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Tue. Sep 17, 2019

ROOM A

Room A | General session | S15. Strong Ground Motion and Earthquake
Disaster

[ST5]AM-1

chairperson:Takashi Furumura(Earthquake Research Institute,
The University of Tokyo), Kotoyo Tsuchida(HANSHIN
CONSULTANTS Co., Ltd.)

9:15 AM - 9:45 AM ROOM A (Clock Tower Centennial Hall)

[S15-19] Propagation of distinctive Love-wave pulses in
continental and oceanic environment
*Takashi Furumura', Brian LN Kennett? (1.
Earthquake Research Institute, The University of Tokyo,
2. Research School of Earth Sciences, Australian
National University)
9:15 AM - 9:30 AM

[S15-20] Strong Motion Estimation based on Presumed
Velocity Model of Yokote Basin
Keita Sato1, *Shinichi Matsushimaz, Florent De Martin®

(1. West Japan Railway Company, 2. Disaster

Prevention Research Institute, Kyoto University, 3.
French Geological Survey)

9:30 AM - 9:45 AM

Room A | General session | S16. Subsurface Structure and Its Effect

[S16]AM-1

chairperson:Takashi Furumura(Earthquake Research Institute,
The University of Tokyo), Kotoyo Tsuchida(HANSHIN
CONSULTANTS Co., Ltd.)

9:45 AM - 10:30 AM ROOM A (Clock Tower Centennial Hall)

[S16-01] Seismological bedrock waves derived from site
amplification factors by the generalized spectral
inversion
*Eri Ito", Kenichi Nakano?, Hiroshi Kawase' (1. DPRI,
Kyoto University, 2. HAZAMA ANDO CORPORATION)
9:45 AM - 10:00 AM

[S16-02] Feasibility study on inference of the phase
velocity of Love waves from horizontal array
microtremor recordings by MLM method
*Kotoyo Tsuchida', Masanori Horike', Kouji Yamada',
Masaki Suehiro’, Sayumi Yoshida' (1. HANSHIN
CONSULTANTS Co., Ltd.)

10:00 AM - 10:15 AM

[S16-03] Estimation of Velocity Structure Model in the
Tsugaru Plain Using Microtremor Array
Observation and Strong Motion Records

*Kimiyuki Asano1, Tomotaka Iwata1, Kunikazu Yoshidaz,
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Michihiro Ohori3, Ken Miyakoshi2 (1. Disaster
Prevention Research Institute, Kyoto University, 2.
Geo-Research Institute, 3. Research Institute of
Nuclear Engineering, University of Fukui)

10:15AM - 10:30 AM

Room A | General session | SO8. Earthquake Source Processes and Physics
of Earthquakes

[SO8]AM-2

chairperson:Ryosuke Ando(University of Tokyo), Akemi
Noda(NIED)

10:45 AM - 12:00 PM ROOM A (Clock Tower Centennial Hall)

[S08-01] Numerical experiments for estimating evolution
of long-term slow slip in the Bungo Channel with
Ensemble Kalman Filter, using GNSS data
*Megumi Fujita1, Takuya Nishimura?, Kazuro
Hirahara3'4, Mamoru Hyod05, Shin'ichi Miyazaki1 (1.
Graduate school of Science, Kyoto University, 2.
Disaster Prevention Research Institute, Kyoto
University, 3. Institute of Education, Research, and
Regional Cooperation for Crisis Management Shikoku,
Kagawa University, 4. RIKEN, 5. JAMSTEC)

10:45 AM - 11:00 AM

[S08-02] Earthquake generation scenarios based on a
mechanical model using geodetic data
*Akemi Noda1, Tatsuhiko Saito1, Eiichi Fukuyama1'2

(1. National Research Institute for Earth Science and
Disaster Resilience, 2. Department of Civil and Earth
Resource Engineering, Kyoto University)

11:00 AM - 11:15 AM

[S08-03] Dynamic rupture simulation of the 2019 M7.1
Ridgecrest, CA, earthquake: Effects of 3-D fault
geometry
*Ryosuke Ando1, Yosuke Aoki2, Makoto Otsubo® (1.
School of Science, University of Tokyo, 2. Earthquake
Research Institute, University of Tokyo, 3. National
Institute of Industrial Science and Technology)
11:15 AM - 11:30 AM

[S08-04] Comparison of Source Location Methods: CCF-
based SSA and ASL
*Theodorus Permana1, Takeshi Nishimura1, Hisashi
Nakahara' (1. Tohoku Univ.)

11:30 AM - 11:45 AM

[S08-05] Frequent observation of identical onsets of large
and small earthquakes
*Satoshi Ide' (1. Department of Earth and Planetary

Science, The University of Tokyo)
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11:45 AM - 12:00 PM

Room A | General session | SO8. Earthquake Source Processes and Physics
of Earthquakes

[SO8]PM-1

chairperson:Saeko Kita(Building research institute), Suguru
Yabe(AIST)

1:30 PM - 3:00 PM ROOM A (Clock Tower Centennial Hall)

[S08-06] Enhanced dynamic triggering of a shallow slow
slip event in the Nankai subduction zone due to
the overlying sedimentary wedge
*Satoshi Katakami1, Yoshihiro Kanekoz, Yoshihiro
Kaneko' (1. DPRI, Kyoto Univ., 2. GNS Science, NZ)

1:30 PM - 1:45 PM

[S08-07] Scaled energy estimation for shallow slow
earthquakes in the Nankai trough
*Suguru Yabe1, Takashi Tonegawaz, Masaru Nakano?

(1. AIST, 2. JAMSTEC)
1:45 PM - 2:00 PM

[S08-08] Slow earthquake signals in the microseism
frequency band (0.1-1.0 Hz)

*Koki Masuda1, Satoshi Ide1, Kazuaki Ohtaz, Takanori
Matsuzawa® (1. Department of Earth and Planetary
Science, The University of Tokyo, 2. Disaster
Prevention Research Institute, Kyoto University, 3.
National Research Institute for Earth Science and
Disaster Resilience)

2:00 PM - 2:15 PM

[S08-09] Detection of shallow low-frequency earthquakes
beneath the Japanese Islands
*Junichi Nakajima1, Akira Hasegawa® (1. Earth and
Planetary Sciences, School of Science, Tokyo Institute
of Technology, 2. Research Center for Prediction of
Earthquakes and Volcanic Eruptions, Graduate School
of Science, Tohoku University )
2:15PM - 2:30 PM

[SO08-10] Focal mechanisms of deep-low frequency
earthquakes beneath Zao, Iwatesan and Hijiori
*Genki Oikawa', Naofumi Aso', Junichi Nakajima' (1.
Tokyo Institute of Technology)

2:30 PM - 2:45 PM

[SO8-11] Interactions between the intraslab earthquakes
and episodic slow slips beneath Kii Peninsula
controlled by fluid migration
*Saeko Kita1, Heidi Houstonz, Sachiko Tanaka3, Youichi
Asano3, Takuo Shibutani4, Naoki Suda® (1. Building
Research Institute, 2. USC, 3. NIED, 4. DPRI, Kyoto
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University, 5. Hiroshima University)

2:45 PM - 3:00 PM

Room A | General session | SO8. Earthquake Source Processes and Physics
of Earthquakes

[SO8]PM-2

chairperson:Takehito Suzuki(Aoyama Gakuin University), Naofumi
Aso(Tokyo Institute of Technology)

3:15PM - 4:45 PM ROOM A (Clock Tower Centennial Hall)

[SO08-12] Inertia term governs displacement of stick-slip
experiment
*Shinichi Oba’, Yuta Mitsui® (1. Graduate School of
Science and Tecnology, Shizuoka University, 2. Faculty
of Science, Shizuoka University)
3:15PM - 3:30 PM

[SO08-13] Paradox in Rupture Propagation Velocity
*Eiichi Fukuyama'’?, Shiging Xu', Futoshi Yamashita'

(1. Nat'l Res. Inst. Earth Sci. Disas. Res., 2. Dept. Civil

and Earth Resources Eng., Kyoto University)
3:30 PM - 3:45PM

[S08-14] Understanding of temporal evolution of the eddy
viscosity in porous media and its seismological
implications
*Takehito Suzuki' (1. Aoyama Gakuin University)
3:45 PM - 4:00 PM

[S08-15] Numerical simulation of earthquake sequence
on rough faults
*So Ozawa1, Eric M. Dunham? (1. University of Tokyo,
2. Stanford University)
4:00 PM - 4:15 PM

[SO8-16] Earthquake triggering by dynamic and static
stress changes
*Shingo Yoshida1, Takuto Maedaz, Aitaro Kato' (1.
Earthquake Research Institute, Univ. Tokyo, 2. Hirosaki
Univ.)
4:15 PM - 4:30 PM

[SO08-17] Rupture simulation in a temporally stochastic
stress field
*Naofumi Aso', Ryosuke Ando?, Satoshi Ide? (1. Tokyo
Institute of Technology, 2. University of Tokyo)
4:30 PM - 4:45 PM
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Room A | General session | S15. Strong Ground Motion and Earthquake Disaster

[ST5]AM-1

chairperson:Takashi Furumura(Earthquake Research Institute, The University of Tokyo), Kotoyo
Tsuchida(HANSHIN CONSULTANTS Co., Ltd.)

Tue. Sep 17,2019 9:15 AM - 9:45 AM ROOM A (Clock Tower Centennial Hall)

[S15-19] Propagation of distinctive Love-wave pulses in continental and oceanic
environment
*Takashi Furumura1, Brian LN Kennett® (1. Earthquake Research Institute, The University of
Tokyo, 2. Research School of Earth Sciences, Australian National University)
9:15 AM - 9:30 AM

[S15-20] Strong Motion Estimation based on Presumed Velocity Model of Yokote
Basin
Keita Sato', *Shinichi Matsushima?, Florent De Martin® (1. West Japan Railway Company, 2.
Disaster Prevention Research Institute, Kyoto University, 3. French Geological Survey)
9:30 AM - 9:45 AM
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Propagation of distinctive Love-wave pulses in continental and
oceanic environment

*Takashi Furumura', Brian LN Kennett?

1. Earthquake Research Institute, The University of Tokyo, 2. Research School of Earth Sciences, Australian National
University

Abstract: The dispersion of Love waves traveling in low-velocity layer below the surface attenuates and
elongates the wave shape with distances. However, in a typical continental structure, the group velocity of
the Love wave becomes nearly constant in period 10-20 sec., leading to pulses of Love-waves over a
distance of several hundred kilometers. A similar phenomenon in the much longer-period band (50-400 s)
was called the G-wave by Gutenberg. In this study we examined the generation and propagation of
Love-wave pulses observed from regional to teleseismic distances in continental and oceanic structure
based on the analysis of observed broadband record and numerical simulation of wave propagation.

1. KEEE & LovelRDIG B
MRTDEREBAN ZEH BLlovelkld, EEICONTORCKLVEBIRS ZLTRENM NSRS, &5
N —EOHBEEET 2KREBETIE. BHA10-20 ICLovelRDEBEREN—FE L B 2EAMHTENHY. /SR
RDOLovel N KR EZERIRIBZFRE RN S EME TEHET 22 A TE S (Furumura and Kennett, 2001 ; JAIA,
2017) »'. BERBCTEIHEREI L TRRY %, RAKROKIRELovelE/ VLR IF, £V REST
(50#~400%) TEHER SN, Gutenbergil & WERERMMITOENTWS, Gk, KEEEL VY BEEED
1F 5 ADEAD AV, KFRTIE. TN dlovelF/ L A DARREMER AW UEISIEEICH T 2 EEBEEE, L%
BER T — BT S ERER I 2L —2a VICKYEIHET 5,

2. B TR 515158 Lovelk/NIL R
2016 ERIVEHEME (Mw6.2 ; RE8km) Tk, BMINMEBOETE ZDERARICEIT15# DLovelk/\
IWAD L ERK - L2 (Ma-STM) o SLINDF-net STMERIRAD RS (KA) O 1 RTEE#EE
(JIVSM ; Koketsu, 2012) Z AW TLovelRD DB Z5tH % &. BAHI15%A112 CLovel RODEARE— KD
BEEN—T (u=3.2km/s) &7, RILZAKRDLovelENNERT B &b b, T L=ERHIIT
Rayleighi DB BRIRICIER S, 7, Lovelk/ ML RADAIEZERE (c=3.6 km/s) FEERE LY T o5&
RKEWEOHIC, WNILAFIK (GIH8) 291 27Uy JICELIERASEET 22 & A, AHEEZFOL I— R
LI aVPHERGEYIaAL—Y a3 UhLHEETES, —A,. MREHIEL (<20 km), HBEBIEVWHKE

MEEGERERE T5EE (ADM) SBR TR LovelR/VLRIERO5NT, IRIBON S APERFZRLTWS
(Xb),

3. ETR 5N 540~300fLovelk/SIL R (GIR)

K WHERBEDOKREZR (MwI.0) 201 TERILM A RKEFEAME(CES 24 km)DEIRM S 1E. Love R D ST D&
WA ABRORMN~IIN~EEESICMT T, REH (50~100%) DLovel/NILR (GE) DIEHEHER
513 (Hc-ABU), LH L. dtiEE (Hd-NKG) TIHMEEREOESESPARMEMTFOEVHEEEBICLYERE
BfiLovelR/NIL R DB AR L THRN., IREAS/NS WV, S 5IEMOIRIS LEBEEHFEARNS &, BER
FEEEE & HICCHEOEMARIIRL AV, & 2id=a2—Y—5 Y R (KHe-SNZO; 9,400 km) TIXEHI10057
DGEHN0.8 cmDIRBTERERKSNT WD, HBAEVEFEETIZ. KEEELY SLEVARFE
(40~300%) TGEMNMERI N, FLHREMIBREISEWMEEZFDHIC, /NILARKBIB) 2R - 72
FF, EMMECTHEEITILZIENTES, TLT. WAFERH D WIEER%Z®EBT % EICPolar phase shiftic & U
RIAEA0EED,
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Observed Love wave pulses at regional distances; (a) (b) from the 2016
Central Tottori (Mw6.6) earthquake, and (c)(d) from the 2011 Off Tohoku
(Mw9.0) earthquake. (e) shows a teleseismic record with long-period Love
wave pulses (G1, G2,...). Focal mechanism and radiation pattern of Love

wave is also shown. Right panels demonstrate the phase (c¢) and group (u)
© The SeismologisphodigtodfreRe fundamental (0) a$d5T® and 2™ hicher-modes of Love wave
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Strong Motion Estimation based on Presumed Velocity Model of
Yokote Basin

Keita Sato', *Shinichi Matsushima?, Florent De Martin®

1. West Japan Railway Company, 2. Disaster Prevention Research Institute, Kyoto University, 3. French Geological
Survey

EEMEIER TEONIKELTARY MUELRURayleighSB A BEE S BEFICE W TH#EINE3RT
HEEEETIL (KB - b, 2018) ICEDE, BFEMRBIETILTAERIFE L L/2BEE>
2al—2avETIZETISICFEFTIMEDHEE LBEHEDERICOVTHRET & EHIC, BEFAM
HigMEEEMEERMEBE LB’ RE LIGAOEEGREICE T 2BEE T AT,

9, BFERMHNTRELRHEEE/-5 L7, 1896EEPMEDORES > Ial—>aviEiTH, MERAE
FARHEAERE (LT, HEARD) ARHAL W 2EFRMRGNESILTOBEMEr — A 1OMBET L
(HEAER, 2005) #EREMBEEET 5, MBEEICLZ2HELALLET 5720, £k - f1(2018)DHEEH
BEETTIVICIA, BRI RMAEADI-SHISTARIN TWSRHBESESET L ARV BEE Y
al—YaviiTot, HEICIE. ARV MLILAY NED—DTH B, EFISPEC3D (De

Martin, 2011) Z#FHAW3%, ZORER, &k - 018 DHEMBEEET L ERAWEIGFEIC, EFHAMAE
TETZIERAEE (PGV) BAZWEEHI BN, TDELDAPCGVHMIZI-SHISEERMBEEEETIL A B W
BEICIZRONT, 1896 FEEPMMEDRICHEEDRE WENMEFHELICERNZREICDOWTIX, #F
TR TEBREINRL R 2MBESICLIFEIRETVWEEZILOND,

RIS, MEHMEEZBZ2EFAMEEMBEESICEVWT, BFEHISEWIAIOT AR F 14 H SIRIEHL A
THEEMES —R4DMBET L (MEAER, 2005) #HWT, £k - h(2018)DHEHBEEETIVICE
DLEEBFAUETO. TOHER, RICRT LD ICEFRARICS W TERIIIBIRC B> TWBREEICS
WTPGVAKRELARY, FICKAARTEZICROSNS, chid,. BFHRAMICEIT2RAARDOEBRRIE
IEDAHDFEILFAICLRTRBTHZ I &P, BERBSIEFHOIFIFERICABELTWVWSZEAFELT
WsEEZLHNS,

BHEE - ATRISISPSRIAEIP16K06573 & RAME — RAF KN B RAMREESERMR [FHiEthiE
BEEEE I A Y NOFELRBRRICE DK BELMMEDOMBE T IIVEEICEAT M58 OBIK%E =7,
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Room A | General session | S16. Subsurface Structure and Its Effect

[ST6]AM-1

chairperson:Takashi Furumura(Earthquake Research Institute, The University of Tokyo), Kotoyo
Tsuchida(HANSHIN CONSULTANTS Co., Ltd.)

Tue. Sep 17,2019 9:45 AM - 10:30 AM ROOM A (Clock Tower Centennial Hall)

[S16-01] Seismological bedrock waves derived from site amplification factors by the
generalized spectral inversion
*Eri Ito', Kenichi Nakano?, Hiroshi Kawase' (1. DPRI, Kyoto University, 2. HAZAMA ANDO
CORPORATION)
9:45 AM - 10:00 AM

[S16-02] Feasibility study on inference of the phase velocity of Love waves from
horizontal array microtremor recordings by MLM method
*Kotoyo Tsuchida', Masanori Horike', Kouji Yamada', Masaki Suehiro’, Sayumi Yoshida' (1.
HANSHIN CONSULTANTS Co., Ltd.)
10:00 AM - 10:15 AM

[S16-03] Estimation of Velocity Structure Model in the Tsugaru Plain Using
Microtremor Array Observation and Strong Motion Records
*Kimiyuki Asano', Tomotaka Iwata', Kunikazu Yoshida? Michihiro Ohori®, Ken Miyakoshi® (1.
Disaster Prevention Research Institute, Kyoto University, 2. Geo-Research Institute, 3. Research
Institute of Nuclear Engineering, University of Fukui)
10:15 AM - 10:30 AM
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Seismological bedrock waves derived from site amplification factors by
the generalized spectral inversion

*Eri Ito’, Kenichi Nakano?, Hiroshi Kawase'
1. DPRI, Kyoto University, 2. HAZAMA ANDO CORPORATION

ZHDY A N THASNZZHOMENSDEEBEBVWE—RIEZARI ML - 4 VX—=2 3 VFE(GIT)T
(&, B ARSI S A BIRT NISEBO TREWICER - GRERE - 1 MOSRFMEBIEFEO7—) TR
RYPNIDLEEDETZIENTES, BonhiH 4 ML, ZRESINS 2 hERBRFZHERELY DOKEE
AR MLETIIE, &Y A NOKEEID S IFHEERAFHRICH T 2SIKIBIRRFENSONS, ETEICD
WTH, AICEBBBEROKEEAEEICTNIE. ZRICHT IPRIBEFEIESND, TOLIICGITTK
HKEFE ETEIOY A4 MERFFELN S, BEKIEBOERBEHELEDARI ML EYETZIENTE

%5, TNIRTHOLEEEBERE LA LTRINIETEAVWASEREY OBENRRMIC (ETILEREZZ &
R<) AREERBEWVWD I EERBKT D, 2L, EFEICOWTIIMEREHAEOETNERAL EIRET S
L DAEDRL,

AR TIE. RETDIRHAEMYFEZD 74 V) 71 DMEFEBENE LT, ZFOMHE - th(JAEE, 2018)THE
St A MEMEAEFAL, BABEDAEATRICTFHIBRT AR L, BOSDGITTIZEMBARNICIE
100kmEL E CREREIKEMAZEA L, TAEREbIGEM2ZE L TOHEBICAEI L TWEANEHHTH
%, FEMEBEYA TETL— MERME, RS T7AME. HEABED3IDIChIF. BRZnPbAaEROHTL
%,

GITTIE, WRARY MO BIFEDOTBINE RS> ARAEZE L ZOICIFHREHFIRE 1 DIIMVETH S

M. HEF - (2018) TIXYMGHOT (BEF) 2 E#Em & L. AR DR TEIR S h /=K EEH S BALE DER Y
1 MEMAFETEY, EREABELUDARY MUCHELTWS, HERYEORTEBSEEREIX3,450m/s IC
ELTEY., DB (4 MEEIZHEERICH T 2HBIBER L AR0tE 2, BT —9& LT

I3, 1988F~2016F 128 ICER S N7=IJMAS7E! - IMA95E! - K-NET - KiK-net - CEORKAD it B2 4% & INE
L. &EFXY=F 21— KM,,,24.5. BEFE=60km. EIREM=200km. F/NINEE=0.2 cm/s*. &AM
HEE=200 cm/s’. A—HE MY H—EB=30FMEBRTEEDERE L,

DEEINIY A MEBRFETEIVIAATESONAMETERY EREDOPCGALPGVIC DO WTHKRETT %, ETICIER
INEIHDK-NET - KiK-netZ8Is8, 5H1858ICH 1722016 FREAMEREDE AR E DB L /-1 MEIEREM
TEYIAATEONLHEY EBEDORAIEEPCAL EREHMOBFRAETYS., ENKESNSKDLE
D, ABNLTIDISLKRDEEDTH S, ARKICH TR EEFORAEEPGVE EREMORERER2ICT
T, KESHOETIENS - EW2E4 & b E—E#ICHELTWS, PR IEEBERT. RIZZDRER
HTHD, ZOEHISEHMICL > TPCAIZKER D TEALRD#25%. LMD TH50%IC. PGVIKKIER
S THA0%., LTS TH50"100%ICIRIBAEAD L TWBZ &0 9h B, E5DEA2RB2EEDMATE
ML DREDERICSED L TVWS, ZORR, RERBEPCGATIEHENY EBEOANELR>TL

%, 2 LPGVICDWTIE, ZORERBIIHREAT Y&V EBELTWS, FEIREZIIKEHE LTEH
MNORO-EBFHEANEDEVNT, MREEBE TIEAEOENKRZTVDICR LT, FEIY EHEFTIEZD
EZINSLKBRoTHY., TNELETEDSEHEKEHORHEIMYERENBFTONDIIEETRLTVS,

1 -H2hSBLNRDIE, HEEBEREORZVEARTIFHERYICL > TEZDREIRD LAVESR
RHBZWZET, ZOHERE LTPGVTIERERBABIELAEDEHEBING, INSDHBRDKE2RSD
ELETREDSDRHERY EBRART MLAELELAEZ S, ETHRONSRDIZARYT MULHTEWERE
HEETTEELTVWADICH LT, KERDDOKDEARYT MNLTIEH A MNERZFEMED E— 7 IREIBUAD
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Feasibility study on inference of the phase velocity of Love waves from
horizontal array microtremor recordings by MLM method

*Kotoyo Tsuchida', Masanori Horike', Kouji Yamada', Masaki Suehiro’, Sayumi Yoshida'
1. HANSHIN CONSULTANTS Co., Ltd.
1. IELC®IC

HMESOERICE >TRIEEL SINIMBOSEREREBELARS D, AFE GHMHADEIRRNT, K
EINRBEEBEDHEN T IHERENERLTWS, ERLELINTVWEFERELTIE. flx

I&. Horike (1985) . Capon (1969) IZ& Bf-kik¥, Aki (1957) . Okada (2003) IC& 2 Z=EBECHEE
B (SPAC) &, & (2004) ICL BCCAEREDEIFOLEND, ThE5DFEKIEFL T, LTEIRS NS
Rayleighif%& 49—/ v h& L. MEREDDEMAHET 2FETH S, RayleighiFld, HBOSHREEEIC
Mz, PROREBEDEELZITE, —A. ALKERETH SLovelild. SEOREBEDHDHELXZ(TS
EEITH D7, RayleightR& VBB ICSEEEESEDHEICHATE S, LHL. LovelRIZKESHHDICS
FN372H. Radialfis &Transverse D %= DT 2ENH 2, TDH, BELNHZICEEDLT. 2R
MARFEEIENLI o/,

SH., BAFMORET, 3SRNODOHMEEICLZHANETREAY., BRICKEFHKOHNPMEBTESELDIC
ofz, KEEMD D Slovel DB A FIREE T 2 FEDEFRIE. REAICEWT, L VYIEEASKEEES
DHEEBIET LTEETHDEEZOND,

FalE, LETIC, LovelRDE A AREE § 2 KEFKD ERAW-FEE LT, THM (2016) TREZEXICE
DL T KEEREL, AAROBNIE, COFEEZBALAKEBE T LA T—YIERLEAMERE
BT BIETHD,

IO, ARXRTIEH, BREARHICEWT7TROMEI 7 L A1 B8R %17 -BESFKER W5, #E LA
HEEOZYMHEOMRERAEE LT, (1) EX8.  (2) Vertical 549 & Radial X DRI HEEED—

. (3) Vertical B9 DAIMEREE HTransversef D DAIMERE & W/ W, O3FHAEETHET %,

BIL. RELAEFEROBMAMZHE T 570, BIEOKEHHS ZAWABEEREHRERE (Tada et
al. (2009) IZ& BSPACE. CCAE) ICK WBLNIAIEERE & DEEREITD.

2. A

BHNEARHICEWVWT, 7TROWE 7 L1 8RA%ZTo7, 3D DOERERMEFKVS300 GEETY AT Att
&) #AWT, ETE KFE2HDDEEER%E200HzY > T v U 24bitTH & 2300 B DEHINER % 1T > 7=,

3. BRFE

KIE2MS = AW BEEREEE. tHM (2016) Of-kKETH S, COFEICIUEOSNLMABEREDRZ
LUMECEUEEEZHER T B2, D2FE (Tadaetal. (2009) MSPACE. CCAE) ICK BMEREDHE
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£1To7=,

T 5IZ, RayleighiEh 829 % &, Radial 2 DAHERE & Vertical N2 DAEREIZ. —HT 32X TH
%, ZnLAALICARNIE, LovelE & Rd Transverse KD DMERE L Z Y THEAREMENI B RD, ZDLE
BD7=8, Vertical KD DHAEREELHET 5, EFMAFEE LT, f-kit (Capon, 1969) . SPACE (Aki,
1957) . CCA% (Choetal., 2004,2005) Z#RWri=, 7272 L. FKEUADETICDOWTIE, —EBIC. WET7
L A #&#rY —JL “BIDO2.0” softwarexfERE L T\W3%, (Tadaetal,2010)

4. FHEmEZRE

AT, OHESINMABEEED, ESEILTWSEZ &, OHE X Ni-RayleighZDAIEEE A
Vertical X4 & Radial XD T—H T 5 Z &, OEIN/TransverseiD (LovelR) DAIEERED., (IBEE
IR T B2EEREEE. SRR BEAZRW T, Rayleigh)RDOABEE LY HE/NEWVWT &, DIETH B,

5. {FR
AT CIRAR AR A/~ TDIE,. THM (2016) Of-KETHESNEMEEEDH THo>, Thid,
DFEFEDOH D Love D MUREEHEDRAMABRFETHDIEERLTWVWS,
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Estimation of Velocity Structure Model in the Tsugaru Plain Using
Microtremor Array Observation and Strong Motion Records

*Kimiyuki Asano’, Tomotaka Iwata', Kunikazu Yoshida? Michihiro Ohori®, Ken Miyakoshi2

1. Disaster Prevention Research Institute, Kyoto University, 2. Geo-Research Institute, 3. Research Institute of Nuclear
Engineering, University of Fukui

YERIFARTERX BABHME - FERATIOP I b (2013~2020FEFE) T, BXRBOFHI
TOMEBFRUOSEICET 2720, BE7 LM REFZAVCHEBTIHFORERSHRELZEHOTL

%. 2018FENLRIRBEARARDEREHFZNRE LILFREZITo>TWS. BEEHFIF, ¥ I7RMAMEP
AEREEERZERE L, FEZRRUBORI|ECHRL TWS. RETEFORBICIERE LN FEERETE
FHOFEL, FICHBTERICEWT, FHAMENMBISLELTWS (ER - i, 1999) . EBEFEEHT

&, TEHEBRLUROMBEECHERY ( MEBFMEICE T 2MRIEHE - BR(2003), HE - LA
(2007)72 ETITONT WS A, FEHMBEEEEICET HFRIIERNOMORREHBEFICLEREE+2T
(&7,

2018F 11 BICERTHAR~EED5EE - EEHASR (K-NET5ART. K-NETEFT/IIR, BRIFET&SE. WRADETE
B, FNHREREXZM) BLICT, ZLAERI5m~1.5kmDMET L 1 F&E (LE-3D/55+LS-8800% {&#
) Z#EMELZ. SPACKICE YW KRDAMEEREZELEMT7ILTY) XL (GA) ICLYHRETL, SEEEEE
EHWEL. TORR, V2.7 km/sELEOEBHEYED LEREE, AR (GSW) T1.5km, BE
(HRK) T2.1 km, 8hBT (HRS) T2.6 km, BEl& (FJS) T3.1km, #x#l (IYG) T3.7km&#ESI i, £
fo, BERBILABICHERSNIHBZRICHE TS EEAO5N BV, 1.0~2.1 km/sOEEDBEMFICKE W
EWD L H D, BonERRESBouguerENER (M, 2013) &I 5 &, ARMIIROERRE
EAERNICEWC &E, AFIRBEZTOREARELR/HBLTWSY, BIERUCIRIIMEENRE & /G
LTWBEIICIFRAAD 2. FIT, AMETIRIBE 7L A FEEEIIMIOT —9 RUBHFEIC
EoT, BBTLAREOHERERIIL, #HEL-EEBEETIVABELT IR M.

MEHEHZEEA W ZEREBSEORETED—D & LT, hEFHEHOEHEEBRENT MBRTHE) IC&Y, &8
HAETORERNEGEICE VELZREEEABRHT MRS/ HEBEIHFETETOITVWS. flZE, ERNT
&, BARIEFOEZR - fih (2008, 2009, 2014), BEFEFOED - 1 201N R EICLBHEALH B, KRR
T, ME7 LA HORISEN, BROEE - EEHRARCERAINEMERKICHERTSE2EAL, K
FERMEERET 22 ET, ERMEEOHEERAMT. T I TIE, SETransversey (SREIZ1HEIN S
11#[) RUPRKVerticalis (PREIEFT1HFINS6/E) 2@ L. Son/-82EEREEN,

5, HilbertZ#IZ & UEBMESZERL, TOBRFAMEZBAWT, 4 XY ME#kE Tcoherence /R iI1H % 545
LTRY v U9 %FETH3Phase-weighted stacking (Schimmel and Paulssen, 1997)IC&k W X4 v o L

7=.

BIZ L, BRIBETIIERE (V2.7 km/s&RE) MODSKERETKRE RONZHDOEBERITNL6M EHES
hic. 7 LA REBELLLZRBEBOFEERFES2HWTH 7. RFKOFEEFNISHHINIERRE
&, a7 LA REBELLSZREROERREL Y IV LEVDY, RAMEREZHRALS2EERNTHY, K
SOREEER EHBUERE D BERZ RRFEERT T2 TIVLWEEBEET VNV EHE T 2T
H3. 5lEkHmE, MWERTHFEOBNICVEETENIA—=F (T4 L9—DFEF) OB 2T LD
I, ARRTIE, HET7 LA ZRELASHBIUDOWVT, ARICENZIToEREZRL, ENEESH LM
BREEEDERICDWVWTERT 2.

HEE  AFRI IR ZARERMARMRETSTE BABME - ZRATIOV /M) ELTEELE
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HEDTH5. BUMBRAFEAGKRERMARPRERRARRCERREERRRY N7 -V Y27 L0D5R
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chairperson:Ryosuke Ando(University of Tokyo), Akemi Noda(NIED)
Tue. Sep 17,2019 10:45 AM - 12:00 PM ROOM A (Clock Tower Centennial Hall)

[SO8-01] Numerical experiments for estimating evolution of long-term slow slip in
the Bungo Channel with Ensemble Kalman Filter, using GNSS data
*Megumi Fujita', Takuya Nishimura® Kazuro Hirahara®*, Mamoru Hyodo®, Shin'ichi Miyazaki' (1.
Graduate school of Science, Kyoto University, 2. Disaster Prevention Research Institute, Kyoto
University, 3. Institute of Education, Research, and Regional Cooperation for Crisis Management
Shikoku, Kagawa University, 4. RIKEN, 5. JAMSTEC)
10:45 AM - 11:00 AM

[S08-02] Earthquake generation scenarios based on a mechanical model using
geodetic data
*Akemi Noda1, Tatsuhiko Saito1, Eiichi Fukuyama“2 (1. National Research Institute for Earth
Science and Disaster Resilience, 2. Department of Civil and Earth Resource Engineering, Kyoto
University)
11:00 AM - 11:15 AM

[S08-03] Dynamic rupture simulation of the 2019 M7.1 Ridgecrest, CA, earthquake:
Effects of 3-D fault geometry
*Ryosuke Ando1, Yosuke Aokiz, Makoto Otsubo® (1. School of Science, University of Tokyo, 2.
Earthquake Research Institute, University of Tokyo, 3. National Institute of Industrial Science and
Technology)
11:15AM - 11:30 AM

[S08-04] Comparison of Source Location Methods: CCF-based SSA and ASL
*Theodorus Permana’, Takeshi Nishimura', Hisashi Nakahara' (1. Tohoku Univ.)
11:30 AM - 11:45 AM

[S08-05] Frequent observation of identical onsets of large and small earthquakes
*Satoshi Ide' (1. Department of Earth and Planetary Science, The University of Tokyo)
11:45 AM - 12:00 PM
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Numerical experiments for estimating evolution of long-term slow slip
in the Bungo Channel with Ensemble Kalman Filter, using GNSS data

*Megumi Fujita1, Takuya Nishimura® Kazuro Hirahara®*, Mamoru Hyodo®, Shin'ichi Miyazaki'

1. Graduate school of Science, Kyoto University, 2. Disaster Prevention Research Institute, Kyoto University, 3.
Institute of Education, Research, and Regional Cooperation for Crisis Management Shikoku, Kagawa University, 4.
RIKEN, 5. JAMSTEC

REWAO—RY v T4 Ry MNL-SSE)IZBBERERMBEREFRRDO T L — MERE TREY 2I5HREHBE
TH5ERKIC, BET2EAMBERERGEANDICNEEZ5A2BETEH S, L-SSEQOFHMBEREX
MWEOFRERICEL, L FEENIOBEEERMEZ M) H—T5TRMEATREINLTVWS, LED>T
L-SSEQO YNV DR EFEHEROEERVZDFRIL, BEEEANMBERLEL TONNERBRE = EE/ICFTME
THLTERELRETH S,

Hirahara and Nishikiori (2018, JpGU) Tl&., Z214/KEL-SSEABE L T. BRT—YRALELFED—DOTHB 7
YV TIAILTY T 4 LY (EnKF) & ATDEHEGNSST — 4 ICEA L. L-SSEREBTO TN KE & BEEN
TA—YEHET DHEERETV. FEOBEUWMEERLZ, TOEEBE L TEAMRETIE. EEDGNSSERA
T—HICEnKFZ@EA L. 2%KEL-SSEREFICE T2 TR EBO#HEEBIET., AMRICEVTIE, X
DOFEEMBDETIVIC7 1 VEVBTL— MOERTHREEA L LY REOEZKERIAMSSEISEWE
TILERWTEEERETo 7,

74VEVETIL—NOERBMLEICHTIDOL S ICEFTEEZREL. 12000 D0=AF/ MBIV ICHEIL

o SEINBEILTOELATARYICELZBAZEILIZCominou and Dundurs (1975)IC& WETE L 7=, KTEBE L
DEBNISEEREBKEERAICHKED & L, REZHOBERREICIERO—3 XA)% B\ /=[Dieterich,1979;
Ruina,1983], EE&{L(A-B>0) DM EE ICHER=35kmD AW DEEFIL(A-B<0)/Sy FARBRE L1=., AR
TIXEE5R Y 1 XRc [Rubin and Ampuero (2005), Chen and Lapusta (2009)]IC%f L TR/Re<1 D&% 7= ¢
EOBEBEBNSA -9 %8RELESRKEL-SSEABIR Lz, JORER/NSXA—FA LIFME@ LTk

L. BEDOWTWEHERYFRAATENETN—EE L, £/, SSEFEEOXIICEEZE (L7855 I)V) &% E

L, BX5"10km (B&EH 1), 10725 km (B&FHE 1) ,25-30 km(BEFE I DZNhEFNTEEEEE—EE L
co ZOETADLEBOLNDZITRYEBAEDREE L, ZIHSHEINSHMRDOCGNSSERARICE ITEE
REEICEAREAMAT-EDOAERER T —4 & Lz, BREAT—9ICT L TEnKFAEA L. &NEt
WDOTRYZEE, REZHKC, BIEEm COER/NT A —FA, L SSE/XNY FHRODB-ABEHOT Y RIEEE
HWEL, BELIERLE, A, BEEICE T2 TRNYEFEORBEREBIFZEE Y. BEAREBEZAUAD
TIICDOWTOHEE L, -0, BEASX—IRUVEZEINOWEET7 > TILE LTIE, /85
A=Y EENSL-SSEAREIEZAVN—DHERATHHT7Z VY TV EER Lz, BEE | RTII DT
RNYRBEZIFEEORY ICT0%DIRIBTHHET M7 oSV TN EEMR LT, HROGNSSERISE LT
IGEONETDO2& &= A L. FEMLRERIE5EE LT,

BRELT, EHOIOL-SSEZRTEBEBADINERAR SN, FL—MNEREANLEETILDZETEENKFOHE
AR T DI ENTE L, AFARTIEERT—9 & L TIGNSSERAIRICH T2 IMREBMEEAFHAL T
Wiz dS, EBRDOGNSSERE T — 4 IIMREMTH D, LN >TEBRET—YEBALTWICHEY, R
EUDOLMREMEES1SD,. b LLIMREMEZDOETFEHUT—YELTHERTIZIEWVI2BY DAED
ZZboN3, UBIOTEEMBETILICEVWTIEBICZNTNOAERICDOWLWTHENEA TH Y [Fujita et al.,
2019 JpGU]. SEEALLZETNICEWTEREBKDRIENBETH D, FIREIGSSE/NNY FRTER/NS
A—ZFE—KRELTVWED, KUBRMAETIDRECEBOGNSSEHRT— Y DTELFENSERDEEE
LTEIFS5N 3,
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Earthquake generation scenarios based on a mechanical model using
geodetic data

*Akemi Noda', Tatsuhiko Saito', Eiichi Fukuyama1'2

1. National Research Institute for Earth Science and Disaster Resilience, 2. Department of Civil and Earth Resource
Engineering, Kyoto University

1. [FLC®IC

BEICEBN 7 TRELEZETL— MERMEOEREIIW< ONIDHIELI AV b (BEMMEKER) IC9
MNBEEZONTEY, TOHAEDLEIIHEAARY MIE>TEARS (A1 - 17, 1998, #iEF, 2012,
HE2) . F/2, REEE - EBHECHBNREE - @BHEDOL I ICEHOE I/ A Y MRFEAEZEWVWTE
HELIZT—RERO5NS, ERZ2E7 AV MNOHAELE THENRET ZHlE. HENS 7 TERES
nTws (Satoetal, 2016 EPS)

ERDBBEREDS T ) ABETIZ, EXRHNIC, BEICEELLHBEI SERNICBERENIRESNTE

Teo LU, FRDOHBENBEDMEDEE)/NNY -V ELKBELLIICHKET D ROV, —H T, Hlth
HAOMEL - SRELDOREEZF, SVl v A—UaVvEREZBLTTL— MNETRYENEELH#
ETEBLDICAo7, ZLT. IRNYEBNEEOHRERRD S TL— MERICE T2 EAMBAOELRE
LEETHIENTE S, FEETIE, 7L MEROBAERICE DK BREOREL. ThEAVLHE
RECT VA DBEFEZRET %,

2. AMEAICE D BIRFEDEKRE

7L — MNEROBIRZEFHDY, BEBANELTOTL— MEROBAMISHE, TNICENT 2EREANICKES O
22 EEERINE. BREOEIAVT—2avid, BAMBHEERFEOERAHESRICHRES NS L
EZbhd,

HABSADEINIZEEEATRILF—DEEEEKT 5, HBRAICEAONI-BETEATIRILF—%HEL
THEBIARYDNERT 27D, TAMGHADKEZZIEIITRY Z3|ZRITRT Vv IICHIET 5, — A, B
BEER, RYUDNEDLDICEI 2N, ZOBIERR (EBITARY, AO0—2) v 7| HhERORREK
B, AT RY) BRET D, HHFMNASIaAL—Ya v TR, CANGHEEBRBEDOZRSEEADE
LT, BIROBRENABRBRREFLEE WS LEMARERBREEZEET 2 I ENHEIN, BRI XAI—DHE
ICIETRBEENKREL, BRTIEEBBERFTRIEEL W, KFRTIE, IRYEZF|ERIITRT Vv ILICE
BL. TAMGHOEEEICE DLW THEROREIRYDHEFATZ, hid,. BEAONHEEEAT X
ILF—DIRTCHEROBERIBECHESINDIERETEIELEAETH S,

BB NS 70007 —MERICBEAL TIE, GNSSEMEET —49 05T L— MNEITARYENEESEIHE
SN TW3 (Nodaetal,2018JGR) . ZODINYENEENS L — MEROEAMIBSHOELEE % FE
TR ER¥EH KRFEFEEEN. MRPICHEANE-I2FO00HBMELNL, SR DR
E—0%T7 AR 74 EMHR, MEE. BRHDWVEEHRDOTARY T4 ICERLIEAMISAZRRT 58
BTHBEEA, VTV F%BEBET S,

3. WERES T FDEE

Y. WERBICSNBRT Z2T7ARY T A ZRRT D, BROTIARY T4, HDWVEHYEIERDT AN
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V74 D AEDEMERE LS, ZL T, HERDOEAMSADEMS I MERICERI NS EEZ, ER
ENLT AR T4 DEAMISHEE S EBREOREZ, MEROISNBETEE LTRET %, RIS, BHE
TEDORELRAUBHELZIESREITHERIRNYDHZA YNA-IUa VETICK UKD, THIC, HE
RIARYDPELOBABEFICKRIEFTO—T 1 VI ORHEBETMT 27DIC. ADODTARYTAICEITHE
ABRISNDELEZFET %,

ABETIE, LEEDOFIRTEBELLY T ) FOREERICOVWTERET %,

© The Seismological Society of Japan -S08-02 -



808'03 Seismological Society of Japan Fall Meeting

Dynamic rupture simulation of the 2019 M7.1 Ridgecrest, CA,
earthquake: Effects of 3-D fault geometry

*Ryosuke Ando’, Yosuke Aoki?, Makoto Otsubo®

1. School of Science, University of Tokyo, 2. Earthquake Research Institute, University of Tokyo, 3. National Institute of
Industrial Science and Technology

The 2019 M7.1 Ridgecrest earthquake occurred on July 6, 2019, preceded by the M6.4 foreshock on July
4. This earthquake sequence presents observational evidence indicating the involvement of the
geometrical fault complexity in controlling dynamic rupture processes. Aftershock distributions clearly
show the foreshock rupture propagates through a conjugate fault system with two major fault surfaces.
The surface breaks deduced from the InSAR imageries shows several kinks in the main strand of the
surface fault, leading to the along-strike variation of the fault surfaces. Although the earthquake seems not
to occur on a known major fault, the observed surface breaks appear to match with the previously
documented quaternary fault traces (https://earthquake.usgs.gov/hazards/qfaults/) in some part. In this
study, we aim to simulate the dynamic rupture process of the Ridgecrest earthquake to understand the
effects of the non-planar fault geometry.

We construct our physics-based model considering the 3-D fault geometry, the slip-weakening friction
law, and the regional stress field. The 3-D fault embedded in the elastic half-space (Fig. ) is constrained
based on the aftershock distributions and the InSAR derived surface deformation. The regional stress field
is constrained by referring to the previous estimates (Hardebeck and Hauksson, 2001), indicating the
predominant N-S compression and the strike-slip regime. The characteristic slip weakening distance Dc is
a few tens of cm.

Preliminary simulations confirm the existence of spatially varying potential stress drop (initial tractions) on
the fault surfaces, which can play important roles to control the dynamic rupture process. The NE-SW
trending conjugate fault broken during the foreshock oriented optimally in the applied regional stress
field, while the NW-SE trending main fault broken during the mainshock is also in the optimal orientation.
The simulations demonstrate the dynamic rupture transfer among multi-fault segments and the rupture
sometimes hesitates on misoriented segments, which may explain the occurrence of the foreshock.
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Comparison of Source Location Methods: CCF-based SSA and ASL

*Theodorus Permana’, Takeshi Nishimura', Hisashi Nakahara'

1. Tohoku Univ.

Source location determination of volcanic tremors is a challenge in seismology due to unclear phase
arrivals of P- and S-waves, which makes conventional hypocenter methods using phase arrival times
inapplicable. Previous studies have proposed alternative methods using spatial distributions of seismic
amplitudes, called the amplitude source location (ASL) method (e.g. Battaglia & Aki, 2003; Kumagai et al.,
2010), which have been applied at various volcanoes. Another is the method using the seismic
cross-correlation functions (CCFs), which is called the CCF-based Source Scanning Algorithm (CCF-based
SSA) method proposed by Droznin et al. (2015). Both methods work by performing a grid search to find an
optimal point that represents the source location. However, the CCF-based SSA method by the previous
study does not determine the source depth, and there are only a small number of studies that apply the
method to real data. We recently modified the CCF-based SSA method to determine the horizontal
location and source depth (Permana et al., submitted). In this study, the performances of CCF-based SSA
and ASL methods to locate seismic sources are compared. We use seismic records of volcano-tectonic
earthquakes (VTs) at Izu-Oshima and Sakurajima volcanoes. The VT hypocenters located by using an
arrival time method (Hirata and Matsuura, 1987) are used as the reference. By assuming that S-wave is
dominant in the waveforms, we locate the VTs using CCF-based SSA and ASL methods and calculate the
misfits by comparing the obtained source locations with the reference hypocenters.

The results show that the misfits for the ASL method are more horizontally shifted from the reference than
those for CCF-based SSA method, although the standard deviations of the ASL method are smaller. The
results also show that the ASL method is much affected by the selection of the constant S-wave velocity,
quality factor Q, and site amplification factors: S-wave velocity and Q have a more significant effect on the
source depth, while the site amplification factor affects the horizontal location. On the other hand, the
CCF-based SSA method does not show such systematic biases in the locations, but slightly larger
standard deviations of up to about 2 km are obtained. In both methods, the configuration of seismic
stations has an important role in constraining the source location.

We finally point out the advantage of using CCF-based SSA method as it requires smaller number of the
initial information and is able to consider a complex velocity model.
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Frequent observation of identical onsets of large and small
earthquakes

*Satoshi Ide'
1. Department of Earth and Planetary Science, The University of Tokyo

EARBERMETE., ZTOBEYIINIREBOWIETH S, TOWENBHLAMBEL X7 L LTRAICA
Do TWFIENENSHREME, BEAMEBICAZIEEHD, ZOLIBBIERKRTOZRDFRIAAE
HIEHMERENEBEZORFOBETHY ., BRMERBFREDOITEEICELZEETH %, Okuda and Ide
(201 8) IS ERIHDIIMEDIMEDIRE W A, M3DOMEDHRFY E L BPUTWE I EEZHR LA, ThETICH
BENICHEDBRF YU HABECHAUMEZEE WO BRETH > 7H. BEOHBOMEICOWT, ZROERHSTIE
FRCHEREIARESINAZEIINDTTHD, TORENEDEREERZLVLOD, HLLLEDL>EEBHA
DOh, LBEISEARE TORMIAARICDOVWTHEENICAEBELZONEKFRTH 5,

MIBEDRRFAYOTD S, @BITHIIC S W THR2000EDOMA5LL EDHE (KE) 2 L. BExDX
HEDMIET0 kmBIATHRE L-MAKRBOME (NMEE) EORT7%F2, EROMEERAR (B KRR
R, [RF. LEEXRE. RibKFE, BARIAZE. RRKXE. FHE. REHM. BEAREXEE) 055
KHENSEWIBICT10RZE T, ETFEPREDILSE LMY HM02MW % LLLE T 5, 2DDFEED I BERE WIS
DORMSIRIE TR L/ BHEHEBEREDI0RTOEHERZKAET DL D10, HEGEEZLKRT 28EEERET
%, AL & D A#E%Uchida and Matsuzawa (2013)Dig VIR LHBEH 4 OJICESEN SR YR LHEDORT
IZDWTITH & mAXELAEEEEBFRIECCMaxDFEHIZ0.85I1IC45 & 25, K/MMEDHEHAEHLET

lZ. 807 (57#E) TCCmax>0.9, 3567 (200#1E) TCCmax>0.8LLER 3, T & A EITEAVE
DOEBBEMETHY ., ZNUADA D ZZLDEDIEEDRV, FLIDEDIBRTIEEICEISGEVE I 5IC
BREINDZDEBROFETH S,

BEEDMEDORY ORERERIERZ TI0OFELULICAZEDEEZVD, ThUADOHBIIFIEPREELTL
DMEFNEEZRDIFS I EATERY, TNTHHERUNDERMNERBBRTLAVWVEICKY S {HE
ENd, ThIEWMY A TOMBEREERBBROEZVETRRT 5,

ZORNEDIHE Y OREMERR. TL— MERICKRNICHFET BENLBETIEZ TR 5, HDE
[ ZD/NER L DRIE L 2 WA, BIDBFICIZNEBN SO ABEBX TE2RIRT DI ENREHEEZI D EEHEL
PILV, TOEVWHIBEREFEOLDTHALYEBEREDRWVKET LT 5L, BIRORKY A XD FRIAREMN
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[SO8]PM-1
chairperson:Saeko Kita(Building research institute), Suguru Yabe(AIST)
Tue. Sep 17,2019 1:30 PM - 3:00 PM ROOM A (Clock Tower Centennial Hall)

[S08-06] Enhanced dynamic triggering of a shallow slow slip event in the Nankai
subduction zone due to the overlying sedimentary wedge
*Satoshi Katakami', Yoshihiro Kaneko?, Yoshihiro Kaneko' (1. DPRI, Kyoto Univ., 2. GNS
Science, NZ)
1:30 PM - 1:45 PM

[S08-07] Scaled energy estimation for shallow slow earthquakes in the Nankai
trough
*Suguru Yabe', Takashi Tonegawaz, Masaru Nakano?® (1. AIST, 2. JAMSTEC)
1:45 PM - 2:00 PM

[S08-08] Slow earthquake signals in the microseism frequency band (0.1-1.0 Hz)
*Koki Masuda1, Satoshi Ide1, Kazuaki Ohtaz, Takanori Matsuzawa® (1. Department of Earth and
Planetary Science, The University of Tokyo, 2. Disaster Prevention Research Institute, Kyoto
University, 3. National Research Institute for Earth Science and Disaster Resilience)
2:00 PM - 2:15PM

[S08-09] Detection of shallow low-frequency earthquakes beneath the Japanese
Islands
*Junichi Nakajima1, Akira Hasegawa2 (1. Earth and Planetary Sciences, School of Science, Tokyo
Institute of Technology, 2. Research Center for Prediction of Earthquakes and Volcanic
Eruptions, Graduate School of Science, Tohoku University )
2:15PM - 2:30 PM

[S08-10] Focal mechanisms of deep-low frequency earthquakes beneath Zao,
Iwatesan and Hijiori
*Genki Oikawa', Naofumi Aso', Junichi Nakajima' (1. Tokyo Institute of Technology)
2:30 PM - 2:45 PM

[SO8-11] Interactions between the intraslab earthquakes and episodic slow slips
beneath Kii Peninsula controlled by fluid migration
*Saeko Kita', Heidi Houston?, Sachiko Tanaka®, Youichi Asano®, Takuo Shibutani®, Naoki Suda®
(1. Building Research Institute, 2. USC, 3. NIED, 4. DPRI, Kyoto University, 5. Hiroshima
University)
2:45 PM - 3:00 PM
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Enhanced dynamic triggering of a shallow slow slip event in the Nankai
subduction zone due to the overlying sedimentary wedge

*Satoshi Katakami', Yoshihiro Kaneko?, Yoshihiro Kaneko'

1. DPRI, Kyoto Univ., 2. GNS Science, NZ

The dynamic triggering of slow slip events (SSEs) is rarely observed, even though regional earthquakes
often trigger tectonic tremors and very low-frequency earthquakes. Shallow SSEs have been inferred from
temporal changes in borehole pressure across the DONET network (offshore of Kii Peninsula, Japan) that
immediately followed the 2011 Tohoku-Oki ("700 km hypocentral distance), 2016 Mieken Nanto-Oki
(occurred beneath the borehole network), and 2016 Kumamoto (7600 km hypocentral distance)
earthquakes and lasted for up to two weeks in the shallow part of the Nankai subduction zone. Here we
identify the shallow SSEs that may have been dynamically triggered by regional earthquakes. We identify a
possible shallow SSE in 2004 that was triggered by the Kii-hanto Nanto-Oki earthquake using tectonic
tremor and very low-frequency earthquakes, as the borehole network was not yet installed. We quantify
the dynamic Coulomb stress changes due to causal events in the Philippine Sea Plate that could be
distributed shallow SSE source faults. The passing seismic waves from the Tohoku-Oki, Mie-ken-Oki, and
Kumamoto earthquakes induced calculated Coulomb stress changes of >100, 50, and 20 kPa,
respectively. Furthermore, the clear causal earthquakes (Kii-hanto Nanto-Oki, Tohoku-Oki, and Mieken
Nanto-Oki earthquakes) that triggered shallow SSEs induced large, long-duration Coulomb stress
perturbations (>10 kPa for “30 sec), which suggests that a shallow SSE may be triggered under these
conditions. Shallow SSEs are therefore more likely to be dynamically triggered than their deep
counterparts due to enhanced stress perturbations induced by the sedimentary wedge.
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Scaled energy estimation for shallow slow earthquakes in the Nankai
trough

*Suguru Yabe', Takashi Tonegawa®, Masaru Nakano?®
1. AIST, 2. JAMSTEC

BN T 7 TIRME - RERY X5 A (DONET) AEEINEBEHEINIKEBL-ZEICLY, 2O0—HE
DOHERS 7 FILTH D REERRMECRSTBEREMENSR SN, BEOED L — MEFRXITEI
AO0—M"ENMRELTWVWBIENBELNMIR >, BN 7OFRBAO—MEIFIFEZ30-40kmTREL TV
ZOICT LT, ZHRAO—MEIZEIBHMTRELTHEY, MEOMEREREIIRZCELRS. HERER
BoEWE, HhEFHORHBICKRMINZARELNHS. @EMN7ORAO0-ER, BEXMEOEZFE,S
REBYERBICTL— MNEROHUENIELT 2RMEBEBREE TREL TVWREEZI DI ENTE, BHEMW
BIRZEVAYTRIZ2EADRBAILEECEHE W L MEREBRIBEICIKE T 2720, FEHERBDR
O—MEDRICIEZDEEIEVWLH D ATEMENH S.

Yabe et al. (2019, JGR) Tl&, FEEFHICERINZDONETIOT—4 =AW T, &R O—hEDScaled
EnergyD#E %R A7, RIEFERBEHISHERIRILF—%, XHBEERMENSHEETE—XV M
EL%. WMEDLTHSScaled energy55tE L& 23, 10°%-10%2EE, FHMAO—MEDOBEE FIFRE
ENrETEWMEERo7. AR TIE, Yabeetal (2019, JGR) DFE%&MEHICERMT 2DONET20 T —4
ICERT2ZET, MEMDEZERO—MEICK L TScaled energyD#E AT o7z, RERAO—MEICHT
%Scaled energyD T — 9 AP T & T, FHRAO—MELYEEFEVEHESINARERT R R
AO—#hEDScaled energy N EEBHBREDTHZ DD, EEMVRILSDEZDHEEANTHZ2ON ALK, %
D#ER, DONET2OZEF (G/ — R) fHED Y 524 —TlEScaled energy»'10°-10°F2 & R %8R 2
A—ihE DScaled energylEVWMEN KR E > DICH LT, #BFRKEH (F/—KHE) DI FR9—Tld
Scaled energy?*107%-10 2 & FER R O — B DEIEWMEN R E o7, DT ENSHBRAO—MED
Scaled energyllIFEBIRV TR —T&ICELD2ELHY, ZOHARNTERRO—HMELRARREDEEZFED
EEZLNS.
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Slow earthquake signals in the microseism frequency band (0.1-1.0
Hz)

*Koki Masuda', Satoshi Ide', Kazuaki Ohta®, Takanori Matsuzawa®

1. Department of Earth and Planetary Science, The University of Tokyo, 2. Disaster Prevention Research Institute,
Kyoto University, 3. National Research Institute for Earth Science and Disaster Resilience

Z20—HEIEKMEDOFKEMEBICHELALEBTHRET S, 7L— MERDBAZICERKRE W EE %
BoTsY., ZOMN0EBMBANICARONTE /2, AO0—HEIZZ DML EHR CTHME & EERRE
(2-8 Hz) . BERKME (10-1008) . RO—RAY vy TARY Kk (>18) D513, BEKME B
BRI EDOBDOERMHEILRE /1 XA EBLTHY., AO—EDOESERHETZOIEHL WV, Fad
ARENT IS & TR OFH T, FIABIIC, LA FREBTOBEMERICK 2 EHER., /1 XOBARMNE
WA IV, EVWIRRTERAKME & BERKMEICHES EEIREINEFAIBEINLTVSEH
(Kaneko et al., 2018) |\ FHMAO—MED Z DERMFIHICH 1T 2 ESORFHBITECBHLSNMIA > TV
W

AFETIE. BN 7EAAABICET Z2HUERESOEEICOWVWT, BRBRBEFEEOES 2BV TARER
BHRESZTV. RETBICS T2 20— EDOESO@BITETI. 9. GHRT Y TL— NEREERK

L. Yy FRIA4IWIBAEITD 2 & TCHERSBOBEE TORBRKBEEDKREA1T>7 (Ohta & Ide,

2017) . GPUARIAT 3 Z & CEHEDEZEILEZEMR L. Hi-netDIFHISICH T 52005F N 52015FFTD
EEST—IDSHWTIOBDREFERE L, ThoDRBELSGHISERREERIIEY T+ v IRERTHD
Z&, EEPHEHLARY MNARELPT Wy FLOEEIMBERLICEETZZE9HY, 2D EiF
BIEMR e BEEMNTH S, RIS, COREEREBHVWTHIi-netOBERASERCBAAICRESINTWS EREEMN
BESTORFEEZESET 5, EA LEEFICO.25MAS50.58, 0551/, 1A 528, 2,547, 45
NH8F, SHAL16F., 16M N 532F). I2MWMN 64 DSTEFRD /NN RINRA 74 VY 2BERHLZEZ S, £
TOTEETHREDZ 2 21 REAETE -, CNIERAO—MEN0.25MHI 564 EFTOLEVWEHTTES%
BFoTWbZEAERLTWS, 51, NYRRRT7 4LV EBATIHOESRFICHT 3 ZHEOENR
B0 ERMEEHREE I - ETIICRHI AR ERA>TH Y, RAO0—HhENEROHEL B 2YESE
BoTWbZEAETRKET S,
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Detection of shallow low-frequency earthquakes beneath the
Japanese Islands

*Junichi Nakajima', Akira Hasegawa®

1. Earth and Planetary Sciences, School of Science, Tokyo Institute of Technology, 2. Research Center for Prediction
of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku University

NEETHRE T 2 FHRERREIF, SHEREIW2 ~5HzT, —RICPEINTFEBEETSEDORENAE L E L
SHEHEIHZ (#8)Il - /NE, 1993; Hasegawa & Yamamoto, 1994) . 1990FER XTI, FEEERMEIEE
ICKIUELTRESTZEEZONTELD, HETEIRRENSEEBRICNTI TOREBEPERERIBARLE, X
I SELS BN/ BB THRBERBHENHZ K RELTWVWB Z &b > TEL. FEMERBHEDZ <
[FEFREAE CRS25-35km) TRELTWRZENS, HFRRED A MEEIEFXAIVMDOEICEYVEL
EREOBEINECEARLTWEZ EEZAONTE .

—AT, T—9DNEBINZICONTLEMBRTHEBAKRMENSFEEL, RI10-50 kmDEAVR I EEHETH
ELTWBZERDA>TEL (FIAIE, INE, 2016) . 7z, 2008FEEF - EFAEIMEL2016FEXRM
EOREOHICERERDICEOHMENH 2 Z &M RESINTVS (FIAIE, BFXRZEAMTHITAT, 2008 ; /)
& - fth, 2010; AA - #8)11,2018) . S HIC, HEMELOFEETIE, BERME S BEOHENIFIER UG
WT%ELTV6’t%ﬁ#DT§t(ﬁD ftt, 2018; M - fth, 2019) . TDLD I, EEAKMEIEHT
L DFEER] THRETIDIFTIEARL, HFRRBOREFAELZCHRESINTWS. ZI TERARTIE, BERS
SONETHE LEHMEOREERLL, IRTNMBEAKMELREL TOWAWEZFICKREL, ZO0OR
TEEImDOFHEBALNMILEZOTRET 5.

RMTICEHER L7=DIE, 2003FHM520165F % TITREE T THRE L 724920,000@DHE (M0-2.5, F X35
KmLUEA CAREESL—hET714VEVEBTL—MNUERWIE) THY, [IRF—TEDSEFTHEY EH
S3IMDOBERBRTEEIRIBARY MLVESE L. ZORRY MULICH LT, BREKS (Al: 2-5Hz) &&FER
# (Ah: 10-15 Hz) DOIEHIRIEN SFI=log(Ah/A)TEZRSNSFIE (Buurman & West, 2010; /N& - &L,
2018; Hotovec-Ellis et al., 2018) %5t & L7=. BEAEKKINEH T B EFHEIFEDKREREERS. £

=, RERIBRARY MLOE—J7REREE (fp) 25tEL, FIEpD2DODEETRERMEDOME%Z1T o7/, %
CTCRHISRF—TEERICEEFNZEERIMEDFHEE DD HEESE(IC, FI-0.75, fp5 Hz & EE R EixM
E L7z, BIENERRMEIERGEIZIN200@THY, DD BH1200@IEEI15 kmEUXTRELZHET
H5.

FEI15 kMR THRE L TV B EFARBEERDZ < M5 EOREEDREDHICEZE EFEh, AEH
SERBICERFLTRELTVWDRE W EENHD. CORERIE, 2016FEAMBELETHREINTVE LD
I, REFHORICEZ DERFMMENEEFNE 2 E2RLTWS. ¥z, BHathALBEILLESICEWTIE
LEEBEWEE CERBERMENREL TWBEEI’H B EHEHELNMIR . ThSDERIT, BERKMME
BT LD DRI TRETZ2HITTIERLS, EBHRBICEVWTEDRISTRELTWRZEERLTWY
. KU TIERVWHFRRRIB TEEBEFEENREL TWVWE E WO ERE, KERMEOREICIETI TP
A N DEEPHEMERIEEE S VEEBEOREREFIVATIIRVWI EERELTWS. SRIMEREEE
BEINHEDORFAREL, BREEZRBLSTEEHIC, REME (FE) SERKMEREDRFZREEG
*EETEHE, BRAKMEOREZGEEZHEOLSMIL TV FETHS.

HEE KBTI [IRT—TTAEBRRRVCZOHARY EL2FERV LI L. BEHWALIT.
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Focal mechanisms of deep-low frequency earthquakes beneath Zao,
Iwatesan and Hijiori

*Genki Oikawa', Naofumi Aso’, Junichi Nakajima1

1. Tokyo Institute of Technology

1. 8%

RILBARDFANIUED TIERES20~40km & W > 7= HIFEAERHE L W £ R WES THUMIEN SRS hTL
%, ZOMEIF2~8HzOMER AT 2 Z &M SEERMELATLFE)EMIENTWS, TDXAHZXAIE
CLVD®FFEZEILK S & W > 7=FEDouble-Couple i 3 = F > 7= SR LB/ HESNTH Y (FI AL
Nakamichi et al., 2003). 72 v 7 LHBDOHEEERACY I DEHRENREETINELTEZLNTW
%, LD L. LFEIRFREDN NS WOHBTHIEDR <, TRENAFEETOEROBBICIERLEE>TULA
W ZZ T, AR TIIRILBATLFERE N EFRABEE. EF WU, FHITO3BRICOVWTA D ZXLERE
L. KIUZTEDA D =X LDLEERT, BEPHIFTR SN TWS201TEORILMA KEEHiEREZ TD
BT EA N X LOEES AR,

2. 7% - Fi&

AR TIEHI-net., RIEKZE., [RFDI100HzY > 7)) v FHEEHC &L > TREFINAAHERVEAWV:Z, K
KEDOAYOT DD E2003F~2017FICHEEL., ¥V =F 21— ROSLULDLFEEZBTRRE Lz, BRIESK
KRFICKWRESNAT—Y2AL, SHHACATABDOSHEICIKIMA20012FRA L, X AZXLDREICIE
SKEEPEDIRIBLL Z AW, AR TIE. GRBEBECERRAOHELZRHET H7HDIC. RMVICAD=ZZLH
BRI TH 2 EEDHE % > TIRIELL Z1E L. RiICDouble-Couple. Single-Force. CLVD,
Tensile-Crack®4 D DETILH SEARF I N 2 ERIRIEL & HIE S NABRIRIBLLOREN RN ERDEE S
oy RY—FICEUHELE, RBICETIHEOLEZAICHRBIERERE)ICL >TITW, IRV NTEICR
BRETIVEBRNSIX—SHRELT,

3. R EEWR

BET29E. BFILT24E. FHIFT2IEDLFEICD W T A A ZXA%ERE Lz, £EMBERE LTI
Double-CoupleB{DLFEA % <. ZDEIGIFBET62%. AFILT75%. T T8N TH -7, FHICHFIUT
IZNakamichi et al., 2003 &l A HZ XL BHEFDARY MNEBESNZ, FAEBE. FHITTIZ2011ERILhA
AEEHHMEOFER TA D ZALPREMEBICEELIGRONZ, BETIIHBIS NGB EEENTH -
Double-CoupleZl D X A = X LHFHDFERIEE EHICELTEY ., RHIFTIREFILERIORESEE L UE
WiGFTTDouble-Couple I DIREA K EZE WA RV MO FREEL TVWR EWVWIFHELE LN, ThS5DEEIP X
AZZXLOEALERIEHEICK > TE L EISAZ L DOREERNIEE L REDIEERICE > THRELTVWE EER
bNhd, —A. BFUTIHRIIERE CHBEREFNCPANZILDELIFRSNRA >, REBRIE
IEWAR SN, EFUTERLAILE, WWAET. ILEREEO3IEFRCLFEAREL TS Y, BEEEICRS &
ANZXLEEZHETH7=H,. ACEBATIEILE> TWALFEHFEELRE., COFBRIIBEEEICRETOE
AEERZH, ALEETIIE—DOYEEENIREICTE L TWEEEZILNS, FICIWAETICEAL TIEIE
Double-Couple DLFEN % \MERI TH o7z, LUEAE FDOLFEIFEI 10kmEUETHREL TE Y. BFIUTIERER
ICBITBERBYIIFHOEEERLTVDDOMNE LR,

HEE  ARRTIEBHAB. [RT. REKRFHE - BATHAREA €V & —ORFRFE LAV L, &
oo BICRIRFO—TbFmARYELZFERALE L, 8L TRHHWEZLET,
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Interactions between the intraslab earthquakes and episodic slow slips
beneath Kii Peninsula controlled by fluid migration

*Saeko Kita', Heidi Houston?, Sachiko Tanaka®, Youichi Asano®, Takuo Shibutani*, Naoki Suda®

1. Building Research Institute, 2. USC, 3. NIED, 4. DPRI, Kyoto University, 5. Hiroshima University

Slow slips are thought to be related to geofluids and sometimes occur near the times of intraslab
earthquakes. Studies have examined the interaction of slow slip with intraslab earthquakes, showing that
even slow deformation on the plate interface has the potential to change the stress field (Warren-Smith et
al. 2019) and seismicity (Han et al. 2014) within the subducting slab. However, detailed processes and
relationships between intraslab earthquakes, slow slip phenomena and geofluids are not known. In the
present study, we found changes in seismicity rates, b-values, and stresses in the Philippine sea slab
before and after the times of slow slip episodes beneath Kii peninsula, southwestern Japan. At T month
before the slow slip times, seismic rate and b-value of intraslab earthquakes become high, which is
consistent with the effects of fluid-induced seismicity (Bachmann et al. 2012) and “geofluid injection”
seismicity beneath northeastern Japan (Yoshida et al. 2017; 2018). Stress orientations in the upper-plane
earthquakes suggest that the plate boundary just beneath the slow slip zone is weakly locked before slow
slip times, becoming unlocked afterwards, whereas updip of the zone, it becomes more locked after slow
slip. These interpretations of the degree of locking on plate boundary are consistent with results from
Cascadia based on LFE recurrence patterns (Sweet et al. 2019) in that the locking on the plate boundary
there appears to increase as one goes updip through the ETS zone. Our results suggest that monitoring of
intraslab earthquakes may provide a means to evaluate not only slow slip activity but also plate boundary
conditions.
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[SO8]PM-2
chairperson:Takehito Suzuki(Aoyama Gakuin University), Naofumi Aso(Tokyo Institute of Technology)
Tue. Sep 17,2019 3:15 PM - 4:45 PM ROOM A (Clock Tower Centennial Hall)

[S08-12] Inertia term governs displacement of stick-slip experiment
*Shinichi Oba1, Yuta Mitsui® (1. Graduate School of Science and Tecnology, Shizuoka
University, 2. Faculty of Science, Shizuoka University)
3:15PM- 3:30 PM
[S08-13] Paradox in Rupture Propagation Velocity
*Eiichi Fukuyama'?, Shiqing Xu', Futoshi Yamashita' (1. Nat'l Res. Inst. Earth Sci. Disas. Res., 2.
Dept. Civil and Earth Resources Eng., Kyoto University)
3:30PM - 3:45PM
[S08-14] Understanding of temporal evolution of the eddy viscosity in porous media
and its seismological implications
*Takehito Suzuki' (1. Aoyama Gakuin University)
3:45 PM - 4:00 PM
[SO8-15] Numerical simulation of earthquake sequence on rough faults
*So Ozawa', Eric M. Dunham?® (1. University of Tokyo, 2. Stanford University)
4:00 PM - 4:15 PM
[SO8-16] Earthquake triggering by dynamic and static stress changes
*Shingo Yoshida1, Takuto Maedaz, Aitaro Kato' (1. Earthquake Research Institute, Univ. Tokyo,
2. Hirosaki Univ.)
4:15PM - 4:30 PM
[SO08-17] Rupture simulation in a temporally stochastic stress field
*Naofumi Aso’', Ryosuke Ando?, Satoshi Ide? (1. Tokyo Institute of Technology, 2. University of
Tokyo)
4:30 PM - 4:45 PM
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Inertia term governs displacement of stick-slip experiment

*Shinichi Oba’', Yuta Mitsui’
1. Graduate School of Science and Tecnology, Shizuoka University, 2. Faculty of Science, Shizuoka University

BARMEDRKRAT —IVICEITE2RERT—) VBRI L KHAEINTWVSED, NRT—ILOHFEIE, RS
REEDRADIOICH LY. —F, BERRAT v - Ay TEERIE, BRMEELHFALECTEVNVDGHEZEHED
D, NAT—=IDRREFARDIENHEES. TITIE, TRY-RIZRFT—YVITEAROBRHI S, HARIC
EoOTHRETEIHIDDEED, HE-HIEE VWSNRNSA—YDEELFAND., BEDRAT1v T - R
)y TRBROT—4% (BRERX146E) 26 &2, ABHORE, IRVYE, FE, AIZLTHYVOBED
MBS, EQRIMZIT o, TOHER, WEEHIMEL SR FHIERE TAY E & DOFICHHVIEAER
(0.936) ARLNF. ZDZElE, RTa4v Y - AUy TRBOITARYED, BUHIEBETE—ICKREINTL
32T BT B, T, HVVORBEEIARNYUELDBICEHEBVWEHEBENIEONLD, ZHIXRAERBEDHIC
KV, BHCIAERT & FIRT L <.
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Paradox in Rupture Propagation Velocity

*Eiichi Fukuyama'?, Shiging Xu', Futoshi Yamashita'
1. Nat'l Res. Inst. Earth Sci. Disas. Res., 2. Dept. Civil and Earth Resources Eng., Kyoto University

According to the Griffith fracture criterion, rupture propagation velocity is determined by the balance
between the supplied energy (e.g. elastic strain energy) and the consumed one (e.g. fracture energy).
Generally, rupture propagates with the velocity slower than S- wave velocity for Mode 3 and slower than
Rayleigh wave velocity for Mode 2 rupture. In Mode 2 case, when the supplied energy is extremely large
or the consumed energy is extremely small, the rupture propagates faster than the S wave velocity but still
slower than the P wave velocity (termed supershear or intersonic rupture).

Recently, there are some experimental reports that the rupture can propagate faster than the P wave
velocity (termed supersonic rupture). Gori et al. (2018) observed supersonic rupture propagation along a
polymeric material interface by identifying the shock wave front of P waves with the high speed DIC
measurement. Fukuyama et al (2019) found an emergent slow slip (EMS) events that propagates faster
than the P wave velocity during the meter-scale biaxial rock friction experiments. The characteristics of
the EMS events are as follows: 1) The onset of source time function was gentle compared to the regular
stick slip (RGS) events. 2) Elastic waves were emitted at the rupture front of the EMS events. 3)
Predominant frequency of the emitted waves was low compared to the RGS events. 4) Amount of stress
drop was similar to that of the RGS but total amount of slip was about 1/5 of RGS.

It was reported that supersonic rupture occurred only when the extremely large energy was supplied for
the rupture initiation (e.g. Gori et al., 2018). However, Fukuyama et al. (2019)'s data indicated that the
supersonic rupture could occur even without large external energy supply. This could be achieved since
the onset of the EMS rupture was very gentle and the consumed energy at the rupture front was small.
Nevertheless, wave radiation was observed, which could be considered as a sort of shock wave generated
at the supersonic rupture front.

If we assume that the EMS events occurred on a zero-thickness boundary between two rock specimens,
all materials will behave elastically and all information has to propagate with elastic wave velocity. In this
case, the rupture velocity cannot exceed the elastic wave velocity. In contrast, when a thin layer exists on
the fault, which sheared during the EMS events, the thin layer could be deformed nonlinearly with high
strain rates as Fukuyama et al. (2019) proposed. In this case, the rupture can propagate faster than the
elastic wave velocities.

In summary, recent experimental observations raise a paradox with regard to rupture propagation velocity,

which seemed difficult to resolve by the classical fracture mechanics theories. Therefore, we need to
construct physical models to explain these new phenomena.
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Understanding of temporal evolution of the eddy viscosity in porous
media and its seismological implications

*Takehito Suzuki'

1. Aoyama Gakuin University
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e, HERZN - MEFNBEANSCEETH D,

ERABIC D WTIFPALICHE D s KE SUu,O— KR EEROBEFEET 5 & Thid, ROLERTEI S XEAREAH
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Numerical simulation of earthquake sequence on rough faults

*So Ozawa', Eric M. Dunham?
1. University of Tokyo, 2. Stanford University

Faults have geometric complexity at a wide range of spatial scales and forms; here we focus on fractal
roughness of the fault surface (e.g., Candela et al., 2012). Slip on a nonplanar fault causes spatially
heterogeneous stress field (Dieterich & Smith, 2009), modulating the style of the next slip event on the
same fault. Thus, it is important to investigate rupture dynamics on rough faults using sequence
simulations of multiple spontaneously nucleating and propagating events, instead of a single dynamic
rupture simulation with artificial nucleation procedures.

In this study, we model earthquake sequences on rough faults, using a finite-difference model which
captures inertial dynamics and plastic deformation during dynamic rupture and a quasi-dynamic
boundary integral model which simulates the interseismic period and nucleation. We use rate and state
friction with dynamic weakening on the fault and Drucker-Prager off-fault plasticity.

Our numerical simulations show that the stress field becomes more heterogeneous with accumulating
slip. Stress heterogeneity makes the rupture process of subsequent events increasingly more complicated
(in terms of slip and rupture velocity fluctuations). Later events are more sensitive to the local geometry of
the fault due to accumulated stress heterogeneity. The place of nucleation is highly sensitive to subtle
changes in fault geometry and used parameters. Furthermore, we are going to show some preliminary
results which account for viscoelastic relaxation during the interseismic period in the presentation.
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Earthquake triggering by dynamic and static stress changes

*Shingo Yoshida', Takuto Maeda?, Aitaro Kato'

1. Earthquake Research Institute, Univ. Tokyo, 2. Hirosaki Univ.
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Rupture simulation in a temporally stochastic stress field

*Naofumi Aso’, Ryosuke Ando?, Satoshi Ide?

1. Tokyo Institute of Technology, 2. University of Tokyo

In statistical seismology, we handle an earthquake sequence as a stochastic process. For example,
temporal stochasticity determines the exact timing of earthquakes. In seismic wave propagation, we also
consider the stochastic term to account for the scattering effect. In source physics of earthquake rupture,
on the other hand, people assume deterministic physics. For example, we run a rupture simulation by
prescribing conditions deterministically, including fault geometry, initial stress, and friction law. However,
we never know such conditions perfectly in real faults, and therefore, the rupture would evolve as if it was
a stochastic process. Hence, the consideration of temporal stochastic term is necessary to understand the
earthquake rupture process better.

Here, we perform mode lll rupture simulation under the existence of temporally stochastic external stress.
Different strength drop and initial stress level result in various ruptures from both crack-like and pulse-like
ruptures to slow ruptures. It becomes pulse-like for low initial stress conditions, which is consistent with
the previous study with spatial heterogeneity (Zheng and Rice, 1998). In these conditions, rupture
propagates by inertia while less slip occurs in the central part of the fault. Low strength drop and low
initial stress conditions will result in slow earthquakes. In these conditions, rupture can propagate only by
stochastic force. The stress concentration at the rupture front gets smaller as it advances, and the chance
of the propagation gets smaller and smaller, resulting in decelerating rupture propagation. Our model is a
realization of previous Brownian walk model for slow earthquakes (Ide, 2008; Ide and Yabe, 2018) in a
continuum system. Compared to the simplified model with nearest-neighbor assumptions, our model has
an advantage in explaining “pulse-like” tremor front as we observe.
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