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Slow rupture velocity of two Indonesia earthquakes
Slow rupture velocity of two Indonesia earthquakes
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The 17 July 2006 Mw 7.8 Java earthquake and the 25 October Mw 7.8 Sumatra earthquake are the two typical tsunami eartt
guakes. We used modified back projection method to trace the rupture velocities of the two earthquakes. Weighting based ¢
smoothed envelopes of a small earthquake recordings, is introduced when the waveforms are summated. The used small eal
guakes have the same locations and focal mechanisms with the two tsunami earthquakes.

The result shows a clear and unusual slow rupture velocity (1-1.5 km/s) for these two earthquakes. The reason for this extrao
dinary slow rupture velocity is not well known now. But the two earthquakes occurred at the shallow portions of the subduction
zone, somehow suggesting a very close relation with the unique hydrologic properties.

O O O 0O 0O : rupture velocity, back projection, tsunami earthquake
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earth model
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We performed multiple centroid moment tensor (CMT) inversion for 25 large earthquakes that occurred since 1995. Following
the algorithm of Hara (2002, A42, 2002 Fall Meeting, SSJ), the inversion was carried out by two steps. In the first step, we
performed ordinary CMT inversion. In the second step, we divided an event into two subevents and performed simultaneou
inversion for CMTs of two subevents. In each step, we used the iterative linearized inversion technique of Hara (1997, GJI, 130
251-256). In this technique, Green’s functions are calculated using the Direct Solution Method (Hara et al., 1991, GJI, 104, 523
540), in which effects of three dimensional earth structure can be accurately considered. For a three dimensional earth mode
we construct our model based on SAW24B16 (Megnin and Romanowicz, 2000, GJI, 143,709-728) in this study. The data fol
inversion were spectra in the frequency band 2 and 4 mHz, which we calculated from VHZ channel waveform data retrieved frorm
the IRIS DMC. As initial guesses for the first step, we used solutions of the Global CMT catalog (http://www.globalcmt.org/).

For 12 events, CMTs of two subevents were determined stably, and the results are consistent with previous studies in terms
direction of rupture propagation and source duration. This result suggests that it is possible to construct a set of multiple CMT
solutions by the data analysis procedure of the present study. We plan to investigate whether modification of the way to set initie
guesses for the second step may improve results for the other events.

oo0ooo:00 CMT, 00000000
Keywords: multiple CMT, 3-D earth model
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We performed a numerical experiment to investigate accuracy and reliability of rupture process inversion using synthetic seis
mograms computed for a realistic structure model by the 2.5-D finite difference method (Takenaka and Okamoto, Proc. Int
Workshop on Scientific Use of Submarine Cables, 23-26, 1997; Okamoto and Takenaka, Advances in Geosciences, Vol.13, 21
229, 2009). The target event of this experiment is the 1994 far east off Sanriku earthquake (Mw 7.7 after Global CMT Catalog).
Okamoto et al. (2010, P3-29, 2010 Fall Meeting, SSJ) constructed a structure model of crust and mantle surrounding the sourt
region of this event, and showed that the observed waveforms of middle size (Mw 5.9-6.4) events that occurred near the sourt
region were well reproduced by using the model. We constructed an earthquake source process model in this numerical e
periment, which we call "input source process model”, as follows. We placed three, localized asperities (small areas with large
slips) in the shallow, middle and deep parts of the assumed fault plane, respectively. The rupture velocity was set to 2.5 km/s
The rupture starts from the shallowest asperity and propagates toward the deeper part of the fault. For this input source proce
model, we computed synthetic seismograms for teleseismic P waves using the 2.5-D finite difference method (Takenaka ar
Okamoto, 1997; Okamoto and Takenaka, 2009). Then, we performed rupture process inversion of these synthetic seismograt
using inversion algorithm by Yagi and Fukahata (2008. Geophys. J. Int., 175, 215-221). Green'’s functions were computed usin
the method of Kikuchi and Kanamori (1991, BSSA, 81, 2335-2350).

The obtained rupture process model showed three areas with large slips corresponding to three small asperities in the inp
source process model. This result suggests that it is possible to obtain overall feature of rupture process by applying inversic
algorithm of Yagi and Fukahata (2008) to teleseismic P waves. We also note that the areas of asperities in the inversion rest
are much larger than those in the input source process model. Such "smearing” effect has also been pointed out by Okamoto a
Takenaka (EPS, 61, e17-e20, 2009) in the results of the synthetic experiments of the inversion for the slip distribution of tsunam
earthquake. Because of the smearing effect, it might be difficult to reveal fine features in the "true” slip distribution.

0000oo:0000,0000,2500000
Keywords: Rupture process inversion, Numerical experiment, 2.5 dimension finite difference method
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The effect of the near-source heterogeneous structure on the teleseismic body waveforms can become large for shallow st
duction zone earthquakes: large amplitude later phases are generated as a result of the distortions in the ray paths due to
heterogeneous structure. Such structural effect must be carefully considered in evaluating the results of the source process inv
sion.

As an example of the source process analysis by considering the effect of the near-source structure, we perform inversion
teleseismic P waveforms for space-time slip distribution of the 1994 far east off Sanriku earthquake (the origin time: 12:19:23.6C
UTC, December, 28; location: 40.45 degree N, 143.49 degree E; depth 33.0 km after USGS. Mw: 7.7 after Global CMT Cata-
log). The broadband waveform data were retrieved from the IRIS DMC. We integrate the velocity records to obtain displacemen
records, and applied band-pass filter with the pass-band between 0.007 Hz and 0.2 Hz to obtain displacement record for inve
sion. In order to consider the effects of crust and mantle structure around the source region, we constructed the structure moc
referring to the studies by Ito et al. (2004, EPSL, 223, 163-175), Ito et al. (2002, Zisin2, 54, 507-520), Amante and Eakins (2009
NOAA Technical Memorandum NESDIS NGDC-24, 19 pp.), Bassin et al. (2000, EOS Trans AGU, 81, F897). We presented the
results of comparison between observed waveforms of middle size (Mw: 5.9-6.4) earthquakes that occurred in the source regic
and synthetic waveforms computed for this model using the 2.5 dimension finite difference method (REF) and showed that thi:
model well explained the observed waveform data (Okamoto et al., 2010, P3-29, 2010 Fall Meeting, SSJ).

Using the Green’s functions computed for the model, we invert the data for the slip distribution following the inversion pro-
cedure developed by Okamoto and Takenaka (EPS, 61, e17-e20, 2009). The preliminary inversion resulted in a small (weal
moment release near the rupture starting point, and a large (strong) moment release around the middle of the fault after about
s from the onset. In the companion paper (Hara et al., this meeting), we will present results of the synthetic experiments of thit
inversion.

00000:000000,2500000,194000000000
Keywords: Rupture process analysis, 2.5 dimension finite difference method, 1994 far east off Sanriku earthquake
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It is well known that earthquake faulting is followed by shear rupture propagation. It is very hard to see dynamic faulting under
the ground. In order to observe such a shear rupture many attempts are done in experiments that samples with photo-elasticity
broken under a uni-axial loading and dynamic rupture nucleation is triggered by a explosion. It is, however, far from the actual
earthquake nucleation that starts spontaneously. Here we try to nucleate dynamic rupture spontaneously.

We made gel plates (250 400x 10mm) including a weak plane, and set it under an uni-axial compression. The gel has two
advantages over rock samples. One is that the stress field of sample can be observed by photoelasticity. Another is that dynan
rupture is easy to be observed because of the significant low s-wave velocity, 7m/s. We change strength of the weak-plane :
that we can control generation of subsidiary cracking off the main rupture.

We successfully generated subsidiary off-fault cracks when the weak-plane strength is relatively high. We observe significan
deceleration of rupture velocity of the main fault during growth of subsidiary cracks. This can be attributed to the energy con-
sumption due to increase of surface energy.

We also discuss geometry of off-fault comparing to theoretical prediction.
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