XVIII. METAL CONTENTS OF MANGANESE
NODULES FROM THE GH79-1 AREA

Tsunekazu Mochizuki, Shigeru Terashima, Atsuyuki Mizuno,
and Seizo Nakao

Mn, Fe, Ni, Cu, Co, Pb, Zn, and H,0O were analysed for 67 samples of manganese
nodules obtained during the GH79-1 Cruise, and the chemical characteristics of nodules
are discussed on the basis of the analytical data.

Sample preparation and analytical procedure

Sample preparation method applied is the same as the previous ones for the GH77-1
Cruise samples (MORITANI et al., 1979). All nodules were immersed in running water and
then ion-free water. After air-dried, samples were ground to under 150 mesh. The ground
samples were encased in small paper bags, dried at 20-25°C for 24 hours, and then kept
in a desiccator. In most cases an analysis was done for mixed ground sample of two or
three different size classes of nodules from each box corer or freefall grab.

Mn, Fe, Ni, Cu, Co, Pb, and Zn were determined by atomic absorption spectrometry
(TerasHIMA, 1978). Outline of the procedures is given below.

Sample of 0.1 g was decomposed with a mixture of 5 ml of hydrochloric acid and
5 ml of nitric acid in a covered 50 ml beaker on a boiling water bath for about 30 minutes.
After cooling, the solution was filtered into a 100 ml calibrated flask and diluted to the
mark with water.

The atomic absorbance of each element in the sample solution was measured by
atomic absorption spectrometer using an air-acetylene flame. The concentration of
each element was determined from a calibration graph, which was prepared using a series
of synthetic standard solutions that has a composition similar to the sample solution.

The total water was analyzed gravimetrically as reported in the previous work
(Funnukt et al., 1977).

Results and discussion

Results
The contents of Mn, Fe, Ni, Cu, Co, Pb, Zn, and +H,0, and the ratio of Mn/Fe in
sixty-seven nodule samples are given in Table XVIII-].

General aspect

Table XVIII-2 presents an average of the contents in the survey area and the reported
averaged values for manganese nodules in the Pacific Ocean including the Central
Pacific Basin. The average value in the survey area is in nearly same order for Mn, Ni,
and Cu, whereas fairly lower for Fe, as compared with the GH77-1 (MoRITANI et al., 1979)
and GH78-1 (MORITANI et al., preparation) areas. This results in higher Mn/Fe ratio in
manganese nodules in the survey area. The GH76-1 area nodules (FUJINUKI et al., 1977)
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Table XVIII-2 Comparison of average values.

MoRriTaNT  MORITANT  FUJINUKI
et al. et al. et al. CRONAN MERroO
This work (in preparation) (1979) (1977 (1974) (1962)
Number of
sample 67 64 118 68 54
Mn % 18.72 19.61 17.48 23.54 19.75 24.2
Fe %, 9.12 12.15 11,28 7.52 14.29 14.0
Ni % 0.69 0.61 0.56 0.97 0.722 0.99
Cu % 0.54 0.44 0.44 0.95 0.366 0.53
Co % 0.25 0.36 0.27 0.19 0.381 0.35
Pb ppm 542 720 648 348 900
Zn ppm 770 670 645 1170 470
H, 0+ % 19.20 19.36 23.12 20.74 25.8*
Mn/Fe 2.05 1.61 1.55 313 1.73
*represented as loss on ignition.
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Fig. XVIII-1 Regional distribution of metal contents in the GH79-1 main survey area.

have higher average value of Mn, Ni, Cu, and Mn/Fe than the survey area. Those point
to the regional variability of the averaged metal contents of the Central Pacific Basin
nodules, which may be related to nodule type and/or bathymetric or geographic situation
of nodule occurrence.

Geographic and bathymetric distribution of metal contents

A geographic variation of the metal contents exists within the GH79-1 area. The
distribution of Mn, Ni, Cu, and Co seems to be generally irregular throughout the main
survey area, except for its southeastern part where Mn, Ni, and Cu are more enriched
but Co is less concentrated (Fig. XVIII-1). In the detailed survey area, a small area cen-
tered at 10°N, 167°40'W, the metals are rather uniformly concentrated, but some regular
variation of the metal contents can be found along the 10°N survey line, represented by
eastward increase of Mn, Ni, and Cu and decrease of Co in the same direction (Fig.
XVIII-2).
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Fig. XVIII-2 Local distribution of metal contents in the GH79-1 detailed survey area.

The geographic variation may be partly related to a bathymetric situation of nodule
occurrence. Figure XVIII-3 indicates that the concentration of each metal of nodules
at depths of 4,900 m to 5,900 m, varies in a wide range, whereas tends to be restricted to
relatively narrow range at depths above 4,800 m. We can recognize a marked upward
increase of Co and Pb concentrations. No particular trend of upward increase or decrease
of concentration is found for the other elements. The problem of metal concentration in
relation to a depth of water will be discussed elsewhere in addition with the data from the
other areas in the Central Pacific Basin.

Relationship between metal contents, noduie types, and abundance

The geographic variation of the metal contents may have been partly caused by a
particular relationship between nodule types and metal contents. Table XVIII-3 shows
the average metal contents of each type of nodule. In the table, the data of DPr, Dr,
Vr, and Ds types are added only for reference, because the limited number of analyses
may not permit adequate proof for interpretation. Despite that, definite relationship
between nodule type and chemical composition is recognizable for all the types excluding
Vrand V. Mn, Ni, Cu, and Zn are more enriched in Sr, SPr, SPr(s), DPr, and Dr, which
have poorer contents of Fe, Co, and Pb than IDPs, IDPs(r), Ss/SPs, Ds, and DPs. This
results in an apparent difference of mean values of each metal and Mn/Fe ratio (Fig.
XVIII-4) between the whole r- and s-type nodules. Vr and V types are exceptionally low

— 250 —



ppm

30004

4000

50004 *

6000+

70004
m

1 10 190 1000
[ : e @ a
e a L] A
ex m e o A
* R "n ee 2 o N 4
x =X __J e e @ A a
'1‘ i nm - K a Y 44
o % % }g‘ A " 4 A‘A‘ 'Yy
iy N - Y . 4
" %%x e‘. L] r
| a» o u e »® . ~
e m ] A
M © Fe e Ni =
Cv @ Co x Pb a

Fig. XVIII-3 Distribution of metal contents of nodules in depths of water.

Table XVIII-3 Average metal contents and Mn/Fe ratio of each type nodule.

Numbers

Mn Fe Ni Cu Co Pb Zn Mn/ of
Type % % % % % ppm  ppm Fe sample
Sr 20.93 674 093 076  0.17 379 1025 3.38 6
Spr 22.55 6.38 1.0l 0.89  0.18 397 1074  3.66 13
Spr(s) 2029 827 083 070 021 476 878  2.48 3
Dpr 2143 904 075 058 029 469 790  2.37 1
Dr 2573 469 092 072 0.17 294 1228 5.49 1
%3 608 355 032 030 0.03 98 465  1.71 1
IDPs(r) 1693 1039 057 039 02 614 636  1.62 3
Ss/Sps 18.39  10.53 0.60 044 0.26 623 684  1.82 18
Ds 1922 1278 052 036 034 778 621  1.50 1
IDPs 15.16 9.86 048 028  0.17 418 501  1.20 6
DPs 17.63 1142 053 033 0.8 642 621  1.55 12
v 10.98 897 030 0.5 022 546 455  1.21 2
r-type* 2219 7.02 089 073 020 403 999  3.46 24
s-type* 1747  11.00 054 036 026 615 613  1.54 40

*except for Vr and V.

in some elements. This may be related to that the Vr and V type nodules have a man-
ganese oxide layer thinly coating relatively large nucleus.

Ni plus Cu grade thus related to nodule type has a particular correlation with nodule
abundance. Although each type does not show a definite distribution, the whole r-type
and whole s-type are largely separated into two areas on Fig. XVIII-5 which shows a
correlation between Ni plus Cu grade and abundance of nodules and their relation to
nodule types. Generally, nodules with higher Ni plus Cu grade and rough surface occur
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Fig. XVIII-6 Variability of manganese nodules along the survey line, 10°N, 167°50" to
167°20'W, in the detailed survey area (after M1zuNo et al., 1980).

in lower abundance, whereas those with lower Ni plus Cu grade and smooth surface
occur in higher abundance as high as 44 kg/m?, throughout the GH79-1 area. Such a re-
lationship can be clearly observed also within the detailed survey area. Figure XVIII-6
presents an inverse relationship between Ni plus Cu grade and abundance, related to
nodule types excluding Vr type, along the 10°N survey line of east-west direction in the
area.

These data suggest that the origin of r- and s-types may be significant for the enrich-
ment of metals in nodule as well as for nodule concentration.

Correlation among metal contents

It is generally known that Mn and Fe are correlated inversely. In this study, a
similar tendency is obtained on the nodules with high Mn contents (more than about
18 9;). Those with low Mn contents (less than 18 %), however, appear to have a positive
correlation, as shown in Fig. XVIII-4.

Ni and Cu are of the most strongly correlating elements in manganese nodules (Table
XVIII-3), thus behave almost together. There also exist clear positive correlations
between both Ni, Cu, and Mn in most of high grade nodules (more than about 18%,
Mn). However, this correlation is somewhat ambiguous in the low grade nodules (Fig.
XVIII-7). It has been known that Ni and Cu have positive correlations with Mn/Fe
ratio, as represented clearly by MORITANI ef al. (1979). The present result is illustrated in
Fig. XVIII-8. Fe is positively correlated with Co, as shown in Fig. XVIII-9.
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Table XVIII-4 Geochemical distribution of some metals.

Ocean-floor
Mn-nodule The earth crust sediments Sea water Concentration ratio
(wt %) (wt 20 (wt 20 (x 1077 gfkg)
This work MaAsoN KATO et al. TUREKIAN Mn-nodule Sediments
Metal [A] (1958) [B] (1979) [C] (1969) [A/B] [C/B]
Mn 18.72 0.10 0.445 4 187 4.5
Fe 9.12 5 42 34 1.8 0.8
Ni 0.69 0.0080 0.0137 66 86 1.7
Cu 0.54 0.0045 0.0318 9 120 7.1
Co 0.25 0.0023 0.0076 39 109 33
Pb 0.054 0.0015 0.0034 0.3 36 2.3
Zn 0.077 0.0065 0.0105 50 12 1.6
Mn/Fe 2.05 0.02 0.106 0.118
Mr-nodules The earth crust Ocean-floor sediments  Sed water
{ut %) {4t %) (Wt %) (%107 g/kg}
0.0 0 0.908 0 0.02 0.04

Ni

Cu
Co
Pb
Zn

Fig. XVIII-10 Geochemical distribution of Ni, Cu, Co, Pb, and Zn (from the data on
Table XVIII-4).

Geochemical distribution of some metals

Geochemical distribution of Mn, Fe, Ni, Cu, Co, Pb, and Zn for manganese nodules,
the earth crust (MasoN, 1958), ocean-floor sediments (KATO et /., 1979) and sea water
(TUREKIAN, 1969) are listed in Table XVIII-4. Concentration ratios are calculated for
manganese nodule (manganese nodule/earth crust) and ocean-floor sediments (sediments/
earth crust). Except for Fe, the concentration ratio of metals in the nodules and the
sediments against the earth crust are 12 to 187, and 1.6 to 7.1, respectively. Fe is least
concentrated in the nodules (1.8) and the sediments (0.8).

In Fig. XVIII-10, contents of Ni, Cu, Co, Pb, and Zn in the nodules and the earth crust
are compared. Zn contents of the nodules are significantly lower than other metals as
compared with those of the earth crust. This may arise from chemical characteristics of
Zn during the nodule formation while leaving out Zn in sea water. High Cu content of

the sediments may be related to a high stability of the metal in the sediments rather than
in sea water.
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