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Applications: A Sustainable Approach or an Invitation to Another Catastrophe? 
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recovery", Arindam Sinharoyand Piet N. L. Lens (Eds), IWA Publishing London, UK (in press)
For some metals like Li, Co, Te, REE which are needed for meeting the target of net-zero  by 
2050, currently the demand is much more than the supply resulting in driving up prices. For 
this reason, the mining industry is actively looking towards new frontiers in mining such as 
deeoseaminig and space mining.
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In this three-dimensional graphic, researchers illustrate the "criticality" of all 62 metals based on their scores in three areas: supply risk, environmental 
implications, and vulnerability to supply restrictions. Metals  with the higher levels of risk appear in the upper back right corner of the box.            Graede, 2015                                                                                  
. 



Unfortunately land-based 
mineral deposits are producing 
lower grades at higher 
production costs, and new 
discoveries are becoming harder 
to locate.

So, mining of marine minerals would gain momentum in future in order to meet the growing demands of the 
metals such as REE, Cu, Ni, Al, Mn, Zn, Li and Co, coupled with rising demand for these metals to produce high-
tech applications such as smartphones and green technologies such as wind turbines, solar panels and electric 
storage batteries. . 
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(Dry land: 29%; Pacific Ocean area is greater than the entire Earth's land area)



Who Owns Deep-Ocean Mineral Deposits?
United Nations Convention on the Law of the Sea (UNCLOS; 1982). To adequately represent the 

interests of developing nations in portioning out mining rights (Common Heratageof Mankind)



Ocean Basins Are mostly covered by 

ÅAbyssal Plains 

ÅMid-Oceanic Ridges

Both these areas are covered by  
Potential Deposits of 

o Manganese Nodules 

o Cobalt-rich Crusts

o Hydrothermal Sulfides

o Marine Mud

o Phosphorites

o Gas hydrates, crude oil, etc.



Fields of manganese
(polymetallic) nodules on the abyssal plains 
contain significant quantities of Mn, Fe, Cu, Co & Ni 

Seafloor massive (polymetallic) sulfides 
around hydrothermal vents

Cobalt-rich crusts (CRCs) on the 
flanks of seamounts
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Marine mud 

Phosphorites are often deposited 
within estuarine environments
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Gas 
hydrates

Sediment defined : unconsolidated organic and inorganic particles that accumulate on the ocean floor originate from numerous 
sources - weathering and erosion of the continents, volcanic eruptions, biological activity, chemical processes within the 
oceanic crust and seawater, impacts of extra-terrestrial objects, etc.                                                Balaram, 2019



× Polymetallic nodules were first discovered during the 1872-6 expedition of HMS Challenger, accumulate only in areas of low sedimentation rate . 
× Manganese nodules are usually golf-ball to baseball size and grow very slowly like ferromanganese crusts (growth rates ~ 1ς3 mm/million years). 
× They acquire their metals from sea water and also from the pore-waters of the sediment on which they sit.



Polymetallic nodules coat fields of the ocean floor

Polymetallic nodules are mainly composed of phyllomanganatessuch as vernadite, birnessite, buserite, and todorokite. They are enriched in Cu, Ni, Co, Zn, Mo, REE, and other metals



ÁForm on the sediment-covered abyssal plains (4,500 ς6,000 m water depths). Accretion rates can vary from about 1-10 mm/Ma. Formby 
precipitation from cold ambient bottom water and from sediment pore fluids. They are small balls, dark-brown colored and lightly 
flattened, 5 to 10 centimeters in diameter, which lay on the seabed at 4.000 to 6.000 meters deep and contain  various metals including Ni, 
Cu, Co and Mn. 

ÁThegradeand abundanceof nodulesdetermine the amount of metalscontainedin a givenarea in the generalrange1.1-1.6%Ni, o.9-1.2%
Cu,0.2-0.3%Coand25-30%Mn with rangesbetween5.0-15 kgper squaremeter

Nath, Balaram, Sudhakar and Pluger (1992) Marine Chem., 38:185 -208.
Nath,  Roelandts ,  Pluger , and Balaram  (1994) Marine Geology, 120, 385 -400 

Growth rates are more in Pacific Ocean (up to 29 mm/Ma) due to extensive tectonic plate movement and submarine volcanic activity



Polymetallic 

nodules 

support life in 

the deep sea 

ecosystem by 

providing a 

critical 

habitat for an 

array of 

unique and 

largely 

understudied 
species

Stratmann et al 2021, Scientific Reports
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Development of Polymetallic Nodule CRM 2388 from Indian Ocean
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