BULLETIN OF THE EARTHQUAKE
REsRARCH INSTITUTE
UniversiTY oF Toxyvo
Vol. 64 (1989), pp. 391-431

Geology of Sagami Bay and its Environs

—Reports on the Results of KT88-1 Cruise—

Kantaro FuJioka?, Masataka KINOSHITA?, Wonn SoHY,
Shinji TSUKAWAKIY Juichiro AsHIY, Kazumi AKIMOTO?
and Masaharu WATANABEY

1 QOcean Research Institute, University of Tokyo
2 Farthquake Research Institute, University of Tokyo

(Received July 3, 1989)

Abstract

Geological and geophysical characteristics of Sagami Bay, 80km
west off Tokyo, were studied on KT88-1 cruise by R/V Tansei-Maru,
Ocean Research Institute, University of Tokyo, February 1988. In
this paper, we summarized the results of the geological and geophysical
studies, and discussed two topics: 1) The Hatsushima deep-sea com-
munity which is one of the largest communities around the Japanese
Islands is located in the western part of the Sagami Trough. Heat
flow anomalies up to 1,680 mW/m?® and high methane anomalies of the
surrounding seawater were discovered there. We deduce that the
deep sea community has most likely originanted and is developed
by submarine hot springs related to magmatic activity. 2) Pebbly
mudstones including various sizes and kinds of voleanic materials were
obtained by dredge hauls at several sites of the Okinoyama Bank
Chain. No in-situ volcanic material was obtained. The magnetic
anomalies along the Okinoyama Bank Chain give no evidence of vol-
canic seamounts. We believe that the Okinoyama Bank Chain is not
underlain by voleanic seamounts, but rather by large blocks of accreted
sediments, including large amounts of voleaniclastic materials de-
posited in the forearc basins of the Izu-Bonin Ridge near the voleanic
front. The mutual relation between the Sagami Trough and the Bank
Chain should be similar to the relation between the So-o Trough and
the southern offshore Boso area.
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1. Introduction

Sagami Bay is located at the plate boundary between the Philippine
Sea Plate and the Northeast Japan (North America) Plate (Fig. 1a).
The Bay is tectonically one of the most active areas in the world, where
the Great Kanto Earthquake took place in 1923 (KANAMORI, 1971).
The Sagami Trough runs from north to south or NNW to SSE in the
central part of the Sagami Bay and continues to the So-o Trough at
the east of Oshima island where the trend of the So-o Trough is almost
west to east (FUJIOKA et al., 1984). Sagami Bay can be classified
morphologically into three areas; the western, central and eastern areas.
Figures 1a and 1b show an overview of the topographic features of
Sagami Bay with station survey points. Table 1 shows the station
survey log of the cruise.

The western area is situated on the Philippine Sea Plate covered
with mostly Quaternary submarine volcanoes, where irregularly and
conically shaped topographies are well-developed. The central area is
mostly occupied by the axial deep water channel of Sagemi Trough.
Tokyo submarine fan occupies the main part of the central area, which
is connected to the Tokyo deep sea canyon. The Sagami Trough is valley-
shaped, and is filled with thick coarse-grained detritus derived from
the Izu-Bonin Arc as well as from the Honshu Arc. The eastern area
is dominated by topographic highs called the Okinoyama Bank Chain.
The top of the Okinoyama Bank Chain, which is shallower than 500
meters, has a flat surface eroded by wave action during low sea level
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stands.

As for the origin and development of the Sagami Bay, many inter-
pretations have been presented (KaGaMmI et al., 1986; SUGIMURA, 1972;
KIMURA, 1976). For example, the Okinoyama Bank Chain and its ad-
jacent topographic highs have been thought to be a chain of submarine
voleanoes which supplied voleaniclastic materials to the Miura and Boso
Peninsulas during the Mio-Pliocene age (KIMURA, 1976; MATSUDA, 1962).
Recently, a deep-sea animal community was found in the western part
of the Bay, east off the Izu Peninsula, during dives with the deep-sea
submersible “Shinkai 20007 of JAMSTEC (OHTA, et al., 1987; FUJIOKA
and TAIRA, 1989; HASHIMOTO et al., in press).

During the cruise of R/V Tansei-Maru, Ocean Research Institute,

(a)
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Fig. 1. Topographic overview of Sagami Bay showing the (a) topographic
characteristics of the Sagami Bay and (b) sampling positions of KT88-1
cruise. G: grab, D: dredge, PC: piston core, C: deep-sea camera, and
HF: heat flow. Square surrounded by broken lines in (a) shows the
location of the Hatsushima Community. OkB: Okinoyama Bank, MiK:
Miura Knoll, MiB: Miura Basin.

University of Tokyo, we had the opportunity to survey across Sagami
Bay, the Hatsushima community, the central portion of Sagami Trough
and the Okinoyama Bank Chain, and obtained important information
on the origin of the deep-sea community and Okinoyama Bank Chain.
We summarize here the results of the cruise, and present new insight
on the origin of the Hatsushima community and the Okinoyama Bank
Chain.
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Fig. 2. Topographic features around the Hatsushima Community. ®@: Higashi
Izu monogenetic volcanoes. A: Higashi Jzu-oki submarine volcanoes, _AAA_:
faults and inflexion line (modified from IsmiBASHI, 1976 and HAMURO et al.,
1980), A: Atagawa-oki submarine lava flow.
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2. Hatsushima Area

2-1. Topography and geology

The Hatsushima community occupies the western part of Sagami
Bay, just east of the Izu Peninsula, about 80km west off Tokyo.
Figure 2 shows the topographic features around this community. The
eastern slope of the Izu Peninsula is rather steep as far as 1,100 meters
in water depth, where the gradient abruptly changes along the distinet base
of the slope. On the inflection line, the large communities consisting mostly
of giant clams are found (OHTA et al., 1987; HASHIMOTO et al., 1989).
Several conical active submarine volcanoes are situated just west of
the inflection line (HAMURO et al., 1980). Most submarine canyons on
the steep slope continue farther down to the deeper part, but some
canyons die out at the slope break. In the southwest corner of the
map (Fig. 2), the flat topography of the submarine lava flow platform
is identified (“A” in Fig. 2). This was found by the submersible “Shinkai
2000” and called “Atagawa-oki submarine lava flow” (NAKA, et al., 1988;
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o U1, et al., 1988). Sediments
covering the steep slope are
volcanogenic sand and/or
mud which include granules
and pebbles of andesite and

1000 ’ or basalt which are distri-
A buted onshore to the Izu
0 Peninsula.

Figure 3 shows the
west-east topographic cross
sections across the com-
munity, showing a fault

v running along the inflection
line near the community.

1000

2-2. Size of the com-

munity
We tried to take deep
sea photographs in order
"4 to evaluate the precise
distribution of the com-
e munity as well as the

Fig. 3. West-east topographic cross sections of nature of the community.
the Hatsu§hima Communi.ty. ‘Positions of the We successed in taking con-
cross section are shown in Fig. la. Arrows .
show the position of the active fault. tinuous photographs cover-

ing most of the area

500

1000

(24

occupied by the community.

As shown in Figure 4, the community is approximately 4 m in length
and about 2m in width, and it consists mostly of bivalve calyptogena
and crabs.

The community shows linear distribution along the 1,100 m depth
contour, which is parallel to both the base of the slope of the east of
Izu Peninsula and the general trend of the active faults in Figure 2,
that is, northeast to southwest (ISHIBASHI, 1976; HAMURO et al., 1980).

2-3. Nature of sediments

Surface sediments around the Hatsushima community were collected
by grab sampler, piston corer and box corer. It is noteworthy that
pyrites are commonly contained in the sediments, suggesting strong
anoxic condition near the surface. Generally the surface sediments
are rich in biogenic and volecanogenic materials.
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Fig. 4. Deep sea photograph showing the distribution of the Hatsushima Com-
munity.

Grab Samples: During the cruise, 32 grab sites were chosen to inves-
tigate the transportation and composition of sediments, and 24 samples
were successfully obtained (Fig. 1b). In five samples (G-7, 10, 11, 31
and 32), coarse carbonate (limestone) fragments are found. Three samples
(G-9, 18 and 19) are composed mainly of andesitic or basaltic coarse-
grained sands and scoria. The G-24 sample consists of semi-consolidated
siltstones.

Smear slide observations have been carried out on 15 grab samples
which contain silt to fine sand sized grains (Table 2). All samples con-
tain abundant biogenic components such as sponge spicules, caleareous
nannofossils, foraminifers, diatoms and a small amount of silicoflagellata
and radiolarians. Woody fragments are recognized in near-shore sam-
ples (G-22 and 28). There are few differences in mineral composition
among these samples. In general, voleanogenie fragments predominate:
broken glass shards with fragments of plagioclase are most abundant.
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o
i z
© e KT88-1 P2 CORE DESCRIPTION
I
x 2
o - .
e medium- to coarse-grained sand with shell fragments (5Y 2/1)
p- crudely-laminated mud with fine-grained, thin sand layers
L 2 Kl crudely parallel-laminated ashy mud .
X crudely-laminated mud with fine-grained, thin sand layers
20 . K2 normally-graded, fine-grained sand with shell fragments. Irregular bedding
ey scoriaceous lenticular sand
30+ scoriaceous medium- to coarse-grained sand with shell fragments
40 poorly-sorted, parallel- to wavy-laminated mud with coarse-grained sand layers
50—
e poorly-sorted, wavy-laminated sand with a normal grading
poorly-sorted, parallel- to wavy-laminated mud with coarse- to medium-grain sand layers
80
coarse- 10 very coarse-grained, scoriaceous sand with shell fragments
S0 coarse-grained, scoriaceous sand
coarse-grained, scoriaceous sand
100— o
110 |
120 | ; ; :
poorly-sorted, parallel- to wavy-laminated mud with coarse-grained sand layers
130 |
140 |
150 pumice condensed zone
crude grading scoriaceous sand (very coarse- to coarse-grained scoriaceous sand)
160 with shell fragments
76 crude grading scoriaceous sand (very coarse- to coarse-grained scoriaceous sand)
— with shell fragments
(em) End of Core (169 cm)

Fig. 5. Piston core log of the PC-2 obtained from the Hatsushima Community.

PC-2 and PC-8 Core Description: Upper portion (upper fan) of un-
named submarine cone about 4kwm in diameter off Hatsushima
Two piston cores (PC-2 and PC-3) were successfully recovered near

the Hatsushima community. Both piston cores are lithologically quite

similar to each other. The following is the precise descriptions of the
piston core (PC-2 and PC-3) samples.

PC-2 and PC-3 cores are composed entirely of alternations of fine-
to coarse-grained sand and mud layers from top to bottom. The sand
layer shows normal grading with sharp and smooth bed bases, and it
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Fig. 6. Soft X-ray photographies of the PC-2 core sample (see Fig. 5). Vertical

scale of each column is 20 em showing top to bottom of the sediments from
top left to bottom right in this figure.

is composed of voleaniclastic grains and molluscan shell fragments.
The sand layers range from 2em to 8 em in thickness. The sand layers
can be divided into two types: the coarse-grained sand with shell
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KT88-1 P3 CORE DESCRIPTION

X—ray\
photo No.

0]
parallel-laminated, diatom-bearing calcareous mud (5Y 3/2)

10— 1 well- laminated ashy mud (takylite, opx and volcanic glass) (5Y 212)
fine-grained, F;\mllel—};unimmd volcanic sand

s = paralle-laminated, diatom-bearing calcareous mud (5Y 3/2)
diatom-bearing ashy mud

fine-grained, parallel-laminated sand (5Y 2/2)
fine-grained, parallel-laminated sand &'SY 2/2)
paralfel-laminated, diatom-bearing calcareous mud

fine-grained, parallel-laminated sand

biotrbated, dispersed sand

parallel-laminated mud with burrows

bioturbated, fine-grained scoria

K3 shelly scoriaceous sand  (Gastropoda, Scaphopoda and Bivalve)
- granule-size scona
9| 6 s distinctive sharp bed base (erosional contact)

Sz diatom-bearing calcareous mud (5Y 3/2)

very fine-grained, cross-lamianted sand and mud

fine-grained, parallel-laminated sand
scoria fall 1 (1) layer (thin and irregular layer) p

120
130_] ]
biotubated mud
140, . : . : R PRl Sy 47
fine- to medium-grained, bioturbated scoria layer (5Y 472)
150 T i
crudely parallel-laminated mud with biotrbations
60_] medium- 1o fine-grained scoria layer
170_ I ;
crudely parallel-laminated mud with bioturbations
180 _
190_|
10 flow-in
200— End of Core (307 cm)
(cm)
Fig, T ist N f i pIss. a1 " . . .
Fig. 7. Piston core log of the PC-3 obtained from the Hatsushima Community.

fragments and fine-grained, well-sorted sand. The former shows
crude normal grading or structureless and it has a sharp and smooth
bed base. It is composed chiefly of very coarse- to medium-grained
scoria, consisting of fragments of well- to moderately-vesiculated volcanic
glass with miecrolites of plagioclase and pyroxene, and shell fragments
of gastropoda, scaphopoda and bivalves a few millimeters long. The
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Fig. 8. Soft X-ray photographies of the PC-3 core sample (see Fig. 7). Secale is
the same as Fig. 6.

latter is composed of muddy sand, and shows normal grading with
poorly-defined top and base bed boundaries. It is composed mainly of
voleanic glass of sideromelane, and fragmented crystals of plagioclase
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and pyroxene. ,

The mud, as the most dominant lithology of the core, shows parallel
to wavy laminations, and is poorly sorted with scoria grains more than
a few millimeters in diameter. The mud layers contain very thin
lamina, less than a few millimeters thick, of fine- to coarse-grained
sand. Under a smear slide, the mud consists mainly of clay, diatoms,
sponge spicules and nannofossils. Small amounts of voleanic glass
shards, foraminifers, silicoflagellates, and plagioclase grains are included.
An ashy mud layer is identified between 3 cm and 9 em below the top
of the core (Figs. 5, 6, 7
and 8).

139:20' LIO’

2-4. Heat flow measure-

ment

During this cruise, nine
heat flow measurements
were performed off Hatsu-
shima Island in the Saga-
mi Bay (Figs. 1b and 9).
Benthic communities of
giant clams are found along
the active fault trend-
ing NNE to SSW (Fig. 2),
where temperature ano-
malies have been observed
by the submersible ‘Shinkai
2000’ (OHTA et al., 1987).
Although it is very im-
portant to know the
thermal features around
this area, there exist almost
no heat flow data so far
(Fig. 9a). The heat flow was
also measured at one site
(HF-8 in Fig. 1b) located s
at the easternend of Sagami H
Trough, south of the Boso \
Peninsula. Fig. 9. (a) Heat flow data of the Sagami Bay

A temperature gradi- obtained so far (mW/m?). (b) Heat flow

tations during this cruise. P is the piston
ent was measured by pene- stations
frati Bull dy pt coring site PC-8 for the thermal conductivity
Ta 'mg a ullar ype measurement. A cross section will be taken-
marine geothermal probe along line A-A’ in Fig. 10.
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Table 8. Heat flow stations and results.

. Latitud Longit epth PEN G K
Station ® B T T N i WK W )
HF01 34°59.92/ 139°13.80" 1200 1.0 3 539 0.79 425
HF02 34°59.99’ 139°13.66’ . 1230 1.5 4 2130 0.79 1680
HF03 34°59.87" 139°14.46’ 1285 2.5 6 201 0.79 159
HF04 34°59.92’ 139°16.52' 1375 2.5 6 49 0.79 38
HF05 34°59.97/ 139°15.46’ 1362 2.5 6 73 0.79 58
HF06 34°59.717 139°14.09’ 1240 2.5 6 83 0.79 66
HF07 34°59.90’ 139°14.197 1260 2.5 6 210 0.79 166
HF08* 34°40.19’ 139°50.40’ 2454  fell
HF09 34°59.81’ 138°13.65' 1120 1.0 2 (260) 0.79 (205)
HF10 35°00.01’ 139°13.06’ 760 1.0 2 (69) 0.79 (54)
PC-3 35°00.0  139°14.0/ 1251 2.5 0.7940.02
PC-4* 34°41.17 139°50.2/ 2473 3.5 0.88+0.04
Depth:  the uncorrected water depth.
PEN: the length of the probe in the sediment.
N: the number of thermistors used for the calculation of G.
G: the temperature gradient calculated by the least square method.
K: the thermal conductivity.
Q: the heat flow value as the product of G and K.

Stations HF-8 and PC-4 (*) are in the “So-o Trough”.

into the sea floor sediment, and calculated by a least square fit of the
temperature vs. depth data to a straight line. The probe is 3m
long and 16 mm in diameter, and seven thermistors were installed in it.
Because of the shape and material of the lance it is easy to penetrate,
but it usually bends when pulled up from the sediment. Therefore it
does mnot allow multiple penetrations. A thermal conductivity was
measured on samples taken by the piston coring (PC-3 and PC-4), using
the needle probe method (cf. von HERZEN and MAXWELL, 1959). Samples
were laid down on the cabin floor without cutting, taking care not to
lose the interstitial water.

The heat flow value is the product of the temperature gradient
and the thermal conductivity. Heat flow stations (HF-1 to HF-10) are
listed in Table 3 and plotted in Fig. 9b. Stations were aligned from
cast to west, i.e. perpendicular to the direction of the fault (except
for HF-8). The heat flow and topographic cross section along the 85°N
parallel (A-A’ in Fig. 9b) is shown in Fig. 10. It is clearly seen that
the heat flow distribution has a sharp peak at the topographic inflee-
tion, i.e. around the Hatsushima community.

Temperature versus depth profiles are shown in Fig. 11. Measurements
from HF-1 to HF-5 were profiles performed during leg 1 of the cruise,
and HF-6 to HF-10 during leg 2; their brief descriptions are as follows:

HF-1 was located at the very point where a biological community
had been observed. Three of seven thermistors were in the sediment.
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TEMPERATURE

~

RELATIVE DEPTH (m)

Water Depth (m) Heat Flow (mW/m?)
or A - 500 5L
200 < e KT88-1
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The temperature gradient was calculated to be 539 mK/m.

HF-2 wag situated close to HF-1. Three thermistors were in the
mud; the lowermost thermistor was 1.5 meters under the sea floor.
The estimated result gave an anomalously high value of 2,130 mK/m.
The temperature profile seems convex downward.

HF-8 was on the eastern side of the fault. Six thermistors pene-
trated, and the profile was straight. The result was 201 mK/m, which
is much lower than those obtained at HF-1 and HF-2, but still high
compared with other values observed in the vicinity.

HF-4 was located in the basin east of the fault. Six sensors were
in the mud, and the profile was straight. The obtained value was
rather low (49 mK/m).

HF-5 was located between HF-3 and HF-4. Six thermistors were
in the mud, and the profile was again linear. The calculated value
was 73 mK/m, lower than HF-3 and higher than HF-4.

HF-6 and HF-7 were located between HF-2 and HF-3. At HF-
6, six thermistors penetrated into the bottom and the temperature
versus depth profile was linear. The best fit value was 83 mK/m, rather
lower than those obtained at surrounding stations. At HF-7, five
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thermistors were in the sediment, and the profile was linear. The
obtained temperature gradient was 166 mK/m, actually the same as
HF-3 close to this site.

HF-8 was the only station located at the eastesn end of Sagami
Trough south of the Boso Peninsula. The penetration was not sue-
cessful, because the wire tension did not change at all when pulled
out, and the temperature did not show any significant change.

HF-9 was close to HF-1 and HF-2, where anomalously high heat
flow was observed. The bottom state might be coarse, and moreover
the probe lance seemed to cause ‘buckling’. As a result, the probe
tilted without penetration.

HF-10 was located on the slope to the west of other sites. The
sea bottom seemed coarse, and although we changed the lance it caused

buckling again.

Thermal conductivity was measured for the piston core sampleat PC-3,
located near HF-1 and HF-2. The obtained thermal conductivity versus
depth profile is presented in Fig. 12, showing constant values. Another
site PC-4 was at the same point as HF-8 at the eastern end of

Sagami Trough.

2-5. Benthic foraminifers
The analyzed samples for benthic foraminiferal assemblage were
collected by box corer and piston corer (PC-2) (Fig. 1b). The examined
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Table 4. Statistics of the fauna of surface sediments obtained near the Hatsu-
shima Community.

Sample Plank. foram. No. Benthic foram. No. P/T ratio AJT ratio

BOX3 68 156 30 4
BOX4 144 157 48 7
BOX7 96 194 33 6
PC-2 92 112 45 2

samples represented the uppermost 1 em of the collected sediment columns.

About one hundred taxa of the recent benthic foraminifera are
identified in the four samples. Figure 13 shows the depth distribution
ranges of the main six species (Bulimina aculeata, Chilostomella
ovoidea, Globobulimina auriculata, Nonionellina labradorica, Ruther-
fordoides mexicanus, Uvigerina hispidocostata), Table 4 shows plank-
tonic foraminiferal numbers (PEN), benthic foraminiferal numbers
(BFN), planktonic foraminifer / total foraminifer ratio (P/T) and ag-
glutinated foraminifer / total benthic foraminifer ratio (A4/T).

The characteristics of foraminiferal distribution are as follows:

1) The species composition of the four samples are obviously different
from those at the same depth (1,000 to 1,500 m) of the Northwest
Pacific Ocean. Akimoto and Hasegawa (in press) described the distri-
bution of the recent benthic foraminifera around the Japanese Islands.
According to them, B. aculeata, Cassidulina carinata, Melonis par-
kerae, Pseudoparrella exigua, Uvigerina proboscidea are dominant in
the lower middle bathyal zone in the Kuroshio current region, and B.
aculeata, M. parkerae and Uvigerina akitaensis are predomiunted over
the Oyashio current region. However, these species except for B. aculeata
are minor in the assemblages off Hatsushima Island.

2) The frequencies of the main six species would vary within short
distances. Indeed, R. mexicanus markedly increases at the sampling sites
deeper than 1,140 meters. G. auriculata, N. labradorica and U. hispido-
costata slightly increase downward, but B. aculeata and C. ovoidea
decrease. '

3) A relation between the faunal statistics and the water depth
was not found in the assemblages off Hatsushima Island. P/T ratio
and PFN are markedly small in comparison with those at the same
water depth in the Northwest Pacific Ocean off southwest Japan.

The characteristics of the distribution lead to the following con-
clusions: 1) PFN in the surface waters off Hatsushima Island is nearly
same as those in other areas of the Northwest Pacific Ocean. This
indicates that temperature, salinity and dissolved oxygen in the water
column of Sagami Bay are similar to those of other areas of the
Northwest Pacific Ocean off the Japanese Islands (AkimoTo, 1987 MS;
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GAMO et al., 1989). AkKIMOTO (1987) and GAMO et al. (1989) reported
the T-S diagram between 1,000 and 1,200 meters water depth off
Hatsushima Island. According to them, no spatial fluctuation in tem-
perature is present. The oceanographic data suggest that the sea
waters in Sagami Bay are normal.

BFN on the surface of the sediments also resembles those of the
Northwest Pacific Ocean. Accordingly, small values of P/T ratio and
PFN of the examined samples are due to the discussion of planktonie
foraminifera in the bottom waters.

2) There is evidence to suggest abnormal condition of the bottom
waters. The color of four sediment samples is black. Pyrite grains
occur in foraminiferal tests of the samples of Box-cores 7 and PC-2.
Methane gas concentrates in the bottom waters (GAMO et al., 1989).
Accordingly, the surfaces of sediments are thought to be in an anoxic
condition. Such condition would be suggested also by Calyptogena in
the sample Box-7.

3) In general, the distribution of epifauna, which inhabits the
surface sediments, is controlled by the bottom water condition. Under
the normal bottom water condition the faunal composition is homo-
geneous and stable. However, in the study area the frequencies of
the main species of the epifauna vary highly from site to site, as shown
in Figure 13. Therefore, the bottom water condition locally varies.

4) The faunal change in benthic foraminifera is well correlated
with the change in methane concentration (Fig. 13 and Table 4). Gamo
et al. (1989) pointed out that the high concentration of methan is due
to the supply from vent fluids at the Calyptogena community site.
Accordingly, it is concluded that the abnormal condition of the bottom
waters and the relating species composition of benthic foraminifera are
formed as result of seepage of methane.

5) Such a peculiar fauna has been reported from sedimentary rocks
around the Kuroko ore deposits in the northeast Japan Are. The Kuroko
ore deposits were formed by extrusion of hydrothermal fluid due to
submarine voleanism. In fact, high anomaly in temperature ranging from
2.9 to 3.6°C was also detected near the four sites in this study area
(GAMO et al., 1989).

6) Small values of P/T ratio and PFN off Hatsushima Island may
be due to the dissolution of the planktonic foraminifera test in the
acid sea water. In fact, OKI (1987 MS) reported that ecalecium carbo-
nate composed of foraminiferal test dissolves in the acid sea water
which is formed by effusion of voleanic gas.
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3. Central Sagami Trough

3-1. Submarine topography of the Sagami and the So-o Troughs

Central Sagami Bay is the main sedimentary basin of the Sagami
Trough (Fig. 1). Two submarine channels, an axial channel of Sagami
Trough and Tokyo canyon, are present, and a large amount of detritus
is provided to the Sagami and So-o Troughs. Multichannel seismic
profiles suggest that the trough fill sediments of 1.7 sec (two-way travel
time) have been deposited since 2Ma ago (TOKUYAMA et al., 1988). In
addition, the Sakawa Fan-delta is developed at the up-dip of the Sagami
Trough, which is most likely to be active. A remarkable sedimentary
tongue of coarse clastic sediments including gravels with abundant
glass and wood fragments was deposited after the Sakawa River flood
in July, 1972 (OTSUKA et al., 1974). The axial channels directly connect
to this fan-delta; through them passes detritus provided from the
Kanto Mountains and adjacent area of Honshu.

The Tokyo submarine fan is a relatively small deep-water cone,
18 km long by 14 km wide, at the mouth of the Tokyo Canyon in 1.2 to
1.6 km water depth (SHEPARD et al., 1964, KAGAMI et al., 1968). The
fan is a trench fan on the Sagami Trough, which progrades south-
westward to thickly cover the bottom floor of Sagami Trough, then
the axis channel gently bends southwestward along the outer margin
of the fan. The fan surface is not smooth (cf. KAGAMI et al., 1968),
suggesting fan destruction due to erosion and faulting. The bathy-
metric map shows that the present main feeder channel of the fan is
a wide valley which steeply cuts its surface.

The So-o Trough is a southern extension of the Sagami Trough (Fig.
1a). The morphological characteristics around the So-o Trough show that
conspicuous northward dipping low angle thrusts are traceable (TAKE-
ucHI and FuJiokA 1985: FuJiokA 1988) along the landward slope of
the trough. Small topographic highs forming conical shapes, presum-
ably mud volcanoes (TAKEUCHI and FuJioka, 1985), are identified
near these thrusts. On the topographic N-S cross sections across the
axial channel of the trough, on the seaward slope of the trough a
topographic high, which is presumably the outer swell of normal
trenches, is recognizable. The axial channel of the trough has a land-
ward dipping smooth surface. Several topographic inflection points are
identified on the landward slope which is much steeper than the sea-
ward slope.

Surface sediment features show that the topographic high south
of the So-o Trough is also clearly identified, and landward dipping
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trench wedge structures in the piled bottom sediments and low angle
thrust structures on the landward slope are also recognized by a seismic
profile obtained during a French-Japanese co-operative study (Kaiko
Project) across the So-o Trough (NAKAMURA et al., 1987).

3-2. Lescription of piston cores

PC-4 Core Description: Awxial channel of the Sagami Trough

The PC-4 core (Fig. 2) is composed chiefly of thin-bedded turbidites
of Tbhd and Tbcd sequence (BOUMA, 1962), which are approximately 2 cm
thick sand layer and 6 cm thick mud layer on averages (Figs. 14 and 15).
10 turbidite layers are identified in the core sample. The burrows (Scoli-
cial) are developed mainly in the boundary between the underlying
sand and the overlying mud. The sand is composed chiefly of plagio-
clase, tachylite and sideromelane with small amounts of hornblendes,
pyroxenes and biotites. Clinopyroxene and orthopyroxene are identified.
Biogenic materials such as nannofossils, diatom and sponge spicules are
contained. Foraminifera are likely to be smaller in amount than those
of PC-2 and PC-3. The mud is voleanic glass-bearing nannofossil and
diatomaceous mud. The presence of hornblende and biotites suggests
that the coarse clastic materials are provided not only from the Izu
Peninsula side, but also from the Kato Mountains and its adjacent area
via the Sakawa and Sagami Rivers.

o
Z
5 9 KT88-1 P4 CORE DESCRIPTION
B
H g
! 0,
0= k= diatom-bearing calcareous mud (2.5 3/2)
10 ]
1 fine-grajned, blomrbated sand éS Y 2(1
20 diatom-bearing calcareous mud'(2.5
] fine- to medium-grained, blorurbmed sand with normal grading (5Y 2/1)
parallel-laminated, fine-grained sand
30 2 fine-grained, parallel-laminated sand with carbonaceous fragment layers (Scolicea)
40— fine-grained, bioturbated sand (5Y 2/1)
3 fine- to very fine-grained, parallel-laminated sand (5Y 2/1)
50—
flow-out sand, fine-grained
60— —
70 4 bioturbated mud
fine-grained, parallel-laminated sand and silt altemation
801 very thin, parallel-laminated silt
90— 5
flow-in
em) End of core

Fig. 14. Piston core log of the PC-4 obtained from So-o Trough.
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Fig. 15. Soft X-ray photographies of the PC-4 core sample (see Fig. 14. Scale

is the same as Fig. 6.

PC-5: Core Description: Western margin of Tokyo Submarine Fan
The PC-5 core sample consists mainly of thin-bedded turbidites
consisting of 7Tbd and Tbe of Bouma sequence (Figs. 16 and 17). One
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Fig. 16. Piston core log of the PC-5 obtained from the Tokyo submarine fan.

voleanic ash layer is found from 6 cm to 10 em below the top of the
core. 13 turbidite layers are identified in the core sample. The sand
layers range from 0.5c¢m to 2em in thickness, and the muds vary from
4 em to 20 em thick. The sand is composed mainly of tachylite, sidero-
melane, pyroxene and plagioclase. The sand is charaterized by the
common presence of hornblende and by that foraminifera tests of this
core sample are smaller in amount than those of PC-2 and PC-3 core
samples. Noteworthy is that the coarse grained detritus is subrounded
or wellrounded, and shows a dirty surface due to abrasion. There are
some clay minerals due to alteration, provided probably from the
Neogene sequence. Some plagioclase has glass inclusions. The mud is
composed of nannofossil and diatomaceous mud with a large amount
of plagioclase grains. Tachylite and sideromelane are rare in the mud.
Burrows are common, especially from 5em to the bottom of the core,
but the most sand layers are barely preserved.
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Fig. 17. Soft X-ray photographies of the PC-5 core sample (see Fig. 16. Scale

is the same as Fig. 6.

PC-6 Core Description: Western margin of Tokyo Submbrine Fan
The PC-6 core sample is composed of thin-bedded turbidites of
Tbhd and Tbe (Figs. 18 and 19). 16 turbidite layers are identified in




416 K. Fulioka, et al.

this core sample. The nature and composition of the materials are
quite similar to those of PC-5. The PC-6 is composed mainly of
tachylite, sideromelane, pyroxene and plagioclase. Hornblende is also
contained. The most particles, especially plagioclase, are subrounded.
The detritus grain shows dirty surface, probably due to abrasion. The
mud is composad chiefly of nannofossil and diatomaceous mud with

o
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v KT88-1-P6 CORE DESCRIPTION (continued)
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Fig. 18. Piston core log of the PC-6 obtained from the So-o Trough.

{cm) 15

small fragments of plagioclase less than 0.01 mm long.

4. Okinovama Bank Chain

The Okinoyvama Bank Chain NW-SE trending shallow banks oceupies
the eastern part of Sagami Bay. The banks shows seamount-like shape
which consists of various kind of rocks similar to those exposed onland
Miura Pensula (KiMURA, 1976; FusiokA and FURUTA, 1986). The Okino-
vama Bank Chain ecan be thought to be a manifestation of the Shonan
oki submarine volecanoes proposed by MaATSUDA (1962). Also, the geo-
lozical map of the Sagami Bay by KiMURA (1976) draw it as submarine
voleanoes on the chain.

4-1. Topography

The Okinoyama Bank Chain has a flat top whose depth is as shallow
as 28 meters at the highest peak at the Okinoyama Bank (Fig. 1la).
The Okinoyama Bank Chain is cut by east-west trending submarine
canyons, one of which is the largest Tokyo Canyon. Summits of the
segmented banks are shallower than 500 meters. They seem to be
affected by wave base erosion at low sea level stands.

The Okinoyama Bank Chain is called from north to south, the
Sagami, the Miura and the Okinoyama Bank.

Just east of the Bank Chain, a small depression called Miura
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Basin, which is thickly covered with hemipelagic mud, runs almost
parallel to the chain. The depth of the basin is around 600-700 meters.
The Okinoyama Bank Chain belongs to the Northeast Japan Plate; the
origin of the fault system was thought to be the eduction of the
Philippine Sea Plate by NAKAMURA et al. (1984).
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Fig. 19. Soft X-ray photographies of the PC-6 core sample (see Fig. 18. Scale
is the same as Fig. 6.

4-2. Major rocks obtained from the Okinovama Bank Chain

Figure 1b shows the position of the dredge hauls which were reco-
vered during KT88-1 cruise, and Table 5 shows the major lithology of
dredged materials. Rocks obtained by the dredge hauls along the
Okinoyama Bank Chain are pebbly mudstone or poorly sorted sandstones
which are indurated, faulted and fractured dark brown mudstones or
sandstones including clasts of voleanie rocks such as basalt, andesite
and rhyolite. Voleanic materials are mostly angular in shape.

Voleanics show fluidal and intersertal texture which indicates the
typical lava flow origin.

Description of Dredge Samples:

Dredge sampling was performed along the steep flanks of the topo-
graphic highs of the Okinoyama Bank Chain and Misaki Bank. Precise
positions, depth of each sampling point, and other information are
shown in Table 1 and Figure 1b. The samples are composed mainly of
unconsolidated and/or semi-consolidated sediments, and some igneous
rocks and scoria are identified. Several angular to subangular igneous
rocks are found as clasts contained in the unconsolidased or semi-con-
solidased sediments.
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Table 5.

K. Fuiioka, et al.

List of rocks of the thin sections

obtained from samples dredged from the
Okinoyama Bank Chain.

Sample Name Description
D-1 1 scoria ash
4 volcanic sand
5 volecanic sand
7 v.f. sand
14 scoria ash
16 co. ash
18 voleanis sand
D-2 5 sand
7 v.f. sand
9 voleanic sand
20 sandy tuff
24 pumiceous tuff
26 pumiceous tuff
35 silty sand
D-5 2 voleanic silt
5 volcanic silt
18 voleanic silt
19 volcanic silt
36 basalt
78 basalt
D-7 22 volcanic silt
29 scoria
83 scoria
87 scoria
131 scoria
163 scoria
D-8 12 volcanic silt
D-10 1 andesite
G-6 8 scoria
G-8 1 basalt
3 basalt
G-9 1 altered scoria
7 andesite

Petrographic Study:

A petrographic study was
done on six dredge samples
and three grab samples of
KT88-1 cruise, 14 thin-sec-
tions of the unconsolidated
and semiconsolidated sedi-
ments, 13 thin-sections of the
scoria and scoriaceous ash,
and six igneous rock thin-
sections (Table 5).

Unconsolidated and semi-
consolidated sediments are
composed mainly of poorly
sorted silt with voleanogenic
materials. The semi-consoli-
dated sediments commonly
suffer weak alteration, and
are fractured. Calcite ce-
ments and veins are present
in the semi-consolidated sedi-
ments. However, the funda-
mental nature and mineral
composition of the semi-con-
solidated and unconsolidated
sediments are similar each
other. The voleanogenic frag-
ments in the silt, such as frag-
ments of tachylites, plagioc-
lase and pyroxene, are usually
angular in shape. Pumice
grains are contained, but not
common. Some Dplagioclase
grains have glass inclusions
(Figs. 20 and 21). Biogenic
materials are abundant, in-

cluding diatoms, sponge spicules, nannofossils and some foraminifera,

silicofragellate and carbonaceous fragments.

Most of the silt is

structureless and poorly sorted, but the preferred orientation of the
grains is identified in some sample (e.g. D-5-002 and D-5-005).

Most of the voleanic ejecta, scoria and ashes are andesitic or basaltic.
The volcanic ejecta occupy about one third of the total amount of
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e 48 S,

Fig. 20. Photomicrographs of the semicondesolidat voleaniclastic sediments
obtained from the Okinoyvama Bank Chain. Seale bar is0.1mm. 1: D-5 018
open, 2: D-5 005, open, 3: D-5 002, open, 4: D-1 018, open, 5: D-7 029,
6: D-5 019, open.

dredged material. The average grain-size of voleanic ejecta would decreases
toward the southeast. D-1 samples are dominated by fine-to coarse-grained
ashes without scoria grains. Voleanic ejecta obtained in D 7 are com-
posed chiefly of scoria, more than 2 em in diameter, and coarse-grained
ashes. The scoria in D-7 commonly well-vesiculated, and is composed of
fresh tacklite with mierolites of plagioclase and pyroxene.

The igneous rock fragments obtained are composed mainly of basalts
and andesites. The basalt are dredged from D-5, D-10 and G-8, and
andesites are obtained from G 9. The basalt consists of olivine-plagio-
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fi iy

Fig. 21. Photomicrogrphs of the voleanic rock fragments of the dredged sam-
ples obtained from the Okinoyama Bank Chain. Secale bar is 0.1mm. 1:
D-5 078, cross, 2: D-10 001, cross, 3: D-7 163, open, 4: G-6 008, open, 5:
D-1 016, open, 6: D-2 024, open.

clase basalt of hyalopilitic texture (D 5 036, D 5 078 and D 10-001),
and of olivine-bearing basalt of pilotaxitic texture.

4-3. Volcaniclastics

Coarse pebble- to cobble-sized siltstone eclasts, semi-consolidated to
unconsolidated, were obtained at sites D-1 and D-2 at Okinoyama Bank,
D-2 at Okinoyama Bank, D-3, D 4 and D-5 at Misaki Knoll, D-6 at
Miura Knoll, D-7, D-8, D-9 and D 10 at Sagami Knoll and G-6, G-8
and G-9 at Senba Spur in Sagami Bay (Figs. 1a and 1b). These silts-
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tone clasts often contain a certain amounts of granules to pebbles of
intermediate to basic volcanic rocks. No clasts of plutoniec rocks, such
as granodiorite, were found. These siltstone clasts are commonly
rounded to sub-rounded.

Petrography of Volcaniclastics

At sites of D-1 and D-2 on the southern slope of Okinoyama
Bank, pebble to cobble-sized clasts of volcaniclastic conglomerates,
voleanic sandstones and pumiceous tuffs were obtained. The conglo-
merates are composed mainly of rounded to sub-rounded eclasts of
voleanic rocks, and these clasts are generally clast-supported. They
contain a large amount of basalt and andesite clasts up to 3mm long
which exhibit a pronounced poikilitic and/or fluidal texture, and they
rarely contain mudstone clasts up to 5 mm long, yielding small amounts
of organic remains, such as foraminifers and molluscan shells. The
voleanic sandstones show two sorts of different lithofacies. The domi-
nant facies shows that fine to very-fine sized grains, feldspar, quartz
and so on, are scattered in the mud matrix. The second facies exhibits
medium- to fine-sized grains attached to each other by mud filling
interstitials, and this facies is in sharp contact with the former one.
The pumiceous tuffs are composed chiefly of very-fine to fine grained glass
shards, and they rarely contain a small amounts of marine microfossils.

Clasts of pebble-sized siltstone and basalt were obtained at the
site of D-5 on the northeastern slope of the Misaki Knoll. The siltstone
clasts contain fine-grained feldspar and mafic minerals, being very
angular in shape, and these grains are scattered in the mud matrix.
Microfossils are also present in the siltstone. The basalt exhibits a
pronounced coarse-grained porphyritic texture.

At sites D-7, 8 and 10 on the southern slope of Sagami Knoll,
pebble- to boulder-sized volcaniclastic conglomerates, and pebble-sized
siltstones and andesites, were obtained. The volcaniclastic conglomerates
consist of mainly scoria clasts, and a small amount of andesite and
basalt clasts. These clasts are attached to each other. The intersti-
tials are filled by mud. Plagioclase which occurs as phenoerysts, nearly
euhedral and up to 4 mm long, sometimes shows pronounced composi-
tional zoning; a broad, highly calcic core, reaching about An80 in the
grain core, surrounded by narrow rims. Some plagioclase phenocrysts
have small glass inclusions. Chemical compositions of the inclusions
are listed in Table 6.

Chemical Composition of the Volcaniclastics
General Statement and Method of Analysis: In order to classify




424

K. FUJIOKA, et al.

the clasts of volcanic rocks, chemical analysis was carried out with a
Model JCXA-733 electron-probe microanalyzer (EPMA) for Si0,, TiO,,
ALO,, total iron as FeO, MnO, MgO, Ca0, Na,0, K,0, Cr,0,, V,0,, NiO

and P,O,.

The analytical method is as follow: First, the clasts of

volcanic rocks are picked up and cleaned with an ultrasonic cleaner,

then crushed in an agate bowl.

About 100 mg powders are fused to

Table 6-1. Major element chemical compositions of the volcaniclastic materials
dredged from the Okinoyama Bank Chain.
1) KT88-1 Volcaniclastics (fused) all list —Bulk—

Sample G6-8a  G6-8b  DI1-30 D5-2a D5-26b  Dé-14a  D6-14b
Si0, 53.624  50.781  55.727  51.065  51.513  54.936  54.978
TiO; 1.298  1.175 .982 .800 .663 .728 752
AlLO, 13.778  15.023  14.669  15.137  20.459  19.805  19.034
FeO 12.202  11.620  10.472  8.613  6.742  6.762 2.271
MnO .223 .195 .308 178 .116 .146 .165
MgO 5.221  4.751  3.779  4.915  3.777  9.630 2.847
Ca0 9.373  9.965  7.950  10.348  12.065  9.278 9.150
Na.0 2,114  2.242 2761  2.077  2.115  2.795 2.623
K-0 .431 .380 .363 .401 .853 .390 .346
Cr.0, 0.000 .025 015 0.000 .033 .018 .017
V.0, .039 .057 .036 .021 .030 .012 .005
NiO .044 .073 .067 .062 .080 .064 .056
P:0; .048 .098 .082 .058 .064 .00 .066
Na,0+K:0 2.545 2622  3.125  2.478  2.468  3.185 2.069
Total 93.484  96.385  97.211  93.675  98.009  97.642  97.309
Sample D7-10a  D7-10b D7-29a D7-20b D8-13a D8-13b  DI10-1
Si0, 50.357  59.254  57.495  53.802  50.314  51.532  53.124
TiO. 9%  1.011 1.110  1.020  1.065 .991 .819
ALO, 16.785  16.694  14.413  17.507  16.737  18.830  21.555
FeO 8.020  6.653  7.8%9  7.981 9.715  8.629 7.538
MnO .164 121 .164 .124 .224 .136 .144
MgO 2.962  2.082  2.530  3.057  4.032  3.976 2.908
Ca0 9.784  7.425  6.635  9.879  8.262  9.278 7.215
Na,0 3.023  3.755  3.128  3.240  2.517  3.204 3.028
k.0 571 672 .611 .602 .284 .250 .579
Cr:0, 0.000 .021 .005 026 0.000 .021 .011
V205 .006 .014 .011 .017 .032 .028 .012
NiO .073 071 077 .071 .049 072 .059
P:0; .023 112 .064 .047 .074 .082 .162
Na,0+K:0 3.594  4.426  3.739  3.838 . 2.801  3.454 3.608
Total 92.709  97.883  94.066  97.394  93.305  97.029  97.154
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Table 6-2
2) KT88-1 Voleaniclastics (fused) all list —Water free—

Sample G6-8a G6-8b D1-30 D5-26a D5-26b D6-14a D6-14b
SiO; 54.449 56.286 57.326 54.513 52.559 56.262 56.499
TiO, 1.318 1.219 1.010 .854 .676 .745 773
Al;0; 13.990 15.587 15.090 16.159 20.874 20.283 19.560
FeO 12.481 12.055 10.772 9.194 6.879 6.925 7.472
MnO .227 .203 317 .190 .119 .149 .169
MgO 5.302 4.929 3.888 5.247 3.854 2.693 2.926
Ca0 9.517 10.339 8.178 11.046 12.311 9.502 9.403
Na,0 2.146 2.326 2.840 2.218 2.158 2.863 2.695
K0 437 .394 374 .428 .360 .399 .356
Cr:0; .000 .026 .016 .000 .033 .019 .017
V:0; .040 .059 .037 .022 .031 .012 .006
NiO .045 .075 .069 .066 .081 .065 057
P:0s .049 .102 .084 .062 .065 .082 .068

Na,0+K.0 2.584 2.721 3.214 2.645 2.518 3.262 3.051
Total 100.000  100.000  100.000  100.000  100.000  100.000  100.000

Sample D7-10a D7-10b D7-29a D7-29b  D8-13a D8-13b D10-1b
Si0. 54.318 60.535 61.052 55.242 53.925 53.110 54.680
TiO, 1.010 1.032 1.179 1.047 1.141 1.021 .843
AlLO, 18.105 17.055 15.322 17.975 17.938 19.407 22.186
FeO 8.651 6.797 8.387 8.195 10.412 8.893 7.759
MnO 177 .123 175 .128 .240 .140 .148
MgO 3.200 2.127 2.690 3.139 4.321 4.098 2.993
Ca0 10.553 7.586 7.054 10.143 8.855 9.562 7.426
Na.0 3.261 3.836 3.325 3.327 2.697 3.302 3.117
K:0 .616 .686 .649 .618 .304 .258 .596
Cr:0, .000 .022 .005 .027 .000 .022 .011
V:0; .008 014 011 .018 .035 .028 .012
NiO .079 .073 .082 .073 .052 .075 .061
P:0; .024 114 .068 .049 .079 .084 .167

Na.0+K-0 3.877 4.522 3.974 3.941 3.002 3.560 3.713
Total 100.000  100.000  100.000  100.000  100.000  100.000  100.000

be homogenized on an iridium leaf under high voltage. In this method,
glassy homogeneous pellets are prepared. The pellets are impregnated
with an epoxy resin, then ground and polished with diamond paste.
Weight per cents of major elements are then measured by EPMA under
the condition that the electron beam is defocused, because the alkali
element count decrases with exposure to the beam.

Fourteen voleanic rock fragments were analyzed and are listed in
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Table 6. The SiO, content
15¢ of these rocks ranges from
52.6 to 61.1 weight per
cent in water-free samples,
101 corresponding to that of
basalt to andesite.

S10,—(Na,0+ K,0) Re-
lation

_ ‘ . . KuNo (1966) proposed

50 860 70 80 ¢y the Si0,—(Na,0+K,0) dia-

' . - Sie gram for dividing the vol-

Fig. 22. Silica-alkali diagram for the volcani- canic rocks into an alkali
clastic rocks of the Okinoyama Bank Chain a 1c

obtained by dredge hauls. A: Alkali basalt, rock series and non-alkalic
B: High-alumina basalt, C: Tholeiite. rock series. Fig. 22 shows

the SiO,—(Na,0+K,0) re-
Jation of the fragments of voleanic rocks. All the fragments fall in the
field of low-alkali tholeiite, suggesting that all volecanic rocks belong to
the non-alkalic rock series.

5. Discussion

5-1.Anomalously high heat flow at the Hatsushima Community

Anomalously high heat flow values up to 1,700 mW/m’ at the
Hatsushima Community were obtained during this cruise. Such values
have not been observed in Segami Bay so far and are almost equivalent
to those of the hydrothermal field such as the Okinawa Trough (YAMANO
et al., 1989). Anomalously high CH, content of the bottom seawater
around the Hatsushima community was also found together with high
heat flow anomalies (GAMO et al., 1989). How do we explain these
observations in relation to the current tectonics?

Submarine volcanoes called “Higashi Izu-Oki Submarine Volcanoes”
lie between the Izu peninsula and Oshima island. The volcanic rocks
obtained from these submarine volcanoes are low-alkali tholeiite having
olivine phenoerysts and are products of recent submarine eruption
(HAMURO et al., 1980).

Active faultings are recognized near or along the topographic
inflection line (Research Group of Active Fault, 1980). The prevailing
direction of the faults is NNE-SSW, similar to the elongation of the
community distribution.

Surface topographic features around the community suggest that
they are tectonically extensional. The community site is just on the
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volcanic front of the Izu-Bonin Arc where high magmatic activities
are expected due to subduction of the Pacific Plate underneath the
Philippine Sea Plate. These enable us to suggest that the warm,
anoxic (hydrothermal) fluid wells up to the seawater/sediment inter-
face resulting in formation of the large community. The benthic
foraminifer assemblages observed at the community strongly support
this interpretation. This type of deep-sea community is not likely to
be the cold seepage type but similar to that of the Mid-oceanic Ridge
(FuJioxka and TAIrRA, 1989).
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Fig. 23. Geomagnetic anomaly distribution of the geomagnetic total force in
Sagami Bay (after UTASHIRO and IwABUcCHI, 1971).
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5-2. Origin of Okinoyama Bank Chain

Total geomagnetic force anomaly obtained in Sagami Bay was com-
piled by UTASHIRO and IWABUCHI (1971) (Fig. 23). Many geomagnetic
anomalies having a pair of remarkable positive and negative peaks up
to about 1,800 nT were recognized around the Oshima island in the NW
to SE direction. However, no such definite geomagnetic anomalies
(dipoles) have been found along the Okinoyama Bank Chain and magnetic
total force value is much lower as compared to that of the Oshima
volcano. These mean that the Okinoyama Bank Chain is not composed
of volcanoes which show both strong geomagnetic total force and a pair
of negative and positive peaks.

KIMURA (1976) showed the volcanic rocks just on the tops of the
Okinoyama Bank Chain, and Ito and Masuda (1986) drew submarine
volcanoes in the Okinoyama Bank Chain. However, the voleanic rocks
were dredged as clasts in the pebble mudstone or as scoria; there is
no positive evidence for tnm-situ submarine volcanoes in the Okinoyama
Bank Chain. This rejects the possilibility that the Okinoyama Bank
Chain was composed of volcanic seamounts. Instead, we propose here
the possible accretion of voleaniclastic materials in the Mio-Pliocene
mudstone strata.

6. Summary

Results obtained during the cruise of the R/V Tansei-Maru KT88-1
across Sagami Bay are summarized with special references to the
Hatsushima Community and the Okinoyama Bank Chain.

(1) Topographic inflection line is clearly observed at water depth
of 1,100 meters, east of the Izu peninsula.

(2) Active faults run along the inflection points whose trend is
NNE to SSW.

(8) The community site is crossed by the volcanic front of the
Izu-Bonin are.

(4) Various kinds of submarine volcanoes such as Higashi-Izu-oki
submarine volcanoes and Atagawa-oki submarine lava flow are identified.

(5) High heat flow and high methane anomalies were observed at
the Hatsushima Community.

(6) These observations strongly suggest that submarine hot
springs sustain the deep sea community of the Hatsushima area.

(7) Both weak magnetic total force and lack of a pair of positive and
negative anomalies show the non-existence of submarine volcanoes
around the Okinoyama Bank Chain.

(8) Dredged materials show the possible accretion of volcaniclastic




Geology of Sagami Bay and its Environs 429

materials in the Miocene to Pliocene mudstone strata.

Acknowledgments

During KT88-1 cruise, Captain Igarashi and all the crew of the
R/V Tansei-maru helped us with station surveys. They helped with
dredge hauls, deep sea cameras, heat flow and so on. They are acknowl-
edged. Thanks are also due to Drs. T. Furuta, Ocean Research Insti-
tute, B. -C. Suk, Ocean Research Institute, Korea and M. Ito, Chiba
University, and Mrs. T. Yamagata, Kyusyu University and J. Ando,
Tohoku University, for their valuable suggestions and help during the
cruise. During the preparation of the manuscript, Drs. T. Gamo,
Ocean Research Institute, S. Uyeda, Earthquake Research Institute and
K. Otsuki, Tohoku University gave us valuable comments. Mr. P.
Blume, Kyoto University critically read the manuscript. Mr. Kinzo
Yoshida, Mrs. T. Kanahara, Ms. A. Yasue and Ms. N. Yasuzato helped
with preparing may thin-sections, typing and drawing.

References

Axrmoto, K., 1987TMS, Paleoenvironmental studies of the Nishiyatsushiro and Shizukawa
Groups, South Fossa-Magna Region. Tohoku Univ., Doctoral Dissertation.

Axmoro, K. and S. HASEGAWA, in press, Bathymetric distribution of the recent benthic
foraminifers around Japan. —as a contribution to the new paleobathymetric scale~—.
Mem. Geol. Soc. Japan, 32.

Bouma, A. H., 1962, Sedimentology of some flysch deposits—a graphic approach to facies
interpretation, 168p., Elsevier Pub. Co., Amsterdam.

Fusioka, K,, 1988, Topographic features around Izu Oshima Island, Jour. Geography, 97,
39-50, (in Japanese with English abstract).

Fuisoka, K. et al, 1984, Geology of the Boso Submarine Escarpment, southeast of Tokyo—
preliminary report of the Tansei Maru Cruise KT83-20, Bull. Earthq. Res. Inst., Univ.
Tokyo, 59, 267-326.

Fusoxa, K. and T. FuruTa, 1986, Topography and structure of the Okinoyama bank chain-
results of observations from the Shinkai 2000 around the Miura knoll-, JAMSTEC
Deepsea Res., 2, 1-9.

Fuiioka, K. and A. TAIRA, 1989, Tectono-sedimentary settings of seep biological communites
—a syntheses from the Japanese subduction zones—. In A. Taira and F. Masuda eds.
Sedimentary Facies in the Active Plate Margin, Terra Sci. Pub. Co., Tokyo, 577-602.

Gamo, T., J. IsHiBasHI, K. SHITASHIMA, M. KINOSHITA, M. WATANABE, E. NakAYaMma, Y.
SoHRIN, W. -S. Kim., T. MAsuzawa and K. FUJIOKA, 1989, Anomalies of bottom CH,
and trace metal concentrations associated with high heat flow at the Calyptogena
community off Hatsu-shima Island, Sagami Bay, Japan: A preliminary report of Tansei
Maru KT-88-1 cruise Leg-1.

Hamuro, K., S. Aramak1, H. Kacaumr and K. Fustoxa, 1980, The Higashi-Izu-oki submarine
volcanoes, part 1. Bull Earthq. Res. Inst., Univ. Tokyo, 55, 259-208 (in Japanese with
English abstract).

Hasmimoro, J., T. TaNAKA, S. Marsuzawa and H. Horra, 1987, Surveys of the deep-sea
communities dominated by the giant clam, Calyptogena soyae, along the slope foot of




430 K. Fulloka, et al.

Hatsushima Island, Sagami Bay, JAMSTEC Deepsea Res., 3, 37-47 (in Japanese with
English abstract).

IsuiBasHI, K., 1976, Interpretation of abnormal uplifling around Izu Peninsula and ‘Izu-
Toho Line-west Sagami Bay Fault’, multisubduction in boundary of the northmost
Philippine-Sea Plate, Abst. Earthq. Soc. Japan, 2, 29.

Ito, M. and F. Masupa, 1986, Evolution of clastic piles in an arc-arc collision zone: Late
Cenozoic depositional history around the Tanzawa Mountains, central Honshu, Japan.
Sediment. Geol., 49, 223-259.

Kagawmi, H., E. HoNza, M. KimMurA, M. INOUE and N. Nasu, 1968, Minimisagami Formation
in Sagami Trough. Jour. Mar. Geol., 4, 1-15 (in Japanese with English abstract).
KANaMORI, H, 1971, Faulting of the Great Kanto Earthquake of 1923 as revealed by seis-

mological data. Bull. Farthq. Res. Inst., 49, 13-18.

KiMURA, M. 1976, Marine geology in the Sagami-nada Sea and its vicinity. Marine Geol.
Map ser. 3, Geol. Surv. Japan, 10p.

Kuno, H. 1966, Lateral variation of basalt magma type across continental margins and
island arcs, Bull. Volcanologique, Ser. II, 27, 195-222.

MartoBaA, Y., 1970, Distribution of recent shallow water foraminifera of Matsushima Bay,
Miyagi Prefecture, northeast Japan. Sci. Rep., Tohokw Univ., 2nd ser., 42, 1-85.

Matsupa, T., 1962, Crustal deformation and igneous activity in the south Fossa Magna,
Japan. Amer. Geophys. Union, Monogr., 6, 140-150.

Naka, J., T. TANAKA and H. Horra, 1988, A submarine Lava Flow in the Western Part of
the Sagami Bay, northeast off Atagawa (II). JAMSTEC Deepsea Research 4, 15-176.

NAraMURA, K., K. SHIMAZAKI and N. YONEKURA, 1984, Subduction, bending and eduction-
Present and Quaternary tectonics of the northern border of the Philippine Sea plate.
Bull. Soc. Geol. Frn. 26, 221-243.

NAkAMURA, K. et al., 1987, Oblique and near collision subduction, Sagami and Suruga
Troughs—preliminary results of the French-Japanese 1984 Kaiko cruise, Leg 2.
Earth and Planet. Sci. Lett., 83, 229-242,

OmHTa, S., H. SAKAI, A. Tara, K. Oawapa, T. Isuir, M. MAEDA, K. Fuiioka, T. Savo, K.
KoGcurg, T. Gamo, Y. SuiravamA, T. Furura, T. Ismizuka, K. Enpow, T. Sumi, H.
Hotta, J. HasHiMoTO, N. HANDA, T. MATSUZAWA and M. HorikosHI, 1987, Report on
multi-disciplinary investigations of the Calyptogena communities at the Hatsushima
site. JAMSTEC Deepsea Res., 3, 51-60 (in Japanese with English abstract).

Ok1, K., 1987TMS, Echological analysis of the dead and living assemblages of benthonic
foraminifera in Kagoshima Bay, South Kyushu, Japan. Tohoku Univ. Doctoral Dis-
sertation.

Orsuka, K., H. Kacgami, E. Honza and N. Nasu, 1974, Submarine slumping as a cause of
turbidity currents in the Sagami Bay. Kaiyo Kagakuw (Mar. Sci.), 5, 446-452 (in
Japanese).

Saka1, H., T. Gamo, K. Enpo, J. IsHIBASHI, F. YANAGISAWA, M. KusakABE, T. AxacI, T.
IsHIZUKA, G. IGARASHI and S. OHTA, 1987, Calyptogema colonies on the seabed off
Hatsushima, Sagami Bay, A geological study with SHINKAI 2000. JAMSTEC
Deepsea Research special issue, 75-90 (in Japanese with English abstract).

SHEPARD, F. P., H. Niuno and T. K. CHAMBERLAIN, 1964, Submarine canyons and Sagami
Trough, east-central Honshu, Japan. Bull. Geol. Soc. America, 75, 1117-1130.
SUGIMURA, A., 1972, Platc boundaries around Japan and its environs. Kagaku, 42, 192-202

(in Japanese).

Tapa, T. and M. Hasuimoro, 1988, Programme and Abstracts, The Seismological Soc. of
Japan, 1988, No. 1, B55.

TakeucHI, A. and K. FuJioka, 1985, Submarine geomorphology along the Sagami and Suruga
Troughs. Jour. Geography, 94, 102-114 (in Japanese with English abstract).

TokUuvaMA, H., K. SUYEHIRO, H. WATANABE, M. OHNISHI, A. TAKAHASHI, T. IkaAwA, M.




Geology of Sagami Bay and its Environs 431

AsADA, K. Fusioka, J. Asmi, S. Kuramoto, W. SoH and Y. Ocawa, 1988, Multichan-
nel seismic reflection profile from south of the Izu Oshima. J. Volcanol. Soc. Japan
33, 67-77 (in Japanese with English abstract).

Ur, T., S. ARAMAKI and Y. MIYAKE, 1988, Subaqueous basaltic lava flow at the Sagami Bay.
JAMSTEC Deepsea Res. 4, 149-156, 1988.

UtasHIRo, S. and Y. IwWABUCHI, 1971, The submarine topography and geological structure
of Sagami Bay, south coast of Honshu, Japan. Jour. Geogr., 80, 77-80 (in Japanese
with English).

Von HERZEN, R. P. and A. E. MAXWELL, 1959, The measurement of chermal conductivity
of deep-sea sediments by a needle-probe method. J. Geophys. Res., 64, 1557-1563.

WaALTON, W. R., 1952, Tequniques for recognition of living foraminifera. Contr. Cushman
Found. Foram. Res., 3, 56-60.

Yamano, M., S. UYEpa, J. P. FoucHER and J. C. SIBUET, 1989, Heat flow anomaly in the
middle Okinawa Trough, Tectonophysics, 159, 307-318.

MEE L oo HE
—KT88-1 ki E—

PERORIY - ATERY - % B - HFHEZ
IR - BARNGED - BELIERY

© RRRSER DT IET
REE VG SR

1988 4 2 FAAHGSB O o HEREE « JEERILE S O R A IR B KB E TR O RFTF
T X » TiFfebhte. BAFIEEL CRADEGEN IR TH 5 HEEESODLEOMICH 585
HA TR CILIRES 1680 mW/m® Wi % iAo B A BEShis, Thisbwrz v
(CH,) OERE R HEL EoAN bt Zhb ORI EENTHED D TH L
WT AT 4 TRIBE S5 D E i ot WIEEMTHERI oMY, RRAETY, TR oREs
FLE OS2 HERTE « IR LML, W ETEA T O < 7 < PR LI IRERR < & »
TR SR T B ATfEME 2 R LT 5. ,

R OWME S » TG -F U O T LT 5 1, i (LHEFIClthi & B OFF LT
febh, KIMEHER S 2 G L RIDIBENR F vy Si2 L - THELR TS, FERE LR KB IRIC
X DRl SR TV ARG & &R0 L Bih s BT KIUOFITike <, it OB

e T ok 7 = v FE L A DS Rt JUE E A ERNIRHI A0 LT T & o mRgEs .




