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ORIGIN OF SAND AND ITS DISTRIBUTION PATTERN 

IN THE SETO INLAND SEA, SOUTHWEST JAPAN 

              Yoshio INOUCHI

Abstract 

     Distribution pattern of the surface sediments in the Seto Inland 

Sea is characterized by a large scale (usually over more than 10 

kilometers) horizontal grading or decrease in grain size with 

increasing distance from the channels. The grading mainly shown in 

the sandy sediments around the channels occurs in a fan-shaped pattern 

with respect to the  caldron where the bedrock is often exposed. On 

the other hand, though other kind of sandy sediments are distributed 

near the shorelines, in these areas, large scale ( over more than 10 

kilometers) horizontal grading in grain size is absent. 

     Sand which is distributed around the caldron area and its nearby 

is derived chiefly from the caldron area by the erosion and 

transportation of tidal current. Silt and clay are chiefly supplied 

through rivers around the Seto Inland Sea, and settle down where the 

tidal current is very weak. 

     Closed sea areas such as the lagoons and tidal flats have the 

similar fan-shaped distribution patterns of sediments. However, in 

these areas, sand supply from the outer sea areas is thought to be 

much more important. Therefore, the Seto Inland Sea is much 

different from the other closed areas in the origin of sand grains. 

     Surface sediments which show a fan-shaped horizontal grading 

belong to "U ( Upper) layer" in the 3.5 kHz acoustic stratigraphy. 

"U layer" is correlative with the formations in "upper Alluvium" in 

Osaka Plain, and unconformably overlies " L ( Lower ) layer" which is 

composed mainly of the sediments originally deposited during the low 

sea level of Glacial age or of the basement rocks of older ages. 
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     In Osaka Bay and Ariake Bay, sandy sediments which are 

distributed around the caldrons have been thought to be older than 

other surface sediment. However, reexamination of published data in 

these areas shows that the sandy sediments are not correlative with 

the sandy sediments which underlie the surface muddy sediments. 

Therefore, sand supply from the  caldron area by the tidal current is 

more possible and reasonable.
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 I.INTRODUCTION 

     The Seto Inland Sea is in the central part of 

Southwest Japan, extending about 400 km long in east-west 

direction and 50 km wide in north-south direction, and 

occupying an area of about 22,000 sq km with a mean depth 

of about 40 m (Murakami,1976) (Fig. 1). This sea area is 

connected with the open seas through the Kii Suido, Bungo 

Suido and Kanmon Strait, and is surrounded by land areas 

with relatively high mountainous district. In the sea 

areas there are many large and small islands, and they form 

narrow channels generally called "Seto" between them at 

many places. Predominance of these channels together with 

other topographic conditions, gives the sea particularly 

unique hydrological conditions such as complex tidal 

currents having various velocity. Thus the sedimentary 

processes in the Seto Inland Sea are a very interesting 

theme to study as the following reasons. 

     There are few area in the world which show the 

sedimentary condition of "strong tidal currents without 

strong wave activities " as in the Seto Inland Sea. The 

area is nearly in closed condition and has low wave energy 

because of the shortness of wind blown distances, and of 

the deepness of the sea. Consequently, the effect of 

waves is weak. As examples of nearly closed seas there 

are the coastal lagoons which lie along the Gulf coast, 

lagoons like Lake Saroma and Lake Hamana in Japan, and 

tidal flats along the Dutch, German and Danish 
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coasts, etc. Though the depositional processes in all 

these seas are mainly controlled by tidal currents, many of 

them are often affected by wind blown waves as Shepard and 

Moore (1955) and McGowen and Scott (1975) mentioned about 

the lagoons along the Gulf coast. These lagoonal seas are 

relatively shallow and the surrounding land has low relief. 

Therefore the sedimentary conditions in these seas are 

different from those of the Seto Inland Sea. 

     As mentioned above, the Seto Inland Sea is unique and 

rare sedimentological basin at present in the world, but 

from the viewpoint of geological history, the areas with 

"strong tidal currents without strong wave activities" are 

not a rare one. Especially in the islands of high relief 

as in Japan, there are many sedimentary sequences of 

Quaternary marine sediments deposited in the similar 

condition as that of the present Seto Inland Sea. This 

holds well for the case of the Alluvial sediments which 

deposited during the Postglacial trangression time. 

     Studies on the sedimentary environments in the modern 

Seto Inland Sea give us much information useful for the 

studies of geological history and sedimentology of the bay 

sediments under the same condition in the past. Also they 

play an important role to clarify the underground geology 

of the Alluvium deposits which have close relations to 

man's activities. 

     This paper firstly shows the distribution patterns of 

the bottom sediments in the Seto Inland Sea, and then 
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discusses the effects of 

distribution patterns of 

discusses the origin and 

bottom sediments in the

 the tidal currents which 

 the bottom sediments, and 

 sedimentary processes of 

area.

caused 

 finally 

the
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            II SAMPLE COLLECTION AND ANALYSIS 

     The survey on board was carried out for about 90 days 

between 1974 and 1976, using the Wakashio (360 ton) of the 

Fuyo Ocean Developing Company. Bottom samples were taken 

by  Smith-Mclntyer grab sampler ( or six meter long open 

barrel gravity corer ) from the stations at a few miles 

intervals (Fig.2). About 520 samples were collected. 

The sediment samples were put into the plastic case, so as 

not to disturb the sedimentary structures, and then divided 

into two thin and thick pieces in the laboratory. Samples 

in the thinner cases were used for the soft-X ray 

photography and the ones in the thicker cases were used for 

grain size analysis. Based on the result of observation 

by the soft-X ray photography, the homogeneous samples were 

analyzed for the upper 5 cm part and the ones with two or 

more layers within the 5 cm part for the uppermost layer. 

     Samples were sized by different techniques, depending 

on the grain-size of sediment. Material greater than 2 mm 

and in the sand range was sieved. Where finer grained 

sediment made up more than 10 percent of the total sample, 

the sediment was analyzed using hydrometer method based on 

Japan Industrial Standard (JIS) A 1204. 

      In case of calcareous sediments, which for example, 

are often distributed at the Bungo Suido and Iyo-Nada 

areas, calcareous particles were dissolved using 
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hydrochloric acid and then the residual mineral grains were 

sieved. 

     Grain-size distributions were analyzed statistically 

in a computer, calculating the mean, median and sorting. 

     Some extrapolation of  data'beyond the limits of the 

analysis was necessary. For those samples which contain 

more than 5 percent of fine particles smaller than 1 

micron, additional data points were estimated for the finer 

size grades (whole phi interval) by projecting the 

grain-size curve as plotted on probability paper, and 

following the same slope of the line, until more than 95 

percent of the curve has been plotted.

- 7 -



                  III BOTTOM TOPOGRAPHY 

• 

     The Seto Inland Sea is divided into several bays and 

seas (Nada and Suido) by the topographic features (Fig.  3). 

Almost all the seas are shallower than 60 meters excepting 

in the channel areas and in its vicinity, and in some parts 

of Beppu Bay, Iyo Nada, Bungo Suido and Kii Suido, the 

depths are deeper than 60 meters (Fig. 4). 

     Remarkable topographic features in the Seto Inland Sea 

are the caldrons developed near the channels and in the 

offing of the capes. The caldrons developed near the 

channels are divided into two types by their bottom 

topography. The one is single-type caldron and the other 

is twin-type caldron (Kuwashiro, 1959). Single-type 

caldron has no sills, which separate partially closed 

basins from one another, in the channel and a continuous 

hollow lies in the channel. The example of this type is 

the one in the Tomogashima Strait (Fig. 5). Twin-type 

caldron has two or more hollows in both sides of a sill. 

The ones in Naruto Strait (Fig. 6) and Hoyo Strait are of 

this type. There is another type of caldrons. That is 

off cape-type caldrons (Fig. 7) which lie off the capes and 

islands in many places (Kuwashiro, 1959). There are many 

off cape-type caldrons in the sea area but not in the 

channel area. And they are formed in the areas where the 

tidal currents detour the capes or islands (Kuwashiro, 

1959). The bottoms of the caldrons are generally hollowed 
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deeply, and especially in the northern  caldrons of Hoyo 

Strait the maximum depth attains as deep as 454 meters. 

On the other hand, there are shallow caldrons which seem to 

be merely in nondepositional condition. The caldrons as 

mentioned above are observed near the channels or many 

capes. 

     In areas of sand deposition near the main channels, 

there often exists sand wave topography. The examples are 

the western part of Akashi Strait, Bisan Seto, Iyo Nada and 

Bungo Suido. According to the result of acoustic survey 

these sand waves have gentle slope on the channel side and 

steep slope on the opposite side (Figs. 8 and 9), 

suggesting the transportation of sediments from the channel 

areas. Similar evidences indicating the relation between 

the shape of the sand waves and the direction of 

transportation are reported by Bokuniewicz et al. (1977) in 

Long Island Sound and Reinson (1979) in flood tidal deltas 

in St. Lawrence Bay. Mogi and Kato (1962) also reported 

the accordance between the steeper side of the sand wave 

and the direction of sand wave migration or transportation 

in Bisan Seto. 

     Outer areas beyond the sand wave distribution areas 

around the channel, there are flat depositional 

topographies. Those relatively flat topographies 

generally continue to the very close to the shoreline.
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           IV DISTRIBUTION OF SURFACE SEDIMENTS 

     Distribution of bottom sediments based on the ternary 

nomenclature which is most popular and widely accepted 

(Shepard,1954) is shown in  Fig.10. Among many graphic 

measures of average grain-size, "Mz" by Folk and Ward 

(1957) is most popular and relatively accurate. In this 

paper, "Mz" is used for the convenience of comparison with 

those of other areas (Fig.11). 

     Friedman (1962) compared a values obtained graphically 

with those obtained by the method of moments, and showed 

that the graphic measure of Folk and Ward (1957) has very 

close correlation with the moment a over the whole range 

of sorting value studied. Thus, in this paper, sorting 

measure of Folk and Ward (1957) is used as expressed in the 

distribution map (Fig.12). 

     Skewness and kurtosis which indicate the degree of 

mixing of two log normal populations (Spencer,1963) are not 

discussed in detail. Instead of these values, the degree 

of mixing is discussed on the histograms in chapter V. 

Suwo Nada : This sea area is connected with Japan Sea 

through the Kanmon Strait in the western part and faces Iyo 

Nada in the eastern part. In the southeastern part of 

Suwo Nada, the sediments are poorly sorted sand with the 

mean diameter 2 to 30 . Sediments become finer toward the 

outer side, and the finest sediment, very poorly sorted 
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clayey silt with the mean diameter less than  60,is 

distributed in the southwestern part. In southern half of 

the area, the sediments show regular changes in the grain 

size composition diagram of sand-silt-clay from east to 

west in the order of sand, silty sand, sand-silt-clay, and 

clayey silt. In the northeastern part of the area, the 

sediments are sand-silt-clay and sandy silt with the mean 

diameter less than 40. In the offing of Ube City, the 

sediment is sand and silty sand with the mean diameter 2 to 

40 and in the vicinity of Kanmon Strait, there is sand with 

the mean diameter 0 to 20. In these three areas, the 

sorting degrees are very poor. 

Iyo Nada : This sea area is connected with Aki Nada 

through Tsurishima Strait in the northeastern part, with 

Bungo Suido through Hoyo Strait in the southern part, and 

faces Suwo Nada in the northwestern part. Sediments in 

this area are situated mostly in sand area in 

sand-silt-clay ratio diagram, but in the west off Matsuyama 

City, there are very poorly sorted sand-silt-clay and silty 

sand and in the north of the area, there are narrow silty 

sand distribution. Sand distribution area is further 

subdivided by the mean diameter. There are very poorly 

sorted very coarse sand or rocks in the channel areas. 

Poorly sorted coarse and medium sand are also distributed 

around the channel areas and the nearest part of the cape 

type caldrons. In the southern part of Iyo Nada, 
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moderately to very well sorted fine sand are distributed to 

the northern and northeastern parts of the coarse to medium 

sand distribution area. Similarly, in outer side of the 

coarse to medium sand distribution around Tsurishima 

Strait, there are poorly sorted fine sands. In further 

outside, there are poorly sorted very fine sands. These 

sediment distribution pattern continues to Suwo Nada area. 

Beppu Bay : Beppu Bay faces  Iyo Nada. In the western part 

of Beppu Bay, the sediments are silty clay or clayey silt 

with the mean diameter less than 60. Sediments become 

coarser toward the bay mouth in the east, that is, there 

are recognized sequential changes from silty sand and 

sand-silt-clay with the mean diameter 4 to 60 into sand 

with the median diameter 2 to 305. Sorting is very poorly 

sorted except for the southern part of the bay mouth in 

which it is poorly sorted. 

Bungo Suido : This area is connected with Iyo Nada through 

Hoyo Strait in the northern part and faces the Pacific 

Ocean in the southern part. There are sands in the 

central part of Bungo Suido. The coarsest sediments in 

this area are those in the caldrons of Hoyo Strait and 

offing of the Kamado-saki Peninsula, and they are very 

poorly sorted very coarse sand and gravels or rocks. The 

sediments surrounding these coarsest sediments are composed 

mainly of moderately sorted to very well sorted coarse to 
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medium sand. In the eastern and western bays of Bungo 

Suido, the sediments become coarser in mean diameter and 

are composed mainly of silty sand and clayey silt. 

Hiroshima Bay : Hiroshima Bay faces Aki Nada in the eastern 

part. The sediments in this area are mostly very poorly 

sorted clayey silt with the mean diameter less than  60. 

The sediments in the channel between Eta Island and 

Itsukushima Island are very poorly sorted sand-silt-clay 

with the mean diameter 2 to 30. In the eastern part of 

this area facing Aki Nada, there are poorly sorted fine 

sand with the mean diameter 2 to 345. 

Aki Nada : Aki Nada is connected with Hiuchi Nada through 

Kurushima Strait in the eastern part, connects with Iyo 

Nada through Tsurishima Strait in the southern part and 

faces Hiroshima Bay in the western part. Sediments in the 

southern part near to Tsurishima Strait and Kurushima 

Strait are poorly sorted sand, and their mean diameters are 

more than 00 near the Tsurishima Strait and 0 to 20 in the 

outer side of that area. In the northern part, there are 

very poorly sorted clayey silt and sand-silt-clay with the 

mean diameter 60. The sediments become finer from the 

southeastern part of Aki Nada to the offing of Kure City 

with the mean diameter more than 0 to less than 645.
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Hiuchi Nada and Bingo Nada: These areas are connected with 

Aki Nada through Kurushima Strait in the western part and 

faces Bisan Seto in the eastern part. Sediments with the 

mean diameter less than  60 are widely distributed in this 

area and coarsen toward Kurushima Strait, and they are very 

poorly sorted or extremely poorly sorted. Sediment type 

distribution based on sand-silt-clay ratio shows clear 

change of sediment types in the order of sand, silty sand, 

sand-silt-clay, clayey silt and silty clay from Kurushima 

Strait to the eastward. 

Bisan Seto : This area faces Bingo Nada in the western part 

and faces Harima Nada in the eastern part, but the eastern 

part was not surveyed. In the northern part, Mizushima 

Nada, the sediments near the northern coast are very poorly 

sorted with the mean diameter less than 60. This shows a 

good contrast to that of the southern part, which is poorly 

sorted sand with the mean diameter 0 to 20. But the 

sediment type based on sand-silt-clay ratio indicate a 

gradual change from south to north, in the order of sand, 

sand-silt-clay, clayey silt and silty clay. 

Sand-silt-clay with the mean diameter 4 to 60 are 

distributed in scattered manner in the southern part where 

the current is very slow. 

Harima Nada : This area faces Bisan Seto in the western 

part, connects with Osaka Bay through Akashi Strait in the 
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northeastern part and connects with  Kii Suido through 

Naruto Strait in the southeastern part. Very poorly 

sorted clayey silt with the mean diameter less than 60 is 

distributed in the central and southern part of Harima 

Nada. Sediments become coarser from this area to Akashi 

Strait, Naruto Strait and Bisan Seto. The sediment 

changes in order from sand through silty sand and sandy 

silt to sand-silt-clay outward from the channel area. 

Osaka Bay : Osaka Bay connects with Harima Nada through 

Akashi Strait in the northwestern part and also connects 

with Kii Suido through Tomogashima Strait in the 

southwestern part. In the northeastern recess and the 

center of the bay and in the central part off the eastern 

coast of Awaji Island, there are very poorly sorted clayey 

silts with the mean diameter less than 60. Sediments 

become coarser from these areas to the areas near Akashi 

Strait and Tomogashima Strait, changing into very poorly 

sorted sediment with the mean diameter more than 00 or rock 

at the channel areas. According to the sand-silt-clay 

ratio, the sediments change from clayey silt through sandy 

silt and sand-silt-clay to sand toward the straits. 

Kii Suido : This area connects with Harima Nada through 

Naruto Strait in the northwestern part, with Osaka Bay 

through Tomogashima Strait in the northeastern part and 

faces the Pacific Ocean in the southern part. The 
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sediments of the  Kii Suido are coarsest near the 

Tomogashima Strait and become finer outward from the 

channel area. This change can also be observed in 

sand-silt-clay ratio, namely distributions in the order of 

sand, silty sand, sandy silt and clayey silt are recognized 

from the channel to the area outward. Sorting of 

sediments is generally poor to very poor. Near the 

eastern and western coasts, the sediments are clayey silt 

with the mean diameter less than 60. Near Naruto Strait, 

the gain size changes are not clear as the sampling sites 

are scarce. 

     The characteristics of the surface sediment 

distribution in the Seto Inland Sea can be summarized as 

follows. 

1. In general, very poorly sorted silty clay, clayey silt 

and sand-silt-clay with the mean diameter less than 40 are 

distributed more widely than other types of sediment. But 

in Iyo Nada, Aki Nada and central Bungo Suido, the 

sediments of poorly sorted to very well sorted sand and 

silty sand are distributed exceptionally widely. 

2. There is a general rule in the size distributions of the 

surface sediments. That is, as typically shown in Iyo 

Nada, the sediments near the straits are very poorly sorted 

sandy gravel or rock, and they decrease their grain size 
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and become more sorted with distance from the area. But 

further outward from the channels, and as the mean diameter 

of sediment become more finer than  30, sediments become 

poorly to very poorly sorted and change from sand to silty 

sand, sand-silt-clay (sandy silt) and clayey silt through 

silty clay . Such nearly typical sediment distribution 

pattern can be seen over about 40 km distance area in 

west-east direction in Hiuchi Nada. 

3. As shown in Osaka Bay, Harima Nada, Hiuchi Nada, Bingo 

Nada, Hiroshima Bay etc., even in the nearest (less than 10 

km) sites to the shoreline sediments are, in mean diameter, 

less than 60, and the changes in grain size from the shore 

outward to offshore direction are not recognized in large 

scales (more than 10 km).
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                V. DIVISION OF SEDIMENT TYPES 

     One of the characteristics of the sedimentary 

distribution in the Seto Inland Sea is a lateral change in 

the sorting values which shows the mixing of sediments. 

In order to discuss the sedimentation of these sediments 

which are composed of mixed populations,modes of sediments 

have to be clarified. 

     Cumulative grain-size curve based on probability 

percentage ordinate is adequate to show the composition of 

sediments with log normal population. But it is not 

suitable for the sediments with polymodal population. 

Also, graphic measures of mean, sorting, skewness and 

kurtosis express the grain size and the degree of mixing, 

but they cannot show the composition of grains directly. 

This can be done by histogram easily (Fig.  13). 

     In the following, characteristics of sedimentary 

distribution based on histogram types ( chiefly sea areas 

to the west of Bisan Seto )are shown. 

Type H1 : It contains more than 10 % of gravels and less 

than 20% mud. There is no remarkable mode in sand grain 

size negatively skewed in general. 

     They are of the coarsest sediment type in the Seto 

Inland Sea with the mean diameter more than 26, and 

sortings are not good. Type H1 is distributed mainly near 

the caldrons in the northern part of Hoyo Strait, 
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Tsurishima Strait and the eastern part of Akashi Strait and 

also in the  caldrons of off cape-type such ones in the 

Kamado-saki Peninsula etc. (Fig. 14). 

Type H2 : Gravel contents in this type are less than 10 %. 

They are composed mainly of sand grains which do not show 

particular mode. Mud contents in some cases reach up to 

30 %. 

     Their mean diameters are between 0 and 30, and they 

are not so well sorted. They are distributed widely in 

the southern part of Aki Nada, the northeastern part of Iyo 

Nada and around the outside of Type H1 distribution area. 

Type H3 : Contents of sand grains sensible to tractive 

current (Kimura 1954) ,that is, 0.2-0.3 mm in grain size, 

are very high and sortings show as good concentration as 

that of Type H4. But it contains about 5 % gravel and 

sometimes shows bimodal pattern. In general, contents of 

grains of -2 to 10 are a little lower than those of other 

closer grain sizes. 

   They are better sorted than Types Hi and H2 and the mean 

diameters are from 0 to 30. They are mainly distributed 

in the central part of Bungo Suido except for the area of 

Type H4 and at the mouth of Beppu Bay. Also they are 

separatedly distributed between Type H2 and Type H4 

distribution areas and near the small caldrons. 

                              - 19 -



Type H4 : Grain sizes are usually in the range that is 

sensible to tractive current. Contents of gravel and mud 

are very low, and the histograms are usually nearly 

symmetrically skewed. The sediments show best sorting 

among Types  H1 to H7 and the mean diameter is usually about 

20. Sand waves are often observed in the areas of Types 

H1 to H4. Their distribution area lie in the southwestern 

part of Iyo Nada and in the central part of Bungo Suido, 

where sandy sediments are dominantly distributed and the 

water volume moved by tidal exchange is very large. 

Type H5 : The sediments are a little finer in grain size 

than that of Type H4. They are not so well sorted as 

compared with Type H4, contain 10 to 50 % mud, and the mean 

diameter is 2 to 60. Therefore, the histograms show 

sometimes bimodal grain size distribution. Sediments of 

Type H5 lie in the central part of Iyo Nada, the 

southeastern part of Suwo Nada, and some areas nearer to 

the channels than those of Type H6 . There often exist 

sand waves in Type H5 distribution area. 

Type H6 : Sand grains are usually very small. Grain size 

distributions do not have remarkable mode, however, they 

have a mode in very fine sand. In general, the sediments 

of Type H6 contain more than 30 % of mud, and show bimodal 

or polymodal patterns in grain size histograms having two 

or more peaks of sand and mud. They are not so well 
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sorted with the mean diameter 4 to  60. They are 

distributed in the area where tidal currents seem to be 

very slow, such as in the main part of Suwo Nada, the 

eastern part of Bungo Suido, Saeki Bay, Hiroshima Bay, the 

northern part of Harima Nada and Kii Suido. 

Type H7 : Contents of mud are very high and contents of 

fine sand and very fine sand are usually less than 40 %. 

Moreover, most of the sand grains are composed of feacal 

pellet. The sortings of sediments are not so good, the 

mean diameter being less than 60. 

They lie in the western part of Suwo Nada, Beppu Bay, and 

Hiroshima Bay and the area where the tidal currents are 

negligible, such as Hiuchi Nada, Bingo Nada, Mizushima 

Nada, the south of Harima Nada, Osaka Bay and the western 

part of Kii Suido. 

     The sediments from H1 to H7 mentioned above are 

summarized as follows. Sorting of sediments are best in 

Type H4 and become worse in other types whether they are 

coarser or finer. Lateral changes of sediment types show 

that Type H1 lie near the channel or caldron, and the type 

numbers increase as they leave the area of caldron (Fig. 

15). Relations between sediment types and various 

measures are shown in Table 1.
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       VI. STRATIGRAPHY BASED ON 3.5 KHZ SUBBOTTOM 

                     PROFILING RECORDS 

     Precise Depth Recorder (Okidenki Co.) and 3.5 kHz 

 Subbottom Profiler (Raytheon Co.) were used for acoustic 

survey. And the survey tracks were set at few miles 

intervals so as to trace the sampling sites of bottom 

sediments. 

     No data have been obtained regarding the acoustic 

velocity in unconsolidated sediments in the Seto Inland 

Sea. Chujo et al. (1961) estimated the velocity in the 

sediment of the Ariake Bay in Kyushu as 1,480 m/sec or a 

little faster, and Huzita and Maeda (1969) adopted the 

value of 1500 m/sec in Osaka Bay. In the followings, 

acoustic velocity is postulated as 1500 m/sec. 

     On the acoustic record, U (upper) layer and L (lower) 

layer are clearly separated as shown in Fig. 16. In 

general, U layer is acoustically transparent or 

semitransparent on the record but has some local reflectors 

, and covers all the area except in and around the 

channels. The reflector which separates L layer from U 

layer has most continuous distribution in the surveyed 

area. L layer sometimes contains a few local reflectors, 

and crops out in channel areas and near by, or are overlain 

by very thin sediment belonging to U layer. 

     Stratigraphic significance of the reflector which 

divide U layer and L layer is discussed below, based on 
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cored materials and 3.5 kHz subbottom profiling records in 

Harima Nada (Fig. 17, Table 2). In general, upper part 

(or all) of cored materials is composed mainly of dark 

greenish grey marine mud which resembles the surface 

sediments obtained by grab sampling. Muddy samples 

contain marine molluscan shell fragments, such as Paphia  

undulata etc. and some fecal pellets. In the columnar 

sections, this sediment becomes sandy or begin to have thin 

sand layers closer to the lower part or basement rock. As 

mentioned, this part of sediment becomes coarser around the 

channels. On the other hand, in general, the sediment of 

lower part is rich in organic matter and in many cases peat 

or pebble bed is intercalated between the upper and lower 

parts of the sediment. Light greenish gray colored 

lacustrine clay, volcanish ash, sand and rock fragments are 

also found in the lower part of sediment. Lacustrine clay 

contains plant fragments in many cases, and is more 

consolidated than the marine mud in the upper part. 

     These relations between the upper and lower parts of 

the sediments and their characteristics are expected to be 

common all over the Seto Inland Sea, based on the following 

reasons. The maximum depth in the Seto Inland Sea is less 

than 80 m even in erosional channel area except in the 

caldrons. Hence, almost all the areas in the Seto Inland 

Sea are supposed to be terrestrial when the sea level was 

very low during the maximum  Wurm(-80 m according to Oshima, 

1978 and -140 m according to Minato, 1966). The fact 
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that the C-14 age of peats underlying the marine sediments 

is 10,430 Y.B.P. to 36,400 Y.B.P., confirms this 

supposition. On the other hand, the marine sediments 

which are composed mainly of mud must be Postglacial 

transgressive sediment that began to deposit about 20,000 

years ago. And it is supposed to exist remarkable 

unconformity between the marine sediments which occupy the 

upper part of the cored material and the lower sediments or 

rock. Emery and  Hulseman (1964) pointed out that the 

shortening of the cored material by a gravity corer (open 

barrel) attains about 50 % as compared with that by a 

piston corer. Consequently, the reflector may appear at 

shallower depth in the cored materials than observed on the 

acoustic records. 

     On the other hand, the sediment cores, supposed to 

attain below the reflector on the acoustic records have 

both upper muddy marine sediment and lower fresh water 

sediment such as peat, sand and clay bed, whereas the 

sediment cores which are not supposed to attain the 

reflector contain only marine sediments. In the cored 

marine sediment, any remarkable changes in the lithofacies, 

which should correspond to the reflector, are hardly 

recognizable in the marine layer. Moreover, the fresh 

water sediments change their facies from site to site, so 

lithofacies of lower bed are discontinuous. 

     The reflector that exists between U and L layers is 

the most continuous one in the Seto Inland Sea, and it is 
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distributed widely over all the sea area except the channel 

areas. Therefore, it is most reasonable to define the 

reflector between the U and L layers as the widely 

distributed unconformity between the upper marine sediments 

that are composed mainly of mud and the lower fresh water 

sediments and rock. The same result is shown by the data 

of drillings in Osaka Bay. That is, the basal depths of U 

layer which are estimated from 3.5 kHz acoustic data fit 

fairly well with that of A member (generally all is marine 

mud) which is the only one possible boundary shown in the 

results of drillings in the planning site area of New 

Kansai International Airport (Nakaseko, 1983) (Fig. 18 and 

Table 3). 

     Then, facies of L layer which underlies the reflector 

may have to be discussed a little. There are many 

localities of fossil Elephants in the Seto Inland Sea 

(Ikebe, 1959; Itihara,  1961). All of them are in the 

channel areas or in the caldrons except those on wave cut 

terraces which are near the shorelines. This fact 

suggests that Neogene to Quaternary beds containing fossil 

Elephants cropout in the channel areas, and are eroded by 

tidal currents and the fossils rest on the sea bottom. 

Bando et al.(1978) said that granitic rocks and Pleistocene 

Ozuchi Formation are distributed on the bottom of caldrons 

in the Bisan Seto area. Similar facts are reported by 

Honza et al.(1970). Based on acoustic records, U layer 

is, in general, distributed neither in the channels nor in 
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the  caldrons, and L layer crops out there widely. 

Therefore, these bedrocks of Neogene to Quaternary beds 

which sometimes contain fossil Elephants or the granitic 

rocks in the caldron areas belong to L layer. 

     Fig. 19 shows the thickness distribution of U layer. 

In the areas where U layer is relatively thick, it is easy 

to distinguish U layer from L layer. But in areas where 

the U layer is thin or sandy, it is sometimes difficult to 

determine the thickness of U layer owing to the low 

resolution power of the record. Even in that case, U 

layer is supposed to exist very thinly. But in the case 

the bottom topography shows erosional surface, thickness of 

U layer is regarded as 0 m. As shown in Fig. 19, thick 

(more than 30 m) U layer is distributed in Beppu Bay, the 

northeastern part of Bungo Suido, Aki Nada off Kure City, 

the southern part of Harima Nada, Osaka Bay and the 

northwestern part of Kii Suido. Areas where thickness of 

U layer is 20 to 30 m are Suwo Nada, eastern part of Iyo 

Nada, Hiroshima Bay, the central part of Hiuchi Nada and 

the northwestern part of Harima Nada. 

     In above mentioned areas of thick (more than 30 m) U 

layer, the surface sediments are mainly mud, and the 

histogram type is H6 and H7. In general, thickness of U 

layer in sandy sediments area is very small and are usually 

less than 10 m. Types H1, H2 and H3 are distributed in 

this area. However, in the eastern part of Aki Nada and 

the central to western part of Iyo Nada, sandy sediments of 
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U layer are exceptionally thick attaining 10 to 20 m. H4 

and H5 types are distributed in this area. 

     Coastal plains around the Seto Inland Sea are 

underlain by "Alluvium" which correlates with U layer (and 

in part of L layer) in the sea. Huzita and Maeda (1966) 

divided the "Alluvium" in Amagasaki region into two parts, 

namely, "upper  Alluvium" and "lower Alluvium". "Upper 

Alluvium" was subdivided into upper sandy gravel, middle 

clay (Amagasaki clay) and lower sandy gravel formations. 

Huzita and Maeda (1966) said that the " lower Alluvium" is 

burying the dissected valleys of the older river system. 

Besides, Huzita and Kamata (1964) distinguished A and B 

formations of " Alluvium deposit" in Osaka Bay based on 

seismic profiling records of Sparker. (As shown in the 

thickness distribution map of U layer (Fig. 19) and Figure 

3 (Fig. 20 in this paper) in Huzita and Kamata (1964), 

thickness of U layer coincides with that of A plus B. 

That is, Huzita and Kamata (1964) subdivided U layer in 

this paper into two parts.) The depths of "Alluvium" base 

in sea area which reported by Huzita and Kamata (1964) 

coincide with that of A member (in general, marine mud 

formation) in the drilling data by Nakaseko (1983) (Table 

3). So, A and B formations of " Alluvium" by Huzita and 

Kamata (1964) and U layer in this report are both 

correlated with " A member" in the drilling data of the 

planning site area of Kansai New International Airport. 

The A member is composed mainly of marine mud and is 
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correlated with middle mud formation 

formation in Huzita and Maeda, 1966) 

reasons mentioned above, U layer in 

correlated with middle mud formation 

"Alluvium"
, and the other underlying 

layer.

 (Amagasaki clay 

 . From all the 

acoustic records is 

 and upper formation 

 sediments belong to

in 

L
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                       VII. DISCUSSION 

   1. The causes of the lateral grading in the grain size 

          of the sediments around the channel areas 

     One of the most characteristic distribution patterns 

in the Seto Inland Sea is, as described in the chapter IV, 

that the sediment grain size is coarsest in the channel 

area or in the  caldrons and decreases gradually with 

increasing distance from the channels. In the north off 

Hoyo Strait, such grain size decreases are recognized as 

far as 70 km in north-south direction, and in other channel 

areas, the distance often attains as far as 10 km. 

   On the other hand, in other areas of different 

topographycal and sedimentological condition no clear large 

scale horizontal gradings are recognized. In the muddy 

sediment distribution areas, mud line lies much shoreward 

than the nearest shore position of the bottom sampling 

stations, and in the sandy sediment distribution areas, 

there are not observed decreases in grain size toward 

offshore direction perpendicular to the shoreline. 

Therefore, the grain size decreases with distance offshore 

from the shoreline, as shown in Pilkey and Farankenberg 

(1964) and Emery (1968) in modern sediments, are, even if 

exist, likely to be very small in scale and the decreasing 

distance may be within a few kilometers. Horizontal 

distribution pattern of grain size is thought to be a 
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fan-shaped one in case of the grain size decreases with 

distance from the channel area, whereas to be a belt-shaped 

one, if exist, in case of the grain size decreases offshore 

from the shoreline. Louderback (1940) showed two types of 

distribution in San Francisco Bay (with mean depth less 

than 10  m). First one is the decreasing of grain size 

with the increasing in depth and distance from the 

shoreline. Second one is the increasing of grain size 

with increasing depth. He stated that, in San Francisco 

Bay, the latter case is dominant and the causes seem to be 

the wave activity .in the former, whereas to be the tidal 

current in the latter. Also in Japan, Kamada (1967) and 

Shiozawa (1969) reported the decreasing of grain size 

occurs with increasing distance from the the channel area 

in Ariake Bay and Akkeshi Lake, respectively. Thus, the 

distribution pattern of "decreasing in grain size with 

increasing distance from the channel area" is a general law 

in the nearly closed sea condition under the influence of 

strong currents. 

     Such sediment distribution pattern is also generally 

seen in the lagoons and tidal flats, and, as Ikeya and 

Handa (1972) and Krumbein (1939) stated, the source of the 

sandy sediments is usually attributed to outer open sea 

side. Ikeya and Handa (1972) concluded that the sandy 

sediments in Hamana Lake were originally supplied from the 

Tenryu River into the nearshore area of the Pacific Ocean, 

drifted westward by longshore current, and then transported 
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into the lake by the tidal current. In addition, 

sediments in the coastal lagoons of Baja California are 

thought to be brought from the barrier island  (Phleger and 

Ewing, 1962). 

      However, in the Seto Inland Sea, grain sizes of 

sediments decrease with distance toward both sides away 

from a channel. Also, there are not recognized any 

longshore currents and wave activities that supply sandy 

material laterally. These facts suggest that the 

sediments are not supplied from the opposite side of the 

strait. Thus, though the sediment distribution patterns 

in the Seto Inland Sea are very similar to those of the 

lagoons and tidal flats, the Seto Inland Sea has no inlets 

facing the open sea and has little influence of wave 

activity. Therefore, the origin of the sediments and 

manner of transportation are probably much different from 

those of the lagoons and tidal flats. 

     In the following, origin and cause of the horizontal 

grading of the sediments, namely, "grain size decreases 

with distance from the channel area" are discussed. 

Origin of Sediments  

     As shown in 3.5 kHz subbottom profiling record, 

sediments which show horizontal grading in grain size all 

belong to U (Upper) layer, except for the sandy gravels 

distributed in the channel areas. Muddy sediment within 

the U layer, distributed near the shore show sludge-like 
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property indicating the derivation from anthropogenic 

wastes. This shows that the surface sediments of the U 

layer were transported and deposited under the hydrological 

conditions which have been dominant for more than a few 

decades, and then the horizontal grading patterns which can 

be seen around the channel areas seem to be explained by 

the modern hydrological condition. 

     As mentioned before, grain size decreases with 

distance from channel areas are typically shown in the 

areas of sand deposition in the Seto Inland Sea. In the 

following, origin of these sand grains are discussed. 

     In general, in the vicinity of the mouths of main 

rivers, which discharge the sediments into the Seto Inland 

Sea, muddy sediments are distributed. These sediments do 

not contain coarse sand grains. This fact seems to be 

 curious, for there are many granitic rock exposures around 

the Seto Inland Sea and a large volume of sand grains are 

expected to be supplied. However, as Huzita (1978) 

mentioned, coarse grains are all settled on alluvial fans 

or deltas and do not attain to the calm sea areas. 

Therefore, the origins of sandy sediments around the 

channel areas may not be attributed to the rivers. And, 

as shown in the core samples taken in the muddy sediment 

distribution areas, there are contained no clear sand beds. 

Moreover, there are no channel topographies which cross the 

areas of mud depostion. 
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     These facts show that sand grains, which are contained 

in sandy sediments around the channel areas, are not those 

transported from the land across the area of mud 

deposition. Also there are no possibilities of their 

transportation from other side of the channel, for there 

are no longshore currents which flow toward the channel and 

the sediment distribution patterns are symmetrical with 

respect to the channel. 

   Consequently, origin of sandy sediment, which are 

distributed in this sea area, must be attributed to those 

in and near the channel areas except for the sand grains 

which deposited near the shoreline. Based on the acoustic 

survey record, modern sediments are not distributed in and 

around the channel area, but the older sediments or rocks 

are exposed and being eroded. Almost all the sea bottom 

in the Seto Inland Sea is less than 80 meters in depth. 

Maximum lowering of the sea level in the latest Glacial age 

was lower than this depth (-80 m according to Oshima, 1978 

and -140 m according to Minato, 1966). Therefore, the 

origin of sand grains, which are now distributed in the 

bottom surface of the Seto Inland Sea, is traceable to the 

fresh water and shallow marine coarse sediments which 

deposited at the time of low sea level or to the basement 

rocks such as granite (which belong to L layer in the 

acoustic  stratigraphy). When these older sediments and 

basement rocks are eroded and reworked, it is possible to
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supply enough sand grains which are now deposited around 

the channels. 

   For example, in  Iyo Nada, where the distribution of 

sandy sediments are wide and volume estimation of sandy 

sediment is relatively easier, the thickness of sandy 

sediments is very thin as compared to that of muddy 

sediments, and the volume of eroded sediment (6.4 Km3), 

deduced from the volume of the caldron in the north off 

Hoyo Strait, is in the same order as that of the sandy 

sediment now distributed in the southern part of Iyo Nada 

(6.9 km3). Therefore, origin of sandy sediments, which 

are distributed in the Seto Inland Sea, can be ascribable 

to the older sediment which deposited at the low sea level 

and the basement granitic rocks, both lying in and near the 

channel areas. 

     Next, the origin of mud particles constituting the 

muddy sediments is discussed. Postma (1961) mentioned 

that mud particles of the tidal flat in the Wadden Sea have 

different origin in different areas. That is, some mud 

particles derived from rivers, some from the eroded tidal 

marsh or tidal flat, and some from the open sea. In the 

Seto Inland Sea, there expose muddy older sediments which 

belong to the L layer in the channel area. For example, 

Itihara (1961) stated that in Tomogashima Strait, the 

marine mud bed which contains fossil Elephant exposes 

widely. So, there may exist the supply of mud particles 

from the channel by reworking of the bed materials. To 
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prove this, volume estimations were made  for the U layer in 

Osaka Bay (22 km3), where muddy sediments are dominant, and 

for two caldrons, which lie in Akashi and Tomogashima 

straits ( 4 km3). The results show that sediments from 

the caldrons never exceed 1/5 of sediments volumes of Osaka 

Bay. (In this case, the sediments derived from the 

caldrons are supposed to be all mud. Moreover, sediments 

beneath the Osaka Plain are excluded.) Also, because the 

mean depth of the Seto Inland Sea is generally deeper than 

that of the most tidal flat, transportation and enrichment 

of mud particles from the open sea are very difficult to 

occur here, as described in the tidal flat area along the 

North Sea coasts of Denmark, Germany and Holland by 

Straaten and Kuenen (1958). Because in tidal flats, at 

the end of the flood tide, most of the settling sediment 

reaches the bottom owing to the shallowness of the water, 

but in the Seto Inland Sea, the quantity of sedimentary 

material that reaches the bottom is very small owing to the 

greater depths. Therefore, most of the mud particles in 

the Seto Inland Sea are, as generally considered, 

transported in suspension from the rivers, and deposited 

where the currents were weak as shown in mud deposition 

area. 

Causes of horizontal aradina in the sediments

     In the following, the nature of currents which cause 

gradual decrease in grain size with distance from the 
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channel are discussed. Swift et al.  (1971), classified 

the currents on the continental shelf in the order of their 

influence into meteorological currents (mainly wind wave, 

currents made by barometric storm surge, longshore current 

and rip current), tidal current, density current and ocean 

current. However, this order was established on the 

continental shelves in the open sea, so it cannot be 

applied directly to the closed sea. In the following, 

some discussions are made on the nature of the several 

currents which control the distribution patterns of 

sediments in the Seto Inland Sea. 

     About storm surge among meteorological currents, 

Nelson (1982) described that sandy sediments are 

transported for about 100 km by this current in the western 

coast of Alaska. The sediments are intercalated as thin 

layers in the muddy sediments on the continental shelf of 

the Bering Sea, and grade vertically. They grade also 

horizontally but the distribution is limited within the 

depth of 30 m, and moreover, they grade outward from Yukon 

Delta (that is grading with distance from the shoreline). 

On the other hand, in the southwestern area off North 

Island in New Zealand, Lewis (1979) showed that sediments 

are transported southeastward along the shore by storm 

generated current. But this transportation occurs only on 

the area shallower than 15 m deep. However, these 

sediment distribution patterns have, in general, no 

relations to the existence of channels. Above-mentioned 

                              - 36 -



currents are regarded as very weak in the areas where wind 

blown distance is relatively short (Reading, 1978). The 

existence of them are not reported in such closed seas with 

relatively large depth including the Seto Inland Sea. 

     Density currents are produced where a large volume of 

low density water of the river are supplied into the sea, 

and then as their countercurrent, high density sea water 

moves along the bottom (Reading, 1978). Kelling and 

Stanley (1972) described such currents in the Gibraltar 

Strait caused by the surface inflow of relatively low 

density water of the Atlantic Ocean into the Mediterranean 

Sea, and by the bottom flow of high density water of the 

Mediterranean Sea toward west. Also they reported that 

the bottom sediments lying on the channel bottom at the 

depth of 700 m are moving westward by the bottom current. 

The direction of this current is usually westward and the 

easterly tidal currents do not affect the sediment 

distribution patterns. Moreover, bottom sediments in the 

Gibraltar Strait do not grade horizontally. On the other 

hand, at the river mouths of large rivers in the Seto 

Inland Sea, there are no remarkable changes in grain size 

of the sediments. This fact leads to the conclusion that 

the influence of density current is, if exists, very small. 

In addition, as density current is, in general, 

unidirectional, it is very difficult to explain by the 

density current the symmetrical distribution patterns of 

grain size with respect to the channels. 
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     About ocean current Flemming (1978) described that 

sediments on continental shelf southwest off Africa are 

reworked by  Agulhas Current. But this type of current can 

only exist in open seas, and as discussed in the case of 

the density current, such unidirectional current cannot 

cause such sedimentary distribution patterns as those 

observed near the channel areas in the Seto Inland Sea. 

     Tidal currents, on the other hand, are thought often 

to cause the sediment transport and horizontal grading of 

the bottom sediments as described by many authors (for 

example, Stride, 1963; Belderson, 1964; Belderson and 

Stride, 1966; Krank, 1972; Channon and Hamilton, 1976; 

etc.). Belderson and Stride (1966) showed in the Celtic 

Sea, southwest off England, that the grain size decreases 

toward the downstream of tidal currents, and also the 

bottom topographies by Side-scan sonar Asdic record show a 

series of characteristic regions, that is, 1) predominance 

of erosion, 2) sand ribbons, 3) sand waves, 4) continuous 

beds of sand andmuddy sand, and 5) sand patches with 

intervening shell-gravel. Kenyon (1970) recognized the 

relations between the form of sand ribbons and the velocity 

of tidal currents by using Asdic records on the seabeds off 

southwest England. In addition, Channon and Hamilton 

(1976) mentioned that in southwest off England, the grain 

size distribution of sediments are influenced by tidal 

currents, but the sortings of sediments occur by both tidal 

currents and wind induced currents in storm weather. 
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     The current forms are divided by the existence of 

change in velocity at a given position, namely, "steady 

 flow"(au/at = 0; u: velocity, t:time) and "unsteady flow" 

(au/at # 0). Kimura (1956) further subdivided them into 

"uniform steady flow" "non uniform steady flow"
, "non 

periodic unsteady flow", and "reciprocating unsteady flow", 

and showed as examples of them such ones as ocean current, 

river mouth current, flood current and tidal current, 

respectively_ 

     As already mentioned, distribution patterns of the 

surface sediments in the Seto Inland Sea are, in typical 

manner, symmetrical with respect to the channel, so 

unidirectional currents of "steady flow" cannot be the 

cause of horizontal grading. At the same time, 

symmetrical distribution of sediments suggests that 

"reciprocating unsteady flow" is the most probable cause of 

distribution patterns of sandy sediments in the Seto Inland 

Sea. None of other currents except tidal current can 

explain the cause of sedimentary distribution in the Seto 

Inland Sea. 

   In Japan, the tidal currents were too much emphasized on 

their reciprocating or reversing current nature, and the 

transportation by the tidal current has not been noticed 

yet. But in foreign countries, there are many reports on 

the transportation of sediments by tidal currents. For 

example, Straaten and Kuenen (1958) explained the 

accumulation of fine grained sediments in the Dutch Wadden 
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Sea as follows. They assumed that the tidal current in 

tidal flat is reciprocating current which shows symmetrical 

time-velocity curve (V(-t) = -V(t) :  t=0 means time of 

flood or ebb), and that maximum current velocity decreases 

shoreward. And then, they showed that the grains which 

are transported by flooding tide begin to settle as the 

current velocity decreases to the level less than that to 

initiate the erosion and transportation of the grains, and 

the grains are transported some distance before settling 

down on the bottom. To carry back away these grains in 

ebb tide, there should be enough water flows that exceed 

the velocity of the water flow which carried the grains in 

flood tide (Fig. 21). They stated that, as a result, the 

grains which are carried to and from the shore side by both 

currents do not come back to a startpoint but approach to 

the shore to some distance expressed by the difference 

between the carried distances both by flood tide and ebb 

tide. In fact, as eroding velocity is faster than that of 

settling, transportation by settling lag effect is further 

intensified. They also called this as the scour lag 

effect. Though, there are differences in the grain size 

of the sediments and in the water depth between the above 

mentioned sea areas and the Seto Inland Sea, as the sand 

grains have limited current velocities both for traction 

and settling with somewhat smaller one at the latter, there 

seem to be the same lag effects in the Seto Inland Sea. 

In these two areas, also, grains are transported by the 
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similar "currents with small decreasing rate of velocity", 

so the transporting mechanisms seem to be very similar to 

each other. 

     In addition, in the Seto Inland Sea it is pointed out 

that the effects of flood tide and ebb tide on the bottom 

sediments differ considerably  to  each other. Mogi (1980) 

reported that at Kanmon and Akashi straits etc., velocities 

of tidal currents are relatively higher when the survey 

positions are in the downstream side of a channel than that 

in the upperstream side. This phenomena also can be seen 

in the case where the current direction is reversed. So, 

sedimentary processes of erosion, transportation and 

deposition shown by Straaten and Kuenen (1958) are more 

strengthened in the downstream side than in the upperstream 

side. This leads to a conclusion that one cycle of tidal 

current has an effect to transport the sedimentary 

particles toward farther side away from the channel as if 

they were carried by one downstream tidal current. 

     Before coming to a conclusion that the cause of 

grading in the grain size of the sediments around the 

channel area in the Seto Inland Sea is the tidal current, a 

remaining problem should be discussed. That is, do tidal 

currents have enough current velocities to erode the bottom 

of the caldron and also to transport the eroded materials? 

In the Seto Inland Sea, current data of surface water are 

abundant, but data on the bottom of the caldrons are 

limited. The Road Bureau and the Kinki Regional 
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Construction Bureau of the Ministry of Construction (1970) 

measured tidal current velocities in the central part of 

Akashi Strait at several depth zones. The results show 

that even in the  caldron, tidal current velocity is as high 

as 4.6 knot (about 230 cm/sec) at 60 m depth zone. At 

this point, the differences in the velocity values in each 

depth zone are within 20 %. Thus, the bottom currents in 

the caldron seem to have enough velocity to erode the 

unconsolidated bottom sediments or weathered materials of 

the bed rock and to transport eroded materials. If there 

are gravels in the caldrons, the effect of erosion may be 

increased. In addition, Honza and Nasu (1968) measured 

current velocities in Bisan Seto, and showed the velocity 

of about 1 knot at the maximum at 1 m above the bottom and 

velocities of 4 to 5 knot at the surface. These stations 

were almost all in the sand wave distribution area and sand 

transportation were observed. 

     Conclusion in the above discussions is as follows. 

Sediment distribution pattern, which is dominant in the 

Seto Inland Sea, namely, the decrease in grain size with 

distance from the channels is caused by the tidal current, 

with which the bottom materials are eroded in and near the 

caldron, transported and sorted. On the other hand, 

suspended matters which are derived from rivers settle 

where the tidal current is very slow. 

     A model of sedimentary process in the Seto Inland Sea 

is shown in Fig. 22. 
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     In flood tide, the  caldron in downstream side is 

eroded by the current. In consequence, sand and gravel 

grains are washed out from L layer which underlies the 

bottom and wall of the caldrons, and these grains are 

transported to downstream side. At this time, large 

grains of gravels are not carried away by the tidal current 

and are left in the bottom of the caldrons. Fossil 

Elephants which were found at Tomogashima Strait belong to 

such type of grains. 

     Tidal current which had enough velocities to erode the 

bottom of caldron decreases as the current spread toward 

the sea area away from channels and only smaller particles 

can be transported. Sediments of Types Hl to H4 are 

deposited in this area. And the upgrade of sorting 

parameters is caused by currents at this time. Moreover, 

sand grains sometimes form sand waves and sand ridges by 

traction movement. 

     As the tidal current velocities decrease, sand grains 

that are transported from the caldrons become limited to 

very fine sand carried in suspension. Sand grains in Type 

H6 are these grains. Above mentioned sand grains are, in 

a sense, reworked sediments. 

     In the area farthest from the channel and in the 

current shadows tidal current velocities are completely 

decreased, and there is little supply even of suspended 

matter which derived from the caldrons. This is such sea 

area where sediments of small sand content in 
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sand-silt-clay ratio diagram are distributed. When the 

current is ceased deposition of mud particles are fully 

developed. The sediment type of this area is  H7. In 

this area, suspended silt and clay particles which are 

supplied from rivers progressively settle. In the Seto 

Inland Sea, in general, volume of sediments which were 

supplied from rivers exceeds that from the caldrons, as 

shown in Osaka Bay. Above mentioned sediments are all 

belong to U layer except for grains which are remained in 

the caldrons. 

     In ebb tide, tidal currents flow mainly along the 

surface layers toward channels. This is apparent because 

tidal currents originate due to the difference of sea 

levels on both sides of a channel. Mogi (1980) stated 

that velocities of tidal currents are relatively higher 

when the survey positions are in the downstream side than 

that in the upperstream side. Then, the bottom sediments 

do not undergo the same velocity current as that of flood 

tide. In addition, as velocities which initiate the 

movement of the grains are generally larger than that of 

settling the grains, it is needed longer time for the 

grains to start to move again at the areas far from the 

channel than that near the channel. So, sandy grains, 

that came from the caldron, are hardly carried back to 

their original position. 

     Suspended grains, which are derived mainly from 

rivers, are gathered near the shore at flood tide and then 
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spread widely offshore with weak current at ebb tide. In 

this process suspended matters seem to be transported to 

the areas of sand deposition, and this fact is supported by 

the existence of a small content of mud grains in the sandy 

sediments. A typical sediment of such origin is Type H5 

sediment. However, mud grains which are included in types 

 H1 and H2 near the channel areas have the possibility that 

mud grains in the L layer are eroded, caught in the 

boundary layer of turbulent flow of large particles and 

then deposited in it. On the other hand, the mud grains 

of Type H5 may be eroded and transported toward the 

shoreside areas from channel by the following flood tide. 

In this manner, sediments which have both mud particle 

group and sand grain group, showing bimodal or polymodal 

patterns in the histogram expressions, are formed. 

Therefore, sorting is upgraded from H1 to H4, but sorting 

become worse from H5 to H7. 

      Above mentioned sedimentary processes are concerned 

mainly with the area which lie "landward" side of a 

channel. It is natural that in "outer side" area of a 

channel, the process is overturned from flood tide to ebb 

tide. In this model, sedimentary transport is assumed to 

be daily process, but current velocities differ remarkably 

from spring tide to neap tide. So, in spring tide, this 

process is more strengthened than other tide.
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   2. On the age of "Alluvium" sandy sediments distributed 

           near the channel area of the closed sea 

     As mentioned above, sediments in the Seto Inland Sea 

have different origins from each other as compared with 

those of lagoons and tidal flats, however, the sediment 

distribution patterns are very similar to each other. 

That is, sediments which are transported by tidal current 

show horizontal decrease in grain size with distance from 

the channels, toward the direction of decrease of the 

current velocity, and this process is in progress at 

present. However, in Japan, in spite of the existence of 

such sedimentary distributions as mentioned above, surface 

sandy sediments near the channels are treated as deposits 

which deposited in the age of the low sea level, 15-20  m 

lower than the present one, as in the case of Ariake Bay 

(Ariake Bay Research Group, 1965) and Osaka Bay (Huzita and 

Maeda, 1969). 

     Huzita and Maeda (1969) divided "Alluvium" sediment in 

Osaka Bay into two formations, namely, A and B formations, 

and stated as follows: These divisions like Alluvium A and 

B is very similar to that of Ariake Clay Formation and 

Shimabara Kaiwan Formation (Ariake Bay Research Group, 

1965), and Alluvium I and II formations in Tokyo (Aoki and 

Shibasaki, 1966). A formation is Holocene and B formation 

is latest Pleistocene in age (p. 94, 95). From the data 

on bottom sediments, A formation can be regarded as muddy 
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part and B formation can be sandy part, but there are no  

data as for B formation (p. 90) (underline by the  auther). 

     Later, Huzita (1978) mentioned that A formation can be 

regarded as Umeda Formation in coastal region, and B 

formation as Nanko Formation of early Holocene age, still 

maintaining the opinion that sandy sediments in channel 

belong to B formation (p. 170). Further he stated that 

there is no condition of forming sandy gravel bed at the 

present bay (p. 172). 

     On the other hand, the author made the different 

interpretation as follows. 

     1. "Alluvium" is divided into U layer and L layer 

         (exactly speaking, a part of L layer) by the data 

         of acoustic records. U layer corresponds to 

        middle clay formation in Huzita and Maeda (1966), 

        but there is some possibility that a part of U 

         layer is older than that of middle clay formation. 

        And underlying bed and rocks belong to L layer. 

     2. Muddy part, which is regarded as U layer, grades 

         into sandy part in and near the channel area. 

     3. So, sandy part, which is distributed around the 

         channel area, does not belong to L layer. 

     Differences in the interpretation between Huzita and 

Maeda (1969) and this paper are in the following two 

points.
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1. Subdivision of the "Alluvium" deposit by means of the 

   acoustic records. 

2. Correlation of the sandy sediment around the channel 

    area. 

     As discussed in the acoustic stratigraphy based on 

acoustic survey record(chapter VI in this  paper), both 

"Alluvium" A and B together correlated with U layer and the 

acoustic boundary between "Alluvium" A and B formations 

does not correspond to the unconformity found in the land 

area, that is, Nanko-Umeda boundary (Fig. 23), so sandy 

sediments distributed around the channel area must belong 

to U layer. 

     It should be mentioned that Kuwahara etal. (1972) 

described the acoustic record in Ise Bay, stating that A 

formation in the surface part changes its facies into sandy 

ones near the bay mouth. This coincides well with the 

case of U layer in the Seto Inland Sea. 

     From the above discussion, following conclusion can be 

made. Sandy surface sediments that are distributed around 

the channel area in Osaka Bay are modern sediments and are 

now undergoing transportation. This process is the same 

as that of the Seto Inland Sea. 

     Next, the interpretation of Ariake Bay Research Group 

(1965) will be discussed. 

     Ariake Bay Research Group (1965) divided surface 

sediments into two groups, namely, "Ariake Clay Formation" 

which is composed mainly of muddy sediments, and "Shimabara 
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Kaiwan Formation" which is composed mainly of sandy 

sediments, and stated: 

     Shimabara Kaiwan Formation is distributed widely in 

-40 m planation surface , as well as underlying the Ariake 

Clay Formation which lies in Ariake and Shiranui Bays (p. 

 69)  . 

     Main body of aquifers which began to be saline water 

is the First aquifer, namely, Shimabara Kaiwan Formation. 

The main reason of this intrusion of saline water is that 

the First aquifer which underlies the Ariake Clay 

Formation, cropsout at -40 m planation surface. (p. 78). 

     So, they regard the sandy sediments as the older 

sediments which were formed before the recent sediment of 

the Ariake Clay Formation deposited. 

     Besides this, Kamada (1979) stated as follows : The 

basal plane of the Ariake Clay Formation coincides with the 

surface of the buried valley which dissects the planation 

surface of -40 m. Sediments which are cut by that valley 

is sandy gravel formation composed of medium and coarse 

sand and fine gravel. This sandy gravel formation is 

distinguished from the Ariake Clay Formation and regarded 

as the Shimabara Kaiwan Formation, and is distributed in 

Ariake Bay as IIa and V type sediments (p. 81). One of 

the most remarkable differences between the interpretation 

of that group and this paper is the view for the age of 

sandy gravels distributed around the channel. They 

regarded the Shimabara Kaiwan Formation, which are 
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distributed on the bottom surface of Ariake Bay, is a 

continued part to the sandy gravel formation that underlies 

the Ariake Clay Formation. In this point, the relation 

between Ariake Clay Formation and the Shimabara Kaiwan 

Formation is the same as that of "Alluvium" A and B in 

Osaka Bay. However, this interpretation can be discussed 

from the different view point as in the case of Osaka Bay. 

     It is apparent that above mentioned sedimentary 

distribution pattern differs much from that described by 

Kamada (1979). Kamada (1979) described the decrease in 

the grain size with distance from channel area. So, if 

the sandy gravel formation in the central bay and the one 

underlying Ariake Clay Formation is continuous, tidal 

current faster than that of present should have been there 

to move the sediment grains. But, as the current velocity 

is controlled by exchanged water volume, Ariake Bay in that 

time must have had several times wider sea area to allow 

this. However, there are no evidences like that. 

     Matsuishi and Matsumoto  (1969), based on acoustic 

record obtained by Sonoprobe in Ariake Bay, divided 

"Alluvium" in that area into "upper Alluvium" and "lower 

Alluvium", and subdivided "upper Alluvium" into "upper 

Alluvium I" (mainly mud), "upper Alluvium II" (mainly sand) 

and "upper Alluvium III" (mainly shell fragments, sand and 

gravel) based on the correlation to bottom sediments. 

However, as shown in Fig. 12 of Matsuishi and Matsumoto 

(1969), "upper Alluvium I" gradually changes into "upper 
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Alluvium II" 

is not very 

possibility 

Ariake Clay 

facies, but 

problem.

 , so the stratigraphic relation of both parts 

clear. Therefore, there is a strong 

that sandy sediments around the channel and 

Formation are contemporaneous but heterotopic 

further examination is required to solve the
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                        VIII. SUMMARY 

      In the Seto Inland Sea, sandy sediments are 

distributed widely in and around the channels and  caldrons, 

and they decrease grain size with distance from the 

caldrons. And farther distance from the channels, muddy 

sediments of recent age are distributed. These muddy 

sediments compose surface part of U layer in the acoustic 

records. But this part is very thin or absent in the 

channel areas and caldrons, and increases its thickness far 

shoreward from the channels. Such distribution patterns 

are most dominant and general in the Seto Inland Sea. 

     The cause of sediment distribution pattern especially 

of the sandy materials described above, can be explained by 

the effect of the tidal currents in recent years. Sandy 

sediments around the area are supplied by the reworking of 

the fresh water and shallow marine sediments which 

deposited at the low sea level in latest Glacial age and by 

the erosion of the basement rocks, both distributed in the 

caldrons and their nearby areas. 

     The similar distribution pattern to that in the Seto 

Inland Sea is reported from the tidal flat, lagoon and 

continental shelf under high tidal current. However, in 

these areas, wave activities are very strong. Also in 

such areas as the tidal flats and lagoons with inlets 

facing outside to the open sea, as the source of sand the 

supplies from outside through waves and longshore currents 

are much more stressed than those from the caldron. The 
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Seto Inland Sea is remarkably different from other closed 

seas regarding the origin of sand. 

     Sandy sediments which are distributed around the 

channels have been thought to belong to the older group 

than the recent one, and referred to have deposited during 

the latest Glacial age. However, they are the modern 

sediments or reworked sediments which are now undergoing 

transportation.

- 53 -



                     ACKNOWLEDGEMENTS 

   The author would like to thank Prof. Keiji Nakazawa and 

Dr. Tsunemasa Shiki of Kyoto University for their helpful 

supervisions and encouragements. He wishes also to thank 

Prof. Tadao Kamei and Dr. Shiro Ishida of Kyoto University 

for their comments on the manuscript. 

   The author received many suggestions from Emeritus Prof. 

Haruhiko Kimura of Kyoto University of Education, Dr. 

Tomoyuki Moritani, Dr. Toru Sakamoto, Dr. Kazuo Oshima, Dr. 

Fuminori Takizawa and Dr. Seizo Nakao of the Geological 

Survey of Japan and Dr. Fujio Kummon of Shinshu University. 

He is grateful to them. 

   Many drawings were made by Mr. Koji Onodera. Helps for 

typing the manuscript was received from Miss. Miyuki 

Hazama. The author wishes to heartily thank them.

- 54 -



                             REFERENCES 

                                                    * 
Aoki, S. and Shibasaki, T. (1966) , Problems on the 

   lithological facies and sub-division of the so-called 

   Alluvial marine deposits in Japan. The Quaternary Research, 

   5, 113-120. 

                                                  * Ariake Bay Research Group (1965) , Quaternary system of the 

   Ariake and Shiranui Bay areas, with special reference to the 

   Ariake soft clay. Assoc. Geol. Collab. Japan. Monography, 

   No.11, 86p. 

                                                                   * Bando, Y., Saito, M. and Takahashi, K. (1978) , Geological 

   study of the sea bottom of Bisan-Seto area -- Part  1--

   Geomorphology of the sea bottom and the geology of Bisan-Seto 

   area in the Japanese Inland Sea (Seto Inland Sea). Mem. Fac. 

   Educ. Kagawa Univ., II, 28, 9-20. 

Belderson, R. H. (1964), Holocene sedimentation in the 

   western half of the Irish Sea. Marine Geol., 2, 147-163. 

----------------------- and Stride, A. H. (1966), Tidal current 

   fashioning of a basal bed. Marine Geol., 4, 237-257. 

Bokuniewicz, H. J., Gordon, R. B. and Kastens, K. A. (1977), 

   Form and migration of sand waves in a large estuary, Long 

   Island Sound. Marine Geol., 24, 185-199. 

Channon, R. D. and Hamilton, D. (1976), Wave and tidal 

   current sorting of shelf sediments southwest of England. 

   Sedimentology, 23, 17-42. 

Chujo, J., Kondo, N. and Kurasawa, H. (1961), Marine sonic

- 55 -



   survey and land geological survey on the Shimabara Kaiwan. 

   Bull. Geol. Surv. Japan, 12, 247-283. 

Emery, K.  O. (1968), Relict sediments on continental shelves 

   of the world. Bull. Amer. Assoc. Petrol. Geol.,52, 

   445-464. 

---------------- and Hulsemann, J. (1964), Shortening of sediment 

   cores collected in open barrel gravity cores. Sedimentology, 

   3, 144-154. 

Flemming, B. W. (1978), Underwater sand dunes along the 

   southeast African continental margin. Marine Geol. 26, 

   177-198. 

Folk, R. L. and Ward, W. C. (1957), Brazos river bar: A 

   study in the significance of grain size parameters. J. Sed. 

   Petrol., 27, 3-26. 

Friedman, G.M. (1962), On sorting, sorting coefficients, and the 

   lognormality of the grain-size distribution of sandstones. J. 

   Geol., 70,737-756. 

Hatch, T. and Choate, S.P. (1929), Statistical description of 

   the size properties of non-uniform particulate substances. J. 

   Franklin Inst., 207, 369-387. 

                                                             * Honza, E., Kagami, H. and Nasu, N. (1970) , Marine geology 

   of Bisan Strait, Seto Inland Sea of Japan. Jour. Mar. Geol. 

   6, 12-33. 

                                              * 

------------- and Nasu, N. (1968) , Sand wave migration at the 

   Bisan Strait, Seto Inland Sea (Part I. Monthly observation of 

   sand wave migration). Jour. Mar. Geol. 4, 16-26. 

                         * Huzita, K. (1978) , Crustal movements and sea-level changes

- 56 -



since Miocene 

sedimentation 

Japan (Prof. N

in 

and 

 . Ikebe

 Southwest Japan in relation to the 

topographic surfaces. Cenozoic Geology of

Memorial Volume)

                                              ** 

---------- and Kamata, S. (1964) , Geology 

Report on acoustic survey in Osaka Bay 

Committe on acoustic survey in Osaka Bay

, 169-185. 

jy of Osaka Bay. 

1962), Report  

    62P.

* 

------------- and Maeda, Y. (1966) , Latest Quaternary deposits 

   in north-western Part of Osaka Plain (Studies on the 

   "Alluvium deposits" of Osaka Bay
, Part 1). The Quaternary  

   Research, 5, 19-27. 

* 

--------------- and ----------------(1969) ,Latest Quaternary deposits 

   in Osaka Bay. The Quaternary Research, 8, 89-100. 

* Ikebe, N. (1959) , Stratigraphical and geographical 

   distribution of Fossil Elephants in Kinki District, Central 

   Japan. The Quaternary Research, 1, 109-118. 

* Ikeya, N. and Handa, T. (1972) , Surface Sediments in 

   Hamana Lake, the Pacific Coast of Central Japan. Reports of 

   Faculty of Science, Shizuoka Univ., 7, 129-148.

* 

Inouchi, Y. (1982) , Distribution of bottom sediments in the 

   Seto Inland Sea -- The influence of tidal currents on the 

   distribution of bottom sediments --. Jour. Geol. Soc. Japan, 

   88, 665-681. 

* Itihara, M. (1961) , On the fossil bed of Elephas namadicus 

   naumanni, off the Tomogashima Islands, Osaka Bay. Prof. J.  

   Makiyama Memorial Volume, 11-15. 

* Kamada, Y.(1967) , Bottom sediments in the Ariake Sea. Sci. 

   Bull. Fac. Lib. Arts Educ. Nagasaki Univ., 18, 71-82.

- 57 -



                            ** 

--------------------- (1979) , Geomorphology and Geology in Ariake 

   Sea. Bull. Coastal.  Oceanography, 17, 72-85. 

Kelling, G. and Stanley, D. J. (1972), Sedimentary evidence 

   of bottom current activity, Strait of Gibraltar region. 

   Marine Geol., M51-60. 

Kenyon, N. H. (1970) Sand ribbons of European tidal seas. 

   Marine Geol., 9. 25-39. 

------------------- and Stride, A. H. (1970), The tide-swept 

   Continental shelf sediments between the Shetland Isles and 

   France. Sedimentology, 14, 159-173. 

* Kimura, H. (1954) , A Fundamental Study on Sedimentation 

    (Part 5) -- Sediments with Wavy Surface --. Jour. Geol. Soc. 

   Japan, 60, 505-516. 

* Kimura, H. (1956) , Mechanism of Sorting -- A Fundamental 

   Study of Sedimentation (Part 7) --. Jour. Geol. Soc. Japan, 

   62, 472-489. 

Kranck, K. (1972), Tidal Current control of Sediment 

   Distribution in North Umberland Strait, Maritime Provinces. 

   J. Sed. Petrol. 42, 596-601. 

Krumbein, W. C. (1939), Tidal Lagoon Sediments on the 

   Mississippi Delta. In Trask, ed., Recent Marine Sediments: 

   Tulsa, Am. Assc. Petrol. Geol., 178-194. 

Kuenen, Ph. H. (1967), Emplacement of Flysch-type sand 

   bodies. Sedimentology, 9, 203-243. 

                                                                                            * Kuwahara, T., Matsui, K. Yoshino, M. and Takada, Y. (1972) , 

   Buried Topography and Quaternary System in and Around Ise-bay 

   Central Japan. Mem. Geol. Soc. Japan, 7, 61-76.

- 58 -



Kuwashiro, I. (1959) , Submarine Topography of Japanese 

   Inland Sea Setonaikai. Geographical Review of Japan, 32, 

    24-34. 

Lewis, K. B. (1979), A storm-dominated inner shelf, Western 

   Cook Strait, New Zealand. Marine Geol., 31, 31-43. 

Louderback,  G. D. (1940), San Francisco Bay sediments. Proc. 

   Sixth Pacific Science Congress, 783-793. 

                         ** 

Maeda, Y. (1977) , Natural history of Osaka Bay. Kagaku, 

   47, 514-523, Iwanami Shoten, Tokyo. 

* Matsuishi, H. and Matsumoto, T. (1969) , Alluvium sediments 

   of South Ariake Bay (Alluvium sediments of Ariake Bay --Part 

II). Sci. Rep. Fac. Sci. Kyushu Univ. Geology, 10, 91-121. 

McCave, I. N. (1971), Sand waves in the North Sea off the 

   coast of Holland. Marine Geol., 10, 199-225. 

McGowen, J. H. and Scott, A. J. (1975), Hurricanes as 

   geologic agents on the Texas coast. In Cronin, L. E. ed., 

   Estuarine Research, 23-46, Academic Press, Inc., New York. 

* Minato, M. (1966) , The final stage of land bridges in the 

   Japanese Islands. Earth Science (Chikyu Kagaku), 85.86, 

    2-11. 

                       ** 
Mogi, A. (1980) , A consideration on the origin of caldron 

   formation. Prof. K. Nishimura Memorial Geographical Volume,

208-213 

   eastern 

Murakami, 

   Inland

and Kato, 

 part of 

A. (1976) 

Sea. Fuji

* 

 T. (1962) , On the 

san Seto. Jour. 

, Sea ecology and

 sand waves in the 

Mar. Geol. 1, 2-12. 

 fisheries in Seto

Technosystem, 

          - 59

ToKyo, 415P.



Nakaseko, K. (1983)  Reports of ground geological survey in  

   Kansai International Airport, 2, Ministry of transport. The 

   Third District Port Construction Bureaus. 200P. 

Nelson, C. H. (1982) Modern Shallow-Water graded sand layers 

   from storm surges, Bering shelf  : A mimic of Bouma sequences 

   and turbidite systems. J. Sed. Petrol., 52, 537-545. 

                                                   * Onodera, K. and Oshima, K. (1983) , Geomorphological 

   development in the eastern Seto Inland Sea. Bull. Geol. 

   Surv. Japan, 34, 217-239. 

                         ** 
Oshima, K. (1978) , Forming age of straits around Hokkaido. 

   Archaeology in Hokkaido, 14, 11-22. 

Phleger, F. B. and Ewing, G. C. (1962), Sedimentology and 

   oceanography of coastal lagoons in Baja California, Mexico. 

   Geol. Soc. Am. Bull. 73, 145-182. 

Pilkey, 0. H. and Frankenberg, D. (1964), The relict-recent 

   sediment boundary on the Georgia continental shelf. 

   Georgia Acad. Sci. Bull., 22, 1-4. 

Postma, H. (1961), Transport and accumulation of suspended 

   matter in the Dutch Wadden Sea. Netherlands Jour. Sea  

   Research, 1, 148-190. 

Reading, H. G. (1978), Sedimentary Environments and Facies.

   Blackwell Scientific Publications, London-Victoria, 557P. 

Reinson, G. E. (1979), Longitudinal and transverse bedforms 

   on a large tidal delta, Gulf of St. Lawrence, Canada. 

   Marine Geol., 31, 279-296. 

Road Bureau and Kinki Regional Construction Bureau of 

                                                            ** 

   the Ministry of Construction (1970) ,  Report on connection 

                                 - 60 -



   road between Honshu and Shikoku (First Volume). Kinki 

   Construction Association, 845P. 

Shepard, F. P.  (1954), Nomenclature based on sand-silt-clay 

    ratios. J. Sed. Petrol., 24, 151-158. 

--------------------- and Moore, D. G. (1955), Central Texas coast 

   sedimentation : Characteristics of sedimentary environment, 

   Recent history, and diagenesis. Bull. Am. Assoc. Petrol. 

   Geol., 39, 1464-1593. 

Shiozawa, T. (1969), Bottom sediments of Akkeshi Lake and 

   Akkeshi Bay -- Mechanical composition and clay mineral 

    compositions --. J. Geol. Soc. Japan, 75, 1-11. 

Spencer, D. W. (1963), The interpretation of grain-size 

   distribution curves of clastic sediments. J. Sed. Petrol., 

   33, 196-214. 

Straaten, L. M. J. U. van and Kuenen, Ph. H. (1958), Tidal 

   action as a cause of clay accumulation. J. Sed. Petrol., 28, 

   406-413. 

Stride, A. H. (1963), Current-swept sea floors near the 

   southern half of Great Britain. Quart. Jour. Geol. Soc. 

   London, 119, 175-197. 

------------------------- (1970), Shape and size trends for sand waves 

   in a depositional zone of the Noth Sea. Geol. Mog., 107, 

   469-477. 

Swift, D. J. P., Stanley, D. J. and Curray, J. R. (1971), 

   Relict sediments on continental shelves : A reconsideration. 

   Journal of Geol., 79, 322-346.

- 61 -



* 

**

In 

In

Japanese with English 

Japanese.

abstract.

- 62 -



333
 KYUSHU

Fig. 1

JAPAN 

  a 
G70

SEA

SHIKOKU

Index

0

map

 1

PACIFIC

 i

of the

OCEAN

study area.



 11 ur ur 134. 135

 • • • 

• 

•

• 

• 

•

 •

:a• 

• 

• 

• 

• 

• 

• 

•

KYUSHU

  • 

i

•

• VU~

Fc

HONSHU

o 

.Q

 euca 9° 

./

nip41.0 . .

.•...

...•.
 4,  •  •

• •
•

J:1
. .

SHIKOKU

 0 50  100  km

34'

33'

13

Fig. 2

132'

Sampling

ur 

locations in

134 

the Seto Inland

131' 

 Sea



 34

 nr 13 133' 134' 135'

HIMEJI

 ZAKATSU

KYUSHU

2

HONSHU

3

N 

5

4

         o 
      o%o 

  • 
liAoo,o poop,,~~~' 

6 8
AC'N 

 MATSUYAMA

9060

SHIKOKU

11

OSAKA

 34'

ql' !3] »' ,34. 1]5'

Fig. 3 Division of the Seto Inland Sea . 
   1. Suwo Nada, 2. Beppu Bay, 3. Iyo Nada , 4. Bungo Suido, 5. Hiroshima Bay, 

   6. Aki Nada, 7. Bingo Nada, 8. Hiuchi Nada , 9. Bisan Seto, 10. Harima Nada, 11. 
  Osaka Bay, 12. Kii Suido, 

   A. Kanmon Strait, B. Hoyo Strait, C . Tsurishima Strait, D. Kurushima Strait, 
   E. Naruto Strait, F. Akashi Strait , G. Tomogashima Strait, H. Himeshima Island, 

   I. Kamado-saki Peninsula, J. Uwakai Sea , K. Saeki Bay, L. Itsukushima Island, 
  M. Etajima Island, N. river mouth of Oze River , 0. Iejima Islands, 

  P. river mouth of old Yoshino River.



i

'3,・ り2・

....

・`ジ
.

ぐ熱
KYUSHujC)

::.・ 諺 し!最瀟

x・3

1.

聡警奮
欝 藤

歎甥惑 難蕪嚢

OITA".ニ ーr
aミ=:.0こ ＼ 劇

・...o

り 　 ね デ

篶,。b:1・rw.;..・:.
.;

躍 ・..ノ嘱
,、、.琴w

凶8Q§H!MA
'げ　穐

}

、.●

心3・3謙

SU撒A

1,」1.

HONSHU

..・灘 装

謝欝…
SH!KOKU

Js.i

s・

!
寿

・:。曜・;
.
_.:.・ ・・…;藍 ゴξ 嘱":。 ● ●三●'・::.・.;㍗.腎35・

驚 轟
0501QOIcm

'3イ ・ り」㌧

」4㍉

Fig.4BottomtopographyintheSetoInlandSea.Solidcontourlines

indicate10mintervals.

Areasofverticallinesindicatelargecaldrons.

Arrowsindicatecaldronareas.



)

~~C

 1

goo 

D

  s-~j 

  s

 rg

   v,7     ~°j 

      ,.../• // 

                .ICJ

1(

Pref.

Fig. 5 

Depth

Bottom topography 

 in meter. Lines
of Tomogashima 

show tracks for

Strait.( 
 seismic

Single-type 

profiles.

caldron )



 NARUTO

2i/

:1.-f--1 I ° /•.-1;-; \- 4-1- (-FC "*--H1 V '---N-- 
   r'.~lyr, 

                                        

1 ......\.7 --\\_, 

                                      \,-, '9 OP.-1:‹3 
,/-----,,

\     1/ h14:61:,-`.) ._.Y -.M -----7- \ \-\___r7-(2       r- 'q, ;--ov ,(--- .--_,C 0 
    (__).±c--r,-.;,,L,1_\ V ---?-Z ) --\\\ ,zs ,), >5 7/ 

       ~;S. b.     ,t._i s4Ll ~.~\~/\

\-•,"I`   l'\--_,_-__..,1„(, ..,. y 
                  ...„____::::.,____. 

.\f,•.   C) f -----1--\,./-..., 
r• 

n I2 3 4km

Fig. 6 Bottom topography of Naruto Strait. 
  type caldron ) 

   Arrows with numbers indicate current 
   directions and their velocities in knots. 

   (Maximum velocity in flood tide)

(Twin



Fig. 7 Bottom topography of 

   the offing of the Jizozaki 

   Depth in meter.

the off cape-type 

Peninsula in Shodo
 caldron in 

 Island.



 Harima-  nada 

                              0 

    L.,$ :;:T 7  

_,,,,,,,::.::,:.,),4_,_o~%

AWAJI

AKASHI

Fig. 8 Distribution and direction of sand waves in Iyo Nada, Bungo 
   Directions are judged by acoustic record on track lines. 

   1. Estimated distribution area of sand waves by acoustic records. 

   2. Arrows in one direction show distinct sand wave direction and 
      both directions show distinct symmetrical wave topography and 

   3. Caldron area.

Suido and Harima

their legs. 

their legs.

Nada.

Arrows in



NW

 Line1

SE N r.!

Line2

    

1"41 :g / • 

                      I`",.11r):     41,,t<.".^111.1

         

- -- - F — 7 K 
m 4, 

 •'„ , " ;' Tr: '1 
     ,r" n .;•          

• A, , ,`       ' -r;  
_

S

Line3

N

       __— _-
—                                          _---L.-0-- s_..1                                        " [-----—-....-.A 

          -. -:--2.'..1.--:".:7:,3;;...1-..-•=7.77:'71:7Til-i                                                             Q-1l..,.7!-21--'ifi:477FF5-.7::.7:r,^71...:=..1.......:...F.!     .117-,,,:z...,,,1.._::::::,,..?,_,4zi.1,.,.-72;,,,--,,:.,;;1/4,11..1.,.,,,,k,..7v7,,,_6,..,....,..:11,...,101,,,,,,,_1,-,•-w....„,,,,c1„7--c,,inz,;/-7';',',,,..•.9.,:i.,7...v...tr:::,-e:,:,,,,..r,,,Irv.,,,,,:s 
   +..A ....—,-,.),',-...k-,,,.,"''..s."'''

""*.'”'"-"s'     ' '1./I';---4't--''''a,f"'',I:1T-,r:r:i'..)9'''4i..1,,,;-,..y.,.-:.)v.,,,,,,"=;;,-,_;;,1,4,';--',A1-i3;141,Ft,;;..g,tpir::;,- 

  t 

    ,,-;(,)1\zt-,7";,-t-,-,..--y-,,,,L,:-,4,,--.'=,,I.-i:',-,6"..,/:"=:;",v4,1.,I,',,,,,.-f,ii-i,,t'.------7c.:'',-'`,-1,'''FR,''.'."-'1:j.:4     ii.41'-',-2-f-ts-i,Lir4..Ll',t'f4,13,,,`%,-.;it,r.-'‘,'="s'•-;•;':s'''0`0L"''i--""'''''''•.:0,;`;'4,747111,41-'•-•Cil    ,..,d,4',-.:-4•1:,1:,`;.`,%..41,-0,1'n::-,--.?yr1ve,e,Nioly•t;-,h":re\f-'41-""7,.--,-ki.";161,r;11.C4'44    fp1,,),,::::%,r,-7.,rt•tf-,,g,,:tr-Xi?C,•,1.4r•1Y.',eyI,iffpr,,i0;^;1\71P5,*.,/....(,r:i,,;.'f",,),141",.),,V,3,rfj1-1=1":,r                                               , ,1;,.,-t',11.2, - ',,,i',.,--1.p.:',$:.*: o'i. f4-41,^4 4
.4 , 

                     Line4 

             -                

,---------- ....-i7--___                                                                               _-a-_-:-.:,--iii-- "-'----:-                       --- 

  A •341 "'' .4s.•• • 
                ‘„, 

I t."' , /I , ^-.1 • '3
, r     /..11 t1W, yt 6: "1,q‘.2-,.!,..-1,1 ?

;, 4 

Line6 
S 

- - ^--t

S

S

Line7

  44,
, n.r+4 1:.V•t;

.4>

-Ix 4-17:24r. r-7,-;--•-1--.4-7=7,, Ta-r171K; ;;;,./•••

                Y1/4,‘J 

sW

7:: '4 lo --------- 
^:".--f--ft :1'10 .11; 

             fl;i% 1 
         -7•Li,1;:e +.r•"'a 

ta • A t-s9 a•*Iti,

NE 

=-_-.

     1.",(Yz '1.24 7;7.47 •e, )1. 
! ?le 'f'4•41'''<ni'5)"10,', 

44j, 1,1 4.,43":0

N

   N 

 T''

W

   if --------------_.p...ro 
     IKm 

   1to.V „ 
II 
1 i i3s i 

I1i 1 
1

E

Line8

NE SW

Fig.

Line9~--...„Arim,nv+v.tK m 
i ----------1.____2q7--F-->1. 

i 
h 1t 

9 Examples of sand wave topography shown in the acousti
c record. P

ositions of Lines are shown in Fig . 8. 
Lines 1-7 are records of 3 .5kHz Subbottom Profiler . Li

nes 8 and 9 are records of PDR .



 131' ur 133' nr 131'

]1

NAKAT

.•.^-_'_''^^+

|H^
|

Jit

•^^^

^•^^ ^^^

•

CATS

°

=

^^^^
^ °

 ^•

mm

KYUSHU

=

"

HONSHU 

HIROSHIMA 

 fat C

rr- \tom 
MATSUYAMA 

SHIKOKU

UWAJ1MA

HIMEJI
OSAKA

FUKUY

Dosc

4\1.2
y.4:.: . CI CH: 2.-::
I, p-.),.. .

AWAJI

::::::::::.::::.,::: ..:.::::.....:i';'. li I

0

Cloy

      no -_ 

son. --'-- 

50 1
1------------------------------------------I------------------------------------------

-----------------------------------------------------------------------

1-------------------------------------------------------------------------------------------1---------------------------------------------------------1------------------------------------------------------------------------------------------------------------- U
1•I7)',•.I73•171• 

 Fig. 10 Distribution map of surface sediments in sand-silt-clay 

    textural diagram. , 
      "Sand" area includes areas of rock exposure . Blank area is unsurveyed. 

      "Clay"
, "Silt" and "Sandy clay" are not distributed in the 

oroe171'1]4133. 

               HONSHU 

FUKUYAMA 

               HIROSHIMA, 

                  ~.cif 

liTicitili1!,l •.•• ' 1% MATSUYAMA 
144 

NAKATSU~' 

      tillfiVit%e: •1::.-:4... I., h'ir . 
OITA=b  UWAJIMA 

  KYUSHU 
::::::::::::::% 

7 111•1]]•1]]•

L'u:0 So.d 1::~..) SCI. 
L_  JSlugsood [_ _~sCI 

        l•• •)So.d, Sat Cloy 
Shc       L

(^TIO1C1oy.y Slb       YOhT1I Sl'y Cloy 
 00km S

ood- Silt -Cloy 

EN Clayey solid 

lay ternary 

e area.

]4'

n'

]]

 HIME  JI

 411
~ ~b1 °
,r~n_pAKAMATSUIpl

I~11111

dbPiz`i

OSAKA

 Mi 

• 

SHIKOKU0-7                           ( ''~~                    [
2-7 

1 {fI] A-6 

                    11111111 A<. 

   050100Km

DV 

Distribution 

diameter more

DV1~• 

 surface sediments in Mz6 
 6 include areas of rock

us-

 the

]3.

Fig. 11-1 

   the mean

map 

than

of 

0

    Area 

exposure.

of



2

 i

HONSH

 34

43:

5

42

36

NO-~

(A)
7

40

U

38

/39

o ~ 

4 1

 o

5
•

~(e

170

 \ 

     \R118 

) 

, • • •4. •

       tz;- 

              •,

KYUSHU

A-4

••E'4.3.

::ii! .
:•j 
 i.::,'

47 4 1•74.? A9

145 
44=

 13.7..,•:166)   . 01-• .

:*•i•F•:•il: 

' 
• •••.

189 188

190

18

:•: 

17 ';

i__177.:::• ..:7 
::.••:...: 
t•::••:• .49

..•::•: 

. .

971;r

      •

•
. 

 ••.' .• • 

   

• 4 

•

wt

.a

50

,)3\ ;114

.i:
.i:i:p.:-.-: 

...1::.:Fi. :::7-4:. ..,• 
   _._. •.•.frz• .:...:......‘:   ,-)--- :•:•,-:

51 =iTs2 53

•••••••:•:•:;':: 

• • •

          :74 

                         • -

••

  •

171
•:. 

•:.

164

•

•:**/1,

163

.7. • : 1743 

 : •

dv. 
 174'

     '1743-

24

182

•:.;‘,:;;
Dwiiii,v, •-I-•:7e,•*re,e 17=.40-185f2e4ef,i8 

  Ar3ie 
         tilt, 

     • 

i-1.7417' _ -1'‘ ' 1•°1,',k,

• ' • 

• 

                  tri

- • 

0400 

V901

 :•1 

,i•-":i 
• iti

r..iikri% Jr-7-

0 _

       ?i:i--: • . . /:::          .1)• :to—. . ,•:. 
            • ..../...-i- :: . . - 

         IL, 0• • 9 ' / 

       IL)(181.0 .; 
           or or t", 

              7 ..' :{- r 7 - ,A_tr.-_

Q180

>d17  11-152

     

• 

. .

-,••••••• 

(14.9

•'-'

• 

•

•
. 

•• 

• " 

• • 

  

• .1-:•

^0

~~1

9O~

 no 845 .87 - 

 •
~°5 c 

 3, i,11           

r 927. 

•

t'Ll~[

Fig. 11-2 

   Eastern
 Detailed distributi 

part of Suwo Nada and
on map of 

 western
 surface 

part of

 sediments in 

Iyo Nada.
Mzq3.



HONSHU

c 0cO/-C)(\,-\,-1 •.

"
.i Jr

I? :o
 f  t

Yl

.i',
:4

^

1

111

_1~
II

13+_

~~I.siiw
d

II

riltN 

 94

 4 VeC     a
r 

     s

16

 r 4

17 

0

Il
67

8614'

92

91

1II

85

8

HII
90=

B)_ 
II i1~,

84

83

69

im
¢-2

19

6
o--

10

70

81

- 11 

=¢• 
...:

0_$'•:•:.:•••• 
         ci`.s r  •l~~f

i,•23 

~•. 8

77

78

7S

71

'IIU

80

Hit

72

511111

76

i
75

74

)73

-!-

S H IKOKU

Fig. 11-3 
  Hiuchi

   Detailed distribution 

Nada and Bingo Nada.
map of surface sediments in Mzo.



;.,_-. t 1-1-?--- ,:____: ,...„--- ,, ,/,‘ , _ ,,________.....„_______-_;. 
... ._on 

/  i  / 
 819       / :480 ,               ^ . 'A510- _ ' I ' X5-- (7:::::/__-_-) 
 ,175b173•185/%~

^Elm                ;181 E111•111,1111.543/~,:_ . IM^^•^^ 
                                                        -101111111051111 

          'i/~.L:t...A.I^^^^^^ 

  .504x'174~i:-,i.e..•.85^^W';•pr •,1s• .•~.^             X547`~'~ ~'='':2=~7.=-3`.,4 
  816r~,`.•; .•`.. 

198~-'~?~F"'"QO{~~:: ~;3:. ~~~.ed15'0-b~`-Y• • 
                         T•

,\81;rt:-•-!---.-4.-..-.•t__•.-••• 
                  ie,...,                                       .••-;••

17•A.:;::',l•'fit-:'{19~20:,~1::::;:::

KYUSHU

1AJ
C)

_S

An

•

ur 0-1 
.9•

6

2

7:::Ipni7iii           28:- 

                        -fr----e 

o!);:i::::::::::::: : 
}183:•:•2::::::::s1' 

:: :::  ) :mac::

90

•87

11

(C)

u

n

0

  J/L

S H

I

1KOKU

UWAJIMA

Fig. 11-4 

   Northern

Detailed distribution 

part of Bungo Suido.

map of surface sediments in Mzd.



 Yi2AN  ,L  l

3p./ 7)/1;

122 l~ 
r~

0

HONSHU

0 

N

119 - 

Va_55
120

- o

 na

 iSSA1 a

hl

JI

117

K     C

x5

'--
.„::-...

137 

\3zr.< 
7,,c7(~~  v 11: 

1 fc-

h

  •  •

47

VIC

  4,00° :
•:• 

 

•  
L.~RQ Y 

        fr

®.

l44

1 --------iu---------------52

153

(D)
53

trA P':

:•:• 
•;•:

1

-z' .154

~:55

S

)Qo...? . 
4m cti6:iir    b.cs• •,• 
©4 :'61-d 

           !9 oo''•

•

162 •
:a 141 _152

 .!.14 

•

 I

 

•  y

! 20:

•

60 _

141,1p''c.  -r~  

        0

•C

8

 •

ti-_

59
:•J

    :• 

47 

5

7

.4,__..c 
.̀.,P;P•'...: 
:__

Ir

37

7

SHIKOKU

Fig. 11-5 

   Eastern

  Detailed distribution map of 

part of Iyo Nada.

surface sediments in Mzb.



31

33

NAKATSU

 131'

• 01 

KYUSHU

HONSHU

HIROSHIMA

.5

 132'

°CY'

 MATSUYAMA

UWAJIMA

IN' 135' 

IIIMEJI

•kr _j? 
 >o e 

 /  TAKAMATSU

SHIKOKU

730100km 
{I, Efl

 O<S0.<0.5 

0.5<so.<1 

1<so.<2 

2<s.<4 

4 <So.

OSAKA

34'

33'

Fig. 12 Distribution map of sorting. (in 93 scale )



(A)

 -2 -1 0 

0151
.40

Mz 5.7 

H 6

 _a

I0

2 a I 5 6 7 9 9 

Mz 5.3 

H 6

 -, 0 1 

sr.170

.7 -1 ° 1 

°Isr48

7] 4 5 6 7 0 9 

Mz5.3 

H6

 •7 .1 0

2 1 4 5 6 7 0 9 

Mz2 

H 4

2 3 4 5 0 7 0

-, 0 I 

 sT_171

Mz 

H

5

2.0 

4 

2  2.  5  6  7  8  9 

Mz1.7 

H 3

-2 .1 0 I 2 3• 5

 

•  2-  1 0 1 2 3 4 5

 6  7  8  9 

Mz 1.2 

H 2

6 7 0 9 

Mz0.8 

H1

-2 - I 0 I 2 3 4 5 6 7 0 9

(B)

 .2 

5C 

4C 

32 

2C 

IC)

•1 0 1 

s T.6 7

2 2 6 5

M z 7.2 

H7

6 7 0 0 

Mz 7.1 

H7

 -2 

 50 

4C 

 3C 

2C

,C I

-1 0 I

 57.66

2 3 4 5 5 7 0 9 

Mz 6.4 

H 7

 -2-t 0 1 2 3 4 5 

5Q sT
.b5 

40 

30 

20

10I
6 7 6 9 

M z 5.5 

H 6

 -2 -1 0 1 

sT64

2 3 4 9

 -, 0 

sT.63

2

6 7 0 0 

M z 4.9 

H6

 -2 _1

4 5 6 7 0 9 

  Mz 2.0 

H2

0 1 2 3 4 5 6 7 0 9

3 

2

9-

s r.8 7

(C1

Mz 5.4 

H6

 •2-1 0 1 2 3 4 5 6 7 0 9 

sT.8b Mz4.6 

H6

 -2-1 ° 1 2 3 4 5 6 7 0 9 

° sr
.85Mz3 

° 0H5

 -2  -I 0 1 2 0 4 5 0 7 0 9 

oST.84 Mz1, 
0H2

-I 0 I 2 3 4 5 0 7 0 9

0

3

(D)

 sr.53 Mz3.5 

H5

 -2  -1 0 1 2 3 4 5 6 7 6 9 

sT.54 Mz 2 .5 

H 2

. 2 .1 0 1 2 3 4 5 6 7 8 9 

sT.55 Mz2 .0 

H 2

 -2  -1 0 1 2 3 4 5 6 1 6 9 

 51-.5 6M z-0 .3 

0H I

 -2  -1  0  1  2  7  4  5  6  7  6  9

Fig. 13 Histogram of grain size composition and 
   their sediment types. 

   Numbers under the mean diameter (6 ) are sediment t
ypes.    (A) Suwo Nada and Iyo Nada . 

   (B) western part of Hiuchi Nada. 
   (C) eastern part of Bungo Suido. 

   (D) central part of Iyo Nada. 
   Vertical axis shows content of grains . 

  Horizontal axis shows grain size in 6 scale .   (A) (S
t.37-St.173) to (D) (St .53-St.56) are shown 

   in Fig. 11 as (A) to (D) and Fig . 14 as A to D.



 34

33

13r  132' 133' 1341 135'

 171'

OITA 
KYUSHU

duo

LJH1 
 ~H2 

11111111 H 3 
----H 4

'H 5 

H 6 

H 7

Fig.  14 Distribution map 

Grain size composition 

in Fig. 13.

of 

 of

sediment types. 

 sediments along lines A to D are shown



Table 1 Distribution of sediment types in 

diameter, sorting, mud content and 
areas to the west of Bisan Seto).

respect 

 gravel

to the 

content

meam 

 (sea

 Mz0 -4.0- 0 0.

Type

1-1.0 1.1-2.0 2.1-3.0 3.1-4 0 4.1-6.0 6 1-10.0 to-

tal

H1 

 2 

3 
 4 

5 

 6 

 7

11 12 

3 
1 

1

2 

16 

14 
9

4 

9 
10 

7 15 

 1
13 

45 

3

23 

64

25 

23 

24 

20 

35 

69 

67

 Sorting 0. 

Type

1-0.5 0 .6-1.0 1.1-2.0 2.1-4.0 4. 1-4 .5 total

H 1 

  2 

 3 

  4 

  5 

 6 

  7

1

9

0 

9 

10 

3

11 

18 

13 

1 

15

1

14 
4 

2

17 

67 

65

2 

1

25 

23 

24 

20 

35 

69 

67

Mud Content 0 - 5 6 -10 11-20 21-30 31-40 41-60 61-100 % total

Type

H 1 

  2 

 3 

 4 

 5 

 6 

 7

11 

5 

11 
15

8 

11 

5 
5

5 

5 

6

11

1 
1

13 
1

1 

1 

1

6 

1

1

5 

18 49 

67

25 

23 

24 

20 

35 

69 

67

Gravel Content 0 - 5 6 -10 11-20 21-40 41-95 % total

Type

H 1 

  2 

 3 

  4 

 5 

 6 
  7

14 

20 

20 

34 

66 

66

9 

4

2 
1

8

1 

1

11 6 25 

23 

24 

20 

35 

69 

67



H 6 H 6 H 6

 ST. 3 7 Mz57.. _  ST.40 Mz 5.31ST.170 Mz 5.3"s n 9 g  %;  S o. 2.6

•

 0 km

1 1 I 1 I 1

                                 r. 

• 

•        
• • 

• 

                                . ,    
. , 

                    •.•••'• 

                   eJ

•                        

,              
, 
    " ..".1 •44       

• e , 

• f; " • •'••' 

    • 

                   ;,•,-             •
„,,. •       - -

    H 4 
ST. 48 Mz 2.5 
;i  So . 0.5

ST.165 Mz 
So

4 

2.0 

0.4

ST.171

1-1 

Mz 

S o.

3 

1.7 Mz 

1.0 liSo.

                                                                                                                                                                                                                                             • • . ' • •                                                       • - -"'" • 
• • • - , . .5: 7, • - . 

 m ul ttp leL.,41      
s , ' , si • ..•1 L, , ta „   r • ‘" • 1. • •'••r ‘..rr...A.'•‘7.-7 I ••••••• ••- r . c-i"s-  

                     ty •                            ;••••'' e•-t'•"4"44 "r•••• t ' ( ••• •-• t
s,      .0 -7., 17;,.-, -••";-(.;,yz;Zez,-^4)tri,:•"-r--t^411;4• 

       "

2 

1 

1

.2 Si 

.3

              „ -                                                                   
. • 

2: 4 _,5; 7, iCrf 1•:\•••^• 7“1": 

    ‘
, 7.4 • • ,• • • • 

t 
           T" 

 

• (...; L",t,'•••••,t .; .;‘,"•'..,•%  • • • • •-•:•;11. • •-••.ft•ric .; 1144 /I.-. •%". , -••" " 74! 

          

• •• "r• ;4:4- ',••••-: • e; • ••• • r " 0,0 2, c V"' 1 tr, ,                           ...et 1'1. • 2-, • r • ; • : 1•4;4(%•-::' t • 7 .7T7..," • <                                                                     . • • -• • < - - 
47,Yi.7;:,* 
                                 -r 

.04

1-.172

Vi
ST.173 

 

• I
MzH 

  So. 

1 

0.8 _ 
2.0 ;1

ST.174

•Z-•

H 1 

174 Mz - 0.1 
-------So.  248 fi 

 ;;„ • 

         

. ,,r, • s • .4 .'.. 

 •:(\ -

                       

-------------------------

                         t f"."' 

•                     

I A 

 .;., • ,. 
                                              b...., 1.1 ;:t  '

.104f•'4f2.-‘;.•+'        !
'
,17f;:f!' 

•

                ." • 144;-ti`2./-41:- • 

                Nne\417•••••Nillirt" PrCrtr%Vni                          •••• (jr.•••7^•;'.7 

                                             

. .

                  711 "

   ,•;•• ••-• • „ .,••• ..,•••••1-             0 • v.- •

    jI

    ;-• 7.rk71:^,.qt,ir47 

;W.. 

Fig. 15 Examp 

   Position of

             •-• • ...'41•••"•'•••:4":1._""„ • •.tt4 4"- -"•4.; % -• 

,1:4;1:"Zt.-t-4';'"";";r• • f. 

                          

,!^;

                                 fais-;., • „Kt

           l',"VI:IVi.r.rA 
/•"••.,...-‘•• 'irrArrai Arir 

.12V:A • „:4::V‘jr t .11:4-4,tr•

             \--40 :Not --"••!--•-•:•c t 't• •t••• 
       1 '(.• 11., 

       gl•„` t'4;;":-.=-kt"- • 

     

• • *;'
. * ' '

         Examples

                                 •%43' •^••,1-:,;(.11A 
             .t4 

          ;•t,• ‘,•,*,`PlZfk•O. 
:N41 'rt )2•14•1 • a i•-'1•'1.- `i.rA           4z2v

1,1 
vv. 

les of relations betu 
track line is shnwn
       relations between 

line -- shown in
sediment 

Fig. 14 as

    

,t•• •• - 

;ii7(4* '

        

• :•1‘ Z

type 

Line

and 

 A.

                7, ,,,,,-..•,-,-...--,,,-,- ,-,,r.A                   ,...,_, • ,.. a 0 .
i -C--... ts„,,, 

                    

- ' ,f. ',2 :-.' 7, i', .'..` •'' .1 4                     '3.-• :s•-t, -0: .:‘',1' .., . --.:,-a"7::;''''-'..." : 1.*%17 

                              

, 44' ol ,, ii i .:                     x•--r-•'\rk., .1"4",'"•L'i ; •,<•.1 

            

• ,  

 •--,:^•'',..*,---,?•^,:                     -Zi-•-,T,',1-.-1.'                                       '.s,11'".;--•                                  5_,.141,1                  ,0,.-1-J04 ,:'‘"-,-.1--) ,•                '''",:'.!::::-.!:•‘",-.''.'-:,7;!,.,;;.tr,' 
                     14-,,p3;%",3, - • i4) ,,

topography in Iyo Nada.



i.1 L__～ 1
」し_竃

へ 　 へ 　　　　　 　 　 ヘ ニニニニコ　ニニ

E
.一≡-i.r縛f`r曜_i』 く

繋
i轟繕1冒壽 典`._

轟一_魅 適

　 ごダ　プへ

_ご 昏 篭
} 1=饗

難 蟻
一一=一 一=三 乱 ト

懇謙 難欝鷲難鷺灘ll誉

一 一一 、ゐ ゴ=

讐';r!s・ 一・'一7=一 一 一一=一 二
ニニー__,==二_=二 三三∈ 「禅、

亀_'γ 軸 頓=一.二==1

癒警rヅ惇{'警一℃・㌻"償 串3餐『『一『野墜 鍵;1
-{

1

6__'噂 ℃ 一 一 一一l

r-.ぞ ξ三寒皐i

t63し269し270St64L271St65し272St66し273St6
Mz=20 Mz=49

-一 一
Mz=55 Mz=64

一
M2=7

4ζ と で=._ 層

一 ■r噂 一 舳 __U一 噛o.-

L

(A)

一一
りr-■瞬 一 軸__

Om
10
20

30
40

一

'-9-一'ぐ 一 ●"
欄向_ノ ー一 一 舳ρ腎

_. ●
一 一 一=こ 二 曜一 「 一

箏 一 一ii一 一
竃竃 r一

表

}

,}『 貫占=鴨=胴,}ニ ー=『 軸『角二8、 一二「 ニ ゴ η モ 幽
邑き アヒ ー 一鰍 ・ヤrr℃ 一 訊m一 一 包 一 一 り 占

L--丁 覧9a＼ ㌔ の 幡 」 」 一 亀

'」 ア いア'r一 」覧 ζ 一 一 ρ 、 ぞ

一

、募ドマ

氏
一

h

を

・
-

、

「

い
呂

一

,

ノ

殉

「.

P

鴨 一 鱒 ㌔^覇 トS「 ㌧ 一 一__

11へ 毒 ∩

儲簾蒙譲i罐叢 欝・
樹婆繋鞍叢妻綾i騒嚢1鎌難

一.=;,,,毒 『答溝 鱗 蕊矯 惑～こミr胸や 楽・ 7

触・灘
鴛

騨
訟

賦

・な

璽
"
轟
㍉

看

ん

却

4

鞠

・
紀

震

、舞
鱒

斜

案
培
難
3 '

獄
嘱
舞
煽

欝

ザ
漁

靴
.寧

老

咽曳
二
な

癒鷺

L

畷
サ
.
鯛

〆

∫

%蒸

雲

・
噂

噌
流勢

「
.

%

ψ

一

灘
一一一刷州 一一9鴫 『}鴨

丁

醸

亀幾

聲
雷、㌧'

灘5夢 麹難 講
'「r

強 弱 議;ろ'1ま7'、 ・.

「鈴 難 拓 鯖 瓢
ド=墾 こ。・,.三λ

箋嚢塞三逡誉嚢i襲

二
嚇

一

=(

曳

で

三

ざ

;

葱

流

;

㌃
'

=
'

・

r
臨
鷹

〔
》(

=
ピ

-

(

一π

ヤ

=

㌧
.

}

f
曳

"

噌

2

ノ

'

.
♪

M

"

う酸 誕

芝毒 善
吋、 二る

尋融
TL、

¥`

禦亀>t

'ヘ ヤ▲窪三f

、 【三＼ 唱 、 ∠

て=・`ぜ㌧`、～」

し7。6・St87Mz=S4rL707し7。8し7。St869,L7]。L711St85し712し713

一

Mz=46 Mz=30

● ■ 一

一 嘲軸 一一凶瞬
隔 軸=ヒ 」'

岬 一 一 一 一

I

I

I

'

1

v

画

一
一

　

一 騨o一 馳.一 吻一■囎

r一 鴨9贈
一 ●

■一 鱒鴨

(B)

L

orn

E
10

20

30
40

　鴫
働隔一=

Fig.16Examplesof3.5kHzcontinuousseismicprofiles.(A)westernpartofHiuchiNada.

(B)easternpartofBungoSuido.Ststationnumber,Llocationofsitewasmade

positioningUUlayerLLlayer.PositionsoftracklinesareshowninFig.19.



 (A) HN24 

Omr--,

1

2

3

4

(B)

HN35 HN42 HN43 HN48 H N 56 HN69 HN77 HN108 HN126

W(1

 IIIHEl

^
--

U layer L layer

*2

 vvvv 
vvv

*

2 

 1f-----------------------------

3  11

4

5

6 I......

7Immo 

8 vvvv 

9

10 .4

 0 

       1 ~~77~- 
oe 

X56 
,~tea:

      69-----H2O 

    p•  9-J""y,\30 
L'.leshima Islands

 SHIKOKU 

        10

^--z^,-- 

     48/ 

             Awaji Is. 

 (9

•

1: mud, 2: sandy mud, 3: muddy 
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of U part estimated from the 

acoustic data. 
*1: 36 ,400 Y.B.P. 
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Table 2  Comparison of thickness 

   and columnar section

of U layer 

data.

between acoustic data

Sample 

Number

Sampling 

Depth

Cored 

length

Thickness of U layer 

 estimated from 

  acoustic data

Thickness of U layer 

 determin by 

  cored material

HN 24 

   35 

   42 

   43 

   48 

   56 

   69 

   77 

  108 

  126

32 m 

42 

42 

42 

28 

20 

26 

30 

38 

31

3.8 m 

2.7 

4.0 

4.2 

3.24 

2.39 

2.47 

4.00 

4.72 

1.62

4 m 

2 

5 

6 

4 

10 

1.5 

3 

5 

3

3.78 m 

1.57 m 

4.0 m + 

4.2 m + 

3.24 m + 

2.39 m + 

1.32 m 

2.77 m + 

4.1 m 

1.62 m +
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Fig. 18 Positions of bore holes in 
   the planning site area of Kansai 

   New International Airport in 
  Osaka Bay (from Nakaseko, 1983) 
   and tracks of acoustic survey. 

   L.9 : Line 9 in Huzita and Kamata 

  (1964) 
  L.07: Line 7 in Onodera and 

  Oshima (1983) 
   1: tracks of acoustic survey, 

  2: position of bore hole, 
  3: planning site area of 

   Kansai New International 
    Airport.

Table 3 Thickness comparison between acoustic data 

  Thicknesses of Mud member show sometime a little 

  acoustic data when the boring site is in deeper 

  acoustic survey.

 and drilling 

 shorter than 

position than

hole data. 

that of 

that of

Line L.07 Onodera and Oshima, (1983) Boring data in Planning  Area of Airport(Nakaseko,1983)

Thickness of U layer NO. Mud member Sand (and gravel) member

L.277

L.278

L.279

27

-23

-19

.5 m

.5

53-7

56-25

56-17

0-25m

0-21.7

0-20.5

25-27m

21.7-22.3

20.5-22.5

Line 9  (Huzita and Kamata, 1964) Boring data in Planning Area of Airport

Thickness Thickuness (Nakaseko,1983)

of A of 13 A+B NO. Mud member Sand (and gravel) member

L.5 17 m 0 m 17 m 57-1 0-15.5m

• 

15 .5-18 Urn

6 21 0 21 m 56-9 0-19.6 19 .6-26 4

7 23 0 23 m S7-16 0-21.7 21 .7-32 1

8 22 4 26 m 57-23 0-25.8 25 .8-38 3

57-24 0-25.9 25 .9-39 6

10 26 4 30 m 57-30 0-29.2 29 .2-62 7
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Fig. 21 Settling lag effect (From Straaten and Kuenen, 1958) 

   Diagram showing the velocities (v) with which different water masses move with the 
tides at each point along a section through the Wadden Sea from somewhere in the direction 
of the inlet(left) to the shore or towards the watersheds (right). The curves apply only 
to idealized, average condition. Scour lag in supposed to be zero. 

   A sediment particle taken into suspension at point 1 by a flood current of increasing 
velocity, starts to settle towards the bottom at point 3, when the current velocity drops 
again below the value attained at point 1. In consequence of the settling lag the 
particle reaches the bottom later, at point 5, when the current velocity has meanwhile 
diminished to the value represented by the vertical 4-5. After the turn of the tide it 
cannot be eroded by the same mass of water, because this attains the required velocity 
only later, when it has reached a point situated more towards the inlet. The sediment 
particle is therefore eroded by a more landward mass of water (curve B-B') and taken along 
in the direction of point B. At point 7 it starts to drop out of suspension. It 
reaches the bottom at point 9. During one tidal cycle the particle has therefore shifted 
from point 1 to point 9.



A channel

                                   -4.- 

                                                           .... 

                  —I.       .,;,7 

                                       " 

                 — ., ;3A,,;. ,..1',•;/ ;,  '''
, , , , , ,,,,, h; .1''-' ',..T.-. • 1, • • \'',— •' &,:,,,1,..1,....12 • ...‘,.,.... '1:s .,, 11,,::!•.,44r„t „ \,.'1,11. 

                 4,3Y5iit 
            tvoipt V?, s ,,=,,11' 

caldron 

               Histogram type --.- Ill H2

sand wave

H3 H4 H5 H6

ayerE

      L layer

H7

B

 I0

channel

        / rt1=4104-, ki.,-1Z11,'  

. cardron 
      Histogram type  --•- H1 H2

sand wave

H3 H4

suspended

H5 H6

ILL.layer

H7

ed, 

 L layer

F-f",;:YV

Fig. 22 Sedimentary process model

Seto Inland Sea. 
(vertical scale are 
A : flood tide

exaggerated) 
: ebb tide

caused by the tidal current in the



 Huzita(1978)and Maeda(1977) Interpretation of Huzita Nakaseko(19831 This paper

and Maeda(19691in this paper
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Fig. 23 Holocene stratigraphy in Osaka Bay.
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APPENDIX. Sampling localities and their grain size

SEIBU SETOUCHI

compositions.

Lon. Lat. Dep-

 th

Gra- Sand Mud  Mz0 

vel o $ o

Md6 So. S-S-C H type

131.3 

131.3 

131.4 

131.4 

131.4 

131.3 

131.3 

131.3 

131.3 

131.3 

131.3 

131.2 

131.2 

131.2 

131.2 

131.2 

131.2 

131.2 

131.1 

131.1 

131.1 

131.1 

131.1 

131.1 

131.1 

131.1 

131.0 

131.0 

131.0 

131.0 

131.4 

131.5

34.0 

33.6 

33.5 

33.5 

33.4 

33.4 

33.4 

33.5 

33.5 

33.6 

34.0 

33.6 

33.5 

33.5 

33.4 

33.4 

33.4 

33.4 

33.4 

33.4 

33.5 

33.5 

33.6 

33.5 

33.5 

33.4 

33.5 

33.5 

33.6 

34.0 

33.5 

33.5

22 

33 

30 

35 

32 

27 

19 

35 

30 

23 

12 

13 

25 

32 

22 

18 

12 

14 

15 

18 

24 

20 

11 

12 

12 

12 

8 

8 

11 

9 

44 

44

0 

1 

0 

0 

4 

0 

0 

1 

0 

13 

0 

17 

0 

4 

0 

1 

1 

0 

0 

0 

0

6 

0 

0 

2 

13 

0 

3 

4 

0 

0

28 

46 

56 

61 

82 

82 

60 

39 

78 

63 

19 

56 

52 

68 

28 

31 

60 

20 

36 

18 

37 

60 

22 

19 

18 

10 

22 

10 

33 

85 

60 

59

72 

53 

43 

39 

14 

18 

40 

61 

22 

24 

81 

27 

48 

28 

71 

68 

39 

80 

64 

82 

63 

30 

72 

81 

82 

89 

65 

89 

65 

12 

40 

41

5.8 

5.4 

5.1 

4.8 

2.1 

2.9 

4.7 

5.4 

3.2 

2.5 

5.4 

2.3 

4.9 

3.4 

5.9 

5.6 

4.5 

6.5 

6.2 

6.8 

5.6 

2.8 

6.0 

6.6 

6.7 

7.4 

5.5 

7.3 

5.6 

1.8 

4.7 

4.8

5.1 

4.2 

3.7 

3.4 

2.0 

2.5 

3.6 

4.7 

2.4 

1.8 

5.2 

1.0 

3.9 

2.8 

5.3 

4.9 

3.3 

6.6 

6.5 

6.8 

4.9 

1.9 

5.6 

6.3 

6.6 

7.4 

5.7 

7.0 

5.1 

1.9 

3.5 

3.6

2.8 

2.9 

3.0 

2.9 

1.8 

2.1 

2.4 

3.4 

2.6 

3.5 

2.0 

4.2 

2.9 

3.3 

3.2 

3.2 

2.9 

3.1 

3.6 

3.1 

3.5 

3.5 

3.8 

3.0 

3.1 

2.9 

4.5 

2.8 

3.3 

2.2 

2.9 

2.8

Silty

Silty

Silty 

Sandy 

Silty 

Silty 

Silty

 Silty 

Clayey

Clayey

Silty

Clayey 

Clayey 

Clayey

Clayey

Silty 

Silty

Mix 

Mix 

Mix 

Sand 

Sand 

Sand 

Sand 

Mix 

Sand 

Sand 

Silt 

Sand 

Sand 

Sand 

Mix 

 Mix 

Sand 

Silt 

 Mix 

Silt 

 Mix 

Silt 

 Mix 

Silt 

Silt 

Silt 

 Mix 

Silt 

 Mix 

Sand 

Sand 

Sand

6 

6 

6 

6 

3 

5 

5 

6 

5 

5 

7

6 

6 

6 

6 

5 

6 

6 

6 

6

6 

6 

6 

7 

6 

7 

6 

2 

5 

5



No.

36 

37 

38 

39 

40 

41 

42 

43 

44 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

99 

100 

101 

102 

103 

104 

105 

106 

107

Lon. Lat.

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

132 

132 

131 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

5 

5 

6 

6 

5 

5 

5 

4 

3 

5 

5 

5 

6 

0 

1 

1 

1 

2 

2 

3 

3 

3 

4 

4 

4 

4 

4 

4 

3 

3 

4 

4 

4 

4

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

34 

34 

34 

34 

34 

34 

34 

34 

34

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

 4 

4 

4 

4 

5 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1

Dep-

 th

46 

39 

41 

35 

45 

50 

50 

49 

35 

38 

52 

49 

51 

52 

56 

57 

63 

61 

56 

38 

46 

32 

23 

28 

28 

23 

26 

32 

9 

12 

11 

51 

37 

12

Gra-

vel %

Sand

 0 

 0 

0 

0 

0 

0 

0 

0 

0 

 1 

0 

1 

0 

0 

0 

0 

0 

1 

14 

31 

11 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

1 

19 

0

45 

29 

29 

37 

44 

64 

77 

73 

41 

95 

98 

98 

84 

74 

75 

78 

80 

90 

71 

63 

82 

43 

44 

37 

84 

33 

16 

24 

10 

17 

7 

18 

47 

20

Mud Mz6

55 

71 

71 

63 

56 

36 

23 

27 

59 

5 

2 

 1 

16 

26 

25 

22 

20 

9 

16 

6 

8 

57 

56 

63 

 7 

67 

84 

76 

90 

83 

93 

81 

34 

80

5 

5 

5 

5 

5 

4 

3 

4 

5 

2 

2 

2 

3 

4 

3 

3 

3 

2 

2

-0

0 

5 

5 

5 

0 

5 

6 

6 

7 

6 

7 

6 

1 

6

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

4 

7 

6 

5 

3 

6 

9 

4 

3 

4 

4 

5 

0 

1 

9 

6 

5 

5 

0 

3 

7 

2 

3 

6 

7 

7 

6 

1 

0 

6 

7 

9 

8 

4

Md6 So.

4.5 

5.1 

5.1 

4.9 

4.6 

3.5 

3.1 

3.2 

4.6 

2.4 

2.3 

2.4 

2.8 

3.2 

3.3 

3.2 

3.1 

2.6 

2.4 

0.2 

0.6 

4.4 

4.2 

4.8 

0.8 

4.8 

6.1 

5.4 

7.0 

6.5 

7.7 

7.1 

1.3 

5.9

2.8 

2.5 

2.4 

2.7 

2.5 

2.4 

2.1 

2.5 

3.3 

0.6 

0.5 

0.5 

1.5 

2.1 

1.8 

1.7 

1.7 

1.6 

3.1 

2.7 

1.8 

2.1 

2.4 

2.6 

1.9 

2.5 

2.7 

2.6 

2.4 

2.9 

2.7 

3.3 

3.5 

2.8

S-S-C H type

Sandy 

Sandy

Silty 

Silty

Clayey

Silty

Silty 

Silty

Clayey

Clayey 

Clayey 

 Silty 

Clayey 

 Silty

 Mix 

Silt 

Silt 

 Mix 

Sand 

Sand 

Sand 

Sand 

 Mix 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

 Mix 

Sand 

 Mix 

Silt 

 Mix 

Silt 

Silt 

Clay 

Silt 

Sand 

 Mix

6 

6 

7 

6 

6 

5 

5 

5

4 

4 

4 

5 

5 

5 

5 

5 

2 

1 

1 

1 

6 
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6 

2 

6 

7 

7 

7 

6 

7 

6 

1 

7



No. Lon. Lat.

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

 129 

130 

131 

132 

134 

135 

136 

137 

138 

139 

140 

141 

142

132.4 34.1 

132.4 34.1 

132.4 34.1 

132.5 34.1 

132.4 34.0 

132.4 34.0 

132.3 34.0 

132.3 34.0 

132.2 34.0 

132.2 34.0 

132.2 34.0 

132.1 34.0 

132.2 34.0 

132.2 34.0 

132.2 34.1 

132.2 34.1 

132.2 34.1 

132.2 34.1 

132.2 34.1 

132.2 34.1 

132.2 34.2 

132.2 34.2 

132.3 34.2 

132.2 34.2 

132.2 34.2 

132.3 34.2 

132.3 34.2 

132.3 34.1 

132.3 34.0 

132.3 34.6 

132.3 33.6 

132.3 33.5 

132.3 33.5 

132.3 33.5

Dep- Gra- Sand Mud Mz0 

th vel %

Md6 So.

31 

59 

42 

42 

53 

51 

39 

69 

35 

23 

29 

27 

26 

22 

23 

32 

33 

35 

30 

23 

42 

48 

20 

23 

14 

18 

21 

24 

41

110 

59 

65 

59 

55

 1 

9 

1 

40 

2 

3 

3 

9 

0 

0 

0 

 0 

0 

0 

0 

 1 

9 

0 

0 

 1 

3 

25 

0 

0 

0 

0 

0 

0 

0 

46 

70 

61 

 8 

 2

16 

82 

78 

59 

93 

86 

89 

69 

10 

16 

17 

18 

18 

14 

11 

17 

15 

12 

10 

21 

67 

63 

25 

15 

28 

16 

27 

15 

18 

50 

27 

33 

86 

88

84 

9 

21 

0 

 5 

11 

 8 

22 

90 

84 

83 

82 

82 

86 

89 

82 

76 

88 

90 

78 

30 

12 

75 

85 

71 

84 

73 

86 

83 

5 

 3 

 6 

 6 

10

6 

1 

3 

-0

1 

1 

1 

2 

7 

6 

7 

6 

7 

7 

7 

7 

6 

7 

7 

6 

2 

0 

6 

7 

6 

6 

6 

7 

6

-1 

-1 

-1 

1 

 1

.7 6.4 2.7 

.0 1.1 1.8 

.4 3.0 1.8 

.7 -0.8 1.4 

.5 1.6 1.4 

.9 2.2 1.8 

.6 1.6 1.6 

.7 1.7 3.3 

.3 7.3 2.6 

.8 6.8 2.8 

.1 7.3 3.1 

.9 7.3 3.1 

.0 7.4 3.3 

.0 6.9 2.6 

.5 7.4 2.8 

.0 7.5 3.3 

.2 7.0 4.1 

.3 7.3 2.7 

.7 7.7 2.7 

.6 7.0 3.4 

.5 0.8 2.4 

.2 1.7 2.4 

.4 0.8 3.4 

.2 1.2 3.0 

.0 0.8 3.5 

.7 1.5 2.7 

.3 0.8 3.4 

.1 1.5 2.9 

.9 0.9 2.9 

.1 0.7 2.6 

.1 2.0 1.3 

.9 0.7 3.0 

.3 1.4 1.5 

.4 1.8 1.5

S-S-C H type

Clayey

Clayey 

Clayey 

Clayey 

Clayey 

Clayey 

Clayey 

Clayey 

 Silty 

Clayey 

Clayey 

Clayey

Silty

Clayey

Clayey

Clayey 

Clayey

Silt 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Silt 

Silt 

Silt 

Silt 

Silt 

Silt 

Silt 

Clay 

Silt 

Silt 

Silt 

Mix 

Sand 

Sand 

Mix 

Silt 

 Mix 

Silt 

 Mix 

Silt 

Silt 

Sand 

Sand 

Sand 

Sand 

Sand

7 

2 

5 

1 

2 

2 

2 

2 

7 

7 

6 

7 

6 

6 

7 

6 

7 

7 

7 

6 

2 

1 

6 

6 

6 

6 

6 

6 

7 

1 

1 

1 

2 

2



 No.

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

.164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176

Lon. Lat.

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

132 

131 

131 

131 

131 

131 

133 

131 

131 

131 

131 

131 

131 

131

 • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

2 

2 

2 

1 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

2 

1 

1 

0 

6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33

5 

5 

5 

5 

4 

4 

3 

3 

3 

4 

4 

4 

4 

4 

4 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

6 

5 

3 

3 

2 

2 

2 

3

Dep-

 th

65 

49 

29 

54 

50 

63 

67 

63 

56 

60 

63 

60 

52 

39 

32 

46 

62 

50 

65 

59 

58 

55 

56 

47 

28 

46 

32 

47 

61 

68 

78 

77 

61 

22

Gra-

vel

  Sand

 5 

 0 

 0 

17 

 0 

 0 

 0 

 0 

 0 

 0 

 4 

4 

 5 

 0 

 0 

 0 

 6 

 1 

 0 

 0 

 0 

0 

0 

 2 

30 

 1 

0 

0 

6 

7 

21 

37 

1 

24

88 

86 

34 

75 

66 

83 

93 

99 

83 

80 

88 

88 

83 

83 

58 

78 

66 

89 

76 

90 

91 

99 

98 

95 

62 

91 

35 

47 

92 

89 

75 

61 

86 

66

Mud Mz¢

 7 

14 

66 

 8 

35 

17 

 6 

 1 

17 

20 

 8 

 9 

13 

17 

42 

22 

28 

11 

24 

 9 

 9 

1 

 2 

 4 

9 

8 

65 

53 

2 

4 

4 

2 

13 

10

1 

3 

5 

0 

4 

3 

2 

2 

3 

3 

1 

1 

2 

3 

4 

3 

2 

2 

4 

2 

2 

2 

2 

1 

0 

2 

5 

5 

1 

1 

0

-0 

 2 

0

7 

0 

9 

8 

6 

3 

5 

0 

3 

4 

7 

9 

2 

3 

8 

6 

5 

7 

0 

9 

6 

0 

0 

5 

2 

3 

7 

3 

7 

2 

8 

1 

3 

5

Md6 So.

1 

1 

0 

1 

1 

3 

1 

1 

3 

3 

1 

1 

1 

3 

1 

3 

1 

2 

3 

2 

2 

2 

2 

1 

1 

2 

4 

4 

1 

1 

1 

1 

2 

1

.6 1.6 

.9 1.0 

.8 2.6 

.1 1.9 

.7 2.5 

.8 1.5 

.9 0.7 

.1 0.4 

.7 1.5 

.1 1.8 

.0 1.7 

.1 1.7 

.2 1.7 

.2 1.4 

.2 2.3 

.0 1.9 

.8 2.5 

.8 1.3 

.3 2.0 

.8 0.8 

.6 0.8 

.0 0.5 

.0 0.4 

.7 1.1 

.7 3.0 

.5 1.1 

.8 3.0 

.1 2.6 

.8 1.0 

.4 1.3 

.5 2.9 

.5 2.8 

.3 1.3 

.0 2.5

S-S-C H type

Silty

Silty

Silty

Silty

Sand 

Sand 

 Mix 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Mix 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand

2 

5 

7 

1 

5 

5 

4 

4 

5 

5 

2 

2 

2 

5 

5 

5 

3 

3 

5 

4 

4 4 

4 

3 

1 

4 

6 

6 

3 

2 

1 

1 

5 

1



No. Lon. Lat. Dep-

 th

 Gra-

vel

  Sand 

% %

Mud Mz(6 Mdgi. So. S-S-C H type

177 

178 

179 

181 

182 

183 

184 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198

131 

131 

132 

132 

132 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131 

131

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

5 

6 

0 

0 

0 

6 

6 

5 

4 

4 

4 

4 

4 

4 

3 

3 

3 

5 

5

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

3 

3 

3 

2 

3 

4 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2

50 

87 

75 

79 

64 

41 

62 

48 

35 

30 

53 

54 

33 

56 

55 

48 

70 

29 

24

6 

11 

19 

42 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0

85 

86 

80 

55 

96 

54 

96 

52 

19 

10 

46 

15 

 9 

15 

 8 

13 

6 

47 

89

 9 

 3 

 2 

 3 

 4 

46 

 4 

48 

81 

90 

54 

85 

91 

85 

90 

87 

94 

53 

10

1 

0 

0 

0 

2 

5 

1 

5 

6 

7 

5 

7 

7 

6 

7 

7 

7 

5 

2

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

3 

6 

5 

8 

3 

0 

8 

1 

6 

5 

1 

3 

4 

8 

8 

5 

9 

3 

3

1 

0 

1 

1 

2 

3 

1 

3 

6 

7 

4 

7 

7 

6 

7 

7 

7 

4 

2

.6 

.7 

.0 

.0 

.3 

.9 

.8 

.9 

.3 

.5 

.3 

.6 

.4 

.7 

.5 

.6 

.3 

.6 

.3

1.8 

1.3 

1.5 

2.6 

0.5 

2.6 

0.6 

2.8 

2.9 

2.7 

2.5 

3.0 

2.6 

2.7 

2.6 

2.7 

2.3 

3.0 

1.1

Silty

Clayey 

Clayey 

 Silty 

 Silty 

Clayey 

Clayey 

Clayey 

Silty 

Clayey

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Mix 

Silt 

Silt 

Sand 

Clay 

Silt 

Silt 

Silt 

Clay 

Silt 

Mix 

Sand

2 

1 

1 

1 

4 

5 

4 

6 

7 

7 

6 

7 

7 

6 

7 

7 

7 

6 

3



No.

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

63 

64

Lon. Lat.

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133 

133

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

2 

2 

2 

2 

1 

1 

2 

2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

1 

1

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

2 

0 

0

Dep-

 th

14 

8 

15 

21 

25 

27 

27 

39 

29 

26 

23 

19 

21 

23 

30 

21 

20 

18 

19 

24 

18 

18 

27 

22 

23 

12 

12 

 8 

12 

31 

43 

22

 MIZUSHIMA NADA

Gra-

vel

  Sand 

%

Mud 

%

Mz5 Mds6 So.

0 

0 

1 

0 

0 

0 

1 

9 

0 

0 

0 

0 

0 

0 

16 

0 

0 

1 

0 

11 

0 

0 

1 

0 

5 

0 

 1 

 1 

 1 

 2 

 4 

0

20 

34 

10 

9 

11 

28 

40 

82 

13 

9 

9 

9 

15 

13 

71 

27 

17 

14 

23 

79 

31 

12 

89 

51 

83 

22 

17 

 6 

38 

81 

82 

59

80 

65 

90 

91 

89 

72 

59 

10 

87 

91 

91 

91 

84 

87 

13 

73 

83 

85 

77 

11 

69 

88 

11 

49 

12 

78 

82 

94 

61 

17 

15 

41

6 

5 

7 

7 

7 

6 

5 

1 

7 

7 

7 

7 

6 

7 

1 

5 

6 

7 

6 

0 

6 

7 

1 

5 

1 

6 

7 

8 

6 

2 

2 

4

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

 • 

• 

 •

6 

8 

1 

4 

5 

2 

6 

2 

4 

8 

3 

1 

8 

1 

0 

9 

6 

4 

9 

8 

2 

3 

7 

3 

7 

9 

1 

0 

0 

5 

0 

9

6 

4 

6 

7 

7 

6 

5 

1 

7 

7 

7 

6 

6 

7 

1 

5 

6 

7 

7 

1 

6 

7 

1 

4 

1 

7 

7 

8 

5 

1 

2 

3

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

 •

3 

8 

9 

4 

6 

6 

2 

5 

4 

9 

2 

7 

5 

0 

1 

1 

2 

5 

1 

0 

5 

2 

6 

0 

6 

0 

3 

0 

0 

9 

2 

7

2 

2 

2 

2 

2 

3 

3 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

1 

3 

2 

1 

2 

1 

3 

3 

2 

3 

1 

2 

2

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

 • 

 •

9 

8 

5 

8 

9 

4 

5 

7 

9 

8 

7 

6 

9 

7 

1 

6 

6 

0 

2 

8 

1 

7 

3 

7 

8 

0 

2 

6 

1 

9 

4 

5

S-S-C H type

Clayey

Clayey 

Clayey 

Clayey

Clayey 

 Silty 

Clayey 

Clayey 

Clayey 

Clayey

Clayey 

Silty

Clayey

Clayey 

 Silty

Silty

Silt 

 Mix 

Silt 

Silt 

Silt 

 Mix 

Mix 

Sand 

Silt 

Clay 

Silt 

Silt 

Silt 

Silt 

Sand 

 Mix 

Silt 

Clay 

 Mix 

Sand 

 Mix 

Silt 

Sand 

 Mix 

Sand 

 Mix 

Silt 

Clay 

 Mix 

Sand 

Sand 

Sand

7 

6 

7 

7 

7 

6 

6 

3 

7 

7 

7 

7 

7 

7 

1 

6 

6 

7 

7 

1 

6 

7 

3 

6 

2 

6 

7 

7 

6 

3 

2 

5



No.

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95

Lon. Lat.

133.1 

133.2 

133.2 

133.2 

133.2 

133.3 

133.3 

133.3 

133.4 

133.4 

133.4 

133.4 

133.3 

133.3 

133.3 

133.3 

133.3 

133.2 

133.2 

133.2 

133.2 

133.2 

133.2 

133.2 

133.2 

133.2 

133.2 

133.1 

133.1 

133.1 

133.0

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

34.1 

34.1 

34.1 

34.1 

34.1 

34.1 

34.0 

34.0 

34.0 

34.1 

34.1 

34.1 

34.1 

34.1 

34.1 

34.1 

34.0 

34.0 

34.0 

34.1 

34.1 

34.1

Dep- Gra- Sand Mud  Mz0 

th vel % % %

21 

24 

24 

22 

21 

21 

22 

23 

17 

20 

24 

22 

24 

21 

21 

21 

19 

19 

20 

18 

20 

20 

20 

19 

21 

17 

19 

17 

39 

33 

46

0 

0 

0 

0 

0 

0 

0 

6 

0 

27 

1 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

 1 

32

39 

15 

14 

13 

11 

9 

10 

18 

25 

33 

10 

5 

4 

5 

7 

5 

10 

16 

 8 

3 

 4 

5 

12 

13 

10 

 9 

 8 

11 

 9 

70 

61

61 

85 

86 

87 

89 

91 

90 

77 

75 

41 

89 

94 

95 

95 

93 

95 

89 

84 

92 

97 

96 

95 

88 

87 

89 

91 

92 

89 

91 

29 

 7

 5.5 

 6.4 

 7.1 

 7.2 

 7.5 

 7.7 

 7.8 

 6.5 

 5.8 

 2.0 

 8.2 

 7.6 

 9.2 

 8.4 

 7.8 

 8.5 

 7.3 

 6.9 

 7.3 

 8.1 

 8.2 

 8.2 

 7.0 

 6.9 

 7.2 

 7.4 

 7.3 

 7.1 

 7.2 

 3.8 

-0 .6

Mdd So.

4.7 

6.4 

7.0 

7.1 

7.3 

7.8 

8.0 

7.4 

5.6 

1.6 

8.5 

7.6 

9.5 

8.9 

7.8 

8.5 

7.2 

6.9 

7.3 

8.0 

8.3 

8.3 

7.0 

6.7 

7.1 

7.3 

7.0 

6.8 

7.2 

2.5 

0.2

2.4 

2.3 

2.8 

2.9 

2.8 

2.8 

2.9 

4.2 

2.7 

4.8 

2.9 

2.8 

2.4 

2.7 

2.6 

2.5 

2.8 

2.9 

2.6 

2.5 

2.5 

2.6 

2.5 

2.6 

2.7 

2.8 

2.6 

2.6 

2.4 

2.9 

2.9

S-S-C H type

Clayey 

Clayey 

Clayey 

Clayey 

 Silty 

 Silty 

 Silty 

 Sandy

Silty 

 Silty 

Silty 

 Silty 

Silty 

 Silty 

Clayey 

Clayey 

Clayey 

 Silty 

 Silty 

Silty 

Clayey 

Clayey 

Clayey 

Clayey 

Clayey 

Clayey 

Clayey 

Silty

 Mix 

Silt 

Silt 

Silt 

Silt 

Clay 

Clay 

Clay 

Silt 

 Mix 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Silt 

Silt 

Silt 

Clay 

Clay 

Clay 

Silt 

Silt 

Silt 

Silt 

Silt 

Silt 

Silt 

Clay 

Sand

6 

7 

7 

7 

7 

7 

7 

6 

6

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

5 

1



No.

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34

Lon. Lat.

132.0 33.2 

132.0 33.2 

132.1 33.2 

132.1 33.2 

132.2 33.2 

132.2 33.2 

132.2 33.2 

132.3 33.2 

132.3 33.2 

132.2 33.2 

132.2 33.2 

132.1 33.2 

132.1 33.2 

132.1 33.2 

131.5 33.1 

131.6 33.1 

132.0 33.1 

132.1 33.1 

132.1 33.1 

132.1 33.1 

132.2 33.1 

132.3 33.1 

132.2 33.1 

132.2 33.1 

132.2 33.1 

132.1 33.1 

132.1 33.1 

132.0 33.1 

132.0 33.0 

131.6 33.0 

131.6 33.6 

131.6 32.6

BUNGO SUIDO

Dep- Gra- Sand Mud  Mz0 

th vel %

Md6 So.

122 

91 

64 

 67 

77 

77 

72 

57 

61 

73 

78 

 75 

62 

78 

58 

68 

75 

80 

77 

89 

85 

58 

72 

70 

95 

89 

115 

92 

107 

38 

13 

14

 0 

36 

 2 

 0 

 2 

 0 

0 

0 

0 

0 

 1 

 0 

 0 

 2 

 3 

21 

 0 

0 

0 

4 

1 

3 

0 

0 

0 

0 

2 

82 

95 

1 

0 

0

97 

62 

91 

84 

67 

50 

35 

30 

42 

39 

74 

88 

99 

90 

88 

75 

98 

99 

98 

89 

83 

62 

99 

95 

99 

99 

97 

2 

0 

40 

23 

13

 2 

2 

7 

16 

31 

50 

65 

70 

58 

61 

25 

11 

0 

8 

9 

4 

2 

1 

2 

7 

16 

35 

1 

6 

1 

1 

2 

16 

5 

59 

77 

87

0 

-0

2 

3 

4 

4 

5 

5 

5 

5 

3 

2 

2 

0 

2 

0 

1 

1 

1 

1 

2 

3 

1 

2 

0 

1 

1

-1 

-3 

5 

5 

6

.4 0.4 0.3 

.2 -0.3 2.0 

.3 2.3 0.9 

.2 3.1 0.9 

.2 3.5 2.0 

.8 4.0 2.7 

.6 5.0 3.0 

.4 4.8 2.4 

.1 4.5 2.4 

.2 4.6 2.8 

.8 3.3 1.8 

.9 2.8 0.8 

.3 2.3 0.5 

.3 0.3 1.4 

.1 2.2 1.5 

.9 1.7 2.0 

.2 1.3 0.7 

.7 1.7 0.4 

.2 1.2 0.9 

.5 1.7 1.4 

.4 1.9 1.6 

.0 2.9 2.4 

.1 1.2 0.6 

.1 2.1 1.0 

.9 1.0 0.6 

.7 1.7 0.6 

.3 1.5 0.8 

.3 -3.8 4.0 

.9 -4.1 1.1 

.3 4.5 2.6 

.9 5.5 2.7 

.7 6.3 2.6

S-S-C H type

Silty 

Silty

Sandy 

Sandy 

Sandy 

Silty

Silty

Sandy

Clayey

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Mix 

Silt 

Silt 

Silt 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Silt 

Silt 

Silt 

 Mix 

Silt

2 

1 

3 

5 

5 

6 

6 

6 

6 

6 

5 

5 

4 

3 

3 

1 

3 

4 

3 

3 

3 

3 

3 

4 

4 

4 

4 

1 

1 

6 

6 

7



No.

35 

42 

49 

55 

67 

68 

76 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91

Lon. Lat.

132.0 33.0 

132.1 33.0 

132.1 32.5 

132.1 32.5 

132.1 32.4 

132.1 32.4 

132.1 32.5 

132.2 33.0 

132.2 33.0 

132.1 33.0 

132.1 33.0 

132.1 33.0 

132.1 33.2 

132.1 33.2 

132.1 33.2 

132.2 33.2 

132.2 33.2 

132.2 33.2 

132.2 33.2 

132.1 33.2

Dep- Gra- Sand Mud Mzei 

th vel ° o

22 

100 

94 

99 

206 

234 

114 

103 

105 

92 

 91 

 80 

100 

 74 

 76 

 72 

 64 

 67 

 53 

 40

0 

3 

0 

1 

7 

0 

7 

24 

39 

4 

 1 

6 

 2 

0 

0 

0 

0 

 5 

 0 

 0

99 

96 

99 

98 

92 

99 

91 

67 

53 

93 

97 

91 

93 

86 

61 

32 

48 

46 

22 

38

0 

2 

1 

1 

1 

1 

2 

9 

9 

3 

2 

3 

4 

13 

39 

68 

52 

49 

78 

62

1 

1 

1 

2 

1 

1 

1 

 0

-0

1 

1 

1 

1 

3 

4 

5 

5 

4 

5 

5

Md6 So.

.7 1.7 0.6 

.9 2.0 0.8 

.6 1.7 0.5 

.0 2.5 1.2 

.5 1.9 1.4 

.6 1.5 0.8 

.2 1.4 1.3 

.4 1.6 3.0 

.2 0.8 3.2 

.4 1.6 1.0 

.1 1.3 0.8 

.6 1.8 1.1 

.3 1.4 1.1 

.0 2.9 1.3 

.6 3.7 2.2 

.4 4.8 2.6 

.0 4.1 2.6 

.5 3.9 3.2 

.6 5.2 2.3 

.0 4.5 2.2

S-S-C

      Sand 

      Sand 

      Sand 

      Sand 

      Sand 

      Sand 

      Sand 

       Sand 

      Sand 

       Sand 

       Sand 

       Sand 

      Sand 

       Sand 

Silty Sand 

Sandy Silt 

Silty Sand 

Silty Sand 

Sandy Silt 

Sandy Silt

H type

4 

3 

4 

3 

2 

3 

2 

1 

1 

3 

3 

3 

2 

5 

5 

6 

6 

6 

6 

6
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