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Abstract: We estimated heterogeneous stress fields on the Rokko-Awaji fault system, intraplate active
faults in central Japan, from cumulative slip distribution and fault geometry, and simulated spontaneous
rupture processes. We compared simulated rupture processes for two assumed models to the rupture
process of the 1995 Kobe earthquake estimated from a kinematic waveform inversion. The rupture
process under heterogeneous stress field estimated from cumulative slip distribution is similar to that of
the Kobe earthquake. On the other hand, the rupture process under heterogeneous stress field estimated
from fault geometry is quite smooth and different from the rupture process of the Kobe earthquake.
Since we cannot simulate rupture termination below the earth’s surface in the both models, negative
stress drop regions should be considered to simulate vertical heterogeneity of slip.
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2.1 BfeA vin—o 3 o b B o -HiERTE

1995 4E Ju i LR B O BT 1%, ASH - R
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2728 TTRupEIY, 0%, T30 5k
DEEERER A (Andrews, 1976; Day, 1982) 126t~ T,
SR T ENEEES £ CTRT 5. T OMEEIC L -
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HEE—RA L ME4.7x10" Nm T, ABZ AL T
TRYNPEL TRV HED LT, A N —
ValfERLID L REL 0T

4.2 BB DHEMAKL S WEAE NG ERE LI=15E

TR BN OHEE LA &R, ikt
TA L RNEARFLES A M ERE L TWDLET L
TIEMBE SR TTnEL (FE8XKa), MNEfk
REFLTHIEE TS A L FAEN RV B D Z L
MWTEholz (F8Xb). ™0 &L, AiFior
Rich_ThEL, EECRD DRSO HE o7,

k7 A FERSHILES A SRR L TV
L8, TRVIIEE S A b ~FRCERE L, db
W7 A RTINS H, SELEZ A S FTIEER
13 TT RO NBARITIEN »T- (5 8 [X a). HEEER
Wi EYIFICIERE 7 A b SBIEEN RN D120,
ekt 7 A b oMiFRE CHIENET LKL G, fif
B kv Boodz, BREE, IS/ TEE HITKF
FOAREER/NEL (BB 6Xb), M E %2
SHDZHEKLE > THWRNEDTH S, Lkt 7 2
v N AEEE O TR EE S AR E O IR G, RS RE
ZPRET HEENI RS- L TR,

V3al—va UEROMEE— A ML 3.0x
10°Nm &, WA "= g ViR ERRETH -
T2bDD, TRV BEOZMITNRD 2D ENRE O
Lol HTRERSCRIEOMEICH D L5 T
D OREWVEIIL, BEEICITR OIS, AEHEIC
WD ¥— TRy ESgmE ot £, ISR
TEEZEe LIRNELEAHILEZ AV MEH T,
ImUEOTRYBALE. ZOHEBKOT Y (T,
SNHIEZ A MRS OEE 1L/ <, bkt o A
v NEEICIR DN o TR EN R TS Z Ll ko T
LTW5. LER-T, ZOHEKTISIBRTENA
THRWRD, EEMEIRETHZ EIEXTERNEE X
5D.



TG W DHEE Lo RIS ORH - YREITE R OBRfh@ e « 1995 4F LL I E R & o i

bt 7 A b ERFIIEZ A b & RAERE R
BE, EMIRBIZS DEIEN SN - T-EEE, N
HILEZ A2 NOWEHORTINN~>T- (F 8K b).
#7722 MEEEHORENE L (6 b), b
W7 A PATIERREYBNAT, £z, SHIL
T A MESORBE T TIE, ISR TTEA Y o
CARE LT ANHFILE 7 AL FEA~REN KNS =
EHTERW., ZO/E, #HEE—A 2 ME1.2x
10°Nm & 7D /hEL otz

5. &

5.1 199 £ EEEFEIHHEDRKIRBIELBEETIL
WIS I OIREFIEC L BT, B A AR
RS A IR B A~ ERNBRE L2 &
5, e R O ERR 2 BT 5 72012,
g7 A FERNBILIE ST AL R L, FETH
MLTWDEEZTEER WD Enbnd., 20z
L ERTERT D2, B A MEOEEEA 0.2 km (2
L CHERBRZHE L CTAHED, ZoRea bkt
T A MR ED Z L3,

AR TR R I =S EE TS 728, [
HOHRTEN > TWHWIER] ZIEMEICET VITH
TATe Z LM TEX TR, FDT78, R TOL
DB O TNDLEBT AL ", OLODOYH Tl &
Paz TRHELTWAZ LT, BAsngEErs o
TWAAREMEIZDWTC, BT BN’ H 5.

R D IR T O/ - T2 Wi g TOMSEIRE A - 72
Aochi (2003) 1%, WrfE OlE 9.5 km 1T LT, EE
TORND S TWAIEN 2km BLEHIUE, LRGN
HWEETH 7= L TWD. Fi, BN HIEE DK
X, REBOHD CIIEERE T2 LiLTER
WS, B OERE L TV A0 D, HiicicHIEI
GHTAHZENRTESD., ZNHDZ e, EER
P HEDEEME A O L >OFH TEXHZ T,
EHSHMavFHEoKaTRLIEEIIC, B AL M
RCOBENEL 725 X5 RIS NGO ENT
T, MHE SN OB, T bR E s
THEEZITHZ LT neEEZBNRD.

T
affl

5.2 WA NISDOIREDZE L

IR E TOMEND, BRI R %
T H7OIIE, T30 &4 % VTR A
VRIS S A E L, IR T o3
DOREEEHRTHTZODNENLETHDH I &
NOND.

TR ENDYMIS G IRET D HETIE, T
R BENHESEHR SN DIISHETEZ T TH
HICHBEb LT, BEATHRRRE L R L < BT
X5, ZOZEND, ZOHFETHWTZREDRE
DEFFZL R bLOTHDHEEZLND. 0, T
R B G OAREEOHBUII A5 Th 5.

167

WEKGFEE R OEISNEIRET D E, EBWIFEMR
FEIXKR L 7Bz, Wi cd Xy n/hs< b
KON EBESTHZ LIFTHF L.

Wi IR CORT XY NKEL DL HRTRY
DAFDRE 2 HE T 5720121, ADISHE T &
ZRFOMEE 5 2 D MWENH LN, BURTIEZED X
IRISTIETESMEZ RS H 2 ENTE TR,
ZO), WFRFETHENEL, MEOEMNKE
{7poTWD., BN FHRZ RV —DNT VA%
E2zE, BWE ZATHRENMIWIZHLED LT,
I MEIET 5 72DI121%, IS TEITATRITH
7570, L LARG, EEEIEIEH0DIZ
WL MESHELZ DWW T, JE PO IS 5o = R L ¥ —
NRTIVAZE > TEDLDLED, BIEODLZ A, Hi—
BN B 2D BT, RTA—BAXT ¢ &#D
S8 B DVIEVAS AN

ISR T BN DA HEET 2 TR0 O
OEDE LT, WMEEELEORERNEZOND.
Quin (1990) 1%, 1979 4F Imperial Valley #t 55 T 1%,
A DI T EE R OFIRAWEERTIZ oM L Tk
0, WHEEOSHEXNIET D EREMLTNDS.

AFa T, BEMIT»OEONTZT XY &0M %
HAWTHIHIE NG 2 EE Lz, EICRE LM
BETOTRY SN Wi gz 551, WmERT
WO DOERET N EERT DERZIE, MEIEH
(2003) E[AIBRIC, HiFR CBUN S 2 2N 5y
i HAEHE G IICIMET D 2 L2/ D, OB,
R F O REEIZHSNTIE, AN TES
Boks Sz ETLOOEDICEMEL, vV
FTOBERET DHDHENRHDTEAD.

6. F&H

1995 4F . Ji VL FE 35 HU 5 0D B B 2 A 8l ) 2 A 1
BWT 52 LlckoT, 0 8&EDONA & MBI E
O CENOMEEEFR (W 2 S DG IR E %
HBATDHZ EOREMUEERAT-. RYE R ERRE
BT 57012, WERR OHEE S D
IS TR TH Y, AL 546 &
TKEFMOARLEZEANTLIMNERND D, £z,
RN 710 DI 5 O REPEIZ DN T, ADIGT)
T EEFOFEIROFIEDHRBFICANTZ T A—F
ARZT A DB TH D

I ARICHWEKO—E51X, GMT (Generic
Mapping Tool version 3.4: Wessel and Smith, 1998) % H
WTER L E L7e, REL TRV Z LE T

X B

Andrews, D. J. (1976) Rupture velocity of plane strain
shear cracks. J. Geophys. Res., 81, 5679-5687.
Aochi, H. (2003) The role of fault continuity at depth in



NS - A2k — - BAOFRT - SRJIIAE S - A - T s

numerical simulations of earthquake rupture. Bull.
Earthq. Res. Inst. Univ. Tokyo, 78, 75-82.

Bouchon, M., Sekiguchi, H., Irikura, K., Iwata, T. (1998)

Some characteristics of the stress field of the 1995

Hyogo-ken Nanbu (Kobe) earthquake. J. Geophs.

Res., 103, 24271-24282.

S.M. (1982) Three-dimensional simulation of
spontaneous rupture: the effect of nonuniform
prestress. Bull. Seism. Soc. Am., 72, 1881-1902.
Harris, R.A. and Day, S.M. (1999) Dynamic 3D

simulations of earthquakes on en echelon faults.
Geophys. Res. Lett., 26,2089-2092.

Horikawa, H., Hirahara, K., Umeda, Y., Hashimoto, M.
and Kusano, F. (1996) Simultaneous inversion of
geodetic and strong-motion data for the source
process of the Hyogo-ken Nanbu, Japan, earthquake.
J. Phys. Earth, 44, 455-471.

Ide, S. and Takeo, M. (1996) The dynamic rupture process
of the 1993 Kushiro-oki earthquake. J. Geophys.
Res., 101, 5661-5675.

Ikeda, R., Tio, Y. and Omura, K. (2001) In situ stress
measurements in NIED boreholes in and around the
fault zone near the 1995 Hyogo-ken Nanbu
earthquake, Japan. The Island Arc, 10, 252-260.

M FER] « AHERET - SURREA < BTIELEL - /KR
K - A AR - S RS - [T S5 SE - E AR -
FEF B (2001) 1995 4= fufi S IR LS 1 S
HEKEEZE N D U IHA. RB R
WFIEFTIF e, No. 61, 141-153.

Kase, Y. and Kuge, K. (2001) Rupture propagation beyond
fault discontinuities: Significance of fault strike and
location. Geophys. J. Int., 147, 330-342.

N7« B 0 AT« i) 1S - A Lz - T s -
ZIgE— (2003) JEWTIE G @0 DHEE L7 A%
HISH G OBRIBIERREO Y I 2 b=
EMTURE F - AR R~ O TEITE -
HERMTZEHR T, No. 3,261-272.

Lin, A., Maruyama, T. and Miyata, T. (1998) Paleoseismic
events and the 1596 Keicho-Fushimi large earthquake
produced by a slip on the Gosukebashi fault at the
eastern Rokko mountains, Japan. The Island Arc, 7,
621-636.

Maruyama, T. and Lin, A. (2000) Tectonic history of the
Rokko active fault zone (southwest Japan) as inferred
from cumulative offsets of stream channels and
basement rocks. Tectonophysics, 323, 197-216.

Mikumo, T. and Miyatake, T. (1993) Dynamic rupture
processes on a dipping fault, and estimates of stress
drop and strength excess from the results of
waveform inversion. Geophys. J. Int., 112, 481-496.

Day,

168

IKEFTEFS « 2&)11 B - 35 [BEORD « A2 1L e — « XT3 -
SRS B R HARE - EREKR (2002)
50 754y D 1{EAEIER TRCEr ) (58 2 W), PESEEL
fire ettt E R A et o & —.

Nakamura, M. and Ando, M. (1996) Aftershock
distribution of the January 17, 1995 Hyogo-ken
Nanbu earthquake determined by the JHD method. J.
Phys. Earth, 44, 329-335.

ANFFREOREA - M ] » HT S - AARERER - B
HESL - MR FHE - EHM - FE R - I mE
A= (2001) 5 W) -4k NIED =77 1,800 m ff
WA O WS oA, B B AT S Fr ik 22
W5, No.6l, 173-182.

Quin, H. (1990) Dynamic stress drop and rupture
dynamics of the October 15, 1997, Imperial Valley,
California, earthquake. Tectonophysics, 175, 93-117.

Sato, H., Hirata, H., Ito, T., Tsumura, N. and Ikawa, T.

(1998) Seismic reflection profiling across the

seismogenic fault of the 1995 Kobe earthquake,

southwest Japan. Tectonophysics, 286, 19-30.

B (1990) VI L BTG - ST K ONE IR

WD B, HUE AT, 43-64.

Sekiguchi, H., Irikura, K. and Iwata, T. (2000) Fault
geometry at the rupture termination of the 1995
Hyogo-ken Nanbu earthquake. Bull. Seism. Soc.Am.,
90, 117-133.

B AT < N T - S 1 o« A Lz - AT s -
FZIE— (2003) {5 W 1 2 O 7o A8 E U=
DAREJES Y SN oHEE. EWE -
HEEMFFE @, No. 3,273-284.

Wald, D. J. (1996) Slip history of the 1995 Kobe, Japan,
earthquake determined from strong motion,
teleseismic, and geodetic data. J. Phys. Earth, 44,
489-503.

Wessel, P. and Smith, W. H. F. (1998) New, improved
version of Generic Mapping Tools released. Eos
Trans. AGU, 79, 579.

M PR« (Lo A - INEFECE < IR - R A
KHEG— - JId 5 (1999) #RF - 7
WO D RHETRIIRE S IR A, M A& T A
., 50,245-267.

Yoshida, S. (1985) Two-dimensional rupture propagation
controlled by Irwin criterion. J., Phys. Earth, 33,
1-20.

Yoshida, S., Koketsu, K., Shibazaki, B., Sagiya, T., Kato, T.
and Yoshida, Y. (1996) Joint inversion of near- and
far-field waveforms and geodetic data for the rupture
process of the 1995 Kobe earthquake. J., Phys. Earth,
44, 437-454.

)1

(ZfF : 2004 48 A 19 H, =H : 2004410 A 5 H)



TG W DHEE Lo RIS ORH - YREITE R OBRfh@ e « 1995 4F LL I E R & o i

1R, AR,
Table 1. Velocity structure.

Depth [km] P-wave velocity [km/s] S-wave velocity [km/s]  Density: p [g/cm?]

0.0 3.80 1.98 2.30
1.5 5.50 3.15 2.60
4.0 6.20 3.52 2.70
26.0 6.80 3.83 2.87

H2ER. IS NGGDRT A—4,
Table 2. Parameters for an external stress field.

Maximum compressional stress (c,) [MPa] 32z
Intermediate compressional stress (c,) [MPa] 28.8 z
Minimum compressional stress (c,) [MPa] 2548 z

H3 K BMEEEICHWE AT A =4,

Table 3. Parameters used in this study.

S 1.6
Critical displacement: D_[m] 0.50
Dynamic coefficient of friction: p, 0.010
Grid interval in space: Ax, Az [km] 0.2
Grid interval in space: Ay [km] 0.2
Grid interval in time: Af [s] 0.02

4R HERRK
Table 4. Static coefficient of friction (p ).

Model estimated from slip distribution  0.08
Model estimated from fault geometry ~ 0.13

3490 f———————

»' -7 % »Kariya
34.5°N — » ’Hokudan |

Awajidsland

T T T T T T T

135°E 135.5°

EIX. NH - IR ROWIE N L— A, fkfRiZHorikawa et al.,
(1996) DA /3= a v, BLOT RV B4R O HE
E LIS NS % OBt E I W lg e 7 v, v
7 BRTEE AR SHEE LTS 152 VWi e s R A
WETEE T v, BENIRROME 2R

Fig. 1. Fault traces of the Rokko-Awaji fault system. Green lines show
fault model used in the waveform inversion by Horikawa et al.
(1996) and numerical simulations based on stress field estimated
from slip distribution. Pink lines show fault model used in
numerical simulations based on stress field estimated from fault
geometry. A Star indicates the eqicenter location.
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Distance along dip [km]

(a) Inversion result (b) Reconstructed rupture process
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$#2[. (a) Horikawa et al. (1996) 12 X % 19954 S i L p FHUAR O AEIEAR . (b) FAREE S oo -
SR N R AT (BEAK) & VTR L 7o Shrymtim fe.

Fig. 2. (a) The rupture process of the 1995 Kobe earthquake estimated by Horikawa ef al. (1996). (b) Rupture
process based on reconstructed distributions of strength excess and stress drop.
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*Fault plane
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3. KfEE A OET L.
Fig. 3. Numerical model used in this study.
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Fig. 4. Reconstructed distributions of strength excess and stress drop.
The stress drop causing right-lateral slip is positive.
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(a) Continuous model

Strength excess

(b) Segmented model
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WiEE EET 5. () AR AV NEBEZ AL IBNERTHLISLA. (b) A BZ A BRI AU |

PARERETH D58

Fig. 5. Heterogeneous distributions of initial stress field based on slip distribution. The stress drops causing right-lateral
and reverse slip are positive. (a) A and B segments continue. (b) A and B segments do not continue.
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(a) Continuous model (b) Segmented model
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BT A SR RERTH DHGE.

Fig. 6. Heterogeneous distributions of initial stress field based on fault geometry. The stress drops causing right-lateral
and reverse slip are positive. (a) Hokudan and Rokko-san segments continue. (b) Hokudan and Rokko-san
segments do not continue.
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(a) Continuous model (b) Segmented model
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Fig. 7. Rupture processes under initial stress field based on slip distribution (Fig. 5). (a) A and B segments
continue. (b) A and B segments do not continue.
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(a) Continuous model (b) Segmented model
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Fig. 8. Rupture processes under initial stress field based on fault geometry (Fig. 6). (a) Hokudan and Rokko-san
segments continue. (b) Hokudan and Rokko-san segments do not continue.
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