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Abstract: We newly developed a three-dimensional subsurface structure model of the Osaka sedimentary
basin, southwest Japan. The model was constructed by integrating both geophysical and geological data such
as seismic reflection survey, borehole, and gravity anomaly data. First, we set several faults, and divided the
subsurface into several blocks. This procedure allows precise representation of a wedge structure where a
basement rock thrusts over a sediment layer. Then, we inferred the shape of several key horizons and the
basin floor for each block, assuming that each layer and the floor were continuously distributed within a
block. P-wave velocity of the sediment layer was estimated from an empirical formula that relates the
velocity to buried depth and time since deposition. The empirical formula was derived from seismic
reflection data and our geological model. Finally, S-wave velocity and density were derived from P-wave
velocity on the basis of a poroelastic theory. Comparison of our model with other subsurface structure
models shows several differences, reflecting the difference in the methodology. Numerical simulations of
ground motions with the present subsurface structure model were conducted for small earthquakes to
examine the validity of the present model. Although body waves propagating beneath the Osaka plain were
reproduced well, an amplification observed at a station in the Kobe area, the western margin of the basin,
was found to be overestimated. This suggests that the velocity of the sediment layer beneath the station was
underestimated. Basin-induced surface waves are clearly observed in the Osaka Plain, the eastern part of the
basin, but our subsurface model underestimated the amplitude.

3
Keywords: subsurface structure, Osaka sedimentary basin, geologic structure, basin-induced surface wave
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Latitude (North) Longitude (East)

SW edge -205000.0000 -110000.0000 34°08°45.64” 134°48°25.39”
SE edge -205000.0000 -20000.0000 34°09°05.82” 135°46°59.09”
NE edge -120000.0000 -20000.0000 34°55°04.81” 135°46°51.90”
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*The Japanese plane rectangular system is based on the Tokyo Geodetic Datum (1987), and the transverse Mercator
projection is used in this system. The origin of the rectangular system depends on the area to be projected. In this case the
origin is 36.0000°N and 136.0000°E. The SW edge is the origin of the coordinate used in the subsurface structure model.
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1 3
Table 1. Names and dip angles of respective block boundaries assumed in this study. See Fig. 3 for their locations.

No. Name of block boundary (in English) Dip angle
1 — - Arima-Takatsuki fault zone — Ougo-Arino fault 90°
2 Northern margin of Senri Hills - Itami, Koyaike fault 90°

- zone
3 Ikoma fault — Hirakata fault 45°E
4 ( ) Western rim of the Ikoma mountains (tentative name9 45°E
5 Katano fault 45°E
6 Butsunenji-yama fault - Uemachi fault 80°E
7 Sakuragawa monocline — Suminoe monocline 80°E
8 Oosaka-wan fault 80°W
9 Nishinomiya monocline — Koyo fault - Obayashi fault 45°N
10 Tsuna-oki fault 90°
11 Rokko Mountain tonan'en fault zone - Kariya-oki fault 75°W
12 Wada-misaki monocline 70°W
13 Ashiya fault 60°W
14 Median Tectonic Line fault zone 45°N
15 ( ) Eastern margin of the Otoko-yama hills (tentative name) 80°WwW
16 Takatsuka-yama fault — Nojima fault 80°E
2 P ) 9
Table 2. Values of coefficinets in equation (2) for estimating P-wave velocity in the sediment from time since deposition
and burial depth. The location of each region is displayed in Figure 9.
Region | Vo a b

1 1440 | 9.163 | 0.3778

2 1440 | 11.46 | 0.3571

3 1220 | 64.31 | 0.2479

4 1260 | 138.5 | 0.1860

5 900 |431.4 | 0.1154

6 1280 | 152.3 | 0.1608

7 -1500 | 2816 | 0.0251

3 3

Table 3. Hypocentral parameters of the earthquakes used in numerical simulations with the three-dimensional subsurface structure
model. Focal mechanisms are after manually determined CMT solution of NIED.

Origin time | Latitude | Longitude Depth Moment Strike Dip Rake
(JST) (N, deg.) (E, deg.) (km) magnitude | (deg.) | (deg.) | (deg.)

2000/5/16 34.966 135.501 15.1 4.2 146 75 20
2001/8/27 34.534 135.676 7.9 3.9 39 59 131
4
Table 4. Crustal model outside the basin assumed in the numerical simulations.
Top depth Vp Vs Density Qs
(km) (km/s) (km/s) (g/cm3)

Variable 5.5 3.1 2.6 200

3.0 6.0 3.5 2.7 300

15 6.6 3.8 2.8 400

237



YRR - KEPIESS - ALt - T iis - B ORT - ke - 2
MU - REEEL - BURPEM - S50 76 - AEHZSHET - Arben Pitarka

u bo—
44° T
42° / ¢
40°
-Study Area _

1400
1000
600
400

~< 200

100
[ 60

40
20
- 10

= 0

B, 7 /LR OALE .
Fig. 1. Map showing the location of study area, Osaka sedimentary basin.
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Fig. 2. Geologic sections and ages used in this study. Ma with a number stands for a marine clay bed.
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Fig. 3. Map showing the locations of borehole sites and the reflection-survey lines. Solid circles show borehole sites that
reach a basement rock while open circles show borehole sites that do not. Black thin lines are survey lines of

which data were reanalyzed in this study, while white lines are survey lines of which data were not reanalyzed
but the results were referred.
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Fig. 4. Contours of Bouguer anomaly. The assumed density is 2.67 g/cm3. The contour interval is 2 mGal.
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Fig. 5. Map showing the locations of block boundaries assumed in this study. Red lines stand for faults, block
boundaries with a vertical offset, and blue dashed lines stand for the block boundaries without a vertical offset.

Numerals are attached to each block boundary given in Table 1.
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Fig. 6. Distribution of depth to the top of basement.
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Fig. 7. Depth variations of key horizons. (a) Fukuda tephra horizon, (b) Ma-1 horizon. White zones represent
that the correlative horizon does not exist.
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Fig. 7 (continued). Depth variations of key horizon s. (¢) Ma3 horizon, (d) Mal0 horizon. White
zones represent that the correlative horizon does not exist.
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Fig. 8. Comparison of P-wave velocities calculated from empirical formulas with those from
velocity analysis of seismic reflection data. (a) P-wave velocity from the empirical
formula after Horikawa et al. (2002) versus P-wave velocity from seismic reflection
data, (b) P-wave velocity from the empirical formula newly developed in this study
versus P-wave velocity from seismic reflection data.
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Legend
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Fig. 9. Map showing the division of the model space on the estimation of P-wave velocity in the sediment. The estimation was
done with equation (2) with different pairs of coefficients given in Table 2. Each different color corresponds to each
different pair of coefficients.
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Fig. 10. Relation of P-wave velocity calculated from the formula (2) to age (T) and depth
(D) of the sedimentary beds, formulated as log (T*D), for each region shown in
Fig. 9. (a) Osaka plain, (b) Kobe area.
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Fig. 11. Cross sections showing S-wave velocity distribution. (a) NS cross
section across the Osaka Plain (x=62 km), (b) EW cross section
across the Osaka Bay (y=45 km), (c)-(e) cross sections across the
Rokko mountains and Kobe area. Cross sections (c¢) and (e) go
through near stations MOT and SMA, respectively. (f) EW cross
section of Tsuna-oki, off east coast of Awaji Island. White lines in
each panel mean the basin floor in Zhao et al. (2002). See the index
map shown in the lower left for the exact locations of the cross
sections.
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Fig. 12. Comparison of the depth of top to the basement between two models. (a) This study (b) Zhao et al.
(2002). (c) Difference in depth between the two models. Positive values mean that depth estimated
in this study is deeper than that of Zhao et al. (2002). The contour interval is 0.25 km for all panels.
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Fig. 13. The epicenters of the earthquakes used for calculating waveforms are shown with stars, and strong motion stations for
which waveforms were calculated are indicated by inverted triangles. The focal mechanisms of the events are also
shown with lower hemisphere projection. The base map shows the depth to the top of the basement.
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Tamba (May 16, 2000)
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Fig. 14a. Comparison of observed waveforms (upper trace) and synthetic waveforms (lower trace) from an event of May 16, 2000
(southern part of Osaka Plain). All waveforms are band-pass filtered between 0.1 and 0.5 Hz. Numerals attached to the
left of each observed waveform are the peak-to-peak amplitude of the observed one in 10-5 m/s.
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Tamba (May 16, 2000)
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Fig. 14b. Comparison of observed waveforms (upper trace) and synthetic waveforms (lower trace) from an event of May 16, 2000
(central part of Osaka Plain). All waveforms are band-pass filtered between 0.1 and 0.5 Hz. Numerals attached to the left of
each observed waveform are the peak-to-peak amplitude of the observed one in 10-5 m/s.
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Tamba (May 16, 2000)
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Fig. 14c. Comparison of observed waveforms (upper trace) and synthetic waveforms (lower trace) from an event of May 16, 2000
(northern part of Osaka Plain). All waveforms are band-pass filtered between 0.1 and 0.5 Hz. Numerals attached to the left
of each observed waveform are the peak-to-peak amplitude of the observed one in 10-5 m/s.
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Tamba (May 16, 2000)
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Fig. 14d. Comparison of observed waveforms (upper trace) and synthetic waveforms (lower trace) from an event of May 16, 2000
(Kobe area). All waveforms are band-pass filtered between 0.1 and 0.5 Hz. Numerals attached to the left of each
observed waveform are the peak-to-peak amplitude of the observed one in 10-5 m/s.
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Ikoma (Aug. 27, 2000)
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Fig. 15a. Comparison of observed waveforms and synthetic waveforms from an event of August 27, 2000 (southern part
of Osaka Plain). Upper, middle and lower traces of each pair are observed waveforms, synthetics with Q values
estimated from an empirical law of Horike (2002), and another synthetics with Q values of three times larger
than those from Horike (2002), respectively. Bold black lines added over the observed waveforms of the
vertical component indicate distinct wave packets of probable basin-induced surface waves.
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Ikoma (Aug. 27, 2000)
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Fig. 15b. Comparison of observed waveforms and synthetic waveforms from an event of August 27, 2000 (central part of
Osaka Plain). Upper, middle and lower traces of each pair are observed waveforms, synthetics with Q values
estimated from an empirical law of Horike (2002), and another synthetics with Q values of three times larger
than those from Horike (2002), respectively. Bold black lines added over the observed waveforms of the
vertical component indicate distinct wave packets of probable basin-induced surface waves.
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Ikoma (Aug. 27, 2000)
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Fig. 15c. Comparison of observed waveforms and synthetic waveforms from an event of August 27, 2000 (northern part of
Osaka Plain). Upper, middle and lower traces of each pair are observed waveforms, synthetics with Q values
estimated from an empirical law of Horike (2002), and another synthetics with Q values of three times larger than
those from Horike (2002), respectively. Bold black lines added over the observed waveforms of the vertical
component indicate distinct wave packets of probable basin-induced surface waves.
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Ikoma (Aug. 27, 2000)
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Fig. 15d. Comparison of observed waveforms and synthetic waveforms from an event of August 27, 2000 (Kobe area). Upper, middle
and lower traces of each pair are observed waveforms, synthetics with Q values estimated from an empirical law of Horike
(2002), and another synthetics with Q values of three times larger than those from Horike (2002), respectively. Bold black
lines added over the observed waveforms of the vertical component indicate distinct wave packets of probable basin-induced
surface waves.
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