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From an extensive study of P to S converted waves,
surface waves, and literature data on crustal thick-
ness in this region, we first mapped the depth to the
Moho. Our Moho map extends from relatively well-
known southern Europe into northern Africa to the
south and the Atlantic ocean to the west. We inter-
pret the western Mediterranean to have considerably
extended continental crust, the central Mediterranean
to have oceanic crust in the north and standard conti-
nental crust in the south, the eastern Mediterranean to
have continental crust underlying a thick pile of sedi-
ments, and the Atlantic Ocean to have an anomalously
thick crust and/or a very low sub-Moho S velocity.
Mapping this highly heterogeneous crust has helped us
to obtain cleaner tomographic images of upper man-
tle S-velocity structure than possible without our Moho
map. In addition to well-known high-velocity subduct-
ing lithosphere, these images reveal a widespread shal-
low low-velocity layer beneath the Mediterranean basin
that strongly varies spatially. The images also show
widespread high-velocity anomalies in the transition
zone beneath the Mediterranean region, which we inter-
pret as fragments of subdcuted lithosphere. One such
fragment is beneath NE Spain and possibly related to
early Cenozoic subduction there. We also investigated
mantle discontinuities below the Mediterranean region
and find that P to S converted waves from the 660 km
discontinuity are consistent with a sharp discontinuity
while those for the 410 km discontinuity indicate that
this discontinuity can be 20 to 30 km thick. Our pre-
ferred explanation for this anomalously thick 410 km
discontinuity is that it was thickened by olivine being
hydrated by about 0.05 wt %.

URL: http://www.sg.geophys.ethz.ch/midsea/
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Tomographic modeling of the North
American upper mantle

M. Nettles1 (nettles@eps.harvard.edu)

A. M. Dziewoński1 (dziewons@eps.harvard.edu)
1Earth and Planetary Sciences, Harvard University,

20 Oxford St, Cambridge, MA 02138

A large amount of digital seismic data recorded at
stations in North America is now available, and the
Earthscope project will, over the next decade, increase
the amount of data available dramatically. This large
amount of high-quality data makes it possible to con-
strain the three-dimensional velocity structure of the
North American upper mantle with a resolving wave-
length of several hundred kilometers; improvements in
resolution can be expected in the near future. We have
collected Love and Rayleigh wave dispersion measure-
ments (T=35–150 s) at stations of the national net-
works of the U.S. and Canada, as well as at the stations
of several temporary networks, using the method of Ek-
ström et al. (1997). These measurements are combined
with a similar dataset of global dispersion measure-
ments (T=35–350 s) in an inversion for 3-D, radially
anisotropic, S-velocity structure under North America.
This modeling follows the approach of Boschi (2002),
in which a variable-resolution, global parameterization
is used to allow for the simultaneous retrieval of long-
wavelength structure globally and shorter-wavelength
structure locally. The model we retrieve shows good
correspondence with major geological features, with
a narrow transition from fast to slow velocities near
the edge of the North American craton and a thick
(∼275 km) continental root under the Canadian shield.
No strong regional variations in radial anisotropy are
observed. A second approach to the modeling of seis-
mic velocity structure under the North American con-
tinent is to invert for a regional perturbation to a
pre-existing global model, with appropriate corrections
made for structure encountered by seismic waves along
their travel paths outside of North America. Prelimi-
nary results suggest that this approach provides an ef-
fective and efficient means by which to produce and
update a regional or continental-scale model. Such an
approach may prove particularly useful as data from

USArray begin to arrive during the coming years. In
addition to a comparison of results obtained using the
two approaches described here, we make a quantita-
tive comparison of our models and previous models
of the North American upper mantle (van der Lee,
2002; Godey, 2002) obtained using different datasets
and modeling methods.
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As part of the implementation of the Advanced
National Seismic System (ANSS) waveform data of a
large, growing number of seismic stations from US re-
gional networks is being received in near real time at
the National Earthquake Information Center (NEIC) in
Golden, CO. A very large number of these stations are
only used for regional earthquake monitoring and there-
fore do not report routinely arrival times from tele-
seismic events, which could be very useful for imaging
in great detail the upper mantle structure beneath the
continental US. The availability of this large volume of
waveform data in a single data center allows us to carry
out the processing (phase picking) in an efficient and
consistent manner. For this purpose we have developed
a procedure that combines automatic absolute picking,
followed by more accurate relative picking using wave-
form cross-correlation. The algorithm is automated in
order to handle the expected large data flow (currently
about 40 monitoring networks operate in the US for a
total of 3,000 stations) but also allows for interactive
quality control. In its testing phase we have processed
125 events occurred in 2002-2003 which provided 18,688
new P-wave arrival times, more than in most teleseis-
mic experiments. We have used these new travel times
in combination with a large global dataset of repro-
cessed ISC data to obtain a global tomographic model
of P-wave velocity structure. Although the model is
global, the most visible improvements are in the west-
ern US, where the data increase and station density is
largest. Preliminary results show a more detailed im-
age of the structure in the upper mantle, also due to
the incorporation of regional travel times in the new
global dataset. A particularly well-imaged feature is
the subducted Juan de Fuca slab beneath the Pacific
Northwest. The slab is sharply defined between 100 and
410 km depth, extending from the Puget Sound region
through Oregon to Northern California, well south of
the Mendocino triple junction. We anticipate that with
the incorporation of additional networks and the pro-
cessing of new events the resulting tomographic models
will provide significantly improved images of the upper
mantle seismic structure beneath the continental US.
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Source and Receiver Effects on Rayleigh
Waves
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John H Woodhouse1 (+44 (1865) 272021;
John.Woodhouse@earth.ox.ac.uk)

1Department of Earth Sciences, Oxford University,
Parks Road, Oxford OX1 3PR, United Kingdom

Recent studies have greatly advanced knowledge of
the three-dimensional structure of the upper mantle,
but, up to now, the influence of source and receiver ef-
fects on the observed seismic waveforms has received
little attention. In addition to the path, surface waves
are also affected by source and receiver anomalous lo-
cal structures and by uncertainties in the source mech-
anism and hypocenter coordinates. Separating each of
these contributions to the seismic wavefield is a ma-
jor challenge in seismic waveform tomography. We use
full surface wave ray theory upon 3-D mantle model
S20RTS combined with global crust model CRUST 2.0
to investigate these effects on Rayleigh waves. Since
full ray theory allows one to express the seismic wave-
field in terms of the product of a source term, a term
due to propagation and a receiver term, it is a use-
ful tool to study the relative influence of each of these
terms. Besides, we use it in an iterative inversion pro-
cedure similar to the Harvard-CMT method to deter-
mine earthquake source parameters. We estimate that
the influence of the local structure at the receiver on
the vertical-component waveforms is negligible com-
pared with the other terms. Likewise, the resulting

phase perturbation due to local effects, both at the
source and at the receiver, is small. However, theo-
retical amplitude anomalies due to the local structure
at the source and to the deviation in takeoff azimuth
of the ray leaving the source are more important than
previously thought. These two types of anomalies have
similar magnitudes and the resulting perturbation is as
important as that produced by focusing and defocus-
ing effects along the propagation path. Moreover, we
investigate the impact of the ray theoretical forward
modelling in characterising the seismic source of large,
global events. Including the overall source anomaly
into the modelling improves the fits of the theoretical
seismograms to the data, and, hence, our ability to ex-
tract additional information from the available data.
These effects should be taken into account in the next
generations of tomography models.
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We have continued our study of surface-wave group-
velocity dispersion across Eastern Asia in the vicinity
of the Korean Peninsula, Yellow Sea, and Sea of Japan.
We primarily use seismic data from permanent stations
in South Korea, China, Japan, Taiwan and Russia. We
also use data from several IRIS PASSCAL deployments
in China and North Korea. We measure group-velocity
using multiple narrow-band filters on deconvolved dis-
placement data. We use a conjugate gradient method to
perform a high-resolution group-velocity tomography
over the region. Our current results include Rayleigh
wave inversions for periods from 10 to 100 seconds.
There is an excellent correspondence between the group
velocities and tectonic structure, including large sedi-
mentary features and crustal thickness variations. At
long periods (> 50 sec), we find that the inversion has
features associated with the subduction of the Pacific
and Philippine Plates under the Eurasian continent, in-
cluding the effects of the subducting slab and magmatic
arc. We use the group-velocity results to model the
shear-velocity structure of the crust and upper mantle
across the region. We employ a grid-search technique
to fit the Rayleigh wave group-velocities over the whole
period range. This does a very good job at retrieving
features in the crust and uppermost mantle. Deeper
features in the mantle, however, are harder to model
directly using this method. To resolve these features,
we will be forwarding modeling the structure by con-
structing several models of the subduction zone. We
will then be testing the various models by comparing
the group velocities predicted by the models to the ob-
served group velocities along cross-sections. Prelimi-
nary results indicate that the magmatic arc has the
largest affect on the long period surface waves, with
the subducting slab being a much subtler feature.
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Microseismicity at Long Valley caldera triggered by
the 1992 M7.3 Landers, California, earthquake was ac-
companied by a transient contractional strain change
recorded by the borehole dilatometer (POPA) just out-
side the caldera rim. The exact mechanism of the strain
transient has not been established. Within Long Valley
caldera, large distant earthquakes, including the Lan-
ders earthquake, have induced fluid pressure drops in
non-thermal wells and fluid pressure increases in ther-
mal wells. At each responding well, the fluid-pressure
changes have a characteristic time history that is well
matched by the diffusion of an abrupt pore pressure
change near, but not at, the observation well. The
transient contractional strain change induced by the
Landers earthquake has a similar time history, suggest-
ing that the contractional strain signal could be due
to earthquake-induced fluid pressure changes near the
Devil’s Postpile. This hypothesis can be evaluated us-
ing fluid pressure data collected since November, 1999,
in a borehole 30 m from the strainmeter. The POPA
strainmeter exhibits a seasonal signal with an ampli-
tude of 2 - 5 x 10−6, reaching peak annual extension
between November and March and peak annual con-
traction between May and July. Fluid pressure also
varies seasonally about 2 m every year, and peak con-
tractional strain occurs within a few weeks of peak fluid
pressure. The seasonal increase in fluid pressure due to
spring snowmelt also coincides with increased rates of
contraction at POPA each year. These data indicate
that the strainmeter records contractional strain in re-
sponse to increasing subsurface fluid pressure, with a
ratio of approximately 1.5 x 10−6/m H2O. Compari-
son of the strain data with time series of snow water
content at Mammoth Pass shows that snowpack load-
ing contributes 10% or less of the seasonal variation
at POPA. The strain transient induced by the Landers
earthquake was approximately 0.25 x 10−6, and could
have been produced by a fluid pressure increase of 0.17
m, about half the size of water level changes inside
Long Valley caldera induced by the same earthquake.
Increasing fluid pressure compresses the relatively im-
permeable strainmeter and surrounding grout, produc-
ing a contractional output, which under these circum-
stances does not represent the undrained extensional
strain in the formation. Co-located fluid pressure and
strain measurements are necessary in order to under-
stand the physical effects of seismic waves at locations
of remotely triggered seismicity.
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We observe tidal triggering of shallow, thrust events
by strong tidal normal stresses. The dataset consists
of 9350 global earthquakes of M 5.5 or greater from
1977 to 2000 in the Harvard CMT catalog. A previous
study of this dataset by Tanaka et al. (2002) using only
phase information showed no significant tidal correla-
tion over the entire catalog; however, slight tidal phase
correlation was seen in some subsets of events grouped
by tectonic regions and type of faulting (Tanaka et al.,
2002; 2003). Other previous studies have seen, at best,
a slight correlation of tectonic earthquakes with tidal
phase, while most show no significant correlation. The
majority of these studies only examine correlation of
earthquake origin times with phase, i.e., peaks in tidal
stress. Few studies include amplitude, in addition to
phase, when examining tidal correlations. In this study,
we examine the dependence of earthquake-tide correla-
tion on the amplitude of tidal stress. Tidal stress is
resolved into the normal and shear components acting
on each of the two possible fault planes. We sort the
catalog by the average of the peak stress amplitudes
before and after each event. For the 1% of events with
the highest averaged peak normal stress we find signifi-
cant tidal correlation, with a corresponding phase near
the peak extensional stress. A slight correlation was
seen for shear stress, which tends to have amplitudes
approximately half as large as normal stress. Tidal cor-
relation is strongest for reverse faulting, and stronger
still in the case that the shallower-dipping fault plane
is assumed. Most of the high-tidal-stress events are in
subduction zones near coastlines where ocean loading
tends to be largest and low-angle thrust events are most
common, so our final choice of the shallower-dipping
fault plane is justified. We see high significance for the
20 events with highest average peak normal stress am-
plitude (above 2.7E+04 Pa, or 0.27 bars) and a slightly
lower significance for the 40 events with average peak
amplitude between 2.7E+04 Pa and 1.6E+04 Pa. These
60 events are all shallow thrust events above 25 km
depth. A surprising 85% of the top 20 events and 63%

of the next 40 occur in the half of the time with en-
couraging stress (-90◦to90◦ phase). In addition to the
global dataset, 27,464 strike-slip events from Califor-
nia were found to have roughly 1-2% more events dur-
ing times of encouraging tidal stress of a few hundreths
of a bar. We have thus calibrated earthquake trigger-
ing over a wide range of tidal stress amplitudes. Tidal
stress amplitudes required to strongly trigger earth-
quakes are similar to limits suggested for static and
dynamic triggering of aftershocks of a few tenths of a
bar. Tidal stress is static rather than dynamic, so we
are better resolving conditions needed for effective trig-
ger of earthquakes.
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One of the major goals of stress transfer studies has
been to calculate changes in earthquake probabilities
following a moderate to large event. Previous studies
have demonstrated that stress transfer models utiliz-
ing the Coulomb failure criterion are often successful
in predicting where aftershocks are likely to be trig-
gered or suppressed. However, few studies have at-
tempted to determine if Coulomb stress-changes affect
the long-term seismicity rate of the regions surround-
ing the causative event. In addition, most studies com-
paring seismicity rate and Coulomb stress have been
largely qualitative. In this study the dense seismic net-
works of Southern California and Southwestern Japan
are used to test the correlation of static Coulomb stress
changes due to the 1992 Landers and 1995 Kobe earth-
quakes and the observed changes in seismicity rate in
the regions. First, the elastic Coulomb stress change on
optimally oriented faults at a specified depth is calcu-
lated. Then, seismicity rate-changes over 8-to-10-year
periods before and after the main shock are determined
using the z-value (Habermann, 1987). The z-value rep-
resents significance between two different means. Fi-
nally, a quantitative comparison of the changes in static
(elastic) Coulomb stress and seismicity rate is made to
determine the correlation between the two. In addi-
tion, it allows us to examine changes in correlation with
depth, for optimal planes versus specified planes and al-
lows us to assess variations in correlation with time to
determine if inelastic stress transfer processes become
important over time. Specifically, we hope to use this
approach to assess the relative impacts of post-seismic
relaxation, poroelastic effects, and rate and state fric-
tion on seismicity rates, and thus incorporate all of
the appropriate physical processes when attempting to
compute earthquake probability changes following an
initial earthquake.
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Understanding how the nucleation of earthquakes is

affected by sudden changes in the state of stress in their
immediate vicinity may provide insight into the elusive
relationship between static stress changes and earth-
quake occurrence. As working hypothesis, we assume
that if aftershocks are in part caused by stress changes
from their mainshock, changes in their decay rate may
reflect changes in the state of stress induced by nearby
large earthquakes. The 1997 Kagoshima (Japan) earth-
quake doublet provides a unique opportunity to analyze
this hypothesis for two moderate M6 events that oc-
curred on adjacent faults with the epicenters located in
a distance of about 5 km from each other. We map the
Omori law parameters on an equally spaced grid for the
time period between the two mainshocks (the learning
period of 47.8 days) using four Omori law type models
with increasing complexity. The best fitting model is
found using the corrected Akaike Criterion Information.
We then forecast the number of aftershocks for the next
50 days and compare it to the actual observed number.

Uncertainties in the rate forecasts are obtained by a
bootstrap approach, allowing us to compute a detailed
map of the significance of the relative rate changes. We
find four regions with highly significant relative rate
changes, three negative and one positive, which are a
consequence of the activation and deactivation of af-
tershock activity due to the second mainshock, respec-
tively. While our results confirm a relative rate drop in
the Western part of the aftershock sequence that is in
agreement with the stress triggering hypothesis (Stein,
2003), the other changes cannot be readily explained.
Because of the importance of rate changes for the eval-
uation of the stress triggering hypothesis as well as for
rate and state friction models, we consider our quan-
titative analysis technique introduced here important
and a step forward in the process of understanding the
behavior of aftershocks.
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Intraplate earthquakes within the stable interior
of the North America plate are surprisingly common,
large, and poorly understood. The New Madrid Seis-
mic Zone (NMSZ), with three large events (M=7.0-7.5)
in 1811-1812, is the most prominent intraplate seismic
zone within the stable North American plate. However,
most of the post 1811-1812 events (M>5) occurred not
within the NMSZ but in the surrounding regions. We
have simulated the stress evolution in the NMSZ and
surrounding regions following the 1811-1812 events in
a visco-elastic finite element model. Our results show
that re-accumulation of stress within the NMSZ follow-
ing the 1811-1812 events is slow and lags behind that
in the surrounding regions, because the released stress
may be supported by the relatively strong surrounding
crust. The regions with the predicted highest devia-
toric stress are found in southern Illinois and eastern
Arkansas, consistent with the distribution of moder-
ately sized (M>5) earthquakes following the 1811-1812
NMSZ events. To better understand the stress evolu-
tion and intraplate seismicity in the rest of the stable
North American plate, we have developed a regional
visco-elastic geodynamic model and systematically in-
vestigated the impact of major lithospheric rheological
changes, such as ancient rifts and lithospheric thick-
ness variation, on the crustal stress field. Our model
predicts higher deviatoric stress in the edge surround-
ing the North America craton than within the craton.
This is consistent with the observation of most seismic-
ity being concentrated around and not within the North
America craton.
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Observations of increased seismicity following the
Landers, Hector Mine, Izmit, and the Denali, earth-
quakes suggests remote seismic triggering occurs in
geothermal locations as far as 3150 km. This study at-
tempts to determine if the same effects occur in Japan,
a geothermal region of high seismicity. For the period
of 1997 to 2002, we searched for significant increases in
the seismicity levels following earthquakes with Mw ≥
6.5 at distances larger than conventionally associated
with aftershocks. Additionally, we examined available
waveform data in order to detect uncataloged events
hidden by the coda of the mainshock. Five events had
associated waveform data: March 24, 2001 Geiyo, Mw
= 6.8; March 28, 2000 Volcano Islands, Mw = 7.6;
July 30, 2000 Honshu, Mw = 6.5; October 6, 2000
Tottori, Mw = 6.7; and the January 28, 1999 Kuril
Islands, Mw = 6.8 earthquake. Located 260 km from
the Geiyo epicenter, station TKO recorded one possible
triggered event within 65 km during the hour following
the mainshock. However, the TKO data contains many
anomalous spikes, and we are not confident the record
is clear enough to differentiate small local events from
noise. An ambiguous, two-day, regional seismicity in-
crease followed the Volcano Islands event. We interpret
the swarm associated with the signal as coincidental be-
cause no similar swarms occurred at the same location
following Tottori or Geiyo, both of which had an order
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of magnitude larger shaking. Both waveforms and cat-
aloged events indicate no triggering occurred following
the Honshu, Tottori and Kuril Islands mainshocks. We
do not interpret the one indefinite local event recorded
by TKO as evidence for mid range dynamic triggering,
implying that the 2.5 cm/s shaking at TKO did not ex-
ceed the local triggering threshold. Additionally, the
lack of triggering following Honshu, Tottori, and Kuril
Islands suggests that the 1, 2.5 and 2.6 cm/s shaking
at distances of 182, 238, and 267 km, respectively, cre-
ates lower bounds for the dynamic triggering thresholds
at the respective locations. This assumes the bound
is frequency independent. In none of the cases were
thresholds exceeded over a large enough region or by
large enough amplitude to produce a statistically sig-
nificant increase in the cataloged rate of seismicity dur-
ing the period from 1997 to 2002. All previously docu-
mented examples of triggering have occurred following
shallow earthquakes with Mw > 7. With the exception
of Volcano Islands, all of the events of this study have
Mw < 7, and have no triggering associated with them.
This suggests two possibilities: either events with Mw
> 7 are required to produce sufficient shaking to trig-
ger seismicity, or Japan is less susceptible to trigger-
ing than the western US or Greece. We assume that
the depth of the Volcano Islands earthquake prohibits
any substantial surface shaking. We conclude that more
data is required associated with shallow, crustal events
with Mw > 7 in order to determine whether or not
Japan is susceptible to regional triggering.

S32F-07 1730h

Expected Spatio-temporal Aftershock
Patterns for Different Tectonic
Regimes
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Institute of Geophysics, ETH-Hoenggerberg, Zurich
8093, Switzerland

Co-seismic damage created through shear rupture
provides a high permeability fracture zone through
which high pressure fluid pulses can propagate. In re-
gions where fluids are trapped at high pressure by a
geologic seal, the co-seismic rupturing of that seal al-
lows the instant communication of high (lithostatic)
and low (hydrostatic) pressure regions. The amplitude
of the pressure difference depends on the depth but can
be very large (for example, the difference is 170MPa
for a trapped source at 10 km). The propagation of
such a large pressure pulse will open fractures in the
damage zone, travel at very high velocity, and trig-
ger aftershocks by significantly reducing the effective
normal stress in the regions through which it propa-
gates. If aftershocks are driven by this mechanism,
then aftershock distributions in space and through time
should show a spatial distribution that depends on the
type of faulting. Expected aftershock distributions are
shown from modeling results for strike-slip, normal,
and thrust fault events. The pressure pulse is modeled
as a non-linear diffusion process where permeability is
a strongly non-linear function of the effective normal
stress acting on fractures. Results are compared with
measured aftershock sequences.
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The earthquakes that are most readily associated
with stress transfer are aftershocks. There are three
important “laws” associated with aftershocks: (1) They
satisfy Gutenberg-Richter frequency-magnitude scal-
ing, (2) they decay in time according to Omori’s law,
and (3) they satisfy Bath’s law. Bath’s law states that
the difference in magnitude between main shocks and
their largest aftershocks is approximately constant, in-
dependent of the main shock magnitude. We propose
a modified form of Bath’s law by extrapolating the
frequency-magnitude statistics of measured aftershocks
of a given main shock to infer the largest aftershock.
We consider eight earthquakes that occurred in south-
ern and Baja California between 1987 and 2002 with
magnitudes equal to or greater than 5.5. The difference
in magnitude between main shock and largest after-
shocks were 1.23+0.046 (Bath’s law) and the difference
in magnitude between main shock and inferred largest
aftershocks were 1.21+0.27 (our modified Bath’s law).
We show that the applicability of the modified Bath’s
law implies that the fractional stress transfer respon-
sible for aftershocks is a constant independent of main
shock magnitude and that this scaling varies by about
25%. We find that about 95% of the energy dissipation
due to an earthquake is associated with the main shock
and 5% with the aftershocks.
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The Aiquile region of central Bolivia is situated
in the core of the actively deforming Bolivian Oro-
cline. Palaeomagnetic data show that differential ro-
tations consistent with oblique convergence have con-
tinued over the past 10 Myr. Structural mapping of the
sub-Andean fold-and-thrust belt to the east shows that
the majority of this convergence has occurred there as
shortening; however there exists a significant trans-
verse component of motion which must be accommo-
dated as strike-slip faulting elsewhere. Many topo-
graphic lineations assumed to be related to strike-slip
faulting have been identified in the area around Aiquile,
however none has been associated with large earth-
quakes or demonstrated to be active over the past mil-
lion years. On 22nd May 1998, a Mw = 6.5 earthquake
struck the region, the largest shallow earthquake to oc-
cur in Bolivia for 50 years, resulting in over 105 fatali-
ties and rendering thousands homeless in the towns of
Aiquile and Totora and their surrounding villages. Seis-
mic observations of the event are inconclusive; the cor-
rect orientation and style of the faulting – either right-
lateral strike-slip on a N–S fault, or left-lateral on an
E–W fault – cannot be determined as large uncertain-
ties in earthquake location mean we do not know a priori
which of the two nodal planes in the focal mechanism is
the fault plane, or upon which structure the earthquake
occurred. We present here the first study of a Bolivian
earthquake using InSAR. Despite the rugged nature of
the terrain in the Aiquile region, with its sharp changes
of relief (∼ 3000 m over 20 km) – a consequence of its
location between the high Altiplano to the west and
the foreland basin to the east – we demonstrate that
by using freely-available SRTM digital elevation data
we can correct for topographic artifacts and generate a
clear deformation signal. Our preferred model is for slip
on a N–S-striking fault, with a location which validates
Modified Mercalli Intensity maps constructed from field
observations and local damage reports.
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We use InSAR, GPS, and seismic data to constrain
the location of co-seismic and post-seismic slip on the
subduction interface in southern Peru and northern
Chile. We focus on the July 30, 1995, Mw 8.1 and
the January 30, 1998, Mw 7.1 northern Chile earth-
quakes as well as the November 12, 1996, Mw 7.7 and
June 23, 2001, Mw 8.4 southern Peru earthquakes. For
all four earthquakes, we invert body-wave seismic wave-
forms and geodetic data (InSAR for all earthquakes and
GPS where available) both jointly and separately for
co-seismic slip. In northern Chile, we constrain the
temporal and spatial evolution of post-seismic after-
slip using about 30 interferograms spanning 1995-2000
and GPS data from the German SAGA array (spanning

1995-1997, including vertical displacements). In south-
ern Peru, we use InSAR data, and GPS data from the
Arequipa station to constrain post-seismic after-slip.
Comparison of these events provides insight into the
rupture process of large subduction zone earthquakes
and the mechanisms of post-seismic after-slip. The
plate tectonic setting for all the earthquakes is similar
(convergence rate, plate age, etc.), but the amount of
post-seismic after-slip is different. There is significant
slip after the 2001 earthquake (equivalent to approxi-
mately 20% of the co-seismic moment), but compared
to other recent subduction zone earthquakes, there is
little slip following the other three events. The dif-
ferent amounts of post-seismic slip are not obviously
related to differences in the dynamic ruptures of each
event, but might be related to along-strike variations
in material properties (like sediment thickness).
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The Ecuador-Colombia subduction zone is a poten-
tially important laboratory for observing the effects
of variations in lithospheric buoyancy on seismic cou-
pling. Subduction of the aseismic Carnegie Ridge is
associated with pronounced margin-parallel variations
in crustal thickness and buoyancy of the downgoing
lithosphere. The subduction zone has been ruptured
repeatedly in 1906 (Mw = 8.8), 1942 (Mw = 7.9), 1958
(Mw = 7.8), and 1979 (Mw = 8.2). The 1958 and
1979 ruptures have been linked to asperities on the in-
terplate surface. Simple elastic boundary element and
viscoelastic models were used to simulate CASA (Cen-
tral And South America) GPS-observed surface defor-
mation. The results suggest that interseismic elastic
strain accumulation is occurring evenly (50% appar-
ent elastic locking) throughout the Ecuador-southern
Colombia forearc. However, on-going postseismic relax-
ation of a viscous upper mantle (10E19 Pa S) following
the 1979 earthquake masks the true total strain rate in
southern Colombia. In southern Ecuador south of the
ridge-trench intersection, despite apparent uniform in-
terseismic elastic locking, no large historic earthquakes
(Mw>7) have been recorded. The relationship between
subducting lithospheric buoyancy and seismic coupling
cannot be resolved yet because of the paradox of ap-
parently uniform elastic locking but non-uniform his-
toric seismicity restricted to asperities north of the
ridge. The CASA observations of lithospheric defor-
mation associated with the earthquake cycle in the
Ecuador-Colombia subduction zone are tantalizing but
tentative at this point, because of limited spatial reso-
lution (>100 km average spacing) and limited tempo-
ral resolution (only one continuous GPS station in the
Ecuador-southern Colombia forearc).

URL: http://estrella.geol.sc.edu/˜agl/Projects.htm
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Nearly all interplate megathrust earthquakes occur
in the seismogenic coupling zone between converging
plates. In the area of the 1960 Chile earthquake (Mw =
9.5), we aim at a quantitative understanding of the seis-
micity and its relation to processes operating at depth
and at the surface. As a first step, the offshore exper-
iment SPOC with RV SONNE was combined with an


