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Abstract: The Hakodate-heiya-seien Fault Zone, an active reverse fault system along the western margin
of the Hakodate Plain, mainly consists of the Oshima-Ono and Tomikawa Faults. We have conducted an
integrated survey in Hakodate Bay, as a part of the 2011 offshore active fault survey project funded by
MEXT, in order to clarify the distribution and paleoseismicity of the southern extension of the fault zone.
The survey comprises high-resolution multichannel sonic survey, ultra-high-resolution single-channel
sonic survey and paleoseismological vibrocoring. Seismic profiles show that a main active structure in
Hakodate Bay is an N-S-trending flexure indicating west-side-up motion. Along the flexure, the
Holocene and upper Pleistocene strata unconformably overlie the steeply dipping lower Pleistocene
strata. This flexure is identified as a seaward extension of the Tomikawa Fault, and can be divided into
three geometrical segments based on the trace of the flexure and its spatial change in deformation
pattern. The length of the seaward extension of the fault zone is about 12-13 km, and the overall length
attains about 26 km. Precise interpretation of the sonic profiles tied with core analysis has revealed that
some of internal reflectors within the top Holocene layer are involved in flexure deformation. Therefore,
it is concluded that the latest flexure deformation event occurred in the Holocene epoch. The vertical
separation of the top layer due to flexure deformation is approximately 3 m, and the average vertical slip
rate is estimated to be about 0.3 m/ky at the maximum.
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Table 1. Data acquisition parameters for boomer multi-channel seismic profiles.
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B 7'—=— AA300% (Applied Acoustic Engineeringtt)
HIE 200
BB B 300-3800 Hz
TR R 1.25m
=15 %
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ZEF v R E 12c¢h
SAE S P 25m
I %
PROLHE LX-110 (TEACH)
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Table 2. Data acquisition parameters for ultra-high-resolution
seismic profiles (SES2000).

T PR A L ES2000H0 @ R A5 #4  (Innomartt- )
B — AR +1.8° (0.22 X 0.22)m*
FAZEE R — AN 100 kHz
TWRJAW % ¢ 5, 6,8, 10,12, 15 kHz
2V A Mg 66 uSec~500 pSec
EHL— b K30l /sec (UK « BEEHEIZ L Y Bp D)
Ly 5m~200m
PRATVREE e RA0m (AR « JEEITHRAT)
Mg fERE  SemARE OHIBIA FIRE (B - [REITKTT)
5 BE 100kHz : 0.02m + 0.02% of Depth
10kHz : 0.04m + 0.02% of Depth
ANT —% GPS7T—# (NMEA - ASCII)
#ivt oY — DMS-05 (TSSt:Y)
AL E D-GPS (VS100, Hemispheretf:iil)
3%, FERREHAR X2 T E.
Table 3. Location of vibrocoring and core lengths.
RIEAL YHEBEM) XHEEEM) R e Tkw mEstes OO SES s
/171
No.1 31326.4 -252022.1 140°37'35.61" 41°43'49.90"  54m No.1 (40) GSH_5 &, ~EH
No.1-2 31377.8 -252012.9 140°37'37.84" 41°43'50.19"  54m No.1-2 177  GSH_5
No.2 31667.0 -252003.6 140°37'50.36" 41°43'50.45"  56m No.2 39 GSH_5
No.3 29795.4  -253561.5 140°36'29.09" 41°43'00.22"  56m No.3 94 GSH_6
No.4 29939.6 -253532.6 140°36'35.33" 41°43'01.13"  57m No.4 240 GSH_6
No.5 33094.6 -250677.7 140°38'52.40" 41°44'33.22" 55m No.5 154 GSH_4
No.6 32407.1 -251986.2 140°38'22.39" 41°43'50.91" 57m No.6 106 GSH 5
No.7 305404 -253501.8 140°37'01.33" 41°43'02.05"  63m No.7 80 GSH_6
No.8 31882.1 -253540.6 140°37'59.37" 41°43'00.60"  65m No.8 (60) GSH 6 A~#:H
No.8 31888.4 -253541.2 140°37'59.64" 41°43'00.58"  65m No.8-2 68 GSH_6
No.9 32625.2 -251913.6 140°38'31.84" 41°43'53.23" - No.9 324 GSH 5
No.10 32594.8 -251966.1 140°38'30.51" 41°43'51.54" - No.10 219 GSH 5

JGD2000- i 1B £ JEAE S 11R 2 H .
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Table 4. Locations of pit sites.

'y bk

i XPERE() YEERE(M)  E HwE EE)
1 22975.3  -255216.3 140°31'33.79" 41°42'07.39" 4.45
2 22999.9  -255241.6 140°31'34.85" 41°42'06.57" 3.49
3 23002.7  -255243.8 140°31'34.97" 41°42'06.49" 3.1
4 23037.2  -255293.6 140°31'36.46" 41°42'04.88" 2.51
5 23060.5 -255321.5 140°31'37.46" 41°42'03.97" 1.97

JGD2000- i 1. £ JEFE 55 11 % % H .

H5 K. Ao SERE .
Table 5. Acoustic stratigraphy of the study area.
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Fig. 1. Geology and active faults of the Matsumae Peninsula. Geological map is after Geological survey
of Japan (1984), active fault traces are compiled from Hirakawa et al. (2000), Japan Coast
Guard (2000), Nakata and Imaizumi ed. (2002).
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Fig. 2. Location map of boomer multi-channel seismic reflection profiles. Relief map and bathymetric map are based on
10-m-mesh DEM published by the Geospatial Information Authority of Japan and Digital Bathymetric Chart

M7006 East Part of Tsugaru kaikyo published by the Japan Hydrographic Association, respectively. Active
faults are compiled from Miyauchi and Yagi (1984), the Research Group for Active Faults of Japan (1991),
Hirakawa et al. (2000), and Japan Coast Guard (2000). The f1-f5 are fault names given by Miyauchi and Yagi
(1984). The f1, f2, and f5 faults correspond to the Tomikawa, Moheji and Morikoshi faults of the Research
Group for Active Faults of Japan (1991), respectively. We call f3 fault the Kamekawa fault in this report.
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Fig. 3. Location map of ultrahigh-resolution single channel profiles. Relief map is based on 10-m-mesh DEM published by
the Geospatial Information Authority of Japan. Active faults are compiled from Miyauchi and Yagi (1984), the
Research Group for Active Faults of Japan (1991), Hirakawa et al. (2000).
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Fig. 4. Location map of field observations on marine terraces in Saraki Cape. 1:50,000 scale geomorphic map
Hakodate in Koike and Machida ed. (2000), Atlas of Quaternary Marine Terraces in the Japanese Island,
is used for base map. An enlarged figure of the area enclosed by dashed line is shown on the right.
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Fig. 5. Submarine Topography in the vicinity of Hakodate Bay and Tsugaru Channel. Bathymetric contour map
based on Digital Bathymetric Chart M7006 East Part of Tsugaru kaikyo published by Japan
Hydrographic Association. Active faults are compiled from Miyauchi and Yagi (1984), the Research
Group for Active Faults of Japan (1991), Hirakawa et al. (2000), and Japan Coast Guard (2000).
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Fig. 6. Subbottom sediment map in the vicinity of Hakodate Bay and Tsugaru Channel compiled from the Kamiiso
fishing ground map 1:10,000 scale Kikonai fishing ground environmental map 1:25,000 scale issued by
Kikonai fisherman's cooperative association. Active faults are compiled from Miyauchi and Yagi (1984), the
Research Group for Active Faults of Japan (1991), Hirakawa et al. (2000), and Japan Coast Guard (2000).
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Fig. 7. Fault distribution in the research area based on the seismic profiles. On shore active faults are from Miyauchi and
Yagi (1984) and the Research Group for Active Faults of Japan (1991). The F1-F6 faults are offshore active fault
determined by this study. Thick blue, red, and green line show the distribution of the active flexures on base of the
A layer. The detail map is shown in Fig. 8.
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Fig. 8. Location of folds on the base of Layer A inferred by SES profiles.

22

L7455




VAR A T G o A e A R O A & TR

GSH_1 (SES profile)

W <=

EventNo.14 13 12 11

10

|

™

GSH_1 (Boomer profile)

W <=

Event No.

GSH_A

GSH_A-2

flexure ?

o
o

100

150

Two-way travel time (ms)

200

VE=10

559 B, GSH_LMUBROMERMTHE. | : SES Wik, T : 7 —~ —M¥i.
Fig. 9. Interpreted seismic section of GSH_1. Top: SES profile, bottom: Boomer profile.
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Fig. 10. Interpreted seismic section of SES_1 (top) and SES_2 (bottom).
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Fig. 11. Interpreted seismic section of GSH_2.5. Top: SES profile of GSH_1-2, middle: SES profile of GSH_1-3,
bottom: Boomer profile of GSH_1-3.
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Fig. 12. Interpreted seismic section of GSH_2. Top: SES profile, bottom: Boomer profile.
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Fig. 13. Interpreted seismic section of GSH_2.5. Top: SES profile, bottom: Boomer profile. An enlarged figure of the
area enclosed by dashed line is also shown.
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Fig. 14. Interpreted seismic section of SES_6 (top) and SES_7 (bottom).
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Fig. 15. Interpreted seismic section of GSH_2.5. Top: SES profile, bottom: Boomer profile. An enlarged figure of the

area enclosed by dashed line is also shown.
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GSH_4 (SES profile)
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Fig. 16. Interpreted seismic section of GSH_4. Top: SES profile, bottom: Boomer profile. An enlarged figure of

the area enclosed by dashed line is also shown.
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SES_15 (SES profile)
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Fig. 18. Interpreted seismic section of SES_15 (top) and SES_10 (bottom).
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GSH_5 (SES profile)

W GSH E GSH_B-2 SES 21 =p
20, 19 18
= : 17 _16 15 14 13 12

Event No.

40

50

60

Depth (mbsl)

70

GSH_5 (Boomer profile)

35
|

% 19X, GSH_5 MMk, & : SESWiw, T : 7 —~—Wid. R CHEN -0 KK %
b TRT.

Fig. 19. Interpreted seismic section of GSH_5. Top: SES profile, bottom: Boomer profile. An enlarged figure of the
area enclosed by dashed line is also shown.
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Fig. 29. Interpreted SES profile of GSH_5 and columnar section of cores. Conventional ~°C ages (yBP) are shown in
italics. Values enclosed by parentheses indicate **C sampling depth (m) from the top of core.
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Fig. 30. Interpreted SES profile of GSH_6 and columnar section of cores. Conventional **C ages (yBP) are shown in
italics. Values enclosed by parentheses indicate *C sampling depth (m) from the top of core.
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