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The 1999 Chi-Chi earthquake created a significant
increase of strong-motion data set in Taiwan. Data
from the main shock and aftershocks of the Chi-Chi
event and those occurred elsewhere around this area of-
fer an opportunity to explore the variability of ground
motion estimates in Taiwan. Using the variance com-
ponents technique, Chen and Tsai (2002) decomposed
efficiently the prediction errors of ground motions into
three components: the earthquake-to-earthquake, the
site-to-site, and the residual. From a data set of over
thirty thousand records of various site conditions, the
percentages of variances of the prediction errors, par-
titioned into the earthquake and site components, are
dependent on the numbers of earthquake events and
stations in the sampled records; however, both the vari-
ances are in general smaller than that of the resid-
ual. It is apparent that the path-to-path component
of the variability of ground motions is embedded in
the residual. Empirically based on the estimated vari-
ance components, the path component of variance is
approximately comparable to those of the earthquake
and the site. Thus, the prediction errors of ground
motions can be further partitioned into earthquake-to-
earthquake, site-to-site, and path-to-path components,
and the remaining smaller residual. From the data in
Taiwan, the variability of the site and path components
is more coherent in space than that of the earthquake.
This implies that the site and path components of vari-
ability are more feasible to be extracted from the to-
tal prediction errors than the earthquake component.
The results show that the prediction errors of ground
motions reduce dramatically after ground motion esti-
mates have been corrected for the site-to-site and path-
to-path components of variability. This reduction of
ground motion variability has significant implications
for probabilistic seismic hazard analysis.
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Strong ground motions from three major Califor-
nia earthquakes are studied for several station loca-
tions. Records from free field instruments for the 1971
San Fernando, 1989 Loma Prieta, and 1994 Northridge
events are examined for epicentral distances up to 120
km. The radial and transverse components with re-
spect to the station-epicenter directions are reviewed in
terms of their time histories and spectra. In addition,
the particle motions are evaluated for the three prin-
cipal planes (horizontal, vertical-radial and vertical-
transverse) associated with each station. The time his-
tories and spectra for each of these components are
computed. The objective of this study is to develop
methods for estimating strong ground motions as func-
tions of station azimuth with respect to source location
and source mechanism orientation. Previous investiga-
tions have shown correlations between closely spaced
stations which increase as the periods of the motions
increase. Thus, displacements in station clusters gener-
ally show less variation than accelerations. The present
analysis extends this approach by using spectra data
and particle motions as additional tools to search for
recognizable correlations between stations which are
more widely spaced or symmetrically located (or nearly
so) with respect to direction of the source mechanisms.
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We estimated site-dependent decay parameter r us-

ing 1049 accelerograms of small earthquakes (M2.5-

M4.0) in southern Korea occurring from January 1999
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to April 2003. The spectral decay parameter k controls
high-frequency contents of the model amplitude spec-
trum for the strong motion simulation using stochas-
tic process. Generally, the x is defined by a 1st or-
der equation in hypocentral distance (R) as ks + rgR.
The conventional procedure for estimation of k cannot
find the characteristics of the each site because it is for
the computation of k for a wide area. We estimated
site-independent kg and dependent r g, separately. The
procedure is to use the coda normalization method for
the computation of site independent Q or correspond-
ing kg as the first step followed by the next step, the
computation of kg for each site using the given kg eval-
uated at the first step. With use of the technique, we
found the distribution pattern of kg in southern Ko-
rea.
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Shear (S-) wave velocity structure over the base-
ment is one of the key elements for the estimation of
strong ground motion generated by earthquakes. PS
converted-wave reflection survey is superior to S-wave
reflection survey in imaging the deeper structure, thus
give us the deeper S-wave velocity information. But
in the large Vp/Vs area, conventional velocity anal-
ysis and RMS velocity assumption fails to give us a
good estimate of the S-wave velocity. The P-wave ve-
locity derived from the velocity analysis is relatively
reliable. When we get good images in both P-wave and
PS converted-wave sections, correlation of the reflec-
tors in the two sections gives us good estimates for
Vp/Vs. Using these Vp/Vs values and P-wave veloc-
ities derived from P-wave velocity analysis, we can cal-
culate S-wave velocities. We applied this methodology
to a 3-component survey at Fuchu, Tokyo in Japan.
The survey line was along the river and there is a well
near by which is deep enough to reach the basement,
about 2000m. The source was two vibrators. Three-
component geophones are set in 10m interval. Geo-
phones are fixed in 192 locations. The source-line was
3080m long so that we can get long offset data to use
in PS converted-wave processing. From the P-wave sec-
tions, we can see the strata are inclining towards east.
P-S converted-wave section has a good agreement with
P-wave section. By correlation of the two sections, we
derived Vp/Vs map of the section. Then we calculated
the S-wave velocity using Vp/Vs value and P-wave ve-
locity. We compared the velocity structure with the
well log data. The derived S-wave velocities, ranging
from 570m/s to 1780m/s, are in good agreement with
the well data.
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The African Superswell is comprised of three con-
tiguous regions of anomalous topography, the Bast
African Plateau, the Southern African Plateau, and the
southeastern Atlantic Ocean basin. The long wave-
length anomalous topography and bathymetry associ-
ated with the African Superswell is about 500 m, and
many shorter wavelength features are superimposed on
this long wavelength swell. The anomalous topogra-
phy in East Africa and the anomalous bathymetry in
the southeastern Atlantic Ocean basin can be read-
ily attributed to buoyant support from thermally per-
turbed upper mantle structure. A region of low seismic
wave speeds has been imaged in the upper mantle be-
neath much of East Africa, providing strong evidence
for thermally perturbed upper mantle structure. Nu-
merous hotspots, manifest as seamount chains, ridges
and rises, are found within the southeastern Atlantic

Fos.

Ocean basin, and provide evidence of lithospheric re-
heating. In addition, some global tomographic images
show a broad region of low seismic wave speeds in the
upper mantle beneath the southeastern Atlantic Ocean
basin, consistent with the presence of thermally per-
turbed upper mantle structure. In contrast, the anoma-
lous topography of the southern African Plateau cannot
be easily explained by Cenozoic heating of the upper
mantle and consequently, it is difficult to attribute up-
lift everywhere within the African Superswell to Ceno-
zoic thermal modification of the upper mantle. Several
other explanations for plateau uplift in southern Africa
have been advanced, such as dynamic uplift induced by
anomalous structure extending upward from the core
mantle boundary under southern Africa, delayed phase
changes within the upper mantle, dynamic rebound af-
ter slab detachment following the cessation of subduc-
tion below the Cape Fold Belt at the end of the Triassic,
and the underplating of low-density melts to the under-
side of the lithosphere at the time of Karoo volcanism.
To these, we add the possibility of long lasting plateau
uplift caused by Mesozoic mantle plume activity. The
uplift history of southern Africa is poorly understood
and new constraints on the timing of uplift are needed
to advance further our understanding of plateau uplift
in southern Africa.
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Seismic results have consistently shown a signifi-
cant low-velocity anomaly in the lower mantle beneath
Africa. This ” African anomaly” has a broad base near
the core-mantle boundary, extending from the south
Atlantic ocean to the Indian ocean, with steeply dip-
ping edges, rapidly varying thicknesses (0-300 km) and
geometries, and anomalously low shear wave velocities
decreasing from -2% at 300 km above the core-mantle
boundary to -9% to -12% at the core-mantle bound-
ary. The base exhibits a L-shape changing from north-
south orientation in the south Atlantic ocean to east-
west direction in the Indian ocean, and occupies an area
of about 1.7 X 107km? and a volume of at least 4.6
x109km3. The ”African anomaly” extends about at
least 1300 km above the core-mantle boundary beneath
southern Africa. It appears that its edges dip toward its
center in the lower mantle. The structural features and
velocity characteristics of the basal layer unambigu-
ously suggest that the base is compositionally distinct.
The seismic characteristics associated with the basal
layer can be best explained by partial melt driven by a
compositional change produced early in the Earth’s his-
tory. The geometry of the African anomaly in the lower
mantle suggests that the portion in the lower mantle
A dense ” African
anomaly” is also not inconsistent with the surface uplift

may have a same origin as its base.

and geoid, even if we assume the surface uplift is caused
by the ”African anomaly”. In this presentation, we
present seismic and geodynamical modeling results as-
sociated with the ” African anomaly” and discuss their
implications to the origin of the ” African anomaly”.

URL: http://geophysics.geo.sunysb.edu/wen/
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The topography of southern Africa has been mod-
eled along a set of E-W profiles extending across the
full width of the continent and in all cases crossing
the Great Escarpment. Various combinations of lat-
eral variation in elastic thickness, erosion and deposi-
tion rate, dynamic uplift and applied load are capa-
ble of accounting for the present day topography. Our
aim is to contribute to testing the utility of models of
African topography that relate Superswell development
to a deep mantle Low Velocity Zone. Modeling the to-
pography of the full width of the continent represents
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progress in that direction but consideration of the tim-
ing of changes, as modelers of Apatite Fission Track re-
sults have long recognized, is also very important. We
used offshore seismic reflection and oil well data, as
well as paleoclimatology, including Global Circulation
Model (GCM) results, in an attempt to improve res-
olution of the timing of southern African topographic
evolution.
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The Kaapvaal Project examined fundamental ques-
tions of craton formation and mantle differentiation in
the early Earth. The principal aim of the project was
to characterize the physical and chemical nature of the
crust and mantle of the Archean cratons of southern
Africa in geologic detail, and to use the 3-D seismic and
geochemical images of crustal and mantle heterogene-
ity to reconstruct cratonic evolution. 3-D body wave
tomographic images reveal that high velocity mantle
roots extend to depths of at least 200 km, and locally to
depths of 250-300 km beneath cratonic terranes. No low
velocity channel has been identified beneath the cra-
tonic root. Seismic velocity determinations in both on-
craton and off-craton mantle xenoliths are consistent
with observed seismic structures. The Kaapvaal craton
was modified ca. 2.05 Ga by the Bushveld magmatic
event, and relatively low seismic velocities characterize
the mantle beneath the Bushveld province. The crust
beneath undisturbed Archean craton is comparatively
thin ( 35-40 km), unlayered, and characterized by a
strong velocity contrast across a sharp Moho. Post-
Archean terranes and Archean regions disrupted by
large-scale Proterozoic events tend to be characterized
by thicker crust, complex Moho structures and higher
lower crustal velocities. Re-Os depletion model age de-
terminations confirm that the mantle root beneath the
cratons is Archean in age. No age progression with
depth is observed in the mantle keel, indicating that it
was at least 200 km thick even in Archean time. Both
laboratory experiments and geochemical results from
inclusions in diamonds, eclogite xenoliths, and coeval
crustal rocks suggest that subduction processes played
a central role in the initial formation of Archean crust,
the melt depletion of Archean mantle, and the assembly
of continental lithosphere from smaller cratonic blocks.
Coordinated geochronological studies of crustal rocks
and mantle xenoliths have also shown that the tim-
ing of final stabilization of the extant craton correlates
with convergent margin processes and assembly of ter-
ranes along its northern and western ramparts. Numer-
ous lines of evidence thus appear to support the pet-
rogenetic coupling of continental crust and lithospheric
mantle through a model of continental arc magmatism,
subduction zone mantle wedge processing and terminal
collisional advective thickening to form Archean conti-
nental tectosphere. Analysis of lower crustal xenoliths
has shown that much of the deep craton experienced a
dynamic and protracted history of tectonothermal ac-
tivity that is temporally associated with events seen in
the surface record. Recent studies show, moreover, that
compositions of diamonds and diamond inclusions are
correlated with seismic P-wave velocities at depths in
the diamond stability field. Although the deep root
structures beneath the southern Africa cratons have
been basically stable since the Archean, they have been
repeatedly subjected in post-Archean time to thermal
perturbations and varying degrees of metasomatic mod-
ification.

URL: http://www.ciw.edu/kaapvaal
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The observed seismic anisotropy of the southern

African mantle, made possible by data from the South-
ern African Seismic Experiment, provides important
constraints on modes of mantle deformation beneath
this ancient continent. We find that the mantle
anisotropy is dominated by deformational events in
Archean times occurring within the lithosphere, and
can thus be used to assess the mantle’s role in the
tectonic evolution of this region. The pattern of man-
tle anisotropy derived from shear wave splitting obser-
vations reveals two noteworthy characteristics. First,
there is a spatially continuous arc of mantle anisotropy
extending from the western Kaapvaal and Zimbabwe
Cratons to the northeastern Kaapvaal. All along
the arc, the splitting fast polarization direction, ¢,
is subparallel to the trend of the arc. Given the
crust/mantle chronology associated with these regions,
the anisotropy likely represents deformation that oc-
curred at ca. 2.9 to 2.7 Ga during collisional ac-
cretion of both the western Kimberley and northern
Pietersburg blocks onto the ca. 3.2 Ga eastern shield
of the Kaapvaal, with accretion on the northern ram-
parts of the Kaapvaal ultimately culminating in the
Neo-Archean Limpopo orogen. Second, there is man-
tle anisotropy closely associated with the Great Dyke
with values of ¢ parallel to the Dyke, just north of
and distinct from this arc of anisotropy. We present
evidence that the mantle fabric that generates seismic
anisotropy also constitutes preexisting structure in the
mantle that is subsequently reactivated, much like the
more commonly cited reactivation of crustal structures.
In particular, we argue that the Neo-Archean collision
imparted a mechanical anisotropy to the mantle that
controlled the subsequent magmatic history of cratonic
southern Africa (old fabric never dies!). Study of me-
chanical anisotropy of olivine aggregates suggests that
failure is most likely parallel to the olivine b-plane,
which for transcurrent deformation is a vertical plane
striking parallel to the splitting fast polarization direc-
tion. In particular, we suggest that three major Pre-
cambrian magmatic events: the Great Dyke, the Ven-
tersdorp, and Bushveld all represent extensional failure
along planes oriented parallel to the local splitting fast
polarization direction. In each case, the rift orienta-
tions associated with these magmatic events are locally
subparallel to values of ¢, with the Great Dyke being
the most dramatic example. In addition, each of these
magmatic events is likely a collisional rift, similar to
the Baikal rift of northern Eurasia, where the stress
field associated with a collision produces extension and
rifting for orientations at a high angle to the belt of
the collision. Precise crustal geochronology associates
the Ventersdorp and Great Dyke with the earliest and
latest phases of the Neo-Archean Limpopo collision, re-
spectively, whereas the Bushveld is temporally linked to
the Proterozoic Magondi orogen, which is also respon-
sible for the reactivation of Neo-Archean structures in
the Limpopo and surrounding areas. In all cases the
rifts are at a high angle to the collisional belt as pre-
dicted for a collisional rift.
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Previous studies have found that shear-wave split-
ting fast directions in western Kenya are roughly par-
allel to the Kenya Rift, part of the East Africa rift sys-
tem. This anisotropy can be explained by three dif-
ferent mechanisms: fossilized anisotropy in the litho-
sphere from previous orogenic events, vertically ori-
ented magma-filled lenses in the lithosphere and as-
thenosphere, and asthenospheric flow along the base of
the plate that is guided by a background asthenospheric
flow current and/or channeled by upwarped basal litho-
spheric topography beneath the rift. Preliminary re-
sults from Ethiopia appear to be similar to those in
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Kenya (M. Kendall, pers. commun., 2003). Resolv-
ing between these mechanisms has major implications
on the evolution of rifting, the geodynamics associ-
ated with rift/hotspot interactions, and the origin of
anisotropy detected by shear-wave splitting. Tanzania
and Kenya comprise a unique, tectonically complex re-
gion due to the presence of a rigid craton, paleo-thrust
belts and shear zones, active magmatism and rifting,
and possibly even a nearby mantle plume. We present
new results of teleseismic splitting analysis of SKS,
SKKS, PKS, and S recorded by 20 broadband seismic
stations in Tanzania, 7 broadband stations in Kenya,
and 3 permanent broadband GSN stations in Kenya and
Uganda. Fast directions (phi) from most of the craton
stations are oriented WNW and are subparallel to both
absolute plate motion and the strike of the well-defined
surficial fold axes. The delay times (dt) are ~0.5 s, and
when combined with previously published surface-wave
results, suggest anisotropy in the lower lithosphere and
asthenosphere beneath the craton, which would be ex-
pected due to relative motion between the WNW mov-
ing plate and a fixed underlying mantle. However, the
fast direction/structural fabric correlation at the sur-
face, and the lack of WNW plate-motion parallel fast
directions in the Kaapvaal craton in southern Africa
suggests that vertically coherent deformation best ex-
plains craton splitting. In the mobile belts and rifts,
phi is roughly parallel to the strike of the rifts, the
paleo-shortening directions, and the edge of the craton,
with significant variations between stations. For most
of these stations, dt ranges from ~0.8-1.5 s, and sug-
gests that at least a significant part of the anisotropy
is in the asthenosphere. We interpret the dominant
off-craton mantle anisotropy in Kenya and Tanzania
to be due to shear along the base of the plate asso-
ciated with plume flow around the craton keel. Signifi-
cant variations between nearby stations are assumed to
be due to the secondary effects of fossilized anisotropy
or anisotropy due to magma-filled lenses or partially
molten dikes in the lithosphere/asthenosphere. Our
data strongly suggest that extension has not led to the
development of a resolvable LPO in the lithospheric
mantle, which is surprising given the long history of
extension in the region. This suggests that mantle-
lithosphere extension in East Africa occurs within nar-
row rift zones via ductile thinning and/or dike intru-
sion, possibly facilitated by mechanical lithospheric
anisotropy from fossilized N-S fabrics that originated
from prior orogenic events.
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The EAGLE broadband experiment aims to study
the crust and upper-mantle structure in the northern
Ethiopian rift, a region of transition from continen-
tal to oceanic rifting. 30 broadband seismometers have
been deployed for a period of 16 months over an area
of 250 kmz, centered on the Nazret volcanic zone.
These stations are complimented by data from a 3-
month deployment of 50 instruments concentrated in
the rift valley. We present analysis of upper-mantle
anisotropy from measurements of shear-wave splitting
in SKS, SKKS and PKS phases. The concentrated sta-
tion coverage and nearly 500 splitting measurements
provide a detailed picture of mantle anisotropy in a
rifting environment. In general the results are of high
quality with low error estimates. The highest split-
ting (> 2 secs) occurs on the rift flanks, where the
strain partitioning is expected to be highest. There is
an asymmetry in results from either side of the rift (i.e.,
the Ethiopia plateau vs. the Somalian plate). Within
the Rift there is a consistent increase in delay times
towards the north and Afar, from 1.0 secs in the south
to 1.6 secs in the north. Outside the Rift, the polarisa-
tions of the fast shear-wave lie in a NE-SW rift—parallel
trend and do not align with the direction of absolute
plate motion. Within the Rift the orientations swing to
more northerly azimuths, following magmatic segments
and faulting patterns. The increase in rift splitting
times northwards correlates with the amount of magma
within the system. Large variations in magnitude of
splitting or orientation of the shear-wave over short
distances suggests that the source of the anisotropy is
quite shallow (< 100km). Cumulatively, these results
suggest that the anisotropy is associated with melt mi-
gration beneath the rift. To explain these results we
appeal to recent deformation experiments of Holtzman
et al. (2003) which show anisotropy in partially molten
rocks being due to a combination of preferred melt in-
clusion alignment, layering and olivine crystal align-
ment.
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