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Mode of mud deposition on shelf to basin area off
Akita, northeast Japan Sea

Ken IKEHARA ", Hajime KATAYAMA™ and Takeshi NAKAJIMA *

Abstract : Akita shelf is a typical muddy shelf around the Japanese Islands. To clarify dispersal
and depositional patterns of terrigenous materials, observations for concentration of suspended
materials, analyses of sediment grain size and of coarse fraction compositions of sediments, and
of seismic records were carried out. As the result, most of terrigenous fine materials had been
transported through bottom nepheloid layers and deposited in shelf-slope area off Akita. Based
on spatial distribution of plant debris, biotite and pumice in coarse fraction, terrigenous mate-
rials derived from Omono River had been transported westward and then southward.

Because concentration area of plant debris was well-concordant with the area of silt distribu-
tion, sand-sized plant debris was thought to be a useful tracer of terrigenous fine silt. Deposition
of terrigenous organic materials in silty sediments formed high C/N ratio sediments along the
outer shelf to slope area. High rate of organic material supply resulted in low oxidation-
reduction potential. Total 1.56 million tons of fine grained materials had been deposited in shelf-
slope-slope basin area in a year.

Compared with annual mean discharge from major rivers around this area, almost of all ma-
terials supplied from Omono and Koyoshi Rivers and 40-50% of annual discharge from Mogami
and Aka-gawa-shin-kawa Rivers had been deposited in this area. On the basis of annual mean
volume of sediment accumulation and organic carbon content of surface sediments in several
basins of Japan Sea, shelf-slope mud is very important for consideration of material cycles in

Japan Sea.

1. Introduction

Dispersal and depositional patterns of
terrigenous materials are a big problem on ma-
rine sedimentology as well as material trans-
port and cycle in marine environments.
Therefore, sedimentological studies have been
carried out on the shelves near the river
mouths (MILLIMAN et al., 1987: ALEXANDER et
al., 1991; Pujos and JAVELAUD, 1991; LESUEUR
and TASTET, 1994; Diaz et al., 1996). MILLIMAN
and SyviTski (1992) and MILLIMAN (1995) indi-
cated the importance of geomorphic and tec-
tonic control for sediment discharge to the
ocean. Japan is a typical example of tec-
tonically active area in the world, where high
mountains are located near the shores. Then, it
is important to clarify sediment budget around
the Japanese islands and to compare it with
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those from the other tectonic or geomorphic
settings.

Bottom sediments have recorded the long-
term, averaged history of deposition and ero-
sion, and of dispersal pattern of materials,
which is difficult to detect by usual oceano-
graphic measurements, because sediments are
final state of transported materials. As materi-
als derived from rivers have been transported
according to water circulation, it is possible to
infer the water circulation pattern in an area
from sedimentological data. Therefore, sedi-
ment analysis is an imortant tool to clarify
transport of materials and water circulation
pattern, in particular, in an area where current
measurement data are very limited (IKEHARA,
1992, 1993).

Akita shelf is a typical muddy shelf around
the Japanese Islands. There are two slope ba-
sins (Tobishima and Oga Basins) which are
isolated from offshore deep-sea trough
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(Mogami Trough) by a north-south trended
topographic high. Under these topographic
conditions, almost of all terrigenous fine
grained materials have been deposited on shelf-
slope-slope basin setting. Therefore, it is a pref-
erable area to consider material transport from
land to coastal sea. To clarify the above men-
tioned problems, we would like to reexamine
our sedimentological data. As the result, we
clarified dispersal and depositional pattern of
terrigenous fine particles, origin of high C/N
ratio sediments at the outer shelf to upper
slope, oceanographically controlled sedimenta-
tion, which was highly influenced by land and
submarine topography, and sediment budget in
this area.

2. Physiography and oceanography of study
area

There are three large coastal plains in the
study area (Fig. 1A). That is, Akita Plain at the
north, Honjo Plain at the central, and Shonai
Plain at the south. Major rivers in each plain
are Omono river (annual mean water dischar-
ge; 243.50 m®/sec) at Akita Plain, Koyoshi River
(72.77m?*/sec) at Honjo Plain and Mogami River
(358.50m?*/sec) and Aka-gawa-shin-kawa River
(74.40m?®/sec) at Shonai Plain. Water discharge
from these rivers showed seasonal variability
and higher in early spring when snow was
melted and in rainy season (late spring to early
summer). These rivers and the other small riv-
ers have transported sand and mud to the
plains.

The major submarine topographic features
in the study area are the north-south trended
topographic highs from Tobishima Island at
the south to Oga-muko-se Bank at the north,
two slope basins (Tobishima Basin and Oga
Basin) and wide shelf at the south of Oga Pen-
insula and the Mogami Trough (Fig. 1A). Shelf
in the study area is wider in the northern
(around Oga Peninsula) and the southern
(Yamagata) area than in the central area (off
Honjo to Mt. Chokai-san). There are two slope
basins, Tobishima (447 m at the deepest posi-
tion) and Oga Basins (537 m), between shelf
and the topographic highs from Tobishima Is-
land through Shin-guri Bank (135 m at the
shallowest position) to Oga-muko-se Bank (96
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Fig. 1. Sampling stations of bottom sediments
(solid circles) and of suspended particles
(solid triangles) with bathymetry (A) and
seismic survey lines (B).

m). They are separated by a small topographic
high with NE-SW trend from Tobishima Island.
Mogami Trough is the north-south trended
trough with the water depth deeper than 800
m.

The Japan Sea water is divided into the sur-
face and deep waters at the water depth of
around 100-200 m. Surface water with high
temperature, high salinity and low oxygen
concentration originated from the Tsushima
Current. The Tsushima Current inflows
through the Tsushima Strait and flows north-
east to northward in the region of the present
study. Current velocities are higher in summer
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(0.1-0.9 knots in vector mean velocity) and in
the north of Oga Peninsula (0.5 knots) than in
winter (0-0.6 knots) and in the southern area
(0.1-0.3 knots) (Japan Oceanographic Data
Center, 1979, 1991). Temperature and salinity of
surface water change seasonally (YAMAMOTO
and ImaAl 1990). Surface temperature becomes
higher, and salinity becomes lower landward.
Remarkable decrease of surface water salinity
is found in spring corresponded to large input
of snow melt fresh water. Deep water, which
called the Japan Sea Proper Water (JSPW), has
low temperatures (0-1°C), rather low salinities
(34.0-34.1 PSU) and high oxygen concentration
(5.0 to more than 7.0 ml/1) (Suba, 1932; NITANI,
1972).

3. Materials and methods

Total 130 of surface sediment samples from
Akita area and 39 samples from Niigata-
Yamagata area, both of which included more
offshore area such as Mogami Trough and
Sado Ridge, were collected by a Kinoshita-type
grab sampler (Fig. 1A) during the cruises of
GHS89-2 (May-July, 1989), GH90 (June-July,
1990) and GH91 (June-July, 1991) of R/V
Hakurei-Maru by the Geological Survey of
Japan. Sediment grain size of surface sediments
was determined by sieve analysis for sand frac-
tion (coarser than 45¢ (44 xm) and hydrome-
ter analysis for mud fraction (finer than 4.5¢).
Composition of coarse fraction (1.75 ¢ (0.3
mm) —2¢ (0.25 mm) and 0.75¢ (0.6 mm) — 1.0
¢ (0.5 mm) fraction) were counted under a
binocular. More than 200 grains were counted
for each sample.

Seismic reflection survey by using high fre-
quency (3.5 kHz) sub-bottom profiler was con-
ducted along the 1.7 mile intervaled NW-SE
and the 3 mile intervaled NE-SW survey lines
(Fig. 1B). Acoustic facies analysis was con-
ducted for the records and thickness of the up-
permost sediment layer was measured.

Temperature and salinity of surface and bot-
tom (1.5 m above the sea bottom) water was
measured by using a thermometer and
bathythermograph and digital salinometer
(Tsurumiseiki E-202) at the same time and sta-
tion of sediment sampling to understand
oceanographic background of sedimentation.

Turbidity (light transmission values) was
measured by using a Sea Tech transmisso-
meter (ST025-D) along two survey lines in
June-July, 1992 during the cruise of GH92 (Fig.
2). Compositions of suspended particles col-
lected at four stations (solid triangles in Fig.
1A) were observed by using scanning electron
microscopy. Oxidation-reduction potential
(ORP) of surface sediments has also measured
at all stations of sediment sampling by using a
digital pH meter (Denki-kagaku Co. HPH-22)
with an ORP elctrode.

4. Results
4-1 Oceanographic and environmental aspects of
study area

Salinity and temperature of surface water be-
came lower in coastal area than in offshore
area. Distribution of surface and bottom water
salinity showed wide cover of low salinity
coastal water on the inner and mid shelf, espe-
cially at the northern part, indicating the influ-
ence of riverine fresh water from the Omono
River. On the basis of sea bottom photography,
suspended particles were higher content in
coastal area. Profiles of light transmission val-
ues across shelf indicated higher concentration
of suspended particles in coastal water than in
offshore water (Fig. 2). Profiles also indicated
the occurrence of three layers of high sus-
pended particle concentration. The first one is
a surficial layer mainly found in the inner to
mid shelf. Second one is an intermediate layer
located at the water depth of 60-80 m. Third
one is found at the just above the sea floor. On
the basis of preliminary observations of grain
compositions of each layer by using electron
microscopy, grains in surficial and intermedi-
ate layers were mainly composed by biogenic
grains but those in bottom layer were com-
posed by mineral grains.

Oxidation-reduction potential (ORP) of sur-
face sediments became lower values in muddy
sediments than in sandy sediments and
showed minus values, indicating reduction
conditions, in muddy basin sediments in
Tobishima Basin. Also, ORP was higher in
deeper trough, because of the influence of the
Japan Sea Proper Water (JSPW) cointaining
higher concentration of oxygen.
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Fig. 2. Distribution of beam attenuation coefficient (C) values across the shelf. Three high
concentration layers were recognized. Relation between C and S (suspended material con-
centration) is: S=1.15 (C-0.358) (BisHoP, 1986).

4-2 Sediment grain size and compositions
Spatial distribution of sediment grain size
(Fig. 3) indicated that Akita shelf was a typical
graded-shelf where sediment grain size became
finer offshoreward with increasing water
depth. That is, well-sorted fine sand indicating
wave effects distributed at the water depth
shallower than 40 m. Coarser medium sand and
gravels and rock exposures were found along
the southern coast of Oga Peninsula and on a
north-south trended topographic high from
Tobishima Island to Oga-muko-se Bank. Grain
size became finer offshoreward, and very fine
sand and silt widely covered the mid-outer
shelf. Finer clay was deposited in Tobishima
and Oga Basins and Mogami Trough. Only the
exception of graded-shelf in this area was
found on the outer shelf at the south to south-
west of Oga Peninsula, where very fine-fine
sand was distributed. This sand contained high

percentage of mud and was poorly sorted.

Surface sediments of Yamagata shelf just
south of Akita shelf were mainly composed of
sandy sediments. That is, well-sorted fine sand
distributed in coastal area and fine-medium
sand widely covered the mid-outer shelf. Fine
grained sediments such as very fine sand and
silt were only found at the mid shelf off
Kisakata and at just offshore of Mogami River
mouth.

Compositions of coarse fraction of sediments
indicated that quartz, lithic fragments, pumice
and biotite were dominant in sandy coastal
sediments. Glauconite pellets (TRIPLEHORN,
1966) were commonly found in sandy sedi-
ments on the outer shelf off Akita. Silty sedi-
ments at the outer shelf to upper slope
contained a large number of plant debris and
pumice. Sand grains were very few and its
compositions showed very wide diversity in
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Fig. 4. Seismic (3.5kHz) profiler records on the shelf off Akita (A) and at the shelf-slope off
Honjo (B). A: The uppermost sediment (transparent) layer becomes thinner offshoreward
and absent at the outer shelf indicating no or very low sedimentation rate. Tilted and
folded sediment layers are observed below the transparent layer. B; The transparent layer
on the shelf continues to the uppermost sediment layer in Tobishima Basin. Stratified or
prolonged facies was found below reflector A.

clayey sediments.

4-3 Acoustic facies and sediment thickness

Three acoustic (seismic) facies in high fre-
quency (3.5kHz) sub-bottom profiler records
were recognized in the study area. The charac-
teristics of acoustic facies were influenced by
grain size and degree of consolidation of sedi-
ment layers, and by morphology of sea bottom
and boundaries between sediment layers
(NARDIN et al.,1979). Also, some acoustic facies
were formed by a specific sedimentation proc-
ess such as slope failure. Therefore, distribu-
tion of acoustic facies gives us good infor-
mation on sedimentation.

Acoustic characteristics and spatial distribu-

tion of each acoustic facies were described
below. On the shelf, distinct (Facies 1), which
showed strong bottom return, and transparent
facies (Facies 3) were found. Facies 1 was
correnponded to sandy or gravelly or rocky
bottoms. This facies was found in the inner
shelf and at the outer shelf of the south to
southwest of Oga Peninsula and on the topo-
graphic highs from Tobishima Island to Oga-
muko-se Bank. Stratified facies (Facies 2) was
commonly found in basins and trough where
hemipelagic muddy sediments and some
turbidites were deposited. The other acoustic
facies was transparent facies (Facies 3), which
had no or very poor internal reflectors and
with weak bottom return. This facies was
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widely recognized in shelf to slope areas.

An acoustically transparent layer on the
shelf (Fig. 4A) could be traced to the upper-
most sediment layer in Tobishima Basin (Fig.
4B). The uppermost sediment layer showed
acoustically transparent facies and overlaid the
sediment layer with well stratified or pro-
longed acoustic facies indicating occurrence of
coarser sediments. Spatial distribution of the
thickness of transparent layer was shown in
Fig. 5. The map showed a thickly deposited
sediment belt from the west of Akita to the
northern part of Tobishima Basin and thicker
deposition on the outer shelf at the west of
Akita (thickness; more than 40 m). Western
end of the belt was limited by a NNE-SSW
trended topographic high, but some of sedi-
ments flowed over the high and deposited
more westward. Seismic records (Fig. 4A)
clearly indicated that the layer covered the
older and inclined sediment layer at the shelf
and the older layer exposed sea floor at the
outer shelf of the southwest of Oga Peninsula.
Thickness became thinner at the outer shelf to
upper slope area off Honjo (Fig. 5). Thickest
distribution was found at the eastern foot of
slope area of the southern Tobishima Basin
(thickness; more than 50m).

5. Discussions
5-1 Mode of transport of terrigenous fine grained
materials to offshore

Profiles of light transmission values across
the Akita shelf (Fig. 2) clearly indicated the oc-
currence of three high suspended particle con-
centration layers. Because higher concentra-
tion is found coastal area than in offshore area,
source of suspended materials was located
coastal side. Grain compositions of each layer
suggested that terrigenous fine materials had
been transported through the high concentra-
tion layer just above the sea floor (bottom
nepheloid layer).

Bottom nepheloid layer sometimes burti-
ficate or detached from sea floor near the in-
flection points of bathymetry (water depth
was around 150 m; Fig. 2). Major thermocline,
which was boundary between surface water
and deep water (the Japan Sea Proper Water),
located almost the same water depth. As

salinity of bottom water was not changed
largely between the water mass boundary, the
thermocline formed density boundary. A part
of bottom nepheloid layer detached from sea
floor and flowed offshoreward along the sur-
face of the density boundary.

Suspended material concentration and thick-
ness of high concentrated layer was higher in
Tobishima and Oga Basins than in Mogami
Trough (Fig. 2). Therefore, most of terrigenous
fine grained particles were trapped and depos-
ited in two basins.

5-2 Dispersal pattern of terrigenous fine grained
materials from Omono River

Larger grains with lower specific gravities
than mineral grains such as plant debris were
transported with smaller mineral grains. Also,
easier transported particles such as biotite
were transported with smaller grains, because
of their specific morphologies (IKEHARA et al.,
1988). Therefore, concentration of these grains
indicated the depositional areas and transport
directions of smaller mineral grains. Especially,
plant debris was a clearly land source compo-
nent (IKEHARA et al., 1988; IKEHARA, 1991). Then,
there is a possibility that the distributions of
each component showed the transport paths of
sediment particles from land to offshore.

On the basis of relation between spatial dis-
tributions of composition of coarse fraction
and sediment grain size, some of sand-sized
components were used for tracers of transport
of finer grains. For example, plant debris was
concentrated in silt (Fig. 6), then plant debris
was used for a tracer of terrigenous silt grains.
Similar concentration of plant debris in silty
sediments was also found at the sediments of
Niigata shelf (IKEHARA et al., 1994a). HOSHINO
(1958) showed that plant debris was concen-
trated along the boundary of water masses. But
at the offshore of Akita, there was no relation
between water mass boundary shown in salin-
ity distribution and concentration of plant de-
bris. On the other hand, biotite grains were
dominant in very fine sand-coarse silt, espe-
cially at the west of older Omono River mouth
(Fig. 6). Biotite has nearly the same specific
gravity (2.7-3.3) as quartz (2.65). Biotite, how-
ever, is easily transported by currents, because
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Fig. 6. Spatial distribution of concentrated areas of plant debris, biotite and pumice in coarse
fraction (0.25-0.3mm in diameter). 1; plant debris (higher than 30% in composition of
coarse fraction), 2; biotite (higher than 10%), 3; pumice (higher than 30%).
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of their specific morphology (planar shape).
And there are some reports on relation be-
tween biotite concentration and current sys-
tems (IKEHARA, 1991). Boundary in grain size
between suspended load and traction load in
state of sediment transport was found in very
fine sand. Therefore, biotite concentration was
a tool for tracing the transport path of the
coarsest suspended particles. Concentration of
pumice grains of the same size fraction were
higher in very fine to fine sand, and very low in
finer than very fine sand (Fig. 6). Distribution
of pumice indicated that the grains were not
supplied through the air (air fall pumice), but
through the rivers or coastal erosion.

Judging from distribution patterns of coarse
fraction of these three components (Fig. 6),
sediment particles discharged from Omono
River were transported westward and then
southward. As mentioned earlier, terrigenous
fine grained materials were transported
offshoreward through the bottom nepheloid
layers. Because directions of particle transport
were controlled by those of bottom currents
and sediments recorded the long-term aver-
aged oceanographic conditions which were
difficult to observe by normal oceanographic
observations (IKEHARA, 1992), sediment trans-
port paths showed the long-term averaged
directions of bottom currents in this area.

Reported values of C/N ratio of surface sedi-
ments in this area (NOMURA, 1992) indicated
high ratio (around 12 in weight ratio) for silty
sediments at the outer shelf to upper slope.
That means higher supply of terrigenous or-
ganic matter to the outer shelf-upper slope. As
shown in Fig. 6, plant debris was dominant in
coarse fraction in this area. Combined with
above mentioned sediment transport path,
terrigenous organic matters from Omono River
and surrounding areas were transported and
deposited at the outer shelf to upper slope and
formed the sediments with high C/N ratio.
Oxidation-reduction potential indicated minus
values in this area showing reductional condi-
tions. Decomposition of terrigenous organic
matter supplied to the area used oxygen in bot-
tom water and made a reductional condition.

5-3 Oceanographic control of modern sedimenta-
tion

Sediment grain size was affected by the
oceanographic conditions such as currents,
waves and water mass distribution (HOSHINO,
1958; IKEHARA, 1993). Although deposition of
muddy sediments was controlled by the
amount of supply and of removal to and from
an area, muddy sediments were generally dis-
tributed under lower energy environments. On
the contrary, sandy sediments were distributed
along the current path (IKEHARA, 1992, 1993).
Because muddy sediments were predominant
at the offshore of Akita except of the outer
shelf at the southwest-west of Oga Peninsula
(Fig. 8), Akita area is thought to be under low
energy environments. On the other hand,
sandy sediments widely covered Yamagata
shelf just south of Akita shelf. There are some
large rivers in Akita (Omono and Koyoshi
River) and Yamagata (Mogami and Akagawa-
shinkawa River) areas. Annual mean dis-
charges of suspended materials from these
rivers in Akita area were smaller than those in
Yamagata area. Then, it is difficult to explain
the difference in shelf sediment types by the
difference in the supply of fine grained materi-
als to the shelves. Currents and waves were
major factors for sediment reworking. That is,
strong currents and waves agitated sea bottom
and reworked fine grained sediments to down-
stream or offshore direction. Therefore, there is
a possibility that difference of sediment types
between two areas has been controlled by the
intensity of currents and/or waves.

Two topographic effects controlling current
and wave conditions are thought to be oc-
curred in these areas. First effect is the occur-
rence of offshore topographic highs. There is a
north-south trended topographic high from
Oga-muko-se Bank to Tobishima Island off
Akita shore, but no topographic high at the
outer shelf off Yamagata shore. The topo-
graphic high will play a barrier to intrude cur-
rents and large waves from offshore and make
a low energy and stagnant condition at the
back of the barrier. Under such condition,
riverine fresh water easier extended and
formed low salinity coastal water in the inner
shelf. Because coastal water, as mentioned
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earlier, contained higher amount of suspended
materials, muddy sediments were deposited.

Shoreline morphology was another topo-
graphic effect (IKEHARA, 1993). That is a large
projection, Oga Peninsula, is located just north
of Akita and forms an open bay (Akita Bay)
between the Peninsula and Akita coast. Isobath
contours curved into eastward. The
bathymetric condition prevents the direct in-
vasion of the currents to the bay and forms
preferable condition to develop coastal water.
The condition was corresponded to type A-1 or
A-2 of modern mud deposition (effects of topo-
graphic barrier) of IKEHARA (1993). Occurrence
of bedforms such as ripples, and of well-sorted
sandy sediments and lack of modern muddy
sediments was indexes for occurrence of bot-
tom current along the shelf edge of San’in coast
(IKEHARA, 1992). Although there were no rip-
ples and well-sorted sediments on Yamagata
shelf, surface sediments with low mud contents
along the outer shelf off Yamagata indicated
the occurrence of currents removing fine
grained particles throughout the Yamagata
shelf. On the other hand, lack of the uppermost
sediment layer was found along the shelf edge
of Akita coast (Fig. 4A). Glauconite pellets,
which were autochthonous minerals and indi-
cated non-deposition or very low sedimenta-
tion rates, were found in this zone. These facts
indicated that the currents flowed over
Yamagata shelf and along the outer shelf off
Akita.

Major current system in Yamagata and
AKkita areas is thought to be the Tsushima Cur-
rent. The Tsushima Current has flowed north-
ward along the shelf edge. Therefore, fine
grained particles, which did not deposit on
Yamagata shelf and on the outer shelf off
AKkita, might be transported northward. A con-
centrated area of plant debris in surface sedi-
ments occurred along the west coast of Oga
Peninsula. Thick mud deposition also found in
this area. Because of no large source of plant
debris and fine grained materials in Oga Penin-
sula, there is a possibility that some of
terrigenous materials from Omono River have
been transported northward through Akita
shelf along the southern coast of Oga Penin-
sula.

5—4 Sediment accumulation and budget

On the basis of thickness distribution of the
uppermost sediment layer (Fig. 5), volume of
deposited sediments was calculated to be 15.6
billion tons. Judging from age estimation of un-
derlined sediments of the uppermost sediment
layer in Tobishima Basin (WATANABE, 1994)
and depositional pattern in seismic records, the
uppermost sediment layer was thought to be
deposited after the last glacial maximum and
during latest Pleistocene-Holocene ages. To cal-
culate annual volume of sediment deposition,
we used 10,000 years for duration of sediment
formation. Therefore, 1.56 million tons of sedi-
ments per year were deposited in the survey
area.

By the way, there was a higher sea level
stage at 5,500-6,000 years before present (the
Jomon Transgression), when the sea level was
2-6 m higher than the present level (OtA et al.,
1982). At the Akita Plain, the shoreline re-
treated 3.5 km from the present shoreline at
5,500 years before (MORIWAK]I, 1982). During the
higher sea level stage, location of river mouths
retreated to landward and terrigenous muddy
sediments deposited at more inshore area
(below the present coastal plains) (MORIWAK],
1982; Geological Research Group of Akita Uni-
versity on the Nihonkai Chubu Earthquake
1983, 1986). In this study, because of lack of
enough data for calculation of sediment vol-
ume deposited under modern coastal plain, we
can know only the volume of sediments depos-
ited offshore area. Therefore, true volume of de-
posited sediments was larger than the value
mentioned above.

Values of annual mean water discharges and
suspended sediment content of each major
river in the study area during 1969-1973 were
edited by Japan Rivers Association (1974). By
using these data, total amount of suspended
sediment supply to this area was considered to
be 0.78 million tons/year from Omono River
and 0.05 million tons/year from Koyoshi River.
Including with discharge from small rivers and
coastal erosion, suspended sediments of around
0.8-0.9 million tons/year had been transported
to this area and deposited. Because of the oc-
currence of topographic highs from Tobishima
Island to Oga-muko-se Bank and of slope
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Table 1 Sediment and Organic Carbon Accumulation in the Japan Sea
Area SedRae Acuml Sefolume Sediment organicc OrCMass Ormanic
(x10%m?) ( ff(]ti (X10°m? Volume %‘?Vrtltggt (X105 Weight
(em/10°y) /cm?/y% /y)  (X10°t/y) -0 Jem¥y)  (X10't/y)
Tsushima Basin 3.8 14.7 5.88 5.66 2.26 1-2 5.88-11.8 2.26-4.52
SW Yamato Basin 447 12.8 5.76 5.72 2.57 1-2 5.76-11.5 2.57-5.14
Oki Trough 0.88 16.7 6.68 1.46 0.58 2 134 1.16
Toyama Deep-sea Fan 1.22 12 6 1.46 0.73 1-2 6-12 0.73-1.46
Marginal Terrace (10-45) (8.6-38.7) 0.99 0.85 2 (17.2-77.4) 1.7
(off Tottori)
Toyama Bay 0.6 > 30 > 15 > 18 > 0.9 1-2 > 1.8-36 > 09-1.8
(35-40) (17.5-20) (2.1-24) (1.05-1.2) (2.1-4.8) (1.05-2.4)
Sado Basin 0.1 > 30 > 17 > 03 > 017 1.7 > 05 > 0.29
(140-200) (77-110) (14-20) (1.7-1.1) (1.3-1.9) (13-18.1)
Niigata Shelf 1.56 1.33 15 1.99
Off Akita (shelf-basin) 0.4 2.6 1.56 1.5-2 2.34-3.12

basins, almost of all terrigenous materials have
been trapped to shelf to basin area. Then,
around 0.7 million tons of sediments have been
transported from the other area. There are two
large sources near the study area; one is
Noshiro River, which have supplied 0.6 million
tons of sediments per year, located at the north
of the study area, and another is Mogami River,
which have supplied 2.4 million tons of sedi-
ments per year, located at the south of the
study area. Major current system around the
study area is controlled by the Tsushima Cur-
rent, of which flow direction is northward.
Then, it is hardly to transport fine grained ma-
terials southward from Noshiro River against
the major current system. Therefore, most
probable major source of terrigenous materials
is Mogami River. Judging from the annual
mean sediment discharge from Mogami River
and the remain between sediment deposition
and supply from Akita area, 40-50% of sus-
pended sediments from Mogami River have
been transported northward and deposited in
the southern part of Tobishima Basin.

5-5 Significance of shelf-basin area in sediment

budget of Japan Sea

Sedimentation rates in offshore basins of
Japan Sea such as Tsushima and Yamato Ba-
sins and Oki and Mogami Troughs were con-
sidered to be 10-25 cm/1000 years (MASUZAWA,
1987; IKEHARA et al., 1994b), and became higher
landward (IKEHARA et al., 1994b). Although
eolian input has been an important factor for

sedimentation rates in Japan Sea (MASUZAWA,
1991), spatial difference in sedimentation rates
was influenced by supply of terrigenous mate-
rials. By using the sedimentation rates and
areas of each basin, annual accumulation of
sediments was calculated in Table 1. On the
other hand, IKEHARA ef al. (1994a) inferred an-
nual accumulation on Niigata shelf, which is
another muddy shelf in Japan Sea, as 1.33 mil-
lion tons per year from the thickness distribu-
tion of shelf sediments. Estimated value of
sediment accumulation in AKkita area was the
same order as those of Niigata shelf and of
large offshore basins such as Tsushima and
Yamato Basins and a little larger than those of
small offshore basins such as Oki Trough. That
means high rate of material supply to the
shelves and adjacent basins from land sup-
ported higher sedimentation rates and most of
terrigenous fine particles were thought to be
deposited in this area.

Reported values of organic carbon content in
shelf-slope sediments (1.5-2 wt. %) were a little
higher than those in offshore basin sediments
(0.8-2 wt.%; HamacuchHl and Orta, 1953;
HAMAGUCHI et al., 1954; NoMURA, 1992). By
using accumulated sediment volume and or-
ganic carbon content, 20-30 thousand tons of
organic carbon had been deposited in an off-
shore large basin and on a muddy shelf-slope
area in a year. Because of higher sedimentation
rates, larger volume of organic carbon was
deposited in shelf-slope mud is very important
to consider material (carbon) cycles in Japan
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Sea.

6. Conclusions

Profiles of concentration of suspended mate-
rials, spatial distributions of sediment grain
size and of sediment compositions, and thick-
ness distribution of the uppermost sediment
layer suggested the following remarks.
1) Most of terrigenous fine grained materials
had been transported through bottom
nepheloid layer and deposited in shelf-slope
area off Akita.
2) Concentration area of plant debris of 0.25—
0.3 mm in diameter was well-concordant with
silt distribution. Therefore, sand-sized plant de-
bris was thought to be a useful tracer of
terrigenous silt.
3) Deposition of terrigenous organic materials
in silty sediments formed high C/N ratio sedi-
ments along the outer shelf to slope area. High
rate of organic material supply resulted in low
oxidation-reduction potential (reductional con-
dition).
4) Land and submarine topography might be
influenced to current systems and caused the
difference in distributions of bottom sediment
types between Akita and Yamagata shelves.
The Tsushima Current, which flows along the
shelf edge off Akita, has prevented mud deposi-
tion on Yamagata shelf and on the outer shelf
at the southwest of Oga Peninsula.
5) Total 1.56 million tons of muddy sediments
had been deposited in this area in a year. Com-
pared with annual mean discharge from major
rivers around this area, almost of materials
supplied from Omono and Koyoshi Rivers and
40-509% from Mogami River had been deposited
in this area.
6) Judging from annual mean volume of sedi-
ment accumulation and organic carbon content
of surface sediments in several basins of Japan
Sea, shelf-slope mud is very important for con-
sideration of material cycles in Japan Sea.
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