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ABSTRACT 

A magnetic r eco nnaissance survey was impl emented in the initial year 

of the Dolores Ar ch aeological Program to determine if this method would 

be usef ul in r eve ali ng subs urface arch aeological f eatures and in 

de lin eati ng t he boundari es of the arch aeo logical sites. The follo wing 

r eport is a desc r iption of the field activities for the 1978 field 

season . The magnetic survey was usefu l in locating t wo pitstructures at 

Site 5MT2193 (excavated during the 1978 and 1979 field seasons by Dolores 

Archaeological Program field cr ev1s) , and subsequ ent inv es tigations of 

magnetical ly surv eyed sites are expec t ed to yield si milar r esults . 
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INTRODUCTIO N 

A magnet i c reconnaissance survey was initiated 28 Augus t 1978 for the 

firs t year of fie l d operations of the Dolores Archaeo l ogical Program . 

Magnetic survey i s a relative ly new research method wh i ch records 

variation s i n the earth ' s magnet i c fie ld enab l ing detection and 

definition of subsurface archaeological feature s prior to excavation . 

The survey is instrumenta l in determ i nati on of perimeters, gri d 

pl acement , an d genera l deli neati on of f eatures present on the s i tes . 

Because th is is amon g t he first magnet ic sur veys attempted in the 

southwestern regio n of Col orado, t he resu l t s of t he survey need t o be 

tested archaeologically t o ver ify anal ysis of the anomal i es . Essent ially 

thi s need on ly be done un til a corre l ation can be estab l ished between the 

characteristic s of magnet i c anomal ies an d archaeo l ogical feature? . 

During the 1978 f i eld season, two preh i stor ic s i tes (Site 5MT219 3, 

Do s Casas Hamlet , and Site 5MT2198 , Sageh i ll Haml et) were magnet i cally 

surveyed and consequent ly tested by excavation. For both sites, hand

drawn magnet ic contour maps were drawn in the fie ld . One site , 5MT2193, 

reveal ed t wo hig h anomali es wh i ch were then excavated and determined t o 

represen t two pithouse structures (Emerso n, et al. [1]) . The other site , 

Site 5MT2198, produced an anomaly which was thought to be of archaeo l og-

ical origi n; however, tes t excavati ons proved to be ster i l e (Hewi t t [2]) . 

It was l ate r conc l uded that t he anomaly was due t o a fragment of met al (a 

sp i ke or tir e r im , etc .), but not hing was concl usiv el y proven. Wi t h 

ongoing magnet ic an alysis and research, nonarchaeol ogi cal and 

archaeo l ogical features wil l be dist i nguishabl e by the type of 
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anomaly produced . See Huggins and We,Jmout h [3 ] for a discussion of the 

criteria on which these distinction s can be based. 

Different types of maps and an expl anatory narrative for each site 

are being produced by the Nebraska Center for Archaeophysical Researc h 

(NEBCAR ) to aid in the analysis of the data (Huggins and Weymout h [ 3]) . 

Future research will focus on the description of magnet ica ll y subt l e 

feature s as we ll as the mo re ob vious ones . It i s also possib l e to filter 

out suc h obtrusive anomalies as produced from ferrous objects which are 

of no consequence in determination of prehistor ic archeao l ogic al 

f eature s. Dr. Joh n Weymouth of the Department of Ph ys ics and Astronomy 

at the Univers i t y of Nebrask a is conduct ing the computer programmin g and 

analysi s with the ass i stance of Ro b Huggins , a graduate student at that 

institutio n . 

-3-
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METHODOLO GY 

The magnet ic f i el d of the earth varies throughout the wor ld according 

to latitude an d to more local phenomen a. This field of intensity is no t 

tempora lly constant , but f l uctuates di urna lly and seasonally, and also 

exh ibits l onger-term variability as we ll. Within the mai n field , local 

magnetic f l uctuations are apparent ly due to varying topographic , geo l ogic , 

an d vegetal factor s as we ll as the t o more sub tle f acto rs produced from 

cultural f eatures . It is these subt l e deviations from the magnet ic field 

whic h are of mor e interest to the archaeo l og ical discipl ine . 

Magnet ic surveying cons ists of meas uring, mapping, and interpretin g 

the magnet ic intens iti es with in specif ic areas of interest . These l ocal 

variances from the magnet ic fie ld are referred to as anomali es and 

indicate fluctuations in the magnetic fie ld wh ich might be caused by a 

variety of factor s . It is the interpretation of these anomalies whic h 

enable the analyst to infer the presence of subsurface archaeological 

feature s. 

The shape an d type of anomaly produced from the data can be 

interpreted in terms of under l ying causes, and it is po ssible to estimate 

the type of feature creating the anom aly . The si ze an d am pl itude of the 

anomaly are dependen t on the vert i c al and hor i zontal dist ance from the 

i nstrument sensor, the amoun t of object magnetism , an d the size of the 

magnetized ob j ec t . Ferrous obj ec ts occasionally produce errat ic res ult s 

and obscure nearby archaeo logical feature s. Geological influenc es can 

also obscure the more subt l e f eatures . All of these factors are 

pertinent in the fina l an alysis an d succes s of magnetic surveying. 

-4-
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The reliability of the data is dependent upon numerous factors; this 

is why magnetic surveying must be treated with professionalism by the 

entire field crew . It is essential that the "sensor holder" (that is , 

the person r esponsible for moving the r emo te sensor over the area being 

surveyed) be magnetically cl ean, as any metal obj ects clo se to the 

instrument will cau se fluct uati ons and i naccur ate i nf ormation . The 

sensors must be very stil l during the r eadings or this can also obscure 

the data . When surveying , objects suc h as electrical wires , f ences , and 

automobiles should be avoided. The presence of any of these types of 

mater i als wi ll produce inaccurate data and therefore affec t the 

an a lysis . 

In extracting data from an area , several methods are possible , but 

the one fo und most effective for the Dolores Arch aeologica l Program 

Survey is the differential method. This method entai l s the use of two 

mag ne t ometers , one to record the apparent spatial f l uctuations in the 

ar ea surveyed, and the other to record the diurn al f l uctuations in the 

magnetic fiel d. Variations in the reading s of the two instruments are 

then calibrated to determine the true local subsurface re adings , and 

these readings are interpreted to identify anomalies . 

Most magn et omet ers used for geological purposes are sensitive to one 

gamma ( 1 x 10_5 Gauss, the measurement used for indicating the 

intensity of the magnetic fie l d), as th is is all that is necessary t o 

detec t features of geological orig in. However, i n detecting features of 

archaeological interest, a much more sensitive instrument is necessary 

due to the subt l e nature of the f eatures under study. Therefore , the 

magnetometers used for archaeological study are equ i pped wi t h 
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one-fourth gamma f eatures, whic h enable them to be four ti mes more 

sens itive . The use of th is instrument in magnet ic surveying enables a 

more accurate analysis of the possib l e features in the are a . 
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PRELI MINA RY PROCEDURES 

The sites to be magnetic ally surveyed were select ed from areas which 

will be affec t ed in the ne ar f uture by l and-modifying ac tivities of the 

Do l or es Proj ec t . Al l sites se l ec t ed, with the exce ption of 5MT0023 

(Gr ass Me sa Vill age ), are located in Borrow Ar ea A, a location where 

mat erial will be r emoved for d ~n construction (Figures 13.1 and 13.2 ). 

The process of se l ection consisted of reviewing the site survey r eport s 

for the priority ar ea and noting those sites that possess suitab le 

physical char acteri stics for magnetic survey (suit able soi ls, topography, 

etc .). Site types, temporal assig nments , and excavati on priorities are 

then consid er ed in se l ec ting the sample. Most sites magnetically 

surveyed in the 1978 field season are scheduled for excavation in the 

1979 field season ; however , four additi onal site s (Site 5MT4652 , Site 

5MT4657 , Site 5MT4659 , and Site 5MT2672 ), were sel ected because immediate 

input for evaluation was critical (the sites wou ld be impacted by a 

proposed project hau l road ). 

Al Kane , Co-Pr incipal Inv estigator fo r the Dolor es Archaeological 

Program , and Rob ert Huggin s of NEBCAR, made the decisions as to whic h 

sites and wh at areas of the sites we re to be magn etically surveyed . 

Subse qu ent to the actual survey proc edure , the desired area for each site 

must be located and phys ically delimited. To accomplish this a transit 

is set up on one of the establi sh ed peri meter corners of the study area. 

From here the des1r ed num ber of survey blocks are defined and staked; the 

grid blocks are oriented according to magnet ic north . In gener al, blocks 

measure 20 by 20m , but it is occasionally necessary to use 20 by 10m 

- 7-
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Figure 13 .1 : Location of si te s subj ect to magnetic 
survey dur i ng 1978 (with the exception 
of 5MT002 3, Gras s Mes a Vill age ) . 
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Figure 1: Intensity dist ributi on of the earth's 
magnetic field 
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Figure 13.2 : Locatio n of Site 5MT002 3, Grass Mesa 
Vil l ag e . 
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blocks because of unsuitab l e topograph y or li mits of ar eas of interest . 

Once the perimeter s of the blocks are staked, each corner is marked 

accord ing to locat ion,with " 1 , 1" indic ating the southvJes t corner . In 

these designations, the first coordinate re l ates to the south-north 

location and the second coordinate re l ate s to the west -east l ocatio n, as 

shown in Figure 13.3. This method facilitates interpretation of the 

computer maps (S YMAPS ) an d re l ates eas i ly to the actual l ayout of the 

gri d in the field . One or more bl oc ks with shared boundaries constitute 

a grid (Figure 13.3 ) . There may be on e or more grids per site, depending 

on the s i te size and / or the areas to be inv estig ated. 

In order to conduct magnet ic reconnaissance survey, a minimum of 

three technicians is requ i red : one person to operate the stationar y 

magnetometer an d record data , another to operate the moving sensor, and a 

third to operate the moving magnetometer . It i s necessary that the cre w 

be magnet ically clean so as no t to affec t the data ; fluctuations of more 

than 4 quarter gammas from a position an arm 's l ength from the sensor 

risk contamination. 

Following the establishment of the grids , the i nstr uments shoul d be 

positioned with the stationary sensor sufficientl y far f rom the study 

blocks so as not to caus e interference . Once the stationary sensor i s 

installed in an are a of l ow magnetic variance , it shoul d not be bumped or 

moved until compl etion of the survey. 

In order to keep the stations consistent with in the bloc k, ropes are 

utilized wh ich are marked in one m i nterval s , and four guideli nes are 

emp loyed to mark the south-north and west-east li nes \~ ich the mo ving 

magnet ometer crew follow . Surv eying begin s i n the southwest corner of 

the gr id and /or bl ock an d the cr ew moves north an d east . The stations 

- 12-
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Figure 13.3 : Schemat ic of magnet ic survey provenienc e 
system. 
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DAP MAGNETIC RECONNAISANCE SURVEY 
SITES INCLUDED . IN THE SU RVEY PROGRAM, 1978 

GRASS MESA 8 PERIMAN LOCALITIES 

0 1/2 I Km 
t=c===:::L:•t::%*:mLfi::l =::=::=:JI 

figure 3: Locat ion of Site 5MT0023, 
Grass Mesa Vill age 
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normally progress to the north , al ong the guideline until the en d of the 

line is reached . The crew then moves east one li ne and repeats the 

procedure . Both magnetometer s are activated simul taneous ly at the call 

of the moving magnetometer operator and information is recorded by the 

stationary magnetometer operato r . When ~l grids from a site have been 

surveyed , this information is sent to NEBCAR for computer processing, 

print out (SYMAPS ), and subsequent interpretation . It is also possib le 

to draw hand-contoured maps , although these are less accurate and mor e 

limited than the SYMAPS. 
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SUMMAR Y OF 1978 OP ER ATIONS 

On 28 Augu st 1 ~78 Robert Hug gins of NEBCAR arriv ed to begin fie ld 

operation s in conju nction with Do lo res Arc haeo l ogica l Progr am per sonn el 

at several of the hi gh prior ity si tes in the dam proj ect are a. 

From 28 Augus t t hroug h 5 Sept ember Hugg i ns , wi t h t he ass i stanc e of 

Laur a Maness (a Un i versity of Col orado fi eld crew member ), surveyed t he 

st udy sites with a tr ans it to del i neate t he boundar i es of the magnetic 

sur vey t est sq uare s . At th is ti me a total of for ty-s even 20 by 20m and 

t wo 20 by 10 m bl ocks were est abl ished at 15 pr ehistori c sites . 

On 11 Sept ember 1Y78 Huggi ns cond uct ed a fi eld tr ai ni ng ses si on t o 

t each t echni ques necessar y to accomplish a magnetic reconnaissance 

surv ey. This ses sion consisted of procedur al enactment , partici patory 

discu ssio ns on th e mec hanic s invo l ved i n magn et i c surveying , gener al 

descri pt ion of computer dat a pr i nt out and subseq uent an alys is, an d 

procedure for han d-contouri ng magnet i c maps . Thos e attending the sess i on 

were Kyl e Bauman, Laura Maness, and Ho lly Hath away (author) . Gary Brown, 

Ray Harri man, and Jacque l i ne Li tv ak (Univ ers i t y of Col orado cr ew member s ) 

were l at er tr ai ned by Hat haway and used to augment the Magneti c 

Reconnais ance Survey Cr ew. 

The Spec ial Studies Cr ew was organ i zed on 25 Sept ember 1978 with 

i mp l ement at i on of t he Magnetic Reconnai ss ance Survey as one of the major 

t ask s . During the 1978 fi eld season Holly Hathaway, serv ed as crew 

l eader wit h Kyl e Bauman, Gary Brown, Ray Harri man, Jacq uel ine Litvak , and 

Laura Ma ness as Magn et ic Reconna i ssance Survey Crew member s . 

-16 -
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The Magnetic Reconnaissance Survey field seaso n began on 11 September 

an d ended 6 November (b ecause of inc l ement weather and poor road 

conditions) . A total of 39 work ing days , or 840 man-hours , were expended 

in laying out the blocks and col l ecting data on the sites , with crew 

sizes varying from two to three technicians . 

Fifty-two 20 by 20m blocks , fou r 20 by 10m blocks, and one 20 by 5 

m block were estab li shed at 19 prehistoric sites ( Table 13. 1). Seven of 

the 20 by 20 m,blocks were not magnetically surveyed by the end of the 

1978 field season due to incl ement v1eather. Five of the 20 by 20m 

blocks were hand-mapped at the project and were not sent to NEBCAR for 

computer analysis and interpretat ion . Those sites surveyed were a subset 

of those el igib le for excavation during the 1979 and 1980 field seasons . 

Efficiency fo r the 1978 field season was somewhat hampered by the 

inexperience of the crew and maintenance problems with the sensitive 

instruments ; however, a minimum of two blocks were surveyed per workin g 

day. Tab le 13.1 lists all the sites , the number of blocks per site , and 

the date(s ) surveyed. 

The two magnetometer s used on the Dolores Arch aeo logical Program were 

of the portab le proton magnetometer type , Mode l Number G-826 , and were 

purchased from geoi~etrics of Sunnyvale, California on 11 September 

1978 . 
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Table 13 .1. Inv ento ry of Wo rk Com pl eted , Do lores 
Archaeo l ogical Program Magnetic Reconn ai ssance 
Survey, 1978 Field Se ason. 

--------------- ----
# of 20x20 m # of 20x10 m 

SITE # Blocks Bl oc ks DATE SURVEYE D 

5MT0023 2 (Grid 1) 3 October 
2 (Grid 2) 4 October 

5 (Grid 2) ** 

5MT2192 4 22 & 25 September 
2 11 No vember 

5MT2193 1 12 September 

5MT2194 2 13 & 14 Sept ember 

5MT2198 1 13 Se ptember 

5MT2199 2 1 Nov ember 

5MT2203 2 6 October 

5MT2236 6 10 & 11 October 
2 Nov ember 

5f~T2 672* 1 4 Nov ember 

5MT2844 4 20 & 23 October 

5r"'T2848 4 19 & 20 October 

5MT2853 2 12 October 

51'<1T 44 78 2 22 & 25 October 

5MT4512 2 6 October 

5tH4545 4 19-21 September 

5MT461 4 4 12, 15 & 19 September 

5MT465 2* 2 3 November 

5MT4657* 1 5 November 

5MT4659* 1 5 Nov ember 

*Hand-contoured ma ps on ly; no SYMAPS available. 
**Bl ocks no t magnetically surveyed in 1978 field season. 
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RESULTS 

Computer SYMAPS , line contour maps and in terpret ive narratives fo r 

sites surveyed in 1978 appear in NEBCAR report (H ugggin s and Weymout h 

[ 3] ) . 

The four sites which wil l be discussed in the pre li minary repor t are 

as follow s: Site 51~T4652 , Site 5MT465 7, Site 51H465 9, and Site 51~T26 72. 

Th ese sites were not programm ed into the NE~CAR computer but wer e 

hand-contoured for resu lt expedi ence ; the sites wou ld be impacted by a 

proposed Bureau of Recl amation acces s road , and a quick evaluation of the 

cultural resources present along the proposed access route was needed. 

As previous ly mentioned, the hand-conto ur ed maps are l ess accurate than 

computer SYMAP pr int out s and the interpretive di scussions take into 

account these li mit ation s . 

Site 5MT4652 

Two grids, with one 20 by 20m block in eac h, were established and 

surveyed at Site 51H465 2. The site is l ocated on a south sloping ridge 

of a plowed field in the Sagehen Fl at s area nor th of Road X (Figure 

13.1). Grid 2 is l ocated approximately 10 m north and we st of Grid 1. 

Grid 1 is offset to the east of the ridg eto p an d appeared to be a good 

location for a structure . Bl ock A, Gr id 1, is fairly qu i et magnet ically 

(Figure 13.4); however , two anomali es are present. One l ar ge anom aly 

located at (E13 , N12 ) is a dipolar phenomenon wh ich is probab ly due to a 

metal object in the vicinity; it is oriented in WSW-ENE position r ather 

than than in standard north-south orientation res ulting from fire -hard-

ened archaeolog ical features or other features containing in sit u 

bu rnings . 
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Figure 13.4 : Site 5tH4652, Block A, Grid 1, magnetic 
contour map . 
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The anomaly loc ated at (E4,N14) is a dipolar phenomenon , oriented 

north-south , which probab ly indicates an archaeologic~ feature . The 

anomaly is relatively small, possibl y resulting from a fire hearth or 

other such small f eature . 

Gri d 2, Block A, is l ocated on top of the ridge an d is centered on 

one of the Bureau of Recl amat ion ' s ro ad survey stakes . A metal rebar 

(road stake ) situated at (E7 ,rHO) (Figure 13.5 ) produced a large anomaly 

which does not appear to be dipolar , prob abl y due to the vertical 

position of the rebar in the ground . A dipolar anomaly l ocated at (E15, 

N1 4), oriented ~INW-ESE , is agai n probably due t o a metal obj ect which was 

not observed in the survey. Two separate anomalies located at (E13.5,N5) 

ex hibit high magnet ic areas with no associated negative po le (that is, a 

1nono pole ), these may be of archaeo l ogical origi n. 

There is one other area wh ich is apparent ly producing a dipolar 

effec t, but the majority of the anomaly is l ocated east of the survey 

perimeters and proper assessment is not possible wi thout comp l ete 

information . 

Site 5 t~T465 7 

This site is l ocated in a plo wed field of ro lli ng hi lls and ridges at 

the bottom of a slight ly depressed area (Figure 13.1). The site consist s 

of a scant sherd and lithic scatter, with a rubble pil e to the south. 

One grid, with a 20 by 20m block , is located north of the rubble pile 

and centered over the sherd and lithic scatter . No anomali es are 

apparent in the hand-contoured maps; the field appear s magnet ic ally flat 

(Figure 13.6) . 

-2~-
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Figure 13.5 : Site 5MT4652, Bl oc k A, Grid 2, magnet ic 
contour map. 
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Figure 13.6: Site 5MT4657, Block A, Gri d 1, magnet ic 
contour map . 

5 
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Site 5MT4659 

This site is located approximate ly 50 m wes t of 5MT4652 on a ridge 

top in a plowed field (Fi gure 13.1) . One grid with a 20 by 20m bl oc k 

was surveyed centering on a small rubb l e mound with surrounding scattered 

sherds and l ith ics . 

A very strong dipolar anom aly is located (E6 , N18 ) (Fi gure 13.7 ) with 

a NW-S E orientation ; it is very prominent and probab ly not due to 

archaeo l og ical origins . The anomaly might be due to a r ather l arge metal 

object l ocated below the surface and sit uated in a NW-SE position . 

Another anom aly , loc ated slightly south of the rubble moun d at 

(E11, N9) a high monopo lar phenomenon wh i ch is probably due to th e 

proximity of sandstone rubble . Distinguishing features (walls, etc.) ar e 

no t discernib le on the hand-contoured map. 

A very high anomaly is located at (E 20,N2) an d infl uences a large 

area; it is very possib ly due to an archaeo l og ical feature , probabl y a 

prehistoric pithouse . This anomaly ex t ends outside the east an d so uth 

perimeters of the surveyed area , so a comp l ete description is not 

possib le. 

There is an odd triad of anomali es located in the northeast corner of 

the block . This con sists of a high area at (E1 9, N18) with an assoc iated 

low area at (E16,N17) to the west-southwest. Another l ow are a at 

(E16 , N14 ) exist s due south of the first l ow area but is wider and more 

shallow and probab ly no t related in origi n. Th ese anom alies are li kely 

not due to archaeo l og ical f actor s . 

Site 5MT2672 

Site 5MT2672 li es on a sm all ridge in a plowed field (Figure 13.1) 
~ 
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Figure 13.7 : Si te 5MT4659, Bl oc k B, Gri d 1, magnet ic 
contour map. 
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an d con si sts of a fa i r ly small but scattered area of sherd s and l ith i cs . 

One 20 by 20 bl oc k was pl otted on t op of the ridge and covered the 

maj ority of artif act ual debr is. A f air ly wide l in ear feature is ap parent 

on th is map, r unn i ng no r t h-south in the center of t he bl oc k (Fi gure 

13. 8) ; i t is perhaps due t o the ri dg eto p or other t opographic features . 

Jus t to t he east of th is f eat ure at (E14,1H2 ) , a sm all anom aly wit h a 

high magnet ic f i eld is ap par ent wit h an assoc i ated sli ght negativ e 

anom aly t o t he south -southwest , t his poss ib ly i ndi cates a fire hearth or 

other suc h arc haeol og ical f eat ure . 
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Figure 13.8 : Site 5MT2672, Bloc k A, Gri d 1, magnet ic 
contour map . 
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Figure 2: Site 5MT4659, Block B, Grid 1, 
magnetic contour map 
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CONCLUSIONS 

The 1978 fi eld se ason of the Magnetic Reconn ai ss ance Survey pro gr am 

was success ful in locating t wo verifi ed pithouses on a site excavat ed in 

t he 1978 field season (Site 5MT2193 ). During the 1979 field season, most 

of the r em ai nder of the s i tes magneti cally surveyed in 1978 will be 

t es t ed. An alysis an d int erpr et ation r es ulting fr om the magn etic survey 

will assist in formulat ing excavation strategy f or these sites. With 

continuing analysis of anomali es produced and actual arch aeol ogica l 

f eatures discov ered, better and more deta il ed interpretation will be 

possible . It is ant i cipated that Dolores Archaeol ogical Pro gram magnet ic 

surv ey operations wi ll be expanded in future years as the t echnique 

underg oes further refin ement . In additio n to providin g input fo r 

co nceiving excavation strategies and schedu l es at sites to be intensively 

inv es tigated , other poss ible app lic ation s are in mapping of large 

prehistori c sites and region al sampli ng procedures . 

Interpretation of the magnetometer survey of the four sites present 

in the proposed right-of-way for the project haul road suggested th at 

significant subsurfac e ar chaeological structures or features were 

probably present at Site 5MT4652 and Site 5!'1T465 9. It was therefore 

recommend ed to the Bur eau of Recl am ation that the road be rerouted to 

avoid these sites; the Bur eau of Recl am ation lat er ch anged the location 

of the road in lieu of the potentially dam aging ali gnm ent. 
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