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Abstract

A direct dating method for fault gouges is crucial for assessing most resent fault activities
when no overlying sediments are available (e.g., Late Pleistocene sediments). Use of direct dating
for fault gouge is a method for obtaining the age of the latest fault slip event when the fault gouges
which have been subjected to sufficiently high frictional heating for age resetting. However, direct
dating methods have not been fully established for fault gouges because age resetting conditions
have not been clearly identified. Frictional heating is expected to be higher deep underground
because the frictional heating generated by fault movements is dependent on both shear stress and
confining pressure. Therefore, it is likely that fault gouges at the surface would be older than the
most recent fault movement owing to incomplete age resetting.

To validate the direct dating method, we compared the estimated ages of fault gouges
obtained from different depths using a deep borehole and surface trench along the Nojima Fault,
which caused the 1995 Kobe earthquake. Part of this study was implemented by the Kyoto University
under the auspices of the S/INRA/R to perform geological survey and dating analyses. Validating the
age resetting condition was conducted by S/INRA/R using these data.

Based on the 1995 Kobe earthquake, the expected age of the most recent active fault plane
would be 20 years. However, most of these obtained ages were found to be older, although these
became progressively younger with the increasing depth. This implies that the age reset ratio
increases with the depth.

We distinguished the fault gouges of the main fault planes from the others and estimated
each of their sample ages. Younger samples were predominant in the main fault planes. This result
suggests that the frictional heating caused by fault displacement was the primary reason for the
variation in age.

Ages were obtained using three methods for the same depth samples. The youngest was

the luminescence dating achieved through optically stimulated luminescence (OSL) and isothermal



thermoluminescence (ITL). This was followed by the electron spin resonance (ESR) and potassium-
argon dating (K-Ar). Each method showed a different age for samples from the same depth. This
discrepancy is attributed to thermosensitivity differences in each method. The luminescence dating,
which has a significantly high thermosensitivity, showed the youngest age, estimating the age of the
samples to be a few hundred thousand years old. ESR showed ages that ranged from 0.1 to 4 Ma;
these ages were older than the luminescence ages. By contrast, the K—Ar dating, which exhibits a
low thermosensitivity, found the samples to be older than 40 Ma, which is closed to the age of the
basement granite. These results suggest that the luminescence dating can be applied to evaluate fault
activities during the Middle Pleistocene and later periods even if the samples are obtained from a
shallow depth.

In the future studies, we will strive for improving the reliability of these methods through

validations of other fault activities.
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Figure 2.3 Location of drilling sites and geological map of the northern part of Awaji Island.
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Figure 2.5 Photograph of trench site.
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Figure 2.7 Drilling site at the Nojima Fault.
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@ NFD-2 hole ® NFD-1-S1@ © NFD-1-84 (® NFD-1-S6
Depth 321.0-322.0m  Depth 506.00~507.00m  Depth 604.65~605.65m  Depth 897.0~898.0 m
Upper

Tveen

F-Cc

R T T I T N Y R R A O N T S S R O X 3 R KO O X s )

E N N

Kobe Group Gr: Granitic rocks with different color Main fault plane ~ Fault gouge  Veinlet of clay

layer boudary  or calcite
D |:| :l - - F-Ce: Cataclasite with foliation; Cc- Cataclasite

. b s G: Fault gouge zone; B: Fault breccia
Fault gouge layers with different color G+B: Fault gouge with breccia

(light gray to brownish gray and dark gray) B+G: Fault breccia with gouge
Al-Al1, B1-B13, C1-C16, and D1-D20: Layer number of fault gouge with different color
in the NFD-2 (A), NFD-1-S11() (B), NFD-1-54 (C), and NFD-1-S6 (D) holes

Hi#) Lin and Nishiwaki (2019)?® & ONEINZ K=21E N LAL RS (2018) 5 % —ifm4E
210 WiE =7 BEKUGEMA T v F (1/2)
Figure 2.10 Photographs and corresponding sketches of the representative fault gouge cores (1/2).
1) A:NFD-2 7. 321.00-322.00 m, B: NFD-1-S1@+L. 506.00-507.00 m,
C: NFD-1-S4 fL. 604.65-605.65 m, D: NFD-1-S6 fL 897.00-898.00 m
£ 2) NFD-1-SIQHDKREDPDiE, NFD-1-S1 LT 2 AKHHIL 725 H D 1 KEEKT 5,
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@Nrm ® NFD-1-S1(D) © NFD-1-S3 @ NFD-1-S$ NFD-2
Depth 529.00-530.00m Depth 502.00~503.00 m Depth 532.20~532.70m Depth 904.00-905.00m Depth 260.15~261.15m
Upper

Lower I 20 cm l I

Ny E N N

Kobe Group Granitic rocks with different color Main fault plane  Fault gouge  Veinlet of clay

= layer boudary  or calcite
| | I | || I | I | - - F-Ce: Cataclasite with foliation; Cc- Cataclasite

s SV G: Fault gouge zone; B: Fault breccia
Fault gouge layers with different color G+B: Fault gouge with breccia

(light gray to brownish gray and dark gray) B+G: Fault breccia with gouge
E1-E12, F1-F8, G1-G11, H1-H10, and 11-113: Layer number of fault gouge with different color in the NFD-1 (E),
NFD-1-S1 (F), NFD-1-S3 (G), NFD-1-S5 (H), and NFD-2 (I) holes

Hi#) Lin and Nishiwaki (2019)?® & ONEINL K521E N RAL RS (2018) 5 % —ifm4E
211 W=7 TEEOFEMA T v F (2/2)
Figure 2.11 Photographs and corresponding sketches of the representative fault gouge cores (2/2).
£ 1) E: NFD-1 4L 529.00-53.00 m, F: NFD-1-S1(D+L 502.00-503.00 m, G: NFD-1-S3 fL
532.20-532.70 m, H: NFD-1-S5 fL 904.00-905.00 m, I: NFD-2 fL 260.15-261.15 m
£ 2) NFD-1-SIOADKREODiE, NFD-1-S1 LT 2 AKHHIL 725 H D 1 KEEKT 5,
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24 WrEmRWE 2 AV ERRE

EIWErEZ G L L TiToe ML TREKOW EEHEFA, TFEEELZ x5 s LTT
STREA— U o ZTEICB W T E 28U, FRIEEIT - 7o, REA—Y
B XD BRIE BB O O BARGAIEIZ W2 EUBHE, B O & L CER
iE L 72REE 904~905 m > NFD-1-5 fLOEEF, ZREE 506~507 m @ NFD-1-S1@ LD},
TRIE 897~898 m ™ NFD-1-S6 M#lEF, TR 532~533 m ™ NFD-1-S3 Ok TH 5, FAX
HEX, Wrig@EeoaE Tk, OSL @ 1%, kLo FiAORETid, ESR, OSL KT}
K-Ar @ 3 fEHIZ OV T, TR —V v 7R AEORECIiX, ESR, OSL, ITL XU K-Ar ® 4
FHIZ DWW T T o7z, R 2.2 ICRUBHRIRALE , BRIBUREE K O FE i L 72 FRIEED—EE
N IS

# 2.2 FBHEEUNZE., PRERGRE M OV U7 FAREE T iE—E
Table 2.2 Sample locations, sample depths and applied dating methods.

AUBHER UL 1 PRIUR FRBE L
FLUTF Hh# ESR, OSL, K-Ar
CIVE Hh# OSL
NFD-1-S1-@4L 506-507m OSL, ITL, ESR
NFD-1-S3 fL 532-533m K-Ar
NFD-1-S6 fL 897-898m OSL, ITL
NFD-1-S5 fL 904-905m ESR

2.4.1 ERPEDF L
(1) OSL KON ITL AARHIE

INEHUED R L TF R OEEN O/ EERE, A—U 27 a7 D55 NFD-1-S1
Q@FLOWr G, NFD-1-S6 L2515 O - Wig sl Bt O AFRBIE X, U & v OWF e
National Centre for Scientific Research (LT [NCSRJ L9 ,) WEEhE L7z, LA TFICATIE
DFNEZ7RT,

OSL &M ITL ARARIIEIZ WV 3BT, BASUIDETESZR Y By 572, BRI
KOGHTIZRBNTHEE S L <ITRESE T TEEZIT o2, BEHAD R Lo F TOREHRHL
X, £ & 15cm (ZHIWr U728 46.6mm D EE XA A BRIAEIC NV~ — TH B AHT TRE
AR L 72, BUBHREUE, BHAE A T Ol E = — LT — 7 THDE LIFE IS Lz,
BEENICEB W THE A TR EH2H0 L, 3B o s 58 lom O 5 &2 B D B
WD OB T ORELE LTHWe, A=V 7a7id, #obrocarFa
— 7 EREICFELIAATHE Lz, 0%, A=V 7 a7 EHBENICBW T Yy ¥ —T
PENC U, o A T CHREMRINE A OREHI VY, 58D 0 & B T CREEBIZE A LT
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Z DM O3 HORBHZ AWz, a7 OREITIAI E > N OREEAC K 5 BEESCMA: D 8
T TCWDAEEMER H D72, a7 ORED B lem DOFR Gy & FRW T2 O v
7= 3

PR S VB % U TR RR AL FALBE T o DB b A sk - 2 i L Te, RFE
1. Jacksonetal. (1978)%". Rees-Jones (1995)%, Zhangetal. (2018)%* % T1T 4L T\ 5 A Hu sy
BETVEICE - 72,

10 %R 10%iER (LK 7K & W TH Y K OVRIBIESEM % s LTz,

5D UVNT L o TRIAE 40 um LA ED AR & R LT,

40 %D 7 v AbKFE W Z W CR I 21T - 72,

Kt 40 um LA FOATER %2 A h—27 ZADOEHZ W2 kByBikic L v, 4~11
Um O FERLF- D B3 EE L To, — XIS, AIER TR 2z 8y LT WD &
MEN DT WS T2, A RIE Z OMBLATED BTt Lz,

40 %D 7 A i A BEIC K D RELFL A & 512 9 HREATV, 7o 50k + % 15
72

® HBoONT-aTEhOMEIXERTE 7 EMSE (Scanning Electron Microscope; SEM) (2
i SNV X—n8% X #~A4 27 a7+ 7 A% (Energy Dispersive X-ray
spectroscopy; EDX) 2 & » CTHEFE L 7=,

CHCRCHG

©

REOERREONE T, FRBHIE EN D HHETLFE O U, Th, K XY Rb ORE %
kS 7T X~ BN EE (Inductively Coupled Plasma-Mass Spectrometer; ICP-MS. Perkin
Elmer Sciex L%, ELAN 9000) (2 kv E& L, FR#MEFHH Y 7 ~ (Dose Rate calculator
DRc) & HWCEHR L TR 7=, DRe I, Guérinetal., (2011)* 1235 < Bt % L Aitken
(1985)*2, Nathan and Mauz (2008)*3, Guérin and Mercier (2012)* (253 < o #i. B, v RO
BRAEIC L > THRRE 2 R ICAH U, BB E GREERRE) M OBREIRE
N FH RIS & D2 % Prescott and Stephan (1982)%. Prescott and Hutton (1988) “6 J ¢
Prescott and Hutton (1994) 4 IZ LS W TEE L, MM E L IRE T 5, SRR E MR EIT,
EREIOBRREDO 7T 7 v a vy ZEICEM Lz, ek, BBHIERI S N7z B i 6 HZE ]
X UTICEOVREINTND, Lo T, BRI, BRI 5 +£5% DOFAEDHFIFH N
TEALR 2 EARE LTz,

OSL %, .7 U == v ML (Single-Aliquot Regenerative-dose method; SAR) 512 & v
E L7, HIEFNEIE, Murray and Wintle (2000)*8 1266~ 7= (3% 2.3), Z O FFiEIL, Tk
HEr#HE1 207V ay bhs, FRUEICKLERERRELZ RO TFETHD, EHE
& De O RWE M2/ 72 <+ % 7-®IZ. Fuchsand Wangner (2003)*° » 5 iEIZHEV, 7 U =
>y hOHR EE 2 mm OFEMIZ O A E S WELIT o7, NIEMIRIL, Rise o
EMI Y78 & & TL-DALS VI X v B U AMER TH D, RH ITRIEF A 0Sr/°Y B
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FBRIFUZ L > TIT 272 %, OSL 5 Dbt i213HF € LED (& 470nm) WS, 7.5 mm
Hoya U-340 5% 7 ¢ /L & — % i L TR R 28I L 7, OSL 38 ORI &M D 0.6 7
WMTHmHEnhE77—A MO EHWEZ, 7L e— MEEIZ, K2.1217FT 71—k F
— XY HNRY—F Ak 82110 220~260°COM T De tLEBNIEIE—E LR o272, Hk
LD 240°C A L7251, HIZ, SAR JEIC X B %Mt EOHEENIE L<ThhTW\WhH g
MRAES D7D, R=XY B ANY —F 2 223w L7 (K 2.13), £DfER, De thidkk
teda 0.9~1.1 OFPHIZ AT D D, SARENELHEIEL TWDHZ L 2ER L

51
o

# 2.3 SARJEIC XK % OSL & FIE
Table 2.3 SAR protocol for OSL measurements.

Step Treatment

1 Give dose
Preheat, 10 s at 240 °C
Blue-LED stimulation, 40 s at 125 °C
Give test dose
Cut-heat, 0 s at 200 °C
Blue-LED stimulation, 40 s at 125 °C
IR diodes stimulation, 100 s at 125 °C
Return to Step 1

) FUER: (2019)12 FS v TR
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1.4 4

o
8
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=
v T. T
z ’
o A T
E 1 .
s T i -
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S cessenees LOWET limit
".E seese Upper limit
& ®  NFD-1-51-(2)-G-06
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Figure 2.12 Result of the preheat-dose recovery test.
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Figure 2.13 Result of the dose recovery test.

7E 1) NFD-1-S1@4L?D G-01 } X NFD-1-S12 LD G-06 D HiK7 A Hkr - % i

TL X, @ % O TLAEMRHEIE TIiE7e <. ITL (Isothermal Thermoluminescence) 4EfRHIE V5
ko THIELZ 53, BHO TLHIEN —EOHE CHEZ ERESE LI Ry AR
JEZ2RET 201 Ly ITL X —EDOHE T TON I %y & AMEO R LA 2 JlE
T5, TOFEZHNEOZ, KRBOEBROLATNDZ L BHEO TL LV & fafifit
BOARENWZ &, BHMEOMRBIEKRD Z L FICX D,

ITL 1%, SARIEIZE VHlE L7z, BIEFNEIL. Murray and Wintle (2000)*® (27 - 72 (

#* 2.4), AEHSR. BEHIE, 155 0EICH W LED, %7 4 /v # —Ii%, ek OSL &
[FEETH 5, HIEIFIEE 310 °C T 300 FT- 72, HIE TIE%

K 24177, T A MRIIT 2°CIHOMBGEE T1T o7, ITLHIEDERIZ 310 COMEZ
o720, Zvbe— MIftblhroiz, ITLBEOHEEINOD 5 BEOT —% &\,
Ny 7 7T 0y ROFREITIIREO 20 D ORET — % & iz,

# 2.4 SARVEIZE D ITLHIEFIE
Table 2.4 SAR protocol for ITL measurements.

Step Treatment

1 | Give dose, Di®

2 Heat to 310 °C, (hold for 300 s)
3 | Give test dose, D;
4

5

Heat to 310 °C, (hold for 300 s)

Return to step 1

@ Dg = natural dose; ® D= Fixed test dose
H L) FER RS (2019) ©
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(2) ESR AU E

NFD-1-S5 LD K& alkt o o3 i3k s (L UV FEARBFSERT . NFD-1-S1@+4L D Wr gk
Bt 43 HT1E NCSR, /NEHIS D R L > F O W f@alkt O i X E S R FE NI RR 703 E i
L7z,

RRACA fE s 1L U A ZE AT A3 T - 72 ESR AEARIE O FIAE DL FIZR T,

TRPRAR RN E O 72 D OFREHZ DV T, 100 um BiE ORI O L HEE G D -0, RELD
REZZE L CUTOREEZITo72, 7eds, WiEH Y0 ESR FRBIEIC DV TITAK,
U HDOAITDORAEZ EITFERIEEZ KD, RO S DICHOWTHEMRER —E LR DN E
IMEMGTT D MR, AREICBOWTERABOERROLNATNDTD 1T T 7 a il
WTOIRFER LT, REFO BN OWEIX 1L 7 AFRE DR RO T TITo 72, sBHLE
FAETHEIRTITV, B2 RSB 58213 40 COMEIRELREE 2 ] L=, LLTFiC, 3B
RO FNAZFL T,

Wik D CREHIA F AR E A, R TS A RN bR B 2o,
10% D@ b KT K Z Fvy, 24 RS 5 2 & THIEM A RE LT,

20% DIEFEZ VN, 24 RERJALEE 95 & & TR 2 BRE L,

BN ¥ S AN R TN Y/ R s SR B e

LEEA 260 IZHBE LR Y o AT U MY oA (SPT) BHiRAE HWTHHEE
Bl L7z,

Shitaoka et al. (2012)%° ® 5 EIC LV 20% D 7 v bk FEEEZ AV, 90 4y LH 4% =
LT oD BEZIT TWAIARREET Yy T U735 L EbIT, AEUISDOIY
DRE Sy 2 E LT %,

D FEHES D W THIRZ 50~250 um (ZF A 2 CHIERELE Lz (BLF INatural] &0

-

)6

SECECNCNGC

©

PLEDFIZ L0/ AgEE, —8ICK 159 BFonlcilktb b o7, £<idlg
Kiii ThH o 7=,

ERMRERIL, BHE Ge EARHIICLD vy AT MBS K > TRl L7, B
JEH T URENCBI L CiE, B L 722K 209~T70g E DB o720, R ERE
ERIC B2 T D22 ENTE Moz, £ T, S5-01~S5-10 (#4ik) o H v ¥
T OWTIE, ENENN6K 29 T O 37 bDEELETH T IS OFRKR
ERAEARE L L, ERBREROFMICIE,. BEOEKRICIVMET S Z L NSE
Th b, A ORBHLIRIZ LT > TERKEOWPEZITo72, ZOWUEIX, FRpkg
MENEHOREZ AW, LFOFIRTITo 72,

O HEtOHERELZWE L%, 40 COERZESR CHollii s,



WEEERBIEREAZNE L. BKEELRDI,

R A . A USSR E W TT 0 IE LT,

TR L CTHE LB 2 e AR ERE E RIREOERERE S 70D L OI1TK 209
B30T, 7VARMULTEH% T 7 AT v 7 BaZEH AL,

® JE P AT T 30 AMEE L, WEsE e Lz,

® 0

T PE AR BRI D 72 D 0> ESR JE XA IR A K o TIT o 72, AR RIE T, 3B
BRI L o T 72306 Natural (22W T, BBy 72 v BREREIC L » TR BT (5 Bl
DKM %, 15 5RE 0 D E THF L TRIEBHRELZ KD 27 ETH D, 77 70
ST AR TR & U, BRI 523 K 05 &I SN DA TTER & L TR/
THEEAEA L, WIEICE, BE AT v 7T LI 60~70mg (2 E L 7Bk A L
7= B O WS, ENLAFTE BT IE N & 7R EHAIR T JE PR R B A 1 & — ARV AT
B PE e b A ZERT O = 3L |k 60y BRIRAZEH L7z, y #ROMBES 3.22 Clkgh T, ®
FRGRRE & OF T 8~10 Befls & 70 2 K O I EA A X TS L7z, 7o, BBHLEEZ DA
P DB ED 8~10 BeMEDO M EIZ 43 TRWVEEHZ DWW T, (MBS - ESR JHlE% Ok
ZEIL L, By SR 2179 2 & T 8~10 B L 7225 K 9 ICEM L7=, ESR HIEICIE,
A AT - # JES-PX2300 Z i L, Al Hls, Ti HL KN ELHFDNS DV CE B E 2 &
L7ze BIESME, Al FOEO Ti FOICHOWTITIRIERRIRE T, ~ A 7 2R E R ER
9.1GHz, ~A 7 a1 5mwW, BHmEINE 15 mT, 75 K 30 Fb, BES 578 1% 100
kHz, W5 Z5300E 0.0 mT & L7z, EVH.OOHEITEIRICTY A 7 0 JERHH 9.4 GHz,
~A 7 vt 0.01mW, BEEERSINE 2.5 mT, @5 FER 30 . R 255 E I 2 100 kHz,
W8 5RmE 0.4 mT & L7,

AH 7 PFEHZ I T 50~250 um O A Fokr 1 & W TRMEF E5EN 21T 9 54, ESR
IZFET 2 ARSI T O DRG0 B AN, ZOEBEK 30 ecm bbb I
VR THD, BHREDy BOFRMMEFIZIU, Th XK ORENLHETE 20T, &
£ Ge JERRINARE Wz y AT MAEIC K 5T U, Th KOYVK OFREZJIE LT,
HEIZIE, F v o _XTROEHME Ge FEARM AR (GC1520) & MW7z y #R A M LVHIE
VAT AEMEA L, EROTFIARTE AL Y URE 2027 g0 &7 L—H A FEE
20.13g % 14 HREHIE L, U %51% °Ra (186.0keV), 2Pb (295.2keV, 351.9keV). 2“Bi
(609.3keV, 1120.3 keV, 1764.5keV) . Th %5113 226Ac (338.4 keV, 911.1keV, 968.9 keV) .
212ph (238.6 keV, 300.1 keV, 727.2 keV), 2°TI (583.1 keV, 2614.5keV) DOt — 7 |Z7EH
L. Uchida et al. (2015)%¢ (T L ¥ {Epk & Au 72 e FRAE HERCEE (U AR ERCE) @ U IREZ 110 ppm
? Si0z, ThAZHEZEL : Th #2EE 125 ppm @ NaCl, KO #E 4kl : K0 JREE 63.2 % KCI)
EDHMNOLENENOBEOEHEEE RO, BONTAEEORENS, 7 RUEK
DEMEZREFT L, 28U KO 2Th REZE L7, S 5T Guérin et al. (2011)* O E £ %
FANWTBME D y BRoOMBEREZFEH L, FaNHE LzEKEE HVCE KRR IE (Aitken,
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1985) 42, Kif%IC X D B RROBEDOMIE (Mejdahl, 1979) 5 #17-7=, 72k, RREHIHES
FooommbELNTZD, FHBIZ EHMOMBIC L > THEL TS EE X, FHRIC
LM ERIIY e LE LT,

NCSR 73T - 7= ESR EARE D FNEZ LL T ISR,

TP RAR B E D 72D OO 43 B IL, OSL K OVITL & Rk D HIETIT - 12, R
ENZIE, FE U TRAE 4-11 pm DA FERLAFZHEHA L, 4-11um O b D EZ+ 315 b o7z
SA 2L, BIfR 80-125 pym O A FRL A Lz, HREIIRRE I LIl b Tork
o7& LT,

B O ERFREORIEIZ OV TH, OSL K WVITL & FEED HIETIT- 72,

IRBERAR B OWE 1, FFBHZI DWW T, BURBR A BRET L T 7RV REE T ESR |IE 21T -
Tt BB LR D E OB A B IS U, ISR E S L iC v 7 LRE &
HIE Uiz, o RSHE, Risg #:8l> TL/IOSLDA-15B JlEREE ICHE#Hish T\ 5 1.48
GBq (40m Ci) *0Sr/*°YB #tiR 2 7o, Z O#IRIX, BB A &K 2.27 MeV O R /LF — Tl
HL, ATk - ~OMERIT, 0.1Cy/s BRETH D, BT ERHEEBENO Be M E 2
MANCEFEINTEBY, aryEa—ZH#C > TEOHRKNZ1T 5, ESR HIEITIX,
Bruker #-5¢> ESP 380E ESR HlE ¥ & & 7=, MIEIX EHL & OHC {5 512k L CIE=
T T AR L CIREIAR He 12 X 0 100 K ORIRSAMCHIE Lz, KR CoRES
(Z1Z, Oxford Instruments #E8LD 7 Z A4 A A K v~ N & iz, BIESM X, EVHFL & OHC
FEHICONT, BB T T~vA 7 ol E$k 9.647 GHz, ~ 4 7 vijfii /) 6.41 W, 545
e 2.5 mT, /5] 30 B, Mad5 28 E 3 4k 100 kHz, 5 Z85RbE 0.0 mT & L7z, Al il
OME LML, 100 K DIRE T T A 7 vt /) 2 mW, BESEfR5IE 8 mT, & Oftho Ff4
IXEIRME L R CTH 5,

[E 37 R EE N IBLK 2 25T - 7= ESR AEAHIE O FIE 2 LLFISRd,
FERERICHWEZRENI 1REIH 720 50mg ThH D SV 7 REORE 2 x5 & LT,
ESR H& 1%, HABTHRASAR JES-RE3X ZfH L., A%ED Al F.ln, EEYF Ak

(Mo) OIHEES (B, CEH) IZOWTEEMRELZNE L, Al F.OORESRMEIL, K
BT (77K) T, #5185 331425 mT LN 3255 mT, ~ A 7 vttt /1 1mw, ~1 7 ol
JE 9.1 GHz, A FARES A %k 100 kHz, 3525 FiE 0.05 mT, JRZ& e 0.3 Fb, ol
[fl 8 min. /scan, 2 B2 — X ICXHEREEE IETHEmEL 72, AED Al L, EEY
F 4~ (Mo) WEAF S (B. CIE7) OHIESRMFIE. BT, w5855 400£400 mT K&
N336+5mT, ~ A 7 27 1 mwW & 0.01 mW, ~ 27 & i85 9.4 GHz, Ak
100 kHz 0.05 mT, J&Z&RER 0.3 B, @5 KEfE 8 min/scan, = > B = — X Z X HFEFE %L 3
[0 CHEME L7=, ESRAEMRMEZBIET 2 OICLERAFERBRERLZHET D200, KWk
e o 280, 22Th KON KO IREDOER S =1 F v MERSHHIEKE L7, AL
Iy HTEETE 1% Agilent Technologies #1:52 ICP-MS (7700x) } O* Rigaku Hl Y X #i & (ZSX100e)
Thd, FRIFERIT, HE LRI RIRENOREHMELR ® 241 L THRE L,
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RBEMR I B 2 YT 72 DN 0B R O R BRI, [E1 S B B A 7R BT 7
A 5 B 75 BFJEE 00 = /0 | 60y AR A L 7.

(3) K-Ar A&
INEHILR D N L FIHAEIL K o TH B AL W@ s 0 43 8T & Y NFD-1-S3 FL O Wi fg skt
Doy HTIE ENLRFE N RT3 5 0 L 7=,
[ 37K AR R DM T - 72 K-Ar SEGHE O FNEZ2 LU FISRT,
BRI L 72 3lB 2 & B AE DXL T3 2 Fh - 2 7 O kG LD iy BEEZE 21T - 72, K-Ar AR
EICHWDREHE, BAEOKLIEMUN DO ) BAD X 5 7e K 2 G OlRN % i/
TOLERD D, ZDD ﬁﬁﬂ*-%ﬁﬁ@@%ﬁw‘&Lc:;oféﬁ*ﬂr%%ﬁhb A= ADE
M2 AW E B BEEIC K0 . R 2 pm DU R OMRIEE 2~6 pm ORI f-Z2ffiti L7z, &6
T, KA & %i/bp%‘m%ﬁﬁmﬁi 0.1pum LA F ki1 Z fi Uiz, Sl Lok 1%, X%
T4 E  (X-ray diffractometer; XRD) % AW C, HAELEM O E L2 R LT,
K-Ar #=1E o J7 %1% . Dalrymple and Lanphere (1969) %° <> McDougall and Harrison (1999)
OSEHIL L7, KOBFEIL, 7YV b7 7 /7 ay—t#lo ICP It
(ICP-OES) ZHWTHHr L7z, SATicHWIR EHT 1 Bt H7-0 25 mg BETH 5, K
DOREBRZEIL, R TOHHREHIBNT 2% (20) OHEPFHE R LTz, FNEDSHTIE
Bonhomme et al. (1975)% O HiEIZHERL L 7=, Ar OB &1L, 0 AoHrEEE (VG Instruments
8L VG3600) & FAWVCTHONT Lz, Aric W =ikEHE, 13 B 720 20mg RRETH D,
K-Ar A=A E 1L, Steiger and Jager (1977)%2 23 HESE 3~ 2 4 K & AR E O ME % HVCEf
BTz, FEREORRZEIL, BAAr, OAPAr K ONK OSHTEOFHEEAEN SR Lz,
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2.4.2 FERPERR

(1) WriEEREED B 15 b AV T- Wi B A B o OSL AR E G 5~

2B T oD T 3R EE OO T B A e Ll > C OSL AR R AIIE L (K 2,14, 3 2.5),
BTGB O FREMEO H HfE & LT, fEaiion s 7 L—% A4 NEROWEIT U %
By oW (F1) &, KRIRERELAOW T v o254 28 (F2) AEESATEBY., Z
AU O O HFTE B A O W A E © OSL AR, 4.6 THFERT~13.9 HHFERTZ R LT,
BB L—H A FOFED S ITEREDG SR 0o 72, OSL IR #h# & OV R #ii# o il
& LTCH 21512 AF-01-02 TR LN TR 2R, EREEM 300Gy LI O @il 7R
LTWEHDOBRLZNN, EMBRNDITZERIZE L TWinEEZEI LD,

W oiéa LA AT A
) BN RFIE AR RS (2019) 6 & UF Tsakalos et al. (2020)% (235 Tk
2.14  FREPWTIE 0 §F G E M OVEAGHNE A5 R
Figure 2.14 Photograph of Asano fault at the fault outcrop and estimated ages (ka).
1) a) IXEEEHEE, b) FFERBEEMSR (BT ka) 257,
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* 2.5 KIFWIE) S5 O BB A E O OSL A RINE R R
Table 2.5 OSL dating results from gouge samples of the Asano Fault.

. Number of De Dr
Sample ID Material alliquots De (Gy) Overd(l;)p)ersmn (Gy/ka) Age (ka)
AF-01-01 Gouge 20 136+4.9 12 2.97+0.16 45.8+3
AF-01-02 Gouge 14 401.2+10.4 0 3.03+0.19 132.4+9
AF-01-03 Breccia * ** ol 2.21+0.14 **
AF-01-04 Cataclasite * ** o 2.6+0.17 *x
AF-04-01 Gouge 17 413.7+8.4 0 2.6x0.17 139.3+8.9
AF-04-02 Gouge 20 321.9+6.5 5.1 2.97+0.18 109.1+7
AF-04-03 Gouge 18 358.5.9+7.9 2.8 2.95+0.18 124.1+7.8
AF-04-04 Breccia * ** o 3.64+0.24 *x

*ENIOHTRE O EBPRE L, WERARETH - 727k
ENINL I Ry B U ABERLERT . WIETE 20> 723k

OSL (cts per0.16s)
=
=
=

1000

— Natural
— Regenerative

i) Tsakalos et al. (2020) 52 |Z J:-3\ THmse

*

_n—-""_._-

Lx/Tx
S S NW RGO~ ®

T

;S 10 1|3I1IEI1I9 22 2% 20 32.35 38
Stimulation time (s)
Hi#h) Tsakalos et al. (2020) 5
2.15 REFWTE D 45 O - W B AP B 0> OSL R R il K OV & il o> f51]
Figure 2.15 Example of the OSL decay curve and the growth curve from gouge samples of the

0 3

Asano Fault.
# 1) AF-01-02 O E 1
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(2) TRFE 506~507 m K& ONAEFE 897~898 m 2> b 15 & v 7= Wi @il ik '& @ OSL L OV ITL 41X
T 7E i R

NFD-1-S1@FL D EE 506~507 m & U8 NFD-1-S6 L DIFEE 897~898 m (23 THERE S
7= 87 55 7 g o £ W O W R 12OV C OSL KON ITL IC X 2FERMEETT-7= (X
2.16~[x 2.17, #* 2.6~%* 2.9),

NFD-1-S1@ (R 506-507 m) Tix. W@k Eh oWig o 5 6 R Tk o
FWETRE & BoiEEhim O vEE O H A WifE & LT3 ARRE L7z (F1, F2 X OVF3), Wik
PE)E 2RO ITL AFARITHK 2.3 TAHRT~K 11.1 FT44ERT, OSL AARITH 1.9 TR~ 6.3
TR Z R Ule, B S B A0 Tk, ITL AR #9 2.3 T4ERT~#9 5.9 JT4FAT, OSL 4F
RATHY 1.9 THERT~K 4.7 THERTZ R Uiz, BOHE ) 20K o W@ i g o FR0E 1.
= OO W B E OFRIE LD HH L WEREZ R L, X 2.18 |2 NFD-S1@-G01 T
B 7z OSL s it 2 7=,

NFD-1-S6 (¥R 897-898 m) Tld. Wi E T DWrE 0 5 BRI Pl Tt D &
Wb O ERFIEEIR O AREEO H 2WiE & LT3 ARE L (F1, F2 X OVF3), FHriGEh
AU TIE, ITL AR 0.1 T4ERT~4Y 5.4 JTAERT, OSL AT 1.2 THERTZ =~ LT,
TG B 2R O Wi T i B O FERIE I, OO TR E OFERIE LV &8 L
HERER U, BAEENR O FREMED & 2 Wik D 5 B bt D m v FL g O ITL 4
RITK 0.1 HERTZ R L, 8P O Wi IR E OF B R THRICH LWAFERE R L
776
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NFD-1-S1® (¥R 506-507 m)

Hh) B ST RERIE AR RS (2019) 8 K OF Tsakalos et al. (2020) 51 12 H:Su ™ CHf4E
216 A=Y 7 a7 OSL KO ITLAERRIER R (NFD-1-S12 : /& 506-507 m)
Figure 2.16 Estimated OSL and ITL ages from the drilling core (NFD-1-S1(2): 506-507 m depth).
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F156-05 1.06%0.87
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Figure 2.17 Estimated OSL and ITL ages from the drilling core (NFD-1-S6 :897-898 m depth).
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(1) Tsakalos et al. (2020) %
2.18 B EWE D O 7 b B R B 0> OSL i il #t S OVl & i o 1l

Figure 2.18 Example of the OSL decay curve and the growth curve from gouge sample of the

Nojima Fault.
£ 1) NFD-S1®-G01 o | EH

100 300

Dose (Gy)
i LI | T T T L T L | I-"I T T LA Iﬂﬁ%
0 3 6 10 13 16 19 22 26 29 32 35 38

# 2.6 NFD-1-S1QFLOWr B4 E > OSL AU E RS R
Table 2.6  OSL dating results from gouge samples of Hole NFD-1-S1©2.

I De
Sample ID Material szzal Nallllr?qbue;t;)f De (Gy) Overd(ios/sersion (G)?/La) Age (ka)
NFD-1-S1-@-G-01 Gouge Quartz 20 98.9+1.9 5.1 5.35+0.36 18.5%1.3
NFD-1-S1-@-G-02 Gouge Quartz 20 150.4£3.2 5.1 4.66+0.3 32.3+2.2
NFD-1-S1-®-G-03 Gouge Quartz 20 117.5+2.4 5.8 4.2+0.27 28+1.2
NFD-1-S1-@-G-04 Gouge Quartz 20 169.1+3.5 3.6 4.84+0.31 34.9+2.4
NFD-1-S1-@-G-05 Gouge Quartz 20 146.1+2.5 0 4.95+0.32 29.5+2
NFD-1-S1-@-G-06 Gouge Quartz 19 305.6+10.9 14 5.03+0.32 60.8+4.4
NFD-1-S1-@-G-07 Gouge Quartz 20 313.2+£7.5 7.6 4.99+0.32 62.8+4.3
NFD-1-S1-®-G-08 Gouge Quartz 20 90.6+3.3 12.6 4.5+0.28 20.1+1.5
NFD-1-S1-@-G-09 Gouge Quartz 20 121.3+2.6 3.4 4.86+0.31 25%1.7
NFD-1-S1-®-G-10 Gouge Quartz * * 4.92+0.31 *
NFD-1-S1-®-G-11 Gouge Quartz * * 4.62+0.29 *
NFD-1-S1-®-G-12 Gouge Quartz 20 103.8+2.1 2.2 4.88+0.31 21.3+1.4
NFD-1-S1-©@-G-13 Gouge Quartz 20 220.1+5.3 0 4.62+0.29 47.643.2
NFD-1-S1-©@-G-14 Gouge Quartz 20 214.2+4.6 1 4.56+0.29 47+3.2
NFD-1-S1-®-GB-15 Gouge/ Quartz 20 108.4+2.5 5.9 4.42+0.28 24.5+1.7
Breccia
NFD-1-S1-@-CAT-01 Cataclasite Quartz * o o 4.39+0.28 **
NFD-1-S1-®-BR-01 Breccia Quartz * il il 4.43+0.28 *x
NFD-1-S1-®-BR-02 Breccia Quartz * il il 4.5+0.28 **
NFD-1-S1-@-BR-03 Breccia Quartz * *x *x 4.51+028 *x
NFD-1-S1-@-BR-04 Breccia Quartz * *x *x 4.63+0.29 *x

*HIE oo s8R~ L, HIEARFRETH - 727tk
RNV I Ry B A ESRLEE T, WETE o i plE

HHBR) B ST RSEIE AR R (2019) 8 KON Tsakalos et al. (2020) 51 12 F:-Su T
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7 2.7 NFD-1-S1@4L D Wr @A e o 1TL AAGH] E 5 5

Table 2.7 ITL dating results from gouge samples of Hole NFD-1-S12).
. Material Number of | Grain size Dr
Sample ID Material used alliquots (um) De (Gy) (Gy/ka) Age (ka)
NFD-1-S1-@-G-01 Gouge Quartz 10 4-11 120.1+9.4 5.35+0.3 22.5+2.2
NFD-1-S1-®-G-02 Gouge Feldspar 12 80-125 248.1+19 4.64+0.32 53.545.5
NFD-1-S1-®-G-04 Gouge Quartz 12 4-11 175.6+32 4.84+0.24 36.3+6.9
NFD-1-S1-@-G-07 Gouge Feldspar 12 80-125 190+15.3 5.05£0.25 37.6+3.6
NFD-1-S1-2-G-09 Gouge Feldspar 12 80-125 177.3+9.5 4.97+0.25 35.7+2.6
NFD-1-S1-®-G-10 Gouge Feldspar 12 80-125 527.7+65.9 5.13+0.25 111.6+14
NFD-1-S1-®-G-13 Gouge Feldspar 12 80-125 295.7+45.2 4.77+0.25 62.0+10
NFD-1-S1-@-G-14 Gouge Quartz 8 4-11 269.4+41.5 4.56+0.22 59.1+9.6
NFD-1-S1-®-GB-15 Gouge Quartz 10 4-11 129.3+24.1 4.43+0.2 29.2+5.6
L) BN RFVE NIRRT (2019) CIZEES W\ Tmte
7% 2.8 NFD-1-S6 fLOWrf@wit'E > OSL - AIIE s R
Table 2.8 OSL dating results from gouge samples of Hole NFD-1-S6.
. Material Number of Grain size Dr
Sample ID Material used alliquots (um) De (Gy) (Gy/ka) Age (ka)
NFD-S6-G02 Gouge Quartz 12 63-80 42.7x1.4 4.11+0.2 10.4+0.52
NFD-S6-G03 Gouge Quartz 12 63-80 54.9+1.7 4.11+0.2 13.4+0.7
NFD-S6-G04 Gouge Quartz 10 63-80 52.3+2.1 4.04+0.2 12.9+0.7
NFD-S6-G06 Gouge Quartz 12 63-80 46.2+1.2 3.66+0.2 12.6+0.2
NFD-S6-G07 Gouge Quartz 12 63-80 42.9+1.2 3.45+0.16 12.5+0.7
NFD-S6-G08 Gouge Quartz 12 63-80 40.9+3.3 3.44+0.16 11.9+1.1
) BN RFIEANRE R (2019) SIZEESW TR
# 2.9 NFD-1-S6 £L O Wi g f4'E o 1TL A E 7 5R
Table 2.9 ITL dating results from gouge samples of Hole NFD-1-Sé.
. Grain
. Material Number of - Dr
Sample ID Material used alliquots (suli:) De (Gy) (Gy/ka) Age (ka)
NFD-S6-G01 Gouge Quartz 12 4-11 165.16+18.06 4.731£0.3 34.92+4.41
NFD-S6-G02 Gouge Quartz 12 4-11 536.48+67.30 4.68+0.3 114.63+16.15
NFD-S6-G02 Gouge Feldspar 10 63-80 439.40+47.00 4.66+0.2 94.29+10.87
NFD-S6-G03 Gouge Quartz 12 4-11 710.32+65.93 4.75+0.3 149.54+16.79
NFD-S6-G03 Gouge Feldspar 12 63-80 530.10+54.80 4.74+0.2 111.84+12.49
NFD-S6-G04 Gouge Quartz 11 4-11 800.22+67.71 4.64+0.24 172.46+17.10
NFD-S6-G04 Gouge Feldspar 10 63-80 576.70+34.20 4.62+0.2 124.83+9.17
NFD-S6-G05 Gouge Quartz 12 4-11 4.17+3.40 3.92+0.22 1.06+£0.87
NFD-S6-G06 Gouge Quartz 12 4-11 220.19+22.94 4.31+0.25 51.09+6.09
NFD-S6-G06 Gouge Feldspar 10 63-80 270.50+19.50 4.26+0.2 63.50+5.46
NFD-S6-G06 Gouge Feldspar 10 80-125 262.30+29.00 4.28+0.2 61.29+7.36
NFD-S6-G07 Gouge Quartz 12 4-11 233.76+51.40 4.04+0.24 57.86+13.18
NFD-S6-G08 Gouge Quartz 12 4-11 216.29+11.76 4+0.23 54.07+4.28
NFD-S6-G09 Gouge Quartz 12 4-11 458.48+36.70 4.64+0.26 98.81+9.65
* 7 HORL - O FARE O F R

) ENZRFFIEA RS (2019) S I2&2S0W Tt
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(3) F LU TFREN GG DT WIE A E D ESR AR R

EEFWIE O Lo F OMEREITI W TERER U 72 T W o Wrd sk 8 (2> T ESR AR
ZME L7z (4 219, % 2.10), ESRIZ K 2 FRMIE X, Wrig 4 E 7> & it S 7z ESR
B CAED Al FL, Yt A~ (Mo) WEES (BfES. CEH)) OMEKXD
M EEN O RO, EAEEE (K 2.19: @R OOODIMH) OErEkE O ESR 41X
T AL B39 96 SEERT, Al il GEBGHIG) 225138 186 S4ERT, £ 1
T A MUEEFESO BIES2 513K 108 THEAT, €Y vt A~ (Mo) WEREFESD CIE
TIN5 ITHK 418 TR AR LT,

THREICHITS
ESR S RIE & fr

) E SRR AR (2019) © &2 —HifmiE
2.19 FEEPHE D ORI L 72 ESR ARHIE FH ok
Figure 2.19 Collected sample for ESR dating from the Asano Fault.

# 210 EEWREODO L TFRHEN GG O N BB E O ESR FARENE RS R
Table 2.10 ESR dating results from gouge samples of trench investigation at the Asano Fault.

Sample ESR Rn loss vl A " o #2Th 8y K0 D *0p TD om0 AGE +6AGE R(%)
- ~value a | o
Signal (%) N (ppm) (ppm) (%) (Gylka) | (Gy/ka) (kGy) (kGy) (Ma) (Ma)
Al enter 47601 | 1.3819 1.86 0.63 78.8
(hfs)
HWEOG Al center 0-100% 0.1£0.05 02+0.1 1 1 1 91063 1.9+0.13 1.920.01 2.5583 0.4399 24668 0.3824 0.96 022 94.6
B signal 2.7688 0.4497 1.08 0.26 93.6
C signal 10.693 6.1238 4.18 2.50 51.1

k-value: a-rays efficiency, A: water content, ga, o, y: average a,B,y- attenuation factor for grain size of <2pum, D: annual dose, oo: errors of annual dose, TD: total dose,
oro: errors of total dose, oace: errors of ESR age

) ENLREEIE AR (2019) SISV TRt

32




(4) TREE 506~507 m M ONAREE 904~905 m 7> 5 15 5 3u 7= Wi g il ik & > ESR Emﬁlhaﬁ*%

NFD-1-S1@FL D EE 506~507 m & U8 NFD-1-S5 FLOTEE 904~905 m (2350 THERR &

72 5 B W 8 o> LT oo W R R L IZ O T ESR IS K AAERIE 21T - 72 (K 2.20,
221, # 211, # 2.12),

NFD-1-S1@ (¥REE 506-507 m) TiL. Wit E h OWrkg O 5 BRI Tlfgitt o
BV E & g ghm o et 0 H Wi & LT3 ARE LR (F1, F2 X F3)O VENS
' AR ESR FERIE. Al LD IT 44.4 THERT~114.2 THERTAZ/R LTz, RHTEE
UL Tl 44.4 THERIT~53.6 TERTZ R~ L7c, AlHLO ESR A7 MV RV 7 F ViR
ERFE MR OF & L CX 2.22 12 NFD-1-S1®-G-02 TE LN /- fE R 2 R~7,

NFD-1-S5 (V& 904-905 m) TiX. Wrlg e+ oWk TR TEfEMED R
D % B BEENE O FTREPED & 2 Wi & LT 3 AFE L7z (F1, F2 XU F3), Wrighkf-m'g
2RO ESRAEMUT, Al HLL 513 23.0 H4ERT~62.8 H4ERTZ /R L, Ti 02251388 1
FRI~185 HHEFT A~ LTz, BANEEE AL TiX, Al b 61% 27.3 THRIT~62.8 )74
AiZR L, Ti F02 5 1% 8.8 THERT~13.9 THHT A~ L7z, Al LKLY Ti .00 ESR A
N7 MV EOTI LD > 7 F VB E R M o f & LT 2.23 12 NFD-1-S5-01 T 5 41
TR A T,
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# 2.11 NFD-1-S5 fLOWr g B o> ESR A AUHIE i F
Table 2.11 ESR dating results from gouge samples of Hole NFD-1-S5.

Sample Dose rate Equivalent dose (Gy) ESR age (ka)

ID (mGyly) Al-center Fitting™ Ti-center Fitting™ Al-center Ti-center
S5-01 | 3.68+0.15 | 1913 j,342972 S 455 f5653 s 520 f81;4 124 1157
ss-02 | 3s0s014 | 957 s w2 L o3 2| 1 Y
503 | 3.75:0.15 | 1314 jr126290 s 518 f3378 L 350 jsg 138 j'll(?
S5-04 | 3.77+015 | 1854 f'36;28 s 698 f'6792 L 492 f'lloef 185 1189
$5-05 | 3.79:015 | 872 ;120 S s 398 f6725 S 230 TSS(;) 105 1260
S5-06 | 3.73:0.15 | 1320 ;32242 s 401 f'gol s 353 f'6806 107 1169
$5-07 | 3.66:015 | 1489 ;219; s 322 ::‘16 S 406 ngs;) 88 1113
S5-08 | 3.690.15 | 1692 f'249369 s 442 fgg S 458 f'81019 120 f'1169
$5-09 | 352:014 | 1953 f';f: s 437 f5653 S 554 fglozg 124 1168
S5-10 | 4.28:0.17 | 2688 f'7157037 s 577 f'8906 S 628 f'ff: 135 f'1293
S5-11 | 3.80:011 | 2135 f'355111 s 353 jos s 562 f91234 93 1112

x S fafngh T 4 v T4 v LB T T T 4
HE ) S RSFHIE N AR (2019) 622D\ TR

#* 2.12 NFD-1-S1@fL O W& it 8 o> ESR AR E i R
Table 2.12 ESR dating results from gouge samples of Hole NFD-1-S1(®2.

Sample ID Material Mslizal Gr?:lr:ns)lze De(Gy) (G)I?/La) Age (ka)
NFD-1-S1-@-G-01 Gouge Quartz 4-11 28624940 5.35%0.3 535.5+177.7
NFD-1-S1-®-G-02 Gouge Quartz 4-11 25774812 4.6740.23 551.5+176
NFD-1-S1-@-G-04 Gouge Quartz 4-11 39044660 4.8440.24 805.9+142.2
NFD-1-S1-®-G-07 Gouge Quartz 4-11 56974925 4.99+0.24 1142.2+194.4
NFD-1-S1-®-G-10 Gouge Quartz 80-125 No reliable Dg 4.19+0.2 No age
NFD-1-S1-©®-G-14 Gouge Quartz 4-11 20254950 4.56+0.22 444.6+209.7
NFD-1-S1-®-G-15 Gouge Quartz 4-11 No reliable De 4.43+0.2 No age

) ESLRFEIE AR (2019) SISV Ttk

37




(B) N LT REN S DNTWEHEAE O K-Ar B E R

EREWIE O N L2 T OMEEICE O CTERE L 72 EWE O W B 12>\ T K-Ar 44K
ZRE Lz (& 213, 2.24 KON 2.25), = DOfER, K-Ar 44%1% 5,150 J74-/1~9,030
TR 2R LT,

#* 213 KEWEO b FRHED DR DN WA E O K-Ar AR E R R
Table 2.13  Estimated K-Ar ages from fault gouges at the trench.

Sample ID * Age (ka)
T1 (gouge) <2 51,500+1,300
L3 (gouge) <0.1 64,400+3,600
L2 (gouge) <2 66,900+2,400
T2 (gouge) <2 67,900+2,700
L3 (gouge) <2 72,700+3,000
L3 (gouge) 2-6 77,500£2,400
R1 (gouge) <2 83,800+2,900
R1 (gouge) 2-6 90,300+2,300

* REHE SO <HfE, <BE-BEIRE(u m)E2 R,
i) ESLRFE AR (2019) CIZ3SWV Ttk
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Figure 2.26  Estimated K-Ar ages from the drilling core (NFD-1-S3: 532-533 m depth ).
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7 2.14 NFD-1-S3 fLO Wl i ie  K-Ar A E A5 5

Table 2.14 K-Ar dating results from gouge samples of Hole NFD-1-S3.

Sample ID Material Grallr:ns)lze K (%) Rad. “°Ar (%) Age (Ma) Error (Ma)
NFD-1-S3-532-1 Gouge <2 2.55 71.58 42.8 1.0
NFD-1-S3-532-2 Gouge <2 1.90 49.09 42.3 14
NFD-1-S3-532-3 Gouge <2 2.53 59.27 41.2 1.2
NFD-1-S3-532-4 Gouge <2 2.31 58.34 435 1.2
NFD-1-S3-532-5 Gouge <2 2.48 61.79 42.3 11
NFD-1-S3-532-6 Gouge <2 2.70 68.18 44.3 11
NFD-1-S3-532-7 Gouge <2 2.48 66.90 49.2 1.2
NFD-1-S3-532-8 Gouge <2 1.72 53.69 53.4 1.3
NFD-1-S3-532-10 Gouge <2 1.63 55.34 57.1 15

) [ESLREEIE AR (2019) SISV TRtk
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Figure 2.27 Age distribution of the latest fault gouges as function of elevation.
) =7 — "—% lo Z7~7, *I% Fukuchi (2001)% (2 X 5 ESR 41X,

44



# 215  HoFEE) i O WA E D B 15 5 AT AR E RS R
Table 2.15 Dating results from the main fault gouges.

firf BURHE Pl I L I 4 oo W TP Mg@tﬁ{;(_;ﬁzﬁm itk
N-N s HAEO 0.77 34.6 | qtz, Al-c ESR 96 22 22| 6
IERLUT HE® 0.77 34.6 | mo-b ESR 108 26 26| 6
IERLUT HE® 0.77 34.6 | gtz, Al-c ESR 186 63 63| 6
IERLUT HE® 0.77 34.6 | mo-c ESR 418 25 25| 6
500 m drilling core | ,3mM égz?wate“ 388.42 3120 | gtz ESR 15 1 11| 63
500 m drilling core ggg%géﬁgﬁyamn 388.42 3120 | gtz ESR 29 20 20| 63
NFD-1-51-®-506m | NFD-1-S1-®-G14(F1) 506.56 -484.6 | qtz, Al-c ESR 44.46 | 2097 | 2097 | 6
NFD-1-51-@-506m | NFD-1-S1-@-G01(F3) 506.39 -484.4 | qtz, Al-c ESR 53.55 | 17.77 | 17.77| 6
NFD-1-55-904m $5-07(F1) 904.24 -857.2 | qtz, Ti-c ESR 8.8 1.1 13| 6
NFD-1-S5-904m S5-07(F1) 904.24 -857.2 | qtz, Al-c ESR 40.6 5.9 8| 6
NFD-1-55-904m $5-02(F2) 904.13 -857.1 | qtz, Alc ESR 27.3 2.6 31| 6
NFD-1-55-904m S5-10(F3) 904.30 -857.3 | qtz, Alc ESR 62.8 17.5 406 | 6
NFD-1-S5-904m S5-02(F2) 904.13 -857.1 | qtz, Ti-c ESR 13.9 0.6 07| 6
NFD-1-55-904m S5-10(F3) 904.30 -857.3 | qtz, Ti-c ESR 135 1.9 23| 6
NFD-1-$3-532m NFD-1-S3 532-3<2(F1) 532.41 -509.4 | illite K-Ar 4120 120 120 6
NFD-1-53-532m NFD-1-53 532-5<2(F1) 532.41 -509.4 | illite K-Ar 4230 110 110 | 6
NFD-1-$3-532m NFD-1-53 532-4<2(F1) 532.41 -509.4 | illite K-Ar 4350 120 120 6
NFD-1-53-532m NFD-1-53 532-6<2(F1) 532.41 -509.4 | illite K-Ar 4430 110 110 | 6
INERL T T1 (gouge) <2 0.03 35.3 | illite K-Ar 5150 130 130 6
INERL VT L3 (gouge) <0.1 1.65 34.0 | illite K-Ar 6440 360 360 6
I RLUF L2 (gouge) <2 1.16 34.6 | illite K-Ar 6690 240 240 | 6
I RLUF T2 (gouge) <2 0.03 35.3 | illite K-Ar 6790 270 270 | 6
I RLUF L3 (gouge) <2 1.65 34.1 | illite K-Ar 7270 300 300 6
INERLUF L3 (gouge) 2-6 1.65 34.1 | illite K-Ar 7750 240 240 | 6
I RLUF R1 (gouge) <2 0.37 34.9 | illite K-Ar 8380 290 290 | 6
I RLUF R1 (gouge) 2-6 0.37 34.9 | illite K-Ar 9030 230 230 | 6
NFD-1-56-897m NFD-S6-G08(F2) 897.32 -851.3 | gtz oSsL 1.19 0.11 011 6
NFD-1-S1-@-506m | NFD-1-51-@-G-01(F3) 506.39 -484.4 | qtz osL 1.85 0.13 0.13 | 6,51
NFD-1-S1-@-506m NFD-1-S1-@-G-09(F2) 506.48 -484.5 | gtz osL 2.5 0.17 0.17 | 6,51
NFD-1-S1-@-506m | NFD-1-S1-@-G-14(F1) 506.56 -484.6 | qtz osL 4.7 0.32 0.32 | 6,51
T VN A HR) AF-01-01 0.00 36.5 | gtz osL 4.58 0.3 0.3 | 651
T UNAHLS) AF-04-02 0.00 36.2 | qtz osL 10.91 0.7 0.7 | 651
T VN A HR) AF-01-02 0.00 36.5 | gtz osL 13.24 0.9 0.9 | 651
I (D AHLR) AF-04-01 0.00 36.2 | qtz osL 13.93 0.89 0.89 | 6,51
FEE VDA HLR) AF-04-03 0.00 36.2 | qtz osL 12.41 0.78 0.78 | 6,51
NFD-1-S1-@-506m NFD-1-S1-@-G-01(F3) 506.39 -484.4 | qtz ITL 2.25 0.22 0.22 6
NFD-1-S1-@-506m | NFD-1-51-@-G-09(F2) 506.48 -484.5 | fid ITL 357 0.26 026 | 6
NFD-1-S1-@-506m NFD-1-S1-@-G-14(F1) 506.56 -484.6 | qtz ITL 5.91 0.96 0.96 6
NFD-1-56-897m NFD-S6-G01(F3) 897.11 -851.1 | gtz ITL 3492 | 0441 | 0441 6
NFD-1-56-897m NFD-S6-G05(F1) 897.24 -851.2 | gtz ITL 0.106 | 0087 | 0.087| 6
NFD-1-56-897m NFD-S6-G08(F2) 897.32 -851.3 | qtz ITL 5.407 | 0.428 | 0428 | 6

*1 WD S DFE AR Y E

*2 qrz :

£, fld: BREA, mo: EXEY BFA b
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Figure 3.1 Inferred age distributions of fault gouges as function of elevation.
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