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ABSTRACT

Within the Japan Trench inner wall toe, near Sites 441 and 434,
the P-wave refraction velocity is 2.6 to 2.8 km/s. The velocity of the
oceanic layer 2B, which underlies the inner wall toe, is 5.7 km/s. This
high velocity might be caused by either overburden pressure or by
local dipping. Near Sites 438 and 439, the P-wave velocity of the
basement below the unconformity is 4.8 km/s, consistent with pre-
Tertiary rocks. At proposed Site J-2B, the Neogene layer of 2.75
km/s is underlain by a high-velocity layer of 6.0 km/s. Near Sites 441
and 434, using P to S as well as S to P converted phases, velocity
ratio, Vp/Vs, and poisson's ratio, σ, within the inner wall toe are
Vp/Vj = 2.53 and σ= 0.41 (Vp = average P-wave velocity; Vs =
average S-wave velocity). The average S-wave velocity within the toe
is 0.91 km/s for average P-wave velocity 2.3 km/s.

INTRODUCTION

As a site survey, an ocean bottom seismograph (OBS)
airgun seismic refraction survey was conducted at pro-
posed drill sites J-l A (near Sites 441 and 434), J-2B, and
J-12 (near Sites 438 and 439) in June 1977 by Hakuho-
Maru of the Ocean Research Institute, University of
Tokyo (Table 1).

Shooting lines were taken parallel to the trench axis
(Figure 1) so as to minimize topographic variation. The
ship speed was 5 kt, and shot interval was 30 s. The
airgun capacity was 300 in.3 with pressure 80 to 90
kg/cm2. OBS was deployed by an anchored buoy system
that assured accurate position. The recording instru-
ments are composed of geophones (f0 = 1-Hz vertical
component, f0 = 4.5-Hz horizontal component), ampli-
fiers (80-90 dB.), DR tape recorder, and time-coded
crystal clock (for instruments and method, see Nagumo
and Kasahara, 1976).

Travel time record sections were obtained from the
field tape by digital processing. Travel time record sec-
tions for J-IA (near Sites 441 and 434), J-12 (near Sites
438 and 439), and J-2B are shown in Figures 2, 3, and 4,
respectively. Velocity structures are shown in Table 2 as
well as in Figure 5.

TABLE 1
Data of OBS Sites

Position
Depth Observation
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Figure 1. OBS-airgun refraction survey sites: J-l A
(near Sites 441 and 434), J-12 (near Sites 438 and
439), and J-2B (not drilled). Small solid line running
parallel to the trench axis at each site shows survey
line.

Sites 441 and 434 (J-IA)

Three refracted waves are clearly seen in Figure 2.
Their apparent velocities are 2.62 km/s, 2.81 km/s, and
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Figure 2. Record section for OBS air gun refraction sur-
vey at Site J-1A (near Sites 441 and 434). Ship speed:
5 kt. Travel times are shifted by +3.431 s. Solid straight
lines fitted to P-wave refraction arrivals for 2.62, 2.81,
and 5.73 km/s, respectively. Seismic traces are 30 s
spacing.

5.73 km/s, respectively. The straight line fitting gives
travel times Ti, T2, and T3 as T = Δ/2.62 + 3.61 (s),
T2 = Δ/2.81 + 4.01 (s), andT3 = Δ/5.73 + 6.62 (s) (Δ
= distance in km).

Because of unreversed shooting in rather rough topog-
raphy, it is difficult to derive true seismic velocity. How-
ever, to obtain an approximate idea about the depth of
each layer, we performed a calculation, assuming a con-
stant velocity, discrete-layered model. The results are
shown in Table 2. The velocity 1.8 km/s of the top sedi-
ment layer was assumed based on the multichannel seis-
mic survey in this region.

The 2.8 km/s layer corresponds to the lower portion
of the slope mass as seen in the multichannel seismic
profile. The base of the 2.8 km/s layer is 9.83 km below
sea surface, and the thickness of the slope mass is about
4.3 km.

The 5.7 km/s layer corresponds to the oceanic acous-
tic basement, which subducts under the slope mass from

12:00-

J-12, L-1, V.

. :.,.

Figure 3. Record section for OBS airgun refraction sur-
vey at Site J-12 (near Sites 438 and 439). Ship speed:
5 kt. Travel times are shifted by +0.693 s. Solid
straight lines fitted to P-wave refraction arrivals for
2.09, 3.25, and 4.84 km/s, respectively.

the oceanic side. The velocity 5.7 km/s is higher than
the average velocity of layer 2B (4.5-5.0 km/s, Houtz
and Ewing, 1976). Such high velocity is probably caused
either by pressure effect due to the overriding trench
slope mass, which is about 4.3 km thick at the site, or by
local dipping effect of the refractor.

Sites 438 and 439 (J-12)

Top layer 1.8 km/s was assumed. The 2.1 km/s layer
may correspond to Neogene formation. The thin (3.25
km/s) layer and its underlying 4.8 km/s high-velocity
layer may correspond to pre-Tertiary rocks, which lie
below the unconformity drilled at Site 439.

Proposed Site J-2B

Site J-2B is about 95 km south of Sites 438 and 439.
The velocity 2.75 km/s corresponds to the sedimentary
rocks of Miocene. There is a sharp velocity discontinu-
ity between the 2.75 km/s layer and the 6.0 km/s layer.
The velocity 6.0 km/s is higher than that of sedimentary
rocks. Though it is possible that such high velocity is
due to local dipping effect of the refractor, it is also
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Figure 5. P-wave velocity profile across Japan Trench
inner wall obtained by OBS airgun refraction survey
in 1977.

Figure 4. Record section for OBS airgun refraction sur-
vey at Site J-2B (not drilled). Ship speed: 5 kt. Travel
times are shifted by - 0.470 s. Solid straight lines fit-
ted to P-wave refraction arrivals for 1.92, 2.75, and
6.05 km/s, respectively.

TABLE 2
.P-Wave Velocity Structure at Sites J-1A (near

Sites 441 and 434), J-12 (near Sites
438 and 439), and J-2B (not drilled)

Obtained by OBS Airgun Refraction Survey

Layer

0
1
2
3
4

0
1
2
3
4

0
1
2
3

Velocity
(km/s)

1.5
1.8a

2.62
2.81
5.73

1.5
1.8a

2.09
3.25
4.84

1.5
1.92
2.75
6.05

Intercept
Time (s)

Site J-1A

3.61
4.01
6.62

Site J-12

0.97
1.83
2.10

Site J-2B

2.49
3.50

Thickness
(km)

5.48
0.67
1.23
2.45

1.62
0.39
0.70
0.15

2.16
1.72
0.63

Assumed.

possible that the high velocity is indicative of the
presence of igneous rocks. If so, it might be evidence
that "igneous roots" for the deposits, such as the
dacitic conglomerate sampled at Site 439, may exist
locally—that is, very near the trench slope break. Fur-
ther study will be needed.

S-Wave Velocity Measurement

S-wave velocity as well as poisson's ratio within the
inner wall toe is determined near Sites 441 and 434
(Nagumo et al., in press). During this OBS airgun re-
fraction survey, the ocean bottom seismograph re-
corded many natural earthquakes. P to S (PS) and S to
P (SP) conversion phases are clearly observed (Figure
6). The average delay time between P and PS converted
phase and between S and SP converted phase is about
2.6 s. Since the velocity contrast is very sharp at the in-
terface between the trench slope mass and the subduct-
ing oceanic mass, it is thought that the conversion oc-
curs efficiently.

Using both normal reflection time and conversion
delay time, we have Vp/Vs = 2.53 (Vp = average
P-wave velocity; Vs — average S-wave velocity), and
hence poisson's ratio σ = 0.41. Since multichannel
stacking velocity (Matsuzawa et al., in press) gives
average P-wave velocity Vp = 2.3 km/s in this region,
we have Vs = 0.91 km/s. The large poisson's ratio (σ =
0.41) implies that the medium within the toe is almost in
a plastic state, with very small rigidity.
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Figure 6. >1« example o / P /o S α/7úf S to P converted phases recorded by ocean bottom seismograph at Site
J-1A (near Sites 441 and 434). V = vertical component, H = horizontal component, T = /7mβ coofe, P =
arrival of P-phases, S = arrival ofS-phase, PS = arrival ofP to S converted phase, SP = arrival ofS to P
converted phase.
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