting red ware exchange is likely 
to have been the regional centralization of production 
and the need for long-distance linkages in vessel dis
tribution. However, the motivations for exchange (why 
go to such great lengths to obtain a bowl?) are likely to 
have been symbolic. Symbolic overtones could vary 
from functional associations in an egalitarian context 
(red ware vessels as the appropriate vessels for public 
consumption) to functional associations in a status dif
ferential context (red ware vessels as status markers for 
individuals). In either case, the transfer of red ware 
vessels could serve as visible markers of relationships, 
and in the latter case, a much more clustered distri
bution would be expected. However, as is the case with 
white ware bowls, clustering could result as a conse
quence of the breakage of vessels at the hosting loca
tions of potlucks. 

Smudge ware. - Occasionally sherds are recovered in 
the Dolores area that are polished, unpainted, and 
deeply smudged on the polished surface. Such sherds 



could result from firing accidents (extreme fire-cloud
ing), but smudging is also a recognized decorative tech
nique among Mogollon potters. The occurrences of 
these sherds are so rare that recovery of production 
evidence is extremely unlikely, but an evaluation of the 
clays and tempers used in smudged ware production 
indicate some are locally made and the others are non
local (Mogollon) (Wilson 1985). Smudged sherds are 
almost exclusively derived from bowls. 

Application of a non-Mesa Verde firing technique to 
local ceramic resources could indicate innovative copy
ing, the immigration of individuals from the Mogollon 
region or the immigration of individuals familiar with 
Mogollon technology. In the first instance, copying 
would likely be subsequent to be appearance of ex
changed vessels. No similar restrictions can be imposed 
on the immigration explanations since immigration 
could be linked to prior exchange, could encourage sub
sequent exchange, or could be totally independent of 
preceding exchange patterns. The apparent restriction 
on local production would provide some commodity 
motivation for exchange of both the local and nonlocal 
smudged vessels. 

Motivation for the exchange of smudged vessels is likely 
to have included symbolic potential similar to that in
herent in white or red wares. This implies movement 
as tokens of relationships with or without status im
plications. Concentrations of smudged sherds could be 
interpreted as reflecting status; but the uncertain pro
duction organization and the uncertain, but potential, 
relationship between local producers and residents of 
the Mogollon region could also explain concentrations. 
The almost total restriction of vessel forms to bowls 
makes content exchange unlikely in any case. 

Marine Shell 

Marine shell is present in Dolores area collections in 
the form of beads, bracelets, pendants, and fragments 
of these 3 forms. There is no indication that these forms 
were produced in the Dolores area from imported raw 
material, but modification of some of the fragments 
suggests that broken shell objects could have been mod
ified or recycled within the area. Since no local pro
duction appears likely, commodity movement is a likely 
motivation for shell exchange. 

Shell objects are similar to the exotic subset of non
flaked lithic tools because their shapes are designed to 
be displayed. These symbols could be desired items ob
tainable only through exchange or could be used as to
kens of relationships, and in either context they may 
have had status overtones. Under relatively egalitarian 
conditions, the status overtones are unlikely to result 
in extreme concentrations of shell materials. However, 
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under the implications of status differentials associated 
with leadership development, unequal access to shell 
ornaments could be expected. 

EXCHANGE AND THE DOLORES 
ANASAZICULTURALSYSTEM 

Three general aspects of the Dolores area cultural sys
tem are expected to have significant effects on the pat
terns of material exchange. These are the social and 
spatial organization of production, regional social, eco
nomic, and political systems of interaction, and the de
gree to which participation in material accumulation is 
unequally distributed within the Dolores area popula
tion. Specific expectations for effects on exchange differ 
slightly for the economic versus leadership models as 
generative forces for culture change, although exchange 
alone is unlikely to provide convincing differentiation 
between the 2 models. 

Patterns of Ceramic Production and Exchange 

Changing levels of ceramic production specialization 
are evident through the A.D. 600-920 period. These 
consist of regional specialization of red ware manufac
ture, probable specialization of white ware manufacture 
at the level of skilled individuals, and probable spe
cialization of gray ware manufacture at the level of 
skilled individuals, but only for the A.D. 600-800 per
iod. Implications for exchange can be most easily eval
uated for gray and white ware ceramics based on 
contrasts between the relative frequencies of local and 
nonlocal sherds of the wares. Red ware exchange im
plications are more difficult to assess for lack of infor
mation from the source region, but some relationships 
between changing Mesa Verde cultural systems and 
changes in red ware vessel frequencies can be 
postulated. 

Specialization and Gray Ware Production and Exchange 

Assuming households not involved in ceramic produc
tion must obtain vessels by exchange, nonproducing 
households should be associated with collections that 
have higher frequencies of nonlocal gray ware sherds. 
For purposes of this comparison, non producing house
holds are defined as those whose associated collections 
lack manufacturing tools, raw material, or unfired ves
sels. This definition ignores sample size, and, as a con
sequence, it is likely that the nonproduction category 
will mistakenly include some collections from ceramic
producing households where sampling error resulted in 
the failure to discover evidence of production. The ef
fect of the probable errors in assignment that result 
from the definition will be a dilution of the differences 
(if any) in the proportions of nonlocal gray wares in the 
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producing and nonproducing groups. Under these con
ditions, the expectation of higher exchange frequency 
at nonproducing households will have to be robust to 
be observed. 

Frequencies of nonlocal gray wares were compiled for 
ceramic-producing and -nonproducing households for 
the A.D. 600-800 period (fig. 15.4). The nonproducing 
household group is believed to include some collections 
from households not engaged in ceramic manufacture 
and some collections that lack production evidence due 
to sampling error. Although most gray ware sherds in 
both groups are classified as local (originating from 
within the Dolores Tract), the frequency of sherds from 
outside of the Dolores Tract is over twice as great in 
the collections without associated production evidence. 
This difference is assumed to be significant since the 
aggregate collection sizes on which the percentages are 
based are in excess of 12 000 sherds each. 

During the A.D. 840-920 period, no specialization in 
gray ware manufacture seems to have occurred (Biin
man and Wilson 1985b ). 2 However, some collections 
lack ceramic manufacturing evidence (presumably due 
to small collection sizes). 3 Assuming that all interhouse
hold groups did produce ceramics, the division of the 
A.D. 840-920 collections into those with and those 
without manufacturing evidence should not result in 
any significant differences in nonlocal gray ware fre
quency. As indicated in figure 15.5, results support this 
expectation: the nonlocal gray ware frequency is ac
tually 0.5 percent greater in those collections with evi
dence of ceramic manufacture (fig. 15.5). Although the 
collection size for the ceramic-producing groups is over 
20 000 sherds, the nonproducing collection size is less 
than 4000 sherds, and the small difference is not in
terpreted as significant. 

Specialization and White Ware Production and Exchange 

In contrast with the changing pattern of specialized gray 
ware production, specialization in white ware produc
tion appears to have been continuous in the Dolores 
area for the A.D. 600-980 period. This should make 
most households reliant on exchange for white ware 
vessels. No households (or later, interhouseholds) can 
be unequivocally associated with white ware produc
tion, but the proposition of relatively uniform com
modity exchange can be evaluated with the ceramic-

'The A.D. 800..840 period is not discussed because insufficient data 
are available to evaluate ceramic production during this period. 
'Spatially segregating the architectural space used by a single household 
is difficult due to the sharing of pitstructures by several households. 
For this reason, definitions and comparisons of producing and non
producing groups are focused at the interhousehold level. lnterhouse
hold clusters usually consist of a pitstructure, 2 or more surface 
roomsuites, and spatially associated deposits (Kane 1983 and chap. 5). 
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Figure 15.4 - Frequencies of nonlocal gray ware sherds in A.D. 600.. 
800 collections that include ceramic manufacturing 
evidence or lack ceramic manufacturing evidence. 
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Figure 15.5 - Frequencies of nonlocal gray ware sherds in A.D. 84().. 
920 collections that include ceramic manufacturing 
evidence or lack ceramic manufacturing evidence. 

producing and -nonproducing groups described in the 
discussion of gray ware production and exchange. 
Within both temporal subdivisions, proportions of 
nonlocal white ware sherds should be comparable, since 
the presence or absence of production evidence (as
sumed to be associated with gray ware rather than white 
ware manufacture) should have little influence on the 
need to obtain white ware vessels as a commodity. 

Similarity in nonlocal white ware proportions is evident 
for the A.D. 600-800 collections (fig. 15 .6). The 
ceramic-producing group has slightly more (16.4 per
cent) nonlocal white ware sherds than the non producing 
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Figure 15.6 - Frequencies of nonlocal white ware sherds in A.D. 
600-800 collections that include ceramic manufac
turing ev idence or lack ceramic manufacturing 
evidence. 

group (14.7 percent). This difference is the opposite of 
that expected, but the magnitude of the difference 
( 1.4 percent) is not considered to be significant at the 
relatively small sample sizes involved (706 and 641 
sherds, respectively) (Biinman and Wilson 1985a). The 
A.D. 840-920 comparison produces similar results 
(fig. 15.7), with marginally more nonlocal white ware 
sherds in the ceramic-producing collections (28.7 per
cent) than in the nonproducing collections (27.8 per
cent). This difference is also not considered significant; 
although the proportion for the ceramic-producing col
lections is based on over 1700 sherds, the proportion 
for the non producing collections is based on just under 
2000 sherds and is probably unstable. 

Red Ware Production and Exchange 

The relationship between red ware production and ex
change cannot be directly evaluated using Dolores area 
data. Instead, temporal variation in proportions of red 
ware sherds in Dolores area collections can be described 
as an index to either changes in production or changes 
in the efficiency of the exchange network responsible 
for red ware vessel distribution to the Dolores area. 
Some of the observed changes may be related to the 
population history of the Mesa Verde region as a whole. 

Red ware frequencies for dated Dolores area collections 
of screened refuse are presented in figure 15.8. Screened 
refuse was chosen to avoid any bias due to selective 
collection, to minimize the possible cluster effects of 
reconstructible vessels, and to more closely reflect ves
sel consumption rates than static vessel assemblage 
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Figure 15.7- Frequencies of nonlocal white ware sherds in A.D. 
840-920 collections that include ceramic manufac
turing evidence or lack ceramic manufacturing 
evidence. 
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Figure 15.8 - Frequencies of red ware sherds in screened refuse 
collections. 

composition. The choice of refuse may result in some 
time lag or smoothing of actual temporal trends in ex
change. Sample sizes for the collections are the same 
as those noted in figure 12.1, and differences in fre
quencies are considered for discussion if they could not 
have been attributed to chance variation within a single 
population (p <0.05) had the collections been obtained 
through random sampling (differences in percentages 
were evaluated following Sokal and Rohlf [ 1969:607-
61 0]). The sherd collections are not random samples, 
but use of this selection criterion focuses discussion orr 
frequency differences that have the greatest likelihood 
of being significant. 

Red ware vessels first appear in the Dolores area shortly 
after A.D. 720 and quickly occur in sufficient numbers 
to account for over 4 percent of Period 2 refuse sherds. 
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This frequency increases to just below 8 percent in Per
iod 3 but falls in Periods 4 and 5 with a slight rise in 
Period 6. Peak production appears to have been rela
tively shortlived, and the decline coincides with the 
extreme population increase in the Dolores area after 
A.D. 840. Part of the decline may reflect the distri
bution of a limited number of red ware vessels over an 
increasing population, but most of the population in
crease can be attributed to immigration, probably from 
areas immediately adjacent to the Dolores area. These 
populations were likely to have been consumers within 
the Period 3 red ware exchange system, and their re
location should have reoriented rather than diluted the 
supply of red ware vessels, keeping the per capita supply 
(the rate of red ware refuse accumulation) relatively 
constant. 

Another possible explanation for the decline in red ware 
vessels could be the concurrence of population move
ments in both the Dolores and source areas. The mo
tivation behind the Dolores area population dislocation 
in Period 4 appears to be an impairment of agricultural 
potential at lower elevations (chap. 6, chap. 8). This 
climatically induced stress may have had similar effects 
on the resident red ware potters in southeastern Utah, 
resulting in the abandonment of lower elevation settle
ments (such as Site 13 on Alkali Ridge [Brew 1946; 
Honeycutt and Fetterman 1984]) and establishment of 
settlements at higher elevations such as those to the 
west of Alkali Ridge (Louthan 1977). This probable 
relocation of red ware potters, coupled with the relo
cation of intervening populations, may have temporar
ily but thoroughly disrupted both the production and 
distribution systems for red ware vessels. 

This scenario is not confirmed as an explanation for 
the observed variation in red ware frequency, but it 
receives some support from the contrast between refuse 
and vessel data within the Dolores area. Red ware ves
sels as part of static vessel assemblages reach their great
est frequency in Period 3 (31.5 percent of 54 vessels), 
and decrease dramatically in Period 4 ( 1.6 percent of 
64 vessels) (Biinman 1985:fig. 16). In contrast with the 
low frequency in the Period 5 refuse data, red ware 
vessels in Period 5 increase again to 10.3 percent of 136 
vessels (data are not available for Period 6). The vessel 
frequency proportions are unstable due to small sam
ples and to the difficulty in controlling affects of aban
donment conditions on vessel assemblage composition, 
but the observed trends conform well to the model of 
serious disruption of red ware production (or distri
bution) in Period 4 followed by a reestablishment of 
production (and distribution) once settlements stabi
lized at the beginning of Period 5. This interpretation 
must assume that the refuse data are exhibiting some 
lag in the translation of vessels into refuse. 

676 

Interaction Between White and Red Ware Production 
and Exchange 

White ware vessels and red ware vessels could have been 
substitutable to a great degree. The vessel form com
plements are similar, both are decorated, and the major 
distinguishing feature is the distinctive background 
color of the red ware vessels. Similarity between the 2 
wares suggests the advent of red wares and the varia
tions in their availability through the exchange network 
may have influenced the production of white ware ves
sels. If red ware vessels were being adopted as func
tional replacements for white ware vessels, their 
frequencies should reflect a complementary 
distribution. 

Frequencies of decorated wares in screened refuse are 
presented in figure 15.9 and are broken down into the 
contributions of white ware sherds (and nonlocal white 
ware sherds) and red ware sherds. In an effort to min
imize the constraint inherent in percentages, frequen
cies of each ware category are expressed as percentages 
of the total sherd collections less the number of white 
and red ware sherds. This approximates the ratio of the 
decorated ware categories to the gray ware category. 
Contrary to expectations, the introduction of red wares 
in Period 2 is accompanied by a doubling of the dec
orated sherd category as a whole, rather than by re
placement of white ware vessels by red ware vessels. 
However, in Period 3 the large increase in red ware 
frequency does appear to have a significant effect on 
the consumption of white ware vessels. White ware 
sherds increase slightly in frequency as red ware sherds 
decline through Periods 4 and 5, and both wares in
crease in frequency in Period 6. The decline in red ware 
sherds in Periods 4 and 5 is accompanied by a decline 
in total decorated sherds that is reversed in Period 6. 

The nonlocal contribution of the white ware sherds 
covaries with the total white ware sherd frequency. A 
slight increase occurs in Period 2, followed by a de
crease and then stability in Periods 3 and 4. The in
crease in nonlocal white wares in Period 5 coincides 
with an increase in total white wares, but the magnitude 
of the nonlocal increase is much greater than the in
crease for the ware as a whole. This is followed by an
other slight increase in Period 6. Intensity of white ware 
exchange appears to be stimulated slightly by the in
troduction of red ware vessels into the exchange system, 
but the intensity falls to a background level as red ware 
exchange becomes dominant. White ware exchange in
tensity increases again in Period 5, perhaps in response 
to unfilled demand resulting from the decrease in red 
ware availability. 

Static vessel assemblage composition roughly parallels 
the ware frequency in refuse data with some exceptiOJ}S. 
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Figure 15.9 - Frequencies of decorated sherds in screened refuse 
collections. The contributions of white and red ware 
sherds are indicated, as is the contribution of non
local white ware sherds. Smudge ware sherds oc
curred in several of the period collections, but their 
frequencies were too low to represent graphically. 

White ware vessels remain stable in frequency (5.6 per
cent) through Periods 2 and 3, increase marginally in 
Period 4 (7 .8 percent) , and more than double in 
Period 5 (16.9 percent) (Blinman 1985). The static ves
sel assemblage data do not reflect the Period 3 decline 
in white ware sherd refuse, but (assuming a lag between 
vessel and refuse characteristics) the increase in white 
ware vessels in Period 5 presages the increase in white 
ware refuse in Period 6. These data indicate the loss in 
numbers of exchanged red ware vessels in Periods 4 
and 5 was not compensated for by increased white ware 
production until Period 5. However, the static vessel 
assemblages do reflect a possible replacement of red 
ware vessels with gray ware vessels in both Periods 4 
and 5. Only 2 gray ware bowls occur in pre-A.D. 840 
vessel assemblages, but 12 (30 percent) of the Period 4 
and Period 5 bowls are executed as gray wares rather 
than as decorated wares. 

Summary 

These comparisons indicate the variety of reciprocal 
influences between ceramic production and ceramic ex
change through the A.D. 600-980 period. Simple rela
tionships exist betv teen the level of household 
specialization in ceramic manufacture and the level of 
exchange at the household level. In general, increased 
exchange of a ware is correlated with the degree of spe
cialization in manufacture, and non-producing house
holds have larger proportions of nonlocal gray wares. 
While this relationship between production and ex
change can explain a significant component of exchange 
motivation, the background frequency of nonlocal 
sherds in collections associated with ceramic produc
tion remains unexplained except that the exchange is 
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not likely to be a consequence of commodity 
motivations. 

More complex relationships are evident in the regional 
specialization in red ware production and the effect of 
fluctuations in red ware production volume on other 
wares. The introduction of red ware vessels did not 
result in an immediate replacement of white ware ves
sels, but the subsequent (Period 3) increase in volume 
of red ware production did adversely affect white ware 
production. Both the initial acceptance of red ware ves
sels and the eventual replacement of some white ware 
vessels by red ware vessels is likely to have been fostered 
by the visual appearance of the latter ware and by its 
presumably greater symbolic potential. 

The production and distribution of red wares appears 
to have been disrupted in Period 4, presumably by cli
matically induced population relocations in the pro
duction area. The reduction in red ware supply appears 
to have been compensated for by an increase in the use 
of gray ware replacements (at least for bowls), and by 
increases in white ware production in Periods 4 and 5. 
Nonlocal white wares increase in frequency in Period 
5, and white ware production increases sharply in Per
iod 6, despite a concurrent increase in red ware 
frequency. 

Regional Patterns of Interaction 

Although relationships between ceramic production 
and ceramic exchange can be demonstrated, many ob
served aspects of ceramic and other material exchange 
cannot be explained by variation in production alone. 
These include the background levels of ceramic ex
change that do not coincide with the pattern of pro
duction specialization, directional changes within 
ceramic exchange independent of known regional spe
cialization in production, and long-distance movement 
of ceramic, lithic, and shell material. These aspects of 
exchange are expected to be related to social interaction 
through the kinship and ritual obligation networks, and 
some aspects may be related to the development and 
maintenance of economic and political alliances. 

Population Distributions and Social Interaction 

Two characteristics of population distributions appear 
to be influencing the archaeological perception of ex-

. change. These are the local population density and the 
regional distribution of population. The former is ex
pected to influence the spatial extent of the kinship and 
ritual obligation network by defining the space neces
sary to satisfy basic mating network needs (cf. Wobst 
1974) and the space within which population is suffi
cient to fill all necessary positions within the social 
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structure. The latter influences exchange by determin
ing the visibility ofnonlocal materials in archaeological 
perception. Interaction between these 2 effects of pop
ulation distributions must be evaluated as part of Do
lores area exchange interpretations. 

Changes in population density are assumed to be ad
equate proxies for changes in the geographic extent of 
intensive social interaction networks. Other studies 
(e.g. , Neitzel 1984) have assigned values to the expected 
size of mating networks based on the simulations of 
Wobst ( 1974), but the tendency for the institution of 
marriage restrictions within the relative high popula
tion densities of sedentary agriculturalists makes such 
estimates problematic (Wobst 1974: 169). Instead, this 
discussion only assumes that the direction of change 
(shrinkage or expansion) in mating network size can be 
predicted from the direction of changes in population 
density. 

The influence of spatial population distribution on ar
chaeological perception limits the study of Dolores area 
social interaction to the ceramic data set. Lithic ma
terials originating outside of, but adjacent to, the Do
lores area cannot be identified as being nonlocal and 
therefore cannot be used to define the extent of ex
change linkages between the Dolores area and sur
rounding areas. Similarly, shell materials and those 
lithic materials that can be reliably identified as non
local originate outside of the presumed maximum ex
tent of the local interaction sphere, and the 
intermediate nodes of exchange networks that may be 
within the Dolores interaction sphere cannot be traced. 

Although ceramic materials are less subject to these 
limitations, the large geographic extent of the Dolores 
Tract places some limits on the resolution of exchange 
perception. The most important of these is an eleva
tiona! bias. Upslope movement of settlement systems 
in the Cahone and Sandstone Tracts brings them closer 
to sources of igneous rock temper (the Dolores River 
valley) and brings them into the Dolores Tract. Thus, 
a given geographic extent of interaction, as measured 
by distance, will be detectable while population is dis
persed across a broad elevational range. However, this 
same extent (distance or area covered) will not be de
tectable if settlements are concentrated at higher 
elevations. 

With these limitations in mind, gray ware vessel move
ment (beyond that associated with specialized produc
tion and commodity exchange) is assumed to be a 
consequence of the movement of small quantities of 
prepared food . This movement is, in turn, assumed to 
reflect the intense social interaction of mating and rit
ual obligation networks. Frequencies of nonlocal gray 
ware sherds in Dolores area screened refuse collections 
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are presented in figure 15.10. The highest frequency of 
nonlocal gray wares occurs in Period I and coincides 
with the smallest estimated momentary population 
level for the Dolores area (fig. 15 .II and Schlanger, 
chap. 8). The increase in population in Period 2 is ac
companied by a decrease in nonlocal gray ware sherds, 
and the lowest nonlocal gray ware frequencies (Periods 
4 and 5) coincide with the largest local population. 

Given the interpretative assumptions, these observed 
differences in nonlocal gray ware frequency support the 
geographical contraction of the intensive social inter
action network as population density increased. How
ever, the extreme population increase between Periods 
3 and 4 is not accompanied by a correspondingly large 
decrease in nonlocal gray ware sherds. Part of the lack 
of response in Period 4 could be due to the presence 
in refuse of the nonlocal personal belongings of the im
migrants who constituted the majority of the popula
tion increase. However, this explanation cannot 
account for the persistence of nonlocal gray wares in 
Period 5, some 10 to 30 years after immigration had 
ceased. A threshold of population density may have 
been reached in Period 3 and subsequent increases in 
population did not alter the geographic extent of the 
intensive social network (i .e., a minimum extent of the 
interaction network was maintained, perhaps as an 
adaptive subsistence buffering or alliance measure, but 
no independent evidence supports this assertion). 

A probable confounding influence on this perception 
of the intensive interaction network is the problem of 
the definition of nonlocal ceramics, but acknowledging 
this influence does not necessarily support the threshold 
interpretation. The pattern of regional population 
movement reported by Schlanger (chap. 8) within areas 
to the west of the Dolores area would tend to mask the 
perception of gray ware exchange. Regional population 
generally moved out of areas of distinctive temper use 
and into the area of the Dolores Tract for the A.D. 800-
920 period. Thus, some of the observed decreases in 
nonlocal gray ware sherds (especially between Periods 
3 and 4 [fig. 15.10]) could be the result of settlement 
location shifts rather than shrinkage of the intensive 
interaction network. 

Although they are plausible explanations, population 
shifts and weaknesses of archaeological perception are 
not totally responsible for the observed changes in non
local sherd frequencies. When the nonlocal Mesa Verde 
Gray Ware category is broken down into its component 
parts (fig. 15.12), a shift in the direction of intensive 
interaction is apparent, and this shift is relatively in
dependent of the changing frequencies of nonlocal gray 
ware sherds. Western sources (Cahone and Sandstone 
Tracts) are the only nonlocal Mesa Verde Gray ware 
sources in Period I, but sherds from the south (the San 
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Figure 15.10- Frequencies of non local Mesa Verde Gray Ware 
sherds in screened refuse collections. 
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Figure 15.11 - Estimated momentary population of the Dolores 
area (after Schlanger, chap. 8). 
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Figure 15.12 - Relative frequencies of source directions represented 
in the nonlocal Mesa Verde Gray Ware sherds in 
screened refuse collections. 
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Juan Tract) appear in Period 2 and increase steadily 
through Period 6. Although sharp increases in San Juan 
Tract sherds occur in Periods 3, 5, and 6, only the Per
iod 5 and Period 6 increases coincide with probable 
expansion of population downslope and out of the Do
lores Tract. There is no simple explanation of why the 
regional population shifts should be accompanied by a 
southerly shift in interaction as opposed to a return to 
the western direction of previous centuries. 

Resource Buffering and the Shape of Alliances 

Another potential explanation for the observed direc
tional changes in exchange is the development of re
gional alliances. Alliances have been proposed as 
adaptative systems that rely on long-distance exchange 
as a subsistence buffering mechanism (Plog 1984). 
Since the need to invoke large-scale movement of sub
sistence resources should be relatively infrequent, such 
alliances are assumed to be maintained during inter
vening periods by patterns of social or political inter
action. Alliance formation is predicated both on the 
existence of population aggregates whose density limits 
lower cost responses to scarcity and on patterns of 
scarcity that can be characterized as highly variable. 
High variability (spatial as well as temporal) would fos
ter "resilient" adaptations such as alliances and ex
change rather than permanent structural adaptations. 
In addition, alliances, once formed , can be perpetuated 
as part of the consolidation of political power within 
the context of leadership development (Upham 1982; 
Lightfoot 1984). 

Plog (1984) reports that high frequency climatic vari
ation is indicated by Southwestern tree-ring records for 
the A.D. 750-1000 period. Large population aggregates 
are known to exist in the Mesa Verde region during the 
early part of this time period (corresponding to Period 
2 [Brew 1946]), but the levels of population density and 
aggregation (and presumably potential alliance partic
ipation) within the Dolores area are relatively low until 
Period 4 (Orcutt 1985a). High density and aggregation 
(households per rubble area) occur in Periods 4 and 5, 
and high aggregation persists in Period 6 despite a sharp 
drop in population density. The Period 4 and 5 settle
ment systems can be characterized as two-tiered deci
sion-making hierarchies, and although the Period 6 
settlement system is characterized as a single-tier de
cision-making hierarchy, the rank size distributions 
suggest a "primate" organization (chap. 10). This latter 
characterization reflects the presence of an unusually 
large settlement at the edge of the Dolores area and 
suggests the Dolores area settlements are spatially pe
ripheral to a more complex settlement organization 
during this period. 
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Potential alliances involving Dolores area populations 
are assumed to be limited by the distribution of con
temporary population aggregates, by the physical effi
ciency of foot transportation as a redistribution 
mechanism, and by the need for complementarily in 
agricultural risk. A simulation of the long-distance 
movement of food resources suggests the maximum ex
tent to be expected for large-scale food redistribution 
in the Southwest is approximately 50 km (Lightfoot 
1979). Knowledge of Period 4, 5, and 6 population ag
gregates within a 50-km radius of the Dolores area (fig. 
15 .13) is incomplete due to partial survey coverage, but 
survey or excavation data are available for some por
tions of the area, primarily to the west and on Mesa 
Verde. 

Schlanger's (chap. 8) compilation of survey data from 
2 areas to the west of the Dolores area identified only 
minor Period 4 and 5 occupations, but substantial Per
iod 6 occupations in the Woods Canyon area. A Period 
4 and 5 village was excavated by Martin (1939) in the 
Ackmen-Lowry area, and a probabilistic survey of the 
Bureau of Land Management's Sacred Mountain Plan
ning Unit (Chandler et al. 1980) reported few sites that 
can be attributed to Periods 4, 5, or 6, but many that 
can be attributed to earlier or later time periods (Biin
man 1983). Sites occupied within Periods 4 and 5 are 
also present to the southwest of the Dolores area in the 
vicinity of Crow Canyon, to the north of Sleeping Ute 
Mountain.• Occupation on Mesa Verde to the south of 
the Dolores area appears to be continuous through the 
A.D. 840-920 period (Hayes 1964; Rohn 1977; Smith 
1985). Although dating resolution is limited somewhat 
by the use of phase assignments as temporal classifi
cations of the Mesa Verde sites, tree-ring dates from 
excavated sites support the presence of at least some 
population aggregates through Periods 4, 5, and 6 
(Hayes and Lancaster [ 197 5]; dates reported by Robin
son and Harrill [ 1974]). 

Complementarity in agricultural risk is difficult to eval
uate for the potential buffering region. The Dolores area 
is near the upper elevation of the dry-farming belt 
(chaps. 4 and 7) and should receive adequate precipi
tation in most years, but is subject to risk associated 
with short growing seasons. The Crow Canyon area is 
believed to be subject to variability in precipitation due 
•o its low elevation location and in spite of the tendency 
for Sleeping Ute Mountain to foster thunderstorms in 
the vicinity, but the Crow Canyon area is unaffected 
by shortened growing seasons. Tqe Woods Canyon and 
Ackmen-Lowry areas are inter~ediate in risk related 
to precipitation variability and also should be less sus
ceptible to short growing season affects than the Do
lores area . Mesa Verde has little risk related to 

' William D. Lipe, DAP, personal communication. 
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precipitation (similar to the Dolores area) and has no 
risk related to short growing seasons (Petersen and Clay 
1985). Although the types of risk evident at Crow Can
yon and Ackmen-Lowry are relatively complementary 
to the risk associated with the Dolores area, the most 
consistent of the potential buffering areas would be 
Mesa Verde. 

Direct evidence of exchange interaction within the po
tential buffering region is limited by archaeological per
ceptions of nonlocal materials. Lithic material from 
most of the buffering region cannot be differentiated 
from material local to the Dolores area, and those ma
terials that could be identified as nonlocal could not be 
traced exclusively to any specific buffering area. Ce
ramic material from the Crow Canyon area cannot be 
identified as nonlocal because of the use of temper iden
tical to that used in the Dolores area. Ackmen-Lowry 
is close to the boundary between the Dolores Tract and 
the Cahone and Sandstone Tracts, and some ceramic 
materials originating in the Ackmen-Lowry area would 
be identifiable. Most of the Woods Canyon area is 
within the Cahone and Sandstone Tracts, and most ce
ramic materials should be identifiable as nonlocal to · 
the Dolores area. Examination of Mesa Verde collec
tions has resulted in the assignment of large numbers 
of sherds to both Dolores and San Juan Tracts. 5 Al
though temper associated with archaeological samples 
of unfired clay was not examined, the frequency of San 
Juan Tract sherds was higher in the Mesa Verde col
lections than in any other collection examined from the 
Mesa Verde region as a whole. Based on this abundance, 
at least some of the ceramics manufactured on Mesa 
Verde are assumed to be identifiable as originating from 
the San Juan Tract. 

The combination of a limited number of potential buff
ering areas and limitations on archaeological percep
tion allows a partial evaluation of the degree to which 
buffering alliances may have influenced Dolores area 
exchange. Alliance formation with the Crow Canyon 
area (or other unknown potential buffering areas within 
the Dolores Tract) cannot be identified and cannot be 
evaluated. Interaction with sites in the Ackmen-Lowry 
vicinity will be reflected by the presence of some Ca
hone and Sandstone Tract ceramics, but undetectable 
Dolores Tract ceramics may be involved as well. Alli
ance formation with sites in the Woods Canyon area 
should also be detectable through the presence of Ca
hone and Sandstone Tract ceramics. Finally, alliance 
formation with sites on Mesa Verde will be reflected in 
San Juan Tract ceramics in addition to some unde
tectable Dolores Tract ceramics. 

'Examination of Mesa Verde collections was carried out by C. Dean 
Wilson, DAP. 
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Figure 15.13 - Possible resource buffering areas within 50 km of the Dolores area. Ceramic manufacturing tract boundaries are approximations 
for the A.D. 600-980 period and are tentative. Areas to the north and east of the Dolores area are generally too high in elevation 
for com agriculture and are not considered to be potential buffering areas. 

The Mesa Verde, Ackmen-Lowry, and Crow Canyon 
areas could serve as buffers in Periods 4 and 5, but only 
alliances with Mesa Verde and the Ackmen-Lowry area 
would be detectable if ceramic exchange were involved. 
In Period 6, the Woods Canyon and Mesa Verde areas 
could serve as buffers, and ceramic exchange with both 
would be detectable. Mesa Verde provides the most 
stable subsistence complement to the Dolores area (and 
to most areas of the Mesa Verde region), but the sources 
of agricultural risk in the Ackmen-Lowry and Woods 
Canyon areas (moisture deficits) would be complemen
tary to those in the Dolores area (early or late frosts) 
for some years. 

Although alliances are defined as adaptive mechanisms 
in a subsistence or political sense, the social interactions 
associated with alliance reinforcement could take var-

ious forms. If strong obligations of support between 
alliance participants were maintained by kinship or rit
ual obligation bonds with a broad community base, gray 
ware vessel exchange could be expected. If alliance 
maintenance were a ritual or political activity at the 
level of leader interaction, symbolic expressions and 
exchange of white or red ware vessels could be expected. 
Distance could alter these expectations in that intensive 
social relations (frequent food sharing at potlucks) 
would be relatively expensive to maintain if long dis
tances were involved. Under these conditions, even 
close kinship or ritual obligation ties could emphasize 
symbolic aspects of exchange and movement of white 
and red ware vessels. 

The directional changes within the nonlocal gray ware 
category indicate a significant amount of intensive in
teraction to the south (with residents of the San Juan 
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Tract) as early as Period 3. This relative level is main
tained during Period 4, despite the presumably greater 
distance involved in southern interactions and despite 
an absolute decline in total nonlocal intensive (gray 
ware) interactions (fig. 15.10). San Juan Tract inter
action makes further gains in Period 5 despite contin
ued decline in nonlocal gray wares, and in Period 6, 
intensive interactions with residents of the San Juan 
Tract account for more than 75 percent of the nonlocal 
gray wares as nonlocal gray wares increase in frequency. 

These increases in San Juan Tract gray ware sherds are 
neither explainable by known changes in archaeological 
perception nor by reference to models of local popu
lation density changes and fluctuating mating network 
extent. Alliance formation is a viable alternative ex
planation, but alliance formation would have to be pref
erentially with the Mesa Verde area (and perhaps with 
undetectable areas of the Dolores Tract such as Crow 
Canyon) rather than with either the Ackmen-Lowry 
area or, later (Period 6), the Woods Canyon area. Al
liances with the latter areas are possible, but the ob
served gray ware exchange frequencies could also 
conform to mating network expectations. 

The distance (about 35 km) involved in a possible 
Mesa Verde alliance and the formidable northern scarp 
of Mesa Verde would be expected to select for symbolic 
rather than intensive interaction. Since the exchange of 
red ware vessels can only be traced to their origin in 
the Blanding Tract rather to intermediate points, only 
white ware exchange can be evaluated for potential al
liance involvement. Frequencies of nonlocal Mesa 
Verde White Ware sherds in Dolores area screened re
fuse collections are presented in figure 15.14. Nonlocal 
sherds increase from about 5 percent in Period I to 
about 10 percent in Periods 2, 3, and 4. The Period 5 
frequency increases sharply to over 25 percent, and 
nonlocal sherds fall to about 20 percent of Period 6 
collections. The directional breakdown of these data 
(fig. 15.15) indicates a strong southern (San Juan Tract) 
component of white ware exchange beginning in Period 
I. Proportions of San Juan Tract white ware sherds 
increase gradually through Period 3 and increase more 
sharply to over 90 percent in Period 4. The highest 
frequency is slightly over 95 percent in Period 5, and 
the Period 6 frequency falls slightly but remains at more 
than 90 percent of the nonlocal Mesa Verde white 
wares. 

Gray ware sherds are generally more abundant than 
white ware sherds in Dolores area collections, and the 
ratio of the 2 wares is 12.6. The absolute numbers of 
white and gray ware sherds from the San Juan Tract in 
screened refuse collections reflect considerably lower 
ratios, the largest of which is 2.17 (table 15.1). Given 
the assumptions about the differences in movement be-
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Figure 15.14 - Frequencies of nonlocal Mesa Verde White Ware 
sherds in screened refuse collections. 

WEST 

100 150 700 750 100 150 

DATE (A.D.) 

Figure 15.15 - Relative frequencies of source di rections represented 
in the nonlocal Mesa Verde White Ware sherds in 
screened refuse collections. 

tween the 2 wares, the low ratios can be interpreted as 
a consequence of relatively even emphases on both sym
bolic and intensive social levels of interaction. This 
interpretation is compatible with the expectations 
about alliance behavior in the context of broadly based 
community or area interactions. 

Unfortunately, the timing of the increase in San Juan 
Tract sherds is not perfectly compatible with expecta
tions for alliance development with residents of Mesa 
Verde. Gray ware sherd frequencies indicate increased 
interaction with the San Juan Tract at an intensive level 
in Period 3. This is prior to the onset of high population 
densities and prior to the presumed need for long
distance buffering strategies. Period 4, when alliance 
strategies are expected to be initialized, shows no 
change in intensive interaction, but a preferential shift 
occurs in symbolic exchange toward San Juan Tract 
sources. Period 5 is the period of relatively greatest sub
sistence stress experienced by the Dolores area resi
dents (Orcutt 1985b), and the doubling of symbolic 



Table 15.1 - Numbers of San Juan Tract sherds in 
screened refuse 

Period Gray ware White ware Gray:white 
(N) (N) ratio 

l 0 2 0.00 
2 8 24 0.33 
3 63 29 2.17 
4 58 45 1.29 
5 137 169 0.81 
6 26 14 1.86 

interaction (and perhaps slight increase in intensive in
teraction) with the San Juan Tract does coincide with 
buffering expectations. However, these temporal coin
cidences may not be significant if the time lag suggested 
by the refuse and static vessel assemblage comparisons 
is correct. 

Participation in Extraregional Interaction 

In addition to the temporal variation in nonlocal but 
still Mesa Verde region materials, temporal variation 
is evident in materials whose sources lie outside of the 
Mesa Verde region. These materials include ceramics, 
obsidian, all nonlocal lithics, and marine shell, and the 
great distances to their sources weaken arguments as 
associating them with particular regional alliance or in
teraction systems. The ceramics and obsidian can be 
attributed to specific sources and these materials are 
amenable to directional evaluation. The other nonlocal 
lithic and shell items can only be discussed in terms of 
temporal variation in frequency of occurrence. 

Ceramics. - Extraregional ceramic materials make up 
only 0.5 percent of all DAP collections, but the number 
of sherds is just under 3000 and provides a reasonable 
basis for interpretation. The number of extraregional 
sherds in the screened refuse data set is too small for 
analysis, and a data set was generated for all confidently 
dated materials without restrictions on the mode of 
collection. This data set could contain some bias toward 
differential collection of items perceived in the field as 
being rare or unique, but this bias is less likely to affect 
ceramic materials than other material types. Recon
structible vessels are present in the data set, but few of 
these are extraregional in origin, and the trends de
scribed in this section are not believed to be unduly 
influenced by cluster effects. 

Frequencies of extraregional sherds are greater within 
the white ware category than the gray ware category 
(fig. 15.16). This is expected based on the interaction 
between ceramic production, potential symbolic mo
tivations for exchange, and the economics of trans
porting vessels over long distances. Extraregional gray 

EXCHANGE AND INTERACTION 

II 

l ~ 
~ 
~ 4 E::::J WHITE WAllE 

~ 3 fZll GRAY WARE 

~ 2 ... 
~ I 
~ 
f 0 

600 6~ 100 1~0 aoo a~ 

DATE (A.D.) 
900 9~ 

Figure 15.16 - Frequencies of extraregional white and gray ware 
sherds in confidently dated collections. Sherd fre
quencies are expressed as percentages of all sherds 
of the ware. 

ware frequencies are lowest in Period I and range be
tween 0.26 and 0.53 percent for Periods 2 through 6. 
Because these fluctuations are so small, they are not 
believed to be interpretable. In contrast, extraregional 
sherds compose I percent or less of white wares through 
Period 2 and then increase steadily to more than 5 per
cent in Period 6. The observed variation through Per
iod 2, and perhaps through Period 3, could be explained 
by sampling error, but the consistent increases in Pe
riods 4, 5, and 6, and perhaps in Period 3, are 
significant. 

Sources represented in extraregional sherds (including 
red and smudge wares) include the Kayenta, Chuska, 
Cibola, and Mogollon Culture Categories. Numbers of 
sherds attributed to specific sources are too low in 
Periods I through 4 to evaluate changing source fre
quencies, but frequencies observed in the Period 5 and 
6 collections are more likely to be stable (fig. 15.17). 
Kayenta ceramics are the only extraregional sherds in 
Period I that can be attributed to a specific source, and 
occasional Kayenta sherds also occur in Periods 2 and 
4. Kayenta sherd frequencies in Periods 5 and 6 are 
lower than those in the other categories (except Mo
gollon) and the decline from Period 5 to Period 6 con
forms with a subjectively perceived decline that begins 
at least as early as Period 4. 

A single Chuskan sherd occurs in a Period I collection, 
but its presence is believed to be the result of contam
ination from overlying late ninth century debris, and 
is not reported in figure 15.17. The first confident oc
currences ofChuskan sherds are in Period 3, and Chus
kan sherds are present in all subsequent collections. 
Frequencies in Periods 5 and 6 are stable at about 
30 percent, but subjective evaluation suggests Chuskan 
sherds are steadily increasing in frequency and the ob
served stability is a characteristic of the sample and not 
necessarily of the population. 
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Figure 15. 17- Source frequencies of extraregional sherds in con
fidently dated collections. Presence/absence, rather 
than percentage contribution, is noted where the to
tal number of extraregional sherds was so low that 
source percentages were unlikely to be stable due to 
sampling error. 

Most of the extraregional sherds that can be assigned 
to specific sources are derived from the Cibola Culture 
category. This may reflect analysis error since sand tem
per and mineral paint may characterize some Mesa 
Verde as well as Cibola white ware ceramics, but the 
magnitude of error resulting from this analysis as
sumption is believed to be minor. Cibola sherds are 
continuously present, beginning in Period 2, and their 
frequencies increase across the Period 5 and 6 bound
ary. This increase agrees with subjective perception of 
temporal trends in abundance, and the increase is be
lieved to have begun as early as Period 4. 

Mogollon sherds are first present in Period 2 and occur 
continuously thereafter. The strongest presence is in 
Periods 2 and 3 with 5 sherds in each collection, and 
never more than 2 sherds appear in the later collections. 
A Period 2 emphasis (possibly due to immigration) is 
suggested in the evaluation of both Mogollon and Do
lores Tract smudged sherds (Wilson 1985), but there is 
no indication that exchange of Mogollon ceramics ever 
reached significant proportions within the extrare
gional sherd complement. 

The increasing frequencies of extraregional sherds 
within the white ware category implies increasing par
ticipation in a system of broad regional interaction. 
This participation may have begun in Period 3, but data 
quality only permits a confident inference of increased 
involvement beginning in Period 4. A background level 
of extraregional gray ware exchange is always present, 
but this level is minor and does not appear to change 
through time. 

The preferential involvement of white ware vessels in 
the regional exchange system may stem from 2 or more 
motivations. Sources of white ware vessels are expected 
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to be restricted (specialization at the level of skilled 
individuals), and some commodity motivation for 
white ware vessel exchange may have been present. The 
generally low frequency of extraregional sherds and the 
variety of sources represented minimizes the possibility 
that "trade" was involved, and down-the-line, or ran
dom walk models of commodity movement may pro
vide adequate explanations for the presence of the small 
number of extraregional vessels. The second motivation 
may be embedded in the symbolic potential of the dec
orated vessels. Some of the styles of decoration (e.g., 
Kana-a style) are recognizable as non-Mesa Verde in 
execution, and the knowledge of origin may have en
hanced the perceived "value' of the extraregional ves
sels. Exchange of valued vessels would contribute to the 
status of the donor (Dalton's "ceremonial-delayed-re
ciprocal exchanges of primitive valuables" [ 1977:202]), 
resulting in the preferential movement of at least some 
of the extraregional vessels over local or regional vessels 
and their subsequent wide distribution. This symbolic 
motivation is not necessarily dependent on political al
liance ties and may coincide with more broadly based 
kinship or ritual obligation linkages. 

Obsidian. - Obsidian materials are widely scattered 
across the Southwest, and considerable effort has been 
expended in characterizing both sources and materials 
(Findlow and Bolognese 1982a, 1982b; Cameron and 
Sappington 1984). Value of obsidian lies in its excellent 
knapping qualities and to some degree in its aesthetic 
appeal, and obsidian is assumed to have been a pre
ferred and desired raw material for flaked lithic tools. 
The nearest known sources of obsidian are more than 
200 km away from the Dolores area, and the few ob
sidian artifacts in Dolores area collections (less than 
0.1 percent) are assumed to be the result of exchange. 

Sourcing of DAP obsidian was carried out by Sapping
ton using x-ray fluorescence analysis (Phagan 1985). 
Although 230 items were analyzed, not all could be 
given reasonably narrow temporal assignments within 
the A.D. 600-980 period, and only 134 items are in
cluded in this discussion. Within this subsample, 10 
sources are believed to be represented, 4 of which are 
in the San Francisco Peaks area of Arizona (fig. 15.18). 
Discriminant analysis was used for the classification, 
and items are associated with the source that they are 
most similar to (from the sources considered in the 
analysis). The probabilities used in reporting these 
source assignments (fig. 15.19) reflect the likelihood 
that an artifact from that source would have charac
teristics exhibited by the item in question. Low prob
abilities reflect either incomplete characterization of 
the source by reference materials or the presence (and 
misassignment) of items from sources other than those 
used in the discriminant analysis. Given the occurrence 
of some extremely low probability assignments in the 
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Figure 15.18 - Obsidian sources believed to be represented in A.D. 
600-980 collections. The San Francisco Peaks area 
of Arizona includes the Crater Lake, Government 
Mountain, Kendrick, and Sitgreaves Peak sources. 
Shaded areas represent sources that have been com
bined for the directional summaries. 

Dolores area obsidian materials, some materials are 
likely derived from currently unknown (or uncharac
terized) sources. 

Temporal occurrences of obsidian materials are dis
played by source assignment in figure 15.19. Each item 
is represented by a line, and the length of the line is 
determined by the precision for the date estimate for 
the archaeological provenience of the item. Date esti
mates are based on ceramic dates (Biinman 1984), ar
chitectural style, or tree-ring dates rather than on 
obsidian hydration measurements (Winter 1983; Pha
gan 1985). The probability that an item is a member 
of the group to which it was assigned is expressed by 
the continuity of the line (P[X/G], Hughes 1984:5). 
Most items are attributed to the Jemez and Red Hill 
sources, and most items are derived from proveniences 
dating to the ninth century. Only materials attributed 
to the Red Hill and Polvadera sources appear to be well 
characterized, but all source assignments (regardless of 
low prior probabilities [Phagan 1985]) are assumed to 
be correct in the following discussion. 

The temporal occurrence data are summarized by di
rection in figure 15.20. Sources were grouped into 
southwest, south, and southeast categories (fig. 15.18), 
and items were totaled by time period. If the dating of 
an item is imprecise, it is assigned to all of the time 
periods it could be affiliated with. Thus, the number 
of data points used to prepare figure 15.20 is in con
siderable excess of the number of items analyzed. This 
procedure results in errors of temporal classification 
and artificially smooths the directional trends, but the 
procedure was chosen to maintain a reasonable sample 
size for the source direction comparison. 

EXCHANGE AND INTERACJION 

Obsidian is derived from a wide geographic area for all 
time periods (no southwestern sources are present in 
Period 6, but only 12 items can be dated to this period). 
Southern sources (primarily Red Hill) dominate ma
terials that could be dated to Periods I and 2, and south
eastern sources (primarily Jemez and Polvadera) 
dominate materials that could date to Period 3. These 
southeastern materials continue to increase in abun
dance through Period 6 where they account for 75 per
cent of the sample. Southwestern sources are poorly 
represented through all periods, but reach their highest 
frequencies in Periods 2 and 3. 

Although the trends are smoothed somewhat by the 
procedures used to cope with imprecise dating, a strong 
trend is evident in the replacement of material from 
southern sources with material from southeastern 
sources. Support for this observation is evident in 
mapped frequencies of obsidian materials in the vicin
ity of the Jemez source in New Mexico (Findlow and 
Bolognese 1982b:figs. 3.5 and 3.6). Frequencies of ob
sidian in lithic assemblages to the northeast of the 
sour~e increase in the A.D. 700-900 period, and the 
higher frequencies persist in the A.D. 900-1100 period. 
These trends also agree with the temporal distribution 
of materials at Chaco Canyon sites (Cameron and Sap
pington 1984 ), but do not agree well with temporal pat
terns of obsidian procurement reported for sites in the 
source area (Winter 1983). This latter discrepancy may 
be the result of incomparability between temporal con
trol based on obsidian hydration and that based on 
other archaeological data. 

The shift to more material from southeastern sources 
does not perfectly match the changing directional ori
entation of interregional ceramic exchange. Southern 
ceramics from the Chuska Culture Category appear to 
be increasing in collections through the same period 
that the southern obsidian materials are decreasing in 
abundance. However, distance may be a consideration 
since the southeastern sources are only about 250 km 
away from the Dolores area while the southern sources 
are nearly 400 km away. Also, obsidian associated with 
Chuska area sites is attributed to Jemez sources (sourc
ing technique unknown [Chapman 1977:429]). 

Nonlocal lithic materials. - Although most of the non
local lithic materials cannot be attributed to specific 
sources, this category of material can be used as a meas
ure of changing intensity of interregional interaction. 
Nonlocal debitage is not identified to material type in 
the computerized data file, and this category includes 
obsidian as well as other material types. For this reason, 
obsidian items are included in the nonlocallithic totals 
used for the following discussion. The flaked lithic de
bitage and flaked lithic tool data are based on dated 
refuse screened through 1/4-inch mesh; due to the low 
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Figure 15.19- Obsidian items occurring in A.D. 600.980 collections. Each line represents a single item, and the length 
of the line represents the date estimate for the provenience of the item. The continuity of each line 
represents the probability that a reference specimen from the source would have the observed char
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lines indicate p < 0.05. 
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Figure 15.20- Directional frequencies of obsidian sources repre
sented in A.D. 600-980 collections. 

numbers of nonflaked lithic tools in refuse, the non
flaked lithic ornament data are based on all confidently 
data collections. 

Nonlocal materials comprise from 1.9 to 3.6 percent of 
the flaked lithic tool category (table 15.2). The lowest 
frequency (Period 1) is based on a relatively small sam
ple size and is not believed to be significantly different 
than the other frequencies. The remaining nonlocal ma
terial frequencies span a range of 1 percent, and the 
slight differences are not likely to be significant. The 
nonlocal tools generally are characterized as high input 
items, with an average production "cost" that exceeds 
the production cost associated with tools of local ma
terials. The lowest production input in nonlocal ma
terials occurs in Period 3 due to the presence of 12 used 
but unmodified flakes (9 in a single site collection). 

Nonlocal materials are much less abundant within de
bitage than within the flaked lithic tool category (table 
15.2). The Period 1 and Period 6 debitage collections 
are moderate in size, and their associated nonlocal per
centages are likely to be unstable. The remaining col
lections consist of at least 5000 items, and the 
associated percentages are assumed to be robust. 
Within these larger collections, nonlocal debitage ac
counts for less than 0.1 percent of the total in Periods 
2 and 3. This percentage increases in Periods 4 and 5 
to 0.5 and 0.6 percent, respectively. Although the ob
served increases are small in absolute magnitude, the 
sample sizes are large and the difference across the A.D. 
840 boundary is probably significant. 

The increase in nonlocal debitage frequency raises the 
debitage to tool ratio in Periods 4 and 5, and this can 
be interpreted as a change in the technological manip
ulation of non local materials. This change could be an 
increase in the instances where tools were produced 
from nonlocal raw materials by knappers within the 

EXCHANGE AND INTERACTION 

Dolores area, or the change could represent an increase 
in the rejuvenation of nonlocal tools. The latter change 
would imply that either larger nonlocal items were 
being brought into the Dolores area after A.D. 840 
(larger items being more amenable to either rejuvena
tion or further reduction than smaller items), or de
mand for nonlocal raw material increased to the point 
that rejuvenation became more common. 

Nonlocal materials within the nonflaked lithic tool cat
egory are almost exclusively limited to ornaments. Fre
quencies of ornaments as a proportion of total 
nonflaked lithic tool collections remain relatively stable 
through all time periods (table 15.2). Proportions of 
nonlocal materials within the ornament class do vary 
somewhat, increasing from Period 1 through Period 5, 
a~d .decreasing slightly in Period 6. These changes 
w.Ithm th~ ornament category, however may not be sig
mficant given the small numbers of ornaments in the 
nonflaked lithic tool collections. 

Shell. - Marine shells are widely distributed as orna
ments in the Southwest and are assumed to have been 
valued commodities. Those shell items in Dolores area 
collections that are not too fragmentary for evaluation 
are all modified into beads, bracelets, or pendants. Taxa 
definitely represented are olivella shells (Olivella gipli
cata and Olivella dama), abalone (Haliotis sp.), and gly
cymeris (Glycymeris sp.). Although many shell items 
cannot be attributed to these specific taxa because of 
their condition, all could be derived from these taxa 
and no other taxa are believed to be represented. ' 

Quantification of shell items is difficult because of the 
tendency for shell items to be used as clusters in jewelry. 
A single item in an archaeological collection may be as 
meaningful in terms of jewelry occurrence as a complete 
necklace of several hundred beads. Expressions of 
quantity used here are intended to estimate a minimum 
number of individuals of jewelry items. The estimation 
procedure assumes that shell items of a particular or
nament class and taxon were part of one occurrence 
Uewelry item) if they were recovered from a single prov
enience (e.g., a pitstructure floor). For example, recov
ery of 5 olive shell beads and an abalone shell pendant 
from a structure floor is interpreted as the recovery of 
6 items representing 2 occurrences (this particular ex
ample may overestimate actual occurrence frequency, 
because the beads and pendant may have been com
bined into a single necklace). 

Quantification is also complicated for comparisons of 
temporal or spatial frequencies . Complicating factors 
are the preferential recovery of shell items and the ef
fects of varying intensities of excavation on numbers 
of items. The former bias is difficult to compensate for, 
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Table 15.2- Temporal frequencies of nonlocallithic items 

Flaked lithic tools: 
Total items 108 
Nonlocal items 2 
Percent nonlocal 1.9 
Mean local input cost 10.20 
Mean nonlocal input 
cost 15.00 

Flaked lithic debitage: 
Total items 1773 
Nonlocal items 4 
Percent nonlocal 0.2 

Debitage/tool ratio 
Local materails 16.69 
Nonlocal materials 2.00 

Nonflaked lithic tools: 
Total items 485 
Local ornaments 6 
Nonlocal ornaments 0 
Total ornaments 6 
Percent ornaments 1.2 

and the comparisons carried out assume the effects re
lated to this bias are insignificant relative to the effects 
related to intensity of excavation. Numbers of ceramic 
materials have been adopted as a proxy for excavation 
intensity, and shell abundance is expressed as ratios of 
occurrences to numbers of sherds assigned to the same 
Periods. 

Shell occurrences are attributable to all Periods, al
though the numbers of occurrences are highly variable 
(table 15.3). A single burial accounts for all of the shell 
in Period I, single occurrences at each of 2 sites provide 
all of the shell in Period 2, and a single site accounts 
for all of the shell (and nearly all of the sherds) for 
Period 6. Occurrences increase in frequency by a factor 
of 4 at A.D. 800 (Period 3), and occurrences increase 
slightly again at A.D. 880 (Period 5) and A.D. 920 (Per
iod 6). The observed increase at A.D. 800 is the most 
likely to be significant, but the later increases, though 
small, are based on extremely large amounts of exca
vation and may be significant as well. If the later in
creases are valid, there is a large increase in the 
availability of shell jewelry at A.D. 800 and a slow but 
steady increase in its availability from that point 
through Period 6. 

Summary . .:.. While the existence of a resource buffering 
alliance with residents of the Mesa Verde area remains 
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equivocal, some mechanisms are operating to change 
the geographic scope of social interactions involving 
Dolores area populations. Exchange of white ware ce
ramics across regional boundaries increases in the ninth 
century, and a tendency exists for greater interaction 
with the Cibola and Chuska regions than with the Kay
enta region. Interregional exchange of gray ware vessels 
does not change over the same period, and the white 
ware exchange may be motivated by either symbolic or 
commodity needs. Most nonlocallithic materials do not 
change in abundance as the extraregional white ware 
frequency changes, but there is a change in the direction 
of obsidian procurement, emphasizing southeastern 
sources at the same time that the Cibola and Chuska 
white ware frequencies are increasing. The single 
change in the lithic category is an increase in the 
amount of nonlocal debitage in Dolores area collections 
that may reflect increased importation of raw material, 
as opposed to finished tools, or increased intensity of 
repair and rejuvenation. Shell jewelry increases ab
ruptly in occurrence frequency at A.D. 800 and then 
increases gradually, paralleling the increase in extrare
gional white wares. 

These changes coincide to a degree with the direc
tional changes in ceramic exchan_ge within the Mesa 
Verde region as discussed in the context of the potential 
alliances. Unfortunately, whether the data that support 
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Table 15.3- Marine shell occurrence and item frequencies 

Site 
number 

Period Period 
I 2 

5MT23 1/2 
5MT2161 1/1 
5MT2182 
5MT2320 
5MT4475 
5MT4477 
5MT4479 
5MT4480 
5MT4512 
5MT4545 1/172 
5MT4650 
5MT4671 
5MT4683 
5MT4725 
5MT5104 
5MT5106 
5MT5107 
5MT5!08 

Total 11172 2/3 

Sherds 14 640 32 863 
Occurrences/sherds 0.00007 0.00006 

the existence of alliances are surficial consequences of 
the broader regional trends or whether the broader re
gional trends are explained by the development and 
operation of alliances cannot currently be distin
guished. The emphasis on increased white ware vessel 
movement in inter-regional exchange without signifi
cant increases in other potentially symbolic items (ex
cept for perhaps shell) suggests commodity motivations 
may be underestimated as an explanation. This still 
leaves open the possibility that alliance ties served as 
vehicles for the commodity exchange of the extrare
gional white wares and the ancillary movement of ob
sidian, but unless no symbolic value was attached to 
obsidian, turquoise, or other nonlocal lithic materials, 
alliance ties were not necessarily based on gifts of to
kens or symbols. 

Social Determinants of Exchange Patterns 

The preceding discussions have focused on generali
zations about exchange and regional aspects of eco
nomic and population histories. However, these broad 
patterns may be influenced on both local and regional 
levels by organizational states within the social systems 
involved. Population aggregation into large communi
ties is assumed to be concurrent with development of 
complex social and political institutions, and the op
eration of these can conceivably influence exchange. 

Occurrence/frequency 

Period Period Period Period 
3 4 5 6 

2/2 8/10 10/18 
1/1 
1/2 515 
1/1 1/2 

2/23 13/32 12/15 
313 
3/3 

1/1 1/1 
I/ I 

Ill 
4/10 1/28 
2/2 2/2 

2/2 
2/2 
1/1 

2/2 1/1 
Ill 

12/19 17/67 43/71 12115 

47 209 65 474 126 623 26 835 
0.00025 0.00026 0.00034 0.00045 

Such influences can be characterized as fostering dif
ferential access to resources, and the degree of differ
ential access is assumed to vary from minimal to 
extreme (chaps. 6 and 14). Minimal exchange influence 
is expected under conditions where social integration 
is accomplished through ritual activity without the in
vestment of differential status (standard of living) on 
role positions. Maximum influence is expected under 
an elaboration of leadership positions (Lightfoot 1984; 
Upham 1982) driven by the investment of roles with 
status. Given these assumptions, the degree of differ
ential access to exchanged goods (measured by the con
centration or centralization of exchange goods) can be 
used as an indication of the causes of changing social 
complexity within the Dolores area. 

Measures of Social Complexity 

Site size is assumed to reflect the size of the associated 
population, and the distribution of population among 
sites can be used as a proxy measure of complexity in 
social organization (Lightfoot 1984; Orcutt, chap. I 0). 
Site size frequencies for the Dolores area conform to a 
single-site-size tier for Period I, a two-tiered organi
zation for Periods 2 and 3, a three-tiered organization 
for Periods 4 and 5, and a return to two-tiered organ
ization for Period 6. The Period 6 pattern of site size 
ranks is not redundant (Benson 1984) within the extent 
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of the Dolores Project takeline, and the observed sites 
may only be a portion of a larger or more complex 
settlement pattern. With the possible exception of Per
iod 6, the increases in tiers conform to the pattern of 
changing population for the Dolores area as a whole 
(fig. 15.11 ), and the changes are likely an organizational 
response coincident with changes in population density. 

Two-tiered organizations consist of small- and medium
sized sites and are described as simple decision-making 
hierarchies; three-tiered organizations consist of small, 
medium, and large sites, and represent complex deci
sion-making hierarchies (Lightfoot 1984; Orcutt, chap. 
10). Based only on site size rankings, changes in social 
and political institutions (the development of com
plexity) would be expected to occur first in Period 2 
and then in Period 4. Period 2 changes are of small 
scale and are not expected to affect exchange, but the 
Period 4 change represents the establishment of villages 
of up to 200 households and a relatively great potential 
for influence on exchange. 

Concurrent with village formation is the existence of 
hierarchies of architectural form (chap. 14). These are 
described in terms of isolation of roomblocks, room
block shape, and access to oversize pitstructures. Kane 
(chap. 14) has ranked these in terms of expected roles 
in ritual or political activity. Four architectural com
plexity groups are recognized: U-shaped roomblocks 
with oversized pitstructures are limited to the largest 
sites and are assumed to be foci of ritual activity (group 
4). Other village roomblocks with direct access to over
sized pitstructures are assumed to be secondary foci 
(group 3); and village roomblocks without oversized 
pitstructures, but which are adjacent to primary or sec
ondary foci , are assumed to compose another rank 
(group 2). Isolated roomblocks (those not part of vil
lages) without oversized pitstructures (group I) are as
sumed to have little involvement in ritual or political 
activity. In addition to these 4 formally recognized cat
egories, a fifth group has been identified in the post
AD. 880 occupations (Grass Mesa Subphase) at Grass 
Mesa Village (Site 5MT23 [Lipe et al. 1985]) and at 
Rio Vista Village (Site 5MT2182 [Wilshusen 1985]). 
Classification of this last group is based on the apparent 
dissolution of formal architectural organization at these 
villages in Period 5, and these occupations are believed 
to have the least involvement in ritual or political 
activity. 

These observations of the development of site size rank
ings and architectural typologies do not in themselves 
predict the extent to which economic or social deter
minants are influencing social complexity. The appar
ent coincidences of timing between population growth 
in the Dolores area (chaps. 8 and I 0) and the changes 
in site-size tiers and architectural organization leave 
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open the possibility that either or both forces for cul
tural change could be operating. However, the direc
tional effect of the 2 forces on exchange is expected to 
be different in intensity. 

If leadership development is a motivation fo r devel
opment of the more complex sites or room blocks, one 
expression could be the concentration of nonlocal 
goods, including status symbols, at the large and ar
chitecturally complex sites. However, since role differ
entiation without status investment may still entail 
symbolic identification of participants, some concen
tration of status symbols would also be expected with
out undue leadership elaboration . Unfortunately, 
thresholds for distinguishing the expected intensities of 
exchange effects resulting from the 2 mechanisms can
not be specified, and interpretation of the relative in
fluence of economic moti vations or leadership 
development must be subjective. 

Nonlocal Ceramics 

Frequencies of nonlocal ceramic materials are assumed 
to reflect the intensity of interaction between the pop
ulation associated with the collection and outside pop
ulations. These interactions include both ritual and kin
based obligations and commodity exchange. Greater in
tensity of such interactions is presumably characteristic 
of populations (sites) that have larger (more complex) 
roles in community integration, and the consequence 
should be a higher frequency of nonlocal ceramics of 
all wares at more complex sites. 

Proportions of nonlocal ceramics in collections from 
Orcutt's site size rank categories (chap. 10) are pre
sented in figure 15 .21. Data are not presented for Period 
I (characterized by a single site size tier) or for Period 
6 (excavated collections are available for only one of 
the site size tiers). Collections used here consist of all 
confidently associated ceramic materials, and potential 
biases due to types of proveniences (surfaces versus re
fuse) , recovery techniques, and vessel clusters are as
sumed to be minor in the context of the large sample 
sizes used. Nonlocal sherds are more abundant at the 
largest site size tier for each time period. In Period 4, 
where 3 tiers are present and are represented by col
lections, the largest sites have more nonlocal ceramics, 
but no differentiation appears to exist between the 
small and medium size sites. 

Similar data are organized by architectural complexity 
groups in figure 15.22. The complexity groups are 
ranked from least complex (group I : isolated room
blocks without oversized pitstructures) to most com
plex (group 4: U-shaped roomblocks with oversized 
pitstructures), and the Grass Mesa Subphase collections 
are presented for comparison. The architectural group 
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Figure 15.21- Frequencies ofnonlocal sherds in site size rank col
lections (S - small ; M - medium; L - large). 
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Figure 15.22 - Frequencies of nonlocal sherds in architectural com
plexity group collections. 

collections consist of materials dating to both Periods 
4 and 5, and the Grass Mesa Subphase collections are 
restricted to Period 5. This temporal difference is not 
believed to be a significant factor in accounting for the 
observed differences. Frequencies of nonlocal ceramics 
increase across the architectural groups, with the great
est increase associated with group 4. The Grass Mesa 
Subphase collections include fewer nonlocal ceramics 
than the U-shaped room block collections, but they have 
more nonlocal ceramics than group 3. 

Both site size ranks and architectural complexity ap
pear to be good predictors of the proportions of non
local ceramics in associated collections. One 
qualification is that a division between the largest sites 
and smaller sites would be a better predictor than the 
three-part division, since medium-sized ·sites in Period 
4 are similar to small sites rather than being interme
diate in nonlocal ceramic frequency. The second qual
ification is that the frequency of nonlocal ceramics in 
the Grass Mesa Subphase collections does not conform 
to the complexity ranking. This is an important excep
tion since most of the Grass Mesa Subphase collections 
and collections from the top 3 architectural ranks con
tribute to the collections of the largest site size tier. 
Thus, although architectural complexity is a good pre-

EXCHANGE AND INTERACTION 

dictor of nonlocal ceramic frequencies within formally 
laid out villages, site size appears to be a slightly better 
predictor of nonlocal ceramic frequency in general. 
Also, site size can be used as a predictor of nonlocal 
sherd concentrations prior to the appearance of the ar
chitectural groups in Period 4 . 

Although the association of nonlocal ceramics with 
larger sites and more complex roomblocks within larger 
sites is relatively clear, the meaning or mechanism of 
that association is complex. The patterns evident in 
figures 15.21 and 15.22 are based on all ceramics, but 
most of the nonlocal sherds are from white and red 
ware vessels. Sherds assigned to these wares are dom
inated by bowl sherds, and the existence of unusually 
high red and white ware frequencies could coincide 
with an unusual vessel form distribution as well as a 
concentration of exchanged goods. 

Ratios of cooking jar sherds to bowl sherds were cal
culated for the collections. Ratios for the site size tier 
collections (fig. 15.23) do not exhibit consistent trends 
through the time periods. The largest tiers for all but 
Period 3 do have similar ratios, but the Period 3 and 
the middle size class in Period 4 do not conform to a 
gradational relationship. This provides only equivocal 
support for a positive relationship between greater 
numbers of bowl sherds and site size. The trends within 
the architectural complexity groups are more consistent 
(fig. 15 .24). A steady decline in the ratio from group I 
to group 4 occurs, and the Grass Mesa Subphase ratio 
is more like the low complexity roomblocks than the 
high complexity roomblocks. As was true in the non
local sherd frequency, the greatest difference in the ratio 
is between group 4 and the other roomblocks. These 
trends support a consistent relationship between excess 
bowl sherds and architectural complexity, and to the 
degree the site size ranks coincide with the complexity 
ranks, roomblock complexity may be the primary de
terminant of the observed variation in the site size 
ranks. 

The 2 ceramic measures (nonlocal sherd frequency and 
cooking jar to bowl sherd ratio) are clearly linked, and 
the interpretation of the association with the 2 com
plexity measures is not simple. The ratio of cooking jar 
to bowl sherds should be a robust functional measure 
of cooking versus consumption activity, since broken 
and discarded materials compose most collections and 
since breakage of vessel forms is a function of their use. 
If higher frequencies of valuable (exchanged) but little 
used bowls were maintained in static inventories, this 
should not be strongly represented in the collections 
due to the low breakage rates involved. Thus, the ob
served ratio suggests an excess of food consumption 
over food preparation at the more complex roomblocks. 
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· Figure 15.23 - Ratios of cooking jar sherds to bowl sherds in site 
size rank collections (S - small; M - medium; L -
large). 
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Figure 15.24- Ratios of cooking jar sherds to bowl sherds in ar
chitectural complexity group collections. 

This implies that food prepared elsewhere was con
sumed at the complex roomblocks, but how does this 
interact with exchange? 

The observed exchange frequency at the complex room
blocks could be accounted for by l of 2 mechanisms. 
Hosts resident at the complex roomblocks could have 
maintained stores of bowls for use at potlucks, with 
attendent breakage and deposition during use. This 
would imply a greater exchange participation by the 
hosts to maintain the vessel stores. The second mech
anism would be through the contribution of prepared 
food and bowls for consumption by attendees at pot
lucks. Breakage occurring at the potluck would result 
in a differentially large accumulation of bowl sherds 
(exchanged ceramics) at the complex roomblocks de
spite an equal access to exchanged goods by all members 
of the community. Thus, the observed exchange pattern 
may be functional in origin rather than implying dif
ferential access to nonlocal ceramics. 

Although hosting of ritual gatherings involving food 
consumption is a probable explanation for the higher 
frequencies of bowls, and therefore for the higher fre
quency of exchanged goods at the architecturally com-
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plex roomblocks, it cannot explain the higher frequency 
of nonlocal ceramics observed in Grass Mesa Subphase 
collections. Nonlocal sherds in these collections are al
most as abundant as at the complex roomblocks, but 
the cooking jar sherd to bowl sherd ratio is second high
est, indicating an excess of food preparation. Based on 
this discrepancy, site size likely does have some influ
ence on the distribution of exchanged ceramics. This 
is probably true for the large sites associated with the 
complex architecture as well, but at these sites, site size 
effects cannot be distinguished from the probable ef
fects of hosting ritual gatherings. 

Nonlocal Lithics 

Nonlocal flaked lithic materials generally are high-qual
ity raw materials that have the potential to serve as 
symbols or tokens due to their distinctive appearance. 
Whatever the motivation for their exchange, concen
tration of such materials would be expected if individ
uals (leaders) had differential access to interregional 
exchange linkages. Concentrations could also be ex
pected if residents of larger sites had differential access 
to interregional exchange linkages, but such concentra
tions are expected to be less extreme than under con
ditions of extreme leadership development. 

Frequencies of nonlocal flaked lithic tools and debitage 
in screened refuse from the site size rank tiers provide 
equivocal support for the existence of concentrations 
of materials (table 15.4). Increasing frequencies of non
local materials across the tiers are evident in Periods 2 
and 4, but the reverse trend is present in Period 3. In 
Period 5, nonlocal tools increase across the tiers, but 
nonlocal debitage decreases. These patterns suggest that 
factors other than site size are affecting the distribution 
of nonlocal flaked lithic materials. 

Nonlocal tool and debitage data for the Period 4 and 
5 architectural complexity groups are presented in table 
15.5. Trends are again equivocal, with no consistent 
correlation of nonlocal material frequency with the 4 
architectural ranks. Also, the Grass Mesa Subphase ma
terials are more similar to the most complex group 
(group 4) than to the less complex groups they were 
expected to resemble. Thus, architectural complexity, 
like site size, is an incomplete explanation of the dis
tribution of nonlocal flaked lithic materials. 

Nonlocal nonflaked lithic materials are predominantly 
ornaments and are subject to the same expectations for 
the concentrations of nonlocal flaked lithic materials. 
They are too rare to quantify with the screened refuse 
data set, and ornament frequencies are expressed as 
ratios of ornaments to total sherds recovered. Numbers 
of sherds serve as an approximation of the total amount 
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Table 15.4- Frequencies of nonlocal flaked lithic items in screened refuse from site size rank tiers 

Period Size rank Source Tools Debitage 

(N) (%) (N) (%) 

2 Small Local 386 97.7 4646 100.0 
Nonlocal 9 2.3 2 0.0 

Total 395 100.0 4 648 100.0 

Medium Local 40 93.0 606 99.7 
Nonlocal 3 7.0 2 0.3 

Total 43 100.0 608 100.0 

3 Small Local 469 95.1 7 706 99.9 
Nonlocal 24 4.9 7 0.1 

Total 493 100.0 7 713 100.0 

Medium Local 247 99.2 2 851 100.0 
Nonlocal 2 0.8 0 0.0 

Total 249 100.0 2 851 100.0 

4 Small Local 382 98.7 3 127 100.0 
Nonlocal 5 1.3 1 0.0 

Total 387 100.0 3 128 100.0 

Medium Local 286 98.6 3 578 99.7 
Nonlocal 4 1.4 12 0.3 

Total 290 100.0 3 590 100.0 

Large Local 1454 96.9 12 433 99.4 
Nonlocal 47 3.1 75 0.6 

Total 1501 100.0 12 508 100.0 

5 Small Local 651 97.3 6 675 99.2 
Nonlocal 18 2.7 53 0.8 

Total 669 100.0 6 728 100.0 

Medium Local 749 96.6 8 267 99.6 
Non local 26 3.4 31 0.4 

Total 775 100.0 8 298 100.0 

of excavation conducted to recover the ornaments. Or- Nonflaked lithic ornament data are summarized by the 
nament frequencies (both nonlocal ornaments and total Period 4 and 5 architectural complexity groups in figure 
ornaments) are presented by site size rank tiers in figure 15.26. Except for group 3 (roomblocks with direct ac-
15.25 . With one exception (Period 4), total ornament cess to oversized pitstructures) and the Grass Mesa Sub-
frequency is greater at larger sites within time periods, phase collections, the complexity groups are good 
but when only nonlocal ornaments are considered, predictors of ornament frequencies . Only one local or-
larger sites consistently have a greater frequency. Thus, nament was recovered out of group 3 collections that 
it appears that residents of larger sites both have more included 404 nonflaked lithic items and over 19000 
nonflaked lithic ornaments and have a differential ac- sherds. The Grass Mesa Subphase collections rank sec-
cess to ornaments manufactured of nonlocal materials. ond in ornament frequency to the group 4 collections. 
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Table 15.5- Frequencies of nonlocal flaked lithic items in screened refuse from Period 4 and 5 
architectural complexity groups 

Complexity group Source 

Group I Local 
Nonlocal 

Total 

Group 2 Local 
Nonlocal 

Total 

Group 3 Local 
Nonlocal 

Total 

Group 4 Local 
Nonlocal 

Total 

Grass Mesa Subphase Local 
Nonlocal 

Total 
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Figure 15.25 - Nonflaked lithic ornament frequencies in site size 
rank collections. Frequencies are expressed as ratios 
of ornaments recovered to total sherds recovered (S 
- small; M - medium; L - large). 

Although group I includes a high proportion of local 
ornaments, non local ornament frequency is high in all 
of the other groups (except group 3), including the Grass 
Mesa Subphase. This agrees with the observations 
based on site size, since groups 2, 3, and 4, and most 
of the Grass Mesa Subphase collections are from the 
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Figure 15.26- Non flaked lithic ornament frequencies in architec
tural complexity group collections. Frequencies are 
expressed as ratios of ornaments recovered to total 
sherds recovered. 

largest site size tier. Given the somewhat greater con
tradictions within the complexity ranking, it appears 
that apart from group 3, site size is a better predictor 
of both ornament and nonlocal ornament frequency 
than is architectural complexity. 



Marine Shell 

Marine shell occurrences are also expected to be con
centrated to the degree that social roles provide differ
ential access to these materials, either through status 
or through easier access based on residence at a larger 
site. The problems associated with the quantification 
of shell are similar to those for nonflaked lithic orna
ments, and abundance is expressed as the ratio of shell 
occurrences to ceramics recovered. Shell frequencies 
within the site size ranks conform partially to the ex
pectation of increasing abundance with increasing site 
size (fig. 15.27). Medium size sites in Period 4lack shell 
artifacts in collections of more than 17000 sherds, and 
small sites in period 5 have slightly more shell than 
contemporary large sites. Of the 6 shell occurrences at 
the Period 5 small sites, 5 are associated with a single 
small Grass Mesa Subphase occupation. Based on the 
general trends, site size appears to be a fair but incon
sistent indicator of shell occurrences. 

Architectural complexity is a somewhat better predictor 
based on increasing shell frequency through the 4 ar
chitectural groups and large concentrations at the most 
complex roomblocks (fig. 15.28). However, frequencies 
at groups 2 and 3 are nearly equivalent rather than 
reflecting a gradation, and Grass Mesa Subphase col
lections again rank second in shell occurrences to group 
4 and thus are out of sequence. This pattern of fre
quencies corresponds somewhat to that observed for 
the nonflaked lithic ornaments, in that group 4 stands 
out with the consistently highest frequency but that the 
remaining ranks are considerably less well ordered. 

Discussion 

Most nonlocal materials are differentially distributed 
in Dolores area sites, at least from Period 2 through 
Period 5. Larger sites tend to have higher frequencies 
of nonlocal ceramics, nonlocal lithic ornaments, and 
marine shell occurrences. Within the larger sites, con
centrations of these materials tend to occur at the pre
sumably more complex architectural units (U-shaped 
roomblocks) , but gradations in abundance within 
Kane's architectural typology (chap. 14) are weakly ex
pressed. Concentrations of nonlocal flaked lithic tools 
and debitage are much less clearly associated with either 
site size or complexity. 

The mechanisms of nonlocal material concentration ap
pear complex. Nonlocal ceramic material concentra
tions (predominantly bowls) are explained, at least in 
part, by an increase in the ratio of food consumption 
activity to food preparation activity at group 4 room
blocks. This is compatible with a functional interpre
tation of these roomblocks as settings for community 
ritual with an emphasis on concurrent eating of food , 
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Figure 15.27 -Shell occurrence frequencies in site size rank col
lections. Frequencies are expressed as ratios of or
naments recovered to total sherds recovered (S -
small; M - medium; L - large). 
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Figure 15.28- Shell occurrence frequencies in architectural com
plexity group collections. Frequencies are expressed 
as ratios of ornaments recovered to total sherds 
recovered. 

prepared elsewhere (potluck behavior). However, this 
functional explanation is incomplete when site size data 
are considered, and there does appear to be some degree 
of enhanced access to nonlocal materials at the largest 
site in all time periods. 

High frequencies of shell and nonflaked lithic orna
ments at the group 4 roomblocks could also be a by
product of the hosting function (loss of jewelry by 
nonresident participants), but this is unlikely to be 
more than a contributing factor. Shell occurrences tend 
to consist of multiple rather than single items, and the 
high frequency of nonlocal ornaments contrasts with 
the low frequency of nonlocal ornaments at the isolated 
roomblocks. The coincidence of high frequencies of 
these ornament classes with higher nonlocal nonflaked 
lithic frequencies suggests differential access is playing 
some role. However, this pattern of differential access 
extends to large sites in general as well as to the group 
4 roomblocks. Thus, although the degree of ritual ac
tivity evidenced by the vessel form frequencies may 
emphasize the access of group 4 roomblock residents 
to shell and lithic ornaments, the same factors are pres-
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ent to a degree at all large sites, regardless of the ar
chitectural expression of the hosting function. 

SUMMARY AND CONCLUSION 

Material transfers were a common occurrence during 
the A.D. 600-980 occupation of the Dolores area. Mo
tivations for these exchanges appear to have included 
a range of factors, from economic considerations of 
procurement through expressions of social relation
ships. Changes in the abundance and distributions of 
exchanged goods appear to be related to changes in the 
organization of production, the location of population 
on the landscape, broader interregional relationships, 
and the character and intensity of ritual or integrative 
activity. 

Ceramic exchange appears to have been shaped to a 
great degree by the organization of production. A low 
level of specialization in gray ware manufacture prior 
to A.D. 800 provided some impetus for commodity 
exchange of gray ware vessels. After A.D. 840, most if 
not all households participated in gray ware manufac
ture, and motivations for commodity exchange of gray 
ware vessels decreased. White ware manufacture ap
pears to have been specialized at the level of skilled 
individuals for the entire A.D. 600-980 period, and 
commodity exchange was essential to the distribution 
of this ware. The geographic extent of exchange on a 
commodity basis may have increasingly exceeded the 
boundaries of the Mesa Verde region after A.D. 800 or 
840. Red ware production was always regionally spec
ialized, and a widespread distribution system moved 
these vessels as commodities across the entire Mesa 
Verde region. A decrease in numbers of red ware vessels 
in the middle ninth century may reflect the influence 
of region-wide population dislocations on both pro
duction and distribution of red ware vessels. 

Changes in the amount of nonlocal ceramic materials 
appear to be a consequence of the population history 
of both the Dolores area and the northern Mesa Verde 
region. Increase in the Dolores area population between 
A.D. 600 and 880 is reflected in a decrease in the geo
graphic extent of gray ware exchange. This decrease 
reflects both the proliferation of"local" sources for gray 
ware vessels and the probable spatial shrinkage of the 
mating or intensive interaction network. This latter ex
planation depends upon the assumption that intensive 
interaction as part of kinship or ritual obligations was 
accompanied by the exchange of prepared food in gray 
ware vessels. An additional factor in the decreasing fre
quency of nonlocal sherds is the A.D. 840-920 reloca
tion of Anasazi populations into areas of the Mesa 
Verde region that are "local" in the limits of archaeo
logical perception and the abandonment of areas that 
are "nonlocal." 
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During the A.D. 840-920 period, when Dolores area 
population was at high levels, buffering alliances may 
have been formed with other areas of the Mesa Verde 
region. The evidence for this consists of a directional 
change in exchange from the west and southwest to the 
south and southeast. This directional change occurs in 
apparent disregard for the existence of closer popula
tions (at least in Period 6), and although the directional 
change is expressed in both gray and white ware vessel 
movement, white ware vessels are affected to a greater 
degree. The presumed geographic focus of the buffering 
effort was with residents of Mesa Verde, and that focus 
would be adaptive in an economic sense based on the 
relatively greater stability of agricultural risk in the 
Mesa Verde region as opposed to the Dolores area. 

Although circumstantial evidence can be used to sup
port alliance development, changing levels of regional 
and inter-regional interaction may be creating an illu
sion of alliances. Broad shifts in inter-regional exchange 
patterns are evident in ceramic materials and obsidian 
may precede the apparent alliance formation . These 
shifts suggest increased interaction with populations to 
the south and southeast at the expense of western or 
southwestern interactions. These broader regional 
shifts may actually have been determining the direction 
of interaction within the Mesa Verde region , but the 
converse is also a possibility. 

Levels of social integration or complexity appear to in
fluence exchange throughout the occupation ofthe Do
lores area (at least for the A.D. 720-920 period). Larger 
sites appear to have differential access to exchanged 
goods as evidenced by higher frequencies of nonlocal 
materials. For the period of greatest population aggre
gation (A.D. 840-920), a further concentration of ex
changed material is evident at the architecturally most 
complex room blocks within the large sites. Part of this 
concentration can be attributed to the functions of 
these particular sites as hosting locations for ritual gath
erings involving food consumption (potlucks), but there 
is a residual amount of material that may be related to 
either the enhanced access to nonlocal goods associated 
with residence in central places or to enhanced access 
based on status differentials. However, if status is play
ing a role in the distribution of non local materials, there 
is no indication of exclusive access in the archaeological 
distribution, even at the height of aggregation and ar
chitectural complexity. 

When compared with expectations based on the gen
erative principles of the economic and sociopolitical 
models (chapt. 6), the observed states of and changes 
in Dolores area exchange can affirm the influence of 
the former but cannot discount the latter. Most of the 
observed change in our archaeological perception of 



exchange conforms well to predictions based on sub
jective considerations of economic and social costs. The 
close correspondence between patterns of production 
and exchange, the changes that appear to be in response 
to changes in regional and local population distribu
tion, and the early correspondence between larger sites 
and concentrations of nonlocal goods can be under
stood in reference to economic principles of decision 
making. The later concentration of exchange goods at 
both larger sites and ritually active roomblocks is less 
clearly an economic consequence, but this may simply 
be due to the lack of a theoretical basis for understand
ing the importance of conflict mediation through ritual 
in highly aggregated populations (chap. 9). Finally, if 
alliance formation is primary and the directional 
changes in extraregional exchange are epiphenomena, 
then the ninth century directional changes can also be 
understood in economic terms. 

The weak affirmation of economic explanations for the 
concentrations of exchanged materials in the late ninth 
century provides the basis for retention of the leader
ship development as a possible motivating force in 
changes in the exchange network. The observed con
centrations at the most complex roomblocks could re
flect an increasing status differentiation . Alliance 
formation between leaders or establishment of broader 
regional interaction (perhaps with esoteric knowledge 
rather than subsistence buffering as a basis for inter
action [Upham 1982]) could also reflect the influence 
of leadership development on regional systems. How
ever, these explanations are also weak in that the evi
dence in support of leadership expectations is 
circumstantial, and the stronger concentrations that 
might be expected to follow from leadership expression 
(e.g., exclusive distributions of status-related nonlocal 
materials) are not in evidence. 
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Chapter 16 

EVALUATIONS OF THE MODElS WITH DOLORES AREA DATA 
William D. Lipe and Allen E. Kane 

In this chapter, results regarding the contrastive expec
tations for the 2 models are evaluated and some ten
tative conclusions are reached. Some suggestions are 
also made regarding further work that might improve 
the resolution of the tests. 

REGIONAL ENVIRONMENT AND 
AGRICULTURAL ATIRACfiVENESS 

The Dolores Project area is relatively high in elevation 
and is cool and moist compared to most areas occupied 
by the Anasazi in the Four Corners region. Under pres
ent climatic conditions, it is near the upper limit of the 
dry-farming belt, and short growing seasons pose the 
greatest risk to agriculture. Although the area is well 
protected from drought, relative to lower elevation 
areas, variations in precipitation undoubtedly had 
some effect on agricultural productivity. Petersen's data 
in chapter 4, section 6, show that at certain times in 
the past 1500 years, all or part of the Dolores Project 
area may have been outside the zone of farming fea
sibility. Petersen also provides evidence showing the 
lower elevation boundary of the "farming belt" fluc
tuated through time and this may also have contributed 
to the relative attractiveness of the Dolores area to An
asazi farmers. 

The relative attractiveness of the Dolores area would 
have been greatest when the regional climate was both 
warm and dry. This would have ameliorated somewhat 
the risks of short growing seasons in the Dolores area, 
while increasing the stress on settlements near the lower 
border of the farming zone. Although severe droughts 

· might have affected productivity even in the Dolores 
area, these effects would have been much less than in 
lower elevation areas. During the A.D. 600-980 time 
range, which is of primary interest to the DAP, the 
Dolores area was most attractive between about A.D. 
760-900, or late Period 2 through early Period 5. The 
relative attractiveness of Dolores may have been great
est in Period 4, in the middle A.D. 800's. This era of 
relative attractiveness was affected by increasing fre
quency of short growing seasons and severe droughts 

in the late A.D. 800's, and the era was terminated by 
an interval of short growing seasons starting about A.D. 
900. The dry-farming belt expanded through the A.D. 
900's, providing a larger zone for settlement in the gen
eral region. Optimal locations for farming within this 
zone probably retreated downslope from the Dolores 
area during this period. 

REGIONAL POPULATION DISTRIBUTION 
AND MOVEMENT 

Schlanger's analysis of population (chap. 8) indicates 
regional population distribution and inferred interareal 
movements show generally good agreement with Pe
tersen's estimates of relative attractiveness, and hence 
give general support to the economic model. The Do
lores area appears to gain population in the late A.D. 
700's and 800's as the lower border of the dry-farming 
belt contracts upward, at approximately the same time 
that the lower elevation settlements are losing popu
lation. This is not to assert that the Dolores area im
migrants necessarily came from the specific lower 
elevation areas Schlanger studied. If the areas under 
discussion are viewed as samples of differing environ
mental zones, however, the data support the reference 
that population movement was from drier, low eleva
tion areas (such as Mockingbird Mesa) to more moist, 
higher elevation areas (such as Dolores). 

It is somewhat surprising that Dolores area population 
does not show a greater increase in Period 3. Perhaps 
the Dolores area population is somewhat underesti
mated in this period because the large Period 4 settle
ments obscured some of the evidence of Period 3 sites. 
Data from excavated sites are equivocal on this point 
- some Period 4 sites have indications of substantial 
Period 3 occupations, while others do not. The exca
vated and survey data sets need further examination 

. with regard to this issue. 

Schlanger does find some indication of lag effects in 
response to climatic change, as well as some evidence 
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of movement from areas of low to high population den
sity, both of which might indicate that social factors 
were outweighing strictly economic responses at par
ticular times and places. Future survey data from the 
area between Dolores and Woods Canyon areas would 
be helpful in " tracking" population responses. For ex-

. ample, some of the "missing" population for late Period 
5 may have settled between these 2 areas. 

Schlanger has shown that Petersen's generalized esti
mates of relative attractiveness have good predictive 
value for population change during the A.D. 600-980 
period; to this extent, then, the data support a least 
cost, or risk avoidance, response in keeping with the 
economic model. Schlanger's model testing would be 
further improved if agricultural costs could be esti
mated for the Mockingbird Mesa and Woods Canyon 
study areas under differing levels of population density 
and climate. Kohler et al. (chap. 9) provide such esti
mates for the Dolores area in their cost study, but sim
ilar modeling for the other study areas would be useful. 
Futher, a separate assessment of agricultural risks, as 
opposed to costs, for all 3 areas would be desirable. 
Futher work on the existing theoretical models to more 
precisely develop expectations for responses to changes 
in risks as separate from costs would also be desirable. 

DOLORES AREA AGRICULTURAL COSTS, 
POPULATION, AND AGGREGATION 

Schlanger's regional data on population distributions 
suggest that interareal population changes reflect eco
nomic responses to changes in climate and population 
density. The data on agricultural costs and population 
distribution within the Dolores area (Kohler et al., 
chap. 9) suggest, however, that choice of settlement lo
cation within the area and patterns of settlement growth 
were not highly sensitive to variation in subsistence 
costs. A rather wide distribution of agricultural costs 
among settlements appears within the area at all time 
periods, and the range of costs tends to increase con
current with the increase in population density (Schlan
ger, chap . 8) and evidence of social complexity 
displayed in Period 4 and 5. Kane, in his study of social 
organization, suggests that for the 7 largest settlements 
in the area during Periods 4 and 5, no correlation ex
isted between the agricultural quality of the catchment 
and the size of the settlements. His interpretations in
dicate a tendency toward evenness in spacing of these 
large settlements during Periods 4 and 5 that cannot be 
explained by variation in agricultural resources and 
costs. All this indicates that either nonagricultural eco
nomic factors were at work, or that social factors were 
more important in determining location and size of 
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settlements within the generally suitable habitat pro
vided by the Dolores area. Within the limits of the 
approach taken, the latter conclusion is accepted. 

The examination of interperiod agricultural costs at set
tlements indicates the settlements that grew the most 
tended to be those with average costs in the earlier pe
riods, and that neither extremely high cost or low cost 
locations attracted population (Kohler et al. , chap. 9). 
This does indicate some degree of economic selection 
with regards to settlement growth, through not exactly 
what was predicted by the economic response model. 

Because costs are so strongly influenced by degree bf 
population aggregation, and aggregation generally in
creased through time in the area, the results presented 
by Kohler et al. (chap. 9) indicate the Dolores area 
population was paying a price for aggregation, above 
and beyond the increases due to higher population 
densities. The larger settlements were the ones most 
likely to grow, with relative costs being only a secondary 
factor. Although this conclusion departs from a narrow 
least cost expectation, the economic response model did 
predict that aggregation was likely to occur as popu
lation density, agricultural intensification, and subsist
ence costs increased. This appears to be what happened. 
On the other hand, more rapid growth rates at the larg
est settlements is a direct expectation of the social 
model. Effective leaders at large settlements would at
tract relatively large groups of followers, and "success
ful" communities would be relatively more attractive 

· to prospective immigrants. Thus, the exhibited trends 
in settlement growth lend support to the social model. 

The results depart from the economic model's expec
tations when the growth and spacing of the largest set
tlements in Periods 4 and 5 show little correspondence 
to the general distribution of agricultural resources and 
costs within the Dolores area. This suggests that within 
this generally agriculturally suitable area, sociopolitical 
development and competition had more to do with pat
terns of settlement growth than did relative economic 
costs, at least in Periods 4 and 5. 

Further work should be concentrated on attempting to 
separate costs from risks and including data on other 
resources in addition to arable land. The timings of 
growth of the larger settlements and of settlement ag
gregation in general- especially whether these were well 
under way in Period 3, before the Period 4 rise in costs 
and population - are important to this evaluation. The 
timing of growth at large settlements is addressed in 
chapter 14, and a strong case could not be made for 
rapid growth at most Dolores settlements before Period 
4 (A.D. 840-880). The Grass Mesa site appears to be 
an exception; this settlement apparently was host to a 



large influx of immigrant groups during late Period 2 · 
(A.D. 760-800 [Lipe et a! 1985:18. 75]). A similar pat
tern of village growth, albeit on a smaller scale, may be 
manifested at Rio Vista Village, a few kilometers up
stream from Grass Mesa. Therefore, much of the 
growth at the large settlements does appear to corre
spond to the Period 4 rise in costs and population; how
ever, some indications of large settlement growth in 
Period 2 cannot be explained by cost factors. 

The settlement behavior analyses reported by Orcutt 
(chap. 10) indicate aggregation increased with increas
ing population density and increased reliance on agri
culture, although the latter is problematical because of 
the use of proxy measures to represent resource mix. 
Habitation site catchments in the pre-A.D. 920 periods 
indicate selection for locations with good quality ag
ricultural lands, as do the catchments oflimited activity 
and seasonal sites. Settlement complexity (as a possible 
proxy for political complexity) correlates with popu
lation density, proxied agricultural intensification, and 
aggregation. While the settlement behavior analyses 
lend substantial support to an economic-based model, 
the discussions in chapter I 0 also point out the need 
to consider bridging the artifical gap between the eco
nomic and social models by estimating the cost of or
ganizational change versus the costs of maintaining 
organizational structures that may become inefficient 
as population increases. 

SUBSISTENCE AND TECHNOLOGY 

The floral evidence indicates the same pattern of plant 
exploitation was maintained throughout the period, but 
some quantitative changes in emphasis were made. 
These changes are difficult to interpret, however, be
cause they are often not consistent from one type of 
measure to the next, and because patterns of refuse 
disposal, preservation, or recovery may be strongly in
fluencing the observed variability in the data. For ex
ample, in the floral ubiquity data (chap. 7:figs. 7.8-7. 10), 
the overall ubiquity of floral remains is low in Period 
I features, rises substantially in Period 2, reaches a peak 
in Periods 4 and 5, and declines in Period 6 and 7. The 
data may be used to imply overall changes in the in
tensity of use of plants for subsistence, or to imply 
changes in patterns of food processing, discard behav
ior, or types of features selected for excavation. If the 
former, the data can be interpreted as supporting the 
economic model, but the latter explanation cannot be 
excluded based on current understanding of the ar
chaeological record. 

If the overall rates of deposition are held constant and 
the ubiquity measures for corn, ruderal plants, and wild 
plant foods are observed in relation to one another, 
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some modest patterns can be discerned. Corn occurs 
in the largest percentage of features in Periods 2 
through 5 contexts, but does not occur as frequently in 
features from Periods I, 6, and 7 contexts. This pro
vides some support for the argument that intensifica
tion was generally coincident with high populations, 
but does not allow us to discriminate between the im
plications of the economic and social models. It could 
be argued that a corn-dominated economy was estab
lished by Period 2 and that further intensification does 
not appear to accompany the major population in
creases documented for Period 4. It is not clear, how
ever, whether the ubiquity data can support this level 
of resolution. 

Another modest pattern discernible in the ubiquity data 
is that wild plant remains increase, relative to corn and 
ruderals, in Periods 5 through 7. Coupled with a relative 
decline in the numbers of features yielding corn, this 
may indicate a trend toward "de-intensification" in 
concert with population decrease. This would be in 
keeping with the implications of the economic model. 

The faunal evidence, as interpreted by Blinman (chap. 
12), also indicates some shifts that appear to be asso
ciated with supply-demand changes. Use of game ap
pears to have been lowest during Period 4, the time of 
highest population density, which is in agreement with 
the expectations of the economic model that an agri
cultural strategy would be increasingly relied upon to 
keep up with increasing subsistence demand. In other 
words, it costs less to meet increased subsistence needs 
through increased agriculture than through more inten
sive exploitation of the more easily depletable wild 
plant and animal foods . In this context, the rise in use 
of game inferred for Period 5 is more difficult to ex
plain. Population has begun to drop, but because of 
climatic reverses, agricultural costs have increased. The 
relative increase in game procurement may be related 
to higher uniform marginal costs in the system, to a 
more logistic strategy associated with increased dis
tances to agricultural loci, with a " maxing-out" in a 
subsistence system under severe economic stress, or 
with other factors not yet understood. The increased 
evidence for game procurement found in Periods 6 and 
7, coupled with the botanical and population evidence 
for these times, suggests a return to a lower cost, more 
balanced subsistence pattern in a situation where pop
ulation density is low and game is relatively more 
abundant. 

The technological evidence of subsistence patterns also 
shows changes in emphasis through time within a basic 
technological pattern. Specialized corn-grinding tools -
2 hand manos and trough metates - are used as a proxy 
for intensified corn processing (chap. II). Their tem
poral distribution indicates agricultural intensification 

705 



FINAL REPORT 

follows a trajectory generally in agreement with the ex
pectations of the economic model - rising with pop
ulation density and agricultural costs, and declining as 
these factors decline. On the other hand, the expected 
rise in Period 2, when population increased substan
tially, is not present, but there does appear to be a very 
strong response in Periods 4 and 5, at the same time 
that evidence from pioneer plants and faunal remains 
indicates that intensification of agricultural and other 
food sources is highest. 

The evidence of increase in nonlocal lithic materials 
from Periods l through 5, presented in the tools and 
technology study (Phagan, chap. 11 ), might be taken as 
evidence of an increasingly logistic strategy for acquir
ing nonagricultural subsistence resources, as local 
catchments became increasingly depleted because of 
higher population density and .aggregation. This trend 
does not reverse itself, however, in Periods 6 and 7, 
when population density declined radically. The Do
lores area occupation may actually be a marginal part 
of a new sociocultural system at this time, or the ob
served pattern may document increased travel or trade 
associated with development of regional sociopolitical 
alliances. 

STORAGE 

Studies by Gross (chap. 13) and Wolf et al. (1985) sup
port findings of an apparent increase in storage volume 
in Periods 4 and 5, and Kane shows there is a tendency 
for storage volume to increase in the architecturally 
more complex roomblock units and communities. 
Gross (chap. 13) and Wolf et al. (1985) also indicate 
the observed storage volume is always much greater 
than that actually needed to house stored food supplies 
for the households associated with the storage facilities. 
The increase in "excess" storage volume in Periods 4 
and 5 would appear to support the social model more 
than the least cost economic model. On the other hand, 
the location of storage facilities remains primarily at 
the household level throughout the period, and the var
iance among households even in Period 4-5 does not 
appear to very great. This tends to argue against any 
very great accumulation of stored goods by individuals 
or households as part of competition for leadership po
sitions (Kane, chap. 14). 

Simulations of crop yields and storable surpluses shows 
the subsistence system would have had the capacity to 
produce regular surpluses through Periods 3 and 4, but 
some problems began to be encountered after A.D. 860 
(Wolf et al. 1985). These problems increased greatly in 
the very late A.D. 800's and the early A.D. 900's. This 
indicates the development of sociopolitical complexity 
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may have occurred during times when climatic varia
bility contributed little to economic stress (Kane, chap. 
14). The simulation by Wolf et al. (1985) also shows 
the kinds of shortfalls encountered in the late A.D. 
890's and early A.D. 900's would have been extremely 
difficult, if not impossible, to buffer with available stor
age technology, no matter whether social or economic 
factors were predominant in previous patterns of 
change. 

ARCHITECTURE, EXCHANGE, AND 
SOCIOPOLITICAL DEVELOPMENT 

In his chapter on social organization, Kane summarizes 
architectural data indicating a well-developed hierarchy 
of room block types during Periods 4 and 5. This clearly 
appears to represent a substantial increase in socio
political differentiation within communities at this 
time. Furthermore, the communities with the greatest 
evidence of internal complexity also tend to be the larg
est ones in population. Evidence presented in the social 
organization chapter showed that for these large com
munities a lack of correlation existed between agricul
tural productivity of catchment and community size 
and spacing. Taken together, these lines of evidence 
suggest sociopolitical factors were more important than 
economic ones in determining the growth of commu
nities within the Dolores area during Pe(iod 4 and 5. 

Kane also suggests these patterns began to emerge by 
A.D. 830 or 840, approximately at the transition be
tween Periods 3 and 4. This is early enough to infer 
that the sociopolitical developments indicated by these 
patterns could have played a role in attracting popu
lation to the Dolores area, rather than being part of an 
organizational response to a population increase that 
occurred because the Dolores area was becoming a kind 
of regional refugium. Kane also argues that the initia
tion of sociopolitical complexity was at a time of ex
tremely stable climate, so that subsistence surpluses 
could reliably have been produced at relatively low cost. 

The timing of population increase versus the appear
ance of architectural and settlement pattern indicators 
of increased complexity is important to our assessment 
of the alternative models. Re-examination of excava
tion data for late Period 3 and early Period 4 should 
be made in an attempt to clarify this issue. 

Kane's Period 3-4 roomblock hierarchy revolves 
around propinquity to "oversized" pitstructures, which 
he interpretes as housing both ritual and managerial 
activities controlled by leading indi viduals or kin 
groups. These structures differ little from other pit
structures except in size and occurrence of special ritua! 
features. This suggests they may be more specialized 



for ritual gatherings than for managerial functions per 
se. This would be consistent with use of ritual as a 
medium for sociopolitical control while at the same 
time maintaining an egalitarian ethic. 

The distribution of potential artifactual markers of so
ciopolitical status has not yet been thoroughly studied, 
but Phagan and Blinman's papers shed some light on 
this issue. Phagan's contribution on tools and technol
ogy found that Period 4-5 corn-grinding tools tended 
to increase in proportion according to the higher levels 
of the room block hierarchy, suggesting the higher level 
locations were more involved with corn processing than 
the lower levels. This would be consistent with more 
hosting of ritual or other gatherings by the higher status 
groups residing at the higher level roomblock units. 
Blinman's study of containers and technology reveals 
that nonlocal ceramics were more abundant at the 
larger settlements and at the higher level roomblock 
units, and he attributes part of this abundance to in
creased hosting activities. 

The evidence for presence of individuals of high status 
(as opposed to roomblock unit or community status) is 
weak. Residential architecture in Periods 4 and 5 is 
remarkably uniform in pattern, despite the quantitative 
differences in room and pitstructure size noted for su
prahousehold units and communities. Truly exotic ar
tifacts are quite rare and do not appear to be closely 
associated with the community and roomblock hier
archies, except that comparatively large numbers of 
shell and turquoise items were recovered from one 
"oversized" pitstructure at McPhee Village. Although 
some tendency for high-production-input lithic items 
and nonlocal materials occurs at the more complex 
communities and roomblocks, these trends are quite 
weak. Such items are also widely distributed through
out the population with the exception noted above. The 
pattern generally conforms to one of low-frequency, 
widespread exchange carried out within a network of 
trading partners. Higher status individuals, groups, or 
communities may be slightly more active within this 
network, but do not control it. In assessing individual 
status recognition, the relatively small number of bur
ials encountered in the area hampers efforts, so an anal
ysis of differential distribution of grave offerings has 
not been done. 

In summary, evidence shows an increase in sociopol
itical development in Periods 4 and 5. An argument 
can be made that this increase in complexity may have · 
Jed to some of the Period 4 population increase, rather 
than being primarily a response to it. However, the evi
dence indicates the observed sociopolitical develop
ment could have emerged by processes incorporated in 
the economic model, as a least cost response to the 
management needs brought about by increased popu-
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lation density, agricultural intensification, and higher 
subsistence costs. The weak development of markers 
for individual status, as opposed to group status, and 
the apparent use of a ritual idiom for managerial func
tions, supports this interpretation. 

CONCLUSIONS 

Evidence shows a substantial increase in sociopolitical 
complexity in Periods 4 and 5, and patterns of com
munity location and growth at this time appear to be 
responding more to social than to economic factors. 
The bulk of evidence, however, suggests that greater 
complexity during these periods may be a response to 
managerial demands brought on by increased popula
tion density, agricultural intensification, and higher 
subsistence costs. These factors can be related to re
gional patterns of population movement and settlement 
stemming from economic responses to shrinkage of the 
southwestern Colorado dry-farming belt during the 
A.D. 800's. The Dolores system in the late A.D. 800's 
was likely at a "takeoff point" for increasing sociopol
itical determination of system growth and change, and 
it may have begun a "power cycle" such as that de
scribed by Stuart and Gauthier ( 1981 ). A brief period 
of very unfavorable crop years in the very late A.D. 
800's and early A.D. 900's, however, appears to have 
truncated these developments, either by creating such 
great strains on the managerial hierarchy that it col
lapsed or by producing outright adaptive failure leading 
to rapid depopulation of the area. 
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APPENDIX 

Tab le A. 1 Absolute dates fr om excavated sites , Dol ores A rchaeologlcal Program (Page 1 of 82) 

~--------------------~---~-----·--·······---···~----··· Provenience Sampl e Dati ng resu lts* 

S lte No. 
Structure Feature Type No. 

Vertical 
subdivision No . Type 

5MT23 
Room n.o. 

Surface 1 1081 Hearth AM 63 Poor resu Its 
Room 3 

Stratum 2 DD 8 
Surface 1 15 Posthole DD 28 
Surface 1 15 Postho le DO 29 
Surface 1 34 Post ho le DD 39 31+vv 733f p I 8 
Surface 1 56 Posthol e DD 73 

Room 4 
Stratum 2 DD 23 

Room 6 
Stratum 2 DD 93 

Stratum 4 DO 101 

Surface 1 72 Posthole DO 124 

Surface 1 65 Burn ed pit AM 5 pre-70o-7 50; 86 5-895 

Room 1 
Stratum 3 DD 40 

Room 9 
Surface 1 DD 43 740fp I 7 85vv 

Surface 1 DD 183 
Room 12 

Surface 2 50 Hearth AM 4 pre-700-7 55; 86 5-895 

Room 13 
Stratum 1 DD 126 

Surface 1 73 Posthole DD 128 

Surface 1 147 Posthol e DD 155 
Room 14 

Level 1 DO 160 

Room 15 
Surface 1 176 Posthole DO 174 

Room 16 
Surface 1 DD 178 

Room 22 
Stratum 4 DD 161 

Room 27 
Surface 3 244 Postho le DD 279 

Surface 3 245 Postho le DD 249 

Room 30 
Surface 1 11 Hearth AM 6 pre-70o-

Room 34 
Surface 1 352 Posthole DD 334 

Tree-r lng 
common 

name 

Ponderosa pIne 
Ponderosa pine 
Ponderosa pIne 
Doug Ia s-f I r 
Doug Ia s-f I r 

Pinyon pine 

Ponderosa pine 
Ponderosa pine 
Ponderosa pI ne 

Ponderosa pine 

Pinyon pine 
Ponderosa pIne 

P~ulus 

Ponderosa pine 
Ponderosa pine 

Ponderosa pine 

Juniper 

Ponderosa pIne 

Doug Ia s-f I r 
Juniper 

Juniper 

DAR 
No. 

69 

70 
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Table A.l Absolute dates from excavated sites, Dolores Archaeological Program (Page 2 of 82> 

Provenience Sample Dating results* , Tree-ring DAR 
common No. 

Site No. name 
Structure Feature Type No. 

Vertical 
subdivision No. Type 

5MT23 (continued) 
Room 43 

Surface 438 Posthole 00 346 JunIper 
Room 50 

620 Posthole 00 2021 Juniper 
622 Posthole DD 2022 Juniper 

Room 52 
Stratum AM 22 86Q-900 
Surface DD 1006 P!?I!ulus 

Room 53 
Surface 633 Hearth AM 23 Poor results 

Room .56 
Surface 733 Hearth AM 31 Poor results 
Surface 737 Hearth AM 30 Poor resu Its 

Room 63 
Surface 751 Posthole DD 3001 Ponderosa pine 

Room 64 
Surface 782 Posthole DD 3004 Doug las-t I r 

Room 65 
Surface AM 45 Poor resu Its 

Room 72 
Surface 1718 Hearth AM 77 885-900 
Surface 1717 Fireplace AM 71 850-865; 885-910 
Surface 1748 Fireplace AM 78 885-900 

Room 74 
Surface DD 3005 Ponderosa pine 

Room 79 
Level DD 3010 Ponderosa pine 
Level DD 3013 JunIper 
Level DD 3011 691 I 137vv Ponderosa pine ~7 

Surface AM 39 Poor results 
Surface 869 Hearth AM 38 pre-70Q-74 0; 915-1000 
·Surface 873 Posthole 00 3012 675p I 130vv Ponderosa pine 398 
Surface 877 Posthole DD 3014 Ponderosa pine 

Room 83 
Surface AM 65 Poor resu Its 
Sur face 909 Small t loor clst ~ 43 Poor results 
Surface 910 Hearth AM 44 Not near curve 

Room 85 
Surface 1100 Hearth AM 64 Poor resu Its 

Room 87 
Level 1 DO 2094 Ponderosa pine 
Surface 1 ' 1187 Posthole 00 2101 Ponderosa pine 

Room 88 
Surface 1403 Hearth AM 51 Poor results 
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T~ble A.1 Absolute d~tes from exc~v~ted sites, Dolores Ardh~eologlc~l Progr~m <P~ge 3 of 82) 

Provenience 

S lte No. 

Structure 

Vertic~ I 

Fe~ture 

subdivision No. Type 

5MT23 (cont i nued) 

Room 90 

Surface 
Surface 

Room 91 

Surf~ce 

Surface 

Room 92 

Surface 
Room 95 

Surf~ce 

Surf~ce 

Surface 

Surface 

Surf~ce 

Room 97 

Level 1 

Room 115 

Str~tum 2 

Surface 1 
Room 116 

s·u rf~ce 2 

Room 139 

Surface 
Surf~ce 

Room 152 

Room 161 

Surface 

Room 175 

Surface 

Room 218 
Surf~ce 

Pltstructure 

Str~tum 10 

Stratum 10 
Str~tum 10 

Str~tum 10 
Str~tum 10 
Str~tum 10 

693 Hearth 
715 Posthole 

709 He~rth 

712 He~rth 

967 Posthole 

1654 He~rth 

1725 Hearth 

1661 Posthole 

1683 Posthole 

1686 Posthole 

1964 He~rth 

1976 He~rth 

1988 Posthole 
2006 Posthole 

2011 Posthole 

2041 Hearth 

2075 Postho Je 

833 He~rth 

s~mple 

Type No. 

AM 32 
DD 2051 

AM 33 
AM 35 

DD 2052 

AM 68 
AM 70 

DD 3178 

DD 3170 

DD 3175 

DD 3173 

DD 3204 

AM 96 

AM 97 

DD 3220 
00 3223 

DD 3222 

AM 101 

DD 3227 

AM 25 

3 

DD 27 
DD 14 
DO 22 

DD 25 
DO 15 
DD 21 

D~t I ng resu Its* 

Poor results 

Poor resu Its 
Poor results 

87G-900 
Not ne~r curve 

587 I 680+vv 

70G-750; 86 5-890 

70G-785; 855-915 

pre-70G-750; 865-885; 

91 o-940 

Poor resu Its 

Used In Dolores 
Mod If lc~t Jon 

668fp I 780vv 

Tree-ring 

common 
name 

Ponderos~ pine 

Ponderos~ pIne 

JunIper 
Juniper 

Juniper 

Ponderosa pIne 

Ponderosa pIne 

Ponderosa pIne 
Ponderos~ pIne 

Ponderosa pI ne 

Juniper 

Ponderos~ pine 

Populus 
Ponderos~ pine 

Pond eros~ pIne 
Pinyon pine 
Ponderosa pIne 

DAR 

No. 

424 

68 
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Table A.1 Absolute dates fr om excavated sites, Do lores Archaeologlca~ Program (Page 4 of 82) 

Provenience Sample Dating r esults* Tree-ring DAR 
common No. 

Site No. name 
Structure Feature Type No. 

Vertical 
subdivision No. Type 

5MT23 
Pltstructure I (cont I nuedl 

Stratum 10 DD 19 Pinyon pine 
Stratum 10 DD 24 Ponderosa pine 
Stratum 10 DD 18 Ponderosa pine 
Stratum 13 DD 13 Juniper 
Level 11 DD 2 JunIper 
Surface I 16 Hearth AM 2 93 5-1 005 
Surface I 21 Posthole DO 35 Ponderosa pine 
Surface I 22 Posthole DD 32 Ponderosa pine 
Fu II cut DO 17 Ponderosa pine 

Pltstructure 2 
131 Posthole DD 147 Ponderosa pine 
132 Posthole DD 148 Ponderosa pine 
124 Wall clst DO 146 Ponderosa pine 
106 Vent llat I on DD 141 528f p I 827++v PInyon pine 87 

system 
Stratum 10 DD 50 Juniper 
Stratum 12 DO 134 Pinyon pine 
Stratum 12 DD 54 Po!!ulus 
Stratum 12 DO 55 Popu Ius 
Stratum 12 DD 56 Pol!ulus 
Stratum 12 DO 125 Ponderosa pine 
Stratum 12 DD 57 Pol!ulus 
Stratum 12 DD 142 Ponderosa pine 
Stratum 12 DD 58 Po!!ulus 
Surface 114 Hearth DD 144 Pinyon pine/ 

noncon I fer ru s 
Surface 114 Hearth AM 9 Used I n Do I ores 

ModifIcatIon 
Surface 134 Posthole DD 150 Ponderosa pine 
Surface 135 Posthole DO 151 552p I 722+vv Ponderosa pine 90 
Surface 133 Post DD 149 592 p I 693vv Ponderosa pine 89 
Full cut DD 30 Ponderosa pine 
Fu II cut DD 31 Doug las-t I r 

PIts tructure 3 
AM 10 pr e-700 

207 Vent I I at I on DD 285 Juniper 
system 

207 Vent llat I on DD 266 619+p I 852r Juniper 288 
system 

207 Vent I lat I on AM 17 Poor r es u Its 
system 
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Table A.l Abso lute dates from excavated sites, Dolor es Ar chaeolog ical Progr am (Page 5 of 82) 
---~ ... -:o-~-~----.......... JIIUIIUIIt--......... _. ____ ~··-... ·--....... ----------------........... -

Provenience Sample Dating results* Tree-r ing DAR 
common ·No. 

Site No. namE' 
St ruct ure Feature Type No. 

Ver ti cal 
s ubd I v i sl on No. Type 

5MT23 
Pltstr uctur e 3 (contInued) 

207 Ventilation DO 261 Ponder osa pi ne 
system 

207 Vent II at I on [)() 262 Ponderosa pi ne 
system 

207 Ventilation DO 284 Ponde rosa pine 
system 

207 Vent II at ton DO 280 Whi t e f ir 
system 

207 Ventilat ion DO 286 Juniper 
system 

207 Vent II at ton DO 258 Wh ite fir 
system 

207 Vent II at ton [)() 281 White fi r 
system 

207 Vent II at I on [)() 257 JunIper 
system 

207 Vent II at ton [)() 282 Ponder osa pine 
system 

207 Ventilation [)() 259 Ponderosa pine 
system 

207 Ventilation [)() 260 Douglas-f lr 
system 

Stratum 8 DO 64 Ponderosa pine 
Stra tum 8 DO 67 Ponderosa pine 
Strat um 8 DO 60 Ponderosa pine 
Stratum 8 · DO 63 Ponderosa pine 
Stratum 8 DO 66 Ponderosa pi ne 
St r a t um 8 DO 65 Ponderosa pine 
Stratum 8 DO 62 Ponderosa pine 
Stratum 8 DO 51 Ponderosa pine 
St r atum 8 DO 61 Ponderosa pine 
Stra t um 8 DO 59 Ponderosa pine 
Stratum 8 DO 52 Ponderosa pine 
St r a t um .8 DO 53 Ponderosa pine 
Stratum 10 DO 198 Ponder osa pi ne 
Stra t um 10 DO 112 Ponderosa pine 
Strat um 10 [)() 76 Ponder osa pine 
Stratum 10 [)() 195 Ponderosa pine 
Stratum 10 DO 202 Pinyon pi ne 
St r a t um 10 [)() 113 Ponderosa pine 
Str atum 10 [)() 78 Ponderosa pIne 
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Table A. 1 Absolute dates from excavated sites, Dolores Archaeological Program <Page 6 of 82) 

Provenience Sample · Da1'1ng results* Tree-ring DAR 

common No. 

Site No. name 

Structure Feature Type No. 
Vertical 

subdivision No. Type 

5MT23 
Pltstructure 3 (contInued) 

Stratum 10 DO 105 Pinyon pine 

Stratum 10 DO 106 Ponderosa pine 

Stratum 10 DO 194 Ponderosa pIne 

Stratum 10 DO 74 Ponderosa pine 

Stratum 10 DO 219 Pinyon pine 

Stratum 10 DO 217 Ponderosa pine 

Stratum 10 DO 79 Ponderosa pine 

Stratum 10 DO 81 Ponderosa pine 

Stratum 10 DO 207 Ponderosa pine 

Stratum 10 DO 235 Ponderosa pine 

Stratum 10 DO 95 JunIper 

Stratum 10 DO 208 Ponderosa pine 

Stratum 10 00 216 Ponder()$ a pine 

Stratum 10 DO 201 Ponderosa pine 

Stratum 10 DO 230 Pinyon pine 

Stratum 10 00 231 PInyon pine 

Stratum 10 DO 80 Ponderosa pine 

Stratum 10 DO 192 Ponderosa pine 

Stratum 10 DO 238 Ponderosa pine 

Stratum 10 DO 237 Ponderosa pine 

Stratum 10 DO 82 Ponderosa pine 

Stratum 10 DO 75 Ponderosa pine 

Stratum 10 DO 189 Ponderosa pine 

Stratum 10 DO 94 Ponderosa pine 

Stratum 10 DO 191 Pinyon pine 

Stratum 10 00 187 Juniper 

Stratum 10 00 190 Ponderosa pine 

Stratum 10 00 203 Ponderosa pine 

Stratum 10 DO 236 Ponderosa pIne 

Stratum 10 DO 199 Pinyon pine 

Stratum 10 DO 97 Ponderosa pine 

Stratum 10 00 188 Ponderosa pine 

Stratum 10 DO 96 Ponderosa pine 

Stratum 10 DC' 116 Ponderosa pine 

Stratum 10 00 115 Ponderosa pine 

Stratum 10 DO 102 Ponderosa pine 
Stratum 10 DO 77 Ponderosa pine 
Surface DO 104 Ponderosa pine 

Surface 100 Hearth AM 13 Used In Dolores 

Modi f I cat ton 
Surface 251 Posthole DO 247 JunIper 

716 



APPENDIX 

Table A. 1 Absolute dates fran excavated sItes, Do I ores Archaeological Program (Page 7 of 82> 

~-~--~~-~-ft·-----------------
............... --------- --~·····-----···---····---·~· l 

Provenience Sample Dating results* Tree-ring DAR 

cannDn No. 

Site No. name 
Structure Feature Type No. 

Vertical 

subdivision No. Type 

5MT23 
Pltstructure 3 (contInued) 

Surface 2 312 Hearth DO 287 JunIper 

Surface 2 312 Hearth AM 14 Used In Dolores 
Mod If I cation 

Surface 2 66 Posthole 00 114 Juniper 

Surface 2 247 Posthole 00 248 694tp I 802vv JunIper 278 

Full cut DO 9 Ponderosa pine 

Pltstructure 4 
Stratum 2 DO 70 Ponderosa· pine 

Surface 1 DO 129 762 I 858+vv Douglas-fi r 84 

Surface 1 119 Hearth AM 8 Used In Do I ores 

Modification 

Pltstructure 5 

AM 11 785-805 

Stratum 18 DO 98 PInyon pine 

Stratum 18 00 138 Ponderosa pine 

Stratum 18 DO 86 Juniper 

Stratum 18 00 83 PInyon pine 

Stratum 18 00 121 Noncon I feraJs 

Stratum 18 00 122 Doug Jes-t I r 

Stratum 18 DO 85 Jun i per 

Stratum 18 00 123 Doug las-t I r 

Stratum 18 DO 84 Jun i per 

Sud ace 1 DO 117 Jun I per 

Surface DO 103 579p I 650+vv Ponderosa pine 79 

Surface 68 Posthole 00 136 Jun I per 

Surface 85 Posthole DO 135 Ponderosa pine 

Pltstructure 6 
Stratum 2 DO 110 PInyon pine 

Stratum 2 00 111 Pinyon pine 

Stratum 2 DO 119 PInyon pine 

Stratum 2 DO 109 Juniper 

Strat.um 2 00 120 759 I 828vv PInyon pine 83 

Stratum 2 00 118 743fp I 798vv Ponderosa pine 82 

Stratum 2 DO n Juniper 

Stratum 2 DO 127 JunIper 

Stratum 2 DO 108 Juniper 

Surface 1 104 Hearth AM 7 Used In Dolores 
Modlf I cation 

Pltstructure 7 
473 Posthole DO 1013 Juniper 

473 Posthole 00 1022 Juniper 
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Table A. 1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 8 of 82) 

Provenience 

Site No. 
Structure Feature 

Vertical 
subdl vi slon No. Type 

-
5MT23 

Pltstructure 1 (contInued) 
474 Posthole 
474 Posthole 
481 Posthole 
522 Posthole 

1433 Posthole 
82 Bench 
82 Bench 

Stratum 11 
Stratum 11 
Stratum 11 
St•·atum 11 
Str atum 11 
Stratum 11 
Stratum 12 
Stratum 12 
Level 2 
Level 4 
Surface 
Surface 479 Posthole 

Pltstructure 8 
Level 8 

PI tstructure 9 
Surface 1 2054 Hearth 
Surface 1 157 Posthole 

Pltstructure 10 

Stratum 4 
Stratu·m 4 
Stratum 4 
Stratum 4 
Stratum 4 
Stratum 4 
Stratum 4 
Str11tum 4 
Str11tum 4 
Stratum 4 
Str11tum 4 
Str11tum 4 
Str11tum 4 
Str11tum 4 

718 

Sample 

Type No. 

AM 66 
DO 1023 
DO 1018 
DO 1021 
00 1027 
DO 1024 
DO 1025 
DO 1008 
00 1017 
DO 1010 
00 1012 
DO 1009 
DO 1011 
DO 1020 
DO 1007 
DO 69 
DO 130 
AM 50 
DO 1014 

DO 139 

AM 106 
DO 143 

AM 21 

DO 169 
DO 175 
DO 168 
DO 185 
DO 167 
DO 319 
DO 320 
DO 180 
DO 318 
DO 157 
DO 166 
DO 163 
DO 171 
DO 251 

Dating results* 

Poor results 

392 I 598vv 
585 I 138+vv 

285.!_ I 661++vv 

741 I 193vv 
741 I 802vv 

689 I 135vv 

76(}-785; 85 5-870 

70Q-750; 865-885 

Used In Dolores 
Modification 

Tree-ring 
common 

name 

Juniper 
JunIper 
Juniper 
JunIper 
Juniper 
JunIper 
Juniper 
JunIper 
PInyon pine 
Ponderosa pine 
Ponderosa pine 
JunIper 
Ponderosa pine 
Pinyon pine 
PInyon pine 
Pinyon pine 

Juniper 

Jun 1 per 

Douglas-fir 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
JunIper 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
P~ulus 

Ponderosa pine 
Ponderos11 pine 

DAR 
No. 

371 
313 

366 

367 
369 

372 
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APPEND!X 

T8ble A.l Absolute d8tes from exc8v8ted sites , Dolores Arch8eol oglc81 Progr8m (P8ge 9 of 82) ... ,. .... ft.~-~-~-------------------··------
Provenience S8mple 08tlng results* 

Si t e No. 
St r uctu r e Fe8ture Type No. 

Vertl c81 

subdivision No. Type 

5MT23 
Plts tructure 1 0 < cont I nued) 

St r 8tum 4 DO 173 

Str8 tum 4 DO 1n 

Str8tum 4 DO 181 

Str8t um 4 DO 176 

Strat um 4 DO 158 

St r 8tum 4 DO 177 

Str8tlim 4 DO 170 

St r 8tum 4 DO 159 

Str8tum 4 DO 164 

Str8 t um 4 DO 162 
Str8tum 4 DO 165 

Sur f8ce 1 DO 182 

Sur f 8ce 1 178 Posthole DO 184 692+f p I 86 Hr 

Surf8ce 1 179 Posthole DO 179 

Surhce 1 332 Posthole DO 325 569p I 820vv 
Sur f8ce 1 332 Posthole DO 340 582 I 856+r 

Pltstructure 11 

Surf8ce 1 240 He8rth AM 12 Not ne8r curve 

Fu II cut DO 343 

Pl tstr ucture 13 

273 Other w8ll AM 16 Not ne8r curve 

fe8ture 
Sfr8tum 6 DO 2002 

Str8tum 6 DO 229 

Str8tum 6 DO 2015 

Str8tum 6 DO 215 

Str 8tum 6 DO 243 

Stratum 6 DO 223 632p I 794rB 

Str8tum 6 DO 228 

Str8tum 6 DO 226 

Str 8tum 6 DO 234 

Str8t um 6 DO 224 

St r 8tum 6 DO 2007 

Str8 t um 6 DO 239 

Str8tum 6 DO 2012 

St r 8tum 6 DO 2005 

Str8tum 6 DO 2010 

Str8tum 6 DO 2018 

St r 8tum 6 DO 220 

S tr~tum 6 DO 2001 

Tree-ring 

common 

nMie 

Ponderos8 pine 
Ponderos8 pine 

Pondei"'os8 pine 

Ponderos8 pine 
Ponder os8 pIne 

PInyon pine 

Ponder os8 pine 
Ponderos8 pine 

Ponderos8 pine 

Ponderos8 pine 
Ponderos8 pine 

Ponderos8 pine 

JunIper 
Juniper 

JunIper 
Juniper 

Ponderos8 pIne 

Doug l8s-f I r 

Juniper 

Ponderos8 pine 

Juniper 
Doug l8s-f I r 

Juniper 

Ponderos8 pine 
Ponderos8 pl.ne 

JunIper 
lfllte fir 

JunIper 

Ponderos8 pine 

Ponderos8 pine 

Ponderos8 pine 

Ponderos8 pine 
Juniper 

JunIper 
Ponderos8 pine 

DAR 

No. 

93 

305 
311 

267 

71 9 



FINAL REPORT 

Table A.1 Absolute dates trom excavated sites, Dolores Archaeological Progr am (Page 10 ot 82) 

~--~-~-ft·~-~------·---------~----------·---·---··--------~--~~···--· Provenience Sample 

Site No. 
Structure Feature lype No. 

Vertical 
subdivision No. Type 

5MT23 
PI tstructure 13 ( cont I nued) 

Stratum 6 DD 2008 
Stratum 6 DO 221 
Stratum 6 DD 240 
Stratum 6 DO 232 
Stratum 6 DD 246 
Stratum 6 DD 218 
Stratum 6 DD 2014 
Stratum 6 DO 233 
Stratum 6 DO 2013 
Stratum 6 DD 2004 
Stratum 6 00 225 
Stratum 6 DO 245 
Stratum 6 DO 2011 
Stratum 6 DD 2003 
Stratum 6 DO 2006 
Stratum 6 DD 222 
Stratum 6 DD 227 
Stratum 6 DO 2009 
Surface 1 DO 2019 
Surface 1 DD 2028 
Surface 1 DO 2025 
Surface 1 DD 2024 
Surface 1 DD 2040 
Surface 1 DD 2032 
Surface 1 DD 2035 
Surface 1 DD 2033 
Surface 1 DO 2027 
Surface 1 DD 2039 
Surface 1 00 2037 
Surface 1 DD 2029 
Surface 1 256 Rectangu Jar DO 330 

central pit 
Surface 1 644 Hearth ~ 24 
Surface 1 257 Posthole DO 263 
Surface 1 258 Posthole DD 253 
Surface 1 259 Posthole DO 254 
Surface 1 261 Posthole 00 256 
Surface 1 262 Posthole DO 268 
Surface 1 263 Posthole DD 269 
Surface 1 264 Posthole DO 270 
Surface 1 265 Posthole 00 271 
Surface 1 266 Posthole DO 272 

720 

Oat I ng resu Its* 

478tp I 570vv 

575 I 722+vv 

738 I 797+vv 

573+p I 766vv 

pre-70D-765; 86D-935 
652+p I 795+vv 

446~ I 637vv 
732p I 850vv 
572p I 712vv 

695t p I 761vv 

Tr e&-rlng 
common 

name 

Jun I per 
Pon derosa 

eros a Pond 
Pon 
Jun I 

derosa 
per 
per 
eros a 
per 
per 
per 

Junl 
Pond 
Junl 
Jun I 
Junl 
Whit 
Junl 

e tlr 
per 

pine 
pine 
pine 

pine 

DAR 
No. 

263 

379 

Pond erosa pine 378 
Pon derosa pine 
Pond erosa pine 
Pon derosa pine 
Pond erosa pine 
Junl per 
Pond erosa pine 

derosa pine 
per 

Pon 
Jun I 
Junl per 
Pond erosa pine 
Pin 
Pond 

yon pine 
erosa pine 
per Junl 

Pond erosa pine 
derosa pine Pon 

Doug 
Pond 

Junl 
Jun I 
Junl 

las-t I r 
erosa pine 

per 
per 
per 

Pin yon pine 
per Junl 

Jun I per 
Junl per 
Jun I per 
Junl per 

380 

'ZB7 

'ZB2 

283 
290 

291 



APPENDIX 

Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 11 of 82> 

~--~ft··-~-~~~ ..... --~----------------~-------~------------------------·------·····----Provenience Sample Dating results* Tree-ring DAR 
common No. 

S lte No. name 
Structure Feature Type No. 

Vertical 
subdivision No. Type 

----
5MT23 

Pltstructure 13 (cont I nuedl 
Surface 1 267 Posthole [)() 273 373 I 522vv JunIper 294 
Surface 284 Posthole DD 267 436fp I 631+vv Juniper 289 
Surface 623 Posthole DD 2036 JunIper 
Surface 624 Posthole DD 2030 Juniper 
Surface 625 Posthole DO 2042 64~ I 786+rG JunIper 383 

Surface 634 Posthole DD 2041 Juniper 
Surface 635 Posthole DO 2043 JunIper 
Surface 636 Posthole OD 2044 Juniper 
Surface 637 Posthole [)() 2045 JunIper 
Surface 638 Posthole DD 2048 Juniper 
Surface 639 Posthole DD 2047 JunIper 
Surface 643 Posthole DO 2046 518p I 745vv Juniper 385 

Surface 658 Posthole DO 2049 Juniper 
Surface 2 AM 15 Used In Dolores 

Modification 
PIts tru,cture 14 

Stratum 2 DD 205 435fp I 551+vv JunIper 260 

Stratum 2 DO 206 Ponderosa pine 
Stratum 6 DD 283 Ponderosa pine 
Level 2 [)() 335 Juniper 
Surface 1171 Hearth AM 53 Poor results 
Surface 1076 Posthole DD 2091 Juniper 
Surface 1156 Posthole DO 2099 Juniper 
Surface 1194 Posthole DD 2105 Juniper 
Surface 2 1511 Hearth AM 52 Poor results 

Pltstructure 15 
Stratum 1 DD 214 Ponderosa pine 

Stratum 1 DD 242 Ponderosa pine 
Stratum 1 DD 241 Ponderosa pine 

Pltstructure 16 
Stratum 3 DO 264 PInyon pine 
Stratum 3 DO 265 PInyon pine 
Surface 1 296 Hearth AM 18 pre-70D-760; 865-950 
Surface 1 243 Posthole [)() 244 Ponderosa pine 
Surface 243 Posthole DO 327 JunIper 
Surface 243 P.osthole DO 288 PInyon pine 
Surface 268 Posthole DO 328 Pinyon pine 
Surface 268 Posthole DO 275 536fp I 595vv PInyon pine 295 

Surface 268 Posthole DO 322 545fp I 131vv Pinyon pine 303 

Surface 268 Posthole OD 277 528+fp I 649vv PInyon pine 297 

Surface 268 Posthole DO 326 Pinyon pine 

721 



FINAL REPORT 

Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 12 of 82) 

Provenience Sample Dating results* Tree-ring DAR 

common No. 
Site No. name 

Str ucture Feature Type No. 
Ver tical 
subdivision No. Type 

5MT23 
Pltstructure 16 (contInued) 

Surface 1 268 Posthole 00 276 621fp I 786vv Pinyon pine 296 
Sur face 1 268 Posthole DO 250 657fp I 724+vv PInyon pine 279 

Surface 268 Posthole DO 338 Pinyon pine 

Surface 268 Posthole 00 339 592fp I 740vv PInyon pine 310 

Surface 268 Posthole DO 278 Pinyon pine 

Pltstructure 17 

1430 Vent II at I on 00 1026 737 I 782+vv Ponderosa pI ne 375 

system 

Stratum 2 AM 19 Used I n Do I ores 
Modi f I cat lon 

Stratum 2 00 1002 JunIper 

Stratum 2 DO 324 6 71 p I 882++vv PInyon pine 304 

Stratum 2 00 323 Pinyon pine 

Stratum 2 00 321 Douglas-fir 

Surface 1 1645 Hearth AM t67 940-1005 (a) ; 70Q-735(b) ; 

87Q-885(b) 

Surface 464 Posthole 00 1005 Pinyon pine 

Pltstructure 18 

Surface 1 2307 Posthole 00 317 Ponderosa pine 

Surface 1 2307 Posthole DO 316 Ponderosa pine 
.Surface 1 2307 Posthole DO 315 Ponderosa pine 

Pl·tstructure 19 
Surface 1 380 Hearth AM 20 86Q-940 

Pltstructure 20 

Surface 1 00 2093 Ponderosa pine 

Surface 1 1095 Small floor clst DO 2095 657 I 777+vv PInyon pine 394 

Surface 1 1094 Posthole 00 2092 Pinyon pine 
Pltstructure 23 

Surface 1 753 Posthole 00 3002 JunIper 

Surface 1 755 Posthole DO 3003 Juniper 
Pl tstructure 27 

AM 46 pre-70Q-750; 875-900 

903 Posthole 00 3017 JunIper 
Stratum 3 DO 3104 494 I 569+vv Ponderosa pine 402 
Stratum 3 00 3021 PInyon p i ne 
Stratum 3 DD 3106 Ponderosa pine 
Str atum 3 0!) 3024 Ponderosa pine 
Stratum 3 DD 3022 Ponderosa pi ne 
Stratum 3 00 3066 Douglas-fir 
Str atum 3 DO 3036 Douglas-fir 
Stratum 3 00 3042 Doug las-t I r 

722 



APPENDIX 

Tab le A. 1 Abso lute dates from excavated sites, Dolores Archaeolog ica l Program (Page 13 of 82) 

Provenience 

Site No. 
Structure Feature 

Vertical 
subdivision No. Type 

5MT23 
Pltstructure 27 (contInued) 

Stratum 3 
Stratum 3 
Stratum 3 

Stratum 3 
Stratum 3 

Stratum 3 
Stratum 3 
St r atum 3 

St r atum 3 
Stratum 3 
Stratum 3 

Stratum 3 

Surface 1 900 Hearth 
Surface 900 Hearth 
Surface 900 Hearth 
Surface 900 Hearth 
Surface 900 Hearth 
Surface 904 Posthole 
Sur face 905 Posthole 

Plts tructure 28 

Level 1 
Level 1 
Surface 

Plts t r ucture 32 

1721 Posthole 
1722 Posthole 

Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 

Sample Dating results* 

Type No. 

DO 3063 
DO 3023 
DO 3043 
DO 3071 
DO 3067 
DO 3092 
DO 3105 
DO 3077 
DO 3051 
DO 3101 
DO 3087 
DO 3072 
DO 3119 
DO 3118 
AM 59 Poor results 
AM 47 Poor resu Its 
DO 3120 
DO 3018 
DO 3020 

DO 3122 
00 3123 
AM 56 70D-775; 865-940 

AM 73 885-900 
AM 29 88D-915 
DO 3172 595 I 682vv 
DO 3171 
00 3158 636p I 724+vv 
DO 3151 
00 3159 
DO 3152 
DO 3160 
DO 3155 
00 3161 
DO 3153 

Tree-ring 
common 

name 

Doug las-t lr 
Douglas-fir 
Doug las-t I r 
Ponderosa pine 
Douglas-fir 
Ponderosa pine 
Ponderosa pine 
Doug las-t I r 
Doug las-t I r 
Ponderosa pine 
Ponderosa pine 
Poeulus 
Ponderosa pine 
Pinyon pine 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Pinyon pi ne 
Ponderosa pine 

Ponder osa pine 
J111lper 
Ponderosa pIne 
Doug las-t I r 
Ponder osa pine 
Ponder osa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Poeulus 

DAR 
No . 

426 

421 

723 



FINAL REPORT 

Table A.l Absolute dates from excavated sites, Dolores Archaeological Program (Page 14 of 82) 

-~-~~-~----~--~-~-~1~······--·-------··----·-----------··--·-----------------------······~-
Provenience Semple Dating results* Trae-r lng DAR 

common No. 
Site No. name 

Structure Feature Type No. 
Vertical 
subdl vision No. Type 

5MT23 
Pltstructure 32 (cont I nuedl 

Level 2 DO 3156 Ponderosa pIne 
Level 2 DO 3154 804 I 817vv Pinyon pine 420 
Level 2 00 3157 Ponderosa pine 
Surface DO 3163 Ponderosa pine 
Surface DO 3162 Ponderosa pine 
Surface DO 3164 Ponderosa pine 
Surface 1657 Hearth AM 69 pre-70D-725 
Surface 987 Posthole DO 2053 Juniper 
Surface 1658 Posthole 00 3167 720 I 836+vv JunIper 422 
Surface 1659 Posthole DO 3168 596±p I 836+vv Juniper 423 
Surface 1660 Posthole DO 3166 JunIper 
Surface 1672 Posthole DO 3169 Juniper 

Pltstructure 33 

Surface 2 1750 Hearth AM 72 76 ,_ 790; 84 ,_86 5; 89Q-915 
Surface 2 669 Posthole DO 2050 Populus 

Pltstructure 39 
Stratum 4 00 3006 690 I 734vv JunIper 396 
Surface I AM 61 Not near curve 

Pltstructure 41 
AM 58 Poor resu Its 

Surface I 789 Hearth AM 57 Poor results 
Pltstructure 42 

816 Wall clst DO 3007 Ponderosa pine 
816 Wall clst DO 3008 Ponderosa pine 

Pltstructure 43 
1277 Posthole DO 3124 Juniper 
1278 Posthole DO 3125 JunIper 
1279 Posthole DO 3126 Juniper 

Level DO 3132 Douglas-fir 
Level DO 3148 Ponderosa pine 
Level DO 3145 Ponderosa pIne 
Level DO 3134 Douglas-fir 
Level DO 3143 Ponderosa pine 
Level DO 3139 Ponderosa pine 
Level DO 3142 Ponderosa pine 
Level DO 3140 Ponderosa pine 
Level DO 3137 Ponderosa pine 
Level DO 3141 Ponderosa pine 
Level DO 3138 Ponderosa pine 
Level DO 3129 654_:!:p I 856r Juniper 408 
Level 00 3133 Ponderosa pine 

724 



APPENDIX 

Table A. I Absolute dates from excavat ed s ites, Dolor es Ar ch aeo logical Program (Page 15 of 82) 

Provenience Semple 

S lte No. 

Structure 

Vertical 

subdivision 

5MT23 

Pltstructure 43 

Leve l 1 

Level 

Leve l 
Level 

level 

Level 
Leve l 

Leve l 
Level 

Pltstructure 44 
Surface 1 

Surface 1 

Pltstructure 45 

Level 1 

Surface 

Surface 

Surface 

PIts tructure 46 

Surface 1 
Pltstructure 47 

Surface 1 

Pltstructure 48 
Surface 1 

Pltstructure 49 

Surface 1 

Pltstructure 50 

Surface 1 
Surface 

Surface 

Surface 

Pltstructure 51 

Stratum 5 
Stratum 5 
Stratum 5 

Stratum 5 
Stratum 5 
Stratum 5 
Stratum 5 

Stratum 5 

Stratum 5 

Featur e Type No. 
1----- - ----

No. Type 

(cont I nuedl 

00 3128 

DO 3135 

DO 3131 

DO 3147 

DO 3130 

DO 3136 
DO 3146 

DO 3144 

DO 3127 

Nlo t27 

843 Hearth Nlo 28 

DO 3015 

922 Hearth Nlo 40 

839 Posthole DO 3009 
1248 Posthole DO 3121 

861 Hearth Nlo 26 

484 Postho l e [)() 1019 

923 Heart h Nlo 41 

998 Hearth Nlo 34 

1160 Hearth Nlo 55 
1160 Hearth DO 2102 
443 Pos thol e DO 342 

1029 Post hole DO 2057 

AM 37 

00 2084 

DO 2063 
[)() 2085 

DO 2058 
00 2074 

DO 2061 
[)() 2079 

DO 2077 
[)() 2082 

Oat I ng r esu I ts* 

773 I 872v 

664p I 809++vv 

70Q-760; 925- 1000 

935-975 

675p I 736vv 

70D-750; 925-1010 

609 I 652vv 

70Q-760; 860-885 

Poor r esul t s 

75Q-790; 85Q-920 

775-790; 845-865 

Poor res u It s 

Tree-r lng 

common 
name 

Ponderosa pI ne 

Ponderosa pine 

Doug las-t I r 

Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Ponderosa pIne 

Ponderosa pI ne 

PInyon pine 

JunIper 
Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Ponderosa pine 

Pon derosa pine 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Ponder osa pine 

Ponderosa pine 

DAR 

No. 

409 

407 

399 

405 

725 



FINAL REPORT 

Table A.1 Absolute dates tr~ excavated sites, Dolores Archaeological Program (Page 16 of 82) 

Provenience Sample Dating results* Tree-ring DAR 

canmon No. 
Site No. name 

Structure Feature Type No. 
Vertical 

subdivision No. Type 

5MT23 
PIts tructure 51 (continued) 

Stratum 5 DO 2059 820 I 870vv Ponderose pine 389 

Stratum 5 DO 2083 Ponderosa pine 

Stratum 5 DO 2070 Ponderosa pine 

Stratum 5 DO 2066 Ponderosa pine 
Stratum 5 DO 2065 Ponderosa pine 

Stratum 5 DO 2075 Ponderosa pine 
Stratum 5 DO 2069 799p I 865+r Ponderosa pine 390 
Stratum 5 DO 2080 733p I 811+vv Ponderosa pine 392 

Stratum 5 DO 2060 Ponderosa pine 

Stratum 5 DO 2081 Ponderosa pine 
Stratum 5 DO 2071 Ponderosa pIne 

Stratum 5 DO 2076 725p I 864+vv PInyon pine 391 

Stretum 5 DO 2067 Pinyon pine 
Stratum 5 DO 2073 Ponderosa pine 

Stretum 5 DO 2064 Ponderosa pine 
Stratum 5 DO 2062 Ponderosa pine 
Stretum 5 DO 2068 Ponderosa pine 

Stratum ~ DO 2078 Ponderosa pine 
Stratum 5 DO 2072 Ponderosa pine 
Surface DO 2090 Ponderosa pine 

Surface DO 2087 JunIper 
Surface DO 2089 Ponderosa pine 
Surface DO 2088 Ponderosa pine 

Surface DO 2086 Ponderose pine 

Surface 1066 Hearth AM 36 pre-70Q-755; 865-940 

Pltstructure 52 

level I DO 2096 JunIper 
level 1 DO 2097 Juniper 
Surface 1173 Hearth AM 49 Poor results 

Surface 1140 Posthole DO 2098 Juniper 

Surface 1. 1180 Posthole DO 2103 JunIper 
Pltstructure 53 

Surface I DO 3016 Doug las-t I r 

Surface DO 3019 Ponderosa pine 
Surface 924 Hearth AM 42 70Q-760; 86Q-885; 

915-950 
Pltstructure 54 

Surface I 1531 Hearth AM 62 77Q-795; 835-865 
Pltstructure 55 

AM 48 Poor resu Its 
level DO 2104 Ponderosa pIne 

level DO 2100 Douglas-fir 

726 
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APPENDIX 

Table A. 1 Absolute dates tram excavated sites , Dol ores Arc haeo loglcal Program (Page 17 of 82> 

~~~-~--ft·~-~~-~~---·--··--···--·······-~--------·------···· 
Provenience Sample Dating r e 

Site No. 
Structure Feature Type No . 

Vertica l 
subdivision No. Type 

5MT23 (continued) 
Pltstructure 56 

Surface 1 DO 2106 
Surface 1 1522 Hearth AM 54 Poor resu It 

Pltstructure 59 
996 Posthole DO 345 
204 Vent II at Jon DO 212 730p I 804v 

syst em 
204 Ventilation DO 211 

syst em 
204 Vent II at I on DO 196 698tp I 834 

system 
204 Vent llat I on [)() 34 1 

system 
204 Vent II at I on DO 314 

system 
204 Vent II at I on DO 210 

system 
204 Ventilat ion DO 204 

system 
204 Vent II at I on DO 213 

system 
204 Vent II at I on [)() 197 548p I 759v 

system 
204 Venti lation DO 200 

system 
Surface 1 995 Postho le DO 2054 
Surface 1 995 Posthole DO 344 
Surface 1 996 Posthole DO 2055 
Surface 1 1001 Posthole DO 2056 
Surface 1 1512 Posthole [)() 2107 
Surface 1 1513 Posthole DO 21 08 

Pltstructure 60 
Surface 1 1485 Hearth AM 60 pr ~70Q-750 

915-950 
Pitstructure 61 

AM t 103 940- 1015 
Surface 1 2035 Hearth AM 100 70 Q-750; 86 

920-950 
Pitstructure 62 

Surface 1 2046 Hearth AM 105 70Q- 775; 86 

Pits tructure 64 
Surface 1 1840 Hearth AM 74 850-865; 89 

suits* 

s 

v 

vv 

v 

865-890; 

5-885; 

Q-925 

0- 910 

Tre~rlng 

common 
name 

Douglas-fir 

Jlrllper 
JunIper 

JunIper 

JunIper 

Ponderosa pine 

JunIper 

JunIper 

JunIper 

JunIper 

Juniper 

Pinyon pine 

Juniper 
Joolper 
JunIper 
Ponderosa pine 
JunIper 
Joolper 

DAR 
No. 

261 

255 

256 

727 



FINAL REPORT 

Table A.1 Abso lut e dates fr om excavated sites, Dolores Archaeologica l Program (Page 18 of 82) 

~-~---~-~-~-~-~-~---~---~~---~--~----~--~"----------------------------~--~------~~~--· 
Proven ience Sample Dat i ng results* Tree-ring DAR 

common No . 
S lte No. name 

Structure Feature Type No. 
Vertical 
subdivision No. Type 

- ---
5MT23 (continued) 

Pltstr ucture 65 
Surface 1 1772 Hearth AM 79 70Q-750; 880-895 
Surface 1752 Post ho le DO 3 176 J lll l per 
Surface 1754 Post hole DO 3177 720 I 791 vv Jun Ipe r 427 
Surface 1784 Posthole DO 3179 Jlll l per 

Pltstructure 66 
Surface 1 1948 Hearth AM 89 pre-70G-750; 86 5-88 5; 

925- 950 
Surface 1747 Post ho le DO 3 174 Po nderosa pine 

Pltstructure 69 
Surface 1 1830 Hearth AM 75 89Q-90 5 

Pltstructure 70 
1871 Posthole DO 3185 J lll l per 
1881 Posthole DO 3186 Pinyon pine 
1881 Post hole DO 3187 PI nyo n pine 

Stratum 6 DO 3190 Jun Iper 
Stratum 6 DO 3 189 Jllllper 
Stratum 6 DO 3198 Ponderos11 pine 
Stratum 6 DO 3188 J llll per 
Stratum 6 DO 3192 Ponderosa pi ne 
Stratum 6 DO 3 191 Ponderosa pine 
Stratum 6 DO 3194 Ponderosa pine 
Stratum 6 DO 3193 Ponderosa pi ne 
Str atum 6 DO 3200 Ponderosa pine 
Stratum 6 DO 3196 J lll lper 
Stratum 6 DO 3195 Ponde r osa pi ne 
Stratum 6 DO 3197 81 3 I 856v Po nderosa pine 432 
Surface 1 DO 3181 Ponderosa pine 
Surface DO 3199 Ponderosa pine 
Surface DO 3180 Ponderosa pine 
Surface DO 3182 J lll l per 
Surface DO 3183 Ponderosa pine 
Surface 1884 Hearth AM 90 855-910 
Sur face 1869 Posthole DO 3184 JunIper 
Surface '1 1898 Posthole DO 3201 Ponder osa pine 
Surface 1903 Posthol e DO 3203 Ponderos a pi ne 
Surface 1903 Posthole DO 3202 Po nder osa pine 

Pltstructure 71 
Surface 1 1847 Hearth AM 76 725-775; 855-925 

Pltstru~ture 72 
Surface 1 1854 Hearth AM 80 855-86 5; 89Q-915 

728 
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Table A. 1 Absolute dates from excavated s ites , Dolores Ar chaeologlcal Pr ogr am (Page 19 of 82) 

~--~~~-~-~-~~-ftaft·~--~--"-------ft·------~----~--------
Proven ience 

Site No. 
Structure Feature 

Ver tical 
subdivision No. Type 

5MT23 (cont inued) 
Pltstructure 74 

Surface 1 1917 Hearth 
Surface 1 1930 Hearth 

Pltstructur e 75 

Surface 1 1895 Hearth 
Pltstructure 76 

Sur face 1 1935 Hearth 
Plts tructure 77 

Sur face 1 1916 Hearth 
Plts tructure 79 

Surface I 1915 Hearth 
P lt structur e 80 

1966 Posthole 
Sur face 1 1978 Hearth 

PI t s t r uctur e 82 

Level 1 
Leve l 1 
Level 1 
Level 1 
Level 1 
Leve l 1 
Level 1 
Level 1 
Level 1 
Level 1 
Level 1 
Level 1 
Level 1 
Level 1 
Level 1 
Su r face 1 1986 Hearth 

Pltstructur e 83 
Sur face 1 2001 Hearth 

Pltstructur e 84 
Surface 1 2013 Hearth 

Pltstr ucture 87 
Sur face 1 '2025 Fi r eplace 

Plts tructure 90 
Surface 1 2043 Hearth 
Surface 1 2018 Post hole 

Sample 

Type No. 

AM 87 
AM 85 
AM 86 

AM t83 
AM 84 

AM 88 

AM 82 

AM 81 

DO 3205 
AM 93 

00 3218 
DO 3211 
00 3221 
DO 3215 
00 3206 
DO 3214 
00 3213 
DO 3207 
00 3209 
DO 3212 
00 3216 
DO 3219 
00 3208 
DO 3210 
00 3217 
AM 92 

AM 94 

AM 91 

AM 99 

AM 102 
00 3224 

Dating r esults* 

880-895 
pass. pre-700 
750-775; 8 55-870; 905-92 5 

700-750; 865-910 
70()-750; 8 7()-880; 93()-950 

78()-790; 8 5()-860 

885-900 

pre-70()-75 0; 87()-890 

Poor resul ts 

720p I 168 v 

516~ I 16 7v 

734~ I 86 lvv 

70()-775; 865-945 

775-790; 8 5()-860; 

76()-785; 8 5()-86 5; 

73()-765; 8 6()-885; 

765-785; 8 
591.:!:,p I 75 

5()-86 5; 
4vv 

895-910 

89()-91 0 

91 ()-935 

895-925 

Tree-r ing 
common 

name 

Ponderos l!l pine 

Ponder osa pine 
Po nder as !!! pine 
Ponder osa pIne 
PI nyon pi ne 
Ponder osa pi ne 
Ponder os l!l pin e 
Ponde rosa pi ne 
Ponder as !!! pi ne 
Ponder osa pine 
Jun iper 
Ponder osa pi ne 
Juniper 
Ponderosa pine 
Ponderosl!l pine 
Ponder osa pi ne 

JunIper 

DAR 
No. 

436 

435 

437 

438 

729 
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Table A. I Absolute dates from excavated sites, Dolores Archaeological Program (Page 20 of 82) .. ~ ..... ~-~--~-,.,.~" ....... ..,. ....... ~.---............. ___ .... _ .............. ____ .......... __ ,.. ____ ..... _______ .., ______ ..,..,... -· Provenience Sample Dating results* Tree-ring DAR 
common No. 

S lte No. name 
Str ucture Feature Type No. 

Vertical 
subdivision No. Type 

5MT23 (continued) 
Pltstructure 91 

H4 t98 765-790; 85Q-870; 890-915 
PI tstructure 94 

H4 t104 885-900 
PIts tructure 98 

Surface 1 2069 Posthole DO 3225 Ponderosa pine 
Surface 1 2070 Posthole DO 3226 Ponderosa pine 

Pltstructure 100 
Sur face 1 2097 Posthole DO 3228 619 I 689vv Ponderosa pine 439 

Pltstructure 106 
Surface 1 2123 Posthole DO 3240 Juniper 

Pltstructure 110 
Sur face 1 2023 Hearth AM 95 70o-750; 88Q-895 

Nonstructural 
Unit 2 
Stratum 6 DO 34 Ponderosa pIne 

Nonstructur al 
Un it 17 

Sur face DO 332 PInyon pine 
Surface DO 331 JunIper 
Surface 346 Posthole DO 329 Jun l per 

Nonstructural 
Unit 18 
Stratum 1 DO 186 JunIper 
Stratum 2 DO 193 Juniper 

Nonstructural 
Unit 19 
Surface 1 358 Posthole DO 333 Pinyon pine 

Nonstructural 
Unit 26 
Surface 1 458 Pit feature DO 1004 PInyon pine 
Surface 1 458 Pit featur e DO 1003 Pinyon pine 

Nonstructural 
Unit 37 

Level 1 DO 3165 Ponderosa pine 
Excavation unit 2 

Level 4 3 Hearth AM Poor resu Its 
Excavation unIt 5 

Level 8 DO 46 Juniper 
Level 8 DO 47 JunIper/ 

Pol!ulus 

730 
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Table A.1 Absolute dates from excavated sites, Do lores Archaeo log i cal Program (Page 21 of 82> 
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Provenience Sample Dating r esu l ts* Tree-ring DAR 

common No. 
Site No. name 

Str ucture Feature Type No . 
'lertlcal 

subdivision No. Type 

------
5MT23 (continued) 

ExcavatIon unIt 7 

Level 2 DD 42 Ponderosa pI ne 

Level 2 DD 41 Pinyon pine 

Level 4 DD 33 Juniper 

Level 5 DO 20 Ponderosa pine 

Level 5 DO 36 Pinyon pine 

Level 5 DO 38 PInyon pine 

Level 5 DO 37 Pinyon pine 

Level 6 DO 71 Juniper 

Fu II cut 00 1001 Ponderosa pine 

Excavation un i t 9 
Stratum 11 DO 26 Ponderosa pine 

Level 1 DO 137 Ponderosa pine 

Excavation un i t 12 

Stratum 1 DO 107 Ponderosa pine 

RDA 40 

Level DO 87 Ponderosa pine 

Level DO 91 Ponderosa pi ne 

Level DO 89 Ponderosa pine 

·Level DO 92 Ponderosa pine 

Level DO 88 Ponderosa pine 

Level DO 90 Ponderosa pine 

Full cut DO 44 Ponderosa pine 

RDA 41 

Full cut DO 68 Juniper 

Grid square 
274S/308E 

Stratum 3 DO 145 Ponderosa pine 

Grid square 
276S/310E 

Stratum 3 DO 154 Pinyon pine 

Stratum 3 00 132 Ponderosa pIne 

Stratum 3 DO 156 Ponderosa pine 

Stratum 3 00 152 Pinyon pine 

Stratum 3 00 153 Ponderosa pine 

Stratum 3 00 131 Ponderosa pI ne 

Grid square 
278S/352E 

Stratum 2 DO Juniper 

Grid square 

284S/398E 

Stratum 5 DO 4 Ponderosa pine 

Stratum .5 DO 5 Ponderosa pine 

731 
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Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 22 of 82) 

Site No. 
Structure 

Vertical 

Provenience 

Feature 

subdivision No. Type 

5MT23 

Grid square 

284S/398E (continued) 
Stratum 5 

Stratum 5 
Gr ld square 

284S/400E 

Stratum 5 

Grid square 

286S/284E 

Stratum 7 

Stratum 3 
Stratum 3 

Grid square 
288S/394E 

Stratum 2 

Grid square 

289S/398E 
Stratum 4 

Gr ld square 
297S/389E 

Stratum 5 

Grid square 
300S/246E 

Stratum 3 

Gr ld square 

304S/324E 
Stratum 4 

5MT2151 

Room 1 

Surface 
Room 3 

Stratum· 

Room 10 

Surface 

Room 11 
Surface 2 

732 

Room 12 
Str11tum 3 

Str11tum 3 
Str11tum 3 

Stratum 3 

53 Posthole 

46 Posthole 

78 He11rth 

Sample 

Type No. 

DO 

DO 

DO 

3 

6 

7 

DO 45 

DO 100 
[)() 99 

DO 140 

[)() 49 

DO 48 

DO 16 

DO 133 

AM 9 

DO 3 

AM 2 
AM 12 
AM 11 

[)() 26 

DO 18 

DO 19 

DO 20 

Oat I ng resu Its* 

925-1010 

Poor results 

925-1010 

Poor results 

557 I 702vv 

Tree-ring 

common 
name 

Pondltros11 pine 

Ponderosa pIne 

Pondltros11 pine 

JunIper 

Pondltros11 pine 
Pinyon pine 

Pondltros11 pine 

Ponderosa pIne 

Pondltrosa pine 

Pinyon pine 

PInyon pine 

Ponderosa pIne 

JunIper 

PInyon pine 

Ponderosa pIne 

Pondltros11 pine 

DAR 
No. 

147 
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Table A.l Absolute dates tram excavated sites, Dolores Ar chaeological Program (Page 23 of 82) 
. ,.. ~----~~-~ ..... -.... ....,,.,.......,.. _______ ,.._JIUIUIIUIII _______ .....,.....,.. _____ JUIIUIUIUII......,......~----

Provenience Sample Dating results* Tr ee-ring DAR 
common No. 

Site No. name 
Structure Feature Type No. 

Vertical -----
s ubdivi s ion No. Type 

5MT21 51 (conti nued) 
Plts tructure 1 

St r at um 3 DO 6 Pi nyon pine 
Stra t um 3 DO 13 Po~ulus 

Stratum 3 DO 8 P~u Ius/ 
noncon I ter OJs 

St r atum 3 DO 14 Pi nyon pine 
Stratum 3 DO 12 Po~ulus 

Stratum 3 DO 11 Populus 
Stratum 3 DO 4 Po~ulus 

St r atum 3 DO 10 609tp I 603+vv Jun Iper 52 
Stratum 7 DO 9 Pi nyon pine 
Stratum 7 DO 5 P~ulus 

St ratum 8 38 Fireplace AM 8 Poor resu Its 
Stratum 12 34 Fireplace AM Poor results 
St r atum 12 34 Flrep lace AM 7 Poor resu It s 
Surf ace 46 Hearth AM 10 Poor results 
Sur.t ace 55 Posthole DO 16 Noncon I ter OJs 
Sur face 64 Posthole DO 17 Ponder osa pine 

Plts tructur e 2 
Strat um 1 DO 22 Ponderosa pi ne 

Stratum 16 DO 21 Pinyon pine 

Sur face DO 25 562tp I 100+-+v Pinyon pine 146 

Su r face DO 24 PInyon pine 

Sur face DO 23 407tp I 482vv PInyon pine 144 

Sur face 88 Hearth AM 13 Used In Dolores 
Modification 

Nons t r uctura I 
Un i t 1 
Sur face 1 25 Unburned pit AM 5 Poor resu Its 

Nons t r uctura l 
Unit 3 

AM 6 Poor results 
AM 4 Poor resu Its 

Surface 1 AM 3 Poor results 
Excavation unit 3 

St r at um 14 DO 2 Pinyon pi ne 

Stratum 2 DO Ponder osa pine 

Full cut DO 15 Ponderosa pine 
5MT2161 

Room 9 
Full cut DO 20 Ponder osa pine 

Fu II cut DO 21 Ponderosa pine 

733 
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Table A.1 Absolute dates tram excavated sites, Dolor es Archaeologi cal Pr ogram (Page 24 of 82) 

Provenience Sample Dating results* Tr ee-r ing DAR 
common No. 

S lte No. name 
Structur e Feature Type No. 

Vertica l 
su bd i vi s ion No. Type 

5MT2161 (continued) 
Pltstr ucture 1 

Level 3 DO 23 Ponder osa pi ne 
Leve l 3 DO 26 Ponder osa pi ne 
Leve l 3 DO 19 Ponderosa pi ne 
Level 3 DO 22 Ponderosa pine 
Leve l 3 00 18 821t p I 862vv Ponder osa pi ne 166 
Level 4 DO 27 Ponder osa pine 
Level 4 DO 30 Ponderosa pine 
Level 4 DO 29 Ponderosa pine 
Level 9 00 2 Pinyon pine 
Surface 19 Hea r th AM 2 Poor resu Its 
Sur face 38 Wlngwall AM 4 Poor results 
Sur face 38 WI ngwall DO 3 Ponder osa pin e 

Pltstr ucture 2 
St ratum 8 DO 6 Ponderosa pi ne 
Level 2 00 7 Ponder osa pine 
Leve l 3 DO 12 Ponder osa pi ne 
Level 3 00 11 Ponder osa pine 
Leve l 3 DO 8 Ponderosa pi ne 
Level 3 DO 9 Ponderosa pi ne 
Level 3 DO 10 Ponder ose pine 
Level 7 DO 4 
Level 7 DO 5 Jun i pe r 
Sur fa ce 00 24 Ponderosa pi ne 
Sur fa ce DO 16 Ponderosa pine 
Surf ace DO 25 Ponderosa pi ne 
Surface DO 14 Ponder osa pi ne 
Sur face 00 15 Ponderosa pine 
Surface 18 Hee r th AM 1 Poor resu Its 
Surface 34 Wlngwa l l AM 3 Poor results 
Surface 20 Bin DO 28 Ponder osa pi ne 

Excavati on uni t 2 
Stratum 3 Post DO PI nyon pi ne 

5MT2162 
Pl t structur e 

Level 1 DO 6 Pinyon pi ne 
Leve l DO 8 Po!:!ulus 
Level DO 2 289:l:p I 634+vv Jun Ipe r 153 
Level DO 5 Doug las-t I r 
Level 00 7 Doug las-t I r 
Level DO 628p I 692vv Doug las-t lr 152 
Level DO 4 635p I 691vv Doug las-t I r 154 
Level DO 3 Doug las- t l r 

734 
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Table A. 1 Absolute dates from excavated sites, Dol ores Archaeo l ogical Progr am (Page 25 of 82) 

~-~~~-~--~·R···~--~--------------··-----~-------~--
___ _........ ........ --,.·~-----.. ...,.,..-

Provenience 

Site No. 

Structure Feature 

Ver ti cal 

subdiv i sion No. Type 

5MT2174 

Room 1 
Fu II cut 

5MT2 181 

Pl t structu r e 1 

Stratum 1 

Stratum 1 

Stratum 1 

Str atum 1 

Stratum 1 

St r atum 1 

Stratum 1 

St ratum 1 

Strat um 1 

St ra t um 1 

Sur face 1 5 Hearth 

Sur face 1 11 Posthole 
5MT2 182 

Room 3 

Sur face 1 

Sur f ace 1 

Sur f ace 1 

Surface 1 
Surface 1 

Surface 1 16 Hearth 

Sur f ace 2 39 Hear th 
Room 6 

Sur f ace 1 49 Posthole 
Room 202 

Sur f ace 1 2043 Fireplace 

Room 205 

Level 1 

Level 2 
Sur f ace 1 

Surface 1 
Surface 1 

Surface 1 
Sur face 1 2012 Hearth 
Surface 1 2011 F ireplace 
Surface 1 2034 Posthole 

Sample 

Type No. 

00 1 

oo· 5 
DO 8 

DO 2 
DO 6 

DO 10 

00 3 

DO 9 

DO 4 

DO 1 

DO 7 

AM 1 

DO 11 

00 40 

DO 45 

00 46 

DO 47 

00 48 

AM 1 

AM 2 

00 62 

AM 2003 

00 2003 

DO 2001 
00 2005 

DO 2006 
DO 2004 

DO 2002 
AM 2002 
AM 2001 

00 2008 

AM 3 

D atlng results* 

713 p I 780v 

726 p I 779vv 

Use d In Dolores 

Modification 

75 

85 

D-790; 84D-870; 89D-9ZO 

D-930 

pre 

Poo 

Poo 

-70D-750; 865-890 

r r esults 
r resu Its 

Use d In Dolor es 

Modi f teat ton 

Tree-r ing 

common 
name 

Ponderosa pIne 

Ponderosa pi ne 
Ponderosa pine 

Ponderosa pi ne 
Ponderosa p i ne 

Ponderosa pine 

Ponderosa pine 
Ponder osa pine 

Ponderosa pine 
Ponderosa p i ne 

Jun I per 

Juniper 

Ponder osa pIne 

Ponderosa pine 

Douglas-fir 
~ l te f lr 
Non con I ferou s 

Ponder osa pIne 

Ponder osa pIne 

P9 nderosa pine 
Ponderosa p I ne 

Ponderosa pi ne 
Ponderosa pIne 

Ponderosa pine 

Ponder osa pI ne 

DAR 

No. 

206 

20 5 

735 

_j 
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Table A. 1 Absolute dates tram excavated sites, Dolores Archaeological Prognem (Page 26 of 82) 

~~~--~-~-~-~-~-~---~-~~~-----~--------------"··---------·------------"·--------------~-~~~-Provenience Sample Dating results* Tree-ring DAR 

common No. 
Si te No. n~~me 

St r uctur e Feature Type No. 
Vertical --
subdivision No. Type 

5MT2182 (cont i nued) 

Pl tst r ucture 1 
7 Ventilation DO 53 Pinyon pine 

system 

7 Vent II at I on DO 54 734p I 793v Pinyon pine 246 
system 

7 Vent I I at I on DO 60 Pinyon pine 

system 
7 Vent II at I on DO 61 724p I 793r Pinyon pine 249 

system 

7 Ventilation DO 52 JunIper 

system 

7 Vent II at I on DO 55 JunIper 

system 
7 Vent II at I on DO 51 Pinyon p i ne 

system 

St ratum 3 DO 22 Ponder osa pine 

Stratum 3 DO 19 Ponderosa pi ne 

Strat um 7 DO 11 743p I 780r Ponderosa pine 232 

St ra t um 7 DO 7 737p I 790r Ponder osa pine 229 

St ra tum 7 DO 13 Ponderosa pine 

Str a.tum 7 DO 8 697p I 789vv Ponderosa pine 230 

Stratum 7 DO 16 694p I 790r Ponderosa p i ne 234 

Stratum 7 DO 5 Ponderosa p i ne 

Strat um 7 DO 14 Ponder osa pine 

St r a t um 7 DO 6 Juniper 

St r atum 7 DO 17 Ponderosa pine 

Stratum 7 DO 12 Ponderosa pine 

Stratum 7 DO 15 Ponder osa pine 

Stratum 8 DO 33 Ponderosa pine 
Stratum 8 DO 25 Ponderosa pine 

Stra t um 8 DO 59 Ponderosa pine 

St ra tum 8 DO 31 Ponderosa pine 

Strat um 8 DO 26 Ponderosa pine 

St r atum 8 DO 29 Ponder osa pine 

St r at um 8 DO 32 736p I 790r Ponderosa p i ne 238 

Strat um 8 DO 30 Ponderosa p1ne 

Stratum 8 DO 49 Pinyon pine 

Stratum 8 00 43 Ponderosa pine 

St r atum 8 DO 56 Ponder osa pine 

Strat um 8 00 28 Ponder osa p i ne 

Strat um 8 DO 27 Ponderosa pin e 

St ratum 8 DO 34 Ponderosa pine 

Strat um 8 DO 58 Ponderosa pi ne 

Stratum 8 00 35 Ponder osa pine 

736 
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Table A. 1 Absolute dates from excavated sites, Dolores Ar chaeologi cal Program (Page 27 of 82> 

-~~~--~-~-~1·--~-~-~·"···--····-----~·-··--··--·--··~ftft--~~ft··---~ft·····----~~------~··"---
Proven ience Sample Dating results* Tree-r ing DAR 

common No . 
S lte No. name 

St r uctu r e Feature Type No. 
Vert ical 
su bd i vis ion No. Type 

--------------------
5MT2182 

Plts tructur e (cont I nuedl 
Str atum 8 00 50 Ponder osa p ine 
St ra tum 8 DD 57 Ponderosa pi ne 
Level 2 00 4 Ponde rosa p i ne 
Leve l 2 DD 9 Pinyon pine 
Level 2 DD 24 Ponderosa p i ne 
Level 2 DD 23 734p I 780r Ponderosa pine 23 7 
Leve l 2 DD 20 Ponderosa pine 
Leve l 2 DO 10 Ponder osa pine 
Level 2 DD 21 Ponderosa pi ne 
Level 2 DD 18 Ponderosa pine 
Level 6 DD 2 Ponderosa pine 
Level 6 DD 3 Poeulus 
Level 6 DD 722p I 793vv Pi nyon pine 225 
Surface DO 44 740t p I 790r Ponderosa pine 242 
Surface 00 42 716p I 790r Ponderosa pine 241 
Sur face DD 37 Ponder osa pine 
Surface DD 38 735p I 781v Ponderosa pine 239 
Surface DD 39 Ponder osa pi ne 
Sur face 00 41 Ponder osa pine 
Surface DD 36 Ponderosa pine 
Sur face 46 Posthole DD 66 Ponderosa pine 
Sur face 47 Posthole DD 63 Juniper 
Surface 56 Posthole 00 65 JunIper 
Sur face 66 Posthole DD 64 Ponder osa pi ne 

Plts t r ucture 2 
Surface 1 85 Hea rth AM 4 88Q-920 
Sutface I 103 Posthole 00 67 

Pltstructur e 102 
1015 Posthole 00 1000 714p I 760vv Ponderosa pi ne 251 

Level 3 DD 1001 503p I 593vv Ponderosa pine 252 
Level 3 DD 1002 706p I 776vv Ponde r osa pine 253 

Pltstructur e 106 
Level II 00 1008 P~ulus 

Level 11 DO lOll Poeulus 
Level II DD 1010 P~ulus 

Plts tructure 107 
Sur f ace I 1039 Hear th AM 1001 Poor results 

Pltstructur e 201 
AM 2004 Not near curve 

St r atum DD 2013 Po nderosa pine 
Stratum DD 2017 Ponderosa pine 
St r atum DO 2043 Po nderosa pine 
St ratum DD 2028 Ponderosa pi ne 

737 
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Table A.1 Absolute dates from excavated sites, Dolores Archaeological Pr ogram (Page 28 of 82) 

Provenience Sample Dating results* Tree-ring DAR 
common No. 

Site No. name 
Structure Feature Type No. 

Vertical --
subdivision No. Type 

5MT2182 
Pltstructure 201 ( cont I n ued) 

Stratum 1 DO 2046 Ponderosa pine 
Stratum 1 DO 2027 Ponderosa pine 
Stratum 00 2022 P~ulus 

Stratum DO 2014 Ponderosa pine 
Str atum DO 2038 Pinyon pine 
Stratum DO 2050 Ponderosa pine 
Str atum 00 2015 Popu Ius 
Stratum DO 2040 Ponderosa pine 
Stratum DO 2019 Ponderosa pine 
Stratum DO 2009 Ponderosa pine 
Stratum DO 2020 Ponder osa pine 
Stratum DO 2036 Pol!ulus 
Stratum DO 2031 P~ulus 

Sur face DO 2051 814p I 866rG Ponderosa pi ne 415 
Surface DO 2054 P~u Ius 
Surface 2086 Hearth AM 2005 855-910 

Pltstructure 202 
Level 6 DD 2059 Pol!ulus 
Level 6 DO 2056 P~ulus 

Level 6 DO 2058 Pol!ulus 
Level 6 DO 2060 P~ulus 

Level 6 DO 2057 Pol!ulus 
Surface 00 2061 P~ulus 

Nonstruct ural 
Unit 202 

Sur face 2024 Posthole DO 2007 Juniper 
5MT2191 

Room 1 
Surface 6 Hear th AM 2 Poor results 

GrId sq llllre 
140S/12E 
Surface 1 11 Fireplace AM 1015-1075 

Gr id square 
160S/12E 
Surface 12 Slab lined pit CF 3 1310 B.P. t 70 

5MT2192 
Room 1 

Surface 33 Hearth AM 4 pre-700 
Pltstructure 

Stratum 4 CF 1990 B.P. t 160 
Surface 1 CF 3 1510 B.P t 70 
Surface 1 13 Hearth AM Poor resu Its 

Nonstructural 
Unit 2 
Surface 1 26 Hearth AM 2 Poor results 

738 
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Table A. 1 Absolute dates tram excavated sites, Dolores Archaeological Program (Page 29 of 82) 

~--ft·-~-~-~-~-~-~~--~~------~----------~------------~~--------.aft··-~--~~---~~-~~~-
Provenience Sample Dating results* Tree-ring DAR 

- -- ---· common No. 
Site No. name 

Structure Feature Type No. 
Ver tical 
s ubdivision No. Type 

5MT2192 (continued) 
Nonstructura I 
Unit 5 
Surface 7 Hearth AM 3 Poor resu Its 

5MT2193 
Room I 

Surface AM 2 Used In Dolores 
Modi t I cat I on 

Surface AM 5 Poor results 
Room 2 

Surface 2 16 Fireplace AM pre-70Q-760; 92Q-1020 
Room 3 

Stratum -3 DD 13 Ponderosa pine 
Stratum 3 DD 12 Po~ulus 

Surface 2 AM 3 Poor results 
Surface 3 131 Posthole DD 16 Ponderosa pine 

Room 4 
Surface 3 129 Posthole DD 14 J uniper 
Surface 3 129 Posthole 00 17 JunIper 
Surface 3 129 Posthole DD 15 Juniper 
Surface 3 129 Posthole DD 18 JunIper 

Room 5 
Stratum 2 00 6 Ponderosa pine 
Sur face I II Fireplace AM 4 Poor resu Its 
Surface 1 II Fireplace [)() 177 Ponder osa pine 

Room 1 
Sur face 00 II JunIper 
Surface DD 8 Ponderosa pine 
Surface DD 7 Ponderosa pine 

PIts tructure 
AM 18 pre-70Q-775; 86Q-925 

Stratum 2 DD 140 Po~ulus 

Stratum 2 DD 136 P~ulus 

Stratum 2 DD 36 Po~ulus 

Str atum 2 DD 148 Ponderosa pine 
Stratum 2 DD 96 Po~ulus 

Stratum 2 DD 132 P~ulus 

Stratum 2 DD 81 Po~ulus 

Stratum 2 00 105 P~ulus 

Stratum 2 DD 153 Ponderosa pine 
Stratum 2 00 69 P~ulus 

Stratum 2 DD 145 Ponderosa pine 
Stratum 2 DD 50 P~ulus 

739 
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Table A. l Absolute dates t r am excavated sites, Dolores Archaeo logical Pr ogram (Page 30 of 82) 

Pr oveni ence 

Site No . 
Structure Feature 

Vertical 
subdi visi on No. Type 

5MT2193 
Pltstructur e 1 (contI nued) 

Stratum 2 
Stra t um 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Str11tum 2 
Stratum 2 
Str11tum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Str11tum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Str11'~-um 2 
Stratum 2 
Stratum 2 

740 

Sample 

Type No. 

00 143 
DD 41 
DO 110 
DD 35 
DD 131 
DD 39 
DO 101 
DD 22 
DD 56 
DD 33 
DO 146 
DD 32 
DO 98 
DD 138 
DD 102 
OD 34 
00 40 
DD 113 
DD 38 
00 150 
DD 63 
DO 91 
DD 73 
DO 139 
DO 43 
DO 97 
00 134 
DD 112 
DD 135 
[)() 127 
00 128 
DD 129 
DD 51 
DO 71 
00 111 
DD 72 

DD 107 
DD 70 
DD 64 
DD 158 
[)() 147 

Dating r esults* Tr ee-ring 
common 

name 

Populus 
Ponder osa pine 
Populus 
Populus 
Populus 
Populus 
Ponderosa pine 
Populus 
Populus 
Populus 
Ponderosa pine 
Ponderosa pine 
Ponde rosa pi ne 
Ponder osa pine 
Ponder osa pine 
Popu l us 
Populus 
Ponder osa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pi ne 
Ponder osa pi ne 
Popu Ius 
Ponderosa pi ne 
Ponde rosa pine 
Populus 
Ponder osa pi ne 
Ponder os11 pine 
Ponderosa pi ne 
Populus 
Populus 
Populus 
Populus 
Ponderos11 pine 
Populus 
Ponderosa pine 
Popu Ius 
Ponderosa pine 
Populus 
Populus 
Populus 

DAR 
No. 
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Table A.l Absolute dates fr om excavated sites, Dolor es Ar chaeolog ica l Program (Page 31 of 82) 

"~~~~~~-~~-~~~-~~--~---··-------~-------···---·-····--~--~---------------~~~-~--------
Provenience Samp le Dati ng results * Tree-ring DAR 

common No. 
Site No. ·nllll'le 

Structure Feature Type No. 
Vertical 
subdivision No. Type 

5MT2193 
Pltstructure I ( cont I nued) 

Stratum 2 DD 142 Ponder osa pi ne 
Stratum 2 DD • 54 Ponderosa pine 
Stratum 2 00 133 Populus 
Str atum 2 00 108 Po~ulus 

Stratum 2 00 137 Ponderosa pine 
Stratum 2 DO 152 Po~ulus 
Str atum 2 00 55 P~ulus 

Stratum 2 DD 114 Ponderosa pine 
Stratum 2 00 109 Populus 
Stratum 2 DO 90 Ponderosa pine 
Surface I 00 117 Ponderosa pine 
Sur face DO 116 Ponderosa pine 
Surface DO 87 Ponderosa pine 
Su r face DD 125 Ponderosa pine 
Surface DD 124 Ponder osa pine 
Surface DD 99 Po~ulus 

Surface 00 84 P~ulus 

Surface DD 66 Po~ulus 

Surface DD 100 P~ulus 

Sur face DD 95 Po~ulus 

Surface 00 79 P~ulus 

Surface DD 65 Ponderosa pine 
Surface 00 106 Ponderosa pine 
Sur face DD 149 Ponderosa pine 
Surface DO 123 Ponderosa pine 
Surface 00 122 Ponderosa pine 
Surface 00 89 Ponderosa pine 
Surface 00 103 Po~ulus 

Surface DO 68 P~ulus 

Surface DO 37 641p I 137vv J un iper 4 

Surface 00 67 Ponderosa pine 
Surface DD 92 Po~ulus 

Surface DO 160 587p I 759vv JunIper 17 

Su r face DD 121 Ponderosa pine 
Surface 00 141 P~ulus 

Surface DD 88 PInyon pine 
Surface 00 86 Ponderosa pine 
Surface DD 94 Po~ulus 

Surface 00 82 Ponderosa pine 

Sur face 26 Hearth AM 15 Poor r esu Its 
Surface 26 Hearth Nit 17 Poor results 
Surface 26 Hearth AM 16 Poor r esu Its 
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Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 32 ot 82) 

~-~-~~~-~-~-"-~~-ft--~----------·--·····--~----~------~---~---------·--·-------~-------~---~~-Provenience Sample Dating results* Tree-ring DAR 
common No. 

Site No. name 
Structure Feature Type No. 

Vertical --
subdivision No. Type 

5MT2193 (continued) 
Pltstructure 2 

58 Posthole DO 226 676p I 170vv JunIper 133 
59 Posthole DO 217 J111lper 
67 Posthole DO 227 JunIper 
68 Posthole DO 228 Jll11per 
97 Posthole DO 225 JunIper 
74 Bench AM 21 Poor resu Its 
75 Vent II at I on DO 188 P~ulus 

system 
75 Vent II at I on DO 187 Populus 

system 
75 Vent II at I on DO 202 P~ulus 

system 
75 Vent II at ton DO 207 P~ulus 

system 
75 Vent II at ton [)() 206 P~ulus 

system 
75 Vent II at ton DO 198 P~ulus 

system 
75 Vent II at ton [)() 199 P~ulus 

system 
75 Vent II at ton DO 205 P~ulus 

system 
Stratum DO 28 Ponderosa pine 
Stratum DD 31 Jll11per 
Stratum DO 26 Ponderosa pine 
Stratum DO 130 660p I 732vv J111lper 36 
Stratum [)() 29 Ponderosa pine 
Stratum DO 23 Ponderosa pine 
Stratum DO 24 Ponderosa pine 
Stratum DO 27 Ponderosa pine 
Stratum DO 44 Ponderosa pine 
Stratum DO 30 Ponderosa pine 
Stratum DO 25 Ponderosa pine 
Stratum DO 52 676±p I 764vv JIJ"'Iper 19 
Stratum DO 45 Ponderost~ pine 
Stratum 2 DO 119 721tp I 768vv Ponderosa pine 39 
Stratum 2 DO 167 P~ulus 
Stratum 2 [)() 120 714p I 766vv Ponderosa pine 3 
Stratum 2 DO 204 714p I 767vv Ponderosa pine 126 
Stratum 2 DO 203 Ponderosa pine 
Stratum 2 [)() 201 Ponderosa pine 
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Table A. 1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 33 of 82) - .. 
Provenience Sample Dating results* Tree-rl ng DAR 

·-- common No. 
S lte No. name 

Siroetoce ~ore Type No. 
Vertical 

subdivision No. Type 

5MT2193 
PI tstructure 2 (cont I nuedl 

Stratum 2 DO 126 Ponderosa pine 

Stratum 2 DO 197 Ponderosa pine 
Stratum 2 DO 219 Ponderosa pine 
Stratum 2 DO 42 Ponderosa pine 
Stratum 2 DO 118 JunIper 
Stratum 2 DO 218 PonderOsa pine 

Stratum 2 DO 104 641:1:p I 769vv JunIper 35 
Stratum 2 DO 163 Ponderosa pine 

Stratum 2 DO 200 Ponderosa pine 
Stratum 2 DO 170 Ponderosa pine 
Level 3 DO 181 Ponderosa pine 
Level 3 DO 49 730tp I 769v Ponderosa pine 28 
Level 3 DO 62 JunIper 
Level 3 DO 20 Ponderosa pine 

Level 3 DO 164 Ponderosa pine 
Level 3 DO 85 Ponderosa pine 
Level 3 DO 151 Ponderosa 'pine 

Level 3 DO 183 Ponderosa pine 
Level 3 DO 179 JunIper 

Level 3 DO 78 702:l:p I 766vv Juniper 32 
Level 3 DO 77 Ponderosa pine 

Level 3 DO 173 Ponderosa pine 

Level 3 DO 83 720p I 769vv Ponderosa pine 30 
Level 3 DO 166 724p I 768vv Ponderosa pine 18 
Level 3 DO 184 Ponderosa pine 

Level 3 DO 74 Ponderosa pine 
Level 3 DO 180 Ponderosa pine 
Level 3 DO 47 670p I 759vv Juniper 31 

Level 3 DO 182 JunIper 
Level 3 DO 178 Ponderosa pine 

Level 3 DO 46 Ponderosa pine 

Level 3 DO 162 Ponderosa pine 

Level 3 DO 165 Ponderosa pine 

Level 3 DO 169 Ponderosa pine 

Level 3 DO 53 JunIper 

Level 3 DO 185 Noncon I ferous 

Level 3 DO 175 Ponderosa pine 

Level 3 DO 171 731p I 763vv Ponderosa pine 20 

Level 3 DO 75 Ponderosa pine 

Level 3 DO 21 Ponderosa pine 

Level 3 DO 156 Ponderosa pine 
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Table A. 1 Absolute dates tr am excavated sites, Do lores Archaeological Program <Page 34 ot 82) 

--~-"~~-~-~-~-~-"·"·~-~-~---------ft-----~-------~----~-------~" ..... " ... " .. "···~--~~~---"·~~--
Provenience Sample Oat I ng r esu Its* Tree-ring DAR 

-- ------ common No. 
Site No. name 

Structure Feature Type No. 
Vertical 
subdivision No. Type 

5MT2193 
Pltstructure 2 (cont I nuedl 

Level 3 DO 58 JunIper 
Level 3 DO 144 Ponderosa pine 
Level 3 DO 155 Ponderosa pine 
Level 3 DO 176 Ponderosa pine 
Level 3 DO 48 721p I 769vv Ponderosa pine 25 
Level 3 DO 154 Ponderosa pine 
Level 3 DO 19 P~ulus 

Level 3 DO 186 Ponderosa pine 
Level 3 DO 159 Ponderosa pine 
Level 3 DO 60 707±p I 765vv Juniper 34 
Level 3 DO 61 711p I 765vv Juniper 33 

Level 3 DO 76 705p I 769vv Ponderosa pine 22 
Level 3 DO 157 Ponderosa pine 
Level 3 DO 174 Ponderosa pine 
Level 3 DO 172 Ponderosa pine 
Level 3 DO 191 PO!;!UIUS 
Level 3 DO 161 706p I 742vv Ponderosa pine 29 
Level 3 DO 80 Ponder !)Sa pine 
Level 3 DO 168 718p I 765vv Ponderosa pine 24 
Surface DO 214 Ponderosa pine 
Surface DO 209 Ponderosa pine 
Surface DO 189 Po!;!ulus 
Surface DO 213 724p I 769v Ponderosa pine 130 
Surface DO 211 Ponderosa pine 
Surface DO 212 732tp I 769v Ponderosa pine 129 
Surface DO 59 Po!;!ulus 
Surface DO 190 Ponderosa pine 
Surface DO 220 Ponderosa pine 
Surface DO 221 Ponderosa pine 
Surface DO 208 724p I 769vv Ponderose pine 127 
Surface DO 210 735p I 765vv Ponderosa pine 128 
Surface AM 22 Poor resu Its 
Surface DO 192 Ponderosa pine 
Surface DO 194 Ponderose pine 
Surface DO 193 Juniper 
Surface DO 216 Ponderosa pine 
Surface DO 57 PO!;!U Ius 
Surta.-e DO 196 Ponderose pine 
Surface DO 195 Ponderosa pine 
Surfece DO 215 Ponderose pine 
Surface 84 Hearth AM 20 Poor results 
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Table A.1 Absolute dates tram excavated sites, Dolores Archaeological Program (Page 35 ot 82) 

-~-~-~-~-~--~-~-~--"~-~~-"···-------~-----~---~------~---~----~~--~--~--~~"-~1·-~---~--ft·· 
Provenience Sample Dating results* Tr ee-ring DAR 

common No . 
Site No. name 

Structure Feature Type No. 
Vertical ------
subdivision No. Type 

------ -
5MT2193 

Pitstructure 2 (contInued) 
Surface 89 Posthole DO 223 JunIper 
Surface 1 89 Posthole DO 224 Junipe r 
Surface I 89 Posthole DO 222 JunIper 

Nonstructural 
Unit 5 
Surface DO 5 PO(!UIUS 
Surface 132 Posthole DO 10 Jun Iper 
Surface 132 Posthole DO 9 Juniper 

Nonstructural 
Unit 8 
Surface 1 1 Fireplace AM 6 Poor results 

Nonstructural 
Unit 12 

Surface I 83 Fireplace AM 19 Poor resu Its 
Grid square 

122SI164E 
Level DO Ponder osa pi ne 
Level DO 2 Ponder osa pine 
Level DO 3 Ponderosa pi ne 
Level DO 4 Ponder osa pi ne 

5MT2194 
Pitstructure 

Surface 1 24 Hearth AM Poor results 
5MT2198 

Pltstructure 
Stratum 1 DO 12 Jun i per 
Stratum I DO 9 496tp I 550vv JunIper 57 
Stratum DO 10 Juniper 
Stratum DO II Jun Iper 
Stratum DO 13 Juniper 
Stratum 2 DO 16 Non con I terou s 
Sur face 1 DO 14 Non con I fer aJ s 
Surface I DO 15 Non con I terous 
Surface 1 8 Hearth AM 2 925-1015; 1250-post-1425 

Pltstructure 2 
Full cut DO 4 PInyon pi ne 
Full cut DO 1 P~ulus 

Full cut DO 6 Junipe r 
Fu II cut DO JunIper 
Full cut DO 8 528p I 634vv Junipe r 58 
Fu II cut DO 3 581fp I 655vv JunIper 56 
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Tl!ble A. 1 Absolute dl!tes from excavl!ted sites , Dolores Archl!eologlcl!l Program (Pl!ge 36 of 82) 

~~~ft~~-~---~~-~-~-~-ft·~-~--~---------~---~---~----~·--"·--~----------.. "·--~·-·····1·~---ftft--~--~-· 
Provenience Semple Dating results* Tree-ring OAR 

common No. 
Site No. name 

"'"""" ~ '"'"" Type No. 
Vertlcl!l 

subdivision No. --~ype _ 

5MT2198 
Pitstructure 2 ( cont I nuedl 

Fu II cut DO 2 JunIper 
Full cut DO 5 Juniper 

Nonstructurlll 
Unit 2 

Surfece 1 2 Flrepll!ce Nl, pre-700 
5MT2199 

Grid squa r e 
80S/58E 

Surface 1 3 Heer th Nl, Poor results 
Gr I d sq Ul!re 

300S/42E 
Surface 1 2 Burned pit CF 5680 B.P. :t 2350 

5MT2203 
Nonstructurl! I 

Unit 2 
Surface 3 Burned pit AM Poor resu Its 

5MT2215 
Room 1 

Sur face Burned pit .4,14 Poor results 
5MT2226 

Room 1 
Su r fl!ce Posthole DO Ponderos11 pine 

Pltstructure 
Surface 1 28 Heerth AM Poor resu Its 
Surface 14 Posthole DO 3 PInyon pIne 
Surf lice 17 Posthole DO 2 Ponderose pine 

5MT2235 
Pltstructure 

Stratum 1 CF 2 1545 B.P. :t 170 
Strl!tum 2 DO 1 912fp I 1102vv Juniper 60 
Strl!tum 3 10 Hel!rth Nl, 3 1000-1350 
Surface 2 11 Hel!rth 00 5 909fp/ 988+vv Juniper 59 
Surface 2 11 Hel!rth .4,14 4 1010-1050 
Surface 2 11 Hel!rth CF 6 1065 B.P :t 100 
Surface 2 11 Hearth DO 6 JunIper 
Surface 2 28 Human burial DO 3 Juniper 
Full cut DD 4 JunIper 
Fu II cut DO 2 PInyon pine 

Excl!Vl!tlon unIt 6 
Full cut 8 Heerth AM 1000-1025; 1300-pos t-142 5 

Grid squl!re 
140S/02E 
Level 2 5 Heerth CF 1145 B.P . :t 65 
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e 
Table A.1 Absolute dates fr om excavated s ites, Dolores Archaeological Program (Page 37 of 82) 

~~-~~-~·"·~-~~-~--~---1···----~----~-~~-----------~-----~--Aft~----~----~ft"~~~-~~~--~~--~--
Provenience Sampl e Oat I ng resu Its* Tree-r lng DAR 

---- common No. 
S lte No. name 

Structure Feature Type No. 
Vertical 
subdIvisIon No. Type 

5MT2235 (continued) 
Gr I d square 

140SI16E 
Level 2 7 Hearth AM 2 Poor resu Its 

5MT2236 
Pltstructure 1 

Surface 1 DO 14 71 8 I 762vv Ponderosa pine 138 
Surface 1 DO 5 Ponderosa pine 
Surface 1 DO 13 Ponderosa pine 
Surface 1 DO 15 720p I 762v Ponderosa pine 139 
Surface 1 DO 3 Ponderosa pine 
Surface 1 DO 7 Ponder osa pine 
Surface 1 DO 2 Ponderosa pine 
Surface 1 DO 12 Ponderosa pine 
Surface 1 DO 16 Ponderosa pine 
Surface 1 DO 9 725 I 760vv Ponderosa pine 137 

e Surface 1 DO 17 729p I 765vv Ponderosa pine 140 
Surface 1 DO 6 722p I 76 5r Ponderosa pine 135 
Surface 1 DO 4 Ponderosa pine 
·surface 1 DO 11 Ponderosa pine 
Surface 1 DO 19 728p I 758vv Ponderosa pine 142 
Surface 1 DO 8 Ponderosa pine 

Surface 1 DO 1 727p I 765vv Ponderosa pine 134 

Surface 1 DO 10 Ponderosa pine 
Surface 1 DO 18 728p I 761vv Ponderosa pine 141 

Surface 1 5 Hearth AM 2 Us ed In Dolor es 
Modification 

Gr I d squar-e 
160SI74E 
Surface 1 4 Flrep lace AM 1 101 0-1050 

5MT2241 
Nons tructural 

Unit 2 
Surface 1 1 Hearth CF 1 690 B.P. :1: 50 

5MT2242 
Gr ld square 

140SI34E 
Surface 1 3 Hearth CF 1 371 0 B. P. :1: 90 

5MT2320 
Room 8 

Surface 1 31 Hearth AM 5 Poor r esul ts 
Pltstructure 1 

Surface 1 3 Hearth AM 1 Used In Do lores 
Modi f I cat I on 

-
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T11ble A. I Absolute d11tes from exc!lv!lted sites, Dolores Arch!leologlc!!l Progr~~m (P11ge 38 of 82> 

·ft·~·ft·~-~-~-~-~~~~-"------------~aft·-------~-~~---------~------------~--------~---ft--~~~"~-
Pr ovenience S~~mple Oat I ng resu Its* Tree-ring DAR 

comrron No. 
Si te No. n~~me 

St r ucture Fe11ture Type No. 
Ver tic!! I --

subd i vis ion No. Type 

5MT2320 (continued) 
Plts t r ucture 2 

~ 3 790-850 
Surf 11ce I 50 He11rth AM 4 aao-915 
Sur face I 50 Hearth AM 2 Poor results 

Ptts tructur e 3 
AM 6 77o-790; 83o-860 

Sur f11ce I 58 Posthole DD Ponderosa pine 
Pltst r uctu re 4 

Stratum 3 OD 12 Ponderosa pi ne 
Str11tum 3 DO 3 Ponder osa pi ne 
Str11tum 3 DD 7 Ponder osa pine 
St r11tum 3 DO 8 Ponderosa pine 
Stratum 3 DO 2 Ponderos11 pine 
Str11tum 3 DO 9 Ponderosa pi ne 
St ratum 3 DD 10 Ponderosa pi ne 
Str11tum 3 DO 11 Ponderosa pi ne 
Surface 1 11 3 He11r th AM 7 78o-790; 89o-910; 85o-860 

5MT2336 
Room 2 

Surface 23 Posthole DO 3 Pinyon pine 
Room 5 

Surface 26 Posthole DO 4 Ponder os11 pine 
Room 9 

Sur face 46 Posthole DO 5 Ponderosa pine 
Plts t ruct ur e 

Surface 1 DO Ponderosa pine 
Surface 1 DD 2 Ponderosa pine 
Surhce 1 65 Unburned pit AM 86o-950 

Plts t r uctur e 2 
Surface 1 99 Small floor clst DD 6 Ponderosa pine 
Surface 1 99 Small floor clst DD 7 Ponderosa pine 
Surface 1 99 Small floor clst DO 8 Ponder osa pine 

PIts t r ucture 5 
Surface 1 DO 9 Pi nyon pi ne 
Sur fece 1 OD 10 PInyon pine 

Nonstructur el 
UnI t 5 
Surhce 1 42 Heer th AM 2 Poor resu lts 

5MT2378 
Plt s t r uct ur e 

Surface 1 9 Heerth AM pr~70o-735 

Pltstructure 2 
Surface 1 6 Hearth AM 2 pr~700 
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e 
Table A.1 AbsoluttJ dates from excavated sites, Dolores Archaeological Progr am <PaL·e 39 of 82> 

•~•~•~•~•~•-•~••••••----••••••--••••••••••--••••--••••••••••--•••••••••--•••--••••--•--•••••••••••••n•• 

Provenience Sample Dating results* Tree-r ing DAR 

--------- common No. 

S lte No. name 

Str ucture Featu r e Type No. 

Ver tical 

subdivision No . Type 

----- - - ----- -· ------
5MT2378 (continued) 

Nonstructural 
Unit 1 

Su r face 1 44 Posthole DD 1 Jun i per 

5MT2729 
Pltstructure 1 

Surface 1 7 Hearth AM 1 1005-1030; 1250-1350 

Surface I 9 WarmIng pit AM 2 1000-1030; 127 5-1350 

5MT2731 

Room I 
Surface I 7 Fireplace CF II 2650 B.P. :t 70 

Full cut CF 10 2830 B.P. :t 50 

Nonstructural 

UnIt 1 
Level I 2 Fireplace AM 2 Poor results 

Level 1 2 Flrep lace CF 3 1250 B.P. :t 60 

Level I I Slab II ned pit CF I 1630 B.P. :t 70 e Level I I Slab lined pit AM I Poor resu Its 

Grid square 

300S/300E 
Surface 1 CF 2 3340 B.P. :t 180 

5MT2848 

Pltstructure I 

Level 2 DD 8 Juniper 

Level 2 DD 5 JunIper 

Level 2 DD 2 Ponderosa pine 

Level 2 DD 7 693p I 784r JunIper 156 

Level 2 DD 4 Ponderosa pine 

Level 2 DO I Ponderosa pine 

Level 2 DD 6 Ponderosa pine 

Level 2 DD 3 Ponderosa pine 

Level 2 DD 36 Po!!ulus 

Level 2 DD 37 Ponderosa pine 

Level 2 DD 34 717p I 783vv Ponderosa pine 172 

Level 2 DO 35 P~ulus 

Level 2 DD 38 Ponderosa pine 

Level 2 DO 33 Ponderosa pine 

Level 2 DD 39 Ponderosa pine 

Surface 1 AM 2 Used In Dolores 

Modlt lcatlon 

Surface ' 9 Hearth AM 3 760-790; 840-870; 885-915 

e 
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Table A.1 Absolute dates f~om excavated sites, Dolores Archaeological Program (Page 40 of 82) 

~-~---ft·~-~-1ft·~-----~-----~-----------~~-----~~ft·--~~------~~--------ft~-ft---~1--~---
Provenience Sample Dating results* Tree-rl ng DAR 

comrron No. 
Site No. name '"""''"'• k '"'"'• Type No. 

Vertical --------
subdivision No. ____ Type 

5MT2848 (continued) 
Pltstructure 2 

26 Bench DO 47 622p I 685v Ponderosa pine 312 
Level DO 41 JlJ'llper 
Level DO 40 468:l:p I 635vv JunIper 173 
Level DO 43 Jt.nlper 
Level OD 42 JunIper 
Level DO 44 JlJ'llper 
Surface DD 23 Ponderosa pine 
Surface DD 19 Po~ulus 

Surface DD 25 Ponde~osa pine 
Surface DO 21 Po~ulus 

Surface DD 27 P~ulus 

Surface DO 24 Ponderosa pine 
Surface DO 29 P~ulus 

Surface DD 22 Po~ulus 

Surface DO 31 P~u Ius 
S.urface DO 9 Po~ulus 

Surface DD 45 Ponderosa pine 
Surface DO 26 Ponderosa pine 
Surface DD 16 P~ulus 

Surface DO 28 Po~uius 
Surface DO 50 P~ulus 

Su~face DO 30 Po~ulus 

Surface OD 48 P~ulus 
Surface DO 46 Ponderosa pine 
Surface DD 14 Populus 
Surface DO 32 370 617vv Jt.nlper 158 
Surface DO 10 Ponderosa pine 
Surface DO 13 Po~ulus 
Surface DO 12 P~ulus 
Surface DO 49 Po~ulus 

Surface DO 11 Ponderosa pine 
Surface DO 15 Ponderosa pine 
Surface DO 20 · Ponderosa pine 
Surface DD 17 632p I 684v Ponderosa pine 157 
Surface DO 18 P~ulus 

Gr ld square 
260S/28E 
Surface 1 3 Hearth AM pre-70o-750; 920-1010 

5MT2853 
Pltstructure 2 

Surface 1 5 Hearth AM 775-790; 840-860 
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Table A. 1 Absolute dates from excavated sItes, Dolores Archaeological Program <Page 41 of 82) -
Provenience Sample Dating results* Tree-ring DAR 

COIIIII'On No. 
Site No. name 

Structure Feature Type No. 
Vertical 
subdivision No. Type 

5KT2854 
Pltstructure 

Stratum 1 CF 3 1620 B.P. t 60 
Pltstructure 2 

79 Vent II at I on DO 4 Ponderosa pine 
system 

Surface 2 17 Hearth AM 2 pre-70Q-750; 87Q-890 
Surface 2 44 Posthole DO 2 Ponderosa pine 

Pltstructure 3 
Surface 3 12 Posthole DO Pinyon pine 
Surface 3 65 Posthole CF 7 1680 B.P. t 60 
Surface 3 65 Posthole DO 3 Pinyon pine 

Nonstructural 
Unit 1 

Surface 2 Hearth AM 95Q-1020; 1325-post-1425 
Surface 92 Burned pit AM 3 Poor resu Its 
Surface 93 Burned pit AM 4 Poor results 

5MT2858 
Pltstructure 

Surface 1 AM 3 Poor resu Its 
Surface 1 CF 5 1661 B.P. t 60 
Surface 1 2 Hearth . AM 2 pre-70Q-750; 865-890 

Pltstructure 2 
Surface 1 33 Hearth AM 4 Poor resu Its 
Full cut CF 6 2000 B.P. t 60 

Nonstructural 
Unit 1 
Surface Hearth AM pre-70Q-750; 865-890; 91Q-950 

5MT4475 
Room 1 

Surface 3 17 Hearth AM 6 Poor results 
Room 1 

Surface 9 Fireplace AM 11 95Q-1050; 1125-post-1425 
Surface 15 Fireplace AM 12 Poor resu Its 

Room 10 
Stratum 3 DO 319 Ponderosa pine 
Stratum 3 DO 315 Ponderosa pIne 
Stratum 3 DO 317 Ponderosa pine 
Stratum 3 DO 320 Ponderosa pI ne 
Stratum 3 DO 314 Ponderosa pine 
Stratum 3 DO 318 Ponderosa pine 
Stratum 3 DO 316 Ponderosa pine 
Surface 1 14 Fireplace AM 10 pre-70Q-775; 865-930 
Surface 1 13 Bin DO 64 Ponderosa pine 
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Table A. 1 Absolute dates from excavated sites, Oo iores Archaeological Program (Page 42 of 82) 

Provenience Sample I Dating results* Tree-r ing DAR 
common No . 

Si te No. name 
Structure Feature Type No. 

Vert ical 
s ubdiv ision No. Type 

5141"4475 
Room 10 (cont I nuedl 

Surface 1 10 Storage Bin DO 65 822p I 862v Ponderosa pine 45 
Surface 3 508 Bin 00 301 Ponderosa pine 
Sur face 3 , 508 Bin DO 300 832 I 875+vv Ponderosa pIne 348 
Surface 3 508 Bin 00 299 Ponderosa pine 
Sur face 3 508 Bin 00 295 Populus 
Full cut DO 43 Ponderosa pine 
Full cut 00 46 Populus 
Ful l cut DO 49 Ponderosa pine 
Fu II cut 00 44 
Full cut DO 45 Ponder osa pine 
Fu I I cut 00 42 Ponderosa pine 

Room 59 
St r atum 3 00 242 Ponderosa pi ne 
Stratum 3 00 243 Ponder osa pine 
St r atum 3 00 240 Ponderosa pine 
Stratum 3 00 241 Ponder osa pine 
Stratum 3 00 244 Ponderosa pi ne 
Sur face 1 00 245 Ponderosa pine 

Room 61 
Level DO 24 Ponder osa pine 
Leve l 00 4 Ponderosa pi ne 
Level DO 22 Ponderosa pine 
Level 00 23 Ponderosa pine 
Level DO 6 Ponder osa pine 
Level 00 21 812p I 879v Ponderosa pine 43 
Level DO 3 Ponderosa pine 
Level 00 5 837p I 877v Ponderosa pine 42 
Level DO 25 Ponder osa pi ne 
Surface 00 247 Ponder osa pi ne 

Room 63 
Level 1 16 Hearth AM 7 Poor results 

Room 66 
Sur face 00 30 Ponderosa pine 
Surface DO 31 Ponderosa pine 
Sur face 00 20 Ponder osa pi ne 
Surface DO 29 PInyon pine 

Room 67 
Level 2 DO 69 Ponderosa pine 
Leve l 3 00 74 Ponder osa pI ne 
Level 3 DO 73 Ponderosa pine 
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e 
Table A. 1 Absolute dates fran 

.... "-~~fltll .... _ 
Proven i ence 

Si te No. 

Structure Feature 

Ver tica l 
subdi vis ion No . Type 

5MT4475 
Room 74 

Surface 1 601 Bin 
Room 77 

St ratum 2 
Room 79 

St r atum 1 

Stratum 1 
St r atum 1 

Stratum 1 
St r atum 1 

Stratum 1 
Room 81 

Stratum 1 
St r atum 1 

Stratum 1 

e Stratum 1 

Stratum 1 
St r atum 1 

Stratum 1 
Stratum 1 

Stratum 1 
Surface 1 

Sur face 1 
Room 83 

Stratum 1 
Pltst r ucture 1 

39 Bench 

Stratum 3 
St r atum 3 

Stratum 3 
Stratum 3 
Stratum 3 
Strat um 3 
Stratum 3 
St r atum 3 
Stratum 3 
Stratum 3 
Stratum 3 
Strat um 3 
Stratum 3 

e 

excavated s i tes, 

Sample 

Type No. 

~ 22 

DO 555 . 
DO 554 

DO 569 
DO 564 

DO 565 
DO 566 

DO 563 

DO 539 

DO 552 

DO 535 
00 536 

00 559 
DO 560 

DO 557 
DO 558 

DO 561 
DO 553 
DO 562 

DO 567 

AM 4 
DO 101 

DO 54 
DO 34 

DO 63 
DO 12 

DO 7 

DO 16 
DO 59 

DO 10 
DO 50 
DO 62 
DO 9 

00 41 
DO 60 

Dolores Ar chaeological p 

Dating results* 

Not near curve 

830 I 815+vv 
819 I 814r 

820p I 861vv 

1000-1060; 1100-1425 

APPENDIX 

rogr am <Page 43 of 82) 

Tree-ring 

canmon 
name 

Douglas-f ir 

Ponder osa p I ne 

Ponder osa pi ne 
Ponder osa pIne 

Ponderosa pi ne 
Ponderosa pI ne 

Ponderosa pi ne 

DAR 

No. 

Ponderosa pi ne 361 
Ponderosa p I ne 363 

Ponderosa pi ne 
Ponderosa p I ne 

Ponderosa pi ne 
Ponderosa pIne 

Ponderosa pine 
Ponderosa p i ne 
Ponder osa pine 364 

Populus 
Ponderosa pine 

Ponder osa pine 

Jun I per 

Populus 
Populus 
Populus 
Populus 
Populus 

Populus 
Populus 
Populus 

Populus 
Populus 
Populus 

Populus 
Populus 
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Table A.l Absolute dates fran excavated sites, Dolores Archaeological Program (Page 44 of 82) 

Provenience Sample Dating results• Tree-ring DAR 
canmon No. 

Site No. name 
Structure Feature Type No. 

Vert ical 
subdivision No. Type 

5NT4475 
Pltstructure 1 (contInued) 

Stratum 3 [)() 39 Populus 
Stratum 3 DO 2 Populus 
Stratum 3 [)() 18 Populus 
Stratum 3 DO 33 Populus 
Stratum 3 [)() 36 Populus 
Stratum 3 DO 40 Populus 
Str atum 3 [)() 14 Populus 
Stratum 3 DO 11 Populus 
Stratum 3 [)() 57 Populus 
Stratum 3 DO 28 Populus 
Stratum 3 DO 8 Populus 
Stratum 3 DO 17 Populus 
Stratum 3 [)() 35 Populus 
Stratum 3 DO 15 Populus 
Str atum 3 [)() 19 Populus 
Stratum 3 DO 37 Populus 
Stratum 3 DO 51 Populus 
Stratum 3 DO 27 Populus 
Stratum 3 [)() 53 Populus 
Stratum 3 DO 56 Populus 
Stratum 3 [)() 55 Populus 
Stratum 3 DO 58 Populus 
Stratum 3 DO 13 Populus 
Stratum 3 DO 52 Ponderosa pine 
Stratum 3 [)() 26 Populus 
Stratum 3 DO 61 Populus 
Stratum 3 [)() 32 Populus 
Level 2 DO 48 Populus 
Level 2 [)() 38 Juniper 
Level 2 DO 47 Populus 
Surface 24 Hearth ~ 1 100~1050 

Pltstructure 2 
~ 5 775-800; 835-865; 885-915 

Pltstructure 3 
~ 3 70Q-770; 86~925 
AM 2 Poor resu Its 

154 Bench ~ 18 Used In Dolores 
14odlflcatlon 

154 Bench DO 213 Ponderosa pine 
155 Vent llat I on [)() 237 Ponderosa pine 

systam 
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APPENDIX 

e 
Table A.1 Absolute dates tram excavated sites, Dolores Archaeological Progrem (Page 45 of 82) 

----~--.w•ft·---~~--------- ------ -------------
Provenience Semple Oat I ng resu Its* Tree-ring DAR 

common No. 
Site No. neme 

Structure Feature Type No. 
Vertical 
subdivision ~o. Type 

5MT4475 
Pltstructure 3 (cont I nuedl 

155 Vent I let Jon DO 238 Ponderosa pi ne 
system 

Stratum 3 DO 113 Ponderosa pine 
Stratum 3 DO 135 Ponder osa pine 
Stratum 3 DO 174 Ponderosa pine 
Stratum 3 DO 120 Ponder:ose pine 
Stratum 3 DO 194 Ponderosa pine 
Stratum 3 DO 127 Ponderosa pine 
Stratum 3 DO 152 
Stratum 3 DO 119 Ponder osa pine 
Stratum 3 DO 203 Ponderosa pine 
Stratum 3 DO 134 786 I 875v Doug les-t lr 186 
Stratum 3 DO 192 Ponderosa pine 
Stratum 3 DO 130 Ponderosa pi ne - Stratum 3 DO 180 Ponderosa pine 
Stratum 3 DO 110 Ponder osa pine 
Stratum 3 DO 163 Ponderosa pI ne 
Stratum 3 DO 177 Douglas-fir 
Stratum 3 DO 176 564p I 685vv Ponder osa pine 190 

Stratum 3 DO 124 Ponderosa pine 
Stratum 3 DO 181 Ponderosa pine 
Stratum 3 DO 164 836tp I 874vv Ponderosa pi ne 189 
Stratum 3 DO 139 Ponderosa pi ne 
Stratum 3 DO 118 Ponderosa pine 
Stratum 3 DO 148 Ponder osa pi ne 
Stratum 3 DO 173 Ponderosa pine 
Stratum 3 DO 132 Ponderosa pi ne 
Stratum 3 DO 143 Ponderosa pine 
Stratum 3 DO 117 Ponderosa pi ne 
Stratum 3 DO 183 Ponderosa pine 
Stratum 3 DO 186 Ponderosa pine 
Stratum 3 DO 202 Ponderosa pine 
Stratum 3 DO 188 Ponderosa pine 
Stratum 3 DO 179 Ponderosa pine 
Stratum 3 DO 137 Ponder.:JSa pine 
Stratum 3 DO 168 Ponderosa pine 
Stratum 3 DO 204 Ponderosa pine 
Stratum 3 DO 125 Ponderosa pine 
Stratum 3 DO 153 Ponderosa pine 
Stratum 3 DO 208 Ponderosa pine 
Stratum 3 DO 146 806tp I 874r Ponderosa pi ne 187 

e 
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FINAL REPORT 

Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 46 of 82) 

Provenience Sample Dating results* Tree-ring DAR 
common No. 

S lte No. name 

Structure Feature Type No. 
Vertical 
subdivision No. Type 

514T4475 
Pltstructure 3 (contInued) 

Stratum 3 DO 205 Ponderosa pine 

Stratum 3 DO 151 Ponderosa pine 

Stratum 3 DO 122 Ponderosa pine 

Stratum 3 DO 182 Ponderosa pine 

Stratum 3 DO 161 Ponderosa pIne 

Stratum 3 [)() 162 Ponderosa pine 

Stratum 3 DO 217 Ponderosa pine 

Stratum 3 DO 149 Ponderosa pine 

Stratum 3 DO 195 Doug las-t I r 
Stratum 3 DO 169 Ponderosa pine 

Stratum 3 DO 142 Ponderosa pine 

Stratum 3 DO 158 Ponderosa pine 
Stratum 3 DO 121 Ponderosa pIne 
Stratum 3 DO 190 766p I 874v Douglas-fir 191 

Stratum 3 DO 114 Ponderosa pI ne 

Stratum 3 DO 155 Ponderosa pine 
Stratum 3 DO 189 Ponderosa pIne 

Stratum 3 DO 144 Ponderosa pine 

Stratum 3 DO 170 PonderoSa pine 

Stratum 3 DO 111 Ponderosa pine 
Stratum 3 DO 199 Ponderosa pine 

Stratum 3 [)() 184 Ponderosa pine 

Stratum 3 DO 197 Douglas-fir 

Stratum 3 DO 198 Douglas-fir 

Stratum 3 DO 185 Ponderosa pI ne 

Stratum 3 DO 175 Ponderosa pine 

Stratum 3 DO 207 Ponderosa pI ne 

Stratum 3 DO 129 Ponderosa pine 
Stratum 3 DO 172 Ponderosa pine 

Stratum 3 DO 150 Ponderosa pine 
Stratum 3 DO 126 Ponderosa pine 

Stratum 3 DO 138 Ponderosa pine 
Stratum 3 DO 165 Ponderosa pine 

Stratum 3 DO 196 744fp I 805vv Douglas-fir 188 

Stratum 3 DO 206 Ponderosa pine 

Stratum 3 DO 167 Ponderosa pine 
Stratum 3 DO 145 Ponderosa pI ne 

Stratum 3 DO 201 Doug las-t I r 
Stratum 3 DO 131 Ponderosa pine 
Stratum 3 DO 115 Ponderosa pine 
Stratum 3 DO 141 Ponderosa pine 
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e 
Table A.1 Absolute dates from excavated sites, 

,..,...,.....,..~---

Provenience Sample 

Site No. 
Structure Feature Type No. 

Vertical 
subdivision No. Type 

5MT4475 
Pltstructure 3 (cont 1 nuedl 

Stratum 3 DO 209 
Stratu111 3 00 123 
Stratum 3 00 156 
Stratu111 3 00 200 
Stratum 3 DO 147 
Stratu111 3 DO 133 
Stratum 3 DO 187 
Stratum 3 DO 191 
Stratum 3 DO 166 
Stratum 3 DO 140 
Stratu111 3 DO 112 
Stratu111 3 DO 116 
Stratum 3 DO 136 
Stratum 3 156 Unburned pit DO 216 

e Level 1 DO 104 
Le-Jel 1 DO 106 
Level 1 DO 107 
Surface 1 00 218 
Surface 1 DO 214 
Surface 1 DO 220 
Surface 1 00 215 
Surface 1 DO 222 
Surface 1 DO 223 
Surface 1 DO 219 
Surface 1 DO 221 
Surface 1 DO 224 
Surface 1 166 Posthole N4 15 

Surface 1 166 Posthole N4 14 

Surface 1 171 Posthole DO 210 
Surface 1 171 Posthole DO 212 
Surface 1 171 Posthole DO 211 
Surface 1 174 Posthole DO 227 
Surface 1 174 Posthole DO 226 
Surface 1 176 . Floor vault DO 231 
Surface 1 176 Floor vault 00 225 
Surface 1 176 Floor vault DO 234 
Surface 1 176 Floor vault 00 235 
Surface 1 176 Floor vault DO 228 
Surface 1 176 Floor vault 00 233 

e 

Dolores Archaeolog 

Dating results* 

752p I 874+r 

Used 1 n Do I ores 
Mod If I cat Jon 

Used In Dolores 
Modlf lcetlon 

APPENDIX 

leal Program (Page 47 of 821 

Tree-rl ng 

common 
name 

Ponderosa pine 
Ponderosa pine 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pIne 
Ponderosa pine 
Doug Ia s-f I r 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Ponderosa pIne 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 
Ponderosa pI ne 
Ponderosa pine 
Ponderosa pI ne 

DAR 
No. 

50 
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FINAL REPORT 

Teb le A. I Absolute detes f r om excevetad sites, Dolores Archaeologlcel Progr11111 <Pege 48 of 82) 
-~----~~~-~---~~-~~--~----~•~•--ft•~~--~------ft·---------e.-•..-••••• - -· Pr oven ience Sample Detlng results* Tree-rii)Q DAR 

------- -- common No. 
Site No. n!lllle 

Structure Feet ure Type No. 
Vert lce l 
su bd ivisi on No. Type 

5MT4475 (conti nued) 
Pltstruct ure 3 (cont I nuedl 

Sur f!lce I 176 Floor vault DO 229 Ponderosa pine 
Surfece 176 Floor veult DD 230 Ponderose pine 
Surfece 176 Floor veult DD 236 Ponderosa pine 
Surfece 176 Floor veult DO 232 Ponderose pine 
Sur fece 159 Wlngwell AM 16 Used I n Do I ores 

Modification 
Sur fece 2 215 Unbur ned pit DD 239 Pond eros !I pine 
Sur fece 2 223 Unburned pit AM 17 Poor resu Its 
Fu II cut DD 102 Ponder osa pine 

Pl t structure 4 
339 Vent II et I on DO 255 Pond erose pine 

system 
Surfece I 255 Heerth AM 19 95Q-1015; 1175- post-1425 

Pitstructure 5 
Leve l I DO 249 Pond erose pine 
Level DO 254 Ponderose pine 
Level DO 253 785fp I 825vv Pinyon pine 196 
Level DO 251 Juniper 
Level DO 250 Pond eros 11 pI ne 
Leve l DO 248 Ponderose pine 
Level DO 252 Pinyon pine 
Surf!lce DO 246 Ponderose pIne 
Surf11ce 395 Heerth AM 20 Used In Dolores 

Modi f I cat ton 
Pltstructure 6 

Stretum 2 DO 568 Po~ulus 

Pltstructure 7 
AM 28 855-870; 88Q-925 

Stretum 2 DO 444 Ponderos11 pine 
Stretum 2 DO 372 Ponderose pine 
Stretum 2 DO 415 Dougles-flr 
Stretum 2 DD 418 Po~ulus 

Stratum 2 DO 420 Ponderose pi ne 
Stretum 2 DO 465 Ponderose pine 
Stretum 2 DO 466 Pond erose pine 
Stretum 2 DO 447 Ponderose pi ne 
Str etum 2 DO 406 Pond erose pine 
Stretum 2 DD 484 Ponderose pine 
Stretum 2 DO 392 Pond erose pine 
Stretum 2 DO 390 Ponderose pine 
Stretum 2 DO 426 830p I 871r Ponderose pine 359 
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APPENDIX 

Table A. I Absolute dates from excavated s ites , Do lores Ar chaeo logi cal Program (Page 49 of 82) ..,.,.. .......... ,..,_~~~ .......... -... ~-'!a- ~-

Provenience Sample Dating resu lts* Tree-rl ng OAR 

-- common No. 
Si t e No. name 

St ructure Feature Type No. 
Ver ti cal 
s ubd i visi on No. Type 

5~4475 

Pl ts t r ucture 7 (contI nued) 
St ratum 2 OD 351 Ponderosa pine 
Stratum 2 DO 4:t9 Ponderosa pine 
Strat um 2 OD 412 Ponderosa pine 
Stratum 2 DO 395 Ponderosa pine 
Strat um 2 DO 365 Ponderosa pine 
Stratum 2 DO 384 Ponderosa pine 
Stratum 2 00 423 Ponderosa pine 
Stratum 2 00 439 Ponderosa pine 
Stratum 2 DO 424 Ponderosa pine 
Stra tum 2 00 493 Ponderosa pine 
Stratum 2 DO 417 Doug las-t I r 
Stratum 2 OD 391 Ponderosa pine 
St ratum 2 DD 421 Ponderosa pine 
St ratum 2 DD 422 Ponderosa pine 
Stratum 2 00 383 Ponderosa pine 
St ratum 2 00 393 Ponderosa pine 
St ratum 2 00 410 Ponderosa pine 
Stratum 2 DO 481 Ponderosa pine 
Stratum 2 DO 431 Ponderosa pine 
Stratum 2 00 380 Ponderosa pine 
Stratum 2 DO 416 Ponderosa pine 
Stratum 2 DO 354 Ponderosa pine 
Stratum 2 DD 467 Ponderosa pine 
Stratum 2 DO 459 Ponderosa pine 
Stratum 2 00 349 779p I 856vv Ponderosa pine 349 
Stratum 2 00 359 834 I 870v Ponderosa pine 350 
Stratum 2 DO 408 Ponderosa pine 
Stratum 2 DO 409 Ponderosa pine 
Stratum 2 00 470 Ponderosa pine 

Stratum 2 DO 400 Ponderosa pine 
Stratum 2 DO 486 Ponderosa pine 
Stratum 2 DO 401 Ponderosa pine 
Stratum 2 DO 468 Ponderosa pine 
Stra t um 2 00 350 Ponderosa pine 
Stratum 2 00 427 Ponderosa pine 
Stratum 2 00 404 Ponderosa pine 
Stratum 2 00 434 Ponderosa pine 
Stratum 2 DD 438 Ponderosa pine 
Stratum 2 OD 496 Ponderosa pine 
Stratum 2 00 441 Ponderosa pine 
Stratum 2 00 498 Ponderosa pine 
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FINAL REPORT 

Table A.1 Absolute dates fran excavated sites, Dolores Archaeological Program (Page 50 of 82) 

Provenience 

Site No. 
Structure Feature 

Vertical 
subdivision No. Type 

5MT4475 
Pltstructure 7 (contl nued) 

Stratum 2 
Stratu111 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratu111 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 

·Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 

760 

Sample 

Type No. 

DO }94 
DO 479 
DO 483 
DO 440 
DO 521 
DO 353 
DO 361 
DO 385 
DO }97 
DO 450 
DO 399 
DO 448 
DO 472 
DO 405 
DO 461 
DO 396 
DO 428 
DO 458 
DO 463 
DO 403 
DO 490 
DO 480 
DO 544 
DO 442 
DO 469 
DO 474 
DO 377 
DO 494 
DO 541 
DO 370 
DO 388 
DO 533 
DO 543 
DO 478 
DO 473 
DO 513 
DO 477 
DO 491 
DO 488 
DO 437 
DO 443 

Dating results* 

8.n I 872vv 

Tree-ring 
canmon 

name 

Ponderosa pIne 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Populus 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa p I ne 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 
Ponderosa pI ne 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pI ne 
Ponderosa pine 

Ponderosa pine 
Ponderosa pine 
Populus 

Ponderosa pine 
Ponderosa pine 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

DAR 
No. 

352 



APPENDIX 

Table A.l Absolute dates from excavated sites, Dolores Archaeological Program (Page 51 ot 82) 

Provenience Sample 

Site No. 
Structure Feature Type No. 

Vertical 
subdivision No. Type 

5MT4475 
Pltstructure 7 ( cont I nuedl 

Stratum 2 DO 462 
Stratum 2 DO 482 
Stratum 2 DO 526 
Stratum 2 DO 518 
Stratum 2 DO 520 
Stratum 2 DO 389 
Stratum 2 DO 356 
Stratum 2 DO 487 
Stratum 2 DO 445 
Stratum 2 DO 425 
Stratum 2 DO 358 
Stratum 2 DO 371 
Stratum 2 DO 5DO 
Stratum 2 DO 374 
Stratum 2 DO 524 
Stratum 2 DO 464 
Stratum 2 DO 398 
Stratum 2 DO 433 
Stratum 2 DO 362 
Stratum 2 DO 545 
Stratum 2 DO 514 
Stratum 2 DO 547 
Stratum 2 DO 452 
Stratum 2 DO 489 
Stratum 2 DO 525 
Stratum 2 DO 364 
Stratum 2 DO 361 

Stratum 2 DO 460 
Stratum 2 DO 355 
Stratum 2 DO 369 
Stratum 2 DO 402 
Stratum 2 DO 357 
Stratum 2 DO 436 
Stratum 2 DO 414 
Stratum 2 DO 527 
Stratum 2 DO 430 
Stratum 2 DO 551 
Stratum 2 DO 476 
Stratum 2 DO 495 
Stratum 2 DO 519 

Dating results* 

829p I 871r 

822 I 865r 

829 I 871r 

827p I 871r 

Tree-rl ng 
common 

name 

Ponderosa pine 
Ponderosa pine 
Ponderasa pine 
Populus 
Populus 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pl.ne 
Ponderosa pine 
Ponderosa pine 

Ponderosa pine 
Ponderosa pine 
Populus 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Populus 

DAR 
No. 

358 

360 

355 

362 
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FINAL REPORT 

Table A.1 Absolute dates from excavated sites, Dolores Archaeological Progr 1!1111 <Page 52 of 82) 
......... ~....,.,.- -- • 

Provenience Sl!llllple Oat I ng resu Its* Tree-ring DAR 
-- common No. 

Site No. nsne 
Structure Feeture Type No. 

Vertical 
subdivision No. Type 

5MT4475 
Pltstructure 7 < cont I nued) 

Stratum 2 00 429 Ponderosa pine 
Stratum 2 DO 542 
Stretum 2 DO 529 P~ulus 

Stratum 2 DO 499 Ponderosa pine 
Stretum 2 DO 497 Ponderosa pine 
Stratum 2 DO 373 Ponderosa pine 
Str etum 2 DO 366 Ponderosa pine 
Stratum 2 DO 492 Ponderose pine 
Stretum 2 DO 549 
Stratum 2 DO 451 Ponderose pine 
Stratum 2 00 360 Ponderose pine 
Stratum 2 DO 446 Ponderosa pine 
Stratum 2 DO 471 Pond erose pine 
Stratum 2 DO 528 Ponderosa pine 
Stratum 2 DO 411 Ponderosa pine 
Stratum 2 00 435 Ponderosa pine e Stratum 2 DO 368 Ponderosa pine 
Stratum 2 DO 485 Ponderose pine 
Stratum 2 DO 378 Ponderosa "plne 
Stratum 2 DO 550 
Stretum 2 DO 523 Pof!ulus 
Stratum 2 DO 352 Ponderosa pine 
Surfece 1 DO 454 Ponderose pine 
Surface DO 505 Ponderose pine 
Surfece DO 510 Ponderosa pine 
Surtece DO 511 Ponderosa pine 
Surfece DO 432 JunIper 
Surfece DO 455 Ponderosa pine 
Surfece DO 538 Pond erose pine 
Surtece DO 507 Ponderosa pine 
Surhce DO 508 Pond erose pine 
Surface DO 537 Ponderose pine 
Surface DO 506 Pond erose pine 
Surface DO 457 Ponderose pine 
Surfece DO 475 Ponderosa pine 
Surtece DO 509 Ponderosa pine 
Surtece DO 456 Pond erose pine 
Surface DO 453 Ponderose pine 
Surhce DO 548 
Surtece 715 Heerth AM 26 75()-790; 85()-870; 89()-920 
Surhce 2 796 Heerth AM 27 70()-780; 86()-91 5 
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Table A.1 Abso I ute dates fran excavated sItes, Dolores Archaeological Pr ogram <Page 53 of 82) 
,....,.~,...,....JIIUUUI: .. ____ ._,.r-. - --~· 

Provenience Sample Dating results* Tree-rl ng DAR 
-- canmon No. 

S lte No. name 
Str ucture Feature Type No. 

Vertical - · 
subdivision No. Type 

5MT4475 (continued) 
Pltstructure 8 

~ 25 Poor results 
Stratum 2 DO 257 Jll"'lper 
Stratum 2 DO 282 Pof!ulus 
Stratum 2 DO 327 Pof!ulus 
Stratum 2 DO 259 JunIper 
Stratum 2 DO 267 POf!Uius 
Stratum 2 DO 291 P~ulus 

Stratum 2 DO 340 POf!UIUS 
Str atum 2 DO 269 P~ulus 

Stratum 2 DO 279 Pof!ulus 
Stratum 2 DO 326 P~ulus 

Stratum 2 DO 284 POf!UIUS 
Str atum 2 DO 292 P~ulus 

Stratum 2 DO 289 Other 
Str atum 2 DO 342 P~ulus 

Strat um 2 DO 339 POf!Ulus 
Str atum 2 DO 293 P~ulus 

Stratum 2 DO 288 Pof!ulus 
Str atum 2 DO 325 P~ulus 

Stratum 2 DO 270 Pof!ulus 
Stratum 2 DO 263 Pof!ulus 
Stratum 2 DO 285 POf!Uius 
Stratum 2 DO 281 POf!Ulus 
Stratum 2 DO 274 Pof!ulus 
Str atum 2 DO 304 JunIper 
Stratum 2 DO 302 Pof!ulus 
Stratum 2 DO 323 JunIper 
Stratum 2 DO 261 Pof!u lus 
St r atum 2 DO 294 P~ulus 

Stratum 2 DO 296 POf!Ulus 
Stratum 2 DO 262 P~ulus 

Stratum 2 DO 297 POf!Uius 
Str atum 2 DO 273 P~ulus 

Stratum 2 DO 344 
Str atum 2 DO 286 P~ulus 

Stratum 2 DO 265 POf!UIUS 
Str atum 2 DO 280 P~ulus 

Stratum 2 DO 277 Pof!ulus 
St r atum 2 DO 272 P~ulus 

Stratum 2 DO 271 Other 
Stratum 2 DO 259 JunIper 
Stratum 2 DO 258 POf!Ulus 

763 



FINAL REPORT 

Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program <Page 54 of 82) 
~...,...........,.........,.. __ . .._,.~ _ ... 

Provenience S11111ple Dating results* Tree-rl ng DAR 
common No. 

Site No. name 
Structure Feature Type No. 

Vertical - ------·-
subdivision No. Type 

5MT4475 
Pltstructure 8 (contInued) 

Stratum 2 00 343 P~ulus 

Stratum 2 DO 275 Pof!ulus 
Stratum 2 DO 287 POf!UIUS 
Stratum 2 00 264 POf!Uius 
Stratum 2 DO 278 P~u Ius 
Stratum 2 DO 266 POf!UIUS 
Stratum 2 DO 268 Pof!ulus 
Stratum 2 DO 336 Pof!ulus 
Stratum 2 DO 276 P~ulus 

Stratum 2 00 338 Pof!ulus 
Stratum 2 00 290 Pof!ulus 
Stratum 2 DO 283 POf!Uius 
Stratum 3 DO 348 Ponderosa pine 
Surface DO 310 Pof!ulus 
Surface 00 309 P~ulus 

Surface DO 337 Juniper 
Surface DO 341 POf!Uius 
Surface DO 335 POf!Uius 
Surface 2 534 Fireplace AM 21 pre-70Q-750; 925-1000 
Surface 2 535 Posthole DO 329 Juniper 
Surface 2 538 Posthole DO 256 JunIper 
Surface 2 604 Posthole 00 305 Juniper 

Pltstructure 9 
AM 24 Poor resu Its 

Stratum DO 363 Ponderosa pine 
Stratum DO 379 Ponderosa pine 
Stratum DO 407 Ponderosa pine 
Stratum DO 382 Ponderosa pine 
Stratum DO 387 Ponderosa pine 
Stratum DO 386 Ponderosa pine 
Stratum DO 502 Ponderosa pine 
Stratum DO 381 Ponderosa pine 
Stratum DO 504 Ponderosa pine 
Stratum DO 512 Ponderosa pine 
StratUm DO 501 Ponderosa pine 
Surface DO 413 Ponderosa pine 
Surface DO 503 Ponderosa pine 
Surface DO 376 Ponderosa pine 
Surface DO 375 Ponderosa pine 
Surface 573 Hearth AM 23 Poor resu Its 
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AP PENDIX 

e 
Table A.l Absolute dates fr-an excavated sItes, Do I ores Arch a eo I og I cal PrOgram (Page 55 of 82 

~--...... --- ------ -~-............,.. ......... - - - _ .... 
Provenience S~~mple Dating results* Tree-ring DAR 

canmon No. 
Site No. name 

Structure Feature Type No. 
Vertical 
subdivision No. Type 

5MT4475 (continued) 
Pltstructure 10 

Stratum 2 DO 522 P~ulus 

Stratum 2 DO 530 Poeulus 
Stratum 2 DO 516 P~ulus 

Stratum 2 DD 532 Poeulus 
Stratum 2 DD 534 P~ulus 

Stratum 2 DD 540 Poeulus 
Stratum 2 DD 531 P~ulus 

Stratum 2 DD 517 Poeulus 
Nonstr-uctural 

Unl t I 
Stratum 3 DO 97 Ponderosa pine 
Stratum 3 DD 103 Ponderosa pine 
Stratum 3 DD 93 Ponderosa pine 
Stratum 3 DD 94 Ponderosa pine 

e Stratum 3 DO 99 Ponderosa pine 
Stratum 3 DD 96 Ponderosa pine 
Stratum 3 DD 95 Ponderosa pine 
Stratum 3 DO 98 Ponderosa pine 
Stratum 3 DO 100 Ponderosa pine 
Surface 2 20 Hearth AM 9 70Q-770; 865-885; 91 Q-965 
Surhce 2 21 Hearth ~ 8 pre-700 
Surface 2 12 Fireplace AM 13 Poor resu Its 

Grid square 
320S/46E 

Level 4- DO I JunIper 
Unknown 

Unknown 800 Unburned pit DD 66 Ponderosa pine 
Unknown 800 Unburned pit DD 67 Ponderosa pine 
Unknown 800 Unburned pit DO 68 Ponderosa pine 
Unknown 800 Unburned pit DD 69 Ponderosa pine 
Unknown 800 Unburned pit DO 70 Ponderosa pine 
Unknown 800 Unburned pit DD 71 Ponderosa pine 
Unknown 800 Unburned pit DO 72 Ponderosa pine 
Unknown 800 Unburned pit DD 75 Ponderosa pine 
Unknown 800 Unburned pit DO 76 Ponderosa pine 
Unknown 800 Unburned pit DD 77 Ponderosa pine 
Unknown 800 Unburned pit DO 78 Ponderosa pine 
Unknown 800 Unburned pit DD 79 Poeulus 
Unknown 800 Unburned pit DD 80 Ponderosa pine 

e 
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FINAL REPORT 

Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program (Page 56 ot 82l 

Provenience 

Site No. 
Structure Feature 

Vertical 
subdivision No. Type 

5MT4475 
Unknown ( cont I nuedl 

Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 
Unknown 800 Unburned pit 

5MT4477 
Room 2 

Surface 2 207 Hearth 
Surface 2 215 Hearth 

Room 13 
Surface 1 

5MT4477 
Room 13 <continued) 

Surface 1 
Surface 

Room 20 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Surface 
Surface 

PIts tructure 

Stratum 2 
Str atum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 
Stratum 2 

766 

Sample 

Type No. 

DO 81 
DO 82 
DO 83 
DO 84 
DO 85 
DO 86 
DO 87 
DO 88 
DO 90 
DO 91 
DO 92 

~ 10 
~ 9 

DO 124 

DO 123 
DO 125 

DO 163 
DO 162 
DO 165 
DO 164 
DO 166 
DO 169 
DO 170 

~ 8 
DO 153 
DO 146 
DO 144 
DO 149 
DO 137 
DO 141 
DO 139 
DO 143 
DO 142 
DO 155 

Dating result s* 

802p I 861v 
812p I 872r 

Poor resu Its 
Poor results 

689 I 148+vv 

700..765; 860..900 

Tree-ring 
common 

name 

Ponderosa pI ne 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Ponderosa pine 

Ponderosa pine 
Ponderosa pine 

Pond eros a pI ne 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Doug las-t I r 
P~ulus 

PInyon pine 
P~ulus 

Ponderosa pine 
P~ulus 

Douglas-tli-
P~ulus 

Po!!ulus 
Doug las-t I r 

DAR 
No. 

47 
46 

414 



APPENDIX 

Tab le A.l Absolute date-; f~an excavated sites, Dolores Archaeolog ical Progr11111 <Page 57 of 82) 
-~JICJal~tlf~JUIIUII 

___ JUIIIIIII:IIIUI ____ ... 
-~ 

_ .. 
Provenience S11111ple Dating results* Tr ee-ring DAR 

canmon No. 
Si te No. n11111e 

Structure Fe11ture Type No. 
Vert lc11l ·--
subdIvis Ion No. Type 

5MT4477 
Pltstructur e (cont lued) 

Str11tum 2 DO 131 P~ulus 

Str 11tum 2 DO 132 Pol!ulus 
Stratum 2 DO 150 Po!!ulus 
Str11tum 2 DO 152 Pol!ulus 
St_r 11tum 2 DO 156 Ponderos11 pi ne 
Str11tum 2 DO 154 Pol!ulus 
St~11tum 2 DO 129 Dougl11s-f l r 
Str atum 2 DO 138 Pol!ulus 
Str11tum 2 DO 145 P~ulus 

Stratum 2 DO 140 Doug l11s-f I r 
Str11tum 2 DO 161 Ponderos11 pine 
Str11tum 2 DO 130 Ponderos11 pine 
St r11tum 2 DO 151 P~ulus 

Str11tum 2 DO 128 Pol!ulus 
Str atum 2 DO 159 P~ulus 

Stratum 2 DO 134 Pol!ulus 
Stratum 2 DO 157 P~ulus 

Stratum 2 DO 148 Pol!ulus 
Str 11tum 2 DO 147 P~ulus 

Stratum 2 DO 158 Pol!ulus 
.Str11tum 2 DO 135 P~ulus 

Stratum 2 DO 127 Pol!ulus 
Strat um 2 DO 133 Ponderos11 pine 
Stratum 2 DO 160 Po!!ulus 
St r 11t um 2 DO 136 P~ulus 

PI tst r ucture 2 
N4 2 Used In Dolores 

Modification 
St r 11tum 17 DO 45 Ponder cis11 pine 
Stratum 17 DO 35 Ponderosll pine 
Level I DO 3 Ponderos11 pine 
Leve l DO 2 Ponderos11 pine 
Level I DO Ponderos11 pine 
Level 2 DO 18 Ponder osa pine 
Level 2 DO 12 Ponderos11 pine 
Level 2 DO 27 Ponder OS II pine 
Level 2 DO 31 Ponderos11 pine 
Level 2 DO 9 Ponderos11 pine 
Level 2 DO 10 Ponderos11 pine 
Level 2 DO 32 Ponder osa pine 
Level 2 DO 31 Ponder osa pine 

767 



FINAL REPORT 

Table A. 1 Absolute ~ates fran excavated s ltes, Dolores Archaeological Program <Page 58 ot 82) 
~ .. • 

Provenience Sample Dating results* Tree-rl ng DAR 
canmon No. 

Site No. name 
Structure Feature Type No. 

Vertical -------
subdivision No. Type 

5NT4477 
Pltstructure 2 (contInued) 

Level 2 00 n Ponderosa pine 
Level 2 DD 47 Ponderosa pine 
Level 2 00 46 Ponderosa pine 
Level 2 DD 41 Ponderosa pine 
Level 2 00 30 Ponderosa pine 
Level 2 DD 28 Ponderosa pine 
Level 2 DD 11 815p I 871v Ponderosa pine 209 
Level 2 DD 44 Ponderosa pine 
Level 2 00 52 Ponderosa pine 
Level 2 DD 33 Ponderosa pine 
Level 2 00 50 Ponderosa pine 
Level 2 DD 14 Ponderosa pine 
Level 2 DD 34 Ponderosa pine 
Level 2 DD 53 Ponderosa pine 
Level 2 00 15 831 I 871r Ponderosa pine 210 
Level 2 DD 21 Ponderosa pine 
Level 2 DD 24 Ponderosa pine 
Level 2 DD 42 Ponderosa pine 
Level 2 DD 20 Ponderosa pine 
Level 2 DD 19 Ponderosa pine 
Level 2 DD 16 Ponderosa pine 
Level 2 DD 36 Ponderosa pine 
Level 2 DD 49 Ponderosa pine 
Level 2 DD 4 Ponderosa pine 
Level 2 DD 43 Ponderosa pine 
Level 2 DO 8 Ponderosa pine 
Level 2 DD 5 Ponderosa pine 
Level 2 DD 17 Ponderosa pine 
Level 2 00 23 Ponderosa pine 
Level 2 DD 6 Ponderosa pine 
Level 2 DD 26 JunIper 
Level 2 DD 55 Ponderosa pine 
Level 2 DD 54 Ponderosa pine 
Level 2 DO 51 Ponderosa pine 
Level 2 00 22 Ponderosa pine 
Level 2 DO 7 Ponderosa pine 
Level 2 DD 25 Ponderosa pine 
Level 2 DD 39 Ponderosa pine 
Level 2 00 29 Ponderosa pine 
Level 2 DD 48 Ponderosa pine 
Level 2 00 40 Ponderosa pine 

768 
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Table A.1 Abso I ute dates from excavated sites, Dolores Archaeological Program <Page 59 of 82) 
~ ....... ............ ,.,.., •• ,...11 F P .... ,. .. , u•-WJUC~ .. 

Provenience Sample Oat I ng resu Its* Tree-rl ng DAR 
··- common No. 

S lte No. name 
Structure Feature Type No. 

Vertical -· 
subdivision No. Type 

5MT4477 
Pltstructure 2 ( cont I nuedJ 

Level 3 DO 56 Ponderosa pine 
Level 3 DD 68 Ponderosa pine 
Level 3 DO 64 Ponderosa pine 
Level 3 DD 65 Ponderosa pine 
Level 3 DD 59 Ponderosa pine 
Level 3 DD 66 Ponderosa pine 
Level 3 DD 62 Ponderosa pine 
Level 3 DD 67 Ponderosa pine 
Level 3 DO 63 Ponderosa pine 
Level 3 DO 104 Ponderosa pine 
Level 3 DO 57 Ponderosa pine 
Level 3 DD 60 Ponderosa pine 
Level 3 DO 71 807 I 845vv Ponderosa pine 215 
Level 3 DD 70 Ponderosa pine 
Surface 2 DO 126 Ponderosa pine 
Surface 2 DD 78 Ponderosa pine 
Surface 2 DO 92 Ponderosa pine 
Surface 2 DD 83 Ponderosa pine 
Surface 2 DO 90 Ponderosa pine 
Surface 2 DD 97 Ponderosa pine 
Surface 2 DO 96 Ponderosa pine 
Surface 2 DD 74 Ponderosa pine 
Surface 2 DD 94 Ponderosa pine 
Surface 2 DD 93 Ponderosa pine 
Surface 2 DO 100 Ponderosa pine 
Surface 2 DD 79 810p I 871B Ponderosa pine 216 
Surface 2 DO 77 Ponderosa pine 
Surface 2 DD 73 Ponderosa pine 
Surface 2 DD 110 Ponderosa pine 
Surface 2 DD 84 818fp I 871r Ponderosa pine 218 
Surface 2 DO 75 Ponderosa pine 
Surface 2 DO 107 Ponderosa pine 
Surface 2 DO 108 Ponderosa pine 
Surface 2 DD 82 it"~ I te fIr 
Surface 2 DO 76 Ponderosa pine 
Surface 2 DO 103 Ponderosa pine 
Surface 2 DO 98 Ponderosa pine 
Surface 2 DD 81 Ponderosa pine 
Surface 2 DO 88 Ponderosa pine 
Surface 2 DD 69 Ponderosa pine 
Surface 2 DO 89 Ponderosa pine 

769 



FINAL REPORT 

Table A. 1 Absolute dates fr om excavated sites, Dolores Archaeologica l Progr am (Page 60 of 82) 

Provenience 

Site No. 
ure Struct 

Ver t 
s ubd 

leal 
I vi s ion 

5MT44 77 
Pltstructur e 2 

Sur face 2 
Sur face 2 
Surface 2 
Sur face 2 
Surface 2 
Surface 2 
Sur face 2 
Surface 2 
Surface 2 
Surface 2 
Surface 2 
Surface 2 
Sur face 2 
Surface 2 
Surface 2 

Surface 2 

Sur face 2 

Sur face 2 

Surface 2 

Sur face 2 

Surface 2 

Surf ace 2 
Sur face 2 
Sur face 2 
Surface 2 
Surface 2 
Surface 2 
Surface 2 

Pltst r ucture 5 
Surface 1 
Surface 

5MT4479 
Room 5 

Surf ace 1 

770 

Feature 

No. Type 

( cont I nued) 

40 Rectangular 
centr al pi t 

40 Rectangula r 
centr al pi t 

40 Rectangular 
central pit 

40 Rectangular 
central pit 

40 Rectangula r 
centr al pit 

40 Rectangula r 
central pi t 

40 Rectangular 
centr al pit 

16 Hearth 
16 Hea r th 
16 Hear th 
14 Posthole 
15 Postho le 
29 Posthole 
29 Post hole 

216 Hearth 
23~ Fireplace 

105 Posthole 

Semple Dating results* 

Type No. 

00 101 
DO 112 786 I 848vv 
00 95 
00 105 
00 85 
00 102 
00 80 805p I 670+v 
DO 72 
00 109 788p I 856vv 
DO 91 
00 58 
00 106 572p I 659vv 
00 86 
DO 99 
00 116 

[)() 120 

DO 118 

[)() 119 

00 121 

DO 117 

[)() 122 

AM 1 70G-780, 86Q-950 
00 115 
00 111 832p I 871v 
DO 61 728p I 841+vv 
DO 87 690p I 791 vv 
DO 113 651:tp I 870+vv 
DO 114 

AM 7 945-1010; 1275-1425 
AM 6 Poor resu Its 

DO 3 

Tre~rlng 

common 
name 

Ponder osa pine 
Ponderosa pi ne 
Ponderosa pine 
Ponder osa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pi ne 
Ponderosa pine 
Ponder osa pine 
Ponder osa pi ne 
Ponderosa pi ne 
Ponderosa pi ne 
Ponderosa pi ne 
Ponder osa pine 
Ponderosa pi ne 

Ponde rosa pi ne 

Ponderosa pine 

Ponderosa pine 

Ponder osa pine 

Ponder osa pine 

Ponderosa pine 

Ponderosa pine 
Ponder os a pi ne 
Juniper 
JunIper 
Juniper 
Jun Iper 

Pi nyon pine 

DAR 
No. 

223 

217 

221 

220 

222 
21 4 
219 
224 



APPENDIX 

T8ble A. I Absolute d8tes from exc8v~ted sites, Dolores Arch8eologlc81 Progr8m (P8ge 61 of 82) 
.. , .. ______ _,. ___ ,..,,_,.,.P ... PU ______ .. _._lF __________ ,..............,....~FFU PU I'D U I P.l..._.,..,....,...._.._. 

Provenience S8mple 

Site No. 

Structure 

Vertlc81 

F88ture Type No. 

subdivision No. Type 

5MT4479 (continued) 
Room 7 

Surf8ce 
Surf8ce 

Surf8ce 
Pitstructure 

Level 1 

Surf8ce 1 
Surhce 1 

Pitstructure 2 

Surhce 1 

5MT4480 
Room 1 

Surf8ce 

Room 4 
Str8tum 

Str8tum 

Str8tum 

Str8tum 
Str8tum 

Str8tum 
Str8tum 

Str8tum 
Str8tum 

Str8tum 

Str8tum 
Surf8ce 

Room 5 
Str8tum 

Str8tum 
Room 8 

Surf8ce 
Surhce 

Surhce 

Full cut 
Fu II cut 

Pitstructure 
Level 1 

Level 1 

Level 
Level 

Level 

146 He8rth 
147 Posthole 

151 Posthole 

4 He8rth 
65 Posthole 

110 He8rth 

23 He8rth 

18 Posthole 

59 Fireplace 
53 Posthole 

53 Posthole 

--

AM 
DO . 
DO 

DO 

AM 

DO 

3 
4 

5 

2 

2 

3 

DO 32 

DO 31 

DO 28 

00 37 
DO 26 

DO 25 
DO 34 
DO 27 
DO 36 
DO 33 
DO 35 

DO 38 

DO 30 

DO 29 

AM 4 
DO 42 

00 40 

DO 39 
DO 41 

DO 9 

00 13 

00 14 

DO 

DO 

15 

11 

D8tlng results* 

pre-70Q-735; 87Q-895 

pre-70Q-735; 87Q-890 

715-775; 86Q-915 

pre-70Q-765; 865-890; 
915-950 

637 I 702vv 

Tree-ring 

common 
n8me 

J~.r~lper 

Ponderos8 pIne 

Ponderos8 pine 

Ponderos8 pIne 

Ponderosa pIne 

Ponderos8 pine 

Ponderosa pIne 

Ponderos8 pIne 

Ponderosa pine 

Ponderos8 pine 
Ponderos8 pine 
Ponderos8 pine 
Ponderosa pIne 

Ponderos8 pine 

Ponderosa pIne 
Ponderos8 pine 

Ponderos8 pine 

Ponderosa pine 

75Q-780; 855-870; 88Q-920 
Ponderosa pIne 

611 I 659vv Ponderosa pine 
Ponderosa pine 

Ponderosa pIne 

812p I 874vv 

804p I 868+vv 

Ponderos8 pine 

Ponderos8 pine 

Ponderosa pI ne 
Ponderos8 pine 

Ponderosa pIne 

DAR 

No. 

410 

411 

180 

178 

771 



FINAL REPORT 

Table A. I Absolute dates from excavated sites, Dolores Archaeological Program <Page 62 of 82) 

Provenience 

S lte No. 
Structure Feature 

Vertical 
subdivision No. Type 

5MT4480 
Pltstructure I ( cont I nued) 

Level I 
Level 1 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 
Level 2 

PI tstructure 2 
Level 2 
Level 2 
Level 2 
Level 2 

Pltstructure 4 
Surface 1 4 Hearth 

Pltstructure 5 
Surface 1 3 Hearth 

5MT4512 
Pltstructure 

Surface 1 12 Hearth 
Surface 1 12 Hearth 

Nonstructural 
Unit 4 

Surface 2 37 Bt.rned pit 
Surface 2 37 Burned pit 
Surface 2 37 Burned pit 
Surface 2 37 Burned pit 
Surface 2 37 Bt.rned pit 
Surface 2 37 Burned pit 

5MT4545 
Room 1 

Level 
Level 

772 

Sample 

Type No. 

DO 12 
DO 10 
DO 23 
DO 1 

DO 4 
DO 8 
DO 22 
DO 
DO 5 
DO 3 
DO 24 
DO 19 
DO 6 
DO 18 
DO 2 

DO 16 
DO 21 
DO 20 
DO 11 

AM 

N4 2 

CF 6 
N4 1 

AM 2 
CF 8 
DO 2 
DO 

DO 4 
DO 3 

DO 3 
DO 4 

Oat I ng resu Its* Tree-ring 
common 

name 

--------

Ponderosa pIne 
Ponderosa pine 
Ponderosa pine 
Juniper 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 
Ponderosa pine 

793p I 864B Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Ponderosa pI ne 
Ponderosa pine 
Ponderosa pIne 
Ponderosa pine 

Used In Dolores 
Nod If teat ton 

Poor results 

1630 B.P. t 80 
Poor results 

pre-700; 940-1015 
1420 B.P. t 80 

PInyon pine 
PInyon pine 
PInyon pine 
Pinyon pine 

457fp I 598vv Pinyon pine 
JunIper 

~--------------------------------------------------------- --

DAR 

No. 

181 

149 



APPENDIX 

Table A.1 Abso I ute dates f r om excavated sites, Dolores Arc~aeologlcal Program (Page 63 of 82> 
~,.. ................................. kldll ... ....lOr ............ JOe, .....,, f F f ...... f f P f F F F F r ,_ , F F f f .......... • . .. 

Provenience Sample Dating results* Tr ee-r l ng DAR 

common No. 
Site No. name 

Str ucture Feature Type No. 
Vertical --
subdivision No. Type 

5MT4545 
Room 1 (contInued) 

Leve l 1 AM 2 Used In Dolores 

Modlf le~~tlon 
Level DO 6 Jun I pe r 

Level DD 7 Juniper 
Level 00 2 Juniper 
Level DD 432fp I 552vv Juniper 148 

Level 00 5 JunIper 
Room 3 

Surface AM 6 Used In Dolores 

~odl f I e~~t ton 
Room 14 

Full cut 27 Fireplace AM Poor resu Its 

Pltstructure 

Surface 1 17 Hearth AM 4 pre-70o-725 

Pltstr ucture 2 
9 Bench AM 3 70o-775; 86o-950 

Surface 1 20 Posthole DD 8 JunIper 

Gr I d sq 011re 

100S/34E 

Surface 1 68 Fireplace AM 7 Poor resu Its 

Grid square 
160S/26E 

Surface 1 5 Burned pit AM 5 135o-post-1425 
Gr I d sq 011re 

200S/22E 

Surface 1 96 Posthole DO 9 

5MT4613 

Pl tstructure 

Stratum 2 00 2 Ponderosa pine 

Stratum 2 DO 11 Ponderosa pi ne 

Stratum 2 00 4 Ponder osa pine 

Stratum 2 DO 5 Ponderosa pine 
St r atum 2 DO 6 Ponderosa pine 

Stratum 2 DD 7 Ponderosa pine 
Stratum 2 00 8 Ponderosa pine 

Str atum 2 DO 9 Ponderosa pine 

Stratum 2 00 10 Ponderosa pine 

Stratum 2 DO 3 Ponderosa p i ne 

Stratum 2 DO 12 Ponderosa pine 

Stratum 2 DO 13 Ponderosa p i ne 

Stratum 2 00 Ponder osa pine 

Sur face 1 18 Posthole DO 14 Juniper 

773 



FINAL REPORT 

Table A. I Absolute dates fr om excavated sites, Dolores Archaeological Program (Page 64 of 82) 

Proveni ence S~~~nple Oat I ng resu Its* Tree-ring DAR 
common No. 

Site No. name 
Structure Feature Type No. 

Vertical 
subdivision No. Type 

5MT4613 (continued) 
Nonstructural 
Unit I 
Surface 5 Burned pit AM I 1070- 1180 
Surface 5 Burned pit AM 2 IOOQ-1030; 1125-1375 

5MT4614 
Room 3 

Surface 134 Fireplace AM 3 Poor resu Its 
Pltstructure 

Stratum 9 CF 5 1590 B.P. :t 90 
Surface I 17 Hearth AM Used In Dolores 

Modification 
Pltst!"'ucture 2 

Surface I 39 Fl!"'ep lace AM 2 Used In Dolores 
Modificat ion 

Surface 39 Fireplace CF 9 1660 B.P. :t 70 
5MT4644 

Room 5 
Surface 130 Hearth AM 9 pre-700; 930-1010; 1325-

post-1425 
Pltstructure 

2 Bench AM 5 Used In IX>Iores 
~I flcatlon 

2 Bench DO 10 Ponderosa pine 
2 Bench AM Used In Do I ores 

Modi f I cat ton 
68 Ventilation DO 278 Ponder osa pine 

system 
68 Ventilation DO 272 Ponder osa pine 

system 
68 Ventilation DO 273 Ponder osa pine 

system 
Level I. DO 22 Ponder osa pine 
Level I DO 29 Ponder osa pine 
Level DO 33 Ponder osa pine 
Level DO 17 Ponder osa pine 
Level DO 40 Ponderosa pi ne 
Level DO 19 Ponderosa pine 
Level DO 15 Ponderosa pi ne 
Level DO 16 Ponder osa pine 
Level DO 12 Ponderosa pine 
Level DO 27 Po nder osa pine 
Ll ~el DO 14 Ponder osa pine 

774 



APPENDIX 

Table A. I Absolute dates fr om excavated s ites, Dolores Ar chaeo log ical Program (Page 65 of 82) 

Proven ience Sample Oat I ng resu Its* Tree-r I ng DAR 

-- com mon No. 
Site No. nam e 

Structure Featur e Type No. 
Vertical 
subdl vis ion No. Type 

5MT4644 
Plts tructure 1 ( cont I nuedl 

Level 1 DO 263 Ponderosa pine 
Level DO 13 Ponderosa pine 
Leve l DO 18 Ponderosa pine 
Level DO 25 Ponderosa pine 
Level DO 44 Ponderosa pine 
Level DO 41 Ponderosa pine 
Level DO 53 Ponderosa pine 
Level DO 37 Ponderosa pine 
Level DO 11 Ponderosa pine 
Level DO 54 Ponderosa pine 
Level 2 DO 47 Ponderosa pine 
Level 2 DO 24 Ponderosa pine 
Leve l 2 DO 39 Ponderosa pine 
Level 2 DO 52 Ponderosa pine 
Level 2 DO 60 Ponderosa pine 
Level 2 DO 63 Ponderosa pine 
Level 2 DO 35 Ponderosa pine 
Level 2 DO 31 Ponderosa pine 
Level 2 DO 55 Ponderosa pine 
Level 2 DO 51 Ponderosa pine 
Level 2 DO 59 Ponderosa pine 
Level 2 DO 43 Ponderosa pine 
Level 2 DO 30 Ponderosa pine 
Level 2 DO 45 Ponderosa pine 
Level 2 DO 61 Ponderosa pine 
Level 2 DO 46 Ponderosa pine 
Level 2 DO 32 Ponderosa pine 
Level 2 DO 48 Ponderosa pine 
Level 2 DO 56 Ponderosa pine 
Level 2 DO 34 Ponderosa pine 
Level 2 DO 23 Ponderosa pine 
Level 2 DO 21 Ponderosa pine 
Level 2 DO 28 Ponderosa pine 
Level 2 DO 36 Ponderosa pine 
Level 2 DO 38 Ponderosa pine 
Level 2 DO 62 Ponderosa pine 
Level 2 DO 42 Ponderosa pine 
Level 2 DO 20 Ponderosa pine 
Level 2 DO 50 Ponderosa pine 
Level 2 00 26 Ponderosa pine 

· Level 2 DO 49 Ponderosa pine 

775 



FINAL REPORT 

T11ble A.1 Abso I ute d11tes from eXCIIVIIted SItes, Dolores Archaeologlclll Program <P11ge 66 of 82) _ .. 
Provenience Sample D11t I ng resu Its* Tree-r l ng DAR 

-- common No. 
Site No. name 

Structure F1111tur e Type No. 
Vert icil I 
subdi visi on No. Type 

5fo4T4644 
P 1 tstructure 1 (contInued) 

Level 2 DO 57 Ponderos11 pine 
Level 2 DO 58 Ponderos11 pine 
Level 3 DO 75 Ponderosa pine 
Level 3 DO 84 Ponderos11 pine 
Level 3 DO 253 Populus 
Leve l 3 DO 267 Ponderos11 pine 
Level 3 DO 80 Ponder osa pine 
Level 3 DO 255 Ponderos11 pine 
Level 3 DO 269 Ponder osa pi ne 
Level 3 DO 257 Ponderos11 pine 
Level 3 DO 87 Ponderos11 pine 
Level 3 DO 68 Ponder osa pine 
Level 3 DO 262 Ponderosa pine 
Level 3 DO 258 PonderQSa pine 
Level 3 DO 91 Ponder osa pine 
Leve l 3 DO 94 Ponderosa pine 
Level 3 DO 66 Ponder osa pine 
Level 3 DO 76 Ponder os11 pine 
Level 3 DO 79 Ponderosa pine 
Level 3 DO 256 Ponderosa pine 
Level 3 DO 85 Ponder osa pine 
Level 3 DO 92 Ponderosa pi ne 
Level 3 DO 72 Ponderos11 pine 
Level 3 DO 261 Ponder osa pine 
Level 3 DO 70 Ponder osa pine 
Leve l 3 DO 251 Ponderos11 pine 
Level 3 DO 67 Ponderosa pine 
Level 3 DO 98 Ponderos11 pin e 
Level 3 DO 260 Ponder osa pine 
Level 3 DO 97 Poeulus 
Level 3 DO 95 Ponderosa pine 
Level 3 DO 78 Ponderosa pine 
Level 3 DO 64 Ponderosa pine 
Leve l 3 DO 83 Ponderosa pin e 
Level 3 . DO 271 Ponderosa pine 
Leve l 3 DO 96 Poeulus 
Leve l 3 DO 274 Ponderosa pine 
Leve l 3 DO 254 Poeulus 
Leve l 3 DO 82 Ponderosa pine 
Level 3 DO 259 Ponderosa pi ne 
Level 3 DO 268 P~ulus 

776 
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Table A.1 Absolute dates from excavated sites, Dolores Archaeological Program <Page 67 of 82> 

Provenience 

Site No. 
Structure Feature 

Vertical 
subdivision No. Type 

-
5MT4644 

Pltstructure 1 (contInued) 
L.evel 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Level 3 
Surface 
Surface 16 Hearth 
Surface 76 Posthole 
Surface 76 Posthole 
Surface 80 Posthole 
Full cut 
Fu II cut 
Full cut 
Fu II cut 
Full cut 
Fu II cut 
Full cut 
Fu II cut 
Full cut 

Pltstructure 2 
19 Bench 
19 Bench 

19 Bench 
19 Bench 
19 Bench 
19 Bench 
19 Bench 

Sample 

Type No. 

[)() 81 
DO 74 
DO 65 
[)() 266 
[)() 93 
DO 77 
DO 69 
[)() 264 
DO 73 
DO 90 
DO 265 
DO 270 
DO 88 
DO 86 
DO 99 
DO 89 
DO 252 
DO 71 
AM 6 
AM 4 
DO 277 
DO 276 
[)() 275 
DO 6 
[)() 7 
DO 9 
[)() 4 
DO 2 
[)() 1 
DO 3 
[)() 5 
DO 8 

DO 143 
AM 3 

DO 139 
[)() 140 
[)() 142 
DO 138 
DO 144 

Dating results* 

723p I 793vv 

730p I 161v 

pre-70Q-765; 865-950 
Poor resu Its 

Used In Do I ores 
Modlf lcatlon 

Tree-ring 
common 

name 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
P~ulus 

Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Poj!ulus 

Ponderosa pI ne 
Ponderosa pine 
Ponderosa pine 
POJ:!UIUS 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 
Ponderosa pine 

Ponderosa pine 

JunIper 
Ponderosa pine 
JunIper 
Ponderosa pine 
Ponderosa pine 

DAR 
No. 

124 

123 

777 



FINAL REPORT 

Table A.1 Abso I ute dates fran excavated sites, Dolores Archaeological Program <Page 68 of 82) - • • a I J I ill I -Provenience Sample Oat I ng resu Its• Tree-rl ng DAR 
cannon No. 

S lte No. name 
Structure Feature Type No. 

Vertical --
subdivision No. Type 

5MT4644 
Pitstructure 2 (contl nued) 

19 Bench DO 145 Ponderosa pine 
36 Entry DO 234 Ponderosa pine 
36 Entry DO 233 688p I 747vv Ponderosa pine 120 
36 Entry DO 239 Ponderosa pine 
20 Vent II at I on DO 155 P5!2U Ius 

system 
20 Vent II at ton DO 113 P!:!!!ulus 

system 
20 Ventilation DO 120 P5!2ulus 

system 
20 Vent I tat I on DO 118 JunIper 

system 
20 Ventilation DO 154 P5!2ulus 

system 
20 Vent I tat I on DO 123 Ponderosa pine 

system 
20 Ventilation DO 124 684p I 168vv Ponderosa pine 101 

system 
20 Vent I tat I on DO 128 Ponderosa pine 

system 
20 Vent II at I on DO 163 P5!2ulus 

system 
20 Vent II at I on DO 151 Ponderosa pine 

system 
20 Vent I tat I on DO 117 Ponderosa pine. 

system 
20 Vent II at I on DO 127 Ponderosa pine 

system 
20 Ventilation DO 162 P5!2U Ius 

system 
20 Ventilation DO 121 Ponderosa pine 

system 
20 Ventilation DO 122 Ponderosa pine 

system 
20 Ventilation DO 126 Ponderosa pine 

system 
20 Vent II at I on DO 161 Ponderosa pine 

system 
20 Ventilation DO 164 Ponderosa pine 

system 
20 Vent II at I on DO 129 Ponderosa pine 

778 



APPENDIX 

Table A~ 1 Abso I ute dates f r om excavated s l tes , Dolor es Ar chaeological Program (Page 69 of 82> - ... 
Provenience Sample Dating results* Tree-r lng DAR 

comnr:>n No. 
Site No. name 

Structur e Feature Type 

Ver tica l - -----··-
subd ivisi on No. Type 

------- - - ----·--------
5MT4644 

PIts tructur e 2 ( cont I nued) 

system 

20 Vent llat I on DO 152 Ponder osa pi ne 

system 

20 Vent I I at I on 00 153 Poeulu s 

system 

20 Vent I lat I on DO 125 Poeulus 

system 

20 Vent llat I on DO 148 Poeulus 

system 

Level 3 00 108 Ponderosa pi ne 

Level 3 DO 174 Ponder osa pine 

Level 3 DO 218 Ponderosa pine 

Level 3 DO 115 Ponderosa p i ne 

Level 3 DO 114 Ponderosa pine 

Level 3 DO 184 Ponder osa p i ne 

Leve l 3 DO 178 Ponder osa pi ne 

Level 3 DO 119 Ponder os a p i ne 

Level 3 DO 106 Ponder osa pi ne 

Level 3 DO 192 Ponderosa p i ne 

Level 3 DO 217 Ponder osa pine 

Leve l 3 DO 131 Ponder osa pine 

Level 3 DO 177 Ponder osa p i ne 

Leve l 3 DO 116 Ponderosa pine 

Leve l 3 DO 206 Ponder osa pin e 

Level 3 DO 180 Ponder osa pine 

Level 3 00 141 720tp I 776v Ponder osa p i ne 105 

Leve l 3 DO 202 Ponderosa. pine 

Leve l 3 DO 207 Ponder osa p i ne 

Level 3 DO 176 713p I 758vv Ponder osa pine 110 

Level 3 DO 134 Ponderosa pine 

Leve l 3 DO 111 Ponderosa pine 

Leve l 3 DO 185 Ponderosa p i ne 

Level 3 DO 208 716p I 776vv Ponder osa p i ne 115 

Level 3 DO 146 Ponder osa p i ne 

Level 3 DO 210 Ponderosa pine 

Level 3 DO 201 Ponderosa pi ne 

Level 3 DO 109 Ponderosa pine 

Level 3 DO 181 Ponder osa pine 

Level 3 DO 104 Ponderosa p i ne 

Level 3 DO 156 Ponderosa pine 

Level 3 DO 211 Ponderosa p i ne 

779 



FINAL REPORT 

Table A.1 Absolute dates fran excavated sItes, Dolores Archaeological Program (Page 70 of 82) -
Provenience Sample Oat I ng resu Its* Tree-ring DAR 

canmon No. 
Site No. name 

Structure Feature Type No. 
Vertical 

subdivision No. Type 

---
5MT4644 

Pltstructure 2 ( cont I nuedl 

level 3 00 182 Ponderosa pine 

level 3 00 195 Ponderosa pine 
level 3 00 197 Ponderosa pine 
level 3 00 101 Ponderosa pine 
level 3 00 149 Ponderosa pine 
Level 3 00 112 Ponderosa pine 
level 3 00 191 Ponderosa pine 
Level 3 DO 110 Ponderosa pine 
level 3 DO 107 Ponderosa pine 
Level 3 00 188 Ponderosa pine 
level 3 00 212 725p I 775vv Ponderosa pine 116 
Level 3 DO 223 Ponderosa pine 
level 3 DO 222 Ponderosa pine 
level 3 DO 175 Ponderosa pine 
level 3 DO 198 Ponderosa pIne 
level 3 00 130 720p I 776v Ponderosa pIne 102 
level 3 DO 214 Ponderosa pine 
level 3 00 183 Ponderosa pine 
level 3 00 204 Ponderosa pIne 
level 3 DO 167 737tp I 776v Ponderosa plrie 109 
level 3 00 102 Ponderosa pine 
Level 3 DO 179 Ponderosa pine 
level 3 00 159 Ponderosa pine 
Level 3 00 136 Ponderosa pine 
level 3 00 186 Ponderosa pine 
level 3 DO 240 Ponderosa pine 
level 3 00 166 Ponderosa pine 
level 3 DO 203 Ponderosa pine 
level 3 00 137 Ponderosa pIne 
level 3 00 187 Ponderosa pine 
level 3 DO 135 722p I 776r Ponderosa pIne 103 
level 3 DO 213 725p I 775vv Ponderosa pine 117 
level 3 00 237 Ponderosa pIne 
level 3 00 196 Ponderosa pine 
Level 3 00 165 Ponderosa pine 
level 3 DO 215 714p I 776vv Ponderosa pine 118 
level 3 00 216 Ponderosa pine 
level 3 DO 150 Ponderosa pine 
level 3 DO 220 726p I 776v Ponderosa pine 119 
Level 3 00 209 Ponderosa pine 
level 3 00 221 JunIper 
level 3 00 194 728p I 776vv Ponderosa pIne 113 

780 



APPEND! X 

Table A. 1 Abso I ute dates fr an excavated sItes, Dolores Ar chaeological Pr ogram (Page 71 of 82) -
Provenience Sample Dating r esults* Tree-ring DAR 

·- - canmon No. 
Site No. name 

Struct ur e Feature Type No. 
Vertica l 
subdiv is ion No. Type 

5MT4644 
Pltstructure 2 ( cont I nued) 

Level 3 DO 160 Ponderosa pine 
Level 3 DO 168 Ponderosa pine 
Level 3 DO 205 723p I 775vv Ponderosa pine 114 
Level 3 DO 147 701p I 768vv Ponderosa pine 107 
Level 3 DO 171 Ponderosa pIne 
Level 3 DO 133 Ponderosa pine 
Level 3 DO 132 Ponderosa pIne 
Level 3 DO 219 Ponder osa pine 
Level 3 DO 105 Ponderosa pIne 
Level 3 DO 157 Ponderosa pine 
Level 3 DO 200 Ponderosa pine 
Level 3 DO 193 Ponderosa pine 
Level 3 DO 103 Ponderosa pine 
Level 3 DO 190 Ponderosa pine 
Level 3 DO 170 Ponder osa pine 
Leve l 3 DO 169 Juniper 
Level 3 DO 172 Ponderosa pine 
Level 3 DO 158 Ponderosa pine 
Level 3 DO 199 Ponderosa pine 
Level 3 DO 173 Ponderosa pine 
Level 3 DO 100 Ponderosa pine 
Level 3 DO 189 Ponderosa pine 
Sur face DO 235 734p I 776vv Ponderosa pine 121 
Su r face DO 242 Ponderosa pine 
Surface DO 238 Ponderosa pine 
Sur face DO 236 Ponderosa pine 
Surface DO 229 Ponderosa pine 
Sur face DO 224 Ponderosa pine 
Surface DO 230 Ponder osa pine 
Sur face DO 227 Ponder osa pine 
Sur face DO 228 Ponderosa pine 
Sur face DO 225 Ponderosa pine 
Surface DO 243 Ponderosa pine 
Surface DO 241 Ponderosa pine 
Sur face DO 226 Ponderosa pine 
Sur face DO 245 Ponderosa pine 
Sur face DO 231 Ponderosa pine 
Sur face DO 232 Ponderosa pine 
Surface 21 Hearth ~ 2 Used I n Do I ores 

Modlf lcatlon 
Sur face 26 Posthole DO 247 JunIper 

781 



FINAL REPORT 

Table A.1 Absolute dates f r om excavated sites, Dolores Archaeolog i cal Program (Page 72 of 82> 

Provenience 

Si t e No. 

Structur e Feat ur e 
Ver tica l 

subdivi s ion No. Type 

5fo4T4644 
Pi tstr ucture 2 ( cont I nued) 

Surface 1 26 Posthole 

Surface 1 27 Posthole 

Surface 1 54 Pos t hole 

PI tstructur e 3 
Surface 1 165 He.1rth 

Gr id squar e 
11 2S/134E 

Sur face 1 13 1 Large floor 

Sur f ace 1 131 Large floor 
Gri d squar e 

130S/162E 
Surface 1 126 Fireplace 

5fo4T4650 
P l t st r ucture 

Surface 1 2 Hear th 

Sur face 1 20 Posthole 
Pltstructur e 2 

St r atum 2 
St r atum 3 
Level 9 
Level 9 

Leve l 12 
Surface 2 

5fo4T4671 

Roan 2 
Sur face 7 Hear th 

Surface 9 Hear t h 

Pltst r uctur e 
113 Vent I lat ton 

system 

113 Vent llat ton 
system 

113 Vent II at ton 
system 

Surface 1 

Surface 1 119 Hearth 
Pl tstructur e 2 

Surface 1 307 Hearth 
Surface 1 449 Hear th 

782 

Sample 

Type No. 

DO 246 

DO 246 

DO 244 

AM 8 

clst DO 286 

cl st DO 285 

AM 7 

AM 

DO 7 

DO 3 
DO 4 
DO 1 

DO 2 

DO 5 
DO 6 

AM 

AM 2 

DO 3 

DO 4 

DO 2 

DO 

AM 4 

AM 3 

AM 5 

Da tlng results* 

Used I n Del or es 
14odlflcatlon 

pre-700 

750.780; 910.950 

Tree-ring 

common 
name 

JunIper 

Juniper 
JunIper 

Ponderosa pine 
Ponderosa pi ne 

JunIper 

Pinyon p i ne 
PInyon pine 

Doug las- t I r 
Ponder osa pine 

Ponderosa pine 
Ponderosa pine 

75o-780; 855-870; 885- 915 

76 Q-790; 850.870; 89Q-91 0 

Ponderosa p i ne 

Ponder osa pi ne 

Pinyon pi ne 

Noncon I ferou s 
77o-790; 845-865; 890- 915 

775-795; 835-860 
700.775; 86Q-925 

DAR 

No. 



APPENDIX 

Table A.l Abso I ut e dates fr an excavated s I t •l5, Dolores Archaeo logical Program (Page 73 of 82) .. 
Provenience Sample Oat I ng resu Its* •Tr ee-ri ng DAR 

canmon No. 
Si te No. name 

Structur e Featur e Type No. 
Vertical 
s ubdivi s ion No. Ty::>e 

5MT4683 
Roan 1 

Sur face DO 5 ~uercus 

Sur face DO 4 ~uercus 

Room 4 
Sur face 108 Hearth AM 4 Poor resu Its 

Room 6 
Surface 78 Hear th AM Not near curve 

Room 1 

Surface 175 Posthole CF 4 1095 B.P. :1: 60 
Ml scellaneous 
structur e 

Surface 1 79 Small floor clst ,\14 2 Poor results 
Surface 1 81 Burned pit AM 3 Poor resu Its 

Nonst r uctur al 
Unit 1 

Surface 1 2 Hear th DO 915 I 1098vv JunIper 314 
Nons tructural 
Un it 1 

Surface 53 Unburned pit DO 16 Ponderosa pine 

Sur face 53 Unburned pit [)() 11 Ponderosa pine 
Surface 53 Unburned pi t DO 18 Ponderosa pine 

Excavation un it 
Strat um 15 DO 3 Poeulus 
St r atum 15 CF 3 1050 B.P. :1: 60 
St ratum 19 CF 2 1145 B.P. :1: 60 
St r atum 21 CF 1 3110 B.P. :1: 70 
St ratum 22 DO 11 Ponder osa pine 

St r atum 22 DO 12 Ponderosa pine 
Stratum 22 DO 13 Ponderosa pine 
Stratum 22 DO 10 Ponderosa pine 
St r atum 22 DO 15 Juniper 
St r atum 22 DO 14 JunIper 

EXCII VIIt lon uni t 1 
Fu II cut [)() 6 ~uercus 

Full cut DO 1 Juniper 
5MT4684 

Pl t s t r ucture 
29 Bench AM 2 Poor results 

Level DO 14 Juniper 
Level 2 DO 13 Ponderosa pine 
Level 2 DO 2 575p I 669v Ponderosa pine 161 

Level 2 DO 11 Ponderos 11 pI ne 

783 



FINAL REPORT 

Table A. I Abso I ute dates fran excavated sItes, Dolores Archaeological Program (Page 74 of 82) 

Provenience Sample Dating results• Tree-ring DAR 
·- canmon No. 

S lte No. name 
Structure Feature Type No. 

Vertical 
subdivision No. Type 

5NT4684 
Pltstructure (cont I nuedl 

Level 2 00 12 Ponderosa pine 
Level 2 DO Juniper 
Level 2 00 6 Ponderosa pine 
Level 2 DO 7 Ponderosa pine 
Level 2 00 8 Ponderosa pine 
Level 2 DO 5 Ponderosa pine 
Level 2 00 10 Ponderosa pine 
Level 2 DO 3 Ponderosa pine 
Level 2 00 4 JunIper 
Level 2 DO 9 Ponderosa pine 
Level 2 00 15 Ponderosa pine 
Level 2 DO 16 Ponderosa pine 
Level 2 00 17 Ponderosa pine 
Level 2 DO 18 377fp I 559vv Juniper 163 
Level 2 00 19 Ponderosa pine 
Level 2 DO 20 Ponderosa pine 
Surface 12 Hearth AM Used In Do I ores 

Mod If I cat I on 
Pltstructure 4 

51 Bench AM 3 Poor resu Its 
Level 00 22 P~ulus 

Level 00 23 POf!Uius 
Level 2 DO 21 P~ulus 

Level 3 DO 25 Pof!ulus 
Level 3 DO 24 P~ulus 

Level 3 DO 27 POf!UIUS 
Level 3 00 26 P~ulus 

Level 3 DO 29 Pof!ulus 
Level 3 00 30 P~ulus 

Level 3 56 Storage bin DO 28 POf!Uius 
Level 3 57 Storage bin 00 31 P~ulus 

Surface 55 Hearth AM 4 70G-760; 865-925 
Pltstructure 5 

Surface 1 97 Hearth AM 5 Used In Dolores 
Modification 

5Nr4725 
Pltstructure 

Level 1 DO 10 Ponderosa' pine 
Level 1 00 6 Ponderosa pine 
Level DO lrtllte f lr 
Level DO 4 White fir 

784 



APPENDIX 

Table A.1 Abso I ute dates fran excavated sItes, Dolores Ar chaeolog ical Pr ogram (Page 75 of 82> - - ....,.,......,....,... 
Provenience Sample Oat I ng resu Its* Tree-r i ng DAR 

- --- canmon No. 
Si te No. name 

Structure Feature Type No. 
Vert ical ~· 

s ubdivi s ion No. Type 

5MT4725 
Pl t s t ructure 1 (contInued) 

Leve l 1 DO 3 Ponderosa pine 
Level DO 2 806p I 845r Ponderosa pine 197 
Leve l DO 5 White fir 
Leve l DO 32 Ponderosa pine 
Level DO 7 Ponderosa pine 
Level DO 13 Ponderosa pine 
Level DO 33 Ponderosa pine 
Level DO 11 Wllteflr 
Level DO 17 Wh Ita f lr 
Level DO 12 Ponderosa pine 
Leve l DO 14 822p I 845r Ponderosa pine 199 
Level DO 16 583p I 656vv Ponderosa pine 201 
Leve l DO 15 817p I 845v Ponderosa pine 200 
Surface DO 9 White fir 
Surface DO 18 Ponderosa pine 
Sur face DO 19 Ponder osa pine 
Surface DO 20 Wh ite f ir 
Surface DO 22 Ponderosa pine 
Surface DO 21 Wh lte f lr 
Surface DO 27 Ponderosa p i n~ 

Surface DO 23 809p I 845r Ponderosa pI ne 202 
Surface DO 25 Ponder osa pine 
Sur face DO 26 Doug las- t I r 
Surface DO 24 Ponderosa pi ne 
Surface DO 8 Ponderosa pIne 
Surface Hea rth DO 29 Ponderosa pine 
Surface Hearth AM 2 Used In Do I ores 

Nodi f I cat I on 
Sur face Hearth DO 28 Ponderosa pine 
Surface Hea r th AM 1 Poor resu Its 
Surface 5 Posthole DO 30 Jun Iper 
Surface 15 Posthole DO 31 81 1p I 845v Ponderosa pine 204 

Pl t s t r ucture 2 
Surface 1 21 Hea r th AM 3 pre-70()-750; 875-915 

Pltstructure 3 
Surface 1 30 Hearth AM 4 Poor resu Its 

Pltst r ucture 5 
Surface 1 41 Hea rth AM 6 Used In Dolores 

Nodlflcatlon 

785 



FINAL REPORT 

Table A. 1 Abso I ute dates fran excavated s ltes, Dolores Archaeological Program (Page 76 of 82) 

Provenience Sample Oat I ng resu Its* Tree-ring DAR 

-- cannDn No. 
Site No. name 

Structure Feeture T-ype No. 
Vertical 

subdivision No. Type 

---
5MT4725 (continued) 

Pltstructure 6 
Surface 1 38 Hearth ,\14 5 77D-795; 845-870; 89D-915 

5MT4751 
Pltstructure 

Surface 1 8 Heerth ,\14 1025-1175 

Fu II cut DO JunIper 
5MT4763 

Nonstructural 

Unit 1 
Surface 5 Hearth ,\14 Not near curve 

Surface 3 Exterior storage CF 1710 B.P. :t 60 
facility 

5MT4789 

Grid square 
440S/54E 

Stratum 1 DO 2 Ponderosa pIne 

Gr ld square 
440S/56E 

Level 1 DO PInyon pine 
5MT4797 

Excavation unit 
Full cut CF 1400 B.P. :t 60 

Gr ld square 
380S/49E 

Full cut CF 5 1785 B.P. :t 60 
Grid square 

400S/51E 
Surface 1 8 Burned pit CF 9 1490 B.P. :t 60 

Gr ld square 

440S/48E 

Full cut CF 3 910 B.P. :t 70 
5"'T5104 

Pltstructure 
23 Ventilation DO 

system 
23 Ventilation DO 3 

system 
23 Vent II at I on DO 2 

system 
5MT51 06 

Room 11 
Level 2 DO Ponderosa pIne 

786 



APPENDIX 

Table A.1 Abso I ute dates tram excavated sItes, Dol ores Ar chaeologi cal Program (Page 77 of 82) ....... ., ..... 
Provenience Semple Dating r esults* Tree-ring DAR 

common No. 
Site No. neme 

Structure Feetur e Type No. 
Vertical --
subdivision No. Type 

5MT5106 
Room 11 (cont I nuedl 

Level 2 00 2 Ponderosa pine 

Surface 1 ~ 75Q-780; 85Q-870; 90 Q- 925 

Surtece 1 25 Posthol e 00 3 718 I 852vv JunIper 316 

Pltstructure 2 
Level 1 00 7 Ponderosa pi ne 

Level 1 DO 6 Ponderosa pine 

Surtece AM 7 pr e-70Q-750; 865-890; 
925-1000 

Surface 141 Heer t h AM 6 pre-70Q-765; 865-930 

Surface 65 Posthole DO 8 Ponderosa pi ne 

Pltstructure 3 · 
Surface 1 145 Hear t ti ~ 4 70Q-770; 865-925 

Surface 1 145 Hearth AM 5 725-775; 86Q-915 

Pltstructure 4 
Level 1 00 4 P~ulus 

Surface. 1 39 Hearth AM 3 725-770; 865-915 

Pltstructure 5 
Surface 1 44 Heerth AM 2 1020-1065 

5MT5107 
Room 28 

Level 00 94 Ponderosa pIne 

Room 29 
Surface 313 Hearth AM 2 70Q-760; 865-885; 

91Q-950 

Room 47 
Stratum DO 95 Ponder osa pine 

Str11tum 00 96 Pinyon pine 

Stratum DO 98 Ponderos11 pine 

Surface 00 97 689fp I 813+vv Pinyon pine 342 

Room 48 
Level 1 00 100 Pinyon pine 

PIts tructure 
Surtece 1 41 Hearth AM 5 725-775; 86Q-925 

Pltstructure 2 
AM 7 70Q-750; 865-885; 92Q-955 

Level 254 Lar:ge floor c l st ~ 9 1020-1065 

Level 2 00 8 Ponderosa pine 

Level 2 DO 21 Ponderosa pine 

Level 2 DO 35 Ponderosa pine 

Level 2 DO 91 Ponderosa pine 

Level 2 00 13 Ponderos11 pine 

787 



FINAL REPORT 

Table A. 1 Abso I ute dates fran excavated sItes, Dolores Archaeological Program (Page 78 of 82) 

Provenience Sample Dating results* Tree-rl ng DAR 

-- . canmon No. 
Site No. name 

Structure Feature Type No. 
Vertical 
subdivision No. Type 

5MT5107 
Pltstructure 2 (contl nued> 

Level 2 DO 65 Ponderosa pIne 
Level 2 DO 6 806p I 829r Ponderosa pi ne 318 
Level 2 DO 87 Ponderosa pine 
Level 2 DO 19 Ponderosa pine 
Level 2 DO 28 817p I 843r Ponderosa pine 322 
Level 2 DO 12 Ponderosa pine 
Level 2 DO 11 Ponder osa pine 
Level 2 DO 27 804p I 842+r Ponderosa pine 321 
Level 2 DO 76 Ponderosa pine 
Level 2 DO 80 Ponderosa pine 
Level 2 DO 88 811p I 829r Ponderosa pine 340 
Level 2 DO 24 Ponderosa pIne 
Level 2 DO 14 Pond eros a pI ne 
Level 2 DO 70 Ponderosa pine 
Level 2 DO 23 Ponderosa pine 
Level 2 DO 31 Ponderosa pine 
Level 2 DO 34 Ponder osa pine 
Level 2 DO 22 Ponderosa pine 
Level 2 DO 815p I 865vv Ponderosa pine 317 
Level 2 DO 26 Ponderosa pine 
Level 2 DO 30 805p I 829r Ponderosa pine 323 
Level 2 DO 59 Ponderosa pine 
Level 2 DO 47 Ponderosa pine 
Level 2 DO 38 804p I 863vv Ponderosa pine 324 
Level 2 DO 7 Ponderosa pine 
Level 2 DO 15 Ponderosa pi ne 
Level 2 DO 43 Ponderosa pine 
Level 2 DO 40 Ponderosa pine 
Level 2 DO 36 Ponderosa pine 
Level 2 DO 68 Ponderosa pine 
Level 2 DO 69 Ponderosa pine 
Level 2 DO 44 Ponderosa pine 
Level 2 DO 10 Ponderosa pine 
Level 2 DO 55 798p I 829v Ponderosa pine 331 
Level 2 DO 17 Ponder osa pine 
Level 2 DO 48 802p I 829r Ponderosa pine 326 
Level 2 DO 50 805p I 830r Ponderosa pIne 328 
Level 2 DO '57 Ponderosa pi ne 
Level 2 DO 52 Ponderosa pine 
Level 2 DO 16 Ponder osa pine 
Level 2 DO 53 Ponderosa pine 

788 
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Table A.l Abso I ute dates fran excavated sItes, Dolores Archaeological Program (Page 79 of 82) 

~· -- -
Provenience Sample Oat lng resu Its* Tree-ring DAR 

canmon No. 
Site No. name 

Structure Feature Type No. 
Vertical 1----------
subdivision No. Type 

5MT5107 
Pltstructure 2 ( cont I nuedl 

Level 2 00 46 Ponderosa pine 
Level 2 DO 45 Ponderosa pine 
Level 2 DO 58 Ponderosa pine 
Level 2 DO 32 Ponderosa pine 
Level 2 00 74 Ponderosa pine 
Level 2 DO 49 806p I 829r Ponderosa pine 327 
Level 2 00 60 Ponderosa pine 
Level 2 DO 56 Ponderosa pine 
Level 2 00 84 Ponderosa pine 
Level 2 DO 18 Po~ulus 

Level 2 DO 67 Ponderosa pine 
Level 2 DO 39 Ponderosa pine 
Level 2 DO 62 Ponderosa pine 
Level 2 DO 41 Ponderosa pine 
Level 2 DO 3 Ponderosa pine 
Level 2 DO 64 Ponderosa pine 
Level 2 DO 72 Ponderosa pine 
Level 2 DO 54 Ponderosa pine 
Level 2 DO 71 806p I 829r Ponderosa pine 334 

Level 2 DO 63 Ponderosa pine 
Level 2 DO 82 Ponderosa pine 
Level 2 DO 89 Ponderosa pine 
Level 2 DO 25 Ponderosa pine 
Level 2 DO 42 Ponderosa pine 
Level 2 DO 92 Ponderosa pine 
Level 2 DO 29 Ponderosa pine 
Level 2 DO 2 Ponderosa pine 
Level 2 DO 61 Ponderosa pine 
Level 2 DO 86 750p I 823r Ponderosa pine 339 
Level 2 DO 57 Ponderosa pine 
Level 2 00 20 Ponderosa pine 
Level 2 DO 73 Ponderosa pine 
Level 2 DO 78 777p I 827vv Ponderosa ,PIne 337 
Level 2 DO 33 Ponderosa pine 
Level 2 DO 4 Ponderosa pine 
Level 2 DO 79 Ponderosa pine 
Level 2 DO 9 Ponderosa pine 
Level 2 DO 5 Ponderosa pine 
Level 2 DO 90 Ponderosa pine 
Level 2 DO 83 761tp I 814vv Ponderosa pine 338 

Level 2 DO 77 Ponderosa pine 

789 



FINAL REPORT 

Table A. I Absolute dates from excavat ed sites, Dolores Ar chaeological Progr11111 (Page 80 of 82) - .. 
Provenience 

Site No. 
Structure Feature 

Vertical 
subdivision No. Type 

5MT5107 
Pltstructure 2 ( cont I nued) 

Level 2 

Level 2 
Level 2 

Level 2 
Level 2 
Surface 
Surface 98 Hearth 

Surface 16 Post ho le 

Pltstructure 3 

Surface 1 100 Hearth 

Pltstructure 4 
Surface 1 113 Hea!"th 

Pltstructure 9 
Surface 1 379 Hearth 

Pltstructure 10 

Surface 1 386 Hearth 

Pltstructure 11 
Surface 1 325 Hearth 

Nonstructural 
Unit 2 

Surface 290 Burned pit 

5MT5108 
Room 4 

Surface 20 Postho Ia 

Surface 20 Posthole 

Room 11 
Surface 
Surface 5 Posthole 

Surface 7 Posthole 
Pltstructure 

Surface 1 31 Hearth 

Pitstructure 2 

Surface 1 160 Hearth 

Nonstructural 
Unit 2 

Surface 1 193 Burned p i t 

5MT5361 
Excavation unit 3 

Level 10 

Level 10 

790 

S11111ple 

Type No. 

00 81 

DO 93 
DO 85 

DO 66 
DO 75 

DO 99 

AM 8 
DO 51 

AM 3 

AM 4 

AM 11 

AM 10 

AM 6 

AM 

DO 3 
00 4 

AM 
DO 

00 2 

AM 3 
AM 2 

AM 4 

AM 5 

CF 17 

CF 16 

Oat I ng resu It s* 

808p I 829r 

Tree-ri ng 

COIIIIIDn n-

Ponder osa pIne 

Ponclarosa pine 
Ponderosa pine 

Ponclarosa pi ne 
Ponderosa pine 
Ponclarosa pi ne 

pr e-70Q-740; 87Q-900 

584p I 677vv Ponclarosa pi ne 

845-870; 89Q-915 

n5-780; 86o-915 

75Q-785; 85(}-870; 885-925 

745-785; 855-870; 88Q-920 

775-795; 84(}-860 

70Q-770; 865-885; 915- 950 

Ponclarosa pi ne 

Ponderosa p i ne 

765-790; 85Q-870, 890-915 

Ponclaros a pi ne 

Ponder osa p i ne 

pre-700 
pre-700 750; 87(}-890; 
925-965 

70Q-775; 86Q-920 

Poor r esu Its 

2185 B.P. :1: 100 
1600 B.P. :1: 90 

No. 

336 

329 



APPENDIX 

Table A.l Absolute dates from excavated sites, Dolores Archaeological Program (Page 81 of 82 ) 

Provenience 

-------------~---------------·--
Site No. 

Structure 
Vertical 

Feature 

subdivision No. Type 

5MT5361 (continued) 
Excavation unit 6 

Surface 1 
5MT5863 

Pltstructure 
Stratum 1 
Stratum 
Stratum 
Surface 
Surface 

5DL444 
Ml see I laneous 
structure 
Surface 1 

FIrep lace 

1 Posthole 
2 Pas thole 

3 Pas t ho le 

Samp le 

Type No. 

[)() 

DD 2 
DD 3 
DD 
[)() 4 
DD 5 

CF 2 

Dating results* 

643t p I 791 vv 
66 9p I 128vv 
674p I 141vv 

290 B. P. * 50 

Tree-ring 
common 

name 

Pinyon pi ne 

JunIper 
Doug las-t I r 
Doug la s- t I r 

DAR 
No. 

418 
416 
419 

791 



FINAL REPORT 

Table A.l Absolute dates from excavated sites, 
Dol ores Archaeological Program (Page 82 of 82) 

=======: =-------=v . 
* Dates with letters indicate tree-ring dates (explained in notes). All 
dates are reported i n years A.D. unless otherwise noted. 
t (a and b). 

NOTES: Tree-ri ng samples with a taxon identification only did not yield a 
date. DAR numbers , taxa, dates, and the following tree-ring symbols were 
provided by the Laboratory of Tree-Ring Research, University of Arizona, 
Tucson. Tree-ring dates to the left of the slash represent inside dates; 
those to the right of the bar represent outside dates. 

p - Pith ring present. 
fp - The curvature of the inside ring indicates that it is far from 

the pith. 
~P - Pith ring present, but due to the difficult nature of the ring 

series near the center of the specimen, an exact date cannot be 
assigned to it. The date is obtained by counting back from the 
earliest dated ri ng. 

+ - The innermost r i ng is not the pith ring and an absolute date 
cannot be assigned to it. A ring count is involved. 

B - Bark present . 
G - Beetle gall eries are present on the surface of the specimen. 
r - Less than a full section is present, but the outermost ring is 

continuous around available circumference . 
v - A subject i ve j udgment that, although there is no direct evidence 

of the t rue outside on the specimen, the date is within a very 
f ew years of being a cutting date. 

vv - There is no way of estimating how far the last ring is from the 
true outs i de. 

+ - One or more rings may be missing near the end of the ring series 
whose presence or absence cannot be determined because the 
specimen does not extend far enough to provide an adequate 
check. 

++ - A ring count i s necessary due to the fact that beyond a certain 
point the specimen could not be dated. 

n.o. - No observati on could be made. 
AM - Archaeomagnetic sample . 
CF - Radiocarbon sample. 
DO - Tree-ring sample. 
RDA - Recent disturbance area. 
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APPENDIX B 

SITE REPORT ABSTRACfS 

Sheep Skull Camp (Site 5MT2202), DAP-004 
(Schlanger 1983) 

Sheep Skull Camp (Site 5MT2202) is a prehistoric lim
ited activity locus in the Sa5chen Flats Locality, Es
calante Sector, southwestern Colorado. The site is 
located on a hilltop overlooking the Sagehen Flats 
marsh to the south. For purposes of intensive investi
gation, the site was divided into 3 sampling strata based 
on distribution of surface artifacts. Sixty-five test 
squares were selected, via a stratified random sampling 
design, and excavated; backhoe tests, a magnetometer 
survey, and blading were also conducted at the site after 
preliminary investigations had been completed. Results 
of this extensive subsurface sampling were largely neg
ative, although I rock-outlined hearth was encountered 
approximately I 0 to 15 em below surface (by the blad- · 
ing program) and artifacts were found in loose surficial 
deposits in some of the test pits. There appears little 
likelihood that significant undisturbed subsurface de
posits exist at the site. 

On the basis of the differential distribution of surface 
artifactual material, 3 areas of prehistoric activity were 
defined; analysis of artifact composition suggests some 
differences in activities among the 3 areas. The site 
appears to have functioned primarily as a resource pro
curement and processing locus, rather than as a habi
tation or storage site. 

Sagehill Hamlet (Site 5MT2198), DAP-005 · 
(Hewitt 1983) 

Sagehill Hamlet (Site 5MT2!98), a small Anasazi hab
itation located approximately 5 miles northwest of Do
lores, Colorado, was excavated during the summer of 
1978 as part of the Dolores Project Cultural Resources 
Mitigation Program. Field operations were conducted 
during the months of August and September; a Uni
versity of Colorado crew excavated and recorded a 
small pithouse and associated surface features. Sagehill 
Hamlet was probably the domicile and home base of a 
single household group practicing limited agriculture 
and foraging in the Escalante Sector. Because of the 
scant nature of the material collection and the lack of 
any major architectural remodeling, it is assumed that 

the site was inhabited for a relatively short time. While 
Sagehill Hamlet is clearly associated with the Sagehen 
Phase (A.D. 600-850), more precise dating of the site 
is problematic: tree-ring dates indicate that pithouse 
construction probably occurred during the last half of 
the 7th century A.D., while ceramic analysis suggests 
that the occupation occurred during the 8th century, 
terminating by A.D. 775. 

Little House (Site 5MT2191), DAP-007 (Hewitt 1983) 

Little House (Site 5MT2191) is a small Anasazi seasonal 
habitation or agricultural field house located approxi
mately 5 mi (8 km) northwest of Dolores, Colorado. 
The site was excavated during the summer of 1978 as 
part of the Dolores Project Cultural Resources Miti
gation Program. Field operations were conducted dur
ing the months of July and August. A crew consisting 
of University of Colorado and Youth Conservation 
Corps personnel investigated the small surface struc
ture comprising 4 small rooms and associated features. 
On the basis of ceramic analysis, Little House has been 
assigned to the early part of the McPhee Phase (A.D. 
850-970). Site 5MT2191 was probably the seasonal 
abode for a small household or intrahousehold group 
practicing small-scale agriculture in the immediate site 
vicinity. It is inferred that the site was occupied only 
during the growing and harvest season (May through 
September). The lack of any major remodeling episodes 
and the small size of the material collection suggest the 
site was in use for a short period of time, perhaps no 
more than a single generation. 

Tres Bobos Hamlet (Site 5MT4545), DAP-025 
(Brisbin and Varien 1981) · 

Tres Bobos, Site 5MT4545, is a small Basketmaker III 
habitation in extreme southwestern Colorado, near the 
present town of Dolores. Excavations by the DAP (Do
lores Archaeological .Program) discovered I pithouse, 
14 noncontiguous surface rooms, and numerous ancil
lary features. The number and spatial distribution of 
the surface rooms in 2 discreet areas around the single 
pithouse indicate that 2 occupations were centered 
around the pithouse. The differential spatial configu
ration of these room sets and the well-developed an
techamber of !!te pithouse reflect the transition from 
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late Basketmaker to early Pueblo times, a period as
sociated with a dependency on agriculture. This spatial 
configuration of rooms, the architectural style, and the 
ceramics collected at the site indicate Tres Bobos was 
occupied during an early portion of the Sagehen Phase 
(A.D. 600-850, according to Dolores Archaeological 
Program temporal designations). 

Apricot Hamlet (Site 5MT2858), DAP-026 
(Montgomery 1982) 

Apricot Hamlet, Site 5MT2858, is a multiple occupa
tion Basketmaker Ill Ill/Pueblo I habitation site. Apri
cot Hamlet is located in Montezuma County, in 
southwestern Colorado, and was excavated in 1979 as 
a part of the DAP field operations. The site was ex
cavated to acquire information on cultural patterning 
of the dispersed community that existed on the high
lands west of the Dolores River valley during the Sa
gehen Phase (A.D. 600-850) of the Anasazi Tradition. 
Excavations revealed a pithouse, with main chamber 
and antechamber, several peripheral features, and a sec
ond, unfinished pitstructure. The antechamber con
tained a hearth and deflector mold, indicating that it 
was used at some time for domestic activities. Based 
on ceramic evidence, archaeomagnetic dating samples, 
and the presence of a midden deposit in the pithouse, 
the site is believed to have been occupied between A.D. 
635 and 680, abandoned, and then reoccupied briefly 
between A.D. 750 and 800, during which time the sec
ond pitstructure was begun. 

Pheasant View Hamlet (Site 5MT2192), DAP-027 
(Yarnell 1982) 

Pheasant View Hamlet (Site 5MT2192), excavated in 
1979 by the DAP, represents a single-family household 
cluster occupied during the Pueblo I period. The site, 
located in Montezuma County in southwestern Colo
rado, consists of a pithouse, adjacent roomblock, bor
row pit, and associated features. The architectural style 
of the roomblock, contiguous surface rooms with a 
basal course of slabs which probably supported jacal 
walls, suggests a temporal setting of approximately A.D. 
780-825. The ceramic profile, in particular the presence 
of Moccasin Gray ceramics, suggests a temporal setting 
of at least A.D. 775. It is therefore inferred that Pheas
ant View Hamlet was occupied sometime between A.D. 
775 and 825. The absence of remodeling to the struc
tural units, the low frequency of artifacts, and the vol
ume of midden deposits indicate an occupation of less 
than 20 years. 

Two postoccupational burials were encountered at the 
site, probably interred there by occupants of a nearby 
household. 
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Dos Casas Hamlet (Site 5MT2193), DAP-028 
(Brisbin et al. 1982) 

Dos Casas Hamlet (Site 5MT2193) is a small Basket
maker Ill/Pueblo I Anasazi site located approximately 
8 km northwest of the town of Dolores, Montezuma 
County, Colorado. During the summer of 1978, the 
University of Colorado excavated the site as part of 
first-year operations associated with the Dolores Cul
tural Resources Mitigation Program. These investiga
tions recorded 2 prehistoric pithouses and an arc of 
associated surface rooms and outdoor occupation areas 
to the north at Site 5MT2193. The pithouses are alined 
north-south with the ventilator tunnel of the northern 
structure dug through the northern wall of the southern 
structure, indicating that 2 occupations, or elements, 
were present, perhaps both using the same group of 
surface facilities. These 2 hypothetical elements are 
borne out by the dates for tree-ring samples recovered 
from the 2 pithouses. The more southerly house (Pit
house I) was constructed around A.D. 760 and Pithouse 
2 was constructed approximately 10 years later, about 
A.D. 770. The site is located in the Sagehen Flats Lo
cality, Escalante Sector, Yellowjacket District, and was 
occupied during the Sagehen Phase (A.D. 600-850). The 
site is classified as a small hamlet or semipermanent to 
permanent habitation and is inferred to have been the 
abode of a family unit (perhaps 6 to 9 individuals) prac
ticing small-scale agriculture in the local area. This fam
ily is postulated to have been one social unit of the West 
Sagehen Neighborhood, a local dispersed Anasazi com
munity inhabiting the area in the eighth century A.D. 

Prairie Dog Hamlet (Site 5MT4614), DAP-029 
(Yarnell 1982) 

Prairie Dog Hamlet, Site 5MT4614, was excavated in 
1979 by the University of Colorado under the auspices 
of the DAP. Located in Montezuma County in south
western Colorado, the site dates to the late Basket maker 
Ill-early Pueblo I periods of the Anasazi Tradition. 

The site had 2 occupations, represented by 2 separate 
pithouses with associated surface structures and fea
tures, and a single episode represented by the partial 
construction of a pitstructure. Although the 2 occu
pations were separated by a short cultural hiatus, both 
were components of the Sagehill Subphase (A.D. 600-
760) of the Sagehen Phase, according to DAP temporal 
systematics. Spatially, the 2 occupations represent fam
ily habitations in the West Sagehen Community, a dis
persed local community that consisted of 
horticulturally based households located near culti
vated fields . The site was excavated to expand the Do
lores Archaeological Program sample of sites that were 
a part of this Anasazi community. 



Casa Bodega Hamlet (Site SMT2194), DAP-030 
(Brown 1982) 

Casa Bodega Hamlet (Site 5MT2194) is a Pueblo I hab
itation site excavated during the 1979 field season by 
the DAP. The site is located in Montezuma County in 
southwestern Colorado. It was excavated as part of the 
sample of habitations from the West Sagehen Neigh
borhood, a dispersed Anasazi community in the 
Sagehen Flats Locality during the Sagehen Phase 
(A.D. 600-850, according to program systematics). 

Excavations revealed a single household cluster con
sisting of a pithouse, 3 informal storage facilities, a 
peripheral work area, and a sheet trash area. Architec
turally, the site is characteristic of the Sagehill Subphase 
(A.D. 600-760). The ceramic data, however, based on 
the occurrence of Moccasin Gray sherds, places the oc
cupation of the hamlet between A.D. 775 and 850. The 
small number of features and artifacts and the small 
size of the pithouse suggest the site was occupied by a 
small group, perhaps a nuclear family, for no more than 
a single generation. 

Moonlight House (Site SMT2205), DAP-031 
(Kleidon 1982) 

Moonlight House (Site 5MT2205), located in extreme 
southwestern Colorado, is a two-room structure dating 
to the Pueblo I period (A.D. 750-900) of the Anasazi 
Tradition. The site was excavated in 1979 by the DAP 
as an example of a nonhabitational, special-use site. 
Upon excavation of Moonlight House, it was deter
mined the site served primarily as a storage facility and 
food-processing center. 

Casa Roca (Site SMT2203), DAP-032 (Brisbin 1982) 

Casa Roca, Site 5MT2203, is a small, seasonal use, sin
gle-component site located in southwestern Colorado. 
The site was excavated in 1979 by the DAP as part of 
a representative sample of sites, by site type and tem
poral period, from the borrow areas of the Dolores Proj
ect, a Bureau of Reclamation water storage project. 
Casa Roca is assigned to the McPhee Phase (A.D. 850-
970) as defined by the program temporal system. This 
corresponds to the late Pueblo I and early Pueblo II 
periods of the Pecos Classification. The major archi
tectural feature at the site is a masonry surface room 
with a stone-lined floor. It is inferred that this site was 
a field house, which was occupied seasonally. In ad
dition to the surface structure, 7 exterior subsurface 
features were located, including 5 basin-shaped heating 
pits and a large slab-lined fireplace. 
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Faraway House (Site SMT4763), DAP-033 
(Kleidon 1982) 

Faraway House, Site 5MT4763, was excavated in 1979 
as part of the DAP, located in extreme southwestern 
Colorado. The site was selected for excavation to ex
pand the sample of limited activity/seasonal use sites 
in the program data base. The site consists of a masonry 
storage bin and 2 hearths and is located near arable 
soils. It is inferred that the site was built by the Anasazi 
during the Pueblo I or Pueblo II period and was used 
seasonally for the storage of a cultigen grown nearby. 

Cascade House (Site SMT4512), DAP-034 
(Wilshusen 1982) 

Cascade House (Site 5MT 4512) is a Pueblo I field house 
excavated in 1979 as part of the DAP. The main ar
chitectural features at the site are Anasazi in form but 
smaller than typical Anasazi ; a small pithouse and pit
room, and 2 masonry/jacal surface storage rooms were 
excavated. Over 20 food-processing pit features were 
found in a crescent around the pithouse, and several 
discrete clusters of hearths and a concentration of ar
tifacts appeared to be specific activity areas. It is argued 
that the site was only seasonally occupied as a field 
house because it lacks domestic space and features 
types. It is thought that the site was occupied for at 
least 2 seasons and possibly for as long as a decade. 
The location of the site near a main drainage and near 
good agricultural land supports the hypothesis that it 
was the field headquarters of a group of Anasazi dry
land farmers. The ceramics associated with the site date 
it as contemporaneous with some of the nearby early 
pueblos. Cascade House appears to have been occupied 
during the first half of the ninth century A.D. , making 
it one of the earliest occurrences of a seasonally used 
field house in the Dolores Project area. 

Marshview Hamlet (Site SMT2235), DAP-035 
(Wilshusen 1982) 

Marshview Hamlet (Site 5MT2235), a small Pueblo III 
habitation site located northwest of Dolores, Colorado, 
was excavated during the 1978 field season as part of 
the DAP. Between 24 July and 2 November 1978, a 
small pithouse and associated surface structures and 
features of this small unit hamlet were excavated and 
documented by University of Colorado crew members 
and personnel of the Bureau of Reclamation Youth 
Conservation Corps and Young Adult Conservation 
Corps. In October 1979, the site was regridded for a 
more extensive surface collection. 

Materials and artifacts collected from Marsh view Ham
let suggest the prehistoric inhabitants were a family of 
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horticulturalists subsisting on crops grown in fields near 
the site. Faunal remains indicate the inhabitants aug
mented their diet by hunting small game. 

The main occupation at Marshview Hamlet occurred 
in the Sundial Phase (A.D. 1050-1200), according to 
program temporal systematics. Soon after the main 
abandonment, a multiple burial was placed in the pit
house; the relationship of the burial to the main oc
cupation of the site remains uncertain . Other evidence 
suggests that the site also served as a limited activity 
locus after the main occupation. 

The Testing Program, DAP-036 (Hewitt 1983) 

During the 1979 field season of the DAP, 9 sites were 
partially excavated as part of a testing program. These 
sites are Charred House (5MT2844), Cansado Camp 
(5MT2857), Lee Side Camp (5MT4513), Desecho 
Camp (5MT4642), Roadside Camp (5MT4649), Lone 
Pine Hamlet (5MT2162), Rusty Ridge Hamlet 
(5MT2848), Deer Hunter Hamlet (5MT2853), and 
Sunflower Hamlet (5MT4640). This program was ini
tiated to supplement data obtained from more fully 
excavated sites. Specifically, this program was designed 
to provide additional information about the occupation 
of the Sagehen Flats Locality of the Dolores Project 
area during the Sagehen Phase, which is comparable to 
the Basketmaker III-Pueblo I period. Each site inves
tigated as part of this program was subjected to stan
dard testing procedures designed to extract a 
considerable amount of data without expending the 
time and effort required for intensive excavation. In
vestigations at these sites revealed that 5 of them were 
limited activity sites and 4 were hamlets. All were oc
cupied or used during the Sagehen Phase. 

Horse Bone Camp (Site SMT2199), DAP-037 
(Brown 1982) 

Horse Bone Camp, Site 5MT2199, is located on a low 
knoll in the southern portion of the Sagehen Flats Lo
cality. During initial survey, the site was described as 
an extensive lithic scatter. Excavation during the 1979 
field season of the DAP revealed the only cultural fea
tures found at the site, a burned pit and a hearth, nei
ther of which could be dated. The artifact assemblage 
indicates both the Archaic and Anasazi Traditions are 
represented at the site. The lack of architecture, types 
of artifacts recovered , low artifact density, and site lo
cation suggest that Horse Bone Camp served as a lim
ited activity locus, possibly associated with hunting 
activities, during both the Archaic and Anasazi time 
periods. 
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Horsefly Hamlet (Site SMT2236), DAP-038 
(Kane and Chenault 1982) 

Horsefly Hamlet (Site 5MT2236) is an Archaic camp/ 
Anasazi habitation site in the Sagehen Flats Locality of 
the Dolores Archaeological Program study area. Inves
tigations were initiated during the fall of 1979 as part 
of the project's standard fall testing program; the goal 
of the work was to add information to the Sagehen Flats 
cultural data bases, specifically to the Sagehen Phase 
West Sagehen Neighborhood and Archaic North Marsh 
Band categories. The site was reopened in 1981 to re- · 
solve interpretational ambiguities concerning the ar
chitectural units discovered during the initial season of 
operation. Two major use components are inferred to 
have occurred at the site. The first apparently repre
sents seasonal or temporary use of the site area by Ar
chaic peoples, perhaps about 2500 B.C. The second use 
was by an Anasazi group who built and used a room
block and pitstructure. Tree-ring analysis suggests the 
Anasazi component dates to the time span A.D. 760-
780. Two burials were also recovered from the site and 
apparently date to the Anasazi component. Slight evi
dence indicates a later Anasazi use or visitation of 
the site, but lack of evidence precludes definitive 
descriptions. 

Ridge Line Camp (Site SMT2242), DAP-039 
(Southward 1982) 

Investigations at Ridge Line Camp, Site 5MT2242, 
were undertaken during the 1979 field season of the 
DAP. The site is located in the Sagehen Flats Locality. 
Two firepits were discovered at the site, and flaked 
lithic, nonflaked lithic, and ceramic artifacts were re
covered. The results of artifact analyses and a radio
carbon date of 3 710 ± 90 years B.P. indicate the site 
was occupied during the Archaic and Anasazi (Pueblo 
I, Pueblo II, and Pueblo III) time periods. No structures 
were found at Ridge Line Camp, suggesting that use of 
the area during both the Archaic and Anasazi periods 
was impermanent in character. Based on the artifacts 
collected, activities at the site may have included food 
procurement or processing, and flaked lithic tool 
manufacturing. 

Hawk House (Site SMT4681), DAP-040 (Brown 1981) 

Hawk House (Site 5MT4681) is a multifunctional lim
ited activity site located in extreme southwestern Col
orado near the present town of Dolores. The site was 
excavated in September 1979 as a part of the Dolores 
Project Cultural Resources Mitigation Program. 

The flaked lithic tool assemblage consists of highly cur
ated items associated with hunting and game process
ing; these items may have been associated either with 



an Archaic group of with a highly specialized Anasazi 
group. The nontlaked lithic tool assemblage contains 
predominately food-processing tools characteristic of 
the Archaic Tradition. Ceramic and architectural data 
indicate site usage between A.D. 850-900, or during the 
McPhee Phase (A.D. 850-970}, according to DAP tem
poral systematics. 

The paucity of features at Hawk House indicates the 
site had restricted use, but the material culture assem
blage reflects both hunting and food-processing activ
ities, possibly occurring as early as Archaic times and 
also during the McPhee Phase. 

Climbing Cactus Camp (Site 5MT4682), DAP-041 
(Wilshusen 1982) 

Site 5MT4682, Climbing Cactus Camp, was initially 
investigated through a I 0-percent surface artifact col
lection by survey crews. This survey was conducted in 
1979 as part of the DAP. The site was,identified during 
initial inventory survey as being a hunting camp with 
multiple temporal components. Based on a high per- · 
centage of projectile points and bifaces recovered in the 
I 0-percent survey collection, it was decided an inten
sive (I 00 percent) surface artifact collection in 8- by 
8-m grid units might produce data for a more precise 
interpretation of the site. Of particular concern was the 
possibility of an Archaic component. The only tem
porally diagnostic artifacts from the site are 13 sherds 
that date the site to the Anasazi period, between A.D. 
600-900. The main portion of the collection is lithic 
tools and debris. The site is located on a small knoll 
immediately north of present-day Sagehen marsh; as
suming the marsh existed prehistorically, it might have 
served as a natural attraction for animals. The high 
percentage of projectile points also suggests a functional 
interpretaiion of the site related to hunting activities. 

The Grass Mesa Locality Testing Program, DAP-081 
(Gross 1984) 

Eighteen sites were tested in the Grass Mesa Locality 
during the 1979 and 1980 field seasons. Test excava
tions, including both probability and judgmental ex
cavation, were conducted at Hanging Rock Hamlet 
(Site 5MT4650}, Cougar Springs Cave (Site 5MT4797}, 
Quasimodo Cave (Site 5MT4789}, Dos Cuartos House 
(Site 5MT2174}, Calmate Shelter (Site 5MT4651}, and 
DTA Site (Site 5MT5361 ). The remaining 12 sites were 
investigated through surface collection, occasionally 
augmented by shovel scraping or minimal excavation. 
The goal of the program was to obtain sufficient in
formation to allow the placement of these sites in the 
DAP spatial and temporal systems with better accuracy 
than was possible from survey records alone. This re
port describes the investigations at each of these sites 
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and discusses the structures, features, and artifacts en
countered. Temporal and functional assignments are 
made for each of the sites. 

Prince Hamlet (Site 5MT2161), DAP-082 
(Sebastian and Howes 1983) 

Prince Hamlet, Site 5MT2161 , is a Pueblo I habitation 
site investigated by the DAP during the 1979 and 1980 
field seasons. Evidence of 3 separate periods of occu
pation was encountered. The first occupation appears 
to have begun sometime after A.D. 720 and to have 
ended prior to A.D. 840. The exact nature and areal 
extent of this occupation is uncertain, but it definitely 
included at least I substantial surface structure and 
probably I pitstructure. The second occupation, be
lieved to have taken place sometime between A.D. 840 
and 900, was marked by the construction of a large, 
double-row roomblock and 2 large, masonry-lined pit
houses. The third occupation of the site appears to have 
been quite brief and was localized in and around the 
partially filled depression of I of the pitstructures. This 
use of the site, represented by a cluster of late ceramics 
that may be associated with the remains of a temporary 
shelter, is believed to have occurred sometime during 
the A.D. 1050-1200 time period. 

LeMoc Shelter (Site 5MT2151), DAP-083 (Hogan 1983) 

LeMoc Shelter (Site 5MT2151) is a small, stratified site 
on the south-facing slope of the Dolores River canyon. 
During excavation of the shelter by the DAP, the re
mains of 5 successive Anasazi occupations that date to 
between A.D. 750 and 950 were discovered. During the 
earliest documented occupation, which dates to the late 
Sagehill Subphase (A.D. 7 50-780}, the shelter appears 
to have been occupied year-round by a nuclear family 
or small extended family. The next clearly defined oc
cupation occurred during the late Dos Casas and early 
Periman Subphases - between A.D. 840 and 860. 
Again, the shelter appears to have served as a perma
nent residence. In this case, however, the simultaneous 
use of a pithouse and a surface habitation suggest that 
an extended family was the basic residential unit. 

Following an occupation hiatus, the site was reoccupied 
sometime between A.D. 875 and 890- the Grass Mesa 
Subphase. During this period, the shelter apparently 
served as a seasonal farming station. Presumably, the 
main residence was located at Grass Mesa Village (Site 
5MT23). 

The last 2 occupational episodes suggest short-term use 
of the shelter as a camp from which wild resources were 
procured. Both of these episodes are assigned to the 
Cline Subphase and date to approximately A.D. 920-
930 and A.D. 930-950, respectively. Between A.D. 950 
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and 1150, the shelter appears to have been used only 
rarely. 

Periman Hamlet (Site 5MT4671), Area 1, DAP-090 
(Wilshusen 1983) 

Area 1 of Periman Hamlet (Site 5MT4671) contains a 
large Anasazi roomblock and pitstructure tested by the 
DAP in 1979 and almost fully excavated in the 1980 
field season. The site is located in the Dolores River 
valley on an alluvial fan just above the main flood plain. 
Intensive excavations in Area I defined and docu
mented a block of 18 surface rooms and an associated 
pitstructure. Based on general spatial and architectural 
characteristics, the main element of occupation is tem
porally placed within the late Dos Casas Subphase of 
the Sagehen Phase. While no absolute dates could be 
ascribed to the main occupation, comparisons with bet
ter dated sites within the project area, 3 archaeomag
netic dates, and the overlap of the range of dates for 
floor-associated ceramics all suggest that Area I dates 
to sometime between A.D. 800 and 850. Soon after 
excavation at the site was completed, a haul road de
stroyed the site. The site was excavated not only because 

·of its impending dam-construction related destruction, 
but also because it was one of the few large hamlets in 
the project study area actually located directly on the 
river valley flood plain. 

Periman Hamlet (Site 5MT4671), Areas 2, 3, 4, and 7, 
DAP-091 (Yarnell 1983) 

Areas 2, 3, 4, and 7 at Periman Hamlet (Site 5MT4671), 
an Anasazi site in southwestern Colorado, were inves
tigated during the 1979 and 1980 field seasons of the 
DAP. Cultural remains in Areas 2 and 3 consist only 
of surface artifacts deposited by slope wash from the · 
adjacent areas (Areas I and 4). In Area 4, the remains 
of 2 elements, or occupations, were recognized and fully 
excavated. The earlier element is manifested by a room
block, an isolated room, a pithouse, a special-use pit
structure, and the middens and outdoor use areas 
associated with these structures. This element has been 
dated to approximately A.D. 780-810, which places the 
element within the Dos Casas Subphase of the Sagehen 
Phase (according to DAP systematics), or to the Pueblo 
I period (according to the Pecos Classification). The 
later element was represented by a field house and as
sociated burial and midden. This element was short
lived and occurred sometime between A.D. 880 and 
910, during the transition between the Periman and 
Cline Subphases of the McPhee Phase (i .e., during the 
Pueblo II period). Area 7 included a roomblock and 
associated pithouse, which were only partially exca
vated. Only one element of occupation was identified 
for Area 7. The occupation was apparently brief and 
probably took place sometime between A.D. 820 and 
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850 (i.e., during the late Dos Casas Subphase, or the 
Pueblo I period). Two human burials, probably asso
ciated with the occupation of the site, were recovered 
during investigations at Periman Hamlet. 

Hamlet de Ia Olla (Site 5MT2181), DAP-095 
(Etzkorn 1983) 

Site 5MT2181 (Hamlet de Ia Olla), a Pueblo I habita
tion located 7.6 km northwest of Dolores, Colorado, 
was test excavated during the 1980 field season of the 
DAP. Also excavated was a small field house located 
within sufficient proximity to warrant its investigation 
during test operations. The hamlet dates to AD. 780-
800/810, which corresponds to the Dos Casas Subphase 
of the Sagehen Phase according to program temporal 
systematics. The exact temporal affiliation of the field 
house is not known; however, it is speculated that it 
postdates the hamlet by at least 40 to 50 years. The 
prehistoric inhabitants of the hamlet probably were ag
riculturalists who also practiced hunting and gathering 
to complete their subsistence base. Less is known about 
the group or groups responsible for the construction of 
the field house, but it is assumed that they, too, were 
primarily agriculturalists. 

Aldea Alfareros (Site 5MT4479), DAP-100 
(Kieidon 1983) 

Aldea Alfareros (Site 5MT4479) is a large Anasazi site 
located approximately 7 km northwest of Dolores, Col
orado. This site was selected for excavation by the DAP 
to gather data from a Pueblo I settlement. The site was 
completely excavated; these investigations revealed the 
remains of 9 surface rooms and 2 pitstructures as well 
as numerous outdoor occupation areas. These struc
tures were occupied simultaneously by 2 household 
groups. These households are believed to have been part 
of the McPhee Community; a nucleated community 
that consisted of an aggregation of large and small hab
itation units. Ceramic, architectural , and archaeomag
netic evidence indicate Aldea Alfareros was occupied 
sometime between A.D. 850 and A.D. 890. According 
to the program phase scheme, this site was occupied 
during the Periman Subphase of the McPhee Phase. 

Tres Chapulines Pueblo (Site 5MT4725), DAP-102 
(Chenault 1983) 

Tres Chapulines Pueblo (Site 5MT4725) is a small An
asazi habitation located approximately 6 km northwest 
of Dolores, Colorado. During the summer of 1980, the 
site was excavated as part of a DAP testing program. 
These investigations resulted in the discovery of 6 pit
structures and associated rooms. These remains rep
resent 2 temporally distinct , but sequential , 
occupations. Ceramic materials, architectural style, and 



I tree-ring date indicate that the site was inhabited 
sometime during the Pueblo I period (A.D. 750-900). 

Kangaroo Camp (Site 5MT4690), DAP-105 
(Greenwald and Phagan 1983) 

Kangaroo Camp (Site 5MT4690) is an aceramic site in 
the Sagehen Flats area. The artifact assemblage is small 
and consists only of flaked lithic tools, debitage, and a 
few nonflaked lithic items. A comparison of artifact 
profiles suggests the site is likely to represent a mixture 
of Archaic and aceramic Anasazi components. 

Chindi Hamlet (Site 5MT4684), DAP-106 
(Tucker 1983) 

Site 5MT4684, Chindi Hamlet (Ghost Hamlet), is a 
small hamlet located in the Dolores River valley. The 
site was excavated between May and October of 1980 
as part of an intensive testing program established by 
the DAP. Excavated units at the site include 2 typical 
Basketmaker III pithouses, I atypical pithouse, and 2 
surface structures. Four additional surface structures 
were identified but unexcavated. Two temporally dis
tinct elements are believed to have occurred at Chindi 
Hamlet during A.D. 650-700. 

Aldea Sierritas (Site 5MT2854), DAP-107 
(Kuckelman 1983) 

Aldea Sierritas (Site 5MT2854) is a small Anasazi ham
let located approximately 8 km northwest of Dolores, 
Colorado. Excavations were carried out under the di
rection of the DAP during the 1979 and 1980 field sea
sons. Investigations revealed 2 pithouses, 3 surface 
rooms, and many associated features . Two spatially 
overlapping but temporally separate occupations were 
recognized at the site. Available data suggest the site is 
characteristic of the Sagehen Phase (A.D. 600-850). The 
characteristics of the initial occupation suggest an as
signment to the transition between the Tres Bobos and 
Sagehill Subphases; the characteristics of the final oc
cupation suggest a Sagehill Subphase association. These 
phase and subphase designations roughly correspond to 
the Basketmaker III-Pueblo I transition of the Pecos 
Classification. 

Windy Wheat Hamlet (Site 5MT4644), DAP-108 
(Brisbin 1984) 

Windy Wheat Hamlet (Site 5MT4644) is a Pueblo I 
habitation located in the Sagehen Flats Locality of the 
DAP study area. Three elements of occupation, occur
ring between A.D. 740 and the early 800's, have been 
recognized at Windy Wheat Hamlet. During the earliest 
element, which dates to the late Sagehill Subphase, one 
pitstructure was occupied at the site. No surface rooms 
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were found to be associated with this element, but ex
tensive plowing may have destroyed evidence of such 
structures. After a brief period of abandonment, the 
site was reoccupied and one pitstructure and several 
surface rooms were constructed . This occupation , 
termed Element 2, began in A.D. 776 (based on tree
ring dates) and has been assigned to the Dos Casas 
Subphase. In approximately A.D. 800, another pit
structure and several additional surface rooms were 
constructed. Thus, this final occupation (Element 3), 
which has been assigned to the Dos Casas Subphase, 
was manifested by 2 pitstructures and a series of surface 
rooms. In the early 800's, the structures at the site were 
burned and the site was abandoned. 

Due to the excellent preservation of Pitstructure I, an 
intensive botanical and pollen sampling program was 
implemented in this structure. The results of this sam
pling program are provided in the report appendixes. 

Sundance Pueblo (Site 5MT2215), DAP-109 
(Harriman 1983) 

Sundance Pueblo, Site 5MT2215, is a late Pueblo 11-
Early Pueblo III site excavated during the summer of 
1980 by the University of Colorado as part of the DAP. 
The site represents a limited Anasazi occupation during 
the Sundial Phase (A.D. 1050-1200). Sundance Pueblo 
consists of a two-unit masonry roomblock and an in
complete pitstructure located on a spur overlooking the 
Dolores River and House Creek. 

Southview House (Site 5MT2241), DAP-110 
(M. Morris 1983) 

Southview House (Site 5MT2241) was an Anasazi sea
sonal, special use site excavated by personnel of the 
DAP in 1980. The site was used during 2 distinct pe
riods within the broad time ranges of A.D. 750 to 900 
and A.D. 1050 to 1150. A single masonry structure, 6 
nonstructural units, and 6 economic activity areas were 
investigated. The use of Southview House appears to 
have been related to its location on a topographic prom
inence and its association with specific vegetation 
zones. 

Dos Piedras Camp (Site 5MT4779), DAP-111 
(Etzkorn 1983) 

Dos Piedras Camp (Site 5MT4779) is an Anasazi site 
overlooking the Dolores River and flood plain 7.5 km 
northwest of the town of Dolores, Colorado. The site 
was test excavated during the 1980 field season of the 
DAP. Based on the low artifact density and lack of 
architectural remains, the site is believed to have been 
a limited activity locus subject to brief, probably re
peated, episodes of use or occupation. Two large sand
stone rocks that create protective overhangs appear to 
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have been the focal point of prehistoric activity. One 
of these rocks bears several anthropomorphic petro
glyphs. Identification of the activities (beyond the pro
duction of the rock art) that may have been conducted 
at the site is difficult; however, the artifact assemblage 
and the location of the site suggest possible associations 
with lithic quarrying tasks or food-processing activities. 
Based on ceramic typology, Area I of Dos Piedras 
Camp can be dated no more precisely than A.D. 600-
950; Areas 2 and 3 are dated to A.D. 760-925 and A.D. 
800-850, respectively. These date ranges encompass the 
Basketmaker III , Pueblo I, and Pueblo II periods of the 
Pecos Classification, and the Sagehen and McPhee 
Phases according to DAP temporal systematics. 

Jeddito Hamlet (Site 5MT4541), DAP-112 
(Greenwald 1983) 

Jeddito Hamlet (Site 5MT4541) is a multicomponent 
site located in the Sagehen Flats Locality. Surface rub
ble and associated ceramics indicate the presence of a 
Sundial Phase hamlet (A.D. 1050-1200). Surface sherds 
also indicate the probable presence of an earlier com
ponent dating to the McPhee Phase (A.D. 850-970) and 
a later limited use of the site between A.D. 1325 and 
1600. The site is situated on private property as well 
as land purchased for the construction of the McPhee 
Reservoir. That portion of the site scheduled to receive 
construction impact was tested during May and June 
of 1980 by the University of Colorado (DAP). Mag
netometer survey, blading, and limited excavation pro
duced no evidence of structures or features in the area 
of the site scheduled for destruction. 

Los Atavios (Site 5MT5399), DAP-113 
(Chenault 1983) 

Los Atavios (Site 5MT5399) is located in a small drain
age on a hillside in Montezuma County, Colorado. Ac
cording to the DAP spatial systematics, the site is in 
the Sagehen Flats Locality. The site is the burial loca
tion of an adult female , approximately 20 to 25 years 
old at the time of death. Historic artifacts, including 
numerous glass trade beads, were discovered with the 
burial. Analysis of the artifacts indicates the burial may 
have taken place between A.D. 1850 and 1890. The 
artifacts and the nature of the burial suggest that the 
person was a Native American, possibly Shoshonean. 

Star Bead Shelter (Site 5MT5380), DAP-114 
(Hovezak 1983) 

Star Bead Shelter, Site 5MT5380, was selected for ex
cavation to study a nonhabitational, special-use site 
that appeared to date to the Protohistoric Period. Sev
eral lithic and ceramic artifacts also indicated the pos
sibility of an Anasazi component. Star Bead Shelter 
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consists of 4 crevices and a rock overhang in the east
facing Dakota Sandstone rimrock overlooking the Do
lores River canyon above the old town site of Big Bend. 
Star Bead Shelter appears to have been used briefly 
during the Pueblo II period and was the site of a human 
burial during the Protohistoric Period. 

Pueblo de las Golondrinas (Site 5MT5107), DAP-130 
(Brisbin 1984) 

Pueblo de las Golondrinas (House of the Swallows), Site 
5MT5107, is a multiple-occupation site within the 
larger McPhee Village habitation complex. The site is 
situated in the Dolores River valley (Montezuma 
County, southwest Colorado), west of the river at the 
base of the sandstone cliffs that constitute the western 
limits of the valley. The DAP investigated this site in 
1981 , using a testing approach. The testing procedures 
(657 person-days of investigation) revealed a single con
tiguous roomblock containing 48 rooms in a double
row arrangement , a plaza area containing 10 pit
structures (some of which were superimposed), and a 
large refuse midden south of the plaza. Occupation of 
the site persisted for approximately 150 years during 
the Pueblo I period from A.D. 730 to 880. Four distinct 
building-occupation periods (or elements) are repre
sented; a fifth element represents an abortive reuse of 
the site, probably in the early A.D. 900's. 

Weasel Pueblo (Site 5MT5106), DAP-131 
(Morris 1984) 

Weasel Pueblo, Site 5MT5106, is an Anasazi habitation 
located in the Dolores River valley; the site is approx
imately 6.4 km northwest of Dolores, Colorado. Exca
vation at the site by the DAP revealed 2 components. 
The early component consisted of 3 pitstructures, 18 
contiguous surface rooms, and an area of sheet trash . 
This component is dated to A.D. 865-885 on the basis 
of ceramic types, ceramic neckband dates, archaeo
magnetic dates, and pitstructure morphology; it has 
been assigned to the Periman Subphase (A.D. 850-900) 
of the McPhee Phase. The late component contained a 
sequence of 2 pitstructures, I superimposed on the 
other, and a single surface room. The late component 
is tentatively dated to A.D. 1050-1150 on the basis of 
ceramic types and one archaeomagnetic date; it has 
been assigned to the Marshview Subphase (A.D. 1050-
1125) of the Sundial Phase. During the McPhee Phase, 
the pueblo was probably a permanent habitation as
sociated with several nearby roomblock units referred 
to collectively as the McPhee Community Cluster. Dur
ing the Sundial Phase, the site was probably used for 
limited or specialized activities by people from a nearby 
habitation. 



Golondrinas Oriental (Site 5MT5108), DAP-132 
(Kuckelman 1983) 

Golondrinas Oriental, Site 5MT5108 , is a large Anasazi 
hamlet located on the west bank of the Dolores River 
approximately 7.5 km northwest of Dolores, Colorado. 
The DAP directed excavation of the site during August 
and September 1981 . Excavations revealed a continu
ous arc of 14 masonry rooms and 2 associated pit
structures characteristic of the Periman Subphase of the 
McPhee Phase. Ceramic evidence suggests the major 
occupation of the site occurred between A.D. 850 and 
900. 

Pozo Hamlet (Site 5MT4613), DAP-133 (Nelson 1984) 

Pozo Hamlet (Site 5MT4613) was recorded in 1978 by 
the DAP survey crew as a possible Basketmaker III
Pueblo I habitation. Test excavations at Pozo Hamlet 
exposed a Sagehen Phase transitional pitstructure that 
exhibited both Sagehill Subphase (A.D. 700-780) and 
Tres Bobos Subphase (A.D. 600-700) construction 
traits. Architectural remodeling of the pitstructure and 
an adobe cap on the hearth indicate a probable shift 
from year-round to seasonal use. Four small, nonma
sonry storage rooms were located southwest of the pit- · 
structure; refuse in the fill of these rooms indicates they 
had fallen into disuse prior to abandonment of the site. 
The construction of Montezuma County Main Canal 2 
would have destroyed any additional features or archi
tecture located north of the pitstructure. 

When Pozo Hamlet was abandoned, the roof of the · 
pitstructure was razed and 2 of the support posts were 
removed; the remaining structural debris that had col
lapsed onto the floor was burned. The absence of trash 
deposits overlaying the burned roof fall in Pitstructure 
I indicates the inhabitants not only abandoned the site 
but the immediate area as well. 

Willow Flat Pueblo (Site 5MT5104), DAP-136 
(Nelson 1985) 

Willow Flat Pueblo (Site 5MT51 04) is an Anasazi hab
itation investigated by the DAP during the 1982 field 
season. The site is located approximately 5 km north
west of Dolores, Colorado. Willow Flat Pueblo is a spa
tially discrete part of the McPhee Community Cluster; 
available evidence suggests the site was occupied during 
the Periman Subphase (A.D. 850-900). The site consists 
of a masonry roomblock, a small protokiva with an 
unusual U-shaped wingwall, and a poorly defined area 
of sheet trash south of the structure complex. The room
block consists of I large living room, 2 large contiguous 
storage rooms, and 4 peripheral rooms considered to 
be additions to the central core of rooms. The presence 
of the large living room and small protokiva indicates 
the site may have served as a year-round habitation. 
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Standing Pipe Hamlet (Site 5MT5985), DAP-137 
(Nelson 1985) 

Archaeological remains from Standing Pipe Hamlet 
(Site 5MT5985) consist of the incomplete remains of a 
partially, articulated primary inhumation of a young 
adult; the interment is associated with a cist and a 
hearth. The site was heavily disturbed by the construc
tion of a Civilian Conservation Corps access road dur
ing the 1930's and was later further damaged during 
construction of the McPhee Dam access road . The site 
is located along the west bank of the Dolores River near 
the town of Dolores, Montezuma County, Colorado. 
Investigations at Standing Pipe Hamlet were conducted 
by the DAP in 1981. It is inferred that the burial and 
features are probably associated with the remnant of a 
shallow pitstructure and that the site as a whole rep
resents a Basketmaker III or early Pueblo I Anasazi 
hamlet that was largely destroyed by road construction 
activities. 

Rio Vista Village (Site 5MT2182), DAP-160 
(comp, Wilshusen 1985) 

Rio Vista Village (Site 5MT2182) is a large, multicom
ponent village in the Dolores River valley. The site is 
located on a gently sloping bench just above the flood 
plain. It was occupied as early as the Sagehill Subphase 
(A.D. 700-780) of the Sagehen Phase (A.D. 600-850) 
and as late as the Grass Mesa Subphase (A.D. 880-925) 
of the McPhee Phase (A.D. 850-97 5). The earliest oc
cupations at Rio Vista Village consist of pitstructure 
dwelling units that predate the period of aggregation 
into pueblos. The largest occupation dates to A.D. 860-
880 and consists of 4 areas of roomblocks that range 
in size from less than I 0 rooms to more than 30. Some 
of the pitstructures that date to this period have special 
ceremonial features that indicate these structures might 
have functioned as protokivas. The final occupation 
consists of small pitstructures scattered across the site. 

The majority of the site was tested using only a prob
ability sampling design; a total of 57 probability squares 
was excavated in 4 different areas of the site. Based on 
this sample, comparing the relative precision of the dif
ferent sampling designs used in each area was possible. 
The only extensive excavations at the site were in Area 
I. The site was tested as part of the DAP because it 
was I of the 3 McPhee Phase villages below the low 
waterline of the proposed McPhee Reservoir. 

Masa Negra Pueblo (Site 5MT4477), DAP-161 
(Kuckelman 1984) 

Masa Negra Pueblo is an Anasazi habitation dating to 
the Pueblo I and Pueblo II periods. The site is located 
along the Dolores River in the southwestern corner of 
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Colorado. The site had 2 occupations, I during the Per
iman Subphase (A.D. 850-900), and the other during 
the Cline Subphase (A.D. 900-975) of the McPhee 
Phase (A.D. 850-975). Masa Negra Pueblo is part of 
the McPhee Community Cluster and was investigated 
by the DAP in 1980 and 1982. 

During the first occupation I large, slightly arc-shaped 
masonry roomblock (containing approximately 50 
rooms) and 5 pitstructures were constructed. Major 
construction during the first occupation has been tree
ring dated to A.D. 871. An unknown number of rooms 
and 2 pitstructures were constructed during the second 
occupation. Ceramic and archaeomagnetic dates place 
and end of the second occupation at about A.D. 950. 

Pinyon House (Site 5MT4751), DAP-162 
(Kuckelman 1984) 

Pinyon House (Site 5MT4751) is an Anasazi habitation 
or seasonal site dating to the Pueblo II period. The site 
is located near the Dolores River in the southwestern 
corner of Colorado. The occupation of the site is 
thought to have occurred during the Marshview Sub
phase (A.D. 1050-1125) of the Sundial Phase (A.D. 
1050-1200). The site consists of I badly vandalized ma
sonry surface room, I small circular pitstructure, an 
open work area, and a midden. 

Rabbitbrush Pueblo (Site 5MT4480), DAP-163 
(Kuckelman and Harriman 1984) 

Rabbitbrush Pueblo (Site 5MT4480) is a large Pueblo 
I Anasazi habitation along the Dolores River in south
western Colorado. The site is part of the larger McPhee 
Village settlement and was occupied during the Peri
man Subphase (A.D. 850 to 900) of the McPhee Phase. 
Architectural units at the site include an unusual E
shaped roomblock 148m long and 8 pitstructures. The 
roomblock had been constructed of vertical slab and 
horizontally coursed masonry; the pitstructures are of 
the " protokiva" type. The site was tested by the DAP 
during the 1980 and 1982 field seasons. 

McPhee Pueblo (Site 5MT4475), DAP-164 
(Brisbin et al. 1984) 

McPhee Pueblo was excavated by the DAP during the 
1978, 1980, 1982, and 1984 field seasons. The site is 
located approximately 0.5 km west of the Dolores River 
and 6 km northwest of the town of Dolores, in Mon
tezuma County, Colorado. The site will be directly im
pacted by the construction of the McPhee Dam and 
Reservoir. An estimated 2/3 of the site was excavated; 
structures and extramural surfaces were intensively ex
cavated, and backhoe trenches were used extensively 
across the site to clarify spatial organization and tem
poral sequences. 
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McPhee Pueblo is a large, multicomponent site be
longing to the McPhee Community Cluster, as defined 
by the DAP. It was occupied over a period of approx
imately 200 years during the Pueblo I and II periods. 
This span crosscuts 2 phases and 3 subphases of the 
DAP temporal system. The first occupation (Element 
I) has been assigned to the Dos Casas Subphase (A.D. 
760-850) of the Sagehen Phase (A.D. 600-850). The 
next occupation (Element 2) began around A.D. 860 . 
and falls into the Periman Subphase (A.D. 850-900) of · 
the McPhee Phase (A.D. 850-975). The masonry rooms 
and pitstructures from this occupation comprised the 
majority of the site. The site was abandoned around 
A.D. 880-900. At approximately A.D. 920, McPhee 
Pueblo was reoccupied. This final occupation (Ele
ments 3 and 4) has been assigned to the Cline Subphase 
(A.D. 920-980) of the McPhee Phase. This period is 
marked by considerable reuse and remodeling of the 
earlier structures. 

Dovetail Hamlet (Site 5MT2226), DAP-165 
(Nelson 1985) 

Dovetail Hamlet (Site 5MT2226), located near Dolores, 
Colorado, is a Pueblo I habitation dated with ceramics 
to the A.D. 825-875 time period. This temporal range 
falls within the Dos Casas Subphase (A.D. 760-850) and 
the Periman Subphase (A.D. 850-900). Evidence indi
cates a brief reuse of the site sometime after the 
termination of the main occupation; this brief use of 
the site is dated to the Periman Subphase. The site is 
in the House Creek Locality of the Escalante Sector and 
forms part of the House Creek Community Cluster. 
Dovetail Hamlet was investigated in 1982 by the DAP. 
Features and structures at the site include a surface 
room block continuing approximately 9 rooms, a single 
pitstructure, and an amorphous area of sheet trash . 

Kin Tl'iish (Site 5MT2336), DAP-166 
(Dohm and Gould 1985) 

Excavations were conducted at Kin Tl'iish (Site 
5MT2336) by the DAP during the summer of 1982 to 
augment the data base from the south end of the 
McPhee Reservoir area. The site is located on a terrace 
above the east bank of the Dolores River, about 2.4 km 
downstream from Dolores, Colorado. 

Probability sampling was conducted to provide a data 
set comparable to those collected from other project 
area sites. Intensive excavations of structures and use 
surfaces were carried out to expose the surfaces and 
thereby obtain information on spatial organization 
within these units. 

The earliest occupation at Kin Tl'iish is known from a 
Sagehen Phase (A.D. 600-850) Dos Casas Subphase 



(A .D. 760-850) pitstructure and the associated non
masonry rooms in the southeast portion of the site . 
Other remains that may be associated with this occu
pation were located beneath more recent McPhee Phase 
(A .D. 850-97 5) structures. The most substantial occu
pation is assigned to the McPhee Phase and is repre
sented by 2 masonry roomblocks and 2 pitstructures. 
At least 2 additional occupations followed abandon
ment of the McPhee Phase structures. The earlier of 
these has been assigned to the late McPhee Phase or 
the early Sundial Phase (A.D. 1050-1200) and is rep
resented by 2 small , circular pitstructures. These may 
be associated with ephemeral occupation surfaces and 
at least I masonry room. The last use of Kin Tl'iish is 
recognized by the presence oflate black-on-white sherds 
in the upper till of one of the small, circular Sundial 
Phase pitstructures. The interment of several individ
uals may be associated with this final use, but no af
filiated structures were identified . Kin Tl'iish 
funct ioned primarily as a habitation . However, at least 
following the McPhee Phase occupation, use of the site 
was probably seasonal. 

Casa de Nada (Site 5MT2731}, DAP-167 
(Kane et al. 1985) 

Casa de Nada is a small portion of Site 5MT273 I, lo
cated on a south-sloping tableland west of the Dolores 
River. and northwest of the town of Dolores, Colorado. 
Excavations at Casa de Nada were conducted by the 
DAP during the 1982 and 1983 field seasons. Investi
gat ions within a 206-m ~ area to a depth of about 20 em 
revealed I nonmasonry surface structure and several 
pits outside of the structure. The surface structure and 
3 of the 6 outside pits are interpreted as a temporary 
shelter and associated extramural features used season
all y during the Archaic Period (5000 B.C. to A.D. 500). 
The remaining 3 extramural features are probably as
soc iated wi th limited use of the site during the Anasazi 
occupation of the Dolores Project area (A.D. 61 0-1200). 

Beaver Trap Shelter (Site 5MT4654}, DAP-168 
(Hewitt and Harriman 1984) 

Beaver Trap Shelter is a small rock overhang located 
about 7 km northwest of Dolores. Colorado. This site 
was tested by the DAP because it appeared to contain 
the remains of several occupations, including a Pueblo 
I I occupation. a period not well represented in the pro
gram research area . Limited investigation of the site 
revealed the shelter had a complex use history, includ
ing a major Anasazi occupation dating to the Pueblo 
II period . Associated with the major occupation were 
7 structures , including an aboveground kiva. Pre
Pueblo II deposits and possible protohistoric deposits 
were also discovered , but these occupations are poorly 
dated . 
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Paintbrush House (Site 5MT2729}, DAP-169 
(Kleidon 1984) 

Paintbrush House (Site 5MT2729), an archaeological 
site once inhabited by the Anasazi , is located atop a 
high plateau west of the Dolores Ri ver valley in south
western Colorado. Used seasonally or as a special use 
site, Paintbrush House displays site layout and archi
tectural characteristics consistent with the pattern de
tined for the Marsh view Subphase of the Sundial Phase. 
The dates assigned to the Marsh view Subphase are cur
rently A.D. 1050-1125, but 2 archaeomagnetic dates 
and the date range of the ceramic assemblage at Paint
brush House suggest the initiation of the subphase was 
somewhere near A.D. 1025-1030. Investigations of 
Paintbrush House were conducted by the DAP during 
the 1982 field season and consisted of the excavation 
of a probability sample of the site (fourteen 2- by 2-m 
grid squares) and 3 trenches. In addition . till from one 
2- by 2-m grid square was partially removed using a 
backhoe. A small pitstructure and 4 exterior pits were 
located at the site . The occupation of Paintbrush House 
appears brief, based on the relatively small assemblage 
of artifacts recovered . 

Squawbush Hamlet (Site 5MT2322), DAP-170 
(Hardman 1984) 

Squawbush Hamlet (Site 5MT2322) was test excavated 
by the DAP during the latter part of the 1982 field 
season as part of the blading operations. The site con
sists of a small Dos Casas Subphase (A.D. 760-850) 
habitation in the Periman Locality in the Dolores River 
valley. The site is located within the proposed pool line 
of the McPhee Reservoir. 

Nuthatch Hamlet (Site 5MT5863) and River Rat 
Rockshelter (Site 5DL452), DAP-171 (Kieidon 1984) 

Nuthatch Hamlet (Site 5MT5863) and River Rat Rock
shelter (Site 5DL452) were test excavated by the DAP 
during October and November of 1981 . Nuthatch Ham
let consists of 2 spatially dist inct Pueblo I room blocks. 
One pithouse associated with the northern roomblock 
was excavated and is dated by a tree-ring sample and 
associated ceramics to the A.D. 791-825 time period. 
Ceramics in the till of the pitstructure and from the 
site surface suggest continued occupation of the room
block until about A.D. 840. No subsurface excavations 
were carried out in the area of the southern room block, 
but surface ceramics indicate an occupation sometime 
between A.D. 840 and A.D. 910. 

Excavations at River Rat Rockshelter indicate use of 
the site as a seasonal hunting camp, and ceramics in
dicate it was used either during the A.D. 910-950 time 
period or that it was used both between A.D. 860 and 
910 and briefly after A.D. 950. 
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Cougar Springs Cave (Site 5MT4797), DAP-172 
(Gross 1984) 

Cougar Springs Cave (Site 5MT4797) is a small rock
shelter located on the northwest-facing slope of Dry 
Canyon approximately 0.65 km from the point where 
the canyon joins the Dolores River. Test excavations in 
1980 and intensive excavations in 1982, both conducted 
by the DAP, indicate the site is a Basketmaker II sea
sonal site. The Basketmaker II assignment is based on
comparisons of the artifact assemblage from Cougar 
Springs Cave with other Basketmaker II sites and is 
supported by several dating techniques. 

The majority of the excavation units at the site were 
contiguous 1- by 1-m squares. This allowed examina
tion of artifact distributions over a 52-m2 area, in which 
the highest concentrations of artifacts at the site oc
curred; artifact densities dropped off markedly at the 
northern and southern edges of this area. Examination 
of artifact distributions at the site suggests spatial seg
regation of activities within the shelter. The southern 
half of the 52-m2 area contained 2 concentrations of 
flaked lithic debitage accompanied by hammerstones 
and cores. Between the 2 debitage concentrations was 
an area with relatively large amounts of bone and used 
flakes. The northern half of the 52-m2 area contained 
2 burned pits, each with a metate and manos nearby. 

The major activity represented in the shelter is the re
duction of I specific type of lithic raw material. This 
material, a white to buff quartzite from the Burro Can
yon Formation of Dakota Sandstone, was probably col
lected at an outcrop located in the vicinity of the shelter. 
The material appears to have been transported to the 
sheltor in the form of rough, bifacially worked blanks, 
which were further reduced to a thin biface stage at the 
site. 

While camping in the shelter, the inhabitants appear to 
have fed themselves primarily through a combination 
of expedient hunting and plant gathering. Charred corn 
was recovered from the site in small quantities and was 
probably transported to the site from a base camp. 

The site is unusual in the Dolores Project area because 
it is an undisturbed preceramic site, and currently is 
the only evidence recognized for a Basketmaker II oc
cupation in the project area. This site serves as the basis 
for the definition of the Cougar Springs Phase. 

Sites 5DIA44, 5DL445, and 5DL446, 
DAP-173 (Kieidon 1984) 

Investigation of Sites 5DL444, 5DL445, and 5DL446 
were scheduled because portions of the sites were to be 
impacted by the widening of the Ormiston Point Road. 
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The DAP surveyed the site in 1981 and began inves
tigations in October 1982. Surface artifacts were col
lected from each of these sites, and the area was then 
bladed with a grader; however, no cultural features were 
located. Permission to include 3 subareas of Site 
5DL444 not scheduled for impact by road improve
ments in the investigations was granted by the U.S. 
Forest Service. Evidence of a possible temporary struc
ture and a limited activity area were located in 2 of the 
3 subareas. One radiocarbon date of 290 ± 50 B.P. 
(Beta-6134) suggests the possibility of a post-Anasazi 
occupation. 

Singing Shelter (Site 5MT4683), DAP-180 
(Nelson and Kane 1985) 

Singing Shelter is a multiple-occupation site located in 
a rockshelter in the north canyon wall of the House 
Creek drainage, southwestern Colorado. Fieldwork at 
the site was conducted during the 1981 , 1982, and 1983 
field seasons by the DAP. These investigations revealed 
cultural occupations of Singing Shelter from pre-Pueblo 
times, through the Pueblo period, and into the post
Pueblo period. 

Periodic use of Singing Shelter during the Great Cut 
Phase (2000 B.C.-A.D. 500, part of the Archaic Tra
dition) or Cougar Springs Phase (A.D. 1-600; part of 
the Anasazi Tradition) is evidenced only by sparse cul
tural material and dispersed charcoal lenses in the lower 
strata of a 4.8-m-deep trench. Anasazi use of the shelter 
during the early to middle Sagehen Phase (A.D. 600-
780) is indicated by the presence of a large burned fea
ture (Feature 80) also found in this same trench. The 
succeeding occupation, also thought to date to the early 
to middle Sagehen Phase and exposed only in the 
trench, consisted of the construction and use of a pit
structure and an associated extramural occupation 
surface. 

Five rooms and one outside occupation area were ex
posed during intensive investigation of a Dos Casas 
Subphase (A.D. 760-850) occupation. Above these sur
faces are the remains of the second major Anasazi oc
cupation of Singing Shelter, a very large, unroofed, 
Periman Subphase (A.D. 850-900) great kiva and 4 pe
ripheral rooms. Evidence for the last level of Anasazi 
use at the site consists of the remains of I room and 2 
outside occupation areas dating to A.D. 1025- 1175. 

The final prehistoric or protohistoric use of the shelter 
is documented by the presence of 2 micaceous brown 
ware sherds , possibly indicating a Shoshonean 
visitation. 



House Creek Village (Site 5MT2320), DAP-181 
(Robinson and Brisbin 1984) 

House Creek Village (Site 5MT2320) is a large Anasazi 
habitation located 1.3 km east of the Dolores River and 
5.7 km northwest of Dolores, Colorado. The site con
tains an east-west arc of building rubble comprising 4 
major mounds. Three smaller rubble mounds are as
sociated with this arc. Limited excavations at House 
Creek Village fully or partially exposed 12 rooms and 
4 pitstructures. The primary occupation at the site is 
assigned to the Periman Subphase (A.D. 850-900) of 
the McPhee Phase (A.D. 850-975) according to DAP 
systematics, or to the Pueblo I period according to the 
Pecos Classification. An earlier occupation at the site 
during the Dos Casas Subphase (A.D. 760-850; Pueblo 
I) of the Sagehen Phase (A.D. 600-850) is also present. 
An inferred high status burial is associated with the Dos 
Casas occupation. 

Poco Tiempo (Site 5MT2378), DAP-182 (Brisbin 1984) 

Poco Tiempo Hamlet (Site 5MT2378) is a single-com
ponent Basketmaker III habitation consisting of 5 non
contiguous surface rooms and I pitstructure with an 
antechamber. Intensive excavations were conducted at 
Poco Tiempo Hamlet by the DAP in 1983. One of the 
reasons for excavating the site was that it lay within the 
right-of-way for the Dove Creek Canal Reach I. The 
site is located on a rolling plain 2 km west of the Do
lores River and 9.5 km northwest of the town of Do
lores in Montezuma County, Colorado . Situated 
around the rooms and pitstructure are numerous ex
tramural features, including postholes, storage cists, 
and food-processing facilities. Evidence of a ramada 
was indicated by a posthole pattern east of one of the 
surface rooms. An area of sheet trash on a fairly steep 
slope in the southeast portion of the site was identified 
as the midden. Based on architectural style and ceramic 
and archaeomagnetic dating, it is estimated Poco 
Tiempo Hamlet was occupied between A.D. 690 and 
730; the site has been assigned to the Sagehill Subphase 
(A.D. 700-780) of the Sagehen Phase (A.D. 600-850). 

Grass Mesa Village (Site 5MT23), DAP-195 
(comp, Lipe et al. 1985) 

Grass Mesa Village (5MT23) is located in the deeply 
entrenched Dolores River canyon at the juncture of 
Beaver Creek and the Dolores River. Fieldwork con
sisted of an intensive surface collection, a magnetom
eter survey, a probability sample of test pits, extensive 
exploratory trenching, and intensive block excavations 
in selected locations. Work was done in the 1979, 1980, 
1982, and 1983 field seasons by Washington State Uni
versity, under a subcontract from the University of Col
orado, as part of the DAP. 

APPENDIX 

In this volume, fieldwork results are reported for the 8 
areas into which the site was subdivided for adminis
trative and sampling purposes. The area chapters pres
ent descriptions of stratigraphy and of structures and 
other cultural study units. Interpretations of the dating 
and prehistoric uses of these units are offered, and their 
spatial and functional interrelationships are discussed. 
The volume also includes chapters on surface investi
gations, the probability sample, geoarchaeology, arti
fact analysis, faunal and floral remains, and a test of 
an economic intensification model using catchment 
data. A final chapter reviews the chronology and dis
tribution of structures and synthesizes the evidence of 
population and economy. Two appendixes are pre
sented in tabular form : one summarizes artifact distri
butions by provenience uni t, and the other provides the 
dating sample results. 

Although Grass Mesa may have been occupied as early 
as A.D. 720, the principal early occupation was between 
about A.D. 750 and 825, and spanned the late Sagehill 
and early Dos Casas Subphases of the Sagehen Phase. 
The Sagehill occupation consisted of scattered, prob
ably residential, pitstructures lacking associated room
blocks. Settlement density was higher at Grass Mesa 
than elsewhere in the project area during this subphase. 
Population at the site was probably 16 to 24 households 
at any one time. 

During the Dos Casas Subphase, small surface room
blocks were built as residences for groups of households 
that jointly used an associated pitstructure for domestic 
and ritual activities. Momentary population at the end 
of the A.D. 700's may have been as great as 35 to 53 
households; population appears to have declined to a 
very low level or to abandonment by about A.D. 825. 
A large great kiva was built at approximately A.D. 800; 
it probably served other settlements in addition to 
Grass Mesa. 

After a period of low population or abandonment, sev
eral Periman Subphase roomblock units were built in 
the A.D. 850's or 860's. These were composed of in
terhousehold units each consisting of several residential 
surface roomsuites and an associated jointly used pit
structure. At least 4 of the Grass Mesa Periman Sub
phase pitstructures had floor areas over 35 m2 and may 
have functioned as "great pithouses" with integrative 
functions more extensive than the interhousehold. Es
timates of momentary population during the period 
A.D. 850-880 range from about 84 to over 100 house
holds, with the lower estimates being the more likely. 

Some Periman structures continued to be occupied for 
a time after A.D. 800, and were contemporaneous with 
a new type of settlement used to define a new subdi
vision - the Grass Mesa Subphase. This subphase is 
represented by numerous, very small pitstructures, 
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some of which were associated with surface roomsuites, 
but many of which were not. The Grass Mesa Subphase 
occupation appears to have been brief, and the site was 
probably abandoned by A.D. 895 or 900, and certainly 
by A.D. 910. Momentary population between A.D. 880 
ami abandonment was probably over 100 households, 
with a best est imate of 154. 

Evidence is presented that both economic intensifica
tion and social elaboration accompanied the increase 
in regional and Grass Mesa population duri ng the mid-
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die A.D. 800's. The Grass Mesa Subphase is thought 
to represent a response to deteriorating climatic con
ditions in the late A.D. 800's. Though regional popu
lation decreased, Grass Mesa population remained high 
for a time. Farming remained important, but distant 
as well as nearby fields were being used, and the Grass 
Mesa site may have been used primarily as a winter 
residence. In addition to cultigens, wild foods were 
more heavily exploited. Architectural patterns appear 
to reflect both increased mobility and decreased hier
archy and rigidity in the social order. 



APPENDIXC 

ANNOTATED BIBLIOGRAPHY 
Christine K. Robinson , Barbara J. Cullington, and G. Timothy Gross 

A large number of manuscripts were prepared by the 
DAP, and these manuscripts were available to report 
authors in different forms , ranging from authors drafts 
to finished publications. This appendix is intended to 
assist in locating the DAP documents in the technical 
report series or in the publications dealing with pro
gram results cited by report authors. 

The history and development of report production have 
been reviewed in the introduction (chap. I) but the 
important points for this discussion are that reports 
existed in a number of different forms during their 
transformation from author's draft to finished report, 
that publication came well after final submission of 
reports in most cases, and that the content of published 
volumes was in a state of flux almost until the end of 
the program. These facts combined to make it impos
sible to provide reference to the final, most accessible 
form of a report in the references cited section of most 
DAP reports. 

Production Steps 

The report production process began for a report when 
the report was initially planned. Investigations at most 
excavated sites were described in individual reports, 
although some sites that were simply tested were re
ported as parts of yearly descriptions of the testing pro
gram. Other reports were planned concurrent with 
analysis planning or execution. Special analytic studies 
were generally accompanied by the planning of some 
sort of report. As these reports were planned, their titles 
were tentatively grouped together into projected pub
lications. Prior to 1981 , reports were grouped both by 
year and by general topic into numbered volumes in 
which each report was to be a numbered chapter. Many 
of the early reports cite other DAP reports by the vol
ume and chapter numbers. Both of the first 2 DAP 
publications (Dolores Archaeological Program 1983, 
1984 [refer to the "Publication Bibliography"]) contain 
references in which the volume number appeared as a 
roman numeral and the chapter number appeared as 
an arabic numeral in parentheses. 

In 1982, as planning fo r the first DAP published volume 
was being finalized , it became apparent that the pre
viously planned volumes would not be workable. For 
reasons discussed later, some reports had been deleted 
from planned publication and several of the volumes 
did not contain enough chapters to stand by themselves. 
A new system of consecutive numbers prefixed by the 
initials "DAP" was instituted. This allowed report pro
duction to continue without committing the program 
to any given set of publications, but allowed instead for 
the planning of volume contents to proceed along with 
the production of reports. Table C. I allows conversion 
of volume and chapter numbers into the report number 
system that replaced them. 

After planning, the next major step in the report pro
duction process was the submission of reports to the 
report production staff. Because a backlog in report 
production always existed, manuscripts were often only 
cataloged at this point. As each year's editorial work 
was being planned, the editing and production of each 
report was scheduled and it was entered into the system. 

Although some review of reports by authors' immediate 
supervisors occurred at different stages in the writing, 
this process was seldom very formal and the first major 
review of any report was usually during the first edit. 
The first edit usually included a check of the accuracy 
of data presented in the report and checks for consist
ency. Because of the time lag between the writing of a 
report and its editing and data checking, and because 
DAP data files were constantly being edited and 
checked for consistency, a great potential for discrep
ancies between the data presented in the report and 
that contained in the computer files existed. Also, with 
the earlier reports in particular, major changes in pro
gram terminology happened between the writing and 
the editing. Where necessary, corrections were made in 
the reports as part of the editing process. 

Following the first edit, the report was submitted to the 
Bureau of Reclamation, where it was reviewed. At the 
same time, for reports prepared as a result of work prior 
to 1981, the reports were reviewed internally by selected 
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Table C.1 Listing of Dolores Archaeological Program technical reports (Page 1 of 8) 
===========--====--- --=================================================== 
Volume- DAP Status Publication volume title Author/s* Fi seal 
chapter No. year 

·---- - -
I -1 001 Publication Field investigations and Kane 1978 

analysis-1978 
I -2 002 Publication Field investigations and Kane et al. 1978 

analysis-1978 
I-3 003 Publication Field investigations and Kane 1978 

analysis-1978 
I-4 004 Publication Field investigations and Schlanger 1978 

analysis-1978 
I-5 005 Publication Field investigations and Hewitt 1978 

analysis-1978 
I -6 006 In house Brisbin et al. 1978 
I -7 007 Publication Field investigations and Hewitt 1978 

analysis 1978 
I -8 008 In house Brisbin 1978 
I -9 009 In house Bussard 1978 
I -10 010 Nonpublication Hogan 1978 
I-11 011 Nonpublication Kane et al. 1978 
I -12 012 Nonpublication Hathaway 1978 
I-13 013 Publication Field investigat.ions and Hathaway 1978 

analysis-1978 
II-1 014 Nonpublication Petersen 1978 
II-2 015 Nonpublication Farley 1978 
II-3 016 Nonpublication Moore 1978 
11-4 017 Nonpublication Lucius 1978 
II-5 018 Nonpublication Emslie 1978 
II-6 019 Nonpublication Litzinger 1978 
II-7 020 Publication Field investigations and Huggins/Weymouth 1978 

analysis-1978 
II-8 021 Publication Field investigations and Eddy/Kane 1978 

analysis-1978 
II I-1 022 In house Baker 1978 
I II-2 023 In house Dykeman et al . 1978 

V-1 024 Nonpublication Greenwald 1979 

V-2 025 Publication Anasazi Communities at Dolores: Brisbin/Varien 1979 
early Anasazi sites in the 
Sagehen Flats area 

V-3 026 Publication Anasazi Communities at Dolores: Montgomery 1979 
early Anasazi sites in the 
Sagehen Flats area 

V-4 027 Nonpublication Yarnell 1979 
V-5 028 Publication Anasazi Communities at Dolores: Brisbin et al. 1979 

early Anasazi sites in the 
Sagehen Flats area 
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Table C.1 Listing of Dolores Archaeological Program technical reports (Page 2 of 8) 
======================================================================================= 
Volume- DAP 
chapter No . 

Status 

V-6 029 Publication 

V-7 030 Publication 

V-8 031 Nonpublication 

Publication volume title Author/s* 

Anasazi Communities at Dolores: Yarnell 
early Anasazi sites in the 
Sagehen Flats area 

Anasazi Communities at Dolores: Brown 
early Anasazi sites in the 
Sagehen Flats area 

V-9 032 Publication Anasazi Communities at Dolores: 
Kleidon 
Brisbin 

V-10 033 Publication 

V-11 034 Publication 

V-12 035 Publication 

V-13 036 Publication 

V-14 037 Nonpublication 
V- 15 038 Nonpublication 

early Anasazi sites in the 
Sagehen Flats area 

Aceramic and late occupations 
at Dolores 

Anasazi communities at Dolores: 
early Anasazi sites in the 
Sagehen Flats area 

Aceramic and late occupations 
at Dolores 

Anasazi communities at Dolores: 
early Anasazi sites in the 
Sagehen Flats area 

Kleidon 

Wilshusen 

Wilshusen 

Hewitt 

V- 16 039 Publication Aceramic and late occupations 

Brown 
Kane/Chenault 
Southward 

V- 17 
V-18 

VI -1 
VI -2 
VI-3 
VI-4 
VI -5 
VI-6 
VI -7 
VI-8 
VI-9 
VI-10 
VI - 11 

VII-1 
VI I -2 

040 Nonpublication 
041 Nonpublication 
042 Nonpublication 
043 Nonpublication 
044 Nonpublication 
045 Nonpublication 
046 Nonpublication 
047 Nonpublication 
048 Nonpublication 
049 Nonpublication 
050 Nonpublication 
051 Nonpubl ication 
052 Nonpublication 
053 In house 
054 In house 
055 Publication 

VI II - 1 056 Nonpublication 

at Dolores 

Dolores Archaeological 
Program synthetic report 
1978-1981 

Brown 
Wilshusen 
Farley 
Lucius 
Phagan 
Nylander 
Ryan/Rohr 
Bye 
Emslie 
Scott 
Leonhardy/Clay 
Flander 
Hathaway/Eighmy 
Duranceau 
Duranceau 
DAP 

D. Breternitz 

Fi seal 
year 

1979 

1979 

1979 
1979 

1979 

1979 

1979 

1979 

1979 
1979 
1979 

1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 

1980 
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Table C.1 Listing of Dolores Archaeological Program technical reports (Page 3 of 8) 
= -====================================== 

Volume- DAP Status Publication volume title Author/s* Fi seal 
chapter No. year 

VIII-2 057 Publication Dolores Archaeological Program Knudson et al. 1980 
research designs and initial 
survey results 

VIII-3 058 Nonpublication Kane 1980 
VI 11 -4 059 Publication Dolores Archaeological Program Blinman 1980 

research designs and initial 
survey results 

VI 11 -5 060 Publication Dolores Archaeological Program Phagan 1980 
research designs and initial 
survey results 

IX-1 061 Nonpublication Benz/Clay 1980 
IX -2 062 Nonpublication Shuster 1980 
IX-3 063 Nonpublication Weiner 1980 
X-1 067 Nonpublication Farley 1980 
X-5 071 Nonpublication Hilton 1980 

XI -6 077 Nonpublication Raffensperger 1980 
XI-7 078 Nonpublication Burns et al . 1980 
XI-8 079 Nonpublication Kohler et al. 1980 

XII-1 080 Nonpublication Lipe 1980 
XII-2 081 Publication Anasazi communities at Dolores: Gross 1980 

early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

XII-3 082 Publication Anasazi communities at Dolores: Sebastian 1980 
early small settlements in the 
Dolores River canyon and 

XII-4 083 Publication 
western Sagehen Flats area 

Anasazi communities at Dolores: Hogan 1980 
early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

XI I-5 084 Nonpublication Kohler 1980 
XII-6 085 Nonpublication c. Breternitz 1980 
XII-7 086 Nonpublication Ahlstrom/Dohm 1980 
XII-8 087 In house Emerson et al . 1980 
XII-9 088 In house Dohm 1980 

XIII-1 089 Nonpublication Hewitt 1980 
XI 11-2 090 Publication Anasazi communities at Dolores: Wilshusen 1980 

XIII-3 091 Nonpublication 
Middle Canyon area 

Yarnell 1980 
X I I I -4 092 In house Fields 1980 
X I II -5 093 In house Yarnell 1980 
X I II -6 094 In house Wi 1 shu sen 1980 
XIII-7 095 Publication Anasazi communities at Dolores: Etzkorn 1980 

early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

810 



APPENDIX 

Table c.1 Listing of Dolores Archaeological Program technical reports (Page 4 of 8) 
==================--==-=-==-:=--=:-================================= 
Volume- DAP 
chapter No. 

Status Publication volume title Author/s* Fi seal 
year 

- ·------+----+-- -- - -·- -- - ·-- - ·------ - ·------·---------+------------+--·--
XII I-8 

XIV-1 
XIV-2 
XIV-3 
XIV-4 

XIV-5 
XIV-6 

XV-1 
XV-2 

XVI-1 
XVI -2 
XVI-3 

096 
097 
098 
099 
100 

101 
102 
103 
104 
105 
106 
107 

In house 
Nonpublication 
In house 
In house 
Publication 

In house 
Nonpublication 
Nonpublication 
In house 
Nonpublication 
Nonpublication 

Anasazi communities at Dolores: 
McPhee Village 

Publication Anasazi communities at Dolores : 
early Anasazi sites in the 
Sagehen Flats area 

Greenwald 
Greenwald 
Brisbin 
Kuckelman 
Kleidon 

Harriman 
Chenault 
Hewitt 
Robinson 
Greenwald/Phagan 
Tucker 
Kuckelman 

1980 
1980 
1980 
1980 
1980 

1980 
1980 
1980 
1980 
1980 
1980 
1980 

XVI-4 108 Publication Anasazi communities at Dolores: Brisbin 
early Anasazi sites in the 

1980 

XVI -5 109 Publication 

110 Nonpublication 
111 Nonpublication 
112 Nonpublication 

Sagehen Flats area 

Aceramic and late occupations 
at Dolores 

XVI-6 
XVI-7 
XVI-8 
XVI-9 113 Publication Aceramic and late occupations 

late occupations XVI-1 114 Publication 

XVI -1 115 Nonpublication 

at Dolores 
Ace rami c and 
at Dolores 

XVII-1 116 Publication Dolores Archaeological Program 
research designs and initial 
survey results 

XVII-2 117 Publication Dolores Archaeological Program 
research designs and initial 
survey results 

XVII-3 118 Publication Dolores Archaeological Program 
research designs and initial 
survey results 

XVII-4 119 Publication Anasazi communities at Dolores: 
early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

XVII-5 120 Publication Dolores Archaeological Program 
research designs and initial 
survey results 

Harriman 

M. Morris 
Etzkorn 
Greenwald 
Chenault 

Hovezak 

1980 

1980 
1980 
1980 
1980 

1980 

Emslie 1980 
Goulding/Orcutt 1980 

Orcutt/Goulding 1980 

Schlanger/Harden 1980 

Kohler 1980 

Orcutt 1980 
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Table C.1 Listing of Dolores Archaeological Program technical reports (Page 5 of 8) 
----------
Volume- DAP 
chapter No. 

Status 

XX-1 

XX-2 

XX-3 

XX-4 

130 Publication 

131 Publication 

132 Publication 

133 Publication 

136 Nonpublication 
137 Nonpublication 

- ============================================ 
Publication volume title 

---- --- -
Anasazi communities at Dolores: 

McPhee Village 
Anasazi communities at Dolores: 

McPhee Village 
Anasazi communities at Dolores: 

McPhee Village 
Anasazi communities at Dolores: 
early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

Author/s* 

Brisbin 

t~orri s 

Kuckleman 

Nelson 

Nelson 
Nelson 

Fi seal 
year 

1981 

1981 

1981 

1981 

XX-7 
XX-8 

XXI-1 138 Publication Dolores Archaeological Program Petersen et al . 

1981 
1981 
1981 

XXI-7 

XXII-1 
XXII-2 
XXII-3 
XXI I-4 
XXII-5 
XXII-8 

812 

144 Publication 

146 Nonpublication 
147 Nonpublication 
148 Nonpublication 
149 Nonpublication 
150 Nonpublication 
153 Nonpublication 
154 In house 
155 Publication 

156 Publication 

157 Publication 

158 Publication 

159 Publication 

160 Publication 

161 Publication 

162 Publication 

163 Publication 

research designs and initial 
survey results 

Dolores Archaeological Program 
supporting studies: additive 
and reductive technologies and 
architecture 

Anasazi communities at Dolores: 
Middle Canyon area 

Blinman 

ane/Robinson 
Bohnenkamp et 
Farley 
Blinman et al. 
Phagan/Hruby 
Staff 
Miller 
Orcutt 

Anasazi communities at Dolores: Orcutt 
McPhee Village 

Aceramic and late occupations Wilson/Blinman 
at Dolores 

al . 

1981 

1981 
1981 
1981 
1981 
1981 
1981 
1983 
1983 

1983 

1983 

Aceramic and late occupations Errickson/Wilson 1983 
at Dolores 

Dolores Archaeological Program Schlanger 
research designs and initial 
survey results 

Anasazi communities at Dolores: Wilshusen 
Middle Canyon area 

Anasazi communities at Dolores: Kuckelman 
McPhee Vi 11 age 

Aceramic and late occupations Kuckelman 
at Dolores 

1983 

1982 

1982 

1982 

Anasazi communities at Dolores: Kuckelman/Harriman 1982 
McPhee Village 
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Table C.1 Listing of Dolores Archaeological Program technical reports (Page 6 of 8) 
======= =====-==--==--========================================================= 
Volume- DAP 
chapter No. 

Status 

164 Publication 

165 Nonpublication 
166 Publication 

167 Publication 

168 Nonpublication 
169 Publication 

170 Nonpublication 
171 Nonpublication 
172 Publication 

173 Nonpublication 
174 Publication 

175 Publication 

176 Publication 

177 Publication 

178 Publication 

179 Publication 

180 Publication 

181 Publication 

182 Publication 

183 Publication 

184 Publication 

185 Publication 

Publication volume title 

Anasazi communities at Dolores: 
McPhee Village 

Anasazi communities at Dolores : 
early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

Aceramic and late occupations 
at Dolores 

Aceramic and late occupations 
at Dolores 

Aceramic and late occupations 
at Dolores 

Dolores Archaeological Program 
supporting studies: additive 
and reductive technologies and 
architecture 

Anasazi communities at Dolores: 
McPhee Village 

Anasazi communities at Dolores: 
McPhee Village 

Anasazi communities at Dolores: 
McPhee Village 

Anasazi communities at Dolores: 
McPhee Village 

Anasazi communities at Dolores: 
McPhee Village 

Anasazi communities at Dolores: 
Middle Canyon area 

Anasazi communities at Dolores: 
Middle Canyon area 

Anasazi communities at Dolores: 
early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

Anasazi communities at Dolores: 
Middle Canyon area 

Anasazi communities at Dolores: 
Middle Canyon area 

Anasazi communities at Dolores: 
Middle Canyon area 

Author/s* 

Brisbin et al . 

Nelson 
Dohm/Gould 

Kane et al . 

Hewitt/Harriman 
Kleidon 

Harriman 
Kleidon 
Gross 

Kleidon 
Phagan 

Phagan/Hruby 

Clay 

Matthews 

Neusius 

Kane 

Nelson/Kane 

Robinson/Brisbin 

Brisbin 

Robinson 

Bl inman/Wilson 

Hruby 

Fi seal 
year 

1982 

1982 
1982 

1982 

1982 
1982 

1982 
1982 
1982 

1982 
1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 
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Table C.1 Listing of Dolores Archaeological Program technical reports (Page 7 of 8) -----------
Volume- DAP 
chapter No. 

Status 

189 Publication 

190 Nonpublication 
191 Nonpublication 

=====- - ============================================== 
Publication volume title 

----------------·---------- -4-

Author/s* Fi seal 
year 

-----·- ---4--
Anasazi communities at Dolores: Blinman/Wilson 

McPhee Village 
DAP 

192 Publication Dolores Archaeological Program: 
Stodder 
Petersen et al . 

1983 

1984 
1984 
1983 

814 

193 Publication 

194 Publication 

195 Publication 

196 Publication 

197 Publication 

198 Publication 

199 Publication 

200 Publication 

201 Publication 
202 Publication 
203 Publication 
204 Publication 
205 Publication 
206 Publication 
207 Publication 
210 Publication 
211 Publication 
213 Publication 
214 Publication 
215 Nonpublication 

studies in environmental 
archaeology 

Dolores Archaeological Program 
supporting studies: additive 
and reductive technologies and 
architecture 

Anasazi communities at Dolores : 
early Anasazi sites in the 
Sagehen Flats area 

Anasazi communities at Dolores: 
Grass Mesa Village (Site 5MT23) 

Dolores Archaeological Program 
research designs and initial 
survey results 

Anasazi communities at Dolores: 
early small settlements in the 
Dolores River canyon and 
western Sagehen Flats area 

Aceramic and late occupations 
at Dolores 

Anasazi communities at Dolores : 
McPhee Village 

Prehistory and cultural dynamics 
in the Dolores area: the 
Dolores Archaeological Program 
final report 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

Hathaway 1984 

Kane et al. 1983 

Lipe et al . 1984 

Kane 

Kohler 

Gross 

Scott 

Breternitz et al. 1984 

Schlanger/Orcutt 1985 
Keane/Clay 1985 
Petersen 1985 
Petersen 1985 
Goulding 1985 
Petersen/Clay 1985 
Clay et al . 1985 
Clay et al . 1985 
Clay/Petersen 1985 
Petersen 1985 
Petersen 1985 
Goulding 1985 
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Table C.1 Listing of Dolores Archaeological Program technical reports (Page 8 of 8) 
=========================================================== 

Volu 
chap 

me- DAP Status Publication volume title Author/s* Fi seal 
ter No . year 

-------- --------- · ---·---
217 
218 
219 
221 
222 
223 
224 
225 
227 
228 
230 
234 
235 
252 
253 
255 
256 
257 
258 
260 
262 
265 
268 
269 
270 
273 
274 
275 
276 
277 
278 
279 
280 
282 
283 
285 
286 

Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
No 
Pu 
Pu 
Pu 
Pu 
Pu 
No 
No 
Pu 
Pu 
Pu 
Pu 

blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
blication 
npublication 
blication 
blication 
blication 
blication 
blication 
npublication 
npublication 
blication 
blication 
blication 
blication 

Pu 
Pu 

bl ication 
blication 

Pu bl icati on 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 

§ 
§ 
§ 
§ 
§ 

§ 
§ 
§ 
§ 
§ 
t 
t 

Goulding 1985 
Petersen 1985 
Clark et al. 1985 
Neusius/Phagan 1985 
Flint/Neusius 1985 
Petersen 1985 
Petersen et al. 1985 
Petersen 1985 
Orcutt 1985 
Petersen/Scott 1985 
Petersen 1985 
Petersen/Orcutt 1985 
Schlanger 1985 
Errickson 1985 
Wilson 1985 
Phagan 1985 
Wilson et al . 1985 
Wilson/Blinman 1985 
Waterworth 1985 
Hruby 1985 
Blinman/Wilson 1985 
Neusius 1985 
Phagan 1985 
Bl inman 1985 
Phagan 1985 
Wilshusen 1985 
Wilshusen 1985 
Wilshusen 1985 
Wolf 1985 
Wolf 
Wilshusen 1985 
Wilshusen 1985 
Wilshusen 1985 
Kohler et al . 1985 
Blinman et al . 1985 
Griffitts 1985 
Petersen 1985 

- ·- · ------------~-------

* Please refer to the technical reports references for complete listing of authors. 
t Dolores Archaeological Program supporting studies: settlement and environment. 
§ Dolores Archaeological Program supporting studies: additive and reductive 
technoloiges and architecture. 

members of the DAP senior staff and by the analytic 
specialists. Both types of review usually led to com
ments and suggestions for revisions in data presenta
tion, organization, and inference. The internal reviews 
were extensive, and , as a result, this process was re
scheduled to occur before submission to the funding 
agency so that the problems identified by these reviews 
could be remedied in the early stages of production. 
With regard to the Bureau of Reclamation comments, 
the program was required by contract to either comply 

with the requested changes or to provide written ex
planations of why the comments were not followed. 
These reviews were usually the major source of changes 
in reports after the first submission to the Bureau of 
Reclamation. 

After comments were received, the final edit in the pro
duction process entailed a review of the report and con
sideration of changes suggested in the various reviews. 
The reports were then submitted in final form to the 
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Bureau of Reclamation, where they were directed either 
to the Technical Publications Branch or to storage, 
where they awaited transmission to NTIS (National 
Technical Information Service). (As of this writing, only 
the 1979 reports and the published volumes are avail
able from NTIS.) 

For reports published prior to the close of the program 
(Dolores Archaeological Program 1983, 1984; Petersen 
et a!. 1985 [see the " Publication Bibliography"]), the 
involvement of the DAP did not stop at the final sub
mission to the funding agency. DAP editors reviewed 
and copy marked the galley proofs and page proofs. In 
a few cases, new information became available during 
this review and was incorporated into the report. 

Changes in Reports 

As the preceding description of the major steps in the 
editorial process indicates, there was the potential for 
change at each step in the process after report planning. 
These changes could be trivial, neither affecting infer
ence nor data, but they could also be serious, changing 
inferences that could have ramifications throughout the 
report. File editing, refinement of analysis systems, and 
the accumulation of data all led to necessary changes. 

In some cases, problems identified in the reviews or 
data checks were extensive enough that major revision 
or rewriting was necessary. Such problems were often 
detected after the original author was no longer with 
the program and was unavailable to perform the work. 
In such cases, other program personnel were assigned 
to either revise the report or, in a few instances, to 
rewrite it. Authorship was changed to reflect these re
visions or rewrites; a report could have different au
thors at various stages in the production process. This 
also made providing consistent references to the same 
report very difficult. 

The potential for changes in the reports at each step in 
the editing process had an impact on the citation of 
specific reports. Since report information, or even au
thorship, could change with the accumulation of data 
and analysis results, it was necessary to indicate which 
draft of a report was being cited or a specific piece of 
information. Although cumbersome (i.e. , several dif
ferent versions of a report, often with different dates, 
may be cited), this situation does accurately reflect both 
the nature of the data available to the authors and the 
possible sources of discrepancies between published 
versions of reports and characterizations of sites or 
analysis results attributed to earlier versions of those 
reports. One of the primary ways in which this bibli
ography can be useful to a researcher trying to locate 
specific information about the DAP is in providing a 
means of finding what the final versions ofreports cited 
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as author's drafts or final draft submissions actually 
became. Also the most accessible form of the report, 
be it a published volume, an NTIS copy, or an archive 
copy, is also indicated. 

Forms of Citation 

Reports were usually cited in 1 of 5 forms depending 
upon what the author citing the report had available: 
in progress, a manuscript on file , submitted as a first 
draft, submitted as a final report, or published. How
ever, reports for the 1978 and 1979 field and analysis 
seasons use a sixth form of citation - reference to the 
volume and chapter numbers of the publications pro
posed at that time. 

References that indicate a report was in progress were 
used when the report was actively being written and 
the manuscript was in the possession of the author at 
the time of citation. When the author's draft was com
pleted it was submitted to the report production staff 
and became a manuscript on file. To distinguish be
tween reports at this stage and those at later stages in 
the production process, another convention, in addi
tion to noting the stage (" report in progress" or "Ms. 
on file") of the report, was used. References to these 
reports usually contained no underlining or italics, as 
did reports completed through the first submission or 
beyond. That convention had also been followed in the 
"Technical Reports Bibliography" here. 

While early reports referred to chapter and volume 
numbers, all later reports used the report number in 
the reference. Once a report was published, however, 
the report number was dropped and reference was made 
to the volume that contained the report. References to 
published reports are to be found in the " Publication 
Bibliography" that follows, and these are cross-refer
enced in the "Technical Reports Bibliography." 

Levels of Reporting 

Some debate has occurred in recent years about the 
desirability of publication of the products of cultural 
resource management programs and just liow much of 
the material that results from such work should be pub
lished. The DAP policies, developed in consultation 
with Bureau of Reclamation archaeologists, recognize 
that in a large program, materials have different levels 
of utility to the profession and to the public, and de
cisions about publication should take utility into ac
count. On the other hand, both the DAP and the Bureau 
of Reclamation believed strongly that as much infor
mation as possible should be made available about the 
data and results of the program. To resolve the conflict 
between wanting to provide publications useful to a 
large number of researchers and wanting to maximize 



the availability of information about the DAP 3 levels, 
or tracks, of reporting have been employed: in-house 
reports, reports available only through NTIS (nonpub
lication track), and reports to be published (publication 
track). 

Reports at the in-house level include both progress re
ports on sites where excavations were continuing or 
reports where results did not live up to expectations for 
some reason. Some reports became unnecessary due to 
changes in direction by either the program or the Bu
reau of Reclamation and the manuscripts for these re
ports were also treated as in-house reports. In-house 
reports received very little editorial attention and did 
not undergo the rigorous data checking that went into 
the other levels of reports. All in-house reports, as well 
as other documents such as letter reports on small sur
veys, yearly administrative reports, and important pro
gram memorandums are available in the archives of the 
Anasazi Heritage Center, Dolores, Colorado. Many of 
the in-house reports are indicated as simply being man
uscripts on file in the "Technical Reports 
Bibliography." 

Nonpublication track reports are reports considered 
not to be of sufficient general interest to warrant pub
lication, or reports that had problems of some sort. All 
reports submitted to the Bureau of Reclamation as Do
lores Archaeological Program Technical Reports will be 
available through NTIS, but nonpublication track re
ports are most readily available through this means. 

Publication track reports contain information consid
ered to be of most value to other archaeologist. These 
reports have been grouped into 13 separate volumes. 
Each volume is composed of reports that contain spe
ci fic information according to that volume title. 

The Bibliographies 

The remainder of this appendix consists of a table that 
provides cross-references for the DAP technical reports 
and 5 bibliographies. The table and bibliographies 
should allow for researchers to determine the most ac
cessible form of any DAP report. 

Table C. I provides a cross reference for the DAP tech
nical reports. An explanation of the columns on table 
C.l follows: 

I. "Volume/chapter number" is the designation as
signed to reports prior to the formulation of the 
current numbering system. These designations 
were used from 1979 through 1981 . 

2. " DAP number" is the current number assign
ment for all technical reports. This series of num-
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bers was assigned in 1982. All volume/chapter 
numbers were replaced by DAP numbers, and all 
reports proposed at that time were assigned DAP 
numbers. Revisions in the publication plan, as 
well as budget and t ime constraints, led to the 
deletion of some reports; those numbers are not 
listed in table C I. 

3. "Status" refers to the report track. Publication 
track reports are planned for publication and 
should be available from the Bureau of Recla
mation Technical Publication Branch, Engineer
ing and Research Center , Den ve r. 
Nonpublication track reports will be available 
only through NTIS. Reports designated in-house 
will be available in the archives of the Anasazi 
Heritage Center, Dolores, Colorado. 

4. " Publication volume title" lists the title of the 
publication that contains the report or is planned 
to contain the report when it is published. 

5. "Author/s" can be used to locate the report in the 
"Technical Reports Bibliography." 

6. "Fiscal year" is the year for which that report 
was contracted. 

Five bibliographies have been provided: technical re
ports, publications, manuscripts on file , papers pre
sented and other publications , and theses and 
dissertations. 

The "Technical Reports Bibliography" contains those 
reports that were part of the formal technical report 
series and received numbers in that system. Listed for 
each report (where applicable) are the dates for: (I) 
manuscript on file; (2) first draft submission; and (3) 
final draft in progress (for those reports still not sub
mitted in final form when this bibliography was 
compiled). 

Several reports are exceptions to the normal process of 
production and citation. DAP-061 , although submitted 
to the Bureau of Reclamation in final form , is usually 
referenced only as a first draft because DAP-192 is what 
the DAP intended to represent the final version of 
DAP-061. DAP-055 and DAP-192 were completed 
within such a short period of time that no "ms. on file" 
date is given. 

Cross references have been provided for those cases in 
which authorship changed at various stages in the ed
itorial process. Report titles sometimes changed as well 
during writing or editing and these changes may be re
flected in citations. In most cases these changes were 
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minor and thus are not noted; however, in some in
stances where the original title was quite different from 
the final title, the old title has been noted. 

Publication dates have been listed for reports included 
in the first 3 DAP publications (refer to the "Publica
tion Bibliography"). NTIS numbers have been listed 
for the reports available through that agency when this 
bibliography was compiled. All publication and non
publication track reports are scheduled to be transmit
ted to NTIS by the Bureau of Reclamation. 

The " Publication Bibliography" contains only those re
ports published in the first 3 DAP publications. As pub
lications are compiled, the DAP number is dropped and 
individual reports become chapters (with the exception 
ofDAP-055, DAP-192, DAP-195, and DAP-200, which 
were prepared as whole volumes in themselves). When 
this bibliography was being prepared, many reports 
were in the process of being published. 

The " Manuscript Bibliography" contains citations for 
manuscripts, letter reports, and memorandums related 
to the DAP. Selected memorandums have been in
cluded because many of these were cited in DAP re
ports. Important information on analysis systems and 
results was often circulated to report writers as mem
orandums before it was available in reports. 

The " Papers Presented and Other Publications Bibli
ography" includes papers prepared from DAP research 
presented at various professional meetings. Some of 
these papers were published subsequent to their pres
entation and the published form · is listed in the 
bibliography. 

Finally, the "Theses and Dissertations Bibliography" 
lists those theses and dissertations that contain DAP 
data and were completed prior to the compilation of 
the bibliography. Additional theses and dissertations 
are also in preparation. 

TECHNICAL REPORTS BIBLIOGRAPHY 

Ahlstrom, Richard V. N. , and Karen M. Dohm 
1983 Archaeological investigations on Grass 

Mesa: Area 4, 1979. Dolores Archaeological 
Program Technical Reports DAP-086. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1981 Ms. on file (DAP-086). 
1983 First draft submitted (DAP-086). 
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Baker, Steven 
1979 Historic resources. Dolores Archaeological 

Program Technical Reports DAP-022. Ms. 
on file , Bureau of Reclamation, Cortez, 
Colorado. 

Benz, Bruce F. 
1981 Biotic remains. In Dolores Archaeological 

Program synthetic report 1978-1981 , by Do
lores Archaeological Program, pp. 522-564. 
Dolores Archaeological Program Technical 
Reports DAP-055 . Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

1981 Present-day climate: a review. In Environ
mental studies report, compiled by Bruce F. 
Benz and Vickie L. Clay, pp. 105-110. Do
lores Archaeological Program Technical Re
ports DAP-061. First draft submitted to the 
Bureau of Reclamation, Upper Colo. Region , 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Final report submitted (DAP-061 ). 

1981 Present-day faunal investigations. In Envi
ronmental studies report, compiled by Bruce 
F. Benz and Vickie L. Clay, pp. 97-104. Do
lores Archaeological Program Technical Re
ports DAP-061. First draft submitted to the 
·Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Final report submitted (DAP-061 ). 

1981 Status of macrobotanical analysis. In Envi
ronmental studies report, compiled by Bruce 
F. Benz and Vickie L. Clay, pp. 44-51. Do
lores Archaeological Program Technical Re
ports DAP-061. First draft submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Final report submitted (DAP-061 ). 

1982 Botanical remains from Apricot Hamlet. In 
Excavations at Apricot Hamlet (Site 
5MT2858), a Basketmaker III/Pueblo I hab
itation site, by John L. Montgomery, pp. 133-
137. Dolores Archaeological Program Tech
nical Reports DAP-026. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 



1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

1982 Macrobotanical remains from Casa Bodega 
Ha ml et. In Excavations at Casa Bodega 
Hamlet (Site 5MT2194), a Pueblo I habita
tion site by Gary A. Brown, pp. 86-92. Do
lores Archaeological Program Technical 
Reports DAP-030. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-030). 
1982 First draft submitted (DAP-030). 
NTIS No. PB 84 166008. 

1982 Botanical report for Faraway House. In Ex
cavations at Faraway House (Site 5MT4 736), 
a Pueblo 1/Pueblo II limited activity site, by 
James H. Kleidon, pp. 32-35. Dolores Ar
chaeological Program Technical Reports 
DAP-033. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-033). 
1981 First draft submitted (DAP-033). 
NTIS No. PB 84 166032. 

1982 Botanical remains from Horse Bone Camp. 
In Excavations at Horse Bone Camp (Site 
5MT2199), an Archaic-Anasazi limited ac
tivity site, by Gary A. Brown, pp. 36-41. Do
lores Archaeological Program Technical 
Reports DAP-037. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-037). 
1981 First draft submitted (DAP-037). 
NTIS No. PB 84 166073. 

1984 Contemporary vegetation reconnaissance 
and forecasting the potential natural vege
tation of the Dolores Project area. In Dolores 
Archaeological Program: studies in environ
mental archaeology, compiled by Kenneth 
Lee Petersen, Vickie L. Clay, Meredith H. 
Matthews, and Sarah W. Neusius, pp. 47-78. 
Dolores Archaeological Program Technical 
Reports DAP-192. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City in compliance with Con
tract No. 8-07-40-S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 
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Benz, Bruce F., and Meredith H. Matthews 
1982 Macrobotanical remains from Prairie Dog 

Hamlet. In Excavations at Prairie Dog Ham
let (Site 5MT4614), a Basketmaker III
Pueblo I habitation site, by Richard W. Yar
nell, pp. 192-207. Dolores Archaeological Pro
gram Technical Reports DAP-029 . Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region , Salt Lake City 
in compliance with Contract No. 8-07-40-
S0562. 
1981 Ms. on file (DAP-029). 
1981 First draft submitted (DAP-029). 
NTIS No. PB 84 165992. 

1982 Botanical report for Moonlight House. In Ex
cavations at Moonlight House (Site 
5MT2205), a Pueblo I seasonal use site, by 
James H. Kleidon , pp. 36-39. Dolores Ar
chaeological Program Technical Reports 
DAP-031 . Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-031 ). 
1981 First draft submitted (DAP-031 ). 
NTIS No. PB 84 166016. 

1982 Macrobotanical remains from Casa Roca. In 
Excavations at Casa Roca (Site 5MT2203), 
a Pueblo 1/Pueblo II field house, by Joel M. 
Brisbin, pp. 54-58. Dolores Archaeological 
Program Technical Reports DAP-032. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1980 Ms. on file (DAP-032). 
1981 First draft submitted (DAP-032). 
NTIS No. PB 84 166024. 

1982 Macrobotanical remains from Cascade 
House. In Excavations at Cascade House 
(Site 5MT4512), a Pueblo I field house, by 
Richard H. Wilshusen, pp. 118-130. Dolores 
Archaeological Program Technical Reports 
DAP-034. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-034). 
1981 First draft submitted (DAP-034). 
NTIS No. PB 84 166040. 

1982 Macrobotanical remains from Marshview 
Hamlet. In Excavations at Marshview Ham
let (Site 5MT2235), a Pueblo III habitation 
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site, by Richard H. Wilshusen, pp. 129-134. 
Dolores Archaeological Program Technical 
Reports DAP-035 . Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-035). 
1981 First draft submitted (DAP-035). 
NTIS No. PB 84 166057. 

Benz, Bruce F. , and Vickie L. Clay (compilers) 
1981 Environmental studies report. Dolores Ar

chaeological Program Technical Reports 
DAP-061. First draft submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Final report submitted (DAP-061 ). 

Benz, Bruce F., Vickie L. Clay, Vance T. Holliday, and 
Lucy A. Piety 

1981 Studies of contemporary biotic and abiotic 
environments. In Environmental studies re
port, compiled by Bruce F. Benz and Vickie 
L. Clay, pp. 67-169. Dolores Archaeological 
Program Technical Reports DAP-061 . First 
draft submitted to the Bureau of Reclama
tion, Upper Colo. Region, Salt Lake City in 
compliance with Contract No. 8-07-40-
S0562. 
1983 Final report submitted (DAP-061 ). 

Blinman, Eric 
1981 Dating with neckbands: calibration of tem

poral variation in Moccasin Gray and Man
cos Gray ceramic types. In Dolores 
Archaeological Program synthetic report 
1978-1981 , by Dolores Archaeological Pro
gram, pp. 346-374. Dolores Archaeological 
Program Technical Reports DAP-055. Final 
report submitted to the compliance with 
Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

1982 Ceramic report for Apricot Hamlet. In Ex
cavations at Apricot Hamlet (Site 
5MT2858), a Basketmaker III/Pueblo I hab
itation site, by John L. Montgomery, pp. 157-
166. Dolores Archaeological Program Tech
nical Reports DAP-026. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
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1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

1982 Ceramic report for Prairie Dog Hamlet. In 
Excavations at Prairie Dog Hamlet (Site 
5MT4614), a Basketmaker III-Pueblo I hab
itation site, by Richard W. Yarnell, pp. 134-
146. Dolores Archaeological Program Tech
nical Reports DAP-029. Final report submit
ted to the compliance with Contract No. 8-
07-40-S0562. 
1981 Ms. on file (DAP-029). 
1981 First draft submitted (DAP-029). 
NTIS No. PB 84 165992. 

1983 Additive Technologies Group midlevel re
search design. Dolores Archaeological Pro
gram Technical Reports DAP-059 . Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1982 Ms. on file (DAP-059). 
1982 First draft submitted (DAP-059). 

1983 Dating, site type, and exchange inferences 
based on Prince Hamlet ceramics. In Exca
vations at Prince Hamlet (Site 5MT2161), a 
Pueblo I habitation site, by Lynn Sebastian, 
pp. 248-258. Dolores Archaeological Program 
Technical Reports DAP-082 . Final report 
submitted to the Bureau of Reclamation, Up- : 
per Colo. Region , Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-082). 
1983 First draft submitted (DAP-082). 

1983 Dating and intraregional exchange inferences 
based on LeMoc Shelter ceramics. In Exca
vations at LeMoc Shelter (Site 5MT2151 ), a 
multiple-occupation Anasazi site, by Patrick 
Hogan, pp. 238-246. Dolores Archaeological 
Program Technical Reports DAP-083. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City 
in compliance with Contract No. 8-07-40-
S0562. 
1982 Ms. on file (DAP-083). 
1983 First draft submitted (DAP-083). 

1984 Dolores Archaeological Program ceramic 
dating: justification and procedures. Dolores 
Archaeological Program Technical Reports 
DAP-144. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City in compliance with Contract 
No. 8-07-40-S0562. 
1983 Ms. on file (DAP-144). 
1984 First draft submitted (DAP-144 ). 



1985 Ceramic vessels and vessel assemblages in 
Dolores Archaeological Program collections. 
Dolores Archaeological Program Technical 
Reports DAP-269. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City in compliance with Con
tract No. 8-07-40-S0562. 
1985 Ms. on file (DAP-269). 
1985 First draft submitted (DAP-269). 

Blinman , Eric, Carl J. Phagan, and Allen E. Kane 
1985 Dolores Archaeological Program supporting 

studies: material culture, dating, and archi
tecture . Dolores Archaeological Program 
Technical Reports DAP-283 . Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region , Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1985 Ms. on file. (DAP-283). 
1985 First draft submitted (DAP-283). 

Blinman, Eric and C. Dean Wilson 
1985 Ceramic data and interpretations: the Mid

dle Canyon sites. Dolores Archaeological Pro
gram Technical Reports DAP-184. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City 
in compliance with Contract No. 8-07-40-
S0562. 
1984 Ms. on file (DAP-184). 
1984 First draft submitted (DAP-184). 

1985 Ceramic data and interpretations: the 
McPhee Community Cluster. Dolores Ar
chaeological Program Technical Reports 
DAP-189. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City in compliance with Contract 
No. 8-07-40-S0562. 
1984 Ms. on file (DAP-189). 
1985 Fi rst draft submitted (DAP-189). 

1985 Ceramic data and interpretations. In Anasazi 
communities at Dolores: Grass Mesa Village 
(Site 5MT23), compiled by William D. Lipe, 
James N. Morris, and Timothy A. Kohler. 
Dolores Archaeological Program Technical 
Reports DAP-195. First draft submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-195). 
1985 Final report in progress (DAP-195). 

1985 Overview of A.D. 600-800 ceramic produc
tion and exchange in the Dolores Project 
area. Dolores Archaeological Program Tech-
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nical Reports DAP-262. Final report submit
ted to the Bureau of Reclamation , Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1985 Ms. on file (DAP-262). 
1985 First draft submitted (DAP-262). 

Blinman, Eric, C. Dean Wilson, Robert M. R. Water
worth, Mary P. Errickson, and Linda P. Hart 

1984 Additive Technologies Group laboratory 
manual. Dolores Archaeological Program 
Technical Reports DAP-149. Final report sub
mitted to the Bureau of Reclamation , Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-149). 
1984 First draft submitted (DAP-149). 

Bloom, John Porter 
1981 Historic studies. In Dolores Archaeological 

Program synthetic report 1978-1981 , by Do
lores Archaeological Program, pp. 139-163. 
Dolores Archaeological Program Technical 
Reports DAP-055. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City in compliance with Con
tract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-192). 
1984 Published. 

Bohnenkamp, William, Douglas A. Goulding, Susan L. 
Breternitz Goulding, Gay A. Ives, Janet D. Orcutt, and 
Roger N. Walkenhorst 

1984 The Dolores Archaeological Program survey 
field manual. Dolores Archaeological Pro
gram Technical Reports DAP-147. Final re
port submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1983 Ms. on file (DAP-147). 
1983 First draft submitted (DAP-147). 

Bradley, Suzanne, and William A. Lucius 
1982 The reconstructible ceramics file . In Addi

tive technologies-1979, by William A. Lu
cius, pp. 36-10 I. Dolores Archaeological 
Program Technical Reports DAP-043. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1980 Ms. on file (DAP-043). 
1981 First draft submitted (DAP-043). 
NTIS No. PB 84 167014. 
NOTE: Refer to Lucius ( 1982). 

821 



FINAL REPORT 

Breternitz, Cory D. 
1984 Excavations in Area 3, Grass Mesa Village 

(Site 5MT23), 1979 and 1980, a Pueblo I hab
itation. Dolores Archaeological Program Tech
nical Reports DAP-085. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-085). 
1983 First draft submitted (DAP-085). 
NOTE: Refer to Breternitz and Campbell 
(1981). 

Breternitz, Cory D. , and Maria Campbell 
1981 Excavations in Area 3, Grass Mesa Village 

(Site 5MT23). Dolores Archaeological Pro
gram Technical Reports DAP-085. Ms. on 
file, Dolores Archaeological Program, Do
lores, Colorado. 
NOTE: This citation appears in some early 
reports. Refer to Breternitz ( 1984) for correct 
citation. 

Breternitz, Cory D., and William D. Lipe 
1981 Temporal and functional variability among 

Dolores activity areas. In Dolores Archaeo
logical Program synthetic report 1978-1981, 
by Dolores Archaeological Program, pp. 427-
445. Dolores Archaeological Program Tech
nical Reports DAP-055. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

Breternitz, Cory D., William D. Lipe, Meredith H. Mat
thews, John L. Montgomery, and Judith L. Southward 

1981 Activity area analyses. In Dolores Archaeo
logical Program synthetic report 1978-1981, 
by Dolores Archaeological Program, pp. 427-
493 . Dolores Archaeological Program Tech
nical Reports DAP-055. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City in compliance 
with Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

Breternitz, Cory D., and James N. Morris 
1985 Excavations in Area 3. In Anasazi commu

nities at Dolores: Grass Mesa Village (Site 
5MT23), compiled by William D. Lipe, 
James N. Morris, and Timothy A. Kohler. 
Dolores Archaeological Program Technical 
Reports DAP-195. First draft submitted to 
the Bureau of Reclamation, Upper Colo. Re-
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gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-195). 
1985 Final report in progress (DAP-195). 

Breternitz, David A. 
1981 An overview of the Dolores Archaeological 

Program. In Dolores Archaeological Pro
gram synthetic report 1978-1981, by Dolores 
Archaeological Program, pp. 1-11. Dolores 
Archaeological Program Technical Reports 
DAP-055. Final report submitted to the Bu
reau of Reclamation, in compliance with 
Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

1984 Introduction to 1980 Dolores Archaeological 
Program reports. Dolores Archaeological Pro
gram Technical Reports DAP-056. Final re
port submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City in compliance with Contract No. 8-07-
40-S0562. 
1983 Ms. on file (DAP-056). 
1983 First draft submitted (DAP-056). 

Breternitz, David A., Christine K. Robinson, and G. 
Timothy Gross (compilers) 

1985 Prehistory and cultural dynamics in the Do
lores area: the Dolores Archaeological Pro
gram final report. Dolores Archaeological 
Program Technical Reports DAP-200. First 
draft submitted to the Bureau of Reclama
tion, Upper Colo. Region, Salt Lake City, in 
compliance with Contract No. 8-07-40-
S0562. 
(This volume.) 

Brisbin, Joel M. 
1980 Preliminary report on excavations at Mc

Phee Pueblo (Site 5MT4475). Dolores Ar
chaeological Program Technical Reports 
DAP-008. Ms. on file, Dolores Archaeolog
ical Program, Dolores, Colorado. 

1981 McPhee Village. Dolores Archaeological Pro
gram Technical Reports DAP-098. Ms. on 
file, Dolores Archaeological Program, Do
lores, Colorado. 

1982 Excavations at Casa Roca (Site 5MT2203), 
a Pueblo 1/Pueblo II field house. Dolores Ar
chaeological Program Technical Reports 
DAP-032. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City in compliance with Contract 



No. 8-07-40-S0562. 
1980 Ms. on file (DAP-032). 
1981 First draft submitted (DAP-032). 
NTIS No. PB 84 166024. 

1983 Excavations at McPhee Pueblo (Site 
5MT4475). Dolores Archaeological Program 
Technical Reports DAP-164. Ms. on file , Do
lores Archaeological Program, Dolores, 
Colorado. 
NOTE: Refer to Brisbin, Kane, and Morris 
for first and final submission dates. 

1984 Excavations at Windy Wheat Hamlet (Site 
5MT4644), a Pueblo I habitation. Dolores Ar
chaeological Program Technical R eports 
DAP-108. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region , 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-108). 
1983 First draft submitted (DAP-108). 

1984 Excavations at Pueblo de las Golondrinas 
(Site 5MT51 07), a multicomponent Pueblo I 
site. Dolores Archaeological Program Tech
nical Reports DAP-130. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1983 Ms. on file (DAP-130). 
1984 First draft submitted (DAP-130). 

1984 Excavations at Poco Tiempo Hamlet (Site 
5MT2378), a Basketmaker III habitation. 
Dolores Archaeological Program Technical 
Reports DAP-182. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-182). 
1984 First draft submitted (DAP-182). 

Brisbin, Joel M., Alice M. Emerson, and Sarah H. 
Schlanger 

1979 Dos Casas Hamlet, Site 5MT2193. Dolores 
Archaeological Program Technical Reports 
DAP-006. Ms. on file, Dolores Archaeolog
ical Program, Dolores, Colorado. 
NOTE: Refer to Brisbin , Emerson , and 
Schlanger ( 1982). 

1982 Excavations at Dos Casas Hamlet (Site 
5 MT219 3 ), a Basket maker III/Pueblo I hab
itation site. Dolores Archaeological Program 
Technical R eports DAP-028. Final report 
submitted to the Bureau of Reclamation, Up-
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per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1979 Ms. on file (DAP-028). 
1981 First draft submitted (DAP-028). 
NTIS No. PB 84 165984. 

Brisbin, Joel M., Allen E. Kane, and James N. Morris 
1985 Excavat ion s a t McPh ee Pu eb lo (Site 

5MT4475), a Publeo I and early Pueblo II 
multicomponent village. Dolores Archaeolog
ical Program Technical Reports DAP-164. Fi
nal report subm itted to the Burea u of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 First draft submitted (DAP-164). 

Brisbin, Joel M. , and Mark D. Varien 
1981 Excavations at Tres Bobos (Site 5MT4545), 

a Basketmaker III habitation site. Dolores Ar
chaeologica l Program Technical R eports 
DAP-025. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 First draft submitted (DAP-025). 
NOTE: Refer to Brisbin ( 198 1 ). 
NTIS No. PB 84 165950. 

Brown, Gary A. 
1981 Excavations at Hawk House (Site 5MT4681 ), 

an Archaic-Anasazi limited activity site. Do
lores Archaeological Program Technical Re
ports DAP-040. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on fil e (DAP-040). 
1981 First draft submitted (DAP-040). 
NTIS No. PB 84 166 107. 

1982 Excavations at Casa Bodega Hamlet (Site 
5MT2194), a Pueblo I habitation site. Do
lores Archaeological Program Technical Re
ports DAP-030. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-030). 
1982 First draft submitted (DAP-030). 
NTIS No. PB 84 166008. 

1982 Excavations a t Ho rse Bone Ca mp (Site 
5MT2199), an Archaic-Anasazi limited ac
ti vity site. Dolores Archaeological Program 
Technical Reports DAP-037. Final report sub
mitted to the Bureau of Reclamation, Upper 
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Colo. Region , Salt Lake City in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-037). 
1981 First draft submitted (DAP-03 7). 
NTIS No. PB 84 166073. 

Burns, Patricia K., Jeffrey L. Eighmy, G. Timothy 
Gross, J. Holly Hathaway, Robert Huggins, Timothy A. 
Kohler, and John Weymouth 

1981 Sampling investigations. In Dolores Archae
ological Program synthetic report 1978-1981, 
by Dolores Archaeological Program, pp. 168-
201. Dolores Archaeological Program Tech
nical Reports DAP-055 . Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

Burns , Patr ic ia K ., Robert Huggins, and John 
Weymouth 

1981 Correlation of magnetic anomalies with sub
surface cultural features . In Dolores Archae
ological Program synthetic report 1978-1981 , 
by Dolores Archaeological Program, pp. 188-
201. Dolores Archaeological Program Tech
nical Reports DAP-055. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

1983 Study of correlation between magnetic re
connaissance and excavation in the Dolores 
Archaeological Program. Dolores Archaeolog
ical Program Technical Reports DAP-078. Fi
nal report submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City in compliance with Contract No. 8-07-
40-S0562. 
1981 Ms. on file (DAP-078). 
1983 First draft submitted (DAP-078). 

Bussard, Martin E. 
1979 Marshview Hamlet, Site 5MT2235. Dolores 

Archaeological Program Technical Reports 
DAP-009. Ms. on file, Dolores Archaeolog
ical Program, Dolores, Colorado. 
NOTE: Refer to Wilshusen ( 1982). 

Bye, Robert A., Jr. 
1982 Botanical studies - 1979. Dolores Archaeo

logical Program Technical Reports DAP-047. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
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City, in compliance with Contract No. 8-07-
40-S0562. 
1981 Ms. on file (DAP-04 7). 
1981 First draft submitted (DAP-04 7). 
NTIS No. PB 84 167048. 
NOTE: Title has also been referenced as "En
vironmental studies report: research design, 
vegetation reconnaissance, and ecological 
implications." 

1984 Vegetation reconnaissance and plants re
covered during the 1978 excavations. In Do
lores Archaeological Program: studies in 
environmental archaeology, compiled by 
Kenneth Lee Petersen, Vickie L. Clay, Mer
edith H. Matthews, and Sarah W. Neusius, 
pp. 8-46. Dolores Archaeological Program 
Technical Reports DAP-192. Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 First draft submitted (DAP-192) . 
1985 Published. 

Bye, Robert A., Jr., and Mary E. Floyd 
1982 Releve analysis conducted during 1979. In 

Botanical studies - 1979, by Robert A. Bye, 
Jr. , pp. 46-70. Dolores Archaeological Pro
gram Technical Reports DAP-047. Final re
port submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1981 Ms. on file (DAP-047). 
1981 First draft submitted (DAP-047). 
NTIS No. PB 84 167048. 
NOTE: Title has also been referenced as En
vironmental studies report: research design, 
vegetation reconnaissance, and ecological 
implications. 

Bye, Robert A. , Jr. , Mary E. Floyd, Timothy A. Kohler, 
William D. Lipe, and Rita A. Shuster 

1981 Environmental studies. In Dolores Archae
ological Program synthetic report 1978-1981 , 
by Dolores Archaeological Program, pp. 217-
374. Dolores Archaeological Program Tech
nical Reports DAP-055. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance · 
with Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

Bye, Robert A., Jr. , and Rita A. Shuster 
1981 Developing an integrated model for contem

porary and archaeological agricultural sub
sistence systems: part I. a model of 



agricultu ral productivity. In Dolores Archae
ological Program synthetic report 1978-1981, 
by Dolores Archaeological Program, pp. 218-
235. Dolores Archaeological Program Tech
nical Reports DAP-055. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

Chenault, Mark L. 
1980 Excavations at Horsefly Hamlet (Site 

5MT2236), an Archaic camp/Anasazi habi
tations site. Dolores Archaeological Program 
Technical Reports DAP-038. First draft sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1979 Ms. on file (DAP-038). 
NOTE: Refer to Kane and Chenault ( 1982). 

1983 Excavations at Tres Chapulines Pueblo (Site 
5MT4725), a Pueblo I habitation site. Do
lores Archaeological Program Technical Re
ports DAP-102 . Final report submitted to the 
Bureau of Reclamation , Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-102). 
1983 First draft submitted (DAP-102). 

1983 Excavations at Los Atavios (Site 5MT5399), 
a protohistoric/historic burial. Dolores Ar
chaeological Program Technical R eports 
DAP-113. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-113). 
1983 First draft submitted (DAP-113). 

Clark, Cherie, Timothy W. Canaday, and Kenneth Lee 
Petersen 

1985 Domestic dog in the Dolores Archaeological 
Program faunal assemblage. Dolores Archae
ological Program Technical Reports DAP-219. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region , Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1985 Ms. on file (DAP-219). 
1985 First draft submitted (DAP-219). 

Clay, Vickie L. 
1981 A review of 1979 and 1980 geological con

sultant reports. In Environmental studies re-
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port, compiled by Bruce F. Benz and Vickie 
L. Clay, pp. 159-164. Dolores Archaeological 
Program Technical Reports DAP-061 . First 
draft submitted to the Bureau of Reclama
tion , Upper Colo. Region , Salt Lake City, in 
compliance with Contract No . 0-07-40-
S0562. 
1983 Final report submitted (DAP-061 ). 

1981 Stratigraphy and geologic history of the Sa
gehen marshland. In Environmental studies 
report , compiled by Bruce F. Benz and 
Vickie L. Clay, pp. 171-192. Dolores Ar
chaeological Program Technical Reports 
DAP-061 . First draft submitted to the Bu
reau of Reclamation, Upper Colo. Region , 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Final report submitted (DAP-061 ). 

1984 A review of 1979 and 1980 geological con
sultant reports. In Dolores Archaeological 
Program: studies in environmental archae
ology, compiled by Kenneth Lee Petersen, 
Vickie L. Clay, Meredith H. Matthews, and 
Sarah W. Neusius, pp. 360-365. Dolores Ar
chaeological Technical Reports DAP-192. Fi
nal report submitted to the Bureau of 
Reclamation , Upper Colo. Region , Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562 . 
1984 First draft submitted (DAP-192) . 
1985 Published. 

1984 Introduction. In Dolores Archaeological Pro
gram: studies in environmental archaeology, 
compiled by Kenneth Lee Petersen, Vickie 
L. Clay, Meredith H. Matthews, and Sarah 
W. Neusius, pp. 236. Dolores Archaeological 
Program Technical Reports DAP-192 . Final 
report submitted to the Bureau of Recla
mation , Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 

1985 Geoarchaeology of McPhee Village. Dolores 
Archaeological Program Technical Reports 
DAP-176. Final report submitted to the Bu
reau of Reclamation , Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1984 Ms. on file (DAP-176). 
1984 First draft submitted (DAP-176). 
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1985 Geoarchaeology. In Anasazi communities at 
Dolores: Grass Mesa Village (Site 5MT23), 
compiled by William D. Lipe, James N. Mor
ris, and Timothy A. Kohler. Dolores Archae
ological Program Technical Reports DAP-195. 
First draft submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 Ms. on file (DAP-195). 
1985 Final report in progress (DAP-195). 

Clay, Vickie L. , Timothy W. Canaday, and Sarah W. 
Neusius 

1985 A partial musk ox skeleton form Grass Mesa. 
Dolores Archaeological Program Technical 
Reports DAP-21 0. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-210). 
1985 First draft submitted (DAP-210). 

Clay, Vickie L. , and Kenneth Lee Petersen 
1985 High resolution mapping of soils near 

McPhee Village and Periman Hamlet, Do
lores Project area, southwestern Colorado. 
Dolores Archaeological Program Technical 
Reports DAP-211 . Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-211 ). 
1985 First draft submitted (DAP-211 ). 

Clay, Vickie L., Kenneth Lee Petersen, and Kenneth W. 
Decker 

1985 Sediment and chemical analyses of Soil Con
servation Service designated soils in the Do
lores Project area, southwestern Colorado. 
Dolores Archaeological Program Technical 
Reports DAP-207. First draft submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-207). 
NOTE: Refer to Decker and Petersen ( 1985) 
for final report. 

Decker, Kenneth W. , and Kenneth Lee Petersen 
1985 Sediment and chemical analyses of Soil Con

servation Service designated soils in the Do
lores Project area, southwestern Colorado. 
Dolores Archaeological Program Technical 
Reports DAP-207. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con-
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tract No. 8-07-40-S0562. 
NOTE: Refer to Clay, Petersen, and Decker 
( 1985) for first submission. 

Dohm, Karen 
1981 Excavations at Areas I, 2, and 7, Grass Mesa 

(Site 5MT23), 1979. Dolores Archaeological 
Program Technical Reports DAP-088. Ms. on 
file, Dolores Archaeological Program, Do
lores, Colorado. 

1985 Excavations in Area 7. In Anasazi commu
nities at Dolores: Grass Mesa Village (Site 
5MT23), compiled by William D. Lipe, 
James N. Morris, and Timothy A. Kohler. 
Dolores Archaeological Program Technical 
Reports DAP-195. First draft submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-195). 
1985 Final report in progress (DAP-195). 

Dohm, Karen M. and Melissa Gould 
1985 Excavations at Kin Tl'iish (Site 5MT2336), 

a multiple-occupation site. Dolores Archae
ological Program Technical Reports DAP-166. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region , Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 Ms. on file (DAP-166). 
1984 First draft submitted (DAP-166). 

Dolores Archaeological Program 
1981 Dolores Archaeological Program synthetic 

report 1978-1981. Dolores Archaeological 
Program Technical Reports DAP-055. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

1985 Aceramic site investigations. Dolores Archae
ological Program Technical Reports DAP-190. 
Final report, in preparation, Dolores Ar
chaeological Program, Dolores, Colorado. 
NOTE: Refer to Stiger ( 1985) for first draft 
submission. 

Dolores Archaeological Program Editorial Staff 
1984 Style manual. Dolores Archaeological Pro

gram Technical Reports DAP-153 . Final re
port submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 



City, in compliance with Contract No. 8-07-
40-S0562 . 
1982 Ms. on file (DAP-153). 
1983 First draft submitted (DAP-153). 

Duranceau , Deborah 
1980 History and historic archaeology. Dolores Ar

chaeological Program Technical Reports 
DAP-053. Ms. on file, Dolores Archaeolog
ical Program, Dolores, Colorado. 

1980 Historic research design. Dolores Archaeolog
ical Program Technical Reports DAP-054. 
Ms. on file , Dolores Archaeological Program, 
Dolores, Colorado. 

Dykeman, Douglas, Jerome Fetterman, and Gay Ives 
1981 Report of the YACC cultural resource survey, 

1978. Dolores Archaeological Program Tech
nical Reports DAP-023. Ms. submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 

Eddy, John A., and Allen E. Kane 
1981 An archaeoastronomical reconnaissance of 

the Dolores Archaeological Program area. 
Dolores Archaeological Program Technical 
Reports DAP-021. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1979 Ms. on file (DAP-021 ). 
1980 First draft submitted (DAP-021 ). 
1983 Published. 

Emerson , Alice, Eric Blinman, Ricky R. Lightfoot, and 
Richard Ahlstrom 

1982 Preliminary draft of the Grass Mesa, Area 5 
descriptive report. Dolores Archaeological 
Program Technical Reports DAP-087. Ms. on 
file , Dolores Archaeological Program, Do
lores, Colorado. 

Emerson, Alice, Joel M. Brisbin, and Sarah Schlanger 
1979 Dos Casas Hamlet, Site 5MT2193. Dolores 

Archaeological Program Technical Reports 
DAP-006. Ms. on file , Dolores Archaeolog
ical Program, Dolores, Colorado. 
NOTE: Refer to Brisbin , Emerson, and 
Schlanger ( 1979). 

Emslie, Ste~~n D. 
1982 Activities of the faunal consultant. Dolores 

Archaeological Program Technical Reports 
DAP-018 . Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
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Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1978 Ms. on file (DAP-0 18). 
1980 First draft submitted (DAP-0 18). 

1982 Faunal remains from Apricot Hamlet. In Ex
cavations at Apricot Hamlet (Site 
5MT2858), a Basketmaker III/Pueblo I hab
itation site, by John L. Montgomery, pp. 142-
147. Dolores Archaeological Program Tech
nical Reports DAP-026. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

1982 Faunal remains from Pheasant View Hamlet. 
In Excavations at Pheasant View Hamlet 
(Site 5MT2192), a Pueblo I habitation site, 
by Richard Yarnell, pp. 142-146. Dolores Ar
chaeological Program Technical R eports 
DAP-027. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-027). 
1981 First draft submitted (DAP-027). 
NTIS No. PB 84 165967. 

1982 Report on faunal remains from Dos Casas 
Hamlet. In Excavations at Dos Casas Hamlet 
(Site 5MT2193), a Basketmaker III/Pueblo I 
habitation site, by Joel M. Brisbin, Alice M. 
Emerson, and Sarah H. Schlanger, pp. 222-
232. Dolores Archaeological Program Tech
nical Reports DAP-028. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1979 Ms. on file (DAP-028). 
1981 First draft submitted (DAP-028). 
NTIS No. PB 84 165984. 

1982 Faunal report for Prairie Dog Hamlet. In Ex
cavations at Prairie Dog Hamlet (Site 
5MT4614), a Basketmaker III-Pueblo I hab
itation site, by Richard W. Yarnell, pp. 167-
186. Dolores Archaeological Program Tech
nical Reports DAP-029. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-029). 
1981 First draft submitted (DAP-029). 
NTIS No. PB 84 165992. 
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1982 Faunal remains from Casa Bodega Hamlet. 
In Excavations at Casa Bodega Hamlet (Site 
5MT2194), a Pueblo I habitation site, by 
Gary A. Brown, pp. 71-76. Dolores Archae
ological Program Technical Reports DAP-030. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-030). 
1982 First draft submitted (DAP-030). 
NTIS No. PB 84 166008. 

1982 Faunal report for Casa Roca. In Excavations 
at Casa Roca (Site 5MT2203), a Pueblo II 
Pueblo II field house, by Joel M. Brisbin, pp. 
81-86. Dolores Archaeological Program Tech
nical Reports DAP-032. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-032). 
1981 First draft submitted (DAP-032). 
NTIS No. PB 84 166024. 

1982 Faunal remains from Marshview Hamlet. In 
Excavations at Marshview Hamlet (Site 
5MT2235), a Pueblo III habitation site, by 
Richard H. Wilshusen, pp. 143-148. Dolores 
Archaeological Program Technical Reports 
DAP-035. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-035). 
1981 First draft submitted (DAP-035). 
NTIS No. PB 84 166057. 

1982 Faunal remains from Ridgeline Camp. In Ex
cavations at Ridgeline Camp (Site 
5MT2242), an Archaic-Anasazi limited ac
tivity site, by Judith A. Southward, pp. 67-
69. Dolores Archaeological Program Technical 
Reports DAP-039. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-039). 
1982 First draft submitted (DAP-039). 
NTIS No. PB 84 166099. 

1982 Faunal remains from Climbing Cactus 
Camp. In Excavations at Climbing Cactus 
Camp (Site 5MT4682), an Anasazi limited 
activity site, by Richard H. Wilshusen, pp. 
23-25. Dolores Archaeological Program Tech
nical Reports DAP-041. Final report submit-
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ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-041). 
1981 First draft submitted (DAP-041 ). 
NTIS No. PB 84 155115. 

1982 Faunal studies - 1979. Dolores Archaeological 
Program Technical Reports DAP-048. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1979 Ms. on file (DAP-048). 
1981 First draft submitted (DAP-048). 
NTIS No. PB 84 167055. 

1983 Packrat midden collection at Site 5MT4654. 
Dolores Archaeological Program Technical 
Reports DAP-115. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1983 Ms. on file (DAP-115). 
1983 First draft submitted (DAP-115). 

1984 Packrat and porcupine midden collection at 
Beaver Trap Shelter (Site 5MT4654). In Do
lores Archaeological Program: studies in en
vironmental archaeology, compiled by 
Kenneth Lee Petersen, Vickie L. Clay, Mer
edith H. Matthews, and Sarah W. Neusius, 
pp. 369-382. Dolores Archaeological Program 
Technical Reports DAP-192 . Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 

Errickson, Mary P. 
1985 Occurrence of Fugitive Red in Dolores Ar

chaeological Program ceramic collections. 
Dolores Archaeological Program Technical 
Reports DAP-252. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-252). 
1985 First draft submitted (DAP-252). 

Errickson, Mary P., and C. Dean Wilson 
1985 Ceramic evidence of post-Anasazi occupa

tion in the Dolores Project area. Dolores Ar
chaeological Program Technical R eports 
DAP-158. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 



Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1984 Ms. on file (DAP-158). 
1984 First draft submitted (DAP-158). 

Etzkorn, Mary C. 
1983 Temporal summary, LeMoc Shelter. In Ex

cavations at LeMoc Shelter (Site 5MT2151 ), 
a multiple-occupation Anasazi site, by Pa
trick Hogan, pp. 247-249. Dolores Archaeo
logical Program Technical Reports DAP-083. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-083). 
1983 First draft submitted (DAP-083). 

1983 Excavations at Hamlet de Ia Olla (Site 
5MT2181 ), a multiple-occupation Anasazi 
site. Dolores Archaeological Program Tech
nical Reports DAP-095 . Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-095). 
1983 First draft submitted (DAP-095). 

1983 Excavations at Dos Piedras Camp (Site 
5MT4779), an Anasazi limited activity site. 
Dolores Archaeological Program Technical 
Reports DAP-111. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-111). 
1982 First draft submitted (DAP-111 ). 

Farley, Paul J. 
1982 Laboratory operations - 1978. Dolores Ar

chaeologica l Program Technical Reports 
DAP-015 . Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region , 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-015). 
1981 First draft submitted (DAP-0 15). 

1982 Laboratory operations - 1979. Dolores Ar
chaeological Program Technical Reports 
DAP-042. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-042). 
1981 First draft submitted (DAP-042). 
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1983 1980 laboratory report. Dolores Archaeolog
ical Program Technical Reports DAP-067. Fi
nal report submitted to the Bureau of 
Reclamation, Upper Colo. Region , Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-067). 
1983 First draft submitted (DAP-067). 

1984 1981 laboratory manual. Dolores Archaeolog
ical Program Technical Reports DAP-148. Fi
nal report submitted to the Bureau of 
Reclamation, Upper Colo. Region , Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 Ms. on file (DAP-148). 
1984 First draft submitted (DAP-148). 

Farley, Paul J., and Karen Laitner 
1982 Laboratory operations manual. In Labora

tory operations - 1978, by Paul J. Farley, pp. 
43-86. Dolores Archaeological Program Tech
nical Reports DAP-015 . Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-015). 
1981 First draft submitted (DAP-0 15). 

Fields, Ross 
1981 Site 5MT2182, Area I, 1980 investigations. 

Dolores Archaeological Program Technical 
Reports DAP-092. Ms. on file, Dolores Ar
chaeological Program, Dolores, Colorado. 

Flander, Louisa Beyer 
1982 Human remains from Apricot Hamlet . In Ex

cavations at Apricot Hamlet (Site 
5MT2858), a Basketmaker III/Pueblo I hab
itation site, by John L. Montgomery, pp. 148-
149. Dolores Archaeological Program Tech
nical Reports DAP-026. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

1982 Human remains report for Rusty Ridge 
Hamlet. In the 1979 testing program, by 
Nancy J . Hewitt, pp. 223-225. Dolores Ar
chaeological Program Technical R eports 
DAP-036. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region , 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562 . 
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1982 Ms. on file (DAP-036). 
1983 First draft submitted (DAP-036). 
NTIS No. PB 84 166065. 

1982 Human remains. Dolores Archaeological Pro
gram Technical Reports DAP-051. Final re
port submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1981 Ms. on file (DAP-051). 
1981 First draft submitted (DAP-051 ). 
NTIS No. PB 84 167089. 

Flander, Louisa Beyer, and Ann Lucy Wiener 
1982 Human remains from Pheasant View Ham

let. In Excavations at Pheasant View Hamlet 
(Site 5MT2192), a Pueblo I habitation site, 
by Richard Yarnell, pp. 147-151. Dolores Ar
chaeological Program Technical Reports 
DAP-027. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-027). 
1981 First draft submitted (DAP-027). 
NTIS No. PB 84 165967. 

Flint, Patricia Robins, and Sarah W. Neusius 
1985 Cottontail procurement among Dolores An

asazi. Dolores Archaeological Program Tech
nical R epo rt s DAP-222 . Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region , Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1984 Ms. on file , (DAP-222). 
1985 First draft submitted (DAP-222). 

Glaser, Richard 
1982 Geology report for Pheasant View Hamlet. 

In Excavations at Pheasant View Hamlet 
(Site 5MT2192), a Pueblo I habitation site, 
by Richard Yarnell , pp. 102-104. Dolores Ar
chaeological Program Technical Reports 
DAP-027. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-027). 
1981 First draft submitted (DAP-027). 
NTIS No. PB 84 165967. 

1982 Geology report for Ridgeline Camp. In Ex
cavations at Ridgeline Camp (Site 
5MT2242), an Archaic-Anasazi limited ac
tivity site, by Judith A. Southward, pp. 44-
4 7. Dolores Archaeological Program Technical 
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Reports DAP-039. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-039). 
1982 First draft submitted (DAP-039). 
NTIS No. PB 84 166099. 

Glaser, Richard, and James Hampson 
1982 Geology report for Cascade House. In Ex

cavations at Cascade House (Site 5MT4512), 
a Pueblo I field house, by Richard H. Wil
shusen, pp. 94-96. Dolores Archaeological 
Program Technical Reports DAP-034. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region , Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562 . 
1980 Ms. on file (DAP-034). 
1981 First draft submitted (DAP-034). 
NTIS No. PB 84 166040. 

Goulding, Douglas A. 
1985 A comparison of probability survey and in

ventory survey results for the Cline Crest Lo
cality. Dolores Archaeological Program 
Technical Reports DAP-205 . Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region , Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-205). 
1984 First draft submitted (DAP-205). 

1985 Limited activity site interassemblage varia
bility. Dolores Archaeological Program Tech
nical Report s DAP-215 . Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region , Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-215). 
1985 First draft submitted (DAP-215). 

1985 Surface collected assemblage variation for 
A.D. 840-920 Anasazi Tradition habitation 
sites in the Dolores Archaeological Program 
study area. Dolores Archaeological Program 
Technical Reports DAP-217. Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-217). 
1985 First draft submitted (DAP-217). 

Goulding, Douglas A. and Janet D. Orcutt 
1984 Cultural resources survey of Dolores Project 

central impact areas: borrow areas A, B, and 
E, Great Cut dike , and Pumping Plant , 



McPhee Dam site, and the McPhee Dam site 
access road Part II. Dolores Archaeological 
Program Technical Reports DAP-116. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1981 Ms. on file (DAP-116). 
1981 First draft submitted (DAP-116). 

Greenwald, David H. 
1980 Periman Locality. Dolores Archaeological 

Program Technical Reports DAP-096. Ms. on 
file, Dolores Archaeological Program, Do
lores, Colorado. 

1982 Prehistoric archaeology of the Sage hen Flats 
Locality. Dolores Archaeological Program 
Technical Reports DAP-024. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-024). 
1981 First draft submitted (DAP-024 ). 
NTIS No. PB 84 165943. 

1983 Introduction, setting, and conclusions -
McPhee Community Cluster. Dolores Ar
chaeological Program Technical Reports 
DAP-097. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-097). 
1983 First draft submitted (DAP-097). 

1983 Investigations at Jeddito Hamlet (Site 
5MT4541 ), a multicomponent site. Dolores 
Archaeological Program Technical Reports 
DAP-112. Final report submitted to the Bu- · 
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-112). 
1983 First draft submitted (DAP-112). 

Greenwald, David H. and Nancy J . Hewitt 
1981 Sampling excavations at I 0 prehistoric sites 

in the Sagehen Flats Locality: Pine View 
Hamlet (5MT2162) , Charred House 
(5MT2844), Rusty Ridge Hamlet 
(5MT2848) , Deer Hunter Hamlet 
(5MT2853), Lee Side Camp (5MT4513), 
Sunflower Hamlet (5MT4640), Desecho 
Camp (5MT4642) , and Roadside Camp 
(5MT4649). In Field Investigations: Sagehen 
Flats Locality, 1979. Dolores Archaeological 
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Program Technical Reports DAP-036. Sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562 . 
NOTE: This version of DAP-036 was re
written; refer to Hewitt ( 1983; DAP-036) for 
updated version. 

Greenwald, David H., and Carl J. Phagan 
1983 Kangaroo Camp (Site 5MT4690), an acer

amic site in the Dolores Valley. Dolores Ar
chaeological Program Technical Reports 
DAP-105. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-105). 
1983 First draft submitted (DAP-1 05). 

Griffitts, Elizabeth A. 
1985 Analysis of the Phaseolus remains from the 

Dolores Project area. Dolores Archaeological 
Program Technical Reports DAP-285. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1984 Ms. on file (DAP-285). 
1985 First draft submitted (DAP-285). 

Gross, G. Timothy 
1983 An evaluation of the DAP radiocarbon dat

ing program, 1978-1980. In Fieldwork and 
systematics, by Allen E. Kane, pp. 131-139. 
Dolores Archaeological Program Technical 
Reports DAP-058. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1983 Ms. on file (DAP-058). 
1983 First draft submitted (DAP-058). 

1984 The Grass Mesa Locality testing program, 
1979-1980. Dolores Archaeological Program 
Technical Reports DAP-081 . Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1983 Ms. on file (DAP-081). 
1983 First draft submitted (DAP-081). 

1984 Excavations at Cougar Springs Cave (Site 
5MT4797), a Basketmaker II seasonal site. 
Dolores Archaeological Program Technical 
Reports DAP-172. Final report submitted to 
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the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1983 Ms. on file (DAP-172). 
1984 First draft submitted (DAP-172). 

1985 The other archaeology of the Dolores River 
valley: an introduction to aceramic and late 
sites. Dolores Archaeological Program Tech
nical Reports DAP-198. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-198). 
1985 First draft submitted (DAP-198). 

Hampson, James G. 
1982 Geology report for Apricot Hamlet. In Ex

cavations at Apricot Hamlet (Site 
5MT2858), a Basketmaker III/Pueblo I hab
itation site, by John L. Montgomery pp. 123-
126. Dolores Archaeological Program Tech
nical Reports DAP-026. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

Harriman, Raymond G. 
1983 Excavations at Sundance Hamlet (Site 

5MT2215), a late Pueblo 11-Early Pueblo III 
habitation site. Dolores Archaeological Pro
gram Technical Reports DAP-109. Final re
port submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-109). 
1983 First draft submitted (DAP-1 09). 

1983 Excavations at Beaver Trap Shelter (Site 
5MT4654), a multiple-occupation site. Do
lores Archaeological Program Technical Re
ports DAP-168. Ms. on file, Dolores 
Archaeological Program Technical Reports, 
Dolores, Colorado. 
NOTE: Refer to Hewitt and Harriman 
(1984). 

1985 Excavations at Squawbush Hamlet (Site 
5MT2322), a Pueblo I habitation. Dolores Ar
chaeological Program Technical Reports 
DAP-170. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
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No. 8-07-40-S0562. 
1983 Ms. on file (DAP-170). 
1984 First draft submitted (DAP-170). 

Hart, Linda P. 
1984 Worked vegetal material from Windy Wheat 

Hamlet. In Excavations at Windy Wheat 
Hamlet (Site 5MT4644), a Pueblo I habita
tion, by Joel M. Brisbin, pp. 440-445 . Dolores 
Archaeological Program Technical Reports 
DAP-108. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-108). 
1983 First draft submitted (DAP-108). 

Hart, Linda P., and Eric Blinman 
1983 Perishable artifacts from LeMoc Shelter. In 

Excavations at LeMoc Shelter (Sit e 
5MT2151 ), a multiple-occupation Anasazi 
site, by Patrick Hogan, pp. 250-257. Dolores 
Archaeological Program Technical R eports 
DAP-083. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-083). 
1983 First draft submitted (DAP-083). 

Hathaway, J. Holly 
1981 The Dolores Archaeological Program mag

netic reconnaissance survey program: field 
operations. Dolores Archaeological Program 
Technical Reports DAP-013. Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-0 13). 
1981 First draft submitted (DAP-0 13). 
1983 Published. 

1982 Archaeomagnetic sampling program. Dolores 
Archaeological Program Technical Reports 
DAP-012. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region , 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1979 Ms. on file (DAP-012). 
1980 First draft submitted (DAP-0 12). 

1982 Archaeomagnetic results from Dos Casas 
Hamlet. In Excavations at Dos Casas Hamlet 
(Site 5MT2193), a Basketmaker III/Pueblo I 
habitation site, by Joel M. Brisbin, Alice M. 



Emerson, and Sarah H. Schlanger, pp. 135-
146. Dolores Archaeological Program Tech
nical Reports DAP-028. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562 . 
1979 Ms. on fil e (DAP-028). 
198 1 First draft submitted (DAP-028). 
NTIS No. PB 84 165984. 

1982 Archaeomagnetic results from Casa Bodega 
Ha mlet. In Excavations at Casa Bodega 
Hamlet (Site 5MT2194), a Pueblo I habita
tion site, by Gary A. Brown, pp. 81-85 . Do
lores Archaeological Program Technical 
Reports DAP-030. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-030). 
1982 First draft submitted (DAP-030). 
NTIS No. PB 84 166008. 

1982 Archaeomagnetic results for Rusty Ridge 
Hamlet. In the 1979 testing program, by 
Nancy J. Hewitt, pp. 215-222. Dolores Ar
chaeological Program Technical Reports 
DAP-036. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-036). 
1983 First draft submitted (DAP-036). 
NTIS No. PB 84 166065. 

1984 Field recovery of archaeomagnetic samples. 
In Dolores Archaeological Program excava
tion manual, by Allen E. Kane and Christine 
K. Robinson, pp. 414-421. Dolores Archaeo
logical Program Technical Reports DAP-146. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-146). 
1984 First draft submitted (DAP-146). 

1985 Dolores Archaeological Program archaeo
magnetic dating results: 1978-1983. Dolores 
Archaeological Program Technical Reports 
DAP-1 93. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1984 Ms. on file (DAP-193). 
1985 First draft submitted (DAP-193). 

APPENDIX 

Hathaway, J. Holly, and Jeffrey L. Eighmy 
1981 Achaeomagnetic results for Site 5MT2198. 

In Excavations at Sagehill Hamlet (Site 
5MT2198), a Basketmaker III/Pueblo I hab
itation site, by Nancy J. Hewitt, pp. 100-108. 
Dolores Archaeological Program Technical 
Reports DAP-005 . Final report submitted to 
the Bu~eau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-005). 
1980 First draft submitted (DAP-005). 
1983 Published. 

1981 Archaeomagnetic results, Site 5MT2191. In 
Excavations at Little House (Site 5MT2191 ), 
a Pueblo 1/Pueblo II field house, by Nancy 
J. Hewitt, pp. 134-143. Dolores Archaeologi
cal Program Technical Reports DAP-007. Fi
nal report submitted to the Bureau of. 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1980 Ms. on file (DAP-007). 
1980 First draft submitted (DAP-007). 
1980 Published. 

1981 The archaeomagnetic dating program. In Do
lores Archaeological Program synthetic re
port 1978-1981 , by Dolores Archaeological 
Program, pp. 181-187. Dolores Archaeological 
Program Technical Reports DAP-055 . Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

1982 Archaeomagnetic report for Apricot Hamlet. 
In Excavations at Apricot Hamlet (Site 
5MT2858), a Basketmaker III/Pueblo I hab
itation site, by John L. Montgomery, pp. 150-
156. Dolores Archaeological Program Tech
nical Reports DAP-026. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

1982 Archaeomagnetic report for Pheasant View 
Hamlet. In Excavations at Pheasant View 
Hamlet (Site 5MT2192), a Pueblo I habita
tion site, by Richard Yarnell, pp. 105-112. 
Dolores Archaeological Program Technical 

833 



FINAL REPORT 

Reports DAP-027. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-027). 
1981 First draft submitted (DAP-027). 
NTIS No. PB 84 165967. 

1982 Archaeomagnet ic report for Prairie Dog 
Hamlet. In Excavations at Prairie Dog Ham
let (Site 5MT4614), a Basketmaker III
Pueblo I habitation site, by Richard W. Yar
nell, pp. 126-133. Dolores Archaeological Pro
gram Technical Reports DAP-029. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1981 Ms. on file (DAP-029). 
1981 First draft submitted (DAP-029). 
NTIS No. PB 84 165992. 

1982 Archaeomagnetic report for Casa Roca. In 
Excavations at Casa Roca (Site 5MT2203), 
a Pueblo 1/Pueblo II field house, by Joel M. 
Brisbin, pp. 59-62. Dolores Archaeological 
Program Technical Reports DAP-032. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region , Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1980 Ms. on file (DAP-032). 
1981 First draft submitted (DAP-032). 
NTIS No. PB 84 166024. 

1982 Archaeomagnetic results from Cascade 
House. In Excavations at Cascade House 
(Site 5MT4512), a Pueblo I field house, by 
Richard H. Wilshusen, pp. 131-137. Dolores 
Archaeological Program Technical Reports 
DAP-034. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-034). 
1981 First draft submitted (DAP-034). 
NTIS No. PB 84 166040. 

1982 Archaeomagnetic report for Marshview 
Hamlet. In Excavations at Marshview Ham
let (Site 5MT2235), a Pueblo III habitation 
site, by Richard H. Wilshusen, pp. 117-123. 
Dolores Archaeological Program Technical 
Reports DAP-035. Final report submitted to 
the Bureau of Reclamation , Upper Colo. Re-
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gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-035). 
First draft submitted (DAP-035). 
NTIS No. PB 84 166057. 

1982 Archaeomagnetic report for Horse Bone 
Camp. In Excavations at Horse Bone Camp 
(Site 5MT2199), an Archaic-Anasazi limited 
activity site, by Gary A. Brown, pp. 31-35. 
Dolores Archaeological Program Technical 
Reports DAP-037. Final report submitted to 
the Bureau of Reclamation , Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-037). 
1981 First draft submitted (DAP-03 7). 
NTIS No. PB 84 166073. 

1982 Archaeomagnetic report for Horsefly Ham
let. In Excavations at Horsefly Hamlet (Site 
5MT2236), an Archaic Camp/Anasazi habi
tations site, by Allen E. Kane and Mark C. 
Chenault, pp. 77-85. Dolores Archaeological 
Program Technical Reports DAP-038 . Final 
report submitted to the Bureau of Recla
mation , Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
NTIS No. PB 84 166081 . 
NOTE: Refer to Chenault ( 1980) for first 
draft submission. 

1982 Archaeomagnetic dating-1979. Dolores Ar
chaeological Program Techn ical R eports 
DAP-052. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-052). 
1981 First draft submitted (DAP-052). 
NTIS No. PB 84 167097. 
NOTE: Title has also been referenced as 
"Archaeomagnetism". 

1983 Archaeomagnetic sample results for Hamlet 
de Ia Olla. In Excavations at Hamlet de Ia 
Olla (Site 5MT2181 ), a multiple-occupation 
Anasazi site, by Mary C. Etzkorn, pp. 123-
129. Dolores Archaeological Program Tech
nical Reports DAP-095. Final report submit
ted to the Bureau of Reclamation , Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-095). 
1983 First draft submitted (DAP-095). 



Hathaway, J. Holly, Jeffrey L. Eighmy, and Allen E. 
Kane 

1982 Modification of the Southwest archaeomag
netic curve A.D. 700-A.D. 900: Dolores Ar
chaeological Program results. In 
Archaeomagnetic dating- 1979, by J. Holly 
Hathaway and Jeffrey L. Eighmy, pp. 105-
122. Dolores Archaeological Program Tech
nical Reports DAP-052. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-052). 
1981 First draft submitted (DAP-052). 
NTIS No. PB 84 167097. 
NOTE: Archaeomagnetism was given as the 
title to this report in some earlier DAP 
references. 

Hewitt, Nancy J. 
1981 Excavations at Sagehill Hamlet (Site 

5 MT2198), a Basket maker III/Pueblo I hab
itation site. Dolores Archaeological Program 
Technical Reports DAP-005. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1980. Ms. on file (DAP-005). 
1980 First draft submitted (DAP-005). 
1983 Published. 

1981 Excavations at Little House (Site 5MT2191) 
a Pueblo 1/Pueblo II field house. Dolores Ar
chaeological Program Technical Reports 
DAP-007. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-007). 
1980 First draft submitted (DAP-007). 
1983 Published. 

1983 The 1979 testing program. Dolores Archae
ological Program Technical Reports DAP-036. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-036). 
1983 First draft submitted (DAP-036). 
NTIS No. PB 84 166065. 

1983 The Rio Vista Community Cluster, an An
asazi community in the Dolores River valley: 
an overview. Dolores Archaeological Program 
Technical Reports DAP-089. Final report sub
mitted to the Bureau of Reclamation, Upper 
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Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-089). 
1983 First draft submitted (DAP-089). 

1983 House Creek Locality. Dolores Archaeological 
Program Technical Reports DAP-1 03. Final 
Report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1980 Ms. on file (DAP-103). 
1980 First draft submitted (DAP-1 03). 

Hewitt, Nancy J., and Raymond G. Harriman 
1984 Excavations at Beaver Trap Shelter (Site 

5MT4654), a multiple-occupation site. Do
lores Archaeological Program Technical Re
ports DAP-168. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 First draft submitted (DAP-168). 
NOTE: Refer to Harriman ( 1983) for Ms. on 
file. 

Hilton, Michael S. 
1983 Photography - 1980. Dolores Archaeological 

Program Technical Reports DAP-071 . Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1982 Ms. on file (DAP-071 ). 
1982 First draft submitted (DAP-071 ). 

Hogan, Patrick 
1981 Grass Mesa Locality overview. Dolores Ar

chaeological Program Technical Reports 
DAP-010. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-010). 
1981 First draft submitted (DAP-0 10). 

1983 Excavations at LeMoc Shelter (Site 
5MT2151 ), a multiple-occupation Anasazi 
site. Dolores Archaeological Program Tech
nical Reports DAP-083. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-083). 
1983 First draft submitted (DAP-083). 
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Holliday, Vance T., and Lucy A Piety 
1981 Surficial geological investigations- 1980. In 

Environmental studies report, compiled by 
Bruce F. Benz and Vickie L. Clay, pp. 111-
158. Dolores Archaeological Program Tech
nical Reports DAP-061. First draft submitted 
to the Bureau of Reclamation, Upper Colo. 
Region, Salt Lake City, in compliance with 
Contract No. 8-07-40-S0562. 
1983 Final report submitted (DAP-061 ). 

1984 Surficial geological investigations- 1980. In 
Dolores Archaeological Program: studies in 
environmental archaeology, compiled by 
Kenneth Lee Petersen, Vickie L. Clay, Mer
edith H. Matthews, and Sarah W. Neusius, 
pp. 297-359. Dolores Archaeological Program 
Technical Reports DAP-192. Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 

Hovezak, Mark J. 
1983 Excavations at Star Bead Shelter (Site 

5MT5380), a protohistoric burial site. Do
lores Archaeological Program Technical Re
ports DAP-114. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Ms. on file (DAP-114). 
1983 First draft submitted (DAP-114 ). 

Howes, Donald 
1983 Results of grain size analysis of sediment 

samples from Prince Hamlet. In Excavations 
at Prince Hamlet (Site 5MT2161), a Pueblo 
I habitation site, by Lynn Sebastian, pp. 238-
247. Dolores Archaeological Program Tech
nical Reports DAP-082. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-082). 
1983 First draft submitted (DAP-082). 

Hruby, Thomas H. 
1981 Data and summary statements, lithic mate

rials from Site 5MT2202. In Excavations at 
Sheep Skull Camp (Site 5MT2202), a mul
tiple occupation site, by Sarah H. Schlanger, 
pp. 38-46. Dolores Archaeological Program 
Technical Reports DAP-004. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli-
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ance with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-004 ). 
1981 First draft submitted (DAP-004). 
1983 Published. 

1981 Data and summary statements, lithic re
mains from Site 5MT2191 . In Excavations at 
Little House (Site 5MT2191 ), a Pueblo II 
Pueblo II field house, by Nancy J. Hewitt, 
pp. 154-166. Dolores Archaeological Program 
Technical Reports DAP-007. Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-007). 
1980 First draft submitted (DAP-007). 
1983 Published. 

1982 Lithic report for Apricot Hamlet. In Exca
vations at Apricot Hamlet (Site 5MT2858), 
a Basketmaker III/Pueblo I habitation site, 
by John L. Montgomery, pp. 167-178. Do
lores Archaeological Program Technical Re
ports DAP-026. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562 . 
1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

1982 Lithic report for Ridgeline Camp. In Exca
vations at Ridgeline Camp (Site 5MT2242), 
an Archaic-Anasazi limited activity site, by 
Judith A. Southward, pp. 59-66. Dolores Ar
chaeological Program Technical R eports 
DAP-039. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-039). 
1982 First draft submitted (DAP-039). 
NTIS No. PB 84 166099. 

1983 Lithic and bonetool analysis results, Prince 
Hamlet. In Excavations at Prince Hamlet 
(Site 5MT2161), a Pueblo I habitation site, 
by Lynn Sebastian, pp. 259-272. Dolores Ar
chaeological Program Technical R eports · 
DAP-082. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-082). 
1983 First draft submitted (DAP-082). 



1983 Lithic artifacts and worked nonhuman bone 
from LeMoc Shelter. In Excavations at 
LeMoc Shelter (Site 5MT2151 ), a multiple
occupation Anasazi site, by Patrick Hogan, 
pp. 258-275. Dolores Archaeological Program 
Technical Reports DAP-083. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-083). 
1983 First draft submitted (DAP-083). 

1983 Lithic artifacts from Periman Hamlet, Area 
I. In Excavations at Periman Hamlet (Site 
5MT4671), a Pueblo I habitation, by Richard 
H. Wilshusen, pp. 303-312. Dolores Archae
ological Program Technical Reports DAP-090. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-090). 
1983 First draft submitted (DAP-090). 

1983 Lithic artifacts from Aldea Sierritas. In Ex
cavations at Aldea Sierritas (Site 5MT2854), 
a Basketmaker III - Pueblo I habitation, by 
Kristin A. Kuckelman, pp. 181-192. Dolores 
Archaeological Program Technical Reports 
DAP-107. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-107). 
1983 First draft submitted (DAP-1 07). 

1984 Lithic artifacts from Windy Wheat Hamlet. 
In Excavations at Windy Wheat Hamlet (Site 
5MT4644), a Pueblo I habitation, by Joel M. 
Brisbin, pp. 446-457. Dolores Archaeological 
Program Technical Reports DAP-108. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1982 Ms. on file (DAP-108). 
1983 First draft submitted (DAP-108). 

1985 Analysis of reductive technology data from 
the Middle Canyon area. Dolores Archaeo
logical Program Technical Reports DAP-185. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 Ms. on file (DAP-185). 
1984 First draft submitted (DAP-185). 
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1985 Dolores Anasazi household and interhouse
hold cluster toolkits: technological organi
zation in the transition from hamlets to 
villages. Dolores Archaeological Program 
Technical Reports DAP-260. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-260). 
1985 First draft submitted (DAP-260). 

Hruby, Thomas H., and Carl J. Phagan 
1981 Lithic report for Hawk House. In Excava

tions at Hawk House (Site 5MT4681 ), an Ar
chaic-Anasazi limited activity site, by Gary 
A. Brown, pp. 33-39. Dolores Archaeological 
Program Technical Reports DAP-040. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1981 Ms. on file (DAP-040). 
1981 First draft submitted (DAP-040). 
NTIS No. PB 84 166107. 

1982 Lithic report for Pheasant View Hamlet. In 
Excavations at Pheasant View Hamlet (Site 
5MT2192), a Pueblo I habitation site, by 
Richard Yarnell, pp. 128-141. Dolores Ar
chaeological Program Technical Reports 
DAP-027. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-027). 
1981 First draft submitted (DAP-027). 
NTIS No. PB 84 165967. 

1982 Lithic report for Prairie Dog Hamlet. In Ex
cavations at Prairie Dog Hamlet (Site 
5MT4614), a Basketmaker III-Pueblo I hab
itation site, by Richard W. Yarnell, pp. 147-
166. Dolores Archaeological Program Tech
nical Reports DAP-029. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-029). 
1981 First draft submitted (DAP-029). 
NTIS No. PB 84 165992. 

1982 Lithic report for Casa Bodega Hamlet. In Ex
cavations at Casa Bodega Hamlet (Site 
5MT2194), a Pueblo I habitation site, by 
Gary A. Brown, pp. 61-70. Dolores Archae
ological Program Technical Reports DAP-030. 
Final report submitted to the Bureau of Re-
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clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-030). 
1982 First draft submitted (DAP-030). 
NTIS No. PB 84 166008. 

1982 Lithics report for Moonlight House. In Ex
cavations at Moonlight House (Site · 
5MT2205), a Pueblo I seasonal use site, by · 
James H. Kleidon, pp. 47-55 . Dolores Ar
chaeological Program Technical Reports · 
DAP-031 . Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-031 ). 
1981 First draft submitted (DAP-031). 
NTIS No. PB 84 166016. 

1982 Lithics report for Casa Roca. In Excavations 
at Casa Roca (Site 5MT2203), a Pueblo II 
Pueblo II field house, by Joel M. Brisbin, pp. 
70-80. Dolores Archaeological Program Tech
nical Reports DAP-032. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-032). 
1981 First draft submitted (DAP-032). 
NTIS No. PB 84 166024. 

1982 Lithic appendix for Faraway House. In Ex
cavations at Faraway House (Site 5MT4763), 
a Pueblo 1/Pueblo II limited activity site, by 
James H. Kleidon, pp. 36-41 . Dolores Ar
chaeological Program Technical Reports 
DAP-033. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-033). 
1981 First draft submitted (DAP-033). 
NTIS No. PB 84 166032. 

1982 Lithic report for Marshview Hamlet. In Ex
cavations at Marshview Hamlet (Site 
5MT2235), a Pueblo III habitation site, by 
Richard H. Wilshusen, pp. 105-116. Dolores 
Archaeological Program Technical Reports 
DAP-035. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 

838 

1980 Ms. on file (DAP-035). 
1981 First draft submitted (DAP-035). 
NTIS No. PB 84 166057. 

1982 Lithic report for Horsefly Hamlet. In Exca
vations at Horsefly Hamlet (Site 5MT2236), 
an Archaic Camp/Anasazi habitations site, 
by Allen E. Kane and Mark C. Chenault, pp. 
94-103. Dolores Archaeological Program 
Technical Reports DAP-038. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
NTIS No. PB 84 166081. 
NOTE: Refer to Chenault ( 1980) for first 
draft submission. 

Huggins, Robert J. 
1984 Magnetometer survey results for Windy 

Wheat Hamlet. In Excavations at Windy 
Wheat Hamlet (Site 5MT4644), a Pueblo I 
habitation, by Joel M. Brisbin, pp. 257-265. 
Dolores Archaeological Program Technical 
Reports DAP-108. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-108). 
1983 First draft submitted (DAP-108). 

Huggins, Robert J., and John D. Weymouth 
1981 Magnetometer results. Dolores Archaeologi

cal Program Technical Reports DAP-020. Fi
nal report submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1979 Ms. on file (DAP-020). 
1979 First draft submitted (DAP-020). 
1983 Published. 

1981 Magnetometer report for Hawk House. In 
Excavations at Hawk House (Site 5MT4681), 
an Archaic-Anasazi limited activity site, by 
Gary A. Brown, pp. 40-45. Dolores Archae
ological Program Technical Reports DAP-040. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1981 Ms. on file (DAP-040). 
1981 First draft submitted (DAP-040). 
NTIS No. PB 84 166107. 

1982 Magnetometer report for Apricot Hamlet. In 
Excavations at Apricot Hamlet (Site 
5MT2858), a Basketmaker III/Pueblo I hab
itation site, by John L. Montgomery, pp. 127-
132. Dolores Archaeological Program Tech
nical Reports DAP-026. Final report submit
ted to the Bureau of Reclamation, Upper 



Colo. Region , Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

1982 Magnetometer report for Faraway House. In 
Excavations at Faraway House (Site 
5MT4763), a Pueblo !/Pueblo II limited ac
tivity site, by James H. Kleidon, pp. 26-31. 
Dolores Archaeological Program Technical 
Reports DAP-033. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-033). 
1981 First draft submitted (DAP-033). 
NTIS No. PB 84 166032. 

1982 The magnetometer report for Horsefly Ham
let. In Excavations at Horsefly Hamlet (Site 
5MT2236), an Archaic Camp/Anasazi habi
tations site, by Allen E. Kane and Mark C. 
Chenault, pp. 70-76. Dolores Archaeological 
Program Technical Reports DAP-038. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
NTIS No. PB 84 166081. 
NOTE: Refer to Chenault ( 1980) for first 
draft submission. 

1982 Magnetometer report for Ridgeline Camp. In 
Excavations at Ridgeline Camp (Site 
5MT2242), an Archaic-Anasazi limited ac
tivity site, by Judith A. Southward, pp. 48-
53. Dolores Archaeological Program Technical 
Reports DAP-039. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-039). 
1982 First draft submitted (DAP-039). 
NTIS No. PB 84 166099. 

Ives, Gay A. 
1984 Rock art of the Dolores River valley. In Ar

chaeological survey of the McPhee Reser- . 
voir, compiled by Janet D. Orcutt and · 
Douglas A. Goulding, pp. 138-174. Dolores 
Archaeological Program Technical Reports 
DAP-117. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Ms. on file (DAP-117). 
1983 First draft submitted (DAP-117). 
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Kane, Allen E. 
1981 Introduction to field investigations and anal

ysis. Dolores Archaeological Program Tech
nical Report s DAP-00 I. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1979 Ms. on file (DAP-001). 
1979 First draft submitted (DAP-00 I). 
1983 Published. 

1981 The Sagehen Flats Archaeological Locality. 
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1982 First draft submitted (DAP-030). Chenault, pp. 86-93. Dolores Archaeological 
NTIS No. PB 84 166008. Program Technical Reports DAP-038. Final 

report submitted to the Bureau of Recla-
1982 Ceramic report for Moonlight House. In Ex- mation, Upper Colo. Region, in compliance 

cavations at Moonlight House (Site with Contract No. 8-07-40-S0562. 
5MT2205), a Pueblo I seasonal use site, by NTIS NO. PB 84 166081. 
James H. Kleidon, pp. 40-46. Dolores Ar- NOTE: Refer to Chenault ( 1980) for first 
chaeological Program Technical Reports draft submission. 
DAP-031. Final report submitted to the Bu-
reau of Reclamation, Upper Colo. Region, 1982 Additive technologies - 1979. Dolores Ar-
Salt Lake City, in compliance with Contract chaeological Program Technical Reports 
No. 8-07-40-S0562. DAP-043. Final report submitted to the Bu-
1981 Ms. on File (DAP-031 ). reau of Reclamation, Upper Colo. Region, 
1981 First draft submitted (DAP-031). Salt Lake City, in compliance with Contract 
NTIS No. PB 84 166016. No. 8-07-40-S0562. 
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1980 Ms. on file (DAP-043). 
1981 First draft submitted (DAP-043). 
NTIS No. PB 84 167014. 

Lucius, William A. and Eric Blinman 
1981 Data and summary statements, ceramic ma

terials from Site 5TM2202. In Excavations 
at Sheep Skull Camp (Site 5MT2202), a mul
tiple occupation site, by Sarah H. Schlanger, 
pp. 47-51. Dolores Archaeological Program 
Technical Reports DAP-004. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-004). 
1981 First draft submitted (DAP-004). 
1983 Published. 

1981 Ceramic report for Site 5MT2198. In Exca
vations at Sagehill Hamlet (Site 5MT2198), 
a Basketmaker III/Pueblo I habitation site, 
by Nancy J. Hewitt, pp. 120-128. Dolores Ar
chaeological Program Technical Reports 
DAP-005. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1980 Ms. on file (DAP-005). 
1980 First draft submitted (DAP-005). 
1983 Published. 

1981 Ceramic appendix. In Excavations at Little 
House (Site 5MT2191), a Pueblo I/Pueblo II 
field house, by Nancy J. Hewitt, pp. 144-153. 
Dolores Archaeological Program Technical 
Reports DAP-007. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1980 Ms. on file (DAP-007). 
1980 First draft submitted (DAP-007) 
1983 Published. 

Lucius, William A., and Dean Wilson 
1982 Formal descriptions of types defined by ce

ramic analysis. In Excavations at Climbing 
Cactus Camp (Site 5MT4682), an Anasazi 
limited activity site, by Richard H. Wilshu
sen, pp. 112-124. Dolores Archaeological Pro
gram Technical Reports DAP-041. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
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1980 Ms. on file (DAP-041). 
1981 First draft submitted (DAP-041). 
NTIS No. PB 84 155115. 

Masterson, Kellie 
1981 A proposal for a multilevel design analysis of 

the Dolores Archaeological Program ce
ramics. In 1978 additive analysis report, by 
William A. Lucius, pp. 66-79. Dolores Ar
chaeological Program Technical Reports 
DAP-017. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1979 Ms. on file (DAP-017). 
1980 First draft submitted (DAP-0 17). 

Matthews, Meredith H. 
1981 Information retrieval on a microlevel of in

quiry: bulk soil analysis from food processing 
activity areas in two habitation units. In Do
lores Archaeological Program synthetic re
port 1978-1981 , by Dolores Archaeological 
Program, pp. 459-493. Dolores Archaeologi
cal Program Technical Reports DAP-055. Fi
nal report submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1981 First draft submitted (DAP-055). 
1984 Published. 

1982 Vegetal specimens from Pheasant View 
Hamlet. In Excavations at Pheasant View 
Hamlet (Site 5MT2192), a Pueblo I habita
tion site, by Richard Yarnell, pp. 152-154. 
Dolores Archaeological Program Technical 
Reports DAP-027. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-027). 
1981 First draft submitted (DAP-027). 
NTIS No. PB 84 165967. 

1982 Macrobotanical analysis for Dos Casas Ham
let. In Excavations at Dos Casas Hamlet (Site 
5MT2193), a Basketmaker III/Pueblo I hab
itation site, by Joel M. Brisbin, Alice M. 
Emerson, and Sarah H. Schlanger, pp. 155-
192. Dolores Archaeological Program Tech
nical Reports DAP-028. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1979 Ms. on file (DAP-028). 
1981 First draft submitted (DAP-028). 
NTIS No. PB 84 165984. 

1982 Botanical remains from Ridgeline Camp. In 
Excavations at Ridgeline Camp (Site 
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5MT2242), an Archaic-Anasazi limited ac- 1983 Macrobotanical remains from Aldea Sierri-
tivity site, by Judith A. Southward, pp. 54- tas. In Excavations at Aldea Sierritas (Site 
58. Dolores Archaeological Program Technical 5MT2854), a Basketmaker III habitation, by 
Reports DAP-039. Final report submitted to Kristin A. Kuckelman, pp. 229-245. Dolores 
the Bureau of Reclamation, Upper Colo. Re- Archaeological Program Technical Reports 
gion, Salt Lake City, in compliance with Con- DAP-107. Final report submitted to the Bu-
tract No. 8-07-40-S0562. reau of Reclamation, Upper Colo. Region, 
1980 Ms. on file (DAP-039). Salt Lake City, in compliance with Contract 
1982 First draft submitted (DAP-039). No. 8-07-40-S0562. 
NTIS No. PB 84 166099. 1981 Ms. on file (DAP-107). 

1983 The macrobotanical assemblage from Prince 1983 First draft submitted (DAP-107). 

Hamlet. In Excavations at Prince Hamlet 
1983 Macrobotanical remains from Sundance (Site 5MT2161), a Pueblo I habitation site, 

by Lynn Sebastian, pp. 279-304. Dolores Ar- Hamlet. In Excavations at Sundance Hamlet 

chaeologica/ Program Technical Reports (Site 5MT2215), a late Pueblo I - early 

DAP-082. Final report submitted to the Bu- Pueblo II habitation site, by Raymond G. 

reau of Reclamation, Upper Colo. Region, Harriman, pp. 45-48. Dolores Archaeological 

Salt Lake City, in compliance with Contract Program Technical Reports DAP-109. Final 

No. 8-07-40-S0562. report submitted to the Bureau of Recla-

1982 Ms. on file (DAP-082). mation, Upper Colo. Region, Salt Lake City, 

1983 First draft submitted (DAP-082). in compliance with Contract No. 8-07-40-
S0562. 

1983 The macro botanical assemblage from LeMoc 1982 Ms. on file (DAP-109). 
Shelter. In Excavations at LeMoc Shelter 1983 First draft submitted (DAP-109). 
(Site 5MT2151), a multiple-occupation An-
asazi site, by Patrick Hogan, pp. 309-339. 1983 Macrobotanical remains from Southview 
Dolores Archaeological Program Technical House. In Excavations at Southview House 
Reports DAP-083. Final report submitted to (Site 5MT2241), an Anasazi seasonal use 
the Bureau of Reclamation, Upper Colo. Re- site, by Maxine M. Morris, pp. 116-120. Do-
gion, Salt Lake City, in compliance with Con- /ores Archaeological Program Technical Re-
tract No. 8-07-40-S0562. ports DAP-110. Final report submitted to the 
1982 Ms. on file (DAP-083). Bureau of Reclamation, Upper Colo. Region, 
1982 First draft submitted (DAP-083). Salt Lake City, in compliance with Contract 

No. 8-07-40-S0562. 
1983 Macrobotanical remains from Area 4, Grass 1982 Ms. on file (DAP-110). 

Mesa Village. In Archaeological investiga- 1982 First draft submitted (DAP-110). 
tions on Grass Mesa: Area 4, 1979, by Rich-
ard V. N. Ahlstrom and Karen Dohm, pp. 1984 Macrobotanical remains from Windy Wheat 
115-127. Dolores Archaeological Program Hamlet. In Excavations at Windy Wheat 
Technical Reports DAP-086. Final report Hamlet (Site 5MT4644), a Pueblo I habita-
submitted to the Bureau of Reclamation, Up- tion, by Joel M. Brisbin, pp. 378-439. Dolores 
per Colo. Region, Salt Lake City, in compli- Archaeological Program Technical Reports 
ance with Contract No. 8-07-40-S0562. DAP-108. Final report submitted to the Bu-
1981 Ms. on file (DAP-086). reau of Reclamation, Upper Colo. Region, 
1983 First draft submitted (DAP-086). Salt Lake City, in compliance with Contract 

No. 8-07-40-S0562. 
1983 Macrobotanical remains from Periman 1982 Ms. on file (DAP-108). 

Hamlet, Area 1. In Excavations at Periman 1983 First draft submitted (DAP-108). 
Hamlet (Site 5MT4671), a Pueblo I habita-
tion, by Richard H. Wilshusen, pp. 340-356. 1984 Botanical studies: nature and status of the 
Dolores Archaeological Program Technical data base. In Dolores Archaeological Pro-
Reports DAP-090. Final report submitted to gram: studies in environmental archaeology, 
the Bureau of Reclamation, Upper Colo. Re- compiled by Kenneth Lee Petersen, Vickie 
gion, Salt Lake City, in compliance with Con- L. Clay, Meredith H. Matthews, and Sarah 
tract No. 8-07-40-S0562. W. Neusius, pp. 97-135. Dolores Archaeo/og-
1982 Ms. on file (DAP-090). ical Program Technical Reports DAP-192. Fi-
1983 First draft submitted (DAP-090). nal report submitted to the Bureau of 
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Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 

1984 Introduction. In Dolores Archaeological Pro
gram: studies in environmental archaeology, 
compiled by Kenneth Lee Petersen, Vickie 
L. Clay, Meredith H. Matthews, and Sarah 
W. Neusius, pp. 6-7. Dolores Archaeological 
Program Technical Reports DAP-192. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 

1985 McPhee Community Cluster macrobotanical 
data base: testing the concept of agricultural 
intensification. Dolores Archaeological Pro
gram Technical Reports DAP-177. Final re
port submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 Ms. on file (DAP-177). 
1985 First draft submitted (DAP-177). 

198 5 The macro botanical data base: application in 
testing two models of socioeconomic change. 
In Anasazi communities at Dolores: Grass 
Mesa Village (Site 5MT23), compiled by Wil
liam D. Lipe, James N. Morris, and Timothy 
A. Kohler. Dolores Archaeological Program 
Technical Reports DAP-19 5. Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-195). 
1985 First draft submitted (DAP-195). 

198 5 The macro botanical assemblage from Sing
ing Shelter. In Excavations at Singing Shelter 
(Site 5MT4683), a multicomponent site, by 
G. Charles Nelson and Allen E. Kane, pp. 
296-334. Dolores Archaeological Program 
Technical Reports DAP-180. Final report sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 

848 

1984 Ms. on file (DAP-180). 
1984 First draft submitted (DAP-180). 
NOTE: Refer to Nelson ( 1983). 

Miller, Katherine S. 
1983 Rio Vista Community Cluster update. In 

The Rio Vista Community Cluster, an An
asazi community in the Dolores River valley: 
an overview, by Nancy J. Hewitt, pp. 54-61. 
Dolores Archaeological Program Technical 
Reports DAP-089. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-089). 
1983 First draft submitted (DAP-089). 

1983 Introduction to Periman Hamlet and addi
tional studies. Dolores Archaeological Pro
gram Technical Reports DAP-154. Ms. on file, 
Dolores Archaeological Program, Dolores, 
Colorado. 

Montgomery, John L. 
1982 Excavations at Apricot Hamlet (Site 

5MT2858), a Basketmaker III/Pueblo I hab
itation site. Dolores Archaeological Program 
Technical Reports DAP-026. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-026). 
1981 First draft submitted (DAP-026). 
NTIS No. PB 84 165968. 

Moore, Roger A. 
1980 Reductive technologies analysis. Dolores Ar

chaeological Program Technical Reports 
DAP-0 16. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1979 Ms. on file (DAP-016). 
1980 First draft submitted (DAP-016). 

Morris, James N. 
1984 Excavations at Weasel Pueblo (Site 

5MT5l06), a Pueblo I-Pueblo II multiple oc
cupation site. Dolores Archaeological Pro
gram Technical Reports DAP-131. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1982 Ms. on file (DAP-131 ). 
1983 First draft submitted (DAP-131). 

1985 Excavations in Area 6. In Anasazi commu
nities at Dolores: Grass Mesa Village (Site 
5MT23), compiled by William D. Lipe, 
James N. Morris, and Timothy A. Kohler. 



Dolores Archaeological Program Technical 
Reports DAP-195. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-195). 
1985 First draft submitted (DAP-195). 

Morris, James N., Richard V. N. Ahlstrom, and Karen 
M. Dohm 

1985 Excavations in Area 4. In Anasazi commu
nities at Dolores: Grass Mesa Village (Site 
5MT23), compiled by William D. Lipe, 
James N. Morris, and Timothy A. Kohler. 
Dolores Archaeological Program Technical 
Reports DAP-195. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-195). 
1985 First draft submitted (DAP-195). 

Morris, Maxine M. 
1983 Excavations at Southview House (Site 

5MT2241), an Anasazi seasonal use site. Do
lores Archaeological Program Technical Re
ports DAP-11 0. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-110). 
1983 First draft submitted (DAP-110). 

Nelson, G. Charles 
1983 Excavations at Singing Shelter (Site 

5MT4683), a multicomponent site. Dolores 
Archaeological Program Technical Reports 
DAP-180. Ms. on file, Dolores Archaeologi
cal Program, Dolores, Colorado. 
NOTE: Refer to Nelson and Kane ( 1985). 

1984 Excavations at Pozo Hamlet (Site 5MT4613), 
a Basketmaker III - Pueblo I habitation. Do
lores Archaeological Program Technical Re
ports DAP-133. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Ms. on file (DAP-133). 
1984 First draft submitted (DAP-133). 

1984 Dovetail Hamlet (Site 5MT2226), a Pueblo 
I habitation. Dolores Archaeological Program 
Technical Reports DAP-165. First draft sub
mitted to the Bureau of Reclamation, Upper 
Colo. Region, Sale Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
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1984 Ms. on file (DAP-165). 
1984 First draft submitted (DAP-165). 

1985 Excavations at Willow Flat Pueblo (Site 
5MT51 04), a Pueblo I habitation. Dolores Ar
chaeological Program Technical Reports 
DAP-136. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1983 Ms. on file (DAP-136). 
1984 First draft submitted (DAP-136). 

1985 Excavations at Standing Pipe Hamlet (Site 
5MT5985), a possible Basketmaker III -
Pueblo I habitation. Dolores Archaeological 
Program Technical Reports DAP-137. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1983 Ms. on file (DAP-137). 
1984 First draft submitted (DAP-137). 

Nelson, G. Charles, and Allen E. Kane 
1985 Excavations at Singing Shelter (Site 

5MT4683), a multicomponent site. Dolores 
Archaeological Program Technical Reports 
DAP-180. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1984 Ms. on file (DAP-180). 
1984 First draft submitted (DAP-180). 
NOTE: Refer to Nelson (1983). 

Neusius, Phillip D. 
1985 Functional analysis of selected flaked lithic 

assemblages from the Dolores River valley: 
a low-power microwear approach. Dolores 
Archaeological Program Technical Reports 
DAP-265. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1984 Ms. on file (DAP-265). 
1985 First draft submitted (DAP-265). 

Neusius, Sarah W. 
1983 Faunal remains from Prince Hamlet. In Ex

cavations at Prince Hamlet (Site 5MT2161), 
a Pueblo I habitation site, by Lynn Sebastian, 
pp. 305-334. Dolores Archaeological Program 
Technical Reports DAP-082. Final report 
submitted to the Bureau of Reclamation, Up
per Colo. Region, Salt Lake City, in compli
ance with Contract No. 8-07-40-S0562. 
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1982 Ms. on file (DAP-082). 
1983 First draft submitted (DAP-082). 

1983 Faunal remains from LeMoc Shelter. In Ex
cavations at LeMoc Shelter (Site 5MT2151), 
a multiple-occupation Anasazi site, by Pa
trick Hogan, pp. 276-308. Dolores Archaeo
logical Program Technical Reports DAP-083. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-083). 
1983 First draft submitted (DAP-083). 

1983 Faunal remains from Area 4 at Grass Mesa 
Village. In Archaeological investigations on 
Grass Mesa: Area 4, 1979, by Richard V. N. 
Ahlstrom and Karen Dohm, pp. 156-178. 
Dolores Archaeological Program Technical 
Reports DAP-086. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1981 Ms. on file (DAP-086). 
1983 First draft submitted (DAP-086). 

1983 Faunal remains from Periman Hamlet, Area 
I. In Excavations at Periman Hamlet (Site 
5MT4671), a Pueblo I habitation, by Richard 
H. Wilshusen, pp. 313-339. Dolores Archae
ological Program Technical Reports DAP-090. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1982 Ms. on file (DAP-090). 
1983 First draft submitted (DAP-090). 

1983 Faunal remains from Aldea Sierritas. In Ex
cavations at Aldea Sierritas (Site 5MT2854), 
a Basketmaker III - Pueblo I habitation, by 
Kristin A. Kuckelman, pp. 193-228. Dolores 
Archaeological Program Technical Reports 
DAP-107. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1981 Ms. on file (DAP-1 07). 
1983 First draft submitted (DAP-107). 

1984 Faunal remains from Windy Wheat Hamlet. 
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In Excavations at Windy Wheat Hamlet (Site 
5MT4644), a Pueblo I habitation, by Joel M. 
Brisbin, pp. 458-475. Dolores Archaeological 
Program Technical Reports DAP-108. Final 
report submitted to the Bureau of Recla-

mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1982 Ms. on file (DAP-108). 
1983 First draft submitted (DAP-108). 

1984 Faunal exploitation during the McPhee 
Phase. Evidence from the McPhee Com
munity Cluster. Dolores Archaeological Pro
gram Technical Reports DAP-178. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1984 Ms. on file (DAP-178). 
1984 First draft submitted (DAP-178). 

1984 Faunal resource use: perspectives from the 
ethnographic record. In Dolores Archaeolog
ical Program: studies in environmental ar
chaeology, compiled by Kenneth Lee 
Petersen, Vickie L. Clay, Meredith H. Mat
thews, and Sarah W. Neusius, pp. 194-213. 
Dolores Archaeological Program Technical 
Reports DAP-192. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 

1984 Past faunal distribution and abundance 
within the Escalante Sector. In Dolores Ar
chaeological Program: studies in environ
mental archaeology, compiled by Kenneth 
Lee Petersen, Vickie L. Clay, Meredith H. 
Matthews, and Sarah W. Neusius, pp. 138-
193. Dolores Archaeological Program Tech
nical Reports DAP-192. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 

1984 The Dolores Archaeological Program faunal 
data base. In Dolores Archaeological Pro
gram: studies in environmental archaeology, 
compiled by Kenneth Lee Petersen, Vickie 
L. Clay, Meredith H. Matthews, and Sarah 
W. Neusius, pp. 214-234. Dolores Archaeo
logical Program Technical Reports DAP-192. 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 First draft submitted (DAP-192). 
1985 Published. 



1985 Faunal remains: implications for Dolores 
Anasazi adaptations. In Anasazi communi
ties at Dolores: Grass Mesa Village (Site 
5MT23), compiled by William D. Lipe, 
James N. Morris, and Timothy A. Kohler. 
Dolores Archaeological Program Technical 
Reports DAP-195. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-195). 
1985 First draft submitted (DAP-195). 

Neusius, Sarah W., and Carl J . Phagan 
1985 Patterns of large and small game procure

ment among the Dolores Anasazi, A.D. 600-
900. Dolores Archaeological Program Tech
nical Reports DAP-221. Final report submit
ted to the Bureau of Reclamation, Upper 
Colo. Region, Salt Lake City, in compliance 
with Contract No. 8-07-40-S0562. 
1985 Ms. on file (DAP-221). 
1985 First draft submitted (DAP-221). 

Nylander, John P. 
1982 Photography - 1979. Dolores Archaeological 

Program Technical Reports DAP-045. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1980 Ms. on file (DAP-045). 
1981 First draft submitted (DAP-045). 
NTIS No. PB 84 167030. 

1984 Guidelines for survey photographs. In Do
lores Archaeological Program survey man
ual, by William Bohnenkamp, Douglas A. 
Goulding, Susan L. Breternitz Goulding, 
Gay A. Ives, Janet D. Orcutt, and Roger Wal
kenhorst, pp. 54-55. Dolores Archaeological 
Program Technical Reports DAP-147. Final 
report submitted to the Bureau of Recla
mation, Upper Colo. Region, Salt Lake City, 
in compliance with Contract No. 8-07-40-
S0562. 
1983 Ms. on file (DAP-147). 
1983 First draft submitted (DAP-14 7). 

Orcutt, Janet D. 
1981 Paleodemography and settlement patterns. 

In Dolores Archaeological Program synthetic 
report 1978-1981, by Dolores Archaeological 
Program, pp. 502-521. Dolores Archaeologi
cal Program Technical Reports DAP-055. Fi
nal report submitted to the Bureau of 
Reclamation, Upper Colo. Region, Salt Lake 
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City, in compliance with Contract No. 8-07-
40-S0562. 
1981 First draft submission (DAP-055). 
1984 Published. 

1983 Midlevel research design Survey Group. Do
lores Archaeological Program Technical Re
ports DAP-120. Final report submitted to the 
Bureau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1982 Ms. on file (DAP-120). 
1982 First draft submitted (DAP-120). 

1985 Climate, population, and resource supply in 
the Middle Canyon area. Dolores Archaeo
logical Program Technical Reports DAP-155 . 
Final report submitted to the Bureau of Re
clamation, Upper Colo. Region, Salt Lake 
City, in compliance with Contract No. 8-07-
40-S0562. 
1984 Ms. on file (DAP-155). 
1984 First draft submitted (DAP-155). 

198 5 Aspects of agricultural production and inten
sification at the McPhee Community Clus
ter. Dolores Archaeological Program Technical 
Reports DAP-156. Final report submitted to 
the Bureau of Reclamation, Upper Colo. Re
gion, Salt Lake City, in compliance with Con
tract No. 8-07-40-S0562. 
1984 Ms. on file (DAP-156). 
1984 First draft submitted (DAP-156). 

1985 Changes in aggregation and spacing in the 
Dolores area, A.D. 600-1175. Dolores Ar
chaeological Program Technical Reports 
DAP-216. Final report submitted to the Bu
reau of Reclamation, Upper Colo. Region, 
Salt Lake City, in compliance with Contract 
No. 8-07-40-S0562. 
1984 Ms. on file (DAP-216). 
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ted to the Bureau of Reclamation, Upper 1982 Pollen analysis - 1979. Dolores Archaeologi-
Colo. Region, Salt Lake City, in compliance cal Program Technical Reports DAP-049. Fi-
with Contract No. 8-07-40-S0562. nal report submitted to the Bureau of 
1979 Ms. on file (DAP-028). Reclamation, Upper Colo. Region, Salt Lake 
1981 First draft submitted (DAP-028). City, in compliance with Contract No. 8-07-
NTIS No. PB 84 165984. 40-S0562. 

1982 Pollen report for Prairie Dog Hamlet. In Ex-
1980 Ms. on file (DAP-049). 
1981 First draft submitted (DAP-049). 

cavations at Prairie Dog Hamlet (Site 
NTIS No. PB 84 167063. 

5MT4614), a Basketmaker III-Pueblo I hab-
itation site, by Richard W. Yarnell, pp. 187-

1983 Pollen report for Prince Hamlet. In Exca-
191. Dolores Archaeological Program Tech-
nica/ Reports DAP-029. Final report submit- vations at Prince Hamlet (Site 5MT2161), a 

ted to the Bureau of Reclamation, Upper Pueblo I habitation site, by Lynn Sebastian, 

Colo. Region, Salt Lake City, in compliance pp. 273-278. Dolores Archaeological Program 

with Contract No. 8-07-40-S0562. Technical Reports DAP-082. Final report 

1981 Ms. on file (DAP-029). submitted to the Bureau of Reclamation, Up-

1981 First draft submitted (DAP-029). per Colo. Region, Salt Lake City, in compli-

NTIS No. PB 84 165992. ance with Contract No. 8-07-40-S0562. 
1982 Ms. on file (DAP-082). 

1982 Pollen report for Casa Bodega Hamlet. In 1983 First draft submitted (DAP-082). 
Excavations at Casa Bodega Hamlet (Site 
5MT2194), a Pueblo I habitation site, by 1983 Pollen report for LeMoc Shelter. In Exca-
Gary A. Brown, pp. 77-80. Dolores Archae- vations at LeMoc Shelter (Site 5MT2151), a 
o/ogica/ Program Technical Reports DAP-030. multiple-occupation Anasazi site, by Patrick 
Final report submitted to the Bureau of Re- Hogan, pp. 340-356. Dolores Archaeological 
clamation, Upper Colo. Region, Salt Lake Program Technical Reports DAP-083. Final 
City, in compliance with Contract No. 8-07- report submitted to the Bureau of Recta-
40-S0562. mation, Upper Colo. Region, Salt Lake City, 
1982 Ms. on file (DAP-030). in compliance with Contract No. 8-07-40-
1982 First draft submitted (DAP-030). S0562. 
NTIS No. PB 84 166008. 1982 Ms. on file (DAP-083). 

1983 First draft submitted (DAP-083). 
1982 Pollen report for Cascade House. In Exca-

vations at Cascade House (Site 5MT4512), a 1983 Pollen report for Hamlet de Ia Olla. In Ex-
Pueblo I field house, by Richard H. Wilshu- cavations at Hamlet de Ia Olla (Site 
sen, pp. 115-117. Dolores Archaeological Pro- 5MT2181), a multiple-occupation Anasazi 
gram Technical Reports DAP-034. Final site, by Mary C. Etzkorn, pp. 118-122. Do-
report submitted to the Bureau of Recta- /ores Archaeological Program Technical Re-
mation, Upper Colo. Region, Salt Lake City, ports DAP-095. Final report submitted to the 
in compliance with Contract No. 8-07-40- Bureau of Reclamation, Upper Colo. Region, 
S0562. Salt Lake City, in compliance with Contract 
1980 Ms. on file (DAP-034). No. 8-07-40-S0562. 
1981 First draft submitted (DAP-034). 1981 Ms. on file (DAP-095). 
NTIS No. PB 84 166040. 1983 First draft submitted (DAP-095). 

858 



APPENDIX 

1983 Pollen report for Chindi Hamlet. In Exca- 1984 Ms. on file (DAP-181). 
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APPENDIX D 

DOLORES ANASAZI RESOURCE MIX: 
AN ALTERNATIVE APPROACH 

Allen E. Kane 

The intent of this appendix is to provide additional 
analysis and interpretation regarding the problem of 
Dolores Anasazi resource mix. In this appendix, the 
term "resource mix" refers to the subsistence 
composition of the local Anasazi groups. This 
discussion examines the extent to which the local 
Dolores groups relied on agricultural produce (in this 
case, corn) and the extent to which they relied on wild 
plants. Resource mix is an extremely important 
determinator in terms of the DAP models of cultural 
process (chap. 6), and the results of studies addressing 
resource mix can also be used in inferential descriptions 
of local Anasazi lifeways. This particular treatment of 
resource mix was developed as an alternative to the 
discussion presented in chapter 7; the intent here is to 
augment the chapter 7 discussion with interpretations 
that reflect a contrasting point of view. Controlling 
noncultural "noise" in the data sets used to develop 
inferences regarding resource mix is difficult because 
of the ambiguity between archaeological context and 
actual prehistoric behavior. Archaeological data 
pertinent to the resource mix problem therefore is 
usually equivocal in terms of interpretation. 

SELECTION OF A DATA BASE 

For this treatment of resource mix, the botanical data . 
was exclusively focused upon. To minimize the effects 
of noncultural "noise," it was thought necessary to 
control for 3 archaeological factors: (I) comparability 
of collection during excavation; (2) comparability of 
context; and (3) minimum representation of each 
modeling . period.' These factors are similar to those 
evaluated by Neusius (chap. 4, sect. 4) for faunal 
material and are briefly discussed by Matthews (chap. 
4, sect. 2) for botanical material. 

'Modeling periods were selected as temporal units so these results 
could be compared directly with the results obtained by the 
environmental archaeology staff. 

I. Outside the limits of the bulk soil sampling 
program guidelines (Litzinger 1979), collection of 
botanical material was at the discretion of the 
individual crew chief (Kane et al. 1981 ). For 
example, the inordinately high corn amount 
measurements for Period 5 reported by Petersen 
(chap. ?:table 7.5 and fig. 7.11) probably reflect 
archaeological factors rather than cultural 
behavior. Period 5 had a greater amount of 
sampled contexts than any other period, and this 
sampling bias is compensated for in the chapter 
7 discussion. However, certain other possible 
biases were not compensated for. The high Period 
5 corn measurements probably also reflect certain 
noncontrolled field collection techniques. The 
field crews discovered several burned Period 5 
storage rooms with large quantities of charred 
bulk corn (for example, Room 13 at Mesa Negra 
Pueblo [Kuckelman 1984a: 181]) and often 
collected sizable amounts of this material. This 
obviously would significantly affect the 
measurements based on amount of collected corn, 
especially since such contexts were infrequently 
encountered during other periods. Petersen (chap. 
7) recognizes the problem with measurements 
based on gross amounts of recovered corn and 
amounts of corn to sherd ratios and concludes 
these particular indices are not good indicators of 
resource mix change. Thus, only within the limits 
of the bulk soil sampling program was botanical 
material collected with any degree of consistency 
or control. Because botanical material collected 
outside the limits of the bulk soil sampling 
program does not provide any basis for statistical 
evaluation, only botanical material collected in 
bulk soil samples was considered in the analyses 
presented. 

2. The problem of comparability of context was 
evaluated in-depth by Neusius (chap. 4, sect. 4) 
for faunal material. Within the scope of the bulk 
soil sampling program, the most consistently 
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sampled archaeological contexts from which 
botanical materials were analyzed are hearths/ 
fireplaces within structures (table D. l ). None of 
the other sampled contexts demonstrated broad 
distribution through space. On ly mate rial 
recovered from bulk soil samples collected from 
hearths and firep laces is consi dered in the 
following treatments. 

3. To investigate changes in resource use through 
time, representation of all 7 periods was needed. 
Within the scope of the bul k so il sampling 
program, the most consistently sampled context 
from which botanical material was analyzed was 
again the hearth/fireplaces within structures group 
(table D.2). None of the other sampled contexts 
demonstrated as broad a distribution through 
time. Periods I, 6, and 7 were represented in the 
DAP cultural resource data bases by only a small 
number of occupations when compared to the 
other 4 periods; this unevenness is reflected in 
table 0 .2. Due to these small sample sizes, the 
results of tests that suggest differences involving 
these three periods should be viewed with caution. 

In addition to the 3 archaeological factors for which it 
was possible to compensate, several other factors have 
not been controlled for in the following treatments: (I) 
differences in sample size between modeling periods; 
(2) differences in volume between individual bulk soil 
samples; and (3) differences in number of samples 
collected per feature (individual hearths/fireplaces may 
be represented by more than one bulk soil sample). To 
provide maximum strength for the tests that follow, 
only samples that could be conservatively assigned to 
a single period were included in the treatment. 

In using the hearth-collected bulk soil data base to 
determine resource mix for various case sets, a crucial 
and perhaps somewhat shaky assumption is necessary. 
It must be assumed the contents of hearths reflect meal 
consumption. It seems reasonable to assume the 
particular hearths selected for this study (centrally 
located hearths with in habitation rooms or within 
pitstructures) were used for meal preparation, and that 
through spillage, discard of scraps, and cleaning of 
cooking utensi ls, hearth contents do refl ect the 
composition of meals consumed by the groups using 
the hearth. However, the contents of these central 
hearths would reflect other activit ies as well . A large 
portion of hearth contexts would be consumed and 
partially co nsum ed fue l (firew ood and other 
combustibles, perhaps including corn cobs). Also , 
refuse and accidental waste from other hearth-related 
activities (e.g. , initial processing of animal and plant 
resources as foodstuffs and other products) would 
probably also constitute a portion of central hearth 
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contents. The development of a procedure to control 
for the hearth content problem would be very complex 
and beyond the scope of this discussion. Thus, the 
hearth contents are simply viewed as reflecting resource 
mix; it is recognized a contribution from other-than
food sources complicates interpretation. Shifts in fuel 
resources might particularly affect hearth contents; the 
project staff has developed a "wood depletion" model 
(Kohler and Matthews 1984), in which variability in 
the availability and use of fuel resources is discussed. 

GENERAL EXPECfATIONS 

Expectations for resource mix are developed according 
to the precepts of the least cost (economic) and 
leadership (social organization) models . When 
specifically considering resource mix in terms of the 2 
models, basic differences in the motivating factors are 
responsible for changes in resource mix. These separate 
motivations result in a difference in the timing of 
change in resource mix. The direction of the predicted 
change is probably similar during some periods, but 
perhaps different for the time with the greatest observed 
cultural change, Period 5 (A.D. 880-920; corresponds 
to the late Periman and Grass Mesa Subphases). 

In the least cost model (see Lipe's discussion, chap. 6), 
changes in resource mix are viewed as a response to 
fluctuating costs. The general thrust of economic 
decisions will be to keep costs as low as possible in 
coping with demand; the least cost model developed by 
the project staff is thus a " satisficing" formulation. 
Costs, the "driver" in the model, are governed by 
supply and demand . Supply is affected by such 
variables as climate (e.g., drought , flu ctuations in 
growing season length), availability of targeted animal 
and plant resources, and access to and fertility of 
agricultural lands . Demand primarily refle cts 
population density and growth rates, although large 
populations might create greater proportional demand 
because of the management a nd integrat iv e 
"overheads" associated with large groups. Situations 
where costs are driven up by low supply, or increasing 
demand, or a combination of factors, trigger a response 
in economic strategies and ultimately resource mix. 
Increasing costs initially will result in an increase in 
investment in agricultural produce. Later, as the rising 
cost of agriculture makes alternate sources more 
attractive, a diversification to animal and wild plant 
resources occurs that previously had been relatively 
expensive (Lipe, chap. 6). This process is termed 
" agricultural intensification " or " subsi stence 
intensification" by the DAP and should be testable · 
through examination of pertinent archaeological data. 
Changes in resource mix should be correlated with 
periods of steeply rising costs. At Dolores, these are 
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Table D. I - Contexts from which botanical material from bulk soil samples was analyzed, by locality 

Proveniences Locality 

Sagehen Periman House Creek Grass Mesa Dolores Escalante Other* Total 

Inside Structures: 
Fills and features in fills 23 39 8 34 5 I 5 115 
Surfaces 24 31 4 36 0 I 4 100 
Hearths/fireplaces 19 60 18 94 4 3 5 203 
Ash pits 7 10 I II 0 0 30 
Pits without burning 7 14 2 25 2 0 51 
Other feaurest 28 35 21 23 2 I Ill 

Outside structures: 
Grid squares/excavation 
units 26 40 22 42 I I I 133 

Surfaces 2 2 3 0 0 0 0 7 
Hearths/fireplaces 14 II 9 4 I I 3 43 
Pits without burning 5 6 I 2 2 0 I 17 
Other featurest 16 13 0 4 2 3 4 42 

Total 171 261 89 275 19 13 24 852 

* This column contains contexts outside the boundaries of the takeline of the Dolores Project area. 
t All feature types grouped here are absent from at least one locality, and no one feature type contains more than 
1.1 cases. 

Table D.2 - Contexts from which botanical material from bulk soil samples was analyzed, 
by period 

Proveniences Period 
2 3 4 5 6 7 Other* Total 

Inside structures: 
Fills and features in fills 3 II 17 10 27 9 3 36 116 
Surfaces 10 9 9 II 21 5 3 32 100 
Hearths/fireplaces 4 18 14 26 82 12 6 43 205 
Ash pits 2 4 2 4 12 I I 4 30 
Pits without burning 2 4 5 7 15 I 0 17 51 
Other featurest 6 7 II 17 26 4 7 33 Ill 

Outside structures: 
Grid squares/e)lcavation units 3 8 29 22 0 I 7 66 136 
Surfaces 0 I 3 0 0 I 2 0 7 
Hearths/fireplaces 0 I II 4 187 4 12 II 43 
Pits without burning 0 3 3 4 2 I 0 4 17 
Other featurest 3 4 7 4 2 3 3 18 42 

Total 33 70 I ll 109 187 42 42 264 §858 

* This column contains contexts earlier than Period I and later than Period 7, as well as 
contexts that could not be assigned to a single period. 
t All feature types grouped here are absent from at least 2 periods, and no one feature type 
contains more than I 0 cases. 
§ The total number of contexts is greater than the total in table D.l because some contexts 
were used in more than one period. 
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Period 4, when rapid population increase created rising 
demand and a " pinch" on available agricultural land, 
and Period 5, when population was still high but when 
unstable climate adversely affected supply. The 
direction of the change should correspond to the 
" intensification" track just presented. 

In the leadership model, changes in resource mix are 
viewed as a response to organizational requisites. With 
the appearance and rise to prominence of leadership 
hierarchies, resource mix would be manipulated to 
produce the surplus necessary to create a source of 
controllable wealth for leadership growth and to 
promote population growth (Lipe, chap. 6). This is an 
economic " optimizing" model. Changes in resource 
mix should correspond with periods of population 
growth and aggregation, the appearance of leadership 
groups, and changes in household organization. At 
Dolores, these are Periods 2 and 3, and possibly Period 
4. It is assumed that the most practical means of 
creating a manipulable, storable food surplus is by 
emphasizing agricultural production, perhaps at the 
expense of other economic strategies. This change 
might be " intensification" of a sort, but it would not 
be accompanied or preceded by a diversification to wild 
animal and plant resources. Within the precepts of the 
leadership model, Period 5 economic stress resulting 
from unfavorable and unpredictable climate would 
have necessitated a response. This response is viewed 
primarily as organizational. The disappearance of 
agricultural surpluses (Wolf 1985) in the last decades 
of the ninth century would have destroyed the wealth 
and attractiveness of the leadership groups, and 
rendered these groups (the top of the social pyramid; 
Stuart and Gauthier 1981) expendable in terms of 
system survival. Local groups would have reverted to 
a simpler form of social organization. Without the 
emphasis on production of a surplus, agricultural 
production would be de-emphasized and alternate 
resources would be more attractive. 

The leadership model also has implications for 
nontemporal variation in the data. If leadership groups 
are indeed powerful within local Anasazi society, then \ 
it might be expected that wealth would be concentrated 
and consumed near the residences of these groups. 
These residences are thought to correspond to the 
management-associated ritual and ceremony locations 
identified by Kane (chap. 14) and the "potluck" 
locations specified by Blinman (chap. 15). Thus, a 
difference in "resource mix" between the residences of 
the common people and those of the groups vested with 
leadership or management privilege and wealth might 
occur. While the necessity of a management overhead 
for large groups is a precept of the least cost model, 
accumulation of wealth and its consumption to 
promote the ends of leadership groups are not "least 
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cost" in principal. According to the least cost model, 
there should be relatively little variation in resource 
mix between resident locations. 

THE TESTS 

Based on the derived resource mix expectations for 
each model, a battery of tests was developed and im
plemented. These tests were focused on 2 particular 
aspects of the DAP hearth-collected bulk soil sample 
data base: first, the total or mean number of plant fam
ilies represented in the particular case set used for a 
particular test; and second, the proportion of samples 
containing corn for each particular case set. The results 
of the tests generally are presented in 2 fashions . First, 
bar graphs are shown to facilitate visual comparison 
among case sets; these comparisons directly reflect the 
resource mix expectations derived from the general pre
cepts of the models. Second, statistical tests are imple
mented to objectively evaluate the perceived variability 
among the case sets. However, the degrees of differences 
predicted by the modeling expectations may not be 
manifest as statistically significant differences between 
sample populations. 

Tests Results and Interpretations 

The implemented tests can be grouped into several sets 
according to which model expectations are being eval
uated. The following discussion of test results is or
ganized according to these expectation sets. 

Test Set 1: Number of Botanical Families, By Period 

This test set was assembled to evaluate the temporal 
expectations developed for resource mix diversity . 
Briefly, according to the least cost model, resource di
versity should increase during Periods 4 and 5, when 
rising economic costs are absorbed by subsistence in
tensification. According to the leadership model, re
source diversity should decrease during Periods 2 and 
3 and remain low during Period 4, as agricultural pro
duction is emphasized at the expense of other subsist
ence strategies. During Period 5, dwindling surpluses 
result in organizational simplication and subsistence 
diversification. The results of the individual analyses 
in this test set are summarized in figures D. l , 0 .2, 0 .3, 
and 0.4, and in table 0 .3. If total identified botanical 
families by modeling period are considered (fig. D. l ), 
then resource mix apparently diversifies during Period 
5, as predicted by both models. However, this meas
urement does not substantiate the other temporal 
trends derived from the least cost and leadership for
mulations. The very even numbers of families identi
fied for Periods 1 through 4 seem contradictory, given 
the documented variation in other project data bases 
(for example, settlement patterns and architecture). 
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Figure 0 .1 - Total number of identified plant families in each 
period. 
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Figure 0 .2 - Mean number of plant families per hearth, by period 
(individual bulk soil samples for each hearth were 
combined). 
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Figure 0 .3 - Mean number of plant families in the largest bulk soil 
sample from individual hearths, by period. 
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Figure 0.4 - Mean number of plant samples per bulk soil sample, 
by period . 

Measurements of hearth content diversity, based on 
mean number of botanical families per hearth and per 
sample (figs. 0.2 through 0.4), show a quite different 
pattern of temporal variation. Very high diversity (the 
greatest for any period) is exhibited in Period 1; this is 
followed by low diversity in Period 2, similar to the 
predicted trend derived from the leadership model. 
However, the small increases during Periods 3 and 4 · 
and decreases during Periods 5 and 6 are not consistent 
with the other predictions from this model. The in
crease over Period 3 and relatively high values in Period 
4 would seem consistent with the predictions derived 
from the least cost formulation, but disappointingly, 
the decrease during Period 5 is unpredicted. Thus, the 
trends in botanical diversity, as measured by total num
ber of families per hearth or per sample, do not match 
well with the predictions of the models. 

To examine more fully what other factors might be re
sponsible for the observed variablity in this data set, a 
number of additional tests were undertaken (table 0.3). 
First, the magnitude of the observed variability among 
the modeling periods was tested with a chi-square com
parison between the observed values for each possible 
pair of periods . 

Based on the obtained values and the sizes of the in
dividual period sample universes, no statistically valid 
variation existed within this data set (table 0 .3). The 
observed distribution could result from chance factors 
(sampling error) affecting a data set with virtually no 
temporal variation. Even the visually prominent dif
ference in total number of plant families between Pe
riods 4 and 5 was not statistically significant (table 0 .3). 

Based on visual inspection, the temporal distribution 
of total families per period resembled that for number 
of collected samples by period (fig. 0 .5); the periods 
for which many samples were analyzed had relatively 
many identified plant families, while the periods for 
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Table 0.3 - Tests of significance for test set I 

A. Between total number of plant families and period 
(fig. 0.1) 

Null hypothesis: There is no association between the 
total number of plant families rep
resented and period. 

This hypothesis is accepted (X 2 = 4.182; p = 0.652). 
There is no association between the period and the total 
number of plant families represented. 

B. Between total number of plant families in Period 4 
and the total in Period 5 (fig. 0 .1 ). 

Null hypothesis: There is no difference between the 
total number of plant families rep- · 
resented in Period 4 and Period 5. 

This hypothesis is accepted (X 2 = 1.089; p = 0.297). 
There is no difference between Period 4 and Period 5 
as regards to the total number of plant families repre
sented per period. 

C. Between mean number of plant families per bulk 
soil sample and period (fig. 0.4). 

Null hypothesis: There is no association between the 
number of plant families represented 
per bulk soil sample and period. 

This hypothesis is rejected (F = 2.146; p = 0.0488). 
There is an association between period and the number 
of plant families represented per bulk soil sample. How
ever, based bn the correlation ratio (eta2) , the largest 
part of the total variance in the number of families (96 
percent) is due to factors other than period. Also, when 
Scheffe's* procedure is applied, no two groups are sig
nificantly different at the 0.05 level. Therefore, the re
lationship tested probably had no substantive 
significance. 

• Scheffe's procedure tests (SPSS) for significant dif
ferences between any two of the modeling periods, 
which may have been hidden in the initial test (Nie et 
al. 1975). 

which few samples were available had fewer identified 
families. 

It appears that a certain minimum threshold of sample 
size (perhaps 15 to 20 samples) will lead to the iden
tification of most of the common plants used by the 
Anasazi for food or fuel , but a great many samples (the 
136 for Period 5 is an example) are required if the rarely 
used plants are to be identified. If this relationship is 
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Figure D.S - Number of bulk soil samples collected per period. 

valid, the large increase in identified plant families dur
ing Period 5 reflects the large sample universe more 
than it does cultural practice. It also suggests the· di
versity of plant resource mix actually might have been 
greatest during Period I, which has as many identified 
plant families as Periods 2, 3, and 5, but from only 7 
analyzed samples. The total sample universe for 
Period I was only about 20 to 30 percent of that for 
Periods 2 through 4. This interpretation is similar to 
those made on the basis of the mean number of plant 
families per hearth or per sample measurements. 

The variation among periods was significant for mean 
number of families per bulk soil sample (table 0.3); 
also, the variation could be attributable to factors other · 
than merely the variations in mean values among mod
eling periods. This suggests the differences in this data 
set might be attributable to cultural factors. These 
measurements of subsistence diversity, based on the 
contents of room and pitstructure hearths, do not pro
vide much in the way of consistent support for either 
model. A greater diversity of plant resources may have 
occurred during Period I with a decrease during Period 
2 and subsequent periods. This interpretation supports 
the leadership model. A large portion of the variability 
observed in this data set may be the result of unsus
pected cultural factors (abandonment practices, season 
of hearth deposition) or archaeological factors (differ
ential presentation, variable sample size). 

Test Set 2: Proportions of Samples Containing Corn, by 
Period 

This test set was developed to evaluate the model pre
dictions for dependence on agricultural produce. To ap
proximate use of agricultural produce, the percent of 
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corn identified in the total sample universe for each 
modeling period was calculated. Two different ap
proaches were employed; first, using any part of the 
corn plant as a positive identification (fig. D.6); and 
second, using only corn kernels to constitute an iden
tification (fig. 0.7). By limiting identifications to ker
nels only, it was thought that the Anasazi use of corn 
for purposes other than food (the use of corn cobs for 
fuel, for example) might be balanced. 

The predictions derived from the models regarding the 
importance of corn (agricultural produce) are as fol
lows: according to the precepts of the least cost model, 
dependence on agricultural produce should be highest 
during Periods 4 and 5, with the greatest increase in 
dependence occurring between Periods 3 and 4. In the 
leadership model, Periods 3, 4, and 5 should exhibit 
relatively high dependence, with increases in depend
ence first evident during Period 2. The trends in the 
ali-corn measurements, with the exception of the un
anticipated dip in Period 4, closely mirror the predic
tions of the leadership model. The documented trends 
in this index appear to provide less support for the least 
cost model, although the relatively high percent of corn 
in Period 5 hearths is a critical supporting point. The 
kernel-only measurements do not support either model 
and also do not correlate well with the total corn in
dices. This measurement will be disregarded in later 
discussion. 

Test Set 3: Further Examination of the Variability Within 
Period 5 

As Period 5 is a critical time span in terms of the pre
dictions for both models, and as understanding of the 
cultural processes occurring in the last portion of the 
9th century and first portion of the lOth century is 
important in terms of the prehistory of the Dolores 
Anasazi, some additional measurements were devel
oped to further assess the characteristics of resource 
mix during this period. These measurements were tests 
of statistical significance performed on several subsets 
of the data (table 0.4). 

Based on variations in architectural patterns, some 
basic shifts in household organization and group mo
bility occurred during the last part of the ninth century 
(refer to earlier Periman and Grass Mesa Subphase dis
cussions in this chapter). The groups residing at 
McPhee Village and perhaps the large villages on the 
highlands to the west of the river valley (Cline Crest 
Village and Windy Ruin) maintained the traditional 
cooperating families (interhousehold) form of organi
zation with relatively low mobility. However, some 
groups residing at Grass Mesa Village and Rio Vista 
Village may have shifted to a simpler nuclear family 
based household organization and relatively )ligh mo-
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Figure D.6 - Percent of hearths containing com remains (all plant 
parts), by period. 
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Figure 0 .7- Percent of hearths containing corn kernels, by period. 

bility. This basic dichotomy within the period should 
also be reflected in resource mix. It is expected that 
Grass Mesa hearths would contain a greater diversity 
of total plant families and lesser proportions of corn 
when compared to the Periman Subphase hearths at 
McPhee Village. 

A complicating factor is the possiblity the Grass Mesa 
Subphase occupation at Grass Mesa Village was pri
marily a winter occupation, and the residents were 
subsisting primarily on stored produce, principally . 
corn, during the winter (Lipe et al., comps. 1985: 18.94). 
If so, then the contents of the Grass Mesa Subphase 
hearths would not be an accurate reflection of the true 
annual resource mix. The contents of 65 Periman Sub
phase and 71 Grass Mesa Subphase hearths were eval
uated. The mean number of plant families per hearth 
for the Periman data set was 6.18 versus 6.08 for the 
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Table D.4 - Tests of significance for test set 3 

A. Mean number of plant families per hearth in Per
iman Subphase versus mean number in Grass Mesa 
Subphase 

Null hypothesis: During Period 5 there is no associa
tion between the number of plant 
families represented in a sample and 
the subphase which the sample rep
resents. 

This hypothesis is accepted (F = 2.01 ; p = 0.836). Dur
ing Period 5 there is no significant association between 
the subphase which a sample represents and the number 
of plant families represented in the sample. 

B. Presence or absence of corn in Periman Subphase 
hearth bulk soil samples versus presence or absence 
in Grass Mesa samples. 

Null hypothesis: During Period 5 there is no associa
tion between the presence or absence 
of Zea mays in a sample and the sub
phase that the sample represents. 

This hypothesis is rejected (X 2 = 4.38; p = 0.0363). 
During Period 5 there is an association between the 
subphase that a sample represents and the presence or 
absence of Zea mays in the sample. A higher proportion 
of the samples representing the Periman Subphase con
tain Zea mays, while lower proportions of the samples 
representing the Grass Mesa Subphase contain Zea 
mays. However, examination of the value of phi (0 = 

0.18) suggests that the association is very weak and may 
not have substantive significance. 

Grass Mesa set. The difference in composition between 
the sets was not statistically significant (table D.4). 
When proportions of samples containing corn were cal
culated for the 2 data sets, 78.5 percent of the Periman 
hearths yielded corn versus 62.0 percent for the Grass 
Mesa hearths. This difference was statistically signifi
cant based on a 0.05 level of probability (table D.4). 
These results indicate that Periman and Grass Mesa 
groups were exploiting similar ranges of plant resources 
but that Periman groups may have been depending to 
a greater extent on corn. The expectation that Grass 
Mesa was primarily a winter residence during the Grass 
Mesa Subphase was not supported by this analysis. 

Test Set 4: Comparison of Nuclear Family Hearths and 
Interhousehold Hearths 

This and the following test sets were generated to ex
amine some aspects of nontemporal variability in re
source mix as reflected in hearth contents. Generally, 

888 

these measurements and tests were developed to eval
uate the relationship between social organization and 
resource mix. Test set 4 in particular was developed to 
examine the differences, if any, between resource mix 
at the nuclear family level and resource mix at the in
terhousehold level during the period when household 
organization is believed to be relatively complex. Dur
ing the A.D. 780-910 period (approximately Periods 3, 
4, and 5), hearths in surface rooms are believed to have 
been used by individual nuclear families, while hearths 
in pitstructures were shared by the several nuclear fam
ilies that constituted an interhousehold. It is assumed 
that the interhousehold as a unit shared some meals 
and food resources while in the pitstructure. No specific 
predictions were used for this test set; rather, the intent 
was to determine whether any variability occurred be
tween the 2 socially distinct types of hearths. The sam
ple set contained a total of 150 surface room (nuclear 
family) hearths for Periods 3, 4, and 5, and contained 
101 pitstructure (interhousehold) hearths. The mean 
number of plant families per hearth was 5.9 (SD = 2.4) 
for surface rooms and 6.5 (SD = 3.0) for pitstructures. 
This may suggest slightly greater diversity in meals and 
resources for interhousehold groups; however, the dif
ference between the hearth content populations was not 
statistically significant (table D.5). When presence or 
absence of corn (all plant parts) was considered, corn 
was present in 67.9 percent of the nuclear family 
hearths and 69.3 percent of the interhousehold hearths. 
This difference is too slight to be considered significant 
in terms of interpretation and was statistically insig
nificant as well (table D.5). 

Test Set 5: Intercommunity Variability in Resource 
Mix 

This set of measurements was developed to further ex
amine the predictions of the leadership model regarding 
their "poor cousins" at the smaller communities. How
ever, the first part of this expectation might be affected 
by variability in catchment, which may result from a 
variety of behaviors. For example, groups accessing 
catchments with relatively small acreages of agricultural 
lands but with varied wild plant resources might have 
a dietary preference for the latter. 

In the following presentation, McPhee Village is con
sidered a "large" community, Grass Mesa Village is a 
"smaller" community, and House Creek and Rio Vista 
Villages are the "smallest" communities; this charac
terization is based on the comparative total roomblock 
lengths provided in chapter 14, figure 14.3. The sample 
universe was restricted to the Periman Subphase por
tion of Periods 4 and 5, so possible variability resulting 
from the different social structures of Grass Mesa Sub
phase groups would be eliminated. A total of 132 sam
ples was included in the analysis-66 from McPhee 



Table D.5 - Statistical tests for test set 4 

A. Mean number of plant families per nuclear family 
hearth versus number per interhousehold hearth. 

Null hypothesis: During Periods 3, 4, and 5 there is no 
association between the number of 
plant families represented in a sample 
and whether the sample is interpreted 
to represent within-household or 
between-household use 

This hypothesis is accepted (F = 1.53; p = 0.079). Dur
ing Periods 3, 4, and 5 there is no association between 
the interpretation of within-household or between
household use and the number of plant families rep
resented in the sample. 

B. Presence or absence of corn in nuclear family 
hearths versus presence or absence in interhouse
hold hearths. 

Null hypothesis: There is no association between the 
presence of absence of corn in a sam
ple and whether the sample is inter
preted to represent within-household 
or between-household use. 

This hypothesis is accepted (X 2 = 0.059; p = 0.808). 
There is no association between the interpretation of . 
within-household or between-household use and the 
presence or absence of corn in the sample. 

Village, 46 from Grass Mesa Village, and 20 from Rio 
Vista and House Creek Villages (combined). The mean 
number of plant familes per hearth was 6.4 (SD = 3.11) 
for McPhee Village, 5.4 (SD = 2.70) for Grass Mesa 
Village, and 7.4 (SD = 2.60) for House Creek and Rio 
Vista villages combined. The differences among com
munities are statistically significant (table D.6). These 
results provide only partial support for the predicitons 
derived from the leadership model. Contents of Mc
Phee Community cluster hearths were more diverse 
than those representing Grass Mesa, which is consistent 
with model predictions. However, neither the McPhee 
or the Grass Mesa data universe was as diverse in terms 
of mean number of plant families as the one repre
senting the smallest villages (House Creek-Rio Vista); 
this result contradicts the prediction of the leadership 
model. The sample size for the smallest villages is small, 
but the statistical test indicates the observed differences 
are significant. This suggests that factors other than 
those integral to the model predictions are affecting the 
distributions-perhaps other cultural factors or sam
pling error. The other prediction, regarding a possible 
relationship between catchment characteristics, was 
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also not well supported by the results of this test. Grass 
Mesa Village has the most desirable catchment in terms 
of wild plant resource variability, but the hearth con
tents from Grass Mesa were comparatively low in terms 
of plant family diversity. 

The proportion-of-corn measurement also yielded am
biguous results in terms of model predictions: 74.4 per
cent of the McPhee Village hearths contained corn 
versus 63.0 percent for Grass Mesa hearths and 
80.0 percent for House Creek-Rio Vista; these differ
ences were not statistically significant (table D.6). Thus, 
the relationship between McPhee and Grass Mesa was 
as anticipated, but the proportions for the House Creek
Rio Vista hearths were much higher than expected. It 
may be coincidence or a result of legitimate cultural or 
archaeological factors that both the plant diversity and 
corn proportion measurements for the smallest villages 
were much higher than anticipated. 

Test Set 6: Measurement of Resource Variability in 
Oversized Pitstructures 

According to the leadership model, "oversized" pit
structures should be locations of suprahousehold or
ganization ritual and ceremony. Some of the ceremonial 
activities might have been in the form of "potlucks" 
hosted by high-status groups residing at the room block 
units associated with the oversized structures. Con
sumption of special foods may have been a facet of these 
potlucks. Based on these assumptions, oversized pit
structure hearths would exhibit less variability in plant 
families because of the specialized, ritual nature of the 
foods consumed in oversized structures. Also, because 
stored corn has been assumed to represent the wealth 
of the local Anasazi groups and because corn is assumed 
to be a staple, probably used as a major ingredient in 
ritually distributed foods, the proportion of corn re
mains in oversized pitstructure hearths might be ex
pected to be higher than that in other structures. 

The measurements in test set 6 provided partial support 
for these hypotheses. The mean number of plant fam
ilies in oversized pitstructure hearth samples was 4.6 
compared to 6.2 for other structures; this difference is 
statistically significant (table D.7). The corn measure
ments were not so clear cut. Ofthe 13 bulk soil samples 
from oversized pitstructure hearths, 7 (53.8 percent) 
contained corn; of the 194 samples from other struc
tures, 134 (69.1 percent) contain corn. Hence, the lead
ership model prediction was not borne out in this case. 
The difference between the 2 sample sets was not sig
nificant in a statistical sense, however, because of the 
lower number in the oversized pitstructure sample set 
(table D.7). The differences in the proportions therefore 
may be result of chance factors and not the result of 
cultural factors. 
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Table D.6 - Statistical tests for test set 5 

A. For significant association among mean number of 
plant families in McPhee, Grass Mesa, and Rio 
Vista-House Creek Community Cluster hearths. 

NHll hypothesis: During Periods 4 and 5, when only 
samples assigned to the Periman Sub
phase are considered, there is no as
sociation between the number of 
plant families represented in a sam
ple and the community cluster from 
which the sample was collected. 

This hypothesis is rejected (F= 3.462; p = 0.0342). Dur
ing Periods 4 and 5, when only samples assigned to the 
Periman Subphase are considered, there is an associ
ation between the community cluster from which a 
sample was collected and the number of plant families 
represented in the sample. However, based on the cor
relation ratio (eta2), the largest part of the total variance 
in the number of plant families (95 percent) is due to 
factors other than period. When Scheffe's procedure is 
applied, the Grass Mesa Community Cluster is shown 
to have significantly fewer plant families represented 
in a sample than the group of samples collected from 
the Rio Vista, House Creek, and May Canyon Com
munity Clusters. The mean number of plant families 
per sample from the McPhee Community Cluster falls 
between the two other means, but cannot be distin
guished from either of the other means on the basis of 
this test. 

B. For significant association the presence or absence 
of corn in a hearth bulk soil sample and the com
munity cluster from which the sample was collected. 

Null hypothesis: During Periods 4 and 5, when only 
samples assigned to the Periman Sub
phase are considered, there is no as
sociation between the presence or 
absence of corn in a sample and the 
community cluster from which the 
sample was collected. 

This hypothesis is accepted (X 2 = 2.546; p = 0.2799). 
During Periods 4 and 5, when only samples assigned 
to the Periman Subphase are considered, there is no 
significant association between the community cluster 
from which a sample was collected and the presence or 
absence of corn in the sample. The results of this test 
support the previous test where both Periman and 
Grass Mesa Subphase samples were considered. 
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Table D. 7 - Statistical test for test set 6 

A. Mean number of plant families in oversized pit
structure hearths versus number in other structure 
hearths. 

Null hypothesis: During Periods 4 and 5, oversized pit
structures do not have a significantly 
greater number of plant families per 
sample than the remainder of the 
structures from which samples were 
collected. 

This hypothesis was rejected (T = 2.11; p = 0.018: one
tailed test). Oversized pitstructures have a significantly 
lesser number of plant families per sample than the 
remainder of the structures when only samples from 
Periods 4 and 5 are considered. The mean number of 
plant families per sample for oversized pitstructures 
was 4.62, and the mean number of plant families per 
sample for the remainder of the structures was 6.25. 

SUMMARY AND CONCLUSIONS 

The resource mix measurements developed provided 
only minimum support for either the leadership or least 
cost models. The variability in the DAP bulk soil data 
set is the result of many complex factors , some of which 
are cultural, and others of which can be characterized 
as archaeological in origin. 

Considering the temporal trends in the data, resource 
mix diversity was probably highest during Period I 
(A.D. 600-700), as predicted by the leadership model , 
and was perhaps lower and fairly stable for the suc
ceeding periods. Resource mix diversity may have de
creased during Period 7, but a stronger statement is 
impossible because of the small sample size. Depend
ence on corn apparently was greatest during Periods 3, 
4, and 5 (A.D. 800-920). The apparent shift to high 
dependence on corn (before the time of peak population 
and climatic uncertainty in the last half of the ninth 
century) supports the leadership model. 

Additional measurements based on inferred variability 
in social organization and other precepts of the lead
ership model also yielded mixed results. Resource mix 
variability within Period 5 may be partially correlated 
with organizational variability. The simple organiza
tional household groups at the Grass Mesa Community 
may have been less dependent on corn as a staple than 
were the more complex organizational groups at 
McPhee Village. Resource mix diversity , however, 
seemed to be similar for the 2 communities-a finding 
that supports the least cost model. The predictions of 
the winter-residence model for Grass Mesa Village 



(continued high proportions of corn in the diet of res
ident groups) were not borne out by this study. Inter
household groups sharing meals in pitstructures may 
have incorporated a slightly greater diversity of plant 
foods . The predictions of the leadership model regard
ing better standards ofliving and perhaps a more varied 
and more highly corn dependent diet at larger com
munities was not supported by the measurements in 
this study, although the comparative values for McPhee 
Village and Grass Mesa Village were consistent with 
the expectations. Finally, " potlucks" at oversized pit
structures may have included ritual foods with spec
ialized ingredients; however, the measurements did not 
indicate the use of corn as a standard ingredient in these 
activities. 

Great care must be used in rendering interpretations 
based on these data. The initial impression that both 
cultural and archaeological factors, often very difficult 
to separate or identify, were responsible for the varia
bility within the data set was borne out. While efforts 
were made to limit noncultural factors at the initiation 
of the study, this effort was only partially successful. 
Thus, the summary statements presented in this final 
assignment must be regarded as tentative. The DAP 
bulk soil data base has great potential for further prof
itable research beyond what has been attempted in this 
report, both in terms of pioneering appropriate ana
lytical methodologies and in evaluating the cultural fac
tors responsible for some of the variability in this data 
set. 
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INDEX 

A 

Activity area, 355, 404. 

Additive technologies, 53. 

Additive technologies group, 53. 

Aggregation, 460, 543, 554, 704. 

Agricultural attractiveness, 703. 

Agricultural business, cost of, 525, 704. 

Agricultural cost index, 528. 

Agricultural intensification, 462, 472, 578, 598. 

Agricultural production potential, 503. 

Aldea Alfareros, 798. 

Aldea Sierritas, 799. 

Alliances, 679. 

Anasazi food sources, 4 71. 

Anasazi Tradition, 361. 

Apricot Hamlet, 794. 

Arable land, 503; relationship to population density, 
508. 

Arability index, 551. 

Archaic Tradition, 361. 

Architecture, 706; activity areas, 404, 406, 407, 409, 
410, 412, 414, 417, 421 , 422, 424; Anasazi, 402; 
bench, 404, 407, 412, 416, 422, 424; bin, 404, 407, 
410, 412, 417, 422, 424; data, 646; floor, 406, 409, 
410, 414, 415 , 421 , 650; hearth, 404, 407, 410, 
412, 417, 422, 424; layout, 402, 405, 407, 413, 
419, 420, 423; mealing station, 410; pitstructure, 
403, 406, 410, 415, 419, 421, 424, 619, 654; roof 
construction, 403, 405, 406, 409, 411, 414, 415, 
416, 421, 422, 424; step-up, 410; structure 
population, 402, 405, 407, 413, 419, 420, 423; 
surface structure, 403, 405, 408, 409, 413, 415, 
419, 420, 424, 620; variability, 647; ventilation 
system, 404, 407, 410, 412, 417, 422, 424; wall 
construction, 405, 408, 409, 414, 415 , 421 ; 
wingwall, 404, 407, 412, 417, 422, 424. 

ATG. See Additive technologies group. 

Attractiveness, 494. 

Axes, 141. 

B 

Basecamps, 355. 

Basketry, 54, 83. 

Beaver Point Phase, 398. 

Beaver Trap Shelter, 803. 

Bedrock, 123, 303. 

Bibliography, annotated, 807; manuscripts, 870; 
papers and other publications, 876; publications, 
865; technical reports, 818; theses and 
dissertations, 879. 

Bindings, 63. 

Biologic properties, 451 . 

Botanical base, 151 , 325, 477. 

Botanical resource uses, 165. 

Boundaries, geographic, 442, 667. 

Braids, 62. 

c 

Cahone manufacturing tract, 516. 

Cannibalism, 390. 

Casa Bodega, 795. 

Casa de Nada, 803 . 

Casa Roca, 795. 

Cascade House, 795. 

Catchments, 528; composition, 539; diversity, 539; 
studies, 547; types, 540. 

Ceramics, 53, 65; assemblages, 514; containers, 82, 
595; dating- See Dating, ceramics; Hopi, 400; 
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manufacture, 60 I; materials, 665, 669; nonlocal, 
690; resources, 79; Shoshonean, 400; 
specialization, 601 ; technology, 80, 595. 

Chacoan, 389; outliers, 389; structures, 389. 

Chindi Hamlet, 799. 

Cleome, 190, 484. 

Climate, 451 . 

Climatic reconstruction , 193, 311 ; data base, 312, 
330; droughts and growing seasons, 322; history of 
dry-farming belt, 316; integration, 312; relative 
attractiveness and abandonment, 322; tree-rings, 
317. 

Climbing Cactus Camp, 797. 

Cline Crest Ruin, 378. 

Cline Subphase, 377, 419. 

Closed models, 441. 

Coiled basketry, 55. 

Cold air risk index, 551. 

Comestible storage, 596. 

Community cluster, 358. 

Component, 359. 

Cooking jars, volume variation, 602. 

Cordage, 61. 

Co-residential group size, 509. 

Costs, economic, 612. 

Cost, flaked lithic toolkit, 134. 

Cost of doing agricultural business, 525. 

Cougar Springs Cave, 804. 

Cougar Springs Phase, 103, 362, 402. 

Crew weeks, 18. 

Crop failure patterns, 496, 499; frequency, 503. 

Cucurbitaceae, 165, 325. 
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Cultigens, 165, 166, 364. 

Cultural, change, 664; dynamics, modeling, 439; 
history, 353; materials, 453 ; process, 95, 165, 191 , 
633. 

D 

DAP. See Dolores Archaeological Program. 

Data base, 20, 33, 151 ; exchange, 664; facilities, 615; 
interaction, 664; pollen, 184; settlement behavior 
studies, 544. 

Dating, 709; assemblage, 70; ceramics, 69; neckband, 
69. 

Diet, 596. 

Distribution, material, 667. 

Districts, 358. 

Dolores Archaeological Program, concepts, 9; cultural 
resource base, 26; history, 3; location, 4; methods, 
9; organization, 6, 453; orientation, 9; overview, 3, 
325; research design, 16; site locations, 34; 
techniques, 9. 

Dolores manufacturing tract, 514. 

Dos Casas Hamlet, 794. 

Dos Casas Subphase, 365, 407. 

Dos Piedras Camp, 799. 

Dovetail Hamlet, 802. 

Drainage, site, 303. 

Droughts, 322, 498 . 

Dry-farming belt, history, 316. 

Dwelling unit, 355. 

E 

Economic, costs, 612; decisions, 612; organization, 
600; subsystem, 445; variables, 452. 

Economy and adaptation, 79, 154, 188, 302, 304. 

Edaphic properties, 451. 

Element, 359. 



Emerson Ruin, 387, 389. 

Emigration, 452. 

Environment, regional, 703. 

Environmental archaeology, 149. 

Environmental effects, 451. 

Episode, 359. 

Escalante Ruin, 394. 

Escalante Sector, 27. 

Escalante Subphase, 392, 425 . 

Escalante Village, 394. 

Excavated site locations, 34. 

Excavations, 25 . 

Exchange, 454, 463, 542, 612, 663, 706. 

Extraregional relationships, 91 , 304, 443, 454, 683. 

F 

Facilities, 543, 611 ; model, 613. 

Faraway House, 795. 

Farmbelt position, 500. 

Faunal data base, 199, 328, 472; procedures, 201 ; 
annotated list, 213. 

Felted material, 60. 

Flaked lithic toolkit cost, 134. 

Food preparation, 596. 

Food sources, 4 71 . 

Formal series, 20, 359. 

Forts, 355. 

Full site equivalent, 18. 

G 

Garden hunting, 471. 

General research design, 4, 16, 188, 304. 

INDEX 

Geoarchaeology, 310. 

Geographic boundaries, 442, 667. 

Geologic, formations, 125, 126; properties, 451 ; 
studies overview, 303; studies review, 303. 

Geology, 123, 303, 451 ; data, 330. 

Geomorphology, 303. 

Golondrinas Oriental, 801. 

Grass Mesa Subphase, 370, 419. 

Grass Mesa testing program, 797. 

Grass Mesa Village, 805. 

Gray wares, 81 , 95, 670, 673. 

Great Cut Phase, 103, 361. 

Growing seasons, 322, 498, 526. 

H 

Habitations, 354, 358, 504. 

Habitation sites, 113, 545. 

Hafted tools, 141. 

Hamlets, 355. 

Hamlet de Ia Olla, 798. 

Hanging Rock Hamlet, 377. 

Harvest shortages, 500. 

Hawk House, 796. 

Health, 452. 

Homeostasis, 441. 

Hopi ceramics, 400. 

Horse Bone Camp, 796. 

Horsefly Hamlet, 796. 

House Creek Village, 805. 

Households, number of, 526; distribution, 558 . 
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Households and population size, estimates, 507. 

Household cluster, 356, 357, 649. 

Households per rubble mound, 510. 

Households per site, 509. 

Human burials, 390, 401. 

I 

Immigration, 85, 452, 500. 

Implementation design, 17. 

Indigenous plants, 156, 159. 

Integration, 543. 

Interaction, 663. 

Intensification index, 548. 

Intensification, measures of, 595. 

Independent households, 356. 

Interareal relationships, 443, 454. 

Interhousehold cluster, 356, 357. 

Intercommunity units, 358. 

Intersystem exchange, 612. 

Intracommunity units, 355. 

J 

Jeddito Hamlet, 800. 

K 

Kangaroo Camp, 799. 

Kin Tl'iish, 802. 

Kivas, 355, 379, 397, 416. 

L 

Land capability classes, 308. 

Large habitation sites, 114. 

Late Pueblo Traditions, 398. 
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LeMoc Shelter, 797. 

Limited activity, loci, 354, 545; sites, 113. 

Lithic materials, 665; nonlocal 685, 692. 

Lithic profiles, 103. 

Lithic tools, technology, 577. 

Localities, 358. 

Local sequence, 359. 

Locational studies, 547. 

Lone Aspen Camp, 400, 401. 

Long-distance immigration, 85. 

Los Atavios, 800. 

M 

Macrobotanical data base, 151, 325, 477; structure, 
152. 

Managerial groups, 635; dating, 639. 

Mann-Whitney U-test, 553. 

Manufacturing tracts, 67. 

Marine shell, 666, 673, 687, 695. 

Marshview Hamlet, 795. 

Marshview Subphase, 382, 423. 

Masa Negra Pueblo, 801. 

Material distributions, 667. 

May Canyon Ruin, 77. 

Maul, 141. 

McPhee Phase, 104, 368. 

McPhee Pueblo, 802. 

Mesa Verde ceramic/pottery, 66. 

Mesoamerican households, 356. 

Midlevel research design, 6. 



Migration, 500. 

Mitigation efforts, 9, 44. 

Mockingbird Mesa study area, 497. 

Models, 439; economic, 456; evaluation of, 703; 
social, 457; implications, 459. 

Mogollon Region, 85. 

Moonlight House, 795 . 

N 

Neckband dating. See Dating, neckband. 

Neighborhood, 358. 

Netting, 60. 

Nonflaked lithic items, 669. 

Nuthatch Hamlet, 803. 

Nutrition, 452. 

Numic Traditions, 398. 

0 

Obsidian, 684. 

Open models, 441. 

Organizational differentiation, 584. 

Overview, Dolores River valley, 353. 

p 

Packrat midden study, 312. 

Paintbrush House, 803. 

Paleoclimatic data, 330; See also Climatic 
reconstruction. 

Paleodemography, 84. 

Paleo-Indian Tradition, 361. 

Pecos classification, 21 . 

Periman Hamlet, 798. 

INDEX 

Periman Subphase, 368, 41 2. 

Periods, 21. 

Perishable materials, 65. 

Personnel needs, 543. 

Phaseolus, 165, 325. 

Phases, 20, 21 , 359; Cougar Springs, 103; Great Cut, 
103; McPhee, 104; Sagehen, 103; Sundial, 104. 

Pheasant View Hamlet, 794. 

Pinyon House, 802. 

Pioneer plants, 173. 

Pithouse, 355; pocket, 376. 

Pitstructures, 619; See also Architecture, 
pitstructures. 

Plaited basketry, 54. 

Plants, wild, 175. 

Pocket pithouse, 376. 

Poco Tiempo, 805. 

Pollen, 184; analysis, 184, 312; data base, 184, 31 2, 
325; sample processing, 187; sample selection, 
184. 

Population, 444, 493, 612, 704; change, 504, 51 2, 
519; density, 452, 494, 495, 508, 544; density 
computation, 548; distribution, 459, 677, 703; 
emigration, 452; factors, 451 ; growth rates, 494, 
510; health, 452, 495; immigration, 85, 452; 
model, 493; movement, 459, 494, 495, 500, 518, 
703; nutrition, 452, 495; proxy measures, 505; 
regional trends, 512, 519; settlement pattern, 460; 
size, 451, 494, 495; size. estimates, 507; spacing, 
544; variables, 494. 

Postdepositional processes, effects, 204. 

Pozo Hamlet, 80 1. 

Prairie Dog Hamlet, 794. 

Prehistory, 353. 

Prince Hamlet, 797. 
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Problem domains, 149. 

Processing strategies, 302. 

Procurement strategies, 302. 

Program systematics, 19, 353. 

Protohistoric Phase, 40 I. 

Pueblo de las Golondrinas, 800. 

R 

Rabbitbrush Pueblo, 802. 

Raw materials, 123. 

Reconstructible vessels, 68. 

Reductive technologies, 103. 

Red wares, 81 , 95, 672, 675, 676. 

Regional environment, 703. 

Relative abundance, 266. 

Relative attractiveness, 494, 518. 

Research design , 16; See also General research 
design, Midlevel research design. 

Reservoir Village, 384. 

Reservoir Ruin, 378. 

Resources, 79, 123, 155, 158, 178, 188, 199, 204, 213, 
302, 443, 451 , 452, 469, 494; acquisition, 612; 
buffering, 679; diversification, 580; exploitation 
cost, 541 ; mix, 470, 540, 881; production, 612; 
studies, 469; use, 184, 188, 213, 302, 469, 540. 

Ridge Line Camp, 796. 

Rio Vista Village, 801. 

River Rat Rockshelter, 803. 

Roomblock cluster, 357. 

. Roomsuite, 355. 

Rubble areas, 556, 557. 

Rubble mound, 33, 510. 
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s 

Sagehen Phase, 103, 363, 402. 

Sagehill Hamlet, 793. 

Sagehill Subphase, 364, 404. 

Sandstone manufacturing tract, 516. 

San Juan manufacturing tract, 514. 

Seasonal loci, 354, 545. 

Seasonal sites, 113. 

Sectors, 358; sequence, 359. 

Seed jars, 596. 

Settlements, 358, 460. 

Settlement behavior model, 539; data, 642; 
evaluation, 557; socio-political variables, 567, 570. 

Settlement pattern, 460. 

Settlement permanence, 544. 

Sheep Skull Camp, 793. 

Shell, marine, 666, 673, 687, 695 . 

Shoshonean ceramics, 400. 

Singing Shelter, 804. 

Sites, assigning to periods, 506. 

Sites, numbered. 
5DL444, 804. 
5DL445, 804. 
5DL446, 804. 
5DL452, River Rat Rockshelter. 
5MT215l, LeMoc Shelter. 
5MT2161 , Prince Hamlet. 
5MT2181, Hamlet de la Olla. 
5MT2182, Rio Vista Village. 
5MT2192, Pheasant View Hamlet. 
5MT2193, Dos Casas Hamlet. 
5MT2194, Casa Bodega Hamlet. 
5MT2198, Sagehill Hamlet . 
5MT2199, Horse Bone Camp. 
5MT2202, Sheep Skull Camp. 
5MT2203, Casa Roca. 
5MT2205, Moonlight House. 
5MT2215, Sundance Pueblo. 



5MT2226, Dovetail Hamlet. 
5MT2235, Marshview Hamlet. 
5MT2236, Horsefly Hamlet. 
5MT2241 , Southview House. 
5MT2242, Ridge Line Camp. 
5MT23 , Grass Mesa Village. 
5MT2320, House Creek Village. 
5MT2322, Squawbush Hamlet. 
5MT2336, Kin Tl'iish. 
5MT2378, Poco Tiempo. 
5MT2663, Cline Crest Ruin. 
5MT2729, Paintbrush House. 
5MT2731 , Casa de Nada. 
5MT2854, Aldea Sierritas. 
5MT2858, Apricot Hamlet. 
5MT4447, Emerson Ruin. 
5MT4475, McPhee Pueblo. 
5MT4477, Masa Negra Pueblo. 
5MT4479, Aldea Alfareros. 
5MT4480, Rabbitbrush Pueblo. 
5MT4512, Cascade House. 
5MT4541 , Jeddito Hamlet. 
5MT4545, Tres Bobos Hamlet. 
5MT4613, Pozo Hamlet. 
5MT4614, Prairie Dog Hamlet. 
5MT4644, Windy Wheat Hamlet. 
5MT4650, Hanging Rock Hamlet. 
5MT4654, Beaver Trap Shelter. 
5MT4671 , Periman Hamlet. 
5MT4673, Faraway House. 
5MT4681 , Hawk House. 
5MT4682, Climbing Cactus Camp. 
5MT4683, Singing Shelter. 
5MT4690, Kangaroo Camp. 
5MT4725, Tres Chapulines. 
5MT4751 , Pinyon House. 
5MT4779, Dos Piedras Camp. 
5MT4797, Cougar Springs Cave. 
5MT5104, Willow Flat Pueblo. 
5MT5106, Weasel Pueblo. 
5MT5107, Pueblo de las Golondrinas. 
5MT5108, Golondrinas Oriental. 
5MT5380, Star Bead Shelter. 
5MT5399, Los Atavios. 
5MT5863, Nuthatch Hamlet. 
5MT5985, Standing Pipe Hamlet. 
5MT6794, May Canyon Ruin. 

Sites, estimating occupation duration, 506; report 
abstracts, 793; size, 505 , 564, 565; type diversity, 
540; typology, 19, 353, 355. 

Small habitation sites, 114. 

Smudged ware, 81 , 95, 672. 

Social complexities, measures of, 689. 

INDEX 

Sociatdeterminants of exchange patterns, 689. 

Social interaction, 677. 

Social organization, 88, 453, 495, 584, 600, 613, 633. 

Social subsystem, 449. 

Sociocultural stability, model, 440, 441. 

Socioeconomic opportunity, 495. 

Socioeconomic organization, 453. 

Sociopolitical development, 461 , 706; dating, 639; 
hierarchies, 636; model, 558; variables, 567. 

Soils, 303, 306; quality designation, 526. 

Southview House, 799. 

Spacing, 544; studies, 554. 

Spatial series, 19, 353. 

Spearman rank correlation coefficient tests, 563. 

Spreadsheets, 525. 

SPSS, 23. 

Squawbush Hamlet, 803. 

Standing Pipe Hamlet, 801. 

Star Bead Shelter, 800. 

Storage, 462, 706. 

STRUC20, 615. 

Subphases, 21 , 359. 

Subsistence, 705 . 

Subsistence intensification, measures of, 578. 

Sundance Hamlet, 396. 

Sundance Pueblo, 799. 

Sundial Phase, 104, 382, 423. 

Surficial studies, 25. 

SYMAP, 23. 

Systematics, 353. 
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T 

Taxa, annotated list, 213; relative abundance, 266. 

Technical reports, listing, 808, 818. 

Technologies. See Additive technologies, Reductive 
technologies. 

Technology, 453, 705; ceramic containers, 595; 
facilities, 611; lithic tools, 577. 

Temporal-functional matrix, 17. 

Temporal series, 359. 

Temporal-spatial assignments, 35 , 353. 

Temporal variability, 212. 

Testing program, 796; Grass Mesa, 797. 

Tools, assemblage composition and diversity, 542; 
cost, 134; hafted, 141; lithic, technology, 577; 
toolkit, 134. 

Topographic map, Dolores Project area, 527. 

Towers, 355. 

Tracks, 17. 

Tradition, 20, 359. 

Tree-ring studies, 312, 317. 

Tree-ring-index departure, 499. 

Tres Bobos Hamlet, 793. 

Tres Bobos Subphase, 363, 402. 

Tres Chapulines Pueblo, 798. 

Tri-walled structures, 389. 

Twine, 61. 
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Twined basketry, 59. 

u 

Use area, 355. 

Ute Indians, 402. 

v 

Vegetal materials, 53, 54. 

Vegetation of project area, 318. 

Vessel form classes, 82. 

Villages, 355. 

Volume, cooking jars, 86, 602. 

w 

Warfare, 454. 

Weasel Pueblo, 800. 

White wares, 81, 95, 671, 674, 676 

Wild plants, 175. 

Willow Flat Pueblo, 801. 

Windy Wheat Hamlet, 799. 

Wood resources, 178. 

Woods Canyon study area, 497. 

y 

Yucca cordage netting, 62. 

Yucca leaf sandal, 55. 

z 

Zea mays, 166, 169, 190, 325, 327, 362, 484, 486, 
505, 529, 621. 


