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RESUMEN 
Se presenta illl modelo de estructura regional para el margen continental sur de Mexico. en la region de Oaxaca. El mode-

10 se deriva principalmente de datos de catorce sondeos magnetoteliiricos (MT) a 10 largo de dos transectos, localizados en­
tre Puerto Escondido y Oaxaca (Transecto W) y Puerto Angel y Oaxaca (Transecto E) y datos de gravimetrfa en un perfil entre 
Puerto Escondido y Alvarado. El model ado de los datos gravimetricos se realize empleando diversos metodos como amilisis 
espectral, inversiones de una capa con densidad constante y variando exponencialmente y ajuste de modelos tipo Talwani de 
polfgonos en 2 y 2.5 dimensiones. El modelado de los datos de MT se realizo empleando el algoritmo de Marquardt SVD en 
una dimension en las fases y resistividades aparentes promedio obtenidas despues de remover el corrimiento 0 desplaza­
miento estatico. La correcci6n del desplazamiento estatico se realizo refiriendo los datos a un sitio con baja 0 nula distor­
sion galviinica. La litosfera oceanica subducente de la Placa de Cocos se representa por una capa conductora, que presenta un 
bajo angulo de buzamiento . En varios sondeos del transeC\o W se observa una capa relativamente conductora y de espesor 
variable, la cual se emple6 como elemento adicional para invertir los sondeos MT. Esta capa 0 horizonte de baja resistivi­
dad. en el orden de 10 a 90 ohm-m presenta una inclinacion regional de unos 20 a 25 grados hacia el continente. La profun- __ 
didad de esta capa es de unos 10 km en los sondeos cercanos a la costa y de illlOS 33 km en el interior. Las variaciones en la 
geometrfa de esta capa, que en algunos segmentos es horizontal 0 con una inclinaci6n hacia el oceano sugiere la ocurrencia 
de un conductor bi-dimensional, 10 que es apoyado por las relativamente altas magnitudes de los vectores de induccion, que 
consistentemente se orientan hacia el SW. La corteza muestra un engrosamiento en la porcion central de los dos perfiles 
MT. Los modelos de gravimetrfa presentan una geometrfa para la interfase corteza/manto que sigue muy cercanamente a lo.s 
datos de MT, con una profundidad entre unos 8 y 10 km mayor. El angulo de subduccion estimado del modelo gravimetrico es 
de 13 grados. La topograffa del Moho muestra una buena correlacion con rasgos estructurales mayores en la superficie. 

PALABRAS CLAVE: Magnetoteliirico, gravimetr(a, litosfera, zona de subducci6n de Mesoamerica, Estados de Oaxaca y 
Veracruz. sur de Mexico. 

ABSTRACT 
A preliminary model of the conducting layer associated with the continental margin and the Cocos Plate subduction 

zone along two transects normal to the southern Mexico continental margin is presented. The transects are located approxi­
mately from Oaxaca City to Puerto Escondido (W-transect), and to Puerto Angel (E-transect). The study is based on fourteen 
magnetotelluric (MT) soundings and on regional gravity measurements. Modelling of gravity data includes spectral analy­
sis, 2 and 2.5-D Talwani-type models and several inversion schemes with constant and exponentially variable density con­
trasts . One dimensional inversion of MT data using a Marquardt SVD algorithm was performed on the rotationally invariant 
determin ant average apparent resistivities and phases after static shift was removed with reference to a site apparently de­
void of galvanic distortion. A conductive layer of varying thickness was correlated with a seismic reflecting horizon under 
various MT sites of the western profile. These correlated soundings were used to constrain the inversion results of the re­
maining MT sites. We assume that the top of the electrically conductive horizon corresponds to the top of the Phanerozoic 
lower continental crust, which has an approximate dipping angle of 20° to 25° and is characterized by conductivities from 
10 to 90 ohm-m. Although this boundary is in general plunging towards the continent there are several sites in both 
transects at which it flattens and even reverses its trend. This may be an artefact of the I-D inversion in zones where the 
data are 2 or 3-D. This is supported by relatively high induction vectors consistently pointing SWat these sites. The crust 
thickens towards the central portion of both MT transects, beneath the Sierra Madre del Sur. There is a good correspondence 
with gravity models derived from spectral analysiS' and estimates of the crust/mantle boundary. There is however.an 
apparent depth difference (8 to 10 km) between the MT- and gravity-derived crust/mantle boundary. The dip of the subduc­
ting plate estimated from the gravity model is shallow, about 13 degrees . The topography of the Moho shows a correlation 
with major structural features at the surface. 

KEY WORDS: Magnetotellurics, gravity, lithosphere, Middle America, subduction zone, Oaxaca and Veracruz States, 
southern Mexico . 

INTRODUCTION 

Gravity and electromagnetic (EM) geophysical techni­
ques, and particularly the magnetotelIuric (MT) method, 
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have been successfulIy used in the past for lithospheric 
studies in continental margins (e.g. Kurtz et al., 1986; 
EMSLAB Group, 1988; Wannamaker et al. 1989). The 
widely reported anomalously low electrical resistivities 
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associated with the presence of fluids in relatively young 
subducting zones at the interface of the continental lower 
crust and the subducting oceanic lithosphere may help stu­
dy similar tectonic phenomena in other parts of the world. 
The present MT and gravity survey is part of a multi­
disciplinary international scientific effort (GEOLIMEX) to 
study the subduction zone in southeastern Mexico. The re­
sults reported in this paper are of preliminary nature and 
may contribute to interpretations of other groups working 
in the area. 

It has been suggested that the observed electrical high 
conductivity and reflectivity properties of the lower crust 
are due to the presence of water (e.g. Gough, 1986). We 
assume that fluids caught in the subduction tectonic zone 
and transported along the lower crust are responsible for the 
anomalous electrical conductivity observed in our MT 
transects. These fluids would be released and get trapped 
under an inpermeable zone which is thought to occur at the 
400°C isotherm. 

We present a model of the continental lithosphere 
which has not yet been corrected for galvanic distortion ob­
served at several sites, but that may be a good first approx­
imation to the structure of the continental lithosphere in 
central and southern Oaxaca. There is a good correlation 
with the results of the gravity models derived from spectral 
analysis and estimates of the crust/mantle interface. The 
apparent depth difference between the inferred crust/mantie 
boundary from MT and gravity may be probably due to 
poor static shift corrections. 

MAGNETOTELLURIC SURVEY 

A total of fourteen MT measurements were carried out 
mainly south of Oaxaca City along two profiles (Figure 1) 
which cross three different suspected terrane boundaries. 
The location of sites according to the main geological pro­
vinces was as follows: site 6 is located in the Sierra de 
Juarez, north of Oaxaca City; sites 1, 2, 3, 4, 7 and 8 are 
distributed in the Oaxaca Valley; sites 5, 9, 10 and 11 we­
re located in the Sierra Madre del Sur,and sites 12, 13 and 14 
are located in the Xolapa terrane along the Pacific margin. 

The data acquisition was in the frequency interval be­
tween 384 and 5 x 10-4 Hz (or 2000 sec). A remote re­
ference unit about 0.5 to 1 km apart from the site location 
was used. The horizontal componenl~ of the magnetic field 
were recorded in the remote site so that local inh8mo­
geneities at the site location or any cultural noise could be 
monitored and accounted for. 

Generally speaking, the telluric and magnetic signal to 
noise ratios were very good. As a result good quality data 
was recorded. The location of the MT soundings was done 
according to the availability of relatively noise-free sites 
which were tested for AC components prior to a definite 
measurement. Thus some of the sites have to be located in 
topographically accidented remote areas which resulted in 
ncar surface distorted field curves. The observed electrical 
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resistivities in most of the MT sites is in general less than 
50 ohm-m for the surface layer. This has the advantage of 
reducing the static shift problem, however, it also limits 
the investigation depth. 

MAGNETOTELLURIC MODEL 

The apparent resistivities and phases were calculated and 
plotted in pseudo-sections for both North-South (NS) and 
East-West (EW) azimuths. The NS apparent resistivities 
and corresponding phases are shown in Figure 2 for both 
transects. Although the electrical structure in the apparent 
resistivity pseudo-section is obscured by the presence of 
static shift at several sites, the high phase values in the lo­
wer part of the phase sections reveal a gently dipping con­
ducting layer in both profiles. 

In order to be able to correct for static shift, the rotation 
of the impedance tensor individual components as a func­
tion of period (Chakridi, 1991) was performed, and depar­
ture from a 1-D earth was observed at each site. Site 2 had 
diagonal elements close to zero and off-diagonal elements 
nearly equal and independent of the rotation angle at high 
frequencies (Figure 3), thus it was used as the reference site 
to correct the rest of the curves for static shift. 

The rotationally invariant determinant average apparent 
resistivity and phase were computed for the corrected sites 
and a 1-D Marquardt inversion was performed on them. 
This is an approximation which allows to model all elec­
trical responses as due to vertical effects with no lateral 
contribution. It is a very useful approach as a first step in 
the analysis to define the general electrical model of a re­
gion. The inversion process was constrained for sites 4, 5 
and 13 using seismic reflection results (Figure 4) from 
Couch and Burbach (1985). These sites were selected be­
cause they were within 100 km of the seismic line. The 
other soundings were modeled relatively to these three si­
tes. Figure 5 shows the electric structure for the Oaxaca-Puer­
to Escondido and the Oaxaca-Puerto Angel profiles (also 
referred to as the west and east profiles) obtained by assuming 
1-D structure under each site i. e. with no side effects. 

A conductive layer is observed for both profiles, whose 
upper boundary is located at depths ranging between 10 km 
for the sites closest to the Pacific Ocean, to 33 km for tho­
se farther inland. It seems gently dipping, although there 
are sites where the trend appears to reverse as can be obser­
ved at sites 3, 1 and 2, and 9, 8 and 7 in the respective 
transecK Although not well constrained, the lower .boun­
dary suggests a thickening of the layer in the middle of 
both profiles. Specific details need to be modeled with a 2-
or even 3-D algorithm after distortion effects have been re­
moved. As expected, the dip of the subducting slab is 
shallow. This is consistent with earthquake epicenter lo­
cations and with the rapid convergence between the Cocos 
and North American plates. A fast plate convergence re­
sults in a small component of gravitational sinking which 
translates into a smaller angle of subduction as well as in a 
wider spacing and depression of the isotherms (e. g. Cross 
and Pilger, 1982). 
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Fig . 1. Location map of the surveyed area. Dashed rectangle in the upper left frame is the enlarged map shown to the right. The MT 
projection western and eastern transects are indicated by the li~es CA and CB respectively. 

A two dimensional feature striking NW-SE is sug­
gested by plotting the induction arrows at earth site loca­
tion (Figure 6). The pointing direction at sites 2, 1,.3,9, 
10 and 11 at different periods remains practically the same 
and is consistent with the orientation of the major fault 
system. The approximate azimuth of the suspected 
conductor is around N45 W. 

GRA VITY MODELLING 

The Bouguer and Free-Air gravity anomaly data along 
the geotransect examined by Onega-Gutierrez (1990) ha­
ve been analyzed to provide constraints on the deep crustal 

structure. The transect extends from the Pacific Ocean close 
to the Middle America trench to the Gulf of Mexico, across 
an assemblage of terranes with varying metamorphic and 
crystalline basements, ages and tectonic characteristics. The 
gravity anomaly was digitized at equal spacings for a total 
of 88 points (Figure 7). The gravity is characterized by a 
positive anomaly (maximum of 50 mgals) close to the 
coastline and above the Xolapa complex, which is repre­
sented by metamorphic and intrusive rocks. More to the 
northeast the gravity shows increasingly negative values 
and a broad regional negative anomaly (up to a minimum 
value of -180 mgals) over the Grenvillian Oaxaca complex. 
The profile crosses the Sierra Madre del Sur and the fault 
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Fig. 2. NS apparent resistivity and phase pscudosectionsior the western (CA) and eastern (C 8 ) MT transects. Lcucrs (a and.(c refer 
to the apparent resis tivity whi le (b and (d to the phase angle for profiles CA and CB respectively. Strong static shift effec t is obser­
ved in hoth profiles for the apparent resistivity sections which obscures the underneath electric structure. Ph ase pscudoseclions. 

which arc not affected by static shift. suggest a conducting elongated structure at long periods. 

zone and myloni tic unit of Juchatengo (characterized by a 
change in the gradient). Minimum values coincide with a 
wide mylonitic zone to the north of Oaxaca City. The 
gravity anomaly changes again towards positi ve values 
across the Sierra de Juarez, wi th a positive anomaly over 
the Gulf coastal plain (in the order of -40 mgals). Then, 
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the gravi ty anomaly rises uniformly over the coastal plain 
and Gulf of Mexico (Figure 7). 

A first analysis of the gravity anomaly without previ­
ous assumptions on the geometry and dcnsity contrast of 
the subsurface units was completed. Spectral analysis 
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Fig. 4 . Seismic cross section (after Couch and Burbach, 1985) used to constrain the MT inversion. Its approximate location is indi­
cated by a dashed line in the upper left figure, were the shaded rectangle refers to the surveyed area. Open circles in the section repre­
sent epicenter locations. The larger circles represent magnitudes greater than 5.5 while the smaller represent magnitudes between 5.0 

and 5.5 . The numbers are densities in gml cm3. 

(Spector and Grant, 1970) was used to provide a statistical 
estimation of the top depth of assemblages of bodies 
(Bhattacharyya and Leu, 1975, 1977). Results for the pro­
file in terms of the logarithmic plot of the smoothed am­
plitude spectrum as a function of wave number yield the 
following interfaces: 44, 28, 18 and 15 km (Figure 8). The 
deepest interface may correspond to the crust/mantle 
boundary. 

Further analysis of the topography of the crust/mantle 
boundary was completed with an iterative algorithm that 
modifies the lower boundary geometry of single layer mo­
del until a fit to the observed gravity anomaly is obtained. 
Several models with different density constrasL<; and average 
depths to the interface were tested. Figure 9 shows a model 
with a density contrast of 0.7 gr/cc and an initial average 
depth of 30 km . The fit shown is after the 20th iteration. 
The interface shows smooth variations approximately 
between the average depths estimated from the spectral 
analysis. The interface shallows at the Pacific Ocean and 
Gulf of Mexico margins (Figure 9). A similar analysis 
with a polygonal body that allows the density to increase 
with depth from 2.6 gr/cc to 3.3 gr/cc gives essentially the 
same results with high frequency fluctuations su­
perimposed. 

Polygonal Talwani-type models have been constructed 
using the geologic sections of Ortega-Gutierrez (1990). 
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The resolution of details of crustal structure is not satis­
factory . 

Couch and Woodcock (1981) and Valdes et at. (1986) 
presented gravity models for profiles located to the west of 
the profile here analyzed. The interfaces of 15 and 44 km 
from our spectral analysis correspond to interfaces inter­
preted by Valdes et at. (1986) for the Pinotepa- Alchichica 
profile. The Moho is estimated at 45 ± 4 km depth, and 
the lower crust (characterized by seismic velocities of 6.85-
7.0 krn/sec and densities around 3.089 gr/cc ) is interpreted 
in terms of high-grade metamorphic and mafic intrusive 
rocks (Valdes ~t at., 1986).The model used by Couch and 
Burbach (1985) lies further west, close to Acapulco, and 
includes a crust composed of 3 layers with densities of 
2.65,2.75 and 3.00 gr/cc (Figure 4). This seismic and gra­
vity section was used to constraint the MT inversion .. 

The average dip of the subducting plate estimated from 
the gravity model is shallow, some 13 degrees (Figure 9). 
This agrees well with the seismic interpretations for the re­
gion. The Moho in the gravity model shows a topography 
that correlates well with major structural features at the 
surface, i. e. the Sierra Madre del Sur, the Juchatengo my­
lonitic zone, the Oaxaca Grenvillian complex, the 
Oaxaca/Juarez mylonitic zone, the Sierra de Juarez and the 
Juarez/Maya contact zone. The gravity model assumes that 
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the gravity anomaly signal is entirely due to deep so~rces. 
If part of the anomaly is explained in terms of shallow den­
sity variations then the Moho topography docs not require 
such large amplitude variations. Further modelling of the 
gravity anomaly is required to evaluate the contributions of 
shallow crustal features. 

DISCUSSION 

The geophysical geotransect across the continent from 
the Pacific Ocean to the Gulf of Mexico provides an op­
portunity to investigate the structure and tectonics of the 
active Pacific margin with the Cocos plate subduction zone 

and the passive margin of the Gulf of Mexico. It traverses 
a complex collage of terranes and major structural features 
represented by fault and deformation zones and wide mylo­
nitic units, characterized by a complex tectonic history 
(Ortega-Gutierrez, 1990; Urrutia-Fucugauchi, 1984; 
Ratschbacher et al .. 1991). The central region is characte­
rized by an anorthositic body and a sequence of ortho-and 
para-gneisses and charnockites of the Grenvillian Oaxaca 
complex (e .g. Ortega-Gutierrez, 1990). The terrane along 
the Pacific margin is characterized by metamorphic rocks 
and intrusives of the Xolapa Complex . The boundary 
between these two units in the region of J uchatengo is re-
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presented by a deformation zone that includes mylonites, 
ultramylonites and cataclastites (e.g. Ratschbacher et al., 
1991). To the north, the transect crosses another wide 
mylonitic zone at the boundary with the Juarez terrane. The 
basement along the Gulf coastal plain may belong to the 
Maya terrane. There have been several studies on the 
structure and characteristics of the crust and mantle beneath 
the region (e.g. Shor and Fisher, 1961; Ross and Fisher, 
1965; Couch and Woodcock, 1981; Moore etal., 1982; 
Lomnitz, 1982; Nava et al ., 1985, 1988; Valdes et al., 
1986). 
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The use of different deep investigation geophysioal me­
thods may provide further constraints on the subsurface 
structure and characteristics of the continental lithosphere 
and the plate subduction process. The results from the pre­
sent magnetotelluric and gravity study are summarized in a 
simplified way in Figure 10. The estimated crust/mantle 
boundaries from MT and gravity show a similar geometry. 
The gravity interface lies however some 8-10 km deeper 
than the MT estimate. This difference may be due to dis­
tinct physical properties associated with a small amount of 
fluids, grain size variation, porosity and fracturing in the 
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lower crust; but it is more likely due to poor static shift 
corrections. 

If low electrical resistivity and high a seismic reflectivity 
seismic reflectivity at crustal depths have acommon origin, 
as suggested by various authors (e.g. Hyndman and Sheare, 
1989), then the depth to the Precambrian or Phansrozoic 
lower continental crust can be assessed from MT measure­
ments . A depth profile for a data set distributed along two 
profiles suggests depths ranging from 10 to about 30 km, the 
shallower end being located closer to the sea (Figure 10). 
The resistivities found after the static shift removal were in 
ther range between 10 to 90 ohm-m which is in agreement 
with other lower crust conductivity measurements (i. e. 
Shankland and Ander, 1983; Shankland, 1989). The avera­
ge dip of the subducting slab is shallow, less than 25°, in 
average some 12° towards the continent (coinciding with the 
estimations of Couch and Woodcock,1981 and Valdes et ai, 

1986). The down dip trend reverses slightly coinciding 
with the aparent thickening of the crust at these places. If 
this geometry is related to the subducting plate, it may be 
either the effect of a poor static shift correction or a real 
feature related to the fast convergence rate between the 
North American and Cocos plates, yet to be confirmed by 
ongoing improved 2-D modeling. 

The I-D approach allowed us to visualize the main tcc­
tonic features and to correct for static shift. The deter­
minant average apparent resistivity (or p effective) tends to 
suppress the effect of any 2-D structures. Because of ave­
raging, details in the two perpendicular polarizations of the 
field curves (which emphasize the presence of good con­
ductors) are neglected and consequently some information 
is lost. The next modelling step should include a two di­
mensional model of the lithosphere to take into account 
the effects caused by the presence of a two-dimensional 
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conductor suggested by the induction direction and mag­
nitude arrows as well as other field distortion indicators. 
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