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The Future of Mineral Resources

e 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.



== Copper production
(thousand tonnes)

=== \World population
(millions)

=== Per capita consumption
(g/person)

Copper

~34X more production
than in 1900

~8X more per capita
consumption than
in 1900

—

2000

Source: USGS, CIA

Demand is high for nearly every mineral resource.




Energy Health  Buildings

Transportation Information Money

The number of mineral
— commodities in demand
Energy Health | Buildings J B — . .
T = =@l for productsin society
—F T ] has increased markedly
In the last 80 years.

Energy Health = Buildings i

Source: USGS data




Gold production, 1835-2012

) The current boom =%
B United States (1981-2012) = 247M oz Au

B Nevada (mostly Carlin and other
Nevada deposits = 174M 0z)
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Goldfield (NV), Black Hills (SD), Cripple Creek (CO),
porphyry Cu (AZ &UT) = 95M o0z Au

»

’49ers = 29M 0z Au
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Discoveries continue to feed the biggest gold boom in US and world history.



Challenges for the United States

Chinais #1
In terms of mineral-resource production.



China has 19% of the world’s population.

Selected commodities for which China produced >19%
of the world’s total in 2012:

Aluminum®*, 42% Antimony, 83% Arsenic, 57%
Barite, 48% Bismuth, 81% Cadmium, 30%
Cement*, 58% Coal, 45% (2011) Diatomite, 21%
Fluorspar, 61% Germanium*, 70% Graphite, 68%
Gypsum, 32% Indium*, 58% Iron ore, 43%
Lead, 50% Manganese, 19% Mercury, 75%
Mica, 69% Molybdenum, 42% Phosphate, 42%
Rare Earths, 94% Steel*, 48% Tin,43%

Tungsten, 85% Vanadium, 37% Zinc, 35%

* refined or processed, not mined
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Rare Earth Elements (REES)

OUR CONSULTANT WILL
TELL US HOW WE CAN
SECURE A LONG—TERM
SUPPLY OF RARE EARTH
METALS FOR OUR
PRODUCTS.

IF THE ONLY
PART THAT
WHATS GOES WRONG
PLAN B? IS THE
| CHINESE PART,
YOU CAN TRY
DYING AGAIN.

CHINA HAS MOST OF
THE RARE EARTH
METALS. TRY DYING.
AND REINCARNATING.
THERES A 20%Z CHANCE
THAT YOU'LL BE BORN
CHINESE.
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Solar panels

Wind turbines

Batteries
Fuel cells

Fluorescent lights

Culn,Ga . Se,,
CdTe, GaAs, Ag, and
Si,,Ge,

Fe,,(Nd,Dy),B,
SmCo., and Sm,Co,

Li, La, Ni, and V
Pt, Pd
Tb, Eu




Critical and strategic minerals
do change with time.

— Estimated world population,
millions of people

= = Estimated flint production,

thousands of metric tons per
year
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What minerals
will be critical
for the country?

Energy Critical Elements:

Pd Ag

Palladium Silver

Pt

Plafinum

Tb Dy

Terbium Dysprosiom

Securing Materials for Emerging Technologies

A REFORT BY THE APS PANEL ON PUBLIC AFFAIRS & THE MATERIALS RESEARCH SOCIETY

M




* HARDROCK MINING
ON FEDERAL LANDS

NATIONAL RESEARCH COUNCIL

1999

Will the USA be a
major producer of
mineral resources
In the future?



FUTURE ROLES
AND OPPORTUNITIES
R THE LS
GEOLOGICAL SURVEY

2001

NATIONAL RESEARCH COUNCIL 1996 NATIONAL RESEARCH COUNCIL
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Ehe New ork Times

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 Kridav that
his ministry
that Japanes
were comple
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Ehe New Jork Times

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

*~~in the
losing



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 21 Century

. Concerns about reliable supply

. National critical mineral strategy development — multiple OSTP working groups
. Currently several bills pending in 113" Congress

\

= USGS



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 commaodities,
including REE

Source: USGS Mineral
Commodity Summaries (2013)

2 USGS

2012 U.S. NET IMPORT RELIANCE’

Commodity Percent
ARSENIC (trioxide) 100
ASBESTOS 100
BAUXITE and ALUMINA 100
CESIUM 100
FLUORSPAR 100
GRAPHITE (natural) 100
INDIUM 100
MANGANESE 100
MICA, sheet (natural) 100
NIOBIUM (columbium) 100
QUARTZ CRYSTAL (industrial) 100
RUBIDIUM 100
SCANDIUM 100
STRONTIUM 100
TANTALUM 100
THALLIUM 100
THORIUM 100
GALLIUM 99
GEMSTONES 99
VANADIUM 96
BISMUTH 92
PLATINUM 91
GERMANIUM 20
IODINE 88
ANTIMONY 87
DIAMOND (dust, grit, and powder) 85
STONE (dimension) 85
POTASH 81
BARITE 80
COBALT 78
RHENIUM 78
TITANIUM MINERAL CONCENTRATES 77
TIN 75
SILICON CARBIDE (crude) 73
ZINC 72
CHROMIUM 70
GARNET (industrial) 65
TITANIUM (sponge) 64
PEAT 62
SILVER 57
PALLADIUM 54
NICKEL 49
MAGNESIUM COMPOUNDS 46
TUNGSTEN 42
SILICON 36
COPPER 35
NITROGEN (fixed), AMMONIA 35
MAGNESIUM METAL 31
MICA, scrap and fiake (natural) 31
VERMICULITE 30
PERLITE 24
ALUMINUM 20
SALT 19
SULFUR 19
PUMICE 15
GYPSUM 12

Major Import Sources (2008-11)?
Morocco, China, Belgium

Canada, Zimbabwe

Jamaica, Brazil, Guinea, Australia

Canada

Mexico, China, South Africa

China, Mexico, Canada, Brazil

China, Canada, Japan, Belgium

South Africa, Gabon, Australia, China
China, Brazl, Belgium, India

Brazil, Canada, Germany

China, Japan, Russia

Canada

China

Mexico, Germany, China

China, Estonia, Germany, Kazakhstan
Germany, Russia

India, France

Germany, United Kingdom, China, Canada
Israel, India, Belgium, South Africa

Rep. of Korea, Canada, Austria, Czech Republic
China, Belgium, United Kingdom
Germany, South Africa, United Kingdom, Canada
China, Belgium, Russia, Germany

Chile, Japan

China, Mexico, Belgium, Bolivia

China, Ireland, Republic of Korea, Russia
China, Brazil, Italy, Turkey

Canada, Russia

China, India, Morocco

China, Norway, Russia, Finland

Chile, Nethertands, Germany

South Africa, Australia, Canada, Mozambique
Peru, Bolivia, Indonesia, China

China, South Africa, Romania, Netherlands
Canada, Mexico, Peru, Spain

South Africa, Kazakhstan, Russia, Mexico
India, Australia, China, Canada

Japan, Kazakhstan, China, Ukraine,
Canada

Mexico, Canada, Peru, Poland

Russia, South Africa, United Kingdom, Norway
Canada, Russia, Australia, Norway

China, Canada, Brazil, Australia

China, Bolivia, Canada, Germany

Brazil, Russia, China, Canada

Chile, Canada, Peru, Mexico

Trinidad and Tobago, Russia, Canada, Ukraine
Israel, Canada, China

Canada, China, India, Finland

South Africa, China, Brazil, Australia
Greece

Canada, Russia, China, Mexico

Canada, Chile, Mexico, The Bahamas
Canada, Mexico, Venezuela

Greece, Icefand, Mexico, Montserrat
Canada Mexico Spain



REE Production Trends — 1956 to 2010
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Production, metric tons

Monazite-placer Mountain Pass Chineseera—> ?
era era

Sources: USGS Fact Sheet 087-02 updated with recent USGS Minerals Yearbook data
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Information is Critical
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MINERAL COMMODITY The Global Flow of Aluminum

DINIINNSES S From 2006 Through 2025: USGS
Open-file Report 2010-1256

I

Mines and Mineral Processing
Facilities in the Vicinity of the
March 11, 2011, Earthquake in
Northern Honshu: USGS Open-
file Report 2011-1069
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inerals Information
Materials Flow Studies

=USGS

Materials Flow of Indium in the United States

4 Byproduct Metals and Rare-Earth Elements Used
in 2008 and 2009

In the Production of Light-Emitting Diodes—
Overview of Principal Sources of Supply and
Material Requirements for Selected Markets

Byproduct raw materials

ientific

'S Department of the latecior
US. Geological Suvey

US, Dopartmestof thelatarior
U, Goslogic

science for s chemging workd

Wind Energy in the United States and Materials
Required for the Land-Based Wind Turbine Industry
From 2010 Through 2030

scionce for a changing wertd ~ S

Byproduct Mineral Commodities Used

Lithium Use in Batteries
for the Production of Photovoltaic Cells G = &

Scientific Investigations Regort 2011-5036
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Mines and Mineval Processing Facilities in the Vicinity of
the March 1%, 2011, Eanthguake in Nosthern Honshu, Japan

By 1t et Mo Wickomt 5 Bk, Dopuld . Blines, i Crin 10

ZUSGS

Recent Strikes In South Africa’s Flatinum-Group Metal
Mines: Effects Upon Workt Platinum-Group Metal Supplies

7y Thormas . e, P Soko-vet, o fones J B

DpenFis Report 2012-1273
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10 % of titanium sponge (metal) 89,920, 9735 g e O ox
. . { = Tokyo : -
3 % of refined zinc ¢ Yamanashi, 916,950 [Tokyo j@‘;ﬁ oq” 9% " o -
2 5 O/ f f d Ka\\asa}q\— a4 b '-"\} - < 939 L v
: o ofrefine Copper Kanagawa 2 o41. 944 e g
4/ " Yokohama =¥ V938 941, e 4
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facilities in the vicinity of the March 11, 2011,

1
A 140°E
earthquake in northern Honshu, Japan: U.S. Figure 1.—Map showing the location of mines and mineral facilities in Japan. Modified from Baker and others
Geological Survey Open-File Report 2011-1069, (2010).
7 p. (Available only at :
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http://pubs.usgs.gov/of/2011/1069/

VS Assessment

Inventory

Identified resources Undiscovered resources

Near- and medium-term supply Long-term potential supply
Often classified by commodity

Important first step for assessment

Classified by mineral deposit type

Qualitative and Quantitative

How much

Tract : Cumulative Probability
Distributions of Contained Metal and
» Mineralized Rock (metric tons)

Probability
epeeeeeoeo
CEEERESER

Probabilistic
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Global Mineral Resource Assessment

Indonesia is included in a report on
. . Porphyry Copper Assessment of Southeast Asia and
parts of Southeast Asia and Melanesia Melanesia

110°E {2
[
moiA & 7y
= CHINA
CHINA
(TATWAN)
PHILIPPINES

Prepared in cooperation with the Coordinating Committee for Geoscience Programmes in
East and Southeast Asia

Scientific Investigations Report 2010-5090-D

o
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e S é | U.S. Department of the Interior
B T - S B U.S. Geological Survey
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ASTER alteration mapping as a guide
or porphyry copper estimates in Central Asia

ALTERATION MAP AND POTENTIAL PORPHYRY COPPER SITES OF THE QONRATY MINE AREA, KHAZAKSTAN

Almaly
fi
= eld

Kazakhstan

'y copper
£ am
porphyry copper tract
Kengamp Kaskrkazgan

22 KeMkuduk | Other porphyry copper tracts

a<ounrad Deposit

Name of deposit
Prospect

Name of prospect
Deposit

with other

0 KILOMETERS

Phylic- | Argilic R Silicic- @ POTENTIAL

Altered Altered Altered PORPHYRY
Rocks Rocks Rocks COPPER SITE

AND PHYLLIC-ALTERED ROX

Tract area; 79,500 km?
5 known deposits
90-50-10 Estimate: 1-5-12

o CAOZPC_NTS_F1

5.8 expected undiscovered




SURFACE MATERIALS MAP OF AFGHANISTAN: CARBONATES, PHYLLOSILICATES, SULFATES, ALTERED MINERALS, AND OTHER MATERIALS

LY
Bymond I Kokady, Trade VIV, Kng, Todd M. Hoston, Katieen B, Dudok, snd Keth I Livo
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-92°00" -91°45°

Vertical gravity gradient =

50 Eotvos

43°30'
L0E.E¥

43°15'
SLEP

-92°00° -91°45°
Eotvos I N

-28 -18 .12 8 6 4-3-1-01 2356 912 2

[ o I T 1T 1T 1T 1T 1T e I

Old ground vertical gradient, calculated New airborne vertical gradient, measured




Inventory and Characterization of
Byproduct Critical Mineral Resources
Critical Metal Content of Domestic Mineral Deposits

New USGS Laser Ablation —

Real Time

Bulk ICP-MS Method Information Section

EE‘SS]I‘IIQ. * e i o
BB Periodic Table

Est. Rg

0:00:

g ctrd N
~ "1 (@l D&

ool loltes Al

== .- BEER el

+ BENREE BREERREE
v W51 ) 2 e 1651 e 6 0 251

11.009:

12 ] 4] 5] 6411w} ] 160} 1 6418 6]

13.003¢4
i) " 68

e Low cost, efficient, and accurate analytical method
e Entire periodic table (minus H, He, N, O and F) in a single rapid analysis
e Trace and ultra trace detection (ultra trace to less than 10 ppb in some cases)

o USGS e 100+ analyses per day
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New National-scale Soll _ o _
. Geochemical and Mineralogical Data for Soils
Geo C h emi Cal an d of the Conterminous United States
Mineralogical Data for the
Conterminous United States

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

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

Data Series 801

500 Miles

u.s. Department O_f the Interior LS. Department of the Interior
U.S. Geological Survey I1.S. Geological Survey




C_Pb ppm

I o.28-7.61
[ 7.61-10.05
[] 10.05-12.50
[]12.60-14.04
[ ]14.94-17.38
[ ]17.38-10.82
[]19.82-22.26
[ 2226-24.71
[ 24.71-32.03
[ 32.03-623.05

1,600 Kilometers
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0to 5 cm Pb ppm

I o.28-7.61
[ 7.61-10.05
[ 10.05-12.50
[]1260-14.04
[ ]14.94-17.38
[ J17.38-190.82
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[]2226-24.71
[ 24.71-32.03
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a USGS
2 2013 USGS Congressional Briefing Series

science for a changing world

General information:

minerals.usgs.gov/

Products available online at:

minerals.usgs.gov/global/
minerals.usgs.gov/minerals

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

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



ZUSGS

science for a changing world

SPEAKERS




ZUSGS

science for a changing world

Market Update for Rare Earths

2013 USGS Congressional Briefing Series
December 13, 2013

Joseph Gambogi
Rare Earth Commodity Specialist
USGS National Minerals Information Center

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



Rare Earths — the Lanthanide Series,

Scandium, and Yttrium

-

Neodymium
Promethium
Samarium
Europium
Gadolinium
Terbium
m Dysprosium
Holmium
Erbium
Thulium
Ytterbium
Lutetium
Yttrium

Elements
T

wn

Light Rare Earth

@ |m

I

Elements

Heavy Rare Earth

61
62
63
64
65
67
70
71
39

RN
c
7]
)
mI



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

DN .'




Global Rare—Earth Deposits and
Occurrences
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Rare—Earth Mining Locations

|
Q

0

() Bastnasite
b Loparite
A Monazite
/\ Rare-earth laterite

- % Xenotime

\x
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e

>

Composition

i

1,500

3,000 6,000 KILOMETERS
| |

1,000

T |
2,000 4000 MILES

]
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ITa Cg Py Nd. Sm. Eu.Gd

Tb Dy Ho

.Er Tm Y.b Lg

Data are from USGS Minerals Yearbook 2011 vl




Supply—Rare—Earth Oxide World Mineral
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China’s Rare-Earth Production and
Export Quotas
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Average Prices of Selected Rare-
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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
m Prices of rare-earths have decreased significantly

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

m Consumers pursuing conservation and recycle programs

= USGS



Contact Information

Joseph Gambogi

National Minerals Information Center
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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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Rare Earths — the Lanthanide Series,

Scandium, and Yttrium
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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
= 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

DN .'




Global Rare—Earth Deposits and
Occurrences
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Rare—Earth Mining Locations
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China’s Rare-Earth Production and
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