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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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UVAT 27 DREAF I AZHRT 5 LT, MKAGOHEEIIERRHE L LS. B GE O OHEEICIE, FE
@Eﬁ%iﬁ%ﬂ@%ﬁ?ﬁ SRR EERIIE LS K 2 5 A EAE & RIEEEIRSS B AR IC K 2 gk Rod A 2 LR % 751
WNENTH%.

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
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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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7}<Tr5ﬁﬂﬂa L CW B HERER DSBS 2 D0 ?
Why do horizontally shortening sedimentary basins subside?

i BE 1*
110, Yoshihisa*

LROK - B SR
IDPRI., Kyoto Univ.

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

Keywords: high strain region, stress, sedimentary basin, subsidence, intraplate earthquake, active fault
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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

SATO, Hiroshi* ; ISHIYAMA, Tatsuya' ; KATO, Naokd ; ABE, Susumd ; SHIRAISHI, Kazuya ;

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
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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
Keywords: subduction zone, island arc, topography, gravity anomaly, volcanic front
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Dynamics that connects massive earthquake and cross section structure of Aomori, lwat
and Miyagi
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Crustal study of the Northern Scandinavian Mountains from receiver functions analysis

and surface wave ambient noise o _ _ _ _
Crustal study of the Northern Scandinavian Mountains from receiver functions analysis

and surface wave ambient noise

Ben Mansour Wali& ; MAX Moorkamp' ; ANDREAS Kohlef ; STEWART Fishwick
BEN MANSOUR, Walid* ; MAX, Moorkamp' ; ANDREAS, Kohle? ; STEWART, Fishwick

LUniversity of Leicester?University of Oslo
LUniversity of Leicester?University of Oslo

The Scandinavian Mountains are a topographic anomaly on the North-East Atlantic passive margin. With heights above
km adjacent to the low-lying Baltic Shield ( average altitude of 500 m), this mountain range has undergone a rejuvenation by
an uplift event during the Neogene. The absence of a crustal root expected from Airy isostasy calculations , the variation o
gravity anomaly and the possibility of a low velocity zone in the upper crust suggest variations in density within the crust. This
mechanism will explain the (isostatic) equilibrium of the mountain range. With this perspective two passive seismic experiments
were deployed in 2007-2009 (SCANLIPS2) and 2013-2014 (SCANLIPS3D) across the Northern Scandinavian Mountains. Thes
2 experiments allow a better characterization of the crust in terms of Moho depth, Poissons ratio and shear wave velocity. Her
we will show a new Moho map compiled from our new results together with previous studies (LAPNET-POLNET, SNSN and
NORSAR network) in this region. This map shows a crustal thickening from West to East (40 km to 50 km) without any obvious
influence of the transition from the Scandinavian Mountains to the Baltic Shield. From our receiver functions only, inverse
modelling does not confirm the presence of a low velocity zone in the upper crust as suggested in previous work in the are
using P receiver functions and controlled source experiments. We therefore use Rayleigh waves ambient seismic noise to bet
constrain the shear wave velocity at the short periods (3- 30 s). Finally a joint inversion of the P-receiver functions and surface
wave ambient noise used to build a new 2D crustal model across the Northern Scandinavian Mountains. This new crustal mod
confirms the assumption of the variation densities within the crust like the source of this topographic anomaly on this passive
margin.

F—7— IF: Scandinavian Mountains, Neogene uplift, variation density, P-Receiver Functions, Rayleigh waves dispersion curve.

joint inversion
Keywords: Scandinavian Mountains, Neogene uplift, variation density, P-Receiver Functions, Rayleigh waves dispersion curve
joint inversion
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Seismic velocity structure off the Boso Peninsula, Central Japan, revealed by an ocea

bottom seismographic experiment
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T L— b (NA) BEWICHET 2 —EARG D ERICAIE LTV, PACIK NA « PHSO RALMAIAI, PHSIZ NA DA
MFHALTND, TD2DDUFET L— FDILIARIC K > T, BT EL Tld 16774E DR FEEMHIESS, 17034
0377:*%!35%1’@ « 1923FEDOKIERIRIIE, FEfahAa—2 ) v A XY b g & OREA BRHIFEZAA XY RDBFELTW

%o L_?(LB/f’\/ N2 PR % T OICIZ RIS EA O FREE 2 2 0B D O . HRMIE, A THIEZ Vv R g
O FREE & HEE U 72 9s i m BB < frbh T & e,

HIRMEZ W TE TR, HIEFTOREDEHICRE SN TS WS HE | BEEIc B % iEEEE KA T
bB1D, GG NOMEZHEET 2ICEBAND S, £z, NTHIEZHAOVEEREL SN TOEH, KK
ELTHSMNICE > TORWEEBDZVONIIRTH S, TORRZNET 5725, 20094E 7 H 30D 5 8 H 4 HIC
W T, EREEREMNCE T B XZ 200kmDOARR, BXTZORFR LICiEERMEST (OBS) HERE I N, MBS
BEMrbhiz,

AW TCIE, BB E N7 H V3BT — 2 Rl € 7L ek B2 (Sato and Kenett, 2000)@ i 41 k€55 7 ¢ —
(FAST) (Zelt and Barton, 1998%F Fi\>C 2 e RGH RS 2 KR Tz,

CNETO PHSICEIT W7 TlE PHS LIHID P HGHEEN 5 km/sFEE EHEE SN T VB DT, ZNZBEICARMIHE
RTIEBEKZ 5.0 km/sDFTIC PHS LiZRK Sz 51V e, Z OFSE PHS EHIMHICHELNCER L TV 27D RS
Nz eHic, EREEMERAIT, HKED S OFE 4kmicBW\ T, HIAIEIBXZ 35 kmD, PHEGEHEADEPH X b &
HEEA RSNz,

74V E Vil L— b EEOZEE 1F Nakahigashi et al.(2012), Kimura et al.(2000}5 W\ TRk 5 N7z E D & &I T
Holee HICTVEVEHTL— FJ:E@*@é%lﬁ]?@hﬁb:i’ob\’ﬁ’éﬁLtﬁﬁ@ﬁ‘ﬁﬁﬁh@%%c‘:ZIKBbﬁé‘%%ttEEbt
L TA, EREEIE TS 10 kmD_EEIFAHR R 5 71ITIZER S K210 LTW5—)5 T, 15kmoD EmidHH &
ZHPE AN, 20 km D _EHEEREEIRMICOm L TV J: ICHZ B, TOHENL, T4 EHETL— MIFEH
MHEERSEEDOMEITHT T, RLICILHFATEBDRERNMCE > TN B EHESRE NS,

P IHOEEEN A & WIEK O SR, 35X UZDNiEIX. Tsumura et al.2009FFEEDMERM SN TW 7 o VEVilET L—
k FEEOKD EAD (Bump DED ER—ET %, DO BumpDHULERTIE PHEGHED 6 km/sZEZ THD,. Th
BB 0AAT R RS EEZ 5N, Tsumura et al.(2009DF5REHFd 28 DL ko Tz,

Eirsa

APIFEDEITICBHTZD . 20094 7 AN S 8 I/ CRIEE N B EIC AR Z A S ETIHEE L7, it
RLUTREHBDOZIEMN 2 LE T, £Z20BG OBSOREINZIT-> 7 (BB HHAMmSE G (D HEHYILVR—
HE) OFEIALOMELITRHE DT ZICH 0 SHELH L ETFE T,

7o, AWRESCHIREAIC KD THIFE N ORILE T RIO 72D OBIHIEHE ] DSR2 Ui,

F—TU— R B, dEME, 7o VeV L— b
Keywords: Off-Boso, Seismic velocity structure, Philippine Sea plate
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ﬁﬁﬁﬁégﬁéﬁiﬁ@%&fﬁﬁﬂ VSV L MU PRI A —)VIC BT 2 BB B O M
Rl C

Compilation of thermochronologic ages of bedrocks in Japan: For understanding the de
formation over geologic time

RN 7% LR I 2
SUEOKA, Shigerti* ; TAGAMI, Takahird?

U HAF ISR, 2 SO HIERERR R AL

1Japan Atomic Energy AgenciDivision of Earth and Planetary Sciences, Kyoto University

HAS SO WNEERGRIC I 206 )] & BHOBIROBES®, AR & IEHEEI OB DI, M ZRIRR A
r—)Uh & B AR R A r — )V & C, BEA BRI A — VIS B B B FHEEED LS « Rt O D0ft %3 (flx
X, HIENEAY, 2012; Nishimura, 2014, ZEH 5%, FreAhmsprsy [HGR 2 1 F 2 7 A—d bR % O NREZ ) D
—EfiE—) O—E & LT, REESOBERZNTEZ VT, BRI A —)WIcB) % 8t H ARSNOEHE 5 1m0
ERHHEDHEE il A TS, HILHASLOME AR A 7 — )V TOME MR, 1R E L Tl R
MAEEEEL L THEE SN TWwaA Wz, /il - BTH, 2001; /7 - #ifH, 2005; Matsd ura et al., 2008, 2009 & -
B EEIER E PRI NS IEHIE Tl BRI E S N TWRW. RIEEASRO LI 351 % BEERZIRR
FTOFTERRE & LT, SILHAINIC 351 2 BERAERIE IR E, AL H AN A & s HAS RO R 2 - —)Uic B
B SNEANDHE AT DR D728, HAF B0 2 SO MMRERDO I VR )V Uiz 128, A#EE T
CHUCDVWTHET S, TAIET v vay - by ZERBROMGEDTED, ik, BHEEE, i, g,
R4, R, RS, KEE, TSR A b FTHEREZOME, DVay FTHEMREZOEAE, REIKDVTEHELTWS.
20154 1 HBIERF R T, RONERT—Z2ZEE 105 LD 5, 7324 b FTHER 350400 E, P)vay FTHR
600 L ED A IRAIVE T LT WA, a8 )VDFER, BHFOBERZET — 2 3 fm HAMCEFR L Tna T &,
HAL AR Tl At E~Bf R Lt DB S S S HHifd RO 7 82 4 R FTHERDESN TS (Db, H
WA~ BIE £ TOREIREDH 3kmiciiiizZzwy) T & (%8, 2001; Ohtani et al., 2004 RILHASLH AT Tl
AR LSO A% Lt C 58 =R R DA ORGES « B Z KL TV EEZ BN ENWTISZA N FTHERDMESLN TS T
& (1B, 2001; K, RNET—2), REDHALMERST-. 5B, oD 1 IURERERIC, FHOVERDE
SN TV BRI T —Z0ze [z i, FHILHARINCIBNT, FT T (U-Th)/HetERRIEZFHIET 5 T ETH 5.

F—T— R BUERE, a8 A)b, M EREE R r — )V D ZETE
Keywords: thermochronology, data compilation, deformation over geologic time
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S HR T W O W EERE - /L o — HasvikBEn W E R Z Il & LT
Formation and development of incipient shear zone in the lower crust: Example from the

Hasvik gabbro, Norway

AR R I s BSE BT 2
KIMURA, Takafumi'* ; OKUDAIRA, Takamot@

VIRBRHINE RS BRAEAR HBREERE, 2 KBTS RE R R BEANTFER

!Department of Geosciences, Faculty of Science, Osaka City UnivéiGitgduate School of Science, Osaka City University

MR ke UTFENICEE L TWEDTIE AL, RTINS EHEEORNEE BIWH) TEICEELTWAS.
KXo THWHRO K - FEfRE, HROERICE > TEETHS. ScholzOWiEEEE T ILT/REND K D HhE,
FER U Tt (BT ISR LTI 28D TH D, TERAIAOSINTT T, Z ORI RE < B3N E
{, MEETIVERRZIETTHS.

HENWERE FEHHROTEERAE TH D, TNERFICBEGEEON SR> TS, FEiEo L Aoy —idc
NET, MEADNBIHKER (i) 7V —TICXDETIMEEINTER. LhL, TNETOEEEBROMERICK
AU, BN/ INET UL, NGBS TR GEE - KIS XD) 7V —TWe0d 2 afREIED EV. A
WFZECiE, TEBHIFEESIWET OYILEREZ I 5 MMICd 5 HIT, 6/ VY = —, Seilandk S KIC BT % HasvikBEAu
itk (e.g. Tegner et al. 199917839 2 /NIRRT K5 DA 217 - 7z

Hasvik BEUWVEKRICIE, B2V~ B Y FREOHEHDS *y hU—7 RICRELTED, N5 SEHHEHIR OR
EAANA, MAOKKOBREINTYS. KBIERRBEOREAPEAICHFAE BRI NS DI LT, MRS
WFEHERLRTH O, BHE RSN EMEAMRZ R E 0. AR ERIEO A & RHE A OB NS B L U
JERKICBNTBIERE NS, W 2R L TSk OREA &R - BURHEEAIE, KECEREETRD & O L3 b 2R
MELS. TNUE, BRMERREA S NIIRIC X B IVKEOGIC & 3 Z RO R TH 2 LEZ BN, FHEA-M
PIAIRERE « FEAEE (Holland and Blundy, 1994; Bhadra and Bhattacharya, 20871\ 7= %55, 750-800°C, 0.8+0.2 GPa
DIREFESIZEMENRBE 5N, TNREIKERBICB I 2IREENIFZGZRL TS EEZENS. W ERIEIKIE
HICHATT 5728, THUIBERMER OIRIETE RO FIRZ/RL T3, Ko T, HasvikBENWEARIC IS 5 BTHHT IE
TESHEERIHIC B 2R ER 2R L TR D, MRS EaOMEN SN oo E2m%ed 2. ARIRHR A & A O
TEMEANEZ X L THY (Okudaira et al., submitted TN SDRIBARETL 7 ) —TTER LIz L& RT. DLED
BEHERD 5, Hasvik BENWEIRIC I B 50T &, R ER & 2 DBONKIER, MKERBNC 350 % S5V OTERTE
P2 E S RIPHEAFT 7 ) — I KB ERIC K > TR E N i S N 5.

F—T— R BNNE, N, MR, RigtED, Rk 7 v —7
Keywords: gabbro, lower crust, brittle fracturing, grain-size reduction, grain-size-sensitive creep
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BN T O E/KAE i 5 ORI ROR S & A SIS R O [F RHE

Measurements of elastic wave velocity and electrical conductivity in a brine-saturated
granite under confining pressures

BOIES S U
MAKIMURA, Miho '* ; WATANABE, Tohru!

DRI R AR LA B A
!Graduate School of Science and Engineering, University of Toyama

Geophysical mapping of fluids is critical for understanding crustal processes. Seismic velocity and electrical resistivity struc-
tures have been revealed to study the fluid distribution. However, the fluid distribution has been still poorly constrained. Observe
velocity and resistivity should be combined to make a quantitative inference on fluid distribution. The combined interpretation
requires a thorough understanding of velocity and resistivity in fluid-saturated rocks. We have studied elastic wave velocities an
electrical conductivity in a brine-saturated granitic rock under confining pressures.

Afine grained (100-500 ?m) biotite granite (Aji, Kagawa Pref., Japan) was selected as a rock sample for its small grain size an
textural uniformity. Cylindrical samples (D=26 mm, L=30 mm) were heated to 100-6000C to increase the amount of crack (open
grain boundary), and filled with 0.1 M KCl aqueous solution. A linear relationship was found between the highest temperature
and the crack density parameter, which was estimated from velocities measured at atmospheric pressure. Velocity and electric
conductivity were simultaneously measured by using a 200 MPa hydrostatic pressure vessel. The pore-fluid was electricall
insulated from the metal work by using plastic devices. The confining pressure was progressively increased up to 150 MPe¢
while the pore-fluid pressure was kept at 0.1 MPa. It took 3 days or longer for the electrical conductivity to become stationary
after increasing the confining pressure.

Velocity and conductivity showed reproducibly contrasting changes with increasing confining pressure. Elastic wave velocities
increased by less than 10% as the confining pressure increased from 0.1 MPa to 50 MPa, while electrical conductivity decreas
by an order of magnitude. The changes were caused by the closure of cracks under pressure. The steep decrease in conducti
at low pressures suggests that there are more cracks with smaller aspect ratios. Both velocity and conductivity showed no remat
able changes at higher pressures. An empirical relationship between the normalized conductivity and crack density paramet
was obtained. This relationship might be applied to a combined interpretation of seismic velocities and electrical resistivity.

F—U— R HURROHRE, BXURERE, DL Wik, 75w o
Keywords: seismic velocity, electrical conductivity, resistivity, fluid, crack
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B R CO BRI E OFPERGHREE & B XUREE DA RFHE ,
Measurements of elastic wave velocity and conductivity in a brine-saturated sandston

under confining pressures

AR T el !
NAMBU, Minako!* ; WATANABE, Tohru?

LE IR HIER R A B
! Department of Earth Sciences, University of Toyama

Geophysical mapping of fluids is critical for understanding crustal processes. Seismic velocity and electrical resistivity struc-
tures have been revealed to study the fluid distribution. However, the fluid distribution has been still poorly constrained. Observe
velocity and resistivity should be combined to make a quantitative inference on fluid distribution. The combined interpretation
requires a thorough understanding of velocity and resistivity in fluid-saturated rocks. We have studied elastic wave velocities an
electrical conductivity in a brine-saturated sandstone under different confining and pore-fluid pressures.

Berea sandstone (OH, USA) was selected as a rock sample for its high porosity ("20%) and permeability ("10-13 m2). It is
mainly composed of subangular quartz grains, with small amounts of feldspar grains. Microstructural examinations showed the
clay minerals (e.g., kaolinite) and carbonates (e.qg., calcite) fill many gaps between grains. The grain size is 100-200 microm
eters. Cylindrical samples (D=26 mm, L=30 mm) were saturated with 0.1 M KCI aqueous solution. Measurements have beet
made using a 200 MPa hydrostatic pressure vessel, in which confining and pore-fluid pressures can be separately controlled.
aqueous pore-fluid is electrically insulated from the metal work by using a plastic devices. Elastic wave velocity was measurec
with the pulse transmission technique (PZT transducers, f=2 MHz), and electrical conductivity the four-electrode method (f=100
mHz - 100 kHz) to minimize the influence of polarization on electrodes.

Confining and pore-fluid pressures work in opposite ways. Increasing confining pressure closes pores, while increasing pore
fluid pressure opens them. For a given pore-fluid pressure, both compressional and shear velocities increase with increasi
confining pressure, while electrical conductivity decreases. When confining pressure is fixed, velocity decreases with increasin
pore-fluid pressure while conductivity increases. The closure and opening of pores can explain observed changes of velocity ar
conductivity. In contrast to a granitic rock, a brine-filled sandstone showed only relatively small changes in conductivity. These
contrasting behaviors might reflect the difference in pore geometry between two rock samples.

F—U— R MR EodRs, B5URERE, HHRH, A, ik
Keywords: seismic velocity, conductivity, resistivity, sandstone, fluid
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BerE Uz 7 o 4 7Y 1 R 2SS A DR E
Grain growth in sintered polycrystalline diopside

PRI #h3E1 1 )1 EsL !
TSUBOKAWA, Yumiko'* ; ISHIKAWA, Masahird!

e N NS

LYokohama National Univercity

MR B0 C, AR 4 2R BREE FIC X D 10~100f5F1c 29 5. ki antzE2 % - CH
EZ’&/\7>< Z2D—DTHV, FHHLH T V=TI B0 TEADKMERIGFERRRICEKTFT 5. AWIZETIE, HE5h

BT T I ay~E pm O/NE R ISR L, DAL AT  IFANWEDEEESIYITH 2 BphiaO—FE, 7«
ﬂ“7°*7‘4’ RDF iRz HFRE L UTh R EE R 21T o 7.

ENGIE i, NTUN—T v A b (CaFeSjO(s) DA DLEYAES 2*@3‘&5@7‘4 F A R EE S, (ﬁ‘fDEIEII :Cay.99Nag 01 Mgo_97Fa)_038i206
%%ﬁﬂ%{ II: Ca397N3002A|002M9086FQ)138|206) %}EHII\T; 2 *ﬁiﬁo)ﬁfDHB{Ii:F‘i’j*jﬁ: 1/1,m L/{Ti T*/}J\Eg L/, ?%6“72*5]\
K& 2MPa Tl iNEREL U, HIEE 721 EZ4C TIRAE 1130~1280°C, {HFIFIE 2 WERE & 7214 6 WERECRERK L7z, 2L
B O BEREA, RinfHRRES e ERTITE IS (SEM) TITV, BERSADEEICIE X BREHT9HT (XRD), H0¢ X R
SHF (XRF), I VoL U SEM-EDSSEEIC K B TET Y VT EfTo Tz,

o NI PEREADORmHMBIS 21T o 7oA, X0 @RI I ERE OB Z1T5 T & THIRE - LT L.
£z, KO FEHRREO/NEVERARZ W 5 & B AD IR &/ NE L T Tz,

IRF ] DRI FEW Y 23 IR DN EED 5 NIFEREIRIC DN T, BISERIICHI S N TV A RE DI (e.g.
Burke, 1966)» SR EMRE n LHEER K (umn/s) ZZNT kD Tz. FRICTEBNT, Dy (um) IEHRER t () HERE DOLE
FERDEIRIEE, Do (um) M AKD KR TH 5.

D;” - Dy" = kt

RIERRE N &HEER K X, ZNZNHES [ 2R E UKz V=851 n=2.59, loggK=-3.3, H55 11 7%
JFRLE UK % DT830 n=2.64 logigK=-4.8 kD 5N T, ﬂ@%ﬁfréﬁ%b\%ﬁ%mt nBXC Kk DIEZ, FeiThf
WTITbNIT /—HY A P BRXUDLALSAADFEITEICBT 2K ERBGER & 2T o7z, ZOFE, BERINTRIEK
EOHEERDORIMKIFT % & ENDRRERE n Offilx, 7 /—Y 1 b (n=2.6, Dresen et al., 1996 X U A5 AN
(n=2~3, Karato, 1989 i\ Mz & % T & b o .

F—T— FRIRE, BEkS, 7« 4 7T A R, ZhEME
Keywords: grain growth, sintering, diopside, polycrystalline
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TR 25 E) « HEIEEN B ATIVERT v U 7 F His D i ANE G
Tectonic provinces of the Northern Fossa Magna region deplcted by means of the crust:

movement and seismic activity

A A
IMAI, Yuki ** ; TAKEUCHI, Akira?

BRI T ABE T, 2 LR AR ABH LA 2T
1Graduate School of Science and Engineering for Education, University of Toy@reguate School of Science and Engineer-
ing for Research, University of Toyama

EEB7 4 v = ZF 1tk (LUF, NFM) Tld, 184T/EICEYEFIE (M7.4) AFE L7213, ST T & 3 A
Eﬁfrz@éib’cu% HFRAHWEOFAE X 1 Z X L2 RS % | C, ERAS L5 % FERHRoiiAfESE GhiRkor
i - Pt - EERE R & ORI OERNEETH S, AW TIE, NFM H O ARSEDfRIAZ Hiy & U, Hi sl
SO T AR R RE 5 A 75 I D W - G B O KIS M I DWW TS L7z,

[ T PR3 K OVE LR8I 00 GNSSEM T — 2 2 L, NFM JEJIC 351 % 20074F 10 A 5 201143 HE T
DO 34 6 7 HREIDOZNLEEGH X OO REE &R 1z, & Tz, EFREEIFEEOHEEICIE, 20034 1 5 20114F
3 H & TOK 8 ER DK RIT— Tt LEIRE Wz, TORE, /A RAREMEE I E R HL D RN 72D, BIRERE T 7 5
AR 2 THERIETT o TWiRW. FE - iR (1999 DOAEZIEE L, b 2 mEENIC BV TR SREE U ZHESD 4
AELD 10%, 50%, 90% T B IE S 72, MR EE D LR - i « FRFEEE ZhZTNER L.

NFM JE30OHRZE S0 BT E) 7z & ORyRiEENcId, BEE AR (EDFEET 5. N105 E JSIOZAHEE T a7 7 A
JUTIE, #90.15 ppmiyd ED O HEEZFFO O FHEHIBDIFAE 2R T X, T DU AEHIKIL Sagiyaet al. (2000
DYERE U 78 -t A i O LIS T 5. O RERIE CORHEO I AREO /5 M P ILR-EHR S 1 TH 5. KF
ZNIEE IS B ZN T DEND 5, Fris itk 5 BB PEEIC 2 5 JLR-m o4 /5 10 O Il 2 A B 5L o 17
TE2HEE LTz, T OMUAREFUZ O3 AEPEORNRICEENS. Tz, MERAEEOTEE IR E MG ETR L, FED
FRIRRE IZR E 3-25 kmD#iIPH T2 5. fl Z X - # (200D OFEHE & [AREIC, FEEIC I THIEE R AR O R D
FWHIEE TR L0 & ROz R . NFM HIUKIC 3510 2 A RN HIEE D A 7 = X LRE, BES Ul & ik e !
INELE L, BSO8R & U THER O AL U2 #Ew Uz,

FREOFERD S, NFM HUBIC 13 IEH-m 75 /5 [ O 221 « HIFE 2RI RDMEIE S % & & 2 Tz, MR A B0tz
TR X IE D BHEE U 7z AU, (SRR SR O M 2R A R © b 2 7 - MEAE SRR (LR, 1970
-SSR UK, 1984 OPEHNCAIE T 5. NFM HUs{OARSE & U T, /K FHGRZESh, iER A E ey, thk
MBI E N RFD 2 DOREER D EHE L TV S ETIVEIRE UL, HIH2ER « HigE220 R AET FUS T T, Witk o7zl
FZACDMFET % T &R, BEXAE O & RAEE AV DEZME L & 5 & LT, KEBRZRNHEN L L3 v
& Z Tz BEFHED A U R AP E b 5 5K | -EHRIASERRIC D T O NFM RSO HIAREIE IS DWW T
W&, % GNSSEI TR S Nzl iR AT L ZE L G L T RELN D 5.

F—U— R MRS, RIS, JLET + v = 77, O A, HIEE A e
Keywords: tectonic province, tectonic boundary, Northern Fossa Magna, strain concentrate zone, seismogenic layer
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201 1AL HTEE R A X O B8 T N THIERAGGEHE (FHR)

Seismic survey around the Iargest slip area of the 2011 Tohoku-oki earthquake

BEAT U HEF 52K 2 KH ESR L B 205 3 5 (i JIEA 3 W D5k 4 O =225 JURIE # 6
AT RS T 5 WD e 3
AZUMA, Ryosuké* ; HINO, Ryot& ; OHTA, Yusaku ; MOCHIZUKI, Kimihiro3 ; YAMADA, Tomoaki? ;
MURAI, Yoshio* ; ITO, Yoshihir® ; YAKIWARA, Hiroshi® ; SATO, Toshinorf ; SHINOHARA, Masanad

RAER S AIHE ﬂEJ\%%[IHFﬁﬁ(EU“&/ﬁ-— 2 BER A SEH R A EBEWTZET, 3 SO A HUEIIZEHT, 4 JLiEE AR A IRk
L@t > 22—, 5 RUER KRR S ET, O ENLE R v St = A LRI, T TR AR AR AR SRt
'RCPEVE, Tohoku Univ.2IRIDeS, Tohoku Univ.2ERI. Univ. of Tokyo,*ISV, Hokkaido Univ.,>DPRI, Kyoto Univ.,NTOEYV,
Kagoshima Univ.”Graduate School of Sci., Chiba Univ.

The slip amount during the 2011 Tohoku-oki earthquake exceeded tens meters at the near-trench region off Miyagi, thoug
few meters caused at off Sanriku (e.g., linuma et al., 2012). Such the spatial variation of the coseismic slip seems to reflect th
variation of the physical property on the interplate fault, which can be correlated with a seismic velocity structure. In this study,
to understand the mechanism of enormous coseismic slip of this megathrust event, we investigate the heterogeneity of the seisn
velocity structure around the fault.

Many seismic refraction surveys were carried out at off Miyagi and Sanriku regions. Azuma et al. (2013) found the high-Vp
anomaly in the overriding plate, corresponding the backstop block (Tsuru et al., 2002), at the area of 38?38.5N and 20 km fron
the trench axis (Figure 1). This Vp anomaly overlapped the large slip area during the 2011 earthquake, and they suggested tt
the heterogeneous structure in the overriding plate controlled the extent and amount of the coseismic slip near the trench bas
on the 2-D structure model along a seismic profile. It is expected that similar correlation between the seismic velocity and the
amount of coseismic slip is broadly observed in the trench slope area, if the coseismic slip was actually controlled by the materie
heterogeneity, e.g. the distribution of backstop brock.

To confirm broad consistency of the previously identified structural variation, we conducted a seismic survey on October 201¢
in the gap area where no seismic surveys have been conducted (Figure 1). We set two survey lines, with a length of 180 kn
which run slightly oblique against the Japan Trench axis. Along the profiles, 17 and 20 ocean bottom seismometers (OBSs) wel
deployed. The spacings of the OBSs were 10 and 8 km, along the land-ward and trench-ward profiles, respectively, taking int
account the difference in depths to the plate interface. We used an airgun array composed of four guns with a total volume @
100 liters as a controlled source. During the shooting operation, we also collected near-vertical reflection data by a 48-channe
hydrophone streamer with a length of 1.2 km.

The obtained wide-angle data showed clear first arrivals within the offset range of 60 km, and later phases interpreted as th
wide-angle reflections from the plate interface. Further analyses of the obtained data set will provide a velocity structural mode
to clarify more detailed distribution of the backstop block and to reinforce the interpretation based on the spatial correlation
between the high-Vp block and large coseismic slip area of the 2011 Tohoku-oki earthquake.

Figure 1. Map view of surveyed area. Red lines and yellow plots indicate survey lines and deployed @BSitions of this
study. Black line indicates the profile of Azuma et al. (2013). Blue arrow represents the high Vp area detected by Azuma et al
(2013). Gray lines were surveyed by Ishihara et al. (2015). Black blocks shows the distribution of sedimentary prism obtained by
reflection surveys (after Tsuru et al., 2002). Color-filled contour represents the coseismic slip distribution of the 2011 Tohoku-oki
earthquake (linuma et al., 2012).

F—7— R HiEEE, 201 L4E S il S AT
Keywords: crustal structure, 2011 Tohoku-oki earthquake
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HIKRATT / ZAGEIROERS ERIE
Grain growth of nanocrystalline labradorite

AZ Ry Al Esh
HONDA, Satokd* ; ISHIKAWA, Masahird

VBRREN RS BRESTEEITART « AR

Yokohama National University

Plagioclase is a solid solution series that ranges from albite to anorthite endmembers (with respective compositiofBNaAISi
to CaALSi; Og). Plagioclase is a major constituent mineral in the Earth’s crust. Its physical and chemical properties are important
for establishing the overall rheology of Earth’s crust. Previous experimental studies on sintering on plagioclase were mostly
concentrated on the endmembers under the high-pressure conditions, thus there are few reports on sintering of plagioclase w
intermediate composition.

In this study, sintering of labradorite polycrystalline were performed by using nanoscale powders of natural labradorite, anc
grain growth kinetics was studied in sintered polycrystalline labradorite. We prepared nanoscale mineral powders from natura
crystals of labradorite (Ab38An62) by milling. Sintering experiments were carried out at a temperature of 1100-$2t0
controlling time after milling and formed mineral powders. Starting materials were characterized by electron probe micro analysis
(EPMA). The resultant materials were characterized by X-ray powder diffraction (XRD), secondary electron microscope (SEM)
and Xray fluorescence (XRF) analysis.

Grain growth occurred with increasing sintering temperature or sintering time. The experimental data can be fit the following
relation, D;"-Dy™ = kt where n is a constant, Dand 0y are the grain size at time t = t and t = O respectively, and Kk is a rate
constant. For sintering, a temperature of 1100-121@ith controlled time can provide high dense aggregates of labradorite with
an average grain size of 0.5micro m, porosity of 3vol% and volume reduction of 60%. In this study, we found that high dense
and fine grain polycrystalline Labradorite can be made from nano-sized powdH8rm) by atmospheric pressure sintering.

Keywords: plagioclase, sintering, grain growth
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Effects of seismic velocity anomaly zone below Northeast Japan on displacement of the

2011 Tohoku earthquake

&l B34 1 ; Becker Thorsteh; Freed Andrew ; {/ii% Lb75 1 ; Okaya David ; 7K i 4 ; 2K 18F] 4
RS A5 BH S Al b A S

HASHIMA, Akinori** ; BECKER, Thorstef; FREED, Andrew ; SATO, Hiroshi ; OKAYA, David? ;
SUITO, HisasHi ; YARAI, Hiroshi* ; MATSUBARA, Makoto® ; TAKEDA, Tetsuy@ ; ISHIYAMA, Tatsuya ;
IWASAKI, Takaya

VRO EMIEIISET, 2 B ) 7 A )V =7 R, 3 8 —F 2 — KA, 4 E R, 5 B SR AR
I'Earthquake Research Institute, University of Tokdldniversity of Southern CalifornigPurdue University! Geospatial Infor-
mation Authority of Japar’,National Research Institute for Earth Science and Disaster Prevention

20114 M9 St X B IFIE A L 500 km, 3RPH 200 kmic B X T, HAFEBOLHICbz> TRELRLER 2
XIF U7, HAYEEICIIHS T GPSEIIME b > TH D, HREH T — X OZEMINRTc X 0. RIbihEDE
20 T TOYMREDERES2 LB AHETH S, HILHAINIL—F 27 T L— MIATFEET L— DA
AL LIS E > TERENTZEIMTH O BIEDKLT7 T Y MIEHEFRLIRICH > TIFEES %, HER NES 57 0 —
ko, koY kOB FICIZEMNS Y YIEIC & 2 HENROBEEMER, AR FEicimo@Eibe <> k
VB D ERIC K 2 Bl SN TV 5, 2 TAWIZETIE. HARSEE O = Rci s gz B o ANz
ARERETIVEMEL A VN—V g VKo TELSNHIEMHIEDO T XD HZ VT, HILHA ROl FA 8
MED K S ITHFREENC B 5.2 2 D 7Z2ii\Tz, BllT—2 & L Tid, E-HEERIC X 2 FESO GPSEIlT—2 &
Mg FARZ T & RALRZAIC X B GPSEZEAIIRIC X 37— X &2 iz, T )V E LT 4500 kmX 4900 kmX 600
km OFEIZ & %, THUETEINE-IV 7 FHE-HERY & T2 OHElicsd %, FL— MEFEIke L Tid, it
EEFR ED SRDTZEHE O A M L7z & D% vz, T7 /U 5-100 kmD K E X D 100 5 HFLE O PUEA
Ay ¥ all &> THEIU, EHORECOWTITEROZILICE U TIZIEFIT/NE D > TeOTEE U, sk
IZDOWTIE, ShESTMOREIEIC DOV TIE PREMETIVIC K 2 EREHV, KEEFRE FOom®EE L 7oy ME
TOMEEZERIT 572010, ZNEFNIEE 80 km DME RH B ZEA Ui, MBRNIEORE R IX25 TzdI G
T 5RERERE TEREZITo Tz, SHEOE, B5NTZITXROMICB L T, REFET TV & HFR AR GRS
EFINVTIEIEFR IR GHEIEL Nz, ThbH, HFRAEHEIC K A2HFREH)/SZ—2 DT UL, I XD HEDA >V
N—=T 3 NTFEELRV, —/. Ln%ﬁmfﬁﬁLt%iﬁmﬁf®ﬁ%rw®ﬂﬂﬁﬁ%%% BN SEF
WA 22 U WA MV 2 — Tl Uz, BIEHSEE T V2 AWz a, HILHADIZ & A E DT T

BEOHBEDRENT FIVHAR SN, KEFRIRWVICHE RO & DBEAENT HWJ\E%M% MR ERGEE T
ww%é\Ch%@%%N7b»@$é<&bﬁﬂ?—&%ibﬁ<%%f%%oz@i%t TSR 7 M s Bl 7 —
ZERAWE LI DT OMEMEZME T2 EEEL 5D, Fio. TOEI G THELZERT AT ETED
BRI TIREED R RN ATREIC 5 5

F—TU— R 201 L4E U Ephithas, e g, AIRESRE T 7, MR ORENGE, BRIt H A, T E

Keywords: 2011 Tohoku Earthquake, Crustal deformation, Finite element modeling, Seismic velocity structure, Northeast Japa
arc, Active fault
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A method to estimate friction coefficient from orientation distribution of meso-scale faults

o 5
SATO, Katsushi*

L RS R SR E B A 7R BR R R R A I
!Div. Earth Planet. Sci., Kyoto Univ.

T Dt 1 R R U TR D NE ME ARG 2 TRE D B EHEZ/ ST AR TH%. Ui L, MERHICTED) L7z WifE s
BRBZIIRINC AL 2 C L3 LY. BE7a 5, MEEOMERZ R i HaEREONEVI 5 TH L. K
Wi, IOT AT TR & W O T A A s 2 A B 5 T & THIE R RO Ff R R #EE 9 % Fih 2 id R
ERCR

ST, A NBTEREOLES L0 Jie & LICHRREIST1 7 > V)b (3 DD AL L Is k) 2R
% THETH%. Angelier (1989 &, Je/JDHMEZ EIRTET 5 THEZRE Uz, TOJCERNATIAR, Mg hzEgdl
7z CoulombDBIKIIESAT 28RS 2. I 7&b B, WEMICIEZZ5 < AMERIST) & BIWE T O LLhveE R R E Uz
ATEZBIHODPECE EIREL TS, TOREIHE > T, AIERISS & ¥IHNS) 229 Mohr 247 575 LB
T, WOTMDFREBLDERMOME & UTHIEEBBREDIEESNS. LA LEDND, 757 ETHERZHET 21
FIIMEREEZHS.

Z TTANIEE, LNOIETEROMBME ORI ZH L Lz, 77 b= Z&ZERTRE 2 BISH Ao a0
MRHEIC LT, AR ZEF LT VWEEZI NS, WKED EFIC K > THIEM 255G, Kk )24l L7z Coulomb
DBIRTIESEICHE 5 72 513, Mohr [ & ST 72 K S ERIO BRI WiE 2 K I MRS 5725 5. BRA ik
FEAEIC IS CCTWIEREDNE 2 &, 22007 LICHIREIE U 7z Mohr FIN D 5o i I3 BEEBRENC K - THEE E N2 T i 7z
£C%. Toiamd, FAERTG T BNV EH LILFICEENTES. U EOMEZMM LT, #iHElE Mohr
ZAT JZ L ED AT DERRD T B FEE R 2 BT 5.

AW OBEEROE L2, THEREREHRERC MG S 2 Skt LRREREh O/ NI ERHCER U7z, MROMEIX
FICWEBXTREN B S, S Mif#ENT (Sato, 2006 1IC KD, FEILFE-BFEHTAIOS [SRISHI DRI E N7z, BEEREL
1% 0.66+0.05/-0.05 B &N, ARFIEICK D BOKEE T YRAERNMEL NS C DRI N,

References
Angelier, J., 1989, Jour. Struct. Geol., 11, 37-50.
Sato, K., 2006, Tectonophys., 421, 319-330.

=T — R SR, /N AT, EERRRER, T AT

Keywords: stress tensor inversion, fault-slip analysis, friction coefficient, orientation distribution
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Landward migration of active folding estimated from topographic developments along the
eastern margin of the Japan Sea

KEE G5 =1 5t
OTSUBO, Makotd* ; MIYAKAWA, Ayumu !

!Geological Survey of Japan/AIST

The Quaternary tectonics of the Japan arc is characterized by strongly crustal deformation, whose mode and rate are qui
different from those of the preceding late Pliocene. The Tohoku district, on the eastern margin of the Japan Sea, lies withir
a strongly compressive area that has been experiencing large, contractional, crustal deformations, since the late Pliocene (S
and Amano, 1991). Fold-and-thrust structures (Sato, 1989) and fold-topographic structures with distributed reverse faults (e.g
Okamura et al., 1995) have developed in response to this contractional deformation. Geodetic surveys in the Tohoku distric
have detected zones with a high rate of horizontal strain (Sagiya et al., 2000). When the contractional deformation continues t
the present, the high strain rate zones at the geological and geodetic scales should be overlapped. However, the high horizon
strain-rates recognized at geological and geodetic time-scales are spatially heterogeneous. Rates are consistent in the Niig
region, in the southwestern part of the Tohoku district, but not in the Akita region in the northwestern part of the district. There
is, therefore, a need to constrain the spatial differences in the horizontal strain-rate between the geological and geodetic tim
scales, in order to understand regional tectonic differences across the district.

We focus here on the erosional and topographic evolution of fold structures developed since the late Pliocene in the Akite
and Niigata regions. We measured the distance between the fold hinge lines and the mountain ridge lines. We targeted 44 fol
that were activated since the late Pliocene, comprising 12 and 32 folds in the Akita and Niigata regions, respectively. Spatia
variations in the normalized deviations are consistent with the systematic eastward migration of fold growth in the area. The
topographic behavior indicates that the landward migrating of the fold growth is generally constant.

References: Ellis, M.A., Densmore, A.L., 2006. Geological Society of America Special Papers 398, 251-266; Lave, J.,
Avouac, J.-P., 2000. Journal of Geophysical Research: Solid Earth 105 (B3) 5735-5770; Merritts, D., Ellis, M., 1994. Journal of
Geophysical Research: Solid Earth 99 (B6), 12135-12141; Okamura, Y., Watanabe, M., Morijiri, R., Satoh, M., 1995. Island Arc
4, 166-181; Sagiya, T., Miyazaki, S., Tada, T., 2000. Pure and Applied Geophysics 157, 2303-2322; Sato, H., 1989. Memaoir:
of the Geological Society of Japan 32, 257-268; Sato, H., 1994. Journal of Geophysical Research: Solid Earth 99 (B11), 22261
22274; Sato, H., Amano, K., 1991. Sedimentary Geology 74, 323-343; Sibson, R.H., 2009. Tectonophysics 473, 404-416.
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Keywords: fold, fault, topography, earthquake, deformation, high strain rate zone
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%Iﬂﬁﬂ“%ﬁ?tﬁ% Z T 2l HENBRTEITNDIC K - T T &7z Block-in-matrix
Blé%k—in—matrix fabric by frictional grain-boundary sliding of the Hioki melange of Shi-
manto belt, Shikoku, Japan

PR 42 1 5 e 1
TABUCHI, Yu!* ; TONAI, Satosht

VIR AR AR G N E AR AR
LGraduate School of Integrated Arts and Science, Kochi University

We report lithology, deformation structures, and clay mineral contents of the Hioki melange, which constitutes part of the
youngest (late Oligocene to early Miocene) portion of the Shimanto accretionary complex, Shikoku, Japan. The Hioki melange
is comprised essentially of a dark gray shaly matrix that envelops blocks and large rafts of mainly sedimentary rock. Although
it is regarded as accreted within a few kilometers below the surface (e.g., Hibbard et al., 1993; Underwood et al., 1993), the
deformation process of the melange still remains unclear. The deformation mechanism of the melange is essential information
understand this problem.

The lithology and deformation structures are observed using core samples and outcrops along coastline at Muroto, Koch
Japan. The core samples were collected at two localities (HKO1 and HK02) and are about 40 m length, respectively. The whol
of the samples show block?in?matrix fabrics. The ratios of the blocks change irregularly between 0 to 40 %. Furthermore
some fracture zones are observed throughout the samples. Some of these fracture zones contain clay minerals. In the fie
block?in?matrix fabrics are also observed throughout the study area. The size of blocks ranges from millimeter to meter scale
There were three shapes in the blocks, which are brecciated, boudinage, and layered blocks. Some blocks are injected by she
The matrix, which is partly folded, is composed of dark gray shale and some green tuff and dark brown shale. Microscopic
observation revealed that the shear displacement of the matrix has been achieved by grain boundary sliding and some press
solution. Attitudes of bedding plane, cleavage foliation, and major axis of boudinage blocks are parallel in many cases.

Clay mineral contents were investigated by XRD analysis on 23 samples (7 samples for HKO1, 5 samples for HK02, and 11
samples for outcrops) throughout the study area. The result shows that illite is the major mineral in all samples. In addition,
chlorite is contained in the samples of HK02 and the northern half of outcrop, and kaolin minerals are contained in the fracture
zone.

Two possible explanation are concerned for the process of the block-in-matrix fabric of the Hioki melange. One explanation
is that this fabric has formed under the condition that the contrast in competence between the sand (block) and the shale (matri
is relatively high. In this case the sand layers have consolidated and deformed by brittle failure, although the shale layers hav
deformed by grain boundary sliding. In this case, blocks from same layer should form a line. It is a future problem to confirm.
Another explanation is that host strata of the Hioki melange have deposited as mud layer with some boulders. In this explanatior
sandstone blocks may have been transported by debris flow and/or submarine landslide. On the other hand, the fracture zor
have formed in the consolidated melange, which have been uplifted to shallower part of the accretionary prism.

F—U—F: 70w I MYy 7 AR, KD, W, AT Y a
Keywords: block-in-matrix fabric, grain boundary sliding, Shimanto belt, melange
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Changes in seismic velocity and electrical conductivity in a brine-saturated granite unde

uni-axial compression

RRA Sl 1
MORIMOTO, Misaki'* ; WATANABE, Tohru!

LE IR HIER R A B
! Department of Earth Sciences, University of Toyama

Geophysical observations have shown that fluids exist pervasively within the crust. Fluids are mainly situated at intra-grair
cracks and open grain boundaries. Since the opening of cracks strongly depends on the stress state, bulk properties such as seis
velocity and electrical conductivity, which are strongly affected by fluid-filled cracks, should be anisotropic under a stress state.
In order to understand the anisotropy in velocity and conductivity under stress, we have been constructing an experimental syste
for studying the anisotropy in elastic wave velocity and electrical conductivity in a brine-saturated granitic rock under uni-axial
stress.

The loading system is composed of a hand press (Maximum load: 20 kN), a load cell and stainless steel end-pieces, whic
contains ultrasonic transducers for velocity measurements in the axial direction. A fine grained (100-500 ?m) biotite granite (Aji,
Kagawa Pref., Japan) was selected as a rock sample for its small grain size and textural uniformity. A cylindrical sample (D=2¢
mm, L=30 mm), to the cylindrical surface of which ultrasonic transducers are mounted for velocity measurements in the radial
direction, is assembled with end-pieces, and then loaded. One compressional wave velocity and two shear wave velocities c:
be measured in the axial and two radial directions. Electrical impedance can also be measured in the axial and radial direction:

Preliminary runs on a dry rock sample have showed that velocities in the axial direction increased significantly with the axial
compression. No significant change was observed in velocities propagating in the radial directions. These observations can |
explained by the closure of cracks perpendicular or subperpendicular to the compression axis. Experiments on wet samples w
also be reported in this poster.

F—U— R HEROENE, AR, ST, ik, R, 60

Keywords: seismic velocity, electrical conductivity, anisotropy, fluid, compression, stress
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Detrital zircon chronology of the Upper Cretaceous Atokura Formation in northern Kanto
Mtn., Japan

PR R e B TR 2 5 /NRORIOR B 5 B JE 4 O e
NAKAHATA, Hiroki 1* ; ISOZAKI, Yukio? ; KOSAKA, Kazuo® ; SAKATA, Shuhef ; HIRATA, Takafumi!

VHREURZAIEBE AR S R R R R AR I, 2 AUUR AR AR B S LI FE R AR A I, 3 HACK A SR i
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IDepartment of Earth and Planetary Science, Graduate School of Science, The Univeristy of “Taéqyartment of Earth
Science and Astronomy, The University of Toky@epartment of Geosystem Sciences, College of Humanities and Sciences,
Nihon University,*Graduate school of Science, Kyoto University

The Cretaceous sandstones of the Atokura nappe in the northern Kanto Mtns. in central Japan were analyzed for detrital zircc
U-Pb chronology by LA-ICP-MS. The results documented two distinct age groups; i.e., 150-300 Ma (Permian to Jurassic) anc
1600-2600 Ma (Neoarchean to Mesoproterozoic). As there are no correlative candidates for provenance in the neighborhoo
the Cretaceous strata of the Atokura nappe were likely exotic. The occurrence of Jurassic granitoids is currently limited to the
Hida belt in central Japan, while no Precambrian basement is exposed at all in Japan. Judging from the allochthonous mode
occurrence, the Atokura nappe was derived originally from the back-arc domain of the Cretaceous Japan.

F—U— R Aififd, BE, #UEED L3, U-Pb4EA, LA-ICP-MS, HA
Keywords: Cretaceous, sandstone, detrital zircon, U-Pb age, LA-ICP-MS, Japan
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Dislocation creep induced layer structures ? in mafic rocks, Tanzawa Mountain

TKEF AT 1 3EAR S
MIZUNO, Tomoki'* ; MICHIBAYASHI, Katsuyoshit

VR - BE - HIBRR A

Hnstitute of Geosciences, Shizuoka University

Tanzawa plutonic complex is located in the northen part of Izu-Bonin-Mariana (IBM) arc. The complex has been exposed by
the collision of IBM arc and Japan islands. The exposed process is related to uplifting of Tanzawa plutonic complex along the
Kannawa fault. Mafic rocks near the Tanzawa plutonic complex show metamorphosed and deformed textures. The purpose of th
study is to reveal microstructures of metamorphosed mafic rocks occurred near the Tanzawa plutonic complex. They are highl
deformed and show well-developed layer structures. The mafic rocks consist mainly of amphibole and plagioclase. Amphibole
grains are elongated. Plagioclase grains are polygonal. The mean grain sizes of amphibole are in a range between 30 and
micron, whereas those of plagioclase are in a range between 25 and 115 micron. Within the well layered rocks, aspect ratic
become smaller, as increasing grain sizes. Crystal-preferred orientations (CPOs) of amphibole and plagioclase were measur
by a scanning electron microscope (SEM) equipped with electron back-scattered diffraction (EBSD). Amphibole CPOs show
(100) [001] patterns. Plagioclase CPOs show (001) [100] patterns. It suggests that their deformation mechanisms are dominant
dislocation creep. Some elongated amphibole grains have grain boundaries perpendicular to the foliations, which appear to |
also an evidence of dislocation creep. Consequently, the mafic rocks could result from dislocation creep during the developmel
of layer structures associated with uplifting of the Tanzawa plutonic complex.

Keywords: amphibolite, Tanzawa, amphibole, plagioclase, CPO
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Brittle and ductile textures preserved in Kashio mylonite along the Median Tectonic Line,

Sakuma-cho, Shizuoka

8 NP = 17 = B
ENDO, Hiroto"* ; MICHIBAYASHI, Katsuyoshi

VAR - BE - HUERFSE
Hnstitute of Geosciences, Shizuoka University

Kashio mylonite exposed along the Median Tectonic Line in the central Japan is one of the most famous fault rocks in
Japan. The purpose of this study is to reveal microstructural development of Kashio mylonites in the Urakawa area,Sakume
cho, Shizuoka Prefecture. Kashio mylonite occur along the Ohchise-gawa River and Shippei-sawa. In this study, four Kashic
mylonites were classified into three types: protomylonite, mylonite, and ultramylonite. The whole rock chemical compositions
show that they were derived from the igneous rocks such as tonalites. Two protomylonites have larger ("“4mm) plagioclase an
amphibole porphyroclasts and show composite planar structures. The plagioclase porhyroclasts were fractured but partly d
namically recrystallized into fine-grains. All quartz grains were dynamically recrystallized into fine (about 40 micron) grains.
One mylonite consists of very fine-grained quartz (about 20 micron) and plagioclase bands with small amount of plagioclase
porphyroclasts. One ultramylonite consists of very fine-grained matrix of quartz, plagioclase and K-feldspar (about 10 micron).
Ultramylonite were fractured such as cataclasitic rocks after the mylonitization. Crystal-preferred orientations (CPO) of quartz
were measured in the four mylonitic samples. Quartz CPO patterns suggest that pristip system is dominant, whereas the
ultramylonite have a weak cross girdle pattern of c-axis. It suggests that the ultramylonite was progressively developed durin
deformation under the retrogressive condition. As a result, these mylonitic rocks have undergone three stages of the deformatic
event. The first stage of deformation occurred in the ductile regime of plagioclase, resulting in the fine-grained plagioclase ant
Y-maxima CPO patterns of quarts c-axes. The second stage of deformation occurred in the brittle regime of plagioclases, resul
ing in fracturing within plagioclase porphyroclasts and the weak cross girdle CPO pattern of quartz c-axis in the ultramylonites.
Finally, the third stage of deformation occurred in the brittle regime of both quartz and plagioclase, resulting in the development
of cataclasite. The results support that the Kashio mylonites have been deformed during progressive retrogression associat
with the development of Median Tectonic Line.

Keywords: Median Tectonic Line, Kashio mylonite, CPO, ductile regime, brittle regime
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Thickness of seismogenic layer within the crust on the Japan Sea side

NG
MATSUBARA, Makoto'*
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RAEREZHET 208N DH 5,

W NEDFAE D S HERAEE O FRZ MM 2812 L LT, D90 H %, DI0 &, ZOHEE X 0 iERWEE T,
F OHIROHIFEIC B W THAET ZHBEO 00U EEND C LA RT, T OHFRAICIE. mﬁﬂ@7b—bmfﬁi
THMEBIZTERVEDET D, —f. MEREEDO LEOEEE LTIEDIONH D, ZOHEE XD HIRVAEIC,
OHIBLTHRA T ZHIBED 109V FENS T & 2K, AWFETIE. HARUHGFEBICHT % D10, DI90ZH#EE L, HiE
HEOHEEBXUEEZRD S,

2. 7—% « ik

5 SERHIF OO i S EE RN (Hi-ned Tl&. —JUTHE (1D) #6d& GEBJI - fth, 1984 7% AW CTEFHENTHNT
W5, 20014 1 H~20134 12 HICHARMHAFRICB W TR S NIEHFRN THRE LTz 7 =F 2— K (M) 1.50 Eoil
EICDWVT, HAY|EEMIC BT 256 74 =oc#fE (3D) #i& (Matsubara and Obara, 200 % VT, EIRFIRE Z
'??'3 f:o

RIS, TNHOERA 20T 2 HWT, MR EREZH#HE LT, HAHIRZHLE L2 0.20 M5 OMEICIHBNT
M 5 E 50km F TICHAE LB S b, HiZAD 5 10%, 90%DHIENFEE LIRS ZZNZF N D10, D90 &
LT, TOMZEMEREEDIREE LT %,

3. AEH

DHEEZHVTERBRERZT S LIck D, B PEOHEIZA 2km 1F EiEL . EE 15~30km{HE TRAEL T
TeHIEEIH Skm PSR K Ir o 7o CAUE, BIALSHIEMESEZEE U, R HEOHERE O BN RNz TH %,

3D HEEICHE D D10 ID &I HE DS BEE X0 %< iro Tz, FIHEHBE~FRIZICHOT TORE TIE, T 8~12km
EHEL I TWVBD, ZOMOHIR TIFEET 4~8kmic 04 LT\, INFIEEKICOWTIE, JLiEEM TldREmR & LR
D 4~8km TH % —/5. HARRLIFEDOIRFED D101d, FEICHARTEHEL D, 8~16kmTH > 7=,

D90 1D #HEICHED S EE KD B 3D MEEICH D IEE DIF S Wik I o Tz, HEHTIEE < OEIED 9~15km TH
B0, I T 16~24km LR 75 %o JUHEREILES - HARED SHNEE T 16~24km & < 2%, EHIC, [IER
OB L RFHEREIT TIRFEE 30kmARE X CiET 2L FET %,

HEREEOET X, IDEEICEDET LD E 3D HHEICH DIV ZEEDIF S WL ko lz, JtiEEIER TldbEsk
I BInFEE E TIHAID 18kmb 5 FEflD SkmFLEE & Hilskic & O K EREDFEET B, JLimEr Tl e Tl 4~8km
BETHZ2DICHL, MR TIE 6~14km & JEL 5%, HHRENSMHEBEOBELE LI T 2~8kmEETH 5, —/7.
BB~ RIS O Tld. FESIcBWVTE 8~16km EIEHICEL . FRciEgicrmh > TEL A>T
%, IR~ EEREOMIE T, 2~7km £#ELR>TWVW5,

4. i

Omuralieva et al. (2012}, &7 i Bz 3D HE CHRE L7z 5 2 T, D0 ZHEE L T\ 5, AL & [Fkk 3D
MHEICEED < DI0IFXGT—THlICED S DL D iR Ao TW5D, F/z. dUEEILES. FHEED SFRRICT T
DI THEL . BRI D ETROED T %,

U=
5. fiam

HAWBINFIC B 2 BB DR S ZHE Lic, 3DMEICH D EFEA 27205 2 Lic kb, 1D &I sk
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DLEFEHZOT LD HEOHEIEL . BOHIEBRRCHERESNS T LIick D, DI0EEL., D0EL &L, il
EREEOREI kol ImEILE & BEYED SHEROMEIN CIIEREEOE T NEND, g1HR~EH
BZh T, EFICHEHLI E>TWS,

S — F: IR, HUEFEAE I, D9O, D10,
Keywords: seismogenic layer, D90, D10, seismic fault
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201 1 R bt 5 A rE i EE R RIS LRR A 50U 381 B N L2 BB G sl 251 &
%1% PR H o

P-wave velocity structure at shallow depths around the northern limit of the 2011 Tohoku
earthquake

A B NEE L RIE L R s N HEN L SR EEAY 2 B SRR ik Rl 4

WH AR5 KR & 6

ISHIHARA, Ken'* ; MOCHIZUKI, Kimihiro ! ; YAMADA, Tomoaki! ; YAMASHITA, Yusuke! ; SHINOHARA, Masanab;
AZUMA, Ryosuké ; HINO, Ryota ; SATO, Toshmoﬁ MURAI, Yosh|0°'YAKIWARA Hiroshi ¢

VRO OR A HEDSLAR, 2 BULRAHIEE « ORISR > 2 —, 3 SR ASEER A EIBEIIZTAN, ¢ TR R AR
PSR, o JLHEE KA RSB SER, O BRI S A RSB LA SR

LEarthquake Research Institute, The University of ToRfRecearch Center for Prediction of Earthquake and Volcanic Erupstion,
Tohoku University?International Research Institute of Disaster Science, Tohoku UniveiGitgduate School of Science, Chiba
University,?Faculty of Science, Hokkaido UniversifiEaculty of Science, Kagoshima University

2011 AE ST ARSI DT RO IBEA TIE T NE TICW L DO OREEREMTbNTE R, LML 2011FED
B2 B T OHEOMIEICZ(EDVE T TREMEN D % . HEIEDIRFMZA L7 KD % Tz i id ¥ 2 RiC [F UG ©°1%
BN R LT 20BN D %, T DIDHEFE/KD 201340 9/1179/191 HFEHIFERT (OBS) 7 Fl W 72 il IS Tk
aj’“afo\‘ 19964 M U 20014EIC T NTZIHAEDBRICH WS NTHRRICE 5 2 X 512 L TiTb Nz, 20134 DA TldiE
WEENCIR © 72 r R LOOKm DR 7 K%z . 44 B OWFEHIEEET (OBS) & A MY —~—7 — 7 )V ik Z 1o 7z, X
TR E LT A UMW E N, TNSOERITY 7 201 LERA S ACEAETIED T XD AR S ATV
728 19964 N U 2001 F DGR & Ll 2 HCHIERERTRIC BT 2HEOZ L ZIHEMMICTE S L EZA B NS, FFC
HIEROILMAY 201 14 S LG ACEPETHED T XD OILRE L Eix > T\ 5728, BIENFHERICE T Trbo Db
ICDWTHEED LI SR DN T X 2 A[HEMNH 5,

20014F & 2013 FDFHA TS S Nz S, K OEEHIEERT (OBS) DBIHRLERIGE 2 ik d 5 &, T DZE(khH
5T EOMERTE, TS K DEBRICHGICHEFZ TELNH -T2 EZHOMNCT AN TESDTIE IR
N5,

AWSE T3 Tau-Pfi##fr [Diebold and Stoffa, 1981 W THEED HIRE 2kmFREE X TOD 1 0T PG ERE DHEE 2%
MEIEHIEERT (OBS)ICH L TiTo 7z, 5Nz 1 X0C PEHS SRS Z eI SRR TR U <MD SRS 2kmEE X T 2
Kot PIGHERGED 7 4 —"T— K « 7V V772170, EwEBIC DWW T BIHERZ3HH 9 % HZE o S 2 #EE U 7z,

F—T— R 201 4R U LIl ARt R EE I LR, N ARt iR R M A 1, i =t
Keywords: the northern limit of the 2011 Tohoku earthquake, controlled source seismic survey, ocean-bottom seismometer(OBS
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HHEE R TR K 2 s [BRAEERER & 2 D i i O MR A IS D HE e
Seismic basement structure in and around the northeastern Kanagawa Prefecture inferr

from the seismic interferometry

(LR Bl b s A RAE L st fE 2 i E 2 EH |
MIZUHO, Yamazakt* ; YOSHIMOTO, Kazud ; NAKAHARA, Hisashi® ; SAKAI, Shin‘ichi® ; HIRATA, Naosh?

LRI E R AR A T 2 AT LREARZERE, 2 AR R EBEER AR, 2 SOOI i 2
!Graduate School of Nanobioscience, Yokohama city Univerd@yaduate School of Science, Tohoku Universifzarthquake
Research Institute, University of Tokyo

1. ZLCBIC

RS HERE IR N D TE BGEFE 2 PRIF S 5 To i, #1ah =R LIS OHEREE O FITRTE L TV 2 B OME GRE, Hh
HAEEDIX 7)) ZFFHNCHAS NI T 20BN H 5. RUIFETIE, RIIBILEEE ZORFUICBWT, B FHEE
SEHIEE DO RCEICE A U, ol = ROMEBEFRMOMEIC OWTH L SHAAB Lz, BRmiciE, MERTHEICK
Dﬁ%htﬁwﬁ%%ﬁaﬂﬁ®ﬁ%&%aﬁﬁ JEPTER R, MR RN, O R THISIC BT S
FRAEAIR A E 2 U T, SRS Wimric 7 5 N 3 RO T 72 v 22BN iR U 7z.

2. T—REIRNTITIE

fRFTICIZ, SK-net@#BEREIIFRA v T —7), K-NET(ZEREEIAE), MeSO-netd £RIEHIZEETHIHE) ot
ERNSRTE SNz 2710 ROk 2 Uz, 354 - i (2009)IC1E> T, S8 O IR 2 2200
RIS L, EES 238 SHIERIC DWW T HAHBBEEZ kD I%Ic, EGUBICK D, HflgD SIHL AR XM
B L. TSI AR ZABEUEREE ORIFRIC DWW THEE L, SEUUS S W 2 Rk LTz,

3. HER

HIEEIE T PREIC K o THEE & N7z JEAR-RRIGARR O BELU S W N (3R E R 2 B0 5 6 RO Y& B ORARZ 5 5
AR ENTz. COMEEROZ(LIZFEEEE TR Lkm b 5 3kmBADES ZICHYS T 5. AIFETIE, TOK
Sz, PEROPEERHIICATE S 2 R R OPFARER CNR - 1 1999 L OXtic kb, VU0 L & fiER
U7z, ZE)ILUUCNIE T 2 8IS T, POy o b & g U THEE kk%w(zﬁﬁﬁ)&%ﬁﬁ%%ﬁﬁﬁﬁ#
B E Nz, ORGSR T ORIEDHERR S N TV A TLHHGRET: (85K 1990 N U HiREIH: @A - &
§6 1985 HEETHF L TVWB T EMD, KRB TIEFARH bl & R L 7z.

POt E BRI DB, IZIZZE)INCin-> THD, JFfEHAhIh SRR ILEBICiIE T % & HEE SNz, [H
BEROFEM O L, BRI ORI K EICBO TR AEERN 6 B TH O, 1 5RHOILHORR
FHEICHENRT 1 REEL > TWA T EAHEIE Nz, T OfEEIE, HIEHEAR PRI T IkmFEEL Kb e
RLUTWS, ESICEMTE, SEmmms (EXNOASEXEZD ¢, Uyt Ll mbh > THEEER S B0 5 4
MREEICZELTED, HANTLEART 0.5km» 5 IkmIEEE S > TWA T D HEIIE Nz, TS ORERISHER E
WM (Wi 2000 OFEREBENTH S, B Fd, WEEFIRHLR T, TEERFSHNS 6 MFREDIZ
WEKF G LTV H, IRHHIL D HEITEBIcE A5 T L s fiEE I Nk,

B

AW T, EERE MRS ORIE AR N O E AR RS S % v b T — 7 OB,  WaUHEbi, MR, T
TERL, B, BORHbERTE %@ﬁ$+°ﬁﬁﬁ®ﬁ%ﬁﬁ%@ﬁbibk.ik,%%ﬂ?ﬁmﬁ%%,%%ﬁ®ﬁ%
AT TV ER L, CTICRLUTEHLXT.
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HAHEIEE » Jlaids 70y = 7 b SE - s d oA o R

Seismic reflection profiling off-Tottori and Fukui, SW Japan, for seismic and tsunami
hazards in the Sea of Japan

I o AR FEEGE T L Y e A 2 RelES S 2
KATO, Naokd* : SATO, H|roshi ISHIYAMA Tatsuya1 SHIRAISHI, Kazuyd ; ABE, Susumd

LHORURSAHENTZET, 2 (RR)  HIERRL AR SR ZE
LERI, Univ. of Tokyo,2JGI. Inc.

HAHFIR A s C O R OW & Tl « mEF Tl 21T 5 TedISGERIEE O THAEREFAE Y 2 7 v W
2013 L DA E N, coTay 7 bO—BE LT, 20134 FE/ICIE FB-ItRE T O ihERS 2 925 Lz (k
FEIEAH,2014). 20144FEFEICIE M - BEOT CHIFERGERE Z M LTz, T T T, T OREDORRS S Nz KShEhE
BEWm 2R L, HEEIC OV THET 5.

20144E 7 AT — 7 U L FEEM A B 75 5 X CIREREMERE 7 — 2 ZHf3 Uz, C 2 TS IEIE, EHo 4
HIER, FF190km& BHGHD 548, F 280kmh SRR E NS, A IXIEED S SOkmEEE TORFEETH 5. 1
P EAZED S, T K B KGHEERED T — 2 BiS2 1o 1. FEEMOIT 77 A&l 3020 cu.inch 77—
T IV 2 km, 168ch0)’7 TV L, 1050 cuinchD Y AV B FHEMOIY Y LR BICRES B2, o
BAA 71y FEEEHE 4km & Uiz, T—ZUGREY > 7)) F TR 2 mseck U, #liREl 10s& L7z,

ZOERIIFEER 4-5sETOA A=YV ITHEENTz. BEGTTIXFELER 1 s X DIRHFICE < ORNESTHAR S
ns.

JSEGTO SGHETTE TLEEE 5km 7z Z 2 Fr ARG OHIE D HERT L TV 5. TS OHERTIE HARMEILAKLIROF [5EME:
DISIFIC X > TR ENTZEDTH . TNSOEWERR, 0%, HEfmEOSIcX o wikEe UTHIEEH L TW»
3. —J7, IR TIEEEPIC EARYERE OE X AL, &K SkmFE £ TOHEREEN 1T 5.

U 7 b FREMEREYN SR I I ORI 2 90 (I - /NEL, 198D, ZIE OB MIIEIRICEDNS. EHEPUALLUR
OFFEENIEINNTH D, BEFHRE 0 ENOHEICRE & U TRERZER ST 5. S TEEKmEICEME S
Z HEOWIEX, MTNWEEHEETI N S.
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GNSS7— & 7% 2 20034 A- B iitsE CARE OO b it O s ZnBh fihfs
Crustal deformation in Hokkaido after the 2003 Tokachi-oki earthquake using GNSS data

OHSR (A 1 5 PUk sith 2
ITOH, Yuji'* ; NISHIMURA, Takuy&

P LU EBE AT SRR, 2 SRR AR ST

!Graduate School of Science, Kyoto Universttiisaster Prevention Research Institute, Kyoto University

20034E 9 H 26 HIZFE L 7z 20034+ B5ihE (M,,8.0, LU R HRSMHE) 3T BiF#ic B0 % 7 L— Az
ThHs. TOXI ARG L — MERRIME —RICRIZE 215 LN TBD, AHEORMEH)IE GNSSIC
Ko TEHICEIIE N TV S, RNEAEIO F&JFEAIE RN T RO EREHPRD RN TH S L ENTND. RETTAX
D IIAEFEZOBFRIR KL CEETOTRD T, HEHMIIBMHA~EFELIN TS, £z, FERAIIEAEIC X
ZII15OZIC K 2R OWRENC X > T C 2 H5REAH) T, 2IRIIBUIE~ B TH SN TEBL, BRI X
DICHARTIREICHEEST S L ENTW5S (BlZ1E, Scholz, 2002) KigABERIC K 223 7 L— M EIOFEEIREE, FFic
AEHOEZOREBEEHEE T 2 L TRGEE L RS20, FIEFHOT =2 bZ OB T 5T ENEET
HB. TDIDHIC, TNTFNCKZHZEORERDEVHFIFATE . L UEBICIERINT N DI LTRSS

DREED s LR 5 BRI RRHIIE D > TORL.

TSR O ZE)E, Miyazaki et al. (2003) Ozawa et al. (2004) Baba et al. (2006¥5 T A 7ZR509 XD }:{)i
EUTeA VN—T g VDM ThN T W3, F£7z, Tanaka (2007)3 RENZSENC & N 5 KRR O 520 W H mT e
REZWCHEDDDHBHT ETHT—REETRLTWVS. LHL, Lh6®mnTMMéht%WmBmama(xm®
T 14F[, Tanaka (2007)C 2 fERIICIRE BN T WS, Z T TR TIE, REFED S AHLHS A FHIZE £ T 7 4£R
@ GEONETHII A THINE N7z GNSSIC X % H5RE S 77— X DfFi 2170, THiiEG O SE i w4 2 RBEhd X
D R RGBSR OB R ATz, ZHUCH 2D, AFRTIE GNSST— XMt OFE R 515 5 NI HER OB OFf
BT OWTHERS.

TR EELARE O MR A E O S 2 EH R T B EGIC, 19994 3 H 1 H~20034 9 H 1 HOBIM T — 2D LV R

ZEMEL, TOHMOEEEEIZ T L — FOEHNZILAARCEDEDEEZTLBOT—2 K ORELE. 20,
OB BT AERIC GEONETHEA 2B OKK - =, 2013 D5 B, 20064 11 H 15H, 200849 H 11 H,
20094F 6 H 5 HICHE L& OOMEROEHE 24 7y MlE LUz, LLEDOEEDOZICH T NARELEIT R L%
OHRATEE 215z, KPR U TR LEEOFEZFHE L. /2, E NI L TIIHEEZD S 3 F[H
X 1EE, TO®%I 2FEEICHE L.

TP - BB - AREHIEKTIE, 20044F 11 H 29 H, 12 H 6 H (TIMHIEEDR 14 2 7 A1) 1B CHA Ui
(M7.1, M6.9, LITHIEsH ) OFEMNR LNz, TOMEBICK 2 EALNZEE, EBIRISTOTREPEES - 18 - 4R
FEHUIK OB Tl 2 FREFRV TV A TRz, F iz, %ﬁﬁ@ﬁﬂ£®9%@EWEﬁw&:5fd,%
R T — ZIHNEE IR 5 ZFD 1 FREFRWV TV A TR SNz, HIFED 3EGLE T, 1 - diisiis©
DR ENMEEIMNIOREERE XL DB RE Aok bbb oz, TOT e D, SEBLRE TITEEINTT TR
AN DFZEENAINC K E 75> TV B AREMERRIN T RO DR BH L T2 [REENE 2 5N 5.

TP E O ZRO LI NIE 9 S E i T, BB 4 EBR LR O EE OFEEERED, ZE K 0 LSt
H AIAND K E DR EEREIC LN TIEFIT NI W &b o Tz

DL EDOMRHFERD S, HEMHIER LD 5 3~7 FEHE DT — X TR O BN T 2 L& 2, g &
REAGSHE I O7KCERE 2 JEihd 2 e U, SMEE O E &R ORI %2 grid searchCHEE L7z, ZOREHE, g%
JEDIEE 60km, Fhig# MO 8.0 X 1018Pa- sHHEE TN, 4~7 F1& T IHEZ oI U CIErE A & sl
123 2 NFEOBN f TOZEF 2R TE

e AT T E D S B E N TV 5 GEONETOD H 4 DRt (F3fif) ZFHEETIHE X L.

F—T— F: RENZH), RS PEREA], 20034 5 HIEE, GNSS
Keywords: postseismic crustal deformation, viscoelastic relaxation, 2003 Tokachi-oki earthquake, GNSS
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Lo —SBIEZ D v RO —FIC KO HEE T N7 HASS O R HRE
Moho discontinuity beneath the Japanese Islands inferred from grid search analysis c

receiver functions

FoJ e e B B
IGARASHI, Toshihird* ; IDAKA, Takashi

LUK A MRS
LERI, Univ. of Tokyo

Information on seismic velocity and seismic velocity discontinuities is important to clarify the characteristics of the seismo-
genic zone. In particular, investigation on the crustal structure and the crustal thickness is the key to understanding the stre:
concentration and strain accumulation process. Recent travel time inversion analyses have elucidated 3D velocity structures
the whole areas in the Japanese Islands. However, very few studies have paid attention to velocity discontinuities due to tk
limitation of spatial resolution. A receiver function analysis can extract velocity discontinuities at any depth. In this study, we
applied the grid search analysis of receiver functions to estimate the depths of Moho discontinuity beneath the Japanese Islanc

We first searched for the best-correlated velocity structure model between an observed receiver function at each station ar
synthetic ones for 10 seconds from the direct P arrival. Synthetic receiver functions were calculated from many assumed one
dimensional velocity structures that consist of a sediment layer and one or two velocity discontinuities from the ground surface
to the depths of 50 km. We considered only the positive S-wave velocity steps. Observed receiver functions were stacked withol
considering backazimuth or epicentral distance. Telemetric seismographic network data covered on the Japanese Islands and s
eral temporal dense seismographic stations are used. We selected events with magnitudes greater or equal to 5.0 and epicer
distances between 30 and 90 degrees based on USGS catalogue.

As a result, we clarify spatial changes of the depths of Moho discontinuity. They tend to increase in mountain regions and
become shallow toward the surrounding areas with some undulations in most part of the Japanese Islands. This grid sear
analysis extracts the oceanic Moho of subducting plates in some areas near the Pacific coastline and beneath the south west
Japan. This result suggests that velocity gaps of the subducting plates are larger than that of the overriding plate. We also shc
the Itoigawa-Shizuoka Tectonic Line (ISTL) is the boundary of the velocity structure in the Japanese Islands. The uppermos
mantle along the ISTL shows relatively low P-wave velocities compared to the neighborhood areas. The southwestern Jape
side is covered in the relatively high velocity and low Vp/Vs in the crust. On the other hand, the northeastern Japan side ha
heterogeneities of velocity perturbations. Low S-wave velocity and high-Vp/Vs areas exist just beneath the Moho discontinuity.
This may be the reason the depths of Moho discontinuity interpreted from depth-converted receiver functions are deeper than tt
estimation from tomographic imaging and travel time of the refracted seismic waves in several areas.
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S IsiC U B St 152 D FERGES

Reassessment of the stress history in the eastern Boso Peninsula, central Japan

(L el s AR vEAE L s Bt
YAMANAKA, Katsumasa* ; SATO, KatsusHi ; YAMAJI, Atsushi

PHOK - B - B
! Div. Earth Planet. Sci. Kyoto Univ.

A BTN T R =D S HEVUROLZEEHB LU LRERICE, 2HRo/NMERALN, Thbict
EDWNWT T ¢ U EVilET L— b OB AR S T & 7z (Angelier and Huchon, 1987; Yamaji, 2000 115 H 551D
ZE B HEE U551 D (1969) Angelier and Huchon (1987) Yamaiji (2000)0D 3 ZHD FaRIE HWICF A>T\ 5.
IS AL E 72 AU —ra PE T 0 O/ EfEhs 1 DR 2 KA IE A (1969 135 1.8 Maiiif%, Angelier and Huchon (1987%
372, L 2 Mallil, Yamaji (2000)i& 1.2 Mallili & f&am Uz, AWIZEE, s/ NEERNT T (HoughZ#aik:: Yamaiji
et al., 2006; Sato, 20067 Fi T/ EHUE OIS 150 72 FRET U, 7KF RIS 71 DREHO R E 25l # 7z

AW EHIB O SGERIN O Z RS E L, 19 1400560/ M8 72 it L CLL T ORISR 2572, K12 55 0.8 Malc M
U7z LRt g Lh S AR o g £ oL 5, ShEtEEiEs 1, mbs BRI, Jbii—mss BRIS)T
D3OIz Uiz, £z, ZREERE FRERZEET 55 3 MaDRB ARG D, #2 Ma X TICHERT L 72 B5
J& FERE TOMEMN S, FFLD 3 DDISIITNA TR —m bR 2 Uiz, 51T, AEEA0WE O YK iR
ZRETHT LT, $¥12Man 5 4.2 MalcHERE U 7o LR ek e & FERHS R IEN 5, Fid 4 DDISHICMA T,
iR O AKES [BRIG I Z R Uz, Mith & iz)is ) & g OHERERD SO MR > TG TR FO LB T
H3. HEHEE, ARSI (3 Mallih A RMERHOKTS 5RIG ) 2, BRENREEERIRD 5 SRR
JEHEREHH (35 2 Ma) ICHbER—mVEHEAEIS 172 2 2 B0, BE L&) S BEHEREH 205 0.8 Ma) ICHHAT
JEPE—RE R D5 RIS ], PEESCTH—I4 7 mO5 (RIS )], ZFORICHILT RIS, ZLTHEZ6L &> LB HIEICh
W SR E Y RIS /172 2 5 T Tz

ROV NOFATIIZ L & 51750, WEHIEIEEARNICTRIGNZZ S5 8->TED, 305 2 MadDEH DAL
W—aPE O EDEFISIE T ST e nhole. AREETIE, TORNENSHRINSBEOUFE=E
OB DOV THRT 5.

SERR:

Angelier, J. and Huchon, P., 1987, Earth and Planetary Science Letters, 81, 397-408.
KAFIEH,1969 HEFRE AT H #, 20, 13-38.

Sato, K., 2006, Tectonophysics, 421, 319-330.

Yamaji, A., 2000, Journal of Structural Geology, 22, 429-440.

Yamaji, A. et al., 2006, Journal of Structural Geology, 28, 980-990.

P T R RS, IS0, TR AT

Keywords: Boso Peninsula, stress history, fault striation analysis
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— E IR i A s BT H HC 380 2 oG sIc e 5 WrJEa DOkt
Analysis of fault rocks along Median Tectonic Line in Tsukide, Itaka town, Matsusaka

city, Mie prefecture

O R TR
ARAI, Shun'* ; TAKESHITA, Toru!

L EE R
'Hokkaido University

PERE HARIC IO TG I 800kmbEL FIER X N2 ot iiiEiRid, PaRg HARYME O =38 1147 & WiF OISR E DI 72
B2 HATRAKMROWETH 2. HFOHESERIEININDO, BREINEENSLOEEZHBZ S EZFEAN
TZ, ZOHFHICH > THIENIT NS C L 2WiEEd) &m0, HEBEDORNEES EEZLNS. LKL, HEFHL
TV AHFOWIEDEZIC K D EAADNHHEL TO LB 2 B ERT 2DIIR#TH 5. ZDlzdlmEIciHFE L T»
Wi OFRER BT 5 2 2, WiEICH S BHEOEEZ T 2 ETIERICEETH 2. AWIZETIE, =EHEMMRT
BT H IS AR T 2 RSSO U OME XK ZER L, SO0 EEITS T & T, HREERONEEENIC X S
PEREE & W EENIC BIfR S 2 HIERE DFIEZIHS ICT 5.

AWFE ClE = EIRARBR A ST H O RESERRIC AT 5, REAL/TmID 5 DDIR PGS 900mEICTFAES
%) T150mFEED))— b= v T 7%, 50mER 7z W TEMICIER Uz, 7 ¢ —)V RIEORER, T oo ki
FALICZER L TH D, FUOEAIEIHEERN RS ZHINEREFOF ¥ — b zEEhWiER A (G0my & =
ERGEFICET 5F vy — I I 4 baEFEET2IER S (Q0m), T ERAEFRO A 27 L—8 1 (80m) &1
FIEEAFELRO 7O b A a) A4~ (15mb O 4FHEOEADNEZ > TWE T EHHEN RS, HE T L—YA
Mk UTm b Aa)r 1 O RERL, 8BS T/ A, MBI S FADOFRAIC X % ERBE1 R R
EAOHZERMEREINEHAORIEA DB BILR TE. Tz, hEZ 7 L—Y A MEOREREFIN DS =i BN HEE
(KRlem) ITHEDWT, R Z AR, S9mERy, mRgRy, SREEFMC O BE Uz, FHA I T o =) 12 A O B U PG
EMTHO, £z, ZIRNINEREHEE EFEMEEREO N X7 L—9 A FOBERE TGS ISENENS. Lizh-
T, ZINEREHEB X RS & BICHE SO —GENZ RO ENHEN Eixo Tz, =N REHD /N
Wil lZ LT TR AR EEER L TV 2 A, AU ISR D B T A\ O KB BT N O BTN > TIERE
NV =TIV 2 7 LR ENS. —7, AN TOL— <y TOTF—RICHEXZ 2 L, PofEiioE
M, (MENEMHICIRET 2T ENTERD, AU IEBIc BV TS ERAYY 70m gl « KCESTICIREEL T\ 5
TENHSMTHES T, TTWKEBKIEY a7 (X7 v ) WMEET S LHENESNS. Wi XEdh, T, 2k HEDIE
HIAHE WY a2) 2, BEEOKEER MR S a2 WY a9 JOFRNCIZh X D &k E L ITRSHE,
HIB 7 AR T 4 BMEEST B AEEMNH D &S (ZIEh, 2003. S5O T, ARIKIC I 2 WiE Y 3 7 Ok
WKOWTELICH LGRS 208N H 5. £z, BINEREEICEK > T, HRBGERIGEWVIE 50O <
EOAT TR HEo TWA T EMAL N E o Tz, READEZEOEEL ZNUTHISLTWA. INHDT &h
5, HYUEIERROWEEBNC X 2 MR ER DN RESERRICIN > Tom A b XD BN SO\ ER% L, Riiofbi e &
BICHZ T L—YA MMEDIENILLS E> TV 272D TIR AV EEZSNS.

P — R PR, W, % 2 L—4 o b

Keywords: Median Tectonic Line, fault rock, cataclasite
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7 L— F OEFE LA D FINOZETE & 2 DR .
Characteristics of island arc deformation due to steady plate subduction

DRI 3088 1 5 A Ao 2
FUKAHATA, Yukitoshi* ; MATSU'URA, Mitsuhiro?

URTERREAR SEWTSERT, 2 BRI LA

! Disaster Prevention Research Institute, Kyoto Univeréihstitute of Statistical Mathematics

Steady plate subduction elastically brings about permanent lithospheric deformation in island arcs, though this effect ha
been neglected in most studies based on dislocation theory. We investigate the characteristics of the permanent lithosphe
deformation using a kinematic model, in which steady slip motion is given along a plate interface in the elastic lithosphere
overlying the viscoelastic asthenosphere under gravity. As a rule of thumb, long-term lithospheric deformation can be understoo
as a bending of an elastic plate floating on non-viscous fluid, because the asthenosphere behaves like water in a long term. T
steady slip below the lithosphere-asthenosphere boundary does not contribute to long-term lithospheric deformation. Hence, tf
key parameters that control the lithospheric deformation are only the thickness of the lithosphere and the geometry of the plat
interface. Slip on a plate interface generally causes substantial vertical displacement, and the gravity always tries to retrieve tt
original gravitational equilibrium. For a curved plate interface gravity causes upward bending of the island arc lithosphere, while
for a planar plate interface gravity causes downward bending. Larger curvature and thicker lithosphere generally causes larg
deformation. When the curvature changes along the plate interface, internal deformation is also involved intrinsically, which
modifies the deformation field due to gravity. Because the plate interface generally has some curvature, at least near the trenc
upward bending of the island arc lithosphere, which involves uplift of island arc and subsidence around the trench, is alway:
realized. On the other hand, the deformation field of the island arc lithosphere sensitively depends on lithospheric thicknes
and plate interface geometry. These characteristics obtained by the numerical simulation are well consistent with observe
topography and free-air gravity anomalies in subduction zones, where a pair of topography and gravity anomaly, high in the
arc and low around the trench, exists without exceptions all over the world, while there are large variety in the amplitude anc
horizontal scale.

F—U—F: B, HyRassh, Kigilt, 55

Keywords: island arc, crustal deformation, viscoelasticity, gravity anomaly
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BT LA BAMERTINC K 57 )V 7 ARSI D7 « U ¥ g7 L— - Ok

i 53

1=
Structure of the PHS in the southernmost area of the Southern Japanese Alps using der
seismic array records

JUES S8 1 500 kst 2 5 ik Z2ORER L JFEY Bifk— 2 Ok 2 4 B0 HE S BFH sath ¢
AN 51 O Lk B

KAWASAKI, Yusuke'* ; WATANABE, Toshiki? ; KATO, Aitaro! ; KANO, Ken-ichi® ; ITO, Tanid* ;
ABE, Susum@ ; NODA, Katsuy4 ; KOUCHI, Yoshinorf ; YAMAOKA, Koshun!

PR, 2 REURE, P R, 1 A ECEEORE, © () IBRRPAR G RIZEAT, ¢ (B A2 A

I'Nagoya University?University of Tokyo,?Shizuoka University: Teikyo Heisei University?JGI, Inc.,°Geosys, Inc.

7 VT AFSIE. 74V E T L—F (PHS DOIAARIC K % diug B OREERIK, N O EEIOmEZ% 0
PERRICHIE L CW5, TOHIKDT 7 =7 A %S % 12D iE PHSOIEIR « Ytk OIESHETH B H, T DRt
FHE U7zl mieidiz L A BTN TRV, 2T T, M7V T ARmRIC B\ T 34 OB Z3%E L, FiET L
A BIRMEBINZ 1T 5 720 PIRRIZERRAIRER A TS MG 2 b S IEMTT KR K E BT IC 2 2 AL —F P /5 1A f 50km T
%o AW TIE. L— BT, MNOHIEBIK NS T7 0 2HWT T 2V EVilET L— b OFEaREEZHET LTz,

AW TIE. LURD & S I ZtT- T2,

1.7 LA BRSE R G, TED Hi-net BIlR 5 fICRIER S Moz ERr ek GEREEEE 1 30° ~90° ) I L v —/\B%K
fiEk 2w U, SRR T O At im0 i 2 HEE U7z,

2. 7 LA B LR EOEF BN 45 SRR S Nz ihEE 354D P, Sk#IBIERZHiAHD . Double-
Difference Tomography (Zhang and Thurber, 2003% F\ > C SRS & #HEE L 72,

3. MBI N ES T T 4 THELNIHERE A W T, Double-Difference RelocatiofWaldhauser and Ellsworth, 20D0
IZ & D 20044 1 A5 20144 10 A FA: U T IEE OB IRETVE 2175 T2,

Lo —  NBIBOEEE W 70 S HIER RO PHSOIERZEH#HEE LIz & T A, RMIcdbsicioh > Tk A5z R Lz,
TR & PR CHEATIIZEIC & > THEE ST Nz PHS EliOAiE (Matsu'ura et al., 1991; Kato et al., 2043HEIE A, 2013
CIEIF—H LTz SO FTIETNE T, PHSIKIZIZF CHES THLNEBIRZEZ LTS EEZ BN TV Bz
X, Hirose etal., 2008, L/ L. SEHEE SNz PHSOIR TIZMIRIC IR o 725 DA SN, el ThigE & beis U THExE
TIIRTH %, TOWIRIE. AT THAHED MG EFRNTH . SHEIOMRNTHS T OMNEIROIBZHSMIT S T
EFEEL WD, FEENOMEZE « ILAARIC K > T PHSHHEFEICITERIT 5 K 5 GER 22T T 2 LlLDTk A (]
Z X, Kodaira et al., 2004 W A[REMEE LTI 5 N5,

NET T T 1 T ORI S . JIEREE TR~ THERIC I Tl rE s LA Vs - & Vp/IVs ORI CTH D . FEHIEE IR
TH%, — 7. WERPE~ILHE TR VpiVs TH D . HIETFEINTER TH 5. T DK Vp/Vs OREEL Tl E7KEL
YzEHE O RV SR EAAA T VS LIFIRT 5 Z &N TED, TOMRRICKD ., SEENE NI iEE
HIFR DL IRIA AT THRA U T 2 R E OIS EE O HZ L ZHHTE 2 L E 2 b5,

F—"— R @7 IVT ARG, 74 VEVET L— b, LI— B, MBI N €75 7 o, Rk B, EERE 0

i

Keywords: southernmost area of the southern Japanese Alps, Philippine Sea Plate, receiver function, seismic tomography, intt
oceanic island arc crust, deep low-frequency earthquakes
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jtnB Rt D ST e e 288 s — FORHIEE Y+ 7 )VICBE L T —
Holocene vertical movement history in northern Sanriku coast, NE Japan, related tc

megaquake cycle

B B L EN S 2
KIKUCHI, Ryoichi' ; MIYAUCHI, Takahiro?*

VT RERATAAERR AR, 2 TRERZAR ARG A 7R B R 22 O — X
!Dept.Earth Sci., Fac. of Sci., Chiba Universitidept.Earth Sci., Grad. School of Sci., Chiba University

2011 AEBRALH A RE BRI I, BRI PR (EEH) 50km) OIEIFE FICHE T iR (R = REER~
) 1%, HEWO S L — FEFEICLED INOHEHPHOMIRICI A TE SICkELE L (Ozawaetal., 2001 & <ITK
& VERR U 7o mail = e 13 7 OBARRNANC K > THRECICHER U, HERTLIEOR 4 7 @1#%@99@5(!1@@
BE, 2014, TOR—ZATHRINEH) EHBOTND DORGEREANC X 2 HFRZH) AT U, PUEAERE R CHER LR
EEIET % & 810, ROERMEANMIT T L— FOEEDHERL, WESOENRE S EHEIN TS (keda,
2014, T XS5%TL— FEEKMEY A 7Ly F ) FICHiEZ1E, 201UFEOEBFEE Tldah - 72t =FEmEIc B0
T, FAROBEKHEY A 7V K > TlREOBEZHN LB EN TV 2N H S, TOXIHEZ S ZMGEET %
edIc, AWIZETIE, dtE=kEERIC BV TRt o kiR O @S 1A & BKERICE D W TEEZFHZH S
MU, A2 B 72 2 58 U 7z b = B O BRI Y 1 7 VI DWW TG L iz,

NIRRT 2N ERIVE D 7 T Nz MISSe liHBRER D IHVTRRIE & 30mIZ EICH 5 T &5, 10 FERT—
)V T O ERGHEE 1T 0.2mmlyr7z/Rd, sefttic B BRSO RE 3 A SN, PR, 5% H» o
5n, Lo ThiRE M OBbKERIE (N BRI YREOMIRTHEET 0 m) OEEX 4~5michHH
BKERDRE LB, JIIHTIER 1,0004FE87 (10 HAdETH:D B-Tm ALRBFIKETRT), FREE TIE 3,3004FEH] (C14
FAR) LIRT, AR Tl 4,800FHT (C144FR) LIRTTH B, ZN5 X DM OEKHIEIEARHTH 5, [BETRED I\
ERARCERIC U, B ZE 60 FERI D VLRI 2mmiyr CH %, TS EH—MICHIH T X 2RO RELH X A
775 LNEERR Uz,

MR OBKHRII K E BB AXRY ML EE0 (HWEDONSEL E2 E3£9 %), /XY MITIETL—
MEEEIC K Z51E T 0Lk HERTER) A 2mmlyr TRk L Tz & 9% &, 1,0004EF7 DA N> b E3EIC
BB KEFEHIE 6 ~ 7 mICIE(EL, FFHCZOMED E3 AN MFORERZ/RT T EICkb, BNV MEZDOF]
EEEZERICEROMZN, 1 0 HERXT—)IVOVEREEEE 0.2mmlyrziiii/zd K 9109 % &, E2134Y 3,8004FHIC
5~6 mOEE, E 1135 6,200 AIC 4~5m DA k> Tz b HEE I NS, FERREICKC >z DX S RkER
BRIV OB TG EEENC X A TREME (BN, 2012 &5 50, HIFSEATRMIEERICZ LY. ZOX 5 Ak
e = e CHEEITTR TH 2 RNEF AR LD TH o1 IT 5 L, AR b OERICHEE ik
ZfES 7L — MERBIO FERHEN LIS =REM O HARUEED S TEEHICB O TCRE LI ReENH 5. ZOHEIESE
Fitic i &t 3METH %,

F—U— R et BokigR e, wiazs g, Reh2s), L =R, BOME
Keywords: Holocene, Emerged coastal topography, Vertical movement history, After-slip movement, northern Sanriku coast
megaquake
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New MadriditiZZw O & FEi~ > b ILRGG o o
Crust and upper mantle structure of the New Madrid Seismic Zone: Insight into intraplate

earthquakes

Chen Chuanxb; i K 1* ; Wu Shigud
CHEN, Chuanxti; ZHAO, Dapend* ; WU, Shigud

LA R AR B A SR
Tohoku University, Department of Geophysics

The New Madrid Seismic Zone (NMSZ) is seismically the most active region in the Central and Eastern United States and ar
ideal area to study intraplate earthquakes. A sequence of at least three large earthquake®) @ddcurred here in 1811-1812,
and palaeo-seismic records show evidence of large earthquakes about 500 years apart in the past 2000 years. The distribut
of local earthquakes recorded since 1974 delineates three linear faults in the NMSZ: (1) the NE-trending Cottonwood Grove:
Blytheville Arch fault along the central Reelfoot rift, (2) the NW-trending Reelfoot Fault, and (3) the NNE-trending New Madrid
North Fault. The activation of these mid-continental faults and their controls on duration of the seismic activity remain poorly
understood. One of the fundamental questions is: what makes the NMSZ different from the surrounding intraplate areas in Nort
America, especially the areas within the same geologic settings?

We determined a 3-D P-wave velocity model of the crust and upper mantle down to 400 km depth to investigate structural
heterogeneity and its influences on the generation of intraplate earthquakes in the NMSZ. We used 4871 high-quality arrive
times from 187 local earthquakes and 30,846 precise travel-time residuals from 1041 teleseismic events recorded by the Eart
Scope/USArray Transportable Array. Our results show that, beneath the Reelfoot rift, a significant low-velocity (low-V) zone
exists in the upper mantle down to 200 km depth, with a large volume of 200 km x 200 km x 150 km. The origin of the low-V
zone may be related to the passage of the Bermuda hotspot and the stalled ancient Farallon slab materials foundering in t
mantle transition zone. This low-V zone may have relatively low shear strength and act as a viscously weak zone embedded |
the lithosphere, being apt to concentrate tectonic stress and transfer stress to the seismogenic faults in the upper crust, leading
the large intraplate earthquakes in the New Madrid Seismic Zone.

F—"7— F: New Madrid, H1i7E, #i78, <> bV, RS
Keywords: New Madrid, earthquake, crust, mantle, velocity structure
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5/ VB OB IEIR & Wi s e _ _ _
The property of fault zone and fault activity of the Shionohira Fault, Fukushima Prefec-
ture, Japan

=R L 2 IR D o Ry 1 [ A o = I 5 S Rl 1 0 = 457 NS £ 97 B~ 7 N T /N

FHFR 2805 2 MR Aoy 2 iy —22 2

KAMETAKA, Masao'* ; SAKAI, Toru! ; INADA, Noriyuki! ; TANAKA, Yumiko ! ; OKAZAKI, Kazuhiko' ;
SUZUKI, Yuji® ; AOKI, Kazuhird® ; TANAKA, Yoshihiro? ; SESHIMO, KazuyosRi; NAKAYAMA, Kazuhiko 2

VALY ayg)vz b, 2 BARE TSRS
IDia Consultants2Japan Atomic Energy Agency

2011 A H 11 HICHE LR ERIGE D OME (LT 411HE LR IcXk->T, WhEHHARABE» S A
ERIARILTEICE S5 14km O XIS, JLAbiEh 5 HAGE T % MR HERT A I Uz, Wi iSEhi3veais & o bW E
Y A TR 5N, METORAZNREIIH 2mTho B, BEZ,, 2012, COHEHMEREIZAOIIE
(201D IS &Ko THE/ EiE & s S k.

4 1IHEELIETOMIEE LT, THADOTEWE ] GERIEMLSHE, 199D KLk, TOMEICHILS AICIET 2 £k
OWIEAHFEN, —HE L THAREEETEN TV iz, 4111 X 2 MENE1E, HEIREEO—5 (2 - =
HH, 20120HRWEEHI N L—R) ICHlzs. MEEMDPEHNEXMOS B, EFFiEELIn E B g, R X
NTWERV. —HT, RAEAKDETIETWR S DREHEX TGO Z7 XAV FBFEIIEN TS D, TOK
BNCIF RN I BN a0 2. FHE S 4.11HI5EIC K 276X & IEEE X R OEWICE B Ui - ezt T
BO, SRIOFEKTIEE / FWiEOFZEHAR R 2 FuDIciE 9 5.

4. 11HIEE DR IERT IR > TH I AWEZREDN S EMMBL U2, 205 5OREME MRl GHHED oWrfEimmic
Do TEEFHEN B L2 DT, FRMORBEEOSIIBETERVEENZ L. LML, il & FEilokRti
AEOWIETHEL TWARHEHHS TR > TS, SRIOMETIE, TNSOBRFED S BIEEIXEO 3 (&
W), W, B, R O N O R 55 300mEa T I hiE T AIWERREE 1 7 i GBARE) 1BV, #%EE
OB - Bofl, WIER - HMAEIEE, XHRETaSEziTo 7.

ZOFER, M/ E B TSRS AR ecm OEWWIE A D% S BT FEE L, 4.11HEOKE X C
NEDHT IV EY)> TNB T EMEEEI N, 5/ ETIERA AREOFE DR =R AL N B A L WfE TH
T HHBRENHAOND. T TiE 41IHETIEREI NIZWEEHICIE > T, B cm OEWKiEA Y OB 5Nz, Wha
TS A R OWIE RN B S N2D, R ORI Mt S K D /NS L, WA Y P OREE cm fEE L #
Mo Tz, X KREHT AT ORERMN 51E, EE/, &/ FRUREOWIEA T DICE AR T 24 bS5 REZTENTNS
DIZHUT, BAEDKIBEH I VI ARXAT ZA S EENTOERWT EAHIAL 7.

5| FH 2k

AUpEHEh, 2011 HAMEYRES =2 —ZXL X% —, vol.23 no.5 36-38
TEWTETZY S BREE, 1991 B HARDIEWIE — o fmK & &Rl HEUREHRE, 437p
HErehizh, 2012 EWEISE, no.36 23-30.

iz EEER, 2012 HUE AR, vol.118 no.9 559-570

F—T— R/ FWE, TERE, WE AT 2, EEEEIR, X RRET AT, 48 SRR O O HiEE
Keywords: Shionohira Fault, active fault, fault gouge, property of fault zone, X-ray diffraction, Fukushima-ken Hamadori Earth-
gquake
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FHEIRTOBNREICD E D HFFIHT LT Ly SORPGEREDEL
Deformation process of the Miocene Misaki assemblage at Cape Muroto, Shikoku, Japat

I i SV I S
TONAI, Satoshi* ; MOURI, Keiji'

LIRS B
LFaculty of Science, Kochi University

RS AN ZE T A L X NS B2 b it (ki3 2) a>v 7Ly 7 A0S « IBRGEE A HRT %
1eDIT, TO—EBTH BT 2T L DOMBERSGEZ TN, SIMANTE TOBRICIEZREENDH D, FOEKT
BUE R O F ik & PUENIC BT 2 | b S WA TH 2L T Ly 7 A L O BGERE % L% O3 Bk
V. ZFTTC, EHREAIRALSD S ILEAK 2200 mOEHIPHOHEE THAMBERHA 21T, WIR & BEMEEEIRIcE & D
X, FAHIKTRONSEO%E 10DEH (HIKEREE - fIKED SR - BAE - EE - WEESwAEsHE - £
EWEEAHE - SROEESEE - S - KBGEIR - FRRERE) Kbz, SSIEs T lnikEd &I, i
L4 PP 0D M BT W i X1 2 i 7

FAEHIPAE, P AERSICEH U TO 2N WEDOE ASROILIE & mEE il & TEMN RS, Jbrafilid
TEEOHEREY) LMW A 2R T e 2— XA NExE R ET 5. — T THEANE, WEERARZ—CX 1 MEEaE
MWHE0—ETRHRIMLTWa. NSOt SAIb?rm B RE T, SAETHICENTWA. ZLT, fiE
HPI KRN ANE S5V HEN N TWS. £z, iR NMNIERE AN, BARKET>TWaE
DHH 3 L, BFATENZRT & OB THEREZRTEDICYISNTHS WS BFENR SN,

INSORERZEF LDT, W7 T Ly YOEBERZERD X HICERZ UK. wiffirhgriticiEE s L— b LicHE
BULEET7 2T Ly Did, ZOKMERDIERICK > TREMO T L— MafHinE iz, ZOR, FEANCHER U 7z
& W OEENc X b, BERIOHENO L EA -7z, Z U THNWEROE AN ZOWEBICIRS KD ICADIAR, ZFD
BOMEF THAEOHEREE SR E > e, ATV T Ly 7 ASHGET 58 ERiEH S, BRIENS BT 2 EZ 2
Lt EBERERNDET 2 EEZ B DD D, SHOMRIIBRELFTS.

F—T— R Ak, g, S0, WiE

Keywords: accretionary complex, Shimanto belt, Muroto, fault
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JeigE H @22 i « Rt~ ¥ 5 kD BER - MEfEea 41 B 2 L aElRE O

Y a— RF2EF T A EHEOWMNELZE
Interseismic plastic deformatlons at ancient crustal seismogenic zones in the Hidaka met:

morphic belt and Napier Complex

L I
TOYOSHIMA, Tsuyoshi*

LR R

I'Niigata University

Pressure solution-precipitation structures are characteristically abundant in pseudotachylyte-producing fault zones in the H
daka metamorphic belt, Hokkaido, northern Japan (Toyoshima et al., 2004; Wada et al., 2005). The zones occurred at th
lowermost part of upper continental Hidaka crust. Pseudotachylytes formed under granulite-facies conditions (lower continenta
crustal conditions) occur at Tonagh Island in the Napier Complex, Eastern Antarctica (Toyoshima et al., .1999). Seismic faulting
(pseudotachylytes-producing faulting) and plastic deformation (formation of ultramylonite) alternated under lower continental
crustal conditions in Tonagh Island (Toyoshima et al., 1999). | illustrate interseismic deformations related to the Hidaka and
Tonagh pseudotachylytes as examples of ancient seismogenic zones in upper and lower crust, respectively.

Modes of occurrence of the Hidaka pseudotachylytes indicate that seimic slip with pseudotachylyte generation and slow plasti
deformation (pressure solution with precipitation) occurred alternatively and repeatedly in the same fault zones and fault surface
(Wada and Toyoshima, 2006, 2007). Pressure solution-precipitation is likely one of the principal deformation mechanisms for
interseismic plastic deformation and time-dependent strength recovery of fault zones (Wada and Toyoshima, 2006, 2007). Tt
pressure solution-precipitation processes lead to increase in number of grain-to-grain contact and in real contact areas of the fa
surfaces, resulting in healing of the fault zones (Wada and Toyoshima, 2007). Very thin and sharp shear zones filled with ven
fine-grained materials cut the pressure solution-precipitation structures and are cut by pseudotachylytes-producing faults. Tt
shear zones are deformation structures formed immediately before seismic faulting in the upper Hidaka crust.

Granulite-facies ultramylonites are characteristically abundant in and along the Tonagh pseudotachylyte-producing fault zone:
There are two different types of the granulite-facies ultramylonites in microstructures of recrystallized plagioclase grains: type 1
and 2. Type 1 ultramylonites have polygonal medium grains of plagioclase with smooth grain boundaries and very weakly un-
dulose extinction. Type 2 ultramylonites include very fine grains and elongated fine grains of plagioclase with strongly undulose
extinction and irregular grain boundaries. Type 2 ultramylonites occur along granulite-facies pseudotachylytes-generating faul
surfaces and have been cut by fault veins of pseudotachylyte. Some of the granulite-facies pseudotachylytes became type 1 an
ultramylonites, which have also been cut by other granulite-facies pseudotachylytes. These may also be conspicuous differen
between dynamic recrystallization mechanisms of plagioclase immediately before and after seismic faulting.

F—I—F: Ya—RFEETA B, IV aF A b, LR, BEW, s RiE

Keywords: pseudotachylyte, pressure solution, ultramylonite, plastic deformation, interseismic deformation, time-dependen
strength recovery
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Study on heterogeneous structure beneath the Beppu-Haneyama fault zone
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B — 7 AL LT A 3R 0 R R D R FE ORI © KT RIGEIC T TH T B1EWTET Cd %, HINFERERET
HiED SW—N E Wiz & 5 &, BRI TIEHIEREEOE I NEL 5> T3 (1 10kmELT) T Ehbh> T3,
COMBEFREFEDEIICIZZO FEHOMENHEL T3 EZLNSEDT, I NHEZMS C LIZEETH S, AWt
T, BN NI SED S KHAZ RO % T & THIE R FTORSEMEZHEET 52 & 2HNE T %,

T—2EEFBREICIA . JTUNKZOEEREIISIC BN TR bNI b D2 Lz, BHOZOKH MR E TIEEE
PR G 2 E L. BHIE NI NM O LR 21T O S O 2 3t dr Tz B — T AE LT IC 1B AT %
X ORI S ZET, NM OB U 72308 2 M R E W 2 VERL U 7z IIEZ2 0N T A% LK) 25km B2 DR X I st
HMHER LU TRONTRMINNT 2 EEZ 5N, iz, HEREE MIKFEMZEMH I N, TT TR, C
no e MERARE & OBEIC OV CERT %o
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Anomalous seismic wave intensity distribution in the Tokyo Metropolitan area.
Anomalous seismic wave intensity distribution in the Tokyo Metropolitan area.
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The intensities of seismic waves observed at the dense seismic array of the Tokyo Metropolitan Seismic Observation networ
(MeSO-net) inside the Kanto basin, display unusual distribution patterns. In several occasions, the highest intensities are n
observed in the area above an earthquakes hypocenter but appear sifted more than 20 km away. In order to understand the sot
of this unusual intensity distribution pattern, it is crucial to understand how the waves attenuate before they reach the surfac
The attenuation of seismic waves along their path is represented byatiertuation operator that can be obtained by fitting the
observed seismic wave spectrum to a theoretical spectrum usintjrandel. In order to create a high quality dataset, only 1449
earthquakes that are recorded with intensity greater than 0 in the Japan Meteorological Agency (JMA) intensity scale are selecte
from the JMA unified earthquake list from April 1st 2008 to October 2nd 2013. A grid search method is applied to determine
the t values by matching the observed and theoretical spectra.«Tdetd where then inverted to estimate a 3D Q structure with
grid points set at a 10 km spacing. We implemented the 3D velocity model estimated by Nakagawa et al., 2012 and in additior
we set the initial Q values at 100 for the 0 km grids and to 400 for the grids below them. The obtained model suggests average |
values of 56-100 inside the Kanto basin. Furthermore, a low Q zone is observed in the area where the Philippine Sea plate meet
the upper part of the Pacific sea plate. This area is located at approximately 40 km depth, beneath the north-east Tokyo and we
Chiba prefectures and is represented by Q vatu@30. Earthquakes occurring on the Pacific plate pass through this low Q area
inside the Philippine sea plate and are attenuated significantly. The estimated attenuation distribution at the MeSO-net static
for these earthquakes implementing our 3D Q model greatly coincides with the observed seismic wave intensity distribution
Stations where our model predicts high attenuation display low intensity values whereas stations where our model predicts oy
attenuation display high intensities. The implementation of our findings could help towards a better understanding of the damag
area of future earthquakes and mitigate the disaster of the affected areas.
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