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Strategic seismic data processing for extraction of deep crustal reflectors through recor
structed velocity heterogeneity
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Estimation of seismic veI00|ty discontinuity in the crust and uppermost mantle beneath
the northern Kinki region
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Seismic structure in the southern Ryukyu Trench subduction zone
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In the Ryukyu Trench subduction zone, many large earthquakes occurred historically. Recent seismic and geodetic studie
indicate that the occurrence of very low frequency earthquake [Ando et al., 2012] and slow slip events [Heki and Kataoka, 2008
Nishimura, 2014] in the southern Ryukyu subduction zone. In addition, the result of offshore geodetic observation showed inter
plate coupling occurs near the trench [Nakamura et al., 2010], where plausible seismogenic zone of the 1771 Yaeyama earthqua
(Mw 8.0) is located [Nakamura, 2009]. These results suggest that the interplate coupling is not so weak and it is possible for thi
large interplate earthquake to occur in this region. However, not only the fault plane geometry of past large earthquakes but als
the local seismic structure is uncertain due to the sparse seismic observation network. To investigate the hypocenter distributic
and the subducted plate geometry, we have conducted the passive seismic observation using 6 land stations and 30 ocean bot
seismographs (OBSs) from Nov. 2013 to Mar. 2014, as a part of “Research project for compound disaster mitigation on the grez
earthquakes and tsunamis around the Nankai trough region” .

We performed a seismic tomography to estimate the hypocenter location and plate geometry by using a part of obtained dat
although the data picking is still in progress. The initial P-wave model was established by referring the result of active source
survey [Arai et al., 2014], and the initial S-wave model was calculated by assuming a Vp/Vs value of 1.73. As the initial S-wave
velocity model did not include the low-velocity sediment layer just beneath the OBSs, we calculated a station correction value
for the S-wave arrival data by using the differential times of arrivals between PS converted waves and direct P-waves.

Preliminary result shows northwestern dipping hypocenter distribution and low velocity layer in the forearc region. We in-
terpreted this layer as the subducted oceanic crust. In that case, most of earthquakes located within the oceanic crust and |
uppermost oceanic mantle, and the dip angle of plate boundary gradually increased from 10 degrees near the trench axis to
degrees beneath the island arc. We will add more data and estimate more detail relationship between earthquake location a
plate geometry.

Keywords: The Ryukyu Trench, Ocean bottom seismograph, Seismicity, Plate geometry
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Crustal structure in an arc-back-arc basin of the southeastern Japan Sea off Noto Peninst
deduced from seismic survey
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Onshore-offshore deep seismic profiling across the Toyama basin: 2014 Kahoku-Tonan

seismic survey
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Lithospheric Structure of the Hidaka Collision Zone, Hokkaido, from Reanalysis of 1998-
2000 Hokkaido Transect Data VI
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The Hokkaido Island, located in the southernmost part of the Kuril trench region, has been under a unigue tectonic environmer
of arc-arc collision due to the oblique subduction of the Pacific (PAC) plate. At the time of middle Miocene, the Kuril forearc
sliver started to collide against Northeast (NE) Japan arc to form the Hidaka collision zone (HCZ) with complex structural fea-
tures including the westward obduction of the crustal rocks of the Kuril arc (the Hidaka metamorphic belt (HMB)) along the
Hidaka main thrust (HMT) and a thick foreland fold-and-thrust belt.

Re-analyses for a series data sets of seismic reflection/refraction experiments in HCZ, which started in 2012, are aimed t
construct a more detailed collision model through new processing and interpretation techniques. A multi-disciplinary project of
the 1998-2000 Hokkaido Transect, crossing the northern part of the HCZ in EW direction, collected high-quality seismic data
on a 227-km seismic refraction/wide-angle reflection profile and three seismic reflection lines. Our reprocessing/re-analyse
revealed interesting collision structure ongoing in the northern part of the HCZ. The westward obduction of the Kuril arc crust
was clearly imaged along the HMT. This obduction occurs at a depth of 27-30 km, much deeper than in the southern HCZ (23-2!
km). The CRS/MDRS processing to the reflection data firstly succeeded in imaging clear reflection events associated with th
lower crust/Moho within the NE Japan arc descending down to the east. Gently eastward dipping structures above these ever
(in a depth range of 5-10 km) are interpreted to be fragments of Cretaceous subduction/arc complexes or deformation interfac
branched from the HMT.

The refraction/wide-angle reflection analysis including amplitude calculations revealed a series of eastward dipping interface
at depths of 15-30 km east of the HMT, some of which show a very large Vp contrast exceeding 0.5-1.0 km/s. The subducted NE
Japan arc meets the Kuril arc 20-40 km east of the HMT at a depth of 20-30 km. The above mentioned high Vp contrasts ma
result from the mixture of the upper crustal (low Vp) materials of the NE Japan arc and lower crustal (high Vp) materials of the
Kuril arc.

Seismic reflection image in the southern HCZ reprocessed by almost the same techniques confirms a clear crustal delamin
tion, where the upper 23-km crust is thrust up along the HMT while the lower part of the crust descends down to the subductec
PAC plate. At the moment, the results in the northern HCZ do not provide positive evidence on shallow crustal delamination as
found in the case of the southern HCZ, probably presenting important information on "3D structure” of the HCZ.

F—U— R Heflzes, TS, st AR, sk
Keywords: Hidaka Collision Zone, Kuril Arc, NE Japan Arc, Delamination
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Crustal structure and fluid distribution beneath the southern Hldaka collision zone base
on 3-D resistivity modeling
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Erimo area, south end of Hokkaido Island is located on the south part of Hidaka collision zone where Kurile and the north-
eastern (NE) Japan arcs are collided. This area is an attractive research field to understand mechanism of continent evolution a
deep inland earthquakes because 1) ultra-mafic rocks are outcropped although the delamination hypothesis of Kurile arc indicat
uplift and down lift of upper-middle and lower crust rocks, respectively, and 2) inland earthquakes occurs anomalously depth (e.g
1970 Hidaka earthquake M6.7). We conducted wideband and long-period magnetotelluric surveys at 27 sites in the Erimo are
and obtained 3-D resistivity models based on inversion procedure. Reliable features of the inverted models and their interpret:
tions are as follows. 1) A low resistivity zone (C-1) is distributed beneath the Hidaka main thrust (HMT) and extends to the upper
most part of subducting Pacific slab. The high seismicity in the subducting slab in C-1 implies dehydration embrittlement. The
C-1 around arcs boundary implies upwelling fluid along the HMT, which may affect the deep inland earthquake. 2) Ultra-high
resistivity zone (R-1), which probably reflects dry metamorphic rocks, is distributed underneath the Hidaka metamorphic belt.
The boundary between C-1 and R-1 is spatially consistent to the boundary between the delamination wedge and delaminat
upper-middle crust (Ito, 2000). It supports the proposed collision model based on seismic surveys.

Figure caption: (a) Locations magnetotelluric stations. (b) A vertical cross-section of inverted resistivity model beneath the
line X-X'. Gray lines denote geological boundaries based on seismic surveys (Ito 2000). White circles denote hypocenter be
tween 2000 and 2012 by JMA. (c) Interpretation of the resistivity model.

Keywords: Hidaka collision zone, magnetotellurics, dehydration embrittlement, inalnd earthquake
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Crust composition in the Hidaka Metamorphic Belt estimated from seismic velocity by
laboratory measurements
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JtimE H B R X BINEZES TH D, HFRO FEE 23km A E FZEH LT3 (Komatsu et al., 1983 & Dihis
T, B2 ORI « LA SHERGEEEE (wasaki et al., 2004 IC K D, #2Eil7s PI#EERE RO SN T
W3, BT, KHHFmRIC 1) 2 G O b T D (Fk, 2000; lwasaki et al., 2004 S5} i PED
SHIRICTEH L TV R EANFESE CHENIOEHT 2 C N TED D, FHMEEGHE = W Iz R RS % A4 0
HEBICIISM 2B L TWA. Z T TARMIETIE, HEERH DS A2 AV THMEISEEE 21TV, PESEERIETT
IWEBXUHIER N €757 « OEGAANERIRZTT- 2.

H &2 TR U T2 A 02 W5 iR KT S 1.0GPa fkEifE 400 Clc B W\ Ttk 2 e Uz, Bz X,
0.5GPa 25°CZ&Aff FTofErsa, b—HIVA, ke, AlE, 79 =251 O PIG#EE, 5.88km/s 6.02~6.34km/s
6.34 6.41~7.05km/s 7.41km/sTH%. Fiz, HIE L7z SiO, & & DN h—FILEICBE L TR 5Nz,

WA G OHEED =8, FHMEREE L BE LD EH LUZEE S V=XV AICBNT, b—FIVE & ANE OB
Vi TR S ST & AR SRS SN, RERGHEERE 7T — 2 (lwasaki et al., 2014 Lif19 5. chk
D, HEZRACBT % PREEEETT IV QMBS &, g, NEticLtzhzh, b=
A, AREDNFEMNTH >z, iz, BRI OB LIZAEAD Vp/IVs EE e Vp/Vs ti#E (Matsubara and Obara, 2012
DL & O AR DA S N iz,

RIS, HEERT TR LTS 0OME T — 22 AW, TEINCHT % PEEHEREE TV (Nakanishi et al., 2009
ELER U7z, HEZARAR K O & FUrEi o Ball Lk, Sl ~ MHsRicx L TENZN, b—FIVE, ARED
RN TH o7z, WEBR N E5 57+ (Matsubara and Obara, 2011 513 2 HEZAE & TEIMORIC XL b, EWT
Bl R 1, KO ESERAOMNHEES N, BAZMEEET 5 L fEEEI NS,
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Keywords: elastic wave velocity, Hidaka Metamorphic Belt, acoustic impedance, tonalite, amphibolite
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FGEZEH PMICRPIABRTTDOIXZAL I T R
Geodynamics of subducting slab under Izu collision zone

AN IESD 5 BRI e T 1 AZ !
ISHIKAWA, Masahird* ; TSUBOKAWA, Yumiko! ; HONDA, Satokd

DR E N A BRE 2 R
LYokohama National University

TV EVETL— MNIEMNDTFICHAHIAL. LHL, 70V EVESL— hORBITITHAET/INEE< Y 7 Filh(E
T B0, 70V EVETL— FORFHFARAES BHEELDT 7 b =7 A3 IR > T\ 5. mMEEOERY
520 B A T IR FE S 2 — 77, REBROPEER O FHR L Tl e/ ING IO HE ) E S KRR 2T
mLTWa (FEEzed). JpGU2014DFEER TIE, i O RGHESEER & 5 A OFYIHA G O EME TR OASHE
WD E, PEEEATE FORAT TGS AR UTey, B2 RRRESDED U LD > TE DT, IpGU2015DH#K
TIE, PRE/ZEHE FOY AR AT 27 AT DWVTHD THFT 5.

T4 ) VT L— RIS S B SN RO HBk R O S AT O S 2 B S 5 L THEERH LI
5. PHRILHIEEIC P S 2 PRACE B O P e I e S8R 5153 5 17z PIEGEE & Suyehiro et al. (1996DFEIEIRE D H1F
SN/ NG RO P RGHEREZ T % &, =TIV ED P EGEEZ P/ NG IR O P EGHEEE & [H]
BRETHL, M—FIVENFE/NEEIIHEHERO T EMRGE O TH D EHEEENS. £k, FHREOAIAIEANY
HENRFREZY (A A XV EIL NEH&REE) FEOHT T/ —4 b0 PIRGHEE & o/ NFEINTHE S Nz PIHEE
ZIigd % L, MR EEO BB S A & LTAGIANWEZ, iz, MBSO BRSO & L TANA
A ANWER T T/ —F A FOEIIE N TE . R/ NEEEIORERS AE7 )L & Sato et al. (2005 o flij7<4
DR E 2 K SNSRI S 5 &, PEU/NEEHIO FEHE (ARG IEANWEFEOEIES ) FBAWATT LT
AM TICTRFAAL TS EHEHIE NG, AREK T, FHRILHIOZANNEDILZEH R WV T Theriak-DominoD FHF
BEtE 70 J S LTI A G DR & B/KIEIH O HoO m23t L, FEEZEHE FOVA XA F 2 7 AT % ME
MY 5.

MOV &DiE, AT THICEBT 2 E/KIEY (RIS OLEERE V) X ADOMFRTH 5. ek atEaido
AT T DhHFAFH DL, ABIAIE 3 0 km LARTHUKMNTE T 9 5 EHEE NS, FHRILHTNICB O THUNIED LA
ABATTA (30 kmBUR) TRELTED., AT TORUKKISITHES BUKMaM I X > TRHIHTE 2 X5 Ic—HEA
Z%. LhL, 74V EVEBAT7OMBAEZALTOY Mcii@EdT 2R 0H A R CRLEGRTHZ L TRENS
DT, k7o y MBS 2R EHEEED SHREA TGRS NSI1EE T ¢ U ¥ ViR T 7 OHREAB AT <
B EHINEND. TOKIEATTHRIHFATLTE, ABAOFUKDNTE T3 BH1IC AT 710 RfESRICES % D
T, ThHRAREDS X)) b ZERT BEEECER S, EBICIE, PFEEZEHIEEBICIEZ SS9 2 A TEEIDEE L s
V. AT TR LUSOIEEICHIRAR ZIET B L, AT T HKIGEGINCHETL, RE 5 0—6 0 km LUETAHIAD
HET 2 (zoisiteld R BLE) . —RNEZAT TAHEIZ AT 7 ORBUKKIG « BKMEHELIC X > TR EENTE T
B0, FRRIUHE FTRAEL T AyMIE (3 0 km LR (PRI EESB R LS FTIZ e A EREL TV
WZehn, AT 7 ORUKKEMHEEAER & 1EE Z 5NEWw. FRRILMME FO AT 7N THRAEL TWAH/NMIEEDORE X
AT TWH—Fy NMEEBEBICAZEESITHY T 2D T, ThFHRATHEIN MRS SRS R A — v baf (e -
IAATT=2T4 bFEREEILAHMBE) ITHIERT 2BICHIENRELTEMRT S MY THS. —H,
GH—2 v FEAIHEERBBOBUKD#ET % & FREINZICED MDD S TIEEWL AT T L L ThMAL I RICIE, A
T MEEOEEAT T L L THhEDERTH A T &, WHHEEICA > TWA T EHBELTWS0E LNk

F—TU— K. FEHEEE, TV EBAT T, VAFEAFITA
Keywords: Izu collision zone, Philippine Sea slab, geodynamics
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HEEPBOH S 35 & U LA S DA i OHEE

Estimation of fluid distribution from seismic velocity and electrical resistivity

PN T POk SR
WATANABE, Tohru'* ; MAKIMURA, Miho *

LENREA ARG LA 225

!Graduate School of Science and Engineering, University of Toyama

Geophysical mapping of fluids in the crust is critical for understanding crustal dynamics. Pore-fluids play important roles in
geodynamic processes including seismic activities. Though a lot of studies have suggested the existence of aqueous fluids in t
crust, the fluid distribution has not been quantitatively constrained. Seismic velocity and resistivity should be combined to make
a quantitative inference on fluid distribution. It is impossible to infer the amount of fluid only from seismic velocity. Since the
lithology of a study region is usually unknown, elastic properties of the rock matrix must be assumed. The fluid amount cannot
be inferred only from electrical resistivity, either. The inference of the fluid amount requires the assumption on the fluid resis-
tivity. The fluid amount estimated from resistivity must be identical to that estimated from seismic velocity. The combination of
velocity and resistivity can thus constrain the rock matrix and fluid conductivity.

We propose a new method for estimating the amount of fluid from seismic velocity and resistivity. It utilizes an empirical rela-
tionship between the normalized resistivity and crack density parameter, which was obtained from measurements of elastic way
velocity and electrical conductivity in a brine-saturated granitic rock under confining pressures (Makimura and Watanabe, Poste
session). Resistivity is normalized by the fluid resistivity. If we assume a lithology for the study region, we can estimate the crack
density parameter from observed velocity. Using the empirical relation, we can obtain the normalized resistivity. Comparing the
normalized resistivity with observed resistivity, we can obtain the fluid resistivity. If the fluid resistivity is an unrealistic value,
we must modify the assumed lithology. Both the lithology and fluid resistivity can be constrained through these procedures.

The applicability and limitation of the empirical relation should be studied both experimentally and theoretically. In experi-
mental studies, the relation should be studied in different rock types. A theoretical work on the network of grain boundary cracks
will give us a basis of the relation.

F—U— R MR pEoHeE, LR, ik
Keywords: seismic velocity, resistivity, fluid
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W SRR T D 3 20T PIA A—2 VT
3-D Resistivity imaging of source regions of the Iwaki normal faulting sequences

M R s N T R 2 v A B
UYESHIMA, Makoto'* ; OGAWA, Yasud ; ICHIKI, Masahirc®

VIRGURZAHIEEDILAN, 2 AU LA 78t > 2 —, 3 AL RA LB AT ek
!Earthquake Research Institute, The University of Tok¥dylcanic Fluid Research Center Tokyo Institute of Technology,
3Graduate School of Science, Tohoku University

Following the 2011 Tohoku-Oki earthquake, M9.0, several areas of the inland Japan were activated due to significant chang
of the stress field. Among all, intense swarm-like seismicity associated with shallow normal faulting was induced in Ibaraki and
Fukushima prefectures in the boundary area between Kanto and Tohoku districts, Japan. In order to elucidate a high-resolutic
model of crustal resistivity structure in this region and to get insights on causes of those induced earthquakes, MT surveys wel
performed in Jan. 2012 and from Dec. 2013 to Jan. 2014, by using Phoenix and Metronix Wideband MT instruments.

After estimating impedance tensors and induction vectors with the aid of the BIRRP code (Chave and Thomson, 2004), a 3-I
phase tensor (PT) and induction vector (IV) inversion code was applied to the dataset. In order to investigate the influence of th
initial model on the final structural model, we did several inversion runs with initial resistivity values ranging from 20 to 2000
Ohm-m. All the inversion runs could get respective final models with RMS of around 2. Although some differences in the final
models are detected, overall characteristics and scales (in length and intensity) are similar for all the final models. Generally
induced earthquakes are distributed in the higher electrical resistivity zones. We delineated a separate low-resistivity anoma
directly beneath the hypocenter of the largest earthquake in the sequence (the M7.0 lwaki earthquake), indicating crustal fluic
in this region. Together with previously obtained seismic image (Kato et al., 2013), we hypothesize that strong crust underwen
structural failure due to the infiltration of crustal fluids into the seismogenic zone from deeper levels, or stress accumulation or
the edge of the isolated weak portion, causing the lwaki earthquake.

F—TU—F: 3RITHIRE, Wi EFEFEERRR R, Rk D RiTE
Keywords: 3-D resistivity structure, source region of the Iwaki earthquake, localized crustal fluids
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A E N REE I O 3 Xtk iknd & s il & oY
3D Resistivity Structure around the Epicenter of lwate-Miyagi Nairiku Earthquake and

Crustal Deformations

B (R T NI ERE 2 5 g A shEn L e e 2
SUZUKI, Atsushi* : OGAWA, Yasud ; SAITO, Zenshird ; USHIODA, MasasH

VRO AR R R AR I, 2 B ERANILR ARt > & —
!Department of earth and Planetary Sciences, Tokyo Institute of TechnéMmyganic Fluid Research Center, Tokyo Institute
of Technology

The 2008 Iwate-Miyagi Nairiku Earthquake (M 7.2) was an unusually large earthquake, which occurred near the volcanic
regions. To understand the mechanism of inland earthquakes, it is important to study the structure around the area. Okada et
(2012) observed aftershocks precisely and estimated the seismic velocity structure. linuma et al. (2009) detected coseismic a
aseismic slips with GPS observations. Mishina (2009) and Ichihara et al. (2014) conducted 2-D and 3-D MT surveys respec
tively. However, the MT station distributions of the previous MT surveys were sparse. We carried out denser surveys and showe
more precise resistivity structures around the area. We conducted MT surveys at 66 stations (59 stations from October unt
November in 2012 and 7 stations from October until November in 2014) around the area and estimated 3-D resistivity structure
using inversion code of Siripunvaraporn and Egbert (2009) with full impedance tensor as response functions. The result of ou
final resistivity structures is similar to the one in Ichihara et al. (2014), but is more complex. We found a low resistivity zone
to the northeast of Mt. Kurikoma below 3km depth. This anomaly is connected with a low resistivity zone located under Mt.
Kurikoma below 10km depth. The locations of aseismic and co-seismic slips in linuma et al. (2009) correspond to the locations
of low resistivity and high resistivity zones in our model respectively. This may represent that low resistivity zones are brittle
and high resistivity zones are ductile.

F—U— R AT EBMAREEE, TG, < 72 b7V 7 X, Bk, 2, RIZED)

Keywords: Ilwate-Miyagi Nairiku Earthquake, resistivity structure, magnetotellurics, fluid, deformation, post seismic deforma-
tion
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2008 =T 5 B PN P EE O FE IR I 351 2 SR RO 2R IE & Wt i 25 )

Seismic velocity structure and fault rupture behawor in the source region of the 2008
Iwate-Miyagi nairiku earthquake

T A8 b ARK ¥R T RS (S ARER 2
AOYAGI, Yasuhlrd* : KIMURA Haruo! ; ABE, Shintard

A, 2 PERRIE
ICRIEPI,?AIST

BRI G L s L B ARSI vl 72 72 9 P TR O R AL TH O, B & Wl H 5 & DBEFUCIZENZ
NEEILERDEMEENZEH 5N, LML, —EBOXIICHZIZMBERTE, G TNEEZEm2RNH D, HERD
WHEX R LI LISHIRR SN 5. A, Wi IR D HrEEEIC & 5 el 2 80E U, Py N EEghinc &
DHIEER M TS T 7 1 i 5, dfEEE & BT HEOBHERG & OBIRZMET L TE /2 (FHW - AR, 2014JpGY
FHONZD, 2014ME 22, AFRTIE, FRTETFEWMANREEORIFSICEH UT, HEE & WiiEsE) & ORGRZ
YD, s, BUlE OB DOWTIE, FEH2D0FHAECSHEE WV,

<FERIE L O A >

IR D OMIFEFR LI 1) 2 MEREE ORI, TSN LOTEERD &M THEET 2 VT I8 (SR, R
H, WAV To72E) OIS LT, WERK Vp/Vs L ED5NE T & THB, T 5 LIFiHHIE, Nakajima
and Hasegawd2003 M9 TICHE L THD, HHIEEUKE EKESICEATEE THA L ZHEL TWVD, —/, Z
OALFBIOFEKICIZ, & Vp/Vs TGRS 5N, i DOERIZ WNW-ESEHTH D, RS S FE L D%
kmdbfilZz@E U, SF « HIMRERICGET 5. NK D ILEMlOE Vp/Vs O TlaME—, 857 LD 5IkdkRIC
- TR VpIVS TEIDMEE L TH D, RER T O Vp/Vs FEIIC L TRELTW5, DK Vp/Vs fEE O HTRH
&, b BRI PESIE RE S O RIS RIS T B & VpIVs SEIEICE LT 0, BRI, T ORI & 5
LTW3,

<HWEFEE O >

HIEFAE O E M 2 5SS 5728, 4 OEBJFNBE TCOMBIEEO L A N 75 LEFHNTE (N=110D, #h

EFA OO ERIR 10%3 D% R < RO &, Vp Y 5.8~6.15km/s Vs A 3.45~3.7km/s Vp/Vs LbhY 1.64
~1.701C510 9 %, HIEREEIZ VDD B Vp~6km/sfEICHIGE L THD, KHT VpIVs FEAY 1.73 & 0 B BEZIC/hE W T
EWETH B, EFE FCHEE NI SM%E (Christensen,1996 & [Liligd % &, C OHisfIcB1r 2 x4 =L, {6
W BN DR E N TV B ATHEMED B,

<MhWEFERE D>
BRI OMERE ORI D AiZHEMNCT 372012, [HLDEROFEE DL AT T LN, i 5%EERV
HEED LR Wbz D5) 1 2.9km I 5%EFRWLIZEEE O FIE (D95) 1 9.0kmTH %, TODfHIX, [HUHHTHS
mtﬁﬁﬂﬂﬁa—;@ SR DOEE 704 (D5 A 3.3km D95AY 11.7km) & LEE LT, FRC FIROHEE ML B> T %, &5
3 U 7= BEEm b T OREEEE SR ORI O AICIREST % &, D5AY2.8km DISH 7.8kmTH Y, FHEIE K b BEEICE
< tcéo T DX S HERBOERITI S HERAE O FIREEEOZLIZHHIZA (2009 HIMELTED, HEPET
75 EOKUNT KIS Ul iR fa s it FiRERICE S B 7200, Mtk —iEMEAMEL K-> TV B ERIREN TV 3

<HEEZAL & Wi i) >

AR U7z WNW-ESE VS R OFEZ /Rl R T, RESMOHEI 2T TEL, KEGMICEEAT Y I 2EENR
HHENB, fFEIED, (2010 X, TOEREZHILHGICH S ONRENS WNW-ESERDOKIEDTD EDTH B LI L
Tzo TORYNOWIEE, HARWRIL KO KRFEHE O OafEEE)IC > TR E NIz EZRINS Nl E S HEE SN TED,
HELDO5 75 EIC 10~20km DT N RSO 5N TS, Fiz, HWNEH (2012 11X, Bz rE w2 %
KGHEHEEE OFER, COMBEICHENR2EHEZRD TS, TN& oIt Tz SR Skm f2 8 F Tl 5
ARV IDFEBLUTHSD, BEHITEHT 2km DRI G A XY RN e A ERSNEW, HEREBOREZE(LIE,
COREN L K<L T WS, LIeMo> T, FITZMEHIDOREGEEESENEET SN SV, 7272
L, HEBEOMEL C OEESR cEIEENT, ZOrICAN STz, FOREKIE, FEILOHEAIET NI L 724s
R, HERATE (K Vp/Vs EIE) DRI S TV SR EMIRE NS, —5T, EREOILET, & Vp/Vs fEi
WKL TV, TOBEEREIZERATD ST E THFHMICERH 5N, R1EH NNW-SSEEH D FE RS Nl
JE7Z ATV B aREEDE (EINE A, 2014, HUERFOBHEN LG T U7z m RN, M4 (K Vp/Vs i)
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Keywords: lwate-Miyagi Nairiku earthquake, seismic velocity structure, seismogenic layer, fault rupture behavior
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MW E DA S) & 201 E R L E
Crustal deformation around the Kamishiro fault and its implications for the 2014 North-

ern Nagano earthquake

B R SFR M VIR s 2 SOk EE] 3 KRk 3
SAGIYA, Takesht* ; TERATANI, Naokd" ; NISHIMURA, Takuy& ; YARAI, Hiroshi? ; SUITO, Hisashi

VAR, 2 R, B [ I
I'Nagoya University?Kyoto University,>Geospatial Information Authority of Japan

The ltoigawa-Shizuoka Tectonic Line (ISTL) is a major geologic boundary intersecting the Japanese mainland into the north-
eastern and the southwestern parts. It is also an active fault system that is supposed to have a high seismic potential. We he
conducted dense GPS observation and identified a highly localized E-W contraction

around the Kamishiro fault at the northern ISTL. Kinematic modeling of this deformation pattern suggests that the fault is
dipping to the east and accommodating the E-W contraction by aseismic faulting below the depth of 2-4 km.

On November 22, 2014, a Mw 6.3 earthquake occurred at the Kamishiro fault. The hypocenter is located at a depth of 5 kn
and surface rupture appeared for about 9 km along the fault trace. Considering the pre-seismic deformation pattern and aseisn
fault slip at depth, this earthquake is considered to rupture the remaining shallow locked part. Thus no further large earthquak
is not anticipated in this area in the near future although much larger event is expected to occur along the whole ISTL.

This earthquake caused a heavy damage on a small neighborhood called Horinouchi. It should be noted that the same neig
borhood had experienced a severe damage by another earthquake in 1714. Considering that the locked portion is limited to tl
shallowest 5 km and strain rate around this area is very large, it is possible that the same fault segment was reactivated in 3(
years, which is an unusually short recurrence interval as a intra-plate active fault. This example demonstrates an importance
dense as well as precise geodetic observation for seismic hazard evaluation and understanding the crustal seismogenesis.

F—TU— F: e, 20144E REFIRALETHIE, GPS M2 )
Keywords: Kamishiro Fault, 2014 Northern Nagano Earthquake, GPS, crustal deformation
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20144E EBFIRALES O HiEE D 6 HE 7 K7 e

Urgent seismic observation for the 2014 Northern-Nagano Prefecture Earthquake an
complex fault system

W E— T R JeE] L VR R AR SR RS TR 2 AR IR 3 i A3

e FH T 4

SAKAI, Shin'ichi'* ; KURASHIMO, Eiji' ; OBARA, Kazushigé ; IWASAKI, Takaya ; TAKAHASHI, Hiroaki? ;
MATSUMOTO, Satoshi ; KAMIZONO, Megumi® ; OKADA, Tomomi*

VORISR, 2 AbiEE KA B A B B A ISR BRI > &2 —, 3 JUNRZERZE BB R R S R A e g, 4
FAERZER AR AT R B RS - TR Ze Bt & > 2 —

IEarthquake Research Institute, the University of ToRylastitute of Seismology and Volcanology, Graduate School of Science,
Hokkaido University? Institute of Seismology and Volcanology, Faculty of Sciences, Kyushu UnivetBigsearch Center for
Prediction of Earthquakes and Volcanic Eruptions, Tohoku University

20144 11 A 22 H 22 8 pti, EWERILHZERETH< 7= %J—b67(mw2)®%gﬁﬁibto$ 2R
% REBEHOILMNDICIG U T, JUNKYE, JUEERYE, ALK & SRR S 2 7% —i#%E T L A—=Z{E LT,
ﬁﬁu\n&%fﬁﬂ%ﬁﬁfw%ouﬁ@@tﬁ754yﬁﬂﬁ®e%%EWL\%ﬂ@%b%—&ﬁﬂﬁ&&%ﬂ
BIFRREZITo 1z, BIRNEICHWISEEMIEIX, COMETIrbN iz N THIEEREE DR 2 ic Ule—RotE S
THb, FAERTIZ. COMBERED 4HFO 11 H 18 H 18KEMN 5, M3 RS A R AHIE & 9 2 /N R HETLE)
WHoTtz8, 11A 20 A SEFEKOE LI 7 514 VR ZRE L TWz, Ttz AW TN ZiTo 2729,
AEOWIERMR SRR L T ERENNZERE THEZ TN TE, TORE, AEOMER. [T —tLERIC
EEXTHY 2.5kmRIC SN Tz ARFEAOERIE. SAGHEEMNOm FICAD ., ThAREOMENEEEZ 5N%, L
ML, RERX. CTOmELINCETHLTOVT, SREICDMET 2 EDORERNCEZEDEH D EHEEWIEEZ K L T
W5, REOFEEMMRL. JLE— ST E iz & - 720k E & E 2 5N H., MEREE I, HEilik—Kom
LIEIWVWAEWES TH B,

F—U—F: 20144 R ILERO MR, HERF BN, 2257040, $OHEx W m

Keywords: 2014 Northern-Nagano Prefecture earthquake, urgent aftershock observation, precise aftershock distribution, mult
fault system
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2014F 11 A 22 HEF IR OHE (Mj6.7) BFIEOMSRRET LA B X 54
AL & MRS .

Aftershock distribution and crustal structure in and around the source area of the 201-
northern Nagano Pref. earthquake

[ N I KIS ST R =1 = 1 AR (P2 o = el NV Sy A ST TR S LA i - e Ay
KURASHIMO, Eiji'* ; HIRATA, Naoshi ; IWASAKI, Takaya' ; SAKAI, Shin’ichi! ; OBARA, Kazushigé ;
ISHIYAMA, Tatsuya ; SATO, Hirosht

LR
L'ERI, Univ. Tokyo

20144 11 H 22 H 2285 8 0, EFFRILROEI K SkmZERE T AT =ZF 12— K 6.7 (M 53,46.7) DOHIFENFE
AUtz TOHEOREROENCIE, R —FFFERO T TH 2 MWiE o JLBHAME LT b, HE TS
NTVSIENTE L DBRZHLOMCT 5T &iF, EWEOEEHRMEZITOICHz> TEETHS. £z, SHERRE
SRR O NI EMEE, MERANRLZE Z 2 BICRERTIRIZERTHS. T T, ITTHERE L RE
SZHLMCT 2 HINT, REEZ GO HEBIC R ERI 2K 1km BT 163 ATICERE L, I AEE s
AT I (GSX-3Y AT L) ZHWTRIERETY LA BN Z R ML Tz, Fiz, HERWEAHEICE, 10-20miRT R I v 7
WEOBRIDTZDIC 64 OB ZF%E Uz, BlE,20144E 12 A 3HD 5 2014F 12 H 21 HE TEM L, SEHIS
Tld, FEHEREE 4.5 HzOMEFHI K > T EREINRU/KEEIO 3Bz T 7. Y27V VTR 250 HZ2 T
Tl fz. KBT—IULERY A M Kb &, RESZZOMIDNSME (#E 355 -37.1° N: &% 136.7 -139.0
E) Tl 977fHDHIEOEBFRIMIE SN TS, ThSHIEBOBRRFLNCHES T, ABHHI Tk LD S HIFEEAD
T—REEEI LT, T 0%, HRFETHSOIIE T — 2 E ARBHERLD 40 5OT L A—2BHS RN TV S
BT —2 & OMEIEERIToTz. CTOEIIC U TR UIHIEBRIE T — 205, BRNA TR IIEIHICHMTEED
I 1007\ it L, P - SIOTFEMRAEZTITo /2. BESNERT—2ZHWVT NEST T 7 ¢ —f##r (Thurber
and Eberhart-Phillips,19997%2 % /iti L, 3 Xyt# G & REN M2 KD, VBT T T 4 — T OYIE T IV,
BEITEE (Kissling etal., 1999 %AW TR 1 XGERERMIEE T VR Lz, B5NTRESHHSIE, ABOD
B THRIERORBAMNMER TES. £z, MHKKTEZRY)2 P IRGEEREE O RPESRE W D 5, FliE O
GRERIE R SRIER O E MR T E 5.

WL PRV ST 4 — 2B TR H T o TR, HERFOWET — XA, KT, FisRPARAfmse,
WRZOT—22RALE Uz, BIERY A MEBICIE, KT ESGRRAEAD I L TT — 2 2B L 7fER (BT
— T LUERY A ) ZHEHIETHEE L., IRl UTEEHOEZER LET.

S — B B AR MRE RN, MR B 25 7 ¢ —, IR, A
Keywords: dense seismic array observation, seismic tomography, Kamishiro fault, aftershock distribution
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LLIBZ 09" AEEHIHTIC 3515 5 FHE GNSSEINIHE DA
Construction of a dense GNSS array in the San-in shear zone

UAS st S T S A ORISR !
NISHIMURA, Takuya* ; HOSO, Yoshinobti; MIURA, Tsutomu ; YONEDA, Itaru' ; KOIKE, Toshiki'

L RUHR AR ST ST

! Disaster Prevention Research Institute, Kyoto University

X Colc

[ - Hi PR 0D GNSSHEHIGERAIE (GEONET)D T — X fifthirh 5,  1LFZH /7 D BRI S 5 FEURIC D) T HEE 75 i
ZghtEtis, (LUF, (WO RERH) MMEELTWA T ENHLMT A>T (FUk, 2014, AL IZILEO T HEHH
DOFFHRET ZIHE ML, OTHRERDANZALZEHT S &2 HNE LT, 20144 8~12 AICILBED T A4
R RERTS 2 K 51, 13EFTOHTH] GNSSEIM Mz U, Bl ZzZiaes Uiz, AGEE T, BEHE GNSSEIHEA
SIS MR 5 T2 LR 0§ BEEHTR K U2 O JE O MR ZSH) & FIC 3iE U 7B OIS DWW Tl E T 5.

IS T HERF DN L BT

2005-2009 12 1) B 1 LB /5 K U Z D JE D GEONETEMFURE S MHIC I, UTOX S R 56N5. OK
TPREITCEEZIC R END T 2 U ¥ VilET L— b OIRASAFMT LS JLPE /5 o HrRzs s iR, W EkyT OME i
WAIE L, REIHTRZORENZ AL R NERV. DRFEEIGRZEMEL 32 L, BEIR & BRSO HAMEN
T, HAZISH AmMmAEDOZIN R 5N H, WNIESTIIZHMNNE V. COEHNRZT B H 2 IR0 AEH
HEPER., GNSST—Zh SR 5 N EN A & T HREESHH S, LR T HERGIIARTT IUER) 2R3 8 AW
HHHAHEBAWICEE 200kmiL FICHE > THikiT 2 XS ICRZ %D, BAMHEOEIE—T Tldiw. BISGEE ORI
K537 O g HEEHIRICEAS S AWiHIC i T % &, BEUREERTIEEED &5 GEONETHEIMIA (71 20km) DR THI 4mm/
FEOMEDENNH O BB O RE PN, BEURIET ) 5 RS T, [ CEEHE % 50~70kmiEEDIE T
ENEOoTVWBEEDICHZS.

2 L OFATIIFEAVRT K 91, 1LREHT OMyINIEE M RIS HARIRICIR > THIEOIRRAHNRH 5N 5D, LED
FARERHI COMERFICHIGLTWS. 2L, MNEOEDHIEBEURD S BARERIZ I Tk, I5IImY
DOIMRETHEHE L TWAH, BRESLIE TR R IRETIZ R o nxwn. £z, MMIEOEBRS I, O
T HEPITOHIEROER (ZIFHE) & I3RS 2 Itit-mrm s A ORSE RSN, BEIREHRIEIEZZDO XS
TR T A MEIREN TR LT EMThOMETH BH, TOX S KM/NIEORYIZSAE LTIEGEThoRA
WrREBIC A U B ) —F LR AW R2 THIATZ 2 0[HEMENH 5. &, TNLHORLT ZHERFNRSNZIGHRT
X, O3 HERFHOEBILWEIDD 5.

GNSSERBIHDEHHRE GNSST—RUNE « BBV AT s

(B0 § AEEHHT OHIFRE B OFEM R/ S 2 — U 2 S HIC T B T2DICiE, BIfED GEONET DR sS4 (20~25km)
TEA T THS. 2T, BRZOTHENFZEY) 2 3R (SHTihE, SEEEE D) & MILRERET, K
1) 12BN, 13OERZHE Lz, BB, SEURESTO 3 5T 20144 8 H, Zh LD 10 5513 2014
F12HTH%. GNSSZEHIE Trimble 5700% V>, W7 — &2 14— (=3 « HIllT, 2014) & 7— X S HEIE SIM 71—
Ric XD, Compact RINEXEXRD 1 oY > 7V 75— 2 IR KRR ST HIRE S N TWa. HEEEOR
HICIE, GNSSHEHHENTY 7 7 27 GIPSY6.2% iV, Bl N1 77 AHEE FE & HMINLYE (PPP-AR)NC X D, JEAD
GEONET#IHI & & BT 2 AMEN T HEEEOHEEM R Z1G5 &N TE . MFRZH DT MV ERERINZ,
web (http://www1.rcep.dpri.kyoto-u.ac.jp/ nishimura/monitoring.mmit TR TH 5. BIHIBHED S 1 7 ALLEDRGE
U7e/, #ia s HFEAMEO BB A0 GEONETEIM A & FfEE & BEFTH D, BRI PREIRIDEY TH %
C DR T E Tz, BINIFALGA B E I T OHGREAEN DS 2 — > 72 ikamd 5 C LIETEEWD, 8 HICEkE U7 Bl
MCTEMBENRIZEXIICERAZTEMD, T—XOEBEMICK O FHIHREAESNHLOMNMCIRZ T LM TES.

BHRNORBICHIEY, BIHARRAER, A0HAARAR, BENTARLZAR, MiliIAERZAR, HERY,
HElT %%, HETBAEEAERICTHITHE I L. ERlOBMBNCE#HV L X T

F—T— R: OF HENPHT, GNSS HIFRZEH), (L&, AREE
Keywords: strain concentration zone, GNSS, Crustal deformation, San-in district, inland earthquake
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Strong spatial variations of stress within the Philippines produced by slip heterogeneity
along the Philippine fault

HHEHE» SU—FK vy ot EwL -1
YOSHIDA, Keisuké* ;: PULIDO, Nelsor ; FUKUYAMA, Eiichi!

b B SR AR SR

INational Research Institute for Earth Science and Disaster Prevention

A detailed knowledge of the stress state of crust is a key factor to understand earthquake occurrence. Previous studies show
that the stress patterns are primarily controlled by the plate boundary forces [e.g. Zoback et al., 1989]. However, it has also b
pointed out that observed complicated stress field is affected by other factors. To address this point it is important to investigat
the stress state of various tectonic regions around the world.

The Philippines is located in a region of high crustal seismicity, bounded to the east and west by oblique subduction zones
In the last few years, seismic and volcanic observation network have substantially improved in the Philippines in particular
during the SATREPS cooperative projéctEnhancement of Earthquake and Volcano Monitoring and Effective Utilization of
Disaster Mitigation Information in the Philippinés between PHIVOLCS and NIED. Using waveform from regional broadband
seismic stations, moment tensor solutions are routinely determined at NIED. In this study, we investigated the stress states in tf
Philippine archipelago by using those moment tensor solutions.

As a first step, we classified focal mechanisms into three groups: 1) events within the overriding plate, 2) those along the
interplate, and 3) those within the subducting plate. Then we applied the stress tensor inversion method developed by Micha
(1987) to focal mechanisms within the overriding plate. The estimateaxis is oriented to WNW-ESE, which is parallel to the
slip vectors of the interplate events.

In order to investigate the spatial distribution of stress across the archipelago, we performed additional stress tensor inversiol
by dividing the entire region in sub-regions eastern and western of a stripe containing the NNE-SSW striking Philippine fault,
which is a 1200km long strike-slip fault cutting through the islands. Additionally the region was subdivided along the strike
of the fault. In the central and eastern sub-regierisaxis are parallel to the orientations of relative plate motions. On the
other hand, in the western region, orientationg bfaxis are significantly different from those of the relative plate motions. In
particular, the orientations ofl-axis in southern part (Bohol) are substantially different from those of the relative plate motions.
Also, the orientations of 1-axis in northern part (Mindoro) are different from those in the entire Philippines.

The o1-axes andr3-axes in Bohol and Mindoro are opposite. Thk-axis in Bohol andr3-axis in Mindoro are almost
parallel to the strike of the Philippines fault, which is consistent with the stress produced by left-lateral slip on the central
part of the Philippines fault. This range corresponds to the Masbate fault characterized by a larger number of moderate-size
earthquakes, while the northern and southern extensions correspond to the segments which have generated several histor
earthquakes [Bessana & Ando, 2005]. Our study suggests that more strain is released along the Masbate fault by moderate-siz
events, while the northern and southern extensions are accumulating more strain which may be released as large earthquake:
the future. From the calculated stresses produced by the Philippines fault, based on dislocations in an elastic half-space moc
[Okada, 1992], as well as assuming a interplate coupling, we successfully reproduced the spatial features of stress orientation:

We also propose that a model considering the bending deformation of the overriding plate is also able to roughly explain the
observedr1-axes, based on a 2D finite element modeling, although it does not explain the strike-slip stress regime. By taking
account of oblique subduction effects, we may reproduce the observations in more detail. However, we prefer the strike-slip ol
the Philippines fault as the cause of stress variation, because this simple model alone can sufficiently explain all the observation

F—T—=R: T4V, ANZALRNENT VWA N=D 3 Y JSHETY VT
Keywords: the Philippines, focal mechanisms, stress tensor inversions, stress modeling
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SERTRER IR B HERE L7 N NBED IS 15 (2)

Spatial heterogeneities of deviatoric stress in Kyushu, Japan, inferred from the foca
mechanism (2)

N 'ﬁ%ﬁ&ﬁq Bl ER L WK R A S B2 hon B I E 2

I~ #5e

MATSUMOTO, Satoshi* ; OHKURA, Takahir@ ; MIYAZAKI, Masahiro® ; SHIMIZU, Hiroshi' ; ABE, Yuki?® ;
INOUE, Hiroyuki ; NAKAMOTO, Manamit ; YOSHIKAWA, Shln2 YAMASHITA, Yusuke?

VIR IER L > 2 —, 2 BERRAANIIIGE 2 > 2 —, 3 BRI 2T
Hnstitute of Seismology and Volcanology, Kyushu UnfAso Volcanological Laboratory , Kyoto UnivEarthquake Research
Institute, Univ. of Tokyo

JUNAIRE TR — B FEHIEIC W) THUNIEETEEI D IER ISR TH S — /7. 1EWIE TH % HEZAWEHIS 20054
RIS HE (M7) BRI B O TROVH-IETEEIE 2R L TW05. AR TIEER X CREMEHEE O EN L
I B, MERRNZEN L CTF—2 205 Lz, TOT—XZ 7% MBI O NKRE « 5T O I —F VB - i
REBLHI, B SERFARANZERT Hi-net, KBTIC K 5T — X & L Iz T- T2

fEAT U 7= tiE 13 19934 1 A 5 20134E 7 H £ TOHFEE 20km LIRS HA: LTz HiEE % v, ZiFIE Saiga et al . (2010)
IZ X% 3t ERGEZ OV CEFROBIREZIT> Tz, MR ETREIC UV TUE Hori et al. (2006)C X % #idi &
Wiz, FEEMMR T Ptz HNTIREL, D55, FEORWV ILT7HZEAT.

ISTIEH I N B DO FEERMER 7 & BTN T VIV, 3= 3 VU RTo THEE LTz, #1E - BRI HIC 0.15 O
TV REFEL, 7V RNDIShE—kE Lz, ﬁ%htﬁ%uhMWTuAL®%&&bf s NFEREMES T (o
3) WZELTED, RABIOPMTEMISIIEL TOSRMAE RS, ZER0MmIE, SUNNEKE L 3D
LR R > T 5, ﬁ%mm.wﬁ%ﬁLﬁLEL#%Aﬁ@kﬁﬁéﬁh%mkiofE FENTV B, TOHR
Wi/ NEERES DD —F ISR > T b, S I8 AWHLHEOIERTEICN LT o 3MIEIFEEICZ> T
%, TNSIFEAWHEOIEREORAWISHDBEREN TS T EZRLTWVS, FERIZN D B I ot
JSLTHED, (ZIFFEILD o 3 EEWEDZWVIE—HiffEE (o 1 =02) ORIGEZRLTVS, TNHERIFLERY
SICBIT 2 HEDIIR & ARG TH 5. JLERIdHER X 0 LK TH O . HUItItH—m bR/ 1515 -
T3, T OHETIFH-IETEWEIN LTS 185N AWNG ) 7258 < i 2 1M Z A > T b,

PLED X ST UMNEKE L 3 DO ISSIGORD DT S, TSRS & &HICBIfR L TV 2 nfaElE 7z
RBLTWV3,

F—T— R eI, JUN, FEERRS

Keywords: stress field, Kyushu, focal mechanism
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Tt
Development of fault activity in Japan estimated from the response of the faults to the

tectonic stress field

I AREE b ORPE A 2
MIYAKAWA, Ayumu 1* ; OTSUBO, Makotd

L HESERANER GO MUELIEERIFZEERRY, 2 PR RN AR IS TEMTE - A LIrZEERI
Hnstitute of Geology and Geoinformation (IGG), Geological Survey of Japan, Al$dtjonal Institute of Advanced Industrial
Science and Technology (AIST), Institute of Earthquake and

HAS S, FHCHILHFICBWTEED X 5 RIc s CEFETHE Z#SL7Iz0D1E, 3.5MatiEEZ 5N T35 (Sato
etal., 1994. —A T, HAYIEICHENT, IMa kb SRIcBRIEOIEBIRER CIEBiZ G U TSMEN L T AT &
MHIBENTWS GERIZD, 2012. INSOWFHERIE, HAVIENSD ZICTIFCBINTH S, FORIIFBITIEEL
T Wi IEEI D HIAT % DIC, M Ma OFFEIFEDINETH 2 T B R"ET 5. Z T THRAEZ, TOX S RHERISIITH
T BHWIEHINET ST, WEEEIGORPUER E UTHRETT 5. ARETIE, HASEICET 2 BEOHRIS 155
WX LT, HGRNOWE O SIS E 23RS, WiE R EEFEDZEMZ b & AR « JIHZR 285G O BRI DWW T
E T ERAY

HASEZIC B 2 HRIGTTIE, F-netic & 2B A - = XLISH U TSIt 2 fr o He Uiz, iz, 1GkiE & g
Wikg GEBIE & GRE SN TV WHIE IR WE) 12DV, HIFRIS IS d 2 Wil o)sZ5 % slip tendency(Morris et
al., 1996 ZHWCEIR L7z, ZORSE, BT IC BN TEHGRIS I U THEEIED S OREOZ & A LD, I
I U THEREEL TSI LT, HER « Srst 5 CldHEgn i UTiREiED & < TEIEWIEL L Tzl
JEWEE LTz, T &id, HALHS TIRBIEEEIE & UTHRER L, Wb « sty Tldygio /1 03 2 Wik o in g
MHMTETLTES T, WEEISE UCRKEVRIREEICE S C L 2R T 5. CDXS K, Uty & s - rsg
HFIC BT B Wi EES & U TORMEAEDEWIE, BT TS E N 2 B AR 70 bl - Jm a5 TEIIE sl
HIZ2I B DR L BB TH 5. FRSHWEIC DOV TESRIEN (2012)E, HEfiod % < ol EhE ki E I DWW TH
FEDHEINC Iz > 72DH, HILHADZNIDEN 1 MallFThs T L RERL TV 5. Thbb, B TlRWiE
THEIRMEH & U TH B AR RIS S N5 1 EHFRETE N EIT L TA 2 e b, WiEEEE & L TOREENENE D
EEZBNS. TNUCKH LT, BUERIAINCRENDET LTV A HE - Sriis T, WiEE#iEs & U TORGE
MENEDEEZENS.

Sato, H. The relationship between late Cenozoic tectonic events and stress field and basin development in northeast Jag
Journal of Geophysical Research, 1994, 99, 22261-22274

TESRT;, BRI —; ZLE—. BAYSIC I 2 TEWTE OTEEIBH bR B O 22 BIAVRE. 1EIE s, 2012, 37: 1-15.

Morris, A.; Ferrill, D. & Henderson, D. Slip-tendency analysis and fault reactivation Geology, 1996, 24, 275-278

F—U— R WiEES), 09 A, Hgis )

Keywords: crustal deformation processes, tectonic zone, fault acitivity
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Evolution of fault zone architecture during the exhumation of the Median Tectonic Line
in SW Japan

AR RO B ES 2 RBH T2 2 B Enh 2 SRR UR AR AR 3
SHIGEMATSU, Norid* ; KAMETAKA, Masao? ; INADA, Noriyuki? ; MIYAWAKI, Masahiro? ; TOGO, Tetsuhiré ;
FUJIMOTO, Koichirc*

U PEZERANIAE TGN - ALBFZEERM, 2 RSt A A v a v PV 2 2 b 3 B RE
Hnstitute of Earthquake and Volcano Geology, Al8Dja Consultants Co. Ltd?Tokyo Gakugei University

HARDRE FIC BV TRAOWETH % HREIE, EVERZESL, EMNEED S Mt E ToR% % %M TF
R UTEWIEED AT 5. o T, Z OMHTIZYFIZMDOENIC X 2 ZREAWE ORI OFIRICDAEMN S T ARG E
N5. AT =FEMRTAR ST SEE A 5 H 5 ST TOMBEITIC BDH - 72 FBHEIC 35U T E P ERSE TR o
S DWTHRET LTz,

SEHY - 5 (FEE T, BEASH 35 miZ EOREIC, ARG AICK 80 mich iz b oG EEH LT\ 5. gk
JERRO R (AR I =3 2R, AL CEARR) IS AR ERH Y OHERE S, RUBESAEOMT N —F Va0 L
TW5. ABIZECIEHPER 10 m O &7 15 m OFEIPHIC DOV TEImEE 21T\, iz 1o 7.

RO CIIAURE RN Y OHERE S & =% 112 RS DA TH 2 s IR Em cItER th 5. =
W2 E P RRSERD D 20 mIE EICh Tz DA BRI 28> TH D, TOWNEICIZARIT NAE RS IENFME
EMFEL TV, BIEATICHEWV T, SR B X CZ O MR m OB b ERN cIHEM OslmA R 5N 5.
THOFMEZZ OB THO TIXRDEEE> TS EEZSNS. FRIERUE T ST 3R R B R Y O HERS
AT, THIOBIKILAFIERERAT Y OHERTS & = AR A OEHER L 7> T 5.

FIAROEO FBRENCIE, JENFMESERLEDEZICHE L THB Y AT NERT. TOART NIERTME S mfEE
X, FIXROMEICEDYIENS. FIXRDEANTIE, BEEHIRAY Y, RaAY Y, BaliEsivrenhnsg.
DS BIKEH T VIE, BEEKCTDZ D EITXOEHOHFLERICHEEINCOM L, & SICMOEER & I ERN R
ERHEOC LD OWEH AR T A2REFTLVEGEEZREZZ 5ND. BOBIRA Y D3F 0 Fc, BEOMEEET Y
DIE RIS 5.

GRS NIEFME A TS & BE IR Y Y L OBRICHRNS RS D IEWR 82 R § SNBSS N5, BEfk
KA T NI A IS L— 7 AZ R OSRMMRE I NS (B ARHH). IR T NI ER T O 1E W E 2R
TEMDBIREINS. &P, H0MIC LickhEZzY) 2 Wil g MO SR 2 R DS MR I NS, 7272 L T ORGEIRS
U S PSSR OWTE & AN AREEDENO TV S DT Tk,

Moz ehn, ZEEMRGAFEINICID 2EFER, AT N—A8TUERE—mE51mc L— 27 &2 ROwE
EI—ERTOIENEOIET TRE LIz e ZEZ 5N5. AT HOMEDRILWEIFHTOZRIE THSDICH L, ok
EDEWEIPICZTENMERS 2 C Lld, ZIEOYFSEOENE KL TWAAEEENH 5. F-SREIOFHIL, hyks
ERRORHEFSEICE T 282 < OO E T WV S DI TlEEy. TNSIIDWT, SEOBFINETHS.

F—T— R WiENERGES, W=D 2, WESRRR, (ERTE
Keywords: fault zone architecture, fault gouge, fault striation, Normal Fault
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How do fault zones develop?: Findings from the observation of natural fault rocks

IR e g R
TAKESHITA, Toru'* ; KANEKO, Yumi! ; ARAI, Shurt

L bifgE K
'Hokkaido University

HIERIZ A OBHEIC K> THEUZM, ARERIMEII RO L Z THilLE 2 biFTidal, WiEicnoTiREs 2 eN
MENTWS, Lich> T, MESBOMEZE Z 2K, KEfaosE - L3 EELMIRT —< &R 5D, B
& ZOMBIC DOV T TR ERENMEENTOERVODFETH S, BIZE, WiEIESREWD 5 WVIEHRHRTIC K > TR
WENDH, —EBOHEEF IWIEIZIHE TH DT, HERHOZNIEZ 72T HEP LR U THEFEH OIRIZILR L T
WHENWEZEA TS, UL, —/ THFHTOMRIGZN R E L BITHML T T EMHISNT WS, i, Schrank
et al. (2008)IBIWiiT I3 Ip], 1> 27 MRS HZO DX S Sl e LTHAEL, MEIRICEE L Tr> T, &
BICIEH B AR OB I R N 70 © 3T & 72> ¢, BIWrR OARE (IF) MWD S 201 (D & & eicimL
T WS ETF)IVERLT, Takeshita and El-Fakharani (2013), = JJ11ZpCE R FEL~uc FR$ 2, fatk—
IEVRERE DA TR E NI LB Z SN A ATICHRIET 2R A — IV OWIEIC DWW T, Schrank et al. (2008)°
AU E D L Hish THILT 28I O EEREZIA S M Uiz, TOWMKIC K% AR SOOIk X, Ry4
JEOB RS Z > TIERE N, [FIRHCHUNSTRITICID © TR A U TRIERAD b IEZRMIRT 3728, 270y
F— X —DOMHIR A5 & AERD SR E N5 ZHEADIER N E UTEIRE NS, REORGHE & & Il
WEHERICHE L T IEN 0 D, BINEROIEDRSE Y A ADEINT %, C OV O 1E, FEREEYI OREA
D TUNECDTIENTER IR TSI TEIEPEI T L TWVWE EEZ BN, TORDF|IEHIEFICE N TIE, MH
IRETWIHTIC P E NI REE DO L > AR NS IR U, 2 SICM/NEWHE R E N, FARZEE 0 E NS
T &S K DBy OARFEN I L, MU R LT <o AR A7 — VOBl OV T Th iz
n, BZHBWEAT —I)VEXCHIK AT —)U T & [ARRIZEFE THIWT & 5 WIFIHE D RE L TIT E B A BN 5,
P EOHIE 2 DH > T, 1 DHIFRMEINCHFEE D EIRICIERENTOL S EDNEETH 5, #MEIROMRE
&, I CHIEPEDBIRME AT —)VOBIEIC OV TR L TV HELABL T2 EN 0, KA —))
TlEE T AV MevalfEhcnicdhizs, SN, “HEIRPIFEER THZICR DD o IR Y 3 7R & 4
AOLEFERE G2 RAZ—RETHIET 5 GitiEh, AEEGKD) . &9 1D, BEEKITH S FRIKDIRE & ik Z T
LIS O AN B X CENTBIUROEEETH S, TOMBEEMEMEL T, W OFEE N UIEBEHE K
LEELT—XTHD, FE, &FED (KEGKE) OFRKT, HIEHRA 27 L—Y A MhORiAZ T LTciHEg
Bic X 0 AAHEIEL T BFEZ &R .

F—— F: WilEm ORE, ¥ dH 2 OIS, ISRE—IL 7 ) — 7, SR E A, et — Vs, ik U7e e

0]

Keywords: growth of fault zone, shear or fracture zone, dissolution-precipitation creep, anastomosing fault zone, frictional-
viscous transition, mass transfer via fluids
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Element migration via fluids with progress of fracturing along the Median Tectonic Line,

Mie Prefecture, southwest Japan

ST HE AWM ERAE? A E—ER3
KANEKO, Yumi'* : TAKESHITA, Toru' ; SHIGEMATSU, Nori@ ; FUJIMOTO, Koichiro

LABHEE R AR AR, 2 M ATEGE N ESERANRE SIS ITTE T « HIEERZE - > 2 —, 3 AR
Hokkaido University Graduate school of scienéActive Fault and Earthquake Research Center, Geological Survey of Japan,
National Institute of Advar® Tokyo Gakugei University

Wikg 2R AW S (B2 7 L—Y A &) RTRELPICTREDRN, WAz U TARR « TR DR E,
SOOI - BHENF [ FRETNZEEZIONTWS. AL, FERIFOMPRER BN TS 5 NI RE 473.9mT
SRR EIE T 5 R—) 7 a7iRIc AN E 2 7 L—Y A MDDV, WEFICB 5FkZN LItER
#EHS M Uiz,

“EHEBEORRMERICBW T, FBROBEREHEEEATICIAAFTA e AR L—0 A FDBFEELTWVS. Kl
BTRESNZR=Y 2 T7a7D5h, v—FI5A4 MeFathRZ 7 L—Y1 MR GRE 439-473 m & RRF R
(HEEE 87 m+ 88 m-+ 317 m+ 358 m ZEWZexnig e L.

TRy CHAMET ™ “C“@%‘b‘ld\%l‘zkiﬁ%’lmﬁﬁéj@:%ﬁ%, FRID 7 27 L—t o MEOFEE R 4 BB, TRBEFYS ), T99mYS J,
CHlfees |, TosBERES ) I LTz, 308 X BRHTIC & 2 2E LA s Sic LT 74V a vk (Grant, 1986 %
L, a2 aEZRIZHOMC Uiz, £z, 2EEMNTO TR ZMHLT, 28DRAKE RS2 X5 I1ITH
TeliBE R RET ST LT, mEOEIOFKEHS M Lz, & 512 X #REFERERICH LT RockJock (Eberl, D.D.,
2003 ZfHH U CHYIE— FHKZIHS MM U, BEROBERICHE S SEHA GO E DO ZFEICIH S M LziEh, 8
N TIRIERE TERWEIREICDOWT, T3xIVF—0 0 X #oHmc & 0 SiYFEE Zf- 72

AWZETIE, Zr 24 rEE L, BE2S(E (EEZ(L) =[(1US)-1]1X 100 LTRMEL >, SE7AYVaAVKDJH
MERETHS ZrOT 1y MERBAREROMEE TH 5. BHEOEINENEIE LIz E &, BaEEEIS AR S —
I, TAYVAEICKBINCED &, RIS & 9aiiies ), T99hkies & rhiies ), Tegmkies & amilis
DB EDEDZTNTFNCONT, HERIZ 21%- 33%- 52%CH 5. Si02: Na20+ K20 & [[ U & 5 w2857 L,
RIS D S 990 REE TN, S9ia i S HiiES < miiies ClRIZIE—E Th o 7z, SIO2 DM ENEHANDH
HDORRIC X B AHARDILEK, K20 DEINEREA LAV EGOHERMEICKDFIERIEINEEZONS. K,
FEAETIVNL MEODETHB T Lh D, Na20D N, RIELICOVWTAY I L—ADTILNA Muic k3 &
DTH3LEZS5NS. TiO2+ FeOr + MnO * MgO * CaOIZBI L CIZ LA U2 2R L, REFYED S giliEE Tl
WD, SRS B RS « SRS TN U7z, 72, LOI - AIROS IFHEFEICEID 53— Hric#hn L7z, CaO
ORI « SE S 4, FeOcDEMIIRRILEL « FREf7, MgO + MnO OiEhnid ke, TiO2 DEEINE AT = — > DIE
RICKBEDTHBEEZLNS. EHIT, ARO3DENIIEA « IERE - Wik GO O, LOI OBINIAER « &#
RBODEKICEZEDTHZEEZOND. GRS « B IC7E 5 & BEERBOIRNER} - #H8Y (HERE - &
A RMSEDWIYITH S HRAaDRKBIIER LTS, LENST, W« BiEET T, ISHDWIYIDIERIC
X0, AanEFELIILLIzC EMEEETNS.

F—U— R rhER, WERE), A2 7 L—T A, 7Y IV, ERERSOS, RIS

Keywords: Median Tectonic Line, mass transfer, cataclasite, isocon diagram, resolution precipitation reaction, reaction softening
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Estimation of deformation environment of Asuke Shear Zone using pseudotachylyte an
mylonite

ESH RN BRI
KANAI, Takuto'* ; TAKAGI, Hideo!

bR
'Waseda University

PR RS O BRSPS 32T 2 e BhEIIETE, NE — SWiER TIERER D Z - T £ I TH %
(HEIZH, 2006) HEREMIEERIEHZ 7 L—H A bDIED, Ya—REXFS5A4 RNV IIAOF A MBI ES.
Sl (1) ¥ a— REFT A MNCHET 2B GG Z 7RIS 2 OIS HE L ZTE S Z R Ul s i &, (2)
AT A MEU T ¢ filifs Sis 7 EEds| (CPO)/ SR — > EFIH LI ZRIREDHE #1175 1-D T, ZTOEE
5T 5.

(1) FRFEHE KL » 155172 53Mad FT 44X (Murakami et al., 2006 £ D/EE 11lemD Y 2 — RZF5 1 MR, £
OB IREGENTEET 5. OB TR IRNGEZ 78T 2 I KER DAL iR T, 1FEAEDFRAIC
WEEAR R T NN RIET 5. B ANEIENEEIC BT 28MEE TH D, /NEiE & RIS IS TIRREDHEE IS FIH
THIEMNTES. TOHER, AlkE, KA, HRGAR, REZPLICHHAINTERD, Ya—RF2F5 1 MR
BT B IRRSE A FIE T B S ROICE T L 726l HE T LT\ % (Craddock and Magloughlin, 2005)5 (5], A7 RS
E2 AT 205 AN 5 149D XD F— 2 ZHIE L (—5E8H - BAR, 2014 THEE#), HoughZ#iZzFIH L
TeZ EWifR (Yamaji et al., 2006} & 0, WIS/ PRREZHEE Lz, ZO/R, EESIWEICR LT, £ ho kS
B ZZI6)REE L, [EWEET LS U X B BIEIRED 2 OB E Nz, NS DIGITIREEIZY 2 — R ZF5 1 b
FEREDISIPIREETH 20, BHSINrROEE v Y A LN TH LT eh 5, BIEINRICBI 2 E50DERICHS
LTWEATREENE Z 5N 5.

(2) KEFHICIZ, WEREFEAROGEMENZEZH >z a— REFSA4 FBEETS. Va—KREZFI54 0D
Wi IRER & ANRERZ NN 4 7 FRIC H BN 5 ZREEE SR T2 ST, SEM-EBSDEZ FIW TG/ M Z2lE L7z,
HIEICIE Oxford Instrumentgt o> HKL CHANNELS ZFf U7z, ZOf5E, WiEIRES TIE 3 7 AT Z %, HANRERT
47T RTCTT VR LI CPONSNZ—UMEE NIz, ZHEHD CPO/RZ— 2513 350~450°CLL R TOHEN 7 V) —
TTOEWR, T2F L& CPONA—UEILEY ) — 7 TOEEHHEE T3 (Bouchez, 1977; Takeshita and Wenk,
1988; Sakakibara, 1995)C D X 9 7% CPO/R X —2BIXU~N A 1A FOFERN S, JEBISTWHHI B — P BB
(/K Z&MF T 300~400°C; Stockhert et al., 1999 BWT, Y a—REXF 54 b A0 A M EEKRT ZEIEZ#ED
RLHE-TzEEZBNS.

SRR

Bouchez, K. L., 1977Jectonophysics39, 25-50.

Craddock, J. P. and Magloughlin, J. F., 200B¢tonophysics402, 153-168.

SHABA « BT, 2014, HARME 2250 121 2 KA E S, R15-P4 277.

Murakami, M., Kosler, J., Takagi, H. and Tagami, T., 2008¢tonophysics424, 99-107.

Sakakibara, N., 1995lour. Sci. Hiroshima Uniy.10, 267-332.

BT - S - mATEHE, 2006, B4, 112 519-530.

Stockhert, B., Brix, R. M., Kleinschrodt, R., Hurford, J. A. and Wirth R., 19989yr. Struct. Geo/.21, 351-369.
Takeshita, T. and Wenk, H. R., 198B2ctonophysics149, 345-361.

Yamaiji, A., Otsubo, M. and Sato, K., 2008qur. Struct. Geo/.28, 980-990.

F—T— F: EBSIWTT, -TEEERS, S IKNGE, RO ZIE N, Ak ey 77U v o
Keywords: Asuke Shear Zone, brittle-plastic deformation, amygdule, calcite twin, quartz c-axis CPO
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Frictional properties of Shionohira Fault Gouge

HEARABA Y MRS L E EiE L B 52 2 e R 2 IEA FijE 3
AOKI, Kazuhiro'* : SESHIMO, KazuyosHi; TANAKA, Yoshihiro! ; KAMETAKA, Masao? ; SAKAI, Toru? ;
OKAZAKI, Kazuhiko? ; SHIMAMOTO, Toshihikd

U HAE IR RTEERS, 2 XA v a )L 2 2 b, 3 v E R R U S
1Japan Atomic Energy AgencDia Consultants®Institute of Geology, China Earthquake Administration

20114F 4 H 11 HICRE LR BRIGE D OHiEE (MUF 4.11EB EER) &> T, WhEHHEATRARAOD S 4
FERARILIHICZE S K 14km DX NS, JEIErEh 5 rr A D 2 iR HERTE A HE L, fAiliEh 201D k- T/
SEME I NIz, —JTC, RAEA X D FEHIER L OREIEE TRJFOY) =7 XY A E N TV B A,
T ORNTIFMEZEM ITF NG > T, EE DI 4.11HEIC X B1EHIX R & IHEBIXE & OEWICEH Uzd - 9%
ZHEDHTED, SHORETIE, HHXMETH S8/ FWiEOMEERTD SR 7ZWiE A O O GE - A
BERBRE RIS OV TIRE T 5.

AR T, HEHEE R E RS S B IR BT GE - End BRGSO e, 9D S IS 6mmAE~2ms,
T - [ENZRHEBVKIE AR & TIAICr 583X 29 % 2 & T500°C, 70MPadDBERA /KT FX THRETH
3. RN, SR EWTE O S B, B4 EEEE TS X NS A A OEECE cm OJE WG A Y I B EREILL 72 & 0, M/
BUATHRRE I NS LR SO T 2 WERICH > THREINIZMIEA Y DX ORI U WiE A Y K DRI
AR Z 60 °C T 20 B MFZIRRICHBA T 2T DRI RVK S ICKHIAR L, # 100D T 150 p m LU N ORR 23R 5.
ZO% TIAICr 88O FHEA Ry AommeR) Ic7 71y « AV —=T%FRE\EL, 7702 « AV —THhifEEn] L
7eilkl 2ty b U7z,

FRBRSEE X, WiE AT RO YT 7 1~5MPa FEE)G /) 1.0~2.0MPa 9\ D 3 0.2 microns/s-2.1m/s& L,
G« EnE GRS LTz, £ 72, MUKMRUB/KEMN FTHEMEL, HIC, BEEOBMEKRFEIC DOV T ERD .

RERAS SR S W ERTADOWTE A 7 1%, KSR T 0.6~0.8FHE D W EBZHZE R TDICH LT, B/KEME T Tl
0.1~0.2 FEEE DD TR W EEEMR U R LTz, £z, Wilg 4 O OBEBMREIEHE DN L & BISEMTEEML, @kilE
EEEEINRE L 5% gt OEZE DT ENHLMIE ST,

F—T— o BRI, Wi AT D, M TR, R, AR - EdEE AR, S IR IE D MR
Keywords: friction properties, fault gouge, Shionohira fault, friction coefficient, low and high velocity friction experiment,
Fukushima-ken Hamadori earthquake
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Structural development of the basin associated with bends on the North Anatolian fault ir
NW Turkey
Structural development of the basin associated with bends on the North Anatolian fault ir

NW Turkey

Kurt Hulya™ ; SORLIEN Christophér; SEEBER Leonardb; STECKLER Michaet ; SHILLINGTON Donng ;
CIFCI Gunay ; DONDURUR Dermatfh ; OKAY Sedd

KURT, Hulya'* ; SORLIEN, Christophér; SEEBER, Leonardb; STECKLER, Michael ; SHILLINGTON, Donn& ;
CIFCI, Gunay ; DONDURUR, Dermaf ; OKAY, Sedd

lstanbul Technical University, Department of Geophyst&arth Research Institute, University of California, Santa Barbara,
3Lamont-Doherty Earth Observatory of Columbia Universt®okuz Eylul University, Institute of Marine Sciences and Tech-
nology

lstanbul Technical University, Department of Geophyst&arth Research Institute, University of California, Santa Barbara,
3Lamont-Doherty Earth Observatory of Columbia Universi§okuz Eylul University, Institute of Marine Sciences and Tech-
nology

The Marmara Sea in western Turkey contains three subbasins with water depths reaching 1250 m, called from west to east tl
Tekirdag, Central and Cinarcik basins. These basins are active subsiding marine basins forming along the North Anatolian Fau
(NAF) which is 1500 km-long and accommodates the current GPS-derived about 25 mm/yr westward motion of the Anatolian
platelet relative to Asia. The Quaternary active Cinarcik basin is representative of the basin that developed in the wake of Tuzl
bend along continental transform NAF. The basin is oblique time-transgressive half graben and is bordered by the master northe
strand of the transform.

We use existing deep-penetration, low-resolution migrated multichannel seismic reflection (MCS) data and new migratec
high-resolution MCS data for seismic stratigraphic interpretations in Cinarcik basin. All the seismic reflection data are used to
correlate five stratigraphic horizons which contain stacked low-stand shelf-edge deltas. These five seismic horizons related 1
the geological boundaries with the known age information are used to calculate thicknesses, depth changes and tilts of the stre
within the basin.

The Cinarcik basin has an asymmetric structure and within the basin strata are progressively tilted obliquely toward the ben:
and toward the border fault, where subsidence is fastest. Yet, nearest the bend is also where the basin is youngest and shallow
Away from the bend the subsidence rate decreases while the basin get deeper and older. This common pattern is account
for by time-transgressive basin growth. On the transtensive side of the bend, slip on the transform is oblique normal and th
hangingwall side subsides forming the basin. Subsidence continues along the fault and the basin get progressively deeper an
from the bend. Eventually, the basin reaches its maximum depth, but can continue to grow longitudinally along the fault.

F—"Y— F: North Anatolian Fault, Marmara Sea, Cinarcik Basin, Multi-Channel Seismic Reflection, Seismic Stratigraphy,
Basin Formation

Keywords: North Anatolian Fault, Marmara Sea, Cinarcik Basin, Multi-Channel Seismic Reflection, Seismic Stratigraphy, Basin
Formation
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The spatial viscosity variation in the crust beneath the western North Anatolian Fault

(LR ¥ ' ; Gregory A., Houseman
YAMASAKI, Tadashi'* ; HOUSEMAN, Gregory A2

L HEERAHRR BT, 2 U — AR
LGeological Survey of Japan, AlS3University of Leeds

The GPS velocity profiles across the western North Anatolian Fault (NAF) near the location of the 1999 Izmit rupture are
characterised by: (i) before the earthquake, strain rate is localised in a refjithkm wide across the near-fault zone, and (ii)
after the earthquake, near-fault relative velocities are up to 150 mm/yr, being significantly higher than the long-term relative
displacement rate of Anatolia with respect to Eurasia ("22 mm/yr). We previously showed that these characteristics can b
explained if a localised weak zone (LWZ) in the mid-crust directly beneath the NAF northern strand is embedded in a relatively
high viscosity background crustal layer [Yamasaki et al., 2014, J. Geophys. Res., 119, 3678-3699]. This study expands upon tt
previous study of Yamasaki et al. [2014], investigating in more detail a likely spatial viscosity variation beneath the western North
Anatolian Fault (NAF), for which a simplified 3D finite element model is employed to solve the linear Maxwell visco-elastic
response to periodically repeating right lateral strike-slip earthquakes under the presence of a constant-rate far-field loading. W
tested in this study whether the LWZ in the mid-crust is required to be centred on the NAF northern strand. Horizontal offset
of the LWZ from directly beneath the rupture zone of the 1999 Izmit earthquake should be less than “10% of its width in order
to preserve the approximate anti-symmetry of the GPS velocity profiles. We find that a LWZ between the NAF northern and
southern strands, which may be expected from the spatial variation of low resistivities in the magnetotelluric (MT) images of
Tank et al. [2005, Phys. Earth Planet. Inter. 150, 213-225] and Kaya et al. [2013, Geophys. J. Int. 193, 664-677], does ho
explain the GPS velocities. We therefore find no simple one-to-one relation between viscosities and resistivities beneath th
western NAF. In this study we also investigate possible depth-variation of the background viscosity structure on which the LWZ
centred on the NAF northern strand is superposed, and find that the background viscosities are required to be greatefthan ~2x1(
Pa s at depths shallower than “30 - 35 km in the 40 km thickness of the crust in order to explain the high strain-rate zone in th
pre-seismic velocity profiles.
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MEER-HEE R O BRI H AN I51) 5 HEZHOET )V LA D I —RNGEORR
Numerical modeling on intersesimic and post-seismic vertical deformation of NE Japan:

Role of rheological heterogeneity

PR T s 2R SR 2 Bl s 3 pEAT s
MUTO, Jur* ; SHIBAZAKI, Bunichiro? ; INUMA, Takesh? ; NISHIMURA, Takuyé

VRAE R AR EBEE AR, 2 AR Ze AT B T2 > 2 —, 3 ALK A E R 2 E BRI, 4 m R 2R SR 2
1Tohoku University,2International Institute of Seismology and Earthquake Engineering, Building Research Indtitutena
Takeshi International Research Institute of Disaster Science, Tohoku UnivéBigster Prevention Research Institute, Kyoto
University

Nation wide deployment of dense geodetic network has clarified the strain accumulation and release processes through tl
megathrust earthquake cycle for the NE Japan subduction zone system. Prior to the 2011 Tohoku Oki earthquake, vertical d
formation was characterized by rapid subsidence in the forearc and gentle uplift in the backarc. The large subsidence is onl
observed in a latitude range between N37 and N40 degrees. At the Tohoku Oki earthquake, coseismic vertical deformatio
shows a subsidence simply increasing eastward reaching a 1.2 m on the Oshika Peninsula. Post-seismic deformation over t
three years shows concentric distribution of uplift and subsidence around the epicentral area: uplift in the forearc, subsidence i
the volcanic front to backarc, and uplift in further backarc to Japan Sea side. The pattern of the observed uplift and subsidenc
across the island arc in the middle of the NE Japan, crossing the largest slip of the Tohoku Oki earthquake, is opposite that in th
interseismic period (Nishimura, 2014). Here, we developed two dimensional and three dimensional finite element models of th
NE Japan subduction zone to simulate the vertical crustal deformation during the megathrust earthquake cycle. Two dimension
model transects and three dimensional model includes an area of large coseismic slip of the Tohoku Oki earthquake. Tempe
ature dependent heterogeneous viscosity structures were utilized to investigate the role of rheological heterogeneity (Muto
al., 2013). Deformation along plate boundary is the kinematically assigned using the split node method. During interseismic
period, backslip is given to a locked portion at a plate convergence rate of 80 mm/year. At the coseismic step, the amount ¢
slip corresponding to slip deficit accumulated during the interseismic period for 500 years is given along the locked portion.
Our preliminary models indicate that the pattern of vertical deformation implies the rheological heterogeneity normal to the NE
Japan island arc. Especially the model with presence of rheological contrast between thick, cold forearc and weak volcanic fror
reproduce similar pattern of vertical deformation observed in the interseismic period. Those results strongly suggest that th
incorporation of rheological heterogeneity is required to explain the strain accumulation process in three-dimensional subductio
zone systems from the geodetic observation.

References:

Muto, J., B. Shibazaki, Y. Ito, T. linuma, M. Ohzono, T. Matsumoto, and T. Okada (2013), Geophys. Res. Lett., 40,
doi:10.1002/grl.50906.

Nishimura, T. (2014), J. Disaster Res., 3, 294-302.

Keywords: Subduction zone earthquake cycle, post-seismic deformation, interseismic deformation, rheology, finite elemen
model

1/1



Japan Geoscience Union Meeting 2015 /0 d ;,

(May 24th - 28th at Makuhari, Chiba, Japan)

©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc
Union
SCG57-29 = ER SRS fi#fi:5 H 28 H 15:30-15:45
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Modeling viscoelastic deformation and strain anomaly around the Ou Backbone Rang
after the 2011 Tohoku-oki earthquake

S SC—BR Y KA PR 2 R I 3 Bl s S
SHIBAZAKI, Bunichiro'* ; MATSUMOTO, Takum? ; MUTO, Jur? ; INUMA, Takeshi* ; MIURA, Satoshft

VSRR EI R HEE T > 2 —, 2 B SR ARS8 LR AR A A SRt A ek, 4 SRR A E R A
BRBSEAR, 5 AL RZAIABE R AT e R

Hnternational Institute of Seismology and Earthquake Engineering, Building Research Indkatienal Institute for Earth sci-
ence and Disaster Preventioiepartment of Earth Sciences, Tohoku Universityternational Research Institute of Disaster
Science, Tohoku UniversityGraduate School of Science, Tohoku University

This study investigates the viscoelastic deformation processes of the northeastern Japan island arc after the Tohoku-oki ear
guake by considering the heterogeneous rheological structure. Recently, Shibazaki et al. (2014) calculated the effective viscosi
of the Japanese island arc crust and upper mantle, considering the thermal structure obtained by dense geothermal observati
using Hi-net boreholes (Matsumoto, 2007) and by Tanaka et al. (2004). They reproduced several elongated low-viscosity re
gions in the crust and upper mantle of the northeastern Japan arc, striking transverse to the arc, which correspond to hot finge
Recently, Miura et al. (2014) found a postseismic strain anomaly along the Ou Backbone Range after the 2011 Tohoku-ok
earthquake. This postseismic anomaly could have been affected by the existence of low-viscosity anomalies caused by the h
fingers.

We develop a finite element model of the viscoelastic deformation processes after the Tohoku-oki earthquake, considering th
realistic crustal and mantle structures, and coseismic fault slip distribution (linuma et al., 2012). Our numerical results show tha
significant extensional viscous deformation occurs in the low-viscosity regions in the crust and upper mantle. This deformatior
causes significant subsidence in the back-arc region and Ou Backbone Range, but uplift near the Pacific coast. We also try
reproduce the decreases in areal strain along the Ou Backbone Range observed by Miura et al. (2014). In the case where |
viscosity zones are extended to the shallower part of the crust, we can reproduce the areal strain decrease which is caused
contraction along the N-S direction. In our model, we cannot reproduce the expansion of areal strain decrease over time alor
the arc observed by Miura et al. (2014). To model this phenomenon, we would probably need to consider afterslip after the
Tohoku-oki earthquake.

F—T— R RS, HOEH AN, Ko PERRALER, B AR, B
Keywords: the Tohoku-oki earthquake, the northeastern Japan arc, viscoelastic deformation, the Ou Backbone Range, stre
anomaly
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Modeling and simulation for the development of Holocene marine terraces in the Bosc
peninsula

PPHH RSE 1 BTN S 2 Foik Rl 2 Rl s 3
NODA, Akemi'* ; MIYAUCHI, Takahiro® ; SATO, Toshinori ; MATSU’URA, Mitsuhiro®

URER TR, 2 TR AR ARG AIZERL, 3 G MBS
IKozo Keikaku Engineering Inc2Graduate School of Science, Chiba Universifihe Institute of Statistical Mathematics

AR BRI IEE 1 ~ Vi EFHEN 2 588t ER EDFEE L TS, TO 5 BRENOBIVIEE 17034 Tiw
EORRICHEDK Uz REE QYEalih SilaaME) THE T EMHSNTED, TaREE E BMEENS WEIEH
1974). T OO & @M OBE 1 ~MEHDOEEN 2 —HRELTVWS T D, [tk B1~MHL S0tk
B K > THEK LTz & E X 5N T &/ (Matsuda et al., 1978; Shimazaki & Nakata, 19808, 2003. L/»L, 'L —
MEFRHEOLE, MBI RN o 28 GEFRE) 00N THERET 2D, TN O T L — MER cldZERz2E T
TIEHEN TR DTS 5728, HERFORIE « M S 2 —VIdRRE & IR LI EDN TV E, REINICHKRS DIk
TL— R DEETRFHAIIC K BHZEHZFTHS (Matsu'ura & Sato, 1988 HE- T, 8 [ ~MEHDOER I TTERIIE DS
FEFBREL, ZORMEKEETL—RET U EVHET L — R DOIRHRARIC K 2 EHEN B REE 0 & 7 bk
HE) & TR O KELENICIR I REEDTH2Z K - B, HARMEZS 20140 SR 2iim TRtE, D11-03.
T LIEEBZDOZYUMNZWGEET 5128, AT, RICK2REEHERE, Hlgfkid, N OHKELH)ZE5E L ziEE
IR E T IV 2R L, BB r O B b FEOBYEY 2 2 L— 3 Y 2fTo Tz,

BRI O OB IS RD X 5 BTl E NS | EEE b= —2 B FHERE - g E —iEm L5, EET
DOE—FEHEEHDOET LI L TlE, RBL— MIREZ 3 IVF—DRR L — MBI L (Anderson et al., 1999
BERICK > TEEINREYEOHREL — MIEDL SREED BICONTHEEBEEMCD LT &L £, B
M ETFE R EDRGEY R 2 L— 3 U TlE, MEMEOMIRIEBEEESIEEEE T, T L— b DILMARICIE
K9 2 EHAEES) (Hashimoto et al., 2004 DA ZE[E L, BBRFNIALLEIRRICIED < 5 & FE DORERY T —
2 (Siddall etal., 2003 7% 3 XA 7T A VBEBOEREDETT 1 v 7 1 > 7 Ul iiKEELEiif 7z F 7z

HHEE S EREIIEKEZHIIROZHA (LER) B THET 3. 1 HERD S BIEE TOMKEZHhERIC I 7
DO (4DDIE 3DDR) Wb, TOOWREENERENS. UL, BEEEMEVE, BRE Nk
Bk Dia EIdBHEH MCILATLROBIIIE NZ . EEEENRWGEETE, OB & LWERITOER D FUV-0if
HEAVEL, EREmOERENRE BHEDESEORICERIGHEMTIE RN, 2O &k, FERVEm O e Bk i
FEOFEMZFREICHEDNT, BUCHERMENTWS Gl - 5N, HATENE Y 201 VEEEEKZHE TRRE, P-06).
SEOY I 2 b—yar T, BEEEE 3~ammlyr&$ 2 38 1 ~IVIENCHYS T 2R R FET 5 T &hV)
Motz HU, ZOLETE, HVEREEH LVEREOFELR D HGWVSMIEDE U TWE 728, SN O i O RAE
RAEEHODIF TRENC LICHEET AREND 5.

F—T— R EARER I, KR E), WSS, R, HEM

Keywords: Marine terrace, Sea level change, Steady land uplift, Erosion, Deposition
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Interpretation of multiple earthquake cycles based on the slip- and time-dependent fau

constitutive law

L/NTE /N
MATSU’URA, Mitsuhiro!*

B e g A
Hnstitute of Statistical Mathematics

The occurrence of the Mw9.0 Tohoku-oki earthquake in 2011 brought two essential problems in subduction-zone dynamic:s
to light. The first problem is why did such an extraordinarily large earthquake occur in the same place where ordinarily large
earthquakes have repeated every 40 years over the past two centuries? In other words, is the multiple earthquake cycles physic:
explainable? The second problem is when will the surface deformation pattern in northeast Japan be back? In other words, ho
will the frictional strength of ruptured areas be recovered? To address these problems, first, we need to change the conventior
concept of asperity. Since Lay & Kanamori (1981) proposed an asperity model of earthquakes, the asperity has been thoug
to be an actual entity that means a strongly coupled portion of faults or a fundamental unit of seismic rupture areas. If it is so
plural asperities cannot occupy the same place. Then, no multiple earthquake cycle exists, though the chain rupture of adjace
asperities is possible. Recently, following the idea of spectral analysis, Matsu’'ura (2012) redefined the asperity as a notione
entity to represent the spatial irregularity in frictional properties (peak strength and critical slip-weakening displacement) of
faults. For example, a specific mode in spectral analysis of peak strength corresponds to the asperities of a specific size. The
plural asperities with different sizes can be in the same place, but it is only a necessary condition for multiple earthquake cycles
Another necessary condition is the scale dependence of critical slip-weakening displacement, which results from the upper fract
limit of fault surface geometry (Matsu'ura et al., 1992). Otherwise the dynamic rupture of a small asperity would easily trigger
the dynamic rupture of the largest basement asperity. From the laboratory rock experiments (e.g., Ohnaka & Shen, 1999) and tl
numerical simulations based on the slip- and time-dependent fault constitutive law (Aochi & Matsu’ura, 2002), we can derive
the following quantitative relations on the scale-dependence of frictional properties; 1) the critical slip-weakening displacement
is proportional to the upper fractal limit of fault surface geometry and inversely proportional to the abrasion rate of fault surface,
and 2) the recovery time of peak strength is proportional to the square of the upper fractal limit and inversely proportional to
the adhesion rate. The scale-dependence of fault healing time (the second relation) means that the strength recovery of larc
asperities is slower than that of smaller asperities. So, the time needed for the complete recovery of the surface deformatic
pattern in northeast Japan depends on the fault healing time of the largest basement asperity, which would be very long.

F—T— F: 201 LEHILE, ZEMBEY A7)V, 7 ARV T 1 ET)V, $XD - IR R

Keywords: 2011 Tohoku-oki earthquake, multiple earthquake cycle, asperity model, slip- and time-dependent friction law
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Why do horizontally shortening sedimentary basins subside?

i BE 1*
110, Yoshihisa*

LROK - B SR
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BHEEE, ABCEEFDE R PR s & T, B km L EOEWHRENSELTED, ThH0RmMNE, HE3H 20
W A RCLIR%, TERMZR T0B EEZSNTWS BIZIX, #EH,1993) Fiz, N5 OHERRIE, Fik-fiE BEhE
HBNIZORCHIE L, K HRKFEMEE TR 5 5 (Sagiya et al., 2000) HEAV/K IS EET % &, EHIK
i, ZC TIRYIEDEE L x5 T LT THIEDNEL R0, %t#igé%®&%z6h%# LRcoHE
R TR N T WS, ES5LTREAID?

NS OHERER & EA DI OBE ST I X IEWIEN D . 7 OMEBIOWIKIER IS K D B« FEREICH*IT
RIS - TEREDRFE NS, UL LARD S, MORIRERE - SRR DV TIE, BB HRI T AW, B2, A mpR
PEARD AT Wi Cld. @i TRV EZEZ & MRINSHOSIZE (250 5 7170) ENENT V., WiEDH % 5
P XD REIHEMEN AR E AT 2 &, MMERENE 7 AV A2 —DOBIC X Dk ET %, LM LAEDNS, T
DT, ZEZHBEEOMEICERT 22D TH O BFRIEEERE L SVEVEREETH S D BIA I, FER - i,
2012). HriE RO RBEE Tl TERFED R R IC LN TIEFICR 0 RIS TIEEEEE m Ol R & KBE
BERHZH, BT T, WET2EOHSIE 2kmEETH S (HIAX, Hi/1 - i, 2003), Frik FE T, PEiRHIICH
BENGREO R Z 5 - o WifE O LN IEBEE R LI E L Thay (B2, Al - fi, 2000).

AR (2009)1%. /K TEHEIC X A MEDAR ZRZET B 12dic, HFR FETT I Ix—a AT b, MRhE 4%
TeDITTERET B EEZ T2, FHEIC K DIEL o T Gl FE TR « SIEOEBIEAMEC 0, & L~ MVE D EL
BT TS L VHIEZTH S, LML, BEHLS iU THEE RS Tdicid, Y KBEERE ODIRE T 2 5
NhsLEZONS.

AR (2009) I3 M TYIERFIDE LS EEZ DT TH M, ZHRHIZIE, M LEZEHETE2E2BA AV TH

o — iy JHOVEEROFEME T, Ny 7)) VT EMEINDS B FAO— RN D B B ATREEE IS N TV S,
L«@%#Dk ST, 2RISR EYNF RN, EICHIT 570D FHEXRTE LTS, RO DBGE, 1
I RO CRE TS % &, ERIc BT EHETEMNNE KRS0, BRI 0OMEISNINNELE3EEZLN
%. TR, MFEHITHBNT, KEHRRERIS T ESREISTDOENRKELZD ., BIEDEAPT KRB AREMEND 5,

WA ICBOT, —HRAEONy 7)) VIR 3 EZ T TRECHDREL AR, X SICEMEIENEITS
%kw5£@74~FNv7ﬁ@<T EMEND B, ZD, BHAHEORZGHAEADIEREI NS EEZBNS. K
SEEREIS ] DMEHEN K ZWIGE, DX D, iR EIGIIREEIC H 25 A3, 1L,2kmDIWEIZZ S Eihizonds L
O, ARISIIRREIC S 555 @k%&ﬂ%%hﬁ&%z%h%@%@\%E-@Qm®ﬂ&%%%&%ﬁ:fA%®
BRICH 5N S &S 10).

U R BRI, 167, HERE, YRR, VIS, TN
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AMDEIMA Y 7 - DIEK & FIREZSTE _ o _
Formation of backarc inner rifts and their shortening deformation in Honshu island, Japan

e LEEaE s ml gt b e e~ b BelEs o 3 e Rt 3 REEE AT 2 PR SRR L R S5 L
L A (450§ A NS >l /N 17
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INABA, Mitsuru? ; SHIORI, Abé ; KURASHIMO, Eiji' ; NO, Tetsud ; SATO, TakesHi ; KODAIRA, Shuichi* ;
MATSUBARA, Makoto®

! AREURSAIIEEWIZEAT, 2 HIBRREARR T RITERT, 3 B bH e (B |, * HRrEhioearerens, o B SER-ARatiiZ et
LERI, Univ. Tokyo,2JGI Inc.,3JAPEX Co., Ltd.,*JAMSTEC,°NEID

HAMEDOIE KX, IO Z & DX THEIT Lz, TOWIMKTDY ¢ 77 4 V7DV TIE, THE THIEMES
HIRERENSHEMSND T EMNED ST, TF, ERGEHIEREOHM>, HEBKR N eI 7R EICX>
THBTEAE2ITE>TER, T2 T, &LICHILHAD SHEHARIIODT TOMIEZ NG E LT, #HLWLHERY)
H22 77— 272 FRc . HARMEAIACIE R E Nz ) 7 OB E . Z DE%D AT ORI DOV TIERS,

B TFE D S EORICIZEE 7kmiZET 3 /E0 Y 7 MALIBOHEREYI D 24 L. R—1 V F itk & THAE
PRI H U 72 BRSO IS N T W5, HARMENTEY S 7 ¢ h 51 R OESE SO0 ALK
T % PUIGHEDEHEEDRD EN D, T Uiz Tld, KA AL & KPEHROBE REIC Y 7 MMl SEiri ) 7
NEDOAMANC RS 2 HWENERE N TV, 8RR O A MWE X, KRR 2y P RAT A M2/ d % C
EM, ST SO RS HIARRIC 7R > TV 5, RAHHERE G D Phig 2 (R 2 TRE-R) 1T X, PREROWRTE TH %,
Ixbb, AR OFHIAMIN R U 72 g W gD AR Y oy VAT A MR LD DEMEAE DT L. A
HEREYI DRI DMER S NS, 67 + v ¥~ 7 FH R E FEMEE DT LIz T, & IR Y 2 v VAT A B
R 2 EHAMPEREEIC X 0. VT MRt FEENEREY S < #Ei U Tz, R FEEHEREY) DS iR W R AR 2 > T
RIEEINTVB T EiE, BEAMITIE) 7 MgoWghny 7 MM ER U 7zdilgz 23 h 5 Th 5, Bl LM
BRI 7ICE RENS, El-oinaEat ek, Jbl-mrE A mic ) 7 Mz a9 2 R TER E . Z ORI
Iid TN EERRT BN HOWEIC K > T EINS, T5 LERBIRIEEARMICIE, BT+ v HIcB 0 TEFRMETH
D FEARRNTREA-F RS S BERMRGERRIC W T2 2 WEREE. VT MRl 2WifE & L TOMKZE LT\,

FEBHIFR O EHE AL . RIS ALE A S AL R TR T S ROMEREMID R W HER G T TR SN S, SRR
HCB LR DO FE R TEE IR 7R ENSIEWHEREYI O DD HER S N TV S A, T OREEK O R T HiE R
HEOEHENARONS, TNEOMEDY T MEFUTEK E NITERIEOZEE, V7 MiOSMIICER L TH D,
HAMEN RO 7 h & @ U2 /RT,

F—U— R i) 7 b, o, HAE, My, A Te, WE RS A h
Keywords: failed rift, backarc basins, the Sea of Japan, crustal structure, shortening deformation, fault-related fold

1/1



Japan Geoscience Union Meeting 2015 0 ® "

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

Union

SCG57-34 R ER RS fR¢fiH:5 H 28 H 17:00-17:15
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The eastern continental margin of Cretaceous Asia and sedimentary basins in Japan

TG 170l 1 5 rPoR R AR — R 2
ISOZAKI, Yukio'* ; NAKAHATA, Hiroki ! ; AOKI, Kazumasa

VR R AR ZEBAR G SALIZERE, 2 R LR
!Dept. Earth Science & Astronomy, Univ. TokydQkayama University of Science

The tectono-sedimentary history of the Cretaceous arc-trench system of Japan

has been reconstructed on the basis of conventional geological studies on the paired metamorphic belts, granite batholi
belt, and various sedimentary basins. The recently developed detrital zircon chronology can add more critical constraints il
reconstructing the sedimentary settings of varisou basins with respect to the coeval arc complex and conterminous contine
on the back-arc side. We reported several preliminary results on U-Pb age spectra of zircon grains from various Cretacesc
sandstones in Japan, and the mutual comparison among them allows us to discriminate/characterize various sedimentary ur
and basins. In particular, we could identify back-arc, intra-arc, and fore-arc basins for the Cretaceous Japan with respect to tt

Asian continent.

F—T— R ElAL, MR, R VY, 7 97 K, U-PhAER
Keywords: Cretaceous, sedimentary basin, detrital zircon, Asia, U-Pb age
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Classification of subduction zones based on the spatial correlation of topography, gravit
anomaly and volcanic front

et s
FUKAHATA, Yukitoshi'*

URTER AR LT
! Disaster Prevention Research Institute, Kyoto University

ZRERTRAIA R 7 UMIRS Bz, FUR - <) 78 (Uyeda, 1982 &5 KODMEE I NBRIEFICE
IR ENT WD, FURITIE, HWVIEET L— NN ZOFENDDIARA TIHHAL T2, T L— O H
< BERHIENRAL B (BID CTRIEMMNECS, —hH. U7 FRTE, H<ENTL— M EA TIhHRAL T2
», 7L—FHOEFZT < . BB ES T HR T EILE AR & MRS 2 L EINTW5S, TONH
WEKICERA 2 EDTRHZ D, FIZIE AT T D & AR ORI FUIHBE DR (Lallemand et al., 2006 7%
. FREERIMICKILL 728 D TRV, HALID X 5 IS HWHEE T L— DI RAL — i RAR AR NI &, &
DESICHE LD BOVOMHBRE LW EINE D% <750,

BEilESERORE TEARMME UTiE, B fmoMic, Mg - EHEE - AUDHD 3DO0H %, ZD 3 HFIFHAR
ICHHBICIZIZPATICES . T Ty BLHARE T IO EMICERT 2WiHZH-> T, MEBXUENEEO 1
T ANV kb7 a Yy hOMEZ Oy hT BT KD, 3EDZERIAERIRE £ 3R Lz,
ZLUT, L Thkb7ay OMENEEEDHIENZEE D & —83 20 B E RIS RAR GO FEIT > 1z,

HAFE, IS TEREMLS . DT OFISNZEREHEN D 100 - 200 kmPERNCEEZE R & X D 2D, LR Tl
ZOENEFEOESE D 20, TNX 0 &REMZEIIEPERT LT %, HICBENREOREE DD UIX LIXHEET
%o
FT-OHONHORAEL LT, pilOENEEO®mEL & AkL7ay FOME LD KT 255 L La0ngaeh
HBHTELICEH L, HiEOES, HIBNEED &8T5, Thz I ez, R, BHEDO—BLENGE. X
7 vy MEImERNIC < 5 2 & 37E <, BICHIMNCiiE S 5, 2L T, Kby FeEnEEsiEo (E—2) &
M= BHEEE—BLEVEERH L. ZTNTNN-all, I-b BT 7, k7 vy AR UL T & 2
7. WEEOEM G ICHIZEEDOZE K E W, R AARDNTL | 75 &R HFFD 30 DILHARFIC DUV T
Lice A, 18D 6, N-aBh 12, 1I-b BH 6, iloEJEENI->Z O LEAVEON 3, | B | RofirEhaE
73\‘ 3 & 73:'3 f:o

| B3 TS INTH 5 —75, l-a BT EilE R E 2 TRREEZ 5 7z -b BUIMEENE & KBEED 4 T, W
PHEDOEE | B E —Hi & D EINEERZIEK T 250 M2 0, SRR, | B - 1I-b BIAMAERTH 2 — /7. l-a BT
FEr 72 o 72,

| B Nl-b BIDEWIE, AT T DILPARBICIRENS LEZS5ND, HAMNIC, BIIOENEEO@E O ONE I
S OBtk (Matsu'ura and Sato, 1989pIcxf L, KiL7 0 FDAMAEIZAT T DRETHESNEZNHLTHS
(England et al., 2004) il 21X, AT T Ok AF A MELEINCIER N b A N-b B TH 5 —/5, ZOrIC)iET 5 1 3
DIV T TiMIILHRABRADIEFICRATH S,

N-a & 11-b FOBENIEIMDIGIIHICRE I NS, TLdHd L, AT TDRFHFAROMEICI D | BIE 1| BN s h
JREEICE D aBle bR DEND, 5T D&, DHEIEAKRELT2X2LEEREEN, AT T DILHAHRANR
THDIEMEG L WD r— A3 E B HBR LITIXFEAE LRV, —RIC. RT T DIFHIABANZUTTR 5 L BIDIST]
SDMERRIIC I B C EMHIENTHED ., ZOMEEMFRLTWS, £, BilOENEENZ->E 0 L0 EIME. B
RO Miin E VI NE @RS TH 5, WHET L — FOWMAARIC K D ENREEOEE D ZIESERD. HIEGIC
EBERICE > THONTITBIHENTWA D LEEZ NS, iz, HIEMWEEO L7y AL LR —ET
BEDDEEINCTIEZ S TREVWT EDHSNTVBED, ZOREE ZDFEICK>TI Y TICMTE S, 1 T L ll-a
DLW ET L. I-b O L Z2IIE—HLEWVWDTH B,

F—U— R kA Ha, Bill, g, B85, k7o b
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