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[1] We use seismic and geodetic data both jointly and separately to constrain coseismic
slip from the 12 November 1996 M,, 7.7 and 23 June 2001 M,, 8.5 southern Peru
subduction zone earthquakes, as well as two large aftershocks following the 2001
earthquake on 26 June and 7 July 2001. We use all available data in our inversions: GPS,
interferometric synthetic aperture radar (InSAR) from the ERS-1, ERS-2, JERS, and
RADARSAT-1 satellites, and seismic data from teleseismic and strong motion stations.
Our two-dimensional slip models derived from only teleseismic body waves from South
American subduction zone earthquakes with M,, > 7.5 do not reliably predict available
geodetic data. In particular, we find significant differences in the distribution of slip for the
2001 earthquake from models that use only seismic (teleseismic and two strong motion
stations) or geodetic (InNSAR and GPS) data. The differences might be related to
postseismic deformation or, more likely, the different sensitivities of the teleseismic and
geodetic data to coseismic rupture properties. The earthquakes studied here follow the
pattern of earthquake directivity along the coast of western South America, north of 5°S,
earthquakes rupture to the north; south of about 12°S, directivity is southerly; and in
between, earthquakes are bilateral. The predicted deformation at the Arequipa GPS station

from the seismic-only slip model for the 7 July 2001 aftershock is not consistent with

significant preseismic motion.
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1. Introduction

[2] We use seismic and geodetic data to determine the
spatiotemporal distribution of fault slip during two large
earthquakes in southern Peru (Figure 1): the 12 November
1996 M,, 7.7 Nazca, Peru, and the 23 June 2001 M,, 8.5
Arequipa, Peru, earthquakes, hereafter called the 1996 and
2001 earthquakes. In addition, we use seismic data to locate

"Department of Earth and Atmospheric Sciences, Cornell University,
Ithaca, New York, USA.

Departamento de Geodesia y Sismotectonica, Instituto Geofisico del
Peru, Lima, Peru.

3Seismological Laboratory, Division of Geological and Planetary
Sciences, California Institute of Technology, Pasadena, California, USA.

“Now at Department of Geological Sciences, University of California,
Santa Barbara, California, USA.

5Departamento de Ingenieria Civil, Universidad de Chile, Santiago,
Chile.

6Depaltamento de Geofisica, Universidad de Chile, Santiago, Chile.

"Rosenstiel School of Marine and Atmospheric Sciences, University of
Miami, Miami, Florida, USA.

8Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, California, USA.

Copyright 2007 by the American Geophysical Union.
0148-0227/07/2006JB004294$09.00

slip from the largest aftershocks of the 2001 earthquake on
the fault interface: the 26 June 2001 M,, 6.7 and the 7 July
2001 M,, 7.6 earthquakes, both near Arequipa, Peru, and
hereafter referred to as the June and July 2001 aftershocks.
The largest aftershocks from the 1996 earthquake (both M,,
6.1) are well represented by a point source at the scale of
our study [e.g., Pritchard et al., 2006].

[3] Distributed slip models of large earthquakes have
many applications, including constraints on the earthquake
rupture process, assessments of seismic hazard, inputs to
models of postseismic deformation, and for comparison with
long-term evolution of the fore arc. Our particular interest in
the southern Peru earthquakes is driven by the observation
that the 2001 earthquake has significantly more postseismic
after slip than the nearby M,, 8.1 1995 earthquake in northern
Chile (hereafter referred to as the 1995 earthquake) [e.g.,
Pritchard et al.,2002] and the 1996 earthquake in Peru [e.g.,
Melbourne et al., 2002; Pritchard, 2003]. We seek to
determine if these differences in postseismic deformation
can be explained by differences in the rupture properties of
these earthquakes (for example, different depths of rupture),
or if some other explanation is required.

[4] From a technical perspective, we are interested in the
ability of each data set to delineate earthquake rupture
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