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RESUMEN 
El graben El Gordo yace dentro de la litosfera oceanica al oeste de la Trinchera Meso-Americana a 18.15°N, 104.7°W. Se ha 

propuesto a este graben como una marca del hundimiento aJ suroeste de una zoua activa de extension ubicada entre las placas de 
Rivera y Cocos. Los resultados de un an:ilisis de las anomalfas de gravedad de Manto-Bouguer en el area de graben El Gordo. yen 
el area ubicada entre el graben y la Dorsal del Pacifico Este, son consistentes con esta propuesta, asi como tambien con Ia 
propuesta de que la zona de extension se puede estar propaganda hacia Ia Dorsal del Pacifico Este. Especificamente: (1) Una 
disminucion prominente en los valores de la Anomalfa de Manto-Bouguer ocurre en el area del graben El Gordo, estando Ia 
disminucion maxima sobre el complejo volcani co El Gordo, ubicado en el centro del graben. Esta disminucion es modelada como 
el resultado de una intrusion de magma dentro de Ia corteza oceanica del graben centrada bajo cl complejo volcanico El Gordo. 
Este modelo es respaldado por un flujo de calor en superficie alto en el area de este complejo. (2) Se observa un alto gravimetrico 
de la anomalfa de A ire Libre NE-SW que se extiende desde el graben El Gordo hasta la Dorsal del Pacffico Este. Sin embargo, solo 
la parte oeste de esta anomalfa es observada en el mapa de Anomalia de Manto-Bouguer. El modclado de los valores de la 
Anomalia de Manto-Bouguer indica que esta anomalfa puede deberse a un adelgazamiento de Ia corteza en esta region. Sin 
embargo, a diferencia del area del graben El Gordo, los datos gravimetricos y batimetricos son escasos en esta area, por lo que este 
resultado es preliminar. 

PALABRAS CLAVE: Tectonica de plaeas, gravedad. Manto-Bouguer, oceano Pacifico Este. 

ABSTRACT 
TheEl Gordo graben lies within the oceanic lithosphere west of the Middle America Trench at 18.l5°N, 104.7°W. This 

graben has been proposed to mark the southwest tip of an active zone of extension located between the Rivera and Cocos plates. 
The results of an analysis of the Mantle Bouguer gravity anomalies in the area of the El Gordo graben, and in the area located 
between the graben and the East Pacific Rise, are consistent with this proposal, as well as the proposal that the zone of extension 
may be propagating towards the East Pacific Rise. Specifically: (1) A prominent decrease in the MBA values occurs in the area of 
the El Gordo graben, the maximum decrease being centered over the El Gordo volcanic complex, located in the center of the 
graben. This decrease is modeled as being the result of magma intrusion within the oceanic crust of the graben centered under the 
El Gordo volcanic complex. This model is supported by high surface heat flow in the area of this complex. (2) A NE-SW free-air 
gravity high is observed to extend from the El Gordo graben to the East Pacific Rise. However, only the western part of this 
anomaly is observed in the MBA map. Modeling of the MBA values indicate that this anomaly may be due to crustal thinning in 
this region. However. unlike the area of the El Gordo graben, gravity and bathymetric data is sparse in this area, so this result 
should be considered as preliminary. 

KEY WORDS: Plate tectonics, gravity, Mantle-Bouguer, east Pacific ocean. 

INTRODUCTION 

El Gordo graben lies within the -10 my old oceanic 
lithosphere located west of and adjacent to the Middle 

America Trench southwest of Manzanillo, Mexico (Figure 
1). This graben has been proposed (Bandy, 1992; Bandy et 
al., 1995, 2000) to mark the westward extent of a zone of 

extension occurring within the oceanic lithosphere along the 

subducted part of the Rivera-Cocos plate boundary. This pro­

posal was based on ( 1) the seafloor morphology of the area 
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(Bourgois et al., 1988; Bandy 1992; Bandy and Hilde, 2000), 

(2) high surface heat flow (up to 208 mW/m2) within the 
graben (Khutorskoy et al., 1994), (3) the alignment of the 

graben with the presently active southern Colima rift (Bandy 
et al., 1995), (4) the alignment of the graben with the pro­

nounced bend in the geometry of the Wadati Benioff zone 
beneath western Mexico (Pardo and Suarez, 1995), and (5) 

plate motion studies which place the Rivera-Cocos Euler pole 

just west of the graben (Bandy, 1992; Kostoglodov and 

Bandy, 1995; Bandy et al., l998a). 
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Fig. 1. Location map of the study area. Labeled contours are the depths to the top of the Wadati-Benioff zone from Pardo and Suarez (1995). 
Shaded area marks the location of the boundary between the Rivera and Cocos plates as presented by DeMets and Wilson (1997). AC = 
Armeria Canyon; EGG = El Gordo graben; NCG = northern Colima graben; RCPB = Rivera-Cocos plate boundary; SCR = southern 

Colima rift. 

Free-air gravity maps of the area constructed both from 
sea-surface gravity measurements and satellite altimetry data 
(Bandy, 1992; Bandy and Hilde, 2000; This study; Smith 
and Sandwell, 1997) exhibit a pronounced break (a 30 to 40 
mGal decrease) in the gravity high associated with the west­
ern boundary of the Michoacan trough in the area of the El 
Gordo graben. Further, an area of high gravity values ex­
tends from the southern margin of the El Gordo graben to 
the East Pacific Rise. These observations led to the tentative 
proposal (Bandy, 1992) that the zone of divergence along 
the Rivera-Cocos plate boundary may be presently propa­
gating southwestward, from the El Gordo graben towards 
the East Pacific Rise, and that the boundary between the 
Rivera and Cocos plates may eventually become a diver­
gent boundary along its entire extent. 
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If these proposals are correct, then crustal thinning and 
associated magmatic activity should be occurring within the 
El Gordo graben and the area located between the El Gordo 
graben and the East Pacific Rise. The magmatic activity 
would be expected to produce a low density zone within the 
crust and upper mantle. Thus, the purpose of the present 
study is to model the density structure of the crust and up­
per mantle in the area extending from, and including, the El 
Gordo graben to the East Pacific Rise employing an analy­
sis of the Mantle Bouguer Anomalies. This analysis indi­
cates that the break in the gravity high associated with the 
western boundary of the Michoacan trough in the area of 
the El Gordo graben is not due to the effects of topography 
as the gravity low remains in the Mantle Bouguer Anomaly 
map. This MBA low is modeled as a zone of partial melt 



within the crust and upper mantle of the El Gordo graben. 
Further, the Mantle Bouguer anomaly map also exhibits a 
northeast southwest oriented region of high gravity values 
extending from the East Pacific Rise towards the El Gordo 
graben. Thus, this anomaly is not due to the effects of to­
pography. This anomaly is modeled as being produced by 
thinning of the crust in this area. Thus, both the proposal of 
active extension within the El Gordo graben and the pro­
posal of a southwest propagation of rifting along the Rivera­
Cocos plate boundary from the El Gordo graben to the East 
Pacific Rise are consistent with the presently available grav­
ity data. 

GEOLOGICAL SETTING 

The El Gordo graben lies within the oceanic lithos­
phere west of the Middle America Trench at 18.15°N, 
104.7°W (Figure 1). Several major tectonic features inter­
sect in the area of the graben; namely, the Middle America 

Rifting at Rivera-Cocos plate boundary 

Trench, the Michoacan trough, the Colima rift, and a promi­
nent bend in the Wadati-Benioff zone beneath western 
Mexico. It has been proposed (Bandy, 1992; Bandy et al., 
2000) that the graben lies along the boundary between the 
Rivera and Cocos plates, and that it marks the westward 
extent of a zone of divergence between the Rivera and Co­
cos plates. If correct, the graben would thus be located at 
the triple junction formed by the Rivera, Cocos and North 
American plates. Additionally, if the North American plate 
in western Mexico is broken into several small crustal blocks 
(Mooser, 1972; Luhr et al., 1985; Allan et al., 1991), then 
the graben may well be located at a quadruple junction 
formed by the Rivera plate, the Cocos plate, the Jalisco block, 
and the Southern Mexico block. 

Multibeam bathymetric and seismic reflection data 
(Bourgois et al., 1988; Bourgois and Michaud, 1991) indi­
cate that the El Gordo graben is oriented NE-SW parallel to 
the trend of, and aligned with, the southern Colima graben 
(Figure 2). It is 40 to 50 km wide (NW-SE) and extends 35 
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Fig. 2. Bathymetric map. Contour interval equals 250 meters. EGG = El Gordo graben; EPR =East Pacific Rise; MAT= Middle America 
Trench. 
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to 40 km towards the southwest away from the Middle 
America Trench. The graben floor lies at depths greater than 
4 km. The escarpment forming its southwestern margin is 
slightly V-shaped and exhibits about 1 km of relief. The crust 
within the graben has been dated at 10 Ma, whereas, the crust 
forming the southwestern wall dates at 2.2 Ma (F. Michaud, 
Personal Communication, 1998). Thus, the western escarp­
ment is part of the Michoacin trough system (Mammerickx, 
1984). These ages are consistent with the ages determined 
from seafloor spreading produced magnetic lineations 
(Bandy, 1992; Lonsdale, 1995). 

A prominent NE-SW oriented volcanic edifice, the El 
Gordo volcanic complex, lies within the El Gordo graben. 
This complex lies along the projection of the Armer! a sub­
marine canyon that formed along a major NE-SW oriented 
fault within the southern Colima rift. The age of the volcan­
ism is unknown; however, seismic reflection profiles (Bandy 
and Hilde, 2000) indicate that the larger volcanic edifices 
are sediment free, data suggesting that they may be recent 
features. 
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Surface heat flow studies (Vacquier et al., 1967; Prol­
Ledesma et al., 1989; Khutorskoy et al., 1994) indicate sub­
stantially higher heat flow (79 to 208 m W/m2) within the El 
Gordo graben in the vicinity of the El Gordo Volcanic com­
plex relative to those obtained from the adjacent trench sedi­
ments (20 to 72 m W/m2) as well as those obtained from sedi­
ments within the Michoacan trough (58 and 68 mW/m2) just 
south of the graben (Figure 3). Thus, these data suggest that 
recent magmatic activity is occurring within the El Gordo 
graben. 

Gravity maps (Figures 4 and 5) constructed from satel­
lite altimetry data (Smith and Sandwell, 1997) and free-air 
anomaly maps constructed from sea surface gravity measure­
ments (Bandy, 1992) both exhibit a pronounced (30 to 40 
mGal) break in the free-air gravity high associated with the 
western margin of the Michoacan trough. Also, both data 
sets show a west to southwest plunging, gravity high extend­
ing from the El Gordo graben to the East Pacific Rise. This 
anomaly suggests the existence of a structural connection 
between the El Gordo graben and the East Pacific Rise. 
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Fig. 3. Surface heat flow map. Contour interval equals I 0 m W 1m2 
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Fig. 4. Free-air anomaly map constructed from sea-surface gravity measurements. Gravity values have been adjusted for crossover errors. Contour interval equals 10 mGal. 
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DATA AND METHODS 

The data used in this study consists of (1) marine grav­
ity data obtained from the National Geophysical Data Cen­
ter (NGDC), Boulder Colorado, (2) previously published land 
gravity data (Skidmore, 1988; Serpa et al., 1992; Bandy et 
al., 1993), (3) previously unpublished land gravity data col­
lected from 1992 to 1999, and (4) bathymetric data from 
Bandy (1992) and more recent marine data presently avail­
able from the NGDC. All of the land gravity data are refer­
enced to the absolute gravity base station located at the 
Oceanographic Institute, Manzanillo, Mexico (location = 
l9°03'45.545"N, 104°18'08.800"W; elevation with respect 
to the WGS-77 ellipsoid= -11.15 m; absolute gravity = 
978581.46 mGal) (Ness, 1984), and are reduced to complete 
Bouguer Anomaly values using the Mexico terrain correc­
tion data base of Aiken et al. (1997). In all, a total of 
25 989 gravity measurements (Figure 6) were used to con­
struct a new Free-Air/Bouguer Anomaly map used in this 
study. The bathymetric coverage is illustrated in Figure 7. 

The maps of the data coverage illustrate that the area of 
the El Gordo graben is well covered by both gravity and 
bathymetric data. In contrast, both gravity and bathymetric 
data are sparse in the area between the graben and the East 
Pacific rise. 

Free-Air Gravity Map 

The marine gravity data contained in the NGDC data­
base was collected from the 1960's until the present. Various 
gravity meters and navigational systems were employed dur­
ing the collection of these data, the observed values were 
referenced to either the Potsdam or IGSN71 datums, and the 
FAA values were calculated using several theoretical grav­
ity formulas. Thus, the first step in the construction of the 
Free-Air anomaly map used in this study was to recalculate 
the FAA values using a common theoretical gravity formula 
(WGSc84; Defense Mapping Agency, 1987a) and a common 
datum (IGSN71). The equations used in the calculations are 
found in Table 3 of the internal report of the Defense Map­
ping Agency (1987b). The second step was to remove from 
the database all data collected while the ships were changing 
course as such changes produce anomalous accelerations. 

The third step was to correct the remaining data for 
crossover errors, i.e. differences in the gravity values recorded 
at the position where one ship track crosses over another ship 
track. The corrections were calculated using the methods of 
Bandy et al. (1990) and Prince and Forsyth (1984). Both 
methods determine constant corrections (DC shifts) to be 
applied to individual cruise segments such that, after these 
corrections are applied, the crossover errors are minimized 
in the least squares sense. As the data quality is variable, and 
the data comes both from detailed surveys within the area 
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and ship transits through the area, the complete data set was 
not corrected as a whole, instead the following sequence of 
corrections were applied. First, the two detailed surveys con­
ducted within the area (i.e., those of the CERE02WT cruise 
of Mammerickx ( 1984) and the SEAMAT cruise ofBourgois 
et al. (1988)) where each corrected for internal crossover 
errors. Next, the means of crossover error between the data 
from the two detailed surveys and data collected during tran­
sits which both employed a GPS navigation systems and 
which tied their gravity meter directly to the gravity base 
station located in Manzanillo Mexico were calculated. This 
was done to tie the marine and land data to a common abso­
lute gravity base station. The mean crossovers were -9 mGal 
and -7 mGal for the SEAMAT and CERE02WT data, re­
spectively. The data from the two cruises were adjusted by 
subtracting the respective mean crossover error. Next, the 
two detailed surveys were each treated as a single line and 
combined with the data collected during all GPS navigated 
transits. These data were then corrected for crossover errors. 
Lastly, these data were combined with the data collected 
during transit satellite navigated transits and crossover cor­
rections were determined and applied to the data. During 
this last correction, the GPS navigated data and the data from 
the two detailed surveys were fixed (i.e. the correction to be 
applied to these data in this step were fixed at zero). 

Prior to the correction procedure, the crossover errors 
(456 crossings) averaged -0.66 mGal with a standard devia­
tion of 9.12 mGal (see Table 1 for more details). After the 
corrections were applied, the crossover errors averaged 0.01 
mGal with a standard deviation of 4.84 mGal. The large im­
provement in the FAA map resulting from the correction pro­
cedure is clear by comparing the maps presented in Figures 
4 and 8. 

Table 1 

Statistics of the Crossover errors 

Original Data 
Number of Crossovers 
Average 
Standard Deviation 
Minimum Difference 
Maximum Difference 

Corrected Data 
Number of Crossovers 
Average 
Standard Deviation 
Minimum Difference 
Maximum Difference 

Entire 
Data Set 

456 
-0.660 
9.12 
-48 
46 

456 
-0.008 
4.84 
-32 
17 

Data with Data with 
GPS Satellite 

111 190 
-0.073 -2.000 
5.55 12.50 
-13 -48 
15 46 

111 190 
-0.030 -0.010 
4.40 6.15 
-I3 -32 
13 17 
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Fig. 6. Location map of the gravity data used in this study. 

Mantle Bouguer Anomaly Map 

The reduction of Free-Air anomalies to Mantle Bouguer 
anomalies has proven to be a useful tool in the investigation 
of the internal structure of oceanic rifts (e.g. Prince and 
Forsyth, 1998; Kuo and Forsyth, 1988; Rommevaux et al., 
1994; Detrick et al., 1995; Pariso et al., 1995; Cormier et al., 
1995; Weiland and Macdonald, 1996). The Mantle Bouguer 
Anomaly (MBA) is calculated by subtracting from the FAA 
values the gravitational attraction of a reference model; typi­
cally a three-layer model consisting of the water, oceanic 
crust, and upper mantle is used as the reference model. The 
resulting anomalies thus reflect departures of the real earth 
structure from that of the reference model. High MBA have 
generally been assumed to ret1ect crustal thinning or the pres-
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ence of anomalously high density zones within the crust/ 
upper mantle; whereas low MBA values ret1ect crustal thick­
ening or anomalously low density zones within the crust/ 
upper mantle related to the presence of high temperatures 
and/or the presence of partial melts (Cormier et al., 1995). 

Three reference models are employed herein to test 
the effects of different reference models on the calculation 
of the MBA. These models differ from those normally used 
to calculate Mantle Bouguer anomalies in that, herein, we 
must include, to the east, a layer representing the continen­
tal crust. 

The first model consists of a water layer (p=l.03 
g\cm3), a continental crust layer (p=2.67 g\cm3), a constant 
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Fig. 7. Location map of the bathymetry data used in this study. 

(6 km) thickness oceanic crust layer (p=2.7 g\cm3), and an 
upper mantle layer (p=3 .3 g\cm3) extending to a depth of 30 
km. 

The second model consists of a water layer (p=l.03 
g\cm3), a continental crust layer (p=2.67 g\cm3), a constant 
(2 km) thickness upper oceanic crust layer (p=2.73 g\cm3), a 
constant ( 4 km) thickness lower oceanic crust layer (p=2.93 
g\cm3), and an upper mantle layer (p=3.33 g\cm3) extending 
to a depth of 30 km. 

The third model consists of a water layer (p=l.03 
g\cm3), a continental crust layer (p=2.67 g\cm3), a constant 
(0.5 km) thickness upper oceanic crust layer (p=2.6 g\cm3), 

a constant (5.5 km) thickness lower oceanic crust layer 
(p=2.90 g\cm3), and an upper mantle layer (p=3.33 g\cm3) 

extending to a depth of 30 km. 

The attractions of the model layers were calculated us­
ing the 3-D Fourier algorithm of Parker (1973). This algo­
rithm uses the Fast Fourier Transform to calculate the attrac­
tion of a layer bounded by two 3-D surfaces (grids). The 

density of the material lying between these grids is specified 
as a grid of density values; the density may vary horizontally 
but not vertically. The dimensions of all grids used in the 
algorithm must be identical, and the gravitational attraction 
of the layer is output for each grid node. In the present study 
the locations of the data were first converted to UTM coor­
dinates and then gridded into a 1 km x 1 km grid between 
l03°W to 106°W and l7°N to l9°N. The resulting grids all 
consist of 225 rows and 321 columns. The FAA data was 
also gridded into the exact same grid. The seafloor grid was 
constructed from the bathymetric data. The depth to the top 
of the subducted oceanic lithosphere was obtained from Pardo 
and Suarez (1995). 

Lastly, the Mantle Bouguer Anomaly map was band 
pass filtered to eliminate spatial wavelengths less than 12 
km. 

Two-dimensional gravity models 

To better define the geometry of the sources of the 
Mantle Bouguer Anomalies, two 2-D models were con-
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structed using the algorithm of Talwani et al. (1959). The 
first model was oriented NW-SE, crossing the El Gordo gra­
ben. The second model, also oriented NW-SE, was con­
structed to better define the source of the anomaly that ex­
tends from the El Gordo graben to the East Pacific Rise. 

RESULTS 

Choice of Reference Model 

The Mantle Bouguer Anomalies calculated from the 
three reference models are presented in Figures 9a, b, and c. 
In the area of the interest (i.e. the El Gordo graben and the 
region located between the El Gordo graben and the East 
Pacific Rise) the differences both between modell and model 
2, and model 2 and model 3 are less than 5 mGal, (Figures 
lOa, b). Since the standard deviation of the adjusted cross­
over errors is approximately 5 mGal, we conclude that all of 
the three reference modals are equally acceptable in our par­
ticular case. Thus, in the following analysis we will use the 
Mantle Bouguer Anomaly map produced usip:g reference 
model 2 (Figures 9b and 11). 

Mantle Bouguer Anomaly 

The Mantle Bouguer Anomaly map (Figures 9b and 
11) exhibits several trends west of the trench axis. The first 
trend coincides with the Michoacan trough. This ~i.}iualy is 
oriented NW-SE and exhibits values ranging from :.:C5 mGal 
to 60 mGal. The trend appears to terminate to the north at 
about 18.75°N. The high MBA values indicate that either 
the crust in the area of the trough is anomalously thin (which 
we prefer) or a zone of anomalously high density exists within 
the crust and\or upper mantle. 

The second trend is superimposed on the first trend. 
Specifically, a prominent decrease (15 to 30 mGal) in the 
MBA values associated with the Michoacan trough is ob­
served in the area of the El Gordo graben. The maximum 
decrease is located over the El Gordo volcanic complex. Since 
the Mantle Bouguer Anomaly method removes the effects of 
bathymetry variations from the data, the decreased values 
are not due to bathymetric fluctuations, but instead indicate 
either that the crust is thicker in the graben or that there is a 
low-density zone within either the crust or upper mantle. 

The third trend, located east of the East Pacific Rise at 
-105.25°W, is a NE-SW oriented area of slightly positive 
MBA values (up to about 8 mGal) bounded to the north and 
south by areas of low MBA values. This anomaly trends to­
ward the El Gordo graben but terminates prior to reaching 
the graben. Like in the Michoacan trough area, the high val­
ues are suggestive of thin crust or an anomalously high crust/ 
upper mantle density in this area. 
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2-D Models 

Two-dimensional gravity models were constructed to 
better define the source of the MBA anomalies in the area of 
the El Gordo graben and the area of the MBA high east of 
the East Pacific Rise. The anomaly associated with the 
Michoac:in trough was not modeled as this lies outside the 
scope of the present study. 

The first model (Figure 12) is oriented NW-SE and 
crosses perpendicular to the MBA high located east of the 
East Pacific Rise. In this area the MBA values can be mod­
eled as a broad zone (about 100 km) of crustal thinning with 
two narrow (about 6 km), low density, zones in the upper 
mantle. The amount of crustal thinning increases to the NW. 

The second model (Figure 13) is oriented NW-SE and 
runs along the crest of the MBA high associated with the 
Michoacan trough, perpendicular to the El Gordo graben. 
The pronounced MBA low associated with the El Gordo 
volcanic complex (i.e. the southern half of the graben) is 
modeled as being produced by two, fairly broad, low-den­
sity zones in the crust. Another narrow, low-density zone 
~ithin the crust is found to the NW, and coincides with the 
northern boundary escarpment of the El Gordo graben. 

DISCUSSION 

The geometry and motion of the various lithospheric 
plates and blocks comprising western Mexico, both onshore 
and offshore, has recently received much attention (e.g., 
Mammerickx, 1984; Luhr et al., 1985; Bourgois etal., 1988; 
Allan et al., 1991; Bandy, 1992; Serpa et al., 1992; Bandy 
and Pardo, 1994;Bandy etal., 1995, 1998a,b;Lonsdale, 1995; 
DeMets and Wilson, 1997; Suarez et al., 1999; Michaud et 
a[., 2000, 2001; Bourgois aildMichaud, 2002). Of particular 
interest to the present study; is the current debate concerning 
the location and nature of the boundary between the Rivera 
and Cocos plates. 

Early proposals as to nature of the Rivera-Cocos plate 
boundary suggested that the boundary is a NE to NNE trend­
ing left-lateral transform, extending from the EPR to the 
Middle America Trench at,. or just north of, its intersection 
with the Colima graben (Molnar, 1973; Nixon, 1982; Eissler 
and McNally, 1984; Lonsdale, 1995; DeMets and Wilson, 
1997). However, high resolution, multi beam bathymetric and 
seafloor image data collected in this area (Bourgois et al., 
1988; Michaud et dl., 2000, 2001; K.C. Macdonald, unpub­
lished data; W.L. Bandy, unpublished data) clearly rule out 
the possibility that the boundary is a well defined, discrete, 
transform. To circumvent these results, DeMets and Wilson 
(1997) proposed that instead of being a discrete transform, 
left-lateral motion was being taken up across a diffuse zone 
of deformation (Figure 1). Further, they proposed that the El 
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N\iV Profile 1 

Fig. 12. 2-D geologic model derived from the MBA along profile 1 (See Figure 11 for profile location). The densities shown in the model 
arc the sum of densities of reference model 2 and the anomalous densities. The anomalous densities arc the departures from the densities of 

the reference model needed to reproduce the MBA anomaly. 

PROFILE 2 

Fig. 13. 2-D geologic model derived from the MBA along profile 2 (Sec Figure 11 for profile location). The t.p's shown on the model are 
the anomalous densities derived from modeling of the MBA. The p's are the densities ofreference model 2. 

378 



Gordo graben, at least for the most part, was not part of this 
boundary. Implicit in their proposal is that the pronounced 
bend in the Wadati-Benioff zone observed beneath western 
Mexico does not mark the contact between the subducted 
Rivera and Cocos plates as proposed by other investigators 
(Pardo and Suarez, 1995; Bandy et al., 1995). 

Alternatively, Bandy (1992) proposed that the Rivera­
Cocos plate boundary is a divergent boundary which is pres­
ently propagating southwestward toward the East Pacific Rise 
and that the El Gordo graben marks the southwest tip of this 
propagation (Figure 1). This situation is viewed as being 
analogous to the Galapagos triple junction, between the 
Nazca, Pacific and Cocos plates, where the Cocos-Nazca 
spreading center does not presently extend completely to the 
triple junction (Lonsdale, 1988). In this proposal the bend in 
the Wadati-Benioff zone lies along the boundary between 
the subducted Rivera and Cocos plates. 

The results of the present study are consistent with the 
proposal of Bandy (1992). The decrease in the MBA high 
associated with the Michoacan trough in the area of the El 
Gordo graben is consistent with recent magmatic activity 
within the graben, the activity being centered under the El 
Gordo volcanic complex. These results are supported by the 
high surface heat flow measured wjthin the El Gordo gra­
ben, the highest values being measured in the area of the El 
Gordo volcanic complex (Khutoskoy et al., 1994). Also, the 
NE-SW oriented MBA high east of the East Pacific Rise is 
consistent with crustal thinning associated with the south­
west propagation of rifting along the Rivera-Cocos plate 
boundary. However, unlike the area of the El Gordo graben, 
gravity and bathymetric data is sparse in this area just east of 
the East Pacific Rise, so this result should be considered with 
caution. 

CONCLUSIONS 

The MBA map exhibits the following characteristics 
west of the Middle America Trench. 

(1) A NW-SE oriented trend of high MBA values is associ­
ated with the Michoacan trough, indicating that either the 
crust in the area of the trough is anomalously thin (which 
we prefer) or a zone of anomalously high density exists 
within the crust and\or upper mantle. 

(2) A prominent decrease in the MBA values occurs in the 
area of the El Gordo graben, the maximum decrease be­
ing centered over the El Gordo volcanic complex. This 
decrease can be modeled as being the result of magma 
intrusion within the oceanic crust of the graben centered 
under the El Gordo Volcanic complex. This model is sup­
ported by the high surface heat flow measurements in the 
area of this complex. 

Rifting at Rivera-Cocos plate boundary 

(3) ANE-SW free-air gravity high is observed to extend from 
. the El Gordo graben to the East Pacific Rise. Only the 
western part of this anomaly is observed in the MBA map. 
Modeling of the MBA values indicate that this anomaly 
may be due to crustal thinning in this region. However, 
unlike the area of the El Gordo graben, gravity and bathy­
metric data is sparse in this area, so this result should be 
considered with caution. 

( 4) The results of the present study are consistent with the 
proposal that the El Gordo graben marks the westward 
extent of a zone of present day divergence between the 
Rivera and Cocos plates, and that this zone of divergence 
may presently be in the process of propagating south­
westward toward the East Pacific Rise. 
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