4-7  Assaying
The equipment of fluorescent X-ray analysis functioned normally.

For the 5 elementst Ni, Cu, Co, Mn and Fe that are principal components
of the collected manganese nodules, the fluorescent X-ray analysis was

executed on board.
The number of the analyzed samples was as follows:
- manganese :n'oc.lui'es: 190
- manganese nodule sections: 26
- bottom materials: 3

" Also, for the purpose of inspection on the bias, 50 samples were used for

the wet chemical analysis (analysis on shore).
The results of inspection on bias and accidental errors are described belows
1) Inspection on the bias _

Scatter diagram of metal grade assayed on board and on shore showed
. distinct linear distribution, and regression coefficient estimated by the

diagram was nearly 1.

Therefore, inspection on the bias and accidental errors was examined by
means of regression analysis considering the results of Inspection on the

difference of average values by means of t-test.

The following are the upper and lower value of the calibration curve.

Metal | Upper grade | Lower grade { Number of samples
Nj 1.69% 0.05% 23
Cu 1,53 0.05 22
Co 0.63 0.02 19
‘Mn 33,77 2.62 22
Fe 18.33 1.76 21
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(1)

(2)

‘Method by regression analysis -

The regression equation: 'Y = aX +b was utili_séd.-

Y: ve!Ue'ef- the .we_t'che'mical -enalysis

Xt fluorescent X-ray analysis on-board

a: - regression coefficient

be constant term

The results of the t-test relating to the. estimated values of a and b of
the regression equation and to-the values of regressmn coeff1c1ent are
shown in Table 4-7-1. '

- Further, the correlation coeff1c1ents between the analy51s values on'

board and the chem1cal analysss values are gwen together The
estimated values of blas and acc1dental errors are also shown in Tabie
4-7-2. ' '

Test on the difference of average values

"Table #-7-3 shows the’ estlmated va!ues of- blas and acmdental errors
:obtamed from the results of the t-test on the difference between

respective mean values of the analysis on board and the chemical

analysis.
2) Examination of the results

As shown in Table 4-7-1, it could be considefed that the analysis
values on board and those t-tested ashore had completely a full

correlationship.
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“Table #-7-1 Estimated Values of ‘a, b and Corrélation Coefficients

I S T KTl R o
Ni 10897 | —0.0231 23863 | 2686 0.9726
Cu 09594 | 00459 | L1753 " 0.9703
Co 10666 0.0370 14617 " 0.9589

~ Mn 10634 | —14782 41436 " 0.9951
Fe 10455 | .—0.00609 21125 " 0.9900

t degree of freédom: 4 and 5, slgnificant level ¥19%

Table 4-7-2 Examination of the bias and the accidental errors by- Regression

analysis
Average grade Bias Accidental Relative
assayed on estimated error bias
board _ _ ~ estimated
N 0.300% 0.004% + 0.044% 1%
‘ 1.100% 0.076% + 0.058% 7 %
. 0.200% 0.038% + 0.030% 19 %
s 0.800% 0.013% 4+ 0.043% 2 %
Co 0.200% 0.050% + 0013% 25 %
¢ 0.400 % 0.064% + 0024% 16 %
M 7.000% ~1.033% + 0.466% -15 %
" 24000% 0.045% + 0.396% 0.2%
. 7.000% 0.311% + 0.286% 4 %
€ 16.000% 0.720% 4+ .0.374% 5 %

Table 4-7-3 Bias and Accidental Errors Resulting from Inspection of the

Difference of Averagé Values

Average grade Bias Accidental .

assayed on lais d error Relative 14 cajculated t

board estimate estimated bias
Ni - 0.6466 %. 0.032%| - 0032% 5 % 2.696 2686
Cu 0. 4360 % 0.029%| + 0o23%| 7% 3.394 p
Co 0.2830%| 0052%[ 1+ 0013% 182% | 10930 %
Mn 16. 1280 % | — 0.427%| & 0.290 % 3 % 3649 ”
Fe | 11.0042 % 0.472%| £ 0.207% 4%, 6112 ”

t degree of freedom: ¥ and 3, significant level 21%

_Accidentai error of the data assayed on board means
provability 95%
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This is easily coneldded 'for'the reason'that' even ’rhough a slight
_drfference is observed on the regressmn coefﬂclents “and constant
‘terms of each element, the both values of analysxs in the d}Spersmn_
f1gure are dlstnbuted along a strarght hne for each element and all '

the regressmn coefﬂments are close to 1.

' Then, exammmg the bias by the difference of mean values, the bzas
presents rather higher- vaiues related to the cobalt than m case of-
the regression ana1y31s However, the bias related to each
component could be esnmated not to be so large as to make :

inconvenience practlcally.

4-8 Manganese Nodules -

Sampling of manganese nodules usmg FG and SC was done ata total of il#:'
sampling points (38 statlons) ' '

The sample manganese nodules were measured and observed in many

dlfferent ways on the vessel.

On shore, chemical - and mineral analysis was performed on some

representatwe samples

1) Physu:al properties (Morphology and granular size - charactenstrcs by_

external appearance . water content and specific gravity)

1) Morphology | | |
Classxflcatlon of manganese nodule morphology is7 as fo!lows'

_spheroidal type

ellipsoidal type

ellipsoidal fat ry'pe :

pebble thin type |

massive type '

' plate type

other type

0O OO
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- General explanations about each manganese nodule morphology is

as follows. Tab. #-8-1 shows physical properties of each

motphology.

@

There are two types: small size (0~ 4 cm) and medium size

Spheroidal type (cf. Fig. 4-8-1)

“(more ‘than & cm). The small size type mainly has a rough and
~ proturberant surface like a cedar sphere nut, and often has a

smooth surface. The medium size type is charcoal nugget

- shaped and slightly brown with a coarse granular surface.

‘Ellipsoidal type (cf. Fig. 4-8-1)

This type has a hamb_urgef like outward form with a fine

irregular and rough surface and is mainly manganese nodules

" with small cracks. Manganese nodules in the surveyed areas
~;are mainly small and have unknown thickness with a

fragmented coating. .

‘Ellipsoidal fat type (cf. Fig. 4-8-2)

This typé is one of the variations of the medium spheroidal

type and is more irregular and larger than ellipsoidal type

‘which appears most often in the surveyed areas.

Pebble thin type {cf. Fig, #-8-2)

“This type is usually a small manganese nodules with a thin

and round or oval shape like small stones on the seashore or
like "igo" stonesand with a relatively smooth surface without

_ irregularity.

Massive type-(cf. Fig. 4-8-3}

This type has a relatively smooth surface with irregular
angularity and a thin plate shapé varying between the small

and large size.
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Table 4-8-1 Physical Properties Associated with Morphology of Manganese

Nodules
Spheratda || Eliipsoidal | Ellipsoidal fat| Pabble thin Mas#lve Flate Other
80 5 M %A E D LS 30 Y 50
o~ 27— 3 i} 1 ] IR
E 2™ 4 [0 ] Y IO S I | A—— ]
e| e~ el | - - — | |
ol s~ 8] I o 3 ]
8™~ 16 | ! ] H 0
Smooth I ] 1]
ef | Smoot> 1 —— 1 3 | ]
=3
% E‘ Smrooth< 1 3 ] 1 ! l 1
»
“| | Rough ] I I 1] | T
=
§ Smooth
é €| smooth=Rough] ] i 1]
3| smoctreRough ] ] | ] ] )|
Rough - 1 1 1 ] ]
Single typa I 1 i | i
Dy
g | Single>Poly 1 i A ] B
3 Single=Foly b 1 i
g Single<Poly 1]
"
Poly type ] i
Many
a
g | Medium
< 1 Rare
8 Many
2 | Medium [] i
Y | Rare 1 ]|
- | Mean 26.60 27.65 3166 26.84 26.28 28.56 i9.46
§£ Stantors deviatir] 316 3,35 4.02 2.42 6.61 5.14 1.73
%—E Maxi mum 37.37 35 19 36.70 32.04 34.78 37.50 20. 34
£ 3! Minimum 20.46 20.006 20.28 22.54 7.50 13.89 16.28
'§ Mean 2.05 2.04 1.96 2.01 2.0% 1.98 2. 10
2 x| soodad devimiog 0,07 0.08 ot 0.07 0.15 0.12 0.08
23| Maximum 2,23 2.27 212 2,19 249 2.27 2.20
@ | Mini mum 1.90 1.87 1.89 1.84 1.87 1.79 2.00
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2)

©® Plate type (cf. Fig. 4-8-3)

This type has a relatively rough surface with a thin shape like
tiles or rice cakes and a round shape varying with small and

large size.

@ Other type

There are very small nodules whose shape is difficult to be
described or stick shaped ones etc.

(2) Size distribution

Fig. 4-8-4 shows the size distribution of manganese nodules, This
Fig. indicates clearly that there are mainly small size nodules with
0 -2 cm and 2 - 4 cm in diameter and that there are very few large

nodules.
(3) Characteristics of outward form

The characteristics are shown in the Fig. 4-8-1. The manganese
nodules found in the surveyed areas are in general single form type
with a relatively rough surface In many cases, except for
ellipsoidal type and pebbie thin type of nodules. It is remarked
that there are few with cracks or fragmentation.

Chemical properties
{5 principal components - total analysis - micro-analysis -~ chemical

properties of section)

Fluorescent X-ray analysis for the 5 components (Ni, Cu, Co, Mn and
Fe) of each category of size distribution was done on the vessel.
Analysis of auxiliary components of representative samples selected
from the aforesaid 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 X-ray. The
chemical properties of manganese nodules will be described according
to these results. (Statistical consequences should be considered in the

light of the small number of samples.}
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1y 5 Prmc:pal Cormponents
@ Grade variation of manganese nodules in the surveyed area

Fig. 4-8-5 shows the frequency distribution of the 5 prmcnpal
componients of manganese ‘nodules in the surveyed areas. Fig.
#-8-6 and Tab. 4-8-2 show respectively a 'scat'ter diagram _of
each components and statistics of the average grade of
manganese nodules. - Chafacferistics of the 'rnanganese
nodules in the surveyed areas are that they have a low Ni,
Cu, and Mn content and a h:gh Co and Fe content-
Correlatlon between each component 'is ‘both posmve and
negatwe within that of: the Ni-Cu-Mn system and of the Co-'
Fe system

(@) Grade dlfference accordmg to the morphoiogy of manganese
nodules (ct. Tab. !-1—8—3) '

Charactenstlcs of components accordmg to morphology are
as follows: - . _ ' S
| [t] Spheroidal and el.lipsoidarl. ty'pe nqdnies neve a higner'Ni
and Cu content and a lower Co cpntent_then ‘the everage
grade of manganese nodules in the surveyed areas having

about 2 ‘of Mn/Fe ratio. |

{2] Ellipsoidal fat type nodnles have a low Ni and Cu content
and a high Co content contrary'_to the spheroidal and
ellipsoidal type nodules having I.Iﬁ ‘of ‘Mn/Fe ratio.
However, the grade of medium. size nodules (more then 4
cm in diameter) among the above-mentioned spheroidal
type nodules is 0.19% Ni, 0.13% Cu, 0.52% Co, 17.29%
Mn and 17.52% Fe (Cu/Ni ratio 0.69, Mn/Fe ratio 0.99)

tending to be similar in grade.

{3] Pebble thin and massive type nodules have a low Ni and
Cu content and a high Co content having about 1.3 of
Mn/Fe ratio.
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Table 4:8-2 :_‘Ch_emiéél‘:-_-Pr_opérti{es. of _thé' Manganese Nodules : e

Table 4-8-3

..",;";_"s%tm_s'__:'i'qs'_:_; SN O o _'Cotréiatlon_c&gff@éig_’i}t; _.
Averageigr;::ir; Mlximum “inimum Fe Mn 1 Co Cu .
Ni| 066 0.32 | 1.34] 0,09 |~0.76] 0.70 | ~0.60| 006 | 100
cul o44| o025 | 100| 0.09 |~0.77| 0.73 ] ~0.62| 1.0
Co| 030} 0.11 - 0.56]. 0.05] o088 0os]| 1o0
Mn| 17.35 | *5.58 |28.84] 135 | ~0.24 | 1.00
Fe| 11.79| 3.35.[18.46] 0.84 | 100

Mbrﬁhblogy -and' Chemical \P'r'opertie's of the Méhga'n_e_sé Noduies

Ni (%) cu [N (%)
Morphology 7 n m%r;.ga gem \.;mmum Minimum| Average Suandard Maximor Minim;:;r? Aveuge . i Mbnimum
Spheroidal [40| 0.89 1 134| 012] 062| 027] 0.96{ 0.09° 027 0.17
Ellipsoidal |67} 0.72| 1.29] 1.27.| 0.24| 0.51| o0.26| roo| o.16 | 0.30) 0.1 0.16
Ellipsoidalfat| 4] 0.22| 0.06 6.2_6 0.13] 0.14] 0.02] 0.16] 012" 7_4_).53'_-'0;02‘:_ “6:56| 0.52
Pebble thin (23| 0.55| 119] 107 035| 0.35| 0.13] 077| 0.23 { 0.39| 0.07 |'0.47| 021
Massive [17| 0.48] 017 087 0.23{ 0.20] o0.10| 0.54{ 0.20 | 0.30] 013 0.43} 005
Plate 27| 0.44] 0.22| 0.87] 0.09| 0.27| 0.11| 052] 0.11 | 0.28| 0.09 | 044 0.14
Other 4] 0.s4] 0.09| 0.65) 0.44| 0.36{ 0.04] 040 032 | 016 003 018| 012
Mn (96) Fo (% . .
Morphology |n o B ( ' ) Cu’/f\” Mn/'Fa
Aversge 35309874 | yiarimum|Hinimim| Avarage gm; oy ratio | ratio
Spheroidal |[40{19.85| 4.28|28.5210.57|10.25] 327{18.46| 662| o068 | 218
Ellipsoidal |67|19.50| 4.57|28.84] 7.2011.66] 3.32|17.10 655 | 0.68 | 162
Ellipsoidal fat| 4]18.30 0.66]19.03 17.4_3. 16.0:52 0,37{16.54|15.68 | 0.66 1.14
Pebble thin |23[17.93] 2.52]24.41|12.46|12:98] "2.19]16.67 7.69] 063 | 134
Massive 17]13.69! s5.60(18.86] 1.94]11. 20 _3.82_ 15.:85 0.84 | 0.63 1.27
Plate 27{11.47| 5.49]20.94} 1.35[12.90] 2.49[16.10] 7.40| o068 0.92
Other 4! 7.58] 126} 8.78| 6,17} 770| 115| 9.21] 6.46] o068 | 0.9
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[4] Plate -and other type nodules have a low N1 and Cuz-
: ‘content and a high Co content as well as the pebble- thin
. and massive type nodules: ha_vmg;less than 1 Qf-Mn/Fe'
- ratio with slightly higher Fe content than Mn content. -
'®  Grade difference acc:or_dirig to granular size | |
(cf. Tab. 4-8-4) '
Smaller. manganese ‘nodules (0 ~ 2 cm and 2 ~ Q cm m"

diameter) havmg a hlgher Ni and Cu content and a lower Co '

content than medium sized nodules (more than % cm in

diameter). The Mn/Fe ratio of smaller manganese nodules is

nearly 2 and that of larger nodules is nearly 1 with a

decreasing tendency.

®  Grade difference *! according to topography
(ct. Tab. '4-8-5) -

In companson to the manganese nodules bearing on platforms
and sea knolls, nodules bearmg on flats have a hlgh Ni and Cu_
content, while a little bit lower Co content without any great -

difference.

*] Average grades of manganese noedules described in (D), @), and
(3) show the alithmatic means of assay data for each -size_
group, and those grades in & and (5) the weighted means of -
assay data for each sampling stations (number of stations,
114). The average of &) and (3 are as follows:

Ni 6.51%; Cu 0.33%; Co 0.36%; Mn 16.47%' Fé 13.57%. .

Therefore, the calculation process of @ and @ is dafferent

from that of (D, @), and (.
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Grade difference according to the bottom materials

(cf. Tab. 4-8

-6)

This grade difference seems to have a similar tendency with

the grade difference according to topography as there are

overwhelmingly lots of brown clay and calcareous sediment

bearing around sea knolls. Namely the manganese nodules

'bearing among brown clay have a higher Ni and Cu content

and a lower Co content than those bearing among calcareous

sediment,

So ‘the grade difference of cobalt is greater

according to the bottom materials than according to the

topography.

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

Size ] '_:m (%) Cu {%) Co (%)
(cm). {average mg:‘ Averige [Maximom| Aversgo 3:?::; aximur M{n.imum Average ::';r"‘:fif:‘ Maximam| Minimumg
o—2 (70| 0.79| 0.34] 1.34] 012 053] 0.24 | 0.97| 014 0.28] 009 046 0.12
2-4 o3| 068 0.27| 120| 0.17] 0.47] 025 | 100| 0.12| 0.30] 6.10] 0.51] 0.15
4-6- |25{ 0.48] 0.27| 103 0.09| 0.33] 0.23| 0.96] 0.211| 0.33| 0.13] 0.55| 0.05
6-8 |15] 041 0.18] 087] 0.18| 0.24] 008 | 0.40| 0.09] 038 0.11| 0.52| 0.18
§~16 [ 9| 035 0.17| 0.74| 0.13{ 0.24| 012 0.52| 0.12| 0.36] 0.15| 0.56| 0.10
Size |y T R I N cumi | Moswe
(cm} | [Average g;’i’fa';l Maximum| Minimum| Averaga m.\g.ﬂmun- wmmem| ratio | ratio
0-2 |7017.71| 5.43|26.77| 1.37|10.97| 3.03 [17.02| 6.46] 0.68 1.82
-4 |63|18.34] 539 |28.56| 251{11.75] 314 [18.46] 6.55| o0.66 1.77
a—6 |2516.19] 6.93]28.84| 1.35|12.62| 425 |17 10 0.84] o070 | 148
6-8 |15[15.29| 3.89120.94] 8.06|14.47| 2.13|18.42[10.18| 0.59 1.06
8—16 | 9|14.34] 4.92]|19.03| 3.56{13.10{ 3.16 |16 07| 8.47 0.69 1.09

-95 -



Table 4-8-5 ' Sea Floor Topography and Ch

eical—Pr,opert‘;es,qi ;Manganeée '

Nodules
. T (%) SCus )| Co (%)
Tepography | N . _ ) ] R U - -
| || Averne SUndatd Iy imurh] Mindmurm| Aversge[SUSo8eS Ipaximury Winlrut ri\ver'tx_éﬁ Standard Maximarn | Winismur)
Plat |65 0.55| 0.29 | 134 =‘0.1";__3._ 0.36 0.22 q.'gé To12] 0.88| 012 0.85] 0.10
motlow | 1] 18] = | = | = | o1s| - - - o[ - |- |-
Plattorm |7 | 0.46| 0.11| 0.87| 0.38|.0.28] 0.06| 0.56 '_"o_..z'g:- 0.38| 0.05{ 0.44] 017
Knott | 01 0.46] 025 093 025 | 0.29 | 0.00° 0.59 [ 0.17} 0.37 0.09 | 0.47 071
Rest | 3] 048] 0.17] 0.60| 0.18| 0.28] 011 0.36] 0.09] 0:41| 0.06 | 0.52] 0.38
"~ Mn = (%) Fe (%)
Tﬁ'my n Avorage gmf; Maximuim Minimui Average :::ff:g‘ Maiirem| Midmm
Flat |65]17.25| 4.54 |28.61)5.56|13.00| 3.34[16.91] 4.99
Hollow | 11 2.23] — | - | = Jis30) = | - | -
Piattorm | 7|16.16| 1.52|21.38| 7.20]14.79| 1601621 875
"Knoll | 9 15,17 _3’..3'2 18.34] 5.52[13.90] 1.96 15.78'6 .‘3.96
Rest | 3{19.00| 0.5110:20 18.02 15.28| 2.0 |18.42 |13.30

Table 4-8-6 Bottom Sediments and Chemical Properties of Manganese Nodplgs

96 -

Nj o (%8) Cu - - (%) :Co ' (%)
Sedimert | 0 _ T = = : NPT
Aversge f}wmiamﬂ:a_m‘imm i Average gﬂmimni:\-u Minimum  Average iewvimlﬁmd M | Minimam!
Brownciay 79| 0.521 0.27) 134 013| 034} 0.20| 008 | 012 | 0.85] 012 055 | 0.10
Zesoticcy| 1| 0.68] — | - - 037 — - - 0.30| - - -
Catewreous | 31 0,42 'o.oa_' 0.45| 037] 0.27| 001} 0.28] 0.24| 0.42| 0.05 0.47 "0.3;0
Mn (%)  Fe (%)
Sediment | N 1s \ . j T
Average’ d:'::i:\ Maximim{Minimum] Average :m Maximumi Minimum
Brownclay | 79| 16.42| 5.06|28.61] 2.23]13.25|-3.0316.91] 4.99
Zeolotic ciay] 1] 14.98] — — ] ~j11.43] = - -
Calewreans | 3l 16 71| 1,40 18.34|14.45| 15.93| 0.65]16.21]13.04
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~Auxiliary components

Total analysis and small quantity analysis were done ashore on 3

'samples selected from samples used for the 5 principal components

analysis on' the 'vessel in order to investigate the auxiliary
component properties of manganese nodules. Tab. #-8-7 shows both

“the. total and small quantity analysis values and that of the 5

pt‘inéipal components analysis on the vessel. The S$iOp, TiOp,
AlO3, Ca0, Ky0, P05, Pb, Sr, V, B and Y components of
manganese nodules in the surveyed areas have a higher grade than

the average grade *! in the Clarion-Clipperton Prime area by

'. Mckelvey et al {1979). The reason for the higher grade of SiO2 and

~ AlO3 seems to be the influence of external origin materials (such

as rock pieces). On the contrary, MgO, BaO, Naj0, Mo and Zn
have a lower grade than the average grade in the Clarion~

Clipperton Prime area.
Chemical properties of sections of manganese nodules

Manganese nodules have growing structures of concentricly circled
layers of manganese minerals with a core of a fragment of ancient
manganese nodules or a core of external origin materials (such as

rocks, teeth of sharks, authigenic minerals, clay).

Manganese nodules in the surveyed areas rarely have a core of a
fragment of ancient manganese nodules and have mainly a core of
external origin materials. A small amount of nodules have their
sections with a clear concentricly circled structure when observed

with the naked eye. This also seems to be a part of the

*1  Si 7.81%, Ti 0.61%, Al 2.84%, Mg 1.80%, Ca 1.47%, Ba
0.32%, Na 1.87%, K 0.82%, P 0.23%, 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 4-8-7 Chemical Composition of Manganese Nodules

9580357005

Sampling No-|  g55736RG02 | 855936FG02
Topography " (Hilly) Flat s '-'(Hilly)'Flat. | (Hilly) Platform

Depth (m) o :4;'9_4'4 N Cssi0. | s152
orphology P | SDRTOGEET |
 Size (cm) cs=1e | ams | a-s
R 03 01z 040

g\ - Cu 0.24 o.‘u_..= . 0.26

: gg " Co Q.26 0.55 . 0.39
| E ‘Mn 0. 75 17.78 15.66
' Fe 8. 47 1631 15277
§10, 3818 1577 2335

TiO-z. 092 L72 177

Al O 1025 528 - 546

Fe; O, 1150 2412 2170

FeO <0.01 <6.0 1 <o.o'1

| E, MnO, 1606 | 2-9.'.9 4 2s07
?g ‘N.IgO 252 1.:_9_3 ' | 2.} 7
E‘f Ca0 218 2.38 2.16
BaO 0.06 0.07 010

Na, 0 245 .:2.1-4 - 195

K0 222 063 0.87

P; O 1.00° S 074 0.6 9
Ig—1loss 1.0 1567 14.21

Pb 0.039 0095 0075

St 0051 0095 0.080

. Mo 0.017 0.037 0.034

g v 0.027 0.091 0.068
g%‘, As 6006 0.01 4 0.012
§ B 0.043 0.074 0.069
Zn 0.038 0.042 0051

Y 0.018 0.008 0.014
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. -reason for their low Ni and Cu content. In order to examine the
‘chemical properties of sections, 2 circular boundary seams (inside
and outside) were set up on the sections, as a matter of
'éénveniénce, and these boundary seams divided the sections into 3
parts; the core encircled by a inside boundary, the inner crust
___enclosed by two boundaries and the outer crust formed by the

| externa! part of a outside boundary Further to this rough lelSlOl‘l,
each of these parts were divided into several smaller parts.

V‘Fluorescent- X-ray analysis were carried out on these small parts

reseérching for the 5 principal components.

.Tab. 4-8-8 shows the analysis results of manganese nodules; Fig.
4-8-7 and #-8-8 show respectively the dividing positions of each
- sample and the grade of each section according to respective

nodules shapes. General comments are as follows:

@' The top surface of the outer crust may have a lower Ni and
Cu content and a hxgher Co content than the bottom surface

 of the outer crust.

@ Except for the spheroidal type, the outer crust may have a
trend of presenting a higher grade of Ni and Cu than the

inner crust.

‘(3 The core has a lower Ni, Cu and Co content than the outer
and .inner crusts; that indicates the core would be composed
of exfernal origin materials. On the other hand, the core of
the pebble thin type nodules has a higher Ni content than the

outer and inner crusts.
3) Mineral properties (X-ray diffraction analysis - microscopic observation)

‘Concerning t_he-représentative 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 nodules.
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Table 4-8-8° Chemical Compositional Difference Between Surface and Inner -
Part Nodules . - ‘ B

Sample | Size | Morphology| . Analyse . XRFAnalyses (%) — | el
No. Aot Spepesition [T T T = i Fe
{em) ] Ni L Cu f Coi Ma | Fe .
- T outer antane ool ioealin il
| crust | 019 {009 11051 | 17.57]10.1310.47 |.0.92
s [ Inner |7 en e b e LTI R X
§ crust 1 |- 0:30.[0.16 } 6,46 |"18.56 | 18.80 [ '0.53 |- 1.10
> |G| 034 | 017 [0 1291 [1as0 050 123
853 — g | Spheroi- Core ~0.28. ..0'15_ 037 1444 1470 0.54 |.0.98
2 Core | 0.05 | 0.16 | 0:03°| 0,05 | 7.00'|"820"| %14
g [nner| g 5310120 048] 17. 98 [ 16. 817 0.52 | 107
7 {crust2]. L . s Mhue 4
& {nmer | mam | =izl s T =T T -
3 | ety ] 0267 0147 0.50° 18.81[17.30 | 0.54 | 109
JgOuter .l oy Toneal sooxlaa val- "
Gruse -| ©-217[ 0.10 | 0.58 | 15.64118.78°['0.48] .0.83
Outer i a aa S N e A BT B
Lot | 0297 0.487)0.54] 19.54)17.59.| 0.62 | 111
& floner | o451 0.10.| 056 20.58|17.32| 0.56 | L19
:‘3" crust1{- pl P B .8 | 1T 0.E .
-} Inner : - T
L crustz| 024 0.09.] 058 19.25 15,00 | 0.38 | 128
858 _ . | Ellipsoi- ' 1464 '
§36FG05] 516 4o Core 0.06 | 0.05 [ 019 -4.04]12.18] 0.83 | 0.33
Inner : ; j
i |creetz| 022 | 011 | 053 | 19.40116.09 [ 0.50 | 121
5 [tmer T 05 | 013 | 0551 20001730 0.52} 116
~ {erust l ) : I ST )
Outer'| 52 | 0.31 | 0.49] 20.52]|16.34] 0.60 | 126
crust .. -
; Outer, : P
§h. crnee t| 018 _0.09__ 0.46 14.71‘ 21.25| 0.47 [ 0.69
Core | 0.46 | 019 | 0.19| 789 9.04| 0.41 | 0.87
858 — Pebble | Inner SR RN R P -
036FG0s]| 48] g | cruse2 .o.zg .0.21. 0.40 ”19.61 16.23 0.7_2. 1.03
g |toner V580 033 ] 0.43| 183217 11] 0,85 ] 107
ﬁ' crust 1 ; " . ittt e : 0
Quter o . : 1 _ .
owrer| 0:43 | 0.36 | 042 | 19.17 [17.12 | 0.84 | 112
1 | Outer’ ' ; ) on Ed 1 g
§ | oy | 043 | 027 | 047 | 20.58(14.98] 0.63 | 137
S| Inner: | - - 1. : Y I
D pmeri-| 0.33 | ©.18 | 0.45|'18:34|13.25 ["0.55| "1.38
Inner . ’ ) ) j
858 | q_g | cruerz | 939 | 0.21 ) 0.44].18.02112.61).0.54 | 1.43
937FG03 Massive: ; : —.
Core | 0.21 | 0.13 | 0.26 ] 9.15/11.98} 0.62| 0.76
t. | Inner p - - -
B | eruet1] 32 0.18 | 0.38 | 17.73]12.62| 0.56| L.40
o | Qutar
~ crust 0.43 ) 0.28 | 0.46 | 19.46|14.58| 0.65 | 1.33
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Fig. 4-8-7 Photos of Manganese Nodules used for Section Analysis
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Fig. 4-8-8 Grade of Respective Section of Manganese Nodules
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(1

(2)

X-ray diffraction analysis .

Manganese nodules were roughly divided into the outer crust, inner

crust and core; moreover, each of the samples shown in Fig. 4-8-9
was divided into several smaller parts on which X-ray diffraction

~analysis was executed, The resdits of analysis are indicated in Tab.
4-8-9 and the X-ray diffraction patterns are in Fig. 4-8-10.

Detected minerals are 'q'uart._z, plagioclase, montmorillonite, illite,
) o

-phillipsite and 3 kinds of manganese minerals: 10A manganite, & -

MnO7 and 7A manganite with a low peak . .of X-ray diffraction.

' Particulérly, mahganese minerals were not observed in the core
~and a high peak of the diffraction chart related to other minerals

than manganese (such as wellsite) appeared; these are presumably

external origin materials,

‘Observation by microscope

Polished thin sections were prepared from the representative
samples of manganese nodules and observation was done by
microscope with transmitted and reflected light. Explanations will

.be made on a typical sample. of the manganese nodules of

ellipsoidal fat type.

Characteristics of the ellipsoidal fat type (855-936FG02 8 - 16 cm)

are as follows:
Observation with naked eyes

External appearance: an oval and bulgy shape, like that of two

‘integrally combined spheres and seemed to be a variation of the

medium or large sized spheroidal type of manganese nodule.

The aspect of surface both at the top and the bottom is coarse and

this type of manganese nodules occurs characteristically in the

surveyed areas.

As shown by the macro-photo of section in Fig. 4-8-11 the core is

composed of external origin materials and occupies a greater
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Table 4-8-9 Results of X-ray Diffraction Analysis of the Manganese Nodules

{em)

' e " Analyse - .
Sample No. Size | Morphology p(‘,‘si,’-,'m iof

74

-
ey
=
[=]

3=Mn

Ph I

Quter
crust

LU;ij:ger

Lower

855936FGo1]| 8—16| Ellip-
soidal

Inner
crust

Ufsper

+| o+ ]|

Tower

‘Core

Outer
crust

Uppei'

Lower

Eilip»
855936FG02| 4—6 | ‘gpidal
fat

Inner
crust

1 Upper

1 Lower

+l+ ]+ |+

2

Core

E [ R P A I I 1 T S R

Er4+ |+

Quter
crust

Lower

+

Upper

=]

858837FGo6| 6—-8| Plate

Inner crust
upper

+

%

wl el el + |+ |E[+] |+ 4]+ +| +]| +] +| o

+1 |+ +

Legend

[+]

=] Q o
10A: 10A manganite 7A: 7A manganite

Pl: Plagioclase Mo: Montmorilionite

#e very strong #: strong

Intensity of diffraction line
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+: weak

§ -Mn: §-MnO3

Ph: Phillipsite

Q: Quarti

I: lilite

+t very weak
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Fig. 4-8-9 Photos of Manganese Nodules used for X-ray Diffraction Analysis
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Fig. #-8-10 X-ray Diffraction Patter of Manganese Nodules
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I—1~4 Micro photo
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I Section
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reflected light
fransmitted light

b A A

reflecied light
transmitted light
Fig. 4-8-11 Macro-photo and Microscopic Photos of Polished Thin Section of

Manganese Nodules
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part of the manganese nodule. The principal manganese minerals
are found at the outer crust with a width of 1.0 - 1.5 c¢m and the

concentricly circled structure is not so clear.
Observation by microscopet

The core is composéd of a great volume of clay minerals and
contains pieces of manganese minerals {cf. Photo No. I of Fig. #-8-
Il); it is remarked that the part of core in contact with the outer
crust embraces pieces of manganese minerals (cf. Photo No. 1I-2
left side of Fig. 4-8-11)

The outer .crt_Jst has a regular striped texiure of manganese
minerals (10A manganite and §-MnO32), a grape-like texture (cf.
Photos No. II-2 right side and No. II-4 of Fig. 4-8-12) and a variole-
like texture (cf. Photo No. II-3 of Fig. 4-8-12)

4) Distributional characteristics of manganese nodules

(D

(2)

Morphology distribution of manganese nodules

As for the morphology distribution of manganese nodules, the

following rough classification was set up:

- zone where ellipsoidal type is superior
- zone where massive and pebble thin type are superior

- medium morphology zone.

These zones are marked on the morphology map as shown in the
Fig. #-8-12..

In the surveyed areas, a lot of medium morphology zones are found
and in the areas surrounding sea knolls, massive and pebble thin

type zone are more common.
Size distribution of manganese nodules

Fig. 4-8-13 shows the average size distribution of manganese
nodules. Small sized manganese nodules (0 - 2, 2 - & cm) are the
majority from the center to eastern part in the surveyed areas.
Middle size (more than # cm) are distributed in the surroundings of

sea knolls in the western part of the areas.
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(3)

(#)

(5)

Granular size and morphology
Thg-_‘m'orphqlogical-classiﬂcation ratio of the manganese nodules by
respective granular size are shown in Fig, 4-8-14.

Except 8 - 16 cm size, ellipsoidal fat type are the majority of the
manganese nodules, secondly, spheroidal type 0 - 2 cm size, pebble

i_hin' type for 2 - # and % - 6 cm size and massive type for 6 - 8 cm.

’i'_hé perc';é’ntége,oi f:e_bbie thin and massive types increase gradually
for 2 -4, & - 6 and 6 - 8 cm size compared with 0 - 2 cm size. For
8 - 16 cm’ 51ze, elhpsmdal fat type is the majority, w1th being
second in quannty, ellipsoidal type.

Local- topography and morphoiogy

The morphologlcal c]a331f1cat10n ratio of manganese nodules by
respective Local-topography is shown in Fig. 4-8-15. The
percentage of pebble thin and massive type has a trend of getting
greater except in the flat. As for the metal content, Ni and Cu
content are 'low and Co is high in pebble thin and massive types.
These phenomena are concordant with the fact that they have the

same ten_déncy in Local-topography.
SBP type and morphology

The morpholog;cal classification ratio by respective SBP type and

thlckness_o_f upper transparent layers (*1) are shown respectively in

‘Fig. 4-8-16 and 4-8-17. Pebble thin and massive type nodules are

pres‘;ent' in type b with upper transparent layers; in types c, ds and

d2 without th'ém

,They are. not present in type a and el with upper transparent

_ Iayers

*] Collecting the statistics based on datas for 10 m unit of upper

transparent layers.
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Fig. 4-8-15 Relat.ion between Local Topography and Morphology
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(6)

. bottom materlals

When the thickness of upper- transparent iayers 1s 0 10 and 20 m,
pebble ‘thin .and maSSWe types appear, therefore, these ‘appeared

even in type b w1th relatsvely thin upper transparent layers
Bottom matenals and morphology o

F1g 4-8 18 shows morphoioglcal classrﬂcatlon ratio by respectwe -
It has a tendency to -make the ratio of pebble

thin 1 type hlgher in calcareous sedlment that'is dlstrtbuted near sea’

knolls, compared wrth brown clays

5) Sea bottom 51tuatlon and abundance o

(n

(2)

Morphology and abundance of manganese nodules -

Fig. 4-8-19 shows the average ab_un_dance and occorrence ratio of

abundance by respective morphology.

Morphology of high average abundance is mostly pebble thin type
except for two sampimg points with a elhpsmdal fat. The

morphology of 0 abundance 1s not pebb}e tlun type.

The morphology of ‘massive and plate ‘types 1nd1cate higher
abundance than that of the ellipsoidal fat type. But it is caused by
the inclusion of a lot of massive type in medium and _large size

manganese nodules.
Sea floor topography and ab'nndance

At each sampling points, the relation between the sea bottom and

the abundance of manganese nodules is shown in Table 4-3-10.

Table 4-8-10 Relation Between Regionai_-Sea Floor T opography
7 and Abundance of Manganese Nodules
Topography | No. _of sampling F\verage | Océurrence
points abundance | ratio
| | 25 kg/m?
Plain 81 1.61 kglm? 6%
Hilly 33 7.04 64
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The present areas are divided, from macroscopic point of view, by
the longi.‘_cudinal_:line 159°W into the plain.of the eastern part and
the hill of the western part. . As being evident from Table #-8-10,
- . the abundance of manganese nodules for plains is low (average 1.6!
kg/m2) and the occurrence ratio of more than 5 kg/m? is only 6%.
On the other side, the hills indicate high average abundance (7.04
kg/m?2) and -occurrence ratio of 64% (more than 5 kg/m2). In the
surveyed areas, the area with an abundance of more than 5 kg/m?2
“are found almost all on the hills. The statistical results of plains
and hills observed microscopically are shown in Table 4-8-11 and 4-
8-12. '

Table 4-8-11 Relation Between Local Sea Floor Topography and
S ~and Abundance of Manganese Nodules in Plain
Province
Topography | No. of sampling | Average Occurrence
o : points abundance | ratio
z 5 kg/m?2
Flat' -~ | 72 L32kg/m?| 3%
Platform 10,88 100
Sea knoll 1.97 100
Table #-8-12 Relation Between Local Sea Floor Topography and
-Abundance of Manganese Nodules in Hilly Province
Topography | No. of sampling | Average Occurrence
points abundance | ratio
o r z 5 kg/m?
Flat 15 9.36 kg/m? | 66.7%
Platform 4.09 16.7
| Sea knoll 6.03 33.3

As shown in both tables, the data for platform and sea knoll are too
limited. Comparison and exarnination were executed only on the
flats; the values on the flat indicate an opposite tendency in case

of those on plains and those on hills.
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- The average abundance for the flat on plains" wes-lowl-af_i.ﬁi kg/m?2

"with the occufrence ratic being only 3% of the area having an

~abundance of more than' 5 kg/mZ. - As for the sea knolls, the

(3.)_

(%)

" abundance and occurrence ratio were respectwely hlgh 9.36 kg/m?
‘and 66. 7%. ‘ : -

SBP type and abundance

The relatronshlp between the SBP type and abundance are shown in

. Fig. 4-8-20. Asfor the plams,- the _abund_a_nr;e of type b and el with

upper transparent.layers is- lower th_an'fhat of type c, ds and d2
without them. The weight factor *l indicates 1.52 to 1.72,

chfferences by reSpectwe SBP type are not recognrzed

On the hllls, on the contrary, abundance decreases in the followmg
order type b (10 kg/mz) with upper transparent layers, d2 and ds, ¢ c
(0.13 kg/mz) without upper transparent layers.” But the coverage
by samples obtained is almost the same value, 40% for type b, d2
and ds, it means that type b with upper transparent layers has a
larger weight factor than other SBP types without ;chern, that is to
say, granular size of manganese nodules in type b is larger than the
others. ' | i N

As mentioned above, in comparison with type b for plains and that
for hilis the distribution situation of the manganese nodules is
reversed, the former is nearly sterile and the latter is highly

concentrated. -
Upper transparent layers and abundance

The relationship between the thlckness oi upper transparent layers

and abundance is shown in Fig. 4-8-21.

*] cf. Paragraph 4-4-(1)

-118 -



. o,
tkg/m?) Plain Province (%)

1o} _ -i40
Average Abundance
]
s Average Coverage e
b 5} —20 o
c [~
e} 1]
£ >
< Egs’ l 3
ol : IS S| I : [51 : I o
s8P T:':tf.lse oL b 'c ds dz el
Average Abundance | 0,92 | 2:48 | 1.63 | 4.0l 116
Awerage Coverage 8.67 [15.84 |10.06 {23.95 8.74
Welght Coefficlent 1,62 | 1.87 .52 | r1&7 .72
Numbsr of Samples 37 8 14 N 5
lkg/mzl Hilly Province (%)
_ . -80
s Average Abundonce
Average Coverage
1o} \ — ] -0
. N N
E N N [N .
T sl \ \ % oo €
2 \ NEEN :
< \ \ 3
N N | N 1
LN s NN .
SBP Type b c ds dz
Average Abundonce | 10.51 0.13 7.18 | 8.64
Awrage Coverage 43 .96 1.23 | 390.90 |41 .87
Weight Coefficient 2.32 .06 .82 2.04
Number of Samples 12 [ 1 3

Fig. 4-8-20 Relation Between SBP Type and Abundance of Manganese Nodules

- 119 -



(kg/md ' o)
aem Plain Province 40
1 - Avarage Abund'on-ce .
. § sl L . J2o g
g - Ayerage Coverage §
a . 3
o i
T ok oS PN O o WO o T
Transparént Layer | 10.00 | 20.00 |30.00 | 30 <
Average Absndonce | 1.48 | 0:42[ 046 0.81
Average Coveroge - | 9,36 |. 3.13| 2.237|. 2.13
Weight . Coefficient . | . 1.88 | 1.34| 2.06 | 2,39
Number of Somples- 20 2. | &8 6
{kg/m2) ' (/e
18 . Hll!y Province ~60
10 : §r_ Averug§ Abundance 40
§ \ Average Coueruge o
3 \ : £
g \ @ |
0 B [+ ]
2 s \ o O
0 A\ 0

Transparent Loyer 10.00 20.00 | 30.00 | 30 <

Average Abundance | i1.15 508 | — —
Average Coverage |as.27 26.23 -— _
Welght Coefficiemt | 2.46 | 1.93 | — _

Number of . Sa'mples 1o | 3 e —

Fig. 4-8-21 Relation Between Upper Transparent Layer Thickness and

Abundance of Manganese Nodules

=120 -



(s

In these low abundance areas, the manganese nodules of the

.'Ma_nganese nodules with upper transparent layers are only type b
‘and e 1. Because of limited data, the correlation between the

thickness of upper transparent layers and abundance was not found '
out, but as shown in 4-8-22, abundance has a tendency to become
lower, as the thickness of the uppet transparent layer increases, on
both plains and hills.

SBP Records and embedding ratio of the manganese nodules

,-e_mbedd__ed type are widely distributed, as shown in Fig. 4-4-2, The

. relationship between SBP records and the embedding ratio *} are

shown in Téb_lé 4—84_3.

" Table 4-8-13 Relation Between Thickness of Upper Transparent

Layers by SBP and Embedding Ratio

Layers' thickness ‘| 10 (m){ 20 30 30 <

Embedding ratio | 0.44 10.68 | 0.90 { 0.97

No. of samples =~ | 30 . |12 8 3

As this value grows larger, the embedding ratio increases. Cases
where the grab collecting efficiency is less than 0.2, can be

considered as exposed type.

~ As js evident from Table 4-8-13, as the thickness of the upper

transpérent layers increases, there is a tendency for the embedding
ratio of the manganese nodules to become larger. Embedding ratio

by respective SBP type are shown. in Table 4-8-14.

*1 embedding ratio can be calculated by the following formula.
Embedding ratio = 1 - (photographic surfac ratio/re-collecting

surface ratio)
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Table 4 8-14 Relation Between SBP Type and Embeddmg Rano

of Manganese Nodules o

__'I'ype ofSBP e c | ds d2 el

Embedding ratio | 0.42 | 076 | 0.70 | p.52 ] 0.86

No. of samples 1w 24 25 |9 6 ;

From Table 4-8 14, in types b and el thh upper transPdrent layers
the embedded type of manganese nodules are Iargely abserved; this
is asé.ur’n’ed according to the relation with layers thiéknesé; But,
while the’ type ds v.uthout upper transparent layers is the _exposure
type, type ¢ and d2 are the embedded type It is’ reasonable to
assume that type ¢ and d2 are on the plam and have a relatively

- thicker superﬂmal sediment ¥1 than type ds. But the SBP records

don't show transparent layers.

So it is aSSUmed that superficial 's'edi'me'nt is oniy a few meters in
depth even if there is any superﬁcnal sediment The relatidnship
between sea tloor topography, SBP type and the th:ckness of upper
transparent layers, indicates tne areas where manganese nodules
could be abundant. Examples of condmons ‘mentioned above are as

follows:

- the areas of {lat on hills =
- the areas with upper transparent layers with a thickness of

abc_)ut 18 m.
Bottom materials and abundance

Fig. 4-8-22 shows the relation between bottom materials and
abundance. Average abundance for the calcareous sediment is
higher than that of the brown clays. As stated above, most of

calcareous sediment exists near sea knolls.

¥] Superficial sediment corrésponds to “the uppér transparent
layers and quaternary sediment are collected from transparent

layers of type b and e 1.
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49 Bearmg Sxtuatton of Manganese Nodules

1)

2)

Abundance of the manganese nodules (refer to annexed flgure 7)

Lookmg at the dlStl‘lbUtlon srtuatlon in genera! terms there are three
sites where the average abundance 15 more than 3 kg/ m2 These three
sites cons;stmg of about 9% of the surface of the surveyed areas
(85,000 km?2) are as follows, '

() The site in western part demarcated by the 159°W a}ong the
western edges of the. surveyed area from 5030'S to 3030'S with a '
peak point at 7045'S; | 159015'W. (SS-A)

@ Insular site around the posmon ?°30'S° 158030'W (85-B)

(3) the semi c1rc1e site around. therpos_rtlon 8030'S:  158030'W at
southern edges of the surveyed areas. (85-C) '

The western part demarcated by the lme 159°W corresponds to the
outside flank margln of the Mamh1k1 piateau and presents a complex R
and intensively undulated topography. The eastern part demarcated by
the line 159°W presents a plain bottom. Within this part, the 1soIated
summits of sea knolls and sea mounts are dispersed along latitudial line
7930'S to the east. The manganese nodules with flat ‘and elliptical

morphology and granular size less than & ¢cm make up about 70%.

The surveyed areas could be considered as the areas where small size

manganese nodules exist.
Grade distribution

In the surveyed areas, the metal content, could be considered to have
areas where Ni and Cu contents are low and Co is high the folloa_ring the

general condition of Ni, Cu and Co contents:
(1) Ni content (cf. the annexed figure 8)

N1 content indicates a maximum of 1, 3#% a minimum 0. 13% and
an average 0.74%. In general, the areas w_here the Ni content is

high indicate a low abundance, as stated "4-8",
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(3)

The areas with a abundance of léss than'5 kg/m2 corresponding to
about 80% of the surveyed areas, indicate 0.5 - 1.29% Ni. Ni
content where the abundance of manganese nodules is more than 5
kg/m? is as follows;

(D . 85-A: external margin of Manihiki plateau

surface: about 6,500 km?
average Ni grade: 0.32%

(2 85-B: insular site around the position 7930'S: 158930'W

surfacet about 800 km?
average Ni grade: 0.47%
(3) 85-C: instilar site around the position 8030'S: 1580W
" surface: about 400 km?2

average Ni 'gi'a&e: -0.27%

Cu content {cf. the annexed figure 9)

‘Cu content indicates a maximum of 0.98%, a minimum of 0.09%

“and an average of 0.51%. The distribution situation-of Cu content

has the same tendency as Ni:

But the Cu content has little correlation with the abundant
compared with Ni. There are some sampling points in areas with
an abundance of less than 5 kg/m2 which indicate a Cu content
that is less than 0.5%.

(D 85-A: -Average Cu Content: 0.28%
(Z) 85-B: Average Cu Content: 0.28%

(3) 85-C: Average Cu Content: 0.17%

)Thé areas where Cu content indicates more than 0.8% are the

_ northern part of the middle area and south eastern area.

_Co content (¢f, the annexed figure 10)

Co content indicates a maximum of 0.55%, a minimum of 0.10%
and an average of 0.28%. In high abundance areas, Co content

indicates high, compared with Ni and Cu content.
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@M. Co content in the 85-A where th_'e.: abu'ndancé is," "r_nore than 5
k’g/_m_z_ mostly indicates more than 0.35% and the average is-
0.43%. . R L o

@ Average Co-contént in the 85-B is-0.37%.

In southem part near 805 in the mlddle of the surveyed area,
where abundanc:e is 16ss than 5 kgl m? there are many points
~ where Co content indicates more than 0.3%. Co content is
10.32%, although the average abundance of 6 samplmg pomts
in this area indicates 3.30 kg/m

B3 As for the average Co ‘content in -the 85-C, Ni and Cu
contents be.come higlxer ’.co'-the north of-the 80S line and Co
becomes higher to the south of the 7°S line in eastern part
demarcated by the 159°W

(#) Mn and Fe content
Mn content indicates a maximum c')'f'ZS 61%, a mihimum of 2.23%
and an average of 17.99%. Fe c:ontent md1cates a maximum of
18.42%, a minimum of 4.99% and an average of 10.84%.

(5) Correlation between each components

Positive correlation is confirmed amongst Ni, Cu and Mn, and
among Co and Fe. Among Ni-Cu-Mn - and Co-Fe groups, reverse
correlation is confirmed. Among abundance and nickel, reverse
correlation is observed and among abundance and cobalt positive

correlation is observed.
Distribution of metal quantity

Considering manganese nodules as useful ore reserve, it is necessary to
consider not only the quantity of the manganese nodules per unit area,
that is, high coverage but also the metal quantity included in the

manganese nodules (specially Ni; Cu and Co that are useful metals).
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For Ni, Cu and Co, the metal quantity per unit area is calculated for

each sam_p_iing as in the following formulas with metal content value,

- and the results are described in annexed figures 13 - 15.

*

Ni metal quantity per unit area = abundance x (l-water content) x

 Ni grade

*

*

Cu = abundance x (1-water content) x Cu grade

‘Co = abundance x (l-water content) x Co grade

In this case, a cut off grade for each metal is not used. As stated later,

the characteristics of distribution of metal quantity in the surveyed

at'"ea_ is that the area where Ni, Cu and Co contents are high indicates

high abundance of manganese nodules.

(D)

(2)

Ni (cf. annexed figure 13)

As shown in this figure, the areas with more than 20 g/m? (Ni) are

the following four;

- the site between the 1599W and the line 159930'W which is the

west end of the surveyed areas.
- the insular site around the position of 7°30'S: 158030'W.
- the insular site around the position of 8900'S: 157°00'W.
- the site around the position 6930'S: 156°30'W.

In the surveyed areas, the total surface area where Ni content
indicates more than 20 g/m? is about 7,500 km? and the average

content is 29.2 g/mZ.
Cu (cf. annexed figure 14)

As shown in this figure, the areas where Cu content indicates more
than 20 g/m2 are generally similar with Ni, but these are limited

because of lower grades.

In the surveyed areas, the total surface area where Cu content
indicates more than 20 g/mZ is about 630 km? and the average

contnt is 23.2 g/ mZ,
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(3) Co (cf. annexed figure lb)

As shOWn in thlS flgure, the areas where Co content md1cates more
than 10 g/m2 are 51m11ar to the areas where Ni content 1nd1cates
“more than 20" g/m2 ‘In the- surveyed area, the total surface area
where Co content 1nd1cates more than 10 g/m2 is ‘about 8, 3#0 l«:m2

and the average content is 29.0 g/ m?.
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Chapter 5. Summary

Conclusion

Comparing the sea floor topography: with the distribution of manganese

nodules, . the bearing situation of the deep-sea ore resources were

Vcharafc.terizegj by the sea depth and the sea floor topography. In the
“surveyed areas, especially in the Plain Province, ore resources might be rare

until the depth reaches around 4,000 m, if any, they were less than 5 kg/mZ,

Though there observed some crustic-type mine'ral.depo'sits at depth between
approximately 4,000 and 4,500 m, the majority were basement rock and

rockmass which were exposed.

At a depth range of around 4,500 to 5,100 m, the most prominent mineral
resources observed were crust-type and some manganese nodules in limitted

greas.

At a depth rang_e of around 5,100 to 5,600 m, manganese nodules were

. generally abundant. B

In the eastern part demarcated by the line 159°W, the Plain Province of the
surveyed areas, at a depth range of around 5,100 to 5,400 m, the abundance
of manganese nodulés were comparatively moderate, Below a depth of
5,400 m, the abundance of manganese nodules decreased. And it might be

i_eSs than 3 kg/ mZ at most and the average is less than 1 kg/m2,

Topographically, the concentrated areas of manganese' nodules were
observed in areas of the complex Hilly Province mainly at the extfernal

margin of the Manihiki plateau. Almost nothing was observed on the plain.
(1) Sea floor topography

The sea floor topography showed a trend of deepening toward the west
-of the longitudinal line 157930'W and getting shallower toward the east
of that line.

 The eastérn part démarcated by the line 1590W presented mostly plain
bottofﬁ. * Within ‘this part, the isolated suminits of sea knolls and sea
‘mounts Wei‘e'diSP}'eSSEd atong the laditudinal line 7030'S. And massive
isoiéted sea mounts with relative heights of 1,200 m were recognized
around the position 7930'S: 157930'W. '

~ 129 -



(2)

(3)

The western part demarcated by the hne 1590W corresponded to. the -

“external margin of the Manihiki plateau Wthh covers an extensive area,

and presented a coxlex and mtensweiy undulated topography. ce

‘Distribution of manganese nodules R

The abundance of manganese nodules m the surveyed areas was

asc:ertamed, in general higher to the west of the longitudmal line
1580W and Iower to the east

The followmg three areas were conf;rmed to mchcate an abundance of :

more than 5 kg/m2

D 85-A: external margin of th’e Manihiki plateau in western part
demarcated by the line of 159°W '
surface about 6 500 km

(2) 85-B msular site round the p051t10n 7°30 S. 158030'W
surface about 800 km2

(3 85-C: msular site round the posmon 8030’5 158030'W
surface: about 400 k:‘n2

The sea floor of these areas showed to be qu1te undulated and the depth

-measured was some 5, 100 5,600 m.

Exposure ratio of manganese nodules was rather high.

Throughout almost all the surveyed areas, especxally around the sea
mounts or sea knolls where the sea ‘depth is less than _5,000 my

manganese nodules were found, in the state of plate, crust or massive

- rocks. In rare cases, it was observed that basement rock was exposed

directly.
Bottom materials

The sea floor of almost all the areas surveyed were covered with brown

clays, Calcareous clay was observed slightly only near the’ summits of |
sea mount or sea knolls where the sea depth W_as less than 5,000 m,
Also, in exiremely rare cases, clay rich in zeolite was ._obseryed-withih
the limits of brown clay distribution areas. On the basis of the present
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survey data, no correlation between the bottom materials and the

manganese nodules were able to be confirmed.

Grade distribution and metal quantity distribution of manganese nodules

As for the grade and distribution of the metal quantity of the

manganese nodules in the surveyed areas, the following regularity was

ascertained:

(1) Grade distribution

(2)

Concerning the three components nickel, copper and cobalt that

are significant metal of manganese nodules in the surveyed areas,

the followings were observed:

®

o

The average for whole surveyed areas;
Ni grade was 0.74%, Cu 0.51% and Co 0.28%;

Concernmg the .areas where the abundance of manganesc
nodules was more than 5 kg/mZ, Ni and Cu grades tended to

decrease, while Co tended to increase as follows;
Ni: 0.449%, Cu: 0.27% and Co: 0.39%;

A's_ior the areas where the abundance was more than 7.3
kg/m?, Ni and Cu grades were found at the same level but

the Co increased rather high.

The surveyed area could be considered to have areas where

Co grade be relatively high.

Distribution of metal quantity

Concerning the three components nickel, copper and cobalt mainly

useful elements of manganese nodules in the surveyed areas, the

metal quantity per unit area were as follows;

©

The surface area where Ni metal quantity was more than 20
g/m? was about 7,500 km? and average metal quantity
indicated 29.2 g/mZ.
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(@) The surface area where Cu metal quantity '\ifas--more than 20
g/m2 was: about. 630 km2 " and - average -metal quantity
_ 1nd1cated 23,2 g/m2 e
(3 The surface area where Co metal quantlty was more than 10

. g/m2 was abut 83#0 km2 and. average metal quannty
indicated 29.0 g/ m2, '

-Prop'osal for the next financial year _

As the next steps in surveying the"r_n'anganese nodules we propose the .
' followmg' '

(1 To proceed a ’copographzcal ‘survey of the sea floor by the echo '
sounder in. the area that locate to the southwest part of the

currently surveyed area, and

To determme potential sea areas by means oi the pumary and'
secondary samplmgs wrth a gr1d of 42, 4 and 21 2 nautical miles;

{2) To select an adequate measurmg lme, and

To confirm the continuance -of the distribution of manganese

nodules by means of CDC.
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{No. 10)

Weather (in 1985}

weather

month ™

. ‘Blue Sky |

Cloudy

| Rainy '

Total

Preci:ipitla'tio'n 7'

CApr.

- May

June

July

Aug,

Sept.

QOct.

22

9565

435

23

MNov.

Dec.
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{No. 14)

Swell-hight (in 1985) -

- :-'-Wavé-'hightz m"

Swell- .
~ hight
month

none .

 Total .

Apr.

May

June

July

Aug.

Sept.

16
1151

5.6
4029

67
4820

Nov.

Dec.
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Measurement: every 4 hours
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