VAST OCCURRENCES OF FERROMANGANESE CRUST AND NODULES IN ANDAMAN SEA
Economically high potential REE and trace elements identified from various tectonic regimes
Fe-Mn oxide occurs as nodules and crusts forming massive pavements on abyssal areas and on
hard rock substrates of submarine seamounts and ridges respectively throughout the global ocean.
Based on mineralogy and the geochemistry, these deposits are classified in the genetical contexts as
diagenetic, hydrogenous, hydrothermal, and mixed-type in origin (Halbach 1986; Hein et al. 1997; Wen
et al. 1997). Among these, hydrogenous encrustations of iron and manganese oxides, i.e. Fe-Mn crusts
form by the direct precipitation of colloidal hydrated metal oxides from the ambient sea water onto
hard-rock substrates. The exceptionally slow growth rates, high porosity (> 50%) and large specific
surface area (300m2/g) of the colloidal particles allow the Fe-Mn crusts to adsorb large quantities of
economically important minor and trace metals such as cobalt, REE&Y and Platinum group of
elements from the seawater. Therefore, there is a growing recognition that hydrogenous Fe-Mn crusts
are future resources for these strategic metals.
The pioneer geological workers in the India have reported the occurrences of REE in the Fe-Mn
crust in few areas of Andaman Sea. This encouraged GSI to take up various investigation programmes
on identification of more REY probable areas in Andaman, by using organized seabed sampling, Swath
bathymetry, sub bottom profiling, ROV and magnetic survey within the EEZ of the Andaman &
Nicobar Islands. One of the favourable areas for the Fe-Mn crust formation is flat topped seamounts in
Andaman sea. Various Fe-Mn crusts occurrences reported from RV Samudra Manthan cruises
encouraged for the detailed survey of the crust and nodules on seamounts and ridges in Andaman Sea. It
was conceptualized that numerous seamounts and ridges coupled with several volcanic activities in
different ages that are confined in small and closed area like Andaman sector could be favourable loci
for Fe-Mn crust accretion and its economic potential was envisaged and the exploration methodologies
were strategized. Based on these facts, the criteria for selection of prospective target areas for Fe-Mn
crust exploration was fixed as: 1. Relatively older and stable and flat topped seamounts and ridges in the
Andaman Sea 2. Elevated areas of the mounts and ridges shallower than 1800 m water depth. 3. Mounts
& ridges with less/no sediment cover.
The exploration methodologies involved for the search of Fe-Mn crust are Swath bathymetry
using Multi-Beam Echo-Sounder (MBES) to know the sea bed morphology, magnetic survey
concurrent with gravimetric survey to study the magnetic and gravity anomaly pattern and its relation
with seabed and subsurface features, sub-bottom profiling to delineate the extent of sedimentation and
to unravel the thickness on the ridges. Swath bathymetry survey along with Gravity has been carried out
along with magnetic, gravity and sub-bottom profiling. Remotely Operated Vehicle (ROV) was used to
understand the nature of sea bottom, visual morphologic evaluation and to carry out guided sampling.
From various tectonic regimes promising areas of ferromanganese occurrences were reported
by using various sophisticated survey techniques onboard RV Samudra Ratnakar during her various
scientific expeditions. The cluster of nodules extends to large areas beyond the visibility range of ROV.
The area under discussion in the Andaman Sea is having more nodular units than the host rock with FeMn encrustation. The exposed units are all well rounded and bears typical botryoidal surface. Small
autochthonous parasitic nodules are found at the base of larger boulders. Rugged, massive blocky
exposures of varying dimension were observed in a steeply sloping area with sediment covering the
depressions. Major portion of the exposures are massive, having rounded edges and non-continuous
with occasional rolled blocks. The exposed rocks exhibit typical botryoidal features of Fe-Mn crust.
Extensive Fe-Mn nodule beds covering the Fe-Mn crust bearing pavements is observed. Nodules of
varying dimensions are dominant over the crust bearing host rock exposures. Very thin sediment cover
is seen at places.

The Fe-Mn crust collected from the Andaman Sea has the higher element potential as total REE
content in these samples go upto a maximum of 2000 ppm. Arsenic show highest content in this sample
which is higher than that reported from elsewhere in the world. The Fe-Mn nodule collected from the
nearby area show highest enrichment of Ni in it (5500 ppm). The Fe-Mn crust hosts Co (1150 ppm) and
Ba (8500 ppm) along with high Pb and Zn. Apart from Ni and Cu (500ppm), Zn (7000 ppm) also show
higher values in the Fe-Mn nodule.
Fig. Photographs of Fe-Mn crust and nodules taken by camera fitted in Remotely Operated Vehicle and
samples and sections of Fe-Mn crust and nodules

