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Cover: Minerals play an integral part in all aspects of our lives. In this rural setting, minerals provide nutrients, such as
nitrogen, phosphorus, potassium, and a host of micronutrients essential to maximize crop yields to ensure reliable food
supplies. Various metals and other mineral materials are required to build the harvesters shown, in addition to the
equipment needed to prepare the fields for and to plant these crops. Open spaces are ideal for wind farms, comprising
myriad wind turbines that require numerous mineral materials for the actual structures as well as the infrastructure to
transmit the electrical power produced to consumers across the nation. (Image provided as a courtesy of John Deere.)
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INSTANT INFORMATION

Information about the U.S. Geological Survey, its programs, staff, and products is available from the internet at
https://www.usgs.gov or by calling (888) ASK-USGS [(888) 275-8747].

This publication has been prepared by the National Minerals Information Center. Information about the Center and its
products is available from the internet at https://www.usgs.gov/centers/nmic or by writing to Director, National
Minerals Information Center, 988 National Center, Reston, VA 20192.

KEY PUBLICATIONS

Minerals Yearbook—These annual publications review the mineral industries of the United States and of more than
180 other countries. They contain statistical data on minerals and materials and include information on economic and
technical trends and developments and are available at https://www.usgs.gov/centers/nmic/publications. The three
volumes that make up the Minerals Yearbook are Volume |, Metals and Minerals; Volume Il, Area Reports, Domestic;
and Volume lll, Area Reports, International.

Mineral Commodity Summaries—Published on an annual basis, this report is the earliest Government publication to
furnish estimates covering nonfuel mineral industry data and is available at
https://www.usgs.gov/centers/nmic/mineral-commodity-summaries. Data sheets contain information on the domestic
industry structure, Government programs, tariffs, and 5-year salient statistics for more than 90 individual minerals and
materials.

Mineral Industry Surveys—These periodic statistical and economic reports are designed to provide timely statistical
data on production, shipments, stocks, and consumption of significant mineral commodities and are available at
https://www.usgs.gov/centers/nmic/mineral-industry-surveys. The surveys are issued monthly, quarterly, or at other
regular intervals.

Materials Flow Studies—These publications describe the flow of minerals and materials from extraction to ultimate
disposition to help better understand the economy, manage the use of natural resources, and protect the environment
and are available at https://www.usgs.gov/centers/nmic/materials-flow.

Recycling Reports—These studies illustrate the recycling of metal commodities and identify recycling trends and are
available at https://www.usgs.gov/centers/nmic/recycling-statistics-and-information.

Historical Statistics for Mineral and Material Commodities in the United States (Data Series 140)—This report
provides a compilation of statistics on production, trade, and use of approximately 90 mineral commaodities since as
far back as 1900 and is available at https://www.usgs.gov/centers/nmic/historical-statistics-mineral-and-material-
commodities-united-states.

WHERE TO OBTAIN PUBLICATIONS

o  Mineral Commodity Summaries and the Minerals Yearbook are sold by the U.S. Government Publishing Office.
Orders are accepted over the internet at https://bookstore.gpo.gov, by email at ContactCenter@gpo.gov, by
telephone toll free (866) 512—1800; Washington, DC area (202) 512-1800, by fax (202) 512-2104, or through the
mail (P.O. Box 979050, St. Louis, MO 63197-9000).

e All current and many past publications are available in PDF format (and some are available in XLS format)
through https://www.usgs.gov/centers/nmic.



INTRODUCTION

Each chapter of the 2020 edition of the U.S. Geological Survey (USGS) Mineral Commodity Summaries (MCS)
includes information on events, trends, and issues for each mineral commodity as well as discussions and tabular
presentations on domestic industry structure, Government programs, tariffs, 5-year salient statistics, and world
production and resources. The MCS is the earliest comprehensive source of 2019 mineral production data for the
world. More than 90 individual minerals and materials are covered by two-page synopses.

For mineral commodities for which there is a Government stockpile, detailed information concerning the stockpile
status is included in the two-page synopsis.

Abbreviations and units of measure and definitions of selected terms used in the report are in Appendix A and
Appendix B, respectively. “Appendix C—Reserves and Resources” includes “Part A—Resource/Reserve
Classification for Minerals” and “Part B—Sources of Reserves Data.” A directory of USGS minerals information
country specialists and their responsibilities is Appendix D.

The USGS continually strives to improve the value of its publications to users. Constructive comments and
suggestions by readers of the MCS 2020 are welcomed.



NET EXPORTS OF MINERAL
RAW MATERIALS

GOLD, SODA ASH, ZINC
CONCENTRATES, ETC.

Exports: $9.3 billion
Imports: $5.6 billion

Net exports: $3.7 billion

DOMESTIC MINERAL RAW
MATERIALS FROM MINING

COPPER ORES, IRON ORE,
SAND AND GRAVEL,
STONE, ETC.

Value: $86.3 billion

METALS AND MINERAL
PRODUCTS RECYCLED
DOMESTICALLY

ALUMINUM, GLASS, STEEL,
ETC.

Value of old scrap: $36.1 billion

NET EXPORTS OF OLD
SCRAP

GOLD, STEEL, ETC.
Exports: $15.8 billion

Imports: $6.1 billion
Net exports: $9.7 billion

THE ROLE OF NONFUEL MINERALS

IN THE U.S. ECONOMY
(ESTIMATED VALUES IN 2019)

MINERAL MATERIALS
PROCESSED
DOMESTICALLY

ALUMINUM, BRICK, CEMENT,
COPPER, FERTILIZERS,
STEEL, ETC.

Value of shipments:
$770 billion

U.S. ECONOMY

Gross Domestic Product:
$21,429 billion

NET IMPORTS OF
PROCESSED MINERAL
MATERIALS

METALS, CHEMICALS, ETC.
Imports: $139 billion

Exports: $86 billion
Net imports: $53 billion

IMajor consuming industries of processed mineral materials are construction, durable goods manufacturers, and some
nondurable goods manufacturers. The value of shipments for processed mineral materials cannot be directly related to
gross domestic product.

Sources: U.S. Geological Survey and the U.S. Department of Commerce.



SIGNIFICANT EVENTS, TRENDS, AND ISSUES

In 2019, the estimated total value of nonfuel mineral
production in the United States was $86.3 billion, an
increase of 3% from the revised total of $84 billion in
2018. The estimated value of metals production
increased slightly to $28.1 billion. Lower production of
some metals was offset by increased values. Byproduct
vanadium was produced in Utah for the first time since
2013. The total value of industrial minerals production
was $58.2 billion, a 3% increase from that of 2018. Of
this total, $27.7 billion was construction aggregates
production (construction sand and gravel and crushed
stone). Crushed stone was the leading nonfuel mineral
commodity in 2019 accounting for 22% of the total value
of U.S. nonfuel mineral production. Increased
construction activity resulted in increased prices and
production of some industrial minerals.

In 2018, as a result of U.S. Department of Commerce
findings of harm to national security under Section 232
of the Trade Expansion Act of 1962, as amended (19
U.S.C. 1862), additional import duties for aluminum
articles and steel articles were put into place. Several
Presidential Proclamations were issued in 2019
modifying either the tariff rates or the countries affected.
After the United States, Canada, and Mexico reached an
agreement on trade terms in May, the ad valorem duties
for aluminum and steel imports were removed for
Canada and Mexico. As of December 2019, aluminum
imports from all countries except Argentina, Australia,
Canada, and Mexico remained subject to a 10% ad
valorem tariff, and steel imports from all countries except
Argentina, Australia, Brazil, Canada, the Republic of
Korea, and Mexico remained subject to a 25% ad
valorem tariff.

Under Section 301 (b) of the Trade Act of 1974, as
amended, the Office of the United States Trade
Representative (USTR) determined that acts, policies
and practices of China related to technology transfer,
intellectual property, and innovation were discriminatory
or unreasonable and those actions burdened or
restricted United States commerce (83 FR 14906) in
2018. Several lists of tariff lines (Lists 1, 2, 3) were
compiled, and imports of those materials became
subject to an additional import duty for products from
China. Lists 1 and 2 had duty rates of 25% implemented
in July 2018 and August 2018, respectively. List 3, which
included nonfuel mineral commodities, had a duty rate of
10% imposed in late September 2018. The rate was
scheduled to increase to 25% on January 1, 2019;
however, that action was delayed. From January through
May 2019, trade discussions between the United States
and China were ongoing. In May 2019, because a trade
agreement was not reached, the United States
increased tariffs for List 3 items to 25% (84 FR 20459).
China likewise imposed additional import duties for
certain items originating in the United States. In
December, a phase one trade agreement was reached
between the United States and China, which reduced
some tariff rates and resulted in additional tariffs not

being implemented. At yearend 2019, the United States
had a 25% tariff on approximately $250 billion of imports
from China, including nonfuel mineral commodities, and
a 7.5% tariff on approximately $120 billion of imports
from China. China had additional tariffs ranging from 5%
to 30% on approximately $110 billion of imports from the
United States.

Also under Section 301 (b) of the Trade Act of 1974, as
amended, the USTR published a request for comments
in December (84 FR 67992) on proposed additional ad
valorem duty rates of up to 100% for items from
specified European countries, including several
ferroalloys and other nonfuel mineral commodities. The
critical minerals niobium, palladium, rhenium, and
vanadium were on the list of proposed items.

Executive Order 13817, A Federal Strategy to Ensure
Secure and Reliable Supplies of Critical Minerals (EO),
was issued on December 20, 2017. Several actions
were required of Federal agencies to address critical
minerals. Pursuant to the EO, the Secretary of the
Interior, in coordination with the Secretary of Defense,
and in consultation with the heads of other relevant
executive departments and agencies, was tasked with
developing and submitting a list of minerals defined as
critical minerals to the Federal Register. The final list of
critical minerals was published in the Federal Register
on May 18, 2018 (83 FR 23295), which included 35
minerals or mineral material groups. These were
aluminum (bauxite), antimony, arsenic, barite, beryllium,
bismuth, cesium, chromium, cobalt, fluorspar, gallium,
germanium, graphite (natural), hafnium, helium, indium,
lithium, magnesium, manganese, niobium, platinum-
group metals, potash, the rare-earth-elements group,
rhenium, rubidium, scandium, strontium, tantalum,
tellurium, tin, titanium, tungsten, uranium, vanadium, and
zirconium.

The EO also directed the Secretary of Commerce, in
coordination with heads of selected executive branch
agencies and offices, to submit a report to the President
that includes: “a strategy to reduce the Nation’s reliance
on critical minerals; an assessment of progress toward
developing critical minerals recycling and reprocessing
technologies, and technological alternatives to critical
minerals; options for accessing and developing critical
minerals through investment and trade with our allies
and partners; a plan to improve the topographic,
geologic, and geophysical mapping of the United States
and make the resulting data and metadata electronically
accessible, to the extent permitted by law and subject to
appropriate limitations for purposes of privacy and
security, to support private sector mineral exploration of
critical minerals; and recommendations to streamline
permitting and review processes related to developing
leases; enhancing access to critical mineral resources;
and increasing discovery, production, and domestic
refining of critical minerals.” In June 2019, the U.S.
Department of Commerce issued the report,
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which presented 6 Calls to Action, 24 goals, and 61
recommendations that describe specific steps that the
Federal Government will take to achieve the objectives
outlined in the EO.

As shown in the figure on page 4, minerals remained
fundamental to the U.S. economy, contributing to the
real gross domestic product at several levels, including
mining, processing, and manufacturing finished
products. The estimated value of nonfuel minerals
produced at mines in the United States in 2019 was
$86.3 billion. The value of net exports of mineral raw
materials increased to $3.7 billion from $2.9 billion in
2018. Domestic raw materials and domestically recycled
materials were used to produce mineral materials worth
$770 billion. Of the $36.1 billion of domestically recycled
products, iron and steel scrap contributed $17.6 billion.
These mineral materials as well as imports of processed
mineral materials, which decreased by 8% in 2019,
were, in turn, consumed by downstream industries with
an estimated value of $3.13 trillion in 2019, a 2.5%
increase from the revised figure of $3.05 trillion in 2018.

The figure on page 7 illustrates the reliance of the United
States on foreign sources for raw and processed mineral
materials. In 2019, imports made up more than one-half
of the U.S. apparent consumption for 46 nonfuel mineral
commodities, and the United States was 100% net
import reliant for 17 of those. Critical minerals comprised
14 of the 17 mineral commodities with 100% net import
reliance and comprised 17 of the 29 remaining mineral
commodities with imports greater than 50% of annual
consumption.

The figure on page 8 shows the countries from which the
majority of these mineral commodities were imported
and the number of mineral commaodities for which each
highlighted country was a leading supplier. China,
followed by Canada, supplied the largest number of
nonfuel mineral commodities. The United States was
import reliant for an additional 30 commaodities and was
a net exporter of 17 nonfuel mineral commaodities.

The estimated value of U.S. metal mine production in
2019 was $28.1 billion, slightly more than that of 2018

(table 1). Principal contributors to the total value of metal
mine production in 2019 were gold (32%), copper (28%),
iron ore (19%), and zinc (7%). The estimated value of
U.S. industrial minerals production in 2019, including
construction aggregates, was $58.2 billion, about 3%
more than the revised value of 2018 (table 1). The value
of industrial minerals production in 2019 was dominated
by crushed stone (32%), cement (masonry and portland)
(19%), construction sand and gravel (16%) and industrial
sand and gravel (10%).

In 2019, U.S. production of 13 mineral commodities was
valued at more than $1 billion each. These commodities
were, in decreasing order of value, crushed stone,
cement, construction sand and gravel, gold, copper,
industrial sand and gravel, iron ore, lime, salt, zinc, soda
ash, phosphate rock, and molybdenum concentrates.

In 2019, 13 States each produced more than $2 billion
worth of nonfuel mineral commodities. These States
were, in descending order of production value, Nevada,
Arizona, Texas, Minnesota, California, Florida, Utah,
Alaska, Missouri, Michigan, Wyoming, Georgia, and
Pennsylvania (table 3 and figure on page 12).

The Defense Logistics Agency (DLA) Strategic Materials
is responsible for providing safe, secure, and
environmentally sound stewardship for strategic and
critical materials in the U.S. National Defense Stockpile
(NDS). DLA Strategic Materials stores 48 commodities
at 12 locations in the United States. In fiscal year 2019,
DLA Strategic Materials acquired approximately $14.5
million of new stock and sold $37.14 million of excess
materials from the NDS. At the end of fiscal year 2019,
materials valued at $1.03 billion remained in the NDS. Of
the remaining material, portions were held in reserve,
offered for sale, or sales were suspended. Additional
detailed information can be found in the “Government
Stockpile” sections in the mineral commodity chapters
that follow. Under the authority of the Defense
Production Act of 1950, the U.S. Geological Survey
advises the DLA on acquisitions and disposals of NDS
mineral materials.



Commodity

ARSENIC (all forms)
ASBESTOS

CESIUM

FLUORSPAR

GALLIUM

GRAPHITE (natural)

INDIUM

MANGANESE

MICA, sheet (natural)
NEPHELINE SYENITE
NIOBIUM (columbium)

RARE EARTHS?® (compounds and metal)
RUBIDIUM

SCANDIUM

STRONTIUM

TANTALUM

YTTRIUM

GEMSTONES

BISMUTH

TELLURIUM

VANADIUM

TITANIUM MINERAL CONCENTRATES
POTASH

DIAMOND (industrial stones)
BARITE

ZINC (refined)

TITANIUM (sponge)
ANTIMONY (metal and oxide)
RHENIUM

STONE (dimension)
COBALT

TIN (refined)

ABRASIVES, fused Al oxide (crude)
BAUXITE

CHROMIUM

PEAT

SILVER

GARNET (industrial)
PLATINUM

ALUMINA

MAGNESIUM COMPOUNDS
ABRASIVES, silicon carbide (crude)
GERMANIUM

IODINE

IRON OXIDE PIGMENTS (natural and synthetic)

TUNGSTEN

DIAMOND (industrial dust, grit, and powder)

CADMIUM

MAGNESIUM METAL

NICKEL

SILICON (metal and ferrosilicon)
MICA, scrap and flake (natural)
COPPER (refined)
PALLADIUM

LEAD (refined)

SALT

PERLITE

LITHIUM

BROMINE

SELENIUM

ALUMINUM

IRON and STEEL

2019 U.S. NET IMPORT RELIANCE®

Percent Major import sources (2015-18)*

100 China, Morocco, Belgium
100 Brazil, Russia
100 Canada
100 Mexico, Vietnam, South Africa, China
100 China, United Kingdom, Germany, Ukraine
100 China, Mexico, Canada, India
100 China, Canada, Republic of Korea, Taiwan
100 South Africa, Gabon, Australia, Georgia
100 China, Brazil, Belgium, Austria
100 Canada
100 Brazil, Canada, Russia, Germany
100 China, Estonia, Japan, Malaysia
100 Canada
100 Europe, China, Japan, Russia
100 Mexico, Germany, China
100 Rwanda, Brazil, Australia, Congo (Kinshasa)
100 China, Estonia, Republic of Korea, Japan
99 India, Israel, Belgium, South Africa
96 China, Belgium, Mexico, Republic of Korea
Canada, China, Germany
94 Austria, Canada, Russia, Republic of Korea
93 South Africa, Australia, Canada, Mozambique
91 Canada, Russia, Belarus, Israel
88 India, South Africa, Botswana, Australia
87 China, India, Morocco, Mexico
87 Canada, Mexico, Australia, Peru
86 Japan, Kazakhstan, Ukraine, China, Russia
84 China, Thailand, Belgium, India
82 Chile, Germany, Kazakhstan, Canada
81 China, Brazil, ltaly, Turkey
78 Norway, Japan, China, Canada
7 Indonesia, Malaysia, Peru, Bolivia
China, Hong Kong, France, Canada
Jamaica, Brazil, Guinea, Guyana
South Africa, Kazakhstan, Russia
Canada
Mexico, Canada, Peru, Poland
Australia, India, South Africa, China
South Africa, Germany, ltaly, Russia
Brazil, Australia, Jamaica, Canada
China, Canada, Australia, Hong Kong
China, South Africa, Netherlands, Hong Kong
China, Belgium, Germany, Russia
Chile, Japan
China, Germany, Brazil, Canada
China, Bolivia, Germany, Spain
China, Ireland, Republic of Korea, Russia
China, Australia, Canada, Peru
Israel, Canada, Mexico, United Kingdom
Canada, Norway, Australia, Finland
Russia, Brazil, Canada
Canada, China, India, Finland
Chile, Canada, Mexico
South Africa, Russia, Germany, Italy
Canada, Mexico, Republic of Korea, India
Chile, Canada, Mexico, Egypt
Greece, China, Mexico
Argentina, Chile, China
Israel, Jordan, China
China, Philippines, Mexico, Germany
22 Canada, Russia, United Arab Emirates, China
21 Canada, Brazil, Republic of Korea

"Not all mineral commodities covered in this publication are listed here. Those not shown include mineral commodities for which the United States is a net exporter
(abrasives, metallic; boron; clays; diatomite; gold; helium; iron and steel scrap; iron ore; kyanite; molybdenum concentrates; sand and gravel, industrial; soda ash; titanium
dioxide pigment; wollastonite; zeolites; and zirconium mineral concentrates) or less than 21% import reliant (beryllium; cement; feldspar; gypsum; iron and steel slag; lime;
nitrogen (fixed)-ammonia; phosphate rock; pumice; sand and gravel, construction; stone, crushed; sulfur; talc and pyrophyllite; and vermiculite.). For some mineral
commodities (hafnium; mercury; quartz crystal, industrial; thallium; and thorium), not enough information is available to calculate the exact percentage of import reliance.

IIn descending order of import share.
®Data include lanthanides.



MAJOR IMPORT SOURCES OF NONFUEL MINERAL COMMODITIES
FOR WHICH THE UNITED STATES WAS GREATER THAN 50% NET IMPORT RELIANT IN 2019
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In 2019, no countries qualified for the "13 to 18 commodities" category.

Source: U.S. Geological Survey



TABLE 1.—U.S. MINERAL INDUSTRY TRENDS

2015 2016 2017 2018 2019°
Total mine production (million dollars):
Metals 24,400 23,800 26,500 27,700 28,100
Industrial minerals 48,600 47,700 52,700 56,300 58,200
Coal 28,500 22,300 26,100 27,200 25,100
Employment (thousands of production workers):
Coal mining 54 42 43 44 45
Nonfuel mineral mining 99 95 97 101 101
Chemicals and allied products 507 516 525 548 563
Stone, clay, and glass products 296 306 305 310 311
Primary metal industries 307 293 292 294 296
Average weekly earnings of production workers (dollars):
Coal mining 1,383 1,336 1,432 1,437 1,520
Chemicals and allied products 927 920 1,011 1,072 1,069
Stone, clay, and glass products 843 850 873 945 967
Primary metal industries 987 1,002 995 1,035 1,025
¢Estimated.
Sources: U.S. Geological Survey, U.S. Department of Energy, and U.S. Department of Labor.
TABLE 2.—U.S. MINERAL-RELATED ECONOMIC TRENDS
2015 2016 2017 2018 2019¢
Gross domestic product (billion dollars) 18,225 18,715 19,519 20,580 21,429
Industrial production (2012=100):
Total index: 104 102 104 109 109
Manufacturing: 102 101 103 106 106
Nonmetallic mineral products 110 111 115 120 120
Primary metals: 97 93 94 98 98
Iron and steel 92 87 92 97 98
Aluminum 107 106 103 107 109
Nonferrous metals (except aluminum) 98 95 91 91 88
Chemicals 95 95 97 100 101
Mining: 114 103 110 124 132
Coal 87 70 75 74 70
Oil and gas extraction 134 129 135 156 171
Metals 100 100 98 93 94
Nonmetallic minerals 116 114 118 119 125
Capacity utilization (percent):
Total industry: 77 75 76 79 78
Mining: 84 78 84 90 91
Metals 75 75 71 69 69
Nonmetallic minerals 90 87 88 88 91
Housing starts (thousands) 1,107 1,178 1,209 1,250 1,260
Light vehicle sales (thousands) 17,396 17,465 17,136 17,214 17,000
Highway construction, value, put in place (billion dollars) 91 94 90 91 100
¢Estimated.

Sources: U.S. Department of Commerce, Federal Reserve Board, and U.S. Department of Transportation.
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TABLE 3.—VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND
PRINCIPAL NONFUEL MINERALS PRODUCED IN 2019e.1

Percent
Value of U.S.
State (millions) Rank?® total Principal commodities®

Alabama $1,690 19 1.96 Cement (portland), lime, sand and gravel (construction), sand and
gravel (industrial), stone (crushed).

Alaska 3,130 8 3.63 Gold, lead, sand and gravel (construction), silver, zinc.

Arizona 6,970 2 8.08 Cement (portland), copper, molybdenum concentrates, sand and
gravel (construction), stone (crushed).

Arkansas 901 31 1.04 Bromine, cement (portland), sand and gravel (construction), sand
and gravel (industrial), stone (crushed).

California 4,490 5 5.20 Boron minerals, cement (portland), gold, sand and gravel
(construction), stone (crushed).

Colorado 1,790 17 2.07 Cement (portland), gold, molybdenum concentrates, sand and
gravel (construction), stone (crushed).

Connecticut4 191 43 0.22 Clay (common clay), sand and gravel (construction), stone
(crushed), stone (dimension).

Delaware4 30 50 0.03 Magnesium compounds, sand and gravel (construction), stone
(crushed).

Florida 3,370 6 3.91 Cement (portland), phosphate rock, sand and gravel
(construction), stone (crushed), zirconium mineral concentrates.

Georgia 2,170 12 2.52 Cement (portland), clay (kaolin and montmorillonite), sand and
gravel (construction), stone (crushed).

Hawaii 134 46 0.16 Sand and gravel (construction), stone (crushed).

Idaho4 185 35 0.21 Lead, phosphate rock, sand and gravel (construction), silver,
stone (crushed).

lllinois4 1,470 20 1.17 Cement (portland), sand and gravel (construction), sand and
gravel (industrial), silica (tripoli), stone (crushed).

Indiana 695 26 0.81 Cement (portland), lime, sand and gravel (construction), stone
(crushed), stone (dimension).

lowa# 836 27 0.97 Cement (portland), lime, sand and gravel (construction), sand and
gravel (industrial), stone (crushed).

Kansas#4 1,070 24 1.24 Cement (portland), helium (Grade-A), salt, sand and gravel
(construction), stone (crushed).

Kentucky#4 591 30 0.68 Cement (portland), clay (common clay), lime, sand and gravel
(construction), stone (crushed).

Louisiana4 614 34 0.71 Clay (common clay), salt, sand and gravel (construction), sand
and gravel (industrial), stone (crushed).

Maine4 102 45 0.12 Cement (portland), peat, sand and gravel (construction), stone
(crushed), stone (dimension).

Maryland4 575 32 0.67 Cement (masonry and portland), sand and gravel (construction),
stone (crushed), stone (dimension).

Massachusetts4 289 42 0.34 Clay (common clay), lime, sand and gravel (construction), stone
(crushed), stone (dimension).

Michigan 2,750 10 3.18 Cement (portland), iron ore, salt, sand and gravel (construction),
stone (crushed).

Minnesota 5,300 4 6.14 Iron ore, lime, sand and gravel (construction), sand and gravel
(industrial), stone (crushed).

Mississippi 504 37 0.58 Clay (ball clay and montmorillonite), sand and gravel
(construction), sand and gravel (industrial), stone (crushed).

Missouri 3,050 9 3.53 Cement (portland), lead, lime, sand and gravel (industrial), stone
(crushed).

Montana 1,280 23 1.49 Copper, molybdenum concentrates, palladium, platinum, sand

and gravel (construction).

See footnotes at end of table.
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TABLE 3.—VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND
PRINCIPAL NONFUEL MINERALS PRODUCED IN 2019¢. 2—Continued

Percent
Value of U.S.
State (millions) Rank?® total Principal commodities®
Nebraska* $214 39 0.25 Cement (portland), lime, sand and gravel (construction), sand and
gravel (industrial), stone (crushed).
Nevada 8,190 1 9.49 Copper, diatomite, gold, lime, sand and gravel (construction).
New Hampshire 156 44 0.18 Sand and gravel (construction), stone (crushed), stone
(dimension).
New Jersey 377 40 0.44 Peat, sand and gravel (construction), sand and gravel (industrial),
stone (crushed).
New Mexico 1,090 28 1.26 Cement (portland), copper, potash, sand and gravel
(construction), stone (crushed).
New York 1,870 16 2.16 Cement (portland), salt, sand and gravel (construction), stone
(crushed), zinc.
North Carolina4 1,420 18 1.64 Clay (common clay), phosphate rock, sand and gravel
(construction), sand and gravel (industrial), stone (crushed).
North Dakota4 58 48 0.07 Clay (common clay), lime, sand and gravel (construction), sand
and gravel (industrial), stone (crushed).
Ohio# 1,400 15 1.62 Cement (portland), lime, salt, sand and gravel (construction),
stone (crushed).
Oklahoma 1,070 29 1.24 Cement (portland), iodine, sand and gravel (construction), sand
and gravel (industrial), stone (crushed).
Oregon 499 38 0.58 Cement (portland), diatomite, perlite (crude), sand and gravel
(construction), stone (crushed).
Pennsylvania4 2,100 13 2.44 Cement (portland), lime, sand and gravel (construction), sand and
gravel (industrial), stone (crushed).
Rhode Island4 54 49 0.06 Sand and gravel (construction), sand and gravel (industrial), stone
(crushed).
South Carolina4 1,140 25 1.32 Cement (masonry and portland), gold, sand and gravel
(construction), stone (crushed).
South Dakota 312 41 0.36 Cement (portland), gold, lime, sand and gravel (construction),
stone (crushed).
Tennessee 1,420 22 1.64 Cement (portland), sand and gravel (construction), sand and
gravel (industrial), stone (crushed), zinc.
Texas 6,470 3 7.49 Cement (portland), salt, sand and gravel (construction), sand and
gravel (industrial), stone (crushed).
Utah 3,320 7 3.85 Copper, gold, molybdenum concentrates, salt, sand and gravel
(construction).
Vermont#4 95 47 0.11 Sand and gravel (construction), stone (crushed), stone
(dimension), talc (crude).
Virginia 1,520 21 1.76 Cement (portland), kyanite, lime, sand and gravel (construction),
stone (crushed).
Washington 869 33 1.01 Cement (portland), diatomite, sand and gravel (construction),
stone (crushed), zinc.
West Virginia4 332 36 0.38 Cement (masonry and portland), lime, sand and gravel
(industrial), stone (crushed).
Wisconsin4 1,950 14 2.26 Lime, sand and gravel (construction), sand and gravel (industrial),
stone (crushed), stone (dimension).
Wyoming 2,630 11 3.05 Cement (portland), clay (bentonite), helium (Grade-A), sand and
gravel (construction), soda ash.
Undistributed 3,580 XX 4.15
Total 86,300 XX 100.00

°Estimated. XX Not applicable.
1Data are rounded to no more than three significant digits; may not add to totals shown.
2Rank based on total, unadjusted State values.
SListed in alphabetical order for each State.

“Partial total; excludes values that must be withheld to avoid disclosing company proprietary data, which are included in "Undistributed."



Value, in billion dollars

VALUE OF NONFUEL MINERALS PRODUCED IN 2019, BY STATE
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VALUE OF METALS AND METALLIC MINERALS PRODUCED IN 2019,
BY REGION
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VALUE OF INDUSTRIAL MINERALS PRODUCED IN 2019, BY REGION

EXPLANATION
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VALUE OF CRUSHED STONE
PRODUCED IN 2019, BY STATE
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VALUE OF CONSTRUCTION SAND AND GRAVEL
PRODUCED IN 2019, BY STATE
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ABRASIVES (MANUFACTURED)

(Fused aluminum oxide, silicon carbide, and metallic abrasives)
(Data in metric tons unless otherwise noted)

Domestic Production and Use: Fused aluminum oxide was produced by two companies at three plants in the
United States and Canada. Production of crude fused aluminum oxide had an estimated value of $7 million. Silicon
carbide was produced by two companies at two plants in the United States. Production of crude silicon carbide had
an estimated value of about $26 million. Metallic abrasives were produced by 11 companies in 8 States. Production of
metallic abrasives had an estimated value of about $190 million. Bonded and coated abrasive products accounted for
most abrasive uses of fused aluminum oxide and silicon carbide. Metallic abrasives are used primarily for steel shot
and grit and cut wire shot, which are used for sandblasting, peening, and stonecutting applications.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:

Fused aluminum oxide, crudel. 2 10,000 10,000 10,000 10,000 10,000

Silicon carbide2 35,000 35,000 35,000 35,000 35,000

Metallic abrasives 206,000 188,000 179,000 180,000 180,000
Shipments, metallic abrasives 224,000 204,000 197,000 196,000 190,000
Imports for consumption:

Fused aluminum oxide 164,000 155,000 206,000 193,000 170,000

Silicon carbide 139,000 116,000 137,000 146,000 110,000

Metallic abrasives 52,800 54,100 29,600 29,900 30,000
Exports:

Fused aluminum oxide 15,000 14,300 15,500 19,300 22,000

Silicon carbide 19,700 6,820 6,100 10,100 12,000

Metallic abrasives 35,900 28,600 31,000 33,600 32,000
Consumption, apparent:

Fused aluminum oxide3 159,000 151,000 201,000 184,000 160,000

Silicon carbide* 154,000 144,000 166,000 171,000 130,000

Metallic abrasives® 241,000 230,000 196,000 192,000 190,000
Price, average unit value of imports, dollars per ton:

Fused aluminum oxide, regular 579 418 489 692 730

Fused aluminum oxide, high-purity 1,290 1,360 1,220 1,280 1,300

Silicon carbide, crude 552 452 479 670 800

Metallic abrasives 584 543 1,020 1,180 1,300

Net import relianceé as a percentage
of apparent consumption:

Fused aluminum oxide >75 >75 >75 >75 >75
Silicon carbide >75 >75 >75 >75 >50
Metallic abrasives 7 11 E E E

Recycling: Up to 30% of fused aluminum oxide may be recycled, and about 5% of silicon carbide is recycled.

Import Sources (2015-18): Fused aluminum oxide, crude: China, 69%; Hong Kong, 14%; France, 8%; Canada, 4%;
and other, 5%. Fused aluminum oxide, grain: Austria, 19%; Brazil, 17%; Canada, 16%; Germany, 14%; and other,
34%. Silicon carbide, crude: China, 80%; South Africa, 7%; Netherlands, 5%; Hong Kong, 4%; and other, 4%. Silicon
carbide, grain: China, 52%; Brazil, 19%; Russia, 10%; Norway, 5%; and other, 14%. Metallic abrasives: Sweden,
32%; Canada, 24%; China, 13%; Germany, 9%; and other, 22%.

Tariff: Item Number Normal Trade Relations
12-31-19
Avrtificial corundum, crude 2818.10.1000 Free.

White, pink, ruby artificial

corundum, greater than 97.5%

aluminum oxide, grain 2818.10.2010 1.3% ad val.
Artificial corundum, not elsewhere

specified or included, fused

aluminum oxide, grain 2818.10.2090 1.3% ad val.
Silicon carbide, crude 2849.20.1000 Free.
Silicon carbide, grain 2849.20.2000 0.5% ad val.
Iron, pig iron, or steel granules 7205.10.0000 Free.

Prepared by Elizabeth Sangine [Contact Joyce A. Ober (703) 648-7717, jober@usgs.gov]



ABRASIVES (MANUFACTURED)

Depletion Allowance: None.

Government Stockpile: None.

Events, Trends, and Issues: In 2019, China was the world’s leading producer of abrasive fused aluminum oxide and
abrasive silicon carbide. Imports, especially from China where operating costs were lower, continued to challenge
abrasives producers in the United States and Canada. In recent years, imports of abrasives from Hong Kong have
also increased. Foreign competition is expected to persist and continue to limit production in North America. The
average unit value of imports has increased every year since 2016 for regular fused aluminum oxide and crude silicon
carbide. The average unit values of imports of regular fused aluminum oxide and crude silicon carbide during the first
6 months of 2019 were 5% and 20% higher, respectively, than those in 2018 and 49% and 60% higher, respectively,
than those in 2017.

Abrasives consumption in the United States is greatly influenced by activity in the manufacturing sectors, in particular
the aerospace, automotive, furniture, housing, and steel industries. Steel grit can be reclaimed and used multiple
times. The use of reclaimed metallic abrasives increased potentially owing to rising surcharges on scrap and waste
disposal and increasing prices for new material.

One of the leading abrasives producers in the world divested its silicon carbide business to a private equity firm
during 2019.

World Production Capacity:

Fused aluminum oxide® Silicon carbide®

2018 2019 2018 2019

United States 60,000 60,000 40,000 40,000
Argentina — — 5,000 5,000
Australia 50,000 50,000 — —
Austria 60,000 60,000 — —
Brazil 50,000 50,000 40,000 40,000
China 800,000 800,000 450,000 450,000
France 40,000 40,000 20,000 20,000
Germany 80,000 80,000 35,000 35,000
India 40,000 40,000 5,000 5,000
Japan 15,000 15,000 60,000 60,000
Mexico — — 45,000 45,000
Norway — — 80,000 80,000
Venezuela — — 30,000 30,000
Other countries 80,000 80,000 190,000 190,000
World total (rounded) 1,300,000 1,300,000 1,000,000 1,000,000

World Resources: Although domestic resources of raw materials for the production of fused aluminum oxide are
rather limited, adequate resources are available in the Western Hemisphere. Domestic resources are more than
adequate for the production of silicon carbide.

Substitutes: Natural and manufactured abrasives, such as garnet, emery, or metallic abrasives, can be substituted
for fused aluminum oxide and silicon carbide in various applications.

°Estimated. E Net exporter. — Zero.

!Production data for aluminum oxide are combined production data from the United States and Canada to avoid disclosing company proprietary
data.

2Rounded to the nearest 5,000 tons to avoid disclosing company proprietary data.

3Defined as imports — exports because production includes data from Canada; actual consumption is higher than that shown.

“Defined as production + imports — exports.

Defined as shipments + imports — exports.

5Defined as imports — exports.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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ALUMINUM?
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: In 2019, three companies operated seven primary aluminum smelters in six States.
Two smelters operated at full capacity and five smelters operated at reduced capacity throughout the year. One other
smelter remained on standby throughout the year. Domestic smelters were operating at about 60% of capacity of 1.79
million tons per year in 2019. Production increased for the second year in a row after declining each year since 2012
and was 22% more than that in 2018. Based on published prices, the value of primary aluminum production was
about $2.4 billion, 7% more than the value in 2018. The average annual U.S. market price declined by about 13%
from that in 2018, partially offsetting the value of the increased production. Transportation applications accounted for
39% of domestic consumption; in descending order of consumption, the remainder was used in packaging, 19%;
building, 14%,; electrical, 9%; consumer durables, 8%; machinery, 8%; and other, 3%.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Primary 1,587 818 741 891 1,100
Secondary (from old scrap) 1,470 1,570 1,590 1,570 1,500
Secondary (from new scrap) 1,910 2,010 2,050 2,140 1,900
Imports for consumption:
Crude and semimanufactures 4,560 5,410 6,220 5,540 3,700
Scrap 521 609 700 695 600
Exports:
Crude and semimanufactures 1,460 1,470 1,330 1,340 1,100
Scrap 1,550 1,350 1,570 1,760 1,900
Consumption, apparent? 5,220 5,090 5,680 4,860 3,400
Supply, apparent? 7,120 7,100 7,730 7,000 5,300
Price, ingot, average U.S. market (spot),
cents per pound 88.2 80.4 98.3 114.7 100
Stocks, yearend:
Aluminum industry 1,350 1,400 1,470 1,570 1,600
London Metal Exchange (LME), U.S. warehouses* 507 362 254 186 65
Employment, number® 31,000 31,900 31,700 31,600 31,600
Net import reliance® as a percentage of
apparent consumption 41 53 59 49 22

Recycling: In 2019, aluminum recovered from purchased scrap in the United States was about 3.4 million tons, of
which about 56% came from new (manufacturing) scrap and 44% from old scrap (discarded aluminum products).
Aluminum recovered from old scrap was equivalent to about 45% of apparent consumption.

Import Sources (2015-18): Canada, 48%; Russia 9%; United Arab Emirates, 9%; China, 6%; and other, 28%.

Tariff: Item Number Normal Trade Relations
12-31-19

Aluminum, not alloyed:

Unwrought (in coils) 7601.10.3000 2.6% ad val.

Unwrought (other than aluminum alloys) 7601.10.6000 Free.
Aluminum alloys:

Unwrought (billet) 7601.20.9045 Free.
Aluminum waste and scrap:

Used beverage container scrap 7602.00.0030 Free.

Other 7602.00.0090 Free.

Depletion Allowance: Not applicable.?

Government Stockpile: None.

Events, Trends, and Issues: A 252,000-ton-per-year smelter in Hawesville, KY, shut down one potline with 50,000
tons per year of capacity in June for scheduled maintenance work. Another 50,000-ton-per-year potline at the
Hawesville smelter was shut down for maintenance work in October ahead of a scheduled shutdown. Both potlines
were scheduled to be restarted in 2020.

Prepared by E. Lee Bray [(703) 648-4979, Ibray@usgs.gov]
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ALUMINUM

In January, a 2-year power supply agreement took effect between a primary aluminum smelter in Mt. Holly, SC, and
its power provider. In March, a 7-year power supply agreement between the owner of the 130,000-metric-ton-per-year
Massena, NY, smelter and its power provider was signed. In September, workers represented by the United
Steelworkers union ratified a 4-year contract covering about 1,700 employees, most of whom were located at a
269,000-metric-ton-per-year smelter in Evansville, IN, the smelter in Massena, NY, and a rolling mill in Gum Springs,
AR. The new contract was retroactive to May 15 when the prior contract expired, and production was not disrupted
during the negotiations.

In January, the U.S. Department of the Treasury lifted sanctions that were imposed against a Russian producer of
aluminum, alumina, and bauxite in April 2018 in response to activities of the Government of Russia. Prior to the
sanctions being lifted, a winddown period was granted to companies with contracts with the sanctioned company. The
winddown period was extended several times until the sanctions were lifted and deliveries to consumers in the United
States were not disrupted.

After the United States, Canada, and Mexico reached an agreement on trade terms, Presidential Proclamation 9893,
issued in May 2019, removed the 10% ad valorem tariff on imports of aluminum from Canada and Mexico. The tariff
on aluminum imports for Canada and Mexico was imposed under the authority of Section 232 of the Trade Expansion
Act of 1962 in 2018. Canada and Mexico agreed to remove retaliatory measures that were imposed on United States
products. Under the agreement, a quota on aluminum imports was not imposed, but if imports increased dramatically
compared with historical volumes, the United States reserved the right to reimpose the tariff and Canada and Mexico
reserved the right to reimpose retaliatory measures. Aluminum imports from all countries except Argentina, Australia,
Canada, and Mexico remained subject to the 10% ad valorem tariff as of early December.

On October 22, the U.S. Department of Commerce announced its final determination in an antidumping investigation
of imports of aluminum wire from China, which affirmed the preliminary finding announced May 30. The finding
determined that aluminum cable and wire from China was sold below fair market value and antidumping rates of duty
ranging from 58.51% to 63.47% were assigned.

World Smelter Production and Capacity: Capacity data for China in 2018 was revised based on Government data.

Production Yearend capacity

2018 2019¢ 2018 2019¢

United States 891 1,100 1,790 1,790
Australia 1,580 1,600 1,720 1,720
Bahrain 1,010 1,400 1,050 1,540
Canada 2,920 2,900 3,270 3,270
China 35,800 36,000 44,000 44,400
Iceland 885 850 890 890
India 3,680 3,700 4,060 4,060
Norway €1,300 1,300 1,430 1,430
Russia 3,630 3,600 3,900 3,900
United Arab Emirates 2,640 2,700 2,700 2,700
Other countries 9,260 9,200 12,200 12,200
World total (rounded) 63,600 64,000 77,000 77,900

World Resources: Global resources of bauxite are estimated to be between 55 billion to 75 billion tons and are
sufficient to meet world demand for metal well into the future.®

Substitutes: Composites can substitute for aluminum in aircraft fuselages and wings. Glass, paper, plastics, and
steel can substitute for aluminum in packaging. Composites, magnesium, steel, and titanium can substitute for
aluminum in ground transportation uses. Composites, steel, vinyl, and wood can substitute for aluminum in
construction. Copper can replace aluminum in electrical and heat-exchange applications.

°Estimated.

1See also Bauxite and Alumina.

2Defined as domestic primary metal production + recovery from old aluminum scrap + net import reliance; excludes imported scrap.

3Defined as domestic primary metal production + recovery from all aluminum scrap + net import reliance; excludes imported scrap.

“Includes aluminum alloy.

SAlumina and aluminum production workers (North American Industry Classification System—3313). Source: U.S. Department of Labor, Bureau of
Labor Statistics.

5Defined as imports — exports + adjustments for industry stock changes.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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ANTIMONY
(Data in metric tons of antimony content unless otherwise noted)

Domestic Production and Use: In 2019, no marketable antimony was mined in the United States. A mine in Nevada
that had extracted about 800 tons of stibnite ore from 2013 through 2014 was placed on care-and-maintenance status
in 2015 and had no reported production in 2019. Primary antimony metal and oxide were produced by one company
in Montana using imported feedstock. Secondary antimony production was derived mostly from antimonial lead
recovered from spent lead-acid batteries. The estimated value of secondary antimony produced in 2019, based on
the average New York dealer price for antimony, was about $34 million. Recycling supplied about 14% of estimated
domestic consumption, and the remainder came mostly from imports. The value of antimony consumption in 2019,
based on the average New York dealer price, was about $234 million. The estimated distribution of domestic primary
antimony consumption was as follows: nonmetal products, including ceramics and glass and rubber products, 22%;
flame retardants, 40%; and metal products, including antimonial lead and ammunition, 39%.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Mine (recoverable antimony) — — — — —
Smelter:
Primary 645 664 621 331 370
Secondary 3,740 3,810 3,800 €4,000 4,000
Imports for consumption:
Ore and concentrates 308 119 61 96 140
Oxide 16,700 16,100 17,900 19,200 17,000
Unwrought, powder, waste and scrap? 5,790 7,150 6,830 6,500 7,200
Exports:
Ore and concentrates? 31 12 46 38 10
Oxide 1,760 1,330 1,600 1,750 1,500
Unwrought, powder, waste and scrap? 1,440 623 653 506 280
Consumption, apparent? 23,500 28,500 28,700 28,400 27,000
Price, metal, average, dollars per pound? 3.27 3.35 3.98 3.88 3.90
Stocks, yearend 11,100 8,360 6,540 6,080 6,000
Employment, plant, number (yearend)® 27 27 27 27 27
Net import reliance* as a percentage of
apparent consumption 81 84 85 84 84

Recycling: The bulk of secondary antimony is recovered at secondary lead smelters as antimonial lead, most of
which was generated by, and then consumed by, the lead-acid battery industry.

Import Sources (2015-18): Metal: China, 52%; India, 20%; Vietnam, 8%; United Kingdom, 6%; and other, 14%. Ore
and concentrate: Italy, 76%; China, 17%; Mexico, 4%; Bosnia and Herzegovina, 1%; and other, 2%. Oxide: China,
64%; Belgium, 10%; Thailand, 10%; Bolivia, 7%; and other, 9%.

Tariff: Item Number Normal Trade Relations
12-31-19

Ore and concentrates 2617.10.0000 Free.
Antimony oxide 2825.80.0000 Free.
Antimony and articles thereof:

Unwrought antimony; powder 8110.10.0000 Free.

Waste and scrap 8110.20.0000 Free.

Other 8110.90.0000 Free.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Government Stockpile:® Antimony was added to the National Defense Stockpile in December 2018.

FY 2019 FY 2020
Inventory Potential Potential Potential Potential
Material As of 9-30-19 Acquisitions Disposals Acquisitions Disposals
Antimony 73.5 1,100 — 1,100 —

Prepared by Kateryna Klochko [(703) 648—-4977, kklochko@usgs.gov]



ANTIMONY

Events, Trends, and Issues: One company operated a smelter in Montana that produced antimony metal and oxides
from imported intermediate products (antimony oxide and sodium antimonate) primarily from a smelter in Mexico that
processed concentrates from mines in Australia and Mexico.

China continued to be the leading global antimony producer in 2019 and accounted for more than 60% of global mine
production. Beginning in 2018, many large-scale producers reduced production, and many small-scale producers
were put on care-and-maintenance status in response to stricter environmental standards from Provincial and
National Governments. In 2019, producers in Guizhou, Hunan, and Yunnan Provinces maintained a steady
production rate after their smelters completed upgrades to meet the environmental standards. However, it was
reported some mines had begun stockpiling concentrates, which lead to the suspension of operations at several
smelters in Lengshuijiang area, Hunan Province, in August 2019. In September 2019, one of China’s largest mining
and metal-producing state-owned companies was the only bidder on the inventory of 18,600 tons of antimony and
rare earths from the defunct Fanya Metal Exchange.

World Mine Production and Reserves: Reserves for Pakistan were revised based on Government reports.

Mine production Reserves®
2018 2019¢

United States — — 760,000
Australia 2,170 2,000 8140,000
Bolivia 3,110 3,000 310,000
Burma 2,640 3,000 NA
China 89,600 100,000 480,000
Ecuador 50 50 NA
Guatemala 25 25 NA
Honduras 12 10 NA
Iran 600 600 NA
Kazakhstan 300 300 NA
Kyrgyzstan 370 400 NA
Laos 300 300 NA
Mexico 260 300 18,000
Pakistan 28 30 26,000
Russia (recoverable) 30,000 30,000 350,000
Tajikistan 15,200 16,000 50,000
Turkey 2,400 3,000 100,000
Vietnam 240 240 NA
World total (rounded) 147,000 160,000 1,500,000

World Resources: U.S. resources of antimony are mainly in Alaska, Idaho, Montana, and Nevada. Principal
identified world resources are in Australia, Bolivia, China, Mexico, Russia, South Africa, and Tajikistan. Additional
antimony resources may occur in Mississippi Valley-type lead deposits in the Eastern United States.

Substitutes: Selected organic compounds and hydrated aluminum oxide are substitutes as flame retardants.
Chromium, tin, titanium, zinc, and zirconium compounds substitute for antimony chemicals in enamels, paint, and
pigments. Combinations of calcium, copper, selenium, sulfur, and tin are substitutes for alloys in lead-acid batteries.

®Estimated. NA Not available. — Zero.

1Gross weight.

2Defined as primary production + secondary production from old scrap + net import reliance.

3New York dealer price for 99.65% metal, cost, insurance, freight U.S. ports. Source: Platts Metal Week.

“Defined as imports of antimony in oxide, unwrought metal, powder, waste and scrap — exports of antimony in oxide, unwrought metal, powder,
waste and scrap + adjustments for industry stock changes.

5See Appendix B for definitions.

5See Appendix C for resource and reserve definitions and information concerning data sources.

“Company-reported probable reserves for the Stibnite Gold Project in Idaho.

8For Australia, Joint Ore Reserves Committee-compliant reserves were 64,300 tons.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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ARSENIC
(Data in metric tons of arsenic content! unless otherwise noted)

Domestic Production and Use: Arsenic trioxide and primary arsenic metal have not been produced in the United
States since 1985. The principal use for arsenic trioxide was for the production of arsenic acid used in the formulation
of chromated copper arsenide (CCA) preservatives for the pressure treating of lumber used primarily in nonresidential
applications. Three companies produced CCA preservatives in the United States in 2019. The grids in lead-acid
storage batteries were strengthened by the addition of arsenic metal. Arsenic metal was also used as an antifriction
additive for bearings, to harden lead shot, and in clip-on wheel weights. Arsenic compounds were used in herbicides
and insecticides. High-purity arsenic (99.9999%) was used to produce gallium-arsenide (GaAs) semiconductors for
solar cells, space research, and telecommunications. Arsenic also was used for germanium-arsenide-selenide
specialty optical materials. Indium-gallium-arsenide (InGaAs) was used for short-wave infrared technology. The value
of arsenic compounds and metal imported domestically in 2019 was estimated to be about $7.2 million. Given that
arsenic metal has not been produced domestically since 1985, it is likely that only a small portion of the material
reported by the U.S. Census Bureau as arsenic exports was pure arsenic metal, and most of the material that has
been reported under this category reflects the gross weight of alloys, compounds, residues, scrap, and waste
containing arsenic. Therefore, the estimated consumption reported under salient U.S. statistics reflects only imports of
arsenic products.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Imports for consumption:
Arsenic metal 514 793 942 929 400
Compounds 5,920 5,320 5,980 5,540 7,000
Exports, all forms of arsenic (gross weight)? 1,670 1,760 698 107 20
Estimated consumption, all forms of arsenic? 6,430 6,120 6,920 6,470 7,400
Value, dollars per kilogram, average*
Arsenic metal (China) 1.85 1.89 1.56 1.43 2.10
Trioxide (China) 0.45 0.46 0.45 0.44 0.44
Trioxide (Morocco) 0.64 0.68 0.68 0.75 0.77
Net import reliance® as a percentage of.
estimated consumption, all forms of arsenic 100 100 100 100 100

Recycling: Arsenic metal was contained in hew scrap recycled during GaAs semiconductor manufacturing. Arsenic-
containing process water was internally recycled at wood treatment plants where CCA was used. Although scrap
electronic circuit boards, relays, and switches may contain arsenic, no arsenic was known to have been recovered
during the recycling process to recover other contained metals. No arsenic was recovered domestically from arsenic-
containing residues and dusts generated at nonferrous smelters in the United States.

Import Sources (2015-18): Arsenic metal: China, 93%; Japan, 4%; Hong Kong, 3%, and other, <1%. Arsenic
trioxide: China, 50%; Morocco, 47%; Belgium, 2%; and other, 1%. All forms of arsenic: China, 55%; Morocco, 42%;
Belgium, 2%; other, 1%.

Tariff: Item Number Normal Trade Relations
12-31-19

Arsenic metal 2804.80.0000 Free.

Arsenic acid 2811.19.1000 2.3% ad val.

Arsenic trioxide 2811.29.1000 Free.

Arsenic sulfide 2813.90.1000 Free.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Prepared by Micheal W. George [(703) 648—-4962, mgeorge@usgs.gov]
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ARSENIC

Events, Trends, and Issues: China and Morocco continued to be the leading global producers of arsenic trioxide,
accounting for about 90% of estimated world production and supplied almost all of United States imports of arsenic
trioxide in 2019. China was the leading world producer of arsenic metal and supplied about 90% of United States
arsenic metal imports in 2019.

High-purity (99.9999%) arsenic metal was used to produce GaAs, indium-arsenide, and InGaAs semiconductors that
were used in biomedical, communications, computer, electronics, and photovoltaic applications. Almost one-half of
global GaAs wafer production took place in China. See the Gallium chapter for additional details.

World Production and Reserves (gross weight):

Production® 8 Reserves’
(arsenic trioxide)
2018 2019

United States — —
Belgium 1,000 1,000 World reserves data are
Bolivia 40 40 unavailable but are thought to be
China 24,000 24,000 more than 20 times world production.
Iran 110 110
Japan 45 40
Morocco 6,000 6,000
Namibia 700 700
Russia 1,500 1,500

World total (rounded) 33,400 33,000

World Resources: Arsenic may be obtained from copper, gold, and lead smelter flue dust, as well as from roasting
arsenopyrite, the most abundant ore mineral of arsenic. Arsenic has been recovered from orpiment and realgar in
China, Peru, and the Philippines; has been recovered from copper-gold ores in Chile; and was associated with gold
occurrences in Canada. Orpiment and realgar from gold mines in Sichuan Province, China, were stockpiled for later
recovery of arsenic. Arsenic also may be recovered from enargite, a copper mineral. Arsenic trioxide was produced at
the hydrometallurgical complex of Guemassa, near Marrakech, Morocco, from cobalt arsenide ore from the Bou-
Azzer Mine.

Substitutes: Substitutes for CCA in wood treatment include alkaline copper quaternary, ammoniacal copper
guaternary, ammoniacal copper zinc arsenate, alkaline copper quaternary boron-based preservatives, copper azole,
copper citrate, and copper naphthenate. Treated wood substitutes include concrete, plastic composite material,
plasticized wood scrap, or steel. Silicon-based complementary metal-oxide semiconductor power amplifiers compete
with GaAs power amplifiers in midtier third generation cellular handsets. Indium phosphide components can be
substituted for GaAs-based infrared laser diodes in some specific-wavelength applications, and helium-neon lasers
compete with GaAs in visible laser diode applications. Silicon is the principal competitor with GaAs in solar-cell
applications. GaAs-based integrated circuits are used in many defense-related applications because of their unique
properties, and no effective substitutes exist for GaAs in these applications. GaAs in heterojunction bipolar transistors
is being replaced in some applications by silicon-germanium.

°Estimated. — Zero.

Arsenic content of arsenic metal is 100%; arsenic content of arsenic compounds is calculated at 77.7% for arsenic acids, 60.7% for arsenic
sulfides, and 75.71% for arsenic trioxide.

2Most of the materials reported to the U.S. Census Bureau as arsenic exports are thought to be arsenic-containing compounds (such as arsenic
acids, sulfides, and trioxides) or residues, waste, and scrap and was reported as gross weight.

SEstimated to be the same as imports.

“Calculated from U.S. Census Bureau import data.

Defined as imports - exports.

SIncludes calculated arsenic trioxide equivalent of output of elemental arsenic compounds other than arsenic trioxide; inclusion of such materials
would not duplicate reported arsenic trioxide production. Chile, Mexico, and Peru were thought to be significant producers of commercial-grade
arsenic trioxide but have reported no production in recent years.

’See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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ASBESTOS
(Data in metric tons unless otherwise noted)

Domestic Production and Use: The last U.S. producer of asbestos ceased operations in 2002 as a result of the
decline in domestic and international ashestos markets associated with health and liability issues. The United States
has since been wholly dependent on imports to meet manufacturing needs. In 2019, all of the asbestos minerals
imported into and used within the United States consisted of chrysotile and were shipped from Russia. Domestic
consumption of chrysotile in 2019 was estimated to be 100 tons, based on import data available through August.
Actual consumption may have been higher owing to companies drawing from stockpiles, but information regarding
industry stocks was unavailable. The chloralkali industry, which uses asbestos to manufacture semipermeable
diaphragms that prevent chlorine generated at the anode of an electrolytic cell from reacting with sodium hydroxide
generated at the cathode, accounted for 100% of asbestos consumption in 2019, based on bill of lading information
from a commercial trade database. In addition to asbestos minerals, a small, but unknown, quantity of asbestos was
imported within manufactured products, including brake blocks for use in the oil industry, rubber sheets for gaskets
used to create a chemical containment seal in the production of titanium dioxide, certain other types of preformed
gaskets, and some vehicle friction products.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Imports for consumption?! 325 747 332 681 2100
Exports? — — — — —
Consumption, estimated* 325 747 332 681 100
Price, average U.S. Customs value, dollars per ton 1,880 1,910 1,870 1,670 1,500
Net import reliance® as a percentage of

estimated consumption 100 100 100 100 100

Recycling: None.

Import Sources (2015-18): Brazil, 96%; and Russia, 4%.

Tariff: Item Number Normal Trade Relations
12-31-19

Crocidolite 2524.10.0000 Free.
Amosite 2524.90.0010 Free.
Chrysotile:

Crudes 2524.90.0030 Free.

Milled fibers, group 3 grades 2524.90.0040 Free.

Milled fibers, group 4 and 5 grades 2524.90.0045 Free.

Other 2524.90.0055 Free.
Other, asbestos 2524.90.0060 Free.

Depletion Allowance: 22% (Domestic), 10% (Foreign).

Government Stockpile: None.

Events, Trends, and Issues: Consumption of asbestos in the United States (excluding asbestos contained within
imported manufactured products) has decreased during the past several decades, falling from a record high of
803,000 tons in 1973 to less than 775 tons in each year since 2013. From 2013 through 2018, consumption fluctuated
between 325 tons and roughly 775 tons, likely owing to stockpiling by companies in certain years, and averaged
about 550 t, less than 0.1% of peak consumption in the 1970s. This decline has taken place as a result of health and
liability issues associated with asbestos use, leading to the displacement of asbestos from traditional domestic
markets by substitutes, alternative materials, and new technology. The chloralkali industry is the only remaining
domestic consumer of asbestos in mineral form. Asbestos diaphragms are used in 11 chloralkali plants in the United
States and account for about one-third of domestic chlorine production.

Estimated worldwide consumption of asbestos minerals decreased from approximately 2 million tons in 2010 to
approximately 1 million tons in 2019. Asbestos-cement products, such as corrugated roofing tiles, pipes, and wall
panels, are expected to continue to be the leading global market for asbestos.

Prepared by Daniel M. Flanagan [(703) 648-7726, dflanagan@usgs.gov]
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ASBESTOS

The U.S. Environmental Protection Agency (EPA) issued a significant new use rule (SNUR) under Section 5 of the
Toxic Substances Control Act of 1976. The regulation, which went into effect on June 24, prohibits discontinued uses
of asbestos from restarting without the EPA having an opportunity to evaluate each intended use for potential risks to
health and the environment and take any necessary regulatory action, which may include a ban. The SNUR requires
manufacturers to request approval before importing, manufacturing, or processing asbestos for adhesives, arc
chutes, beater-add gaskets, building materials (insulation, plastics, textured paints, etc.), cement products, coatings,
extruded sealant tape and other tape, filler for acetylene cylinders, friction materials (except brake blocks used in oil
drilling equipment and vehicle brakes and linings), high-grade electrical paper, millboard, missile liner, packings,
pipeline wrap, reinforced plastics, roofing felt, sealants, separators in fuel cells and batteries, vinyl-asbestos floor tile,
woven products, and any other applications that are not currently in use in the United States.

The only asbestos producer in Brazil suspended mining activities on February 11. A comprehensive national ban on
asbestos was enacted in November 2017, but the company had previously been allowed to continue operating owing
to a judicial injunction. As of the end of September, the company was awaiting a decision from the Supreme Federal
Court on a petition to restart mining for export purposes only.

At the former Mashaba Mine in Zimbabwe, which closed in 2007, a company began producing asbestos from tailings
and was working to dewater the mining shafts and procure equipment to restart underground production. At full
capacity, the mine was expected to produce 75,000 tons of asbestos per year. Asbestos was last produced in
Zimbabwe in 2013.

World Mine Production and Reserves:

Mine production Reserves®
2018 2019¢

United States — — Small
Brazil €110,000 15,000 12,000,000
China €125,000 125,000 96,000,000
Kazakhstan 203,000 200,000 Large
Russia €710,000 750,000 110,000,000
Zimbabwe — 2,500 Large
World total (rounded) 1,150,000 1,100,000 Large

World Resources: Reliable evaluations of global asbestos resources have not been published recently, and the
available information is insufficient to make accurate estimates for many countries. However, world resources are
large and more than adequate to meet anticipated demand in the foreseeable future. Resources in the United States
are composed mostly of short-fiber asbestos for which use in asbestos-based products is more limited than long-fiber
asbestos.

Substitutes: Numerous materials substitute for asbestos. Substitutes include calcium silicate, carbon fiber, cellulose
fiber, ceramic fiber, glass fiber, steel fiber, wollastonite, and several organic fibers, such as aramid, polyethylene,
polypropylene, and polytetrafluoroethylene. Several nonfibrous minerals or rocks, such as perlite, serpentine, silica,
and talc, are also considered to be possible asbestos substitutes for products in which the reinforcement properties of
fibers are not required. Membrane cells and mercury cells are alternatives to asbestos diaphragms used in the
chloralkali industry.

°Estimated. — Zero.

!Additional imports were reported by the U.S. Census Bureau in some years, but bill of lading information from a commercial trade database
suggests that some shipments were misclassified.

2According to the U.S. Census Bureau, imports of asbestos minerals (chrysotile) totaled 100 tons through November 2019. Final 2019 imports may
differ significantly from the provided estimate because imports of chrysotile typically do not follow a predictable pattern throughout the year.
SExports of asbestos reported by the U.S. Census Bureau were 517 tons in 2015, 587 tons in 2016, 143 tons in 2017, 235 tons in 2018, and an
estimated 200 tons in 2019. These shipments likely consisted of materials misclassified as asbestos, reexports, and (or) waste products because
the United States no longer mines asbestos.

“Assumed to equal imports. Actual consumption in each year may have been higher or lower owing to stockpiling by companies, but information
regarding industry stocks was unavailable.

Defined as imports — exports.

5See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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BARITE
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: In 2019, domestic mine production increased by approximately 6%, to an estimated
390,000 tons valued at an estimated $44 million. Most of the production came from Nevada and a single mine in
Georgia. An estimated 2.5 million tons of barite (from domestic production and imports) was sold by crushers and
grinders operating in seven States. The United States is the world’s leading barite consumer, with more than 90% of
the barite sold in the United States used as a weighting agent in fluids used in the drilling of oil and natural gas wells.
The majority of Nevada crude barite was ground in Nevada and then sold to companies drilling in the Central and
Western United States. Offshore drilling operations in the Gulf of Mexico and onshore drilling operations in other
regions primarily used imported barite.

Barite also is used as a filler, extender, or weighting agent in products such as paints, plastics, and rubber. Some
specific applications include use in automobile brake and clutch pads, automobile paint primer for metal protection
and gloss, use as a weighting agent in rubber, and in the cement jacket around underwater petroleum pipelines. In
the metal-casting industry, barite is part of the mold-release compounds. Because barite significantly blocks x-ray and
gamma-ray emissions, it is used as aggregate in high-density concrete for radiation shielding around x-ray units in
hospitals, nuclear powerplants, and university nuclear research facilities. Ultrapure barite is used as a contrast
medium in x-ray and computed tomography examinations of the gastrointestinal tract.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Sold or used, mine 433 232 334 366 390
Ground and crushed? 2,010 1,420 2,030 2,420 2,500
Imports for consumption? 1,660 1,260 2,470 2,460 2,600
Exports3 147 78 116 67 34
Consumption, apparent (crude and ground)* 1,950 1,410 2,680 2,760 3,000
Estimated price, ground, average value,
dollars per ton, ex-works 194 187 179 176 180
Employment, mine and mill, number 458 300 350 440 440
Net import reliances as a percentage of
apparent consumption 78 84 88 87 87

Recycling: None.

Import Sources (2015-18): China, 58%; India, 17%; Morocco, 12%; Mexico, 11%; and other, 2%.

Tariff: Item Number Normal Trade Relations
12-31-19
Ground barite 2511.10.1000 Free.
Crude barite 2511.10.5000 $1.25 per metric ton.
Barium compounds:
Barium oxide, hydroxide, and peroxide 2816.40.2000 2% ad val.
Barium chloride 2827.39.4500 4.2% ad val.
Barium sulfate, precipitated 2833.27.0000 0.6% ad val.
Barium carbonate, precipitated 2836.60.0000 2.3% ad val.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Prepared by Michele E. McRae [(703) 648-7743, mmcrae@usgs.goVv]
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BARITE

Events, Trends, and Issues: Although the U.S. monthly average count of active rigs dropped throughout 2019, sales
of ground barite were estimated to have increased slightly. Nearly one-half of sales were from plants in Texas,
reflecting increased domestic drilling activity, which has been concentrated in the Permian Basin in recent years.

Beginning in the 1980s, China emerged as the world’s leading producer of barite and the United States has been its
leading customer. Although that remains true, in recent years, owing partially to industry consolidation and increased
barite consumption in China, domestic consumers have diversified import sources. A higher percentage of United
States imports has been supplied by other leading exporting countries such as India and Morocco. This trend has
also apparently stimulated increased production and exports in other countries, particularly Laos and Mexico.

Beginning in 2018, the U.S. Census Bureau reported increased quantities of barite imports from Vietnam. However,

imports from Vietnam were more likely mined in Laos, where a new mine reportedly exported ore through the Port of
Cua Lo in Vietham. Domestic grinding plants reported importing more than 100,000 tons of barite from Laos in 2018
and, in 2019, this quantity was estimated to have increased to approximately 300,000 tons.

Production increases in Mexico in recent years corresponded with increased truck and rail shipments to key drilling
areas in the Permian Basin. Most barite imports have been crude barite, which was processed at domestic grinding
plants but, in 2019, an increasing proportion of barite from Mexico was reportedly ground barite shipped to
warehouses or to onshore drilling sites.

World Mine Production and Reserves: In response to concerns about dwindling global reserves of 4.2-specific-
gravity barite used by the oil and gas drilling industry, the American Petroleum Institute issued an alternate
specification for 4.1-specific-gravity barite in 2010. This has likely stimulated exploration and expansion of global
barite resources. Estimated reserves data are included only if developed since the adoption of the 4.1-specific-gravity
standard. Reserves data for Pakistan were revised based on Government information.

Mine production Reserves®
2018 2019¢

United States 366 390 NA
China 2,900 2,900 36,000
India 2,390 2,200 51,000
Iran 490 490 24,000
Kazakhstan 620 620 85,000
Laos 0 420 NA
Mexico 380 400 NA
Morocco 940 1,100 NA
Pakistan 110 110 26,000
Russia 163 160 12,000
Turkey 245 250 35,000
Other countries 482 480 30,000
World total (rounded) 9,180 9,500 300,000

World Resources: In the United States, identified resources of barite are estimated to be 150 million tons, and
undiscovered resources contribute an additional 150 million tons. The world’s barite resources in all categories are
about 2 billion tons, but only about 740 million tons are identified resources. However, no known systematic
assessment of either U.S. or global barite resources has been conducted since the 1980s.

Substitutes: In the drilling mud market, alternatives to barite include celestite, ilmenite, iron ore, and synthetic
hematite that is manufactured in Germany. None of these substitutes, however, has had a major impact on the barite
drilling mud industry.

°Estimated. NA Not available.

imported and domestic barite, crushed and ground, sold or used by domestic grinding establishments.

2Imports calculated from Harmonized Tariff Schedule of the United States codes 2511.10.1000, 2511.10.5000, and 2833.27.0000.
SExports calculated from Schedule B numbers 2511.10.1000 and 2833.27.0000.

“Defined as sold or used by domestic mines + imports — exports.

Defined as imports — exports.

5See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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BAUXITE AND ALUMINA?
(Data in thousand metric dry tons unless otherwise noted)

Domestic Production and Use: In 2019, the quantity of bauxite consumed was estimated to be 5.1 million tons, 30%
more than that reported in 2018, with an estimated value of about $162 million. About 73% of the bauxite was refined
by the Bayer process for alumina or aluminum hydroxide, and the remainder went to products such as abrasives,
cement, chemicals, proppants, refractories, and as a slag adjuster in steel mills. Two domestic Bayer-process
refineries with a combined alumina production capacity of 1.7 million tons per year produced an estimated 1.6 million
tons in 2019, slightly more than that in 2018. One other refinery with 2.3 million tons per year of capacity that had
been on care-and-maintenance status since 2016 was permanently shut down in December. About 66% of the
alumina produced went to primary aluminum smelters, and the remainder went to nonmetallurgical products, such as
abrasives, ceramics, chemicals, and refractories.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Bauxite:
Production, mine W w w w w
Imports for consumption? 11,500 6,050 4,360 4,200 5,100
Exports? 21 40 29 17 20
Stocks, industry, yearend? 1,500 880 880 600 300
Consumption:
Apparent? w w w w w
Reported 9,660 5,360 3,510 3,890 5,100
Price, average value, U.S. imports (f.a.s.),
dollars per ton 28 28 31 31 32
Net import reliance* as a percentage of
apparent consumption >75 >75 >75 >75 >75
Alumina:
Production, refinery® 4,550 2,360 1,430 1,570 1,600
Imports for consumption® 1,570 1,140 1,330 1,530 2,100
Exports® 2,210 1,330 481 288 200
Stocks, industry, yearend® 274 320 264 275 300
Consumption, apparent? 3,920 2,130 2,340 2,800 3,500
Price, average value, U.S. imports (f.a.s.),
dollars per ton 400 362 486 592 500
Net import reliance* as a percentage of
apparent consumption E E 38 44 54

Recycling: None.

Import Sources (2015-18): Bauxite:?2 Jamaica, 51%; Brazil, 23%; Guinea, 10%; Guyana, 7%; and other, 9%.
Alumina:s Brazil, 39%; Australia, 31%; Jamaica, 9%; Canada, 5%; and other, 16%.

Tariff: Item Number Normal Trade Relations
12-31-19

Bauxite, calcined (refractory grade) 2606.00.0030 Free.

Bauxite, calcined (other) 2606.00.0060 Free.

Bauxite, crude dry (metallurgical grade) 2606.00.0090 Free.

Aluminum oxide (alumina) 2818.20.0000 Free.

Aluminum hydroxide 2818.30.0000 Free.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Government Stockpile: None

Events, Trends, and Issues: In 2019, two domestic alumina refineries produced alumina from imported bauxite. A
500,000-ton-per-year alumina refinery in Burnside, LA, produced specialty-grade alumina. A 1.2-million-ton-per-year
alumina refinery in Gramercy, LA, produced alumina principally for aluminum smelting. A project at the Gramercy
refinery was adding another production line for specialty-grade alumina but the amount of additional capacity and a
projected completion date were not announced. A 2.3-million-ton-per-year alumina refinery in Point Comfort, TX, was
permanently shut down in December. The average prices free alongside ship (f.a.s.) for U.S. imports for consumption
of crude-dry bauxite and metallurgical-grade alumina during the first 8 months of 2019 were $32 per ton, slightly more
than that of the same period in 2018, and $497 per ton, 12% lower than that in the same period of 2018, respectively.

Prepared by E. Lee Bray [(703) 648-4979, Ibray@usgs.gov]
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BAUXITE AND ALUMINA

In April, the Government of Malaysia ended its ban on bauxite mining that was imposed in January 2016 because of
concerns about pollution from mines and uncovered stockpiles at ports. During the mining ban, exports of stockpiled
bauxite were allowed and media sources reported that some mines continued illegal mining. In May, a court in Brazil
lifted restrictions on production at a 6.3-million-ton-per-year alumina refinery. In February 2018, the Government of
Brazil ordered the alumina refinery and a nearby 10-million-ton-per-year bauxite mine to shut down one-half of their
capacities, citing concerns that leaks from disposal areas may have taken place after heavy rainfall in the area. The
mine and refinery were ramped up to their full capacities by yearend. In March, a new 22.8-million-ton-per-year
bauxite mine was commissioned in Queensland, Australia. In April, a new 2-million-ton-per-year alumina refinery in
the United Arab Emirates was commissioned. In August, a new 12-million-ton-per-year bauxite mine in Guinea was
commissioned and started exporting bauxite to the alumina refinery in the United Arab Emirates for which it would be
the principal bauxite source. In October, a 1.65-million-ton-per-year alumina refinery in Jamaica shut down for a
modernization project that would take about 2 years to complete.

In January, the U.S. Department of the Treasury lifted sanctions that were imposed in April 2018 against several
Russian individuals and businesses in response to activities of the Government of Russia. Among the designated
companies was a producer of bauxite, alumina, and aluminum. Prior to the sanctions being lifted, a winddown period
was granted to companies with contracts with the sanctioned company. The winddown period was extended several
times until the sanctions were lifted and deliveries to consumers in the United States were not disrupted.

World Alumina Refinery and Bauxite Mine Production and Bauxite Reserves:

Alumina® Bauxite Reserves®
2018 2019¢ 2018 2019¢

United States 1,570 1,600 W W 20,000
Australia 20,400 20,000 86,400 100,000 76,000,000
Brazil 8,100 8,900 29,000 29,000 2,600,000
Canada 1,570 1,500 — — —
China 72,500 73,000 79,000 75,000 1,000,000
Guinea 180 300 57,000 82,000 7,400,000
India 6,430 6,700 23,000 26,000 660,000
Indonesia 1,000 1,000 11,000 16,000 1,200,000
Jamaica 2,480 2,100 10,100 8,900 2,000,000
Malaysia — — 500 900 110,000
Russia 2,760 2,700 5,650 5,400 500,000
Saudi Arabia 1,770 1,800 3,890 4,100 200,000
Vietnam 1,310 1,300 4,100 4,500 3,700,000
Other countries 11,400 12,000 17,000 15,000 5,000,000
World total (rounded) 131,000 130,000 8327,000 8370,000 30,000,000

World Resources: Bauxite resources are estimated to be 55 billion to 75 billion tons, in Africa (32%), Oceania (23%),
South America and the Caribbean (21%), Asia (18%), and elsewhere (6%). Domestic resources of bauxite are
inadequate to meet long-term U.S. demand, but the United States and most other major aluminum-producing
countries have essentially inexhaustible subeconomic resources of aluminum in materials other than bauxite.

Substitutes: Bauxite is the only raw material used in the production of alumina on a commercial scale in the United
States. Although currently not economically competitive with bauxite, vast resources of clay are technically feasible
sources of alumina. Other raw materials, such as alunite, anorthosite, coal wastes, and oil shales, offer additional
potential alumina sources. Synthetic mullite, produced from kaolin, bauxitic kaolin, kyanite, and sillimanite, substitutes
for bauxite-based refractories. Silicon carbide and alumina-zirconia can substitute for abrasives but cost more.

¢Estimated. E Net exporter. W Withheld to avoid disclosing company proprietary data. — Zero.

1See also Aluminum. As a general rule, 4 tons of dried bauxite is required to produce 2 tons of alumina, which, in turn, produces 1 ton of aluminum.
2Includes all forms of bauxite, expressed as dry equivalent weights.

3Defined as production + imports — exports + adjustments for industry stock changes.

“Defined as imports — exports + adjustments for industry stock changes.

5Calcined equivalent weights.

5See Appendix C for resource and reserve definitions and information concerning data sources.

For Australia, Joint Ore Reserves Committee-compliant reserves were 2.2 billion tons.

8Excludes U.S. production.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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BERYLLIUM
(Data in metric tons of beryllium content unless otherwise noted)

Domestic Production and Use: One company in Utah mined bertrandite ore and converted it, along with imported
beryl, into beryllium hydroxide. Some of the beryllium hydroxide was shipped to the company’s plant in Ohio, where it
was converted into metal, oxide, and downstream beryllium-copper master alloy, and some was sold. Based on the
estimated unit value for beryllium in imported beryllium-copper master alloy, beryllium apparent consumption of 180
tons was valued at about $113 million. Based on sales revenues, approximately 21% of beryllium products were used
in industrial components; 20% in aerospace and defense applications; 14% each in automotive electronics, consumer
electronics, and telecommunications infrastructure; 9% in energy applications; 1% in semiconductor applications; and
7% in other applications. Beryllium alloy strip and bulk products, the most common forms of processed beryllium,
were used in all application areas. The majority of unalloyed beryllium metal and beryllium composite products were
used in defense and scientific applications.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production, mine shipments 205 155 150 165 170
Imports for consumption? 66 68 60 67 45
Exports? 29 34 38 30 40
Shipments from Government stockpile3 1 3 2 — —
Consumption:
Apparent* 233 182 179 202 180
Reported, ore 220 160 160 170 170
Unit value, annual average, beryllium-copper master
alloy, dollars per kilogram contained beryllium® 490 510 640 590 660
Stocks, ore, consumer, yearend 25 35 30 30 30
Net import reliance® as a percentage
of apparent consumption 12 15 16 18 3

Recycling: Beryllium was recovered from new scrap generated during the manufacture of beryllium products and
from old scrap. Detailed data on the quantities of beryllium recycled are not available but may account for as much as
20% to 25% of total beryllium consumption. The leading U.S. beryllium producer established a comprehensive
recycling program for all of its beryllium products, recovering approximately 40% of the beryllium content of the new
and old beryllium alloy scrap.

Import Sources (2015-18):* Kazakhstan, 39%; Japan, 15%; Brazil, 13%; United Kingdom, 5%; and other, 28%.

Tariff: Item Number Normal Trade Relations
12-31-19
Beryllium ores and concentrates 2617.90.0030 Free.
Beryllium oxide and hydroxide 2825.90.1000 3.7% ad val.
Beryllium-copper master alloy 7405.00.6030 Free.
Beryllium-copper plates, sheets, and strip:
Thickness of 5 millimeters (mm) or more 7409.90.1030 3.0% ad val.
Thickness of less than 5 mm:
Width of 500 mm or more 7409.90.5030 1.7% ad val.
Width of less than 500 mm 7409.90.9030 3.0% ad val.
Beryllium:
Unwrought, including powders 8112.12.0000 8.5% ad val.
Waste and scrap 8112.13.0000 Free.
Other 8112.19.0000 5.5% ad val.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Government Stockpile:” The Defense Logistics Agency Strategic Materials had a goal of retaining 47 tons of
beryllium metal in the National Defense Stockpile.

FY 2019 FY 2020
Inventory Potential Potential Potential Potential
Material As of 9-30-19 Acquisitions Disposals Acquisitions Disposals
Beryl ore (gross weight) 1 — — — —
Metal 67 — 5 — 7
Structured powder 7 — — — —

Prepared by Brian W. Jaskula [(703) 648-4908, bjaskula@usgs.gov]



BERYLLIUM

Events, Trends, and Issues: Apparent consumption of beryllium-based products was estimated to have decreased
by about 11% in 2019 from that of 2018 owing primarily to a 33% decrease in beryllium imports and a 33% increase
in beryllium exports. Imported beryl concentrate has decreased substantially since 2015. Domestic beryllium
production and consumption in 2019 were estimated to be close to that of 2018. During the first 6 months of 2019, the
leading U.S. beryllium producer reported that net sales of its beryllium alloy strip and bulk products and beryllium
metal and composite products were 6% higher than those during the first 6 months of 2018. Value-added sales of
beryllium products increased primarily in the aerospace and defense, consumer electronics, energy, and
telecommunications markets.

Because of the toxic nature of beryllium, various international, national, and State guidelines and regulations have
been established regarding beryllium in air, water, and other media. Industry is required to carefully control the
guantity of beryllium dust, fumes, and mists in the workplace.

World Mine Production and Reserves: Reserves for the United States were revised based on updated company
information.

Mine production®?® Reserves?!?

2018 2019¢
United States 165 170 The United States has very little beryl that can be
Brazil e3 3 economically hand sorted from pegmatite deposits.
China e48 70 The Spor Mountain area in Utah, an epithermal
Madagascar €6 1 deposit, contains a large bertrandite resource, which
Mozambique €16 15 is being mined. Proven and probable bertrandite
Nigeria e4 1 reserves in Utah total about 20,000 tons of contained
Rwanda el 1 beryllium. World beryllium reserves are not available.

World total (rounded) 240 260

World Resources: The world’s identified resources of beryllium have been estimated to be more than 100,000 tons.
About 60% of these resources are in the United States; by size, the Spor Mountain area in Utah, the McCullough
Butte area in Nevada, the Black Hills area in South Dakota, the Sierra Blanca area in Texas, the Seward Peninsula in
Alaska, and the Gold Hill area in Utah account for most of the total.

Substitutes: Because the cost of beryllium is high compared with that of other materials, it is used in applications in
which its properties are crucial. In some applications, certain metal matrix or organic composites, high-strength
grades of aluminum, pyrolytic graphite, silicon carbide, steel, or titanium may be substituted for beryllium metal or
beryllium composites. Copper alloys containing nickel and silicon, tin, titanium, or other alloying elements or phosphor
bronze alloys (copper-tin-phosphorus) may be substituted for beryllium-copper alloys, but these substitutions can
result in substantially reduced performance. Aluminum nitride or boron nitride may be substituted for beryllium oxide.

®Estimated. — Zero.

YIncludes estimated beryllium content of imported ores and concentrates, oxide and hydroxide, unwrought metal (including powders), beryllium
articles, waste and scrap, beryllium-copper master alloy, and beryllium-copper plates, sheets, and strip.

2Includes estimated beryllium content of exported unwrought metal (including powders), beryllium articles, and waste and scrap.

3Change in total inventory level from prior yearend inventory.

“Defined as production + net import reliance.

SCalculated from gross weight and customs value of imports; beryllium content estimated to be 4%. Rounded to two significant figures.
5Defined as imports — exports + adjustments for Government and industry stock changes.

’See Appendix B for definitions.

8In addition to the countries listed, Kazakhstan, Portugal, and Uganda may have produced beryl ore, but available information was inadequate to
make reliable estimates of output. Other nations that produced gemstone beryl ore may also have produced some industrial beryl ore.

Based on a beryllium content of 4% from bertrandite and beryl sources.

19See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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34
BISMUTH
(Data in metric tons gross weight unless otherwise noted)

Domestic Production and Use: The United States ceased production of primary refined bismuth in 1997 and is
highly import dependent for its supply. Bismuth is contained in some lead ores mined domestically. However, the last
domestic primary lead smelter closed at yearend 2013; since then all lead concentrates have been exported for
smelting.

About two-thirds of domestic bismuth consumption was for chemicals used in cosmetic, industrial, laboratory, and
pharmaceutical applications. Bismuth use in pharmaceuticals included bismuth salicylate (the active ingredient in
over-the-counter stomach remedies) and other compounds used to treat burns, intestinal disorders, and stomach
ulcers. Bismuth is also used in the manufacture of ceramic glazes, crystalware, and pearlescent pigments.

Bismuth has a wide variety of metallurgical applications, including use as an additive to enhance metallurgical quality
in the foundry industry and as a nontoxic replacement for lead in brass, free-machining steels, and solders. The use
of bismuth in brass for pipe fittings, fixtures, and water meters increased after 2014 when the definition of “lead-free”
under the Safe Drinking Water Act was modified to reduce the maximum lead content of “lead free” pipes and
plumbing fixtures to 0.25% from 8%. The melting point of bismuth is relatively low at 271 °C, and it is an important
component of various fusible alloys, some of which have melting points below that of boiling water. These bismuth-
containing alloys can be used in holding devices for grinding optical lenses, as a temporary filler to prevent damage to
tubes in bending operations, as a triggering mechanism for fire sprinklers, and in other applications in which a low
melting point is ideal. Bismuth-tellurium-oxide alloy film paste is used in the manufacture of semiconductor devices.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Refinery — — — — —
Secondary (scrap)® 80 80 80 80 80
Imports for consumption, metal, alloys, and scrap 1,950 2,190 2,820 2,510 2,400
Exports, metal, alloys, and scrap 519 431 392 653 580
Consumption:
Apparent! 1,490 1,780 2,520 1,900 1,900
Reported 621 710 756 566 600
Price, average, dollars per pound? 6.43 4.53 4.93 4.64 3.40
Stocks, yearend, consumer 456 512 494 533 500
Net import reliance?® as a percentage of
apparent consumption 95 96 97 96 96

Recycling: Bismuth-containing alloy scrap was recycled and thought to compose less than 5% of U.S. bismuth
apparent consumption.

Import Sources (2015-18): China, 76%; Belgium, 6%; Mexico, 6%; Republic of Korea, 5%; and other, 7%.

Tariff: Item Number Normal Trade Relations
12-31-19
Bismuth and articles thereof, including waste
and scrap 8106.00.0000 Free.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Government Stockpile: None.

Prepared by Robert M. Callaghan [Contact Adam Merrill, (703) 648-7715, amerrill@usgs.gov]



BISMUTH

Events, Trends, and Issues: Bismuth prices continued a significant downward trend that began in 2014, when the
annual average domestic dealer price was $11.14 per pound. Bismuth was one of the metals held in significant
guantities by the defunct Fanya Nonferrous Metals Exchange in China, which closed in 2015. In 2019, sales of the
exchange’s assets began, and though bismuth was not among the limited initial offerings the potential sale was a
factor on the price of bismuth throughout the year.

In 2019, a stable bismuth-based perovskite oxide semiconductor was discovered that could potentially be used in
thin-film solar technology. The discovery was the product of a National Science Foundation grant for development of
high-performance semiconductors that could replace lead-halide perovskites in applications such as perovskite solar
cells, the commercial production of which was not feasible because of stability issues as well as the toxicity of the
lead-based perovskite material. Additional research to improve the photovoltaic efficiency of the bismuth-based
perovskites is needed before their use would be feasible.

World Refinery Production and Reserves: Available information was inadequate to make reliable estimates for
mine production and reserves data.

Refinery production Reserves*
2018 2019¢

United States — — Quantitative estimates of reserves are not

Bulgaria 50 50 available.

Canada 25 25

China 14,000 14,000

Japan 571 540

Kazakhstan 290 270

Korea, Republic of 900 900

Laos 3,010 3,000

Mexico 333 400

World total (rounded) 19,200 19,000

World Resources: Bismuth ranks 65th in elemental abundance in the Earth’s continental crust, at an estimated 85
parts per billion by weight, constituting much less than 0.001%. World reserves of bismuth are usually estimated
based on the bismuth content of lead resources because bismuth production is most often a byproduct of processing
lead ores. In China and Vietnam, bismuth production is a byproduct or coproduct of tungsten and other metal ore
processing. Bismuth minerals rarely occur in sufficient quantities to be mined as principal products; the Tasna Mine in
Bolivia and a mine in China are the only mines where bismuth has been the primary product. The Tasna Mine in
Bolivia has been inactive since 1996.

Substitutes: Bismuth compounds can be replaced in pharmaceutical applications by alumina, antibiotics, calcium
carbonate, and magnesia. Titanium dioxide-coated mica flakes and fish-scale extracts are substitutes in pigment
uses. Cadmium, indium, lead, and tin can partially replace bismuth in low-temperature solders. Resins can replace
bismuth alloys for holding metal shapes during machining, and glycerine-filled glass bulbs can replace bismuth alloys
in triggering devices for fire sprinklers. Free-machining alloys can contain lead, selenium, or tellurium as a
replacement for bismuth. Bismuth is an environmentally friendly substitute for lead in plumbing and many other
applications, including fishing weights, hunting ammunition, lubricating greases, and soldering alloys.

°Estimated. — Zero.

!Defined as secondary production + imports — exports + adjustments for industry stock changes.

2Price in 2015 is based on New York dealer price for 99.99%-purity metal in minimum lots of 1 ton; source: Platts Metals Week. Prices in 2016-19
are based on 99.99%-purity metal at warehouse (Rotterdam) in minimum lots of 1 ton; source: American Metal Market (Fastmarkets AMM).
3Defined as imports — exports + adjustments for industry stock changes.

“See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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BORON
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: Two companies in southern California produced borates in 2019, and most of the
boron products consumed in the United States were manufactured domestically. U.S. boron production and
consumption data were withheld to avoid disclosing company proprietary data. The leading boron producer mined
borate ores, which contain the minerals kernite, tincal, and ulexite, by open pit methods and operated associated
compound plants. Kernite was used to produce boric acid, tincal was used to produce sodium borate, and ulexite was
used as a primary ingredient in the manufacture of a variety of specialty glasses and ceramics. A second company
produced borates from brines extracted through solution-mining techniques. Boron minerals and chemicals were
principally consumed in the North Central United States and the Eastern United States. In 2019, the glass and
ceramics industries remained the leading domestic users of boron products, accounting for an estimated 80% of total
borates consumption. Boron also was used as a component in abrasives, cleaning products, insecticides, and
insulation and in the production of semiconductors.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production W W w W W
Imports for consumption:
Refined borax 136 173 158 133 150
Boric acid 40 46 40 51 50
Colemanite (calcium borates) 35 35 58 73 40
Ulexite (sodium borates) 70 43 24 34 35
Exports:
Boric acid 195 237 227 260 270
Refined borax 528 581 572 610 590
Consumption, apparent?! W W W W W
Price, average value of imports
Cost, insurance, and freight, dollars per ton 327 352 392 404 377
Employment, number 1,380 1,340 1,300 1,350 1,350
Net import reliance? as a percentage of
apparent consumption E E E E E

Recycling: Insignificant.

Import Sources (2015-18): All forms: Turkey, 80%; Bolivia, 13%; Chile, 3%; and other, 4%.

Tariff: Iltem Number Normal Trade Relations
12-31-19
Natural borates:
Sodium (ulexite) 2528.00.0005 Free.
Calcium (colemanite) 2528.00.0010 Free.
Boric acids 2810.00.0000 1.5% ad val.
Borates:
Refined borax:
Anhydrous 2840.11.0000 0.3% ad val.
Non-anhydrous 2840.19.0000 0.1% ad val.

Depletion Allowance: Borax, 14% (Domestic and foreign).

Government Stockpile: None.

Prepared by Amanda S. Brioche [(703) 648-7747, abrioche@usgs.gov]
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BORON

Events, Trends, and Issues: Elemental boron is a metalloid with limited commercial applications. Although the term
“boron” is commonly referenced, it does not occur in nature in an elemental state. Boron combines with oxygen and
other elements to form boric acid, or inorganic salts called borates. Boron compounds, chiefly borates, are
commercially important; therefore, boron products are priced and sold based on their boric oxide (B203) content,
varying by ore and compound and by the absence or presence of calcium and sodium. The four borate minerals—
colemanite, kernite, tincal, and ulexite—account for 90% of the borate minerals used by industry worldwide. Although
borates were used in more than 300 applications, more than three-quarters of world consumption was used in
ceramics, detergents, fertilizers, and glass.

China, India, Indonesia, Malaysia, and the Netherlands are the countries that imported the largest quantities of refined
borates from the United States in 2019. Because China has low-grade boron reserves and demand for boron is
anticipated to rise in that country, imports to China from Chile, Russia, Turkey, and the United States were expected
to remain steady during the next several years.

Continued investment in new borate refineries and the continued rise in demand were expected to fuel growth in
world production for the next few years. Two Australia-based mine developers confirmed that production of high-
quality boron products is possible from their projects in California and Nevada. These companies have the potential to
become substantial boron producers when they are fully developed. Both companies expect production to begin in
2021, with construction beginning at one site by late 2019.

World Production and Reserves: Reserves for Turkey were updated based on company information.

Production—All forms Reserves?

2018 2019¢
United States w W 40,000
Argentina, crude ore 200 100 NA
Bolivia, ulexite 150 210 NA
Chile, ulexite 600 400 35,000
China, boric oxide equivalent 75 250 24,000
Germany, compounds 143 140 NA
Kazakhstan, unspecified 500 — NA
Peru, crude borates 101 100 4,000
Russia, datolite ore 80 80 40,000
Turkey, refined borates 2,000 2,500 1,100,000
World total* XX XX XX

World Resources: Deposits of borates are associated with volcanic activity and arid climates, with the largest
economically viable deposits in the Mojave Desert of the United States, the Alpide belt in southern Asia, and the
Andean belt of South America. U.S. deposits consist primarily of tincal, kernite, and borates contained in brines, and
to a lesser extent, ulexite and colemanite. About 70% of all deposits in Turkey are colemanite, primarily used in the
production of heat-resistant glass. At current levels of consumption, world resources are adequate for the foreseeable
future.

Substitutes: The substitution of other materials for boron is possible in detergents, enamels, insulation, and soaps.
Sodium percarbonate can replace borates in detergents and requires lower temperatures to undergo hydrolysis,
which is an environmental consideration. Some enamels can use other glass-producing substances, such as
phosphates. Insulation substitutes include cellulose, foams, and mineral wools. In soaps, sodium and potassium salts
of fatty acids can act as cleaning and emulsifying agents.

®Estimated. E Net exporter. NA Not available. W Withheld to avoid disclosing company proprietary data. XX Not applicable. — Zero.
!Defined as production + imports — exports.

2Defined as imports — exports.

3See Appendix C for resource and reserve definitions and information concerning data sources.

“World totals cannot be calculated because production and reserves are not reported in a consistent manner by all countries.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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BROMINE
(Data in metric tons of bromine content unless otherwise noted)
Domestic Production and Use: Bromine was recovered from underground brines by two companies in Arkansas.

Bromine is one of the leading mineral commaodities, in terms of value, produced in Arkansas. The two bromine
companies in the United States account for a large percentage of world production capacity.

The leading global applications of bromine are for the production of brominated flame retardants, and intermediates
and industrial uses. Bromine compounds are also used in a variety of other applications, including drilling fluids and
industrial water treatment. U.S. apparent consumption of bromine in 2019 was estimated to be greater than that in
2018.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production w w w w w
Imports for consumption, elemental

bromine and compounds? 61,200 58,400 52,700 56,200 66,000
Exports, elemental bromine and compounds? 29,600 28,300 43,400 40,500 44,000
Consumption, apparent® W w W w W
Price, average value of imports,

Cost, insurance, and freight, dollars per kilogram 2.27 2.19 2.30 2.21 2.19
Employment, numbere 1,100 1,100 1,100 1,100 1,100
Net import reliance* as a percentage

of apparent consumption <25 <25 <25 <25 <25

Recycling: Some bromide solutions were recycled to obtain elemental bromine and to prevent the solutions from
being disposed of as hazardous waste. For example, hydrogen bromide is emitted as a byproduct in many organic
reactions. This byproduct waste can be recycled with virgin bromine brines and used as a source of bromine
production. Bromine contained in plastics can be incinerated as solid organic waste, and the bromine can be
recovered.

Import Sources (2015-=18):° Israel, 79%; Jordan, 11%; China, 7%; and other, 3%.

Tariff: Item Number Normal Trade Relations
12-31-19

Bromine 2801.30.2000 5.5% ad val.
Hydrobromic acid 2811.19.3000 Free.
Potassium or sodium bromide 2827.51.0000 Free.
Ammonium, calcium, or zinc bromide 2827.59.2500 Free.
Potassium bromate 2829.90.0500 Free.
Sodium bromate 2829.90.2500 Free.
Ethylene dibromide 2903.31.0000 5.4% ad val.
Methyl bromide 2903.39.1520 Free.
Dibromoneopentyl glycol 2905.59.3000 Free.
Tetrabromobisphenol A 2908.19.2500 5.5% ad val.
Decabromodiphenyl and

octabromodiphenyl oxide 2909.30.0700 5.5% ad val.

Depletion Allowance: Brine wells, 5% (Domestic and foreign).

Government Stockpile: None.

Prepared by Emily K. Schnebele [(703) 648-4945, eschnebele@usgs.gov]



BROMINE

Events, Trends, and Issues: The United States maintained its position as one of the leading bromine producers in
the world. China, Israel, and Jordan also are major producers of elemental bromine. In 2019, U.S. net imports of
bromine and bromine compounds increased compared with those in 2018. The average import value of elemental
bromine increased by about 20% in 2019 compared with that in 2018. The leading source of imports of bromine and
bromide compound (gross weight) was Israel. The leading imported bromine products in terms of both gross weight
and bromine content were bromides and bromide oxides of ammonium, calcium, or zinc (79%) and bromides of
potassium or sodium (17%). The leading exported bromine product was methyl bromide (45%).

Global consumption of elemental bromine and brominated flame retardants was strong in 2019. The price of bromine
compounds also increased in 2019. The amount of clear brine fluids consumed in the oil-well and gas-well drilling
industries continued to mirror global changes in oil prices and the number of active drilling rigs. In 2019, the monthly
average number of active drilling rigs was about the same as in 2018.

Many bromine facilities in Shandong Province, China, remained closed in the first half of 2019 while rectifications and
improvements were completed to meet new environmental regulations initiated by the Government of China in late
2017. Some plants restarted operations in the spring of 2019 following approval by the local government while others,
especially small-scale unofficial plants, remained closed until they could meet the new guidelines.

In order to meet growing demand, a company in Jordan began an expansion project in 2018 to increase production
capacity. The increased capacity was expected to have increased the country’s 2019 bromine production.

World Production and Reserves:

Production Reserves®
2018 2019¢

United States W W 11,000,000
Azerbaijan — — 300,000
China 60,000 60,000 NA
India 2,300 2,300 NA
Israel 175,000 180,000 Large
Japan 20,000 20,000 NA
Jordan 100,000 150,000 Large
Ukraine 4,500 4,500 NA
World total (rounded) 7362,000 7420,000 Large

World Resources: Bromine is found principally in seawater, evaporitic (salt) lakes, and underground brines
associated with petroleum deposits. The Dead Sea, in the Middle East, is estimated to contain 1 billion tons of
bromine. Seawater contains about 65 parts per million of bromine, or an estimated 100 trillion tons. Bromine is also
recovered from seawater as a coproduct during evaporation to produce salt.

Substitutes: Chlorine and iodine may be substituted for bromine in a few chemical reactions and for sanitation
purposes. There are no comparable substitutes for bromine in various oil-well and gas-well completion and packer
applications. Because plastics have a low ignition temperature, aluminum hydroxide, magnesium hydroxide, organic
chlorine compounds, and phosphorus compounds can be substituted for bromine as fire retardants in some uses.

°Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. — Zero.

imports calculated from items shown in Tariff section.

2Exports calculated from Schedule B numbers 2801.30.2000, 2827.51.0000, 2827.59.0000, 2903.31.0000, and 2903.39.1520.
3Defined as production (sold or used) + imports — exports.

“Defined as imports — exports.

SCalculated using the gross weight of imports.

5See Appendix C for resource and reserve definitions and information concerning data sources.

"Excludes U.S. production.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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CADMIUM
(Data in metric tons of cadmium content unless otherwise noted)

Domestic Production and Use: Two companies in the United States produced refined cadmium in 2019. One
company, operating in Tennessee, recovered primary refined cadmium as a byproduct of zinc leaching from roasted
sulfide concentrates. The other company, operating in Ohio, recovered secondary cadmium metal from spent nickel-
cadmium (NiCd) batteries. Domestic production and consumption of cadmium were withheld to avoid disclosing
company proprietary data. Cadmium metal and compounds are mainly consumed for alloys, coatings, NiCd batteries,
pigments, and plastic stabilizers. For the past 4 years, the United States has been a net importer of unwrought
cadmium metal and cadmium metal powders and a net exporter of wrought cadmium products and cadmium
pigments.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production, refined?! w w w w w
Imports for consumption:
Unwrought cadmium and powders 237 240 274 273 350
Wrought cadmium and other articles (gross weight) 18 ® 2 1 20
Cadmium waste and scrap (gross weight) 71 52 20 20 70
Exports:
Unwrought cadmium and powders 350 157 223 41 20
Wrought cadmium and other articles (gross weight) 246 371 205 99 70
Cadmium waste and scrap (gross weight) ® 12 ® ® 6
Consumption, reported, refined W W W W W
Price, metal, annual average, dollars per kilogram? 1.47 1.34 1.75 2.89 2.60
Stocks, yearend, producer and distributor w w w w w
Net import reliance* as a percentage of
apparent consumption E <25 <25 <50 <50

Recycling: Secondary cadmium is mainly recovered from spent consumer and industrial NiCd batteries. Other waste
and scrap from which cadmium can be recycled includes copper-cadmium alloy scrap, some complex nonferrous
alloy scrap, cadmium-containing dust from electric arc furnaces, and cadmium telluride (CdTe) solar panels.

Import Sources (2015-18):° China, 25%; Australia, 22%; Canada, 21%; Peru, 10%; and other, 22%.

Tariff: Item Number Normal Trade Relations
12-31-19

Cadmium oxide 2825.90.7500 Free.
Cadmium sulfide 2830.90.2000 3.1% ad val.
Pigments and preparations based

on cadmium compounds 3206.49.6010 3.1% ad val.
Unwrought cadmium and powders 8107.20.0000 Free.
Cadmium waste and scrap 8107.30.0000 Free.
Wrought cadmium and other articles 8107.90.0000 4.4% ad val.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Government Stockpile: None.

Prepared by Robert M. Callaghan [(703) 648-7709, rcallaghan@usgs.gov]
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CADMIUM

Events, Trends, and Issues: Most of the world’s primary cadmium metal was produced in Asia, and leading global
producers, in descending order of production, were China, the Republic of Korea, and Japan. A smaller amount of
secondary cadmium metal was recovered from recycling NiCd batteries. Although detailed data on the global
consumption of primary cadmium were not available, NiCd battery production was thought to have continued to
account for most global cadmium consumption. Other end uses for cadmium and cadmium compounds included
alloys, anticorrosive coatings, pigments, polyvinyl chloride (PVC) stabilizers, and semiconductors for solar cells.

The average monthly cadmium price began 2019 averaging $2.80 per kilogram in January and trended upward to
about $3.06 per kilogram in March. Prices began decreasing in May, falling to an average of about $2.40 per kilogram
in August.

In 2019, a U.S.-based CdTe thin-film solar-cell producer continued constructing a second manufacturing plant in
Ohio. The facility was expected to be completed in 2019 and reach its full production rate in 2020. The plant would
triple the company’s U.S. CdTe solar cell manufacturing capacity to 1.8 gigawatts per year.

World Refinery Production and Reserves:

Refinery production Reserves®
2018 2019¢
United States? w W  Quantitative estimates of reserves are
Canada 1,680 1,600 not available. The cadmium content of
China 8,200 8,200 typical zinc ores averages about 0.03%.
Japan 1,980 1,900 See the Zinc chapter for zinc reserves.
Kazakhstan 1,500 1,400
Korea, Republic of 5,000 5,000
Mexico 1,360 1,400
Netherlands 1,100 1,100
Peru 765 770
Russia 1,200 1,000
Other countries 2,310 2,300
World total (rounded) 725,100 725,000

World Resources: Cadmium is generally recovered from zinc ores and concentrates. Sphalerite, the most
economically significant zinc ore mineral, commonly contains minor amounts of cadmium, which shares certain
similar chemical properties with zinc and often substitutes for zinc in the sphalerite crystal lattice. The cadmium
mineral greenockite is frequently associated with weathered sphalerite and wurtzite.

Substitutes: Lithium-ion and nickel-metal hydride batteries can replace NiCd batteries in many applications. Except
where the surface characteristics of a coating are critical (for example, fasteners for aircraft), coatings of zinc, zinc-
nickel, aluminum, or tin can be substituted for cadmium in many plating applications. Cerium sulfide is used as a
replacement for cadmium pigments, mostly in plastics. Barium-zinc or calcium-zinc stabilizers can replace barium-
cadmium stabilizers in flexible PVC applications. Amorphous silicon and copper-indium-gallium-selenide photovoltaic
cells compete with cadmium telluride in the thin-film solar-cell market. Research efforts continued to advance new
thin-film technology based on perovskite material as a potential substitute.

¢Estimated. E Net exporter. W Withheld to avoid disclosing company proprietary data.

!Cadmium metal produced as a byproduct of zinc refining plus metal from recycling.

2Less than % unit.

3Average New York dealer price for 99.95% purity in 5-short-ton lots (2015). Source: Platts Metals Week. Average free market price for 99.95%
purity in 10-ton lots; cost, insurance, and freight; global ports (2016—-18). Source: Metal Bulletin.

“Defined as imports of unwrought metal and metal powders — exports of unwrought metal and metal powders + adjustments for industry stock
changes.

SImports for consumption of unwrought metal and metal powders (Harmonized Tariff Schedule of the United States code 8107.20.0000).

5See Appendix C for resource and reserve definitions and information concerning data sources.

“Excludes U.S. production.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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CEMENT
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: In 2019, U.S. portland cement production increased by 2.5% to 86 million tons, and
masonry cement production continued to remain steady at 2.4 million tons. Cement was produced at 96 plants in 34
States, and at 2 plants in Puerto Rico. U.S. cement production continued to be limited by closed or idle plants,
underutilized capacity at others, production disruptions from plant upgrades, and relatively inexpensive imports. In
2019, sales of cement increased slightly and were valued at $12.5 billion. Most cement sales were to make concrete,
worth at least $65 billion. In 2019, it was estimated that 70% to 75% of sales were to ready-mixed concrete
producers, 10% to concrete product manufactures, 8% to 10% to contractors, and 5% to 12% to other customer
types. Texas, California, Missouri, Florida, Alabama, Michigan, and Pennsylvania were, in descending order of
production, the seven leading cement-producing States and accounted for nearly 60% of U.S. production.

Salient Statistics—United States:* 2015 2016 2017 2018 2019¢
Production:
Portland and masonry cement? 84,405 84,695 86,356 86,368 88,500
Clinker 76,043 75,633 76,678 77,112 78,000
Shipments to final customers, includes exports 93,543 95,397 97,935 99,406 100,000
Imports of hydraulic cement for consumption 10,376 11,742 12,288 13,764 15,000
Imports of clinker for consumption 879 1,496 1,209 967 1,100
Exports of hydraulic cement and clinker 1,543 1,097 1,035 940 1,000
Consumption, apparent® 92,150 95,150 97,160 98,480 102,000
Price, average mill value, dollars per ton 106.50 111.00 117.00 121.00 123.50
Stocks, cement, yearend 7,230 7,420 7,870 8,580 8,850
Employment, mine and mill, numbere 12,300 12,700 12,500 12,300 12,500
Net import reliance* as a percentage of
apparent consumption 11 13 13 14 15

Recycling: Cement is not recycled, but significant quantities of concrete are recycled for use as a construction
aggregate. Cement kilns can use waste fuels, recycled cement kiln dust, and recycled raw materials such as slags
and fly ash. Various secondary materials can be incorporated as supplementary cementitious materials (SCMs) in
blended cements and in the cement paste in concrete.

Import Sources (2015-18):° Canada, 35%; Greece, 16%; China, 14%; Turkey, 11%; and other, 24%.

Tariff: Item Number Normal Trade Relations
12-31-19

Cement clinker 2523.10.0000 Free.

White portland cement 2523.21.0000 Free.

Other portland cement 2523.29.0000 Free.

Aluminous cement 2523.30.0000 Free.

Other hydraulic cement 2523.90.0000 Free.

Depletion Allowance: Not applicable. Certain raw materials for cement production have depletion allowances.

Government Stockpile: None.

Prepared by Kenneth C. Curry [(703) 648-7793, kcurry@usgs.gov]
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CEMENT

Events, Trends, and Issues: Construction spending decreased in 2019, owing to a decline in private residential and
nonresidential spending. Cement shipments into North Carolina and South Carolina increased owing to reconstruction
following a hurricane in 2018. The leading cement-consuming States were Texas, California, and Florida, in
descending order by tonnage.

No new company mergers were reported in 2019, but one European cement company entered into an agreement to
purchase a Mexican cement company’s plant in Pennsylvania, pending regulatory approval.

No major cement plant upgrades were completed during the year, but several minor upgrades were ongoing at a few
domestic plants. One cement company began work on an upgrade to one of its plants in Indiana, with completion
expected in 2022. Another company continued to work on securing permits for a new white cement plant in Texas,
which would be the third white cement plant in the country. Many plants have installed emissions-reduction equipment
to comply with the 2010 National Emissions Standards for Hazardous Air Pollutants (NESHAP). It remains possible
that some kilns could be shut, idled, or used in a reduced capacity to comply with NESHAP, which would constrain
U.S. clinker capacity.

World Production and Capacity:

Cement production® Clinker capacity®

2018 2019 2018 2019

United States (includes Puerto Rico) 87,000 89,000 103,000 103,000
Brazil 53,000 55,000 60,000 60,000
China 2,200,000 2,200,000 2,000,000 1,970,000
Egypt 81,200 76,000 48,000 48,000
India 300,000 320,000 280,000 280,000
Indonesia 75,200 74,000 78,000 78,000
Iran 58,000 60,000 80,000 81,000
Japan 55,300 54,000 53,000 53,000
Korea, Republic of 57,500 55,000 50,000 50,000
Russia 53,700 57,000 80,000 80,000
Turkey 72,500 51,000 90,000 92,000
Vietnam 90,200 95,000 90,000 90,000
Other countries (rounded) 870,000 900,000 720,000 720,000
World total (rounded) 4,050,000 4,100,000 3,700,000 3,700,000

World Resources: Although reserves at individual plants are subject to exhaustion, limestone and other cement raw
materials are geologically widespread and abundant, and overall shortages are unlikely in the future.

Substitutes: Most portland cement is used to make concrete, mortars, or stuccos, and competes in the construction
sector with concrete substitutes, such as aluminum, asphalt, clay brick, fiberglass, glass, gypsum (plaster), steel,
stone, and wood. Certain materials, especially fly ash and ground granulated blast furnace slag, develop good
hydraulic cementitious properties by reacting with lime, such as that released by the hydration of portland cement.
Where readily available (including as imports), these SCMs are increasingly being used as partial substitutes for
portland cement in many concrete applications and are components of finished blended cements.

°Estimated.

'Portland plus masonry cement unless otherwise noted; excludes Puerto Rico unless otherwise noted.

2Includes cement made from imported clinker.

3Defined as production of cement (including from imported clinker) + imports (excluding clinker) - exports + adjustments for stock changes.
“Defined as imports (cement and clinker) — exports.

SHydraulic cement and clinker; includes imports into Puerto Rico.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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CESIUM
(Data in metric tons of cesium oxide unless otherwise noted)

Domestic Production and Use: In 2019, no cesium was mined domestically, and the United States was 100%
import reliant for cesium minerals. Pollucite, mainly found in association with lithium-rich, lepidolite-bearing or petalite-
bearing zoned granite pegmatites, is the principal cesium ore mineral. Cesium minerals are used as feedstocks to
produce a variety of cesium compounds and cesium metal. The primary application for cesium, by gross weight, is in
cesium formate brines used for high-pressure, high-temperature well drilling for oil and gas production and
exploration.

Cesium metal is used in the production of cesium compounds and potentially in photoelectric cells. Cesium bromide is
used in infrared detectors, optics, photoelectric cells, scintillation counters, and spectrophotometers. Cesium
carbonate is used in the alkylation of organic compounds and in energy conversion devices, such as fuel cells,
magneto-hydrodynamic generators, and polymer solar cells. Cesium chloride is used in analytical chemistry
applications as a reagent, in high-temperature solders, as an intermediate in cesium metal production, in isopycnic
centrifugation, as a radioisotope in nuclear medicine, as an insect repellent in agricultural applications, and in
specialty glasses. Cesium hydroxide is used as an electrolyte in alkaline storage batteries. Cesium iodide is used in
fluoroscopy equipment—Fourier-transform infrared spectrometers—as the input phosphor of x-ray image intensifier
tubes, and in scintillators. Cesium nitrate is used as a colorant and oxidizer in the pyrotechnic industry, in petroleum
cracking, in scintillation counters, and in x-ray phosphors. Cesium sulfates are soluble in water and are thought to be
used primarily in water treatment, fuel cells, and to improve optical quality for scientific instruments.

Cesium isotopes, which are obtained as a byproduct in nuclear fission or formed from other isotopes, such as barium-
131, are used in electronic, medical, metallurgical, and research applications. Cesium isotopes are used as an atomic
resonance frequency standard in atomic clocks, which plays a vital role in aircraft guidance systems, global
positioning satellites, and internet and cellular telephone transmissions. Cesium clocks monitor the cycles of
microwave radiation emitted by cesium’s electrons and use these cycles as a time reference. Owing to the high
accuracy of the cesium atomic clock, the international definition of 1 second is based on the cesium atom. The U.S.
civilian time and frequency standard is based on a cesium fountain clock at the National Institute of Standards and
Technology in Boulder, CO. The U.S. military frequency standard, the United States Naval Observatory Time Scale,
is based on 48 weighted atomic clocks, including 25 cesium fountain clocks.

A company in Richland, WA, produced a range of cesium-131 medical products for treatment of various cancers.
Cesium-137 may be used in industrial gauges, in mining and geophysical instruments, and for sterilization of food,
sewage, and surgical equipment. Because of the danger posed by the radiological properties of cesium-137, efforts to
find substitutes in its applications continued.

Salient Statistics—United States: Consumption, import, and export data for cesium have not been available since
the late 1980s. Because cesium metal is not traded in commercial quantities, a market price is unavailable. Only a
few thousand kilograms of cesium chemicals are thought to be consumed in the United States every year. The United
States was 100% import reliant for its cesium needs.

In 2019, one company offered 1-gram ampoules of 99.8% (metal basis) cesium for $63.00, a slight increase from
$61.80 in 2018, and 99.98% (metal basis) cesium for $81.10, a 3% increase from $78.70 in 2018.

In 2019, the prices for 50 grams of 99.9% (metal basis) cesium acetate, cesium bromide, cesium carbonate, cesium
chloride, and cesium iodide were $118.20, $71.90, $101.80, $103.60, and $117.00 respectively, a 3% increase from
prices in 2018. The price for a cesium-plasma standard solution (10,000 micrograms per milliliter) was $81.90 for 50
milliliters and $125.00 for 100 milliliters, and the price for 25 grams of cesium formate, 98% basis, was $39.90.

Recycling: Cesium formate brines are typically rented by oil and gas exploration clients. After completion of the well,
the used cesium formate brine is returned and reprocessed for subsequent drilling operations. The formate brines are
recycled with an estimated recovery rate of 85%, which can be reprocessed for further use.

Import Sources (2015-18): No reliable data have been available to determine the source of cesium ore imported by
the United States since 1988. Previously, Canada was thought to be the primary supplier of cesium ore.

Prepared by Christopher A. Tuck [(703) 648-4912, ctuck@usgs.gov]
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CESIUM
Tariff: Item Number Normal Trade Relations
12-31-19

Alkali metals, other 2805.19.9000 5.5% ad val.
Chlorides, other 2827.39.9000 3.7% ad val.
Bromides, other 2827.59.5100 3.6% ad val.
lodides, other 2827.60.5100 4.2% ad val.
Sulfates, other 2833.29.5100 3.7% ad val.
Nitrates, other 2834.29.5100 3.5% ad val.
Carbonates, other 2836.99.5000 3.7% ad val.
Cesium-137, other 2844.40.0021 Free

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Events, Trends, and Issues: Domestic cesium occurrences will likely remain uneconomic unless market conditions
change. No known human health issues are associated with naturally occurring cesium, and its use has minimal
environmental impact. Radioactive isotopes of cesium have been known to cause adverse health effects. Certain
cesium compounds may be toxic if consumed. Food that has been irradiated using the radioisotope Cesium-137 has
been found to be safe by the U.S. Food and Drug Administration.

During 2019, projects that were primarily aimed at developing lithium resources with cesium content were at various
stages of development. One United States-based company sold its cesium mine in Manitoba, Canada, and its
specialty fluids division, including cesium formate, in Norway, Scotland, and Singapore to a company in China.
Operations commenced at a pollucite mine in Western Australia in December 2018, with cesium being exported to the
United States as contracted with a cesium chemical producer. The company reported that the first stage of mining
produced 19,000 tons of pollucite with an average grade of 9.1% cesium oxide. The U.S. Food and Drug
Administration issued a notice of significant health and safety risks associated with compounded cesium chloride,
which had been used as an alternative cancer treatment. In May 2019, a blood irradiator that used cesium-137 spilled
while being moved from a medical research center to a secure disposal site. The National Nuclear Security
Administration managed the cleanup efforts and an investigation. Congressional budget proposals recommended
increased funding for the National Nuclear Security Administration’s Cesium Irradiator Replacement Project to assist
in replacing cesium-137 blood irradiators.

World Mine Production and Reserves: There were no official sources for cesium production data. In addition to
production of pollucite in Australia, Namibia and Zimbabwe were thought to have produced cesium in small quantities
as a byproduct of lithium mining operations. Cesium reserves are, therefore, estimated based on the occurrence of
pollucite, which is mined as a byproduct of the lithium mineral lepidolite. Most pollucite contains 5% to 32% cesium
oxide. Reserves data for Australia and Canada were added based on industry information.

Reserves!

Australia 7,100
Canada 120,000
Namibia 30,000
Zimbabwe 60,000
World total (rounded) 220,000

World Resources: Cesium is associated with lithium-bearing pegmatites worldwide, and cesium resources have
been identified in Australia, Canada, Namibia, the United States, and Zimbabwe. In the United States, pollucite
occurs in pegmatites in Alaska, Maine, and South Dakota. Lower concentrations occur in brines in Chile and China
and in geothermal systems in Germany, India, and Tibet. China was thought to have cesium-rich deposits of
geyserite, lepidolite, and pollucite, with concentrations highest in Yichun, Jiangxi Province, although no resource,
reserves, or production estimates were available.

Substitutes: Cesium and rubidium can be used interchangeably in many applications because they have similar
physical properties and atomic radii. Cesium, however, is more electropositive than rubidium, making it a preferred
material for some applications. However, rubidium is mined from similar deposits, in relatively smaller quantities, as a
byproduct of cesium production in pegmatites and as a byproduct of lithium production from lepidolite (hard-rock)
mining and processing, making it no more readily available than cesium.

1See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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CHROMIUM
(Data in thousand metric tons of chromium content unless otherwise noted)

Domestic Production and Use: In 2019, the United States was expected to consume 4% of world chromite ore
production in various forms of imported materials, such as chromite ore, chromium chemicals, chromium ferroalloys,
chromium metal, and stainless steel. Imported chromite ore was consumed by one chemical firm to produce
chromium chemicals. Stainless-steel and heat-resisting-steel producers were the leading consumers of
ferrochromium. Stainless steels and superalloys require the addition of chromium via ferrochromium or chromium-
containing scrap. The value of chromium material consumption in 2018 was $1.2 hillion as measured by the value of
net imports, excluding stainless steel, and was expected to be about $810 million in 2019.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Mine — — — — —
Recycling? 159 156 156 143 140
Imports for consumption 511 528 615 621 520
Exports 238 253 256 230 150
Shipments from Government stockpile 9 5 8 4 3
Consumption:
Reported (includes recycling) 486 475 483 464 460
Apparent (includes recycling)? 441 436 523 538 510
Unit value, average annual import (dollars per ton):
Chromite ore (gross weight) 216 198 259 279 270
Ferrochromium (chromium content)3 2,606 2,227 3,212 2,933 2,200
Chromium metal (gross weight) 11,386 9,827 9,682 11,344 11,000
Stocks, yearend, held by U.S. consumers 8 8 8 8 8
Net import reliance4 as a percentage of
apparent consumption 64 64 70 73 72

Recycling: In 2019, recycled chromium (contained in reported stainless steel scrap receipts) accounted for 28% of
apparent consumption.

Import Sources (2015-18): Chromite (mineral): South Africa, 99%; and Canada, 1%. Chromium-containing scrap:®
Canada, 49%; Mexico, 43%; and other, 8%. Chromium (primary metal):® South Africa, 34%; Kazakhstan, 9%; Russia,
8%; and other, 49%. Total imports: South Africa, 38%; Kazakhstan, 7%; Russia, 6%; and other, 49%.

Tariff:” Item Number Normal Trade Relations
12-31-19

Chromium ores and concentrates:

Cr203 not more than 40% 2610.00.0020 Free.

Cr203 more than 40% and less than 46% 2610.00.0040 Free.

Cr203 more than or equal to 46% 2610.00.0060 Free.
Chromium oxides and hydroxides:

Chromium trioxide 2819.10.0000 3.7% ad val.

Other 2819.90.0000 3.7% ad val.
Sodium dichromate 2841.30.0000 2.4% ad val.
Potassium dichromate 2841.50.1000 1.5% ad val.
Other chromates and dichromates 2841.50.9100 3.1% ad val.
Carbides of chromium 2849.90.2000 4.2% ad val.
Ferrochromium:

Carbon more than 4% 7202.41.0000 1.9% ad val.

Carbon more than 3% 7202.49.1000 1.9% ad val.

Carbon more than 0.5% 7202.49.5010 3.1% ad val.

Other 7202.49.5090 3.1% ad val.
Ferrosilicon chromium 7202.50.0000 10% ad val.
Chromium metal:

Unwrought, powder 8112.21.0000 3% ad val.

Waste and scrap 8112.22.0000 Free.

Other 8112.29.0000 3% ad val.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Prepared by Ruth F. Schulte [(703) 648-4963, rschulte@usgs.gov]



CHROMIUM
Government Stockpile:®
FY 2019 FY 2020
Inventory Potential Potential Potential Potential

Material® As of 9-30-19 Acquisitions Disposals Acquisitions Disposals
Ferrochromium:

High-carbon 39.6 — 1021.3 — 1021.3

Low-carbon 27.4 — — — —
Chromium metal 3.85 — 0.181 — 0.181

Events, Trends, and Issues: Chromium is consumed in the form of ferrochromium to produce stainless steel. South
Africa was the leading chromite ore producer. Increased labor costs, increased costs for electricity, an unreliable
supply of electricity, and challenges related to deep level mining, together with the decreasing cost of chromite ore,
could affect production in South Africa.

China was the leading chromium-consuming country. China was also the leading stainless-steel- and ferrochromium-
producing country. South Africa was the second-leading country in ferrochromium production. Ferrochromium
production is electrical-energy intensive, so constrained electrical power supply and rising costs for electricity in South
Africa could also impact ferrochromium production.

From September 2018 to September 2019, high-carbon ferrochromium prices decreased by 43%. Prices in
September 2019 were below the prior low in October 2016.

World Mine Production and Reserves:

Mine production?! Reserves?!?
2018 2019¢ (shipping grade)*®

United States — — 620
Finland 2,210 2,200 13,000
India 4,300 4,100 100,000
Kazakhstan 6,690 6,700 230,000
South Africa 17,600 17,000 200,000
Turkey 8,000 10,000 26,000
Other countries 4,250 4,000 NA
World total (rounded) 43,100 44,000 570,000

World Resources: World resources are greater than 12 billion tons of shipping-grade chromite, sufficient to meet
conceivable demand for centuries. The world’s chromium resources are heavily geographically concentrated (95%) in
Kazakhstan and southern Africa; United States chromium resources are mostly in the Stillwater Complex in Montana.

Substitutes: Chromium has no substitute in stainless steel, the leading end use, or in superalloys, the major strategic
end use. Chromium-containing scrap can substitute for ferrochromium in some metallurgical uses.

°Estimated. NA Not available. — Zero.

'Recycling production is based on reported receipts of all types of stainless steel scrap.

2Defined as production (from mines and recycling) + imports — exports + adjustments for Government and industry stock changes.

3Excludes ferrochromium silicon.

“Defined as imports — exports + adjustments for Government and industry stock changes.

SIncludes chromium metal scrap and stainless steel scrap.

SIncludes chromium metal, ferrochromium, and stainless steel.

’In addition to the tariff items listed, certain imported chromium materials (see 26 U.S.C. sec. 4661, 4662, and 4672) are subject to excise tax.
8See Appendix B for definitions.

SUnits are thousand tons of material by gross weight.

YHigh-carbon and low-carbon ferrochromium, combined.

Mine production units are thousand tons, gross weight, of marketable chromite ore.

25ee Appendix C for resource and reserve definitions and information concerning data sources.

13Reserves units are thousand tons of shipping-grade chromite ore, which is deposit quantity and grade normalized to 45% Cr,0s, except for the
United States where grade is normalized to 7% Cr,O3 and Finland where grade is normalized to 26% Cr,Os.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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CLAYS
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: Production of clays (sold or used) in the United States was estimated to be

26 million tons valued at $1.8 billion in 2019, with about 145 companies operating clay and shale mines in 40 States.
The leading 20 firms produced approximately 50% of the U.S. tonnage and 85% of the value for all types of clay.
Principal uses for specific clays were estimated to be as follows: ball clay—50% floor and wall tile and 15%
sanitaryware; bentonite—52% pet waste absorbents and 31% drilling mud; common clay—34% brick, 29%
lightweight aggregate, and 24% cement; fire clay—70% heavy clay products (for example, brick and cement) and
30% refractory products and miscellaneous uses; fuller's earth—98% pet waste absorbents; and kaolin—60% paper
coating and filling, 12% paint, and 9% catalysts. Lightweight ceramic proppants for use in hydraulic fracturing are also
a significant market for kaolin, but data were insufficient to estimate market size.

Exports of clay and shale were estimated to have increased by 4% in 2019 after remaining essentially unchanged in
2018. In 2019, the United States exported 820,000 tons of bentonite mainly for pet waste absorbent, drilling mud,
foundry sand bond, and iron ore pelletizing applications, with Canada, Japan, and Mexico being the leading
destinations. About 2.5 million tons of kaolin were exported mainly as a paper coating and filler; a component in
ceramic bodies; and fillers and extenders in paint, plastic, and rubber products, with China, Japan, and Mexico being
the leading destinations. Lesser quantities of ball clay, fire clay, and fuller’'s earth were exported for ceramic,
refractory, and absorbent uses, respectively.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production (sold or used):
Ball clay 1,220 1,270 1,270 1,120 1,100
Bentonite 4,080 4,000 4,430 4,670 4,700
Common clay 12,000 13,000 13,300 12,700 12,000
Fire clay 398 534 575 567 560
Fuller's earth? 1,960 1,860 1,840 1,880 2,000
Kaolin 5,810 5,290 5,560 5,530 5,500
Total* 2 25,500 26,000 27,000 26,400 26,000
Imports for consumption:
Artificially activated clays and earths 24 26 28 23 16
Kaolin 426 389 316 330 260
Other 1 57 _86 _68 _58
Total? 520 473 430 421 330
Exports:
Artificially activated clays and earths 173 143 147 149 160
Ball clay 48 41 83 90 93
Bentonite 938 801 961 845 820
Clays, not elsewhere classified 268 256 244 244 290
Fire clay3 217 184 225 250 300
Fuller’s earth 77 86 78 70 67
Kaolin 2,420 2,290 2,310 2,390 2,500
Total? 4,140 3,800 4,040 4,030 4,200
Consumption, apparent* 21,800 22,600 23,400 22,800 22,000
Price, ex-works, average, dollars per ton:
Ball clay 50 39 49 54 55
Bentonite 98 99 99 99 100
Common clay 14 14 15 16 17
Fire clay 13 13 13 12 11
Fuller's earth? 86 89 93 88 89
Kaolin 151 157 156 156 158
Employment (excludes office workers):
Mine (may not include contract workers) 1,130 1,120 1,220 1,110 1,110
Mill 4,730 4,440 4,370 4,360 4,360
Net import reliance® as a percentage of
apparent consumption E E E E E

Recycling: Insignificant.
Import Sources (2015-18): All clay types combined: Brazil, 75%; China, 7%; Mexico, 6%; and other, 12%.

Prepared by Jason C. Willett [(703) 648—-6473, jwillett@usgs.gov]



CLAYS

Tariff: Item Number Normal Trade Relations
12-31-19

Kaolin and other kaolinic clays,

whether or not calcined 2507.00.0000 Free.
Bentonite 2508.10.0000 Free.
Fire clay 2508.30.0000 Free.
Common blue clay and other ball clays 2508.40.0110 Free.
Decolorizing earths and fuller’s earth 2508.40.0120 Free.
Other clays 2508.40.0150 Free.
Chamotte or dinas earth 2508.70.0000 Free.
Activated clays and activated earths 3802.90.2000 2.5% ad val.
Expanded clays and other mixtures 6806.20.0000 Free.

Depletion Allowance: Ball clay, bentonite, fire clay, fuller’s earth, and kaolin, 14% (Domestic and foreign); clay used
in the manufacture of common brick, lightweight aggregate, and sewer pipe, 7.5% (Domestic and foreign); clay used
in the manufacture of drain and roofing tile, flower pots, and kindred products, 5% (Domestic and foreign); clay from
which alumina and aluminum compounds are extracted, 22% (Domestic).

Government Stockpile: None.

Events, Trends, and Issues: Total U.S. sales of clays decreased slightly in 2018 and again in 2019 compared with
those of the previous year. Over the past 2 years, other industrial minerals associated with construction activity have
been estimated to have increased. Ball clay and common clay experienced decreases during this period and sales of
bentonite increased in 2018 and were essentially unchanged in 2019.

World Mine Production and Reserves:® Global reserves are large, but country-specific data are not available.

Mine production

Bentonite Fuller’s earth Kaolin

2018 2019¢ 2018 2019¢ 2018 2019¢

United States 4,670 4,700 11,880 12,000 5,530 5,500
Brazil (beneficiated) 520 520 — — 1,800 1,800
China 5,600 5,600 — — 3,200 3,200
Czechia 277 280 — — 73,620 73,600
Germany 395 390 — — 4,300 4,300
Greece 71,360 71,400 53 60 — —
India 800 810 6 6 74,000 74,000
Iran 360 360 — — 790 790
Mexico 470 470 110 110 330 330
Senegal — — 178 180 — —
Spain 175 180 625 630 7450 7450
Turkey 1,500 1,500 20 — 1,400 1,400
Ukraine 110 110 — — 2,400 2,400
United Kingdom — — — — 1,000 1,000
Other countries 2,230 2,200 345 350 13,400 13,000
World total (rounded) 18,500 18,500 13,220 13,300 42,200 42,000

World Resources: Resources of all clays are extremely large.

Substitutes: Clays compete with calcium carbonate in filler and extender applications; diatomite, organic pet litters,
polymers, silica gel, and zeolites as absorbents; and various siding and roofing types in building construction.

°Estimated. E Net exporter. — Zero.

!Does not include U.S. production of attapulgite.

’Data may not add to totals shown because of independent rounding.

3Includes refractory-grade kaolin.

“Defined as production (sold or used) + imports — exports.

Defined as imports — exports.

5See Appendix C for resource and reserve definitions and information concerning data sources.
“Includes production of crude ore.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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COBALT
(Data in metric tons of cobalt content unless otherwise noted)

Domestic Production and Use: In 2019, the nickel-copper Eagle Mine in Michigan produced cobalt-bearing nickel
concentrate. In Missouri, a company built a flotation plant and produced nickel-copper-cobalt concentrate from historic
mine tailings. Most U.S. cobalt supply comprised imports and secondary (scrap) materials. Approximately six
companies in the United States produced cobalt chemicals. About 46% of the cobalt consumed in the United States
was used in superalloys, mainly in aircraft gas turbine engines; 9% in cemented carbides for cutting and wear-
resistant applications; 14% in various other metallic applications; and 31% in a variety of chemical applications. The
total estimated value of cobalt consumed in 2019 was $400 million.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Mine® 760 690 640 490 500
Secondary 2,750 2,750 2,750 2,740 2,700
Imports for consumption 11,400 12,800 11,900 11,800 13,600
Exports 3,830 4,160 5,710 6,960 4,000
Consumption:
Reported (includes secondary) 8,830 9,010 9,240 9,270 9,300
Apparent (includes secondary)* 10,300 11,500 8,920 7,580 12,400
Price, average, dollars per pound:
U.S. spot, cathode? 13.44 12.01 26.97 37.43 17.00
London Metal Exchange (LME), cash 12.90 11.57 25.28 32.94 15.00
Stocks, yearend:
Industry?® 1,070 969 1,020 1,040 1,000
LME, U.S. warehouse 165 195 160 130 110
Net import reliance* as a percentage of
apparent consumption 73 76 69 64 78

Recycling: In 2019, cobalt contained in purchased scrap represented an estimated 29% of cobalt reported
consumption.

Import Sources (2015-18): Cobalt contained in metal, oxide, and salts: Norway, 17%; Japan, 13%; China, 11%;
Canada, 11%; and other, 48%.

Tariff: Item Number Normal Trade Relations
12-31-19

Cobalt ores and concentrates 2605.00.0000 Free.
Chemical compounds:

Cobalt oxides and hydroxides 2822.00.0000 0.1% ad val.

Cobalt chlorides 2827.39.6000 4.2% ad val.

Cobalt sulfates 2833.29.1000 1.4% ad val.

Cobalt carbonates 2836.99.1000 4.2% ad val.

Cobalt acetates 2915.29.3000 4.2% ad val.
Unwrought cobalt, alloys 8105.20.3000 4.4% ad val.
Unwrought cobalt, other 8105.20.6000 Free.
Cobalt mattes and other intermediate

products; cobalt powders 8105.20.9000 Free.

Cobalt waste and scrap 8105.30.0000 Free.
Wrought cobalt and cobalt articles 8105.90.0000 3.7% ad val.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Government Stockpile:® See the Lithium chapter for statistics on lithium-cobalt oxide and lithium-nickel-cobalt-
aluminum oxide.

FY 2019 FY 2020
Inventory Potential Potential Potential Potential
Material As of 9-30-19 Acquisitions Disposals Acquisitions Disposals
Cobalt 302 — — — —
Cobalt alloys, gross weight 3 — — — —

Prepared by Kim B. Shedd [(703) 648-4974, kshedd@usgs.govV]
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COBALT

Events, Trends, and Issues: Congo (Kinshasa) continued to be the world’s leading source of mined cobalt,
supplying approximately 70% of world cobalt mine production. With the exception of production in Morocco and
artisanally mined cobalt in Congo (Kinshasa), most cobalt is mined as a byproduct of copper or nickel. China was the
world’s leading producer of refined cobalt, most of which it produced from partially refined cobalt imported from Congo
(Kinshasa). China was the world’s leading consumer of cobalt, with more than 80% of its consumption being used by
the rechargeable battery industry.

During the first 7 months of 2019, cobalt prices generally trended downward, which analysts attributed to oversupply
and consumer destocking and deferral of purchases. In early August, a Switzerland-based producer and marketer of
commodities announced that, owing to low cobalt prices, it planned to place its world-leading cobalt mine on care-
and-maintenance status by yearend 2019. Following the announcement, cobalt prices increased, then stabilized.

World Mine Production and Reserves: Reserves for multiple countries were revised based on industry reports.

Mine production Reserves®
2018 2019¢

United States 490 500 55,000
Australia 4,880 5,100 71,200,000
Canada 3,520 3,000 230,000
China 2,000 2,000 80,000
Congo (Kinshasa) 104,000 100,000 3,600,000
Cuba 3,500 3,500 500,000
Madagascar 3,300 3,300 120,000
Morocco 2,100 2,100 18,000
New Caledonia?® 2,100 1,600 —
Papua New Guinea 3,280 3,100 56,000
Philippines 4,600 4,600 260,000
Russia 6,100 6,100 250,000
South Africa 2,300 2,400 50,000
Other countries 5,540 5,700 570,000
World total (rounded) 148,000 140,000 7,000,000

World Resources: Identified cobalt resources of the United States are estimated to be about 1 million tons. Most of
these resources are in Minnesota, but other important occurrences are in Alaska, California, Idaho, Michigan,
Missouri, Montana, Oregon, and Pennsylvania. With the exception of resources in Idaho and Missouri, any future
cobalt production from these deposits would be as a byproduct of another metal. Identified world terrestrial cobalt
resources are about 25 million tons. The vast majority of these resources are in sediment-hosted stratiform copper
deposits in Congo (Kinshasa) and Zambia; nickel-bearing laterite deposits in Australia and nearby island countries
and Cuba; and magmatic nickel-copper sulfide deposits hosted in mafic and ultramafic rocks in Australia, Canada,
Russia, and the United States. More than 120 million tons of cobalt resources have been identified in manganese
nodules and crusts on the floor of the Atlantic, Indian, and Pacific Oceans.

Substitutes: Depending on the application, substitution for cobalt could result in a loss in product performance or an
increase in cost. The cobalt contents of lithium-ion batteries, the leading global use for cobalt, are expected to be
reduced rather than eliminated; nickel contents of lithium-ion batteries will increase as cobalt contents decrease.
Potential substitutes in other applications include barium or strontium ferrites, neodymium-iron-boron, or nickel-iron
alloys in magnets; cerium, iron, lead, manganese, or vanadium in paints; cobalt-iron-copper or iron-copper in diamond
tools; copper-iron-manganese for curing unsaturated polyester resins; iron, iron-cobalt-nickel, nickel, cermets, or
ceramics in cutting and wear-resistant materials; nickel-based alloys or ceramics in jet engines; nickel in petroleum
catalysts; rhodium in hydroformylation catalysts; and titanium-based alloys in prosthetics.

*Estimated. — Zero.

!Defined as net import reliance + secondary production, as estimated from consumption of purchased scrap.

2As reported by Platts Metals Week. Cobalt cathode is refined cobalt metal produced by an electrolytic process.

3Stocks held by consumers and processors; excludes stocks held by trading companies and held for investment purposes.

“Defined as imports — exports + adjustments for Government and industry stock changes for refined cobalt.

5See Appendix B for definitions.

5See Appendix C for resource and reserve definitions and information concerning data sources.

For Australia, Joint Ore Reserves Committee-compliant reserves were 310,000 tons.

80verseas territory of France. Although nickel-cobalt mining and processing continued, the leading producer reported zero reserves based on
recent nickel prices.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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COPPER
(Data in thousand metric tons of copper content unless otherwise noted)

Domestic Production and Use: In 2019, U.S. mine production of recoverable copper increased by 6% to an
estimated 1.3 million tons and was valued at an estimated $7.9 billion, slightly less than $8.05 billion in 2018. Arizona
was the leading copper-producing State and accounted for an estimated 68% of domestic output, followed by, in
descending order, Utah, New Mexico, Nevada, Montana, Michigan, and Missouri. Twenty-four mines recovered
copper, 15 of which accounted for 99% of production. Three smelters, 3 electrolytic refineries, 4 fire refineries, and 14
electrowinning facilities operated during 2019. Refined copper and scrap were used at about 30 brass mills, 15 rod
mills, and 500 foundries and miscellaneous consumers. Copper and copper alloy products were used in building
construction, 43%; electrical and electronic products, 20%; transportation equipment, 20%; consumer and general
products, 10%; and industrial machinery and equipment, 7%.*

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Mine, recoverable 1,380 1,430 1,260 1,220 1,300
Refinery:
Primary (from ore) 1,090 1,180 1,040 1,070 1,000
Secondary (from scrap) 49 46 40 41 45
Copper recovered from old (post-consumer) scrap? 166 149 146 149 160
Imports for consumption:
Ores and concentrates ®) ®) 14 32 35
Refined 687 708 813 778 650
Exports:
Ores and concentrates 392 331 237 253 330
Refined 86 134 94 190 140
Consumption:
Reported, refined metal 1,810 1,800 1,800 1,820 1,850
Apparent (primary refined and old scrap)? 4 1,840 1,880 1,860 1,830 1,800
Price, annual average, cents per pound:
U.S. producer, cathode (COMEX + premium) 256.2 224.9 285.4 298.7 280.0
COMEX, high-grade, first position 250.8 219.7 280.4 292.6 270.0
London Metal Exchange, high-grade 249.5 220.6 279.5 296.0 270.0
Stocks, yearend, refined, held by U.S.
producers, consumers, and metal exchanges 209 223 265 244 130
Employment, mine and plant, thousands 11.2 10.1 10.5 11.7 12.0
Net import reliance® as a percentage of
apparent consumption 32 30 36 33 35

Recycling: Old (post-consumer) scrap, converted to refined metal and alloys, provided an estimated 160,000 tons of
copper, equivalent to 9% of apparent consumption. Purchased new (manufacturing) scrap, derived from fabricating
operations, yielded an estimated 710,000 tons of copper. Of the total copper recovered from scrap (including
aluminum- and nickel-base scrap), brass and wire-rod mills recovered approximately 80%; copper smelters, refiners,
and ingot makers, 15%; and miscellaneous chemical plants, foundries, and manufacturers, 5%. Copper in all scrap
contributed about 35% of the U.S. copper supply.®

Import Sources (2015-18): Copper content of blister and anodes: South Africa, 61%; Finland, 29%; Malaysia, 8%;
and other, 2%. Copper content of ores and concentrates: Mexico, 99%; and other, 1%. Copper content of scrap:
Canada, 55%; Mexico, 33%; and other, 12%. Refined copper: Chile, 56%; Canada, 26%; Mexico, 11%; and other,
7%. Refined copper accounted for 85% of all unwrought copper imports.

Tariff: Item Number Normal Trade Relations
12-31-19

Copper ores and concentrates, copper content 2603.00.0010 1.7¢/kg on lead content.

Unrefined copper anodes 7402.00.0000 Free.

Refined copper and alloys, unwrought 7403.00.0000 1.0% ad val.

Copper wire rod 7408.11.0000 1.0% or 3.0% ad val.

Depletion Allowance: 15% (Domestic), 14% (Foreign).

Government Stockpile: None.

Prepared by Daniel M. Flanagan [(703) 648-7726, dflanagan@usgs.gov]
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COPPER

Events, Trends, and Issues: In 2019, U.S. mine production of copper increased by an estimated 6% owing to higher
ore grades and (or) higher mining and milling rates at several operations. Output from the Mission Mine rose from that
in 2018, when production was significantly affected by a landslide early in the year. On October 11, about 75% of
unionized workers at a company with mines and plants in Arizona and Texas voted to go on strike. The company
announced that it would temporarily close its smelter and refinery but did not address the status of its Arizona mines.
Non-striking workers may have continued to extract ore at some sites, based on media reports. Production of refined
copper in the United States fell by an estimated 7% as a result of the strike, which had not been resolved as of early
December, and maintenance shutdowns at two other smelters. Two projects (Gunnison in Arizona and Pumpkin
Hollow in Nevada) planned to begin production by yearend but had not started up as of the end of November.

Estimated global mine production of copper decreased slightly to 20 million tons in 2019 from 20.4 million tons in
2018, owing primarily to reduced output from the Batu Hijau and Grasberg Mines in Indonesia, where mining was
shifting to new ore zones. Production also declined in Chile as a result of lower ore grades, strikes, and weather-
related disruptions. These decreases were partially offset by increased output from multiple other countries. Global
refined production increased slightly to an estimated 25 million tons in 2019 from 24.4 million tons in 2018. Higher
refinery capacity in China was mostly offset by smelter shutdowns for maintenance and upgrades in other countries.
In Zambia, mined and refined copper output were affected by a new import duty on copper concentrates, which
lowered smelter production and constrained the supply of sulfuric acid needed to produce electrowon copper.

Through November 2019, the monthly average COMEX spot copper price varied between $2.56 per pound (October)
and $2.92 per pound (April). It was projected to average about $2.70 per pound for the full year, a decrease of 8%
from $2.93 per pound in 2018.

World Mine Production and Reserves: Reserves for multiple countries were revised based on reported company
data and (or) information from the Governments of those countries.

Mine production Reserves’
2018 2019¢

United States 1,220 1,300 51,000
Australia 920 960 887,000
Chile 5,830 5,600 200,000
China 1,590 1,600 26,000
Congo (Kinshasa) 1,230 1,300 19,000
Indonesia 651 340 28,000
Kazakhstan 603 700 20,000
Mexico 751 770 53,000
Peru 2,440 2,400 87,000
Russia 751 750 61,000
Zambia 854 790 19,000
Other countries 3,540 3,800 220,000
World total (rounded) 20,400 20,000 870,000

World Resources: A 2014 U.S. Geological Survey assessment of copper deposits indicated that identified resources
contained about 2.1 billion tons of copper, and undiscovered resources contained an estimated 3.5 billion tons.®

Substitutes: Aluminum substitutes for copper in automobile radiators, cooling and refrigeration tube, electrical
equipment, and power cable. Titanium and steel are used in heat exchangers. Optical fiber substitutes for copper in
telecommunications applications, and plastics substitute for copper in drain pipe, plumbing fixtures, and water pipe.

*Estimated.

!Distribution reported by the Copper Development Association. Some electrical components are included in each end use.

2Includes copper converted to refined metal and alloys by brass and wire-rod mills, foundries, refineries, and other manufacturers.

SLess than %2 unit.

“Primary refined production + copper in old scrap converted to refined metal and alloys + refined imports — refined exports + refined stock changes.
Defined as refined imports — refined exports + adjustments for refined copper stock changes.

5Primary refined production + copper recovered from old and new scrap + refined imports — refined exports + refined stock changes.

’See Appendix C for resource and reserve definitions and information concerning data sources.

8For Australia, Joint Ore Reserves Committee-compliant reserves were 23 million tons.

®Johnson, K.M., Hammarstrom, J.M., Zientek, M.L., and Dicken, C.L., 2014, Estimate of undiscovered copper resources of the world, 2013: U.S.
Geological Survey Fact Sheet 2014-3004, 3 p., https.://doi.org/10.3133/fs20143004.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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DIAMOND (INDUSTRIAL)?!
(Data in million carats unless otherwise noted)

Domestic Production and Use: In 2019, total domestic primary production of manufactured industrial diamond bort,
grit, and dust and powder was estimated to be 190 million carats with a value of $86 million. There was no domestic
production of stone. One firm in Ohio and one firm in Pennsylvania accounted for all of the production. At least nine
firms produced polycrystalline diamond from diamond powder. At least two companies recovered used industrial
diamond as one of their principal operations. The major consuming sectors of industrial diamond are computer chip
production; construction; drilling for minerals, natural gas, and oil; machinery manufacturing; stone cutting and
polishing; and transportation (infrastructure and vehicles). Highway building, milling, and repair and stone cutting
consumed most of the industrial diamond stone. About 99% of U.S. industrial diamond apparent consumption was
synthetic industrial diamond because its quality can be controlled and its properties can be customized.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Bort, grit, and dust and powder; natural and synthetic:
Production:
Manufactured diamonde 40 42 41 184 190
Secondary 63 66 11 33 38
Imports for consumption 275 216 362 548 350
Exports 140 134 161 159 120
Consumption, apparent? 238 190 253 606 460
Price, value of imports, dollars per carat 0.20 0.23 0.16 0.12 0.13
Net import reliances as a percentage of
apparent consumption 57 43 79 64 50
Stones, natural and synthetic:
Production:
Manufactured diamond® 79 83 87 — —
Secondary 0.19 0.36 0.39 0.13 0.12
Imports for consumption 1.31 1.37 1.23 0.95 0.84
Exports — — — — —
Sales from Government stockpile excesses — — — — —
Consumption, apparent? 80.7 84.9 89.0 1.1 1.0
Price, value of imports, dollars per carat 17.50 13.60 12.90 7.60 7.20
Net import reliance3 as a percentage of
apparent consumption 2 2 1 88 88

Recycling: In 2019, the amount of diamond bort, grit, and dust and powder recycled was estimated to be 38 million
carats with an estimated value of $790,000. It was estimated that 120,000 carats of diamond stone was recycled with
an estimated value of $190,000.

Import Sources (2015-18): Bort, grit, and dust and powder; natural and synthetic: China, 77%; Ireland, 8%; Republic
of Korea, 5%; Russia, 4%; and other, 6%. Stones, primarily natural: India, 32%; South Africa, 31%; Botswana, 17%;
Australia, 9%; and other, 11%.

Tariff: Item Number Normal Trade Relations
12-31-19

Industrial Miners’ diamonds, carbonados 7102.21.1010 Free.
Industrial Miners’ diamonds, other 7102.21.1020 Free.
Industrial diamonds, simply sawn, cleaved, or bruted 7102.21.3000 Free.
Industrial diamonds, not worked 7102.21.4000 Free.
Grit or dust and powder of natural diamonds,

80 mesh or finer 7105.10.0011 Free.
Grit or dust and powder of natural diamonds,

over 80 mesh 7105.10.0015 Free.
Grit or dust and powder of synthetic diamonds,

coated with metal 7105.10.0020 Free.
Grit or dust and powder of synthetic diamonds,

not coated with metal, 80 mesh or finer 7105.10.0030 Free.
Grit or dust and powder of synthetic diamonds,

not coated with metal, over 80 mesh 7105.10.0050 Free.

Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov]



DIAMOND (INDUSTRIAL)

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Events, Trends, and Issues: In 2019, China was the world’s leading producer of synthetic industrial diamond, with
annual production exceeding 14.6 billion carats. The United States is likely to continue to be one of the world’s
leading markets for industrial diamond into the next decade and is expected to remain a significant producer and
exporter of synthetic industrial diamond as well. U.S. demand for industrial diamond is likely to be strong in the
construction sector as the United States continues building, milling, and repairing the Nation’s highway system.
Industrial diamond coats the cutting edge of saws used to cut concrete in highway construction and repair work.

In 2018 and 2019, U.S. synthetic-industrial-diamond producers did not manufacture any diamond stone. This resulted
in the large decrease in apparent consumption and the large increase in industrial diamond stone import reliance
seen in the salient statistics table. Domestic and global demand for synthetic diamond grit and powder is expected to
remain greater than that for natural diamond material.

Synthetic diamond production far exceeds natural industrial diamond output. Worldwide production of manufactured
industrial diamond totaled at least 14.6 billion carats in 2019; the leading producers included China, France, Ireland,
Japan, Russia, South Africa, Sweden, and the United States.

Global rough diamond production decreased by 14% during the first two quarters of 2019 driven by reductions in
Botswana and South Africa. Globally, most natural industrial diamond is produced as a byproduct of mining gem-
quality diamond.

World Natural Industrial Diamond Mine Production and Reserves:* Reserves for Australia and South Africa were
revised based on Government and company information.

Mine production Reserves®
2018 2019¢

United States — — NA
Australia 14 13 640
Botswana 7 6 90
Congo (Kinshasa) 12 12 150
Russia 19 19 650
South Africa 2 2 54
Zimbabwe 3 3 NA
Other countries 1 1 120
World total (rounded) 58 56 1,100

World Resources: Natural diamond deposits have been discovered in more than 35 countries. Natural diamond
accounts for about 1% of all industrial diamond used; synthetic diamond accounts for the remainder. At least 15
countries have the technology to produce synthetic diamond.

Substitutes: Materials that can compete with industrial diamond in some applications include manufactured
abrasives, such as cubic boron nitride, fused aluminum oxide, and silicon carbide. Globally, synthetic diamond, rather
than natural diamond, is used for about 99% of industrial applications.

°Estimated. NA Not available. — Zero.

1See Gemstones for information on gem-quality diamond.

2Defined as manufactured diamond production + secondary diamond production + imports — exports.
3Defined as imports — exports.

“Natural industrial diamond only.

5See Appendix C for resource and reserve definitions and information concerning data sources.

SFor Australia, Joint Ore Reserves Committee-compliant reserves were 39 million carats.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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DIATOMITE
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: In 2019, production of diatomite was estimated to be 980,000 tons with an
estimated processed value of $330 million, f.0.b. plant. Six companies produced diatomite at 12 mining areas and 9
processing facilities in California, Nevada, Oregon, and Washington. Approximately 60% of diatomite is used in
filtration products. The remaining 40% is used in absorbents, fillers, lightweight aggregates, and other applications. A
small amount, less than 1%, is used for specialized pharmaceutical and biomedical purposes. The unit value of
diatomite varied widely in 2019, from approximately $10 per ton when used as a lightweight aggregate in portland
cement concrete to more than $1,000 per ton for limited specialty markets, including art supplies, cosmetics, and
DNA extraction.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production? 832 686 768 957 980
Imports for consumption 7 8 9 9 10
Exports 74 66 87 68 72
Consumption, apparent? 765 628 690 898 920
Price, average value, dollars per ton, f.0.b. plant 290 280 360 330 340
Employment, mine and plant, numbere 345 350 360 370 370
Net import reliance?® as a percentage

of apparent consumption E E E E E

Recycling: None.
Import Sources (2015-18): Canada, 75%; Mexico, 11%; Germany, 9%; Japan, 2%; and other, 3%.

Tariff: Iltem Number Normal Trade Relations
12-31-19
Siliceous fossil meals, including diatomite 2512.00.0000 Free.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Events, Trends, and Issues: The amount of domestically produced diatomite sold or used by producers in 2019
increased slightly compared with that of 2018. Apparent domestic consumption increased slightly in 2019 to an
estimated 920,000 tons; exports increased by an estimated 6%. The United States remained the leading global
producer and consumer of diatomite. Filtration (including the purification of beer, liquors, and wine and the cleansing
of greases and oils) continued to be the leading end use for diatomite, also known as diatomaceous earth. An
important application for diatomite is the removal of microbial contaminants, such as bacteria, protozoa, and viruses
in public water systems. Other applications for diatomite include filtration of human blood plasma, pharmaceutical
processing, and use as a nontoxic insecticide. Domestically, diatomite used in the production of cement was the
second-ranked use.

Prepared by Robert D. Crangle, Jr. [(703) 648—6410, rcrangle@usgs.gov]



DIATOMITE
In 2019, the United States was the leading producer of diatomite, accounting for an estimated 34% of total world
production, followed by Denmark and China with 15% each, Turkey with 6%, the Republic of Korea with 5%, Peru
with 4%, and Mexico with 3%. Smaller quantities of diatomite were mined in 23 additional countries.

World Mine Production and Reserves:

Mine production Reserves*
2018 2019¢

United States? 957 980 250,000
Argentina 70 70 NA
China 420 420 110,000
Denmark® (processed) 440 440 NA
France 75 80 NA
Germany 52 50 NA
Japan 40 40 NA
Korea, Republic of 134 130 NA
Mexico 96 100 NA
New Zealand 40 40 NA
Peru 110 110 NA
Russia 47 50 NA
Spain 50 50 NA
Turkey 170 170 44,000
Other countries 143 170 NA
World total (rounded) 2,840 2,900 Large

World Resources: Diatomite deposits form from an accumulation of amorphous hydrous silica cell walls of dead
diatoms in oceanic and fresh waters. Diatomite is also known as kieselguhr (Germany), tripolite (after an occurrence
near Tripoli, Libya), and moler (an impure Danish form). Because U.S. diatomite occurrences are at or near Earth’s
surface, recovery from most deposits is achieved through low-cost, open pit mining. Outside the United States,
however, underground mining is fairly common owing to deposit location and topographic constraints. World
resources of crude diatomite are adequate for the foreseeable future.

Substitutes: Many materials can be substituted for diatomite. However, the unique properties of diatomite assure its
continued use in many applications. Expanded perlite and silica sand compete for filtration. Filters made from
manufactured materials, notably ceramic, polymeric, or carbon membrane filters and filters made with cellulose fibers,
are becoming competitive as filter media. Alternate filler materials include clay, ground limestone, ground mica,
ground silica sand, perlite, talc, and vermiculite. For thermal insulation, materials such as various clays, exfoliated
vermiculite, expanded perlite, mineral wool, and special brick can be used. Transportation costs will continue to
determine the maximum economic distance that most forms of diatomite may be shipped and still remain competitive
with alternative materials.

°Estimated. E Net exporter. NA Not available.

'Processed ore sold or used by producers.

2Defined as production + imports — exports.

3Defined as imports — exports.

“See Appendix C for resource and reserve definitions and information concerning data sources.
SIncludes sales of moler production.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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FELDSPAR AND NEPHELINE SYENITE
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: U.S. feldspar production in 2019 had an estimated value of $46 million. The three
leading companies mined and processed about 80% of production; four other companies supplied the remainder.
Producing States were North Carolina, California, Oklahoma, Virginia, and ldaho, in descending order of estimated
tonnage. Feldspar processors reported joint product recovery of mica and silica sand. Nepheline syenite produced in
the United States was not included in production figures because the material was not considered to be marketable
as a flux and was mostly used in construction applications.

Feldspar is ground to about 20 mesh for glassmaking and to 200 mesh or finer for most ceramic and filler
applications. It was estimated that domestically produced feldspar was transported by ship, rail, or truck to at least 30
States and to foreign destinations, including Canada and Mexico. In pottery and glass, feldspar and nepheline syenite
function as a flux. The estimated 2019 end-use distribution of domestic feldspar and nepheline syenite was glass,
about 65%, and ceramic tile, pottery, and other uses, 35%.

Salient Statistics—United States: 2015 2016 2017 2018 2019°
Production, marketablel 520 470 440 550 470
Imports for consumption:
Feldspar 120 37 290 181 75
Nepheline syenite 449 572 1,460 1,070 500
Exports, feldspar 15 6 5 4 5
Consumption, apparent?: 2
Feldspar only 630 510 730 720 540
Feldspar and nepheline syenite 1,100 1,100 2,200 1,800 1,000
Price, average value, dollars per ton:
Feldspar only, marketable production 71 69 64 97 97
Nepheline syenite, import value 150 128 61 76 157
Employment, mine, preparation plant,
and office, numbere 270 250 240 240 240

Net import reliance? as a percentage
of apparent consumption:
Feldspar 17 6 39 24 13
Nepheline syenite 100 100 100 100 100

Recycling: Feldspar and nepheline syenite are not recycled by producers; however, glass container producers use
cullet (recycled container glass), thereby reducing feldspar and nepheline syenite consumption.

Import Sources (2015-18): Feldspar: Turkey, 98%; and other, 2%. Nepheline syenite: Canada, 100%.

Tariff: Item Number Normal Trade Relations
12-31-19

Feldspar 2529.10.0000 Free.

Nepheline syenite 2529.30.0010 Free.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Events, Trends, and Issues: In 2019, domestic production and sales of feldspar decreased by almost 15% and the
average unit value of sales was virtually unchanged from that of 2018. Imports of feldspar and nepheline syenite
decreased substantially in 2019 and appear to have returned to the levels of imports prior to the unusually high level
of 2017. A company based in Canada continued development of a feldspar-quartz-kaolin project in Idaho that
contained high-grade potassium feldspar. In March 2019, the company amended project development plans to open
a smaller than initially planned operation, with production expected to be about 30,000 tons per year of potassium
feldspar during a 25-year mine life. For several years, the operation has produced a low-iron and trace-element
feldspathic sand product from old mine tailings, which was sold to ceramic tile producers.

Prepared by Zachary T. Ghalayini [Contact Joyce A. Ober, (703) 648-7717, jober@usgs.gov]]
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FELDSPAR AND NEPHELINE SYENITE

Domestic feldspar consumption has been gradually shifting toward glass from ceramics. A growing segment in the
glass industry was solar glass, used in the production of solar panels. Glass, including beverage containers (more
than one-half of the feldspar consumed by the glass industry), plate glass, and fiberglass insulation for housing and
building construction, continued to be the leading end use of feldspar in the United States.

In the United States, residential construction, in which feldspar is a raw material commonly used in the manufacture of
plate glass, ceramic tiles and sanitaryware, and insulation, slowed down during the first 9 months of 2019 compared
with the same period in 2018.

A company based in Canada continued development of its White Mountain high-purity calcium feldspar (anorthosite)
deposit in southwestern Greenland; the construction of all necessary facilities was finished in 2018. Upon completion
of the electrical components and the road to the port facility, the company began shipping products to customers in
August 2019. Owing to the feldspar’s purity and tests, which indicate an alumina recovery of greater than 90%, the
company is targeting its product as a replacement for bauxite as a primary source of alumina. In addition, this high-
purity calcium feldspar is targeted to compete with kaolin in the production of electrical-grade glass (E-glass)
fiberglass and kaolin and premium nepheline syenite in the filler market for paint and clear-coating formulations and
polymers.

World Mine Production and Reserves:* Reserves data for Thailand were revised based on Government
information.

Mine production Reserves®
2018 2019¢

United States? 550 470 NA
Brazil (beneficiated marketable) 400 400 150,000
China 2,000 2,000 NA
Czechia 449 460 23,000
Egypt 400 400 1,000,000
India 4,000 4,000 320,000
Iran 750 750 630,000
Italy 4,000 4,000 NA
Korea, Republic of 617 650 240,000
Malaysia 420 420 NA
Spain (includes pegmatites) 600 600 NA
Thailand 1,500 1,600 235,000
Turkey 7,500 7,500 240,000
Other countries 2,380 2,400 NA
World total (rounded) 25,600 26,000 Large

World Resources: Identified and undiscovered resources of feldspar are more than adequate to meet anticipated
world demand. Quantitative data on resources of feldspar existing in feldspathic sands, granites, and pegmatites
generally have not been compiled. Ample geologic evidence indicates that resources are large, although not always
conveniently accessible to the principal centers of consumption.

Substitutes: Imported nepheline syenite was the major alternative material for feldspar. Feldspar can be replaced in
some of its end uses by clays, electric furnace slag, feldspar-silica mixtures, pyrophyllite, spodumene, or talc.

°Estimated. NA Not available.

'Rounded to two significant digits to avoid disclosing company proprietary data.

2Defined as production + imports — exports.

3Defined as imports — exports.

“Feldspar only.

5See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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FLUORSPAR
(Data in thousand metric tons unless otherwise noted)

Domestic Production and Use: In 2019, minimal fluorspar (calcium fluoride, CaF2z) was produced in the United
States. One company sold fluorspar from stockpiles produced as a byproduct of its limestone quarrying operation in
Cave-in-Rock, IL. Synthetic fluorspar may have been recovered as a byproduct of petroleum alkylation, stainless steel
pickling, or uranium processing, but no data were collected from any of these operations. An estimated 17,000 tons of
fluorosilicic acid (FSA), equivalent to about 27,000 tons of fluorspar grading 100%, was recovered from four
phosphoric acid plants processing phosphate rock. Fluorosilicic acid was used primarily in water fluoridation.

U.S. fluorspar consumption was satisfied by imports and small quantities of byproduct synthetic fluorspar.
Domestically, production of hydrofluoric acid (HF) in Louisiana and Texas was by far the leading use for acid-grade
fluorspar. Hydrofluoric acid is the primary feedstock for the manufacture of virtually all fluorine-bearing chemicals,
particularly refrigerants and fluoropolymers, and is also a key ingredient in the processing of aluminum and uranium.
Fluorspar was also used in cement production, in enamels, as a flux in steelmaking, in glass manufacture, in iron and
steel casting, and in welding rod coatings.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Finished, metallurgical grade NA NA NA NA NA
Fluorspar equivalent from phosphate rock 105 72 64 27 27
Imports for consumption:
Acid grade 328 328 331 381 370
Metallurgical grade 48 55 70 78 70
Total fluorspar imports 376 383 401 459 440
Hydrofluoric acid 120 126 123 122 130
Aluminum fluoride 32 20 21 26 39
Cryolite 19 16 10 17 22
Exports, all grades 14 12 11 9 7
Consumption
Apparent? 362 371 390 450 430
Reported w w w w w
Price, average value of imports
Cost, insurance, and freight, dollars per ton:
Acid grade 289 273 267 276 300
Metallurgical grade 249 233 237 258 270
Stocks, yearend, consumer and dealer? €150 €150 NA NA NA
Employment, mine, numbere 5 4 4 3 3
Net import reliance3 as a percentage of
apparent consumption 100 100 100 100 100

Recycling: Synthetic fluorspar may be produced from neutralization of waste in the enrichment of uranium, petroleum
alkylation, and stainless steel pickling; however, undesirable impurities constrain use. Primary aluminum producers
recycle HF and fluorides from smelting operations.

Import Sources (2015-18): Mexico, 66%; Vietnam, 13%; South Africa, 8%; China, 6%; and other, 7%.

Tariff: Item Number Normal Trade Relations
12-31-19
Metallurgical grade (less than 97% CaF2) 2529.21.0000 Free.
Acid grade (97% or more CaF>) 2529.22.0000 Free.
Natural cryolite 2530.90.1000 Free.
Hydrogen fluoride (hydrofluoric acid) 2811.11.0000 Free.
Aluminum fluoride 2826.12.0000 Free.
Synthetic cryolite 2826.30.0000 Free.

Depletion Allowance: 22% (Domestic), 14% (Foreign).

Government Stockpile: None.

Prepared by Michele E. McRae [(703) 648—-7743, mmcrae@usgs.gov]
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Events, Trends, and Issues: In recent years, several of the world’s leading mines have been operating at or near full
capacity. Further, there have been increasing concerns about the possibility of China becoming a net fluorspar
importer owing to increased environmental regulation of its mining industry. Although there is little reliable information
on China’s fluorspar production, China’s reported imports of fluorspar increased by approximately 350,000 tons from
2017 to 2018, and by an estimated 100,000 tons in 2019; imports were primarily from Mongolia and new production in
Burma. New producers in Canada, Morocco, and South Africa were also ramping up production in 2019.

A hydrofluoroolefin (HFO) plant in Corpus Christi, TX, went into operation in February. HFO manufacturers continued
to introduce HFOs and blends as low global-warming-potential alternatives to hydrofluorocarbon-based foam-blowing
agents, propellants, and refrigerants, which are subject to increased restrictions under the Montreal Protocol.
Because refrigerant gases are a leading downstream use of HF, the HFO plant, along with a similar plant in Baton
Rouge, LA, that went into operation in 2017, were expected to support strong demand for fluorspar in the United
States.

World Mine Production and Reserves: Reserves for Brazil and Spain were revised based on updated data from
Government sources, and reserves for Morocco were revised based on company-reported information.

Mine production Reserves*®
2018 2019¢

United States NA NA 4,000
Argentina 14 14 NA
Brazil 26 18 1,400
Burma 70 44 NA
Canada 20 110 NA
China 4,000 4,000 42,000
Germany 45 45 NA
Iran 70 55 3,400
Mexico 1,080 1,200 68,000
Mongolia 605 670 22,000
Morocco 65 100 320
South Africa 242 240 41,000
Spain 145 140 10,000
Thailand 48 50 3,600
United Kingdom 11 21 4,000
Vietham 239 240 5,000
Other countries 40 41 110,000
World total (rounded) 6,720 7,000 310,000

World Resources: Enormous quantities of fluorine are present in phosphate rock. Current U.S. reserves of
phosphate rock are estimated to be 1 billion tons, containing about 72 million tons of 100% fluorspar equivalent
assuming an average fluorine content of 3.5% in the phosphate rock. World reserves of phosphate rock are estimated
to be 70 billion tons, equivalent to about 5 billion tons of 100% fluorspar equivalent.

Substitutes: Fluorosilicic acid is used to produce aluminum fluoride (AlF3), but because of differing physical
properties, AlFs produced from FSA is not readily substituted for AlFs produced from fluorspar. Fluorosilicic acid has
been used to produce HF, but this practice has not been widely adopted. Synthetic fluorspar could potentially be
recovered by the Department of Energy’s two depleted uranium hexafluoride conversion plants in Paducah, KY, and
Portsmouth, OH. However, the preferred product is currently aqueous HF rather than fluorspar. Aluminum smelting
dross, borax, calcium chloride, iron oxides, manganese ore, silica sand, and titanium dioxide have been used as
substitutes for fluorspar fluxes.

°Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data.
!Defined as total fluorspar imports — exports.

2Industry stocks for leading consumers and fluorspar distributors.

3Defined as imports — exports.

“See Appendix C for resource and reserve definitions and information concerning data sources.
SMeasured as 100% calcium fluoride.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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GALLIUM
(Data in kilograms of gallium content unless otherwise noted)

Domestic Production and Use: No domestic primary (low-grade, unrefined) gallium has been recovered since 1987.
Globally, primary gallium is recovered as a byproduct of processing bauxite and zinc ores. One company in Utah
recovered and refined high-purity gallium from imported low-grade primary gallium metal and new scrap. Imports of
gallium metal and gallium arsenide (GaAs) wafers were valued at about $700,000 and $170 million, respectively.
GaAs was used to manufacture integrated circuits (ICs) and optoelectronic devices, which include laser diodes, light-
emitting diodes (LEDs), photodetectors, and solar cells. Gallium nitride (GaN) principally was used to manufacture
optoelectronic devices. ICs accounted for 73% of domestic gallium consumption, optoelectronic devices accounted
for 25%, and research and development accounted for 2%. About 81% of the gallium consumed in the United States
was contained in GaAs, GaN, and gallium phosphide (GaP) wafers. Gallium metal, triethyl gallium, and trimethyl
gallium, used in the epitaxial layering process to fabricate epiwafers for the production of LEDs and ICs, accounted
for most of the remainder. Optoelectronic devices were used in aerospace applications, consumer goods, industrial
equipment, medical equipment, and telecommunications equipment. Uses of ICs included defense applications, high-
performance computers, and telecommunications equipment.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production, primary — — — — —
Imports for consumption:

Metal 28,600 10,500 20,200 32,000 3,000

Gallium arsenide wafers (gross weight) 2,690,000 1,290,000 804,000 446,000 340,000
Exports NA NA NA NA NA
Consumption, reported 29,700 18,100 17,900 15,000 15,000
Price, imports, dollars per kilogram:

High-purity, refined? 317 690 a77 508 570

Low-purity, primary? 188 125 124 185 150
Stocks, consumer, yearend 3,280 2,720 2,840 2,920 1,920
Net import reliance3 as a percentage

of reported consumption 100 100 100 100 100

Recycling: Old scrap, none. Substantial quantities of new scrap generated in the manufacture of GaAs-based
devices were reprocessed to recover high-purity gallium at one facility in Utah.

Import Sources (2015-18): Metal: China*, 50%; United Kingdom, 18%; Germany, 10%; Ukraine, 9%; and other,
13%.

Tariff: Item Number Normal Trade Relations
12-31-19

Gallium arsenide wafers, doped 3818.00.0010 Free.

Gallium metal 8112.92.1000 3.0% ad val.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Events, Trends, and Issues: Imports of gallium metal and GaAs wafers continued to account for all U.S.
consumption of gallium. In 2019, gallium metal imports decreased by about 90% from those of 2018, most likely
owing to the introduction of higher import tariffs on gallium from China and the 300% increase of gallium imports from
China in 2018 before the tariffs were introduced. Gallium stockpiling in 2018 may have been prompted by the
discussion of China’s potential tariffs.

Primary low-grade (99.99%-pure) gallium prices in China decreased by about 7% in 2019. Low-grade gallium prices
worldwide continued to decline as China’s primary low-grade gallium production continued to exceed worldwide
consumption despite reduced production. The average monthly price for low-grade gallium in China decreased to
$145 per kilogram throughout 2019 from approximately $155 per kilogram at yearend 2018. China’s primary low-
grade gallium production capacity has expanded to approximately 600 tons per year since 2016 from 140 tons per
year in 2010. China accounted for more than 80% of worldwide low-grade gallium capacity.

Prepared by Brian W. Jaskula [(703) 648-4908, bjaskula@usgs.gov]
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Low-grade primary gallium producers outside of China most likely restricted output owing to a large surplus of primary
gallium. These producers included Japan, the Republic of Korea, Russia, and Ukraine. Germany and Kazakhstan
ceased primary production in 2016 and 2013, respectively.

Primary high-purity refined gallium production in 2019 was estimated to be about 205 tons. China, Japan, Slovakia,
and the United States were the known principal producers of high-purity refined gallium. The United Kingdom ceased
high-purity gallium production in 2018. Gallium was recovered from new scrap in Canada, China, Germany, Japan,
Slovakia, and the United States. World primary low-grade gallium production capacity in 2019 was estimated to be
720 tons per year; high-purity refinery capacity, 330 tons per year; and secondary capacity, 270 tons per year.

In 2018, the value of worldwide radio frequency (RF) GaAs device consumption increased slightly to $8.9 billion
owing to a growing wireless telecommunications infrastructure in Asia; growth of third- and fourth-generation (3G and
4G) “smartphones,” which employ up to 10 times the amount of GaAs in standard cellular handsets; and robust use in
military radar and communications applications. Global GaAs wafer consumption by volume increased by 17% in
2019, with an estimated 50% and 40% of wafers used in LED and RF applications, respectively. Countries within the
Asia and the Pacific region dominated the GaAs wafer market. Owing to their large power-handling capabilities, high-
switching frequencies, and higher voltage capabilities, GaN-based products, which historically have been used in
defense applications, continued to be used in cable television transmission, commercial wireless infrastructure, power
electronics, and satellite markets. The GaN RF device market was estimated to be $750 million in 2019, an increase
of 15% from the revised $650 million in 2018.

The global high-power LED market was estimated to be $13.3 billion in 2019, an increase of 5.3% from that in 2018.
LED manufacturing capacity in Asia increased significantly in 2018 and 2019 owing to China’s Government-instituted
incentives to increase LED production. China’s increased LED production outpaced worldwide consumption and LED
prices declined.

World Production and Reserves:

Primary production Reserves®
2018 2019¢
United States — — Quantitative estimates of reserves are not
China 397,000 310,000 available.
Japan 3,000 3,000
Korea, Republic of 3,000 3,000
Russia 6,000 4,000
Ukraine 4,000 4,000
World total (rounded) 413,000 320,000

World Resources: Gallium occurs in very small concentrations in ores of other metals. Most gallium is produced as a
byproduct of processing bauxite and the remainder is produced from zinc-processing residues. The average gallium
content of bauxite is 50 parts per million. U.S. bauxite deposits consist mainly of subeconomic resources that are not
generally suitable for alumina production owing to their high silica content. Some domestic zinc ores contain up to 50
parts per million gallium and could be a significant resource, although no gallium is currently recovered from domestic
ores. Gallium contained in world resources of bauxite is estimated to exceed 1 million tons, and a considerable
guantity could be contained in world zinc resources. However, less than 10% of the gallium in bauxite and zinc
resources is potentially recoverable.

Substitutes: Liquid crystals made from organic compounds are used in visual displays as substitutes for LEDs.
Silicon-based complementary metal-oxide semiconductor power amplifiers compete with GaAs power amplifiers in
midtier 3G cellular handsets. Indium phosphide components can be substituted for GaAs-based infrared laser diodes
in some specific-wavelength applications, and helium-neon lasers compete with GaAs in visible laser diode
applications. Silicon is the principal competitor with GaAs in solar-cell applications. GaAs-based ICs are used in many
defense-related applications because of their unique properties, and no effective substitutes exist for GaAs in these
applications. GaAs in heterojunction bipolar transistors is being replaced in some applications by silicon-germanium.

eEstimated. NA Not available. — Zero.

!Estimated based on the average values of U.S. imports for 99.9999%- and 99.99999%-pure gallium.
2Estimated based on the average values of U.S. imports for 99.99%-pure gallium.

3Defined as imports — exports. Excludes gallium arsenide wafers.

“Includes Hong Kong.

5See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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GARNET (INDUSTRIAL)?
(Data in metric tons of garnet unless otherwise noted)

Domestic Production and Use: In 2019, garnet for industrial use was mined by four firms—one in Idaho, one in
Montana, and two in New York. One processing facility operated in Pennsylvania and another opened in Oregon in
June. The estimated value of crude garnet production was about $21 million, and refined material sold or used had an
estimated value of $62 million. The major end uses of garnet were, in descending percentage of consumption, for
abrasive blasting, water-filtration media, water-jet-assisted cutting, and other end uses, such as in abrasive powders,
nonslip coatings, and sandpaper. Domestic industries that consume garnet include aircraft and motor vehicle
manufacturers, ceramics and glass producers, electronic component manufacturers, filtration plants, glass polishing,
the petroleum industry, shipbuilders, textile stonewashing, and wood-furniture-finishing operations.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production (crude) 77,200 81,300 92,900 101,000 93,000
Production (refined, sold or used) 47,200 46,600 84,100 166,000 140,000
Imports for consumptions: 2 212,000 156,000 54,200 254,000 180,000
Exports® 11,000 10,100 17,700 14,200 12,000
Consumption, apparent®: 3 278,000 227,000 129,000 341,000 260,000
Price, average value, dollars per ton, import 230 200 300 210 250
Stocks, yearend NA NA NA NA NA
Employment, mine and mill, number® 110 110 140 170 160
Net import reliance* as a percentage

of apparent consumption 72 64 28 70 64

Recycling: Garnet was recycled in Pennsylvania at a plant with a recycling capacity of 25,000 tons per year and at a
new plant in Oregon, with a recycling capacity of 16,000 tons per year, that opened in June 2019. Garnet can be
recycled multiple times without degradation of its quality. Most recycled garnet is from blast cleaning and water-jet-
assisted cutting operations.

Import Sources (2015-18):¢ Australia, 30%; India, 30%; South Africa, 26%; China, 10%; and other, 4%.

Tariff: Iltem Number Normal Trade Relations
12-31-19
Emery, natural corundum, natural garnet,
and other natural abrasives, crude 2513.20.1000 Free.
Emery, natural corundum, natural
garnet, and other natural abrasives,
other than crude 2513.20.9000 Free.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Events, Trends, and Issues: During 2019, estimated domestic production of crude garnet concentrates decreased
by 8% compared with production in 2018. U.S. garnet production was estimated to be about 8% of total global garnet
production. The 2019 estimated domestic sales or use of refined garnet decreased by 12% compared with sales in
2018. This decrease was thought to have taken place because of high quantities of industry stocks of garnet and
decreased crude garnet production and imports into the United States.

Prepared by Kenneth C. Curry [(703) 648-7793, kcurry@usgs.gov]
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Garnet imports in 2019 were estimated to have decreased by 29% compared with those in 2018. Most of the
decrease was attributed to a lack of imports of garnet from South Africa, owing to the Pennsylvania processing facility
reaching its storage capacity. Imports from India remained steady and continued to recover from previous export
restrictions. Imports from China increased and somewhat offset the decrease from South Africa. In 2019, the average
unit value of garnet imports was $250 per ton, an increase of 19% compared with the average unit value in 2018. In
the United States, most domestically produced crude garnet concentrate was priced at about $230 per ton. U.S.
exports in 2019 were estimated to have decreased by 15%.

The United States consumed about 22% of global garnet production and world production of garnet decreased by 4%
in 2019. Garnet production increased in Australia and China; garnet production decreased in India and South Africa.

The garnet market is very competitive. To increase profitability and remain competitive with imported material,
production may be restricted to only high-grade garnet ores or as a byproduct of other salable mineral products that
occur with garnet, such as kyanite, marble, metallic ores, mica minerals, sillimanite, staurolite, or wollastonite.

World Mine Production and Reserves: Data for China were revised based on a new data source, which nearly
tripled estimated production compared with previously published data.

Mine production Reserves®
2018 2019¢

United States 101,000 93,000 5,000,000
Australia 360,000 400,000 Moderate to Large
China 290,000 310,000 Moderate to Large
India 162,000 150,000 13,000,000
South Africa 278,000 190,000 NA
Other countries 60,000 60,000 6,500,000
World total (rounded) 1,250,000 1,200,000 Moderate to Large

World Resources: World resources of garnet are large and occur in a wide variety of rocks, particularly gneisses and
schists. Garnet also occurs in contact-metamorphic deposits in crystalline limestones, pegmatites, serpentinites, and
vein deposits. In addition, alluvial garnet is present in many heavy-mineral sand and gravel deposits throughout the
world. Large domestic resources of garnet also are concentrated in coarsely crystalline gneiss near North Creek, NY;
other significant domestic resources of garnet occur in Idaho, Maine, Montana, New Hampshire, North Carolina, and
Oregon. In addition to those in the United States, major garnet deposits exist in Australia, Canada, China, India, and
South Africa, where they are mined for foreign and domestic markets; deposits in Russia and Turkey also have been
mined in recent years, primarily for internal markets. Additional garnet resources are in Chile, Czechia, Pakistan,
Spain, Thailand, and Ukraine; small mining operations have been reported in most of these countries.

Substitutes: Other natural and manufactured abrasives can substitute to some extent for all major end uses of
garnet. In many cases, however, using the substitutes would entail sacrifices in quality or cost. Fused aluminum oxide
and staurolite compete with garnet as a sandblasting material. Imenite, magnetite, and plastics compete as filtration
media. Corundum, diamond, and fused aluminum oxide compete for lens grinding and for many lapping operations.
Emery is a substitute in nonskid surfaces. Fused aluminum oxide, quartz sand, and silicon carbide compete for the
finishing of plastics, wood furniture, and other products.

°Estimated. NA Not available.

'Excludes gem and synthetic garnet.

2Source: U.S. Census Bureau and Trade Mining, LLC; adjusted by U.S. Geological Survey.
3Defined as crude production + imports — exports.

“Defined as imports — exports.

5See Appendix C for resource and reserve definitions and information concerning data sources.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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GEMSTONES!?
(Data in million dollars unless otherwise noted)

Domestic Production and Use: The combined value of U.S. natural and synthetic gemstone output in 2019 was an
estimated $65 million, a 9% increase compared with that of 2018. Domestic gemstone production included agate,
beryl, coral, diamond, garnet, jade, jasper, opal, pearl, quartz, sapphire, shell, topaz, tourmaline, turquoise, and many
other gem materials. In decreasing order of production value, Arizona, Oregon, Nevada, California, Montana, Maine,
Arkansas, Colorado, Utah, Idaho, North Carolina, Tennessee, and New York produced 96% of U.S. natural
gemstones. Synthetic gemstones were manufactured by four firms in North Carolina, California, Maryland, and
Arizona, in decreasing order of production value. Major gemstone uses were carvings, gem and mineral collections,
and jewelry.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:?
Natural® 8.5 11.7 9.2 9.5 10
Laboratory-created (synthetic) 55.1 54.9 55.1 50.0 55
Imports for consumption 25,100 25,200 24,900 27,700 26,000
Exports, excluding reexports 3,030 2,940 2,440 1,850 1,200
Consumption, apparent* 22,100 22,300 22,500 25,900 25,000
Price Variable, depending on size, type, and quality
Employment, mine, numbere 1,100 1,120 1,120 1,120 1,120
Net import reliance® as a percentage
of apparent consumption 99 99 99 99 99

Recycling: Gemstones are often recycled by being resold as estate jewelry, reset, or recut, but this report does not
account for those stones.

Import Sources (2015-18 by value): Diamond: India, 37%; Israel, 33%; Belgium, 14%; South Africa, 4%; and other,
12%. Typically, diamond imports account for 90% to 95% of the total value of gem imports.

Tariff: Item Number Normal Trade Relations
12-31-19

Coral and similar materials, unworked 0508.00.0000 Free.
Imitation gemstones 3926.90.4000 2.8% ad val.
Pearls, imitation, pearl beads, not strung 7018.10.1000 4.0% ad val.
Imitation gemstones, glass beads 7018.10.2000 Free.
Pearls, natural, graded and temporarily strung 7101.10.3000 Free.
Pearls, natural, other 7101.10.6000 Free.
Pearls, cultured 7101.21.0000 Free.
Diamonds, unworked or sawn 7102.31.0000 Free.
Diamonds, ¥ carat or less 7102.39.0010 Free.
Diamonds, cut, more than % carat 7102.39.0050 Free.
Other nondiamond gemstones, unworked 7103.10.2000 Free.
Other nondiamond gemstones, uncut 7103.10.4000 10.5% ad val.
Rubies, cut 7103.91.0010 Free.
Sapphires, cut 7103.91.0020 Free.
Emeralds, cut 7103.91.0030 Free.
Other nondiamond gemstones, cut 7103.99.1000 Free.
Other nondiamond gemstones, worked 7103.99.5000 10.5% ad val.
Synthetic gemstones, cut but not set 7104.90.1000 Free.
Synthetic gemstones, other 7104.90.5000 6.4% ad val.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile: None.

Events, Trends, and Issues: In 2019, U.S. imports for consumption of gem-quality diamonds were estimated to be
about $23 billion, which was an 8% decrease compared with $25.1 billion in 2018. U.S. imports for consumption of
natural, nondiamond gemstones were estimated to be about $3.0 billion, which was a 14% increase compared with
$2.64 billion in 2018. U.S. synthetic gemstone production increased by 10% compared with that in 2018. The increase

Prepared by Donald W. Olson [(703) 648-7721, dolson@usgs.gov]
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in synthetic production was because of the combination of a 5% increase in the value of U.S. synthetic diamond
production and a 16% increase in the value of U.S. synthetic moissanite production compared with those of 2018. No
synthetic diamond production was reported in South Carolina during 2019.

The United States accounted for more than 35% of the world’s diamond consumption and was once again the leading
global market in terms of consumer demand. The United States is expected to continue to dominate global gemstone
demand. Consumption also increased in Asia. During the first three quarters of 2019, globally, the leading gemstone
sales by value were diamond, emerald, ruby, sapphire, and tanzanite. Worldwide rough gem-grade diamond sales
decreased by 39% during the first three quarters compared with the same period of 2018.

Total world diamond production during 2019 increased slightly from 2018 levels. Production is expected to continue to
remain steady in the near term and then decline slightly, until 2025, when several large mines are expected to reach
the end of their mine life, and only a few new projects are being developed.

World Gem Diamond Mine Production and Reserves:

Mine production® Reserves’
2018 2019¢

United States ®) @) World reserves of diamond-bearing
Angola 7,570 7,500 deposits are substantial. No reserves
Australia 281 280 data are available for other gemstones.
Botswana 17,100 18,000
Brazil 251 250
Canada 23,200 23,000
China 99 100
Congo (Kinshasa) 3,030 3,000
Guinea 234 240
Lesotho 1,290 1,300
Namibia 2,400 2,500
Russia 24,200 25,000
Sierra Leone 590 600
South Africa 7,930 8,000
Tanzania 328 400
Zimbabwe 326 400
Other countries 242 400

World total (rounded) 89,000 91,000

World Resources: Most diamond-bearing ore bodies have a diamond content that ranges from less than 1 carat per
ton to about 6 carats per ton of ore. The major diamond reserves are in southern Africa, Australia, Canada, and
Russia.

Substitutes: Glass, plastics, and other materials are substituted for natural gemstones. Synthetic gemstones
(manufactured materials that have the same chemical and physical properties as natural gemstones) are common
substitutes. Simulants (materials that appear to be gems but differ in chemical and physical characteristics) also are
frequently substituted for natural gemstones.

*Estimated.

'Excludes industrial diamond and industrial garnet. See Diamond (Industrial) and Garnet (Industrial).
2Estimated minimum production.

%Includes production of freshwater shell.

“Defined as production (natural and synthetic) + imports — exports (excluding reexports).

SDefined as imports — exports (excluding reexports).

5Data in thousands of carats of gem diamond.

’See Appendix C for resource and reserve definitions and information concerning data sources.
8Less than ¥ unit.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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GERMANIUM
(Data in kilograms of germanium content unless otherwise noted)

Domestic Production and Use: In 2019, zinc concentrates containing germanium were produced at mines in
Alaska, Tennessee, and Washington. Germanium-containing concentrates in Alaska and Washington were exported
to a refinery in Canada for processing and germanium recovery. A zinc smelter in Clarksville, TN, produced and
exported germanium leach concentrates recovered from processing zinc concentrates from the Middle Tennessee
Mines. Germanium in the form of compounds and metal was imported into the United States for further processing by
industry. A company in Utah produced germanium wafers for solar cells used in satellites from imported and recycled
germanium. A refinery in Oklahoma recovered germanium from industry-generated scrap and produced germanium
tetrachloride for the production of fiber optics. Although the consumption quantity was estimated to have remained
level in 2019 compared with that in 2018, the estimated value of germanium consumed in 2019, based on the annual
average germanium metal price, was $37 million, about 20% less than that in 2018.

Salient Statistics—United States: 2015 2016 2017 2018 2019¢
Production:
Primary refinery — — — — —
Secondary refinery w w W W W
Imports for consumption:
Germanium metal 20,100 11,000 11,100 11,800 14,000
Germanium dioxide?! 14,300 15,200 12,000 12,400 13,000
Total exports? 5,000 4,780 3,670 4,880 3,300
Shipments from Government stockpile — — — — —
Consumption, estimated? 34,000 30,000 30,000 30,000 30,000
Price, annual average, dollars per kilogram:*
Germanium metal 1,792 1,087 1,082 1,543 1,240
Germanium dioxide 1,211 830 731 1,084 920
Net import reliances as a percentage of
estimated consumption >75% >50% >50% >50% >50%

Recycling: Worldwide, about 30% of the total germanium consumed is produced from recycled materials. During the
manufacture of most optical devices, more than 60% of the germanium metal used is routinely recycled as new scrap.
Germanium scrap is also recovered from the windows in decommissioned tanks and other military vehicles. The
United States has the capability to recycle new and old scrap.

Import Sources (2015-18):® Germanium metal: China, 59%; Belgium, 22%; Germany, 9%; Russia, 7%; and other,
3%.

Tariff: ltem Number Normal Trade Relations
12-31-19
Germanium oxides and zirconium dioxide 2825.60.0000 3.7% ad val.
Metal, unwrought 8112.92.6000 2.6% ad val.
Metal, powder 8112.92.6500 4.4% ad val.
Metal, wrought 8112.99.1000 4.4% ad val.

Depletion Allowance: 14% (Domestic and foreign).

Government Stockpile:”

FY 2019 FY 2020
Inventory Potential Potential Potential Potential
Material As of 9-30-19 Acquisitions Disposals Acquisitions Disposals
Germanium metal 14,004 — — — —
Germanium scrap (gross weight) 3,794 — 5,000 — 3,000
Germanium wafers (each) 68,671 — — — —

Events, Trends, and Issues: The major global end uses for germanium were electronics and solar applications,
fiber-optic systems, infrared optics, polymerization catalysts, and other uses (such as chemotherapy, metallurgy, and
phosphors). Germanium-containing infrared optics were primarily for military use, but the commercial applications for
thermal-imaging devices that use germanium lenses have increased during the past few years.

Prepared by Amy C. Tolcin [(703) 648-4940, atolcin@usgs.gov]
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The 2019 estimated average annual prices of germanium dioxide and germanium metal decreased by 15% and 20%,
respectively, from prices in 2018; however, the 2019 average annual prices remained higher than those in 2016 and
2017. Global demand for fiber-optic cable was thought to have decreased in 2019 compared with that in 2018 owing
to a slowdown in the rollout of fifth-generation cellular network technology and reduced spending on cable installation
by major telecommunication companies. Fiber-optic cable manufacturing accounted for about one-third of global
germanium consumption.

A Canada-based mining company lifted a partial force majeure on its germanium sales in February. The company
imposed the partial force majeure in January 2018 after an explosion damaged a slag fuming furnace at its lead-zinc
refinery in Canada. During the 13-month period, the company was able to fulfill about 60% of its contract sales for
germanium.

According to China news sources, several germanium producers temporarily stopped production during the year
either for maintenance or in response to low germanium prices. Most notably, a leading germanium producer in
Yunnan Province reportedly shut down a 10,000-kilogram-per-year germanium metal production line in June. At full
production, the company produced between 40,000 and 50,000 kilograms per year of germanium metal. The
shutdown was expected to last 6 months. This company received nine Government subsidies totaling 3.6 million yuan
between January 1, 2019, and June 27, 2019.

In October, the Government of Yunnan Province, China, auctioned 92,300 kilograms of germanium metal, which was
previously held by the now-defunct Fanya Metal Exchange. Kunming Rongke New Material Co. Ltd. was awarded the
full quantity.

World Refinery Production and Reserves:®8

Refinery production® Reserves?®
2018 2019
United States w w Data on the recoverable germanium
China 94,900 85,000 content of zinc ores are not available.
Russia 6,000 6,000
Other countries?® 30,000 40,000
World total (rounded)* 130,000 130,000

World Resources: The available resources of germanium are associated with certain zinc and lead-zinc-copper
sulfide ores. Substantial U.S. reserves of recoverable germanium are contained in zinc deposits in Alaska,
Tennessee, and Washington. Based on an analysis of zinc concentrates, U.S. reserves of zinc may contain as much
as 2,500 tons of germanium. Because zinc concentrates are shipped globally and blended at smelters, however, the
recoverable germanium in zinc reserves cannot be determined. On a global scale, as little as 3% of the germanium
contained in zinc concentrates is recovered. Significant amounts of germanium are contained in ash and flue dust
generated in the combustion of certain coals for power generation.

Substitutes: Silicon can be a less-expensive substitute for germanium in certain electronic applications. Some
metallic compounds can be substituted in high-frequency electronics applications and in some light-emitting-diode
applications. Zinc selenide and germanium glass substitute for germanium metal in infrared applications systems, but
often at the expense of performance. Antimony and titanium are substitutes for use as polymerization catalysts.

*Estimated. W Withheld to avoid disclosing company proprietary data. — Zero.

!Data has been adjusted to exclude low-value shipments, then multiplied by 69% to account for germanium content.
2Includes Schedule B numbers: 8112.92.6100, 8112.99.1000, and 2825.60.0000. Data have been adjusted to exclude low-value shipments. Oxide
data have been multiplied by 69% to account for germanium content.

SEstimated consumption of germanium contained in metal and germanium dioxide.

“Average European price for minimum 99.999% purity. Source: Argus Media group-Argus Metals International.

Defined as imports — exports + adjustments for Government stock changes.

SImport sources are based on gross weight of wrought and unwrought germanium metal and germanium metal powders.
’See Appendix B for definitions.

8Includes primary and secondary production.

9See Appendix C for resource and reserve definitions and information concerning data sources.

OIncludes Belgium, Canada, Germany, Japan, and Ukraine.

HExcludes U.S. production.

U.S. Geological Survey, Mineral Commodity Summaries, January 2020
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GOLD
(Data in metric tons? of gold content unless otherwise noted)

Domestic Production and Use: In 2019, domestic gold mine production was estimated to be about 200 tons, 11%
less than that in 2018, and the value was estimated to be about $9.0 billion. Gold was produced in 12 States at more
than 40 lode mines, at several large placer mines in Alaska, and numerous smaller placer mines (mostly in Alaska
and in the Western States). About 7% of domestic gold was recovered as a byproduct of processing domestic base-
metal ores, chiefly copper ores. The to