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The Future of Mineral Resources 

 
•  Demand for mineral resources will continue to   

 grow. 

 

 

•  We are unlikely to run out of mineral resources 

 (globally). 

 

 

•  Nonetheless, there are challenges for the 

 United States. 

 

 

 



Demand is high for nearly every mineral resource. 

Copper 

~34X more production                

than in 1900 

~8X more per capita 

consumption than 

in 1900 

Source: USGS, CIA 



The number of mineral 

commodities in demand 

for products in society 

has increased markedly 

in the last 80 years.  

 

 

 
 

Source: USGS data 



’49ers = 29M oz Au 

Goldfield (NV), Black Hills (SD), Cripple Creek (CO), 

porphyry Cu (AZ &UT) = 95M oz Au 

The current boom         

(1981-2012) = 247M oz Au  

(mostly Carlin and other 

Nevada deposits = 174M oz) 

Discoveries continue to feed the biggest gold boom in US and world history. 



Challenges for the United States 

 

 

China is #1  

in terms of mineral-resource production. 



China has 19% of the world’s population. 



Rare Earth Elements (REEs) 



Solar panels 

 

CuInxGa(1-x)Se2,  
CdTe, GaAs, Ag, and 

Si1-xGex 

 

Wind turbines Fe14(Nd,Dy)2B, 

SmCo5, and Sm2Co17  

Batteries Li, La, Ni, and V 

Fuel cells Pt, Pd  

Fluorescent lights Tb, Eu  



Arrowhead clipart from www.firstpeople.us 

Critical and strategic minerals 

do change with time. 

Peak flint 



2011 

What minerals 

will be critical 

for the country? 

2008 



1999 

Will the USA be a 

major producer of 

mineral resources  

in the future? 
 

 



1996 

2001 
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China Is Said to 
Halt Trade in 
Rare-Earth 
Minerals With 
Japan 
 
By KEITH BRADSHER 
and HIROKO TABUCHI 
September 24, 2010 
 
HONG KONG — Akihiro 
Ohata, the Japanese trade 
minister, said Friday that 
his ministry was aware 
that Japanese traders 
were complaining of a halt 
from China of a crucial 
category of minerals and 
that the government was 
investigating the matter. 
The Chinese Commerce 
Ministry has denied that  

 
  
China 
Consolidates 
Grip on Rare 
Earths 
 
By KEITH BRADSHER 
September 15, 2011 
  
BEIJING — In the name 
of fighting 
pollution, China has sent 
the price of compact 
fluorescent light 
bulbs soaring in the 
United States. By closing 
or nationalizing dozens of 
the producers of rare 
earth metals — which are 
used in energy-efficient 
bulbs and many other 
green-energy 

http://topics.nytimes.com/top/news/international/countriesandterritories/china/index.html?inline=nyt-geo
http://www.nytimes.com/info/japan/?inline=nyt-geo
http://topics.nytimes.com/top/news/international/countriesandterritories/china/index.html?inline=nyt-geo
http://topics.nytimes.com/top/news/international/countriesandterritories/china/index.html?inline=nyt-geo
http://topics.nytimes.com/top/news/business/energy-environment/compact-fluorescent-light-bulbs/index.html?inline=nyt-classifier
http://topics.nytimes.com/top/news/business/energy-environment/compact-fluorescent-light-bulbs/index.html?inline=nyt-classifier
http://topics.nytimes.com/top/news/business/energy-environment/compact-fluorescent-light-bulbs/index.html?inline=nyt-classifier
http://topics.nytimes.com/top/reference/timestopics/subjects/r/rare_earths/index.html?inline=nyt-classifier
http://topics.nytimes.com/top/reference/timestopics/subjects/r/rare_earths/index.html?inline=nyt-classifier
http://topics.nytimes.com/top/news/international/countriesandterritories/japan/index.html?inline=nyt-geo
http://topics.nytimes.com/top/news/international/countriesandterritories/china/index.html?inline=nyt-geo
http://topics.nytimes.com/top/reference/timestopics/subjects/r/rare_earths/index.html?inline=nyt-classifier


Historical Perspective 
 

 WWI & WWII 
• War Dept., 1922:  antimony, chromium, graphite, iodine, manganese, mercury, mica, nickel, platinum, potash, 

tin, tungsten, vanadium 

• 1939:  plus aluminum, asbestos, cadmium, cryolite, fluorspar, titanium 

• Strategic and Critical Materials Stock Piling Acts of 1939,1946 

 

 Oil Embargo of 1970s 
• Rising commodity prices 

• Strategic and Critical Materials Stock Piling Revision Act of 1979 

• National Materials and Minerals Policy, Research and Development Act of 1980 

 

 Resource War of 1980s 
• Concern that USSR was denying access to strategic resources needed for U.S. economy and defense 

• Concern about increasing import dependence 

• Research by government and academia on Chromite, Cobalt, Manganese, … 

• International Strategic Mineral Inventory (ISMI) 

• The National Critical Materials Act of 1984  

 

 Rise of Developing Economies in the 21st Century 
• Concerns about reliable supply 

• National critical mineral strategy development – multiple OSTP working groups 

• Currently several bills pending in 113th Congress 



World 

Trade 

Although the US is a major 

producer and exporter of 

many commodities such as 

molybdenum and 

beryllium, it relies on 

world trade for most 

mineral resources and is 

>90% reliant on imports 

for 24 commodities, 

including REE 

 

 
Source: USGS Mineral 

Commodity Summaries (2013) 



REE Production Trends – 1956 to 2010 

Sources: USGS Fact Sheet 087-02 updated with recent USGS Minerals Yearbook data 





Minerals Information 
Materials Flow Studies 



Facilities in impact zone of March 11, 2011, 

magnitude 9.0 earthquake and associated 

tsunami : 

 

9 cement plants       8 iodine plants 

4 iron and steel plants     4 limestone mines 

3 copper refineries       2 gold refineries 

2 lead refineries       2 zinc refineries 

1 titanium dioxide plant 

1 titanium sponge processing facility. 

 

These facilities have the capacity to produce 

the following percentages of the world’s 

nonfuel mineral production: 

 

25 % of iodine (Japan is world’s second 

leading producer (after Chile)) 

10 % of titanium sponge (metal) 

3 % of refined zinc 

2.5 % of refined copper 

1.4 % of steel 

 

The 9 cement plants produce 30% of Japan’s 

annual cement production 

 

Supply Disruption 

Menzie, W.D., Baker, M.S., Bleiwas, D.I., and 

Kuo, Chin, 2011, Mines and mineral processing 

facilities in the vicinity of the March 11, 2011, 

earthquake in northern Honshu, Japan: U.S. 

Geological Survey Open-File Report 2011–1069, 

7 p. (Available only at 

http://pubs.usgs.gov/of/2011/1069/.) 

 

http://pubs.usgs.gov/of/2011/1069/


  Inventory 

  

Identified resources 

Near- and medium-term supply 

Often classified by commodity 

Important first step for assessment 

  

Assessment 

 

Undiscovered resources 

Long-term potential supply 

Classified by mineral deposit type 

Qualitative and Quantitative 

 

vs 

Where How much 

Probabilistic 



Indonesia is included in a report on 

parts of Southeast Asia and Melanesia 



ASTER alteration mapping as a guide 

 for porphyry copper estimates in Central Asia  

Tract area: 79,500 km2 

5 known deposits 

90-50-10 Estimate: 1-5-12 

5.8 expected undiscovered  



U.S. Department of the Interior 

U.S. Geological Survey 









New USGS Laser Ablation 
 Bulk ICP-MS Method 

• Low cost, efficient, and accurate analytical method 

• Entire periodic table (minus H, He, N, O and F) in a single rapid analysis 

• Trace and ultra trace detection (ultra trace to less than 10 ppb in some cases)   

• 100+ analyses per day 

Inventory and Characterization of 
Byproduct Critical Mineral Resources  

Critical Metal Content of Domestic Mineral Deposits  



New National-scale Soil 

Geochemical and 

Mineralogical Data for the 

Conterminous United States 

U.S. Department of the Interior 
U.S. Geological Survey 

http://pubs.er.usgs.gov/publication/ds801 

4,857 sites (1 site/1,600 km2 ); >14,400 samples, 2007-2010 



Lead in C horizon 



Lead in 0 to 5 cm 



U.S. Department of the Interior 

U.S. Geological Survey 

General information: 
 

minerals.usgs.gov/ 

 

Products available online  at: 
 

minerals.usgs.gov/global/ 

minerals.usgs.gov/minerals 

Contact information: 

 

Larry Meinert 

Mineral Resources Program 

U.S. Geological Survey 

989 National Center 

Reston, VA 20192 

voice: 703-648-6100 

e-mail:  Lmeinert@usgs.gov 

2013 USGS Congressional Briefing Series  





U.S. Department of the Interior 

U.S. Geological Survey 

Market Update for Rare Earths 
 

 

2013 USGS Congressional Briefing Series 

December 13, 2013 

Joseph Gambogi 

Rare Earth Commodity Specialist                     

USGS National Minerals Information Center 

 
 

 



Rare Earths — the Lanthanide Series, 

Scandium, and Yttrium 
  Atomic # Symbol Name 

  21 Sc Scandium 
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57 La Lanthanum 

58 Ce Cerium 

59 Pr Praseodymium 

60 Nd Neodymium 

61 Pm Promethium 

62 Sm Samarium 

63 Eu Europium 

64 Gd Gadolinium 
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65 Tb Terbium 

66 Dy Dysprosium 

67 Ho Holmium 

68 Er Erbium 

69 Tm Thulium 

70 Yb Ytterbium 

71 Lu Lutetium 

39 Y Yttrium 



Uses 
 Catalysts: Ce, La, Nd 

 Metallurgical 

 Alloys 

 Batteries: La, Ce, Nd, Pr 

 Magnets: Nd, Pr, Sm, Dy, Tb 

 Polishing: Ce, La, Nd 

 Other 

 Ceramics: Y 

 Phosphors: Eu, Y, Tb 

 Electronics 

 Fiber optics and lasers: Er, Y, Nd, Yb, 

Tm, Pr, Ho  

 Glass additives: Ce, La, Nd, Er 

 Neutron absorption: Nd 



Global Rare–Earth Deposits and 

Occurrences 



Rare–Earth Mining Locations 



Supply—Rare–Earth Oxide World Mineral 

Production Trends 2009–2013  
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China Rest of World 



China’s Rare-Earth Production and 

Export Quotas 
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Average Prices of Selected Rare-

Earth Oxides (REO) 
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U.S. Imports for Consumption of 

Rare–Earth Materials 
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Closing Thoughts 

 China continues to dominate rare-earth supply 

 Numerous projects for mining and separation underway 

 Prices of rare-earths have decreased significantly 

 U.S. imports of  rare-earths increased in 2013 

 Consumers pursuing conservation and recycle programs 

 

 



Contact Information 

Joseph Gambogi 

National Minerals Information Center 

U.S. Geological Survey 

989 National Center  

Reston, VA  20192 

voice: 703-648-7718 

fax: 703-648-7757 

e-mail: jgambogi@usgs.gov 

http://minerals.usgs.gov/minerals 
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Uses 
 Catalysts: Ce, La, Nd 

 Metallurgical 

 Alloys 

 Batteries: La, Ce, Nd, Pr 

 Magnets: Nd, Pr, Sm, Dy, Tb 

 Polishing: Ce, La, Nd 

 Other 

 Ceramics: Y 
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 Electronics 
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Global Rare–Earth Deposits and 

Occurrences 



Rare–Earth Mining Locations 



Supply—Rare–Earth Oxide World Mineral 

Production Trends 2009–2013  
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China’s Rare-Earth Production and 

Export Quotas 
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Average Prices of Selected Rare-

Earth Oxides (REO) 
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U.S. Imports for Consumption of 

Rare–Earth Materials 
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Closing Thoughts 

 China continues to dominate rare-earth supply 

 Numerous projects for mining and separation underway 

 Prices of rare-earths have decreased significantly 

 U.S. imports of  rare-earths increased in 2013 
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Contact Information 

Joseph Gambogi 

National Minerals Information Center 

U.S. Geological Survey 

989 National Center  

Reston, VA  20192 

voice: 703-648-7718 

fax: 703-648-7757 

e-mail: jgambogi@usgs.gov 

http://minerals.usgs.gov/minerals 

 



Please check out the Energy and Minerals 

Science Strategy at: 

http://pubs.usgs.gov/fs/2013/3111 


