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Shear stress distributions of a subduction zone as inferred from elastic plate models
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Two-dimensional fully dynamic spectral-element simulations of long-term in-plane shear
fault slip
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Forecast experiments using friction law on occurrence times of the Kamaishi repeating
earthquakes
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Adequate Emplacement of the Data Assimilation Window and Sensitivity Analysis

HE BA > 2 R I mig!
HIYOSHI, Yoshihisd* ; SUGIURA, Nozoml} ; HORI, Takané

b R LB AR
LJAMSTEC

Comprehension of fault behavior in earthquake sequence inevitably requires to elucidate frictional properties on slip interfaces
One of the good candidates to grasp the properties is data assimilation.

Recently Kano et al. (2013) developed a methodology for applying an adjoint-based data assimilation method to constrai
some of the frictional properties on a simplified fault model with synthetic afterslip observation data. They found that all
the frictional parameters were optimized when both acceleration and deceleration phases of the observed slip-rate data we
assimilated. Importance of their finding is that an adequate emplacement of the assimilation time window plays one of the key
roles to optimize the frictional parameters.

In this research, we attempt to find where the assimilation time window should be placed on to constrain all the frictional
parameters. It could be acceptable that the assimilation time window should cover portions of the slip rate time series having th
highest sensitivity to perturbations of the frictional properties. To ensure the above notion, we make theoretical and numerica
approaches.

First, we set a simplified fault model with a rate- and state-dependent law and an aging law, sketching characteristics of th
long-term slow slip events (SSEs) recurring on the plate interface beneath the Bungo Channel in southwest Japan.

For searching the portions of the highest sensitivity, we take a first variation of the governing equations of the SSE model. Thi:
algebraic manipulation shows that the highest sensitivity appears in the acceleration phase of the slip rate time series.

We then make a series of synthetic data assimilation experiments to examine whether or not the highest sensitivity portion offe
an adequate assimilation window. The experiments employ an adjoint data assimilation method to constrain frictional parametel
of the Bungo SSE model with synthetic slip rate observation data.

In our presentation, we will demonstrate the results of the experiments that the acceleration part of the slip rate is expected t
be necessary to retrieve all the frictional parameters on the slip interfaces.

Combining the results of the mathematical formulation and the synthetic data assimilation experiments, we may confirm that al
adequate assimilation time window spans the portions having the highest sensitivity to perturbations of the frictional parameters
Also, the distribution of the sensitivities in the slip rate time series could be obtained as a priori knowledge through the algebraic
manipulation of the governing equations.

F—U— R TRk, EEMT, 7Y a A 2 Mk
Keywords: data assimilation, sensitivity analysis, adjoint method
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Power spectral density of slip distribution and slip rate function
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In view of energetics, earthquake faulting is a physical process that part of cumulated strain (i.e., potential) energy is converte
into radiated (i.e., kinetic) energy. We have revealed that the potential energy and kinetic energy can be represented by qui
similar spectral integrals although the former is with respect to spatial wavenumber and the latter is with respect to frequency([1]
In other words, power spectral densities (PSD) of the potential energy, which is correlated to slip distribution[2], and kinetic en-
ergy, which is correlated to slip rate function, are related to each other. This seems to be reasonable qualitatively because shor
wavelength components of the slip distribution should generate higher frequency contents of the seismic wave. To investigat
this relationship quantitatively, we model spatio-temporal distribution of slip rate function on the fault and show that PSD of
slip distribution and PSD of slip rate function should have the similar form. In our model, the distribution of slip rate function
is represented as spatial distribution of peak slip velocity multiplied by a characteristic slip rate function that arises when the
rupture front arrives at each point; this is an extension of the Haskell model. We find that the PSDs are proportional to a PSD o
distribution of the peak slip velocity even if the distribution is quite heterogeneous and rupture velocity has perturbation in space
This suggests that the PSD of the slip distribution, which is hardly analyzed due to poor resolution of slip inversion analyses, cal
be roughly estimated by using the PSD of slip rate function of an ideal point source. Additionally, our model of the characterized
slip rate function is consistent with a result of dynamic simulation of spontaneous rupture propagation along a rough fault[3].
Hence we suggest a simple method to estimate not only heterogeneity of slip distribution but also roughness of faults.

References

[1] Hirano, S., & Yagi, Y., 2014, Dependence of Seismic Energy on Higher Wavenumber CompofBbtsall Meeting
S53B-4505.

[2] Mai, P.M., & Beroza, G.C., 2002, A Spatial Random Field Model to Characterize Complexity in Earthquake Slip,
J. Geophys. Res107(B11) 2308.

[3] Trugman, D.T., & Dunham, E.M., 2014, A 2D Pseudodynamic Rupture Model Generator for Earthquakes on Geometri-
cally Complex FaultsBull. Seism. Soc. Am.104(1) 95-112
Keywords: Slip inversion, Power spectral density, Earthquake energy budget, Heterogeneous fault
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Fractal fault zone geometry and scale-dependent static stress drop
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An arithmetic approach for modeling of seismic activity
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FAERIRED T > & I CTHIBRF AR D G-RANCHES K 5 mHhEiR# 2 BT TV & LTEHT 5728, 5 (2019
& THGERINETEEIE TV ZIRE L, FEHZHOWIHEEHET LV 2EMb Uz, THGERIEEEIE TV &, HE
ThE) & FZEOME & OBSGERNECIMED SEH SN O TH S D, HASERTIIERL, ZTOBHRITSHhOREFY
PR R I DEET B AREMED D % L Z %, AR EMHENZBHRICE R LRSI ZFHML TW5. AT, &
SICTNEDEREHSD, 77 —)IVZER OIS 2R LT, TEGRNHIEREIT TV IRz 5 %
5 ExHiET.

M & T8y ORI LT, FidDXIBWMeEEZTHS. p i HHOZEKE L, ZOHEBUCHILT %18
e U CEMOHBRMp —pio1 5. i BHHICRETZHMER ¢ L L, TORLELE T(e), HET—XV %
Mo(g) & Lz & &, FrtDBRADKDIDEIRET 5.

T(e) = p;

log(Mo(&))) = p; — pi—1

COXISPARICH LT, #fisdaZz 5> 2 &ic kD, G-RANCELILZZMHENMEONS. COMIGICK > THONSE
TV TEGRINHEISEIE T )V RS, TEGRINHIEISEIE T IV 1B % THIE] X, EBOMGROMENRTHS
F80 2Ot DThHy, WEREFNIEHMOHEFHERMEREDE RS,

A, HAEOEHEZEDO R L—X () Z 2O DFETHETAZLICK BN EENTH5. HaXicH
W AL, YA RICBITEEITICTHET D, AT MUY A RICBITSEEMEICEETAICE LVWENS T
ETH5. BARDT S LIRiE—Rtd % ic kD, Riemannc X W EHMNT-ZEIEET 2B RAREHAIRD
1D LTELRBTENARETHS. RiemanIRmAXEERWICHM L, RiemannFEZ{KET 5 LIk g5
NBZRTHBNTIE, EHICENZ 8TV ZBEBDHIERAERFCHIGL THD, A48T, 2150 Riemannt—
2B OF I K O JEBFEEDRE ST NS DA HOWFEHOEBEMOERESHLE TREINTWVS. NHANCHIRT % sl
X, BeANaET ) 7B TIRODEE L WD, AR Z WS T 81T K D EEENIRELD P A3 ERis i s B 7z i
B OME LTERHTZ T ENREE 5%, TDXIIC, BN ERAVWSE T LIckD, —REBZETADRWAHA
TrEEE, HAEOIIFROBEAMMEE L TETIVETE S T LI NS.

B GDO T X IVF—LNIVOZLICHIGT 28R L LTE L X, MERESZHZHOBHLEINEI12EREHNT
KT B eEEZD. ENRETZHONIIN ST U EEZ, WEREZNI)V M7 ST B EEEMEE L
TREL, TOEGMHEEENE—ZEHREEET 2 ehE Lnd i, HESE) & 250040 & ORI DOV T O
FAMNTEZDTII RV AR TES. EHOPMICET 2058 BV T, Hilbert-Polya PAEDfEFIIC T T, &
L0 I N IR OEEMEMEE UTEB R & AR BERICH 5 RiemannD € — ZBEBOFE N iz &b A
K9 LT BMENEATNS. HlZIE, Connedd, 77— IVEOZEM FTERISNS 2 FTAFED RBIEZERIAD A T —
IWVEREOEHZE533 % 2 2Ic X D Selberg®! DN ZEE, ZOMARXDKILT ST & & RiemannT DI S
TENEMETH BT &R LTz, FTz, Volovichid, pi#ET/I2ZfEL, 77— VAR EAOBETIZOILEICDOWN
TERL TS, TNOHEO—IRE LT, 77—IV2EM ECoOFMREF,1ENN, F 0O Mellin Z#15 Riemannt —
ZEBEHNTEHTEAC LA RENTWVWS. TDXSIC, 7T —IVZEM FTH¥R7ZREK LZ OEAERNE2 &R
£9% &, ZNHIFHEAIIC RiemannB—X L E#EDT 5N 5 T &b 5.

AWFETIX, 77— IVER EANORTIIZOIERDE 2 572 5EI1C LT, HMEZOYMNEMRE 5 2 8k ) 1%
W UT, ZOm b GErT#Yb) il 7k et zildr . TN BRI ARG ZE Lic, 77 —)VZER ETD)
HROEAEMEE UTHIER L 5 X 570 DEREE T 5.

ZE Sk
FEIRIAAT (2014) : EGRiEiEs€ 70, &, vol.es,  67-71

T — BB, B, WS, WA, 77—
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ADBRNDZWRICE T 2 FHVHTEN D O 5 FEUO ORI f#E
Systematic Understanding of Dynamic Earthquake Slip Process in the System withou

Fluid Flow

37 NETY NI T N 5
SUZUKI, Takehitd* ; YAMASHITA, Teruo?

VEARHT, 2 OIS
IColl. Sci. & Eng., AGU,?ERI, Univ. Tokyo

FAXER - ik - 22 M BRI R O TR HA SR T 5 C LI K D BInVHIEERE O @R O 248 7 i 72 31 H
LT&/, £TTiESu,SU , Tak W) 3DDMEIGTHM A E NI, FHC Suld, FRAOMRE 25 & U 72 2254 plcs)
ROWAKIEZLIC BT ZHRE 2K T, BEOWIETIE, /3T A—ZHHE LT Sw>1-vy* DIHZR->TE, TT
TV IXIEREE N 0 EE v OV TH %, T OFEIPHIICHB N TIE, IHDEE & BRIEILDEEE NS 2D0
RBEOD R E Nz, MEDLEEE. FIHADHE © OJGED S hEICHE U TEnsiE b AER SN, —5 HHENEIEDS
BlIBEARNTSE FEN IR > T MEIELTUE S, MBI, B NIV BB X b b5
el ERNbD7 2—X (gradual acceleration phase, GARR FEHHEEFTDATINA RV MR A% TH A9,
—JTBBE I 2T ET NV RIGE LI T UL VA D BT %, £2Z2N5 2 DDLEIFEEE G Offic k> TE
BIICHHETERC LEHALMICE ST, G0 BNBEMDEHN. G<0 & BIXARMEIENHENSDTH S, RIHZETIE
Su<1-Vp* DINT A—ZHFPHZEL DS 6

F9., FRIEESNZB D EEOEFEIREDRIT YN 1 LhEWNWT EDNHELNICES Tz, INZA T, ZD5 BEEaDfl
HRETS7201iE, W0 OWIHERBSE CIHOENBETH BT B R Uz, —J7. Sucl-vo* ORE, # 0 s ORI
WBHEICIETH S T EMNIIINRE Nz, TNHEDOT EMS, Sucl-vy* OFZ, NEDGE & RIS ERRRINCIZE O
JEH 11755 T EMNHRE NI,

Su<1-vp* TIZERRAERK K © & thermal pressurizatioh 7B TH D . g D LR B ORI N2 T kic
5, TO L, BENEEORSEU TN CASNEZ EEHLMNICES Tz, TS ORI GAP MU EHEIE O Z 10,
Wi A DRz bl ViEE OMIEEZ AT % 2 Lick b, T Su>1-vp* TG0 DIFEEHEL TH S, Fiomik
725031 FRRLUN 72D T, (i) H T ERWIREOZE AR, LU (i) MESD T RWEEORE LR EvwS . £
OMEBICR SN 2 DOEFZFRIFRFICTHE TE S, TN Sw1-vy* DS EFRBETH S, T TRIRERIEREZEZT
WD, FNHDNRTOIRSDFHNDTNTO SUDEICHTT 2ELZ L UTH—MICHEEE Nz,

F—T— R B, B Tk, Z2RRERR, FERIE, tHE/EH
Keywords: theory, heat, fluid pressure, pore creation, nonlinear, interaction
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FARDTRAUC K B AR EN D FEE _
Generation of low-frequency tremor by fluid flow

H8pez v
SAKURABA, Ataru'*

USROS R IR

1School of Science, University of Tokyo

We discuss the possibility that flow-induced instability along underground conduit or plane layer causes low-frequency tremor.
One example is generation of volcanic tremor, which occurs before or during eruption and lasts more than a few minutes with
oscillation period of 0.2-2 seconds (e.g., see Konstantinou and Schlindweéinicanol. Geotherm. Res2002). Sakuraba and
Yamauchi Earth Planets Spac2014) showed that a relatively slow magma flow speed of O(1) m/s through a plate-like dike
of thickness of around 0.5 m can cause linear instability in flow perturbation and surrounding elastic wave field. The critical
magma flow speed decreases in inverse proportion to the Rayleigh-wave wavelength propagating along the dike with flexure
deformation. They concluded that natural dike lengths put constraint on the oscillation period, but a subsequent study sugges
that a finite dike width may determine the longest wavelength that allows instability. A laboratory experiment is also ongoing to
verify the above theoretical prediction that a viscous fluid flow through a plate-like conduit can create self-oscillations. Another
example may be found in generation of non-volcanic deep tremor that occurs at subducting plate§@bace 2002). This
is still a speculation motivated from a study by Kumaran, Fredrickson and Pidc&hys. Il France1994) who considered
Couette flow between two parallel plates, one of which is rigid and the other is moving, but the medium between the plates
is two-layered: a fluid layer is placed on a layer of soft (viscoelastic) material. They theoretically showed that flow-induced
vibration can occur with a very small shear rate. In an idealized situation in which the solid layer extends infinitely, the critical
speed of the moving plate decreases in inverse proportion to the characteristic length scale of the associated wave that propage
at a half the plate speed. Though we have not examined whether this model explain time scales of observations with reasonat
physical and material properties, similarity between the above mentioned examples suggests that flow-induced instability ma
explain some of the tremor events.

Keywords: flow-induced vibration, volcanic tremor, non-volcanic deep tremor

1/1



Japan Geoscience Union Meeting 2015 /0 d ;,

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SSS30-10 £35:A05 FFRE:5 5 25 H 11:30-11:45

High-resolution tremor locations reveal behaviors of secondary slow slip fronts in the

context of the main front _ _ _ _
High-resolution tremor locations reveal behaviors of secondary slow slip fronts in the

context of the main front

PENG, Yajurt* ; RUBIN, Allan!
PENG, Yajurt* ; RUBIN, Allan!

!Department of Geosciences, Princeton Univeristy
! Department of Geosciences, Princeton Univeristy

Non-volcanic tremor is generally interpreted as the seismic manifestation of slow slip, and tremor locations have been use
extensively to infer detailed behaviors of slow slip fronts due to higher spatial and temporal resolution over geodetic observations
Taking advantage of S-wave coherence among stations separated by roughly 10 km, we obtain high precision tremor locatior
in Cascadia using cross-station cross correlations, with either 3-station detectors (southern Vancouver), or 3-array detecto
(Olympic Peninsula). We observe that near the main front, tremor migrations usually propagate along the main front, regardles
of its orientation, and their recurrence intervals are too short to be tidally driven. Rapid tremor reversals (RTRs) originate from
the main front, and sometimes start as migrations propagating along the main front. Although the occurrence of most of the RTR
appears to be correlated with high tidal shear stresses, we observe a few exceptions, which may suggest that the stress incre
far behind the main front induced by secondary fronts at the main front is sometimes enough to initiate a RTR. Beneath Olympic
peninsula, the spatial densities of tremor during the ETS and the inter-ETS events seem to be complementary, and RTRs do r
often extend into regions that are de-stressed by the inter-ETS event.

Preliminary results of tremor locations beneath Guerrero, Mexico indicate that our method also performs well in this region.
It seems that a tremor asperity about 50 km across ruptured quasi-periodically with a recurrence interval of "3 months until the
2006 slow slip event drastically decreased it.

F—7— R Episodic tremor and slip, Cascadia subduction zone, Mexican subduction zone, Cross-station method
Keywords: Episodic tremor and slip, Cascadia subduction zone, Mexican subduction zone, Cross-station method
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2014 RHPIRLER D HEE DO FiE & RWE DB ST X — X DR
Source parameters of foreshocks and ftershocks of 2014 Northern Nagano earthquake

ST AR 1 P A
IMANISHI, Kazutosht* ; UCHIDE, Takahikd

L R S
!Geological Survey of Japan, AIST

20144 11 H 22 H, EFEILTEZERETSM 6.7 DHENFAE L, g O— BN iV EAREEINT
W5, TOMEBEBOREGORMZIHGMNCT S8, KED 4 Huih 5T DG aiE L REEINCDOWT, ERE
T BRI A—RDOHEERIT- T2,

EFPVEICKR L T, OB OSSR EDRNIEEZEE L, RSO EMENEZ S 2 DDO— It ERhET 7V
ZIGE L., BNAEICHEYRE T V2 Lz, B5NEERDZART—obER E i d % & 1l 2km 558
B, WS AMICERAT SkmFEEIR Rolz, ke UTHERIDFEB L TW 20, EBIREOHEH S I, Tl
ER O UIEEBI O R TE S, REEIIHFEE 3kmuiIc /o L, RE LIS M B A2 tdbrmic s Uiz
ISR LTz, WIEOEFBEZE RS L, HENETADSHIBL., RAICERNECTAICBEIL TVE, RERINICA
EOWERRSICE ST DR TE 1,

RICFEENEREIROHETE 175 120 ARHZE T3 P WM I IRIFIS 2 ik 4~ % C & T, MO0.5 DL FOHIE DR % 225E
LTIRET ST DN TE Nz, REEFRT NI NI BT 2N 20D, EBIRIERTH TlRilE 2 1 7h AL
TWb, TORMHITREDT BN TH S, miEORERMMIZ IR O 2 AT Nk I T %
fEhZ <, THOHEERDNEHMNTH 2, BRENC &I, FFHORSRE & HITHRIER A MEA THE, 21 HBY
M HARED P WD TR LTZANY FDRZ DIBEDTVBETH S, [T ok ZaZiciEwiEn 561
GENTVED, ELOBNNTH S Hi-net HEBIED S > =0 7 AR ML & S-PRFI% HEIERT % C & T, 400
BHZZANY R BHIZRHTE, ThEDARY N OEBIFEIE & FEMBMROAEE 21T T LT, miEima & A
FF%EE?:O)B@M%%6&%6#0%(%%0)&% T%%o

KRB TIIOTIFE FTEOHEE BTV, HiE & REOHEDBENLZEM AR ORI OV T T 5.

e L AT SR (Hi-ned . SSIT. BOKHIERE, UKD T — 22l STV efE £ Lk, LT
LT

F—U—F: REFRILEOMEE, Bl SZ X — 2 HiE
Keywords: Northern Nagano earthquake, source parameter, foreshock, aftershock
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2014F IR D HuE D R AR
Source process of the 2014 Northern Nagano earthquake

PR B R i = b
KOBAYASHI, Hiroaki'* ; KOKETSU, Kazuki ; MIYAKE, Hiroe'

VOO R ST
LEarthquake Research Institute, University of Tokyo

20144 11 A 22 HICEFRILSZEIHE 72 Mj6.7 OHENRE Uiz, COMIEETIZ, EFRENICBWVT, EFEL
DOHEBNZET SEIA TERE 558, /NA7R & 4BHLE TEE 6 gaBlE n, ERMEH T 4651 LD, iz, 1500
DL EOBYNCHEENE Uz GCMT R EIC K > TROSNTZEBR A = X Lfi#id. JE DC 7% 203 E o 7-iid
NGO WWIETH 5, EFEWIEICE L Tk, MERICSHEEDBMFHE 21T/ & T A, HERIENERSN, £
DL L—ADEHTH 2 HEWEOE D LR —ET 2HN L., MEME NN EEZZENTWVS, TOWEIZHA
ENTib KERWIETO—DTH 25K - ERIRGSHRETER OIS 2IcHh O, TOMBOEFRREZMS 21X
HETH D, AL TR, SEERHIE &M T — % 72 VT 2 OREIS OV TR 2175 72,

C OHEKIE K-NET., KiK-net IZi1Z T, SK-netds & CHUEWERE OB RN E L, BRBIINGZEINTVS, 5
\lik, ZOHE D 15T 45 =M Uiz, fifmicid, ISR E 27 L, 0.02~0.4 HzD/NY RISZAT 4 )V 2 %
WL, 0.25sic VY > 7)) V7 LTl 2 iz, JIHET S IE GEONET X © 9 Mgz iR Uiz, MpTIcid,
F3f# (FJIl - ft, 2009 DH & DPEREEZHV., GEONETHEZEIEM & LIk, HIEERiT% 2~6 HD 5 HIE DO FED
A MBI X B HGREEE & LTV, GEONETHEW F F7 L EHERZIMMNH 57260, I EMH LN, Z
DD I LTI/ A ADTzDIKF 2 i D72 Uiz,

A >V )3N— 3 VFi#id Yoshida et al. (1996)5 & U Hikima and Koketsu (2005D /512 7% W e, B8E YY) — » BIBOG
TTIE. Kohketsu (19850751572 FV ., Z DFME T 2 /K ERUE M EIE 2 E 1 et FHEE 7L [JIVSM](Koketsu et al.,
2008, 2012} H51F % % BHAAE FORSEICHEI U TIERR Uz, M7 ) — 2B OEHRIC I Zhu and Rivera (2002D /5
H2 O, KCERERSE X GEONET S N OMEE 2 258 sion U TR Uiz, Wilgid 2km X 2km O/hifE 72 13 X
THEL T & TERELUE, ZOFK, HiRBEM®E & REDMZERICONTER EHRIZERE L, XD MITFRE» 5
EMThWEZRETE5 XS 45+ 45 THIE L LTz,

BT ORER, KT N D RIS BHEER A K O LIS R E > Tz, BERICBWIEEMICT> TINDARE D FRHC
GEONETHEEFEICKERT RO BRO 5Nz, GEONETHELHEICIIRADIMBEN PRI N TV AHIENH D .
BEENENTWR EEZOENS, LM LEDNS, SHERDSENTZFTRDXRT MV SR E B A H = X LfRIEIE
DC A 7Z2IE & A EFEZT . GCMT 72 ETRODEN TV 5K 2092 DIE DC KA 2T 2 2 LIF TE TR, &
DRI L TIESHBOMETH 5,

F—U— F: 20144 REFIRILER O HIEE, BBILERE, Bl >N —Y 3 >
Keywords: 2014 Northern Nagano earthquake, source process, source inversion
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2014 EWIRALE OB O 1 M ERTE 7 )L

Dynamic rupture model oft e 2014 northern Nagano, central Japan, earthquake

Jnig #h5-
KASE, Yuko'*

L BEREWE TEITE - A LIRFZEERE
!Geological Survey of Japan, AIST

20144 11 H 22 HICHAE LT REFIRILEBOHIE (M 70,46.7) &, HGBRZSEh 5, REIENTE O R S 13K 20 km & HEE &
Nz (E+-HPE, 2015. Z O EEEOMENE & & < —8L, HEHERE S wkkEICIn > THHINCERY
SNTz (BEBIED, AKRE). MW, SR 28RS i@ L, SRoOMETEH Lzt HET 5
TEI D RN RBHEE DRI AR U, ARSI E IR 5. SR 25 MRS SR T OB W s, JEdEB0
ANZALZRIAT 2720055 LT, EFRILBOMEOE I ANERE T IV ERERELT.

BN (KT, 2014, B SKERIPAEARIZeT, 2014 Ot s (E LR, 2015 OLAOH 5, BiEOE S
22 km, WifE FEROBEE1Z 15 km & Uz, Wi, RED M & REOMREOER CHBRIEEIED, 2004 7z
HBEICNIO E & LTz, ERHIE, CMT fiE (KGRI, 2014, B SERIEAENIZEHT, 2014 & B fh7eBEICH MR 60
© L Lh, HEREHEIT— X OBNTT, 2km K DIV TIREPREATH S LV BRIMESN TS (K, 2015
TEMD, 2kmlIROMERZ 45° L Uz, FTz, #WEmiidthiR E TEL T30, J6EB Tl B xR i E R
BHERINTHWENT &5, HFREFHOLNAD EER LT, LAl 11.9kmTiE, Wi LHOEEZ 2kme Lz, Z
OFER, WEOIEE, MilT17.8km LT 15kmE ko7, EEISHEHE, 727 F=w 2o iGaEEL, TI6/
BEES I, AT OMEIENGS W CHBR2EEED, 2004, I671EE 0.30 CLHREEEE», 2004, /b
FISHDOMEZIRE ST, KEZ@EHRDFEICHELNE L, EKESRERCH B E Uiz, Tz, WigELOH FRESE
IV (iSRRI IZEAT, 2003 Z#HEIC, FE 2kmZERE 3 2 @G ICE Uz, 18 HIZHEREZICHY T
1, W TFRIEZ 0 Lz, EEEDOETIICHL, EBiR (KEY7, 2014 ZHH#ERlGe U, 9 \DIKIFET 5 B
KRR ZAE LT, 227075 (Kase 2010 I X D BIBHELEREZEE L, HET— A2 MAVEIE & JmmIcix %14
7RGk FRZ R L.

SR IR TR 3.3 MPak 95 L, HIEBE— X2 A3 6.21X 10" Nm, Mw6.5 7D, CMT ik b 00K E
HTEDH D, BRFMNEENMEFENTE. ETIVDENEIE TH S C LML, WHEITERD 55D 50IER
T B, EHE 2kmiTE LRI, BREBEEIIMGICOES RS, U 2km X DRWVEBDIG I FTEZ 0 Lz &
& 5. ‘&«Dao)ﬁijﬁfmif’nm RN DRKMEITH LI mERD, BRI NIMERLZN FENIED, 2014 & &
PN TH %.

F—U— F: B IEREREE 7V, 2014E REFIR LR O Mg, whidbife, B> I 2 L—a v

Keywords: dynamic rupture, 2014 northern Nagano earthquake, Kamishiro fault, numerical simulation
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Fault strength in Marmara region inferred from the geometry of the principle stress axes

and fault orientations o o
Fault strength in Marmara region inferred from the geometry of the principle stress axes

and fault orientations

PINAR, Ali'* ; COSKUN, Zeynep ; MERT, Aydin! ; KALAFAT, Dogan'
PINAR, Ali'* ; COSKUN, Zeynep ; MERT, Aydin! ; KALAFAT, Dogan'

1Bogazici University Kandilli Observatory and Earthquake Research Institute
'Bogazici University Kandilli Observatory and Earthquake Research Institute

The general consensus based on historical earthquake data suggests that the last major moment release on the Prince’s isle
fault was in 1766 which in turn points out an increased seismic risk for Istanbul Metropolitan area considering the fact that most
of the 20 mm/yr GPS derived slip rate for the region is accommodated mostly by that fault segment.

The orientation of the Prince’s islands fault segment overlaps with the NW-SE direction of the maximum principle stress axis
derived from the focal mechanism solutions of the large and moderate sized earthquakes occurred in the Marmara region. A
such, the NW-SE trending fault segment translates the motion between the two E-W trending branches of the North Anatolial
fault zone; one extending from the Gulf of Izmit towards C?narc?k basin and the other extending between offshore Bak?rkoy an
Silivri.

The basic relation between the orientation of the maximum and minimum principal stress axes, the shear and normal stresse
and the orientation of a fault provides clue on the strength of a fault, i.e., its frictional coefficient. Here, the angle between the fault
normal and maximum compressive stress axis is a key parameter where fault normal and fault parallel maximum compressiv
stress might be a necessary and sufficient condition for a creeping event. That relation also implies that when the trend of th
sigma-1 axis is close to the strike of the fault the shear stress acting on the fault plane approaches zero. On the other hand, t
ratio between the shear and normal stresses acting on a fault plane is proportional to the coefficient of frictional coefficient of
the fault. Accordingly, the geometry between the Prince’s islands fault segment and a maximum principal stress axis matches
weak fault model.

F—"7— R stress tensor, fault orientation, frictional coefficient
Keywords: stress tensor, fault orientation, frictional coefficient
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FEEEGED « RIEILENIC BT 2 ER AT MV O G EEEAR TOE BIAHTEE
High- frequency falloff exponent of source spectra: Case of Fukushima- Hamadorl anc

northern Ibaraki area

NH 222 15 St fifg L
UCHIDE, Takah|kd* : IMANISHI, Kazutosht

L REZERAR SIS TEWTE - LSRR
LGeological Survey of Japan, AIST

E—RAY AR BV (EFEAXRTZ L) &, BFRERZRHEOT50IC K HVLNTE e, BEENZETIVELT
WSS A AT 2 3R&, AR T, mE e CTREEO-2 RIS L TR EIAL LW S F-ZRD, €60
RJE s & i 2 B9 % a2 — - — IS, RS ORI AR OMEISHIG L. IAHDBREROKE 2R
L. REMNZISHEE FROHEEICHEDN S,

EEECT DI BIARH OIS . BREFMOU 25 A—2THoLEZ LN, fHE2HZ L DEEICHEDLNS

M, 2SO E & & EEREINTV 3 [e.g., Venkataraman et al., 2006; Allmann and Shearer, 2009t (ZH [H A
i’é?%?’ﬁﬂéj(x 2014]1F. EERIEED & RIRIRILE TR U7z HiFE % Shearer et al. [2008D T4 TH#AT L. K
D-1.6FICLHLHIT 2% BIARZIRHI L TV 5, ZD—/57 T, Uchide et al. [JGR, 20145 Bt /5 A D M 3.0 - 4.5
DOHIEBICOWT, B2 Y THBE LTS, TOXI HERIIMOFIELHOCTHERT Z2NETH B2, A
JETIE AR MV D TR ISREGE D & RIRIRIEER TR U 7 iiZ 2 it L7z,

FEREZLE S DT, PIHOKEIE & WO RO R 2 59 % /514 [Imanishi and Ellsworth, 2006%
BH L. ETHIC, HBEBIRTO 37 OBIAKIEOREN 5. SEEEICIHT 2 hREZRENZ AT MLk e
THEE L, ZUT. EHEER COEBIAHRE . TN GEE & 2 O THRA LT/ NE WHIE (EGFHIEEE)
DI—F—APEBE ZNEDOMEOREE— X FDE T v RY—FTRD Tz,

MR, O—F R EEBARBRORICIE N L—RATHDRENBE 28, HHOZAXT MUtTZdh 5 ZFNn 5%
HETHTEIREELV, 2T T, AW TIE, Fl—OFSRIEIC LT, EED EGFHIEE L D AT MLtz Hn
T. BHIAAREE L BTN RIMED O —F —RBiEBEELEOL DL L TRDBZ L E Lz, TNETOET A, W Dh
OHIEIC DN TIE, 2 KO/ WEEDHEEI N TV S, BT, SR BIARBEROERICOWTE iR T 5.

F—TU— R HiE, AT MVfENT, A7 kLt
Keywords: earthquake, spectral study, spectral ratio
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Earthquake cluster activity beneath Tanzawa Mountains in 2012: Migration with a small
stress drop

WU SEm] s AT Er 2 S AT 2 T K
YAMADA, Takuji * ; YUKUTAKE, Yohei? ; TERAKAWA, Toshikd® ; ARAI, Ryuta*

IERHIEE A L > 22—, 2 S BRI SR A ET, 3 24 KHIEE K LSt > 2 —, 4 et G R A e e v kg
WroehasEt > 2 —

Hnst. Seismol. and Volc., Hokkaido Uni¥Hot Springs Res. Inst. of Kanagawa PréEarthg. and Volc. Res. Center, Nagoya
Univ., *Japan Agency Marine-Earth Science and Technology

An earthquake cluster activity took place beneath the Tanzawa Mountains, which is located NE of Mt. Fuji, Japan, with a
depth of 20 km at the end of January, 2012. The activity began at 22:39 UT on 27 January and included 78 earthquakes with N
> 2.0 in the area within 50 hours. Five of them had magnitudes greater than 4.0 and the largest one was M5.4.

First we relocated hypocenters by using the double difference method and found that earthquakes of the cluster activity mi
grated away from the first earthquake of the activity. The migration was consistent with the fluid diffusion and could be charac-
terized as following two patterns. Earthquakes that occurred within an hour of the first earthquake had a migration speed simila
to that of non-volcanic tremors. On the other hand, those occurred between an hour and 50 hours from the first earthquake of tt
activity showed a migration with a similar speed to the activity of induced earthquakes due to water-injection experiments. These
results suggest that the cluster activity would be triggered by a slow slip and fluid diffusion. We confirmed that this migration
would not be an apparent one by numerical simulations.

We then analyzed stress drops of 16 earthquakes with 3/ that occurred from July, 2003 to June, 2012 in the area of the
activity. Earthquakes that occurred before and after the cluster activity had stable values of stress drop with 30 MPa estimated ¢
the equation of Madariaga (1976), or 5 MPa by Brune (1970). On the other hand, earthquakes of the cluster activity included one
with significantly small stress drops. A hypothesis that the cluster activity was associated with fluid explains both the migration
of hypocenters and small stress drops of the cluster activity. This is because the shear strength on a fault can be decreased du
the pore pressure of the fluid. This hypothesis is also supported by the fact that earthquakes before and after the cluster activi
had similar values of stress drop and that structural studies indicated the existence of little fluid in the region, suggesting that th
activity was triggered by a different mechanism from the other earthquakes in the same region. The most plausible explanatio
is that there is a little fluid in a closed system beneath the Tanzawa Mountains which is undetectable by structural observations

Acknowledgments: We used waveforms at stations of Hi-net (NIED), Hot Spring Research Institute of Kanagawa Prefecture,
Univ. of Tokyo, and JMA, as well as the seismograph network called the MeSO-net, which has been developed under the “Spe
cial Project for Earthquake Disaster Mitigation in the Tokyo Metropolitan Area” since 2007. We also used arrival times of P and
S waves determined by JMA. Figures were created using Genetic Mapping Tool.

Keywords: Tanzawa Mountains, earthquake cluster activity, migration, stress drop, fluid, pore pressure
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Fig. (a) Hypocentral distances from the first earthguake as a function of elapsed time less than

an hour and 50 hours, with scales of source radii. Viertical orange bars indicate source dimensions
calculated from estimated stress drops by S waves. Red curve with a diffusivity of 5.0 x 102 m2 s
explains the data better than the other values (green and blue lines) for time < 1 hr. The seismicity
for 1 = time = 50 hrs shows a migration with a speed of 2 km a day. (b) Estimated stress drops
from S waves as a function of time. Black herizontal broked lines indicate average stress drops

of earthquakes that occurred before and after the cluster activity. Results after January 2012 are
also shown in the lower panel.

2/2



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SSS30-17 £35:A05 FFR9:5 A 25 H 15:00-15:15

%?ﬁ?@%ﬁ & iU R K RN EEHITE D S HERIT % 201 14EE 111 Mwb. 9 HiIEE D FE 4= A

=R

Resistivity structure and 3He/4He ratios around the focal zone of the 2011 Mw 5.9 earth.
guake beneath Mt. Fuiji, Japan

FHIER JREC b AEF IEsE 2 RIS A3 s fh ) B W& S ORI R EkE (BB RS R4
Rung-Arunwan Tawat; /) 1| FEffE 7

AIZAWA, Koki * ; SUMINO, Hirochik& ; UYESHIMA, Makotd® ; YAMAYA, Yusuke* ; HASE, Hideak? ;
OHNO, Masaéd ; TAKAHASHI, Masaaki* ; KAZAHAYA, Kohei* ; RUNG-ARUNWAN, Tawaf ;: OGAWA, Yasud

VIUNRAHER I I > 2 —, 2 REURSAIIR LA TR AR, 3 SOnURA RN, ¢ BRI ST, ° fthEl
FeAfthaFE, Mahidol K¢, 7 B LRI AR 2 > 2 —

IKyushu University,2Geochemical Research Center, Graduate School of Science, University of P&&b, University of
Tokyo, *AIST, SGERD, °Mahidol University,’ KSVO, TITECH

BTt AR O 4 H%, 20114F 3 A 15 HICE HiLERHAE N T Mw 5.9 OHIEEN A L7z (Fujita et al., 2013)
T OMIFEIFZORERHE . TN E TOE LILENIC B 2 HER#HMEHATH > 1T L 2EET 5 & BRI
BICHERINTHELEZ 5NS, KHENFET 2 & ZORUTIEENIENZRIC K > THIENKC h 23 k%, L
MUEMNSELIUEATHREENS AC F Fid, B2 T 2 HHE (Hardebeck et al., 1998 & X 51T\ % 0.01MPa
LIAFEETH O (Toda et al., 2011) FHALHZEDHIEFREICAEMINCE G LIeh E 3 MEnh b, HifshZ2k
DOMICHIEZFFFT 5 A= AL L U THIEEDRFRNIC K B EINFEFRD D 5, AT RS TIEEHNIS 2 LD i
TEZIFEDHEMTEHENFFINTED (van der Elst et al., 2013) & D BV E LT EBINGERIC X 2550
HBETTHD, AFERTIIEIE LD AT & FINALHE OFER 2R UFRHEBOFRE A = X LICDNT
ERLUZW,

F—&

RN LERIE (3 KIS E NN T LA ADFENALL, 38X O Rk Z AT % 7K D7k E — B RN A L 72
ELTee B HILE TR RIRDIERIFFE LARWAY, HEEE 100072000m DHEHIC & D IRSR/KDOEA EIFH b TWV3,
TN 5 DEEMEERZ 20104E0 2~3 AIC ISR LY > T U 7 % 15T Fhe. EKE T TR KBOBTIWE
IKEFIRHAIC 8 R TY TV V7 LT, BoNnizilkl % 3He/dHel b3 B ni R HIFR L 22 E7RIC T, § D/ S 180Lkid
FESERARRR SRS T oMt LTz,

FHRSTRGEE MT IS K > THEE LTze 97 20091 IR E 3km X TOMEEZHEE S 5 HIUT AMT (100007 1HZ)FR
FeW T Mws. 9 HIIFEFEA: 140D 20114 6711 H B X U 20124 475 A, EBFEBUE U OGRS 2 #E 3 % HW TIA
T MT (200~0.001Hz{RE 2175 72, & HIC 200272003 F 1 & 1L Z2 AL — FE P8 77 IS BT S % IR THMEE N7z
HHEM T BB DT — & (Aizawa et al., 2004 fEATICFIH Uz, 20114F Mw5.9 HiIZE R4 CIH UHATCHIE Lz MT 75—
AL LT, ZTORMIXIZIE - UABERZLIEIRENEh o, TDT, HIEIC X 3 HHEFIRGE DA Id
TE%L LT, H5NEIANTOT—2ZHNT 200, 3 KTk z1r- 7z,

e

MT JEIC K > THEE T NT00GED (RS 3710km) DAREHEP A, SRS N7cHE, %EE 100072000m DRI R DI
fifRLE (3He/dHett, ~ 7 <MENU &7 LR ICZERIN AR —BD RSNz, 2D LM SHIEBIFHI /KD Ry hT—I M
FyE U RRY AR TR SN, TSI T <MD AN EE R ZEZ R LTS T EARBI N,
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Spatlal variation of seismic radlatlon properties for large interplate earthquakes in north.
east Japan

IRANE > BHAZE? R N2 2 E5HE!L
KUBO, Hisahikd* ; IWATA, Tomotak& ; ASANO, Kimiyuki? ; AOI, Shint

UISTATEGE AR SR AR ST, 2 SRR ER ST eT
I'National Research Institute for Earth Science and Disaster Prevetilimaster Prevention Research Institute, Kyoto Univer-
sity

Kubo et al. (2014, AGU) constructed kinematic source models for the 2011 Tohoku-oki earthquaRel(vh multi succes-
sive period-bands using strong-motion data, and discussed the period-dependent seismic radiation and broadband source cha
teristics for this event based on the spatial difference of the slip velocity function for each period-band. This multi period-band
source modeling has an advantage that this method provides the direct comparison among source models in multi period-banc
In this study, we investigate the period-dependent seismic radiation for the 2011 Ibaraki-oki earthqyak@)Mvhich is the
largest aftershock of the 2011 Tohoku-oki earthquake, using the same procedure as Kubo et al. (2014, AGU) in order to compal
the rupture behaviors of these earthquakes and take the first step for the discussion on the spatial variation of seismic radiatic
properties for large interplate earthquakes in northeast Japan.

The analysis period-bands for the 2011 Ibaraki-oki earthquake is 5-10 s, 10-25 s, and 25-50 s. The source model for eac
period-band is estimated by the fully Bayesian kinematic source inversion with the multi-time-window method (Kubo et al.,
2014, SSJ). Three components of strong-motion velocity waveforms at 15 stations of K-NET, KiK-net, and F-net of NIED are
used in this analysis. Green’s functions are calculated by the FDM (GMS; Aoi & Fujiwara, 1999) with a 3D velocity structure
model (JIVSM; Koketsu et al., 2012). The validity of the 3D velocity structure model used for the 3D Green’s functions was
confirmed through waveform comparisons for M6 events. A curved fault model is constructed based on the shape of the plat
boundary of JIVSM, and then is divided into 144 subfaults of approximately 10<ki® km. The slip time history of each
subfault is represented by a series of nine smoothed-ramp functions with 4.0 s width, each of which is put with 2.0 s lag. The
first time-window triggering velocity of 2.0 km/s is selected so as to minimize the residual of strong-motion data fitting in the
period-band of 5-50 s.

The estimated rupture process in the period-band of the 5-10 s differs from those estimated in the period-bands of 10-25 s ar
25-50 s. The source models in period-bands of 10-25 s and 25-50 s have large slips in the shallow area south and southeast
the hypocenter, while large slips for the source model in the period-band of 5-10 s are located in the deep area which is appro»
imately 30 km west of the hypocenter. This means that these regions mainly radiated the long-period (10-25 s and 25-50 s) ar
relatively-short-period (5-10 s) waves, respectively. These results indicate that the 2011 Ibaraki-oki earthquake had an along-d
variation in its seismic radiation, which is consistent with the along-dip segmentation of interplate fault suggested by Lay et al.
(2012).

The comparison of the results for the 2011 Tohoku and the 2011 Ibaraki earthquakes indicates that the seismic radiation fc
both events was segmented along the dip direction: short- and long-period seismic waves were predominantly radiated from tt
deep and shallow regions, respectively. However, the deep off-Miyagi region during the 2011 Tohoku earthquake radiated nc
only short- but also long-period waves, and this implies the possibility of the spatial variation of seismic radiation property in
northeast Japan. This is also supported by previous studies which have noted different seismic radiation properties among oth
large interplate earthquakes in the northeast Japan, although the details of the seismic radiation for the other earthquakes are
clear and it is necessary to apply the multi period-band source modeling to these events.

[Acknowledgments] The strong-motion data recorded by K-NET, KiK-net, and F-net of NIED was used for this analysis.
Keywords: Spatial variation of seismic radiation property, Large interplate earthquakes in northeast Japan, Multi period-banc
source modeling, Strong-motion data, The 2011 Tohoku-oki earthquake, The 2011 Ibaraki-oki earthquake
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Randomness of megathrust earthquakes implied by rapid stress recovery after the 20:
Tohoku-oki earthquake

Tormann Thessa; Enescu Bogdaii ; Woessner Jochén Wiemer Stefah
TORMANN, Thess4 ; ENESCU, Bogdati ; WOESSNER, Jochén WIEMER, Stefan

P2 ZEFELRIRET 22—V v eAR, 2 UK EREER
L'ETH Zurich, Swiss?Faculty of Life and Environmental Sciences, University of Tsukuba

Constraining the recurrence of megathrust earthquakes is genuinely important for hazard assessment and mitigation. TI
prevailing approach to model such events worldwide relies on the segmentation of the subduction zone and quasi-periodic recu
rence due to constant tectonic loading. In this study, we have used the earthquake catalog of the Japan Meteorological Agen
(JMA) and analyzed events recorded along a 1,000-km-long section of the subducting Pacific Plate beneath Japan since 19
to map the relative frequency of small to large earthquakes, expressed by the slope of the frequency-magnitude distribution c
earthquakes (the so-called b-value). Evidence from laboratory experiments, numerical modeling and natural seismicity indicate
that the b-value is negatively correlated with the differential stress.

Our analysis reveals that the spatial distribution of b-values reflects well the tectonic processes accompanying plate motior
However, there is no evidence of distinct earthquake-generation regions along the megathrust, associated with the so-call
"characteristic earthquakes”.

Nevertheless, we show that parts of the plate interface that ruptured during the 2011 Tohoku-oki earthquake were highl
stressed in the years leading up to the earthquake, as expressed by mapped, very low regional b-values. Although the stress \
largely released during the 2011 rupture, thus leading to an increase in b-values immediately after the megathrust event, the stre
levels (i.e., b-values) quickly recovered to pre-megaquake levels within just a few years. This suggests that the megathrust zor
is likely ready for large earthquakes any time with a low but on average constant probability.

Our results imply that large earthquakes may not have a characteristic location, size or recurrence interval, and might therefol
occur more randomly distributed in time. The findings also bring strong evidence that the size distribution of earthquakes is
sensitive to stress variations and its careful monitoring can improve the seismic hazard assessment of the megathrust zone.

Reference:

Thessa Tormann, Bogdan Enescu, Jochen Woessner, Stefan Wiemer, Randomness of megathrust earthquakes implied by re
stress recovery after the Japan earthqubkeure Geoscience, 152-158, doi:10.1038/nge02343, 2015.

F—T— R BUEEE, #EEY o 7OV, #ERRS, bf, 2207
Keywords: Tohoku-oki earthquake, earthquake cycle, seismicity, b-value, differential stress
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Radiated and Frictional Energy of the 2011 Tohoku-oki Earthquake
Radiated and Frictional Energy of the 2011 Tohoku-oki Earthquake

MORI, James*
MORI, Jame$*

IKyoto University DPRI
IKyoto University DPRI

The Japan Trench Fast Drilling Project (JFAST) estimated the level of dynamic friction on the shallow portion of the fault that
had the very large slip during the 2011 Tohoku-oki earthquake. From both laboratory experiments on the fault zone material an
temperature measurements across the fault zone, the shear stress during the earthquake rupture was estimated to be about 0.6
at 820 meters below the sea floor (including the water depth this is equivalent to about 3. 5 km of rock overburden). This shea
stress corresponds to a coefficient of friction of about 0.1. Combining these results with estimates of the radiated energy, sho
that the ratio of frictional heat to radiated energy is less than 1.0 for the shallow portion of the fault. These estimates are relate
to the large slip portion of the earthquake in the shallow region of the megathrust and are not representative of the deeper portiol
of the earthquake rupture area. Averages for the whole earthquake suggest that the ratio of frictional heat to radiated energy
much larger (about 10) and similar to values inferred for typical earthquakes. This implies there is a significant difference in the
energy partition between the shallow portion (with large slip) and the deeper portions (moderate slip) of the subduction fault.
The shallow/deep portion of the fault produces relatively more/less radiated energy compared to the frictional heat.

F—7— R earthquake source, energy, Tohoku-oki earthquake, friction, radiated energy
Keywords: earthquake source, energy, Tohoku-oki earthquake, friction, radiated energy
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FAb#E O IR UEE OB T %)L F—HEE & 2 ORF2E[25 b
Estimation of Radlated Seismic Energy of Repeatlng Earthquakes in Northeastern Jape

and its Spatio-Temporal Variation

TR ER U R L N A 2
ARA, Masmnth'IDE Satoshi ; UCHIDA, Naoki?

LUK HERISERE, 2 AL AR 2R
1The Univ. of Tokyo,?Tohoku University

TL— MR CHA T SRR, MUNES SBE R FE@EEOMEICIA, NS EIEAr—Y Y JHID
PR HPHERP A0 —ELZ EZHTH D, L L, BERAMEHRIVRENSHTE . FIl Z I HEIE O RE IR HEK
B HESIR ORISR D C e > TWAB L, & 5IC 201 1EDQRIEMHIED X 5 A/EWEREE & DE I DV
TIFROEIE CHEEEOHERE N X D Z TN/ L EEEEIN TS [Ide etal., 2011 #E-> T, HILO T L—
kBRI I W i O PE B 2R I R EAMAAE S % L £ 2 DN, WO I Z S 5 - C. HE O
Fi7z IS 2 BN EF/ ST A— 2 TH HMER T3V F =1 D1E5 5, T L— MEFREEFETHRAET M4 /ai
BOHRTE, E@%&@Dﬁklihtl%ﬁﬁﬂ@@#% M DB DL DICHIEEZ R T § &0 S Ltk >~
TIWIE AN Z AL THIAES NS0 K LRI, BESHERICT L— MERm LICFEET 2 L EZ5N5 2 e HbE T,
7b—Fﬁﬁﬁif%%?é%a@%@%%hﬁ@f@%ﬁ%%##Dk&%L&@% INd, Ko UHIEEHEIL
TR ENTEH D .. HIEOEZICHEO ORI, FAERRBOREME Vo2 bR SNz, TDX S %k
ZEHE TV BB, HIEEOEFHEDOZ L E MG 2 OIZHEOYHENE X2 TR DOWREEN D %, Z
CCAWIZETIE, AL THRA Ui 0 R ULHIZEOMIEE T 3 )VF—ZHEE U, Z ORZERZ bz {7z,

AWFZE Tl Uchida and Matsuzawa [2018] & - THith X N7z 0K UHIE 1607 N b, &t 52 7 )L— T OHIFE
IR F—HEE LIz, TN OHBIIHILHERE Z/-NTIEEI L TEHED .. FIIb—T7IC & - TIFHIENZICHEO1E
. FEAERROEKE & Vo o2 bR b Nz, HIFEE T 3LV F—OHEEICIE. Mayeda et al. [2003)c & > THIFE S iz
O— X7z O T B IRIEOHEE T4, N U Baltay et al. [2010}Lckofﬁﬁa%é<hhﬂﬁ§(ﬂzx'\7 ML, HiIEER = 3L
F—OHEEFEZYE L THOW 2 EDRRIC, TNE TS NT TR T HIEEN T 3 )L F — OHEER T
DNTEHEEMICFTHITE S X S ICEIREZREAL LTz,

KERZERRF E U T, scaled energWlZE R T x)LF— L HIET— A ¥ MO LE) EEFR OB S I IEDIRE 2R T
EWVSTERME NIz, THUIBHEMZE L BENAER TH D, BOMD VIV — T TIEHILMHIEEDEZIC scaled energy
DS TZAE R U THh SRR Uz, RICZA IV 7 THIET— A2 MM, A LD, ChudsdtifithzE
BB BEL DS T L fEl E TIT RO MK LTz7zb &£ X 5N T % (Uchida et al.[2015) ABFZEOEHR &
BbE B L. TORMTELERB TIIIETLIIVF—DEIENRENT LA RBEIN5,

Flo, WEBHZIVF—OKE JIIWEOBENERT 5, 7> T, 7L — MEREHEOY I ZE 2 5 L
T, B 0R UHIEEOFA BRI AN EHR TH O . WiEH D healingD s Bh HIFEN T 3LV F—D K E SICBRT % &
MBREIND, AWIZETIE, —E87 )V —7RMEHICIBV T, scaled energy 74 HIFEIC IEORIFIED RS NIz hd, —f%
T & 1E DR TR0,
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Emergence, moment change and disappearance of small repeating earthquakes followi
the 2011 Tohoku earthquake

L HEEE T N A L AR G
HATAKEYAMA, Norishige!* ; UCHIDA, Naoki' ; MATSUZAWA, Toru!

D BRAERA AR A AR

LGraduate School of Science, Tohoku University

FIFE CHATCRED R URAET 2B 2R D/IMED R UHIEEE, Wilgmo/NEE A 0R LIRS 5 2 LIc kD3
£TBHLEZLNTVS. LML, BEEBOFFMAMGES, FE#E 0 URBROAHEAIEDFEEIC DWW TIE AR C
S EAN

Chen et al. (2010F Uchida et al. (2015)%, ZNZ1 Parkfield& BT, KHEORTROIFHICBNT, AEK
D/NEDIBRULHIEEDS 7 =F 12— RHRMINC K EL ol ERE L TVDE. TOXIBRSDEVDMMD 1DL
LT, REITARDICEK D/IMED IR UHIFEEZ F4E X 5 [ D loading ratehi#i x> 7 2 &Iic K> C, EFHOSE
PICAFAES B 5T S E I HENE T AN D 2R 9K 5 17% D, BRI XODENKEL oI MBI LNS.
ST ERETBDSZF VN T DX I e HEELIC K > TED LI T B hEMS T i, ' L— MEFRHED
FERANZ X LZRHT 27 DICEETH 5.

AW T, AFEE S THHO/NEEIC OWTEIEFVEZITY, 2011 AL ACE IS GRIE) [z
IC BT 2 HIEBTEB ORI Z L ORFZ R Tz, NEIIE, RS 40kmD T L— MEFUHETHREL TO0S#0IEL
WEISAZ—72H0E UTRE LK. £z, TOHBIZHEIMIEIC K 2RI RNOMNIEFICKEN-TEEZILN
T3 (e.g., Ozawaetal., 2012

EIREPUEICIE, Double Differences: (Waldhauser and Ellsworth, 2008z, 1 Z UoHIT, KRTOHHELD (7% ]
WO ERZFIRE LTz LT, 7 AXZ—ICEEN2MEZEE Lz, R, #ELHEICDOWT, KE
DI BUAANRT MUK D RDTFFERZIZEZ VT, &0 EREEICERREZIT> 2.

HALPPHIEEL G I, M2.5-2.9DH1EE (Group A MXIEFE CHATTCREDIRLAEEL THED, 2O/ IR LUMMEE 9~
127 ABETEELTWE:. £, ZOROEBXZ 5km Tk, M2.0L EOHEIZFAEL TWiah o7z,

BAEMHIEELIE, HIEETRENCLA RO 3 DDOKELHE(EA R SNz,

e AL ELIRTICHR D IR LFEAE L TV Group A & [H U T, M3.0 Z 2 2 BN JER IR R R REIPRE THE D

RUFAET B LI ICE-o7 (20114 3 A D 12 HOMIC 11[[).

(2) AR DAATIC HIZE D FEA L TV 7T, BB 0 IR LHEEDN AT 2 X5 Ik - 7. Bik
FNCIE, Group ADIEPE T M3.2-3.9D1IEE (Group B), JLH T M2.2-4.4D1liEE (Group O V4L Tz, Group A-C
DOt Y haA RiE, HWIC IkmPRICEEL TV,

(3) TNHDMEDIR UHIEIIR R OFEHE LB T ZF 2 — RIS L Zo TV A H -7z, F7z, Group Cl,
20124E 1 H 1 HO M2.2 DHIEERESICK T 575 Ko Tz

(1) DB{5E, Chenetal. (2010% Uchida etal. (2015)]C &G ENTH D, loading ratehhi#i k-7 &ic kb, W
JEHEE LIRS HERF I RO B & U CWRREIICINZ T, Z O D O E @M E —fHIicI o7z EZ 5N
%. (2) DBZRIZ, SREERTZICHDM > BT, SsHMHERTIZIEEET XD OANETCTED, HEM TR 2k
T &5 T4 & Z2e i, loading rateh#i x> 72 LI K > THIE T RO BT T X H x>z LR T
5. (3) DIHRIZ, KREMND ORI loading rateDiiod & i, S & @RI O THIEME I XD 2k 29
DHNELEo>To T eERTEEZLNS.

Loading rateDi#WVIC & % 7' L— MR DT RO XD bIE, BIEOZ(L/ZT Tldia <, RHTIZE DR UHIEOHEA
RMEEEFIEFRCT IO T L, FHILMOTL— MERDET IS KRELEFIKEGEZ 28D TH 5.

HEE AR TR, KGT—ibhZa 2R UE Uz, i, BHUROBIIRICINA, BB AEANZEO Hi-net,
JEHHER, SARTROBHR TR ONPIEZ M L E L.

F—TU— R 0K UHIEE, 201148 s b, SRR AIOE, S & e i, REh XD
Keywords: repeating earthquake, 2011 Tohoku earthquake, hypocenter relocation, conditionally stable region, afterslip
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Early rupture process of the 14 March 2014 lyo-Nada intermidiate-depth earthquake

PRI L I IR 2 v e 2
SAITO, Mamord ; KOMATSU, Masanaé* ; TAKENAKA, Hiroshi?

bR HLORAZERAAR, 2 Bl LR ER AR F AR AT FER

LOkayama University?Okayama University

20144E 3 A 14 HICFTHETM a1 6.2 DMFEFHENFE Lz, BIHEOESIZ78KkmT, 74V E VS L—FDXR
FSTWTRELUIHETH . AIFE T, TOMEICDWT, FEMS 5FORIFLEE O LA ) HER S O 2B 5L 4 B
5MCT 5. BHIEZRCIE, WEPORICHMMN A =20 Pl P2 P3NHROLNS. RIREIIHZADHIEERAZL.
AWFZETIE, WE)P & = DDOMHDORGERZLIN S, SHOFENE X ORI ZHEE Uz, EIEE#E 105 kmPANICELE &
NTVBEERT, BRI, FERRTE, NN RO RBIRED 52 B A0 S E I E (HBh% ) o E REio 2= L,
WEN L O EZAADRERZN 2 A EL > T2, SO L& 7%, ST OWEFERNR (strike slipX 1 ) 5K U CMT fi#
(U 2 A NIk LTz e T 5, PLHIEETEIC, P2HHBX U P3FHIIBEICHIE L, TNZNYHANER, S
THsEEADND. BHEME) P ORGERLIZZHWT, SBHOFAENE X U]z Takenakeet al. (2006, EPSYD
TOCHRBRILE X T3 Z D =JOtRRIC K O HEE LTz, ZOFSE, P I KU PLHOFA M U FIBIFE RS i D 1) N22
° E, A 69° DIRIFHMEAOWEE Fich D, P2HB X T PIHOFAHTIE CMT fEDEM N244° E, fHEFEHY 26
* OFRIFIERIOWIER Licdh S T D oTz. 2 DOWIEHIEAAEL, YIHBHEN S HHHEC I THEDED B>
Tz, B UL BTSN ERHOMEZFR LIz EZ 5N, SHOBIEBBZNCER S % &, FERND 0490141
YIEABHERTE O A XY MC K> T PLHMNEL, Z0%, BEEIZYHAREENEm & 229 % EdEREmIcE %, &L
IFFAFL, FHERND 1.820%IC THEKEE LT P2HEMITT 2 ARV "R ELE. 51, HERNDS 3.3
1BIC P3FHZ R U T2 b R Z I A R S FE Uz, DUED, HEE U 7o AR R O WIHHER S O R T H 5.

F—T— F: EBIUERE, FIHANIE, Tk, O
Keywords: Rupture process, Initial rupture, Main rupture, lyo-Nada
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Evolution of rupture style with total fault displacement: insight from meter-scale direct
shear experiments
Evolution of rupture style with total fault displacement: insight from meter-scale direct
shear experiments

XU, Shiqingl* : FUKUYAMA, Eiichi! ; YAMASHITA, Futoshi! : MIZOGUCHI, Kazu@ ; TAKIZAWA, Shigeru3 ;
KAWAKATA, Hironori 4
XU, Shiging"* ; FUKUYAMA, Eiichi! ; YAMASHITA, Futoshi' ; MIZOGUCHI, Kazu@ ; TAKIZAWA, Shigeru? ;
KAWAKATA, Hironori 4

INat'l Res. Inst. Earth Sci. Disas. Pre¥Gentr. Res. Inst. Elect. Pow. IndUniversity of Tsukuba?Ritsumeikan University
INat'l Res. Inst. Earth Sci. Disas. Pre¥Gentr. Res. Inst. Elect. Pow. IndUniversity of Tsukuba?Ritsumeikan University

We report results with Indian metagabbro (Vs=3.62 km/s) that are obtained from a series of meter-scale direct shear expe
iments conducted at NIED. We focus on strain gage array data of stick-slip events loaded with 0.01 mm/s and under 6.7 MP
normal stress, and find the following: (1) During the early stage when the contact surface is relatively intact with less than 10
mm total displacement, ruptures mainly behave as slow-slip events (10 to 100 m/s). (2) With the accumulation of total fault
displacement (up to several tens of mm), grooves indicative of strongly coupled local patches (i.e. asperities) are generated alol
the sliding surface, which are primarily elongated along the loading direction and are accompanied by notable gouge formatior
The rest part of the surface continues being polished, indicated by a contrast in light reflectivity with respect to the initial level.
At this stage, rupture speeds start to increase but are still well below the shear wave speed (71/4Vs). (3) After long enough totz
fault displacement500 mm), grooves and gouges of a sufficient amount are generated. The corresponding ruptures show
following a slow nucleation phase, fast propagation with speed comparable to the shear wave speed. Detailed strain data analy
shows that the above rupture style evolution is associated with an increasing efficiency in releasing the stored strain energy alor
the synthetic fault, which may have been facilitated by powder lubrication (Reches and Lockner, 2010) only after the formation
of certain amount of gouges. Our study highlights the role of (evolving) fault surface properties in controlling propagation style
of dynamic ruptures. It also calls for the need to conduct large-scale friction experiments over long displacement to better ap
proximate natural fault conditions.

F—"7— F: Friction experiments, Dynamic rupture propagation, Fault lubrication
Keywords: Friction experiments, Dynamic rupture propagation, Fault lubrication
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Cohesive Zone Length of Gabbro at Supershear Rupture Velocity (2)
Cohesive Zone Length of Gabbro at Supershear Rupture Velocity (2)
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We investigated the shear strain field ahead of a supershear rupture. The strain array data along the sliding fault interfac
was obtained during large-scale biaxial friction experiments conducted at NIED in March 2013. These friction experiments
were done using a pair of meter-scale metagabbro rock specimens whose simulated fault area was 1.5m x 0.1m. 2.6MPa norn
stress was applied with loading velocity of 0.1mm/s. Along the fault edge parallel to the slip direction, 32 2-component semi-
conductor strain gauges were installed at an interval of 50mm and 10mm off the fault. The data are conditioned by high frequenc
strain amplifiers €0.5MHz) and continuously recorded at an interval of 1MHz with 16-bit resolution. Many stick-slip events
were observed in this experiment. We chose unilateral rupture events in which foreshocks did not precede ahead of the ma
rupture and that propagated with supershear rupture velocity. One of the reasons for this selection was to improve the quality ¢
observed data because the strain field ahead of the supershear rupture was not contaminated by elastic waves. Focusing on
rupture front, stress concentration was observed and sharp stress drop occurred immediately inside the rupture. We convert
the temporal variation of strain to spatial variation of strain and picked up the peak strain and zero-crossing strain locations tc
measure the cohesive zone length. By compiling the stick-slip events, the cohesive zone length is 10 20 mm. We could not se
any systematic variation at the location but the cohesive zone length scattered between the events. We found that the cohes
zone length decreases with the total amount of slip as well as the rupture velocity increases, especially lafg@rtthees the
shear wave velocity. This feature is more or less consistent with the theoretical prediction of Broberg (1999).

F—"77— F: cohesive zone, earthquake rupture, friction experiment, supershear rupture
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Effects of plasticity on stick-slip behaviors of halite gouge
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Non-volcanic tremors in subduction zones and San Andreas are known to be located near the bottom edge of the seismogel
zone. Assuming that the occurrence of ordinary earthquakes is inhibited by the onset of crystal plasticity in rock-forming min-
erals (e.g., quartz and feldspar), this implies that tremor activity occurs at the depth of a transition between brittle and ductile
deformation. Previous studies of rock friction (Shimamoto, 19B&ence Noda and Shimamoto, 201GRL) have already
indicated that halite is a good candidate to explore the effects of plasticity on frictional behavior in laboratory, because with
increasing normal stresg £), the deformation mechanism of halite changes from frictional sliding to dislocation creep even at
room temperature. However, it remains unclear how plasticity affects stick-slip behaviors of halite, including stress-drop magni-
tude, recurrence interval, frictional velocity dependers&®), and rupture propagation process.

To explore the effects of plasticity on stick-slip behavior, we conducted friction experiments on halite gouges at room temper-
ature, constant normal stresses of 10 to 120 MPa, and sliding velocities of 1Luan/Qusing a large biaxial testing machine
installed at Tohoku University. Seven strain gauges were mounted on a forcing block at 23 mm intervals along the fault. For
each experiment, we recorded more than 50 stick-slip events in total. At sliding velocityiofs] the magnitude of stress
drop increased from 1 MPa at, = 10 MPa to 3 MPa at,, = 30 MPa, while decreasing to 0.5 MPaa&t = 120 MPa. The
stick-slip recurrence interval at the same sliding velocity decreased from 26,satl0 MPa to 4 s at,, = 120 MPa. &-b)
values decreased from -0.00508f = 10 MPa to -0.025 at,, = 40 MPa, while remarkably increasing to 0.01zat= 120 MPa.

Critical length { ) at which unstable, fast rupture propagatiorl0% V ;) starts seems to increase with increasing

Our experimental results indicate that the stick-slip behavior of halite fault gouges dramatically changes with increasing de-
gree of plasticity, i.e., sharp, large stick-slip events in brittle regime evolve to smooth, small oscillations in semi-ductile (plastic)
regime. Source characteristics of the small oscillations with sustained slow rupture may be linked to those of slow earthquake
such as non-volcanic tremors. It is well known that extremely low effective normal stress on the fault is the primary control on
the occurrence of slow earthquakes. Furthermore, we suggest that the onset of plasticity in minerals, leading to an increase
(a-b), also facilitates the emergence of such slow transient creep events.

F—T— o BEEEEER, S, IR LEE), B, BUERRE, AT v T s AU w T
Keywords: friction experiments, halite, non-volcanic tremor, plasticity, rupture propagation, stick slip
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Source Process of the 2014 ML5.5 Orkney earthquake, South Africa
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An earthquake occurred at 12:22:33 SAST (10:22:33 UT) on 5 August, with the epicenter near Orkney town near gold mines ir
the Klerksdorp district in the North West province of South Africa. The Council for Geoscience (CGS) in South Africa reported
that the magnitude was M.5. As a quick preliminary report, USGS estimated a left lateral fault mechanism and a focal depth
of 5.0 km. CGS revised its depth to 4.7 km using the dense cluster network data. CGS also reported 84 aftershocks on 5 Augu
and 31 aftershocks on 6 August, with magnitudes of 1.0 to 3.8 on the Richter scale. According to the CGS, this earthquake we
the biggest recorded earthquake in the gold mining districts in South African history.

In this study, we analyzed the main shock waveforms and aftershock distribution to understand the rupture process of thi
earthquake. At the time of the 2014 Orkney earthquake, 17 strong motion surface stations were in operation and continuou
acceleration seismograms were obtained with 24-bit and 200 Hz sampling. First, we picked P and S wave arrival times of the
main shock and found two sets of phases in those seismograms. One belongs to a smaller event that occurred at a depth of -
km (5.6 km below ground surface; BGS) with a magnitude less than 3. The other event started 0.3 seconds later with a large
magnitude slightly (1 km) north of the first one and at a depth of 4.2 km depth (5.7 km BGS). It seemed appears that the smalle
initial rupture was leading led to a larger main rupture. According to the S wave velocity structure of in the Klerksdorp area, the
S wave of the initial rupture can would have been able to reach to get to the hypocenter of the main rupture hypocenter, just il
time. Thus, it seems that appears as though the initial rupture’s S wave had initiated the main rupture.

Next, we applied hypoDD (Waldhauser & Ellsworth, 2000), the Double-Difference earthquake location algorithm, to P and S
wave arrival times of the aftershocks, as well as to the initial and main ruptures of the main shock. We found spatial gaps in the
deep parts of the aftershock distribution. These seem to correspond to the initial and main rupture hypocenters. We also four
a horizontal seismic gap at a depth of 3.5 km BGS. Shallow events located above this seismic gap may have been caused by t
M 5.5 coseismic stress change and the existence of high mining rock stress. These might not be aftershocks since the gold mi
leaf reaches up to a depth of 3.5 km.

According to Matsuda’s law (Matsuda, 1975), the extent of g5\ earthquake fault can be 2-3 km (maximum for unidi-
rectional rupture), main rupture could reach 2.5 km BGS. However, the existence of the horizontal seismicity gap and rupture
extension at the same depth may imply that the main rupture did not reach 3.5 km BGS.

F—7— R: SATREPS #) i, Klerksdorp, X 7)VF 4 7 7 L2 A
Keywords: SATREPS, initial rupture, Klerksdorp, double difference hypocenter location
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Mitigation of the rockburst risk in deep South African gold mines
Mitigation of the rockburst risk in deep South African gold mines
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Earthquakes pose a significant risk to workers in deep and overstressed mines, such as South African gold mines. A 5-ye
collaborative project entitted OBSERVATIONAL STUDIES IN SOUTH AFRICAN MINES TO MITIGATE SEISMIC RISKS
was launched in August 2010 to gain knowledge, develop and transfer technology, and build capacity. It was funded by the
JST-JICA Science and Technology Research Partnership for Sustainable Development (SATREPS).

Rockbursts are seismic events that cause damage to underground workings. Strategies to mitigate the risk posed by rockbur
can be divided into three categories: prevention, protection and prediction. In this paper we will discuss the contribution made
by the SATREPS project to these strategies.

Research sites were established at three deep gold mines: Cooke #4 Shaft, Hlanganani and Moab Khotsong. Boreholes w
drilled to locate faults accurately that were considered capable of producing mining-induced seismic events. A variety of sensor
were installed to monitor the quasi-static deformation of the rock mass, the accumulation of strain, tilt changes during the seismi
event and post seismic creep phase, and changes in dynamic stress produced by the propagation of the rupture front. The Coul
for Geoscience (CGS) deployed 10 surface seismic stations in the Far West Rand district where the Cooke #4 and Hlangana
mines are situated. The CGS also manages a 25-station network established in the Klerksdorp district where the Moab-Khotsol
mine is situated. SATREPS also provided a Kinemetrics Antelope Seismic Processing System to handle the large volume of da
being acquired by the networks and the Horiuchi algorithm to automatically pick P- and S-arrival time and locate events.

By prevention, we mean a reduction in the occurrence of damaging seismic events. This is achieved by optimizing the desigl
and sequence of extraction. Rock properties and the stress field are essential inputs. The SATREPS project has made a signific
contribution to the mine design capability by adapting and transferring of the Compact Conical Borehole Overcoring (CCBO)
stress measurement technique. Stress measurements, together with observations of borehole breakouts and discing of borel
core and seismic source parameters, are used to calibrate numerical models of mining layouts and sequences.

By protection, we mean the creation of rockburst-resistant excavations. As part of the SATREPS project we have studiec
the state of the rockwall in stopes near the research sites, measured the response of the rockmass to mining, and studied
performance of support elements and systems. In a complementary project, CSIR is developing various technologies to enak
the stability of the hangingwall to be mapped prior to the entry of miners. These include robust closure and ground motion
meters, thermal and acoustic mapping of hangingwall stability, and a robotic platform to carry these devices.

By prediction, we mean the reliable and timely forecasting of rockbursts so that mine workers may take refuge. We have use
the unprecedented volume of high quality data gathered at the SATREPS sites to search for forerunners of seismic events. Whi
we have gained new insights into the development of mining-induced fractures and the nucleation of seismic events, and studie
variations in seismic parameters such as the b-value, we have not yet found a reliable precursory signal that can be used to ra
an alarm.

Other lasting benefits of the SATREPS project include: (1) the enhancement of the National Seismograph Network, and (2
opportunities for several young South African researchers to visit Japanese institutes and gain experience in high-level researc
The SATREPS project has been an extremely valuable contribution to researchers and practitioners working in deep Sout
African mines, and we are grateful for the contributions of many dedicated Japanese scientists and the support of the Japane
government through JST and JICA.
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Routine Estimation of Source Parameters of Mining-Related Earthquakes
Routine Estimation of Source Parameters of Mining-Related Earthquakes
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Mining in the Witwatersrand region of South Africa has led to induced seismicity. Seismicity is concentrated in several clus-
ters associated with current mining production and flooding in abandoned mining voids. Starting in 2010, a surface network
consisting of over 60 strong ground motion seismograph stations was installed in three clusters. Automatic earthquake locatio
software from Home Seismometer Corp. based on an automatic location algorithm developed by Dr. Horiuchi was used to locat
the large number of aftershocks quickly and accurately. Software for the estimation of seismic source spectral parameters w:
developed. The software is robust and most of the processing is performed automatically in a batch mode. A catalogue of a fe!
thousand earthquakes was created and the spectral parameters of the events were estimated. Systematic shifts in the range o
spectral parameters for the three clusters were observed. Fluid-induced seismic events have a much smaller static stress d
(0.02- 5MPa) compared to areas where active mining is present (0.1-40MPa). The scalar seismic moment variefl foom 10
104 Nm for the fluid-induced seismicity cluster and for active mining it varied frod? 160 10> Nm. The relationships between
static stress drop and scalar seismic moment undoubtedly show that the stress drop increases with seismic moment. Neverthele
the scattering of the static or apparent stress drop around a fixed seismic moment spans roughly 1.5 -2.0 orders of magnitude.

An unexpectedly large earthquake of magnitudg 845 (M,, 5.3) was recorded in a district where active mining is currently
taking place. Spectral analysis was performed in the frequency range 0.2 - 80Hz. An assumed quality factor of Q=400 was use
This value is used by underground mining networks. Kappa was set to 0.005. Analyzed waveforms were restricted to thos
recorded at small distances (2-20km) to reduce the effect of a possible error associated with the correction for path effects. Tt
distribution of aftershocks located in the first 24 hours indicates the length of rupture zone to be roughly 6 km; however, spectra
analysis of the entire S-wave group shows a maximum source size of approximately 2 km (S-wave corner frequency 1-1.3Hz,
Visual inspection of the waveform clearly shows three sub-events. The first one is small followed by two stronger sub-events witt
similar pulse durations. The two strong sub-events occur about 0.5 sec apart. Analysis of the main event and aftershocks show
that the main event had a static stress drop of 35-45MPa, while the biggest aftershocks recorded in the first 10 days have sta
stress drops of 25-30MPa, and the largest aftershocks recorded in the next 10 days have static stress drops in the range 7-10M
The aftershocks with the largest static stress drops are distributed across the entire 6 km rupture zone. The relationship betwe
stress drop and scalar seismic moment for all the aftershocks showed that the stress drop increases with seismic moment. T
static stress drop varies in the range from 0.1 to 40MPa and scalar seismic moment variesfrtoi @3 Nm. The main event
appears as a strong outlier with large scalar seismic moments of 266x10'"Nm on the three components.

F—"7— K spectral source parameters, induced seismicity, routine processing, static stress drop
Keywords: spectral source parameters, induced seismicity, routine processing, static stress drop
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Toward rapid source process analysis for great earthquake using teleseismic body wave
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AR b T EiiihE (Yoshimoto and Yamanaka, EPS, 2084 R20104EF V) HigE G5A « (Lrh, HIFEH2: 20139 O zTT-
T&E.

BARAEER TRt I N2 7)) — VB ORE T 72 X D BABIC T 5 721, 201 1FEH LS AE AT HIEE O REE (Mw7.3)
& 20074EY O VEEORE (MW8.1) I DWW T E 7V = —T7 D F ) — VIS WL Tt KRR 2170, [ERE
DIFNTEEAE THRBERRIC K 5 7)) — VBB FIW TN 2 LTRSS & O 21T o 72, ZORER, 20118t OwiE
(MW7.3) TIFFERICIZIEEFI R SN 5 7h, 20074 Y O E VHE (Mw8.1) TIRIRFERIC X AR TIE 7V = —
T DTN — BB IO T AS I LR T REFEAR AT E— X MREDVNE L o> T LE S FEEMNMES NI, [k
DOFEHIT 20104EF U H1EE (MWB.8) THIELNTWVS. TOEWIE, TICIXIHRFRIC X 5 7V — VB W phase®
FHETERVWDTHSEEZDNS. TORBIR, 7222 M8 7T ADEAMIETH > TH, W phaseh Bl ICEH
FIHE N TONE S IR CRtE SN ) — VR EH T 5 T L3 Y TR ARV AREN 2R LTV 5.

TNV =77 —VEBIIETE I A ST, B TR E EEFEBREREITICHEA TS i3 Lund
LN, BEFERSEIRNT T & TIEREMIC X 2 7 ) — VSRS 2558, TEERRRD W phaseD Pl iTic
W ZHHRIEDV NS WK S BB S E T U 23 2 XETHB. ZOX S HERSEEH TS LD LWIGE
&, BRI ORBODIROEERIE TOWREA 2 N—2 3 Y EREITRETHA .

T — SN, &) — > BIB PRI, W phase FKHIE
Keywords: teleseismic body waves, Green’s functions, ray theory, W phase, great earthquake
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Optimization of Preset Parameters for Source Process Analysis with Teleseismic Body
Wave

TRREEE e — 1 s PSRIEH BASS 15 GBI B A 2 K TR 2 R SER 2
FUJITA, Kenichf* ; KATSUMATA, Akio ! ; SAKODA, Koji® ; SHIMIZU, Jumpe? ; HASEGAWA, Yoshiom?

LSBT, 2 BT
IMeteorological Research Institutelapan Meteorological Agency

1. ECBIC

KRBT CRIERTEEZBXZE MW7.0 L EOHIEIC DWW T, EHSEAREFRREEN 21T O RT R — L= T
FRNTHREIRZFER LTV BM, T T 235 A—2h2 {| EDOMINTHERMNREZDNHIWTT 2 DNH L, Z0D
72D, ARNYVEDPRELTHOERZRETEETIC. ZLOFHZEL TWSDONEIRTH S,

D7, AR EFEEFEN ORS R CHEHEZ B8 L. AW 5/ NT A— 221D 5 T
FrikbTat A DONWTERL,

Sl EEOA XY MTOWTHEINIC/ ST X—2Z230E U T 21TV, Z DRSS & RT3 DN el THiaRmIc S
A—R T T UTIRER D 21T o720 Z LT, HEIMIONT XA—RZRET HIEEICHE U S MERZH
H U, ERICOWVTHRETT %,

2. Hit

fERTIZ A Y] i (2014)D T T T LR Uiz, BIIEIEIE IRIS OJAHEHIEEZIC 0.002~0.125Hz00 /3 K78 X
T )V E—ZH U TR Uz, BEERGADONEIZ, ENOANY MCOWTIRAG T — o bEBROMZEH L., ifE
NDA XY MTODWTIEKEHEFHERT (USGS)DEJRDMEZ M Uz BHERIAM DR S IEKSR)T CMT OfEZ i L
1o ARGET 2 Wi S BEERRMA A Z B ORISR E L, A XY FOKEE (M) IZIECTAT—Y > ZHID 5/
JEDY A X RE LTz, LM, @R XD MIXKERT CMT OIEZEH Uiz S/ NBifg D 7)) — > B OFHEIC
WA GG IC I IASPOLDOET IV EE Z | BRI Tld CRUST2.0DET )V G X Tz, EIRERBEENE 50 =
I ORIKEIEZ TS EAVD R 2.080 & U TRRE L. BEBEOBIZANY FOREZ IS CTRE Uiz, WF2Efnyx
DEMNE ' HZ ZMHGEIFICOVTIX, ABIC(Akaike(1980)) W /N b 75 %785 A— R 738 Ule, BRI E 13 A2 5k
FIRETR (Geller(1976)y0 5 STHHED 0.72f%5 & U TRRE LTz,

BEE ¢ IRIS OLHHSHIENIE. IASPI1M UF CRUST2.00M F#E G E T IV EHWE Uiz, i L TEHHR LT,

F—U— R EBEY, i/ T X—%, B#it
Keywords: source process, optimized preset parameters, automation
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THIEIE 72 IO Te B T 5 )L F —HEE L ORRET . _
Consideration of the Method to Estimate the Radiated Seismic Energy from Regiona
Seismic Waveforms

AW 7&K 1 ; Mori James
KIUCHI, Ryota'* ; MORI, Jame}

gt N DT
I'DPRI, Kyoto University

The total released strain energy during an earthquake is divided into frictional energy, fracture energy, and radiated seismi
energy. In these 3 components, we can estimate only the radiated seismic energy directly from the seismic waveform, and th
characterizes the dynamic source property. There are large variations of radiated seismic energy from previous energy estime
studies, although it is difficult to estimate it due to the contribution from a wide frequency spectrum. One of the probable
factors of this variation is focal mechanism dependence of radiated seismic energy from teleseismic waveforms (e.g., Choy an
Boatwright, 1995; Convers and Newman, 2011). However, there are 2 additional questions from these studies. 1. These resu
were obtained only from P wave energy assuming a ratio between P wave energy and S wave energy. Teleseimic S waves oft
overlap with other phases, and attenuate more strongly than P waves, so it is difficult to measure the S-wave energy directly. TF
ratio of P to S radiated energy is not well known. 2. The focal mechanism dependence has been shown only for large earthquak
(Mw >6), it seems that this characteristic has not been observed for small and moderate earthquakes.

For the purpose of investigating these questions, we need to estimate and compare the radiated seismic energies correctly fr
several different phases. As an example, we focus on a moderate earthquake (June 14, 2008 at 12:27, Mw 4.9 from F-net) th
occurred just after 2008 lwate-Miyagi Nairiku earthquake. In this study we estimate the radiated seismic energy from regional F
waves, S waves, and S wave coda using an empirical Green'’s function (EGF) method. The regional waveform data are record
at stations of Hi-net. Firstly, using cross correlation, we select an EGF event that is highly correlated with the target event.
Secondly, we deconvolve the seismograms in frequency domain with a multitaper method (Prieto et al., 2009), and check th
waveform in time domain. Thirdly, we fit the obtained spectrum to an omega square model (Brune, 1970, 1971) to estimate the
corner frequency. In addition, we try to vary the value of the power for the high-frequency fall-off. Finally, we calculate the
radiated seismic energy using these spectra.

Acknowledgement
The regional waveform data of Hi-net and focal mechanisms of F-net were provided by NIED.

7 R MR LR, R
Keywords: Seismic radiated energy, Moderate earthquake
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S-netdifll iz O ZERRES I a2l —Y 3V _
Simulation of hypocenter determination by using S-net stations

ERECY R B L R0 L A R A L O D) L R L

HHED, Bﬁlilﬁﬁﬁl *’AZIK?EEI I_JEH%fr:l ﬁ’éﬁﬂ‘ﬁﬁﬁ FLIFH I8 2

SHIMBO, Takashi* ; UEHIRA, Ken]|1 KANAZAWA, Tosh|h|ko1 MOCHIZUKI, Masasht ; FUJIMOTO, Hirom} ;
NOGUCHI, Shin-ich}  KUNUGI, Takashl ; SHIOMI, Katsuhikd ; AOI, Shin' ; SEKIGUCHI, Shoji ;
MATSUMOTO, Takumi ; OKADA, Yoshimitsu' ; SHINOHARA, Masanad; YAMADA, Tomoaki?

b B SR ARSI Z T, 2 SOCHIEERT
INIED, 2ERI

WIS N CRAT 2 HEPH 2 8IS 5 72 ic, HAM R EHEF BTN (S-ned DOEHFHHEL 201190 5 HlG
U7zo S-netidERah SbiEEh E T 150 DB RE U, 7 OREBPEIE R GEEicEs251m) % 30km,
FEALTI GRS AT /51D # 50-60kmTH %, S-netD¥Eiilc K 0. EZEHpBEAaE#RHfRiE cNFEF T B EL
HET BT EWATREIC R S, WK R THRAET ZHEZMIHT 272113, BIK FICBU 2B, FEEmER, HiEs
HEFEREIES IS IS B CRSD, TRAALS T L— b IR AL & OBIfRSS, 7 L— MICEB % U9 HOSHEEE
FERFARBZRBEND D, TNOZFEMICHARS DT, BE FTRETAHMEBELZEBELICIVET ST EHPRATD 5,

ARFFE T, S-netlic K 2 BRI ER E 2 it % 721, @FFT%@?%% 25 S-netfdiill i £ TOMGRER
Az lickh, BEREDI I al—yarvEZiTolz, Y al—ravicHuiEERX, AR ERiEEEST
(039“f&iéfw;mnr%ﬁ¢ﬂ%ﬁ@f%ﬁ@WT%T%§1J; 22 991 (Shinoharaetal., 2001 CH %, CThHDE
DS S-netBlifll s & TOHE i%%ﬁ%b HBI R OHIE R DOFERL 2 RD Tz, F LT, ZTORGERZIZ HWTE
BHIRERITo T2, T O, HEERGIE & BFRIVEICHWIEEMSEIX. S-netREEN TIrbN sEiiE O R
%ﬁ%mﬁﬁbho$ﬁ%m&%vsnb—yangofmiéhh%ﬁacmsugofmiéhk%ﬁ®ﬁﬁ®%
. IkmBEETH S, £z, Hi-netFHAH CTEABOBFRES I 2 L—r 3 VY &{Tolz, TORE, HRRERGHE & &
TRPVEIC WIS RS I, B « gl CREIEVEICH W B N RS GIB)INE . 1984 EHW Tz, ZDORER.,
WL DODDEPREIX, OBSICK > THREINZEE I D L 5km L FEL o fz, g, BEFBIISOR TR0 kElR
PUERENELONRNT EEEKT S,
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The M 7.7 September 24, 2013 Pakistan earthquake: comparison of back-projection im
ages and field data
The M 7.7 September 24, 2013 Pakistan earthquake: comparison of back-projection im
ages and field data

WANG, Dun'* ; MORI, Jame$ ; KAWAKATSU, Hitoshi!
WANG, Dun'* ; MORI, Jame$ ; KAWAKATSU, Hitoshi!

LEarthquake Research Institute, The University of ToKyRisaster Prevention Research Institute, Kyoto University
LEarthquake Research Institute, The University of Tok@isaster Prevention Research Institute, Kyoto University

We analyzed the 24 September 2013 Pakistan earthquake (Mw 7.7) by back-projecting seismograms recorded by several lar
regional arrays in Japan, China, and Europe. The results show that the rupture propagated towards the southwest, and relea
most of the high frequency energy at 90-130 km southwest of the epicenter around 20-40 s after the initiation. This rupture pat
tern is significantly different from the northward propagation which would have been expected from the aftershock distribution.

High frequency images suggest that the average rupture speed is 4.0 to 5.0 km/s. The rupture speed seems relatively slow (:
to 2.0 km/s) for the first 10-15s, and then increased to fast, possibly supershear (4.0 to 6.0 km/s). Relatively lower frequenc
images show a lower rupture speed of 3.0 to 3.5 km/s (Figure 1).

A comparison of rupture traces determined by the back-projection and a geodetic study provides a good test for resolution ¢
the back-projection method. Given a correct epicenter location, results derived from seismograms recorded in Hi-net, show
very accurate location of the surface trace with an uncertainty of 10-20 km.

Figure caption

Figure 1 Timings and amplitudes for the stack with the maximum correlation at each time step (1 s) showing in the map (top)
and as a function of time derived from data recorded in Europe, China, and Japan (from left to right) filtered in several high
frequency bands (bottom). Here the distance is measured in a straight line from the relocated epicenter.

F—7— R source process, back-projection, slip model, rupture speed
Keywords: source process, back-projection, slip model, rupture speed
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Source process analysis of the 1923 Kanto earthquake using 3-D Green’s functions and
curved fault model

TR T BERE L 2 VK ] 3
YUN, Sunhé* : KOKETSU, Kazuk? ; KOBAYASHI, Reiji?

VRGO EMBIII B T 7 /Y V) 2 — 3 VX, 2 HEOREEIT, 3 VLSRR AR LA ek
!Earthquake Research Institute, The University of Tokyo/Itochu techno-solutiBaghquake Research Institute, The University
of Tokyo, *Graduate School of Science and Engineering, Kagoshima University

1923449 A 1 FNCHA UT-FEdiE, BIsICHERE 23 A THD, %ﬁ%ﬁ%¢wk%ﬁ&%§%%k%bt
COHIEIE, 7oV EMETL— bR KEET L — O MICIRHRATHIR ST 7Iicin> THRAE LR, T L— MEFRHE
BB, REZEBENEFREKOE FOKREST, ERED SN cEBIIE N, BIEFE OMEM R = ﬁm%LQw
BHRMEN TN 5. AW TIE, B TFEORENHIESNIC S 2 25882 TR T 5728, 2E—X FHET
TV (Koketsu et al., 2008 Z& A U TRDI==Xo7 V) — VEAEE HN T, SEARRTET- 2. 58, Hniz2H
— U RS TVIE, RS TIEEILOE R CIEHEREE OIEE D 3km DL ISR T, BHRCEE O MM R = oehsis
MKMENTZETIVTH S, BT — 2 ISHGRAE), m=Hge, mE ()iﬂ&%ﬁﬁb\t Wi €7 LIl Sato et al. (2005¢
[ CFrmbiE &, [FURE - BETESZ 7 2 ) Vil L— b EHCih-> TRRE Ll L7 bl E 2 0E Uiz,

ROIC, PRS- —JUCHE RS - gmﬁﬁﬁﬁL®30®%7w%ﬁibfﬁU VEBEGRE L. 85N
T2 3D ) — VEREIT % L, Z X 0EERET TV EOWTCEHE LT — VL, KR - SHER)
HICHRIEMN R E <, MR EDN o 7o, FHCERBIEOBIENEE TH O, WITED/INE < D DEMER = Rookid O HER
JERERE LI B e EZ NS, BFBEMNTE LT, 9 L5k 3D T — VB & yRAH) 7 — 2 38 X U Fimikr
BETIVEHWZ, 3D0EIT ENDHREFHOFERENE L, ITROPREREZOSHELLT V. ULy LiE
E—AV N, ZX0rT ) — VB AWEEROGD, PEEED IOt — VBEOERK D &N E 0T 2D
T kiF, HEREOMEIEIIIE, HFREE T — 2 OADOEFRRERITICE B 5 X 5 L RRB L TWVWA. RICHIGRZ
5, EHLE, TR T — 2 B X OCOFEHEE T TV HNT, EFRRET R o 2. IR0 O KR E EEE O 1
PIEER - —20c sV — BBz Al 7z Sato et al. (2005PF5R EALLTW D, =0y ) — BEER W T AL ORGSR
DI HEFEINC I RO ZRII/NEL, HBTE—AXAV FNE/NEh ot T, =7V —VBEETIEREROM L > T2k
T O®ERIC DWW TIE, =X ) — VBBV A T LICEK D BLLHEHTE3 L5 k>, &5, HiygZsH),
T, SRR 7 — 2 B X CRETE T 7 L2 O CEFSREARNT 217> /2. ZO/RER, FhkEiE T 7 )L ORERIC
FERT, O K ZZT NN T L— MEROR O I BEE) LEFE, SN 28Ik E > 72, AT R0 |
EHBEOMREI D EREL, HHEBET—A Ve AKED -, COC &iX, BT VBTV ED L
EHNTE kM B PEICRESNTWAE T LI > T, TJU—VEHEDNE L ko lb B L EZ 5N 5.

AWFZEDOFHWEE 7V X B 59 & Sato et al. (2005DFER TiE, FEHIOTRD DK ZHFEHHBREOL S FHAELT
Wi RE o 72, UL UARWIZEDJETE T 7 )LV ORER TIE, D3 XD DK Z EFEEDRED LR D72 il
BICRE->THED, IXNDDMERENHOBRICBOTCREDWHIL LA THS. —/7, BHIEOMEEEFE Ik
JEETIVERIWTEE T IVOFRETETED, TL— MER LD THE - Il SUE - 72N, FEN S 208
ME 7 L— MEROEROED I, ZO%K 20/ 7 L— MEROBEATZRO S IAICHEATE LW fERIC R > 2.

AU KD, HEREEDE MR =0 ehEE ORISR IE N CRA LB S, SEREIXMEREDH X 5T
WFRZSENC LB R 52 52 b, PR « — oS T IV HOEBREREA > N—V 3 Vi, IRXROE - hEE—
AV NEBKFHET B[ REMEDH S T AR E NIz, £z, —Xot7 Y — VBT HEIHOE U - I2imERE 0%
iz KO RCHEHTEZ X511k, =207V —VBBz WS EOERMENHL MM E >z, T 51T, ik
BET IV HOTASRIE, RKEOTRO MR ERENMHICET 2 EHICED T Moz

F—U— R ZBRUERRMT, =20ocs ) — B, BIRTE
Keywords: source process inversion, 3-D Green'’s function, Kanto basin
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M2 A LIRAFERIEE B OO R i C DB BT SR SRR G T AT IC K 2 B AR D 18

& Mohr-Coulombiff i EEHE D o _ . .
Reproduction of M2 earthquakes by elastic Boundary Element modelling and constrain

of Mohr-Coulomb failure criterion

Wili Kilg v RV FI9—R2, U4 F VA IvF 3, A=y Iruk—3, VAN EYF—3
Ty /’\”Z\—}I/g I/ZJJ//\}") w73 LIV A N LA, /‘771)‘7; YRR,
LAT 4 VYo xA, =L R 7R 1—4 B=INALVLAEVR, ILTT 1//'7/'(6

AN T RER Jﬁ% 8 ik HE O

UCHIURA, Takd* ; HOFMANN, Gerhard ; WIGGINS, Mitch® ; STONE, Woutet ; NDABA, Pinkie? :
PLOTZ, Janellé ; LENEGAN, Patrick ; YILMAZ, Halil * ; ZVARIVADZA, Tawand&' ; MNGADI, Siyandd ;
CARPEDE, Andrewt ; DURRHEIM, Raymond ; MILEV, Alexv® ; OGASAWARA, Hiroshf ; YABE, Yasud ;
KATO, Harum?

L7 anfEKSE, 2Anglogold Ashanti?Sibanye Gold? 7't v b7 4+ —X—X5 > K, 5CSIRIT 4y b U+ —2—XF5
R | SATREPSSCSIR,” Zanfii K% | SATREPS® HUL K | SATREPS, MR 2t 3D MR ~RH 55T

IRitsumeikan University?Anglogold Ashanti?Sibanye Gold}Witwatersrand University,CSIR / Witwatersrand University /
SATREPS?SCSIR, Ritsumeikan University / SATREPS8Tohoku University / SATREPS 3D Geoscience, Inc.

JST-JICA SATREPS 51 COMBEHHFHRIRD 7= DELINZL) 71y = 7 FOBIIY A FD 1D TH2HLDOT A +
T, M 2HENEEREL TWE, TOY A Mald 3EDAH 3 BEMHER TN 100HZERINER SN TE
D, HEEEEEED BT — 2 DY 20114F 12 ALLRIS 5N T W5, TOY A Mld AE v hT—2137W0A, CSIRD
4 50D 14Hz Geophond filfFE 100mAGi THIER T N TH O . FullithEEBiH (BINESEE > 500m) ORI E RS EA
RZMD TEMNTES, iz, K 3km N7z Tau Tondlil L THIE S N7z 9IS €T IV, [FSLILOK 1km #Ed 7z i
MTHNMEI NN ESEICTE %, BT A b TRHEHRDIZDHD 9K GRIEER 340m O RY Y VT THRELNO

7 &, WitwatersrandK i L1235 Ttk R & iR OHIED T Th N Tz,

AWIZE T, YA FH5 183m™351nD & T AT 20134 12 H £ 20144E 1 H, 8 HIcFE L=, ZNZFhn, 1L 118, 2
fEl, & 4MED M2 HeDHIFZICDWT, MR ESIEIS I 7k Map3D TOHEL BX T, ZEFRTD Mohr-Coulomb
W EHE DR 25K 72 Map3D Tld. HEHCROFE-> B G 2 . Z N Adim->RA8 17 1 7 T 3 otiic CAD
KHTBHTEMNTE, WiEICHY T AN AEGERICREDO E— 7 - FAMEZE 0 YT, IG/IMZOEEICE LTz
EEIIC, WiE RICET S 2HBHNTAROEZEHET AN TES, ZOITANDEEHIFIIE— VR L REmE &
DEICE>THRE 5,

Hofmann® (2012)id. Map3D7 Fiu T 20074 12 A1 JAGUARS (Nakatani 2008) DEIHIY 1 + T& % Mponengili
(L Pink and Greer? 7 7 THAE L7z Mw2.2 DFEEIRD G155 LS 7 iam L7z JAGUARSIE, SEILHIZERHIE KL O &
FEIC IR HiFE OffE R (Yabe S 2009; Naoi 5 201D 7% AE THiE i L. Hofmannb (2012)id 2 Vs sg WS /)
(ESS)WRADHE TH % T L ZMER LTz, Tz, FEISHE U HIEE ORI XD #if 2 Map3D THET X 2 WiEh
JEIST A—=RMRT 5 T LICE Y Ulze ARIZED RS E LTV AL IE AE Bl 72D, Map3D THEE T
% ESSIRAKDHDNEZBHEICT 5T LICK > T, —EDEMNZH > TEROILS L isE 2T & 2 LR 5,

AL TIE 4HD M2 FOHIFEICDOWT, ESSHRADIA ) v RY—F L, ZOm LIRS - BIRiS S « ©—
VT —0 Y OHIERAE RS A— R ZWG1d % T LIk > T, GHHE ETOMBEREOHBZMA Tz, AW T, WG
F185 (BHERTOIST18) 1 BED Tau Tonadlkl i) 7 — & (Hofmanns 2013)% Wz, &7z, FRIERAMARTIC T 4 HYETRIY
4 %Tﬁo TZOARD R Y ITOBICEBIRENT L—r 7o e a7 T4« A3 T OR7Zz. T OFIHIGTT & Map3D

FIIHHTE ST LR Uz, ShLOBAFORAENED 5 5 20134 1 A LIS D & D% 45 H OFERTRROREN DN %
ot HICETIV L., ESSHEWEEIIH 20 THERT 2 EHAROFHRMNC A TICRIET 2 L PREINS DT, EBIRMEZ
WO ZFOEMDERIEHRD Dip 5 & —H3 2 EBOH % 10 EZ A0 Roll fi (Roll fAEllEHCIREIEIRC 1T TRE
L. ESSHiKDEZ TV v FH—F LTz,

FER. 4D0D 5 B0 I DOHEEMENE Lo, HIEBE N OEFISINTHT 2HWISIOEKTEw I, —AROWHE
FUEIE AR CIITIEHHATRE T H o 72 hS. i 13 Hofmannd (2012) DEMEEFE L D L MPa k&> 7z, 58D 1 DOHE
EWE EDZ NI, Hofmannd (2012) & IF 5 UWEEERR LRI TH > 7o TN HDFEFIE, BIIIY 1 S DOEEED
15D AL D Map3D Pl K DI N TV =0, BRMED R AR TH - 2B MMEE LTeMc X >7209 %
T LITXBU[EEMED D B,

SHOWIZE T, EBIFE T OIS IEELEC RS I O A RO s &0 AR ER & Qb z s, #HAKRST
X7 DR ERET S,
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F—U— R B—)V » F—0 UUHEEAE RYREERG Y T V) A, g B SREIS R AT, SRR OIS
Keywords: Mohr-Coulomb failure criterion, Deep South African mines, Elastic Boundary Element modelling, Stress in seismo-

genic zone
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FEREBEMD B AEE 9 2 HURWE O o) IRIER I Ofld  —E BTG\ O] —

Detection state of stress at a fault from focal mechanism data ? application to Kego fault-

RRA e 1 5 Bl EHOR KR
MATSUMOTO, Satoshi* ; MIYAZAKI, Masahiro! ; SHIMIZU, Hiroshi'

VIR R AL > 2 —
nstitute of Seismology and Volcanology, Kyushu Univ.

HIEEFR B BV CIRHERAEDR T Vo v VAT 2 T E WREEETH S, R, WEHICISHDER LTV
LZOENERINT ST LR ZOMMGIC L > TEELR T Ta—FThH b, A - 1Zh (2014Fk - HIFEES) Tl Mt<
D FEZIRR L. 2013 RIS OMEBOWEICIE, MIZBERENCINER L TVl & 2R LT, AL TIECDOF
7% IV T 2005445 b U 75 5 Pt EE O REFS K U A DM NI DFEFERMS IR 72 it L. ZEWEIC B TS 1EH O
fRth 25l Tz. T Tld Asano & Iwata (2006)C KX 2 AREB X URAREDOITAND M L FEMlEZE— A b T2V )VE
KUZEFEWEIIMT 7 F ZAD7 AR T 4 ICHST BILH D L EMTNBIEICE iR E— A v T VIV ESZ | ARE,
RARE, FekOZEKEHEDSHEPREZRA T, T—X Y b T UV IVIZZ O HEZHEE T 5 T L IZNEETSH
Blzolc, HEEOEIST THBE LIz DZHEE Lz, TR, AE - RARENEICBVL T ZNZThoMERE
ANCIS R RGNz DD, EEWIEICHE O CEBEERISNEPDRONGEN 5T, TORRELT, 1) Wig/k:
W Clda  fEE RO ZIGE L BRARLUC WL, 2) BEREICIZEHIDER L TR, £ ) DM
MDD, Tz72 L. WilEELAOMEIREIEICHMEGE DN A ESNE T eh b, SHBOT—2DOER™ZITV. FER L
ZHIETREND 5,

F—=T— RIS, B, SRR,

Keywords: stress field, state of stress, focal mechanism, Kego fault
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P G TRREE B T — 2 2 O THEE U 72 200845 T « BINREHIEE RE DS 1R
T WERA & DL

Estimates of stress drop in the focal area of the 2008 Iwate-Miyagi nairiku earthquake

HH EG Y BRI 2 ME EC 2 N EA 2
YOSHIDA, Keisuké* ; HASEGAWA, Akira? ; OKADA, Tomomi? ; UCHIDA, Naoki

VR SR EBANIRZERT, 2 AR AR AR E AR S IS - A T RIme s > 2 —
INational Research Institute for Earth Science and Disaster Prevetifmmku University

IR, HIERNES TN U720 2 20 BUDEWIC K DN T 2 BB TH 5, TORKIC, WiERICHh->T
WS B AMIGIIDORE S E, HEZNICHEETTRETH D, IGIBE FTREEMENTWS, IGIR FEE, EY 1
WaEZB ELTHEBRINGA—ZD—DTHBHEEA 5, LMLEDNDL, ZOWEDIZDIZ DIREZXHELT BT
L0, RHRICRE L T2 a—F —JHIEBOBEOFENKE N LR EDOMEAT, —RITHEEOEOHEEN N ET
tHb, TORH, WERDIGIFE FEORKNMNCHESNTOEZDONE S ME. TRUFERLI D> TR,

IS T RICDOWT, —DFRINZDIE., MENRET B0 AN - WiERE O & & BIfRS % ATHEr:
Thb. EBE, I FED, WiEOBEBRE 2K N I8 2 MBEKEDNEW & FAEI NS BukiiEicr D < I1F 8L &
%L E5MELH S (Chen and Shearer, 2011)i% ., FEESREOHT &IFHICNEETDH 50, ISHEMNE—LHZEN
LA TR, AN ALBHIRTEFENEOMED S ZOMMNEREIEZRBEL5 LN TEZ S,

AWRFE TR, ANEFAD S WER, SRAZEREBIMDERN T N Tz 200844 - HiAREHIEEE IR TR
U7ABIicnt LT, BB 7 — & & v 72 multi-window Z-X 27 - )L (Imanishi and Ellsworth, 2008 & 9 | &
ST ROERSEHE 21TV, BEERE L O 21T 5, BFREKOIS 177, Yoshida et al., (2014a, EPS), Yoshida et
al., (2014b, JGR)C X W #iE TN TV %, Yoshida et al., (2014a, EPSJIE. 6T VIV « £ N—=V g ikl E, &
IR D IS IRREZ — kR EARGE (JBTT A). B 2 WIEAKCEFTNC 2035 L (67) B). Z£DZNZENDILSI /M OHEE 2
fToTW3, £7z. Yoshidaetal., (2014b, IGRJIE. AN X LRONEC EICEADIGTI A MZ#HEE L (571 C). &
SICARBHBRDOFISITMOEHRICIED E, WAL T YV IVOHEE E1T> T3 ()1 D).

IS HkE T REHEET B05% e LD, BRI THRAE LR MUMA) >1.00METH S, £9'. BIILEEIIE 3 R7%
nZENTH L, SIEED 0.201H 5 2 MZE - 7R E 2% /71 1T DOTH LEN S, 3DDWEEZR -, %
LT, ZTORERICH U THEARY MVEFHE Lz, TTT. /A XDEEE LT, PIEEEROWIIED B FERC LT
ROTART VB i, T ZF a— b PRENS I—F—8BAHET SINSE LLEDAXRY B )b
DHET—2% « Xy MMA Tz, RiT, AT M)z RDTz#5HE (master event) xf LT, 1 km DHiPHN D FIDHiIEE
(slave eventsy ORI, BN OD AT bV ZEGHE LUz, ZOR, ZEIRICIE. Yoshida et al. (2014 X b, S
W57 7z Double-differenceZilc & O FRE E NI NiiE 2 Voo BEFICEB UL AR MV ZEA 2w 7 Ui
#%. Boatwright (1978)C KX DR ENIHERAXRT ML E DT 2 v 7 4 712X D master event slave event 11
ZNOa—F—FEEE RSz, TOE, ZDOHMBEOMEE— XY FNEWV., G T v T4 Y IHELa—F—
AR AR TH > TAERIZT—X - &y RSB Uz, Z LT, % master eventic X U TIE 5 N7z a—F—JFIEL
Z W, Sato and Hirasawa (1973), Eshelby(1967% 5 BRI D&, IS TROHEEZTT> 7. TORGE. 761
fADHIEZICH LT, SN T RZRSD 2 T LN TE e, #ES NS T RO FE#IE 5.1 MPa, I REIX 4.5 MPaT
H%, %D FREROHEEMEIZIEE D OO, FERZIG I FRIE, HE LI d 2@Emh R 5Nz,

Wi TR & oIk RO ZIT S Tzolc, £, 5/ A, B, COERH « Jo itz VT, Stz im o B
SEE O Z RS 5720 ZOWVWTNOLEEE | MHXNREEIRE DR E I NEINT 23 8, FENRISTIE TES
BTS2 MMM SNz, T 5T, 5/ D DIRAIGTTT >V IV EWT, JHZERTE O BEERIE 2R [ARED Lt
Zi1olco TOHAE., BEEGREOEMNCHENTFENZIG I TR EENT 2EHANE SN, TNHDT ik, HiE
IRED Wi DI IFRIGRDS, Z OEEEGRIE « G AN IORKE T LHBET 2 L ZEK®T 2L EZ BN,

F—T— R BB T&E, ST VA VN—=T 3 ¥, BEERIE, X ) = X L iR
Keywords: stress drop, stress tensor inversion, frictional strength, focal mechanism
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PUENC 33U 5 PREBTUE DIV IGTINDINE & SchustefRiE I & % 74T
Deep tremors response to tidal stress in western Japan: Analysis by Schuster’s test

BT ORE B R B e e 2
KIKUCHI, Juniji** ; YABE, Sugurd ; IDE, Satoshi ; TANAKA, Yoshiyuki?

DIRGUR AR R BRI R R, 2 S OA R WSl
!Department of Earth and Planetary Scinence, The University of TéBarthquake Reserch Institute, The University of Tokyo

OO B PUEH T IS DT T OIRFIAFR TIEET 7 b =y ZWEIMEBEICHREL TE D, ZNZTNoMEi/NE
BEAMTRODTHO, [T L— NE#ZE KL TV EEZBNS, MEIDRETZEMEMZCLid S L—
NOXEEEZ DD ZTIHFFHICEETH S, MINEES TEIMEIFEER LIRS 2 C eHIENTVS
[Ide & Tanaka, 2014] Z Z TAWZE TIEHEHFEY B X CEAEYIC K 5 7 L— FER L TORNEE 25 E L, UEO
BN R L T Schusted®iE [e.g., Tsuruoka et al., 1998 H W CTHRYESIR D IS NI Z BN K 2 IS 72 & |INCAREE U 7z,

PYE LI BV TKRIRNE T L— FILRABD T h AR Wil fE (strike -120 |, dip 15 , rake 90 ) Z{E L T,
FEIERE 0.1° T 2T E 30 km TOIERRIGST « SIS DEHEZ1T > /2o NAO.99b [Matsumoto et al.,200@¥ FHu T HE
AR 23R ) — 2 BE%L [Okubo & Tsuji, 20012 HNF f . MERIYIC K 2007 V)V R Tz, FTEHk
WIS K B0 1T >V )V Tamura [1987D R T > ¥ v )V EFWT RSz, #W#Eh Z 1 71cid Idehara et al. [2014% {#
L. 2004/04/01-2013/03/310D 9 /157 DT — RIC DWW TN 21T 5 T2 I RHERS D SEEREZNZENE 0.1°
DOFEFHDMEN 2 T Lz,

SchusteffiE Tl MBEIFREARZIET OISR KRLZ 0° . ZDRiEDIR R/ MNEZ7%2-180° ,180° &E%E L. HH)
FEEREDONAHA ZIRET %o 2 TOMBEN U THAHMA ZHE L THEIDISNES) & IERRE S U X LTHRET 5L
R p it A LERMERGET %, — RIS p AV NE W EREHNICEETH D, @H 1%EENEEEOHZICIR %,

HEIC K > THENOERY NOIGEITIE DR D DFEVWNIA LNz, BIZ IR TIE 20kmBEN 7z D OFREE DD
WE 7 5 AR —THEZDIVEDR SNz, TElID 7 5 X Z—Tld p=7.6e-44DSHE I Ml IS IAFIEN AR B NI, —
oo S AZ—TIINIHHADODE—ID " DHTHEOIKEFERIZIE->Z D Liawv, LM LEHOYZ I AZ =1 LT, Wi
FTRAR BRI HEFIE LIz T A, strike-slipllTWHiIE ST X Z D55, MifHAOY—Ih—Dkkot, T
DT L, MEHFHHTO T L— R OREIZEHET, RPTRNCIEIFA: X 7 = X LW RIR 2 WHEEZ R LTV 5,

F—U— R BET 7 b= Z @), #7Y, SchustefiiE, rifE k= 7, PUE
Keywords: deep tectonic tremors, tide, Schuster’s test, Nankai Trough, Shikoku
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20114 10 I 384E U7 B A ORI B ORF L
Seismicity Activation around the Kurobe Dam Reservoir in Oct. 2011

i A 1 & O ORI 2
SATO, Takanobir ; KIM, Ahyi ' ; OHMI, Shir?

P BRIETINIR Y, 2 BUROR AR ST ST

LYokohama City University?Disaster Prevention Research Institute, Kyoto University

20114 3 A 11 HO b 5 AR B K D RS LIRO KSR THIEETEEIANERIL L, —7 AL Bk L7z, L
M URE 10 AN & IR SRERICALE 3 % IR E D ¢ = A O1EEI L ISR ETREA B S Nz, C OEF-boO#iFH
WEET, ZOMMOMETIERSNEhoTz. £z, HIERIGEHTEFRL Uz s TIErEWE I3RS 5N TE 5T,
XU ZF 2 — R 5L EOHENRLE LIz0Did 1960FIiTh NIz 2 LIHADRKIC £ 5 HZBIEE LOkE) 50E 50 TH
5.

F T CARZE Tl E SHIZBIEEI I U IBrE ORpE D=1, 20114 3 AhS 11 H ORI BEHIEI THRE LT
X ZF a— R L5 EOHIEE 222 I % U TEIEO FHRE & FEBNROHEE 21T o T2, BIRFEIER, 1 OBHE
c;t%m%i% BALETIANCH) 1L5kmBEEN L7z, BIROEES X, SAHRAEED SHBENE L RZICONTEHLS RS KD

Tt (0 A) &, M3.9LL EOHIEZZTHEZICBIfFRE QRS 1.5-2kmIEEICE X o 7e0fi (431 B) D 2 D7
E‘Eb\é’}fé?hil FEMHEM O S50 A TlEERD 160-175 , 771 B TldEMAY 180-195 AL, HIEGHENZ
NS 2DO0WIETHRELIZEEZBNS. £z 20114F 10 H Lgﬂﬁ;&(ﬁiﬂb‘?ﬁ%ﬁk LTz EHOfRBAD =i 7 —a D
WIS 2 (bR A, 10H 3 H M3.9DHIEIC XD 5 H M5.4 DHIEDN, M5.4DHIEICKD 779140 M5.20D
HENZNFNFEREINDTWVIREICH S C eI Nz, it%@?‘ﬁ@i’é (ﬁmi M5.4 & M5.2 K 5 REEHITH
5T TCHIATES. LAL10H 3 H MI.9DHBERAEF KIS OWTIX, 10 HLAHCHE LIEIEIC K % 77— v off
HISNZEZT TREHTE RN e D, BINS LR CHBBUKIED FFOEHICOWTHGREZTT> 2. AFET
& ERCOMRAT & BREIC DV TR U, TR SN BRI THERIE U2 KRR OISOV Tikam 9 5

F—U— R MRS, §600 7 — 0 > 2, BIRIIE A Z0E, RISUKIE, S 5, e LIk
Keywords: Seismic activity, Coulomb failure stress change, Dynamic stress change, Pore water pressure, Shear wave anistro,
Hida mountains
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IR 22 E R U JCHEBIHIEEY 1 /)L 2 2 L—3 3 O — RORF
Development of the quasi-dynamic cycle simulation code including both great and small
earthquakes

e E4G D SR AT L R Bl L
TAKASAKI, Keisuke'* : HIRAHARA, Kazuro' ; OHTANI, Makiko!

U RS R E AR
LGraduate School of Science,Kyoto University

HiE ORI & FEAEAEE 1T Gutenberg-Richter(GRYNIC K > TEE NS, TDTT T DOHHE b lZHINIC K> THREAS iz
O, X7RHZEET 22 EAHENT VS, bEDEINT 2 &, NS HESHICHEML, Miamdd s e, K&
B ORI INT %,

Nanjo et al.(2012)& 2011 AL ACEREMHIE > 20044E 2 < k5 BiitiE T, EAHERTOEMBICH7Z->Thb
EIMD LT e EBMELTVS, BERMERAEICES b EOHE. ERMEBEORENMOFKHERELEZS
N, ERMEBOFAETRNCELDOARENENH 5,

—7J3. Tormann et al.(2015)% BALH /5 A PEMHEZICEIN Uz b AR U, BifEId B RHIER A mT O /KHEICRE 5
TWBZeZfEHELTN5,

TDXIIC b EAEKRMEFZRTEH L TR TDMEIENTVS, bEDZEED A} = X LIIIHS HTIEIROD,
b fEHDZALISNIEZ KL TN B D TIF RN EEZ BN, NEGHIENERMER LI SO EZE -5 LT
ZDTIEFRWVH, Dia & ERMEEBREIC KT 20 REBOIIRIC R 2D TRV eEZ SN, o, bEDOZE
BOYHIN A Z X LEHEMC L, SHEDENEDXSICEFHL S 200 EMS C & TERMEREDTHIIC DR
BZAREMEND B, ZDTHIciE, BEAMERZF TR BHEICHREL TV A/NERHIEZ TR, BRZH U HEY
ANV 2 alb— a3 UitV B RHERO b EORZEMNAE) 2 BB 52 LA ETH S,

B O IREEIRAFEEBANC I D CHIEBY A 7))Ly R a L— 3 VT, HIERZEH ORI A — )L & BRI 288 0D
AT —IVIC KR EREWD D B 728, FAZ 0D Runge-KuttaEZ FlNTW5, TOFETIZT RO HENKE WVIFIC
. MDY time-stepTRIEDMTDOI., TR EEANEVEHCIE, KE K time-step TCrIE D TH NS,

o, BROHET A 7V aLb—ya Vid, FIBEORZVHIEOAOFHMNEZ LA LT, KIERA IR iE 2 Bl
L7zy2al—ayiREBEAEITTDNTVARN. ZHid. GRANIHE D FAEME D @WK/ NS GHEZ & A TZEA
19 &, M THUEDFAE L TOAIRMICE D HICHID /& time-step TRt HETITH> 2 & &b, FHEIX BN 5
Mo ThHb, XKOBENEHET A 7NV Ial—yarzRET 51, FHONSBHEOR R I A N N %008
W5,

COXIIC b HORZEMEB ZHIEY I 2 L— 3 Y THET 2IKE, FIEIA MRS T ENREERETH 5,
AWIFETIE, BT A7)V I 2 L— g YORFRICIE, BUEHTREEZ AW HEBIN 7R (Rice, 1993z Fiu 7o 155 2
TR X B8 21707, TORRICBWT, time-stepDFEADMIC, 5 XD INEREEITY & TXOHEX T )LD
BHEFEpEaX bOfTHEE %%, 7T L— MEREZNEO/NNE R IVICOES 2 & EEREE O (NxN) &k
%, BERHENS/NEHRMEE THEUHETIE N IZIEHICKREL AL, HERIIF AL LS, Ohtani et al.(2011)¢ 1%
H-matricesZzZHEY 1 Z7)VOFHRICEH L. X €V PatHEIEHZ O(N)-O(NlogN) ICHkd 2 LTI L TWa, A&
W22 T & H-matricesZZ#H T % C & T, 1757 MUVEOGFE I X S OHEZX %,

FICHARTz K D IC, BEAMIEEZ S Tl 2HO/NEGHEREET TRZEHETAY A/ VDY I aL— 3 U211
Ba. EORRNCHENTE, WINHDOREEN IR E R TN HEZ D, KFA[Z 0 Runge-Kuttadhiz vV 72515
TIXHEICHID 7 time-step CHIEY 4 7 )VOETHEZ Lz i3 a 59, GIEIX MELE>TLE S, T Oz )k
9 %7z, RSQSim(Dieterich and Richards-Dinger, 2010y~ KA BRI N TV S D, KZETld, KESHZE XKD
TS A ZIVEHEZ TV, NS RHIBIC OV TRHIZIEU ROL S ISR tdT 3T &2 EZ %, ThbE, NSk
HIEBOFELD, H25—EDISIMEICET 5 &, ZOEMOIG 2N E B, /NS EHEOFRAEL R G2 O HIC,
R LTSNS U723 RO R UOI R #HER 5.2 5,

SRIOFREXTIE. TOFEFIEOMGEZITV. ZOMERNUTSHROBELICE L TRRS,

F—U— R HEY AV, Bl I 2 l—vay, F—7 N7 - U e 2=, @t
Keywords: earthquake cycle, numerical simulation, Gutenberg-Richter law, fast computation
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FUEY S 2 L—2 3 U BHEE SN2 20 L UE T LIS AT EE R O w R
EOREMME (zo2) ,
Recurrence Intervals of Miyagi-oki earthquakes after the 2011 Tohoku-oki earthquake
based on numerical simulations (lI)

A A BT SRk T b g
NAKATA, Ryoko!'* ; ARIYOSHI, Keisuké ; HYODO, Mamoru ; HORI, Takané

" R SRS
LJAMSTEC

HALHS O HAHEBEA OO’ T, KEET L— FOTRHFARICIEN, M 7 JiEOHEMREICEZ SHEEL TS,
20114 3 H 11 HICFEAE L7z MO.0 DHEE (B AR MIEE - A Tld. BED M7 Bt OHIE DRI E 58,
JREIFNCHHEN R AT HIIRIPTIE. 30~40FED PR T M7.1~7. 4 DHIENE DR LEAE LI EAMHISE N T
% (19364 - 19784F - 20054 8 H7x &) [MUEGHANIZLHEEARTE, 2011] 20054EDHIEMN 5 5.54 Lkl L Tuix
Mo fed, REROTND &I, BEICH M CEREMENRE LR R D E REFMENRMEE DN TS, T5IC,
RENT XD IE, IO EHEMHIE & FRENZNLL EOTXO 8N, KAEZREEXZ TICHEIN TS, MERMT
&, AERFOZEENI IR & HHORZ /R L TWaH, BIHIRMEIEED T XD EREIE 7R 5, 19384 M7.4 7]
BOHED 3 EFAE L TLLR, M>7 OEZFEL TRV, M<7 OB 2 FHEL TS (R Tld 20084 7
H M6.9, 20104 3 A M6.7), FIFIRMIE, AEROIHEIKICIID E D FENTLRWVLD, KEDHK 30 7141 M7.6 D
RARENFE LTz, 20084 5 AWCHAE LTz M7.0 DHIED K H 12, 20~30FDO KM T M7 HitkDHEN DR L
FELTOSZRIMEMTIE, COREIZ., BEIC OB THSNTHRHEOT TRATH S,

WEOEIIRMHIEERIFMAN O T XD BOPNCZIFICERHT S &, Da L INEX TLABROFEREREAGET S
F T, ROFEREOHEIIRELENEEZEZBNS, L L, AEBRHICIZE, BEOEHIRMIEERIEAE &m0
B TREZEL TN TS, S, HIREMCOMEREMEFER L LT, EOX SIS OER - DS
BHHMZME TRV, COREI. composite law [Kato & Tullis, 2001 FlW 2 IEER A 1 7 )UEES R 2 L— 3
Y ORATHIZIC K > T TISMAT SN T E 72 [Kato & Yoshida, 2011; Ohtani et al., 2014}, &5 5DOFERE | AERO
PRIBPIHIERICH S 3 2585 80y FTOTND DY, BHID SHEE TN TV A MEICHERTREV, i [2014,Hi5E2223] T
. REROEWIRTO TR E2VEN L FFEEICR S ) A4 T, AEZROERIRMHIEE O BRI R Z M5t Uiz, £
{HFT Tl Ohtani et al. [2014F [FARDFiLE L 7 L— MEIRZ W2, @E ORI ERNC E aging lawz V2, %
=, MR OGN X 2 T3 )VF—EZEFHNGALIT 2 X 0 TR 038 Lz, 51, KEDTXOEICIA
IS DTz T, AKX D 00D DEEATE (B-A DK, LAWY 25X, ERMMEZIET VLD o7z
M, E IR - iR - AEREICHET AN DA REERNICHEIT 5 2 e TE K, ZOE, Kato & Yoshida
[2011] & [AlRE, AZELLEGTOFERERRE X O & ORI T2 N E T & RO =R MHE DR LTz [, 2014)
LML ZDETIVTIE. AETROEHOmME FEERMP~IIE) T BllE 138755 KREAR3NTXD (10 mLL k)
WFEL TV,

Z T TAMZETIE, SR ERIREMICE . HIEM & LU 2B R 255D Ny F 2 1 DT DOREL TET L2
BIEL, REZROEWIEMHEBIC OWTEMG Uiz, TOME., MUITORZILRNTRONELE0, Bl X
IERNT RO PENMEEND X DICE T, EHIC, MERMTOARBROBHCHKIEM TOREREZREL., B
WEERNICHIRTZZ2ETINEEDDH S, BRFITORBRTIE, RELEIOFREMRE D & EOMRT, ThET
& FBRE O EIIRMHIE SR AE L TV, Thud, P [2014] LA TH D . AW THiTZICHE LzEERM &%
WD Sy FUd. EWIRMC B 2 AEBRPAREROEICIIHE LR RIET S RNWT L 2R BT 58D TH 5,

WAL B AUEEIR OIS B 2 BRI TOMEEIHIC OV TR, SBREMLARETIVTHHER TR e8I,
TIEE L TOWAHEND B0, TN KIENEOREBEHRL TV AN G EZBIHINSBE A5 LENETHS, X
Too BESE - PSR DBINMN S HIIEMHIERZ T TR RITXONVECTOWSHETD M7 7 5 ADOHIEDO R REME
WIKDOVWTHEICANTBI R ELH D EEZ S,

HEE AW SRIA O TREE b2 7 IREBHIEER St 7Y = 7 b O#liBh e Tirb g Uie, BfEzHEICIE
HETETFE BB OMIER Y S 2 L— 2 2 L X LT,
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ATTHRENS S 2 Wb L D288l 72 F\ 2 SRERILE D R — g N O FE4: X 7y = XL i
HAIC Ml € —

Improvement of an experimental equipment for vibrating a sand-pile -For understanding
the mechanism of landslides-

Ll HEZ e TG R
NAKAYAMA, Masayuki'* ; KAWAKATA, Hironori !

VAT VN

IRitsumeikan Univ.

—fRIC, HITRDBRICOWT, £ < DEEZOREFMIHEHDENTH S, HlZIE, 20084 6 H 14 HIcHAEL
ToaT < EEAREIE T, RIGRZ LA CHEESNC K 2 KBRS X B33 Uiz, UL, HiEShC X B g
Dk, T (LW - BB OBRELTHICE £ NS /KkDO%EE), FFHOME % & DEEINRZEINC X > TZORREDEH) X
ENEITD D, TOREANZALZ LI THh > TR,

Yoshioka (2003YCli&. WYINCHR L CRMRIZE REE 2T & T ZOREOHERSEE D NGEL RSNz, Hil
(3 (2014, HIE2E22) (&, HIEEB)IC X 2 HId D OFLE A A= X LEIRIET B 72, BILICIEBIZMA 5 LA TES
o xR E O TEBNERZ T o Too KEDNREBFTIERZLUTOMED THhS, £9. EZYIDHFNzXy KRB
WALz H T Tz v v TN, A2V RICEE Uz, dLBOEHED FICERET 7V IVEGRZHRE L, AZ VR
ICEES Ny AR MUV S ZHEE FEE, EROBERD 60 mmIZE, & XA 20 mmiEEOILIZER LTz X
I, HENTBDT 7V VAR O T THEOW I B HOTIRD 7= b5 E5 2 U, filich U TRz 5 %
Tzo IREN7Z2 5 Z 2RO T2 EEL X CE)ME T U, RN 2001 L0282z, IREEEZZLET S &M
TERVEDOD, TH—moiblciEEiZ5 27z 24, FHOIREOWRDINTIRT LI RLTW R L, RO
ARSI ofxwxw&@ofw<ﬁ¥®2ﬁ0®%ﬁbﬁghtoLﬁb TN E LW EE H - Tz,
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