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preliminary results indicate that 31% of 8 by 8km cells
experienced a significant (one sigma) increase in seis-
micity rate during the first year after the 1992 My, 7.3
Landers earthquake (in comparison with the preceding
six years), while the number of cells experiencing signif-
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icant rate increases in other one year increments, from
1984 to 1991, ranged from 16% to 20%.
creases, 8% of cells experienced a significant downturn

For rate de-

in the year after Landers, while a similar percentage of
cells (ranging from 7% to 10% and averaging 8.5%) ex-
perienced significant rate decreases from 1984 to 1991.
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Assessment of Spatial Aftershock
Probabilities: a Feasibility Study in
Earthquake Hazard

John McCloskey (00-44-(0)28-7032-4769;
j.mccloskey@ulster.ac.uk)

UNIVERSITY OF ULSTER, SCHOOL OF BIOLOG-
ICAL AND ENVIRONMENTAL SCIENCES CRO-
MORE ROAD COLERAINE, COLERAINE BT52
1SA
Non-linearity in the generating dynamics of earth-

quakes which may forbid deterministic earthquake pre-
diction does not preclude the estimation of earthquake
probability and, in particular, how this might change
in space and time. Recent developments in the un-
derstanding of stress triggering of earthquakes allow us
satisfactorily to explain the special variation of after-
shock distributions following any large earthquake. To
date, however, this assessment of aftershock probabil-
ity has only been by the back analysis of completed
aftershock sequences. The power of modern micro-
computers, the great number of local and telemetered
seismic networks, the rapid acquisition of data from
satellites coupled with the speed of modern telecom-
munications and data transfer, all mean that it may
be possible that these techniques may be applied in a
forward sense. Here we describe the PRESAP Project
which has been funded by the European Community
and which reported this autumn. The aims of the
project were: 1) to assess the extent to which our sci-
entific understanding of the physical phenomena con-
trolling the variation and seismicity following a large
event permits the forward modelling of aftershock se-
quences; 2) to assess the extent to which data which
is presently collected is sufficient to allow inversions
for slip and stress perturbation fields to be calculated
in useful time-frames of between say 0.1 days and 10
days following the main shock; 3) to assess the extent
to which current date transfer speeds are sufficient to
allow access to the appropriate data within these time-
frames. In this presentation, we describe the main work
packages of the PRESAP Project and outline its find-
ings. In particular, we describe the pseudo real time
scenario which was used to assess the success of the
protocols which have emerged from the project.
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Coulomb Stress Modelling as a Practical
Tool in Real-time Aftershock Hazard
Assessment: the Example of the
PRESAP Blind Test

Oona Scottil (cona.scotti@irsn.fr); Sandy Steacy?;
Massimo Cocco3; Jiri Zahradnik4; John Mec
Closkey? Consortium Presap

llnstitut de Radioprotection et Surete Nucleaire, BP
17, FONTENAY-AUX-ROSES C F-92265, France

2UNIVERSITY OF ULSTER, Geophysics Group,
School of Environmental Studies, Coleraine BT52
1SA, United Kingdom

3Isticuto Nazionale di Geofisica e Vulcanologia, Via
di Vigna Murata 605, ROMA 1-00143, Italy

4Department of Geophysics, Faculty of Mathematics
and Physics, Charles University, KG MFF UK, V
Holesovickach 2, Praha 8 180 00, Czech Republic
We present results of a pseudo real-time scenario
that was performed in the framework of the PRESAP
(Practical, Real-Time Estimation of Spatial Aftershock
Probabilities) project. The aim of the PRESAP project
is to assess the feasibility of using Coulomb stress mod-
elling to make real time estimations of the likely spatial
distribution of off-fault aftershocks following a large
event. As part of this project,
signed to test the practicality of making such assess-
ments in real time. Data from a recorded earthquake,
not studied in the PRESAP project and not known in
advance by the participants, were made available in the
time ordered sequence and in the raw form as it would
have arrived. The test was managed through a web-
site where data and results were continually posted by
the participants located all over Europe. Results show
that CST may indeed provide useful guidance in the
identification of potential fault sources.

the scenario was de-

The location
of aftershocks in association with a-priori knowledge of
the kinematics of potentially active faults played a key
role in decision-making. In the case where the num-
ber of available aftershocks would have been sufficient,
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statistical tests could have also been used. The suc-
cess of the blind-test was in part due to the “simple”
vertical strike-slip faulting tectonics of the region con-
cerned but in particular due to the good knowledge of
the active faults. In regions where the tectonics is more
complex (e.g. Athens 1999 earthquake, Umbria-Marche
1997 sequence), the exercise may not be so straight-
forward. Nevertheless, real-time estimates may be im-
proved by pre-computing a range of potential fault sce-
narios for both Coulomb stress perturbations and ex-
pected ground motions that are likely to affect the crit-
ical sites of interest.

URL: http://www.errigal.ulst.ac.uk/
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Are foreshocks explained by cascades of
triggered seismicity: empirical tests
and comparison with the
Olami-Feder-Christensen SOC model

Stephan Hergartenl (hergarten@geo.uni-bonn.de)
Agnes Helmstetter? (helmstet@moho.ess.ucla.edu)

Didier Sornette2:3 (sornette@moho.ess.ucla.edu)

lDepartment of Geology, Geodynamics Research
Group, University of Bonn,, Nussallee 8, Bonn
53115, Germany

2Department of Barth and Space Sciences and Insti-
tute of Geophysics and Planetary Physics, Univer-
sity of California Los Angeles, 3845 Slichter Hall,
Los Angeles, CA 90095-1567, United States

3 Laboratoire de Physique de la Matiere Condensee,
Universite de Nice-Sophia Antipolis, Parc Valrose,
Nice 09106, France
The observation of foreshocks preceding large earth-

quakes and the suggestion that foreshocks have spe-
cific properties that may be used to distinguish them
from other earthquakes have raised the hope that large
earthquakes may be predictable. Among proposed
anomalous properties are the larger proportion than
normal of large versus small foreshocks, the power law
acceleration of seismicity rate as a function of time
to the mainshock and the spatial migration of fore-
shocks toward the mainshock, when averaging over
many sequences. Using Southern California seismicity,
we show that these properties and others arise natu-
rally from the simple model that any earthquake may
trigger other earthquakes, without arbitrary distinc-
tion between foreshocks, aftershocks and mainshocks.
‘With the quality of available catalogues, we do not find
a convincing dependence of the foreshocks precursory
properties on the mainshock size. Taken at face value,
this would imply that earthquakes (large or small) are
predictable to the same degree as seismicity rate is pre-
dictable from past seismicity by taking into account
cascades of triggering. We also find that cascades of
triggering give rise naturally to long-range and long-
time interactions, which can explain the observations of
correlations in seismicity over surprisingly large length
scales. Most of these properties are found at a qualita-
tive level in synthetic earthquake catalogs generated by
the OFC spring-block model. Following S. Hergarten
and H.J. Neugebauer, Phys. Rev. Lett. 88.238501,
10.1103, 2002, we apply the same analysis to synthetic
catalogues generated by the OFC model. In addition,
and in contrast with the ETAS model and with observa-
tions, we find in the OFC model a dependence of fore-
shock rate on the size of the mainshock, which can be
explained by the concept of the“critical earthquake. In
the OFC model, large events are therefore slighly more
predictable than smaller events.
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After the lightning and before the
thunder; non-Omori behavior of early
aftershocks?

John E Vidalel (310 206-3935; vidale@Qucla.edu)
Elizabeth S Cochranl (cochran@moho.ess.ucla.edu)
Hiroo Kanamori2 (hiroo@gps.caltech.edu)

Robert W Clayton? (clay@gps.caltech.edu)
1IGPP and ESS, UCLA, LA, CA 90095
2Seismo Lab, Caltech, LA, CA 90025

Mainshock rupture is immediately followed by the
receding drumbeat of aftershocks, which have been
known to obey Omori’s law for nearly a century. Un-
fortunately, the initial few minutes of aftershocks are
difficult to observe due to the mainshock coda, net-
work clipping, and the confusion of nearly simultane-
ous events. Yet this interval holds valuable clues about
how stress-induced ruptures may be delayed, often in
fits and starts, and the friction laws that govern tem-
blors. With the advent of continuous recording on
dense networks, we can pry open a window to reveal
aftershock activity 1 to 5 minutes after moderate and

Fos.

large earthquakes. We high-pass-filter 100-sample-per-
second three-component recordings to minimize rever-
berating coda, and select stations for low noise and
impulsive arrivals to reveal patterns of P and S ar-
rivals. We have examined close-in recordings of six
earthquakes recorded on TriNET in southern Califor-
nia (M4.0 2001-10-28 Compton, M4.7 2002-09-21 Yorba
Linda, and M7.2 1999-10-16 Hector Mine) and on Hi-
Net in Japan (M7.3 2000-10-06 Tottori, M5.1 2003-
05-11, and Mb5.4 2003-5-17). Visual examination of
high-passed seismograms typically detects several times
more events in the first few minutes than are recorded
in the best catalogs. Calibration of observed ampli-
tudes with the magnitudes of those events that are in
the catalogs allows all detected events to be assigned
a magnitude. Preliminary results suggest a deficit of
aftershocks by roughly a factor of two from 100 to 300
sec after the mainshock relative to 1/t rate decline with
time. This deficit is comparable to the one tentatively
found for much smaller M1 to M2 (Rubin, JGR, 2002, p
3-10). This pattern is consistent with the existence of
such an interval in rate-and-state friction models prior
to the 1/t aftershock decay rate that (Dieterich, JGR,
1994, interval b). We expect that capturing early after-
shock rates will aid in the understanding of the tran-
sition from propagating rupture to sporadic aftershock
activity.
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Can we achieve consistent inner-core
models from ISC travel-time data and
waveform data?

Masayuki Obayashil (81-46-867-9744;
obayashi@jamstec.go.jp)

Fenglin Niu? (1-713-348-4122; niu@rice.edu)

Lianxing Wen®> (1-631-632-1726;
Lianxing. Wen@sunysb.edu)

1IFREE, Japan Marine Science and Technology Cen-
ter, 2-15 Natsushima, Yokosuka, Kan 237-0061,
Japan

2Department of Earth Science, Rice University, 6100
Main street, Houston, TX 77005, United States

3Dept. of Geosciences, SUNY at Stony Brook, Stony
Brook, NY 11794, United States

‘While it is now generally believed that the Earth’s
inner core is anisotropic to compressional wave propa-
gation, the magnitude and existence of depth variations
of seismic anisotropy are still controversial among the
seismological community. Same is also true on whether
there is a hemispherical variation in both the velocity
(including the isotropic wavespeed and the magnitude
of seismic anisotropy) and the attenuation structure at
the top of the inner core. The discrepancy between
the inner-core models is, however, deeply related to
the type of data used in deriving them: hand-picked
differential travel-time data (PKiKP-PKIKP and PKP-
PKIKP), ISC absolute travel-time data of PKIKP, or
normal-mode data. Models from the first type of data
appear to have strong lateral and radial variations of
seismic anisotropy, as well as the hemisphericity of the
inner core, while the other two types of data tend to fa-
vor models with seismic anisotropy homogeneously dis-
tributed within the entire inner core. Such a discrep-
ancy could result from the sparse and biased sampling
of the differential travel-time data, or the large uncer-
tainties in the ISC absolute travel-time data, or both.
To solve this discrepancy, we analyzed a total of ~2.1
million PKIKP travel time data reported to the Interna-
tional Seismological Center (ISC) in the period of 1964~
1999. We first computed the ISC travel-time residuals
of PKIKP with respect to the PREM model. We used
high-quality relocation catalogs with relatively accu-
rate earthquake locations and origin times in the cal-
culation. We then calculated corrections on the PKIKP
travel time due to the heterogeneous mantle structure.
Our preliminary results suggested that the corrected
travel-time residual data are, surprisingly, very consis-
tent with differential travel-time data. For example, we
found that travel times are systematically smaller, by
about 0.5-2 s, for waves that travel the “eastern” hemi-
sphere compared to those travel the “western” hemi-
sphere. The consistence suggested that the ISC travel-
time data, with its great coverage, has the potential
to shed light on those unresolved regions, such as the
innermost part of the inner core.
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Transition From Isotropy to Anisotropy
in the Upper Inner Core

Kenneth C Creager! (1-206-685-2803;
creager@ess.washington.edu)

Ares Ouzounis! (ares@ess.washington.edu)

1 University of Washington, Earth and Space Sciences
Box 351310, Seattle, WA 98195, United States

‘We investigate models of the radial structure of the
western hemisphere of Earth’s inner core. Differential
travel times of PKiKP — PKIKP indicate that the out-
ermost inner core is isotropic and slightly slower than
global models such as PREM. On the other hand, ob-
served travel-time residuals of PKPgo — PKIKP and
PKP 5, p — PKIKP increase systematically from 1 to
6 s as a function of increasing ray turning depths for
ray paths that are parallel to Earth’s spin axis. Rays
perpendicular to the spin axis typically have slightly
negative residuals. These observations suggest the out-
ermost inner core is nearly isotropic and that strong
anisotropy exists deeper in the inner core. We in-
vert these times for models characterized by an outer
isotropic layer and a deeper anisotropic layer separated
by a transition zone with thickness varying from 0 to
150 km. Models determined by linear inversions using
ray paths calculated from isotropic models can only ad-
equately fit the observations if the isotropic layer is
between 50 and 150 km thick. However, the strong
gradients imposed by the anisotropic model force large
deviations in ray paths, so a non-linear scheme with
appropriate ray tracing is needed. Using anisotropic
ray tracing we find that models with an isotropic layer
ranging from 150 to 300 km thick all adequately fit the
travel-time data. However, thick isotropic layers re-
quire correspondingly stronger anisotropy below. Fi-
nally, models with discontinuities and linear gradients
up to 150 km thick cannot be distinguished by travel
times alone. On the other hand, synthetic seismograms
demonstrate that amplitudes of direct and reflected ar-
rivals are very sensitive to the width of the transition
zone. While there is some evidence for secondary ar-
rivals in the seismograms, robust stacks of waveforms
across regional arrays do not exhibit coherent arrivals,
suggesting either that the transition is broad, or that
sharp transitions are not coherent over large spatial
scales.
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Entire Array Observation of
Near-vertical PKiKP: Observation of
Sharp ICB, Sharp Inner Core
Reflector/Discontinuity, and no ICS
Signal

Hitoshi Kawakatsu (+81-3-5841-5817;
hitosi@eri.u-tokyo.ac.jp)

Earthquake Research Institute University of Tokyo, 1-
1-1 Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan

Clear observation of near-vertical PKiKP is known
for its rareness, preventing detailed seismological inves-
tigation of the top part of the inner core. We present
an entire array observation of such near-vertical PKiKP
from a recently deployed Japanese seismic network (Hi-
net). The record section of an intermediate depth
earthquake in Mariana (2001/01/07, Mw6.5) shows re-
markably clear arrivals of PKiKP in an epicentral dis-
tance range of 14-24 degrees. From more than 170 indi-
vidual picks of PKiKP, we could further perform array
analysis of PKiKP related seismic phases with unprece-
dented high quality. Both PKiKP and PcP show strong
similarity in waveform up to a frequency of 2 Hz, which
suggests that ICB may be as sharp as CMB and no
thicker than 2 km. Slant stacks for a 1-2 Hz frequency
band where PKiKP and PcP show the peaked energy,
SKiKP can be identified with the appropriate slowness.
In this band where the background noise level is 2-3 %
of PKiKP, however, no other conspicuous phase is iden-
tified except a slight indication of pPKiKP; thus the
inner core appears highly transparent in this frequency
range. In the lower frequency band of 0.5-1.0 Hz, on
the other hand, the slant stack for the PKiKP slowness
contains two clear signals (above four standard devi-
ations) at about 75 and 85 seconds after PKiKP. The
former phase is likely to be pPKiKP. The later phase,
which is about 20 % larger in amplitude, could be iden-
tified as a pPKiKP crustal reverberation phase, but the
amplitude appears too large; further, no corresponding
phase is seen in PcP stack while pPcP is seen at 75 sec
after PcP. It is then possible to interpret this phase as
a reflection from a slightly dipping discontinuity inside
of the inner core at a depth of 470 km below ICB. The
reflection coefficient (half of the impedance contrast)
should be about 3 + 1%, and the transition thickness
is about 5 km. The reflection points are located in the
so-called “eastern hemisphere” of the inner core where
a relatively thick (~400 km) outer isotropic layer have
been observed. Geophysical consequence of such sharp
ICB and a sharp inner core discontinuity, as well as
the apparent lack of ICS (inner core scattering), will
be further discussed.
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Near-antipodal PKPdf observations
from the Trans-Antarctic Mountains
Seismic Experiment (TAMSEIS):
Constraints on inner-core anisotropy
from a seismic deployment in
Antarctica
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The Trans-Antarctic Mountains Seismic Experiment
(TAMSEIS), a temporary deployment of broadband
seismographs in Antarctica, offers a unique opportu-
nity to observe nearly antipodal PKPdf phases propa-
gating sub-parallel to the axis of inner core anisotropy.
Such phases are highly important for understanding in-
ner core anisotropy but are rare in the global dataset.
The 43 seismographs extend from the Ross Island re-
gion (-75, 163) to the East Antarctic Plateau (-82,
102) and, together with the South Pole station, pro-
vide a wide region of high latitude coverage. The seis-
mographs were deployed in November, 2001 and will
be recovered in December, 2003. Noise characteristics
of the stations are good, as indicated by high quality
recording of small events from the Arctic ridge, and re-
liability is generally excellent from November through
March. An Arctic Ridge earthquake (Dec 8, 2001, Mw
5.2) was well observed at distances of 169 to 176 de-
grees. PKPdf anomalies relative to IASPEI91, deter-
mined by waveform correlation, range from about -4.3
s to -6.0 s, and PKPdf-ab anomalies range from -4.0
to -6.4 s. PKPdf-ab anomalies show a stronger cor-
relation with df anomalies rather than ab anomalies,
suggesting that the signal in the differential anoma-
lies is largely accumulated along the df path. Both the
PKPdf and the PKPdf-ab anomalies show a trend to-
wards larger anomalies for smaller ray angles (relative
to the earth’s spin axis) in the inner core. This trend
suggests strong anisotropy near the center of the inner
core and is inconsistent with recent models for inner
core anisotropy that contain an innermost inner core
of reduced anisotropy or different fast axis orientation.
Alternatively, the observed travel time variations could
be caused by strong inner core heterogeneity. Several
other events are well observed at distances of 148-156
degrees. These waveforms show no evidence of a sec-
ondary df phase arrival previously observed on differ-
ent polar paths and used to infer a discontinuity in the
uppermost inner core. Instead, PKPdf arrivals at all
distances seem to show high intrinsic attenuation.
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On PKiKP Recorded at Short Distance
on the Warramunga Array and the
High Frequency PKiKP Coda
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PKiKP is the P-wave reflected on the inner core
boundary (ICB). PKiKP is frequently observed on the
Warramunga seismic array in Australia for events of
magnitude larger than 6 in the distance range 15-45
degrees. In the frame of the Comprehensive Test Ban
Treaty, the Warramunga array has been upgraded with
a high dynamic range (24 bits) recording system and
broadband sensors. This improvement permits to de-
tect PKiKP on single traces, without stacking. PKiKP
is a sharp arrival in the frequency band 2 Hz to 5 Hz.
Its waveform is sometimes showing some complexity: it
can be preceded by a small onset or can exhibit double
or triple pulses, not observed on PcP. In this frequency
band, the amplitude of PKiKP is larger than the event’s
coda. The coda of PKiKP is quickly decreasing within
the first 20 seconds. We do not observe the slow (60 s.)
building up of amplitude in the PKiKP coda observed
by Vidale et Earle (2000) on LASA data which lead
them to infer strong kilometer-scale heterogeneites be-
neath the ICB. We filter the signal in 5 different band-
passes. In each bandpass, we compute the average of
the maxima of the 24 traces in successive 2 seconds
moving windows. This simple processing exhibits the
decay of the coda as a function of time and frequency
along the entire seismogram. For reflected phases like
PcP or ScP, usually the coda decreases rapidly after the
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phase arrival time and returns to its level before the ar-
rival of the phase. For the S phase, the amplitude of
the coda remains higher after the S arrival time than
before: a coda offset is generated at the time of S. The
same occurs for PKiKP. PKiKP is followed by a coda
with an amplitude about half that of PKiKP, predom-
inantly in the frequency range 3 Hz -6 Hz. This high
frequency PKiKP coda seems to ring for a very long
duration. Unfortunately, for the events of magnitude
6-7 available, the sensitivity level of the recording sys-
tem is reached near 1200-1300 s and the coda amplitude
becomes smaller than the recorder intrinsic noise level.
The amplitude of the coda increases later, around 1800
s, due to PKKP scattering. The ICB seems to be a com-
plex interface which (1) reflects high frequency PKiKP,
(2) transmits low frequency PKIKP and (3) generates a
high frequency PKiKP coda lasting more than 200 sec-
onds. We present an hypothetical velocity model that
may behave like the ICB and attempt to relate it to the
mechanism of growth of the inner core.
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New Evidence for Inner Core Scattering
from Observations of PKiKP Coda
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The existence of small-wavelength scatterers in
Earth’s inner core has been suggested based on the fre-
quency dependence of inner core Q, and as a partial
explanation for PKP and PKKP precursors. However,
recent observations of anomalously large PKiKP coda
waves have provided the first direct seismic evidence of
inner core scatterering (ICS). There is no consensus on
the physical nature of the proposed scatterers, though
possibilities include the presence of partial melt and
variations in the strength and orientation of anisotropy.
‘We have recently begun a search for evidence of ICS us-
ing PKiKP data from the small aperture array stations
of the International Monitoring System. These stations
generally have poorer slowness resolution than LASA
(the now defunct array at which the original 1ICS ob-
servations were made), but are small enough that high
frequency energy remains coherent across the array and
can be substantially enhanced through beamforming.
We selected events having favorable focal mechanisms
and occurring in the distance range of 50-90 degrees,
where the theoretical PKiKP amplitude is very small.
We processed the data in four overlapping frequency
bands using a sliding window, time domain, beam-
forming algorithm that uses a coherency measure as a
weighting factor. Out of 260 viable event/receiver com-
binations, 52 were positive for an anomalously large
PKiKP coda, an additional 26 were inconclusive, and
the remainder were negative. The majority of the posi-
tive observations had a maximum coda amplitude quite
close to the theoretical PKiKP arrival time. In these
cases it is unclear if the coda is being created by scat-
terers within the inner core, or by scatterers within the
crust and mantle acting on an unusually large PKiKP
phase. However, in approximately 15 cases the max-
imum of the PKiKP coda occurred 20-60 s after the
predicted PKiKP arrival, strongly suggesting an origin
in the inner core.

URL: http://mnw.ecas.slu.edu/People/KKoper/CORE/
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Examination of systematic mislocation
of south sandwich islands earthquakes
from station pairs: Implications for
inner core rotation
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One of the most robust observations for the inner
core rotation is that the differential PKP BC-DF travel
times from South Sandwich Islands (SSI) earthquakes
to College, Alaska (and some other stations in Alaska)
have increased systematically over the past 50 years.
The time shift in the differential time residuals is about
0.12 s per decade. However, the time-dependence was
questioned because of possible systematic earthquake
mislocation. Here we examine about 40 years of P ar-
rival times between pairs of stations. We examine how
the difference in P residuals of one station at similar
azimuth as the path from SSI earthquakes to Alaska
and the other station at the opposite azimuth changes
with time. Because the differential horizontal slowness
between the P arrival times of the pairs is 10 to 20
times that of the differential BC-DF times, mislocation
would cause a time shift of the differential P times an
order of magnitude larger than that of BC-DF times.
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Our preliminary results from time picks of earthquake
bulletins suggest that most of the station pairs have
a a very small increase of differential P residuals with
time and some station pairs have a decrease of resid-
uals with time. After removing all the means of the
residuals of different station pairs, the combined data
suggest an increase of 0.1 to 0.2 s per decade. Assum-
ing the time shift is caused by mislocation, the corre-
sponding time shift for the differential BC-DF times at
Alaska stations would be less than 0.02 s per decade,
which is much less than the observed time shift of the
BC-DF times. We have also collected P waveforms of
a selected few stations. Results from the precise time
picks of these stations will be presented.
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Three-dimensional structure of inner
core anisotropy from PKP differential
travel times and waveforms

Xiaodong Song (217-333-1841; xsong@uiuc.edu)

Department of Geology, University of Illinois, Urbana,
IL 61801, United States

Discussion with Prof. Don Anderson was one of the
most inspiring and stimulating experiences in my sci-
ence career when we were searching for evidence for in-
ner core anisotropy a little over ten years ago. At the
time, the hypothesis of inner core anisotropy was not
fully accepted. Now models of 3D inner core anisotropy
have been proposed. Recent studies suggest that the
uppermost inner core is nearly isotropic and western
and eastern hemispheres of the inner core are different
in both velocity and anisotropy. Yet differential PKP
travel times at near antipodal distances show convinc-
ingly that significant anisotropy exists in the bulk of
the inner core at both hemispheres. Recently Xinlei
Sun and I assemble differential PKP travel-time mea-
surements at distances of 145 to 180°, obtained by us
and others over the years, to investigate the 3-D struc-
ture of the inner core anisotropy. These differential
times reduces the biases from earthquake mislocations
and heterogeneous upper mantle. We invert for 3D in-
ner core anisotropy by dividing the inner core into four
The top
100 km of the inner core is assumed to be isotropic.
Our inversion suggests that at depth of 100-500 km be-
low the inner core boundary, the quasi-eastern hemi-
sphere (40 to 160°E) is nearly isotropic (less than 1%
of anisotropy) while the western hemisphere is strongly
anisotropic (3 to 5% anisotropy). However, at depth of
500-900 km, both hemispheres are anisotropic (about
3% anisotropy). At the innermost 300 km of the inner
core, the form of anisotropy seems distinctly different.

layers in radius and six sectors in longitudes.

One of the most dramatic manifestations of changes in
anisotropy is the observation of seismic triplication of
inner core waves; a type of multipathing effect due to
heterogeneity that Don challenged to think about even
in the early days. The best example is the seismic trip-
lication observed from South Sandwich Islands earth-
quakes recorded at stations in Canada and Alaska.
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We investigated shear-wave polarization anisotropy
in the mantle wedge beneath the southern part of To-
hoku, Japan, by using waveform data of intermediate
depth earthquakes with M>2.5 recorded by the seismic
networks of Tohoku University and Japan Meteorologi-
cal Agency (JMA). We selected waveform data with ray
paths whose incident angles to the surface are 35 de-
grees or less to avoid contamination of particle motions
by converted phases. All the seismograms thus selected

Cite abstracts as:

were filtered with bandpassed ranges of 2-8 Hz. Cross-
correlation method [Ando et al., 1983] was used for de-
termining delay time between the leading and following
shear-waves (delay time) and the leading shear-wave
polarization direction (fast direction). Two horizon-
tal components of observed seismograms were rotated
with the direction from 0 to 180 degrees with an inter-
val of 5 degrees, and shifted one horizontal component
by a time lag. The time lag varied from 0 to 1 s with
an interval of 0.01 s. The length of time window used
to calculate correlation coefficient was set to be nearly
equal to one cycle of the shear-wave. We do not use the
data whose maximum correlation coefficient is less than
0.8. Obtained results show that most of the fast direc-
tions at stations in the back-arc side are nearly E-W,
whereas those at stations in the fore-arc side are N-S.
We infer that the anisotropy caused by lattice-preferred
orientation of olivine, which is probably produced by
flow in the mantle wedge, is a likely candidate for the
observed shear-wave splitting with E-W trend fast di-
rections in the back-arc side. Although it is not certain
what causes the N-S trend fast directions in the for-arc
side, the same trend is seen in the previous studies of
other areas in Tohoku [Okada et al.,1995; Nakajima,
2002]. Observed delay times are mostly 0.1-0.3 s, which
is consistent with the results of Okada et al. [1995] and
Nakajima [2002]. Acknowledgments: We are grateful to
the staff of the JMA for allowing us to use their data.
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We measure array-averaged particle motion and
polarization for teleseismic P-waves within the
large aperture (~ 70 km) Anza Broadband Array
(http://eqinfo.ucsd.edu). Using three component Anza
seismic data and a multi-wavelet method developed by
Bear, et al., we compare our results to Schulte-Pelkum, et
al. more traditional cross correlation techniques. The
applied multi-wavelet technique, a hybrid of Fourier
and time-domain principal component methods yields
insights into the relationships between phase velocity
(i.e. the slowness vector) and particle motion which
are not as attainable from traditional techniques. As
seen in previous studies, we expect to find longitudinal
departures in P wave particle motion due to regional
anisotropy. Examination of thirteen events (5.1< Mb
<6.1) yields comparable particle deviations for both
methods, yet significant differences exist in frequency
dependence of these events.
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We use normal mode Rayleigh wave phase and am-
plitude data recorded at the TriNet network in southern
California to invert for phase velocities at periods from
25 to 143 s. These phase velocities were used to ob-
tain 3-D S-wave velocity structure in the upper man-
tle. Phase velocities on the Pacific plate side of the
plate boundary are systematically higher than on the
North American side, suggesting that seismic velocity
contrast between these two plates extends to the upper
mantle. In the upper mantle, there is a pronounced
low velocity anomaly beneath the Long Valley/Mono
Lake region, which has not been observed by previ-
ous tomographic studies. This low velocity anomaly
is consistent with melting extending to the base of the
crust beneath this part of the western Basin and Range

Fos.

province, as suggested based on the composition of late
Cenozoic basalts (Wang et al., JGT, 2002). There is
a high velocity anomaly under the Transverse Range
and a slightly slow velocity anomaly under the Salton
Trough, both of which have been observed in previous
body and/or surface wave tomographic studies. Assum-
ing uniform anisotropic structure in the whole study
area, the strength of anisotropy is about 2.5% at all
periods. However, the fast direction varies with period.
The fast direction of apparent anisotropy is nearly W-E
at periods less than 50 s, consistent with the fast polar-
ization axis of SKS splitting measurements in Southern
California. At periods larger than 67s, the fast direc-
tion changes to NW-SE, subparallel to the plate bound-
ary. This two-layer azimuthal anisotropy structure is in
contrast to the one-layer SKS splitting model for south-
ern California, implying that lateral heterogeneity may
affect the apparent anisotropy of long-period surface
waves. If anisotropy is allowed to vary laterally in our
models, we find a minimum in azimuthal anisotropy in
the vicinity of the Transverse Range, suggesting pos-
sible more vertical alignment of the olivine a-axis in a
region of downwelling.
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The tectonics of southern and central Alaska are
dominated by the subduction of the Pacific plate be-
neath the North American plate. The Broadband seis-
mic Experiment Across the Alaska Range (BEAAR)
was a 2.5-year PASSCAL deployment utilizing 36
closely spaced (10-15 km) broadband sensors. These in-
struments were deployed across the Alaska Range and
above the subducting Pacific plate in roughly north-
south and east-west lines. Much of the study region is
underlain by a mantle wedge, which gradually pinches
out at the southernmost stations. The depth of the sub-
ducting slab increases to the northwest with the deep-
est earthquakes occurring at 150 km, just north of the
Alaska Range. Teleseismic SKS and S phases, in addi-
tion to S waves from local earthquakes in the subduct-
ing plate, were used to study the anisotropic behavior
of the upper mantle in central Alaska. Two distinct re-
gions of anisotropy are observed, reflecting both flow in
the direction of plate convergence and flow parallel to
the strike of the subducting plate. The transition be-
tween these two zones appears to be very sharp occur-
ring near the 70-75 km contour of the subducting plate.
Waves arriving through material southeast of this line
(through the shallow corner of the mantle wedge) show
fast directions that are parallel to the plate convergence
direction. North of the 70-75 km slab contour the fast
directions abruptly change orientation to roughly par-
allel the strike to the subducting plate. This direction
is also parallel to the trend of several major tectonic
features in the area, including the Alaska Range, and
the right-lateral strike slip Denali and Tintina faults.
Stations that are located above the 70-75 km contour
of the subducting Pacific plate show characteristics of
both regions, depending on the back azimuth of the
arrivals. These observations set strong constraints on
the location of the transition zone between the two re-
gions. While teleseismic observations may represent
anisotropy (or flow) in the mantle wedge, in the sub-
ducting Pacific plate, or beneath the subducting plate,
observations from local slab events indicate that a sig-
nificant portion of the signal comes from the mantle
wedge and that the sharp change in direction is a fea-
ture of the mantle wedge.
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