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X. SURFACE SEDIMENT CHARACTERISTICS AND
SEDIMENTOLOGY OFF TOKAI REGION

Ken lkehara, Hajime Katayama, Yoshiki Saito, Masatoshi Komiya,
Osamu Ishizuka, Makoto Yuasa and Toru Nakasone®

Introduction

Marine sediments record geological events, such as environments, earthquakes and
river floods. Around the Izu Peninsula, the collision of the Izu-Bonin arc has resulted
in rapid uplift at the fringe of the collision zone and has provided large amount of
terrigenous materials to the ocean through the steeply sloping rivers. Supplied
materials have been transported to the deep-sea environments because of the narrow
shelves and steep slopes. Particulate and dissolved terrigenous materials influenced
marine organisms and changed primary productivity in the surface water. On the other
hand, periodically occurred large earthquakes along the Nankai and Suruga Troughs
emphasize the down-slope transportation by the gravitational movements. There is a
possibility that the occurrences of large earthquakes have been recorded as gravity
flow deposits such as turbidites and submarine debris flow deposits. Thus, it is very
important to understand modern sedimentation in such high supply and tectonically
active area.

To understand the modern sedimentation in this area, around 300 surface sediment
samples were collected during the GH97 and GA97 cruises. Here, we shall describe the
characteristics of surface sediment distribution off Tokai region followed by descript-
ion of the mode of gravity flow deposits.

Materials and Methods

Total of 261 surface sediment samples were collected from shelf to trough areas off
Tokai region by Kinoshita-type grab sampler during the cruises of GH97 (April-May.
1997) of R/V Hakurei-Maru and GA97 (July-August. 1997) of Asia-Maru by the
Geological Survey of Japan (Fig. X-1 and Table X-1). Also, ten gravity core samples
and a multiple core sample were obtained during the cruise of GH97. Most sediment
core samples were collected from the slopes. slope basins and trough floors. Sea
bottom photographs were taken at the same locations of grab sampling, but clear
photographs were obtained only at 112 locations.

The collected sediment samples were visually described for grain size, grain
composition, color, sedimentary structures, and occurrence of gravity flow deposits
and tephras. Additional information on bottom materials and small bedforms were
obtained from sea bottom photography. To understand the bulk density profiles of
core samples, gamma-ray attenuation was measured.

* Kawasaki Geological Engineering Co., Ltd.
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Fig. X-2 Spatial distribution of bottom materials.

Spatial distribution of surface sediments

Spatial distribution of bottom materials is shown in Fig. X-2 on the basis of on
board visual description. In general, very fine sand is distributed on the shelves and
silty or clayey sediments on the slopes and basin or trough floors. Wide and deeper
distribution of very fine sand is found on the topographic high from the Omaezaki
Spar to Daini-Tenryu Knoll. From under thin cover of the sandy sediments,
semiconsolidated muddy sediments or sedimentary rocks were collected. Some of them
contain old microfossils (Tanaka. 1999).

Sandy and gravelly sediments are distributed in a strait between the Izu Peninsula
and Nii-jima. Shikine-jima and Kozu-shima Island (Fig. X-2). Basement rocks occur
in the northern part and the topographic highs in the strait. Well-sorted sandy
sediments with low mud content occur in the strait. Ripples are also found on sea
bottom by bottom photography (Fig. X-3). These sediment and bedform
characteristics show the influence of bottom currents. Strong bottom currents have
resulted in restricted bottom organisms attached to the gravel and rocks, such as
sponge, calcareous algae and sea anemone. Therefore, sediments contain high amounts
of sponge spicules. Near Nii-jima, Shikine-jima and Kozu-shima Islands.
volcanogenic materials including volcanic glass shards are main component of the
sediments.
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Fig. X-4 Spatial distribution of gravity flow deposits.
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Sandy shelf sediments west of the Cape Omaezaki characteristically contain biotite.
Relatively well-sorted sand with low mud content shows high wave and current
energy on the shelf. Muddy sediments occur at the front of the mouth of Tenryu River
indicating high supply of fine-grained materials from the river.

Gravity flow deposits were found widely in the study area (Fig. X-4). They
distribute on the slope at the front of Sakawa-gawa, Fuji-gawa and Tenryu-gawa
Rivers, and in the submarine canyons. troughs and basins. There are three turbidite
layers in the uppermost 20-30 cm sediments of the Suruga Trough (Fig. X-5). They
show normal grading (upward fining) and parallel and ripple lamination. Pebbles and
cobbles were collected from the floor of the Tenryu Submarine Canyon. Soft-x
radiographs indicate the occurrence of turbidite mud. Several turbidite layers are
found in the sediment cores (Fig. X-6) collected from the east of the Izu Peninsula
(GH97-301), at the front of Fuji-gawa River mouth (GH97-302), in the Kumano
Trough, a forearc basin along the Nankai Trough (GH97-307) and in the small slope
basins (GH97-306, -309, -310, and -311). These turbidite layers are easily detected by
the bulk density profiling. Asymmetric density peaks are found in the profiles (Fig. X-
7). Larger density indicates the coarser grain size and asymmetry indicates the normal
grading of the turbidite layer. Turbidite layers occurred in the Suruga Trough and the
Tenryu Submarine Canyon are coarser and thicker than those in the slope basins. Only
a few turbidites are found in the upper part of core GH97-307. These turbidite layers
are thin and finer grained. On the other hand in the lowest part, occurrence of
turbidites with coarser sediments became higher.

The uppermost part of GH97-314 and pilot core of GH97-303 is composed of very
loose (very high water content) diatomaceous ooze. There is no evidence, but it is
possible that the diatomaceous ooze was missed when the grab sampler hit the bottom.
Very high concentration of suspended materials in the bottom water judged from the
bottom photography also suggested the diatomaceous ooze might be the sediments
related to the spring bloom.

Sediment lithology and physical properties

Sediment bulk density changes according to sediment grain size (Ogawa and
Matsumoto. 1978: lkehara, 1989). That is, finer sediments have lower bulk density.
Bulk density profiles show several peaks from the base line of 1.2-1.6 g/cm?® (Fig. X-
7). Based on the bulk density differences between peaks and base line, grain size
difference between turbidites and hemipelagic mud are larger at cores GH97-301. -306.
-311 and -314 than at cores GH97-302, -307. -309 and -310. Especially at core GH97
-302 collected from the upper slope off the mouth of Fuji-gawa River, bulk density
profile shows many peaks, and relatively higher base line values (around 1.7 g/cm?)
than values for hemipelagic mud in the other cores (1.2-1.6 g/cm®). The coarser
hemipelagic mud might be deposited in relation to the material supply from the river.

Very low bulk density (around 1.1 g/cm?) was measured at the uppermost 20 cm of
core GH97-314 (Fig. X-7). Sediments of this part is composed of diatomaceous ooze
(Fig. X-6). Because diatom tests have lower specific gravity, and minute ornament-
ation and pores on their surfaces keep water, bulk density of diatomaceous ooze is
remarkably lower than those of hemipelagic and pelagic clay and radiolarian ooze
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Fig. X-5 Soft-x radiographs of grab samples collected from the Suruga Trough.
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Fig. X-7 Examples of bulk density profile of cored materials.

(Ikehara er al, 1992).

Age controls and sedimentation rates

Several tephra layers are found in some samples. Characteristics of the volcanic glass
shards were summarized in Table X-2. Based on the indexes of volcanic glass shards,
a tephra layer of core GH97-307 is correlated to Kikai-Akahoya (K-Ah) ash (6.3 ka
(Machida and Arai, 1978) or 6.8 “C ka (Fukuzawa, 1995) from the Kikai Caldera of
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Fig. X-7 (continued)

the south Kyushu. Therefore, sedimentation rate of core GH97-307 is estimated to be
around 45 cm/1000 years.

On the other hand, very thin surface sediment cover was found in the topographic
high from the Omaezaki Spar to Daini-Tenryu Knoll, and steep slope of the Suruga
Trough. This indicates that very low sedimentation rate in these areas. Also, on the
slope off Atsumi Peninsula (st. 252). K-Ah ash was found at the sub-bottom depth of
18-19 cm. For those the sedimentation rate is estimated to be less than 3 cm/1000
years.

Turbidite deposition

As mentioned above, turbidites in the Suruga Trough and the Tenryu Submarine
Canyon are coarser, thicker and have higher occurrence than those in the slope basins.
Turbidite is formed in relation to large earthquakes (Heezen and Ewing. 1952 Okusa
et al, 1987), large floods (Otsuka et al, 1973) and large storms (Okusa et al., 1987).
Sea level change also affects to the submarine slope failures (Stanley and Silverberg.
1969) and formation of deep-sea fan (Posamentier er al., 1988).

Only a few thin turbidites with finer grain size are found in the upper part of the
core collected from the proximal area of Kumano Trough (GH97-307). But below K-
Ah ash, turbidites became thicker and coarser, and showed more frequent occurrence.
The same stratigraphic change was reported from the central Kumano Trough (Arita
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and Kinoshita, 1988). Depositional age of K-Ah ash corresponds to the termination
of postglacial sea level rising. According to postglacial transgression, the Ise Bay was
formed. Formation of the large bay protected coarse material transport from land to
offshore through the Anoriguchi Submarine Canyon. Then, postglacial sea level
change might govern the turbidite deposition along the Anoriguchi Submarine
Canyon.

On the other hand, periodic occurrence of turbidites was found in the cores from the
slope basins. That is, 2-3 layers/20 cm in GH97-306 and 5-6 layers/m in GH97-310
and -311 (Fig. X-7). The slope basins are several thousand m deep, isolated from each
other, and not connected to rivers. These physiographic conditions suggest the most
probable origin of the turbidite is large earthquake. Along the Nankai Trough, large
earthquakes occurred every 100-150 year (e.g. Sangawa, 1993). The periodic occurren-
ce of turbidites indicates the possibility of paleoseismicity analysis by using deep-sea
turbidites.

Higher occurrence of turbidites was found in the Suruga Trough and the Tenryu
Submarine Canyon, canyon head of which locates on the narrow shelf and connects
large Fuji-gawa and Tenryu-gawa Rivers. Therefore, at least some of the turbidites
might be related to river floods.

Summary

Sedimentation off Tokai region has been affected by not only material supply from
land, volcanic islands and submarine rock exposures, but also primary productivity.
tectonic movements including earthquake, and sea level fluctuation. Grain size and
composition analyses will provide us more detailed figure of sedimentation. Those
data will be useful for environmental and tectonic studies.
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