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A GEOMORPHOLOGICAL STUDY OF THE
CALDRONS IN THE SETO INLAND SEA '

Kunio YASHIMA*

Abstract

Introduction

Caldrons develop at the bottom of certain sea areas with rapid tidal currents such as Seto Inland Sea.
They have attracted the attention of many researchers because of their peculiar configuration. Their
origins, period of formation, etc. have not yet been clarified, although various ideas have been proposed.
Moreover, the erosivity of the tidal currents, which seem to play an important role in the formation of
caldrons, have been left unknown.

Although caldrons are specific submarine topography, their origins and period of formation are
closely related to general geomorphological problems, for instance the evolution of the Seto Inland Sea
and the formation of the Tsugaru land bridge as well as paleoenvironment of the Japan Sea.

Therefore, the study of caldrons has a significance in revealing the geomorphic evolution and
enviromental change in both land and sea areas along coast.

This thesis, first describes the morphometric characteristics of caldrons in each sea area of the Seto
Inland Sea. And subsequently investigates the relation among topography, geology and tidal currents
etc., which are integrated to the discussion on the formative process of major caldrons. Finally, erosivity
of tidal currents, origins and period of formation of caldrons, and geomorphological evolution of the
Seto Inland Sea are discussed through the analysis of caldron formation.

Data used for this study

The data used for this study were principally accumulated in the works of the Hydrographic
Department, Maritime Safety Agency: 1:50,000 “Basic Map of the Sea Coastal series”, acoustic profile
record (Sonoprobe, Sparker), bottom quality, tide and tidal current data, etc.

Morphometry of the caldrons
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The author defines caldrons as significant sea bottom depressions having major axes longer than 1km
and describes the characteristics of caldrons for each sea area (Nada, Bay, Channel) based on the
results of morphometry using 1:50,000 “Basic Map of the Sea Coastal series”. The Seto Inland Sea is
divided into the following eleven sea areas: Kii Channel, Osaka Bay, Harima Nada, Bisan Channel,
Hiuchi Nada, Bingo Nada, Aki Nada, Hiroshima Bay, Iyo Nada, Suo Nada, and Bungo Channel.

Main results of morphometric analysis are as follows:

1) The total number of caldrons found in the Seto Inland Sea reaches about 250, and a large number of
caldrons are mainly found in sea areas such as Aki Nada and Bisan Channel, where many islands and
islets are situated.

2) Caldrons found in the Seto Inland Sea are in general located in and around straits (channels), but
some of them are located in certain areas off islands in Nada (open sea basin).

3) Caldrons in the Seto Inland Sea are classified into the following four types based on their geomorphic
location and morphology.

Stait single type——lying at a length along the axis of the strait (channels) (ex. Yura Channel, Akashi

Strait)
Strait twin type--having two depressions on both sides of the narrowest part of the strait (ex. Naruto
Strait, Hayasui Channel)

Strait cape type--lying off islands or capes around the strait (ex. Cape Jizou, Cape Tsurumi)

Nada cape type--lying off islands in Nada (ex. Shisaka Island, Hime Island)

4) Caldron found in the Hayasui Channel, where the maximum depth attains 460m (about 300m below
the surrounding floor), is the largest not only in the Japanese coastal waters but also in the world.

Outline and formation process of the major caldrons

Topography, bottom material and tidal currents, were described and acoustic profile record were
analyzed in order to discuss the formation process of the following major caldrons: Yura Channel,
Akashi Strait, Naruto Strait, Bisan Channel, Shisaka Island, Hakata Channel, Kurushima Strait,
Nuwashima Strait, Hayasui Channel, Kanmon Strait and others.

Formative process of the twin type caldron in Naruto Strait were discussed in detail in view of the
condition both tide and tidal current, and topography and geology.

Discussion

1) Erosivity of tidal currents

The results of the cross-sectional current measurement in several sea areas in and around the
caldrons show that the vertical shear of velocity is relatively weak and strong current exists even in the
bottom layer in the strait. Tidal currents can thus erode not only sediments, but also bedrocks. Actually,
caldrons are formed by erosion of bedrock in the sea area where current velocity exceeds 5~6 knots,
while caldrons are formed by the prevention of sedimentation and erosion of surface sediment in the sea
area where current velocity is less than 2 knots.
2) Origin and period of formation of the caldrons




A Geomorphological Study of the Caldrons in the Seto Inland Sea 239

Although some caldrons were formed as by river valleys in the time of low sea level during the last
glacial stage and left unburied due to rapid tidal currents, most of the caldrons were created by tidal
erosion. Especially, large-sized ones lying between Nadas are considered to have been eroded deeply by
strong tidal currents, because such caldrons are too deep as compared with the estimated base of the
sediment.

Although most of the caldrons are thus being eroded at present, the beginning of their formation goes
back to the period of the formation of the strait concerned, and the period differs depending upon the
submergence process of the Seto Inland Sea since the last glacial maximum,

3) Geomorphological evolution and submergence history of the Seto Inland Sea

Since the last glacial maximum, when the whole areas of the Seto Inland Sea were terrestrial, the sea
area transgressed landward through each strait according to the rise of sea-level. And finally, the
present Inland Sea was formed by the submergence of Bisan Channel and Kanmon Strait, which had
been watersheds during the glacial stage. In the submergence process, formation of major caldrons
began and have continued to the present.

The analysis of the caldron formation in each sea area has enabled to reconstruct the history of
submergence of each strait. Thus the evolution of the Seto Inland Sea has revealed as follows:

sea-level strait formed sea area started
(age) and caldron started submergence and remarks
formation
—80m Hayasui Chan. Iyo Nada
—60m Tomogashima Chan. Osaka Bay
(13,000y.B.P.)
—50m Moroshima and Aki Nada, Hiroshima Bay
Tsurushima Chan.
—40m Naruto Str.* Harima Nada
Kurushima Str. Hiuchi Nada
—30m Akashi Str.** Connection with
(10,000y.B.P.) Osaka Bay and Harima Nada
—20m Bisan Chan. Connection with
(8,000y.B.P.) western and eastern Inland Sea
—10m Kanmon Chan. Formation of the
(7,000y.B.P.) present Seto Inland Sea

* Active erosion started at the time of sea-level of —30m.

# * Active erosion started at the time of sea-level of —20m.
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Bathymetry in the Seto Inland Sea

Fig. 3
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Fig. 4
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Table 1 Summarization of Caldrons by sea areas
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Table 2 Main caldrons (in order of depth)
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Table 3 Main caldrons (in order of velocity of tidal current)
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Fig. 13e Base of sediment layers in the vicinity of the Tomogashima Strait
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Fig. 14a Caldrons in the vicinity of the Akashi Strait
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Fig. 14b Bottom quality in the vicinity of the Akashi Strait
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Fig. 15a Caldrons in the vicinity of the Naruto Strait
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Fig. 15c Tidal currents and distribution of caldrons and sand banks in the vicinity of the Naruto Strait
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Fig. 19b Tidal currents in the eastern part of the Geiyo Islands
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Fig. 21c Tidal currents and distribution of caldrons and sand waves in the vicinity of the Hayasui Channel
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Table 4 Erosions of sea bottom in the Seto Inland Sea
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Fig. 28 Acoustic records in the vicinity of the major caldrons in the Seto Inland Sea
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Table 5 Geomorphological evolution and submergence history of the Seto Inland Sea
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Appended table. Morphometry of caldrons in the Seto Inland Sea
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