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@égwﬁheformation of the 2010/03/04 earthquake and implications for fault activities in
southwestern Taiwan

¥ 7e % [Institute of Earth Sciences, Academia Sinica]
%1% B [Institute of Earth Sciences, Academia Sinica]
-k & [Institute of Earth Sciences, Academia Sinica]
M Z % [Institute of Earth Sciences, Academia Sinica]

The 04 March, 2010, Taiwan earthquake (M = 6.4) ruptured an unknown fault in
southwestern Taiwan. The main shock initiated near the town Liu-Quei at 20 km depth and
propagated northwestward. Measurements of coseismic displacements from Taiwan
continuous GPS network indicate horizontal displacements of 5-20 mm in the NW-SW
directions to the west of the epicenter; while coseismic horizontal movements to the east of
the epicenter are absent. The GPS vertical displacements show an uplift motion of about
5-25 mm near the epicenter, in contrast to a small subsidence of about 5 mm observed in
the far field GPS sties. We use coseismic GPS displacements and an elastic half-space
dislocation model to invert for fault geometries and coseismic slip distribution associated
with the 2010/03/04 event. The optimal fault model exhibits reverse and a small amount of
left-lateral slip on a 50 km long N324°-trending segment with dip 40° to NE, consistent
with earthquake focal mechanisms. The highest slip of 0.1 m mainly occurs to the west of
the epicenter at a depth range of 15-20 km. Given the rigidity modulus of 60 GPa, the
geodetic moment is 4.95x1018 N-m, equivalent to a Mw 6.4 earthquake, corresponding to
seismic moment estimated from USGS and teleseismic inversion. However, the spatial
distribution of slip inferred from GPS displacements is different from the seismic inversion
which shows most slip occurs to the east of the epicenter at deeper depths. The discrepancy
may imply the contamination of postseismic deformation or measurement errors in the
calculation of coseismic displacements. On the other hand, most aftershocks occur to
southwest of the epicenter at a depth range of 10~30 km. The aftershocks projected to
surface show a N300° alignment, which do not match the rupture fault model very well.
Additionally, we notice that the mainshock rupture area is surrounded by high seismicity
between 1990 and 2007. The 2010/03/04 earthquake may be triggered by the high stress
concentration in the vicinity.
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@{'ﬁs@ﬁl:r solutions for the March 4, 2010 M6.4 JiaSian, Taiwan earthquake sequence
and their tectonic implications

Wen-Tzong Liang [Institute of Earth Sciences, Academia Sinica, Taiwan]

Francis T. Wu [Dept. Geosciences and Environmental Studies, Binghamton University,
USA]

Rong-Yuh Chen [Seismological Center, Central Weather Bureau, Taiwan]

Pei-Ru Jian [Department of Geoscience, National Taiwan University, Taiwan]

The March 4, 2010 M6.4 JiaSian Earthquake (22.97°N, 120.71°E) occurred in a
transition zone between mature collision in central Taiwan and incipient collision over
subduction in the south. Locally the relocated seismicity indicates that it took place in a
relatively quiescent area. We wish to explore the tectonic environment of this earthquake
on the basis of CMT, inversion using BATS waveform data, for the whole sequence. The
quick BATS CMT solution reported a thrusting (318, 41, 67) dominated mainshock with a
centroid depth of 18 km, in the middle- to lower crust. The largest aftershock (M5.7) also
shows similar fault parameters, whereas some smaller aftershocks to the west presented
larger strike-slip component. Taking the EW trend of the aftershock distribution as the
strike, we interpret our CMT results to be mainly a thrust with minor left-lateral strike-slip
movement on a NE-dipping fault plane. A stress tensor inversion using the focal
mechanisms yields a NE-SW horizontal maximum principle compressive axis (1)
subparallel to the structural trend, underneath the seismicity is extremely low in the past
decades. Another ~25km long seismic zone, subparallel to the JiaSian sequence, is
dominated by similar mechanisms. The direction of 1 for the JianSian series is nearly
perpendicular to the convergence direction between PSP and EUP as indicated by the 1 of
BATS CMT solutions in the Coastal Range and Longitudinal Valley, at all crustal depth.
Such significant change in 1 at the transition between full collision and collision overlying
subduction can perhaps be interpreted as extrusion. This extrusion is analogous to that of
Tibet albeit on a less grand scale; there north-south compression of the plateau and
eastward extrusion in eastern Tibet, leading to the 2008 Wenchuan earthquake, are found.
In Taiwan, the middle- to lower crust is ductile beneath Central Range as implied by its
low seismicity. Convergent force caused by collision will squeeze the weaker middle and
lower crust beneath the Central Range. JiaSian earthquake could be a result of over
thrusting of the southward extrusion in middle and lower crust beneath southern Central
Range. To the west of Chaochou fault, the crust beneath Pingtung Plain may be more rigid
compared with Central Range.
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BATS CMT JiaSian Earthquake Focal Mechanism Extrusion Tectonics
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@@t@nﬂﬂn Focal Depths and Mechanisms of the JiaSian Earthquake Sequence using
Teleseismic Waveforms

Tai-Lin Tseng [Department of Geosciences, National Taiwan University, Taiwan]
Alex Teh-Ru Song [Institute for Research on Earth Evolution, JAMSTEC, Japan]
Wen-Tzong Liang [Institute of Earth Sciences, Academia Sinica, Taiwan]

We use high quality body waves recorded at teleseismic distances to constrain focal
depths and fault plane solutions of the main shock and its major aftershocks. The phases
used in our waveform modeling include not only direct P and core phase PKIKP, but also
the so called “depth phases” (i.e., pP, sP, sS and pPKIKP) that are reflected steeply off the
free surface. Their timings relative to the direct arrival are particularly sensitive to the focal
depth. We find these depth phases are well separated from the direct arrival, indicating that
the first major sub-event of the main shock occurred at great depth of about 23 km,
consistent with focal depth updated by CWB. Later wavelets arriving after these depth
phases suggest the existence of a second sub-event around 12 seconds after the first
sub-event. Moreover, excellent azimuthal coverage of the stations provides tight constraint
on the focal mechanism. Our preferred solution is similar to Global CMT result but with a
slightly steeper dip angle and more strike-slip component. The result is also comparable to
the refined moment tensor solution determined by inverting BATS data. We find that the
largest aftershock is also deep about 20 km, with a strike similar to the main shock.
Together with the distribution of the aftershock seismicity, we conclude that the Jiasian
mainshock can be characterized as a mid-crustal, thrusting event with some left-lateral
component.
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JiaSian Earthquake Focal Mechanism Body Wave Modeling
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