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ABSTRACT Results of electrical resistivity surveying and
 pseudo-three-dimensional tomographic imaging at the 15 ha Pre-Hispanic
archaeological site of Sitio Drago, Isla Colon, Bocas del Toro province, Panama are presented. The site was occupied
between AD 690–1410 and represents the largest known nucleated settlement in the province. A low mound in the
centre of the site was selected for intensive electrical surveying in order to locate buried archaeological features. A
series of surveys were conducted, including electrical resistivity mapping and pseudo-three-dimensional tomographic
imaging. The results revealed a group of resistivity anomalies associated with buried archaeological features. Based
on these results, archaeological excavations were targeted that uncovered a cluster of coral slab structures, each
containing human remains. Copyright © 2012 John Wiley & Sons, Ltd.
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Introduction

Archaeological field research is costly in terms of time,
equipment and personnel and sometimes does not
produce the desired results. The use of non-invasive
geophysical methods can play an important role in
focusing archaeological field investigations, as they
are both rapid and cost-effective. These methods
have been applied to archaeological studies since the
1940s and now constitute an important option for the
detection of buried archaeological features. These
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methods focus on the identification of variation in
certain physical properties of buried sediments that
can be measured from the ground surface (Linford,
2006). Buried archaeological features that possess
physical properties different from the surrounding soil
are potentially detectable (Scollar et al., 1990; Hesse
et al., 1997; Stierman and Brady, 1999; Chávez et al.,
2001, 2005; Bevan and Roosevelt, 2003).
In Panama, recent applications of geophysical pro-

spection to archaeological field studies have focused
primarily on Colonial Period sites in central Panama
(Caballero et al., 2004; Mojica et al., 2005, 2007, 2009;
Mojica, 2007; Mojica and Garcés, 2008). In order to
evaluate their effectiveness at a pre-Columbian site
in a different region of Panama, we initiated an elec-
trical prospection programme (resistivity mapping and
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pseudo-three-dimensional tomographic imaging) at
Sitio Drago in Boca del Drago, located in the northwes-
tern corner of Isla Colón in Bocas del Toro province
(Figure 1).
Archeological context

The archaeology of Panama covers a long history
of terminal Pleistocene colonization, Archaic Period
plant domestication, the earliest ceramic production
in Central America and subsequent regional diver-
sification and development of complex chiefdoms
(Cooke, 2005). However, the archaeology of Bocas
del Toro Province and Isla Colón remained completely
unknown until 1949, when Matthew Stirling led an
expedition to the region (Stirling and Stirling, 1964).
This project located and excavated several sites in
the Almirante Bay region including one on the
beach at Punta Drago. They were unable to locate the
larger site now known as Sitio Drago, some 500m
southwest of the point, probably due to the dense
foliage covering the beach ridge and flats at the
time (Stirling and Stirling, 1964, pp. 275–77). Burton
Gordon (1962) undertook the next archaeological
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Figure 1. Geographical location of Sitio Drago, Boca del Drago, Colon Islan
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investigations in the region and noted a distinct
absence of archaeological sites on Isla Colón.
Linares and Ranere (1980) conducted extensive

excavations at several shell midden localities on the
Aguacate Peninsula at Cerro Brujo. They report
that the population of Cerro Brujo and the Aguacate
Peninsula numbered no more than 120 persons
divided among four hamlets, each consisting of
small structures roughly 300m apart (Linares and
Ranere, 1980, p. 66). Five radiocarbon dates illustrate
that the Cerro Brujo sites were occupied between AD

880–1250 (Linares, 1977). Linares (1977, p. 311) states
that ‘the archaeological settlements of Bocas province
appear to represent marginal populations organized
on the basis of small family (?) groups, without
status differentiation or political organization of any
recognizable kind.’ Linares and Ranere (1980, p. 66)
suggest that the populace of the Aguacate Peninsula,
and by popular extension, the Bocas del Toro region,
existed in a cultural ‘backwater’.
Sitio Drago, a much larger (15 ha) site with several

low (1–2m in height) mounds, appears more internally
complex than the loosely organized farming hamlets
seen at Cerro Brujo, suggesting the presence of a large
population and a greater degree of interregional
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51Electrical Resistivity Survey at Sitio Drago
contact. Ceramic evidence recovered to date indicates
strong links with the Pacific coastal regions of central
Panama (Coclé), western Panama and Costa Rica
(Chiriquí and Diquís) and even as far as central
and northwestern Costa Rica (Guanacaste). The pres-
ence of broken jaguar effigy metates and sculpture
fragments from surface contexts and many shell and
bone ornaments recovered during excavation hints at
the presence of elite goods and possible social ranking
(Wake et al., 2004).
The presence of basin milling stones, carbonized

remains of tree crops, a diverse array of terrestrial
forest reptiles and mammals and a variety of reef,
mangrove and offshore fish at Sitio Drago generally
supports Linares’ (1976, 1977; Linares and Ranere,
1980) subsistence model for Cerro Brujo. However,
the presence of flat milling stones may suggest that a
more mixed seed–root–tree cropping focus operated
at Drago as opposed to solely root crops at Cerro
Brujo. Fifteen radiometric age determinations date
occupation of Sitio Drago to AD 690–1410 (Wake et al.,
2004; Wake, 2006; Wake and Mendizábal, in press),
contemporaneous with Cerro Brujo.
Geologic context of the island and
description of the study area

As an island in the Bocas del Toro Archipelago, Isla
Colon is geologically part of the Bocas del Toro Basin
and includes extensive Neogene sequences extending
from the early Miocene to the early Pleistocene (Coates
et al., 2005). The oldest known geological sequences
on Isla Colon are estimated at 20 million years and
represent a deep tropical marine channel formed
well before the rise of the Isthmus of Panama. Igneous
and sedimentary rocks, evidence of volcanic activity
and erosion that occurred between 16 and 10 million
years ago, form the majority of the archipelago’s
rocky basement complex (Guzmán and Guevara,
1998a, 1998b). In general, the exposed limestone forma-
tions of Isla Colon correspond to the late Pliocene.
According to Coates et al. (2005), three lithostrati-

graphic units are present: the Old Bank Formation, the
oldest, includes blue-grey mudstones, fine sandstones,
fine volcanic conglomerates and interwoven beds of
volcanic rock; the La Gruta Formation, covering the
north-central part of the Island, consists of extensive
deposits of recrystallized reefs and reef rubble, while
the southerly part of the formation is primarily
limestone; and the Ground Creek Formation, which is
comprised of newer reef deposits that are inserted
and superimposed within the La Gruta Formation.
Copyright © 2012 John Wiley & Sons, Ltd.
Boca del Drago (9�24’56’’N, 82�19’37’’W) is located
on the northwestern corner of Isla Colon, some 18 km
to the northwest of the city of Bocas del Toro (Figure 2),
and is characterized geologically by Holocene silts
and sands. The areas discussed in this study lie near
the centre of the 15 ha archaeological site (Figure 3).
The site itself lies on top of a stabilized beach ridge
consisting of reworked coralline sands derived from
reef erosion.

Electrical prospection

The study area is a 1288m2 surface polygon (see
Figure 2). The sediments in this area are archaeological
in nature and include a great deal of organic material,
shell, bone and various stone and ceramic artefacts.
Based on the results of previous archaeological
test excavations, the well-drained nature of the soil
and the existence of nearby marshy areas led to the
selection of electrical resistivity as the preferred
method of geophysical prospection.
The technique that was used in this study involved

the injection of an electrical current into the ground
through two metal electrodes (A and B) and the
measurement of the potential difference by another
pair of electrodes (M and N) that were inserted into
the ground elsewhere. A 50VAC flow injection system
with a 4.95mA maximum output was used. The actual
resistivity meter used is a prototype, with the circuit
board constructed by Nicolas Florsch at Universite
du París 6. The resultant voltage measurement is a
function of the amount of current injected, the resistiv-
ity of the specific soil volume being interrogated,
and the position and geometry of the electrodes. Due
to the prevailing telluric noise at the site and the
desired shallow depth of investigation (1.2m), a dipole
(pole–pole) electrode configuration was selected where
the four electrodes are configured as: AM= a, and
AN=BM=BN=1. The electrodes A and M were
moved in unison between measurement stations and
the remaining electrodes (B and N) were placed
some distance from the survey area. This configuration
has been used in a variety of archaeological applica-
tions (Kampke, 1999; Dabas et al., 2000; Papadopoulos
et al., 2005, 2006; Mojica, 2007; Mojica et al., 2007;
Mojica and Garcés, 2008).

Electrical resistivity mapping

To obtain information regarding lateral variation of
apparent resistivity in the area of interest, electrical
resistivity surveying was conducted in groups of
parallel transects with an orientation of 88� east of true
north. Each transect was placed 0.50m apart across
Archaeol. Prospect. 19, 49–58 (2012)
DOI: 10.1002/arp
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Figure 2. Generalized geological map of Isla Colon (Coates et al., 2005) and topographic map (Wake et al., 2004) showing the study area at Sitio
Drago, Isla Colon, Bocas del Toro, Panama.

Figure 3. Panoramic photograph of the study area, Sitio Drago, Boca del Drago.
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the entire surface of the survey area, as illustrated in
Figure 4. Apparent resistivity values were recorded
every 0.50m along a given profile. Electrodes A and
M were spaced 0.50m apart. A schematic representa-
tion of the distribution of these transects across the
study area is depicted in Figure 4a. Figure 4b shows
the mobile device used in this study.
In total, 5387 measurements were interpolated using

the minimum curvature method (Smith and Wessel,
1990). Figure 5 illustrates the variation in apparent
resistivity and the location of the archaeological
excavations both before and after the surveying.
Copyright © 2012 John Wiley & Sons, Ltd.
A large group of electrical anomalies were interpreted
to a depth of approximately 0.50m. The colour map in
Figure 5 clearly illustrates a strong anomaly of high ap-
parent resistivity (> 140ohm.m in red/black tones) with
a northwest–southeast orientation. The highest values of
apparent resistivity (> 220ohm.m) are concentrated on
the northern part of this anomaly, near a wire fence
and the border of the road; the majority of the anomaly
is characterized by values between 140 and 220 ohm.m.
The remaining anomalies that are presented in the map
(in yellow/green/blue tones) have values that range
between 33 and 140ohm.m. The presence of a few tree
Archaeol. Prospect. 19, 49–58 (2012)
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Figure 4. (a) Conventional representation for electrical resistivity mapping (pole–pole array). (b) The mobile device containing electrodes A and M
in the field.
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Figure 5. Map of apparent resistivity in the area of interest (pole–pole array, with a = 0.50m), archaeological excavations and other cultural features.
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roots in the upper layer of soil did not adversely affect
the resistivity readings due to their relatively small size
and the close spacing of the electrodes.
Pseudo-three-dimensional tomographic imaging

In order to obtain information about anomalies deeper
than 0.50m a group of 20 parallel transects were placed
0.25m apart over a length of 5.75m, covering an area of
Copyright © 2012 John Wiley & Sons, Ltd.
30m2 within the survey area, as represented by the
white rectangle in Figure 5. The objective of this type
of electric prospection is to obtain a pseudo-three-
dimensional image of the subsurface resistivity structure.
The values of the apparent resistivity, represented

by a d column vector, were generated from the
same current source that was used in the electrical
resistivity mapping; this source was interconnected to
a system that controlled a greater number of electrodes
Archaeol. Prospect. 19, 49–58 (2012)
DOI: 10.1002/arp



54 T. A. Wake et al.
(switched and wired) that was located along a single
transect with a constant separation. The first value
of the group of data d was obtained by measuring
the potential difference starting from the first two
electrodes A1 and M1. For the remaining data, the
operation was repeated, separating sequentially in
each subsequent measurement the potential electrode
M until a proportional maximumdistance was achieved
to reach the desired depth. Figure 6a depicts a schematic
diagram of the distribution of the electrodes and the
process of measurement of the apparent resistivity
along a single transect. Figure 6b is a picture of the
system in the area of interest.
To obtain a pseudo-three-dimensional image of

the resistivity structure of this low mound, inverse
modelling was performed (see Constable et al., 1987;
deGroot-Hedlin and Constable, 1990). The objective
was to determine a model that matches the apparent
resistivity data measured in the uppermost 50 cm
surface, dme. The model corresponds to the distribution
of electrical resistivity deeper below the ground
and constitutes a set of model parameters m. The
model response G(m) corresponds to the synthetic
resistivity data obtained from the governing equations
Figure 6. (a) Conventional representation for pseudo-three-dimensional tomo
A and M and rest of the electrodes along a given transect.

Copyright © 2012 John Wiley & Sons, Ltd.
that define the model of a specific parameter set. To
characterize the model’s parameters, it is necessary to
divide the sample area into a group of rectangular
cubic elements or prisms. The electrical resistivity
values of these elements will then correspond to the
model parameters. This calculation is carried out
by solving the following second-order differential
equation:

�r 1
r x; y; zð ÞrV x; y; zð Þ

� �
¼ Id xSð Þd ySð Þd zSð Þ (1)

where r(x, y, z) is the distribution of the electric
resistivity in three-dimensional space, I is the current
intensity located in the point (xS, yS, zS), d corresponds
to the delta of the Dirac function and V(x, y, z) is
the distribution of the electric potential. The pseudo-
three-dimensional modelling algorithm is based on
an approach of finite difference using the geometry of
a pseudo-three-dimensional mesh developed by Dey
and Morrison (1979).
The group of measured data, dme, represents a non-

linear function of the model parameters m. The
problem is then solved in multiple iterations. In each
graphic imaging (pole–pole array) and (b) distribution of the electrodes

Archaeol. Prospect. 19, 49–58 (2012)
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iteration of the inversion a new model, Δmk is obtained
through resolution of the linearized system of the
following equations:

Δmk ¼ JTk Jk þ tkWTW
� ��1

JTk dme � G mð Þð Þ
�tkWTWmk�1

(2)

To obtain the new model at the beginning of the k+ 1
iteration, we applied the equation:

mkþ1 ¼ mk þΔmk (3)

In Equation (2), W represents a data weighting
matrix, t is a damping factor and J corresponds to the
Jacobian matrix of the model parameters, i.e:

J ¼ @GðmÞ
@m

(4)

Constable et al. (1987) and deGroot-Hedlin and
Constable (1990) originally described the smoothed
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Copyright © 2012 John Wiley & Sons, Ltd.
model inversion presented in Equation (2). To solve
the inverse problem we used the program EarthImager
3D (Advanced Geosciences, Inc.). The result of the
inversion is shown in the pseudo-three-dimensional
images of Figure 7.
A strong electrical anomaly (resistivity higher than

186 ohm.m (yellow–red) is interpreted between 2.88
and 5.20m along the x axis, and 1.58 and 4.75m
along the y axis, with a depth range between 0.15
and 0.58m. The remaining anomalies illustrated
in green and blue have electrical resistivity values
between 27 and 186 ohm.m.
Discussion

Based on the results of the electrical prospection
presented above, an archaeological excavation was
conducted to examine the strong anomaly detected in
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the electrical resistivity survey. Figure 8 presents the
visual results of this investigation.
The strong anomaly illustrated in Figure 5 (< 120

apparent resistivity ohm.m) and the anomaly illu-
strated in the three-dimensional tomographic imaging
(Figure 7, < 186 ohm.m) are both associated with
archaeological features constructed of coral slabs for
the interment of human remains or cist tombs. These
tombs generated values and calculated apparent
resistivity much higher than the surrounding soil.
The remaining lower intensity anomalies are asso-
ciated with the anthropogenic nature of the material
that constitutes the low mound itself: various artefacts
and faunal remains in much greater relative densities
than the surrounding, slightly lower, areas of the site.
All these findings have been corroborated through
archaeological excavation.
Figure 8. Result of the archaeological excavation in the area compris-
ing the strong electrical anomaly detected in the mapping of apparent
resistivity in Figure 5 and the pseudo-three-dimensional tomographic
imaging in Figure 7.

Copyright © 2012 John Wiley & Sons, Ltd.
The high apparent resistivity evident at the western
end of the 2� 8m trench outlined in Figure 5 corre-
sponds to the two parallel elongate cist tombs (Tomb
I and Tomb II) visible at the top of the trench in
Figure 8. Due to a lack of available stone on Isla Colon
(Coates et al., 2005) these tombs are constructed
entirely out of flat slabs of elkhorn coral (Acropora
palmata) taken from the nearby fringing reef. Upon
discovery, an overlapping layer of flat coral slabs that
had slumped in the middle covered Tombs I and II.
These two tombs share a relatively level bottom, with
the slabs of each slightly offset. The sides of these
tombs consist of one course of large vertical slabs.
These tombs contained the skeletal remains of three
individuals, Burials 1, 2 and 3. Burials 1 and 2 were
extended and facing upward. Burial 1 is complete,
with the head to the southeast. Burial 2 was originally
complete, with the head to the northwest. The portion
of Burial 2 below the pelvis was disturbed by the
placement of Burial 3.
Burial 3 was inserted between Tombs I and II

through the southeastern portion of Tomb II, disturb-
ing the lower limbs of Burial 2. Burial 3 consists of
the remains of a wrapped secondary burial containing
one individual. Burial 3 was headless and included
parallel upper and lower limb bones that were placed
over most of the vertebrae, ribs and selected hand
and foot elements.
Tomb III is located roughly in the middle of

the 2� 8m trench that is illustrated in Figure 8. This
feature contained Burial 4, a headless but otherwise
complete, extended, upward facing individual with
the shoulders to the southeast. While well constructed,
Tomb III differs from the first two tombs in that it had
vertical slabs along the long sides but not at the ends.
The archaeological feature in the foreground of

Figure 8, Tomb IV, represents the anomaly illustrated
in Figure 7. The flat, relatively level coral slabs repre-
sent capstones found covering Tombs I–III. The visible
near-vertical coral slabs represent either the sides and
ends of the cist, as seen in Tombs I and II, or perhaps
the upturned edges of a concave bottom as seen in
Tomb III. As of the publication of this article, Tomb
IV remains unexcavated.
Conclusions

The electrical resistivity mapping and tomographic
imaging conducted at Sitio Drago have allowed us to
visualize the lateral variation of apparent resistivity
of the subsoil to a depth of approximately 0.75m.
The ability to visualize electrical anomalies combined
Archaeol. Prospect. 19, 49–58 (2012)
DOI: 10.1002/arp



57Electrical Resistivity Survey at Sitio Drago
with excavation has allowed us to associate specific
resistivity values with dense archaeological deposits
found in certain areas of the site. The pseudo-three-
dimensional tomographic imaging resulted not only
in more detailed visualization of the lateral variation
of soil resistivity, but also the relative depths of
electrical anomalies associated with buried cultural
features, specifically tombs. The rest of the analyses
generated a set of anomalies associated with sediment-
ary soil containing a high degree of organic material.
The site itself includes other areas of interest, including
several other low mounds and surface manifestations,
so we plan to continue geophysical exploration in order
to detect and test other possible buried archaeological
features.
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