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noise from the phase or group velocities of the funda-
mental mode. However, for the higher modes at short
periods, the difference exceeds the observational error
for a pronounced LVZ.
We use non-linear inversion to check the set of solu-
tions for the dispersion curves of the different models.
As expected, the data is more sensitive to Vs than Vp.
The solution space requires a low velocity only when
the LVZ is pronounced (> 80 km (40 km) thick for a
velocity reduction of 2% (5%)). However, the calcu-
lated thickness and velocity contrast are smaller than
in the original model.
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One of the outstanding questions about the Gulf
of California remains: what is the composition of the
crust; more specifically, is there any continental crust
beneath the thick sedimentary layer in the Gulf or is
it all new oceanic crust. An answer to this question
places bounds on the strength and the mechanical be-
havior of this actively extending region and may help
explain the curious lack of seafloor spreading despite
300 km of upper crustal separation over the last 6 myrs.
We use receiver functions (RFs) from teleseismic events
recorded by the NARS-Baja array to map crustal thick-
ness in the margins of this newly forming ocean basin
and use these results to constrain the amount of con-
tinental crust within the Gulf. The RFs show clear
P-to-S wave conversions from the Moho beneath the
stations. The delay times between the direct P and
P-to-S waves indicate thinner crust closer to the Gulf
along the entire Baja California peninsula. This ap-
proximately W-E shallowing in Moho depths is signifi-
cant with extremes in crustal thickness of ∼ 20 and 40
km. A similar trend on the opposite side of the rift may
be established with better spatial data coverage. Simi-
lar results have, however, been obtained at the northern
end of the peninsula by previous workers, who proposed
a mechanism of lower crustal flow associated with rift-
ing in the Gulf Extensional Province for thinning of
the crust. We also interpret the Gulf-ward thinning of
the crust as related to ductile flow in the lower crust
during the early stages of rifting and further suggest
that the amount of lower continental crust within the
Gulf itself is significant. Besides the conversion from
the Moho, a number of interesting lithospheric features
above and below the Moho are also prominent in the
RFs. These may be an indication of isotropic dipping
layers or anisotropic layers. In addition, we observed
P-to-S conversions from the 410 and 660 upper mantle
discontinuities and were able to map these features over
a wide area. In contrast to the 660, which is relatively
flat lying and continuous, there is evidence of some to-
pography associated with the 410 discontinuity.
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Teleseismic events that had been clearly recorded
across TTSN and CWBSN through the past 7
years (1987-1995) has been identified and compiled.
Recorded waveforms of those with epicentral distances
30◦ 90◦ away from Taiwan are analyzed by the multi-
channel cross correlation algorithm to yield a set of con-
sistent relative differential travel times across the area
covered by the seismic networks. After careful qual-
ity control, 140 events that yield relative differential
travel times within the range of 1.5 seconds across the
area are retained. These events compose about 2455
rays going through the upper mantle around the Tai-
wan region. Tomographic inversion of these travel-time
residuals are undertaken by assuming that the hetero-
geneities of the velocity structure of the target area,
within 20.5◦-26.5◦ N, 118◦-124◦E and with the depth

above 400 km, is responsible for causing the relative
differential travel times. Preliminary model structures
obtained from three different inversion strategies, in-
cluding the damped least squares, the convolutional
quelling regularization and the multiscale parameter-
ization, are cross-analyzed to probe for the possible
upper mantle structure. Although the data seems to
be noisy and the ray coverage is very likely too sparse,
there are still some interesting implications for upper
mantle structures underneath the Taiwan area. We
will discuss some of these preliminary results as well
as proposing for directions of future study.
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High-pressure assemblages of subducted oceanic
crust are denser than the normal upper mantle but less
dense than the uppermost lower mantle. Thus sub-
ducted oceanic crust may accumulate at the base of
the upper mantle. Direct observational evidence for
this hypothesis, however, remains elusive. We present
an analysis of a negative-polarity shear wave converted
from compressional wave at a seismic discontinuity near
570 - 600 km depth beneath southern Africa. The neg-
ative polarity of the converted phase indicates a 2.2
± 0.2% S-velocity decrease with depth at the seismic
discontinuity. This velocity reduction is associated,
however, with a low velocity contrast at the 660-km
discontinuity. Accumulated oceanic crust at the base
of the upper mantle provides a plausible explanation
for the apparent paradox between the negative veloc-
ity discontinuity and the low velocity contrast at the
660-km discontinuity. Measurements of the elastic con-
stants supplemented by estimates based on systemat-
ics and first principles theoretical predictions suggest
that subducted oceanic crust has a shear wave velocity
2% lower than that of pyrolite at 530 - 630 km depth.
From 600 km depth to the base of the upper mantle,
Ca-perovskite exsolution in former oceanic crust could
increase the shear wave velocity by 1-2 percent. This
scenario is in general agreement with an anomalously
large P-wave velocity gradient over a depth range of
80 km around 660 km depth inferred from the travel
times and waveforms of direct P waves beneath south-
ern Africa.
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Across the Canadian High Arctic
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The CHASME (Canadian High Arctic Seismic Moni-
toring Experiment) project began in summer 2000 with
the deployment of 7 temporary seismograph stations in
communities across the Canadian High Arctic and west-
ern Greenland, adding to the sparse network of existing
permanent stations in the region. Data from two tem-
porary seismograph stations on central Baffin Island
and from the POLARIS seismograph network in the
Northwest Territories are also used in the study. Us-
ing regional and teleseismic surface waves recorded at
pairs of seismograph stations across the Canadian High
Arctic, a number of Rayleigh wave phase velocity dis-
persion curves have been obtained for the region, using
the 2-station method of Gomberg et al. (1988). The
relationship between phase velocity and wave period
is broadly consistent with those for continental shields
worldwide, though significant variation in the charac-
teristics of the dispersion curves exists across the re-
gion. The average shear wave velocity structure along
each of the 2-station paths is obtained using the lin-
earised inversion method of Herrmann (2002). We use
the velocity models to investigate the variations in the
thickness and character of the seismological lithosphere
across the region, and compare our findings with those
from previous structural studies of northern Canada
and mainland Greenland.
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New constraints on crustal thickness and velocity
and mantle anisotropy beneath the east-central United
States and southern Canada were obtained using data
from the Florida to Edmonton Broadband Seismome-
ter Experiment (FLED). This array included 28 broad-
band IRIS/PASSCAL seismometers that were in the
field from May, 2001 to October, 2002, and adjacent
permanent stations from the IRIS/GSN, the USNSN
and the CNSN. Crustal properties were determined us-
ing Ps phases scattered from the Moho and, where pos-
sible, crustal reverberations. Waveforms at each sta-
tion were corrected with an inverse free surface trans-
form, simultaneously deconvolved, migrated to depth
in one dimension, and modeled using migrated propa-
gator matrix synthetic seismograms. Crustal thickness
varies from 30 km to 50 km along the array. Signifi-
cant features include zones of thickened crust beneath
the southern Appalachian mountains and the late-
Proterozoic Mid-Continent Rift in Iowa. The thick-
ness of the southern Appalachian crustal root relative
to surface topography is consistent with the root to
topography ratio found in the northern Appalachians
of Pennsylvania using data from the Missouri to Mas-
sachusetts Broadband Seismometer Experiment. How-
ever, both are large when compared to root/topography
ratios in young orogens. These results are consistent
with global trends in orogenic crustal thickness, moun-
tain topography and gravity anomalies that suggest a
systematic decrease with age in the buoyancy of crustal
roots relative to the mantle. To constrain anisotropy
beneath the FLED array, shear-wave splitting was mea-
sured in SKS and other teleseismic core phases. At
southeastern stations located between the continen-
tal margin and the Appalachian Front and at stations
within the central U.S. craton, where the lithosphere
defined by tomographic studies is significantly thicker,
shear-wave splitting fast directions are roughly parallel
to North American absolute plate motion, and split-
ting times range from 0.6 s to 1.4 s. One exception
occurs in the Mid-Continent Rift Zone in Iowa where
a significantly different (roughly N) fast direction was
obtained. Apart from this latter observation, the mea-
surements are consistent with splitting found elsewhere
in the craton and southern Appalachians by previous
studies. Fast directions over this broad region may in
general be explained by lattice-preferred orientation of
olivine in the asthenosphere as it flows beneath and
around the base of the lithosphere, although contribu-
tions from anisotropy due to past deformation in the
lithosphere are also possible. In contrast, the N fast
direction in the Mid-Continent Rift is not easily mod-
eled by asthenospheric flow alone and is evidence for
a local lithospheric fabric possibly associated with ex-
tension at roughly 1.1 Ga.
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Unexpected features in teleseismic receiver function
reveal the presence of a dipping interface with pro-
nounced seismic velocity contrast in the Campania-
Lucania region, Southern Apennines (Italy). Locus of
this finding is the Melandro-Pergola basin, located be-
tween the maximum intensity areas of two of the most
destructive earthquakes reported in the Italian seismic
catalogue, the magnitude ∼ 7.0 Val d’Agri (1857) and
Irpinia (1980) earthquakes. This area is not associated
with known historical events and for this reason is cur-
rently object of investigation as potential seismic gap,
where the probability of future ruptures is higher than
in surrounding regions. Could the enlightened interface
be the seismogenic source which fills the gap? Could
the findings of this study offer a new tool to investi-
gate and constraint the source parameters of historical
earthquakes?
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The joint inversion of receiver function and surface
wave is an effective way to diminish the influences of
the strong tradeoff among parameters and the differ-
ent sensitivity to the model parameters in their re-
spective inversions, but the inversion problem becomes
more complex. Multi-objective problems can be much
more complicated than single-objective inversion in the
model selection and optimization. If objectives are in-
volved and conflicting, models can be ordered only par-
tially. In this case, Pareto-optimal preference should be
used to select solutions. On the other hand, the inver-
sion to get only a few optimal solutions can not deal
properly with the strong tradeoff between parameters,
the uncertainties in the observation, the geophysical
complexities and even the incompetency of the inver-
sion technique. The effective way is to retrieve the geo-
physical information statistically from many acceptable
solutions, which requires more competent global algo-
rithms. Competent genetic algorithms recently pro-
posed are far superior to the conventional genetic al-
gorithm and can solve hard problems quickly, reliably
and accurately. In this work we used one of compe-
tent genetic algorithms, Bayesian Optimization Algo-
rithm as the main inverse procedure. This algorithm
uses Bayesian networks to draw out inherited informa-
tion and can use Pareto-optimal preference in the inver-
sion. With this algorithm, the lithospheric structure of
Parana basin is inverted to fit both the observations of
inter-station surface wave dispersion and receiver func-
tion.
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The lithospheric structure of the Rhine Graben,
part of the European Cenozoic Rift system (ECRIS),
is studied with the help of a regional 3D teleseismic
travel time tomography. Joint interpretation of the to-
mography, the SKS anisotropy, and a local earthquake
tomographic study leads to a new model for the rift-
ing and development of the Graben. Two seismic cam-
paigns provided 2696 P and PKP travel time residuals
of teleseismic events. The two data sets are combined
and inverted together. This inversion yields detailed
images of the P velocity structure of the lower crust and
the lithospheric mantle down to a depth of 125 kilome-
ters. An absence of strong low velocity anomalies in the
region confirms that there is no shallow mantle diapir,
this demonstrates the passive development of the rift.
The observed velocity structures have an orientation
10◦-20◦ oblique to the graben axis and are interpreted
as inherited Variscan structures. These structures are
thought to have played a dominant role during the

Oligocene rifting of the Rhine Graben. Similar struc-
tures are known to have influenced the development of
the Limagne graben (Massif Central), also part of the
ECRIS. An absence of structures that are orientated
parallel to the graben axis shows that the Upper Rhine
Graben did not form following a traditional McKenzie
or Wernicke model. A new model is presented in which
strike slip movements on the Variscan structures in the
lithospheric mantle are responsible for the extension in
the crust. This conceptual model is supported by SKS
anisotropy and helps to explain some of the features in
the development of the continental rift in the overall
compressive setting of the Alpine foreland.

URL: http://eost.u-strasbg.fr
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Combining land seismic, offshore seismic, and re-
ceiver function structure, allows delineation of the main
structural discontinuities beneath the Japanese Islands.
The location of the subducting Pacific and Philippine
Sea Plates can also be discerned. The focus areas of
study are beneath Hokkaido, Northern Japan and the
Tokai Region, Southwest/Central Japan. Both regions
have detailed offshore/onshore seismic reflection and
refraction studies that have been carried out by JAM-
STEC (Japanese Marine Science and Technology Cen-
ter). In this study the seismic crustal study is supple-
mented with analysis of teleseismic events. Teleseis-
mic data is obtained from NIED (Natural Research In-
stitute for Earth Science and Disaster Prevention) F-
net broadband network. Integrating the receiver func-
tion study with velocity structure from the seismic ex-
periments allows determination of the depth to the
Moho discontinuity and the subducting plate. The non-
uniqueness of the receiver function study for shallower
structure is removed by the addition of the wide-angle
information. The inclusion of shear wave splitting anal-
ysis should help remove the influence of shear wave
anisotropy in the model. This is a first step in construc-
tion of a more accurate 3D structural velocity model for
future modeling of geologic processes and earthquake
relocation for the Japanese Islands region.
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Anomalous travel time residuals were observed in
southern Ireland for teleseismic P-waves from earth-
quakes and nuclear tests during the VARNET-96 con-
trolled source experiment. Heterogeneities in the de-
rived crustal structure cannot explain these so that
most of the variation must originate below the crust.
This present project is designed to more clearly define
the extent of the P-wave residuals, and primarily to test
the theory that seismic anisotropy in the sub-crustal
mantle is the cause of these residuals. The experiment
is designed to observe shear wave splitting, particularly
of the S and SKS phases to see if anisotropic effects can
be observed. Any resolved anisotropy may be due to
transpressive effects resulting from the closure of the
Iapetus Ocean at ca 400 Ma, or to the more recent
stress history of the lithosphere. Surface waves from re-
gional seismic events will also be studied in addition to
wave attenuation. Seismic tomographic imaging with
P- and S-waves will determine the 3-D structure of the

crust and upper mantle. Additionally, a receiver func-
tion analysis will be undertaken to characterise seis-
mic discontinuities at depth. Fourteen broadband seis-
mometers from the Dublin Institute for Advanced Stud-
ies and eight short-period instruments from the GFZ
Potsdam have been deployed to straddle the supposed
line of the Iapetus Suture and the region of the ob-
served P-wave travel-time anomaly. Data examples and
preliminary analyses will be shown.
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Signal enhancement is an important part of
receiver-function imaging. One common technique is
CCP (common conversion point) stacking, in which
receiver-function traces are gathered based on the lo-
cations where P to S conversion occurs. The conver-
sion locations are usually computed using a one dimen-
sional reference velocity model. CCP stacking thus fa-
vors horizontally layered structure, and may produce
an incorrect image of laterally variable and dipping
structures, such as a descending slab of oceanic litho-
sphere. Here we present an investigation of the con-
sequences of lateral heterogeneities on a CCP image.
We chose subducting slabs as our test case for several
reasons. Subducting slabs are one of the major lat-
eral heterogeneities in tomographic images of the man-
tle. The large-scale (∼ 100 km) geometry and physical
properties of subducting slabs are reasonably well con-
strained from travel-time tomographic modeling, and
geodynamic considerations, yet the fine features, such
as the state and behavior of the oceanic-crust portion
of a subducting slab, are still unclear. Such fine-scale
structures are crucial to understanding material re-
cycling, melting processes, arc volcanism, continental
crust formation, and the uneven distribution of sub-
duction zone seismicity. Water is believed to be in-
volved in all these processes; strong P to S conversion
and reflectivity are a good tracer for subsurface water,
converted wave imaging thus offers the promise of pro-
viding understanding of these processes. We generated
synthetic seismograms using a two-dimensional elastic
wave finite-difference code. Teleseismic wavefields are
approximated by an input plane-wave. In our first test
cases, slabs descend from surface to the 660-km discon-
tinuity with various dip angles (30◦-60◦). The thick-
ness of the slab is assumed to be 100 km, and has a
sharp upper boundary but a continuous lower bound-
ary. P-wave velocity within the slab is set to be 2-5%
higher than the surrounding mantle, and δlnVs/δlnVp
is fixed to be 1.5. The dipping slabs were illuminated
with inputs at a range of incidence angles (20◦-45◦)
equivalent to epicentral distances of 30 to 90 degrees,
from both the ocean and back-arc sides. Wave fields
generated from back-arc events are generally more com-
plicated than those from earthquakes on the ocean side.
In the low frequency ( 0.15 Hz) band, although images
of subducting slabs can be reconstructed from the syn-
thetic seismograms, the dip angle is incorrectly mapped
by more than 10◦ when the CCP stacking technique is
applied. It is also impossible to resolve fine structure,
such as the oceanic crust, in this frequency band. Arti-
ficial structures are also found in the CCP images using
back-arc events only. At high frequency, the CCP im-
ages are strongly affected by the bin size used, which
in turn is directly related to receiver array spacing. A
receiver spacing less than 10 km is required in order to
obtain an unaliased image. Such a spacing is available
in some permanent networks (e.g., the high sensitivity
seismograph network, HiNet, in Japan), some PASS-
CAL experiments, and is possible with the flexible ar-
ray component of USArray, allowing us to investigate
the structural geology of the upper mantle in subduc-
tion zones.

S32A-0835 1330h POSTER

Correlation Migration of Scattered
Teleseismic Body Waves With
Application to the 1993 Cascadia
Experiment

Robert L Nowack1 (765-494-5978;
nowack@purdue.edu)

Saptarshi Dasgupta1 (765-494-0272;
sapsy@purdue.edu)

Gerard T Schuster2 (801-581-4373;
schuster@mines.utah.edu)

Jian-Ming Sheng2 (801-585-1538;
sjm@geophys.utah.edu)

1Purdue University, Dept. of Earth and Atmos. Sci.,
West Lafayette, IN 47907, United States



S

2003 Fall Meeting

Cite abstracts as: Eos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.

F1065
2University of Utah, Dept. of Geology and Geo-

physics, Salt Lake City, UT 84112, United States
We investigate the application of seismic migration,

using both Born and Gaussian beam approaches, to the
imaging of scattered teleseismic waves. Direct P to S
conversions, as well as free surface reflected waves, are
used for the imaging. Tests are initially performed us-
ing a lithospheric suture zone model similar to that
constructed by Shragge et al. (2001), and ray meth-
ods are used to compute the synthetic data. Finite
difference synthetics are also available for the original
model of Shragge. For the case of an incident source
time function which is impulsive, the migration op-
erators image the structure with both direct P to S
conversions and free surface reflected phases. Surface
reflected phases have the advantage of higher imag-
ing resolution than directly scattered waves, but also
have greater contamination with other later arrivals.
As a result, the stacking of different migrated phases
improves the imaging results. We next apply the mi-
gration imaging operators to different auto and cross
correlations of the seismic data. This avoids explic-
itly constructing receiver functions and allows for the
use of vertical components for the imaging without a
separate estimation of the incident source time func-
tion. To test the correlation migrations, we convolved
the impulse response synthetics for our lithospheric su-
ture model with observed vertical component seismo-
grams from the 1993 Cascadia experiment. We then
performed auto and cross correlations of the vertical
and horizontal components of the convolved synthetic
data. Migrated images of the correlated data were then
obtained using different imaging conditions. It was
found that seismic images can be obtained from the
correlated data for the different scattered wave imag-
ing conditions, but the images have less resolution than
the impulsive data. We are now investigating differ-
ent techniques for pre-whitening the correlated data
to provide higher resolution of the migrated images.
Nonetheless, stacking of images with different imaging
conditions is still required to reduce artifacts in the
correlation data images. Finally, we have obtained the
unprocessed observed data from the 1993 Cascadia ex-
periment and are using these data to test the different
migration algorithms.
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We present a shear velocity image across the early

Archaean (>3.4-3.0 Ga) granite-greenstone crust of the
western Dharwar craton of the south Indian shield. We
determine this image through a receiver function anal-
ysis of teleseismic waveforms recorded at six broadband
seismographs deployed for a year along a 200 km long
profile across the granite-greenstone belt. We analyze
more than 60 high signal-to-noise ratio seismograms
from each station. All stations are sited on amphibo-
lite facies rock with ∼6 kb paleo-pressure indicating
about 10 km of erosion. Results from a grid search
over the H-Vp/Vs domain and from a formal inver-
sion of the receiver function waveforms reveals that the
crustal thickness increases from ∼35±2 km in the late
Archaean terrain (∼2.5 Ga) of the east Dharwar craton
(SE India) to ∼53±2 km in the early Archaean green-
stone belt of the west Dharwar craton (SW India). We
find significantly reduced S-velocity (3.2-3.4 km/s) and
high Poisson’s ratio (∼0.3) in the lower crust of the
deepest part of the greenstone belt. The anomalous
deep Moho and very low-velocity, lower crustal layer
in the early Archaean nucleus suggest hydrated mantle
condition and subduction of ocean lithosphere at ∼3.4
Ga. This is the oldest evidence known to us for plate
tectonics in the Archaean.
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The Socorro Magma Body (SMB) is a large, sill-like
magma body located ∼19 km beneath Socorro, NM.
The SMB was discovered in 1962, and its current areal

extent (<∼5000 km2) was mapped in 1979, using re-
flected phases from the local events whose hypocen-
ters were shallower than the SMB itself. Investigat-
ing the interior of the SMB is difficult, both due to
the large impedance contrast between the upper SMB
and the host rock, which severely limits the energy
that can be transmitted into it from above, and be-
cause of its apparent thinness. Previous work using
modeling of stacked, reflected P phases from shallow
microearthquakes associated with the magma body has
estimated a thickness of ∼130 m for the SMB, while a
receiver function study obtained estimates for a thick-
ness of 50 m and an S-wave velocity of 0.4 km/s (both
with large error bounds). In this study, we attempt to
better characterise the interior of the SMB using nor-
malized amplitude spectra of teleseismic P-waves. We
currently have digital waveforms of P phases from more
than 30 deep (>200 km) teleseismic events collected by
the local network of vertical, short period seismome-
ters. Finite element analysis will be used to model the
SMB and to find a best fit to the spectral signatures.
This work is ongoing; however, preliminary results of
simple modeling of the SMB using Kennett’s 2-D wave
propagation method shows promising similarities with
the averaged spectral signature.
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We analyzed receiver functions for 30 large events
recorded on the high-sample rate channels (100 sps) of
TriNet stations in the Transverse Ranges and Mojave
Desert, California. Stations in Mojave Desert show a
clear Moho interface around 3.8 sec (30 km depth). For
stations in a line across the San Gabriel Mountains we
found: (1) A mid crustal interface exists around 20-25
km. A bright spot right above this interface is imaged
under Mt. Wilson, which is close to the location of the
bright spot imaged from seismic reflection surveys by
Fuis et al. (Geology, 2001). (2) From south to north,
the Moho has a classic mountain root shape with the
deepest point at 40 km at a horizontal point approx-
imately 10 km to the south-west of the San Andreas
Fault. The root is shifted to the NW relative to the
topography. (3) A continuous deep shallow-dipping in-
terface is imaged beneath the San Gabriel Mountains
at depths around 80-90 km. The layer dips down to
the NW. Its location indicates this layer is probably
related to the subducted Farallon slab. Deep Moho is
also imaged for stations in San-Bernardino Mountains,
and at the junction of the Garlock and San Andreas
Faults (i.e., both ends of the ’Big Bend’).
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The Mexican Subduction Zone exhibits a complex

behavior with its dip angle varying from a steep an-
gle at its northern end, to almost horizontal in Central
Mexico, and then again to a steep angle at the southern
end. A key factor in the variation is thought to be the
shape and viscosity of the mantle wedge. Various earth-
quake location and refraction studies have mapped the
slab interface and obtained velocity models along the
Pacific Coast and the transect between this coast and
Mexico City. In this study, we image the shape of the
wedge and trace the slab using receiver functions. We
analyze receiver functions from teleseismic earthquakes
recorded only at six stations located between Acapulco
and Mexico City. We are able to identify the converted
P-to-S phase from the Moho as well as other converted
phases that could be attributed to the slab. Along this
profile the Moho depth varies; it is shallow closer to the
coast and deeper below Mexico City. Also the slab has
an initial dip angle that later becomes almost horizon-
tal, as observed in previous work. Furthermore, the ge-
ometry of the mantle wedge is illuminated below three
of the stations located in Central Mexico.
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Receiver function analysis is one of the important
and popular methods for study of the crust and upper
mantle structures using teleseismic waveform data. In
this analysis it is often necessary to calculate synthetic
waveforms for the structure models. For this purpose
horizontally layered structure models have been as-
sumed, because the response of such a simple structure
model to teleseismic P wave (plane wave) can be calcu-
lated easily and accurately by a semi-analytical method
such as the propagator matrix method. However, for
structures with strong lateral heterogeneity such as
subdunction zones, it is often difficult to consider hor-
izontally layered media for modeling the receiver func-
tions observed above such complex structures. Full 3D
modeling of seismic wave propagation is still computa-
tionally intensive. Recently, 2.5D methods for calculat-
ing 3D elastic wavefields in 2D varying media have been
developed, which are an economical approach for calcu-
lating 3D wavefields, and require storage only slightly
larger than those of the corresponding 2D calculations.
Takenaka and Kennett (1996) proposed a 2.5D elasto-
dynamic equation in the time domain for seismic wave-
fields due to obliquely incident plane waves in a 2D
varying models. The azimuthal directions of the inci-
dent plane wave can be arbitrarily chosen from zero to
360 degrees. Nevertheless, the method requires only
as small computation time as the 2D modeling. Take-
naka and Okamoto (1997) used a finite-difference im-
plementation of this 2.5D equation to simulate teleseis-
mic seismograms at ocean-bottom stations for assessing
the effect of sea-bottom topography. Here we apply this
2.5D finite- difference method (FDM) to modeling re-
ceiver functions for laterally heterogeneous structures.
We demonstrate the efficiency of this approach with
examples including a profile across a realistic model of
subduction zone structure, and asses the effects of a
subducting slab on the receiver function waveform ob-
served at subduction zone.
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Kyushu is one of the typical active subduction zones
where the Philippine Sea plate goes northwestward be-
neath the Eurasian plate. For understanding its tec-
tonic features we studied seismic structure of the crust
and uppermost mantle beneath Kyushu, Japan by use
of receiver function analysis. The method of receiver
function analysis uses P-to-S converted waves gener-
ated by interfaces beneath a seismometer to estimate
interface depth and seismic impedance contrast. The
data used for receiver function are three-component
broadband records of the teleseismic events occurring
in the epicentral distance of 30-100 degree observed by
17 stations in and around Kyushu. We obtained 10-80
high quality receiver functions for each station. And we
applied SVD filtering to the receiver functions of multi-
channel for each station to emphasize the coherent
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phases. Most of the filtered functions show the Moho-
boundary phase converted from P to S. We also found
the phases of negative amplitude which means the ex-
istence of low-velocity layers in the crust and upper-
most mantle. We applied the receiver function inver-
sion using GA to estimate the detailed velocity struc-
tures beneath the stations. For estimating the both
of shallow and deep structures with high accuracy we
applied a new approach by separately using the high-
frequency and low-frequency receiver functions. After
calculating the receiver function inversion for each sta-
tion, we estimated the three-dimensional velocity struc-
tures beneath Kyushu by using a migration technique.
The results reveal the followings. (1) The depths of
the Moho beneath Kyushu are 25-35 km. The Moho
of western Kyushu in backarc tends to be shallower,
whereas the Moho of northeastern Kyushu and western
Chugoku which locate at the junction of the Southwest
Japan Arc and the Ryukyu Arc are deeper. The Moho
depths beneath the active volcanoes tends to be slightly
deeper. (2) The top of the subducting Philippine Sea
plate is imaged clearly in the range of depth from 40
to 70 km beneath eastern Kyushu. (3) Low velocity
layers are visible at the crust and uppermost mantle
beneath the active volcanoes in Kyushu; for instance,
at the upper crust under northern Kuju and eastern
Aso volcanos, at the lower crust and uppermost mantle
under western Aso volcano, and at the upper crust and
uppermost mantle near Sakurajima volcano. (4) A low
velocity layer is visible in the uppermost mantle be-
neath Fukuejima island in the western Kyushu. It may
show the partially melting by the mantle upwelling in
the backarc of Kyushu.
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During the last two decades efforts have been put
together to understand the processes responsible for
the Azores plateau formation. The geodynamics of this
plateau, located at the triple junction between Amer-
ica, Africa and European plates, is dominated by the
tectonics of the triple junction and by hotspot activ-
ity. But, the relationship between islands volcanism
and a possible plume beneath the Azores is still not
well understood and the triple junction exact location
is also under debate. From October 2000 to September
2002, temporary broadband seismic stations have been
deployed in the Azores archipelago in the framework
of the COSEA Memoradum of Understanding. These
broadband data have been used to compute receiver
functions and estimate the crustal structure beneath
the islands. Radial receiver functions where analyzed
by both inverse and forward modeling in order to obtain
1-D S-wave profile. Crustal receiver functions exhibit
local effects and the stations can be separated into 2
groups. Flores and Corvo islands, that are located at
the west of the ridge axis and central islands (Faial and
Pico) display slow crustal S-wave velocity whereas the
eastern island of Santa Maria is associated with fast
crustal S-wave velocity. These results will be discussed
in the Azores geodynamic context.
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Refining the Southern California 3D
Model in the

Los Angeles Area Using Seismic
Waveforms

RISHENG CHU

LUPEI ZHU
A standard three-dimensional (3D) reference model is
under development by the southern California Earth-
quake Center (SCEC) to provide realistic seismic
velocity models for better simulation of ground motion
from damaging earthquakes, path and site effects,
and for precise location of earthquake source. In this
model, P velocities of major southern California sed-
imentary basins (Los Angeles basin, Ventura basin,
San Gabriel Valley, San Fernando Valley, Chino basin,
San Bernardino Valley, and the Salton Trough) are
determined from maximum burial depth and age of the

sediments following certain empirical rules. S velocity
and density are then derived from the P velocity. Be-
cause the velocities are indirectly determined and there
are large uncertainties in those empirical rules and the
input geologic parameters, it is necessary to validate
and refine the 3D model using observed seismic records.
In this study, we computed teleseismic receiver func-
tions of southern California basin stations using an
iterative time-domain deconvolution. P-to-S conver-
sions from the bottom of basins were clearly identified.
Their amplitudes and delays with respect to the direct
P wave vary strongly with incident directions, which
are presumed caused by basin geometry. We used a
4th-order 3-D finite-difference code to compute syn-
thetic receiver functions to compare with observations.
Parameters to be determined by the forward modeling
include shape of the base and velocity contrast. The
results will provide an independent verification and,
most likely, improvement of the SCEC 3D model in the
metropolitan Los Angeles region.
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Effectively monitoring a nuclear testing morato-
rium requires the ability to discriminate between earth-
quakes and explosions. At small magnitudes (below
mb 3.5), it is especially crucial to further refine source
characterization, distinguishing between different types
of explosions, specifically mining explosions from nu-
clear and chemical events. The characteristics of min-
ing explosions and their respective seismic signatures
can be quite variable due to blasting procedures and
source geometry. It becomes important, then, to de-
velop a set of regional discriminants that can account
for such variability and are robust, reliable, and glob-
ally transportable. To examine this problem, we ini-
tially focus on mining explosions at Morenci, Arizona.
Two recent experiments (Source Phenomenology Ex-
periments (2003) and Morenci Delay-Fired Experiments
(2001)) provide ground truth information for different
types of mining explosions: single-fired, delay-fired,
and overlapping multiple explosions that occur in dif-
ferent geometric configurations and in different mine
locales. Regional waveforms from Morenci illustrate a
number of issues that must be taken into considera-
tion when developing discriminants. First, high scatter
due to source timing effects is seen in regional ampli-
tudes; large, long duration shots produce smaller high
frequency amplitudes as compared to smaller, shorter
duration shots. This effect makes the establishment
of magnitude-yield relationships for mining explosions
problematic. Second, closely spaced shots (∼100 m)
can produce different waveforms due to source timing
effects, as can shots with similar timing patterns det-
onated in different parts of the mine (distance ranges
from 1 to 3 km).
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We report on our investigations into the seismic
structure of the lithosphere in central Asia using sur-
face waves and receiver functions. We are relying
on global and regional tomographic analyses for long-
period surface-wave dispersion constraints on the struc-
ture, which we supplement with short-period obser-
vations measured directly from regional signals (when
available). The combination of receiver functions and
surface-wave dispersion information provides a comple-
mentary joint data set under certain conditions. Partic-
ularly troublesome are stations with strong, local near-
surface heterogeneity, which masks the deeper struc-
ture in the receiver function. Stations with strong lat-
eral variations in receiver response are also a challenge
when the surface-wave information is restricted to a
broad local average as a result of necessary smooth-
ing of tomographic results. We present an overview of
receiver function complexity across the region using re-
ceiver functions from many permanent and temporary
stations. We have surveyed receiver functions from the
INDEPTH III experiment and estimated Poisson’s ratio
variations across the south-central Plateau using the
single-station stacking method of Zhu and Kanamori
[2000]. Our results are consistent with those from ear-
lier studies. We will illustrate the combined inversion
of surface-waves and receiver functions using a variety
of model constraints focusing on select stations includ-
ing MAKZ, KURK, BRVK, CHTO, ULN, TLY, ABKT
as well as stations from the NCDSN. We will present
initial shear-velocity inversions obtained using disper-
sion estimates extracted from Eurasian tomographic
models.

URL: http://eqseis.geosc.psu.edu/˜cammon/
AGUF03A

S32B-0846 1330h POSTER

Rg-Lg coupling as a Lg-wave excitation
mechanism

Zengxi Ge1 (1-831-459-2423; ZGE@es.ucsc.edu)

Xiao-Bi Xie1 (1-831-459-2423; xie@es.ucsc.edu)
1University of California, Santa Cruz, Earth Sciences,

1156 High Street, Santa Cruz, CA 95064, United
States

Regional phase Lg is predominantly comprised of
shear wave energy trapped in the crust. Explosion
sources are expected to be less efficient for excitation
of Lg phases than earthquakes to the extent that the
source can be approximated as isotropic. Shallow ex-
plosions generate relatively large surface wave Rg com-
pared to deeper earthquakes, and Rg is readily dis-
rupted by crustal heterogeneity. Rg energy may thus
scatter into trapped crustal S-waves near the source re-
gion and contribute to low-frequency Lg wave. In this
study, a finite-difference modeling plus the slowness
analysis are used for investigating the above mentioned
Lg-wave excitation mechanism. The method allows us
to investigate near source energy partitioning in mul-
tiple domains including frequency, slowness and time.
The main advantage of this method is that it can be ap-
plied at close range, before Lg is actually formed, which
allows us to use very fine near source velocity model to
simulate the energy partitioning process. We use a lay-
ered velocity structure as the background model and
add small near source random velocity patches to the
model to generate the Rg to Lg coupling. Two types
of simulations are conducted, (1) a fixed shallow explo-
sion source vs. randomness at different depths and (2)
a fixed shallow randomness vs. explosion sources at dif-
ferent depths. The results show apparent couplings be-
tween the Rg and Lg waves at lower frequencies (0.3-1.5
Hz). A shallow source combined with shallow random-
ness generates the maximum Lg-wave, which is consis-
tent with the Rg energy distribution of a shallow ex-
plosion source. The Rg energy and excited Lg energy
show a near linear relationship. The numerical simu-
lation and slowness analysis suggest that the Rg to Lg
coupling is an effective excitation mechanism for low
frequency Lg-waves from a shallow explosion source.
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