










CIOB	



CCZ	



Peru	


Basin	



(From Hein et al., 2013) 































(Modified from Hein et al., 2013) 



Photo courtesy of the National Renewable Energy Laboratory (NREL) 



~1.5 Billion Cell Phones  
sold in 2010 

60 kg Tantalum 
510 kg Platinum 

22.5 tons Palladium 
51.0 tons Gold 
525 tons Silver 
24,000 tons Copper 

Plus many others e.g. 
REEs, Nickel 

Driver: Technology,  25% of a Mobile Phone is Metal 

There will be only 20 years supply of tantalum if the global per 
capita use rises to 50% of the current U.S. per capita use; 40 

years for copper 
(Modified from Hein et al., 2013) 



Element Leading Producer 2nd Producer 
Arsenic Chile (21%) 
Cadmium Korea (12%) 
Cobalt Congo (40%) Australia (10%) 
Copper Chile (34%) Peru (8%) 
Gallium Germany 
Germanium Russia (4%) 
Gold Australia (9%) 
Indium Korea (14%) 
Iron Brazil (17%) 
Lead Australia (13%) 
Lithium Chile (41%) Australia (24%) 
Manganese  Australia (17%) 
Molybdenum USA (25%) 
Nickel Russia (19%) Indonesia (13%) 
Niobium Brazil (92%) Canada (7%) 
Platinum South Africa (79%) Russia (11%) 
Rare Earths India (2%) 
Selenium Japan (50%) Belgium (13%) 
Silver * Peru (18%) 
Tellurium Chile USA 
Tin Indonesia (33%) 
Vanadium South Africa (35%) 
Zinc Peru (13%) 
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PCZ Crusts Arctic Crusts Cook Is. Nods. CCZ Nodules 
% HREE 

Driver: Light versus Heavy REEs 
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Average price from 2011-2013 $5,000 

Light REE 
Heavy REE 







(From Hein et al., 2013) 



CCZ Nodules Terrestrial 
Reserve Base 

Prime Crust 
Zone 

Manganese 5,992 5,200 1714 
Copper 226 1,000+ 7.4 
TREO 15 150 16 
Nickel 274 150 32 
Molybdenum 12 19 3.5 
Lithium 2.8 14 0.02 
Cobalt 44 13 50 
Tungsten 1.3 6.3 0.67 
Niobium 0.46 3 0.4 
Arsenic 1.4 1.6 2.9 
Bismuth 0.18 0.7 0.32 
Yttrium 2 0.5 1.7 
Tellurium 0.08 0.05 0.45 
Thallium 4.2 0.0007 1.2 

Nodule tonnage =  
21,100 million dry  
tonnes  

Crust tonnage =  
7,533 million dry  
tonnes  
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State/State Agency Nodules Sulfides Crusts 

China X X X 

Russia X X X 

France X X 

Germany X X 

India X X 

Japan X X 

Korea X X 

Inter-Ocean Metals a X 

Cook Islands X 

Brazil X 



G-TEC Sea Minerals NV X 
Nauru Ocean Resources X 
Tonga Offshore Mining Ltd. X 
UK Seabed Resources Ltd. (2) XX 
Marawa Research (Kiribati) X 
Ocean Minerals Singapore Pte. X 
Nautilus Minerals Inc. X 
Neptune Minerals X 
JOGMEC X 
KORDI (KIOST) X 
Blue Water Metals Pty Ltd X 
Odyssey Marine Exploration X 
Chatham Rock Phosph. Ltd. (2) XX 
Namibian Marine Phosph. Ltd. X 
PhosMex Corporation X 
Green Flash Trading X 
Diamond Fields Intl. Ltd. X 



Black smoker sulfide chimney, NE Pacific Ocean 




