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are needed. This loss of land would be 
compensated by rise in productivity in yet 
under-utilized areas owing to inadequate 
availability of water. The projected cost 
of the scheme would be spread over at 
least two decades. Therefore, burden on the 
exchequer would not be unmanageable. 
 Alternatives to linking of rivers, namely 
rain and rooftop water-harvesting14–16, 
conventional water-conservation tech-
niques, reuse and recycle of waste-water, 
irrigation return flow and artificial ground-
water recharge, dynamic recharge by 
over-exploitation of groundwater, etc. 
have been examined quantitatively1, all 
these approaches have been discouraged 
not only on technical and economic vi-
ability grounds but also because of pollu-
tion threats to subsurface aquifers. Fall in 
per capita availability of water from 
5500 m3 at the time of independence to 
less 1800 m3 at present and 1140 m3/yr 
by 2050, calls for its regulated use. 
Merely enactment of laws would not suf-
fice. The need of the hour is to spread 
proper awareness in the masses through 
sustained campaign and the will to im-
plement proper water pricing policies for 
different sets of users. One finds an opt-
quoted statement: ‘Israel with less than 
200 mm of annual rainfall, has made a 
success of its agriculture only through 
adoption of such practices’15 (i.e. rain 
and roof-water harvesting, sprinkler and 
drip irrigation). But similar approaches 
are unlikely to succeed in India, still 
dominated by above 65% rural popu-
lation. 
 Where nature is not favourably dispo-
sed to use, we have made many successful 
attempts at alternatives by digging canals 

hundreds of kilometres in length and 
reaping the benefits of such endeavours 
since time immemorial. Using favourable 
topography and availability of water, 
many rivers have been stretched through 
canals over the length and breadth of the 
nation. But for this, we would not have 
dreamt of the Green Revolution and 
moved ahead in solving the drinking-
water problem in many parts of the coun-
try. We do not raise questions regarding 
these endeavours, because we are avail-
ing benefits. 
 Generous compensation packages should 
be given to the displaced lot and their  
rehabilitation be preferably done at  
the place(s) of their choice or in nearby  
regions. Water-related national and  
international disputes, a time-consuming  
activity, are usually amicably sorted out 
either through mutual discussions or 
through judiciary. Corruption is often 
cited for perpetuating the status quo in 
the present setup4. Yet the progressive 
initiatives must not be muffled on this 
ground. 
 This conservational and mass-utility 
approach of linking the ‘lifelines of a 
nation’ may bear fruit if the govern-
ment(s) at the helm of affairs act(s) posi-
tively, not politically. The concerned 
States will have to be taken into confi-
dence. To make the two ends meet is an 
arduous and challenging task. It is a 
great responsibility of academia to pre-
sent the linking scheme in right earnest 
and remove misgivings generated by 
vested interests. 
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Manganese nodules as a possible source of precious metals 

In the earth system, the precious metals 
include silver (Ag), gold (Au) and Plati-
num Group Elements (PGE) consisting 
of platinum (Pt), palladium (Pd), rhodium 
(Rh), iridium (Ir), ruthenium (Ru) and 
osmium (Os). There are no comprehensive 
data on PGE in sedimentary environments. 
 Marine geochemistry of Pt and Ir shows 
that both the elements are relatively en-
riched in manganese nodules with con-
centrations of up to 900 ppb and 7 ppb 
respectively (compared with ~ 3 ppb Pt 

and 0.2 ppb Ir in pelagic clays)1. Pt and 
Ir are incorporated into hydrogenous Fe–
Mn oxyhydroxide minerals, and these 
phases might control the distribution of 
Pt and Ir in manganese nodules as well 
as in sediments. It is also observed that Ir 
and Pt enrichments in oceanic sediments 
are accompanied by enhanced Fe, Mn, 
Cu and Ni concentrations2. 
 Compared to Pt concentration in the 
earth’s upper continental crust (5 ppb), 
the oceanic manganese nodules contain, 

on an average, 100 times more Pt3. It is 
observed that relative to sea water, the 
manganese encrustations and nodules con-
tain, on an average, approximately 2.106 
times more Pt3. Also, while the Pt/Pd 
ratio in sea water is about 4.5, that of 
extraterrestrial iron meteorites varies 
between 2 and 10 and that of manganese 
nodules varies between 23 and 42.  
Enrichment of PGE, especially of Pt and 
Ir, in oceanic sediments therefore serves 
as excellent fingerprints of inputs from 



CORRESPONDENCE 

CURRENT SCIENCE, VOL. 87, NO. 3, 10 AUGUST 2004 279

 

extraterrestrial matter4 as seen at the K–T  
boundary5,6. 
 Manganese crusts and nodules from the 
Pacific Ocean are distinctly enriched in 
Pt concentration that varies between 6 
and 940 ppb7. Samples from shallower 
regions (< 200 m) tend to have higher Pt 
values than those from deeper ones 
(> 2000 m). Pt concentration in Pacific 
seamount crusts varies between 0.14 and 
1.02 ppm (avg. 0.51 +/– 0.24 ppm)3. A 
weakly positive relationship between Pt 
and Mn, Ni and Co in these crusts might 
suggest that Pt is partially incorporated 
in the Mn-oxide fraction. This correla-
tion pattern also suggests that Pt has an 
atomic bond of multiple nature3. Pt con-
centration in the manganese crusts and 
nodules could be explained by assuming 
co-precipitation of Pt with colloidal fer-
romanganese flocks, possibly by surface 
adsorption of [PtCl4]

2– complexes onto 
positively charged amorphous Fe-hydro-
xide particles3. However, detailed thermo-
dynamic studies are necessary to establish 
this concept more clearly. It is postulated 
that two immediate sources may be res-
ponsible for the Pt concentration in  
the oceanic manganese crusts and nod-
ules, namely sea water and cosmic sphe-
rules. 

 Except for one or two observations, no  
data are presently available on the en- 
richment pattern of the PGE in the Indian  
Ocean manganese nodules. Charlu and 
Kalluraya8 analysed the Fe–Mn encrusta-
tions from Lakshadweep area, Arabian Sea, 
and reported high Pt content (0.3 ppm). 
On the basis of limited information 
available regarding the concentration of 
precious metals in the Indian Ocean manga-
nese nodules8,9, it is estimated that at the 
present market value, more than Rs 750 bil-
lion worth precious metals (e.g. Pt, Pd, 
Ag), may be present in the entire nodule 
resources in the Central Indian Basin (CIB), 
covering an area of about 75,000 km2  
(Table 1). The nodule tonnage shown in 
Table 1 was calculated following the 
equation, Nodule tonnage = avg. nodule 
abundance × area covered by the nodules. 
Individual elemental tonnage and its cost 
was calculated by multiplying the mean 
elemental concentration (on dry basis) in 
nodules with the nodule tonnage and the 
prevailing international market rate. A 
comparison of the concentration of a few 
precious metals in the manganese depo-
sits of the Indian Ocean and Pacific 
Ocean10 is shown in Table 2. Presently, 
there are no data available on these para-
meters from the Atlantic Ocean. 

 In addition, it is also estimated that 
0.4 million tons of REE (including 0.3 mt 
of Ce)11, 0.2 million tons of Mo and 0.3 
million tons of Pb could be present in the 
Indian nodule mine site at CIB. Although 
the projected economic implications of 
the Indian Ocean manganese nodules, as 
the possible source of a large quantity of 
precious metals cannot be correctly eva-
luated based on a limited set of data, it 
points to the possibility of existence of a 
huge economic potential in these nodules, 
which has not been looked into so far, 
and needs further detailed investigation. 

 
1. Goldberg, E. D., Hodge, V., Kay, P., Stal-

lard, M. and Koide, M., Appl. Geochim., 
1986, 1, 227–232. 

2. Wallace, M. W., Gostin, V. A. and 
Keays, R. R., Geology, 1990, 18, 132–
135. 

3. Halbach, P., Kriete, C., Prause, B. and 
Puteanus, D., Chem. Geol., 1989, 76, 95–
106. 

4. Tuncel, G. and Zoller, W. H., Nature, 
1987, 329, 703–705. 

5. Alvarez, L. W., Alvarez, W., Asaro, F. 
and Michel, H. V., Science, 1980, 208, 
1095–1108. 

6. Kyte, F. T. and Wasson, J. T., Science, 
1986, 232, 1225–1229. 

7. Hodge, V. F., Stallard, M., Koide, M. and 
Goldberg, E. D., Earth Planet. Sci. Lett., 
1985, 72, 158–162. 

8. Charlu, T. K. and Kalluraya, V. K. K., J. 
Geol. Soc. India, 1997, 49, 389–394. 

9. Balaram, V., Mar. Geores. Geotechnol., 
1999, 17, 17–25. 

10. Hein, J. R., Schwab, W. C. and Davis, A. 
S., Mar. Geol., 1988, 78, 255–283. 

11. Nath, B. N., Ph D thesis, Goa University, 
Panaji, 1993. 

 
ACKNOWLEDGEMENTS. I thank Direc-
tor, NIO for permission to publish this corre-
spondence. I also thank CSIR and DOD for 
grants. This is NIO contribution no. 3903. 
 

RANADIP BANERJEE 
 
Geological Oceanography Division,  
National Institute of Oceanography, 
Dona Paula, 
Goa 403 004, India 
e-mail: banerjee@darya.nio.org 

 

Table 1. Estimated quantity and cost of three precious metals  
(Pt, Pd and Ag) in the manganese nodules at Central  
Indian Ocean covering an area of about 75,000 km2 

      
      
 
Element 

Maximum 
(ppb) 

Minimum 
(ppb) 

Mean 
(ppb) 

Tonnage 
(million tons) 

Total cost 
(billion Rs) 

            
Pt  300  245  273  0.0002 122 
Pd 3668 3668 3668 1.404 635 
Ag 1869 1869 1869  0.0007  6 
      
      
 

Table 2. Comparison of concentration of a few precious metals in 
the manganese deposits of the Indian Ocean and Pacific Ocean 

  
  

Concentration (ppb) 
    

Indian Ocean8,9 Central Pacific Ocean10 
        

Element Maximum Minimum Maximum Minimum 
          
Pt  300  245 930 120 
Pd 3668 3668  2  1 
Ag 1869 1869 NA NA 
Rh NA NA  39  11 
     
     


