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ABSTRACT

This article describes the application of the method of electric prospection to the detection of floors of hispanic type
associated with the site of Nombre de Dios. This site represents an important and ancient Spanish settlement founded
during the time of the European conquest in the American continent around the year 1510. The clectric prospection
dcvclopcd in the site was conformed by amapping of apparent resistivity ofasmallarea (10 x 10) m obrained through an
electrode arrangement polc - polc type and dcvclopcd during the dry time. The results obrained in the intcrpolation
process for the obtaining of the apparent resistivity map of the subsoil showed a group of electric anomalies with high
values, which went associated to a ground system of pebbles built during the period. The areas with low values of apparent
resistivity were associated to the scdimcntary material that characterizes the region. Later on, the excavation works carried
out on one of the electric strong anomalies agrccd with the results of this gcophysica[ prospection; a probc 0f0.5x0.5x0.2
mrevealed the superior part of afloor of pebbles; and this colonial structure rests undera wer layer of superficial sedimentary
material. Below the hispanic floors, the moisture turned out to be biggcr. Later to the excavations,and with the objcctivc of
generatinga synthetic map of electrical resistivity with the same characteristics observed in the map of values of measured
resistivity, it was intended a 3D geoclectric model incorporating the main characteristics of the floor of pebbles detected

during the excavation, as well as the surrounding materials.

RESUMEN

Este articulo describe la aplicacién del mérodo de prospeccion eléctrica para la deteccion de un piso de tipo hisp;’mico
asociado con el lugar denominado “Nombre de Dios”. Este sitio representa una importante y antigua colonia Cspaflola
fundada en la ¢poca dela conquista europea en el continente americano alrededor del ano 1510. La prospeccion eléctrica
desplegada en el sitio estuvo conformada por un mapeo de resistividad aparente en un drea pequena (10 x 10) m obtenidaa
través de un arreglo de electrodos polo - polo y se desarrollé durante la época de verano. Los resultados obtenidos en el
proceso de inrcrpolaci(’)n para la obtencion del mapa de resistividad  del subsuelo mostraron un grupo de anomalias
gcocléctricas con valores altos, las cuales fueron asociadas con pisos de guijarros construidos durante este pcn’odo. Las
areas con bajos valores de resistividad aparente se asociaron a los materiales sedimentarios que caracterizan la region. Mis
tarde, los trabajos de excavacion llevados a cabo en una de las zonas con anomalias eléctricas fuertes concordaron con los
resultados de esta prospeccion geofisica, un sondeo de 0,5 x0,5x 0,2 m - revel la parte superior de un nivel de guijarros, y

esta estructura colonial descasaba sobre una capa himeda de material sedimentario superficial.

Por dcbajo de los pisos hisp:’micos, la humedad resulté ser mas elevada. Posterior a las excavaciones, y con el objcrivo de
generar un mapa sintético de resistividad eléctrica con las mismas caracteristicas observadas en el mapa de valores de
resistividad medida, se desarrollé un modelo gcocléctrico 3D incorporando las principalcs caracteristicas de piso de picdra

y de los materiales del entorno detectados durante el excavacion.
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Introduction

The city of Nombre de Dios was one of the first European scetlements
founded in the Atlantic coast of the Isthmus of Panama and in American
mainland and for this reason, it is considered as one of the oldest Hispanic sites.
This city was founded in the year of 1510 by Dicgo de Nicuesa and its
importance resided onits bclonging to the port of the Atlantic that connected
Spain with many colonies of South America. After this port was abandoned in
1597 because of the attack of the English pirates, Nombre de Dios was
forgotten for four centuries, fact that helped it to preserve part of its
archacological remains (Salamanca, 2007). After these events, the city is
occupied and nowadays it is consolidated as one of the main section called
Santa Isabel's district, province of Colon (North of Panama).

With the passing of time the population wentgrowing and some places lie
below certain structures for what it was necessary to carry out an archcological
evaluation of the p]acc; and based on this, a multi—disciplinary team
accomplishcd certain  scientific activities that represent the clectric
prospection. Thisarises from the fact that the stu dy ofthe physical properties of
the subsoil, through measurements realized in the surface of it can give referent
lights to the presence and or absence of archcological buried features. These
archcologica] clements are characterized for presenting physical properties
(electric, magnetic, thermic or clcctromagnctic) different to the way that
surrounds them, which make them potentially detectable. These tcchniques of
exploration of the subsoil have been successfu”y applicd insome archeological
sites of colonial type in the American continent. (Pastor et al,2001; Lascano ef
al, 2003; Mojica et al, 2004; Caballero ez al, 2004; Chavez et al, 2005; Mojica,
2007a,2007b; Mojicaand Garcés, 2008; Mojica ez a/, 2009). These techniques,
which are categorized as non-destructive, play a very important role in the
process of the extended dcscription ofan archcological site.

A gcophysical prospection based in the electric method was c[cvcloped in
the southwest part of the actual setdlement of Nombre de Dios, with the
principal objcctive to detect pavements or tloors characteristic of the pcriod of

the Spanish conquest.
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Site dcscription and historical setting

Nombre de Dios is located to 23 km east of Portobelo, at the Atlantic
coast of the Isthmus of Panama (Figurc 1). The placc, repose ona scdimcntary
formation of the Sccondary Period in which limestones and tuffs become
present from the Ocu Formation. Few kilometers from the site, it is
encountered the Rio Hato Formation of the Quaternary, which is
characterized by the existence of conglomcratcs, sandstones, lutites, tuffs and
non-consolidated sandstones.

Related to the historical context, mentioning that Christopher Columbus
inhis fourth voyage was scarching anewroute toward the Asiatic continent,and
he went over the Caribbean coast of the Isthmus of Panama and found (in
1503) in its central zone, the first Spanish village on the continent called Santa
Maria de Belén, which time later was going to be destroycd by the natives of the
rcgion. After that, numerous cxpcditions were carried out in the all region with
the objcctivc tofind dcposits of| precious metals. Atalater time The Spain inthe
desire to colonize mainland decides to divide the cxplorcd zone into two
governments: Nueva Andalucia and Castilla de Oro. The government of
Castilla de Oro was ranged from Cabo Gracias a Dios (located in the actual
Nicaragua) to the boundary with the government of Nueva Andalucia which is
located in the middle of Uraba’s gulf (actual Colombia). In the year of 1510, it
was founded in Castilla de Oro’s government, a portin the Caribbean coast of
Panama which was named Nombre de Dios; later on this port playcd avery
important role in the commerce between Spain and the originating wealth of

Panama City, as a result of the conquest process of South America.

Geophysical test principles and field procedures

The use of the tcchniqucs of gcophysical prospection in archacological
cxplorations isatopic thathasbeen strongly compiicd inautter literature and as
cxamplc ofit we can find the works of Scollar et al. (1990), Dabas et al. (1998),
Milsom (2003), Campana and Piro (2009) among others. Onc of the most

important gcophysical tcchniqucs used in archacology is the clectric
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Figurc l.Gcographical location of Nombre de Dios and simplificd gcologic map ofits surroundings.
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prospection (Tabbagh, 1992; Dabas ct al. 1998); which is used to measure
differences in the clectric resistivity of the subsoil. This physical parameter of
the subsoil constitutes the base of this type of cxplorations, and the same one is
affected by the ditferencesin the porosityof the grounds, its content of water, its
chemical nature and its thermodynamic properties (Nover, 2005). The device
ofelectric prospection used in this study is composed ofasource of AC power,
which is connected to two metallic electrodes (4 and B) inserted in the ground.
When a certain current intensity / (in mA) flows through the subsoil another
coupic ofelectrodes (Mand N) register the difference of electric potcntial V(in
mV) gcncratcd in the subsoil. Thanks to the data of 7 iand a parameter k (in
meter) that dcpcnds of the geometry of the four electrodes aligned in the

surface it is possiblc to determine the distribution of the electric apparent

resistivity (p.) in the subsoil through the following cquation:

pLI/JZZTCka (1)
7

For effects oi‘mapping this physical parameter, itis necessary to maintain
fixed the distance among these electrodes, displacing them all cqually through
the separate profilcs. The cxploration dcpth doesn’t vary and it is determined
through the scparation among the electrodes.

With the idea of obtaining an image at level of pixeis on the variations of
the electric resistivity of the ground fora constant dcpth, itwasuseda polc—polc
clectrode configuration, whichis composcd by amovil part that carries wooden
clectrodes with the couplc of Aand M electrodes scparatcd inadistance of 0.50
m; the other coupic of electrodes (Band N) is located far from the prospecting
arca (sce Figure 2).

The operation of measuring values of the difterence of electric potcntial
throughout a proﬁlc is rcpcated in other parallcl profilcs and scparated to cach
otherina fixed distance covering in this way, the surface of interestand kccping
constant the electrical currenti (5 mA in this case). This mcthodologf hasbeen
used for differentauthors (Hesse, 1994; Dabas etal. 2000; Caballero etal. 2004;
Matias ctal. 2006; Mojica 2007a; Tonkov, 2008).

profiles

The nature of the supcrficial ground (in this case scdimcntary) the low
level of contamination and the supcrficial archacologica] evidence (ceramic
remains and metallic marerials characteristic of the pcriod) constituted the
necessary conditions for the dcvclopmcnt of an clectrical prospection.
However, elements like the dcnsity ofthe floraand some topographica] aspects
were the factors that influenced in the election of the area whose dimension of
itssurface was of (10 x 10) m (see Figurc 3). The measurements of the difference
of electric potential were carried out throughout proﬁlcs of 10 m oflongitudc
scpararcd to a distance of 0.50 m among them, bcing obtained a total of 441
registrations. Therewere used in this study, clectrodes of stainless steel of 30 cm
oflongitudc by 5 cm diameter. The used resistivimeter consisted of a source of

AC power of S0V oFoutput and a maximum current electricity of SmA.

Geophysical results, interpretation and archacological excavation

The result of the intcrpolation ona(.25m rcgular grid obtained in this
study is shown in Figurc 4(a). The apparent clectrical resistivity values rangc is
extended between 90 and 360 ohm.m. This result shows two strong anomalies
(A and B) in dark tonality with values of apparent resistivity greater than 180
ohm.m, which can be associated to cultural material. It also shows up a
conducting area with anomalies in light gray tonality, with values of apparent
clectrical resistivity below 180 ohm.m which can be associated to the
scdimcntary material characteristic of the placc. The dotted lines in the map
corrcspond to the possibic limits of these strong anomalies.

Based on this result, an archacological excavation of (0.5 x 0.5 x 0.2) m of
dimension that was developed in the central coordinates x =9 mand y =4 m
(Figurc 4(b)). The resulc obtained in the excavation revealed the existence of a
supcrﬁcial wet /az]er of 0.20 m of thickness constituted by scdimcntary material
(organic material) characteristic of the dry station. Then it was detected a floor
ofpchblcs very similar to the ones found in the hispanic site of Old Panama,
located in the pacih’c coast of the isthmus of Panama. The thickness average of
this layer oscillates among the 0.10 m. The two layers lic on the same
scdimcntaiy material, but with a strong moisture level.

()
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Figurc 2. (;CnCl’&ll SC}]CITIC ofmcasurcmcnt processcs and acquisition Ofd«'ltil in i:lCld through a pOIC - pOlC ClCCEl‘OdC coni‘iguration.
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Figure 3. Map of the Nombre de Dios community and interest arca.
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Figure 4. (a) Map of apparent electrical resistivity of the prospcctcd zone and final interpretation, and (b) result of the archaeologica.l excavation with dimensions (0.5 x 0.5 x0.2)
min the place of Nombre de Dios.
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A Posteriori 3D forward modelling

With the objective of deepening in the results obtained in the electricand
archaeological prospections, it was intended the reconstruction of a synthetic
map of apparentresistivity based on the dimensions of the prospected arca, the
clectrode conﬁguration used (pole—pole in this case,) the dimensions and
geoelectric characteristics of the structures contained in the subsoil (superlicial
layer with organic material, floor of pebbles and sedimentary ground,
characteristic of the site). The response to the 3D model of electrical resistivity
applied in this work was calculated through anumerical approximation offinite
difference. This method s used to solve the distribution of the electric potential
V due toa punctual source of electric flow in the surface of a half—space that
possessesa three-dimensional arbitrary distribution of electrical resistivity (Dey
and Morrison, 1979). These potential and clectric current are related to the
clectrical resistivity of the structures hy the cquation:

—V-{ ! VV(x,)/,z)}z{ay}-S(x—xf)5(}—)/5)5(z—z_r) 2)
plx.y.2) Or

In chis cquation (% Do ) correspond to the reference of the punctual
source of electric ﬂow,y is the load density ina point of the Cartesian space (x,)/,
2), P is the electric resistivity and 5 represents the Dirac delta function. The
solution of " (x, b 2) is obtained by deriving the difference cquations of (2)
through a discretization of the (x, ) 2) space over which the problem is to be
solved (Dey and Morrison, 1979). The space (that represents the subsoil) is
discretized through a mesh of rectangular prisms whose nodes are separated
from irregular forms in the directions x, y and 2, and indexed for (], k1) for each
direction. In each one of these nodes (where the electric potential Vis
unknown) the cquation (2) is integrated under a corresponding elementary
volume (») and it is obtained:

v

ok plr.y.2)

VV(x,'y,z)}dxjaﬁ/kdz/ =i(x.y.z2,) (3)
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Thanks to the transformation of the integral volume of the left member of
the cquation (3) toan integral surface through Green’s theorem; a separated
equation is obtained fora single node inside the mesh. This equation possesses
bound functions to: (7) the geometry of the mesh and the value of the electrical
resistivity (by default) of each rectangular prism, and (ii) the unknown value of
the electric potential . Il‘they take into account the differential cquations of
all the nodes of the analyzed mesh, it is obtained a matrix representation in the

way:
([CIVI=11] )

In this equation C represents a matrix related to the geometry and the
distribution of the electrical resistivity in the mesh, which corresponds to
well-known terms, V is another matrix that contains the unknown values of the
clectric potential in all the nodes, and 1 represents a matrix related with the
well-known terms of intensity of electric current. The program used in this
study was Res3Dmod (version 2.0, developed by M.H. Loke) and itis based on
the works of Dey and Morrison (1979). In the 3D electrical resistivicy model
proposed in this study, there were established 4 levels composed by rectangular
prisms whose characteristic are shown in Table 1. The values of electrical
resistivity assigned to the rectangular prisms of the proposed model were
chosen according to the Standard Guide of Using the Direct Current
Resistivity Method for Subsurface Investigation (Designation D 6431 - 99).

Figure 5(a) shows the three-dimensional representation of the group of
structures and Figure 5(b)a plan view of the same structures extended among
0.20 and 0.30 m of depth. The application of the program generated asynthetic
dataset of apparent resistivity to different depths with 5% of noise (given in
terms of the separation of the voltage of electrodes and clectricity in the
pole-pole setting); from the generated data, there were extracted those
corresponding to the first level ofdepth for all the profiles, thatis to say for the
distance AM = 0.5 m and after that, the next was to map this information using
the same procedure than the one carried our with the data of. apparent clectrical
resistivity measure. The result of this process is shown in Figure 6 which is very

similar to the one obrained in Figure 4 (), which means that the distribution of
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Figure 5. (a) Three-dimensional model of prisms that represent the grounds of pebbles (2500 ohm.m) and the other elements (sedimentary materials of 300 ohm.m between 0

and 0.20 m, and 90 ohm.m to deeper), and (b) plan view of the prisms model used in this study for a range of depth extended between 0.20 and 0.30 m.
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Figure 6. Synthetic horizontal map of apparent resistivity obtained from the prisms model presented in Figure 5.

the rcctangular prisms of Figurc S, constitutes a good model for the

representation and Study of the electricanomalies associated to colonial floors.

Discussion

Theresults of the electric prospection dcvclopcd in the site of Nombre de
Dios, have revealed the existence of strong clectricanomalies of the subsoil with
values above 180 ohm.m and that thcy are associated to a floors of pcbblcs
system, whichwere very common in the colonial pcriod. The range of apparent
resistivity values obtained for the supcrficial laycr is associated to the
scdimcntary material of the Sccondary Period thatis also C()mposcd ()fv()rganic
material. In this same aspect, the synthetic map genemtcd by the
three-dimensional modcling through the discretization of the subsoil for finite
difference, possesses similar characteristic to the map of apparent clectrical
resistivity measued ofiFigurc 4(a),withafirst laycr Of‘rectangular homogcncous
prisms 0f0.20 m of thickness and 300 ohm.m of‘rcsistivity; representing to the
supcrficial sedimentary layer. The second layer (located between 0.20 and 0.30
m of depth) is more complcx and it reveals a group of prisms with 3 different
values of electrical resistivity: the rcctangular prisms of 2500 ohm.m that
represent the system of floors of boulders, the prisms of 300 ohm.m associated
to scdimentary tloorwith organic components, and those of 90 ohm.m with the
same characeeristics that the floor type described prcviously, but with certain
level of moisture. Below these two levels, it shows up a group oﬂiomogcncous
prisms that are extended until 1 m of depth and of 90 ohm.m of electrical

resistivity.

Conclusions

Even the prospectcd arca doesn’t posscss a significant extension, the
results obtained in it demonstrates in first placc, a good lateral resolution
referring to electric mapping with clectric anomalies that define the limits of
floors ofipebblcs characteristic of the foundation pcriod ofthe old city. Thanks
to this gcoph_ysical intervention it became evident the existence of
archaeological features ofAHispanic type, being demonstrated in this way, the
historical importance of the site. In this same aspect the three-dimensional
model of rcctangular prisms proposcd in this work, constitutes a good model

‘:Ol' the rcpresentation O‘:OICI ﬂoors and the surrounding subsoil. Based on thﬁ

previously exposed thing, it becomes necessary a more extensive exploration to
detectother archacological features of this site, so that the life forms of the first
European in the Isthmus of Panama can be understood.
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