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Abstract

Late in the fall of 1987, as a part of the Japanese National Research
Program (DELP/Dynamics and Evolution of the Lithosphere Program :
Japanese title of ILP) a geophysical and geological research cruise
(DELP-87 cruise by two vessels) was carried out in the western margin
of the Pacific and the Ogasawara (Bonin) Trough area, one of the
back-arc basins in the western part of the Pacific. It is suggested
through the present and past studies that the trough has been formed
as a result of differential rifting and subsequent opening of the Parece
Vela and Shikoku Basins in the middle Tertiary. The ecrustal structure
of the trough is basically similar to those of other part of the Izu-
Ogasawara system but it represents a consequence of tectonic stretching.
Therefore, the horizontal stress field of the trough area between ca. 50
and 20 Ma may have been extensional. A conspicuous feature of the
world’s highest gravity anomaly associated with the existence of a
large Boninite mass around the Ogasawara Ridge in the eastern part
of the trough must be supported by some dynamic uplifting force if
not a compressive horizontal stress field.

1. Introduction

To the east of the Ogasawara Trough, the Pacific Plate (PAC) is sub-
ducting underneath the Philippine Sea Plate along the Izu-Ogasawara
Trench system (I0OT: index map of Fig. 1). The Pacific Plate to the east
of the Ogasawaras consists of oceanic lithosphere of Late Jurassic age, the
oldest lithospheric fragment existing in the Pacific region. The Ogasawara
Trough was formed in the Tertiary and has been inactive in the recent
period. - On the western flank of the Ogasawara Trough, however, there
are at least four Quaternary volcanic islands obviously active in the recent
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Fig. 1. An index map of the survey area and morphological
units of surrounding regions. JS: Japan Sea, SK: Shikoku
Basin, PH: Philippine Sea Basin, PV: Parece Vela Basin,
KT: Kuril-Kamchatka Trench, JT: Japan Trench, IOT:
Izu-Ogasawara Trench, MT: Mariana Trench, NT: Nankai
Trough, NS: Nanseishoto Trench. Present survey of DELP
1987 was performed in OG: Ogasawara Trough and Ridge
areas.

time. The area of detailed survey by the DELP-87 cruise is shown in
Fig. 2a and 2b.

This area is characterized by the following features. 1: Change of
the distribution patterns in seismicity and features of the Wadati-Benioff
zones between southern part and northern part of the Izu-Ogasawara Arcs
bounded by the Ogasawara (Bonin). 2: Low seismicity below the Ogasa-
wara Trough (KATSUMATA and SYKES, 1969). 3: Collision of a line of
seamounts associated with a line of free air gravity anomaly trend ap-
parently originated at the East Pacific Rise with the Izu-Ogasawara Trench
at the southern part of the Ogasawara Trough (SMOOT, 1983 ; SEGAWA and
MATSUMOTO, 1987). 4: Conspicuous high free air and Bouguer gravity
anomaly in the Ogasawara Ridge area. 5: Southward dipping of negative
free air gravity in spite of northward dipping of the bathymetric depths
in the Ogasawara Trough (ISHIHARA et al., 1981; HONZA and TAMAKI,
1985).  6: Possible rifting of the Ogasawara Trough in the Tertiary era
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Fig. 2. Survey lines and stations of DELP-87 cruise in the Ogasawara area by DELP
research group on back-arc basins.
a: Track lines of Tokai-Daigaku-Maru Nisei, Tokai University.
b: Track lines of Wakashiomaru, Nippon Salvage Company.
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(HONZA and TAMAKI, 1985) and reactivation of back-arc system in the
Quaternary era (TAMAKI et al., 1981). 7: Conspicuous westerly deviation
of a line of active volcanic islands to the west of the Ogasawara Trough
compared to those along northern and southern parts of the Izu-Ogasawara
system (VOLCANOLOGICAL SOCIETY OF JAPAN, 1971). 3: Higher
local heat flow values on the western side of the Ogasawara Trough
(VAQUIER et al., 1966 ; MATSUBARA, 1981). 9: Oblique alignments of older
and younger tectonic features along the back-arc area of the Izu-Ogasawara
system (YUASA, 1983). All these features cannot be easily explained be-
cause of tectonic complexities of this region compared to other frontal arc
and back-arc basin couples (KARIG and MOORE, 1975).

Seismic velocity structures of the lithosphere of the area including the
Ogasawara Trough have been studied by several authors (HOTTA, 1970;
LATRAILLE and HUSSONG, 1983 ; KARIG and RANKEN, 1983 ; BIBBEE ¢t al.,
1980 ; AMBOS and HUSSONG, 1982; SINTON and HUSSONG, 1983 ; HUSSONG
and SINTON, 1983 ; HAMBERGER et al., 1983 ; KASAHARA et al., 1985). Most
extensive structural study across the Ogasawara Trough was achieved by
HOTTA (1970) and it was shown that there exists a thick layer (ca. 5 km)
of seismic P-wave velocity 5.39 km/s underneath the trough area. This
suggests an accumulation of relatively low velocity materials either due
to high temperature or thick sediment (or turbidites) beneath the trough.

2. Scientific Objectives

The scientific objectives of DELP-87 are to study the tectionic struc-
ture and evolution of the Ogasawara back-arc basin and to obtain insight
into the deeper dynamics of the back-arc rifting and coupling between the
upper of the presumably subducting lithosphere and the island-arc structure
of the eastern side of the Philippine Sea Basin. The DELP-87 cruise com-
prised R/V Wakashio-maru, Nippon Salvage Company and Tokai-Daigaku-
Maru Nisei (Junior), Tokai University. The latter was offered by courtesy
of the Department of Oceanography, Tokai University to make a joint
study with the DELP group. Scientists from six universities and institu-
tions participated in the program. A part of the Seabeam mapping ob-
tained recently by Japan Maritime Safety Agency (unpublished) was offered
for integrated studies of the present program.

3. Cruise period

Cruise DELP-87 WAKASHIO (Wakashio-maru) and NISEI (Tokai-
Daigaku-Maru Nisei; Junior Cruiser)



124 JAPANESE DELP RESEARCH GROUP ON BACK-ARC BASINS

*** WAKASHIO
November 7, 1987. Departure from Chuo, Chiba
10-11 Deployment of OBS (Ocean Bottom Seismometer)
11-13 Explosions of small charge and Air-gun shooting
14-18 Multi-channel seismic profiling
20 Back to Chiba
7-20 Magnetic measurement all along steaming tracks
*** NISEIL
November 4, 1987. Departure from Shimizu, Shizuoka
6-16 Single-channel seismic profiling, Detailed magnetic survey,
Heat flow, Dredge haul, Gravity coring, Deployment of OBS
17-18 Recovery of OBS
21 Back to Shimizu ' |
4-21 Magnetic measurement all along steaming tracks

4, Items of observation

1) 12KHz Precision Depth Recording
2) 3.5 KHz Depth Recording
3) Multi-channel Seismic Profiling
4) Single-channel Seismic Profiling
5) Structure by Ocean Bottom Seismometer
6) Geomagnetic Survey

6)-1 Total force

6)-2 Three-axis vector component
7) Heat Flow
8) Dredge Haul
9) Gravity Coring

5. Data filing and processing

1) Track positioning

2) Depth record (digitized) for whole track lines
3) Shot instance of large volume Airgun

4) Shot instance of explosions

5) Geomagnetic elements (Hx, Hy, Hz and F)

6) Seismic wave form (digitized)

6. Particpants

Earthquake Research Inst., Univ. Tokyo
S. NAGUMO and S. KORESAWA
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profiling digitally processed along the E-W seismic survey line of Fig. 2b (marked by W and E on both ends).

[Bulll Earthq. Res. Inst., Univ. Tokyo, Vol. 64, Pl 4] -
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Ocean Research Inst., Univ. Tokyo
H. TOKUYAMA and T. PAAK

Observation Center for Prediction of Earthquakes and Volcanic Erup-

tions, Tohoku Univ.

A. NISHIZAWA and R. HINO

Department of Earth Sciences, Chiba Univ.
H. KINOSHITA, K. SUYEHIRO, S. ABE, Y. KASuMI, K. SUZUKI,
Y. SHIMIZU, H. MIYATA, C. KITAHARA, T. OGISHIMA, Y. ONO,
T. FUKUI, M. OGASAWARA, Y. AMAGASA, M. ISHIBASHI, S. SUZUKI
and N. TAMAKI

Department of Oceanography, Tokai Univ.
M. ISHIKAWA, H. ISHIKAWA and H. BABA

Department of Earth Sciences, Kobe Univ.
N. ISEZAKI, H. INOKUCHI, T. OUCHI, A. KUBO, Y. INOUE, K. SUGI-
MOTO, H. ICHIKAWA and K. TAKAHASHI.

7. Main operations

Geophysical and geological surveys of the DELP-87 cruise were con-
centrated on seismic studies on the lithospheric and crustal structures as
well as geomagnetic measurement of the area. Heat flow measurements
were also attempted. Geomagnetic surveys were run by use of both three-
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Fig. 4. Positions of OBS stations along the seismic survey line using explosives and
shots from a large volume airgun. Volume of the airgun chamber was 24 liter.
OBS: Ocean Bottom Seismographs, Large and Small shot: indicating dynamite
charges as listed in the table of Part 4 of this issue.
a: along the E-W track line and b: along the N-8S track line.




126

3000N

[ LARGE

JAPANESE DELP RESEARCH GROUP ON BACK-ARC BASINS

axis magnetometer and proton

SHOT precession magnetometer. Dredge

A\ SMALL SHOT hayls of volcanic materials and

QX OBS

2800

U
2900 \\ : P

2700

(b)

142
00E

gravity coring were achieved too.
Seismic study of the crustal
structure of this area was one
of the main themes of DELP-87
by use of explosives and air-gun
as sound sources and ocean
bottom seismographs (OBS) as
sound receivers. An example of
seismic reflection patterns along
an east-west line is shown in
Fig. 8; its interpretation is
given Part II of this issue.
Fifteen sets of OBS were de-
ployed along two track lines of
which 8 sets are offered from
Earthquake Research Institute,
2 from Tohoku University, 3
from Chiba University and 2
from Tokai University. Position
of the OBS stations are shown
in Fig. 4. Total length of
seismic survey track lines a-
mounts to about 270 NM. Shoot-
ing by big and small charge
explosives and big volume (24
liter) airgun array was run along
the track lines. A number of
small charge explosives were
also used in cooperation with
the big airgun shooting.

Three-axis magnetometers
on board research vessels as well
as proton precession magneto-
meters towed Dbehind vessels
were run through the entire
periods of the present cruises.
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Magnetometer systems were calibrated, often on board, when the ship
changed its latitudinal position considerably (Fig. 5). This measure was
achieved on the assumption that there is a significant variation of magnetic
field elements, mostly with change in latitudinal positions and the research
vessels made of steel carry magnetizations, remanent and induced. Surveys
were performed along the entire track lines as well as concentrated survey
track lines around conspicuous seamounts. Heat flow measurements were
run at 12 stations and dredge hauls were carried out at 7 stations as in-
dicated in Fig. 5.

8. Main Results

Detailed studies of each item of observation are described in separate
papers of this article. Some of the main results of the DELP-87 cruise
are briefly summarized here.

1) The seismic reflection pattern is opague in the western part but
transparent and laminar in the eastern part of the Ogasawara Trough.
Sediment basement interface in general dips southward in accordance with
deepening of the negative free air gravity anomaly toward the south.
Deepening of the acoustic basement toward the east and a thick sediment
fill which is in direct contact with the basement formation of the Ogasa-
wara Ridge suggests that the trough was formed by pull-apart tectonism.
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Fig. 6. Preliminary seismic structures of the upper part of the lithosphere of the
Ogasawara Trough along the E-W seismic survey line of Fig. 2b embedded into
the seismic structure along 32 degrees north, obtained by HorTA (1970) for com-
parison of the structures of both areas. Further descriptions are given in Parts
3 and 4 of this issue.
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This is also implied from the stepwise normal faults of the acoustic base-
ment of the area associated with westward tilting of faulted blocks.

2) The Moho boundary appears to be at 15km depth in good ac-
cordance with the structural model along 32 degrees North, about 400
kilometers north of the present survey area (HOTTA, 1970: Fig. 6).

3) There is an indication of a series of intrusions of valecanic dlkes
in the central axial part of the Ogasawara Trough.

4) Seamounts in the western flank of the trough are mostly of
normal and homogeneous magnetization.

5) Chemical composition of the volcanics obtained from the submarine
slope of one of the volcanic islands in the western side of the trough
(Kita Iwo Jima and nearly islands) shows a bimodal feature. Two types
of thoreiites, 1. e, high alkali and low alkali thoreiites, coexist. They could
have been caused either by premature mixing and segregation of magma
sources or by basically different magma sources.
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