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PART 1
I. OUTLINE OF THE GH81-4 CRUISE

Seizo Nakao, Takemi Ishihara, Akira Usui, Akira Nishimura,
Manabu Tanahashi, Toshitsugu Yamazaki, Eiji Saito,
Keiji Handa®, Tetsuo Yamazaki* and Ken Nakayama™**

Introduction

The Geological Survey of Japan (GSJ) has carried out, since F.Y.1979, the special
research program, ‘‘Geological Study of Deep-sea Mineral Resources’’, funded by the
Agency of Industrial Science and Technology, MITI. We may call this program the se-
cond five-year program on the study of manganese nodules in the Central Pacific, refer-
ring the previous (first) five-year program, ‘‘Basic Study on Exploration of Deep-sea
Mineral Resources’’, carried out from F.Y.1974 to F.Y.1978. Standing on the results
of the first five-year program, we designed the second five-year program aiming to
clarify geological factors which controlls the regional and local variation of various
properties of manganese nodules, as introduced by NAKAO ef al. (1984). For the first
year of that, we selected the survey area which includes Mid-Pacific Mountains, Cen-
tral Pacific Basin, Manihiki Plateau and Penrhyn Basin, along the Wake-Tahiti
Transect in order to clarify the regional aspect of the theme. Mizuno and Nakao
(1982) reported the results of on-board and some on-shore works, for the first year ac-
tivity, GH80-1 cruise.

This cruise report deals with the activity in F.Y. 1981 (GH81-4 cruise), the third year
of this five-year program or the second year focussing the local aspects. We selected
two detailed survey areas, along the eastern track of the Wake-Tahiti Transect and in
the midst of Central Pacific Basin, where small hills are scattered in a deep-sea basin.
Regional view of the survey area is shown in Fig. I-1.

Outline of GH81-4 cruise

Participants of the present cruise were ten scientists from GSJ, NRIPR and MMAJ,
nine graduate and undergraduate students as technical assistants from six universities
(Table I-1).

The R/V Hakurei-maru commanded by Captain H. Okumura sailed from
Funabashi Port, Tokyo Bay on August 14th, 1981, made various surveys and observa-
tions in the survey area of the Central Pacific, called at Pago Pago Port, American
(Eastern) Samoa for 7 days, and returned to Funabashi on October 12th of the same
year.

The roughly summarized program and the detailed program of sixty days of the
cruise are shown in Tables 1-2 and I-3 respectively. We had a trouble on the No. 2
winch controller at the last station of the earlier half of this cruise, just before the call-
ing at Pago Pago. During the 7 day call, it was repaired with assistance of an electric

*National Research Institute for Pollution and Resources (NRIPR), Tsukuba
**Metal Mining Agency of Japan (MMAJ), Tokyo
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Fig. I-1

Regional view of the survey area.

I: GH74-5 area, 11: GH76-1 area, I1I: GH77-1 area, IV: GH78-1 area and V: GH79-1 area. Two-
disit figures (80-83) with an arrow show the detailed survey areas in each fiscal year in 1980’s.
Circles show surface feature and abundance of the nodules at the sites in GH80-1 area. Solid cir-
cle: rough surface nodule, open circle: smooth surface nodule, vertically striped circle: in-
termediate surface nodule, one circle with solid bottom and striped top: a nodule with rough sur-
face bottom and intermediate surface top.



Table I-1 On-board scientific stafls.

Name Organization Speciality and/or responsibility

Seizo Nakao G.S.J. Chief scientist; geology

Takemi Ishihara G.S.J. Co—chief scientist; NNSS positioning,
gravimetric and magnetic survey

Akira Usui G.S5.J. Scientist; geochemistry and mineralogy

Akira Nishimura G.S.J. Scientist; sedimentology

Manabu Tanahashi G.S.J. Scientist; magnetic and acoustic survey

Toshitsugu Yamazaki G.S.J. Scientist; NNSS positioning, gravimetric and
magnetic survey, heat-flow measurement

Eiji Saito G.S.J. Scientist; topography

Keiji Handa N.R.I.P.R. Senior scientist; exploitation techniques of
nodules and engineering property of sediments

Tetsuo Yamazaki N.R.I.P.R. Scientist; exploitation techniques of nodules
and engineering property of sediments

Ken Nakayama¥* M.M.A.J. Scientist; survey techniques

Masahide Furukawa
Koji Ueno

Masaya Kato
Kazuma Waimatsu
Natsuki Tsuge
Shinji Takahashi
Yoshihiro Naito
Hajime Hishida
Hiroshi Nonome
Sitivi Kam#*

Ryukyu Univ. Undergraduate student; technical assistant

Ryukyu Univ. Ibid.
Ryukyu Univ. Ibid
Tokyo Fisheries Univ. Ibid.
Tokyo Fisheries Univ. Ibid.
Kobe Univ. Ibid.
Chiba Univ. Ibid.
Tokyo Univ. Ibid.
Kumamoto Univ. Ibid.

Govt, Western Samoa Survey techniques of manganese nodules

* Funabashi to Pago Pago

Table I-2 Rough summary of cruise program.

Aug., 14 Lv.
Aug. 24 Ar.
Sept. 5 Lv.
Sept. 10 Ar.
Sept. 16 Lv.
Sept. 22 Ar.

Sept. 29 Lv.

Oct. 12 Ar.,

Funabashi (14:00)

Geophysical survey from off Boso Peninsula to the survey area.
the survey area.

Geological and geophysical survey.

the survey area.
Geophysical survey
Pago Pago (09:00).
Pago Pago (16:00).
Geophysical survey
the survey area.
Geological and geophysical survey.

the survey area.

Geophysical survey from the survey area ‘'to Funabashi.
Funabashi (10:00)

to Pago Pago.

to the survey area.

engineer dispatched from Japan. We had a short cruise for the final adjastment of it
during the port call as shown in Table I-3.

Survey methods and onshore laboratory works

The survey methods used in the survey area are shown in Table [-4. The length of
the survey lines for some geophysical works (bathymetric, magnetic and gravimetric
surveys) includes those along the courses between Japan and the survey area, and be-
tween the survey area and Pago Pago including preliminary topographic survey in the
southern margin of Nova-Canton Trough for the next cruise.

Arrangement of the bottom sampling was to be differed from those in the previous
cruises in order to study the local variation of the nodule distribution. Outlined



Table 1-3  Daily program of cruise.

Cruising Cruising

Date Weather time distance Remarks
Aug, 14 Rainy 10.00 133.2 n.m. Lv. Funabashi (14:00)
15 Cloudy  23.30 314,2 Geophysical survey* (2) to the survey area.
16 Fine 23.30 316.8 Geophysical survey (2) to the survey area.
17 Fine 23.30 306.4 Geophysical survey (2) to the survey area.
18 TFine 23,30 324.1 Geophysical survey (2) to the survey area.
19 Cloudy  23.30 336.1 Geophysical survey (2) to the survey area.
20 Fine 23,30 328.1 Geophysical survey (2) to the survey area.
21 Fine 23.30 333.7 Geophysical survey (2) to the survey area.
22 Fine 23.30 313.7 Geophysical survey (2) to the survey area.
23 Cloudy 24.00 328.7 Geophysical survey (2) to the survey area.
23 Fine 24,00 331.3 Geophysical survey (2) to the survey area.
24 Fine 24,00 188.0 Geophysical survey (1).
25 Fine 24,00 131.4 Geophysical survey (1). *%
26 Cloudy  24.00 139.3 Geophysical survey (1) and sampling  (Sts. 2576-2579,
2581 and 2582).
27 Fine 24.00 137.4 Geophysical survey (1) and sampling (Sts. 2586-2588
and 2592-2594).
28 Tine 24.00 144.1 Geophysical survey (1) and sampling (Sts. 2580,
2583-2585, 2589 and 2590).
29 Fine 24,00 126.9 Geophysical survey (1) and sampling (Sts. 2591, 2595,
2598, 2599, 2602 and 2603).
30 Tine 24,00 134.8 Geophysical survey (1) and sampling (Sts. 2600, 2601,
and 2604-2608).°
31 TFine 24,00 139.7 Geophysical survey (1) and sampling (Sts. 2596 and
2597).
Sept. 1 Cloudy 24,00 289.7 Geophysical survey (1).
2 Fine 24,00 329.7 Geophysical survey (1),
3 Fine 24,00 152.5 Geophysical survey (1) and sampling (Sts. 2609-2618).
4 Fine 24,00 96.1 Geophysical survey (1) and sampling (Sts. 2619-2628).
5 Fine 24,00 160.8 Geophysical survey (1) and sampling (Sts. 2629-2638).
6 Cloudy 24.00 323.3 Geophysical survey (2) to Pago Pago.
7 Fine 24,00 340.1 Geophysical survey (2) to Pago Pago.
8 Fine 24,00 343.7 Geophysical survey (2) to Pago Pago.
9 Cloudy 24,00 254.5 Geophysical survey (2) to Pago Pago.
10 Cloudy 09.00 21.5 Ar. Pago Pago (09:00).
11 Cloudy - - -
12 Fine - - -
13 Rainy 06.30 33.0 Lv, Pago Pago (17:30).
(Repair and test of No.2 winch controller)
14 Cloudy 19.00 72.6 Ar., Pago Pago (19:00).
15 TFine - - -
16 Fine 08.00 100.3 Lv. Pago Page (16:00).
Geophysical survey (2) to the survey area.
17 Fine 24,00 327.9 Geophysical survey (2) to the survey area.
18 Fine 24,00 340.9 Geophysical survey (2) to the survey area.
19 Fine 24,00 317.0 Geophysical survey (2) to the survey area,
20 Fine 24,00 320.8 Geophysical survey (2) to the survey area.
21 Fine 24,00 350.8 Geophysical survey (2) to the survey area,
Ar. the syrvey area.
22 Fine 24,00 157.4 Geophysical survey (1) and sampling (Sts. 2640-2651).
23 Fine 24.00 149.0 Geophysical survey (1) and sampling (Sts. 2652-2663).
24 Fine 24.00 161.0 Geophysical survey (1) and sampling (Sts. 2664-2669
and 2679).
25 Fine 24,00 119.5 Geophysical survey (1) and sampling (Sts. 2677-2688).
26 Fine 24.00 102.3 Geophysical survey (1) and sampling (Sts. 2689-2700).
27 Fine 24.00 109.5 Geophysical survey (1) and sampling (Sts. 2701-2712).
28 Cloudy  24.00 139.0 Geophysical survey (1) and sampling (Sts., 2670-2675
and 2713).
29 Fine 24,30 331.8 Lv. the survey area.
Geophysical survey (2) to Funabashi.
30 Cloudy 24,30 329.1 Geophysical survey (2) to Funabashi.
Oct, 1 Fine 24,30 344.6 Geophysical survey (2) to Funabashi.
3 Fine 24,30 353.6 Geophysical survey (2) to Funabashi.
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Table 1-3 (continued)

4  Fine 24,30 350.1 Geophysical survey (2) to Funabashi.
5 Fine 24,30 343.9 Geophysical survey (2) to Funabashi.
6 Cloudy  24.30 345.9 Geophysical survey (2) to Funabashi.
7 Fine 24.30 352.8 Geophysical survey (2) to Funabashi.
8 Fine 24,00 318.5 Geophysical survey (2) to Funabashi.
9 Fine 24,00 335.2 Geophysical survey (2) to Funabashi.
10 Cloudy 24,00 256.2 Geophysical survey (2) to Funabashi.
11 Fine 17.00 206.2 Geophysical survey (2) to Funabashi.
12 Cloudy 01.00 6.5 Ar. Fanabashi (09:00).

* Geophysical survey (1) comprises continuous seismic reflection profiling, and magnetic and
gravity measurements. Geophysical survey (2) means the survey with magnetic measurement and
gravity measurement.

**% Sampling includes bottom photographying by a one-shot camera installed with a box corer or
a freefall grab sampler, and heat-flow measurement.

Table -4 Survey methods in the GH81-4 area. The right-hand column shows a survey line length and an
observation number of respective works.

Cruising and positioning by NNSS
Geophysical methods

Bathymetric survey by 12kHz PDR 24,981 km (13,488 n.m.)
Subbottom profiling by 3.5kHz SBP 24,981 km (13,488 n.m.)
Continuous seismic reflection profiling by air-gun 2,692 km ( 1,454 n.m.)
Seismic refraction survey by sono-buoy (4 sites) 67 km ( 36 n.m.)
Magnetic survey by proton magnetometer 22,500 km (12,149 n.m.)
Gravimetric survey by on-board gravimeter 24,981 km (13,488 n.m.)
Heatflow measurement H54-66

Geological methods
Bottom sampling by box corer B57-68
Bottom sampling by piston corer P218-230
Bottom sampling by freefall grab with camera FG310-423
Bottom sampling by dredge D496

topography and nodule distribution are disclosed in the beginning by about 5 n.m.
grid survey. Then the Detailed Survey Areas I and II were selected based on the grid
survey, as shown in Fig. I-2. During the detailed survey, several sets of freefall grab
sampler and one wire-lined sampler (piston corer or box corer) were used along a
straight line, in general, as a serial sampling which were done twice a day. Direction of
the serial sampling were decided as to make comprehensive understanding the relation
among the genesis of manganese nodules, sedimentation and submarine topography.
The minimum distance between each sampling points was about 0.11 n.m., in the de-
tailed survey areas. Results of on-site observation is shown in Table I-5.

Ship’s position was determined by NNSS throughout the survey area. The real time
positions obtained were recalculated on the basis of estimated water current to make
the accuracy as high as possible.

The samples were analyzed also in the onshore laboratory after the cruise by the GSJ
and other staffs including non-on-board members. These participants in onshore
laboratory works were as follows; chemical analysis of manganese nodules by S.
TERASHIMA (GSJ): and chemical analysis of bottom sediment by K. YAMAMOTO and R.
Suaisaki (Nagoya Univ.) and N. Mita (GSJ).

Outline of the survey area
Figure I-3 shows the whole tracks of geophysical works in the survey area which
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corer, and those without P show that by freefall grab.
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Fig. I-3 Tracks of geophysical works in the survey area.
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Fig. 1-4 East-west topographic sections in the area. Three digit figures show sampling points nearby the
track.
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Fig. I-5 Detailed Survey Area I: topography and sampling points during the detailed survey.
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Fig. I-6 Detailed Survey Area 11: topography and sampling points during the detailed survey.

bounded by the parallels 3°30'N and 2°30'N, and the meridians 169°55'W and
169°15'W. As shown in Fig. 1-2, there are three major hills in the area. They are usu-
ally masked between the contours of 2,750 fath. (5,033 m) and 3,000 fath. (5,490 m),
because the tops of them are slightly deeper than 5,000 m and relative height of the
each is less than 500 m. Several topographic sections in the area are shown in Fig. [-4.
We selected the northern hill as the Detailed Survey Area I, and the southern one as the
Detailed Survey Area I1. Their topography and sampling stations or points are shown

in Figs. I-5 and I-6, respectively.
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