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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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Heterogeneous pre-stress field in source region
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Keywords: Earthquake source process, stress field
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Precise estimation of AE behavior prior to rock failure with continuous broadband record-
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Keywords: AE (Acoustic Emission), laboratory experiment, broadband, continuous recording, source process
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