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Abstract

In July 1989 twenty-two ocean bottom seismographs (OBSs) from 5 Japanese
institutions were deployed in an array on the deep sea floor in the vicinity of the trench-
trench-trench triple junction off the Boso Peninsula, Japan. The array is 300 km long and
80 km wide, including 3 profiles for study of crustal structure. A permanent OBS array
telemetered by a cable system (Japan Meteorological Agency) was used as a part of the
array. The sea floor array was complemented by five temporary land stations on the
Boso Peninsula. Water depth along the seismic profile varies considerably from a few
100 m to 9000 m or more. We placed three OBSs specially designed for the very deep
ocean.

We conducted airgun-OBS profiling for the refraction survey. Two 16-liter airguns
were fired every 40-50 s spaced about 100 m apart. Airgun signals were observed as far
as 30-40 km from the OBS. To obtain the sedimentary and shallow crustal structure we
transformed seismograms of airgun shots into the intercept time (7)-ray parameter (p)
domain and inverted them in a P-wave speed structure with depth by the 7-sum inversion
method.
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We derived one-dimensional models for all OBSs. Both the sedimentary thickness
and the P-wave speed in the sedimentary layer change along the profiles. The difference
in sedimentary structure between the oceanic side of the trench axis and the continental
side is evident: the sediment on the pacific plate consists of a vertically homogeneous
unconsolidated layer (0.32 s°! of vertical wave speed gradient) and a consolidated layer
with a large gradient of 4.8 s-1, while on the Northeast Japan plate the gradient is 0.65
s-1 in the topmost and 0.8 s! in the lower part of the sediment.

1. Introduction

The triple junction off central Japan, which is named the Off-Boso triple junction by
the Hydrographic Department of the Maritime Safety Agency of Japan, is located at the
intersection of the Japan, Izu-Bonin, and Sagami Trenches: The Japan Trench is the
boundary between the Pacific and the Northeast Japan plates. The Izu-Bonin Trench runs
between the Pacific and the Philippine Sea plates, and the Sagami Trough runs between
the Philippine Sea and the Northeast Japan plates.

The junction is the only known example of the TTT(a)-type triple junction defined
by McKEenziE and MORGAN (1969). The triple junction is unstable because the Philippine
Sea plate currently moves west-northwest with respect to northeast Japan: the direction
is subparallel to the trend of the Sagami Trough. If the plates are completely rigid,
geometrical consideration of plate tectonics leads to westward migration of the Izu-
Bonin Trench with respect to the Pacific plate. Or, if the Izu-Bonin Trench retains its
position with respect to other plates, there must be internal deformation within the plates.
The very deep water depth of more than 9000 m in the vicinity of the triple junction can
be attributed to crustal deformation due to the unstable geometry of the three plates.

To understand the structure, dynamics, and evolution of the triple junction, many
geophysical and geological investigations, including seismic, magnetic, and gravity
surveys, were carried out. Until recently, however, details of the morphology and the
structure near the junction were poorly known because of the large depth of water: No
deep seismic refraction study in the vicinity of the junction was conducted. Among
recent surveys with SeaBeam are those during the French-Japanese Kaiko project in
1984 (KiNvosHiTA et al., 1986; RENARD et al., 1987; OGawa et al., 1989; SENO et al., 1989)
and those by the Hydrographic Department of the Maritime Safety Agency of Japan
(KaTo et al., 1985). Multichannel seismic reflection surveys were also conducted in the
junction area (TAIrA ef al., 1988; IwaBucHI et al., 1990).

Recent development of ocean bottom seismology enables us to obtain a detailed
image of the crustal structure in the deep ocean. In the western Pacific margin of the
subduction zone are several deep seismic sounding surveys: the Kuril, the Japan, and the
Ryukyu Trench areas were investigated by ocean bottom seismographic (OBS) arrays
using controlled seismic sources (IWASAKI ef al., 1989, 1990).

In July 1989 the triple junction off central Japan was covered by an array of OBSs
for the first time to study the crustal and the upper mantle structure of the junction off the
Boso Peninsula. Twenty-two OBSs from five Japanese institutions were deployed in an
array on the deep sea floor. The array is 300 km long and 80 km wide, including 3 profiles
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for study of the crustal structure. An airgun array and explosives were used as controlled
seismic sources. We will report here on the experiment and the preliminary results on the
seismic structure. We will focus on the airgun-OBS profiling survey. The data and results
from the refraction survey using explosives are presented elsewhere.

2. Experiments

2.1. Airgun profiling

We shot four airgun profiles denoted as Lines 1, 2,4, and 5 in Fig. 1: Line 1 is 110
km long running toward N25°E. The profile covers the northern tip of the Philippine Sea
plate and northeastern Japan, which is thought to be part of the North American plate.
Line 2 runs 90 km toward N60°E. The main E-W profile running toward E20°S consists
of Lines 4 and 5: Line 4 is 140 km long and Line 5 is 110 km long (Fig. 1). An array of
airguns, which consisted of two 16-liter BOLT type airguns, was fired at intervals of 40
s or 50 s. The ship ran at a speed of about 5 kt (9 km/h) to give shots every 100 or 125
m. Signals from the airgun array were recorded by a single channel seismic profiling
(SCS) system and, simultaneously, by an array of ocean bottom seismographs (OBSs):
the SCS provided reflection data and the OBSs gave us refraction data.

2.2. Ocean bottom seismographic array
Five types of OBSs were used, which were developed in four institutions of three
universities. One type is newly developed for very deep ocean bottom greater than 7000
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Fig. 1. Location of ocean bottom seismographic (OBS) array and lines of airgun-OBS profiling. Open circles,
triangles, and squares show temporary OBSs, OBSs of JIMA, and temporary land stations, respectively, Airgun
profiling lines are denoted by shaded lines. Asterisks are positions of large explosions.
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m (KaNazawa and KatHo, 1990). Details of individuals OBSs are seen in YAMADA et al.
(1981), NaGgumo et al. (1982), MaTsupa et al. (1986), and BaBa et al. (1988). In general,
however, characteristics of the instruments are almost the same: each OBS is equipped
with a vertical and one or two horizontal geophones with natural frequencies ranging
from 2 to 4.5 Hz. Some OBSs have a hydrophone, which is useful to detect signals
propagated through water. Seismic signals were recorded by the direct analog recording
(DAR) method. The signals recorded by the DAR method cover frequency range
between a few hertz and 30 Hz. Details of the position and components of observed
signals are tabulated in Table 1. Retrieval of the OBS is completed by transmitting
acoustic signals from the ship to command the OBS torelease an anchor. Two OBSs have
a preprogrammed timer to release the anchor.

Werelocated OBS positions according to travel times of water waves. First we fixed
the position at which the airgun was shot using the LORAN-C navigation data. Since the
LORAN-C data are often scattered up to several hundred meters, we smoothed the
position data, which were recorded every four seconds, by averaging them. And we
estimated the position at which the airgun was shot. Then we estimated the location of
bottoming of an OBS from travel times of the direct water waves observed by the OBS
with respect to fixed shot positions. We used the travel times of the water waves from
the airgun shooting within an offset range of 15 km. OBSs near two profiling lines are
well located because the shot positions are distributed two-dimensionally. However,

Table 1. OBS location of the 1989 DELP Triple Junction experiment

OBS Institution Recording Period Location Remarks Line
Deployment Retrieval Latitude Longitude Depth
(JST) N E (m)
Ti2 GIT Jul. 10° 20:49 Jul. 21 12:02 34° 50.99' 140° 40.13" 1795.1 Good 4
T13 ERI Jul. 10 22:00 not retrieved 34°48.58' * 140° 48.12' *  2026.0 -~eeen 4
T4 GIT Jul. 10 23:00 Jul. 21 6:50 34° 46.16' 140° 56.48' 2935.5 Good 4
TI5 CHU Jul. 11 0:23 Jul. 21 422 34° 42,97 141° 7.44 4291.5 Good 2,4
TI6 ERI Jul. 11 1:34 Jul. 21 1120 34°38.89' 141°17.32 4919.0 Good 1,4
TI7 GIT Jul 11 245 Jul. 20 21:42 34°36.35' 141°28.31" 5583.3 Good 4
TI8 ERI Jul. 11 3:41 Jul. 20 18:18 34°34.04' 141° 36.26' 5450.0 Good 4
TI9 CHU Jul. 11 441 not retrieved 34°31.35' * 141°45.14'*  6364.0 =a-eee 4
TI10 GIT Jul. 15 3:27 Jul. 20 10:16 34°29.07 141° 53.82" 7904.6 Cross talk 5
I GIT Jul. 15 4:25 Jul. 19 16:38 34°25.40' 142° 8.35 7977.3 Cross talk 5
TI12 GIT Jul. 15 5:08 not retrieved 34°20.98' * 142°18.92'*  7142.0 -e-eee 5
TI3 ERI Jul. 14 0:24 Jul. 19 21335 34° 18.73' 142°27.26' 6000.0 Good 5
TIl4A TKS Jul. 14 2:25 Jul. 19 5:19 34° 15.48' 142° 38.31" 5725.6 Poor 5
TJ14B LOBS Jul. 14 2:26 Jul. 19 5:14 34° 15.15' 142° 38.17 5558.7 Good 5
TIS CHU Jul. 14 3:56 Jul. 19 125 34°11.13° 142° 52.13' 5275.9 Noisy 5
Ti16 ERI Jul. 14 5:34 Jul. 18 22:13 34° 691 143° 4,02 5260.0 Good 5
TI17 ERI Jul. 11 7355 Jul.21 17:53 34° 55.07 141°24.73" 3950.0 Good 1
TI18 CHU Jul. 11 9:08 Jul. 21 18:42 34° 49.39" 141°22.05' 3536.3 Good 1,2
TI19 GIT Jul. 11 11:37 Jul. 21 23:09 34°34.73 141° 13.44 6361.7 Good 1
TI20 TKS Jul. 11 13:08 Jul.22  1:17 34°25.10' 141° 9.82 6377.3 Good 1
TI21A CHU Jul. 11 14:33 Jul. 22 4:36 34°13.33 141° 5.12' 5270.4 Good 1
TI21B LOBS Jul. 11 1435 Jul. 22 5:08 34° 14.99' 141° 5.02' 5297.9 Good 1
BOSOI1 IMA 34° 42,53 140° 58.55" 4074.0 Good 2
BOSO2 IMA 34° 45.08' * 140° 45.27' *  2090.0 Poor 4
BOSO3 IMA 34°48.10" * 140° 30.62' *  1898.0 Poor 4
BOSO4 IMA 34°59.40' * 140°20.28'*  658.0 Poor 4

ERI: Earthquake Research Inst., Univ. of Tokyo, GIT: Geophysical Inst., Univ. of Tokyo, CHU: Chiba Univ.
TKS: Tokai Univ., LOBS: Laboratory for Ocean Bottom Seismology, Hokkaido Univ., IMA: Japan Meteorological
Agency

*Ship position at which the OBS was deployed. Without an asterisk, the OBS location was relocated due to travel
times of water waves.
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locations of OBSs on a single profiling line are under-determined by only the travel time
data. So we incorporated prior information on the location from a Bayesian point of view
(Jackson and MATsU’URA, 1985); we used the midpoint between the launching and the
recovery of the OBS as the prior location of the OBS position with its uncertainty (one
standard error) of half of the difference between them. We located the OBS using those
prior data and observed travel time data by the same algorithm as used in hypocenter
location of HiraTA and MaTsu’ura (1987).

We show an example of comparison in Fig. 2, where the ship position at which an
OBS was deployed, the relocated OBS position, and the ship position at which the OBS
was retrieved are displayed. The OBS (TJ5) was moved northeast during operations of
deployment and retrieval of the OBS due to a strong sea water current. Usually the
difference between the deployed and retrieved position is about 0.5-1.0 n.m. (1-2 km).
The relocated position, at which the OBS was located on the sea bottom, was usually
approximately between the deployed and the retrieved positions.

A permanent OBS array telemetered by a cable system of the Japan Meteorological
Agency (Funisawa et al., 1986) was used as part of the array, the position of which is
shown in Fig. 1.

2.3. Temporary land station on the Boso Peninsula

The sea floor seismographic array was complemented by four temporary land
stations on the Boso Peninsula, and one permanent station at the Kominato Marine
Laboratory, Marine Ecosystems Research Center, Chiba University (HirATA et al.,
1990). The temporary stations were installed for six days. Each station was equipped
with one vertical and one horizontal 4.5-Hz geophones, outputs of which were recorded
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Fig. 2. Example of comparison among locations of TJ5 during operation. Deployed position (D), relocated position
at sea bottom (C), and retrieved position (R) are shown, indicating drifting of the OBS during bottoming and
floating due to a strong water current toward the northeast. Small dots are positions at which airguns were shot.
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Table 2. Temporary land stations

Station code Location Period
Latitude Longitude Height
N E (m)
ST1 35°03'44.3" 140° 00'01.8" 70  Jul.15-Jul.20
ST2 35°04'18.4" 139°57'51.0" 95  Jul.15-Jul.20
ST3 35°05'36.0" 139° 5428.8" 105 Jul.15-Jul.20
ST4 35°06'19.3"  139° 52'12.0" 115 Jul.15-Jul.20
KMT 35°03'03.9" 140° 11'15.4" 10 Jul

KMT: Kominato Marine Laboratory, Marine Ecosystems Research Center, Chiba University

by the DAR method as was used in the OBSs. Details of the locations and the recording
periods are summarized in Table 2.

3. Single channel seismic profiling (SCS)

3.1. Data acquisition

We acquired signals from the airgun shooting both by a single channel hydrophone
streamer (SCS) and by the OBS array. The SCS data were recorded on board in analog
and digital forms. The analog records were displayed on a chart recorder. The digital
records were stored in a hard disk unit through a personal computer (SHINOHARA e al.,
1989).

The digital acquisition system was newly developed and tested in the experiment.
It included a recording amplifier with analog filters (8—125 Hz), a 12 bit-resolution
analog-to-digital converter, and a40 MB hard disk. We stored the data of every othershot
on Line 1 for 20 s at a sampling rate of 200 Hz. On Lines 2, 4, and 5, signals of every shot
were recorded for 16 s at a rate of 500 Hz. ;

The digitally recorded reflection data were processed on shore. We performed band
pass filtering and deconvolution of reverberations due to bubble oscillation of the airgun
signal. The pass frequency band was from 20 to 50 Hz. For display, each trace was
equalized such that the sum of squares of amplitudes for one second was constant for the
entire trace: We show processed reflection profiles in Figs. 3, 4, 5, and 6 with our
interpretations of the records.

3.2. Seismic stratigraphy

Reflection data of Line 1 show two acoustic units: We call them Bonin 1 and Bonin
2 hereafter (Fig. 3). Bonin 1, the upper layer, is acoustically transparent and shows clear
stratified reflectors in the unit. It has the maximum thickness of 1.0 s of two way travel
time (TWT). Between Bonin 1 and Bonin 2 is an evident reflector forming an acoustic
basement. Bonin 2 is acoustically opaque and no clear reflector is recognized in it. We
can trace Bonin 1 up to the brink of the Boso Canyon and Bonin 2 up to the center of the
canyon. Within the range between 45 km and 65 km in Fig. 3 is a steep landward slope
of the Sagami Trough. The water depth changes by 3.3 km over a horizontal distance of
30 km. There are several steep steps which we can commonly observe in the landward
slope of other trenches (e.g., in the Japan Trench, LubwiG. et al., 1966). Beneath the slope
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Fig. 3. Single channel seismic (SCS) profile of Line 1. (a) Time section of records. Band pass (20-50 Hz) and
deconvolution (0.2 s) filters are applied. The trace amplitude is equalized. See text for details. Horizontal
distance is measured from the southern end of Line 1 (34°12° 12.37'N, 141° 2" 51.3"). (b) Interpretation of (a).
Solid triangles denote positions of OBSs. Open triangles show intersections with Lines 2 and 4.

is a change in acoustic characteristics of reflection at 7.0 s TWT. We divided the layer
into two acoustic units: the unit above the 7.0 s TWT is referred to as NJ 2, and the unit
below it is NJ 3. No clear reflector is found beneath the slope.

Line 2 covers the Katakai Canyon and the Katsu'ura Canyon. We can see two
acoustic units in the profile (Fig. 4). The upper unit, which corresponds to NJ 2 on Line
1, varies in thickness having its maximum at 1.5 s TWT. The upper unit disappears near
the southwestern end of the profile and the lower unit, NJ 3, is exposed on sea floor there.
The signal-to-noise ratio of the profile is not sufficient to identify the an internal
structures of these units.

The E-W main profile consists of Lines 4 and 5. Line 4 covers the continental slope
including the Katsu'ura Canyon and the Katakai Canyon. We can see three acoustic units
(Fig.5): The uppermost unit, which is referred to as NJ 1 hereafter, appears at the sea floor
in the range of 055 km. The middle unit, NJ 2, forms the sea bottom in the range of 55—
90 km. The lowermost unit, NJ 3, can be seen as the sea bottom in the range of 90-100
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km. The uppermost unit, NJ 1, is the most transparent among the three units. and has some
clear reflectors.

Line 5 spans from the trench axis to the Pacific Basin (Fig. 6). The trench axis is filled
with a thick sediment of 2.0 s TWT including many stratified reflectors. Beyond 65 km
is a clear transparent unit, which is referred to as Pac 1. Pac 1 has a thickness from 0.4
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t00.7s TWT. Below Pac 1 is an acoustic basement, which is referred to as Pac 2. Between
20 and 65 km are some areas with thin sediment, but most parts are occupied by an
acoustically opaque material, which is divided by near vertical displacements,

4. OBS-airgun profiling

4.1. OBS recorded airgun data
All OBS records were converted in a digital form with a sampling rate of approxi-
mately 100 samples per second after the cruise. We followed UraBE and HIRATA (1984).
The digitized data were edited and processed for further analysis. The data were
exchanged among different institutions.
We show processed OBS records on four lines. Figure 7 displays record sections of
a vertical component on Line 1. Records from Line 2 are in Fig. 8, those from Line 4 are
in Fig. 9, and those from Line 5 are in Fig. 10. The data were filtered with a pass band
between 5 and 15 Hz. In general, we can recognized refracted wave up to an offset
distance of 45 km. An example of the OBSs located on the Philippine Sea plate is TJ21,
’ the record section of which is shown in Fig. 7f. In the offset range between 8 and 40 km
we can see a phase with an apparent speed of 5 km/s. A 2.5 km/s phase is seen in a low

gain channel of the record later than the water wave arrivals. Travel time curves of these
phases are almost straight lines, indicating a small gradient with depth.

TJ17, Line1

Distance (km)

Fig. 7. Airgunsignalrecorded by OBSson Line 1. Vertical componentof the geophone with high gain amplification

is shown. Travel times are reduced by D/(3.0 km/s), where D is an offset distance from the OBS in km. the
horizontal axisis D in km. The records are bandpass filtered (S to 15 Hz). Each trace exceptthatof TI21B is scaled
proportional to D square. Traces of TJ21RB are normalized by the maximum amplitude. (a) TI19, (b) TJ18. (¢)
TI6. (d) TI19. (e) TI20. () TJ21A. (g) TJ21B.
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Record sections of OBSs on the Northeast Japan plate show a phase with a wave
speed of 3 km/s in offset ranges from 5 to 8 km. We can see the phase later than a direct
water wave arrival. Records of TJ4 and TJS indicate a phase of 5.0 km/s in ranges from
10 to 15 km (Figs. 9b, 9¢). However, TJ7 and TJ18 have no records indicating the
5 km/s layer. Especially, records of TJ18 for Line 2 have the 3 km/s phase up to 20 km
in the offset range suggesting that the 3 km/s layer is thick (Fig. 8). Generally, the
apparent velocity of each phase is slower on the eastern side of the OBS than that on the
western side, suggesting that each layer tilts downward to the east. The 3 km/s layer has
a travel time curve which is convex upward, indicating the speed gradient with depth.

Records in the OBSs on the Pacific plate (e.g., TJ14, TI15, TJ16) have a phase with
a wave speed of 6 km/s in the range from 6 to 25 km, and of 8 km/s up to 45 km (Figs.
10d, 10e, 10f, 10g). The record section of TJ15 has a travel time curve that is symmetrical
about the axis of the offset range, indicating horizontally homogeneous layering. The
slightly convex travel time curve suggests the gradient of the wave speed with depth in
the 6 km/s layer.

Records of OBSs in the very deep sea (TJ10, TJ11) have an asymmetrical pattern of
travel time curves. Records of TJ10 have a phase with an apparent speed of 3 km/s in
ranges from 14 kmto 20 km. In the range from 14 to 20 kmis a phase of 6 km/s. The record
of TJ11 has a phase of 5.5 km/s on the eastern side and of 2.5 km/s on the western side
(Fig. 10). The large apparent speed on the east is due to a steep seaward trench wall.

4.2. Analysis of OBS data
Travel times of refracted waves and reflected wide angle waves were picked
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(a) TJ10, Line5

(b) TJ11, Line5
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Fig. 10. Airgun signals recorded by OBSs on Line 5. Parameters for plotting are the same as in Fig. 7. (a) TJ10.
(b) TIL1. (¢) TJ13. (d) TI14A. (e) TI14B. (f) TJ15. (g) TI16.
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Fig. 11. Example of the 7-p transform of airgun signal recorded by OBSs. 7-p seismograms of Line 1 recorded by
TJ18 and TJ21 are shown. The vertical component records of geophone with low gain amplification are
processed within an offset range of 10 km. A curve indicates a picked trajectory of principal arrivals. (a) South
side of TJ18. (b) North side of TI18. (c¢) North side of TI21A.
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manually from transcribed record sections of OBSs. Also, the record section in the travel
time —offset distance (+—x) domain was transformed to the intercept time —ray parameter
(7-p) domain (SHINOHARA et al., 1993). We show some examples of the 7—p transform
of the record section in Fig. 11. We calculated semblance s;; for each pair of (7,p;) from
seismogram f{t, x) in the #~x domain as:

(S et prn)

k

-

S(fi, p]):

N;é; (f(zitpsxe))®

where W is a time window with a center of 7, and N is the number of traces in the r—x
domain (NEDELL and TANER, 1971). We used the 0.1 s long window for the following
calculation. The increment of p, (Ap)) is 0.05 s/km. In order to determine the shallower
structure of the crust, we applied the t-sum inversion method (DEBoLD and STOFFA, 1981)
to the manually picked 7—p trajectory. We show some examples of the results of the
inversion in Fig. 12, in which crustal structures among different sites are compared.
Because we assumed a horizontally homogeneous model in the inversion, we basically
obtained two different crustal models for a split profile. We depicted them independently
with different symbols to see how they differ each other. For example, the wave speed
depth profile determined from the westward shooting of TJ5 on Line 4 has a higher P-
wave speed than that from eastward shooting. The difference is due to eastward down
dipping of the layer along Line 4.

We then averaged two models for one OBS to derive one-dimensional wave speed
profile with depth. All the analyzed profiles are summarized in columnar charts with
topography and clear reflector seen in the SCS reflection data (Fig. 13). We can see a

good correlation between the model derived from the refraction data of OBSs and that
from the reflection data. '

P-velocity(km/s)

123 45 6 7
0 T T v T T T
C
1 - -
£ | _
=
2 af -
[]
(=)
- 4 - =
TJ15 (Line 5) TJ21 (Line 1)
5 1 1 1 1 N 5 1 L 1 I I3 5 1 I} i 1 1

Fig. 12. Example of wave speed depth profiles determined by the 7-sum inversion using 7—p data as shown in Fig.
11. (a) TJS on Line 4. Solid line labeled E denotes model derived from eastward shot of the OBS. Dashed line

labeled W denotes that from westward shot. (b) TJ15 on Line 5. (¢) TJ21A on Line 1. Data are from northward
shot.
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5. Discussion

5.1. Thickness of sedimentary layer ) :

Both the single channel reflection data and refraction data of OBSs indicate clear
differences in sedimentary layer structure among 'sivtes‘(Fig. 13): The layer thickness on
the oceanic side is 1 km beneath TJ15 and on the continental slope 3 km beneath TJ14
and TJ5. Along the E-W main profile (Lines 4 and 5) we can see the maximum thickness
around TJ7, where the sediment is 4 km thick. Although the acoustic basement beneath
the inner trench wall of the Izu-Bonin Trench is not clearly seen in the reflection data,
the refraction data from the OBS definitely document a thick pile of sediment there.

5.2. P-wave speed in the sediment :

The uppermost sedimentary layer has a P-wave speed of 1.6km/s, whichis veryclose
to the P-wave speed in the water layer. The layer is widely found beneath both the oceanic
side and the continental side of the trench axis. It corresponds to the uppermost
transparent layer in the acoustic stratigraphy. We think that it consists of unconsolidated
sediment. The layer thickness varies from site to site, but generally it is within the range
of 200-300 m. The wave speed gradient with depth in the layer is smaller‘on the oceanic
side than that on the continental side: 0.32 s-! beneath TJ15 and 0.65 s-!.beneath TJ5.

Below the uppermost transparent layer is the layer in which the P-wave speed
rapidly increases with depth. On the oceanic side the layer has a wave speed gradient of
4.8 s'1(TJ15) and on the continental side the gradient is smaller: 0.8 s-1 is observed at
TJ5. D : ’ -

5.3. P-wave speed in the basement layer

Since both reflection and refraction data are available, we can correlate the acoustic
stratigraphy with the P-wave speed to identify the lithology of the layer. First, we can
recognize that the transparent layer of Pac 1 corresponds to unconsolidated sediment in
which the P-wave speed gradient with depth is small. The acoustic characteristics
suggest that this layer is much more homogeneous than the lower layers. The interface
between Pac 1 and Pac 2 forms an acoustic basement, but the P-wave speed indicates that
the uppermost part of Pac 2 is also a sedimentary layer. The rapid increase of the P-wave
speed is indicative of compaction of the sediment. It is clear from the reflection and the
refraction data (Fig. 13) that the acoustic basement does not correspond to the top of
igneous crust, while the P-wave speed of around 5 km/s i is typical in the oceanic crust.

Similarly, on Line 4 of the continental slope, the P-wave speeds indicate that the
layers which we referred to as NJ 1, NJ 2, and NJ 3 in the acoustlc stratigraphy have P-
wave speeds slower than that in the basement layer. T he speed versus depth profiles
increase gradually with depth from 1.6 km/s to 4 km/s. These observations indicate that
the top 3—4 km of the crust consists of a series of sedimentary layers (TJ2). The bottom
of the sediment is more than 4 km below the:sea bottom. The maximum P-wave speed
derived from the airgun-OBS data (TJ2 TJ4 TI5) is around 5.0 km/s, which may
correspond to that of the basement rock (Fig. 12).




'5.4. Philippine Sea plate below Northeast Japan plate
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Beneath TJ7 is the thickest and slowest sedimentary layer in the studied area.
Recently, IwaBuci et al. (1990) reports the detailed structure of the upper crust using
multichannel reflection data in the vicinity of the triple junction. Accordlng to their
interpretation, the eastern edge of the Philippine Sea plate is exposed justeast of the Daito
spur. Beneath TJ7 are both the Philippine Sea and the Pacific plates below the Northeast
Japan plate: the boundary between the Northeast Japan and the Philippine Sea plates is
approximately 3 km below the sea bottom. If this is the case, the 3.6 km/s layer of TJ7
belongs to the Philippine Sea plate. Our OBS data show no clear difference in P-wave
gradient with depth between those above and below the boundary. Moreover, the P-wave
speed of 3.6 km/s is slower as compared with 4.1 km/s at 3 km depth beneath other OBSs
on the continental slope. So we think that even if the plate boundary between the two
plates exists, the topmost part of the lower plate (Philippine Sea plate) is heav11y
deformed or fractured to decrease the P-wave speed.

6. Conclusion

We conducted airgun-OBS profiling using both reflection and refraction methods.
Twenty-two ocean bottom seismographs were deployed in an array to study the crustal
structure in the vicinity of the triple junction. The profiling consisted of four lines which
covered the Pacific, the Northeast Japan, and the Philippine Sea plates. We obtained a
detailed structure of the shallow crust including the sedimentary layer and the basement
layer. The seismic structure varies considerably along the profiles. Especially, the
difference of the structure in the vertical gradient of P-wave speed is evident between the
oceanic side and the continental side: beneath TJ15 on the Pacific plate are a vertically
homogeneous unconsolidated sediment (0.32 s-1 of vertical wave speed gradient) and a
consolidated sediment where the P-wave speed increases quite rapidly (4.8 s-1), while
beneath TJ5 on the Northeast Japan plate the gradient is 0. 65 s'Lin the topmost and 0.8
s’ in the lower part of the sediment.

The P-wave speed in the basement layer also varies along the profile. Beneath the
continental slope, where the Northeast Japan is supposed to be underlain by the
Philippine Sea plates, the wave speed increases gradually with depth without any abrupt
changes. The structure in the shallow crust suggests that the topmost part of the
Philippine Sea plate underlying the Northeast Japan plate is considerably deformed or
fractured to have no clear boundary between the plates. '
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