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surface rupture accompanied with 2016 Kumamoto Earthquake
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Figure 1 surface ruplure with displacement and cumulative offset on the rupture in Oomine, Nishihara.
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Figure 1. Slip velocity function by Wu et al.(2001) near strong-motion stations
in the northern part of 1999Chi-Chi
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Figure 2. Comparison of synthetic and observation waveform fittings ( NS component, 1999Chi-Chi)
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Figure 3. Relationships among slip velocity function and slip in shallower region than the seismogenic layer
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Relationship between subsurface structure and large-scale fissures in
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earthquake
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In accompanied with the 2016 Kumamoto earthquake, fissures with the length and the height a few
hundred meters and two meters, respectively, emerged in Aso valley (inside the Aso caldera). In this area,
the top layer consists of sediments in the caldera lake created by Aso-4 eruption with the thickness a few
tens of meters. INSAR and seismic data show that the region with the size of 1-4 square meter moved 1-2
m northward horizontally during strong motion of the mainshock (Fujiwara et al., 2016; Doi et al., 2016).
We investigated the mechanism of the movement of these regions by estimating subsurface structure
beneath this area.

Two station spatial auto-correlation (2ST-SPAC) method (Hayashi and Craig, 2016) was applied to
estimate subsurface structure using ambient noises. We succeeded to estimate the S-wave velocity
structure to the depth of 130 m in and around the regions with fissures. In the regions where large scale
fissures were developed, a layer with S-wave velocity less than 150 m/s lay from the surface to the depth
of 60 m, followed by two layers with 250 m/s and 300 m/s at depths of 60-90 m and 90-130 m,
respectively. This low-velocity layer was considered to represent soft sediments in the caldera lake due to
Aso-4 eruption and consistent with the nearby boring profile. Two relatively higher layers might
correspond to lava layers after Aso-4 eruption. Moreover, the S-wave velocity at the top surface to the
depth of 5 m was so slow as 80 m/s. We continue to estimate the distribution of the soft sediments and
lava structure beneath them, to elucidate how fissures were generated in this area.
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“—D—DBEBTHRL., ZOREREZ FEREHARE] L LTIRTEHL TV, FEAED—F
BETAERBOREBRTHZH, BELILDOBLICBEEONEZY—FEED, FLZ2FEOY— MIMIEPH
Do—hEED. BEOY— MW INTVLEIBEICIETREE 1 REEELEZ, EZ—ILN\T R, BUAD
Y (ElAE) . b EY—MIBOLDNTVWETEEHOSVWERFTOEMIERA Lz, LT, ELHhE
e AR T 2 EBMRIBERLN SELMIBOBRMBEREAFL. IhiEHEEHEEDOEYMOEEDFE L,

ERDIER, HMESN/EWIE165177FH15675FTHY ., BYPLEDILSKICED, BEYHIIMT 2
W ORHEEREY 270, BXtERL WIAKBEOREZAFL, HEBRI AT LZAVT, &S
hfBEFEREZD ICFHTHUERRENS L. 2EMIZ402%H0 REIC. 14.8% A RIRMIC. 15.0%5%E
BERIC, 8.0%DBARRMICHEL TWe, ZD5 5HBRERKREDOEISIIEREN13.0%. BRIt
55%. JBERN5.3%. BRRKNE.7%THY. TNHLUADATIT) —TIE3-10%DREICH 7=, T DE
WS, SEOREBIFFICRELOBYICESF L. Bt - BER - BARH TR ZOFPREDRERTH
22N DN o7, BAMEBEDZEDORBIIDO & 5 BRLRICEDFRNBEEIIMEBISEWVFIEBEEICAOND
B BEROER’RATFNIEEOREOREICIE. HEMPOBEE OB ICEAELERBEFRIAOND I
ENBALNER ST, S TOERPSEDL S RNERMEH S WMIEFRMBORME XA LERE
BREASEZILELH S,

BIC, MREDOL -9 —REFMEIZELELTZEAMAOL—4— (SAR) BT —9OFHNIEICH
WTTFBSHENREKETTZZL2FAL. BEMHEIHROBEME 2R A7/, AR TIIBESSHIRKMEE
20525 (ALOS-2) | HEEHODPALSAR-2ICL > THELN2015%F11A30H. 20165F3A7H (& HICH
KED) , 201648180 (HBKE) NOSERIELINAZTFHSUHETELAEH L., ZOEMLIME LEOPRRER
KREBDHELBR Lz, DRERERERBEOPORICBIIZFHEMHETEDOER NS A (THhE - E4R

#= :0.305+0.145) E2REDFN (0.355+0.154) AHHEMICLEE L& 23, FHHEIXBROEBEIC
SO THEBIETIZ2MEAI RO SN, LHALAEDSEFNOSDER NS ADHIERLEIEWD, EF)
AERLEESMEICEBRIER-OICRELZUBEIUVEEINS,
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EIRETHATBERYFICK 22016 FREAMEDEYIBEHTE
The running photographic investigation by an automobile for
estimating building damages of 2016 Kumamoto earthquakes

‘Wi 21, A EN . BEE LT

*Shohei Naito', Hiromitsu Nakamura', Hiroyuki Fujiwara'
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KEFREER., DWr EEELTIHRERRZARN DMEBHAICHEET 52 & FKEHIEZT O EHEAOERR
EEXRTIBERE L TBOHTEETH D, TD& D WRREEFRT 27-DICHIEHNA / R—> 3 VAETD
5L (SIP) OFRED1D2TH2 LI Ty MaBaK - IREHBEEDRIE] OFRT MY T7ILY A LEEH
E - RRBRBY X7 L] MHEBRZRLE LTHESITWS,

2016ERRAMEBICE WT LRV AT ALIFABT4BICKE L/ZM6.5DRIE. 4B16BICHKELEM7.3DERE
EHIC, MEFRERWIONET250mA v Y1 BMDOMES), EEREAOD. BLUHEDRENEROSH
EEHL, COEETHONAEHERITEALTHONBHWEDTROAFHIE. EEOEBRRLBAMNTH S
ZENRMBEATDOERER SN, LH L, BITOY R T ATIIEEEROEXIBDRWE % 18 KFHM L
TW3ZEP, BYURTHEEICIZ2EVOREBETOHEAWEMTEICRBL TORVWEDEENMERIN
TWw3 (Nakamura et.al,2016) .

CDEIBI)TIVIA LREHEFEZRIEL. SEIALT ILDICEEREOLBZIBET 27-HDIFHRIN
EXT—IR=—EHLIPFRARTHY., BHERATIIRAET — 9 PMESESHTOIEIERETRAEEERD
W, LA BFEICLDT—INEEToTVWD, AR TIIBRETHAEESRZ A V2016 FEAMEIC L
DEMWEHEICOVTIRNS,

BRETHEII2016FREAMEREREBERDIB17TANS28BICNT TERI N, ETHATOMRIENH
FH576kmTH Y., INEKIFIFRATRR, mX, AR, #HnE. FSH. HEE. FEHO&HMXKNT
T—IPRELNTETHY D OEYBENERTH D ERBESINLXEE L,

BRETEENGEAEIEREAEZAVL., BEHEM (WX35 -PCE) BETERNICHKRELL, ¥k B
SR IXETHOmEBE L, AR, ERORITS - 875, GRIOFTH - BADE 6 AALLEF L, SHIC, BHH
GPSEAWTEAA TR EMEBEFEREBHH L, TDLDICL TERELZ571,700DEIRD S EWET
7584 xHME L. ZOHRLLHERD IKEICRIEROEEREEEEREE] ICERL - TERKER
'R ICEDE, BRYURICKYRZREYERZHE L, REIITED DIRE FEMAEIEX 2 IXERIE
LTWa, HLLIET/20rad A EEHESNZEMEHRDBEZELEADNELTWVWE I EETRT,

BER. SOHMESIN-2IFERYIES3RICKRT, ZDHMIE2016FREAMEIC K W4 U thRBIBE, S
BRIKMULADMEBICEFTZ I &, o, BMFAECPMEEESINICE > TEONLLZERYOLFLHE
BT ENERSINT,

S#IF. SOmMESNBRHEICL 2WMEBEYEZRZ SHAVTEGERNZITV. BBFEBICK Y RKE
Fia¥EL. BYHEXAEOBEHIELATIDATLEZRAE T2 T, LYFMAL DEIRFNREESRAIEES
RIRTZIEx2BEREET S,

HIEE

AR, MERERM - 1 / R—2 3 VYRBOEKRNA /X—23VAETOVS A (SIP) LYy
NRBRK - TRKABREDIRIE] (BIEEA 1 JST) ICL > TEESnF L,

SE

H.Nakamura,H.Fujiwara, T.Kunugi,S.A0i,S.Senna,l.Takahashi,S.Naito,and H.Azuma:Development of
real-time earthquake damage information system in Japan, 16th World Conference on Earthquake,
Santiago Chile, 2017.
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Y. Shirahama, M.Yoshimi, Y.Awata, T.Maruyama, T.Azuma, Y.Miyashita, H. Mori, K.Imanishi, N.Takeda,
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the 2016 Kumamoto earthquake sequence, central Kyushu, Japan” , Earth Planets and Space(2016),
68:191.
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ZZHEBHFIC K DRAMEDEMHE DRFH
Feature of the building damage of Kumamoto earthquake by
airphoto-interpretation
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TR28FAB14BDMj6.5DME (FIE) RU4B16BDM]7.3DME (KRE) IC&VY., BE 728 L7
BT EARNTIE, BIRCLBLREDERLEMEEIRE Lz, Brldk. COBYBENFICERTH > 72
WET & FRMICIA., AT, FLH. Fm. MErh. =56, HRE. BEE. KEERUOEMENO
1MHERNERRIC, AERICBREINMBEE20cmDEHREEN DS, HA2HEHEOEPICOWVWT, 1 HEEOE
MEEEBRYFGEL. AEORYEESOLMRH. HESE (EMBEEOEMK. FIENSAEBICHITTOHSE
T, HhRMEME S BYREOBRACSEBITLEZ, AEOHREEELHIE. BB TIE. BE 7 ORXE
BOROLISTEICHITELDHEL, TORAYHIEECREAL>TWVWS, ARNTIK, LBXEICEE 7 A
Y., TORABEIPEEG6HRER>TWD, BBAT T, RRIIB—MTEET. BRYLEHIEE 6., FREK
ROBRIFIFEFEFREOREBHIEE6RE D> TWD, HMETTHEEE 6BMORIEMNEL 2% L. KEHE &
NEKEECHBTHY., EHENTE, EAREBAEECREMR>TVS, BEMHSOHFRIE. HEORELS
K, B, MEUCRLDOAERBICEKD LITo, MEKRIIEMHIEIE, KELTWDEED, FIXEMOAFITE
FLTWBDAENGENLY, BREDOKENZETLTWEEHED, NMNIBERO—ZWAETFTLTWRED, &
LIFEEI L, HEZWVIIEEHGTIIERATELAWNIBBEDEDTH S, KEICLZEYHREL. 111
IR DESEEICHZ>TRELTEY. ZOIEHEROBENONHEHDE. WBHICEFRLTEL 2%
L. SBEADSIERAROAERN & mER, BOICEAABORERTREK & ZEEETICH T THRICERAIC
DHT D, WEROEEHL, 2ETIEIN2,4008TH Y. HETA B TIXBHETHA 01,4008 & B A RWT S
<. RN, 25, ERENRVEAHTRENNI50~180 &> TWD, T, HHETOHERDEHK
EWEEENICHDE, WSEUNEBET T, BRUHINEERTH S, 250m X v ¥ 1 DWERDEER
(A Y1 DWERFEH/EMHRE) 28HL., #HEEELOBREA»D L, HEEBENKREC AR LEERKS
RKELRZMEAITHZEDD, ALCEEETHEBEBXROR/NERKICENIKREZ L, HHKE., AERN. 5
BT, BRATHARK ERXRUEAEHNONI4ABROEMICOWT, TREOEYBER (K& - 3FKE) U
FER (HWE - HiE) 2/, EMEER - BREROBEEADOHEI & AIRE (HEX/BYHRE) 28
Hlk, KEICDOWTHBE, HMEDHEBIIMNO600FR. FHMEIEH1,5008 s, FMEDANZ WA, FliE
RCIXEMBEOAIW2E/REN, /o, BWETOAEFIERIE, OHERICERTH2ERE W, FERE
ICDWTIE, WEADEEII20ETE VAL, HIMENFEALE DS, BWATICOWT, FIBRICESS
NEERBEENLAEEAKLRD TEMBEAHFTL. BOWEOER BT L, FIENSABEOHEX
DDOEBEHDE, WEKIZHIENH2008E, KEXIZHT,4008 &Y, $91,200EMLTWVWS, /. #®
ENROPOEEOE DEMIZBER A LN > TWD, SOOEAMETIE. HMRICHEMENHIRL
(Shirahama eta : 2016) , ZOMMRMEREHN SKFEHI100mMEBH T & ICHERDOERH AL L. HEK
DEIEREEHRT 2, FEB100mINOEIEEIZHT15%,. 100~300miE#10%TH Y. ZFhIUAEEERF
WRITINE LAY, TkmETIHTI0%UTE A D, HiEE - XARIEE. BERERM - 1 / R—2 3 VREDE
BBEA /R—2aVASTOS S A (SIP) TLY) Ty MK - Bsktaemsait] (BEEA :JST) I
EoTEESIN, T, BEEHEICAVWCHALAREARRTSRFOEET — YRS RFLWRHELTEV
TW3,
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Relationship between building damage and liquefaction sites during
the 2016 Kumamoto Earthquake
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Wb FEEM S DOFAEIL, RMAEE - THEEHHFESTHEREZINEL TITV, TORBERIFEREDLEEA M’
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&, SETHRELEBRREREMER T -9 2EIC, BRCERE%Z, ZEEHIEA v > 2 B3R MEXE % 20
2012 EI L= 3950mPEAD A v & 2 (AUTF50mA w2 1) TERB Lz, TD50mXA vy ¥ afbice 740, Etih
BEREEZOESMEREZHFEEZFEA L TRREMRO¥FEEZBETV, RIKMCEEOER 21T o7, BIRILE
BD50mMA Yy axhory g b, H58004yashot, CORREEBYBET -V EERED
#, RREEDBERERE L. BYHRET — 5 IZMEIEHN(2016)7%FERHL TV S,

RRATHICB T 2HFROBRIEESE GER - JIRMEE) TE, 2FE~FZROBRYATERIEHEPICHEIRIC
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RIBICK > TEYHERBENIREZ AR Z2ERNMT BB TWVWE EWVWR S, BRbEDISE ZOELTOEEIE
FEEZTHLAEVI EHDD, BRREDBEAREVERDNE, EEBITIE, GEMHE ZOANTOLEEREDR
RIELXROND, WRILEBEADTIE, 2F KFEEIEE Vo LBEAKRE VEYAER T ZHENLHL > TW
277, BTLERREEHREEL>TVWEIDHITEAYL, 2EIMRS HEMEERYVEL LD ISRRELT
WEHEHY, BIAEEZTI2LENHDEBbNd, WEWETTIK, FCRINNTH > TLSEBETRRELRE SN
BN, BNICLBWEBIRE L, BRIEOFTSHAENIFERRL TVWENERBHATH 3,

ERK28F (2016%F) REAMBEDRRIL R EEBMBPEOBEROBEICELY, BWIRILICEY, BMEENK
L ZERL’HZMELAH o7, SEOMEDL SIC, EHMERRRNICHEEREMIBOMERIZ, EHEEY
FAEAFERICRO>TVSY, TOFETR, FEBEMTIRHED LTHHREIH#LL, +ORIBERIAFEL
IZ< W, BYMBEE ORENREFANSLOHICIEK, BARRORBRKIIAZFOT—INEELVZOT—YDORE
%, BEORRIEBEBBREISICABEL TV ZENEEELRD,

SE R

1)&af, FR2BFHRAMBORRILKE, BAMEFR2016EKFRS.
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2016.
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Simulation of building damage distribution by the 2016 Kumamoto
Earthquake by use of limited information on real damage
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**Kusaka et al. (2017): Bayesian updating of damaged building distribution in post-earthquake
assessment, T6WCEE.

*FEIEIED (2016) : FRK 28 FERAMBICS T2 HEHTORESH & EYREOREFRORBMR. BFMET
FRERKIFHE.
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Tomographic and gravimetric signatures of the fault system associated
with the 2016 Kumamoto earthquake (M7.3), Japan

*ZHI WANG', Yoshio Fukao?, Ayumu Miyakawa®, Akira Hasegawa®, Yasuko Takei®

1. Key Laboratory of Marginal Sea Geology at South China Sea Institute of Oceanology of CAS of China, 2. CEAT,
Japan Agency for Marine-Earth Science and Technology, Yokohama, Japan, 3. Geological Survey of Japan, AIST,
Tsukuba, Ibaraki, Japan, 4. Department of Geophysics, Tohoku University, Sendai, Japan, 5. Earthquake Research
Institute, University of Tokyo, Tokyo, Japan

A series of shallow large earthquakes with the M,;7.3 mainshock (April 15, 2016) struck the Kumamoto
area of Kyushu, Japan. The mainshock was a slip along the Futagawa Fault, a segment of the EW-running
Oita-Kumamoto Tectonic Line. By this tectonic line the Beppu-Shimabara Graben is bounded sharply on
the south, where NS-extensional crustal deformation is now taking place and earthquakes (including the
2016 aftershocks) are largely NS-dipping normal faulting. We conducted a seismic tomographic study for
the crustal Vp and Vs anomalies using arrival time data from the Hi-Net stations in Kyushu. The most
outstanding tomographic feature in this region is a belt of low Vp and Vs anomalies at depths of the upper
crust geographically coinciding with the Beppu-Shimabara Graben (Fig.1). This belt is characterized by
such an approximate equality that dVs/Vs =dVp/Vp (<0) in marked contrast to the relation in other
regions or at greater depths where dVs/Vs < dVp/Vp (<0). This observation can be interpreted in terms of
water-saturated, oblate-spheroid pores created by the extensional deformation of the upper crust in the
Beppu-Shimabara Graben. The approximate equality between dVs/Vs and dVp/Vp holds if the aspect
ratio « of pore geometry is either “0.04 (flat pore) or ~1 (spherical pore). Once « is specified, the water
volume fraction and hence density anomaly d p / p (<0) can be calculated from the observed dVp/Vp or
dVs/Vs. We calculate Bouguer anomalies from the density anomaly distribution so obtained. The Bouguer
map calculated for spherical pores shows a remarkable negative anomaly belt in agreement with the
Beppu-Shimabara Graben signature on the observed Bouguer map (Fig.2). The agreement is very poor if
pores are flat. This result demonstrates a unique role of gravity data when it is combined with seismic P
and S wave data. The Oita-Kumamoto Tectonic Line, including the Futagawa Fault, is a bimaterial
boundary, to the north of which the material is slower in both Vp and Vs and less dense. The rupture
process of the 2016 Kumamoto earthquake was likely to be affected by this bimaterial nature of the fault.

Keywords: 2016 Kumamoto earthquake, Fluid intrusion, Multiple parameter imaging
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Figure 2: Observed and synthetic Bouguer anomaly
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Figure 1: Vp and Vs anomalies at three depths
of the upper crust
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Earthquake-volcano interactions in the 2016 Kumamoto earthquake
area

*# KHE'. Wang Zewei', Liu Xin'. FE =A% A &=?
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1. Department of Geophysics, Tohoku University, 2. West Japan Engineering Consultants, Inc.

The 16 April 2016 Kumamoto earthquake (M 7.3) took place in north-central Kyushu where several
active arc volcanoes exist (e.g., Aso, Kuju, Tsurumidake, and Unzen) due to the active subduction of the
Philippine Sea (PHS) plate beneath the Eurasian plate. On 8 October 2016 the Aso volcano erupted,
which may be related to the occurrence of the Kumamoto earthquake. Many previous studies have
suggested that earthquakes and volcanoes can interact with each other in subduction-zone regions. To
investigate the possible earthquake-volcano interaction in Kyushu, in this work we study the
three-dimensional seismic velocity (Vp, Vs) and attenuation (Qp and Qs) structures in the source area of
the 2016 Kumamoto earthquake (M 7.3) using "62,000 P and S wave arrival times and 48,000 t* data
measured from digital seismograms of 742 local shallow and intermediate-depth earthquakes recorded by
the Hi-net stations in Kyushu Island. Our results show that significant low-velocity (low-V) and low-Q (high
attenuation) anomalies exist in the crust and mantle wedge beneath the volcanic front and back-arc area,
which reflect hot and wet anomalies caused by convective circulation in the mantle wedge and fluids from
the PHS slab dehydration. The PHS slab is imaged clearly as a high-velocity (high-V) and high-Q (low
attenuation) dipping zone in the upper mantle. The 2016 Kumamoto earthquake occurred in a high-V and
high-Q zone in the upper crust, which is surrounded and underlain by low-V and low-Q anomalies in the
lower crust and upper mantle. These results suggest that the 2016 Kumamoto earthquake took place in a
brittle seismogenic layer in the upper crust, but its rupture nucleation was affected by fluids and arc
magma ascending from the mantle wedge. In addition, a prominent low-V and low-Q zone is revealed in
the forearc mantle wedge beneath Kyushu, which reflects serpentinization of the forearc mantle due to
abundant fluids from the PHS slab dehydration. These results suggest that arc magma and fluids play an
important role in the generation and nucleation processes of large crustal earthquakes which can in turn
rupture the active faults and produce new cracks in the crust, facilitating the volcanic eruption. As a
result, earthquake-volcano interactions take place in north-central Kyushu.

F—U— R EBEAME, KU, M. EFAHHE. 714 VEVBTL—K
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AR CEE6HEZHLS LI-HMBREMEBICDWT
Yufuin fault cause an earthquake with an intensity of lower 6 in Beppu

“ER RER

*tatsurou yoshimura'

1. BRI EMA R
1. Meidai Co., Ltd.

201648 14HF %9526, REAREAMAZERE LM SOMENFKE L. 16HDFRITE25%
ICIEM7 3D RE LEETOREWY —% 28 -7/, SEIDOMETIE, 14BDME (M6.5) NI >7-BHDE
RICKE (M7.3) I o720, FERENAABICEML, NERZEGZHRLL. /2, 16HICIIEAED
3271IC, ADBEPETME7OMENFEAEL, BEAL YILERMSOkmD BT P HEATH CIXEECTAER X
niz. AEBERICKDBRFHTRELEZME.7TOMEOREDIHIBICIEENBCTH2HMRMBENOFTS. 5
Bk, HERMEERRICLAE Yy BEERERIVEINIMBRIOSEESINIMERELE EZRICKRE/-T Y
—Fa—ROl&ICKY, FEMBROZEICEL TR L. BERETBEZTRIC, vIREELIMIRERL
f-. AEMICHFT HHEIE, BERALURLUE (91FF, AR &KOBRE (2065, B- CHIR) TH
3. MIBBLS S UMBCLETIIREBEN MEBRICRE L. BMBRAED v RIZFEICEVT, AEOXRE
JTHMEAFEMNBECLYEVWE (BRERUVEMEZBAOHREY) & LEBEEICIE, HESE [(FWm)] &
B %2 I -RFOMBENR [T(HE)] OBICIE FW=a - T. a:FHORRIEERERE (m/ B E) DGR
HoND. alF1THEBICKRETIHEICK > TRET ZHESZIEM) TEBEICL > TERY, AREET
1.0, B#EMIE CO0.3, CHEMB CO.IREL#HEINS. BALUZRILESHE (ARIR) TOWEE (E
mig) 1£32.6mT a=0.36, KOBAESMIE (B - CRIR) TOHRIEIL5.5m~6.4mT
a=0.27~0.32T, Bfi&¥rxna. mwHHE (FW) cBBR (L) & L(km)=0.36FW(m)+0.62DE &K
HHHEHBLVEE LAMBRAVARICRAT 2L, MBAOHEMEIREIIM=6.7, EBDHEHEIR
BIEM=5.6, BIBECO#HEMEREIEIM=5.5TH 5. KEBEEECIE, FIFE LCERTESkmUADERT—
RICH R, “Bkmib—IV” %##EHATZ &, MBRIG7TkmTHEMEREIIM=62-EHINn 3. 4816H
ICERRICEE 2 EREIX, M=5.7 (018525%9) &M=5.4 (07851149) TH 378, KEBS L UVHECH
EEMBE R > TWBHEENT .
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