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Abstract

The Review Guide for Geology and Geological Structure Investigation at and around the
Site defines capable faults. The Guide requires that “Identification of capable faults, if a clear
judgment cannot be made about the activities after the Late Pleistocene to identify suitable ground
due to missing geographical surfaces or geological formations from the Late Pleistocene, activities
must be evaluated by comprehensive analysis of the terrain, geology, geological structure, stress
field, and so forth by dating back to a period after the Middle Pleistocene (about 400,000 years
ago)”. Therefore, it is important to establish a comprehensive evaluation method spanning from a
macroscopic perspective to a microscopic perspective that grasps the entire geological structure
containing faults and the tectonics based on stress field analysis and evaluates fault activity.

Fault activity is typically clarified by the depositional age of covering beds above the
fault. However, in the case that such covering beds are lacking, it is difficult to evaluate fault
activity, it is necessary to judge the activity from the properties and materials (fault fracture
material) of the fault itself. If the direct age of the faulting is acquired quantitatively, we can assess
fault activity effectively regardless of covering beds. Thus, it is necessary to clear their technical
sources on the method for quantitative assessment of fault activity, it is important decisively to
verify age resetting by faulting and to grasp the condition of age resetting. On the other hand, the
methods for qualitative assessment of fault activity based on comparing with stress fields and
microscopic structures of mineral vein, even though they are usual methods, verifying of
effectiveness of the methods is important.

In this project, four sub-projects were conducted during fiscal years 2013 to 2019.
v



The sub-projects ((1)-1), -2) and 3)) were implemented by JGI, Inc., Tohoku University
and Fugro Japan Co., Ltd. respectively through the NRA commissioned project, geological survey
and geophysical surveys were implemented. The sub-projects ((2)-1), -2) and (3)-1)) were
implemented by Kyoto University through the NRA commissioned project to perform geological

survey and dating analyses.

(1) Understanding of geological structures based on geophysical survey and deep boring surveys
1) Integrated analysis by deep structure surveys and deep boring surveys across the Shimokita
Peninsula

To understand the geological structure from the middle-to-deep part of the fault,
established a long-distance survey line, running approximately 58 km, crossing the Shimokita
Peninsula west to east for from the inside of Mutsu Bay in Aomori Prefecture on to the Pacific
Ocean off Higashidori; and performed seismic surveys with reflection and refraction methods.
Accordingly, we were able to estimate deep underground structures in the central part of the land
area of the Shimokita Peninsula and the precise velocity structures of the middle region down to
approximately 3 km underground, and we were able to confirm the effectiveness of these methods

for understanding of the geological structure from the middle-to-deep part of the fault.

2) Investigation of the fault structures using geophysical exploration methods in the Wakasa area
Geological and CSAMT electromagnetic surveys were conducted to understand the
geological structure from the shallow-to-middle part of the fault. The results revealed that a
low-resistivity zone was detected from near the estimated fault position from the ground surface to
the deep part. The lower limit of the low-resistivity zone, which is continuous from the fault
surface to the deep part, agrees well with the inclination angle of the natural fault, indicating that

the CSAMT method is applicable to the detection of strike-slip faults in hard rock.

3) Investigation of fault structures using geophysical exploration method in northern Ibaraki area
The northern coastal area of Ibaraki prefecture was selected as the area of investigation,
and the effectiveness of the aerial gravity deviation survey for extracting faults in the borders of
land and sea area was studied. Accordingly, it was possible to detect the geological structures
suggesting a fault extending toward northwest-southeast, clearly demonstrating the possibility that
the faults previously assumed to be separate and distinct between the ocean and land possess a
continuity, and we were able to confirm the effectiveness of these methods for investigation of

fault structures in the borders of land and sea area.



(2) Development of a method for quantitative assessment of fault activity using fault fracture
material
1) Development of a method for direct dating using fault fracture material at the Nojima fault
Focusing on the Nojima fault which caused the 1995 Hyogo-ken Nanbu earthquake, we
verified the applicability of the direct dating method to assessment of the fault activity. We
recognized that increase of frictional heating associated with increasing depth contributed to age
resetting by these analyses. And they showed that the luminescence age (OSL, TL) was younger
than several hundreds of thousands of years ago, and had a high sensitivity comparing with other
methods. Thus, the luminescence dating method is available to evaluate fault activity after the Late

Pleistocene period.

2) Verification of age reset condition by high-speed friction experiments

We cleared the physical condition of age resetting using a friction experiment simulating
faulting. Considering the age resetting depth based on the result of the experiment, in the case of
frictional heating occurs efficiently, it is estimated that the OSL signal (one of the luminescence
dating) is almost eliminated at 141 m deep, partially eliminated at 35-141 m deep while the
co-seismic slip of the M7 class inland crustal earthquake comparable to the 1995 Hyogo-ken

Nanbu earthquake.

(3) Development of a method for qualitative assessment of fault activity using fault fracture
material
1) Investigation on fault activity comparing with present and paleostress fields

We measured the stress field of the Nojima fault and Asano fault, which moved the 1995
Hyogo-ken Nanbu earthquake, to evaluate fault activities compared with present and paleostress
fields. The results revealed that the similar tendency as the current wide-area stress field, that is,
the horizontal compression field in the east-west direction, was identified, and we were able to
confirm the effectiveness of these methods.
2) Investigation on fault activity using mineral vein based on microscopic structures and chemical
composition in the Median Tectonic Line

We observed microscopic structures of the non-active segment of the Median Tectonic
Line, and analyzed the chemical composition of the mineral vein. It is cleared that the mineral vein
cross the fault, and the mineral vein was generated at the environment with the ground temperature
exceeding 100 °C. These results suggested that this segment was a non-active fault after Late
Pleistocene. Considering that this segment is recognized as a non-active fault based on the
appearance of the peripheral topographic surface, the availability of this method using mineral vein

is confirmed to be effective.
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The whole geological structures from the shallow-to-deep part of the fault were able to
estimate using integrated analysis by geophysical survey and deep boring surveys. We verified the
applicability of the direct dating method to assessment of the fault activity, cleared that the
luminescence dating method is available to evaluate fault activity after the Late Pleistocene period.
This applicability was also supported by the results of a friction experiment simulating faulting.
And we confirmed the applicability of the methods to assessment fault activity based on comparing
with stress fields and microscopic structures of mineral vein. Accordingly, we were able to expand
knowledge of integrated assessment methods for fault activity with the macro-to-microscopic
viewpoints, such as estimation of whole geological structures, comprehension of tectonics by stress

field analysis and assessment of fault activity.
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Fig. 2.21

1) E: NFD-1 4L 529.00-53.00m, F: NFD-1-S1(D+L 502.00-503.00m, G: NFD-1-S3 L
604.65-605.65m, H: NFD-1-S5 fL. 904.00-905.00m
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Figure 2.22 Estimated ages (ka) of fault gouges at surface fault outcrop.
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Fig. 2.23 Estimated OSL and TL ages of fault gouges at drilling cores.
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Fig. 2.24 Location of ESR dating at surface trench.
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Fig. 2.25 Estimated ESR ages of fault gouges at drilling cores.
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(5) F L rFOWEIE D K-Ar 0N E G $
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HEZEITH-T- (& 2.2), EEWEOW IS O K-Ar 18013 5,150 T4H~9,030 HH%
~L7T,

#® 22 b L TFOWEBAYE O K-Ar FARERR
Table 2.2 Estimated K-Ar ages of fault gouges at trench.

A EHE FAUE (ka)
T1 (gouge) <2 51,5001, 300
L3 (gouge) <0.1 64, 4003, 600
L2 (gouge) <2 66, 9002, 400
T2 (gouge) <2 67,9002, 700
L3 (gouge) <2 72,7003, 000
L3 (gouge) 2-6 77,500%2, 400
R1 (gouge) <2 83,8002, 900
R1 (gouge) 2-6 90, 3002, 300
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Fig. 2.26 Estimated K-Ar ages of fault gouges at drilling cores.
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Fig. 2.27 Geological profile of the drilling site

and age distribution of the latest fault gouges as function of elevation.
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Fig. 2.28 Schematic diagram of mother rock and sample.
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Table 2.3 List of experimental conditions for variable velocity experiments.

HVRNo. | FEWA[MPal #EE[m/s]  ZiE[m]
4087 1.0 0.0002 10
4092 1.0 0.0007 10
4089 1.0 0.0013 10
4088 1.0 0.0065 10
4102 1.0 0.0131 10
4093 1.0 0.0654 10
4094 1.0 0.1308 10
4095 1.0 0.6450 10
HVR.No. | IRIEEH §EF’7J[MPa] REE [m/s] ZEfUE [m]]
4232 B e 0.65 10
4233 ] 1 0.25 10
4234 ] 1 0.4 10
4235 7 1 1.3 10
4236 ] 1 1.3 10
4237 JK8a%n 1 1.3 10
4238 1% 1 0.65 10

i) mCERS: (2018) 171F
) b YRk 28 AEEETEMSY. T 1 SRR 29 R SN Sy

* 24 MEISHAIEEBROERY A b

Table 2.4 Experimental list of variable vertical stress experiments.

HVR.No. BREE AT T B 11 (Mpa) HEE (m/s) N (m)
4276 W 5.0 0.65 2.1
4277 W 3.0 0.65 2.1
4278 W 1.0 0.65 2.1

i) FCER: (2018) 1

252 FER

B4 2.29 12V I % v & AME 5 OM L ] 2R EER D SR A 2R, 200pm/s 705 0.013 m/s
DEEDOFEBR T, ZAEOm 725 10 m (22 TEEBREOESHN RN b iz,
F720.065m/s L EOERTIEL, UIE LIFBINREIR T (BREGR D EBR B AR 7 12 Al
B U2, BALE & HITHESNITEAD T 28L4) B3RO bivle, IRERIE TIiX, 200um/s
225 0.013m/s £ TOREDER TITHERRE EFITEED 5N, Ll 0.065 m/s
M5 1.3m/s T TOEBRTIE, IRENE EELICER TN R SN, FFiZ, 0.13 m/s
TIX 118 °C, 0.65 m/s TliX 200°C PL E & BEZE A2 BB HIE S v7,
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Fig. 2.29 Dynamics and temperature data for speed variable experiments.
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Fig. 2.30 Dynamics and temperature data for variable vertical stress experiments
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Fig. 2.31 Relationship between slip velocity and Lx/Tx in speed variable experiments.
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Fig. 2.32 Relationship between normal stress and Lx/Tx in variable normal stress experiments.
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CebDTHY, EEOHE&EZEZ/2, Lo T, BERAOLE U WM MEE TEN &
FTHEANERT DL emE CEM ST THEAWNIS ) E B ENE U b I3HEICE
BIF7e <, VIX v REFEREO X RBUEMEHLIBR 23T 5 L TITAREE L
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W (KFR) OEDFAIA E 472 Power density (MW/m?) % & A L7z, Power density (7
@i T oftER (BERLER) THY ., BEAOHBEICRDINTA—ZTHD, TXDHED
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Fig. 2.34 Geological distribution map of the boring survey location and its surroundings.
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Fig. 2.35 Hole wall deployment image of hole NFD-1

and a typical breakout found on the hole wall.
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Fig. 2.39 Photograph shows the slickensaide of the Asano Fault.
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Fig. 2.40 Tangent-lineation diagram of fault slip data at the trench site of the Asano Fault.
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Fig. 2.44 Sketch of the fault outcrop.

X 2.45 ARk IS LR 2 SR
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Fig. 2.48 Photograph of the trench site.
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Fig. 2.49 Sketch of the trench site.
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Fig. 2.50 Photograph of the polished fault rock.
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Fig. 2.51 Photograph of the thin section (crossed nicol).
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Fig. 2.52 Energy Dispersive Spectroscopy (EDS) elemental mapping images.
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# 2.5 IS No.l lZd 1T 40 Hifs
Table 2.5 Result of EDS analysis (No.1).

PIE S (keV) % ¢ % e % HFA K K

0 29.69)
Na K 1.041 0.44 0.08 0.52 Na20)| 0.59 0.25 0.2227
Mg K 1.253) 12.33) 0.19 27.70) MgO 20.45 6.56 6.3059
ALK 1.486) 0.46) 0.08 0.47 Al203 0.88 0.22] 0.2669
Si K 1.739) 0.19) 0.09 0.37 Si02 0.40) 0.09) 0.1489

K K 3.312] 0.05 0.03 0.04] K20 0.06) 0.02] 0.0865
CaK 3.690) 39.89) 0.19 54.32 Ca0 55.81 12.87] 67.8097
Mn K 5.894 1.48] 0.06) 1.47 MnO 1.91 0.35 2.0758
Fe K 6.398] 15.46] 0.16} 15.12] FeO 19.89) 3.58 23.0836
&t 100.00 100.00f 100.00| 23.93
TE) ZAFTE 1057 /& m o W (RR1G))

,4V%%ﬁ:&mw

#* 2.6 MR No2lZ AR TTES
Table 2.6 Result of EDS analysis (No.2).

JLF (keV) B E% o £ L% =X} B E% B F A K

] 50.46
Na K 1.041 0.04) 0.03 0.07, Na20 0.0 0.01 0.0805
Mg K 1.253 0.11 0.03 0.33 MgO| 0.18 0.03 0.1926
ALK 1.486 22.84 0.17, 30.89 A1203 43.15 6.44 50.2638
Si K 1.739 26.33 0.23 68.42) Si02) 56.32 7.13 48.6712

K K 3.312 0.01 0.01 0.01 K20 0.01 0.00) 0.0212
CaK 3.690 0.00) 0.02] 0.01 Ca0 0.01 0.00) 0.0132
Mn K
Fe K 6.398 0.21 0.02] 0.28| FeO 0.28 0.03 0.7575
aFF 100.00| 100.00| 100.00| 13.65

ZAFTE ﬁ’ﬁ%nﬁ%éﬁﬁ( ZIZ7)
74/74/&%ﬁzomm
PERESL : 24.0

2.7.7 HIAEERR OIS B AR

A ERR O F W E D EEIIRIC K > THUIMI S CWD Z LA fER LI, 2D, S
AR AR T B TR B L CUVie W e B X Hid, BB E Y 2 b OFEMWARIZEIC
Fe~A heFVFA MR Ea2/BELT, AA Y T A NEOKHFMIE, 1000
PLEOBRBETAERT L EINTWS Y, Z oo iR A’ %2 300/100m, H1FEE 0 HijE %
15SOERET S L. IIRDIERR SR L, D7 &) 2,800m LLETH 5 EHEE S
5, ZOMBOMEERE (0.6m/THELUT) 2BET 5L 0, Znb0@MIkiL, 2a<etdb
460 JTHERT L W LIENCIER S NZ b DO TH D EHEE SN D, FHAHIR o Je il i 13 bR
DU ORI HIEWTE & L COBEX IR0 E S TEY B, SWRE AV zkEo
TEBHPERFAR FIE OB 3 S sd THER 7z,

67



278 £&®

IR RPEETGA NI W TR REER O BEEBIEL VIRV » TREZIT -1,
Flo, JNEWRBIZBNT L FRlEZIT o7, 2D DOFHEIC L ERER L - g
B 7 U TGRS BLEE M ORI IR DAL 04 24T - T2

TR DS3HTRE R & FRAFER T D72 < &b BRYIFFHLUBITFEE L T &
Noyin-olz, —J7, 1EWE O LETE IXSE 2B E T T 2 2 0 W IS 3 T
JETENZ AT 2 AR E S HB L, AT TR D OEE & X 2R T EHEEMIENRD b
Moo BR OWE 8 THERMED B 2 L SRS S Tz,

68



3. K
3.1 RDER
AK7av=r hTiE, Wiz E0HEREREICONT, RAMNRHETEEEET D
OOMAES DA, WERRE TIEEZ O TR R . W E 0 S W JE
2 B LW iR, Ml AUk ISR 2 2 R AR RSB 5 Bt an 7L A&
UL L, HUEHE S 2 R IS 2 72 O e 2 F2hE L7, £7o. Wi % H
W W OTE BRI FIE A LT 220 0O MAE S LB A D, ERENHEE FIE L
LTV Ry AERAE, mEERERICEZENRY vy MRS, EEOERRNE
FHEL U CEIZEDARD /M I B3 2 BT 2 A U, W7 oD T Bh 4 A T2 15 12 S ke
THIDOMIEE Fhi Uiz, FIEFEMEAICHENT, UL FOMEE R,
(1) HEREZARE, A — U o VA SICE S MEREOEE Pk 25 FE~
SRR 26 4R )
@ T SRS SR R O A — U A X DA T
T T s & TREBIC 2 T O MU RS 2R 9~ 5 7o o0 . HERE S HUIERIC 58T 2 i e
BoOWE a2 AT 2k E LT, HARR TS IGEELIZI T 2 WrE#e & OR MM
W 5 2 KPR, FARRERIIE NS T A B & HPE (SRR L SGE o KO RICE D
%9 58km DR RMPMRZ R SAHE R CEITIEHERAZ Eii L=, ZOfRER, HisikE
FEAGEE FICBT 5 b7 7, TR O h#lEicis i 2 Bk & v o 7 IR T i
WEHEET 2 2 LN TE, £70. REMSNEES O T 712317 2 VRO SIS
REEMNS G T T 55 1 6 U 2 ikl FE ARk D P S T RE . ARGE R BRI EL T2 d6 1) 2 /Bl
BEOHERERTFE D, HIT 3km 2L £ TOREHOREEEEMELICECE, WEhH L
GREIZ /T COMEREE ORI L CATENEH THDH Z L 2 MR TE T,

@ BEPeHsIZ 31 B MR Tk A O T W A A

7 i 3 > O W J IS 2 T C O MU I 2 IR T S 7 0 ESRHIRIC BT AT
ke & xb 5 & U CHVE Ak OV BRI A 2 60t L 7=, & ORGSR, HiZR C O HE E 7 i
R BRI 22 T CSAMT IEBRIERIC X 2K IRPTH AR b, £ REFIR —
U ZIZBWTHIE DR bivle, WiE#iZR b5 £ Tk 3 o BT o T IRIZ,
AR =D I Lo TROTWEOMRA L B —H L2 &b CSAMT £ R
A E A OB T IEE OISR L CTHEAMEN RN & 2R LT,

@ ZRIRALFE HIBI F 1 D WP IR A F 15 & VO T B i i 4

ik & Bk & TIEIWERE T — X ORISHIEN R D 2 &b EREET U T W=
DOHIHARNETH 5, £ 2T, IFEMFE S NIZZRERAEREICL Y | i o ke
W 3 i L T D EHEE S 2% Hill o — -5 T & % 2RI IR AL ET 7R 7 0 2 7 2 s

ELTHEL, WAL T 2720 DOARAFIEOFIMEZ R Lz, £ ORI, A
69



b A S B H, M OGRS U P R 5 B W TR AL T — BT SO S
J& % R0 D MU G AR T A E CRER & Mk TR 2 I E STV 2B IS
DN, EFEE A A T ATREME S BRI R S, MERESE R O Wi S E ISR TIENE
HhTHDH I EEERTET,

(2) WiEmAe e & RN T2 T 0 7 i 70 TE B PR RTAM 15 OB Gl (A 27 478 ~ Rk 30

)

O B BWEICRIT D W B E 2 F O T B AR E Tk B 5 A - B gE
1995 0 L L FE i IR CIE B L 72 Br Wi g 2t & LT A — VU U ZRER OV R L
VFRAIZ LY B 2 URE OWEIEAE A BRI L E D O W E OFRNE & FE T
L2 LI2E0, vIx vk AENRMEE, ESR FRANERE KO K-Ar FRMAEEIC X
D EBEAERREEO BT OV THEE L, T OMER, TREEHINCHE 5 BERE O
WRBFRY Y MIFSLTWDLZ PR TE e, £z, VI v 2AERHE
% (OSL KUY TL) 1., MoOFERMEFEITHSTHEICAOKENEH, B+ HE X
DB WEE (RIETB T o 5 897~898m DFEHI ISV T, OSL T 1.19 L4, TL T 0.106
~54 FEHD PR TR BHEHIEOKERH OERMEICANTH L Z
ENRbMnoTz, FTH TL OFERAIEIZ DWW TR OREL O —E B\ TR = P
WTHEREDOTERY &y MR S, EEAFERRIEIC X W8 OG22 304 5
BT b A RERIETETH D 2 EAURENT, —J, ESRERHIEEICONT
R OBENVERIETS 8.8 HETH Y . HINFE LI o W fE IS8 M 4 370 7 2 BRI IX
RERY By MERiEE LI 22O W 21T 5 LEZNH 5, K-Ar BB EIEICDONT
. BT AEMEY B HWVERETH D 2 L5, BUR TIPSO B M &
k2 DIXRETH D VW2 D, EHEFERIIE L FET DERICIE, ERRo 2 LIcH
ETO0LEND D,

@ EHBEEERIZ L HHNRY 'y b EGORGE

VI 3oy AFEARGEE S W E O EENAARIELR E LTHESNE D D EREET
Do, WrEEE) DR A HE L AR~ mH OB ER A L, FRY 'y MO
WM EEZR LN Lic, ZOWMBEEHENLFENRY &y FOWE LR LR,
BRI BN U256, @E ONEMZBNHE (SRR ICHY T2~ 7=
2— R7277Z) IZBWVWTOSLAEFIE., HE 14lm TREAHE, 35~141m THIHE
THEHECTE L, kit (1) OOREENS ., B EWE A %512 L7z OSL IZ X 2 48R
AN, fe b B WVERE TS BB OREL (897~898m) 1ZH1F 5 1.19 HFERITH - 72
TrEEZADLED L, EBEOWBEIEE CIX TR0 EE, BEAK, Bk 7. AR
DGR, A, ka2 R AR —ERH Y . ZOTOITFENRY &y N ORED ERoHEEE

FOBELI T WABREEZLNS,
70



(3) Wit E & N T2 B8 O GE PR 72 TR B MR FIE O (SR 28 2B~ Fi o
)
O WG ORI X 2 Wi OTEE ARG IC B3 o3& - AR
7SI 55 D FLAE L OB 5 DG 3 & bl L CHiB oiF #2152 L2 B E
LT 1995 4o feji iR CHIR MUB W g 3 iR S - Br BT fg & = o 3k fg <
b HEBEEICE N TS NGOEEZIToT2, A=V 7 EZMHALIEART R—1L7 1
A 7T 7 NMENT K OWRE O WIS TR HIX, WIS BUE O R IG5 & [RAR O
T2 BRI NIV KRGS HE S, 2D O FIEOFIENHER T2,

@ HRAEERRIZ IS 1T 2 FEIIR OGS 1E K OB 22 BT I S5 < W o 1% B PR A 12 B
ERRAE L kARl

FIRRESETGADICB W THREEROBEZRHEBIE K R —Y v VTREZIT-
7o ZTHUH OFAIZ K0 PR ERR O IEIH B X I I TERH L 72 W@ A 8 2
T H I S 0T D WA EBLEE M CHEIR DAL 20T 21T - 7o T ORER. SEWIR
DETEZ MW L TV D 2 &, S HICZOIWIRD IR 100°C L LD BB TAR S22
EWInole, TREDZ LG, PREEROIEHFE XHEITD 722 < &b BT it
BEIITRE) L TR Z 2RS4, A ORIZE S ORI D IEETE & L TOB) & (372
WEESNTWLZEa2HERL L, KAFENANTHL ZENWD THRTE I,

HERY B HIRA, R — U o ZRES A G DR T WEEE A S WE R D
oD rE 2 GO ERERREZET 22N TE L, £, BFEMEALXISRE L TEEE
FIFEARBEEDE IEIC OV TRIEL . FFICL I % v 2AFERAIEE (OSL LT TL)
P& EE LU O W R B O FEREICH N TH 2 Z L3000 | WiEES) O BREL 2 15
BELTERERICE > T ZOARMIMENEMN TN, SHIC, WEIFEORELBED
S 7155 & Feie U C b g O BV 2 248 2 515 R ORI IR 2 Al T W8 oo 35 B 2 349
LHEOEMEERR TE I, 6D b, MEEERIKOHIED) SIS ) BT %
(ZHASL T 7 b=7 20, Wi OIEEPEDOFHE & o 7o BRI D B R B LR
(CE DA R WTE OTEEWE ORI FIEICE T2 ML 2L TE 1,

3.2 BRYDZERRILE CREROE A%

(1) HERMEL RO, IR — U v A S IS < BRSO R
ERED LBV VAL 25 DGR 26 L E TOERBIM O B Z 2 TEM LIz, b
FERROTEH & LTk, LT ORI HHZE B S OFHHIEERE S IEIR L FEESHIC
BT R AL B ARITTR S G TR e RS — U > VA X D AT (R J1 3R

71



JT, 2015, 2016) 235 4L, BELOGEESHERE ZMRETT 5720 OMMWE L THEH S
i,
RS FEEFT OB EE SR EFEAESS (B 597 H2E) . TRk 30 4£ 7 /
B f&
< JRF 1B BT OFBLEIEEE AR D FEAS S (5B 643 [HIRA) . FRL 30 4 10
H PR

I, TR HHBZEB S OFBHIEEE IR IFESAICBN TS I
FEOFIERRAR BB H STV 5

-&%ﬂm&%@ﬁﬁﬂﬁﬁLé IfR D EERS (B 184 FIRA) . TR 29 4F 2 A
[ e
- BB R S OB AR E R SR D AESS (B 199 BISE) . TR 29 4 H
[ e
- R FEEIT OB EE A ISR L EAESG GBS EaA) . w243 A
b f

(2) WA 2 F N T2 BT 8 o T Y 7o TE B RE A T 1A 0 B i
EREDOLEBY TR 27 FENOSFICFEE E TOEGHIM O BHZ 2 TER L-, ik

BIZHOWTIE NRA HINFHREBEICE DD TETH Y . FBED T OO HMTH 72 HIWAS BHZ
RAHZENEIREIND,

(3) MBI 2 I\ T2 T g 0D 78 ME Y 72 T B M SR 2125 D B A

ERED LB VAL 28 FEN D AICERE E TORBBIFO B2 2 TER L, K
RAZ OV TR Z O 7o Wr 8 OFEEVERFM ICB T 2R & L Tt & L TAR
THTETHY ., FEADOID DB MM BN 222 Z L BIfFS N5,

33RO ARE
331 KEFARBITOBEPEEICZINDIAR
(1) NRA i
© = E5L. TWIERAYE 2 F T B8 o B2 R 22 TR R AGEHI T4 . NRA By
e, 2 @AX/KRTE )

(2) w3 (E@peft)
2L,

72



3.3.2
(1)

FREEHIC L BAR
W (E )

D Lin, A., et al., “Thermal pressurization and fluidization of pulverized cataclastic rocks

formed in seismogenic fault zones”, Journal of Structural Geology, Vol. 125, pp. 278-284,
2017.

Nishiwaki, T., et al., “Recovery of stress during the interseismic period around the
seismogenic fault of the 1995 Mw 6.9 Kobe earthquake, Japan” , Geophysical Research
Letters, Vol. 45, Issue 23, pp. 12814-12820, 2018.

[ HEST1E 2, TR E I 1T 2 A M BERE O rlREtE O fMEr (201
EEHE R - BITIEHUETRE - CSAMT #R4E - B HHA) Al E a5
FONLHEr g ICB T 5 FEH—) . WEREEA. 6 71 &, pp. 103-125, “Fhk 30 4
Lin, A., “Late Pleistocene-Holocene activity and paleoseismicity of the Nojima Fault in
the northern Awaji Island, southwest Japan” , Tectonopysics, Vol. 747-748, No. 13, pp.
402-415, 2018.

Lin, A., et al., “Repeated Seismic Slipping Events Recorded in a Fault Gouge Zone:
Evidence From the Nojima Fault Drill Holes, SW Japan ” , Geophysical Research
Letters, Vol. 46, Issue 3, pp. 1276-1283, 2019.

Nishiwaki, T., et al., “Fractures and subsideary faults developed in the active strike-slip
Nojima fault zone, Japan, and tectonic imprications” , Tectonics, Vol. 38, Issue 12, pp.

4290-4300, 2019.

(2) Z DAt

O ZJFEIE, THERTE b L o T DA AROEL I X vt o AR,

T4y var b Tyl ma—AL X — %305, pp. 17-19, Fhk 29 4

73



B2EN—E

1

10

11

12

13
14

REBFICET, R 25 FRE R MRk B St R F Lt (17
MiFZ 31T 2 Wi 55 OIF B HE (4R 2 RRE FIE O A L) FH¥ mEE | 2015.
RRASHEHIER R PR B JEAT . SRR 26 IR 1 I Miak S B Kk SRS ey i1
FERIZ F5 1T 2 HVE A & S5 AR 2 A - SR (TR AEHUSIZ 36 1T D ERE A — U v Vi AS))
FE OWEE, 2016.

VEETs =2 “URREHE & SURE K OB HTIE HIERBR AT 1T X 2 T Ab 2 55 Hh =30 0 Hb R 6 o P A
W WEERE TS 136 Bl (PR 29 FEART) FINGEHSTHE THRE. P-8. 2017
VERETS <5, “TREHUHT — & & W72 T AR BB SRS 5 T — 2 O BT . B
PRAEFRE 137 Bl (AR 29 FEEERKE) AR GER TR%E. P-3. 2017.

E N2 R FVENBACK S R 26 - EE IR ) gk S5 B S R F R et (R ihiaak iz
BT o MBS S AR DA - P78 (PHRHUIEIC I 1T 2 MBRAE F ik 2 W7z Wi
ERAE)) T OWMEE, 2016.

M HES, ]TE, 4REC, MEEE, hHEEE, mFEm, m2Em. 7.
P AR, E R, (LAREAN, SMETETEIC 3 T 2 & FEYELEGEA 05 H
REtEORE (201 ; EEMHEHERE - EITEMERE - CSAMT A - EOH
) AT s X ONL I TRE IS B B -

AR T e Uy R OFRE 26 R ek SR S IR F R Rt (R ik
23T 2 HVERE SR DA - P98 (ke Ukl 3 1 2 2 h E )R EEE VT
Wrigmd)) FE  HEE, 2016.

eSS sE, WY EA. Annison, C., ./ BVE, TEEMZ, (CHE FHEHAH, < E
TR ZEERAE 2 H D 72 KRR AL Rk 2 3500 2 W g M & A&, JPGU-AGU Joint
Meeting 2017 G %k, STT58-PO1, 2017.

HEE T I, B, S22 EarRFE B TFEFR, WS, “FER
FHHUE X 72 & ONTEBI R, AARKRHEEK D, #HEFHAFT, 143p.. 2016.

A AR RS, “BUEEE ZR AT B0 K ONE s O MU - U IS DV Ty
%5194 [AF 1 )38 EAT OFRAA L ERE AR DRSS, EE3-1, 98p., 2015.
DRFnL, BNRSESS, oo EIR, LA, ST, FDGER—. SREFETT. EHI R
ERBHEAD, KEFET . BOIBIESS, 20 4y | MUERNE A, PEEEANR A UFZEAT
AR A 2 —. 2007.

R, RS, S, EIR I REPETT. MIREER. EETE . AR,
BEIRR IR, BIBIETS, JRBM®E . 20 540 1 HUER kT (B2 i) . EERRE
ZEpTHUE R AR A v & — . 2001.

IGWr T IE MR, e B AR OIETIE « oA & R BOR R RS . 473p.. 1991
fp s = HIEGE, EEEE ). 20 550 1 HARY— AL AHEX DVD i,

BUEHE X G-16, PEEEIR ST HVE TR A % —. 2009.
74

R I ERF 2

[s75



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Lin, A., “Repeated Seismic Slippimg Events Recorded in a Fault Gouge Zone: Evidence From
the Nojima Fault Drill Holes, SW Japan”, Geophysical Reserch Letters, 46, 1276-1283, 2019.
ESLRZEIE NSRRI, Rk 27 SR s BB KRR ELTEE (TEETEICE
FOREA — D TEA) O WEE, 2017.

ENZRFIEANGERR T, PR 28 4R R ) hi i 5 D) SO R B &t (R—V v 7=
T T W B D3 HT) FE AT, 2018,

ENZRFIEANGERR T, PR 29 R 1 s 0 S R ZRt® (BMA—1U »
7 a7y RO RmE O FE O wmEE 2018.

[ESERZEIE NSRRI, SRR 30 4R LI - s S B SR SR &ne e (W Bl E
OB EIEEEREAG FIE IR D E) FE mEE. 2019.

Nishiwaki, T., Lin, A. and Lin, W, “Recovery of stress during the interseismic period around
the seismogenic fault of the 1995 Mw 6.9 Kobe earthquake, Japan”, Geophysical Research
Letters, 45, 12814-12820, 2018.

[E e, <% E 1 Web”, 2016. http://maps.gsi.go.jp (2020 4= 1 7 14 H#ER)
WHRK, KEIES, SRRSO HERITE A ) v 7'~ 70 - N
T OV )| MU WIS, 1:10,000”, A&, HUERHA T, 12, 74p.. 1998.

Lin, A., “Seismic slip recorded by fluidized ultracataclastic veins fromed in a coseismic shear
zone during 2008 MW 7.9 Wenchuan earthquake”, Geology, 39, 547-550, 2011.

Fukuchi, T., “Assessment of fault activity by ESR dating of fault gouge; an example of the 500
m core samples drilled into the Nojima earthquake fault in Japane”, Quaternary Science
reviews, 20, 1005-1008, 2001.

Miyawaki, M. and Uchida, J., “Towards understanding the direct dating of coseismic fault slip
events”, AGU Fall Meeting abstract, 2018.

M b A PO 36 - AL, “HIERITIE O Rl ORI & 4% D RS-,
MR, 32 . 3-9. 2010.

YU, FREE, <L x oy ZFERHEZBRGT 5720 0OF—HEARIZE T 54
fRBFZEDHR— B EAf, 1.0 5-17, 2011.

WEE= EARRT AR Z, BRI O MRLA LT Y O TLAE iR EZE
—SWNS oSN EeE e A U VRE— BREBERFHRE (BR). 53,
17-29, 2004.

Kim, J.H., Choi, J.H., Chauhan, N., Lee, S., Hirose, T. and Ree, J.H., “Restting of Quartz OSL
(optically stimulated luminescence) Singnals by Frictional Heating in Experimentally Sheared
Gouges at Seismic Slip Rates”, AGU Fall Meeting abstract, 2014.

WEAFEZ . BRI B L\ [ElR A a3 0 W BRI« & O ARG & WFZE A A,
RS, % 39 5. 65-78, 1994

75



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Ide, S. and Takeo, M., “Determination of constitutive relations of fault slip based on seismic
wave analysis”, Journal of Geophysical research, 102, 27379-2739, 1997.

HEE, MEEE (F. “BEEE - 5E L EH R TSHEO RN E”, HU
KEFHIR, 208p.. 1999.

Watanuki, T., Murray, A. S., and Tsukamoto, S., “Quartz and polymineral luminescence dating
of Japanese loess over the last 0.6 Ma: comparison with an independent chronology”, Earth
and Planetary Science Letters, 240, 774-789, 2005.

Di Toro, G., Han, R., Hirose, T., De Paola, N., Nielsen, S., Mizoguchi, K., Ferri, F., Cocco, M.
and Shimamoto, T., “Fault lubrication during earthquakes”, Nature, 471, 494-498, 2011.
Zoback, M.D., “Retrieved geomechanics”, Cambridge University Press, 449p., 2007.

Chang, C., Mc Neill, L.C., Moor, J.C., Lin, W., Conin, M. and Yamada, Y., “In situ stress state
in the Nankai accretionary wedge estimated from borehole wall failures”, Geochemistry,
Geophysics, Geosystems, 11, doi.org/10.1029/2010GC003261, 2010.

Haimson, B., Lin, W., Oku, H., Hung, J-H. and Song, S-R, “Integrating borehole breakout
dimensions, strength criteria, and leak-off test results, to constrain the state of stress across the
Chelungpu Fault, Taiwan”, Thectonophysics, 482, 65-72, 2010.

Tsukahara, H., Ikeda, R. and Yamamoto, K., “In situ stress measurements in a borehole close
to the Nojima Fault”, The Island Arc, 10, 216-265, 2001.

Kubo, A., Fukuyama, E., Kawai, H. and Nonomura, K., “NIED seismic moment tensor
catalogue for regional earthquakes around Japan: quality test and application”, Tectonophysics,
356, 23-48, 2002.

Townend, J. and Zoback, M.D., “Stress, strain, and mountain building in central Japan”,
Journal of Geophysical Research, 111, B03411, 2006.

Terakawa, T. and Matsu’ura M., “The 3-D tectonic stress fields in and around Japan inverted
from centroid moment tensor data of seismic events”, Tectonics, 29,
doi.org/10.1029/2009TC002626, 2010.

KEFES . IRE. J€)IE, mfErs. “Blafiso e, Mg 7emEs (5 hao
1 U XhE) >, HEFRA ST, 90p. 1990.

Yamaji, A., Otsubo, M. and Sato, K., “Paleostress analysis using the Hough transform for
separating stresses from heterogeneous fault-slip data”, Journal of Structural Geology, 28,
980-990, 2006.

Sato, K., “Incorporation of incomplete fault-slip data into stress tensor inversion”,
Tectonophysics, 421, 319-330, 2006.

PRI, “ONHZEH), ZORAERNE TR H RO ERME & 5 U % EE) . 50
FOBFTE. 7. 248-260, 1968.

76



46

47

48

49
50

Tsutsumi, H., Sato, K. and Yamaji, A., “Stability of the regional stress field in central Japan

during the late Quaternary inferred fromThe stress inversion of the active fault data”,
Geophysical Research Letters, 39, L.23303, 2012.

PER DN S WFTEpT B AR S & v & — “HUE X Navi”,
https://gbank.gsj.jp/geonavi/geonavi.php#6,38.247,137.000 (2020 £ 2 H 19 H#7)

(28 T=EINN

NHE— . T8 B B 2  To W E oo 1E B MR RE AT R VE o B A .

JPGU-AGU Joint Meeting 2017 5% T-fR%E. SGL35-P03, 2017.
AREBR, AILKR= “REEOEE EIROAR”, BFRME, 59, 165-180, 2009.
FEFR, MIHER, @8 =, SFRMEC, “HELy) 5 /- B ARSI E ORI - 2812

ERALUIE N

RNy 7 = RFgE, 11, 113-124, 2005.

77



PEE R

JEF- 7 BT
(=1 BTN
N E—
M KFHIAE

JEF- A BT
ek e

EEBEEE ik nv—7r

BAN T TER A B
TAELIII AT
SRl =y

JRF TSRS SRR v—T

TELEFEAE

78

o

o

- BB A FEER Y

R SE R



