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Recently, seismic observations are getting more precise and have revealed heterogeneous structure near faults. For exam
Kato et al. (2006, JGR) imaged the seismic structure in the source region of the 2004 Chuetsu earthquake and concluded tf
faults of the main shock and some major aftershocks are located near of material interfaces where seismic wave velocities chan
discontinuity. Moreover, Naoi et al. (2011, BSSA) analysed dynamic behaviour of a M2 earthquake that occurred in 2007 neal
a pre-installed observational network at the deep gold mine of South Africa and concluded that rupture extension of its fault
stopped at very close to a material interface. Considering heterogeneous structures that exist universally in the Earth’s crus
dynamic earthquake rupture will be affected by the existence of material interface. If fault intersects with the interface during its
growth, the effect of material interface will be significant. The observational studies described above might support them.

On the other hand, almost all dynamic rupture simulations for understanding fault mechanics are based on an assumptic
that rupture propagates in a homogeneous medium or along a material interface. That is to say, past studies have not treat
intersection of dynamic rupture behaviour with material interfaces. This might be due to difficulty and immaturity of numerical
technigues to simulate dynamic rupture behaviour. A front of dynamically extending fault radiates strong perturbation of stress
so that quite high accuracy is required for the simulation. Additionally, faults are sometimes non-planar and this should be takel
into account. In a framework of elasticity, one of the best techniques that meets these requirements is the Boundary Integr:
Equation Method (BIEM) developed by Tada and Yamashita (1997, GJI). BIEM requires analytical expression of non-hyper
singular response function of an ambient system generated by slip of each discretized fault element. Previous studies, howevs
have derived the response function only for an infinite homogeneous medium.

In this study, we consider the intersection of dynamic rupture behaviour with material interfaces. First, in order to do so, we
derive the non-hyper singular response function of two welded elastic 2-D half-spaces, which is referred to as "bimaterial”, due
to an anti-plane dynamic crack. Difficulty of the derivation of response function is resolved by treating 2-D Green’s function as
complex function and using the Cagniard de-Hoop’s method. This analytical solution can be considered as a response of bim:
terial when uniform slip rate is given on a finite planar fault. Hence this solution itself can be employed as a benchmark for a
numerical simulation of a fault with uniform slip rate embedded in bimaterial. Next, we actually execute BIEM simulation by
using this solution. We find that a distinct phenomenon appears on the fault after the rupture front intersects with the interface. I
other words, a significant slip rate change occurs at the intersection and it propagates back towards the rupture nucleation poil
Especially, on the case that the rupture extends towards more rigid material from more compliant material, this perturbation ca
be seen as temporal reduction of slip rate. Considering velocity weakening friction law, this implies that fault behaviour could be
complex because the reduction of slip rate generates increase of friction, so that slip may stop after the rupture front intersec
with the interface.
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Rate- and state-dependent friction law (RSF) has been recently revised by Nagata et al. [2012]: its frictional parameters wer
replaced by experimentally corrected values in the constitutive equation and a shear stress weakening effect was incorporated
the state evolution equation. It can quantitatively simulate any kinds of rock friction data observed in hold-slide tests and velocity-
step tests. Based on the revised RSF, we here re-investigated the mechanics of frictional slip on earthquake faults responsible
stress triggering because they might be wrongly inferred from the earlier flawed RSFs such as the slowness law.

Seismicity is considered as a sequence of earthquake nucleation events, which are controlled by loading history and fau
frictional property. Dieterich [1994] modeled aftershock seismicity, a major part of earthquake clustering, based on the derivec
RSF. In his modeling, he consider an accelerating process of the slip on a fault caused by a spontaneous stress step and analytic
derived time to instability. However, the aftershock productivity and duration predicted are much lower and much longer than
those of observation.

Here we reconstruct the aftershock model by using the revised RSF recently proposed in order to examine how the defects
the original model are modified. Analytic derivation of the time to instability is not available in the revised RSF and we have to
simulate slip acceleration process of fault population and measure the time from a stress step to instability.

Our simulation results show that the aftershock productivity with the revised RSF is around 2.0 times larger than the original,
and the durations are 3 times shorter (stress step :10MPa). Our reconstruction with the revised RSF can not fill the gap betwet
the theory and observation.
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Numerical simulations of recurrence of large interplate earthquakes at a subduction zone are conducted by using a rate- al
state-dependent friction law to estimate fracture energies at the rupture nucleation points of large interplate earthquakes. She
stress is concentrated near the deeper edge of a locked zone of a plate boundary and seismic rupture occurs when the ene
release rate by rupture extension becomes larger than the fracture energy. The stress concentration at the deeper edge is expe
to increase with aseismic slip amount at the deep aseismic slip zone, and the aseismic slip amount at the occurrence of a lar
interplate earthquake is equal ¥,; T,., whereV,,; is the relative plate velocity and,. is the recurrence interval of interplate
earthquakes. The fracture enei@y at the rupture nucleation point is measured for each simulated earthquake from the relation
between shear stress and slip distance. Simulation results for various values of friction parameters and effective normal stress |
dicate thaiG. is proportional to the square &f,,; T,., suggesting that . of interplate earthquakes can be estimated fiomT ;..

The fracture energys. at the rupture nucleation points of M8 class Nankai earthquakes, which took place along the Nankai
trough, southwestern Japan, every 100 years, is estimated to be 0.1 to 1. Midisestimated value seems to be significantly
smaller than the reporte@ . values of large earthquakes in the literature. This is probably because the estiatatlie in

the present study is for the rupture nucleation point, wilehas been estimated from dynamic modeling of developed rupture
processes in many cases. The fracture energy may increase as rupture propagates because of off fault plastic deformation an
secondary ruptures near the propagating craclQipof the 2011 Tohoku-oki earthquake of magnitude 9.0 is on the order of 10
MJ/m2, which is much larger than that estimated for the Nankai earthquakes. The region with the large fracture energy control:
a very long recurrence interval and enables the accumulation of large strain energy.
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Statistical indices for characterizing earthquake are important for understanding the mechanism of earthquakes. The Gutenbe
Richter (GR) law for the earthquake magnitude is well established in seismology and it is well known that the b-value depends
on time and space. However in the tail part of the distribution which corresponds to large magnitudes, the functional form is still
a subject of concern not only because we want to know how frequent the large earthquakes occur but also because we have ins
ficient data of large earthquakes. Moreover, the estimation of frequency or probability of rare events like disastrous earthquake
is a big concern from the hazard assessment point of view.

To study further the frequency of large earthquakes, we adopt a large deviation function (LDF). The LDF is related to the
probability of rare events which constitute the tail part of the distribution. In addition to the practical usefulness similar to that of
log scale, the LDF is universal in the sense that it is an asymptotic form whenever the number of elements is large. In general
is difficult to calculate the exact form of the LDF. Recently, a population Monte Carlo method has been introduced to obtain the
LDF of some cellular automaton models. Among those simple models, we adopt an one-dimensional forest-fire model, which ca
be understood as one of minimalist models for earthquakes. Recently, the configuration of ignition sites (trigger sites) is investi
gated in the 2D forest-fire model by Tejedor et.al.[1] where they limit and fix the trigger sites to represent various heterogeneou:
faults. They found that there exist some asperity regions where large earthquakes tend to occur in their models. The power-la
line of the frequency distribution (GR law) is adopted as criterion for the definition of phases which are classified as subcritical,
critical or supercritical.

In this study we numerically calculate the LDF for frequency in the 1D forest-fire model. The configuration dependence is
examined by introducing four models of different numbers of trigger sites. A mean frequency distribution is calculated to make
a phase map analogous to the one by Tejedor et.al. Among various earthquakes that occur in the model, for practical reasons, !
focus on the characteristic earthquake which is the earthquake that break all the area. Next we numerically calculate the LDF fc
frequency of the characteristic earthquake. In all cases, the LDF display a peak structure around the mean frequency. Wheth
the scaled data of the LDF by the mean frequency fall on to a curve or not depends on parameters such as the number of trigg
sites and the ratio between loading rate and triggering rate. When the scaling do not collapse, the system size dependence of:
symmetric part differs from that of the anti-symmetric part in some region. We draw a phase map by comparing the LDF of the
present model to that of the Poisson process. Finally we calculate the LDF from the real seismic catalogs and find that the LDI
is different from that of the Poisson process.

[1] A.Tejedor, J.B.Gomez and A.F.Pacheco, Phys.Rev.E. 79 (2009) 0461021
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Comparison of the ratio of maximum displacement amplitude to HFER duration to the

slowness parameter
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Hara (2007, EPS, 59, 561-565) suggested a possibility to distinguish tsunami earthquakes using the ratio of the contributio
of the maximum displacement amplitude (with distance correction) in the magnitude formula of Hara (2007, EPS, 59, 227-
231) to that of high frequency energy radiation (HFER) duration. In this study, we calculate common logarithms of ratios of
maximum displacement amplitudes of teleseismic P waves (with distance correction) to their HFER durations for a set of large
shallow earthquakes. Then, we compare them to the slowness parameters, which are defined by common logarithms of ratios
radiated seismic energy to seismic moment (Newman and Okal, 1998, JGR, 103, 26,885-26,898), determined by Newman ar
Okal (1998), Lomax et al. (2007, GJI, 170, 1195-1209), and Lomax and Michelini (2009, GJI, 176, 200-214). We find a good
correlation between these two ratios. Since the slowness parameter is demonstrated to be effective to identify tsunami earthqual
(i.e., the slowness parameter is deficient for tsunami earthquakes), the ratio of the maximum displacement amplitude to its HFE
duration for teleseismic P waves is useful to distinguish tsunami earthquakes.
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Hara (2011, EPS, 63, 525-528) showed a clear azimuthal dependence of high frequency energy radiation (HFER) duratior
measured from teleseismic P waves for the 2011 off the Pacific coast of Tohoku Earthquake. He suggested that it reflected tt
rupture propagation that generated high frequency energies. In this study, we investigated whether such azimuthal dependen
were observed for the 1994 far east off Sanriku earthquake (Mw 7.7) and the 2003 Tokachi-oki earthquake (Mw 8.3). We appliec
the measurement procedure of high frequency energy radiation duration of Hara (2007, EPS, 59, 227-231) to these earthquak
and found their azimuthal dependences. We calculated high frequency energy radiation durations referring to previous ruptur
process models of these earthquakes, and compared them to the observed high frequency energy radiation durations. For
1994 far east off Sanriku earthquake, we found a good correlation between them. For the 2003 Tokachi-oki earthquake, althouc
the observed azimuthal dependence is consistent with the direction of the rupture propagation, there is a substantial differen
between their absolute values, which needs further detailed analyses.

gogoob:bbooooobb,0oubb,oooobon
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