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Inference of a slip distribution from aftershock data and friction law: a Bayesian model
with a prior of magnitude
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An statistical method to estimate a fault slip distribution of a mainshock with the spatial distribution of its aftershocks and
rate- and state-dependent friction law [Dieterich, 1994] has been suggested [Iwata, 2008]. In this method, the fault plane of
mainshock is divided into subfaults, and then the amplitudes of slip in each of the subfaults are optimized to fit the real spatia
distribution of the aftershock activity with the distribution expected from the rate- and state-friction law. Because we optimize a
large number of parameters simultaneously in this approach, a roughness penalty is imposed to stabilize the optimization; for th
purpose, a Bayesian model with a smoothness prior for the spatial slip distribution is constructed and the estimation is carrie
out.

One of the problems in this method is how to determine the strength of the roughness penalty objectively. In many case
of seismological/geophysical studies, the strength is determined by the principle of the minimization of Akaike's Bayesian
Information Criterion [ABIC; Akaike, 1980] and ABIC is computed through the Laplace approximation [Tierny and Kadane,
1986]. However, because of some technical reasons originated from the formula of the friction law, the Laplace approximatior
is not applicable to this method and the computation of the value of ABIC is impractical.

This study proposes that the information on the magnitude of a mainshock is incorporated in the Bayesian model. This is
because it has been empirically found that the amplitudes of the estimated slip in the subfaults or the corresponding magnituc
to the estimated slip distribution much depends on the strength of the roughness penalty; if we impose a constraint on th
magnitude, then the appropriate strength could be chosen objectively. To implement this idea, a prior distribution of the magnitud
of a mainshock is constructed. It is supposed to be a normal distribution of which mean is retrieved from the Global CMT
catalogue and standard deviation is given from Kagan [2010]. Then, the posterior distributions of the strength and the spatial sli
distribution are computed simultaneously through the Markov chain Mote Carlo method. This framework provides the practical
computational method to estimate the spatial slip distribution of a mainshock inferred from its aftershock data.
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Tidal triggering of earthquakes after the 2011 Tohoku earthquake
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201 LAFBRAEHIG AR IEE (Mw 9.1 T, BEERHA UL O EIFISILH OMEEIC B W T, REREER DK 104F
R, HiBREIY & MBS AE ORI AN TV 2 EDBHLMICHR > T3 (Tanaka, 2012 AMHZLClE, X
SEPEMHEE OEREE F T, WHAROACEFERFEICIER U, KREFEMHERAERZ OR 4 RIS 2 BRI & HiE
FEDOBREHFE L.

2. =R « R TiE

HOIET— 21X, Biarih ST TOREHERFEEIC T 5, Mw5.0LLE, S 70 kmBGED 7 m— 3L
CMTfi#TH % (19764FE 5 20144 T, 15211#, 20144F 11~12 HIXEEMD. HER#HWIC X )51k Tanaka et
al. (2002 DFEICHE, WEREOVRE SO CHERIMCEIE Uz, IS W= E oSS I icE Uk,
R U 7= BEGRHIBRI b S MR AR L OIS ik A Z2 3¢ #HL D, Schuster(1897) D /5747 -V THAHER M O 7%
MELE., CORETELNS pEIZIFHEAG THERAZHERERY OMMHMAIC X 5V ZENT S ERREERT.

3. R R

RAEPEMHIEEF AR O 4 FRICDWT, p EDOZEMS 2 INT AR, BHERG U ORI O T, p
il 309 EDEWMEZ & D, AEFAEERNCH D NIHEREY & R OMBE, REOFEIEWVIHEKL T\
TEWMERTED. —F, THIWIKIMDOETINTIE, pED/NSWIEENMEEL, FHCHEEIREETHEE ThS. TOM
WiZ, AT XD DORZVEBICHSL (Ozawaetal., 2012 BHEMEAVRBENS. mE/NE WV plE (2.8% HELN
7z 200 kmPU 7 OFEEICIEH U, KFEFEMHEOR RN D, p ORIz TR RER, 19769 LI, AEFAm]
FTOR 3BERMICHZD, pllid 409 EOEWWiEE & D, HIBREY & EFREIZEAHB OIREN MG L Tz &M
MR Nz, Tz, REFETHIEZROBRICOWTS p EORFZLZINTAER, p A ErEHIE O FE A E D
RENEL (1.4%), ZOBRRICHIET 2EMZRT T EDHESMTZ STz, BT RO OEE & AEERZICFHICRKE
<, KENEL BTV B T EAMEINTNS (Ozawaetal., 2002 RN N OHEIC L, HIERWEY OREEN
BHEICHINTCAIREMEAVRIE S NS,
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Seismic activity and attenuation structure aroud the Fukushlma and Yamagata Prefe(
tures’ border after Tohoku earthquake
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AWFZEN G T 3 5 fi - L LR VR B s L SR L A B R I S TS B NS L L 72 T H 5. AIFZE Tl
SRR 351 2 HIFETEE) 2 B S % 7 DICEBIRIVE & A W Z A LROPEZRIT> 1. F Tz, Sl ClI B RoE A
JED B NSRRI 351 B HIEBISENC AN S LTV B T LRI N TV 5. HEKROEZXT QDS H Qp/Qs
E° QsfHIFFADFIEIC L D KREL LT 728, AWK TIRITNS DMEZHETE L, Rgiigo X 0 2Ea itz #E
T3 ExilPlz. QIEOMNTICIE P& STHEDEENRIE AT MIVDLZE & - T Qp/QslEZzHEEd % fHikx vz,

FRATOOFE R, IR 51X, WO COMBFEBZEOEFHADOHT T4DDY I AZ—IIHHhNTHELTWS
TEMNholz. DT kiF, BRERE S 2NN ORI TH F OYIBIR KRN SR 2 [ REME 2R LT\ 5. Tz,
3DD YT AR —THIEBORERENRFIFRICHE > TERAGRZHENA O Nz, IRELTZ AN Z X L@NM5IE, Wili)E
RIOEN KL, FCmALEiHEZ S OHEBENZ I OMHELTVE T ENbh oz, HREN#EEEEZ UL, ERID
50° ZHZ 5 &S WikiEHEIIE n[REL 755728, TODX S MmN E TOW D IIZFRIEDIFENEE L TWVW53
e LNz, #E5E L Qp/Qsfd, QsfEh 5k, ZEFIEA S/AKFESHNC 20 k m AN ORI T WERII SIS b S §%
% T Qp/Qsfl, X QsfiZ/Rd T EMHLEMCEoTz. —77, FNXKDEWEIISIC AN 5 HEI1XK Qp/Qsfdz/R”d
BRI NI, T OMEEEIMNER(L LIciEshalc @SEz & b T HRNH 5 E X . TLT, ALK &t
B2 D 2 DDWIRDHBAEDLED SRS Tz 2 DDOEJRM D Qp/QsilEDZEM iz S MMCT B 7281, EIFEMEFRL
TWAHEEEZ 11O 7 vy ZicnEL, %h%h®7mxb%ﬁéﬁﬁ®%0@%$WLf 7ty 7O QplQs
i, Qsfi& L7z. ZDfER, Eﬁ%¢ﬁ%ﬁ@7ﬁ/7TmﬂmkﬁwQﬂﬁkaM%@%Tju8@ ALY
DYFAN T — 2 LR U TR, AR QsEBIC ISIFRIAMNFEE L TO B ATREMED @V & & A 7o, IFRIRGEICHE > THIED
FHAEGEMNE L R 2H%E HHOEO X O EEORNTIAD EEANOBENC X > T, BERNRELEMEE I Nz &
zmmﬁ%f%é<xﬁﬁﬁ7zﬁ ZE70y I TREMKTT ST LiF, WENEISICH Ofiﬂbthg%
KMUTWE EEZ Tz, MEMNCHIRU MR, AR T ORI BRI TRADBE S U T % nfReMEYE
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Changes in frequency ratio of inter-plate vs intra-plate earthquakes in the source area ¢

the 2011 Tohoku earthquake
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L EHES) TR OER T, #ET L — MBI 2BIENTEZ TORGE LI WHEZ, 7L— Mg e 7L —
FAHIE LKL, ZNEFNOEFSZFMLTWS. TDed, IWHARICHHIDSZHEIEEIEE FOHED - LERE
AWTT L— MEEB X T L— P ANHIEOEENE & UCHHIT 5. BITORE, HEOEI S DI THRM
3 6&71%03‘(35 D, BHEORERMOERITI KM I N THRL.

AHE T, RERMRICKZ 7L — MEEO YR Z FRllbRICKME 2 T L 2METdT 5. T TiE, KEEY
L— D7 L— MEESH L Skm & O GEERICHREAE U HIEBZ KOEE T L — O FHFAHICE T 2B L Ha L, Bl
NTFEEBM R I NS T L— FHHEOMR L ENZ T LI KD 7L — MEHIEZHRIL, ZOfRICHDIE S
L— FEHERIEZ WEE 5. FHNCE, SIS N7 RERNRE & 015 & N 2 FEEERN AR & ORRTz D 2K R/ NaElisf
(Kagan,1991,GJ1 Kaganffi) ZH\2 C & &9 %. RXIMICEIT 2 Kaganfi D/NE WHlIFEZ 7' L — M HiE & Jixd
ckicky, TL— MIHEBOEEZRDZ T ENTES.

HAR 19974E~20144F, Jbhi 36 FE~41FF, Hift 139/ ~144 I F4E LTz M4.0 LU EOHEDOFERAMER (36631H) %=
EH Uz BiSSRFARANIIZERT J-SHISIC X 5 7' L— MEIR &, Bb 5 AR (2011.3.11 MO.OYD A EE AR A
H1%72 7 L— MHBEB) T % VT, S OFESRE 2 B Uz,

7 L— MERIE O FJ7 Skm~ 75 20km O#FFAICFEE LTz hER T L— FthEDR & L, Zohh 57 L— M
HIFE D FEEEREAEIR L AT 222 7 L — FHIE S UCEHET 5. BRI 0.1 EAIADKIEFHIC R SN 7 L— M
HZBOEEH S, XA ZARGRMEHRERME (Akaike Bayesian Information Criterion, ABICZf5fE & U 7= Figfbic X
BEHEHTO T L — MBS G2 HH Uz, SIS T s by A rEmiEE (201148 3 A 11 H M9.0) DRE
EEAERTH D, TOBEEEIC DOMIC 2 ZNZTNOMMICH LT, 7 L— MEHER & ZRD .

BEAEMEREIXRO LB THD. —FEMRERD b ESEMOR T, It REE B I BTN R T L —
MEEOEGAVNE V. ZFEMIEE T, T L— MEHEOEGNRE V. T T THELN T L— MEHIEOEIGE,
BUTOMITHAR/NE .

F—7U— R HEE) PR, gy, 77— R, Kaganfd, Sk A RS
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Focal mechanism of earthquake swarms in Gassan and Ooisawa, Yamagata Prefecture
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201 1AL S A EMHIEE D 6 Hig 5. AILfE QLTHORIFE 2.5km i) O 1-8km DEE THEFEHIETREN D FE
U T, RFEAEMHIE S IEENIEF IR > LK TH 5,  DIFEIEH O 15km ﬁﬁi@jﬁ#?ﬂﬁi&&iﬂﬂ;&?ﬁ%ﬁﬁ?ﬁﬂ%
TRHEEN T, Bl TlE 20034FE, 20064EIC N Z N 10-15km 5-10kmDIEE TRERMEN L E TV 5D, FFFRIEEINIL
X TWiRW, Al KRG & & ICHlB#EROILGIEE & A5 N3 #EERHIICHE L TV a, ?ﬁt KHIRD S
HINT I T O I iF BRI DY A > T3 (Okada et al., 2006 Hh M IC HE sih D 2 18I T A
MHEE DB OIEINGE NN D B FRZEES C &2 HMC, HillE RHFROBEREHIEEDOER X 71 = X L&z, H5xe
U7 HEB SRR Z ORI TR E Y T =F 2 — R 2.0 ECHEEIMN 30km K DIRWVHIETH B, A= X LEE
PIGHIEIOIM LG | X 53R T=, 20024 6 HLEDOHIZEZ Hi-netDIEE X >a— R L., win I X O FI#J7 A% i
Eolze ZNLLHTOHIEIC DWW TIFHIE ARICFIHEHR S N TV 24081572 iz,

HILDIEENC DWW T 33MHD A h = A LRHIG SN Tz, WiEH T & OMEEIIRTT NbTE 7. #3 N 2 S8 miliE 20,
WiE 2, BTN E ST IEWE 4 TH -7, Okadaetal.(2011)% 4 H 4 HD M2.2 DR AL OHEIC DWW CHiE I 2 #E
EL. TOMmITHUTAEEAHIZEICE D A CFEA 0.29MPalSin L7=C & &F5HIL T %, SRS Tz X = X LRl
LODﬂﬂ CHLT AT IR EFTEDONZVDT, HILHEDESNIE A CFFOINES LT\ 5 ElbNns, &

L IEEIDSKTEHIEED 6 D SURE o722 &, FEHRICMIGEEENMAET 2 T L2 EZ % &, EFREICHAN
()IL)\ L7z LIic X2 WEmEODEKTEEZ 5N S,

KIFIRD 20034, 2006EDFEFI T A ILIOTEEEN 5 ZFNZF N 20km, 13kmDEEEEICH %, 2003FEDTEFNDONT
PWE LIz A Z A LRI 148 T, 9T P FEILIE- B 85 [ O g, 20064EDTEENIE 12{H D X 1 = X L fift 7z
JUE L. IXT PHIADISIETEIG Gz m < WiliE 7z - 7z, ZOOGEODYEEJE?@T*‘B% TR PHENE X TV H,
5% EXRANOTRADOBEN I B o 2O E LNVEW, iz, AFIEEINa > IZJRIK & UTRHHRANDIE IS
X o’c%ﬁih\ﬁﬂfﬁm’h%@%ﬁ%ﬁ”@lﬂsﬁﬁb\ﬁﬁqu\éﬂﬁﬁﬁ%%z 5N%,

SCHR

Okada et al.(2011) EPS,63,749-754
Okada et al.(2015) Geofluids,15, 293?309

F—T — R 20114 BALHIG ACFREMHE, SEF8IIEE, B A A= X L, A, KR
Keywords: 2011 Tohoku-Oki earthquake, induced seismicity, focal mechanism, Gassan, Oisawa
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Active foreshocks of M-7.5 earthquakes in the northern Japan to Kuril Trenches
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HAUEEA LD S T BiEIC h0 THA T 2 KME - FEAMEICIISEE RiiEEES 22 b DONH 5. RiFETlE, T
OHIE THA Ulz M>7.5 ORIEEICH LT, BEERITEISEIZ o 7eh & 572 XKAT 5 izoic, HEOAER & R
DR E X OMEHIC B ZAER LAER OHETEEOHEFES 2 M-T KoHIEE ORI RIENC X > TNz, BERLE DORiEx
Mo ERH -T2 LT E, EWNAHETRIE iiE L OXADHLOOT, AT, 10 EOZEONE
S HIEEE MR E U,

SEE IR ATEILE 2 - T2 M>7. 50X, 20064E L )VEMO T L— Fig#hE (Mw8.3) &ZFhIicki< 2007407
72— A4 XihiEE (Mw8.1), 19634 ET k1 7iitiZE (Mw8.6) , 19917/ )Ly TEMOHIZE (Mw7.6) , 1995 ED
HE (Mw7.9), 1978 HUREIIOHE (Mw7.8), 1969FILHRHEHT MHE (MwS.2), 1989 ST MOHIE (Mw7.4)
TdHs. WIT, 1973FMELEMHIE (Mw7.8), 19524 & 20030 HEMHIE (Mws.1, Mw8.1) , 19684 itz
(Mw8.3) & 19944E=REIX 2 MIMHE (Mw7.8) LW\ 57 M>7.5D 7 L— MEHiEES, 1958 ko 7fihE (Mws.4) |
19784EE/KEHIEE (Mw7.8), 1993FIEs7iHiE (Mw7.7) |, 19944E L& BT MiHhEE (Mw8.3) IS DWW T, RN
HoM, HEINIE ST

RS, SEFHRAEIGENCH LT, AIEOTREIE OB 2% 725D ETAS 7)1 (Epidemic Type Aftershock
Sequence Ogata, 1988 1992 I K 2 fiitr, HiEZIEEI O 2L 5 DR IHERS 23X % Te O DFiE « AEOERS MO
1, AR & REOHHEE & OBIRZFINS 72D OFIEDEIRI G EARED TN E9Mh L DL Z1T- 7.

DL EOfEMOFER, BIfEDO L T A, LIRDOT EWNnh>TW5. BEERRERINE, YV =F 21— ROKEAHIEL
ZTOREBICK > THREN, REEICBT 2GR0 bR EITR NG o7, e, 20074 LIIVEMHOT
72— A AHEICHeAT UT2RiEE, 20064ED 7 7 X —F A R CORERH CHIATE, ABEMOMERLLHEEL
BRLNGE T2, mZEEN, R &I —ED S HNLENBEACH 57z, L LaEhs, KO FidhEc &
DEELTHO, REEFNCIEEENEZICE(LTE e ah oz, MEEIIRIEARED TR PR E - F-fElEg &
WBHERTFTTNBE KD THS. 2007 LVIIVEMNOT I 2—F A4 AHEBICB L TE, HEROIT XD BRKENS T2
Tk, niErEE) (2006FED 7 L— MEERHEOREED) OEBEIX K, >z 5%, miEHOIKICOVTES
ICHRETT B 72810, A CFRICK BN EE1TO TETHS.

DL EORTICIHBNT, AEEEE, KEEEERIGEE (MIHD L) L HEMOEREZ W7V v R —FIC
KB EWFPEE L O (Hurukawa and Harada, 2015 & > THEfEEICHWERBRE SN2, £z, ZEOITAND
7Ail%, Kikuchi and Kanamori(2003) 1€ & st E &G A > N—Y g Vick > THEE S e,

F—7— R HIAEEI-T S1EE, S RaTEIGE), ETAS 7)), W EERERREE, ERES Y v R —FEJER

TE, ISR A 2 N—Y g v

Keywords: northern Japan Trench to Kuril Trench, Remarkable foreshock activity, ETAS model, Modified Joint Hypocenter
Determination method, time-difference grid search method, teleseimic body-wave inversion
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Precursory seismic activity surrounding the source region of the 1968 Tokachi-oki earth
guake
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The 1968 Tokachi-oki earthquake (Mw8.2) occurred off the Pacific coast of Aomori prefecture and ruptured northern and
southern asperities. 26 years later, the 1994 Sanriku-haruka-oki earthquake (Mw7.7) occurred near the epicenter of 1968 eve
and ruptured only its southern asperity [Nagai et al. (2001)]. According to Sato et al. (1996), the rupture process of the 1994
event was very similar to the earlier stage rupture process of the 1968 event. The question arises, "Why did the 1994 event n
rupture the northern asperity of 1968 event”? In order to address this question, we investigated the long-term seismicity patter
with reference to the slip distribution of the 1968 Tokachi-oki (Mw8.2) and 1994 Sanriku-haruka-oki (Mw7.7) earthquakes. We
used the earthquake catalogue compiled by the Japan Meteorological Agency (JMA) for the past 90 years since 1923.

There are two major clusters that are considered to be important for characterizing the spatio-temporal seismicity pattern i
and around the source region of the 1968 event. The one is a cluster of events located off the Pacific coast of lwate prefectu
between the Japan Trench and the southern asperity of the 1968 event. We call this cluster the "east-west trending seismic act
ity”, because it is distributed along the east-west direction. The other is a cluster of events located off the Pacific coast of Iwat
prefecture between the 10 and 20km depth contours of the upper interface of the subducted Pacific plate. We call this cluster tt
"southern seismic activity”, because it is located southern side of the southern asperity of the 1968 event. The epicentral area
the southern seismic activity include the rupture zone of the 1989 and 1992 Sanriku-oki earthquakes, which are regarded as tl
ultra-slow earthquake by Kawasaki et al. (1995, 1998, 2001).

The 1931 Iwate-oki earthquake (M7.2) occurred off the Pacific coast of Sanriku and ruptured the southern asperity of the
1968 event [Yamanaka and Kikuchi (2004)]. The 1931 event was preceded three years earlier by a M7.0 event that occurre
about 30km to the west. 4 years later, a M6.9 earthquake occurred very close to the epicenter of the M7.0 event in 1935. Th
1933 activity in the zone of east-west trending seismic activity consists of nine large earthquak@®)Mith the largest of
M7.1. Three of the events initially occurred in the eastern part of the zone, then expanded into the west. The 1933 Sanriku-ok
earthquake (M8.1) occurred in the outer-rise region off the Pacific coast of lwate prefecture. The 1941 activity in the zone of
southern seismic activity consists of four large earthquakesgM). Two of the events occurred in the eastern part of the zone,
then the other two events occurred in the western part of the zone. A strong swarm activity (includingegybtédrthquakes)
occurred in the zone in 1952. The 1960 lwate-oki earthquake (M7.2) occurred off the Pacific coast of Sanriku and ruptured the
southern periphery of the southern asperity of the 1968 event. The rupture propagated to the deep direction from the hypocent
[Yamanaka and Kikuchi (2004)]. A 1945 event (M7.1) occurred off the Pacific coast of Aomori prefecture and ruptured the
northern asperity of the 1968 event. The 1945 event was preceded two years earlier by a M7.1 event that occurred about 40km
the east. On March 22, 1944, M6.1 event occurred in the region sandwiched by the northern and southern asperities of the 19¢
event. This event may contribute to weaken the strength of this region and allowed to propagate the rupture from the southern 1
northern asperities when main shock of the 1968 event occurred.

References:
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Seismic activity around the upper surface of the Pacific slab beneath Kanto
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RIS ST, IERTL—FD R 7 2 VT L— b ERFEET L— FOTEHIAR, T4V EVTL— M BXTK
SEPET L— b FHITIE T L— MEFHEDSEE < LTV (e.g., Uchida et al., 2007) ZDH T &, HETEILHRH 5K
WIS DT TDEE 60kmAH 5 90km THAE T 2 HIEEEEIMVRHCIER TH O, mdb/TIal T 2 BB O DR S
NTWV3. TOMEKICHEOTEARTO—TEEBR i EFH 5 L, T L— MNEFUNIIE R R - B 7 5 22— DV
FET BT eI D, ZTTAWMETE, TNEDT T AX—DFEFRNEZRIAT S T & & HMIC, Double-Difference
% (Waldhauser and Ellsworth, 2008 Fi\V CHIREIFRREZ TV, 7 L— MEREIOHETRE O ZE IR 2z Z 5 L

EBIRHREORE, HEZ S ARZ—DEXZ 5kmh S 10kmRETH B &, 7T AZ—DFEWANC/ME D K L e
AR WMERIEN MG 5 T &, 7T AR —DRWANS W ERI N OMENL IFET 5 T L ENPH LIS
fz. BT, —HOMHEETIX, TL— MR ERT B A MNCERMIESNT 5 A2 —81FET 5. S%IGHEEHERED
5EMAE U Tz ER 22 W T ERIRIRE 21TV, 7 L— MEFUNED 7 5 X 2 —OWfikEE ZH S M LTV FRET
H5.

F—T— R /RO UHIEE, B, HIZETEE)
Keywords: repeating earthquakes, Kanto, activity of earthquakes
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Matched Filter Methodic & % RFRERIEEMNT Ol ~TREH LR FEFE R E TS B D51~
Matched Filter Method implemented as an automatic hypocenter location system

PN
OHMI, Shiro'*

L LUHRAE R ST ST

! Disaster Prevention Research Institute, Kyoto University

§IFC®IC:

57 B U5, & REFIR O IREIICNIE 9 2 REH LR TLE, 1EaTX O UNMIEEBIDNERTH O, UL LIXEPRIETREID R4
T 5. HekiE, HERIEHORMEOME DI, BEOMENF =y 7 Z2kich 2l 2T 20N HETR TH-
7oy, WES OBLAS B ORI K O3GE UTMHIE ORANC K 0, BRI RIS 2 B9 5 BRI IZ Z NSRBI N
LR DODH B, D, A TIERFEHIED AEUEETL & LT Matched Filter Method(MFM) 723t BRINIC 522&
U, BRSSO REFEMEEE Z M5 E LT OFEOAHAMZMGEET 5.

§ MFM IC X% HBLEROMEEE

eI, MFM TS 272D 7 7 L— kL a2 MEHIEZHET 5. T T TiE, REH LR BT 65 Ol R O
EB OB 10 SEEZET, 3SMEET—2hblEE T > 7 L— MEKREZERK Lz, 7> 7 L— MUERT
FROANC X O EBFREZITV, P - SIORER, RAIRIESOERZINIE L & EICHIHT . HlE#EHPOHNRD
HEJE Y 2T LOFEREZSIB LN S, MFM TREIT & TWRWHEREIDRE LB Z OtEighicEf c
BEHOT VT L — N EEETH TERT 5.

LIRS & & DHELIFRIRDIRYNC, T2 T L— MIEEDWEIE &, ik S Nz @i e ORI DORERS CC(t)
AT R LICKD, /XY O ZEITS. CCH) DHT, MHBIREN D % BIME mincce iz % & DICDONT,
FEREDFEEDHBE LI EZ 5. TOBEZ TN TOBMA « KOOI L Tiro 1%, IXTD CCH) ZzaH T
5. TOBHEMEOEERAEZ KRS, SRR & AR ECTHE] - 723517 — % 7 Network Correlation Coefficient
(NCC) & E#T 5. NCCH—EDREZHA S E, ANV IPIRELZEYHWT S, T Tid, minccez 042 L, X
72, NCCH8.0BHAD ANV I FELIZLHMLE. LS, TV L—hEEKREENZAXRY FAELHE
CNETRELTWEDTHIUEX, NCCHRAMEZIZRZL L, 7% CCH)MRAMEZEZRZNE T 2139 TH BN,
—fRITITZF S B E5EN. TNEDRZIDEE, RHENTZA XY FOREHIETOEROMIEME LTHHATSC L
THRHENIZARNY FOERT—R2 2T 5. £z, CCH)FHRIIC, 77 L— ME & EHE T — 2 OHRIELLD
RRVBMELTED, INEANTHREEINZAXRY FORKREOEEMEEZFE B L, 7 =F 12— ROBE I
T%. TNESDEREHNT, #@ZE 1RO 77— Xt SNtz XY s OEBFHREZFEINCTS .

§ G LB

RANS, MFM IZ X % HEERGER R & FEIOERNEE R Z 20134 4 A 5 10 AICTREH LRES R CHMHE 7z Gl ik
Uz 23{HOMIEZ VTR Lz, ZOE, b 23 HOMEOEBRINC X 2 EFEEE R, ZERICOWVTIERK
2.8km -4 0.6km ZEESIZ DWW TIEEKA 0.8km -1 0.36kmTH > 7. Fiz, ¥V =F 12— RIZDOWTIEIEDZED 0.4
WKix-o7280 1, F0.3M 2MHDIEMIE, TRTEN 02U FOMEICINE 7z, & SICERMEDOELH/NE  EfbE
WCEIRDRE TE 20X, fH U7z 10 SSREOBMILE D S B, CC(t) HY min_cce’z 8 2 2 B ED 60%FEE L Fid 7
ZHETHHT ELHBHLT.

T, TR LR EE R s DR ETREIAER ThH - 72 20134 10 A 8 H 20:00H 5 153D T — & &
T, [AHEKO MFM BX UOHERDA XY M TiETH S STALTA %, NAAZa T THH%)ThEZa 7 L gL
el A, KEITHZO TG ENTZARNY MI 18l TH o 7=DITH L, STALTA EIC X AL 1118, MFM I
K 5BHEIL 68 TH -7z, ERAR & L7z 20134 4 HH 5 2013F 10 HRE TOTF— X TlE, MFM I & B HH#
13 30001, Z DS b LI kS IS E IR E T E I HEIR ) 800ATH D, A OXRITH X a7 Icid# I iz
HiZE 134 55016 T - 7=.

DX ST, MFM IC & % HEIEJRERE B2 il & U TS 2 HoicmnsneE2 675, HiRe L
TATFEERAVBGEOREE LT, 77— MEZEREL TORWHIETRE LTz XY Mald, FE E
TERNVEWVWS ELRHITENS. FOXSEMIBICH S I-ICHIBBREINREE LEIciZ, FehcHmizizr> 7 L—Fhk
WEZEATZFMZETS. LHMLENLZOEZELIFIWVTE, MFM 135D X 5 7 Ry sk i HEyE S H
JAEE T B K 5% — AT, BINCHARET 2 Z L DIIRFE N 5.
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F—U— N BERHE, BE)ULEE, 7R LR, Matched Filter Method
Keywords: Swarm activity, Hida Mountain range, Matched Filter Method
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1944 sR AR D ARFEREIRFRIE | AW HEE & L Eh DK

Relocation of the 1944 Tonankali earthquake and its aftershocks: The fault plane an
characteristics of the seismicity

A ASHE Y I i 2
HURUKAWA, Nobuo'* ; HARADA, Tomoy&

VR E R TR v R —, 2 RO AR ST
1Building Research InstitutéEarthquake Research Institute, University of Tokyo

1. ZLCBIC

T4V EVHET L— b DIRFAIIC K D EHE b T 7 THRAE UK 1944FE K EEIE (M 7.9) 1ICDWTIE, HEp - #h
TRASH) BN T — R EFEOMHhBZ L OWEE T IVIEETNTWS

A R (1980 FXETOT—2ZHWT, AEEREOEBRZHIE Uz, EEREREILUTTH S, 1) AE
W PR D EREES (35 - 40 km) THAE, 2) EEEEEMOREDEE, 3) MO RERESE (L3N, 4)
KE/ A EHEOREES (LSRN, 5) ERdERA & iEsicms K <PFAMLTWwaETIVIE, Hijk
& 29 % 121 2 517 Inouchi and Sato (19758 7V TH %,

Al -l (19860 DOREBELSMAICEL T, BRISOWVTIEHLVERDEIN TV S D, Iﬁéﬁfﬁb‘*%b%mz\ S
TOGEMIEHE DELZEINTVEY, EWIEREED TSN TWS, ROFEMUFHIEERORE - AR MEEHZ T
WY B7z0ITid, 1944 IR DO REBIC DOV THEEI L BT TE ﬁ%ﬁrﬂt@%i@*%mgm‘% Z T, KWtsE
TiE. 1944 HEGIHHIEEIC DWW T, AEEREOERZ, QEHEAEERGEE (Hurukawa, 1995 72 W THIVE LTz,

2. T—X&

BIRESEETHZ DI, KT UMA) T—REITTlE. BFEPREELRES RV, 22T, IMA ICEREHE
PV — (1SS Mt L TV AEMNOBRLS T — 2 ZHE L. PiliE ST OMEOYENERZ WV iz,

AERA (R T 1944 12 7 H) H5 19454 1 H 31 HE Tld, b4 32.9 - 35.58, H#% 135.0-138.83
FPHICHRE LT 2 TOWRE OB RN Uiz, IMA DIRE LTV A HIERIE 632 THEM. TOW. ##HUEDY 20 {f 1L
LoD 382HBEB N LTz, 758, F—BIAA TP E SIOFIUENH 2551, HIehE FA B M EEIHR & Ak
L/VCHXD;C&‘D 720 IMAIZDWTIlE. Hﬁ‘f‘&E/JcLiEHdﬁ%%én (O C) b‘Sﬂ‘ﬂi(ﬁﬁ@wLEY{ﬁb\ 501.LXJ:@EE(EU‘5% ISSIC DWW
fciﬁlx (0-O) H 8 WAIEDFEUED 4 L, EOBIHEZ WV TEBIRIE Uiz, W ERIZ IASPILTH S, ZD

FEER. 7581 (OMA-PAY 30 /5. JMA-S/Y 24 55, ISS-PAY 20 /5, ISS-SAY 1 ) ZHWT 234D &R IE LTz, 7%

B, 7HELLEOHIED 19454 =HIEE (M6.8) ORETH S,

FEH

ﬁﬂiaﬁ\ﬁ®%@@%%@mﬁm I (1980 IC—d %, EFFEE, FHOESHEEN M ELz/zdic, &
I RO ENBHEMNICIE S T2,

1) AEBOFEXIZ30kMEETH S,

2) WESMNML T L— NERDNMET TH 2 EDHEID LNz, HIZIE. AEL 240N OAYE CAEW =
RicRELREEDbNS 5 RED SR/ L TR Tl i, (& N3O0 W 1A 18 HRTH 0. 2 DEEE
FIVEBENTH S,

3) GEEEREENTIX. AEWER EORE &R OB RIENRELTVS

4) R 5 ﬁ@#%%ﬁ@rﬁﬁ@%g@ﬁ#i%k%ibk*ﬁﬁaaﬁbh%o

5) K/ AR ORETESNIWE I AE T 5 7 L— b EEFHE & ik FEBIc i d: U tZomEh b
58bNns

(BE D

Hurukawa, N., 1995, Geophys. Res. Lett., 22, 3159-3162.
S, RS0, 1086 HUESH 2, 39, 621-634.

Inouchi, N. and Sato, H., 1975, Bull. Geogr. Sur. Inst., 21, 10-18.

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgime

Union

SSS32-P11 S Ry g ViR—)b RFRE:5 A 26 H 18:15-19:30

FE B MO 2 T OEIITDOT 0 U ¥ GT L— F NOM/NIETEE O

FFRICDWT . e .
Southern Extent of Seismicity in the Philippine Sea plate south of the Nankai Trough

R R b /PR BRSR T SPRE BEG 2 Ll B 3 e BhSR T %fﬁ R SEY — i R
5 ni i‘[aﬁ R i R 5 H#F'a'?IEH Hﬂ% L wiH E

NAKATA, Kenjl L KOBAYASHI Aklo1 HIRATA, Kenj|2 YAMAZAKI, Akira 3 ; TSUSHIMA, Hiroaki' ;
BABA, Hisatoshi ; USHIDA, Takasht ; ICHINOSE, Satoni ; ISHIHARA, Takanort ; INAMURA, Kazuya® ;
HASUZAWA, Tsuyosht ; KATSUMATA, Akio ! ; MAEDA, Keniji!

L SRRT GG, 2 M SR 2RI ET, 3 5SS 7 IR ST, * B
I'Meteorological Research Institute, JMANational Research Institute for Earth Science and Disaster PrevefKaRjoka
Magnetic Observatory, JMA;Tokai University

SGEFT T, APPSR M BT H AR ERVEHIEEET (OBS) I X 21EHIESIHZ1T> T\, 20054F
5 AFEMOBRITIEEEE N 7HEL TEHEE 10kmb 5 25km OFiFH CH/NEEEEIMNIKE T\ 5 C LR L2 (LIg
E0, 2011, XGRS ) o SFHIED (20122 U 2013, G K2S, 2012 MigE222) &, A BHEEM GE o - < 7
DD S FENK 90km I 2 2 U T 2010 ICBIIZ 1T, [\ L7z OBS226 THEK S N A BIHIIMEA 5. M1 LU R Dl
P NENEES 10km{BEICER L TREL TS T EZBSMIC L, THuk, Obanaetal.(2005, JGRI K57 1 U E
Vi L — FINERORETEFI OIS BN T, EEHTRNESTREL TV RO N TS L ER LT,

TS OMM/NER., THICHIIFETEDRERVTWEDTHA I, TNEFEND 28, 20134 KT 20144
OFNITIE, 20104F X D & T SIcrEMllD, Jbkg 31.5~32 EHaD#EKIic OBSZEHRMFRICIEA LT, B Z R L 7z,
20134, 2014k &, 105D OBSZ MU, AR L [MIURED GPSKERT & DRFE A S RELIHIEZ 11UV, Ekti e
T=EZPEARY M) HICED, HIEBAXY FOR[EENOH 2 EOEMIE L, ZOF—X7%H LT, EiFkE (Hirata
and Matsu'ura, 1986717 > 7z, FW Tz RS X, 2010 O THEMIEH (2012, 2013 BHWZE D EELT (B
HHT A ORLERE (Kodaira et al., 2000 DFERD SER S Nz 1 THEEMETTIV) Thb, Fiz. WEEEHEREIC
otéﬁﬁ“*ffw DEMIET B725, HEARIED (2003, HIFEN 2§8) LRI ATET. PSIEZAH 2l L C Pk & OFE

LD SR E ZHERE DR S 2 Z 8 Lo A 32 LTz,

20134 N U 2014400 OBSEIlT— 2 OffFTic X 0 . BIIHEHE THE R < RO 7ZEHFIX. M0.0~0.5ZHULIC 7R
UEEEHI 10km T, 20104F & [ARE DM MNED R S N iz, BROIX. BEE TOMNTOMETH BN, 20134EH
361, 20144FEAY 23MH T, MiFEZEHETH 20104FED 11218 CEHEIEN, 2013 DR TH 5, BEHNRHENER S &
DD, 20104, 20134, 2014EDZFNZFNOEKEAN T, My MEZILANE 5L e < il IR > Tw
%, Flo, EIEHORERE MRS T2, MEOKEDE D 2 DEREOIMAINCRE > 7z MI~2 FEEOEFR R LIz &
CTA, BHHEOIHAE Bx o . FEHITIEEENRE > TOER, ZO7SD, 740V VT L— FNED M1 DL EDih
EILENE. 20134 N U 201441 B2 S LU 72 3iR% 135.3~136. 3T B\ T, db#E 31.6~31.9E (D ifEEA
FRETHB LEZBNS,

BB, BNV OBSIEEER! 4.5Hz, 36857 C. il M U RIIE SST B G EALS G R THAEL 7z,
OBSH#Il7— 2 DI, SN TR TOEHD U@éo
< 20104 > IR : 2010/6/12~9/14 (%13 7 AR . & : 224,
el RO pREE GETR)  (Jbks 31.9~32.8%, Hift 135.6~136.2/F DHiH )
< 20134 > W : 2013/7/1~9/30 (K3 A HRD. B : 105,
MR AR (20100 E Sicw) (i 31.8~32.3/E, WA 135.8~136.3F DH#ipH M)
< 20144 > Wi : 2014/8/7~10/30 (13 » ARD. &% : 105,
gt RO OREE (20134EDPE])  (Jb#E 31.6~32.3/%, Hi#E 135.3~135.8/5 DHipHN)

F—TU— F: HUETEH), NS, OBS, il 57, 7 U X —F5 A4 X
Keywords: seismicity, microearthquake, OBS, Nankai trough, outer rise
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Imaging an active fault in the eastern Guadalquivir basin (Southern Spain) with high-
resolution seismic tomography
Imaging an active fault in the eastern Guadalquivir basin (Southern Spain) with high-
resolution seismic tomography

SERRANO, Inmaculadd ; TORCAL, Federicd ; MARTIN, Jose benitd
SERRANO, Inmaculadd ; TORCAL, Federicd ; MARTIN, Jose benitd

L Andalusian Institute of Geophysics, Granada University, Sg&ablo Olavide University, Seville, Spain
L Andalusian Institute of Geophysics, Granada University, Sg&ablo Olavide University, Seville, Spain

The Torreperogil seismic series took place in the Guadalquivir Basin (Southern Spain), a large flexural foreland basin with &
linear ENE-WSW trending bounded to the north by the Iberian Massif and to the south by the Betic Cordillera and filled from a
middle Miocene to Plio-Quaternary sedimentary sequence characterized by a large number of low magnitude (below Mw 3.7 0
Md 3.9) and very shallow microearthquakes. We calculated the high resolution seismic velocity, Poisson’s ratio, crack density
and saturation ratio structures in and around the source areas of the Torreperogil seismic series (October 2012-April 2013).

In the upper layers of the crust, strong low-velocity anomalies are extensively distributed under the central zone, which to-
gether with high Poisson’s ratio and crack density values may correspond to rocks which are less likely to fracture, perhaps du
to the accumulation of tectonic and seismic stress. 93% of the earthquakes occurred at depths of up to 8 km, which could indica
that the base of the seismogenic zone lies at this depth. The seismic series was concentrated in layers of strong structural hete
geneities (in the boundary area between low and high anomalies), which were likely to generate earthquakes due to differenti
strain accumulation beneath the region. The high velocity areas are also considered to be strong yet brittle parts of the fault zon
which are likely to generate earthquakes (at depths of between 5 km and 9 km). In contrast, low velocity areas are probably les
likely to fracture, allowing seismic slippage to take place (from 2 to 4 km depth).

The best estimate of the depth of the main shock (mbLg: 3.9) is 7.6 km, which could tend to nucleate at the base of the
seismogenic zone, at the "fault end” on the boundary between a low velocity zone to the east and a high velocity zone to the wes
indicating the fault plane which separates both areas laterally. Assuming that this seismic contrast is one of the main Torreperog
faults it could imply that stress has accumulated in an existing fault zone with lateral heterogeneity in velocity.

F—7— R: Seismic tomography, Seismicity, Tectonic, Spain, Betic Cordilleras
Keywords: Seismic tomography, Seismicity, Tectonic, Spain, Betic Cordilleras
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20134 3 H BB I B I S T D EE TR BN 28 b D 22 [ 41

Precursory seismicity change of the 2013 N ntou Taiwan earthquake sequence reveal
by ETAS, PI, and Z-value methods

TIRERF e R 2 R
KAWAMURA, Masashi* ; CHEN, Chien-chif ; WU, Yih-min?

L ENLZ BB R AR AR, 2 BN R RORSEIERE AR, 3 BN BB R HE R AR
'Dep. of Earth Sciences, National Taiwan Normal UniDgep. of Earth Sciences, National Central Univ., TaiwiDep. of
Geosciences, National Taiwan Univ.

20134 3 H 27 HICHEBHER IR T M 6.2 DHIEE (RifHhEE) MRAE LT, HEEEBIRRIZ ki, OIS e
Zlb KM LUz DTH 5, Lo T, KERESHUERAEICT T OMERIIZ(E Gt - TER(b) ZFEHCEHES % T
Clid, MIEBREANZ AL ZRHT 2 L TEETH D, REEICHEDE, MBI DOBEANRERB X UZ D
OMEEHIZ L # 7S % 728, Epidemic-Type Aftershock-SequencéBETAS) €7 /L& SETRG R R OMER 212
WCHEA Lz, TORR. MEROGBENZED S0, (1) ¥E2 R~ T =F 2 — FB X UmHRHIERAEIC T DR
HHARICHR LT ETASETF VR LTI, 51 (2) Pattern informaticsPD) % « ZMAP %72 FV CHE TS B 22 b 72 31
flid s &Iickb, §F5NBHETFEHERL - WWRCERAOIHEORICIER Uz, TOMERZRET 2 L, Ml
BRI DR 1 AERNC, IR O JELIMEE T, iﬂ&é%ﬂﬁ%*gftﬁ\ﬁﬁfbflﬂﬁu Ehbh Tz, DX S B
JELRATEIIC 350) 2 TG EE S bIX. 1999 F SR EIC I DHIEVEEI T8 K5z (Kawamura and Chen, 2013
T eh o, AWTHE RS EREEMEREE KM L2 D TH BT N RBENS,

F—U— P HEEEEAR L, MR, JISIE, ETASET )V, SR —2 A YT 43T 1 7 X, ZMAP
Keywords: Seismic quiescence, The Nantou earthquake, Stress accumulation, ETAS model, Pattern informatics, ZMAP
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