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National Minerals Information Center

" Mission
" To collect, analyze, and disseminate information on the
domestic and international supply of and demand for
minerals and materials essential to the U.S. economy and
national security.

" Goal

" Provide decision makers with the information required to
ensure that the U.S. has an adequate supply of minerals
and materials to meet it’s needs, at an acceptable cost
with regard to environmental, energy, and economic
factors.

http://minerals.usgs.gov/minerals/pubs/nmic/




Mineral Commodities Coverage: Broad Scope
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Global Coverage: >100 Countries
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Global Demand for Mineral Commodities

Historically Unprecedented

Growing Rapidly

Dominated by Development in China

Continued Demand Growth Anticipated for ROW

2.5 - 3B Increase in Global “Middle Class” Population by 2030
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B China MJapan & United States

China used more cement in the last three years
than the U.S. used in the entire 20th century.
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U.S. Cement Consumption
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Source: USGS Historical Data Series
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“Critical Minerals”: Depends on your definition!
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Criticality Matrix

High REE

Impact of Supply Restriction

Cu

Reference: Low

Minerals, Critical Minerals, and Low High
the U.S. Economy
National Academy of Sciences,

2008 Supply Risk

N
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Some Factors Impacting Criticality

Vulnerability
Dimension

Market share
Impact on revenues
Substitution options
Pricing power
Gross Value Added

National Security

Supply Risk

Absolute abundance

Source country concentration

Dimension
Specific country risk factors (political risk, governance)
Company Concentration
Physical supply restrictions (wars, natural disasters)
Emerging technologies

Cross-

Cuttl ng Recycling

Issues Environmental issues

< USGS

Time Horizons

Reference: Erdmann & Graedel (2011), Enivron. Sci. Technol. 45, 7620-763

http://minerals.usgs.gov/minerals/pubs/nmic/



Time Scale — Market Response to Changes in Availability / Production Shortfalls

Duration Years Constraints Recourse

Short
Medium 3-10
Long >10

New Mine Development
e Costs

« Permitting
 Environmental

* Social / Political

< USGS

Existing production

capacity

Existing technology /

known resources

Inventories /
underutilized capacity

Substitution / higher
cost resources

Technical development  Investment in

/ undiscovered
resources

exploration / mine
development / process
development
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Stages of Mineral Exploration & Development
Aboriginal Affairs and Northern Development Canada
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New Mine Development: Risks

Mount Polley Mine Tailings Pond THE WALL STREET JOURNAL, =  suswess
Breach Sends Toxic Waste Into
Waterways (PHOTOS, VIDEO)

The Huffington Post B.C. BUSINESS . ) .
. :___P_iz |:E||1:g€ -I-]._. -5--. pmEDT | Updated: DB/DS/2014 1:59 am EDOT Grupo Mexico to Face Major Cleanup Fees After Spill

nhosee Copper Mine's Acid Spill Contaminated T@ , ~1d Cost Company Millions in Fees
g Email o Print Bl 1 Comments 'i u :ﬁ m 4 A

2of 12 ‘.‘ !w
@ The New Science '?.* €& ¥ Wal-Mart

of Food Additives Weighs Matching
Web Prices

Mount Polley rated high . '
in mines’ ministry
safety ranking

REUTERS = s

Imperial Metals’ mine tailings dam
subjected to ‘dam safety review’
only once every 10 years

HOME BUSINESS + MARKETS + WORLD~ POLITICS + TECH~ OPINION ~ BREA

UPDATE 1-Mexico's Grupo Mexico
says third-quarter profit up 12 pct

GORDON HOEKSTRA / VANCOUVER SUN
SEPTEMBER &, 2014 08:33 AM

E=C R - E
0 COMMENTS | |y Tweet| (0]  [[TIEEEY B3 sharethis (8+1/(0| [ Email & Print
o0
E O An aerial view shows the damage caused by a taflings pond breach near the town of

Likelv on Aug, 5. The B.C. government on Monday announced an independent inguiry
into the Mount Polley Mine tailings spill. Photograph By JONATHAN HAYWARD, The
Canadian Press
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New Mine Development: Environmental Constraints

EPA910-R14-001ES | January 2014

An Assessment of Potential Mining Impacts
on Salmon Ecosystems of Bristol Bay, Alaska

Executive Summary

Cook Inlet

Transamerica Building - 260 Meters

Tailings Dam TSF 1= 209 Meters
Gateway Arch - 19

Washington Monument = 169 Meters

Tailings Reservoir N
Bristol Bay A
W Approximate Pebble Deposit Location
0 25 80 . .
8 _zszmilgetem Towns and Villages
BN vies | ||| Watershed Boundary

Height of the Dam at TSF 1 in the Pebble 2.0 and Pebble 6.5 Scenarios, Relative to U.S. Landmarks
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Increasing Mineral Commodity Import Dependence

1996 U.S. NET IMPORT RELIANCE FOR

SELECTED NONFUEL MINERAL MATERIALS

Commodity Percent
ARSENIC 100
BAUXITE and ALUMINA 100
COLOMBIUM (niobium) 100
GRAPHITE (natural) 100
MANGANESE 100
MICA, sheet (natural) 100
STRONTIUM 100
THALLIUM 100
THORIUM 100
FLUORSPAR 99
GEMSTONES a8
COBALT 83
TIN 83
TUNGSTEN &2
TANTALUM 80
CHROMIUM 79
POTASH 76
BARITE 66
STOMNE (dimension) 64
NICKEL &3
IODINE 62
PEAT 58
DIAMOND (dust, grit, and pewder) 40
SELENIUM 38
CADMIUM 33
ZINC 33
RARE EARTHS 32
SILICON 3
ASBESTOS 30
GYPSUM 30
MAGNESIUM COMPOUNDS 30
PUMICE 28
ALUMINUM 2
NITROGEN (fixed), AMMONIA 18
SALT 18
IROM and STEEL 17
IROMN ORE 17
LEAD 17
COPPER 13
SODIUM SULFATE 13
CEMENT 12
SULFUR 1M
MICA, scrap and flake (natural) 8

PERLITE
IROM and STEEL SLAG
LIME

jor I 1992-9

China, Chile, Mexico

Australia, Jamaica, Guinea, Brazil

Brazil, Canada, Germany

Canada, Mexico, China, Madagascar, Brazil
South Africa, Gabon, Australia, Franca

India, Belgium, Brazil, China, Argentina
Mexica, Gamnany

Belglum, Canada, Mexico

France

China, South Africa, Mexico

Israel, Belgium, India, United Kingdom
Zambia, Norway, Canada, Finland, Russla
EBrazil, Bolivia, Indonesia, China

China, Russia, Gemany, Bolivia, United Kingdom
Australia, Germany, Thaikand, Brazil

South Africa, Turkey, Russia, Kazakstan, Zimbabwe
Canada, Belarus, Russia, lsrael, Germary
China, India, Mexico, Morocco, Canada

aly, Spain, India, Canada

Canada, Morway, Australia, Russia

Japan, Chile

Canada

Ireland, China, Russia

Canada, Philippines, Japan, Belgium
Canada, Belgium, Mexico, Garmany
Canada, Mexico, Spain

France, China, India, Japan, United Kingdom
Norway, Brazil, Russia, Canada

Canada

Canada, Mexico, Spain

China, Canada, Austria, Mexico, Greece
Greece, Ecuador, Turkey

Canada, Russia, Venezuela, Brazil

Trinidad and Tobago, Canada, Former Soviet Union

Canada, Mexico, Bahamas, Chile

Union, Canada, Japan, Brazil, Mexico

Canada,
Canada,
Canada,
Canada,
Canada,
Canada,
Canada,
Greece
Canada,
Canada,

, Brazil, Venezuela, Australia, Mauritania
, Mexico, Peru, Australia
, Chile, Mexico

Mexico

: Spain, Mexico, Greece, Calombia
. Mexico, Gemany, Japan
, India, Finland, Japan, Gemany

. South Africa
, Mexico

*In descending order of importance

Not necessarily indicative of risk!

< USGS

Commodity

ARSENIC

ASBESTOS

BAUXITE AND ALUMINA
CESIUM

FLUORSPAR

GRAPHITE (natural)
INDIUM

MANGANESE

MICA, sheet (natural)
NIDBILIM (columbium)
QUARTZ CRYSTAL (industrial)
RUBIDIUM

SCANDIUM

STRONTIUM

TANTALUM

THALLIUM

THORIUM

VANADIUM

YTTRIUM

GALLIUM

GEMSTONES

BISMUTH

I0DINE

DIAMOMD (dust grit, and powder)
ANTIMONY

GERMANIUM

POTASH

RHENIUM

STONE (dimension)
PLATINUM

TITANIUM MINERAL CONCENTRATES
COBALT

GARMET (industrial)
BARITE

ZINC

TIN

SILICON CARBIDE (crude)
PEAT

PALLADIUM

SILVER

CHROMIUM

NICKEL

MAGNESIUM COMPOUNDS
TITANIUM {sponge)
TUNGSTEN

SILICON

COPPER

MICA, scrap and flake (natural)
NITROGEN (fixed}—AMMONLA
VERMICULITE
ALUMINUM

LEAD

MAGNESIUM METAL
SALT

PERLITE

SULFUR

IROM and STEEL

TALC

BERYLLIUM

GYPSUM

IRON and STEEL SLAG
CEMENT

PUMICE

2013 U.S. NET IMPORT RELIANCE'

Percent

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

ag

ag

@

@

B8

85

85

82
B0
B0
Ta

Ta
76
76
75
T4
73

T2
66

50
48
47

45
41

40
36

30
28

25
25

jor import sources (2009-12)*

Jamaica, Brazil, Guinea, Australia

Canada

Mexico, China, South Africa, Mongolia
China, Mexico, Canada, Brazil

Canada, China, Japan, Belgium

South Africa, Gabon, Australia, Georgia
(China, Brazil, Belgium, India

Erazil, Canada

China, Japan, and Russia

Canada

China

Mexico, Germany, China

China, Germany, Kazakhstan, Russia
(Germany, Russia

India, France

Canada, Czech Rep., Rep. of Korea, Austria
China, Japan, Austria, France

(Germany, United Kingdom, China, Canada
lsrael, India. Betgium, South Africa

(China, Belgium, United Kingdom

Chile, Japan

China, Ireland, Rep. of Korea, Romania
(China, Mexico, Belgium, Bolivia

(China, Belgium, Russia, Germany

Canada, Russia, lsrasl, Chile

Chile, Poland, Germany

China, Brazil, taly, Turkey

(Germany, South Africa, United Kingdom, Canada
South Africa, Australia, Canada, Mozambigue
(China, Morway, Russia, Finland

Australia, India, China

China, India, Morocco

Canada, Mexico, Pernu

Peru, Bolivia, Indonesia, Malaysia

China, South Africa, Netherands, Romania
Canada

Russia, South Africa, United Kingdom, Norway
Mexico, Canada, Poland, Peru

South Africa, Russia, Mexico

Canada, Russia, Australia, Norway
China, Brazil, Canada, Australia
lapan, China

China, Bolivia, Germany, Portugal
Russia, Brazil, Canada, South Africa
Chile, Canada, Peru, Mexico

Canada, China, India, Finland
Trinidad and Tobago, Canada, Russia. Ukraine
South Africa, China, Brazil

Canada, Russia, China, Mexico
Canada, Mexico

|srael. Canada, China

Canada, Chile, Mexico, The Bahamas
Greece

Canada, Mexico, Venezuela

Canada, Mexico, Rep. of Korea, Brazil
China, Canada, Pakistan, Japan
Russia, China, Japan

Canada, Mexico, Spain
Canada, Japan, Italy, South Africa
(Canada, Rep. of Korea, China, Mexico

Greece, lcaland, Mexico, Montserrat

http://minerals.usgs.gov/minerals/pubs/nmic/



Production concentration of critical raw mineral materials

Canada Russia
. Cobalt . Platinum Groisp Hllﬂ:.‘ »

Antimomy
Beryllinm
Fluarspar
Gallium
Graphile
Germanium
Indium
Magnesium
Rare aanhs
Tungsten

r

Fluarspar

Brazil
. Miabium
. Tantalum

Democratic Republic of Congo
Cabalt Rwanda -~

Tamtalum . Tantaliam

South Africa
Platinum Group Metals

© European Union, 1995-2014

Supply Concentration

* Geopolitical risks

* Geographic distribution

» Large increases in domestic demand
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An Exploration in Mineral Supply Chain Mapping Using

Tantalum as an Example

By Yadira Soto-Viruet, W. David Menzie, John F. Papp, and Thomas R. Yager

r Mozambique

6%

Figure 1.  Chart showing percentage of mined tantalum produced in the world in 2011, by country. The amount of
contained tantalum in the ore totaled 706 metric tons. Data are from Mobbs (2012), Papp (2013), Tse (2013),
and Yager (2013a—c).

Tantalum

. Dense, ductile, highly corrosion resistant

. Refractory, transition metal

. Occurrence: Rare (1-2ppm) associated
with Nb (Tantalite, Columbite)

. Main Use: tantalum capacitors

. Substitutes: Nb, others; < effective

. Criticality (E&G 2011): (2)6

. U.S Import Dependence: 100%

. Conflict Mineral per Dodd / Frank

< USGS

I Open-File Report 20131239
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DEMOCRATICREPUBLIC I ® Mine
OF THE CONGO VEANDA .
Ly 15 . [[] Tantalum-producing countries
] ™on-tamtalam producing countries
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TANZANIA
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g o
Te
ANGOL A

Figure 3.  Significant tantalum (Ta) mines in the world. Insets .4 an B show the location of Ta mines in Burundi, the Democratic Republic
of the Congo [Congo (Kinshasa)], and Rwanda in detail. The numbers used to identify locations are keyed to the “ID” in table 1.
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Table 1.  Significant tantalum mines.

[Mine locations are shown on the map in figure 3. -, not applicable or no data; A, active; CM, care and maintenance; e, estimated; GL, general location;
km, kilometer; M, mine; N A, not available; 5, surface/open pit; SL, specific location; SU, surface/open pit and underground; Tay0s, tantalum pentoxide;
U, underground. Data are from U.5. Geological Survey Minerals Yearbook 2011, vol. III (http://minerals. usgs. gov/minerals/))

Specific
mineral ; Latitude  Longitude
D Year commodity Country n Location narme Facility  Mining Ownership Anrwia capachly Status (decimal  (decimal Locaionad
description type methad (metric tons) accuracy
and (or) degrees) degrees)
product
1 2011 Tantalum, Australia 60 km Bald Hill tantalite M 5U Altura Mining Ld., 100% 100 Taz(s CM -31.672 121594 5L
tantalite, southeast of mine
Tayily Kambalda,
Western
Australia
2 2011 Tantalum, Australia 250 km from Greenbushes open M 5U Cilobal Advanced Metals 550 Taa(s A -33.857 116.051 5L
tantalite, Perth pit'underground Pty Ltd., 80% and Traccys
Tayily tantalite-spodumene Tantalum LP { Traxys
mine Ciroup), 20%%
E 2012 Tantalum, Australia 2kmnorth of Mt Cattlin Mine M 5 Cialay Resources Lid. 25 Tasls A -33.582 120,048 GL
tantalite, Ravensthorpe
Tagis
4 2011 Tantalum, Australia 100 km Wodgina open pit M 5U Cilobal Advanced Metals 250 Taxls CM -21.184 118.671 5L
tantalite, southeast of tantalite mine Pty Lid., 80%. and Traxys
Tails Port Hedland Tantalum LP { Traxys
Giroup), 20%%
5 011 Tantalum, Brazil Fluminense Fluminense Mine M 3 Companhia Industrial 25 concentrate A 21084 44583 sSL
concentrate Mine, Minas {Volta Girande Mine) Fluminense { AMG
(ierais State Advanced Metallurgical
Ciroup N.V.)
6 2011 Tantalum, Brazil Pitinga Mine, The Pitinga Mine M 5 Mineragdo Taboca 5.A. 180 concentrate A 0,784 =G0L0TS 5L
concentrate Amazonas (private, 100%)
State
T 2012 Miobium Burundi Kabarore, Mine at Kabarore M - Comptoir Mimier des 6 A -2.824 29,581 GL
{columbium) Kayanza Exploitations du Burundi
and tantalum, Province 5.A. (COMEBL)
columbite-
tantalite, ore
and
concentrate

Q
% http://minerals.usgs.gov/minerals/pubs/nmic/



Examples of Supply Chains: (Front End)

MINE/SOURCE MATERIAL
MOZAMBIQUE

PROCESSING FACILITY

Marropino Mine
Pebane, Mozambigue
Capacity = 140 t/yr of Ta;0;

Global Advanced Metals Pty Lid.

REFINED PRODUCTS

Ta oxide, Ta metal ingots, and

Pennsylvania, United States

or-grade Ta powder

MINE/SOURCE MATERIAL
CHINA

Capacity =NA
v
H.C, Starck GmbH Ta carbide; Ta powder, Ta oxides,
Ta pentachloride; Ta niobium carbide,
G”_'mm'" 1 ingots; Ta rods, tubes, sheets, plates,
Capacity = NA and foil; and Ta capacitors
4
PROCESSING FACILITY REFINED PRODUCTS

Yichun Tantalum & Niobinm Mine
(Mine 414)
Yichun, Jiangxi Province

Ningxia Non-Ferrous Metal Smeltery
Shizuishan City, Ningxia Province
Capacity=NA

Nanping Mine
Manping, Fujian Province

Estimated production = 300 t/yr of Ta powder,
120 t/yr of Ta wire, 30 t'vr of Ta oxides,
25 t'yr of Ta metal and 6 t'vrof Ta tube

King-Tan Industry Co. Ltd.
Yifeng, Jiangxi Provinese

Conghua Mine
Guangdong Province

Estimated production = 350 t'yr of Ta oxides,
300 t'yr of potassium flourtantalite,
90t of Ta powder, and 30 t/yr of carbides

Conghua Tantalom and Niocbium Smelter
Conglua, Guangdong Province

AU Open-File Report 2013-1239

Estimated production = 50 t/vr of Ta powder and
70 tvrof Ta oxides

Jiujiang Tanbre's Smelter
Jiangxi Province

Esti d production = 50 t'yr of Ta metal and

100 t'yr of Ta oxides

http://minerals.usgs.gov/minerals/pubs/nmic/

U.S. / Europe

China



Alternative Supply / Downstream Processing
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AU Open-File Report 2013-1239

http://minerals.usgs.gov/minerals/pubs/nmic/
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REO World Mineral Production Trends 1956 - 2013
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Sources: USGS Fact Sheet 087-02 updated with recentUSGS Minerals Yearbook and
Mineral Commodity Summaries data

Own the front end of the supply chain + Vertical integration = Own the entire supply chain

http://minerals.usgs.gov/minerals/pubs/nmic/



Value ($/unit)

REE Value Chain
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REE Value Chain
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GLOBAL DISTRIBUTION OF RARE EARTH ELEMENT RESOURCES

ACTIVE MINES AND ADVANCED PROJECTS

Active Mines
@ Carbonatite

s+ @ Peralkaline igneous

Fr—

Heavy-mineral sands

o @ Clays
Advanced Projects

160"

S - |

000

Carbonatite
Peralkaline ig

Buena Norte

Zan

Heavy-mineral sands i i

Other

REE DISTRIBUTION AND MOBILITY IN RESIDUAL DEPOSITS FORMED ON ALTERED GRANITES OF THE
SOUTHEASTERN UNITED STATES. Foley et al (2014).

http://minerals.usgs.gov/minerals/pubs/nmic/



Comparison of Domestic Barite Production and Percentage Share of Total
Barite Used for Drilling in the United States

2,500,000 90%
[ U.S. barite production

——U.S. barite production as a percent of total barite  80%
used for domestic drilling.

2,000,000
- 70%
- 60%

1,500,000
- 50%
A - 40%

1,000,000
- 30%
- 20%

500,000 -

I -
I T T T 0%

1970 1975 1995 2010 2012
YEAR

U.S. BARITE PRODUCTION, METRIC TONS

U.S. BARITE PRODUCTION AS A SHARE OF TOTAL BARITE USED FOR DOMESTIC DRILLING

Barite — A Case Study of Import Reliance on an Essential Material for Oil and Gas Exploration and
Development Drilling (Bleiwas & Miller, USGS SIR, 2014)

z
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China Has Very Large Reserves of Shale Oil & Gas

What happens when
(not if) China
develops these
resources?

Are we prepared for
possible supply
disruptions that
result from a rapid
increase in demand
for barite (and other)
minerals used for
hydrocarbon
production?

China's shale oil and gas basins

CHINA
ELA/ARI SHALE GAS/OIL ASSESSMENT |
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