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Line active fault zone based on dynamic rupture simulations
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Abstract: To investigate the possibility that the north-central and south-central sections of the Itoigawa-
Shizuoka Tectonic Line fault zone were simultaneously active, we construct a dynamic rupture model
for the sections, based on geological and geomorphological data. When rupture begins at the northern or
southern end of the north-central section, the north-central and south-central sections can rupture
simultaneously. However, it is more likely that the north-central and south-central sections rupture as
separate events, since the only limited stress conditions can satisfy the amount of paleoseismological slip
observed at all four stations within the range of parameters in this study. The paleoseismological slips
are about twice or more as large as the amount of slip inferred from the scaling law. Therefore, it is
necessary to consider the possibility that the observed paleoseismological slip amount due to
simultaneous ruptures over a wider area, i.e., including the northern and southern sections.
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FRICIREN L= Z ENHDLED, Mk, EolH7%
HENEZ D D D00E, EEREHRELLD.

ISTL T, £< DIFBENEREREN S Z 2bihv Tk
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L7 IT DN T, BIOE RS OS5
LB,

ISTL OFEHE L EDIEEI OV TIE, BURTHES
NTWDHROMICLFENERIN TS, g,
RS IX ML, RFEE TOT R E)MXE & F
BEL LIEENU EICHEb LT, £ E2830~
40% vy (HUEFH A ZEHEEATS, 2015). 2D Z &
Mo, THEXKENBEAEEZZ SN TS LD HEEWN
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BIRET VA, ®G LT 5WEICE b Tl
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Z OFiE% San Andreas i D F 2 HAE L7 HUE N
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W, AR EIAA S R E (AR, 4
RIEWTRE, X, MAWE, o EEE X S
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IS 6, D& IESRE T EOLHIRE a Z0E L,
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BIOIEFENZ L D3R &&3T 2 L TE R0
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BEMT (ESsKA). ®IZ, ST EN 2.02MPa
Tk, ALK O BN B 1 KOERILB) @
1 EIOTEENC L DT &&mz L (FS5Ke),
B3 b o3 s (51 Ko BRI A~C)
TO1BEOIFEMIZ L AT XY EEHTZT. 20L&
DOHEBEE— AL FMI1.1x10° Nm, Mw7.3 &K 7
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PR X RS 2 DIE N A E D GA DN, M
SN DIREEN A E A A LV HEEE LT VoI,
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BT ¢ % (Olgesby and Mai, 2012) 23BiiL T\ 5 &
fiFR T & 5.

PR X R b 2 DIE N A E D 5A, BT
B8 0.4z MPa UL LT, PRI ARSI A
5 (o)., Zokx, FERFHXEOMEX, S

HWEL ECEETS. ZniE, PR E oI
A\ N20°W T, FANZER N39°W TH VD, mlx
FAH IR EE Lo Wb TH 5. S T3 0.4z
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TO1RIOFEIC L DTNV ELWMIET I LITTE
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FrEAHXEOSR TR GB1ROERENLD) Tol
BIOIEENC L DT &2 d GH6Xb). Zo
LEOHIEET— AL ME4.7x10° Nm, Mw7.0 & 72 -
7o, RRBRMIBEIR D HEE SN DR & 26 km O Wi E D
HEE—AL FMI14x10°Nm THHDOT, FEES
DOHPWET HHATH, HEBREOHMET— 2
MIBERKTHD. I FIFE: FED 2.02 MPa £ TOHEIJH
TiX, ALK EENT 5 Z &1y GE6 X o).

PR X R b o DAREE N A £ D BAE, TETER
X O &, HP g X R R AR O JE ) B T A3 A
KN REL, TROVBHAREL2DT VD,
HAEES XIS 5 2 IS B B REL 2D H DD,
AR X R AR R RO Lz < WIS TIRREIZ B B
7=, HEfTE R NWEEZILND.

PR E X R FE b HAREE N A £ DA, W ET
28 0.7z MPa LL LT, HEE X O E M N39°W D
I ARRICREE RN 2 (B 7). S IR T &EH3 0.7z
~1.0zMPa @ & =, FEEHXMEOAER THA (51
MOBEAD) TO1RIOIFEHIZL DT &4z
FToEIEFTERY (FTXa). ST ED L1z~
1.3z MPa T, b X 223 A 2 2 23,
HRHXE OSSR FHiA (B1KOERALD) TO1
FIOIRENZ L DT BA2G-TZ LI TERVEE
7 b). S FED 1.42~1.52 MPa TlE, TEHE
KMEOAERTHA (FB1RORENLD) TO1EOIE
FZL TR EEZNZT BTK). Z0LED
HEE— AL FE44x10° Nm, Mw7.0 & i K72k
Bripoi. IS TFED 1.62MPa LL ETIX,
TR R Ok SR ELL E TGS D (BB 71X d).
ST T BN 2.0z MPa £ CO®IPH T, HAbE X
DNEENT S Z ST (BT e).

PR X R FE S HIREE N E £ A, T ALERIX
AL SRS G E DG ERERICT V2 T o
BT 4SRRI TE AL b 5T, IR
M E) L7y, s X G 2> & 8 & - 7 fili
W, T ER X AL oo A 1A N20°W O FEIE IC BET S
IS TENNESL 2D, T EN/NIDIT
5. Bz, FAEXME O EM X N20°W TH 5729,
R L A LIS WIS IRIE L 72p by, i
FTxRrNnEEZLND.
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HEBICROEND. HELIZHATYH, EENC Lo
TR \EPHEINT H20% (Kase, 2010) T 1 [FDIF
XD TR EEW -T2 LT cEd, Wizds
DIZIE, MY REZISETEEZRET ILERD
L, HOREUEDOINNIETEEZHZTET D E,
PR O SEAKREL 720, EHE L b,
RACES X & PR X N EEY L, o, 1 [EO
HENC LD TR EZBHEDCH D 4 HHTXCTT
7= 3T X, ISR T EN 1.962 MPa THULTE
KR LS SREN R E DA DR ThH-oT1- (4
Me). —7, PAEXMORNMEL, 2o, 1H
DIFENZ L AT R EZBHNEOH S 3 M (551
KOEIA~C) T _XTTHZTET ML, b
L L, S FEN 1.972MPa UL EDGA,
X0, R DEEE L, ST &2 2.02MPa ML E
DHBETHY, PREEXEOARNMEL, 7o, |1
BIOFFENC L DR BEAEZTET VL, dbin
OREEE L, BT EN 1.0zMPal LS, Bk
O, M HAE L, IS &N 1.4z MPa LI ED
BATH-T. LEN- T, HFEEChIbmX L
R IX R 2V EEY L2 AT REME I H DAY, TD LD
RISHG ORI 2 VR BN D . RAFFED/RT A —
Z OHFPHTIE, EhEnBloA X ML TIEEIL
A DIE N, B VEZAREENLYmNnESE
ZONDFERE o T.
ABIFFEDXT A —X O#FFASNOET VT, HILEE
X & H I A 0@ E) L 7= ATREPEIR H 5 725 9 7.
AWFFEDT I 2 L—3 g Tk, WrEhE, BRI~
V& (Dc), HREE LIS FEOK (SfH), LT,
Wi £ 7 /L2 EE L TWDR, T b DEORHEE
XEFDOVIal— g UHRADEEICONWTE
515,

4.1 WiBIROFE

W IR L2 D\ T, HUERFR AT HEEATS (2015) 1,
MBS TR L WA A D, FAEERIXHE
DOIE % 10 km F2EE, FRFE X OME % 10~15 km 2
ELLTEBY, RFFEETHWEZ 15km L0 AW E
T EZ IV, W, 15km L0 L, Bl
10km 72 ETh o 246, ARWFE TG I T EN
EESIZHBITHE L TWDIZD, EBHOIE T &
WhEL 72D, TRVEYL, ZO/BRAECDISNHE
kb /NEL s, LER-T, 2 00K MIT#EE) L
WK B EHEMEND. £, HEITIHEAETH
LWEAETYH, 1EOEHCE DT &2
T2 DI BT EORFIREIT, RFFEORER X
DHHEICKEVERMLE LR EEZOND.

42K I RYE (Dc) DFEE

Dc {ZDoWTC, FEBIZHENRAT DEIIC, EfER
EERELDZ EERETH D, Wk, FExRiE
WZOWTOEFBBEMITICE > T, TOMENEED

5L TH Y (Ide and Takeo, 1997 ; Fukuyama ef al.,
2003 ; Fukuyama and Suzuki, 2016 72 &), #ilxi%,
1995 4 SL [ R FE #f 3R CiE, 0.5~1 m FRE D E 2
51TV 5 (Ide and Takeo, 1997). Z 46 OHEEH I,
HaxiliZr B ETHDZ EREMINTND
(Guatteri and Spudich, 2000 ; Piatanesi ef al., 2003) 73,
BT XD EN I m THL EEEETDHE, AU
ZECTHWZ050m L EWAlgEtEiz Bz onsd. —
fRIZ, De DEWIEEBIFEZRLF =R RERD,
EIFEV BV IZ< <7D (Lozos et al., 2014). L
7eln>T, 2 200KMEITHEE LIZS<R2Y, 1EOIF
L DT &AW T T2ODIS T T & O A
REE, AFEORERI Y b REVVEDRLEL 72D
EEZLND.

A3BELHABTENL (SE) DEE
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W2 <, 2o KMITER LIC <2 b 72, At
FETHWE 1.6 10 KX WEAITIE, AFZEORE R
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Table 1. Velocity structure for dynamic rupture simulations.

Depth [km] P-wave velocity [m/s]

S-wave velocity [m/s]

Density [kg/m?]

0.0 5900

3400 2670
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Fig. 1. Fault model (red lines). The black circles indicate the locations where the paleoseismological slips are measured (A:
Toyoshinatakibe, B: Shimauchi, C: Namiyanagi, D: Kanazawa-shimo). The base map is based on Tajikara et al.
(1998), Tkeda et al. (2003), Nakata et al. (2007), Hirouchi et al. (2020), Suzuki et al. (2020), Matta et al. (2021), and
Sugito et al. (2022), created using the GSI Maps (Geospatial Information Authority of Japan).
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Fig. 2. (a) Variation of initial shear stress (solid lines), initial static frictional stresses (dashed lines), and initial dynamic
frictional stresses (dotted lines) with respect to dynamic coefficient of friction (1) in case of a rupture that initiates in
the N20°W striking region (the northern and southern ends of the north-central portion and the northern end of the
south-central portion). The results are shown for 0.5—2.0 of the proportional coefficient of stress drop, a. The thin
black and thick red lines show the stress in the N20°W and N39°W striking region, respectively. (b) Variation of initial
shear stress, initial static frictional stresses, and initial dynamic frictional stresses with respect to dynamic coefficient
of friction () in case of a rupture that initiates in the N39°W striking region (the southern end of the south-central
portion). The details are the same as for (a). (¢) Variation of S value (ratio of strength excess to stress drop) with
respect to dynamic coefficient of friction (u,) in case of a rupture that initiates in the N20°W striking region (the
northern and southern ends of the north-central portion and the northern end of the south-central portion). The results
are shown for 0.5—2.0 of the proportional coefficient of stress drop, a. The thin black and thick red lines show the
value in the N20°W and N39°W striking region, respectively. (d) Variation of S value (ratio of strength excess to stress
drop) with respect to dynamic coefficient of friction (u4) in case of a rupture that initiates in the N39°W striking
region (the southern end of the south-central portion). The details are the same as for (c).
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Fig. 4. Rupture processes in cases where a rupture initiates at the northern end of the north-central portion. Rupture time (bottom
panels), slip (middle panels) distributions on the fault planes, and slip distribution along fault traces on the earth’s surface (red
lines in top panels). Green lines in the top panels indicate the range of slip due to an actual event. The proportional coefficient
of stress drop is (a) 0.7, (b) 1.1, (c) 1.4, (d) 1.8, (e) 1.96, and (f) 1.97, respectively.
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Fig. 5. Rupture processes in cases where a rupture initiates at the southern end of the north-central portion. The details are the
same as for Fig. 4. Proportional coefficient of stress drop is (a) 0.7, (b) 1.3, (¢) 1.7, (d) 1.8, and (e) 2.0, respectively.
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Fig. 6. Rupture processes in cases where a rupture initiates at the northern end of the south-central portion. The details are
the same as for Fig. 4. Proportional coefficient of stress drop is (a) 0.4, (b) 1.0, and (c) 2.0, respectively.
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Fig. 7. Rupture processes in cases where a rupture initiates at the southern end of the south-central portion. The details are the
same as for Fig. 4. Proportional coefficient of stress drop is (a) 0.7, (b) 1.1, (c) 1.4, (d) 1.6, and (e) 2.0, respectively.
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