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Abstract: Extensive and new marine geological and geophysical data of the
Japan Sea have been compiled into geological maps. The tectonic evolution of
the Japan Sea has been examined based on observation and interpretation of its
geological structure. -

The ages of formation of the basins in the Japan Sea are estimated from
sediment stratigraphy, basement depth, and heat flow data. They are from 30 to
15 Ma for the Japan Basin, 30 to 10 Ma for the Yamato Basin, and nearly
comparable age ranges for the Tartary Trough and the Tsushima Basin.

Topographic highs in the Japan Sea are classified into four groups;
continental fragments, rifted continental fragments, tectonic ridges, and voleanic
seamounts. Continental fragments are large topographic features and composed
of older rocks including those of Precambrian age. Rifted continental fragments
are distributed at midwater depth, primarily along the basin margins because of
their transitional structures between continental and oceanic crusts. Tectonic
ridges exist along the eastern margin of the Japan Sea where they have been
elevated by convergence since latest Pliocene. Volcanic seamounts are abundant
in the basins.

Two types of back-arc spreading are proposed; a single rift type and
multi rift type. The multi rift type best fits the observed structures of the Japan
Sea. Large tensional stresses over a broad volcanic zone in the former island arc
caused a multi rift system. Some of the rifts developed into multi back-arc
spreading systems while others became aborted rifts. The broad volcanic zone of
the Japanese island arcs overprinted the activity of back-arc spreading, due to a
shallow subduction angle. Arc volcanism during the Japan Sea opening produced
a thick accumulation of volcaniclastic sediments and abundant seamounts and
knolls within the basins. This multi back-arc spreading system resulted in the
fragmentation of the continental crust and isolation of continental fragments
within the Japan Sea.

The large tensional stresses necessary for the above evolution are possible
only by retreat of the continental plate. The back-arc continental plate of the
Japan Sea, the Amurian Block, is postulated to have retreated northward due to
the India-Eurasia collision and associated lithospheric deformation in East Asia.
The northward movement of the block generated the Stanovoy Range along its
northern margin by collision with Siberia and a pull-apart basin of the Baikal
Rift along its western margin.

The Okushiri and Sado Ridges along the eastern margin of the Japan Sea
are bounded by thrust faults on either or both sides. These thrust faults have
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been active since latest Pliocene time. The ridges are formed by thrust movements
associated with the uplift of the edge of the hanging side over the footwall.
Lithospheric convergence is evident along these thrust zones on the basis of the
occurrence of thrust faults and their corresponding earthquakes. The convergent
stress is again inferred to be due to the India-Eurasia collision and associated
intra-plate or inter microplate movements in East Asia. The eastward movement
of the Amurian Plate have caused Baikal extension along its western margin and
Japan Sea convergence along its eastern margin.

The tectonic evolution of the Japan Sea is summarized in two significant
tectonic stages.
1) Divergent tectonics over the Japanese island arcs caused back-arc spreading
of the Japan Sea from 30 to 10 Ma. The spreading system was initiated from a
multi rift system within a broad arc volcanic zone. Through the development of
the spreading system, many continental fragments are left within the basins.
Overprinting of arc volcanism on the back-arc basin resulted in an abundance of
volcanic seamounts and a thick accumulation of volcaniclastics in the basins.
2) Lithospheric convergence along the eastern margin of the Japan Sea since
latest Pliocene time produced the uplifted and thrust faulted Okushiri and Sado

Ridges.

1. Introduction

Most of the island arcs in the Western
Pacific are associated with marginal seas
or back-arc basins. The Japan Sea is
one of the back-arc basins of the West-
ern Pacific. Present geometry shows
that the Japan Sea is situated between
the Eurasia Continent and the islands of
Sakhalin, Hokkaido, Honshu, and others.

The back-arc basins of the Western
Pacific have been studied intensively since
the 1960’s, and, in particular, results of
the Deep Sea Drilling Project and the
identification of geomagnetic anomaly
lineations have presented effective con-
straints for the age determination of the
back-arc basins such as the Shikoku
Basin, the Parece Vela Basin, the West
Philippine Basin, and the South China
Sea. The age of the Japan Sea, together
with the Kuril Basin, however, is still
~enigma and controversial. It is because
four deep sea drilling sites in the Japan
Sea could not reached the basement
(KARIG, INGLE et al., 1973) and the mag-
netic anomaly lineations of the Japan

Sea are weak and complicated (IsEzaAki
and UvEeDpa, 1973).

The tectonic evolution of the Japan
Sea has a close relation to the tectonics
of the Japanese Islands, and its ambigu-
ity has caused divergent models of tec-
tonic evolution of the Japanese Islands
and adjacent areas. Although it is still
difficult to constrain the age of the Ja-
pan Sea from the data presently availa-
ble, a better understanding of the geo-
logy and tectonics of the Japan Sea is
indispensable for the study of the geolo-
gical evolution of the Japanese Islands
and the Western Pacific.

In this paper, the author presents new
and extensive marine geological and
geophysical data of the Japan Sea and
discuss its geological structure and tec-
tonics. The substantial improvement of
this paper over previous works is the
stratigraphic correlation of the sedimen-
tary sequence of the Japan Sea on the
basis of the synthetic analyses of seismic
profiles and age estimated from bottom
sampling data. The stratigraphic con-
straints deduced are used effectively, in
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this paper, for the discussion of the
tectonic evolution of the Japan Sea.

1.1 Bathymetry of the Japan Sea

The Japan Sea shows a depressional
topographic feature (Fig.1l and 2). A
200 m contour line surrounding the Ja-
pan Sea shows the closed depressional
feature of the Japan Sea. The Japan
Sea 1s characterized by a complicated
sea floor topography with many to-
pographic expressions of ridges, rises,
banks, and seamounts. It makes the
Japan Sea the most topographically
complicated marginal basin of the world.

Physiographic nomenclatures adopted
in this paper are basically those of
Lupwic et al. (1975) and GNIBIDENKO
(1979). The author, however, used ten-
tative nomenclature in some cases such
as the Ullung Plateau and the Tsushima
Deep Sea Channel.

There are four major topographic
depressions and two major topographic
highs in the Japan Sea. The four de-
pressions are the Japan Basin, the
Yamato Basin, the Tsushima Basin, and
the Tartary Trough. The two largest
highs are the Yamato Rise in the center
of the Japan Sea and the Korea Plateau
in the western part of the Japan Sea.
Many other topographic highs and de-
pressions are distributed in the Japan
Sea.

In the southwestern Japan Sea, the
topography is rather complicated with
many topographic highs and depres-
sions. The topographic highs are the
Yamato Rise, the Korea Plateau, the
Ullung Plateau, the Kita-Oki Bank, the
Oki Bank, and the Oki Ridge. Several
basins and troughs are developed among
the topographic highs. They are the
Yamato Basin, the Tsushima Basin, the
Genzan Trough, and the Oki Trough.

Physiographic contrasts between the

continental slope along the Eurasia Con-
tinent and that along the eastern margin
of the Japan Sea are remarkable ; that
is, the former is very simple and gener-
ally smooth without ruggedness, while
the latter is very complicated with many
ridges and troughs trending north-south.
The ridges along the eastern margin of
the Japan Sea are the Okushiri Ridge
and the Sado Ridge. Many troughs are
distributed in the area east of the
Okushiri and Sado Ridges. Some of
them are, from the north, the Shiribeshi
Trough, the Okushiri Trough, the Nishi-
tsugaru Trough, and the Mogami Trough.
The Musashi Bank and the Oshima
Plateau also lie along the eastern margin
of the Japan Sea. This topographic con-
trast between the eastern and western
margins of the Japan Sea suggests neo-
tectonic deformation along the eastern
margin, which will be discussed later in
detail.

Japan Basin

The Japan Basin is the largest depres-
sion in the Japan Sea. It is located in
the central part of the Japan Sea and
trends ENE. The width of the Japan
Basin is 200 to 300 km and its length is
about 700 km. The eastern half of the
basin is the deepest part of the Japan
Sea. The water depth of the basin
ranges from 3500 to 3700 m. The great-
est water depth of the Japan Sea is
3742 m and is observed in the eastern-
most area. The Japan Basin is for the
most part characterized by a smooth
and flat sea floor which forms the abyss-
al plain due to the deposition of distal
turbidites.

Several large deep sea channels and
canyons flow into the abyssal plain.
They are the Toyama Deep Sea Channel
from Honshu, the Tsushima Deep Sea
Channel from the Tsushima Strait
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(“Tsushima Deep Sea Channel” is tenta-
tive naming in this text), the Genzan
Canyon from the Korea Peninsula, and
the Tartary Trough from Sikhote-Alin.
Several smaller Channels are observed
on the continental slopes off Sikhote-
Alin and Japanese Islands. One of them
is the Mogami Channel off northeast
Honshu. The Japan Basin is the present
depositional center of the Japan Sea.

There are several seamounts in the
Japan Basin. The larger ones are named
but smaller ones are unnamed. The
largest one among them is the Siberia
Seamount off Nakhodka of Sikhote-Alin.
The seamount is about 2000m high above
the surrounding basin floor. The next
largest seamount is the Vityaz Seamount
which is located just on the boundary
between the Japan Basin and the Tar-
tary Trough. The seamount is 2000 m
high above the basin floor and higher
than the Siberia Seamount.

The other large seamounts in the Ja-
pan Basin are the Bogorov Seamount
and the Gabass Seamounts. The Bogorov
Seamount is isolated in the eastern Ja-
pan Basin. The Seamount, 2300 m high
above the basin floor, is elongated and
trends north-south with a length of 70
km and a width of 20km. The Gabass
Seamount is located in the southwestern
part of the Japan Basin. The Seamount
is about 1500 m high above the basin
floor. Several other unnamed seamounts
are observed in the Japan Basin. A
seamount north of the Oki Bank is
prominent among them.

Yamato Basin

The Yamato Basin is developed in the
southern part of the Japan Sea, and
extends from off the Shimane Peninsula
to off Oga Peninsula of Honshu. The
Basin trends northeasterly. Its width is
200 to 100km. The Yamato Basin has
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two separated abyssal plains with a flat
and smooth sea floor. The water depth
of the deeper abyssal plain in the west
central part of the basin is about 3000 m,
which is about 500 m less than that of
the abyssal plain of the Japan Basin.
The shallower abyssal plain lies at a
depth of about 2700m and is in the
eastern part of the Yamato Basin. The
northeastern part of the Yamato Basin
is shallower than the central part of the
Basin, showing a water depth of 2500 m
and is characterized by the presence of
the meandering Toyama Deep Sea Chan-
nel. The channel comes from the Toya-
ma Canyon in the Toyama Trough, runs
across the northeastern part of the
Yamato Basin, and extends into the
Japan Basin.

A seamount chain with a ENE-WSW
trend is located near the axis of the
Yamato Basin. The author tentatively
calls it “Yamato seamount chain”. The
largest seamount in it is the Yamato
Seamount which is located in the western
part. The Seamount is about 2000 m
high above the basin floor. The Matsu
Seamount with a height of about 1000 m
is in the eastern end of the chain.

Tartary Trough

The Tartary Trough, the second larg-
est basin in the Japan Sea, appears as a
north-northeasterly elongated depres-
sion between Sikhote-Alin and the
Sakhalin-Hokkaido Islands. The water
depth of the Tartary Trough is generally
shallower than those of the other three
major basins. The trough bottom deep-
ens from north to south and attains a
maximum depth of 3500 m at the junction
with the Japan Sea. The Tartary Can-
yon is developed along the axis of the
Trough, as a discontinuous feature.
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Figure 2 3-D topographic map of the whole Japan Sea. The data used for processing are
GEBCO digital bathymetric data of JOCD and GSJ digital bathymetric data.
Processing system is SIGMA of Geological Survey of Japan.
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Tsushima Basin

The Tsushima Basin situated on the
southwestern corner of the Japan Sea is
the smallest of the four major basins.
The dimension of the basin is 200 km EW
X 150 km NS. The basin floor deepens
to the north, from 1000 m to 2300 m. The
basin opens northeastwards and joins to
the Japan Basin through a passage be-
tween the Oki Bank and the Ullung Pla-
teau. The Tsushima Deep Sea Channel
is developed at the axis of this passage.

Four seamounts are arranged in a
WNW trend at the northern part of the
Tsushima Basin. Two of them are ele-
vated above sea level with a height great-
er than 2000 m above the sea floor and
make Ullung Island and Takeshima
Island.

1.2 Previous works

Numerous studies on the marine geol-
ogy and geophysics of the Japan Sea
have been previously done. Most of them
have been made by Russian and Ja-
panese scientists. Several works have
been done by American scientists. The
studies can be largely divided into three
categories : geological structure, bottom
sampling, and geophysics.

Geological structure

Synthetic works on the marine geo-
logical structure of the entire Japan Sea
were done by HiLpe and W aceMaN (1973)
and Lupwic et al. (1975). HipeE and
W AGEMAN carried out regional seismic
reflection surveys of the Japan Sea for
the first time and presented an outline
of the geological structure. They sug-
gested rifting and spreading as the ori-
gin of the Japan Sea. They proposed
two spreading stages of the Japan Sea ;
the first stage is spreading of the Japan
Basin and the Tsushima Basin during
Mesozoic or early Tertiary time and the
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second stage is spreading of the Yamato
basin during about Early Miocene time.
Their discussion on the age, however, as
they have mentioned, is ambiguous due
to the lack of data on age assignment of
the marine sediments and rocks. They
pointed out that the sediments of the
Japan Basin thicken from west to east
and that there is rough, uneven base-
ment along western margin which they
supposed to be a fossil spreading center.

Lupwic et al. (1975) presented high
quality seismic reflection data and sono-
buoy refraction record. They studied
the crustal structure of the Japan Basin,
the Yamato Basin, and the Yamato Rise
on the basis of sixty-five sono-buoy
refraction/reflection records and exten-
sive seismic reflection coverage. They
concluded that the Japan Basin and the
Yamato Basin are underlain by ocean-
ic crusts. It was emphasized that the
smooth basement of the Japan Basin
and the Yamato Basin has a 3.5 km/sec
refraction velocity and that this velocity
is unique to the Japan Sea.

Two other synthetic works were done
by MEeLankuoLiNA and Kovyrin (1977)
and GwNBmENKO (1979), although they
have not presented the original results
of their survey cruises. Melankholina
and Kovylin compiled a simple tectonic
province map of the Japan Sea. Similar
works have been done by other Russian
scientists (e.g., BERSENEV and LELIKOV,
1979 ; M arkov et al., 1979 ; IvaNov et al.,
1981). GunBDENKO (1979) made a de-
tailed sediment isopach map of the entire
Japan Sea, although the original data
were not presented. Most of the Russian
scientists do not agree with the sea floor
spreading origin of the Japan Sea, but
consider that the oceanization of the
continental crust generated the oceanic
crust of the Japan Sea. The ages of the
oceanic crust estimated by them are
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rather old; e.g., Paleozoic (M ELANKHOLINA
and KovvyuN, 1977), Early Mesozoic
(G NIBIDENKO, 1979) , etc. KoBavasHr (1985)
also discussed the general geological and
geophysical aspect of the Japan Sea.

Many works on the geological struc-
tures of local areas of the Japan Sea by
selsmic methods have been done by
Japanese scientists. Horra (1967) carried
out the first seismic reflection survey of
the Japan Sea at the Yamato Basin and
the Sado Ridge. MuraucHI et al. (1970)
and Hotra (1971), successively, presented
seismic profiles of the Oki Bank and the
Tsushima Basin, and the Okushiri Ridge
and the Musashi Bank, respectively.
Although the seismic penetration of these
profiles was weak, the distribution of
the sedimentary layer in the eastern and
southern margins of the Japan Sea was
studied preceding the work of HiLpE and
WaGgeMaN (1973). Many detailed seis-
mic profiling surveys at the continental
shelves and slopes along the Japanese
Islands have been carried out by the
Hydrographic Department of Japan in
the 1970’s (Saro, 1971 ; SAKURATI and SATO,
1971 ; SakuURraAl et al., 1971 ; SAKURALI et al.,
1972 ; Sato et al., 1973 ; KATSURA and
Krranara, 1977; Tozakr et al., 1978).
These surveys presented detailed data
on the topography and geological struc-
ture of the slopes along the Japanese
Islands. Inoue (1982) discussed the ma-
rine geological structure of the south-
western corner of the Japan Sea on the
basis of the synthetic study of land and
marine geology.

The recent works of several Japanese
oil companies are outstanding. Although
the studied areas are restricted to the
continental shelf along the Japanese Is-
lands, their high quality and deep pene-
tration of seismic profiles, together with
boring data for oil prospecting, have
presented important stratigraphic infor-

mation (Minami, 1979; Tanaka, 1979 ;
Suzukr, 1979 ; Tanaka and Ogusa, 1981).

The Geological Survey of Japan car-
ried out extensive marine geological sur-
veys in the late 1970°’s which include
seismic profiling, Sono-buoy refraction
measurements, bottom sampling, geo-
magnetic measurements, and gravity
measurements (Honza ed., 1978ab; Honza
ed., 1979). The work of this paper is
based mainly on the data obtained by
these surveys. The surveyed area covers
most of the Japan Sea excluding the
area along the coast of Sikhote-Alin.
The data have been compiled into three
marine geological maps (Honza et al.,
1979 ; TAMAKI et al., 1979a ; T AMAKI et al.,
1981 a), which have revealed the detailed
marine geology of the Japan Sea for the
first time.

Bottom sampling

Many bottom sampling surveys by
dredge hauls have been done during this
half of the century mainly by Japanese
and Russian scientists. In the early
stages of investigation the data were
concentrated on the Yamato Rise, the
Kita-Oki Bank, and the Oki Ridge (T'suva,
1932 ; Niuno, 1933, 1935, and 1942 ; Sarto
and Owno, 1964 ; HosHmNO and Honwma,
1966). IwaBuchr (1968) presented de-
tailed bottom sampling data on the Sado
Ridge, the Yamato Rise, and their
surrounding areas.

The Geological Survey of Japan car-
ried out extensive bottom sampling sur-
veys by dredge and coring methods
(Honza ed., 1978 ab; Honza ed., 1979).
Bottom sampling by piston and gravity
cores was carried out for stratigraphic
correlation of seismic profile data.
Komzumr (1979) presented age data for
the numerous bottom sediment samples
including the data of the Geological
Survey of Japan on the basis of diatom
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assemblage. The assigned ages by
Koizumi have presented an important
information for the stratigraphic cor-
relation of seismic profiles in this paper.

Other important data on bottom sam-
pling are the results of the Deep Sea
Drilling Projects (KArig, INGLE et al.,
1975). Four sites were drilled in the
Japan Sea during the Glomar Challenger
cruise Leg 31. Site 299 is in the north-
eastern part of the Yamato Basin, Sites
300 and 301 are in the Japan Basin north
of the Yamato Rise, and Site 302 is on
the eastern margin of the Yamato Rise.
Sites 299, 300 and 301 did not reach the
basement rocks. Sites 299 and 301, how-
ever, penetrated half to one third of the
sedimentary layer and have presented
important data for the stratigraphy of
the basin sediments.

Thirty-five radiometric age determina-
tions of the sampled rocks by the K-Ar
and Rb-Sr methods have been done by
Japanese and Russian scientists (SHIMAZU,
1968 ; UeNno et al., 1971; Ozma et al.,
1972 ; LeLikov and BERSENEV, 1973; SAHNO
and Vasiuev, 1974; Vasmiev, 1975
Yuasa et al.,, 1978 ; Honza ed., 1978 a ;
GniBDENKO, 1979). The age-determined
rocks are volcanic, intrusive, and met-
amorphic rocks sampled from the Ya-
mato Rise, the Kita-Oki Bank, the Korea
Plateau, the Ullung Plateau, the Musashi
Bank, the Bogorov Seamount, the Gabass
Seamount, and a few seamounts in the
Yamato Basin. The data are referred
to in detail in this paper.

Geophysics

There have been many works on the
geophysical surveys of the Japan Sea in
terms of geomagnetics, gravity, heat
flow, crustal study, and earthquake
research.

Geomagnetic anomaly lineations are
important for the age assignment of
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back-arc basins. Isezaki and UyEepa
(1973) suggested the presence of weak
magnetic anomaly lineations trending
N60°E in the Japan Sea, although they
could not identify the age of the linea-
tions due to weak amplitudes less than
300 nT p-p and the lack of pronounced
linearity. Isezaxi (1975) postulated two
spreading centers on the basis of the
correlation of the magnetic anomaly
peaks ; one is in the Japan Basin and
the other is along eastern half of the
Yamato Basin. Isezakr (1979) further
suggested that the age of a fossil
spreading center of the Japan Basin
might be 30.6 Ma with great ambiguity.
Thus, the results strongly suggest the
sea floor spreading origin of the Japan
Sea. The age of the spreading, however,
is still controversial.

Gravity data in the Japan Sea was
compiled by StroYEV (1971), Tomobpa
(1973), Tomopa and Fusmoto (1981),
and IsuiHARA (1983). The Japan Sea is
considered to be isostatically compen-
sated.

Heat flow measurements of the Japan
Sea have been done actively from the
1960’s (Y asur et al. 1967; Uvepa and
V AQUIER, 1968 ; Yosmi, 1972). The heat
flow of the Japan Sea is remarkably
high compared to that of the Western
Pacific Basin. The average heat flow of
the Japan Basin is 2.231+0.52 HFU (Y asur
et al, 1967) and that of the Yamato
Basin is 2.5 HFU. The high heat flow of
the Japan Sea has been discussed by
many authors (e.g., KoBavasur and
NoMURA4, 1972 ; KoNno and Amano, 1977).

Extensive crustal studies of the Japan
Sea by seismic refraction methods have
been done by many Russian scientists
(e.g., Turzov, 1969 ; BIKKENIA et al., 1968 ;
Tuezov, 1971 ; Robnikov and KHAIN,
1971). The results have shown that the
Japan Basin does not have a granitic
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layer and that the Yamato Basin has a
thin granitic layer. Muraucur (1972),
however, suggested that both the Japan
Basin and the Yamato Basin have oce-
anic crust and that the crust of the
Yamato Basin is thicker than that of the
Japan Basin, The Tsushima Basin also
appears to have oceanic crust according
to Lupwig et al. (1975). BERSENEV et al.
(1970) postulated that suboceanic crust
lies beneath the axis of the Tartary
Trough. Then, four major basins and
troughs of the Japan Sea are inferred to

be underlain by oceanic to suboceanic
crust.

Distribution and focal mechanisms of
the earthquakes present critical imfor-
mation for recent tectonics. Fukao and
Furumoro (1975) investigated source
mechanisms of large earthquakes along
the eastern margin of the Japan Sea
and suggested that the lithosphere of
the Japan Sea is detached from the
northern Japan Arc by large reverse
faults. This suggestion is important for
the neotectonics of the Japan Sea. The

144°E

Figure 3 Ship’s track chart with line numbers of GH 77-2, GH 77-3, GH 78-2 and GH 78-3

cruises.
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thickness of the lithosphere of the Japan
Sea was estimated to be 30km by surface
wave analyses of earthquakes (ABE and
Kanamori, 1970).

1.3 Data used in this study

The data used in this paper obtained
by the Geological Survey of Japan dur-
ing four research cruise from 1977 to
1978. The four research cruises are
GH77-2, GH77-3, GH78-2, and GH 78-
3 cruises of R/V Hakurei-maru. The
cruises were the first systematic marine
geological and geophysical surveys of
the Japan Sea. The surveys consist of
seismic profiling, sono-buoy refraction
measurements, geomagnetic measure-
ments, gravity measurements, and bot-
tom sampling.

Track lines for geophysical surveys
are shown in Figure 3. The intervals of
the traverse lines are every 15 nautical
miles. The ship speed during the survery
was maintained at 10 knots. Position
fixing of the ship was done every 30
minutes by a combination of satellite
navigation (NNSS) and Loran C. Along
these tracks, seismic profiling data,
geomagnetic data, and gravity data were
obtained. Three sono-buoy refraction
measurements were carried out in the
Tsushima Basin, the Mogami Trough,
and the Tartary Trough.

The apparatus for bottom sampling
are the dredge, gravity corer (core
length : 2m), and piston corer (core
length : 8 m). The dredge was used for
recovering rocks from the outcrops at
the sea floor, the gravity corer for con-
solidated sediments, and the piston corer
for soft sediments. The gravity corer
was effective for recovering consolidated
sediments underlain by superficial soft
sediments less than 2m in thickness.
The ages of the sedimentary rocks and
the consolidated sediments were deter-
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mined by the analyses of diatom
assemblages (Korzumi, 1979) and pollen
assemblages (Honza ed., 1979). The age
assignment data presented important
constraints for the submarine stratigra-
phic correlations.

Outlines of these surveys were pre-
sented in three cruise reports (Honza
ed., 1978 ab ; Honza ed., 1979). Synthetic
studies of seismic profiles and bottom
sampling data were summarized into
three marine geological maps of the
Geological Survey of Japan, Marine
Geology Map Series (Honza et al., 1979 ;
TaMAKI et al., 1979 a ; T aMaAKI et al., 1981
a).

2. Description of Geological Structure
of the Japan Sea

2.1 Condition of seismic profiling
Seismic reflection profiles are funda-
mental data source in this study. Seismic
profiles, which present visual subbottom
sections, are most important for the
study of marine geological structures.
Seismic profiling data used in this study
were obtained by the continuous seismic
reflection survey method. Airguns were
used as the sound source. The equip-
ment and conditions during the research
cruises GH77-2, GH77-3, GH 78-2, and
GH 78-3 are listed in Table 1. The seis-
mic recording system achieves high sen-
sitivity (high signal to noise ratio) by
using hydrostreamers which are manu-
factured on board during the survey.
The high sensitivity of hydrostreamer
was maintained by disassembling hydro-
streamer and replacing the hydrophone
elements frequently. A seismic profiling
system of high sensitivity makes it pos-
sible to conduct a high speed survey
(10-12 knots) without suppressing quali-
ty of the record. The towing system of
airgun sound sources is specially design-
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Table 1 Equipments and conditions of seismic reflection survey during GH 77-2, GHT7-3,

GH 78-2, and GH 78-3 cruises.

1)  Equipment
Air Gun
Compressor
Receiver

Amplifier
Recorder

2)  Condition
Total volume of air gun
Pressure
Shot interval
AGC of amplifier
Filter range
Record range
Ship speed
Hydrostreamer

Bolt Par Air Gun 1900 BX2

Norwalk APS-120 (120 S.C.F.M.)
Hydrostreamer GSJ—4 II-78 (with 78 elements of
Geo Space MP 18-200)

Geo Space 111 Amplifier

Raytheon UGR-196 B

270 to 300 in® (4425 to 4916 cm®
1500 p.s.i. (105kg/cm?)
10 sec.

off
16

to 98 Hz

4 sec.
10 knots
towed 150 m behind the ship

ed for high speed surveys. The high
speed seismic profiling method improved
efficiency in the survey and made it
possible to gather much more data in a
limited amount of time.

The profiles obtained by the seismic
reflection method are displayed with a
vertical scale of two-way acoustic travel
time in seconds. Two-way acoustic trav-
el time in seconds is used for the
discussions of sediment thickness and
basement depth on the profiles in this
paper. The vertical exaggeration of the
seismic profiles is about 20 due to the
seismic recording system.

2.2 Qutline of the geological structure
There are several sedimentary basins
and many topographic highs in the Ja-
pan Sea. The geology of these basins
and topographic highs is closely related
to the tectonics of the Japan Sea. The
understanding of these basins and highs
is fundamental for the discussion of the
tectonics of the Japan Sea. In this sec-
tion, the author introduces the overall
view of the geological structure of the

Japan Sea which includes these basins
and topographic highs. In the next sec-
tion the author describes the detail of
each basin and topographic high. The
overall view of the Japan Sea is described
with some typical seimic sections, com-
piled geological maps, sediment isopach
maps, and basement isodepth map as
below.

Typical seismic profiles of the Japan Sea

About 70 seismic reflection transects
were obtained by GH 77-2, GH 77-3, GH
78-2 and GH78-3 cruises. Twelve typ-
ical seismic profiles with interpretative
line drawings are shown in Figures 4 to
15. These seismic profiles show the gen-
eral structural view of the Japan Sea
from the south to the north.

Figures 4 and 5 show the structure of
the Tsushima Basin and the continental
shelf off San-in. The acoustic basement
of the Tsushima Basin cannot be detected
by the single channel seismic reflection
system because of the thick and highly
reflective sediments of the basin. The
sediment thickness of the basin is great-
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er than 2.0 seconds. A remarkable un-
conformity is observed in the sedimenta-
ry sequence of the continental shelf off
San-in.

Figure 6 shows the transect of the
South Korea Rise (the Ullung Rise), the
southwestern end of the Japan Basin,
the North Korea Rise, and the Genzan
Trough. High reflectivity of the sedi-
ments in the Genzan Trough is promi-
nent in association with the development
of the Genzan Canyon. Both Korea Rises
have rough topography on the basement
with sediment drape of thickness less
than 0.5 second.

Figure 7 shows the profile of the Oki
Bank. The profile suggests that the Oki
Bank consists of an isolated basement
high with a thin sedimentary cover. The
sedimentary cover makes the bank ap-
pear to be continuous to the continental
shelf topographically.

Figures 8, 9, and 10 show the profile of
the Yamato Basin, the Yamato Rise,
and other topographic highs. Sediments
with the thickness of 1.5 seconds are
observed in the Yamato Basin. They
are divided into upper and lower parts.
The upper part is acoustically stratified
and the lower part is acoustically trans-
parent. The Oki Ridge, the Kita-Oki
Ridge, the Yamato Rise, and the Takuyo
Bank are covered by a rather thin layer
of sediments with a thickness of less
than 0.5 seconds. The Yamato Bank is
free of sediments on the summit. A
typical profile of the Toyama Deep Sea
Channel is shown in Figure 10. The
Sado Ridge and the Takuyo Bank are
characterized by a blocked basements
(Fig. 10). The blocked feature of the
basements should be closely related to
the origin of the both topographic highs.
Smaller basins such as the Mogami
Trough are developed along the eastern
margin of the Japan Sea (Fig. 10).
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Figure 11 Seismic reflection profile and interpretation of Line J 18.

Figures 11 and 12 show the eastern
margin of the Japan Basin. The sedi-
ment thickness of the Japan Basin is
much thicker than that of the Yamato
Basin, The thickness exceeds 2.0 seconds
on Line J18 (Fig.11). The sediments
of the Japan Basin are also acoustically
stratified in its upper part and trans-
parent in its lower part as is in the
Yamato Basin and other basins. The
basement depth of the Japan Basin de-
creases landward as shown in Line J 10
(Fig.12). The continental slope on Line
J 10 north of Okushiri Island shows
complicated topography. The compli-
cated topography is the general feature
of the eastern margin of the Japan Sea.

Figures 13, 14, and 15 show the tran-
sects of the northern part of the Japan
Basin. The Tartary Trough along the
Sikhote-Alin coast also has a thick layer

of sediments which exceeds 2.0 seconds
on Line J2 (Fig. 15). In the southern
part of the trough, the basement is
blocked and the sea bottom is rough due
to the development of the Tartary Can-
yon on Lines J6 and J8 (Figs. 13 and
14) . The sediments of the Tartary Trough
also show stratification in the upper
part and transparency in the lower part.
The northern end of the Japan Basin is
observed on Line J8. The sediments in
the northern Japan Basin is acoustically
more transparent and thinner, with the
thickness of about 1 second, compared
to the southern main part of the Japan
Basin. Two topographic highs, the Vityaz
Rise and the Okushiri Ridge, are ob-
served on both sides of the Japan Basin
on Line J8. The Vityaz Rise is free of
sediments on its summit, but the Okushi-
ri Ridge is covered by sediments with a
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thickness of 1.0 second. The difference
should be due to the difference in the
history of each topographic high. Sev-
eral small basins are observed on the
eastern slope area. The basement on
the eastern slope area shows a rather
rugged topography.

Geological map of the Japan Sea

Three geological maps of the Japan
Sea were compiled by Honza et al. (1979),
Tamakr et al. (1979 a), and TaMAKI et al.
(1981 a) based on the compilation of
seismic profiles, bottom sampling data,
deep sea drilling results, and other pub-
lished geological and geophysical data.

Figure 16 is a geological map of the
Japan Sea compiled by INoUE and Honza
(1982) from the three geological maps of
Honza et al. (1979), Tamak™ et al. (1979
a), and TAMAKI et al. (1981 a). The twelve
geological sections are shown in Figure
16 also based on the above three maps.
The geological sections on Figure 16 are
almost identical with the seismic profiles
shown in Figures 4-15. The sedimentary
sequence is divided into four units in the
basin and slope area. They are Quater-
nary, Pliocene, Miocene sediments, and
Miocene volcanic sediments.

The Pliocene to Late Miocene sedi-
ments are observed on the Okushiri
Ridge and the continental slope area off
Hokkaido. They are cut by many faults.
The faults are mostly NS trending. Syn-
cline and anticline axes are also mostly
NS trending. The wide distribution of
Miocene volcanic sediments is observed
in the eastern continental slope area.

The Neogene-Quaternary volcanic
rocks are distributed on the continental
shelf and slope area in the northern
Japan Sea with minor distribution. The
distribution of pre-Neogene strata in the
submarine area is observed on the Mu-
sashi Bank and the Soya Strait. The

basement rocks in the basin area are
unknown with the lack of bottom sam-
pling data of solid rocks and deep sea
drilling data which reached the base-
ment.

The Pliocene and the Miocene sedi-
ments are prominent on the Sado Ridge.
The outcrops are formed with some
structural movement as is in the Okushi-
ri Ridge. The faults observed are mostly
NNE-SSW trending and syncline and an-
ticline axes in the area have mostly the
same trend. The Pliocene and the Mi-
ocene sediments are observed along the
topographic highs such as the Yamato
Rise, the Kita-Oki Bank, the Oki Ridge,
and the Hakusanse Bank.

Wide distribution of volcanic rocks
are observed in the central part of the
Japan Sea. Age assignment of the vol-
canic rocks range from the Tertiary
to the Quaternary. Granitic rocks are
widely distributed on the Kita-Yamato
Bank and the Kita-Oki Bank. The Ya-
mato Bank is mainly composed of vol-
canic rocks while the Kita-Yamato Bank
is composed of the granitic rocks. The
pre-Tertiary sedimentary rocks are ob- .
served only on the northern end of the
Oki Bank. Some parts of the basement
rocks are described as unknown due to
very scarce information.

The continental slope and basin areas
are wholly covered by Quaternary sedi-
ments in the southern part of the Japan
Sea. An outstanding unconformity on
the continental shelf (Figs. 4 and 5) lies
under the Quaternary or Plio-earliest
Pleistocene sediments. Many faults are
traced on the continental shelf, trending
parallel or subparallel to the coast line.
Slumping structure of the Quaternary
sediments is distinct in the southern
margin of the Tsushima Basin.
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Isopach maps of the Japan Sea

Several isopach maps of sediments of
the Japan Sea have been published. HiLpE
and W aceman (1973), Lupwic et al. (1975)
and Morozowskr and Haves (1978) pre-
sented isopach map of the deep sea basin
area. TaMmaxr et al. (1979 a) and T AMAKI
et al. (1981 a) also presented a detailed
isopach map of the whole Yamato Basin
and a part of the Japan Basin. Ismwabpa
and Ocawa (1976) and Svzurr (1979)

presented isopach maps of the continen-
tal shelf and slope area along the
Japanese Isalands. IsHIwADA et al. (1984)
compiled all these isopach maps with
some of unpublished data of the
Geological Survey of Japan (Fig 17).
GnmBIDENKO  (1979)  also showed the
overall isopach map of the Japan Sea.
Figure 17 shows the distribution of
sediments in the Japan Sea. The major
deep sea sedimentary basins are the

1
140 143°€

Figure 17 Isopach map of the whole Japan Sea after ISHIWADA et al. (1984). Contours are in
second of two-way acoustic travel time.
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Japan Basin, the Yamato Basin, the
Tartary Trough, and the Tsushima Ba-
sin, which are presently under active
deposition. The thickest sedimentary fill
in the Japan Sea, however, is not ob-
served in these deep sea basins but
placed on the continental shelf of the
Northeast Japan (Tohoku) Arc. The
sediment thickness off Niigata exceeds
5.0 seconds which is the largest of the
Japan Sea in our available data.

The sediments are generally thicker in
the central part of the Japan Basin and
an isopach contour of 2.0 seconds shows
E-W extension in the north of the Ya-
mato Bank. The thickest sediment accu-
mulation of 2.3 seconds is observed in
the center of the basin south of the
Bogorov Seamount (Morozowskr and
Haves, 1978).

The sediment thickness of the Yamato
Basin is less than that of the Japan
Basin. The maximum sediment thickness
observed in the Yamato Basin is 1.6
seconds (Tamakt et al., 1979 b), which is
about 1.0 second less than that of the
Japan Basin. Isopach contours of the
Yamato Basin complicated with many
seamounts and subbottom basement re-
lieves. The Yamato Basin is generally
separated into two sedimentary basins ;
the northeastern basin and the south-
western one.

The Tsushima Basin has a sediment
thickness over than 2.0 seconds in thick-
ness. The sedimentary structure and
high reflectivity of the sediments show
that slumping and sliding deposits are
main constituents of the sediments in
the basin. The prevalence of slumping
in the Tsushima Basin may suggest rapid
subsidence of the basin.

The sediment thickness of the Tartary
Trough exceeds 2.0 seconds. The south-
ern part of the Tartary Trough is dis-
sected by the Tartary Canyon. Deposi-

tion in the Tartary Trough appears to
be saturated and the excess sediments
are fed into the Japan Basin through
the Tartary Canyon. ‘

There are many small sedimenta-
ry basins observed on the continental
shelves along the west coast of the Ja-
panese Islands. The sediment thickness
is generally larger than that of the deep
sea basin and at maximum exceeds 5.0
seconds. These basins are continuous
onto the shore area. The litho- and
biostratigraphy of the basins shows that
the sedimentary basins were formed in
the deep sea since early Middle Miocene
(IsHtwaDA et al., 1984).

The sediments on the topographic highs
are rather thin with a thickness of less
than 0.5 seconds. The shin deposition
on the topographic highs show that the
main part of the sedimentation in the
Japan Sea is due to the turbidites which
are deposited only in the basin area.
Some part on the Okushiri Ridge, how-
ever, is overlain by sediments with a
thickness of 1.0 second. The thick sedi-
mentation on the Okushiri Ridge is due
to the recent uplift of the ridge by the
compressional tectonics since latest Pli-
ocene as discussed on detail in Chapter
3. The Okushiri Ridge was uplifted with
the basin turbidites on it.

Isobase map of the Japan Sea

Figure 18 shows a contour map of the
depth of the acoustic basement of the
Japan Sea by Tamakr et al. (1981a).
The map covers a part of the Japan Sea
including the whole Yamato Basin and a
part of the Japan Basin. This is the
first isobase map on the Japan Sea.

The isobase map clearly shows the
configuration of the Yamato Basin. The
Yamato Basin trends NE with a general
width of about 110 km and a maximum
width of 150 km in its southwestern part.
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second of two-way acoustic travel time.

The southwestern part of the basin
shows deep basement depth greater than
5.0 seconds.

The basement depth of the Japan Sea
exceeds 7.0 seconds in the central part.
The difference of the basement depth
between the Japan Basin and the Yama-
to Basin is remarkable. If the acoustic
basement represents oceanic crust, the
greater depth of the Japan Basin should
indicate that the Japan Basin is older
than the Yamato Basin. The relation-
ship between the age and the basement

depth of the both basins is discussed in
detail in Chapter 3.

Another characteristics of the base-
ment depth of the Japan Sea is that the
central part of the Japan Basin is gen-
erally deeper than its marginal area.
This feature is also shown on the sedi-
ment isopach map. The sediment thick-
ness of the Japan Basin is also greater
in the central part than in the marginal
part. Simple application of the age-
depth relationship of the oceanic crust
suggests that the central part of the
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Japan Basin is older than the marginal
part of the basin. If this is the case,
such feature, younger in the margin and
older in the center, is unrealistic in the
back-arc basin which generally has a
spreading center in the center of the
basin. This discrepancy is also discussed
in Chapter 3.

2.3 Geological structure of basins and
troughs

Japan Basin

The Japan Basin is the largest basin
in the Japan Sea and occupies about
two-third of the whole Japan Sea. Two
of the typical seismic profiles of the
Japan Sea are shown in Figures 11 and
19.

The maximum sediment thickness of
the Japan Basin reaches 2.2 seconds on
the seismic profiles (Fig. 19). The sedi-
ment thickness generally exceeds 1.5 sec-
onds on the central part of the Japan
Basin (Fig. 17). The sedimentary se-
quence of the Japan Basin is divided
into two acoustic units ; the upper strat-
ified layer and the lower transparent
layer. The stratified layer shows a rath-
er uniform thickness of 1.0 second over
the entire basin area while the thickness
of the transparent layer is variable from
less than 1.0 to 1.5 seconds. The varia-
tion of sediment thickness is due to the
variation of the lower transparent layer.
The sedimentary layers onlap to the
continental slope of the Japanese Islands
(Fig. 11).

The stratified layer and the transpar-
ent layer show conformable relation in
the basin area, whereas they show dis-
conformable relation around the Yamato
Rise. The disconformity is shown in
the manner that the transparent layer is
continuous on to the Yamato Rise while
the stratified layer onlaps to the trans-

parent layer (Fig. 20). This unconfor-
mity suggests a different depositional
manner of both sedimentary layers. The
sea bottom of the Japan Basin, corre-
sponding to the upper surface of the
stratified layer, is generally smooth and
flat. Such sea bottom topography is
general features of the abyssal plain.
The stratified layer is deposited in the
topographic low and onlaps to the
slopes. The sedimentary manner like
this also suggests that the stratified
layer is a turbidity layer. The stratifica-
tion of the stratified layer represents the
distal turbidites facies of the submarine
fan. The turbidities were fed to deep
sea basins through several large subma-
rine canyons and channels such as the
Toyama Deep Sea Channel.

The sedimentary structure of the trans-
parent layer is different from that of the
turbidity layer. The transparent layer
drapes the basement topography. Acous-
tic transparency of the layer indicates
the uniform nature of the sedimentary
layer. Such sedimentary manner ap-
pears to be the results of the sedimenta-
tion of pelagic sediments rather than
terrigenous turbidites.

The sedimentary layers onlap to the
continental slope of the Japanese Islands
and no major unconformable relation is
observed there (Fig. 19) while the uncon-
formity between the stratified layer and
the transparent layer is well observed
around the Yamato Rise (Fig. 20). The
unique unconformity around the Yamato
Rise suggests the tectonic movement of
the Yamato Rise, in terms of uplift or
subsidence, which is different from that
of the Japanese Islands.

A deep sea drilling site, Site 301, is
located in the Japan Basin north of the
Kita-Yamato Bank. The hole stopped
at the depth of 497m below the sea
bottom, the mid part of the entire sedi-
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mentary layer and did not reach the
basement (KariG and INGLE, Jr. et al.,

1975). The drilling data at this site,
however, present important information
for the sediment stratigraphy of the
Japan Basin. The drilling hole almost
reached the boundary between the strat-
ified layer and the transparent layer
which is not generally sharp. The upper
250 meters of the drilling sample is silty
clay and the lower half of the hole is
diatomaceous clay. The age of the bot-
tom of the hole is 4 Ma according to the
analysis of the diatom fossil by Koizumi
(1979). The upper stratified layer gen-
erally shows a uniform thickness in the
main part of the basin area. Thus, the
boundary between the stratified layer
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and the transparent layer is generally

correlated to 4 Ma in the Early Pliocene
according to the results of Site 301.

Yamato Basin

The sediment thickness of the Yamato
Basin is less than that of the Japan
Basin. The sedimentary sequence of the
basin is also divided into two units in its
central part as is in the Japan Basin
(Fig. 21). The upper layer is stratified
and the lower layer is transparent. The
upper stratified layer is generally thicker
than the lower transparent layer in the
Yamato Basin while, in the Japan Basin,
the stratified layer is much thinner than
the transparent layer. The thickness of
the stratified layer is variable from 0.6

to Ridge : |

Figure 20 Seismic reflection profile on the Yamato Rise and the Japan Basin. An arrow

shows the DSDP drilling Site 301.

The profile data is of DSDP cruise Leg 31.
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Figure 22 Seismic profile of the western margin of the Yamato Basin Line L 38.

to 1.0 second. The variable thickness of
the upper stratified layer of the Yamato
Basin is due to the development of a
deep sea submarine fan and the Toyama
Deep Sea Channel in the northeastern
part of the basin (Fig. 10).

Another stratified layer which under-
lies the transparent layer is distributed
in the margin of the basins (Fig. 22).
The author calls this layer the lower
stratified layer in this paper. The lower
stratified layer is observed in the basin
margin and it is traced onto the slopes
of the Yamato Rise and the Sado Ridge.
The thickness of the layer is less than
0.3 seconds. The lower stratified layer
seems to change to transparent towards
the central part of the basin. This change
of facies from the margin to the center
of the basin suggests that the lower

stratified layer is correlated to the low-
ermost part of the transparent layer in
the central part of the basin. It should
be noted that the distribution of the
lower stratified layer is limited only in
the marginal area of the basin. The
lower stratified layer is also observed at
the northern end of the Yamato Basin
as shown in Figure 23.

The sea bottom topography of the
Yamato Basin shows a typical abyssal
plain with a flat and smooth surface in
the southern half of the basin (Figs. 9
and 21). The feature shows the deposi-
tional environment of distal turbidites
as is in the Japan Basin. The Yamato
Basin has two abyssal plains. The larger
one is located in the southwestern part
of the Yamato Basin and has the water
depth of about 3000 m. The smaller one
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is located in the central part of the
basin and shows a shallower water depth
of about 2700 m. These two separated
abyssal plains are inferred to have dif-
ferent provenances.

The northeastern part of the Yamato
Basin is characterized by the develop-
ment of a submarine fan (Fig. 10). The
submarine fan is developed just off the
Toyama Trough. The Toyama Deep Sea
Channel cuts and meanders through the
deep sea fan. The Toyama Deep Sea
Channel extends into the Japan Basin.
These features suggest the following
sedimentary history in the area. The
deep sea fan was formed off the Toyama
Trough by sediment transportation from
the Toyama submarine canyon at the
first stage. After the saturation of the
submarine fan, the fan was eroded by
the Toyama Deep Sea Channel. Now
the depression of the channel reaches
300 m with a width of about 10 km, and
the main depositional area is shifted
into the Japan Basin. Some of over-
flowed sediments from the channel may
be deposited in the shallower abyssal
plain of the Yamato Basin.

The Yamato Basin is characterized by
the abundant distribution of seamounts
and knolls in contrast with the other
basing in the Japan Sea. The seamounts
and knolls are concentrated in the axial
central part of the basin. There are
two seamount chains. One is just along
the central line of the Yamato Basin
trending NE. The other crosses the ba-
sin trending ENE. Both seamount chains
cross each other at the north of the
Hakusanse Bank. The author calls the
former one the Central Yamato Seamo-
unt Chain (Fig. 21) and the latter one
the Yamato Seamount Chain.

Two deep sea drilling sites, Sites 299
and 302, are located in the Yamato
Basin. Site 299 is located in the north-

eastern part of the Yamato Basin. The
hole did not reach the basement layer
and stopped at the depth of 532 m below
the sea bottom, the mid part of the
entire sedimentary layer (KaArig and
INGLE, Jr. et al., 1975). The drilling hole
almost reached the boundary between
the upper stratified layer and the lower
transparent layer which is not generally
sharp. The drilling samples are clay,
silty clay and sandy clay. The age of
the bottom of the hole is 3.5 Ma accord-
ing to the analysis of the diatom fossil
by Kormzumr (1979). Site 302 is located
at the northern margin of the Yamato
Basin. The hole penetrated the lower
stratified layer and reached the base-
ment at a depth of 531.5 m below the sea
bottom. The upper two-thirds of the
core, which is correlated to the trans-
parent layer, is composed of mostly
diatomaceous clay with the age of post
Pliocene. The lower stratified layer is
composed of clay of upper Miocene age.
The basement rocks appear to be corre-
lated to the Green Tuff (Smmazu, 1979).
The composite analysis of seismic pro-
files with these two DSDP holes presents
an important information for the strati-
graphy of the Yamato Basin as discussed
in Chapter 3.1.

Tartary Trough

The sediments of the Tartary Trough
are highly stratified in the upper part
and transparent in the lower part. The
maximum sediment thickness exceeds 2.3
seconds at the west of the Soya Strait
(Fig. 15), where the basement could not
be detected on our seismic profiler rec-
ords. The upper stratified sediments

increase their reflectivity to the north-

and to the west. This phenomena sug-
gest that the sediments are supplied
from the northern end of the trough and
the continent to the west of the trough.
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An erosional feature by the Tartary
Trough is prevailed in the southern area
of the trough (Figs. 13 and 14). The
Tartary Canyon is shown on a typical
profile on Line J 8 (Fig. 13) with a can-
yon dissected to the depth of 500m. The
topographic correlation from profile to
profile, however, is poor, which indicates
a complicated depositional environment
in the southern area of the trough. The
thickness of the upper stratified sedi-
ments is generally 1.0 second with a
variable range of 0.8 to 1.2 seconds. The
thickness of the lower transparent sedi-
ments is variable from 0 to more than
1.4 seconds. The sediments are thicker
in the depression. The transparent sedi-
ments are intercalated by a stratified
horizon in some places (Fig. 14).

The basement morphology is rugged
with a depth of 4 to 5.6 seconds where
the basement is detected. The basement
at an axial deep is observed with the
depth exceeding 5sec. The rugged base-
ment morphology may be due to or
show a relic of the initial rifting of the
Tartary Trough.

A sono-buoy refraction measurement
at Station SB7 was carried out in the
trough at the west of Rishiri Island
(Honza et al., 1978). The results show
that the sonic velocity of the basement
is 3.6 km/sec with a thickness of 1.72 km.
The basement velocity of about 3.5 km/
sec, which is slower than 4.5 km/sec of
the normal oceanic basement, is also
observed in the Japan Basin and the
Yamato Basin.

Broad basement highs are observed
along the eastern margin of the Trough
as typically shown on Line J 2 (Fig. 15).
The upper stratified sediments of the
trough continue eastward onto the base-
ment high, while the thin lower tran-
sparent sediments are observed only in
the depressions on the basement highs.
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This feature suggests that the subsidence
of the basement highs has occurred after
the deposition of the lower sediments.

The age of the sedimentary sequence
of the trough can be estimated from the
outcrops on the Okushiri Ridge as shown
on section JS 2 of Figure 16. The lower
part of the sediments is unknown be-
cause of the lack of any boring data and
outcrops.

Tsushima Basin

The Tsushima Basin has a smooth
floor gently tilting upward to the south.
The basement cannot be detected except
around the Ullung Rise. The deepest
reflector observed in the sediments is 2.2
seconds below the sea floor on the foot
of the continental slope off San-in.

The sedimentary sequence is divided
into three units. The upper unit is a
non-deformed stratified layer with high
frequency reflection and it forms a small
abyssal plain south of Ullung Island.
This unit is presumably composed of
turbidites. Its maximum thickness is 0.3
second.

The middle unit is a stratified and
highly reverberant layer which is weakly
deformed in the basin and strongly de-
formed on the foot of the continental
slope. The middle unit is overlain slight-
ly unconformably by the upper unit.
The thickness of the middle unit in-
creases southward and the maximum
thickness is 1.4 seconds on the foot of
the continental slope off San-in. This
southward thickening of the middle unit
is due to the southward tilting of the sea
floor. The middle unit is correlated to
the upper sedimentary unit of the conti-
nental shelf off San-in whereas, north-
ward, it abuts onto the basement of the
Ullung Rise. A reverberant layer similar
to this unit is also observed in the
Hidaka Trough off the Pacific coast of
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southwestern Hokkaido (TaAMmAKI et al.
1977).

The lower unit is a transparent layer
with weak reflectors which are almost
evenly deposited. The middle unit lies
slightly unconformably on the lower unit.
The thickness of the lower unit is sup-
posed to exceed 1.0 second although the
bottom of the unit cannot be detected.
The lower unit might also be continuous
with the lower sedimentary unit on the
continental shelf whereas it abuts onto
the Ullung Rise.

Submarine sliding and slumping struc-
tures are common in the southern mar-
gin of the basin and appear as small
ridges or swells on the profiles L 24 and
25 (Figs. 4 and 5). The rapid accumula-
tion of coarse materials associated with
such active slumping or sliding compose
the highly reflective upper sedimentary
unit. The rapid accumulation of the
sediments in the Tsushima Basin may
indicate the rapid subsidence or excess
sediment feed to the basin from the
San-in coast. The deposition of the re-
verberant layer in the Tsushima Basin
may be related to some kind of tectonic
movement of the basin and the sur-
rounding area.

Genzan Trough

The Genzan Trough, one of large sedi-
mentary basins in the Japan Sea, is
located in the western part of the Japan
Sea. The trough lies between the Korea
Rise and the continent. The trough
trends NE. There has been very little
description and discussion of the Genzan
Trough in previous works. Two seismic
profiles of the trough were obtained
during the GH 77-2 cruise.

The thickness of the sedimentary se-
quence ranges from 0.5 to 1.4 seconds in
the Genzan Trough. The basement to-
pography is rugged in the northern part

in contrast with that in the southern
part, and decreases in depth toward
north (Fig.6). The northern sedimenta-
ry sequence is highly reflective in com-
parison with the southern sedimentary
sequence. These features suggest that
the terrigenous sediments derived from
the north form the northern reflective
sedimentary sequence.

A prominent channel is observed on
the foot of the continental slope and the
features suggests its activity. The chan-
nel has the width of 5km and a relative
depth of 150 m on Line L 28 (Fig. 6).

The upper half of the sedimentary
layer of the Genzan Trough is stratified
and the lower part is transparent as is
in other basins. The stratification of
the upper stratified layer is complicated
suggesting the change of the depositional
environment through time.

Mogami Trough

The Mogami Trough lies alnog the
eastern margin of the Japan Sea from
off Niigata to the Oga Peninsula. The
width of the trough is 40 km and its
length exceeds 200 km with the trend of
NNE-SSW. The trough is developed be-
tween the Sado Ridge and the northern
Honshu.

A profile of the Mogami Trough is
shown on Line N 8 (Fig. 10). The bottom
of the Mogami trough is not simple due
to the presence of several banks and a
channel. The sedimentary layer in the
trough is wholly stratified with a maxi-
mum thickness exceeding 1.5 seconds.
Several banks in the trough are overlain
by thick sediments with a thickness of
over 0.5 second. The NNE trending faults
occur on either side of the banks. Such
thick accumulation of the sediments on
the banks indicates their recent uplift
along the faults with the overlying sedi-
ments on them. The lower half of the
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sedimentary layer in the trough is con-
sidered to be Miocene age based on
comparison with the shore geology as is
shown in geological section JS6 of Fig-
ure 16.

Oki Trough

The Oki Trough is located in the south-
ern part of the Japan Sea east of the
Oki Islands off San-in. The trough has
the width of about 35 km and the length
of 200km with the trend of NE. The
Oki Trough lies along the southern
margin of the Oki Ridge.

The Oki Trough is filled by rather thick
sediments with a thickness exceeding 2.0
seconds (Line L 35, Fig. 8). The upper
sequence of the sediments is stratified
with a thickness of about 1.0 second.
The lower sequence of sediments is trans-
parent. The whole sediments are undis-
turbed. The sediments in the trough
about the Oki Ridge in the northwest,
while to the southeast the feature is not
simple. The sediments generally con-
tinue to the sedimentary layer on the
continental slopes, but the sediments
abut to the basement or lower sedi-
mentary layer on the continental slope
in some areas. The Sea floor of the Oki
Trough is smooth and flat and appears
to show the deposition of distal turbi-
dites. The age of sedimentary layer of
the Oki Trough is Pliocene to Quaternary
according to T anaka and Ogusa (1981).

Shiribeshi, Okushiri, and Nishitsugaru
Troughs

The Shiribeshi, the Okushiri, and the
Nishitsugaru Troughs are developed
along the eastern side of the Okushiri
Ridge in the eastern Japan Sea. The
basins show a north-south elongated
structure. Each basin has a width of 20
km and a length of 70 to 80 km. The
sediment thickness of the basins exceeds
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1.0 second and in some basins reaches
2.0 seconds or more. The sediments are
stratified in the upper part. The basins
are characterized by a flat and smooth
sea floor suggesting the deposition of
the distal turbidites. The origin of these
basins is discussed in Chapter 3.4.

2.4 Geological structure of ridges,
banks, and seamounts

Yamato Rise

The Yamato Rise is the largest topo-
graphic high in the Japan Sea. The rise
is divided into three topographic units ;
the Yamato Bank, the Kita-Yamato
Bank, and the Takuyo Bank (Fig.1).
The topographic depression between the
Yamato Bank and the Kita-Yamato
Bank is called the Kita-Yamato Trough.
The width of the Yamato Rise is 180 km
and its length is 300 km. The height of
the rise above the surrounding sea floor
exceeds 2500 m. The rise trends NE to
NEE.

The Yamato Bank forms an NEE
trending, ridge-like feature with a flat
summit, on which basement is widely
exposed (Fig.9). This flat summit is
interpreted as a wave cut terrace formed
when the upper parts of the Bank were
near the sea level. The feature suggests
that the subsidence of the ridge occurred
in association with the subsidence of the
surrounding basin floor with time. The
Yamato Bank is composed mainly of
volcanic rocks (Fig. 16). The volcanic
rocks are basalts and andesites. Many
basalts and andesites are dated by the
K-Ar age determination method (Tables
2 and 3). Most of them are of the
Eocene-Oligocene to the Early Miocene
in age (20 to 46 Ma). An age of 76 Ma
for basalt is reported by V asiiev (1975).
Some of volcanic rocks on the Yamato
Bank appear to be Late Cretaceous.
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Table 2 Absolute age of the rocks recovered by the bottom sampling. Age determination
by Japanese scientists.

locality site no. rock age (Ma) method reference

Hakusanse HSA andesite 007.7 =+0.81 K-Ar UENO et al. (1971)
Kita Oki Bank D 266 granite 141.6 K-Ar GSJ unpublished
Kita Yamato Bank granodiorite 197 K-Ar SaMazu (1968, MS)
Korea Plateau D 223-7 granite 126.8 =+6.3 K-Ar Honza ed. (1978)
Matsu Seamount MASA andesite 004.16 *0.16 K-Ar UEeNO et al. (1971)
Meiyou No. 2 Smt MESA 013 K-Ar OzmMa et al. (1972)
Musashi Bank D 248 welded tuff 077.8 =£3.9 K-Ar Yuasa et al. (1978)
Nishitakuyou Bank granodiorite 227 Rb/Sr OzMA et al. (1972)
Takuyou Bank granite 220 K-Ar Summazu (1968, MS)
Yamato Bank YS7-1 andesite 019.3 =£0.5 - K-Ar UeNo et al. (1971)
Yamato Bank YS1-2 basalt 021.6 0.5 K-Ar UeNo et al. (1971)

Table 3 Absolute age of the rocks recovered by the bottom sampling. Age
determination by Russian scientists.

locality site no.  rock age (Ma) method reference
Bogorov Seamount basalt 18 K-Ar SAHNO & VAsILIEV(1974)
Gabass Seamount granite 110 K-Ar  LeLikov et al. (1975)
Kita Yamato Bank granite 136 K-Ar Vasiuiev et al. (1975)
Kita Yamato Bank granite 128 K-Ar  VasiLiEv et al. (1975)
Kita Yamato Bank granite 110 K-Ar  VasiLev et al. (1975)
Kita Yamato Bank granite 156 K-Ar  Vasmwiev et al. (1975)
Korea Plateau gneiss 2231 Rb/Sr  LeLgov et al. (1975)
Korea Plateau gneiss 2097 Rb/Sr  Leukov et al. (1975)
Korea Plateau gneiss 1983 Rb/Sr  Leuixov et al. (1975)
Korea Plateau gneiss 2729 Rb/Sr  Leuikov et al. (1975)
Korea Plateau gneiss 2139 Rb/Sr  Leuikov et al. (1975)
Slope off Primore granite 60 K-Ar  Lenikov et al. (1975)
Slope off Primore granite 76 K-Ar  LEeuikov et al. (1975)
Slope off Primore granite 90 K-Ar  Lenikov et al. (1975)
Ullung Plateau granitoids 102 K-Ar  Leukov et al. (1975)
Ullung Plateau granitoids 110 K-Ar  Leuigov et al. (1975)
Yamato Bank basalt 76 K-Ar  Vasiuev (1975)
Yamato Bank basalt 28.5 to 35.6 K-Ar  GniBiDENKO (1979)
Yamato Bank basalt & andesite 23 to 46 K-Ar  GniBipENkO (1979)
Yamato Rise granitoids 270 K-Ar  Leukov et al. (1975)
Yamato Rise granitoids 310 K-Ar  LEeLigov et al. (1975)
Yamato Rise granitoids 220 K~-Ar  LeLirov et al. (1975)
Yamato Rise granitoids 178 K-Ar  LeLikov et al. (1975)
Yamato Rise granitoids 194 K-Ar  Leukov et al. (1975)

The Kita-Yamato Bank forms a pla- ged on the summit (Fig.9). The bgse—
teau like feature with a weak trend of ment is overlain by densely stratified
NE. The basement morphology is rug- sedimentary layer with the thickness of

— 303 —




Bulletin of the Geological Survey of Japan.

around 0.5 second. The sedimentary lay-
er abuts the basement. The boundary
between the sedimentary layer and the
basement is difficult to recognize in
places because of the dense stratification
of the sedimentary layer. The Kita-
Yamato Bank is mostly composed of
granitic rocks (Fig. 16). Several gran-
ites and granodiorites are also dated by
the K-Ar Age determination method
(Tables 2 and 3). The dated age ranges
from 110 to 197 Ma (Jurassic to Early
Cretaceous).

The Takuyo Bank shows a rugged
basement morphology (Fig. 10). Sedi-
ments with a thickness of 1.0 second are
deposited in the depressions among the
basement highs. The northern part of
the bank is composed of granitic rocks
while the southern part is composed of
volcanic rocks (Fig. 16). It has the same
characteristics as the Yamato Rise as
the northern area is composed of gra-
nitic rocks while the southern part is
characterized by the wide distribution of
the volcanic rocks. Radiometric age of
granite from the Takuyo Bank is report-
ed to be 220 Ma (Late Triassic) by
SumMazu (1968) (Table 2).

The Kita-Yamoto Trough shows an
elongated basement depression trending
NE. The feature on the seismic profile
(Fig. 9) suggests that the depression
was formed by the graben-like move-
ment bounded by normal faults on both
sides. The faults are well traced from
profile to profile. The sediment thick-
ness in the trough exceeds 1.0 second in
the central graben.

Oki Bank, Oki Ridge, and Kita-Oki Bank

The Oki Bank, the Oki Ridge, and the
Kita-Oki Bank are located off San-in in
the southern part of the Japan Sea.
They are isolated topographic highs at
the southwestern end of the Yamato
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Basin.

The Oki Bank shows spur feature ex-
tending northward off Oki Islands. Seis-
mic profiles of the Oki Bank (Fig.T7)
show a plateau like feature of the base-
ment. The basement plateau is isolated
from the continental shelf area. Well
stratified sediments with a thickness of
0.5 second are deposited on the base-
ment. The sediments buried the base-
ment depression between the basement
high of the Oki Bank and the continental
shelf with a thickness of 1.5 second.
Such sediment accumulation has made
the topographic connection of the Oki
Bank and the continental shelf area.
Phyllite is sampled from the basement
outcrops of the northern cliff of the Oki
Bank.

The Oki Ridge is clearly NE trending.
The width of the Oki Ridge is about
50 km and its length is about 150 km.
Oki Island are located just southern
extension of the Oki ridge. The Oki
Trough lies just south of the Oki Ridge
as a trapped sedimentary basin behind
the ridge.

The mid part of the Oki Ridge has a
prominent depression of the basement
as is well shown on Line L 35 (Fig. 8).
The depression has the same trend with
the ridge. The stratified sediments with
the thickness of 0.7 to 0.8 seconds are
accumulated in the basement depression.
The basement depression is bounded by
fault scarps. The structural feature on
the seismic profile suggests that the
depression is a graben bounded by nor-
mal faults on both sides. The deforma-
tion of the sediment fill in the depression
is weak and it does not suggest any
recent activity of the faults.

Northern part and southern part of
the Oki Ridge have exposed basement.
Many volcanic rocks were dredged from
the ridge during GH 78-2 cruise. They
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are welded tuff, tuff breccia, andesite,
basalt, and dolerite (Yuasa et al., 1979).
There is no radiometric age data on the
ridge.

The Kita—Oki bank is located between
the Yamato Rise and the Oki Bank. Its
width is 80 km and its length is 130 km
with a trend of NE. The Kita-Oki Bank
shows a rough basement morphology
with highs and depressions (Fig. 8). The
basement highs are almost free of sedi-
ments while the basement depressions
are filled with stratified sediments with a
thickness more than 1.0 second which
are less opaque than the sediments of
the Kita-Yamato and Oki Banks. The
thickness of the sediments on the bank
is generally less than 0.5 second. Fault
like structures are observed in some
places in the basement of the bank. The
northern part of the bank is composed
of granitic rocks while the southern part
is characterized by the distribution of
volcanic rocks (Fig. 16). The separated
distribution of the granitic rocks and
the volcanic rocks in the northern part
and the southern part are the same as
in the Yamato Rise. An radiometric
age of 141.6 Ma (Early cretaceous) for
the granite is known on the Kita-Oki
Bank (Table 2). This age is comparable
to the age of the granitic rocks of the
Kita-Yamato Bank.

Korea Plateau and Ullung Rise

The Korea Plateau and the Ullung
Rise are located in the southwestern
part of the Japan Sea just east of the
Korea Peninsula. The Korea Plateau is
the second largest topographic high in
the Japan Sea. The width of the Korea
Plateau is 100 km and the length is 250
km with the trend of NE. The Ullung
Rise has a round configuration with a
diameter of about 100 km. The typical
seismic profiles of both topographic

highs are shown in Line L 28 (Fig. 6).

A sedimentary sequence with a maxi-
mum thickness of 1.1 seconds is observed
on the Korea Plateau and the Ullung
Rise. The sedimentary sequence is di-
vided into three units bounded by dis-
conformities. The upper unit (A on Fig-
ure 6) is a transparent or weakly strat-
ified layer with a thickness less than 0.1
second and is occasionally absent. The
middle unit (B on Figure 6) with a max-
imum thickness less than 0.6 second
forms the main part of the sedimentary
sequence. The upper part of the unit is
stratified and its lower part is transpar-
ent of very weakly stratified. The lower
unit of the sedimentary sequence (C on
Figure 6) is observed in the basement
depressions on the rise and plateaus.
The unit is composed of an upper strati-
fied layer and a lower transparent layer
which is absent where the unit is thin.
The maximum thickness of the unit is
0.6 second.

The basements of the plateau and rise
are composed of granitic rocks and
gneiss. The gneiss is restricted to the
Korea Plateau. The absolute age of the
gneiss by the Rb/Sr dating method is
1,983 to 2,729 Ma (Precambrian) (Table
3). Such old Precambrian rocks suggest
the Korea Rise is closely related to the
shield of the Korean Peninsula.

Okushiri Ridge

The Okushiri Ridge is an outstanding
topographic feature in the northeastern
margin of the Japan Sea. The ridge
shows nearly NS trending. The ridge is
not a single continuous ridge but is
composed of en-echelon arrangement of
several small ridges. The ridge is traced
from the west of Rishiri Island to off the
Oga Peninsula. Its overall length reach-
es 450 km. Its width is not greater than
50km. The maximum relative height over
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the sea floor of the Japan Basin exceeds
2500 m. The width and height of the
ridge increases to the north.

The Okushiri Ridge is covered by rath-
er thick sediments which reach 1.0 sec-
ond. The sediment thickness of 1.0 sec-
ond on the ridge is extraordinarily thick
for such narrow ridges. The sediments,
at the middle part of the ridge, are
continuous with the sediments of the
Japan Basin with appreciable thinning
of the upper most part. The ridge is
commonly associated with fault scarps
on either or both sides. The sedimen-
tary sequence crops out at the scarps of
the Okushiri Ridge. Bottom samples
from the scarps indicate that the sedi-

Bogorov

JAPAN

ments of the ridge are mainly composed
of Late Miocene to Pliocene sediments
with a thin or no Quaternary sediments.
The sampling data are restricted in the
northern part of the ridge. The acoustic
basement of the northern Okushiri Ridge
is composed of Early-Middle Miocene
siltstones and sandstones. The age de-
termination of the siltstone is based on
diatom (Sawamura 1978 MS) and pollen
assemblages of the samples of GH 77-3
cruise. The geological structure of the
Okushiri Ridge is discussed in detail in
Chapter 3.4.

Sado Ridge
The Sado Ridge lies in the eastern

Seamount

bt

JAPAN

Figure 24 Seismic profile of the Bogorov Seamount in the Japan Basin on Line J 104.
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margin of the Japan Sea parallel to
Northeast Japan. The Sado ridge is
not a single ridge, but is composed of
many small ridges. The small ridges
are in a row with the width of 80km.
Each ridge has a width of about 10 km
and a length less than 50 km with the
general trend of NNE. These small
ridges stand on a broad topographic
rise (Fig. 10). The small ridges are
bounded by faults on their either or
both sides. The ridges are commonly
bounded by faults on its eastern side
but occasionally on both sides. The
faults are discussed in detail in Chapter
3.4,

The sediment thickness on the small
ridge is generally less than 0.5 second.
The sediments are mostly composed of
Pliocene and Miocene sediments without
Quaternary deposits on the ridges. The
basement is composed generally of vol-
canic rocks. No radiometric ages are
reported on the Sado Ridge.

Bogorov Seamount

The Bogorov Seamount is one of the
largest topographic high in the Japan
Basin. The Bogorov Seamount is iso-
lated in the central part of the Japan
Basin. The basement of the Bogorov
Seamount is not covered by an appre-
ciable amount of sediments in the subsea
area (Fig.24). The sediments of the
Japan Basin abut to the basement of the
Bogorov Seamount. Some Russian sci-
entists identified the Bogorov Seamount
as a Cretaceous basement (M ELANKHOLINA
and KovyniN, 1977 ; GNmBIDENKO 1979).
SAHNO and Vasmiev (1974), however,
reported the occurrence of basalt with
the K-Ar age of 18 Ma (Table 3). The
volcanic activity of such age in the cen-
tral part of the Japan Sea should be
noted in discussing the spreading tecton-
ics.

3. Discussion

The origin of the Japan Sea in contro-
versial despite of the abundant geolog-
ical and geophysical data on the area.
The author described the geological
structure of the Japan Sea in Chapter 2.
The geological structure is the most
essential data for discussing the tecton-
ics of the area. The author discusses
several principal problems of the Japan
Sea, based on the observation of the
geological structure. The principal pro-
blems are the age of the basins (when
was the Japan Sea formed ?), the origin
of the topographic highs which are close-
ly related to the spreading tectonics of
the Japan Sea, the tectonics of back-arc
spreading (review and the case of the
Japan Sea), and the recent crustal move-
ment along eastern margin of the Japan
Sea. Through these discussions, the au-
thor summarizes the tectonic evolution
of the Japan Sea since its earliest stage
of development.

3.1 Age of the basins

The age of formation of the Japan Sea
is critical for the tectonics of Japanese
Islands. However, until recently it was
a controversial subject. Usually, the
most important information for the age
of back-arc basins are gotten from the
deep sea boring and the identification of
magnetic anomaly lineations. As dis-
cussed in Chapter 1.1, these information
is very weak in the Japan Sea.

The plate tectonics show that the for-
mation of oceanic basins such as the
Japan Basin and the Yamato Basin is
caused by the sea floor spreading pro-
cess which is analogous to the process
along the mid-oceanic ridges. This means
that the formation age of the Japan Sea
is represented by the age of the oceanic
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Figure 25 Summary cartoon of stratigraphy of the Yamato Basin.

basement of the Japan Basin, the Yama-
to Basin, and along with the other oce-
anic basins in the Japan Sea. Then, in
this section, the author discusses the
age of the oceanic basement of the Ja-
pan, the Yamato, and other significant
oceanic basins in the Japan Sea.

Age of Yamato Basin

There are two deep sea drilling sites
in the Yamato Basin; Site 299 in the
center of the basin and Site 302 in the
margin. There are many outcrops of
the lower sedimentary sequence of the
Yamato Basin along the surrounding
topographic highs such as the Yamato
Rise and the Sado Ridge. The results
of two deep sea drilling sites together
with the bottom sampling data from the
surrounding outcrops present informa-
tion effective for estimating the age of
the acoustic basement of the Yamato
Basin, even though the hole of Site 299 in
the basin did not reach the basement.
The principle of the age estimation of
the Yamato Basin based on such data
are summarized in a drawing shown in
Figure 25.

The hole of Site 299 stopped at the
bottom of the upper stratified layer and
the age of the bottom of the hole was
estimated to be 3.5 Ma by diatom analy-
ses as described in Chapter 2.3. The
hole did not penetrate into the transpar-

ent layer, but outcrops of the transpar-
ent layer are common on the southern
slope of the Yamato Rise. Piston and
gravity cores from the southern slope of
the Yamato Rise such as sites RC 24 and
St. 656 recovered older sediments with
the age of 4 to 5 Ma. Site 302 penetrated
the transparent layer and the lower
stratified layer. According to these re-
sults, the age of the lower stratified
layer is older than 5 Ma, presumably
extending to 10 Ma. Site 302 reached
the acoustic basement. SHmMazU (1979)
identified the basement rock at Site 302
as possibly Green Tuff, but the radi-
ometric age was not given,

The lower stratified layer of Late
Miocene age (b Ma to 10 Ma) is not dis-
tributed in the central part of the basin,
but is distributed only in the marginal
area of the Yamato Basin. It is not
easy to trace the lower stratified layer
into the central basin area. The layer
appears to change into the transparent
layer towards the central part of the
basin. The age of the bottom .of the
lower stratified layer is not determined
at this time, but it appears not to be
older than 10 Ma. The age of the bot-
tom of the transparent layer at the
central part of the basin is estimated to
have almost the same age as that of the
lower stratified layer at the margin.
Then, the author estimates that the age
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Figure 26 Typical profiles of the Japan Sea and the Yamato Basin.

YAMATO BASIN
- P —3SEC.

Both profiles represent

the area of the thickest sediments of each basin.

of the acoustic basement or the age of
the bottom of the sedimentary sequence
of the Yamato Basin is around 10 Ma
(Middle-Late Miocene).

Age estimation based on basement
depth

Figure 26 shows a comparison between
seismic profiles of the Japan Basin and
the Yamato Basin. The figure shows
the prominent difference on both basins.
The Japan Basin is deeper in depth and
greater in sediment thickness, and lies in
deeper water. The basement depth of
the Japan basin is 7.0 seconds while that
of the Yamato Basin is 5.5 seconds or

less. The sediment thickness of the Ja-
pan Basin is 2.1 seconds while that of
the Yamato Basin is 1.5 seconds or less.
The water depth i1s about 3650 m in the
Japan Basin and about 3000m in the
Yamato Basin.

The greater basement depth of the
oceanic crust is associated with the older
age of the crust (PArRsoNs and SCLATER,
1977). The Japan Basin and the Yamato
Basin are underlain by oceanic crusts
(BERSENEV et al., 1970 ; MuraucHr, 1972 ;
Lupwic et al., 1975). Then if the acoustic
basement of the both basins represents
an oceanic basaltic layer, the deeper
basement of the Japan Basin indicates
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lithosphere (“Thickness”), and heat flow value (“Heatflow 1” and “Heatflow 2”)
according to age variation.

Age (Ma) Depth 1(m) Depth 2(m) Thickness (km) Heatflowl (HFU) Heatflow 2(HFU)
5 3504 3283 16.75 5.06 5.37
6 3561 3357 18.35 4.61 4.90
7 3614 3426 19.82 4.27 4,54
8 3664 3490 21.18 4.00 4,24
9 3710 3550 22,47 3.77 4.00

10 3754 3607 23.69 3.67 3.79
11 3795 3661 24,84 3.41 3.62
12 3836 3712 25.95 3.26 3.46
13 3873 3762 27.01 3.13 3.33
14 3910 3810 28.03 3.02 3.21
15 3946 3866 29.01 2.92 3.10
16 3980 3900 29.96 2.83 3.00
17 4013 3943 30.88 2.74 2.91
18 4046 3985 31.78 2.66 2.83
19 4077 4026 32.66 2.59 2.75
20 4107 4065 33.560 2 53 2.68
21 4137 4104 34.32 2.47 2.62
22 4166 4142 35.13 2.41 2.56
23 4195 4179 35.92 2.36 2.50
24 4223 4215 36.69 2.31 2.45
25 4250 4250 37.45 2.26 2.40
26 4277 4285 38.19 2.22 2.35
27 4303 4319 38.92 2.17 2.31
28 4329 4352 39.63 2.14 2.27
29 4354 4385 40.33 2.10 2.23
30 4379 4417 41.02 2.06 2.19
31 4403 4449 41.70 2.03 2.16
32 4427 4480 42.37 2.00 2.12
33 4451 4511 43.03 1.97 2.09
34 4474 4541 43.67 1.94 2.06
35 4497 4571 44 31 1.91 2.03
36 4520 4600 44,94 1.88 2.00
37 4542 4629 45,56 1.86 1.97
38 4564 4658 46.17 1.83 1.95
39 4586 4686 46.78 1.81 1.92
40 4608 4714 47,37 1.79 1.90
41 4629 4741 47.96 1.76 1.87
42 4650 4768 48.54 1.74 1.85
43 4671 4795 49.12 1.72 1.83
44 4691 4822 49.68 1.70 1.81
45 4711 4848 50.24 1.68 1.79

Calculation formula is as follows. “Age” is in Ma.

Depth 1=2900+270*SQRT(Age)--Hayves (1983),

Thickness=7.49*SQRT (Age) - Yosuu et al.(1976),
Heatflow 2=12/SQRT(Age)---D avis & Lister (1977)
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an older age than that of the Yamato
Basin. The thicker sediments of the
Japan Basin also supports this compar-
ative age estimation. The thicker sedi-
ments in the Japan Basin correspond to
an older age of the basin, although
there is a problem with sedimentation
rate. Both basins have a similar acous-
tic sedimentary sequence, which may
suggest that the sedimentation rate in
the both basins is similar. Thus, it is
probable that the Japan Basin is older
than the Yamato Basin, if the acoustic
basements of the both basins are oce-
anic. Seismic refraction data, however,
suggest that the acoustic basement of
the Yamato Basin is different from that
of the oceanic crust. The problem will
be discussed in later in this section.

Table 4 shows the relation among the
age of the oceanic crust, the theoretical
water depths, lithospheric thickness, and
heat flow values. Theoretical depths and
heat flow values are shown for two
cases. It should be noted that the theo-
retical water depth is the water depth
without sediments. So, a sediment load-
ing correction is needed in the case of
the basins which have a thick sedimen-
tary cover such as the basins in the
Japan Sea. If the sedimentary cover is
removed from the basin, the basement
of the basin will rebound isostatically.
The basement depth of isostatic compen-
sation after removal of the sediments
should be that estimated by the theoreti-
cal age.

CroucH (1983) presented a simple for-
mula for the sediment loading correction
of an oceanic basin. The correction for-
mula is as follows.

Basement depth after sediment
loading correction (m)
= (water depth (m)) + 600
X (two-way sediment thickness (sec))
In the case of the Japan Basin on Figure

26, the water depth is 3630 m and the
two-way sediment thickness is 2.1 sec-
onds. Then the basement depth after
the sediment loading correction is ob-
tained as 4890 m as follows.
3630 + 6000 x 2.1 = 4890 m

For example, the basement depth of 4890
m corresponds to an age older than 45
Ma according to Table 4. Depth 1 and
Depth 2 on the table, however, show the
theoretical depths of an open ocean such
as the Pacific and Atlantic Ocean.

The basement depth of back-arc ba-
sins is definitely greater than the theo-
retical depth, where the age determina-
tion is well established (ScrLATER, 1972).
The Shikoku Basin, which is documented
to have been active during 30 Ma to 15
Ma based on the deep sea drilling results
and the identification of magnetic anom-
aly lineations (KLEIN and KoBavasHI,
1980), has a basement depth of 4500 to
5000 m. The range of age and basement
depth of the Shikoku Basin shows a
discrepancy with the theoretical age of
Depth 1 and Depth 2 in the table. The
basement depths of back-arc basins ap-
pear to be 1000 m greater than those of
normal oceanic basins (KoBavash, 1984).
But no definite theoretical age-depth
relation has been established in back-arc
basins. Therefore, the author tried to
compare the basement depths of the
Japan and Yamato Basins with other
back-arc basins where the age of the
basins are well documented. The results
are shown in Figure 27.

Figure 27 shows that the age range of
the Japan Basin is comparable with
those of the Shikoku Basin and South
China Sea Basin. The Shikoku Basin
has an age range of 30 to 15 Ma and the
South China Sea Basin has an age range
of 32 to 15 Ma. Then, it is probable
that the Japan Basin has an age range
of about 30 to 15 Ma. The depth range
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Figure 27 Basgment depths after sediment loading correction of the Japan and Yamato
Basins with those of other several back-arc basin whose ages are well established .
by DSDP holes and/or identification of magnetic anomaly lineations.

of the Kuril Basin is also comparable
with that of the Japan Basin although
the age is not established. The compar-
ison between the both basins is discussed
in Chapter 3.5.

Figure 27 also shows that the age
range of the Yamato Basin is very young
less than 6 Ma. This estimation shows
a large discrepancy with the former
stratigraphic age estimation of around
10 Ma. The problem will be discussed
later in this section.

Age estimation based on heat flow value

The theoretical age-heat flow relation
is applicable to back-arc basins, al-
though the theoretical age-depth relation
does not match in the back-arc basins.
Tavror and Haves (1983) confirmed that
the theoretical age-heat flow relation in
the open ocean is valid in the South
China Sea Basin. The author examined
the heat flow data in the Japan Sea
based on the digital heat flow data file

of Yosuu and Y amano (1983).

The heat flow data of the basin area
are selected from about 100 sites of the
heat flow measurements in the Japan
Sea. The sites were selected from the
areas where the sediment thickness is
greater than 300 m and where there are
no seamounts in a range of 10 km.  The
other sites were rejected. The results
are shown in Table 5 and Figure 28.

The average heat flow value of the
Japan Basin is 2.26 HFU. The value of
2.26 HFU corresponds to an age of 25 to
28 Ma. The average heat flow value of
the Yamato Basin is 2.34 HFU. The value
of 2.34 HFU corresponds to an age of 23
to 26 Ma. It should be noted that the
average heat flow value of the Japan
and Yamato Basin are very close and
that the age estimation based on the
average heat flow value of the Yamato
Basin show a large discrepancy with the
age estimation based on other techniques
such as stratigraphy and basement
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Table 5 Heat flow values with the average of the basins in the Japan Sea and Okhotsk Sea.

The heat flow values are selected from Yossi and Yamano’s (1983) heat flow digital
data file according to the manner that the sites of the sediment thickness less than

300 meters are rejected and that the sites near to topographic highs with the range

of 10km are also rejected.

JAPAN BASIN 2.88 2.69 2.66
2.64 2.62 2.62
2.58 2.97 2.53
2.50 2.48 2.48
2.42 2.39 2.38
2.28 2.28 2.25
2.20 2.20 2.19
2.14 2.14 2.13
2.12 2.12 2.11
2.07 2.07 2.05
2.02 2.02 2.01
1.98 1.95 1.91
1.70 1.40

YAMATO BASIN 3.46 2,17 2.66
2.45 2.44 2.43
2.36 2.35 2.34
2.32 2.31 2.21
2.15 2.13 2.12
2.05 2.02 1.95

TSUSHIMA BASIN 2.46° 2.40 2.36
2.12

TARTARY TROUGH 3.28 2.40 2.32
1.99

MOGAMI TROUGH 1.28 1.39 1.40

OKI TROUGH 1.99 1.89 2.08

KITAYAMATO T. 1.80 1.80

KURIL BASIN 2.82 2.68 2.57
2.33 2.28 2.27
2.20 2.11 2.11

2.65 2.64 average hf of

2.60 2.60 Japan Basin=2.26

2.51 2.50

2.44 2.44

2.37 2.32

2.24 2.22

2.18 2.16

2.13 2.13

2.08 2.07

2.05 2.03

2.00 1.99

1.89 1.87

2.58 2.56 average hf of

2.43 2.39° Yamato Basin=2.34

2.33 2.32

2.16 2.16

2.12 2.07

2.25 2.16 average hf of
Tsushima Basin=2.29

2.29 2.18 average hf of
Tartary Trough=2.41

1.61 average hf of
Mogami Trough=1.42

1.73 average hf of
Oki Trough=1.92
average hf of
Kitayamato Trough=1.80

2.53 2.41 average hf of

2.22 2.21 Kuril Basin=2.33

1.91

depth. The average heat flow values of
the Tsushima Basin (2.29 HFU) and the
Tartary Trough (2.41 HFU) are also
close to those of the Japan and Yamato
Basins. '

The heat flow data tend to appear less
than the true heat flow value bacause of
the mass heat transfer by water circula-

tion in the sediments and the basement
rocks, while they rarely appear larger
than the true heat flow value. Thus, the
discussion of the highest heat flow value
is valid.

The highest heat flow value in the
Japan Basin is 2.88 HFU which corres-
ponds to an age of 15 to 18 Ma. The
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Figure 28 Distribution of heat flow values in the Japan Basin and the Yamato Basin. The
heat flow data are after Yosum and Yamano’s (1983) digital heat flow data file.

highest heat flow value in the Yamato
Basin is 3.46 HFU which corresponds to
an age of 10 to 12 Ma. An age of 10 to
12 Ma for the Yamato Basin is compa-
rable to the stratigraphic age estima-
tion. The comparison of the highest
heat flow value in the Japan and Yamato
Basins shows the younger age of the
Yamato Basin. The sites of the highest
heat flow of each basin are located at
the central part of the Japan Basin and
at the marginal part of the Yamato
Basin. The highest value in the Yamato
Basin is isolated on the distribution
graph of Figure 28. The heat flow data
present a valuable information for the
age estimation of the Japan Sea but
they appear to be insufficient for a de-
tailed discussion.

Summary of the age of the basins
Figure 29 summarizes the above dis-

cussion about the age of the Japan and
Yamato Basins. The results of the age
estimation based on basement depth and
heat flow of the Japan Basin show the
range of 30 to 15 Ma. The true age de-
termination will be made by further
deep sea drilling and magnetic anomaly
surveys.

On the contrary, the results on the
Yamato Basin show a large discrepancy
among the three age estimations of
stratigraphy, basement depth, and heat
flow. Heat flow values show the age
range from 30 or more to 10 Ma. The
stratigraphy shows the age to be around
10 Ma. The basement depth shows the
age to be less than 6 Ma. The Yamato
Basin is overlain by a thick accumula-
tion of sediments which are not strongly
deformed. The structural features do
not show any active spreading in the
basin. Therefore, the age estimation by
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Figure 29 Summary sheet of the age of the Japan Basin and the Yamato Basin based on

several estimation methods.

basement depth of 6 to 0 Ma is unreali-
stic.

A possible explanation for this dis-
crepancy is that the acoustic basement
of the Yamato Basin does not represent
the oceanic crust and that the true oce-
anic crust underlies the acoustic base-
ment. According to the seismic refrac-
tion study of the Japan Sea by Lubpwic
et al. (1975), the acoustic basement of
the Yamato Basin has slower sonic ve-
locity of 3.5km/sec than the normal
oceanic basalt layer of 4.5km/sec. If a
deeper true basement is under the Ya-
mato Basin, the heat flow value of the
basin is probably comparable with that
of the true basement. The stratigraphic
estimation of the age of the Yamato
Basin is based only on the thickness of
sedimentary layer. The rather young
age from the stratigraphic estimation is
reasonable if the 3.5 km/sec layer inter-
venes between the sedimentary layer and
the true basement.

Lupwic et al. (1975) pointed out the
possibility that the 3.5 km/sec layer is
correlated to Green Tuff. Some profiles
of the Yamato Basin such as Line N 8 of
Figure 10 show more shallow acoustic
basement in the marginal part and deep-

er basement in the central part of the
basin. The back-arc basins commonly
have a more shallow basement in the
central part, because the back-arc basin
was formed symmetrically by a spread-
ing center as the younger crusts repre-
sent more shallow basement depth. The
structure of the Yamato Basin with
deeper basement in the central part is
incompatible with back-arc spreading.
Such structure, however, is not unrea-
sonable on the assumption that the
acoustic basement of the Yamato Basin
represents volcaniclastics such as Green
Tuff and that the marginal more shallow
acoustic basement in due to thicker ac-
cumulation of the volcaniclastics. The
thicker accumulation of the volcano-
clastics in the margin of the basin will
be discussed in Chapter 3.3.

The more shallow acoustic basement

"in the marginal part of the basin is also

the case in the Japan Basin. A broken
line arrow in Figure 29 shows this fea-
ture. IFigure 30 shows a continuous pro-
file through the Japan Basin and the
Yamato Basin. The decreasing basement
depth toward the Yamato Basin is
observed on the profile. The profile may
indicate thicker volcaniclastic accumula-
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Figure 30 Continuous seismic profile from the Japan Basin to the Yamato Basin on Line J 104.

tions toward the margin of the Japan
Basin and the Yamato Basin.

In conclusion, the Japan Basin has an
age range of about 30 to 15 Ma and the
Yamato Basin has that of 30 to 10 Ma.
The Tartary and the Tsushima Basins
are estimated to have similar age range
of the Japan and the Yamato Basins.

3.2 Origin of the topographic highs of
the Japan Sea

There are many topographic highs in
the Japan Sea (Fig. 2). The Japan Sea
has and extraordinary many topograph-
ic highs in comparison to other back-arc
basins. The South China Sea Basin also
has abundant of topographic highs, but
the outstanding feature of the Yamato
Rise in the center of the Japan Sea
should be noted. The southern part of
the Japan Sea is occupied by an especial-
ly large number of topographic highs
(Fig. 31). The origin of the topographic
highs should be closely related to the
tectonics of the Japan Sea.

The author divided the topographic
highs into four groups based on the
geological structure. They are continen-
tal fragments, rifted continental frag-
ments, tectonic ridges, and volcanic
seamounts. Their distribution is sum-
marized in Figure 32 excluding the tec-
tonic ridges. The detail of each group
is as follows.

(1) Continental fragments

The topographic highs composed of
continental crust are assigned to this
group. Many granitic rocks are recov-
ered from the topographic highs in the
Japan Sea. The Yamato Rise, the Korea
Plateau, the Ullung Plateau, the Kita-Oki
Bank, the Oki Bank, and the Musashi
Bank are the typical example of conti-
nental fragments. The Bogorov Sea-
mount is also included in this group
according to the Russian scientists (e.g.,

— 316 —




— L1 —

-
Erges
o iE
h.«.f-“:‘;’.g-. o

o

=
ea

e
—
e

L

St

e
=

G

o
St
Sea

e
et
e

s 3ot »
o

R

=t =

fe s
e i e
Sl s £ o
e o2 S
= st - s B
e L
Gt S

fii it
e Seide e Hao i e Feplaseiiio i
- s = -

-

Figure 31 3-D topographic view of the southern part of the Japan Sea. The data used for
processing are GEBCO digital bathymetric data of JODC and GSJ digital
bathymetric data. Processing system is SIGMA of Geological Survey of Japan.
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Figure 32 Classification of the topographic highs of the Japan Sea.
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MEeLaNkHOLINA and Kovynin, 1977; GNI-
BIDENKO, 1979). Older granitic rocks
from Precambrian to Cretaceous are
distributed on the topographic highs as
described in Chapter 2.4. Most of the
large topographic highs in the Japan
Sea are included in this group. The
scattered distribution of continental
fragments makes an effective constraint
for discussing the spreading system of
the Japan Sea. The mechanisms that
caused such a scattered distribution of
the numerous continental fragments is a
principal problem for discussion. This
discussion is in Chapter 3.3.

(2) Rifted continental fragments

A rifted continental fragment is a
continental fragment which was thinned
and stretched by the rifting activity.
This group was identified as deeply
submerged basement highs with very
rugged morphology. One typical exam-
ple is the northern extension of the
Musashi Bank which is shown in Figure
15. Horst and graben structures are
prominent there. This structure is anal-
ogous to that of the lower continental
slope of the Atlantic continental margin
(DmNngLe and ScuuruTTON, 1977). Such
features are inferred to be foundered
continental crust which was rifted by
the initial generation of oceanic crust
within the continental crust (M ONTADERT
et al., 1977). The Takuyo Bank and the
Sado Rise are inferred to be the other
examples of rifted continental frag-
ments. The Sado Rise is the foundation
rise of the Sado Ridge which is shown in
Figure 10. The Sado Rise is also includ-
ed in the rifted continental fragments.
The Sado Ridge itself is classified as a
tectonic ridge. The small rises around
the Yamato Rise, especially the north-
eastern end of the rise, are also included
in this group. The Hakusanse Bank off
the Note Peninsula may also belong to

this group. A rifted continental fragment
is inferred to be stretched from its orig-
inal configuration. The identification of
the distribution of the rifted continental
fragments is important for the recon-
struction of the spreading history of the
Japan Sea.

(3) Tectonic ridges

The Okushiri Ridge and the Sado Ridge
belong to this group. Recent EW con-
vergent tectonics is evident along these
ridges accompanying the active thrust
faults and compressional type earth-
quakes. The ridges are bounded by
thrust faults on either side or both
sides. The thrust faults have been active
since latest Pliocene. Several compres-
sional type earthquakes with magnitudes
of M6.9 to M 7.7 occurred along these
thrust faults. The topographic highs of
this group are formed by the thrust
movements associated with the uplift of
the hanging side over the footwall. A
detailed discussion about the Okushiri
and the Sado Ridges is made in Chapter
3.4.

(4) Volcanic seamounts

Many seamounts and knolls are distri-
buted throughout the Japan Sea besides
the large topographic highs such as
rises, plateaus, and banks. They are
almost all volcanic in origin. There are
two groups of volcanic seamounts. The
one group was formed by the recent day
island arc activity. The Northeast Japan
Arc and the Southwest Japan Arc have
a broad volcanic zone which extends
into the offshore area of the Japan Sea.
Takeshima Island, Ullung Island, and
possibly the Shiribeshi Seamount west
of Hokkaido are included in this group.
Takeshima and Ullung Islands are cov-
ered by alkali basalt which is related to
the recent volcanism of the Southwest
Japan Arc. The other group consists
of older seamounts and knolls whose
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activities were presumably synchronous
with the spreading activity of the basin
area. Such seamounts and knolls are
commonly observed in the Japan Basin
and the Yamato Basin. The Yamato
Seamount Chain and the Central Yamato
Seamount chain are the typical examples
of this group. Both seamount chains
appear to be composed of andesites.
Andesites from the Matsu Seamount of
the Yamato Seamount Chain are dated
to be 4.16 =0.16 Ma (Ueno et al., 1971).
Unknown rocks from Meiyo No. 2 Sea-
mount are dated to be about 13 Ma
(OziMa et al.,, 1972). The age of these
seamounts is possibly synchronous with
the basin formation and presents infor-
mation for the formation age of the
basin area.

Aborted rifts are annotated in Figure
32. Some possible major aborted rifts
are common on and in between the
continental fragments in the Japan Sea.
Figure 33 shows a profile of the Kita-
Yamato Trough in the Yamato Rise
which is the largest possible aborted rift
in the Japan Sea.

The tectonic origins of topographic
highs mentioned above are discussed in
Chapters 3.3 and 3.4.

3.3 Tectonics of back-arc spreading

The tectonics of back-arc spreading
have been controversial since Karig
(1981) originally proposed the concept
of back-arc spreading. There are sev-
eral ideas about the origin of the back-
arc spreading. They are classified into
three groups as follows.

1) Excess mass upwelling, which is
generated in association with subduction
of the oceanic plate beneath the island
arc, causes the back-arc spreading
(Karig, 1971).

2) Secondary induced mantle convec-
tion beneath the island arc causes the

Vol. 39, No. 5

back-arc spreading. The convection is
generated by the drag force of the sub-
ducting oceanic plate (e.g., SLEEP and
Toksoz, 1971).

3) Divergent movement between the
plates causes the generation of new oce-
anic crust in the gap. In this case, back-
arc spreading occurs passively. There
are two ideas on the divergent vectors
over island arcs. MOoLNAR and ATWATER
(1978) considered that oceanward retreat
of trench is significant for back-arc
spreading. They considered that the old
and cold lithosphere sinks into the as-
thenosphere and causes the oceanward
retreat of trench. On the contrary,
Uvyepa and Kanamor: (1979) considered
that the retreat of the back-arc plate is
significant for the generation of the
back-arc basin.

There is a significant difference be-
tween the former two models and the
last one mentioned above. The former
two models are based on the active
extension or spreading force in the back-
arc basin which is caused by mass up-
welling or secondary induced mantle
convection. In these two cases, the
spreading center in the back-arc basin
will cause compressional stresses in the
surrounding area including the arc re-
gion and also the spreading center
should be fixed in the reference frame of
the trench axis. The study of the Mari-
ana Arc, which is associated with a
typical active back-arc basin, however,
shows that the Mariana Arc is entirely
under tensional stresses including the
forearc area (Hussong and UYEDa, 1982 ;
Frvyer and Hussong and Fryer, 1982).
Almost all the back-arc basins are gen-
erated symmetrically from a spreading
center which migrates landward from
the trench axis. These observations in-
dicate that there is no active force from
the spreading ridge.
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Dewey (1980) summarized the tectonics
of island arcs in the reference frame of
three significant plates; the back-arc
plate, the forearc sliver (forearc plate),
and the oceanic plate. DEewEY explained

the tectonic origin of back-arc spreading
very reasonably. His model is a refined

version of the third model, the passive
spreading model. The tectonics of island
arcs are well described by three plates,
the subducting oceanic plate, the back-
arc plate, and the forearc plate (Fig. 34).
The arc volcanic zone marks a boundary
between the back-arc plate and the fore-
arc plate, because the lithosphere of the
island arc is hot, thin, weak, and then
ductile along the volcanic zone. In other
words, the arc is decoupled along the
volcanic zone and forms two plates, the
forearc plate and the back-arc plate.
The subducting oceanic plate, the forearc
plate, and the back-arc plate have their
own moving vectors. The significant vec-
tors for back-arc spreading are the
moving vectors of the back-arc and the
forearc plates. If the back-arc plate
and the forearc plate are diverging to
each other, the volcanic zone is placed
under tensional stress and the tensional
stress produces a rift system along the
volcanic zone. Such a rift system is
observed in the present day Bonin Arc
(T amaxr et al., 1981 b ; Tamak: and M1va-
ZAKI, 1984).

The Bonin Arc is presently undergoing
incipient back-arc spreading. Rifting of
the arc is in progress just along the
volcanic front. The volcanism of the
Bonin Arc is concentrated in the volcanic
front, forming an active volcanic ridge
(the Shichito Ridge), due to the high dip
angle (60° to 75°) of the subducting
slab. The rifts are not continuous but
segmented (Fig. 35). Figure 36 shows
one of the typical profiles of the rift
near Sumisu Island in the Bonin Arc.
The rifts are now extending and will join

Vol. 89, No. §

together to make a single rift system
parallel with the trench. If the exten-
sional stress is sustained, the rift system
will cause a spreading center of a new
back-arc basin. The rifting feature of
the Bonin Arc shows that, when the arc
is extensional, the break-up of the arc
occurs along the volcanic front where
the arc is weakest.

It should be noted that the moving
vector of the subducting oceanic plate
scarcely affects the movement of the
forearc plate and that the vector is not
significant for back-arc spreading. The
significant factor for constraining the
movement of the forearc plate is the
migration of the trench. Dewry (1980)

1. compressional

2. rifting stage

3. back-arc spreading

s
Z7

Figure 34 Rifting and back-arc spreading of
the arc with single volcanic chain.
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proposed that the trench should sub-
stantially retreat oceanwards or roll
back. This roll back of trench is accord-
ing to the idea of MOLNAR and ATWATER
(1978). The greater is the age of the
oceanic plate, the larger is the roll back
vector of the trench will be. Thus, the
roll back vector of the trench is signifi-
cant for constraining the movement of
the forearc plate. The migration of
trench, however, is not restricted to roll
back movement. CARLsON and MELIA
(1984) pointed out the possibility of land-
ward migration or roll forward of the
trench in the case of the Bonin Trench.
The moving vector of the forearc plate
is also constrained by drag forces which
are caused by the oblique subduction of
the oceanic plate when the arc is under
compressional stresses (Kmura and
Tamaky, 1985). The drag force vector
parallels to the trench. The magnitude
of the drag force vector is less than the
trench-parallel component of the moving
vector of the subducting oceanic plate
which is parallel to the trench. The
moving vector of the forearc plate is
calculated by the summation of the
trench roll back vector and the drag
force vector. The trench roll back vector
is more significant for back-arc spread-
ing than the drag force vector.

Thus, the two vectors, the trench roll
back vector and the moving vector of
back-arc plate, are significant for back-
arc spreading. If there is some diver-
gent component between the two vectors,
rifting of the arc is initiated and it will
be developed into back-arc spreading
(Fig. 34). Then, when we discuss the
tectonics of the back-arc spreading of
the Japan Sea, we have to estimate the
trend and the magnitude of both vectors.

The spreading of the Mariana and
Bonin Arcs causes simple single rift
system, as the volcanic chain along the

island arc is arranged on a line. The
single volcanic chain is due to the con-
centration of volcanic activity along the
volcanic front which is further due to
the steep dip angle of the subduction
slab. A spreading system developed from
the single rift system usually causes a
single lineated remanent arc such as the
Kyushu-Palau Ridge and the west Mari-
ana Ridge in the Philippine Sea. The
spreading of a single rift system like
this would not cause scattered continen-
tal fragments in the oceanic basins as
shown in the Japan Sea. Spreading with
a single rift system is not the case for
the Japan Sea. The plausible spreading
causing the scattered continental frag-
ments is as follows. Figure 37 summa-
rizes this concept in 3-D cartoons.

In the case of the Japan Sea, many
parallel rifts appear to have been formed
in a wide volcanic zone. The wide vol-
canic zone of the island arc corresponds

“to the low dip angle of the subducting

slab. Large tensional forces over the
wide volcanic zone caused many rifts
accompanying the volcanoes as multi
rift system (Fig. 37, 2). Some of the
rifts were failed and left as remnant
rifts such as the Kita-Yamato Trough
and the Oki Trough. Other rifts were
joined together and developed into
spreading centers of the back-arc basin.
In the course of the development, many
continental fragments were formed and
trapped in the Japan Sea as remnant
arcs such as the Yamato Rise, the Korea
Rise, the Bogorov Seamount, and so on.
Stretching of the continental lithosphere
may also have occurred at some places
due to the activity of multi rift system
and caused the rifted continental frag-
ment such as the Sado Rise.

The low dip angle subduction causes a
wide volcanic zone of island arc. Arc
volcanism should still be active during
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Figure 35 Rift system of the Bonin Arc (TAMAKI et al., 1981).
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Figure 36 Seismic profile of the Sumisu Depression, one of the rift of the Bonin Arc.
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1. compressional

2. rifting stage

Figure 37 Rifting and back-arc spreading of
the arc with broad volcanic zone.

the development of rifts and spreading
systems. Large tensional stress in the
back arc area improves the arc volcan-
ism resulting in an accumulation of thick
volcanic materials on the basaltic layer
of the basement along with the occur-
rence of many seamounts and knolls.
The accumulated volcanic materials are
correlated to Green Tuff. The over-
printing of arc volcanism and back-arc
spreading activity is the case of the
Yamato Basin, where thick accumula-
tions of volcanic materials on the oceanic
basaltic layer are presumed and abun-
dant andesitic seamounts and knolls are
observed. The overprint of arc volcanism
over the back-arc spreading activity

occurs in the arc volcanic zone. Thus,
the distribution of such overprinting fea-
tures is prominent in the marginal area
of the back-arc basin and back-arc side
of the Japanese Islands.

Thus the back-arc spreading of the
Japan Sea is different from that of the
Mariana-Bonin Arc. The author calls
the case of the Mariana-Bonin Arc as a
single rift type back-arc spreading and
the case of the Japan Sea a multi rift
type back-arc spreading (Fig. 38). The
back-arc spreading systems and their
resultant geological and geophysical fea-
tures are quite different each other
(Table 6). Remnant arcs are single and
continuous in the single rift type but
segmented in the multi rift type. Sea-
mounts are rare in the single rift type
but abundant in the multi rift type. The
crust is pure oceanic in the single rift
type but overprinted by island arc vol-
canism in the multi rift type. Aborted
rifts are rare in the single rift type but
common in the multi rift type. As a
result, the spreading system is simple in
the single rift type and complicated in
the multi rift type. The multi type causes
a complicated geological and geomor-
phological feature of the back-arc basin.

The two types are end members and
there are probably many gradual varia-
tions between the two types. Typical
multi rift type back-arc spreading like
the Japan Sea, however, is very scarce.
The South China Sea may be rare anoth-
er case of the multi rift type.

In conclusion, back-arc spreading is
initiated with the rifting along a volcanic
zone of the arc when the arc is under
extensional tectonics, because the arc is
hottest, thinnest, and weakest along the
volcanic zone (DEwey, 1980). Then, the
width of volcanic zone of the arc, which
is closely related to the dip angle of
subducting slab, should cause a variation
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1. Single Rift Type

single rift system

narrow volcanic zone

high angle slab

multi rift system
broad volcanic zone

low angle slab

Figure 38 Two modes of arc rifting and back-arc spreading : multi rift type and single rift

type.

Table 6 Summary of characteristics of the single rift type and the

multi rift type.

Single Rift Type

Multi Rift Type

remnant arc single/continuous
seamount rare
crust oceanic
aborted rift rare
spreading system simple

segmented
abundant
overprinted by island arc volcanism
common
complicated

in the initial rifting and succeeding back-
arc spreading ; the multi rift type and
single rift type. The multi rift type
back-arc spreading is the case of the
Japan Sea with the resultant complicated
geological and geomorphological fea-
ture. The origin of the large tensional
stress over the broad volcanic zone may
be possible when the continent behind
the Japan Sea retreats.

3.4 Recent crustal movement along the
eastern margin of the Japan Sea
Submarine topography of the Japan

Sea shows an outstanding contrast bet-
ween the western side (continental side)
and the eastern side (Japan side) as is
well shown in Figure 2. The continental
slope of the western side of the Japan
Sea shows a simple slope, while the
continental slope of the eastern side
shows a complicated feature with many
ridges and troughs parallel to the coast
line (Fig.39). This topographic contrast
indicates that the continental side and
the Japanese side of the Japan Sea have
a different geological history.

The complicated topography of the
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eastern side of the Japan Sea is shown
from the north of the Toyama Bay to
the west of the Soya Strait. The com-
plicated topography consists of the Oku-
shiri Ridge and the Sado Ridge. There
are several basins and troughs developed
between the Okushiri/Sado Ridges and
the Japanese Islands, such as the Moga-
mi Trough, the Nishitsugaru Basin, the
Okushiri Basin, the Shiribeshi Trough,
and the Futago Basins. The Okushiri
Ridge is developed north of the Oga
Peninsula and is nearly NS trending.
The Sado Ridge is developed south of
the Oga Peninsula and trends NNE.

Origin of the ridges and basins along
the eastern margin of the Japan Sea

It is rather easy to identify the faults
on the seismic profiles. The identification
of their nature in terms of normal or
reverse (thrust), however, is difficult on
the single channel seismic profiles. This
is because the vertical exaggeration on
the record is high, such as 10 to 20,
usually. For example, a fault with a
dip angle of 30 degrees shows an appar-
ent dip angle of 85 degrees on a record
with a vertical exaggeration of 20. Thus,
almost all faults show a nearly vertical
dip angle on the single channel seismic
records. So, it is important to identify
the nature of the faults according to
basement morphology and sedimentary
structure across the faults. In the case
of thrust faults, the hanging side should
make an uplifted peak along the fault.
Such feature should not be observed, in
the case of normal faults. The uplifted
peak along the fault is considered to be
an indication of a thrust fault. Figure
40 shows the case of thrust faulting.
Two eastward dipping thrust faults are
identified on the foot of the Oshima
Plateau, which are evidenced by the ob-
servation of the typical uplifted ridge on
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the hanging sides of the faults.

The interpretation of the seismic pro-
files across the Okushiri and Sado
Ridges, according to the above methods,
shows that the ridges are formed by the
activity of the thrust faults. It means
that the ridges are formed by the thrust-
ing of the hanging side crust over the
footwall crust.

Three types of ridges are distinguished
in terms of the mechanism of their for-
mation (Fig. 41).

1) Type E: The ridges which are
formed associated with eastward dipping
thrust fault along their west sides.

2) Type W: The ridges which are
formed associated with westward dip-
ping thrust faults along their east sides.

3) Type EW: The ridges which are
formed associated with eastward dip-
ping thrust fault and westward dipping
thrust faults along both sides of the
ridges.

An example of Type E is shown in
Figure 42 across the southern Okushiri
Ridge. The sedimentary sequence on
the eastern slope of the ridge is the
lower sedimentary layer in the Okushiri
Basin and is correlated to Pliocene age.
Thick Quaternary deposits are trapped
in the Okushiri Basin, which is caused
by the uplift of the Okushiri Ridge after
the deposition of the Pliocene sediments.
A large eastward dipping thrust fault,
which caused the uplift of the ridge, is
assumed along the western side of the
Okushiri Ridge on this profile.

Figure 43 shows a seismic profile cross-
ing the Okushiri Ridge along 43°N. A
typical case of Type W is shown on this
profile. A westward dipping thrust fault
is observed along the eastern margin of
the ridge. It is suggested that the oce-
anic crust of the Japan Sea thrusted up
to the east. The depth of the basement
of the Shiribeshi Trough is evidently
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Figure 39 3-D topographic view of eastern margin of the Japan Sea. The data used for
processing are GSJ digital bathymetric data after Bathymetric Maps 6311 and 6312
(Maritime Safety Agency of Japan, 1980 ab). Processing system is SIGMA of
Geological Survey of Japan.
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Figure 40 Typical example of thrust faults on the foot of the Oshima Plateau in the eastern
margin of the Japan Sea on Line J19. An arrow with annotation “E” shows a

fault dipping eastward.

greater than that of the Japan Basin
although the basement cannot be detect-
ed on this seismic profile. This feature
suggests that the basement of the Shiri-
beshi Trough was forced down by the
thrusted-up oceanic crust of the Japan
Basin along the Okushiri Ridge. The
ocean—continent boundary on this profile
is considered to be located at the foot of
the basement of the continental slope
along the eastern margin of the Shiri-
beshi Trough. Then, from this profile,
it is interpreted that a thrust fault was
formed in the oceanic crust of the Japan
Basin and that the western oceanic crust

thrusted up over the eastern oceanic
crust. This interpretation is supported
by a geophysical observation that there
is a large low gravity anomaly of —47
milligals in the Shiribeshi Trough. A
low gravity anomaly is common along
the ocean-continent boundary of the
Japan Sea. The gravity anomaly along
the ocean-continent boundary ranges
from -20 to -30 milligals in the Japan
Sea. The gravity low of —47 milligals is
definitely anomalous. So, the gravity
anomaly of —47 milligals at the Shiribeshi
Trough should include the inequilibrium
effect of isostasy. The gravity anomaly
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E type

W type

Figure 41 Three types of ridge formation
mechanism observed in the eastern
margin of the Japan Sea.

is concordant with the interpretation
that the oceanic crust of the Shiribeshi
Trough is forced down by the thrust up
of the Okushiri Ridge. A gravity High of
37 milligals over the Okushiri Ridge is
considerably higher than the gravity
anomaly of 0 milligal over the continen-
tal slope at the same depth with the
summit of the Okushiri Ridge on the
profile. The gravity high over the Oku-
shiri Ridge is inferred to be due to the
uplift of the high density of the oceanic
crust. This tectonic feature suggests the
obduction tectonics of the oceanic crust
of the Japan Basin along the Okushiri
Ridge. Figure 44 also shows several

ridges of Type W north of the Okushiri
Island.

A Typical example of Type EW is
observed in the northern Okushiri Ridge
as shown in Figure 45. The sedimentary
sequence on the Ridge is Miocene and
Pliocene in age. The bottom sampling
data of GH77-3 and GH 78-2 cruises
show that deposition of the Quaternary
is thin on the ridge. This depositional
feature on the ridge shows a marked
contrast with the thick deposition of the
Quaternary sediments in the Musashi
Basin to the east. The contrast suggests
that the Okushiri Ridge initiated its up-
lifting after or during the deposition of
the Pliocene layer and that the Musashi
Basin was formed by trapping the Qua-
ternary deposits eastward behind of the
Okushiri Ridge. Several basins along
the eastern side of the Okushiri Ridge,
such as the Futago Basins, the Shribeshi
Trough, the Okushiri Basin, and the
Nishitsugaru Basin, are formed by the
same mechanism. Uplift of the Okushiri
Ridge trapped the sediments which were
derived from the Japanese Islands and
formed the many sedimentary basins
along the eastern side of the Okushiri-
Sado Ridges.

Initiation of the thrust activity along the
eastern margin of the Japan Sea

The profile in Figure 43 presents good
information for identifying the age of
the initiation of thrust up of the Okushiri
Ridge, bacause the sedimentary sequence
is well preserved on the Okushiri Ridge.
It is possible to trace the sedimentary
sequence from the Japan Basin to the
Okushiri Ridge.

The sedimentation of the Japan Sea
since Pliocene is mainly controlled by
distal turbidity activity. The turbidity
activity causes the present day config-
uration of abyssal plain of the Japan
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Figure 42 A seismic profile across the southern part of the Okushiri Ridge on Line
J17. Example of Type E is observed. An arrow with annotation “E” shows a
fault dipping eastward.
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Figure 43 A seismic pfoﬁle across the Okushiri Ridge on Line J 12 with free-air gravity anomaly profile. Example of
Type W is observed. An arrow with annotation “W” shows a fault dipping westward.
boundary of Quaternary and Pliocene deduced from DSDP Site 301.
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Figure 44 Seismic profile of the Okushiri Ridge north of Okushiri Island on Line J 14.
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Figure 45 A seismic profile across northern part of the Okushiri Ridge on Line J8.
Example of Type EW is observed.

Basin. The turbidites are not deposited
on the topographic highs. So, after the
Okushiri Ridge were uplifted by the
thrust fault activity, there should be
little sedimentation on the ridge. This
results in the reduction of the sedimenta-
tion rate or thinning of the sedimentary
layer after the initiation of activity of
the thrust faults.

The thickness of the upper stratified
layer in the Japan Basin of 0.8 sec
decreases to 0.6 sec on the Okushiri
Ridge on the seismic profile of Figure
43. As the bottom of the upper strat-
ified layer is nearly correlated to the

Pliocene/Miocene boundary according to
the results of DSDP Site 301 in the
Japan Basin, the change in the sedimen-
tation rate on the Ridge is inferred to
have occurred some time after Pliocene.
Reflector Q/P on the profile of Figure 43
is an assumed boundary between the
Quaternary and the Pliocene which is
interpolated from deep sea drilling re-
sults at Site 301. The tracing of the
reflector onto the Okushiri Ridge gives
an important information for the initial
timing age of the uplift of the ridge. The
reflector Q/P is situated at 0.25 sec
below the sea floor in the Japan Basin.
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Although it is difficult to trace the re-
flector onto the Okushiri Ridge due to
the limit of the resolution of record and
the structural disturbance at the western
foot of the ridge, the reflector appears
to be at most less than 0.1 sec below the
sea floor on the Okushiri Ridge. So, a
difference in the sediment thickness bet-
ween the Japan Basin and the Okushiri
Ridge of 0.2 sec appears to be mainly
due to the reduction of the sedimentation
rate in the Quaternary. According to
the above discussion, it is assumed that
the uplift of the Okushiri Ridge, or the
activity of the thrust faults, was initiated
around latest Pliocene.

Characteristics of the distribution of the
active thrust faults in the eastern
margin of the Japan Sea

The distribution of thrust faults is
summarized in Figure 46 based on the
seismic reflection data and recently
published submarine topographic maps
“(Maritime Safety Agency of Japan, 1980
ab). Active synclines are also sum-
marized in the figure according to the
identification of a thick accumulation of
the Quaternary deposits.

There are two types of thrusts faults
observed ; eastward (landward) dipping
thrust faults and westward (oceanward)
dipping thrust faults. Eastward dipping
thrust faults are predominant north of
the Musashi Bank at the northernmost
part of the eastern margin of the Japan
Sea. The northern end of the Okushiri
Ridge is bounded by eastward dipping
thrust faults on its west side and by
westward dipping thrust faults on its
east side as is well shown in Figure
45. The middle part of the Okushiri
Ridge, between 42°N and 43°N, is char-
acterized by well developed westward
dipping thrust faults as typically shown
in Figure 43 and Figure 47. Eastward

187°
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T TarE
Distribution of active thrusts faults
and active synclines. Several pre-
vious large earthquakes are shown
with paired arrows. The direction
of arrows shows compressional
axes based on focal mechanism
solution. The earthquakes are A:
Off Sakhalin (1971, M 7.1), B: Off
Shakotan (1940, M 7.0), C: Off Oga
(1964, M 6.9), D : Central Japan Sea
(1983, M 7.7), and E : Niigata (1964,
M17.5).
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Figure 47 Westward dipping thrust faults along the Okushiri Ridge on Line J 13.

dipping thrust faults are predominant in
the southern part of the Okushiri Ridge
as shown in figure 42. Thus, the distri-
bution of the thrust fault types is varia-
ble along the Okushiri Ridge, but it
should be noted that the general trend
of the thrust faults associated with the
ridge is quite linear with strike of N 12°
W showing an en-echelon arrangement.
One of the other characteristics of the
Okushiri Ridge is the variation in the
basement geology. The basement of the
northernmost part of the Okushiri Ridge

is composed of the rifted basin margin
which includes both of continental and
oceanic crust, as discussed in Chapter
3.2. The basement of the middle part of
the Okushiri Ridge has the oceanic crust,
while that of the southern part has the
continental crust and is exposed as Mes-
ozoic granitic rocks on Okushiri Island.
Thus, the Okushiri Ridge is developed
with quite a liner trend through the
rifted continental fragments, the oceanic
crusts, and the continental crusts.

The Sado Ridge shows a different fea-
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ture from that of the Okushiri Ridge.
While the Okushiri Ridge shows a linear
distribution, the Sado Ridge shows a
distribution within a broad zone 100 km
in width, trending N30°E. Many ridges
lie within the wide zone, showing the
same trend of N 30°E. Each ridge shows
mostly Type W as well shown in Figure
48. The basement of the Sado Ridge is
composed of rifted continental crust as
discussed in Chapter 3.2.

Eastward dipping thrust faults are
again developed at the Toyama Trough
of the southern end of the eastern mar-
gin of the Japan Sea. Large eastward

dipping thrust faults are observed west
of the Sado Island.

Thrust faults and focal mechanism
solutions of earthquakes

There is a concordant relationship be-
tween the distribution of the thrust
faults and focal mechanism solution of
the earthquakes which occurred in this
century. There are five earthquakes of
which focal mechanism solutions are
published. They are all thrust-type earth-
quakes. The distribution of the thrust
faults is shown in Figure 46 and the
parameters for the thrust faults and
earthquakes are summarized in Table 7.
The relationship between the thrust
faults and the earthquakes is discussed
below for each earthquake.

(1) Earthquake off Sakhalin

A large thrust fault is developed along
the eastern margin of the Rishiri Trough
from west of Rebun Island and to west
of southern Sakhalin as shown in Figure
46. The thrust fault is eastward dipping
with a strike of N5°E. The Earthquake
off Sakhalin occurred at the depth of
22 km and 10 km east of the thrust fault.
If the earthquake occurred on the thrust
fault, the dip angle of the thrust fault is
calculated to be 65° with an eastward
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dip. According to the focal mechanism
solution by Fukao and Furumoro (1975),
the fault is a thrust type and has dip
angle of 38° with a strike of N16°E if
the eastward dipping nodal plane is
adopted as a fault plane. There is some
discrepancy of the dips and strikes be-
tween the thrust fault and mechanism
solution of earthquake. However, as
there is no other corresponding active
thrust fault near the earthquake epicen-
ter, the thrust fault along the Rishiri
Trough is possibly related to this earth-
quake.

(2) Earthquake off Shakotan

The epicenter of this earthquake is
located at the northernmost part of the
Okushiri Ridge. The focal depth is 33
km. The eastward dipping nodal plane
of Fukao and Furumoro’s (1975) mecha-
nism solution, dip of 45° and strike of
NS, shows quite a good coincidence with
a large thrust fault with the strike of
N5°E along the western margin of the
northern Okushiri Ridge. If the large
thrust fault is assumed to have dip
angle of 45°, the earthquake is located
just on the fault plane. Active thrust
faults which correlate to the westward
dipping nodal plane of the solution are
not observed. As the thickness of the
lithosphere of the Japan Sea is 30 km
(ABe and Kanamori, 1970), the focal
depth of 33 km suggests that the thrust
fault at the northern Okushiri Ridge
cuts the entire lithosphere (Fukao and
Furumoro, 1975). Vertical displacement
of the thrust fault is 3 km. The displace-
ment of 3km may be the accumulated
displacements since latest Pliocene. Some
extent of the initial displacement before
latest Pliocene, however, is plausible be-
cause the northern Okushiri Ridge is
Originally composed of rifted continental
crust and is supposed to have originally
been a rise. A displacement of 3 km for
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Figure 48 A seismic profile crossing the Sado Ridge on Line N9. Ridges of Type W
associated with west dipping thrust faults are outstanding.
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Table 7 Dips and strikes of the submarine thrusts faults and their correlative earthquake faults.
“Dip angle” and “Strike” show the dip angles and strikes of the nodal plane of mechanism
solution after Fukao and Furumoro (1975). “Fault dip” show the dip angle of the fault

on assumption that the submarine

fault and hypocenter are located on a same fault

plane. “Fault strike” shows the strike of the submarine fault.

Earthquake Date Magnitude  Dip angle Strike Fault dip Fault strike
Central JS May 26, 1983 M7.7 36 N20E 40 N18E
Niigata Jun. 16, 1964 M7.5 56 N9E NS

Off Oga May 7, 1964 M6.9 50 N3lE 57 N18E
Off Sakhalin Sep. 5, 1971 M7.1 38 Ni6E 65 N5 E

Off Shakotan Aug. 1, 1940 M17.0 45 NS 45 NS

this thrust fault may be over-estimated.
It should be emphasized that the focal
mechanism of the Earthquake off Shako-
tan and the active thrust fault on the
sea floor show an excellent coincidence
and that the thrust fault is the largest in
the eastern Japan Sea, cutting entire
lithosphere.

(3) Earthquake off Oga

This earthquake occurred at a focal
depth of 19 km just 10 km east of a large
fault. The dip angle of this fault is 57°
on the assumption that this earthquake
occurred on the plane of this fault. The
mechanism solution by Icuikawa (1971)
shows dip angle of 50° with a strike of
N3I°E if the eastward dipping nodal
plane is adopted as the fault plane, The
strike of the corresponding fault is
N 18°E. There is discrepancy of strikes
between the submarine topographic fault
and the earthquake fault. The difference
may be due to the ambiguous mechanism
solution of Icuikawa. The slight discrep-
ancy between both dip angels is explain-
ed by the steep dip angle in the shallow
part of the fault plane.

(4) Central Japan Sea Earthquake

The epicenter of this earthquake (40°
21.4° N, 139°04.6" E) is located 13 km east
of the corresponding fault (Fig. 23) with
a focal depth of 14 km. The correspond-
ing fault of this earthquake is identical
to the fault of the Earthquake of Oga.

The dip angle of this fault is calculated
to be about 40° on the assumption that
this earthquake occurred on the plane of
this fault. The eastward dipping nodal
plane by the mechanism solution of the
pre-event of the main shock by IsHIKAWA
et al. (1984) shows a strike of N20°E
and dip angle of 36° which are in good
coincidence with the strike of N18°E
and the dip angle of 40° of the corre-
sponding fault on the sea floor. There
appears to be some problem about main
event of the main shock (IsHIKAWA et al.,
1984). The maximum displacement of
the basement by the fault activity is 1400
m (Honza, 1983). The displacement of
1400 m should be the summation of the
displacements since latest Pliocene.

(5) Earthquake off Niigata

There are several westward dipping
thrust faults around the epicenter of
this earthquake (Honza et al., 1977;
Honza, 1983). Are (1975) reported the
mechanism solution of this thrust-type
earthquake as dip angle of 56° and a
strike of N 90°E with westward dipping
feature. It is difficult to identify a single
corresponding thrust fault on the sea
floor from the available data because
there are several westward dipping
thrust faults around the epicenter. Sa-
TAKE and ABE (1983) discussed a revised
mechanism solution of an eastward dip-
ping fault type. The geological structure,
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however, does not show a corresponding
eastward dipping thrust fault. There
are an abundant distribution of west-
ward dipping thrust faults in the south-
ern part of the eastern margin of the
Japan Sea (Fig. 46). This earthquake
is inferred to have occurred on one of
the westward dipping thrust faults.

The distribution of active thrust faults
along the eastern margin of the Ja-
pan Sea, including several large thrust-
type earthquakes with EW compressional
axes, shows an evident EW compression-
al stress field in the area as described
above. The tectonic significance of the
EW compressional stress will be dis-
cussed in Chapter 3.5.

3.5 Tectonic evolution of the Japan
Sea

Two significant phases of the tectonic
evolution of the Japan Sea are intro-
duced through the above discussions.
One is the back-arc spreading tectonics
of the Japan Sea. The other is the
neotectonics of the Japan Sea along its
eastern margin. In this section, the au-
thor discusses and summarizes the two
phases of the tectonic evolution of the
Japan Sea respectively. The back-arc
spreading of the Japan Sea is summa-
rized on the basis of the discussion in
Chapters 3.1, 3.2, and 3.3. The neotec-
tonics of the Japan Sea is summarized
on the basis of the discussion in Chapter
3.4.

Back-arc spreading of the Japan Sea
Through the discussion in Chapter 3.3,
the author presented a model of back-
arc spreading for the case of the Japan
Sea. The model is a multi rift type
back-arc spreading system (Fig. 37).
The model reasonably explains the pres-
ent geological structure of the Japan
Sea with numerous continental frag-

ments scattered in the basins, the occur-
rence of rifted continental fragments,
the several prominent aborted rifts, the
abundant occurrence of seamounts and
knolls, and the thick accumulation of
volcanic clastics on the oceanic basalt
layer. In this section, the author dis-
cusses the tectonics of back-arc spread-
ing by applying this model to the history
of the Japan Sea.

Large tensional stress is necessary
for the initiation of the back-arc spread-
ing. According to the Dewey's (1980)
concept, there are two possible causes
for the tensional stress. One is trench
roll back and the other is retreat of the
back-arc plate. A combination of both
causes is also possible.

SEno and Maruvama (1984) proposed
the trench roll back origin of the Japan
Sea with the simultaneous spreading of
the Kuril Basin in the Okhotsk Sea and
the Shikoku Basin. Trench roll back
occurs according to the age of the sub-
ducting oceanic plate (MoLNaR and
AtwaTer, 1978 ; SEnO, 1983). An older
plate has the tendency of roll back. The
time range of the back-arc spreading of
the Japan Sea is suggested to be 30 to
10 Ma in Chapter 3.1. The Shikoku Basin
had been active simultaneously during
30 to 156 Ma just south of the Southwest
Japan Arc. The young lithosphere south
of the southwestern Japanese Islands
rejects the possibility of trench roll back
at that time. Trench roll back along
the Japan Trench may be possible be-
cause of the subduction of the older
Pacific Plate. Geographic reconstruction
during the back-arc spreading of the
Japan Sea, however, is difficult to be
accommodated only by the roll back of
the Japan Trench.

The other possibility is the retreat of
the back-arc plate from the trench line.
The back-arc plate of the Japan Sea is
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the Eurasia Plate. The back-arc spread-
ing of the Japan Sea is possible by the
retreat of the Eurasia Plate during 30 to
10 Ma. The movement of the Eurasia
Plate at that time is calculated by the
model of EngeEBrRETSON (1982). The mov-
ing vector of the Eurasia Plate is calcu-
lated to be 1.25 cm/yr with a direction of
S 78°E at the central part of the present
Japan Sea. This calculation does not
support the retreating sense of the Eur-
asian Plate as a back-arc plate of the
Japan Sea during 30 to 10 Ma. It appears
to be difficult to deduce the retreat of
the back-arc plate in the reference frame
of the major plates.

Kmura and Tamakr (1986) presented
an alternative origin of the back-arc
spreading of the Japan Sea with the
simultaneous spreading of the Kuril
Basin in the Okhotsk Sea. They have
presented the concept that the retreat of
the back-arc plates of the Japan Sea
and the Kuril Basin is explained by the
deformation of the Asian Continent due
to the India-Eurasia collision. MOLNAR
and TapponNNIER (1975) documented the
intra-plate deformation of the Eurasia
Plate in East Asia due to the India-Eur-
asia collision. ZONENSHAIN and SAVOSTIN
(1981) also interpreted the deformation
as relative movements of microplates in
East Asia due to the India-Eurasia colli-
sion. The collision began prior to 40
Ma. (TApPPONNIER et al., 1982). MOLNAR
and QmoNG (1984) calculated the move-
ment velocity of the Southeast China
block and concluded that the block has
moved with velocity of 2.3 cm/yr to the
east-southeast with respect to the Eur-
asia Plate for the last 80 years. As the
rate of movement of the Eurasia Plate
in East Asia is 0.3 to 0.4 cm/yr, the rate
of 23cm/yr is quite large and fairly
comparable to the movement of the ma-
jor plates such as the North America

Vol. 89, No. 5

Plate and the South America Plate. The
deformation or the movement of micro-
plates in East Asia may be large enough
to influence the tectonics of its marginal
area including the Japanese Islands.

ZONENSHAIN and SavosTiN (1981) pos-
tulated that the India-Eurasia collision
fragmented East Asia into several micro-
plates and that compressional tectonics
and extensional tectonics have occurred
along the boundaries of the microplates.
The compressional tectonics caused
mountain ranges such as the Tien Shan
Range and the Altai Range. The ex-
tensional tectonics caused the rift or
graben system such as the Baikal Rift
and Shansi Grabens. KiMura and T AMAKI
(1986) suggested that relative move-
ments of the microplates could be the
cause of the back-arc spreading and
that a microplate behind the Japan Sea
may retreat from the trench in spite of
the immobility of the FEurasia Plate.
Kmmura and Tawmakr further considered
that the microplates in East Asia are
correlated to each of the allochthonous
terranes which were accreted to the
Eurasia Continent prior to the India-
Eurasia collision. The movement of mi-
croplates occurred in a manner of rear-
rangement of accreted allochthonous
terranes due to a new large accretion of
the India terrane to Eurasia. They also
stressed on simultaneous spreading of
the Japan Sea and the Kuril Basin.

The Kuril Basin is the back-arc basin
of the Kuril Arc. The basin shows pro-
minent a fan-shaped geographic config-
uration which opens southwestward (Fig.
49). The basin narrows to the northeast
and disappears just south of the Kam-
chatka Peninsula. The Kuril Basin has
similar characteristics with the Japan
Basin. Basement depth after the sedi-
ment loading correction and the acoustic
stratigraphy are similar to those of the
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Figure 40 Physiography of the Japan Sea and the Kuril Basin.

Japan Basin (Fig. 50). The upper part
of the sedimentary sequence of the Kuril
Basin is also stratified while the lower
part is transparent. The maximum sedi-
ment thickness of the Kuril Basin is 2.8
seconds which is much greater than that
of the Japan Basin. The basement depth
of 7.2 seconds is also deeper than of the
Japan Basin. The basement depth after
the sediment loading correction, howev-
er, is 5000 m which is almost comparable
to that of the Japan Basin. The range
of the corrected basement depth of the
Kuril Basin, 5000 to 4000 m, is also com-

parable with that of the Japan Basin
(Fig. 27). The average heat flow value
of the Kuril Basin is 2.33 HFU. The
value is slightly higher than average
heat flow value of the Japan Basin of
2.26 HFU and almost comparable to that
of the Yamato Basin of 2.34 HFU (Table
5). A rough estimate of the age range
of back-arc spreading of the Kuril Basin,
on the basis of basement depth and heat
flow value, is 30 to 15 Ma or little more
younger.

The age range of the back-arc spread-
ing of the Kuril Basin is almost the
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Figure 50 Typical Seismic profiles of the Japan Basin and the Kuril Basin.

The sediment

stratigraphy and the basement depth after sediment loading correction are

comparable to each other.

same as that of the Japan Sea. The
simultaneous formation of the Kuril Ba-
sin and the Japan Sea is implied by their
physiographic similarities as shown in
Figure 49. If it is assumed that both of
the back-arc basins are generated by
the retreat of their back-arc plates, the
separated feature of both basins implies
that the back-arc plates are not the
same, but just tectonically related each
other. The back-arc plate of the Japan
Sea is the Amurian Block, one of the
microplates of Easta Asia, which is
bounded by the Baikal Rift on its
western side and by the Japan Sea on

its eastern side. The back-arc plate of
the Kuril Basin is the Okhotsk Block
which occupies most part of the Okhotsk
Sea. The simultaneous spreading of the
both basins also suggests that the both
blocks moved simultaneously.

Kmura and Tamarr (1986) stressed
on another event which occurred simul-
taneously with the back-arc spreadings
of the Japan and Kuril Basins. The
event is the dextral collision between the
Okhotsk Block and the Amurian Block.
The dextral collision is evident in the
en-echelon arrangement of the folding
of the Paleogene formations on the
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Sakhalin-Hokkaido islands (Kmura
et al., 1983). KiMura et al., (1983) have
indicated that the dextral collision may
be an expression of the collision between
the Furasia and the North America
Plates. The relative motion of the two
plates at that time, however, dose not
show a dextral sense. According to
ENGEBRETSON’s (1982) reconstruction, the
collision between the Eurasia and North
America Plates should show a perpen-
dicular sense along the Hokkaido-Sakha-
lin islands.

Kmura and T aMaKkr presented an idea
which reasonably explains the simulta-
neous events of back-arc spreadings in
the Japan and Okhotsk Seas and the
dextral collision along the Hokkaido-
Sakhalin islands. The concept is sum-
marized in Figure 51 and its details are
as follows.

The retreat of . the Amurian and
Okhotsk Blocks occurred simultaneously
and their movement caused the back-arc
spreading of the Japan Sea and the
Kuril Basin. The motion of both retreat-

Figure 51 Movement of microplates in relation to Indo-Eurasia collision and spreading of

the Japan Sea and Kuril Basin.
(1982).

This figure is modified from TAPPONNIER et al.
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ing back-arc plates was different to
each other. The movement of the A-
murian Block was to the northeast direc-
tion causing the pull-apart opening of
the Baikal Rift along the transform-like
boundary between the Siberia and the
Amurian Block. A sinistral collision is
expected along the Stanovoy Range at
the northern end of the Amurian Block.
The northeastward movement of the
Amurian Block simultaneously caused
the clockwise rotation of the Okhotsk
Block. The movement of the Okhotsk
Block was caused by the drag force of
the dextral collision between the Amurian
Block and the Okhotsk Block along the
Sakhalin-Hokkaido line. The clockwise
rotation of the Okhotsk Block is sug-
gested by the fan-shape configuration of
the Kuril Basin which opens southwest-
ward. The Kuril Basin closes toward
the northeast and diminishes at the
south of the Kamchatka Peninsula, where
the relative rotation pole of the Okhotsk
Block is inferred to be located. They
proposed that the Kamchatka Peninsula
was the zone of collision between the
Okhotsk Block and the forearc plate of
the Kuril Arc during the spreading of
the Kuril Basin. The Sredinny Range in
the Kamchatka Peninsula is a possible
result of the collision. The Sredinny
Range was active during Late Oligocene
(Fuaita and Warson, 1983), and the
duration of activity is consistent with
the above idea.

The above idea i1s rough and hypo-
thetical. There are many problems to be
resolved for the documentation of this
hypothesis. Honza (1979) presented a
fan shape spreading model of the Japan
Sea associated with the clockwise rota-
tion of Southwest Japan based on geo-
logical and geophysical considerations.
Ororugt and Matsupa (1983) proposed
almost the same model for the genera-

Vol. 39, No. §

tion of the Japan Sea on the basis of
their paleomagnetic data in Southwest
Japan. They suggested that the forma-
tion of the Japan Sea occurred rapidly
over a period of only a few million years
around 15 Ma. Their model is inconsis-
tent with that of KmMUrA and TaAMaxL
The spreading tectonics of the Japan
Sea is still controversial.

Neotectonics of the Japan Sea

N akamura (1983) and Kosavasar (1983)
have proposed a hypothesis of ongoing
eastward subduction along the eastern
margin of the Japan Sea, on the basis of
the general tectonic view around the
Japanese Islands. If their hypothesis is
the case, it will have a significant influ-
ence on the discussion of neotectonics in
the Japanese Islands. The author dis-
cusses the possibility of subduction in
the Japan Sea, on the basis of the
interpretation of seismic reflection data,
for verifying the hypothesis.

To identify an ongoing subduction pro-
cess, it should be confirmed that the
basement of the oceanic crust is down-
going beneath the landward trench wall.
This feature is commonly observed on
seismic profiles of the subduction zone.
There is no such feature observed in the
eastern margin of the Japan Sea. There
are thick accumulations of sediments,
reaching 2.0 seconds, in the Japan Basin.
If the oceanic basement overlain by such
a thick accumulation of sediments is
subducted, then, dynamic sediment ac-
cretion will occur along the landward
slope and it will make an accretionary
prism, as is well observed in the Nankai
Trough in the Philippine Sea. An accre-
tionary prism is characterized by many
imbricated thrust faults dipping land-
ward and by a rough topography with
many ridges and troughs. Such features
are also not observed in the eastern
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margin of the Japan Sea. Thus, it is
difficult to identify ongoing subduction
in the eastern Japan Sea. However,
there is a possibility of incipient subduc-
tion as discussed below.

Many active thrust faults are distrib-
uted along the eastern margin of the
Japan Sea. They indicate the present
compressional stress in the eastern mar-
gin of the Japan Sea. Some of them cut
the entire oceanic lithosphere of the
Japan Sea as discussed in Chapter 3.4.
The existence of large thrust faults
which cut the entire lithosphere indicate
that convergent tectonics between the
lithospheres or plates is occurring in the
eastern margin of the Japan Sea.

The largest displacement along the
thrust faults reaches 3km at the north-
ern end of the Okushiri Ridge. As the
thickness of the lithosphere of the Japan
Sea is 30 km, the displacement of 3km
correlates to 10% of the entire litho-
sphere. This displacement of 3km is a
cumulative displacement for the past 2
or 3 Ma. If the compressional stress is
maintained in the future, will the dis-
placement increase further? It is im-
possible for the displacement to reach
the entire thickness of the lithosphere,
because there are no such large dis-
placements of 30km observed on the
earth. It is reasonable to consider that
there is a maximum values of displace-
ment along thrust faults which cut the
entire lithosphere. After the displace-
ment of the thrust fault reaches some
maximum value, what will happen with
continuing convergence between the
hanging side and footwall lithospheres ?

There may be two possibilities in such
a case. One is the formation of another
thrust fault in the different place on the
same transect. The convergence between
the two lithospheres is compensated by
the displacement of the new thrust fault.

The other possihbility is the conversion of
the fault into a subduction zone after
the fault reaches the maximum displace-
ment. After subduction is initiated, fur-
ther lithospheric convergence will not
result to increase the displacement over
the critical displacement.

It should be noted that subduction is
different from thrust fault activity and
that it means the overlapping of the two
lithospheres. Subduction is defined as a
process where the upper surface of one
lithosphere subducts beneath the other
lithosphere. When the subduction is
ongoing, the convergence between the
two lithospheres does not cause a com-
pressional stress proportional to the
convergence rate, because the conver-
gence is consumed by the subduction of
the footwall lithosphere. On the con-
trary, when the converging lithospheres
are bounded by thrust faults, the com-
pressional stress should be proportional
to the convergence rate and the displace-
ment of the thrust fault increases ac-
cording to the convergence.

If there is a critical displacement for
the conversion from trust fault to the
initiation of subduction, how large is the
critical displacement? An assumption
should be introduced to discuss this
problem. The assumption is that the
Okushiri Ridge is correlated to the initial
stage of the basement high at the trench
slope break and that the Musashi Basin
on Figure 52 is also correlated to the
initial stage of the forearc basin. The
forearc basin and basement high at the
trench slope are commonly observed in
the present island arcs. So, the present
day height of the trench slope break
basement high above the subducting
ocean floor may be an expression of the
critical displacement. There are a varie-
ty of the origins of the basement high at
the trench slope break. For example,
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Figure 52 Seismic reflection profile with free-air gravity anomaly profile on Line J 7. The
free-air gravity low of — 57 mgals is the lowest one in the Japan Sea.

the basement high at the trench slope
break of the Sunda Trench is composed
of an ancient accretionary wedge (K ARIG
and SHERMAN III, 1975), and that of the
Japan Trench is composed of the ocean-
ward edge of the continental crust (von
Huene et al., 1980). Since the original
configuration of the trench slope break
basement high may be changed by the
active subduction process, and analogy
with a young trench is better for the

present discussion, because young
trenches are considered to represent a
more original configuration of the base-
ment high at the trench slope break.

The South China Sea is a marginal
basin whose water depth, sediment thick-
ness, crustal structure, and age (32-17
Ma) are quite similar to those of the
Japan Sea. The Manila Trench, which
was formed during Miocene, represents
an active eastward subduction zone along
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the eastern margin of the South China
Sea (Tavyror and Haves, 1983). A base-
ment high at the trench slope break is
well developed and makes a ridge along
the Manila Trench. The west Luzon
Trough is trapped just east of the ridge.
The relative height of the basement high
of the Manila Trench above the base-
ment of the basin area of the South
China Sea is 2.2 to 2.8 km according to
the seismic profiles of Lupwic et al
(1967). If the value, 2.2 to 2.8km, is
considered to be the critical displace-
ment for the initiation of subduction, the
northern Okushiri Ridge with the dis-
placement of 3km may be the site of
incipient subduction. The Manila Trench,
however, is not very young subduction
zone. The Trench was formed before 10
Ma. It should be noted that there is a
possibility that the basement high at the
trench slope break uplifted or subsided
after the initiation of subduction.

The Mussau trench along the Caroline
and Pacific Plate boundaries in the west-
ern Pacific is one of the youngest trench-
es on the earth (HecarTYy ef al., 1982).
The Mussau Trench initiated eastward
subduction at 1 Ma and the Caroline
Plate has been subducted to an extent of
10 km beneath the Pacific Plate. The
Mussau Ridge is a linear feature on the
western edge of the Pacific Plate along
the Mussau Trough. The elevation range
of the Mussau Ridge above the basement
of the East Caroline Basin is 1.8 to
3.8km. The analogy of the Okushiri
Ridge with the Mussau Ridge, also, does
not reject the possibility of the incipient
subduction at the northern Okushiri
Ridge. The thrust fault at eastern mar-
gin of the Rishiri Trough (Fig. 15), which
has the displacement of 2.5 km, also has
the possibility of being an incipient sub-
duction zone.

The above discussion on the initiation

of subduction is only based on some
analogies. The thickness of the litho-
sphere may also have to be taken into
consideration for such discussion, and
the bending effect of the subduction lith-
osphere is also significant problem. A
detailed geophysical and geological mod-
el for the initiation of subduction from a
thrust fault is significant for future
study.

The possibility of incipient subduction
is also supported by the free-air gravity
anomaly data. One of the largest free-
air gravity anomalies in the Japan Sea,
—57 milligals, is observed along the west-
ern margin of the northern Okushiri
Ridge (Fig.52). The normal free-air
gravity anomaly along an ocean-conti-
nent boundary is — 20 to — 30 milligals,
then, anomaly of —57 milligals may indi-
cate that the crust of the Japan Basin
along the northern Okushiri Ridge is
being forced down. Such a feature may
be explained by a simple thrust fault
model. The inequilibrium of isostasy,
however, is evident along the northern
Okushiri Ridge.

The seismic profile on Figure 52 shows
the eastward thickening of the upper
part of the sedimentary sequence of the
Japan Basin. This feature suggests
ongoing subsidence of the crust of the
Japan Basin. Ponded sediments are ob-
served along the foot of the Okushiri
Ridge. The presence of the ponded sedi-
ments also suggests the recent subsi-
dence of the Japan Basin along the
Okushiri Ridge. The subsidence is also
evident in the eastward declining sea
floor surface of the ponded sediments.
The distribution of the ponded sedi-
ments, however, is not common along
the northern Okushiri Ridge (Fig. 46).

There is possibility of incipient subduc-
tion in the eastern margin of the Japan
Sea as discussed above. The subduction
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sense, however, does not prevail over the
entire eastern Japan Sea. Figure 53
shows a composite distribution of the

eastward dipping thrust faults and west-

ward dipping thrust faults in the eastern
margin of the Japan Sea. Zone of east-
ward dipping thrust faults are observed
to the west of southern Sakhalin and
northern Hokkaido, at the northern end
of the Okushiri Ridge, to the west of the
Oga Peninsula, and to the west of Sado
Island. These zones have the possibility
of incipient subduction. Zones of west-
ward dipping thrust faults are observed
north of Okushiri Island and along the
Sado Ridge as discussed in Chapter 3.4.
The westward dipping thrust faults indi-
cate an opposite sense against the sub-
duction sense.

Thus, the subduction sense (zone of
eastward dipping thrust faults) and the
obduction sense (zone of westward dip-
ping thrust faults) show a composite
distribution throughout the eastern mar-
gin of the Japan Sea. The change of
polarity of the thrust faults occurs in a
short distance. The cause of such a
polarity change is ambiguous. HEGARTY
et al. (1982) also observed a polarity
change of subduction sense to obduction
sense at the Mussau Trench. The Mus-
sau Trench shows a prominent eastward
subduction structure in its southern part
but, in the northern part, it changes to
an eastward obduction sense with a
swarm of thrust faults. They presented
an explanation that the polarity change
may be due to the change in convergence
rate. The convergence rate in the south-
ern part of the Mussau Trench is more
than 1.5 cm/yr while that of the northern
part is less than 1.5 cm/yr. Such expla-
nation is difficult for the composite dis-
tribution of subduction and obduction
sense in the eastern Japan Sea. One
possible inference is that a density con-

trast between the two convergent litho-
spheres may control the polarity of the
thrust faults in the manner that the
heavier side makes footwall and the
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zone of westward dipping
thrust
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Figure 63 Composite distribution of eastward
dipping thrust faults and the west-
ward dipping thrust faults in the
eastern margin of the Japan Sea.
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lighter side makes the hanging wall of
the faults.

N akamMURA (1983) and KoBavasar (1983)
have presented a hypothesis that the
eastern margin of the Japan Sea is a
new Eurasia-North America plate bound-
ary. According to their idea, the plate
boundary in the eastern margin of the
Japan Sea extends to the Itoikawa-Shi-
zuoka Tectonic Line in the central Japan
and reaches to the Nankai Trough in the
Philippine Sea. The new plate boundary
is considered to have jumped from the
former plate boundary along the central
axis of Sakhalin-Hokkaido in early Qua-
ternary. This attractive hypothesis, how-
ever, has some problems.

KeLLer (1980) and von HUENE et al.
(1980) documented that the vertical
movement of the basement in the forearc
basin of the Northeast Japan Arc has
changed from subsidence to an uplift
sense since early Quaternary, on the
basis of deep sea drilling results. The
change in vertical movement suggests
the prevalence of compressional stress
since early Quaternary in the forearc
area. The compressional stress field in
the forearc area of the Northeast Japan
Arc in the Quaternary is comparable
with the compressional tectonics in the
eastern Japan Sea since latest Pliocene.
The compressional stress field in the
forearc area, however, is inconsistent
with the new plate boundary hypothesis.
According to the hypothesis, the North-
east Japan Arc is included in the North
America Plate which moves westward
with a rate of greater than 1.0 cm/yr at
the Japan Trench (MINSTER and J ORDAN,
1978). Such movement should produce
a tensional stress field over the forearc
area if the trench axis is fixed. The
compressional stress over the forearc
area of the Northeast Japan Arc in the
Quaternary does not support that the

Northeast Japan Arc is on the North
America Plate.

Fukao and Yamaoka (1983) presented
the trends of the axes of maximum
compression along the Itoikawa-Shizu-
oka Tectonic Line on the basis of focal
mechanism solutions of several small
earthquakes. The P axes show NW-SE
to WNW-ESE. The trend of convergence
should be NS0°E if the tectonic line is
the boundary between the Eurasia and
North America Plates (MiINsTER and
JorpaNn, 1978). This discrepancy also
does not support the new plate boundary
hypothesis.

Thus, the new plate boundary hypoth-
esis is ambiguous. The author presents
another possible explanation, that the
convergent stress in the Japan Sea is
also due to the India-Eurasia collision
and its associated intra-plate or inter
microplate movement in East Asia. The
Baikal Rift has reactivated its extension
at some time in the Pliocene (ZONENSHAIN
and SavosTiN, 1981). The reactivated
Baikal extension at some time in the
Pliocene is roughly comparable with the
initiation of convergence along the east-
ern Japan Sea at about 2 Ma. The Baikal
Rift and the eastern margin of the Japan
Sea bound the Amurian Plate on its
western and eastern sides respectively.
The recent tectonics of the eastern mar-
gin of the Japan Sea is well understood
in the reference frame of the eastward
movement of the Amurian Plate. The
eastward movement of the Amurian Plate
causes the Baikal extension along its
western margin and Japan Sea conver-
gence along its eastern margin (Fig. 54).
If this is the case, the condition should
be identical with the initiation of the
Manila Trench along the eastern margin
of the South China Sea in Miocene which
is possibly due to the eastward move-
ment of the South China Block in relation
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Figure 54 Movement of microplate, the Amurian Plate, in relation to Indo-Eurasia collision
and convergence along the eastern margin of the Japan Sea. This figure is
modified from TAPPONNIER et al. (1982).
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to the India-Eurasia collision. This ex-
planation, however, also has problems.
ZONENSHAIN and SavostiN (1981) calcu-
lated the relative movement of the
Amurian Plate against the Eurasia Plate
(Siberia Block). The rotation pole of
the Amurian Block is located just north
of the Baikal Rift. This results do not
support the eastward movement of the
Amurian Plate.

The origin of compressional stress in
the eastern margin of the Japan Sea is
still uncertain. The incipient subduction
and obduction in the eastern Japan Sea,
however, are rather evident. Further
detailed studies and discussion about
the tectonics of the Japan Sea will pro-
duce general models for tectonics of
lithospheric convergence, especially on
its initial stage.

4. Summary and Conclusions

The tectonic evolution of the Japan
Sea for a long time has been a contro-
versial subject and models for its devel-
opment have often been ambiguous. its
evolution has a close relation with the
tectonics of the Japanese Islands, but
the lack of a well constrained model has
been an obstacle for studying the tec-
tonic evolution of the Japanese Islands
and the adjacent area. This study pro-
vides new constraints on the age and
nature of the tectonic evolution of the
Japan Sea through new and detailed
discussion of its geological structure,
based in large part on marine geological
and geophysical data obtained during
the research cruises GH77-2, GH77-3,
GH 78-2, and GH 78-3 conducted by the
Geological Survey of Japan. Marine geo-
logical maps were compiled on the basis
of the stratigraphic correlation of seis-
mic profiles and the bottom sampling
results. The distribution of geologic fea-

tures on these maps, their structural
characteristics, and the age-depth-heat
flow relationships of the basins have
been combined to interpret the tectonic
evolution of the Japan Sea.

The age of the basins were examined
by a comparative study of sediment
stratigraphy, basement depth, and heat
flow data. Presented age estimation is
about 30 to 15 Ma for the Japan Basin,
30 to 10 Ma for the Yamato Basin, and
comparable age ranges for the Tartary
Trough and the Tsushima Basin. The
acoustic basement of the Japan Basin is
mostly correlated to a oceanic basalt
layer, excluding its marginal area. The
acoustic basement of the Yamato Basin
is inferred to be volcaniclastics which
are correlated to the Green Tuff forma-
tion in Japan. The volcaniclastics overlie
a deeper oceanic basement. When these
deposits are considered, the greater
oceanic basement depth of the Yamato
Basin is consistent with its estimated
age range of 30 to 10 Ma.

The topographic highs of the Japan
Sea are classified into four groups ; con-
tinental fragments, rifted continental
fragments, tectonic ridges, and volcanic
seamounts. Continental fragments are
composed of older rocks including rocks
of Precambrian age. These fragments
are clearly of a pre-rift age. They con-
sist of large and elevated topographic
highs such as the Yamato Ridge and the
Korea Plateau. Rifted continental frag-
ments represent a low topographic rise
because of its transitional nature from
continental to oceanic. The Takuyo Bank
and the Sado Rise are examples of this
group. The tectonic ridges are observed
along the eastern margin of the Japan
Sea. They were elevated by the conver-
gent tectonics since about latest Plio-
cene. The Okushiri and Sado Ridges
are the typical cases of this group. Vol-
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canic seamounts which were caused by
arc volcanism since the initiation of the
spreading of the Japan Sea are abun-
dantly observed. The distribution of
these topographic highs are closely re-
lated to the tectonic evolution of the
Japan Sea.

Two types of back-arc spreading were
proposed ; a single rift type and a multi
rift type. The multi rift type is the
case for the Japan Sea. Large tensional
stresses over the former island arc
caused a multi rift system in its broad
volcanic zone along which the lithosphere
of the Island arc is weakest. Some of
the rifts developed into multi back-arc
spreading ridge system and others were
left as aborted rifts such as the Kita-
Yamato Trough. The broad volcanic
zone of the former Japanese island arc
overprinted the volcanism of back-arc
spreading due to a shallow subduction
angle. Arc volcanism under the tension-
al tectonics caused a thick accumulation
of volecaniclastics and the abundant oc-
currence of seamounts and knolls in the
basins. The multi back-arc spreading
system resulted in the fragmentation of
the continental crust which generated
topographic highs classified as continen-
tal fragments.

The large tensional stress in the over-
riding plate is significant for initiating
the above tectonics. It is inferred to be
possible only by retreat. of the continen-
tal block from the trench line. The
Eurasia Plate itself did not retreat as a
whole from the western Pacific trench
systems at the corresponding time. The
back-arc continental block of the Japan
Sea, the Amurian Block, however, is
postulated to have retreated northward
due to the India-Eurasia collision and
associated lithospheric deformation in
East Asia which initiated at about 40
Ma. The northward movement of the

Vol. 39, No. §

Amurian Block generated the Stanovoy
Range along its northern margin by the
collision with Siberia, and the pull-apart
basin of Baikal Rift along its western
transform boundary with Siberia. The
movement also caused clockwise rota-
tion of the Okhotsk Block by drag forces
along Sakhalin-Hokkaido line. The clock-
wise rotation of the Okhotsk Block is
evidenced by opening of the fan-shaped
Kuril Basin and the Sredinny collision
on the Kamuchatka Peninsula.

The Okushiri and Sado Ridges along
the eastern margin of the Japan Sea are
bounded by thrust faults. The thrust
faults have been active since latest Plio-
cene. The ridges are formed by the
thrust movements associated with the
uplift of the edge of hanging side over
the footwall. The zone of eastward dip-
ping thrust faults and the zone of west-
ward dipping thrust faults are discrimi-
nated. They are distributed composite-
ly. Incipient subduction may be the case
in some parts of the zone of eastward
dipping thrust faults. Incipient obduc-
tion of the oceanic crust of the Japan
Sea also is taking place in the zone of
westward dipping thrust faults. Litho-
spheric convergence is evident along
these thrust zones on the basis of the
synthetic study of the thrust faults and
their corresponding earthquakes. The
origin of the convergent stress is infer-
red also to be due to the India-Eurasia
collision and its associated intra-plate
or inter microplate movements in East
Asia. The recent tectonics of the area
are well understood in the reference
frame of the eastward movement of the
Amurian Block relative to the Japanese
Islands. The eastward movement of the
Amurian Block caused the Baikal exten-
sion along its western margin and the
eastern Japan Sea convergence along its
eastern margin.
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In conclusion, the two major stages of
tectonic evolution are deduced for the
Japan Sea

1) Divergent tectonics over the Japa-
nese island arcs caused back-arc spread-
ing of the Japan Sea from 30 to 10 Ma.
The spreading system was initiated from
a multi rift system over a broad arc
volcanic zone. Through the development
of the spreading system, many continen-
tal fragments were left in the basins.
Overprinting of the arc volcanism on the
back-arc spreading activity resulted in
the occurrence of abundant volcanic sea-
mounts and knolls and a thick accumula-
tion of volcaniclastics in the basins.
The tensional stress for generating such
tectonics is considered to be due to the
India-Eurasia collision and associated
lithospheric deformation in East Asia.

2) Lithospheric convergence has been
concentrated along the eastern margin
of the Japan Sea since latest Pliocene.
The Okushiri and Sado Ridges, bounded
by many active thrust faults, are conse-
quences of the convergence along this
new lithospheric boundary. This tecton-
ic stage is also due to the India-Eurasia
collision. The eastward movement of
the Amurian Block has caused extension
along the Baikal Rift at its western
margin and convergence in the Japan
Sea along its eastern margin.
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