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PREFACE

In response to a request by the South Pacific Applied Geoscience Commission
(SOPAQC), the Government of Japan has undertaken marine geological and other studies
for the understanding of the mineral resources potential of the deep-sea bottom in the
offshore regions of SOPAC member countries. Implementation of the survey has been
consigned to the Japan International Cooperation Agency (JICA). Considering the
technical nature of geological and mineral prospecting studies, JICA commissioned the

Metal Mining Agency of Japan (MMAJ) to execute the survey.

The survey is undertaken as the three-year Stage II Phase 2 Program started from
the fiscal year 2003. This is the first year of the program, and the survey area is set
within the Exclusive Economic Zone (EEZ) of the Republic of Kiribati.

The MMAJ dispatched the Hakurei Maru No.2, a research vessel designed for
investigating deep-sea mineral resources, to the survey area from November 8 to
December 5 (survey period: November 30, 2003 to December 3, 2003), successfully
completing the survey as planned with the cooperation of the government of the

Republic of Kiribati.

It is a pleasure to record our deep gratitude to all persons concerned, particularly to
the staff of the SOPAC Secretariat, the Government of the Republic of Kiribati, as well
as the Japanese Ministry of Foreign Affairs, the Ministry of Economy, Trade and
Industry and the Japanese Embassy in the Republic of Fiji.

March 2004
Tadasi IZAWA
Vice President in Charge

Japan International Cooperation Agency

Norikazu MATSUDA

President

Metal Mining Agency of Japan



ABSTRACT

The survey of year 2003 is the first year of Stage II Phase 2 Program started from
the fiscal year 2003 and the survey of cobalt rich manganese crust (referred hereafter as
cobalt crust) has been carried out for the sea area of 13,400k m' within the Exclusive
Economic Zone (EEZ) of the Republic of Kiribati. The period of survey cruise was from
November 8 to December 5 (survey period in the Republic of Kiribati: November 30 to
December 3).

The cobalt crust survey in the Republic of Kiribati has, thus far, been carried out in
three years, for three areas, covering sixteen seamounts, that is, in the fiscal year 1987
(in the area of the Phoenix Islands: 5 seamounts), 1989 (in the area of the Line Islands:
6 seamounts), and 1991 (in the area of the Gilbert Islands: 5 seamounts).

Of the above stated seamounts, the SE01 Seamount, situated 80 miles north of the
Makin Atoll located at the northern end of the Gilbert Islands (latitude 4°15" N,
longitude 172°54" E), is a composite seamount consisting of a group of seamounts and
is expected to have high potential for cobalt crust. In the fiscal year 1991, acoustic
survey and sampling survey were carried out for the largest seamount located in
southeast area of the SEO1 Seamount, however, the occurrence of cobalt crust was not
confirmed. In this fiscal year, the survey, consisting of acoustic sounding survey by
MBES and sampling by Arm Dredge (AD), was conducted in northwest area of the SEO1
Seamount to understand the occurrence of cobalt crust. In addition to this, an
environmental survey was conducted as a baseline study to understand environmental
situation of present day for future evaluation of potential mining impacts on the
deep-sea environment,

From the results of acoustic survey, it was clarified that the SE01 Seamount
consisted of three seamounts including the one, Southeast Seamount, already surveyed
in 1991. The two seamounts clarified by the survey of this year, Northwest and Center
Seamounts, are flat-summit seamount, guyots, and they are connected by a col of
2,200m deep, and water depth of the two summits are 1,128m and 1,145m, respectively.

By the Sub-Bottom Profiler (SBP) survey, thickness of acoustically transparent
layer of the summit of the Southeast Seamount was 150m thick, and for the Northwest
and Center Seamounts it is, respectively, 20 to 50m thick and 20 to 70m thick, covering
the whole area of summit to edge. The acoustically transparent layer on the summit
was confirmed to be reflecting the foraminifer sand by Multiple Corer (MC) samplings
at four sampling sites. The whole summit areas of the SEOQ1 Seamount is represented by

pale color on the MBES image, and this, also, suggests that unconsolidated sediments



cover the whole area of the summits.

For understanding the occurrence of cobalt crust, AD sampling was conducted at
eight sampling sites, five at the northeastern slope of the Northwest Seamount, three at
the northeastern slope of the Central Seamount. The sampling, however, resulted in
collecting cobalt crust samples only at one site of 03SE01ADO9 point in the Central
Seamount (bottom touch depth of 1,910m), and average thickness and Co content of the
collected cobalt crust are 35mm and 1.24%. The samples collected at other seven
sampling points are limestone and pumice, and only thin manganese oxides (coating)
were observed covering the surface of these rock.

Considering the results of the survey, there is a possibility of thick, high Co cobalt
crust being distributed in the SE01 Seamount, but this was confirmed at only one
sampling point. Therefore, the occurrence of cobalt crust in the SEO1 Seamount seems

to be local, not widespread over the whole area.



CONTENTS

PREFACE
ABSTRACT
Chapter 1 Outline of the SUEVey  ©© 1ttt 1
1-1 Survey THtle: ««c e rrrs st 1
1-2 Survey ObJective « @« @@ r s i rr et 1
1-3 Sea Area of the SUIvey <+ <« @+« wr s  rirtes et 1
1-4  Survey Period «« <« rcrt s e 1
1-5  Survey PartiCipants © @<+ e 3
16 AIOuIt Of Work « + ¢+ ¢t vt eercrseetasmnenaanenaeaenaeneeaeietarnennenn. 5
1-7 Survey Apparatus and Equipments: <« <<« rcc 1 t s s 7
Chapter 2 Survey Methods <« <<« rrrrrrr e 9
21 SUrVey Procedure: <« «c et 9
2-2 NUMDbEEIIg *+ 7w rrt et et et e 9
(1) Numbering Of rIlrack Lines ............................................ 9
(2) Numbering Of Samples ............................................... 9
2-3  Ship POSIGIOMINE 77 ** " r et e 10
2-4 Bathymetric and Acoustic Surveys ==t 10
2-5  Surface Sediments Survey < <<t 11 s 10
-6 SAMPII ©* 7 7t 10
2-7 Sample Processing, Analysis and Storage “ - -« -ccccccccrr e 10
2-8 Processing and Analysis of Survey Data ~ - corrr e 11
2-9  Environmental Survey <« <« cccc o rtr s s 11
(1) OBeCtives ***** 7 1t  t e 11
(2) Study SUbJects *** e 11
(3) Methods * ~*«** 7t e r s re ettt 11
Chapter 3 Results of the Survey ....................................... 15
3-1  Seafloor TopPOGraphy « « « -« v+ v vt e trtrrmeat et 15
(1) Topographic Classification of Seafloor « -« «-erverrererrieri . 15
(2) Outline Of Topography ................................................ 18
3-9  Circumstances of Seafloor «« <« <« < rcc et e e 929
(1) SBP SUPVey «++ e et s st 929
(2) MBES AcOustic SUrvey * - @« «rrs mrmmrrtssmmiit 24



3_3 Geology Of SEO]. Seamount .......................................... 26

(1) Outline of the Survey Results Conducted in Previous Year -~ 26
(2) Results of SampIing <+« -« @ r e s 31
(3) Fossil Identification of Limestome <=« « -t rrrrrmrrrmr o 35
(4) Fossil Tdentification of Bottom Sediments * <" rrrrororrrrrrrr e 36
3-4  Occurrence of Cobalt Coruat < <« -« ««ccc e rermrraemmneaaaiaiaian, 38
(1) Results Of Sampllng .................................................. 38
(2) Description of Cobalt Crust: <« wrrrrrestrrrmsmmma 38
(3) Chemical Composition of Cobalt Crust * == «rrrrrrrrrrrrrrrrr s 38
3-5  Environmental Survey <+ vt rr e 44
(1) SUPVEy ATea * -+ 1 e et e et 44
(2) Sediment Properties .................................................. 44
(3) Benthic OFamisms « <<+t @ rrttnimr et 46
Chapter 4 Summary ................................................... 52
4-1 Outline of Topography =« <<+ o« rt rrresmirsas et 59
4-2 Topography and Top sediments <<+ <« + e r et 59
4-3 MBES Acoustic Reflection Intensity Survey ==t rrcoorrmrrs e 53
4-4 Outline of Geology == <« <+  rrtrt 54
45 Ocourrence of CPUSt =<« -« e rrerre e 54
4-6  Chemical CompoSition of CIUst =<« * *rrrrrsssrmrmrre s 54
4-7 Environmental SUrvey <<« 1t et e 55
4-8  COMCIUSIOIS  * “  * “ * v v vt e 57
[RefErence] -« ««-rwr trrr o rr et 58

_ii_



[Appendix Figures, Tables, Documents]

[Figures]
Appendix Fig. 1 Location Map of Track Line (SE01 Seamount)
Appendix Fig. 2 Section of SBP (SE01 Seamount)
Appendix Fig. 3 Photographs of Sea bottom and MC Samples

[Tables]
Appendix Table 1 Sediments Properties at Each Station
Appendix Table 2 Frequency (%) of Sediment Particle Diameter at Each Station
Appendix Table 3 Weather and Sea-state Data
Appendix Table 4 Sea-Water Sound Velocity for MBES

[Documents]
Document 1 Fossil Inspection of Limestone
Document 2 Fossil Inspection of Bottom Sediment

Document 3 Analysis Method of Manganese Oxides

—iii—



[List of Inserted Figures]

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1-1

1-7-1
2-8-1
3-1-1
3-1-2
3-1-3
3-1-4
3-2-1
3-2-2

3-3-1
3-3-2
3-3-3
3-3-4
3-3-5
3-4-1
3-4-2
3-4-3
3-5-1
3-5-2
3-5-3
3-5-4
3-5-5

Location Map of the Survey Area <<« =« «wrrtsrrrrrrrtemmanes 2
Photographs of Main Survey Equipments “ =" rrrmrmroee 8
Data Processing and Analysis Flow Sheet "= ---rrrmrrmmroerreee 12
Location Map of SEQT Seamount <<+« v rrrssrerrreeaeees 16
Schematic Model of Seamount Subdivision * @ - 18
Bathymetric Map and Shaded Map of SEO1 Seamount, * -~ """ 19
3-D Bathymetric Map « <+ttt rrerrremamm 20
SBP Profile of SEOL SEamOUnt: <« <« ccrrrrrterramnmcaemean. 23
Thickness of Acoustic Transparent Layer and

MBES Acoustic Reflection Intensity « - ccrcrorrrrmrosore s 25
Locality map of Sampling points <« <<« rrrrr s 97
Geology and Cobalt Crust Distribution in SE01 Seamount" """ - 28
FDC Route Map of SE01 Seamount (1991) « -t 30
Sample Photo of SE01 Seamount (1991) vt 32
Sample Photo of AD <+ 7+« ctrweeerrsssteeeeenen et 34
Photograph of samples (ADQQ) * =+ #+ s s s srrrrtrterree 39
Fe—(Cu+ Ni)—Mn Triangular Diagram <« - @c crccrrori e 43
REE Normarized Pattern: -« <« crtrroeaearammmammeaaianas 49
Vertical Profiles of Water Content at Each Station -~ - "~ 45
Vertical Profiles of Specific Sediment Gravity at Each Station. -~ - 45
Vertical Profiles of Total Organic Carbon at Each Station. ~ -~ " 45
Vertical Profiles of Total Nitrogen at Each Station, ~- """+ 45
Sediment Particle Size Distribution at Each Station =~ -« ---"-"" " 47

_iV_



[List of Inserted Tables]

Table 1-6-1
Table 1-6-2
Table 1-7-1
Table 2-9-1
Table 3-1-1
Table 3-1-2

Table 3-1-3
Table 3-3-1
Table 3-3-2
Table 3-4-1
Table 3-4-2
Table 3-5-1

Table 3-5-2

LiSt Of Survey AChieVGmentS ....................................
Records of Survey Schedules ~r:-rrrr e

Survey Apparatus and Equipments
Analyses, Sample Processing and Preservation *«- v
Topographic Subdivision of Seamount <« - - e
Topographic Subdivision of SE01 Seamount
and Slope Angle (1) — (4) = -+ - rwrreeee
Topographic Characteristics of SEO1 Seamount “ - - -
Records of AD sampling (1991) + -« st rrrreasmmmmmeeaaae.
Records of MC and AD sampling on the SEO1 Seamount ** """~
Results of Chemical Analysis =+« w r e
Average Chemical Composition of Cobalt Crust === c-ccro
Abundance and Vertical Distribution of Metazoan Meiobenthos
at Bach Station << - e

Abundance and Vertical Distribution of Metazoan Macrobenthos

at Each Station ........................



	COVER
	PREFACE
	ABSTRACT
	CONTENTS
	Chapter 1  Outline of the Survey
	1-1  Survey Title
	1-2  Survey Objective
	1-3  Sea Area of the Survey
	1-4  Survey Period
	1-5  Survey Participants
	1-6  Amount of Work
	1-7  Survey Apparatus and Equipments

	Chapter 2  Survey Methods
	2-1  Survey Procedure
	2-2  Numbering
	(1) Numbering of Track Lines
	(2) Numbering of Samples

	2-3  Ship Positioning
	2-4  Bathymetric and Acoustic Surveys
	2-5  Surface Sediments Survey
	2-6  Sampling
	2-7  Sample Processing,Analysis and Storage
	2-8  Processing and Analysis of Survey Data
	2-9  Environmental Survey
	(1) Objectives
	(2) Study Subjects
	(3) Methods


	Chapter 3  Results of the Survey
	3-1  Seafloor Topography
	(1) Topographic Classification of Seafloor
	(2) Outline of Topography

	3-2  Circumstances of seafloor
	(1) SBP Survey
	(2) MBES Acoustic Survey

	3-3  Geology of SE01 Seamount
	(1) Outline of the Survey Results Conducted in Previous Year
	(2) Results of Sampling
	(3) Fossil Identification of Limestone
	(4) Fossil Identification of Bottom Sediments

	3-4  Occurrence of Cobalt Crust
	(1) Results of Sampling
	(2) Description of Cobalt Crust
	(3) Chemical Composition of Cobalt Crust

	3-5  Environmental Survey
	(1) Survey Area
	(2) Sediment Properties
	(3) Benthic Organisms


	Chapter 4  Summary
	4-1  Outline of Topography
	4-2  Topography and Top sediments
	4-3  MBES Acoustic Reflection Intensity Survey
	4-4  Outline of Geology
	4-5  Occurrence of Crust
	4-6  Chemical Composition of Crust
	4-7  Environmental Survey
	4-8  Conclusions

	[Reference]
	[Appendix Figures,Tables,Documents]
	[Figures]
	Appendix Fig.1  Location Map of Track Line(SE01 Seamount)
	Appendix Fig.2  Section of SBP(SE01 Seamount)
	Appendix Fig.3  Photographs of Sea bottom and MC Samples

	[Tables]
	Appendix Tables 1  Sediments Properties at Each Station
	Appendix Tables 2  Frequency(％)of Sediment Particle Diameter at Each Station
	Appendix Tables 3  Weather and Sea-state Data
	Appendix Tables 4  Sea-Water Sound Velocity for MBES

	[Documents]
	Document 1  Fossil Inspection of Limestone
	Document 2  Fossil Inspection of Bottom Sediment
	Document 3  Analysis Method of Manganese Oxides





