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Abstract: We newly developed a three-dimensional subsurface structure model beneath the Osaka Plain,
southwest Japan, that covers the eastern part of the Osaka sedimentary basin. The model was constructed
by integrating both geophysical and geological data such as gravity anomaly, seismic reflection profiles,
and borehole data. From this information we selected marine-clay beds, volcanic ashes and a geomagnetic
polarity boundary as key markers, and inferred their distributions over the model area. We then estimated
the seismic velocity and density of the sediment layer as a function of depth and time since deposition.
The basin-floor in our model has wedge-like structures formed by repeated activity of reverse faults.
Comparison of our model with other subsurface structure models shows severa differences, reflecting the
different amount of data. Numerical simulation of ground motions using the subsurface structure
reproduced basin-induced surface waves, which were not reproduced from a flat-layered velocity
structure, but synthetic waveforms are still different from the waveforms observed in the southern part of
the plain. These discrepancies may result from erroneous modeling of the basin floor in the southern part.
In the eastern part of the plain, body waves arrive later than observed probably because of
underestimation of seismic velocity of the sediment layer.
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Appendix A
VI 36° 0' 0.0000" 136° 0
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X Y X
4 Al
Y X
X y
Al
Table Al. Coordinate values of the model region.
Japanese plane rectangular . .
coordinates* (m) Latitude and longitude
X coordinate Y coordinate L atitude (North) L ongitude (East)
SW edge -180000.0000 -64000.0000 34°22'31.68” 135°18' 14.45"
SE edge -180000.0000 -26000.0000 34°22'37.63" 135°43 2.14”
NE edge -122000.0000 -26000.0000 34°53'59.77” 135°42'55.70"
NW edge -122000.0000 -64000.0000 34°53'53.70" 135°17'58.67"

*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
originis 36.0000° N and 138.0000° E. The SW edge isthe origin of the coordinate used in the subsurface structure model.
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A2
Table A2. Dataformat of the file on atitude data.

Name Description Type Format
YINDX |Coordinate value along they axis |integer* 14
XINDX |Coordinate value along the x axis |integer* 14
HGHT  |Altitude (m) real F13.2

*Actual coordinate values in the subsurface structure model are given with (XINDX-1)dx and (Y INDX-1)dy, respectively.
Here dx and dy are the grid interval along x-axis and y-axis, respectively, and both values are 0.1 km. Description of data
format iswritten in Fortran style.

A3
Table A3. Dataformat of the file on medium constants.

Name Description Type Format
YINDX |Coordinate value along they axis |integer 13
XINDX |Coordinate value along the x axis |integer 14
ZINDX |Coordinate value along depth* integer 14

VP P-wave velocity (m/s) integer 15

VS S-wave velocity (m/s) integer 15
DEN Density (g/cm®) real F5.2
QS Q valuefor Swave integer 14

*Depth of the grid point is given as (ZINDX-1)dz+dz/2-HGHT, where dz is grid interval along depth and 0.05 km.
Description of dataformat iswritten in Fortran style.

1 2
Table 1. Faults used for block partitioning and their dip angles. See Fig. 2 for their |ocations.
No. Fault name Dip angle
(deg.)
1 Arima-Takatsuki tectonic line 90
2 Nobata fault system 90
3 Hirakata-1koma fault system 45E
4 Ikoma fault (eastern branch) 45E
5 Katano fault 45E
6 Uemachi fault system 80E
7 Sakuragawa monocline-Suminoe monocline 80E
8 Rokko-touen fault system 90
2 3

Table 2. Hypocentral parameters of the earthquake used in numerical simulation
with the three-dimensional subsurface structure model.

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

ighoollg,ﬁz& o | 3453 |13631 |71 |23 |54 (13 |38
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Fig.1. Map showing the location of study area, Osaka Plain.



y (km)

RIRCTEF O 3 YT MRS E 7L DR

w
o
L
Ty,
@)
@)
O
| wl
|
TN

>
)3
[
~
®

o< £
0 10 20 30

X (km)

F2l. WER—V 7T =& L A HERER AR OB L 07 vy 7 43 fkE0 ERIT
ARBFSE CHHEAT U 72 BOHE R PR AR, Ak ORI B RARE RO 7 % & 7 UAFRIC
FIUR LB, A ERIUTAIECRIA LA — 1 77— 2 OIS Z R~ L, FRHL
TEEREICELZ b O, HRET e v 7 3ENC Wz BB ok N L— A, WiE o4 L
(GEESEIET AT i

Fig. 2. Map showing the locations of boring sites, seismic reflection-survey lines, and faults used for block
partitioning. Green solid lines are survey lines of which data were reanalyzed in this study, while
green dashed lines are survey lines of which data were not reanalyzed but the existing results were
referred. Open circles show boring sites at which basement rock was not found while red circles
show boring sites that reached basement rock. Blue lines stand for the intersections of the ground
surface and faults. Each numeral is attached to each fault given in Table 1.




YRGS« AKEREFS - Ferrfdn - BIOARF - e - AZ1I0kE— - BEH # - REEIEJL - Arben Pitarka

Geologi
col08Ie | Age Geologic Units | Key Beds

Age (my)
Holocene Alluvium Ma 13
Terrace
Deposits
0.3 'y m— Ma 10
Upper
Part
Pleistocene Ma 3,
0.85 % — — Azuki tephra

53
o
Lower (‘5‘
13 Pat . = __ e Ma -1
<
4
<
S
1.7 1 — — — |mmmm Fukuda
A tephra
Lowermost
26 Part (Gauss/Matuyama
' Boundary)

osene \if\f\lvm

5.3
. NAANANANANAN
Miocene ~
Nijo and
¢ Kobe Groups
ava’a’a’a%
Paleogene
65 aaa’aa%
Pre-Tertiary Basement
Rocks

Fi3IX. AR TR Lo HUE 8 P X 5y & AR Maldiffplohs T, ST o Adailiy v B R &R,
Fig. 3. Stratigraphic divisions and ages used in this study. Ma with a number stands for a marine clay bed. A dash-
dotted line displays the Gauss/Matuyama geomagnetic polarity boundary.



FBEEF 0> 3 YR T IR 1 57 L DAERE

0 10 20 30

X (km)

poguer NN | ||
Anomaly 40 0 10

20 30 40 50 mGal

A EOBNNE T =7 —REOHMN. BRRZE < TRY. RO LIZHEEI 2.67 glom3 .
Fig. 4. Contours of Bouguer anomaly with observation points shown with crosses. The assumed density is 2.67 g/cm3.



- BEM ¥ - KEEIEJL - Arben Pitarka

Y VIBE R - REPIETS - Erriis - BRI AR - s - A2 1L

“S/w Ul K1190[9A dABM-J J0J PUB)S 2INSY dU} UI S[RISWNN

I )} PUE}S 9 I
‘our] Aoains oy 10y g ‘S1 99 -o[gyoid oy uo umoys o1e spaq Aoy JO SUOZLIOY Paynudp] ‘(L661) B 10 emeowrys £q
uoo-d; .

PaoNpuod A[euIS1Io sem A9AINS UONOOPSI O], J[Ney BWOY] oY) SS ayoid orwsies pa

0 AJjeurst I 1 oloe 1d orwstas 9Au0d-yydap pazAjeueay ‘¢ ‘814
(/W) FFH d A WDEL D & T2V FRIEE O BZK ¢ ERETREN X RE FEI
Bl oMY NHIGWTZEH LB N Wil 2 £ —LF¥HO (Loe6l) <CEII(L "HIGM X O RIGET B S H

(w) @oue)si(] [eIuoZIIOH

- = ._w.\lll e e e S
- b .I.I.lrl _i. . —— - -
e ...u.ua}..nwnl S 0) JUSUIOSEq S,

= tl\l{“!l i}m’ﬁ
- — ——

e s ey

o o - - - }U.I'_....flf”.r -
oA CS T e e o 0051

U_Wt......_...l..af.l.l..lhlﬁl ....r...uﬂll..e.._r. —— -
e e e s RN




KBCFEF 0 3 Y TE IR E 7L DAERL

§/-1;/\w
P ]
°© ]
§-2-_ _
< ] :
] all
-3 - - ' ' T ' ' ' ' T ' ' ' ' T ()
0 10 20 30
X (km)
.

Altitude (km)

0 10 20 30

(Horizontal) : (Vertical) = 1:5 Top of Ma 10
Bottom of Ma 3

Bottom of Ma -1

Fukuda tephra
Gauss/Matuyama boundary
Top of Miocene series

Top of basement rock

6. 2R ITHVE RS T L. (a)y=15km, (b) y =30 km.
Fig. 6. Two-dimensional geologic structure models. (a) y = 15 km, (b) y = 30 km.



- BRH  # - REFEML - Arben Pitarka

R

- B O ET - sl

< KEFETS - AEVTIETG

ETIIES

jusweseq jodol [
sallas auasolp jo do| l

elyda] epnyn4y

L- E|N JO Wojjog

Aiepunoq ewefnjep/ssnen I ¢ BN Jo wopog
0L e jo doy
spuefie]
welsAg walsAs
line4 ewoy| Hned 1yoewan

W

waishs
yne ewoy| |

SUIBJUNON BLOY|

‘Keg e3eSQ WO MIIA JSBY ‘[OpOw
Ionys J130[09F [BUOISUSWIP-99IY} AU} JO uonezijensia jo ojdwexo uy £ ‘81

O UY LM QLMY A O LR EICON € K| L

walsAg jne4
ueno] -ox3oy

auIT 21Luol08|

PNSieNEL-BWLY

Ill.\‘h\l.l.\lr = SUIBUNON

NS}asnyoH



RERFEF 0 3 R ITCHIAME 1EE 7 /L OVERL

R EEEEE EEEEREE TS RN RN

50

IIIIJIIIIIIIII‘II

40

lll‘ll-ll]'l'ill LI I lIIFI llll‘ll‘lllll

10

F 8 M. JHRE L OERE S, IKEAOES TITAMEREHEL L T\ D, MEhEl
WA OAE (o), WHHEOXIG & LIcMEOER (), EEE2FHE L8
AO(V) boRUTz. SEREE (FEERE) o/ TIoRd.

Fig. 8. Distribution of depth to the top of basement. Basement rock is exposed at the
ground surface in gray areas. The observation points of seismic micro tremor (circles) are
also plotted. The epicenter of the earthquake used for calculating waveforms is shown
with a star, and strong motion stations for which waveforms were calculated are indicated
by inverted triangles. The focal mechanism of the earthquake is shown in the lower right
with lower hemisphere projection.
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S-wave Velocity along y = 32 km
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Fig. 9. S-wave velocity structure along y = 32 km.
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Fig. 12. Flat-layered subsurface structure used for comparison of waveforms shown in Fig. 14.
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Fig. 13a. Snapshots of particle velocity (EW component). The lowest right panel shows the depth to the top of basement (same as Fig. 8).
Black lines in each snapshot delineate the basin edges, where the depth to the top of basement is 0 m.
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Fig. 13b. Snapshots of particle velocity (NS component).
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Fig. 13c. Snapshots of particle velocity (UD component).
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Fig. 14a. Comparison of observed waveforms (upper trace) and synthetic waveforms (middle and lower traces) in the southern part
of the Osaka Plain. The middle trace is calculated with the three-dimensional subsurface structure while the lower one is
calculated with the flat-layered subsurface structure shown in Fig. 12. All waveforms are band-pass filtered between 0.1 and
0.3 Hz. Numerals attached to the left of each observed waveform stand for the peak amplitude in 10~ m/s.
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Fig. 14b. Comparison of observed waveforms (upper trace) and synthetic waveforms (middle and lower traces) in the western part
of the Osaka Plain. The middle trace is calculated with the three-dimensional subsurface structure while the lower one is
calculated with the flat-layered subsurface structure shown in Fig. 12. All waveforms are band-pass filtered between 0.1 and
0.3 Hz. Numerals attached to the left of each observed waveform stand for the peak amplitude in 10~ m/s.
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Fig. 14c. Comparison of observed waveforms (upper trace) and synthetic waveforms (middle and lower traces) in the eastern part of
the Osaka Plain. The middle trace is calculated with the three-dimensional subsurface structure while the lower one is
calculated with the flat-layered subsurface structure shown in Fig. 12. All waveforms are band-pass filtered between 0.1 and
0.3 Hz. Numerals attached to the left of each observed waveform stand for the peak amplitude in 10~ m/s.
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Fig. 14d. Comparison of observed waveforms (upper trace) and synthetic waveforms (middle and lower traces) in the northern part
of the Osaka Plain. The middle trace is calculated with the three-dimensional subsurface structure while the lower one is

calculated with the flat-layered subsurface structure shown in Fig. 12. All waveforms are band-pass filtered between 0.1 and
0.3 Hz. Numerals attached to the left of each observed waveform stand for the peak amplitude in 10~ m/s.






