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¥ 9 Introduction

1.1,

continental shelf in central eastern margin of Japan Sea"”

The program of "Geological investigation of the

1.1.1. History of Geological/Geophysical surveys in this

area
The central eastern margin of Japan Sea area (Fig.1-1-1)

One is "Japan Sea

has two important tectonic subjects.

Opening during Miocene", and another is "compressional field

in Quaternary". Many investigations have been carried out in
bathymetry and sediment sampling

1987 ) ~1IR

this area. Until 1950s,

(e.g. Mogi and Sato,

1965, the Hydrographic Department of Japan Maritime Safety

were mainly investigated

Agency carried out a seismic reflection survey with an air

gun in the continental shelf area from Wakasa Bay to Oga

1967). Furthermore,

Peninsula and Yamato Basin (Hotta,

(1968)

continental shelf area in the Japan Sea based on the result

Iwabuchi (1968)

Iwabuchi showed the topographic features of

of the investigation. also argued about

tectonics due to erosional surface of the Sado Ridge and

tilting of continental shelf.

Moreover, the Hydrographic Department of Japan Maritime
Safety Agency carried out detailed bathymetry, seismic
reflection, and magnetic surveys in the northeastern margin

of the Japan Sea during 1967 to 1969. They observed at

intervals of about 2 nautical miles. It was an epoch-making

1971). After that,

dense survey in those days (Sato,

Geological Survey of Japan published the 1:1,000,000 Marine

Geology Map based on the result of the investigation over

the Japan Sea during 1976 to 1977 (Tamaki et al., 1981).

(1988) summed up tectonics of the Japan

Furthermore, Tamaki
Sea.

Isezaki (1986a) compiled a magnetic anomaly map of the

p.1 / 104



phadslo e A LR E s g

Japan Sea. It was compiled with data by Yasui et al. (1967),

Isezaki and Uyeda (1973), Oshima et al. (1975,1980), and
Tamaki et al. (1981). After this, Seama and Isezaki (1990)
carried out magnetic survey around Japan Basin area.
Unfortunately, many studies focused on the opening of Japan
Sea, then there were few surveys and reports about gravity
and magnetic study in the continental shelf area.

On the other hand, multi channel seismic reflection
surveys for petroleum resources were carried out since
1970's around coast area of Japan Sea. Especially in off
Akita, Yamagata, Niigata Prefectures as being a few oil
fields in Japan, many investigations were carried out by
Japan National 0il Company and other private oil companies.
However, their investigations were covered mainly coast
areas. They have high possibility to produce petroleum and
natural gas because of thick sedimentary layers. However,
almost all their seismic reflection and drilling data have
been unpublished yet. Only some structural maps or
interpretation charts of continental shelf area were
published.

Suzuki (1989) summed up their data (obtained by Idemitsu
Co.) and interpreted about the East Japan Sea Tectonic Line

(Fig.1-1-2).

Nakamura (1983) proposed the nascent subduction hypothesis

for eastern margin of the Japan Sea (Fig.1-1-3). In
addition, it was becoming to be supported and accepted,

because of focal mechanism and aftershock distribution of

1983 Nihonkai-Chubu earthquake, and 1993 Hokkaido Nansei-oki

earthquake. Then, many investigations focused on the
continental shelf area and Japan Basin or Yamato Basin area

were started (e.g. Kato et al., 1986, Asada et al., 1989,
Nishizawa et al., 1996).

p.2 / 104

1.1.2. Recent Surveys by G.S.J.

From 1989 to 1993, geological Survey of Japan carried out
detailed survey around the central eastern margin of Japan
Sea; the survey track was designed as grid. The survey lines
were designed at intervals of 1.6 nautical miles (about 3km)
in WNW-ESE direction and 3.3 nautical miles (about 6km) in
NE-SW direction. The outlines of these surveys will be
explained in Chapter 3. This program purposed (1) to get
detailed geological/geophysical data around the continental
shelf area because of the lack of available data, (2) to
reveal of subsurface structures and geology. These data were
analyzed by each category (geological structure,
sedimentation, gravity and magnetic study, and others). We
published four areas of marine geology maps (Fig.1-1-4).
They were included 1:200,000 Marine Geology Map series.

Free-air gravity, Bouguer gravity and total force magnetic
anomaly data were also published as additional maps of
Marine Geological Maps (Okamura, et al., 1994,1995a, 1996a,
and 1996b). And cruise data files (Joshima et al., 1990a,
1990b; Joshima and Kikawa, 1991a, 1991b; Morijiri and
Yamazaki, 1992a, 1992b; Joshima and Ishihara, 1993a, 1993b)
were supplied to the Japan Oceanography Data Center of the

Hydrographic Department of the Maritime Safety Agency.
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1.2. Gravity and magnetic data for this study

All of data used in this study were obtained from R/V
Hakurei-maru cruises by Geological Survey of Japan (GSJ)
since 1989 to 1992. Magnetic anomaly map of East Asia was
already published (Ishihara, 1994). Around the eastern
margin of the Japan Sea and surroundings was shown in Fig.l-
2-1. It was compiled airborne and seaborne magnetic anomaly
data. Airborne data were compiled by Makino et al. (1992)
using upward continuation to 3,200m altitude above sea
level. Moreover, they were interpolated to 2km mesh data.
This map was very useful to grasp magnetic features, but it
didn't satisfy quantitative analysis because of no level
corrections between seaborne and airborne data. This study
area includes overlapped parts. Therefore, they were not
good for a numerical analysis. Moreover, the mesh size of
these data (2km) was too large for our purpose. The data
file included GH89-2 and GH89-4 cruise data. However, 1if it
includes poor precision data files, they should be filtered
high frequencies out to compile with poor data.

In generally, gravity and magnetic field data show
anomalies of space distribution. Data often suffered from
positioning and/or measuring errors. Therefore, high
frequency anomalies were difficult to judge whether they
were caused by small-scale crustal structures or measurement
errors. Unfortunately, previous positioning resolution was
worse than recent systems. Then, if we try to compile them
with our data, we have to attenuate local anomalies in our
data. Our data were measured with almost the same systems,
although the positioning system was replaced in 1990 from
LORAN-C to single-GPS. Our new magnetic anomaly maps were
published at contour intervals of 25nT, and our gravity
anomaly maps were published at contour intervals of 5mgal.

Finally, only our new data were used to reveal small-scale
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structures around the continental shelf area. The crustal 150 ,gf
structural models were calculated from detailed geomagnetic

and gravity anomalies shown in these maps. Therefore, high-

resolution observations and careful data processing were 5
1

very important. Discussions of tectonics should be supported

by piles of such researches.

50

-300 -200 -100 O 100 200 300
magnetic anomaly (Ishihara,1994)

Fig.1-2-1 .

Magnetic anomaly map around the northeast Japan. S
After Ishihara (1994).
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1.3. Advantages of gravity and magnetic data for crustal
structural modeling

Our results of the program of "Geological investigation of
the continental shelf in central eastern margin of Japan
Sea" are not only publishing the Marine Geology Map series.
Okamura et al. (1992,1995b) showed that many small ridges in
this area were formed by "Basin Inversion". However, their
results were obtained from mainly seismic reflection
profiles and other geological studies. The seismic profiles
didn't show basement layers clearly. Generally, single
channel seismic reflection profiles show clearly geologic
structure of the upper 1.0-2.0 seconds in two way travel
time. Multi channel seismic reflection profiles showed
deeper sediment layers clearly and basement depth profiles
were estimated (Suzuki, 1989). However, profiles were often
obtained at intervals of 20-30km, because multi-channel
seismic reflection surveys are difficult to arrange dense
surveys like single-channel seismic reflection systems.
Therefore, these results didn't show horizontally detail
gstructures.

Oon the other hand, gravity and magnetic anomalies are
possible to be obtained from dense surveys. Moreover, the
advantages of these data are calculation of 3-dimensional
crustal structural models and estimation of physical
properties, i.e., density, magnetized intensity, and so on.
Of course, modeling due to potential data always suffered
from problems of the uniqueness of solution. However, if
gravity, magnetic anomaly, and seismic reflection data are
obtained on the same lines, we can get some kinds of
constraint conditions for the crustal structural modeling.

Results of gravity and magnetic studies estimate a present
shape of basement and physical properties. It is very

important to know basement structure and physical properties

p.6 / 104




for discussion of the tectonics based on the geological

studies. In this study, a basement structural model due to

gravity and magnetic anomalies was calculated, and discussed
about tectonic models proposed by Okamura et al. (1995b) .

The review of geologic studies and tectonics in this area

is shown in next Chapter.
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2 .Geological Background
This chapter outlines topographic feature, geological
structure, and tectonics due to results of geologic studies

by Okamura et al. t18992,1994,1995a; "19IBD, 1996a, 1996b¥.

2.1. Outlines of Bathymetry
Gy ‘Outlines

Topographic feature of the central part of eastern margin
of the Japan Sea is divided into some parts (fig.2-1-1). For
example, they were (1) Dewa Bank Chain, (2) Sedimentary
Basins, (3) continental shelf, (4) Mogami Trough, (5) Sado
Ridge, (6) Okushiri Ridge, (7) Toyama Trough, and (8) the
vamato Basin and the Japan Basin. Roughly speaking, the
Mogami Trough and the Sado Ridge trend in parallel to
northeastern Japan arc (in NNE direction). Otherwise, the
Toyama Trough trends in N-S direction, and it crosses to the
west side of the Sado Ridge.
(1) Dewa Bank Chain

The Dewa Bank Chain is located between the Tobishima
Island (t in Fig.2-1-1) offshore Sakata and Oga Peninsula.
The chain consists of the Tobishimatai Bank (R15), the
Shinguri Bank (R11), the Ogamukouse Bank (R12), and small-
scale banks between the Shinguri Bank and the Tobishimatai
Bank.

(2) Sedimentary Basins

There is the Sado Basin between the Honshu Island and the
Sado Island. Moreover, small-scale basins were formed
between the Dewa Bank Chain and the continental shelf. They
are the Tobishima Basin (B2) and the Oga Basin (B3). In
addition, the Nishi-Tsugaru Basin (B4) was formed between
the Tsugaru Peninsula and the Okushiri Ridge.

(3) Continental shelf
The width of the continental shelf off Tohoku district has

p-8 / 104
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variety. The widest part is off Niigata and it is about 50km
wide. Next is off Akita and off Noshiro, it is about 30km
wide. Otherwise, the narrowest part is west of the Oga
peninsula or off Honjyo, it is less than 15km wide. It is
the 15km following with west of Oga Peninsula, off Honjyo to
be narrow on the other hand.

(4) Mogami Trough

The Mogami Trough trends in NNE direction from east of the
Sado Island. Its trending is changed into N-S at off Akita.
The length is about 250km from the Sado Island to west of
the Tsugaru Peninsula. It is burying into the Japan Basin
around Latitude 40 ° 30'N.

The Mogami Trough can be divided into northern(>40° N),
central(39° N-40° N), and southern(<39° N) parts. The
northern part of the Mogami Trough is deeper than southern
part. The southern part is 600-700m deep, and 15-20km wide.
Moreover, deep-sea channels on a south side slope descend to
the bottom of the trough. The central part is 700-1,500m
deep, and 20-40km wide. The water depth 1is increasing like a
step forward to the north. The northern part is 2,000-3,000m
deep, and 20km wide. The water depth of »£he north.-end,.of the
trough is more than 3,000m, and the trough continues to the
Japan Basin there. A discontinuous channel, which was known
as the Mogami deep channel, was developed in the central and
the northern parts of the trough. Sakurai and Sato (1971)
divided the Mogami Trough due to the basement structure into
the Gassan-area, the Torimi-area, the Tobishima-area, and
the Shinguri-area from the south. The Gassan-area
corresponded to the southern part, the Torimi-area and the
Tobishima-area corresponded to the central part, and the
Shinguri-area corresponded to the northern part,
respectively.

(5) Sado Ridge

p.9 / 104

The Sado Ridge was developed and bounded the western
margin of the Mogami Trough. The ridge is 200-700m high from
the bottom of the trough with steep slopes. It is one of
major uplift zones in this study area, and trends in NNE
direction. It is more than 250km long including the Sado
Island, and maximum width is 80km(Iwabuchi, 1968). The ridge
consists of many small ridges trending N20-70° E direction.
In addition, the ridge is divided into southern and northern
parts.

The southern part of the Sado Ridge is 30-50km long, 10-
20km wide, and 87-150m deep. These banks are larger and
shallower than the northern part of the Sado Ridge. Some
banks in the southern part are shallower than 150m deep, and
their tops are erosional flat surfaces.

On the other hand, the ridges chain located north of
latitude 39° N is less than 30km long, and deeper than 180m
except the Kamaguri Bank(R8). Moreover, they don't have
erosional surfaces. They have similar characteristic
features to mountain chains of the Sado Island. The small
ridges in southern part of Sado Ridge are asymmetric. Their
southeast sides are steep, and the northwest sides are
gentle. In addition, many erosional surface of the top of
the banks incline to the northwest side (Iwabuchi, 1968).
(6) Okushiri Ridge

The Okushiri Ridge is located north of the Tsugaru
Peninsula that trends in N-S direction. It is at least 400km
long along the west of Hokkaido, from the Tsugaru Peninsula
to latitude 44° N trended in N-S direction. In addition, the
Japan Basin spreads for the west of the ridge. The Kyuroku
Jima Island (k) is a volcano formed at the south end of the
Okushiri Ridge. Northern part from the Kyuroku Jima Island,
the Okushiri Ridge consists of two prominent anticline

zones. The west one continues from 40° 30'N to 41° 65'8, it
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is about 70km long, the water depth of on the axis of
anticline is shallower than 1,500m. The east one trends in
north increasing depth gradually from the shelf of the
southeast of the Kyuroku Jima Island to around 40° 48'N
where it is burying into the Nishi-Tsugaru Basin(B4). Other
anticline appears in northern area from latitude 40° 54'N,
getting larger toward north(Okamura and Sato,1993).
(7) Toyama Trough

The Toyama Trough trends in N-S direction between the Sado
Island and Noto Peninsula. It is 200km long, and 20-50km
wide. The bottom of the trough is 1,000m deep in the Toyama
Bay, and 1,800m deep at north end where connected to Yamato
Basin. The Toyama deep channel develops as excising 200-800m
deeper for the bottom of the trough. It is bounded by steep
sloped on east and west side. At the west of the Sado
Island, the slope is especially steep and it is 1,500m high
from the bottom. The prominent deep-sea channel was
developed on the southeast steep slope (Okamura et alag

1994,1995a) .
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Bathymetric contour map of the southern part of the eastern margin of
the Japan Sea.

a:Awashima Island, k:Kyurokuiima Island, t:Tobishima Island,

B1:Sado Basin, B2:Tobishima Basin, B3:0ga Basin, B4:Nishi-Tsugaru Basin, M1:Matsu
Seamount, M2:Maiyo No.2 Seamount, M3:Maiyo No.3 Seamount, R1:Sado Bank,
R2:Hyotanguri Bank, R3:Gassanguri Bank, R4:Mukouse Bank. R5:Awashimaguri Bank,
R6:Torimiguri Bank, R7:Mogamitai Bank, R8:Kamaguri Bank, R9:Yahikotai Bank,
R10:Koshijisho Bank, R11:Shinguri Bank, R12:0gamukouse Bank, R13:Nishi-
Tsugarutai Bank, R14:Kojimatai Bank, R15:Tobishimatai Bank
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2.2. Geology of Sado Ridge, Dewa Bank Chain, Mogami Trough
and Okushiri Ridge and their vicinities

Isolated topographic highs are called as small ridges
here. In this study area, there are three major lines of
small ridges. They are the Sado Ridge, the Dewa Bank Chain,
and the Okushiri Ridge. In addition, there is the Torimiguri

Bank (R6) in the central part of the Mogami Trough.

2.2.1. Basin Inversion

Okamura et al. (1992,1995b) suggested that many small
ridges located from the Sado Ridge to the Mogami Trough were
formed by reactivation of the normal faults. The normal
faults were formed along the half graben in the extensional
field, and after the stress field was changed to the
compression, they reacted as reverse faults. Such a
tectonics is called as the "Basin Inversion". A schematic
diagram of the "Basin Inversion" was shown in Fig.2-2-1
(Williams, et al., 1989). The small ridges consist of syn-
rift sediments exist reverse faults reactivated normal
faults when the stress field was changed from extension to
compression. They are main features of the small ridges

formed by the "Basin Inversion".

2.2.2. Tectonic History of Northeast Japan

Sato (1994) divided changing stress field of Northeast
Japan in late Cenozoic. It divided into three steps due to
direction of dike swarms and faults (Fig.2-2-2). These steps
are the Extensional stage (25-13Ma), the Transitional stage
(13-3.5Ma), and the Compressional stage (3.5Ma-present).
Okamura et al. (1992,1995b) suggested that small ridges were
formed in four major tectonic stages due to sedimentary
structures. ‘They are 1) rifting stage (an Earlypito Early

middle Miocene), (2) post-rifting stage (middle Miocene to
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late Miocene), (3) pre-inversion stage (a Late Miocene to
pliocene), and (4) inversion stage (a Late Pliocene to
Quaternary) .

A schematic cartoon of tectonic history of the Sado Ridge
formed by "Basin Inversion" 1s shown in Fig.2-2-3 after
Okamura et al. (1995b). In the figure, (a), (by,»and (c)
indicate rifting stage, (d) indicates post-rifting stage,

(e) indicates pre-inversion stage, and (f) indicates
inversion stage. According to these four stages, tectonics
of this study area is reviewed. In addition, names of places
arershowntin Figul-1s1.

(1) Rifting stage (early Miocene to early middle Miocene)

The Japan Arc was a part of the Eurasian Continent in
Oligocene. In addition, in Early Miocene, the Japan Arc
started a seaward shift from the Eurasian Continent because
its stress field became extension. Therefore, many rifts
were formed and the detritus sedimentation was started (Kano
et -aki,t199t: “8SBato;~199¢4) . Okanmura et al. (1995b) called the
period as the rifting stage. During the rifting stage,
small-scale half grabens were formed under the Sado Ridge,
the Mogami Trough, and the Dewa Bank Chain (Okamura et ~
1995b). And the large scale rifts were formed under
sedimentary basins from off Niigata over northern part of
Fossamagna of Niigata Plain and from north of Tobishima
Island over Akita Plain. Otherwise, half grabens whose
structures were similar to under the sedimentary basins were
also formed under the southern part of the Sado Ridge.

The half grabens under the southern part of the Sado Ridge
were discontinued by normal faults on their east side, and
the grabens were inclined to southeast. The normal faults
trended in NNE-NE directions, though they were bent from N-S
to ENE directions. The widths of rifts were 5-15km, and the

longer rift was wider one. A few parallel intermittent
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normal fault lines bounded on each large scale rifts. These
normal fault lines were more than 50km long; the maximum
displacement was more than 1,000m. On the other hand, the
size of small rifts was only 1/5 of the large rifts. At the
end of the rifts, displacement became smaller; strike was
changed and diverged.

On the other hand, a small half graben whose width was 10-
20km was formed between the Torimiguri Bank (R6) and the
Awashima Island (a). In addition, a small half graben whose
width was 5-10km was formed under the west of Dewa Bank
Chain. Moreover, under the northwestern slope of the
Torimiguri Bank (R6) and under the Mogami Trough, small half
grabens were formed, too. Though the structural feature of
this half graben was similar to that of the southern part of
the Sado Ridge, their scale was much smaller. Large scale
rifts trended in N-S direction. On the other hand, most of
all small scale rifts trended in NE-direction.

(2) Post-rifting stage (middle Miocene to late Miocene)

The post-rifting stage was a stable time, in which rifted
continental slope widely subsided. Any distinctive faults
and folds were not formed in this stage. Unit III or sub-
unit IITIa (see Fig.2-2-3) widely covered the rifts and the
uplifted zone. This indicates the subsidence of whole the
Sado Ridge, the Mogami Trough, and the lack of significant
tectonic movement during the deposition of this unit. And
Unit IITIa was generally thicker above the rifts than the
uplifted zone, because the rift which were formed in the
rifting stage were still topographic lows before the
deposition of Unit III.

(3) Pre-inversion stage (late Miocene to Pliocene)
The pre-inversion stage for late Miocene to Pliocene was 1n
slight compressional stress field and began tectonic

movement caused by a gentle compression. The most
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distinctive change was subsidence of the Torimiguri Bank (R6
in Fig.2-1-1) of central part of the Mogami Trough. Some
subsidences similar to the Torimiguri Bank were recognized
in the uplift zone of the Sado Ridge. Moreover, small-scale
anticlines began to grow in the south of Awashima Island (a
in Fig.2-1-1). These anticlines trend in N-S direction and
reach to the Torimiguri Bank. This suggests these anticlines
were relevant to the Torimiguri Bank. On the other hand,
Dewa Bank Chain was almost stable in this stage.

(4) Inversion stage (Pliocene to Quaternary)

Most of distinctive folds and reverse faults were formed by
reactivation of the normal faults caused by E-W
compressional stress field from Pliocene to Quatermnary. And
upper plates of the reverse faults were uplifted on westward
tilts, because the normal faults which were distributed
under Sado Ridge and Dewa Bank Chain were had westward
tilts. Then, anticlines that were formed on the upper plate
have asymmetry sections. The strike of the normal faults and
the reactivated reverse faults were in NE direction.
However, the uplift zones that were located off Niigata and
off Sakata were basement high areas during the rifting
stage. Then uplifting during the inversion stage was not the
reactivation of the normal faults, and the reverse faults
must be newly formed. Though the Awashima uplift zone might
be a part of the rift during the rifting stage, it was not
cleared whether reverse faults were formed by reactivation
of the normal faults or by new activation. The Awashimaguri
Bank (R5) was anticline which had symmetric section, but
there was not clear that it accompanied with reverse faults.
The Torimiguri Bank (R6) accompanied with normal faults
which were not reactivated.

On the other hand, during the inversion stage, direction

of compression is almost E-W. Then, a whole of uplift zone
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trended in N-S direction which was rectangular direction of
compression, and the faults was supposed to be en echelon
arrangement. It supposed that the beginning of reactivation
as reverse faults was different by a place during the period
(Watanabe et al., 1994, Okamura et al., 1995b). The
structural map was shown in Fig.2-2-4 (Okamura et al.,
1995b). The areas covered with late rift sediment (Unit II

in Fig.2-2-3) were considered "Basin Inversion" structure.

2.2.3. Okushiri Ridge

The Okushiri Ridge as a structural uplift zone continues
to around the Oga Peninsula, as its topographic feature of
the Okushiri Ridge was described before. The uplift zones
from the Oga Peninsula to the Kyuroku-Jima Island become a
few anticline lines spacing out 6-9km. East side of each
anticline was steep. In addition, the east dipping faults
often cut the slopes. Axis of anticlines trend in N-S to SSW
directions southern than 40° 20'N, but it changed to NNW in
the area where its topographic feature becomes clear, from
40° 20'N to the Kyuroku-Jima Island.

A distribution of reverse faults by Okamura and Kuramoto
(1996) was shown in Fig.2-2-5. The structure around the
Okushiri Ridge was quite different from that of the Sado

Ridge which were formed by "Basin Inversion"(Okamura and

Sato, 1993}).,
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Fig.2-2-1
Schematic diagram of a classical positive inversion structure.A,B, and C
are stratigraphic sequences. A:prerift, B:synrift, C:postrift sequence.

after Williams et al(1989)
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Fig.2-2-2 and Table.

Reqional stress field in NE Japan since 32Ma. and the table shows the trend of Late

Cenozoic Dike swarms in Northeastern Honshu, after Sato(1994).

Table . Trend of Late Cenozoic Dike Swarms in Northern Honshu

No. Site O Stage  Age, Ma N ¥ Recf.

1 Oga ENE-WSW | — s 5

2 Sado NE-SW 2A 22.6-29 - - 6

3 Atsumi 30 2A 32 0.66 1

4 Tohachiyama 20 2A 23 0.63 |
5 Rhyozen 20 A 213 2 197 0.58 .4 b
6 Tsugaru -40 2B 17 0.40* 7
7 Kawasaki 1S 2B 70 0.47 8.9
o 8 Tamaniwa -35 2B 350 —— 3
3 9 Wakamatsu -40 iB 13 — 3 &

10 Tsugawa -30 2B 98 0.29* 10

11 Takizawagawa NW-SE 28 — — 11

12 Yuzawa -20 . 2B 600 e 12, 3

13 Tomari -70-90 2C-3A 240 — 13

14  Aosawa 60 2C-3A 374 0.44~ 14, 15

1S  Obara 50. 85 20 23 — 16

16  Tamaniwa 40 20 22 0.45* 3

17 Wakamatsu 55 25 22 0.40* 3

18  Tadami NE-SW 20 —— - 11

19 Minakami 50 "L 8 107 0.42* 17

20 Tsugaru 20-60 3A 18 — 7

21 Ogi -5 3A 12 50 0.40 1.2. 4

22  Tadami 5 2C-3A 57 0.56 i ¥

23 Tanigawadake 25 3A 12.0-12.3 54 0.80 1.2. 4

24 Shimokura 45 3B 8 108 0.38* & 4

15 Shiragami 60 3B 5.1, 5.6 20 0.25 1.2. 4

26  Tochiku -20 3B 50 0.39 l

23 Kirizumi -80 3B 6.5 o — 2.4

28  Yoncyama -75 4 2.542.8 33 0.42 [,2.4
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Fig.2-2-3

Schematic cartoon showing the structural evolution of a typicaltructural
ridge.

(a)Rift initiation and deposition of Unit | in the Early Miocene.

(b)Uplift and erosional truncation at the end of Unit I.

(c)Deposition of Unit Il by subsidence and transaression in the Early to early Middle
Miocene.

(d)Post-rift subsidence and Unit |l deposition in the Middle to Late Miocene.
(e)Down warp of the former rift in the Late Miocene to Pliocene.

(f)Basin inversion by reactivation of the former normal fault in the Pliocene to
Quaternary.

after Okamura et al(1995b)
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Structural map of the southern part of the eastern marqgin of the Japan Sea. Most of
present ridgeswere rifts in the Early Miocene period and have been uplifted by the
change of fault movement from normal to reverse sense. Basement structure of the
shelf and shelf slope areas is not shown, because it is not clearly resolved by multiple

reflections.
after Okamura et al(1995b).
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Bathymetric contour and structural map of the west of the Tsugaru
Peninsula.

after Okamura and Kuramoto (1994)




2.3. Neogene Basins: Eastern Japan Sea Rift System
Sedimentary basins develop under a continental shelf 1in
the Japan Sea, and it 1is a prominent oil field in Japan. For

this reason, many surveys for petroleum were carried out.
Though these original data were not opened to the public,
Suzuki (1989) published these data and divided sedimentary
basins based on them (Fig.2-3-1). In addition, he described
tectonics, structure, and origins about individual
sedimentary basins. He defined the conditions about
Sedimentary Basins. They were that Neogene and Quartanaly
sediment layers were 1) thicker than surroundings, 2)
remarkably changed of configuration of deposits, 3) clearly
dislocated or thinned by faults and/or basement high.
Sedimentary basins were called with (1) Ajigasawa, (2)
Nishi-Tsugaru, (3) Noshiro, (4) Akita, (5) Yamagata or
Mogamigawa-oki, (6) Niigata, (7) Sado, and (8) Naoetsu Basin
from the north. Some features of five sedimentary basins in
this study area were described by Suzuki (1989).
(1) Ajigasawa Basin: It includes Tsugaru Plain in the
western part of Aomori Prefecture and it's offshore. The
eastern boundary between the basin and acoustic basement 1is
the normal fault trended in NE-SW direction. The northern,
southern, and western boundaries are uplifted zones of the
acoustic basement which is consists of the green-tuff. The
area is 10kmX50km. The sediment layer thickness 1s more
than 1,500m, and maximum is about 3,000m. In addition, a
thickness of Quartanaly sediment 1is 2,500m, and a young
stratum is extremely thick. In generally, the sediment layer
is characterized by a few sand beds and most of all consists
of mudstones accumulated in sub-deep sea.
(2) Nishi-Tsugaru Basin: It locates on the west of the
Ajigasawa Basin. The basement depth is estimated about

4,000m by the result of a multichannel seismic reflection
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profiling. The area which thickness of deposit is more than

1,500m is 20kmXx 70km. The maximum thickness is estimated at
2,500m.

(3) Noshiro Basin: It includes Noshiro Plain in the northern
part of Akita Prefecture and offshore. The eastern boundary
is the Ouu Mountains and the northern boundary is the
Shirakami Mountains. Both boundaries are uplifted zones of
the basement which is consists of the green-tuff. The
western boundary is the north prolongation of the Dewa Bank
Chain, which continues from Tobishima Island to Oga
Peninsula. It bounds on normal faults. The south boundary is
ambiguous, but around Oga Peninsula, it connects to the
Akita Basin. The area which thickness of deposit is more
than 1,500m is 40kmX 40km. The maximum thickness is
estimated at 3,500m, and it locates close to the Noshiro
coast.

(4) Akita Basin: It includes Akita Plain in the central and
southern part of Akita Prefecture and offshore. It is
bounded on the west by the reverse faults along the Dewa
Bank Chain. The eastern boundary is the Dewa Mountains and
the Ouu Mountains. In addition, it is bounded on the north
by the Noshiro Basin. The south boundary is ambiguous, but
it is estimated around the tie line from Tobishima Island to
Mt .Chokai. The area which thickness of deposit is more than
1,500m is 45kmX90km. The maximum thickness is estimated at
more than 5,000m. The acoustic basement is consists of thick
andesite and basaltic tuff breccia.

(5) Yamagata (Mogamigawa-oki) Basin: It locates in north of
the Awashima Island area, offshore Asahi mountains. It is
bounded on the Mogami Trough by Awashima uplift zone. The
area which thickness of deposit is more than 1,500m is 30km

X 50km. The maximum thickness 1s estimated at 3,000m.

p.18 / 104

137°E  138°E  139°E  140[E .
‘Algpasaﬁfg:
T4T1N Nishi-Tsugaru
140°N @0 (3)Ngshiro
ot
o : /
6\\) Akita /||
@
139°N -
Yamagata _
(Mogamigawa+oki)
il N" t
"38°N %} 'Q‘ , ”gaa
\\\\': |
(@/sado
i
4137°N Naoetsu
’ . 100km
Fig.2-3-1

Sedimentary Basins of the eastern margin of the Japan Sea.

after Suzuki(1989).
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2.4. Models of Japan Sea Opening

The Japan Sea 1s a back-arc basin formed by a seaward
shift of the Japan Arc from the Eurasian Continent mainly in
the Early to Middle Miocene (Tamaki et al., 1992). Several
different kinematics models have been proposed for the
spreading of the Japan Sea. One of well-known models is a
double-door open model proposed by Kawai et al. (1971) and
revised by Otofuji et al. (1985). This model is based mainly
on paleomagnetic data indicating 45° -60° clockwise
rotation of southwest Japan and anti-clockwise rotation of
northeast Japan(Fig.2-4-1). In contrast, Lallemand and
Jolivet (1986) proposed that the Japan Sea 1is a pull-apart
basin bounded by strike slip faults at its eastern and
western boundaries based on the overall geometry of and
fault movements around the Japan Sea. Jolivet et al. (1991)
and Jolivet and Tamaki (1992) proposed an integrated model
that the Japan Arc shifted southward and the northeast Japan
rotated anti-clockwise, and the southeast Japan rotated
clockwise respectively (Fig.2-4-2). According to the double-
door open model, the eastern margin of the Japan Sea was a
pure extensional zone. While according to the integrated
model, the eastern margin of the Japan Sea was strike slip

or transtensional movement zone.
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Fig.2-4-1

130° E

da
45°N| Asian *
continent /2
500
40 Nt’l |
35°Nh\’%0re E‘;\R
Asian
45°N| continent
@)
North-east
oy ub-basin
40" N| Sea 4
K
35°NL
(®) South-west
N sub-basin

I800E

140°E

Double-door opening mode of the Japan Sea. a, Palaeopo-
sition of the north-east Japan and south-west Japan arcs before
the rotation at 21 Myr. b, Possible opening mode for the Japan
Sea. North-east Japan rotated about a northern pivot (146°E,
44° N) through 50° and south-west Japan rotated about a southern
pivot (129° E, 34° N) through 54°. Both arcs rotated concurrently
between 21 and 11 Myr. The clockwise rotation of south-west Japan
is attributed to a typical fan-shape opening of the south-west
sub-basin, while the counter-clockwise rotation of north-east Japan
1s due to a sub-parallel opening (a fan shape opening with a fairly

parallel mode) of the north-east sub-basin.

after Otofuiji

et al. (1985)
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Fig.2-4-2 Simplified geometry of the Japan Sea opening
after Jolivet and Tamaki [1992]. Distributed extension and
oceanic spreading with westward propagation
accommodate the southward motion of Japan along two

major shear zones.




2.5. A nascent subduction zone?

In Quaternary, stress field of the eastern margin of the
Japan Sea changed to E-W compression from extension as seen
as many reverse faults, dikes, veins, and earthquakes of
reverse fault type. Kobayashi (1983) and Nakamura (1983)
proposed that the eastern margin of the Japan Sea was a
nascent subduction zone, and seafloor of the Japan Sea
underthrust the Japan Arc. This proposal was based on some
occurrences. They are; (1) reverse fault type earthquakes,
(2) existence of active folds and faults by compression, (3)
fast rising up of the Japan Alps, (4) spreading the
compressional zone from a trench at the northeast Japan,
west of Hokkaido, and southwest of Sakhalin, and (5)
topographic feature of east and west side of the Japan Sea.

According to Nakamura (1983), a plate boundary exists from
east side of the Yamato Basin, through with Toyama Trough,
and enter to Itoigawa-Shizuoka Tectonic Line (Fig.2-5-1).

Asada, et al. (1989) considered that thickness of a crust
of Toyama Trough was 15-20km that was the middle value
between the oceanic and the continental crusts. Moreover,
the west and east of trough are quite different in
bathymetry of a continental slope and geological structures.
Then, even if the trough is a plate boundary or not, it 1is
an important structural boundary.

Kato et al. (1990) carried out two profiles over Toyama
Trough with a multichannel seismic reflection survey, and
showed that both west-dipping and east-dipping reverse
faults were growing there. It suggested that it was not
simple subduction, because Toyama Trough was seemed not to

be a plate boundary, or it was quite nascent.
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An incipient subduction zone in the eastern margin of the Japan Sea
proposed by Nakamura(1983).

(It is the same as Fig.1-1-3. )




3.0utline of survey

3.1. Surveys on R/V Hakurei-maru

Geological and geophysical data of the continental shelf
in central eastern margin of Japan Sea, from off Aomori
Prefecture to off Niigata Prefecture were collected for five
years by 1993 since 1989. This study was supported by the
Agency of Industrial Science and Technology special research
program "Geological Investigation of the continental shelf
in central eastern margin of Japan Sea". The investigation
cruises using the R/V Hakurei-maru (Metal Mining Company
ownership, 1,831 tons) were carried out six times. These
cruises are called as GH89-2 (from May, 2nd to July, 10th,
1989), GH89-4 (from September, 7th to October, 6th, 1989),
GH90 (from April, 13th to May, 22nd, 1990), GH91] (from June,
23rd to July, 31st, 1991), GH92 (from June, 22nd to July,
31st, 1992), and GH93 (from June, 21st to July, 30th, 1993)
cruise. In this research, main data were acquired from GH89-
2 to GH92 cruises, and a supplementary investigation was
done in GH93 cruise. Author participated in GH91 cruise, and
acquired bathymetry, position, gravity, magnetic total
force, and magnetic vector data. All of data which author
used in this study were obtained from five cruises (GH89-2,
GH89-4, GH90, GH91, and GH92) with R/V Hakurei-maru.

During the R/V Hakurei-maru cruises, five kinds of
observations were carried out on the same survey lines. They
were bathymetry with a 12kHz PDR, surface layer profiling
with a 3.5 kHz SBP, single channel seismic reflection
profiling using air guns as a sound source, magnetic total
force measurement with a proton precession magnetometer, and
gravity measurement with an on-board gravity meter.
Moreover, dredging, getting core samples with a rock corer
or gravity corer, and getting surface sediments with a glove

sampler were carried out at many points in the study area.
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Basically, sediment samplings were done in the daytime, and
running observations were done in the night time.

Survey lines were obtained about 5,900miles in GH89-2,
2,900miles in GH89-4, 3,780miles in GH90, 3,830miles in
GH91, and 3,080miles in GH92. Then, we got about 19,400miles
in total. The distribution of survey lines is shown in
Fig.3-1-1. Survey lines were designed as 3.3 nautical miles
(5.9km) in parallel to the coast and 1.6 nautical miles
(2.9km) in cross to the coast mesh. It is much denser than
previous surveys. For example, Hydrographic Department of
the Maritime Safety Agency carried the survey at intervals
of 2 nautical miles for WNW-ESE or E-W direction (Sato,
1971). Our data have advantages of the accuracy of
positioning, therefore we could find detail topographic
features from our new data. For example, shape of banks and
small basins were different from previous maps (Miyazaki and
Sato, 1992). Because, the accuracy of positioning was about
1 nautical mile in 1970's(Sato, 1971). In contrast, our data
was about 0.1 nautical mile (Miyazaki and Sato, 1992).

Our advantages are not only topographic features but also
magnetic anomalies. Many previous surveys were not designed
as mesh. Then they couldn't show detail magnetic anomaly

maps. The reasons were described later chapters.
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Fig.3-1-1
Seismic, Gravimetric, and Magnetic Survey lines during five R/V
Hakurei-maru cruises, GH89-2, GH89-4, GH90, GH91, and GH92.




3.2. Survey systems on R/V Hakureil-maru

The system of sea borne surveys at R/V Hakurei-maru was
introduced. First, a single channel seismic reflection
system was described. Two air guns (by Bolt Co.) are towed
behind a survey vessel as the sound source. Wave shape kits
were attached to airguns to shorten for pulses. The air guns

were triggered at a fixed firing rate. The air gun chamber

size 1is 120 inch3 (2.0litters). Moreover, signals reflected

from the seabed and from sub-bottom reflectors are detected
by a hydrophone streamer consisted of 100 elements. The
hydrophone streamer is towed behind about 150m from the
vessel. The outputs of individual hydrophone elements are
band-pass (30-400 Hz or 40-400 Hz) filtered to reduce noise.
In addition, the outputs are summed and fed to a single-
channel processor unit, and recorded to a Line Scan Recorder
(LSR 1811 by Raytheon Co.) of an each 4sec or 2sec scanning.
A resolution of a vertical direction of a profile that 1is
obtained with this system is about 35-60m. Similar
reflections were regarded as the same sequences; a
stratigraphic division was done as considering unconformity
(Okamura et al., 1994, 1995a, 1996a, 1996Db).

A surface sedimentary layer investigation using 3.5 kHz
Sub Bottom Profiler (SBP). A transceiver PTR105B (by
Raytheon Co.) cooperated the system with a signal processor
CESP-III. In addition, signals are fed to a Line Scan
Recorder (LSR 1811 by Raytheon Co.). The pulse length is

50ms. They are transmitted every two seconds, and their

record length on the LSR is 1 second. A resolution of
vertical structure of this 3.5 kHz SBP profiles is 1-2m.

However, it is hardly to see submarine structures at the

area covered with sandy deposits.

* :
Gravity surveys are used an on-board gravity meter which =
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is a straight-line type (SL-2) by the LaCoste & Romberg
company. A measurement resolution is nominally lmgal. We are
fundamentally measuring gravity during the cruise. Data are
fed every 10 seconds to a complex positioning system, and
recorded on magnetic tapes with positioning data, NNSS (Navy
Navigation Satellite System) and LORAN-C (LOng RANge
Navigation) or GPS (Global Positioning System). This complex
positioning system was replaced to Magnavox Series 5000 1in
1990. Then, after 1990, R/V Hakurei-maru uses Single-GPS and
NNSS for deciding its position.

Magnetic surveys are used a proton precession magnetometer
(by EG&G Geometrics, type G801D in 1989, and type G866 since
1990). A magnetometer is towed behind the vessel about 250m.
A measurement resolution is nominally 0.5nT. Data are fed
every 10 seconds to a complex positioning system, and
recorded on magnetic tapes with gravity, positioning and
other data.

Since 1990, magnetic vectors were measured with the
Shipboard Three Component Magnetometer (Telatechnica, SFG-
1211). The magnetometer consists of magnetic sensor unit,
control unit, and ship's attitude sensor unit. The magnetic
sensor unit is set on the upper deck. There i1s a dome made
by aluminum on the top of the 1.5m height pole. There are
ring core type flux gate magnetometers that are set as head,
starboard, and downward, and a platinum thermometer in the
dome.

As a ship's attitude measurement unit, a horizontal
attitude meter (Tamagawa Seiki, TA7175N2) to measure
pitching and rolling of a ship is set on a floor of a
research room in the ship. Yawing data are come from the
gyrocompass (Yokogawa Navitec, CMZ300X) of the bridge of R/V

Hakurei-maru.

A control unit has a 16bit A/D converter. Magnetic field
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data(3nT/LSB), ship's attitude(yawing, 0.1° ; pitching and
rolling, 0.01° ), and temperature(l°C) are fed to the

control unit by 8Hz sampling. Otherwise, ship's position and
speed come from the complex positioning system (Magnavox
series 5000) every 10 seconds. These data are recorded on
digital audiotape (DAT). Later processes use the mean value

of 1-sec data (Fig.3-2-1).
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Block diagram of a three component magnetometer system equipped

on-board the R/V Hakurei-maru.




3.3. On board processing

In this section, the on board processing for editing
cruise files is shown. As an example, the case of GH91
cruise was described. However, the post-processing computer
was replaced to UNIX workstations with enough hard disks in
1993. Though a fundamental procedure doesn't change, present
cruise files are recorded on 8mm videotapes instead of open-
reel magnetic tapes.

The positioning system collected data from NNSS, GPS (or
LORAN-C), a ship's speed meter, the 12kHzPDR, the
gyrocompass at the bridge, the gravity meter, the proton
precession magnetometer, and so on every 10 seconds. These
were edited a cruise file called as 'CR80 file' with a post
processing computer at the No.5 Laboratory on the bottom
floor of R/V Hakurei-maru. The CR80 file was edited from
each cruise data. One cruise means during from the departure
port to the arrival port. CR80 files don't include data of
single channel seismic profiling and Shipboard Three
Component Magnetometer.

CR80 files are formatted to one record as 80 byte. In
addition, it can be convertible into the MGD77 format of
Japan Oceanographic Data Center. Data are collected every 1-
minute in time. The concrete items of the CR80 file are
shown in Table 3-1-1 (after Kisimoto et al., 1984).

Experience has shown that the position data from the
positioning system often suffered from many kinds of noise.
Therefore, they often need to be checked and corrected for
the post-processing.

In 1991, because a receiving condition of GPS signals was
poor, position data were corrected for CR80 file output.
They were recalculated after rejecting the data to be judged
that an error is large, as checking for a receiving

condition of NNSS and GPS (or LORAN-C). However, recently,
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this correction isn't required so often, because a receiving
condition of GPS becomes good.

As for bathymetry data, they were digitized from analog
chart of LSR for 12kHzPDR. Though digital output of 12 kHz
PDR were fed to the complex positioning system, there were
many errors in output numerical value, where topographic
inflection is strong. Therefore, bathymetric data to be
edited as CR80 files were digitized with a digitizer from
12kHzPDR analog charts almost every day in the cruise.

We finally get the free-air anomalies trough on-board
processes. It is necessary to correct for all variations in
the Earth's gravitational field, which do not result from
the differences of density in the underlying rocks. They are
drift correction, Eoetvoes correction, and free-air
correction.

First for drift correction, we need to know the absclute
gravity value at the wharf of departure port and at the
wharf of arrival port of the cruise. Usually, the gravity
base was the pier for R/V Hakurei-maru at Funabashi, Chiba
Prefecture. The base value was the absolute gravity. And
another base value at a wharf was obtained from a relative
value between the nearest station where showed an absolute
gravity of IGSN 1971 system by Geographical Survey Institute
of Japan, for example at a meteorological observatory. The
relative gravity was measured with a portable gravity meter,
LaCoste & Romberg D-type. In the GH91 cruise, gravity bases
were set at Funabashi Port and Sakata Port. The absolute
gravity at the wharf of Sakata Port was obtained from
relative value between the wharf and Sakata meteorological
observatory. Moreover, correction for instrumental drift 1is
based on the difference in gravity readings and in absolute
gravity between the Funabashi Port and the Sakata Port.

Drift is assumed linear during the cruise. At that time, we
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obtained 0.l1l7mgal/day as the drift (Morijiri and Yamazaki,
1992a) .

After drift correction, the absolute gravity at each
observation points (gobs) was calculated from the known
value of difference between each point and the base
(Funabashi Port).

The Eoetvoes correction (EC) is applied to gravity
measurements which taken on a moving vehicle such as a ship
or an aircraft. Depending on the direction of travel,
vehicular motion will generate a centripetal acceleration
that either reinforces or opposes gravity. The correction

required 1is
EC=7 .583Vsine cos ¢ +8 . 894154V2 (mgal)

where V i1s the ship's speed in knots, & 1s the heading, and
@ 1s latitude at observation points.

The free-air anomaly (FAA) is defined

FAA=ngs—g@+FAC+EC {3-3~1)
Where, gj is theoretical gravity and FAC is elevation

correction. FAC is given by

FAC=-0.3086h (8-3-2)
Where h is the height of observation points above sea level.
Then observations on the sea always give FACs as zero. The

values of g, at each observation points were calculated from

the International Gravity Formula (International Association

of Geodesy 1967).
g@=9.78@31848(1+G.E653ﬂ24sh%2¢-ﬂ.ﬂﬂ65658$in2(2¢>)) (3-3-3)

where ¢ is latitude at observation points.

Magnetic anomalies were deducted values of IGRF85
(International Geomagnetic Reference Field, IAGA Division I,
Working Group 1,1987) from measured values. We didn't

consider diurnal variation of geomagnetic total force. At
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the GH91 cruise, IGRF90 (IAGA Division V, Working Group . .o
cR80 File (after Kisimoto et al., 1984)

8,1991) wasn't published yet. After the publishing, magnetic

anomalies were recalculated anomalies using IGRF90 ;mADU{R<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>