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Size, surface texture, chemical composition and mineralogy interrelations in
ferromanganese nodules of central Indian Ocean
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Fiftyseven ferromanganese nodules, classified into 3 size class ( < 4,4-6 and 6-8cm diam.),from the sili
ceous sediments of central Indian Ocean were analysed for transition metals and representative sample
from each size class for mineralogy. Smaller ( <4 cm diam.) nodules are invariably rough and very rough and
spherical; they have higher concentration ofMn, Ni and Cu. The intensity of todorokite reflection decreases
in higher size ( > 4 cm diam.) class. These observations suggest that the smaller nodules appear to have been
influenced more by diagenetic processes than the larger nodules.

Heterogeneity in distribution and chemical composi- Table 1- Transition metal concentrations in ferromanganese
tion of ferromanganese nodules of the world Oceans

nodules of 3 sizeclasses

are wel~ known. Heyel has noticed relationship be-

Sr.Surface Concentration (%)

tween SIze and chemical composition of nodules in a
No.texture

small area of Pacific Ocean. The present study on 3
MnFeCoNiCuMn/Fe

size classes of ferromanganese nodules from central Indian Ocean with variation in their surface texture is

< 4 emdiam. class

made to understand the relationship between size

1r28.26 6.380.141.321.294.4

mineralogy and chemical composition. '

2r28.85 6.250.131.261.214.6

3

vr30.76 5.860.121.261.295.3

Materials and Methods

4vr30.80 5.830.131.311.315.3

The study area is covered by siliceous sediments of

5r29.45 7.750.151.151.173.8

the central Indian Ocean (Iat. 13°S and long. 78°E).

6vr32.45 6.050.131.351.475.4

Extensive dredging was carried out onboard M V

7s·26,98' .5.730,}31.101.234.7

Skandi Surveyor. From different dredge hauls 57 no-

8r29.42 7.130.141.211.294.1

dules were randomly selected representing 3 size

9vr30.08 5.630.121.201.385.3

class ( < 4,4-6 and 6-8 cm diam). The aliquots were

10r'29.29 6.630.141.221.394.4

digested in a mixture of hydrochloric, hydrofluoric

11' vr30.30 5.890.121.411.425.1

and perchloric acids (5,2.5 and 5 ml respectively )ona

12r27.64 6.230.141.221.324.4

sand bath and subsequentlyanalysed for Mn, Fe, Ni,

13r28.74 5.640.121.171.315.1

Cu and Co on AAS (PerkinElmer-5000) alongwith

14r29.96 7.150.141.221.344.2

USGS-A(I) and NIO-2388 nodule standards. The

15r30.16 6.010.121.291.335.0

accuracy of the results is ± 5% for the elements ana-

'16r33.618.400.151.101.114.0

lysed. Mineralogy has been studied for representative

17r29.63 6,730.131.191.284.4

sample from different size class on Philips X-ray dif-

18r29.27 6.150.121.201.304.8

fractometer using Ni filter, CuK a radiation with a

19s27.94 9.180.161.061.103.0

scanning speed of 2°2 e min - I.

20r29.13 6.370.131.261.124.6
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r29.35 6.19O.D1.291.244.7

Results and Discussion

22r29.27 5.890.131.311.295.0

Transition metal concentrations for nodules ana-

23r27.68 7.84O.D1.121.203.5

lysed are presented in Table 1. Mn content is higher

24s26.96 7.100.121.141.173.8

( - 30%) in smaller nodules ( < 4 cm diam.) and dec-

25r27.65 6.140.141.151.144.5

reases ( - 23%) in larger ( > 4 cm diam.).On the other

contd
hand Fe increases with size. Ni and Cu also show an
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The decreasing MnlFe ratio and intensity of todoro
kite towards larger nodules suggest that, the smaller
nodules are prone to increasing influence of early di
agenesis than the larger nodules. Higher concentra
tion ofMn, Ni and Cu in the smaller and rough to very
rough surface nodules may be due to their burial in the
top layer of sediment column, while acting as wedge
during biological upward pumping oflargernodules3.

The preseIit study indicates that concentration of
Mn, Ni and Cu increases towards smaller nodules
(<4 cm diam.) and hence these have more economic
importance than the larger nodules ( > 4 cm diam.) in
the central Indian Ocean.
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Fig. 2-X-ray diffractograms of different size nodules. (T = todor
okite, D = b-MnOz, Q = quartz, Ph = phillipsite and F = feldspar)

Mineralogy of different size nodules shows a dec
reasing intensity of todorokite reflections towards
larger nodule and this decreasing pattern is associat
ed with increasing intensity of b-MnOz (Fig. 2). To
dorokite formation at lower Eh than b-MnOz can be
directly related to the intensity of diagenesis in which
todorokite and b-MnOz represent 2 end members of
diagenetic and hydrogenetic accretion respectively.
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