


 (Data from J.G. Price, SEG Newsletter, 82, July 2010; as presented by Hein et al., 2013) 

Leading Global Metal Producers, with China highlighted 
Element Leading Producer 2nd Producer 3rd Producer 

Aluminum  Australia (31%) China (18%) Brazil (14%) 
Arsenic China (47%) Chile (21%) Morocco (13%) 
Cadmium China (23%) Korea (12%) Kazakhstan (11%) 
Chromium South Africa (42%) India (17%) Kazakhstan (16%) 
Cobalt Congo (40%) Australia (10%) China (10%) 
Copper Chile (34%) Peru (8%) USA (8%) 
Gallium China Germany Kazakhstan 
Germanium China (71%) Russia (4%) USA (3%) 
Gold China (13%) Australia (9%) USA (9%) 
Helium USA (63%) Algeria (19%) Qatar  (12%) 
Indium China (50%) Korea (14%) Japan (10%) 
Iron China (39%) Brazil (17%) Australia (16%) 
Lead China (43%) Australia (13%) USA (10%) 
Lithium Chile (41%) Australia (24%) China (13%) 
Manganese  China (25%) Australia (17%) South Africa (14%) 
Molybdenum China (39%) USA (25%) Chile (16%) 
Nickel Russia (19%) Indonesia (13%) Canada (13%) 
Niobium Brazil (92%) Canada (7%) -- 
Palladium Russia (41%) South Africa (41%) USA (6%) 
Platinum South Africa (79%) Russia (11%) Zimbabwe (3%) 
Rare Earths China (97%) India (2%) Brazil (1%) 
Selenium Japan (50%) Belgium (13%) Canada (10%) 
Silver  Peru (18%) China (14%) Mexico (12%) 
Tellurium Chile USA Peru 
Tin China (37%) Indonesia (33%) Peru (12%) 
Uranium Canada (21%) Kazakhstan (19%) Australia (19%) 
Vanadium China (37%) South Africa (35%) Russia (26%) 
Zinc China (25%) Peru (13%) Australia (12%) 

















Total Surface Area 
(km 2 )

Surface Area 
above -2500m 

water depth 

Surface Area 
above -1500m 

water depth 
Mean 3,389 1,039 117
Median 1,553 355 71
SD1 5,354 1,943 252
Minimum 233 0 0
Maximum 35,519 13,443 1,211
1 Standard Deviation
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*Ce is 11,000 ppm = 1.1% 
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Surface Oxidation of Fe-Mn Crusts

Oxidation Substrate

Co2+  →  Co3+

Ce3+  →  Ce4+ MnO2
Tl+    →   Tl3+

Te4+  →  Te6+       FeOOH
Pt2+  →  Pt4+

To verify:

XANES:  X-ray absorption near edge
structure spectroscopy
EXAFS:  Extended X-ray absorption
fine structure spectroscopy





Prime 
Pacific 

Crust Zone 

Global 
Terrestrial 
Reserves 

Global 
Terrestrial 

Reserve Base 

Clarion-
Clipperton 

Zone Nodules 
Manganese 1714 630 5,200 5,992 
Copper 7.4 690 1,000+ 226 
Titanium 88 414 899 67 
TREO  16 110 150 15 
Nickel 32 80 150 274 
Vanadium 4.8 14 38 9.4 
Molybdenum 3.5 10 19 12 
Lithium 0.02 13 14 2.8 
Cobalt 50 7.5 13 44 
Tungsten 0.67 3.1 6.3 1.3 
Niobium 0.4 3 3 0.46 
Arsenic 2.9 1 1.6 1.4 
Thorium 0.09 1.2 1.2 0.32 
Bismuth 0.32 0.3 0.7 0.18 
Yttrium 1.7 0.5 0.5 2 
PGM 0.004 0.07 0.08 0.003 
Tellurium 0.45 0.02 0.05 0.08 
Thallium 1.2 0.0004 0.0007 4.2 
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