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Full moment tensor inversion for the 2013 Sea of Okhotsk deep earthquake
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We performed full moment tensor inversion for the May 24, 2013 Sea of Okhotsk deep earthquake, which is the largest
deep earthquake (the moment magnitude is 8.3 after the Global CMT solution). Following Kawakatsu (1991), we redefined
the diagonal components of the moment tensor, and determined full six component moment tensors. In order to determine tf
isotropic component independently from the CLVD component, we analyzed long period signals in the period range betweer
550 and 1000 s following Kawakatsu (1996), and Hara et al. (1995, 1996). We retrieved VHZ channel broadband waveform dat:
from the IRIS DMC. The duration of the time series is five hours. We used the Direct Solution Method (Hara et al., 1991, 1993)
to calculate the Green’s functions. We considered the 3-D velocity structures of model SAW24Bdir{ldnd Romanowicz,

2000) and crust 2.0 (Bassin et al., 2000; http://igppweb.ucsd.edu/"gabi/rem.html) to calculate synthetic seismograms. We si
spatial grids around the PDE hypocenter for possible centroid locations and temporal grids around the centroid time of the
Global CMT solution for possible centroid times. We conducted linear moment tensor inversions for pairs of the spatial and
temporal grids to investigate the dependence of solutions on centroid location and time. In the preliminary analysis, the isotropi
components of the solutions with larger variance reductions and smaller correlation coefficients with the isotropic componen
and the other moment tensor components are in the range around 2 to 4 per cent (implosive) of the seismic moment of this evel
This preliminary result is consistent with Okal (2013), who obtained the implosive isotropic component with about 2 per cent of
the seismic moment by the analysis of the normal mg&sand, Sy, although further evaluation on uncertainty of the estimates
obtained in this study is required.
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Estimation of Radiated Seismic Energy from Teleseismic Body Waves
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Seismic energy estimation of repeating earthquake sequences offshore northeastern Jag
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Stress drop variations among small earthquakes in the Tohoku-oki region - implications
for the 2011 megathrust event
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Broad-band source image for the 2011 Tohoku earthquake constructed by strong-motio
data
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Foreshocks implying slow slip transients leading to large earthquakes
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In the recent decades, a growing number of geophysical evidences has clarified that a major fault zone along plate interfac
hosts not only the unstable fast sliding during rupture of ordinary earthquake, but also slow slip transients without any seismic
radiations. Because slow slip transients quasi-statically release the shear stress in the adjacent seismogenic regions, the slow
transients may have caused stress loading on the nearby seismic patch and might play a role in a slow nucleation process lead
to a large earthquake (Beroza and Ide, 2010; Bouchon et al., 2011; Kato et al., 2012). Therefore, it is quite important to revee
interplay between slow slip and unstable fast slip, in order to shed light on the nucleation process of large earthquake.

Here, we explored foreshock activities implying slow slip transients leading up to large earthquakes. We applied the matche
filter technique to continuous waveform data around 10 days prior to the past large earthquakes in JafgabB)Mnd created
newly foreshock catalog for each sequence. We found out accelerating seismicity preceding some large earthquakes at ple
interfaces and intraplate at time scales of days to hours. These foreshocks were located very close to the initiation point of eac
mainshock rupture. The increase in foreshock seismicity implies that a fault may begin to slowly slip before large earthquake, a
like recognized in the foreshock sequence prior to the 2011 Tohoku-Oki earthquake.
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ing model

R £
ZHUANG, Jiancang ; WANG, Dur?*

LR B ZERT, 2 SO A HE ST
Hnstitute of Statistical MathematicéZarthquake Research Institute, University of Tokyo

Vere-Jones’ branching crack model was develop in 1970s. In this model, the earthquake source is regarded as the results of t
total population of crack elements in a critical or near-critical branching process, where the crack does not propagate in a sing|
continuous movement, but through a series of steps. At each step, each crack element simply terminates or generates seve
other crack elements nearby. Regarding the total number of steps (generation) as the duration time and the total number of cra
elements as the total energy released, the following similarities are found between earthquake sources and this model:

1. The distribution of energies is asymptotically a Pareto distribution (power law) for the critical case, or a tapered Pareto
distribution (tapered power law, Kagan distribution) for the subcritical case.

2. The duration time of ruptures has a tapered inverse power distribution.

3. The number of crack elements at each generation (time step) show similar patterns of earthquake source time functions.

Figure 1 (a) and (b): Plots of the numbers of crack elements at each time step in two simulation examples. (c): Distribution of

half duration times in real earthquake catalog. (d): Distribution of duration times in synthetic catalogs.

F—T— R okolfE, 7 —7 )5 - U v 2—Hl| 7—3—8L— by, R
Keywords: Branching process, Gutenberg-Richter Magnitude-Frequency Relation, Tapered Pareto distribution, Earthquake sou
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Keywords: moment tensor, source type diagram, double couple, CLVD, isotropic deformation

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SSS529-09 =5:416 IREfi:4 H 28 H 16:30-16:45

Stress concentration ahead of supershear rupture
Stress concentration ahead of supershear rupture
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FUKUYAMA, Eiichi 1* ; XU, Shiging' ; MIZOGUCHI, Kazud@ ; YAMASHITA, Futoshi!
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INat'l Res. Inst. Earth Sci. Disas. PrexCentr. Res. Inst. Elect. Pow. Ind.

We report the shear strain field ahead of a supershear rupture. The strain data was obtained during the large-scale biax
friction experiments conducted at NIED in March 2013. We conducted friction experiments using a pair of meter-scale gabbro
rock specimens whose fault area was 1.5m x 0.1m. We applied 2.6MPa normal stress and loading velocity of 0.1mm/s. At th
long side of the fault edge, which is parallel to the slip direction, 32 2-component semi-conductor strain gauges were installec
at an interval of 50mm and 10mm off the fault. The data are conditioned by high frequency strain amptifi&slidz) and
continuously recorded at an interval of 1MHz with 16-bit resolution. Many stick slip events were observed and a unilateral
rupture event was chosen in this analysis that propagated with supershear rupture velocity. By focusing at the rupture front, stre
concentration was observed and sharp stress drop occurred immediately inside the rupture. We found that the stress concentrat
becomes mild as the rupture propagates and length of the stress concentration area becomes longer. This observation is q
interesting because the rupture propagates at a constant speed close to square root two times the shear wave velocity and th
longer stress concentration region suggests more energy dissipation. We might speculate that such longer stress concentrat
area suggests longer plastic region ahead of the rupture (or longer cohesive distance). l.e. The cohesive zone length might
longer as the rupture propagates to maintain constant rupture velocity propagation.

F—17— R: Earthquake rupture, Stress concentration, Supershear rupture
Keywords: Earthquake rupture, Stress concentration, Supershear rupture
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Effects of normal stress on the evolution of AE activities and frictional properties of a
fault
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To numerically investigate earthquake generations on a plate interface or a fault, we need to know their frictional properties
This study provides a clue to evaluate the frictional properties from spatio-temporal variations of such observations as seismicit
and aseismic sliding on the interface of the fault.

We performed frictional sliding experiments using a rotary shear apparatus under a variety of normal stress from about 5 MP:
to about 15 MPa. Stepwise change in the sliding rate was imposed to investigate rete dependences of AE activity and frictior
Cumulative displacement up to 200 mm was achieved to elucidate their evolutions.

We confirmed similar evolutions of AE activities and friction to those shown by Yabe (2002). That is, the frictional property
(rate dependence of friction) of the fault was first the velocity strengthening. The velocity strengthening became weak with
an increase in the cumulative sliding. Then, the fault showed the frictional property of velocity weakening. Finally, the rate
dependence of friction converged to a constant negative value, when the cumulative sliding reached a critical distance. Th
m-value of AE events increased with sliding, when the cumulative sliding distance was smaller than a critical distance. After the
critical sliding distance, then-value took a constant value. The critical sliding distances of the frictional property amd-the
value were almost the same each other. The rate dependencenefllee, which was negative under a small sliding distance,
also converged to a constant value of about zero at the cumulative sliding distance.

The evolutions were quantitatively evaluated by applying an exponential-decay function to data that is similar to the function
proposed by Wang and Scholz (1994) to express wear processes of a fault. The function well reproduced the experimental da
suggesting that AE activities and frictional properties evolved in association with the wear. The decay distances of evolutions o
the AE activities and the frictional properties were equal to each other and in inverse proportion to the normal stress. The latte
could be understood by taking into account that the larger the overlap volume of asperities on the fault, the larger the norma
stress. Further, when the normal stress was increased, the velocity weakening became weatardubhevas decreased.

These results imply that there exists interrelations among seismicity and frictional properties of the fault.

F—TU— R BETAND, AE [EE), BEERHE, 00— 2 ) —8 AW, MUK, SR

Keywords: frictioanl sliding, AE activity, frictional property, rotary shear, evolution, normal stress dependence

1/1



