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SUBMARINE GEOLOGY IN THE VICINITY OF
TSUSHIMA-GOTO RETTO REGION '

Tadahiko Katsura*

Abstract

Introduction

The author studied the submarine geology of the Tsushima-Goto Retto sea area between the Korea
Peninsula and the southwestern part of the Japanese Islands.

Although this area occupies geologically very important place between the Asian Continent and the
Japanese Island Arc, Submarine stratigraphy, geological structure and history of geological develop-
ment of this area have largely been left unknown. In paticular, to reveal the submarine geology of this
area is important not only for better understanding of the genesis of marginal seas and the tectonic
development of semi-isolated back arc basins such as the Tsushima Basin and the Okinawa Trough but
also for revealing the geological relationship between the continent and the Island Arc.

For this purpose, high density echo-sounding and seismic reflection profiling have been conducted.

These data have revealed that the acoustic basement is divided into some blocks by several faults and
folding axes, showing rough relieves in some places with topographic highs as knolls, banks and spurs.

Some large scale tectonic lines have been recognized, which are represented by the Tsushima-Goto

Tectonic Line and Goto Submarine Canyon Tectonic Line.
Morphology

The Korea Peninsula and Southwest Japan are separated geographically by the Tsushima Starit,
which has the fairly smooth sea floor of 100 to 150m deep.

The Tsushima(Island) is located at the central part of the strait, separating the strait into eastern and
western parts. So, they are called the East Channel and West Channel of the Tsushima Strait, respectively.

A strait between the Iki Island and northern Kyushu is called the Iki Strait, which has almost flat
bottom, although sea knolls, banks, troughs and several channels are observed occasionally on the
continental shelves.

To Northeastwards the Tsushima Strait in connected with the Tsushima Basin with gentle slope,

which reaches as deep as 2000 to 2200m. The basin is rectangular in shape. The bottom of this basin is
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smooth because of thick sediments.

The West Channel of the Tsushima Strait has a sudden deep portion more than 200m deep off the west
coast of the Tsushima(Island) along the coast. This deep is called the Tsushima Trough.

To the southwest of the Tsushima Strait is located the Danjo Basin, which occupies the northernmost
part of the Okinawa Trough. The trough is approximately 800m deep and has several topographic highs
such as Koshiki Knoll, Danjo Knoll, and so on. These several knolls and spurs are scattered on the
continental slope and the sea floor in the Okinawa Trough, which has irregular bottom profiles.
However, the basin floors other than the Okinawa Trough are flat because they are burried with thick
Sediments.

A remarkable topography in the area is the channels on the continental shelf. In particular, the Goto
Submarine Canyon and the Goto Shelf Channels engrave the continental slope and continental shelf off
the southwest and northwest of the Fukue-sima, Goto Retto (Island).

The Goto Shelf Channels consist of three major channel groups ; namely, Eastern, Central and
Western Goto Shelf Channels. These channels flow down southwards on the continental shelf off the west
coast of Goto Retto. The head of the Goto Submarine Canyon starts at the southern margin of the Fukue

Basin at the depth of 450m. Various physiographic features of these channels are shown in Figs. 8 to 11.
Seismic Profiles

Continuous seismic reflection profiling was carried out along the dense ship-track lines covering the
surveyed area. The acoustic profiles of the bottom sediments are divided into five layers A to E in
descending order. Layer A is an almost transparent massive layer which fills topographical depressions.
Layer B is stratified sediments and shows remarkable crossbedding near the mouth of a shelf channel
below the sea bottom. Layer C is stratified reverberant layer but shows cross-bedding in some places.
Layer D is weakly stratified layer with weak deformation. Layer E is the so called acoustic basement,

which is correlated to the Miocene in age.
Geological Sampling

Dredge hauls were carried out successfully at 33 points in the surveyed area. Most of the collected
bottom samples contain gravels of sedimentary, igneous and metamorphic rocks.

A piece of granitic rock was dredged from the top of the Koshiki Knoll (site No. NA-10) off western
Kyushu. Gravels of sedimentary rocks probably derived from the Goto Group were collcted at the sites
No. NA-4 and NA-8 near the Fukue-shima of Goto Retto. Crust of Pelitic and psammitic hornfels, hard
mudstone and sandstone were collected at the sites No. Fu-9 and Fu-10 on the wall of the Tsushima-oki
Fault along the Tsushima Trough.

A gravel of quartz-bearing rhyolite was dredged at a site of Sichiri-ga-sone (bank) in the eastern
channel of the Tsushima Strait. Many dredged samples also contain unconsolidated bottom sediments,
which are characterized by muddy or sandy sediments with shell fragments. These unconsolidated

sediments indicate removal effects by strong bottom currents on the sea floor in this region.
Crustal Structure

Several hypotheses have been proposed to interpret the crustal structure of the Tsushima Strait and
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its adjacent areas. One of the most important targets for this study is to confirm the continuity of the
basement rocks probably composed of the Cretaceous formations across the Tsushima Strait.

The Cretaceous strata are exposed well not only along the coastal regions in Korea but also in the
northern Kyushu and San-in districts of Southwest Japan. These strata belong to the Gyeongsang
Supergroup on the Korean side and the Kanmon Group on the Japanese side. In addition to them, the
granitic rocks, Bulgoksa granites and Ryoke granite of the same age (approximately 70 to 90 Ma) are
observed on both Sides. The presence of these rocks has not been confirmed yet in the Tsushima Strait
region. ‘

According to the seismic and boring data, however, Paleogene formations such as the Taishu Group
in Tsushima, the Otsuji Group and the Nogata Group in northern Kyushu are recognized in the
subbottom prfiles of the Tsushima Strait and its vicinity areas. The data of sono-buoy observation,
boring and multichannel seismic reflection profiling have made clear crustal structures of this area.

Beneath the western channel of the Tsushima Strait, the geological basement of more than 4.1km/sec
velocity layer is inclined eastwards. This layer was assumed to be pre-Tertiary crystalline rocks
according to the seismic velocity. This formation abuts against the Tsushima-oki Fault escarpment off
the west coast of Tsushima, which has a trend of NNE-SSW.

There is a 6.0 to 6.2km/sec velocity layer further below, which might be the lowest oceanic crust in

this area.
Geological Setting

There are some small islands scattered in the investigated area. These islands are important because
they help understanding the submarine geology around the islands. These islands include Tsushima, Iki,
Goto Retto (Islands), Danjo Gunto (Islands), Koshiki-jima Retto and the other small islands along the
coastal zone of northwestern Kyushu.

Tsushima is mainly composed of marine sediments of Oligocene to Early Miocene age. Granitic rock
intrusions {(ap. 12 to 14Ma) are encountered in the Oligocene sediments on the Tsushima Shimo-shima,
and basic rock intrusions (gabbroic rocks) on the Tsushima Kami-shima.

The Iki Island is mainly made up to of Tertiary strata and Quaternary alkaline basalt.

The Goto Retto Islands are mainly formed by volcanic rocks of Middle to Late Miocene age.

Mesozoic metamorphic rocks and Cretaceous granitic rocks are distributed as a basement on the
coastal area on land along northern Kyushu and the Japan Sea side of Southwest Japan.

The volcanic activities had occurred in this area from the early Miocene to the late Miocene or early
Pliocene. This volcanism is represented by the Green Tuff activity in the San-in district.

As already mentioned, the bottom sediments in the studied area are classified into five layers from
Layer A (Holocene) of the bottom-surface to Layer E (Miocene) of the deepest layer of the so-called
acoustic basement.

A remarkably strong reflector on the surface of Layer E is named as the reflector X in this area.
Geological age of the acoustic basement, layer E, cropped out at several points is confirmed from the
land geology.

For example, the acoustic basement distributed near Tsushima is correlated to the Taishu Group of

Oligocene to Early Miocene age. The acoustic basement near Goto Retto is correlated to the Goto Group
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of Middle Miocene. In conclusion, Layer D is assigned to the Late Miocene, Layer C to the Pliocene,

Layer B to the Pleistocene and Layer A to the Holocene.
Tectonics

Large tectonic lines bordering between Korea and Tsushima are confirmed by the topographical,
geological and geophysical data. These tectonic lines are related to the block movements of the
basement in this area.

The block movements have played an important role in differentiation, which made varoius geological
features of blocks each other.

For example, a border line from the Central Goto Shelf Channels to the Goto Submarine Canyon
divides that area into two different geological blocks characterized by different geological structures
and stratigraphies, respectively. A major cause for such tectonic movements may be ascribed to the
opening (spreading) of the Japan Sea since 16 Ma age. Such movements resulted in fromation of several
small Tertiary to Quaternary sedimentary basins.

Block movements may have taken place since Late Miocene until Holocene and have formed several
blocks of 30 to 100km in size. These blocks were suffered from uplifting, sinking and/or tilting from time
to time and from place to place. Each block is composed of pre-Tertiary to lower Tertiary formations

and intrusive rocks.
Conclusion

The investigated area has been divided into several geological blocks since the Late Miocene time (ap.
16 Ma). These block-forming events were closely related to the tectonic movements for the Japan Sea
opening.

At the early stage of this tectonic development, the right lateral strike-slip faults took place between
the Korea Peninsula and Southwest Japan. After then, Southwest Japan has been rotated clockwise.
Thus, the Tsushima block and other blocks to the south became compressed. Consequently, the
Tsushima was forced to form a thrust-up block, which is characterized by a horst-and-graben structure
with complex folding axes. Tsushima (Island) and the Tsushima Trough were constructed in such a way.

The genesis of the Goto Shelf Channel and Goto Submarine Canyon is summerized as follows:

The Eastern Goto Shelf Channel and Central Gtoto Shelf Channel were developed along the fractured
fault zone on the continental shelf. These geologically weak zones were eroded gradually through the
Glacial Period,

It is important to point out that these channels started initially as rivers on land at the time of lowered
sea level, because they have remained dendritic patterns at the upper streams of the Central Goto Shelf
Channel on the continental shelf.

In conclusion, at the initial stage of the Japan Sea rifting, the Tsushima-Oki Fault was formed and
then, the Tsushima -Goto region was demarcated into several tectonic blocks. These blocks were
subjected to intense compressional stress due to rotational movements of Southwest Japan. Thus, horst
blocks of islands and graben-blocks were developed, as observed in the present tectonic features of the

Tsushima-Goto Retto region.
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Figure- 6. Sites of geological bottom sampling. Si means : off Shimane, Ya : off
Yamaguchi, Fu : Off Fukuoka, Na : Off Nagasaki(I), NA : Off
Nagasaki(Il) survey cruises. Dredg haul results are shown in Table-1
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Record of bottom sampling results in

Table- 1.

the vicinity of Tsushima Goto Retto

area.
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Figure- 7, Regional geological continuty map
between Korea Peninsula and South-
west Japan.

Submarine tectonic belt from Yellow
Sea to East China Sea are shown.
Numeral on contours mean sediment
thickness (100m each) (After K. O.
Emery et al. 1969)
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Figure- 8. Distribution map of depth in study area in the vicinity of Tsushima and Goto Retto
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3 -dimentional topographic map in the study area

Figure- 9.
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Figure-1la, Bathymetric chart of whole sur-
veyed area.
Submarine topography and each
detailed survey regions are shown

WiEa Lo, &Fe oK 2 ORI KR £ = =
BICIRAHE 225, LEDBIRMICES LB / B, Figure-11b, Detailed bathymetric chart.
B % e 2 BEDEM A LIS IE U 2 72 DK REE S off Shimane. Contour interval is 10m

572 T o KEEMD MK ERIZ140~160m T H %,
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Detailed bathymetric chart
off Yamaguchi. Contour interval is
10m
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Figure-1lc,

Report of Hydrographic Researches

Figure-11d. Detailed bathymetric chart
off Fukuoka. Contour interval is 10m

ok
Li 7 y‘

Detailed bathymetric chart of vicin-
ity area of Tsushima Strait. Contour
interval is 10m

Figure-1le,

Vol. 28 1992




SUBMARINE GEOLOGY IN THE VICINITY OF 77
TSUSHIMA-GOTO RETTO REGION

b, ZHUCR LT, BAGETIIKE
120mELZ% o) FBi WY 38 70 WU &2 R
T L LEBEICRFA2CY Y F
=7, YU IHERLND
FHREY 7 W F 2o iR AP DA
Rasdk b (F18H—a M), 21
Z L it BBRROWACERS FLE
REDH F7n—T7RATY) T
N ERBREI NN ETH S,
ZFNIOERIIBHDLDEEZ L
N5 PRI IR O RMPTE
Do %R EACEDITIT RS Rk .

Figure-11f, Detailed bathymetric chart
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Figure-12a. Geographical names UE £ QS 49

£
off Yamaguchi

Figure-12b. Geographical names
off Fukuoka
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Table- 2. List of names of submarine topogra-
phy in the vicinity of Tsushima Goto
area.
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Figure-13, Classification map of
submarine topography

Figure-14, Map of streams of Goto shelf chan-
nels, and distribution of banks and
shoals
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Figure-18a, Distribution of sand wave in shallow portion of Tsushima Strait (a~b)
Sand wave shape on the bottom of East channel of Tsushima Strait (After Mogi 1981)
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Figure-19a, Profile of sand wave topography

in Goto Shelf Channels (Original
record)
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Figure-19b, Profile of various types sand-

wave topography
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Figure-20, Correlation of submarine stratigraphy
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Figure-23a. single channel continuous seismic
profiles and their interpretated map Figure-23d, single channel continuous seismic
profiles and their interpretated map

Figure-23e, single channel continuous seismic
Figure-23b. single channel continuous seismic profiles and their interpretated map
profiles and their interpretated map

i

BT X

Figure-23c. single channel continuous seismic
profiles and their interpretated map

Figure-23f, single channel continuous seismic
profiles and their interpretated map
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Figure-23g, single channel continuous seismic

profiles and their interpretated map

Figure-23h, single channel continuous seismic

profiles and their interpretated map

Figure-23i. single channel continuous seismic
profiles and their interpretated map
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Figure-23j, single channel continuous seismic

profiles and their interpretated map

Figure-23k, single channel continuous seismic
profiles and their interpretated map

Figure-231,

single channel continuous seismic
profiles and their interpretated map
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Figure-23m. single channel continuous seismic  Figure=23q. single channel continuous seismic
profiles and their interpretated map profiles and their interpretated map

Figure-23n. single channel continuous seismic

profiles and their interpretated map
Figure-23p. single channel continuous seismic

profiles and their interpretated map
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Figure-23r. single channel continuous seismic

profiles and their interpretated map

Figure-230. single channel continuous seismic
profiles and their interpretated map
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Figure-23s, single channel continuous seismic Figure-23t, single channel continuous seismic

profiles and their interpretated map profiles and their interpretated map
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I a: Amakusa-kami-sima block I b: Simo-sima block II : Iki block

Il : Goto block IV : Aino-sima block V a : Goto-tai Block V b :

Minami-Goto tai Block V ¢ : Fukue-sima tai Block V d : Continet

Block VI : Unzen-Simabara Graben sea area Block
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Liniation map of Tsushima and the
vicinity of Tsushima Strait (After
Gedlogical map of GSJ. 1978)

Figure-37a.

EHMAHO Y =T 2 b

Figure-37b, Liniation map of Southeast Korea
in the vicinity area of Tsushima
Strait (After E. Inoue 1981)
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BATHYMETRIC CHART
AROUND JAPANESE ISLANDS
{KYTOSHD Part 1}

BATHYMETHIC CHART
AROUND JAPANESE (SLANOS
{RYTSHT Part 1)
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Figure-38a. Paleoenvironment map. Figure-38b, Paleoenvironment map.
Coast line and water chan- Coast line and water channels are
nels are shown when sea shown when sea level was -130m

level was -120m.
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Figure-38¢, Paleoenvironment map
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Figure-39.  Distribution of shelf channels on the nws
Goto Shelf. Water channels are -
divided into two main streams. One e
is west channel towards Yellow Sea e
and the other is east channel Hwio
towards Japan Sea. Topography is :,,v:,';

shown by contour in fathom. (After nwi4
K.O. Emery et al., 1969)

Nwi6

NW1T

|

Figure-40.  Topographic map of Goto Shelf
Channels and the site of topo-
graphic cross section and lon-
gitudinal section. Each profile
shows in Fig.4la and Fig.41b.
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Figure-41a,

Topographic cross section of Chuo
~Goto Shelf Channel. Profiles show
channel C4 and C5 in Chuo-Goto
Shelf Channel Depth is 10m unit.
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Figure-41b, Topographic longitudinal section of Goto Shelf Channels.
Topographic longitudinal section along with each channel
axis,

@©-@ Higasi (East) Goto Shelf Channel
X~-X, [J-01, &A~A Chuo (Central) Goto Shelf Channel
A-A, B-B Nisi (West) Goto Shelf Channel
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Figure-42,  Site of single channel seismic reflec-
tion profiles of Goto Shelf Channels
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Figure-43a, Seismic profiles and their interpretations of Goto
Shelf Channels
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Figure-43b. Seismic profiles and their interpretations of Goto
Shelf Channels
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Figure-43d. Seismic profiles and their
Figure-43c, Seismic profiles and their interpretations of Goto Shelf
interpretations of Goto Shelf Channels

Channels

(RN 75)
0 sec

approx.10 n.m.

+ =

Figure-44.  Seismic profile showing cross-lamination in the Goto
Shelf Channel area.
Cross-lamination is addmited subbottom under the NW21
of terminal edge of Nisi Goto Shelf Channel 160~180m in
depth. Dotted part shows acoustic basement (Miocene)
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Figure-47,  Topographic profiles of Goto
. . Submarine Canyon
Figure-45. Topographic map of Goto subma- v
rine canyon
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Figure-46, Site of single channel seismic
reflection profiles of Goto
Submarine Canyon
Report of Hydrographic Researches Vol. 28 1992



124 T. KATSURA

CHENRYIR : B (s : )

—0

Figure-48a, Seismic reflection profiles of Goto Figure-48b. Seismic reflection profiles of Goto
Submarine Canyon (a~h) Submarine Canyon (a~b)
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Figure-49,

Distribution of tectonic lines in the area of Tsushima Goto Retto

1: Tsushima Tectonic Line (T. L.) 2:1ki T. L. 3:Hirado T. L.
4:Goto T. L. 5:Aino-Sima T. L, 6:Yobukono-Seto Fault
7: Uuzen-Simabara graben extended line.

I : Tsushima Province II : Iki Province Il : Goto Province
IV: Aino-Sima Province V : Tokai Continental Shelf Province
VI: Uuzen-Simabara grabern extended sea area.
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Figure-50, Model of tectonic process at the
Marginal Sea (After Ross &
Schlee, 1973)
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Sk

Tectonic development of Southwest Japan
a : Convergent boundary at the trench
b : Boundary with parallel movement at the

transform fault

¢ : Divergent boundary at the mid-oceanic

Figure-51b, Tectonic development of
Southwest Japan (Map

ridge (After Torii, Hayasida and Otofuii, of location of southwest

1985)

&
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Wi '5 ! :
130N ;
125E y/é 130E 100k
1 L i h—
Figure-51d. Tectonic development of South-

westérn Japan (Present position of
Southwest Japan)

Tectonic lines between Korea
Peninsula and Southwest Japan.
There are Ryanzan fault and
Tsusima-Goto Tectonic lile in Tsu-
shima Strait which are considered
as displacement boundary after
Cretacous. Goto Submarine Canyon
Tectonic Line is assumed between
Tokai Shelf and west of Kyushu.
Geological blocks had been formed
at the Tsushima-Goto Retto area
caused by results of tectonic move-
ment after Cretaceous.

Y¢r means assumed position of
rotaly axis (euilar pole) of South-
wentern Japan. (Refered to after K.
Ota (1984), Torii et al. (1985)

Report of Hydrographic Researches

Japan in Cretaceous)

In comparison with
Paleomagnetic anomaly
of inclination and dec-
lination, ancient south-
west Japan had been
located northern one
than present one. This
displacement probably
occured near the
Tsusima-Goto Tectonic

Line

“Toem/E

30

Figure-5lc, Tectonic development of South-
western Japan (Assumed position of
Southwest Japan before Japan Sea
Opening (1~5Ma).
Paleogeographic map of southwest
Japan based on the paleomagnetic
data. Arrow in the right cornar
means divergent vector of Pacific
plate against Eurasia plate in every
age. (After Torii, Hayasida and
Otofuji, 1985)
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Table- 7. Reference list of sea area near Tsu-
shima~ Goto Retto Region.

1. WEREFKEEE

ONg \

(BRES) (3 () &) (H#ER) (Fi474)
173 ¥ 5 1107 19824
179 BBk EEFET 1207 19814
196 bt BRI S 1/25H 19804
304 HIRBEREENE 1257 19354
187 FUMALTEER 1307 19824
180 JuM 1508 19354
302 SR wERDE 1507 19814
1004A HAH 13507 19844

@ WMREOBOEXRNL 17V -X (BEMABE - SEIERED)
6460—-11 8 117 19783
6460-12  Hf 19784
6460—-13 {5 19784
6460—-14 Eiy 19784
6460—15 /K 19794
6460—16 19794
6460—17 K 19794
6460—-18 Ak 19794

@ WMEOBOERM1 S5HIY -X (BEHBR - #EBEEER)
63437 =)= 1/5FH 19794
6345—-2 BRI 19814
6345—13 N EREER 19814
6345—-4 ik ER 19784
63458 Rk 19784
63463 R 19784
63474 =] 19794
6349-3 e 2 9 8 19834
63494 B 19804%

@® KEfloEoRAN 1./72073Y X (BIEHEH - BEHEHER - pRss

wE - BHRER)

6342 REIH 1207 19774
6343 BB 1977%
6344 @ 19774
6345 T EAhHE 19754
6346 K E 19754
6347 H R 19754
6348 KE# 19754
6349 LBHE 19764
6350 BARE 19764

® WEHER1I 10072 -X

6314 RS 1100 19834

® HAABHBERSBHIREN 1/ 19834

2. TR ERED

WEMERINO . 1 WEBMUBHEEKHEN 1207 19754%
BEWENNO . 2 NE-LEBBHMKREREN 1,207 19754
WHEMENNo . 13 HABEHS LU Bisk Rk ki K E é/looﬁ
1979

3. pEAMEN %

RS BB (FRER - ks ) 120/ 1953#%
RERSEHER (P5MERH) 1/207 195942
4. BEKERE #EER

4201 Filifhix 1200 19804%
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