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Manganese Nodules in the Surveyed Area: takenby Continuous Deep Sea Camera.

Diameter of weight is 10 cm.

Upper:  Spheloidal manganese nodules. Abundance 39.8 kgfm?, Site number:
86SFDCO0101, Depth: #,870 m. Location (Latitude: 15059.68'.
Longitude: 160°00.04")

Lower: Platy manganese nodules. Abundance: 24.2 kg/m?2. Site number
865SFDCO112. Depth: 4,955 m. Location (Latitude: 15°59.78",
Longitude: 159°38.36")












PREFACE

In response to the request. of the Government of the Cook Isiands, Kiribati,
and Tuvaly,- the Japanese’ Government decided to conduct a mineral exploration
in: the South ‘Pacific - Offshore Areas, and entrusted the survey to the Japan
International Cooperation Agericy (JICA) and the Metal Mining Agency of Japan
(MMAT:

For the reason that essential of the above-mentioned survey belong to
professional matters, JICA has commissioned practical work to the Deep Ocean
Resources Development Co., LTD (DORD).

A'T,he_ survey will be undertaken over a five year period starting from the
financiél year of 1985; In 1986 the second ye:;ir_, the MMAJ, taking the exclusive
econofh@'@: zone and a adjacent_area of the Cook Islands as the sphere of the
—su'r\'rey,' sent the Hakurei Maru No. 2, a research vessel eSpeciaHy co-mmissioraed
for prospecting mineral resources on the deep ocean bottom, to the sites of the
survey from September 4, 1986 until October 22, 1986, and fmlshed research

activities on schedule.

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

second year, -

We hopé that this report will serve for the developme’nf of the Project and
contribute to the promotion of friendly relations bétween our two countries. We
wish to express our deep appreciation to ‘the officials concerned to the
Government of above mentioned countries for their close cooperation extended
to the team.

February, 1987

Japan. International Cooperation Agency

President  Keisuke ARITA

Metal Mining Agency of Japan

President  Junichiro SATO



SUMMARY

‘Pursuant to the request of the Committee for Co—drdi_natii)n,.- of . Joint
Prospecting - for Mmeral resources . in--South . Pacific- Offshoi‘e-' ‘Area
{CCOP/SOPACQ), with a view to conflrm the mineral resources. potentlal on' the
deep ocean bottom along the coast of the Committee‘s member’ countnes, we
continued, this year, the survey in the economic zone and ajacent area of Cook

islands as in the precedent year:
. The results of the survey are summarized as follows:
1)} Outline of the survey

-The survey in fiscal year 1986 focussed 'on"'t'he‘éeé areas of
' Iapprommately 237 700 km? delimited by lines 6° 30" - 17°30" of south
latitude and 158°30' -160°30' of west longltude, excludmg the area
' ccompllshed m the iast year 1985.

| (l) Methods of the survey
1 Sampling

‘In the sampling of - the manganese . nodules and bottom
materials, the sa.mp"lers FG {Free Fall Grab) and SC (Spade
C_orer) were used. In these cases, the samplers were equipped
~ with a single exposure _deepnseé camera in order to ohserve the

sampling points, while samples were taken sirh_uit_aneousiy.

2  Observation of the distribution situation of ranganese nodules

by the continuous deep sea camera (FDC)
3 Echo sounding prospection

VIn the echo sounding prospection, the following methods were
used in combination: PDR (Precision Depth Recorder) to draw
up- the topographlcal maps; SBP (Sub-bottom profiler) to
‘measure the acoustic stratigraphy; and (Multi-Frequency
Expiorat;on System) to measure the abundance of manganese

' nodules
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(2) Survey precision

' "I'he pnmary stage survey was carried out over the whole survey
area w11:h the samplmg statmns‘ 1ntervals of #2 4 nautical rmile
gr1d. o

The secondary survey was made in the selccted areas where the
abundance of manganese nodules was conﬂrmed to be higher by the
| prlmary survey, with ‘the sampling stations' intervals of 21.2
nautical mile grid covering the ‘middle points of the samplign
stations of the primary survey. During the secondary survey, Sea
__bo_tfom observation by FDC was also carried out with an interval of

. 2 nautical miles in a part of the area.

Echo 's’ouhding"prospection was carried out on the track lines
" connecting the stations by the shortest distance. Moreover, in case
- of necessity, supplementary echo soundings were added on the

north-south and east-west lines,
{3) 'Survey amount

Sampling was executed at 60 stations in total, 20 stations in the
primary survey and 40 stations in the secondary survey. The total

number of samplings are 180 with 3 samplings at every station.

We get 288 sea-bottom photos by photographing at 5! stations.
-The mileage covered by the photographing points was about 93.0
~miles, Mileage covered by each of the acoustic sounding methods,

such as PDR, SBP and MFES etc. was about 4,187 miles.

‘ 2) Outhne of the survey results
(1) Sea floor topography

" Roughly speaking, 11°S ‘latitude makes a border line between the
norther'n. part and the southern part having a different situation of
-sea_floor topography and sea floor geology. 5ea mounts, sea knolls
-and hills abound in the northern par't., On the contrary the southern
part can be said to be flat or quasi-flat from a macroscopic point

.. of view in spite of the sea knoll growth observed in various parts,

(iii)



- (2)

(3)

The area is deep in general; around 5,200 m deep.in the hill drea’

and around 3, 500 m - 6, 000 m deep in the northern channel areas

~but has a trend of gettmg shallower graduaiiy southward from the

1108 latitude and the depth is less than 5,100 rri at 1°s - 17°8
latitude., '

The north—westem part of surveyed sea area corresponds to a part.
of eastern edge of the Manihiki plateau and abound in sea mouths

h:gher than 1, 000 m.

Bottom materials

The sea bottom geology is represented by the nature of bottom
materials, SBP - types and the thickness of ‘echo sounding

transparent layer etc. some of t_hem-_show different aspects
between the northern part and the -southern part like in the

~ topography. On the whole bottom materials are composed mainly

of brown clay and are accompanied by calc-siliceous clay and
faraminifera ooze. No remarkable difference is observed between
the northern and southern .parte. SBP types and the thickness of
echo-sounding “transparent layer, show apparently the universal
development in the southern part rather than the northern part.

CCD (Carbonate compensation depth) estimated by the lowest
limit depth of calcareous sediments development is between 5,050
- 5,150 m and has a slight trend of deepening northwards.

Distributions of the manganese nodules.

The manganese nodules in the surveyed sea area bear spheroidal,
massive, gravel, ellipsoidal ﬂé't, flei—gravel and .p-iate types. Some
of them undergo a change .into pavment and crust types locally.
Almost all of them belong to S-type (smooth type) in the

classification by the surface siructure.

The' abundance of mangariese -nodules 1isextrémely of high value
being 17.14 kg/m? in average and 34.5 kg/m? if maximum of the 60
survey points. General tendency of abundance is low in the
northern part and ‘high in the southern -part. The areas having

particularly high value are following 2 areas.
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(i) 100S - 110S: area of about 6,200 km?, average abundance of

20,53 kg/m?, maximum abundance of 34.11 kgfm?

(i) 1505 - 16030'S: area of about 12.300 km?, average abundance

‘of 24.68 kg/m?, maximum abundance of 34.57 kg/m?
© 3) Grade and r'néta_l'contents distributions of manganese nodules

The grade of manganese nodules in the sea area surveyed -this year is
characterised by high Co and low Ni and Cu content. - Especially Co
‘grade exceeds 0,4% in the 69% of sampling points, 0.5% in the 31% of
them and reaches a maximum value of 0.61%. The grade distribution
has the same iendency of change in the direction of south to north as
. the nodule abundance. That is to say that the abundance of Co grade
and generally high in the southern part, and Ni grade and Cu grade are
high in the northern part. Fe grade like Co grade is high in the scuthern .
part and Mn grade like Ni grade and Cu grade is high in the northern
part.. The metal grade distribution is high throughout the area under
the influence of manganese nodules abundance which is high throughout
the area.. As for the Co content, it is apparent that it shows-a higher

value in the southern part.

Table shows the comparison of the high abindance of manganese
nodules in the area Sliriféyed this year with the abundance observed last
year. Incidentally, the distribution area with a Co metal content of
" more than 20 é/mz' are 22 times larger than last year's distribution

areas.
Comparison of metal contents distribution

~ Survey area 1985 Survey area 1986
- Distribution  Average Distribution  Average

area metal area metal
' ‘content - content

- (km?) (g/m?  (&km?) (g/m?)

Ni 7,500 292 96,270 38.4
Cu 630 23,2 41,590 27.0

Co 4,700 -231W5 - 102,140 74.7

-(v)
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Chapter 1. ‘Forward

In reéponse to the'request of the Commitee for Co-ordination.of Joint
Prospectmg for Mineral Resources in South Pacific Offshore Areas, we have
executed the survey to confirm the deep -sea mineral resources potentlal 1n the
economlc zone of the Cook Islands, using the research vessel "Hakurei Maru
No. 2 especially ‘commissioned to explore mineral resources on the dee-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.

"l."he‘d:etail_s- _of the Supvéy are as _foiloWS. _



Chapter 2. Main Points of the Survey

2-1 - Title of the Survey =

Deep Ocean Mmeral Résatirces {nvestLgataon o

_In the Sea Areas of CCOP/SOPAC .
Joint Basxc Study for the Development of Mineral Resources in thc

Exclusive Economic Zone of Qook Islands.

2—2 Sea Areas oi the Survey {ct. Location Map)

Pursuant to the Cooperative Study Programme and n‘s Scope of Work

relating to the deep-sea bottom mineral resources in the economic sea reas of
CCOP/SOPAC, concluded in July 18, 1986 between the Government of Japan of
one part and the Secretariat of CCOP/SOPAC of the other part, the sea areas

contained in a polygon {surface:

approximately 237,700 km?) enclosed by

geodesic lines drawn between coordinates numbered in the series listed below

were designated as the survey areas.

Latitude
6°30"
6°30
§%30
830
10°00"
10°00"
17°30"
17°30*
6730

m— 02w N W R W N

2-3 Objectives of the Survey

Longitude
160°30"
1597300
159°30°
1590
159°00"
158°30"
158930
160°30"
160730

The objectives of the present survey consisted of confirming the bearing

situation of mineral resources distributed over on the deep sea bottom of the

Cook Islands sea areas and of other related stuides.



2-4 Period of the Survey

Survey: September 4, 1986 - October 22, 1986
Analysis: October 23, 1986 -~ February 10, 1987

2-5 Participahts in the Survey
Negotiators for the agreement -
'Fumihlko KIMURA (Ministry of International Trade and Industry)
- Toshio SAKASEGAWA (Metal Mining Agency of Japan)

 Yoshiyuki KITA  ( idem )
Supervisors at the surveying sites
Makoto ISHIDA ‘(Metal Mining Agency of Japan)
Seizo NAKAO = (Geological Survey of Japan)
Yoshiyuki KITA. (Metal M'm'mg Agency of Japan)

Members of the surveying team

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

Member of the team
Toshio TAKAHASHI ( idem )
‘Hiroshi KUSAKA ( idem )
Kenji KONAGAI ( idem )
Masami HAMANO ( idem )
Kiyoshi TONO { idem )
Kazunori MATSUI | ( idem )
Hisanori TAKAHASHI  ( idem )
'Kenji SHINOHARA (| idem )
Hiromitsu SHIMOGAMA { idem )
Koichi HISATANI ( idem )
Nobuyuki MURAYAMA  ( idem )
Katsuhiko EBISUI ( idem )
Ichiro YAMASHITA ( idem )
Masatoshi SHINMYO ( idem )
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Consigning side

Negotiators for the'agreem'ent_ ‘ : :
Jioji KOTOBALAVU . (CCOP/SOPAC)

C.A. MATOS ( idem )
D.L. TIFFIN : ( idem )
Advisor

D. S. Cronan  (CCOP/SOPAC)
Surveying frainnee o o |
Vaitoti TUPA (Cook Islands)

Apparatus and _Equipment used in the_; Survey

The main apparatus and equipment used in the survey during the current

fiscal year were as follows:
1) Vessel positioning system

(1). Navy navigation satellite system (NNSS); manufactured by
MAGNAVOX

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

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

3) Exploring equiment for mineral resources in the deep-sea beds

(1) Muiﬁ-ireqﬂency exploration_system (MFE'S)_; manufactaured by
Sumitomo Metal Mining

(2) Continuous deep-sea camera System with a finder (FDC);
manufactured by DORD : L '

(3) Deep-sea camera; manufactured by Preuséag



&) Sampling apparatus
(1) Suspended-type sampler
B Spade _.co‘rér&(gC); r.nanuféctur'ed by Ccean Instruments
(2) Automatic sinking and re-floating type sampler
.Fr;ee fall grab (FG); manufactaured by Preussag
| (3) Mud collector for the free fall grab; manufactured by DOMA
5) - Assaying equipment -
() Preparatory treatment equipment (drying, grinding); manufactured
by Yoshida Seisakusho.

(2) Fliorescent X-ray analysis equi[;‘)ment; manufactaured by Rigaku
Denki

' 6) Data processing system

(1) Data processing S)?stem; manufactured by NEC
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Chapter 3. Methods of the Survey -

Numbering of the track line-s, sampling stations ahd samplihg peoints

1) Numbermg of the track lmes

(1) Numbermg was put on the track lmes for acoustic soundmg, so that

@

the date and order of working were able to be identified by every
crusing unit; for instance, 86509274, 26509278,

For the night crusing, "N" was added to the end of numbers such as

86S0927N,

For the lines merely between samplmg points, "P"{Position) was
added such as 8650927P.

In these cases, "86S" means the financial year of the survey {1986}
and the study organization (CCOP/SOPAC-S); "0927" indicates the
month of September and the date of 27th, and "A, B" the order of

measuring lines on that day.

Measuring lines for FDC (Continuous deep-sea camera with a
Finder)

The measuring lines are identified by additional numbers such as
86SCDCO1, 865CDCO2 wurnes

2) Numbering of the sampling stations and sampling pointé

(1)

(2)

(3)

In the current financial year, "26$" was prefixed to indicate the
financial year of the survey (1986) 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 1° starting
from the origin 1°N: 175°E towards east and south.

To these quardilaterals the areas numbers were designated as
shown in the Fig. 3~1-1.
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Fig. 3-1-1' Explanation of Numbering of Stations and Sampling Points

That is to say, as the Figure shows, the area of north-west
extefmity was numbered as "011%; and at every advance eastwards,
the number _prbgresses such as 012, Q13 ... likewise, at every
advance southwards such as 111, 211, 3il ... . Concretely
speaking, the figures at the'-h'undred level 'designate areas in the
same latitudinal zone, the figures at the ten level and the one level

indicate areas in the same longitudinal zone.

(4) The areas numbers defined in the previous paragraph (3) correspond
to the fourth quardrant of fectangular co-ordinates, the origin of
which is at the north-west extremity; in other words, these areas
contain north and west sides of the numbered area and not east and

south sides,

(5) The areas surveyed in the current financial year are shown in 2-2

they spread over the south side of the sphere showed in Fig. 3-1-1.

- The area numberes are as shown in the Fig. 3-1-2,
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Fig, 3-1-2 Mumbering of the Areas in the Surveyed Sifes



(6) The sampling that took place in the areas appointed in the previous
paragtaph (5) and the samples thus collected were numbered with
additional ﬂgu’res beginning - from "01", after being marked with
srgns according to the respective sampling methods. From the
numbermg pomt 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
"8650836F GG 1" signifies the 1st sample collected by means of FG
.in the area 0836, CCOP/SOPAC in 1986.

3-2 Vessel Positioning

During the survey, all the vessel positions were indicated by "NNSS". The
vessel p‘ésitions determined by the dead reckoning navigation system during the
time - elapsed from-a certain "WP-DATE"*! to the next “UP-DATE", were
corrected by préportional allotment according to this time elapsed; namely, the

so-called "corrected positions" were adopted.

" The vessel positi_ons_ 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
. alternation poinis of vessel, positions at every hour of integral

numbers;

2" samplers' setting positions and their re-collecting positions;
P gP B

'*l_ The "UP DATE“ means the moment of determmmg vessel position 17
mmutes after FIX moment of vessel position given by the satellite.
{This determined position is a presumed one) Duri ing the survey, 4

" satellites were available.



3 setling and re-collecting ‘positidns of “ the towing appatatus for
_observation by FDC, starting and terminating positions -of the
observation. ' '

All the vessel positions relating to the survey activities @efe registered in

MT with on-line by using the data proééssing system on board. ~ Also, the
corrected vessel positions were printéd out by the same system once every
minute according to the respective UP-DATE in order to be utilized for filling

and analyzing the survey data.

3-3 Survey of the Sea Floor Topography

As for the survey of the'éea floor t0pography_; fathoming and topographical
observation were practiced .maihiy by meéns of PDR between the respective
stations and between the respective sampling points. Moreover, on the occasion
of observation by FDC, research on the sea bottom topography was caried out in

=

the surrounding areas as well as along the track lines.

Fathoming was carried out every 12 seconds; fathoming values indicated by

PDR digitizor were reg:stered on MT with the on-line system.

In addition, every 5 minutes, sea depths were recorded by the registered
papers of the PDR and with this data, the sea floor topographic map and other

documents were produced,

The survey between the measurement stations was executed generally at
the vessel speed of 10 knots, but according to the surveying situation, the vessel
speed was accordingly increased or reduced. As for the tfack' lines between
sampling points, the vessel speed varied from 3 to 8 knots according to the

sampling operation.

3-4 Survey on the Superficial Sediment

The survey of the superficial sediment of the sea bottom was carned out
smu]taneously with the sea bed survey, by means of SBP (frequency of 3.5 kHz)
on all the cruised track lines.

The basic data of the superficial sediment consist of informations such as
thickness of transparent layers composing the upper moststratum ont he basis of

-10 -



the resistered section pattern of SBP and acoustic stratigraphy type, etc. This
information was marked in their field notes every 10 minutes and used to draw
up the contour map .of the superficial sediment thlckness and SBP type

distribution map.

3-5 Researchon Mangaﬁese Modules 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 superfical sedirment.

The measurmg values of MFES were contmuously indicated every 48§
seconds by calculatmg data produced by NBS PDR and 5BP, 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 teh MFES floppy-discs about every 5 minutes.

'3-6 Sampling bj means of FG and 5C, and Sea bottom observation by means of
Deep Sea Camera

1) Sampling by FG

The fundamental chart used for the survey was marked by the

sectioning datum lines at every 1° {60 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 were fixed on a 42.4 N mile grid
connecting the crossing point of sectioning lines at every 1° (60 miles)
in latitude and longitude to the centre of the section;

Sééondafgy sltag'é:, Stations covering the middle stations of the primary
stage were 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.

- 11 -
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safiw N 09

® Primary survey stations 42.% N mile grid
o Secondary survey station: 21.2 N mile grid
Notes 1) 60 N miles section correspond to every 1° in latitude and

longitude

2} 1 N mile equals to 1.852 km
" Fig. 3.6.1 Distribution Density of Sampling Stations

At every surveying station, three samplings were taken and the process

is as follows:

The samplers were set down at each apex of the right isoscales triangle
the southern apex of which should be located on the given station; the
setting down points were considered as sampling points. In other words,
saimpling was done at every surveying station and then at the two other
points respecf_ivély L4 N miles to the north'\&est_ and ‘to theé northeast
from the station. | | :

-12-



From whichever direction the vessel approached the sampling station, it

-passed through the station once and after confirming the station, it

returned .'1_;9 it and_:s_et down the_ first sampler. The setting order in the 3

- point sampling _sy'_s_tem is illustrated in Fig. 3-6-2.

2)

3)

.2 N miles

" Sampling
station

Fig. 3-6-2 Explanation of the Setting Order of Three Samplers ata
Sampling Station

Sampling by SC
In case of using SC instead of FG the sampler is set down, in principle,

at the first point among the 3 sampling points. In this case, as in the

sampling by FG, the vessel passes the station ( 1) once and sets down

the FG at the stations 2 and 3 of the figure and returns to the

sampling station to set down the 5C.
The collection of FG is carried out after the SC is collected.
Sea bottom obsetvation by Deep sea camera

In addition -to the sampling by ‘means of FG and SC, one frame
photographs of the sea floor were taken by means of dee sea camera

attached to each equipment. These photos are used for the purpose of

. siezing  the sea floor situation and supplementing the sampling data.

. Correction of the abundance '_of manganese nodules obtained by

. §ampiihgs will éiso Be possible by accumulating the data.

-13 -



%) Evaluation of the Grab Operations by FG Sampler and. of the Sample
© + Collecting Accuracy ‘ P
In some cases, 1t can bé assumed that the samphng has been insufficient

because of the FG grab troubles such as net damage, teeth*breakmg and

incomplete operation, rare as they may be. (cf. Fig. 3-6-3)

When these cases were ascertained, the covering surface ratio (a) of the
manganese nodules seen in the sea bottom photo and the recollecting
surface ratio (b) calculated on sample collected, were used to rank the
operating accuracy in 4 categories, as shown in Fig. 3-6-3. These

categories served as a reference to calculate the abundance.

a (%)
0 5 10 20 100
2100 +— ]
1 i 1 1
100
1 1 1 1
0.75 .
b/ a 1 2 2 2
050
1 2 3 3
0.25
1 2 3 4
0.00 -
1. (Collection) complete a: Coverage (deep sea camera)
2, {Collection) farely completed b: Coverage
3. (Collection) incomplete {calculated on samples collected)

b, {(Collection) failure
Fig. 3-6-3 Calculation Criteria of Grab Precision -

3-7 Processing, Analyzing and Storing of Samples

The re—collécted samples (manganese nodules and bottom materials)
underwent various treatments such various measuréments, Fluorescent X-ray

analysis etc. on board on the bass of the processing and analyzing flowsheet of

- 14 -



samples by FG and SC shown in the Fig.:3-7-1, also, a part of the samples were
taken to the laboratory to be” processed for microscopic observation,” X-ray
diffraction, complete analysis, micro-analysis, etc., and the rest were kept in

storage.

-l5 -



SUMMARY OF THE EXPLORATION WORK ON BOARD

' The exploration work is carried out by thé geological team and ‘geophysical
team respectively. The main works of our exploration are the bottom sampling
and the acoustic sounding., o ' ' o

The outline of the exploration work is'as follows:~

Fig. 3-7-1

- 16 -

{A] The outline of the bottom sampling work
etk wating fosmmm ey m 1
H [
arriving FG over~|] i | 8C over- SC on= jnvesti= i | FG on~
at station board board. [ | board [ ] gation(l)® board
sailing to . putting the | | investi~
next station deck in ovder gation(2)r#*
Acoustic soundlug
by geophysical team
* Detail of investigation (1)
sub-core | ' | photograr- an~ghore
sampling [ phing(col.) {] analysis
measurement of
shear gtrength
bottom water test
temperatura color,moxrph. dunp
o nugbering distribt'n, measurement of meaguremzent
o opening & L__1 photogra~ | | sea bottem- specific gravity [~ of moisturejls recovd
board dewatering phing surface l— | of sediment (wet) content
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description [~} separation j
——
‘recotdl . :
cutting & | | obser- || discrt™n.
: . polishing r vation [| photo'ing.
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calculation XFe an
analysis tatorage)
nunbering color,morph.
Phing teol worgns
phing{col.) description welghing nucbering
specific [storage]
gravity(wet)
col.,qr.size,
etc.
smear-glide, desctiption}— [storage]
micro fossiles 1dentif1cstion} {etorage]
{atorage)
residual
. [dforase]

Processing and Assaying Flowsheet of Samples (No. 1)




=% petail of invastigation (2)~

numbering
photogra=

col.,mofph.
phing{col.) 4
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] calculat

gampling
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weighing
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FG on-||

board
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T RRAX
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content
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*#*%% Detail of dark room work

color film
monechrome £ilm
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putting the dark
room in order

{storage]

photo-zlbum

| deep sea camers
comers maintenance film loading ﬁ% mounting on FG|
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[storage]
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Fig. 3-7-1 Processing and Assaying Flowsheet of Samples (No. 2)
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[B] The cutline of the acouatic sounding

i~ : measurement
o p Brriving : ] by MPES ..
.| at station around the
gampling point
sampling by
geological ream pre~heating
' (PDR.atc)
positioning data [soundingl
. (by BNSS) 7

f

sounding data

depth
MFES value
profiles
etc,

N i

[—;T wixing MT
|recordsl | on~ahore

analysis

After surveyihq, 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
calculation

‘Btudies}—
]cut side datn} EF

:::iﬂ evaluation}

track map 3
all records of ) bathymetry map
geophysical team HMFES map Lgonsiderationl
. topography map

MFES value
calibration . |

b

"REPORT"

Fig. 3-7-2 Acoustic Sounding and Processing Flowsheet
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3-8 Sea Bottom Observation by means of FDC

With a view to obsérye ‘minutely the manganese nodules bearing on the
deep ocean floor and the sea bottom situation, the sea bottom observation by
means of FDC was carried out.

1) Selection of the track lines for FDC

In selecting the observation lins for FDC within the sea areas of the
present survey where the secondary sampling had been achieved, the
fundamental.  conditions such as listed below were taken into

consideration:

(1) Possibility of observing the continuity of abundance of manganese
nodules around the sampling stations where the abundance ‘was

highest.

(2) The sea area where the embedding ratio of the manganese nodules

was low would be suitable for analysis by photos.

(3) There was no topographic limitation in the use of the FDC system
which was practicable even _in the area with a heavy sea floor
undulation because of its photographing method which does not
consist in {aking successive photos by maintaining the FDC at a
fixed level from the sea bottom, but in taking intermitent photos
by landing the shutter sinker.

Moreover, the results of the secondary survey such as the samp!ing by FG,
observation of the sea bottom by PDR and SBP, geological structure section of
the sea bottom, measurement by MFES, were also taken into consideration to
make a synth‘e't.ic judgment, Finally, the two track lines with a total length of 90
nautical miles (refféctive length, 98 miles) were selected, as shown in Fig. 3-8-1.

2} Interval of observation stations of FDC

The' interval distance between the observation stations of FDC was

fixed at 2.0 miles in all track lines, taking into consideration the

continuity (in other WOrds, _variation) of manganese nodules abundance

observed in last yeérs‘ survey, the navigation method and the analysis

" method of surveyed results. Length and number of stations are given as
~follows,

-19 -
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Fig. 3-8-1 Track Lines and Observation Stations of FDC}Survey
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3)

4}

5)

track lines designed length effective length  effective stations

No 1 : © 30 miles - 30.0 miles . 15
 Ne2 U5 160
No3 15 160

No 4 30 36.0 19

“total 90 98.0 51

As is shqwn in the above table, the total number of the observation
stations is 5l. Fig. 3-8-1 indicates the location of the observation

stations. - ..
Number of photos by FDC

5 photos were taken, in principle, in a observation station, but, in case

of necessity, #~12 photos were taken,
Photographing operation of FDC

From September 30 to Obcober I, observation was made at 24 stations
on the 2 track lines, and from Ociober 9 to Octiober 10 at 27 stations on
the 2 tracklines. 51 stations in total were observed. The abundance
and the average size. of manganese nodules were calculated by
analyzing the 288 valid photos. The photography operation was caried
out on the basis of the sea floor topography section established by the
PDR. The standard of vesse! speed is 1.0 knot/h at the time of sea

floor observation.
Analysis of the photos by FDC

The covering surface ratio (COV) of the manganese nedules and their
number (N) per ! m* were obtained by analyzing the sea bottom photos
and the size of the shutter releasing sinker appearing in these photos.
Using the following regression equation *1, the abundance and the

average granular diameter are calculated:

*1

‘The regression equations were established to determine the coefficient

on the basis of the abundance, the covering surface ratio and the

number of the manganese nodules.
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Abundance (kg/mz) = 1430 x COV_1'5./'N0'.5-

“Average of diameter (cm) = 16,62 x (COV/N)0-3
These formulas were ap'pliéd respectively to the 288 photos valid for
photographic analysis. '
The average of abundance and the average size at every station were
obtained by arithmetic mean of the respective values of the analyzed
photos taken on the concerned station. |
In the case of the basement rock photos, its abundance value, which was
assumed to be zero, was added to the number used in the calculation of

the mean value of each station.
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3-9 Processing and Analyzing of the Survey Data

" Processing and-analyzing of the survey data were carried out mainly on

board, however, a part of data processing and synthetic analyzing was executed

on shore,.

1) Survey data and its procéssing (ct. Fig. 3-7-2)

I Relating to cruising and acoustic soundingt

0.

The vessel positions by NNSS (date, time, latitude, longitude)
were printed out in teh table of rectified vessel positions every

minute frorn the data processing system on board,

The dep'tﬂh- data by PDR (NBS) (date, time, values indicated in
the digitizer and in the print-out papers) were registered in the

field book every 5 minutes.

The superficial sediments by SBP (ihickness of upper

‘transparent layers, stratigraphy type) were registered in the

field book évery 5 minutes.

The values measured by MFES were registered in the field book

- every 5 minutes on the track lines between the sampling points

and on the track lines between the observation points

_respectively.

2 Relating to sampling:

The following survey data on manganese nodules, sediments, and

assay etc., were resistered in the field books for every sampling

point.

-0

Data relating to the manganese nodules: sampling amount, wet
weight of each size, wet specific gravity, morphology, number,

superficial structure, etc.

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

granular size, microfossil, etc.

- Data relating to assay: grade of 5 principal components (Ni,

Cu, Co, Mg, Fe) and water content.

-23 .



Various photos:

o Sea bottbm photos by decp-sea camera equipped on FC and SC,
~and by FDC, re-collecting photos, working photos: S

o Record photos of physical prospection (PDR records, SBP

records)

2) Analyzing of the survey data

The charts and tables essential for advancing the survey, were drawn up
_using the data available on board.” These data were reanalyzed
afterwards on shore in further detail. The results of the analyses are

recaptulated in the following charts and tables.

I

Chart of track lines, location map of sampling points

The chart of track lines and the location map of .sampling points
were drawn up by plotting the positions on a 1/1,200,000 scale
registering sheet based the table of recertified vessel positions

printed out from the data processing system.
Map of sea floor topography

Using the sea depth chart obtained by plotting'-depth values of
every 5 minutes on the above-mentioned track lines chart, the map
of sea floor topography was drawn up with contour intervals of 200

ml
Thickness contour map of the upper transparent layers by SBP

Thickness of the upper transparent layers was read out every 5
minutes from the SBP record and plotted on the above-mentioned
chart of track lines. Then the thickness contour map was
completed with contour intervals of 10 m.

Distribution map of bottomn materials

Distribution map of bottom materials was drawn by plotting .typ'e's

of bottom materials collected by the sampler and the quantity of

-authigenic minerals.
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‘5 . Abundance map of manganese nodules estimated by MFES

Aijundanée map of manganese nodules was accomplished by
plotting the abundance (MEFS intensity) displayed every 10

~rnifiutes. -Abundance contour lines was drawri up with the step of
10 kg/cm?, |

6 Abundance map of manganese nodules, grade contour map, metal

quantity map

‘On the basis of data obtained about the manganese nodules at each
sampling point (setting down point of FG, SC, etc.), the average
occurrence situation of minerals (values of abundance and grade
etc.) was obtained for each station (3 sa'mplings per one station).
On the basis of these results, the abundance map of manganese
nodules; the grade contour maps of nickel, copper, cobalt,
manganese and iron and the metal quantity map of nickel, copper,
and ‘cobalt a're drawn. The acoustic sounding data were also

utilised in this process.
7 Table of the survey results

In order to facilitate searching and consulting the data on the
manganese nodules obtained every day on board, the essential
items *! were listed up from the field book to be captulated in the
table.

8 Estimated abundance chart by FDC observation

Estimated abundance map by FDC observation was accomplished
by plotting sampling data concerned and these calculated from
coverage of manganese nodules on the FDC photos using the
regression formula introduced by analyzing FG sampling data

statistically.

*] The principal items are as follows:

latitude, longitude, sea depth, granular size distribution, values of

abundance, morphology, grade, sediment, state of combination, etc.,
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‘Obsetving the other relation between each of the elements such as
- _bearin_g quantity of the manganese nodules, g”t_‘_ade,_ morphology,
~bearing situatioh, topégra;&hy, upper transparehfc Aiayt'_ars’ thickness,
etc., studies have been carried out to define t_fle p.otential field olf

manganese nodules,
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~ Chapter 4. Results of the Survey

4-1  Survey accomplishments

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

" Table 4-1-1 Listof Survey.f\chievements

- Item

Accomplishment

Lea{ring the pdrt' of Honolulu

Sept. 05 16:00

Survey “Arrival at survey areas Sept. 11 02:00-
Schedule = Leaving the survey areas Oct. 13 07:00
' Entiry to the port of Honolulu - Qct. 20 038:00
Accuracy {(disposition of the stations) Stations at the primary stage
{(42.4 miles grid) and
Station at the secondary stage
_ _ (21.2 miles grid) '
Sampling  Sampling stations 60 points sampling  total
Sampling per one station 3 points - 180
Samplers used : Free fall samplers points
(176 samplings)
Spade corers
_ A (4 samplings)
Failure due to non-floating None -
Use of deep sea camera 180 times
- successful cases of which 174 times
. - unsuccessful cases 6 times
Deep-sea  due to disorder in weight magnet
camera 4 times
o misfunction of frash valve
I time
cut off wire of battery case
1 time
Photo Photo analyzing 162 cases
analyzing = - analyzing of FG, SC photos of which 174 cases
- analyzing of FDC photos 288 cases
(Continue)
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(Continue from previous page)

Item g , Accomplishment |
Treatment N T , . -590'cas_e_s
Ordinary samples . 494 cases

' Extra ordinary samples 3
Analyzed components 5 components; Ni; Cu, Co, Mn, Fe

Total No. of analyzed 582 cases x 3 components = 2,910 components

96 cases

components
: SBP 3.5 kHz Distance of sounding surveyed = 4,137.4 miles
Acoustic  PPR 12.0 kHz . "
sounding  NBS 30.0 kHz "
MFES "
. On line MT 10 reels -
On line MIX MT 3 .
Sampling MT 2
Sampling MT MX 1
Atmosphericand =~ 2
marine meteorogy MT
Atmospheric and - 1
marine meteorogy
MIX MT
(Total) 24 reels
Name of track lines 86SFDCO0! 86SFDC02 86SFDC03 865FDCO4 total
: - (average)
Total length of track 30.0 16.0 16.0 36.0 98.0
lines (mile) (A) _
No. of surveyed 15 -9 8 19 51
stations : o
Sea Required hours 28:59 12:18 13:18 27:39 82:41
bottom setting hours 06:01 ' 01:56 01:35 09:32
observa~ moving (T) 09:16 03:57 04307 07:43 25:03
tion by preparation 08:04 05:31 06:16 12:48 32:3%
FDC photographing 02:36 01:18 00:59 02:10 -07:03
re-callecting 03:02 0]:32 o 03:23 07357
average speed 3.24 4.05 3,89 4.67 391
(A/T) (knot) _ '
average minutes of 1.38 1,36 1.59 1.60 1.74
photographing
(min./pcs) o
Nb. of photos * 96 49 Ly 99 288
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4-2 Sea Floor Topography {cf. Annexed figure 2.

" The present surveyed area is located at the western edge of the southern
Penhryn Basin, to the east of the Manihiki plateau (relative height of 1,500 -
2,000 m), m the Central Pac.aﬁc Ocean, and is north-south slender sea area which
spreads over the zone of about 200 m east and west and about 1,200 km north
and south. As for the general characteristics of the surveyed area, the sea floor
topography shows variable types and in the north-south direction the area can be

divided macroscopically into & provinces as follows.

1) Mountainous:. the: north-western part in the surveyed Area (western

“part of the chanriel existing to the north of 11°00'S)

2) Hilly: the north-eastern part in the surveyed Area (eastern part of the
channel existing to the north of 11°00'S)

3) Plain: the central part of the surveyed area (spreading from 11°60'S to
15°00'S)

4) Quasi-Plain: the southern part of the surveyed area {southern part of
15°00'S)

The depth of surveyed area is genefa_lly between 5,100- 5,600 m except for
the sea mounts and the sea knolls, as shown in the sea ﬂ'oor. topography map (Fig.
4-2-1 and Fig. 4-2-2). As a general trend of the depth, the southern part is
shallowest (5,000 ~ 5,100 m) and the depth increases gradually to the north and
reads about 5,60b'rﬁ at the northern end.

.Ack:o'r'"d-ing to the microscopical classification of sea floor topography,
shown in Table #-1-1, fbllowjngs were observed in the surveyed sea area: flats;
hollows {includes 'ship-shaped basin); channel; platforms; sea knolls and sea
mounts, Flats spread widely over the central part and the south part in surveyed
area. Hollows and ship-shaped basins are distributed spottedly over the whole
surveyed area, and especially abound in quasi-plain existing to the south of
15°%00's line.-. Its general direction of disposition is slightly north-south. The
“channel spreads north and south on the 159°#O'W line approximately, in the norfh
part of the surveyed area {north to the 11°00'S line). It is only 5 to 10 miles in
width but spreads over 240 miles continuously in length., The average depth of
the channel is 5,600 m (6,700 m at teh deepest point). 1t can be considered that
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Table 4-2-1 Classification of Sea Floor: Topography-

* Topographical Definition
classification ‘
Plain “Area whose bottom is a.lmost flat and even w;th a
: : isolated sea mount or- sea knoll, it may be .
cons1dered as plain from a general point. of v1ew,
Hilly Area where numerous sea hills or sea mounts are
Regional dispersed;
province | Mountainous | Area ‘where a grqup‘of sea mounts are located;. _

Quasi- plain

‘Area where the outstanding mounts or hills are

scarcely observed but the bottom is rather
undulated and which is classified neither as plain

“nor as hilly.

Local
area

Flat
Hollow
Channel
Platform

Sea Knoll

Sea mount

1 Ridge

Other

Plain area not undulated or ‘smoothly undulated (up
to about 100 m relative height) and which doesn't
belong to neither the hollow nor the platform.

Area with smooth undulation and which presents a
generally concave terrain, including a ship- shaped
basin, .

Long and narrow concave terrain in a ditch shape,
including i:ssures or fracture zones.

Area with smooth undulation which presents as a
whole a convex terrain {or a tableland}

‘Hilly area with a relative height of more than about

1,000 m, including entire slop as well as summit

Hilly area with a relative height of less than about
1,000 m, including entire slop as well as summit (the
slopmg surface contains a shifting part of the plain)

Terrain presenting a chain of mountain composed of
the sea knolls and hills ranged in a zone,

Terrain not belonging to any of the above-mentioned
classifications.

{
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this channel'sﬁmld be a part of the e'astern' sinking edge of the Manihiki plateau
-which_-is Spréadihg.'wideiy'to the west of the surveyed area. The platforms are
di_s't_'fibu,te'd‘_ﬁﬁainly in the central and southern parts of the surveyed area where
the blai_njé\hd_'t_hé"quasi-plain are predominant, - Its relative height is between
arourid'i'OO - 200 m. -

" Sea knolls are distributed massively in the hilly province which is spreading
to the east of the chanviel and existing to the north of the 11°00'S line, It should
be roticed that sea knolls stand in a line along the channel. As for the relative
heights, many sea knolls indicate between 300 m - 300 m (water depths 4,100 -
4,800 m).

Sea mounts are distributed in the mountainous province spreading to the
west of the Chérinel existing to the north of the 11°00'S line. They are disposed
in the north-south direction which coincides with the elongation direction of the
channel, Several mounts with relative height of between 1,100 - 1,800 m {water
depths: between 1,860 - 4,255 m), arc observed even in the plain province and
quasi-plain province.

4-3 Superficial Sediment
1) Classification of SBP records

SBP records are classified into 9 iypes: type a, type b, type bc, type ¢,
type d, type d2, type ds, type c¢l and type is based on its reflective
patterns.

In 'the.present survey, the ac type is added to the above-mentioned 9
_types. This type has an intermediate nature between type a and type c.

Definitions and characteristics of each type are as follows.

1 Type for which the acoustic transparent layers are recognized at
| their upper part (cf, Fig. 4-3-1-(1))

Type a: presenting a double layer structure of transparent and

opaque, the transparency 'of the transparent layer is high (faded out

cbmpleiely}'and the boundary with the opaque layer is relatively
: cieaf; the thickness of the transparent layer measures 10 - 50 m;
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Type b3 -s_i'millar- '_to- type a, c’bmposed of . two layers. such as
transparent and-opaque, but the transparency of semi-transparent
layer is not so high.as to.be called completely transparent. The.
thickness of transparent layers measures 30 - 100.m and generally
speaking it is not a rare case that the thickness could be more. than

50 m; the thickness varies markedly as compared with other type.

. Type el: presenting the muiﬂstratified structure of transparent
- and opaqhe ‘layers;. the. clearly stripe: thin opaque layer -is
recoghized 'directly.-beneath_the upper transparent laver. - The
thickness of the transparent layer including that of the striped
opaque layer is generally 10 - 40 m. '

Types for which the acoustic 'trans_parent layers are not recognized
at their upper part (cf. Fig, 4-3-1:(2)).

Type c: the _ty’p'e composed of 3 1'ayers.= opaque, ‘transparent and
opaque: though it was not confirmed on the print-out papers, it is
presumed that an external thin transparent layer could be found at

the top of the uppér transparent layers.

Type db: Corhpb_séd'only of opaque Iayefs. Generally, this typé is
found at sea mounts, sea knolls, etci, and these sites correspond

approximately to their exposed basement rocks.

Type d;: similar to type dl, it is composed only of opaque layers;
this type is observed mainly in plains and these sites correspond
approximately to basement rocks or coarser grained sediments.

Other (cf. Fig. 4-3-1-(3))
type ts: it may be presumably composed of tr'a'ns'pareht and opaque
‘layers; for this type, the records are not clear because of the

dispersion of sounding waves by the undulated floor.

Type be: basically, it may be composed of 2 Jayers: transparent
and opaque, similar to type bj the bottom surface of the top
superficical layer indicating a transparent layer does not form one

line but always contains some noise, and further the transparency
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Type a

Line No. 8650026N
16°40.9° S . 160°19:3W

Type b

Line Mo. 86S0922A
10445 S 1 159°29.9'W

Type el

Line No. 86510068
10°44.0' S Z_!59°16.0'W

Fig. 4-3-1-(1) ‘Classification of SBP Records
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Type ¢_

150m

Line No. 86SI01IN
09°00.1'S © 159°01.7'W

. Type di

Line No. 86SI012N

. 0oe572 5 159°32.7'W

Line No. -86S0923N"
15°29.9' S ©160°29.3'W

Fig. 4-3-1-(2) Classification of SBP Records
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Fig. 4-3-1-(3) Classificaiton
-39 -

Line No. 86S0923N
I5° 57.0'S : 160°02.6'W

Type ds

Line No. 86SI0I2A
09°29.9'S | 158°59.6'W

Type be

Line No. 88S0926N
16°17.1' S 1 ISPIT.3'W

Type ac

Line No. B6S0925P
16°30.2" 5 ; 159°59.8'W

of SBP Records



(better than that of the above type bc) is unstable and partlally

.presents the 0pamty. '

Type ac- basxcaily, it may be composed of 2 layers- transparent
'and opaque, Slmlla{‘ to type a, the bottom surface of ‘the top
'.Juperﬂca\cal Iayer mdicatmg a transparent layer does not form one

line. but contains some n01se, and further the transparency (more

transparent than that of the above type bc) is unstable and

part:ally presents opacity (opaque layer))
2} Distribution of SBP types (cf Annexed f:gure 4)

In the northern part of the surveyed area; it is recogmzed that
predominant features of sea ﬂoor macroscopically are mountamous and
hilly.. Reflecting these features, in the SBP: records, is observed mainly
in the type Iackmg superf1c1al transparent layer, d:sposxtlon of which

shows north-south drrectxon. _

From the central part to the southern of the surveyed area, no
remarkable d:rectmnal_.d_lsposmon is observed on the SBP records
because the areas are far from Manihiki plateau and consequently

independent of its geographic i'nﬂuen(:e. _
Moreover, types having transparent layer in the upper part become
predominant ones in the SBP record cl'assiﬁcation. :

‘I'he diStribUthﬂ of each type of SBP records is generaily concordant to
the water depth or sea ﬂoor.

1 North-west. part of the surveyed area

In the western area of 159 °40'W line, sea mounts having relative
height between 1,100 -~ 2,680 m lie in a north-south row, along
which type dl is w1d_eiy_extended_.

2 North-east part of the survyed area

In the eastern area of 159 #OfW line where of sea ﬂoor 1s h;liy, sea
knolls with the relatwe herght between 300 800 m are d1str1buteci
along the channel, and type ds corres;sondmg to this srtuatlon
features shows almost the same distribution. ' '
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Type d, is disttibuted in the topographic hight and sea knolls. On
the other hand, type ¢ is distributed in the concave terrain called
hollow area (ex, the point around 9°00'S, i50 00'W, sea depth of
3,500 m). " On the platform or the flat top of sea mounts, a
transparent. layer may be recognized locally though thickness of
which is thin..

3 The ceﬁtral part'oi the surveyed area

The area. from 11 S line to.15°S line is clasmﬂed into a plain
_ provmce, where type be is distributed in almost whole area, while

type d, is observed on the scattered sea mounts in the area. And

type e is d_istributéd in the area shifting gradually between type ds
| and fype bc, The thickness of the upper transparent layer of type

el is as thin as about 10 m at most. Type a is distributed in the fiat
rpart of the transitional zone from hilly to plain. The thickness of
- the upper transparent layer shows between 20 - 30 m.

4 The southrn part of the surveyed area

In the southern area of 15°00'S liﬁé; the predominant feature of sea
floor is quaisi-plain. Type d, distributed cOrrespbnds to the

' distribution of the sea knolls, Whereas type a and type bc are
widely distributed in flat areas, iype ac is recognized in the
trans:tional part from type a to type bc.

3) Thlckness and its c[1str1but10n of the thickness of upper transparent

layer in SBP profiles {(cf. Annexed figure 5}

The _disfribution' situation of the thickness of upper transparent layer is

héarly Eorresponding to that of the types of the SBP record.

_ Observmg the t‘mckness of upper transparent layer by respective 5BP

type, for type 3, thickness measures 10 - 40 m; for type b, 50 - 70 m3
J for type. bc, 10 60 m; for type el 5 - 15 m; for type ac, 10 -~ 60 my;
' while for type ¢, d;, d; and ds, transparent layer was not recognized.
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4-4  Research on Manganese Nodules by means of MFES . .
1) Factors atfecting MFES A
(1) Size of manganese nodules (welght coefflclent)

By means - of MFES, the sound magmtudes of three dlfferent
frequencies such as NBS (30 KHz), PDR (12 KHz) and SBP (3.5
KHz), were measured mdlwdually and summed numerically to the
cornpound sound pressure so as to estimate the abundance of
manganese nodules on the deep ocean sea floor. -Sup'posing a linear
relation between the compound sound pressure and the abundance
of manganese nodules V (kg/m2), a hypothetical formula listed
below was given a priori. Later parameters a and b were
determined based on the f.leld data,

'v._aRnb,

According to the suppositon by means of MFES, the compound
sound pressure (R1) is in proportion to the covering ratio of bottom
surface, regardiess of the granular dmmeter of manganese nodules.

Therefore, MFES detects the covermg ratio of manganese nodules
first based on the compoud s_ound pressure which is reflected by the
surface of méngéne’se nodules and then the abundance - of
manganese nodules are calr:ulated with weight .coefﬁcient given
mdependently which means weight per unit covermg surface of

manganese nodules.

22 kg/m?*? was the weight coefficient®" of manganese nodules
adopted tentatively throught the survey for immediate data
analysis, .

As is 'shown in Fig. 4-4-1, there were many observation pomts
which showed a weight coefficient value more than 40 kg/ m? in the
su"veyed area and the actual average wexght coefflclent of the
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(2)

whole area was 36 kg/m2, This indicates that the granular size™’
of manganese nodules in the survey area is larger than the gradular
size estimated by means of MFES*2. In other expression, the

" diameter®? obtained by MFES were underestimated in comparison

with the ' real diameter. Therefore, the weight coefficient was
needed ‘to be adjusted in order to obtain more accurate abundance
of manganese nodules by following formula:

The estimated abundance by MFES (kg/m?)
= tentative abundance x Weight coetfficient
(fixed afterwords)/22 vevesssnsennenss (2)

Topography and bottom materials

The relation between the estimated abundance (MFES Intensity) of
manganese podules obtaiﬁe'd by MFES observation and the
abundance by sampling in the survey area is shown in Fig. 4-4-2-(1).
Each station is indicated by SBP type in this figure. As shown in
Fig, 4-4-2-(1), type dj which indicates sea mounts and sea knolls,
worsens ithe correl.ation. This suggests that strong scattering wave
or side-echo méy cause the disturbance of measurement where sea
mounts and sea knoll are predominant, and that NBS nad PDR
waves cannot follow a sudden change in sea depth. The relation
between MFES Intensity and abundance obtained by sampling is

*1 We.ight coefficient (kg/m?2) =
Recollected weight of manganese nodules (kg)/
(covering surface ratio X Grab-opening area (m?))
= Abundance of manganese nodules (kg)/

Covering surface ratio
%2 This was used to determine the parameter of the formula (1)

*3  Although other factors such as shape exercize influence, this
can be considered as the influence of granular size as most
manganese nodules bearing int he surveyed area are

- spheroidal.
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-~ shown in Fig. #-4-2-(2) excluding points of sea mounts and sea
knolls. As shown in Fig. %-4-2(2), the correlation coefficient
indicates a better value of 0.83, but this is not still sufficient. It
seems that the possible elements of this disturbance may be the

stations such opaque layers as type d; and ds.
The main reasons why normal value cannot be obtained is as follows;

o Sound cannot reflect normally, therefore, catoptric wave
shows scattering wave or sound-echo

o  Sound pressure reflected by rock or hard bottom materials
tends to be higher than that reflected by the normal sea

bottom where manganese nodules are abundant.

- The relation between MFES Intensity and abundance obtained
by sampling is shown in Fig. 4.4-2-(3) excluding points of types
d;, d, and ds comnposed of only opaque layer. As shoém in this
figure, the correlation coefficient shows more than 0.9, a good
correlation. The characteristics of surveyed areas, as is
evident in Fig. 4-3-2 and Annexed figure 6, is that the
observation stations distributed in the limits of type ¢ area are
estimated io constitute a sterile zone while the stations in the
limits: of type a area are estimated to constitute a high

abundance zone of manganese nodules,

In analyzing the abundance of manganese nodules in the area
where SBP type indicates only opaque layer, it is necessary to
take into consideration that normal sound pressure was rarely
‘obtained. Specially at the area where the opaque layer covers
a great portion of the whole sea area, like this survey area, it
is highly probable that Quasi-anomalies such as high abundance
areas can be constituted where types dj, d_z and ds are
distributed.

{3) Embedded manganese nodules

“The distribution of embedded manganese nodules in the survey area
is shown in Fig. 4-4-3., Most of manganese nodules in the survey

area are the exposed type,
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Although it was already pointed out that the embedded manganese
knodules weliegble to be detected by MFES, its reexamination was
“done a‘gain.l The result is shown in Fig., 4-4-4, The stations of
'highly. _embeddecl manganese noddles are repfesénted by black
circles,

As shown in this figure, although the abundance of embedded
manganese nodules is very low, it is apparent that MEES detects
thé_se fai‘rly' well. In sg;ite of low MFES Intensity, the embedded
type still coincides with the regression line,

2)_ Estimation of manganese nodules by means of MFES

The estimated abundance of manganese nodules by means of MFES is
shown in Annexed figure 6. Data processing is described in proceeding
paragraph.

- The figure shows that the abundance of manganese nodules in this

survey sea area is quite high.

The main characteristics of high abundance zone in connection with sea

floor topography and types of SBP record are described as follows;

' 1° The mountains and hills (north of the 11°S; northern part of the

survey area)

Predominant are sea mounts, sea knolles and channels in most
cases, and also SBP type cfl and type ds. In this area, the
measuring condition of MFES is worse because of scattering wave
and sound-echo, therefore it is to be estimated that the reliability
" of the estimated abundance of manganese nodules is low. It is
necessary to be careful in analyzing the abundance in such a sea

area.

The areas with upper opaque layer that have high possibility of a
quasi-anomaly are represented by horizontal lines so that they can

be distinguished from others.
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The p]ains (11°s - 1505; c'-e'ntfal part-in the survey area)

.’I'his is the area where sea floor topography is flat, and where SBP
ciasmficatlon shows predommentiy types having upper transparent
'layer are predommant, and where the rehablhty of MFES is
relatively high. .

This-érea indicatés over 10 kg./m-z' of abunda_nc’g'throughout the
area. Espec;a]ly there are two Sites where the abundance is more
than 30 kg/m?, namely the sites around the posmon 12°930'5:159°W
and 13°30'S:159°W.

The quasi-plains (south to 15°S; southern part of the survey area)

Th1s is the area whose bottom is almost flat with. scattermg sea
mounts and sea knolls. SBP type a was also recognu:ed between
sea mount and sea knoll. It can be said that the area consists
generally of a broad continuous zone with dense distribution of
manganese nodules detected more than 30 kg/m2 by MFES.

Especially the abundance is more than 60 kg;’m2 at the sites around
the positions 16°20'$:159°50'W and 16°30'5:160°30°'W. It is to be
estimated that this appears a rather great amount of manganese
nodules judging from the great extent and the stable abundance.
Therefore, the area appears the most promising in the survey area
because of the flat sea floor and the abundance.

On the other hand, it is highly probable that thé area where SBP
type dj is distributed around sea mounts and sea knolls is an false
anormaly area. In this figure, this area is represented by
horizontal lines so that it is distinguished from otﬁers.
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