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3D velocity structure model of the Ishikari and YUufutsu sedimentary basins
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Abstract: We developed a three-dimensional (3D) velocity structure model of Ishikari and Yiaifutsu
sedimentary basins for calculation of long-period ground motion. The geologic structure model of the
sedimentary basins is developed using geologic map, reflection/refraction surveys, gravity and borehole
data. A velocity structure model is constructed by using seismic velocities from boreholes and SPAC
microtremor surveys. This model is refined by using coda R/V (Radial/Vertical) spectra of weak ground
motions from small and medium earthquakes. We simulated 3D wave propagation in the velocity
structure model with 3D finite-difference method for a small earthquake. The simulated waveforms

agree well with the observed ones.
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1R, SR OB = ALMERT tds JOEIUACORT (TLRIH, 1992; ALifEiER %R
JREHEOKPESRD « ALEE N N ETRFAALT, 1998; [, 2003, 2004) .
Table 1. Stratigraphy of Quaternary and Pliocene layers in the Ishikari and Yafutsu plains
(after Ebetsu city, 1992; Hokkaido Development Beaureau and Geological Survey of

Hokkaido, 1998; Oka, 2003, 2004).

HELRER A TOHEL FLIE L] T-rk /N
SEFTHE: SEFH SEFHT SERTHE SEFHT
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HEs = fisfgr it ERETE PEEFJE - 4 i EylE] 15 LA e - A SRS
H2 K RV LD MBI ROVES (m).
Table 2. Depth of geologic formations derived by boreholes in meters.
A4 U 35 OV S G EE (m)
FEFLIESK-1D | Q 300 To 678 Mo 1228 Bn 2005 At 2422 Ps 2518 Jo 3305
PE K SK-1 0 439 To 754 Mo 1346 Bn 1811 At 2584 Ps 2937 Jo 3503
JiiFPNSK-1 Q 215 To 668 Mo 1405 Bn 2412 At 3032 Ps 3301
P 42N SK-1 Q 545 To 1205 Mo 1800 Bn 1967 At 2693 Ps 2870 Km 3427
W AnSK-1 O+Nn 975 Br 1033 Tk 2050 Mn 2206
PEEIESK-3  [Q+Nn 580 Br 1197 Tk 1525 Mn 3584 Po 4005
F=7SK-1 Fr 200 Tk? 1833
B$ASK-2 Q 991 Nn 1252 Br 1780 Tk 3288 Po 3849 Is 4550
FAEHASK-2D | O 860 Nn 1188 Br 1656 Tk 2516 Mn 3306 Po 4038 Is 4760 Km 4825
B HASK-1 Q 860 Nn 1172 Br 1635 Tk? 3260 Po 3968 Is 4610
)11 SK-4 0 370 Nn 465 Br 1435 Fr 2494 Tk? 4305
B/ NEGA-1 Q 970 Nn 1335 Br 2150 Tk? 3503
B & -1 Q 1250 Nn 1973 Fr 2087 Tk? 3440
BHAHB-1 Q 440 Nn 908 Br 1961 Fr 2515 Tk 2866 Po 3270 Is 4000
BAPB-4 Q 524 Nn 1032 Br 1734 Fr 2024 Tk 2233 Po 2742 Is 2877 Po 2945 Is 3543
i5)117hA-1 Br 936 Fr 3085 Tk 3765
21 Q 453 Nn 700 Br 1400 Fr 3740
FHEASK-1 Q+Nn 1373 Ms 1448 Yu 1749 Ur 2001
—DIRSK-1 Q+fNn 833 Ms 953 Tg 1073 Yu 1979
B -HJIR-1 Kt 212 Wk 527 _Mp 617 _Km 972
Q  FMFR
To %4518 Kt F=lEE
Mo kg Nn 7388 Ms HiEfE Wk HEPE
Bn HEDRE Br FHUS-%E Te KTE  Mp HiE
At JEHE Fr E#E
Ps  FFZETRHNE
Jo EINEEHE Tk WO LE Yu =—RuE
Mn FEWHE
Po WEANE
Is  AAFERE Ur [NEEEE
Km FRAR 8
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Table 3. Stratigraphy for the Ishikari and Yafutsu plains used in this study.
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Table 4. Medium parameters.
J& Vp (km/s) Vs (km/s)  #JE (g/cm3) Qs
1 SERTHE~ A ER B ETRE 1.760 0.400 1.980 50
2 TR T 2.090 0.722 1.980 80
3 REFTHT 2.620 1.196 2.060 100
4 R AT 3.210 1.725 2.270 150
5 FRE R RS 4.070 2.350 2.410 200
6 TEEHH (/) —1%7) 5.420 3.131 2.570 300
7 =R 3.410 2.000 2.360 200
8  HHLARR L O Lk EE 4.670 2.700 2.580 270
9 oA 5.780 3.400 2.770 340
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Fig. 1. Bouguer anomalies in Hokkaido (Assumed density is 2.67 g/cm’, Geological Survey
of Japan, 2000). Rectangular indicates the area that the detailed model has been
made in this study.
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Fig. 13. Distribution of P-wave velocities of layers derived from borehole logging.
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Fig. 16. (Left) Comparison of phase velocities obtained by microtremor array observation at TIP (Kunimatsu e#
al., 2005), theoretical phase velocities calculated from the initial velocity model (blue) and theoretical
phase velocities calculated from the modified velocity model (red). (Right) Velocity profiles at TIP from
the initial model (bule) and the modified velocity model (red).
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Fig. 17. (Top left) Comparison of R/V spectra obtained from the observed records at HKD129 (gray), the avarage
spectra of them (black), the theoretical H/V spectra of the fundamental (dotted red), first higher (dotted blue),
second higher (dotted green) Rayleigh wave calculated from the modified velocity structure, and the weighted
avarage of them based on relative amplitude (pink). (Bottom left) Relative amplitude of the fundamental, first
higher and second higer modes of Rayleigh waves. Colors are same as in top left panel. (Top right) The
modified velocity structure model at HKD129.
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Fig. 18. Contour maps of elevations of the upper boundaries for Q1 (upper Quaternary; same as topography), Q2
(lower Quaternary), P1 (Pliocene), UM (Late Miocene), MM (Middle Miocene), GrTf (Green tuff), PG
(Paleogene), K (Upper Cretaceous), and seismic bedrock.
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Fig. 19. Comparison of velocity ground motions of observed records (Obs.), calculated waveforms from the initial model (Ini.) and
modified model (Mod.) for M4.9 event occured in Urakawa-oki.
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Fig. 21. Ground motion at the ground surface for the model with the eastern fault

dipping 90°. Upper panel shows amplitude ratios to the incident wave. Middle
panel shows velocity structure. Lower panel shows ground motions for plain
SH wave vertical incidence of 1 Hz Ricker wavelet.
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Fig. 22. Ground motion at the ground surface for the model with the eastern fault
dipping 45°. Upper panel shows amplitude ratios to the incident wave. Middle
panel shows velocity structure. Lower panel shows ground motions for plain
SH wave vertical incidence of 1 Hz Ricker wavelet.

49 . [—oofE 1Hz }
N 1 A} | —ssizstiE s
%3'2 IS WA A w\""l ’\'A M .
2. A
] 2
15
1
05
0 L 2

0 10 20 30 40 50 60 70 80 90 100 110 120 130
EERE (km)

40

6 — 90 0.5Hz
5 |—— 45EEHIfE 0.5Hz
» ™y "\,qu'A
& v Al |
£ VT Y
2 Y
1
o o
0 10 20 30 40 50 60 70 8 90 100 110 120 130 140
BERE (km)
6 ——90F 0.2Hz
5 — A |~ 45EEBUFRE 0.2H:
/7 \f \""‘/\/‘\A A
g W
Ho N
3 VY
Wz v ~\ PN
1
0 °
0 10 20 30 40 50 60 70 8 90 100 110 120 130 140
BEHE (km)

H23 M. ARENE MERAM AN, B OERAE 45° L
90° |2 & L7 & DR RARIR DO L.

Fig. 23. Comparison of maximum amplitude ratios of ground
motions at the surface between 45°and 90° fault dippings.
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