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Abstract  

Jauhari, P., 1989. Variability of Mn, Fe, Ni, Cu and Co in manganese nodules from the Central Indian Ocean Basin. 
Mar. Geol., 86: 237-242. 

The trace element variations in manganese nodules from the Central Indian Ocean Basin have been related to the 
underlying sediment type. Percentages of Mn, Cu and Ni are high in nodules occurring in siliceous sediments compared 
with nodules from the red clays which contain higher Fe and Co. Clustering of analyses shows that Ni and Cu are 
geochemically associated with Mn, and Co with Fe in both sediment types. However, the degree of correlation between 
all the elements is higher in the nodules from red clay sediments compared to the siliceous ooze-area nodules. Similarly, 
there is an increase in the Ni and Cu values and a decrease in Co content with increasing Mn/Fe ratio but the scatter 
plot of the elements from the red clay sediments show more linearity than the siliceous sediments where the plots are 
more scattered. 

The variations in the Mn/Fe ratio reflect variability in the composition of bottom water which in turn influences 
the type of underlying sediments and supply of metal to the deposits. The higher concentrations of Mn, Ni and Cu in 
the nodules from siliceous sediments reflect the influence of early diagenesis of the biogenic components, whereas the 
higher Fe and Co contents in the nodules occurring in red clay areas are a result of their precipitation as authigenic 
oxyhydroxides. 

Introduct ion  

There are limited reports on variability of 
nodules and their mode of deposition from the 
Indian Ocean region. Siddiquie et al. (1984) 
have compiled the information available on In- 
dian Ocean nodules and Ahmad and Husain 
(1987) have studied the geochemistry of a few 
nodules from the Central Indian Ocean Basin. 
Pattan (1988) suggested that  nodules were ex- 
posed to different source supplies during their 

growth history, based on a study of the internal 
microfeatures of nodules. Jauhari (1987) at- 
tributed variations in the Mn/Fe  ratio and the 
trace element contents of nodules to the differ- 
ent accretionary processes. In the present pa- 
per, the geographical distribution of elements, 
their inter-element relationships and varia- 
tions with the Mn/Fe  ratio in the nodules from 
different sediment types have been studied to 
understand the elemental variability and the 
mode of deposition in the Central Indian Ocean 
Basin. 
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Fig. 1. Distribution of Mn, Fe, Ni, Cu, Co and Mn/Fe in the Central Indian Ocean Basin. 
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Methods  

Figure 1 shows the positions of stations from 
where nodules have been analysed in the pres- 
ent study. The nodules have been collected 
mainly by boomerang grabs by the scientists at 
the National Institute of Oceanography, India, 
as a part of their exploration programme. One 
representative sample from each station has 
been taken for the study. 

The oxide fractions have been analysed for 
their Mn, Fe, Ni, Cu and Co contents. After re- 
moving their nuclei, the nodules were powdered 
in an agate mortar and oven dried for 4 h at 
110 ° C. The powdered samples were digested in 
4N HC1. A few drops of H202 were added and 
boiled to remove the organic content. This so- 
lution was filtered, made up to volume and then 
analysed. Analytical precision and accuracy 
were checked using internal and external nod- 
ule standards. The analyses were carried out 
using a model PE-5000 Perkin-Elmer flame 
atomic absorption spectrophotometer. 

In the absence of sediment data, the type of 
underlying sediments at each station has been 

taken from Udintsev et al. (1975). The con- 
touring on the elemental distribution maps was 
carried out by the usual methods of interpolat- 
ing the values in between stations to obtain the 
geographic variation of elements within the 
basin (Fig. 1). The total matrix of 75 stations 
was subjected to cluster analysis and the results 
were plotted in the form of a dendogram (Fig. 
2). The matrix was then broken down for dif- 
ferent sediment types. The number of nodules 
from calcareous sediments is very small when 
compared with the total number of sediments. 
Only siliceous and red clay sediments have 
therefore been taken into consideration. Nod- 
ule samples from the transitional zone of the 
two major sediment types were also not incor- 
porated for comparison. Two correlation ma- 
trices were obtained separately for each of 30 
points for nodules from the siliceous sediments 
and the red clays. Dendograms were also pre- 
pared to demonstrate the inter-element rela- 
tionships in nodules with respect to sediment 
type. Scatter diagrams were plotted (Fig. 3) to 
show the variations in trace element contents 
with the major elements for both sediment 

- . 6 -  

4-. --.2-- 

-"' 0 

t_ 
..6 

+.8 

+1.0 

Totat Sediments 

® 

1 
Cu Mn Ni Mn/Fe Co Fe 

-.6 

0 

÷.2 - 

+./, 

÷.6 

*.8 

.1.(~ 

Siliceous Sediments 

@ 

Ni ru ten Hn/Fe Co Fe 

-.6 

-.2 

0 

+.2 

. . 6 -  

. .8.  

+1.0 

Red Pe[agic days 

© 

Cu Mn/Fe NiHn Fe Co 

Fig. 2. a-c. Dendogram showing the result of cluster analysis. 
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Fig. 3. a-c. Scatter plots showing Ni, Cu and Co correlation 
with the Mn/Fe ratio. 

types. Similarly, element concentrations were 
grouped in a class range and frequency distri- 
bution curves were plotted for all elements for 
both major sediment types (Fig. 4). 

Results 

The analyses show, as expected, a much 
higher concentration of elements (Table 1) in 
the oxide fractions of the nodules compared to 
the bulk analyses (Jauhari, 1987). The geo- 
graphic distribution of these elemental con- 
tents in the nodules within the Central Indian 
Ocean Basin is shown in Fig. 1. Up to 15’S and 
west of 79’ E, the Mn content is generally high, 

and then its concentration decreases south- 
wards, although small pockets of higher con- 
centrations are present. Nickel and Cu show a 
similar distribution to that of Mn, although the 
distribution of Cu is more patchy. The Fe con- 
tent is low north of 15 a S and west of 79’ E and 
from then on it increases towards the south. The 
Co distribution is similar to that of Fe. The Mn/ 
Fe trend is broadly opposite to that of Fe. 

Figure 2 shows the result of cluster analysis. 
There are two groups negatively correlated with 
each other, Cu, Ni and Mn forming one group, 
and Fe and Co the other. The inter-element re- 
lationships show that the degree of correlation 
between Ni and Cu and Mn is quite high, 
whereas Co, although positively correlated, does 
not show a very strong affinity to Fe in the nod- 
ules of the entire region. The split of clusters 
with respect to sediment type shows that, al- 
though the association of elements remains the 
same, the degree of correlation is much stronger 
in the nodules from the red clay area (Fig. 2c ) 
than from the siliceous ooze areas (Fig. 2b 1. The 
variations in Ni and Cu with the Mn/Fe ratio 
on the scatter plots show that the Ni and Cu 
contents consistently increase with an increase 
in the Mn/Fe ratio, although the elements show 
more scatter in siliceous sediments and more 
linearity in red clays (Figs. 3a and c 1. In con- 
trast, Fe versus Co is more linear in the nodules 
from both sediment types (Fig. 3b). 

Discussion 

The trace element variations in the nodules 
are related to the enrichment of Mn and Fe, 
which is influenced by the associated sedi- 
ments. These sediments are the immediate 
source of metals for nodule growth. The fre- 
quency distribution curves of elements of the 
nodules from the underlying siliceous ooze and 
red clay sediments (Figs. 4a-e) confirm the 
earlier reported results that the higher contents 
of Mn, Ni and Cu are associated with the sili- 
ceous sediments and higher Fe and Co with the 
red pelagic sediments (Jauhari, 1987). Varia- 
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Fig. 4. a-c. Frequency of occurrence of elements in different sedimentary facies of the Central Indian Ocean Basin. 
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TABLE 1 

Compositional ranges of nodules from different sedimentary facies of the Central Indian Ocean Basin 

Element Total sediment 

Min. Max. 

Sil iceous sed iment  Red pelagic clays 

Avg. Min. Ma. Avg. Min.  Max. Avg. 

M n  16.08 34.59 24.92 21.21 34.59 27.34 16.08 29.09 21.32 
Fe 2.40 13.64 6.71 2.40 9.64 5.04 4.82 13.64 8.60 
Ni 0.32 1.49 1.03 0.64 1.49 1.06 0.32 1.08 0.70 
Cu 0.21 1.50 0.81 0.36 1.50 0.99 0.21 1.11 0.52 
Co 0.06 0.27 0.14 0.06 0.22 0.12 0.12 0.27 0.18 
M n / F e  1.42 9.94 4.34 2.17 9.94 5.65 1.42 5.55 2.72 

tions in the Mn/Fe ratio and the trace element 
content of nodules from the Central Indian 
Ocean Basin reflect variability in the composi- 
tion of the bottom water and the supply of met- 
als to the deposits. The range of the Mn/Fe ra- 
tio from 1.42 to 9.94 (Table 1) indicates that 
these nodules represent a mixture of both sed- 
iment-derived (early diagenetic, with Mn/  
F e > 5 )  and seawater-derived oxides (hydro- 
genic precipitation, with Mn/Fe  < 2.5) (Jau- 
hari, 1987). Although it is not possible to estab- 
lish what fraction of the ferromanganese 

oxyhydroxide was derived directly from sea- 
water and what fraction was accreted during 
transformation and early diagenetic reactions 
within the sediments ( Lyle et al., 1977), Pattan 
(1988) showed that the contribution of inter- 
stitial water to the outer diagenetic layer was 
about 75% and that of seawater about 25%, 
based on a mixing model. The most obvious 
mechanism of transportation of these metals to 
the reaction sites at the sediment-water inter- 
face where they are incorporated into the 
framework of ferromanganese oxides is oceanic 
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circulation and attendant mixing. It has be- 
come evident in recent years that water masses 
in different seas have distinct properties. These 
may influence the composition of nodules pre- 
cipitated from them. The removal of Fe and Mn 
from seawater depends on the form in which 
the metals exists (Murray and Brewer, 1977). 
Both elements can occur as colloids or associ- 
ated with fine-grained clay minerals. Over long 
periods, they agglomerate into larger particles 
or take part in biological processes. Adsorption 
of organic matter can influence the stability of 
colloidal varieties of Fe and Mn. Any environ- 
ment which favours deposition of Fe or Mn ox- 
ides will also be conducive to the enrichment of 
their geochemically associated trace elements. 
The higher concentration of trace elements in 
the nodules from siliceous ooze sediments where 
the biological productivity is comparatively high 
(Parsons et al., 1977) reflects the influence of 
diagenesis of biogenic components in the gen- 
esis of these nodules. The Mn, Ni and Cu are 
derived from the sediment pore water which 
contains higher concentrations of these dis- 
solved metals caused by early diagenetic remo- 
bilisation. In contrast, nodules from red clay 
areas where surface productivity is low (Par- 
sons et al., 1977), show less Fe depletion and 
high Co contents as a result of the precipitation 
of the authigenic oxyhydroxides. The inter-ele- 
ment relationship between Mn and Ni and Cu 
reflects a balance between the release of Ni and 
Cu from biogenic phases and the reductive re- 
mobilisation of Mn oxide. The Co correlation 
with Fe is a result of adsorption and oxidation 
of Co 2+ to Co 3+ on the ferric hydroxide silicate 
particles (Aplin and Cronan, 1985). Cobalt en- 
richment in hydrogenic nodules and its affinity 
towards Fe may be attributed to its ability to 
substitute Mn 4+ in its higher oxidation state. 
In contrast, a negative correlation between Co 
and Mn may be the result of hydrogenetic ma- 
terial mixing with the early diagenetic material. 
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