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Simultaneous estimation of frictional parameters on earthquake and afterslip rapture are:

using an adjoint method(ll)
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Mathematical analysis of the non-singular solution for steady state dynamic slip pulse

problem on a bimaterial interface
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Some major faults as represented by inter-plate faults and tectonic lines are known to be located on material interfaces who:
origins are different each other. As an elasticity problem, earthquake occurring on such faults can be modelled by dynami
rupture propagation along an interface of welded two different elastic materials, which is referred to as "bimaterial”. In fact,
up to 30% difference in seismic wave velocities have been reported across the San Andreas and some major faults, and ma
researchers have investigated behaviour of such faults in many ways. Weertman (1980, JGR) analytically showed that in-plar
rupture propagation along a material interface with a constant velocity changes normal stress on its slip plane in proportion to sli
velocity unlike in homogeneous medium. Then, rupture propagating towards slip direction of more compliant material, which
is referred to as "preferred direction”, reduces normal stress and rupture towards another direction increases normal stres
This result suggests a possibility that some different phenomena may be observed depending on the propagation direction
rupture along material interface. After his work, many numerical simulations have been done. Such simulations have reveale
that rupture towards preferred direction significantly increases slip velocity (Rubin & Ampuero 2007, JGR), or tends to propagate
not as crack-like but as pulse-like rupture (Ampuero & Ben-Zion 2008, GJI).

On the other hand, analytical study in this field have not shown many major progresses after Weertman (1980) mainly becaus
the analysis is highly complicated if we assume friction law dependent on normal stress change: note that the normal stress chan
depends on slip velocity if bimaterial is assumed. Significant results have been provided only by a few researches including
Adams (2001, J. App. Mech.), and Adda-Bedia & Ben Amar (2003, J. Mech. Phys. Solids). They concluded that, as long as
constant dynamic friction coefficient is assumed, only a singular solution is obtained, which represents divergence of norma
stress. In general, however, analytical study plays a complementary role to numerical studies, so that progress in analytical stuc
may be required in order to interpret results obtained by numerical studies.

In this study, we treat steady state slip pulse propagating on a bimaterial interface, construct an singular integral equatio
for this problem, and analyse its solution. First, we show that the singular solution obtained by previous studies yields finite
energy release rate even though its singularity is, if rupture propagates towards the preferred direction, larger than the squa
root singularity appearing in the solution for homogeneous problem. Next, we analytically derive the condition to remove the
singularity, namely the condition that the shear stress drops continuously from the pealauglteethe residual valuéay. at
the pulse tip as illustrated in fig.(afgw is the background stress level. This condition is found to be a function of the stress ratio
(taw - tau.) / (tay, - tau.), ratio R/L, propagation velocity of pulse and propagation direction of pulse as shown in fig.(b),
whereL is a length of the pulse arfd is a characteristic length of process zone. For a homogeneous medium, this condition have
been derived by Rice et al. (2005, BSSA), which, however, does not depend on rupture velocity (solid line in fig. (b)). This result
suggests that rupture towards the preferred direction requires small stress drop relative to rupture towards opposite direction
the same size of process zone is considered. That is to say, in a different point of view, rupture towards the preferred directio
may generate larger process zone if the same value is assumes for the stress drop. We mention some physical implications ¢
applicabilities of this result.
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Dynamic ruptures with thermal pressurization: Effect of changes in physical properties

due to phase transition of water
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Phase transitions of pore water have never been considered in dynamic rupture simulations to investigate effect of therm:
pressurization (TP), although they can control TP. From our 3-D numerical simulations of dynamic rupture propagation including
TP in the absence of any phase transition processes of water, we predict, for a strike-slip fault under depth-dependent stress
the semi-infinite medium, that frictional heating and TP are likely to change liquid pore water into supercritical pore water.
The transition from liquid to supercritical phase causes changes in viscosity, compressibility, and thermal expansion of wate
by a few orders of magnitude, which can affect diffusion of pore pressure. Accordingly, we performed numerical simulations of
dynamic ruptures with TP, taking into account the physical properties varying with pressure and temperature of pore water. Th
characteristics of the rupture were examined under uniform stress in the infinite medium. The results suggest that the varyin
physical properties suppress the total slip amount when stresses are high at depth and shear zone thickness is small. When sp:
variations of the fluid density and viscosity are allowed in the diffusion equation of pore water, the total slip amount decreases
further. The results also suggest that TP reduces temperature rise in a fault zone less effectively, compared to that estimat
with constant physical properties. It has been considered that TP works more effectively in thinner shear zone. Our simulations
however, show that the transition from liquid to supercritical phase can produce situations violating the relationship.
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related to two MO earthquakes
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Updip limit of seismicity observed worldwide suggests that there is an upper transition from seismic to aseismic faulting for
subduction zones, which prohibits large slip near the trench during earthquakes. Here we show, however, large amount of sli
during two tsunami earthquakes are located near trench.

We use a back project method to analyze the July 17, 2006 Java (Mw 7.7) and October 25, 2010 Sumatra (Mw 7.8) earthquake
using low- (0.03 to 0.05 Hz) and high frequency (1.0 to 10 Hz) Hi-net data. The results shoyuttts (1) the ruptures
extended all the way to the trench with a relative slow rupture velocity (1.0 to 1.5 km/s), and (2) released large slips at shallow
portion of the source regions (Figure fflunder The source durations of 1007150 s are much longer than usual earthquakes. The
large near-trench slips are coincident with the tsunami generation areas, as identified by tsunami waveform inversion and fiel
investigation.

The correlation between seamounts and tsunami earthquakes locations indicates that seamounts, which represent seafl
roughness, could be capable of increasing the locking of the subducting interface for the shallow portion of the thrust zone.

Understanding the updip locking for the shallow region of subduction zones is important for understanding tsunami earthquake
mechanisms and their occurrence intervals. It is difficult to infer the updip locking from onshore observations as it may overlook
the potential hazard from tsunami earthquakes. We suggest the importance of seafloor roughness and offshore observation
understanding tsunami earthquakes.

Figure 1. (a) 2010 Sumatra earthquake. Top show the seismograms recorded at station HMNH, the stacked amplitude curve a
rupture velocity. The red, yellow and green lines present a rupture velocity of 1.0, 2.0, and 3.0 km/s, respectively. Bottom show:
the locations, timing and amplitudes of the maximum amplitudes for the high frequency band. Red star shows the epicenter. Th
gray solid circles indicate the low frequency centroids. (b) Same results for the 2006 Java tsunami earthquake.
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