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JbiE IO 7oy VIR THRO IR URET R0 A0 —HiE |
Repeating Shallow Slow-Slip-Events along the Block Boundary in the Northern Hokkaido

M REP- 5 HE ST 2
IKEDA, Shohet* ; HEKI, Kosuké

Vb R AR AR AR F IR A SR, 2 AU E R A AB A e SRS R AR
!Department of Natural History Sciences, Graduate School of Science, Hokkaido Univibsipartment of Natural History
Sciences, Faculty of Science, Hokkaido University

gLt b bER GEIET) TIRREREMZ R TE M6 7 T AL EOREAHIEIFEL TR, LAMLTO
Mg I rE LIS 2 7 ay ZERAH O . 7 L=V T L— s OHEDREREIE T TR lemlyr ORI H % L& A
5N TV % (Loveless and Meade, 2010 7z, 20124EE M 5 20134ED W A3 CIRAE- FHliE I R D SRR DS Y o H
TR dem B L 72y, Brbino kR T X o —H#liE (Slow Slip Events, SSELF$H - 72 &S T T % (Ohzono
etal., 2014)

AWFETIE 20124EDIRIE SSELIAMCE, Ty ZERORIDYE T A2 8T SSENH > T2DTId WV EEZ,
THIFEREIC K % GEONETD D F3 i -V THEND B RIS T T 2 D52 X 7z <k 4 7% GNSSHHIDEFBEDRER
G fight Uz, ZORER, WUE-rhRIR & 0 59 20 kmEEOH) -3 B 7 T 20054 :1E & 2007443 D 2 0], T 51T
FEDPIMRE-IRINANE T 20024E1% Y & 20044ER1 1S, WINE 1-2 7 H THE mm i EDIRMNERET 517\ FA RGN
7z, TOEFREZLOMMICIE, Nishimuraetal. (2013)Eff—> T, SSEZE L7 L LA - 7250 AIC (Akaike's
Information Criterion)D7Z2D K ENEDICDNT, SSEAFET 5 &R L7, SHIRESL D IkoE T, F->20 L
7z SSElZ RO 5o Tz,

IR AR 2 20 FE 5 OIRWHERB 2Tz & T A, B Eido7ay 7RIS TofiLTwad L b
£1C, EWHAHEOMEE (N44.1)D S FEICHIN 2 X 51T, HARMHRGO 7 L— MERICkV Tz, BHTIE 20044
12 HIC M6 7 Z ADHIENFEAE, M3 LI EDOREN 20 ML EFAE L Sk < 5505, 2005) K D LI bR T2 <
HIEBMWE C > Tz, B#ALIETORRTOT 1w 7 IGEE)NILER OHIEIC K 5D TdR <, SSEICK-> THEE N
%128, EEOHERFE LIS VOB AINEY. KNSR T SSETIR R BEFOHIEIC K > Ty ay 7i#
NS BADREEINTNEDREAS.

F—U— R JtifgiE, NRERS, Ao —iiEE, SSE, GNSS, GPS
Keywords: Northern Hokkaido, inland, SSE, GPS, GNSS
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DONET CHEZ iRl Eo 2 a— 2V v TOWE#E
Estimation of fault parameters of slow slip event, off the Kii Peninsula, detected by
DONET

P NI R S - T [ = e e S
SUZUKI, Kensuké* ;: NAKANO, Masaru ; HORI, Takané ; TAKAHASHI, Narumit

b TSR R
1JAMSTEC

MBPET TR, wiilE b 5 7 TRET HHIE - B2 HIFEH T 5 L 2HINE LT, RERFMmEIC S - Hiik
BIAEAH > A7 L. (Dense Oceanfloor Network system for Earthquakes and Tsunamis: DOREEFI L T\ 5. FHALIEXT
NF TIC. DONETICRIEE N TV B /KEVKHER LS SFERHZE N Z it U, —5 OB\ T 20134 2 H
D SENEFDEC TS T 2R Uiz (83K - fth, 2014, T OENZET) & RIRHHD DI IOV CHIETREIOK
TFTEELN, TOENEMIEED L FEICKIZEDLMRNTE, An—RV v T K> TH U7 HGRAE) & iRl
TEHM, WEHEEZB I RbN TRV, £ T, AU TIEIHMTRZE 25 | 2T UKiEOHEE ZilA Tz,

PIERRE AT ORI WTE OWifE 9\ D Z2 W TR E N7z 85w L 26 (Okada, 1992 2155 N7zl [ F&M &
g % T el & o THGRE B 25 | X C LcWigOHEEZid BTz, 8K - fth (2014 TRENEHN S L FEE 215
BBUCRD K S BTV, d5bb, JE/ERHECED ST ZRE L. & SISl o At OgmZ2bic Bk
T EEFZERET B, AU/ — FicHEhi S B O E RIS O 25 We, 207D, RfFZRICBNT
EHERZNI 2 FH RS B BRICH U/ — RicHsh & NI Bl R O 220 26 2 OB OMEG M 55 VT 5,

B N7z A BN O L FEHNCR U THEE ST 5 XE 9 DDINT A—ZIWFET B, TDD, NTA—Z=Z—EIC
HEET DT ENTET, A 2N\—=Va 2Bl 755 BRI E L 55, AT, MR8 23 T LckiE
ELTTL— MEABIUOMIIFENO DN EZRE LT, WiEHEzB T Aoz, 7 L— MRz E LzWiE T,
W - ER - ITROAZEE L, MORFTA—2%ZT )y RY—FIC K> THEE LTz, 72720, IREICDON TR T L—
MERIC—HRT 2K LTz, —J7, DEWEZE L BEORA TR, 7L— MERX O LRI THE L ERHCD
WTET VU R —Flc k> THEE L 72,

TL— MERZRE LWE O A TR, BUIE NI s L TEE O/ 22—V ZFHT 2 2 ENTE S0, Bl
OGN ENRKEL KD, TOXIBEEHND 2 LT UL, KEEFHEEICBOTEBINIE NI 72, HEEDR
BRTIFBHIE N TRV, LIeh> T 7L— MR L OWEEE) CIEBIZ AT 2 2 L L WV, —/5. e
ZRGE UTCWTE O E T, BE NI R L IEB) N2 — 2 23T 5 2 EMNTE 5 L L i, BlllRO g2
MEE/NEL%%, ZDH, THELDOETIVOIMEIIIZHIAT S LN TE S, 5%k, DX A TOWEET IV
ZWEId 5 L Lbic, WiEHH) & HEEEI AL OBRIC DOV TERE TS TETH 5,

F—7— F: DONET,iEE/ G, An—A Y v 7, HgEiE#hz (b
Keywords: DONET, ocean bottom pressure change, slow slip event, seismicity change
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A=Y TAXNY NFEDAD AT 4 v F 2V TETIVCEK BN NI
Robust estimation of spatio-temporal distribution of slow slip event by switching model

FAR BDE 1 5K MESD T RAR IR T ORBE IEORER
ARAKI, Takamitsu* ; OCHI, Tadafumi ; MATSUMOTO, Norio' ; AKAHO, Shotard

U E SRR B ISR

!National Institute of Advanced Industrial Science and Technology

I AT — 2w A b (SSE)D IEMEREHINCIE, HDARRBEHRMERIGH & W o Ty N R Ze s & 1 a]
AERRE DS VEHIZR DR ETH S, —T, TOX D RIEEDESOEHIERE, A RNVELK FORE e 9 <, i
WU 7z 7 — ZITIE A —)IV DK E WM IRGSE 285D/ A AW EEN 5.

AHIZETIE, ZNSEEOFEWVEHEHSIEENT /A Y =T — R HWT SSEDRFZEM R ZHEE T 5. SSERE
ZERHEE OREHE 72 FiE L LT Ry FT—2 A =327 )b % — (NIF) B%H D, FIZ GNSST—ED XS5 7%
JARXDVI T —Z W2 EN SSEO#EEICHEHAINTER. LHL, NIFIF/ A ARKBEIXRDICEBESIC
HMUTHICRICAA T IVAZIELTEBD, KESLHTE /A AZRETERN. ZDD, NIFIZ/ A V—=kE
it - ERIEF O RWI O T — 2 5 SSERFZEM /i & YN HEE TE /R

AW TR, TETFNE2DDRETY OB B AT 4 v F U TET IV ERNTEINA MM SSERFZERI D2 HEE T
BITHERIRET 5. B &

(1) WiEIT RO ST (2) WIENTRoTWBME (3) WEHE LKA T%

D 3 DOHRNC T TENFNOHM T LICRDESICET N EHTIEDS.

(1) O/ - WO EEWOHEENO0 T—ELRETIV

(2) OHIR - WiEH» vkl 2ETIV

(3) OMM - XD EHS—ERETIV

ETIVOYIDF AR L /8T A—RIFRIETHE L, T A—XDOH#EET )L TV X LI Expectation-Maximization
(EM) 7)L3V XA L7ZHWS. EM 7))L 3V X LIEHIIIEEAFEDME N T2 D ZE LT/ 8T A—ZHEENIREEL /5% . SSE
DORFZEMI DA, YO BRAREREETIVST A—=REHEE LIRSV VT 0 )V Z—72 AT UTHEE T 5. DODHAR
THIET RO BEYFNICEHNRETETE L2 & T, TNSHIRD /A X7IFEAERETE, DOWIROWET N
DICBVWTELE LIHEEMZG5 LN TES.

BEFIEE NIF ZRD 2 D07 —2I5EMA UTHRER I LTz, —DIid, SSEICX2EDY I a2 L— 3 VHIC X
TF—=IVDOREZR A RMATERLIEANTT—Z, &5 —DiF, W) - }OREE T 20124F 1034 U 2 FEHIN R
O—2 Y v A K BMNEHFRZEE 3 L B30T — 2 TH 5. NLT—RICH LU T, BETED NIF &0 [FiE
BT RO DR HEE C& Tz, et T —ZISn L TE, NIF EZHIEACE U RWKIE T RO 02 HEE LTehS, 42
RTER X OYPNCFIE LS WWE T RO iz Uiz, £z, SSEDQRBE S ZBINCHMIET 2 LIZEHET
HBN, BEFETIE, NIF TRIEZ DT EMNTERDPSEATLT—Z, BT —XWFICEBOTIEREIC SSERRIEI 5
R TE .

F—TU—R: 20—V Y TAXY b, BT =2, AU 4 v F U TETIV, BE, VT 4 )V A —
Keywords: Slow slip event, Strain data, Switching model, Maximum likelihood method, Kalman filter
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ﬁNSS’?‘—S' DALy F 2 FFik7e i T2V rg H A ORI SSED Mk i H#EE O
An attempt to estimate duration for short-term SSEs in southwest Japan using the stackir
method of GNSS data

PEAS L b R 2Rl 2 AR R 2 AR — Rl 3
NISHIMURA, Takuya* ; MATSUZAWA, Takanor? ; KIMURA, Takesh? ; OBARA, Kazushigé

VTR E W SR, 2 B SR AR LA, 3 SO K B2
IDisaster Prevention Research Institute, Kyoto UniverdMational Research Institute for Earth Science and Disaster Preven-
tion, 2Earthquake Research Institute, The University of Tokyo

lE Lol

P HARDIE AR TlE, HEHMNS 10 HEREOMGRIE T 7' L— MEARDD > < b TN BN AT — X1 v
TAXRYE (SSE WHELTWVAE T EAHISN T . Nishimura et al.(2013) U Nishimura(2014)&, [FE-LHFEEED
GNSS7—#% (GEONET) Dk 5, High /5 h & E&/IGEIC T T ORI - T TRV OBEES (R E 20~40km) 721 T
i<, i 5 AELFERISHT TOHRBRIFRAOICIB O THEAN SSENZHFEL TWB T &R Uiz, i
SSED Y 7 F VL GNSSD / A ALN)VED ED TH %728, Nishimura et al.(2013)C1%, I SSEDOMKERERTIZ O
EIRELT, RERAIT—RIC IRV Y RN ATY Tz T v T4 V7L, BONTAT Y TOREEZHWTH
JEETIVOHEZIT> T e, D78, TOFETHRHES NG SSED £ DREDRFER 2> TV DM
BHTH-o .

i HARTEME N T 5 SSEWE, ZO#kiRiNE IR SSEL EIfY SSEORITF v v IHdb b, ZOHRHD 1
~ 27 ARRE O ZH DO X 9 7% SSEIXHE SN TWhiE. UL, TOX S HHRNAREERD SSEIX HRAH)
HEHEIH & GNSSORE L T ERTEHOMICH 2728, SETROD> TVEVEWI I[EEEL H 5.

AWFFEE, TORIWICE R %728 GNSST— X 7z W 2 F SSED# T (Nishimura et al., 2013y M5 25 #) 7 —
RDAZyF 2 TFE (Fi - BiH, 2012 ZHAGHDE T, T SSEDOMKR I OHEE Z it A 7z

T— A RUBRRFE

AWFZETHW 27— 21%, E-HPEEED 50 STV % GEONETO H R E (F3fi#) TH%. £9'1d, Nishimura et
al.(2013)% U Nishimura(2014YD Fi CHEAN SSEOMIH & HIEWiE €T IV OHEEZ1TS . T OHIEKIEE T ILOGHHE
fEZFWT, =i - #H (2012) OFEICHEM U CRERVIT— X DA Ry F 2 T o1, AR F 2T FEOEAINE
FIEZLLFOEO TH 5. £9, 75 GNSSBHHADOIL « HPER > FHIC AN SSEOFAEHZHLE 9% 181 HE DI
MERDOT—2%ZED7ZLT, FuDO 60 HEZFROIZRFEOiHO M Z > T 1 X s L ROFRZE & RMS D HE %
119. TORMSZEEZT—XD /A AXLN)VEL, KRhlE /A X LN)VTHIET 5. ki, HENEET IV IR
ENBTTFIVE ERED A XL D, FERNE RO SINZFFET 5. 2L T, SINHOKZWIFICKSR
WF—=RDAZ Y F 77, KHUEBOWHOWZHWTAZ Y F I LET—2D ) A ALNVEFELT, A
R F T T—2D SINUMWRARLIZDETRAZYF UV T2IT5. WIRIC, BONIARZ Yy FVTRRINICHLTT
TRIOBEZ T 474> 7 L, RN SSEDOMK R ZHEE L7z,

R

FE N T 7 IROES T ORMAN SSEICRI L T, 3005 100D 7 —2E ARy F 735 LIk D SINEED
RARERD, ARy F U TRERIITIE, HEHTE SSEOM R M ZEEHT 2 T LA A[REL 7R > 7z, GNSSOBEMI A
BT ORERYTIX AN SSEORF T E HR THERT 2 ML W e D, ARy F VT FEOFNMN RT3
TEMTER. W SINEEDERWA &y 52 77— 2 b HEE S 7RI SSEOMKERFEIE, BEMS 1 7 ARRE
Ths. OGN, WRETT— 20 5N SSEDMK R Z #EE U7z /e1 5% (e.g., Sekine et al., 2020k D
EHLMCEVEDEEENS. TOXIBEVANY MK, KIEWRZATHAE L SSEZ 1 DDAV & LT
MAELIZBDOEEENDD, TN TRHATERNANY FEFET 5. BT, Wk O s M- MEhE )
DR, B KRR ZET O Hi-net{@RGHT— X L R L 75 RICOVWTEMET 5 TETH 5.

HIEE AT TR ETHBEGEO H & OFEfE{E (GEONET F3fi#) ZfHLE L. Il LTSN LET.

BE

=i - BEFH (2012 HIE 2, 65, 205-218.

Nishimura, T., T. Matsuzawa, and K. Obara (2013) JGR Solid Earth, 118, 3112-3125.

Nishimura, T. (2014) PEPS, 1:22.

Sekine, S., H. Hirose, and K. Obara (2010) JGR Solid Earth, 115, BOOA27.
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F—T—FK: 20 =AY v S A X+, GNSS,PHEE HA, #kiehr
Keywords: Slow Slip Event, GNSS, Southwest Japan, Duration
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IT_EIFF@%BL: B BWERAEE L EEO P TRET 2 A0 —2AY v T AN
>
Slow slip event within a gap between tremor and locked zones in midwestern Shikoku

AR TR T N — Rt BT PR
TAKAGI, Ryota'* ; OBARA, Kazushigé ; MAEDA, Takuto!

VGRS E BT 2 Al
IEarthquake Research Institute, UTokyo

PR HARICILAAL 7 ¢ U E T L — MEROREE 30-40 kmOFEEK Tld, HEBCEREMD) & AT —2 1) v 7
ARV (SSE MWRIALTHAETZ T EHHLNTWVDN, TOMEFAEE X 0RO BERMEZFA S 8 5 G5
EDMNTIIZEAMFEIE T 5. AWFFE T, GNSSZENIT — 20 bERZBN ) & KMERORINEF 2O R T &
T, PUErPPEEROMEN A & S O rh R s TR A 9 S BRI R SSEZ M L7z,

i U7e7—21%, ELHPEG GEONETO HERE (F3fi) TH 5. £9, HERA 7Ly b7 U7 iz e
IC & B NAWNTA T2y R EAIE L%, Nishimuraetal. (2013 &FREROFEEHNT, BRI —L Y b/
A AR 7ZBRE LTz, ZD1%, 200740 5 200840 2 F M DZEN D SEHEN KD ZHEE L, ZOEF KD Z2hD
RERIID S LGV, 2011FE LI DA OZEAIGITIEEH B D 5 DA R 51, HAMHE DRI E D2
KB ENEDOZEMZAHNCINA T, WEHPESBICBWTEREDZERMEZTFNHEZREE N, £ T, RHEDZENZ %5
D REETEM L THEWRIESRZ R < O ZNMEN BHEEL, TN 220NN 52 LEI< T & T, kit
BEORNEHHOFERREL, HNEZHOAZHH L.

VUE T PEERIC 3503 B B E DN, eSO ZEN R L, 7 L— MEFUCED B30T XD THIATE
%. Okada (1992 DORICEDEHEEMBEEZHWTET Y VT LEE T A, B NIZM5E, MEFREE & FEEEO
RREE S U 280 2 cmBEE DO T L— MUK A RO TR THIHTEZ S ehbhol. TOSSEE VAR &EE 14
MRS A . 20114F 4 H, 20114 10 H, 20124 4 H, 20124F 10 AW S FNFN L EMOEMEAET— 2 & UTHEE
U7, PUERPEEsH S EkEichiE L, £& 150-180 km iE 20-40 kmC, Elfid 7 L— MEIR & IXIE FiT
TH%. WEEZ 2011FELIED A XY MTHRTEOWE DD, FOBSIE 20040 5 2005F1C EERTE, TD—
ERIZ/IR (2010 THMESN TS, B SN EHNZAZ SSEWX, 20034 & 20104F0 Ei%kiE BN SSED&ZICT
SHPITHRET R D, BEKEEHN SSEOTROWHICKEIL, MEHFAER & B & OB D22 I T/
% SSENFAELI-C AWV RBENS.

VU E PRI 330 2 AR B I @ 3 H AR RIBR THRAE L, T L— MEMFANCEED S 1ED G TERBHIT 5 C
EHHISENTVED, 2011ELBIIZZFORIH/SZ— AL LTz, MBI Y — RIcBT 57 L— NERT OB
B2 HES % &, PUEPEEBICIS N T 2011ELRICIE 120 kmEL EE WS, FRETI O L EREBHTI Y —
RIMEE LTz b otz AR TRIEE Nz EMNE SSEWE, BE/ 2 — UL U e @A o S hiE
LTWA Y, EOEMNE SSEMNZDZELRO N SSEDRIFEMEHE L, FEHE & U CEHEMMEE R MEh OB BhEHEEA
ELl G- rnlgEthH 5.

PR AR & BB OB OZEHEIZICKD 71 X — FILHIARFICEIFEL, TOMEBETOTX) HXOMiRIE, B
HERFS XD IKD dip /\D FROHEE (Hyndman, 2013 REE AL IEREE O (Wech and Creager, 2011;
Yokota and Koketsu, 200507 HICIFFICEHETH 5. AWIZLTIE, GNSSENI T —Zh HEH AT & KHMiEE% O
FINEE IO RS T & T, MEHRFETOZEAEIC BT % EFNAR SSEZMIEL, TOENMAZ SSEICKD 7T'L— Mk
PR K B EHEMED—FZE L TN T EMNHLEMNCE S T,

F—TU—R: 20—V v AV b, A0—hFE, GNSS ZEEBLE HME, kAR
Keywords: slow slip event, slow earthquake, GNSS, non-volcanic tremor, subduction zone
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F'iﬁin%%&mﬁ'aﬁ SR DD R U SSEOFAEREZ(L & Z DJFIA
The properties and variations of repeating slow slip events near Hateruma Island, soutt

western Japan

Tu Yoko'* ; Hi&E =/T !
TU, Yoko'* ; HEKI, Kosuké

VAGHERE R A B AR E IR I

!Department of Natural historical sciences, Hokkaido University

A=A FAXY | (SSE)NG T L— FMERTHORLEZ 20> D LEO THD.,. A RitERE. 75 A,
HFESHA, P HARFEDOILAHPART TRNEZENT VS, MIbEEMOFERIFSE Tld— RS L— Ay TV 7
MIHNEFETHENTVE D, HERICIE GNSST— X DFITIC X > T, IIGmRO IR ED 5 PR BT 7zl (Heki
& Kataoka, 2008yxlifi&h, MHARSZ ZF kR4 M T DR U SSEM I SN TV 5 (Nishimura, 2014) 752 2 B4
Mt D SSEIE., FI Mw6.6 THIMHAEIC—E74 LTV 5 A%, Nakamura (2009 5511 T 20024EICH#2 T - 72 Mw7.1
OHEDT 72—V FIES ISHEIC K > T, ZOEMNRE— XY MEBEEDZL LIz 2R Lz, —)F
4 E 20024F & 20134FIC GAFE A EEIA & O transientZ B & Z/R L TWA C L2 RV L, GAE SISO
EEIOHESEE LT, M5 7 TAa—E K%M (Slow Rifting Episode)’FE L7z & EX TWV5, AWIZETIE, T
NSITHES MEHRER 7 1w 7 ORgEIC X B I ZLE IR D SSEOFRERICHE R MIF L T3 L& 2 THRA RERNE
AT Teo BUEDOFFMIZ R BT 2SO &,

F—7U— F: SSE 5, FEAESAREZEA L, TREKHE
Keywords: SSEs, Hateruma Island, variations, Ryukyu subduction zone
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2013F 4 e b 5 7 ORFFEHE L X4 7 B NICDWNT .
The Apr 2013 earthquake swarm and dyke intrusion in the Okinawa trough

L2 HEZE 1, £ FETF 2 5 Tu Yoko® ; Chen Horng-Yué; Lin Cheng-Horng
ANDO, Masataké&* ; IKUTA, Ryoya? ; TU, Yoko® ; CHEN, Horng-yué ; LIN, Cjeng-horng

LA R AR SRR B > & —, 2 W R SAR AR EREARE ISR, 3 IR E IR RIAETRT, ¢ rh RS e Bt BRIl
LCenter for Integrated Research and Education of Natural Disa¥Bnaguate School of Science, Shizuoka Univerdibgpartment
of Natural Historical Sciences, Hokkaido Universitjnstitute of Earth Sciences, Academia Sinica

20134 4 A 17 H5AVE SAt1tyt 50km O b = 7N T, Ik Mwb.2 ORERIED A U, 13IF 1E THEENEIL
WlTz, TOHIKTIE, 2002 DORERMELCROMEEE TH - 7, 1EEIARKH. Mw4. 5?&*@x%ﬂﬂ 213 28 Al = 7z,
AN Z X LRF T RN THGERDOEMEETH D (F-NETIZKL %), HIEET— Xk O#ANE MW5.7 TH - 7z,

HIFETEE) & [FRFIC . GAPEERELRLDED GPSH AR ZH /R Uiz, KGPSIEMOFER. 4 A 17?18HD 2 HIH
OO ERADEND > S DEB LI EWVgh > Tz, BIENTIKFZEENE, GRS CTrmERIC 4.7cm PERE TR
IZ lem. AHEETE mmA—X—TH -7, BEFFTOBMNA TIEAERIRET IR S hEh >z, ThH5D GPS
T—RRET B e, BERHERIC MW7 0HYDIENEHIEE I~ /< HADNE Uz e EI Nz, 2720, HlZ
T —RIZFTIE. ZDDETIVOERZDFENE,

C ORPRHERAEN . SHRE B O mOfREZ{E (200622013.8 IEFEFGHRTAINC 6.5 cmliyr TH > 7z hd, BEFE
HiZE#%IE 8.4 cmiyric B 2. 20144E1C13 9.5 cmiyric 75> T %, TO K S HEMNCH - 2 HRZ#hE. ROIEKE o
slowslipk v, X Z7~<EATTIVOITHHA LT, 2013FEORFEMIEX, P b 7Hho2Ek< I<EAI LD
FIFEIENZEDT, ZOBRELEF K DEHICT B AR L T0a EHEIIE NS,

erel, TOMOSZ<BEAN, HiskilZzZmicf LUHd Gskilomitt) FKREEEZIC< WV, GEELIE, LS
& I IR I BRERINS 0 UISIF R EIS U S, WO GPSEARER 1mm/y D TERMNCH T TV S, Fiskilid.,
HEICHRE TS [ EMEENTVEEE A%, DF 0. FERIDEEHET 2Dk, FEREEDNZIRT 5720T, I/~
BAZZOMPIC KOG ZRIEINTVS, 2013FEDOZME~ 7~ HAIZ, 19974 GPSEMIFGLIEYID TR E/2E
DT, TOMOBHREIMIEIZEDTHA 5, @EIE. TEKMORMEIC D, < 7 <IEZEICH 5 7ICEAT
5LEZBNS,

F—TU— F: BEFEMIEE, (EWE, DR 7, Sl RIL R, 21 7 BA, BREKE
Keywords: earthquake swarm, normal fault, Okinawa trough, back-arc rifting, dyke intrusion, Ryukyu trench
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Correlation of activity of very low frequency earthquakes with tide in the Ryukyu Trench

R i SRR N
NAKAMURA, Mamoru'* ; KAKAZU, Keito !

U HRERASEBEAAA
LFaculty of Science, University of the Ryukyus

BRERMEMICID > CTRMEAE B HIE (VLFE) DREL TW5 T EDHSNICE > TE/z (Andoet al., 2012;7%% - i, 2013,
2014, Asancet al., 2015; Nakamura and Sunagawa, 2D15/LFE ()5 16& FEMNIEFIT/NS Wizeh, HIERY (3 kPa
BEO/NE RIS HZLTERIL LT W EEZ NS, Z T CHEREE CHAET 2 BB E =S HIc OV T,
BRIV & DOFISZZiHXTz,

20024F 1 A 1 H~20144F 12 H 31 HICHiERMERE TF4 LTz MW3.5LL D VLFE A4 N\ R Z it Wz, L
7z VLFE 71 % 11 7'1% Nakamura and Sunagawa (208YF##i A0 D IEIC K 2 EIRY A R Th S, Wiy Otk LT
SGT ORMRCER GINE - f3E - 7D O3Sz Lz, iz, ﬂ%%ﬁk&%@ﬁ%&VWEﬁﬁ%w@?%tb
GOTIC2(Matsumoteet al., 2001)7z VT, SHEECOMEBRIRY & ERTEIC K 5 BN 23R Uz,

FFHERIENE T VLFE DMEHT % 5 M2 3R U, ZNZ NS TEOECERNC X 2 W Emliy ONifH & VLFE {53
LW UTz, ZOFEE, FrHERERIL (GABERGT) LUSN D4 T O T FRIFHNCIEEIDERIL U, R IS EhhYEER
{bd B EANR SN, EBIE M2 ENCHIST 58 DM REEHE TH > Tz, £z, VLFE {GShZ ERERY & iBrEfiEIC
KB HGRKER & EEARTAER, AR ORSICTERE, ILEEORHHICE LI 2 R 5Nz, & SIcHEmEZ H
WCTTL—METOBAMIGNIZRIH Uz T A, BARIGIIDRA ERZNMMHD L I VLFE IFEINERILT 5T &
ML MMC TR > Tz, bkl T C % VLFE I3KMAViINERIHIETH S (Andoetal, 2012 7z, ¥AWISIHNES 7%
5T ETVLFE BZRELRTWVWEEZONS, WBIEHEICK 2 EORE L HERIEEOEROBRICE D, 7 L— MEIC
1) < B AW 1E R~ IR ERIN T LI RIED R & < MPEFRERLTIZ/NE WV, T OO 281 VLFE 1GEd BRER S
AL TIEEIICIRE T 5 & D OFBRIEHRE LI TIIINE Lo T L E X T,

F—U— R BRI, WY, SRR
Keywords: very low frequency earthquake, tide, Ryukyu Trench
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Tidal sensitivity of tectonic tremors in subduction zones

OB 8 1+ R 252 2 ; Houston Heidi ; HHH #5 1
YABE, Sugurd* : TANAKA, Yoshiyuki2 : HOUSTON, Heid? ; IDE, Satoshi

VOO PR BR A R 2 I, 2 JUOR RIS, 3 T > b R
LEPS, UTokyo2ERI, UTokyo,3ESS, Univ. of Washington

Tectonic tremor, which is one of slow earthquakes occurring in subduction zones, have been known to be triggered by sma
stress perturbation such as passing surface wave from distant earthquake and tidal stress. Tidal sensitivity of tremors can
detected by investigating the frequency of tremor catalog, but more quantitative comparison gives us useful information. By
comparing tremor activity with calculated tidal stress on the plate interface, some previous studies estimate frictional property
on the plate interface, such as frictional parameter in rate and state friction (Tanaka et al., 2008), friction coefficient (Thomas e
al., 2012; Houston, 2015). Furthermore, recent studies reveal the relation between tremor rate and tidal stress is exponential (I
and Tanaka, 2014, Houston, 2015), which would represent the frictional property of plate interface. However, the analyses o
previous studies are limited to specific places in subduction zones. Hence in this study, we try to estimate the spatial variation c
tidal sensitivity in Nankai, Cascadia and Mexican subduction zones.

Tidal stress calculation includes both body tide and ocean tide. Tidal stress is converted to normal stress and shear stress
the plate interface based on the local plate model and plate movement.

Tremor catalog is from Yabe and Ide (2014). We calculate tremor rate at each tidal stress level following Ide and Tanaka
(2014) and Houston (2015). Tidal sensitivity is calculated from this data using maximum likelihood method. The uncertainty of
estimated parameter is assessed as well.

In this study, we categorize tremors in the catalog into four types. Tremors occurring between major ETS episodes are
categorized into inter-ETS events. Tremors in ETS events are categorized into three categaiBs ( “front” , and “later’
as Houston, 2015). Spatial variations of tidal sensitivity for each type of tremors are estimated. Nankai and Cascadia subductic
zones have both ETS tremors and inter-ETS tremors, while tremors in Mexican subduction zone do not show significant along
strike migration, and all tremors are categorized into inter-ETS tremors.

As for tremors in ETS, early tremor and later tremor show high sensitivity in Nankai subduction zone, while front tremor does
not. In Cascadia, only after tremor does show tidal sensitivity. The absence of tidal sensitivity in early tremor in Cascadia is
considered to be due to the smaller amplitude of tidal stress and/or stronger coupling of slow earthquake region. In the fron
period, stress perturbation due to SSE slip would be larger than tidal stress, and tidal sensitivity disappears. After the SSE frol
passes, plate interface get weakened, and strong tidal sensitivity will appear. Comparing with the amplitude of tremors estimate
by Yabe and Ide (2014), tidal sensitivity tends to increase from early tremors to later tremors where the amplitude of front tremors
is large. Because the amplitude of tremors is proportional to moment rate (Ide and Yabe, 2014), this observation is consistel
with the interpretation presented above. Tidal sensitivity also tends to be higher in shorter duration tremors, which is defined a
the half value width of tremor envelope. Considering the tremor model by Ando et al. (2010, 2012) and Nakata et al. (2011),
shorter duration might imply smaller tremor patch, which would not endure higher strain accumulation than larger tremor patch,
resulting in higher tidal sensitivity.

F—U— R GREMEE B, Ao —HE, vhAoARia, iy IOEE, KRR EE ]
Keywords: Tectonic Tremor, Slow Earthquake, Subduction Zone, Tidal Sensitivity, Rate and State Friction Law
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An estimate of fluctuating plate subduction velocities caused by tidal modulations and

decadal variations in the ocean

A 2 b QD 8 2 At sefh 2 R 1 2
TANAKA, Yoshiyuki'* ; YABE, Sugurdf ; KIKUCHI, Ryosuké ; IDE, Satoshi

VERGURSAHIEEDIILAT, 2 RAURAREBE AR 7 R it BRE R R A
LERI, Univ. Tokyo,2Department of Earth and Planetary Science, Univ. Tokyo

7T L— MEFASHEOEBERB T, IELEMBI> A0 —2) v TR ENT0S, TN b OBIFEAEEICIEFIKK
JBIE KD A Uit 7’ L— MERIEOKN T E > T 72, AERICHDIFFIE B> T0B EEALBNTWVS, ©
DI, IFFITTHAININTH L TEWED F U A—ENZ T D5, FERIC, BGOSR U 728 @)
FERBOZEDENE N TS, WLBIATHRIC BN T HE®FHEBOIREN RIS L T < T EITEH
L. WEho BN ZE) 2 Tl 2 8MAET V2R LT, MEI>Aa—AY v TORER T L— MEAROITXDIC
EDAELBDT, ZNEDRAEDRBINGZINE T L — MLAAARDD S ER2EARNT, Wil T T DT —RICZTDE
TILVZEHALIZE T A, BTNV LROIMEDOFEA RN EARMEOFERN G FUHEEH) & & ST 5 T &y
Molze LHLGENL, ZOETIVTEREBIIIE NIZEINICHE DN T WS 72T, BHERBIOIETRY K57 2 RN -
TELTHEY L OTEEMTDONTWEDN S Foo WHEPKKDIEIY ZH) & KB DO FEA I & D BEE 2 5T 7813
RIS H o712, BRIEON N T BT ZEZRB L Thiah > Telcd, TNHOIGIdHIER U A—9 3 I1cid~
TRREEZASNTE e, AIETIE. BRI O RIINZZ# 20D THRME > 7z, KRITOWEET IV
THEHENCBEEN T =220 5, MY OIRBZFD 7259 HEDZLX D LI AT DO E 725
TENDINRENT EWITH > Te, WEIDIEENSVE LTEEER I A =22 HOTHRBE ST I N EHEDRD 5 &
EIEEY DU E) & AL TR 2SS S 2 — 2 72 R Uy IRIE AT 1 mmiyr 282155, CNbidp->< b L%
B Cd O ABELAITHGEE T X 2 7 JREMEN D 5, HIEEIETI® A0 — AV w TO—HE TN D 5 EDORHHICHINT 5 DT,
WEDOIEYZT DO K 5 TN 12 BT A 7 )LD I 2 L— 3 VI AN, @RI S Y 2 T4 % D HGE
TRILENGHROBELE S,

F—TU— R, An—2R v 7 WE), HEE, HEEES), 7L — MLARA I
Keywords: tides, slow slip, tremors, earthquake, seismicity, subduction zone
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Tremor activity and sllp modes controlled by the permeability of the megathrust boundary

S E— 1 BRI !
NAKAJIMA, Junichi'™ ; HASEGAWA, Akira!

VBRI R ARG AR

LGraduate School of Sci. Tohoku Univ.

PR HA DI L O ZEEREE BN X st 5 B /KEIC ) TOTEK TIER TH 205, Bl 2 X PKE Tl MEh
RELTWAERWERE, BiERS A TIEINENZIT 5 ENVSN TS (Obara, 2002. X 51, BEMSHTEE
TRWEDREINTEST, JUNTEMENDOIEENIEH T RN L KRERFHMO—DTH 5. TDXK S SMEhEE)
DZELDFRE LT, B, fdfbkiE, JUNCBT % EIMED AT THGR DL AFH (Seno and Yamasaki, 2003014 E)
FEO Figomekia{t (Matsubara et al., 200902 2 5N T &/, LA LAEDS, KIUKETERHAG—2Y v
WAL TS T & (Kobayashi, 2013, JUN-/3F A RRICID > TRIEREMERGEINH 5N (Yabe and Ide, 2013
EHAT—2Y v IHHE LTS T & (Yarai and Ozawa, 20037 &, Bl DOIFZEIC KNETEAAT AT T DM &
A=A w TOSERAT LERIS LRV, Fiz, Aa—2) v TOFSRRMRIE RS T ORI ERE & 3HBIA 7R
ZEEIEMEIN TS (Audet and Burgmann, 2014

AWEZE T, TR HAROMENEEO BIGER S OZ RS B 701, 74V Vil L— MEFhILoRE
MBS E SRS 2 HEE Lz, ZO8RE, 7'L— MERE EOMERTE & MEnSEI O RICIHR RGN EEL, (D
MBI IER R T, ERAOEENEEETH B T &, (2) IOUKGESDHEE, BIRGTE, SUND X 5 I Ehh 5
ELTWERY, T3 TORVEETE, HBROMEIIEEETH L ENHEMI R, TOK D & LA
DI L MENREEOBIRZFHT 2 1 DDET)IVE T L— MERE FOEADFEKROENTHS. DFD, HEHIO
FTIKENWNSNEEICE, T L— MEROBBUKENSEEFABEETERL, TL— MEROBENE L KT
T THIINZRETEZEEZLNS. — ), BKEDRKREVGE, FRANIKDPEFEEINZ 2DICZ T TOEK
WER, FERELTTL— MEROBBKENEL E5E5RV. 0k, MEEREIEZ I EMER KNS5
TEMNTET, METREERANAT—A) v IDRETZLEZIONS. TOXIRFEKROEODSIHIFFENS
MBKEDZEIIC K 2 AV v TE—RFOEWE, i I al—ra VEEREFAMNTHS BlZIX, Liu, 2014.

F—T— R BACR, HEEEGHE, 7L — REiS, An—iE
Keywords: permeability, Philippine Sea plate
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POEPEEE T O AT —A N MIC BT 5 N THIEEERE
Seismic explosion survey on the episodic tremor and slow slip area in western Shikoku

K H 2 WR B B8 KR!
TAKEDA, Tetsuya* ; SHIOMI, Katsuhikd ; UENO, Tomotaké

LR SR B e T
INIED, Japan

i, WEIFFIC X O, mllE b T 7IR0THRET 2B I RNERABMEOHEBOERET VAN E Nz, TOEFRET

IVOTEREE RN, FEAI LR E A B S VR R S . I AT — A1) v 7 (SSB FDARFNE A N>~ OFEES
ICHDEREINTVE D, Lmawﬁ@&ﬁ@b77u%wfﬁiﬁéﬁﬁ% EDBRIZNT LEIHETIE ARV, K
JAA N FOREICEL TIEHFAL T L — F S DRFUKMEC S L TWE EEZLNTED ., AR A NV MR
EHENO T L— bR T, T L— MR ZOMHHEOZBENTHENS, A2 Tld. Episodicl &R A X
NS ZPUEPET S e U, AR ANY N & T 0 U VT L— b 35 K OREME R i O A 07 & B RO M it
PR R D ZA L Z RERINC IR 2 728, PUEFEERIC 80 TN TR SR A 2 52 L 72,

R A LA PE—rd me BT S HEDS 2 TEFE R M M Eh 7 5 A 2 — 725l g 2 K ZRIRFTlih & @R
HEHTICE 25 80kmDERRE Lz, ANTEPE LT 300kgD XA+~ 4 FEJERT, M7 5 A Z—0 00
H FICHE Uz, ATHIZEZ @RS % 72 & OGRS, % 450mRTRE T 180 BRI L7z, &I 20144F 12 A
1LHARBICEM L, B RRET— 22135 N TE T,

BonilLa—RFe s a U SidNEEEZ NS Z DMHZIERS 2 T &M TE, FHTHOIRIEZ R D38
IMEIERE 11-120 & 14 B HRICHEFE T E % FRCHTE OWEFHIIMONEE & ki N E L [BEHZ S KO
FHEDREEIND, BEOBEET—2BLXUCTL—hETUH L CORFKIZ T L— MERNSDEDTZ EHERIE N,
Shelly et al. (2006)CH5Hi & N7z @ EDIRIANMFIET ZHBJE AN SRKNT 5 EDEEZ BN, Sk, iiziED, 7
L— FERO MM EZE L. 7 L— MEROYIMALICOWTEHMET 2 TETH %,

MAWIZEE, SCRREEZRE [ N o 7 ILEHER Sz 70y 2 7 b O—BRE LU TITWE Lz, ABZUCEHT
LT RSEREOREMICH 20, FABEEREZRD &3 5BFROEMRIC T NEE E Uiz, U TEHBLET,

F—U— R NLHIEMERE, Ml b 57, 7 L— M
Keywords: Seismic survey, Nankai trough, Plate boundary
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2FFHOMEN O —F « > 71 K B SSERAEMRZL
Recurrence interval modulation of slow sllp events by two types of earthquake loading

= HER
MITSUI, Yuta'*

U E R R E AT IR

institute of Geosciences, Shizuoka University

ABEAIEIC K > T, TNETIKEB L DAFMNAT—AY » TA XY | (SSE)NEICILAHMART THINE N T E /2,
SSED# D i U MR I WE O SRR S 5, CAUcld, BHE T U2 KRERMRICEE S 2 W08 E F
ENBIED 5, TITTAWILTIE, SSEMD K URMFROKRHMMZLICIEE I %, 3L - IREEKAFEESRAZ FW 7 UEE
TIVEERC KO, HEBICEET 2 WO RZTNTz, —DDOFERE LT, BHFOWL DD TEIEMEI NIz XS
I, RO KRHIEE O EIFAE BOEREDEI T SIS DN T, SSEFRAERIROERMEN R 5Nz, SSEFA & KHIEE D E i
DEREENZIEERD & EDH, KMFEOFREIC 104FERE T L T, SSERARIROE % 2 20EMMNELTe, £5—D0
fiRE UT, 0.IMPat DS L L2 R R RIChn A Te £ & [RlkkD SSEFAEMBROZERMENE L 5 C Ehbh >
Teo EBIC, JENEEIRIC SSEOFEEMPROFES M D ROKMENHEAET X THlktd 52 L bhrole, T
NS ORMRDBUEFAS RSO TEIT L TW SO0 E LNERWA, BURTIE. WiEZY10 70T 5 0IH LW,

F—TU— R A0—=RAY v T ARV b, ISR, M - R, MR R EE

Keywords: Slow slip events, Stress perturbation, Rate- and state-dependent friction law, Earthquake preparatory process
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LT L — FESEOBEEEMEN S HAB A0 — « AU W T« ARV | _
Frictional properties of materials along the plate boundary of Tohoku subduction zone:
implications for slow slip events

A B Niemeijer André ; iR S 2 ; Plumper Olivetf ; Spiers Christophér
SAWAI, Michiyo™ ; NIEMEIJER, André ; HIROSE, Takehird ; PLUMPER, Olive? ; SPIERS, Christophér

VIRERE - Bt - BPPgeRt, 2 2 b L e B R, 3JAMSTEC - &A1 7 i
IHiroshima University?Utrecht University?Kochi / JAMSTEC

Episodic tremor and slip occurred just before the 2011 Tohoku-oki earthquake on a shallow portion (less than 20 km depth
in the Tohoku subduction zone (Ito et al., 2013). The area where slow slip occurred overlapped with the seismogenic zone
To understand such diverse slip behaviour around the Japan Trench, not only the major earthquakes but also the slow sl
events, it is essential to reveal the frictional properties of rocks distributed at the Tohoku subduction zone. We thus conducte
friction experiments using a rotary shear apparatus on powders of blueschist (probably distributed at hypocenters at major Tohok
earthquakes) and smectite-rich pelagic sediments (distributed along the shallow portion of the Tohoku plate boundary (Chestel
et al 2013)). Simulated gouges were sheared at temperatures of 20;40@ effective normal stresses of 25-200 MPa and pore
fluid pressures of 25-200 MPa. We conducted velocity-stepping sequences (0.1 to 100 micron/s) to determine the rate and stz
parameter (a-b) and investigated the effects of temperature, effective pressure and slip rate on slip stability.

Blueschist gouges show a friction coefficient of about 0.75 and positive (a-b) values which decrease to become negative wit
increasing temperature. At 2000C, the behavior is velocity weakening and shows negative (a-b) values with a background frictio
of "0.75. At 3000C, friction is "0.65 and the gouges show neutral to positive values of (a-b), showing larger (a-b) values than
at 200 oC. (a-b) values slightly decrease at 4000C with a background friction of “0.7. There is also effective hormal stress
dependence: even at temperature conditions where (a-b) tends to be positive, (a-b) values are negative at low effective pressi
and increase to positive with increasing effective normal stress. This suggests that increasing pore pressure is a possible fac
causing unstable slip, leading to slow slip events.

Smectite-rich pelagic sediments show that at low temperatures of 20 and 500C, the simulated gouges exhibit negative values
(a-b) with a background friction coefficient of 0.38, except at the highest slip rate of 0.1 mm/s. However, the gouges show neutra
to positive values of (a-b) at temperatures>cf000C with the same background friction coefficient as at lower temperatures.

In addition, the value of parameter (a-b) depends significantly on slip rates: at temperatures of 20Gitdrigdeases from
negative to neutral (or slightly positive atZ0) with increasing slip rates to 0.1 mm/s, whereas it tends to decrease with increasing
slip rate at temperatures higher than 400The downdip temperature limit of the slow slip events at Japan Trench (lto et al.,
2013) seems to be in the range between 100 t6@5The transition in (a-b) value from neutral to positive, particularly at lower

slip rates, occurs at the same temperature range. Hence, this could correspond to the observed downdip limit of the slow sl
events.
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Precise observation of migration of non-volcanic low frequency tremors by using dense
seismic array

K EA Y S0 S N 22 A fige !
TAKEDA, Naoto'* ; IMANISHI, Kazutosh|1 UCHIDE, Takahikd ; MATSUMOTO, Norio*

b EERRIE
1GSJ, AIST

MDA AF 75 E TRIIE T 2 TR E BN B H DD 5 < b & LB Eh 5 50km/hz A 5 &
HREE, W OhOBEIX—UAREENTWS. T OBENIZOME L BE TN ZENZTNO/RZ—ic k-
THZ>TWV5. 50km/hZziE 2 % EdEB NI BB RILAAL T L— M AR AT TH S T EHAMEESN TS [Hilx
I¥ Ghosh et al. G3 2010, Ide JGR 201 2JE#alfF Tld T D &Rk B 72 2 & T REBE R MBI O R AR 23R & 3 5 T2 i,
20114F 3 A 6 = FEIRMBR T CHISHER T LA BIZTT> T 5. 7 LA DEITIE 3 7 H~ 6 1 HREIRE CIERRE
AU BENSEINE X TH D, TNE T TN O KB MENEEIRGDO 7 LA D EGFd 2 2 &N TE . SRl
B ORI R B O P25 Tz0lc, TO7 LA lik7% VT Ghosh et al. [G3 2010F [FRED F1E TR
JE B DRETRALE 2 KD Tz

PABHIEER LY LA 2 OB R I T o "o —THEE R D & @0, ToA\o—THHBIE & Ak Tl TE
RITBITRHBE N DMK R 285605 % [iCHEfth JpGU 2014) F7z, EBIRMEDTERIEIZT LA L EZIRFE O M ERSE
FREE DB Z T RT .

BL2OT7LABRITRIET LA CEEE 25kmILA) TOMBIO @ dhik, 3FEROBHAM A TldBHisalb
HAZINTWS. ZOHAE T L— FORHAH TR EETOTNND HH, TAUET LA fRHT ONLEERS IR
KLU TOWBAREMN D D, TR OFRE ST ET 2 EDTIEAY. —7, TEIEO KRS MENEEEFIC C O &
FAmEERTSE, I LBEETHUTIEREL, ARNVMIK>TRRELELEZGEN DT, £z, H—AXY
MW T @ g O AR & & BICED R LA BRI Nz,

SEIOfET T, A N2 N TOFMZAm#EBE ;ORI Ghosh et al. [G3 2010DFEZHWTED, 7L A D
1 25km LN O 2 R AE IR 2R E U <IEW <K ODDHIRIC /T, ZTOHBNOMEIZ XL TUHL TS, 5
BB E N7z maE ) T m o2 kid, MEREGMICEGDEEEEABNS 0, iﬁ&ﬁﬁ%ﬁﬁa%®m£@ﬁ®
BfRZBH S MCT 2 DIFHED—DTH 5. £, mEndEBEAMOMLAEICEAL TEMSORMDDH S LFEZENS.

T R R, BT L B, SRS

Keywords: non-volcanic low frequency tremor, seismic array, Kii Peninsula
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Actlvmes about non-volcanic tremor beneath the Yatsushiro fault zone

IR R AR R 2 TEK T 2
MIYAZAKI, Masahiro'* ; MATSUMOTO, SatosHi ; SHIMIZU, Hirosh#?

VROR - B 2 UK - gk v 2 —
!Grad. Sch. Sci., Kyushu Uni¥SEVO, Kyushu Univ.

HEAWERICBWT, smtitEORE D E 725 Uz IS X 0 IEUEMEID AR I N TS T ENHED
IZ7% > T % (Chao and Obara, 20185522 AR E). MMENIKER OTREIEESRCREL, B N/ I 7 10—
(Matsubara and Obara, 201D LLig Tld, BB OEERIC P RGEE ORI, HEEFE RIS 2 HEBIC s
&b\ﬂﬁﬁ?ﬁz_@ﬁ{tb\%% T ENHASMICIE > TV (Miyazaki et al., 2015, submﬁted)ﬁﬂ%f”#ﬁ“ FTIRENEOD,
coc iz, S X AU N VRIS & M SISO LT\ 2 BT G & T B ATREIE AN 2

ﬂ“ﬁb‘%@fﬁﬁ%ﬂb‘tﬁb\i}% TEWIEOEIIC B TIENLUEMEN DAL L TR EMS T i, MR
ZHfRT 25 ZATHEETHS. FREMINEZT > 7 L— & LT, Matched Filter: (Gibbons and Ringdal, 2006 &
D EHMNEB OB 21T > t%% ZOFERED, /AXLNVEREDIRIEZRFD, fHEREOIRFIONMEE B fE
R LA REDOEDTH - o (FiFHtl, 2014 HiFE A AERER). £ T, Shelly et al. (2006)CiThb NI MRKIRE 1D
T A b EEERDITIET, BENIEIERICN LIRIBO A — )V EE(L X}z 7 T L— R EREASYE, & @Eﬁ?@*ﬁﬁﬁ{—ﬁ
BOBRMNE SN DEHE Uz, ZOE, 707 I/—— rDR— Vi ) A XLV EEFEORE IS UGS, HE
DT —RCHHALIE D LIFIEFR AL /RS T EMNERTEZ. Lo T, Bmﬁ%ﬁﬁ?“ﬁfﬁ%ﬁ’]h%iﬁ‘%ﬂy\
(LEREID 1D 1 DORIKIE, IERICHMNTH T &75“‘3?"5%‘5 ns.

F—T— R IR, SR, HZRAME, T

Keywords: non-volcanic tremor, Yatsushiro, Hinagu, active fault
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MT keI & O /R E N7 AEPEERIC 380 2 Mg LRz (b
Temporal variation of crustal resistivity in western Shlkoku revealed by continuous MT

observations

N R AR s
YAMASHITA Futoshi' ; HONKURA, Yoshimorit*

b B AR 2T
INIED

T4V EVIET L — N OILPPARFIIET 2 UEPETIC BN TIE, HEMEERME) (Obara, 2002, Scienge’z 13 U,
GEEEACE B iZE (Ito et al., 2007, Science FHAM A T— RV » 74 X I+ (Obaraet al., 2004, GRL ;Fockoﬁﬁﬁﬁﬁx
D A Ak (Hiroseetal, 1999, GRD) HFD I FXE A0 —HENBHEN TS, —), MT EHFEA

W ELHE DO HIFR A I S RN AR LI TS SE W FEIET 2 S E WAL I x> TV 5 (Yamashita and Obara, 2009,
AGU fall meeting. T DX IEIZ T L — FIEARARIC E B RS BIKIC K > THEUFKRICHR TR &£ 2 B5N%
1z, An—#ETEE) & ORGHMEZ NS BN T MT E5EGBIDEEE N TV 5. AT, FElET—2fnic ko
HE L& Z BN HRIRFIZL OISR Uz Te 8, ZORSRICOWTIRET 5. HEEHHIX 20084 9 M5 2010
3 H F CRERIEIN TN INTEE (KBN) X CHAETI (SGW), 20104 4 ALK KBN 3 X CILFRIAR R
JEETZEM (KT) THIZ DN TV, /A RIS K 2800 UEHEEO S W R 2185 728, 7 — Zfi#fTid Honkura
et al. (2013, Nature Communication®) FiEZ 538 L, B ERGEOae—L Y =W L EWHZ/-IA o7 — 2 DBz i
ALTW3. 2hE50TF—2EHWT RN & NAHO HIFEEZFHEL, 51 MT EOFBUCHEDONWTAET S
AEWNRESDEDHERMNZ 5128 31 EBHITEE B ko, RMTHEEFICZKIEZISER T 2 EH 2 s R/
SNz, MT EERLEISGEVRSTERE ) KB 35ET— 22 THIEREB ko, &3, Lz
JEHEE 0.00055-0.141 HzD 9 JHIEITH 5. fRHTOFER, KD 3 DO 721z 3 A bz 4850, MHid 52 &
WK LTz, (1) BT EHERTE MDA U R A 2 2 T DM TEET 5. (2) (1) DZALEELD JE A IE > T
AR SN%. (3) 2 D0BM CRHHICHEHKOZIENRENS. UEoT ehd, ThbDOZ(LIFHBRANTET
PRS2 bICERT 260D & 2 5N %. % T T Yamashita and Obara (2009)/: L7z 2 JUthii& B EIC LT 1R
TRBEET IV ZERR L, 747 — RETEZB x> TBIIERO 1l & ik LIz & T A, HE 20~25 kmic 81 % LEiK
P L CRIIGS R ZMARHHRIRE T H 5 T L 2R LTz, 51%1d 2 0Tk iRSEZ i, B Nz LHR T R £
LB ED XS EHEZEIC X > THATE 20 Ol Az 2k 5 & & bic, An—HEiGHE) & o REM:Z X T
WS TRETHS.

F—T— R HRERHT, MT 1, A0 —HI5E, ThA AR
Keywords: Crustal resistivity, Magneto- tellurlc method, Slow earthquake, Subduction zone
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Seismic activity and velocity structure in the Hikurangi subduction zone offshore the
North Island of New Zealand

wils KRB L H WNE Y Henrys Stuart; S ZE L (L E0EA L B CHER L Fry Bill?

Bannister Stephén

HAIJIMA, Daisuke! ; MOCHIZUKI, Kimihiro '* ; HENRYS, Stuarit ; SHIOBARA, Hajimée' ; YAMADA, Tomoaki' ;
SHINOHARA, Masanab; FRY, Bill2 ; BANNISTER, Stepheh

VRO UOR A HIEEIFSEHT, 2GNS Science
!Earthquake Res. Inst., Univ. of Toky&GNS Science

Za—I—=F YV FLEMEDO Y 7 5 2 F kATt Tl OMrEMR OB X2 1.5 ThH 5 12km & DE Wil z
Fov s vFEENA—A TV 7 T L—FDO FNCEHFAAL TS, T L— MERHOES NN TD, [KEHEHIE
BEICKD 7L — MEROMGEDTHICRD SN TEBO . IWHRATUFLP, KATHRE OV EE (HRZ: High-amplitude
Reflectivity Zoneyx & O RIERSEDIFEAENHSMIC > T3 [Bell et al., 20107 £, JLE Tld 20004EE ) HiRFD
GPSEIHMNEE X N, T DLPHARFICBT 5T L— MDAy TV ¥ THREDHEE SN © 7T 2V FThAAIMIT
6 (FEfE 40° UL TREFEAE S, FRAES 10kmFEEE LRV, BEEEOIZIZ 2K R k205, U
EENE CINETITON T D o Teled, K TOMBEEF BRI MOV TIRER LD > TWEW, FEHDO T
FRABETIE AT —Z) w FAXY | (SSE WEIHIENTH D, MiDILFHARHE & ERTIEHICTEKNE T A TR > TV
BT ENRHINTH D, TNHDAXNY MUIMEPREEHIEDES T EAHHN TV [Kim et al., 2010; Delahaye et
al., 2009}

WK N OHUESS SSEICHES RN A RV M ERET 2720, © 7TV FIhHAR THIH T O EMERRIN T
N7z, 20124F 4 AIC 4 BOWEMEFINRE ST N, F—FERICEINE Nz, Jb 2 SIEIAFEHIZER TRflo 2 Bl 1
Hz HIEERFCH %, ILAHERHIERFD S BU L O L A—X—DAREHIC X D ilB D WikIICE> TLE > T3 H, fhod
3H TR BT — 25N Tz, BHARKREED 20134 2 Ahah SEHIFEOR T SSENRE L, 9 STALTA
7)) ALK > TARY MR U, FEIRENIC X O EBEE RO, ZOARNY 2TV T L—hEe LTHY
TRYF RTAINE—ERZEHT B ETELICANY M LI Lic, TNHEDARNY ME PR, S
ZTNZNHEMBEZES C LI & D HERER 2R, #oehE R & HRER 2 A 72 BRI E B X OHERE Fik
(TOMODD[Zhang and Thurber, 2003% FiW TEFRNRE X Nz, WIEHMEN 5 A = X LG RD Tz, BEOBHIRTZ
FTIIEASNRN, ANV ZEIMADZTENTE, FL— MEFLEFEDO ARy MCEHT % &, BEEE0LHA
i, HRZ TOANY MIEFEAERSNT, HRZ Ol THIEEISBIMEFRZ BN R S N ic, SEMEMIT CldE
BORILTHIZE L RO ENB SN, SETHRBETE A > ZHEEONEE KD S T &N TER, F/z, SSEIC
PN AR BALFRAHI CREFRE U 72 HETR BN A L2 % T e TE K, #HED SSETEZ U ES TIR D IKDRI Tl
EIREDTERAL LTz FRIDBBIERE TE 5. SNHIEWSTNE RATINARTEEIC. & NI HIEETEE NG F 2 i & — 2
T3, TNHOHIICIE T L — MERORNIEICHKIN T 2 /MU EE SN EES 2 REENH %,

F—TU— R HUETEE), An—2Y v 7, TL— M, i
Keywords: seismicity, slow slip, plate interface, structure
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EJEREE | 72 FHO 72 B I 5 5 PEORHHIC T T
Detection of seismic anisotropy from low frequency earthquake

AR T e
ISHISE, Motokd* ; NISHIDA, Kiwamu'

VOO R ST
LEarthquake Research Institute, University of Tokyo

HIEEBTARE OFFZ LIRS, @ OHIE &SR F5 2 B4 RiRENIIG: (Ra—#iFE) MHAWTHRAEhTE T
%. DU EDTHBHEBEFHBFEMEINE, Aa—HEOENM TRLBEFHEOEVEHRTH Y, Mo Ao—HizE & fH)
U CHFZERIIC BT 5 2 e A5 N TW3 (Bl Z1E, Rogers and Dragert, 2003)& 7z, Zh 6 A —HiEE I PEE HAD
T4V E L — MEROFEAMEOERM L #32 X 5 ICHELTHD, EBEEREMEIO A = X LRI, —
O 2O —HEEENOMRIZ ) TR, L — MEFRMEOREMERMBEOMIEICL BEEAIBEREE 5T EEZI DN
%. ZTD, GEMESERMENOFE X A = X LICBIT 21783, 2 DIEBIOFERLSK (Obara, 2002) 9 TICE® < #Htis
TNTWAS. UL, INSM6E, HEL TRIAE OBEMEANV R I NTIZWS D (Bl Z1E, Katsumata and Kamaya,
2003; Shelly et al., 2006 ZDFMIIARTZHSHTIEAEWV. ZT T, L, FIEORHICIERICEEREE TH S M
EREAME) WCERL, 20 TREZEMZ L] W BUSM S, Filfk & GRS E R ENEE) & O BE M O 2 b T <
ZlzEtmE LTk,

ZOH—HE LT, KT, FEEHADT v VT L— MERBETRAE Ul MRS ZR5e Lk
FTMERE 2 R LD TZ O ERRERRE TS, CT TV MEFEEE] 21X, KRTHEHROBHRICH ST
W5, ThuF, GEEMEERRMEIOMEIEICE NS MGG TED, ST e UTHRHIE NERREICH
WHENTWA (P -, 2000) fiE-> T, EAWOREITIE SIKAT ) v T« Tz Vg (B, Ando, 1983.
COFETIE, PHRLESTEDDSEDS B, W S IHOIRE) /510 & li# OFLERE A T, B0 A M & 58 S AEdid
ENd. INHDINT A—2IF, ELTKFH) 2 B O AEMHBIGRED & < 52 X 5 Ralfinf &, Kl /5 m o g
ICE>TROENS.

T, BRELFNNROEEGHEZERE T 52MENEEN 585 NIBE GO ZT. &, LUTOMRE,
2-8HzDINY RISAT 4 W EZ—ZHH L THELNTZEDTH .

BN ERE T RO E UTCHEMHBIGREE, HEDHENID LEEEWVAS. LML, AW THENE L it
PR FRESIE B D HIER 2 R & LT R N THEICIR S, BiRFRTIE, HBIRE0.8ZBA %54 X M3k, T0
KRR TED SN, HIEMWHBEOE A XY FETIEAEWICUZRAENMEENTED, ZTOHAMIEHARTRES
X 0.2-04MBETH Tz, 2720, RZEHALOFEMIC DOV TIE, TNE TOMMEN T Thnizd, SHOMEL
5.

EBI, EOVEDDOREL LT, SWAT Y v T 1 VT RO T 5N 5 BT O NEEEDOREND .
COETIRENS FITME, Wi U7 iific 5 2 2 TORGEDOHENN I ED S >72bDERS. > T, K
et b NI, e L AR R DR ENZTENT VS, TDd, RO ZLOm
FTETH, BIRMIORATECOWTORE TG IE, HEHDIE (Oda, 2011 7% E7%2 AWV TIRABD ST P72 #f i
L, BIHEORTEZWHSNCT 208N D%,

F—TU— R AR RE, MRS, ik

Keywords: low frequency earthquake, seismic anisotropy, fluid
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IR 7 L—OREAR 77 R — )V HIEE BTG & FH O Fe RABE B R OB SRt

lk 20144 8-9 H D5 H) . .
Observation of the deep low-frequency earthquakes using deep borehole-seismogra;
network. Activity in Tokai area

ER EHE Y RARENL A f L B RRIA !
SUZUKI, Sadaomi* ; OKUBO, Makotd ; ISHII, Hiroshi! ; ASAI, Yasuhird

! RRHIEE R AT
ITRIES

BB HERPEVZEIT (TRIES) IS FEEEE R HE (LI% LFE EER) ZW25d % 728, 20094F & 0 SRR S v 1
Bz 3%E LB Z R T2 7z, TNOENAICINZ T, FEERMNTFRETIZET (AIST) R 7 R — VR O RA SERL2
Feffibt 7T (NIED) @ Hi-net 81l SMYH Z A &HET 3D (ifk) 7L— (SMY A7 L—) & L. TD3D7T
L—® 14850 T — & 72 fifi - C o T34 Uz LFE OB DUV T semblancdi@ffi 2170, P& Sz
)7L, B ERATE K - i, 2012, 2013) UKD 3D 7 L—W LFE ZWI755 3 2 DICAITH %
Tt TORMRERIC, HifE LFE OEIRED S L/51C 30-40 kmE N 7z i3 7 L—EEBR 7 R — V]
L B E B E R E RO SN, HEEAH D 7 L— (HE+FT7L—]) EMER) LLTHEZZDTRE0hE
EZ, TORERZHE Lz, BB L—i3, MG Seiile GRH& A, 2012 @ 1000miEE D 2 H i
(BYB, JR) & 500m#EREA 3 Al (TRI, HYS, TOS OR7 m—)VESE ST G5 1 7 OGBS TR S N, 77
K7L —b LTHAETTENTES. 20144 8-9 HICHE LFEDWRE LD T, TOHEBETTTL—TINSDLFED
ED X I ITEME N7z,

WEAT7 L—0O2TOBMNSICHEERT (Akashi JEP-6B3 AECE X N, ZHUc X O B X Nz 7 — X I3HEER
DT —ZRN—= AR EN TS, ZTNHOERERD XS T FIETUR Lz, 1. B> Ty >
U VTSN % DT, B 2T 100HZICHTZ 72, 2. K7 FR—)VBIILSO/KFERERO SiEN S £ E
WICHiiZ 7z, £z, ETFEEdESOmMtEZHiZ 2. 3. TNENONEETEZRED U ORERENCAR L, X BICLFE
SRR T EE IR TH B E BIC 2-8HzDINY RISAT 4 )V R—ZT .

ABTFIC K O ME I N LFEEHRO WS, X7 ZF 12— RHPRA (M=0.6) TH5 LFEDS HD 1 DTH% LFEL08
(EEJEIF © 2014/9/1, 15h26m40.77sZ =T H L, 2D UD K7 & E WK DB 2Tz, ZO/HR, UDKO 5l
LFE108D P i & @b N2 IEEEH, BT RWDIRIEE N, ETEWHRONBIEZ O Sk BbN 3R Eh
Te. EMTHIO TRTIX, 752 R/ A XHVNEOEHF BRI O 77 DR WEBR IR T TLFE O 7 )L 2RI
LTS ] ElBoTWED, FRICK LU THEFICE LWVEWSENWT otz ZOMEIE, XD LFEDT Y
FIVZARHBIC L TWSEEFEKIE, 752 R/ A ZXDORNTIEEL, LFEWNA XY b & UTEBNICZEFEL TY
37z, P, S, I—RXEHHWICERDH->TWET LickdtntEbns.

AEE L RIS T e b T — 2 i SEREERAN I ZET O Hi-Net 77— X Zffif] U 7z.

SE Ik

WHERIL - A R, 2012, B0 0%/ H i MG Eia S BT R & i 7 « ¥ 2L MG EFa GBI EIC DOV
T, HIEHEER ALY No.29 (H234: %), pp9-18

BAARE R « RKASMEN « SPERIME - Jb)IE— « REE A, 2012,374&7 L—IC X % SR E 1 (LFE) O semblancéi#
Hr, BREHERPAIZYER S No.29 (H234E ), pp69-79

BARERL « RKABREN « ST5R1E « JLIHE— - REE A, 201337247 L—7% W 7= R R E (LFE) D P« S
B & ZDOBFRENDILH (2), HARMEZZHH TS, 2013FEMFKRE, pls2.

F—T— R REBMEJER RS, TRASR 77 AR — )V BIHIE, 77 L—8Il, & > 75 > A fiftf
Keywords: deep low-frequency earthquakes, deep borehole-seismograph network, array observation, semblance analysis
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Matched FilterZ: 7% F\ 7z Ph i H AR O GREE JE iR thE oD B #his _
Automatic detection of low-frequency earthquakes in Southwest Japan using matchec

filter technique

Rxfih ek 1
MORIWAKI, Ken'*

LSRG A L
1 Japan Meteorological Agency

KGT TR —ME X O RSENG D i 2 A e ikl 7z SHHE UTR, EBIRVEZRITOEB AR E & L
TXRETHIEA 20 715 LT3 [PhH - ftl (2000)] <G THEA 21 7icid, 19994 9 H~20144 7 H DT
A HARDEENE N 5 7O OESMEE IR HIE A 24000085 5. oL ORFZE [Shelly et al., 200713, FEifE b 5 7 OZEALSE
WMENE L — MERDOTARDIC L D RET ZHECEREOESARTH S EFEL TV, FHUd 2 I ERIEE
HEEE RT3 L3 T L — MEROIRERHEE S 2 FTHEETHDL LEZBNS. LML, TEEMEEEE
HED X 5 7%V ZWERFON B ER D BV DICIRIEHIC K O BT 5 2 eh#EL <, EBIRIVEIC SRR D 5.

Z T THBIN, RINCEEBEE B HE ORI & ERE 21T 9 72812 matched-filter: 7 Para H AN D GEEEE 1zt
IEENCIEA L7z, matched-filterk THW2 7 > 7' L— MCBKGYTHIEE A 2 0 1B E N TV % 1263MHDFER T — X
ZRR U, roBIciE, &INCT > 7 L— b RUEBEE T — 21 U, 2-8HzD/NY FISZX T )L 2 L 100705
20HZANDT Y A— g VIHZEREL, 7> 7 L— b0 SHOMGGERERO 150115 4 BRIOIIE & #EEiE T — &
[ & OHEIREZ 0.05%IA THGINCEI R LTz, 2D, SIFEAT Y 7, 77 L— kT &I THOW =2
(B F v L) OMBREZ ELEDE T, HERBROMA D % B2 A 72 A BRE R IED A N DX
Nk Lz, BRI LTzARNY PO X D FHMGERZSED 2O 7))y Ry —FZ2{1o7. TOfERELT,
20144 7 ALIBOHAR TCERITOMEL Z a7 X D 2 < DIRFFMEOA XY MBI Nz,

F—T— R KA RHEE, matched-filters:
Keywords: low-frequency earthquakes, matched-filter technique

1/1



Japan Geoscience Uni(m Meeting 2015 0/0)

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

Union

SCG62-P04 S Ry g ViR—)b FF:5 H 27 H 18:15-19:30

RS T 3L 3 — & kil @ﬁﬂ‘ﬁh_ &K 2 UREER A PR i B D 2 R N

Spatial inhomogeneity of deep low- frequency tremor activity evaluated from seismic ra-
diation energy and duration

ST B N R R SR
ANNOURA, Satoshi* ; OBARA, Kazushigé ; MAEDA, Takuto'

VOO AR TS
!Earthquake Research Institute, the University of Tokyo

P A Cascadidf DIk HAR T THAET 2 LR BMENE, HEREICRREME (VLF) RAa—2XY v 714X
YMERIAL CIEENT 2 7 L— MERICBI 20T AOMBER TH S T LHHENTNS. ThHDOBHRE, TL—
kB R EEIR OB MO THRET R eh b, BERMERELMSHhOBFREZET S EEZLNTED, Z0D
TGERFE O ERTHS. TNE T, WMENGHOKG RS 5720, MBI ORZER 71 BT 2 2
BAITONTE. LML, MEIORENKE TEEIEOE W, BIEDEMEIC T %72, MBI A
DML DMENOMHUEINEE L 755, —)7, BIGEERIE O 2 k28 U CRHiT S N2 MEhED S Ol T % )L+ —
WDV, L DFRENEMTH > TEIRINTF—RRIIZEL TROLNSARENEND 5.

ZTTAWIZETIE, OLFE LT 0OMBNLEZ E T LB, ZTh 50N TRVF—LiEgEE > haAs
RERET ZH LW FEEFE Uz, TOTEIC K > TRICTER AR IC BT 2 MEH OH O kD LA S T
T ENTE, MENOEES T 3 )L F—Df e & WV o T2l i b OE | s HME rTREE ko 7z, CTOFEZ, FmH
AP THAE LTz 20044E 4 A5 20144E 9 A £ TOMEREENCEH U, MENGEIFREICOW T 21T 72,

ENES T 3V F— R EBOZEMO A 5, P HADH TIRPUEES TIEFFICRKERT IVF—DEH TN TS
CTEMHSMICKE ST, TDT X, RITMHETRID AN L TOIETE &Y, EREMETEEZEY)ICHHMETE 2
TEERRLUTWVS. FRFCHEE X N MEh 3L F— 5 O BRI & 58 T 3 )L — L — b OZEM 046 ORI
5, MEFEESE 2 BEOEBIC KA TE S EMHLMNIC K>, OO, PUEPEERRHEh A TETO X S, T
IIIVF—L—HEL, PORBERGERBEEVEETSHD, ©5 08D, UEREEHSKEETHOL 51, =%
IWFE—L— FAMEL, D OBRRKER S EOEKTH 5. —), PUEEHRO—HoM T, =3+ —1L— MK
WEDODBRREMEIFINEL, FRl 2HEEBLICBLEI ARV S RIERER L. E5IC, AW THS NIMENE
B2 L, HEOKRER VLF OBRMEHKE LIz T3, MBI IIVF—L— AL, H DRk
DEWEEIC VLF OBRNMEHR LTS b o7z,

WEhO T IV F—L— b X, ZOMEIENEEMEFOT A I KEVELDLRRENS. £z, =x)LF—L—1F
IR EHIRE S % LW S BIES R S, MEREIE, YA XK E RO EWMEIDRAET Bl e, Y
A ZHINE L BEFFRI ORI NEI D FAE T 2 I KHITE S T LA RBENS. —/, PHEPEIHSO—REkE, ME)
DY A RN ENE DD

RO EWMEND R ET 2K TH % LIRS N, WMEIY 1 X L ERERIEA T LB LHIRERD S % L IFR ST, 4
FOFERRUTIZ 2N AN E DN D % T EDHE IR T2,

F—T—F: 8, Tx)UF—L— b, fkieRER
Keywords: tremor, energy rate, duration
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MMEEH PAENTE BN 5 W7z 2014FE B2 /KIEAT—A ) v T AN FCDNT
2014 Bungo channel slow slip event inferred from deep low-frequency tremor activity

AN — BT R TR R SR Y AR R 2 R T 2 R 8
OBARA, Kazushlgé* TAKAGI Ryota1 MAEDA, Takutol MATSUZAWA Takanor? ;: TANAKA, Sachiko’ :
HIROSE, Hitosht

U BRHORAHERISLRT, 2 B SR AR IS, 2 e R
L'ERI, UTokyo,2NIED, 3Kobe Univ.

PR HATIE, 74V EVETL— hORBIAFRI LS THEIBEERME) & HHN Ao —21) v A XUk (SSB A
FIFFHCFRETZ T ENMHOENTED, BRIIZFNZTNOYET AV M THAIHEV S ZIF—EORMRTHRFEEMITAET
BEOREGES %5. L TAD, BI%/KETIE T OMBIKD updipfllic BV T 677 ERIME TENIN SSENRAEL, KHCZD
TR L— bR, SSEMICRHEES 2, DX 0 MBhiKo updipflicBE > THETEBIN S H Sk
T35, INET, TOXIEEMN SSEICKX > T MY H—EN2MENEHNE 20034 & 2010F BTN TED, 20D
JEHEAMED 5 20164E T A & TREI N TV D, 20144FEIC EIR SSEORA 2 /RE S 2 MEIOTERIEAR BN, Z0D
%, ETHPERED GNSSERMIC X - T, BN SSEOFAENMRE SNz (E LHIEERE, 2014. A#EH T, TNETO
BIHERICHED ¥, E1%KEICET % A0 —EEIOHEBIC OV THRT 5.

BILKEHEOMENTEENZ, EMN SSEOFERZT % updipfil&, ZFDRERIZ L A EZIT RV downdipfilic/7rhh
5. mfllOMEFEAEERE CAATIRERY 72 0 OMEPRAEMED &, B SSERAERLUNOBEFETIHIZIFEFELLL—
N THERE L, EHEIAOMENEENIFE S HIICE BT —ETH A T L ZER L TS, BN SSENRAE LB, updip
HIOMWMEN DO ADEE L— MBIMENBIETIERILT ST LIckb D, @ L— b SN2 MEEENIE SSE
DIEFERE L AT TN TES. ZO updipITUENEEIN 20144E9)D LI, EH L — F XD &iEFE LD, GNSS
TE 201452 LEH SR SNz, BEREOZRIGEBEIC 2 BEHIENTWS. 2006FE%FIC i MEES) & GNSSIC
ENZZEAVET (EHHFERE, 2010, < </NEBREIN SSENRELT-C & Z2R" BT %, %7z 20094FE XM Eh1EH)
PMEMTEINN U 721212 GNSSIC & 0 R ZEAEN, 20104ED SSENBHICEN STz, DFE D, 20094FEICHAE - 7=
FEEI O, 2010EEHM SSEICH T 2 EITEE L ART T EMTES. &L, 20145 UMBOERIED
2006FEDHR L FE U THNE, 677 EZIHOEN SSEDMICA: U S/l SSEL LT, BHCKRA LIz Lnk
V. —77, 2000FEDHREFEUTHD LT 5L, BEn< 201045 L [EHEOEIN SSEICRET B u[REEDH 5.

ETAT, MEETOMENEHOEM ML > FZ2RBET 5L, BEAKEND 50km LINDNFEE Tld 20034
20104EDEWIN SSEDBZIC M HENEEN DI T 2 EAICH B, DK% 7HEHIAD KL ROZkiZ updipflld
MENC DOV TORMEEL, downdipfiiciZ RS NEW. 51T, TO LY ROZRIZE#KED S HRICIER IS B S
TREILTWAXIICERAS. TOHRIE, BRKEDENR SSERICHIN T/MNIRIZE SSEMNE L, FRHIEE I
B L DORIOMEE RICBE| LI2C LR RET 5500 E LR,

F—T— N GEHMRE RS, Aa—R ) v AR b, A0—HIE, HEVEH, kAR

Keywords: non-volcanic tremor, slow slip event, slow earthquake, interaction, subduction zone
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Long-term ocean bottom monitoring for slow earthquakes on the shallow plate interface
in the Hyuga-nada region

(R fse s BRI HENG L L B L R R 2 MR EE L A Y EiE PR R — Rk
YAMASHITA, Yusuke'* ; SHINOHARA, Masanab; YAMADA, Tomoaki' ; NAKAHIGASHI, Kazud? ;
SHIOBARA, Hajimé ; MOCHIZUKI, Kimihiro! ; MAEDA, Takuto' ; OBARA, Kazushigé

VHRGURSA RIS, 2 W7 R KB B A SR
IEarthquake Research Institute, the University of ToRy@raduate School of Science, Kobe University

JUNKTZZOHWA#ETLE, Aa—HEED 1 DT H 2 REAEKE B HIE (VLFE) ORENSNTH D, FICTERATEE)
HIEKD 1 DTH % T EHkE LD S ST/ > TV [Obara and Ito, 2005; Asanet al., 2008] it Tl&, 20134
IR EHIEERHC KB E EBNC X O, VLFE &I A THRAE I 2 REUKEEMEID I 2 5, 71— MR
THRAET 2HRE BB & K S Blie~ 1 7 L—2 a3 Uk A1, Obara, 2010 HiD Z EMWWIH THL MM E N
[Yamashita et al, in revision] 2013FOMEEENE, VLFE {G8) & ZORHZEARL —HLTHO, TL— MR
H8O ETSTE Y — RHICHRBNZME) & VLFE OEIFRRICE LTS T e 5, T L— MEFREICIBO T S Y
7% SSERNFREL TWVE T A RBENS. LA LAEDS, HEHENITWIEE TORMN SSERREL - HED LS
5T INFETHEHEBRIIN TRV, T'L— MEFEET COEME) - VLFE - SN SSEQHRFEIIc K >TTh
S5DAN—HEOMBRZHLMMCT 2 T ik, HEZME S IEERERIE, FHCRENTREEINSEE ST 7ihvoR
KHEDORT Vv )VFHIC L > TEETHS. TOXIEERDOE &, GRS AEVIZE T8EiE T 7 R HER
SWgeyay 7 b CBT B EEEHESR E LT, Hm#icky 2 An—HEoREEKE=421 > /% 2014
EIAXOBB L. & 1 H OB 2013FEO(RERMENEE) 26 L ICHER L TB O, BTN E i i
Gt 76 LRI R IR U T LG EHIEER T 3 B DR 10B THEIKE N TV 5. 20154 1 HICIRFIDOEI AR Z 217
W, 1HOWwEBIHESR ZEIN L, 4 108T I B W T RIFREERZzBiSd 5 2 e TE . SHMp, 20144
6 H 1~3 FICELAREN THREMEE 4 E) & VLFE OTEEIN D O, g EHIEEEE T — X Ot S BB e i vE & 1
20134EDIEEN K O IR T TRE L TV T EDHLMTE -T2, LA LAEDS, SEIOIEEITIE 20134EDME)
WEICRONIZIPARRS A 7 L— 3 YD FARINEITNICB O TR TE T, ENFTHRA 5N 5 K 5 7% SSEXNFE
LTWENESIMNEESDETAHLN TRV, H2HEOBIHITIE, 2014F N5 DBE%KIKE SSEOREZ 5K A,
TR E TEINMEZ L TRRAZZ T > T0a. B1%KETO SSENARINCHEITS UL, 20034FE & 20104EIC R 5Nz
VEER SSE & 10 VLFE O EIIAR LIS [Hirose et al,, 2010)0 UL C B aTREMED K, 7 L— MEFUEESICIT % SSE
ZEOIIEEORFZEMZ L ZF IR Db LR ENS.

F—U— Rk A0 —HGE, Hinl, RIAEEE=2Y 7
Keywords: shallow slow earthquake, Hyuga-nada, long-term ocean bottom monitoring
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201 14F BRI EEIR I AR U 7 RS M OO AR B R s _ :
Very low frequency earthquakes in the shallow Nankai accretionary prism, following the
2011 Tohoku-Oki earthquake

A BRI R T R R e R e BR !
TO, Akiko'* ; OBANA, Koichiro! ; SUGIOKA, Hiroko! ; ARAKI, Eiichiro! ; TAKAHASHI, Narumi® ;
FUKAO, Yoshid

U RIS B TE RN

1Japan Agency for Marine-Earth Science and Technology

A large number of shallow low frequency events were recorded after the 2011 Mw 9.0 Tohoku-oki earthquake by the cablec
network of broadband ocean bottom seismometers (DONET) deployed in the eastern part of the Nankai trough. This low
frequency event activity was intense for the first few days after the great earthquake and gradually decreased. Signals of tt
events are most clearly visible at the frequency range around 2-8 Hz. Some of the events are accompanied by a very lor
frequency (VLF) signal, which is clearly observed at around 0.02-0.05 Hz. The magnitude and source duration estimated b
waveform analysis for one of the largest very low frequency earthquakes (VLFESs) was 3.0 "3.5 and 17 s. This source duration i
extremely long compared to ordinary earthquakes of comparable magnitude. These newly detected VLFEs are likely to be norm:
fault earthquakes located at shallow depths within the accretionary prism, in contrast to the previously reported VLFES that wer:
explained by a low angle thrusting along the decollement zone. On the other hand, the low frequency events with no clear VLF
signal were previously regarded as being low frequency tremors (LFTs). We show that events with and without the VLF signal
likely represent the same phenomenon, and the VLF signal is only observed when a large magnitude event occurs near the stati
The waveforms of VLFEs are characterized by the coexistence of long source duration and high-frequency radiation of signals
and such features were previously explained by the co-occurrence of shear failure and hydrofractures under the influence of flu
brought into the decollement zone. Our result indicates that the stress state and the mechanical environment, which promote t
occurrence of VLFESs, exist not only along the decollement zone but also in the shallower part of the accretionary prism.

=T — R ARFERRE), RIS, rE b5 7, ik

Keywords: Low frequency tremor, Very low frequency earthquake, Nankai trough, accretionary prism
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Low frequency earthquakes associated with a very low frequency earthquake in souther
Ryukyu arc

kG AR g =il NV B T2
TAKAHASHI, Tsutomul* ; ISHIHARA, Yasusht ; MIURA, Seiichi' ; KODAIRA, Shuichi' ; KANEDA, Yoshiyuki?

LR SRR RS, 2 R
1JAMSTEC,2Nagoya University

FERNE 1—5 27 7 L— b OFEERIC BT 2 BT, FERBEICHBWT T 2 U Vil T L— RIS I A
ATV, T OHIETIZZEORTE I (Ando et al. 2012y 21—V v 7 (Heki and Kataoka, 2008pF4: S
é’h’(b\% O HEER LR Tl RIAE OZEEWZE TralE b 5 7 JREMEN St 7 ny 2 7 ) O—BRE

BREROMm A OB o « NGRS SR ORI -0l FASIE, (KERHETEE) 7% & 2 RIS 5 728, SIS OGRS
(EIJIE &Yﬁii{ﬁ)ﬁn+bu KB HIRMEEBIN 2920 Uz, SIS Cld A Bt = o k& B =R T 2 -V € 6 Bl (i S -
ZRME - AHE - RS - BB - RS ZaE U, FE I RS HE m i BRER I 3 K Ol & 5 7 rEgic
30H/FE Lz, OB A \ELFEEHET—DOKE R EN A L, B0 L EHIER T X 0 IHE R
TTFIVIES NIz, T OBIREFEOFRAERC, WEKHER TG 2 AT MUz & D 2 FORJE R hE
(LL'F, Events-A,B HEHIE N7z, Events-Ald, H{EERHEDOFAEERITK 20700 R LA L, sBUS &
S5Hz LU Chkilki i hY 60seciith & W o K2 R U7z, —75 Events-BIGEHKERHEERRE D H 1Y 3FIFR D IR UFREAL,
2 DA XY MIHREFRERDY 100sed, ETH -7z, Events-BOHBE T 273Hz LT, @A (>5H2) Dl
#2id Events-AX D /N E WA R S5 N7z, Events-BOREERIEIZL S LD AVRIHIRT, P S ORI REL O T
IS X BEFRECIINHETH DN, WIE MR EH S Events-AK D BIHANCHRT % L EZ BN, Fiz Events-ADHED
MOHIEITER RO EHIERT T PEABIN S N, JEPHOBIH D STELER & b8 TERREZTo iR, A
HH R /5 O Forarc basing g3 DIRE 157 20km{\BETHA LIz Ehnh o Tz, MEEHEEORR (Hsu et al. 2013; Arai
etal. 2015, JpGUH 5, TNHEDEFIZ T L— MEFRAPIICMIE L T3 EEZ 5N, SBRIyANO— T HERIE
ZERE U217V, S ORERHE O ER R0 E S & OBIRICOWTEHEL KRR Z5HTH 5.

F—T— R AR BE, FERN
Keywords: Low frequency earthquake, Ryukyu arc
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Development on a method for automatlcally detection and location of very low frequency
earthquakes in Japan

A [ 1*
ASANO, Youichi'*

b B AR AR e
INIED

B SR ARANIZETClE, B R HERTIIE Hi-net I HFRR S Nz @R EENLEEF LSO 7 LA ITIC X - C, (ZIFHT)
T ORGSR B ORI & B ERTTR> TE e [l Zd, mmmemjam&%iﬂiﬁmm%%(mum
F iz, ETIRBNOEBEIE R MEE T > 7 L— b &I 3IREHBENTIC K > T, XOREDEWEOHEE & ]
BELxotz. BETE, HEED 2 A XY MNEUTOWRICHEZ M % 728, BiEOBRIAET LA DX 5 1% BT
FREINZD. UL LEDS, TOMNEL X7 LARO—FTH2 T M5, MEtEEICIT 2 LA EEi
H F-netd X 5 ICBIAS A8 w UBEWEAICIE, ZEEINETA ) T 2V I K BRI EENE T DT [
# - fth (2014]. ZC T, ARTIEZ DR K DFEHMCEN, BB X OCMEREEON R Z G 5.

ARFZECIE, J\EILFEE CREE I ETRIN S - 72 20144 11 H 29 HD F-netidit#1%EF - fth (2014 D )71k TR
Wl F£9, N2 RISAT )& — GEEHEE 0.02005 0.05 HD I XA UMOBIC, EFlsHRIE & BEHEIA XY b
GEE OHIE 17, HBEERIE 6 ) O bV HiCEkIE & O AR BN S SICFHMET 5. 2 LT, EEE
IS B 2 FH EAHBENE DA R R 2R % & e8I, HHEAHBIBIE OB SR T OAHZED B ARHA N b
DONEZE 7V RY—F THEES 5. RN 180 LUNDEED 7'V v R THMHBARED BIE 2 2 72355121,
Fl—A RV b &R UCTEIHBRED R K &85 7)) v RERIE L, TOAXRY MCWT % mwa i BRI « (iE%s
W UTz, Fiz, BELZEHARY b6 UeRBMmICEE L TANY R E N iGEicE, BEANY Ry
5 100 kmAICE I ENTe A XY OGS, BRI RARDE DZFEATL. X HITKRET - fit (2014 T, &
R SOREHEE 2 I D T 7261, FBMREUZ RT3 2 WA & Z OERTORFERIC I B IEEORIELL 7 SINFLE EHE L
T, EHOBNRICTHBT S SINEADVNEWARY FZRELE. TORMICX T, BISR TOWREEOEERZ]
JEDBEFIA N FEREL T EEDEDIEHRENS Z LN HFENS.

fRFTOFER, 20144F 11 H 29 HD 128h 5 18KFEEIC AT T, EROBIREERE KT L. %ME®%<uEm
BOMTHRELIZANY M EHEEESN, HEHMRIC K 2 EEOFERZIIEE PG LRV, LM UaEDS, (ZIXFE CRERHT
EW%$%&E$%&@%E&%&E§%%4Ny%%%ok.:h%@,ﬁbﬁﬁuﬁbfﬁﬁéﬂﬂ4«/b&®
HEfTh SR ENTzARXY N TH B, BISDNDIROCEEGEE TIE 405 5 BlATOT 2D, MiLES &
G BANY FSROREENTZFEHA XY MSOWTEFGHBBREDEWEZ & DTV EAREREEZ NS, &
5IC, JPERIRBIH A & AEET O/ (K 350km) ICIEBIHI SR RN e o, BREOEERIIAE C O 2 W ANE
DLREOERTHS. TODH, T SINEIZIEREOME A0, HERELUTERE SN AR M eHRTEk
otz ehmh-iz.

DEoZ s, aHt, BRREZRRS IICIE, FEHEBIREZ IR & U TRERE Lic A XY RO 5
B SINEEMENA RV N ZBRET 2 51ETIEIA T TH Y, IEHEORLERLINED T Z A #E T E ORI B BUCE D AN
5T ENEMEEZENS.

F—T— B POEE, BB, MEE

Keywords: very low frequency earthquake, automatic detection, automatic location
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Detection and mechanism determination of VLF earthquakes in the Guerrero subductio
zone
Detection and mechanism determination of VLF earthquakes in the Guerrero subductio
zone

MAURY, Julie!* ; IDE, Satoshi
MAURY, Julie** ; IDE, Satoshi

LGrad. Sch. Sci., Univ. Tokyo
LGrad. Sch. Sci., Univ. Tokyo

Very Low Frequency (VLF) earthquakes have been observed with tremors in a few subduction zones suggesting a commo
source for the two phenomena. However to investigate more precisely the relation between these phenomena, VLF signal shou
be looked for in other subduction zones where tectonic tremor occurs. The Guerrero subduction zone is such an area whe
tremors have been consistently detected. Following the method of Ide and Yabe [2014], by stacking signals in the VLF banc
between 0.02-0.05 Hz at the time of occurrence of tremors, we confirm that VLF earthquakes are also observed.

MASE experiment data from 2005 to 2007 are used to determine the location of tremors and VLF earthquakes. They are foun
in two places tremors are detected, the southern transient cluster and the northern, more persistent, cluster. Both are locat
near the flat part of the subduction interface. This seems to confirm that VLF earthquakes are produced by shear failure ne:
this interface. The VLF signals are then inverted to estimate the moment tensor of these events. Due to the linear geomett
of the MASE experiment the mechanism is not well constrained but one of the nodal plane is generally nearly horizontal in
accordance with the distinctive geometry of the subduction and the slip direction is globally coherent with the convergence
direction. Moreover, the plunge of the P and T axis are well constrained with values of abbutdfing a constraint on the
principal stress directions.
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T AT T 4 TIRFHARRNCE T B A —2Z ) T AR b DJLFIEER AT MU
Broadband source spectrum of a slow slip event in the Cascadia subduction zone

TTE BH+ '* ; Houston Heidi ; Creager Kenneth
TAKEO, Akiko!* ; HOUSTON, Heid? ; CREAGER, Kenneth

LEHpE AR, 2 T2V b R
'Hokkaido University?University of Washington

Slow earthquakes have been discovered in various time scales: non-volcanic tremor at high frequency range of 1-10 Hz, vel
low frequency earthquake (VLFE) at intermediate range of 10-100 s, and slow slip event (SSE) at geodetic time-scale longer tha
one day. Since these phenomena occur simultaneously, tremor and VLFES can be regarded as the high frequency compone
of SSE. Based on this idea and to discuss the source time function of a SSE for the first time, we estimated source spectru
of Mw 6.8 episodic tremor and slip (ETS) event in the Cascadia subduction zone in 2010 from tremor band to the VLFE band.
The source spectrum in the tremor band can be simply obtained by correcting the effect of attenuation and geometric spreadin
The source spectrum in the VLFE band is more complicated because the signal-to-noise ratio is about one. We first improve
the signal-to-noise ratio by stacking waveforms at a period range of 20-50 s with an assumption that the VLFEs coincide with
peaks of tremor amplitudes. We then obtained source spectrum at 30-100 s by dividing the spectrum of stacked waveforms by tt
spectrum of synthetic waveforms corresponding to the obtained focal mechanism. The obtained source spectrum is proportion
to inverse of frequency in both tremor and VLFE bands. In addition, the spectrum in both bands could be roughly fit by a
synthetic source spectrum corresponding to a boxcar shaped source time function whose duration is about ten hours and the tc
moment release is Mw 6.8. The apparent duration of ten hours is shorter than the observed duration of the ETS, one month. Th
result indicates that the moment release during the one-month ETS consisted of slip pulses with typical durations shorter than
day.

Keywords: very low frequency earthquake, tremor, slow slip event, Cascadia
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GPSE R Z Wz Aa—Z V) w TR O ELEE IS _
Basic study on detecting short-term SSE by using GPS and tiltmeter data

IR R R =5 27/ N V) = e
AOKI, Natsumit* ; KUZUHA, Yasuhis& ;: KIMURA, Takesh?

U= HRAAEIEIRANS, 2 SRR IRZEM TR, B B KRBT
LFaculty of Bioresorces, Mie Universit§fsraduate School of Bioresorces, Mie Universiyational Research Institute for Earth
Science and Disaster Prevention

Z{ OWIET, HHNAO—Z) v TAXY FOMHNEZEINTVS. AT, GPSHEMEIEDT—%, ER
DT —Z O J5 % W THEIN SSEOREENDH S A XV M KT % T LAz, GPSOTF—RICHE T,
Nishimura(2013y2 2% L, FRMOEHEEEUER WV C SSEDOREMN D H 2 (B HIEOZN 2 L. FiEdEE
Nishimura(2013)}: [HI U TH %A, —EDKE T DZE/PMICFERHIC Y 7 HIVRZ % & EEIAN SSEE A5 9%, &TF
ERES . ERFTOT—ZICBWV T, Kimuraetal. (20115EIC Lizh, ThaETEKES. DX 0, Bl —20
EORET VAL A —TDHEBELIEEDER> TV B ZHNED, ZEFTXTOT—ZNBm (7597 E—T 3
V) THBRT NG ->1DT, BmOBIENERICKEVHIHICH S, DFEOBAFHAEEZOBIERLIEAXNY M
SSEDAREMAH B AR e LTHII LTz, Thd, GPST— XD LRI UL, SRR T, [F URERIC iH mZs
EMRSNT5E, SSEORREMEN SV EHINTL, ZOX S ARl &GFTZMt Uz, \&IC, GPST—XICX DIk
SN SSEE, HRIGHT —XIcK DS NzZz Nzl Uiz, FRMIC, E550—HDATHRIHEINIZAN
YENETEZL, MT—Zh b ENzA XY MNEDEhote. e, EREIOT—2h 5 SNz X RC
&, JEHITOMIZE, EHITORME, GESENOZENTEING ENEDNZEDNEZEEL TV ZDXS
BERMEDNEENTO S HEEDNH S DT, GPST—%, HREIT—2h 6 EINZHICDWT, ZOEEREZMET
U7z, #ERIEFHERRITRT.

e
[e-EA0REE DT TR 4 OHERIA, RO, WiSeRr RO Msh 7 — 2 (& e C T

SESR
Takeshi Kimura , Kazushige Obara , Hisanori Kimura, and Hitoshi Hirose, Automated detection of slow slip events within the
Nankai subduction zone, GEOPHYSICAL RESEARCH LETTERS, VOL.38, L01311, doi:10.1029/2010GL045899, 2011.

Takuya Nishimura , Takanori Matsuzawa , and Kazushige Obara, Detection of short-term slow slip events along the Nanka

Trough, southwest Japan, using GNSS data, JOURNAL OF GEOPHISICAL RESEARCH: SOLID EARTH, VOL.118, 3112-
3125, doi:10.1002/jgrb.50222, 2013.

F—TU—FR: 20—RY v 7, GPSEH#ME, AIC
Keywords: SSE, GPS, Tiltmeter, AIC
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HIEBTEE) T — 2 LG E T VISR D S HARBITO - < O ZEMH DR
A test for detecting slow deformation around Japan based on seismicity data and statistic:

model

P #0 =FH MR 2
KATAOKA, Jun' ; MITSUI, Yuta®*

LRI A EAED, 2 WA RS BRSA TR
LFaculty of Science, Shizuoka Universifynstitute of Geosciences, Shizuoka University

Aa—2V w i, GPSkx LRI AN TEICHE DS BRNIC K > TRICHRHEINTE Rz, L L., EBREOTEICER]
SIS B GPSERIDMEE 2 LIEHC DWW T, MEARMETH 5, Lizh > TRIZE TR, KT OHE
HEZATTF—RICHEIETIVDO—FiTH S ETASTT )V AT 5 & T, HAREAICE TS Aa—X ) v T O %
B, BARINCIE, REOFERID RV EHHERIIE & W5 /8T A—Z2OEOHEKICHEHT %, BEHIO Ao—
AV TRAEMBIC T 2787 A—ZHEE OFER, AN SEERNICE > TRETZ2Aa—RA) v A XY MIBELT
WBRHITTRETH B T &b o Tz, T BT, P - AINERMREILT,. SRERATORO—ZX) v TAXY b, BXU
2011 FEZRICE LIUEITOSY IR OEAC K05 K DA Z/RE T 2GR 21597, iz, BABRL., SREHL.
FEFEED, AL Tld, KMEZDO T 72—V v TOWE. H 2 WIZHIEEE ORI L ZME T rliEtEhd 5.

F—T—R: 20— v 7, ETAS €7 )b, HigEiThs), & b s @) g
Keywords: slow slip, ETAS model, earthquake activity, background seismicity rate
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EnKFZ W e Ao —A Y v T Wi EOEERIST X— 2 OHEE

Estimation of frictional parameters on the SSEf It throuth Ensemble Kalman Filter
BAEH sefT b PR RNEA L R 0 R T 2 R Bkl !

OKUDA, Ryosuké* ; HIRAHARA Kazuro1 MIYAZAKI, Shinichi! ; KANO, Masayuk? ; OHTANI, Makiko!

LUK PR, 2 Bt R AR e

LGraduate School of Science, Kyoto Univercitizarthquake Research Institute, University of Tokyo

@%’*’Jﬂﬂﬂ%{ﬁbﬁ@T B L— bER ETRET S, Aa—R Y v S AN - (SSE)DIGENE, HEERAHIEFA DR
ZE9 2 a[EEMEDMER SN TE D (Peng and Gomberg , 2010)SSE# 5| E T 3 7 L — H S O BRI 2% T
&Li\ IHER B O 25 L CTHELGRZES, HRA2OREEEE. GPSICX > TES5 NI SSEFAROHAT
OEMNT =R U T, T—RELDFED—DTHZ T YT IV T 4 )V Z (EnKF) ZHVWS T Lic kb SSE
DFRIK & 7z B WifE T E OB ST A— 2 EHEE U, #ERHIEOREDO TR TR T Lich b, AWFETIE, 22
L— 3 VEMHEIC X o TR SNz SSERARFOWIER LD N0 EHEICRRZZ A 25U 7T — 2 Z/Fk L, EnKF 7Z
WTHUEERB 21T, W OB ST X — X OHEE S K UZ OHEE A DOV THRAEETTS .

SENSR E Uz SSERHRERINFE PEEBICAIE I 5 /\E LSBT DR U E T2 SSECAT/\EH|L SSEL T %) T
& 3. Heki and Kataoka (2008 &% &, T SSEICIELLTD X S RN H 5. 1)SSEOFRFICHEZH5Z 2 KER
HEDBIAHRSEE TH F DR E TWEW, 2)SSEFRSE 20-40kmTHAEL T3, 3) Fared:fifRiE 6.3 7 A, 4)
ZOREMROBMER X 1.2 7 H. 5)12.5cmlyre #iE & N5 IEFITHOIGREE ISR LT SSEIC X D i E N 34X
D#E I 11.0cmlys

9. _LEdo/\H | SSEORHZ FHld 2 €7 IWHEEZITS . WiEET IV E UTHHEHRBREMEARh OB E 20-40km
DS L— FEEFR EICEBIWTE 2% E Uz, b&ﬁ@ﬁﬁ@@iﬂmiﬁﬁk ERIFREERANCHE S D & L, FFEANCIE A
o —x AH| (Dietrich,1979 7\, HEBEIEHE T XD EEDORZEMFERZ KD Tz, AW TIE Kato(2003)IZHEW,
BEEST A—2 A, B, LICHLT. A—B<O0 CGHEL) MDOEEINT A—ZIC K> TR E B HF1EE (nucleation
radius) (Chen and Lapusta, 20089 2HiED 7 ARV 7 DD 1 KO D UNEWEEZIES Z &ick b,
B 30km DHED—DD 7 ARV 7 ¢ I LT Vpl=12.5cm/yr A=50kPa B=57.5kPa L=2.5mm&i&E9 % & T,
S A IRRAY 6 7 H D SSEZ BB 2T T IV ERVER L 7z,

KL TIE. TDOETIVE VT EnKF % W WiER EOBEE (T X —Z OHEEIC DOV T OBUEER#1T5 . EnKF
BT T IVOGEIC K > TR BNl E S Z A LAT v T TEIINE. 2N 5 OnB3 D BETs7%Z AV Tis gL
952 L TRtRfRZHEET 5 FETH S, OB TEATHNIHIIHAICEEZ 52 TES T RED T V82 T )V A
UN—ZEHT B L TELONG, SRIOEREITS Iz, £9. FELOETIVEIINT A—2EHWTEIELIWE
[ OB ELE A T BIE ORI T — 2 2 ER LTz, T ORFHWZ/ 8T A—& LEHE X NI IR W)
TEHETHZEEZS, LT, TOENMEEEMASDLT S LIz WIEZ VT EnKFIC X 2 B/ ST A — 2 O
TERITV, T ORERZ Bl & HEE O 2@ U CTHRET %0 ARG TlEZ ORMGERS R 27T,

F—TU—F: 20—V S, TG TIVHIVI VT )V R
Keywords: slow slip events, Ensemble Kalman Filter
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Modeling various slow slip events along the Hikurangi subduction zone

G SRR T KR SRR 2
SHIBAZAKI, Bunichiro'* ; MATSUZAWA, Takanor?

VR T BRI R T2 2 — 2 B SR AR
linternational Institute of Seismology and Earthquake Engineering, Building Research Inétiatienal Research Institute for
Earth Science and Disaster Prevention

Recent high-resolution seismic and geodetic observations have revealed the occurrence of slow slip events (SSEs) along varic
subduction plate interfaces. Long-term SSEs with a duration of 1.5 years (e.g., Manawatu SSEs) occur at the deeper portion (2!
60 km) of the Hikurangi subduction zone, and shallow (5-15 km) SSEs with a duration of 1-3 weeks occur along the northern
and central parts of the subduction zone. Wallace et al. (2012) reported a sequence of simultaneous short-term and long-tel
SSEs at the Hikurangi subduction zone during 2010-2011.

We modeled short-term and long-term SSEs along the Hikurangi subduction zone using a rate- and state-dependent frictic
law and considered realistic configurations of the plate interface. We set the coupling region where a-b is negative based on tt
study of interseismic coupling by Wallace et al. (2009). By setting the effective stress and the critical displacement of shallow
short-term SSEs to approximately 1.5 MPa and 2.4 mm, respectively, we could reproduce SSEs with a duration of 1-3 week
and recurrence interval of 3 years. Additionally, by setting the effective stress and the critical displacement of the Manuatst
long-term SSEs to approximately 3.0 MPa and 7.2 mm, respectively, we were able to reproduce SSEs with a duration of 0.!
years and recurrence interval of 5 years. The effective stress of the Manawatu SSE zone is two times larger than that of th
short-term SSE zones. However, the ratio of the effective stress to the critical displacement of the Manawatu SSE zone is small
than that of the short-term SSE zones. We could also reproduce a sequence of simultaneous short-term SSEs and a long-te
Manawatu SSE as observed by Wallace et al. (2009). The occurrence of the various slow slip events suggests heterogenec
distributions of constitutive law parameters along the Hikurangi subduction zone.

F—U—F: BT, A=AV v TA XY, €7 T UFhHARE, TR « REERAEH, RSN A 1 — X

Uw 7A XY+, ManuatsuRHIf A0 — 2V » 7/ X2 |k

Keywords: modeling, slow slip events, Hikurangi subduction zone, a rate- and state-dependetn friction law, shallow short-terr
SSEs, Manuatsu long-term SSEs

1/1



Japan Geoscience Union Meeting 2015 0/0)

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

Union

SCG62-P16 S ay Ry gV R—)b FF:5 H 27 H 18:15-19:30

AT HgRESNIC B8 B HEFRAEY 1 7))L | SSEDFEH: o _
Earthquake cycles on the bumpy plate interface assuming subducting ridge chain : gene
ation of SSE

K Bl b P fg !
OHTANI, Makiko!* ; HIRAHARA, Kazuro*

VR
1Sci., Kyoto University

JTAEDOHITE « HuRZSHBIHHEOFEEIC K D, ThAIARBE TIIMEA RIFER AT —)LOT RO BEEPFEELTWB T &
DRMoTE, TNHEDTROBERIE T L— MR LICHCHfHi L, BWICHAEERT %52 51%, £T T,
ROEKMEORETFUZHIEL T, ERHEEZOMDIT XD BGE DM EIEHOMAED, MEREY A7)V I a
L—< 3~ (ECS; Earthquake Cycle Simulatio® H\\» TBIfE rHUE UH TV % (Ariyoshi et al., 2014; Matsuzawa et al.,
2013),

FEROERERA MR ZE 2 2B, WEEEIRDZ DG OERENE N OBR—EFIHERZ NIET, LHhLEND,
INXTITON T AR TR ERIA Z LR EOWEIIEIRO A LHEEE N TR (Hirose and Maeda, 2013)4
W7Ecld. KO/NERAr—)VoWEmEEROF & LT, mMifE ~ T 7RG B 5N 2 MATHFEREICER T 5, O
BUCIEET D B W £ Ty % > TV 5 OMWIKHIE 77— 2 0 55370 % (Hirose and Maeda, 2013)5 i TN
SNFHEEREEME TIX. ST SEEDEE T L— bk E I HPATEE TN RSN TV % (Kodaira et al., 2004)
fo. IBHIME RO L— MERTIREHN AT =) v THBIIIE N T\ % (3ifE SSE) AWFZE TldiEmy 7z g s
FOLULTEHL, TNOPMBEREY A 7V ED X S 8% KIZTHhEREET %,

ECS TR RO BN DR WA B RZEEF AF— LD K VSN S, CTORFHARNTIEEE 7' L— MM
FOBIWHENIZE DI UNEE S iRV, EREHMEAR ORI BT, BEITARDICK > TEERITH
ZIELBEWN D ThHD, L LaEME, HEMAET 250 X WA H TRWGEEIIETXRDIC KD REIL)
ZAEMEL %, 2T T, AWIZETIE. WiER LOTRDIC X ZENEEIS N2 EZR UIEHN ECSEEA L, WE
RO R 2 WFES 5o

Wi & LT, fME 15, 3HE 3.25 cmlyealCiE FINICTEAIALS . JEAT « TEAIAFH AN 200 kmx 240 km D F-H 7%
TL— M ERERET %, o, TOVHGRmERE L UZ ThH 5 EE 5 kmiE 50 kmOZ5EA = {i##Hz - 722 IRD
TL— hEREAEE Z . mFERICE T ZEREY A ZIVOEETTS , WiEm FoEEE LT, BESHE(LEE
Ji& U 7ol R RAE (K77 EE#2HI] (Linker and Dieterich, 1992F /€S 5. #IHHBINTILTT « BEIS 12— S L. S 40 kmDL
RO 2 EBFATIK S UT—HGEBINI A XA, B, LZ&E LT,

A- B=-02MPal =02miIcRELTZE &, RFATERYT A XEB XL 60 kmTH O, FH Wi T i@ K Ot
EAIEDIR U Ulee —J5, MW g cld, DT & WiEm ETMEEFuLE LizAa—2 Y v iz
OHEMICHAE Uz, BRIV T, Wi LORE IS OYIMED 5 DA, #ixd ™ - METZENZNEn - &
MU, GRS, REISIOHEM - ANEZ OO |A - B| 2B - b E 8, @< RN EZE S, MES
TIRBHEDHRE DT R0, M TIEBHEN LI <&, TNAHEMORO—RXY v PREDFHK E Ko7z &
EZBND, —/ T, BB T RIS N2 i SSEIEREYIDOMERMICNIET 5, BEFHNAT—2Y v 738 &%
RIC K 2 S HBRRIAEIC K DRI E NS T EMZ VA, ARIFZEE. AU WIE TR R SSEDFEAEIC B % M
ELTWBARENZRL TV 5,

F—TU— R HEREY A 7V 2 2 L—Y 3 v, EEIGT, #E, $iiE SSE
Keywords: earthquake cycle simulation, normal stress, ridge chain, Tokai SSE
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Simulation of slow earthquakes affected by tlde

SRJS S8 1 L el 2 O 2 P s N !
KURIHARA, Ryo'* : ANDO, Ryosuka ; YABE, Sugurt : TANAKA, Yoshiyuki' ; OBARA, Kazushigé

VIRGURZAHIEEDIILAN, 2 RAURA AR AR 2R
LEarthquake Research Institute, The University of ToKg@raduate School of Science, University of Tokyo

Bl RS 78D T L— FEIAR OB THAET 2 A0 —HiEZid, EAEORE L LHEAH L LS, 2D X
HZZLEHRZDIFEETH 3. F 1z, Tanaka[2012]c K HIEERTIC 1 & OHETEBIOMMEMEMERE N TV 5 X 3 1C,
WY & KHZEORBEHE T H I N TV, AT, An—HIZBICHT B OREICONT, VI al—yavickbh®E
KT

F3WE T L — MERAR T % 721 2 DZoTHMEAAD R T 7L 2 R Uz, R ORI A TR
& LTI X 0 BEERE MK T % 9RO BN OREBGE RN R E R L ORGP Z N Z 7ol E I 7z > TV AR &
RO Z E0EL & UTHER(EDBEERNCHEWEREE > TW 2RO Z30E LTz, A 5@1{96&%%&@1«5‘2
DS 7 — A, UEPEERIC B 2 7 2 U Vil L — b OB F CORENEREEST S T & TRZERIC K >
ﬂ)ﬁf@b%{m‘%%ﬁﬂwmui Br—AHEL, ZOMZEICONTYIal—yarritolz, Tz, HEEIREE R
LU

D EOEMTYIal—yarkitolzfER, wivic k- TXEI—i{ﬁa@ﬂ%ﬁif'%ﬁ’@{ﬁ%ﬁﬁ?b‘ﬁ{tj%) 2k, Aua—
HEDFRAEFNIS I DSBS NEIT TCORERNTIBODIRES” TLAY v T BHEERTE, ZN5 Wik h &1k
92 EDHEREI Nz, AO—EIMEIET 2 L EDFIYDIRED, ZDEBDINIERBIEEZNTETT LI THBT LM
bh-oiz.

F—TU— R 20—H#IFE, WY, =R E)
Keywords: slow earthquake, tide, source migration
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