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Abstract

|

In mid-summer of 1986, as part of the Japanese Lithosphere
Research Program (DELP: Japanese title of ILP) geophysical DELP

| research cruises (DELP-86 cruises) were carried out in cooperation
with the Earthquake Prediction Research Program of Japan in the
northwestern Pacific Basin, between Shatsky Rise and the northern
part of the Japanese Islands. The total length of survey lines amounts
to about 2100 km along which various observations were made. This
report, Parts 1 through 4 of this issue, describes mainly the results
of the DELP-86 cruises. Some of the studies on the seismic structure
are being continued by the Earthquake Prediction Research Program
of Japan. Data and interpretations obtained by others related to the
present program are also referred to in the interpretation of the present
report (Part 1). Scientists from nine universities and institutions
participated in the present study. The scientific objectives, survey
area, cruise periods, items of observation, filing of data bases and
names of participants in this program are listed in this Part 1. A
series of basic data from seismic experiments on the present cruises
are presented as a supplement for convenience in further studies.
Some results obtained prior to the present survey are also included
in the concluding remarks of this part. A configuration of the sub-
ducting Pacific Plate underneath Northeast Japan which was traced
by using arrivals of sound signal data obtained by the onshore seismic
observation network is also mentioned. Further detailed descriptions
of individual experiments are given in Parts 2, 3 and 4 of this issue.
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1. Scientific Objectives

The scientific objective of DELP-86 is to study the tectonic structure
and evolution of the oceanic lithosphere, northwestern Pacific, and ifs
bearing on the tectonic history of the area. It has also a long-range goal to
obtain insight into the structure of the deeper part of the oceanic litho-
sphere and the coupling stiffness between the upper part of the presumably
convecting mantle and the bottom of the lithosphere.

2. Introduction

The Pacific Plate is one of the large plates on the glove along with
the North American, Eurasian, Philippine, Australian and Antarctic Plates.
A large scale lithospheric physiognomy (bathymetric depth, lithosphere
thickness and others) of the western part of the Pacific Plate is a normal
one similar to that of other large oceanic basins with respect to heat flow
vs. age, lithospheric thickness vs. age and bathymetric depth vs. age
(YOSHII et al., 1976; DAVIS and LISTER, 1977; PARSONS and SCLATER,
1977; HAYES, 1983). The Pacific Plate is actively colliding with large
land masses (e.g., Eurasian or Northamerican Plate) on its western and
northwestern edges.

It is claimed through marine geomagnetic studies in the western part
of the Pacific that the Pacific Plate evolved from a small basin about
195Ma ago (in the Jurassic: e.g., HILDE et al., 1977 ; TAMAKI et al., 1989).
Evolution of the Pacific Plate has left a variety of remnant structural
relics within and around itself. It is suggested that some of the remnant
suture lines observable on the magnetic lineation patterns form a tectonic
boundary between fragments within the plate (TAKAGI, 1986). It is also
inferred that some of the ancient rifting systems that once acted as
spreading centers in the ancient Pacific area had been consumed under-
neath the North American or Eurasian Plate. The consumption of the
Pacific Plate is still occurring along big trench systems: the Kuril-Kam-
chatka, Japan, Izu-Ogasawara, Mariana, Yap and Palau Trenches.

There have been many studies on structural and tectonic characteristics
of the western part of the Pacific area (DEN et al., 1969; YOSHIIL, 1975;
ASADA, 1980; NAGUMO et al., 1981; TOMODA et al., 1982; TOMODA and
FUJIMOTO, 1982; ANOSOV et al., 1982; ASADA et al., 1980; CESSARO and
DUENNEBIER, 1987 ; BUTLER and DUENNEBIER, 1987; DUENNEBIER, 1987;
SEGAWA and MATSUMOTO, 1987 ; SHIMAMURA, 1987). The seismic struc-
ture of a deeper part of the lithosphere of the western Pacific area is
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characterized by variety from place to place (e.g., HOTTA, 1970 ; JAPANESE
DELP RESEARCH GROUP, 1989) and the anisotropic velocity contrast
along different azimuthal orientations as revealed by ocean bottom seismic
observations (SHIMAMURA et al., 1983) as well as by Rayleigh wave phase
velocity (SUETSUGU and NAKANISHI, 1987).

It is also noted that the mechanical coupling between the Pacific Plate
and the land masses on its west is much weaker than on its eastern edge
based upon occurrence of big earthquakes, i.e., the Mariana Trench in the
west compared to the Chile Trench in the east (UYEDA and KANAMORI,
1979). Recent studies on seismic fine structure beneath the landward slope
of the central part of the Japan Trench revealed that the stiffness of
seismic coupling between the Pacific Plate and the Japanese land mass can
be related to the bathymetric features and scars of fault lines in the Pacific
Plate east of the Japan Trench (URABE, 1987). It is poorly understood,
however, what kind of geometrical as well as mechanical relationships
exist between the Pacific and Eurasian (or North American) Plates which
have been colliding along the Japan Trench for a long time, at least since
the Tertiary.

Back-arc basins on the western to northern corner of the Pacific Plate
are believed to be formed as a result of back-arc rifting phenomena.
However, some of them show clearly that they could be a remnant of
trapped fragments of the Pacific Plate, which was rifted and intruded by
subsurface volcanism, sills and dikes, afterward (SHOR and TOKSOZ, 1971 ;
BEN-AVRAHAM et al., 1972 ; UYEDA and BEN-AVRAHAM, 1972 ; BEN-AVRAHAM
and UYEDA, 1973; COOPER et al., 1976; HILDE et al., 1977; UYEDA and
MCCABE, 1983 ; HILDE and LEE, 1984). Inthe Japan Sea, there is a significant
azimuthal anisotropy in seismic velocity structure and the orientation of
higher velocity happens to be parallel to that in the northwestern Pacific
as reported by OKADA et al. (1978) and HIRATA et al. (1989). The dis-
turbance and weak amplitude of marine magnetic lineation patterns of the
Japan Sea could be also interpreted as a trapped fragment of the Pacific Plate
which was rifted by later multisource volcanic activities (e.g., TAMAKI,
1988). The bathymetric depth of the Japan Sea is quite deep for its age of
formation (TAMAKI, ODP data; private comm.) which favors an argument
of a part of the Pacific Plate. This point of view, though little accepted
by marine geoscientists, has not been ruled out yet even after our recent
DELP-85 surveys (e.g., KIMURA et al., 1987).

One of the key factors to understand such a kinematic feature of
ocean basin evolution is to obtain the detailed lithospheric internal struc-
ture including density profiles, mineralogical profiles, velocity profiles as
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well as ductile properties with respect to depths. With these parameters
given, we can discuss in turn mechanical and dynamic features of the sub-
ducting oceanic lithospheres which induce rifting and opening of back-arc
basins. Therefore, the northwestern corner of the Pacific basin is chosen
for the present study to meet the requirement of the stated scientific
objectives.

DELP-86 cruises comprised two research vessels, Wakashio-maru,
Nippon Salvage Company and Dai-3 Kaiko-maru, Tokai Salvage Company.
The latter was chartered by courtesy of the Earthquake Prediction Rese-
arch Program of Japan to do a joint study with the DELP marine
research group. Scientists from nine universities and institutions partici-
pated in the present study. Further details of the present program are
described in following sections. '

3. Cruise period

, Cruise DELP-86 WAKASHIO (Wakashio-maru) and KAIKO (Dai-3
Kaiko-maru)
=xxWAKASHIO
- July 10, 1986 Departure from Chuo, Chiba.
. 14-18, Deployment of OBS’s (Ocean Bottom Seismometer).
19-24, Explosion of small dynamite charges and a large volume
Airgun shooting.
25-27, Explosion of big dynamite charges.
28-31, Recovery of OBS's.
Aug. 1, Heat Flow experiment.
3, Back to Chiba.
July 10-Aug. 3, Magnetic measurement all along steaming tracks.
+xxKATKO
July 18, 1986 Departure from Nittsu, Muroran, Hokkaido.
14-18, Deployment of OBS’s.
19-24, Explosions of large dynamite charges.
25-28, Recovery of OBS’s.
31, Back to Muroran.
July 18-31 Magnetic measurement all along steaming tracks.

4. Ttems of observation

1) 12 KHz precision Depth Recording.
2) 3.5 KHz Depth Recording.
3) Single-channel Seismic Profiling.
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4) Ocean Bottom Seismometer Experiment (30 stations).
4)-1 Structure.
4)-2 Seismicity.
5) Geomagnetic Survey.
5)-1 Total force.
5)-2 Three-axis vector component.
6) Heat Flow Survey.

5. Data filing and processing

1) Track positioning.

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

4) Shot times of explosions.

5) Geomagnetic elements (H,, H,, H, and F).

6) Seismic wave form (digitized).

6. Participants

Earthquake Research Institute, University of Tokyo
S. NAGUMO, T. KORESAWA, and H. KATAO.

Laboratory for Ocean Bottom Seismology, Hokkaido University
H. SHIMAMURA, and T. IWASAKI.

Observation Center for Prediction of Earthquakes and Voleanic Eruptions,

Tohoku University

A. NISHIZAWA, and S. NAKAO.

Institute of Geophysics, University of Tokyo
T. KANAZAWA, N. HIRATA (now, Chiba Univ.), and N. TOMITA.

Department of Earth Sciences, Chiba University
H. KINOSHITA (now, Earthquake Res. Inst., Univ. Tokyo), K. SUYEHIRO
(now, Ocean Res. Inst., Univ. Tokyo), T. IIDAKA (now, Earthquake Res.
Inst., Univ. Tokyo), Y. KAIHO (now, Geophysical Inst., Univ. Tokyo),
M. SUEMASA (now, D.G. Co.), K. YAMAKI (now, Hot Sp. Inst. Kana-
gawa Pref.), N. MATSUDA (now, NEC), R. MORIJIRI (now, Geol. Surv.
Japan), S. ABE, T. IIMURA (now, Fujitsu Comp. Eng. Co.), Y. KASUMI
(now, Yokogawa Denki Co.), N. KOCHI (now, NEC Eng.), T. FUJII
(now, FACOM HITAC Co.), and Y. NAKASA

Department of Oceanography, Tokai University

H. BABA.
Department of Earth Sciences, Kobe Univ.
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N. ISEzZAKI, T. OUCHI, 1. UNO (now, Ocean Res. Inst., Univ. Tokyo),
C. IToTA, M. KONISHI (now, Daiwa Bank), and M. NAKANISHI (now,
Ocean Res. Inst., Univ. Tokyo).

Department of Physics, Kyushu University
T. URABE (now, Earthquake Res. Inst., Univ. Tokyo).

7. Main operations

The area surveyed by the DELP-86 cruises is shown in Fig. 1.
Detailed track lines of the present cruises are given Fig. 2. Geophysical
surveys of DELP-86 cruises are mostly concentrated on seismic studies of
the lithospheric and crustal structures and geomagnetic measurements of
the area. Seismic surveys were performed by combination of ocean bottom
seismometers (OBS or OBSH: a hydrophone attached to OBS) and explo-
sives and airgun shootings. Sound signals of big explosions were detected
also at onshore seismic observatories in Northeast Japan. Natural earth-
quakes occurred during the cruise period will be also analysed using the
seismic records of OBS deployed for structural studies. Geomagnetic
surveys were run by use of both a three-axis magnetometer and a proton
precession magnetometer. Underway geomagnetic and topographic surveys
were. carried out on the steaming tracks from port to survey area and
back. Heat flow measurements were only successful on one run during
the cruise period. Some parameters obtained in these operations are
described below. The main results of these operations will be described
in this report and in the individual parts (Part 2, 3 and 4) of this issue
in detail.

7-1 Ocean Bottom Seismometer

Thirty sets of OBS were deployed along two track lines, of which 7
sets are offered from the Earthquake Research Institute, 20 from Hokkaido
University, and Geophysical Institute, University of Tokyo, and Tohoku
University and 3 from Chiba University. Position and water depths of
the OBS stations are listed in Table 1. The total length of the survey
track lines amounts to about 2,100 km, of which the NNW-SSE branch
extends 700km, and the WSW-ENE line extends about 1400km, respec-
tively. Big and small charge explosives and large volume (86 liter) airgun
array shootings were run along these track lines. Unfortunately, a new
compressor system went down half way through the operation. After the
accident we had to use a number of small charge explosives instead of
the airgun. Positions and water depths of the big explosion stations are
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Fig. 1. Sketch map of survey area (shaded) run by DELP-8 program with
magnetic anomaly stripes in the northwestern Pacific. Black stripes show
negative geomagnetic anomaly. Copy made from ISEZAKI (1987).

listed in Table 2. Shot numbers for larger weight dynamite charges are
given by two digits (from 01 to 22) right after ‘“SHOT” (sometimes
omitted in some figures of appendix A) and those for smaller charges are
given by three digits (starting from 201) for convenience of sorting.
Distribution of the OBS stations is shown in Fig. 2. Positions of the big
explosions as well as airgun shootings plus small charge explosions are
shown in Fig. 3.

We have tried a line of condensed explosive shootings along a small
fraction of the track line (HDS) in the NNW-SSE branch as indicated in
Fig. 3. The position and other parameters for this portion are listed in
Table 3. A blow up of the high density shooting positions is shown in
Fig. 4. Original record sections (series of figures in appendix A) of arrival
time versus distance which are pasted up on a single sheet for individual
OBS’s are presented in the appendix of this part. A preliminary result

of analysis on the seismic structure of upper part of the lithosphere of a -

fraction of the surveyed area is shown in F'ig. 5 (refer also to SEKIHARA,
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and KAIKO, for the study on the deep structure of oceanic lithospheric plate
in the northwestern Pacific Basin. Symbols denote: MAG-8, Calibration of
3.axis and total force of Magnetometer Systems. OBS (crosses), Stations for
Ocean Bottom Seismographs. Geographic position of OBS stations are listed
in Table 1.
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Table 1. Geographic coordinates and water depths of the position OBS stations.
EOBS’s are operated by Earthquake Research Institute, University of Tokyo
and TOBS’s were supplied by Geophysical Institute, University of Tokyo and
the rest of participants in the present cruises. Dates of deployment are all
in July. Day, hour and minute are marked by full stops. Latitude and longi-
tude are given in degrees, minutes and seconds with full stops among them.
Bathymetric water depth is given in meters.

*1: Numbering used in operations. *2: Numbering used in analyses.

No. 1 *1 No. 2 *2 Date of Latitude Longitude Water Dsoth
q devloyment (deg. N) (deg. ED (meters),
P1 TOBSO1 38.11. 86 145, 00. 15 5286
P2 TOBSG02 38. 28. 23 145. 35. 89 5320
P3 TOBS03 38. 44. 20 146. 11. 66 5284
P4 TOBS04 39. 08. 81 146.12. 36 5402
P5 TOBSO05 38.35.75 148. 14. 41 5473
P6 TOBSO6 40. 00. 46 148.17. 47 5330
P7 TOBSO7 40. 20. 38 150. 06. 60 5405
P8 TOBS08 40. 32. 48 150. 38. 16 5427
Pg TOBS0S 16.02. 23 40. 45. 61 151. 13. 00 5502. 6
P10 TOBS10 16. 07. 32 41.01. 81 151. 58. 40 5301.7
P11 TOBS11 16.13. 27 41.19. 31 152.47.16 5802. 4
P12 TOBS12 16.17. 37 41. 36. 33 153. 36. 32 5545. 6
P13 TOBS13 16.21. 33 41.52.73 154. 25. 52 5476. 0
P14 TOBS14 17.02. 585 42.14. 32 155. 32. 13 5596. 8
P15 TOBS15 17.08.10 42. 35. 06 156. 39. 16 5452. 0
P16 TOBS16 17.13. 22 42, 55. 46 157.47.598 5561. 4
P17 TOBS17 17. 16. 30 43. 15. 32 158. 57. 03 5563. 8
P18 TOBS18 17.23.37 43. 33. 40 160. 05. 75 5349.0
P13 TOBS1S 14.07.12 36.29.12 153. 07. 68 5688. 3
P20 TOBS20 14.16. 38 37.23.83 132. 35. 49 5820. 1
P21 TOBS21 15. 00. 08 38. 06. 76 152. 09. 96 5861.2
P22 No OBS deploved.
P23 TOBS23 15. 14. 55 39. 44. 08 151.08.76 5381. 6
P24 TOBS24 41.20. 50 150. 06. 60 5250
El EOBS1 14.11.29 36. 53. 56 152. 52. 86 5644.0
E2 EOBS2 14.18. 53 37.42.28 152, 24. 47 5771.0
‘E3 EOBS3 15. 05. 30 38. 38. 15 151.49. 77 5685.0
E4 EOBS4 15.10. 17 38.11.67 151.29.72 5472.0
ES EOBSS 15.18.11 40. 08. 28 150. 54. 18 5388.0
E6 EOBSS 15.21. 40 40. 32. 51 150. 38. 35 5431, 8
E7 EOBS7 15. 23. 52 40.38. 74 150. 55. 73 5401, 1

1990 ; SEKIHARA and MARINE LONG SHOT RESEARCH GROUP OF JAPAN
1990). The fine configuration may be refined after more detailed analysis
in the futrue.

Fig. 3. Positions of explosive and large volume airgun shootings. Volume of the
airgun chamber is 36 liters. Sick LORAN-C denotes that the allocation of the
ships position by use of LORAN-C system malfunctioned and dead reckoning
measure was taken for this interval. High density shooting with small
dynamite charges was done on section HDS along the NNW-SSW branch of
the track line. Weights of explosives are given by various symbol marks
with numbers (kg) in the legend. Dotted lines are portions of airgun shootings.




58 JAPANESE DELP RESEARCH GROUP ON DEEP STRUCTURE

with charges heavier than 250 kg are shown except for SHOT02-1. Numbers

1

|

|

Table 2. Shot times and geographic positions of large weight explosions. Explosions |
and units are the same as for Table 1. '

Shot No. Weight =~ Time Latitude Longitude Water Depth
(Kg) (deg. N (deg. E> (meters)
SHOTO1 1,000 24.07. 20 38.11. 02 145. 00. 16 W. end
SHOTO2-1 25 19.18. 40 38. 25. 40 145. 29. 32 5311.7
SHOT02-2 500 19. 18. 40 38. 25. 35 145. 30. 15 5316. 3
SHOTO3 500 20. 05. 39 38. 38. 82 146. 00. 25 §270. 1
SHOTO4 (NGY 250 20.17. 34 39. 16. 44 147, 31. 48 5345. 0
SHOTOS 500 21. 05. 01 39. 33. 26 148. 08. 415 5446. 0
SHOTO6 500 21.09. 00 39. 48. 23 148. 45. 91 5504. 7
SHOTO7 500 21. 14. 36 40. 07. 99 149, 35. 69 3740. 0
SHOTO8 500 21.18. 32 40. 20. 26 150. 06. 75 PO 5441. 0
SHOT0OS 300 21.22. 04 40. 32. 44 150. 38. 73 (ros> 5435. 0
SHOT10 500 22. 05. 04 40. 44. 36 " 151.10. 83 (PO 5442. 2
SHOT11 500 22.11. 27 41.07.77 152. 15. 19 5301. 8
SHOT12 300 22.15. 30 41.21. 12 152.54. 19 5155. 2
SHOT13 500 21.19. 31 41, 34, 98 153. 33. 35 5568. 7
SHOT14 500 23. 06. 30 42. 14. 28 166. 32. 71 5693. 1
SHOT15 500 23.10. 30 42, 26. 89 156. 13. 00 5039. 8
SHOT16 500 .23.14.30 42. 39, 22 166.63. 61 5414.0
SHOT17 500 24.10. 20 43.14. 18 158, 57. 02 P1D 6560. 4
SHOT18 500 24.13. 23 43. 24. 52 159. 32. 02 5410.0
SHOT18 1, 000 19.12. 52 43. 34. 23 160. 04. 45 . end 5360. 0
SHOT20 1,000 27.16. 15 36 28. 56 153. 07. 76 S. end 5704. 8
SHOT21 500 27. 06. 05 37. .4. 30 152. 35. 94 P20> 6883. 9
SHOT22 1,000 25.13. 17 41. 20. 56 150. 05. 36 N. end 5237. 7

(Pxx) denotes that the shot point is right on top of the OBS position. NG is an
unsuccessful shot. B, W, S and N end are end points along track lines. Dates
are all in July, 1986.

CHARGE
° Skg °
. 20 .
* 500 °
< 1000 °

+ +

36'30

Fig. 4. Blow up distribution of large and small explosions along a survey linc of
the high density shooting (HDS in Fig. 3) experiment.
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Fig. 5. Preliminary result of analyses on the seismic cross section of the deeper
part of lithospheric plate along WSW-ENE track line (1400km between OBS
stations SW and NE in the inset) in the northwestern Pacific Basin. Some
results from NNW-SSE track line are synthesized as shown in a thick box
frame below a thick arrow. Thick bars numbered by A through F are show-
ing portions of concentrated seismic shooting. Dotted line at the depth of 40
km is assumed tentatively as a boundary between different velocity gradient
for best fit in interpreting distant phases in the seismic record sections. This
figure is obtained by modifying a figure in the report by SEXIHARA (1990).

7-2 Onshore Observation of Sound Waves from Explosions

Some large weight dynamite explosions detonated along WSW-ENE
and NNW-SSE track lines were caught by the seismic network of Tohoku
University (Fig. 6, HASEGAWA et al., 1988). In spite of the small amount
of explosives, the arrivals at epicentral distances up to 800km could be
well observed due to low seismicity around shot stations. A model of
seismic structure across the Japan Trench is constructed by incorporating
the crust and upper mantle structures given by many investigations to
date (e.g., YOSHII and ASANO, 1972) by the 2-dimensional ray tracing method
(CERVENY and PSENCIK, 1981). The positions of the wavespeed boundaries
in the model were corrected for the spherical earth. It is assumed that
the oceanic lithosphere (Pacific Plate) consists of three distinctive layers.
The present data can be used for an experimental check of the large scale
structure of the lithospheric plate subducting underneath the Japanese
main island. The features of subducting Pacific lithosphere and the lower
part of the crust beneath the Northeast of Japan implied through present
experiments is presented in Fig. 7. More detailed descriptions on the
analyses and assumptions introduced are given by NAKAO et al. (1988).
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Table 3. Shot times and positions of dynamite charges for the high density
shooting experiment. Numbers and units are the same as for Tables 1and 2.
Shots were all on July 27th: hour and minute are divided by full stops and
occasionally down to second figures are added. Degree of latitude and longitude
are partly omitted when they are equal to those in the upper data line.

Shot Weight Time Latitude Longitude Water Depth
No. (Kg> (1886.07.27> (deg N> (deg B (meter)
21 500 05. 47 37.24.862 152. 35. 27 5875. 6

227 3 07. 46 22.79 36. 56 5867

228 5 07.52 22. 10 37. 26

228 5 07. 58 21.37 37.70

230 5 08. 04 20. 64 38. 22

231 s 08.10 18. 95 38. 73

232 20 08. 15. 30 19.18 39. 08

233 ) 08. 21 18. 48 39. 53

234 5 08. 26 17.75 39. 74

235 8 08. 32 17.11 40. 22

236 5 08. 37 16. 46 40. 67

237 5 08. 43 15. 74 40. 97

238 20 08.47 15. 33 41.21

238 5 09. 00 14.10 41.79

240 5 09. 11 12. 80 42.75

241 20 08. 20 11. 85 43. 38 5754

242 5 09. 33 10. 63 44.13 5820

243 5 08. 44 08. 61 44.76

244 20 08. 52 08. 68 45. 38 5781

245 5 10. 06 07. 48 46. 23

246 5 10. 17 06. 21 47. 14

247 20 10. 25 05. 27 47. 96

248 5 10. 38 04. 05 48. 73

249 5 10. 50 02. 60 49. 20

250 20 10. 58 01.53 49. 64 5775

251 5 11.12 00. 02 50. 03

252 5 11.28 36. 58. 54 50. 51

253 20 11. 31 57. 41 50. 77

254 5 11. 40. 30 56. 57 51.08

2535 5 11. 46 55. 85 51. 41

256 5 11. 51 55.18 51.77

257 5 11. 57 54. 44 52.05

258 5 12. 02. 30 53. 75 52.43

259 20 12. 06 53. 30 52.68

260 5 12. 16 52. 54 53. 02

261 5 12. 21, 30 51. 84 53. 41

262 5 12. 27 51. 15 53. 87

263 5 12. 32. 30 50. 44 54. 28

264 5 12. 38 49. 78 54. 71

265 20 12. 43 48. 04 55. 05

266 5 12. 55 47. 63 55.82

267 5 13. 06 46. 28 56. 69

268 20 13. 17 44. 92 57. 46

268 5 13. 28 43. 61 58. 38

270 5 13. 39 42. 21 59.17

271 20 13. 50 40. 94 153. 00. 01

272 5 14. 01 39. 58 00. 77

273 5 14. 12 38. 26 01. 65

274 20 14, 23 36. 95 02. 50

275 5 14.28. 30 36. 34 02. 96

276 H 14. 34 35. 67 03. 35

277 5 14. 38. 30 35.05 03. 79

278 5 14. 45 34. 38 04. 18

278 5 14. 50 33.75 04. 67

280 20 14. 56 33.08 05.12

281 5 15.01. 30 32. 40 05. 52

282 5 15. 07 31.73 05. 98

283 5 15.12. 30 31.08 06. 44

284 5 15. 18 30. 41 06. 85

285 5 15.23. 30 29.73 07.18
20 1,000 15. 57 28. 07 07. 66
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Fig. 6. Locations of shot points (solid circles) and microearthquake observation
stations of Tohoku University (crosses). Charge size of S19, S20 and S22 is
1 ton and the others are 300 or 500 kg.
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(c)
Fig. 7. Cross section of upper mantle and subducting Pacific lithosphere under-

neath northeast of Honshu, Japan (NAKAO et al., 1988). TA: Japan Trench
axis. CL: Coast line of NE Japan.

7-3 Natural Seismicity caught by the OBS

Small and large natural earthquakes of magnitude larger than 8.8
(determination by Japan Meteorological Agency) were detected by a number
of OBS’s during the present operations. Dates, locations and depths of
these earthquakes are listed in Table 4. Epicenters of these earthquakes
are plotted in Fig. 8. The earthquakes will be analyzed at the Earth-
quake Research Institute, Unversity of Tokyo and report will be presented
separately.
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Fig. 8. Distribution of epicenters of natural earthquakes observed by the OBS
during the DELP-86 cruises. Detailed positions are listed in Table 4. Shaded
areas show the present survey area on the sea and distribution of onshore
seismic observatories. Solid numbers indicate depths of earthquake foci in km.

Table 4. Locations and times of occurrence of natural earthquakes observed by
OBS’s during the present cruises. Time is given in day, hour, minute, second
and deci-second, each divided by full stops. Positions are given in degrees,
minutes and seconds.

No. Ms *1 Time Latitude Longitude Depth
July, 1986) (deg N> (deg ED (Km)
1. 6. 4 19.14.59.41.0 46. 05. 50 151. 38. 60 142
2. 4.4 22.15.12.28. 2 38. 32. 80 141. 52. 60 89
3. 4.4 25.08.24.10.0 43. 21. 60 147. 36. 60 31
4. 3. 25.23.58.15. 4 36. 565. 70 141. 49. 00. 33

*1: Magnitude determined by Japan Meteorological Agency.

7-4 Geomagnetic Surveys

The three-component magnetometer on board the research vessel and
a proton precession magnetometer were run through the entire period of
DELP-86 cruises. On board magnetometer system has to be calibrated
when the ship changed its latitudinal positions considerably. This measure
is achieved on an assumption that there is a significant change in magnetic
field along latitude lines. The change in the inclination of the geomagnetic
field influences the magnetization of steel vessels, remanent as well as
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induction. The calibration was done by turning the vessels bearing around
by 360 degrees twice in opposite senses.

8. Main Results

‘Collection of data available to date prior to this experiment indicates
that the oceanic basin of the northwestern Pacific is characterized by the
following features.

1. The basin is clearly marked with magnetic stripes of Cretaceous
to Jurassic ages with a conspicuous magnetic byte in the vicinity of
Shatsky Rise (ISEZAKI, 1987; Fig. 1 of this report).

2. The seismic velocity structure seems to be anisotropic and the
axis of higher velocity strikes NNW-SSE with velocity difference about
5-7% (SHIMAMURA et al., 1983).

3. There are several fracture zones running NNW-SSE, nearly parallel
to the higher velocity axis of seismic structure. The fracture patterns
can be traced on magnetic lineation charts all over the northwestern
corner of the Pacific Basin (review by ISEZAKI, 1987).

4. Seismic structure of the Shatsky Rise shows a character similar
to the continental cross section (DEN et al., 1969).

5. There must be some tectonic events around 123 Ma (M-3) which
induced a drastic change in trends of magnetic lineation patterns in this
area, near Shatsky Rise. The cause and duration of the episode, however,
could not be determined yet (review by ISEZAKI, 1987).

The scientific results obtained through DELP-86 cruises are as follows.

1. Seismic refraction study revealed that there is a steep wave speed
gradient in the upper part of the oceanic basement. The wave speed in
this portion seems to be smaller than that accepted for normal oceanic
basins (Part 2, this issue).

2. The Moho boundary could be constrained at water depth 8-9km,
which is in general agreement with those obtained by the USSR (ANOSOV,
1982) and DSDP (DUENNEBIER, 1987) experiments (Part 3, this issue;
SEKIHARA, et al., 1990).

3. There is possibly a sub-moho boundary in velocity structure with
small gradient. This feature is observed in general from place to place
in the surveyed area (Part 38, this issue; SEKIHARA, 1990).

4. The oceanic basement, .e., source of magnetic lineation patterns,
is fragmented along a number of fault lines. Magnetic lineation patterns
change considerably beyond fracture lines (Part 4, this issue).

5. A large scale horizontal anisotropy in seismic Pn wave velocity of
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the lithosphere seems to be small with higher values in NNW-SSE
direction. The apparent volocity contrast along different azimuthal orient-
ations may be explained also by a large lateral heterogeneity. This pro-
blem has to be contemplated by further analyses on seismic records
obtained by this program (Parts 2 and 3, this issue; SEKIHARA, 1990).
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Appendix

Record Sections of Explolsion Sound Waves.

Sound signals recorded by OBS’s (or OBSH’s) were digitized and
reformed by use of computerized data processing systems. The epicentral
distances between OBS and the sound sources were calculated by using
arrival times of the water break combined with the water depths of the
OBS. After these,'editing ‘procedures, the time-distance sections of the
filtered wave records are displayed on a high speed laser printer connected
to computer systems. ' v

Examples of waves after band-pass filtering are shown in Figs. Al
through A3. They were processed by three different computer systems
at the Faculty of Science and Earthquake Research Institute, University
of Tokyo, and Tohoku University. Therefore, their formats are different.
More details are given in individual figure explanations.l

The time vs. distance sections of Figs. Al through A3 are used to
constrain the seismic structure of this part of the Pacific Basin (Fig. 5).
Further analyses are attempted presently by using more detailed two and
three dimensional ray tracing as well as waveform adjustment. A detailed
description of the analyses on this matter are given in Part 8 of this

issue.
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