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EXECUTIVE SUMMARY

New techni ques of ground- penetrati ng radar (GPR)
acquisition and conputer processing were tested at buri ed
archaeol ogical sites in the Anerican Southwest. The GPR nethod of
geophysi cal mappi ng uses surface antennas to transmt high frequency
radar pulses into the ground and then neasure the anplitudes and
reception tinmes as they are reflected from subsurface features.
These reflection data are recorded digitally on a conputer and can
then be processed and interpretedusing visual and conputer nethods.
Many mllions of individual reflections can be recorded in one
survey grid, necessi tating speci al dat a mani pul ati on and
interpretation techniques that can be perfornmed only by a conputer.

A nunber of different acquisition and processing nethods
were tested at buried archaeological site covered with different
sedinents and soils. Sites were chosen for study if they had been
excavated before the survey, or were to be excavated soon after.
Sites that had little or no surface expression were especially
targeted because these are the types of sites that are nost in
danger from construction and devel opnent projects.

A nunber of newly devel oped data processing nethods were
enpl oyed to process the data. The nost effective technique was the
anplitude slice-map nethod, which can process and map many mllions
of reflection anplitudes wthin a survey in three dinensions.
Resul ti ng maps produced i mages of “slices” in the ground, simlar to
standard arbitrary levels in archaeol ogical excavations. The
difference between anplitude slices and excavation l|levels is that
the radar slices are nmapping features that reflect radar energy
instead of archaeological materials. Wth good velocity information
exact depths of each slice can be determ ned. The slice-map nethod
was conbined wth nore standard data processing and visual
interpretation techniques to produce accurate subsurface maps that
coul d be tested by excavation data.

In southern Arizona, near Tucson, nunerous pit structures
buried in terrace alluvium were discovered and mapped at the
Val enci a Hohokam Site. In the Four Corners region buried features
including a Chaco period Geat Kiva and other pit Structures were
mapped by GPR and l|ater confirned through excavation near Bluff,
Ut ah.

At sonme sites that were tested, GPR surveys did not
successfully identify buried archaeological features. These failed
surveys highlight both geological and nethodological problens
including soil conditions, surface disturbance and. equipnent
calibration that nmay be avoided or aneliorated in future GPR
surveys.

Techni ques of radar data acquisitionwere refined and data
processi ng nethods devel oped to produce high quality imges. The
slice-map nethod was applied to all data sets in order to produce
I mages that could be interpreted while still in the field.



| nt r oducti on

The Anerican  Sout hwest is a region wth spectacular
archaeol ogical renmains that are wunder constant threat from
devel opment projects including roads, pipelines, electrical
transm ssion lines and new housing projects. In nuch of the
Sout hwest, archaeol ogical remains are buried, often |eaving no
trace of prehistoric houses, storage pits and other features
that are hidden below the surface. This situation creates an
enornous problem for developers who often nust, by |aw,
“consider” (usually avoid or property excavate) the sites they
di sturb. Archaeol ogi sts who are contracted to determ ne whet her
archaeol ogi cal features are present in an area slated for
devel opnent generally must make their assessnment based only on
surface remains, or sonetinmes scattered subsurface excavation
This | eaves many buried features undetected and hidden sites
are often destroyed before their presence can be detected. A
simlar problem exists for research archaeologists who nust
interpret Sites based on only a small-excavated sanple. This is
especially true for large Sites where an understanding of site

| ayout and organi zation is |limted.

G ound- penetrating radar (GPR) offers a rapid and inexpensive
nmethod for identifying subsurface archaeological features
wi t hout excavation. Although the technique has been used for
ar chaeol ogi cal exploration and mapping since the 1970s, recent
advances in GPR equipnent and the conputer processing of
geophysi cal data have revolutionized its effectiveness. Until a

few years ago, GPR was used sinply toidentify subsurface.



“anomal i es” that nmay or nay not represent archaeol ogi cal features. Today,
conputer nmapping techniques have been developed that produce sharp
three-di nensional imges of subsurface features over |arge areas.
Geophysi cal maps have becone not only a tool for discovering buried
archaeol ogical materials, but a key part of archeol ogical data recovery
and a powerful research tool.

Previ ous researchers have reported on the effectiveness of GPR in
the Southwest in sone prelimnary geophysical Surveys (e.g., Sternberg
and MG Il 1995, Vickers and Dol phin 1975). W suspected that new GPR
equi pnent and especially some recently devel oped conputer processing
techniques would be able to build on these studies and expand

archaeol ogi sts’ ability to use this powerful subsurface mappi ng tool.

Seven archaeol ogical sites were chosen for GPR testing, three of
which had been excavated before GPR data were collected, or were
excavated i medi ately afterward so that the accuracy of inmages could be
eval uated. We discovered that the GPR nethod is extrenely valuable for
| ocating and mappi ng buried archaeol ogical renmains at Southwestern sites
at three of the seven sites that were tested, excavations that GPR i nages
accurately replicated the buried features. Certain geological and
climatic conditions and equi pnent calibration errors, however, inhibited
the collection of effective data for a variety of reasons at four of the
other sites W found that one critical factor to survey success is a
know edge of |ocal geologic and climatic conditions prior to conducting

the survey. Wen these conditions are known in advance, equi pnent can



be <correctly adjusted prior to collecting data and appropriate
processing and interpretation techniques used later. This article
reports on the results of this testing program and evaluates the

nmet hods enpl oyed.

Hi story of GPR in Archaeol ogy

Ground-penetrating radar was first used by archaeologists at
Chaco Canyon, New Mexico (Figure 1) to discover the location of walls

covered by wi nd bl own sedi nent (Vickers, Lanbert and Johnson 1976).
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These and other early GPR surveys used anal og equi pnent that recorded
unprocessed radar reflections on magnetic tape or printed

Figure 1. Base Map of the Anerican Southwest. The
arcﬁaﬁologlcal sites where GPR surveys were conducted
are shown



.
them on paper. Archaeologists wusually had to search paper records
| ooking for “anomalies” that mght represent buried features. This
met hod was used successfully throughout the 1970s and 1980s to
di scover features as diverse as barn walls, underground storage
cellars (Bevan and Kenyon 1975, Kenyon 1977), tunnels (Fischer, Follin,
and U riksen 1980), Myan house platforns (Sheets et al. 1985) and

house foundati ons and graves (Vaughan 1986).

In the md 1980s digital GPR systens, which had the capability of
storing, filtering and processing |large anmounts of data with the use
of conputers becanme nore common, producing high quality reflection
profiles (Annan and Davis 1992) Large digital data bases from nany
transects could be processed simultaneously within a grid, creating
t hree-di nensi onal maps of Sites (Goodman and N shinura 1993, Goodnan
et al. 1994, Goodman 1996, Goodman, N shinmura, and Rogers 1995,
Conyers and Goodnan 1997: 149-194)

Today many archaeol ogi sts who enploy GPR at their sites are still
mainly concerned wth identifying buried anomalies in individual
transects that mght represent features of interest. Although this
type of GPR application is valuable, in that buried features can be
imrediate identified and excavated (or avoided), the conputer
technol ogy now exists to process |arge anounts of digital data quickly
and efficiently, producing large site mps in three-dinensions,
Sonetinmes while still in the field. Sone of these new techni ques were
used at the sites discussed in this paper and allowed us to study site

| ayout and organi zati on wi t hout extensive excavati on.



Ground- penetrati ng Radar Met hods and Equi pnent

New techniques of ground-penetrating radar evaluated in this
study allow for wide aerial coverage in a short period of tinme, wth
excel l ent subsurface resolution. Some GPR surveys have been able to
resolve stratigraphy and other features at depths in excess of 40
nmeters, but nore typically are used for nmapping to depths between a
few tens of centineters and five neters.

Ground- penetrating radar data are acquired by transmtting pul ses
of radar energy into the ground froma surface antenna, reflecting the
energy off buried objects, features or bedding contacts and then
detecting the reflected waves back at the ground surface with a
receiving antenna. Wwen collecting radar reflection data, surface
radar antennas are noved along the ground in transects within a
surveyed grid and a large nunber of subsurface reflections are
collected along each line. As radar energy noves through various
materials, the velocity of the waves will change (usually decrease),
depending on the physical and chemcal properties of the material
through which they are traveling (Conyers and Goodnman 1997: 31-40).
The greater the contrast in electrical (and to sone extent nagnetic)
properties between two materials at an interface, the stronger the
reflected signal (Conyers and Goodman 1997: 33-34). Wen travel tines
of energy pulses are neasured, and their velocity through the ground
is known, distance (or depth in the ground) can be accurately neasured
(Conyers and Lucius 1996). Each tinme a radar pulse traverses a

material with a different conposition or water saturation, the



velocity will change and a portion of the radar energy will reflect
back to the surface and be recorded. The renmaining energy wll
continue to pass into the ground to be further reflected, until it
finally dissipates with depth.

The GPR systemused in this study was a CGeophysical Survey System
Inc. (GSSI) Subsurface Interface Radar-10 (SIR-10) that enployed

antennas housed in a fiberglass sled (Figure 2).

Figure 2. Collecting GPR data with 300 Mz Antennas. These
photos were taken at the Bluff Geat Kiva site, Utah. Radar energy is
transmtted fromthe base station (right picture) to the antennas (left
picture). The reflected data is re transmitted back to the base station in the
same cabl e.

Radar energy is transmtted to and from the radar control system
and conputer by a cable. Oher GPR systens are self-contained and
Connections between antennas and the conputer are nade with fiber
opti c cables (Conyers and Goodman 1997: 57-67).

A typical 50 neter transect may collect 2000 or nore
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i ndividual reflection traces, which are a series of waves recorded
from subsurface reflections at one location. Arrivals of reflected
waves are neasured in the tine it takes a pulse to travel from the
transmtting antenna, to the reflection surface and back to the
receiving antenna. These travel tinmes can be converted to depth if
the velocity of the material through which they pass is known Data
are stored digitally on a conputer and can be processed i nmedi ately,
or after a survey is conpleted. Wen all the reflection traces
collected in one transect are plotted horizontally, a two-
di nensi onal profile of subsurface stratigraphy and archaeol ogical

features is produced (Figure 3).
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Figure 3. Gound-penetrating Radar Profile of a Pit Structure at Val encia
Site, Arizona. The area fromO- 4 mon the profile is the near-field zone
where few reflections are recorded. The floor is between 18 and 21 neters
at a depth of .8 m below the surface.

Refl ection profiles from many transects within a grid are then
processed and correlated to produce an accurate three-dinensional

pi cture of subsurface horizons and features.
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The success of GPR surveys in archaeology is to a great extent
dependent on soil and sedinent mneralogy, clay Content, ground
noi sture, depth of burial and surface topography and vegetation
Electrically conductive or highly magnetic materials wll quickly
di ssipate radar energy and prevent its transmission to depth. The
best conditions for energy propagation are therefore dry sedinents
and soil, especially those wthout an abundance of clay. These
sedinments and soils are comon in the Southwest, which is why the
technique is so effective while these conditions are optinml, any
| ow conductivity nedia will transmt radar energy, no nmatter what
its noisture content (Conyers and Goodnman 1997: 44-54). Features
that are buried too deeply may be below the depth of maxi nrum radar
propagation and cannot be resolved. Heavily vegetated surface
conditions, or a very uneven dground surface can also negatively
i nfluence GPR surveys, nmking the transport of surface antennas

difficult or inpossible.

The depth to which radar energy can penetrate, and the anmount of
resolution that can be expected in the subsurface, is partially
controlled by the frequency (and therefore the wavel ength) of the radar
energy transmtted (Conyers and Goodnan 1997: 40-52) Standard GPR
antennas propagate radar energy that varies in band width from about 10
megahertz (MHz) to 1000 MHz. Low frequency antennas (10-120 WMHz)
generate long wavelength radar energy that can penetrate up to 50
nmeters in certain conditions, but are capable of resolving only very
| arge buried features. In contrast the maxi num depth of penetration of

a 900 MHz antenna i s about one
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neter or less in typical materials, but its generated reflections
can resolve features wth a maxinmum dinension of a few
centinmeters. A trade off therefore exists between depth of
penetration and subsurface resolution. Archaeologists typically
use antennas with frequenci es between 100 and 500 MHz for the best
resolution at depths ranging fromone to five neters.

The ability to "see" radar reflections on profiles is related
to the amount of energy reflected and therefore the anplitude of
the reflected waves. In nmany cases the hunman eye may not be able
to discern sone inportant |ow anplitude reflections and therefore
conput er - processi ng techni ques must be used to enhance and define
t hese nore subtle features.

Refl ection off a surface that is not horizontal can either
focus or scatter radar energy, depending on its orientation and
the location of the antenna on the ground surface. If a buried
pl anar surface is slanted away from the surface antenna or it is
convex upward, radar energy wll be reflected away from the
receiving antenna and no reflection, or only a very |ow anplitude
reflection, will be recorded (Conyers and Goodman 1997: 53-55).
The opposite is true when the buried surface is tipped toward the

antenna or is concave upward. Reflected energy in this case wll

be focused, and a very visible high anplitude reflection wll be
recor ded.
Another Ilimtation involves the creation of a near-field

zone. Energy radiated from a surface antenna generates an
el ectromagnetic field around the antenna within a radius of about

1.5 wavel engths of its standard wavel ength (Bal anis 1989; Enghet a,
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Papas, and El achi 1982) Wthin this zone “coupling” of the radar energy
to the ground occurs and few, if any, reflections are produced. This
phenonenon, <called the near-surface zone of interference (Fisher,
McMeechan, and Annan 1992) or the near-field zone (Conyers and Goodman
1997: 55-56), creates a l|layer just below the ground surface where
little data are recorded (Figure 3).

Once GPR data have been acquired in the field and recorded
digitally on a conputer, there are a wi de range of data processing and
interpretation techniques available to enhance and “clean up the
signal. Depending on the archaeol ogical questions to be asked and the
quality of the radar reflection data acquired, these processing
techni ques can be varied and nodified to neet specific needs. In this
study digital reflection data were in all cases conputer processed to
filter out background “noise” and enhance the clarity of reflections
derived from inportant features and specific stratigraphic horizons.
For sone sites, individual profiles were printed on paper, visually
interpreted and inportant reflections were correlated from line to
line for others, the anplitude slice-nmap was used. This nmethod uses a
newy - devel oped conputer processing techniques that correlates and
conpares reflection anplitudes in all profiles within a grid (Conyers
and Goodman 1997:

149- 195, Goodman 1996. Goodman, Nishinmura, and Rogers 1995). It can do
in a few mnutes what is nmuch too tinme consumng to do nmanually. Both
interpretation techniques were used at sone sites in order to make

accurate subsurface GPR maps.
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Results of Testing the GPR Method in the Southwest

Ground- penetrating radar techniques are especially useful in the
Sout hwest because, for certain regions nost archaeol ogical features
are deeply buried and are only recognizable as surface scatters of
artifacts or, occasionally, a shallow depression. For exanple,
donestic architecture anong the ancient Hohokam of southern Arizona,
prior to the Cdassic period (prior to A D 1100), consisted of
shal | ow, epheneral pit structures. These structures are rarely visible
on the ground surface and can only be observed in profile after
trenches have been cut through them using nechani zed equi pnent, often
destroying nuch of the feature. In the northern Southwest, donestic
architecture consisted of deep pit structures, constructed until about
A.D. 700. Even after the devel opnent of above ground structures, pit
houses and other sem subterranean structures (called Kivas or G eat
Kivas) continued to be used for ritual and donestic purposes Sonetines
these structures are visible as depressions, but often they |eave no
surface indications.

W tested the effectiveness of the GPR technique at six
archaeol ogical sites in the northern Southwest and one in the southern
Sout hwest. We used different data processing techniques at each of
t hese sites dependi ng on geol ogi cal condi ti ons, how deep
archaeol ogi cal features were believed to be buried and their size and
assunmed construction. Three of +the seven sites vyielded superior
results, which are described below. Results from the remaining four

al t hough producing few significant radar
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reflections, did provide inportant information about geological,
climatic, and surface conditions that can influence optiml GPR
results. Fromall tested sites, we |learned a great deal about the use
of GPR equi pnment nost appropriate for different site conditions and
nost inportantly, how to customze the processing and inmaging
techniques in order to maximze results for the conditions

encount er ed.

Val encia Site

The Valencia Site is located within the southern city limts of
Tucson, Arizona and includes alnost five kiloneters of archaeol ogica
remai ns along the east bank of the Santa Cruz River (Figure 1). The
site, part of the Tucson Basin Hohokam culture, was inhabited from as
early as A D. 600 to perhaps 1300. The site is one of only two
"bal | court conmunities” remaining in this region (ballcourts were oval
depressions used for ritual or community activities and may have been
a version of the ritual ball ganme common throughout Mesoanerica
(WIIliam Doell e, personal conmunication, 1997).

Ground- penetrating radar tests were conducted in a portion of the
Valencia Site that will soon be subject to disturbance by expansion of
the canmpus of a community college. In 1992, ar chaeol ogi cal
i nvestigations were conducted in advance of an earlier phase of canpus
devel opnent, which identified three |oci associated wth the
prehistoric Valencia community (Huckell 1993). I nitial

assessment and testing of the loci included surface
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artifact collection, extensive backhoe trenching, and hand dug
test excavation units to explore for specific archaeol ogical
features identified in backhoe trenches, which included pit
structures and other extramural features. Backhoe trenches were
typically 20 nmeters long and spaced at 10 and 20 neter
intervals across the portions of the site to be eval uated. Each
trench was cut to a depth of at least 1.25 neters, well below
the level of prehistoric occupation. The backhoe trenches were
| ater filled with the same material that had been renoved.

The Valencia site provided an ideal opportunity to test
the effectiveness of the GPR nethod because radar reflection
data could be evaluated against the location of pit structures
already identified in backhoe trenches. It was hoped that GPR
m ght provide an alternative to the standard use of backhoe
trenches to find archaeological features in the southern
Sout hwest. Backhoe trenching is time consumng, costly, and
extrenely destructive. Previous GPR studies by Sternberg and
MG Il (1995) nearby reported that Hohokam canals, trash pits,
floors, and walls could be inaged in two-dinensional profiles.
W wanted to conduct tests at the Valencia site to determne if
recently devel oped three-dinensional imaging techniques could
be used to provide better definition of these type of features.

In May, 1997 a 29 mx 40 m GPR grid was established in
the northern portion of the Valencia Site’'s Locus 2, in an
area where four backhoe trenches had encountered 14 pit
Structures and a number of other extranural features in

1992 (Huckell 1993). The
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test area was located on the second river terrace above the
Santa Cruz River Undisturbed terrace sedinents, observed in
nearby gullies consisted of fluvial and alluvial channels
containing poorly sorted clasts, with grain sizes ranging from
fine silt to small cobbles, all highly cenmented with caliche

This knowl edge of the geological matrix and site burial

conditions was critical in the interpretation of the GPR data.

The prehistoric pit structures excavated at Locus 2 in
1992 included both “houses in pits” and “pit houses” (Huckell
1993). Houses in pits consist of a shallow depression with a
brush superstructure built inside the depression. Pit houses
were deeper, oval pits wth postholes for a wooden
superstructure built outside the pit. The Locus 2 pit
structures ranged fromless than three to nore than six neters
i n maxi mum di mensi on. Fl oors consisted of hard packed earth, or
earth covered with clay plaster. After abandonnment the pits
gradually filled with aeolian sand and silt, and slope wash
consisting of redeposited terrace sedi nents.

The ground surface of the GPR grid was covered with recent
trash consisting of netal objects and concrete. Mich of the
trash was partially buried, indicating intense recent surface
di st urbance.

Nunerous small trees, bushes and cacti, all containing thorns
al so made GPR surveying difficult. Fifty-nine transects, spaced
50 cm apart, were collected using dual 500 M1z frequency
antennas as transmtter and receiver (Figure 4) Data collection
was conpleted in approximately three hours. As individual |ines

wer e being surveyed the unprocessed vertical GPR
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the features that were visible in backhoe trenches.
sections
appeared on the conputer screen and could be visually interpreted No
subsurface features were visible in the field and the initial results
were very di scouragi ng.
After returning fromthe field all lines were conputer processed to
renove background noise, which typically obscures GPR profiles wth
hori zontal bands This can be easily acconplished on the conputer by

arithnetically averaging all anplitudes in a profile that were coll ected

at the same tine and then subtracting
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the resulting wave fromall reflection traces in the line. This process
effectively renoves all horizontal reflections and |eaves only those
non- hori zontal (presumably geol ogi cal or archaeol ogical) reflections.

A second data filtering technique renoved all recorded frequencies
above 800 MHz and below 100 MHz in order to renbve extraneous data that
could have been caused by noise within the GPR system FM radio,
cellul ar phone calls and other “noise common within the city. After this
processi ng was finished each individual profile was printed on paper and
radar travel tines were converted to depth using approximate velocity
conversions for caliche rich sandy gravel in southern Arizona (Sternberg
and MG 1 1995).

Continuous floors of pit structures were visible in profiles as
high anmplitude reflections (Figure 3) |ocated between 60 and 100 cm
depth. The conpacted earth or plaster floors, which are slightly concave
upward focus the reflected energy and, are immediately visible in the
profiles. Small discontinuous reflections, produced from individua
cobbles in the terrace gravels were comon throughout the profiles, but
could be easily distinguished fromthe laterally extensive pit structure
floors

The anplitude slice-map processing technique (Conyers and Goodnan
1997: 149-194, Goodnman, Nishimura, and Rogers 1995) was first applied to
the processed data set in order to identify all significant high
anplitude reflections between 50 and 100 cm depth within the grid. This

is the depth at which the pit structure
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floors and other features were typically encountered in the backhoe
trenches. This GPR processing nethod defined all significant reflections
and nmapped the spatial distribution of the reflected wave anplitudes
within the defined slice. A resulting anplitude slice in the ground then
beconmes conparable to a map of an arbitrary excavation |evel in standard
ar chaeol ogi cal excavations, except the GPR map consist of a collection
of reflected wave anplitudes instead of exposed archaeol ogi cal features,
sedi ments, soils and artifacts.

Amplitude slice-maps are produced by conparing the relative
anplitudes of the reflected radar waves that were recorded at certain
depths and interpolating, gridding and contouring them throughout the
grid. The conputer nust conpare many thousands of anplitude variations
within all the profiles in a survey. The anount of interpolation between
profiles and within |lines dictates the resolution of the resulting
anomal i es when plotted in nmap form.In the Valencia Site grid (Figure 5) a
1.1-neter search radius was used, neaning that the conputer searched
conpared and interpolated anplitudes in a 1.1-neter radius around each
point in each line within the total grid.

When plotted in map form |ow anplitudes in one area denotes little
subsurface reflection and therefore the presence of a fairly honogeneous
material at the depth being analyzed. The clustering of high anplitudes
in an area indicate significant and extensive subsurface reflection
surfaces, in many cases detecting the presence and spatial distribution

of pit structure floors.
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Figure 5. Amplitude slice-map at the Valencia Site The map
represents all significant anplitude anomalies in a slice from
approximately 4- 8 meters in the ground Red and yell ow anonalies
are high anplitude reflections and blue and purple are |ow
anpl i tude.
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Degrees of anplitude variation in the defined slice at Valencia
were assigned colors along a nomnal scale with red and vyellow
indicating the presence of high anplitude anomalies and blue and purple
the absence of significant reflections (Figure 5) The presence of high
anpl i tude anomalies produced within the defined slice was then conpared
to the location of archaeological features discovered earlier in the
backhoe trenches (Figure 4). Using this nethod 11 of the 14 known
features were identified, although sone were offset away from the test
trenches because in nost cases the backhoe did not encounter the mddle
of each feature. Nunmerous other anplitude anonalies were nmapped between
trenches that could be archaeological features, but could not be
confirmed by the excavation dat a.

In order to understand what the conputer was mapping as anplitude
anomalies, all 59 individual transects in the grid were printed as
vertical sections on paper. Potential pit structures that were visible
as high anplitude reflections at the sane depth as the slice (simlar to
the floor imaged in Figure 3) were then plotted on the base nmap and
conpared to the location of the conputer generated anplitude anonalies
(Figure 5). This conparison showed that all 11 anplitude anonali es,
whi ch correspond to structures discovered in the backhoe trenches, also
correspond to horizontal high anplitude reflections visible in profiles.
O her conputer generated anplitude anomalies not produced by reflections
from archaeol ogi cal features were probably caused by reflections from

recent debris or geol ogical variations in the sediment. Only
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one feature that was discovered in the backhoe trenches was not visible
in the conputer generated anplitude maps or as a visible reflection in
the profiles. In this case there may not have been enough velocity
contrast between the feature and the surrounding matrix to produce a
significant reflection, or the feature may have been partially destroyed
during the earlier backhoe trenching.

Many of the conputer generated anplitude maps, and the reflections
visible on profiles, project away from where they were encountered in
the trenches. This is because the GPR maps are analyzing data in three-
di mensions while the features visible in the narrow backhoe trenches are
difficult to map spatially because only a small portion of the structure
is visible in the trench.

The benefits of geophysical mapping at Valencia are even nore
i nportant when considering the discovery of buried features that are
visible using GPR but were not found in the backhoe trenches. At | east
10 probable pit structures were discovered between the trenches that
woul d not have been found otherw se. Considering the anmount of damage
that random trenching causes, the benefits of GPR nmapping are
significant.

G ound-penetrating radar mapping at the Valencia Site highlights
many of the problens, and offers sonme possible solutions, that have
pl agued all types of geophysical archaeological mapping. The initial
results obtained in the field were very discouraging because the data
were extrenely ‘noisy” and reflections were non-coherent. Only when the

digital data were filtered and processed were refl ections derived fromthe
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archaeol ogical features identifiable. Wwen the processed data were
interpreted by conputer using the anplitude slice-map technique, many
nore anonalies were produced than could be accounted for by the
archaeol ogi cal features known to exist. In this case a reliance on only
conmputer interpretation would have produced a very msleading Site map.
To solve that problem and to understand what the conputer-generated map
was producing, each individual line had to be manually interpreted and
each mapped feature judged individually. Wen a conparison of the final
conmputer and nmanually produced GPR maps were conpared to the
excavations, 85% of the known features were visible by GPR and their
orientations in the ground precisely nmapped. In addition, at |east 10
additional pit structures were visible by GPR that were not found in the

trenches and would |ikely not have been discovered by any other neans.

Coder Site

The Coder Site is located in southeastern Uah in the small town of
Bluff (Figure 1). This is an archaeologically rich area, less than 150
kil ometers west of Mesa Verde National Park Prehistoric occupation of
the area extends (discontinuously> fromthe Pal eoindian period (prior to
5500 B.C.) through the end of the 13th Century when |arge portions of
the Four Corners area were abandoned. The Coder site is |ocated on the
first river terrace above the San Juan River on a flat, sandy area wth
little vegetation. Local archaeol ogists had noticed surface scatters of

ceram ¢ and chi pped stone here, as well as very low relief
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depressions that mght be pit structures, possibly dating to the
Basket naker or early Pueblo Periods (A D. 700-1000).

Al t hough no previous archaeol ogi cal excavations had taken place at
the Coder site, the dry sandy substrate and the potential for buried
ar chaeol ogi cal features made it a suitable candidate for GPR tests. In
June 1996, a 30 m x 50 m grid was established in an open area where
abundant surface ceranmics were visible. Prior to conducting GPR tests,
the local stratigraphy was observed in a nearby excavation for a hone.
The subsurface sedi nent consisted of friable, slightly cal careous cross-
| am nated fluvial sand and silt The GPR equi pnent were first calibrated
in this excavation by pounding a netal bar into the excavation wall
passing the radar antennas over the ground surface above the bar and
nmeasuring the elapsed tine radar waves took to travel from the ground
surface to the bar and back to the surface. These direct neasurenents
yield both tinme and distance (depth) and allow for a calculation of the
average velocity of the sedinment (Conyers and Lucius 1996).

The GPR survey was conducted using 500 MHz antennas in transects
spaced one neter apart. Because of surface obstructions, not all I|ines
were the sanme length so the resulting grid was not perfectly
rectangul ar. The ground was extrenely dry when the survey was conduct ed,
as the area had received no significant precipitation since mnor wnter
snowst orns many nont hs earlier

During GPR surveyi ng unprocessed reflection profiles were viewed on
the conputer screen, as they were collected. Portions of transects in

t he sout hwestern portion of the grid produced a
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distinctive horizontal reflection that appeared to be a pit structure
floor, roughly circular in extent. Mst significantly, it was not
| ocated in the area where the |ocal archaeologists had noticed surface
depr essi ons.

Al'l GPR data were conputer processed to renove background noi se and
high and |low frequencies, simlar to data manipulation at the Val encia
Site. Radar travel tines were converted to depth using the velocity data
obtai ned from the nearby house excavation. The data were then processed
using the slice-map technique to produce an anplitude anomaly naps
(Figure 6) from about 4-19.5 ns in the ground (about 15-200 cm depth).
Colors were assigned to anplitudes in the sanme fashion as at the
Val encia Site. The uppernost slice shows a high anplitude band passing
through the grid, corresponding to an area of hard-pan near the surface.
The lower two slices two pronounced areas of high anplitude are visible
in the southwestern portion of the grid. Visual interpretation of
profiles that crossed this anomaly produced what appeared to be a pit
structure, simlar to that shown in Figure 3 at the Valencia Site. The
western portion of the grid was then re-processed and is shown in Figure
7.

The orientation of the high anplitude anomaly shows a roughly
circular floor outline, wth a possible antechanber projecting to the
north (Figure 7). A small portion of a simlar anomaly was discovered
at the same depth in the westernnost portion of the grid but continued

under a large thorn bush and was not conpletely surveyed.
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Figure 6. Anplitude Slice-maps at the Coder Site Each slice represents
an spatial distribution of all significant radar reflections wthin
| evel s approximately 30 cm in thickness Red and yellow colors are high
anplitude reflections from significant subsurface interfaces and blue is
a lack of significant reflection.
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Figure 7. Anplitude Anomaly Map of Coder Site from 80-110 cm
This map is the southwestern portion of Figure 6 show ng
details of the pit structure floor.

To test the origin of this high anplitude horizontal anomaly 8
auger holes were drilled in and around the possible pit structure floor
(Figure 8). Three auger holes (holes 2,3 and 6) penetrated aeolian sand
t hat contai ned scattered ceram cs and abundant charcoal and fire cracked
rock from near the surface to just above the floor of the probable pit

structure.
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Figure 8. Location of Auger Holes at the Coder Site. The outline of
t he plfhsfrucfure floors and the auger holes and cross section in Figure
9 are shown.
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This sedinmentary unit is probably wind blown material that filled the
pit structure soon after abandonnent. Directly on the floor was burned
adobe, which may be roof fall. One small bone pendant and fragnents of
one broken piece of pottery were brought up in the auger tests from

directly on the floor.
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Figure 9. Cross-section through the Pit Structure at
Coder Site
The pottery sherds date to the Pueblo Il period (A D. 900-1150) The

apparent pit structure floor was discovered in these three holes at
al nost the exact depth and |location predicted in the anplitude slice-
maps. Auger holes drilled away fromthe GPR anomaly (Figures 8 and 9)
encountered only a thin layer of aeolian sand with scattered broken
ceramics, sitting directly on cal careous sand (probably a weak Bk soi
horizon), simlar to the fluvial sedinents visible in the nearby house
excavation where the velocity tests were preforned.

Ground-penetrating radar testing at the Coder site clearly reveal ed
a pit structure wth a small antechamber. Simlar pit structures

are common in the northern Southwest, especially during
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Basketmaker 111 period and later (Cordell 1997). The extent of the

artifact scatter and one additional untested anonmaly in the GPR maps
suggest that there nmay be other pit Structures nearby The GPR
exploration denonstrate the ability of GPR to cover |large surface areas
qui ckly. Because subsurface conditions were ideal (dry sandy material)
the archaeological features could be immediately imged and their
subsurface extent delineated while still in the field. The nearby
velocity tests allowed for accurate conversions of radar travel tines to
di stance, and the actual depth of the features could be neasured.

The inportance of local climatic conditions to GPR collection were
vividly illustrated when the Coder site was resurveyed in COctober 1997.
The sanme GPR system was used to test whether the pit structure could be
seen after a heavy rain. In late Septenber nore than two inches of rain
fell during the passing of a tropical storm The night before the
resurvey was conducted, about 1/2 inch of rain fell, making puddles on
the surface. Data fromthis survey was processed in the sane way as the
earlier survey, but the pit structure floor was not visible at the depth
mapped in the previous survey (Figure 10). |Instead the anplitude slice-
map consisted of many high anplitude reflections at different depths,
which were probably generated by pockets of water differentially
retained in sedinments wth varying conpositions or pooled above
i nperneabl e layers. If the original survey had been conducted in simlar

conditions, the pit structure would never have been di scovered.
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Figure 10. Coder Site Anplitude Map after a Rain. This anplitude
slice-map is from the sane depth illustrated in Figure 7 but data
was col lected after nore than 2 inches of rain had fallen. The only
significant reflections were from pools of water and the pit house
floor is invisible.

Bl uff Kiva
The Bluff Geat House Site is located in Bluff, Wah, (Figure 1)

on a high Pleistocene age terrace north of the San Juan R ver about 1 5
kilometers NE of the Coder Site. It is part of a huge Chacoan regiona
systemthat covered nuch of the northern Southwest between A D 900 and 1150,
centered in Chaco Canyon to the SE. The Bluff Geat House, which is typical
of other Chacoan sites, includes the Geat House itself, a two-storied
structure build with nassive walls, a nearby Geat Kiva, a “bernf (a |ow

nmound of earth and trash that surrounds and defines the Great House), and a
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prehistoric road that bisects the site, possibly connecting it to Chaco
Canyon (Cameron, Davis and Lekson 1997). Each of these features is
characteristic of other Chacoan G eat House sites Geat Kivas, |ike the
one at Bluff, were |arge, deep, probably roofed subterranean structures
that were used for religious cerenonies and other community activities.

Beginning in 1995, the University of Colorado (CU has conducted
excavations at the Bluff G eat House as part of an anthropological field
school sponsored by CUs Departnent of Anthropology and University
Museum  Planned excavations of the Geat Kiva offered a unique
opportunity to test the utility of the GPR technique on this type of
Structure. Geat Kivas are not only found at Chaco-era Sites but are
comon throughout the northern southwest from about A D 500-1300. W
hoped that GPR would prove an effective technique for distinguishing
Great Kivas from other large circular depressions common in the area
such as historic stock tanks. At the Bluff Great Kiva, it was al so hoped
that excavation of this feature could be |imted, and targeted, by
| earning as nmuch as possible in advance from GPR

Prior to excavation, the Bluff Geat Kyva was evident only as a
depression, 17 meters in dianeter and about one neter deep. In order to test
the nature of the sedinent outside the Kiva a 5 mx 1 m backhoe trench was
excavated to a depth of 1.5 neters just west of the Geat Kiva depression
(Figure 11). In the base of the trench cal cium carbonate encrusted fluvi al

terrace gravels of Pleistocene age lay directly on reddi sh-brown Mesozoi c age
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Summerville Formation bedrock. Above the terrace gravels was a highly
di sturbed |ayer of gravels, clasts of Sumrerville Formation, pieces of
charcoal and scattered broken <ceramcs. This disturbed Ilayer is
interpreted to be material that was excavated during the prehistoric
construction of the Kiva and dunped down the slope to the West.

A 40 mx 30 mgrid was set up over the feature and GPR surveys were
conducted using both 300 and 500 MHz antennas in transects spaced 1
nmeter apart. Individual lines were processed in the sanme way as the data
fromthe Val encia and Coder sites. The 500 MHz frequency data was found
to have the best subsurface resolution, wth alnost the sanme depth of
resolution (about two neters maxinun) as the 300 MHz data. It is usually
t hought that |ower frequency antennas wll project energy to greater
depths, but if electrically conductive materials are encountered, all
radar energy will be attenuated no matter what the frequency (Lucius and
Powers 1997, Sternberg and McG Il 1995). For this reason the 500 M1z
data, which had the best subsurface resolution was used in place of the

300 MHz.
The Geat Kva was identified in GPR reflection profiles by a

distinctive difference between sedinents inside and those outside the
depression (Figure 12). The interior portion of the Kiva was visible in all
500 Mz profiles as an area of |low anplitude reflections, illustrated in the
profile as blue and green reflections. These reflections dip into the center
of the Kiva and are I ong and conti nuous, indicating they were |likely produced from



Figure 12. GPR profile across the Bluff Kiva. The interior fill material are shown
as Tow anplitude continuous reflections derived from aeolian silt |amnae. High
anplitude black and white reflections outside the kiva were generated from materi al
excavated prehistorically fromthe kiva and dunped around its perineter.
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lam nae wthin the honbgeneous aeolian fill mterial. Qutside the
depression discontinuous high anplitude reflections were are visible in
the profile (Figure 12) as white and black reflections, which appeared
to have been produced by reflections from small point sources, possibly
gravel and cobble clasts that were excavated from the kiva and then
dunped around its perineter. Mre continuous and deeper reflections
outside the kiva were produced from undisturbed terrace gravel |ayers
| ying on Sunmerville Formati on bedrock (Figure 11).

Individual GPR lines were instructive, but contained so nmany
di scontinuous and conplex reflections that visual interpretation was
difficult. The anplitude slice-map nethod was therefore enployed in
order to allow the conputer to make sense Qut of the conplex records.
All radar travel tinmes were converted to depth using average velocity
nmeasurenents from netal bar tests (simlar to those conducted at the
Coder Site) that were conducted in the backhoe trench to the west
(Figure 11). Anplitudes derived fromthe GPR reflection data were then

processed into six horizontal slices, each approximately 22 cm thick

(Figure 13). In the slice from .47 m .68 m an exterior standing wall
of the kiva is visible in the southern half of the grid. It is
di sconti nuous, ©probably due to differential wall fall after the
structure was abandoned. In the slices from .68 ml.54 m the high

anplitude reflections in the northern portion of the grid were generated
fromthe material that was renoved during the prehistoric excavation of

the depression are visible to the north and NWof the kiva. In these
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Figure 13. Anplitude Slice Maps from the Bluff Geat Kiva. The
outside wall of the kiva is visible in the slice from .47-.68 neters as
a circular anomaly. The “squarish” features representing an interior
wal I of unknown origin are visible in the slices from.9-1.54 neters.
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| ower slices (especially 1.11-1.54 n), the conputer mapped a “squarish”

feature located within the exterior kiva walls that is all but invisible

11 ”

in individual profiles It was possible to “see” this feature in the
anplitude slices because the conputer is capable of quantitatively
analyzing low anplitude reflections that the hunman eye mnisses and then
conparing them to other even |lower anplitudes from nearby reflection
traces. This interior feature was predicted to be a standing wall, but
was puzzling because the kiva then would have two concentric walls, not
just one as expected.

Excavations in the Geat Kiva consisted of deep trenches on the
east and west margins of the depression, extending to a maximum depth of
3 nmeters (Canmeron 1997). A shallow exterior wall constructed of
sandst one nmasonry was uncovered in both trenches (Figure 11), although
it had been largely eroded in the eastern trench as predicted by the GPR
map. The standing portions of the wall were in the exact |ocation
indicated by the GPR maps. About 2 neters inside this wall another
deeper wall was uncovered, coinciding with the "squarish" feature seen
in the GPR maps (Figure 13). Contrary to expectations, but as predicted
by GPR mapping, the Geat Kiva did indeed have two concentric walls
Al though the exact nature of these two walls remains to be confirmed
through further excavations, it appears that the shallow exterior wall
may represent a series of antechanbers surrounding the Geat Kiva, while

the interior wall defined the perimeter of the main chanber. Such

ant echanbers are not conmmon, but are known from ot her Chacoan
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Great Kivas in southeastern U ah (personal communication, Wnston Hurst
1997) .

At the Bluff Kiva Site, unlike the Coder site, individual GPR |lines
depicted a great deal of stratigraphic and archaeol ogical conplexity
that was difficult to interpret visually. The anplitude slice-map nethod
was an ideal tool with which to define, quantify and finally sinplify
the many thousands of conplicated reflections that were recorded in the
reflection profiles. Using this nmethod, “hidden” features becane visible
and the interior walls could be accurately mapped at their correct depth
in the ground.

The kiva was re-surveyed again in October 1997 to see if the heavy
rains had affected the quality and predictability of the radar
reflections, just as was done at the Coder Site. The resulting slice-
maps are equally as difficult to interpret as those at Coder (Figure
14). Only large pools of water are visible in the slices and none of

the features visible fromthe previous GPR surveys were visible.

O her GPR Surveys

Ground- penetrating radar was tested at four ot her
archaeol ogical sites in the northern Southwest using the sanme
met hods that had been successful at the sites discussed above. At
these sites GPR did not record subsurface features for a variety
of reasons: geol ogical or surface conditions thwarted use of GPR
the GPR equipment was inaccurately calibrated, or there was a

| ack of subsurface features to be i mged. These tests, although
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Figure 14. Anmplitude Slice-maps of the Bluff Geat Kiva after a Rain.
The pools of water in the sedinent and soil are creating reflections
and the Kiva features are not visible.
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unsuccessful, illustrate some of the challenges and limtation of the
GPR nmethod and should be wuseful to others applying GPP in simlar
condi ti ons.

At the Cottonwood Falls Geat House, another Chacoan site | ocated
about 45 kiloneters north of Bluff (Figure 1), heavy vegetation and
shal |l ow, disturbed archaeol ogical features were a significant problem
At Cottonwood Falls, segnments of a prehistoric road are visible (Hurst,
Severance and Davidson 1993) and provided an opportunity to test the GPR
method on these Ilinear, but obscure features. Chacoan roads are
typically evident only as faint |inear “swales” and excavations of these
features have shown hard-packed surfaces that are flat in cross-section
Cur bs have been recorded on sone segnents of the roads (Kincade 1983).

A 15 mx 25 m GPR grid was established across a road segnent and
surveyed with 500 MHz antennas, wth transects perpendicular to the
road. Because of dense pifion pine, juniper and sage vegetation,
transport of the antennas over the ground was extrenely difficult. The
data were processed using the anplitude slice-map nethod in the hope
that subtle soil conpaction features or possibly constructed curbs or a
pavenment would be visible. Unfortunately in this area GPR was nuch
better at delineating tree roots than buried archaeol ogy. Each tree was
visible, probably because of noisture retention and soil differences
around their roots. If the road is present in the subsurface its
remai ning features are too subtle to be differentiated from tree roots
or other natural objects.

Ext ensi ve surface disturbance inhibited the use of GPR at an
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important Pueblo | site just a few hundred neters east of the Bluff
Great House (Figure 1). This site was excavated in the 1930s and is the
type Site for a local ceramic type called Bl uff

Bl ack-on-red. (Hargrave 1936) Unfortunately the ground surface in this
area is highly disturbed, having been bull dozed and used as a trash area
for many decades. Soils are conposed of sandy clay and nmuch of the fil
around what little archaeology remains is conposed of reworked
Summerville Formation siltstone and claystone. Sone indications of
subsurface features are visible including alignnents of stones that may
be standing walls and subtle depressions. The area was tested by GPR To
see whether any subsurface features such as storage pits or possibly
roomfloors remain after the disturbance.

A 35 mx 18 mgrid of 500 VHz GPR data was acquired and processed
using the anplitude slice-map nethod. No anplitude anomalies were
di scovered that corresponded to the features visible on the surface.
Each profile was visually analyzed and few coherent reflections were
recorded. The high clay content of the sedinents and soils in this area
appears to have attenuated radar energy as it passed through the ground
and the high degree of recent disturbance has probably junbled the
remai ni ng features, nmaking GPR mapping difficult or inpossible.

Lack of clearly defined subsurface archaeol ogi cal features may
explain the wunsuccessful GPR survey at the Vaughan Site, |ocated
within the city limts of Bluff, Utah (Figure 1). This site is

| ocated in an enpty lot, just below the high river terrace on which
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the Bluff Great House rests. The area was chosen for GPR testing because
| ocal archaeol ogists noted abundant fire cracked rock, broken pottery
and charcoal stains on the ground surface.

A 50 mx 13 m grid of 500 MAz data was acquired to test for
subsurface features. Data quality was good and a nunber of interesting
reflections were recorded. The data were processed using the anplitude
slice-map technique and few linear features that nay represent buried
walls or circular areas that could be pit structure floors were visible.
The good reflections that were recorded nay have been nade by buried
archaeol ogi cal features, but could just as |ikely have been produced by
geol ogi cal variations. Because no pronounced features resenbling the
archaeol ogy typical for this area were discovered, the area was not
tested by excavati on.

At the Shield site (Figure 1), 18 kilometers NWof Cortez, Col orado
(about 120 kiloneters east of Bluff), surface disturbance and equi pnent
problenms rendered GPR tests ineffective. The Shield site is a large
Pueblo Il village located in an area that has been intensively farned
recently (and nost l|ikely prehistorically) because of its rich soils
wi th good water holding capacity. The site had been | ooted and bul | dozed
to level the ground. Crow Canyon Archaeological Center, located in
Cortez, hopes eventually to excavate at the site and was eager to use
GPR to assess the condition of subsurface archaeol ogical features.
Little information was available about pot enti al ar chaeol ogi cal

features and their possible depth of burial at the site and subsurface
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testing was prohibited by the | andowner.

A 50 m x 50 m grid was surveyed in a prospective area and
unfortunately the conmputer was programred to record reflections fromtoo
deeply in the ground. The resulting data were unusabl e because nost of
the radar energy was attenuated close to the surface and little was
avai lable for reflection at the depth recorded. In this case a better
understanding of the depth and nature of features imged m ght have
yi el ded usable data. Wrk at this site denonstrates that know edge of
site conditions prior to conducting a GPP. Site survey is extrenely

i mportant.

Concl usi ons

G ound- penetrating radar surveys can be of tremendous value for the
rapid, nondestructive determnation of the nunber and character of
subsurface features at archaeol ogical sites Many parts of the Southwest
have conditions that are ideal for the use of GPR, including dry sandy
soils and deeply buried sites. The GPR technique has inportant
i mplications for both cul tural resource nmanagers and research
archaeol ogi sts. The Southwest s experiencing explosive population
growh and developnent. If GPR is wused in advance of devel opnent
projects, archaeological features can be assessed and of ten avoided,
resulting in an enornous savings of time, noney and danmage to
ar chaeol ogi cal deposits. Even where sites cannot be avoided, by l|earning the
full extent of subsurface features, nore appropriate excavation sanpling can be

devel oped and contract archaeol ogists will not be “surprised” by nore extensive



45

remai ns than they had budgeted for.

Ground-penetrating radar can have significant benefits also for
research archaeol ogical projects. Few research archaeol ogists have the
funding to excavate nore than a tiny fraction of nost sites and they
must interpret prehistoric cultures and behaviors based on Ilimted
knowl edge of site size, layout and feature characteristics. The GPR
mappi ng net hod can be used to identify the nunber, size and character of
buried features yielding a far nore conplete picture of a site than
woul d be possible using excavation alone. Furthernore, where features
are known to exist, as at the Bluff Geat Kiva, GPR surveys conducted
prior to excavation can delineate the |ocation and approxi mate depth of
features of interest. Excavation strategies can then be fornmulated to
efficiently test only targeted features, preserving others.

Qur Study revealed a nunber of factors that are inportant for
successful GPR studies, especially a know edge of |ocal geologic and
climatic conditions. W found that it is extremely inportant to assess the
nature of soil and sedinent nmatrices, as well as the nature of possible
archaeol ogical features prior to GPR surveys. Cay floors or stonewalls
that are buried in sandy or silty sedinents (conditions |ike those at the
Coder site) produce highly visible reflections that are easy to interpret.
Whiere the matrix was clay, radar energy was often attenuated and did not
penetrate far enough into the ground to reach the target features
Saturated sedinents, especially those recently wetted, also Create

confusing radar reflections due to reflection from pockets of ground water,
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as we learned during our second test at the Coder site after a heavy
rain. \Were sites have been disturbed by |ooting, bulldozing or other
activities, GPR created a confused subsurface picture that was difficult
to interpret.

Qur Study showed how inportant it is to carefully analyze GPR data
after it has been collected and it confirmed the effectiveness of
conmput er processing and inmaging techniques. Many GPR surveys rely only
on visual interpretation of unprocessed “noisy” reflection profiles,
whi ch have |ed sone archaeologists to dismss GPR as a limted or even
wort hl ess technique. The techniques described in this paper allow GPR
data to be filtered and processed to renpve noise from extraneous
sources and enhance inportant reflections. In nmany cases, careful data
processi ng can nean the difference between success and failure.

Conputer imaging techniques can produce maps of the subsurface that
are easily interpreted by even the geophysically wuninitiated. |If
specific anplitudes of reflections at mneasured depths are analyzed
spatially, imges of features in three-dinensions can be nmade, sonetines
while still in the field. These anplitude slice-naps can be created
qui ckly and efficiently to conpare, interpolate, grid and map buried
features across a grid in ways inpossible to do nanually. Conputer
techni ques can sonetinmes produce imges of subtle features that are not
visible to the human eye and are therefore invisible by any other neans,
as was denonstrated at the Bluff Geat Kiva.

G ound- penetrating radar surveys can be performed quickly and



47

relatively cheaply and fairly large tracts of ground can be covered.
Surveys can be conducted in areas where features are suspected to exist
and large data sets can be first filtered and then processed wth
anplitude slice-maps to delineate possible buried features, as at the
Coder Site. If there is any question as to the origin of the napped
reflections, as there was at the Valencia Site, individual profiles
across these features should be visually interpreted and conpared to the
anpl i tude slice-maps.

The use of GPR for archaeol ogi cal mapping was found to be extrenely
val uable in the Southwest where environnental conditions are frequently
excel lent for radar propagation and reflection. Al though we found sone
limtations in the use of the technique under certain conditions, GPR
technol ogy, both data collection and processing, is evolving rapidly. W
believe GPR will eventually beconme an essential tool for both the

managenent and study of archaeol ogical sites throughout the world.
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