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XV. LOCAL VARIABILITY OF MANGANESE NODULE
CHEMISTRY AROUND
THE SMALL ABYSSAL HILLS IN THE GH81-4 AREA

Akira Usui and Shigeru Terashima

Introduction

Earlier numerous chemical analyses have revealed significant variations in nodule
chemistry on various scales; high-grade nodule provinces in the Northeastern
Equatorial Pacific (HEIN, 1977; PiPER and LEONG, 1979), local great variation around
topographic highs (HALBACH and OzKARA, 1979). The small-scale compositional varia-
tions of manganese nodules have been one of economic and scientific interests.
However, the pattern of local variation in nodule chemistry, morphology, mineralogy,
and their relationships to topography and geology have not been well understood. In
the GH81-4 area, small-scale nodule sampling were made in the two model sites
(40 x 40 km?), Areas I and I1, after bathymetric and geophysical surveys.

This article aims at describing the mode of local variation of nodule chemistry and
its relationships to nodule mineralogy, and external and internal structure.

Samples

One hundred and eight nodule samples were prepared from every station where
nodules were collected. Each sample from a station includes several entire nodules so
that the sample represents approximate mean bulk compositions of the stations. Mor-
phological description of nodule samples and semiquantitative X-ray diffraction
analyses on the powder samples were performed before chemical analysis. Analysis
numbers are common to those for X-ray diffraction analysis in Table XV-1 (Usul, this
cruise report).

Analytical methods

Air-dried nodule samples were ground in an agate mortar into powder under 100
mesh. The untreated powder samples are divided into two to be subjected to element
chemical analyses and gravimetric analysis of water contents. Mn, Fe, Cu, Ni, Co, Pb,
Zn, Si, Al, and water contents were determined according to the method of GSJ
(Geological Survey of Japan) standard (TERASHIMA, 1978; MocHizukl and
TERASHIMA, 1983). The powder is melt with sodium carbonate and boric acid, and the
fusion was dissolved with dilute (1:9) hydrochloric acid. Lanthanum chloride was
added to the solution to prevent interference of other components. Element concentra-
tions were determined by atomic absorption spectroscopy. Water contents were deter-
mined as H,O* and H,O~, by Penfield Method and by drying in ovens at 110°C for
three hours, respectively.

All data of chemical and mineral analyses are recorded as data files and processed us-
ing a personal computer system.
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Results and discussion

Flement concentrations and water content (H.O™) are normalized to 110° C dried
powder samples, and loss of heating at 110°C is to air-dried samples. Numerical
results are listed in Table XV-1 together with nodule type and selected mineralogical
data.

General compositional features

Concentrations of major metal element concentrations of manganese nodules of
this area are within the range of the Pacific deep-sea nodules (HEIN, 1977). The average
of nickel plus copper grade exceed 3 wt.% , which is comparable or even greater than
those from the Northeastern Equatorial Manganese Nodule Belt. The nodules seem to
be high-graded, though abundance is relatively low and areal distribution is limited.

When converted to oxides (MnQO., Fe;O;, CuO, NiO, Co0,0;, PbO, ZnO etc.) the
analyses of nodules sum to between 81 to 94 wt.% with the average of 88 wt.%.
Manganese is always a major element of these nodules ranging from 15 to 35 wt. %,
whereas iron is usually lower and depleted to less than 5% in some cases. Other metal
elements, Cu, Ni, Co, Pb, and Zn are apt to covary with the two major elements. Cu,
Ni, and Zn are positively correlated with Mn, and Co and Pb with Fe. Si and Al may
be attributable to nodule nuclei and included rock fragments and detritals.

The nodules from the GH81-4 area are characteristic of great variability in chemical
composition, as most distinctly represented by Mn/Fe ratio. The ratio varies from 1.2
to 7.1 for nodules from sediment surfaces. The compositional variation of nine metal
elements of these nodules are within the range of normal deep-sea manganese nodules.
Some exceptionally high and low ratios are encountered in nodules buried within sedi-
ment cores: Mn/Fe=155 (P218 buried at 32 cm depth) and 0.44 (B63 buried at 15 cm
depth).

Mineralogical controls of nodule chemistry

Earlier chemical and mineral investigations combined with precise morphological
descriptions (Usui et al., 1978; Usut, 1979) have concluded that principal mineral con-
stituents of deep-sea manganese nodules are as follows.
1) 10 A manganate phase: iron-free and nearly stoichiometric hydrous manganate
mineral containing lattice-held Cu, Ni, and Zn. The ratio (Cu+ Ni-+ Zn)/Mn falls on
around 0.16 or less. The phase represents rough surfaces on nodules in the form of
cusps or dendrites. It is deposited from dissolved metals in interstitial water of uncon-
solidated surface sediments in the course of early diagenesis of sediments.
2) J-MnO, phase: submicroscopic mixture of poorly crystalline 2 line form §-MnO-
and amorphous hydrous ferric oxide, containing similar amount of Mn and Fe. Cu,
Ni, and Zn concentrations are much depleted as compared with 10 A manganate. The
phase represents smooth surfaces on nodules in the form of stratified layers with occa-
sional columnar patterns. It is deposited from overlying normal sea water as settling
colloidal particles.
3) Mn-free silicate minerals and nuclei: fine particles of clay minerals, zeolites,
plagioclases, quartz, etc. in oxide layers, and nuclei.

The nodule surface structures, rough and smooth, are consequently correspondent
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Fig. XV-2 Cluster analysis of chemical and mineral composition, showing three distinct groups. Analysis
is based on correlation coefficients in Table XV-3. New coefficients between two components or
groups are calculated by simple arithmetical averaging. Components/tm: 10 A manganate, qz:
quartz, mt: montmorillonite, ph: phillipsite, pc: plagioclase, dm: -MnO,. Symbols with a
small triangle denote mineral components.

with nodule mineralogy. Therefore nodule surface feature is closely related with bulk
chemistry (MORITANI ef al., 1977; SOREM ef al., 1979) when their internal structure is
simple Nodules of rough surface composed to 10 A manganate are generally high in
Mn, Cu, Ni, and Zn concentrations and ratio Mn/Fe, and low in Fe, Co, and Pb.
Nodules of smooth surface composed of 6-MnO, are low in Mn, Cu, Ni, and Zn and
ratio Mn/Fe, and high in Fe, Co, and Pb.

As shown in Table XV-2, nodule bulk compositions are markedly related to nodule
morphological type, in accordance with relative abundance of the two manganese
minerals and nodule surface feature. All parameters increase or decrease in the order
of R2(Sr/Dr), 12(Ss.r/Ds.r), R1(IDr/IDPr), I1(IDs.r/IDPs.r), S1+S2(1Ds/IDPs/Ds).
The contrary order of R1 and 12 may be due to different mineral compositions between
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Fig. XV-5 Size-dependent compositional variations of r-type nodules. Stations/a: FG369, b: B65, c:
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FG424, d: D496.

nodule inside and outermost surfaces.

According to the above mentioned mineralogical characterization, following
assumptions seem to be reasonable though it would be over-simplified one to explain
every compositional features. 1) 10 A manganate is a stoichiometric manganate with in-
variable ratio (Cu+Ni+Zn)/Mn, and contains no iron, 2) -MnQ, contains no Cu,
Ni, or Zn. Fe/Mn(=1.0) and Fe/Co are constant, 3) aluminosilicate fractions are
variable but do not exceed 10 wt.% as SiO: and Al:Os. Inter-element correlations of
bulk nodule samples (Fig. XV-1) are compatibly explained on these assumptions. Ma-
jor elements, Mn and Fe, are weakly correlated and of scattered pattern due to
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variable content of aluminosilicate fractions (Fig. XV-1A). The plots of Cu+Ni+Zn
versus Mn shows a relatively dispersed pattern (correlation coefficient r=+40.91), and
some fraction of total manganese is not related to Cu+Ni+Zn (Fig. XV-1B).
However the plots of Cu+Ni+Zn versus 10 A reflection intensity show strong linear
dependency to 10 A manganate abundance (r= +0.96), and the regression line may
pass near the zero point (Fig. XV-1C).

On these assumptions Fe/Mn should be linearly dependent of relative abundance of
6-MnO; to the both minerals. Total Cu+ Ni+Zn is therefore expected to vary as a
hyperbolic function of the reciprocal, Mn/Fe. Fig. XV-1D well supports the assump-
tions. Concentration of Co mostly incorporated in -MnQO; is positively correlated
with Fe (Fig. XV-1E).

The cluster analysis (Fig. XV-2) based on correlation coefficient matrix (Table XV-
3) reveals three significant component groups: 1) 10 A manganate, Mn, Cu, Ni, Zn,
and quartz, 2) -MnQO,, Fe, Co, Pb, and water contents, 3) Si, Al, and silicate
minerals. These three groups are again consistent with the above mineral characteriza-
tions and assumptions.

In the ternary diagram (Fig. XV-3A), the total of Cu, Ni and Zn concentrations
seems to be linearly dependent of Mn and Fe concentrations. The two intersections of
the extrapolated regression lines and triangle axes are regarded as ideal compositions
of 10 A manganate and 6-MnO,.

Typical areal distribution patterns of nodule chemistry are illustrated in Fig. XV-4.
Mn/Fe ratio dependent of relative mineral composition generally agrees with nodule
morphological type. The ratio is always low ranging from 1 to 2 for smooth surface
nodules (type s) from the vicinity of southeastern sub-peaks in the Area I, intermediate
surface nodules from the northern valleys in the Area I, and from the western flank of
the Area II (see in Figs. VIII-7 and VIII-8). In contrast rough surface nodules (type r)
always represent high Mn/Fe ratio and high Cu+Ni+Zn as a result of dominant
development 10 A manganate. Co concentrated in -MnO; is related to smooth to in-
termediate surface nodules throughout these areas.

Therefore the local variability of bulk nodule chemistry is primarily determined by
abundance of manganese minerals. It is reasonable that these manganese minerals are
considerably invariable in chemical composition irrespective of nodule abundance,
size, or locality.

The ratio among Cu, Ni and Zn is generally invariable and irrespective of nodule
type or locality (Fig. XV-3B). And this fact explains why Cu, Ni, Zn and Mn are
positively correlated in bulk nodule compositions. However, in addition to those
primary variation patterns in relation to mineral abundance, secondary smaller varia-
tions are observed. A size-dependent compositional variation was observed in some sta-
tions as shown in Fig. XV-5. These stations yield abundant spherical nodules of typer
(Sr) whose diameter ranges from several centimeters to less than 5 millimeters.

Inverse pattern of variations between Mn and Si may be due to relatively great abun-
dance of silicate minerals in smaller nodules. Fig. XV-5 markedly shows that Ni is rela-
tively enriched in smaller nodules (than ca. 1 cm) as compared with Cu and Zn
although the range of variation is not very great. This fact cannot be explained only by
mineral abundance in manganese nodules, suggesting a minor compositional variabil-
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ity of the manganese mineral. It may be attributable to preferential accumulation of Ni
into 10 A manganate lattice in the initial growth stage of nodules, or to active metal
supply source rich in Ni. We have no further data now to give a conclusive explanation
to this fact.

Plots of Si versus Al show a strong positive correlation with linear regression line
crossing near the zero point (Fig. XV-1F). The mean atomic ratio Si/ Al of the nodules
is around 2.6 ranging from 2.2 to 3.2. It is consistent with reported value for marine
phillipsites (2.4 to 2.8: BoLEs, 1977). It may be suggested that phillipsite is the most
dominant aluminosilicate fraction of these nodules.

Chemical composition of buried manganese concretions

Buried manganese concretions from this area, especially from the piston core P218,
have extraordinary chemical compositions. The irregular concretions from P218 at a
depth of 32c¢m are composed of a strikingly pure manganate mineral containing
traceable amounts of Fe, Cu, Ni, Zn, Co, and Pb. The mineral components are well
crystalline 7 A manganate (or birnessite) which is very rarely found in deep-sea nodules
and 10 A manganate (Usut, this cruise report). This anomalous mineral and chemical
compositions suggest a different environement of formation from normal deep-sea
manganese nodules; for instance hydro thermal.

Nodules from the box core B83 at a depth below the sea-bottom of 15cm is of
typical smooth surfaces partly covered with dense clayey material. The chemical com-
position is around the range of s-type nodules but much enriched in Fe and depleted in
Mn, Cu, Ni and Zn.

Summary

Manganese nodules of high concentration of Cu, Ni, and Zn, comparable to the
Northeastern Equatorial Manganese Nodule Belt are, locally distributed in this area,
though compositional variation is considerably great. The small-scale sampling of
manganese nodules and comparative chemical and mineralogical analyses reveal that
the local variation of nodule chemistry of the GH81-4 area is principally due to
preferential development of 10 A manganate and d-MnO,. General compositional
characteristics and inter-element correlations are reasonably explained in terms of the
mineral characterization of the two minerals and aluminosilicate minerals.

The local variability of nodule morphological type is generally consistent with bulk
chemical and mineral compositions. Rough surface nodules are enriched in Mn, Cu,
Ni, and Zn, and depleted in Fe, Co, and Pb, reflecting the chemical composition of 10
A manganate; and smooth surface nodules vice versa. The scheme is, however, not
always applicable when the inside mineral composition is different from that of nodule
surface.

In addition to these primary variation pattern, secondary variation dependent of
diameter was found in 10 A manganate nodules in some stations. Smaller nodules are
enriched in Ni as compared with Cu and Zn. It suggests a possibility of minor composi-
tional variability of 10 A manganate.

Manganese concretions of irregular shape, anomalous chemical composition (Mn/
Fe ratio; up to 155), and exceptional mineral composition was found from piston core
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P218 at a depth of 32 cm. This characteristics suggest a different condition of forma-
tion normal deep-sea manganese nodules.
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