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Heterogeneous slip and stress drop distribution for scenario
earthquakes on active faults based on paleoseismological data
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Abstract: Active Fault Research Center, GSJ/AIST conducts a project of ground motion estimation in the
Osaka sedimentary basin, southwest Japan, from scenario earthquakes that would cause considerable
damage in the region. Our ground motion estimation is characterized by a detailed 3D subsurface structure
model of the basin and rupture scenarios generated by dynamic simulations based on geological data of
active faults. Here we present a method for estimating heterogeneous rupture of scenario earthquakes based
on displacement distributions of past earthquakes. We assume that long-wavelength components of
heterogeneity in rupture process are stable over geological (10°yrs) time hence slip distribution of future
earthquakes can be estimated from past earthquakes. First, we estimate coseismic slip distribution of a
scenario earthquake by assuming that coseismic slip varies along the fault strike in a way similar to
cumulative displacement on ground surface and the average uplift rate. The coseismic slip distribution thus
estimated is converted into static stress change, which is then incorporated into the dynamic rupture
simulation as a variation of initial stress (Kase et al., in this report). We apply this method to the Uemachi
fault, a 45-km-long reverse active fault system, beneath the Osaka sedimentary basin. If we assume that
earthquake recurrence is constant along the fault strike, two peaks in the cumulative slip distribution indicate
asperities of the past earthquakes. Ground motions up to 1 Hz are computed in the 3D Osaka basin structure
by using the 3D finite difference method. The heterogeneous initial stress drop controls simulated rupture
process and the effect is directly reflected in the computed ground motion distribution. Long-wavelength
(>~10km) heterogeneity of rupture process can be deterministically constrained by paleoseismological data,
but shorter wavelength heterogeneity needs to be estimated by other data or modeled stochastically.
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Table 1. Cumulative vertical displacements of key layers and estimated average uplift rates of the Uemachi fault system
from seismic reflection surveys, boreholes and displaced Pleistocene terraces .

Site Lon. Lat. Layer Cumulative Uplift rate Reference
(deg) (deg) displacement (m/ky)
(m)

Seismic reflection surveys
Fuchu 135.443 | 34.4692 FT* 315 0.18 | Horikawa et al.(2003)
Fuchu 135.443 | 34.4692 Ma-1 255 0.20 | Horikawa et al.(2003)
Fuchu 135.443 | 34.4692 Ma3 220 0.26 | Horikawa et al.(2003)
yamato west 135.456 | 34.6009 0.25 | Sugiyama et al. (1998)
yamato east 135.5 | 34.5904 0.15 | Sugiyama et al. (1998)
Sakai2 135.449 34.536 FT* 195 0.11 | Horikawa et al.(2003)
Sakai2 135.449 34.536 Ma-1 130 0.1 | Horikawa et al.(2003)
Sakai2 135.449 34.536 Ma3 90 0.11 | Horikawa et al.(2003)
Sakail 135.484 | 34.5588 Mal0 55 0.17 | Horikawa et al.(2003)
Sakuragawa 135.495 34.665 Mal 260 0.24 | Mitamura and Yoshikawa (1999)
Sakuragawa 135.495 34.665 Ma3 210 0.25 | Mitamura and Yoshikawa (1999)
Sakuragawa 135.495 34.665 Ma6 160 0.26 | Mitamura and Yoshikawa (1999)
Ten'noji 135.5115 34.65 | basement 0 0 | Horikawa et al.(2003)
Boreholes
OD2 - OD1 135.532 | 34.6973 Ma-1 477 0.37 | Mitamura and Yoshikawa (1999)
OD2 -0D1 135.532 | 34.6973 Ma3 369.8 0.44 | Mitamura and Yoshikawa (1999)
OD9 - OD1 125.524 | 34.6788 Mal 403.5 0.37 | Mitamura and Yoshikawa (1999)
OD9 - 0D1 125.524 | 34.6788 Ma3 334.9 0.39 | Mitamura and Yoshikawa (1999)
OD9 - OD1 125.524 | 34.6788 Ma6 262.8 0.42 | Mitamura and Yoshikawa (1999)
OT - 0OD1 135.523 | 34.6814 Ma-1 478.6 0.37 | Mitamura and Yoshikawa (1999)
OT - 0D1 135.523 | 34.6814 Ma3 362.6 0.43 | Mitamura and Yoshikawa (1999)
OT - OD1 135.523 | 34.6814 Ma4 346.2 0.44 | Mitamura and Yoshikawa (1999)
YU -0OD1 135.515 | 34.6547 Ma-1 378 0.29 | Mitamura and Yoshikawa (1999)
YU -0D1 135.515 | 34.6547 291.2 0.34 | Mitamura and Yoshikawa (1999)
YU -0OD1 135.515 | 34.6547 Ma7 222.3 0.39 | Mitamura and Yoshikawa (1999)
Kumedaike 135.4248 | 34.4458 Ma6 166 0.27 | Osaka Prefecture (1999)
Pleistocene terraces
Line 1 135.4983 | 34.5973 | AT tephra 5.5 0.24 | Osaka Prefecture (1999)
Line 2 135.4958 | 34.5877 | AT tephra 6 0.26 | Osaka Prefecture (1999)
Line 3 135.4868 34.57 | AT tephra 2.2 0.09 | Osaka Prefecture (1999)
Line 4 135.4833 | 34.5597 | AT tephra 5.5 0.24 | Osaka Prefecture (1999)

* Fukuda tephra

2
Table 2. Depositional age of key layers used for estimating average uplift rate.
Layer Depositional age (Ma) Reference
AT tephra 0.0234 Osaka Prefecture (1999)
top of Mal0 0.33 Uchiyama et al.(2001)

bottom of Ma7 0.577 Uchiyama et al.(2001)
bottom of Ma6 0.621 Uchiyama et al.(2001)
bottom of Ma3 0.85 Uchiyama et al.(2001)
bottom of Mal 1.077 Uchiyama et al.(2001)
bottom of Ma-1 1.3 Uchiyama et al.(2001)
basement rock 12
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Left: Surface trace of the Uemachi fault system (bold line) and location of the borings, seismic reflection surveys and
displaced Pleistocene terraces. Middle: Spatial variation of the average uplift rate across the whole deformation zone of the
Uemachi fault system deduced from difference of depth of Ma3 layer (gray line). Circles, rectangles, and triangles indicate
data of average uplift rate deduced from boring, seismic reflection survey and vertical offset of terrace surfaces, respectively.
Right: The same as the middle frame, but assuming that the fault plane is divided into two segments and the average uplift rate
is traced along each segment. The difference of the average uplift rate outside the overlapping of the two segments, e.g., in the
range from 10 to 17 km along the north-south axis, between the middle and the right frames is due to the deformations off the
traces, which are included in the middle frame but excluded from the right frame for the estimation of average uplift rate.
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Slip variation in the downdip direction. Slip tapers by cosine function near the bottom of the seismogenic zone. Shallower portion is
similar to the slip distribution of a simple rectangular fault without surface rupture.
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Fig. 7. Synthesized vertical displacement at the Shin Yodo River borehole site (GSJ/2002 site in Fig. 2), where
about 2.5 m coseismic vertical slip was identified. For the displacement synthesis we assumed final slip
distribution varying similar to the uplift rate distribution shown in Fig.5 and the downdip slip variation
shown in Fig. 6. The amplitude of the final slip distribution model is tuned so that the synthesized vertical
displacement to be about 2.5 m.
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Fig. 8. Final slip model and static stress drop model for the Uemachi fault system. The open arrows on the static stress distribution
indicate the static stress drop vectors at the starting point of the arrows. Left: For the case in which the whole fault plane is
assumed to be one continuous fault plane. Right: For the case when the fault plane is assumed to be divided into 2 segments.
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Fig. 9. Total slip and rupture time distributions of rupture scenarios and the peak ground velocity (vector summation of three
components) distribution from the rupture scenarios in the three dimensional Osaka sedimentary basin structure
model. (a) The case when the fault plane is a single segment and a hypocenter (star) is assumed near the northern
margin of the fault system. (b) The case when the fault plane is a single segment and a hypocenter is assumed near the
southern margin of the fault system. (c) The case when the fault plane consists of two segments and a hypocenter is
assumed near the northern margin of the fault system.
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