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Spatltal and temporal evolution of slip and seismicity during the 2013-2014 Boso slow slip
even
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GPS time series data show that transient crustal deformation has been occurring in the Boso peninsula, central Japan, sir
December 2013. Observed spatial and temporal patterns of surface displacements suggest the occurrence of transient aseis
slip on the subducting Philippine Sea plate. In addition, an increased rate of seismicity was observed from 31 December 2013
9 January 2014 off the east coast of the Boso peninsula. The location of the increased seismicity partly overlaps with the are¢
of seismic activity during the past Boso slow slip events.

To estimate spatial and temporal evolution of aseismic slip, we use GPS data from 71 stations of the GEONET in the Kantc
region and data from 6 stations located along the east coast of the Boso peninsula, which are operated by Earthquake Resea
Institute of University of Tokyo and Tohoku University. The data are analyzed with GIPSY-OASIS Il software to obtain daily
coordinate time series at the 77 stations. Secular velocities, seasonal variations, and postseismic deformation following the 20:
Tohoku-oki earthquake are removed from the time series. We use a modified version of the Network Inversion Filter to estimate
spatial and temporal evolution of daily cumulative slip and slip rate on the Philippine Sea plate. Slip slowly started around 20
December 2013 off the east coast of the Boso peninsula and then slip rapidly accelerated around 28 December and propagatec
the west. Slip continued to accelerate until 3 January and then rapidly decelerated until 9 January.

To investigate spatial and temporal correlation of slip and seismicity, we use a matched-filter technique to detect earthquake
in the area of increased seismic activity. The detected earthquakes are located along the northern edge of the large aseismic
and migrated from east to west during the period of rapid aseismic slip (31 December to 9 January). This migration pattern i
consistent with the propagation of rapid aseismic slip, suggesting that the earthquakes are triggered by stress loading due to t
propagation of aseismic slip. We do not identify significant seismic activity before 28 December, indicating that the slow slip
event started well before the initiation of the seismic activity.
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A slow slip event near the Boso Peninsula immediately triggered by the 2011 Tohoku-OKki
earthquake
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It has been recognized that a series of slow slip events, accompanying with ordinary earthquakes, take place with recurrenc
intervals from 5 to 7 years near the Boso Peninsula along the plate interface of the subducting Philippine Sea plate [e.g., Hiros
et al., 2012]. Immediately after the 2011 Tohoku-oki earthquake, intensive afterslip have been detected to start along the pla
interface of the Pacific plate from off Tohoku region to southward Kanto region [e.g., Munekane et al., 2012; Fukuda et al., 2013].
It is well known that both the Pacific and the Philippine Sea plates are subducting beneath the Kanto region, and interacting witl
each other. Therefore, it is expected that the Philippine Sea plate might be dragged by the speeding Pacific plate during tt
intensive afterslip. We hypothesize that the dragging of the Philippine Sea plate by the Pacific plate leads to triggering of a slov
slip event near the Boso Peninsula immediately after the Tohoku-Oki earthquake.

In order to verify the above hypothesis, we analyzed the seismicity including small repeating earthquakes, applying the matche
filter technique to continuous waveforms. We used all available earthquakes associated with three sequences of slow slip ever
in 2007, 2011, and 2014 as template events. Then, we searched for events those have similar waveforms to ones of each temp
event from continuous waveforms. Based on the new earthquake catalog, we found out an abrupt increase in the swarm-lik
seismicity at the slow slip source area from March 12 to 14, 2011. In addition, some repeating earthquakes were extracted in tr
swarm, indicating aseismic slip transient. We, thus, interpret that the seismic swarm were linked to a newly detected slow sliy
event, which has not been previously recognized. However, based on the amount of aseismic slip deduced from the repeatil
earthquakes, moment released by the slow slip event is estimated to be smaller that by previously recognized slow slip event
We thus conclude that a small slow slip event might be triggered through the dragging of the Philippine Sea plate by the Pacifi
plate immediately after the Tohoku-Oki earthquake.
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Tldal correlations of earthquake swarms associated with slow slip events off Boso Penin
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BREEMTIE, 74V L— FOWFHARIED, BEMBTAT—RAY v A XY MBFEL, ZodtE
BTk, chSDOEINCFEYIL T, HRMEBEEINEREES NS N TS (Hirose etal., 2012 20134F 12 A
EHS 20144 1 H FAICHIF TRELEZAT—ZY v ARy M T, # 1EBC DTz > THIEEB OTERL VB
N, 1224FE OB A TIHEZ#E D R IR R S Nz, B HEEBI ORI HIERY DV 7% X U T % ATREED
TRBENG. AR TIE, 20004 ELIRICHEZ BNz 4RO AT — A w T4+ (20024F, 20074F, 20114F, 2014
) ICHERL, BANY MRS BEREHIEETES) & Bk OB Rz L.

2. 7 — 5% - fRNT

A — R T ANy MTPES BERHEESNZ, Hirose et al. (2012 IZfEVy, EE 28 kmLUED Hi-net Bl 7 — &I
HOWTHIE Uz, BRI X % I67124b1d Tanaka et al.(2012) D J5iE%E WV, MBEERTEORNIRE &6 THERMICET
WU, IS Wi m Lo 7 —o UaiEs ) (BEERE 0.2 ICEHE Lz, WiERmE, 20144F0O7EB) DO AHIE
(Mw 4.9) IZDWTHELNTZ F-netE— A2 b7 UV )IURESEIC, 7 L— bERICI S BEAER O MW E 2 E Uiz,
FHE U 7= BRI BRI A S MR AR REL O I Nk A 72 53¢ 2 HL D, Schuster(1897) D /5747 FV THAHEHRME O #7%2
ME L. CTORETHELNS pHEIFIFENGE THEFEIHEREY OMMMIC X SRV ZEAT S ERRELT.

3. TG R
2014&@(@%9@% TEHHER 2 HERIY IC K % 77— 0 URHEIS ) L I % &, HEOFRAEEIS A kIR L
B g 0IR U, HIERMRY OREEDNFMICEF T 2B R SNz, EEio2HIC OV TE SNz p fEld 0.01%C,
i{ﬁ%?@%’%ib“iﬂﬂ%ﬁ?ﬁ@EﬁE{ Bicwt U CTDAEIRE 2R3 2 ENHL M Lo Tz, HIEBOFRAMREIX, HiBREY
IZ KB NZ e WiE R O RO Zidam BT 2004 0 JEMRIcEP T 2HmZRd. An—AY vy Fick->
TRBADSIIRENEF 0, HIBREIY OIS HZE(ED N % T & THIENAH I NI L EZ LT LN TES.

—73, 20024F, 20074, 201VEDIEFNCDONTIE, TEEHER & tBkiiy & ORICIHZZISERIE R S izw. &
IS DWTIF SNz pfEid, 87% (20024F), 16% (20074), 14% (20114F) TH 5. FE-FEJEL TR E N7 i
ZET—2h 51, N5 3EOIEEH T, 2014F KD ELHERNMAEL, Aa—AV) v TAXY FOEBEHNKEH -
fzbEZzZ5N% (Hirose etal., 2013 AKf, 2014. 20024, 20074, 2011EDIEHTIX, Aa—2AV v FOEENKE
<, HEOBFITHERMIVIC X ZISNZELIFIZE A EHER RIE S ol LRI NS,

F—U— R EHREEAT—RY v 7 By, i U Y S
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Interplate coupling and SSE in the Tokai region after 1981 using leveling data
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20004ED 5 200541 TR LEdiBEM AT — ) w S A X2 b (SSE)IF#H 5 FERIfk#E LIz A N>~ K% -
/MR (2009) T, DM THA L7z SSEL AT & fkkeik A TEY [HIZ 1L, Schwartz and Rokosky (20017)
20054 ELIRHIFHE IR ANV MIFREL TR ed, BIEFETIEED R LOEEREGIIH[ENTWERWVWL, ZEZHD
BEIHZZONE S HhEHSNTIEALV, Ochiand Kato (2013} % « 97X OIFRIFEE#EE L2, Thid GNSS
T—RIC K B N EHREBDNEZIFEND K 1E - 12 1996ELIEDOT TH S h 5, Eid OREOMRRICIZE S
B0 [E - An—R Y w TORHREZET ) V7 LYELERZE 5% T 5 72dIcid, RO SSENHAT % £ TRHFOH,
WEDERRIZA NV S 2R T 20D 580 OFEREDH 20, BHERETTZ2MIEHLMNEETH S,

WEIC B LB TONTED, ThE5DT—REHAVEEZORMZLOMZHE I NE TICE WL DOMTh
NTW3, Tz ZIEARM - 1LA (1998) Tid EDM @, /WA « FH (2004) TN ELERO T — 2 Zfiftt LT, A OHhj®
ZEOZERH LTS, AFZETIE 19814ELIE, 19994F % TO/KAERIE T — X Zfi#ht L, Siugth); o F NS,
DINE Y DR L R HEE UTzo I 2ARIRGIR O/KAERSERIC R U CIEEE 4 [0, 7280 % P, EFdz ke 3% =4
TEARDIKHERRRRIT I U TR LRl 7 — 2 D E PRI K O RSN Tnb, TNEDT—XZHWT, 25D
MENEZHEE 2 Fujii (1991) ORFRURIFN T R X D HEE Uz, #EERRZEIX 2 mmiyriRETH D, FEOET IV
GNSST—ZRITHH L1z & & DIEZENHEE OHEEIRAD 2SS TH 5, Mol — & & [Hlig U TKHET— 2 7% v
5T DRAOFIZ, fEEE LT LICK-> T, HEBREED/ NS WINELE) T — 2D HENCSES5 NS T & TH B,

RN OFER, SSEOFIEICHIST B EEZ HND 2 DDZEMISX VA HICHN, 2000-050D SSE L L7278 % U hHY
1982-83 1988-90 19974EIcHINTz, TD S B 1982-83FED A N MIHFHRFFIA O DICH LT, 1988-90FED A N/
MIEWIRIM#E LTI, 2000-05EDQA RV ~EBAbE L, MEHMCESHEND S C b o, 19974ED/N
SHANY M EEDDB L, KNOBEENRZHICHEL, KEEAXNY FORIEFBRPENS LSICBRA %, /2L,
19974ED A N/ b id 20004FELI%D SSEL T L T % 728, BERTSTONEMEIC X % A EOFSE TH % il gD
HH, TOEBEITTHS,

THIESNIZERI ST L— MEREOEE - A0—2 V) v TO3 OB b ZH#iE Lz, Aa—X) v Dh
DOALE X Ochi and Kato (2013PDA5HIC U7eHY > TEAIAILRIEE 30-40kmA2EDIGFTICEE L, REETDAZT *
J— REHETHEDE & T A, 1982-83F, 1988-90FEDWNTNOHRE, 2000-05(E0 SSE & AT IR & IFHEIFE
JENE L TERENDH B Ehbhotz, —7, FFEICE U CXBERTIFE R TIEIE—EIC 30-40 mmlydEfEDd X K
BTS2 BPRETH D, X 2000-05FEDA XY k EARETH %,

F—TU—RkiET—%, T L— MHERE, An—2Y v 7, giE
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A shallow slow-slip-event in northern Hokkaido in 2012-2013: An event triggered by
seismic waves.
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GPS (Global Positioning System) {3k & 11 % Bk £ HIA7 > A 7 Ls GNSS (Global Navigation Satellite Systerm)&i;
L, HEHEEDRVKIET D TH 5 A a—HiE (Slow Slip Event, SSEpMEIHITE S K Sz > 7z, ik, FRR-
MRS 7L, O L — MERTIET 572 SSEICDWTIZZ L DIREND B H, WS TOEY SSED#HE 1
o Tz, AT, TL— MERD SEENToNFET TH SiEdt dEEILER) T 2012480 5 20134FHI5EIC LT
T, GEONET (GNSS Earth Observation Network Systei T & % IRA4E & R ORI OFEEED 2 cmit < A TZ T 7%
RH L. ZOFERN%Z SSEEE L, Wilg/3T A—2ExHEE Uiz, SSEMKEC - FziEdticidrdtic 7y ZEERMNED |
R 1 emBEEORPETHDOINHMET > TW0d EEZ 5N T3 (Loveless and Meade, 2010)C ¢ SSEIX FEE D 7
0y ZEFUC BT AN M LTa=—r7XBHINTH 5.

AT TIE, WRAE & hERIC . RECRIRIERE O GNSSIH EINZ T, TN 5 OMXHIE DR 2t Lz, &
BHEE TN AT —HIEBOWE T A—2—lc Kb &, MENTMEE— A NI~/ =F 12— F59ICHYT 2L
DTHoTz. IRDEIFH 10 cm EHEE S NTzD, EILDO T 1y 7RO IR (lemlyn B, T OFRED
SSEW, THIC—EREOMMRETHRVIEL TWAARENND 5. FRiah SlHE & hilEh|o GNSSHIZW T N E 20024
WGEMAZBMG L THD . 20124ED /DA 0D SSEIC DWW T DIEHRIF S N TR0,

WAE— P DR EZ LI 20124FF & 20134 4B HT MDY O ZRDITHR Tt B AU E N5, Findhin' o
DONiEE, AN 3 K5 IChEbd % &, FllAA 2012.64 £ 7H2013.088 7% 5 1z, BHEARFHICIZ YN %
CEEE 600 kmZ i Z % MW7.7 DEEFEHIZEN 8 H 1 4 HICHAEL TWB, FMAME 7 AICIZALS ONE TPURE D M4
WHIENFE L TV 5, SSEDRIIAIE. N5 OHIEIC X B HEFAEID > TO B AJREMEN &, £z SSENKD - -
W (2013/1/3)1C 13 SSEDWIE DIETIEE DEEEH) 24 kmD & T AT M4A.8 DHIENFEL T3, JIAMICIE T DliE
MM SSEDHE T 72t d T LIFHZ A Wz, SSEDRE T & WildH It RIC I 2 DR AEIIMINTH 2 nlREME S Fiv,

F—T— F: GPS A1 —Hik, L, i)
Keywords: GPS, Slow Slip Event, Northern Hokkaido, seismic waves
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Seismicity and pressure changes observed around DONET at the same time
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! HEENE SR R
1JAMSTEC

VEEITSE RS L, B N T 7 TR T SR - HINZEIFEH T 2 C L 2HNE LT, REEFEREEICHIEE - Hi
BNEER S X7 L. (Dense Oceanfloor Network system for Earthquakes and Tsunamis: DDREER L C\>%. DONET
OFBINAICIE, JRFEHIERT « 58ERE - N FO T %« OEEGT - AKEVKIERE < IREFTDRE SN, BT —7)lic
BHEIN TR0 T =20 7))V E A LTHERRE LITESNTE TV S, RED SN 72 HIEER T D RRE S
TWa7zd, FEEEBSOATIIIA D EDTERWRNIEZRIT S ENTRETH O, WNIEE SO
GHIEENB X OCZFOZRIEZ 2T LN TES. HEEC, KEFDHEEEICREINT WS T26, EEMICKTZE
bz, a—A)VisHiREEH 2R 2 2 EHWRETH 5. Lk I NIHEE « 2R HRIE, HEREDA =X
L7zEZ % RN DEEZERE 5.

BITE, WBPERPZERIRMRE T, KT —Iolbh 207 LidEIC DONET OJREEHIZER ek D HIEEOMHIZ 5 T
2o TW0B s, KEIT—rtb A 2 a ZICiE#i> TOAWRVNMNIEE S AT 2 &M TE 5. #AK - fll (2013 1, 2011
£ 01 AN D 20134F 9 A &£ TOHIEIREHCR LT ETASE7 )V (Ogata, 1989 %@ L, 20134 2 AU ET VA S
FHENZ KD BHBEFHMMERLTWB T &R Uiz, iz, FRFAOENFOREICIEHT % & —5Hoir Uil
Mg (KMB05, KMB06, KMBO7) ICBWT FL Y RSO (EHEH) MERIE M.

AWZETIE, A -l (2013 DWW T —XIC 20144 1 HETOT—R=EIBMNL, FMONiEISCE->72. 0
FER, 20134F 2 ALK OHETEENIMKIRE LTET IS TFRIENE KO BIEHATH S, —77, 3HDIEIEHCHE
NTZ#)3 20134 9 ALIFEBHNTED, #AK - fil (2013 TIEIEBEMDHER S Nah o 7z 3B AICEHE L7z KMBO8
BT EFIICEEMNEIIE Nz, FRFEICHIENES) & EWEHCEEN A SN2 &N ElEDORICIZA B OEFR
MEDFET 5 T EAIRFE NS, HIEEEIZ(L & ENEEZ5 | SR E R T 2 & & B ITE A ) 2 3 T Re & W@ H)
ZHEE L, HIETRENC 5 2 28 i Hid % 2 L WS ROETH 5.

F—U— R HEETEE), HgIK/T /)5, DONET, ETASE 7V
Keywords: seismicity, ocean bottom pressure gauge, DONET, ETAS model
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Detection of short-term slow slip events along the Nankai Trough by observations of
groundwater level or pressure

ABNT A — 15 /N i
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FENILPEDGEARE Bl (DARE, BUCERTMRERAME) & 50 9) MHERDONWA WA RILIHART THRA TN T3 [Obara,
2002; Ide, 2012] (MR BID A 724 U ClE OHIEER: 272 X 75V FIHID - < D10 & [ARRIC RO TR HIA ST TH
HEnTtwns [Rogers and Dragert, 2003; Schwartz and Rokosky, 2007; Sekine et al., 2B88{ECE ) & A - <
D1 DIC DWW TR ZEHINC BB BAGRD D 2 8, FHlICRTHB L, {mnmfﬁﬂfﬂiﬁéfm‘ﬁiL“Cb\%ﬁﬁ’(%@“b%%ﬁﬁﬂ
D> < DO DBFHEL TOWEWEGDNHZ L, ZOHOHGEHD. Lich> T, thdAHmD T L— kBT
B > TNBDOMZHI % AI11E, HEEIMRERME) & D > < D1 D ORFZERN ARG Z, K OFFMICIHSMMCT 5
REND S, LA LEDNS, HFRABIEGIC X 2D > < DIE D OMHaE &, HIEEEHINC K 2 EEMEE RS o
TNED—RICHZ L 2BET BR0END . WITOMMEES D 7% 2 KEEHHO 1 DI, MR8 O s,
HIER OHEEREL DT o b KEVWEWVWHI T THS. LiehoT, TOMEREND AR Z/NE L T 572810, HIAM
o L DIFD DD OH T /BN IR T 208D 5. Falk, ZHEHIEDO ANO B I5U Z Rk EETH
EZDT—RDMRIIC K> T, ®ifi b7 7 OREAND > < DIFO 2R 5 2 L ZilFH /2. ANO Bl TRk - Hh
RO AN 20104F 2 HICA Z— R L7z, BT — 2 HVE5E LT= Dl 20114F 6 AL TH 5. 20114F 6 H~2013
4 H OBIT— 2 ZiAX T, ANO BHHI AL THRAE Uz 6 ORI - < DIk LT ANO Bl D03
B chkl, HTFKEDBZLLTWE T Ebholz. TORTRKEZ(EIZ, %EH;EJEI’JVJDO COHWBOLDOETFIVEANTER
FNCEIA Rz, iz, HUNKIE (T R/KAD BHAICEEND 5> < D1 0 DRUHATRER M DNWTEER L .. Rl
k7 7 ORHIND > < DIF OIS RREEZ kIE, K& TE 10-20 nstram/day(nstram 1Bstrain) 7z 0 T [Kobayashi et
al., 2006] AFEEICHE LT, /A ALN\)LZ% 5 nstrain/dayd FIC T 200805 5. FHEROH RSN Z2 5 & T %
&, TOFKMZRTT DI, i FRAPH R KEDARIEO ¢ AEEA Imm/nstrain £ T, /A X LN)LA 50mm/day
IR THB T EMRERNTHSD (TS TIERW).

F—U—F: D> DD, VEEURERAME, oK, ZUEBMEGR, O &, M Tl
Keywords: Slow slip event, Deep low-frequency tremor, Groundwater, Poroelastic theory, Strain, Earthquake forecast
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Time evolution of non-volcanic tremor episode

AINEL e AR R 2 B T 2 T AN
OBARA, Kazushigé* ; MATSUZAWA, Takanor? ; TANAKA, Sachike? ; MAEDA, Takuto'

VUK A EEIFSE T, 2 B SR A BN R 2
LEarthquake Research Institute, Univ. of TokyNJED

PR AR E DILFFAPMACFEAL I % VREMLE BB (Obara, 2002 13, 7L — FEIFROBERMEFRA B & 2E X
DIk E ORIOEBRHBZERE 5 A0 —HEHRTH Y, BHALL BT 2 BIEOR S ZME) T €Y — R A
O—AYw TANY L (SSB Zff>THETZ T LD, WEIOKRHFEIRIE SSEOT D iz Ktd 5 L& X
5N%. BERMIEEEFEIL 2R 2R 9 M) - SSEOTEIRkZH S MNIC T % T LIFERMEOHRIC L HETH D T
EMD, RFETEMIITEY — FORFERIC OV T Z177% > Tz

PUEE HAIC 3T 2 R MBI, T2 NOTEY — ROBEHHFFHEE DR UED S BEOY 7 X > M icsE]
N3 (Obara, 201Q) £z, = DDV T AV MNTEEEDOY T T AV M EEL, MEIZEY — FOEEiZHREd
% UM - 12013, WEIT Y — FIEROBEOHHRFESOES A S BMGT 2  EMWZ K, REBHNCET 2551
DRERIEY—RELUTHET ZD, KA TERIEOMNGIIN LMY — RDMRE S T EMH % (Obara et
al., 201). ThSOWETRILF—DREREZ RT3 &, W CHEINBMG U EREEE, 13 CDIEREREHE
TR U T @il R SIS 9™ 2 DI EEN, &5 B RALA L7255, 1EEIBHGIER D b s ERENEH. 2ol e
@,%wx%»ﬁ—%ﬁ%?%ﬁ%ﬁﬁﬁ%%ﬁ%$bfw%C8%%?.ik,ﬁ%IEV~F®%%%ﬁﬁ@,%
RO EEEIRFEE T, KERIEYV—RICHEETIHNE I, BTOUOTAHAIIINF—OERIRICE S L&
ZAbN%. ol ild, METEYY— FOEMFANDERICOWTEEERTHD, BEIdA2MEITEYY — YT
7%7%%%%@25#25#@,%@%®ﬁ7ﬂ7%VF@?ND%E®ﬁﬁE@ﬁ?%.ﬁﬁ%ﬁ@ﬁ%vf?%
297w A NERTIE, BEEEN BT 5500 6Nz, —, HALITR, MY —RBZC
IR ZEICHES % T E DM RSN T WS, TORANE, EHINS/NNIEZMEIN 49 % sweet spot hf
IGL, TEY—ROBRRERZHEEEZ N EMND, NIHEENRNC ENEZENS. TOXIEREGENAT—

AV TOFTND EEFICEEE R LTS 0)'(“355 9.

X T OIIZEE, REAIFRE B S ERIE (A) TTEARIAHR T L— MEFUEREEIC B % T XD EHEOMA]) Ik -
THEE N .

F—TU— B GREMEE RS, Ao —HE, thAsARGT, BlERE), v /AT —2a v
Keywords: non-volcanic tremor, slow earthquake, source migration, segmentation
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Fundamental properties of non-volcanic low frequency tremor catalogues

FCH BN Y NR g by AR 25 2 A AT 2 N — a3 Rl PR 3
TAKEDA, Naotol* ; KOIZUMI NaOJI1 : MATSUZAWA, Takanor? ; TANAKA Sachike® ; OBARA, Kazushigé : MAEDA,
Takutd®

! ESRBNRR A WL, 2 B SR AN FEAT, * SRUR E IR AT
1GSJ, AIST2NIED, ®ERI, Univ. of Tokyo

VYR H A T OEESR)E % E) (non-volcanic low frequency tremor; NVEDF R (Obara Science 2002)3%, HAD M4
5 HFOREL IRk AR RWIEFBIC BN T NVT BRER N, ZRUCBHLIEMIRDRAIB I EbNTWS. 0
HTE T oA\o—THBEEZ W NVT O, 22 a7 kid NVT TEBIORFZER AR O Rz 1% 1 TR B &%
HBizLTWws (BlzlX, Maeda & Obara, JGR, 2009; Ide, Nature, 2010; Nakata et al., Nature Geoscience, 2008; Imanishi et
al., GRL, 2012. TN HOWZETHWOHMNS NVT A2 0732 TH U TIEEL, bﬁ%%@:ﬁ&ofcﬁﬁﬁ?’n VA IN
fioTHH, TREFNHEHOTL RN EEINTWS. iz, HUMBM 70l LTE, 207 OHRICS U THRAS
TA—R T HL58H5. Lich> T, NVT EEIOKTFZFIIC S &, hAuJHice TAETARR550
NH5H, BRTRZOMESZBHINDSBTHB. T TAMREG TILE, ST o bBEOBE R E, BRI
N OFERIFZNZND NVT h xRV 205, 207 ORAREE UTONMBERRE, NVT BIRBIRERESICE L
TR U7 RZ2 8T 5.

(LB IEREDHEE T4 Ide (Nature 2010 AN TIE OFEE(REZ LR L, W< DD &1 RO ERAE R
AW A DF 20 TEARONE 2SI Uic, T ORIR, ST, BB, FERITOA 20 7 IR E 5213
75 <, IRPLE D RREE 2~3km & E o Tz,

NVT BRI A 2 a2 L, 20O EZa o7 =F 21— F (KSETHEuar7#ZRIcUELES) &
U< IE NVT )b — (BRI « ERRIE A 2 1 7 B RIS UTEE) 1Snhd BIREOZ b AR Tz, ZOHE, X n
THICEENE L AD NVT #il (R =ZF 22— R, NVT Tx)LF—) DNEELZ T ENnh -7z, OREEER, &
HISSG XA =R BEZ 5T L TELEIT BN, Fiz, EOAZTFITEBNTE NVT BN A E L &%cgan@&
EMERL TV, NVT ORBO—DE LTEEFE L TR 3T EMBIFENED, FBEFENEL K-8, NVT T
HBEIDNEDDHMNHEL k5. £z, TORNVT FIFIEKEL A ETHEINS. D, NVT FEDAKELES
WCODNEEME T T SREEEZZ 5ND. EHETIE, CTNSBEREOEWD NVT IEBORFZEM DD R Z THED %
BN OIS .

SEBAS M UTe NVT A1 20 7 OFEARNKHER, HAaih2n 7z id 2580 E 5720 Th <, HRIDS
CRIHIRT A= Z T B5RICRLDEDEEZ TV S.

e L ATZRC B O TRRIT =T/ EFRY A kM UBSERF Hi-net, FERSDE, KT, HEURYE, SURBRYE, JUNKZ,
EAIRY, B EREOEGHER Gz fb LWt X Le, &LT, Bl LET.

F—T— R GEEMESEBME, H 2 a7, (iiE S RAE, NVT MR
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Determination of focal mechanisms of non-volcanic tremors using S-wave polarization:
Correction for shear wave splitting

SUE R o N Sz K EAL
IMANISHI, Kazutoshit* ; UCHIDE, Takahikd ; TAKEDA, Naoto!

R SERAN R G TSE T
LGeological Survey of Japan, AIST

RO T L — b U TR R S NI EBRE R MENS. ERREOF M2 I 2 120 EE TN b &
LTHEHEN TV S, MENCENRERELITOB R IBIFEN (Obara, 2002, FAEGATRIEERERIC DV T OBER
KBNS TS, —f. EOXIEBTHREL TV DO ERTIEEMMEMRIT. FUHMTREL W3 HMEERE
CRAZw 7 LTSN FIFEC &TrlfEL %% (Ide et al., 2007; Bostok et al., 2003 f&H & LT K —E DL »
HEETEBRWVE WV EANERENS,

S - K (2010 1 FE#GEHE D Polarizationfi#ATic & 0. #EIAFE L TV A IEIRICE 5 L IREI DI 5D EMN
INEL BB ERAGMC Uz, [AEDEERIE I A — ROWENC BN TEIME TN TS (Bostock and Christensen,
2012, MENEEIC STE TR SN TWB T e b (BIZIE. Obara, 2002, & THTWAHRENFIE STHICK 5 ED
ThHb. STHEDIRENT I FEEMEIARITE L TWBD T, EEEN S OIRE Az 5> T & THREMMHEE D AT EE
5%, LML, SIRIZEFHENELIET ATV v T o VIR T2, ZTOERIELFMiLan & FHE
B OHECITVEZ T UTLE S T EICHEEMRETH S, HBRIOBEFHEZ AWM TIE, ATy TP
DR EE LR TROTARE G NI FERERD SEITE I NSRS EFET S ePMEIN TS BRI,
Zhang and Schwartz, 1994

AR TIEETIHDIC, ME)T— R U TEGEMNT (Silver and Chan, 1991 %170, AU w T 4 Y IWMEEL
TWVWBDNEIEFIXRTz, BHTICIHBOTIRERIRIEIC 2-8HZDINY RISAT o )V EZ—=FHNT, 157D X A LT« > R
WICHW STEDIREN A (LSPD) BXUTHW ST LV ST ORISR 2 (DT) DHEEZIT-> 7, HEEI N DTIZ0.1
MEEHD ., BFEHEGNCBR U SEOIREIN T MZIEL S RDBTZDIIEAT v T 4 VT OWENRETH S, HEE
ENT LSPDIZ T L — F DILARAR T ANCIFIFERZT B EDEFITTEHEDD 22 —VRNEBLTEL ., FNZFNH
MR 2B 2R T, TN D DR RIGEE HIEZ W =BHEZE B2 X, Saigaetal., 2001 & FFINTH D, SNEED
HNMEICH > TERTHIRT A—ZDOHEENRETH % T L MR TE T,

KICLLTFOFIMEICHEN, ATV v T ¢ 7 OB MIE U CHERMR R HET Uiz,

(1) K2 Ko 72 5 ST OIRE T 10 &2V SIROIREN T M BlfR L, BV SIEOHRET M2 KL DT 72 5,
ZD%ILAMEE B THIG, LIRS,

(2) 19D RA LT 1 > B2 Polarizationfi@hi 2170, kBT HZH#HEE S 5,

(3) BN MDA & e R 22 1 C S ICETRT %,

(4) BEHENSOIRE 2Rt BFHTE 2 8E8EM (X T7)0Vhy DV oE) Z 1R &)y R —
FICKOHEET B, TORR, EBFROEZ I 35km EGE L, BRI T ANo—JHHBIETRO SNTMED 1 KRS
9%,

(5) 7—FAbTv THEICK D ROHETIEA 7 M %,

DI Eoofiti 7z 20134 4 A BANC ZEIRALE TRAE UMEREENCEM Uiz, BAOEFEBSICinZ., T Ol
IR L TV B ERIFEIIS (7 HS) OF—2 & FH Uiz, #EkERze 15 & JbrafIAMEA ©r il h & A O i 2
Fiofm 2\, #kETMIC 180ZDMERMEN D % 1 OATFIEDATIE Pl T ZIRDZ T N TEEWD, TR
THO TV ABIKEKRHEDORER (toetal., 2007 ZEET 5 &, KAUVKER L BETONZYTHAS, £z, #E
MR ER LU THLMTNEN 2L HEOWMIMEIET > TVBE T ENHALN E KTz, RERICBWTIZE 5ICE L OIEH)
TS % T & T FEEFREAR O ZE M) SRR A ORI DV T 3 %

HRE AT SR ARANRRZEAT (Hi-ned . KT, HRAMEM R ORIE T — 2 2RI STV IiEE XL
Too ARWHZEE ISPSEHREL (24540463 DK ZR T T2E£ DT,
F—T— N G R, SRR, Polarization@#hT, SIEA TV v T 1+ 2 J
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Improved estimation of seismic energy radiation from deep low-frequency tremor

ESTERER N S A 1SSV N
ANNOURA, Satoshi* ; OBARA, Kazushigé ; MAEDA, Takuto'

LR ORI ST

LEarthquake Research Institute, the University of Tokyo

FEifE b5 7213 s &9 ZILAART TR T 5 EERMNE 148 [Obara 2002]1%, 7'L— MR OEEBICHET %
T AT —2V v TR U TRET 2728, TORKOMITERRZERS X 7 = X L O PRI B E % 1z
THREMEDD B, TNE T, MENEEIORRGZIET % - D RAEBORFZEM DI T 2MADERAI TRbNTE
To. AW TIIMENOIES T3V F—82 KD ERMNICEE 212D FEORRZiTo 72,

INA TV v Ri (HM) [Maeda and Obara 2009]1d, T2/ \a— 7 OEHS I OER 2SR Z TIRIEHER S F)H
T5FETHD, WMEHOZRNE & HEREN T 3V —B 2 ARk S T EMNTES. ThET/ A RCKZRRE
DIBAZWU BT 2 128, BIFRIEDED VR (Variance Reduction OREE% VR>90 & EWMEIC R E L= HM selected
AZATHENIRICHNSNTERZ. LHL, MEIOEEIENSHEEICE, EEE CRIFHNCMEINRET 24 E
WHEDEHEC IR B 128, MEIT > NO— WO EL 5. ZORE, I NMEIO VR IZH U TEL &
D, HMselected 21 7 SIRNTLUE S Himhd 5 [IRH - fll, 2014] D ZIC, MENEEIO T )L F—H &z EiE
IR B T2 DB T — 2 2 IO CTHIHMEZ1T 5 BN D 5.

AT, To_XO—=THEE HM hZ a7 h S MEIOMkGIFE 2RSS 2 & TMEIO T 3 )V F—%2HE T %)
HERBFE LTz, HM selected 2 11 ZICEBIFEA R E > TWARLIEAT, L= O B ORIEANIZIE RIS / A
LNV BEORRIHRERL, FNEMEIOMERINE UThH Uiz, s SNk C i, 32249 RN
ICEE NS HM selected X 10 7 DERMD SRDIZHMIEZERE L, VR>60 DMENDO TRV F—2E51952 & T
RS T 3V F—B R 7.

AT THEN D T 3 )V F—HEEEDO SRR 217> TR, MEIOHRM T 3 )L F— D ZER AR REmn A 5 h

D73 TR MENFEEOERE M 2 DD E—I WD 5 T EAHISEN TV, TXIVF—EO WO
ﬁﬁ®&%ﬂk@£iﬁﬁﬁk 1o TRURICOM L TCWB T b otz. Thid, ﬁﬁ“%ﬁf%%Wﬁ%ﬁ#@ﬂ)
HTHERWE DO E L, BANT XD ORI KZEMIER T )V F =243 2 2 L LMt d 5. R
Th A FHT T OISR T T I BT 2B OREDE =NEFHMEICDENEEDTH 5.

F—T— F: GREBMEJE S, rilg 57, Ao —HiE
Keywords: tremor, Nankai trough, slow earthquake
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The role of tectonic tremor in slow earthquake

OCHB 8 1 H B!
YABE, Sugurd* ; IDE, Satoshi

LROUORZ E R AR B A R 2R
!Dept. EPS, The University of Tokyo

W { OHIEDFFLEK, ZNZRET 254 BT OB%R GRESEERME) « BIEEME « RAa—2XY v )
BB L TWE EEZSNTVSED, MiEDHSEY A X% EEMC L LIV binnizd, DX 5 IcBfRL
THRTHZMEIRR KL D > TOWERW. FHCEBRER MBI OE BEHGIE D T D EA TRV, Z T TARIHIET
IEARSE R E OB T 3 L F— (B L BHBHR T RVF—L—1) ZHEET 2 & T, TRMEHEZKAS.
B T IV F—2HEET B 7zedic, HER OB &Y 1 MR OWT & MBI OMEN > 7))V O THEE 72
1oz, FHCHIEH OREEREIC DWW T, MEIOMIER T 3 )V F—Z N/ T T Tl e T hTwn
Thotz, HEBH I X IVF—IDOWTIE 2-8Hz DR S N2 FEER TOZRIVF—Z2HEE Uiz, X5 e Uiz,
W ARAT—R - NJ RO (AF20) « |MF V) DUDDIULFHIAPTT TH 5.

AWZETH LM I NIWMENEE) & T3V F—L— b ORI, =24 I TES. —DiF, HELlznx)VF—
L— b DZEBINIC AR —IZ i S B U COMINEEN TH 5. DR A TOIEENIFEERH A — RILESTEICH BN
3. ZOX S G CIRMENEEINEEIC T RIVF—L— FO/NEWIETHRAEL, NMNEIBRRIEEIOREIZZ DO F FIUR
T 5. MWICKEOGIABE) L 2SI I KRBRTEENCRE L, EmAamicESBHILTICRT 5. £z, i
ICBWTHEE S NTBEEREOY A A0 EMBNDO T3V F— L — "0 hR KL —HT 5 ehd, o< hihE
DRI ZEINICIIZ LT 2 DD, FHFEBICH I DL TUUIRDZ TN 2T 5 EAVRKENS. ZDOHIE, Mi7%AE
ENEENT, PUERESOANY X3 - FFY TRONZWMENEEI TH 5. T T TlE, &Sy FORBENIMIIHEL TV
%. ZOHBIZXIVF—L— PO mT 25 TRAET 2MENEEITH D, AT — REso—aiETtR 5N
%. TOXI TG TR EROWENEENE & F > THRET S.

ARWFHC K DS NS ENTMEI DO T 3 )VF—L— b EMERGEIORGRIE, MEID T 3 )VF—L— F DL NP5
O HBOEHHREZ T L TORAREN 2 R8T 5. T3VF—L— MBI REEIC AT T, 3+ —
L—FOMEEBNAT—R) v SHF|ERCTAAS v F > T VBT EMNRBENS. WME Yy FHIN RS T,
ZOIEENET 7 b=y ZiRS IEENC B E N, ZEINCHEIDFEET S, TRV F—L— b S B 5T
&, ZOHIKO OB TO/NIIRIEENIFRETES, 77 = Zixs 18 & BTGNS U TR 5.

F—T— R o < OHIEE, TEERE S, thEE i T %)L F—
Keywords: Slow Earthquake, Tectonic Tremors, Seismic wave energy

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SCG64-13 251501 F#fi:4 H 30 H 15:30-15:45

BN AO—2) v T A2 & ERMEOMENEEI~NOE
Effect of long-term SSE and megathrust earthquake on tremor activity

FREORTE T I A
IDO, Miki'* ; SUDA, Naok

VIRERERLBHEWT R

!Graduate school of Science, Hiroshima University

WEEENE, BXZ 10 km/day T 7 L— MNEFROEMSNCEET 2. ZOBEI 702 MMIMEIORFZER S HIC B
THYHRRIRTH O, WMENOEBIILEIRR TH 2 T EMEHEN TV [Ide, 2010. A X TNE TICPUEPETICE
F % 20014E 5 20134E F TO KBTI Z 7ML, 2 TOEIMTDOVT 10 mé/s DA — X — DU E 1.
T, BRIGETOEMMWAT—ZAD w T4V b (SSE OFAWIRE X U 201 LEH LT AR EEZ OREEN D
WTUE, SRR = R iEBURE (>1.5x108 m2/s) #1587 (HiE ¥ 2013). AL TIE, TS EWIEBIREZE RI M
FrEE) & AR 5520 B 0 1L & DBIfRZ - 2.

TNHEDANY MK ZHROFE RIS 5728, Coulomb3.3[Todaetal., 201l ZHWT, 7L — MEFREIC
Bz 7—ovichZlk (ACFP ZEIE LK. Z0O/E, 20034 & 2010FEOEHHN SSEIC K 2 MEPEEH TD ACFF
&, TNZN28.7kPak 5.4kPak x> 7z. THUIMENFHAEIET 2 OMBE LR CA—Z—TH YD, METEEOF
RIS LTS EEZBNS. —7F, 20114 IIMIEIC XD ACFFIZ 0.4 kPaTHh 7z, T DIEIZEIWIC K 30 &
D LHZNE WD, KEMEIGEIC X 2 BIHRIC D202 (ER SN, MEREICEEZ 525 LIdnEThs. £
7z, TOSHEELINUE RO T L— MEREHIC LD > TW5E. TNBIC K> THEE NMENEEIOEIED, &k
BUREE U TS NI TREMED B Z D5, FERTITHE - JREERIFEERID 515 5 NI ERERIERICE DL
EEICOWVWTHEHRNRB.

F—T— R BN TERE, mERE), 7 —o VSN2, REINAT—2Y » ARV b, S E S, thidd

it

Keywords: deep non-volcanic tremor, tremor migration, Coulomb stress change, long-term slow slip event, megathrust earth

guake, subduction zone
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Improvement of tectonic tremor detecting and locating methods: Case study in Shikokt

and Kanto _ _ _ _ _
Improvement of tectonic tremor detecting and locating methods: Case study in Shikokt

and Kanto

CHAO, Kevin'* ; OBARA, Kazushigé
CHAO, Kevin'* ; OBARA, Kazushigé

LERI, the University of Tokyo
LERI, the University of Tokyo

Obtaining accurate tremor sources in time and space is important because it provides essential information that reveals tt
mechanism of tremor activity. Recent findings of triggered tectonic tremor in recently discovered regions in Hokkaido (Obara,
GRL, 2012), Kyushu, and Kanto (Chao and Obara, AGU Meeting, 2012) provide an ideal dataset with which we can test the
clock-advanced model, which predicts the occurrence of triggered tremor in regions where ambient tremor occurs. In this study
we improve upon two existing tremor detecting and locating methods: 1) the WECC (Waveform Envelope Correlation and
Clustering) auto-detecting algorithm (Wech and Creager, GRL, 2008), which auto-detects tremor episodes, and 2) the improve
conventional envelope cross-correlation technique (Obara, Science, 2002; Chao et al., BSSA, 2013), which accurately pinpoin
the locations of short duration tremor sources in space. Using WECC, we detected tremor episodes in western Shikoku and cor
pared the results with existing NIED tremor catalogs (Maeda and Obara, JGR 2009; Obara et al., GRL, 2010). Our preliminary
results indicate that during testing period (i.e., tremor episodes between 2012/05/25 and 2012/06/02), the WECC was able
successfully auto-detect the same ambient tremor episodes listed in the NIED tremor catalogs. The tremor detections by WEC
show similar tremor migrations pattern as the features from the NIED tremor catalog. In addition, the WECC is able to capture
more small tremor episodes that are not included in the NIED catalog. Our next step will be to apply the WECC to the entire
dataset to determine whether it can successfully detect all tremor episodes while minimizing noise. Using the modified envelop
cross-correlation technique, we plan to conduct a 3D grid search to locate accurate triggered tremor sources in Kanto follow
ing several teleseismic earthquakes. This modified technique has been used to locate micro-earthgu=és {(iMwestern
Shikoku, and a comparison of the hypocenter of these micro-earthquakes with those from the JMA earthquake catalog showe
that they were located within 5km of one another.

F—77— F: ambient tremor, Shikoku, Kanto, tremor auto-detection technique
Keywords: ambient tremor, Shikoku, Kanto, tremor auto-detection technique
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NIPEGREMR BRI E & < 7 i Al _
Volcanic Deep Low-Frequency Earthquakes and Cooling Magma

FRAE 32 1% : Tsai Victor ; HH #L
ASO, Naofuml* ; TSAI, Victor? : IDE, Satoshi

VHEURY:  REGEFZERIIZRL, 2 ) 7 4)V=7 TRKZ  Seismological Laboratory
!Graduate School of Science, The University of Tokd®eismological Laboratory, California Institute of Technology

GEEBRER IR (LFE) (3R R4 UIRE R OMER 2 it 3 2 iEE TH 5, 7' L— MR TH4E 9 % Tectonic LFE
BWIEIRDIEHTHZ LEZSNTWVWS T, FIKUE FOERENIETHRET S Wolcanic LFED X /7 = X L&
RIZICEK LS o Thigw,, BRSO EE 120 T A wIAREN AT B 72HI1Icld. BWERL— FDRET
H%,

BRI T H AT RE T FABEREOS Y VA A T EILDMEE LT Wiz, B~ < WAHEI L TGS % T
Lic &b, Volcanic LFEDEEFI SN TV BD TR EWVWHEEZ Tz, ZTTAMETIE., MUE FOERE[HATIY I
EHIT BIRICHRET HER L — N T L,

WAL LT, AR EEIROE AGIAMIC 400K OiREEELZ0E L, IREOREFHEZFR Uiz, £ LT, #IEmN
WICIRZ S L& 2 6N5, REEILD 200K L FOFEKICDOWT., R7Y VAR KE L CRAEA L — bR HEEL - 72,
O TARLIRAE D AHIEFS IC K 2 BB ORI & SIS b DBz vk U, BWLECE 6 X 107 "m?/s & BIZRIRE 2 X 107°/K
Wiz,

FoNTRARAL— NI, E 200mEL FOHIRY 7<% 160mEL FOEIRY /< T, 7 L— MEEIC K B8R &K
DELERE (55X 1071s), WIABIEEBINENZVE S BIIWHED TH-o7c e LTH, REBRLPANEWMELTLFE
ELTHRMNENTV S ARENEDND %,

Fte, BETEHEARAL—FDAER, XTROBRICE > THRE S, IXTDBIRDEBEFESHICHIG L, BAHAL—FH
LFE OEFH A 1 = X LICHInd % D% 513, Volcanic LFEDEHNA & BIEA = XL E OMGEGENHEZE NS, B
MR EERD LFE I DWT ., ZDBRDEDMINCHERTE D, KRETIVORKEEDT=ICIE. H5D X 1= X L5
BTH 5,

F—T— R KUPEGRERMEE R, < 7 <A, CLVD
Keywords: volcanic low-frequency earthquakes, cooling magma, CLVD
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P i T 7 85 & O R P SR F5 0 2 TR 5 R DI 22 5 /) A

Spatiotemporal Distribution of Shallow Very Low Frequency Earthquakes along the Nanke
Trough and the Ryukyu Trench

TREF Rh— 1*; fniE Al L AN Rk 2
ASANO, Youichi'* ; MATSUZAWA, Takanori ; OBARA, Kazushigé

LB SRR AT, 2 RGUR AR
INational Research Institute for Earth Science and Disaster Prevetfarthquake Research Institute, The University of Tokyo

5 SR A BT 272 T 0D o R HEZ BT Hi-net IC fFa% & N7z mR AR DRLERD T LA fFTIC K - C, mMilFh =
TR TRAT B E R ETL SN IV —F VUBICE =R ) T ENTWS [BIZIR, B SRR Riirgein
(2013: PHEEZH) . —77, BIHSEDNDROWEEE RSO TS, BEHOHEDEEBRE R Ol &
DOMHBEfRATIC X - T, liadirrh 5B IE R EORHMNITRETH S T e nh > Tz [FRE - fth (2013: Fk
FRE)]. ZTTHLIZ, XOILEICD Tz > CHEEHEEE G EES OS2 [tk d 5 2 e Z2HNE LT, HABX
CZDRAD 2 T OFIEICK > THEY 7V Z A LTHNITT 2% H 2D TV S, AETIEZ0@bEEeE LT, M
b2 7B XOREEHSEBICIN > T B 2 ATk R 253 5.

AW T, TRtk ﬁMﬁFnm@95®@ﬁ5$ku%?%405k%ﬁé2mB¢MM®VWﬁEEJ(SBI
AEZ 28 O=koidsk il Uiz, < T, 100HzY > 7Y V7 & Fadsd & il 0.025 5 0.05 HzD
INV RISAT 4 )V R —I@ L 15Ic, 1HzL: VST T U Uiz, 727 L— Mk, BERIO@E OMiE 17
& VRIEME S 6 (872538 A 72, MRITTRAITEARINICIZIREY - it (2019 L FAIEETH S, HBIREOFHED A TlE
B 1N ) DINENGEIC BOTZERMNET A Y 72 VI K B R0 E S C DTV, TN EBRRT S
TeDICER A, HBEREZ Rl d 5 R & Z DERTORFRZRIC I 2B ORI Z SINELE EFR L T, HEOBHI
MBI 2 TFHOMHBFRBDOAE 5T, O SINFEE KE AR L5 K5 BARHANY FOFRERL ENEZ Ty
RY—F THNZ JEZ R L .

FREMTOFER, REF - fih (20139 THitd U7z HImiE L g O RS BB TS ENc i 2 ¢, KOEEMRUEM I %
FIRE R 2R T 2 2 eV TE . BRMICE, KOREEINTIX 20040/ EE R EMOHIE (M7.4) ©
HBIB KT 20094E1C, FEIMTIE 2003435 K U 20094F 1, EFEIFIITIE 2003435 & U 20104E 0D Ei%/KE A 11— A
D T EIRIEERIIC F N FNEZERIESHOD MBI Nz. CORRIE, ChFETICIRE SN TEREEBERERIED
Gd) [7z& 21, Obara and Ito (20055 & U SERMARANIFZEHT (2019] &FIEET, SRIDMEHIENILEKIC BT 51
SRR BT =2 ) VJIGE L TWA Z 2R d. —7, FilE T 7h bRttt EiiE £ T ORIz B— Ok
W&o THRRESEIOFERNS, FOREEM, Fohis K OERBITE, SR TSR I tZ L g h 4
9% HIA LR O PURE S & LR T, IEEOMEENE LW EaHEM Ao Tz, O T, 1944EHEEE
HEB XU 1946FEmiENERIRD L T2 EKHENMEO IR U ELTEC e NTED, MERMICHZ2ITHER
BEREICHZ EEZSNTVD. THUCHLT, FMEHESETERERMEORVRLRERZNONTESY, TL—
MEODEZ T BBLRI[GPNEEZLNTVS. TOX S EEZFIREDENOIE, RIS 72K T E OTEE) I

AR METHE LNV, Thbb, fOREEM, A X O BTk, 7 L— MEOMEREBICEY
ZHRVEED, EREERICNIE T 2B E R EOREZIH L TSR E A 5N 5.

F—T— P IRECGHERERE, rEilg -5 7, mraEE S, 7L — b REES
Keywords: Very Low Frequency Earthquakes, Nankai Trough, Ryukyu Trench
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FREKIMRE SR 0 R L AT — AV »w T A XY~ K E PR OG- _
Relationship between very low frequency earthquakes and repeating slow slip events i
the south Ryukyu Trench

R A W) i
NAKAMURA, Mamoru'* ; SUNAGAWA, Naoyd

LERERR A B2
LFaculty of Science, Univ. Ryukyus

FiBRINEE R TR E 30~50km DI AHAATZ T L— bk EHTHEOIEL AT —Z ) v FAXY "HFEEL TS (Heki
& Kataoka, 2008, F 7=ZDOPuHAIOEHANEBAHTLTlE. 20024 3 H OGEEHEIE (MWwe.8) IC&k37 7X—AY v
A 20024E) 5 2005F IS THAE Lz (Nakamura, 2008,

B, FRERIEEICIh > CERENICGBEEIHENREL TWE T EMHOMC K> TE (Andoetal., 2012, FiBk
WIS S THRET 2 A0 —RY v T A XY~ EEEERFIEX, OO 7L — TR &ERICERL TS
EEZBNDG, FTTINHAA—AN T ARV b « 7T Z—=2V v T % iBIKE R ELE) & ORISR ZR- S H
I U7z,

B SR AR ST D I B EER LRk (FNET) DJLFREHIEF RSB KX T IRIS OIS ZMH Uiz, L
TR AU BRERINOD |5 4 38 X O UM HIEIC % E & MBI 15 B X U IRIS D TATO (Hit) & SSE (L) Th 5.
NS OB TReER S Nz L FEIEK > O BIEC a2 BRAT IS U7z, MATIARIE 20024 1 H 1 H~201349 H
30HTH %, HEHEHIFIC 0.02-0.05H2D/ N RISAT 1 )V Z =7, HETEERA XY FEHBEEURZ, RICHEEL
TARJE WG A N> B 21 7B XU 2HZ YL EO SR RLEk & L U, mithithE s K OatE 2 RE Uiz, &
BITIRJE P A N> k& U TRIE N5 3h Raleighi TH % EAGE LT T Tl KIRIESERL) & 7 A D . BIRERE
115717,

) 11 EM TEFPVE TE 72 VLFE 365 629916 TH - 7z, VLFE OEFIZ A0 D FER RIS 09 %,
VLFE (3782 Em /5 K UMHAR SR A, ARSI S BFERKEMIICERT 5, M~ 7(bRices 57
IR > TEFENDT %, UL L AU, BRERSIOBI B E D AR 72 72 DI A U T BRI E D LT —IC X B 1l HE
PEDE,

KIT, EIRNEE U - S CRBEHE MR IR, £ \EILFEER M T, 2002~200444075H) & Fhig L
T 20052010 ICHEEIAME T, & 5IC 20114FE %N SIEFRILDHEA R 5Nz, T DMK 2002~2005F I TH:
MEEFATRELET 72—V v TOHENEZ 5ND, ARSI T, BAMCIXIZIZER N VLFE IE
RSN, FHNTEE E LTI, VLFE AV 2, 34 AR TN « N— A MRICHEAET 27D R BNz, BFEKR
BT SR X 0 & & SICEEHEMNIC VLFE BRAEL TWV3S, RFEKEMNTIX 20024E/1A] & 20104E% 1K
EFRIEHOHEMAR SN, LH L OIEENCHIGT Z2HFREHEDA X MIEERETE aho Tz,

PERSHE FOMDIR L SSEL DX ZLi Uiz T4, HHICHE Lz SSE247 N b 14 A XY MR LT
VLFE WWEFRL T 2EmA R 5Nz, SSEFAHD VLFE FARIX, #E O VLFE FAERITR U TR 2~3 ZIcling %,
— . W OHEIREHICR LT SSEFRAE: & OBIRIIHI Tld b o 1z, HEBE RO SSEIC X - T VLFE ARHCIEF L
T HHHE LT, SSERAIC K 2 FEATOISHZLD, (AN EHEE T H 2 K EFHIEE  (Ando et al., 2012 14
U CHAICIERIL 22 LTz rTREMEDY B 5 6

F—T— FBRE RS, An—2Y v T A X2 b, Hiskifgig
Keywords: very low frequency earthquake, slow slip event, Ryukyu Trench
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GRAPE A R R O7E Bl & 97\ 0 BRI D5

Activity characteristics of deep very low frequency earthquake and asperity structure

ZHLORER ! ZA ek e MR 2R 2
NIZATO, Taro' ; SUDA, Naoki* ; MATSUZAWA, Takanor?

VIREREE, 2 B SR
IHiroshima Univ.,2NIED

((Z4025178
FBILRIAF T DT L— MRS T, BN AT—2) v AN MU CRBIREEE (VLF) IRkl
PERgE (B DMREELTWS. T8 T, VLF OFFANZALDA T VT L— bk EEERTO T4 X +
=7 L— MUK G EFMNTH S T ENHSMMT TN TS [Ito et al. 2007, 2009; Takeo et al. 2010 & 1ZZ 1
i‘(k VLF @*ﬁmkwtw_*ﬁtﬂrﬁ?&ﬁaﬂ gL, VLF OFEH) & MENEH) & OBEMEICOW TN T E 2. SEE SIchkET

UR R O 2]

WAL T ¢ BV g7 L— b EEEERH FICEGE U RAEEFRICR U CEHRE S N2 HERIEE & Hi-net @& g sk &
FHCHE L NS BRI U TEHE S NS AR L Variance Reduction (VRIEE & DWW TRRIIHZTTS . IRAEEIRIX, /K
AN 10 kmEBRRE, RS AHEICRAT Skm R CRESN TS, TNOHICHBITZEHRA = ALE, FL— MR
HDIA AN —& T L— MURGHNERD, HEE (Eiﬁ/%%%b‘b&bnfﬁb“(?o <. AT L [FARRICATIETE VR
ZIEEEICHNTED, @HOMES /A XZVLF ELTHRIBELTLES 2eWH 5. TOXS Tt zikb 97z
O, BT OIRIEICE 4 2 - R R TV 5.

GRS

Hi-net & hd 2T 0 /KF8) 2 [l DOEcEkz VT, 20064F 9 H 6-21 H & 20074 3 H 10-20H OPUEPEERIC 1)
BIGENC OWTHNT 2 T2 Tz, ZTOFEHR, VLF OIEINIEIROFHEANH S T LV ah o7z (1) VLF OiEEI @ Lt
NTEHITHEFRICIR D, ZTORRIMBRIEMEI X D IBNTWS, ) EEIICX > TVLF 2>z 0 kb -103 %
WMEh Y 5 XA Z—hMFEET S, (3) VLF I & BN D rapid tremor reversal #1249 2 IHRMNEET %, (4) VLF L@ OE—
A MEBEROZERA KT R > T3, (B) 7L— MEFUCEIT S VLF OE— XV MRID RS KEWIGATIE SSE
DITARODPEREKZWVIGITOERIRICEEST 5. TN6D5H5 (1) & 2T TICHERATHS.

ITAROBERIBOMIELE LT, 77720V 7 AR T 12 ET)V[Seno, 2003 X 557 AR T 4 AN T E>T2ET
WirEZD., TOETIVCIE, HEBEEOT AR T 1 3HEBND - < D EFTREZN) TICHENTWS. HBRAT
DEFRBZLICEONITHD S D ETRBIRAEICIER S T e E2NY TIRBENT, ZDOE X7 AN T ¢ HVEEICHE
g%, Wi, 7 AN T OGN EN N TIRBEIET 5. SHEOEEE, WMEIOT AU T 2 OfFD DN
UT7MVLE Q7 ARV 7 4 TH Y, ZORED DN 7 HVEIAN SSED T ARV T 1 Lix>TW\5%. TOETIVTIR, M
B VLF IS T 2BRIERD X SICFHIATE % ¢ (1) BRI SSEIC K D E) 7 Z A 2 —2(k TNV 7IRBDHES, M
FAHEGINICRET 2D, VLF ZRAET 2 X TIKdWiz 5w, (2) MEIFEDETINY 7 zzﬁfmn;ééfhé kT,
VLF DEEICRAET S, £z, N TIREBOMEIRLA O T JcHilENH UL, WM& VLF ORFZERIN R iEBikk
ROEWEFIATES.

F—T— R migEL Aol A, An—HgE, @AM, JEALTEME), BEhtkt, 7 AR 71

Keywords: Nankai subduction zone, slow earthquake, very low frequency earthquake, nonvolcanic tremor, automatic detectior
asperity
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WL - AR AR 2 O T B8 7 AR T ¢ OFRHIEES A 7))V I 2 Lb— 3

> CHN S KMEEFTOZET) - .
Preseismic behaviors involving slow slip in rate-state earthquake sequence models with
hierarchical asperity concept

PPH 182 1 s A 2 O i !
NODA, Hiroyuki'* ; NAKATANI, Masao? ; HORI, Takané

RSB TR R, 2 SRR
LJAMSTEC, IFREE2The University of Tokyo, ERI

Understanding preseismic phenomena before large earthquakes is of critical importance in assessing possibility of disast
mitigation by detecting and recognizing them. The 2011 Tohoku-Oki earthquake has long recorded geophysical data for tens c
years prior to it. Since the earthquake, multiple studies have reported potentially important phenomena involving slow slip which
may be particular to ripe asperities. It is our mission for modelers to see if they are consistent with, or appear naturally withou
fine tuning of numerical models of earthquake sequences accounting for interseismic processes, as well as earthquake rupture

The off-Miyagi to off-Fukushima region was locked at least from Apr. 1995 to Mar. 2002 [Nishimura et al. 2004], with
the shallower region not being able to be constrained by on-land GPS stations [Loveless and Mead, 2011]. The region starte
creeping from 2005 [Ozawa et al., 2012]. Recently, Katsumata [2013, JpGU] pointed out that seismic quiescence [Katsumatz
2011] correlates with the locked period, and inferred that this region may have been creeping at least from 1980 to 1988. I
the shallower region near the hypocenter of the Tohoku-Oki earthquake, a couple of slow slip events were reported by Ito et a
[2013], one in Nov. 2008 and the other in Feb. 2011. This interval is much shorter than that for the larger scale events inferre
by Katsumata [2013].

Suito et al. [2011] reported that M7-class earthquakes along the Japan Trench after 2005, including the Mw 7.3 preshock 2 day
before the Tohoku-Oki earthquake, had unusually large amount of afterslips. The postseismic moment releases are comparal
to or even larger than the coseismic ones, with the centroid being located close to the epicenters, not deeper than them.

In the present talk, we present that qualitatively similar behaviors to those observations are recognized in numerical model
reported by Noda et al. [2013, JGR]. They presented rate-state earthquake sequence simulations accounting for a hierarchi
asperity concept [Ide and Aochi, 2005]; a large tough patch has a small fragile patch in it. Importantly, those simulations
were not meant to mimic the Tohoku-Oki earthquake through fine tuning of the model, and are representing general behavior
characteristic to the rate-state (aging law) earthquake sequence with a certain kind of heterogeneity in the parameter distributio

In those simulations, interseismic penetration of a creep front into a locked velocity-weakening patch often becomes non-steac
and accompanied by aseismic transients before nucleation. This is because the critical length scale for impossibility of coherel
steady-state slip [Rice et al., 2001] can be smaller than the nucleation size [Rubin and Ampuero, 2005]. In the simulation, the
transients take place both in the large tough patch and in the small fragile patch when a creep front penetrates inwards to a certe
extent. A transient does not necessarily, but may lead to nucleation. In addition, such an elevated aseismic slip rate in the larg
patch seems to be a necessary condition for cascade-up rupture growth from the small patch if it is smaller than the nucleatic
size of the large patch.

A small event which only ruptures the small patch is sometimes followed by a large event before the afterslip smearing out.
Such small events are classified as precursory events, since clear causality is recognized between them and the following lar
ones; the large ones are initiated either by delayed cascade-up or by large nucleation hosted by the afterslip. The precursa
small events tend to have larger afterslip than non-precursory ones.

In the rate- and state-dependent friction law, logarithmic slip rate is, by definition, proportional to stress minus strength which
correlates with fracture energy. Therefore temporal changes in the aseismic slip rate in a so-called asperity, if detectable, cou
be used to infer the ripeness of it.

Keywords: Earthquake sequence, Preseismic phenomena, Hierarchical asperity, Numerical simulation
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20114 BT AP B DORTICHEAE LI AT — AU w T ANV FOBYEY I o
L—aV
Numerical simulation of slow slip events before the 2011 Tohoku-Oki Earthquake

A A BT ek ST b g
NAKATA, Ryoko!'* ; ARIYOSHI, Keisuké ; HYODO, Mamoru ; HORI, Takané

! HBEWE R RS
1JAMSTEC

s O HAEENOTE, 20114E 3 H 11 HIC, M9.0 O EKHIEE (Sbih 7 ACE-REMHhER) AVE U, EZikiids
FIEI & IIRIEIN X TIAHIPHIC S A TE . T OEKRMEDEFIAN TRICT XY ORKED > 2O < T, 20114F 2
HENS, 20—V w T ARk (SSEYVFEAEL TV =T A, EHIN SIS -T2 [Ito et al., 2013] D
SSElX, P L& ERMIZED 2 HaG (20114 3 H 9 H) ICH4E L7z M7.3 DHIE (EORMEDRGEE) FFE TR L Tz,
ZUL T, HIEDORMNINDIE, REOEBRXTEHEL, EXMEZ N AH—LIEALNTWS [e.g., Ando & Imanishi,
2011},

AWFZE TR, A0—HEBICKXZHEEAREDO N H—ICEH LT, MEREY A VIVOBEY I 2 L—2 a3 V&>
Too BUHFHE T, 7T L— MERTRET ZHIBOMED IR L, 7 L— MHGHEEI) 5 O T NOER L cafE e LTE
7L L7z [e.g., Rice, 1993] 7'L— MEFRIOEEIL, X0 EE « IRAEMKAFZERH [Dieterich, 197945 &ARE L.
Mg ORE R HI] & JE 0O 2 7513 Nakatani [2001Fz V. 58 ORI EHNIC I slowness law [Dieterich, 1979; Ruina, 1983]
Wz, 7 L— MERmEFIRE, BhEHEEICHE DWWz 3 XoCHli [Baba et al., 2006F i Lz, 14 N2 b OREJFRIK
T, MEWEEDOTXRD D52 FWETET 2 BHEMORY A X [Kato, 2003; 20041 EED LA, HIFEMET D
TS IEHEME T RO DM 2T X o BN 2 5 2 12,

20084E 11 HIC % 20114 2 A L [HEIREDIGHT « BIFIT SSEMFREL TR T S, T OREEIEE I & x5 BEERT
WERHEOLEZ T, ZT T, ERMEOEBFIRAN T, FHCIRNDDOREN - -8, miEoEikEEK, JEhEETXD
(SSE)ZL C STHEBMNZNENT AT B X IIIFELTWVS EE L, 3DDMEEKIC, ZNFNik 2 BEEN 25 2
TZETIVC, GtEZITo Tz, TORE, SSE-HIE-AREL WO IETOREZERMCHIAT 2 e TE, TOET
IVOFER TR, £, IR THE - 72 SSENMERAN AL Mw7.1 OHIZE (5iE) &7 b ) H— L1, Z0%., HiEOR
BT ROIFIRIBNEIE L. Mw8.6 DHIE (AKFE) OhitEx V) H— U7z, LA L., SSEDMIEL#kHAN., AZ Db
BAR. MTE—AZORMEMEMRZEICE LT, @EMNIIEHETE WD 272, ThUE, AETRICTRDDOKEN S
T PRI  HIEOEIR « SSEEMNHEWICEEL TWA T ENERBERNTHZ EEZIOND, BikbKEIDME Y F
TP U722 NS OEBOGATRRAE S CEEFMEEDMIC L —FRATIH0H 0. ZORE., HiZE® SSEREDZ 1 X
VIMETIICE > TREL B> TV,

BHE, AEOEFIAN TOBEBREONIED G Z 2B LIzl ET )V CRMOEIEY 2 2 L— 3 v Z2i7> T
W5, THIC, BAKRBRIT =25 RBEINTVS 7 L— MERE EORYEDO N HiEEBEIC LWL DOhDET
JNCDWTCAFEZ#EA U, 2011F B E Nz MO HIZEEFAICE 22 2. ERMICHBITE %7 )V ORI H»
%, BETIVORMBIE, YIal—ya VERNSRME 5N HERSPHIZER DT XD 4R #)% &. #lill7—
2 DG ZIIHMWTT 2, LT, EOKI AN T T, Bt E MR ORHC Bl E NI K5 &> F VU A
WM D EZ0MHET %,

e D AR OT 0y 2 7 b TEilg b5 7 RER s 7 a2 7 b ) O 2RI TirbnE Lic, ¥
RIS IR OIER Y S 2 L— 2 2 L& Lz,
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