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The eastern margin of the Asian continent is under complicated tectonic environment, dominated by
subduction and collision of the Pacific (PAC), Philippine Sea (PHS) and Eurasia (EU) plates. Crustal
activities in and around the Japanese Islands, which have a wider range spatial extent with different time
scale, are dominated by strong interplate interactions. The 2011 Tohoku earthquake (M=9.0) produced a
large amount of coseismic and post-seismic crustal deformations and remarkable changes in seismic
activity in in broader region of easternmost Asia, providing good opportunities to study response of
trench-arc system due to a mega thrust earthquake on the plate boundary. Quantitative understanding for
such phenomena requires to develop fundamental structure models including plate boundaries and crust
and uppermantle structures from the fore- to back-arc provinces. This paper presents results of our
research aiming to construct key items for fundamental structure models for island arcs, namely, (1)
topography, (2) plate geometry, (3) fault models, (4) the Moho and brittle-ductile transition zone, (5) the
lithosphere-asthenosphere boundary, and (6) petrological/ rheological models.

Our modelling area is set 12°-54° N and 118°-164° E to cover almost the entire part of Japanese Islands
together with Kuril, Ryukyu and Izu-Bonin trenches. Geometry of the subducted Pacific and PHS plates are
modelled through the two steps. In the first step, we constructed “base” models, which have rather
smooth surfaces in our whole model area, from earthquake catalogues provided by JMA, USGS and ISC.
As the second step, regional plate configuration with shorter wave-length (<50-100 km) is constrained
particularly in the vicinity of Japan from recent results by seismic tomography, RF analysis and active
source experiment. Our analysis indicates that the plate boundaries in the regional models are
systematically shallower than those from the base models in a depth range of 10-50 km. This probably
indicates that the regional models represent the structural boundary of the subducted plate, while the
base models its mechanical boundary. In the Kanto area, the geometry of the PHS plate is very
complicated due to the existence of the triple junction and the collision of Izu-Bonnin arc to the EU plate.
We defined the plate geometry of the PHS plate from results of active seismic experiments and seismic
tomography studies as well as natural earthquake observation (Sato et al., 2005; Nakajima & Hasegawa,
2007; Hirose et al., 2008a,b, Nakajima et al., 2009, Sato, 2009, Uchida et al., 2010). The northern margin
of the PHS plate under the NE Japan arc west of the Japan trench is based on the result by Uchida et al.
(2010), which is almost consistent with the southern end of aftershock distribution and major aftershock
fault of the 2011 Tohoku earthquake.

So far, detailed Moho structure was presented by several authors (Zhao et al., 1994; Shiomi et al., 2009;
Katsumata, 2010; Igarashi et al., 2011; Matsubara et al., 2016). We intends to combine these results with
global crust model (crust 1.1, Laske et al. 2013), to generate Moho depth models for EU, PHS and PAC
plate in our model region. We are newly developing software packages necessary for this work. As an
example, the Moho model by Katsumata (2010) beneath the Japanese islands is extended to the
surrounding region using crust 1.1 model. For the PAC and PHS plates, the Moho depths beneath the
subducted oceanic crust are assumed from our plate boundary model, which are merged to those
beneath the oceanic basin. These models are still tentative, and should be revised by incorporating
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structural information from active source experiments.
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Recent travel time inversion analyses have elucidated crust and mantle structures of whole areas in the
Japanese Islands. However, they estimated only spatial changes with relatively long wavelength, and it was
difficult to extract clear velocity discontinuities. Also, the resolution of their S-wave velocity structures
near the ground surface was insufficient than that of P-wave velocities. Therefore, the spatial distributions
of the crustal velocity discontinuities and the Moho depths are poorly understood. In this study, we show
the crust and uppermost mantle velocity structures and the velocity discontinuities beneath the Japanese
Islands from receiver function analyses.

We improved an estimation method of crustal velocity structure beneath each seismic station by Igarashi
et al. [2011]. This method searches the best-correlated receiver function between observed one
calculated from teleseismic seismograms and synthetic one based on assumed crustal velocity structure
by using a grid search method. We constructed velocity structures which consist of a sediment layer, one
to three crustal layers and two upper mantle layers. They cover both the crustal velocity structures and
Moho depths of the Japanese Islands estimated by previous researchers. We use seismic stations installed
by the National Research Institute for Earth Science and Disaster Resilience, the Japan Meteorological
Agency and Earthquake Research Institute, the University of Tokyo. We selected the 13,736 teleseismic
events, which have the epicentral distance between 30° and 90°, magnitude greater than 4.5, and
occurred in the period from September 1989 to February 2016.

The estimated crustal structure is characterized by areas with low-velocity layers. In several plains and
basins, we identify a thick sediment layer. The surrounding areas of active volcanoes correspond to the
low-velocity zones in the crust. The ltoigawa-Shizuoka Tectonic Line seems to a border of crustal velocity
structure. The southwestern side has the relatively stable high-velocity areas, whereas the northeastern
side is heterogeneous spatially. In the lower crust, low-velocity structures are distributed in the eastern
part of the Niigata-Kobe Tectonic Line and some part of the Median Tectonic Line. There are low-velocity
zones around the Moho discontinuity along the middle part of the island arc. The crustal thickness tends
to increase in mountain regions and decrease toward the surrounding areas with some undulations. The
Moho discontinuity of the subducting Philippine Sea plate has distinct velocity change near the southern
coastline of the Japanese Islands, and the velocity contrast is larger than that of the overriding plate. We
suggest that S-wave velocity transition layers exist in the uppermost mantle just beneath the Moho
discontinuity in broad areas of the Japanese Islands. The transition layers probably indicate crustal
evolution or melting around the Moho discontinuity of the island arc.
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Difference in erupted magma volume inferred from the crustal density
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FE-NER-<) 7 FI (IBML) SHRICBARIMTIE, KFEFETL— MDEAAT T &I KLFEEID
bhad. ZhoDHIETETL— MDA RAABREZEDT I M=y VRIS A =9 PMFIEFR LT, KILEDHR
BEICIEHFVELAONBRWED, BARSASTEMRIBLYDYIYOEERRIFER—THD &
HRHEND, LHLAAS, IBMINCHS T BEAARA> BRI LY DT I TDEHE (10.22 km®
/km) 1, FIBXRMCEFZEN (1.80 km>/km) &KW EEEMICE V. £/, IBMAITEHRTZTI/TOD
HERIEEICKHREETHZDICH LT, RILBFIMTRRILWEETHS. FFRTIE, INLDEVEIT A
A=XLD, MOHEEBEDEWNNIH D EEAERET .

IBMaMIZ EL BB LRV BN ThH Y, HBODEIIIN 25 kmTH 3. PREEHN S, HRWE
&, 0-5 kmTIELHRBAEE, 5-11 kmTIRRILEE, 11-25kmTREREE EHESINS (Takahashi et al.,
2008) . —A, WILEFRMIIHA L KEIITHY, HBOEZIFMNI5kmTHB. PREEH, D, HBHWE
&, O-5kmTIERIEE, 5-25 kmTIILILAEE, 25-35kmTIILREEEHEINS (Iwasaki et al.,
2001)

Perple_X (Connolly, 2005) #BW\T, TNZFNOMBEDE— NEK - PREEEE - BEEBEA KD
7=. Perple XIC& WEIHINZPREED, REOHAUE L —HT 2 A DIEMEMZEKD, ZOHKICED
X, BOBERELREE o, TOKE, BVMIOMBOBERSEIE, PERHE 2800 kg/m?, TEkthag
3100-3200 kg/m*T#H Y, RILARMOMEB OB L, SERHE 2750-2900 kg/m>, TERHEE 3150-3200
kg/mPE VWS ERMEBONE. ZDEDIC, IBMIIERILBAR CHBOBERSICAZIEVSADOND,

mEANE ERT 27UV, AROHBROBELHNVEIEIATEEL, YI/YBEYATKRT 5. Hizk
AaELtRT257I<%, KiE 1.65WBEL, LAAAHFOHMENLRLIEEET Y < (Tatsumi et
al., 2008) AHERILL 20 %R ESU VIV ERELREES, REL ON-MBOBREREICED
X, IBMAITCIE 5 km& UiRWEZ BT, RILAXRIMTIX 14-21 kmDEETYITBEYDPERINDZ &IC
AN

INLDY I, LEHMOBBREOHME ERL, BHTZHICIE, I5ICHERILL, KA, Rad
ZHENHB. Williams and McBirney (1979) ICED<K &, KOBEMICHELERILEX, BFEYEANE
WIBMAITH 50 %, RILEAIMTIEH 80 %& 43, TAabE, MBZEA LRI I/IBEVEEETITDE
A LIHE, KEMED XL MNDER, IBMAITIETTOY I/ IDH 50 % THZDICK LT, RILBFRIMTIEH
20% &7D, ThHDA RDBEBEHRTYITEEZDE, BMIITIHEILLARIMEYETITOBHENEZ L
5. F2, RELAEMBZREF I D 50 BiERDIELIZBOT I/ YDHEBRISEREETHY, 80 it
MELT=BDOT I DHEBRISRILEBTHS (Tatsumi and Suzuki, 2009) . ZDZ EIXIBMIITCEREEY
TIDFENERT, RILAXNMTRILEET I/ YOFINERTHBIEE—BLTVWS., UEDLD
IZ, 22DIIDMBRBEEEEDEVS, TI/TEHELBEBHI I/ IOERDEVELEDTIDOBRE L TEZD
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ﬁﬁﬁﬁ’c%iﬂ'émuﬁﬁﬂ&ﬁ@ﬂ (LFT) /ﬁti, .*ULb%i?’élﬂ%*uEj(fﬁéra@;ﬁ/ﬁﬁ@/xnﬁftﬁt
FE-BLTHERICATBLTWS, SE, FHRERRMEFIORERAORBPICOWIFEIL2BMELT
AAHACBFERERVWTPENS SRICEIR LR (PsEHEIR) OIRBEDMZFAEL, LFTOREBRGARAAD
BERREVERASMILEDTREY 3,

AR TIE, FHERFHI-netd & UF-net TEBI S 7ML E DR E R & MBATICA W -, EihihE ik
FiclE, kAL 74V EVBRAZ THADEEERE CERLAPERENEEN S, TEFDIRIBO K/
&, EETEGERICSITEMA E—Y U RLLDIFD, MERDREBR/ ST AVICERET 5, BRI ALICK

HEARNRIZT 2728, BITICAVSHERDREIR/ AT X4 %0.050050.077DEHEHEICRET D& LD
IC, BERIRIBHERIT o/, PSEEKIRIBIX, EHMERENOKRDLL Y —N\BERLI SHEANoTz, TD
B, BERARTHONMIA>TWERZ 7TEFREZRE [HIAIE, Shiomi et al. (2008; 2015)] #5E& L
foo BRATICAWEEDRRAMIE—IETIHAWED, HERIKAMO ICH L TS5EDbinEERK L, bind
CICEBEEBEREEEE L, TDLET, 2-lobedBAKTsin0, 4-lobedBlAEKTsin20 BL U/ T
AMDERTERDH SR BMABPH LAV RNEEBTEIT o7, —BOHELITRELRE R %R
T, BETHREORIFAHIHEST, 2-lobedMD RS WIT/NA 7 ARDDIRIEINHAD TS & &AL
o METETIE, 7L—MOBERIAIXZFIE-ETHDEEZIOLND I EHND, I ORFBILEERRDIRK%
HESEMER (T70Y v 4 ME) ZRELTWVWREEZZSNS, —F4, EEFLTOEASICEL
T, 2-lobedm9 DIRIED S H¥4-lobedk D DIRMEL W HERKE KK o7, 2-lobedi D IFIEFREDER DEE
ERLTHY, THEIRBEOAMKESELINSHEEINDERN AR (305£10°) X, BREFEETILE—BHL
Too —7, FEMERRMENEEIAER RIS OILERICAIE T 5 EEDERR S T4-lobed K2 DIRIEH 2-lobed X
POIRBEL Y B REL R, 2D &, BWENEHE TP VEBICS 1T 5EFHARIE LROEHERICKY
FHREAEIFREELTWDREEZ SN, HEHEAKIMEASITWRZEERMLT WS,

HEE - AT O—ERIE, JSPSRIFEIP16HOGA75DBI == ITE L 7=,

F—7— N EEMERKEME. PsEHK., 714V EVEBITL—K
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The Philippine Sea plate is subducting beneath the southwestern Japan. Many studies have been done in
this area. One of the interesting phenomena at the subduction zone is non-volcanic tremor occurs at the
plate boundary (Obara, 2002). Many large earthquakes have occurred at the Nankai Trough region. To
know the seismic structure, several seismic explorations using artificial sources have been done at the
region. The configuration of the Philippine Sea plate and P-wave structure were estimated by the seismic
experiments (e.g, Kodaira et al., 2002; lidaka et al., 2004; Iwasaki et al., 2016). Igarashi and lidaka (2017)
studied that receiver function analyses to estimate the plate boundary of the Philippine Sea slab and
S-wave velocity structure in the crust and uppermost mantle beneath the Japanese Islands. The S-wave
velocity structures were estimated using a grid search method between the observed receiver function
and synthetic calculation. The P-wave and S-wave seismic structures are compared with the source area
of non-volcanic tremor.

It is remarkable characteristic of the seismic experiments in this region that the clear reflected wave
around the plate boundary was detected. The clear reflected wave was explained as a reflected wave at
the top of the extremely low-velocity layer, which was located at the top of the subducting Philippine Sea
slab (e.g, Kodaira et al., 2002; lidaka et al., 2004). The P-wave velocity values of the thin layer were 3
km/s and 2 km/s in the Nankai and Tokai regions, respectively (Kodaira et al., 2002; lidaka et al 2004).
Similar strong reflector was also detected at the eastern part of the Kii Peninsula (Iwasaki et al., 2016).
The locations of the strong reflectors are compared with the source area of the non-volcanic tremor. In
the Nankai region, the depth of the reflector was located at 10 km -30 km (Kodaira et al., 2002). The
source area of the tremor is located at the deepest part of the low velocity layer. In the Tokai region, the
extremely low velocity layer is located just above the source area of the tremor. lwasaki et al. (2016) also
reported that the strong reflector was located just above the source area of the tremor in the eastern part
of the Kii peninsula. At the three areas, the strong reflector was located above the source area of tremor.
The seismic structure of the S-wave structure at the tremor area was characterized to be high-velocity
mantle wedge and low-velocity oceanic crust (Igarashi and lidaka, 2017). It is expected that the low
velocity layer seems to be related to the dehydration of the oceanic crust.

The non-volcanic tremor had been reported at many subduction zones. Song et al. (2009) reported the
ultra low velocity layer in the Mexico subduction zone. The ultra low velocity layer is located at top of the
slab. The low velocity layer is located in shallower than tremor area. The extremely low-velocity layer has
been reported at several subduction zones. The research of the characteristics of the low-velocity layer is
very important to know the source of the non-volcanic tremor.
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FARRTRIBAZESICH D EFEMERUROEBMEBERY T —9 AW L & —/\BHETICE U ES
HBEDHEZTo/. MAEABTIIHENS 7, WK, WMKBEOTFINER - BN —BERNMKS
h, MKBBEHKATI4VEVBTL—MRBERICHZI-5T7 T — MI@EAD > TEAHAATW

3. BT —YICIIEAEESICHDFnet 6BllRE, [IRTOEFRMEBRHRIMBD S b DETEMEET DR
BEINTWS 3B SOEMERET—95FALKE. BIFICIZTEEDL ¥ —/\BEEIC LR THHEAPSET

MAERET D2 ENTEBFETH D Takenaka and Murakoshi (2010, AGU) @ S-wavevector L & —/\EEEL
ARV BITICKYEBELNAERST & DS-wavevectorl ¥ —/N\BEIH A FELRSTEIET, TOETD 1
KT THEEAME L. AFEKRTlIback-azimuth®EWICE 2 L Y —/\BEHOEBEHEY, HELATFRES L
U7 L—MNEAEMMEE TOMEREEBEDFERICDOWVWTHRET 3.

HEE RIS KB R RAADF-net, [IRT DRRMEFRRMPOMBRFELHFLMALIL
7o, HTFHEEETIVICIEI-SHISOFRBET L ZFALE LA, BLTREHBLET.

F—o— R LY— B EEES. i
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BT ER A S RHAREHICANT T, KBEY 751 VY, BEELAEZ—EE THEIMLAICE > THEHRE
h-EIBER THZALREBTIE, FFEBHNSEREIICEWVWT, REAAADERISHICE YR LI EMBYE
BEh A M BREERELI9H L (FIAIE, Sato, 1994, ltoh et al., 1997) , X 5ICZ DI TIE% < DEEH
ENRELTWS (BIZIL, Okamuraetal, 2007) . BF, BABTERINALZILFF vV RILA K
)= EAVREGEMERSE (MCSERE) &BEMEE (OBS) #AWEITE - LARFEHERE
(OBS#EE) DER &V, REOEMBERI & ElLATHK L 2R EEDOBIC L WHISE KRS H B &H°
BT (BIZIE, Noetal,2014) . ZDZ EIEERBHIOMICOHRT 2EBEMBOEH A H=X
LEBRYT Z7-01C1F, BREBEOEIMILEREY Z DB THK L AR EEDBEBRIVETHD I &L
TW3., BREEAEZITIE, KIER, BN 7EVWEROEMY) 7 & - BEINEFEL, EHLILK
BEAEEINTWVWS. SSISAFRBTIIEBEREE ML TWEY, Rk FKRLFEOHMEREIXITH
nTuwiaWns, REECHEEEEMILEADER, ISICIND EEHECENRE - B OBAREL<D
MoTWARW, ZIT, INLOBEFKREESHNICT S720I1C, TEXREHE - FZRAE OV N O—&
ELT, 2016FBICHABREAZHROEERNSRMRICNITOHENLEIMY 7 hDRIK NS 7, Hill
BRTHZD2KIBRICEDBHE TMCSIEELOBSIEEA XML 7=, OBSEEIFEERDHENSERIE NS
7, BEE, KHER, LREHICESZRIMN225 kmDARRICHEWT, HIEERE L THAE7,800 cubic
inNchOT7HY 7L —EO0BS505%FRAL TiThNhi., MCSIEEIZOBSEBEER—DIT7HY 7L —&
444F v 2V R DHE800 mD/NA ROT A VA M) =T AHAWT, LEZOOBSEEER—ABIIRE, 20024
IZfTHhN7-OBSIFEERIHR (Sato et al.,, 2006) ICTEMEL . 1§ 5N7=0OBSEEEk, MCSIRERLHKE HICRIFT
HB.

WEOEEMLBERTIE, BERISH > THRBEEIRE<LELLTWS. BEEEDOHRIZ23 kmBEDE
SaELHL, BFEFEOKREN EERHFRICHIST 2PREES.4~6.2 km/sDERD (Cho et al.,, 2006) HEL #&F
ELTWBZEDD, REHEBOEEARF > TWEZENHREING. —F, ATEBRAPEZISROHAR IZRRIK
BELYEEL, BEEORELEA>TVS. AFETIE, MCSEERETHIATE2EBOMMICHBT S L
IRREBEDORIENEERTE 3.

F—U— R RS BARE. BI-HilER
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Seismic image across the epicentral area of 2016 Tottoriken-chubu
earthquake to the southern part of Yamato basin
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XERFED BREHE - BRAZT IO 7 M T, BELNSHAFREBOMBIEESREEZTV. B
B -RREMBETILEBREL. RETIHEEHVCEREFATIHE - ARE2To-TVWE, 27OV Ik
D—]RE LT2016FE7BMH8ALAICHNIFI T, KIBRFEATA) SEILICKSINEEEMICE 2180 kmDRlHR
THIEERICK 2R EIRELREL -, BESELTIE. 2015FEASMEFRIHITFER L TV iHFEEH
BaENEEREMBORERESEA S E TCERLZ, Z0%. BINEHAIHE (Mw6.2) ARELL
A, BRIFAIETICAES 2, BEMEIE. BB HRINAZKEBROT I NI R ERMLIZEDTHS
N, CZITEHRELEMEEDOBERICOVWTEERT 5.

SBREM AR EIREE X, BIFICHB W TIE1950 cu. inchd I 7 HY E4kmD A MY —< I & 3 REDEMERE
B CHWRICL2ZIR-HERBEHMORERT - EMB L7, ELIZIFTIS0F v RILOEYH—%H
30kmichZWEREL. N 70OV RABTHRE L, BETERGLAEAA—IV VI ETIEHIC. BLREE
REEFTEAILZ, /oo BHOAA I VI EREBEEZALMIT H7/HIC. ELRARTIFOMST/NA
TOY A RCEBDEFREREET oz, BB LET—41E. CMPESZE - BIFMNES T 71 RIC &K 28T %
T-o7=

BoNERIGEMERENE CIE. KIER & E OB O REMBRID IE BB ICKE REREER %
WY, N=DT S RUBERINTWVWSE, TNOEDN—T T S5—RUTIFREARS kmEBZ D FIOHENT
REINTWS, )7 M EhzRELALHERYIZ. REPFHICELAAISDEHBER Z#H>TW5 (eg.
Itoh etal.,, 1996) , Bo5NAME TIE. BEEIOGEWN—775— XU TOEMEEIEARERY, bAHICERSE
BBV T3, BFROBBEBNEH L) 7 NMEBEYME IZIZTKEICEL., XBEREISAEOHBTEMLTWL
%, N—70F5—RUERELMEN, BIRWICETEL TV,

MR TN 704 R4BDREICE > T, /4 APV TIXEEERSSHIZE X TOREN
BO5NTWS, BiRIX2016 ERIERLREDNNW-SSEFEICHUZEREERXEL., FEDIFIFELAEE
B2, BIFNESTS 714 Tl AEL Y EAITIEVPS.5km/sOEED. BRMEERTTIHISES 2kmiF
EETLTWS, £ MAITIERLYRFAEICED, AREERMEOERE PG VWAETRDLS D, B
HICMTBOEEARET 22 & IERETH B,

F—U— K : 2016 FERMBHEMME. HFEEE. REVEMERE. BABILX

Keywords: 2016 Tottori-ken Chubu earthquake, Crustal structure, Seismic reflection profile, Opening of
the Sea of Japan
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RARTEHRDIGICIE, FAME - BB E W o =B RIISE AR YR L CE BN DT
%, £z, ZOEMCEBEREF 2 SORMARMBOFEBEEICOWVWTIE, LRER - THREBE S JUHHER
HLAREDBR - AREERDODME - MEICEDWEHZ L OMENH S, AR TIE. EFERFEFTITHON
TELAREEMBZBEREE S AUMMBOHMEREF L OREOHKBRICEDE, BREFELEICOH T HRE
SEMTRE - SEIBEDERMROMEETV., EBRMBETFILEBRE L, AXE - BRI EV 25N
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Fault geometry on Miura-hanto fault group revealed by an integrated
seismic profile using various resolution seismic reflection data
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Fault Distribution and Structural Characteristic in the northern
Nansei-Shoto Islands, Japan
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The Nansei-Shoto Islands, located along the Ryukyu Trench which extends over 1,200 km from Kyushu,
Japan to the Taiwan collision zone, had experienced less seismic history in comparison to the other
subduction zone such as the Nankai Trough and the Japan Trench.

Over the past few hundred years, there were a dozen of M7+ class earthquakes had occurred within this
subduction zone, and the most of them caused miner damages except the 1771 Great Yaeyama Tsunami
and the 1911 Kikai Island Earthquake, the largest historic earthquake observed along the Nansei-Shoto
subduction zone. Due to a large percentage of the population of an island lives in coastal region,
earthquake generated tsunami is the most life threatening factor. Through decades, various studies had
been done identifying offshore faults which could possibly cause an earthquake and tsunami.

In this project, as a part of “the Comprehensive evaluation of offshore fault information project” by the
Ministry of Education, Culture, Sports, Science and Technology, JAMSTEC has carried out collecting
seismic reflection data from various institutes and private companies combined with reflection/refraction
data from JAMSTEC seismic projects. Also in order to obtain unifying high resolution seismic profile out of
seismic data from different survey ages and various survey specifications, the original data were
reprocessed by state-of-the-art data processing methods which capable of interpreting subsurface
structures and fault morphology.

The forearc structure of the northern Nansei-Shoto subduction zone is very different to the southern
subduction zone. In the southern subduction zone, the Philippine Sea plate subducts beneath the steep
slope continental shelf with minimum volume of accretionary prism, while in the northern subduction
zone, the extensive accretionary prism has been developed in front of the continental shelf. The factor of
the difference is likely the amount of sediment supply from the incoming oceanic plate. Also the incoming
oceanic plate shows a complicated morphology of ridges, sea mounts such as Amami Plateau and Kikai
Sea Mount, and its high relief feature probably cause the complex faulting in the accretionary prism
(Kasahara and Sato, 1997).

At the margin of the northern Okinawa Trough, there are numbers of normal faults develop in the thick
continental shelf sediments, which exhibits the Trough increases its depth gradually without distinctive
edges seen in the southern Okinawa Trough. Faults identified in the northern Okinawa Trough are
classified into two types; normal faults resulted from the present trough’ s growing tectonics, and at the
southwestern offshore of Kyushu where NW-SE extensional tectonics fields dominates, lateral
transforming faults are identified which presumably continuous from Kyushu region.

F—T— K BEE. RICEMERE. BKBE. HENZT
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Seismic Reflection Survey at Niitsuru Aizumisato Fukushima
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Seismotectonic characteristics in the Yun-Chia-Nan area, Southwest
Taiwan: Insight from seismic ambient noise

*Chih-Yin Lin'
1. Department of Earth and Environmental Sciences, National Chung Cheng University, Minhsiung, Chiayi, Taiwan

The seismic ambient noise tomography (ANT) has been wildly used in regions lack of earthquake data to
image subsurface seismic velocity as well as its spatial-temporal variations using surface wave type of
Green's function extracted from cross correlation of seismic ambient noise. Due to vigorous collision of
the Eurasian Plate and the Philippine Sea Plate, the deformation front of Taiwan composes complex folds
and fault systems. The Yun-Chia-Nan area is suited in southwest segment of the deformation front, where
includes southern portion of the Western Foothills and the Coastal Plain. The detailed physical properties
for the above mentioned areas are not well known as a result of less seismicity. Thus, we had conducted a
2-year project to deploy a temporary broadband array with 14 stations. The project is not only to monitor
seismic activities in the Yun-Chia-Nan area, but also to derive an average 1-D shear-wave velocity
structure using seismic ambient noise.

By analyzing time domain empirical Green’ s function (TDEGF) from the cross correlation of seismic
ambient noise between station-pairs, we are able to obtain 1-D shear-wave velocity profile. Our results
indicate that between the period of 1-10 s, shear-wave velocity shows prominent low value in the upper
crust. We also compare time variant of shear-wave velocity profiles derived from a station pair
(HNME-RELI) located in the east of the Chukuo fault. Interestingly, we find that, after 10-years, shear-wave
velocity becomes greater as depth is beyond 2 km. This feature might imply crack closing due to intensive
orogenic process in Taiwan.

Keywords: Ambient Noise, 1-D shear-wave velocity structure
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Study on property of seismogenic activity for Chianan area

*JING-YUAN HUANG', YI YING WEN', SHIH CHUNG WEN'

1. National Chung Cheng University

Previous study has suggested Chianan area as the region with higher probability to generate large
earthquake in next 30 years. In this study, we collect the P and S arrival data (2008/1172015/12)
determined by the Central Weather Bureau (CWB) and two local seismic networks, which were operated
by National Center for Research on Earthquake Engineering (NCREE) and Integration of geodynamic
research in Chiayi area (ITCH) projected by National Chung Cheng University, respectively. Through
applying the 3D relocation analysis and stress inversion, we attempt to further understand the properties
of seismic activity and the implication of the tectonic structures in this area.

Our results show that: (i) The faulting mechanisms do not exactly correspond with the regional tectonic
stress and active faults in this area. The primary strike-slip faulting mechanism might be related to the
preexisting normal fault. (ii) The lowest friction coefficient was obtained in the southwest region to the
Meishan fault with a value of 0.3. This might respond to the complicated fracture system of the Meishan
fault. (iii) The seismic activities in Chianan area most range between 5 to 15 km depth, and the various
friction coefficients (0.370.5) indicate the complex fault structure and heterogeneity in this region. We
hope this integrated seismic data and study result can provide some helpful information for potential
seismic-hazard assessment in Chinan area.

Keywords: Chianan area, Seismic activity, Stress inversion
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Seismotectonics of the Taiwan Shoal Region in the Northeastern South
China Sea: Insights from the Crustal Structure

*Jinlong Sun', Huilong Xu', kuiyuan Wan'
1. South China Sea Institute of Oceanology, Chinese Academy of Sciences

An earthquake cluster, which included the great September 16, 1994, earthquake, occurred in the Taiwan
Shoal region on the outer rise of the Manila Trench. Several previous studies had given important
information to better our understanding of the September 16, 1994 earthquake. However, little is known
about the earthquake cluster. To understand the mechanisms that controlled and generated the
earthquake cluster, it is important to investigate the deep crustal structure of the Taiwan Shoal region. We
present a two-dimensional seismic tomographic image of the crustal structure along the OBS2012 profile,
which is based on ocean-bottom seismograph (OBS) data. The structure exhibits a high-velocity anomaly
in the upper crust beneath the Taiwan Shoal, which is flanked by low-velocity anomalies. We studied 765
earthquakes (Richter magnitude M, >1.5) that occurred from 1991 to 2015. An analysis of the earthquake
epicenters, regional faults, and crustal structure allowed us to better understand the nature of the active
tectonics in this region. The results of these analyses indicate that (1) the high-velocity area represents
major asperities where stress is concentrated and corresponds to the location of the earthquake cluster;
(2) the earthquake cluster was influenced by fault interactions. However, the September 1994 earthquake
was independent of these seismic activities and instead was associated with the reactivation of a
pre-existing fault, and (3) an accumulation of compressive stress may trigger future damaging earthquakes
in the Taiwan Shoal region, because the slab pull was resisted by the exposed pre-collision accretionary
prism and the resistive force caused the in-plane compressive-stress accumulation.

Keywords: earthquake cluster, crustal structure, Taiwan Shoal
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Sedimentary structure of Bohai Bay Basin from teleseismic receiver
functions

*Yan Wu', Lupei Zhu?, Zhifeng Ding'
1. Institute of Geophysics, China Earthquake administraion, 2. Saint Louis University

We calculated P receiver functions from 895 teleseismic events which were recorded by 70 temporary
stations from Sep. 2006 to Sep. 2009. For the stations were located on thick sedimentary structures, it is
difficult to identify the P to S converted phases from the Moho discontinuity. The first few seconds after
the direct P arrival are mainly controlled by the sedimentary structure response which includes the Ps
phase generated by the bottom of the basin and its multiple reverberations in the basin. Based on these
characteristics, we used the Neighborhood Algorithm method to invert the data and try to find the best
basin velocity model that produces the best fit between the theoretical receiver functions and observed
receiver functions in the least-square sense. The results show that there is a series of depressions and
uplifts orienting in the NNE direction in BBB. The sedimentary depth in the Jizhong depression is about
376 km. There are several secondary depressions and uplifts alternating in the NNE or NE direction in the
Jizhong depression. The thickest sedimentary layer is located in the eastern Jizhong depression. The
above shows the characteristics of a half rift valley (rift valley)-half horst (horst) structure. The ratio of the
P velocity to S velocity in the uplifts is larger than the one of the depressions. It may be caused by the lack
of the Paleogene stratum in the uplifts. The proximity of geothermal fields and the high Vp/Vs-ratio
depressions shows a close relationship between the high temperatures of the stratum and the large ratios
of P velocity to S velocity; The average of S velocity of the sedimentary in the uplift is smaller than the one
in the depression, and the thicker sedimentary area always has a higher average S velocity. These
characteristics show a relationship of thick sedimentary and high average S velocity. It may be because
that the thicker sedimentary area has a thicker Paleogene stratum and the S velocity of the Paleogene
stratum is much higher than the ones of the Neogene and Quaternary stratums. The sedimentary structure
provides a base to determine crustal structure beneath the BBB.

Keywords: Neighborhood Algorithm method, Teleseismic receiver function, Seidimentary Structure
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Lithosphere structure of the Yamato Basin from receiver function
analysis
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Large earthquakes have occurred around the Japan Sea, including the 2007 Chuetsu-oki Earthquake. To
estimate the risk of potential earthquakes and tsunami, better understanding of the lithosphere structure
beneath the Japan Sea is an issue of importance. Revealing the lithosphere structure would also help
constrain the formation process of the Japan Sea, which has been considered due to back-arc opening. In
this study, we conducted receiver function analysis using broad-band ocean-bottom seismometers
(BBOBS) installed at the Yamato Basin from 2013 to 2016. The final goal of this study is to detect a
lithosphere-asthenosphere boundary (LAB), which provides fundamental information of the oceanic plate
i.e., thickness of the lithosphere. Teleseismic P waveforms recorded by horizontal sensors at offshore sites
are significantly affected by multiple reflections and conversions within the sediment layer beneath the
seafloor. These multiple phases have potential to overprint signals from the LAB. We, therefore, first
estimated shallow (< 20 km) crustal velocity structure from receiver function waveform inversion. Then we
searched for the depth and contrast of the LAB which can better explain observed waveforms than any
structure models without the LAB. As a result, we acquired good waveform fitting with only the shallow
crustal structure. We also found that the LAB located at 70 km depth can improve the waveform fitting.
Unfortunately, we could not identify LAB-related signals visually due to dominating sediment
reverberations. Statistical approach is left for future studies to confirm whether this improvement in the
waveform fitting truly represents the existence of the LAB or not.

F—T—R: UYRTIT7HEE BEMES. L —/ BT
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3D velocity model in the region of Nansei-Shoto
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Introduction

This is a part of the project “Comprehensive evaluation of faults information on offshore Japan” , by the
Ministry of Education, Culture, Sports, Science and Technology (MEXT). The project consists of three
themes, 1) Collecting seismic survey data and building a database of offshore faults, 2) Interpreting
distribution of active faults using seismic data collected, and conducting the seismic re-processing by
leading-edge seismic technology for the seismic data obtained in previous decades, 3) Building the fault
models for a simulation of strong motion and tsunami disaster, based on the interpreted faults.

Our purpose of this study is make a 3D velocity model in the Nansei-Shoto to provide with the support we
needs to interpret faults.

The Nansei-Shoto is one of the islands arcs along the West Pacific continental margins (Philippine Sea
Plate subducts Eurasian Plate) and has typical topographic features as an islands arc, where marginal
seas, volcanic fronts, islands arcs, sedimentary basins and trenches are regularly and zonally aligned
toward the Pacific Ocean.

Methods and data

3D velocity model was constructed by seismic data, well data (ex. T-D curve), and ocean bottom
seismometer(OBS) refraction survey data which were obtained by a various agencies and private
companies. Horizons such as acoustic basment and unconformity were interpreted using reflection
seismic sections. Conrad discontinuity and Mohorovicic discontinuity were interpreted on refraction
surveys and consulted previous study. Layer structure and velocity model were created on these horizons
by calculation using “Decision Space Geoscience” . The bin size of model creation is 1,000m
horizontally (in the case of crust, 500m is applied) and 100m vertically, respectively.

Result
We obtain a result that understands geological structure in Nansei-Shoto. So in this session, we will take a
discussion concerning structural characteristic based on the 3D velocity model.

F—T7— R :IRTEEHE. BEEAS. KIS, LHAHT
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Fault distribution around the Nansei-Shoto
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This is a part of the project “Comprehensive evaluation of faults information on offshore Japan” , by the
Ministry of Education, Culture, Sports, Science and Technology (MEXT). The project consists of three
themes, 1) Collecting seismic survey data and building a database of offshore faults, 2) Interpreting
distribution of offshore faults using seismic data collected, and conducting the seismic re-processing by
leading-edge seismic technology for the seismic data obtained in previous decades, 3) Building the fault
models for a simulation of strong motion and tsunami disaster, based on the interpreted faults. This report
is the outcome, fault distribution around the Nansei-Shoto (Ryukyu Islands), in 4" year since the start of
the project.

Interpretation of fault distribution must be based on features of geography and geological structure from
seismic reflection data. Bathymetric data are one of the important clue to understand offshore fault
distribution. The effective use of high resolution bathymetric data makes progress in the comprehensive
study of the relationship among seafloor topography, subsurface structure and seismicity. In the project,
we have created detailed bathymetric maps around the Nansei-Shoto (e.g. red relief image map) by the
integration of topographic data including high quality bathymetric data with multi-narrow beam echo
sounder, and achieved the interpretation of offshore faults with the bathymetric map, seismic profiles by
front-line seismic processing and earthquake mechanism information from the Japan Meteorological
Agency. As a result, 441 offshore faults were found out around the Nansei-Shoto through the project.
The Ryukyu Islands is a chain of islands that extends about 1,200 km from Kyushu to Taiwan. The Ryukyu
Islands system is located at a convergent plate margin where the Philippine Sea Plate is subducting
beneath the Eurasia Plate along the Ryukyu Trench. In the southwestern Ryukyu arc, the subduction is
oblique to the trench, while in the northeastern Ryukyu arc, it is perpendicular to the trench. The Oblique
subduction causes extensional stress in the back-arc and compressive or extensional stresses in the
fore-arc depending on the sense of arc curvature and the relative motion of the plates.

The study area can be divided into three regions, based on differences in the basic stress pattern and
developing fault type: back-arc, fore-arc, and island arc. In the back-arc basin called as the Okinawa
Trough, there are numerous normal faults with echelon structures, east-northeast to northeast trending,
resulted in the initial rifting and subsequent spreading process. In the southeastern area of the Kyushu
Island, where is a rift zone in the northeastern extension of the Okinawa Trough and is under E-W
compression with strike-slip faulting type, normal faults and lateral strike- slip faults develop concurrently.
For the fore-arc region, on the trench side, reverse faults, that are considered to be spray faults derived
from the plate boundary, exist within accretionary prism or fore-arc basins, meanwhile on the island arc
side, normal faults are formed on the terrace slope in parallel to the island arc. In the island arc region,
normal faults, which cut perpendicular to the axis of the arc like transvers fault, develop such as the
Tokara Gap, the Kerama Gap and the Miyako Saddle, and these structural gaps play structural transmit
zone between the trench and the trough.
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Here we will introduce the fault distribution with several seismic profiles around the Nansei-Shoto.

F—T— K BB, RIDEMBERE. WK WKL VF. HENSD

Keywords: offshore fault, seismic reflection survey, Ryukyu Arc, Ryukyu Trench, Okinawa Trough
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Downward continuation of multichannel seismic data for full waveform
inversion -Synthetic modeling-
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1. Yokohama National University, 2. Japan Agency for Marine-Earth Science and Technology

In order to constrain the physical properties of fine scale crustal structure, it is necessary to integrate
borehole-scale physical property data and regional-scale seismic data. Recently high-resolution reflection
images and detailed seismic velocity structures have become available by using a combination of a
synthetic ocean bottom experiment (SOBE) method [Harding et al., 2007] with pre-stack depth migration
and/or full waveform inversion, in addition to the conventional data processing of multichannel reflection
data [e.g., Arnulf et al., 2012; 2014; Harding et al., 2016]. The SOBE method is based on the downward
continuation [Berryhill 1979], which is a technique to extrapolate the observed wavefield to an arbitrary
surface by applying Kirchhoff’ s integral extrapolation, for the purpose of improving the imaging
condition. However, most previous studies using the SOBE method are limited to data from mid-ocean
ridges, where the seafloor depth is shallow, with few exceptions [Ghosal et al., 2014]. Here we present the
results of synthetic modeling tests to evaluate the effect of the downward continuation to multichannel
seismic data obtained in other tectonic region (e.g., subduction zone). At first, we redatumed both shot
and receiver gathers from synthetic streamer data (up to 12 km offsets) to a depth close to the seafloor,
and confirmed that the refraction phases from shallow part of the crust become first arrivals at near
offsets. As a next step, we plan to a travel time tomography using the first arrivals, and compare the spatial
resolution with that of original data. In this presentation, we will discuss the effect of the downward
continuation and application methods to real seismic data and geometries.
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3-D seismic velocity structure and distribution of reflection intensity
near the main slip area of the Boso Slow Slip Event
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k. Traveltime mapping
Keywords: 3D seismic refraction survey, Ocean Bottom Seismometer (OBS), Philippine Sea plate, Boso
slow slip event, Traveltime mapping
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Three dimensional seismic velocity structure in the Hyuganada region,
western part of Nankai Trough, Southwestern Japan, revealed by an
integration analysis of inland and ocean-bottom seismic observation
data
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Seismic wave attenuation and local depth of seismogenic layer in the
crust beneath Kyushu, Japan
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Attenuation of seismic wave energy is caused by two factors: scattering and intrinsic absorption. The
former is the scattering of seismic wave energy due to random heterogeneities in seismic wave velocity
and the density of the medium, while the latter is the conversion from seismic wave energy to heat energy
by internal friction due to anelasticity of the medium. Quantifying scattering and intrinsic attenuation is
important to understanding the structure of the lithosphere in terms of seismotectonic features. In this
study, we separately estimate scattering and intrinsic attenuation by applying the multiple lapse time
window analysis (MLTWA) technique [Hoshiba et al., 1991].

In all the studied area, intrinsic attenuation dominates over scattering attenuation at low frequencies (1-2
Hz), whereas scattering attenuation predominates at higher frequencies (> 2 Hz). The results show strong
spatial variations in scattering and intrinsic attenuation that depend mainly on the tectonic setting. Areas
with strong scattering and intrinsic attenuation geographically correlate with the locations of the
volcanoes and active faults.

We compare the relationships between scattering attenuation and intrinsic attenuation quantitatively in
the typical tectonic settings, volcanoes and active faults. Areas with relatively strong scattering
attenuation correspond to the volcanoes, while area with relatively strong intrinsic attenuation
correspond to the active faults. We also compare the scattering attenuation and intrinsic attenuation with
local cut off depth of inland earthquakes, D90 defined as the depth, above which 90% of the earthquakes
occur [Matsumoto et al., 2016]. Areas with relatively strong scattering attenuation correspond to shallow
seismogenic layers. The areas geographically correlate with volcanoes.
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Tomographic imaging of the 2016 Kumamoto earthquake area
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AKIFERTIE, FFREE A LMt A DIb#E30.5°~ 34.5°, TiZ129.0°~133°ICKREL, EAMMERNES S
7 14—k (Zhao et al., 1992, 2011) & EiFME NE Y 5 7 1 —i% (Wang and Zhao, 2013) Z#FHWTKED P K
ESKRERT—YEMTLZ. SRTEEBELAHET 27007 ) v RiF, FAMERDICH L TKEAMEIC
0.2°f[Efg, 2AMKRDICH L CO4 ERETEREL, FSARIEHEMNS 1, 10, 25, 40, 60, 80, 100, 120, 140,
160, 180, 200 km (74 VEVEBRASZ TRICIIEE 4 % OFEEEEAS5Z, ZOLEHM S 5,15, 30 km) ICE
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ERFT—Y%FERALE.

NESTS T4 —DERILIE, UINFREOFIENBIHO Y MUY Ty VIC BEABEEREREEEIERS
N N 714 VEVBRASTORKICE>TELEZY Y MLOteiE/E L7-$8E 5 R L TW3 (e.g., Abe
etal., 2013). £7=, Z O#HEIC I trench-parallel 5EIC Fast Velocity Direction (FVD) =+ D PEDHIEH
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FRICEBEDERBDHLNS (e.g., Zhao et al., 2011; Wang and Zhao, 2013). BIFF — R #ES (25A S ¥l T,
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EFEFELI-EEZ BN B (Zhao and Liu, 2016).
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Zhao, D., X. Liu (2016) Crack mystery of the damaging Kumamoto earthquakes. Science Bulletin 61,
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Earthquake Distribution and Velocity structure in Nagaoka Region
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Gravity survey across the northern region of Senboku Graben along
southern area of central Osaka bay
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Ryoki (2016). section. Red arrows indicate the points of the extremal

value in the simple Bouguer anomalies. Blue arrows
indicate the points of active fault (after Yoshioka, et
al., 2013).

©2017. Japan Geoscience Union. All Right Reserved. - SSS16-P14 -



SSS16-P15 JpGU-AGU Joint Meeting 2017

RT7R—IVAFERI 2 —F VREE TR IR IMET DO REHEE
Probing shallow region structure of Atotsugawa fault fracture zone
with cosmic-ray muon detector in borehole
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L., FEBII—FAVIELEEISOARETDHD, TNETIHERNEELY EAICH B A% EDH EIZRHE
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CORBERRL. MTOBENEZEEANRET 2D, AR TIIERTS cmD AT R—ILRNICERBE R #E
BRNBUE S NIBRAREZRFE L. XEARENECDLDICRESNIAFRADFEEEZE L. XIEAHRA
DREARIREFNFERICIVIAAICREL. AUABEIESHFRICHMRET S, ZOBANKEZRT R—ILA
ICREL TRSAAICKEZRESEZ I THTRERBELZREL. WMEZ2OCRABEOBREREZ —th=md
5EEEE X — MUICE > TLRSEERICAEY %,

2016 F ICIFIREBRRETOME/NIMEZERT 2R 7 F—LABLTHTI00 mETOREBSAELZE
L., TORRBEDCREHFEDEHFEFBLLWVWARICEREREZIRE L, BIC, AEBERZAVT
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RnERZMRATD R 7 R —IVEET & I NEFT TER S N B PLR D4R
Characteristics of the PL waves observed by the borehole strain and
stress meters of Tono Research Institute of Earthquake Science

SEE, AHE. EH RE

*Osamu Murakami’, Hiroshi Ishii’, Yasuhiro Asai’

1. EFHNREHARIERS RRBERPZHRAN
1. Tono Rearch Institute of Earthquake Science, Association for the Development of Earthquake Prediction

We deployed the network of the borehole strain and stress meters in the Tono region in Japan. We found
that we could observe the long-period ground motion between P and S waves arrivals in the strain and
stress records from some large earthquakes. The dominant periods of these long-period ground motions
range from about 10 seconds to 30 seconds. Because these periods are shorter than the typical periods
of the W phase (100 -1000 seconds order), these long-period ground motions are not W phases.

We also found these long-period ground motions between P and S waves arrivals in the F-net
seismograms. While we clearly found these waves in the radial components, it was difficult to find these
waves in the transverse components. Because of this observation, we consider that the long-period
ground motions between P and S wave arrivals are PL waves.

In order to clarify the causes of the differences of these PL waves, we estimated the dominant periods of
the PL waves observed by the strain and stress meters in our network for many large earthquakes in Japan.
We will present the results obtained from this analysis.

F—T7— R PRESKOBMOREAIMES), PLUR. E5H. WA R7HR—IL

Keywords: long-period ground motion between P and S arrivals, PL waves, strainmeters, stressmeters,
borehole
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ERFFILREE - FAUE 2z 8t) 2 ROWEMERE
Seismic reflection imaging of the Morimoto fault, Kanazawa, central
Japan
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Seismic Reflection Survey at West Aizu Basin Fault Zone, Northeast
Japan
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Seismic interferometry imaging of subsurface structure in the
southernmost area of Southern Japanese Alps
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Estimation of subserface temperature by geophysical data using
Artificial Neural Network
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Accurate estimation of the underground temperature is essential for the resource evaluation of a
geothermal reservoir. However, the quantity of temperature data measured in boreholes is usually limited
and therefore the estimation of temperature distribution at depth is often difficult. General relationship
between resistivity and temperature has been studied in laboratory experiment by using drilling samples,
but it is not always applicable because there are many factors that affect the resistivity value.

We have tried to indirectly estimate the underground temperature by geological and geophysical data. By
using Artificial Neural Network (ANN) trained by geological and geophysical data, this study aims to
estimate underground temperature by resistivity data obtained from magnetotelluric (MT) sounding. MT
investigation can estimate resistivity of deep underground easily and reasonably. If we can estimate
temperature of deep underground from MT data, for example, we can find a promising geothermal
reservoir and decide the location for development of a geothermal power plant.

We chose the Kakkonda geothermal area, lwate Prefecture, Japan, as a test site of this study. It is because
the area is underlain by a high-enthalpy geothermal system, reaching 500°C at 3700m depth. In addition,
many drillings and geological surveys were carried out before so we can get many data to educate the
ANN.

We educated the ANN by each borehole position, depth and temperature data from well logs, resistivity
data from MT sounding, and micro-earthquake hypocenter distribution that disappeared below the
brittle-ductile boundary. After that, we tested various ANN structures to verify output temperature with
observed temperature in the well-WD-1 up to 2.5 km depth. Then we estimated temperature up to 3.7 km
depth of WD-1 to use the constructed ANN showed good result at testing.

As a result, we obtained good agreement up to about 3.1 km depth by several constructed ANNs.
However, fitness was not good at blow the sealing layer (appeared at around 3.1 km depth), because

resolution of resistivity structure of deeper part is too coarse to emerge changing temperature.

F—U—R:Za—-S)bxy hT7—%
Keywords: Neural Net Work
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Crustal seismic anisotropy of Tohoku region, Japan constrained by
ambient noises

*Kai-Xun Chen’, Yuancheng Gung1, Ban-Yuan Kuo?, Tzu-Ying Huang2

1. National Taiwan University, 2. Institute of Earth Science, Academia Sinica

We present 3D crustal models of Vs and Vs azimuthal anisotropy of Tohoku region, Japan. We construct
the models by using short to intermediate periods Rayleigh waves derived from noise interferometry and a
wavelet-based multi-scale inversion technique.

We employ the Welch’ s method to derive the empirical Green’ s functions (EGF) of Rayleigh waves from
one year of continuous records of 123 short-period stations of the dense high-sensitivity seismograph
network (Hi-net), operated by National Research Institute for Earth Science and Disaster Prevention
(NIED). We compute EGFs for about 3500 station pairs with interstation distance less than 300 km. For
each qualified EGF, we measure Rayleigh wave dispersion in the period range from 3 to 16 seconds.

There are few interesting features in the resulting models: 1) The lateral variations of the crustal Vs and Vs
azimuthal anisotropy are closely related to three major factors, surface geology, Quaternary volcano
activity and the plate motion. 2) In the shallow crust (< = 10km), the prominent high velocity anomalies
are observed in the eastern part of the volcano belt, and they can be attributed to the old sedimentary
(Palaeozoic to Mesozoic) and plutonic rocks locating in the northeastern and the southeastern Tohoku,
respectively. In the middle crust, the volcano belt is clearly identified by low velocity anomalies. 3)
Patterns of the Vs azimuthal anisotropy demonstrate a strong depth-dependent variation. The anisotropy
in the shallow crust is characterised by the typical orogeny parallel anisotropy (OPA), with fast polarization
directions (FPD) parallel to the strikes of the mountain ranges, while the pattern of the lower crust
anisotropy correlates fairly with the absolute plate motion. None of the above correlations is observed in
the middle crust (7 9 - 20 km), where the distribution of FPD presents rather chaotic pattern and the
corresponding anisotropy is weak.

Keywords: Tohoku, Hi-net, ambient noise, surface wave tomography
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Azimuthal anisotropy of Rayleigh-wave phase velocity from ambient
noise tomography in south-central Mongolia
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1. Institute of Geophysics, China Earthquake Administration, Beijing, China, 2. Dublin Institute for Advanced Studies,
Geophysics Section, 5 Merrion Square, Dublin 2, Ireland, 3. Research Center of Astronomy & Geophysics of
Mongolian, Academy of Science, Ulaanbaatar, Mongolia

Although far from any subduction zone, it is interesting that the Mongolian Plateau has high and young
(<30 Ma) topography culminating at “4000 m as well as extensive volcanic activity. The seismic
anisotropy could offer constraints on the past and present deformation in the crust and upper mantle.
This study for the first time presents the azimuthal anisotropy of Rayleigh-wave phase velocity at periods
ranging from 8s to 30s using ambient noise tomography in south-central Mongolia (SCM). Continuous
time-series of vertical component between August 2011 and July 2013, recorded by 69 broadband
stations temporarily deployed in SCM, have been cross-correlated to obtain estimated Rayleigh wave
Green’ s functions. Applying the frequency and time analysis technique based on the continuous wavelet
transformation, a total number of 1478 inter-station phase velocity dispersion curves have been
measured. Moreover, Rayleigh wave phase velocity and azimuthal anisotropy maps at periods from 8 s to
30 s have been reconstructed with a grid knots spacing of 50 km. The inversion results reflect the
structure from the shallow crust to upper mantle up to approximately 50 km depth. The S-wave velocity
structure as well as the azimuthal anisotropy has weekly lateral heterogeneity beneath SCM, with
perturbation about 2% to the phase velocity and +1% to the azimuthal anisotropy, respectively. At short
periods (<10s), the phase velocity variations are well correlated with the principal geological units in SCM,
with low-speed anomalies corresponding to the major sedimentary basins or Gobi area and high-speed
anomalies coinciding with the main mountain ranges. At long periods (e.g. 30 s), the phase velocity
distribution is mainly associated with the crustal thickness. The Middle Gobi area always characterized
with low-speed anomalies from 8 s to 30 s is possibly related to Cenozoic volcanism. Overall, the fast
direction as well as the phase velocity distribution in the northern domains of Mongo-Okhotsk Suture
(MOS) is very different from that in the southern domains, indicating the significant differences of
distribution of the phase velocity and the azimuthal anisotropy between two sides of MOS may related to
the closure of Paleo-Mongo-Okhotsk Ocean. In another words, this study may give geophysical evidence
for the location of the front edge of the closure of Paleo-Mongo-Okhotsk Ocean.This work was supported
by NSFC (41574054) and the international cooperation project of the Ministry of Science and Technology
of China (2011DFB20210).

Keywords: Rayleigh wave, phase velocity, azimuthal anisotropy, ambient noise tomography, south-central
Mongolia
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Regional-scale cross-correlation analysis of seismic ambient noise in
the Central Indonesia.
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The central Indonesia has a complex tectonic structure which is characterized by several subduction
zones (e.g., double subduction zones beneath Molucca Sea) and active faults (e.g., Palu Koro, Matano and
Hamilton faults). However, due to the limitation of studies, the information of seismic velocity changes
beneath the desired regions is needed for monitoring those structures. Currently, cross-correlation
functions (CCFs) retrieved from ambient seismic noise are assumed as the representation of the surface
wave green function that can show the response of the Earth. Based on this assumption, the asymmetrical
signal of the ambient noise cross-correlation results and its spectral amplitude are investigated in order to
figure out the propagation direction of surface waves and to understand the dominant frequency
components of the CCF. In the present study, we used the vertical component of continuous and
broadband (20 sps) seismograms recorded at five permanent stations in and around Sulawesi Island
(station codes: BKB, LUWI, SANI, TNTI, and TOLI2). The data period encompasses 1 January to 30 April
2015 (four months). The data were divided into 20 minutes segments with time shift in every 5 minutes to
enhance the signal to noise ratio (SNR). We applied taper, whitening, band-pass filter at the frequency
band of 0.01 Hz - 1 Hz and binalization in each data segment as the preprocessing steps, then selected
the feasible segments and calculated CCF between two contemporaneous segments from two stations.
We further stacked the CCFs for 1 day to obtain day-averaged CCFs and finally stacked the day-averaged
CCFs over 3 months to retrieve stabilized Rayleigh wave signals. Our preliminary results show that the
SNR measurements are enhanced for several pairs after calculating 3-month-averaged CCFs and
represent clear Rayleigh waves. The asymmetric shapes of the CCFs indicate that the Rayleigh waves
propagated towards Sulawesi Island from the surrounding areas. The maximum spectral amplitudes of the
CCFs also exist at frequency of 0.05 Hz - 0.2 Hz which suggest that the dominant energy of the
ambient-noise Rayleigh waves are generated by microseisms.

Keywords: Seismic ambient noise, Rayleigh waves, Central Indonesia
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Retrieval of P wave Basin Response from Autocorrelation of Seismic
Noise-Jakarta, Indonesia
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Indonesia's capital city, Jakarta, is home to a very large (over 10 million), vulnerable population and is
proximate to known active faults, as well as to the subduction of Australian plate, which has a megathrust
at abut 300 km distance, as well as intraslab seismicity extending to directly beneath the city. It is also
located in a basin filled with a thick layer of unconsolidated and poorly consolidated sediment, which
increases the seismic hazard the city is facing. Therefore, the information on the seismic velocity structure
of the basin is crucial for increasing our knowledge of the seismic risk.

We undertook a passive deployment of broadband seismographs throughout the city over a 3-month
interval in 2013-2014, recording ambient seismic noise at over 90 sites for intervals of T month or more.
Here we consider autocorrelations of the vertical component of the continuously recorded seismic
wavefield across this dense network to image the shallow P wave velocity structure of Jakarta, Indonesia.

Unlike the surface wave Green's functions used in ambient noise tomography, the vertical-component
autocorrelograms are dominated by body wave energy that is potentially sensitive to sharp velocity
contrasts, which makes them useful in seismic imaging. Results show autocorrelograms at different
seismic stations with travel time variations that largely reflect changes in sediment thickness across the
basin. We also confirm the validity our interpretation of the observed autocorrelation waveforms by
conducting 2D finite difference full waveform numerical modeling for randomly distributed seismic
sources to retrieve the reflection response through autocorrelation.

Keywords: Seismic Noise, Autocorrelation, Interferometry
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