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Abstract. We determine upper mantle anisotropy
just beneath active basins by comparing ScS and
sScS waveform splitting.  We have measured
sScS-ScS shear-wave splitting with data from the
SPANET and GSN seismic networks. The ob-
served sScS-ScS shear-wave splitting suggests that
there is a large lateral variation of anisotropy be-
neath the Lau back-arc basin. ScS- and sScS-waves
which sample the southern part of the Lau basin
show small splitting. In contrast, the northern part
of the Lau basin, which is characterized to be tec-
tonically active, is observed to have large seismic
anisotropy with a WNW-ESE direction. The cause
of anisotropy may be related to the mantle dynam-
ics of the active basin.

Introduction

Shear-wave splitting analyses have provided us
a new source of information to know the seismic
structure and mantle dynamics. Seismic anisotropy
within the upper mantle is often explained by
strain-induced lattice preferred orientation in peri-
dotite minerals [e.g., Nicolas et al., 1973]. On the
other hand, recent studies also showed that seismic
anisotropy in the mantle wedge is closely related to
partial melting in the same region [e.g., lidaka and
Obara, 1995].

Knowledge of the seismic structure beneath a
back-arc spreading center is important to under-
stand the dynamics of tectonic processes observed
at earth’s surface. Therefore, both tomographic
and anisotropic studies are useful in order to an-
swer such questions like whether the mantle up-
welling beneath a spreading center is passive or
active, and what kind of interaction exists between
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subduction and back-arc spreading. They are also
essential to understanding the possible geochemi-
cal source of arc and back-arc magmas, and thus
the origin of back-arc spreading. Most of the pre-
vious studies used SKS and S waves for the detec-
tion of anisotropic areas [e.g., Bowman and Ando,
1987; Fischer and Wiens, 1996]. Due to the source-
station geometry it was very difficult to investigate
the anisotropy just beneath a spreading center,
simply because no seismic stations located above
a spreading center is available.

ScS is an S wave reflected by the core-mantle
boundary (CMB), sScS is an S wave reflected first
by the earth’s surface and then by the CMB. When
the epicentral distance is very small the only dif-
ference between these two phases is the two-ways
upper mantle ray paths from the source to the sur-
face (inset of Fig. 1). In this study, we propose
to compare differential waveform splitting between
ScS and sScS to examine upper mantle anisotropy
just beneath the active Lau back-arc basin.

Data

We use the broadband waveform data from the
SPANET (South PAcific broadband seismic NET-
work) and GSN networks (Fig. 1). The SPANET
composed of 16 broadband stations deployed on
oceanic islands at southern Pacific regions since the
end of 1997. We use one station, AFI, which be-
longs to the GSN network of IRIS. A total of 8
large deep earthquakes occurred in the Fiji-Tonga
subduction zone during the period from 1991 to
1998 are used (Fig. 1) The source parameters are
obtained from Harvard CMT catalog.

Method

Shear-wave splitting is usually expressed by two
parameters, the fast polarization azimuth ¢ (in de-
grees), and the time-lag 7 (in seconds), which is
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Fig. 1 Location map of the earthquakes (stars) and
seismic stations (triangles) which belong to SPANET
and GSN. The depths of the earthquakes are deeper
than 400 km. Schematic ray paths of sScS and ScS are
shown in the inset.

the delayed time between the fast and slow com-
ponents of a shear wave. We use the same tech-
niques as employed by Fukao [1984] to determine
the shear-wave splitting. The horizontal compo-
nents of broadband seismograms are first bandpass
filtered at frequencies between 0.0125-0.04 Hz. We
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Fig. 2 Examples of the ScS (left) and sScS (right)

waves. The original N-S, E-W components and the two
components which have maximum cross-correlation are
shown upper and lower, respectively.
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Fig. 3 Examples of particle motions of the ScS (left)
and sScS (right) waves. Particle motions of the origi-
nal and anisotropy-corrected waveforms are shown in a)
and b), respectively. See text for detailed explanation
for anisotropy-corrected waveforms.

then handpick ScS- and sScS-waves from individual
seismograms. We calculated cross-correlation for
the two horizontal seismogram components over a
grid -90° to +90° for ¢ and window of 100 sec for 7
with increments of 1° and 0.05 s, respectively. The
time-lag 7 (in seconds) and the fast polarization
azimuth ¢ (in degree) are defined to be the values
which yielded the maximum correlation (Fig. 2).

In order to confirm the resulted splitting param-
eters, ¢ and 7, we calculate anisotropy-corrected
seismograms. As shown in Fig. 3, the anisotropy-
corrected particle motion shows a linear orbit, as
expected from the source mechanism.

RESULTS and DISCUSSION

According to the location of the surface bounc-
ing point R of sScS (inset of Fig. 1), we divide
the 8 earthquakes into two groups. The north-
ern group (A) includes 3 earthquakes, which oc-
curred at a latitude larger than —20°. The south-
ern group (B) contains the other 5 earthquakes.
As shown in Fig. 4, there is a remarkable differ-
ence of 7 between the ScS- and sScS-waves for the
northern group. We observe a large shear-wave
splitting from the sScS-waves, and only a small 7
from the ScS-wave. Polarization azimuths of sScS-






