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Early aftershocks following the 2007 Noto Hanto, Japan, earthquake
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A shallow Mw = 6.7 inland earthquake occurred on the west coast of the Noto Peninsula in Japan on March 25, 2007. A
fine local tomography and a magnetotelluric (MT) survey conducted after the mainshock [Kato et al., 2008; Yoshimura et al.,
2008] found out a low-Vp and high-conductivity anomaly beneath the mainshock hypocenter. In addition, an anomalous deptt
dependency of the stress field associated with the mainshock was revealed [Kato et al., 2011]. These results suggest a poten
involvement of a deep fluid reservoir with the earthquake generation. To access the dynamic interaction of fluids with the after:
shock generation, | focus on the early aftershocks just following the mainshock. Recovery of the missing early aftershocks is
quite important to state aftershock activity induced by fluid migrations. Thus, | used the waveforms of aftershocks as template:
to detect the missing events within one-day after the mainshock, applying the matched filter technique [Shelly et al., 2007, Pen
and Zhao, 2009]. We have a total of several hundreds of thousands positive detections.
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Medium-scale characteristic earthquakes around Japan
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Detection of M5 level recurrent earthquakes associated with the Boso slow slip events
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We report on the experimental observation of mode-Il crack propagation along a weak plane in agarose-gel. Agarose gels «
three different concentration(1, 2,and 3 wt%) are prepared and their rheological properties are measured. In the experimer
transparent agarose-gel which contains straight weak plane is applied constant load. The position of crack tip is tracked by meal
of photoelastic visualization. We observed evolution of rupture front from slow nucleation to fast, unstable propagation. Observec
terminal velocity of rupture propagation for 1wt%-gel is typically about 4m/s, which is corresponding to shear wave velocity of

the gel. Terminal velocity and critical crack size are compared with theoretical expectations.
We also discuss the capability of the experiment to investigate the earthquake rupture process.
Keywords: fracture experiment, fault dynamics, fault nucleation, laboratory experiment, photoelasticity, gel
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2-D simulation of shear faulting: the slip- and time-dependent fault constitutive law and a

diversity of slip behaviour

oooo ™ oooot
Yuki Nomura*, Chihiro Hashimotd

looooooon
IGraduate School of Nagoya University

The occurrence of interplate earthquakes can be regarded as the process of tectonic stress accumulation and release in sol
regions, driven by relative plate motion. Stress accumulation between earthquakes results from slip deficit relative to steady pla
motion. Recently, on the basis of detailed analysis of geodetic and seismic data, it have been revealed that many slow earthqual
that have extraordinary low slip-velocity occur at plate interfaces. This indicates a diversity of slip behaviour to release the ac-
cumulated stress at plate interfaces. The mode of fault slip is prescribed by constitutive properties there. Thus, to understand tl
process of tectonic stress accumulation and release in plate subduction zones, it is crucial to make clear the dependence of <
behaviour on the constitutive properties.

In the present study, we developed a simple two-dimensional simulation model of shear faulting to examine in detail the depen
dence of slip behaviour on fault constitutive properties through the entire process of earthquake generation cycles. The couple
non-linear system prescribing the process of stress accumulation and release in a strength asperity consists of the equation
equilibrium for two-dimensional shear faulting, fault constitutive relation, and steady slip motion as a driving force. First, we
used a simple slip-weakening fault constitutive law. In this system, slip behaviour in the strength asperity is controlled by a single
non-dimensional parameter defined by (rigidyitical weakening displacement)/(peak strergtraracteristic length indicating
the size of the strength asperity). In the case that the non-dimensional parameter is small, accumulated stress is released
unstable slip, while in the case that the non-dimensional parameter is very large, accumulated stress is released by stable s
Only in the case that the non-dimensional parameter is moderately large, a slow slip event can be realized. Second, we used t
slip- and time-dependent constitutive law by Aochi & Matsu’ura (2002), which has been derived from theoretical consideration
on the fault-surface abrasion with slip and adhesion with contact. Through numerical simulation, we reproduced recurrent sta
ble/unstable fault slip in the strength asperity. In this case, the dependence of slip behaviour on the constitutive parameters is n
so simple. The essential parameters controlling the slip-and time-dependent fault constitutive law are the abrasion rate and tt
adhesion rate. Given the values of the abrasion rate and the adhesion rate, and the past history of the fault slip, the values of fa
constitutive parameters, the breakdown strength drop and the critical weakening displacement, can be defined at each mome
Such a process dependence of the fault constitutive parameters causes complicated fault slip behaviour.
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Dependence of earthquake stress drop on critical slip-weakening distance

oooo b
Naoyuki Katd*

loooooooon
L'ERI, Univ. Tokyo

Earthquake stress drop is one of the most fundamental parameters that characterize earthquake sources. It is known that th
is a large variation of estimated stress drop, and its origin is unknown. Numerical simulations are carried out in order to examine
factors that control stress drop of earthquakes. A straight fault, on which friction obeys a rate- and state-dependent friction law
is embedded in a 2D uniform elastic medium, and the fault is shear loaded at a constant rate. Velocity-weakening friction is
assumed on the central part of the fault, which is sandwiched between regions of velocity-strengthening friction. Stable sliding
at the velocity-strengthening regions generates stress concentration at the edges of the velocity-weakening region, which resu
in earthquake occurrence. Stress drop is measured by the ratio of average slip on the fault to the fault rupture length, using
plane-strain shear crack model. Many simulations are done for various values of applied normal stress to the fault and characte
istic slip distance L. Simulation results indicate that the average stress drop increases with the normal stress and L. By definitior
the stress drop is proportional to the average seismic slip at the velocity-weakening region of the model fault, and therefore t
accumulated slip deficit during an interseismic period approximately. Rupture occurs when the stress concentration at an ed
of the locked zone becomes large enough to overcome fracture energy Gc, which is approximately proportional to the norme
stress and L. Critical slip-weakening distance Dc and Gc are estimated from relations between shear stress and slip obtain
for simulated data, and it is found that stress drop increases with Gc and Dc. Stress drop does not linearly increase with norm
stress, which may be related to relatively small depth dependence of observed stress drop. Note that the above results hold wh
seismic coupling is high and rupture starts near an edge of the locked region of the fault. When seismic coupling is low becaus
of low normal stress or large L, stress drop is simply proportional to the normal stress and is not dependent on L or Dc. It is
known that stress drop is little dependent on L and is proportional to normal stress for a single-degree-of-freedom spring-blocl
model. This is because stress concentration at an edge of a locked zone cannot be realized in the spring-block model.
Keywords: earthquake mechanics, earthquake parameters, friction, numerical simulation
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Shear fracture strength of faults (V): The orientation of in-situ stress and the direction of
GPS velocity
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A primary model of earthquake cycle almost controlled by pore pressure evolution

0000 ™, 00 00 2, Massimo Coccd
Yuta Mitsuit*, Kazuro Hirahara, Massimo Coccé

lopooo,?20000,3INGY
1Sci., Hokkaido Univ.2Sci., Kyoto Univ.,2 INGV

In a recent Ph.D thesis by the first author (and related papers), certain effects of pore pressure evolution are introduced |
simple numerical models for earthquake cycles. One is the pore pressure increase by shear heating, and the others are the
pressure alteration by porosity changes. Since evolution of pore pressure within fault zones directly affect friction as well as fric-
tional coefficient, earth cycles in fluid-saturated fault zones are related to pore pressure evolution by necessity. This introductio
of the pore pressure evolution was an essential step toward constructing realistic mechanical models for natural faults.

On that basis, here, we make a model of earthquake cycle, almost controlled by continuous evolution of pore pressure.
would be an alternative model to that just controlled by evolution of frictional coefficient. By unifying our previous models of
one-degree-of-freedomMjtsui and Hirahard2009, JGR] Mitsui and Hirahard2009, GRL], Mitsui and Coccd2010, GRL]),
we can implement the continuous effects of pore pressure evolution by shear heating (including heat diffusion), porosity change
(pore dilatancy and compaction) and fluid diffusion in a traditional model for earthquake cycles only controlled by a rate- and
state-dependent friction law.

Since the shear heating and porosity changes are assumed to occur homogeneously within a certain thickness in our simplifi
model, the fault behavior strongly depends on the value of the fault thickness. This fault thickness almost represents the thickne:
of fault gouge. We show examples that the fault behavior changes from stick-slip behavior, recurrence of moderate (slow) slif
and completely aseismic slip, depending on the thickness value. Although the assumptions in our present model are too rough
represent the structures of natural faults, this is another fundamental step for realistic fault models.

Keywords: Earthquake cycle, pore pressure fluctuation, thermal pressurization, porosity change, fluid diffusion, fault thickness
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Keywords: Earthquake source process, stress field
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Keywords: AE (Acoustic Emission), laboratory experiment, broadband, continuous recording, source process
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Detection and analysis of early afterslip following the 2008 Iwate-Miyagi Nairiku, Japan,
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Slow rupture velocity of two Indonesia earthquakes
Slow rupture velocity of two Indonesia earthquakes
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Dun Wang*, James Moti

I'DPRI, Kyoto University
IDPRI, Kyoto University

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
Keywords: rupture velocity, back projection, tsunami earthquake
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Multiple centroid moment tensor analyses using Green’s functions computed for a 3-D

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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Numerical experiments of rupture process inversion using the 2.5 dimension finite differ-
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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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Rupture process analysis of the 1994 far east off Sanriku earthquake using the 2.5 dime

sion finite difference method
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Taro Okamotd*, Tatsuhiko Hara, Hiroshi Takenaka

lopgoooo0,?0000000000000000,30000
Tokyo Institute of TechnologyIISEE, BRI, 2Kyushu University

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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Subsidiary multiple crack generation during unstable fast rupture in Agarose-gel fault
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Satoshi Fujitd*, Osamu Kuwanb Tetsuya KusakabBe Yuuki Kodera, Nobuki Kame, Masao Nakatani
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L'ERI, The University of Tokyo.

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.

gbooobo:0000d
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