Program The 2022 SSJ Fall Meeting

Tue. Oct 25, 2022

[ Room A | Regular session : S09. Statistical seismology and underlying physical processes |
9:30 AM - 10:45 AM JST | 12:30 AM - 1:45 AM UTC | ROOM A 1st floor (Kaderu Hall)
[S09] AM-1

chairperson:Mamoru Nakamura(Ryukyu University), Kazuyoshi Nanjo(University of Shizuoka)

9:30 AM - 9:45 AM JST | 12:30 AM -12:45 AM UTC
[S09-17] Is the low b-value in the rift-axis of the southen Okinawa Trough accurate?

*Mamoru NAKAMURA! (1. Faculty of Science, University of the Ryukyus)

9:45 AM - 10:00 AM JST | 12:45 AM - 1:00 AM UTC
[S09-18] b-value dependency on crustal strength inferred from precise focal mechanism data
*Satoshi MATSUMOTOY, Yoshihisa lio2, Shinichi Sakai3, Aitaro Kato® (1. Institute of Seismology and Volcanology,

Faculty of Science, Kyushu University, 2. Disiaster Prevention Research Instutute, Kyoto University, 3. Interfaculty
Initiative in Information Studies, The University of Tokyo, 4. Earthquake Research Institute, University of Tokyo)

10:00 AM - 10:15 AM JST | 1:00 AM - 1:15 AM UTC
[S09-19] Seismic radiated energy and source spectra of the regular and deep low-frequency earthquakes
in and around the source area of the 2008 Iwate-Miyagi inland earthquake

*Masaki Orimol, Keisuke Yoshidal, Toru Matsuzawal, Taka'aki Tairaz, Kentaro Emoto3, Akira Hasegawa1 (1.
Research Center for Prediction of Earthquakes and Volcanic Eruptions, 2. Berkeley Seismological Laboratory,
University of California, Berkeley, Berkeley, California, U.S.A., 3. Institute of Seismology and Volcanology,Faculty of
Science,Kyushu University)

10:15 AM - 10:30 AM JST | 1:15 AM - 1:30 AM UTC
[S09-20] Estimation of earthquake distribution and fault structure of normal fault earthquakes off
Fukushima-Ibaraki using sP depth-phase

*Yoshiaki Matsumoto®, Keisuke Yoshidal, Genti Toyokunil, Toru Matsuzawa'® (1. Tohoku University)

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45 AM UTC
[S09-21] Static Coulomb stress transfer and seismicity rate change associated with the 2016 Kumamoto,
Kyushu, Japan, earthquake

*Shinji TODAL, Ross S. Stein? (1. IRIDeS, Tohoku University, 2. Temblor Inc.)

[ Room A | Regular session : S09. Statistical seismology and underlying physical processes ]
11:00 AM - 11:45 AM JST | 2:00 AM - 2:45 AM UTC | ROOM A 1st floor (Kaderu Hall)
[S09] AM-2

chairperson:Nana Yoshimitsu(Kyoto University)

11:00 AM - 11:15 AM JST | 2:00 AM - 2:15 AM UTC
[S09-22] What factors contribute to cut-off depth of crustal seismicity?

*Akiko TANAKAL (1. Geological Survey of Japan, AIST)

11:15 AM - 11:30 AM JST | 2:15 AM - 2:30 AM UTC
[S09-23] Evaluation of seismic activity characteristics at different depths through laboratory rock
fracture experiments

*Nana YOSHIMITSUl, Hironori KAWAKATAZ (1. Kyoto Univ., 2. Ritsumeikan Univ.)

11:30 AM - 11:45 AM JST | 2:30 AM - 2:45 AM UTC
[S09-24] Verification of Seismic Gap by means of physical and statistical models

*Giuseppe Petrillo?, Jiancang Zhuang?, Eugenio Lippiello? (1. The Institute of Statistical Mathematics, 2. Universita
della Campania "Luigi Vanvitelli")
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[ Room A | Regular session : S08. Earthquake physics |
11:45 AM - 12:30 PM JST | 2:45 AM - 3:30 AM UTC | ROOM A 1st floor (Kaderu Hall)
[S08] AM-2
chairperson:Akiko TOH(Department of Earth and Planetary Science, The University of Tokyo)

11:45 AM - 12:00 PM JST | 2:45 AM - 3:00 AM UTC
[S08-01] Seismicity and its implications for fluid movement in the northern and central Hikurangi
subduction zone, New Zealand

*Kazuya TATEIWAL Calum Chamberlainz, Martha Savagez, Tomomi Okada? (1. Tohoku University, 2. Victoria
University of Wellington)

12:00 PM - 12:15 PM JST | 3:00 AM - 3:15 AM UTC
[S08-02] Fault valve action using ancient magma system caused the intense earthquake swarm in
Northeast Noto peninsula, Japan

*Keisuke YOSHIDAL Masaoki Uno?, Toru Matsuzawa?, Yohei Yukutake3, Yusuke Mukuhira®, Hiroshi Sato3, Ta keyoshi
Yoshidal (1. Graduate School of Science, Tohoku University, 2. Graduate School of Environmental studies, Tohoku
University, 3. Earthquake Research Institute, University of Tokyo, 4. Institute for Fluid Science, Tohoku University)

12:15PM -12:30 PM JST | 3:15 AM - 3:30 AM UTC
[S08-03] Source process of moderate earthquakes off the east of 1zu Peninsula in 2006 and 2009 :
Relationship to previous swarm activities

*Yukako Ta nakal, Takuji YAMADA! (1. Ibaraki University)

[ Room A | Regular session . S08. Earthquake physics |
2:00 PM - 3:00 PM JST | 5:00 AM - 6:00 AM UTC | ROOM A 1st floor (Kaderu Hall)
[S08] PM-1

chairperson:Kazuya TATEIWA(Tohoku University), Keisuke Yoshida(Tohoku University)

2:00 PM -2:15 PM JST | 5:00 AM - 5:15 AM UTC
[S08-04] Quantification of expansion rate of aftershock zone for M7-class earthquakes in Japan: Potential
as differential stress meter

*Yuta MITSUIL, Yuya UTAGAWAZ (1. Faculty of Science, Shizuoka University, 2. Formerly at Faculty of Science,
Shizuoka University)

2:15 PM - 2:30 PM JST | 5:15 AM - 5:30 AM UTC
[S08-05] Stress Drop of Small Earthquakes in the Southeastern Kanto Region

Kaho Hashimoto?, *Takuji YAMADA! (1. Ibaraki University)

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC
[S08-06] Stress drops of small earthquakes off the east coast of Ibaraki and Chiba Prefectures:
Heterogeneity in frictional properties on the subducting Pacific Plate

*Tsukasa Masudal, Takuji Yamadal (1. Ibaraki University)

2:45 PM - 3:00 PM JST | 5:45 AM - 6:00 AM UTC
[S08-07] Shear strength and fluid over-pressure in world subduction zones estimated from the
earthquake energy budget

*Nelson PULIDO! (1. National Research Institute for Earth Science and Disaster Resilience)



Program The 2022 SSJ Fall Meeting

[ Room A | Regular session : S08. Earthquake physics |
3:15 PM - 4:30 PM JST | 6:15 AM - 7:30 AM UTC | ROOM A 1st floor (Kaderu Hall)
[S08] PM-2

chairperson:Naofumi Aso(Tokyo Institute of Technology), Saeko Kita(Building research institute)

3:15 PM - 3:30 PM JST | 6:15 AM - 6:30 AM UTC
[S08-08] Nankai Trough Earthquakes Estimated from GIS-based Historical Documents in Mie Prefecture

“Yoshiko YAMANAKA! (1. Nagoya Univ.)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[S08-09] Effects of long-term slow slip events on in-slab stresses in Bungo Channel, southwestern, Japan

*Saeko KITAL Heidi Houston?, Roland Burgmann3, Suguru Yabe?, Youichi Asano®, Takeshi Kimura® (1. Building
Research Institute, 2. USC, 3. UC Berkeley, 4. AIST, 5. NIED)

3:45 PM - 4:00 PM JST | 6:45 AM - 7:00 AM UTC
[S08-10] Single-station detection of seismic slow earthquakes using their broadband characteristics

*Koki MASUDAL, Satoshi Ide! (1. Department of Earth and Planetary Science, The University of Tokyo)

4:00 PM - 4:15 PM JST | 7:00 AM - 7:15 AM UTC
[S08-11] Strongly scattering medium along slow earthquake fault zones, inferred by the new
observations of short-duration tremors

*Akiko TOHY, Wu-Cheng Chi%, Yann Ca pdeville3, Satoshi Ide! (1. Department of Earth and Planetary Science, The
University of Tokyo, 2. Institute of Earth Sciences, Academia Sinica, Taiwan, 3. Nantes Université, CNRS, France)

4:15 PM - 4:30 PM JST | 7:15 AM - 7:30 AM UTC
[S08-12] Direct Evidence of Strike-Slip Motion for Low-Frequency Earthquake near Parkfield

*Naofumi Asol, Miki ASOZ, David R SHELLY3, Satoshi IDE* (1. Tokyo Institute of Technology, 2. OYO RMS, 3. USGS, 4.
University of Tokyo)
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[ Room A | Regular session : S08. Earthquake physics |
4:45 PM - 6:00 PM JST | 7:45 AM - 9:00 AM UTC | ROOM A 1st floor (Kaderu Hall)
[S08] PM-3

chairperson:Tatsuya Kubota(NIED), Suguru Yabe(AIST)

4:45 PM - 5:00 PM JST | 7:45 AM - 8:00 AM UTC
[S08-13] Synthetic tests of joint CMT analysis using translation and strain data

*Suguru YABEL, Kazutoshi Imanishi! (1. Geological Survey of Japan, AIST)

5:00 PM - 5:15 PM JST | 8:00 AM - 8:15 AM UTC
[S08-14] Feasibility of detecting pre-P gravity elastic strain signals from earthquakes

*Kantaro KAWAIL, Nobuki KAMEZ, Shingo WATADAL, Akito ARAYA! (1. ERI, UNIVERSITY OF TOKYO)

5:15 PM - 5:30 PM JST | 8:15 AM - 8:30 AM UTC
[S08-15] Validating the Method Estimating Fault Slip Angles by Using Regional 3D Stress Field with the
Wallace-Bott Hypothesis —-Application to the focal mechanism solutions of microearthquakes -

*Takeo Ishibel’z, Toshiko Terakawa3, Akinori Hashima4, Masashi Mochizuki5, Ritsuko S. Matsu'ural (1. Association for
the Development of Earthquake Prediction (ADEP) , 2. ISM, 3. Nagoya University, 4. JAMSTEC, 5. NIED)

5:30 PM - 5:45 PM JST | 8:30 AM - 8:45 AM UTC
[S08-16] Stress field in the northwestern part of the South Island, New Zealand, and its relationship with
faults of recent earthquakes (3)

*Ayaka TAGAMIL, Miu Matsunol, Tomomi Okada?, Satoshi Matsumoto?, Yuta KawamuraZ2, Yoshihisa lio3, Tadashi
Satol, Satoshi Hiraharal, Shuutoku Kimural, Stephen Bannister®, John Ristau®, Martha Savage5, Clifford Thurber®,
Richard Sibson’ (1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of
Science, Tohoku University, 2. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University, 3.
Disaster Prevention Research Institute, Kyoto University, 4. GNS Science, New Zealand, 5. Victoria University of
Wellington, New Zealand, 6. University of Wisconsin - Madison, United States of America, 7. University of Otago, New
Zealand)

5:45 PM - 6:00 PM JST | 8:45 AM - 9:00 AM UTC
[S08-17] Distribution of azimuths of aftershock faults in the Western Tottori region deduced by the dense
seismic observations

*Yoshihisa 1101, Manten seismic observation group?, Manten seismic observation group in the Western Tottori
region2 (1. Kyoto University, 2. N/A)
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[ Room A | Regular session : S09. Statistical seismology and underlying physical processes ]

@ Tue. Oct 25, 2022 9:30 AM - 10:45 AM JST | Tue. Oct 25, 2022 12:30 AM - 1:45 AM UTC | i ROOM A 1st
floor (Kaderu Hall)
[S09] AM-1

chairperson:Mamoru Nakamura(Ryukyu University), Kazuyoshi Nanjo(University of Shizuoka)

9:30 AM - 9:45 AM JST | 12:30 AM - 12:45 AM UTC
[S09-17] Is the low b-value in the rift-axis of the southen Okinawa Trough accurate?

*Mamoru NAKAMURA! (1. Faculty of Science, University of the Ryukyus)

9:45 AM - 10:00 AM JST | 12:45 AM - 1:00 AM UTC

[S09-18] b-value dependency on crustal strength inferred from precise focal mechanism data
*Satoshi MATSUMOTO!, Yoshihisa lio2, Shinichi Sakai3, Aitaro Kato® (1. Institute of Seismology and
Volcanology, Faculty of Science, Kyushu University, 2. Disiaster Prevention Research Instutute, Kyoto

University, 3. Interfaculty Initiative in Information Studies, The University of Tokyo, 4. Earthquake
Research Institute, University of Tokyo)

10:00 AM - 10:15AM JST | 1:00 AM - 1:15AM UTC

[S09-19] Seismic radiated energy and source spectra of the regular and deep low-frequency
earthquakes in and around the source area of the 2008 Iwate-Miyagi inland earthquake

*Masaki Orimol, Keisuke Yoshidal, Toru Matsuzawa?!, Taka'aki Taira2, Kentaro Emoto3, Akira Hasegawal
(1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, 2. Berkeley Seismological
Laboratory, University of California, Berkeley, Berkeley, California, U.S.A., 3. Institute of Seismology and
Volcanology,Faculty of Science,Kyushu University)

10:15AM - 10:30 AM JST | 1:15AM - 1:30 AM UTC

[S09-20] Estimation of earthquake distribution and fault structure of normal fault earthquakes
off Fukushima-lbaraki using sP depth-phase

*Yoshiaki Matsumotol, Keisuke Yoshidal, Genti Toyokunil, Toru Matsuzawa? (1. Tohoku University)

10:30 AM - 10:45 AM JST | 1:30 AM - 1:45 AM UTC
[S09-21] Static Coulomb stress transfer and seismicity rate change associated with the 2016
Kumamoto, Kyushu, Japan, earthquake

*Shinji TODAL, Ross S. Stein? (1. IRIDeS, Tohoku University, 2. Temblor Inc.)
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Is the low b-value in the rift-axis of the southen Okinawa Trough
accurate?

*Mamoru NAKAMURA'
1. Faculty of Science, University of the Ryukyus

FERHRE N S 7 ORETIE, 0.7LATFOEVDENRESN TS (Araietal, 2021EPS) , D& 5 REW
bflE. 41 VEACLZGEMDAHEL TWREMRINTWS, LM LETHRTIE. HE N 7HIC
7 Zmagnitude completeness (Mc) DEEEENERINTWARD >/, @A RNZ 7HMHET
B SEFOEMTI=Fa1—K (M) &UEETI=F 21— KM)DENNS < RE BHERDSH
%, M4.O~5.0DMETM,. M. &L UBHERERMARAF-NetDE—X > b/ =Fa—F (Mw) %Lt
193 BN Mpl&Mwd& 4 0.1 TREL, M EMw & Y 0.63/hE\WV, DEUMwWERAEIZT B E, MA.0~5.00Di
BICHLTRETYI=Fa2—K (M) ELTIMARAESNNET I ZF 21— RA0.17KEL<AY, MR
AEInhid0.63/hx< %%, HERELTMAO~5.0DEFEDHMEBEHANRNT LRI L. AEKERNTH ST
9 DFrequency-Magnitude D A Z DEFE TTRICEMT 5, & LMch'4.0fETH > 71568, ZHOFET
blE % E/NEE T 28N H B, LA LETHRTIEZOHFENMEEINTULWARYL, ZITINSERBIEL
LT, FEEAE N T 7 EHMEKIMICE T 2bEDCERBELERA, BITICIE2001ENS52019FFTOR
KTMEHYO S EERAL, McEblEIZZMAP7 (Wiemer, 2001SRL) A#{FH L TEtEL 7=, g‘l’%til\ﬂj%ﬁ
ALEBEEM EFERLISED 2EETIT > 7,
FEICM EMDELSZFERLABAETEH. PEERFE NS 7 PEIEOMcIZRIKMTDME (1.0~2.0) &
tXTEWE (1.6~3.6) ZxL7z. GHEY 7 NOREBBTEMcH /MW (01.4~2.2) , NEWY T KT
[EMcH'3.61ET B5BENH o7z, BdY 7 b (25.3°N, 125.3°E) TlEMcH'2.4~3.4Th o7, BEKRER
ATIEMcIEF2.0CH o7, BHDOMcIZEBEEZBL TIEIF—ETHo7=, LH L. BERMERLERIC, ZDHE
BTMchEINL7=, ) 7 b TIE2001EANH2019F £ TOMcH2.2~2.8TH o7, LH L2007 FREHFKH
EDE& EICMcH3.3ETIEML 7=,
blEIEM, &M, &5 5 & EA LEBATEAELY 7 NEBERVWTEERLBAR LA, MICEBbiE

&, EEHEE NS 7HETO.7~1.208EETH >, SHEY 7 hOREENEWLY 7 NOFEETIEbED
0.7-090&FETH >/, LHALEGY 7 bENEILY 7 FOFEA (24.8°N, 122.5°E) &, bEAP =& LME
maH o7 (0.8~1.2) , BEKEFHEA TIEbEMN0.8~1.2TH o7,
NEWY) 7 bEER (25.2°N, 124.0°E) TOblEld, FAT IV I/ =Fa1—RIZLK>TER -7, NEWLY T H
DEHTE. MEMESLLDBATEMCOBRIEERL (3.3) THo%. LAL. MERVAEBEELEN
04THZDIIH L. MERWIHZEDLIERO.7TH o7, T ZIF2002F 108 ICFE L BHFEMEDORIFET
Hd, McH3.3&EKREDN>77HIC. MA.0~5.0T4 L BFrequency-Magnitude D DZEH DR E % F
IF. bfE%B/NGHE L 7= aTREMED B,

SIS, PEERHE NS 7 REIHEDO TN Rb{E (0.90~0.92) . IREKIDOFHRRbiE

(0.83~0.84) &IFIFRALMETH o7z, TDIZ EIEEERHEB NS 7 HEHDEVDEDFIE/NS BRMcE B WL
DICELERMNIEDZETHBEEZR S, EEHRB NS 7HEHOBERMERE TIE. ZhUA DI &
NTMcH'3.0LLETHZIHEMMNE DN o7z, MEEFE N 7 PFEOHFRIMER L TIIEBKREOD & EMcH
20CTHo7, LA LERMEFRERF (BEE) OB IFMcAI5LLEITBINL 7z, TNIFERBENFERL
LZRRIC B ORMBEAIEHMNICET L CWAEZ A RETH 5, HEERHiE b S 7 hEhEf ThE g < 22
WZ ek, 14 0BAICLZENIBMTEL Z2bEERTEIFTRL, ZhUNDOER. FIZIFEKEEICEK S
bEEMOFELSENTVEIE LNAVWIEERLTWS,
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b-value dependency on crustal strength inferred from precise focal
mechanism data

*Satoshi MATSUMOTO1, Yoshihisa Iioz, Shinichi Sakai3, Aitaro Kato*

1. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University, 2. Disiaster Prevention Research
Instutute, Kyoto University, 3. Interfaculty Initiative in Information Studies, The University of Tokyo, 4. Earthquake
Research Institute, University of Tokyo

WMEREMN ET T ZF 12— RMOBERIZ T —FT RS - e —RIICRD 2SO NTWS, MULED
HEDEHNE DREKRIXlog10(N)=a-bM&E L TEREINTWS, ZDbENBZEREMNICELT I ENEHRE
INTW3, FI, EFOMEBEAESELICHEY, FHlAZENKROONTE L, FIZ, AHERIIC b ED
BT BZENMRESNTVWS (BAIE, Nanjoetal, 2012) ., BAERABEICEY b ENZIRHD LR ICHE
WHPTBZER, TRV II5NDESIBEHTObEDRBEHNDEVERESNTWVWS, —ATIEbED
BOWELAHTANZZLICDOVWTRFELLEDbI>TVWAY, £, IRTHLLENY Z2HODERLIHTD
bEZEEDANZZALORETIEHFY SNTWVWRW, Z2IT, AR TIFFMISRESNAHEDOA D= A
BEBWTINSDEREHA S,

2000 SRR AT EZ RN CRAEREERORMBERC2017FED 1000 &R (0.1 RMEER) X
Y, BEOSVWEREMERIBOLNTWS, AMETIRINERW L, bEDESHYPHREEDEFRERS:
HIZ, AR TIKISAGZEHEOKBE & DFERERD, BEMICIEISHIGICRB L ZBAE—ILEEHE
X, TORTORBILEAM, ERISHERD, TNSOREITEICARYMNERSLTbEEHEL

oo IWHBIEEREAZB 70Oy 7 (KEIXIGEEX2.5km) ICHEILT, ThEFRHEELTEHED,
bEDHEIIELEEAY, ¥/ =ZF1—RL YIIF2000FEMN1.5—3, 2017FEHN—03—2¢BE L, R
BIELAEZERDICHT 2 bEOEIESERETESNAUWHEE (BERANKELRBZEbNNEILCAHRB) DL
JICBLNZ, — A, BHBIEERIEANTRS L, bIEIF2000FEHN0fHET2017EA —0.612E TR/ E R
%, INLOFERMS, bEERFRI/—OVRAICHLTRBETHAMBEMm TAETVWHENRBIYPTWVWI EAERL
TW3, BRIEBHATZIOE S BREAIPRLNALE VWD BERIIEDHOEIEE WD LWL L BMBHEISE
WEEDENNSLKARBIEEEKRLTWS, £/, COLDRERITREEEZIBE, 2000EE20175F
DIFBAEEIRIENICT T 2R/ b EDEWVIERRHOEVNE R L TWT, 17F0OEBEE CERGH O
BLEZEETBLTWS,
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Seismic radiated energy and source spectra of the regular and deep
low-frequency earthquakes in and around the source area of the 2008
Iwate-Miyagi inland earthquake

*Masaki Orimo’, Keisuke Yoshida', Toru Matsuzawa', Taka'aki Taira®, Kentaro Emoto®, Akira
Hasegawa1

1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, 2. Berkeley Seismological Laboratory,
University of California, Berkeley, Berkeley, California, U.S.A., 3. Institute of Seismology and Volcanology,Faculty of
Science,Kyushu University

FREMEERME IR, BREMELIIERIFHEFOMETH 2, AREDHREOBEEMEICLERT, HERD
HHRRHMEL., HENLREHREIFT DI ALV, FHRERFMEDOHE XM BIEOFMIE. BEME
NEERTHZEHBAINTVIEBEME LR E LI >TUVRWL, > T, FREFKME L EEME
OHEROIRILF—%2E2L. BT 2 &, FHERKMEDOHERMIBEAMBT 2-DICEE
THhd, AMFETIE. 2008FAEF - SRAEMETRES S U ZORMNTRE L-BEME &ORBER K
EOERARI MLEHEL, HBEIRILF—2REMICEART, 2008FE5F - SBREMEERES &
UZDREMM T, HhEREFTHERAKME CREBERRME) MREELTVWE I ENHREINTWDS
(Nakajima and Hasegawa, 2021), AR TlL, TN SEMBARRICINA =, HMERDER AR MLAEBWL

DY A4 MEEOHEEZZITTLED, BRARIV MV EALIVERICHET 20ICIE. ThOORELZRYRKR
KEBEAH D, AARTIE, HEROEFEEEFMA L7 I2—4 BRI (Aki, 1982; Aki and Chouet, 1975)
AFALT, EEREQ 'S LU 1 MetEAKE L7 (Takahashi et al.,, 2005; Yoshida et al., 2017), &
DIER., BEME 1464 @, FEMEERIE 169@. REMERKE 52 BOERARI MLAKET 2 &
M TET, Snoke (1987) DAEERAL T, MBI R F—e ZHE L1, BEMEDIog, e OFHES
S UEEREIE. ThTh-43. 0.39THY. KITHHR (e.g., Kanamori and Brodsky, 2004) & FAFIMIT
Hotz, FEMERKIE &R EMERERED 0g, e PTHEIEZNEN, 6.9, £-55. THol (BHfFzE
IE. #Zh#N0.43&£0.50), EERMEDRBIELIRILF—IF, EEHMEDFNELLEL T, —HH S5 ZHE
BEhNIho7, BEMESERKMEOHEENIBEDEVERMLTWEEEZIONS, BEMEDHRE
EZTRILF—DEBIFICIE. FEHPREOSN, BRI RILF—PLHEINSVEEHES. 2008FE

F - SAEMEESREEEDNIEETEZECRELTHEY., XEERRME L HEE LG TRET 18
mMAR SN, 2008 FEF - SRAREMERREEEDNUREEIF. BRKELA LMK E WihigTHh

%, BEBKELN, HERBSFICHEAEZTWEIEERLTWVWEOLE LAV, KRR TIE, BITTR
HOMERERQ ALREMICHETH B ERELE, LAL, FRERRTEEIREMREL Y & FHTHRET
B, EEICIE., FPHERRBEORRTIQMBREMELBRAZATREL’H S, FHERRMERES &
LERMEBOBERERQ DB VWHIENICEX 2HEATMT 570, FE 15km 2R E LEBERERQ
DEEEERELRE. ZOBAIESNERBEIRILY—%, ZREMICHERQ 2RELEBEDERE
L& L7 22, log,,e,PTEHMEA, 0.1 BEZLLADHT, BELEWIRShAN o7, HEREEQ!
DEFERHEMEDIRED. BEHE & RHEREMEDEZEWVWIEAFEIIRENTHEEEZILND,
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Estimation of earthquake distribution and fault structure of normal
fault earthquakes off Fukushima-lbaraki using sP depth-phase

*Yoshiaki Matsumoto', Keisuke Yoshida', Genti Toyokuni', Toru Matsuzawa'

1. Tohoku University

201 1 ERAL A R (LARR, FRALHHE) oFRLER, FILAXRGESER T L — NRTIE, ZHLED
FTIEREACTASINTVARD S EMBEOHMEMNERICKEL TV, RiLHER, RILBERHEEMR
TL—hMERAICHRIE /. Hasegawa et al. (2012) I, Momenttensor 1 Y/N\—=U 3 VICLUBLNEE
BAEBE AN XALRICEDE, RiLHtEN LBEAI 7L — MAOISHG % R EfEREH, SRS [FRIRAEIC
WEIH/-aREMEIEHL TWS.

IMNIEOERIMPHBAADIERIZ, HEBBEVCICHRELEBET2-OOEELRERETHS. LHrLA
S, BEBMTRETIHEICOVTIE, MESHIEIERNICEROHKCLIDE LAV END, HEH
SME - BB EICODOVWTOEMRBREDIFREBZ I ENHLV. & xE, RiLHERICEE-REHET
RETDEDICHEMERMEARRT—TEERTAH2 &, TL— MERICHERIBIA > THREL
TW3EIICHEHAZ S (Imanishietal, 2012). LA L, ZOEERSHEDOLVH, REOMKEBEEE RILL TV
200, TNEELERDORIBEICLDZENTOEDRONDHIETIZE L . 2016FELE, REAKFEFEH
TlE, SnetF— 9 2AWVAEEREIDHENTREICA>TETWSD, ZRUAOMEDZES DREREIZE
WEXTHD. AR TIE, RIEEFRHE, FICHRILHHMEERN S EMBREMENSHE L TV REE-RIFHT
FELLMEETRIC, depth-phase & LTHISNTWS sP K (e.g. Uminoetal, 1995) #FHA$5Z &
T, EROFRIEREICHEL, EBATL—MATREL TV S EMBHEOKHBREEZHONMNITEZ
EEBNET B,

SIS, BE-RBHAEXMTREL TV HIHMEOHIEM ZBRICI VAR, ZOER, Z<OMEIC, B
EPKE BESKOBICEET 2HBARINFET DI EN DD 7. ZORBIIETHRDICEBL, ERE
BEOELDZEARTAHTE PELISDENKEINRARELG>THEY, BERENLDBHRICHEKRTRE L TEH
BIRICEELE sSPRERT EEADNS. FnetiC&? CMTEROIBERICEDZ, Zhu & Rivera (2002) ®
code # AVWTEREBASRDOERER 25T E L Thd &, BARESEVRETARERICERIENIRNTWL
e ON. AFRTIE, IThS5DsPEEZAWVWT, HEOERORI2HERT 3.
BE-RIBGPCRE L Fnet ICKk 2 CMT @AKE >TW3 3.2Mw 5 D12974 RNV N ETRICERT %
To7. BET—49 &L TIE, S-netZBLUAINSFEATREAELT—9DHEFERALKL. SHEICHL, 8
AR D sPIRDRIERL ZRE REIAT 2RI Z RO, BEMICEK, ERERNEZHET RS ZEAR
N5, PIREE1sEINSSKEEOLSHIE CORBRICE T2 UANO—TEATOHEBEIRAELRDIFESE
BHERLE.

BONAEEROZEIE, [SRFT—TEERLY E10km BEX < ARZMEA%E2TIR LK. Fnet TRESNTWS
HEOCEY MOA RORESIFE, [IRT—TAEEREL Y ERMUISEWMERDLH > 721, RARARATHE LLER
B, FnetiCE2ERZESLSYUHRBUITELS R o7, AR THELNEERESIDFETH, [RT—
TTAEERERARKRIC, EMBREMENIRAICEMLTABLTEY, ZOBED, BERREREICHRXT 54D
FTDEDTHRWI EERET S,
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Static Coulomb stress transfer and seismicity rate change associated
with the 2016 Kumamoto, Kyushu, Japan, earthquake

*Shinji TODA', Ross S. Stein®
1. IRIDeS, Tohoku University, 2. Temblor Inc.

BRAMEI G~ E) B OFEIC & 22016FERME (M7.3) HNS6ENBLE. FAETIE, HE
B#HNS5H30-40kmEROEREMEQAWE T TIEA <, JERICITME, NEME, miIcidiRim, BEER
B, ARk, \BELRE, 77746 (off-fault) B TOREZTIHNBEZICREDOOSNE. IN5D—E

&, AEEZROHAETOMS. 772 EEMISHEILTEHER (Yoshida, EPS,2016) Sh/-fREHEEZh 5D
KREFTEEH DN, SLHEEAMEOAEICLZHNI—OVIEHZEIL (ACFF) &XIGT 5 ENEAH S
ST W= (Toda & Stein, Temblor, 2016) . AEKXTIE, ZDEDIRBRERDREZTEIIOWVT, XER
GEME WO REMNBEANSKRITEMAZEDTHS. IS, FEREHTIIRE LEVWVHEZTHEDET &
BDACFFEDMIHY®, REZHOBBIREMREICODVWTERTS. =7, BEAMENSDEREIERYY
THI¥ (2016/4/16-2019/4/15) &% (2019/4/16-2022/4/15) I F, REFEIOMFEHEDERSH S
BEDFEIEEA L. TOKRIC, RIDELRME (2016/4/14 M6.5) BiD (2000/1/1-2016/4/14) *
ERMhEREAEE AR L, BAMEROREIFOEHELLELEL. TOERER 1bICRY. $HTRRE
AMEDOERN SIEROMERD, EREOEARAT~NARKT~N\RE, ZTBELER (Hle) 2T, KERE
ORI BETH . Ihbld, REEADENE S ILRERNDOEET METEDIED ACFFfE &AM T
Hh3. 1d, HEHNLRKF-FRHORERENNIA—Y L ERHMETHEEE L (RERGERBEETYEY
TJUERR, INODOF 774 MAREFBHI20ELULICEB IR EDbh o7z, BEURICERFMEFE
LRIVICRZZ Y 74 M REERBHNTHZ. — AT, BAMESREMBOILE & EAlTldAEsTHEEEs
RHoNDB. L, ABICKTT2HEIC, BIAMRAE—RE, BRMERHI H - IHE, RHOTOH
BlbIMREEShZZEEHB. T TR, HERLHIFORERY (M0.5) &#5EL, FEIOETHIERMEICK
BTN EIDEEEICKETLE. 220F1%E1c, dICRY. B8 —HETEE (B1c) TIX, 2009%FIC
MA.7EZDREZTFNH Y, BRMOICEAMERICEIHFAETE LTHRAINTEIWSD (H1b) , ZDE
FERVWTHEAMERICEBLLTWRDIXBEETHS. —AT, HIdIE—RFHOETHIRO LN

B, BHIRERBICITNEFEOENDLHZ. Thid, REISFHBAINTUVWEELIIC, 1) AEDOEMIGHZEL
ICE BB EMEDFEREBEEDFINR A BURICREELEZZE, ELLKIE, 2) LY—NBOSHM
(Toda et al., Nature Geosci., 2013) & %2:ENE#TR2{t (delayed stress shadow) DHEEEMEAE Z 5 NEER
FEW. WTNhICLTH, BAEICK 7 —OVIEADEAE MEFEDERL - #iEbid L <HSL, Zib
LzthEESERIAE L TV 3.
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What factors contribute to cut-off depth of crustal seismicity?

*Akiko TANAKA'
1. Geological Survey of Japan, AIST

Heat flow data contribute to the imaging of the lithospheric thermal structure, which greatly influences
tectonic and geological processes and constrains the strength of the lithosphere, the modes of
deformation, and the depth distribution of earthquakes. To provide a more reliable estimation of the
lithospheric thermal structure, some complementary approaches are possible.

One approach is to update and incorporate the existing thermal data. The compilation of global heat-flow
data is currently under major revision by the International Heat Flow Commission (IHFC
[http://www.ihfc-iugg.org/]) of the IASPEI/IUGG. The significant improvement over the former heat-flow
database structure is the implementation of a parent-child system for heat-flow data determined at each
location and an extended set of meta data fields, relevant to enable quality control, and supporting
interoperability following FAIR (Findable, Accessible, Interoperable, and Reusable) and open data
principles. We updated and incorporated the existing thermal data in and around Japan. A new version of
the database “Thermal Data Collection in and around Japan” , which contains continuously updated
heat flow and geothermal gradient data and adds thermal conductivity data in and around Japan, has
been released in 2019 [https://www.gs].jp/data/GOTM/GSJ_MAP_TDCJ_2019.zip]. This provides an
opportunity to revisit the thermal state of the lithosphere along with other geophysical/geochemical
constraints.

Another approach is based on the complementary interpretation of different geophysical data sets. One of
the promising indicators is the cut-off depth of shallow seismicity. Several studies have been conducted to
assess the inverse correlation between the cut-off depth and heat flow since it has been attributed
primarily to the temperature. Some abrupt fluctuations in seismogenic depth may be caused by changes
in lithology affecting rheology [e.g., Magistrale 2002]. Relative contributions of heat flow and lithology to
controlling the cut-off depth will be discussed.
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Evaluation of seismic activity characteristics at different depths
through laboratory rock fracture experiments

*Nana YOSHIMITSU', Hironori KAWAKATA?
1. Kyoto Univ., 2. Ritsumeikan Univ.

BRZFEE, DEVEARDIGHREICBVWTRELAEHESD, EDLDARHBRACHEEREZF DN ITELE
W, EFEIFHEIO kML THE ABOITEZEOHEIC L 2HFRIBICH 1T 2FRMEORELHIEML TS

Y, ZOEBHUEOTMAEEEL R >TWS., AFETIE, BELZHETICS T2 E5AD=EHERBKIESARS
ICHRE LABINRERES AR T 22 8T, ERZEIICHIIMETHLAERRT 5. 5ADEBARPICH
49 BRI IZAcoustic Emission(AE) & M X, FEHIBARETI20O0ORBATRETZZEND, ZTDE
B RFIERISHBOISHPAHEDREEARML TVWEEEZONS. Fxcld, 10 MPaDEHETICE TS
WesterlyfEmEa D =8EMEAERZER L, EFHERAENSKEERT % & & I12(Yoshimitsu et al.,

2014), ZDHEHES0 MPa TICE T2 =EEMERRICERIIL 7=(Yoneda et al,, 2017). AEXRTIEINSIC
A THFHAICEHETOO MPaTICEITZERBAEELA. 3DDOERKRICIEERS0 mm, &X100 mm®D
Westerlyfema2fALE. BRBXETICEVWTEMNHEERZ ICEHISHHE THREDCEEEX CHMA L
%, BEMHEICE 2EBEHEFENTTEREL, HIBERELZDAZOLICHOENMIEHBAMETLEZEZ S
THREF L. £8P, HEMEICA >7-85(100 MPaDIgANH7R)DEHEE Y H(BEXTESI v I R4

8, 100-2000 kHz) CAEKET % 20 Msps TEFTINEX L 7=. B SN @EREikh SAICIC & WIREBLEIR L7ZARE
TILERAWTHHFDILE LAY ZEEL, AEEREZTIVH L. RNZEERICLIZIERAEERELELE S
3, RESINFARY KME, T0MPalZBWT 6794, 50 MPalZl W TH#I65000, 100 MPalcE8WTH
70000 TdHo7z. TRTDT—RIIBWVWT, ARV NEENIEMRABERICITERTHY, AERKIFEAERE
Liaho7k., ZD%, BEDSOYEE X CEEBIED & EFENIIBRAISERICARY, FRKBEABAEIC
RBUICANRNY NOBMNMIBA S, AEFEOHRBERBE DD SHEE L 7=Gutenberg-RichterfllIZ & (7 2 b{#E (3272
EDEERLE. ThIE—BRHNLBEAMETENSBONDIIREDLEICIERS & RE L, BERMEL ALY
WEICEWTHLNZEICE. 10 MPa, 50 MPaD@ 7 —RICEWT, bEIRZRKEBEIE D £0.31RER
DL, IhbkY, 3DDERZHETICEWTAEORERUIEWEHZEDD, ZOEH/NY—VI3IEE
ICEKBUTWB Z &M hh o7, ERABNNDAEIEARREICE IT2RIEICHETZ2EDTHY, KEEIC
EIDCETIEEAEFTHNRESNABAVE VWS FERIE, BRABEBICEVWTAEDIE 2 HFIICIEERBIIRFZSN
HEYRLNABWZ ENZWZ EEFMNTH S, WOHIOBAMEICEVWTIEAMBETRE SN0 & EH%
DHIEDERILELR SN TWSBA (e.g., Jones and Molnar, 1979), L — MHEERE FER D AREMELDH
Y, EEMALERICIEGEFENDETH . AARTERY K->/ E10-100 MPas WS EARIE, Fx1-3
kmiZEOHARICHE T 2. LN >T, AHROERIE, RIBHBICSVTELEROENIEHEFE /R
I—VICRERHEBEEZ R VWHREEEZTRL L.
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Verification of Seismic Gap by means of physical and statistical models

*Giuseppe Petrillo', Jiancang Zhuang', Eugenio Lippiello®

1. The Institute of Statistical Mathematics, 2. Universita della Campania "Luigi Vanvitelli"

Spring-block models are a striking example of how implementing the right physical laws in a model, even
with few parameters, it is possible to reproduce the statistical features of earthquakes. In fact, in recent
years, the introduction of an additional parameter that regulates the elastic rebound after a large
earthquake has also allowed the optimal description of the statistical laws of aftershocks. In the
seismological community, the estimate of the occurrence probability of the next big shock on the basis of
the time delay from the last earthquake still represents a big challenge. In fact, the real catalogs still
contain few seismic events, therefore appears difficult to test the so called “Seismic Gap Hypotesis” in a
statistically relevant way with current historical data. Instead, extensive numerical simulations can be
obtained with up-to-date realistic spring-block model and allow us to test the Gap Hypothesis. Our
numerical results support recent findings which have shown that important insights can be obtained from
the spatial organization of aftershocks and its relationship to the mainshock slip profile. In particular, we
show that large earthquakes do not regularly repeat in time, but it is possible to achieve insights on the
time until the next big shock from the percentage of aftershocks occurring inside the mainshock slip
contour. Finally, it is possible to describe the physical model numerical catalogs with other
statistical-based models by means of Likelihood Maximization procedure. The results of the optimization
for the Stress Release, Triggering and Self Exciting Long Term Correcting models confirm that in addition
to the triggering process, the charge and discharge of stress due to the succession of events also plays an
important role in seismic prediction.
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Seismicity and its implications for fluid movement in the northern and
central Hikurangi subduction zone, New Zealand

*Kazuya TATEIWA', Calum Chamberlain?, Martha Savage?®, Tomomi Okada’

1. Tohoku University, 2. Victoria University of Wellington

Introduction

Beneath the North Island of New Zealand, the Pacific plate is subducting under the Australian plate along
the Hikurangi Trough, forming the Hikurangi subduction zone. In the Hikurangi subduction zone, some
recent studies suggest that fluid movement from the oceanic crust to the plate boundary or into the
Australian plate impacts various seismic activities such as SSEs (slow slip events), tremors, and earthquake
swarms. Tateiwa et al. (2022, JpGU) relocated earthquakes in the northern Hikurangi (37S -39.5S) and
classified them into those occurring within the Australian plate (AUS), within the Pacific plate (PAC), or at
the interplate (INT). They found that PAC, INT, and AUS earthquakes were active during the pre- and
co-SSE period, co-SSE period, and post-SSE period, respectively, which indicates fluid movements before
and after the SSE. In this study, we extend the study area to the central Hikurangi (39.55-41S), classify
earthquakes into AUS, INT, or PAC, and investigate the relationship between earthquakes and SSEs.

Data and Method
We selected all earthquakes in the GeoNet catalog of M > 3 occurring between 2003 and 2020 in the

northern and central Hikurangi and shallower than 150 km for analysis. The number of earthquakes used
was 7,616. Data from GeoNet broadband (HH) and short-period (EH) seismometers were used for the
study. The classification into AUS, INT, and PAC mainly consists of the three steps: (1) classification based
on the re-determined hypocenters by this study, (2) classification based on the focal mechanisms from
the P-wave polarity, and (3) classification based on the cross-correlation of the waveforms. The number of
earthquakes classified in each step was 3,269 in the first step, 260 in the second step, and 244 in the
third step. To find the occurrence of SSEs, we used all GNSS stations by the GeoNet within the same
region as used in the relocation analysis. We defined the occurrence timing of SSEs as the timing that the
GNSS transient eastward displacement occurs based on linear function fitting. We also defined the 20-day
period, from 30 to 10 days before the transient displacement appeared, as the pre-SSE period, from 10
days before to 10 days after the transient displacement as the co-SSE period, and from 10 to 30 days after
the transient displacement as the post-SSE period.

Result and Discussion
PAC earthquakes were distributed widely, while AUS and INT were distributed locally. Many AUS
earthquakes in the northern Hikurangi were where the extensional areal strain was observed (Dimitrova et

al.,, 2016), indicating that the extension increases the permeability of the crust and makes it easy for
fluid-related earthquakes to occur. INT earthquakes were at the periphery of the SSE source regions. In
and around the shallow SSE source region, AUS earthquakes were active during the post-SSE period, INT
earthquakes were active during the co-SSE period, and PAC earthquakes were slightly active during the
pre- and co-SSE period. This is the same as in the Northern Hikurangi (Tateiwa et al., 2022, JpGU). This
characteristic temporal relation with SSE dependent on earthquake location can be explained by fluid
movement. That is, fluid movement from the oceanic crust to the plate boundary or upper plate, as
proposed by Nishikawa et al. (2021), may have triggered SSEs, tremors, and AUS or INT earthquakes.
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Fault valve action using ancient magma system caused the intense
earthquake swarm in Northeast Noto peninsula, Japan

*Keisuke YOSHIDA', Masaoki Uno?, Toru Matsuzawa', Yohei Yukutake®, Yusuke Mukuhira®,
Hiroshi Sato®, Takeyoshi Yoshida'

1. Graduate School of Science, Tohoku University, 2. Graduate School of Environmental studies, Tohoku University, 3.
Earthquake Research Institute, University of Tokyo, 4. Institute for Fluid Science, Tohoku University

BFRISREEFBILRMICEWVT, RE, FEICERLCHRMBERINRELELTVS, HRRAICH T 2RFRM
EOREICE, LEULIFRKLESICEFRT 2REBENIELoTVWE I EANATREBINTWSA, ZOHEIIIR
XL TH 2, FFRTIE, COBRFEBBIHOREERZFANZENT, BROKFEFELEHME
RGP E Z AT,

EROBREDER, BRBICADND 4DDHEI R —DELICEVT, HEOERNSHOEEEE
AWTEESRH SREBABE L TOWKHEHBAR SN, ZOHEEIE, STKEBOFRMETHCREICERTZE
RDEERMERS) (e.g., Yoshida & Hasegawa, 2018) & BELLL TW3, SERETEIL, < OMEFEIFAM ST
i&, ERE O THAAMISEVSAICRE S 7z, Nakajima & Hasegawa (2007)IC & 3 hEREE N ES S
1 —ERICLDE, CORFADETICTY MUILKEL SEOBREEEIEFET %, JOSKIEREHN—E
/ﬁﬁﬂ%ibéﬁf\./uuW@{ GRICR > TWB I EAERBT S,

ZOMEFREFEERMMEOERSFIE, FHUARKESEEZZEL, BEAVTIEEITITEZTYELIC
S ULBRERICELLTHZ S, RIE, TOMEBICIINIGEEIFREST AW, LALALS, hifidhitto
BARBILAKBICEWTIE, ZOMBICIEERANUFHANELTWS, £/, TORMETE, RESRELICE
REDHLTEY, LAY D ARBMIALE (BHe/4He) BEBIE N TWL S (Umeda et al., 2009), BEDHILT
ZRFEHOBRICERSNBEEREVWEKEEHFELIEIT TVWREIL LAY I EE Y AEREERICEFEEL
TULWBAREMDEAOND, B LI, ALY/ YHaREFERALT, REDRFAHICERLIEY I TER
PHTCEITLTVLWSRAEEEHZ20E LW, FEiRFiHHZ WNEHZWEREDT I EHICL YIRS
75\‘5%7:‘53“7\./)|L1¢73\ EPEEqJ%ﬁTELlM@/ﬁﬁYJEL-.iitfnﬁ.ﬁ'é AT ZREBOBRREMICE R L - Hig%
AWTERTBZEICKY, —EOMENRELLELELZEZRLTVLWAHEELH S,

COMEFEFDICIE, WEFELITTIIHRBETELVWEZLMBREFHIE BTN TS Y (Nishimura et al.,,
2@@,:nﬁﬂgw%iﬁmt@orwém%@1@at%ﬁbtvaT%ﬁ#%zené BZIE, hE
SEEIEAROEBICIEHEOERIENAA LN S D, I TREEEMNICERY 2 EMEMTY PEERO %L
ZEERTOIE LAV, %Wk,%@;oamm#aﬂ =i, BROBEREMEFEICOVWTERES
N TW3 (Yukutake et al., 2022), AHERDERIE, BETIEIEXLMIEE 2> TWBEEEEEBILREICE W
TH, PHHDY 7 MNEEICHD HILT S KIEEY, BEDRMFAKICHED v/ FEICEART 250E&
D, MERSS LR EHEZELITTVWEIEETRET S,
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Source process of moderate earthquakes off the east of Izu Peninsula
in 2006 and 2009 : Relationship to previous swarm activities

*Yukako Tanaka', Takuji YAMADA'
1. Ibaraki University

1. i

PFEHEEORARTIE, 1970FREF LR, WRBEEZ M4 D FAMEBFHNMREVRLEELTWS(eg.
Hayashi and Morita, 2002; Ueno et al., 2012) , 1989F ICIFBFFHMEZFNDERIL & HITBEB AN EE
L. EFHE T OMLUMEREE DEFRHIZEH/INT LS (e.g., Okada and Yamamoto, 1991; Tada and
Hashimoto, 1991; Ukawa and Tsukahara, 1996), AR TIL. FEFXERAHTHRE LBEXMEFTED D
5, 2006FICHKEL-4HE (3.9=sMws5.6) B L UV2009FICEE L2HE (4.8=sMw=4.9) ICDWT., &
BRi9T ) — B (EGF) ZRWEERHEERDERA v /A= 3 v a7y, EREEBHRICR SN 258 %
B2 ebic. BEOHMEFREHREDMERFREZLERL. FHOEREZERL,

2. T =48 LB FE

B CEORRMEFEDICHE L-EHRO/NE (3.4=sMw=3.9) OEBIRFAZEGFE L TRV, EREFH
OB AT o7, EF b, BANKRMELFERLCADZILREFO2MEDOMIC, BITERIEE
BRIZANZALBEF OMWEAEGFHEE LTHWSZ & T, BROEFEHEEIDTWVS, BIAITRD
6HE. BLUVEGFE LTRHWETHEIR. WINEBThEBE TH o7, BITICIE. KRR
(NIED) DK-neti#EFticska AWz, IMEERFREHRETED L TEREREF & Lz&. 0.1-1.0 HzD /XY KX
274 IEDF, SHICSEESTCIOMEZ00Y B L TEMTICERL =,

RATICIZ, 0.05 T DT 5 LA40EDRKER A AW, EGFithEDEREFMBREMIIIRIBHGIFRE0.2 D
ZN=AFTREDZEREL. BRATRMBEDE—X >~ MHNIEDDOCMTEDOMWIEIC—FT B & DEHED
T, BTERIEOEREEEREKE KD,

3.EREER

BFHSELMECERNERNZRICTT, MU, @ANKREEL. BREFOT22HEHRBEOKREZ VWIE
ICIR-7-BS %, TOMEDELEMET S, 2006F ICHKE LZHEICDWT, EQO06-1(Mw5.6)I%, FRIERIIATE
02MEBETE— XAV ML —IM'HERRICKR 2K, 1HREERZ3IK O ABELREI LTV
%, EQ06-2(Mw4.5) & EQ06-3(Mw4.3) & IC2EDIIEA R S, EQO6-2(3 2B DIIENBRETHZ—H
T. EQO6-31Z2EE DIIENBA S NN S W E WD FHEAH 5, EQO6-4(Mw3.9) I A EMIGIFEO0.2HFRE D
B—DWIETH o7z, 7=, 2009FICHELE LAHEBICDOWVWTIE. EQ09-1(MWA.9)IE KEAMiEAE I L7
%, INBEELRIENER L TRELTWS, —HTEQ09-2(Mw4.8)Tld, EiKIEE. 0.2 WIREDBERE (T
T, NMNABRBRIEIREEL TV,

ERHIASBONAZERAROBFHDEWVL. EROEEOMICEETZEEZ LN, EQ06-1, EQ06-2i
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*Tsukasa Masudal, Takuji Yamadal (1. Ibaraki University)

2:45PM - 3:00 PM JST | 5:45 AM - 6:00 AM UTC
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S08-04 The 2022 SSJ Fall Meeting

Quantification of expansion rate of aftershock zone for M7-class
earthquakes in Japan: Potential as differential stress meter

*Yuta MITSUI", Yuya UTAGAWA?

1. Faculty of Science, Shizuoka University, 2. Formerly at Faculty of Science, Shizuoka University

20045E/X— 5 7 4 —JL KEME)$2010F AN - HY T # V=T (TILTI—Ib - 25/ HEMT.2)T

&, AEHLS ORERFE O EICLLAI T 2 TREEILAH A U 7= (Peng and Zhao, 2009; Ross et al.,
2017) BERICHDYMEAN=ZZILDERHE LT, AEORMIRVICLZREFENEASNTWVS, R
TARY DIEFEICOVWTE K DEHIH RN 1THN T WS (e.g., Ariyoshi et al., 2019)— A T, KREBOILKEE
ICDWTHOEENERIINT LEEATVWARY, ZITEAMETIE. BAEBRTRELAZEROKRMEEF &
LT, REBOLAREXLLE - BRETT 5,

[SRFOMEAYOTT—YICEDE, 2000FEUBEDY I ZF 21— RK6.9-74DMEEKEL LE-LT. XE
MNOT00BEUNICERAECRELAY I ZFa1a— R ULOMEZRELEERZLE, L. ERAEHRE
NMEWSDREHN(ENTL)DRLL A >TVWE T -S54 AMEE, KAWBRFHNFRREKIEL L

2016 FREXRME (e.g., Uchide et al.,, 2016), T 5ICXY Y =Fa1— R8ULDEAMEEZDIEIL. HETR
DEAEBDSRA Lz, REBOILKRZFTHET 572H1C. AEBRERN S DIRTHREEREZB W, ZD3RITER
BAME., AN SORBIENE)E#EE LS5 7 LT, KREEMELZ2BFERIRATE 3, ILFEE
ICDOVWTT—9DSDEHMEEITD 128, BBFEERFBERICOEILAZLT, ANEEKREL. SEREARD
FTAREERIOREEVAZORT S, EVWHIT7ILITY ILERHELE.

RITDER., REEOILKEREIHEFREICHT 5)E,. KREHD SH#HEE L 7=Gutenberg-RichterBI Dbl & DFE
IZ. -0.7%BA5EBVWEDHEEAIDHZ D bh o7z, —A. AEEEAEDRIPRE I EDEICHEEE
BRWZ Etbhh o7z, BHEORRMBIMR(Scholz, 2015) &b, REEHODILAEEL SEBRNEHAT 2
BRXEISHENERB . ZORIE. ERAPBVFIEREBOILARENAKZVE WD AT, AENICEEN
EEZOLND, IHIC. ARER., AENTL— MERBEOBAICKEL, FL— NRABEBEDHBEICIE/ND
SV EVWSERALrRELNE, D2 &, TL— MERMEOREEHA 7L — NAMEOREH LY EEL
ERNBETERER)ICHEIEERTETEN, TL— MNERMES L — NAME & OMBRBEDEWNE
EHOERDFELEZIONDS, /. ULDOERIE. ILAREOBEHERRICKELTWS, ZOBEEH
ETZILT) ALIXEZHABEDTHY ., HEORMAFEHR > TWVWEEDH, TORICODVWTDEREITI,
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Stress Drop of Small Earthquakes in the Southeastern Kanto Region

*Kaho Hashimoto', Takuji YAMADA'

1. Ibaraki University

1. B & BT R E

R AEERETIE. @71 VEVEBTL—MEAHFAH. SHICZEDOTICERANASKEFETL — AL
HFIAATWD, THNICEAEL TEMREZNAR SN, TERPES., eumRSICHEFINTREL M
B (L&, V529 —#7) B EFEET S (Kla) . AFRTIE. 2003FH 52020F DM IC AR A RIRER
THREL40<=Mw<=5.0031 EDHEEZTRICHIETERT ATV, 753 R9—TEDEHPHED
FIEDOBEREERLE, BITLAAHEORKREEIZ1125kmTH S,

2. BITF&

BB 2R MR OEREREZEAHE (Hi-net) OFRERFZFA L. Yamada et al. (2021) DFEZA L
TR T2z, FEDHMIZ. UTDBEY THD, BITRHRD4L.0<=Mw<=5.0DHEICKZEEET S
Mw3.5DMERF ZEGERF & L. £, BT RBMEDORES L VECEREZNETNDARYT MLEEH L
Too RIC. BITHERHDZARY MVEECEEFEDARY MLVTEIZZ &ic&Y (FavAR

Ja—3v), HEFORBOFE, SHEEOHBORE, MEFHSEEZKREL T, #iTthE S EGFith
EDORRMMEEICES T EERIFMEDLEE RSO, & 5IC, Boatwright (1978) DA X H2EDARY MLK A
WTO—F—REHE#HE L, RRIC. BIREEREASKEDI0% & RE L T, Madariaga (1976) DET I
"o, IGHETEDEERF,

B.RREER

H1(b)lE. AMETHBOLNIZBAETEDRITERTHD, £3. VSRAY—BDEWICODVWTERT S, f#
MEDTEEE %, H1(b)FOEAWVRICHST 26XKiFICH . RIBEOIGABETEDZEIZD W TWelch®
tRE (BMEK5%) %21To7-, ZTOHKR., RWRAILI S R¥— (F) . FERA—EETRELBHMHE
DISRI— (B) KHATHARTENKRE, ZOEERENICEETH 7. BiEEToda et al. (2008)
THEAENTBINAE BRI AV M $LE 714V EVESL—MEE, BBEXFEESL—MLEET
HRELLMEEEZIONDS, BRABTEEEE L TEMTEBEOKRZIDIBIEELR 575 (Yamada et al,
2021) . Lig2iuific BT 38EIR. 74 VEVEBET L — N LEOBKBEDN. XEFSL— N EEODENIC
RTREVWCEETRBLTVWEEEZ LN S,

RIS, BV R —ADIEAETEEREIMICDOVWTRE Lz, KIREFEHRD I 29— (H1bDFKHERN) T
$dbim & BIRERIE WHE, FATFERMDEDND I TR — (1) TlE. LWRWHEEF EIBABETEASKE WV
ERArR o, COEREEENICARD LD, V7R —FmRIMSDEHHZWVTERODRSDEHE L
T. SHhETFTEE2RRLE (B2) .

RIBBFEED Y T RY—TlE. V7RI —HhRHOSDEMNRELR S R—F VRIFEHHNTRE LEHEDIRARE
TELEHL OTEHBAETELZEHR Lz, R—FVEEHOEA1 kmICEE L E, #F%0.5kmd Dk
AL TEEBSHETEOHB ERAN, TERELINDI ZRAY—TlE. SRFTOERDREIREREELEEL
TRIDIEA kmDBEEFEZREL. TAIKTkmTOT S LANSEHEAETEDHB A, H2alcRxL
ERBRAEDI XY — (H2a) TE. HITROWZHERES Y., 759 —DHEBOMEFEBIET
ENKEVZ ENDA D, FTEFRAD (M2b) TlE. BRABRTEIRI L EHICEMLTWS Z &by
%, 212L. HEZTEDIIETEEDIESDENKEVW EICEZTENVETH D, 77 RAYI—DFLET
IIBIMFRENRE WDICZFOAATHEARELDSOVWEEZA LN, TNIIEAHETESNEKABRTED
EENHEFE LAV, T, MBOEERANEIOEREARDIE2EZIZE. BRABRTEISEIIKREN
DHZZEIZEARTH D, KEEOEEICDVWTRELZLBRELNHY, BHROKMAHDZ (L& X

IX. Abercrombie etal., 2021) , S, HSHABRTEEFEITHRBILLAELT, FIEKEELIZTRI—RA
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Stress drops of small earthquakes off the east coast of Ibaraki and
Chiba Prefectures: Heterogeneity in frictional properties on the
subducting Pacific Plate

*Tsukasa Masuda', Takuji Yamada'

1. Ibaraki University

1.1 X LC®HIC

RIPIR - FEERERARTIE. KEETL—NORLAHFAAICHESHENEENICSHREEL TS Y., 1677FIC
<XV =ZFa—K (M) SOULTH - tHEINIEFMELRELTWVWS, KFETIE. 2003FE18H
52019F12BICKIBIEHH - TEEERAHTRELLZ/NDME 4.0<=Mw<=50) D5, 2. CREAT 3L H
W, XEFETL—POEBEBEMHARMLTVWSEZZ5NZMBICOVWT, INNBETEEERL .

2. BT RME & BT FIE

2003F 1AM 52019F12B ICRBEHH - FEEFTHRELZ40<=Mw<=5.0 DIEDS> B, KEFT
L—bMEEDSE15kmDES OMEE TR E L. Hi-net (BF XRI A FRAN ORERFELZERAWT, 5
BTEAMBIT L, BFTFEIL. Yamada etal. (2021) EELDOFEEAAWE, FTREBMEEBICEVWT, &
BN RMEOEE RFE2., FHICRLEROEVMw 3.50MEDERERT (LUE. 8BRS —UBEKER
589 %) THRL., AR EICARI MLEEEROH B ZEICLY ., MEOERIFEOLZRIS LA, X

I, HMEOERARY MUdA X H2EETIL (Boatwright, 1978) IZHED EARE L. AT MLHA SR
WRLES L URBRHN S — U BE#HOI—F—FER#E KD, £ L T. Madariaga (1976) DEFEMEET
WICHE-> T, A—FT—REELO SBTRRIBEDOISHETEELHE Lz, ZORELBIFNRMBEINTICO
WTET L7,

3LHERBLUER

BEREOIEZLICERBELAGNETEDOHEMERAZRICTY, PR, SSEEHIC. FEREMICERT, &
BREATHABETENAESWMEAELN AN, £/, BREIRECHRIZE. ZOEF[THE—MLHZ
EDNDNDB, 51T, 201 TFERIL A KEFHMED KT ANV (linuma et al. 2012) THRE L /NHE

g, RERDAETEEFODZELHELLNER K, INIE. EITHREBINNTHY ., NMNFBOISHETE
DNEZDIGOEREMEERL, BRABRTEDOK/NERABMEEREDZNICRBELTWSEWVWD FRETRFT
%, B 1HOEBAIXT ARY 71 EINZEET, [SHAETENLEHREZ VWNMEESRELTHY, —

H. B1HhOBEEBDELNH ZEETIE, ISHBETENNSVWHENREELTVWS, Zhid. 7ARY
FTADEFEEEBNETEDEIRELTWDEEZI SN, £, BLUBEDI T AR F IR 5 DIFTIERL
& WD Mochizuki et al. (2008)DZE 2 LA TH %, = 5IT, 1 B DEBCIE1667FIEEFHPHEDE
B (PR, 1975) ICHEHE L. SAECHTO/NMEDOREHNS DAV &, FEHCOFEIRTIFHAETEN LE
BNSWHENFEELTWE I ERDD o7, Ik, EBEBCELUVZDRAMOBEMEEN /NS W & &R
LTWBEEZ LN, 1667TFEEFEMPHMENERMETH 2 ILEHESINTWE I & EFMNTH 5,
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Shear strength and fluid over-pressure in world subduction zones
estimated from the earthquake energy budget

*Nelson PULIDO'

1. National Research Institute for Earth Science and Disaster Resilience

| estimated fault shear strength of global subduction zones based on calculations of the seismic energy
budget during large earthquakes. Estimates of shear strength are based on the calculation of the total
energy released during earthquake rupture, which is partitioned into radiated energy, fracture energy (G)
and frictional (heat) energy. Radiated energy can be readily obtained from radiated seismic waveforms or
using information of the source time function of earthquakes. Accurate estimates of fracture energy are
more difficult to obtain, and for this purpose | use the Finite Width Slip Pulse dynamic rupture model,
combined with information of the heterogenous fault rupture process of large earthquakes (208 fault
rupture models of the NEIC finite fault slip database, from 1990 to 2022, and Mw>7). Estimates of G are
largely influenced by the heterogenous distribution of fault rupture velocity, rise time and slip of
earthquakes across the fault plane. In a previous study (AGU, 2021) | showed that fracture energy is
underestimated by a factor of 5 when estimations do not account for the heterogeneity in fault rupture
process of large earthquakes, as typically assumed by the calculations based on the difference between
average stress drop and the apparent stress of earthquakes (known as G’ ). Furthermore, recent studies
also suggest that megathrust earthquakes experience an almost complete strength drop during fault
rupture (i.e. 2011 Tohoku). If a strong dynamic weakening typically takes place during fault rupture of
large earthquakes (substantial stress undershoot) then frictional energy can be neglected, and therefore
average shear stress and shear strength can be obtained. Based on this assumption | calculated lower
bound estimates of shear strength across subduction regions and oceanic lithosphere worldwide. My
results indicate a severe fault strength weakening during all megathrust earthquake ruptures (with a global
average around 4 MPa), notably tsunami earthquakes belonging to the weakest faults (around 1 MPa),
implying that fluids are extremely over-pressured across the majority of subduction regions worldwide. By
using my shear strength results, | obtained a global average of lambda (the fluid pore pressure to
lithostatic pressure ratio) of 0.98, for subduction megathrusts. In contrast, | showed that oceanic
lithosphere at ridges, transform faults and fracture zones is 5 to 10 times stronger. This considerable
difference indicates that fluid pressure plays a major role in controlling strength of earth’ s lithosphere.
Furthermore, my estimations of average shear stress during fault rupture also enable the calculation of
seismic efficiency. | obtained that average seismic efficiency for megathrust subduction earthquakes, is
smaller than the average value for earthquakes in oceanic lithosphere.

© The Seismological Society of Japan - S08-07 -



Session The 2022 SSJ Fall Meeting

[ Room A | Regular session : S08. Earthquake physics

@ Tue. Oct 25,2022 3:15 PM - 4:30 PM JST | Tue. Oct 25, 2022 6:15AM - 7:30 AM UTC | M ROOM A 1st
floor (Kaderu Hall)
[S08] PM-2

chairperson:Naofumi Aso(Tokyo Institute of Technology), Saeko Kita(Building research institute)

3:15PM - 3:30 PM JST | 6:15AM - 6:30 AM UTC
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*Saeko KITAL, Heidi Houston?, Roland Burgmann?3, Suguru Yabe?, Youichi Asano®, Takeshi Kimura® (1.
Building Research Institute, 2. USC, 3. UC Berkeley, 4. AIST, 5. NIED)
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[S08-10] Single-station detection of seismic slow earthquakes using their broadband
characteristics

*Koki MASUDAL, Satoshi Idel (1. Department of Earth and Planetary Science, The University of Tokyo)

4:00 PM - 4:15PM JST | 7:00 AM - 7:15AM UTC

[S08-11] Strongly scattering medium along slow earthquake fault zones, inferred by the new
observations of short-duration tremors

*Akiko TOH1, Wu-Cheng ChiZ, Yann Capdeville3, Satoshi Ide! (1. Department of Earth and Planetary
Science, The University of Tokyo, 2. Institute of Earth Sciences, Academia Sinica, Taiwan, 3. Nantes
Université, CNRS, France)
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3. USGS, 4. University of Tokyo)
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Nankai Trough Earthquakes Estimated from GIS-based Historical
Documents in Mie Prefecture

*Yoshiko YAMANAKA'

1. Nagoya Univ.

VvV EFC®»IC
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52LTEABTHD. AARTIEIBRMEE (BE8) 2729 LiY, ESREREZENR LERTERT
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3. EOTHESPIBRMEFEETIEARICADNMEA TWIBA EDBRISBED R LN DIBFROEEICAWN
(Z1%3ID.
AT LTI, BB ZIEBZEN, R, HREE - Bk, TORICHITTOVRILEEZ, ThEh
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VvV =SEEADOEANLERIGHE
FROICZERICE T 20GME, EAME, REME, BAREEMEICOVWTENERBA L THEk. £
ADNERTTERERIITETVLARVY, WOHIDEEIARATE L.

ZHEBME TIIESMRMICKEERHEEELH > TWVWED, ThETICHEEEI HDLDIC (ExETT

A - #F, 2005) MEBTHRBTIIEBHBRESN DLW EDD D, FLEEELEORATIERDICHED
KELBIVWTWBDICH L, ILUBTIRAELBIK ZEEAD2EE>TWVWS. ISICRILUBTOER
BB AEKELLERTZE, EAMETEIENIBE I E > THOERIES FE TICERERL < 5VDEEA
Ho=, BEHETIET CICP>TETCVWS. BEAZIEIHZ2EODHEEZDEHEDIEEK, REE B KRZIRE
ENTTEY, INETICHESINEZBKEEATEIIFIEDEWVERL. DI ENLEXKDANREITK
EhoZENEBREING. BIUREBMETE ZOMBICIES~200BETEENETVWS., IhbsZed
5, ‘REPBHTIRDRL EHRILUBICEVWE ZBICERENH B D, EXRTRHEFIIEE>TULARLELD
ZENTEDESS.

HLIRERDOLNTWVWET7ARY T4 PHEYIRLE> TWB E WD E XA (Yamanaka&Kikuchi,2004)IZE D L
TYokota et al. (2016) TRHOLN=T ARY F 4 RHTEZLTCH5. BUNREEBEHREDOREMEANLS (LA,
2006) Bo/=T AR T4 FHESDRDIZMHME FEEFHORERTARY F4ICH3. THHRETHIR
IEREEBRLSELSEETAR) T4 FHFPDEFHDOT7 AR 7 1 DEEEMELH 5D, AYICREE B
TRLEZBADNE2EHEIDEEDI D LBROBENAVETH S.

SHRIEMMLE, BHE, #EE, SHNESORELED, EE N 7HEOERBARICOVWTHREL TV
KFETHS.

© The Seismological Society of Japan - S08-08 -



808'09 The 2022 SSJ Fall Meeting

Effects of long-term slow slip events on in-slab stresses in Bungo
Channel, southwestern, Japan

*Saeko KITA', Heidi Houston?, Roland Burgmann3, Suguru Yabe*, Youichi Asano®, Takeshi
Kimura®

1. Building Research Institute, 2. USC, 3. UC Berkeley, 4. AIST, 5. NIED

In Kii peninsula, Kita et al. [2021] has reported that short-term slow slip events on the plate interface can
change the stress field and seismicity within the subducting Philippine Sea plate, examining “40 times
slow slips events over 17 years. These results suggested that it is possible to infirectly monitor the
reduction of locking on the plate boundary using time-space variations of in-slab seismicity. In the present
study, we also examined relationships between in-slab events and shallow slow slip events (SSEs) in the
Bungo channel, where there are in-slab earthquakes and long-term SSEs (L-SSEs) with recurrence time of
~7 years and "1 year duration. We applyed a stress-tensor inversion method to focal mechanisms of
in-slab events for 19 years and examined time change of stress axis relative to the duration time of the
three L-SSEs. In general, the Sigma 3 axes of inversion results strike in the east-west direction, whereas
the Sigma 1 axes are close to vertical and parallel to the direction of plate motion of the subducting plate.
During the period of one year just before the L-SSEs, the strike of the Sigma 1 of in-slab events rotated
~30 degrees clockwise direction and plunge of it rotate 10 degrees becoming less vertical. Then, the
plunge of the Sigma 1 rotated several degrees again becoming much less vertical and the strikes of it
rotate back to the direction of the plate motion of the subducting plate after the initiation of the two
L-SSEs. During the period of one year after the end of the L-SSEs, the plunge of the Sigma 1 rotated back
to the initial position. Stress ratio R is generally "0.5, but it become 0.3 during the period of one year just
after the end of the L-SSEs and become back to 0.5 during the period of 1.5 years after it. The stress axis
change in the southern portion of fault plane of the L-SSEs is generally larger than that in the northern
portion of the fault plane of it. The stress ratio R before and after the L-SSEs is respectively "0.8 and “0.15
in the southern portion, whereas the ratio in the northern portion is almost constant (*0.5) before and
after them. It suggests that the more stable sliding in the northern portion of the fault plane of the L-SSEs.
These results suggest the potential of using in-slab events to anticipate the timing of the L-SSEs and to
monitor ongoing reduction in locking of the plate boundary by aseismic slip.
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Single-station detection of seismic slow earthquakes using their
broadband characteristics

*Koki MASUDA', Satoshi Ide’

1. Department of Earth and Planetary Science, The University of Tokyo

HMEMORO—MERXZDYITFILDNSINE /A XLRILODNS WVEETOBRIN LS AINTS

YU, 1- 10 HzO®H L CTERAIS T 2 6 DIXBERFMECHEI & MIEh, 0.01-0.05 HzOFIH TEHASINZHDIE
BERRMMEEMIENTE L, INOLDOFENIRFEEMICHEEL TH Y., BERRMENSEHEINZHE
E—AVRNL—MEWBOFTHETHESNZMERIRILF—L — MIFEFEICHHALTWS (Ide et al.,
2008) , ZDEHRERERBALTETINELTITI SO VEFHROTOELZANEZLSN, TDL5>RTAOER
1£0.01 HzD' 510 HZICB K REBEHAR Y FHIL A HT, R, REP ST 258 TH 50.05-1 Hzx £
EARLEERRENREINTSY (e.g., Kaneko et al.,, 2018; Masuda et al,, 2020) . 2D &LH>HTOER
DEEEZZFLTWS, AR TEAO—MEOZOME%2FIHT ST, AO0—MEFHOE=5) >V

E—DDLEHHBARTHREE T2 LD BFEDRAZT .
HZBEARDLETEHMESEHE LS, WERIXILF—L—bE LTHRARNS (2-8 Hz) ORERPDO_%F

Rig%E, BEE—X Y ML —b& LTERERHRS (0.02-0.05 Hz) OEREFARWS, mEOHEBERE%E
100 DEBERTIOM T EICETE L. 10000 DRBEITH A & 5, ZDBEITHKROBBREOBRIIH S
—EDREABA-BESICIIAFEARO-MEDS I HILEHDERRT,
FTEARDEBIEHMEENBETH ZF-netD 75 EDISENDT—F It L CEA Lz, FEBLAAHTED
ELICZ < DAO—HEDKRENREINTWBIEMISA ST, 2ROBREIH > -EUAEALAL, T DZEEH
RERIECOFEOFMNMEERLTVWS, MEPHEINZ2EOOBRBTEAVERRY. RO0—EFTEH
HDERFEZONBWBHCREA2BAZEINREH DN, INOIIRFANRI—VPRROEETHIPATE
3, o T—EDFRDHET., ZOFEIBLEREFABEIEVL S RIGHICHERATEZ2EEZA LN 5,
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Strongly scattering medium along slow earthquake fault zones,
inferred by the new observations of short-duration tremors

*Akiko TOH', Wu-Cheng Chi?, Yann Capdeville?, Satoshi Ide'

1. Department of Earth and Planetary Science, The University of Tokyo, 2. Institute of Earth Sciences, Academia
Sinica, Taiwan, 3. Nantes Université, CNRS, France

TL— MNEAAFHEDRETIE, LTEEETremor® —FBEDMEINRET I EITIONTEY., ZhHiE
BHRORBICE Y DEINS, Tremorld @B &S LR T, UV F L GRREARC. 10HzZUL LDO#ER T
FILF—ICHBL. ¥TFILDILE WY HBFREBETH % (Obana & Kodaira, 2009), TN E T, Tremor& &
BHEDEWIERBRDEWVICHDZ EEZAOLNTER, ZNH. TremordRWY 7 FILHREEEIZ. RVWE
REEREERAE RMT % &EZ 5N TE 7 (e.g. Shelly et al., 2007),

AFFRTIE. DONETUBREAMEICK Y EBROBER THONHMEFEHEOHLN L, EATIFAENLRNY
TJFI(>105)% 295 —AT. BELTIHMGEREBOEVWS T FHIL(<3s)2ET STremorsRKRE L7 &5
£9 %, IN5%” short-duration tremor” EMER, TS DEHIZ. ®EEZ SN TELERVERIFREERE
TIFFHRBATE S, BV I TN TERT 2R VERBEBREN S, MEREORVWS I HILAMEYHIN S X
HZZXLEHICEZDBRENH D,

22Tk, BREADICKEABICENY, MEREEICEY SV FIILGEREA®RIET IO LEEEELEZ X
%, ZO&HBEELNrHNIE, BRELEEATHRGHBOEVWS JFILERVWY I FILAZENRTFRE LN S
X THD, ERERY D DEERFERICHDD. TITIE, TORAITHBEESKEEAFOZHD/NS AL
NEYMHERBLICHET 2HBEEEA -, BERNICERZSEHERIalL—YaviaERLEER. &
X N Bshort-duration D AR A -EREB2IENTE,

b, EEBEREICE Y. TremorEREICIZBEI100X — NLOSRMKERI /Sy FRICEETEZ &N
RS Nfz(Hirose et al., 2021), AR TRLAMEREEET I HONEYIE. HEZMICERIN-SHERK
KESICHYE T 2EEEDNH D, FIC, TremorlZAO—HED—ETHY., LBETHIAINBMBORO—1H
E (VLFE®SSE) ¢HTBEAHE T2 EE X 5N TW3B(Sugioka et al.,, 2012; Araki et al., 2017), 5 THN
i, AFRTRLETremorEBREIO#EE X, AO—MEMBOEEZDEDTHBET, TOEEIFR
O—MEOXERERTH D AREMELDH S,

SR BRATICIEBE KR AFFTDODONET T — 9 A FRHS B CWEEE X L,
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Direct Evidence of Strike-Slip Motion for Low-Frequency Earthquake
near Parkfield

*Naofumi Aso', Miki ASO?, David R SHELLY?, Satoshi IDE*
1. Tokyo Institute of Technology, 2. OYO RMS, 3. USGS, 4. University of Tokyo

BTV RLTAMBICHET 5/8—7 714 =L RIZ, BERRIPEHRTRERBAICITONTELMED—D
TH?d, HROMEFTMMOLHICIE, RESIINEVWEODBEICRETZ2AO0-—MEOMRZENL. G
RECHBRREZLETDIENEETH S, N—7 71— ROFMERKMEICOWVWTIE, HRAQFHOD
FHHEANERONTELEDOD, WAL TFILTHZHWMIC, MEEBDOEENIN E 125 RERBRIT. K
EIZAMN>TWRL, ZZTHX L, Shelly(2017)IC& URE I TWS, 10075 LA L OFERKE K E 2t
LT, #FHLRBTEFEZFRE - BRAYS I & T, RERBROHBEICRRYBATL,

HEWEBREOHEICIE. MEEFKICEFTNI2MEROIREZ ERICFHES 20ENH S, I T, ELD
I AL773I)—DOIRTOMEDFHERY v I L, ZLT. RY v IV EREBRREALRTEZZ &
IC& Y, MERREZTML 2, BRI, WEORBICKZFEEZMVKRE., KD BAS=HD) 8L
7x—X (PRESHK) TEDENIREESL, ZOENMARIRIBEIX. 773 - ORERBRICKET
DMPNRY =2 ET7I) —ITRSBVWKD T EDBASABEEI SERINTWEEEZ LN

%, BHxrlE. —RITEEREE (Eberhart-Phillips, 2016) (Z3 L TREFESD %X (Zhu and Rivera, 2002) T&t
BLEREM BT ZET. RAREEZ —BRHGBAT 2L LRERERE T v RY—FICL Yk
7o

BITLA887 7 I —DIFELAERY YT Y RL 7 AMBTOET NEE EBANTHZ—AT. LW HHD
HEBLHRINE (FEE/MER/ TRY A=N35°W+352/50-90°/+40°) , 7—hNRA KRS Y TFFRAMNETOZE
25, WODDT77IY—ICDOVWTRHEENBRBLLK BV ENPM27z—AT, IFEAEDT7Z7I)—IZDW
TIEONRAMNRETHZ DD >k, COEETEIREREBERICOVWT, EROMEVCHEDREDIF
N Y RBEMRSOREE L ERAEIT o,
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Tadashi Satol, Satoshi Hiraharal, Shuutoku Kimural, Stephen Bannister?, John Ristau®, Martha Savage®,
Clifford Thurber®, Richard Sibson? (1. Research Center for Prediction of Earthquakes and Volcanic
Eruptions, Graduate School of Science, Tohoku University, 2. Institute of Seismology and Volcanology,
Faculty of Science, Kyushu University, 3. Disaster Prevention Research Institute, Kyoto University, 4. GNS
Science, New Zealand, 5. Victoria University of Wellington, New Zealand, 6. University of Wisconsin -
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Synthetic tests of joint CMT analysis using translation and strain data

*Suguru YABE', Kazutoshi Imanishi’

1. Geological Survey of Japan, AIST

EEBAICHRAINTVWRRAO-MECEFRIBEOSH TIE, MEOREICHASIKRELESLTWRIEN
EBRINTVWS., ZOLORIBICH T HMERETIE, MRLMHEEEZ T TRAFBELEMED L LER
NEIBZEDNFEING. ZOLIRERBICE ITEEHIE, MEODE—XY NTVVILDIE
Double-Couple (DC)H3 & LTRIRT B ENTES. LHL, E—XAY T VVILDIEDCHRDICITKER
HERENSEINDIENERINTEY, MERFICETZ2REDOHEIIDOVWTEEZ RO S-HIC

&, E=—XY I NTFYYIOHERERALINEELREBETHD. AARTIE, EFEFEHLNZF-netDAEMRD I
AT, EERMREMRAPEAMBARICSEVWTER T 2EHUWP TSI N2 EERKE (BFHhED) %
Centroid Moment Tensor (CMT) iTICERW AND Z & T, EDBEE—AV M TV YVILOHEREL A LT
DO EERTAMIL YR LA, BSRTRANTIE, 88/ A A EHMTEEORBESENE—XA Y MT VI
WEICEDREFET I ETICARL., B8R/ 4 XIXEBOMEEIEHED / 1 XARYT MLHSERL

fo. WWTFEEDOTBEME, 7Y —VEBOERICHER L F-netDiEE%E R— I 1 R FTEEDBE i
EREEES VY LTI ETERLAEBEEZERAWTY =Ty MEFRAEERL, Zh%ETOF-netDiEiE THE
ML) —VEBERWTERINT 22 ETHRNKL. Z0RR, 2RBEOHEHZHFAYaA VM TB2E

T, DCHDEZEBVCE— AV N TV VI HEREDORLMER I N, 512, 2021F12B38ICRE L
HRHRKETOM S5 1DOMEDET—FICHLT, YaA Y NCMTHFEZERKL, FnetR ETHEIN TV
E—AVIMTUYVIBELB LN SIEDCHRD DEEAMRET L.
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Feasibility of detecting pre-P gravity elastic strain signals from
earthquakes

*Kantaro KAWAI', Nobuki KAME', Shingo WATADA', Akito ARAYA'
1. ERI, UNIVERSITY OF TOKYO

WEICLE>TELZENBLEIEPEL YR IZFNBICRARICEDS, ZOEAEHOESIIEHETE
SHOMEESRFDORICHRHE I TE /2 (Vallée et al.,, 2017; Kimura et al., 2019; Vallée and Juhel,

2019) ., PREEROENGLTENIMEEL L & RARFICEMETZALTREBIZRIT, AMEOBMIEL. ZDOP
BEIBRIICEL T 2HMEEADORBEAREEICOVWTHLED ZETH D,

AFETIE, BT — BT EREEAKD2OOT7 7O—F 21TV, mMBEBELET S, T— 9 8BIFTIC
&, HEMERAASHEICERE L2100 m EERL —Y—FFHC L WEHINZ201TEMIKILHED T —4
HEAWVWT, NO—ZRJ MUBHETVWERAREROER /A ALNILOXREIEFARS, BREREEHRICIE
Zhang et al. (2020) CIRE &I N/=5tE 31— RQSSP_PEGSZ W3, ZMhlEWangetal. (2017)DEH—EMT
2REAARRICH D BENARENEHRMIKRETIVICE W THEMY - EHREA25E 23— RQSSPAEPKRTDE
B BEREEHETEDLDICHELEEDTH B,

RITOER, REOPKIIENESHETTHVSONAERE/ Y K(#1E0.002-0.05 H2)ICEWTEHDER
J A XIREIE 10 RRETH o7, —A. 20T TEFILHHEICH L THRAEH S CERANICTEI NI ERE
BOAEZSIZ 10 ?RRETHY. BEBETERORY RT3 L2 ESIERARD > (Fig. (a) . K
IZ. RILMEIV S ZADERMEICH L THRLALEREHCOERETEEZEM L. PEIICFEINEZELANIL
DAVE— v TaMER LIz, T5&, BARI EICERIEHA2000 km 2B A 28H(IC 10 2EDE—2
DNENDZ ENDM >7=(Fig. (b)) TDEIFEFR /A AL NI EBELTS0EAEL, —REBHTHLICHRE
ARETH B,

PREERIOE NG EEOHATEEN ICRET 2R, hEFNEE LY Y—6LU0EHAEE Y
H%— (Torsion Bar Antennas) IC&2EDAH 2, TNEFNOERESOE—7I1Z. SRIEHMS00kmAa,
FUBREBETHD I EHREINTWD, — A, FAROEREESHERIEER2000 km %2 %= T
E—J%FBOBRICOWVWTIE. SEBORTEETH D, BtEARS, EAESOEEBRRIEEMLYIBETILL
SIXENADEEBULICRZZENFRININASTHD, HE. WMEREHRIETORNY A TEENICHBZ D
1500 m EFROL —H—FHEH BB IE TV R, 5%, MOV S AODEKRMEN. ARROEHRIFAIC
O EREBMTRE LAFEICIE, EEHILSPRERIIENZEDESHRHEIEEFTE 5,

(a) 210 : : : : : : . i (b) North
110000 km

——— observed linear strain
synthetic linear strain

Strain (1)

10—10
2l
4
P00 800 700 -600 500 400 -300 -200 -100 O —10710
Time (s)
(a) Comparison of the recoded strain and synthetic one (b) Synthesized pre-P elastic strain amplitude from a point source (M=9, dip=30
calculated by the simulation method of Zhang et al. (2020). deg., strike=180 deg., rake=90 deg., d=20 km) located at the center of map.
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Validating the Method Estimating Fault Slip Angles by Using Regional
3D Stress Field with the Wallace-Bott Hypothesis —Application to the
focal mechanism solutions of microearthquakes -

*Takeo Ishibe'?, Toshiko Terakawa®, Akinori Hashima®, Masashi Mochizuki®, Ritsuko S. Matsu'ura
]

1. Association for the Development of Earthquake Prediction (ADEP), 2. ISM, 3. Nagoya University, 4. JAMSTEC, 5.
NIED

SEMEREICE DS MRRET 2MEORENAEEE - BEFACIE. ANT—9 LR IEBMRCEET
RYB (FThoEE) . HEIRYERENERICKETIHMEOZNS ERBLAVENROONS, |
F, IXRYAAHLI’EEEICEC MZ 72 3 VOB DARIC—HT 2 &DEZH (Wallace-Bott{rFh)
EO%, EMEBHRAEISEONLMEBRREMET —9 D SHEINILAERABOBERISEHET Y AL
HEIN, BEE - EEFAISERAINTVWS (BIz X, BRBICS T2 XEEMEICEY 2 BAERE
%, 2014 ; KH - fib, 2014 ; Satake et al,, 2022) , LA LAHNS, ERFEDOZLMEDRIEA S NICKEE
(FRE) IZ2WT, +oRBElThnTUWah 7, £E-—HKIC. FECTRET 2EEHEREDOHED
THBEERIEBMTENSBAEDA—F—EHEINTHY., 10EREDHERT —IHSHEINLSE
% %E, REBOTI My I RISAFBOTAFIELTHWRENTEZDON, RIFTINELH o7,
LEBDOEEN S, Ishibe et al. (2020) TIEZDFiEHE LT, BIXREEMHARARICK BF-netX A= X A
REAWRIC, LEMN=RTHNEE AV Wallace-BottREiH SMB TR Y AAHET 2 FEDAM DR
BROCICEDREICET 205821707, TDHER. RILBARARFEICS WLWT201 1 FRILM A K F it ER
ISSEFAE L7 BERBEEN 2 £ TWallace-BottREEDSHESINDZITARY AL ERICRELZHEDOITNYAD
BICTBEDAONZMEEH /N, TNS—MOMELARE, HEINLZTRYALFnetX hZXLRRICH
FE2ITRYABADIRT7 4y MAIIBRIOCLIAICINEWESHW TH o7, /. MEFAEMREERIBIC
Lo TFHlicTWBEE (F) ZXRIC. BREMBENICHESNZBEOThomE L&
(B) &, EEBM=RTISNIHR S TICWallace-Bott{REi M SHE I N DB /MR REBENTH D I & =5
L7 (A3 - s, 2020) ,
HE, FEFEERVANEZRARY ICE DK BNEEOREMER NS O T HEE - A Iz (Uchide,
2020) , ZZTAMRTIE, L W/NREBEOHEICH T 2RI S CICZ DRBKREEORETZBEHNE L
T. Uchide (2020) IC& > THESNZH/NEEICH T 2R ERBREENRICEEFEE2ER L, A907
HAMI£2005~2019FE TH Y., F-netX HZ X LR EBRRIC201TERILAXREE T EOREEECE
&, ZOREIZOHBEICH 1T TETZITV. HERBREDBEWS VY VAXZIIBOREHEM = A7,
HESN-RERBRICS TMBITRY A LRIFIGNHED SWallace-BottRER ICE D EEH I NZBE T
RYBEDIRT74y MAZEHELHER, BITHREARICBRI0CCLURICINE Y EBENTH > 7, 727
L. EAELEmEHISUEEL. SBERIIA >/EBEICEVWTHENIR 74 v NANKEREBEEIRS
Nz, L2007 FREEZHEMEP2008FEF - SHAREMEOREFHNICH L TEHERBIGHENSEHS N
MBI ARYAICIITREI RSN, BIEIIHE S NAZRTAEEISHIBILHFAL T L — Mo HEES
ICLDHEXESOAHRMED. BERIKMEREICHEI BHELCLOHEASUIREENEZOND, —AT. B
bt BR OHBICE W TIEF-net X hZ A LBERBWBFTE RIS, ZOERER S CIEEEEICE VT
BEEICKERIZRT 4y MANRLNED, BRE,I SN FAREBAERLE TIZ2016FEAMEDOEIREA
EEREMRBIMNTH o7z, BUNEICH T 2REMBREZAVZIR T4y MK, FnetX H =X L%
AWwEzn o s RPPREWVMERANR O, FANREMEICH T 2RKEMERIIEIR 71 v NADKE
WK EE A RS RRE Loz, —RICBUNBEICH T 2 RERERORBE IP~XFBEMEICHT 2N
SELABWMERICH D Z &, HEIWRHEBHEBBRETE AV N TV YIEOREEEZRL TWSHRENE
EHEETE RV, NREE X Terakawa and Matsu’ ura (2010) THE & h 7z =R TLE N S35 D22 R/
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BBRELYVENRT—ILDBATEBEARMLTHEEL TWIHEE?H B, AFARTEONEERIZ. Fh
FNoRE (BEREORT—ILR) OMENE I WS LERERAT—ILDOBAFHEERBLTREELTWVWSD
MMIDWT, EERTERAEZ 2AREMENH S,

BIEE AR, XERZELRICE 2 [hEFAEAREEATOTMEZEEE] O—RE LTERINE, X
7=. Uchide (2020) IC& 2 HEMERAFRIE TV AW, ZZICEBLTRHEWVWAELET,
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Stress field in the northwestern part of the South Island, New Zealand,
and its relationship with faults of recent earthquakes (3)

*Ayaka TAGAMI', Miu Matsuno', Tomomi Okada', Satoshi Matsumoto?, Yuta Kawamura?,
Yoshihisa lio®, Tadashi Sato', Satoshi Hirahara', Shuutoku Kimura', Stephen Bannister?, John
Ristau®, Martha Savage5, Clifford Thurber®, Richard Sibson’

1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku
University, 2. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University, 3. Disaster Prevention
Research Institute, Kyoto University, 4. GNS Science, New Zealand, 5. Victoria University of Wellington, New Zealand,
6. University of Wisconsin - Madison, United States of America, 7. University of Otago, New Zealand

B

Za—Y—F Y R RTCRIEENSEEBLLIBICMNITA—A NI YT T L—MIXEETL— LA, IRED
AR TIEE L TESEEWNWARDEMIG 5D 2H S % (Townend et al,, 2012) , mBILAEETIE. 4
AR VBOWMBREIAZIL RBREDOHKRICHED BIERBABICE UFEELLHWVWEMENAFEL., SV IEE

(BtEfRiAm) PHEEE L GEHT2RET 7 =27 AN, REOKILEAREBRICHEIE I TWS (Bl
IE Ghisetti et al., 2014)

BRI INETICZ2—Y—F Y REEBLESRTE L ZZDOOKFEME (1929%FBullerthE Mw
7.3, 1962F WestportiE Mw 5.6) ZRRICIGAFZICT T 2MEDO I ANY P T IDMRET#1To7 (HL - b,
JpGU Meeting, 2022) , ZDHER, RIS TIZESE-WNWABDEMRG IS EHR Lz, /. 60°KED
BERNAEFORENOEITARY PT WMERZ R Lz, AFRTIESIEHKEEZ. 2ODOKBREE (19684F
InangahuaitiE, 19914 Hawks Crag #iE) ZXRICIGNBICHT T BT AR T I OREFZTR > 7,
F—Y EFE

¥9. WHREBICH T 2BEFRAREESFHUAOT—9EAVWTRABZE#E L, RIC. Anderson et
al. (1993) CHESI N KRBHMED A W =X LBOEHEICF L T, Slip Tendencyikx (Morris et al.,
1996) ZAWTIGNIZBICH T HMBED I NY T S 25 L 7=,
R
1968%Inangahuaiii® (Mw 7.1)

2ODNEHED S 5., FAEMNOELEWSTE (>0.7) 2R L. BABICHLTIRY P T WMERT
H o7, Inangahuath EIXFEEROMBE CEEILLZENEZSNTWS (Andersonetal, 1994) Z&h
5, AR THLNMERIEEROMEDER & BEMTH 5,
19914 Hawks Cragih®

AIEMw5.8)EAE (Mw 6.0) ZRRICSTEZEH L7, &R, FIEIFEERBOEIEVSTE

(>0.7) ZRL7ED. KETIISTEICKERZIZAI o7, Ghisettietal. (2014) TlE, KRIFFRMBELICEH W
TERENAOH L VBN SENADOHBOFRBICKEL TWVWRERBINTWVWS, TOZ e, BABIC
FHLTITRYPTWVEAERETREDOTARYAEL, Z0%. AEEEARETEIB LI N TRRIN
%,

Introduction

In New Zealand, the Pacific plate is currently subducting below the Australian plate in the northern part
of the South Island. Stress fields of ESE-WNW oriented compression are widely distributed in the northern
part of South Island (Townend et al., 2012). Many old normal faults are widely distributed on the
northwestern South Island. These old faults were developed due to the extensional stress fields
associated with the formation of the Tasman Sea and the Emerald Basin (Ghisetti et al., 2014). As in
northeastern Japan, a tectonic inversion in which old normal faults become reverse fault has been
confirmed in this region (Sibson and Ghisetti, 2018).

© The Seismological Society of Japan -S08-16 -



808'1 6 The 2022 SSJ Fall Meeting

Our previous studies focused on the two large to moderated-sized earthquakes (1929 Buller earthquake
Mw 7.3 and 1962 Westport earthquake Mw 5.6) that occurred in South Island (Tagami et al., JoGU
Meeting 2022). We confirmed that the eastward-dipping planes with a dip angle of less than are likely to
slip. This study focused on two other large to moderate-sized earthquakes (the 1968 Inangahua
earthquake and the 1991 Hawks Crag earthquake). We investigated the relationship between the fault
planes of these earthquakes and the stress field.

Data and methods

First, we estimated the stress field using the focal mechanisms obtained by temporary and permanent
stations (Okada et al., 2019; Matsuno et al., 2022) and the GeoNet moment tensor solutions. Then, using
the Slip Tendency analysis method (Morris et al., 1996) we evaluated the likelihood of slip for both nodal
planes of the focal mechanisms estimated by Anderson et al. ( 1993).

Results

1968 Inangahua earthquake (Mw 7.1)

The westward-dipping plane has a high ST value (>0.7) and is more likely to slip under the current stress
field. Inangahua earthquake is considered to have occurred on the westward-dipping plane (Anderson et
al.,, 1994). Our result is consistent with the previous study.

1991 Hawks Crag earthquake

We focused on foreshock (HC1, Mw 5.8) and an aftershock (HC2, Mw 6.0). In the case of HC1, the low
dip angle plane has a high ST value (>0.7). In the case of HC2, both nodal planes have a similar ST value.
In Ghisetti et al. (2014), new lower dip angle fault planes are developed in the deep part of the higher dip
angle fault plane. Therefore, it is suggested that slip first occurred on the lower dip angle fault plane as
the foreshock, and then slip with the high dip angle fault plane occurred as the aftershock.
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Distribution of azimuths of aftershock faults in the Western Tottori
region deduced by the dense seismic observations

*Yoshihisa 110", Manten seismic observation groupz, Manten seismic observation group in the
Western Tottori region2

1. Kyoto University, 2. N/A

1.1 xC®IC

BB DER - EREITRY AR, HEICEATIERNLNRASA—ITHEN, NILHMEOMBEBICOWT
. AHAZXLBO2 OOHEISMEBEERETZIEDELVEZD, MIBOAMOLHBICOWVWTIEHEY
AR TZAah o7k, AEMESNICIVEBEORVWERABAEONALIGEICIEK. 2 DO0EEICH TS
misfitB (XA W ZXLBDITRYAEEELORAEAMIGAOFADE)NS, MEBEAFET 2 EHNTRET
Hb, EREFERMEOREICS FET 9056, BIBEOAMIHORHRERARTH,

2. R

2009F 15 BiR - REMIE TIThM TV 2 HRtEERA T —4 (50, lioetal.,, 2018). 2015FH 5 KEE
U TITHON TV EEREERRT—4 (818, k2 - fk, 2017). 2000 ESREAIERAMEBER R T —4
(Shibutani et al., 2005) & FIDEBEHN DT —Y DR TEHHANY SN TWBEDERAWT, KA%BE
BB D AN EHE L, ISHERITDAEIZlo etal.(2017)EB L misfitD —FHER/NETBED
T, SBTEBORE SIIKE - FSABELERII2kMTH Y, ERISOEUTICASD LS IC, BER
FETEI) Y RY A4 XTEFAELTVWS, SEBTEBROA DI LBEDO2 DOMEICDOWVWT, #HEINLIG
NBICL BmislitZ5tE L. ZOENNSVWHOHEEREmE Lz, 72720, 2 DO0FEICEWVWTRARED
misfitZFDOE DIEEES <. misfitDED, A WX LBOBREEBBEODHEHEEKaganAH SHEE) & B
ATKEVEDDHAEFEA L, ZORR., XA HWZXLBIBEELCRFSAMBEICEAL T, BLEFEDOM
BEAZRET DI ENTEL, SREBATMIETIE. REOHBIZEANICAEDOHEINETHZDT. KE
DEBOAMAFICER Lz, RESFORKBNARARIEINIASERETHZH. ZOAHEDEEITIEE I
BWZ ERDM o7z, HEITRYMNRI > /MEIE(ER - B0, 2002)IC8 12 A HDOE—7IENT20°EL 5
WTHY, REDHEIL20°1FEERER>TWS, ZDZ &L, Yukutake & 1i0(2018)DIER & RN TH

%5, —AH. c1OAMDHDE—VIEINI20°EX 5VWTHY, TELHERF—BLTWS, RAEEBGHA1D
FAISGEWERZFDOMBISWVWEWDI I ETH D, BE4DHBEL ZDORTHESINZo1EDATAEZRAN
& BICKIRYBICEWTIX, ZOAEN2~E5ETHZEDDFEEICVPRVWZ EEDI 27z, KET
RYDPBRATWEVWEHESNZIREFILIMICEVWTIK, 0 1OALISH40EREDEZBICE—V 5FED
BFRDHER>TEY., COEWIIEETH D, 2000F0ENEARMEDFIIC. ERMETMSY 7 2D
ELEUHREMENSBAELELED,. ZOA N X LRIZIFITRAEDOPE A > T L /=(Shibutani et al.,
2002), 2V, BHRMEOHEEOEMIEINIISERETHY . REOHMBOERDOAMAFIEZIOAAE S
DYULER->TWS, —A. BREAISMMEICEVWTIE, NBOHEREICLY. WTROMBHIEH INT
W3 H(Uchida et al,., 2021), SN D/NEFED A AHIE. REOHBOAMUAHERS—HLTW:, Z
NOEDEBAFEROBEKRTZEZHIFL<CDh>TVWRVWY, ENREFRESHMEDOKR IR B TIETIEZ, RED
FREFBEMRICBEWVWT, MIBOAMIAEINLCBUTVS, TDZ EiF, RHIASHERLEEZ T, BDA
MNAOHEIAELCTHEIEETRBLTWVWS, MRHNOSHMERLEHEIT—HETHDETHE, BEIRLTFIC
B2 ENTER, WEREFOMBEZMRTHRETEZSZILERLTWVWS,
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