bias and accidental errors from 'rinsp'eé:cioﬁ'df- the 'différéﬁ(:ie ‘of average .
values. It shows that bias of each elements expectmg Ni and Cu which

having a little high values.

Taking these results into cons:deratlon, we can ;udge that the analysm
on the vessel are suitable for practical use on “the. whoie.

4-8 Manganese Nodules

Sampling of Manganese nodules usihg FG _éhd SC-_Was done at a total of 180
" sampling points (60 stations). The sampled manganese nodules were measured
and observed in many different ways on the vessel.  On shore, chem;cal and

mineral analysis was performed on some representatwe sampies. )

1} Physical properties (Morphology and granular size - charactensncs by

external appear:ance)
(1) Morphology
Classification of manganese nodules morphology is 8 as follows;
1 Spheroidal type | |
2 Ellipsc;idai type
3 Ellipsoidal fat type
& Pebble thin type
5> Pebble type
6 Massive type
7 Plate type
8 Other type

~General explanations about each manganese nodule morpho!ogy is
as follows (cf. Flg 4-8-1). Tab. 4= -8-1 shows physxcal propertles of

each morphoiogy
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865133 6FG05(Section)
Spheroidal

B681736FGO08(Section) (Upper surface)
Massive

$6S1436FG01 (W) (Upper surface)
Massive

- Fig. 4-8-1 Morphology of Manganese Nodules (No. 1)
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868S1736FG06 (Section) _ -~ (Lower surfacg)
. Ellipthoidal ' '

Platy

8651137FG02{(Section) . (Lower surface) -
Poligonal and Spheroidal ' o

Fig. 4-8-1 Morphology of Maﬁganese' Nodules {No. 2)
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Table 4-8-1 Physical Properties Associated with Morphology of Manganese
Noduels :

Spheroidal”

Ellipsoidal

Elipsoidal fof

Pabble thin

Pebble

Massive

Plate

Other

Size (em)

@ &y O
I SN

—

8
16

-

~

B0 . %

H

B0 %,

—

]
i]

o U

80 YA

[}
i

I

50

N—
-

_,__,UUU

) s

80 %

o
)
*

_DUUU-

30 /s

Top

 {Smoeth

Rough

Smc-mh >:Rouq§1
Smooth < Rough

L

i

—
]

U

Surface ‘texture

Bottom

Smooth

Srnooth <Koy
Rough

ISmooth>Rough

I I

i

Single/ Poly

Single fype
Single > FPoly
Single = Foly
Single <Poly
Poly type

oo

.

I
]

3

TTEOE o0 OO

- Uyidy ULF““' U

L

o

Crock

Many
Medium

Rare

IR

Fissure

|Many

Me_dium

Rare

H=

Moisture

Mean

Maximum
Minlmum

$tondand devigtion

£9.61
L86 -

36,36

23.40

29.70
1.42

36.38

27.30

29,29

29.29
29.29

29.50

2.52
32.65
27.27

29.52
2.03

3.9

2083

" 28.93

1.97
31.43
6.25

29.99

3.96
34.8!1
24 .30

34.10

1.2%5
34.79
31.58

Specific

gravitywetdicontent (%)

Meadn

Makimum'
Mibimum -

standara_ awiation

004
2.13
90

.99

‘2,00
0.02.

T 2.20

1.98

1.97

1.97
1.97

1.98
. 0.03

1.92

2.00

2.0!
G.03
2.15
1.97

1.99
0.05
T 2.67
1.88

2.00
0.0
2.12

1.76

1.97
003
2.00

.93
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Sphermdal type _

The shape of this type is mamly perfect sphere. _ The dlameter
is generally less than about 3 - 6 cm and-is about 8:¢m at
| maximum. this type ‘has various surface appearance"smooth
rough etc. This is mainly a single. type, but combmed type is.

also observed rare as it may be.

Ellipsoidal type

This type has a hamburger like external .form ahd a crushed
sphero1dal form full of {fine concaves and convexes, wzth the
rough surfac:e and is mainly manganese nodules with small
cracks. Manganese nodules in the surveyed areas have. mamly'-

small coated fragments.
E.ihpsmdal fat type

- This type is one of the vananons of the spheroxdal type and is

more 1rregular and larger than elhpsmdal type. :
Pebble thin type '

This type is usually a small manganese nodule w1th a thm and'
round or oval shape like small stones on the sea shore or hke a

discus with a relatively smooth surface without 1rregular1ty.

Pebble type

‘Nodules of this type look like a gravel on shore and on the
river bed. lts diameter is mainly 2 - 4 cm. " The surface is

stnoother than the other types.

‘Massive type

This type is similar to the sphero1dal and the elhpsmdal thln
type, however, the nodules of thlS type present vamous shapes, :
such as irregular angular sh_ape_ and a plat_e__shape and: its
diameter varies enormously. the surface appearance is also

various.
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7.. Plate type

This type has a relatively rough surface. It is thin and round
_ li%ge'a tile or a rice cake. Its size is various.

g Other type.

In this type, are classified small nodules whose shape is
difficult to be determined, stick shaped ones etc.

(2) Size distribution

Fig. 4-8-2 shows the size distribution of manganese nodules. This
Fig. indicates clearly that _theré_: are mainly medium size manganese
‘nodules with 2 - 8 ¢m in diameter in this area.

{3) Characteristics of outward form

- - The characteristics of outward form are shown in the Tab. 4-8-1.
the ‘overwhelming majority of manganese nodules found in the
surveyed areas are spheroidal type and small stone shape and
‘massive shape follow it {Fig. 4-8-2). The surface is various, in
general, varying from relatively rough to smooth. It is to be

| ."remarked thét there are a few cracks or fragmentation.
Combinated forms are found in considerable quantities in some

‘ places.
601
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Fig. 4-8-2 Morphology, Size and Sampling Weight of Manganese Nodules
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Nodules in this area are classified into S type (smooth surface type)
- in the ordinary classificaiton although there. exists some difference

in.the smoothness,

2) Chemical properties
(5 principal components and total analysis, _;ﬁiﬁér'elemént'anélysis, and
chemical properties of section) .

Fluorescent X-ray analysis for 5 compenents (Ni, Cu, C,o,'Mn and Fe) of
each category of graﬁular size distribution was done on the vessel.
Analysxs of accessary components of representatwe samples selected
from the foresald samples was done on shore. Some manganese nodules
were divided into several pieces considering their section structure and
each of these pieces was analyzed by fluorescent X-ray. the chemical
properties of manganese nodules will be described according to these
results. (Statistical consequences should be considered in the light of

small number of samples.)
(n 5 principal components
1 iGrade vamation of manganese nodules in the surveyed area

Fig. 4-8-3 shows the frequency dlStrlbUthﬂ of the 5 prmmpal
components of manganese nodules i in the surveyed areas, Fig,
4-3-4 and Tab. 4-8-2 show a scatter diagfarh ~of each
component and statistics of the average grade. of 'fnanganese
nodules respectively. The weighted averages of Ni, Cu and Co
indicate low values; 0.24%, 0.14% and 0.47% fe's;ieétivély, but
that of Co is high in ‘comparison with the others. The
weighted averages of Mn and Fe are 16.12% and 17.78%
respéctiveiy, having 0.91 of Mn/Fe ratio based on teh average
values. It made clear that’ surveyed sea area is the area with
high Fe content. These average grades are the: refiecnon of
the above-mentioned grades of sphero:dal and ‘massive type
nodules whose volume represents t‘espec:twely 50% and 15.6%

of collected amount.
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Annexed flgure 8 « 10 shows the equal-grade cnart of Ni, Cu .
and Co. This f:gure shows that the grades of Ni and Cu are
.hlgher than its average grade in the sea knolls located int he
north-western part in the surveyed sea. It also shows that the -
grade_s of Ni and Co in the high aibtmdance-._,_zone,- spreading .
over the zone betweenlloos'éhd 11°S, are slightly higher than -
the average grades. On the contrary, 'the grades of Ni and Cu
in the high abundance zone of 15° - 16030' are below the -
average grades, The Co grade in the zone of 10 %5 . 119 is
almost at the level of the average grade, but the grade in the.
zone of 15°5 = 16°30'S shows the heighest value among the

surveyed area.

-Tab. 4-8-Z shows the correlatfdn coefficient of five elements. _-
It is evident that the correlations are positive within the Ni-

Cu-Mn system and Co-Fe system.

Table 4-8-2 Chemical Prope_rti-es.of Mang"anes‘e Nodules

Statistics () " Correlation cosffuclent

Average 3::?:32?‘ Maximum [Minimum{ Fe Mn | Co Cu Ni
w1 | 0zo| 014 | 145] 001 |—071| 087 | -067] 085 | 100
Co{ 017|011 | 114} 004 |—069]| 032 T069 | 100
Co| 043|009 | o062 004 | 084] 028 100 '
Mn | 1581 249 | 2719 000 | 013 ] 100
7o 1079|263 | 2087 106 | 1o0]

It is also evident that the correlation is;négati\.’re bétwée_'n_'the

former system and the latter system.

Fig. 4-8-5 shows the relation between the grades of five
elements and depth of water. . the grades: of ‘Ni and Cu
increase gradually in proportion to the depth of water so far as
the level of 5,300 m and decrease under 5,300 m level. The
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grade of Co and Fe decrease in proportion to the depth of
water under 5,000 m level.

Grade difference according to ‘the morphology of manganese
~ nodules. '

- Tab. 4-8-3 shows the grade properties classified by the shape
. of manganese nodules. The contents are summarized in the
following three points.

(a) Sphéroidal and ._ ellipsoidal types show a similar tendency
of grades. Ni and Cu are low relatively, Co and Fe are
high. The Cu/Ni ratio and Mn/Fe ratio are low.

(b} Ellipsoidal fat, pebble and massive type nodules have
similar tendency, namely Ni and Cu are high, Co is low
and, Cu/Ni and Mn/Fe ratio are high. this is the reverse
tendency of (a). '

(¢} The plate type is a little different from (a) and {b); Ni and
 Cu are medium level; Co, Mn and Fe are low.

Grade difference according to grain size of manganese nodules
{Tabn 4-3“!})

An evident tendency is observed that the grades of Ni and Cu
and the ratio of Mn/Fe are getting higher as the granular size
is becoming smaller. It is observed that the grdes of Co, Mn
and Fe are high in the medium sized nodules {4 - 6 cm).

Grade difference according to topography (Tab. 4-8-5)

The grade of Ni and Cu are low and sea knolls, while the
grades of Co, Mn and Fe are high in the flat area. On the
other hand, Ni grade and Cu grade are high and Cu grade, Mn
grade and Fe grade are low in the channel. All the elements

show medium grades in platforms and sea knolls.
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Table 4-8-3 Morphology and Chemical Properties of Manganesé Nodules. -

-110 -

Ni (%) cu (%Y co (%)
Morphology | Average :::‘:3:: Maximum| Minimum Average- ::::::: Ma.xi_mﬁm Minirium Avéfgge :;3?::;: Maximum p,;.i"'i“:‘”“‘ _
spheroidal | 165 | 025 | 614 | ta5].012 | 014 ["011 [ 114 | 007 648 | 007 { 061 | 013,
Ehipsoidal | 58 | 028 |0.17 [ 091011 | 019 [ 017 | 094 | 006 043 | 0.10 | 062 | 017
et 21 | 023 | 008 | 048 | 004 | 013 | 0.04 [ 025:| 008 | 047 | 007 | 060 | 034
oamemin| 2 | 031 | 010 038 024 | 019 |oos | 023 | e1a | 031 | 002 | 032 029
Pewbie | 132 | 034 {015 | 0.95] 009 | 033 | 00 o084 | 006 | 038 | 007 | 052 | 019
Massive 76 | 027 [008 | 051|001 | 016 | 0.05 031 | 004 | 043 | 069 | 057 | 004
Plate 30 | 030 | 013 | 056 006 | 018 | 006 | 027 | 008 | 033 | 009 | 051 | 014
Other 10 | 034|000 | 047 ] 023 | 020 005 029 | 014 | 037 | 0.05 | 0.45 | 0.29
Mn (%) Fe. (%) I
Morphology n Standard - Standard . Cu/Ni|Mo/Fe
Average deviation Maximum {Minimum| Average  deviation Maximum | Minimum ratio ratio
Spheroidal | 165 | 16.48| 148 | 27.19| 1344 1809| 1.94 | 2057| 561] 057 | 0.94
Ettipsoidal 58 | 1600| 244 | 2496| 7.68| 1667 269 | 1 098 -777) 063 | 101
lipsoidaitay 21 | 1589] 194 | 191111188 17.19| 1.76 1530] 1239] 056 | 093
Pebble thin 2 | 1504] 453 ] 1914] 1274] 1376{ 278 1572| 1178/ 05¢| 115
Pebble 132 | 1551] 219 | 2213] 616] 1586] 251 | 2000| 890/.064 ] 101
Massive 76 | 1603] 282 | 1060| 000] 1641] 251 2021 106) 063 097
Plate 30 | 1243] 4311 1783 374 1510| 265 1918 811 066{ 081
Other 10 | 1585) 2771 2026] 1198 1e01] 208| 1863| 1134} 060 | 102




~Table 4-8-4 Size and Chemical Properties of Manganese Nodules

Ni

(%)

Size : Cu (%) Co (%)
. {cm) - n .’“‘_'"53"’ :;::1?;: Mai‘m"TMiﬁim”m Average] S1ndara uyajrmuny Minimim| Average | Standardiyaximun Minimum
_ S deviation [seviation

02 {126 | 036 | 020 145 | 010 024 014 1214| 006 | 038 [ 0.08 [ 050 | 013

24 : ._135' 028 023091 006 017| 009] 088 006 044 | 0os] 061|017

4—6 | 126 025 | 010|687 00311 015] 009} 094} 004’} 046 | 009 ] 061] 004

6—8 79| 024 | 008] 058 | 006 0.14| 005] 029 006 045 | 008 | 062{ 019

8—16 ' 26 | 025 006|036 | 013 015 005 029 009|041 | 610! 056 0.14
16— 2] 019} 009]025| 013! 012 005} 015 008|040 | 014 050] 030

_ Mn (%) Fe (%)
Size ; - Cu/Ni |Mn/Fe
(cm) N | Average |StandardimaximumiMinimum| Average | Standard ’\.laximurijMinimum ratio | ratio
deviation) ’ deviati_on

0—2 |26 1548| 248[{2719| 605|1582| 288/1929| 561 087 | 104

2—4 |135] 1609] 216 2177| 433[1737| 238/2057| 811 059 | 095

4-6 | 126 | 1621| 247|2496| 000{17.27] 248[2021| 106 060 | 095

6—8 79 | 1585 245/1950| 374|17.03 17411981 1023 059 094

8$—16| 26 | 1424 3838|1911 3901|1547} 209{1008| 1061 060 | 092
16— 21156 030[11.77011135(1486] 191]1621] 1351 061 | 078

- 111 -




Table 4-8-5 VS_ea Floor Topography and Chemical P'ropert_ies of Manganese

-~ 112 -

Nodules
N (#) co (#) co (#)
TopeBraPhY | N g | 5190300 [isasimur] Minicnum]| Average §:dear§ Mt Minkmurn| Average | tandsed|waximurn Ml
deviation] S deviation devlation| © '
cmer | 93 | 023|007 | 095|013 013|005 | 088|008 | 048 .0.;0..6. 061 fo19
Hollow 2| 043000 145|041 032 | 000.| 114|006 037 | 000 044|013
Patform | 9 | 032|008 | 055] 001 | 018 | 005 | 033|004 | 042 007 | 051 004
woott | 15 | 028 | 008 | 0.54] 010 017 | 0.05] 029 | 008 | 042 008 053016
Sea-mount] 4| 025 | 006 | 035|020 | 013|004 | 010008 ] 048] 006/ 056042
Mn (%) Fe (%) )
Topography | N1 4 irage |standard | Masimumt Minionm Average | Standard | Maximum| Minimum
deviation ' deviation '
Fat | 93 [1591] 139 [2216] 1087|1814 1.57|2028] 890
Hollow | 2 |1518) 000|27.10] 1147 1343 'o,qu 1585] 561
Poorm | 9 |1678| 186 [2026] 000[1587| 194|1766| 106
Knoli 16 {1654] 303(1887( 5161663 19319951134
Sea-mount| . 4 |17.76| 1.00|1928] 1675 17.42| 083|1837|1640



5 Grade difference according to bottom materials (Tab. #-8-6) -

The grade of Ni and Cu are low while the grades of Ca, Mn and
Fe are 'comparat_ii'ely high in brown clay, calcareous - siliceous
clay and faraminifera ooze.

On the other hand, every element except Mn has reverse

" tendency In siliceous clay and insoluble brown clay mentioned
above.

 (2) Auxiliary components

Total.analysis and minor element analysis were done on # samples
selected from samples used for the 5 principal components analysis
on the vessel, considering its shapes, sea bottom topography and
areas, in order to investigate the auxiliary componet properties of
manganese nodules. Tab. 4-8-7 shows both the total and small
quant'ityr arialysis values along with the 5 principal components
values ahaiyzed on the vessel. The SiO,, TiO,, Al;0,4, Cal, K0,
Pb, V; B and Y components of manganese nodules in' the surveyed
areas have a higher grade than the average grade (¥1) in the
Ciarion-dipperton Prime area by Mckelvey et al (1979). On the
“contrary, MgO,, Ba0O, Na,0, P,0;, Sr, Mo and Zn have a lower
grade than the average grade in the Clarion-Clipperton Prime area.

(*1) Si 7.81%, Ti 0.61%, Al 2.84%, Mg 1.80%, Ca 1.47%, Ba 0.32%, Na
1.87%, K,O 82%, P 0.32%, Pb 0.048%, Sr 0.066%, Mo 0.048%, V
0.03%, B 0.016%, Zn 0.13%, Y 0.01%
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Table 4-8-6 Bottom Sediments and Chemical Properties of Manganese Nodules

Ni - (%) Coa e Cu %)) Co’' (%)
Sediment| n Standard o Standard . : - . | Standard | -
R ing A riaximut Y .. Maxi
Average deviation Maximum [Minimum | Average deviation i itnd Minlmum | Average deviation | aximum Minlmum,

prownciay | 82| 025 | 009 | 145 | 601 | 015|005 | 114 6047} 046 007 | 056004

Siliceous elay | 1 0_3.7 - — - 0;2 57 PR AR 0.3.3 — - -
catcsificeens | 53 | 022 | 006 | 058 | 010 | 013|004 [033 ] 081 | 046 007 | 056 | 019
e} 9| 0241007 | 035 0xs| 014|004 020 008 | 049] 006 | 061 041

suckybrown | g 1 p79 ) go0 | 079 078053000 | 053|052 | 021 000 | 022 021

clay

Mn (%) Fe - (%)
Sediment] n Standard {- . : Standard |-~ 8 NS B
Average Maxiraumj Minimum | Average Maximum] Minimum
deviation . deviation .

mowncuy |82 | 1598] 155/27.19] 000]1769] 184|2028] 106

giticeous clay 112020 - — . -~ 11518 —1. — T
catessiticenss | 23 [ 15.75( 22i[1816] s16li794| 183{2004] 937
Foramiitera | 9 | 1608] 109/1852]1401 1788 120l1958|1640

sudybrown | 3 4 1758 000[1809]1723] 068] 000| 903 047

clay
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. Table 4-8-7 Chemical Composition of Manganese Nodules

Sampling No.

8651137FGO3

8681636F002

8681537FG02

: 8651735FG09
' : TOp,&_)gréphy_ (Hilly) Flat | (Quasi-Plain) Flat | (Plain) Flat  |(Quasi-Plain) Knoll
" Depth (m)';.. - 5182 4962 5183 4498
Morphology- Ellipsoidal fat Plate Plate Spheroidal
Size fcm).  g-16 16 65— 8 68 ]
- N1 0.25 0.13 0.26 017
§§ Cu 015 008 0.16 009
K Co. 044 050 035 053
-:cg Mn 1751 1197 1387 1590
' .Fe. 1642 1621 1787 1808
$10; 1574 2298 2334 1362
Ti0s 156 1.99 190 218
Al3 073 468 6.83 .24 410
Fey 04 2056 2230 2139 2541
% FeQ <005 <0056 <005 <005
g MnOg 2198 17.54 1753 2342
E Mg0 222 266 304 221
; Ca0 256 203 194 272
'g? Ba0 012 0.10 010 014
' Naz 0 261 228 228 217
K30 1.24 158 177 094
P30y 046 042 040 054
Igf';_Ioss 2203 1773 17.34 1952
Py 0096 0103 0.084 0.123
_ S 0024 0018 0018 0029
: %- Mo 0022 0016 0.012 0022
g v 0047 0043 0.044 0056
%1 1 Aw 0015 0015 0.013 0.018
g B 0039 0045 0042 0.047
: % C za 0043 0041 0047 0.050
e 0015 0013 0012 0.018
P - <L00001 <00001 <00001 <00001
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(3)

The ‘plate shape nodules of 8651636FG02 and 86S1537FGO2 are
remarkably hlghPr in 5102 and A1203. The reason for the higher
grade of 5102 and Al 03 mlght be that relatwely large externeous
materials (such as rock fragments) are contamed., the above
mentioned results approximately correspond to the results of
SOPAC Investigation of 1985, they are cons;dered to represent ‘the

‘area character;stzcs of the present surveyed area.

Chemlcal propertles variation in section of manganese nodules

It is useful to investigate the chemlcal propertles (d!stnbutzon of
metal elements) of the sectional surface of the. manganese nodules
in order to. understand the grade vanatmn accordmg to the above
mentioned factors (shape, granular size, topography and bottom
materials etc.) and to elucidate for solution to historical process,
especially its relation to sedimentation, of the growth of

manganese ngdules. (Akira Nishimura 1986).

Represen‘tative' samples of spheroidal type, massive type, 'itplafie
type and ellipsoidal Vty'pe nodules were selected. Fluorescent X-ray
analysis on these samples were carried out about the five principal
elements on the surveying vessel. “The samples, for analysis,
separated into groups of severed layers by the naked eyes, were

collected by a hand picking method using a small chisek

Fig. 4-8-6 and Fig. 4-8-7 show the sampling positions. Tab. 4-8-8,
Tab. 4-8-9, Fig. 4-8-8 and Fig, 4-8-9 show the result‘s of analy’ses.'_
I The distinct elementaey distribution cofisidered as typical one
- is observed on the surface of the section of 5pheroidalvnodul:es
having the zonal strﬁéture wih perfect concentrical circles.
The other shapes of nodules show a little disordered
distribution though having the same téndency with the

spheroidal nodules,

2 1t is the most remarkable point in the elementary distribution
that Fe grade decreases and Ni grade increases-in prbportisn

to progress from the exterior to the center of the nodules.
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8651735FG09  8681537rG02
Spheroidal ' : : Platy

8681636FG07 8681137FG03
Massive Ellipsoidal

Fig. 4-8-6 Photos of Manganese Nodules Used for Section Analysis
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Fig. 4-8-7 Photos of Manganese Nodules Used for EPMA Analysis
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Table 4-8-8 _C_h:emical Compositional Diiference between Surface and Inner
' Part Nodules -

Sample No. Siié Morphology Analysed XRF Analyses {%) Cu, |Mn,
A Cem) : position | Ni Ca Co Mn Fe Ni Fe
Out. 1| 016 [ 012 | 047 | 13.11] 20.76] 0.75 | 0.63
" SEE— —
Out. 2| 017 ] 0.12 | 0.50 | 1520 19.26]| 0.71 | 0.79
lout. 3| 020f o1r | o5z | 1721 | 17.54] 055 | 0.98
Slout. 4] 0.23| 011 | 056 | 17.31] 16.13| 0.48 | 1.07 |
In. 1| 026) 011 | 052 | 17.93 | 15.99| 0.42 | 112
”335%%09 6—8 |Spheroidal In.2 | 030 012 | 648 | 17.50 | 15.74] 040 | 111
Core | 042 016 { 0.30 | 16.60 | 14.84| 0.38 | I1.i2
.2 | 0.34| 013 | 041 | 17.37 | 1550] 0.38 | 112
b Inel | 027} 0114 053 | 1755 | 15.42) 041 | 1.14
?g Out. 4| 0.23] 011 | 0.54 | 17.05] 15.95| 0.48 | 1.07
QS |out. 3] 016 012 | 0.45 | 13.69 | 20.98| 0.75 | 0.65
Out. 2] 0181 011 | 051 | 1666 17750 058 | 0.94
Out., 1' 023 011 | 0.53 | 17.58 | 16.46 T 0.48 | 1.07
Qut. L[ 0.11 0.06 | 0.53 | 13.94 | 23.46| 0.55 | 0.59
$ |Out. 2| 020) 0.09 | 0.61 | 1654 | 20.42} 045 | 0.81
.% In. 1 | 014) 007 | 059 ; 17.24 | 1864 0.50 | 0.92
15386%%07 6—8| Massive In. 2 0.2?710 0.47 | 15.08 [ 1570 0.48 | 0.96
Core | 0z4| 008 | 0.41 | 14.43] 14:25| 0.38 | 1.01 |
5 Ine2f 021 008} 046 { 1520 | 1569 0.38 | 0.97
c% in.i ] 020] 008 046 15.17“ 15.66| 0.40 | 0.97
- Out. | 0.20] 012 | 057 | 1655 ]17.28} 0.60 | 0.96
51 Out. | 016 010 046 | 14.61{2286| 0.63 | 0.64
§: In. | 025| 045 | 0.45 | 16.75 | 19.50 0.60 | 0.86
868 : Cote | 0.03] 0.07 ] 0.07 Tr 8.36| 2.33 -
1537FG02 | 68| Plate |—
g In, 0.35 | 027 | 039 | 17.16 | 1509 0.77 | 1.14
Slowe. | - ~| -1 -1T-1-1-
. out. 1| o019 000} 047 | 16.24 | 20.10| 0.47 | 0.81
é out. 2! 027! o016 | 044 | 1867 {1719 | 037 | 1.09
= | oz 7010 | 0.4z | 17.81 | 15.41] 0.40 | 1.16
113%2‘%03 §-16Eliipsoidal Core | 026 0.12 ] 0.23 6.86 | 6.89| 0.46 | 1,00
o1 In. ] 019) 011 0.40 ) 1637 |1542) 058 | 1.06
%L()ut. 2| 018 012} 044 | 17.63 ] 16.65| 0.67 | x&
Cut. 1] 048 034 0.37 | 1911 [1352] 071 | 1.41
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Quter Crust

Upper

Fig. 4-8-9 Grade of Respective Section of 'Mahgahése Nodules'_(E_PMA Analysis)’
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3 Co and Mn have similar tendency in grades. The grades
decrease in the center of nodules as same as Fe, however what

dxf:fers is the fact that the grade is decreasing on the surface
of nodules. .

4 Alth_ough_th_e Cu gradé is a little incre_.'asing at the core of
spheroidal nodules, it has not a marked change.

5 The tendency mentioned above is more clearly by checking the
ratio of Mn/Fe and Cu/Ni.

3) Mineral properties

Concerning the r.ép;"esentative samples, X-ray diffraction analysis and
observation of polished thin sections by microscope were done in order
to investigate the mineral composition and inner structure of
manganese noduleé.j

(1) X-ray diffraction analysis
Manganese nodules were 'rbughly divided into the outer crust, inner
crust and core; moreover, each of the samples shown in Fig. 4-8-10
was divided into several smaller parts on which X-ray diffraction

analysis was executed. The results of analysis are in Tab. 4-8-10
and the X- -ray diffraction patterns are in Fig. 4-3-11.

Detected minerals ‘are 10 Ps mangamte, 5-Mn 0 manganese
mmeral (*1); quartz, plagioclase, smectite, phillipsite etc. Almost
all the manganese ‘minerals are characteristically composed of
6 Mn 02 and 10 A mangamte is detected in very small quantities.
This is backed up by the microscopic observation. Generally
speaking, the grade of Co and Fe is high and 'the grade of Ni, Cu
and Mn is low in the & MnOz comparing with 10 A manganite. The
above mentioned results coincide with the description in the
. paragraph '_‘cif nchemical properties” (the grade of Co and Fe is high

s - - )
(¥1) 7A manganite, the other manganese material, could noi be
identified in the present analysis because its peak overlapped with

" that of phillipsite.
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0 | 2 3 4 Bem

k 1 J, d L J

8651537FG02(6~8cm)
Platy

0 P2 3 4 Sem

Platy

B681137FPGO3(8~16¢m)
Ellipsoidal

Outer Crust Outer Crust  Inner Crust :jI_n‘nertCru_st
a . (Upper) b1 {Lower) ¢ U {Upper) d | (Lower}if ‘Core.

Fig. 4-8-10 Photos of Manganese Nodules Used for X-ray Diffraction Analysis.
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Table 4-8-10 Results of X-ray Diffraction Analysis of the Manganese Nodules

Sample No. | 26 uorphotogy Avalysed poston| 104 |own| @ | 08 | Mo | moe]  on
Out. Upper | + H
8681537FG02| 68 | Plate 5 .Upper * # + +
Lower | + 4 + +
Core | m #
*:‘," .U!)per H: + 1
Ol Lower # + + +
_ _'Upper H T | o= +
8681636FG02 | 16~ | Plate 5 : Lower # | + ¥ N
| | lueper # |t |k +
: Lower + + -+ + +
Core : m +
Upper} + # 1
- ' Lower 1+‘ + + +
8 Upper +H T x +
8681137FGO3{ 8 ~16 |Ellipsoidal| ? Lower H + + + H
£ Upper. H# ul + +
Lower H + + #
Core + + 3 + #
10A:10A manganite 5—Mn : 3-MnO; Q : Quartz

pg: Plagiéclase Mo : Montmorillonite  k-F: K-feldsper Ph: phjjipsite

+++, +4, +, & indicate intensity of diffraction peaks,

{+++1 high, ++: moderate, +: weak, +: very weak)
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Quter Crust 8681537FG0O2
(Upper) ‘ . Platy 6 ~8¢cm

Inner Crust
{Upper) -

Inner Crust
{Lower)

Quter Crust
{Upper) ) : _ : 4[])“
Outer Crust ) : : . 8681636FG02
(Lower) 7 : Platy , 1 6em~

Inner Crust |
{Upper)

Inner Crust 1.
{Lower)

Inner Crust 2
{Uppen)

Innér Crust 2
{Lower)

Core

T

Bl 20° 0°
AE 104 ¢ 104 Manganite: 3 ~Mn . -MaOz qQ : Quartz
P¢ Plagioclase Mo : Montmollironite  K-F {K-feldsper Ph : Phillipsite

Fig. 4-8-11 X-ray Diffraction Pattern of the Manganese Nodules {No. 1)
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Outer Cnﬁst 1
(Upper) .

86S1137FGO3

_ B Ellipsoidat
St 104 R : ) 8~ 1 6om
Quter Crust 1

(Lower} 8 -Mn

Outer Crust 2
{Upper)

Outer Crust 2
{Lower}

Inner Crust
(Upp_er)

Inner Crust
(Lower) .

2 ¥

Ph

Ph Ph

Mo : .
# Ph

10° 20° 30° 40°
A4 10A: 104 Manganite §-Mn @ §-Mn0, Q : Quartz
P} :PlagioclaseMo - Montmollironite  K-F ! K-Feldsper Ph  Phillipsite

Fig. 4-8-11 X-ray Diffraction Pattern of the Manganese Nodules (No. 2)
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(2)

and the grade of Ni, Cu and Mn is low}. In th_'e' core paaj‘t,. the peak
of diffraction chart line of smectite and phillipsite 'etc':.' is high, ar_ad_

this indicates a mixture of extraneous.

ObserVat__io_n by mic_:ro_scope

Polished thin sections were 'prépa'i"ed” for thé représentaﬁve

samples of manganese nodules and observation was done by a reflex
microscope. Explanations will be made on the manganese nodules
of spheroidal and plate types.
1 Spheroidal type (8651735FG09, Fig. 4-3-12-(1))
(Observation by naked eyés) :
The external appearance is allhvbst‘sphéroidal and the aspect of
surface both absence and reverse is coarse and this type of
manganese nodules occurs characteristically in the surveyed
area. The section is divided into the cuter crust and th_é core,
the outer crust is further divided into ¥ parts by the

sandwiched thin seam of clay; the core having a concentricly

circled structure is composed of the extraneous materials.
(Observation by microscope)

The outer crust has a dense stratiform texture composed of J-
MnO, a branch like texture and variola like texture. And in
the thin seam of clay sandwitched between the outer ci'usts;
there are white clay materials, round 'p’ébble_ (':J,'astic'grain's and
zeolitic au_fhigenic minerals and branch Shaped MnO2

observed,
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861735FG09
Spheroidal

1. Section
Number of this photo shows micro-photo's
position

2 1~4 Micrdscbpic photo

D ! 10 & Manganite

0 I 2 3 4 5¢m
e J Zeo | Zeolite

-

Clay : Clay minerals
Rf . Rock fragment

72— 3 ' (reflected light)

Fig. 4-8-12 Macro-Photo and Microscopic Photos of Polished Thin Section of
Manganese Nodules (No. 1)
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2

Plate type {86531636FG02, Fig. #-8-12-(2))
(Observation by naked eyes) . o

External appearance presents a dlSk shape, the obverse is
relatwely smooth and forms a’ plaln curved suriace, whereas
the reverse is full of convex concave and shows 1rregu1ar
hangings, The section is divided 1_ntp an. outer crust and a

core. ihe outer crust is separated into the inner part and the

outer part by the thin seam of clay sandwitched between
them. the inner part is dense. Its upper part is thick and the
lower part is thin. the thickness of the seam is 2 - 9 mm.
reversely, the upper part of the outer crust ss thin and the
lower part is tinck. The thlckness of the seam is about 2.7

_mm. The core is mainly composed of the crUShed rock

frag ments.
(Observation by mlcroscope)

The. mner crust is umform arid is malnly composed of 6—Mn02

‘and are deve!oped a beded Structure, branch hke and mppie

like texture. the outer crust is porous and mcorpoaanon of
many clastic grains is observed in relatively large quantities.
The core in which branch—-mpple like textures develop is

mainly occupied by clastic rock fraaments. A few - MnO2

surround the rock fragments.-
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B6S1636FG0O2
Platy
I.  Section
Number of this photo shows micro-photo's
position
Z. 1-~4 Microscopic photo
D 1 104 Manganite
Zeo @ Zeolite
Clay . Clay minerals

Rf [ Rock fragment

’ (reflected light)

2—3 (reflected light) 24

Fig, 4-8-12° Macro-Photo and Microscopic Photos of Polished Thin Section of
© """ Manganese Nodules (No. 2)
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4) Distribution oi-manganese noduies

(1) Morphology d:stnbunon of manganese noduies

(2)

(3)

(#)

The morphology dxstrlbutlon of manganese noduies was cla531f1ed

into & zones havmg a dlﬂerence charac;ter as follows and 1t is

shown in Fig. 4-8-13.
{a) zone where spheroidal type is sop_érior
(b) zone where pebble, pebble thin and plate types are’ suporio_r

(c) zone where the main type. of manganese nodules is ellipsoidal
and the other type is gravel, massive and plate type whlch is
more than 20% in the whole. - ' ‘

(d) ‘zone where massive type is sUpe’r'ior

The dlstnbutlon of {a) and (b) is wide, whiie that of (c) and (d)

genera!ly fimited.
S1ze distribution of manganese nodu!es

Fig. 4-8-14 shows the size distribution of manganese nodules
Judging from this figure, the size distribution does not have a

marked tendency.

Granular size and morphology

The ‘morphorogical class1f1catlon ratio of manganese nodules by

respective granular . sxze is shown in Fig. 4- 8-15. As for sphermdal
type, the peak of _distributlon ratlo,_ is at 4 - 6 cm.. As for

‘ellipsoidal and massive types, the distribution ratio is nearly

constant up to about 6 cm, and it increases 'as'"th_e si'ze_b'ocomés
larger up to 16 cm. Above 16 cm, only plate type appeai's.

Local topography and morphology

Morphology distribution of manganese nodules is concordant with
that of topography (and the depth of water). . (a) of previous
paragraph (a) lies mainly in plain, quési,-_-pigin and oart.ly in sea
mount, where the water depth mostly _rn_éasures shallower than
5,200 m. (b) lies in the area of many sea knolls and. channels,

where the water depth mostly measures deeper than 5,200 m.
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(5)

(&)

It is difficult to point out recogniiable distribution relations in {¢)
but its distribution seems similar to (b}, (d) lies mainly in platform
where sea-knoll develops and the water depth mostly measures

deeper than 5,300 m.

The above tendency is also noted in Fig, 4-8-16 which is the
'relationship between local topography and morphology.

SBP type and morphology

The morphological classification by respective SBP type and
thickness of upper transparent layers are shown respectively in Fig.
4-8-17 and Fig. 4-8-18. |

It is not easy to derive some significance from these figures, but

._the following points can be pointed out. the distribution ratio of

spheroidal type is high in types a, b and tg with clearly transparent
layers and that of pebble and ellipsoidal types is high in types ¢, d,,

d, and dg without transparent layers.

As fo.r the thickness of transparent layers, distfibution peak of
spheroidal type lies at about 30 - 40 cm thick, while pebble and
ellipsoidal types are highly distributed in thinner layers. About

massive and plate types, general conclusion cannot be drawn.

Bottom materials and morphology

Fig. 4-3-19 shows morphological classification ratio by respective
bottom materials. In brown clays and calcareous - siliceous clays,
all the types are found. In calcareous - _siliteous clays, the ratio of
spheroidal type is higher, while that of pebble and massive types is
lower, compared with brown clays. .'Eliipsoidal and'pla”_te types
don't appear in foraminifera ooze, while in insoluble brown clays,

only spheroidal and pebble types appear.
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Fig, 4-8-17 Relation between SBP Type and Morphology
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--5) “Sea bottom condition and abundance

(1

()

Morphology and abundance of manganese nodules

"Fig. #-8-20 shows the average abundance and occurrence ratio of

abondance by re’si)ec'tive morphology. Except for one sampling
point with. a ellipsoidal fat, average abundance for spheteidal and
massive types are high, respectively 24.89 kg/m? and 22.00 kg/m?2.
Both types have a similar-tendency in frequency distribution and
occurrence ratio of more than 25 kg/m? exceeds 50%. Following
these, ellipsoidal and plate types indicate relatively high abundance
(around 14 kg/m?2), These occurrence ratio of abundance is high
below 7.5 kg/m? and the deviation is also large.

Pebble type indicates the lowest average abundance (9.78 kg/m?)
and its frequency distribution has a peak at 0 - 2.5 kg/m2. Over
2.5 kg/m?, it is evenly distributed at round 10%,

Sea floor topography and abundance

At each sampling points, the 're_lation between the sea bottom and
the abundance of manganese nodules is shown in Tab. ¥-8-11, .

The surveyed areas are divided, from macroscopic point of view,

into # parts as being shown in Tab, 4-8-11.

From this table, the average abundance of manganese nodules for
mountains is fow (6.07 kg/m?) and the occurrence ratio of more
than 20 lng/m2 is also low (18.83%). On the other side, three areas
of hills, quasi-plains indicate high average abundance {more than 10
kg/m?), Particularly in the southmost quasi-plains, the average
abundance is 22.74 kg/m® and the occurrence ratio of more than 20
kg/m? indicates the highest value of 75.9%. the weight factor for
quasi-plains is larger than the rest of the areas, which means that

the granular size of manganese nodules is large.

By reference to the collecting efficiency of each area, the
efficiency is poor in mountains (53.7%) probably due to the

“influence of its topography but it is relatively good in hills, quasi-
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plains and plains. Patticularly- in plains, it shows a 'safisfacto_fy
value of 94.1%. |

The statistical results of sea floor topography observed
microscopically are shown in '_l‘ab._i!_.-S-'IZ,_; ' o
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Table 4#-8-12 Microscopic Topography and Abundance of Manganese Nodules

Topography Number of - ' A\{erage Appearance ratio Weight
| - sampling points abundance  of =20 kg/m? coefficient
Flat 104 18,68 kg/m2  57.7% 34.8 kg/m?
Channel 4 0.17 n g.0" 19.1 ¢
Plat form 10 1273 " - sp0m 3.1 "
~Sea knoll 23 18,10 52,2 " 355
Sea mount 9 1056 333 517 "

Number of sampling points for flat is prominent, while that of the

‘other area is very low, so the relation between topography and

abundance cannot be discussed with same accuracy. But as for
tendency, the abundance for flat and that of sea knoll are high
respectively 18.68 kg/m2? and 18.18 kg/m2. It decreases in the
fdliowin’g order, platform, sea mount and channel (only 0.17

kg/m?).

Noticeable fact about weight factor is as follows. It shows
intermediate value in flat, platform and sea knoll, but is very low
in channel (19.1 .kg/mz) and on the contrary, high in sea amount
(51.7 kg/m2). Looking back on the results of macroscopic division,
weight factor of mountainous area which contains many sea mounts
indicates a mean value of 32.1 kg/m?, which seems contradictive.
This is due to leveling the weight factor with low values of channel

- and flat.
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(3) SBP type and abundance

()

(5)

The relat1onsh1p between the SBP type and abundance is- shown in
Fig. 4-8-21. The average abundance of type a 15 the hnghest (26. 86
kg/m2), lts standard devxation 1s httle, 5o this 15 what is cailed a
stable and high abundance area.

On the other side, low average abundance is shown in types ¢ and
be. Type c is nearly sterile in particular. As for the rest of the
types, the average abundance is relatwely large (13 - 18 kg/mz) but

‘the deviation of these seem to be also large and the differences by

respective types are not recogn_ize_d..

The weight factor of type be is the largest (49.3 kg/m?) and that of

type ac is low,

Upper transparent layers and abundance

The relation. between upper transparent layers and abundance is
shown in Fig. 4-8-22. the data on layer thickness of over 50 m is
limited. Excepting -this data, distinct correlation between the
thickness and abundance cannot be found out. But abundance has
some tendency to become lower, ‘as the thickness of the upper

layers increases.

Abundance vanat;on for thickness of 10 - 20 m is httle, and that

for thickness of 30 ~ 40 m is 1arge. L

The relationship with SBP -type, as menticned in the previous
section, being taken into account, it may be. said that this is a
relatively stable and high abundance area where SBP type shows

type a and the layer thickness is 10 - 20'm.
Bottom materials and abundance

Fig. 4-8-23 shows the relation between bottom materials and
abundance. Abundance for the éaicareous_ - siliceous ciays and the
calcareous sediment is high. Its average value is about 28 kg/m2
and these frequenc.y distribution shows similar trend; mostly more

than 20 kg/m? and below 10 kg/m? is rare.
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" In brown-clays, occurrence ratio of over 20 kg/m? is relatively high

. but it has a shape of reversed normal distribution. therefore, the

' '_i_“ratxo for brown clays is somewhat lower than that of calcareous
sedlment. Insoluble brown clays, number of sampling points is only

thre_e,_ 50 any conclusion cannot be drawn, but the abundance seems
to be low. |

4-9 Bearing Si;uét_iqn_ of manganese nodules

1) Abundance of the i'nanganese nodules

2)

The abundance of the manganese nodules in this surveyed area is 17.14
kg/m? in the average of 60 stations, and its maximum value indicates
gxtr‘emel_y high value of 34,75 kg/mz. The abundance of manganese
nodules is, as a whole, low in fhe northern area and high in the southern
area. The area of extremely high value in this area is the following 2

.areas (Tab. &-9-1). The abundance of the manganese nodules is high

from 11°S to 1505, but the abundance in the surveyed stations may be
less than in the above mentioned areas. In these two areas, the
direction of the zone of the high abundance of the manganese nodules

_ seems 1o be NE-SW. The west part adjacent to the high abundance area

near the point of 7°45'S and 1590_15‘\!! observed in the survey of the
fiscal 1985 is all sterile zone according to the result of this survey.

In.order to access to the real abundance of manganese nodules, its value
must be corrected toward bigher value on the whole, because in the
part of the mounta.in district, there is the precedent that the collecting

- efficiency of manganese nodules was low.

Grade distribution

The characteristic of the grade distribution of manganese nodules in
this surveyed area is, in the whole: high Ni-Co grade and low Co grade
in the north area, and high Co grade and low Ni-Cu grade in the south

area (Annexed figures 8 ~12).
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Table #-9-1 High Abundance:Zone of -Manganese Nodule

~ NorthernPart. = . . :Southern Part

Sphere S 10°s-11° s T 598 160 300S
Direction of high ~ NE-SW NE-sw‘-” |
abundance zone

Area about 6,200 k_m2 : about 12, 300 km2
Abundance: Average 20.53 kg/m? O 24.68'Kgim?
Abundance: Maximum 34.11 kg/m? 34,57 kg/m?
Number of sampling s o A3

point -

The Ni grade indicates high value of 1.5% 20.75% in" the nor th-west
edge lying from north of 9°00'S. The Ni grade changes betwéen 0.75 -
0.2% from 9°00'S to 15°00'S, but it is a low grade zone of less than
about 0.25% in the area south to 15°00'S. The Cu gtaae indicates high
value of 1.25% -~ 0.75% in the north-west edge to north ‘of 9°00'S in
response to Ni grade d1str1bunon, ‘but it indicates low value ‘of around
0.1% in the part south of 14°00'S passing through the medium zone of
the level of 0.75% - 0.2%. Co gradé'is reversél}r less than 0.20% in the

north-west edge lying to north of 9°00'S, but it becomes gradually high
southward direction and the high grade zone of more than 0.5% come to
cover more than 50% of the area in the part south of 15°00'S.

Mn grade indicates high value of more than 20% in the north-west _édge,
but it becomes gradually low in the southward direction and its value

becomes less than of 15% in the part south of 15°s.

Contrary to Mn, Fe grade indicates a low value of less than 10% 1n the
north-west edge, but it becomes high southward and becomes more than

" 18% from the south of 15°S.

Distribution of metal quantity -
Considering manganese nodules as useful ore reserve, it is heces_sa’ry to
consider not only the quantity of the manganese nodules per unit area,
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that s, high coverage but also the metal quantity included in the
.mangra‘nese' nodules (specially Ni, Cu and Co that are useful metals).

' Fo'ﬁ Ni, Cu.and Co, the metal quantity per. unit area is calculated for
-~ each samp'l_ing_ as in the following formulas with metal content value,
- and the results are described in annexed figures 13~ 15,

o Ni'metal quantity per unit area = abundance x (l-water content ratio)
x Ni grade

o Cu = abundance x (l-water content ratio) x Cu Grade.
o Co = abundance x (1-water content ratio) x Co grade.

In this case, a cut off grade for each metal is not used. The
caracteristics of distribution of metal quantity in the surveyed area is
that primarily, the abundance of Ni, Cu and Co coincides with the
distribution of abundance of manganese nodules. this caracteristics
become more remarkable in Co whose distribution of abundance and
grade tend to be identical.

-In order to compare with the last year's result, distribution sphere and
average abundance of Ni, Cu and Co of more than 20 g/m? are shown in
Tabo 4-9—2. .
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Table 4-9-2 Comparison of Metal Contents Disttibution

1985 Survey Area . . . 1986 Survey Area .

Distribution © - Average Content ' Distriblition  Average Content
Area (*1) (km?) Density (g/m?) Area (km?) . Density (g/m?)
Ni 7,500 29.2 96,270 - 334
Cu 630 23.2 41,590 270

Co 4,700 (*2) 31.5 102,140 747

*1) For Ni and Cu, shown the limit of each content density more than 20
g/m?; For Co that of more than 10 g/m?®

*2) Estimated from '85 report. Cf. 8,340 km? of distribution limit more
than 10 g/m?.
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4} ‘Geological factors and abundance of manganese nodules

'_The results of. studies, clarified by varisus geological analysis, are
'summamzed in F;g 4-9- 1

’l"he abundance and grade characteristic of manganese nodules show
51gnxf1cant difference between the north and the south in teh surveyed

area, and in addition, it seems to have a very close correspondmg
relation with some basic geological factors.

_As__prgvmusly mentioned, the geological factors indicating the most
remarkable difference between the north and the south are topography

- and water depth and bottom matrials and SBP type and the thickness of
transparent layer compoundly related with above three. {he éhange of
CCD presumed by this survey and the so-called biological productivity
and difference of sedimentation speed (Cronan D. S. 1984) can be added
to the factors. '

It is difficult to prove originally what kind of relation the above
mentioned factors concretely have with the distribution of manganese
nodules and how they regulate correctly its distribution. For the time
being, this survey result is summarized from the phenomenal aspect as
follows.

The zone of high abundance of manganese nodules represented in the
south of survey area is topographically flat or semi-flat and the knolis
of about hundreds of meters are found. the southern part of the survey
area is almost 5,000 m to 5,200 m deep and it can be said that the depth
correspond's to the estimated CCD (Carbonate compensation depth).
-The bottom materials consist mainly of brown clay. But calcareous
sediments such as calc-siliceous are also observed in a large quantity.
The SBP types characterized by the development of upper transparent
layers such as type a, b, bc, ac and ts have a wider distribution. the
tfansparent jayers are 10 to #0 m thick. According to Cronan D. 5.
(1984), the sedimentation speed might be slower in the southern part
than in the northern part. The data obtained in 4-3-8 seem to indicate

the same tendency, although they are not decisive. 1t is to be remarked
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that the zeolites are found in thé superficia! bottom—méterials'in the
northern part whereas they are not found in the southern part. Because -
of these factors, the southern part abound m spheroxdai nodules with
similar granular size of 2 to 6 cm, consequently this area forms a hlgh

abundance zone.

The phenomena such as the north—south dlfference found 1n the metal_
compos1t10n of manganese nodules. (high Cu, hxgh Ni and - low Co in the
northern part and high Co, low Ni and low Cu in the southern part) and
the north-south difference found in ‘the chermcal composnmn of the
bottom materials (increase in FeO, Co and Sr contents and decrease in
Y content southward) might be considered from the éamé”.po.iht' of view,
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Chapter 5. ‘Summary

1) Water depth; sea bottom topography' and geology

1

L]

1108 latitude makes a border line between the'ndi'thefn'pért and the
southern part having different situations of sea ﬂoor topography and
geology. ' o

Seamounts, knolls and hills dbound in the northern part. On the
contrary, the southern par't is ﬂat or semx-—flat from macroscopic’ pomt

- of view.

The area is deep in general. It is around 5,200' r'n:deep in the northern
hilly area, and tends to be shallower as around 5,100 m in the southern
flat area. .

The north-western part of the area abounds in sea mounts higher _tha_n
1,000 m, and corresponds to a part of eastern rim of the Manihiki
plateau.

Sediments are éomposed mainly of brown clay and subsidiary of calc-
siliceous clay and foraminifera ooze.” No remarkable difference is
observed between the northern and the southern parts.

Distribution of SBP types, and variation of thickness of echo-sounding
transparent layer denote more common deveidpfnent of transparent
layer in the southern part.

CCD {Carbonate compehsation depth) estimated by the deepest level of
existence of calcareous sedlrnents is between 3, 050 m - 5,150 m and has

a slight trend of deepening toward north.

2) Characteristics of manganese nodules.

The caracteristics of manganese nodules yielded in this area are summarized

as follows;

1

They belong to the so called S (Smooth) type in the usual type-
classification (A. Usui 1985, etc.)

Almost all of them are exposed on the surface of sea bottom and

embedding ratio of manganese _nodules is extremely low. -

- 156 -



Most of manganese nodules is spheroidal type: Massive type and gravel

type are secondary. It is observed a difference between northern and
southern part. '

It is obser've'd_ that clastic type and combined type are dominant in sea
knolls and.in the hilly province, and that combined together, they are
gradually transformed to pavement type and clastic type.

. Mineral fase is mostly composed of 6-MnOz, and very rare todorokite.

The chemical composition of manganese nodules is mostly low in Ni and

Cu and high in Co. Mn/Fe ratio is small. A difference of values

'be'twe_én the northern and southern parts is observed as mentioned in
“the next.

3) . Abundance, grade and metal contents distribution of manganese nodules

(1)

(2)

(3)

Abundance of ménganeée nodules is extremely high.

In all of the 180 sampling points,

the abundance exceeded 20 kg/ m2 in 97 points;
the abundance exceeded 30 kg/m2 in 32 points;
the abundance exceeded 40 kg/m?2 in 2 points;

And the average abundance on the whole surveyed area of 237,700 km?

shows an extremely high value of 17.1 kg/m?2.
The continuity of manganese nodule distribution is extremely high.

The high abundance zone (ex. more than 7.5 kg/m?)} of manganese
nodules is about 50% of the whole surveyed area. The results of the sea
bottom observation performed by FDC along 2 lines denotes that the

high abundance zones continue without break.

Cobalt content is very high

The Co grade of manganese nodules distributed in the central to
southern part in the surveyed area, is fairly high, compared with that
(*1) of the Northern Pacific region.

{*1) In the zone of Northém Péciﬁc, Co-grade is ordinary about 0.31%.
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‘In all of th sampling p’ointsg

Co-grade exceeds 0.4% in 69% of sampling points.

Co-grade exceeds 0.5% in 31% of sampling points.

. Co-grade reaches a maximum v_alu'e_ of 0.61%.

North-south variation is distinct

The abundance and Co grade are generally high in the so’uthefn’ part,
and Ni grade and Cu grade are high in th(e_ngr'thern part.  Fe grade’is
high in the southern. part and Mn grad_éAis hlghm the nolx';thern p,art.‘ The
metal grade distribution is high throughout .the area Ljnd_gr the. influence
of manganese nodules abundance which is high_.th_roughoﬁ.t the _érea.

As for the Co content, it is apparent that it shows a higher value In the.
southern part. Tab.. 4-9-2 shdws the comparisbn of thé high abundancé
of manganese nodules in the area sureyed this year ‘with ‘the abund_ance
observed last year. Incid.entally, the distribution area with Co metal
content of more than 20 g/m? are 22 times larger than that of the last

year's area.
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Monthly Frequency Distribution of Wind Velocity in 1986

(W.V: m/sec)
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Monthly Frequency Distribution of Weather in 1986
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Monthly Frequency Distribution of- Atmosphenc Pressure ;-

(daily average) in 1986 (A p mb)
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Monthly Frequency Distribution of Swell Direction in 1936
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Monthiy Frequency Distribution of Swell Cycle in 1986
{8.C: sec)
5.Cc o Not
5 6 7 8 9 Jgo | |1zt 13} 14|15 Total
Month ’ clear
September | § 24 | 6 | 2t ¢ 3 o} 87p.0 ] 0 0 60 | 120
% o |2000] 500 1750 0 [250( o |s500| o | o | o |s000
October | 6 6l o t21l o} ¢ of 630 0| ol asel 18
% o | 769] o [2692] o [7es| o [789] 0.] 0 | o |so000

- 172 -




Monthly Frequency Distribution of Swell Height in 1986

(S.H: m)
S.H .
1 2 3 4 5 Not clear| Total
Month
September{ 21 28 8 3 0 60 120
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Monthly Frequency Distribution of Degree of Cloudiness in 1986
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| 1 i |
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