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Abstract:

Geologic evolutionary processes of accretionary wedges developing at the hanging walls of plate
boundary faults of subduction zones provide basic information for linking earthquakes to
accretionary tectonics. To understand evolutionary processes of modern and ancient megasplay
faults, 1 performed geothermometry, age dating and mineral analyse of drilled samples retrieved
from Integrated Ocean Drilling Program (IODP) Site C0002 in the Nankai Trough and the Nobeoka
Thrust in the Shimanto Belt.

IODP Site C0002 is located within the Kumano forearc basin. Multiple drilling operations aim to
reach the megasplay fault (~5200 m below sea floor (mbsf)), and samples down to 3058.5 mbsf have
been recovered so far. For tectonic reconstruction of megasplay fault and/or decolllement depths,
which are a seismogenic zone of the inner accretionary wedge, | performed vitrinite reflectance
analysis and zircon U-Pb dating for clarifying sediment provenance and depositional ages using
cuttings collected every 100 m between 870.5 and 3058.5 mbsf at Site C0002. Although Ro values
of vitrinite reflectance tend to increase with depth, a reversal exists at 2400-2600 mbsf, suggesting
the existence of a thrust fault with a vertical offset of ~700 m. The youngest detrital zircon U-Pb age
of the cuttings from 2600.0 mbsf is ~7.41 Ma, which is obviously younger than shipboard
nannofossil ages (9.56-10.54 Ma) at 2245.5 mbsf. This age reversal between 2245.5 and 2600.0
mbsf strongly supports the existence of a thrust at 2400-2600 mbsf. An estimated paleogeothermal
gradient (~120°C/km) is higher than that of present Site C0002, which was caused by heating in
prior to subduction included the vicinity of the trench axis, heat flow is high. Despite similar
depositonal age and paleogepthermal gradient, lithofacies in the hanging- and footwall of the 2400
2600 mbsf thrust fault are different; volcaniclastic sediments are rare in the footwall. The lack of
volcaniclastic sediments corresponding to the Middle Shikoku Basin facies in the footwall of the
thrust suggests that sediments below ~2600 mbsf have similar sedimentation background to that of
present off-Muroto input site sediments. The evolutional process of the accretionary wedge
constrained in this study suggest that Site C0002 sediments were heated in the vicinity of trench axis
at ~4 Ma, and transferred from the outer to inner wedge at ~2 Ma.

IODP Site C0002 is dedicated to sample return and in-situ monitoring at the seismogenic zone.



Understanding of exposed fossil seismogenic faults is significant for planning a strategy of
ultra-deep drilling science. Nobeoka Thrust is a fossilized tectonic boundary thrust in the Shimanto
Belt, the Cretaceous-Paleogene Shimanto accretionary complex in southwest Japan.
Paleotemperature estimation using illite crystallinity (IC), the full width at half maximum of the illite
(001) peak in clay-fraction X-ray diffraction (XRD) presents methodological ambiguity because IC
is not only affected by background temperature but also by mechanical, hydrothermal, and surface
weathering effects. To clarify the influences of these effects on IC in the fault zone, | analyzed the IC
and the illite 001 peak intensity of continuous borehole core samples from the Nobeoka Thrust. |
also carried out grinding experiments on borehole core samples and sericite standard samples as
starting materials and investigated the effect of mechanical comminution on the IC and illite peak
intensity of the experimental products. Paleotemperatures of the hanging- and footwall of the
Nobeoka Thrust estimated by IC are 288°C to 299°C and 198°C to 249°C, respectively. The
principal slip zone (fault core) of the Nobeoka Thrust does not exhibit IC decrease, suggesting that
temperature rise caused by frictional heat and/or hot hydrothermal fluid flow was limited. The
correlation of IC and illite peak intensity in the brittle deformation zone of the hanging wall were
well reproduced by the grinding experiment, suggesting that the effect of mechanical comminution
increases toward the PSZ. Abrupt increase in IC value accompanied by high illite peak intensity
observed immediately above the PSZ is explained by hydrothermal alterations including plagioclase
breakdown and the formation of white micas, also supported by Na decrease in the PSZ and the
footwall detected by XRF two-dimensional mapping. These results indicate that systematic
mineralogical changes such as IC across a fault zone has potential for quantifying the effects of
thermal, mechanical and chemical effects within a fault zone.

Taking the results produced from the drilled samples of Site C0002 and the Nobeoka Trust into
consideration, | estimated the possible materialogical changes across the megasplay fault beneath the
Site C0002.

(1) Depositional age of underthrust sediments immediately beneath the décollement at the toe of
accretionary wedge is ~4 Ma, whereas the oldest sediments at the Site C0002 is ~11 Ma. Assuming
that underthrust sediments continues to the depths, ~7 m.y. age difference across the hanging- and

footwall is expected.



(2) Experienced maximum temperatures prior to subduction exceeds modern temperatures at
megasplay fault depths beneath the Site C0002 when Site C0002 source sediments was thicker than
~1 km. In that case a sudden decrease in vitrinite reflectance is expected across the megasplay fault.

(3) Meter-scale mineralogical and chemical anomalies caused by mechanical comminution and
hydrothermal alteration are expected to be observed across the PSZ of megasplay fault. Contrasting
to millimeter-scale temperature anomalies caused by frictional heat along slip surfaces, they will be
detected by illite crystallinity and major element geochemistry of bulk rock samples.

These predictions will be tested when the drilling reaches the megasplay fault and material are

recovered.
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1. [XL®HIC

EOREER & FF O BB E MR L, x OEIRICRE R B L 52 %5, BIETIHE O
AJEIEICBE LT, m RO HERBLIICIN X THICEFEOLEN S 100 F 28 2 5 RifE 2
TV OREPTHENTE T L, BITHBHER OWFFEIC LS T 2011 4R R
M5 RS- PEpp HIER & 867 4F EBLHIEE OFALID 52T 72 - 7= 4 H  [Fujii et al., 2011; Sawai et
al., 2012; Sugawara et al., 20131, E.RKHIEE DO F AR 1T 1000 4% 8 % 5 B FAORE A 7 —
NORTHIET 5 ZERRDENTND. £z, HEIAEZBL L oI E OB IR OmE
BRI 2 b—arnbid, WEH OB ECWE O TIRS HIER A - B a R
FRICKRE 2B A 5.2 5 2 L RS ST\ % [Brown et al., 2003; Ujiie et al., 2010; Tsutsumi
etal., 2011; Koketsu et al., 2011; Sawai et al., 2014; Kameda et al., 2015; Moore et al., 2015]. £
AR RBNT,  WrJE H i oW @ i TR AT A 2 e E O KRB 2 7 7 b =27 A
WCHESNTEBY, Wi OO OITITE DORER ZFHE< 2 & BN RpER.,

kD Z o, MEFHRMA 7 — L Of CHIESIRZHE L, F-HEREC
32 WrlE Hr OARE R E 6 & OWTJE 1 AR A Wi 1 R i S O ML A CTREfR 5 Z LT EET
B % . ARWTETAT o 12 R B IA L O W T FE1E L2 B9 2 WE R FRIE IS, e R
DIEFERIA R FORAEBROMMEEZRESED LD THLEEZXD.



1.1, JEAIARAINT I T D RIS AR

EZRHABAFC BT, HERAEWL, 7 L— MEROFTMT UL LOMEAEZ L 5 51
ko = & % &7 [Dixon and Moore, 2006 (Figure 1.1; Figure 1.2). HEFAFIL, EIZIRE
IR THESNTEY, ZOWED ERIE 100-150°C , FRRI 350-450°C ThH D & &%
53TV % [Hyndman et al., 1997; Oleskevich et al., 1999]. E[R¢> 100-150°C & 1dfepkfEMAIC
Lo THEREMI DV S AT 28T H Y, EFIZLDMBROBD & & biT, Wif - LI X
LERAT—vay, MTHMTHLATA N - AATZ A FOMEBBRENEZDLZ L
LD RLETRYNBEL D EEZ LTS [Moore and Saffer, 2001; Kimura et al., 2007].
—7, HEFAER O TR, 350°C 226 ARMNREIEE A inw, KV SADEMERIITHR 2 5
928, BRUOTL— MEANIESCALLTeY =y D= PV T H LR BT LD
EINTND EEZLNTWD [Hyndman et al., 1997; Oleskevich et al., 1999].

F 7z, BERHER AR OFDMEE T, 2000 FARLIE ORI - HIFRRBL O &R E I
o T TAm—HIR] NEMOIEZIAZE TIH R S417- [Obara, 2002; Okada et al., 2004;
Sagiya et al., 2004; Ito et al., 2007]. Awm—HIFE L 1L, WHOHME LY bikERFHAE W-o
<Y LMEENERTLIHEOZ L THY, FL— MERBEROIC RN HECTEE 5
REEFT RO LLET XY OPRIFRIEY ZE T B2 ON5. HEBRER LD L&KM

TIRVREB A R, RIS A L0 b URES IR IREME A i ®y, RUInEH 2 m—
AV v Tl ERFAET S [(H21X Obaraetal., 2016] (Figure 1.2).

EAABIIZ BN T, HURFEAR & € OO 7 L — LRI O L2 2 D1
e 7 L— NME B K ORERME D DN LR IA BT - THEE O BRI AH T N 5 2 & T
REND, [MIME LI MERTH L. EXRMBERAEFO®RHIL, BCET) o7
2T, HNS X 2MER R FEOBEM BN TRERIRE TH 5. #HIC X 5 AHE
DS & FOFEH O, B AHMEO T DICEE R LHEEFRE 720 5 5.
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Figure 1.1 Map showing the distribution of subduction zones of the world. Accretionary margins are
shown with solid barbs on the plate boundary, while open barbs mark erosive margins. Modified

from Clift et al. [2004].
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Figure 1.2 Cross section of a subduction zone (based on the Nankai subduction zone) showing
various types of slow earthquake. SSE, slow slip event; VLF, very low frequency. Modified from

Obara et al. [2016].



1.2. mEdE N7 7 LR O RIEE & IEE

1.2.1. FEMERHINME D KA L OHE 28
1.2.1.1. FEUEAINAR O A S

ViR HARDMME 7 7 TlE, 74V T L— N7 A=A 7 L — b FIZIEAAAT
B, KREBAINAEN =TS (Figure 1.1). FEifE b7 7 T, 1944 4E IR 1946
MR 213 U o, M E KM R 2N 1T HE 0 R LAEE LT 5 [ 213, Ando, 1975].

AR L — b LR L — b & OBERDOITIE K22 2 7 =1L~ (décollement)
EPES (Figure 1.3). 7 b~ K0 b EMLOHEFEMILT 2/~ O IRA L7 EWEIc L -
TN THINL, BREMEEZ R THIRAIEZERT 5. ZOFERH 2SR A0
(off-scraping) & FFOX, B k7 7 CTH % < ONFHEMBERA W CHER ST\ % [Moore
etal., 2001; Moore et al., 2007 7¢ &']. A AR ~DNAFF 72 - 7- & _LWifE (in-sequence
thrust) |2 & 278 KIS TR T B DIz LT, K0 Bl TIEEn 4 kb8 5 IE5744
Wik (out-of-sequence thrust ; OOST) 23 HAv 2. MEFEREAIF O & _EFIZH T TO

DX, HEEOIEFIME DOFE TR INTZ DT, Zh b OWEIEMAIEDEL
Zb7257 (Figure 1.3). Z DIEFFANETIEH T H 4L 2 8 LRUEIL, AIMRRTRREIC F =T
HWIED X T a v~ BERBICIRERET, TarvnbRE<HEPNELTND
Z eI EE (splay fault) & Kiivd [#21%, Parketal., 2002].

FINRIE, BEMEES IS BETDBUOT VF—T = v P EBROLIROEROA
FT=U VTG, TUE—T =y VITEFINCER U THIUERHZ T E R L A
2T —0, AT —U =y VITHREITEE L TERENDRNE S TH Y, HIEERHIC WA
FbEB 23 & SN TW5 [Wang and Hu, 2006].  FLR A IR 818 A3 HE IS Bl 3~ A AL E 1
AT =0y VT UE—T 2y VOBERIHILY, HIMEDREAT H0E L BT
—HT 5. ZTOINLITHER - HER 0N S —3 L, EB (transition zone) & b
PRI TS [Kimura et al., 2007]. REEF oD S Wi CER 7 I W OFE D 4 2 e &
1944 FERFEIHHRRF OWE 2 5| SR Z LEWEO TR0 OFREANTE BT D52 &b
[Park etal., 2002], ZyIsibrfE (XM % 5| &k 2 LIBENEOF IEfM & B2 bhTnd.

FfE b7 7 TRAET D, BIKAMN ) ERHEORMOIZDIC, HERELY: - #IE 0L
TO XS RHERIRITENTT DI, Z< OEEPHELNTND

-4 -



Inner wedge Transition zone Outer wedge

wgggdey_ Outof-sequence thrust zone (—In-sequencelhruslznne—’j

accretionary prism

10°C
150°C -

Depth (km)
o
N © @ 3 A~ N O

60 50 ] 30
seismogenic zone ]

Distance from
deformation front (km)

Stte C0002
—— - Site CO0N Site C0012
2 =77 Kumano Basin ¥ ,-»"\-x,.\, Sites C0006-C0007
e - Ty f" e i o e Turbldites Shikoku Basin sedifents -
Tal L e < L el Accretionary prism i ’: B “__":,y;}.?w,, -
= Old accretionary sediments AR AT ﬂ—‘ I o i S
£ o SFRETEREA SAGT . Dele A R e =~
& B - - T £ Oceanlc basement
1 -
10 °F
0 10
| S U WO S W—

Figure 1.3 (a) Model of cross section in accretionary prism (modified from Kimura et al. [2012]) (b)
Seismic cross section of the IODP NanTroSEIZE drilling transect area (modified from Henry et al.
[2012]), showing the NanTroSEIZE drill sites (Site C0002, Site C0007, Site C0011 and Site
C00012). Green dash lines show splay fault and décollement.

1.2.1.2. FEHEAHINA O HigE A

ERHER AR OFMIAITEEICL > THESN TS B2 B TW5H [Hyndman et al,
1997]. BUEOHUWRARE, Bk E&HIESCEWMEFHINZ A SV THEE S LTV 5.

FLR oy I g A A iR L TN D EEHE N 7 7 RREF P O A E R GRMEIE HIFH I (Integrated
Ocean Drilling Program; IODP) Site C0002 /T34 Cid, iR Afdi% 20-30°C/km & & X HAL TV
% [# %1%, Harris et al., 2011; Spinelli and Harris 2011; Hamamoto et al., 2011; Sugihara et al.,
2014] (Figure 1.4). = ®H T Sugihara et al. [2014] 1%, #RHIFLAN O AR O &6 ]
B OFERN DS, WFE T 900m (meter below sea floor; LLT mbsf) DOiEFEIX, 37.9°C TERE
RB56 1 mWIM2 T2 EamL. £z, HHEEOWME)NHEBVMRAEE LR, i
2B —IRTTEMRE FRIUC K o TE R WE OIREE 2 #EE L7-. Sugiharaetal. [2014] |2
£ % LT OMIRARE 21.9—-25.8°Clkm LHEESNTHY, Ziudik bWERANFIECE

-5-



SNTWBHETHS. 25 OHIEARICIESIHIE, B ARSIGNTBIELE THh 5, Site C0002
D#) 5200 mbsf DR AL 1L 100-150°C F2JEE & #EE 4125 [Harris et al., 2011; Spinelli and Harris

2011; Hamamoto et al., 2011; Sugihara et al., 2014] (Figure 1.4).
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Figure 1.4 Results of previous studies estimating temperature profiles from 900 to 7,000 mbsf.
Temperature-depth profile based on in-situ temperature from the long-term borehole monitoring
system (LTBMS) and basal heat flow at 900 m below the sea floor (mbsf; pink square). Temperature
data of Sugihara et al. [2014] are also compared with estimates reported in previous studies [Harris
et al., 2011; Spinelli and Harris, 2011; Hamamoto et al., 2011]. Sugihara et al. [2014] assumed
parameters are grain thermal conductivity (2.5-3.0Wm™K™1) and radio active heat production
(1.9-2.4 pW/m?3). Purple shadow is presumed modern temperature range from 900 mbsf to 5200
mbsf. Modified from Sugihara et al. [2014].



1.2.2. BEEAUCE F L OVEARFRRE &2 U e 22 EAHIARFSE
1.2.2.1. U5+

VaFg A ARO I G +4713 A A~ BT 88 AL OMIMAT, BEilE NI 7ok b7y Fr s LB
HENTVD (). UHHHTiEi b 1980 A 5 2000 FRATEICHT T, B R
UFA bRA T A 72 EOPESUSE 2 AW THEE S V7o VB R Ol s B L 7 B R
HEIE DRI ZAT DDA ST E 72, 0T+ OREEBRELX, B YT A b
SR 5 150-320°C [f5 2.1%, Mori and Taguchi, 1988; Underwood et al., 1993; Sakaguchi,
1996; Ohmori et al., 1997; Kondo et al., 2005] & #EE S, #EE OO k@ EED 1 L 2 HiiR
REE DR K LANEED H TV % [Sakaguchi, 1996; Ohmori et al., 1997]. FRIKE AW H &K
OIREE N GMEL, WA H#HAEH D A Z ¥ 2 Tlik 80-260 MPa, 150-260°C %7k L 7=
[Sakaguchi et al., 1999; Hashimoto et al., 2003]. & 512, JuN O IE [ 1E - ¥r)= Tl Kondo et al.
[2005] (2L > TE R T A MHFENLRD T LA (Rm R 320°C) & T (i
ERENIL KD 250°C) DHENELEE 727 & Wil g OB EN AR S bz, Zh b OWESUS
W 2 O TRE ORI &, RO KAEES, HIERIC AR T b - I ilE 2 &
ThHEMICREL, UL HHXERMEORET HIEER (ER 100-150°C, FRRA
350-450°C [Hyndman et al., 1997; Olesvkevich et al., 1999]) Z#%8k L 7-HMEK TH D Z &0
Do TET.

1.2.2.2. =i - AR

PSR D4 & CHEHI S 7 e (MBS T80 3 kmbsf) (ZARY 3§ 2 IRE DR BT Fm
i, =0 BRSO T 28 AT IE (=08 - BRAIE) LEZ 6 TnD
[f5] 21X, Yamamoto et al., 2005; Yamamoto et al., 2016]. —jfi « FEifIMAETIEL, E R U
A DB BAF S AT B AR 12 <50°C A~ 6 65-90°C E ThEx 72l 7R L, R
(21 140°C %7~ 3 [Yamamoto et al., 2005; Yamamoto et al., 2016]. =i - FERAHINAIE,
FIABHNTIBUNT 1 kmbsf L 0 EEICAFEAE L TWZES 3-5 kmbsf IZ/F7EL TV Th
% L HEE STV 5 [Yamamoto et al., 2005; Yamamoto et al., 2016].
FLRHIEEFE AR5 13 100-450°C F2E ORIk T4 V) [Olesckevich et al., 1997; Hyndman et al.,
1999], ZDi&EIX, =il - BRI L xR —HAETh L LB HND. LaL,

-7-



MR AT ORFEFIROIF & A LI =« BRAIMEOEREE LY bR Tho. Lo
T, #HNC K> TREENE L TORWHRE AR OWEWE-CRESR, £t 0Ll
Bt OBURIE, =i - BERAIMARICINA T, WA+ & DLBPEETH DL LEZXOLND.

1.223. A4 74 MEGLE

MM THDHA T A FORGEREIE, © Y I b &R 1990 R0 5 HMEIRERT &
L b Tk [ 21F Underwood et al., 1986 72 &1, UHHHcb#EHI N TS [
%1%, Ditullio et al., 1993; Awan and Kimura, 1996; Tanabe and Kano, 1996]. 2000 “-{{ClZ%, i
REAEWEA T A MERED ST ZMAEDOHE TITH 2 & T, 270-300°C ORI L
TIEREMCHIR % 5 2 7261738 % [Hara and Hisada, 2007]. 7=, £ 74 MEfE L, «
TA MIKTBELEEND Z L E2FA L KA RS, BUhoBIbaEN L Vo 74
REEZMAEDED Z LT, WEOTFEHRYICET 2#Mm a2 T 726b H 25 [Hara and
Kimura, 2008; Hara and Kurihara, 2010]. Ju/M U5 45 O AL [ EWrfE CiX, 1 F A M ibdhE
DR O T m BRI 13 BARR) 300°C, THEA) 250°C TH Y, T DOA(LET 6.7-11.6 km
L RFED 5TV 5 [Mukoyoshietal., 2009]. Z X 512, € R UF A b EREEES, (0K
DREE B Dm0 A 74 FadEEZ AN THREINATND.

1.2.2.4. REW T~ o3 omHT

BB SIE C o 2 IREWNTIZ, 5528 AT O IR EE SRS TR S R R EE DN - H D [Yui
etal,1996]. £~ T, ©FU T A MRIHRZET TR, REWD T <> nieatitb A7
HUEREH S L CTHER SN TEY [#x1%, Beyssacetal., 2002; Rahl etal., 2005], HATY
SN2 EOLERAFICHE M ST E 72 [#1213, Aoyaetal, 2010]. Lahfid et al. [2010]
%, BIEWEETERINAE—27 L LTDANY REFED, ZHUI L > TERHE L VK
VIR FEREIOHVEIREE G & U CIREM 7 ~ v e a2 Z L N ATREIC e 7. &
N &% T, Koketsuetal. [2014] TIIMIRZERA 2> B IR IMEDEREY) T ~ - HEIR
JERt 2R L=, F7=, Furuichietal. [2015] Tix, i b7 7 OEEHEHEEHIS LT

YO EIToCRY, TITKBREMFEKO ©— 2 2425 LT\ 5. 7272, Furuichietal.
[2015] Ti%, ENEEEEGARR) D OWIEIERNIC L5 REMARED LR 2&Em L T D7

-8-



W, HEIREZ L L ToERmIIe ST,

1.2.25. MK KSR O 72D ORI 2 v 2 ARRE

Do U-Ph ERIETEIE, b L b LT WERBI A~ DM F 32 <, ZORZLH6L
L CTHIBR A 08 OFRIEIZ AV S 47z [Froude et al., 1983; Compson and Pidgeon,
1986]. Z OFRIEIE, BUEL WL a2 TR<, #10Ma K0 EWERIZL T
Ji < 3 & T [ErELE A, 2003; Tani et al., 2010; Suganuma et al., 2015]. lto et al. [2014]
TiE, “HEIPURY A 7O ICP-MS Z W TARIIE 5, 0.1 Ma IZFEH L7z & S5 R5HR
T770FEREFRWMLTHEY, HWVERETEHAETS L.

2000 AEARITIE, TIORe, B EICEEHT 2HERDE D 5 b RICEIE EWETICE £
DWEEMEY L= D U-P AERITHOWNT, 216 DEILT D RTOEERBE K Th 511
EHEET DRADIEFITATOIL TV D [HI2 1, Tsutsumi et al., 2009; Isozaki et al., 2010;
Fujisaki et al., 2014]. [ EOAAMAHF OREIED v =2 o s BHERFHFEAR Z Ll 3 25 H 1T
PILTWS [#I21E, Shibata et al., 2008; Aoki et al., 2012; Aoki et al., 2013].

Cliftetal. [2013] (%, FifE b 7 7 OIHIREHIEIE D L =2 U-Ph R0 L, fEtEo L
= EREIET S Z A @ Fission Track A L, WEHEROHEREY & BADWIIIR
B EATIAR DR Dl A T o 7. M HIEER, REMOUREFERBEY O L2 D
B DGO T EEFRO S WL 3 COFERER L, 74 ) e rifET L — b
BETICOW T L2, 2B, 2Ol AW, AR L OveERl
I HEREY) & MR T B HERT) C©, T OMEHIRUEN)S 800 mbsf JL 0 ES/ RIS N2 b DT
HY, XVEEOEHREHIAO STV,



1.3, ERGyIWrE O HERY B2 ER A & W E B

1.3.1. F{E b T 7 O E RS I =

B DI D KRFEEHEE D% <13, RNEHBRAZR SoYHEEIC L s Ty

. LT 7T, MBI OIS 1944 FEOFRFEWEHIE DT R0 &)k H TR Y
(40, 2001], B A /3= 3 LI K 5H%5R [Cummins and Kaneda, 2000] 7267 L— b
Bi ST 0 DIRAET D BRI 2 Z L7 e F 2 5T % [Park et al., 2002].
Moore etal. [2007] Ti&, 3 RoCHUER BT OFEMRFITIC L - T, BRI IRME 3
JEHRE THROTRY, ERDEWENREIC ZLICks THEZEZ L) D LHELTWD.

AT =0y VTOERSEWTER 0T 2/~ OMEICE L TIE, ZhE ok
DFFRPIBR SN TS, Park et al. [2002] (37 2 /b~ I3 M&RIEE A T CHEFEHIZAIZ 2
Ty TET T D EMER L7208, Moore etal. [2007] 1XZ 1% 7€ L7-. Kamei etal. [2012]
BLO Touji etal. [2014] 1%, WEMEZFZHAWZKE N7 T 7 0 = DHEE ST E
REER L O VpIVs oD, o T ar~ ORI 2 E TEH R IEWTE & STz
FETmICHRG L TR Y, ERDIERIEIZ T L — FERE L THEL TV 5 & OFMifIR & 12
EL7-. Zo Kameietal. [2012] 3L O Tsuji etal. [2014] @, EREKIEIZ 71— F5E
FELTHELTWD LOWMEND, RIFETIEZA VT —U =y PN TOMIMEETIZTT
T DE R IETEIZHE R T 5.

WERLERA & PR &S L7oiFsEofil & LC, Strasser et al. [2009] T, SCURMrm & HRHl
B O HERREAO G DJE 720 DI EECE m OIMAEDFEELIZ OV TR, 1.95 Ma 12
BRI W OEZNER TH Y, 1L55MalllET v & —U v UEFMR L T\ & 2l
LTW5.

FKHIE 2 5848 S8 5 BRDIGKTE T 2L~ OHEIEE 2 W T B R 2R % 3%
LBl b DD, TS =y POMNIMEEIRSERROT 2 =13, mEBKERTH Y,
I 7] s FEOARHEREH T D 2 & DBRHIEEIOfENT 2> B Fn H v TS [Ujiie et al., 2003].
7=, BEEROIWTIE DEHES (271 mbsf) OHEHI = 730 &M L C, Wi OBEERFE B S
REWE bV A bEFEDO EF [Sakaguchi et al., 20111 ¥ EEM O A 7 4 MM
[Yamaguchi et al, 2011b] 3 HE SN TS, T 61T, WESISHE %2 F T K& A pl i
Thd.
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ZHUCK LT, ERNERSOHIEG 2 W 72BN X 53 EREE ) b MK 2 HEE
52 &L o T, BERGBEWE TIEmEBRAKEL ThH AR A R ENS S 2R3 & HEHl S
NTCE7=M [ 41E, Tsujietal., 2008; Tobin and Saffer, 2009; Kitajima and Saffer, 2012; Tsuji et
al., 2014], ZOHWOWEIZES S HEBITRTZ e STV,

1.3.2. VU5 7 42 ] 17 7 e

D95 4 2 b & BRI T DU O e [ LR R, BRI e R oD g
FTrrLEZ BN, 2210 4 THEZE < OEE FRIFIEM T CE 72 (B 21X, Kondo
et al., 2005; Yamaguchi et al., 2011a; Kimura et al., 2013). & U F A &N LR O -
PEEMEE L, I3 320°C, TAEIL 250°C & ST [Kondo et al., 2005]. = ik
TR OB RMERAEF OO L DB LND.

SN LTI I, ROV b T T BRI E RIS O H A & el 5 7212, 2011
7 H~9 HIicWrEd & B < ke ERSREIMT DA, SRH] = 7 0B BRI S fuie (RER 1
WrigHeHl 7 2 2 =27 ~; NOBELL). ##HIY - hTix, #EHI= 73kt OFeHEds L OWEiE %
T, RIS L 2 7R e DR, #Rx 7R ZEM A 7 — L T OB H EAL AT /3
727z, NOBELL 128V, B EAIMED E R UEWE & Bt O REINE %, JEHlR0R
DA — )L T % Z L 3 A[REIC 72 - 7=. Hamahashi etal. [2013] Ti%, BiET —2 715
S [ 1 L) E B CRIBRE DR & B R O8N E OOk R A T, Sk, WEF
PR TEEZANCOa T O RALEE S TIN5,
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1.4, AR50 B & iSO R

BUE DA IR DO K& OHEE L, T & U CRANEMERIRE 72 & O ERY) B 710 F1k
W2 L > TiThiLTE 7= [Park et al., 2002; Moore et al., 2007; Bangs et al., 2009; Kamei et al.,
2014; Tsuji et al., 2014]. i 5T & » THEE S-S EmITAT O TV 5208, 7
IR DIE S A~DBRIZIT, WERHFELZ HWTIZEN R AR TH 5.

BB RIS AT AW T ATIMA TS E SRIC B D D F9EIE, £ DIF & A ENRE I
BT DAIMEEZ R E LTERY, EEROBMAIINAREE 2 W2 i3 22, BT
IMEDFFR 2 SN TNDDIE, BE mbsf ETLWV I EEHDOT UV F—T =y VDB THY

[#1 21X, Sakaguchi etal., 2011; Yamaguchi et al., 2011b], $#i2A1 > F—T = v VIZEHT Dl
AiZ7eu.

IODP Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) @ Stage 3 TldE K57l
Wig & 7 L— FERWEAZ BEE L L CIRAIDNED DN TWD . #BEl 0T T % Site
C0002 1%, ERDIEWIREIZIZARTZEZEL T 0o, B INAIZES O TRIETH 513
0 7, BHEEHEERANC RS T D SRR TRIEOHAEIS TH 5. Site C0002 Tk, 10DP
Expeditions 338, 348 (T & > T 7 A ¥ —4HIATT O, HHIHIV ETH LI v T 4 7 A3
RERIC BRI S iz, £z, W75 OSER LW 2 fiE] L7 NOBELL = 7713, WriE+r &
HiE L, 99.82% b DmmWENRTa T BELATND. 2 b OBl 2 I L 7Rk
FIZRHTIC K T, ARy MRV 7Y P TIIRRTERDP ST LEP LN TE
L2 ENHIRIEND.

AWFFETIL, FEifE LT 7 Site CO002 & AE (187 L Wrfg 7> b 45% iz, PREEDT it 48
HIRELZ R L, SRAERI 2N DR R BSOS S AT & AR AT b AR & oD b &
179, ThICE - T, BRI E bAE 2 W a9 2 Bt ds JONE & O HINER D F i 5 % g
T2 Z ENAMIEO RN TH S.

AFRSL O A LU IR 2 BT, FEiiE b7 7 Site C0002 7> 515 b V2 HRHIRUE (32
T 4T R) OB TA MNEFRE, REMT <2 nloohr, Rk v=s
U-Pb EEAIE D> B ATIE D RIEIE DIE IC & TR O 24T 5. 3 BT, JEMfE _LEE
OHEHl= 7 (NOBELL =177) Z MW Hi) « ALZEOHTRR, FrCA 74 MREAEIC L D1
TC SN WIEH O EERE - AR I W TR S. Zhbaital, 4 ETIIFEL L
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TOHESISE DA HTE & Site C0002 EEENIZISIT D BRI W E O EHEE 2OV T o
Hwam A BRI 5. BE O TIL, HHITORINIE 213 X ATEENE, e yiEVEE =,
BILOWIEHNER O E BOKEEOREOKREOAEEME, LW\ ) 3 SOBLEBREN

(it L, BUEDBERIILME O RIEE L Wi T 0t 22 HEET 5.
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2. A S 7 REPHRHEI Site C0002 D N{FSEER

AfEERCH, 2 58 (pp.14-83) DESr1E. Geophysical Research Letters &5, Nature 5 (246
HEOETIHITSND TETH DD, ARG RN 5 FilA 2 —Fy P TORAEZ
THLZENRTEERA,

-14 -



3. EA+HERE LERELEONLYHEREL

3.1, HE AR

VE R B AT ORISR T 2 MW7 +47E, BB LD O R Lk, fophes, UE,
JUN, PEVEEE BN T o FHRC-BTEE =AM IMETH 5. UG oAb & mr
o\ T OMEESRETE & LT, WMETIXEAOKE CTh L Z=MER, TOrLRLE LTI
W CIHEA 72 Wi T & 2 S Lg% (Figure 3.1) . UG HHFOWERIL, Hifg D
HRMEN R SN TWD ae— L Mg ERE) &, HE» s S e EEEPICwE,
Fr—h, ZRAEVREOSESEREREEDA T V2SN TS [FEIE), 1980;
Tairaetal.,, 1988]. Ab#Fi%, HilEHAL) H &M AHELOERE R L, JUNTITHESEH,
REWE S RECAL) TR, PUE CIENERIU T+ BAJEHEC B AEfE e R 23R T 5 (Figure
3.0). dbiF AL, UM TIE, #EERBHIEIWEHE ATV anbrb, fEE - A0
JEREIT RIS THOE N H8T 5 [ATH, 1998]. F7z, JUMNAERO K AR AT Tt
DRI —REE SR DRSS - BRIREIRZR L0355 - EEmEFZ BT g (4
F1Z7, 1982; Takahashi, 1986]. PUME TILAMZ—HEH —REEMHO RIZ7 ) v 2 F
TAXAT U THRERAT Va0 IRLTWD [EIEDy, 1980]. FEHE, MaH» S %
Bt OHERENRZ R L, JUNTIZ A mEREC A RERE, MUE CTIIm2 o= 4 5
JEREASARESR Th 5 (Figure 3.1). FIHF OB, UM TG L AT Y anbil,
T MEA L EWTE TREAE RS AT, 1999]. WETIE, 7V viaElidRrs
YTRRA T V2 Off iR L O IR B R TR OB A DB AR RGN D

[FEZ2y, 1980].

A TREST D AT v ad, HERME, fEE, A4 7 EVERZEAEE WS =FE
IZKBIEH 5 [Cowanetal, 1985]. DT +HD A T ¥ 2%, 1980 AT ITMHES T
B WTHREMEE RN RE L, BEIEEY LIRET 5 2 LIZ X o TR S N HEREME X &
YVa (FYARARR—L) LEZONTE EED, 198072 L] Lnl, AT
= OREEHE PRI R ET (2 D4, T b A BRI Z2 3Tk A A L C\5 Z & [Tairaet
al., 1988: Kimura and Mukai, 1991; Onishi and Kimura, 19951, ZJEA# i & SHF0E 72285k D TE
BRI T ) St e [Hashimoto et al., 2003] 72 £ 5, WWHHHD A T Y 2 ORE Sy

=15 -



%, 7L — MERICET D BB ORI I L7 fEEE A 7 P 2 (tectonic mélange)
ThbdIZ LA L #1213 Kimuraetal., 2012].

VU5 D RS X, B s U J A R )5 150—300°C [Mori and Taguchi, 1988;
Underwood et al., 1993; Sakaguchi, 1996; Ohmori et al., 1997] L HEE ST\ 5. F7-, #iE
O EEC K D I HERE S OV IR LAYE® b b [Sakaguchi, 1996; Ohmori et al.,
1997]. EERHUEDOIAT HIREHRIX, EFRAY 100-150°C, FERAY 350-450C & & 2 HLT
£ Y [Hyndman et al., 1997; Olesvkevich et al., 19991, DU 55 1% F A BRI A= 5 0O T FE Bk
AR UI-MERTHD Z Lo TE . £, WEMERE EOmELENE m PR
Wy & Bl ) O OAFERZEITALHTTHI 70-30 my. ToH Y [Taira, 1988], BIEfIE &4
WS e D M3 D5 2 L, B CIREEEHER N E L RN Z &b, U5+
B L ORI, TER 30 my. AN D HLESHIE WIEE T L — R OIRZARIZ K D Rk &
nizbEzons. —J, BAEORNE b7 7121 21-15Ma (SRR S 47z U B4 A3 Th A
A CEY [Okinoetal., 19997, JLAATe 7 L — kN DFEMROERI S UG 13 N 7 7 O
BHAHMRORE E7 a7 LB 2 b C& - [Tairaet al., 1988]. FHIHIERAREIZHB W
TT L — MEROM AW - oG TEA 7 v 2, mifE N7 7 ERERH OB ET e
7 LHIpE IRAIED 2002; AFF - KTFHE, 2009], %< OBFEATHOILTE .
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Figure 3.1 Distribution of lithological features and the cross section in Kyushu-Shikoku Shimanto
Belt. 1. Cretaceous (Morotsuka Group in Kyushu and Lower Shimanto Group in Shikoku), 2:
Cretaceous and Paleogene (Makimine Group and Kitagawa Group in Kyushu, Hiwasa Group in
Shikoku), 3: Paleogene (Hyuga Group and Nichinan Group in Kyushu, Hata Group and
Murotohanto Group in Shikoku). Nb is the Nobeoka Thrust. Cross section showing (a) East Shikoku
(near the Muroto), (b) West Shikoku (near the Ashizuri), (c¢) East Kyshu, and (d) South Kyushu.
Cited from Murata (1998)

JERE & R 13U U 545 2 AE s - BRSO T DRSS R E T hH D DRK, 1998; FF
FH, 1998; Kondo et al., 2005] (Figure 3.2 a, b). DUJ7+# D K5 OGANZ BV TS - FEfr
IXENENEECR, -8 = RICKHET 223, SUMNBEEBIC B W CIEAbE EZRIc S =R T
bAHANERENE TN D, Thbb, JUN LRI CHERE WX A f R iEEE &
FH=RBMEFEORER 2723 Ol L, JWNRENA T i Ll 3h 5 =%40) 18
BEE =R A MEHOE R Z 723, ERME EWEIE, LR o 2 ) B R5K
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1.7 km OHURIZBWTCEERIZ, L0 L FOEHHE &7 RAF ke gkt LTk
D, ZOFEIEE RIS < ORI T T E = [#121E Kondo et al., 2005; Yamaguchi et
al., 2011a; Kimura et al., 2013; Figure 3.2].

JERA T HEIZ I\ T, SRR EWTE o PRI TBCE A =& U TAR LicibalR s AlE %
B TR AL FEREHSE 2> 5 72 0 [BAHE7, 1985; Kondo et al., 20051, —J57 M3 IeE
HEPICH AR S (—HZRE) 2EATEAT Y2 ThDHEHO B 1h @i e
7572 % [Nishi 1988; Kimura et al., 1991; Kondo et al., 2005; Hara and Kimura et al., 2008]. &
[ LW E A BT LT, B TR TCIIEE S B KRERAEREAL TS,
U T A R B HEE ST e AR A 1 AR 320°C, TR 250CTH Y, Wi
DI DK T0COIREEZEN S, JE M & _LWE IRV OZEAL&EITK) 8.6-14.4km & RLFEH LTV
% [Kondo etal., 2005]. F7z, A 7 MRESHEED B RO IR @ EEE 13 BARK) 300° C,
THERI250°C TH Y, = DAL EIT6.7-11.6 km & BAEE 54TV 5 [Mukoyoshi et al., 2009].
D05+ DRVER I VB REEICRIAR T 5 2 &, B X O A AR R K & A 20103
BT TWD Z Enb, JERE L E RS T O INATY Btk (S IEB) L 72 IE Sk e
(out-of-sequence thrust) TH 25 & &z B [FH, 1998], FEifE k7 7 OE Ry HEE & Oxt
s 7p Shjz [Kondoetal, 2005]. F7z, FEEOTIWHHICY 2 — FZ X714 FRERIN
TV Z &h 5 [Okamoto etal., 2006], AE[E L Wrjg 1 IHIERFEAETRE DL 2 frff L TV %
EEZOND. LD Z Linh, IEME _LEEIIRHE T 7 OB RS IEETEIRE Ok -7
JFu L&z 51 [Kondo et al., 2005; Hamahashi et al., 20137, i [l 7 L g O Z TR O fig
B, MR OB~ OR L 2D L EZERZbND.
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Philipine Sea Plate
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Figure 3.2 Geologic setting of the Nobeoka Thrust. (a) Geologic setting of the Nobeoka Thrust and
distribution of the Shimanto Belt in southwest Japan. (b) A simplified geologic map of the Shimanto
Belt in northeast Kyushu, modified from Murata (1998). (c) Geologic map of the studied area and
the locality of the NOBELL drilling site (red dot) and sampling location of slabs (blue dot) for the
hanging wall of the Nobeoka Thrust (modified from Kondo et al., 2005; Kimura et al., 2013;
Hamahashi et al., 2013). (d) Picture of the Nobeoka Thrust and the boundary outcrop. (e) Picture
showing sampling location of slabs (red square) used for XRF analysis. The upper, middle and lower
parts of the slabs correspond to hanging wall, principal slip zone (PSZ) and footwall, respectively. (f)
Picture of the slabs made by Kondo and Sakaguchi. Slab 1 includes hanging wall and PSZ, whereas
Slab 2 includes PSZ and footwall.

-19-



3.2. #E

L i) 51 47 41 51187 (Nobeoka Thrust Drilling Project; NOBELL) 1, 4 [l ¥ oo iz
FHENC X v OB AR Z LT, A%RIEHISND THA O N T TE X
YIS DETEARNAHEE S 2 2 L 2 HAVE LT O AIHBAIGHE CTH 5. Z OHRA|
TiE, A=Y 7 a7 BoRR, FLAREZ 2011 F0 7 A b 9 IS TT- 72, &
— U 7 a7EHE, HF 255 m (meter below ground surface; LA T mbgs) % CHliHl <4, =
7 DAL 99.82% T o - 7= (Figure 3.3). FLNKRIE O A WME & OFEC, RE T AICIER
(M ED RWT — 2y MG L.

L[] 17 K7 oo 1T g Ay sl (Principal slip zone; PSZ & 721X fault core) 1% 41.3-41.8 mbgs

(B S, IERHS, AXIRO A Z ST mtEE D2\ % 7 L—% A | (Random fabric
cataclasite) (= L W # 5% & 1% [Hamahashi et al., 2013]. A2 Z ka3 % A6 1@ BERIUE (0-41.3
mbgs)iE, EUE TR ETEE 2 ST THCE DS 72 v (Figure 3.3 @), JE/ITAREERH & & o 7 7 ith
WEET L. £, BHEICTAT, BIUEMA AR RIREIR 5 E T 5 [Kimura et al,
2013]. 7z, 7w o7 —T ¢ UERE (Figure 3.3b, ) (ZX VRS BN DA DN
PERZE T XA ] 7 LT el Bl 0 8152 S 41 [Kondo et al., 2005; Kimura et al., 2013],
NOBELL = 7 Ti& Fi# & F#F(38.8-41.3 mbgs)iZ DABIE I NS, Ak Tk, AL
TTFHADOTIZ Y 2a— K2 X T A MEGTEOSIWE S ET 5 2 & NBEIHOBED DL RE
T3 [Okamoto et al., 2006].

S E 0T TR B B REAFI S (41.3-255 mbgs) 1E, M TIRBEBEORET D HEE
FOBIKEEEENDRD~ M v 7 2APICWER K OMIEENCE D7 vy 7 25 Letih
PEAT o Painbind. TROMIEMEA T Y o WIS E LK & TR 7255kt o
A% b OEM 2 SWHE, B ROFIUCKIET 2 E A mREA R E L, Silms KON
77y T D AR-IRBIENRDIRET 2. Zh b OEBEEIIRTE) SR D &)
THIEND, TROMEEATZ Y2 TN HHICEFEROND AT Y 2 OEFIC,
ST LT OEENZAE D W Z 7 T AT 4V RERHPEBE L TSN DEEZD
7% [Kondo et al., 2005; Yamaguchi et al., 2011a]. NOBELL =7 O R HEIZ & /N fE <5 0|
WH, SPIRPZ <BESND. BROEE, BIOWE - BIKEDRICEL > THR—-U »
Tar7O T4 >O=y MIHT 5TV 5 [Hamahashi et al., 2015] (Figure 3.3, Figure
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3.8). UnitliTmtE&EDeWi # 27 L—H% 4 K (Random fabric cataclasite) 725720, —F5 T
Unit2 7225 4 £ TIXmMEEOTET 50 % 7 L—% 1 b (Foliated cataclasite) 72572 5. 112
115mbgs (1WA 7 2 & £ 5 RE RS (brecciate zone) 23F/EL, Unit2 & Unit3 @
iR % 723+ [Hamahashi et al., 2015].

ABFFETIE, NOBELL =7 @lkta IV TA T4 MEREIZED kP BNRE OHEE &
S T L EARIC U D DR A TS 5 Z L 2 BRY L LT, R X HTE (X-ray
Diffraction ; XRD) (2 X 288050471, 3L OVKOLToRKsBlo A1 F 4 N RESh T 217 -
7. Fz, MIRBMEBOMIEREIT, EREBMOA 74 MEmEMIT AT 2L TH
PO HE LTz, B2, 406 XM (XRF) a7 A% v F—o4 k- T, XRD #4155
Hr & DHED T2 DI LRI 21T > 72, XRD I K= THHTIZ AV 7230kBHE, NOBELL R —
Uy 7aridktz e, XRF a7 A%y F—Hr C7albhE, SERi il EWrE O gReE>
SERE ST Slab stz e MWz, 7k, ARFFEO RO K31 Fukuchi et al.

[2014] ICK VW AREHTHS.
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10cm
10cm
10cm
10cm

Figure 3.3 Borehole core photos showing deformational features 20 cm each of the hanging wall of
the Nobeoka Thrust. Note that the photos are outward appearance of cores before splitting, and
inclined planar structures such as faults and fractures are not represented as a straight line. (a)
Phyllite with minor brittle deformation, 3.50-3.70 mbgs. (b) Moderately deformed brittle
deformation zone, 39.40-39.60 mbgs. (c) Highly deformed brittle deformation zone just above the
fault core with quartz and calcite veins, 41.10-41.30 mbgs. (d) Fault core (PSZ) consisting of

random, non-foliated cataclasite including angular to subangular clasts of sandstones, shales, and

quartz veins, 41.30-41.50 mbgs
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33. FiE

3.3.1. BioR XRIEPHEIS L 2885047

A O2%E XRD T O 72 O IR e T i L723kHE, FRsifEE 0%, HmEIR = 7 (4
IR ZRE R S VT i (B Fomm~% em) % HL0IE 3m (2 1 7V B EOBREUEEE T,
RETTRBHRI L7z, AaBHI A 2 TSR THRIL L, BroRalkEh & sk (70 kv 2 —)
DOMENZ S L7z, FULFE R PR E STV D X i RETEE GRedEig e, Ultima
V) ZHWWT, X RO A Z L OEHrRE (XRD /X% —) & LU FOSM4THIE L.

HEE O E S

BEK : Cu Y7 70 0 0.0200°

BT 40KV 2% ¥ AE— ] 50.00° /min

EEEDE : 20mA AAFP - 5.00° ~70.00°
T=FA—H T L— /7% AY v ko 0.8mm

TR T A ERERER HBEAY > U2

T A4IHE KaT IV — FEERIEA Y » K @ 10mm

NTBEE) TR A—E R BELA Y v b 1 0.8

J1v7 % : DiteX Ultra ZHA Y v b Bk

HIERE S, T 7 I (Materials Data Inc., JADE6) Z H\WCHMFRIELX{T/R~71-. £
72, WEMEOPT TRLBOE—7 DE S (intensity) ZiEH L, BN TOREM DO & —
JEEthERD, FREHZOWTHSRTRD L.

332, 1474 MESESHT

A T4 MESE (llite Crystrallinity; IC) (XU 5+ %2 & Te% < OHVEIRTIA < MUEEE
& LTHWSRTWD [Kubuler, 1968; Underwood et al., 1993; Awan and Kimura 1996; Hara
and Kimura 2000; Deng et al., 2001; [f] & (E7>, 2007]. 1 7 A ~ Ofk L& % Figure 3.4 12”7,
A T4 MEREE, A T4~ (001) iEHOREEEFHEE (10A) O EOREDZ L%
X9 [Kubuler 1968; Meunier and Velde 2013]. —#%AJlZ, 0.25A°20 V) /N UM T2 Rk

(epigenesis) , 0.25-0.5A°20 Z 7~ ¥ b DIFXZRLAT (anchizone) |, 0.5A°20 K Y K& VWMEIEfE

1 (diagenesis) & =41 % [Gharrabi et al., 1998; Jaboyedoff et al., 2001; Meunier and Velde 2013].
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MODIFIED FROM GRIM (1962)

Figure 3.4  Structure of illite (modified from Grim (1962) and U. S. Geological Survey Open-File
Report 01-041). Red lines and red arrow show illite (001) orientation and 10 A interval from illite

(001) orientation to next illite (001) orientation.

KAFFETA T A MG S ERATIC A WIZ30EHE, EARBIIZIEI NOBELL =2 7 72649 5 m [l
TERELL, WilE it (41.3mbgs) 3T T 5 40-42mbgs Ti, £ 10cm 36 = (ZERH L 7=,
AEHIMRILZ KON L o THRIL, RifR 2um L O b D& H W . FEflie FIEZ LT
k5.

BH L7232 2 7 SR TIHARBEHZ L, K4 g &oT, A A 28HiK 125 ml iz
i, BRBBE LR 2 15 017V, ABR%E (80cc) (AL, BARTEKRIEL LT 6~8 il
SRS, ARA D TEELZE L. 0%, 3055 HHEZ A L sk
3000rpm (ZEXE L, 30 )iz, mL B O BB EEET, <=2 MRIZLK 600 pl A
TA K77 AT LTz, Bofii L7230RHE, 6 REMLL L BRI S w7,

TER L7z K OGN, =F L7 ) a— (EG) WPk, X MERETEE (Bl
#E8L, RINT1000) % HW T, XRD /3% —2 ZHIE L7-.
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LB DR E S

BEK : Cu AF ¥ L AE— K :0.600° /min
EEE : 40kV EAHPH : 65.00° ~10.500°
BRI : 20mA ®/70%ZAY > ko 0.8mm
=g A—HF NI =F A —H AU v K 1°

THTF AL ERER R RV — BELA Y » b 2 1°

T4 vE L AMER ZHAY v ko 0.3mm

HOUHEE) IO A=K RHEIE ) J 0 A—H
HOUH T L— gy H#(SC50)
7Y 7 0.010°

HERERIL, @M 7 & (Materials Data Inc., JADE6) % VT, A 74 h(001)E— 7
B AT L=, Boni-A4 T4 F (001) B —727 ON{EZ A T4 MEREM (LT IC
&) & L7 (Figure3.5). JIERAEIL, XRD oHroH 70U U 7iEL Y £0.010° 72 5.

(@) (b)

1:8-0.194

- AT - (AR TR | T T U 78 80 L= TR RS =5 10

6 (deg) 6 (deg)

Figure 3.5 Examples of measured Full width half maximum (FWHM), which is illite crystallinity
value (IC value) of illite (001) peak (red line). (a) Hanging wall Kitagawa group (3.07-3.14 mbgs),

(b) footwall Hyuga group (42.16-42.23 mbgs).
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IC EITHE - FBHHEE T IEDENIC LV EMBZEL T 5720, RARDPFE=ERTHDL
T2 ICEZ BB TE /2 E R 54T D [Frey, 1987 ; Robinson et al ., 1990 ; Kisch,
1991 72 £']. % Z C, Warr and Rice [1994]iZ X - CEBEIE#EEL & Crystallinity Index Standard

(CIS) BB RE S, 4 ORE - REHREFIETHIE L, WEMZKIETSZ &N T
5590tz T CIS OHIEFER ALY # —D IC H & HIRKFED IC HHRPLL
BIBIFR TdH 2 & 9 ITHFZE=RE TR L7 BT, feOMm =B R RCEHE & 075 -4 B R
KBS Tz Ies 2 O TERR S L7 2 HERUER)Y, Japanese Illite Crysallinity standard (JIC)
THo Ui - AF, 2003]. AOF7EIL, WA A OREITH D72, JIC ZFEAERE L LT
AW 20R KRR THD ZLinb, JICEZIEL, BEXZ{To7.

ABFFECTHE U IZARAERARE JIC D EKfE & 5T - AAF, [2003] DOFfEIT Table 3.1 1Z/R"d. 4%
HALTZC D IC L, JiL - A&, [2003] JIC i & BIZLLBIBIR G D zizd, LT DK
TEIE L7z,

ICic = 1.039 * ICpmeasurea + 0.112 (7)

Table 3.1 Measured IC values of 6 JIC standards (left) compared with values reported by Hara and
Kimura (2003) (right).

IC values (A°20)

measured Hara and Kimura (2003)
DRY EG DRY EG

JICA1 0.141 0.147 0.26 0.25
JIC2 0.162 0.157 0.29 0.28
JIC3 0.218 0.21 0.35 0.33
JiCc4 0.418 0.363 0.5 0.44
JIC5 0.384 0.346 0.54 0.48
JIC8 0.458 0.398 0.67 0.56
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3.3.3. MH3EhR

MBI, BB L U CHOR R SRR E Ol &R AR — /L X L (FRITSCH P-6) %
M U7, EBRIZIE, NOBELL = 7RlEHIINA T, 4 74 b EfammE el + 28 ¥4
NOEEYMEZ R W, EEYEOR Y A M, AR LEFESERAREY A b
JCSS-5102 Zffi [ L7z ['EMslZA>., 2010]. &V ¥+ b ICfllE 0.21A°20 & FAE LTy Ml %
L7z, NOBELL R—V v 7 a7 Okl HWTc i sEBRo HEWE L LT, HEORE
TICEZBEICHTFE A TH Y, TOREREW ICEZ 78 L(0.27), 73O B — 7 FE A3 V(638
cps), 35.49 mbgs DK 2 W THEREZIT - 7=, RIS TIT V>, [FI#53 FE A 400 rpm
ICRRE L, QAR Tem & Uiz, MRS v 7 AT vl — 3 REICIREEAR 45ml
THY, BWNOR—INIZ T AT 1= RO 1gObL 0% 180 A L. =D
M OB — /L L IR ZRNICEEF 6.0 g #E AL, 1~90 DD & £ & F 2 kel TRtz
B 217 - 7= (Figure 3.6). FEER% OREHT, SRR IS &MY 4 3 7317V, B4 600pl
ATA RS T A A L, 6 RELLE AR S 7. Wl L7aRHT W T X R R IEIT
HhE (PREEEMSAERL, RINTL1000) % VT, XRD /8% — ZHIE L. WEETR—V 7
a7 RELE R TITo T D, ftr b A — U 7 a7 alEkEAE, JADE6 Z#fEH L, 17
A 1 (001) & — 2 o> 2 I E U IC fEZ R L7z,

(@) (b)

Horizontal section

¥ Movement of the
/ supporting disc

Centnfugal
force

—a
Rotation of the grinding bow!
A=

Figure 3.6 Principle of planetary ballmill modified from manual of FRITSCH P-6. (a) Planetry
motion outside of grinding bowl. (b) Motional direction of force within grinding bowl.
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3.3.4. ERMHIE AR E T BEMEE(FE-SEM) #8152

e FEER TRV ERERE O U 1 b & NOBELL = 7%l (35.49 mbgs), 3 X Ot
FBRAAT - TV NOBELL = 75Uk (PREEFEIZ IC [EZIE T 5 720K O LK) %
zhEh, 6 MFHE ARG, BREEITo-. TO®K, FRUFERFREOBI M
AT TAMEE (field emission scanning electron microscope; FE-SEM)  (Hitachi SU-8020) %
AL, MRk OBIEREZTo7o. BIEE T 13BN, M FEBR A 1T o I AR R o &
YA k& 3549 mbgs ® NOBELL = 7 &k, FAENEMEZ T & WifE s B F R O8]
2L U O L7z NOBELL =2 73k ©dh 5. NOBELL = 7 3kl A D g o SR Al o>
oD DBIEEAT - TiEHE, HROBMHORELZ T T et&E 2 bihvsd 3.11 mbgs, I
AT 0> 39.41 mbgs & 40.95 mbgs, WifE HEERE D 41.26 mbgs T 5. MiIEROR
BHE, HZWE L 10 75tk OB OBIE 2 2 e T T2

335 WHXBaT Ax vy F—04

ARG, 3FEOE X MR 7 A% v —047 (pp.97-98) DERSIIL. Island Arc §512
BREOH TITSNLTETH DD, FHRG HnD 5 RS v —Fy FTORE
ETHILENTEELEA,
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3.4, fEHR

3.4.1. ByAR XRIET (FRHLK)

REEOREMARFEID XRD fiRlE, A3, REA (FCEERA), 174, #Kef,
Z U IR DS FR T v (Figure 3.8) . Bt OXE HHMIE, T4 FETITAER:
ERERANER D THDHZ &R LTS (Figure 3.8). FARMICIEL, & TOGWE CHET
DR A o b O 0, JENIHE 1ITE O WHE i Cd 5 413 mbgs TiE, RER (BE
) ODE=7HFEA RN, LM RL <, KBEREIEMOT 7 Z A I (Ca(Fe,
MQ)(COs)2 ) MEFEND LWV RN B S 7.
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ground surface
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9.00
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of sandstone and shale 15.44
17.80
19.60
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26.99
413 —= Nobeoka thrust §‘§,;£
) 34.96
39.41
50 Sandstone blocks in shale 13'2;
matrix extended tuffs 4056
40.67
40.89
4095
4126
4134
4175
41.90
42.05
51.55
5353
Broken sa.ndstone_s (blocks 5705 m Quartz
and boudinages) in shale 60.31

matrix, extended tuffs gg% m Plagioclase

68.88 i
100 0 m Chlorite
7529 . .
7795 ® White mica
7924 .
82.30 Kaolinite
91.89 .
96.19 = Smectite
11178
11332 m Calcite
— 114.70
114.75
114.80 .
Broken sandstones (blocks 114.85 .
m Dolomite
= and boudinages) in shale ::;::gg —
matrix, abundant extended 124.47 Pyrite

tuffs 126.87

150 1B Epidote
13450

138.07 .

142,99 = Hematite

15402 i

157.86 Zeolite

160.47

16227 .

16617

17231

17934

181.01

184.00

188.77

191.00

Broken sandstones (blocks ;‘gg;

and boudinages) in shale 20115
matrix, extended tuffs 203.00
20715
21095
21300
216.00
219.00

22263
LEGEND 22536
sandstone 22975
B phyliite 23300
extended tuff g:ﬂg

sandstone lenses 24194 1

> 10 cm thick gﬁ-gg

[ scaly shale matrix 249.00
with sandstone 25218

250 blocks < 10 em thick 254.00

Kitagawa Group

|Hyuga Group Unit 2| Hyuga Group Unit 1 |

m Ankerite

Hyuga Group Unit 3

200

Hyuga Group Unit 4

Figure 3.8 Relative X-ray diffraction (XRD) peak intensity ratio of constituent minerals in the
borehole core samples. (a) Integrated columnar section showing core lithology. (b) Ultrasonic
borehole image by ultrasonic scanner probe. (c) Mineral compositions based on X-ray diffraction
peak intensity. The number at the left side of bar graph indicates sampling depth.
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342. 474 MEESLE

PEHITREE (2%t L CIIC MIER DA 74 MERE LITICHE) &4 74 o —7 s
F L Ob D% Table 3.2 & Figure 3.9 IZ/x7. D ICfEIZA 0.3A°20 TH D DITXf L,
THED IC 138 0.5-0.7A°20 TH v, li# OFIZIE 0.2-0.4A°20 D ZENF1ET % (Figure 4) .
AR AR L, MRIERGT & E L E R

R BT E OIEMEE IR 356527 5 38.8mbgs DB ClE, IC fEiX 0.26-0.32 A°20 T
HY, 474 bE—7 58| 515-1198 counts per second (cps) W I fEEZzZ /R L7-. E#ED
ST (38.8-41.0 mhgs) @ IC EITRMANCZAL L, EL 72512231 TC IC fEA 0.30A°20 7>
5 0.42 A°20 [ZHEIN L, B — 7 581X 1277 cps /> 5 165 cps (284 L 7= (Figure 3.9). & 512,
RO SE [ LTI (41.0-41.3 mbgs)  (ZHBWTIE, ICEIZIZE SIZHE0 L 0.56-0.65
A20 &R L, B— 78T 2239-2269 cps &\ EVMEAE R LT,

W e A s (41.3-41.8 mbgs) T, IC fEIE 0.56-0.73 A°20, E'— 7 5% (% 220-1577 cps
oLz, FHETIE, ICEITHRRA T D 0.51-0.75 A°20, E— 7§ X 29-1639 cps % /<
L.

THETIE, 114 mbgs DOFES 0.73-0.75A°20 L9 EW IC fEA R L= (Figure 3.9).
Hamahashi et al. [2015] Ti%, ZfEiES L OWEMET —# 23T NOBELL =7 @
SilkrA;  (damaged zone) & SRI[EFEAAH (brecciated zone) & Wi/ gl (PSZ; Fault core)
ZPELTEY, ZOHTH Unit 3 NO 112-115 mbgs 1T AR E S LR ST 5
Z DREFEHTNTO IC {1 0.51-0.75A°20 %7 L, 112-115 mbgs AN TR & 72 IC D2
ARH 6% (Figure 3.9). KE [ 7 _EWrJE oo Wrfe thihis, J6 KOV EO Unit 2/Unit 3 525 Wr
JEDORIFT, MR KRE 2 IC fEE EWA T4 o — 7 RENEIZE Sz (Figure 3.9,
Table 3.2).
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Figure 3.9 IC value and peak intensity of the borehole core against depth (mbgs) and lithological

columnar section. (a) Entire borehole, (b) 30-50 mbgs. Note that a large IC value does not mean

more crystalline illite, because IC value means full width at half maximum (FWHM) of the illite

(001) peak, and therefore a large IC value actually reflects a broader illite (001) peak.

-32 -



Table 3.2 IC value and illite peak intensity of all the measured samples from the entire borehole core.

ICmeasured @and ICyic are the measured IC value and JIC-converted IC value, respectively.

Top Bottom Average llite peak intensity ICrneasured ICuic
(mbgs) (mbgs) (mbgs) (CPS) (A°20) (A°20)

3.07 314 31 670 0.16 0.27
13.41 13.49 13.45 1198 0.14 0.26
23.62 2367 23.65 642 0.19 0.30
30.20 3020 30.20 732 017 0.29
34.92 35.00 34.96 515 0.20 032
3547 35.50 3549 638 0.16 027
39.40 3942 3941 278 0.21 0.32
40.00 40.01 40.01 505 0.18 0.30
40.36 40.37 40.37 390 0.22 0.34
40.88 40.89 40.89 339 0.26 038
40.25 40.26 40.26 681 0.26 038
40.41 4043 4042 1277 0.28 0.40
40.54 40.57 40.56 864 0.28 0.40
40.66 40.68 40.67 327 0.25 0.37
40.77 40.79 40.78 193 0.30 0.42
40.95 40.95 40.95 165 0.30 0.42
41.10 41.10 4110 2269 0.49 0.65
41.25 41.26 41.26 2239 0.49 0.56
41.51 41.56 41.53 576 0.59 0.71
41.64 41.71 41.67 1577 0.58 073
41.79 41.81 41.80 220 0.43 0.62
41.90 41.94 41.92 572 0.52 0.62
42.03 42.07 42.05 198 0.45 0.57
4212 4215 42.14 1145 047 0.60
42.16 42.23 42.20 496 0.54 0.67
42.35 4240 42.38 545 047 0.60
42.40 4245 4243 491 0.52 0.66
42.55 42.58 42.57 322 0.47 0.60
42.63 42.66 42.65 383 0.46 0.59
42.78 42.78 42.78 537 0.52 0.65
42.84 42.84 42.84 149 0.50 063
42.93 42.93 42.93 361 0.41 0.53
43.00 43.00 43.00 723 0.42 0.55
4553 4555 45.54 729 0.55 068
48.63 48.73 48.68 738 0.53 0.69
51.54 5156 5155 339 0.53 0.66
56.32 56.37 56.35 256 045 058
63.64 63.69 63 .67 697 0.58 0.71
68.85 68.90 68.88 548 0.49 0.62
77.20 7730 7725 33 043 0.56
80.40 8060 8050 277 0.46 0.59
91.03 91.08 91.06 29 042 0.54

108.62 108.66 108.64 647 0.49 0.62
112.60 112.68 112.64 735 0.49 0.62
113.29 113.39 113.34 166 0.38 0.51
113.92 113.92 113.92 527 0.53 0.66
114.25 114.28 114.27 1639 0.62 0.75
114.70 114.70 114.70 1607 0.60 0.73
124 .45 124 .49 124 .47 954 0.51 0.64
137.86 137.95 137.91 213 0.41 0.54
141.07 14113 141.10 520 0.48 0.61
154.00 154.04 154.02 139 0.38 0.51
164.72 164.83 164.78 700 0.44 0.57
179.33 179.35 179.34 306 0.44 0.57
188.75 188.77 188.76 214 0.45 0.58
194.00 194.01 194.01 665 0.53 0.66
207.15 20715 207.15 172 0.41 0.54
211.40 21170 211.55 738 0.42 0.55
220.20 22020 220.20 377 0.40 0.53
236.38 236.38 236.38 939 0.48 0.61
242.30 24232 242.31 373 0.42 0.55
254.00 254.00 254.00 593 043 0.55
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3.4.3. ¥yW3EER & FE-SEM #8122

D 35.49 mbgs 7SR/ 2B Lo ASERR, B X OEBRARM D XRD 55475
SIE, R OEME & BIR LA T4 bOE— 7 BERRD L, R 20 2%
LB — 7 B8R AS 60cps LA FIZ72 V), 60 7312 IZ5ERIT B — 7 AHRT 5 2 & 238 L 7= (Figure
3.10b, Table 3.3). A F 1 h OFfEbEIZ, Fifrksf 8 43 F TIZHY 0.05-0.10A°20 - EE A3 HE AN
L, #3549 mbgs OFEEBREINRR—/L I VDR —/LIZZ Y DU iz, 3549 mbgs D _EiZ
RELOHFEWE, BEO 10 HHMmAEREZIT - 7230k FE-SEM |2 K 5 k& it

(Secondary electron image ; SEI) % Figure 3.11 (27”9, 3R> E#% > 35.49 mbgs 7kl ©
134 74 FBRES CRifR : 9 1.5-3um) (XZ DOfEEEE k> T\ 5 2% (Figure 3.11a), #
P10 /3% T, FEdITPEIROBIEZ R T D b OOBAFIEEL, MICHLAEZHY, M
RilZ 72— 7= (Figure 3.11b).

FEE L U Lok U 3o R O#5EERCiE, 35.49 mbgs @ _LAEREL & AR, v —
7 B8 (intensity) 2% 20 43 £ TIZAMITHI L, 90 /3 Cre@lcidk Lz, EiEIcRI LT
1%, FEEBRATO 0.21A°20 75 8 43T 0.05-0.10A°20 BN L7=. 10 73 TR ZRN D R — L
DFEFIZEREIMTE L, B0 ABOEERENREAICEEA L Tz, $£72, 60 9T
IC fii% 0.53A°20 (2 & HIZHIINT 2 (Table 3.3). £ DERITIIAR—/L I LD R — /L LEZITIA
BE2siA L, Bk EaZRLTC. FE-SEM OBIETY, HBEMEITERIE 2R> TV 503, R
— LIV Ko TEBRHBEL, AICAERHOTN.

Figure 3.11c I 3.11 mbgs ®/K Ok,  Figure 3.11d 1% 39.41 mbgs DK OFREFDRIBE D
HFRE A <9, NOBELL =17 OMattZETHICIHIT 54 T A Mbfh OBHIMLRRT, BiEsR
BOA T A MG OHMEE SB35 (Figure 3.11d). —JC, NOBELL =7 40.95 mbgs &
KROGELTIL, Fiisn DOE 0 IR E 23 7% L (Figure 3.11e), 41.26 mbgs DK UK
BECIEEIZ, 4 74 MEg EICBERMSO X S P nsigg S vz (Figure 3.11f, Figure
3.119).
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Table 3.3 Experimental results (IC values and intensity) using the borehole core samples (left) and
sericite standard samples (right). ICmeasured and 1Cyic are the measured IC value and JIC-converted I1C

value, respectively.

Borehole core sample Sericite
Time llite peak intensity IC values IC value calibrated Time llite peak intensity  IC values 1C value calibrated
{min.) (CPS) (A°26) by JIC (4° 2 8) (min.) (CPS) (A°26) by JIC (A° 2 8)
0 629 0.15 0.27 0 5837 0.21 0.33
1 853 017 0.28 1 5228 024 0.36
2 491 017 0.29 2 4560 025 0.37
4 314 0.18 0.30 4 3534 026 0.38
6 190 021 0.33 6 5128 028 040
8 179 023 0.35 8 3528 028 0.41
10 139 o1 0.33 10 3534 0.27 0.39
12 99 021 0.32 12 2192 026 0.38
14 67 023 0.35 14 1408 027 0.39
16 82 025 0.37 16 1744 024 0.37
18 53 023 0.35 18 1430 027 0.39
20 60 022 0.34 20 861 024 0.36
25 39 021 0.33
30 25 034 047 30 1015 029 0.41
40 28 0.01 012 40 683 027 0.39
60 0 0.00 0.1 60 535 053 0.66
90 0 0.00 0.1 90 7 082 0.96
a b
2300 F 2300
30 40
2000 R 2000
@ &
2 1500 g 1500 £
5 | 3 2 [
= p B o0 E
g £ £
§ 100 3 %1000 £
o S5 O =
@ s o | =
= - [
B -F Lsgs @ = L 10
500 500
) I 1] 0
0.2 0.3 0.4 0.5 0.6 07 00.2 03 Y 05 0B o7
IC value (A°26) IC value (A°26)

Figure 3.10 The relationship between ICyc value and peak intensity. (a) Borehole core samples from
the hanging wall. Color bar shows the depth of the sample (mbgs). (b) Grinding experiments using a

borehole core sample and a planetary ball mill. Color bar shows grinding time (minutes).
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1.00pm

2.00m J 1.000M o=
—— ——

Figure 3.11 FE-SEM images of ground (a, b) and natural (c, d, e, f, g) clay mineral grain shapes. (a)
Starting material of the experimental sample obtained from 35.49 mbgs. (b) The experimental
products after 10 minutes of grinding. Grains are comminuted and fragmented. (c) Clays in phyllite
having not experienced mechanical comminution, 3.11 mbgs. (d) Clays in mechanically comminuted
phyllite, 39.41 mbgs in the damage zone. () Mechanically comminuted grains slightly coated with
small authigenic illite showing the lateral growth step, 40.95 mbgs in the damage zone. (f)
Comminuted grains completely coated with large crystals of authigenic illite, 41.26 mbgs just above
the fault core. (g) The enlarged picture of 41.26 mbgs just above the fault core (Fig. 6f).
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344, WX BT Ax v F—{LFER ST

AREHROCT, 3 FHOE X =7 A% v S5 (ppA07-112) DERSYIE, Island Arc 71T
BRSO CIT SN FETH D10, FURE AN 5 A > 2 —% v FTOAE
ETHILRTEEEA,
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=242 2
3.5. iim

35.1. EHREVEE

IC fElE, ZERdfE R A48 C B & MR CHERS R E < e 2 fE 4 79 (Figure 3.9a,
Table 3.2). % 38.8 mbgs & ¥ & OIZIZHIE 2 IC i (0.26-0.32A°20) & T TO IC fiii

(0.51-0.75A°20) 1%, #eAlfEMIC X D mfBREZ R L TWH LBEZXbND. Lo T, W
JEH N OIS BT ICIEZEH LT, RamfBRE 2 HEE L7z,

MEFIED (2007) (XFE— B EZ AW N U F A MRS EA T A MR ESHT %
ATV, TE DN DA T A MEFREOREHRRE XA RR Uiz, ABF7EE, 15132 (2007)
DIEZET HUL T OIREHE XA O CIREHEE 21T - 72

T (°C) =353 -206 x ICyic (8)

HEE U 7o e AR 13 B C 288-299°C (-H) 294°C ; fEHEfR £ +4.3°C) , T T 198
249°C (*J-¥#) 228°C ; 1EH#EMR72+12.5°C) L 72 o7-. HEE LIIREE, © MU A FUHHEIZ
FEOWTHEE S =i s R ((EARK) 320°C, T4%5%) 255°C; Kondo et al. 2005) & b L,
# 20-30°C IRWEERBG BT, —FH T, BHOREZAWTA 74 MESEN S FRTFE
THEE SN T iR BEEE & 1%, BV —3& 7Rk L7z [Mukoyoshi et al., 2009]. L2 L7235,
AR MO R E RIREREITTATIIR L D 6720,

ERSM FTA T4 OB ET 556, XRD OA 74 O — 27 @BEITRE 72
D, HEROEANZ LY ICEITED T ZEnTHRIND. 2O L 97 IC HEOBIT,
SE i) 27 [T oD W i iy R T DS IEER D B ey o 7= (Figure 3.9) . i@ Hy it i s
TICENADORFEEZ RSN LI, ICHEICTRICHEE 5 2 513 8 OB, 2

KON X ZIRE EFABEER T TIXAE LR Z LR L TWnDH EEZBND.
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35.2. WiENDA T A MikfhEZ(LOEK

AR EIT B 38.8 mbys DATED Mt ZE AT O 1C B AE i) B _F I oo Wi Pl i 1) s o
TREHNTINT 5. TR0 HA 7 A b ORGEVEIEE S TR m 2 - TE 2o T
< (Figure 3.9b). AWIZEIZIT D, Wil Pl < \Zmh> TN 2 IC i & L7 m &
RTHIE LT, B Z D Matapedia 7/ [Duba and Williams-Jones, 19831, Tirg H KDk
Wik [ILdbiEn». 1995], JRA 24 [Tanakaetal. 19951 7234 5. Tanakaetal. [1995] Tix
IC EDOZEAIZ A ER ORGSO X DHRAL, ARLORSEOBOKEEIC X 2 E#, ER
RINOKE I O AL 72 EIC L VAT S ik LTV 4. Haraand Kimura [2000] 13
RRA DU 5 417 2 R MU IC A28 ST L HEIR & L TEMDEY, K, B, BUkE
H, Bk a2z, WiE ToBMITRREEZE LD LBENTVND.

TNEZTTC, AW CIRAERE EWRE ISR S IC O, Wi EEN S AR
KD MR D BB EEOEBNREE LT b D THDHZ L2 RETD.

HEHIEUEHB5.49 mbgs) o U A b A W SEER CIE, iR ORI ST, IC
fEEHML, A 74 bov—27EIEREA 325 (Figure 3.10, Table 3.3). AHFZED ki S5k
DRI, B> TA T4 FOREMEIMET T2 Z & 2R3 LB 2 b5 (Figure 3.11a
and Figure 3.11b). O R—V > 750k 20-41 mbgs (28175 ICEE A T A b E— 7 gl
DIREEANL, R &P Em 2R3, 370bb, M ZTER O IC X, Ak
BRI F 7> T IC EIEHK) 0.30A°20 ~HEN, A T4 b & — 27 A3 170 cps ~EA T 5
A Z R L TWA. 72721, @A T4 b E—27 58 () 680-1300 cps) TR X\ IC fi (0.38
to 0.40A°20) Z R TWiEELTD 3 mDT — & Zfr< (Figure 3.10a D&, &k, #HE, ALY
DOPUF, Table 3.3). ¥y#k32ER(Figure 3.11a and Figure 3.11b) & #f3kH(Figure 3.11c and Figure
3.11d) > _EAFOFELIVELE,  HE BT L W7 O WrE A TPl ) 2 o TR O 2B O FEE D
MLTWHZeamrteErbns.

UL, ZERE BRI _E okl (41.10-41.26 mbgs; Figure 3.10a DRV 2 1) 1 IC A3
0.62A°20, A 74 k¥ — 7§ 1L 2239-2269 cps /R L, ZDIRETIXICEEA T4 FE—
7 SREEDTT DHIMBTRO b, Thu, A= 7 30k 40.95 mbgs & 0 EWERSY &3
HEMNCRRLZBEMTHY, BHEROERLITES —BLRNI ENnb, B
WCIFRATE ARV, W PR Eo 2 ofEE, e A T4 NEERRO LR

(Figure 3.11e, Figure 3.11f, Figure 3.11g) & SEMINRDAFTEN G, WilEH HFHRER I WOIZEOK A
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MNTZZ LT DEEICLE Db THD EHEESNS (Figure 3.3¢).

O Z &I, W R E_EOSIALRL & HIEFIE Td 5. 41.34 mbgs DFELDO SR
RRIL, RS TEORBRESIM N L <, REANIZE AL ER L. REAOHRIIMO
FETIERDONT, WEHTETOE EORRERDBKEEIC L HHEENRZ 5722
ERHEE SN S, Hemley and Jones  [1964] 1%, Bukdfiafnssfl: F CHEEAQNMBIOA T A

~NEBRT A5 E LT Fa5R LT

3NaAISi;Os (albite) + K* + 2H* — KAI3SizO10(OH)z (illite) + 6SiO; + 3Na* (9)

F72, Wintsch et al. [1995] %, WigH CRIRADFIEARLERL WS T 4 17 AR
W SN U7 L3S LT\ S, Jefferies et al. [2006ab] (2330 T & £ 7= et i

(Median Tectonic Line; MTL) OWrfg a7 N TREANE Y B4 FAZHE L TWEZ & &
HELTWD., READGA T4 F~EBUKEENEZ 5722 1% 41.34mbgs 3T < DEFEET
TR OBEDBHML CWDEZ L LT, ZOAD=XLTHHALI D EEZLND.
F7o, BRRWZ S ICWEA P IC B T D RE A OB O AR BT H A BT
W5, BlzIE, TT7ABDaT T v 7 A D Pasagshak Point Thrust oD 45 il iy
T 350°C XL Y ®IROACE AFHAIERIC X > TRIEA I3 S L [Yamaguchi et al., 20147,
FE[ & EWE & X oM AR L2, Lo L, AERE EWiE & Pasagshak Point Thrust o3
B) L7239 250°C LW O BBILRETH 5.

X oT, FEME EETEE FIZBWTEWA T A~ B — 2 51 EE(680-1300 cps) T IC fEDH
K(0.38-0.40A°20) & 79 Bl & LTI, BUKZEIT - TRIEADSKM HIMET 2 2 LIk
HA T4 FOWIARZET b,

F7o, BENOERELTZ Slab O XRF O~ » B2 7 OFEFIZBW T, WiE PiiiiE o
A AT RSO TR TC Na 23 LTS Z & (Figure 3.14, Figure 3.15) 1%
BUKIZE 2D Na A A OBBEZXML TN EEZLNDS. L, XRD OEFESHTIC &
DL SN O R A ORSGRIRD E A T A FOHIME IR TH Y, WiE
HHPHEES IS B W TBVKEBIC L OREA ORI E LT L B2 o5,

AWFZETIE, H = 7 RO & e FEBR A A O Ll s B, [ T8 _L T o> AR 2T
HCIE IC E OB KITHEMRE 22 i L » TAE U2 & & 2 510 (Figure 3.10, Figure 3.11), &
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IR R E LcB A1 T4 PE—ZHREOHKE IC EO2M e E5A- (Figure
3.10a) IFBVKEHEICLIDREADHD LA TA PADAERITE > THITED Z L2 RE
L7- (Figure 3.11e, Figure 3.11f, Figure 3.11g). Wi@H# o IC fEIX IR OHETITINZ, ik
EEBOREERNT 2 ZEICRT TS LS.
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3.6.

i

KETHLNIAMRE TRICE LD 5.

1)

)

®)

(4)

()

IC fElL, FEMATE LW 28A T R e METHONREOZENRH Y, TROIZ O 3 H¥E
MEIER E WV R SEORE R S il & TR OHERE U7 e KBV X, % 288-299°C,
FHEAY 198-249°C L e 0Tz, ZAUE, BNV A NI SO THEE S v fcsmi gk
EMEFE [Kondo et al., 2005] XV £ 49 20-30°C KU VFER & 72 o 7223, BREAOEE
TA T4 MERENSHEE SN i@ AR & BUW—2%2 R L7= [Mukoyoshi et al.,
2009].

SIE ) 8 _E W oW A i Tl SR TR OGNS IC EOR 2R & RhoTc. 2O
R, BB T ISR A EIR O BUK O BENREN TH H T E AR LT
5.

ARMEVEA TR CUE, R RS IS <204 T IC fEICRAERIICHII L, A T4
kB2 BRI AR AR Lis. 2 O/, BRFEBRICBW CRREEERT o BN
L L BIZICHEPEML B — 7 BENDT D &) ik LB O/ 2 R~d. Lo T,
T JeE IR L 1 s o TR IR D BB 72 D L B X B D.

SR L W7 RS E RIC 31T D IC EO RN & @A T4 b E— 7 mEE, &
BAOBD LA T4 FOEREMNIBREEORETHD LHESND.

XRF a7 2AF ¥ F—IC L DuH~ v B 7 ORER, Wrlg s il e Lo B -~ Tl
JE AT IS MR IR W T Na e T DM AR~ Z LB LnE o7z, ZORE
I RETIC RS T ARG DA T4 bADEEE LTS,
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4. BRECHENOH-EXFREERBICE TS RE & LEOFMERE
L

At tEm s, 4 7 (pp.118-133) D 431X, Geochemistry, Geophysics, Geosystems (G-Cubed)
i, ICBEEOE THITEND TETHH 0, FAREENE 5 EMA V¥ —Fy I T
DARETHZENTEEREA,
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5. £&H

A RSP, 55 (pp.134) DOE571%. Geochemistry, Geophysics, Geosystems (G-Cubed)
s, ICBEEOE THITEND TETH LD, FfRG5 0D 5 FlA ¥ —F v I T
DRARETDHZENTEEREA,
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6. RFRREREE

At tEm s, 6 7 (pp.135-137) D431, Geochemistry, Geophysics, Geosystems (G-Cubed)
s, ICHEEEOE TIITEIND TETH L2, TG HND 5 FjlA X —FRy T
DRARETDHZENTEEREA,
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