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ABSTRACT

Integrated geological studies for the Dolores Archaeological Program
provide project wide descriptions of landforms, rock units, Quaternary
sediments, soils, and drainage systems. Additionally, geological studies
provide alternative chronological control for archaeological material
recovery and climatic reconstructions.

During the 1979 field season preliminary geologic mapping of soils,
landforms, bedrock, and drainage areas was completed. Archaeological
stratigraphy was recorded and samples were taken for sedimentary analysis.
The resulting data base provides a working baseline form which revisions
and interpretations can be made with regards to settlement location,

resource availability, and agricultural potentials.
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PREFACE

Geological studies have continued to contribute informative data to

the Dolores Archaeological Program since 1979. This chapter was prepared

immediately after the 1979 field season and offers initial findings about

geology in the project area. Since the preparation of this report, many

new geologic interpretations and map revisions have been made. Other

geological consultants and U.S.D.A. Soil Conservation Service (S.C.S.)

personnel have been working in the project area resulting in the revised

interpretations. Increased numbers of stratigraphic exposures within

archaeological sites and with in Bureau of Reclamation excavations also
allow increased visibility of geological phenomena within the project
area.

The integration of these new concepts will be seen in future

geologic reporting in the series.
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GEOLOGY OF THE PROJECT AREA

Formal geological research was incorporated into the Dolores
Archaeological Program (D.A.P.) as part of the 1979 summer excavation
season. During development of the D.A.P. Research Design, questions about
prehistoric economy and cultural ecology were posed which could not be
answered adequately without baseline data about both the physical and
biotic environments of southwestern Colorado. The principal investigators
asked first for a statement of the potential for geological research to
contribute information relevant to the several problem domains defined for
the D.A.P. The statement of potential (Appendix A) emphasi.=2s that
geologic research would, first and foremost, provide a description of the
physical geography, including delineation of landforms, rock units,
sediments, soils, and drainages which could be described as components of
the environment utilized by people. Second, the statement of potential
indicates that geologic research would provide additional chronological
control for archaeological materials; could acquire data about both
cultural and natural chronologies within archaeological sites; and could
provide information relevant to studies of prehistoric climate and
climatic change.

When fieldwork began in 1979, three organizational tasks were
undertaken. The first was to generate a specific set of questions about
the local geology which would direct geologic research toward acquisition
of information relevant to the archaeology and would provide a set of
qdestions intended to integrate the geologic data into the archaeological
program. The second was to establish a set of priorities to insure that

the most critical work was done with the time, personnel, funds, and



facilities available. The third was to initiate a standardized system for
recording data about site stratigraphy so that a minimum set of comparable
information was collécted from all excavated sites.

The initial priority for data acquisition was to record the
strati aj y in archaeological excavations. Stratigraphic documentation
took precedence over all other work beause the record was destroyed by
excavation. Very early in the season it became obvious that the best
geologic record for the past 1000 years or so was cbntained within the
archaeological sites. This record is deemed critical for both the geology
and the archaeology since the processes of pithouse filling or room
filling record very localized erosion-deposition cycles. It is
anticipated that there is a pattern which will provide a basis for
inferring short-term climatic phenomena which controlled the kinds and
rates of local geologic processes throughout the span of Anasazi
occupation. The Earth Resources Task Group devoted at least half of their
working time to recording site stratigraphy and advising excavators. In
addition to field description, sediment samples and monolith columns were
taken for laboratory description and analysis.

The second major priority was to locate the ge01og{c provenience of
ceramic and lithic materials utilized prehistorically. This was done by
mapping the bedrock stratigraphy and noting the geologic source of
materials found in archaeological sites. A great deal of geologic
research has been done in surrounding areas, but only small scale or
localized reservoir project maps were available prior to the 1979 season.
Using the standard geologic section description and U.S.G.S area maps for
control, program geologists mapped and described the bedrock in the
project area at the standard U.S.G.S. 7.5 Minute Quadrangle scale of
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1:24,000 (Figure 9.1, 9.2, and Appendix B). The map provides a survey
control for the archaeology, and it shows the locations of present day
outcrops where local lithic resources can be found. Due to extensive
erosion, the exposures have been modified through time and one cannot say
precisely where aboriginal peoples procured tool stone, but the locations
of the resources are certain. The geology map is not a final product--it
is a working document. More thorough descriptions of the mapping units
are necessary. Measured sections will be desirable because not all of the
units in the D.A.P. area fit neatly into the Jurassic and Cretaceous
formation sequence. In some localities, large scale maps ¢ ich delineate
individual members or distinctive beds within the formations may be useful
for archaeological interpretation.

A map of the major landforms was made as the bedrock was being
mapped (Figures 9.3 and 9.4). This map delineates the major landforms
--the large scale topographic features--such as the dip slope, canyon
walls, fault scarps, knobs, ridges, terraces, and fans. Like the others,
this map is a working document. Many features, especially the canyon wall
unit and the dip slope unit, are too gross. They contain smaller
topographic features which are probably the archaeologically significant
features. One aspect of the geomorphology, the drainage system, was
mapped separately (Figure 9.5). The drainage-basin map delineates
drainage basins, the divides between basins, and the drainage ways.
Streams in the project area are classified by order, with the small,
unbranched streams designated as first order, and the largest stream, the
Dolores River, designated as sixth order. This is commonly termed the
Strahler System (Strahler [1]).

Work began on a map of the Quaternary deposits in the project area,

-3-
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Table 9.C.1 Identification Legend Cortez Soil Survey Area,
J -y 1979 (pat 3 of 3)

L Illl'l'llll HE BN =S e B e Ill'l HE BN BN B BN Illl‘l‘lll

SL Rubble land
T1-B Weber loam, 1-3 percent slopes
T1-C Weber loam, 3-6 percent slopes
*V0-B Otero fine sandy loam, 1-3 percent slopes
vO-C Otero fine sandy loam, 3-6 percent slopes
VOA-B Otero fine sandy loam, alkali, 1-3 percent slopes
VOB-B Otero fine sandy loam, seeped, 1-3 percent slopes
VOC-B Otero clay loam, 1-3 percent slopes
VOC-C Otero clay loam, 3-6 percent siopes
*V1-8B Hesperus loam, 1-3 percent slopes
Vi-C Hesperus loam, 3-6 percent slopes
v1-D Hesperus loam, 6-12 percent slopes
*W0-B Ackmen loam, 1-3 percent siopes
WO-C Ackmen loam, 3-6 percent slopes
W0B-B Ackmen loam, seeped, 1-3 percent slopes
W1-B Zigwied clay loam, 1-3 percent slopes
W1B-B Zigwied clay loam, seeped, 1-3 percent slopes
W1C-B Zigwied clay loam, very wet and saline, 1-3 percent
slopes
*XTO-E Ustic Torriorthents
L Gullies

*Indicates units recognized in D.A.P. area. Descriptions of these units

follow.



but only preliminary mapping was completed. The Quaternary stratigraphy
consists of complex deposits of loess, alluvium, and cc luvium.
Distinguishing different stratigraphic units and determining both the
depositional and erosional geochronology will be a major task.

A detailed soils map for the project area was not included in the
initial objectives because of insufficient control data. However,
descriptions of U.S.D.A. Soil Conservation Service (S.C.S.) mapping units
were obtained, as were some preliminary manuscript maps. This, and the
assistance of S.C.S. personnel familiar with the soils in the area,
provided the basis for a detailed reconnaissance soils map (Figure 9.6 and
Appendix C). A detailed soils map to the series or complex level was
judged to be of greater importance to the archaeology than was the
Quaternary stratigraphy map because soils constitute one of the principal
economic resources considered in the research questions. Therefore,
priorities were reordered and the soils map was made but the Quaternary
stratigraphy map was not made.

In addition to the major geologic soils mapping projects, the Program
geologists devoted a great deal of time to the geology of archaeological
sites. In addition to making profile descriptions, the geologists aided
excavators and laboratory personnel with rock identification, soils
identification, and preserving stratigraphic samples and monoliths. The
geology field workers also wrote brief background reports on the geology
of each of the archaeological sites for inclusion in the site reports.
Before the field season started a bibliography relevant to the geology of
the project area was compiled and copies of important works were made for
the program library. A list of available maps and air photos was compiled
in conjunction with the bibliography. These materials are on file at the

-9-
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D.A.P. laboratory.

Another of the initial tasks was to write a manual to assist project
personnel with descriptions of the fill in the archaeological sites. The
objective was to provide a standard terminology for stratigraphic
descriptions and to provide a set of criteria to be used in the field for
distinguishing and describing both sedimentary and soils features. The
D.A.P. Stratigraphic Description Manual was included in the Program Field
Manual (Kane et al. [2]) The manual was based on a modification of the
Soil Conservation Service description system (Soil Survey Staff [3]).
This manual seems to have worked reasonably well for crew members who had
some exposure to either geology or pedology and crew members who were
simply interested had little trouble learning to use the book. A problem
was encountered with the recording forms intended to code information for
computer retrieval. The first form was a failure and was substantially
modified by midseason.

By the end of the 1979 excavation season, a working description of
the physical environment of the project area had been presented in the
form of maps and descriptive legends. From the: docur 1ts it is possible
to define the geographic situation of any site in terms of a specified set
of variables. For instance, a site may be situated on the dip slope with
Dakota Sandstone bedrock, in an area of deep loess with a Witt loam soil,
and adjacent to a first order stream. The site may be 300 m from the
nearest exposure of suitable building stone and 1500 m from the nearest
exposure of suitable tool stones. The association of such variables at
each site provides the basis for determining the regularities in
geographic constraints in settlement patterns within the project area.
Simple inspection clearly indicates that most Basketmaker Period sites

-11-



occur in a geographic configuration different from that of most Pueblo
period sites. This would indicate that Basketmaker peoplie id Pueblo
people were selecting for different environmental factors when choosing a
place to live. Exactly which factors were determinants and why they were
so are open questions.

Even though all the work done in 1979 (and additional work done in
1980) is preliminary baseline descriptive work, there is sufficient
information available to test for general correlations among
archaeological sites of different kinds and ages ai different geologic,
geomorphic, and soils features. Such studies could be run as tests on a
specific hypothesis or they could be run blindly to see what is associated
with what and to what degree. Either way, a first approximation of a
settlement system can be made. Both norms and discrepancies from norms
will provide clues for needed additional information on the environment.

Again, all the work completed thus far is baseline description of the
modern physical geography. Limitations of time, people, and financial
support have precluded any detailed analytic work. The site stratigraphy
data currently exist as drawings, raw verbal descriptions, and ¢ le 1in
storage. To make intrasite comparisons and correlations or to investi-
gate the possibility of microclimatic controls, detailed descriptions of
preserved sections and mechanical analysis of sediment samples will be
necessary. There are many areas where it is now impossible to decide
whether a geologic deposit is eolian or alluvial in origin. Laboratory
work is critical. The only basis for rating present day local soils for
agriculture potential is inspection of modern cultivation practices.
Local descriptions and laboratory tests for chemical and physical factors
affecting plant growth are necessary.

-12-



Perhaps the most significant factor to consider when using the
pres . 11 environment as the basis for a model of a | . | rsical
environment is that geologic processes in the D.A.P. area are dynamic.
Ei iion has been the dominant process since the uplift and deformation of
the Mesozoic sediments. Several hundreds of feet of sediment have been
removed and there is good evidence that much of the Mancos Shale has been
eroded from the southern half of the project area within the past few tens
of thousands of years. Erosion during the span of human occupation might
not have been as dramatic, but, even so, the combination of steep
gradients, poorly resistant sediments, scattered vegetation and seasonal
storm or runoff patterns have surely combined to alter the forms of the
surface landscape significantly. If the environment has been dynamic, one
must assume that patterns of human interaction with the environment were
also dynamic, and any models of prehistoric cultural ecology must include
this dynamic dimension.

The present environment provides a baseline for extrapolation. It
cannot be transported backward in time without considering changes which
have occurred, and those changes can only be determined throt 1 :tensive,

detailed research.

-13-
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DESIGN MEMOS:

APPENDIX A

THE POTENTIAL FOR GEO-ARCHAEOLOGY
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INTRODUCTION

The general potential for geo-archaeological research in con-
junction with the D.A.P. is best s° irized by considering each problem
domain delineated for the project and specifying how the study
landforms, sediments, soils, and si- stratigraphy can contribute to
answering questions within each domain. With a broadly conceived multi-
disc: .inary archaeological project such as the D.A.P. the potential

contribut 1 of geo-archaeological research is great.

Problem Domain 1: Ecological Adaptationsl

Ecology is the study of the dynamic interrelationships between
organisms and their environments. In archaeology, the general emphasis in
ecological studies is on the cultural systems which articulated peoples
with the environments in which they lived. Geology is especially relevant
to this domain because landforms, rock types, clastic sediments, and soils
constitute a major component of the physical environment to which people
adapt. Geologic research describes the physical environment and thereby
establishes a basic framework for the study of human adaptation.

From an archaeologist's point of view--not a geologist's--the geolo-
gic component of the environment must be divided into two parts. The
first is that which can be consid¢ ed to have been constant and

unchanging. The major stratigraphic systems, geologic structures, and

1The names of Research Design Problem Domians use in the first part
of this appendix relects the terminology current when the original memo
was prepared. Some of these names have since changed and these changes
are reflected in the General Discussion Section which follows, ed.

-15-
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landforms--hardrock geology--have not changed dramatically over the past
10-15 thousand years. The other part is the dynamic a :ct of the
physical environment, this consists of the landforms and sediments which
were formed or altered during the s + of human occupation. River
terraces, alluvial fans, talus slopes, and cave sediments are examples of
parts of the physical environment which must be considered as variables in
the ecologic equation.

( imate 1s also an aspect of the physical environment. Because many
geologic processes are in some measure or other climatically controlled,
studies of depositional, erosional, and weathering phenomena provide one
basis for inferring past climate regimes. This aspect of geologic
research supplements data about past environments derived from botanical
and zoological studies. The combination of geology, botany, and zoology
provides the description of the total environment, the bio-physical

environment, in which people operated.

Problem Domain 2: Paleodemography

Geologic research would not contribute directly to paleodemographic
studies, but indirectly, the studies of environmental parameters would be
applicable to delineating settlement patterns and settlement systems by
providing data relevant to the geograpnic units in which settlements are
distributed and in which settlement systems operated. Natural differences
within and between different areas could be important determinants in

settlement systems either through space or through time.

Problem Domain 3: Community Activities and Social Organization

Geologic research would not contribute directly to studic, of

-16-



community organization and social organization, but there might be in-
direct contributions. Site stratigraphy could be important to delineating
diachronic communities within a site, and micro-stratigraphy within sites
might also be useful for correlating synchronic archaeological units.

This would be most important for preceramic periods, but the potential for

application in ceramic-period sites should not be slighted.

Problem Domain 4: Foreign Relations

Apart from identifying exotic materials and sources for trade
materials, geologic research would not contribute greatly to the study of
inter-areal cultural relationships. Even the most hardened environmental
determinist would have to admit that artifacts are far more sensitive

indicators of connections between peoples than are geological features!

Prahlem  Hmain 5: Culture Process

Due to the kinds of information about the physical environment
described under Problem Domain 1, geologic research can contribute to
studies of culture change by providing information about the en\ ronmental
system within which culture change took place. Changes in culture systems
can take place independently of the environmental system, but some changes
take place either as a reaction to changes in the environmental system or
as a result of changes in adaptations to the environmental system. When
changes in the environmental system can be documented, one can assume that
there might have been corresponding changes or adjustments on the culture
side of the ecologic equation. If they are discernable, the kind of
adjustment or the magnitude of change is important for determining culture
process wnich is a function of ecologic relationships rather than change

-17-



which is a function of social relationships. Equally important, but more
difficult to determine, are environmental changes which might be a result
" human activity or changes in human activity.

A more abstract, but no less important, contribution of geology to
the study of culture change and culture processes is the study of the
lTimiting factors in the environmental system. It may seem prosaic, but
the association of agricultural communities with areas where soils,
moisture re¢ imes, and temperature regimes are suitable for agriculture is
not a product of chance. Such associations are the result of pec 25!
perceptions of the potentials and limits of their physical environment and
application of culture mechanisms for operating within those constraints.
Changed perceptions, changed mechanisms, or changed environments all can
be both products of and contributors to culture change. The significance
of geo-archaeology in this context is that it can help discern the
importance of the environmental side of the ecologic equation to changes

which took place within the culture side of the ecologic equation.

The Geo-Archaeological Problem Domain

The hyphenated hybrid word "geo-archaeology" generally designates a
study of geology to contribute directly to the solution of archaeological
problems. Seldom recognized is the fact that the study of archaeological
problems can contribute to Understanding geologic phenomena. The
synergistic effect comes about because the initial probiems that must be
confronted are geologic problems, determining the processes and phenomena
which contributed to the formation of a particular set of geologic
features in a particular area. These problems are relevant to the
archaeologist because archaeological materials occur in or on geologic

-18-



I |

O

itures. 12 initial solution of geologic problems thi provide ot

framework for ordering archaeological data in time and space.

Within archaeological sites, the geologic strata can be the result of
human activity as well as geologic processes. Distinguishing between the
two and evaluatin their relative importance contributes to understanding

both the archaeological and geological phenomena. Because archaeologists

normally are concerned with much shorter time periods than are geologists,
archaeological information is frequently useful for distinguishing
geologic features which might not have been of great enough duration or

widespread enough to be of great geologic significance. But such minor

geologic features could represent some localized phenomenon which mig

have had a profound effect on prehistoric peoples.
Specific kinds of questions within the geo-archaeological domain must
range from purely operational questions about site stratigraphy to grand

interpretation questions about the interrelationships between cultural

systems and natit al systems. Formulating questions about the geology of

the project area and the included archaeological sites and then relat® j

such questions to specific archaeological probleins must be the first phase

in developing the geo-archaeological problem domain. Once basic questions

have been formulated, the routine of fieldwork and analysis must be sched-

uled to coordinate with construction schedules and excavation schedules.
At the very least, geological research will help to establish and to

¢ ument stratigraphic and chronologic controls for archaeological

material. At the very best, it will contribute to an understanding of how
prehistoric (and historic) peoples have adapted to the particular place at
different periods of time, and perhaps, it might contribute to an under-

standing of why some people were successful and why some were not.
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GENERAL DISCUSSION

The foremost objective of the D.A.P. is to understand the dynamics
of Anasazi community organization in terms of relationships between
cultural and natural systems. A prerequisite for such a study is
knowledge about the physical and biological systems within which cultural
systems operated and to which the Anasazi people were adapted. Geologic
research is considered necessary to delineate and describe the physical
system, to provide chronologic control, and to evaluate the importance of
both permissive and limiting factors within the physical environment.

The General Research Design for the project is developed from a
series of questionﬁwithin a set of five problem domains to guide research
and data acquisitic . This statement follows the same format by providing
generalized questions about the geology of the area which will integrate
geologic research with the archaeological research. The questions are
first expressed under the heading "Geologic Research Domain" and then

reorganized according ) the ev it a og- 11 | b 1 domain.

Geologic Research Domain

General Logic: The geology of southwestern Colorado constitutes a
major element of the physical environment. Rock types, landforms, soils,
and water resources, among other attributes of the physical geography, are
parts of the physical constraints imposed on cultural systems by the
environment. To understand the interaction of cultural and natural
systems, questions about the kind of constraints presently considered
important are posed.

1. What is the physical geography?
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A. What are the landforms?

B. Wnat are the major stratigraphic units?

C. What are the soil types?

D. What are the major resources?

1. What are the mineral resources?

2. What are lithic resources?

3. What are agricultural soils resources?
4. wWhat are water resources?

E. Where are resources located?

F. What factors can be inferred to be of possible importance even
though there may be no direct evidence for their significance in
the archaeological record?

G. What is the correlation between sites by type and geographic
variables?

H. What is the correlation between sites by age and geographic
variables?

what is th 0gy”?

A. What is the relative and absolute age of geomorphic units?

B. HWhat is the relative and absolute age of stratigraphic units?

C. What is the variation within and between sites which relates to
the geochronology?

What are the relevant geologic processes?

A. Which processes are related to human activity?

B. Which geologic processes reflect climatic variation?

C. What geologic changes would have affected food production or

human settlement?
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D. What ylogic correlates with other dat « s, i.e.,

ogy, palynoclogy, and palegbotany?

E. What are correlations between observed geologic/environmental
change and observed cultural rhythms?

If a strong correlation exists, can some cause-effect

relationship be inferred?

G. How is a cause-effect relationship to be distinguished from a
coincident relationship?

1V. Are there other considerations?

Problem Domain 1: Economy and Adaptations

BE R R O BN N EN EE W
M

Question 1 - What resources were available in the area in each period?
(From geology question I. D.--What are the major resources?)
1. What are the mineral resources?
2. What are the lithic resources?
3. What are the agricultural soils resources?
4. What are the water resources?
From geology question I. E.--Where are resources located?
Question 3 - How were resources used?

From the geology:
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COMMUNITY SIZE
AND TYPE

SOCIAL
ENVIRONMENT

I hodE
FORMS
FOR HABITATION l
ENVIRONMENTAL SUITABLE SETTLEMENT
CONSTRAINTS |1 AGRICULTURAL SYSTEM
SOILS
ACCESS 10
RESOURCES
COMMUNICATION
ROUTES
Problem D¢ 1iin 3:

Social Organization and Settlement Pattern

The settlement pattern is inferred from the distribution of structural

units (social groups) of different sizes according to the distribution of

landforms, resources, and other factors considered in previous problem

NT PATTERN |

AL UNITS |

domains.
ADAPTIVE |
TECHNIQUES
| SETTLEME
SUBSISTENCE
ENVIRON- SYSTEMS { STRUCTUR
MENTAL
CONSTRAINTS RESOURCE
— 1 SYSTEMS
SETTLEMENT
i SYSTEM

From Geology.

-

| SOCIO-ECONOMIC ORGANIZATION |

Fr¢ Archaeology

Question I - What is economic organization of the community?
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Problem Domain 4: Foreign Relations

Question 1 - What D.A.P. data reflect exchange outside the project
region?
From the geology - Identification of exotic materials.
Question 3 - What mechanisms of cultural exchange can be inferred to have
operated in the project area?

Frc the physical geography - 1. On the basis of topography what are

reasonable routes of travel and
communication?

2. Are there physical barriers which
would impede travel or
communication in any direction?

3. Are any trails actually
discernable? 1If so, where do they

originate and where do they go?

Problem Domain 5: Culture Process

Question 2a- Given digthronic variability, what cultural mechanisms or
processes can be inferred?
2b- What rhythms in settlement pattern occurred?

From the geo]ogy - Are there any data in depositional, erosional, or
weatherihg history which suggest changes in the
physical environment which would be of sufficient
magnitude to have altered the physical basis of
the settlement pattern?

Question 5a- What caused the Anasazi to move out of the area?

5b- What environmental factors might be involved?
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From the geology - 1.

What is the baseline physical environment to
which the Anasazi were adapted?

What are significant parameters in the
physical environment?

Are there any discernable variations in the
parameters? What is the kind, chronology, and
magnitude of variation in environmental

parameters?
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BEDROCK GEOLOGY

Introduction

Bedrock geologic units in the D.A.P. area and immediate environs are
all Mesozoic sedimentary rocks of the Jurassic and Cretaceous periods.
Locally the units have been deformed and eroded and in nearby areas they
are intruded by later igneous rocks. The local bedrock is exposed as a
wea' >ring surface or is mantled by a thin veneer of eolian orra11uvia1
sediments. The sedimentary geology is important for the archaeological
interpretation because local rocks provide an immediate source for local
building materials and tool stone. The sediments overlying the bedrock
strata and weathered bedrock products constitute the parent materials for
local soils.

A Preliminary Geologic Map (Figures 9.1 and 9.2) of the D.A.P. area
was made using U.S.G.S. maps and descriptions for control. The map,
compiled from air photos and ground inspection, shows the occurrence of
recc 1ized stratigraphic mapping units in the project area in conjunction
with major structural features, such as the House Creek Fault and the
Dolores River canyon. The map is called "preliminary" because it is
presently a working document which can be refined. Refinements would
include mapping lithologic variations within the formations or members
which would not be of great stratigraphic significance but which might
well be of cultural importance. Descriptions of local geologic units are
also required.

The major stratigraphy in the D.A.P. area is only a part of the
complex Mesozoic sedimentary systems present in the Four Corners area of
the Colorado Plateau. The later sediments of the Mesa Verde Group, which
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dc nate the ( ly a few miles southeast, have been completely
el Jed away in the project area. Earlier units, which dominate the
geology further west, are not exposed in the project area. The following

formations are those recognized and mapped in the project area.

Summerville Formation (J<)

Tnis unit is exposed downstream from the McPhee Damsite as a
red-brown ¢ inly bedded siltstone with minor inclusions of thinly bedded

white sandstone (Bush and Taylor [4]). This is a slope-forming it.

Junction Creek Sandstone (Ji-)?

The unit is a brown to buff, moderately well-sorted to well-sorted,
well-bedded terrestrial sandstone (Shawe et al. [5]). In the project
area, two members can be distinguished. The dominant unit is white to
yellow-orange, thick to massively bedded, fine to medium-grain,
cross-bedded, eolian quartz sandstone. The unit erodes to rounded cliffs
with distinct polygonal or checkerboard weathering patterns.

Archaeologically, the Junction Creek Sandstone is of particular
interest only in that it forms the bedrock foundation at Grass Mesa. The
unit does not contain any rock of special cultural importance. It is too
massive ar too friable to be a good building stone, although it was used
occasionally, and it is not exposed widely enough to contribute

significantly to local soil parent materials.

2Pre1iminary copies of the Bedrock Geology Map identified this
formation as Entrada Sandstone.
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The Morrison Formation (Jj)

The Morrison Formation consists of flood plain, fluvial, and
jcustrine deposits and contains red, green, and orange sandstone,

siltstone, mudstone, and conglomerate (Criag [6]). Minor thinly-bedded,
erosion-resistant sandstones are a prominent slope-forming unit. The
upper Brushy Basin Member resembles the overlying Burro Canyon Formation,
and the two may intertongue. The Brushy Basin Member includes white to
pale brown siltstone, mudstone, and claystone with minor inclusions of
orthoquartzite, tuff, and arkosic materials. The Salt Wash Member
includes light, red-brown to buff sandstone, red-brown mudstone, and a
light gray to buff sandstone.

The rocks of the Morrison Formation are of considerable

archaeologic interest because they are a high quality, locally available

tool stone. Many of the finer textured rocks have been consolidated
through silica cementation and, consequently, have characteristics of

fracture suitable for manufacturing flaked stone implements.

The Burro Canyon Formationr ¥y}

Rocks of the Burro Canyon Formation are extremely variable flood
plain, fluvial, and lacustrine deposits. They are light gray to buff

conglomeritic sandstone, green-gray shale and siltstone, and green gray to

gray limestone and chert (Ekren and Houser [7]). The sandstone grades

into ortht iartzites formed by secondary silica overgrowths. The chert in

the Burro Canyon Formation tends to occur along bedding planes in the

upper part of the formation. The Karly Kay Member is a resistant ridge
forming unit in the lower part of the formation, which forms a distinct
break in slope along the canyon walls in the project area.
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Like the underlying Morrison Formation the Burro Car Formation is
of archaeological interest | :ause it contains good tool stone. The

« »rts and opalitic orthc iartzites are especially good quality stone for

flaked stone implements.

The Dakota Sandstone (Kgq)

The Dakota Sandstone is composed of an extremely variable assem-
blage of discontinuous, lenticular, flood plain, alluvial, lagoonal,
littoral, and paludal deposits characteristic of a transgressive marine
env: onment (Shawe et al. [5]). Typical Dakota outcrops in the project
area include an upper tan to gray sandstone, an interbedded gray to black
carbonaceous mudstone and coal bed, and a lower yellow-brown to
yellow-gray sandstone or conglomerate. The upper standstone is tabular
and sometimes heavily indurated with silica. These units are erosion
resistant and cap the steep canyon walls. The indurated units are
frequently underlain by weakly cemented or uncemented, poorly consolidated
sandstone which weathers and erodes easily.

The Dakota Sandstone is of considerable archaeological interest for a
number of reasons. It is the surface rock over most of the project area
and controls most of the local geomorphology. Weathered Dakota residuum
constitutes one of the two most widespread soils parent materials. The
tabular cemented sandstone is easily quarried and was the major building
stone used during Pueblo times. The unit contains coarse-gained sandstone
and fine conglomerates for grinding tools, and a white orthoquartzite or

opalite frequently used for flaked stone tools may be from this unit.
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The Manros Shale (Kg)

The Mancos Shale is a shallow marine di )sit composed principally
of gray, carbonaceous, calcareous shale, silty and sandy mudstone, and
bentonitic shale or claystone (Shawe et al. [5]). Invertebrate fossils
are common. The Mancos Shale is almost completely eroded away in the
project area. Where it occurs, it forms prominent hillocks.

The Mancos Shale contains a weakly silicified siltstone which is a
knappable tool stone, but the most significant archaeological interest is
probably a negative one. The weathered shale, whether it occurs as
residuum or as alluvium, is the parent material for three locally
prominent soils; the Renohill, Belmear, and Midway Series. These soils
have agricultural limitations due to characteristics inherited from the
parent rock. The high montmorillonitic clay content in these soils
inhibits water penetration and, consequently, the soils are droughty,

regardless of depth.
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QUATERNARY STRATIGRAPHY

Although one of the primary objectives for the first year's geology
program was a map of Quaternary stratigraphy in the project area, the task
was only started. Completion of the Reconnaissance Soils Map, the bedrock
geology and geomorphology, and site stratigraphy took higher priority when
time became a limiting factor. Even so, first order mapping units, such
as loess, flood plain depositF, slopewash deposits, and colluvium were
determined. Working manuscript maps were made for the Sagehen Flats and
Hout Creek localities and pertinent information about the distribution of
loess deposits was recorded on the soils manuscript maps. The origins and
chronology of virtually all the Quaternary units are still open questions
and a great deal of fieldwork is still required.

Three prominent Quaternary deposits are of archaeological interest.
First is a loess of uncertain age and origin. Where it is not severely
eroded, this deposit is over 1 m thick and is the parent material for
agriculturally important soils. S lar ¢ »osits e ¢ ,cribed for Mesa
Verde (Arrhenius and Bonatti [8]). The second major unit is a complex of
alluvial deposits of varying age in the Dolores River canyon (Shawe et al.
[5]). These are partially included in the area mapped Q, on the
Preliminary Geologic Map. The third is a complex of alluvial and
colluvial deposits which form low gradient fans or terrace-like benches.
These and other less prominent deposits are of archaeological significance

(Figure 9.3). First, the unconsolidated deposits constitute the parent
materials for most of the agriculturally important soils, and differences
in deposits are reflected in soils differences which may be significant to
understanding the distributions of prehistoric sites.
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Second, some of the deposits must be considered as "building material"
--they are the major constituent in pithouse construction. Third, gravels

included in the alluvial deposits are the likely source for dense igneous

and metamorphic rock used for tools.
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MAJOR LAL . “ORMS

The basic landforms of the D.A.P. area (Figure 9.3) are first a
result of the soft, poorly consolidated, easily eroded bedrock strata.
Second, the landforms are a result of structures produced by uplift,
deformation, end subsequent erosion of the bedrock units. The project
area 1S situated on the southern dip slope of a southeasterly plunging
fold. The northwest-southeast trending Dolores Anticline is to the north,
and the parallel McElmo Syncline is to the south. The dip slope has been
extensively modified by erosion controlled by structural weaknesses and by
erosion resistant beds within the bedrock.

By all rights, the Dolores River should be flowing through the bottom
of the Mctlmo Syncline, generally following the channel of McElmo Creek.
Instead, the river is perched upslope where it has cut a canyon following
what must be a major tension joint in the anticlinal fold. Downstream the
river cuts through the divide created by the crest of the Dolores Anti-
c¢l* 2. How the river came to be perct 1 in this unusual position is 1 ¢
certain, but stream piracy is the most reasonable possibility. However,
headward erosion in the arroyo system downslope from the river is within a
fraction of a mile laterally and within a few tens of feet vertically from
recapturing the Dolores River and diverting it to its proj; - place in the
landscape-~down the base of the McElmo syncline.

Erosion of joint structur has created one of the most prominent
landforms, the Dolores River canyon. A second prominent feature was
created by erosion of House Creek Fault, a transverse fault oriented at an
approximate right angle to the axis of the anticline. Erosion has
produced a resequent fault scarp which is a prominent geomorphic feature.
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The | S R » cut through ti  fault without any ev er
displacement, which indicates that the fault is antecedent to the river.
The valley system along the fault through the Sagehen Flats would seem to
have been a part of the Dolores canyon system and a former channel of the
Dolores River. If so, there is no direct evidence that a major river ever
had & main channel west or southwest of the canyon. The elevations along
the fault scarp relative to the canyon suggest that the river should have
flowed through the Sagehen Flats. This impression, however, is probably
misteken, a result of comparatively recent erosion of the divide between
the Dolores River and the Dawson Creek.

Tne Preliminary Landform Map (Figure 9.3) for the D.A.P. shows the
major landforms in the project area. The map indicates the major bedrock
features or structural features. However, many minor features of
archaeological significance were not included. Since the map was
completed, an obvious association with small relief geomorphic features,
such as small ridges beween intermittent drainages, alluvial fans, or
alluvial slopes, has becor apparent. Such features are not 1 lude on
the landform map for two reasons. First, the major features which are
indicated dominate the lesser features, and second, many of the lesser
features are too small to indicate effectively on the 1:24,000 scale base
map. Consequently, larger scale site-specific or locality-specific
landform maps will have to be done to show the relationship between
achaeological sites and smaller geomorphic features. In addition, there
are many small features, such as arroyos and eroded joint fractures, which
are of possible archaeological significance. Many of these lesser
features have been noted in the site descriptions, but a more detailed

i6form map is necessary.
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e Pre ir iry Landfor Map ¢ .ineates the major topographic
features in the project area. The dip slope, canyon wall, the reseguent
fault scarp, the bedrock terrace system, and the Dolores River flood plain
are the most prominent features. Lesser features such as hillocks,

beaches, and alluvial fans are also shown.

Beach (B)

The only beach in the D.A.P. area is the gently sloping shore of
Narraguinnep Reservoir. The beach is developed on an alluvial slope
composed of silts derived from the Mancos Shale. It has been formed by
erosion between the high and low water marks. Because the beach is a
consequence of the reservoir, it is a modern feature and cannot be of
archaeological consideration. The antecedent alluvial slope is similar to

other lTandforms mapped as a pediment.

Canyon Wall (C)

The canyon-wall unit is composed  <cliffs, ledges, and 1luvial
slopes in the Dolores River canyon, in the canyons of streams tributary to
the Dolores, in the larger arroyo systems, and along parts of the House
Creek Fault. The major archaeological significance of the canyon-v 1
unit is that all the stratigraphic units underlying the Dakota Sandstone
are exposed only in the canyon walls. Convenient access to resources.
contained in these strata is limited to the canyon walls. This factor
provides a strong constraint for models of prehistoric resource
procurement. In general, relief in this unit is too steep for habitation,

but there are ledges, relatively gentle slopes, and rockshelters within
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the area m¢ red as canyon walls which were used for habitation. These

features cannot be mapped at basemap scale.

The Dip Slope (D)

The dip slope is the surface of low relief controlled by the p of
the Dakota Sandstone. The slope has been cut by the Dolores River canyon
system and by the arroyo system tributary to McElmo Creek. Less extensive
erosion has sculpted the surface of the dip slope into a series of broad,
parallel trending, low relief, convex ridges separated by shallow
drainage ways. In some areas there are narrow, linear, low-gradient,
arroyo-like features created by erosion of the joint structure in the
deformed Dakota Sandstone.

In terms of area, the dip slope is the largest and most prominent
geomorphic feature. The dip slope is the feature upon which most
contemporary agriculture is done, providing there is a veneer of suitable
soils. The extent to which the dip slope might have been a controlling
feature for prel ste ic ¢ = it or agriculture is not presently
apparent. It is more likely that controls over prehistoric settlement-
subsistence systems associated with the dip slope are less prominent
features such as ridge form, vegetation, soil depth, or access to building

materials.

Alluvial Fans (Fj)

Alluvial fans are broad, flattened, connate deposits usually
associated with the mouth of an intermittent drainage at the base of a

steep slope or cliff. There are some relatively large fans mapped within
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the Dolores River canyon, and at least one major archaeological site, the

Periman Site (Site 5MT4671), is associated with an alluvial fan.

Flood Plain (Fp)

A flood plain consists of the deposits adjacent to a river
constructed by the present river regime and innundated at normal flood
stage. The Dolores River flood plain is one of the prominent geomorphic
features in the project area. The flat, deep, well-drained soil
associated with the flood plain would seem to make it a productive area.
The present sediments in the floodplain are quite young and probably post-

date the Anasazi occupation of the area.

Hillocks (H)

The hillocks are small hills, prominences rising above the sur-
rounding terrain. In the D.A.P. area, the units mapped as hillocks are
all erosional remnants of Mancos Shale. They are especially prominent
features along the western ha" of the House Creek Fault in the Sagehen

Flats area.

NAadimant (DY

A pediment is a low gradient structural feature truncating bedrock
structures and commonly steepening upslope. The area mapped as a pediment
in the project area is a complex alluvial slope built from two directions,
form the dip slope to the north and from the resequent fault scarp to the
south. The pediment is, in fact, most of Sagehen Flats, and is robably

an important feature for archaeological interpretation.
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Resequent Fault [ine Searn (Rf)

The un® mapped Rf is the result of differential erosion along the
House Creek 1lt. This geomorphic unit is essentially identical to the
canyon w¢ | and was formed by a similar process, but the controlling
structural features are different. As with the canyon wall, the most

significant archaeological aspect of the unit is the exposure of rock

units containing lithic resources.

Ridge (Ri)
A ridge is a relatively narrow elevation which is prominent due to
the steep angle at which it rises. The units mapped as ridges in the
D.A.P. area are large blocks of Mancos Shale that have not been eroded

into the smaller hillocks.

The Terrace System (T)

In cutting the canyon through the Dakota Sandstone, the Dolores
River cut a series of prominent bedrock terraces with the highest (T4)
extending as much as 480 feet above the present river. The terraces are
prominent just west of the town of Dolores where the river swings
northward. There the entire terrace system, both constructional and
erosional, is present.

The syst: is composed of the flood plain and four terraces (70 or FP
through T4). The flood plain and the first terrace are constructional.
The second, third, and fourth terraces are eroded bedrock features caj 2d
by alluvial deposits. These units are geomorphically complex and are
important because they are records of the Pleistocene erosional history of
the Dolores River. Other than basic mapping, however, these units have

<
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been ignored. It should be inserted ; ‘enthetically that the elevation of
the fourth terrace indicates that a minimum of 300 feet of bedrock has to
have been eroded from the south canyon wall of the Dolores River since
formation of T4. This is only one of several features which indicate that
bedrock erosion in the project area | ; been extreme in comparatively
recent geologic time.

Archaeologically the terraces constitute suitable locations for
settlements. The lower terraces, at least, support contemporary

agriculture.

Drainage Basins and Stream Order

A second map relating to the geomorphology delimits the drainage
basins and depicts a stream-order classification (Figure 9.5). The stream
order begins with small, unbranched stre¢ 1s as 1, and proceeds upward with
the Dolores River as the largest order stream. The stream pattern is
complex due to the dramatic range of elevation and topography within ti
project area.

The drainage basin and stream order map constitutes the first
description of the hydrology of the project area. At present it can be
used as one of the many variables to be tested as a determinant in the
sett” ient system. Other aspects of the area's hydrology remain unknown.
Aspects of hydrology of extreme significance for agriculture are il
moisture-retaining characteristics of different soils, the rates and kinds
of discharge and recharge in the soil-vegetation system, and possible

cultural manipulation of the natural hydrology.
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APPENDIX C

SOILS OF THE DOLORES ARCHAEOLOGICAL PROJECT AREA
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INTRODUCTION

Include 1in this section are the descriptions of the soils series
identified in the D.A.P. area. The descriptions are those used in the
Cortez Soil Survey Area (8671) by the Soil Conservation Service (S.C.S).
The descriptions and some manuscript maps were provided by Mr. J.P. Panel
of + 2 Soil Conservatic Service Durango Office. Mr. Panel's maps provid-
ed the control for identifying the soils in the field. Soil types were
identified on the basis of topography, parent material, surface character-
istics and, where possible, subsurface horizon characteristics. The
reconnaissance soils map (Figure 9.6) for the project area was made on the
basis of air photo interpretation and ground reconnaissance. Field checks
of profile characteristics were made where exposures were available.

Some mapping units and unit designations currently being used in the
Cortez ! 1 Survey Area are teni i+ . Series such as Witt, Granath, and
related series were defined in other parts of Colorado and their
applicability to the soils in the differing environment of southwestern
Colorado remains to be documented. This is of no great consequence.
Should the designation or classification of any of the mapped units
change, it will not alter the units themselves.

The project map differs from S.C.S. mapping conventions in some
repects. First, the finest mapping level is the series, not the phase.
S.C.S. maps recognize differences in slope, stoniness, erosion, or other
factors which are important for land management. Distinctions at this
level were not considered to be of immediate interest to the archaeolog-
ical project. Further, delineating such phase differences would require
more time than was available to construct a reconnaissance map. Second,
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some areas were mapped as complexes not recognized by the S.C.S. This was
a matter of convenience, one which.graphica11y illustrates the occurrence
of different soils in some parts of the project area. Finally, = :re is
at least one soil which is of local interest but which is not recognized
in the S.C.S. catalog. This soil, the Sagehen Paleosol, is mapped
separately in the area where it is found at or near the surface. There
are other soils now considered only as inclusions in other units which
probably should be distinguished as separate mapping units.

The soils of the project area are highly variable and, judging from
contemporary agricultural practices, soils variation has a significant
effect on land use. A soils suitability classification can be constructed
by observing contemporary practices, but to what extent that
classification is appiicable to the Anasazi is not known. Presuming soil
characteristics of tilth, fertility, and moisture retaining capabilities
to be constant, regardless of the kind of food producing technology, = e
most desirable soils would be the soils developed on deep loess or

Juvium.  The i 1s in the Witt, Sharps, Pulpit, and Granath
series. Soils developed in shale residum or alluvium would be less
desirable because they are difficult to work and are droughty. Soils in
the Dolores River flood plain, the Cheyenne series, do not seem to have
any particular characteristic which would inhibit agriculture but they a
used today only for hay crops or pasture. Nonsoils factors such as a high
water table or local microclimate may make the flood plain a relatively
poor place to grow crops. The soils in the sandstone uplands, the Gladel
and Batterson series, tend to be shallow, rocky, and excessively drained.
There are, nonetheless, many small areas of Gladel or Ackmen soils which
would be perfectly good for gardens.
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Because of intensive field cropping and mechanized agriculture, the
contemporary agricultural pattern cannot be used as the model for
prehistoric agriculture. The measure of soil suitability today is the
crop grown. The most suitable soils support the dry farming of beans and
wheat. These are those soils developed in deep loess or alluvium. Soils
developed in parent material derived from shale and the soils in the
flood plain are used for pasture or hay crops. The rocky upland soils are
not cultivated, but support native woodlands and are used for grazing. If
we assume that size of a soil body is not a limiting factor and that even
elemental water controls could be used, then the soil's suitability
classification for the past would be quite different from that of the
present. Tilth, fertility, and moisture would still be dominant factors,
but factors such as area, shape, stoniness, or droughtiness would not be.
A formal suitability classification could be constructed on three bases.
The first would be on the basis ° morphological characteristics. The
resulting classification would not be very different from the suit »ility
classification for moder . -ict ture. The second basis is laboratory
measurements of texture, fertil® y, and moisture retention capabilities.
These several characteristics cc 1d then be combined with attributes of
slope, aspect, depth, « |} stoniness to construct a model of soils
suitability for gardening rather than for field cropping.

The soils map (Figure 9.6) and the accompanying S.C.S. series descrip-
tions provide the first basis 1 * assessing soils as an economic resource.
Prehistoric farmers were surely as knowledgeable about soils characteris-
tics and their importance for crop production as are modern farmers. £Even
though we may assume that different soils characteristics in any area were
essentially the same in Anasazi times as they are in the present, we
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cannot assume that the relative i iortance of any characteristic was the
same for Anasazi farmers as it is for modern farmers. One way to
approximate 1 ely desirable characteristics for prehistoric agriculture
is to Took at the requirements for kitchen gardens rather than the
requirements for field agriculture. The requirements of tilth, fertility,
moisture retention, available moisture, exposure, etc., necessary for good
gardens today are probably similar to those necessary for good gardens in
the past. We cannot assume that soils presently considered unsuitable for
food production today were unsuitable in the past. The requirements of
mechanized field agriculture and garden horticulture are different. A
rational suitability classification for prehistoric agriculture js
possible, but it will be difficult to test. The applicability probably
would have to be assumed.

The map, identification legend (Table 9.C.1) and the accompanying
descriptions provide the basis for answering the questions: What -e the
soil types? What are the agricultural soils resources? and, Where are the
(soils) resources located? Sites can be correlated with the proximity of
differing soils. The information presently available can be greatly
refined, however. Continued refinements in the map should be made through
field checking and larger scale locality soils maps might be desirable
where the 1:24,000 map is too generalized. Descriptions of model profiles
for each of the series recognized in the project are necessary, and a
project specific classification is desirable. Soils chemistry relevant to
soils fertility and nutrient depletion is highly desirable to understand

the potential productivity of the project area.
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Tab’

9.C Identification Legend Cortez Soil Sur 7/ Area,

January 1979 (page 1 of 3)

Symbol
*A0-B
AOQ-C
ADLA-B
AOB-B
*Al
*AZ2-A
A2-B
C2-CD
*C2-F
C3-CS
C3-E
*C4-C

C4-D

DO-CE
GP
H1-CD
*H1D-C
*J1-B
M1-CE

XM1-F

Soil Mapping Unit Name

Billings silty clay loam, 1-3 percent slopes
Billings silty clay loam, 3-6 percent slopes
Billings silty clay loam, alkali, 1-3 percent slopes
Billings silty clay loam, seeped, 1-3 percent slopes
Fluvents

Limon silty clay loam, 0-1 percent slopes

Limon silty clay loam, 1-3 percent slopes

Midway clay loam, 2-25 percent slopes

Midway clay loam, 25-65 percent slopes

Work silty clay loam, 3-12 percent slopes

Work silty clay loam, 12-25 percent slopes

Renohill loam, silty calcareous variant, 3-6 percent
slopes

Renohill loam, silty calcareous variant, 6-12 percent
slopes

Circleville cobbly loam, 3-25 percent slopes
Gravel pit

Lockerby clay loam, 3-12 percent slopes

Belmear silty clay, 3-12 percent slopes

Cheyenne sandy loam, 0-3 percent slopes

Falcon stony fine sandy loam, 3-25 percent slopes

Falcon - Rock outcrop complex, 25-65 percent slopes
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I Tab" 9.C. Identification Leger Cortez Soil Survey Area,
«. January 1979 (page 2 of 3)
[
l *2-CE Batterson - Glar | - Rock outcrop complex, 3-25 percent
slopes
. *M20-D Gladel stony fine sandy loam, 3-25 percent slopes
*R0-B Witt loam, 1-3 percent slopes
I R0-C Witt loam, 3-6 percent slopes
RO-D Witt loam, 6-12 percent slopes
l *R0OH-C Pulpit loam, 3-6 percent slopes
l ROH-D Pulpit loam, 6-12 percent slopes
*ROL-C Sharps loam 3-6 percent slopes
l ROL-D Sharps loam 6-12 percent slopes
*R1-C Granath loam, 3-6 percent slopes
D R1-D Granath loam, 6-10 percent slopes
l R1H-B Ricot loam, 1-3 percent slopes
R1H-C Ricot loam, 3-6 percent slopes
' *R1H-D Ricot loam, 6-12 percent slopes
R3-B Cahona very fine sandy loam, 1-3 percent slopes
l R3-C Cahona very fine sandy loam, 3-6 percent slopes
I R3-D Cahona very fine sandy loam, 6-10 percent slopes
R4-B Cahona - Bowdish ~ Witt complex, 1-3 percent slopes
I R4-C Cahona - Bowdish - Witt complex, 3-6 percent slopes
R4-D Bowdish - Cahona complex 6-12 percent slopes
I *R7-C Bowdish - Pulpit complex, 3-6 percent slopes
' *R7-D Bowdish - Pulpit complex, 6-10 percent slopes
1)
I
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January 1979 (page 3 of 3)

Table 9.C.1 Identification Legend Cortez Soil Survey Area,

*Indicates units recognized in D.A.P. area.

follow.
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Descriptions of these units
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SL Rubble land
l T1-B Weber loam, 1-3 percent slopes
l T1-C Weber loam, 3-6 percent slopes
*V0-B Otero fine sandy loam, 1-3 percent slopes
I v0-C Otero fine sandy loam, 3-6 percent slopes
VOA-B Otero fine sandy loam, alkali, 1-3 percent slopes
I VOB-B Otero fine sandy loam, seeped, 1-3 percent slopes
[ I VOC-B Otero clay loam, 1-3 percent slopes
vVOC-C Otero clay loam, 3-6 percent slopes
l *V1-B Hesperus loam, 1-3 percent slopes
Vi-C Hesperus loam, 3-6 percent slopes
’ v1-D Hesperus loam, 6-12 | -cent slopes
l *W0-B Ackmen loam, 1-3 percent slopes
I W0-C Ackmen loam, 3-6 percent slopes
- l W0B-B Ackmen loam, seeped, 1-3 percent slopes
W1-8 Zigwied clay loam, 1-3 percent slopes
l W1B-B Zigwied clay loam, seeped, 1-3 percent slopes
' W1C-B Zigwied clay loam, very wet and saline, 1-3 percent
slopes
l *XT0-E Ustic Torriorthents
L Gullies
[
J
(4
J
i
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The B2t horizon has hue of 7.5YR through 10R, value of 5 through 7
drv, 3 through 6 moist, and chroma of 2 through 6. It is typically clay
loam or siltv clay loam hut clay ranges from 18-35 percent, silt from
19-70 nercent and sand from 10-70 percent with less than 15 percent being
fine or coarser sand,

The £ horizon has hue of 7.5YR through 10YR. It is loam, clay loam,

or verv fine sandy clay loanm.

Rowdish Series - R4

The Bowdish series consists of soils that are fine-loamv, mixed,
mesic Ustollic Calciorthids., They are moderately deep, well-drained soils
on nearly level to sloping uplands and mesa tops. These soils formed in
calcareous reddish loess. Slone is 1-12 percent. The average annual
nrecinitation is 12-16 inches and the average annual soil temperature is
47-52° F.

Rowdish soils are similar to Pulnit and Sharps soils. Pulpit soils
have develoned subsoils and ' /e hard bedrock at depths of 20-40 inches.
Sharns soils have develoned subsoils.

Tvnical pedon of Rowdish loam along the north side of U.S. Highway
150 in the northea: quarter « Sec 19, T19W, R41IN:

An - 0-7 inches; reddish brown (5YR 5/4) loam, dark reddish hrown
(5YR 3/4) moist; weak medium subangular blocky structure that parts to
moderate fine aranular structure; soft, very friable, slighty nlastic, and
slightlyv stickv; 5 nercent sandstone fragments; calcareous; moderately
alkaline (nH 8.2); clear smooth boundary (4-10 inches thick).

AT - 7-10 dinches; reddish brown (5YR 5/4) loam, reddish brown (5YR

4/4) moist; weak medium subangular blocky structure that parts to moderate
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S.C.S. SOILS DESCRIPTIONS

Billings Series - AD

The Billings series consists of soils that are fine-silty, mixed
(calcareous), mesic Typic Torrifluvents. They are deep, well-drained
soils on flood plains, fans, and terraces. These soils formed in alluvium
from shale. Slope is 1-6 percent. The average annual precipitation is
10-16 inches, and the average annual soil temperature is 48-52° F.

Billings soils are similar to Limon, Otero, and Ackmen soils. Limon
soils have more than 35 percent clay in the control section. Otero soils
have less than 18 percent clay in the control section. Ackmen soils have
dark colored surface layers.

Typical pedon of Billings silty clay loam, is located along U.S.
Highway 160 about 1600 feet east of the west quarter corner of Sec 26,
T36N, R15W:

All - 0-2 inches; gray (10YR 6/1) silty clay loam, dark gray (10YR
4/1) moist; weak medium platy structure that parts to modera f-
granular structure; soft, very friable, slightly sticky, and slightly
plastic; calcareous; strongly alkaline (pH 8.8); clear smooth boundary
(2-6 inches thick).

A12 - 2-5 inches; light brownish gray (10YR 6/2) silty clay loam,
dark grayish brown (10YR 4/2) moist; weak coarse subangular blocky
structure; hard, friable, s1° 1tly sticky, and slightly plastic,
calcareous; strongly alkaline (pH 8.8); gradual smooth boundary (0-8
inches thick).

AC - 5-15 inches; gray (. (R 6/1) silty clay loam, dark g y (10YR
4/1) moist; weak medium subangular blocky stucture; hard, firm, sticky,
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and plastic; calcareons; moderately alkaline (pH 8.4); gradual smooth
boundary (0-12 inches thick).

Clca - 15-28 inches; gray (10YR 6/1) silty clay loam, dark gray (10YR
4/1) moist; weak medium subangular blocky structure; hard, firm, sticky,

and plastic; highly calcareous; moderately alkaline (pH 8.4); gradual

‘smooth boundary.

C2ca - 28-60 inches; light brownish gray (10YR 6/2) silty clay loam,
dark grayish brown (10YR 4/2) moist; weak medium subangular blocky
structure; slightly hard, friable, slightly sticky, and slightly plastic;
highly calcareous; moderately alkaline (pH 8.4).

Salinity and alkalinity range from slight to strong. The profile is
moderately or strongly alkaline.

Tne A horizon has hue of 10YR through 5Y, value of 5 through 7 dry,
4 through 6 moist, and chroma of 1 through 4. The 10-40 inch control
section has 27-35 percent clay and less than 15 percent fine or coarser
sand. It is silty clay toam, or clay loam. It has hues of 10YR through

5Y, value of 5 through 7 dry, 4 through 6 moist, and chroma of 1 through
4,

Limon Series - 8?2

The Limon series consists of fine, montomorillonitic (calcareous),
mesic Ustertic Torriorthents. They are deep, well-drained soils that
formed in fine textured alluvium weathered from shale. Limon soils are on
alluvial fans, flood plains, and valley bottoms and have slopes of 0-3
percent. Average annual precipitation is 14-18 inches. Average annual

soil temperature ranges from 47-52° F.
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Limon soils are similar to Billings and Lockerby soils. Billings
soils have less clay in the control section. (Lockerby soils do not have
cracks that remain open from 175-240 days.)

A typical pedon of Limon silty clay loam is located 600 feet north of
the southwest corner of Sec 35, T36N, R14W:

A11 - 0-4 inches; gray (2.5Y 5/1) heavy silty clay loam, very dark
gray (2.5Y 3/1) moist; moderate, fine granular structure, soft, very
friable, very sticky, and plastic; calcareous; mildly alkaline (pH 7.6);
clear smooth boundary (2-8 inches thick).

Al2 - 4-7 inches; gray (2.5Y 5/1) silty clay, dark grayish brown
(2.5Y 4/2) moist; moderate, medium platy structure that parts to moderate,
fine granular structure; very hard, firm, very sticky, and plastic;
calcareous; mildly alkaline (pH 7.6); clear smooth boundary (2-6 inches
thick).

AC - 7-18 inches; grayish brown (2.5Y 5/2) silty clay, dark grayish
brown (2.5Y 4/2) moist; weak, coarse, subangular blocky structure that

irts to weak, medium sub. jular blocky structure; extremely hard, very
firm, very sticky, and plastic; calcareous; mildly alkaline (pH 7.6);
gradual smooth boundary (9-14 inches thick).

C1 - 18-31 inches; light brownish gray (2.5Y 6/2) silty clay, grayish
brown (2.5Y 5/2) moist; massive; extremely hard, very firm, very stic y,
and plastic; calcareous; moderately alkaline (pH 8.0); gradual smooth
boundary (10-15 inches thick).

C2ca - 31-40 inches; light brownish gray (2.5Y 6/2) silty clay,
grayi: brown (2.5Y 5/2) moist; massive; extremely hard, very firm, very
sticky, and plastic; calcareous; moderately alkaline (pH 8.4); gradual
smooth boundary (5-12 inches thick).
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C3ca - 40-60 inches; light brownish gray (2.5Y 6/2) heavy silty clay
loam, grayish brown (2.5Y 5/2) moist; massive; extremely hard, firm,
sticky, and plastic; calcareous; moderately alkaline (pH 8.4).

Depth to iformly calcareous material ranges from 0-10 inches. ack

fragments range frc 0-10 percent but are typically less than 2 percent.

The A horizon has hue of 2.5Y or 10YR, value of 5 through 7 dry, 3
through 5 moist, and chroma of 1 to 3. This horizon is moderately to
strongly alkaline. The control section has more than 35 percent clay.
Cracks up to three-fourths of an inch wide occur in most years.

ie C horizon has hue of 2.5Y or 10YR, value 5 through 7 dry, 3
through 5 moist, and chroma of 2 or 3. Texture is silty clay loam or

silty clay. This horizon is moderately to strongly alkaline.

Midway Series - (2

The Midway series consists of soils that are clayey, montmorillonitic
(calcareous) mesic shallow Ustic Torriorthents. They are shallow,
well-drained soils that formed in residuum from Mancos Shale. Midway
soils are on shale hills. Slope is 3-65 percent. Average annual
precipitation is 13-18 inches. Average annual soil temperature is 47-52°
F.

Midway soils are similar to Batterson, Gladel, and Valto soils.
Batterson and Gladel soils have less than 35 percent clay in the control
section. Valto soils have a colder mean annual temperature.

A typical pedon of Midway clay loam is located about 225 feet south

al 250 feet ei . of the bridge located in the northeast corner of Sec 3,

T35N, R14W:
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Al - 0-7 inches; pale brown (2.5Y 6/2) clay loam, dark grayish brown
(2.5Y 4/2) moist; weak, fine crumb structure; loose, friable, sticky, and
plastic; 1ilcareous; clear smooth boundary (2-9 inches thick).

Cl - 7-11 inches; light brownish gray (2.5Y 6/2) clay, very dark
grayish brown (2.5Y 4/2) moist; massive; hard, firm, sticky, and plastic;
few, fine faint mottles; calcareous; abrupt smooth boundary (1-5 inches
thick).

C2r - 11 inch; weathered Mancos Shale.

Di to weathered bedrock ranges from 6-20 inches. Bedrock is
Mancos Shale with thin strata of interbedded sandstone. The soils are
calcareous throughout.

The A horizon has hue of 2.5Y or 10YR, value of 5 or 6 dry, 3 or 4
moist, and chroma of 2 or 3. It is a clay or silty clay loam.

The C horizon has hue of 2.5Y or 10YR, value of 5 or 6 dry, 3 or 4

moist, and chroma of 2 or 3. It is clay or silty clay loam.

hill S - C4

The Renohill series consists of soils that are fine, montmoriiion-
itic, mesic Ustollic Haplargids. They are moderately deep, well-drained
soils that formed in alluvium from shale mixed with.eo1ian material.
Renohill soils are on upland hills and ridges and have slopes of 3-17
percent. Averge annual precipitation is 14-18 inches. Average annual
soil temperature ranges from 47-52° F.

Renchill soils are similar to Pulpit and Sharps soils. Pulpit soils
overlie sandstone at depths of 20-40 inches. Sharps soils have = ;s than

15 percent sand coarser than very fine sand.
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A typical :don of Renohill loam is located 1245 feet ‘th and 1285
feet east of the southwest corner of Sec 22, T40N, R19W,

Al - 0-5 inches; light brown (7.5YR 6/3) loam, brown (7.5YR 4/2)
moist; moderate, medium granular structure; soft, very friable, slightly
sticky, and slightly plastic; calcareous, mildly alkaline; clear smooth
boundary (3-7 inches thick).

Bl - 5-9 inches; light brown (7.5 YR 6/3) silty clay loam, brown
(7.5YR 4/3) moist; weak, medium subangular blocky structure, slightly
nard, friab™ |, sticky, and slightly plastic, thin patchy clay films on
faces of peds; calcareous; moderately alkaline; clear smooth boundary (3-5
inches thick).

Bz . - 9-14 inches; light brown (7.5YR 6/3) heavy silty clay loam,
brown (7.5YR 5/3) moist; weak, coarse prismatic structure that parts to
mocerate, medium angular blocky structure; hard, firm, sticky, and
pl¢ :ic; thin continuous clay films on faces of peds; calcareous;
moderately alkaline; clear sinooth boundary (5-7 inches thick).

B2. - 14-20 ches; pale brown (__... 6,., heavy silty clay loam,
brown (10YR 5/3) moist; medium, fine angular blocky structure; hard, firm,
sticky, and plastic; thin, nearly continuous clay films on faces of peds;
calcareous; moderately alkaline; gradual smooth boundary (4-8 inches
thick).

Clca - 20-32 inches; pale yellow (2.5YR 7/3) silty clay loam, light
olive brown (2.5Y 5/4) moist; massive; very hard, firm, sticky, and
plastic; calcareous; visible 1ime in spots and seams; moderately alkaline;
abrupt smooth boundary (10-15 inches thick).

C2r - 32 inches; weathered Mancos Shale.
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Depth to paralithic contact ranges from 20-40 inches. Thickness of
the solum ranges from 15-30 inches. Depth to uniformly calcareous
material ranges from 6-20 inches. Coarse fragments range from 0-10
percent and are mostly sandstone and shale fragments.

The A horizon has hue of 7.5YR-10YR, value of 5 or 6 dry, 4 or 5
moist, and chroma of 2 or 3. This horizon is neutral to mildly alkaline.
The B2t horizon has hue of 2.5Y-7.5YR, value of 5 or 6 dry, 4 or 5 moist,
and chroma of 2 or 3. This horizon is typically silty clay loam but clay
content ranges from 35-50 percent. The BZt horizon is mildly to
moderately alkaline.

The C horizon has hue of 2.5Y through 10YR. It is moderately or

strongly alkaline.

Belmear Series - HIN

The Belmear series consists of soils that are fine, montmoril-
lonitic Torriorthentic Haploborolls. They are moderately deep,
v b b il that - v Fin  n o Hus, fine-textured materials
weathered in place or locally transported from shale hills. Belmear soils
are on hillsides, ridges, and narrow valleys auong shale hills. Slope 1is
3-12 percent. Average annual precipil .ion is 12-18 inches. Average
annual soil temperature is 42-47° F.

Belmear soils are similar to Renohill soils. Renohill soils have a
B2t horizon and have a warmer mean annual soil temperature.

A typical pedon of Belmear silty clay is located along the west side

“ the northwest quarter of Sec 2, T36N, R14W:

Al - 0-10 inches; grayish brown (10YR 5/2) silty clay, very dark

grayish brown (10YR 3/2) moist; strong, fine granular structure; soft,
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Cheyenne soils are similar to Connerton, Harlan, Satanta, and Unaweep
soils. Connerton, Harlan, Satanta, and Unaweep soils all lack river
cobble and gravel within 40 inches.

A typical pedon of Cheyenne fine sandy loam is located in the
northwest quarter of the northwest quarter of Sec 26, T34N, SUL, R7W.

Al - 0-3 inches; dark grayish brown (10YR 4/2) fine sandy loam, very
dark grayish brown (10YR 3/2) r st; moderate fine platy structure;
¢ ightly hard, friable, slightly sticky, and slightly plastic; clear wavy
boundary (1-6 inches thick).

B2 - 3- ? inches; grayish brown (10YR 5/2) loam, very dark grayish
brown {10YR 3/2) moist; weak fine prismatic structure that parts to weak
fine subangular blocky; hard, friable, slightly sticky, and slightly
plastic, gradual wavy boundary (7-12 inches thick).

Cl - 12-20 inches; grayish brown (10YR 5/2) loam, dark brown (10YR
3/3) moist; weak fine and medium subangular blocky structure; hard,
friable, sticky, and plastic; strongly calcareous; gradual wavy boundary
(6-10 inches thick).

C2 - 20-30 inches; light brownish gray (10YR 6/2) loam, very dark
grayish brown {10YR 3/2) moist; weak medium subangular blocky structure;
hard, friable, sticky, and plastic; strongly calcareous; clear wavy
boundary (6-14 inches thick).

11C3 - 30-60 inches; river cobble and gravel.

Depth to contrasting I1C horizon ranges from 20-40 inches. Thickness
of the mollic epipedon ranges from 7-15 inches. Depth to carbonates
ranges from 20-30 inches but may be calcareous to the surface in some

pedons. Depth to sand and gravel ranges from 20-40 inches.
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Tne A horizon has hue of 10YR, value of 4 or 5 dry, 2 or 3 moist, and

chroma of 1 through 3. It is a loam, or fine sandy loam.

The B horizon has hue of 10YR, value of 5 dry and 3 moist, with

chroma of 3 or 4. It is loam or light clay loam.

The C horizon has hue of 10YR, value of 5 or 6 dry, and 3 or 4 moist,

and chroma of 1 through 3. It is loam, sandy loam, or loamy sand.

The 11C horizon is calcareous mixed river sand, cobble, and gravel.

Gladel Series - M2

The Gladel series consists of loamy, mixed (calcareous), mesic Lithic
Ustic Torriorthents. They are shallow to somewhat excessively drained
soils. The soils were formed in calcareous residuum from sedimentary
bedrock. They occupy gently sloping to moderately steep hills and ridgss.
Slope is 3-25 percent. Average annual precipitation is 12-18 inches.
Rverage annual soil temperature is 47-50° F.

Gladel soils are similar to Batterson, Valto, and Pulpit soils.
Batterson soils are sandy. Valto soils are frigid. Pulpit soils have
more than 18 percent clay in the control section and overlie sandstone at
depths of 20-40 inches.

A typical pedon of Gladel stony fine sandy loam is located* feet
south and* feet wesi of the northeast corner of Sec 18, T41N, R19W:

Al - 0-5 inches; 1light reddish brown (5YR 6/3) stony fine sandy »>am,
reddi: brown (5YR 4/3) moist; moderate fine granular structure; soft,
very friable, norplastic, and nonsticky; 20 percent sandstone fragmer s5;
calcareous; moderately alkaline (pH 8.0); clear smooth boundary (4-8

inches thick).

* hwmber not present in original.
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Ac - 5-10 inches; 1ight reddish brown (5YR 6/3) fine sandy loam
reddish brown (5YR 4/3) moist; weak coarse subangular blocky structure;
s1ightly hard, very friable, nonplastic, and nonsticky; 30 percent
sandstone fragments; calcareous; moderately alkaline (pH 8.2); gradu:
wavy boundary (0-6 inches thick).

Cca - 10-15 inches; pinkish gray (5YR 7/2) stony fine sandy loam,
pinkish gray (5YR 6/2) moist; massive; slightly hard, very friable,
nonplastic, and nonsticky; 30 percent sandstone fragments; visible
secondary calcium carbonate concretions; calcareous; moderately alkaline
(pH 8.4); abrupt wavy boundary (4-16 inches thick).

R - 15 inches; hard reddish brown Dakota Sandstone.

Depth to lithic contact ranges from 10-20 inches. Rock fragments
range from 0-35 percent in the control section.

The A horizon has hue of 2.5YR-10YR value of 5 to 7 dry, 3 to &
moist, and chroma from 1 to 4. It is mildly alkaline to moderate y
alkaline.

The C horizon has hue of 7.5YR-10R, value of 5 to 7 dry, 3 to 6

moist, and chroma of 1 to 4. It is moderately to strongly alkaline.

Calcium carbonate equivalent ranges from 2-14 percent. Texture is usually

a stony fine sandy loam but clay may range from 5-18 percent, silt from
5-40 percent, and sand from 45-82 percent with more than 35 percent fine

or coarse sand.

Batterson Series - M2

The Batterson series consists of soils that are sandy, mixed, mesic

Lithic Ustic Torriorthents. They are shallow, well to somewnat

excessively-drained soils on gently sloping to moderately steep hills and
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ridges. These soils formed in residuum from sedimentary rock. Slope is
.25 percent. The average annual precipitation is 12-18 inches, and the
average annual soil temperature is 47-50° F.
Batterson soils are similar to Gladel, Valto, and Pulpit soils.
Gladel soils are less sandy. Valto soils are frigid. Pulpit soils have
more than 18 percent clay in the control section and overlie sandstone at

depths of 20-40 incl .

Typical pedon of Batterson loamy sand in the northeast quarter of Sec
28, T38N, R19u:

Al - 0-5 inches; light reddish brown (5YR 6/4) channery loamy sand,
reddish brown (5YR 5/4) moist; loose, nonsticky, and nonplastic; 20
percent channery; calcareous; moderately alkaline; clear smooth boundary
(3-6 inches thick).

AC - 5-13 inches; reddish yellow (5YR 6/6) channery sandy loam,
yellowish red (5YR 5/6) moist; soft, very friable, nonsticky, and
nonplastic; 25 percent channery; calcareous; moderately alkaline; clear
smooth boundary (0- inches thick).

Cr - 13 inches; reddish brown calcareous sandstone.

Depth to lithic contact is 10-20 inches. Depth to uniformly
calcareous material is 0-2 inches. The control section is predominately
loamy sand or sand, but textures finer than loamy fine sand occur in ti
control section. The content of coarse fragments is 0-35 percent.

The A horizon has hue of 7.5YR-2.5YR, value of 5 or 6 dry, 3 through
5 moist, and chroma of 2 through 4. Surface horizons having value as dark
5 dry and 3 moist are too thin or lack sufficient organic matter to
qualify as mollic epipedons.

The C horizon has hue of 5YR through 10YR.
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mesic Ustollic Haplargids. They are moderately deep, well-drained soils
on gently sloping to sloping uplands. These soils formed in eolian
material overlying sandstone. Slope is 3-12 percent. The average annual
precipitation is 14-16 inches, and the average annual soil temperature is
47-52° F.

Typical pedon of Pulpit loam is about 6 miles northwest of Dove Creek
in thne northeast quarter of Sec 24, T41N, R20W:

Ap - 0-7 inches; reddish brown (5YR 5/4) loam, dark reddish brown
(5YR 3/4) moist; moderate medium granular structure; soft, very friable,
nonsticky, and nonplastic; neutral (pH 7.2); clear smooth boundary (3-8
inches thick).

Bl - 7-10 inches; reddish brown (5YR 5/4) loam, reddish brown (5YR
4/4) moist; weak medium subangular blocky structure that parts to moderate
fine granular structure; slightly hard, very friable, slightly sticky, and
slightly plastic; few thin clay films on some faces of peds and in root
channels; few fine root pores; mildly alkaline (pH 7.4); clear smooth
bounc -y (I inches thick).

B2t - 10-20 inches; reddish brown (5YR 5/4) light clay loam, reddish
brown (5YR 4/4) moist; weak medium prismatic structure that parts to
moderate medium subangular blocky structure; slightly hard, frieble,
sligntly sticky, and slightly plastic; thin clay films on faces of pe¢
and in root channels; few root pores; mildly alkaline (pH 7.6); clear wavy
boundary (7-30 inches thick).

B3ca - 20-25 inches; reddish brown (5YR 5/4) loam, reddish brown
(5YR 4/4) moist; weak medium subangular blocky structure; hard, friable,
slightly sticky, and slightly plastic; Tew thin patchy clay films on ices
of pads and in root channels; visible secondary calcium carbonate as
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concretions and ; thin seams and streaks; calcareous; moderately alkaline
(pH 8.2); gradual wavy boundary (3-8 inches thick).

Clca - 25-30 inches; reddish brown (5YR 5/4) loam, reddish brown (5YR
4/4) moist; massive; hard, firm, slightly sticky, and slightly plast :;
visible secondary calcium carbonate as concretions and as thin seams and
streaks; calcareous; moderately alkaline (pH 8.2); clear smooth boundary
(0-9 inches thick).

C2ca - 30-36 inches; pink (7.5YR 8/4) fine sandy loam, pink (7.5YR
7/4) moist; massive; sligntly hard, friable, nonsticky, and nor