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Full moment tensor inversion for the 2013 Sea of Okhotsk deep earthquake
HARA, Tatsuhikd* ; KAWAKATSU, Hitoshi?
ISEE, BRI,2Earthquake Research Institute, The University of Tokyo

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 redefinec
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 SAW24Bgitir{ldnd Romanowicz,

2000) and crust 2.0 (Bassin et al., 2000; http://igppweb.ucsd.edu/ gabi/rem.html) to calculate synthetic seismograms. We s
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&snd, S, 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

KIUCHI, Ryotat* ; MORI, Jame$
IDisaster Prevention Research Institute, Kyoto University

Radiated seismic energy is a fundamental parameter for understanding source physics. Using teleseismic P waves, Choy a
McGarr (2002) reported that strike-slip earthquakes in the oceanic lithosphere have high apparent stress (rigidity multiplied by
the ratio of radiated energy to seismic moment). However, that estimates may have a large variation, because of the large radiati
pattern of nodal arrivals. Therefore, we improved that used method to better correct for radiation pattern. From our result, we
find that the strike-slip earthquakes have apparent stress values that are 5 to 8 times higher than dip-slip earthquakes with t
oceanic events having slightly higher values than continental events. In addition, using our improved methods, we can estimat
the apparent stresses for strike-slip earthquakes with more reliability, since the error of radiated seismic energies becomes small

Keywords: Radiated seismic energy, Apparent stress, Strike-slip earthquake
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Seismic energy estimation of repeating earthquake sequences offshore northeastern Jag
ARA, Masamicht* ; IDE, Satoshi ; UCHIDA, Naoki?
IThe University of Tokyo, EPS Graduate school of science Tohoku university

Repeating earthquakes are thought to occur on locked patshésh represent almost time-independent irregularity on the
plate interface, to catch up with stable slip on the surrounding interface. Thus, they produce spatial and temporal stress heter
geneity around the source area, which may control the spatial and temporal patterns of seismic energy of repeating earthquak
We estimate seismic energy for many small to moderate repeating earthquakes that occurred offshore northeastern Japan,
understand the nature of stress heterogeneity and hidden structural irregularity.

Seismic energy reflects dynamic fault motion during an earthquake, while seismic moment is determined by the difference
between the initial and final states of the fault. Seismic moment is determined relatively precisely using the low frequency limit
of seismic spectra. In contrast, seismic energy has large errors because it is determined from the entire frequency range of se
mic spectra, after correcting path and site effects which can be significant especially at high frequencies. Another problem is th
size dependence of seismic energy, which has been a matter of debate for two decades in seismological community. A typic
guestion is whether scaled energy (the ratio of seismic energy to moment) is dependent on seismic moment. These probler
have to be alleviated to discuss the spatial and temporal variation of radiated seismic energy. Seismic energy must be estimat
as precise as possible.

As mentioned, the most serious problem in estimating seismic energy is removing path and site effects. To avoid this problen
the present study adopts an empirical Green’s function (EGF) method. We regard the ratio of seismic spectra as the ratio of sour
spectra, since the seismic spectra of co-located events observed at one station share the same path and site effects. We modif
EGF method with coda waves developed by Baltay et al. (2010), to rigorously evaluate the uncertainty in corner frequencies an
the effects of noise.

This method is applied to several repeating earthquakes of magnitude "2 to 6 that occurred offshore northeastern Japan. V
estimate seismic energy for a group of events by calculating the ratios of source spectra using S-coda waves in two horizont
components of Hi-net, National Research Institute for Earth Science and Disaster Prevention. The scaled energy is almost co
stant or slightly increasing with seismic moment. Nevertheless, the results are still tentative because the estimation of seism
energy is dependent on the assumption of source spectral model, such as the omega-square model, which have not been ¢
strained well.
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Stress drop variations among small earthquakes in the Tohoku-oki region - implications
for the 2011 megathrust event

UCHIDE, Takahikd* ; SHEARER, Petér; IMANISHI, Kazutosht
LGeological Survey of Japan, AISTScripps Institution of Oceanography, UC San Diego

It is important to assess the likely rupture characteristics of future megathrust earthquakes. One approach is to study th
spatio-temporal variation of geophysical properties in active subduction zones. We explore this idea by examining stress drops «
1536 small earthquakes (Mw 3.0 - 4.5) shallower than 80 km in the Tohoku-oki region before the 2011 Tohoku-oki earthquake.
We estimate stress drops using the spectral analysis method described by Shearer et al. [2006], which isolates source, path,
receiver terms and then applies an empirical Green'’s function (EGF) correction before computing corner frequencies and stre:
drops using the Madariaga [1976] model.

We find an overall increase in stress drop with depth, as well as lateral variations in stress drop along strike. Higher-than
average stress drops are found in East Aomori-oki and Miyagi-oki, whereas Sanriku-oki is a moderate stress-drop area. The hic
stress-drop zone in Miyagi-oki is located just south of the large slip area of the 2011 Tohoku-oki earthquake, and possibly acte
as a barrier to further rupture propagation during the event. The Miyagi-oki high-stress-drop zone is located on west of the 197
Miyagi-oki earthquake rupture area.

Stress drops of earthquakes in the large slip patch of the 2011 Tohoku-oki earthquake are comparable to the mainshock stre
drop. Since studies [Hasegawa et al., 2011; Yagi and Fukahata, 2011] indicate that the 2011 Tohoku-oki earthquake releas:
nearly all the stored shear stress, our findings suggest that small earthquakes prior to the mainshock also released a large fract
of the accumulated shear stress. Note that the absolute values of the stress drops of small earthquakes are not well constrai
due to assumptions such as the choice of source models, whereas the relative values among the stress drops of small earthqu
are better resolved. Therefore the hypothesis of nearly complete stress drops for the small earthquakes needs to be confirmed
other approaches.

In addition, the frequency dependence of the seismic radiation observed during the mainshock, with proportionally higher
frequencies coming from the deeper parts of the fault, mimics the depth dependence we see in small earthquakes in the sal
region.

These results imply that smaller pre-mainshock earthquakes can provide insights into the fault properties and consequel
rupture processes of future megathrust earthquakes.

Keywords: The 2011 Tohoku-oki earthquake, Stress drop, Miyagi-oki, Spatial Heterogeneity of Fault Properties
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Broad-band source image for the 2011 Tohoku earthquake constructed by strong-motio
data

KUBO, Hisahikd* ; ASANO, Kimiyuki! ; IWATA, Tomotaka ; AOI, Shir?
I'DPRI, Kyoto Univ.,2NIED

From the comparison between slip model using long-period (10s™) seismic waves and excitation zones of short-period (0.1
10s) seismic waves, it has been suggested that the 2011 Tohoku earthquake (Mw9.1) has the period-dependent spatial variat
on the seismic-wave radiation and this variation would be caused by the spatial difference of slip behavior on the plate boundar
(e.q., Koperet al., 2011; Layet al.,, 2012). However, their studies were based on the qualitative comparison of the results
obtained by different methods, and the quantitative comparison between source models having different period-bands has n
been made. Therefore, the construction of the source models at different period-bands by a common method is important 1
further understand the source characteristics of the 2011 Tohoku earthquake. Kubo et al. (2013, Fall Meeting of SSJ) estimate
the spatiotemporal slip models for the 2011 Tohoku earthquake on three different period bands (10-25s, 25-50s, and 50-100s).
this study, we estimate the source models for the 2011 Tohoku earthquake on five continuously-different period bands (10-25
17-33s, 25-50s, 33-67s, and 50-100s) using strong-motion data, and construct broad-band source image for the 2011 Toho
earthquake.

The spatiotemporal rupture history is estimated by the kinematic linear waveform inversion using multiple time windows
(Hartzell & Heaton, 1983). The Green'’s functions are calculated by the 3D FDM (GMS; Aoi & Fujiwara, 1999) using a 3D
velocity structure model, Japan Integrated Velocity Structure Model Version 1 (Koketsy 2012). Three components of
velocity waveforms at 25 stations of K-NET, KiK-net, and F-net of NIED are used in this analysis. Using waveform records
at the stations for the middle-size events which occurred in the source area of the 2011 Tohoku earthquake, we confirmed tf
adequacy 3D velocity structure model at the analyzed period-band.

The source image for the 2011 Tohoku earthquake on the period band of 10-100s is summarized as follows: (1) (1st) Dee
rupture off Miyagi rupture at 0-60s toward down-dip mostly radiating relative short period (10-25s) seismic waves. (2) Shallow
rupture off Miyagi at 45-90s toward up-dip with long duration radiating long period seismic wave. (3) (2nd) Deep rupture off
Miyagi at 45-90s toward down-dip radiating long period (25-100s) seismic waves. The dominant-period difference in the seismic-
wave radiation between twice deep ruptures off Miyagi may result from the mechanism that the second rupture is smoother tha
the first one because small-scale heterogeneities on the fault are removed by the first one. (4) Deep rupture off Fukushima
90-135s.

The broad-band source model on the period band from 5-100s is under construction and we will report this.

[Acknowledgments] The strong-motion data recorded by K-NET, KiK-net, and F-net of NIED was used for this analysis.

Keywords: The 2011 Tohoku earthquake, Broad-band source image, Source models on different period bands, Source inversic
Strong-motion data
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Foreshocks implying slow slip transients leading to large earthquakes
KATO, Aitaro'* ; OBARA, Kazushigé
LERI University of Tokyo

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 Jaj@b)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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Similar Characteristics between the earthquake source process and Vere-Jones’ Branc
ing model

ZHUANG, Jiancang ; WANG, Dur?*
Hnstitute of Statistical MathematicéEarthquake 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.

Keywords: Branching process, Gutenberg-Richter Magnitude-Frequency Relation, Tapered Pareto distribution, Earthquake sou
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Review on Source Type Diagrams
ASO, Naofumi* ; OHTA, Kazuaki ; IDE, Satoshi
LGraduate School of Science, The University of Tokyo

Force system of earthquake is expressed by a symmetric moment tensor, assuming internal forces on a point source, and it |
information of characteristic directions, source size, and source type. Although we often assume double couple as the sour
type, significant non-double-couple component including isotropic component is reported mainly for induced earthquakes o
volcanic earthquakes. It is also known that combination of double couples may produce non-double-couple components. Fc
discussion on source types, it is helpful to display them into some visual diagrams.

Since the information of source type has two degrees of freedom, it can be displayed on a two-dimensional flat plane. Althougl
the diagram developed by Hudson et al. [1989] (HPR diagram) is popular, it is inconsistent with the concept of scalar momen
[Aki and Richards, 2002]. This problem originates in the projection of a three-dimensional paitb( A3) on a cubic surface,
where\{, A2, and\; are eigenvalues of moment tensor.

Then, Chapman and Leaney [2012] developed a new diagram by combining spherical projection and stereographic projectio
(CL diagram). The spherical projection overcomes the problem of the HPR diagram, and the stereographic projection keep
areal density from a spherical surface to a flat plane. This diagram has an advantage that a straight line passing through tl
center corresponds to the mechanism obtained by combination of an arbitrary mechanism and a double couple, but the diagre
is curved shape, and it does not suit for detailed discussions on non-double-couple component when the isotropic component
dominant.

In the present study, we developed another new rectangle diagram that overcomes difficulties of the HPR diagram and th
CL diagram simultaneously (AOI diagram). After projecting ( A2, A3) on a spherical surface, we project it on a cylinder,
keeping areal density. This diagram is an orthogonal system of the isotropic axis (the trajectory for varying isotropic component
and the deviatoric axis (the trajectory for varying deviatoric component while keeping its scalar moment). Since isotropic
component represents the information from P-wave and deviatoric component represents the information from both P- and ¢
waves equivalently, the AOI diagram is consistent with the concept of seismogram analyses.

Since there is no source type diagram that is the best at everything, as well as map projection, it is important to use variou
diagrams taking account of their advantages and disadvantages. In the present study, we also provide examples of projecting
data set on different diagrams, and point out their apparent differences and important considerations.

Keywords: moment tensor, source type diagram, double couple, CLVD, isotropic deformation
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Stress concentration ahead of supershear rupture
FUKUYAMA, Eiichi '* ; XU, Shiging! ; MIZOGUCHI, Kazu@ ; YAMASHITA, Futoshit
INat'l Res. Inst. Earth Sci. Disas. PretGentr. 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&sldz) and
continuously recorded at an interval of 1LMHz 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 thi
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.

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

[IDA, Takuro' ; YABE, Yasud*
LGraduate School of Science, Tohoku University

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 dependencefiliee, 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 weakamdubevas decreased.

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

Keywords: frictioanl sliding, AE activity, frictional property, rotary shear, evolution, normal stress dependence
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Determination of the coefficients of Mhdd by a grid search approach
HARA, Tatsuhikd*

HISEE, BRI

Hara (2007) developed an empirical magnitude formula using durations of high frequency energy radiation and maximum
displacement amplitudes using tele-seismic P waves. Recently, Hara (2013), who referred to this magnitygde taied/to
re-determine the coefficients of the formula using a larger dataset by a linear inversion. ,fhedtulated by the proposed
coefficients better agree with the moment magnitudes from the Global CMT catalog. However, there is slight epicentral distanc
dependence for their differences. In this study, in order to reduce this epicentral distance dependence, we performed a gr
search to determine the coefficients of M by minimizing both the differences between, M and moment magnitudes and the
dependence of their differences on the epicentral distance. The dataset is the same as that of Hara (2013). The search ranges
each coefficient can be set reasonably based on the studies of Hara (2007) and Hara (2013). The preliminary result suggests t
it is possible to reduce the epicentral distance dependence using the coefficients obtained by the grid search method.

Keywords: magnitude, high frequency energy radiation, Grid search method
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Wavelet domain inversion for examination of the frequency-dependent characteristics o
the seismic wave radiation

SUZUKI, Watard* ; AOI, Shin' ; SEKIGUCHI, Harukd ; KUNUGI, Takasht
INIED, 2DPRI, Kyoto University/NIED

Frequency-dependent characteristics of the seismic wave radiation from earthquake sources are important subject for advanci
the source physics and the strong-motion prediction. The 2011 Tohoku-Oki earthquake has exhibited particularly distinctive
characteristics. The large slip is estimated in the shallow part of the fault from the low-frequency waveforms or geodetic data,
whereas the source models derived from the analysis of the higher-frequency seismic data, such as the empirical Green’s functi
modeling or backprojection method, suggest that the high-frequency waves were intensely radiated from the deeper portion. O
previous study (Suzuki et al., 2011) examined the contribution of the significant slip events to the waveform synthesis from the
low-frequency waveform inversion results. We found that the sources of the very-low-frequency waw@ idz) and higher-
frequency waves seem different in the location even in the frequency band used in the waveform inversion. The examination o
the frequency dependence in this previous study is somewhat indirect. We have therefore developed the source inversion meth
that utilizes the wavelet coefficients as the target to fit. This new method is based on the multi-time-window scheme and is linea
inversion. The moment rate is directly related to the waveform in each octave band. We have first applied the developed methc
to 0.01-0.125 Hz strong-motion data of the largest aftershock of the Tohoku-Oki event that occurred in the off Ibaraki prefecture.
The preliminary analysis does not suggest the clear frequency dependence for this Mw7.9 event in the analyzed frequency bar
As future work, we will extend the analyzed frequency range and also apply to the Tohoku-Oki mainshock.

References:
Suzuki, W., S. Aoi, H. Sekiguchi, and T. Kunugi (201Geophys. Res. Lett38, LO0OG16.
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Tracing Rupture Process of the 2011 Tohoku M 9.0 Earthquake Using Small Seismic
Arrays in China

XUELIN, Shert ; WANG, Dur?*

11.Key Laboratory of Earthquake Geodesy Institute of Seismology, China Earthquake Administiaicarthquake Research
Institute, The University of Tokyo

Back projection(BP) can trace rupture front of large earthquakes. It has been widely applied for better understanding ruptur
processes of recent large earthquakes. An important result/ouput from BP is rupture length, which roughly corresponds to th
final size of earthquakes given geological environment. Thus it can be used for fast estimate of the size of large earthquakes f
the purpose of tsunami warning and disaster evacuation.

Most studies were focused on using data recorded at distances of 30 to 85 degrees to epicenter, in which distance range f
first coming wave is direct P wave which ensures a good resolution for the results from BP.

Here we applied several sub China array data to trace the rupture propagation of the Tohoku earthquake to investigate the effe
of the other regional phases such as Pn. We tested the effects with seismograms recorded in sub arrays of China seismic arr
The results suggest that the overall rupture length can be recovered, though there is some visible disconvergence, especially
those results derived from distant sub arrays.

Keywords: Back projection, Rupture Process, The 2011 Tohoku M 9.0 Earthquake, Small Seismic Arrays in China
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Waveform correlation analysis of small repeating earthquakes using high sampling-rat
seismograms

HATAKEYAMA, Norishige!'* ; UCHIDA, Naoki' ; MATSUZAWA, Toru' ; OKADA, Tomomi' ; NAKAJIMA, Junichi® ;
MATSUSHIMA, Takesht ; KONO, Toshid ; HIRAHARA, Satoshi ; NAKAYAMA, Takashi! ; TOHOKU-EQ, Group for the
aftershock observatiohs

LGraduate School of Science, Tohoku Universiaculty of Sciences, Kyushu UniversifiGGroup for the aftershock observa-
tions of the 2011 Tohoku Earthquake

Repeating earthquake sequence is a series of earthquakes with nearly identical waveforms which occur at the same locati
repeatedly and they are thought to represent repeated ruptures of small asperities on a fault plane. Since there are many unknc
features about asperities such as detailed structures, reproducibility and fluctuation of rupture patterns, it is very important t
reveal such features to understand the generation process of interplate earthquakes.

Numerical simulations of the repeating earthquakes with rate- and state-dependent friction laws reveal that stress disturban
caused by postseismic slip of a large earthquake near the repeater can change rupture pattern of the repeater’'s asperity.
tually, some observations show systematic changes in the magnitudes of small repeating earthquakes immediately after lar
earthquakes. Such rupture pattern changes will make difference especially in high-frequency components of the waveform:
Therefore, in order to verify the rupture pattern changes of small repeating earthquakes, we have to perform detailed analysis c
the differences in high-frequency components of the waveforms.

In this study, we performed 1 kHz sampling-rate seismograph observation at permanent borehole stations along Sanriku coa
Japan for the period from April to November 2011, immediately after the Tohoku-Oki earthquake. We investigate the wave-
form correlations of small repeating earthquakes using waveform data. We make a pair of earthquakes belonging to the san
group of repeating earthquakes and calculate their coherences. The results show that in high-frequency band, there are b
high-coherence pairs and low-coherence pairs even in the same repeating earthquake group, although all the pairs show hi
coherence in low-frequency band. Furthermore, frequency bands in which the coherences are low are nearly the same for all tl
pairs. These results suggest rupture pattern changes in the asperity.

We also find that earthquakes which show low coherence in high-frequency band for all the counterparts occur immediately
after events in the vicinity of the repeater’s asperity. This observation implies that rupture pattern changes in the asperity, whicl
make difference in high-frequency components of the waveforms, are caused by stress disturbance due to the nearby earthqual

Keywords: repeating earthquake, asperity, high sampling-rate seismogram, waveform correlation analysis, Tohoku-Oki eartt
quake
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Study on the source process of the largest aftershock of 1923 Kanto earthquake

HONDA, Ryou* ; KIMURA, Hisanori? ; KASAHARA, Keiji® ; YUKUTAKE, Yohei! ; HARADA, Masatakeé ; DOKE,
Ryosuké ; MIYAOKA, Kazuki!

IHot Springs Research Institut&\ational Research Institute for Earth Science and Disaster Prevefiesgciation for the
Development of Earthquake Prediction

The largest aftershock of M7.5 (Takemura, 1994) occurred at off Boso Peninsula following the 1923 Kanto earthquake. Al-
though the hypocenter have been estimated by previous studies (e.g., Takemura, 1994; Hamada et al, 2001), precise sou
process have not been estimated yet.

The source region of the largest aftershock is characterized by the region of seismic and aseismic phenomena associated w
subduction motion of the Philippine Sea Plate, including slow slip events (SSEs), large backslip events, and repeating eartt
guakes. Kimura et al. (2009) estimated fault plane of the largest aftershock from geodetic data and they concluded that the far
plane lies within the region of large backslip and the large slip area of the Boso SSE. Estimation of the source process during th
largest aftershock is, therefore, important to understand earthquake preparation process around the region.

We set three point sources on the fault plane estimated by Kimura et al. (2009); shallow part (S1), middle part (S2) and dee
part (S3). We calculated synthetic seismograms and evaluated the cross correlations between the observed and the synth
waveforms. We tested the nine hypocenter-asperity combinations using S1, S2 and S3. The combination with the highest valt
of the average cross correlation is regarded as the best model. We obtained the best score for combination of S2 (hypocentt
and S3 (asperity). This result shows that rupture started from S2 and propagated toward S3.

The observed data used in this study were provided by Kajima Corporation. We are grateful for their kind considerations.

Keywords: 1923 Kanto earthquake, the largest aftershock, source process
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Earthquake source process of the 2013 Santa Cruz earthquake and the tsunami
PARK, Sun-cheott ; KIM, SatbyuP ; LEE, Jun-whah
INational Institute of Meteorological Research, Korea Meteorological AdministratiRukyong University, South Korea

In order to understand the characteristics of large tsunamigenic earthquakes, we analyzed the earthquake source process of
2013 Santa Cruz earthquake and simulated the tsunami. We first estimated the fault length of about 200 km using 3-day aftersho
distribution and the source duration of about 110 sec using the duration of high-frequency energy radiation (Hara, 2007). Fron
these results, we used the initial value of rupture velocity as 1.8 km/s for teleseismic waveform inversions. Teleseismic body
wave inversion was carried out using the inversion package by Kikuchi and Kananmori (1991). Teleseismic P waveform date
from 28 stations were used and band-pass filter of 0.005 "1 Hz was applied. Our best-fit solution indicated that the earthquak
occurred on the northwesterly striking (strike = 290) and shallowly dipping (dip = 15) fault plane. Focal depth and rupture
velocity were determined to be 23 km and 1.3 km/s, respectively. Moment magnitude of 7.8 was obtained showing somewha
smaller than the result of previous study (Lay et al., 2013). Slip distribution of the event showed roughly two patches of large
slip, one around the hypocenter and the other to the southwest.

Using the slip distribution obtained by teleseismic waveform inversion, we calculated the surface deformations using formulas
of Okada (1985) which would be assumed as the initial change of sea water by tsunami. Then tsunami simulation was carrie
out using Cornell Multi-grid Coupled Tsunami Model (COMCOT) code and 1 min-grid topographic data for water depth. Two
DART buoy data were used to verify our simulation. In the presentation, we will discuss more details on the results of source
process and tsunami simulation and compare them with the previous study.

Keywords: Santa Cruz, source process, tsunami
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Relationship between the source process of the 2013 Sea of Okhotsk deep earthquake &
the thermal structure of the slab

ENDO, Sugurti* ; YAGI, Yuji ! ; NAKAO, Atsushi
LUniv.Tsukuba?Tokyo Institute of Technology

Deep earthquakes occur at depths where, due to the high normal pressures and the prominence of plastic behavior caused
high temperatures, the brittle fracture is difficult to explain. As a consequence, the mechanism of deep earthquakes has be
long standing challenge in Earth Science since the early twentieth century. Some mechanisms of deep earthquakes have be
suggested and these mechanisms are sensitive to the thermal structure of slabs. Accordingly, the purpose of this study is (1)
infer the source process of the Sea of Okhotsk deep earthquake (Mw 8.3, depth 608.9 km) on 24 May 2013 (UTC) by using
the Hybrid Back?projection (HBP) method (Yagi et al., 2012) and waveform inversion (Yagi and Fukahata, 2011) and (2) to
elucidate the relationship the source process and the thermal structure in the Kurile slab.

We found that the reactivation of the rupture occurred near the hypocenter. This means that a stress concentration near t
hypocenter overcomes the fault strength and reactivates rupture at the hypocenter (Gabriel et al., 2012). We investigated tl
relationships between our results and the thermal structure of the Kurile slab and found that (1) the main shock started to ruptu
from the outer portion of the slab (2) the source region of the earthquake extended in a temperature range bet@esmmd740
990°C. This study does not clearly support transformational faulting as a mechanism for occurrence of the Sea of Okhotsk dee
earthquake suggested by Zhan et al. (2013) because it is unlikely that metastable olivine exists all over the slab at the depth
the main shock.

Keywords: deep earthquake, HBP method, rupture reactivation
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Focal mechanisms of the triggered tremor beaneath the Hinagu fault zone, southweste
part of Japan

MIYAZAKI, Masahiro'* ; MATSUMOTO, SatosHi ; SHIMIZU, Hiroshi?
LGrad. Sch. Sci., Kyushu Uni?SEVO, Kyushu Univ.

Non-volcanic tremors induced by large amplitude surface wave have been detected all over the world. Most of them are locate
on and near the plate boundary (Miyazawa and Mori, 2005; Nadeau and Dolene, 2005) and few of them are near volcanoe
(Obara, 2012). Chao and Obara (2012, SSJ) found the triggered tremor that located beneath the Hinagu active fault zone, weste
part of Kyushu Island, Japan. Miyazaki et al. (2013, SSJ) reported that the tremor occurred beneath the seismogenic zone.

In this study, we attempted to estimate focal mechanisms of the tremors triggered by the surface wave of the 2012 Sumati
earthquake. We use the method developed by Hirasawa (1966) that uses the S wave polarization angles. We eliminated the d
with low Signal-to-Noise ratio because the angles of waves of tremors were sensitive to background noise.

As a result, we found that focal mechanisms of the triggered tremors were roughly consistent with regional stress field. They
could provide constraint for investigating dynamic triggering process of the tremor.

Acknowledgement
We used the seismic data from Kyushu University, the Japan Meteorological Agency, the National Research Institute for Eartt

Science and Disaster Prevention and Kagoshima University.

Keywords: triggered tremor, focal mechanisms, Hinagu fault zone
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Spatio-Temporal Variation of Stress Drop Observed at Carthage Cotton Valley Gas Field
Texas
[IDA, Shuhet* ; KIM, Ahyi !
Yokohama City University

Understanding source characteristics of hydraulic fracturing induced microearthquakes is expected to provide a better unde
standing of the fracturing process and the influence of pre-existing structures controlling the distribution of events. Especially it
is still controversial whether the events are associated with volumetric change or not. To address this question, we estimated tl

source parameters using the empirical Greens function analysis.

Keywords: Stress Drop, Hydraulic Fracturing, Induced Seismicity, Pore Pressure
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Collapse of intraplate earthquake, Separation of accretionary wedge, and Rotation of plat
by lateral-fault type

MASE, Hirofumi'*
none

(Refer to the chart)

"Nankai Slab” that subduct from Nankai Trough forms the slope that turned to the northwest and is soaked to the thing that
heads eastward. That edge shapes to receive resistance. And, "Nankai Slab” receives the right turning force and weak plac
collapse. The part that is deeper than that place crawls up and the whole might rotate right. (A),intraplate earthquake of "Nanke
Slab”, and (B), lateral-fault type earthquake that the boundary with "Tokai Slab” causes, are the Nankai Earthquake(EQ) and thi
To-Nankai EQ and the Tokai EQ.(this paragraph (1)(2))

Two huge cracks that seem that they relate to the right rotation exist if seafloor topography chart(3) is seen.

Crack(a):This crack starts from the place of about 10km to the east in Cape Daio and lengthens to the south. And, this crac
gets to the trough. The trough projects to the south on the west side on the boundary of this place. | think that this crack slip:
when the upper plate(land side plate, accretionary wedge)

greatly moves on the lower plate "Nankai Slab”.

Crack(b):This crack is shape of the character of Y off Lake Hamana and reach the trough. "Nankai Slab” and "Tokai Slab” are
completely separate in the north from Lake Hamana(7). And, | think in the south this crack leads to the trough while touched.
This crack is the one that this plasmotomy reached bottom of the sea and that slips when the whole of lower plate moves with th
upper plate put.

Earthquake(B) is the one that Crack(b) slips. It can be said that that Crack(a) slips is intermediate of earthquake(A) and (B).

Dr. Yamanaka proposed in 2004 large and clear source model of the 1944 To-Nankai EQ that eastern edge within the ranc
gets to Omaezaki(4).

That large area of slip is equal to the area of Crack(a) and (b). The 1944 EQ was not only earthquake(A) and everything migh
have happened. | composed the source process by earthquake(A),(B) and Crack(a),(b) referring to Dr. Yamanaka’s (interpla
earthquake) source process.

1.Earthquake(A) occurred, and it spread in the direction of northeast along the slab-contour. 2.Separation of the accretional
wedge spread to the southeast and it reached the trough. 3.The separation spread along the trough first and spread along Crac
next. 4.(Rotation of upper plate) Crack(a) slipped because the separation was large-scale. 5.(Rotation of lower plate) Crack(l
slipped and earthquake(B) occurred because the environment was in order. The stress occurred in the vicinity of the trougl
6.The Mikawa EQ occurred because of the influence of 4,5. 7.The 2004 EQ occurred and the stress of 5 was absorbed.

Reference literature

(1)Hirofumi MASE(2009)/SSJ2009/P3-64

http://jglobal.jst.go.jp/detail.php?JGLOBAID=200902239527416838

(2)Hirofumi MASE(2010)/JpGU2010/SSS027-P10

http://www2.jpgu.org/meeting/201@isc2/program/S-SS027.html

(3)JHOD,JCG/Seafloor Topography of the Plate Boundaries

http://www1.kaiho.mlit.go.jp/jishin/sokury&/sokuryaE.html

(4)Yoshiko YAMANAKA(2004)/Source rupture processes of the 1944 Tonankai earthquake and the 1945 Mikawa earth-
guake/ERI U-Tokyo

http://www.eri.u-tokyo.ac.jp/sanchu/report/Tonankéikawa.pdf

(7)Nagoya Univ./Structure of the Subducting Philippine Sea Slab/ http://www.seis.nagoya-u.ac.jp/SEIS/slab/slab-j.html
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