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Paleoseismic activity of the Sarobetsu fault zone, off Bakkai, Wakkanai city,
northwest Hokkaido
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Abstract: The 44-km-long Sarobetsu fault zone, extending along the coast of the Sarobetsu marshland,
northwest Hokkaido, consists of east dipping blind reverse faults and fault related folds. We conducted
a marine geological and geophysical survey offshore the Sarobetsu fault zone to clarify the activity and
characterization of recent faulting. The survey comprised 23 lines of high-resolution single-channel
seismic surveys using sub-bottom profiler “Chirp sonar” as well as vibrocoring off Bakkai. In addition,
we performed ground penetrating radar imaging of the subsurface of the emerged beach ridge that
formed because of the coseismic uplift along the Sarobetsu marshland. The high-resolution seismic
reflection profiles revealed the flexural deformation of the Holocene marine sediments on the forelimb of
the Yukuru anticline off Bakkai. The precise interpretation of the seismic reflection profiles in
conjunction with 14C dating of samples obtained by vibrocoring shows that the active blind reverse fault
off Bakkai ruptured at least twice in the Holocene period. An older event occurred approximately 8,000
years ago, and a younger event occurred after about 5,000 years ago. Similar deformation of the
Holocene sediments was observed on the forelimb of the Penke anticline to the southwest of the Yukuru
anticline; however, there are no age data. On the basis of the onshore and offshore deformation structures

along the Sarobetsu fault zone, the last deformation event occurred during the last 5,000 years.
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%53 %%, OSL EUHIEEHE BUEE .
Table 3. Depth of the samples for OSL dating.

EWEZ HE (em) |HE

WKS-II-1 57-63

WKS-II-2  [385-391

WKS-II-3  [270-276

WEKN-I-1 190-193 R 180 cmlZ A

WKN-I-2 155-158

WKN-I-3 155-158 135 cm "“CaUE}

WKN-I-4 125-128

WKN-TI-1 ~ [190-193 140 cm “CEUE}

WKN-III-0  [90-93

WKN-III-1  [150-153

A F. KU R SR A E RS S

Table 4. Results of radiocarbon dating of cores from off Bakkai.

— Stpo— Stk P+ ?m‘j 7 g e *%ﬁm‘lyz;(; HERE 6/103 %ﬁm;&; EEN RN (f;ig};)ma%’@ﬁl)

Nol-2-103 | Beta-335847 A (THH) 1.03 704040 2.6 741040 7940-7790 HidgeM: LS —HHIEAR=0

Nol-2-163 | Beta-335848 A 1.65-1.75 NA NA 7570+40 8120-7940 Hulsetk L S — 4 IEAR=0
WK | Nol-2-183 Beta-335849 H (KA 1.85-1.95 734040 0.0 775040 8310-8140 Hidge M L S — 4l IEAR=0

Nol-2-403 Beta-335850 H (kR 4.05-4.15 7860+40 -0.2 8270+40 8960-8650 Hi s LS —H IEAR=0

No2-2-034 Beta-342542 |H (¥~ # A F}) 0.34 390430 -1.9 770430 470-320 HUw Mk LY S —Hfi IEAR=0
. WKN_ 13 135 Beta-330458 KA 135 390430 -25.1 390430 510-430, 380-360, 360-320
kst 310-270, 210-190, 190-150,

WKN_II1_140| Beta-330459 KA 1.40 270+30 -28.1 220430 10195051

5k FILROEGAR,

Table 5. Elemental content, water content and dose rate.

KB XN B RD T FH &

Th U K R THIAR | SEMIRE
B ppm ppm % &Kl | mGylyr Gy mGy/y
WKS-II-1 6.3 1.13 1.74 4.15 0.64 0.18 0.82
WKS-II-2 5.76 0.88 1.7 6.95 0.81 0.18 0.99
WKS-II-3 5.86 0.74 1.88 6.38 0.84 0.18 1.02
WKN-I-1 5.87 0.67 1.67 4.56 0.81 0.18 0.99
WKN-I-2 6.29 0.71 1.79 7.41 0.84 0.18 1.02
WKN-I-3 3.99 0.67 1.56 6.95 0.69 0.18 0.87
WKN-I-4 5.66 1.19 1.81 20.87 0.77 0.18 0.95
WKN-II-1 5.85 0.59 1.57 20.93 0.7 0.18 0.88
WKN-III-0 4.82 0.78 1.52 21.7 0.66 0.18 0.84
WKN-III-1 443 0.76 1.52 22.84 0.64 0.18 0.82
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141° 45'N

North Part of Hokkaido” published by the Japan Hydrographic Association.

Fig. 1. Location map of high-resolution seismic survey lines (black solid lines) and vibrocoring sites (red circles) . Dashed blue lines
show the distribution of the anticlinal axis (AIST, 2006). Bathymetric map are based on Digital Bathymetric Chart “M 7015
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(AIST, 2006). Bottom sediment chart is after Uchida et al. (2003).

SRFZEHT (2006) 12X 5.
Fig. 2. Detailed location map of high-resolution seismic survey lines (black solid lines) and vibrocoring sites (red circles). Left :
Northern survey area (off Bakkai). Right: Southern survey area (off Wakasakanai). Dashed blue lines show the anticlinal axes
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Fig. 3. A: Index map of the onshore survey area of the Sarobetsu marshland. The relief map is based on 10-m-mesh DEM
published by the Geospatial Information Authority of Japan. B:Detailed location map of the ground penetrating radar
survey lines (red solid lines) and distribution of the emerged beach ridge after Kawakami et al. (2010). The map is based
on Digital Map 25000 provided by Geospatial Information Authority of Japan.
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Fig. 4. Submarine topography of the survey area. Bathymetric contours are based on the basic map of the sea in coastal
waters (1:50,000) Rishiri Suido published by the Japan Coast Guard (1993). Red solid circles show the location
of the vibrocoring sites.
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Fig. 5-1. Top: Seismic section of HRO-1C obtained by sub-bottom profiler (Chirp Sonar) off Bakkai. Bottom:

Interpreted seismic section.
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Fig. 5-2. Top: Seismic section of HRO-3C obtained by sub-bottom profiler (Chirp Sonar) off Bakkai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-3. Top: Seismic section of HRO-4C obtained by sub-bottom profiler (Chirp Sonar) off Bakkai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-4. Top: Seismic section of HRO-5C obtained by sub-bottom profiler (Chirp Sonar) off Bakkai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-5. Top: Seismic section of HRO-6C obtained by sub-bottom profiler (Chirp Sonar) off Bakkai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-6. Top: Seismic section of HRO-8C obtained by sub-bottom profiler (Chirp Sonar) off Bakkai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-7. Top: Seismic section of HRO-9C obtained by sub-bottom profiler (Chirp Sonar) off Bakkai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-8. Top: Seismic section of HRO-12HC obtained by sub-bottom profiler (Chirp Sonar) off Wakasakanai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-9. Top: Seismic section of HRO-13C obtained by sub-bottom profiler (Chirp Sonar) off Wakasakanai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-10. Top: Seismic section of HRO-14C obtained by sub-bottom profiler (Chirp Sonar) off Wakasakanai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-11. Top: Seismic section of HRO-16HC obtained by sub-bottom profiler (Chirp Sonar) off Wakasakanai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-12. Top: Seismic section of HRO-17C obtained by sub-bottom profiler (Chirp Sonar) off Wakasakanai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig. 5-13. Top: Seismic section of HRO-17HC obtained by sub-bottom profiler (Chirp Sonar) off Wakasakanai. Bottom:
Interpreted seismic section. Blue solid arrow indicate the front of the flexural deformation.
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Fig.13. Groundpenetrating radar profiles (top) and location of the coring sites at the emerged beach ridge
(bottom). Interpreted profile in the middle.
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Fig. 14. Deformation of the boundary of A1 and A2 layer, and estimation of the vertical displacement. Past geometry of the A1/

A2 boundary was estimated assuming that the inclination of the boundary seaward of the deformation front was constant
through the profile (blue dotted line) and the vertical deformation was presumed by comparison betweeen the present
and past boundary geometries.
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