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INTRODUCTION

A cruise for marine geological and geophysical inves-
tigations in the Japan and Kuril Trench areas was car-
ried out by the research vessel Hakurei-Maru, as part of
a research project of the Geological Survey of Japan.
The cruise covered the whole area of the frontal slope of
the Tohoku Arc, Japan Trench, southern frontal slope
of the Kuril Arc, and the southern Kuril Trench, with
surveyed lines 15 nautical miles apart (Figure 1). A de-
tailed survey was also carried out with survey lines 5
nautical miles apart around the proposed drill sites of
the Japan Trench Transect (Figure 2). The work was
summarized as a cruise report and a geological map of
the Japan and southern Kuril Trenches and adjacent
areas (Honza, 1977; Honza et al., 1978).

In this chapter I discuss the correlation of the sedi-
mentary layers and structures which occur on the fron-
tal slope of the Tohoku Arc on the basis of the Deep Sea
Drilling Project results in the outer trench belt of the
arc.

Bathymetry
The major trends of the topographic features are ap-

proximately parallel to the axis of the Japan Trench or
to the coast line of the Tohoku area (Figure 3A and B).
Although there are some relatively flat terraces at depths
of 1000 to 2000 meters and 4000 to 5000 meters, they are
not developed along the full length of the area. Trench
slope breaks are in the depth range of 1500 to 3000
meters and are topographically represented by doming
in structurally uplifted zones (Honza et al., 1977). Benches
and small ridges on the inner trench slope are restricted
in their development to lengths of approximately 60 nau-
tical miles or less, and they tend to shallow toward the
south, possibly because of a block structure on the inner
trench slope. The trench floor has a V-shaped profile,
suggesting that active underthrusting of the Pacific
Plate beneath the arc prevents terrigenous sediment in
the trench bottom from damming up.

Except in a few cases, horst and graben structures
that develop on the outer trench slope generally do not
continue to adjacent survey lines, which are separated
by 15 nautical miles.

Gravity Measurements
A low free-air gravity anomaly is observed along the

Japan Trench, where the gravity minimum is located on
the landward side an average of 12 km from the trench
axis (Nishimura and Murakami, 1977). Another mini-
mum is observed in the mid-terrace area of the continen-
tal margin. Weak highs occur along the trench slope
break and strong highs in places on the continental

shelf. Basin-like minimums are suggested along the
southern Hokkaido coast (Figures 4 and 5).

Although some of these anomalies are explained by
topographic changes, minimums along the inner trench
slope may suggest lighter material than that at the outer
trench slope. Broad minimums are believed to be caused
by the thick, basin-like deposits of younger sediments
seen in the reflection profiles. Highs on the continental
shelf are caused by topographic highs and by exposures
of denser material.

Geomagnetic Anomalies
Geomagnetic anomalies in the offshore area of the

Tohoku Arc are distinguished in the following three-
areas (Murakami et al., 1977): (1) Typical oceanic mag-
netic anomalies that are lineated and have large ampli-
tudes and relatively long wavelengths are observed not
only over the Pacific floor but also over the inner trench
slope area; (2) a magnetic quiet zone, which has negative
values with few variations in amplitude, occurs on the
continental slope or deep sea terrace; (3) continental
positive anomalies lie along the south coast of Hokkai-
do and the Tohoku area east coast (Figure 6).

Magnetic lineations on the northwestern Pacific floor
are well delineated by Uyeda and Vacquier (1968) and
Larson and Chase (1972). Magnetic profiles along the
Kuril Trench suggest identification with anomalies M-5
(118 m.y.B.P.) to M-9 (121 m.y.B.P.) of the northern
Japanese set (Hilde et al., 1976; Murakami et al., 1977).
Magnetic anomalies along the coast of the Tohoku area
have also been delineated (Ogawa and Suyama, 1976;
Segawa and Oshima, 1975). It is suggested that the
anomalies are derived from mafic to ultramafic intru-
sives of the Mesozoic, which crop out in places along the
coast of the Kitakami Mountains. Several minor anom-
alies of uncertain origin occur in the midslope area of
the magnetic quiet zone. However, silicic plutonism is
suggested by the drilling at Site 439. If the plutonism oc-
curred during the earliest Miocene, as suggested by Yan-
agisawa and Ozima in this volume, these anomalies may
be correlated with silicic plutonism, which suggests ear-
liest Miocene frontal arc volcanism beyond the main vol-
canic front.

Continuous Seismic Reflection Profiling
Continuous seismic reflection methods reveal one to

a few kilometers of thickness of Neogene and Quater-
nary strata on the continental slope or deep sea terrace
(Honza et al., 1977; Tamaki et al., 1977). Neogene lay-
ers are developed over the whole of the continental slope
along the Japan Trench (Figure 7). The layers that can
be seen in the reflection profiles are categorized into
three types: a strongly alternated layer in the uppermost
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Figure 1. Sites and tracks of the geophysical survey. (Tracks in the area from 39°-40° N, 143°-145° E are shown in Fig-
ure 2.)
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Figure 2. Tracks of the geophysical survey in a detailed survey area off Miyako, Tohoku.

part; a vaguely alternated layer below the first; and the
acoustic basement, a folded, alternated pattern shown
by the multichannel method (Ishiwada, 1974). The deep-
est layer is correlated with the Cretaceous sequence on the
eastern margin of the Kitakami-Abukuma Mountains.

The structural trends of the Neogene layers are ap-
proximately parallel to the shoreline and to the trench
axis, which form three distinct zones on the continental
slope or deep sea terrace: (1) an uplifted zone with its
axis in the nearshore land area, which can be seen as lay-
ers dipping monoclinally toward the sea on the conti-
nental shelf and on the uppermost part of the slope; (2)
a subsided zone in the midslope area, which in places
has flat surfaces underlain by thick Quaternary sedi-
ments; and (3) an uplifted zone at the outer margin of
the slope (the trench slope break area).

There are no consolidated rocks, which are common-
ly observed under the continental slope and under the
deep ocean floor as acoustic basement, at the inner
trench slope. The sedimentary rocks are transparent
beneath layered sediments near the sea floor. Over-
thrusts are suggested by strong diffractions dipping
toward shore, which may be related to the accretionary
mechanism at the inner trench slope.

Horst and graben structures at the outer trench slope
are caused essentially by horizontal tensional stress
created near the surface of the convex side of the bent
lithosphere. However, the faults themselves are found
to develop parallel to the initial spreading direction or

perpendicular to the magnetic lineations rather than
parallel to the trench axis (Figure 8). This fact suggests
that the oceanic crust has a mechanical weakness paral-
lel to the spreading direction and that faults are devel-
oped in the same direction as fracture zones, or trans-
form faults, on the oceanic floor. There are no terrige-
nous sediments on the outer trench slope of the Japan
Trench, which is in contrast to reports by Prince and
Kulm (1975) which testify to their presence near the
Peru-Chile Trench.

DISCUSSION

Paleogene sediments more than 2 s thick, which are
correlated with the east coast outcrops of the Kitakami
Mountains, are noted on the shelf and the nearshore
slope of the northern offshore Tohoku region (Figure
9). The sedimentary basins have a northerly trend and
open toward the north. The southern limit of the thick
Paleogene sediments is approximately at the same lati-
tude as Site 440. A few thinner basins are also noted in
the southern area of the region.

The layers are rather conformable from Upper Creta-
ceous to Paleogene, with slight disconformities and a hi-
atus on the upper surface overlain by Neogene sequen-
ces. The hiatus beneath the Neogene sediments suggests
a possible original deposition of Paleogene sediments
over the whole of the slope area; however, the areas
where Neogene and late Oligocene sediments uncon-
formably overlie Upper Cretaceous strata might have
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Figure 3. Topographic profiles of the northern Japan Trench.
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Figure 4. Contour map of free air gravity anomalies off Tohoku and Hokkaido. (Contours are in units of 10
mgal and the contour interval is 20 mgal.)
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Figure 5. Contour map of Bouguer gravity anomalies off Tohoku and Hokkaido. (2.67 g/'cm3 for the sub-
bottom density and 1.03 g/cm3 for water density are used for the Bouguer correction. Contours are in
units of 10 mgal and the contour interval is 20 mgal.)

454



PRE-SITE SURVEY

44V

42'

40<

38C

300 km

146° 148°

Figure 6. Magnetic anomaly prof iles plotted along the tracks. (Light dashed lines are magnetic anomaly lin-
eations in the trench area. Heavy dashed lines along the Tohoku coast are positive magnetic anomaly traces.
A few magnetic high anomalies are noted on the continental slope or deep sea terrace of the Tohoku area.)
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Figure 7. Continuous seismic profiling records; survey line numbers shown in Figure 1. (Ver-
tical scale is in seconds of two-way travel time.)
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Figure 8. Horst and graben structures on the outer trench
slope of the Japan Trench off Miyako. (Heavy solid
lines show the trench axis.)

been highs or land areas until coarser sediments super-
vened during the late Oligocene to early Miocene (see
lithologic descriptions in this volume). Relatively thick
sediments along the coast of the Tohoku region suggest
a nearby sediment supply on the outer slope from the
east or southwest during the Paleogene; in other words,
the dacite boulders and coarser sediment of the late Oli-
gocene and earliest Miocene at Site 439 did not originate
at the nearshore area in front of the site.

Vigorous tectonism accompanied by volcanism and
regional subsidence in the inner sedimentary and vol-
canic belt of the Tohoku region had occurred during the
late Oligocene and early Miocene in the offshore area of
the Tohoku region. The Japan Trench might have been
formed during this period. The tectonism is interpreted
to be a beginning of the Tohoku Arc System during the
Neogene and Quaternary (Honza et al., 1977).

Small folds were formed at the slope area during the
late Miocene to the early Pliocene, and were accom-
panied by relative uplift of the coast along the Kitakami
Mountain axis, subsidence in the midslope area, and
uplift of the outer margin of the continental slope.

Tectonic movements modifying the outer belt of the
Tohoku Arc System were accelerated during the late
Pleistocene, as suggested by the faults and block struc-
tures on the shelves and slopes in front of the arc.

The accretionary prism near the Japan Trench is re-
stricted in its development to the area beneath the lower
part of the inner trench slope, as evidenced by the dis-
tribution of Cretaceous strata beneath the Neogene and
Quaternary sediments on the continental slope which
cannot be traced to the lower part of the inner trench
slope, where diffracted and sheared patterns are domi-
nant (see multichannel record, back pocket, this vol-

Figure 9. Inferred distribution of Paleogene sediments
more than 2 s of two-way travel time (approximately 3
km).

ume, Pt. 1). The boundary between the accretionary
prism and continental constituents may be located at the
midslope benches, where small sediment ponds in the
Neogene and Quaternary are observed. Sediment-pond-
ed benches on the inner trench slope develop discontin-
uously, and the length of each is restricted to that of the
block structures of the continental-slope area. This fact
suggests that the block structures which control the
whole area of the frontal slope are related to the boun-
dary area between the continental mass and the accre-
tionary prism.
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