(®)
2013 2016

Stress state in the vicinity of the plate boundary fault ruptures during the
2011 Tohoku earthquake
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To investigate the relationship between behavior of seismic fault slipping
and stress state in the vicinity of the fault and in the wall rocks, we conducted stress
measurements in the ocean scientific drilling project JFAST penetrated into the plate boundary fault

which ruptured during the 2011 Tohoku earthquake, and also developed the relative stress
measurement techniques. As their results, we obtained the stress profile in the JFAST borehole, and
the results enabled us to compare with the stress state spatial distribution in the Nankai Trough
subduction zone where is the source region of the Tonankai and Nankai earthquakes. In addition, we
determined the three heat transfer properties using the JFAST core samples, and contributed the
gnteﬁp:etation on the temperature anomaly detected at depth around the plate boundary in the JFAST
orehole.



# XX C—19, F-19—1,
1. WFFEBHAE SO 5

2011 -3 A 11 HITRE L~ =F a—
K9 (M9) HALH T A FrEphE R X, b
FHOBNRKEREE AR Lz, ZodEE.N
ERAbL L7z KOJRIKRIE, HARMEES O
L — MR B OHIERFE Y 23 S0micd &
NT2Z ETHD (Fujiwara et al, 2011), Z D
WD EIX, NEARDORRBR L2 Lo
RESITHhHD, eBHE IO L— FER
KIENZARICRKREL BTN EMIAT S
T EREEREOFEAERA D =X 22 BES
DledDF—Linn, o, FNIETEKRE
BeE A U7 HE OB, FFEO = 2
2=T 4 P TIERAE—ROEFETYH
Holz,

2. WEOHEM

Wil D 2 E4 25 EEREHEIL, WE
WE O 03 S LS, BT OIS IR EE
E EEERER L QOO HEREY (Trr XL
U RL) OMBWEE NG D, T DIGIIRES
RET DD, FFEAREH I THERET A
m ThEwH ] I2kD THALH T K i
AT HI (JFAST) J WFEfEICS L T,
A B CHEERSFRAT 24T O L & b ITHIIER R
gt A o &\ 2 7 RE BT —
@m%%ﬁﬁtOKH%@\:@ﬁ%ﬁﬁf

Bon-E = 7 REC IR E T — 4 &
%ﬁb FEIZ M9 O B KHIERIFIZ 1 - 7= W7
WEEDIG ) % EMECIRET D & & bic, Ml
fHED 7 v — NESRWE O Eig ok %
WETDHZEHBNE LT TN, DR
RlE, HEMEEY 2z é&wkéMT%t
ST RN R E LW T2 OfiFHIC
L FHHET B,

3. WrFED I

AMFFECIE, 1) HILMEOEFK TH 5
HAYEE., WrEvE - FiEHEOERRIE Th 5
FEYE N 7 7 MR A 7 & oo HER W JE BE
DISIVIRREDAEN], 2) JFAST TS b vz
J& O FEERENC X 2 1R B ORI AR A K
e g a 7B OBWMMEERET ST
DEBREIT ST,

(DI TR HE D fiF B AT

PEENZ AL - CTHRHEIFLEEICAE U 2 BT 72
WEHRSETHLRT R—LTL—r Tk
2 EORNT. 72 S ONTHRE = T EEE A VLT
W RS OIEFYEOT A EE (ASR) O
ENS =TI ERET D2 OO Fik%E
AW, ZThoOFEOEEMIEE & B
_m%@ﬁﬁ%%wf MR AR EOFR
FIENZ T DS IR EE DO MEBANIE 21T -
72

)3 7 BB O BRI

AR O BN E T & LTIt 3R E
B INEGE N B2 A SN TVBR, 2
R UETE R, S A OBBEIC

Z—19,

CK—19 (d:m)

MDD DML, BURE R DI ), B
4&%@(iti%%ﬂﬁa)ﬂ%5 N
Wroe 2D 3 ODEMEAE & TR
ﬁﬁ"é : L AT & % Transient Plane Heat
Source £ GEFFR Hot Disk 15) 2 VW7o 7=,

4. HFFERHE
(DSITIRFEDFRBA & JIE FEICEE 9 2 e

O RTHR—NLTL—2 T 7 MET

JFAST OHEHIY A CO019B (23T,
HIl R R R g 12 K - TG D AL 7o FLEE O LR
ARA=UNS IS DA vV —2—ThD
RTHR—=NT V=077 BRDLNT (K
D)o BT — 2 0 BIS T OMERHE A RIET S
72 % @ % 7 )L (Morh-Coolumb <> modified
Wieboles-Cook) & fi it LG 5L, HHIE FE0G 1 D
IREZRELIRTOET VEMND I L
MEELNEWIFEREHRT, FRTRHRRL
Tofh, ¥ v —F ViR & AFK L7z (Lin, 2014),

Unwrapped view 3-D
R istivity (Qm) borehole

Unwrapped view 3-D
Resistivity (Qm) borehole

view view

Depth (mbsf)

X-1  HEHE R E I X D FLBEED B LI A A
— O, HHPUEIME W EIEE O BEFHR O
Rk (X 23T 180° 25 2 K) BT L—7
T RNThD,

F7o. BWE N T 7 MOE R R R A
(NanTroSEIZE)IZ 3\ T, #HIY A & C0009
THOLNTT —# & HWV Tt IR o fig i
ATV, EHEEF Y v — L CHERR SO R
% L7= (Itoetal, 2013 ; Safferetal., 2013),

@ASR HIE FIEO & EAICE S 5 R

Z @ ASR 2 X B IS RNEFIED & AT
e L LT, MRENEAFEIOIEFE O A
B DRHEIZ DWW T, — Bl ERE A TIS I DA
MEITW, Fx VT L—a U ERAEERL
72o ASR DX AWTE— F & AfEE— RiZBT
53T TAT L ADMSTERIE LTRSS,
DT o0aArITIA T Ak, AAD
FREICIRIF T2 Z E M LT, Z ORI
DOWTITEBESAMN Y v —F L Tl U EE
1T-7= (Gaoetal., 2014),



FTo, PR OIESE B HDERELL
T HRE HEREY) OFUBHZ JEAT =84 KO JE%
(1 FROEBEEFROH) Al ATV, BRfT
%Iz 2 DOFED ASR ZHIE LT TAM L
T2 I OFHE % 5kt L7~ = OfEFR., ASRIZ
K0 R S 7S S ORERE FIL, BRI
ITRM LTI & I —& LT, ZoRRIC
DV TIEEBEEMN Y ¥ — T L TR %
1T- 7= (Nagano et al., 2015),

O E &M rEO R FENICI T 5 ASR Ik
WL DI TTHEIZ B 2 Rl

NanTroSEIZE ®A > 7> h% A k C00121Z
BT, IWAHIATERTO em e HERE Y & Wi
PR O Zia O ASR JIE Z 1TV s 1 & 5F
fli L7z, ZEORER, HEREY O CIEE R
DERE IS ST IR & 72 2 IEW T D % T3k
EThHZ LIz L T, ZREFTIET74V
LT L — N O IIA I K BT D
JEREM 1358 < . W R~ BT b R o
JGITIRRETH D Z B LT=, ZOFIZ
DWW TITEBEZIN Y v —F L Cra R E %
1T - 7= (Yamamoto et al., 2013),

2008 -\ HAE L= EIUIIKHIE (Mw7.9,

WA EATHARBE G 9 5 ANTE) OEREE T
% % Longmenshan Fault ®#fH|I 7' 2 =7
WEFSD (28T, Wigits 4 & e fLN DGR )
DA ERFT, BN Y vy —F Ot e L
THFE L7 (Cuietal,2014),

@NanTroSEIZE D 25— 1 & 2 TEIE X
AT BREI A ZERTE OIS DRERS R A2 A L
T, TOZEM T (K-2), F/2, BHA
W~ L — N BESURTIE o S e o HUE % R
JiREE (CERk 24 4F JFAST I & i
N7 7O V— b EE SR el o NG 1k
R (CEpk 20 4FORGHE ~ 7 7 EHIFRE) 2 HY
F L, HERHNEIT 72, T ORMRITEES
“PAfT Y ¥ —F /L Tectonophysics (28 S 17z
(Lin et al., 2016)

S
-2 NanTroSEIZE A7 —1~2 nbiGFohiz
EI OIS, FH (BT, C0002) (L
B A N AREIE SRS A O S, AR
BREISH. BIXPHEFEIES ., KEITRDFE
HOF i sT . Ei, BRI &R
MiF, BEESELVEA, mE L bAROATESL
T3,

PHS: Philippine Sea late.

(2)JFAST #EHI 4 ~ OEWIED I IE
WAL EE R B FO E BRI )

(IODP) (2 & 0| HiFERFO Wi BB D > 7
FILTH DB T OIRE R AR ET D
ZEtEFHBMELT, BHI e 27 b
JFAST % G Z 3206 U7z, JRHIFLN OIRE
a7 4 —VERE LT, BT A e
HIEOEERY (F 03C) MRS,
= DR FE BH )N HER R 0 T e BRI X B
HOMWEIMEHETH=DIC, £/, 20D
VRS BLH ) B W 2318 5 B o B ) R R AR 4K
FEBINCIRET A 72012, HED 3 >DER
BEhriE BMEEE BPRHCE I OMARE
BRE) 2MAHVERND D,

EHIME R I ETiThbhuCniza 7R
BEO L —F PRI TTIEEMRE R L 2
E SN2, Fex 13 JFAST Oif] = 73
£} (Whole-Round-Core, FFEIR = 7B %
FHVNT, Hot Disk 112 & 0 BV R L Bk
REFRHCHE L9 2, BREAREZHH
L7z (K-3), Z OEWMEORIER R % EE:
iy v —F 23 FE L7z (Linetal., 2014),

H @ DB D R — o3 A T AR B 1
HEHORE —BESHEE T END
VIG5, ABFZECTIT - T3] = 7 5Bk 24
W ORIERE RSO, 27 FORBRIRIA D [EINL
RGHTOFERD S | HIERIF O W7 EEER B L 4
DOFREMED BRI S Tz, L7223 > T, JFAST
OHREIY A~ C0021 DURJE FIEE 820 m 3T
D7 v — MERERE RS L 72RO E R
W, TAEMEEE D AR L2 8, Thb
B, HAEMERRICE 722 LR E N T,
F7m. ZOBEEAC X HIRERENS ., WE
OEN T AR ENT 0.08 & HAED B,
HALHIER O 7 L — B R W 1339
DT oz Z ENHA L, Z ORI,
JFAST OfRFEMHZ2EFEL LT, EED P
Fulton & & 3L[FET, FiliEE (A= %) |
TimXHEEXT D N TE7= (Fulton et al.,
2013),

Thermal Conductivity =~ Thermal Diffusivity Volumetric Heat Capacity

(Wmr'K-) (107 m3s™) (MJK-' m?)
0.5 1 15 2 2 3 4 5 6 7 2 25 3 35 4
150 prevrrrrrprrreere e ; ; e
,. @ E. (b) . ©
A
200 =
~ > =
6s0f mEa - o
[y
2z
é - L] L]
= 7o = | - -
5 wil,
=]
750 - - =
L)
S [
800 am r ° - .
_____ as [ PBF
e 3
850 L A L:.Q‘F.‘.‘

X-3 (a) Bz (GRA: HEEE a7 20V
Hot Dick {EORIERER ; FIOM . ~N—7 27 D
TKO4 & X2 ERER 5 #k = bk 2 v
HIERER) . (b) BERE, (o) REARED
WETa 7 7 AL, BMRER L BPLHERITE
EBRTHY, KMEEEEZZOMD 2 OB H



HEn7eboTh D, KEOEHR PBF 1%, JFAST
OYREIY A MBI 57 L — FEERE O
ZRT,

5. EIRFEIGm L
(WFFEFRAE . WHIE5 8 M ORI IE4 |12
ES )

(MRS L) (Rt 24 1)

@ Fulton, PM., E. E. Brodsky, Y. Kano, J. Mori,
F. Chester, T. Ishikawa, R.N. Harris, W. Lin,
N. Eguchi, S. Toczko, Low Coseismic
Friction on the Tohoku-Oki Fault Determined
from Temperature Measurements, Science,
HRA, 342 8, 2013, 1214-1217

http://dx.doi.org/10.1126/science.1243641

@ Yamamoto, Y., W. Lin, H. Oda, T. Byrne,
Yuhji Yamamoto, Stress states at the
subduction input site, Nankai Subduction
Zone, using anelastic strain recovery (ASR)
data in the basement basalt and overlying
sediments, Tectonophysics, frmtfy, 600 &,
2013, 91-98

http://dx.doi.org/10.1016/j.tecto.2013.01.028

@ Tanikawa, W., T. Hirose, H. Mukoyoshi, O.
Tadai, W. Lin, Fluid transport properties
insediments and their role in large slip near
the surface of the plate boundary fault in the
Japan Trench, Earth and Planetary Science
Letters, A mifT, 382 %, 2013, 150-160

http://dx.doi.org/10.1016/j.epsl.2013.08.052

@ Saffer, D., P. Flemings, D. Boutt, M.-L. Doan,
T. Ito, L. McNeill, T. Byrne, M. Conin, W.
Lin, Y. Kano, E. Araki, N. Eguchi, and S.
Toczko, In situ stress and pore pressure in the
Kumano Forearc Basin, offshore SW Honshu
from downhole measurements during riser
drilling, Geochem. Geophys. Geosyst., Aait
A, 14 %, 2013, 1454-1470,

http://dx.doi.org/10.1002/ggge.20051

® Cui, W., W. Lin, Wang, L., Gao L., Huang Y.,
Wang, W., Sun, D, Li, Z., Zhou, J., Qian H,
Peng, H, Xia, K, Li, K., Determination of
three-dimensional in situ stresses by anelastic
strain recovery in Wenchuan Earthquake Fault
Scientific Drilling Project Hole-1 (WFSD-1),
Tectonophysics, #wiH, 619-620 2, 2014,
123-132

http://dx.doi.org/10.1016/j.tecto.2013.09.013

® Lin W., PM. Fulton, R.N. Harris, O. Tadai, O.
Matsubayashi, W. Tanikawa and M. Kinoshita,
Thermal conductivities, thermal diffusivities,
and volumetric heat capacities of core
samples obtained from the Japan Trench Fast

Drilling Project (JFAST), Earth, Planets and
Space, E i A, 66 £, 2014, #H3E S 48
http://dx.doi.org/10.1186/1880-5981-66-48

(@ Lin W., Determination of in-situ stress state in
a Japan Trench Fast Drilling Project (JFAST)
borehole one year after the Tohoku-Oki great
earthquake, International Journal of the
JCMR, ##HtA, 10 4, 2014, 1-4

http://dx.doi.org/10.11187/ijjcrm.10.1

W BN, FREEE, BV Yo —AX
LH B4, TOCZKO Sean, HAbH17 K3
FEMPHEEIA ] (JFAST) O E L Zh
ECOFERBE, ICHE, EHH. S5
B S 5. 2014, 241-250

http://doi.org/10.5110/jjseg.55.241

© Gao, L., W. Lin, D. Sun & H. Wang,
Experimental Anelastic Strain Recovery
Compliance of Three Typical Rocks, Rock
Mechanics and Rock Engineering, A &iH,
47 %%, 2014, 1987-1995

http://dx.doi.org/10.1007/s00603-013-0526-0

Tanikawa W., H. Mukoyoshi, W. Lin, T.
Hirose and A. Tsutsumi, Pressure dependence
of fluid transport properties of shallow fault
systems in the Nankai subduction zone. Earth,
Planets and Space, #ratH, 66 2, 2014,
X 90

http://dx.doi.org/10.1186/1880-5981-66-90

@ Sun DS, Lin W., Cui JW, Wang HC, Chen QC,
Ma YS, Wang LJ, Three-dimensional in situ
stress determination by anelastic strain
recovery and its application at the Wenchuan
Earthquake  Fault  Scientific  Drilling
Hole-1(WFSD-1), Science China: Earth
Sciences, % @t A, 57 & No.6, 2014,
1212-1220

http://dx.doi.org/10.1007/s11430-013-4739-6

B R, AR A, R AT, BRil o
, @I B, EHE EE, ZHEHA B R
WA =& AVEE W T IR E
DIEEE R L OHEREHZ BT 2 F D
Fat#Bk, JAMSTEC-R, #Hifr, 20 %,
2015, 41-50
http://doi.org/10.5918/jamstecr.20.41

@ Nagano, Y., W. Lin, K. Yamamoto, 2015,
In-situ stress analysis using the anelastic
strain recovery (ASR) method at the first
offshore gas production test site in the
eastern Nankai Trough, Japan, Marine and
Petroleum Geology, #aif, 66 2, 2015,
418-424

http://dx.doi.org/10.1016/j.marpetgeo.2015.02.02
7



@ Hashimoto, Y., K. Tobe, E-Y. Yeh, W. Lin and
S-R. Song, Changes in Paleostress and its
Magnitude Related to Seismic Cycles in the
Chelung-pu Fault, Taiwan, Tectonics, &t
4,34 %, 2015, 2418-2428

http://dx.doi.org/10.1002/2015TC004005

@ Lin W., In Situ Stress measurements in a
Drilling Hole Penetrated to The Tohoku-oki
Earthquake Fault: Indication of Coseismic
Stress Change, Proceedings of The 13%
International Congress of Rock Mechanics —
Innovations in Applied and Theoretical Rock
Mechanics —, e, 15, 2015, Document
ID: ISRM-13CONGRESS-2015-065

Lin W., O., Tadai, M. Takahashi, D. Sato, T.
Hirose, W. Tanikawa, Y. Hamada, K.
Hatakeda, An Experimental Study on
Measurement Methods of Bulk Density and
Porosity of Rock Samples, Journal of
Geoscience and Environment Protection, £
Pl 3 #2015, 72-79,

http://dx.doi.org/10.4236/gep.2015.35009

@ Yamamoto, Y., Torii, M., Natsuhara, N.,
Archeointensity study on baked clay samples
taken from the reconstructed ancient kiln:
implication for  wvalidity of  the
Tsunakawa-Shaw paleointensity —method,
Earth Planets Space, #miH, 67 &, 2015

http://dx.doi.org/10.1186/s40623-015-0229-8

Lin W., T. Byrne, M. Kinoshita, L. McNeill,

C. Chang, J. Lewis, Y. Yamamoto, D. Saffer,

J.C. Moore, H.-Y. Wu, T. Tsuji, Y. Yamada,
M. Conin, S. Saito, T. Ito, H. Tobin, G
Kimura, K. Kanagawa, J. Ashi, M.
Underwood, T. Kanamatsu, Distribution of
stress state in the Nankai subduction zone,
southwest Japan and a comparison with
Japan Trench, Tectonophysics, ZratH, 692
#2016, 120-130
http://dx.doi.org/10.1016/j.tecto.2015.05.008

®BA - EE R EERREE R
- EAREE . @m H. 2016, /KEE
NEIC X DEAOZERSESARE, &
FHVE . Asih. 57, 2016, 201-212

http://doi.org/10.5110/jjseg.57.201

Tanikawa, W., O. Tadai, S. Morita, W. Lin, Y.
Yamada, Y. Sanada, K. Moe, Y. Kubo, F.
Inagaki, Thermal properties and thermal
structure in the deep-water coalbed basin off
the Shimokita Peninsula, Japan, Marine and
Petroleum Geology, #aif, 73 %, 2016,
445-461

http://dx.doi.org/10.1016/j.marpetgeo.2016.03.00

6

@ Takahashi M., Kato M., Lin W., Sato M.,
Three-dimensional pore geometry and
permeability anisotropy of Berea sandstone
under hydrostatic pressure: connecting path
and tortuosity data obtained by microfocus
X-ray CT, Developments in Engineering
Geology, Geological Society London,
Engineering Geology Special Publication,
A, 27 %, 2016, 207-215

http://doi.org/10.1144/EGSP27.18

B RERE], AR B, BRI OSCEE, Al
H, #EH ¥, ZHHA B HETICE
T % E AR LR HTHE L2 B3 D PR
JAMSTEC-R, #Fif. 24 %, 2017,1-9
http://doi.org/10.5918/jamstecr.24.1

@ A BN, HAARAKELOHEREHR—
> TRAE L FEALE ST ORE, B 14 Bl
DIFEENY R T T LGHE, AHEE,
14 &, 2017, #@X&5 077

@ Lin, W., Kiguchi, T., Satoh, T., Nagano, Y.,
Kuwahara, Y., A Case Study of Stress
Measurement by the Core-based Anelastic
Strain Recovery Method in a Scientific
Drilling Borehole of Geological Survey of
Japan, Proceedings of the 7th International
Symposium on In-situ Rock Stress, 7% w1,
7 %, 2016, 405-414, Document ID:
ISRM-ISRS-2016-037

(] (Bt 231)

ON /- Y\ LUZIK?’\:\ ZHHE, ) =,
FEWSLTE. 1ODP &5 343 YRMF IS I S i
e — R JFAST $iEHI 0 = 73k &2 A iz
FEREPE O AR [B116 12 X 5 IS 770 E i 5L o
B, HARHETFSE 120 BT RS,
201349 A 15 H, EHEAIEH

® Lin W., Kido Y., Sanada Y., Saito S., Mori J.J.,
Chester F. M., Eguchi N., Toczko S., Maeda
L., and Expedition 343  Scientists,
Determination of  horizontal stress
orientations from borehole breakout analyses
in an ocean drilling project, The 11th
International SEGJ Symposium, 2013 4 11 A
20 H . PRl BT

@ Lin W., Byrne T., Kinoshita M., McNeill L.,
Chang C., Yamamoto Y., Wu H., Yamada Y.,
Tsuji T., Saito S., Distribution of stress state
in Nankai subduction zone, southwest Japan
determined during NanTroSEIZE stage 1 and
2, AOGS 11th Annual Meeting (AOGS2014),
August 1, 2014, Sapporo, Hokkaido



@ W A AN, ZHH (£, Fulton P.. Harris R. .
BB, KT GBS, FALHT RSP
ERARY] JFAST) (23T 2 Bl
H A HER 22 R i A 2014 2R, 2014
4 H 28 H, f&)IREET

® AN, KO B EERKE, RiE
P, BHEEKR, ZHAE, KFEEA, =
7B O FEFMEOT B BIE A X BIG T
BITE : GSI HEIAEE OF], H ARG S5
122 FAT RS (2015 REKS) . 2015
9 H13 H, RHERE®NH

® Lin W., Coseismic stress change in frontal
prism during the 2011 Tohoku-oki earthquake
examined from the Japan Trench Fast Drilling
project, 26th IUGG General Assembly, June
29 2015, Prague, Czech Republic

@ Lin W., Byme T., Kinoshita M., Spatial
distribution of stress state in the
NanTroSEIZE transect and a comparison with
JFAST at frontal thrust, Japan Geoscience
Union Meeting, May 22, 2016, Chiba

Lin W., Hirose T., Tanikawa W., Hamada Y.,
Our approaches to understand why the
shallow part of the Tohoku-oki earthquake
fault coseismically slipped more than 50 m,
SEG-AGU Workshop: Upper Crust Physics
of Rocks, 2016.7.11, Hawaii, USA

@ Lin, W., Yang X., Tadai O., Zeng X., Yeh
E-C., Yu C., Hatakeda K., Xu H., Xu Z.,
Experimental results of temperature response
to stress change: An indication of the physics
of earthquake rupture propagation, 2016 AGU
Fall Meeting , 13 December 2016, San
Francisco, USA

(1F2> 14 1)

(BFEF) G144

MR N IESEHAR, TSRO FERE
($8) .11 =F rEy s JF{LESSE
. ISBN978-4-320-04729-7. 2016.9. 310
~316

(7 M PEHE)

ORIk (G0 F)
OEReEL Gto )

(% Dfth)
R B s

6. WFFTHAAK

(D) W RERE

AN (LIN, Weiren)

TEBREE « KEFEBE TRkt - 2%
WrgeE&EK S : 80371714

(2) WF7Esr

(A #— (YAMAMOTO, Yuhji)
RIS « HARESR - HESER

EHE‘ES: 00452699

(3) HEHEMF IR

O#&J)Il B (TANIKAWA, Wataru)

FEI NEATF 2 BR RS 1 AN MEEATF 70 BR AR -
I THRGERT - EAEFER

et ds 70435840

@A FIEE (KINOSHITA, Masataka)

HUOLRE: - HIEBWFTRAT - #d%

et FE: 50225009

@) Wroei &

% % (TAKAHASHI, Manabu)
EINLAFZEBE R IR N PEEETR A IFFE T -
B IRER BEMF IR Y - FEFEE

MEE#®S: 20357370



