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Manganese nodules occur widely on the vast ocean plains at depths of more than 3,000 m and are of great 

economic importance. Improvement in technology has renewed new interests in exploration of polymetallic 

nodules. An area of 12500 sq km was surveyed, during cruise SR 025, to understand the seabed morphology and 

Fe-Mn nodule occurrence in as area within EEZ, west of Lakshadweep. Depth to seabed varies from 3250 to 

4220 m in the area and the depth increases from eastern to western side. Overall sea floor gradient, 1 in 100 to I 

in 165, indicates that the floor is a very gently sloping abyssal plain. A few topographic highs are observed 

towards the eastern side of the area. The area falls in the eastern part of the lower Indus fan and sedimentation in 

this area is very low. The sub-bottom data shows two prominent echo types - Type IB and Type IIIA in the area. 

Type IB is found in the plains with no undulation and is generally associated with areas containing bedded 

sediments, which is supported by hemi-pelagic clay sediments present in the area. Type IIIA is seen in areas 

associated with seamounts, undulating and sloping surfaces. 

The area is carpeted by silty clay (hemi-pelagic clay) sediment except for small patches of sand-silt- 

clay sediments along the eastern boundary of the area. The coarse fraction of the sediment is entirely made up of 

biogenic matter (foraminifer tests) and their content varies from 12 to 28% of the total sediments. Encrustation 

as concretions is reported from the surface sediment samples. Size of the concretions vary from <1 cm to 8cm. 

They are dark black to brownish in colour and are very fragile in nature. Some of the encrustations have high 

iron content. The most interesting find was the collection of a Fe-Mn nodule (sample location G-44) having of 

12 x 9 x 9cm dimension and weighing 1.2 kg. A macro Fe-Mn nodule of this dimension is reported for the first 

time from this area. The Mn nodule is classified as large sized spheroidal nodule with botryoidal surface texture 

(l[S]b), and it is brownish black in colour. Thin section studies of nodules along with SEM studies reveal 

concentric growth pattern with thin laminations suggesting a period of uniform growth. The alternate concentric 

lamina of light and dark coloured layers is due difference in composition. Biogenic activity is also observed 

where the complete organism has been mineralized to manganese. The micro-structures suggest long period of 

time for their growth in very deep water depths where sedimentation is minimal or almost zero. 

The CaO content of the surface sediments is the highest among major elements and is derived mainly 

from the foraminifera shells. The other major elements present are SiO2 (20.5%), Al2O3 (7.9%), Na2O (4.0%), 

MgO (3.9%) and Fe2O3 (3.1%). The significant trace elements present are Cu (77.5 ppm), Ni (144.2 ppm), Zn 

(90.4 ppm), Co (33.7 ppm) and Cr (56.5 ppm). The concentration of REEs in surface sediments is well below 

the world average and has an average value of 84.68 ppm. HREE elements are enriched with respect to LREE in 

surface sediment samples. The CaCO3 content shows strong negative co-relation with REE in the sediments. 

Total REE also shows strong positive co-relation with Mn+Fe+Cu+Ni indicating that REE is incorporated in a 

Mn-Fe oxyhyroxide phase. REE’s in sediments show good positive co-relation with Si+Al+Fe+K+Mg+Na 

suggests co-precipitation/co deposition into the hemipelagic clay sediments. 

In the nodule sample (N-44) the amount of major oxides present is comparable with Indian Ocean (IO) 

and Oceanic Nodule World average (WO) data. The Mn content (17.23%), Fe (12.58%), Si (6.77%) and others 

are almost similar to world average values and are less than Indian Ocean average. The trace elements Cu, Zn, 



Ni, Co, Be, Sn, Hf, Ta and U are less than WO and IO values. Cr, Mn, Ge and W are more than WO values. The 

amount of REE elements are less when compared with WO and IO values, except for Cerium. Total REE 

content is 1020 ppm. The HREE elements are enriched than the LREE in the nodule sample. Positive Ce-

anomaly suggests formation of nodule under oxic conditions. Discriminatory ternary diagram indicates that the 

nodule was formed under hydrogenetic condition. The total REE (ΣREE) concentration in other 

concretions/encrustations ranges from 39.53 to 739.74 ppm with an average of 240.63 ppm. 

 

Figure-1: Location map of the study area with the main morphological features of the 
Arabian Sea. The dashed white lines representing plate boundaries. The dashed yellow line 

outlines the edge of the Indus Fan. Edited from Calves et al. (2008) 

 

Figure-2: Nodule sample off Lakshadweep 


