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Research on fault activity evaluation

UCHIDA Jun’ichi, MATSU’URA Tabito, MIY AWAKI Masahiro, HAY ASHI Hiroki,
SATO Yuki, HAYASHI Marika, and CHIBA Hibiki
Division of Research for Earthquake and Tsunami,
Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

Fault activity is usually evaluated based on the depositional age of the strata overlayed on
the fault. But, when it is difficult to apply usual methods, a method based on fault properties or
materials is used. In order to precisely evaluate fault activity based on fault materials, comprehensive
evaluation using multiple methods is required; however, concrete examples are lacking. In addition,
when identifying faults, there remains the issue of the difficulty of distinguishing seismic faults from
induced displacement and deformation due to remote earthquake motion, traces of former submarine
landslides, and so forth. In this research, we were able to accumulate knowledge on methods for
evaluating fault activity based on the properties of fault materials and methods for evaluating the
origin of faults caused by factors other than earthquakes, and identified/aquired specific examples
of knowledge regarding fault activity evaluation methods using stress analysis, and also evaluation
and identification of the origin of secondary faults and identification, as well as the effects of passive
fault displacement on fault activity evaluation. Some of the knowledge on traces of former
submarine landslides was acquired under the bilateral agreement of the joint research project with
Faculty of Science, Niigata University.

Among active faults that have clear rupture on the ground surface, their activity in land
areas is basically evaluated by trench surveys, but this cannot be implemented in oceanic areas.
Therefore, statistically estimated intervals of fault activity are often used when conducting
probabilistic seismic hazard assessments, and this poses a problem of increasing uncertainty in the
assessment results. In this study, we were able to accumulate knowledge on methods for evaluating
the formation age of marine terrace and evaluation methods for paleo-earthquake history in sea areas,
and to identify/acquire specific examples of marine terrace dating using cosmic ray-generated
nuclides and of turbidite recognition. These studies require special dating techniques, and in order
to handle seafloor sediment samples that have limited use, they were done by the Atmosphere and
Ocean Research Institute, the University of Tokyo, and the Graduate School of Frontier Sciences,

the University of Tokyo under the auspices of the Nuclear Regulation Authority.
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The activity of faults that have no clear lineament can be evaluated by estimating the
formation age of geographically deformed topographic surfaces and strata using volcanic ash.
However, the issue is that dating errors of volcanic ash affect the evaluation of fault activity. In this
study, we were able to accumulate knowledge on dating methods of volcanic ash after the Middle
Pleistocene, and aquired specific examples of highly relatively accurate age determination of
volcanic ash deposited on the deep-sea floor and comparison with volcanic ash on land, and there is
the prospect that it can be used to evaluate the validity of the formation age of topographic surfaces

and strata.
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Figure 2.2 Locations of drilling sites and seismic line
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Figure 2.4 Migrated depth profile of the seismic line
A A’
—=—North

H31IMTLD-2 H3IMTLP-1

South —=

H31IMTLD-3
170 m, 63° 180 m, 46° Som 9F
R2MTLD-1
H31IMTLD-1 120 m, 40°
330 m, 82°
EL.(m) p | Nakayama River f a =
(YT Y E— N - —

50

=':' L R Nt =) 71‘(
5.5 SEo AR 5 28R o 0]

27
7
) 7
P

7
b7

-50 Embankment

B D embankment

Fluvial deposit
Late Pleistocene ~ Holocene

Fd sand gravel

Okamura Group
Late Pliocene ~ Early Pleistocene

-100

N\

conglomerate,
Ok - sandstone, siltstone

Izumi Group
Cretaceous

12 alt. sandstone / mudstone
Iz1 alt. tuff / mudstone

Sanbagawa metamorphic rocks
Cretaceous

Sb2 pelitic schist

1 77 alt. psammitic schist / siliceous schist /
oo :’/’; basic schist

-150 %

A

Total length / Dip angle

-200

N

borehole length (m)

Main fault zone
MTLTB Fz1 - mixed breccia

Fz2 [[[]]] andesite dominant breceia
Fz3 [ serpentinite dominant breccia
Hi#h)  Miyawaki et al. (2021)° % — &R
B 2.5 HUEErmEE (A-AHIFR)
Figure 2.5 Geological profile (cross-section along A—A")

250 -

13



H3OMTLD-1
e

cologic column
F'l"i";"l‘" fype Fracture density (number / m) Strain (%) Strain (%) Strain (%)
& Amolewy 02 468101214 02 06 10 14 02 06 10 14 02 08 10 14
H3OMTLD-1 H30MTLD-1 R2MTLD-1
0 °
- -
° °
20 20
. .
' ..-.A....--..-..m”__r
. . °
*
40 L 40 L] bt
e * Fault ?
- 7
. . [RawaiamiF T g0 =
3 . E £ *
£ 60 . £ 60 o o = . bt
a L] a ° = °
3 . 3 = .
................ e * || MURHEEES,
MTLTB . 2 MTLTB
3 ..
80 80 . <
3
° k|
o
L] .
-.---.---.Mg_.l-:ra-
100 e 100 hadl’ 3
.

Sl kS i Group Fauh rock type
B D:mlmnki»ml pelitic schist I,J alt ss/ ms B breceis @ H30MTLD-1
Fluvial deposit sbwmlmuc schist 1;. alt mff/ ms - lirn eataclacite ® RIMTLD-I
¥ [ sand gravel siliceous schist ED fracturcd rock

) =i (2022) "5 51H
X 2.6 YA BRI D RO T2 E ORI
(H30MTLD-1 L% UF R2MTLD-1 L)
Figure 2.6 Strain depth profiles estimated from calcite twin density

(H30MTLD-1 and R2ZMTLD-1)
) (a)HE AR X R O K3 X (b)ElAL B 8 OTREE 534 (c)H30MTLD-1 fLIZ3s1 %
TOVEES A (d) RZMTLD-1 FLIZBI1T 2 EDOHEESA (e) MTLTB % H 482 L TlifLo 4y
Pri ke EREGDEZKX

£ = .\\FB

f

‘! MTLTB el l 'II B _i_....:,..-.‘.'.'.‘.-.-.-.‘.‘.- ........... I'

I S e e e o R e e o 2 A R | MTI TR - I
S, " R e /
\ ?‘_.'-"'. SZ / \ ,r.. /

L AR
A \\'\\,w\

\.

" \‘\-&\
-1
| o
.

plunge angles (%)
=
\,

!0
/
\

©

HH) = (2022) "2 581 H
X 2.7 b S35 O fENT G B

Figure 2.7 Result of the paleo stress analysis

14



2.1.2  FEHIBYEWTE % O BR FEAM FIE ORE
2.1.2.1  EHT Y O K FHE & OB SRR & O
2.1.2.1.1 X UHIT

Wrlg OTEEWERE M OB, ERfEE, IREEDS AW oD, E#EtE MR REIZ X
DRINLTWD, WifgZ ol 28WIRPBEAL TWRWEDOBH G, Ziub FETIE
Wilg O RAKIEBNFERAFFETE RN EHE 0, ZO5A, WEOIREMEIX, Z0okKb
GOREBINCEHET A2 Z LN EEL 2D, LnL, HICHAZEEICBWT, 40 Hmiz
RFE S5 FEMEIE TR & 5 W7 5 O E ElTE & ORRBNEREE /R GA N % < mE O
BNZDNTWL D ORFFNIAFET 2 B 6 OO FRBIFEIE LR IZITHENL STV,
Fo. WiE OIEEMEIZ DWW T, WiExa OB bR A2 VD THIBI S 2 507 1916 3 T4t
HEINTWDER, 2THEL L@ TFEE LT LTS SO TIEZRY,

AHFIECTIL, dEEHT Y & AEETEWNTE ORI TIE 2 G 2720, iR
DEREEZEZOND TR ENSERE ST DB IR T80 2 x5 R,
Wi RS IS MEAT . AL iT. ST S FEhE Lo, 72, AFRO—HiX, #riEKs
& OILFWFGE THrE O RZIKFERIC B3 2 FEEIIE) L TERM LD TH D, HiEK
FORRIZOWTIR, LFEFZERRERESE (6 FAXRTE) "ITrd &L, UT
viz&bfﬁﬂﬁ%a_iéﬁﬁ%m#o@£\$%K%Hé%%k$®£&ﬁ%@
WIS DIENT (ZEWFE) OO OT — X B O—5 L OHHITIZ X DRI VTR E
Likm L, BEOREICHFHF L THD,

2.1.2.1.2  FRAZE M E AR

FKH BT m X, IR RS & A OEEK S O BN D 7 D 1% 1 Bt~ it
DINE (gAY ) 30 R OHEF 2 g (B2 JE) 1903040 LT\ D, FHdH
BWOR S, BRI E BET A & ORI I T A AR AR T S, SRTE
RRTE . KERILWE 202035545 L. 2 WiE & ET 2 g b m o dil & Re o 48 gl 2385 F
BHINIZRTET D,

2.1.2.1.3 HEFE

SCHRFAA A B OV R BE A I L 0 VIR HE T 0 BER L ORI G & 72 5 15 7 i 75 0H
DOV A A F i L7, HEREIXFEMA 7 v FOERKOWE A Y » 77— 2 OFHE
AL L, BICHEERBHEHICOWTIIA—Y 7 a7, GPRIER. WiEE & 5k
OFREL, HHIBERNE ., b A ENROI LY L2 U-Pb « FT 4FVHIE 2 £ L=, +
t\ﬁ%®M%ﬁm&Umﬂ®%%ﬁmE%®kb BHKONAR—V 7 a7 hHEE L
Te BTN, X CT I L2 3 RonEE DORBEDRIZ, A K OWHE R O VERIZH]
U7z, 1ERLU 723 7 S OJFEE 1 2&E%L®§ ENWZHWZ, 512, T HOAL
KRR D72 8 ZEWRTE 21 LD WIS gt &2 F20i U, 70 miEE R OIS JPIRRR IS

15



WCHRAT Lz, fROFBEIZY 72> Tl Otsubo et al. (2006)*> O Tk % HWC H B IE 21T
Sl D ORERE I, BEBICIEHEERTE K ONEWE O 5B E 1T 572, AT,
AHFFETIIGEW B BIE D SR L 7= Wifgth - (LU ERE T v o) Evo, ) KO
JEHIT RV BIHOT RO E LRI LT (LT REE#T <) To ) s, ) ©
{EZE) G S R O B 2 AT o To I T ¥ ¥ R OB _ 0 o ¥ OB X,
Al U 72 FE R VLT g X ONE W g O 73 F8RE R 2 o, 2 b Ogid, XRD & 7= 4
ESE M R O L85 3T . XRF %2 W T2 28 b 0. SEM-EDS % 7= 2
[ZTFTET A5 LI O 18 ' b R T & Ehe L. 2203 X0 iz oW TREEN
PEE % g U7z, XRD VTS R B B Rl e & U 1 7 RN 48 UltimalVa vy A
I B OFEW R E 24T - 72, XRE IXHR R FE MBI PR R S P E T3 (U U7 kR
X&th) #1:8 RIX3000 % AV, @Al S LC Merck A~ hm ALk AL10 e Y A20 % fiff
M L7=, SEM-EDS O=7E &/ HT TIXFEEAN DI L 72 m Al EHZ W THFEEE 7 % 7Bk
L. HWE L7, SEM /X Phenom World -5 Phenom XL. EDS /% Phenom World 5 Phenom
Element Identification Z i U 7=, Wil v o K OSSR O 5 4 T 2 H U T RVE R o # 52
253 2000 f5 LA ETITV, JIENLE A BE LT,

KMED 5B, ZEMMIEIZ X2 IS IENT#E R KOV XRF, SEM-EDS (2 & 21k 4T
FERIZOWTELTIZEE T,

2.1.2.1.4 ZEMVBIEDOER

SCHRFRAS S OV R B A 2 520 L. LT~ OFFERN R BT R B IV il
J&-AH B 2 BT ERATT IS, SRR LB X DN DAY 4 DR AE L (K 2.8,
S2, S3. S4, S6) ., HEEHIT Y LB X 5D BEIHITAFEIAM 2N KT 900 m FEEE LA
BENTW R WIEFTICALE L TR Y, b L W2 BEMOEHEL 100 m RETH D,
UL, SFBETRONDHICHMEICIE, BT LH2MEBNIZTEAER DN, £, BIfE
R T U TR S 2 R30G5 L ARSI bR S e v, S 61T, FEEOIG
J1E, BV EZ 100% & U CTHENT 24T o 72 F IS 1RO EF A RV,

HEEM T B ORISR E LT, MKIED (2018) * THWEOH - 7= &R WE O
Rl VT 22 5 R OV 2 MU e S5 O ARTE TS W O BRBE 2 TR T B R BH L E L, ®E L7z, FIl &
FH DL, BUED RIS 1 TH 2 Wi Wi I OIS I3 bz, —H T, BZHEE» O
EERERIECH D LB 2 BTV S8 FHAIX, HEMHIE 75% D & X bIn RO F &
FONREL, FI1 BEATRD bV X 5 72 BB EME O W W g o S IfifiEssv., B e e
LIS RE, EAALAL R T O ERE, B S OBIETH o 7=,

PLED6, S2, S3, S4, S6 #&FA (X 2.8) TH LMD TRV X HEEMI Y &K T
HOHAREMENE L N O BHEATEWBHEE T2 03RS ThHDH B X T, iz,
S8 FIAIC DWW TCIE, — RIS ) CHIFEI L CW A ATREMA H 5 b O, AN ITHE
EEFOEE TR0 Th Y, HErEOES) & IEREMEOE 2 ST 2 FEARETH - -

16



7w, 2124 HiTEE T LESHOMEIE Uiz, £, WiEEMTVEEDO S 5,
S2 BEHHICOWT b o elirE U o DB A G b T Wiz AL 2 Fi L TV 7
AN

2.1.2.1.5 G RGHT Be OMESBAE A BT DFRE R

XRF 3T OFER, TG E B DERI L 72 IG W@ 7 o ik, W9~ 0 @EEE O B
B 72~ T 0 D2~ T, MgO KT CaO O FZHENEmN->T2 (4 2.9) , £,
SEM-EDS T K 2L AR AT ORGSR, IS 7 7 D ILEE K S ISR E T D9~ D
UYL LT MgO OFHENEN-T (K 2.10(a) . IGEIEEETIX, Wrgv vy
DR ITIESRE OFARL & el LT, CaO DEILAMEL . ALOs DEILENE -T2 (K 2.10
(b)) o F7o. B OITALTFRED O FE 72 ks TIEMFEIZ OWCRIE 21T o 7o . A0F5E
WIS AFAET DR EIEINA T T4 b—F Y ) A FRIERLZ (K 2.10(c)) ,
XRF Z3H7 ClL, {EWiE AT D 20 CaO EAH EITMWEM TR T 02 L il L CTEWs R
DRFONTZD, B EOZEITHERE THRBRITIERTEEEO FREW 2D, CaO DEH &
DZEIWE T T ¥ DR DAL FAER D 2% Rk LTV 2 ATREMEAY E V), kP LT, MgO O F
ARITIGW EHFEIE, NIRRT R BEHOWE I\, Wil EL oRRE & g LT,
BIMERCH 7=, SHIC, HWE A T 2L 2O OERED MgO & HEDZET, I
=Y H Y LEIRED MgO G EDZ L i L TRE\V, £/, SEM-EDS /3#1icE
WTh, IEWET Y COREEZRT 20 LWx, R ICE DR L & i L
T MgO DELREW, IEWIET Y POFEIZIE Mg 2&T X 5 MR G En Ty
DB, MgO OEACIFAE NS Mg IS N8B L 5 L PRI D, ABFZE
DOIEWTIE 5 RS 5 km (TIE LA LR A FEOMF A OHEREE & ik L T Fe XU Mg
ICELAENHFIEL, Z0 OB I, otk TR FRAM O FIZHFEIET
L AREMEDS B B, IGWTRBIL YRR 0 & beE U CHL IR E T LTV B A REME
B, WE IO A A D TR ORI N IS ARE T D g O LR OB A2 % 1T 5,
ULEDZ &t 1GWE T Y Y0 MgO &1kiX, TEWE 23 P £ Tk 2720, WiE
2> T Mg IZEATEIREEDN EH L, Wi 720 MgO GARNBEL 2o loFa R
T 5, AT, SRS XY EiX, FHOSEEREZ OGN T 5 KO RIEREE TR mANVE
E L2V, MgO O &N TIEWTE & LRV ATEEMEDN B 5,

2.1.2.1.6 AHEOERRELZTOES

FKH R TRk W T YIRS LIRS T T U O MgO A ®EIC K
STHANFRETH D Z &R yinoTe, £io, BIFHIBO HVFE S <V HiX, BIEO LK
SN KB BT IEFIC D IS TTIRBIC L FkB b FRECH o T2, — ST, MgO & A
BEOEOFIIT, AHIRICHHN L Mg ICBEAREREZ @R L TWAHREOFEFIZHD &
B Z DA, MgO & A B3 AR RIS DI/ — RIS H C© & 2 Wi Rk BHEIE & 1372 D72V Al e

17



RH D, LrL, HiEMT~D DL DI

EREEKIC & D 2a A R D ILE N ERTE & ik LT fib‘%ﬁf

DHEZDND, LB T, FIOMEFHREOERET Y VL ORBBLHATHLH D
BT 21T 5 Z

D, WiET T Y OeE:

RETEDN 8 %o

&
£ 4 B
i
CEild”

SR B DR
%3, 2018)

| Pa

FRIHIE 10096

o&x/l

= JJ7 a77-5 Iiiaﬂiiso%

o)

AN

n=19

D

AN

Bltu ﬂmimoo»e

X 7 T
FTAOEMD HBHWIE100% S4in 7

o))

Figure 2.8 Geological outline map and paleo-stress analysis results
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Figure 2.11 Distribution of active faults and aftershocks around the hypocentral region of the
2016 Kumamoto Earthquake
) 2016 FFREAMIEARE (4 A 16 A : Mw=7.0) L ZORIBEROREIIRRITT —H %
FEXNTE S BB O 22 AR 12 2 v, RRIE QGIS Z W TERL S v7z,

22



Fault trace
~—— Suzuki et al. (2017)
— Imaizumi et al. (2018)
— This study
U: Upthrown side
D: Downthrown side

N Srtike-slip vector

Survey location
®  Survey section

Hi#) Matsu'ura and Ishitsuka (in preparation)® % fi5&{k,
2,12 HUBSE. AR K OFE AR (Kedk 21) ZoR~d7 X
Figure 2.12 Map showing classification of geomorphic unit, traces of active faults,
and survey locations on the survey line Krdk 21
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Figure 2.13 Geodetical and geological crustal deformations along the Krdk 21 section
across Kuradake faut group
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Figure 2.14 Schematic diagrams showing relationship between expected triggered shallow slip

accumulation of the 2016 Earthquake with an equal recurrence interval of 2 ky of Futagawa fault
and vertical displacement of Aso-4 flow surface
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Figure 2.15 Map showing locations of western fringing fault zone of Shinjo Basin, trench survey,

exploration well Magarikawa SK-1 and the survey line Shinjo 22.
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Figure 2.16 A sketch of trench wall on Nikke fault
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Figure 2.17 A seismic profile with geological interpretation along the section of Shinjo 22
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Table 2.2 Main considerations for the use of surface exposure dating
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Table 2.3 Main important notice for analyses and measurements items in study of turbidite
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Table 2.4 Main important notice for correlation and comprehensive evaluation in study of

turbidite
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