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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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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 180o, 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
layers in radius and six sectors in longitudes. 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 160oE) 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.
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

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

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.

S31C-0782 0830h POSTER

Mantle Anisotropy Beneath the Alaska
Range Inferred From S-wave Splitting
Observations: Results From BEAAR

Douglas H Christensen1 (907-474-7426;
doug@giseis.alaska.edu)

Geoffrey A Abers2 (617-353-2616; abers@bu.edu)

Toni L McKnight3 (906-487-9613;
tlmcknig@mtu.edu)

1Geophysical Institute, University of Alaska Fair-
banks, P.O. Box 757320, Fairbanks, AK 99775-7320,
United States

2Boston University, Department of Earth Sciences,
Boston, MA 02215, United States

3Michigan Technological University, Department of
Geology, Houghton, MI 49931, United States
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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We observe significant variations in shear wave
splitting parameters using teleseismic S and regional
ScS waves recorded on an L-shaped array of nine sta-
tions (with 10 km spacing) situated above the fore-arc
region of the Hikurangi subduction zone, New Zealand.
This is in marked contrast to a previous study which
found no variation in average SKS splitting values at
a network of nine stations with a spacing of 100 km
in the same area. Two of the stations were co-located
with stations in the array we are using. In a previ-
ous study using local earthquakes recorded at the array,
station to station variations in splitting were seen, sug-
gesting variations in near surface anisotropy. SKS split-
ting was also previously studied at the array, but the
seismograms were stacked to try to improve the signal
to noise ratio, which meant that it was not possible to
study any variation in splitting. In this study we have
used S and ScS phases, whose frequencies are interme-
diate between local and SKS events and we are able
to obtain high quality splitting measurements at the
individual stations without stacking. In general, sig-
nificantly higher delay times are observed at the three
stations on the down-dip arm compared to the other
six stations aligned sub-parallel to the strike of sub-
duction. For one of the ScS events (with a wavelength
of around 10 km) the delay times change from 1 ± 0.1 s
to 1.5 ± 0.1 s over a distance of 26 km. The fast polar-
isation directions also vary between stations but there
is no clear trend, and there is evidence for variations in
the splitting parameters obtained from different events.
The variation in splitting seen across the array suggests
that the anisotropy can not be on the source side. The
S and ScS waves have similar raypaths beneath the sta-
tions as SKS but have higher frequency content. This
suggest there is a frequency dependence in the splitting
parameters, which is inconsistent with standard models
of olivine LPO causing the anisotropy.
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In the deep crust, temperature, which is among the
key parameters controlling lithospheric dynamics, is in-
ferred by extrapolation from the surface using several
assumptions that may well fail in regions of active tec-
tonics and fluid migration. In the rare case that tem-
peratures of 700◦C or higher are exceeded in the up-
per/middle continental crust composed of quartz-rich
felsic rocks, the α-β quartz transition (ABQT) will oc-
cur, generating a measurable seismic signature and of-
fering the possibility for precisely estimating tempera-
ture from the known ABQT phase diagram. Here it is
shown that all expected seismic features of the ABQT
are met by the boundary at 18-32 km depth below the
INDEPTH III profile in central Tibet. Thus, this seis-
mic boundary more probably represents the signature
of (recent) geological processes rather than a lithologi-
cal boundary.
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A number of previous studies have confirmed the

global existence of the major mantle discontinuities
by aligning seismograms on a surface reflection phase.
Stacking large numbers of traces aligned this way yields
signals from precursor phases, which have amplitudes
too low to be seen in individual traces. Previous com-
parisons of PP and SS precursor data sets have consid-
ered global discontinuities (Flanagan & Shearer [1999]).
Here we also study the lateral variations in mantle dis-
continuities by considering PP and SS precursors from
certain -well sampled- regions. The stacking procedure
utillises a slant stack in which traces with varying off-
sets are aligned to a reference distance using a range
of slownesses. The slant stacks are then converted
to a trace in which the stacking slowness is time de-
pendent, the time dependence being chosen to max-
imise the stacked amplitude corresponding to reflec-
tions from a continuous range of mantle depths. The
weak precursor signals are enhanced using deconvolu-
tion techniques. We present stacks for PP and SS pre-
cursors which contain bounce points within a specified
region. We observe and compare the observations of
PP and SS precursors consistent with reflections from
upper mantle and transition zone discontinuities. By
comparison with WKBJ synthetics we attempt to con-
strain the variations in seismic parmeters which can ex-
plain the precursor arrival times and ampilitudes. The
comparison of S-wave and P-wave underside reflections
from mantle discontinuities allows better constraints to
be placed on the discontinuity characteristics such as
impedance contrast and discontinuity thickenss. Such
information is a prerequisite for the integration of re-
sults from seismology and mineral physics to establish
the causes of mantle discontinuities.
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Recordings of deep Fiji-Tonga earthquakes from an

array of 15 broadband seismographs in Fiji are stacked
and searched for reflections and conversions from upper
mantle discontinuities near the Fiji-Tonga slab. The
Fiji array operated as part of the SAFT (Seismic Ar-
rays in Fiji and Tonga) experiment from July 2001 to
August 2002. In comparison with the commonly used
teleseismic approaches, the short path lengths for the
local data provide smaller Fresnel zones and high fre-
quency content for precise mapping of discontinuity to-
pography and sharpness. This is particularly impor-
tant for a subduction zone, where variations in temper-
ature and water content may be expected which should
cause changes in the elevation and sharpness of the dis-
continuities. We study the phases s410p, P660p and
S660p where they arrive at least 10 seconds after the
direct P wave and prior to the S wave accross the ar-
ray. To anhance low-amplitude reflections/conversions,
deconvolved seismograms from each event are aligned
on the maximum amplitude of the direct P wave and
slant stacked. Preliminary results indicate that for the
northern part of the Fiji-Tonga subduction zone, the
660-km discontinuity varies between 660 and 670 km
in depth. In the central part we observe converted
phases consistent with a “410” depth of 380 km, indi-
cating the effect of the cold subducting plate. The re-
flections/conversions show only a slight frequency shift
relative to the direct P waveforms, suggesting the dis-
continuities are relatively sharp. The thickness for the
660-km discontinuity is estimated as between 2 and 6
km.
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The presence of strong lateral heterogeneity in D”
is now well documented and presents challenges for
seismic modeling. The main challenges are the lim-
ited global sampling of D” and the theoretical limits
of validity of the present modeling tools, such as stan-
dard ray theory and mode approaches. We use coupled
normal mode/Spectral Element Method (SEM) to com-
pute synthetic seismograms of Sdiff in the D” part of a
tomographic model(SAW24b16, Mégnin and Romanow-
icz, 2000) down to corner frequency 1/12s. SEM allows
to take into account strong heterogeneity in a rigorous
manner. The coupled method is much faster than stan-
dard SEM, when the numerical part of the computation
is restricted to the D” region. In the rest of the man-
tle, the wave field is computed using efficient normal
mode summation. As a first step, we consider a ra-
dially symmetric model outside of the D” region, and
compare Sdiff synthetics with observed waveforms for
a collection of deep earthquakes, for which the effect of
strong heterogeneity in the crust and upper mantle is
avoided. Observed and synthetic travel time trends are
very consistent and in many cases the observed residu-
als are significantly larger. This indicates that the to-
mographic model only represents the smooth features
of the real structure. Observed waveform amplitudes
and SEM synthetics are somewhat less consistent. We
compare the predictions for 800 Sdiff phases using SEM
with those obtained by more approximate methods :
ray theory and NACT (Non-linear asymptotic coupling
theory, a normal mode perturbation approach). We dis-
cuss systematic trends in the travel times predicted
by the different methods, compared to observations.
Starting with the tomographic model, and correcting
for mantle structure outside of D” using approximate
NACT predictions, we next invert for perturbations to
the tomographic model, using the coupled SEM/mode
computation for the forward part of the modeling, in
several regions of D” under the Pacific, which are well
sampled by available Sdiff data. We discuss the result-
ing changes in the D” model.
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Standard models of the upper mantle transition
zone do not explain the complexity of arrivals observed
on long range explosion profiles collected in Siberia and
North America. We observe reverberative arrivals on
high-resolution, nuclear (Peaceful Nuclear Explosions
- PNEs) and conventional explosion seismic profiles in
two offset ranges which have moveouts and traveltimes
which cannot be explained by reflected or refracted ar-
rivals from a simple transition zone with boundaries
at 410 km and 660 km. The phases we observe are
also visible on short period recordings of PNEs made
outside the former Soviet Union, notably on NORSAR
and Grafenberg array data. In addition to anomalous
secondary arrivals, first arrival traveltime misfits sug-
gest anomalous velocities above and in the transition
zone. Additional complexity is required to explain sev-
eral features of the long-range profiles: 1) a reverbera-
tive arrival between the first arrivals and the reflected
arrival from the 410 discontinuity in the offset range
1500 to 2500 km; 2) a coda after the reflected 410 dis-
continuity arrival in the same offset range as above;
3) a previously unreported reverberative arrival with
a long 10 to 15 second coda observed after the first
arrivals in the offset range 2500 to 3500 km and 4) in-
creased amplitudes close to the first arrivals in the off-
set range 2600 to 3000 km. To fit these observations
we need a 520km discontinuity and two separate zones
of small-scale heterogeneity : one from 320 km down to
410 km and one below 410 km down to at least 460 km
and possibly as deep as 520 km. Both 2-D visco-elastic
waveform modeling and reflectivity modeling suggest
that local heterogeneity in the form of seismic scatter-
ers with typical scale lengths of 20 km horizontally and
5 km vertically and velocity fluctuations of 0.2 km/s
can explain the character of the arrivals. The cause of
the heterogeneity may be local variations in composi-
tion interacting with the several phase transformations


