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The Regional Intraplate Stress Field in South America
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A compilation of lithospheric stress directions for continental South America and the inferred major pat-
terns of the regional intraplate stress field are presented. Stress crientations are based primarily on carthquake
focal mechanisms and Quaternary fault slip inversion published in the literature. Four new focal mechanisms
based on short-period P wave modeling, and selected centroid-moment-tensor solutions (published by U.S.
Geological Survey) consistent with P wave first motions at South American and other World-Wide Standard
Seismograph Network stations are also included in the data base. The observed paticms of intraplate stresses
may be useful in constraining numerical models of the plate driving forces in the South American plate. In
the Andean platcau (altitudes greater than 3000 m), N-S extensional stresses predominate. E-W compres-
sional stresses are observed in the sub-Andean and platform regions extending up to about 1000 km east of
the Andes. The maximum horizontal stress {SH _.,) is uniformly oriented in the E-W direction throughout
western South America, Averages of the SH . direction at grid points spaced 2.5° were taken as represent-
ing the "regional” field. The E-W direction of this regional ficld is not affected by the change of strike of the
Andean chain nor by the contact of a flat subducted slab undemesath. The regional SH ., direction is
oriented 15° more clockwise than the dircction of the Nazca plate convergence. The difference between the
regional SH ., orientations and the absolutc plate motion may be only about 6°. This may indicate that con-
tact forces with the Nazca plate may not be the only major contributor 10 the intraplate stresses in western
South America. The eastem limit of this Andean stress province seems o coincide with aseismic regions in
the Upper Amazon basin and in the Parani basin. In the central Amazonian region, seismicity and stress data
suggest a seismic province with N-S compressional stresses. The origin of these stresses is not yet clearly
understood but could possibly be related to lower crusial loading along the middle Amazon basin. In
northeastern Brazil, seismicity is characterized by upper crustal strike-slip earthquakes bordering the Potiguar
marginal basin. A model is proposed for this region in which the stress field is the result of a superposition
of regional E-W compressional stresses and local extensional stresses (oriented perpendicular to the continen-

tal margin) possibly related to density contrasts and sediment loading in the continental shelf.

INTRODUCTION

The state of stress in the lithosphere can be due to both local
forces (e.g., siress concentrations due to structure hetero-
geneities, crusial loading and unloading, asthenospheric thermal
anomalies) and regional, more uniform forces directly related to
plate motion (such as ridge-push, negative buoyancy of the sub-
ducted slab, and viscous shear forces in the asthenosphere-
lithosphere boundary). The tectonic setting of South America is
unique: In no other part of the world does a major oceanic plate
subduct beneath a large continental plate along a trench almost
6000 km long. Due to the large extent and relatively uniform
Andean tectonism (compared with other subduction zones) the
regional stress field in continental South America could be
expected to be more uniform than in other smaller overriding
plates where lithospheric heterogeneities, such as in island arcs,
may mask the effect of plate driving forces. For this reasen the
regional lithospheric stresses in the continental part of the over-
riding South American plate may be useful for inferring the
relative importance of some of the driving forces that cause
plate motions.

In western South America, snallow earthquakes in the upper
plate usually have thrusting mechanisms- with P axes roughly in
the E-W direction, approximately parallel to the direction of the
Nazca plate subduction. For this reason, since the pioneering
work of Stauder [1973, 1975], it has been common 1o attribute
any compressional stresses as being caused by the Nazca-South
America plate “collision” [Sudrez er al, 1983; Chinn and
Isacks, 1983; Asswnpcdo and Sudrez, 1988]. A horizontal
compression due to the convergence of the Nazca plate has also
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been used, coupled with the gravitational effect of the Andean
topography, to explain the N-S extensional normal stresscs
observed in the high Andes of Peru and Bolivia [Sebrier et al.,
1985, 1988; Mercier et al., this issue]. The Nazca plate "colli-
sion” has seemed a natural explanation for any horizonial
compression in western South America even though other
forces, such as those in the lithosphere-asthenospheric boundary,
could also be considered because the absolute plate motion is
approximately E-W. In fact, Zoback et al. [1989] have shown
that the maximum horizontal stress (SH ,..) in South America
tends to be roughly parallel to the absolute plate motion.

The small difference between the convergence and absolute
motion directions in western South America (about 10°, usually
less than the accuracy of any single stress determination) makes
it difficult to separate their contribution to the intraplate stress
field. Also, the prominent Andean tectonic features related to
the Nazca plate subduction seem to have overshadowed the
lithosphere-asthenosphere boundary forces as potential contribu-
tors to plate stresses. The amount of stress data compiled as
part of the World Stress Map Project may begin to reveal the
importance of other sources of stress in South America.

In cenwal and eastern South America. few stress data are
available. Due to the Jow midplate seismicity and low density
of seismographic stations, focal mechanisms could be deter-
mined for only a few events with magnitudes about m;, 5
occurred in the last decades. The first focal mechanisms deter-
mined in midplate South America by Mendiguren and Richter
[1978] were consistent with a uniform compressional stress ficld
oniented roughly NW-SE. However, the presently available data,
although not yet enough for a complete definition of the mid-
plate stress patterns, do show that the swress field is not uniform,
suggesting that local sources are important compared with
regional forces.
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Argentina; their data set included the same intraplate events stu-
died by Stauder [1973, 1975). In western South America, addi-
tional intraplate focal mechanisms were determined for shallow
events in Peru [Grange et al., 1984, Dorbath et al., 1986;
Carey-Gailhardis and Mercier, 1987; Doser, 1987; Deverchere
et al., 1989] and for the San Juan (Caucete, Argentina) 1977
carthquakes [(Kadinsky-Cade and Reilinger, 1985]. Focal
mechanisms of 10 shallow (mostly strike-slip) events in Colom-
bia and Venezuela near the Caribbean plate [Pennington, 1981;
Kafka and Weidner, 1981] were also included because of the
diffuse nanure of the plate boundary in thal region characterized
by a broad zone of internal deformation. East of the Andcan
region, Mendiguren and Richter [1978], Assumpcdo et al.
[1985], and Assumpcdo and Sudrez (1988] determined focal
mechanisms of 11 midplate events in Brazil. Studies of a dam-
induced activity in southeastern Brazil [Mendiguren, 1980] and
some earthquake swarms in northeastem Brazil [Ferreira et al.,

motion data 15 S0l NECESSary 1OT UCLMLS diuuy Ul suuiue
mechanics and regional tectonics [Anderson, 1988].

Thirty-nine CMT solutions for intraplate events, from Janu-
ary 1982 to June 1990, were checked for conmsistency with P
wave polarities at World-Wide Standard Seismograph Network
stations and some high-gain Brazilian stations. From this com-
parison, two solutions were found to be wrong (ie., the CMT
seemed incompatible with the polarity data) and 14 CMT solu-
lions were found to be uncertain (the quality and number of
polarities were not enough to be used as a check of the CMT
solutions). The other 23 events were found to have CMT solu-
tions in general agreement with the P wave polarities and were
included in the data base with quality C (see Figure 3 and Table
2). The two evenis with inconsistent P wave first motions are
shown in Figure 4. The event B70306C (m, 5.5) was an aft-
ershock of the m, 6.5 Colombia earthquake occurred on the
same day: the polarity data indicate that the mechanism of the










































