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A new analysis of geologically current plate motion
across the Southwest Indian Ridge and of the current
location of the Nubia-Antarctica-Somalia triple junc-
tion is presented. We estimate spreading rates aver-
aged over the past 3.2 Myr from 103 well-distributed,
nearly ridge-perpendicular profiles crossing the South-
west Indian Ridge. We evaluate all available bathy-
metric data to estimate the azimuths and uncertainties
of transform faults; six are estimated from multi-beam
data and twelve from precision depth recorder data. If
the Nubia-Somalia boundary is narrow where it inter-
sects the Southwest Indian Ridge, that intersection lies
between about 26° E and 32° E. This places it either
along the spreading ridge segment just west of the An-
drew Bain transform fault complex or along the trans-
form fault complex itself. These limits are narrower
than, and contained within, limits of about 24° E to
33° E previously found by Lemaux et al. (2002) from
an analysis of the locations of magnetic anomaly 5. The
data are consistent with a narrow boundary, but also
consistent with a diffuse boundary as wide as about
700 km. The new Nubia-Somalia pole of rotation lies
southwest of southern Africa and differs significantly
from previously estimated poles, including that from
data in the Red Sea and Gulf of Aden. The new pole in-
dicates displacement rates of Somalia relative to Nubia
of 3.4 +£1.3 mmy:rf1 (95% confidence limits) towards
176.8° between Somalia and Nubia near the Southwest
Indian Ridge, and of 8.4 + 1.3 mmyr71 (95% confi-
dence limits) towards 118.5° near Afar.
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Diffuse plate boundaries comprise about 15% of
Earth’s surface. The poles of rotation across diffuse
oceanic plate boundaries, which are roughly 1,000 to
2,000 km in cross-strike width, tend to lie within the
plate boundary themselves. (2001)
showed that this is a predictable consequence of plate
geometry and simple physics if component plates are
strongly coupled across the diffuse oceanic plate bound-
aries that separate them. Here we build on the work of
Zatman et al. (2001) and of Zatman & Gordon (2003)
to construct maps of torque orientation. On these maps
we plot the boundary between torque orientations that
produce poles of rotation in the diffuse plate boundary
and torque orientations that produce poles of rotation
outside the diffuse plate boundary. We assume that the
upper lithosphere fails at a specific yield strength and
that the lower lithosphere deforms by creeping flow.
Acting in parallel, the integrated or averaged behavior
of these two layers can be approximated as a power-law
viscous fluid. The value of the power-law exponent, n,
ranges from 3 (if the lower layer dominates) to infinity
(if the upper layer dominates). We calculate maps for
exponents of 3, 10, 30, and 100. All the maps closely
resemble one another, providing further support to the
conclusion that the mapping from pole of rotation to
torque orientation is insensitive to rheology (Zatman
& Gordon 2003). Moreover, the maps show that it is
very unlikely (p < 2%) that the pole of rotation will lie
outside of the boundary in the along-strike direction.
There is a higher probability (p £20% assuming that all
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orientations of torque are equally likely) that the pole
of rotation will lie outside the boundary in the across-
strike direction. Implications will be discussed for the
India-Capricorn, Capricorn-Australia, North America-
South America, Nubia-Somalia, and Nubia-Eurasia dif-
fuse plate boundaries.
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Where oceanic spreading segments are offset later-
ally from one another, the differential motion of the
plates is accommodated by strike-slip motion along
ridge-perpendicular transform faults. Off-axis from the
ridge-transform intersection, no differential motion is
require, and the fracture zone trace is thought to be in-
active except where reactivated by intra-plate stresses.
On 15 July 2003, an earthquake with a magnitude of 7.6
Mw occurred near the northern Central Indian Ridge
(CIR), the divergent boundary separating the Somalian
plate from the Indian and Australian plates. The size
of this event places it within the 99th quantile of mag-
nitude for shallow (< 40 km depth) strike-slip events
(null axis plunge >45 deg) within the global Harvard
CMT catalog. The earthquake’s epicenter is near 2.5
deg S, 68.33 deg E, where the CIR is marked by a
series of short (<100 km long) right-stepping trans-
forms that offset the northwest trending spreading seg-
ments (20 mm/yr). Seismic signals associated with the
mainshock and its largest aftershocks were recorded
well by land-based seismic networks. Regional seismic
phases (Pn, Sn), as well oceanic T-waves, where also
recorded at an IMS hydroacoustic station to the north
of the Diego Garcia atoll. T-wave signals recorded at
Diego Garcia were cross correlated to determine accu-
rate travel time differences. These traveltime differ-
ences were used in a plane wave fitting inversion to de-
termine the horizontal slowness components and esti-
mate the back azimuth to the epicenter. Aftershock lo-
cations are derived using the azimuthal information and
Pn-T traveltime differences. Together, the seismically-
and hydroacoustically-derived epicenters show a lin-
ear band of aftershocks extending more than 200 km
along the off-axis trace of a right stepping transform.
‘We interpret these aftershock events as delineating the
length of the mainshock rupture. As the well-constrain
hypocenter of the mainshock lies near the western edge
of this aftershock zone and the centroid location lies
within its eastern portion, the rupture appears to have
propagated from the plate boundary, breaking into the
Indian plate along the fracture zone. The moment ten-
sor solution for the mainshock event indicates domi-
nantly right-lateral slip with a near vertical nodal plane
striking parallel to the trend of the aftershocks. The
right-lateral sense of slip opposes the left-lateral slip
along the adjacent active transform and is consistent
with reactivation due to north-south extension in asso-
ciation with a diffuse plate boundary that separates the
Indian and Australian Plates. Coulomb failure mod-
eling indicates that the right-lateral mainshock should
promote left-lateral slip on the active portions of neigh-
boring transforms. Consistent with this prediction, the
largest aftershock, a 5.6 Mw left-lateral earthquake, is
located on the active portion of a transform approx-
imately 150 km northwest of the mainshock rupture.
These models also show that left-lateral slip on the
adjacent active transform, extending southwest from
mainshock rupture, should be inhibited. No aftershock
activity is observed along this active transform. Static
stress changes will tend to reduce ridge-normal com-
pressive stresses along the portion of the CIR axis to
the north of the mainshock, with an increase in ridge-
normal compression to the south. This will promote
and impede axis-parallel diking events within these re-
spective regions.
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We have derived a global model of lithospheric
stress and deformation using numerical inversion. The
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lithosphere is divided into 14 plates and represented by
thin spherical shells of Newtonian fluid in our finite el-
ement model. The relative velocity between two plates
at divergent plate boundaries is prescribed according
to the Nuvel-1A plate motion model, which provides
good fit to observed sea-floor spreading rates and the
azimuth of transform faults. Large transform bound-
aries are modeled as rheologic weak zones. A set of free
parameters describing the regional variation of plate
viscosity as well as the external forces at convergent
plate boundaries and on the base of the plates are de-
termined by least-square fitting the VLBI and principal
stress orientation data. The optimal model predicts a
global stress field and intraplate deformation that are
generally consistent with geological observations. The
modeling results indicate that continental lithosphere
is about 5 times as viscous as oceanic lithosphere which,
in turn, is 2 orders of magnitude more viscous than
lithosphere at transform boundaries. The predicted
convergent rates are 20% slower for the India-Asia
continental collision boundaries, and 7 % slower for
the Nazca-South American subduction boundary than
those predicted by the Nuvel-1A model. Our model also
suggests that dragging forces by the underlying mantle
on the base of both continental and oceanic lithosphere
are resistant to absolute plate motions, and basal drag
under continental lithosphere is 3 times stronger than
that under oceanic lithosphere.
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Over the past 20 Ma, as a consequence of the
substantial obliquity to plate motions, the southwest-
ern edge of the subducting Pacific slab has migrated
southward sweeping beneath the North Island of New
Zealand to its present position beneath the northern
South Island. In many locations where a well-defined
slab edge migrates, such as northern California where
the Gorda slab migrates with triple junction motion,
the slab edge is on the trailing edge of the plate leav-
ing a slab window in its wake. In contrast, in the
New Zealand case, the slab edge is the leading edge
of the plate and thus it is moving into a region with
a pre-existing lithospheric structure that needs to be
modified and/or removed to allow the slab to migrate.
Present day lithospheric structure in the vicinity of the
slab edge and the record of vertical motions preserved
in the geologic record provide the key to unraveling the
tectonic response of New Zealand to this slab migra-
tion. Associated with the slab migration is the develop-
ment of a series of ephemeral basins that trail the slab
edge. These range from the 20 Ma Waitemata Basin
in the Auckland region to the present day Wanganui
Basin, whose active depocenter lies between the North
and South Islands of New Zealand. These basins are
characterized by rapid subsidence/deposition following
passage of the slab edge, followed by more gradual up-
lift and exhumation. An analysis of seismicity in the
vicinity of the present slab edge identifies a near verti-
cal region of deep seismicity, spatially distinct from the
slab, which we interpret to be a delaminated sliver of
the mantle lithosphere of the Australian plate. The de-
laminated sliver appears to initiate in the region where
the edge of the slab interacts at shallow levels (30-80
km), in a style akin to a chisel, with the Australian
lithosphere. The tectonic consequences of this active
delamination and subsequent sinking of the detached
mantle lithosphere include localized uplift in the vicin-
ity of the slab edge, rapid subsidence and basin forma-
tion, followed by more gradual inversion of the basins.
in the history of the
basins are inferred to be driven by viscous coupling be-
tween the sinking sliver and the base of crust. The
spatial and temporal scales of evolution of these basins
provide constraints on the extent of this viscous cou-
pling. The transition from a transform to subduction
boundary in the northern South Island of New Zealand
represents an ideal location to study the processes by

The vertical motions recorded

which lithosphere adapts to abrupt changes in plate in-
teractions.
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We determined velocity structure of both P and S
waves beneath East Antactica by modeling waveforms
of P, PP, S, and SS waves which travel from shallow
strike-slip earthquakes in the southwest of New Zealand
to broadband stations in Antarctica. In the distance
range from 25 to 35 degree, significant phases are ob-
served in the vertical and transverse components of
the records, ahead of IASP91 travel times of PP and
SS waves, respectively. Our study of travel times and
waveforms suggests that the significant phases consist
of P (S) wave bottoming at depth shallower than 400
km and PP (SS) waves bouncing at the Moho and Earth
surface. The existence of high-velocity lid beneath East
Antarctica, which reaches around depth of 200 km, can
explain the observed waveforms. By modifying the ve-
locity models of the Canadian shield to fit our observa-
tions, we obtained Vp and Vs models of East Antarc-
tica. The velocity of the lid is a few percent slower
than that of the Canadian shield. In our observations,
S waves bottoming above 400 km are observed at far-
ther distances than P waves. This implies that there
can be a difference in the velocity profile between P
and S waves. The value of Vp/Vs in our velocity mod-
els is around 1.76 for the lid, and larger than 1.8 for
the mantle below it. From the velocity models, we ex-
amined mantle temperatures, based on the finite strain
theory. We used the attenuation model and elastic pa-
rameters of Goes et al. (2000). Effect of the anelas-
ticity changes not only Vp and Vs but also Vp/Vs as

the functions of temperature and depth. Comparison of
Vp/Vs between the calculation and our velocity models
shows that the temperatures at the mid depths of the
lid and underlying asthenospheric mantle are approxi-
mately 500-1000 and 1200-1500 C, respectively. When
olivine-rich composition is used, the temperatures tend
to be high. Mantle temperatures were also calculated
from our Vp and Vs models separately. The tempera-
tures separately obtained from Vp and Vs are in agree-
ment with each other.
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From diagenesis to tectonic stress induced de-
formation, rock microstructures always present some
anisotropy associated with a preferential orientation,
shape or spatial arrangement of its constituents. Con-
sidering the consequences this anisotropy has on direc-

tional transport and mechanical properties, as the ge-
ological history it carries, its 3D characterisation has
received a particular attention in numerous works. A
fast and simple way to give an overall estimation of the
microstructural state of a rock sample is the determi-
nation of some physical property fabrics, provided that
one is able to assign the measured anisotropies to one or
more microstructural features. In non porous metamor-
phic and igneous rocks that often present a strong tex-
tural anisotropy, the relations between shape or lattice
preferred orientation and acoustic or magnetic prop-
erties are quite well established. However, this is not
the case for weakly anisotropic granular media in which
the recognition of a microstructural anisotropy implies
a statistical analysis on thin sections. In this latter
case, anisotropy of magnetic susceptibility (AMS) has
been intensively used in structural studies, providing a
mid-scale (cm) tool to infer different stages of deforma-
tion depending on the position in the studied structure,
but leading to an unresolved interpretation problem in
terms of microstructures since the origin of the mag-
netic signal rarely fits a directly observable feature. In
the work that will be presented, we propose to com-
plete the classical AMS approach with the estimation
of P-wave velocity anisotropies (APV), assuming that
this property, like the magnetic susceptibility, supports
also a tensorial notation as a first order approxima-
tion. Through a careful study of samples retrieved
from different deformed structures, we show that P-
wave velocities reveal a strong sensitivity to all observ-
able anisotropic microstructural features, which is used
to highlight evidences for location-dependence of grain-
scale fabrics.

Reference Style for Abstracts

When referencing a meeting abstract, please use the following
format, which indicates that this abstract volume is a supple-
ment to the regular Fos issue.
requirements for a complete reference.

Pfister, R. G., and M. S. Nestler, Sharing commu-
nity data, services and tools using the EOS clearing-
house (ECHO), Fos Trans. AGU, 84(46), Fall Meet.
Suppl., Abstract U41B-0006, 2003.

This format meets all AGU

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-#7, 2003.



