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Chapter 3

Ground-penetrating Radar Exploration and
Mapping Techniques for Garden Archaeology

Lawrence B. CONYERS

Ground-penetrating radar (GPR) has recently gained wide acceptance in
the archacological community to quickly and accurately locate buried
archaeological features, artifacts, and important cultural strata in the near
surface. The GPR method has been especially effective in certain sediments
and soils between about 20 centimeters and 5 meters below the ground
surface, where the targets to be imaged are fairly large, hollow, or linear,
or have significant physical and chemical properties that contrast with the
surroundlng medium. Features as diverse as Mayan house platforms and
plazas, burial tombs,’ historic cellars, privies and graves,’ camp sites,” and
pit dwellings and klvas have been discovered and mapped using the GPR
method. The archaeological community has also recently seen the need for
near-surface mapping using GPR in order to identify buried remains for
protection and future preservation, or selective excavation. To date, this
method has not been specifically used to identify and study gardens per se,
although it has been used to identify and quantify different soil types,’
map buried soil layers, find irrigation ditches and pipes, and quantitatively
analyze soils changes spatially, all of which have applicability to garden
archaeology. In addition the method is quite good at locating buried
features that often occur in gardens, such as ponds and pools, fences, and
pathways and roads.

Modern GPR systems are quite compact and easy to use. The typical
system consists of surface antennas, a radar system to produce pulses
and a computer to process and save the data, a video monitor, keyboard,
and a power source (fig. 1). This system can be easily transported to the
field by plane, car, and backpack. Processing of data can be done back in
the laboratory, or in the field using a portable laptop computer.
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# Fach time a radar pulse traverses a material with a different
omposition or water saturation, the velocity changes and a portion of
radar energy is reflected back to the surface, to be recorded at the
ecciving antenna. The remaining energy continues to pass into the
und to be further reflected, until it finally dissipates with depth.

Recording Radar Reflections

. the GPR method, radar antennas are moved along the ground in
ar transects and two-dimensional profiles of a large number of
dic reflections are created, producing a profile of subsurface
atigraphy and buried features along each line (fig. 2). When data are
uired in a series of transects within a grid, and the reflections are
orrelated and processed, an accurate three-dimensional picture of

buried features and associated stratigraphy can be constructed.

1. The SIR-10 GPR system. The controller box, which produces the radar sign:
is connected to the antenna and the computer by cables. All data are collect
digitally and transferred to CD ROM for processing and as an archive, Reflecti
data are visible on the computer monitor during collection and processing:

(L. Conyers).

1

THE GPR METHOD

How GPR Works

Ground-penetrating radar is a geophysical method that can accura
map the spatial extent of near-surface objects and archaeolog
features or changes in soil media and ultimately produce images of th
materials. Radar waves are propagated in distinct pulses from a sur
antenna, reflected off buried objects, features, bedding contacts, or
units, and detected back at the source by a receiving antenna. As rad
pulses are transmitted through various materials on their way to
buried target feature, their velocity changes depending on the ph)]/s al
and chemical properties of the material through which they travel. The
greater the contrast in electrical and to some extent magnetic proper i
between two materials at a subsurface interface, the stronger

reflected signal, and therefore the greater the amplitude of the reflect
waves. When the travel times of energy pulses are measured, and th
velocity through the ground is known, then distance (or depth in
ground) can be accurately measured to produce a three-dimensional dat?

2. A 400 MHz GPR
antenna was used to
collect reflection data
at the Lower Market
Site in Petra, Jordan
(L. Conyers).

round-penetrating radar surveys allow for wide aerial coverage in a
time with excellent subsurface resolution of buried materials and
ical stratigraphy. When soil and sediment conditions are suitable,
radar systems can resolve stratigraphy and other features at depths
cess of 40 meters.” More typically, GPR is used to map buried
als of interest at depths from a few tens of centimeters to 5 meters.
urveys can not only identify buried objects or horizons for possible
vation but also interpolate between excavations, projecting subsurface
ledge into areas that have not yet been, or may never be, excavated.

nyers & Lucius 1996.

Conyers 2004; Conyers & Goodman 1997. is 8¢ Annan 1992.
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The buried discontinuities where reflections occur are usually
created by changes in electrical properties of the sediment or soil,
variations in water content, lithologic changes, or changes in bulk
density at stratigraphic interfaces. Reflections can also occur at
interfaces between anomalous archaeological features, and the
surrounding soil or sediment. Void spaces in the ground or buried pipes: _ )
or conduits made of either metal or plastic will also generate strong . R p- "\ /A
radar reflections due to a significant change in radar-wave velocity. P 8 s Al

The success of GPR surveys is to a great extent dependent on soil f
and sediment mineralogy, clay content, ground moisture, depth of
burial, surface topography, and vegetation. It is not a geophysical
method that can be immediately applied to any subsurface problem,
although with thoughtful modifications in acquisition and data
processing methodology, GPR can be adapted to many differing site
conditions. Although radar-wave penetration and the ability to reflect
energy back to the surface is enhanced in a dry environment, mois
soils can still transmit and reflect radar energy, and GPR surveys can
yield meaningful data. ;

Radar reflections are always recorded in “two-way time,” which is
the time it takes a radar wave to travel from the surface antenna into
the ground, be reflected off a discontinuity, and then travel back to the
surface to be recorded. One of the advantages of GPR surveys over
other geophysical methods is that the subsurface stratigraphy,
archaeological features, and soil layers at a site can be mapped in real
depth. This is possible because the timing of the received radar pulses
can be converted to depth, if the velocity of the radar wave’s tr
through the ground is known." ‘

To produce reflection profiles, the two-way travel time and the
amplitude and wavelength of the reflected radar waves derived fro
pulses generated at the antenna are then amplified, processed, and
recorded for immediate viewing or later post-acquisition processing
and display. During acquisition of field data, the radar-transmission
process is repeated many times per second as the antennas are pulk
along the ground surface or moved in steps. Distance along each line
is recorded for accurate placement of all reflections within a surveyed
grid. When the composite of all reflected waves along the transect
displayed, a cross-sectional view of subsurface reflection surfaces

generated (fig. 3). In this fashion, two-dimensional profiles, whi

approximate vertical “slices” through the earth, are created alo hat can penetrate up to SO meters in certain conditions, but are capable of
each grid line. : : {ng only very large subsurface features. For exarzlple, dry sal?nd Z;?d
: »".-t?;nun"_wt?athered volcanic ash and pumice, are media that allow
: Sémssmn to depths approaching 8-10 meters, when lower-
Y antennas are used. In contrast the maximum depth of

Distance (m) =
't Reflection profile across the Buchtel Garden, University of Denver Campus
" Denver, Colorado, US. The subtle reflection is the remnant of the tilled bed anci

te_riall placed on it when the bed was destroyed. This horizon is now buried
proximately 45 cm below the surface (L. Conyers).

pth of Penetration and Resolution
he d'epth to which radar energy can penetrate and the amount of
tion that can be expected in the subsurface is partially controlled by
frequency of the radar energy transmitted. The frequency controls both
e wgvelength of the propagating wave and the amount of signal
eading and attenuation of the energy in the ground. :
ne-'of the most important variables in ground-penetrating radar
ys is the selection of antennas with the correct operating frequency for
-. desired depth and resolution of target features. Commercial yGPR
ennas range from about 10 to 1200 megahertz (MHz) center frequenc
tions in the dominant frequencies of any antenna are caused g
g'ularltl‘es‘ in the antenna's surface or other electronic cornponent)s(
ated within the system. These types of variations are common in all
ennas and each has its own irregularities, producing a different pulse
nature and different dominant frequencies. i
Proper antenna frequency selection can in most cases make the
nce bereen success and failure in a GPR survey and must be
d fpr in advance. In general the greater the necessary depth of
ation, the lower the antenna frequency that should be used. Lower-
etcl)i:ty antennas are rngch larger‘, heavier, and more difficult to
port to and Wl_thm .the field than high frequency antennas. In contrast
o4 zfantemla is quite smgll andlcan easily fit into a suitcase (fig. 2). ,
urface feature resolution varies with radar energy fr -
B o gy frequency. Low
0 MHz) generate long wavelength radar energy

¥ Conyers 2004.
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face, they suffer additional attenuation by the material through which
pass before finally being recorded at the surface. Therefore, to be
cected as reflections, important subsurface interfaces must not only have a
cient electrical (or magnetic) contrast at their boundary, but also must be
red at a shallow enough depth where sufficient radar energy is still
lable for reflection. As radar energy propagates to increasing depths, the
al becomes weaker and is spread out over more surface area. Less energy
How Materials in the Ground Affect the GPR Signal then available for reflection and it is likely only very low amplitude waves
The primary goal of most archaeological GPR investigations is tg 1l be recorded. It is usually necessary to enhance reflections that come from
differentiate subsurface interfaces. All sedimentary and soil layers haye eper in the ground, using an amplitude adjustment method called range
particular electrical and magnetic properties that affect the velocity, ining. The gain factors to be applied to the reflections are usually adjusted
reflection, and dissipation of electromagnetic energy in the ground." The ecifically for each site, and are unique for those soils, and conditions at the
reflectivity of radar energy at an interface is primarily the function of the 1e the survey is performed.
magnitude of the difference in electrical properties between two materials on
either side of that interface. This is because any significant change in velocity
will cause some energy to reflect back to the surface. Stronger reflected.
signals are produced when the contrast in electrical properties between two
materials increases.”” Most visible radar reflections are generated at the
interface of two thick layers with varying electrical properties. '
The ability to discern radar reflections in the data is related to the
amplitude of those reflected waves. Higher amplitude waves produce mo
visible reflections. Lower-amplitude reflections, such as those from subt
soil changes, usually occur when there are only small differences in the
electrical properties between layers. Those subtle changes in the nature of
buried soil or sediment layers are often all but invisible to the human eye,”
but very subtle waves are recorded in GPR profiles as small digital changes
in their amplitudes. In order to enhance these changes, so they may be
mapped, sophisticated amplitude analyses (discussed below) must be
applied to the data set. -
The propagation velocity of radar waves that are projected through the
earth depends on a number of factors, the most important ones being the
electrical and chemical properties of the material through which they
pass.” Radar waves in air travel at the speed of light, which is about 30°
centimeters per nanosecond (1 nanosecond is one-billionth of a second).
When radar energy travels through dry sand, its velocity slows to about 15
centimeters per nanosecond. If the radar energy were then to pass through
water-saturated sand, its velocity would slow further to about 5
centimeters per nanosecond or less. At each of these interfaces where
velocity changes, reflections are generated. :
Radar energy both disperses and attenuates as it radiates into the ground.
When portions of the original transmitted signal reflect back toward the

penetration of a 900 MHz antenna is about 1 meter or less in typical sojlg
but its generated reflections can resolve features down to a few centimeter'; ‘
A trade-off therefore exists between depth of penetration and subsurfacé:
resolution. These factors are highly variable, depending on many sj.
specific factors such as overburden composition and porosity, and the
amount of moisture retained in the soil. :

omputer Processing to Produce Images of Features in the Ground
standard image for most GPR reflection data is a two-dimensional
ofile, with depth on the x-axis and distance along the ground on the y-
axis (fig. 3). These image types are constructed by stacking together many
flection traces, obtained as the antennas are moved along a transect.
ofile depths are usually measured in the two-way radar travel time, but
wes can be converted to depth, if the velocity of radar travel in the ground
obtained.” Reflection profiles are most often displayed in gray scale, with
tions in the reflection amplitudes measured by the depth of the shade
gray. Color palettes can also be applied to amplitudes in this format.
Often two-dimensional profiles must be corrected to reflect changes in
nd elevation. Only after this is done will images correctly represent the
world. This process, which is usually important only when
ographic changes are great, necessitates detailed surface mapping of
transect within the data grid and then re-processing each transect by
sting all reflection traces for surface elevation.

Standard two-dimensional images can be used for most basic data
erpretation, but analysis can be tedious if many profiles are in the
_.ﬁabs‘ise. In addition, the origins of each reflection in each profile must
metimes be defined before accurate and meaningful subsurface maps can

Of Interpretive experience.

\ The primary goal of most GPR surveys is to identify the size, shape,
d pth, and location of buried remains and related stratigraphy. The most
ghtforward way to accomplish this is by identifying and correlating
portant reflections within two-dimensional reflection profiles. These
ctions can often be correlated from profile to profile throughout a grid,
ch can be very time consuming. Another more sophisticated type of
R data manipulation is amplitude slice-map analysis, which creates maps

%

" Collins & Kurtz 1998.
2 Gellman et al. 1983.
B Olhoefr 1981.

- Conyers & Lucius 1996.
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of reflected wave amplitude diffe
series of maps that illustrate the
anomalies derived from a computer analysis o
(fig. 4). This method of data processing can be accomplished only wi

computer using GPR data that are stored digitally.
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ground (L. Conyers).

The raw reflection data collected by GPR is nothing more

collection of many individual traces along two-dimension
within a grid. Fach of those reflection traces conta
that vary in amplitude depending on
reflection that occurred at buried

rences within a grid. The result can be g

f the two-dimensional profileg

al tran
ins a series of W

the amount and intensity of e
‘nterfaces. When these traces
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d sequer‘ltia.llly- in standard two-dimensional profiles, th ifi
slitudes within individual traces that contain import:;nt ; Epecf o
ation are usually difficult to visualize and interpret Therset ecc;mg
pretation of GPR data, which consists of viewing each roffiﬂlIl ard
"m?;}ually mapping important reflections and other anonl:alie Cma
ficient when the buried features are simple and interpret :" oy 4
htforward. In areas where the stratigraphy is complex I;ndalion' lc?
te als are dxfﬁcuk to discern, different processing and inter prom
thods, one of Whlch is amplitude analysis, must be used Inptrlftauon
.GPR reﬂectlgn data were collected that had n0- discee P;ft
ions or recognizable anomalies of any sort, the survey wa su: 116
red a failure and little if any interpretation was conducied %&i:ﬁihy
t of more powerful computers and Sophisticated. softw. :
ams t%lat can_manipulate large sets of digital data, im s
face information in the form of amplitude chan os w't}E:'orml?t
ed waves has been extracted from these types of GPI% data1 " e
;gnglyms of the spatial distribution of the amplitudes of reflected
is unportant‘begause it is an indicator of potentially meaiw.iflafe |
; face changes in lithology or other physical properties. If am l'tgcli1
inges can be related to important buried features and stréti ra l'lil thhe
n of those changes can be used to reconstruct the subsurficepinyt}h ;
1onosr. j:gfi:ﬁs arfhl'(l)w ?lmplituéiehwe}ilves usually indicate uniform matlr.?)i
a ile those of high amplitude denote are f hi
face contrast, such as buried archaeological featur e e o
: : es, voids, or
QY o one 5 ol o e e, sl
n specific depths in the ground. Easc}llci?me-sfa' = AR o Chaﬂges
bution of all reflected wav i ch are indi Of’ .
ges ]1111 s:dirpents, soils, and Eﬁrﬁﬁlﬁiziia‘fflm are indicative of these
En zu hie?‘,n;ffl};ﬁzynf:f ‘Z(:-; Ei)e tc}‘,lqnitructeddhorizontaﬂy or even in
L ( 2 n thickness and orientation, dependi
e questions being asked. Surface topograph d the e 2
ation of features and stratigraphy of a sit% n’Ilja  Prenbic SUbSlll{faCG
nstruction of slices that are neither uniform in tgicslgnn;:l?:;; ﬁl(v)ﬂf.eSSltate
- . . 1

o i;&mﬁ;:ﬁ:ﬂh;:ljémttﬁl time-slices, the computer compares am;ﬁltl;ille
B boti at were recorded. within a defined time window.
- e ot nfOSlftweuand negative ampIiFudes of reflections are
o the no od ab amphtud;g within that window. No
nalyses; only theY made ccitweem positive or qegative amplitudes in
pljtuée variatiorl?agn}t; e of amplitude deviation from the norm.
B e s \zgt in any one slice denote little subsurface

e ! ant subsurface discontinuities, i
13»:: afi:\;ec(:)tfnllg “fhe é)g.tsence of buried features. An abrupt gﬁﬁ;
. ;lfn Igh amphtgde can be very significant and may

a major buried interface between two media.

o
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Degrees of amplitude variation in each time-slice can be assigned arb;
colors or shades of gray along a nominal scale. Usually there are ng spe
amplitude units assigned to these color or tonal changes. :
An analysis of the spatial distribution of the amplitudes, in the fg
amplitude time-slices” can often produce high-resolution maps of
subsurface (fig. 4). Amplitude maps that are corrected for depth
especially useful in garden archaeology because amplitudes of refle
waves are an indicator of subsurface changes in lithology, soil chemistry
other physical properties. The higher the contrasting velocity at a by
interface, the greater the amplitude of the reflected wave. If amplit
changes can be related to the presence or absence of important by
features and stratigraphy, the location of higher or lower amplitudes
specific depths can be used to reconstruct the subsurface in three dimensi

On Site Identification of GPR Features :
It is often difficult to identify buried features and stratigraphy during da
collection operations, even though most modern digital systems allow
user to view two-dimensional profiles on a computer screen immedi
as they are being acquired. These “field profiles” are usually unprocesse
meaning they still contain background noise and are usually uncorrec
for depth and distance along transects. With experience, however, dis
buried features can often be viewed and analyzed almost as fast
antenna moves over them. This “real-time” data analysis can sometim
yield important information about the subsurface, allowing plan
surveys to be changed or modified almost immediately. In additio
important features are discovered immediately in this way, they can o
be quickly tested by digging, probing, or coring, allowing confirmation of
the origin of prominent reflections. 1

The most distinctive reflections that are immediately visible on the

computer screen during data acquisition are reflection hyperbolas (fig ds of 'Testmg GP. R Map 2 _
These reflections are produced from “point sources” in the ground that ensional reflection profiles, once processed and corrected spatially,

be buried pipes, tunnels, walls, or large rocks. They are caused by the wide 1 accurate representation of what lies below the surface. However, it is
angle of the transmitted radar beam, which allows the antenna to “see” S important to recognize that reflection records do not necessarily
point source prior to arriving directly over it, and continue to “see” it : exactly what is in the subsurface. This is because radar energy does
it is passed. The resulting reflection will therefore create a hyperbola as sually travel in a vertical line from the surface antenna, to the object or
antenna crosses over the object, recording it both coming and going. ¢ of interest, and then directly back to the receiving antenna. Instead it
Often clusters of these hyperbolas mean a buried pile of point ds out from the antenna, and is therefore recording reflections from
sources, such as a collapsed wall or similar feature. During dg; 2 the plane of the transect, and in front and behind the surface
collection, alert GPR operators can often visually place these types & 2. Tn addition, radar waves often reflect multiple times from buried
objects on the ground by viewing them first on the computer screen, S they “bounce around” between layers in the ground and other
then noting the location on the ground where the antenna is recording objects before being recorded back at the surface. Waves of radar
the reflections of note. ) s .
can also refract at boundaries between distinct layers, further creating
nfusing picture of the subsurface. An understanding of the complexity of
flection profiles comes with experience, as well as directly comparing

5. Example of a reflection
hyperbola. In this example one
created by a small tunnel
DISTANCE {meters) (L. Conyers).

hough this technique is fraught with potential errors, it can in a
sense give the archaeologist an immediate view of what lies buried
the surface. Usually it is best to make specific and detailed
etations after data have been processed, where they can be
d and spatially corrected. But if immediate analysis is necessary,
rpretations of this sort can be made, as long as the potential
¢ understood.

Conyers 2004,
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From what we know from the groundskeeper, this bed was fertilized
vith compost and peat moss every spring using a motorized tiller and
and-shovels. In the fall the dead foliage was removed and the garden
mained untended through the winter. Additional fill was imported,
nd then the site was covered with sod. The area has seen little, if any,
urbance since that time. As a result, it provided an excellent site to
test the effectiveness of locating and mapping an historic garden using
the GPR method.

reflection profiles to the “real world,” using a number of subsurface testing
methods, such as excavation pits, augers, cores, or probes.

The same holds true for three-dimensional maps produced from the.
spatial analysis of the amplitudes of GPR reflections. These maps s
produced from many thousands of reflections analyzed simultaneously,
Often when testing the ground with excavations of one sort or another it is
necessary first to compare the amplitude maps to the two-dimensiona]
profiles to make sure the origin of the mapped images is known. At this
point if subsurface confirmation of at least some of the reflections can be
made, the overall confidence of the remaining portions of the maps is
increased. But in all cases, some kind of subsurface confirmation of features
imaged with GPR is preferable.

This kind of verification can be accomplished by standard
archaeological excavations including shovel test pits, square excavations, or
trenches. If the mapped features are strata of interest (for instance a layer
that could be a garden soil), soil cores or auger samples can be taken and
their depth compared to the GPR reflections in profiles or amplitude maps.
Sometimes, if mapped features are fairly close to the surface, soil probes
can discern hard layers (perhaps rocks or buried walls), which give less
direct confirmation, but are easy to use and very quickly accomplished.

In all cases, making interpretations based on only GPR reflections can be
prone to errors. While many very distinct features, such as standing walls or
hard packed stratigraphic surfaces, are easily recognizable and can be
interpreted with some confidence, more subtle features common in gardens
are often difficult to discover and interpret. For this reason, integration of
good subsurface information from cores, excavations, probes, or augers
with GPR reflection maps and profiles is always a necessity.

6. The Buchtel Garden on the University of Denver campus in 1981, Denver,
Colorado, US. The Buchtel Chapel, which partially burned in 1983, is in the

back d. Today, only th i i y
APPLICATIONS OF GPR TO GARDENS ground. Today, only the tower on the left remains standing (L. Conyers).

The Buchtel Garden Site

As a test case, ground-penetrating radar techniques were used to map the
remains of a garden in an area on the University of Denver campus,
where historic photographs showed the prior existence of a flower
garden (fig. 6). This garden, called the Buchtel Chapel Garden, was
about 10 meters in diameter and cultivated and planted with flowers
annually from 1981 through 1984. In 1983 the chapel (seen in the
background of Figure 6) was destroyed by fire, and only one of the bell
towers was left standing. The following year, the circular garden in front
of the chapel was leveled with heavy machinery and what remained of it
was buried by grass sod.

In October 2000, a 15x20 meter test grid was established in front of
- the old chapel, and GPR data were collected. A 500 MHz antenna was
used with a Subsurface Interface Radar #10 System (SIR-10),
manufactured by Geophysical Survey Systems, Incorporated (fig. 1), which
can resolve bedding and soil features greater than 10 to 15 centimeters in
thickness at depths ranging from 20 centimeters to approximately 1.5
meters. Reflection data were collected in a time window of 13
nanoseconds, which recorded reflections from the ground surface to a
ﬂept_h of about 75 centimeters. Each antenna transect was spaced 50
- Centimeters apart within the grid, and profiles were oriented north-south.

‘ It became apparent during data collection that a significant reflection
from about 6 to 11 nanoseconds was being recorded in the northwest
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portion of the grid, which was hoped to have been generated from a
subsurface interface representing some remains of the garden. Many
other reflections from buried electrical conduits and sprinkler lines were
also recorded in the data. The reflection data were analyzed soon after
collection, and the time each reflection was recorded was converted to
depth using a computer program that calculates radar velocity in the
soil. Velocity is calculated by fitting hyperbolic point-source reflections
generated by buried pipes or other point sources to a model reflection
shape, creating an estimate of the velocity radar waves travel in the
ground at a particular site. Using these models, a relative dielectric
permittivity of 7.3 was determined, which means the velocity of radar
travel is about 11.5 centimeters per nanosecond. Because radar waves
always travel from the ground surface to the reflection surface in the
ground and then back to the surface before being recorded, the two-way
travel velocity must also be calculated. In these data two-way travel time
is 5.75 centimeters per nanosecond. ;

To map the radar reflections in the ground, data in Grid 1 were
imported into an amplitude slice program that yields three-dimensional
maps of the reflections in the ground.”® Reflections were then processed in
time-slices of 3.25 nanoseconds in thickness. This process first analyzes
the reflections in each slice and then correlates and grids the amplitudes of
reflections spatially within those slices. All data within all antenna
transects are included in this process. This data processing is similar to
analyzing all the sediment and features in arbitrary levels in standard
archaeological excavations, but in this case the amplitudes of reflections
are the final product being mapped. Slices of 3.25 nanoseconds, or about
0-19 centimeters in the ground (fig. 7), were preferred because the target
feature is at most a few tens of centimeters in thickness.

Each 3.25-nanosecond amplitude slice is about 19 centimeters in
thickness in the ground. The red and yellow colors represent areas of
high amplitude reflections, denoting buried materials of contrasting
physical and chemical properties at that location (fig. 7). The blue areas
are uniform soils or sediments that reflected little radar energy,
indicative of homogeneous material. These areas probably represent soil
that was not disturbed by construction activity or animal burrowing.

i6

Conyers 2004,
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0-3.25 nanosecond slice 3.25-6.5 nanosecond slice
0-19 cm depth 19-37cm depth

6.5-9.75 nanosecond slice 9.75-13 nanosecond slice

37-56 cm depth 56-75 cm depth

® Core Hole Locations

7. Amplitude time-slices of Grid 1 at the Buchtel Garden, University of
Denver Campus, Denver, Colorado, US. Each slice shows the aerial extent of
radar reflection amplitudes at different depths in the ground (L. Conyers).
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In these GPR slice-maps, the concrete sidewalk, which trends
northwest-southeast is plainly visible in the southwest portion of gjj
maps (fig. 7). Radar energy was reflected multiple times between ¢
surface antenna and this concrete barrier, causing it to be imaged in
the time-slices. A number of other linear features can be seen in these
maps, which are the likely location of buried electrical conduits g
water lines. In the deepest slice, from 56-75 centimeters depth,
interesting feature is visible in the northwest portion of the grid (fig.
An analysis of the individual reflection profiles through this reflection
feature showed a subtle concave-upward reflection, which appeared tg
be the possible remains of the garden (fig. 3). At first this feature did n
appear to be in the portion of the grid where the circular garden w
expected. After a closer examination of the 1981 photograph (fig. 6
was determined that the wrong chapel tower had been used to place ¢
test grid (only one tower survived the 1983 fire, which is the one on t 3
left in the photograph). When the high amplitude feature in the
northwest portion of the grid was then relocated with respect to the one
remaining chapel tower, we found it to be centered exactly in front of
where the chapel would have stood in 1981. 4

Once we had a better understanding of where the possible remains of the
garden were located, a second grid was placed over that area. This grid was
9x9 meters, and the data were collected in the same fashion as the first grid,
with the same time window (fig. 8). An amplitude map was constructed for:
the slice from 9.75-13 nanoseconds (56-75 cm. depth), which shows an Od;}(%a‘
shaped reflection feature in the southeast portion of the grid. It was initi lly
disappointing that this feature did not appear circular like the original gar
(fig. 6), but the groundskeepers’ information about its removal 1n_19.8=‘_‘
suggests that heavy equipment was used to remove much of Fhe orggmc-nch
topsoil, possibly leaving only remnants of the tilled subsoil. An irregular

pattern would therefore be expected. The
reflection profiles in this grid show the same’
concave-upward feature as seen in the first
grid, and the reflection is the same thickness. -

—

e hand auger used to collect complete cores of
soils at the Buchtel Chapel site, University of
ver campus, Colorado, US (L. Conyers).

z

97513 nanosecond slise
58,75 am sopih

8. Amplitude slice-map from 56-75 cm in
Grid 2 at the Buchtel Chapel Site,
University of Denver campus, Denver,
Colorado, US (L. Conyers).

Birkeland 1999,
Ibid,

University of Denver Campus.
Buchtel Chape! Garden
GFR Amplitude Anomaly Map
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To test whether the buried
interface imaged in both
profiles might be the old
garden, a hand auger
(fig. 9) was used to recover
two cores of soil profiles,
one within the GPR
reflection feature, and one
outside (fig. 10). It was
hoped, based on initial
interpretations of the GPR
profiles and maps, that the
two cores would show a
difference in stratigraphy,
with one representing the
remnants of the old garden
and the other representing
undisturbed soil. The velo-
city analysis was used to
predict a depth of about
45 centimeters to the layer
producing the strong GPR
reflection.

e typical soil horizon found on the University of Denver campus
sists of a surface O zone of sod, leaf, and grass debris and partially
omposed organic material. It is underlain by an organic-rich, loamy, A
e that consists of clay, organic matter, and some silt. Below the A zone
soil horizon is usually present, which has much less organic matter
n the A zone and more clay. When this zone is very enriched in clay, it
be termed a Bt horizon.” Usually it takes many hundreds, if not
housands, of years to build up a significant Bt horizon with abundant
lay in the Denver area. In most soil profiles that are visible in
onstruction excavations on campus, a calcium-carbonate layer is present
n the B zone, called a Bk horizon. This whitish layer is usually between 20
id 70 centimeters thick, and is usually found 50 to 100 centimeters
clow the surface. The Bk soil horizons are formed as carbonate, dissolved
1 water percolating down from the surface, is precipitated in the
lying units. As with Bt horizons, it often takes many hundreds or
ousands of years to build up a significant Bk horizon."
- Both the cores taken within the GPR reflection feature, and that
itside, encountered soil horizons that were in many respects similar to
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the normal undisturbed soils common to the area. There were, however,
a few significant differences that can be dil:”e_ctly_ related to the garden,
and probably its removal and the site’s modlﬁcgmon. Descriptions of tlr}e
cores including color changes and their reaction to hydroch'lorlc acid
(which indicates the presence of calcium carbonate) are shown in table 1.

INSIDE FEATURE QUTSIDE FEATURE ﬁ
Depth HCI Depth HCI
(cm) Description | Color  |Reaction (cm) Description | Color Reaction
Silty Clay  |7.5 YR Silty Clay 7.5 YR
0-7 Loam 3n — 0-5 Loam 2.5/2 -
Silty Clay  |7.5 YR 7.5 YR
7-14  |Loam 3/2 — 5-11  |Silty Loam |2.5/1 -
7.5 YR Silty Clay  |7.5 YR
14-21 |Clay Loam [4/2 Weak 11-18 |Loam 2.5 -
7.5 YR 7.5 XR
21-28 |Silty Loam |4/2 Weak 18-26 |Silty Loam |4/2 -
7.5 YR 7.5 YR
28-34 |Clay Loam |4/2 Strong 26-34 |Silty Loam |4/2 strong
Silty Clay 7.5 YR|CaCO, Silty Clay  |7.5 YR
34-41 |Loam 4/4 nodules  [34-40 |Loam 4/2 weak
Silty Clay  |7.5 YR|strong- Siley Clay 7.5 YR
41-47 |Loam 4/3 violent 40-46 |Loam 4/3 weak
Silty Clay |7.5 YR Silty Clay |7.5 YR
47-53 |Loam 4/3 Strong 46-52 |Loam 4/3 strong
7.5 YR Silty Clay  |7.5 YR|strong-
53-58 |Silty Loam |4/3 Strong 52-59 |Loam 4/3 violent
7.5 YR 7.5 YR
58-64 |Silty Loam |3/2 — 59-67 |Silty Loam |3/1 -
7.5 YR 7.5 YR
64-74 |Loam 3/2 - 67-74 |Silty Loam |3/2 -
7.5 YR 7.5 YR
74-85 |Loam 3/2 — 74-80 |Silty Loam  [4/2 -

Table 1. Soil analyses of cores within the GPR reflection feature and outside it.
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The cores both revealed a surface soil zone (O and A layers) from 0

o about 30 centimeters depth, described as a silty clay-loam. This layer
consists of sod at the surface, followed by a root zone, and decomposed
organic matter in a clay matrix at the base (fig. 10). Below this topsoil
Jayer the clay content of the soil increases in both cores, and the color of
the soil became lighter brown, suggesting the top of a very weak B soil
zone (and perhaps the formation of an incipient clay-rich Bt layer).
Below this zone the stratigraphy was quite different between the two
cores. The core inside the GPR reflection feature contains a thick white
layer, which appeared at first to be a carbonate horizon (Bk soil), from
34-.58 centimeters (fig. 10). A similar, but thinner, zone was found
outside the feature from 46-59 centimeters. In both cores a very sharp
contact was visible between this white calcium carbonate soil layer and
the underlying dark brown soil. The underlying loamy brown soil in
both cores below 58 centimeters appears very similar to the basal
portion of the active A soil horizon, found from about 15-35 centimeters
in both cores (fig. 10). It is likely that this lower brown soil horizon is a
buried soil, that was once the active A soil in the area before it was
buried by the white soil zone. This interpretation is supported by the
presence of bark chips found at 60 centimeters depth in the core taken
outside the GPR reflection feature. These chips are used around campus
as mulch, especially in gardens. Although it is possible these chips could
have found their way to this depth by burrowing animals or some other
mechanism, it is more likely that they are residual materials from the
garden. They were probably incorporated in the topsoil when the garden
was active and then buried and preserved by the white layer during the
removal of the garden.

Researchers were initially disappointed to find that the core taken
within the GPR high amplitude reflection feature (fig. 8) did not reveal
organic-rich sediment at about 45 centimeters depth, which would have
indicated the actual remains of the garden were still present. This is the
depth where a significant reflection was seen in the reflection profiles
(fig. 3), and the location the aerial time-slice mapping showed to be the
possible remains of the old garden (fig. 4).

Instead the carbonate-rich whitish soil was found, which was initially
thought to be a well developed Bk horizon. The presence of a Bk
horizon would rule out the preservation of any remains of the garden in
this area, as it would indicate little disturbance for hundreds (if not
thousands) of years. An explanation for the white calcium carbonate
layer was therefore crucial in the interpretation of the GPR data. Only
one conclusion was immediately apparent: the significant lithologic
change between the calcium carbonate-rich layer and the overlying and
underlying loamy soils was what was being imaged in the GPR
amplitude slice-maps.
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10. Cores taken both within and outside -

4 the amplitude anomaly that represents
Mol the remnant of the Buchtel Garden
University of Denver campus, Colorado
US. The core on the left shows a CaC
rich layer at 34-58 cm depth, which is
fill that was added after the garden was
removed. The core on the right recovered
the same unit, but deeper and less
developed. Note the sharp basal contact
of the white layer in both cores at 58
centimeters depth. Below this contact is

11. Organic carbon curves calculated from soil cores inside and outside
the GPR amplitude anomaly map shown in Figure 7 (L. Conyers).

wa (e

trary to most soil zones, the soils in this core contain an increasing
unt of organic carbon from about 35 to 50 centimeters, which then
s off normally from 50-60 centimeters. The zone of increasing carbon
esponds to the location of the thin white layer, which was
the buried A soil zone, which is all that hesized to have been imported into the area, covering the garden
- remains of the original garden bed its removal. Its high organic carbon content suggests that if it is fill
. (L. Conyers). 1 erial, it was mixed with organic carbon matter from another source
3 ' to being imported from another garden nearby. Additional
1 mation of its origin can be found in the increasing organic material
To help determine the genesis of the soils recovered by the auger, J rrhe dark brown soil zone be:low the wh.ite layer (fig. 12). This unit
total organic carbon analysis (fig. 11) was performed on samples spaced ears in the core to be a portion of a buned A zone that was covered
about 5 centimeters apart in both cores. This test measures the amount  the Whltff fill lgyer s hlgh.ﬂ _organic content (and the presence of
of organic carbon that is burned off from each sample when subjected to i hips) is consistent with this interpretation. _
high temperatures. Typically, undisturbed soils have an organic carbon. g 2 general sense, these same ‘changes In organic content were
content that is high at the surface and decreases with depth, becau sured in the other core taken within the GPR reflection feature (fig. 7).
most of the organic matter is found in the sod, decomposed vegetatl core there is geperal decrease in cgrbon _w1¥h depth, .but there are
and the near-surface root zone®. This decrease in carbon content W ‘u}:flber of deﬂectlons in the curve, €SP€C1311}’ V‘_’lthlf} the white 15‘_}’31' - The
depth is apparent from 0-35 centimeters in the core taken outside th '@L_ tf:hang.es. in organic carbon content within this core are likely the
GPR reflection feature (fig. 10). L of a thicker, mixed fill material, containing two if not more varieties
oils imported from elsewhere, each with different organic content.

un 9

wypl

¥ yild 1993.
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information provided by the groundskeeper, it became apparent that
during the removal of the garden, heavy machinery was used to both
rake out the topsoil for use elsewhere on campus, and bring in fill
materfa] to level the area prior to replanting with Jgrass sod gI‘his fill
material was no doubt moved around a good deal during this c') erati
destroying the perfectly round nature of the bed. ol
Both _the GPR data and the core information yield much more
information about the destruction and subsequent reclamation of the
garde_n area than they do about the garden itself. Most of the garden
topsoil was removed, but the GPR data in this case produced ver
accurate images of other buried soil layers germane to an understandiny
of the garden. In this area the units that were most visible by GPR wer%
tho_se of the ma}terial that was used as fill, after the garden was removed
This was not immediately apparent using only the GPR analysis anci
was only understood when the initial interpretations were used on
conjunction with core analyses.

12. Buried ridges and furrows in a fossil agricultural field buried by volcanic ash,
Ceren archaeological Site, El Salvador.

With more study, it became apparent that the white layer, which
produced the high amplitude reflection on the GPR profiles, had other
attributes very different than a “typical” Bk horizon. Its basal contact in
both cores was very sharp and contained no filaments of carbonate that
typically form at the base of typical Bk zones over time. These very fine
carbonate filaments are produced when ground water, which contains
dissolved carbonate, follows root zones or the small cracks that form
during shrinking and swelling of clay soils, as it moves into the ground.
The carbonate is precipitated along these routes first, and only after much
time elapses does the carbonate coalesce into a laterally continuous Bk
horizon. Instead, what was apparent in both cores at about 58 centimeters
depth was a very sharp contact between the white carbonate layer and the
underlying dark loamy soil (fig. 10), indicating it was deposited in one
episode (probably very recently). No filaments had yet formed below the
carbonate layer, indicating little time in which to precipitate carbonate.

Tt is apparent from the core descriptions that the layer being imaged in
the GPR profiles is the white layer, seen both inside and outside the GPR
reflection feature but of varying thickness. Although this layer is thinner
and is found somewhat deeper in the ground outside the feature, it is still
present, and should theoretically be visible in the slice-map, but it is not.
This is most likely a function of its thinness, which is only about 7
centimeters (fig. 10). A 500 MHz antenna is only capable of resolving
beds greater than about 10-15 centimeters in thickness. Therefore, no
significant radar wave reflection was obtained from the white layer in the
area outside the feature.

If the white layer indicates the presence of the old Buchtel Garden,
what was its genesis, and how is it related to the garden? The GPR
amplitude slice-maps (fig. 7) show it to be centered directly in front of
the chapel, as indicated in the historic photograph (fig. 6). It is nob
however, circular as was expected. This suggests that if the white layer
imaged in the GPR maps was fill material, it was placed in the garden
and then rearranged in some fashion. When referring back to the

Other Garden Applications of GPR
Geophysical‘methods, including GPR, have a long history of use in the
study_ of agricultural fields to map the spatial distribution of physical and
cher_nllcal ch_aracteristics of soils that relate to important factors such as
fertility, acidity, and organic constituents.”’ Although these types of
surveys have not been performed on fossil agricultural soils, there is no
reason the same methods cannot be applied in archaeological, analyses. In
most cases GPR has proved to be the most exact of the numer;)us
geophysical methods used to map buried soil changes. It is the onlL
shallow geophysical method that can map changes in soils typés laterall Y
as well as measure the thickness and distribution of units with depth Tgé
GPR method cannot, however, measure specific soil values of interest, like
;adltl)(( or organic content. In order to do this actual samples of soils must
elta en within an area of study, analyzed quantitatively and then these
val éle(sj must compared and correlated to GPR measurements. Amplitudes
Z;l-ou Epth; of radar waves can then be inferred throughout a grid, if
g ‘%a Slcl; ;Erface {nformatlon of other sorts is available for control. In
. only h amplitudes can be used as a proxy for many soil variables,
B Sez lt ht ey are correlated to mea_sur'able soil values. Using amplitude
distr)i(buti atfmeasure the .spanal dlsFrlbution of the radar waves, the

- C?n o.lxr.nportant soil characteristics can then be mapped.

o 531 mterlfaces are often visible in GPR profiles when the
e an dcheml.cal. Fhfferences between two layers are different
% i)do produce significant radar reflections.”’ These differences might
produced by changes in soil moisture, compaction, or lithologic

b s
5 Doolittle & Collins 1995; Freeland et al. 1998.
Conyers 2004,
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Fences, walls, pathways, and small structures are often found
hin garden areas, which can often be located and mapped with GPR.
es made of wood will often degrade over time, but their posts will
molds in the ground that are sometimes visible in excavations as
changes in color or soil composition. These soil changes can also
imaged with GPR because measurable amplitude differences in
.cted waves will occur where post molds are found. The ability of
R to produce images of these types of subtle features was
nstrated at an archaeological test facility in Hlinois™. In this
olled facility a number of features that simulated archaeological
erials were buried by as much as 1.5 meters of soil and the site was
mpacted and replanted in grass. One of the features buried was a fence
ith posts about 20 centimeters in diameter 3 meters apart. The 500
z antenna was used to collect data over this linear feature and
ssed in standard two-dimensional profiles. The profiles crossing the
ied posts (now post molds after a number of years of rotting in the
ois soil) were not capable of producing images of the buried vertical
es because the reflections were too subtle for the human eye to see.
amplitudes of the waves within the grid, however, contained digital
ta that measured the small changes between post molds and the
4 urrounding soil matrix. When plotted in map view, the line of posts
& this fence were clearly visible spaced 3 meters apart (fig. 14).

These buried soil features are visible in two-dimensional profiles not
as actual ridges and furrows, but as changes in radar wave amplitud
along the interface. This amplitude variation is caused by changes in th
focusing and dispersion of radar energy. When radar waves we
reflected from the furrowed portion of the interface, their energy wi
focused prior to transmission back to the surface, much as a parabolic
dish can focus radar energy that is being transmitted into space. When
the radar waves are focused, the resulting reflection from the concave
upward interface is very high in amplitude, producing a dark gr
reflection in reflection profiles. Conversely, when radar en
encounters a buried ridge, the energy is dispersed away from the surf
due to a high angle of incidence of individual rays, and their resulting
reflection away from the surface antenna. This results in a low amplitu
reflection (light gray in color) over parts of the buried features, because
good deal of the energy has been lost in the ground from spreading a
dispersion. Little radar energy is then available to be recorded at t
surface antenna. A buried layer of this sort will therefore appear
profiles to alternate from high to low amplitude laterally (fig. 1

Ancillary features of gardens are diverse and varied in archaeologi

constituents.”? Often GPR reflections are distinct enough to produce
images of the subsurface orientation of these changes in buried soils
the Ceren archaeological site in El Salvador, a buried Mayan agricul
field is preserved beneath volcanic ash.” The interface is visually distinet
where uncovered (fig. 12) and often displays fossil ridges and furrows
that were present in the maize fields at the time of burial. The interfacs%
between the buried soil and the overlying ash can be readily mapp
across the site using GPR,” but more excitingly, the actual ridges a
furrows at the top of the soil are visible in individual profiles (fig. 13).

13. Ridges and furrows on
buried agricultural soil, Cere
site, El Salvador. The top of
buried soil is shown by a
black line. The underl
reflections alternate from blac
to gray, with black being th
highest amplitude reflections. |
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34 Buried posts from a fence at the CATS facility in Illinois, US. This is a slice
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At the same facility in Illinois, ceramic pots were buried and then
covered over. These items were at most 10 centimeters in diametep.
which is usually too small for GPR to produce adequate ima
Resolution of buried objects is limited by the wavelength of the ¢
energy transmitted into the ground and usually objects smaller th
one wavelength will not produce reflections. The 500 MHz ant
transmits energy with a wavelength of about 30 centimeters in mg
clay soil, like that found in Illinois™. It is therefore unlikely that a 10-
centimeter-diameter pot would be visible using standard imagj
methods. However, the amplitude slicing methods were capable
detecting a known pot in the data set, even though its reflection wag
so subtle it could not be seen in the individual profiles (fig. 15).
was found only because this was a test site and all objects placed
the ground were mapped, and therefore could be searched for in ¢
data at known locations. It is unlikely something as subtle as this
would have been discernable in data collected in unknown
conditions, but a cluster or alignment of pots the same size might by

 buried road crosses an agricultural area at the Pio Pico historical site in Whittier,
California, US. This map illustrates the relative amplitudes of reflected radar waves from

out 40-60 cm in the ground. The compacted surface of the road is about 4 meters in
Ith, crossing from bottom right to upper left in this image (L. Conyers).

31.00
NCLUSIONS

ributions of GPR to Garden Archaeology
30.00- nd-penetrating radar is a geophysical tool that can be used with great
! in discovering and mapping buried gardens that have little if any
— - - e expression. Often subtle changes in soil chemistry or physical
15. Amplitude slice map from 30-60 cm depth at the CATS site in Illinois, US. Th rties will produce discontinuities that reflect radar waves. The
small object in the top right of the map is a buried pot about 10 cm in diameter tudes of these waves will vary spatially, and with depth. If GPR data
(L. Conyers). ollected digitally, and in a three-dimensional volume, time-slice
bping can potentially image these features. Some subtle changes in soil
racteristics common to gardens may not be visible in individual
ofiles, but could become visible when processed by the computer.
A test study done at the Buchtel Chapel garden on the University of
enver campus provided a good test for the use of GPR data integrated
h soil coring and analysis to find and study soil layers in a buried
n. This garden was partially removed and buried in 1984 and there
no indications of its presence today on the surface. This test
tVc%uce:d good quality GPR data to a depth of approximately 75
ntimeters below the surface using a S00 MHz antenna. A subtle soil
ange at about 45 centimeters depth was visible in the approximate
cation where the garden remains were thought to exist. Core analysis
-rT!'IIS subtle soil showed the layer imaged in the GPR profiles to be
lum carbonate-rich fill material. Amplitude maps produced across
f ature showed the aerial extent of this feature to be not circular, as
original garden was, but a different shaped feature all together. This

Pathways and roads in gardens are potentially noticeable only by
their compacted soil, surrounded by material of a different composition:
and density. These conditions are ideal for GPR mapping because the
method is excellent at measuring changes in the physical composition
and density of buried materials. At the Pio Pico historical site in
Whittier, California, a possible garden that was last active in the 1920s,.
was bisected by a wagon road or path leading to the San Gabriel River.
This feature is visible in GPR profiles as a high amplitude reflection,
produced at the interface of the compacted road surface and the
overlying soil. In areas to the side of the road, soil of a uniform density &
located at the same depth and has a different amplitude of reflection.
When amplitudes are mapped, the compacted road is clearly visible,
crossing soil units of very different density (fig. 16). More subtle
pathway features are also likely to be imaged using this method.

26

Conyers 2004.
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ps. If high resolution is necessary to map the units of interest, with the
esent technology, they must be fairly close to the surface.

The chemical and physical properties of the medium through which
ar energy must pass can also be a limiting factor in GPR studies. Any
-dium that is electrically conductive, such as wet clay, or any sediment
soil with a high electrolyte content (those high in salts or carbonate

irregular shape is probably due to the removal of the garden bed i
1984, and the import of fill material to level the area using heaVy.
machinery, which modified its original circular shape. The remains of
the garden in the form of a buried A soil horizon are still present in some
form below the ground surface, although much of its topsoil was likely

removed during the area’s reclamation. :
Other garden features have also been imaged using GPR, showing the instance) will attenuate radar energy quite rapidly and often GPR
data can be unusable in these areas. The same can hold true for sediment

utility of this method. Ridges and furrows in plowed fields are visible ag . s

alternating high and low amplitude reflections in profiles collected along o soil that is magnetic, but materials of this sort are relatively rare.

the buried soil surface at the buried Mayan village of Ceren in F| ~ Soil moisture can often severely disrupt radar energy, producing

Salvador. In other GPR studies the amplitude analysis method has reflections that are difficult to interpret, obscuring those that are

discovered buried clay pots, post molds from fence lines, and roads and @t'entially meaningful. If an area has been recently irrigated, or there has
‘heen a recent heavy rain, pools of water can be differentially preserved in

pathways associated with gardens. : )
Future garden archaeology studies that integrate GPR into the field : ediments and soils. When this happens, radar reflections occur only from
 the pools of water, not from the zones or objects of interest.

methods will no doubt discover new ways to integrate the power of radar L e

analysis to discover and map many other associated features. One powerful: r It is ‘often difficult to kpow in advance whether ground conditions are
GPR tool, which has not yet been applied to garden archaeology, is the conducive fgr GPR studies. Some have tried to predict GPR success
method’s ability to map subtle changes in soils. This ability was based on soil survey maps or gross generalizations about the geology of
demonstrated from the Buchtel Chapel Garden study where very slight soil “an area.”” While these types of analyses can be a useful guide in a general
changes were imaged and then confirmed by soil studies. This type of soil sense, actual GPR success in a specific area can be determined only by

analysis is possible with GPR because the amplitude and aerial distribution %c‘tually collecting and processing data.
of radar reflections is a direct response to changes in the physical and ~ One of the greatest limitations to the method is the most common

chemical makeup of the medium through which it is traveling. In a more - problem with most GPR studies: the timing of the surveys. Usually GPR
intensive use of this GPR than has been attempted to date, quantitative  surveys are conducted prior to excavations, which is only natural because
analyses of soils in a garden could be correlated directly with reflections, " ;chaeologlsts would always like to know in advance what is under the
and then those properties projected into unknown areas to produce ground before they dig. When surveys are done in this way, there are
detailed maps of buried garden soils. This approach will produce not only ually anxious excavators waiting for results, with unrealistic expectations
meaningful maps of garden features such as borders, fences, pathways, and that GPR il Wl_ﬂ tell thgm everything they want to know about the
buildings, but also changes within the planting beds themselves. The future ~subsurface.” Sometimes this approach works well and exciting
use of GPR in garden archaeology will allow researchers to perfect some of archaeological features just “jump out” of processed maps, leaving little
these types of analytical methods, advancing the GPR method far beyond . ?mblgUIW a}b‘?ut their origin. These types of features are usually those that
where it is today. The potential for GPR mapping to discover 4  are most distinct, such as house floors, walls, and other architecture that
accurately map many garden soil types and associated features in the ~would be hard to miss by even the most inexperienced interpreter. In

subsurface with minimal disturbance has only begun to be appreciated. ' ?f?‘rde“ archaeology, when .th? features to be mapped are usually much
- more subtle, features are difficult to find, and it is often challenging to

R jjmgl_(e a definitive interpretation. In these cases, interpretations that would
' ;?Iﬁase both the excavator and the geophysical archaeologist can be arrived
at only by merging and integrating information from excavations and GPR
ﬁ g:iata. The timing of many projects precludes this iterative process of give
?nd take, making many GPR maps less useful to archaeological projects
| :than they should be. The correct way to use GPR in garden archaeology
- Would be to first collect the data and interpret it, with the knowledge that

Limits of GPR in Garden Archaeology
Although GPR is a powerful tool for imaging and mapping the subsurface,
there are some limitations of its applicability in garden archaeology. The
most obvious limitation is its depth of investigation. The trade-off that
exists between depth of investigation and resolution can be important if
buried features and stratigraphic interfaces of interest are buried to0
deeply. Below about 2-3 meters, low-frequency antennas (300 MHz and
lower) are necessary for the transmission of radar energy. With those
antennas, resolution is severely diminished, making many subtle changes
in garden beds and associated features all but invisible in GPR profiles and

17 !
X Collins & Kurtz 1998.
Conyers 1999,
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little is really known about the subsurface. Then test interesting featy
and horizons that can be seen in profiles and maps using excavationg
coring and augering. The data from this surburface testing must thep bﬁ
integrated back into the GPR data so that horizons and features of interes
can be remapped, using information obtained from the ground. This “m'llgf
necessitates what amounts to a “first look” at the GPR, thep E
reinterpretation of it, and often a second round of reinterpretation, as ney,
information comes to light. Garden archaeologists must expect this type of
prolonged analysis and budget for it in terms of time and expenses.

These limitations of GPR in garden archaeology can be overcome with
thoughtful planning and diligent data processing and interpretation. The potentia]
for GPR to not only discover, but accurately map, many gardens and their
associated features, with minimal disturbance, has only begun to be realized.
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