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Marine geological investigations on offshore extension of the Itsukaichi fault

zone in Hiroshima Bay, southwest Japan
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Abstract: The Itsukaichi fault zone, which is composed of the NNE-SSW-trending Itsukaichi fault on
the west and the Koi-Hiroshimawan Seien fault zone on the east, is one of the active dextral strike-slip
fault zones in Chugoku region, southwest Japan. In order to define distribution and recent activity of its
offshore extension and to understand its geometrical relation to adjacent active fault zones, such as the
Iwakuni and Akinada fault zones, marine geologic investigations including high-resolution bathymetric,
acoustic profiling with Sonoprobe and boomer multichannel seismic profiling surveys and piston coring
were conducted in the northern Hiroshima Bay area. Detailed seafloor topography derived from swath
bathymetric survey in Ono-Seto, a NE-SW-trending narrow strait west of Itsukushima (Miyajima)
Island, displays a series of depressions trending NE-SW to NNE-SSW, which may indicate a topographic
expression due to Quaternary faulting on the offshore extension of the Itsukaichi fault. High-resolution
acoustic profiles and piston cores enable to identify several possible active faults that deform the latest
Pleistocene to Holocene sediments. From their positions and geometrical features, these faults are
interpreted as offshore extension of the Itsukaichi fault zone. Results of our survey with those of previous
studies suggests that the Itsukaichi fault zone seems to extend to the southwest and south in Hiroshima
Bay to connect the Iwakuni fault zone and Akinada fault zone, respectively, forming a long and diffuse
active fault zone in Chugoku region.
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Table 1. Data acquisition parameters for acoustic profiling survey.

Sender Sounder Sonoprobe Boomer
Shot energy 361J 300J
Depth of sounder 0.9 mb.s.L 0.3 mb.s.L
Shot interval 350 msec 1 sec

Receiver Number of channel - 12
Interval of channel - 3.125m
Depth of receiver 1.1 mb.s.l 0.3mb.s.l

Recording Recording range/time 0-50 m 0.6 sec
Sampling frequency 4-8 kHz 0.125 msec

2k, A Rrarl AT OMEL I =T &

Table 2. Locations of piston coring and core lengths.

Core Latitude' Longitude' Water depth (m)  Core length (m)
HP-1 34°18.790° 132°21.607° 20 12.02
HP-2 34°18.705° 132°21.817° 22 12.01
HP-3 34°15.114° 132°15.377° 23 7.12
HP-4 34°14.959° 132°15.612° 20.3 3.57
HP-5 34°14.904° 132°15.708° 18.8 3.82
HIR94-3* 34°19.690° 132°21.920° 14 13.26

' Datum of positons are WGS84.
* After Yasuhara and Seto (2006).
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Table 3. '*C dates of wood chip samples retrieved from cores.

Sample No. CoreNo, PP BV erial Lab.IDNo.!  Method s°c fCage’ “Cage used for  Calendric age range’
(m) (m) (%0) (yBP) calibration (yBP) (£ 20)

HP-1-3 HP-1 2.66 -22.66 Wood chip TAAA-93049 AMS -30.92+0.42 2,350 + 30 2,352 +33 537-375 BC
HP-1-9 HP-1 5.10 -25.10 Wood chip TAAA-93050 AMS -23.14+£047 3,530 + 30 3,526 +26 1934-1767 BC
HP-1-Al HP-1 5.93 -25.93 Wood chip TAAA-93051 AMS -23.75+£0.19 3,630 + 30 3,625+25 2117-1908 BC
HP-1-16 HP-1 7.87 -27.87 Wood chip TAAA-93052 AMS -27.68 +£0.59 4,140 + 30 4,140 + 34 2875-2601 BC
HP-1-20 HP-1 9.21 -29.21 Wood chip TAAA-93053 AMS -27.87+0.39 4,510+ 30 4,509 + 34 3354-3097 BC
HP-1-26 HP-1 10.58 -30.58 Wood chip TAAA-93054 AMS -25.72+£0.71 5,050 + 30 5,050 + 33 3956-3771 BC
HP-2-6 HP-2 4.35 -26.35 Wood chip TAAA-93056 AMS -26.32+£0.44 2,950 + 30 2,945 + 31 1268-1045 BC
HP-2-13 HP-2 6.87 -28.87 Wood chip TAAA-93057 AMS -30.42 +£0.43 3,680 + 30 3,675 + 30 2141-1956 BC
HP-2-17 HP-2 11.21 -33.21 Wood chip TAAA-93058 AMS -27.84+£0.85 4,740 £ 30 4,742 £33 3636-3379 BC
HP-3-3 HP-3 2.92 -25.92 Wood chip TAAA-93059 AMS -26.27 +£0.38 4,420 + 30 4,424 + 34 3327-2921 BC
HP-3-5 HP-3 3.50 -26.50 Wood chip TAAA-93060 AMS -30.80 £ 0.44 7,350 + 40 7,352 +41 6361-6081 BC
HP-3-8 HP-3 4.29 -27.29 Wood chip TAAA-93061 AMS -27.65 +£0.44 8,200 + 40 8,202 + 40 7333-7078 BC

' “Lab. ID No.” indicates iob number used by Institute of Accelerator Analysis Ltd.. Fukushima. Japan.
% Ages in radiocarbon vears are based on Libby half-life of 5.568 vears following the conventions of Stuiver and Polach (1977).
* Samples were calibrated with OxCal 4.1.3 (Bronk Ramsev. 1995. 2001: using Reimer et al.. 2004 [INTCALO41).
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Fig. 1. Map showing distribution of the active fault zones in and around Hiroshima Bay, containing the Itsukaichi fault zone. The
study area is framed by blue polygon. Locations and definition of the active fault zones are from Headquarters for
Earthquake Research Promotion (2004a, 2004b, 2009). Digital maps 200,000 (map image) Japan-III “Yamaguchi”,
“Nakatsu”, “Hiroshima”, “Matsuyama” published by Geospatial Information Authority of Japan are used as a basal image.
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Fig. 2. Map showing tracks of seismic profiling performed before this study and fault traces identified from the seismic
profiling. Complied from Geographical Survey Institute (1989), Hiroshima City (1996) and Iwabuchi et al. (1998).
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Fig. 3. Map showing area of high-resolution bathymetric survey, survey tracks of acoustic profiling and positions of piston coring. A
number of track along which both the sonoprobe and multichannel profiling were performed is shown in white letter. The tracks
with thick lines denote the seismic sections shown in Figs. 9-25. Piston core HIR94-3 is after Commission on Subsurface
Investigation of Hiroshima Bay (1995). Areas of oyster beds are after 6th Regional Coast Guard Headquarters, Japan Coast Guard
(http://www1 kaiho.mlit.go.jp/KANG6/1_kokai/gyogu/index.html). The tracks of seismic profiling and locations of piston coring
were deployed to avoid the oyster beds. The map coordinate system is Japan Plane Rectangular CS zone III (the coordinate
system for Fig. 6 to Fig. 8 is same as that of Fig. 2).
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Fig. 4. Photographs showing equipments used for this study. (a) High-resolution wide swath bathymetric surveying instrument
(GeoSwath Plus, GeoAcoustic Ltd., UK) and (b) short-multichannel seismic profiling system, including boomer plate
(Applied Acoustic Engineering Ltd., USA) and 12 channel streamer cable.
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Fig. 5. Schematic diagrams showing (a) short multichannel seismic profiling survey system and (b) common depth point
stacking of multiple seismic reflection data obtained by multichannel seismic profiling (after Murakami, 2007).
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Fig. 6. Map showing locations of faults that deform upper Quaternary strata in the northern part of Hiroshima Bay, identified
by the acoustic profiling survey. The faults are divided into two types depend on their relation with late Pleistocene
to Holocene deposits; faults with red line disturb unit A and those with black lines disturb upper surface of unit B

but covered with bed A.
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Fig. 7. Bathymetric contour map (contour interval: 50 cm) showing detailed seafloor topography in and
around the Ono-Seto and shaded relief image of onshore area. Black rectangle shows area of Fig. 8.
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Fig. 8. Bathymetric contour map (contour interval: 50 cm) showing the detailed seafloor topography around
the narrow part of the Ono Seto, Hiroshima Bay. Black arrows mark linear depressions that are
possibly associated with recent faulting.
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Fig. 11. (a) Boomer multichannel profile and (b) geologic interpretation of line H17. Vertical exaggeration is
approximately x10.
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Fig. 13. Geologic interpretation of sonoprobe profile of line H18 and columnar section of piston cores HP-3, -4, and -5. Red
arrows mark the sampling horizons for *C dating. See Table 3 for *C ages.
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Fig. 17. (a) Sonoprobe profile and (b) geologic interpretation of the westernmost part of
Line HO1. Location of the profile is shown in Fig. 3.
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Fig. 19. (a) Multichannel seismic profile and (b) geologic interpretation of the middle part of Line H09.
Vertical exaggeration is x10. Location of the profile is shown in Fig. 3.
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Fig. 20. Sonoprobe profile (a) and geologic interpretation (b) of the middle part of Line
HO09. Location of the profile is shown in Fig. 3.
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Fig. 21. (a) Multichannel seismic profile and (b) geologic interpretation of the eastern part of Line
HO1. Vertical exaggeration is approximately x10. Location of the profile is shown in Fig. 3.
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Fig. 22. Fine-scale multichannel seismic profile of the eastern part of Line HO1. Vertical exaggeration is
approximately x3. Area of the profile is shown in Fig. 21.
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Fig. 23. Sonoprobe profile (a) and geologic interpretation (b) of the eastern part of Line HO1. Location of the profile is
shown in Fig. 3. Note that the fault displaces the erosion surface (upper surface of unit B) formed in the last
glacial period but does not deform overlying sediments (unit A).
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Fig. 24. Columnar sections of the cores retrieved by this study. Position and details of the cores are shown in
Fig. 3 and Table 2, respectively. Red arrows mark sampling horizons for '“C dating. Results of “C

dating are given in Table 3.
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