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Sequential Monitoring of Burials Containing
Large Pig Cadavers Using Ground-Penetrating
Radar

ABSTRACT: Ground-penetrating radar (GPR) was used to monitor 12 pig burials in Florida, each of which contained a large pig cadaver. Six of
the cadavers were buried in sand at a depth of 0.50–0.60 m, and the other six were buried at a depth of 1.00–1.10 m and were in contact with the
upper surface of a clay horizon. Control excavations with no pig internment were also constructed as blank graves and monitored with GPR. The
burials were monitored with GPR for durations of either 12–13 or 21–21.5 months when they were then excavated to correlate the decomposition
state of the cadaver with the GPR imagery. Overall, cadavers in sand were easily detected for the duration of this study at 21.5 months, even when
completely skeletonized. Conversely, in clay it became increasingly difficult to image the pig cadavers over the first year of burial, even when they
still retained extensive soft tissue structures.
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The continued emphasis toward using proper forensic archae-
ological techniques and methods for conducting body searches
and recoveries has led to an ever-growing trend of incorporating
multiple search methods (1–4). In particular, ground-penetrating
radar (GPR) has proven to be a valuable search tool for forensic
investigators. This equipment is now routinely used to search for
buried bodies and forensic evidence, and to clear suspected areas
where a body is thought to have been buried so investigations can
be directed elsewhere. The increasing use of GPR with other
methods for body searches is due to a number of reasons. GPR is a
noninvasive search method that allows preservation of any poten-
tial crime scene and buried evidence during a search. Surveying
with GPR before excavating can provide forensic investigators
with an undisturbed view of subsurface features so target areas can
be highlighted for further testing with other search methods. Con-
versely, this technology can be used as a follow-up method after
using other noninvasive methods, such as visual or cadaver dog
searches, to highlight the specific location of target areas for in-
vasive testing. This technology has the best resolution of all the
available geophysical methods used on land and depth of subsur-
face features can be estimated. The data is presented in real time
and results are available immediately in the field. Furthermore, a
major advantage of this technology is it can be used to search for
bodies or evidence buried under cement or asphalt.

The application of using GPR for grave detection was first suc-
cessfully demonstrated with historic and/or cemetery graves from
various regions and time periods (5–8). GPR is routinely used to
locate and confirm the location of hidden burials and human re-
mains of homicide victims and mass graves (9–14). The success of
using GPR for forensic contexts was first demonstrated with con-

trolled research. These studies buried a large mammal, most often
a pig cadaver that has been used as a proxy for a human body, and
then detected and monitored the buried bodies with GPR for some
length of time. This research has been vital in demonstrating the
utility of using different geophysical instruments for locating bur-
ied bodies, and to provide experience to operators searching for
buried bodies. The most important and initial research was con-
ducted by personnel associated with NecroSearch, a Colorado-
based forensic organization (1,2,15). Geoscientists and law en-
forcement personnel buried pig cadavers (an average of 70 kg or
154 lbs) to concentrate on multidisciplinary methods, including a
variety of noninvasive technologies, used to detect buried re-
mains. Overall, it was concluded that GPR was the most important
geophysical tool used to delineate graves (1,2). However, al-
though GPR was preferred for speed and accuracy over other
geophysical methods, dogs, probes, intelligence, and landscape
changes also contribute greatly to locating clandestine graves.
Since the initial studies by NecroSearch, there have been a variety
of other forensic GPR studies that have focused on regional ap-
proaches in other areas of North America such as British Colum-
bia (16), Tennessee (17,18), and Florida (19,20).

Proxy forensic GPR studies have been very important for GPR
operators because they provide them with experience in a known
setting that is invaluable when they perform GPR searches in fo-
rensic contexts. The presence of soil features such as clay and high
fluid electrical conductivity are the major limiting factors using
GPR. Therefore, since local soil features will have a significant
effect on GPR performance, it is important to have controlled fo-
rensic GPR studies in various areas of the county where studies
test the efficacy of GPR for local conditions and environments. In
addition, GPR research is important because operator experience
can be a limiting factor using GPR for forensic contexts. Con-
ducting a GPR survey for small and shallow subsurface objects or
features that are routinely encountered in forensic and archaeo-
logical surveys requires training to learn how to use the equipment
and to interpret the results. A GPR survey performed in a forensic
context must be a controlled survey conducted in the same
manner as an archaeological investigation where GPR transects
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are collected over a grid that utilizes appropriate spacing between
transects. Even an experienced GPR operator can miss a buried
body when performing a GPR survey if their experience has pri-
marily involved applications surveying large planar features such
as stratigraphic horizons, water tables, and sink holes.

Until a number of preliminary observations were presented by
Schultz et al. (19), there was no reported forensic GPR research
conducted in Florida with commercially available equipment or in
geographical areas with soils similar to Florida. There has been no
published GPR research discussing the results of monitoring con-
trolled or proxy graves with GPR for durations over 1 year, and no
forensic GPR studies have made direct comparisons between dif-
ferent types of soil compositions. Furthermore, there is only one
case study and no proxy forensic GPR studies that have made di-
rect comparisons between unprocessed GPR imagery with proc-
essed imagery of buried human remains to remove noise in the
data from ringing, also know as multiples. The only study that
makes comparisons of unprocessed with processed imagery was
from a small search area for a suspected inhumation of a murder
victim located adjacent to a known cemetery grave (21). Overall,
the processed data proved useful for interpretation of the site stra-
tigraphy and geometry of the known cemetery grave to correctly
establish that the suspected inhumation of the murder victim was
not in located this area. The noise can be removed using most
GPR software programs by applying a filter to the GPR data. This
issue is directly related to forensic applications, because GPR as-
sessments may be conducted in the field without processing the
data to remove noise. Furthermore, in order to understand if the
GPR anomalies are a function of the buried cadaver, as well as the
‘‘natural’’ soil features, blank control graves without cadavers
must be constructed and monitored with GPR, and grave excava-
tions must be performed to assess the decomposition state of the
cadavers.

The purpose of this study was to test the applicability of
using GPR in Florida to detect and monitor large pig cadavers
in a controlled setting. The research objectives of this study were
as follows:

� Document changes in GPR imagery characteristics of buried
bodies resulting from decomposition and subsequent compact-
ion of the backfill for periods of time longer than tested in
previous studies (i.e., approximately 1 year);

� Determine if soil composition and time (length of burial) are
factors in producing a distinctive anomalous response;

� Assess if processing of the GPR profiles to remove antenna
noise (known as ‘‘ringing’’ or multiples in the geophysical lit-
erature) is necessary for grave detection;

� To correlate GPR imagery characteristics with the state of de-
composing of buried bodies.

Materials and Methods

Research Site and Burial Construction

The research field site was located in unmanaged open pasture
in Alachua County, Florida, because it provided a number of ideal
characteristics for GPR surveying of small subsurface features:
the field was open, the ground surface and topography was flat,
there was excellent drainage, the soil represented one of the most
common soil types in Florida, and the soil allowed testing of two
soil compositions. The soil type, an Ultisol, consisted of horizons
comprised primarily of sand to a depth generally around 1.00 m
where a clay (argillaceous or argillic) horizon began. Domestic
pig (Sus scrofa) cadavers were used as proxies for human bodies

in this study. Pig cadavers are commonly used in taphonomy ex-
periments to replicate humans because they are easy to obtain and
entomology studies have shown that they are the most appropriate
animal proxy for human decomposition (22,23). The pigs were
euthanized in the morning by a veterinarian to ensure humane
treatment, and the burial process was completed by the afternoon
of the same day.

A total of 12 control graves, with each containing one large pig
cadaver ranging in weight from 51.71–69.85 kg (114–154 lbs)
with an average weight of 63.84 kg (140.75 lbs), were construct-
ed for this study (Table 1). The size of the pig cadavers was cho-
sen to represent an adult human size body. Also, the following
variables were measured: the length of time a pig cadaver was
buried, the depth a pig cadaver was buried, and the soil compo-
sition of the grave were the pig cadaver was located. Six cadavers
were buried at a depth of 0.50–0.60 m, and the other six were
buried at a depth of 1.00–1.10 m to represent deep and shallow
burials that are generally encountered in forensic scenarios. The
GPR response from the deep and shallow cadavers was expected
to differ with regards to GPR performance because the shallow
cadavers were only buried in sand and the deep cadavers were
generally buried into the upper limit of the clay horizon (Fig. 1).
The pig cadavers were not buried wholly within the clay horizon,
as this layer would most likely represent the depth limit to which a
potential murderer might dig a grave if they were burying a body.
Finally, at the termination of 1 year (12–13 months), six pig bur-
ials (three deep and three shallow) were excavated to assess the
decomposition state of the cadavers, and the remaining six were
excavated after 21 months (21–21.5 months). See Table 1 for a
summary of the detailed burial data for each cadaver. For purposes
of this paper, the overall decomposition state of each cadaver is
only noted in general terms. For more in-depth descriptions of the
decomposition state of each cadaver see Schultz (20).

Two blank control graves (one deep and one shallow), contain-
ing only disturbed soil or backfill, were constructed the same time
as the pig cadaver graves to qualitatively distinguish the response
of the disturbed soil from that of the decomposing pig cadaver.
The graves were of similar dimensions as the graves with the pig
cadavers and were constructed by digging the grave and then re-
turning only the backfill to the hole. Also, one additional deep
control grave was constructed with a layer of gravel added to the
floor of the grave, located at the top of the clay layer, to represent
a gravel lens. This control grave was designed to simulate a false
anomaly or a false positive that is encountered during a geophysi-
cal survey as a result of materials such as buried trash, tree roots,
tree stumps, and gravel lenses or large cobbles. This control grave
also provided a reference for the interpretation of the anomalies

TABLE 1—Detailed burial data for each pig cadaver.

Cadaver # Weight (lbs/kg) Depth
Length of

Burial (Months)

1 114/51.71 Deep 21
2 140/63.50 Deep 21
3 125/56.70 Deep 21
4 133/60.33 Shallow 12
5 143/64.86 Shallow 21.5
6 136/61.69 Shallow 21.5
7 148/67.13 Shallow 21.5
8 152/68.95 Deep 13
9 141/63.96 Deep 13

10 152/68.95 Deep 13
11 151/68.49 Shallow 13
12 154/69.85 Shallow 13

608 JOURNAL OF FORENSIC SCIENCES



from the pig graves that were buried in the clay horizon because
this anomaly provided a reference for size and depth.

The 12 pig cadaver graves and control graves were arranged in
four rows that were oriented west to east. Row one included pig
cadaver graves 1, 2, 3, followed by a blank control grave and
lastly a control grave with a gravel lens. Row 2 included a blank
control grave followed by pig cadaver graves 4, 5, 6, and 7. Row
three included pig cadaver graves 8, 9, and 10, and row four in-
cluded pig cadaver graves 11 and 12. Each GPR profile that is
presented (Figs. 2–7) only includes graves that were in the same
row. The graves were placed in an open field away from trees and
fences. Permanent wooden markers were placed in the ground at
the corner of each grave so transect lines could be replicated each
time GPR data was collected. Furthermore, the transect that was
collected over the middle of the graves is the only transect that is
presented in this paper.

GPR Methods

The GPR system used in this study was the subsurface interface
radar (SIR) 2000, manufactured by Geophysical Survey Systems
Inc. (GSSI, North Salem, NH) with a 500 MHz center frequency
antenna that was used in the standard position. Depth of investi-
gation and vertical resolution are two important considerations
when choosing the appropriate antenna. A decrease in antenna
frequency (e.g., 250 MHz) will increase the depth of investigation,
while decreasing the vertical resolution of the subsurface. Con-
versely, an increase in antenna frequency (e.g., 900 MHz) will
decrease in the depth of investigation, while increasing the reso-
lution of subsurface objects. A 500 MHz, or similar frequency,
antenna is ideal when searching for buried bodies because it pro-
vides an excellent compromise between depth of penetration and
resolution of subsurface features (12,19,20).

This equipment is used by pulling an antenna over the ground
surface while it is emitting continuous electromagnetic pulses of
short duration downward into the ground. The velocity of the
electromagnetic (EM) wave is primarily controlled by the relative
dielectric permittivity (er), a geophysical property strongly de-
pendent on water content. Therefore, as the EM wave penetrates
the subsurface, it is reflected and refracted as it encounters inter-
faces where water content (hence er) changes significantly. In ad-
dition, in forensic and archaeology contexts, the EM wave is
reflected and refracted when it encounters areas of contrasting
properties such as highly conductive objects (i.e., metal artifacts
and weapons). The GPR antenna will receive the returning re-
flected waves and a cross-sectional picture of the subsurface is

generated from the composite of the reflected waves. Please refer
to the following references for detailed descriptions of GPR meth-
odology for forensic and archaeological contexts (3,4,20,24).

GPR surveys were conducted monthly from December 1999 to
late June 2002 by pulling the antenna over the length of the graves
in both directions (W–E and E–W). Depth was calibrated in the
field each time data collection was performed by pulling the an-
tenna over a buried piece of metal rebar that was at a known depth.
If the depth scale needed to be adjusted slightly because of in-
creased moisture retention in the soil from periodic rainfall, which
rarely ever occurred, the depth scale was adjusted by changing the
dielectric constant. The GPR files were downloaded to the com-
puter for further analysis using RADAN for Windows NT, version
2.0.9.2, proprietary software of GSSI. The imagery of the grave
anomalies was compared over time to qualitatively assess how the
anomalies changed due to compaction of the backfill and decom-
position of the pig cadaver. The imagery of the grave anomalies
with the pig cadavers was also compared with the imagery of the
blank control graves (containing only disturbed soil) to assess how
the individual components of the grave (i.e., disturbed soil, de-
composing body, and skeleton) contributed to the grave anomaly.

Also, a finite impulse response (FIR) filter was used for back-
ground removal using RADAN to qualitatively compare if the
resolution of the grave anomalies increased. While there are var-
ious filters and procedures that can be used to process GPR data,
this study only aimed to assess the issue of background removal.

FIG. 1—The cadavers buried at a shallow depth (50–60 cm) are in sandy
horizons, and the cadavers at the deep depth (100–110 cm) are buried in the
upper limit of the clay horizon.

FIG. 2—Ground-penetrating radar (GPR) profile of two shallow cadavers
(11 and 12) collected at 2 weeks that compares the unprocessed imagery (A)
with the processed background removal (B). Note the distinctive horizontal
ringing at the top of the profile from antenna noise (A), the clay horizon (A, B),
two hyperbolic-shaped cadaver anomalies (A, B), and the disturbed backfill
above the cadaver anomalies (B). The profile is approximately 1.55 m deep and
13 m long.
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The two most common types of noise in GPR data are from sys-
tem ringing and scattering of the EM wave (24). Ringing, also
called multiples, usually appears as horizontal or subhorizontal
artificial reflections and can be the result of the EM wave bounc-
ing off of surface objects (e.g., metal fences, headstones), bad
antenna contact, different antenna elevation, or more typically by
strong near surface reflectors caused by wet or clay-rich soils. In
particular, antenna noise can appear as horizontal artificial reflec-
tions at the top of most GPR profiles due to ringing of some an-
tennas and may obscure reflection data if it is not removed
(25,26).

Results

A subset of the GPR profiles that were collected only over the
center of each grave will be described in detail to show the spe-
cific cadaver and soil features that are imaged on the profile and to
discuss how these characteristics changed over the duration of this
study. Each of the GPR profiles that are presented includes both
processed and unprocessed views. A description of the general
decomposition state of each cadaver when they were excavated
and a summary of the GPR results for each cadaver is provided in
Table 2. Also, detailed climatic data (rainfall and temperature)
that was obtained from the NOAA, National Climate Data Center
(27) has been provided in Table 3 for each of the GPR profiles
(Figs. 2–7). The climatic data has been provided for researchers
who wish to compare their GPR data with this study.

Shallow Cadavers in Sand

The image of a GPR profile is a 2D picture that displays depth
(top to bottom) and length (left to right). Distinctive grave anom-

FIG. 3—Ground-penetrating radar (GPR) profile of two shallow cadavers
(11 and 12) collected at 13 months that compares the unprocessed imagery (A)
with the processed background removal (B). Note the poorly demarcated hy-
perbolic anomalies on the unprocessed image (A) that are more discernable
after background removal (B). Also, note the attenuation of the continuous clay
horizon below both cadaver anomalies (A, B). The profile is approximately
1.50 m deep and 14 m long.

FIG. 4—Ground-penetrating radar (GPR) profile of three shallow cadavers (5, 6, and 7) collected at 21.5 months that compare the unprocessed imagery (A)
with the processed background removal (B). Note the anomaly from the soil auger hole (east of cadaver 5) and the lack of a response from the blank control grave
(A, B) that contains only backfill. The profile is approximately 1.45 m deep and 27 m long.
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alies were produced for all six of the cadavers (4, 8, 9, 10, 11, and
12) that were buried at shallow depths. For example, there are
three distinctive features noted when viewing the unprocessed

GPR profile (Fig. 2A) that was collected at 2 weeks and represents
two cadavers (11 and 12) that were imaged after the short time
period (12–13 months): the artificial reflections from ringing

FIG. 5—Ground-penetrating radar (GPR) profile of three deep cadavers (8, 9, and 10) collected at 4 months that compares the unprocessed imagery (A) with the
processed background removal (B). The profile is approximately 1.70 m deep and 21 m long.

FIG. 6—Ground-penetrating radar (GPR) profile of three deep cadavers (8, 9, and 10) collected at 13 months that compares the unprocessed imagery (A) with
the processed background removal (B). Note the decreased response from cadavers 8 and 9 due to the prominent ringing (A). The resolution of the two cadaver
anomalies (8 and 9) increased slightly after the background removal (B). The profile is approximately 1.85 m deep and 21 m long.
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(noise), the reflection from the clay horizon, and the anomaly from
the buried cadaver. Along the top of the entire profile are artificial
reflections, or ringing from noise, that are oriented horizontally.
The ringing is most prominent between 0.0 and 0.6 m and the
ringing does represent stratigraphic horizons. The thickness and
depth of the ringing changed minimally during the study. Along
the bottom of the profile is a distinctive reflection from the con-

tinuous clay horizon between 1.0 and 1.2 m that appears as a series
of horizontal and undulating layers. Two hyperbolic-shaped
anomalies begin at a depth of approximately 0.40 m and contin-
ue to the clay horizon. Each anomaly appears as a vertical series of
hyperbolic or bell-shaped curves. The cadaver is located at the
apex of each anomaly and the anomaly continues inferiorly to a
depth deeper than the buried cadaver. Although there is extensive

FIG. 7—Ground-penetrating radar (GPR) profile of three deep cadavers (1, 2, and 3) collected at 21.33 months that compares the unprocessed imagery (A) with
the processed background removal (B). Note the poor response from all the three cadavers (A, B), the prominent hyperbolic response from the gravel lens (A, B),
and the lack of a response from the blank control grave (A, B) that only contains backfill. The profile is approximately 1.50 m deep and 25 m long.

TABLE 2—Summary information describing the general decomposition state of each cadaver at the time of excavation and an overview of the ground-penetrating
radar (GPR) imagery results for each cadaver.

Cadaver # General Decomposition State Overview of GPR Imagery Results

1 Extensive soft tissue preservation of body Significantly reduced return due to clay that exhibited a weak hyperbolic anomaly that was
difficult to detect; slightly increased resolution of grave anomaly after postprocessing, but
still difficult to detect

2 Extensive soft tissue preservation body Significantly reduced return due to clay that exhibited a weak hyperbolic anomaly that was
difficult to detect; slightly increased resolution of grave anomaly after postprocessing, but
still difficult to detect

3 Extensive soft tissue preservation of body Significantly reduced return due to clay that exhibited a weak hyperbolic anomaly that was
difficult to detect; slightly increased resolution of grave anomaly after postprocessing, but
still difficult to detect

4 Near complete skeletonization Excellent detection for duration; postprocessing not needed
5 Completely skeletonized Excellent detection for duration; postprocessing not needed
6 Completely skeletonized Excellent detection for duration; postprocessing not needed
7 Completely skeletonized Excellent detection for duration; postprocessing not needed
8 Extensive soft tissue preservation of body Significantly reduced return from grave due to clay but still detectable: slightly increased

resolution of grave anomaly after postprocessing
9 Extensive soft tissue preservation of body Significantly reduced return from grave due to clay but still detectable: slightly increased

resolution of grave anomaly after postprocessing
10 Extensive soft tissue preservation of body Excellent detection for duration; postprocessing not needed
11 Retention of dessicated skin and soft tissue of torso Significantly decreased return exhibiting a weak hyperbolic anomaly that can be detected;

anomaly obscured by antenna noise and is clearly discernable after postprocessing
12 Retention of dessicated skin and soft tissue of torso Decreased return but still detectable; postprocessing not needed
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antenna noise noted from 0.0 to 0.6 m on the GPR profile, the
noise does not mask or obstruct the cadaver anomalies.

With the background removal (Fig. 2B), there is only a slight
increase in the resolution of the anomalies. The hyperbolic shape
of the anomalies increased because the tails are now more dis-
cernable, extensions of the hyperbola that produce the hyperbolic
shape, with the background removal. In addition, a significant
change in the profile is the detection of the backfill above both
cadavers from 0.0 to 0.25 m. The backfill is only detected when
the antenna noise is removed. The resolution of the clay horizon
has not changed, and there is no need to process the profile to
detect these cadavers at 2 weeks.

The last unprocessed profile of cadavers 11 and 12 (Fig. 3A)
was collected at 12 months and 23 days, just before their exca-
vation at 13 months. Although the imagery is not shown for ca-
daver 4, this cadaver exhibited similar imagery characteristics as
cadaver 12. Overall, all three cadavers exhibited variable degrees
of skeletonization with some retention of desiccated soft tissues
(Table 2). In this profile (Fig. 3A), the ringing at the top of the
image extends from 0.0 to 0.90 m and reduces the contrast of both
cadaver anomalies that begin at approximately 0.45 m and con-
tinue to the clay horizon. In addition, below each cadaver anom-
aly, particularly 11, there is a gap in the continuous clay horizon
even though it is not disturbed. The gap helps to highlight the
location of the cadavers and is the result of attenuation (reduction
of signal strength) of the EM wave by the cadaver that blocks it
from reaching the clay horizon. Furthermore, the anomalies of
both cadavers (11 and 12) are easily discernable as hyperbolic
shapes with prominent tails with the background removal (Fig.
3B), and attenuation of the clay horizon is still discernable below
both cadavers.

Discernable grave anomalies were produced for the cadavers (5,
6, and 7) buried at the shallow depth that were monitored for the
long time period at 21.5 months. Figure 4A is an unprocessed
image of the last GPR profile from this group of cadavers that was
collected before they were excavated at 21.5 months. It is impor-
tant to note that all three cadavers were completely skeletonized
when they were excavated (Table 2). The only major change to the
anomalies over time was a decreased return that is represented by
a smaller, yet distinctive, grave anomaly. The three large cadavers
are still represented by hyperbolic anomalies with discernable tails
descending to the clay horizon. There is also a small hyperbolic
anomaly immediately east of cadaver 5 that is the result of an old
soil auger hole (Fig. 4A). In addition, the control grave with only
backfill barely exhibited a discernable response. It is clear from
the comparison of the blank control hole with that of the pig
graves, that the grave anomaly is the result of the pig skeleton and
not the disturbed soil. Overall, there was no problem detecting
these pig cadavers using the unprocessed imagery when they were
completely skeletonized.

Background removal of the profile did not increase the resolu-
tion of the three cadaver anomalies (Fig. 4B), but resolution of the

backfill above each cadaver increased slightly. In addition, the
resolution of the soil auger hole, immediately east of cadaver 5,
increased and is now visible as a narrow series of vertical hyper-
bolas, or a spike, that terminates at the clay horizon.

Deep Cadavers in Clay

Out of the six cadavers buried at a deep depth (1.00–1.10 m),
five intruded into the upper segment of the clay horizon (1, 2, 3, 8,
and 9), while cadaver 10 was buried directly on top of the horizon
because the clay was slightly deeper at this location. Since the
response for the deep graves in clay was similar for the two ca-
davers buried for 13 months (8 and 9) as those buried for 21.5
months (1, 2, and 3), only the results of cadavers 8 and 9 will be
discussed in detail. Figure 5A represents an unprocessed GPR
profile of the three cadavers (8, 9, and 10) that was collected at 4
months for the short time period at 13 months. All three cadavers
exhibit clear hyperbolic anomalies, and minimal soil disturbances
are retained above each cadaver. The anomalies from cadavers 8
and 9 begin at approximately 0.85–0.90 m, and they extend into
the clay horizon resulting in disruptions of the horizon that are
easily detected. In addition, the small anomaly immediately west
of cadaver 9 at 0.70 m is caused by a possible buried root or small
stump from brush that was in this area at one time. Cadaver 10
also exhibits a distinctive anomaly, but does not exhibit a disrup-
tion of the clay horizon because this cadaver is buried directly
above the clay. Slight soil disturbances of the backfill are detected
above each cadaver. Background removal did not increase the
resolution of the cadaver anomalies because they are buried below
the strong antenna noise at the top of the profile (Fig. 5B).

Over the first year the response from the five cadavers (1, 2, 3,
8, and 9) that were buried into the clay decreased considerably
even though the cadavers all exhibited extensive soft tissue pres-
ervation (Table 2). For example, Fig. 6A is the last unprocessed
profile of cadavers 8, 9, and 10 that was collected before exca-
vating the short time period cadavers at cadavers at 13 months.
The ringing is more prominent in this profile (Fig. 6A) than it was
in Fig. 5A, where it extends from 0.0 to 0.90 m and is the thickest
from 0.0 to 0.70 m. The return from cadaver 10 is the most dis-
tinctive of the three cadavers. It is represented by a number of
prominent hyperbolas around 0.75 m that terminate at the superior
surface of the clay horizon at a depth of 1.05 m. There is also a
small break or disruption through the continuous clay horizon due
to attenuation of the EM wave directly below the buried cadaver.

Conversely, cadavers 8 and 9 are represented by small hyper-
bolic anomalies at 0.90 m that terminate into the clay layer. The
resolution of these two cadaver anomalies (8 and 9) decreased
significantly in this profile (Fig. 6A) compared with Fig. 5A. The
anomalies are somewhat masked by the clay layer even though the
pig cadavers had undergone very little decomposition and still
retained extensive soft tissue structures that were noted when the
graves were excavated (Table 2). Also, immediately below both

TABLE 3—Climatic data for each of the ground-penetrating radar (GPR) profiles (Figs. 2–7) obtained from the NOAA, National Climate Data Center (27).

Fig.
#

Daily Maximum
Temperature (1F)

Daily Mean
Temperature (1F)

Average Monthly
Temperature (1F)

Average Monthly Maximum
Temperature (1F)

Daily Rainfall
(Inches)

Total Monthly Rainfall
(Inches)

2 86 71 76.5 90.6 0.00 0.51
3 93 80 75.0 88.3 0.00 2.67
4 88 75 79.6 88.7 0.00 6.87
5 83 70 81.0 90.7 0.37 2.81
6 93 80 75.0 88.3 0.00 2.67
7 94 84 81.0 90.7 Trace 2.81
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reflections are breaks in the clay horizon due to attenuation. Sea-
sonal changes in local moisture content can be ruled out as a factor
causing the decreased response of the anomalies from cadavers 8
and 9 in Fig. 6A, because the monthly rainfall was very similar
when the data profiles were collected for Figs. 5 and 6 (Table 3).
Overall, the resolution of the backfill increased slightly with back-
ground removal (Fig. 6B).

Figure 7A is the last unprocessed profile for the long time period
cadavers (1, 2, and 3) that was collected at 20.33 months before
they were excavated at 21 months. It is important to note that all
three cadavers exhibited extensive soft tissue preservation when
they were excavated (Table 2). The return from the gravel lens is a
distinctive hyperbolic anomaly that starts at 1.0 m and extends
sporadically through the clay. This control grave provides a
reference for size and depth of the grave anomalies in the clay
horizon. Overall, the weak returns from the three cadavers (1, 2,
and 3) are very similar in appearance and appear as poorly de-
marcated hyperbolic shapes starting at approximately 0.80 m.
These anomalies could easily be missed if the location of the
graves was not known. However, the lack of a recognizable return
from the blank control grave (control 1) is still a clear indication
that the anomalies are produced by the buried pig cadavers, not
just the disturbed soil. Removing the ringing did not increase the
resolution of the anomalies from cadavers 1, 2, and 3 (Fig. 7B),
because the noise is concentrated on the upper part of the profile
above the buried cadavers.

Discussion

In this study, the type of soil that the body was buried in had the
greatest effect on whether a distinctive anomalous response was
discernable over the duration of the monitoring period. Cadavers
that were buried in sandy soils were easily detected for the dura-
tion of this study at 21.5 months while exhibiting variable states of
decomposition that included complete skeletonization. Further-
more, the blank control graves, comprising only disturbed backfill,
were very important in demonstrating that the hyperbolic anomaly
was primarily the result of the decomposing body or skeleton and
not the disturbed soil. Pertinent anomalies in sand were produced
for the duration of this study because there was a strong enough
contrast between the skeleton and the surrounding soil to be de-
tected by GPR due to differences in dielectric permittivity. When
a skeleton was detected in this study, the GPR was detecting a
contrasting area in the soil that included bone, soft tissue, decom-
position products, and leached minerals from the skeleton.

Conversely, in clay it became increasingly difficult to image the
pig cadavers that were buried at the deeper depths. Over the first 6
months, graves in clay were generally detected. However, as the
disturbed ground compacted over the first year, the response from
these graves become more difficult to discern even though the
cadavers had undergone very little decomposition. The poor hy-
perbolic response from the cadavers buried in clay became diffi-
cult to discern because they appeared as natural undulations of the
clay horizon. Mineral soils with high clay content can attenuate
the EM wave propagation, thereby reducing the depth of penetra-
tion in the ground, and therefore prevent detection of burial sites
or other features contained within the soil. In other words, the clay
horizon masked the cadaver by limiting the dielectric permittivity
of the pig cadavers with that of the horizon. It was not a surprise
that the cadavers buried in the clay became difficult to detect be-
cause clay is a limiting factor that significantly reduces the ability
to detect forensic and cemetery graves using GPR.

Although it became difficult to image the cadavers buried into
the clay horizon in this study, it was possible to image disruptions
or breaks in the clay horizon that were the result of the soil dis-
turbance from the grave and attenuation of the radar wave by the
cadaver. However, detecting a clandestine body based solely on
soil features may not be possible because over time the response
from the disturbed soil of the grave will be significantly reduced.
Initially, the backfill may be detected by GPR because the die-
lectric permittivity of the disturbed soil has increased compared
with the surrounding undisturbed soil as a result of larger pore
spaces between the sand grains that retain higher levels of mois-
ture. However, over time backfill consisting of sandy soil will
become compacted and somewhat homogenous with that of the
surrounding undisturbed soil where it may no longer be detected
using GPR. Conversely, detecting a clandestine body in soils with
stratigraphic horizons comprised of clay can be the result of im-
aging the body, soil disturbances, or both. When soils containing
clay horizons are disturbed by digging, it is less likely that the soil
can homogenize with that of surrounding undisturbed soil because
of the different soil compositions. As a result, the disturbed area
will remain less dense than the undisturbed soil surrounding the
burial, and the disturbed soil can retain a mottled appearance from
the mixing of stratigraphic horizons of different soil compositions.
This is the reason why T-bar, soil coring, and penetrometer (pro-
vides a quantitative measurement of soil compaction) probes can
be useful to locate clandestine burials from forensic contexts and
much older burials from cemetery contexts (3,4,28).

This research has also shown that in sandy soils in Florida,
processing the GPR data to remove the horizontal ringing is gen-
erally not needed to make assessments in the field. While the
densest horizontal ringing in this study was generally between 0.0
and 0.60 m, the response from both the deep and shallow burials
was normally not obscured by the ringing. Conversely, the ca-
daver anomaly may be obscured by ringing if a shallow burial
exhibits a weak return. In this instance, processing the profile to
remove the ringing may be required for detection of the cadaver.
Furthermore, removing the horizontal ringing did periodically in-
crease the response from the grave such as the backfill above the
cadaver. Detecting the disturbed soil can be helpful in locating a
clandestine grave when there is a weak response from the body.
Unless extensive ringing is noted and anomalies have very little
contrast, background removal may not be needed for grave de-
tection. An assessment concerning the need for processing can
initially be determined in the field by noting the resolution of
shallow subsurface features and the extent of the ringing during
calibration of the equipment. Also, depending on the GPR man-
ufacturer, there are newer GPR models that offer an option to
process the data for background removal during data collection in
the field.

While GPR provides a high-resolution image of subsurface
features, it does not provide an actual picture of the buried features
or objects. Detecting a clandestine burial with GPR can be the
result of detecting contrasting properties of the grave with that of
the surrounding soil due to soil features and the body. The most
obvious response from the body is an anomaly with a hyperbolic
shape, with or without distinctive tails. Directly below the body
there can be a loss of the signal due to attenuation that is some-
times present on the GPR profile without a hyperbolic anomaly.
The hyperbolic shape is the result of the wide angle of the trans-
mitted radar wave that is radiated into the ground in the shape of
an elliptical cone. The long axis of the ellipse is parallel to the
direction that the antenna travels, and as a result, it will detect
subsurface objects before arriving directly over them, when it is
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directly over them, and it will continue to detect the objects after
passing the objects (3,24,29). The hyperbolic characteristic, in-
cluding the tails, of the anomaly is due to the increased travel time
of the radar signal when the subsurface object or feature is de-
tected by the antenna before and after passing over the buried
object.

Depending on the length of time that the body was buried and
the soil type, grave features such as the backfill above the cadaver,
detection of grave walls, and gaps or disruptions of continuous
stratigraphic horizons that produce localized soil changes can also
produce responses that are detected with GPR. Finally, detection
of the body may also be the result of nonbiological items included
in the grave with the body because these items may increase the
dielectric contrast with the area surrounding the body. These in-
clude items added on top of the victim (i.e., metal and debris) to
help with concealment before the adding the backfill to the grave
and items used to wrap the victim (i.e., tarpaulins and rugs).

GPR has become a very important search tool for death inves-
tigators in various geographical regions and soil types. In partic-
ular, this technology can be an effective search tool in Florida and
other geographical areas where bodies are buried in soils com-
prised primarily of sand. For example, out of the 48 contiguous
states, a considerable area of Florida, including central Florida,
received the highest possible rating for GPR soil suitability by the
USDA-Natural Resources Conservation Service (30). Florida is an
ideal geographical area for GPR research and numerous types of
applications because most of the soils provide advantageous con-
ditions such as a predominance of sand horizons, sand horizons
with deep clay horizons, and the soils do not contain large boul-
ders or gravel lenses that can produce false anomalies.

Continued forensic GPR research is essential to clarify its use-
fulness in different micro-environments, soils, and burial scenar-
ios. In particular, further research is needed to determine the
utility of GPR for locating buried remains that have been interred
for extended time frames of many years, including mass
graves that contain victims of war crimes. If a unit is available,
obtaining experience searching for clandestine graves with GPR
can be obtained by constructing controlled graves and monitoring
them regularly as was done in this study, and to form a cooper-
ative relationship with local law enforcement to regularly assist
with searches for clandestine forensic graves. If the only option
available when using GPR for body searches is to bring in an
outside consultant, then inquiries should be made as to their ex-
perience and how they will perform the survey before securing
their services.

Conclusions

Overall, GPR is a valuable search tool for investigators when
searching for buried bodies from forensic contexts. This study has
shown that cadavers in sand can be easily detected with GPR in
advanced stages of decomposition and when they are completely
skeletonized. Furthermore, the blank control graves, comprising
only disturbed backfill, were very important in demonstrating that
the hyperbolic anomaly was primarily the result of the decom-
posing body or skeleton and not the disturbed soil. Conversely,
cadavers that were buried in proximity to the clay horizon became
increasingly difficult to image, and after the first year of burial
they were difficult to detect while retaining soft tissue structures.
However, although detection of the cadaver became difficult, it
was still possible to discern the location of the grave because of
soil disturbances of the clay horizon and breaks in the horizon due
to attenuation of the EM wave by the cadaver. Finally, processing

background removal of the GPR data is generally not needed for
assessments that are made in the field when profiling soils com-
prised primarily of sand. However, removing the horizontal ring-
ing can be helpful for grave detection because there may be an
increased response from the backfill that can indicate the location
of the grave when there is a weak response from the body.
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