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PREFACE

In respo.nse to the request of the Committee for Co-ordination of Joint
Prospecting for Mineral Resources in the South Pacific Offshore Areas
(CCOP/SOPAC), the Government of Japan decided to conduct different studies
* relating to mineral prospection such as a geological study in order to confirm the
mineral resources potential on the deep ocean bottom of the offshore region of
the Committee's member countries and consignéd performance of the survey to

the Japan Internatidnél'CbOperation Agency (JICA).

For the reason that essential of ‘the above-mentioned survey belonged to
the professional matters consisting of geological and mineral prospecting studies,
the JICA has commissioned the Metal Mining Agency of Japan (MMAJ) to
execute the survey.

Theﬂsﬁrv'ey" will be undertaken over a five year period starting from the
financial year of 1985. In 1985 the first year, the MMAJ, taking the exclusive
econoxmi'c .zone of the Cook Islands as the sphere of the survey, sent the Hakurei
Maru No. 2, a research vessel especially commissioned for prospecting mineral
resources on the deep ocean bottom, to the sites of the survey from September
23, 1985 until October 30, 1985, and finished research activities on schedule,
thanks to the cooperation of the Cook Islands.

The present report sums up the results of the survey accomplished in the

first year.

At the end, we wish to tender our sincere thanks to all the persons
concerned, especially of the Secretiariat of CCOP/SOPAC, the Self-Governing
Administration of the Cook Islands and also of the Ministry of Foreign Affairs,
the Ministry of International Trade and Industry, the Japanese Embassies in Fiji



and New Zealand, and  as well “as “the’ prwate Compames that willingly
co!laborated with us.

February, 1986 -

Japan International Cooperation Agency

President Keisuke ARITA

Metal Mining Agency of Japan
..President - Masayuki NISHIIE

ii



SUMMARY

Puai‘sﬁéﬁt"'to the request of the Committee for Co-ordination of Joint

Prospec‘-ﬂ‘hg‘ ‘for Mineral Resources in South Pacific Offshore Area

(CCOP/SOPAC), with a view to confirming the mineral resources potential on

-the deep ocean bbtto_m in the exclusive economic zone of the Committee's

-member countries, we ‘proceeded with the survey.

" The results of the s_fhdié_s are surmarized as follows:

1) Outline of the survey

: The'_.éu_ryey areas in the 1985 financial year corresponds to the sea areas

of approximately 85,000 km2 contained by the lines 6930' - 3930'S:
- 155900" - 159°30'W.

(I} Methods of the survey -

1

) .San_ripling )

For sampling of the manganese nodules and bottom materials,
the samplers FG (Free Fall Grab) and SC (Spade Corer) were

used. In these cases, the samplers were equiped with a single

" exposure deep-sea camera in order to observe the sampling

" points, while samples were taken simultaneously.

'Sea bottom observation

For observing the distribution situation of mahganese nodules,
the continuous deep-sea camera{CDC) was used. A single

exposure deep-sea camera was also used in order to observe

- the sea bottom conditions at the sampling points.

Echo soundin_g prospection

For the echo sounding pfospection, the following are the
equipments used: PDR (Precision Depth Recorder) to draw up
the topographical maps; SBP (Sub-bottom profiler) to measure

. the acoustic stratigraphy; and MFES (Multi Frequency

-Exploration System) to. investigate abundance of manganese

.rioduies.



(2) Survey precision o

- _For the sake of samplmg accuracy, the pnmary stage survey was
set up with the samplmg stations' intervals on a 42 y nautncal mxle _

grid.

The secondary stage survey - was. proceeded in the se}ected areas
where the abundance: of manganese noduies was conflrmed to be
more than 3 kg/m2 by the pmnary stage, with the samphng
stations' intervals ona 21.2 nautical mile gr1d covermg the middle

points of the sampimg statxons of the pr1mary stage

During the secondary stage, Sea bottom’ observatlon by CDC was
also ‘carried ‘out at intervals of 5.3 and '1:33 nautical’ mxl_es along
the observation lines selected to_rcrf'oss the most abundant sampling
stations, Echo sound'ing prospection - was carried' out.on the track
lines connectmg the stations by the shortest distance. 'Moreover,
in case of neccessity, supplementary echo soundmgs were added on’

the north-south and east-weat lines. -
(3) Survey amount '

At the primary stage survey, sampling was e_xecuted on 20 stations
and at the secondary on I8 stations. . With 3 samplings at every

stations, the total number of samplings came to 114. o

Photographmg by CbC covered some. 65 nautical miles of the track
lines m total, and the observatlon stations came to 41 and the

photos of sea bottom 1o 168

Acoustic soundings such as PDR SBP MFES covered the length of
about 2,660 nautical mﬂes in total respectlvely.

2) Outhne of the survey results
{1} Sea fioor topography _ :
Roughly speaking, the 1570 30'W longitudinal line makes a border
line between the western part having a trend of deepening
westwards and the eastern part getting shallower estwards. The



(2)

- eastern part demarcated by the 159°W presents an almost plain

bottom. Wi_thin'this:part,_isolated summits of sea knolls and sea
mounts are dispersed a.lo:ng the latitudinal line 70 30'S and isolated

‘sea mounts with a relative height of 1,200m were recognized

around the position 70 30'S: 1570 30'W,

The western part demarcated by 159° W corresponds to the outside
edge of the Manihiki plateau which covers an extensive area to the

-western ‘areas, and presents a complex and intensively undulated

topography.

Distribution of the manganese nodules in the surveyed areas was
ascertained, in general, to be higher to the west of the 1580 W

longitudinal line and lower to the east.

" The following 3 s'i_tes were confirmed to indicate an abundance of

"~ more than 5 kg/m2: -

(D 85-A: External margin of Manihiki plateay
surface: About 6,500 kmZ

0] _35_—-5.: insular area around the position 79 30'S: 1580 30'W

surface: about 800 kmz__ _
3 85-C: _ insu_lar area around the position 8° 30'S: 158° 30'W

surface: about £00k m?

Th_gse sea. areas’ floors are quite undulated and their depth

measures some 5,100 - 3,600m. Exposure ratio of the manganese

nodules is rather, high. Though manganese nodules were found

throughout a,lmosi_ all the surveyed areas, more abundant on the sea
mounts or sea knolls generally., Where the sea depth is less than
5,000m, manganese nodules showed the platy, crust-like or massive

rock-like ones in morphology. And in rare cases, it was observed

* that'hbasement rock was exposed directly.

ey

Bottom materials

.. The sea bottom of almost all surveyed areas is covered with brown

clay, Only a small amount of calcareous clay was observed near

the summits of sea mounts or sea knolls where the sea depth is less



“than 5 OOOm Also, in extremeiy rare cases, clay l“lCh in zeolite

was observed wnthm the. areas of brown. clay

- On the bams of the present survey data, the relatmnshlp between

the bottom matenais and the manganese nodules- ‘could not be

confirmed.

3) Grade. dis_t,rib_ution and distribdtion- of metal-cjuantity of manéa’nese

nodules : Lo : .
- As for the grade and dlstnbutmn of metal - quantlty of manganese _

nodules in the surveyed sea areas,the follwoing - regularlty was

asc:ertamed

(1)

(2)

Grade distribution . -

Concerning the 3 elements of nickel, copper and cobalt mainly that

- compose the ‘manganese nodules, the following. was-ob‘sefved-

(D In the whole surveyed sea areas, Ni grade is 0. 7#% Cu grade
0.51% and Co grade 0.28%.

@ Concerning  the 51tes of the ‘?s'ur‘v'ey-ed ' sea area where
abundance is more than’ Skg/m2 ‘Niand Cu. grades decrease,
whale the Co grade goes up as follows:

Ni: 0. 44% Cu: 0.27% and Co 0. 39%

(3) As for the sites where abundance is more than 7.5 kg/cm?, Ni
and Cu Grade are found at the same level as in the sites where
the abandance is more than S'kglémz however the Co grade
goes up to 0.43%. 'I'herefore, the surveyed sea areas could be

' con51dered as sites ‘Wwhere ‘the Co grade is hlgher

Dlstributmn of metal quantlty

The distribution quantity per unit area of the’ mckel, copper, and

cobalt which are the 3 mgmflcant components of manganese

nodules were confirmed as follows: L

(1) The extent of the bottom su_rf_ace'-béari-ng a nickel metal
‘quantity of more than 20g/m? ¢ame 'to'abdu‘l': 7,500 km? and its
average metal quantity was 29.2 kg/m?

@ The extent of the bottom surface bearmg a copper metal

vi



© quntity of mo_r'e:'th.ah‘QO"g/m2 came to about 630 km? and its
average metal quantity was 23.2 kg/m?.

The extent of the bottom surface bearing a cobalt metal
quantity of more than 10 g/m2 came to about 8,340 km2 and
its average metal quantity was 29.0 kg/m?.

vii
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' ‘Chapter 1.” Forward

In .response to the request of the Commitee for Co-ordination of Joint
- Prospecting for Mineral ‘Resources in South Pacific Offshore Areas, we have
executed the survey to confirm the deép—sea mineral resources potential in the
economic sea areas of the Cook Islands, using the research veseel "Hakurei Maru
No. 2" especially commissioned to explore mineral resources on the deep-sea
beds and having technical experience and equipment in studying the field of the

manganese nodules.

Thanks .to good weather, the survey proceeded satisfactorily and were

accomplished .on schedule.

The détails of the sur\?ey' are as follows.



Capter 2.

o Title of the Survey .

Main Pbi_nts of the Survey

| Deep Ocean Mineral Resources Investiganon '
“1n the Sea Areas of CCOP/SOPAC

Joint Basic Study for the: Development of Mineral” Resources in  the

Exclusive Economic Zone of Cook Is!ands.

2-2 Sea Areas of the Survey (cf. Lbcation Map)

Puarsuant to the Cooperative Study Pfog.ra‘rhme‘ and it_s"rl'SC”op'e‘T_b_f Work
relating to the deep-sea bottom mineral resources in 'tﬁé"ééb'l_'iofﬁic';' ‘sea’areas of
CCOP/SOPAC, concluded in July 1.98_5 between_ _th_é_ G,overri_ment qf.J,—apanj of one
part and the Secretariat of CCOP/SOPAC and also the concerned 3 countries
(Cook Islands, Tuvalu and Kiribati) of the other part, the sea areas contained in a
polygon (surfaces approximately 85,000Km2_) enclosed by geodesic li:nes drawn

between coordinates numbered in the series listed below were designated as the

survey areas:

Latitude
@ 60 30'S
@ 60 30'S
[©) 80 3018
® 80 30'S
@ 69 303

2-3  Objectives of the Survey

The objectives of the present survey consisted of confirming the bearing
situation of mineral resources distributed on the deep sea bottom of the Cook
I[stands sea areas and of other related stuides.

' Loﬁgit_ude

1590 30'W
1560 00'W
1560 00'W
1590 30'W
1590 301y



2-4 Period of the Survey

Survey: . September 23, 1985 - October 30, 1985
Analyzing: October 31, 1985 - February 10, 1986

2-5 Part;cxpants in the Survey
Japanese side

Negotiation for the agreement
Toshio SAKASEGAWA (Metal Mmmg Agency of Japan)
. Tetsuro KAWAGUCHI (Mmistry of Foreign Affairs)
Shoji KUSUDA (Ministry of International Trade and Industry)
Hideyuki UEDA (Japan International Cooperation Agency)
Kaoru HONJO (Metal Mining Agency of Japan)

S.upervising at the surveying'sites
Toru MIURA (Metal Mining Agency of Japan)
‘Seizo NAKAO (Geological Survey of Japan)
Yoshiyuki KITA (Metal Mining Agency of Japan)

Members of the surveying team

Chief of the team
Motohide HIROTA (Deep Ocean Resources Development DORD)

Member of the team

Sakiyuki MONONOBE ( idem )
Hiroshi KUSAKA ( idem )
Kohei MAEDA ( idem )
Kiyoshi TONO ( idem )
Taizo MATSUMOTO ( idem )
“Masatoshi HOSODA ( idem )
Hisanori TAKAHASHI ( idem )
Kenji SHINOHARA ( "~ idem )
Atsushi SHINDO ( idem )
'Hiromitsu SHIMOGAMA  ( idem )



2-6

Masaki HASHIMOTO

( idem - )
Nobuyuki MURAYAMA ( ' 4ider_n. )
Ichifo YAMASHITA  ( ‘idem )
Masayuki SUZUKI .‘ ( idem )

Consig’ning side

Negotiation for the Agreement

Cruz A. MATOS (Secretariat of CCOP/SOPAC) o
Norman GEORGE (Cook Isiands) .
Babera KIRATA (Repubhc of Kmba’n)

| H. E. Feue TIPU (Tuvalu)

Surveying trainnee

Teariki RONGO (Cook islands) -

Apparatus and Equlpment used in the Survey
The main apparatus and equ1pment used m the survey durmg the current

financial year were as follows'

1)

2)

3

Vessel p051t10nmg system

(1) Navy navigation satellite system (NNSS), manufactured by
MAGNAVOX

Echo sounder _
(1) Precision depth recorder (PDR), 12 kHz; manufactured by NEC
(2) Sub-bottom profiler (SBP), 3.5 kHz; manufactured by NEC

(3) Narrow beam sounder (NBS), 30 kHz; manufactured by Honeywell
ELAC '

Exploring equipment for mineral resources in the deep-sea beds

(1) Multi-frequency exploration system (MFES); manufactured by
Sumitomo Metal Mining ' '

(2) Continuous deep-sea camera system, manufactured by DORD

(3) Deep-sea camera; manufactured by Preussag



4) Sampling appératus-
() Sﬁspended type sampler
| Spade (-:é'r'.er.(SC.);.:manufactured by Ocean Instrumenfs
(2) Automatic sinking and re-floating type sampler |
Fr_eé faﬂ gfab (F_"G);; manufactured by Preussag
(3) Mud colléctqr' for the free fall grab; manufactured by DOMA
-5) Assaying equipment

(1 P.reparatory treatment equipment (drying, grinding); manufactured

by Yoshida Seisakusho.

(2) Fluorescent X-ray analysis equipment; manufactured by Rigaku
Trenki,

6) Data processing system

1) Data pfdcﬁeséing sysﬁem; manufactured by NEC



3-1

Chaptef 3. Metﬁeds of the Survey . -

Numbermg of the track hnes, samplmg statnons and samplmg pomts

1) Numbenng of the track lmes

(1

Numbermg was put on the track tmes for acousnc soundmg, so that
the date and order of workmg were able to be 1dent1i1ed by every
cruising umt' for instance, 8550927A, 8550927B

For the night crmsmg, UN" was added to the end of _n’umbers euch as

'8550927N

For the lmes merely between sampling points, "P" (Posxtion) was

~ added such as 8550927P,

(2)

In these cases, "855" means the financial year of the survey (1985) |
and the study organization (CCOP/SOPAC-S); "0927" indicates the
month of September and the date of 27th and “A B“ the order of -

measurmg lines on that day. -
Measuring lines for CDC (Continuous deep-sea camera)

The measuring lines are identified by additional numbers such as
855CDCO1, 855CDCO2 ..veneee

2) Numbering of the sampling stations and sampling points

(0

(2)

(3

In the current financial year, "855" was prefixed to indicate the -
financial year of the survey (1985) and the study organization
(CCOP/SOPAC-S). '

The surveyed sea area was divided in quadrilaterals formed with
the longitudinal and latitudinal lines marked at every 19 starting

from the origin 19N: 1759E towards east and south,

To these quadrilaterals the areas' numbers were designated as

shown in the Fig. 3-1-1.
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That is to say, as the Fxgure shows, the area of north-west

extremrty was numbered as "01 l", and at every advance eastwards,

'~the ‘number - Progresses’ such as 012, 013 e hkew1se, at every
' advance southwards such as 111 211, 311 Concretely speakmg,
| rthe f:gures at the hundred level des1gnate areas in the same
'latltudmal zone, the’ fxgures at the ten level and the one level

1nd1cate in the same Iong1tudmal zone.

'I'he areas' numbers defined in the pre\uous paragraph (3) contain_

“north and west s;des of the numbered areas and not east and south

. srdes, in other words, these areas correspond to the fourth quadrant

(5)

(6

of rectangular co-ordmates, the orxgm of whichis at the north-

west extremity.

The areas surveyed in the current financial year are contained -

within the quadrilateral formed by the lines connecting

successively the points:

@ 6930'5: 159930'W,

@) 6930'S: 156900'W,

(3) 8930'S: 156900'W,

@ 8030'S: 159030'W,

@ 6030'S: 159030'W

Therefore, the areas numbers are as shewn in the Fig, 3-1-2,

The sampling that took p_lece in the @a‘reas appointed in the previous
paragraph (5) and the samples thus collected were numbered with
additional figures beginning from "01%, after being marked with

signs according to the respective sampling methods. From the

numbering point of view, the primary survey and the secondary

survey were not distinguished.

FG: samples taken by means of the free fall grab
SC: samples taken by means of the spade corer



(7) Summing up the above-mentioned explanations, the sample number
- "855838F G25" signifies the 25th sample collected by means of FG in
the area 838, SOPAC in 1985.

3-2- Vessel Positioning -

During the sutvey, all the vessel positions were indicated by "NNSS". The
vessel positions determined by the dead reckoning navigation system during the
time elapsed from a certain "UP-DATE" *1 to the next "UP-DATE", were
corrected by proportional allotment according to this time elapsed namely, the

so-called "corrected pomt;ons“ were adopted.

The vessel pos;tlons as follows were registered in the field notes or in other

ways to be utilized for the data processing and analysis to be explained later.

(1) starting - and terminating positions on the measuring lines, course

alteration points of vessel, positions at every hour of integral number;
@ samplers' setting positions and their re-collecting positions;

(3 setting and re-collecting positions of the towing apparatus for
observation by CDC, starting and terminating positions of the

observation

All the vessel posmons relatmg to the survey activities were registered in
MT wn:h on-line by using the data processing system on board. Also, the
corrected vessel positions were printed out by the same system once every
rinute according to the respective UP-DATE in order to be utilized for filing

and analyzing the survey data.

*] The "UP-DATE" means the moment of determining vessel position 17
minutes after FIX moment of vessel position given by the sateilite.
(This determined position is a presumed one) During the survey, 4

satellites were available.



3-3 Survey of the Sea Floor Topography

- As for-the survey of the sea floor topography, :fathommg and’ topographmal _
observatlon were practiced mainly by means of PDR between the respectwe '
stations and between the respectwe samplmg points. Moreover, on the occasion
of observatton by CDC, research on the sea bottom topography was cartied out
in the surrounding areas as well as along the track lines. .

Fath'oming'was'carried out'eVery 12‘sec'onds; fathoming values 'indic‘ated-by
PDR’ dlgmzor were registered on MT with.the on—hne system, ‘

in addltmn, every 5 mmutes, sea depths were recorded by the reglstered
papers of the PDR and with this data, the sea floor topographlc maps and other
documents were produced, ' R ;

The survey between the measurement stations was executed generally ‘at
the vessel speed of 10 knots, but acc:ordmg to the surveymg su:uatlon, the vessel
speed ‘was accordingly 1ncreased or reduced. As for the track lines between
samplmg points, the vessel speed varxed from 3 to 8 knots ac:cordmg to the

sampling operation.

3-4 Survey on the Superficial Sediment

The survey of the superﬁcial sediment of the sea bottom was cerried out
simultaneously with the sea bed survey, by means of SBP (frequency of 3.5 kHz)

on all the cruised track lines. -

The basic data oi the superﬁcial sediment consist of informations such es |
thickness of transparent layers composing the upper r_hgst Vst_t_'a_tum'_on t_l.n_e_bes:is. of
the registered section pattern of SBP and acoustic etratigraphy type, ete.; rtl'-li:s_
information was marked in their cording'ﬁeld notes every 10 minutes and u.sedr to
draw up the contour map of the superficial sediment thickness and the sBp type
distribution map. - -

-10 -



3.5 Research on Manganese Nodules by means of MFES

The survey on the bearing situation of manganese nodules by means of
MFES was carried out simultaneously with the research on the sea floor

topography and the superficial sediment.

The measuring values of MFES were continuously. indicated every 48
seconds by calculating data produced by NBS, PDR and SBP, but the moving

average of 15 measured values was taken as MFES values of evidence.

~ The measuring values of MFES were registered in MT by means of an
interface with the data processing system and also these basic data as registered

on the MFES floppy-disc about every 5 minutes.

3-6 Process of Sampling by means of FG and SC
1) Sampling by FG -

The fundamental chart used for the survey was marked by the
sectioning datum lines at every 1° (60 N miles) in latitude and

longitude.

As the sampling operations were based upon this chart, the precision of
surveying stations for the primary and secondary surveys were chosen

as described as follows:

Primary stage: stations for sampling fixed on a 42.4 N mile grid
connecting the crossing point of sectioning lines at every 10 (60 N

miles) in Jatitude and _longi'tude‘ to the centre of the section;

Secondary stage: stations covering the middle stations of the primary
stageIWere added and the sampling point interval was reduced to a 21.2

N mile grid.

The above-mentioned scheme is shown in Fig. 3-6-1.

- !,1 -
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longitude '

2) 1N mile equals to 1.852 km

Fig. 3-6-1 Distribution Density of Sampling Stations
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At every surveying station, three samplings were taken and the process
~.is as follows: .

The samplers were set down at éach apex of the right Isosceles triangle
‘whose the southern side cenfering apex should be located on' the given
" station; the setting down points weére considered as sampling points. In
* other words, sampling Was done at every surveying station and then at
the two other points respectively 1.4 N miles to the northwest and to

the northeast from the station. 7

From whichever difécﬂoh the vessel.appro'ached the sarﬁpii'ng sfation, it
‘passed through the station once and after confirming the station, it

returned to it and set down the first sampler. The order of setting

down the 3 point sampling system is illustrated in Fig. 3-6-2.

2 N miles

]
I
3

.
\ Approaching direction

Sampling -
station

‘Fig. 3-6-2 Explanation on the Setting Order of Three Samplers at a Sampling

Station
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3-7. ' Processing, Analyzing and Storing-ef Samples :

The re—collected samp!es (manganese nodules and bottom’ matemals) were

'treated on.board. on the baszs of  the processmg and analyzsng flowsheet of

samples by FG and 5C shown in the an 3-? 1, 25 -3 also, a part of the samples

were taken to the laboratory to be proc:essed for mxcroscopm observanon, X-ray

d1f:fract1on test, complete analy51s, mmro-—analys;s, etc., and the, rest were kept

in storage.

3-8 Observatlon of the Sea Bottom by means of CDC

, WIth a view to observe mlnutely the manganese nodules bearmg on the

deep ocean ﬂoor and the sea bottom _situation, the sea bottom observation by

means of CDC was carried out.

1) Selection of the track lines for CDC

In selecting the observation lines for CDC .within the sea areas of the

present survey where the secondary survey had been achieved, the

fundamental conditions ‘such as the following were taken into

considerations -

()

(2)

(3)

Possibility of obsewmg the contmu:ty of abundance of manganese
nodules around the sampling stations where this abundance was

highest;

The sea area where the embedding ratio of the manganese nedules

was low would be suitable for analysis by photos;

Since the present <De system does not cqnsist of successive
photographs controlled. by the towing_ .apparatu_s.:. kept at. a fixed
level from the sea bottom, but of intermittent pi\o’tds controlled by
the landing of the shutter sinnker, the system' was practical e_ven
on the violently undulated sea floor and the effect of the sea fioof
topography might be negligible. Moreover, the results of the
secondary survey such as the sampling by FG, observation of the
sea bottom by PDR and SBP, geological structure sec:tien of the

~14 -



SUMMARY OF THE EXPLORATION WORK ON BOARD

“ The exploration work is carried out by the geological team and geophysical

team respectively. The main works of the exploration are the bottom sampling
and the acoustic sounding. = '

" The outline of the exploration work is as follows:

(A) - The outline of the bottom"sampiing work

r'—;--- -------- { wating + -------------- P

arriving FG aver= SC over- SC on= jnvesti~ FG on~

at station board © board || beard [ 7] gation(l)¥ board
sailing to putting the || investi=-
next- station deck in order gation(2)%n

Acoustic¢ sounding
“by geophysical team

* pPetail of investigation (1)

sub-core photogra= on-shore

Figure 3-7-1. Processing and Assaying Flowsheet of Samples (No. 1)
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** Datajl of investigation (2)
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Fig. 3-7-2 Processing and Assaying Flowsheet of Samples (No. 2)
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[B] The outline of the acoustic sounding

maasurement
arriving | by MFES-
at atation around the

H sampling point

sampling by
geological team pre~heating
. (PDR.etc)

l
positioning data Lﬂ:diug I

{by NNSS)

E

sounding daka

depth

MFES value
profiles
etc.

o I mHmixiTg MT I ’
@ on-shore

analysis

After surveying, on the way to the base harbor, all data are analyzed and
evaluated. The outline of them are as follows:~

coverage map
all records of . contents maps
geological team metal map

sediment map

mean value
caleculation

| s:udiea!
i [ ﬁi evaluation i
| out side da:a} - ]J

; track map J
all records of bathysetry map
geophysical team MFES map 1 congideration I
topography map

MFES value -
ealibracion

| REFPORT '

Fig. 3-7-3 Acoustic Sounding and Processing Flowsheet
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sea bottom, measﬁfément by‘ MFES, were also taken into
consideration as part. of the overall examination. Fma!ly, the three
track lines with a total !ength of &4.56 nautlcal mtles were
selected, as shawn in Flg 3 8-1 ' '

189°30'W . 150°15°W ' 159°00' W

7'30(89.08)t\\ \ S (0.64) 78

7045’8 —— %45’ 8

8%’ 8
(7.84) -

159°30°'W 159°15'W S 159%0° W

— Towing direction of CDC

( ¥ Average abundance of the manganese nodules by FG (kg/ m2)

Fig. 3-8-1 Track Lines of Sea Bottom Observation by Means of CDC
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.2) Interval of observation stations of CDC

In determining the interval distance between the observation stations of
CDC, the following are the principal reasons: In the case of track lines
No.l ‘and No.2; observation track lines were selected where the
abundance should be high and the sea floor topography could be quite
un'du':lét'ed, the interval between the stations was determined to be fixed
at 1.33 miles so as to examine the continuity of the manganese modules
in detail. Also in the case of line No.3, observation track line was
selected where the sea floor topography is less undulated, and
simuiténe'ously the abundance has a decreasing trend in proportion to
the distance advanced towards the southeast from the origin, thefeiore,
“the interval between the first two stations was fixed at 1.33 N miles,
between the second and third at 2,65 N miles, and between the third

and the last one at 5.3 N miles.

Line No. Interval between stations  Number of stations

No.l ' 133 (N miles) 18
No.2 132 17
No.3 1.33, 2,65, 5.3 6
Total 41

The total nmumber of the observation stations as above-mentioned is
a1,

Alsb, Fig. 3-8-2 indicates the locality of the observation stations.

-19 -
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3)

i)

Number of photos by CDC

The number of photos taken at each station were 5 for the stations
‘where the undulation of ‘sea floor is quite obvious and # - 3 for the

stations where the undulation is less..

Photographing operations of CDXC

" From 08:00 October 19 when preparations for setting down of CDC

5)

were started (at 09:00 CDC was set down) until 13:30 October 22 when
re—collectmg was over, that is to say, durmg the time lapse of 77:30,
photogtaphmg operat;ons at 41 stations, as scheduled in the program

were achieved

Of the 168 phd’cographs taken, 137 were adopted 'meeting the
requ1rement for analyzmg the abundance and the size of manganese
modules, the remaining 31 photos were ‘excluded, because photos
pictured oniy basement rock or because the shutter sinker did not

appear to serve as a measuring scale.

The’-phofography operation was carried out on the basis of the sea floor
topography section’ estabhshed previously by the PDR operation on the
track lines.

Analysié of the phptos by CDC

As for the analysis of photos, in accordance with the sea bottom photos

and the size of shutter releasing sinker pictured in them, the covering

surface ratio (COV) of the manganese nodules and their number (N) per

1 m? were determined.  Then, using the following regression
ecjuations*% the abundance and average of granular diameter are

calculated:

Abundance (kg/m2) = 1.430 x COV1.3/N0.5
Average of diameter {(cm) = 16.62 x (COV/N)0-5

*]

In relation to the abundance, the covering surface ratio and the

~ number of manganese nodules, the regression equations were

established and the coefficient was determined.
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These formulas are applied respectively to the' 137 photos suitable for
~ photographic analysas. : _ '
The ‘average ‘o6f abundance and the average 51ze at every station are'

-determined by arithmetic mean of the respective values of the. ana!yzed
photos taken on the concerned station. ' '

_In the case of the photos (1i) picturing only. basement rcclc, they were
added up to caiculate -the mean value of each sta.txon, assummg that the

number of: manganese nodules is zero.

3-9 Evaluatmn of the Grab Operanons by FG Sampler and oi the Sample
cellectmg Accuracy '

The amounts of samples obtamed by FG could not be suffxc;ent, it would be
assumed that it had happened because of net damage, of teeth breakmg or
incomplete operations, though it was a rare case. (cf. Fig. 3-9-1)

When these cases were ascertained, the covering surface ratio {a) and re-
collecting surface ratio (b), were used to fix the operating accur_acy_of grabs by
dividing the evaiuatioh of the -re-_-collect'ing accuracy in & rank.s, the covering
surface ratio on the sea bottom photos were compared with _ther re:collecting
surface ratioj and these processes served as reference to calculate the
abundance. ' B '

3-10 Processing and Analyzing of the Survey Data

. _ Y L :
The processing and analyzing of the survey data were carried out mainly on
board, however, & part of the data processmg and: synthetlc analyzmg were

executed on shore.

-22-
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1) Survey data and its'processing
@ Relatlng to cru:smg and acoustlc soundmg

o The vessel pos1t1ons by NNSS (data, ‘time, latltude, Iongltude)
were iormulated in the table of rectified. vessel pomtmns for
every minute.and were out-put from the data processmg system

on board.

0 The depth values by PDR (NBS) (data, time, values reported _
from the digitizor and prmt out papers) were registered in the

field notes every 5 mmutes.

o The superf1c1al sediments by SBP (thicknes's of upper
transparent layers, stratlgraphy type) were - reg;stered in the

field notes every 10 mmutes.

o The measurmg values of  MFES were reglstered to the dlsk of
comput_or every 10 minutes -on_the track lines between the
sampling stations, and every 5 minutes between the sampling

points respectively.
(3 Relating to sampling:

The survey data on manganese nodules, sediments, and assay etc.,
were processed for every sampling point to be registered in the
field notes. The following are the processi'ng tak_en'p'lac‘:'e on board.

o Data relating to the manganese nodules: sampling amount, wet
weight of each size, wet spec:flc gravity, morphology, No. of

superficial structure, etc.

o Data relating to the sediment: type of sediments, color tone,

granular size, microfossil, etc.

o Data relating to analysis: grade and water content of 5
principal components (Ni, Cu, Co, Mg, Fe)

.2 -



2)

(3 Various photos:

o Sea bottom photos by deep-sea camera equipped on FC and SC,
~and by CDC, re-collecting photos, working photos, and etc.,

o Record photos of physsc:\l prospection (PDR records, SBP

records)
Analyzmg of the survey data

Every necessary fxgures wluch ‘was ‘essential for advancing the survey,

‘were drawn up on board using the data up-dated, and later these data

were reanalyzed on shore in detail more. The following are the outline
of p’roducts described in the following:

@ Chart of track lines, 1ocat10n ‘map of sampling points
_Chart of track lines was drown up first, using the table of rectified
vessel positions printed out from the data processing system and
- then location map of sampling points plotting the position.on a
1/1,200,000 scale registering sheet {published by the Huydrographic

Division). =

" () Map of the sea floor topography

USing_ the sea depth chart, that is to say, the above-mentioned
track'iines chart pio{ted with depth values every 10 minutes, the
map of sea floor topography was drawn up depth contours with the
.200 m mterval

(3 Thickness contour map of the upper transparent layers by SBP

Thickness of the upper transparent layers' was. read out every 10

minutes from the SBP record and plotted on the above-menticned

'char't' ré_i tfack.iinés. Then the cortour map with 10 m thickness

wa:sr cdmpl_et_ed. (adxiliary contour lines of 5 m thickness were
" added for the parf with 0 - 10 m thickness.)
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@ D1str1but:on ‘map of bottom materials

Disteibution- ‘map of - bottom: materials was complited by
) ‘supenmposmg ‘types -of: bottom materlals taken by means of mud -
Acollector on . posmons of . samphng poznts and by pllotmg the
quantity and names of - authigenic minerals - -obtained with -

manganese nodules by means of F. G 7 )
@ Abundance of manganese nodules estlmated by MFES

Abundance of manganese nodules estlmated by MFES was_
accomplished by plotting 't_he ‘abundance (MEF§ mjrtens_lty)r dlspiayed'
every 10 minutes. Abundance contour lines was drawn up with the
step of 2.5 kgfcm?2. '

(6 Abundance map of manganese nod'urles, grade contour map, metal
quantity rnap '
On the basis of data obtained on the manganese nodules at each
sampling point (setting down point of FG, SC, etc.), the average
occurrrence situation of minerals {values of aburidance and grade
etc.) was determined for each station (3 _sampl.'ings per one station),
and the following are the pféducts by processing these determined .
reeults: the figure of the abundance of manganese neodules; the
figures of the grade eontOUr of nickel; eopp_ef, cobalt; manganese
and iro'n;' and the figure of the metal qﬁantity of nickel, copper, |
and cobalt. In addition, the acoustic eeu'nding data were utilised in

this process.
@- List of the survey results

In order to facilitate searching' and cbnsulting' of the data on the
manganese nodules ‘'obtained every day on board, ‘the essential
items #1 were hsted up from the f1eld notes and the survey results

were arranged in the list.

*]1 The principal itmes are as follows:
latitude, longitude, sea depth, granular size distribution,
values of abundance, morphology, grade, sediment, state of

combinations, etc.,
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Estimated abundance by CDC observation

Estimated abundance map by CDC observation was accomplished
by plotting sampling data concerned and these calculated from
‘coverage of manganese nodules on the CDC photos using the
regression formula introduced by analizing FG sampling data
statistically.’
@ Other
| Obser\?i_hg the relation between each of the elements such as the
r-bééring' quantiﬁy of the manganese no;:[ules, grade, morphology,
‘ .bé_aringi _sitgiatio'n, topography, upper t'ransparentr layers' thickness,
étcﬁ., studies have been carried out to define the pbtentiai field of

manganese nodules.
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Chapter 4. Results__df the Survey. .- . ..

4-1  Survey accomplishments

The surveying operations were accomlished as shown in Table 4-4-1.

Table 4-1-1 List of the survey accomplishmient.

- Item o

Survey .

-| Leaving the port of Honolulu ..~
{ Arrival the survey areas

| Sept. 24 - 16300 (*)

! Sept. 30 06300 (*)
schedule | Leaving the survey areas Oct. 22" '13:20(%)
Entry to the port of Honolulu 1-Oct. 28 08:00 (%)
Accuracy (disposition of the stations) ‘| Stations at ‘the primary
stage (42.4 N miles grid)
and : '
Stations at the secondary -
stage (21.2 N miles grid)
Sampling | Sampling stations 38 points - -
Sampling per one station 3 samples
Samplers used Free fall sampers
(110 samplings)
Spade corers :
: (4 samplings)
Failure due to non-floating None :
Use of deep-sea camera 114 times
- successful cases of which 99 times
- unsuccessful cases 15 times
Deep-sea due to - disorder in batteries
camera 4 times
- premature flash
8 times
- misfunction of shutter
3 times
Photo Photo analyzing - 267 cases
analyzing | - analyzing of FG, 5C photos of which 99 cases.
- analyzing of CDC photos 168 cases
(continue) (*): Inlocal time at the

=28 -
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(Continue from previous page)

Item Accomplishment
Treatment _ 190 cases
Ordinary samples 187 cases
Assaying . | extra ordinary samples 3 cases
Analyzed components | 3 components; Ni, Cu, Co, Mn, Fe
Total No. of analyzed | 190 cases x 5 components = 950 components
components : : :

A SBP  3.5kHz Distance of sounding surveyed: 2,659 N miles
Acoustic PPR 12.0 kHz " :
sounding | NBS. - 30.0 kHz "

MFES u
On line MT 6 reels
On line MIX MT 5
Sampling MT 2
Data Sampling MIX MT 1
processing | Atmospheric and 2
' marine meteorogy MT"
Atmospheric and 1
marine meteorogy -
MIX MT |
(Total) {17 reels)
Name of track lines 85SCDCO01  855CDCO02 8533CDCO3 Total
' - ' (average)
.Total length of track [ 22.40 21.08 21.08 64.56
lines (mile) (A) miles
No. of surveyed 18 17 6 41
stations .
Sea Required hours 31:02 23:09 17:19 71:30
bottom setting hours 04:26 * (1:28 ** 03:05 ¥**  08:59
observa- moving (T} | 08:19 07:45 06:12 22:16
-tion by preparation 092:00 09:20 03:38 21:58
CcDC photographing 05:00 03:14 00:53 - 09:07
re-collecting’ 04:17 * 01:22 **  (3:3] ***x  (9:10
average speed 2.69 2.72 3.19 (2.84)
(A/T): (knot) '
average minutes of
photographing 3,37 2.62 2,41 (2.96)
(rin./pcs) _ k '
No. of photos **** | 81/(90) 18/(22) 168/(185)

LT
XX K H,

69/(74)
*¥: for3 .tir._n.es.,. |
*¥: for once,

for 2 times
No. of successful photos/No. of photos

- 729 .




4.2 SeaFloor Topography
1) Clasxﬂcatlon of. sea floor topography
To analyze the bearmg satutatlon of rha'nganese' nodﬁleg the topography

was clasmfled from reglonei and-local pomts of view.

Table 4-2-1 Ciassmcauon of Sea Floor Topography

Topographical B : Defin_ition L
classification : Soowre e Lol
Plain - | Area whose bottom is almost flat and e'vén:'wi;th a RS

isolated sea mount or sea knoll, it may be - _
considered as plain from a-general pomt of view;

_ Hilly Area where numerous sea hllis or sea mounts are
Régional : dispersed; Lo
province | Mountainous | Area where a group of sea m0unt3"ére Ioc:ated-
Quasi- plain | Area where the outstanding mounts or hills are
scarcely observed but the bottom is rather -
undulated and which is class1f1ed neither as plam
nor as hilly. :

Flat Plain area not lndulated or sméofhly Un'dﬁiété"d (up -
: to about 100 m relative height) and which doesn't
belong to neither the hollow nor: the piatform

Hollow Area w;th smooth undulation and-which presents a .
generally concave terrain, mcludmg a Shlp— shaped
basin. SR

Channel Long and narrow concave terrain in'a dltch shape,

Local including fissures or fracture zones.
area Platform Area with smooth undulation. whlch presents asa 1

whole a convex terram (or a tableland) .

Sea Knoll Hilly area with a relatlve height of more than about Y
1,000 m, mcludmg‘e_ntlre siop as well ‘as summit

Sea mount Hilly area with a relative heigh't of '_l:ess than élbout
1,000 m, including entire slop-as well as summit (the
slopmg surface contains a shifting part of: the plain)

Ridge Terrain presentmg a cham of mountain composed of
7 the sea knolls and hills ranged in a zone.
Other Terrain not belongmg to any of the above-mentxoned
classifications,
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2)

3)

The sea floor topography of the surveyed areas belongs to the plain

' province macroscopically and is classified into 5 types microscopically
such as plain, holtow, platform, sea knoll and sea mount,

Characteristics of the sea floor topography

The present surveyed areas are located at the western edge of the
northern Penhryn basin, eastern margin of the vast Manihiki plateau
(relative height of 1,500 - 2,000 m) and to the North of Penrhn Island.

The depth of the surveyed areas is gehéral[y between 5,300 - 5,500 m,
except for the éea mounts and s__eé_a knolls, as shown in the Fig 4-2-1 and

~Fig. 4-2-2 explaining the sea floor topography and in the Figure of the

sea floor topography (cf. Annexed figure 3).

As f_br the g_éneral ¢haractéristics of the surveyed areas, it appears that
the hilly forming the outéide margin of the Manihiki plateau, the
western edge of areas (west of'-l5_9° W), present a complex and
intensely undulated topography. The sea mounts and knolls range in the
east-west direction at the middle (on the 7° 30'S line) of surveyed

areas.
Local toprography around sampling points

The flats are widely distributed in the middle and eastern part of the

surveyed areas.

"The hollows (including the ship-shaped basins) are dispersed in the

western part (around 159° W), but their directional trend was not

particularly observed.

As for the platforms, there are no outstanding cases; however, in the

western part {around 1599 W) a few platforms are scattered.

The sea knolls are distributed in the western part of the surveyed areas

‘and constitute the Q'utsid-e margin of the previously mentioned Manihiki

plateau. T'he'ir r_elétive 'h:eight is épproximately 650 - 700 m.
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The sea mounts stand around the ‘southwest part (80 15'S: 590 '#'SI"W) of
the surveyed areas and i in the east part (70 30'S: 1560 40" W)y at therr
summits, the watet- depth measures about 3, 700 - 3,900 m and their

relatl_ve helghts are appr_oxnm_ately 1,400 - 1,700 m, -

4-3  Superficial Sediment
1) Classification of SBP records

Owing to past experience in surveymg actw1t1es, MMAJ has classified
the SBP. records, .on the basm of thelr reflectlon patterns, in & types

such as type a, b, ¢, dl, d2 d3, el and ts.

In the surveyed areas, among the above—mennoned SBP records, 6 types

were observed but types a ‘and ts were not recogmzed

Further, as the type of SBP’ records obtamed in the surveyed areas'
presented ‘a new reflection pattern Wthh had not been. classrfied_

before, thls was clasmﬁed separately as a type to be newly set up.. "

Accordmg to the reflect;on patterns, this type has a intermediate

charactenstlc between types b and c.
The clasmﬂcatlons, their definition and characterlstlcs are as follows:

(1) Type for which the acousticl.y transparent layers are recogmzed at

their upper part. (cf. Fig. 4.3- l)

Type a: presenting a double: layer structure of transparent and
opaque, the transparency of the transparent layer is hlgh (faded out
completely) and the boundary with the opaque layer IS relatwely
clear; the thickness of the transparent layer measures 10 - 50 mj
however, this type was not recoginized in the' sur'veye_d areas.

Type b: similar to type a,-'composed of two layers such as semi- :
transparent and “opaque, but the transparency aof -the seml-.

transparent fayer is not 50 high as to be called comphte

transparent; also the boundary with the opaque layer is not clear.
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(3)

The thickness of transparent layers measures 30 - 100 m and
generaliy speaking it is not a rare case that the thickness could be
more than 50 m; ‘the thickness varles markedly as compared with

other types

Type el presentmg the multlstratahed structure of transparent

and opaque layers; the clearly stnpped and thin opaque layer is

_recogmzed directly under the upper transparent layer. The layer

thlckness of this type is generally 10 - 40 m- mciudlng this siripped

opaque layer. :

Type j'for ' which the acou'st_icly transparent layers are not

recognized at their upper part. (cf. Fig. 4-3-2)

Type c: the type 'com'posed'of 3 layers: opaque, transparent and
opaque: though it was not confirmed on the print-out papers, it is
presumed that an external thin transparent layer could coexist at

the top of the upper transparent layers.

~Type dl: Composed only of opaque layers. Generally, this type is
- found at the sea mounts, sea knolls, etc., and these sites

' correspond'appr'oximately_ to their expo_se'd basement rocks.

Type d2: similar to type dl, it is composed only of the opaque

layers; this type is observed at plains.

Other (cf. Flg 43 3)
Type ‘ts: it may be presumably composed of transparent and

opaque _layers; for this type, the records are not clear because of

‘the dlspersion of:'sounding waves by the uneven floor.

Type ds: it may be presumably composed of opaque layers; in the

‘same way as type ts, the records are not clear because of the

dispersion of so'unding waves by the undulated floor.

Type bc: basically, it may be composed of 2 layers: transparent

ar_ld' opaque, similar to type b; the bottom surface of the top
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supe:‘ﬂeiéal layer indicating a transparent layer does not form cne
line but ‘contains some noise and presents the opacity. It could be
considered as type ¢ whose top superficial layer is thin. The

iransparency of transparent layers is high,
2) Distribution of SBP types (cf. Fig. #-3-4)

From the view point of sea floor topography, the surveyed areas are
classified roughly with the hill region (called the western region)
corresponding to the external margin of Manihiki plateau and the plain
region {called the eastern region) occ_\lpying the greater part of the
surveyed areas *1 The distribution patern of SBP types has a
directional \tféh_d; in the western region north-south and in the eastern

region east-west,

The distributi'or_i' of SBP types. is also distributed macroscopically in
accord witf\'.the ',c'lass-iﬁcaﬂ_on of the sea floor topography and with the
depth distribﬁtion_. Frofnra rough point of view, the type el is found in
the vicinity of.?OBO‘S_' liné in the central part of the eastern region *2,
the type bc is widely distributed in the northern side of the eastern

region.
(1) Eastern regidn--
(D North side of the eastern region

In the north side of the surveyed areas the water depth
become shallower than 5,500 m. Type b is distributed to a
wide extent in this shallower part, especially to the north of
79 15'S and to the east of 156 50'W.

¥1 The surveyed aréas, in general, are separated into an eastern
region and a western region by the longitudinal line 1590 W,

*2  According to SBP types, the eastern region could be divided, into 3
parts: i.e. north side, central part and south side of the eastern

region from north to south.
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Typical ones of type b are observed around the north side.
The thickness of type b is most marked around the west of
this ﬁ_brth side and becomes thinner toWards the central part
and east of.the-nor-th side; the thinnest 'part measures less
‘than 10 m. | | |

In the _rriiddl.é of the a_rea' where the upper transparent layers'’
" thickness is less than 10 m, there exist sea mounts with the
‘type dl; and at the foot of the sea mounts the type b, The
'dépt_h measures approximately 5,300 - 5,200 m in these areas.

Central.part of the eastern region

At the central part of the eastern region the depth is about
5,400 m, and shows trend of getting shallower towards the
north side and deeper towards the west side. The depth

contours of 5,400 m are curved complexly because of the

dispersed sea knolls and concave terrain.

Distribﬁtion'of SBP type is characterized according to the
respective sea floor topography; type dl and d2 are dispersed
“among the sea knolls and elevated terrain; type c appears at
the concave terrain and type el at the greater part of the

floor where the depth measures about 3,400 m.
South side of the eastern region

On the south side of the eastern region, the SBP types consist

mainly of type e and d2.

Type c is distributed around the concave terrain enclosed by
the depth contour of 5,600 m and from this contour to an

extent to where the depth measures 5,400 m.

Type d2 is distributed toward the north and on the elevated
terrain whose depth is #,900 m and which is presumably the
foot of Penrhyn Island.
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{2) Western reg;on

At the western reglon, in accord w1th the h111 formmg a external
'margm of Mamhﬁﬂ plateau, type dl and d2 are d1str1buted in
~ front of th;s part, type el and bc are dlstrtbuted

As for type el, it presents the typtcal records patterns dxstr;buted'
at the t.oncave terram of 5 600 m depth accordmg as the depth _
' becomes shallower, thls part is cont:guous to opaque layers of type
ds etc.; however, a. boundary between these two. parts is

comphcatedly curved bemg mﬂuenced by then' topography.

Type c is dlstrlbuted at the part correspondtng to the foot of a
front margm of the h1!1 As for type c’ found at this part, its
records pattern is mote or less blurred the survey data could not
“'make it clear whether this’ phenomena was attrlbuted to exact
seizure of superficial sedsment on the sea bottom or to reflection

of the sea bottom mmutely rugged

"3} Thickness and its dlstrxbutlon 51tuat10n of upper transparent iayer in
SBP Profiles’ - '

‘The upper transparent layers thlckness by SBP and its distribution
situation are shown in the annexed Figure 4. This Figure shows that
distribution of the upper transparent layers thickness corresponds
nearly to that of the SBP type. '

‘Observing the upper transparent layers thickness by respective SBP
type, for type b, thickness measures 5-70 m; for type bc, 5 -~ 30 m and
type el, 5 - 10 m (partially 20 - 30 m); while for types ¢, di, d2, ds,

etc., fransparent layer was not recognized.

As for the distribution of the upper transparent layers thickness, what
should be mentioned particularly is that except types b and bc, the
transparent. layers thickness is extremely thin as 5 - 10 m at almost all

parts of the surveyed areas.
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4-4 Research on Manganese Nodules by Means of MFES
‘1) Factors affecting MFES
(1) Size of manganese nodules (Weight factor)

By means of MFES, three different frequencies were subsequently
measured; NBS (30 kHz), PDR (12 kHz) and SBP (3.5 kHz); and
supposing that between the compound sound pressure and the
abundance of manganses nodules V (kg/m2) there exists a linear

relatiqn formulated by :
"V=aRt+h,

the par'amer'.cers a and b are defined and the data analysis is

practiced.

According to the supposition by means of MFES, the abundance of
manganse nodules is proportional to a covering ratio of ‘bottom
surface, without any relation with granular diameter in case where

their granular diameter remains within 1 - 13 cm,

Therefore, weight per unit covering surface of the manganese

nodules was measured independently of MFES.

The average weight coeificient *1 6f manganese nodules used for

parameter analysis was 2.2 g/cm?,

This means that the measured value by MFES is in proportion to
the abundance when the measurement is done on the sea area

where its weight factor of manganese nodules is 2.2 glcm?.

The weight factor distribution of this sea area is shown in Fig. 4-4-
1, and the values are less than 2.2 glcm2 on almost all stations.

The weight coefficient of the whole sea area is about 1.6 glcemé,

*] Weight coefficient = Recovered weight of manganese nodules

/{coverage of manganese nodules x grab opening area).
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This indicates that the granular size of manganese nodules in the
survéyed areas is smaller than that in the inspected sea area. In
other expression, the resnjlts obtained by MFES were overvalued in
comparison 1o real values. Therefore, the estimated abundance by
means of MFES was re-calculated by the following formula with

corrected weight coefficient:

: 'Abu_ndance by MFES = Measured value x Weight factor [/ 2.2

(g/cm?)
Embedded rﬁanganese nodules

As’ shown in Fig..#—&-Z, the embedded manganese nodules exist

predo'minen'tly in the surveyed areas, particularly in the palin.

' We.=examined whether the embedded manganese nodules were

sufficiently detected by MFES in the surveyed areas.

In case the coverage by samples obtained is greater than the

coverage by deep-sea camera, the manganese nodules maybe

‘defined as embedded; in the present report the degree of

manganese nodules embedded is considered high in such case as;

1 - {(coverage by deep-sea camera [/ coverage by samples obtained)
> 0.4

Theoretically the coverage measured by MFES should be greater
than the coverage by deep-sea camera and be equal to the

coverage by samples obtained.
These relationships area shown in Fig. #-4-3.

Comparison between Fig. 4-4-3 (a) and (b) indicates that the
coverage measured by MFES is greater than that by deep-sea
camera where embedded manganese nodules are predominant.
Fu.rthermcire, where exposed- manganese nodules predbminant, the
coverage measured by MFES seems to be as great as that of
embedded manganese nodules in spite of a small amount of data as

shown in Fig. #-4-3 {d).
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(3)

Therefore, it may be éxplained that embedded manganese nodules

‘were well detected by MFES in the surveyed areas.

Topography and bottom materials

As shown in Fig: 4#-4-8, the correlation coefficient between the
MFES intensity and the abundance of manganese nodules indicates
more than 0.7. This is in relatively good correlation but is not

enough and is rather dispersed.

As described in the paragr'aph on the sea bottom topography, we
paid attention to the fact that the sea bottom topography in the
surveyed' areas is divided intor two zones; one in the western hills,
another in the eastern plains, with its border on the 1599W line.

Therefore, we.prepared statistics separately with selected sample

~data for both zones. {cf. Fig. #-4-5)

The results are shown in Fig, Y-bs-6.
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Fig. 4-4-6 Relation between MFES Intensity and Abundance of Manganese

Nodules in Plain and Hilly Province
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~ As shown In Fig. 4-4-6, the corf’elation‘c"oefficie'n't for both hills
~and plains is more than 0.8. It is in good corelaltion, but the
- formula for both zones are gr'eatly' different:

Hills  Abundance = 1.05 x MFES value - 2.84

Plains: Abundance = 0.35 x MFES value - 0.56

That is to say: the coefficient on the plains becomes 0 35 (this is
rela.tx_vely small) .and 11:5 MEFS_value is measured as a remarka_bly
| great one, while the MEFS value on the hills is almost in proportion
by 1:1 to the abﬁndance of manganésé nodules. This indicates that
~there is some cause of error on the plams which is lmpossﬂJIe to

correct using only the weight factor. -

As in the SBP records in this survéy ‘areas, record types without an
upper transparent layer which are distributed in a w1de range (8
F1g 4-4-1}), it is presumed that the reflection ratio in the area
among *1 opaque layer becomes higher than that of the area

among transparent layer.

That is to say, the MFES value is measured as higher than real

abundance.

The distribution situation on the pfeceding plains is shown in Fig.
4-4-7 with indicated SBP record type.

As shown in Fig. &-4-7, all the tyPe'b_ records indicate..low
distribution, while type C records which indicates an upper opaque
layer show a distribution situation extrernely  higher *than

abundance of manganese nodules. -

*1 1t was not poséi_f_;lé to perceive the difference the charactor of
bottom materials among transparent layers and that of bottom
materials among opaque layers from the results of the mud
materials extracted by spade corer orz other means.

It would be necessary on the next occasion to compare the
results by spade corer and’ SBP record results with samnplings
takken by a piston corer with more than 10 m length of core

samples.
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This makes us estimate that the great variety of regression
coeffxc:lent on the plains dependant on: the high reflection ratio of
type o records It was xmposmble to indicate type d2 records on
the dxstnbutmr\ 51tuat1on dsagram s:nce stations were not.
perceived. On the topographlcal view type d2 records seem to be

in a similar environment and tendency as ‘type ¢ records..

Therefore, it is highly probable that the area where t_j,rpe'c and ds
records are distributed is a qua51~anomaly area. In this survey,
area analysis dlagram by MFES was made after correctmn ‘for this

qua51 anomaly by using the above-mentioned regressmn formula.
2) ‘Estimation of manganese nodules by means of MFES

Fig. 4-4-8 shows the estimated abundance of manganese nodules in the
survey areas from the preceding results and according to the abundance
by means of MFES.

This indicates as follows;
(1) The hills (West of the 1590 W)

~ Sea Area A :
Abundance is over 10 kg/ m2, and it makes us estimate that this
area bears a rather great amount of manganese nodules because
of the extent and strength of abundance..

- Sea Area B
Abundance is between 5 and 8 kg/m?, and this is also a promising
area next to Sea Area A. '

(2) The plains (East of the 1590 W)

- Sea Area C )
This is the area where SBP type C and d2 are distributed. This is
a quasi-anomaly area with a great reflection ratio. Abundance is
about 3 kg/ mZ estimated from the preceding results,
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4-5

- Sea Area D>
ThlS area 1nd1cates SBP type el.
l-:g/m2 and. seems to have some possibility with an mdmation

greater than 2 kg/mZaround the sea knolls along 70301 S line:

- SeaAreaE
This area mdtcates SBP type b bemg l"lCh with superﬁmal

sediment. Abundance is less than l_kgl_m2 and this sea area is .

 estimated to be a sterile zone.'

Bottom Materials

Bottom maferials on the survey area have two main groups: brown clay
materials and calcareous sediments.” .' - '
Calcalreous sediments are dlstnbuted m “the relatweiy shatlow sea area

ad]acent to the sea mounts and on the sea knolls, whﬂe brown clay

matenals are d1str1buted in the other areas.

1) Ciassiﬁcation of bottom matenals

Classf lcatlon

classmcat;on criteria of bottom materiais shown 1n Tab.

Quantitative analysis of each composxt:on was made by the microscope

of bottom' matenais

observation using Smear slide {x-100).

is done according to the

Table 4-5-1 Classnf;cation Cr1terta of Bottom Sedxment

1. . L4
Fossil {Siliceous | Calcareous - Remarks
(%) A%} | . )
Brown clay <10 '
Zeolitic clay <10 Contains zeolite minerals ®1
more than 5 = 10%
Insoluble brown clay | <10 Impermiable
Silic-calcareous clay | 10-30 >5 Siliceous Fossll >
) ) . Calcareous Fossil
Cale-siticecus clay 16-30] =5 Calcareous Fossil >
7 . . Siliceous Fossil -
Calcareous clay © H-30 <5 ’
Foraminifera >30 Calcareous Fossu >

Siliceous Fessil, mainly
foreminifera dominant

*1 Radiolariz, Diatons, Silicoflagellate, Sponge Spicule

%2 Foraminifera, Calcareous Nannoplarkton
*3  Phillipsite, Clinoptilfolite

~ 55 .
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2) Properties of bottom materials
~ Fig. 4-5-1 shows major microscope pictures of each bottom material,
Properties of bottom méterials are generally described in this section.
(1) Brown clay materials
(D Brown clay

Brown clay in the survey ‘area has mainly less than 5% of
siliceous biogenic test content, and often contains nothing of

siliceous biogenic test.

Its main component minerals are clay minerals and secondly
siliceous creature shells. which are mainly radiolarian test and

diatom test.

Other remarkable minerals are zeolitic minerals and in general
a small amount of spicule, pieces of clastics micro-nodule,
ichthyolith and barite.

Its color is generally a dark brownish red (almost like
chocolate brown), Its granular size is rather coarse (this

seems to be because it contains zeolite} and it is insoluble.
(2) Zeolitic clay

This is almost the same as brown clay, and is distinguished

from brown clay only when its zeolitic content is over 5%.

In general, most brown clay materials in the survey area

contain zeolitic minerals.

There was only sampling point where the sample contained

over 5% of zeolitic minerals.
(3 Insoluble brown clay

This is almost the same as brown clay, Its characteristics are
a brownish yellow color (slightly lighter than brown clay), very
fine grained with a great cohesion, as sticky as birdlime, and

insoluble.

- 55 .






i'~;%;¢ o

o

i

X4 Sy AL, L R AF Prrteil o
FE i ve o AR ﬁi.‘.,.‘?" RITS u'.f‘;’.'-.{'i‘l.' "i-d "\ Cart’l £ Gl -_,‘.'3‘72‘5'_5'0.:"'}.'&.-"1-&1-.. o' by
Brown clay Calcareous clay
(838739FG01) (655938FGo08)
Legend
R ! Radiolarisa D : Diatom S . Sponge spicule

F . Foraminifera V ! Volecanic fragment M I Mud fragment

Fig. 4-5-1 Smear Slide Photos of Bottoin Sediments
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(2)

The samples was taken a small quantity of mottles *L in the

“brown c!éy obtained by the spade corer at one sampling point,

Calcareous sediments

This is classified into & groups according to the quantitative ratio
of siliceous biogenic debris and calcareous biogenic debris
siliceous-calcareous clay, calcareous-siliceous clay, calcareous

clay, foraminifera ooze.

" There is I"i'ttlerdi-'f_ferehCe among the & groups except for that ratio.

Their color is brown or dark brownish red being a little bit lighter

than that of brown clay.

Their granilar size 'is- medium or coarse. Calcareous biogenic

~ debris mainly consists of foraminifera pieces and other mineral

‘components are almost the same as that of brown clay except for

the smaller amount of zeolitic meinerals.

~3) Composing minerals of bottom materials

Composing minerals were investigated by X-ray diffraction analysis of

powdered samples of bottom minerals and authigenic minerals.

These results are shown in Tab. 4-5-2 and Fig. 4-5-2. *2

(1) Brown clay

Quartz, plagioclase, phillipsite and clay minerals were detected.
Clay minerals are illite, montmoeillonite and kaolinite in

extremely small quantities,

- *1

Spots in different color of matrix which can be observed in the

section of bottom materials.

#2 Authigenic minerals are described in section 3).
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83588375C01
.~ Upper part
Brown clay

8558375C01
‘Lower part

Brown clay

85S837FG09

Brown c¢lay

.855838FGO2

Calc-~Siliceous
clay "

855840FGO |

Authigenic

minerai

{26) 40 30

20 0

L.egend
Q :Quartz Pz Plagioclase 1 :lllite Mo: Mont morillonite Ch : Chlorite
K . Kaolinite Ca . Cqalcite Ph. Phillipsite H . Halite

Fig. #-5-2 Typical Pattern of the X-ray Diffraction of Bottom Sediment and
Authigenic Mineral
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% Table §-5-2 Results of X-ray Diffraction Analysis of Bottom Materials

:M_iherél_ R _ _ i
Quartz |Plagio- |lllite [Montmorll~ |Chlorite | Kashinite | Calcite | Phillipsite
: ™ close lonite :
Sample No.
8558375C01 : -
Upper +H -+ e * + + Ht
Brown Clay . {
8558375C01
Lower + + * + + + #H
Brown Clay . '
85S837FG09 | o | .
Brown Clay # _ + -+ * + H
85S836FGD2. | = .
Cale~- e
Siliceous-. s it + :': * * * L
Clay -
255840FGO1
Authogenic + + * -+ i = #
Minerals '
* H}[.'.H..{.'nieéns i.'ntén.'si'ty'bi diffraction peaks in.'descen.ding order
3 means very weak diffraction peaks
“Table 4-5-3 Chemical Composition of Bottom Materials
(Complete Anaiysis)- ‘ o (%)
Sample No. | 8i0:|Ti0,|4 1,0, | Fe,0s|FeOMnO| MgO [ Ca0 | BaO | Na,O[K, O[ B Os| Ig-1oss| Total
8558375C01 Upper {Brown Clay) | 44.08| 0.92] 13.59] 10.040.01| 1.81| 3.46 | 3.10| 0.05] 3.97 | 2.14; 1.62] 10.84 | 9563
8558375C01 Lower (Brown Clay) | 44.03| 0.94] 13.43 9.94kD.01 1,88 2.82| 2.95| 0.04| 3.82 | 2.28] 1.80| 1068 | 94.62
- (Micro Analysis) . (%)
Sample No. Pb|Zn{Ni|{Cu|Co|[Sr| V| M| B |as| Y
§558375C01 Upper (Brown Clay) [0.007 | 0016] 0062 0063 [0017 {0.024] 0010 | 0.004| 0082 | 00020082
855837501 Lower (Brown Clay)! 0007 | 0018 0.028 0054 [0.018 | 0024{ 0014 0004 | 008! 01)3&10[32
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5)

"'f'hei‘e'__are' no variations of minéfal:é’om.pbnehtr';depending-oh’ _fhe
difference in depth from the sea bottdm (the difference between .
o data from the’ upper iayer and data from the bottom iayer sampled. T

‘by means of SC).

‘Therefore, . mlneral component neat the surface layer seems . to

have uniform d1stnbution
Brown clay in '1:h'is _surveyed area _c':ontain's considerable phillipsite,.
(2) Calcareous - siliceous clay
‘calcareous - siliceous clay was selected for samples_ of caléga;ébus_'
sediment. ' B ' '
Detected miherals _ére calcite, qﬁar‘tz, plagioclase, i_ilit_e,- o
montmorilionite, chiorite, and kaolinite and are chai"acterized by a
great amount of calcite. ' '
Chemical composition of bottom materials
Chemical analysis was doﬁe ashore for bot'tom m'atefials s;am'pled 'by _ :
spade corer (SC} being grouped into upper and lower materlals. ‘Tab. 4-
5-3 shows the results of the analysxs. In comparison wnh the chemxcal
cormposition *1 of bottom materials on DOMES Site-B by Pens,_bottom
materials in this sea area have higher content of TiOp, Aly03, Fep03,
MnO, CaO and P2Os5 especially with a higher content of MnO and CaO.
On the other hand bottom materials in this sea areas have a lower:
content of SiQy, Naz0, K70 and Ig-loss. . . . '
There is no greaf differencé between the ‘content of_ﬁp;j'er b-'orttior'n-‘
materials and that of lower bottom materials in this sea area having a
lower content of MgO among lower bottom materlals than that of upper

bottomn mater;als
Rocks of bottom materlals

Among samples from the surveyed area there were no rocks and only a

small amount of auth1gen1c minerals.

*1 Si07 51.5%, TiOgz 0.59%, Alz03 12.5%, FeyO3 5.4% MnO 0.53%,.
MgO 3.0%, CaO 1.5%, NapO 5.7%, lg-loss 11.2%
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6)

X-ray diffraction analysis was done on some powdered samples selected

from the authigenic minerals (Refer to Tab. #-5-2 and Fig. 4-5-2), and

observation by microscope was done on these samples (Refer to Fig. 4-
5‘3).

Authigenic minerals have brownish red, dark‘brown, and black in color,
and have shapes of semi-fragment, plate, bark, twig and lump with a lot
of small granules (about 0.5 cm on an average and 2 cm at a maximum
in diameter). On ilie X-ray diffraction chart, there are characteristics
of p_hillipsité and also other minerals such as quartz, plagioclase, illite,
montmorillonite and chlorite, A lot of dispersed mineral fragments
among the clay matrix can be observed by microscope with growing
manganese oxides having the‘shapé of back and small veins or with a
growing fish egg-like “texture appearing to be corpses of creatures.
Authigenic minerals with a groiving fish egg-like texture have
characteristics of clay and partial crystallisation of zeolite within their

texture.

From the result of X-ray diffraction analysis the authigenic minerals
seem to be aggregates of zeolitic minerals (mainly phillipsite), clay

minerals, mineral fragments and corpses of creatures.

Distribution of bottom materials

Distribution situation of the bottorn materials is shown in Fig. 4-3-4.
(D Brown Clay Materials

The recovery of brown clay materials from total bottom materials
sampled is 94.4%. This indicated that the major component of
bottom materials in the survey area is brown clay. Comparing the
zeolitic mineral content, the eastern part of south ridge in the
survey area has 1% of zeolitic minerals, and has a smaller zeolitic

mineral content than the other parts of the survey area.

(@) Calcareous sediment

The recovery of calcarecus sediment is 3.6%, and these materials

are distributed in relatively shallow place around the sea knoll and
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Fig. #-5-3 Microscopic Photos of Authigenic Minerals
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7

~ sea mount according to the calcium carbonate compensation depth

| (CCD). In the survéy area these sedimehts are distributed in the
central part, the western ridge, and the western part of the south
ridge, and their CCD estimated to be between 3,000 and 5,200 m.

‘(® Authigenic mineral nodules

Fig. 4-5-4 shows the distribution situation of the authigenic
m'in__e.ral nodules. -

This indicates that authigenic mineral nodules are distributed in a
slightly greater amount in the western part of the survey area.

Identification of micro-fossils in bottom sediments

Identification of -fossils (Radiolaria) in bottom materials samples by

. spade corer was done with 2 samples selected from the bottom

materials including samples at the points of o ¢m, 10 cm and 20 cm
from the surface of bottom matefials (namely 6 samples in total).
Radiolarias occuring in the surveyed areas are shown in Tab. 4#-5-4 and
Tab. 4—5-5, and photographs of the species of Radiolaria are shown in
Fig. #-5-5 and #-5-6.

(1) Fossils situation
Samples No.: 8558375C01 .

0 c¢cm: Many fossils as well as many different species in a good

state of preservation were found.

10 cm: Many fossils as well as maﬁy different species were found

but not as many as at the 0 cm level

The preservation is also worse.

20 cm: No occurence of Radiolaria. The only fossils found were
Ichthyoliths,  ~ '

Samples No.: 8559375C01

0 cm: Many--fOSSils: as well as many different species in a good
state of preservation were found. In comparison with 0 cm case of
sample No.: 855837SC01, the Radoilarian frame melting condition
is slightly better.
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Buccinos_iohaera-a invaginata Haeéke_l . 7 Amphirhopalum y};silon Haeckel

Collosphaera tuberosa Faeckel 8 Eucitonia elegans Ehrenberg
Acrosphaers lappaces (}Iseckel) 9 Spongester tetras tetras Ehrenberg
A. -- . murraysng(Haecke1} 10 Lercospira quadrangura Haeckel
Ommatartus tetrathalamus tetrathalamus (Hacckel) 11 Hexapyle dodecantha Haecke!
Heliodisens scteriscus Haeckel 12 Tetrapyle octacantha Muller

Magnification x 150

Fig. 4-5-5 Species of the Typical Radiolarian Fossil (No. 1)
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i3
i4
15
16
17
18
18

Lampromitra butachlii (Haeckel)
Plerocenium practextum (Ehrenberg)
Eucyrtidium anomalum: (Haeckel)

E. dictyodium (Haeckel)
Anthoeyrtidium ophirense (Ehrenberg)
Theocorythium trachelium (Ehrenberg)
Clathrocanium reginae Haeckel

20
21
22
23
24
25
26

27

Botryocyrtis seutum (Harting)
Nephrospyriz renille Haeckel
Zigotircus camilosis Poplsky
Thyrsecyrtis Fhyzodon Ehf_enbei'g
Dictyoprora amphora (Haeckel)
D. mongotfieri{Haeckel)

Ichthyoliths
Magnification

x 130

Fig. #-5-6 Species of the Typical Radiolarian Fossil (No. 2)

- 66 -



10 cm: There are few Radiolaria in preservation with frame

damage and slight melting.
20cm ‘No occurence of Radiolaria, The only fossils found are
Ichihyoliths,
Time classification
Of the frequently found species of _Radiolaria'in the 3 samples, all
are in existance at the present except for 3 species in the latter 3
rows of Tab. 4-5-& and Tab. 4-3-5. |

There are _nb Stylécontarium__ acquiloniumu (Hays), Axoprunum
angelinum (Cémbhbeli et Clark) and Amphirhopalum praeypsilon
Sakal which were extinct during the latter period of the
Quaternary {(about 400,000 years ago), but there are Collosphaera
tuberosé’ Haeékel and Amphirhopalum ypsilon Haeckel which still
exist and have existed since the fatter part of the Quarternary
period, B} Amo'ng;the top layers of the 2 cored samples there are
BuccinosoPhaefa invaginata Haeckel which occurred 200,000 years

ago.

According to these facts the top léyers of cored samples are
probably today's new sediment which did not exist 200,000 years

ago.

Observing the fossils in the 10 cm level (sample No. 855837SC01)
their age is estimated between 200,000 and 400,000 years old for
the reason that they do not contain B. Invaginat'a';' however, as the
frame of B. Invaginata is particularly more soluble than others,
there remains some possibility that it could not be found at the 10
cm level becéu'se it had disappeared by the soluble action existing
there and could not be observed by means of a microscope. (That

is to say, younger than 20,000 years old)

Radiolarias occurrring in the 10 cm level sample No. 8559675C01

are the species occurring often in the upper layer.

- 67 -



Table 4-5-4 List of the Collected Radiolarias (No. 1)

S . sampleNo. | _ 85837Sc0t | 8559375001
Species o |- Ocm 10cm 20cm{ Ocm [0cm 20cm

Acrosphaera flammabunda (Haecke!)
A. lappacea (Haeckel)

A. 7 murrayand (Ihecl.el)
Buccmosohaera invagi nai.a llaeckel
Collosphaera huxlieyi Mul Ier

€. tuberosa llaecke! -
Otosphaera polymorpha Haeckel
Siphonosphaera socna.l is Haeckel
Acanthosphaera capillaris Haeckel
Actinomma archadophorum Haeckel -

A. Spp.

Actinosphaera capi I Iacea (Haecket)

* Amphisphaera cf. palliatus (Haeckel)

Druppatructus spp.. _
Hexacontium elegans (Haeckel)

HR heracliti (Haeckal)

H. - - hostile Cleve . :
H. . hexacanthun (tuller)
He sp. ' B
Hexacontarium sp.

Stylatractus melpomene {llaecke!)
S. cf. neptunus Waecke! -
Thecosphaera radianus Hollard et Enjumel
Xiphatractus sp.

Ommatarius tetrathalomus tetrathalamus (Haeckel)
Heliodiscus asteriscus laeckel
Anphirhopalua ypsilon Haeckel
Eucitonia elegans Ehrenberg

E. frucata Ehrenberg
Dictyocoryne profunda Ehrenberg

b. truncaium (Ehrenberg)
Spongaster tetras letras Ehrenberg
Spongocore cylindrica (Haeckel)
Spongodiscus biconcavus Ehrenbers
S. osculosus (Dreyer).
Stylodiclia spp.

Xiphospifa sph.

Larcopyle uitschlii Deeyer
Larcospira auadrangura llacckel
flexapyle dufecantha Naccke!
Tetrapyle oclacanila Mulier
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Table 4-5-5 List of the Collected Radiolarias (No. 2)

'Specjes

Sample No.

Ocm

B5S8375C01
10cn  20cm

855937501

Ocm

l0cm 20em

Clathromilra pentacantiha Haeckel
Clathrocanium reginxe Haeckel
Pseudodictyophimus glacitipes (Bailey)
Lampromiira bulschiii (itaccke!)
Solryocyriis 3cuium'(Hnrting)
Carpocanium spp.-

Eucecryphatus el:znhethae (Haecke!)

" Eueyrtidium acuminatum Ehrenberg
£.. . anomalum. (Haeckel)

E. - dictyopodium (Haeckel) .
Lipmanella bombus (Haeckel)

L. virchowi (Haeckel):
Dictyophimus infabricatus Nigrini

© . Pterocanium charibdeum (Muller)

P practexium (Ehrenberg)
P. -~ . trilobiun {Haeckel)
Anthocyrtidiua’ ophirense: (Ehrenberg)
A zanguebaricun (Ehrenberg)
Lamprocyclas maritalis flaeckel -
Lamplocyrtis gamphcnycha {Jorgensen)
Pierocorys hertwigii (Haeckel)

P.. macroceras {Popofsky)
P. © zancleys (Huller)
Theocorythium trachelium (Ehrenberg)

. Botryostrobus aquilonaris. (Bailey)
8.  auritus (Ehrenberg)
Phraostichoarius corbula (Harting)
Spirocyriis scalaris Haecke!

S. subscalaris Nigrini
Tholospyris ramesz Haeckel
T. acuminata (Hertwig)

* Acanihodessia viniculata (Muller)
Liriospyris reticulatz (Ehrenberg)
Kepltrospyris renilla Haeckel
Zigocircus capulosus Popofsky

BC I AT I 2T 20 2T 3L BE 3E BE BC BE 3E I 2T D€ DK 3L 2 DC BC DC BC BE 3 FCDC 2 2T E I 3¢ ¢

L N ]

> > e ;4 PEDC M DE DC € DL DL DL B DL DL DL DC DE D Be

>

>

‘Thyrsocyriis rhyzedon Ehrenberg -
-Riclyoprora amphora (Haecke!).
. mongalfieri (Ehrenberg)

Ichthyoliths
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As there are a'few Radielarias which are rathef easy to be melted
and damaged, Radiolarias occurring in the upper layer seem to be
m1xed w1th those in the lower Iayer. '

The ages of 3 samples with "a small amount of Radmlarian'
occéurrence or without its occurrence could not be made clear.

(3 Miscellaneous A
Each of the above-mentioned 3 species of "fe.ssiirs found in -sa'mple.'
No 8558375(201 existed in the middle period of the Eocene. period'. '
-durmg Tertlary. On every sea bottom in the Pamﬁc Ocean there=
“are such phenomena that the more anc:ient species: of fossﬂs are_'
mixed within other species of fossils Wthh oc:curred m the latter

- half of Quaternary or the present penod

_Furthermore, it is known that the ancient sediment are dlrectly‘_
_exposed or dispersed in a rather shallow areas around the sea
‘bottom where these phenomena (Hlathas phenomena) occur. :

Therefore, such phenomenon can be assuemd to occur adjacent to

the core-sampled areas.

4-6 Sea Bottom Observation

Sea bottom observation in the surveyed areas. for th1s fmancml year was:
done by photographing the sea bottom surface by CDC mterm1ttently and’

by deep-sea camera mounted on FG and SC.
1} Observation by CDC

Observation by CDC ws done from $:00 on October 19th until 13:30-on |
October 22nd for 77 and half hours a'ft_er_ finishing the secondary
sampling. | B

During this investigation phetographing of 3 uﬁés, 64.56 nautical miles’
in total length, and 41 observatlon stations was executed, and 168

pictures of the sea bottom were taken.
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(1) Results of observation (cf. Annexed Fig. 6)

Annexed Fig. 6 shows the CDC observation stations and results

with an average *! abundance {kg/m?2) which is calculated from the

deep-sea photos on the topographical map of the surveyed areas. -

According to this figure, the distribution situation of manganese

nodules has a ‘continuous rate of variation on the extend margin of

the Manihiki plateau; but in the areas with intensely undulated

topography, especially in the vicinity of top of sea mounts, a great

variation was observed-in distribution of manganese nodules in an

extent of only 500-meters along the track line.

(1) Track line No.1

. The line starts at the station of 80 00'S: 15399 30'W and ends at

the station of 704#'S: 159°14'W. Iis distance is 22.40 nautical
miles with 18 stations having 1.33 nautical miles distance
between each of them. The south-western part {about 2/3 of
the line) has greatly varying topography *2 with relative
height changing within + 830 m.

The east-northern part {about 1/3 of the line) has relatively
flat topography with a small inclination towards the final

station.

Abundance per station by photo-analysis is 1.30 kgfcm? at a

minimum and is 25.08 kg/cm? at a maximum.

*]

. ¥2

Basic data for the calculation of abundance (kg/m?) and
average granular size (cm) were obtained by calculating the
coverage and the number of manganese nodules per m? in each

phéto.

Basefnent.rocks and clastics in photos by CDC indicate the

remarkable variation of the sea bottom situation.
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Stations which indicated low abundance, less than 7.5 kgfom?
are 5: from. No. 1'to No. # and No. 14 about 16 nautical miles

from the startmg sta’uon

The. other 13 stations 1nd1cate a hlgh abundance of 15-25
- kg/mZ2.

The average’ aundance of the 18 stations is 17 77 kg/c:m2 which
is a 15.45 surplus companson with an: average abundance of
15.03 kglc:m2 for the sampimg points of the secondary survey,
- (The secondary sufvey area t:dntains 2 stations).

Abundance “determined by MFES is on the whole concordant
with the survey result by CDC. '

The size of the manganese nodules at each station is 2.0 cm at
a minimum, 5.4 cm at a maximum, and 3.6 cm on an average,
with most granules being less than %5 cm in lengthwise

diameter.
Track Line No.2

The line starts at the:s_t'aleion'_ of 7930'S: -159030"5!, and ends at
the station of 7045'S: 159°15'W.

Its distance is 21.08 nautical miles with 17 stations having 1.3

nautical miles distance between each,

At the starting station the depth is about 5,330 m, and
decreases gradually toward the southeast part of the line. At
station No.6, about 8 nauiical miles from the starting station
the depth is about 5,150 mat a minimum. The depth increases
gradually from this station and is 5,400 'm between stations
No. 1% and No.15 with an acute increase up to 5,600 m within
a distance of only 0.7 nautical miles.” This depth conf_inues up
to position No.16, and then decreases again toward the end
station being about 5,550 m at the end station.
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‘Abundarice per station by photo-analysis is 3.88 kg/m? at a
“minimum and 29.10 kg/m2 at a maximum.
The abundance at station No.3 is 3.88 kg/m2 which is the only
" station less than 7.5 kg/mZ2.

‘Abundance in most positions is more than t5 kg/mZ except in

three stations (from No.l to No.3) which have less than 10

kg/m?Z of abundance.

From station No.15 to No.17 a high abundance of more than 20
kg/m2 is indicated. Average abundance at 17 stations is 16.27
kg/mz. and 3.83% more than 13.65 kg/m? of the average
abundance at 2 sampling points of the secondary survey areas
containing 2 stations. Abundance determined by means of
MFES is slightly less than that of photo-analysis, and there is
‘good concordance with each other on the whole.

Size of manganese nodules in each station is 2.7 cm at a
minimurm, #.7 c¢m at a maximum, and 3.6 cm on an average,
composed with most granules being less than 4.5 cm in

le—’ngthu)ise diameter the same as track line No.1.
Track line No.3

. This line starts at the station of 7045'S: 159915, and ends at
the station of 8°904'S: 159°00'W,

Its distance is 21.08 nautical miles with 6 stations.

The distance between the first and second station is 1.33
~ nautical miles, and the distance between the second and third

station is 2,65 nautical miles,

Distance between another stations is 5.3 nautical miles.
Reason for selecting these disfanc_és is that the variation of .
the abundance of manganese nodules on the flat topography is
smaller than that on the complicated topography within the
margin of Manihiki plateau as determined by the sampling for

the first and second stage survey and MFES.
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At the startmg station. the. depth is' about 5,550 m, and_
gladually decreases toward the southeast on the line, At a
point, 12 nauncal miles from the startmg statmn, the depth is
about 5350 m, and changes ‘a httie b1t bemg almost flat
topography up to the end station, | '

-Abundance per statlon by photo—analyms is 1 85 kg/m2 at a
minimum, and 18.47 kglm2 at a maximum. '

The station No.1 was omitted i_rom the photo-_analysi;ibecause
in the photography of the station No.1 no shuttér sinker canbe

seen.

On calculating an average abundance on the whole track line
No.3, primarily, the value of the stérfing staticm was
~ determined by an ayerage of the abundance of station No.17
'(tracl;: line No.1): 25.08 kg/m? and that of station No.17 (track
line No. 2) 20.22 kg/ m?; secondly, ‘the standard interval
distance between stations bemg 5.3 nautlcai miles, the mean
value of abundance at statlon No.2. 18 %'—7 kg/m2 weighted as
1/2; the average abundance thus calculated came to 13.44
kgirn which is 9.4% less than the average abundeance of 2
samples by FG sampling: 14.34 kglmz.

Abundance on this track line by' means of MFES on the whole
has good concordance with the result of the photo-anélysis.
The size of manganese: r;odﬁles per station is 2,9 cm at a
minimum, 3.6 cm at a maximum and 3.3 cm on an average

with most of the manganese nodules being nearly same size.

Therefore, the bearing situation of manganese nodules at the
intensive distribution zones of the surveyed areas was clarified
as shown in the annexed figure.. '

Fig. 4#-6-1 shows a typical example of the sea bottom situation
recorded by CDC. '
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2) Observation by deep-sea camera

The deep-sea camera was used by mounting it on samplers like FG and
SC in order to get information about the bearing situation of manganese
nodules and the génerai condition of the deep-sea bottom, and to
produce basic data for calculating the abundance by CDC photography.

The morphology of fnanganese nodules in this survey area taken by
photography are mainly flat-oval, and some of them are nuggets and
sphere shaped. There are many exposed-type manganese nodules on the
complicated topography of the sea bottom which is on the western side

of longitude 159°W and on the margin of Manihiki plateau.

There are many photos of embedded or half-embedded manganese
nodules on the flat topography of the sea floor which is on the eastern
side of longitude 159°W. There are also some photographs of basement
rock, rock pieces, and clastics thinly covered by manganese nodules on
the adjacent sides toward the top of sea mounts and sea knolls. Fig.
#-6-2 and Fig. #-6-3 show some typical examples of photography
presenting the difference among bottom materials and presenting

basement rock.
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1985, 10. 20 B5SCDCOL Point 449
Example of high abundance of ianganese nodules
" Abundance: 29.05 kgl m?
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1985. 10. 22 855 CDCO03 Polnt a6

LExample of low abundance of manganese nodules

Abundance: 1.93 kglm2

1985. 10. 20 B55CDC Ot Point A9

Example of rocks exposed on sea bottom
Fig, #-6-1 Examples of Photos by CDC
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Sea-botton photo . Re-collected samples photo

1985. 10. 1 855836FG02 1985. 10. 1 ‘ B5S83GFGO2
Exposed type manganese nodules Maorphology: Pebble thin and ellipsoidal

Abundance: 13.18 kg/in?
Re-collected samples ﬁhoto

Sea-bottom photo v ﬁ
P T,

Tt g
L3RR AN e i

HH

) P

&R, ,

. s - _ -« @» l|
1985. 10. 1 858836FCG03 1985, 10. 1 835836FG03

Half embedded type manganese nodules Morphology: Lllipsoidal and plate

Abundance: 8.43 kg/m?

Re-collected samples photo
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1985. 10. 17 ‘ 8558737FG04 1965. 10. 17 83S737FGOY
Embedded type manganese nodules Morphology: EHipsoidal and pebble thin

Abundance: 4.6 kg/m?2

Fig. 4-6-2 Examples of Deep-Sea Bottom Photos and of Re-collected Photos
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Sea-bottom photo Re-coliected samples photo
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1485. 9. 30 B58736FGO1 1985. 9. 30 858736FG0)
Crusts and rock fragnents Morphology: Crust, rock fragiments,

inassive plate
Abundance: 8.27 kg/in?

Sea bottomn photo
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1985, 10. 11 858936FGO7 5 3549
Brown clay Exposed rocks near top of sea knall

Abundance: 0.00 kg/m2 Abundance: 0,00 I<g/m2

Fig. #-6-3 Exarnples of Deep-Sea Bottoin Photos and of Re-collected Photos
(No.2}
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