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3-D shear-wave structure of the upper mantle in the
Indonesian region from multi-mode surface waves
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The Indonesia and its surrounding region are one of the most complex tectonic regions in the world,
where several major and minor plates are interacted. It is characterized by intensive seismicity and
volcanism originated from several subduction zone. The western Indonesia is underlain largely by
continental crust while there are arcs of ophiolitic crust, and several young ocean basins in eastern
Indonesia. High complicated features are observed in the past and present ongoing processes.

We use both regional and global seismic data to image three dimensional shear-wave structure of the
upper mantle of the Indonesian region with resolution complementary to previous studies on this
region. Earthquake around Indonesia and stations from regional (JISNET and GFZ) and Global
(IRIS/FARM) networks are used in this study. The regional networks recently installed in the
Indonesian region, improve our resolution, particularly in the depth.

Following the three-stage multi-mode surface wave tomography method incorporating finite-frequency
effects, we first measured dispersion curves for both Love and Rayleigh waves, using automated
multimode phase speed measurements. This method is based on a fully non-linier waveform inversion
by Yoshizawa and Kennett working with a global search method (Neighbourhood Algorithm). We
then obtain multi-mode phase speed maps incorporating finite frequency effects. Finally, we invert for
local 1-D shear wave velocity profiles which are consequently assembled to a 3-D model. By choosing
conservative regularization parameters in a seismic tomography solution, we ensure the smoothness of
the phase velocity maps and hence of the resulting 3-D shear wave speed model. The final 3-D model
shows large variations in S-wave velocity of - +7 per cent in maximum, and reliable results are
obtained down to at least 400 km. We image an intriguing low-velocity anomaly in the depth range 70
- 100 km beneath the Sunda land and Banda Sea. Substantial variations in isotropic shear velocity in
the uppermost several hundred kilometers of the mantel are found to correlate well with surface
tectonic features. The mantle structure beneath the Banda and Molucca seas can be explained in the
context of a continent-arc collision between Australia and the southeast Indonesia Island arc, an arc-arc
collision between Sangihe and Halmahera.

We also invert the phase speed maps of Rayleigh and Love waves in the period range from 30 to 200s
simultaneously, contructing a radially anisotropic shear-wave speed model. Remarkable anisotropy

with § > 1, where £ = (Vg / st)2 , is found in the mantle wedge beneath the Sunda land at depth

down to 150 km, which is consistent with radial anisotropy included in PREM. Lateral variations in
radial anisotropy show clear continent-ocean signatures. Another part of strong anisotropy occurs at a
depth shallow than 100 km under the continent, which anisotropy is found along several subduction
zone beneath 100 km in depth. The regional 3-D radial anisotropy model beneath the Indonesian region
in shallow part probably indicates a record of ancient tectonic events, and in the depth beneath 300 km,
related with present day mantle flow.
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