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Simulation of rupture process in heterogeneous stress field estimated from
active fault information: Application to the Uemachi and Ikoma fault systems

1 2 3 4 5 6

Yuko Kase, Haruko Sekiguchi?, Tatsuya Ishiyama®, Haruo Horikawa®,
Keniji Satake® and Yuichi Sugiyama®
123456 Active Fault Research Center, GSJ/AIST, kasep@ni,aist.go.jp, haruko.sekiguchi@aist.go.jp,
t-ishiyama@aist.go.jp, h.horikawa@aist.go.jp, kenji.satake@aist.go.jp, sugiyama-y@aist.go.jp

Abstract: Laterally heterogeneous stress field is introduced into dynamic rupture simulation for realistic
modeling of earthquakes. We estimated heterogeneous stress fields from distributions of average geological
uplift rates (Sekiguchi et al., in this report) and fault geometry, and simulated spontaneous rupture processes.
We applied this new method to rupture processes on the Uemachi and lkoma fault systems, intraplate active
faults in the Osaka sedimentary basin, central Japan. Our simulations yield quite smooth rupture propagation
but heterogeneous slip distribution. The rupture area depends on fault geometry and initial crack location.
When an initial crack is located at a wide region of large stress drop, rupture results in a large area.

Keywords: fault model, fault geometry, heterogeneous initial stress field, dynamic rupture process, Uemachi
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1
Table 1. Parameters used in this study.

P-wave velocity [km/s] 5.3
S-wave velocity [km/s] 3.0
Density: p [g/cm®] 26
S 1.6
Critical displacement: D, [m] 0.50

Dynamic coefficient of friction: uy  0.050
Grid interval in space: Ax, Az [km] 0.2

Grid interval in space: Ay [km] 0.2tan &
Grid interval in time: At [s] 0.02

2
Table 2. Parameters for an external stress field.

Maximum compressional stress (o;) [MPa] 327
Intermediate compressional stress (o) [MPa] 28.8 2’
Minimum compressional stress (c3) [MPa] 25.48 7’

3
Table 3. Static coefficient of friction ().

Uemachi fault system (1-segment model)  0.10
Uemachi fault system (2-segment model) 0.11
Ikoma fault system 0.187
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Fig. 1. Fault traces of the Uemachi (red lines after Mizuno et al., 2002) and Ikoma (pink lines after
Ishiyama, 2003) fault systems and their segments used in this study.
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Fig. 2. Heterogeneous distribution of initial stress field for the Uemachi fault system (1-segment model). Grey areas indicate
where rupture does not occur inside sediment layer. (a) Average uplift rate along fault trace (Sekiguchi et al., 2003). (b)
Slip distribution on the fault estimated by Sekiguchi er al. (2003). (c) Stress drop distribution on fault estimated by
Sekiguchi et al. (2003). (d) Strength excess distribution on fault estimated from the stress drop distribution.

267



N - BT - Al - NG R - PTG - A2 L

(a) Average uplift rate (b) Slip (c) Stress drop (d) Strength excess

35.0°N+—

N
IS)

0

-
o
T

Distance along strike [km]
o
s
©
Distance along strike [km]
Distance along strike [km]
o

34.5°N- 3 LI -10 1
L [ 10km
. —t

135.3°E 135.9°E =204 u

0 = -20
0.00.20.40.6 0 10 0 10 0 10
[m/ka]

Distance along dip [km] Distance along dip [km] Distance along dip [km]

3. EETWIER 22 7 A v & LG G OIS oA, IREOEIE, BN Z 6 20itn (HERTEN)
Y. (a) BRTHTE RO B FEALEE AR (B 0IE2> 2003). (b) B OIEA> (2003) THEE S 7= =i bk
OF Y FI3A. (o) BAMIED (2003) THEE S 7 Wil EOSE R TR, (d) ISR TR BRD
7o Wi T - DBREE SR,

Fig. 3. Heterogeneous distribution of initial stress field for the Uemachi fault system (2-segment model). (a) Average uplift rate
along fault trace (Sekiguchi et al., 2003). (b) Slip distribution on the faults estimated by Sekiguchi et al. (2003). (c)
Stress drop distribution on the faults estimated by Sekiguchi et al. (2003). (d) Strength excess distribution on the faults
estimated from the stress drop distribution.
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Fig. 4. Heterogeneous distribution of initial stress field for the Ikoma fault system (Konda-lkoma-Katano-Taguchi
model). Dotted lines indicate the boundary between the Ikoma and Katano fault segment. (a) Stress drop
distribution. (b) Strength excess distribution.
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Fig. 5. Heterogeneous distribution of initial stress field for the Ikoma fault system (Konda-lkoma-Hirakata model).
Dotted lines indicate the boundary between the Ikoma and Hirakata fault segment. (a) Stress drop distribution. (b)
Strength excess distribution.
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Fig. 6. Numerical model used in this study.
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Fig. 7. Rupture processes of the Uemachi fault system (1-segment model). (a) A hypocenter is located near the
northern end of the fault system. (b) A hypocenter is located near the southern end of the fault system.
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Fig. 8. Rupture processes of the Uemachi fault system (2-segment model). (a) A hypocenter is located near the
northern end of the fault system. (b) A hypocenter is located near the southern end of the fault system.
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Fig. 9. Rupture processes of the Ikoma fault system (Konda-Ikoma-Katano-Taguchi model). Dotted lines indicate the boundary between
the Tkoma and Katano fault segment. (a) A hypocenter is located near the bend between the Ikoma and Katano fault segment. (b) A
hypocenter is located near the southern end of the Ikoma fault.

(a) (b)
Rupture time Slip Rupture time Slip
_ 35.0°Ny—~—————1 _ i~
£ 10 S B T
2 )fﬁ( P |
5 oM+ g, o tRUESE .. LT 8 of
S| 32 il
5 34.5°N] f S \ i
g 10 Fr 10km g 10 | “&§§,é%
= 135.3°E 135.9°E ¢ J IS
8 20 B 20
0
0 10 20 0 10 20 0 10 20 0 10 20
Distance along dip [km] Distance along dip [km] Distance along dip [km] Distance along dip [km]

FI0. ABWrRER CEE - AR - BOTWTEE 7 V) OgaETE. ST, AESETE L ARTWE & OSERERT. ()
HERR bR A AR BWTRE & AT RS OYT AV AY 0 I B WS GE . (b) EERR LA R A AT O RS IC B W 25

Fig. 10. Rupture processes of the Ikoma fault system (Konda-Ikoma-Hirakata model). Dotted lines indicate the boundary between the
Ikoma and Hirakata fault segment. (a) A hypocenter is located near the bend between the Ikoma and Hirakata fault segment.
(b) A hypocenter is located near the southern end of the Ikoma fault.
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Fig. 11. Comparison of source spectra of rupture processes on the Uemachi fault system. A black line indicates that
initial stress field depends only on depth. A green line indicates that fault geometry causes heterogeneous
initial stress field. A red line indicates that heterogeneous initial stress field is estimated from average uplift
rate. We use 1-segment model and locate an initial crack near the northern end of the fault.
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