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Abstract

A stratigraphic sequence in the Yamato Basin is acoustically dis-
tinguished between the central and northeastern portions. In the
central portion we can identify at least six acoustic units. Units ex-
cept acoustic basement and volcanic apron sediments distributed around
the Yamato Seamounts Chain are correlated with four detrital turbi-
dites from middle Miocene to Recent.

The Toyama Deep Sea Fan, uppermost unit, has been formed since

°0.5 Ma based on the drilling result of DSDP Site 299. The huge sedi-
ments supply to the Yamato Basin through the Toyama Deep Sea
Channel was presumably caused by the uplift of the Hida Mountains.

The acoustic basement of the Yamato Basin is characterized by
smooth morphology associated with low frequency stratified reflectors
when compared to normal oceanic layer II. We propose that the
acoustic basement is composed of an alternation of sediments and sill.
The Yamato Seamounts Chain aligning in NE-SW direction in the
central portion of the Yamato Basin was built by the same volcanism
responsible for the basalt sill.

Northeast of 39°40’'N, an acoustic basement shows morphologically
high relief and the stratigraphic sequence differs from that in the

" central portion. The high relief is identified with the eastern exten-
sion of the Yamato Rise. It is thought that the high relief of the
acoustic basement and the Yamato Rise structurally separate the
Yamato Basin from the Japan Basin.

1. Introduction

The Japan Sea is a marginal basin located between the Honshu Are
and the Asian continent. The sea is morphologically divided into four
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parts, which are the Japan Basin in the northern part, the Yamato Basin
in the southeastern part, the Tsushima Basin in the southwestern part,
and the Yamato Rise in the central part (Fig. III-1).

Seismic reflection surveys were carried out by using six channel
digital seismic profiling system in the Yamato Basin and the Yamato
Rise, and six seismic profiles were obtained (Figs. IT1I-1 and III-2). Lines
1, 2, 3, and 4 were obtained during the DELP 85 Cruise of the Wakashio-
Maru, and lines 5 and 6 during the KT85-15 of the Tansei-Maru, the Ocean
Research Institute, University of Tokyo (Fig. III-3). During the DELP
85 Cruise a refraction survey was performed by using twenty OBS’s
deployed along lines 1 and 4.

Various kinds of studies for the Japan Sea have been done by many
workers. The lithosphere of the Japan Sea was determined to be approxi-
mately 30 km in thickness based upon surface wave analyses (ABE and
KANAMORI, 1970). Refraction studies indicate that the crust of the Japan
Basin has an oceanic structure (LUDWIG et al., 1975). However, we have
few data for the crustal structure of the Yamato Basin. ISEzAKI and
UYEDA (1973) reported that magnetic anomalies are less clear in the Japan
Sea, especially in the Yamato Basin. ISHIWADA et al. (1984) discussed
the distribution of the sedimentary basins and E-W compressional tectonics
since the Pliocene to Present epochs along the eastern margin of the
Japan Sea.

There are two controversial opinions with regard to the age of the
formation of the Japan Sea. By combining paleo-magnetic and radiometric
data OTOFUJI et al. (1985) proposed that the Japan Sea was rapidly formed
at approximately 15 Ma. On the other. hand, TAMAKI (1986) estimated
that the Japan Sea was formed 30 Ma to 15 Ma on the basis of sediment
stratigraphy, basement depth, and heat flow value.

The purpose of this study is to elucidate seismic stratigraphy in the
Yamato Basin and the Yamato Rise by using new seismic reflection data
obtained during DELP-85 and KT85-15 in order to reveal geological and
tectonic events not only in the basin .but also in surrounding regions
after the formation of the Yamato Basin. We hold discussions based on
seismic stratigraphy i) the development of sedimentation in the Yamato
Basin, ii) the origin of acoustic basements of the Yamato Basin and the
Yamato Seamount Chain, and iii) the struetural boundary between the
Yamato Basin and the Japan Basin.

2. Seismic stratigraphy

Based on seismic profiles from the Yaméto Basin, six acoustic units
are identified southwest of 39°40'N. They are units A, B, C, D, E, and
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F from descending stratigraphic order (Figs. III-3 and III-4). Unit A,
the uppermost layer, is forming the Toyama Deep Sea Fan and covers
the underlying unit B with a contact relation of unconformity. Unit A
shows its maximum thickness of 0.4 seconds in two way travel time at
well-developed natural levees on both sides of the Toyama Deep Sea
Channel and decreases its thickness with increasing distance from the
levees to less than 0.1 second when the distance from the levees exceeds
50 km. We can identity several sheets of coarse-grained channel-lag
deposits underneath the present channel system which are represented
by hummocky to relatively flat high amplitude reflectors indicated by an
arrow in Fig. ITI-3(b). Unit B with a thickness of 0.35 to 0.75 seconds is
characterized by stratified reflectors. Unit C is characterized by high am-
plitude and low frequency stratified reflectors with a thickness of 0.25 to
0.50 seconds. Unit D with a thickness up to 1.0 second is acoustically
semitransparent and is well developed in the area where the acoustic base-
ment is deeply seated. Unit E is only distributed around the Yamato
Seamount Chain aligning in a NE-SW direction in the central portion of the
Yamato Basin and is traced upward as far as the slope of the seamounts
(Lines 1 and 4). Unit F is the acoustic basement. Compared with normal
oceanic layer II, the acoustic basement is characterized by smooth surface
topography with high amplitude and low frequency reflectors.

Northeast of 30°40’N, we identify units G, H, and I in descending
stratigraphic order (Fig. III-4(b)). Unit G is acoustically transparent and
shows a relatively constant thickness of 0.5 seconds. Unit H is acousti-
cally semitransparent with a thickness less than 0.25 seconds. The unit
is only distributed where an acoustic basement is depressed. Unit I, the
acoustic basement, is bounded by unit F at shot point approximately 2200
on Line 2 (Fig. ITI-2) and is characterized by stratified low frequency
reflectors. Topography of the acoustic basement shows structural high
relief so that the depth of unit I is shallower than that of unit F.

On the Yamato Rise several acoustic units are identified. They are
upper unit, lower unit, and acoustic basement from descending strati-
graphic order (Fig. I1I-8). Upper unit is acoustically transparent with a
thickness of less than 0.5 seconds. Lower unit thickly accumulated in
graben structures is represented by high amplitude reflectors. Normal
faults forming the graben structures disturbed the structures of the
lower unit, although no deformation is identified in the upper unit. An
acoustic basement is rugged because of many normal faults and is divided
into two types. One type is characterized by high amplitude and low
frequency stratified reflectors, observed on the Line 6 in the Kita-Yamato
Trough. The other is acoustically opaque as observed on Lines 5 and 6.
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3. Discussion

DSDP Site 299 is located on Line 2 and sediments to 532 meters
depth were recovered there (KARIG, INGLE, et al., 1975). The stratigraphic
section of Site 299 is divided into 6 sedimentation stages based on lithology
(KARIG, INGLE, et al., 1975). Sedimentation stage 1 with a length of
142.5 meters is composed of clayey silt and silty clay with small amounts
of sand beds in the lower portion. Seismic data indicate that unit A
forming the Toyama Deep Sea Fan has a thickness of 0.2 seconds at Site
299. The thickness of 0.2 seconds in two way travel time is caleulated
to be approximately 150 meters based on the fact that the P-wave velo-
city of unit A is determined to be 1.5 to 1.6 km/s by using RMS velocity
and sonic wave. These pieces of evidence lead to the conclusion that
unit A is correlated to be Holocene to late Pleistocene in age by calcareous
nannofossil (Emiliania huwleyi Zone to Gephyrocapsa oceamica Zone)
(KARIG, INGLE, et al., 1975). Then, the Toyama Deep Sea Fan has been
formed since approximately 0.5 Ma (BERGGREN et al., 1980). Sedimenta-
tion stages 2 to 5 whose length is 845.5 meters are mainly composed of
clayey silt to silty clay derived from distal turbidites and are correlated
to unit B. The age of sedimentation stages 2 to 5 is reported to be
early Pleistocene to Pliocene. Sedimentation stage 6, recovered only 57
meters, is reported to be of proximal distal turbidite origin because of
the existence of graded beddings of ash layer and slump zone and is
correlated to the upper part of unit C. The age of the unit is estimated
to be earlier than Pliocene.

We have no drilling data for units D, E, and F, but it is possible to
discuss these units based on seismic stratigraphy and all available data.
Unit F, the acoustic basement of the Yamato Basin, is characterized by
smooth morphology associated with low frequency stratified reflectors.
Many workers (LUDWIG et al., 1975; TAMAKI et al., 1985) reported that
unit F is correlated to the Green Tuff Formation that is a basement
rock of the western coast region of Northeast Japan because the unit
has a large thickness and the P-wave velocity of approximately 3.5 km/s,
significantly lower than that of the normal oceanic layer II. New OBS
data obtained during the DELP-85 Cruise, however, reveal that the P-
wave velocity of the acoustic basement is more than 4km/s with an
increasing velocity gradient downward (HIRATA et al., 1987). The acoustic
basement of the Minami-Daito Basin shows quite similar morphology and
acoustic properties as that of the Yamato Basin (TOKUYAMA, et al., 1986).
DSDP Site 446 recovered sediments intruded by 28 basalt sills from the
basement (KLEIN, KOBAYASHI, ¢t al., 1980). These facts suggest that the
acoustic basement, unit F, is composed of interlayered sediments and
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basalt sills. Unit E overlying an acoustic basement is only observed around
the Yamato Seamount Chain and is traced upward as far as the slope of
the seamounts. This suggests that unit E is composed of voleanie apron
sediments transported from the Yamato Seamount Chain. KANEOKA (1986)
reported that the ages of the seamounts are around 15 Ma by the K/Ar
method. OTOFUJI et al. (1985) concluded, based on combining paleo-
magnetic and radiometric data, that the Japan Sea was rapidly formed
at approximately 15 Ma. Consequently we suggest that unit F is sediment-
sill complex derived from the voleanism just after formation of the
Yamato Basin and unit E is volecanic apron sediments transported from
the Yamato Seamount Chain built by the same volcanism responsible for
the basalt sill. Unit D is assumed to be of turbidity current origin
because the unit distributed in topographic depressions formed by the
acoustic basement. Judging from the fact that unit D is interlayered
between units C and E, unit D is assumed to be early late Miocene to
late middle Miocene in age.

Various kinds of igneous rocks were dredged and cored from the
Yamato Rise (IWABUCHI, 1968; HONzZA ed., 1979; KARIG, INGLE et al., 1975).
They are classified into two groups. One group is composed of acidic
pulutonics whose ages were older than Mesozoic (UENO et al., 1974). The
acidic pulutonics are considered as pre-Tertiary continental basement
rocks. The other is composed of middle Miocene volcanics “Green Tuff”.
As was mentioned previously two types of acoustic basement are identified
on the Yamato Rise. We interpret that one type characterized by high
amplitude and low frequency stratified reflectors is composed of the Green
Tuff Formation and the other is composed of pre-Tertiary continental base-
ment. Sedimentary layer overlying the acoustic basements is acoustically
classified into lower and upper units. That the lower unit is represented
by high amplitude reflectors and is thickly accumulated in garben strue-
tures suggests that the lower unit is composed of turbidites. TAMAKI and
HonzA (1985) reported that the graben structures were formed at the
rifting stage of the Japan Sea. We interpret that the deposition of the
lower unit was almost simultaneous with the rifting of the Japan Sea
(possibly about 15 Ma) and the unit is mainly composed of sediments
supplied by fragmentation of the basement. The age of the lower unit,
then, is assumed to be middle Miocene. The upper unit is thought to be
composed of pelagic sediments because the unit is acoustically transparent.
We guess the age of the upper unit to be late Miocene to Holocene.

Unit I is acoustic basement northeast of 39°40’N. TFig. III-5 is the
distribution map of the acoustic basement of the Yamato Rise after
removal of overlying units by summarizing all available seismic data.
The acoustic basement shown in Fig. III-5 includes two different types
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Yamato Basin

lithology age
Unit A Toyama Deep Sea Fan deposits Holocene-late Pleistocene
Unit B distal turbidites early Pleistocene-Pliocene
Unit C proximal distal turbidites Pliocene-late Miocene
Unit D turbidites early late Miocene-late middle Miocene
Unit E volcanic apron sediments middle Miocene
Unit F interlayered sediments and basalt sills middie Miocene

(acoustic basement)

Eastern extension of Yamato Rise

lithology age
Unit G pelagic sediments Holocene-late Miocene (?)
Unit H turbidites mainly transported middle Miocene (?)

from Yamato Rise

Unit | Green Tuff middie Miocene
(acoustic basement)

Fig. 6. Summaries of acoustically identified units in the Yamato Basin and
the eastern extension of the Yamato Rise.

which were mentioned previously. The map indicates that the acoustic
basement of the Yamato Rise extends to the Yamato Basin northeast of
89°49’N. This fact leads to the conclusion that unit I is the eastern
extension of the Yamato Rise. We propose that unit I is possibly cor-
related to the Green Tuff Formation. Unit H is semitransparent and is
only distributed where the acoustic basement is depressed. We interpret
that the unit is composed of terrigeous sediments of middle Miocene
mainly transported from the Yamato Rise like the lower unit identified
on the Yamato Rise. That unit G is acoustically transparent and has a
relatively constant thickness suggests that the unit is mainly composed
of pelagic sediments of Holocene to late Miocene like the upper unit
identified on the Yamato Rise. Summaries of acoustieally identified units
in the Yamato Basin and the eastern extension of the Yamato Rise are
represented Fig. ITI-6.
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Terrigeous sediments comprising the Toyama Deep Sea Fan are
transported through the Toyama Deep Sea Channel, which locate from
the Toyama Bay through the Yamato Basin to the Japan Basin with a
length of approximately 500 km. Most of the sediments input to the
Toyama Bay are assumed to be supplied from the Hida Mountains through
the Kurobe River. A total uplift of the Hida Mountains exceeds 1500
meters during the Quaternary period (KA1ZUKA, 1977). We consider that
the formation of the Toyama Deep Sea Fan initiated simultaneous with
or shortly after the uplift of the Hida Mountains. This implies that the
Hida Mountains have uplifted since approximately 0.5 Ma and the rate
of the uplift is calculated to be 4 to 2mm/year. This uplift is consistent
with that of the Akaishi Mountains.

Results of cooperative OBS refraction and multichannel reflection
surveys performed duaring the DELP-85 Cruise reveal that a trend of
change in the P-wave velocity in the crust of the Yamato Basin is similar
to that of the typical oceanic crust, however, anomalous thick oceanic
crust (HIRATA et al., 1987). The crust of the basin is 2.3 times thicker
than that of the normal oceanic crast (Fig. III-7). The oceanic layer
IT which is identical to unit F is considered to be composed of sedi-
ment-sill complex based upon the P-wave velocity and acoustic charac-
teristics as discussed previously. This is consistent with the evidence
that the oceanic layer II has a thickness of more than 2km. The oceanie
layer III of the basin is up to 10km in thickness with the P-wave
velocity of 6.8km/s to 7.6 km/s. We interpret that the thickening of the
oceanic layer III in the Yamato Basin was caused by the same igneous
activity associated with the huge injection of igneous rocks as occurred
in the oceanic layer II. Some of rises and plateaus located on the oceanic
floor represent thick crusts whose P-wave velocity structure is similar
to that of the typical oceanic crust (Fig. III-7) (HUSSONG et al., 1979).
We propose that these rises and plateaus saffered from igneous activity
associated with the huge injection of igneous rocks after they were formed
at spreading ridge.

The distribution map of the acoustic basement of the Yamato Rise
suggests that the Yamato Rise extends eastward as far as the continental
slope of the Northeast Japan Are. The after shock region of the 1983
Japan Sea Earthquake bounds the eastern margin of the Yamato Rise (Moai,
1985). NAKAMURA (1983) proposed a new plate boundary with conver-
gent movement between the North American plate and the Eurasia plate
located along the eastern Japan Sea (Fig. III-5). The boundary represents
east facing convex at approximately 40°N to 41°N. This corresponds to
the eastern extension of the Yamato Rise. Because of the continental
structure of the Yamato Rise (ISHIWADA et al., 1984), the Yamato Rise
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presumably collided with the Northeast Japan Are. The 1983 Japan Sea
Earthquake is assumed to be caused by the collision.
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Appendix

Table of Shot Point Position

Line 1

Shot No. Time Lat. Long
0001 Jul 156 21:51
0100 22:24 39°04.57’ 136°35. 90/
0200 22:57 03.64' 32.547
0300 23:30 01.65/ 30.27/
0400 Jul 16 00:04 38°59.75/ 28.06’
0500 00:37 57.80/ 26.00/
0600 01:10 55.84/ 24.23/
0700 01:44 53.62/ 22.44'
0800 02:17 51.64/ 20.53’
0900 02:51 49,50/ 18.36/
1000 03:24 47.707 15.94/
1100 03:57 ‘ 45,80/ 13.52/
1200 04:31 } 44,20’ 10.10/

(to be continued)
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Line 1 (Continued)

Shot No.

Time

Lat.

Long

1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4507

Jul 16 05:04
05:37
06:11
06:44
07:17
07:50
08:24
08:57
09:31
10:04
10:37
11:11
11:44
12:14
12:51
13:24
18:57
14:31
15:05
15:39
16:12
16:46
17:20
17:53
18:26
18:59
19:31
20:02
20:34
21:06
21:37
22:09
22:41
22:43

38°42.757
41.27/
39.71/
38.04/
35.96"
31.88/
29.66/
27.68’
25.68’
23.57'
21.517
19.31/
17.10/
14,97/
12.937
11.07”
09.21/
07.487
05.64’
03.66"
01.61/
37°59.53/
57.707
55.557
53.61/
51.70/
49.69’
47,92/
45.957

136°07.86’
05.06/
02.45’
135°59.87/
57.46’
53.18/
50.96/
48.71/
46.56’
44.50/
42.52/
40.23’
37.83/
35,377
32.89/
30.18/
27.16"
24.05'
21.81”
18.83’
16.42/
13.777
11.557
09.02’
06.55’
04.24’
01.77/
134°59.50/
56.77/
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Line 2

Shot No. Time Lat. Long
0001 Jul 23 23:11 39°09. 88’ 136°36.68/
0100 23:37 10.33/ 39.84/
0200 24 00:04 11.82/ 43,28’
0300 00:31 12.19/ 46.667
0400 00:58 12.91/ 50.26/
0500 01:25 13.827 53.757
0600 01:52 14.87/ 57.217
0700 02:19 16.16/ 137°00.42/
0800 02:46 17.49/ 03.13/
0900 03:13 18.49/ 06.22/
1000 03:40 19.30/ 09.21/
1100 04:09 20.25’ 12.037
1200 04:39 21.26/ 15.11/
1300 05:10 22.257 18.23’
1400 05:41 23.11/ 21.58’
1500 06:12 24.18/ 24.57
1600 06:43 25.15/ 27.68/
1700 07:14 26.167 30.74’
1800 07:45 27.18/ 34.11/
1900 08:15 28.38/ 36.79/
2000 08:47 29.59/ 39.68/
2100 09:17 30.87/ 42 .30/
2200 09:48 32,38’ 44,57/
2300 10:18 33.957 47.60/
2400 10:49 35.06/ 50.37/
2500 11:21 37.11/ 53.627
2600 11:51 38.24/ 56.807

Line 3

Shot No. Time Lat. Long
2700 Jul 24 12:22 39°39.44 138°00.07/
2800 12:53 42,33/ 01.12/
2900 13:24 45,42/ 02.42/
3000 13:52 —_ —
3100 14:19 — —
3200 14:46 —_ —
3300 15:13 — —
3400 15:14 — —
3500 16:08 40°02.257 08.44/
3600 16:35 05.21/ 09.97’

(to be continued)
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Line 3 (Continued)

Shot No.

Time

Lat.

Long

3700
3800
3900
4000
4100

Jul 24 17:01
17:27
17:53
18:18
18:44

40°07.707
10.18/
12,176/
15.38/
17.74/

138°11.56/
12.99/
14,297
15,51/
16.67/

Line 4

Shot No.

Time

Lat.

Long

0001
0100
0200
0300
0400
0516
0600
0700
0800
0900
1000
1101
1200
1300
1400
1500
1600
1700
1800
0300
0400
0500
0594

Jul 17 06:17
06:52
07:25
07:59
08:31
09:12
09:38
10:10
10:43
11:16
11:48
12:29
13:01
13:34
14:06
14:39
15:11
15:44
16:17
19:35
20:07
20:40
21:11

37°40.18’
41.99’
44.00’
46.35/
48.39/

52.87/
54.87/
56.777
58.747
38°00.747
03.31/
05.37/
07.68’
09.32/
11.68/
13.71/
15.68’
17.54/

135°42.70"
40.01/
37.637
35.30/
33.297
28.82/
26.64’
24.307
21.92/
19.50/
16.51
14.467
12.27/
09.63"
06.927
04.69"
02.32/
00.14/

Line 5

Shot No.

Time

Lat.

Long

1
20

Sep 17 03:46
03:53
04:18
04:49
05:19

40°20.78’
18,98’
16.83/
14.63/

136°53.14/
54.95"
57.11/
59.16/

(to be continued)
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Line 5 (Continued)

Shot No. Time Lat. Long
400 Sep 17 05:50 % 40°12.53’ 137°00.97/
500 06:27 : 10.17/ 03.13/
600 06:53 07.88/ 05.21/
710 07:27 05.29/ 07.51/
800 07:54 03.24/ 09.24/
900 08:25 00.94/ 11.267

1000 08:56 39°58.58/ 13.47'
1100 09:27 56.26' 15,51’
1200 09:58 53.897 17.76’
1300 10:28 51.61/ 19.837
0010 11:14 47,98/ 23.33/
0100 11:41 45,997 24,96/
0200 12:10 43.777 26.65”
0300 12:40 41.557 28.71
0400 13:09 39.22/ 31.09/
0500 13:38 36.977 33.037
0600 14:08 34.80’ 35.12/
0700 14:37 32.647 37.01/
0300 15:07 30.457 39.12/
0900 15:36 28.01/ 41.00/
1000 16:06 25.81/ 43.057
1100 16:36 23.667 44.91/
1200 17:06 21.45/ 46.87/
1300 17:36 19.28/ 48.89/
1400 18:06 17.207 50.91/
1500 18:36 15.08/ 52.98/
1600 19:06 12.96/ 54.94/
1700 19:36 10.97/ 56.89/
1800 20:06 09.00’ 58,69/
1900 20:35 06.36/ 138°00.677
2000 21:05 04.68/ 02.79"
2100 21:35 02.48’ 04.65’
2180 22:00 00.67/ 06.34/

389
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Line 6
Shot No. Time Lat. Long
0001 Sep 23 16:50 39°12.41/ 133°58.04
0100 17:21 11.01/ 55,14/
0200 17:53 09.52/ 52.38/
0300 18:23 08.06/ _ 49.79/
0400 18:54 06.66/ 47.07"
0500 19:26 05,167 44.447
0600 19:59 03.46/ 41,96/
0700 20:32 01.67/ 39,60/
0800 21:04 38°59.82/ 37.40/
0900 21:36 57.96/ 35.15/
1000 22:09 56.38’ 32.36'
1100 22:42 54,54/ 29.55"
1200 23:14 52.89/ 26.41'
1300 23:47 51,14/ 23.71/
1400 Sep 24 00:19 49.37/ 21.04’
1500 00:52 47.647 18.12/
1600 01:24 45,84/ 15.29/
1700 01:57 44,27/ 12.157
1800 02:28 42,271 09.53’
1900 03:00 40.45/ 06.96/
2000 03:31 38.54/ 03.73"
2092 04:00 36.80/ 00.80/
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