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CRITICAL MINERALS OF UTAH

by Stephanie E. Mills and Andrew Rupke

UTAH’S CRITICAL MINERALS SUMMARY

Utah is a state with diverse geology and natural resources, and
this diversity extends to mineral resources that are deemed
critical by the U.S. Department of the Interior. Utah’s criti-
cal mineral portfolio includes minerals currently in produc-
tion, defined resources, exploration projects, and potential
prospects. This report summarizes Utah’s critical minerals
and their geographic and geologic distribution within the
state. Utah is notable for being the global leader in beryllium
production; being the only domestic producer of magnesium
metal; being one of two states producing potash and the only
domestic producer of high-value potash; being a byprod-
uct producer of platinum, palladium, and rhenium from the
world-class Bingham Canyon copper-molybdenum mine; and
being a helium producer from natural gas streams. Utah has
known resources of aluminum, fluorspar, indium, lithium,
uranium, and vanadium, and has previously produced arsenic,
antimony, barite, germanium, gallium, manganese, tellurium,
and tungsten. Rare earth elements (REEs) could be a potential
byproduct of beryllium mine tailings. In total, Utah hosts 28
of the 35 current critical minerals.

Highlights of Utah’s critical minerals include:

e Global leader of beryllium: The Spor Mountain mine
in central Juab County is the largest global beryllium
producer, and the yet-to-be-mined bertrandite ore still
contained in the deposit is enough to continue mining
at current rates for another 75 years.

e Domestic leader of magnesium metal, lithium by-
product potential: Utah is the only domestic producer
of magnesium metal from a primary source (Great Salt
Lake brines) and the operator may soon produce lithi-
um as a byproduct.

e Domestic leader of high-value potash: Utah is the
only domestic producer of high-value potash as po-
tassium sulfate sourced from Great Salt Lake brine,
and one of two domestic producers of the more
common potash, potassium chloride, sourced from
Bonneville Salt Flat brines and subsurface evapo-
rites near Moab.

e Bingham Canyon byproduct platinum, palladium,
and rhenium: The world-class Bingham Canyon
mine, central to the most historically productive min-
ing district in the United States, produces byproduct
platinum, palladium, and rhenium as part of the min-
ing and refining operations.

e New production of helium: The Lisbon Valley gas
plant in San Juan County began purifying helium
from natural gas streams in late 2019, and feeds to the
plant include natural gas from nearby fields in Utah.

e Known resources of indium, aluminum, and fluor-
spar: The West Desert zinc-copper-indium skarn de-
posit contains enough indium to supply current levels
of U.S. consumption for 7 years, and the Blawn Moun-
tain alunite deposit contains more than eight times the
amount of alumina imported by the United States an-
nually. The Lost Sheep fluorspar mine has produced
enough fluorspar historically to account for more than
15% annual U.S. consumption.

e Refinement of uranium and vanadium, potential
mining restart: Blanding, Utah, hosts the only op-
erating conventional uranium and vanadium mill in
the United States, and multiple uranium-vanadium
mines on stand-by in southeastern Utah are pre-
pared to re-establish mining under favorable eco-
nomic conditions.

e Prolific historical production: Utah has historically
been a major domestic producer of bismuth and has
produced notable arsenic, antimony, barite, germani-
um, gallium, manganese, tellurium, and tungsten.

e Rare earth element byproduct potential: Limited
geochemical sampling of the beryllium mine tailings at
the Spor Mountain mine indicate potential enrichment
in heavy rare earth elements, one of the most import-
reliant commodities in the United States.

INTRODUCTION

Critical minerals, previously known as strategic, essential, or
vital minerals or materials, refers to commodities that are nec-
essary to a country’s economic or national security but may
have vulnerabilities in the supply chain, and for which there
are few or no viable substitutes. The concept of critical miner-
als is not new, and in the United States various lists of com-
modities and definitions of what qualifies as critical have been
developed since the early 1900s; in fact, the Strategic and
Critical Materials Stock Piling Act was established in 1939.
The commodities considered critical have evolved over time,
taking into consideration changes in the demand for minerals
and the production landscape. For example, the list of strate-
gic and critical materials in 1945 included asbestos, which is
now considered highly toxic; beryl for beryllium, of which the



United States is now the dominant global producer; and also
manganese and vanadium, which are still considered critical
today. One of the most drastic changes in mineral demand in
modern times has been driven by the spread of high-tech de-
vices and new battery technology, which require a wider vari-
ety of materials than technology in previous decades. Changes
in the production of minerals results from geologic scarcity,
evolving land use restrictions, environmental regulations,
geopolitical disputes, and market dynamics. In evaluating the
criticality of a mineral commodity, a number of factors are
considered, such as import reliance, production concentra-
tion (e.g., most of a commodity comes from only one or two
countries), governance risk, and potential impact of supply
disruption. The increasing trend towards globalization of sup-
ply chains has added dimensions of complexity to evaluating
these factors, since countries dominating a commodity market
may not necessarily be the country with the largest geologic
reserves. Raw ore or concentrates may be transported from the
country where it is mined to other countries, often over sub-
stantial distances, for refinement into final products. China,
for example, is the dominant global producer of refined co-
balt, even though nearly 70% of mined cobalt comes from the
Democratic Republic of the Congo.

The most recent focus on critical minerals began in 2017
when a presidential executive order (Executive Order 13817,
A Federal Strategy to Ensure Secure and Reliable Supplies
of Critical Minerals) directed the U.S. government to de-
velop a strategy to mitigate foreign dependence on critical
minerals. As part of the strategy, the U.S. Geological Survey
(USGS) developed a list of 35 mineral-derived commodities
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(including both pure elements such as antimony and miner-
als or compounds such as potash). The United States is more
than 50% import reliant on 31 of these commodities and has
total import reliance for 14 of them. These critical minerals
are aluminum (bauxite), antimony, arsenic, barite, beryllium,
bismuth, cesium, chromium, cobalt, fluorspar, gallium, ger-
manium, graphite (natural), hafnium, helium, indium, lithium,
magnesium, manganese, niobium, platinum group metals,
potash, rare earth elements group, rhenium, rubidium, scan-
dium, strontium, tantalum, tellurium, tin, titanium, tungsten,
uranium, vanadium, and zirconium (figure 1 and table 1).

Utah is fortunate to have abundant and diverse mineral com-
modities, including many of those currently identified as criti-
cal. As one of the top ten states for mineral production value for
the past decade and the second most favorable mining jurisdic-
tion in the contiguous United States in 2019, Utah is prospec-
tive for the development of domestic critical mineral resources.
Utah is also host to three distinct geologic domains: the Basin
and Range, the Colorado Plateau, and the Middle Rocky Moun-
tains, all of which have their own unique geologic history and
metallogenic evolution, making Utah one of the most diverse
states for exploration potential (figure 2). This publication, with
support from a USGS National Geological and Geophysical
Data Preservation Program (NGGDPP) grant, offers an over-
view of Utah’s current and potential critical mineral production
and diverse minerals landscape.

This report is divided into sections based on the degree of re-
source development: current producers, established resources,
potential resources (including past producers), mineral occur-
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Figure 1. Periodic table showing all 35 critical minerals identified by the U.S. Geological Survey,

according to their current resource status.

and those found in Utah highlighted
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Table 1. Summary of U.S. critical minerals and their presence in Utah.

Commodity Element Symbol

Critical Minerals Currently Produced in Utah
Beryllium Be

Helium He

Magnesium metal Mg

Potash K (KCI, K,SO,)
Platinum and Palladium Pt, Pd
Rhenium Re

Established Critical Mineral Resources in Utah

Aluminum Al
Fluorspar F (CaF,)
Indium In
Lithium Li
Uranium U
Vanadium A%

Potential Critical Mineral Resources in Utah

Antimony Sb

Arsenic As

Barite Ba (BaSO,)
Bismuth Bi
Germanium and Gallium Ge, Ga
Manganese Mn

La, Ce, Pr, Nd, Pm, Sm,
Eu, Gs, Tb, Dy, Ho, Er,
Tm, Yb, Lu, Y, Sc

Rare Earth Elements and Scandium

Tellurium Te
Tungsten W

Minor Critical Mineral Occurrences in Utah
Cobalt Co

Tin Sn
Titanium, Zirconium, and Hafnium  Ti, Zr, Hf

Critical Minerals with No Known Potential in Utah

Cesium, Rubidium Ce, Rb
Chromium Cr

Graphite C

Niobium Nb

Other Platinum Group Elements Ir, Os, Rh, Ru
Strontium Sr

Tantalum Ta

Source: U.S. Geological Survey Mineral Commodity Summaries

2Source: U.S. Energy Information Administration

Top Global
Producer!

United States (Utah)
United States
China

Canada

South Africa, Russia
Chile

Australia (bauxite)
China
China

Australia

Kazakhstan
China

China
China
China
China
China

South Africa

China

China

China

Congo
China

China (Ti),
Australia (Zr, Hf)

Canada
South Africa
China

Brazil

South Africa
Spain
Congo

U.S. Import
Reliance! (%)

<50
91

64,32
82

>75 (bauxite)
100
100

>25

902
94

84
100
87
96
>50, 100

100

1003

>95

>50

78
77

934, 0,
not available

100
100
100
100
not available
100
100

Notable Utah Locations

Juab Co.
Grand, Emery, San Juan Co.
Great Salt Lake

Great Salt Lake, Tooele Co. (Bonneville Salt
Flats), Grand and San Juan Co. (Paradox
Basin), Millard Co. (Sevier Lake)

Salt Lake Co. (Bingham mine)
Salt Lake Co. (Bingham mine)

Beaver Co.
Juab Co.
Juab Co.

Great Salt Lake, Grand and San Juan Co.
(Paradox Basin)

San Juan, Grand, and Emery Co.
San Juan, Grand, and Emery Co.

Garfield, Salt Lake, and Box Elder Co.
Tooele Co.

Juab and Tooele Co.

Salt Lake, Juab, and Tooele Co.
Washington Co.

Juab, Millard, Emery, Grand, San Juan, Tooele,
Beaver, Piute, Utah, and Salt Lake Co.

Juab and Tooele Co.

Salt Lake Co. (Bingham mine)

Tooele, Box Elder, Juab, Millard, Beaver, and
Salt Lake Co.

Emery, Grand, San Juan, and Garfield Co.
Tooele, Juab, Millard, and Iron Co.

Garfield and Kane Co.

3The U.S. exports a minor amount of mineral concentrates for processing, but is 100% reliant on imports of REE compounds

4Titanium mineral concentrates
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Figure 2. Summary of the distribution of Utah's critical mineral resources. Active mines, established resources, and historically mined
germanium, gallium, scandium, and tellurium are shown by points. Mining districts are highlighted for historically mined arsenic, bismuth,
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rences, and minerals with no known potential for develop-
ment in Utah. Current producers include operations that are
actively mining critical minerals or producing critical miner-
als as a byproduct of mining other commodities. Byproduct
producers take steps to refine a critical mineral, though may
not produce it in final form (e.g., Bingham Canyon platinum
and palladium). Established resources are previous operations
that have been recently idled or are on standby, or projects that
have never been in production but have a published technical
report detailing a resource estimate. Potential resources have
been historically produced in Utah or are recognized as possi-
ble byproducts. Mineral occurrences represent areas of known
enrichment, but with limited study or insignificant resources.
Critical minerals with no known potential are those that are
not known to occur in Utah or have no known potential for
development. The degree of resource development was based
on the status of projects as of spring 2020, and projects may
have progressed or been deprioritized since.

The information in this report is drawn from a variety of
sources including USGS Mineral Commodity Summaries,
Utah Geological Survey (UGS) annual mining surveys and
historical documents, mining company websites, press re-
leases, technical reports, the Utah Department of Oil, Gas and
Mining website, and communication with industry geologists.
References for each critical mineral are included at the end of
the sections for additional commodity-specific sources.

CRITICAL MINERALS CURRENTLY
PRODUCED IN UTAH

Beryllium

Overview and Criticality

Beryllium is the lightest of the alkaline earth metals (the ele-
ments found in the second column of the periodic table) and
the second lightest metal after lithium. Despite being 30%
lighter than aluminum, beryllium has 50% greater rigidity
than steel, one of the highest melting points for light met-
als (2349°F for beryllium, versus 1221°F for aluminum and
357°F for lithium), and is an excellent electrical and thermal
conductor. These characteristics make beryllium metal a high-
ly desirable material for many aerospace applications, where
value is placed on lightweight materials that can withstand
mechanical distortion and extreme temperature variation.
Beryllium is also important in alloys; copper, for example, is
strengthened by a factor of six when 2% beryllium is added.

Beryllium’s main use in the United States is in industrial com-
ponents and for aerospace and defense applications, but it is
also an important component for automotive and consumer
electronics, telecommunications infrastructure, and energy
applications. Beryllium is particularly important to the U.S.
military for its aerospace and defense applications, which in-

clude beryllium componentry in missiles, fixed wing aircraft,
helicopters, tanks, satellites, and communication hubs and ap-
plications ranging from navigation to structural components
to optical systems. The primary mirror of the James Webb
Space Telescope, due to be launched in 2021, is composed
of 18 gold-coated hexagonal beryllium mirror segments that
will help it observe galaxies over 13 billion light-years away.
In 2008, the U.S. Department of Defense stated that beryl-
lium is “essential for important defense systems and unique
in the function it performs.” This link to defense is the basis
for beryllium’s criticality, along with its single-source supply
chain. Unlike most minerals on the critical mineral list, which
have a high import reliance, the United States is the leading
global producer of beryllium. However, because 70% to 85%
of beryllium is currently sourced from the Spor Mountain
mine (figure 3), any compromise to the operation would have
strong negative impacts on the entire beryllium supply chain.

Figure 3. Open-pit mining face in the Spor Mountain mine showing
the distinct purple hue of bertrandite ore. The bertrandite itself
is colorless but forms with purple fluorite, thus giving the ore the
overall purple color.



Sources and Geology

Beryl (Be3Al,SigO,g) and bertrandite (Be,Si,O,(OH),, figure
4) are the main ore minerals for beryllium. Beryl contains 14%
beryllium oxide (BeO), whereas bertrandite contains 42%;
however, economic concentrations of bertrandite tend to be dis-
seminated, such that the overall grade of bertrandite operations
are lower than that of beryl mines. Bertrandite ores are ame-
nable to acid-leaching, as opposed to the flotation and grinding
often used in beryl operations, which is a significant boost to
the economics of bertrandite operations. Beryl deposits are the
main source for beryllium outside of the United States and are
associated with pegmatites enriched in other rare metals such
as lithium, cesium, and tantalum (LCT-type pegmatites).

Economic bertrandite deposits are volcanogenic in nature,
though bertrandite can occur in vein-hosted carbonate replace-
ment deposits or with beryl in skarn deposits. Spor Moun-
tain is a unique volcanogenic carbonate replacement deposit.
The ore horizon exists in the 25-million-year-old (Ma) Spor
Mountain Formation, a pyroclastic tuff containing carbonate
clasts of underlying Paleozoic sequences. The Spor Mountain
Formation is overlain by a topaz-bearing rhyolite. Over mil-
lions of years (roughly 26 to 2 Ma), beryllium was leached by
hydrothermal fluids from Be-enriched volcanic glass in the

tuff and redeposited in the carbonate clasts, causing carbonate
to be replaced by bertrandite along with fluorite, calcite, and
microcrystalline/amorphous silica. The resulting purple color
of these nodules is not due to the bertrandite, which itself is
clear, but rather the fluorite associated with the bertrandite.

Beryllium in Utah

Utah hosts several areas with anomalous beryllium enrich-
ment (figure 5), but the Spor Mountain mine is the only area
where it is mined. Beryllium at Spor Mountain was first rec-

Figure 4. Replacement-style beryllium mineralization in a calcareous
Paleozoic nodule from the Spor Mountain Formation. Bertrandite
mineralization occurs with fluorite (the purple mineral), and additional
replacement minerals include quartz, calcite, and chalcedony. Sample
courtesy of Mark Milligan.

Utah Geological Survey

ognized in 1959, even though the district had previously been
known for fluorspar (discovered in the 1930s by Fay Spor)
and uranium (discovered in the 1950s). In the early 1960s,
before the official beryllium discovery had been made, ge-
ologists recognized the potential for a world-class deposit. In
fact, the possible reward was considered so great that min-
ing companies resorted to a tactic known as claim jumping,
where a company illegally takes possession of another com-
pany’s claim. The laws at the time offered little protection to
companies that were not actively working their claims, and
a claim jumper who made a discovery could be rewarded
with the claims and their mineral value. In the case of Spor
Mountain, a larger explorer had not yet been actively drilling
their claims and a junior explorer sought to take advantage
of this lapse and make the discovery first. What followed has
become known as the Mining War at Topaz Mountain. The
conflict between the companies evolved into something out
of a Wild West novel and included covert drilling by night,
midnight meetings with judges for restraining orders, detec-
tive agencies, armed guards, nighttime four-wheel-drive pur-
suits, equipment sabotage by gunfire, hotwiring of drill rigs,
car crashes, and one indefatigable lawyer who was hit with a
shovel and had two ribs broken over the course of the dispute.

Despite the initial drama that formed the Spor Mountain dis-
trict, the claim disputes were settled and Brush Wellman Com-
pany, now known as Materion, eventually consolidated owner-
ship of the district. Materion has remained the operator ever
since. Open-pit mining began in 1968, and a processing mill
near Delta, Utah, opened in 1969. The mill was custom devel-
oped to handle the low-grade bertrandite ore and refine it to
beryllium hydroxide (Be(OH),). Beryllium has been produced
from the Spor Mountain district continuously for over 50 years
(figure 6), and mining has expanded from the initial Roadside
pit to include ten pits. Materion reports indicate over 9.9 mil-
lion tons proven and probable reserves, which is estimated to
last a minimum of 75 years at the current rate of mining.

Other areas with sub-economic beryllium mineralization in-
clude the Gold Hill district in Tooele County, and red beryl
is mined from the Ruby-Violet mine in the Wah Wah Moun-
tains of Beaver County, the only known source of gem qual-
ity red beryl in the world.

Utah Spotlight: Beryllium Belt

The so-called Beryllium Belt of western Utah (figure 7) was
first defined by Cohenour (1963) and has remained a gener-
alized term for a series of beryllium occurrences stretching
cast-west from the Tintic Mountains in central Utah to the
southern Deep Creek Range near the border with Nevada.
The belt consists, from east to west, of the Sheeprock granite,
Topaz Mountain, Spor Mountain, Honeycomb Hills, and the
Trout Creek area of the southern Deep Creek Range. This belt
is characterized by highly evolved late Oligocene and Mio-
cene intrusive (Sheeprock Granite, Trout Creek) or volcanic
(Topaz Mountain, Spor Mountain, Honeycomb Hills) rocks
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Figure 6. The annual production of beryllium from the Spor Mountain mining and Delta milling operations. Bertrandite ore is mined
from the Spor Mountain open pits and trucked to the mill in Delta, where it is converted to beryllium hydroxide. The beryllium
hydroxide is shipped to plants out of state for further refinement into final products.
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volcanic rocks with anomalous enrichment in beryllium. Geology base map from Hintze and others (2000).

that also host uranium, fluorite, lithium, and REE enrichment.
Beryllium occurs as beryl in the Sheeprock Granite, Topaz
Mountain, and Trout Creek area and as bertrandite at Spor
Mountain and Honeycomb Hills. Uranium mineralization is
found on the eastern flank of Spor Mountain at the Yellow
Chief mine, and fluorite has been mined from breccia pipes at
the Lost Sheep mine. Though occurring north of the main Be-  for beryllium ore. Minor mining for gem quality beryl has

ryllium Belt trend, the Rodenhouse Wash area of the Gold Hill ~ occurred at various sites including Topaz Mountain and the
mining district has notable beryllium enrichment in quartz- Ibapah stock.

adularia-carbonate veins associated with silicic Miocene vol-
canics, and beryl has been noted in pegmatites of the Granite
Peak district. Pegmatitic beryl was also noted in one location
of the Ibapah stock northwest of the Trout Creek area. The
Spor Mountain district is the most significant area for beryl-
lium mineralization and is the only area that has been mined
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Helium

Overview and Criticality

Helium is the second lightest element on the periodic table; it
occurs as a gas and is colorless, tasteless, odorless, and inert.
Helium’s properties allow it to be used in a variety of ways, the
most common being in MRIs (magnetic resonance imaging),
analytical applications, welding, leak detection, semiconductor
manufacture, and defense applications. Helium is also com-
monly used as a lifting gas for lighter-than-air aircraft.

Sources and Geology

Helium forms through radioactive decay of uranium and tho-
rium in mineral grains commonly found in Precambrian base-
ment rock, Paleozoic shales, and basement-derived sandstone.
It accumulates similarly to oil and gas. Therefore, helium is
most often produced as a byproduct or co-product of natural
gas fields. A concentration of about 0.3% helium by volume in
a natural gas stream is the lower threshold for considering he-
lium as a potential resource. Due to the millions of years that it
takes to form economically significant helium reservoirs and
because helium can escape the atmosphere, helium is consid-
ered a non-renewable resource. Unique to other commodities,
the U.S. federal government has been managing the produc-
tion, refining, and storage of helium in the United States since
1925, but this situation is set to end by 2021. This change,
along with recent global shortages of helium, is likely to spur
interest in exploration for additional helium sources and con-
tributes to helium’s criticality. Most U.S. production comes
from the mid-continent and Rocky Mountain regions and cur-

rently the United States is the largest producer of helium fol-
lowed by Qatar and Algeria. The United States also has the
largest known reserves followed by Algeria and Russia.

Helium in Utah

Utah’s helium resource potential lies within the Colorado Pla-
teau in the eastern part of the state, and available data suggest
that most of that potential is found in Carbon, Emery, Grand,
and San Juan Counties (figure 8). Analyses of gas stream data
from oil and gas wells document potentially economic helium
in Devonian- through Jurassic-age reservoirs. Currently, a gas
plant in Lisbon Valley in San Juan County is purifying helium
separated from natural gas streams. The plant began process-
ing helium in 2019, some of which comes from the Lisbon
oil and gas field and other nearby fields. A processing plant in
Colorado is also producing some helium from the San Arroyo
field in Utah’s Grand County. However, the highest known
concentrations of helium in Utah are in the Harley Dome
field in Grand County, showing helium up to 7.3% in the gas
stream from Jurassic reservoirs. In fact, from 2013 to 2018, 42
billion cubic feet of pure helium gas was produced from the
field. Harley Dome was designated as a federal helium reserve
in 1933 but was later made available for leasing in 1964. The
extent of the resource at Harley Dome remains undefined.

Outside of Harley Dome, the majority of known helium con-
centrations in Utah are below 2%. However, several fields
show concentrations well above the lower economic thresh-
old of 0.3% helium. Some of the potentially important oil and
gas fields are Big Flat and associated fields (Grand County; up
to 1.7% helium), Boundary Butte and associated fields (San
Juan County; up to 1.6%), Greater Cisco and associated fields
(Grand County; up to 1.5%), the aforementioned Lisbon and
associated fields (San Juan County; up to 1.3%), Salt Wash
(Grand County, up to 1.8%), and Woodside (Emery County;
up to 1.5%). Wildcat oil and gas wells in Emery County have
also had helium shows of 2.8% and 1.5%. Although the helium
resource related to these and other shows are not quantified,
the data suggest that Utah could be an important supplier of he-
lium in the future and further exploration would be warranted.

Further Reading

Fortier, S.M., Nassar, N.T., Lederer, G.W., Brainard, J., Gam-
bogi, J., and McCullough, E.A., 2018, Draft critical min-
eral list—Summary of methodology and background
information—U.S. Geological Survey technical input
document in response to Secretarial Order No. 3359: U.S.
Geological Survey Open-File Report 2018-1021, 15 p.

Wiseman, T.J., and Eckels, M.T., 2020, Proven and hypo-
thetical helium resources in Utah: Utah Geological Sur-
vey Miscellaneous Publication 174, 44 p., https://doi.
org/10.34191/MP-174.
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Magnesium
Overview and Criticality

Magnesium is the 12th element on the periodic table (figure
1) and is the 8th most abundant element in the earth’s crust.
Magnesium has several applications depending on what form
it takes, for example magnesium metal, magnesium chloride,
magnesium hydroxide, caustic-calcined magnesia, and others.
Magnesium metal is the form considered as a critical mineral.
A significant use of magnesium metal is in alloys; magnesium
can add strength, decrease weight, and increase corrosion
resistance of alloys. Magnesium metal is commonly alloyed
with aluminum for aerospace and defense applications. Ad-
ditionally, magnesium metal is important in the manufacture
of several common products, for example automobile com-
ponents, soda cans, and fireworks. Use of magnesium in auto
parts has recently increased as auto manufacturers work to
reduce the overall weight of vehicles. For certain titanium
manufacturing processes, magnesium metal is an essential
ingredient, linking its criticality to domestic titanium produc-
tion. Another significant aspect of magnesium as a critical
mineral is that primary magnesium metal is produced at only
one facility in the United States (located in Utah), creating a
single point of supply-chain failure.

Sources and Geology

Several sources of magnesium exist but, economically, some
of the most important are surface and subsurface brines (in-
cluding seawater), dolomite, and magnesite. Magnesium is a
common component of dissolved solids in water and is the
third most significant component of solids in seawater after
sodium and chloride. Continental brines are also often en-
riched in magnesium. Surface brines, commonly found in ter-
minal lakes or terminal basins, are a common source of mag-
nesium. Examples of surface brines include Great Salt Lake
and the Dead Sea. Currently, the only primary production of
magnesium metal in the United States is from surface brine at
Great Salt Lake.

Dolomite is a carbonate sedimentary rock which is composed
of the mineral of the same name (dolomite, CaMg(CO5),).
Dolomite, as a rock, is very common and numerous large,
relatively pure deposits are known worldwide. Historically,
dolomite was used to produce magnesium metal in the Unit-
ed States, but is not currently being mined for that. How-
ever, companies are actively pursuing domestic production
of magnesium metal from dolomite. Magnesite (MgCO;),
though much less common than dolomite, is similar in com-
position but contains no calcium. Magnesite deposits are
formed through the alteration of other rocks such as lime-
stone and peridotite. Olivine is another mineral that can be
magnesium-rich with a composition of (Mg, Fe)SiO,. Oliv-
ine commonly occurs in mafic igneous rocks such as basalt,
gabbro, or peridotite.

Globally, resources of magnesium are plentiful and sufficient
to meet required demand, and China is the leading producer.
The United States imports about half of its domestic require-
ment for magnesium metal, primarily from Canada and Israel.

Magnesium in Utah

Utah is the only primary producer of magnesium metal in the
United States, produced at US Magnesium’s facility located on
Great Salt Lake (figures 9 and 10). Magnesium concentration in
the lake brine is relatively high, but the concentration varies with
lake level and over time as a function of the lake’s dynamics.
Magnesium accounts for more than 3% of the dissolved solids in
the lake brine. Ocean water has about 3.5 wt. % dissolved solids,
but the part of Great Salt Lake that feeds the magnesium facility
averages around 13 wt. % dissolved solids. To produce magne-
sium metal, the lake’s magnesium-rich brine is further concen-
trated in a series of evaporation ponds and the enriched brine
is the feedstock of an electrolytic process that converts magne-
sium chloride to magnesium metal. The approximate capacity
of the facility is about 75,000 tons of magnesium metal per year
and the magnesium resource in the lake will likely last for sev-
eral decades or longer. The current trend of receding lake level
may be a greater limiting factor to continued production than
reduced magnesium levels in the brine. Construction of Utah’s
magnesium plant at Great Salt Lake began in 1970 and startup
followed in 1972. From 1972 through about 1995, magnesium
operations and production at the lake experienced a variety of
problems: high capital costs, process difficulties, low produc-
tivity, high lake levels, and changing ownership. However, by
1995, production stabilized and has been steady ever since.

Beyond Great Salt Lake, several other potential magnesium
resources are present in Utah. Subsurface, magnesium-rich
brines are found in a variety of places: the Great Salt Lake
Desert, which includes the Bonneville Salt Flats; Sevier Lake
(or Sevier Playa); and the Paradox Basin (figure 9). Brines in
the Great Salt Lake Desert and Sevier Lake are genetically
related to the relatively recent desiccation of the latest Pleisto-
cene Lake Bonneville system, and brines in the Paradox Basin
are related to deep, subsurface, cyclically bedded evaporites
that formed in a restricted marine basin during the Pennsyl-
vanian (around 300 Ma). Currently, brines of Great Salt Lake
and the Bonneville Salt Flats are used to produce magnesium
chloride, another commodity with a high magnesium content
that is used for dust control and road deicing.

Utah also has extensive potential resources of high-purity do-
lomite. Several Paleozoic rock units have high-purity dolomite
including the Cambrian Notch Peak Formation and Limestone
of the Cricket Mountains, the Ordovician Ely Springs and Fish
Haven Dolomites, and the Silurian Laketown Dolomite. These
units are widely distributed in northern and western Utah.
Currently, dolomitic lime, another magnesium commodity, is
produced by Graymont from a Cambrian high-purity dolomite
deposit in the Cricket Mountains in Millard County. Dolomitic
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Figure 10. US Magnesium's operation on the west side of Great Salt Lake.

Figure 11. Great Salt Lake s north arm, Utah. Photograph was taken near the Spiral Jetty.
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lime is used in steelmaking, water treatment, environmental ap-
plications, and in other ways. In the past, magnesium products
have also been produced from the Ely Springs Dolomite and the
Notch Peak Formation in Utah.

Utah Spotlight: Great Salt Lake

Around 13,000 years ago, the desiccation of Lake Bonneville,
which covered much of northwestern Utah, resulted in a lake
roughly the size of today’s Great Salt Lake. Great Salt Lake is
a significant feature of Utah’s physiographic, geological, and
mineralogical landscape (figure 11). The terminal or closed ba-
sin nature of the lake has caused accumulation and concentra-
tion of dissolved solids and the resulting concentrated brine al-
lows for economic extraction of multiple mineral commodities.
Although the majority of the dissolved solids in the lake are so-
dium and chloride, the lake also has high levels of magnesium,
potassium, and sulfate. In addition to extraction of magnesium,
the potassium and sulfate in the lake are used to produce potash
in the form of potassium sulfate. Anomalous levels of lithium in
the lake could also lead to future production of lithium as a by-
product; US Magnesium is close to starting lithium production.
Magnesium production also has a tie-in to titanium production.
A titanium facility is adjacent to US Magnesium’s plant because
magnesium metal is an important ingredient in the kroll process
to produce titanium sponge, a raw form of titanium metal. The
titanium plant has been idle for the past few years but could be
recommissioned if titanium sponge prices rise.

Further Reading

Fortier, S.M., Nassar, N.T., Lederer, G.W., Brainard, J., Gambo-
gi, J., and McCullough, E.A., 2018, Draft critical mineral
list—Summary of methodology and background informa-
tion—U.S. Geological Survey technical input document in
response to Secretarial Order No. 3359: U.S. Geological
Survey Open-File Report 2018—-1021, 15 p.

Tripp, G.T., 2002, Production of magnesium from the Great
Salt Lake, in Gwynn, J.W., editor, Great Salt Lake—An
overview of change: Utah Geological Survey Special Pub-
lication, p. 221-225.

Potash
Overview and Criticality

Potash refers to a variety of potassium compounds including
potassium chloride (KCI, also known as MOP or muriate of
potash), potassium sulfate (K,SO,, also known as SOP or sul-
fate of potash), potassium nitrate (KNOs), and others. Most
potash is used as fertilizer and is important to the food secu-
rity of the United States because potassium is one of the three
essential plant nutrients along with nitrogen and phosphorus.
Potash also has a variety of chemical and industrial applica-
tions, such as production of soap, glass, ceramics, and batter-
ies. In addition, it is used as an additive in drilling mud for
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oil and gas wells. Globally, the most common type of potash
produced is MOP. Part of potash’s critical status is the U.S.’s
import reliance that currently stands at about 90%, 84% of
which comes from Canada.

Sources and Geology

Most potash is sourced from deposits of bedded evaporites
(or salts) that are often deep in the subsurface. These bedded
salts are composed of minerals that have precipitated in the
past in restricted marine basins (basins where seawater inflow
and outflow are restricted). Because the basins are restricted,
the seawater in the basins evaporates and salts become more
concentrated. The ions in the concentrated seawater begin to
precipitate as different salts based on the composition of the
seawater, and in the late stages of precipitation, a variety of
potassium-bearing compounds or salts can form such as syl-
vite (KCI), carnallite (KMgCl;:6H,0), kainite (KMg(SOy,)
ClI:3H,0), and langbeinite (K,Mg,(SOy,)3). These and other
potassium-bearing salts are the ore minerals from which
potash is produced. Potash from evaporite deposits is either
conventionally or solution mined. Solution mining involves
pumping fluid into wells to dissolve the desired horizons and
pumping the enriched fluid back out in other wells.

Potash is also produced from potassium-bearing brines, of-
ten from terminal lakes or groundwater brines associated with
evaporite deposits. Potassium is extracted from the brine via
harvesting of precipitated minerals in constructed evapora-
tion ponds. For all deposits, including evaporite deposits and
brines, the potash minerals being harvested require some level
of processing to remove contaminants and to be transformed
into a final product.

Some of the world’s largest known potash resources are in
Canada, Russia, Belarus, and China, but several other coun-
tries also have significant resources. Canada, Russia, Belarus,
and China are also the leading global producers of potash.

Potash in Utah

Utah is one of two potash-producing states in the United
States along with New Mexico, and Utah potash is sourced
from both evaporite and brine (surface and subsurface)
deposits. Two companies are currently producing potash
from three different locations (figure 12). Compass Miner-
als produces SOP from brine of the north arm of Great Salt
Lake, which is more concentrated than the lake’s south arm.
Compass’s facility has an annual capacity of about 320,000
tons per year of SOP from its evaporation ponds and they
estimate the Great Salt Lake resource will exceed 100 years
of production at current rates. Compass can also produce
additional SOP at this facility by converting supplemen-
tal MOP for a total annual SOP capacity of 550,000 tons.
Intrepid Potash produces MOP from subsurface brine near
the Bonneville Salt Flats in the Great Salt Lake Desert and
from sylvinite (sylvite ore) in the Paradox Basin (figures 13
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Figure 13. Intrepid Potash's evaporation ponds and processing facility near Wendover, Utah.

Figure 14. Intrepid Potash s evaporation ponds near Moab, Utah.
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and 14). At the Bonneville Salt Flats, near Wendover, Utah,
potassium-rich brine from shallow and deep aquifers feeds
Intrepid’s evaporation ponds. This facility has a capacity of
about 100,000 tons of MOP per year, and Intrepid estimates
that the resource there will last a minimum of 30 more years.
In the Paradox Basin near Moab, Utah, Intrepid Potash mines
sylvinite via solution mining techniques from deep, subsur-
face evaporites formed during the Pennsylvanian (around
300 Ma). This operation has an annual capacity of about
110,000 tons per year of MOP and has proven and probable
reserves of about 27 million tons of MOP, which is estimated
to last 100 years or more. All of Utah’s potash operations use
evaporation ponds to precipitate potash minerals which are
then processed to make the desired products. Utah is unique
in that it produces two different types of potash. MOP is the
most common type of potash produced globally, but SOP is a
more valuable fertilizer that is currently priced at a few hun-
dred dollars more per ton. Utah has produced about 350,000
to 500,000 tons of potash (combined MOP and SOP) per
year over the past decade.

Beyond the resources that are currently being exploited,
Utah has other known potash deposits that have been inves-
tigated, particularly in the past decade (figure 12). Crystal
Peak Minerals has established a brine resource at Sevier
Lake (or Sevier Playa) to produce SOP at a rate of about
370,000 tons per year for an estimated mine life of 30 years.
The in-place measured and indicated resource of potassium
sulfate at the project is 38 million tons, with a measured
and indicated potentially extractable 10.5 million tons of
potassium sulfate. The project is at an advanced stage and
has received the necessary approvals from federal and state
agencies to begin operation. Another company, SOPerior
Fertilizer Corporation (formerly Potash Ridge) is develop-
ing a project in an alunite deposit at Blawn Mountain. Alu-
nite is a hydroxylated aluminum potassium sulfate mineral
(KAI;3(SO4),(OH)e) that is a less conventional, but proven
source of potash and aluminum. The Blawn Mountain de-
posit is the largest known alunite deposit in the United
States and SOPerior defined an in-place measured and in-
dicated resource of about 32 million tons of potassium sul-
fate and a proven and probable reserve of about 10.6 mil-
lion tons of potassium sulfate at their project. Utah also has
other, smaller, scattered alunite deposits in the southwestern
part of the state that are not as well defined.

Other companies have been evaluating the Paradox Basin
evaporites in areas other than the one currently being mined.
Potash resources of the Paradox Basin have been roughly
estimated at around 2 billion tons, but that estimate is poorly
constrained. Further exploration of the potash resource could
make the basin an important potash producer in the future. In
2013, one company evaluated an area near Hatch Point and
defined an in-place measured and indicated resource of 134
million tons of ore at a grade of nearly 19% potassium chlo-
ride along with a large inferred resource. A brine resource
at Pilot Valley in the Great Salt Lake Desert has also been

evaluated as a potential potash resource, but this deposit
likely represents a smaller resource than the other deposits
previously discussed.

Further Reading

Butts, D., 2002, IMC Kalium Ogden Corporation—Extraction
of non-metals from Great Salt Lake, in Gwynn, J.W., edi-
tor, Great Salt Lake—An overview of change: Utah Geo-
logical Survey Special Publication, p. 227-233.

Fortier, S.M., Nassar, N.T., Lederer, G.W., Brainard, J., Gam-
bogi, J., and McCullough, E.A., 2018, Draft critical min-
eral list—Summary of methodology and background
information—U.S. Geological Survey technical input
document in response to Secretarial Order No. 3359: U.S.
Geological Survey Open-File Report 2018-1021, 15 p.

Massoth, T.M., 2012, Well database and maps of salt cycles
and potash zones of the Paradox Basin, Utah: Utah Geo-
logical Survey Open-File Report 600, 19 p., 1 appendix,
https://doi.org/10.34191/OFR-600.

Platinum and Palladium

Overview and Criticality

Platinum and palladium are part of a group of elements on
the periodic table known as the platinum group elements, or
PGEs. This group of metallic elements, which also includes
rhodium, ruthenium, iridium, and osmium, shares many sim-
ilar physical and chemical properties, such as high melting
points, resistance to erosion, and the ability to act as a cata-
lyst. These elements often occur together in nature, however
platinum and palladium are the most common and hence are
grouped separately here.

Though often thought of as precious metals for their use in
currency and jewelry, platinum and palladium are primar-
ily used in industrial applications. The main use for both
platinum and palladium globally and in the United States is
in automotive catalytic converters to reduce harmful emis-
sions in vehicle exhaust such as carbon monoxide and ni-
trous oxide. Their role in reducing vehicle emissions makes
both elements important in a consumer market increasingly
concerned with environmental factors such as air quality.
Platinum and palladium are also used in fiberglass and flat
panel displays, as hard and durable alloys, and in electrical
components of most modern devices, such as laptops and
smartphones. The United States produces platinum and pal-
ladium from a mine in Montana, and as a byproduct of cop-
per-nickel mining in Minnesota. However, these sources are
not enough to cover domestic needs and about two-thirds of
platinum and one-third of palladium are imported. Consider-
ing their necessity to a multitude of everyday items and the
relative geologic scarcity, they are considered critical.
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Sources and Geology

Platinum and palladium are among the rarest elements in
the earth’s crust and are found in only a few geologic loca-
tions globally. The main type of ore deposit hosting PGEs is
magmatic sulfide deposits, which are associated with large-
scale mafic or ultramafic magmas known as large igneous
provinces (LIPs). The magmas in these districts are often
enriched in metals found more commonly in the mantle than
in the crust, and if they are emplaced under the right condi-
tions they form what is known as a monosulfide solid so-
lution that consists almost exclusively of metals like gold,
copper, platinum, and palladium in a sulfide liquid. When
the magma cools, the resultant crystallized form of this lig-
uid can be mined as high-grade ore. Examples of world-class
PGE deposits include Bushveld in South Africa, Noril’sk in
Russia, and Sudbury in Canada. The United States imports
the majority of its palladium from South Africa and Russia,
and most platinum from South Africa. Although magmatic
sulfide deposits are the only primary source of platinum
and palladium, both can be produced as byproducts from
magmatic-hydrothermal systems like porphyry deposits and
from sedimentary-hydrothermal systems like manganese
crusts on seamounts.

PGEs in Utah

Utah does not have any magmatic sulfide deposits or LIPs,
therefore the platinum and palladium produced in Utah are
byproducts of other mining operations, namely porphyry
copper mining at Bingham Canyon (figures 15 and 16). In
general, North American porphyry copper deposits have
very low concentrations of the platinum group metals, in
part because they formed in a continental rather than island
arc setting (figure 17). Although enriched in gold, Bingham
Canyon hosts very low levels of palladium and almost no
enrichment in platinum by comparison. The difference in
PGE enrichment in the different porphyry settings is likely
related to the parental magma bodies that generate porphy-
ry stocks. In island arc settings, the parental magmas have
a higher degree of asthenospheric mantle input or partial
melting of subducted oceanic crust, which means there is
more potential for PGEs to be enriched in the system. In
continental systems, the parental magmas often have higher
degrees of crustal assimilation, which would dilute the con-
centration of PGEs.

Despite the low levels of platinum and palladium in Bing-
ham Canyon ores, the copper refining process is sophisti-
cated enough to isolate whatever concentrations of PGEs are
available (figure 18). Impurities in copper ores such as gold,
silver, bismuth, tellurium, selenium, platinum, and palladi-
um are removed during the electrolytic process that creates
high-purity copper cathodes, and these impurities are gath-
ered at the bottom of the electrolytic cell. From these im-
purities gold, silver, lead carbonate, and crude selenium are
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recovered. Platinum and palladium are concentrated in the
crude selenium and refinement to their native metal forms is
completed by consumers.
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Figure 15. Location of the world-class Bingham Canyon mine
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Figure 16. The open pit at the Bingham Canyon mine.
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Utah Spotlight: Bingham Canyon

The Bingham Canyon mining district (including the Bing-
ham Canyon, Lark, and Barney’s Canyon mines, among oth-
ers) is the most historically productive mining district in the
United States and has been mined continuously for over 150
years. The Bingham Canyon mine was the first copper por-
phyry deposit ever mined and helped to usher in a new era
of mining low-grade, high-tonnage deposits. Today Bingham
Canyon is the second largest copper producer in the United
States and has been in operation for over 100 years. Not only

is ore mined from Bingham Canyon, it is also refined in Salt
Lake County (figure 19). The ore from the Bingham Canyon
open-pit mine is crushed by an in-pit crusher so that it can be
transported by conveyor belt to the concentration facility near
Copperton, Utah. At the concentrator, the ore is ground to a
very fine rock flour and put through a flotation process, which
separates out copper concentrate, molybdenum concentrate,
and silica waste material. The copper concentrate is sent by
pipeline to the smelter, the molybdenum concentrate is dried,
bagged, and sent to domestic and international molybdenum
refineries, and the tailings are sent by pipeline to a tailings
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Figure 19. The Kennecott Utah Copper Company operation west of Salt Lake City. Operations include the open-pit mine, concentrator,
smelter, refinery, and power plant. Imagery from GoogleEarth, taken July 2019.

impoundment north of Magna, Utah. At the smelter the copper
concentrate goes through three smelting steps: a flash smelt-
ing furnace produces copper matte, a flash converting furnace
produces more refined blister copper, and an anode refining
furnace produces copper anodes of nearly pure copper. The
copper anodes are then sent by rail to the refinery, where the
anodes are put in an acidic electrolyte solution with a stain-
less steel cathode blank. A current is run through the solution
for over a week, dissolving the copper from the anode and
redepositing it as high-purity copper on the cathode. The im-
purities that are removed in this step sink to the bottom of the
electrolyte cell and are referred to as slimes.

At the end of the copper-refining process, the high-purity cop-
per cathodes are stacked, corrugated, and shipped. The slimes,
which contain gold, silver, lead, selenium, tellurium, plati-
num, and palladium, are sent to the precious metal refinery

where gold, silver, and lead carbonate are recovered for sale.
The other metals report to the selenium “cake,” which is sold
for further processing by others.

Further Reading

Kim, D., Wang, S., Baker, J., Lucht, J., Bhath, N., and Colley,
S., 2016, A new method to recover PGM from complex
feed streams, in XX VIII International Mineral Processing
Congress (IMPC 2016), Quebec, Montreal, September
11-15, 2016, Proceedings: Canadian Institute of Mining
Metallurgy and Petroleum, p. 149-157.

Tarkian, M., and Stribrny, B., 1999, Platinum-group elements
in porphyry copper deposits—A reconnaissance study:
Mineralogy and Petrology, v. 65, p. 161-183.
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Zientek, M.L., Loferski, P.J., Parks, H.L., Schulte, R.F., and
Seal, R.R., I, 2017, Platinum-group elements, in Schulz,
K.J., DeYoung, J.H., Jr.,, Seal, R.R., II, and Bradley, D.C.,
editors, Critical mineral resources of the United States—
Economic and environmental geology and prospects for
future supply: U.S. Geological Survey Professional Paper
1802-N, p. N1-N91.

Rhenium
Overview and Criticality

Rhenium is a heavy transition metal and is chemically similar
to manganese, both being in the same group on the periodic
table. Like manganese, rhenium can exist in many oxidation
states and has the widest range of valences of any element,
ranging from -1 to +7. As one of the rarest elements in the
earth’s crust, rhenium is not mined as a principal commodity,
rather it is recovered almost exclusively as a byproduct of mo-
lybdenum processing. Due to its uniquely high melting point
(5767°F, third highest of all the elements) and stable crystal-
line structure under high temperatures, rhenium is primarily
used in high-temperature alloys, such as for turbine blades in
jet engines.

In the United States, high-temperature alloys represented 80%
of rhenium use in 2019. Other applications include catalysts
in the production of high-octane lead-free gasoline, high-tem-
perature metallurgical uses, and a variety of electronic appli-
cations. The United States produces rhenium from domestic
copper mining operations, but is still highly reliant on rhenium
imports to meet demand. Due to the association of rhenium in
copper porphyry deposits, most fully refined rhenium metal
is imported from Chile, the world’s leading copper-producing
country. However, ammonium perrhenate (NH4ReO,), the
most commonly traded form of rhenium, is sourced mainly
from Kazakhstan, Canada, and Germany.

Sources and Geology

Rhenium is a chalcophile element, meaning it has a strong
affinity for bonding with sulfur. It most commonly occurs in
the mineral molybdenite (MoS,) as a substitute for the mo-
lybdenum atom and can exist in concentrations up to several
weight percent. Some of the rhenium that substitutes for mo-
lybdenum is radiogenic, meaning it decays into another ele-
ment, in this case osmium. The amount of rhenium that has
decayed to osmium can be used to date a molybdenite crys-
tal, in the same way uranium and lead can be used to date a
zircon crystal. The rhenium-osmium geochronologic system
is the most reliable way to obtain the age of mineralization
in an ore deposit, which may be substantially younger than
the host rock.

Most rhenium is found in porphyry copper deposits, which are
intrusions of granitic to dioritic magmas that release metal-rich
hydrothermal fluids able to form fine-grained metallic miner-
als, such as chalcopyrite, throughout the host rock. Porphyry
deposits are classified as low-grade, high-tonnage deposits,
meaning they are mined on a large scale to recover enough
metal to make the operation economic. Porphyry deposits are
responsible for over half of global copper production, almost
all molybdenum, and a significant amount of gold. Minor rhe-
nium has also been recovered from sediment-hosted copper
and uranium deposits, though these deposits contribute very
minor amounts of rhenium to the global supply in comparison
to porphyry deposits.

Rhenium in Utah

The Bingham Canyon porphyry copper deposit in Utah
(figure 15) contains considerable amounts of byproduct
molybdenum, and Bingham is often considered a porphyry
copper-molybdenum-gold deposit. The molybdenite from
Bingham ranges from 130 to 2000 ppm Re, averaging 250
ppm (figure 20). Globally, most rhenium (80%) is recov-

Figure 20. Bingham Canyon molybdenum ore with a coarse molybdenite and quartz vein.
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Figure 21. Kennecott Utah Copper Company's Garfield smelter located at the northern end of the Oquirrh Mountains.

ered during the process of roasting molybdenite, the pri-
mary ore mineral of molybdenum. However, Bingham does
not have a facility to process molybdenite ore and instead
ships molybdenite concentrates to other facilities for pro-
cessing. The Sierrita mine in Arizona is the only facility in
the United States that processes molybdenite and recovers
rhenium. So even though Bingham mines rhenium-bearing
ore, they do not produce finished rhenium products from
the molybdenite concentrate. However, in 2016 Bingham
Canyon partnered with the U.S. Department of Energy’s
Critical Minerals Institute to investigate the possibility of
recovering rhenium from the copper concentration process
conducted at Bingham’s facilities in Utah (figure 21) rather
than from molybdenum. The method developed is designed
to recover rhenium volatilized during the initial flash smelt-
ing step of the copper concentrate, which is captured in the
off-gas scrubber solution. Rhenium is recovered as sodium
perrhenate (NaReO,) by processing the scrubber solution
with an innovative continuous ion exchange process and
could yield over 2000 Ibs per year of rhenium, or roughly
2% of annual U.S. consumption. Development of the pro-
cess continues, with a goal of producing a rhenium product
for market in the near future.

Further Reading

John, D.A., Seal, R.R., II, and Polyak, D.E., 2017, Rhenium,
in Schulz, K.J., DeYoung, J.H., Jr., Seal, R.R., II, and
Bradley, D.C., editors, Critical mineral resources of the
United States—Economic and environmental geology
and prospects for future supply: U.S. Geological Survey
Professional Paper 1802-P, p. P1-P49.

Nexhip, C., Crossman, R., and Rockandel, M., 2015, By-
products recovery via integrated copper operations at Rio
Tinto Kennecott, in Exchange of good practices on metal
by-products recovery, Technology and policy challenges,
Brussels, Belgium, November 12—-13, 2015, Proceedings:
European Commission, 9 p.

ESTABLISHED CRITICAL MINERAL
RESOURCES IN UTAH

Aluminum

Overview and Criticality

Aluminum has numerous uses and applications. Aluminum
alloys are widely used because of their lightweight and cor-
rosion resistant nature. Significant amounts of aluminum are
used in transportation applications, packaging, building com-
ponents, and electrical applications. Everyone benefits from
aluminum on a daily basis from its presence in cars, boats, air-
planes, power transmission lines, food packaging, and com-
puters and other electronics, to name just a few. Aluminum’s
criticality is linked to the import reliance of bauxite, which is
the primary ore material for production of aluminum metal.
Most of the U.S.’s imported bauxite comes from Jamaica.

Sources and Geology

Globally, most aluminum is sourced from bauxite deposits,
which contain a mixture of minerals such as aluminum hydrox-
ides and iron oxides. Bauxite deposits are formed as a product
of weathering various aluminum-containing source-rock types.
The deposits most often develop in tropical or subtropical con-
ditions at or near the surface. Several countries have significant
bauxite reserves including Guinea, Australia, Vietnam, Brazil,
and Jamaica. Currently, the largest bauxite producers are Aus-
tralia, China, Guinea, Brazil, India, and Jamaica.

Although commercially bauxite is, by far, the most signifi-
cant source for aluminum, alternative aluminum sources ex-
ist that could be used to produce aluminum. These sources
include aluminum-bearing clays and alunite. Overall, global
aluminum resources are plentiful and sufficient to meet cur-
rent and future needs and production dynamics will generally
be driven by economics.
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Aluminum in Utah

No substantial production of aluminum has occurred in Utah,
but the state has significant alunite resources (figure 22). In
fact, Utah boasts the largest alunite deposit in the country.
Alunite is a hydroxylated potassium aluminum sulfate min-
eral (KAI;(SO,),(OH), figure 23), and Utah has two main
types of alunite: vein and replacement deposits. Vein depos-
its tend to be higher grade but generally represent a smaller
resource, and replacement deposits are lower grade but can
represent large tonnages. Vein deposits of alunite from the
Marysvale area were a source of potash during World War 1
and were evaluated as a source of aluminum during World
War I1. A small amount of alumina (Al,03) was produced at
that time but not at a commercial scale.

The largest known alunite deposit in the United States,
the Blawn Mountain deposit, is located in Beaver County
in the Wah Wah Mountains. This replacement deposit was
first evaluated in the 1970s but has been reevaluated in the
last few years by SOPerior Fertilizer Corporation (formerly
Potash Ridge) for production of potassium sulfate; alumina
would be a byproduct or co-product. A 2017 technical report
estimated the in-place measured and indicated resource of
alumina in alunite at the Blawn Mountain deposit to be 56

Utah Geological Survey

million tons. The measured and indicated alumina resource
from alunite in run-of-mine tons (based on potassium sul-
fate mining), which better represents recoverable alumina,
is about 19 million tons. Along with the Blawn Mountain
deposit, other scattered vein and replacement deposits are
known in southwestern Utah (Beaver, Piute, and Iron Coun-
ties), but these deposits are not as well defined. Utah’s vein
deposits would likely only serve as a high-grade alternate
feed for operations based at larger replacement deposits. Be-
yond alunite, Utah has aluminum potential in clay deposits,
but these deposits are unlikely to be economic and are cur-
rently poorly defined.

Further Reading

Fortier, S.M., Nassar, N.T., Lederer, G.W., Brainard, J., Gam-
bogi, J., and McCullough, E.A., 2018, Draft critical min-
eral list—Summary of methodology and background in-
formation—U.S. Geological Survey technical input doc-
ument in response to Secretarial Order No. 3359: U.S.
Geological Survey Open-File Report 2018-1021, 15 p.

Hall, R.B., 1978, World non-bauxite aluminum resources—
Alunite: U.S. Geological Survey Professional Paper
1076-A, 35 p.

Figure 23. Alunite vein in massive quartz-alunite sample from Blawn Mountain.
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Fluorspar
Overview and Criticality

Fluorspar is the commercial name for ore containing the min-
eral fluorite (CaF,). In the United States, fluorspar is used to
produce hydrofluoric acid (HF), which is used to produce alu-
minum, uranium, and a variety of fluorine-bearing chemicals.
Steel, cement, glass, ceramic, and enamel production also uti-
lizes fluorspar. An aspect of fluorspar’s criticality is the coun-
try’s near complete reliance on imports from relatively few
suppliers; only a negligible amount is produced domestically.
In the last few years, nearly 70% of the fluorspar consumed in
the United States came from Mexico.

Sources and Geology

Fluorspar is sourced from a variety of different deposit types
including fissure veins, stratiform deposits, replacement de-
posits, stockworks, carbonatite and alkalic rock complexes,
residual deposits, breccia pipes, and others. Commercial flu-
orspar deposits are often hydrothermal in origin. Most fluor-
spar is currently produced in China, but Mexico boasts the
largest reserves. Significant reserves are also found in China,
South Africa, and Mongolia.

Fluorspar in Utah

Utah has a history of producing fluorspar and new produc-
tion is in development. As of 1975, Utah had produced around
250,000 tons of fluorspar and had a roughly estimated 50,000
tons of remaining known resources. Some fluorspar has been
mined since 1975, but the amount has not been well docu-
mented. Fluorite deposits in Utah include breccia pipe fillings
and replacements, fissure veins, skarn and tactite deposits, and
disseminations in sedimentary and volcanic rocks, and nearly
all of the deposits are Tertiary in age (between 2.5 and 66 Ma).
Most of the fluorspar produced in Utah came from the Spor
Mountain area (figure 24), and the predominant deposit type
is breccia pipe fillings and replacements in dolomites adjacent
to faults. The fluorspar at Spor Mountain occurs in a variety of
ore textures: pulverulent, boxwork ore, aphanitic, sponge, and
crystalline. Although substantially less than the Spor Moun-
tain area, most of Utah’s remaining production came from the
Indian Peak Range, southern Wah Wah Mountains, and the
Star Range in Beaver County (figure 24).

The largest producing fluorspar mine in Utah is the Lost
Sheep mine in the Spor Mountain area. Prior to 1975, the
mine produced about 90,000 tons of fluorspar, but an addi-
tional 8000+ tons was produced from 1993 to 2007. The mine
is currently in the process of being reopened and produced
a limited amount of fluorspar in 2018. The remaining, avail-
able resource at the mine is unknown. Overall, potential for
discovery of additional fluorite resources in Utah is unknown,
but the Spor Mountain area has the highest potential.

Further Reading

Bullock, K.C., 1976, Fluorite occurrences in Utah: Utah Geo-
logical and Mineral Survey Bulletin 110, 89 p., https://
doi.org/10.34191/B-110.

Bullock, K.C., 1981, Geology of the fluorite occurrences,
Spor Mountain, Juab County, Utah: Utah Geological and
Mineral Survey Special Studies 53, 31 p., https://doi.
org/10.34191/SS-53.

Hayes, T.S., Miller, M.M., Orris, G.J., and Piatak, N.M., 2017,
Fluorine, in Schulz, K.J., DeYoung, J.H., Jr., Seal, R.R.,
II, and Bradley, D.C., editors, Critical mineral resources
of the United States—Economic and environmental ge-
ology and prospects for future supply: U.S. Geological
Survey Professional Paper 1802-G, p. G1-G52.

Indium

Overview and Criticality

Indium is a soft silver-white metal that resembles tin, its neigh-
bor on the periodic table. It was discovered in 1863 in sphaler-
ite, the ore mineral for zinc. The new element was named indi-
um for the brilliant blue, or indigo, of one of its spectral lines.
The United States does not produce any indium domestically
and is reliant on imports from China, Canada, Republic of Ko-
rea, and Taiwan to meet domestic demand. Indium’s main use
is as the major component in indium-tin oxide (ITO), which
is transparent and colorless when applied as a thin coating to
glass. It is also electrically conductive which, paired with its
transparency, makes it an integral component to almost every
flat panel display screen and touchscreen, such as for laptops
and mobile phones. There are very few substitutes for indium
and ITO. Given the total import reliance for the United States,
the ubiquity of indium requirements, and the lack of viable
substitutes, indium is considered a critical mineral.

Sources and Geology

Indium is not recovered as a primary commodity, rather it is
produced almost exclusively as a byproduct of zinc mining. As
such, the leading sources of indium are deposits with signifi-
cant zinc mineralization, such as volcanogenic massive sulfide
(VMS), sediment-hosted exhalative (SEDEX), and Mississippi
Valley-type (MVT) deposits. Globally, most zinc smelters are
not equipped with refineries able to recover indium, so coun-
tries producing the most indium may not always be those with
the highest geological reserves. China is currently the leading
indium producer, mainly from VMS and SEDEX deposits with
lesser input from MVT deposits. In addition to VMS, SEDEX,
and MVT deposits, indium also occurs in tin-rich polymetallic
deposits in Bolivia and Canada. These deposits occur as veins
and breccias in a variety of country rocks. The indium still oc-
curs with zinc mineralization, because indium occurs in solid
solution with sphalerite (ZnS). Indium, which has a 3+ charge,
couples with Cu, which has a 1+ charge, to replace zinc and/or
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Figure 24. Fluorspar resources in Utah.
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iron, both of which have a 2+ charge for a total coupled sub-
stitution of 4+ charge. Indium has been shown to account for
nearly 7 wt. % of a sphalerite crystal in tin-rich polymetallic de-
posits, whereas the concentrations in VMS, SEDEX, and VMS
deposits tend to be less than 1 wt. %.

Indium in Utah

Utah has only a few known indium occurrences (figure 25),
the most significant of which is the West Desert deposit. The
West Desert zinc-copper-indium-magnetite project (formerly

known as the Crypto project) is located in the Trout Creek
mining district in west central Juab County (figure 26). The
deposit is located on the northwestern edge of the Fish Springs
Range, which is a roughly north-south-trending range in the
eastern Basin and Range composed of Paleozoic platform car-
bonates. The West Desert deposit occurs as skarn mineraliza-
tion related to the intrusion of an Eocene quartz monzonite.
Mineralization occurs in shales interbedded with massive car-
bonates and is separated into the Main and Deep zones by the
extensional Juab fault. The hanging wall Main zone miner-
alization occurs in the Ordovician Wah Wah Limestone and
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Figure 25. Distribution of indium deposits and prospects in Utah.
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Figure 26. The West Desert zinc-copper-indium-magnetite project is hosted in the Fish Springs Range, pictured here. Photo from Dyer and
others (2014).
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Figure 27. Reflected-light photomicrograph showing sphalerite
(dark gray) with chalcopyrite inclusions from the West Desert
project. The sphalerite was measured by energy dispersive X-ray
(EDX) analysis as having indium concentrations over 9 wt. %. Photo
from Dyer and others (2014).

the Kanosh Shale. The footwall Deep zone mineralization oc-
curs in the Corset Spring and Candland Shale Members of the
Cambrian Orr Formation. Skarn mineralization in both zones
is characterized by magnetite with sphalerite and lesser chal-
copyrite. Indium is hosted in sphalerite in concentrations up
to 9 wt. %, far exceeding indium concentrations measured at
other base metal deposits (figure 27). An estimated 3.5 million
Ibs (1770 tons) of indium is present in the deposit. The United
States consumed 120 tons of indium in 2019, hence the West
Desert project contains enough indium to supply the entire
current U.S. consumption for over 14 years.

Further Reading

Cook, N.J., Ciobanu, C.L., Pring, A., Skinner, W., Shimizu,
M., Danyushevsky, L., Saini-Eidukat, B., and Melcher,
F., 2009, Trace and minor elements in sphalerite—A LA-
ICPMS study: Geochemica et Cosmochimica Acta, v. 73,
p. 4761-4791.

Dyer, T.L., Tietz, P.G., and Austin, J.B., 2014, Technical report
on the West Desert zinc-copper-indium-magnetite project,
preliminary economic assessment, Juab County, Utah: NI
43-101 Technical Report for InZinc Mining Ltd., 210 p.

Shanks, W.C.P., III, Kimball, B.E., Tolcin, A.C., and Guber-
man, D.E., 2017, Germanium and indium, in Schulz,
K.J., DeYoung, J.H., Jr.,, Seal, R.R., II, and Bradley, D.C.,
editors, Critical mineral resources of the United States—
Economic and environmental geology and prospects for
future supply: U.S. Geological Survey Professional Paper
1802-1, p. 11-127.
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Lithium
Overview and Criticality

Lithium is a key component in rechargeable lithium-ion
batteries, making it essential to many modern technologies
such as portable devices and electric cars. Demand for lith-
ium has risen sharply in the last several years in response to
increasing battery demand. Beyond batteries, lithium is also
used for glass and ceramic production, lubricating grease,
pharmaceuticals, and a variety of other applications. Lithi-
um is produced in the form of lithium carbonate (Li,CO3),
lithium hydroxide (LiOH), or lithium chloride (LiCl). Lithi-
um’s criticality is linked to the country’s reliance on imports
(currently over 25%) and its use in many technological ap-
plications, particularly “green technologies,” along with be-
ing a component in certain types of nuclear reactors and
aerospace alloys.

Sources and Geology

Lithium is produced from two main geologic sources: continen-
tal brines and igneous pegmatites. Lithium clays, such as hec-
torite, represent another geologic source, but clays are not cur-
rently significant for lithium production. Globally, the largest
producers of lithium are Australia, Chile, China, and Argentina.
Lithium from Australia is sourced from pegmatites, which are
the product of evolved magmas and are enriched in lithophile
elements, hence the presence of lithium. The most important
lithium ore mineral in pegmatites is spodumene (LiAl(Si05),),
but lepidolite (K(Li,Al,Rb),(ALSi),0,¢(F,0H),), petalite (Li-
AlSi404), and a few others have also been sources.

While Australia is currently the largest lithium producer, the
majority of the world’s resources are held in brines of the
“lithium triangle” in South America which includes parts of
Argentina, Bolivia, and Chile. In some areas within the lith-
ium triangle, average concentrations of lithium in brines can
reach up to 1400 ppm. Lithium concentrates in brines due to
its relatively incompatible nature. Lithium-rich brines also re-
quire a source of lithium, often in the form of volcanic rocks,
lithium-rich clay, or evaporite deposits that it can leach from.
The only domestic lithium production comes from a brine de-
posit in Nevada, where average concentrations of lithium in
the brine are around 160 ppm, which is on the low end of
global lithium-from-brine producers.

Lithium in Utah

Due to recent rising demand for lithium, there has been a
corresponding rise of interest in Utah’s potential resources.
Most of the attention has been focused on lithium potential in
Utah’s brine resources (figure 28); however, the brines have
a high magnesium-to-lithium ratio and relatively low con-
centrations of lithium. Separating magnesium from lithium
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is expensive and current technology and economics require
a maximum ratio of magnesium-to-lithium of around 10 to
1. For most of the brines in Utah, the ratio is much higher,
ranging from roughly 40 to 1 to 250 to 1. Maximum lithium
concentrations in Great Salt Lake are around 80 ppm, which is
below the average grade of current global lithium producers,
though lithium concentration in the lake varies by location and
lake level. New lithium extraction technology may change the
ability to extract lithium economically from magnesium-rich
brines in the future. Despite the magnesium-to-lithium ratio,
part of US Magnesium’s process to produce magnesium metal
from Great Salt Lake requires separation of lithium from the
magnesium-rich brine feedstock. This processing step may
make lithium in Great Salt Lake an economically viable by-
product. Reportedly, US Magnesium is set to produce lithium
in the near term.

Lithium exploration companies have also explored brines
elsewhere in Utah, including the Paradox Basin. In the deep
subsurface of the Paradox Basin, thick evaporite layers con-
tain enriched groundwater brines. Old analyses from oil and
gas wells show lithium concentrations in the low hundreds of
parts per million. Recently one company, Anson Resources,
has re-entered a few abandoned oil and gas wells and encoun-
tered lithium concentrations of up to 240 ppm. Anson is seek-
ing to develop new lithium extraction technologies and has
completed a resource assessment in an area west of Moab (the
Paradox Basin Brine project), containing an in-place indicated
and inferred 287,000 tons of lithium carbonate equivalent and
a recoverable indicated and inferred 205,000 tons of lithium
carbonate equivalent.

Brines of the Great Salt Lake Desert have also attracted some
interest. Brines at the Bonneville Salt Flats and Pilot Valley
show lithium concentrations of up to about 140 ppm and 100
ppm, respectively, but average concentrations are likely sub-
stantially lower. Overall, existing producers of other com-
modities from brines and evaporites may be the most likely
future lithium producers in Utah as lithium concentrates in
their evaporative processes. However, magnesium contamina-
tion would still need to be addressed with expensive process-
ing or new technologies.

Further Reading

Bradley, D.C., Stillings, L.L., Jaskula, B.W., Munk, L., and
McCauley, A.D., 2017, Lithium, in Schulz, K.J., DeY-
oung, J.H., Jr., Seal, R.R., II, and Bradley, D.C., editors,
Critical mineral resources of the United States—Eco-
nomic and environmental geology and prospects for fu-
ture supply: U.S. Geological Survey Professional Paper
1802-K, p. K1-K21.
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Uranium

Overview and Criticality

Uranium has been known since ancient Roman times when
it was used to color glass for mosaics. Uranium was iden-
tified as an element in 1789, and its radioactive properties
have been known since 1896. Early uranium mining in the
late 19th century was focused on radium or vanadium, with
the uranium recovered as a byproduct or discarded as waste.
However, with the discovery of nuclear fission in 1938, ura-
nium became a primary exploration target, both globally and
in the United States.

Uranium has been classified as a fuel mineral since the 1970
Mining and Minerals Policy Act. The USGS identified non-
fuel uses such as radiation shields, counterweights, armor
piercing kinetic energy penetrators, and medical isotope
production, which qualify uranium as a critical mineral (all
other critical minerals are non-fuel minerals). The United
States produces less than 10% of the uranium needed for
domestic demand. Canada and Australia, which are the sec-
ond and third leading producers of uranium in the world,
respectively, supply nearly half of the uranium imported to
the United States, with significant contributions also from
Russia and Kazakhstan.

Sources and Geology

Uranium is a relatively common element and occurs in rocks
all over the planet and even in seawater at low concentrations.
Despite being a relatively common element, uranium forms
concentrated economic deposits in only a few places globally.
Uranium is a mobile element under oxidizing conditions and
hence can be found in many types of deposits—in 2000 the
International Atomic Energy Agency defined fifteen different
types of uranium deposits, many of which have subtypes. The
uranium deposits in Kazakhstan are mainly sediment hosted,
whereas those in Canada are unconformity related. In Austra-
lia, which hosts 30% of known recoverable uranium resources,
deposits are mostly unconformity related with the exception of
the world-class Olympic Dam mine, which is a significant ura-
nium resource hosted in an iron oxide breccia complex. As with
the variety of uranium deposit styles, there are many different
uranium ore minerals. Carnotite (Ky(UO,),(VO,),°3H,0) is
one of the best known of these minerals, due to its bright yel-
low color, and is particularly common on the Colorado Pla-
teau, where it was first discovered.

Uranium in Utah

Uranium in Utah is mainly found in sediment-hosted uranium
deposits of the Colorado Plateau (figure 29). This geologic
province has been the main source of uranium mining in the
United States and includes areas of Utah, Colorado, New
Mexico, and Arizona. Uranium mining from the Colorado
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Plateau led the United States to a position of dominance in
the global uranium market from the early 1950s to late 1970s,
starting with the discovery of the Mi Vida uranium mine in
Utah’s Lisbon Valley mining district in 1952 (figure 30). In
Utah, uranium is hosted largely in the Jurassic Morrison For-
mation and the Triassic Chinle Formation. Uranium mineral-
ization is hosted in sandstone lenses or beds with ore miner-
als filling pore space or replacing organic material and clays,
often as the mineral uraninite (UO,, figure 31). Although the
Colorado Plateau accounts for more than 95% of uranium pro-
duced in Utah, other districts that produced notable uranium
include the Marysvale, Bingham, and Spor Mountain districts.
The Marysvale district, located in the transition zone between
the Basin and Range to the west and the Colorado Plateau to
the east, hosts uranium mineralization in veins and breccias in
Miocene-age volcanics. The Spor Mountain district, known
for beryllium production, hosts uranium in tuffaceous sand-
stones and conglomerates, in a similar sediment-hosted style
to the Colorado Plateau deposits. The Bingham Canyon por-
phyry copper deposit does not contain significant uranium ore
minerals, but uranium was recovered as a byproduct of cop-
per processing during peak uranium prices in the late 1960s.
In modern times, uranium mining is focused on the Colorado
Plateau, but there has been no active mining since 2012. The
only operating conventional uranium and vanadium mill in
the United States (White Mesa Mill) is located in Blanding,
Utah, and it processes uranium from other domestic mining
and mine remediation operations. Multiple uranium mines
throughout southeastern Utah such as the Beaver and Pandora
mines remain on standby in anticipation of restarting under
favorable economic conditions.

Utah Spotlight: Colorado Plateau

The Colorado Plateau is a physiographic and geologic region
covering southeastern Utah, northeastern Arizona, northwest-
ern New Mexico, and southwestern Colorado. The area is

Figure 30. The Mi Vida uranium mine, discovered by Charlie Steen
in 1952. The discovery of the Mi Vida mine kicked off the uranium
rush in the Colorado Plateau.

Utah Geological Survey

Figure 31. Hand sample of high-grade uraninite mineralization
replacing “plant trash” (carbonaceous detritus) in sandstone.
Sample from the Snow mine in the San Rafael Swell mining
district, Emery County.

characterized by high-altitude, semi-arid environments with
scattered forests. In Utah, the plateau is home to some of the
most scenic state and national parks, such as Canyonlands and
Arches. The 25-mile-thick crustal block comprising the pla-
teau has experienced little deformation in the past 500 million
years in contrast to the strongly folded and extended Basin and
Range to the west and the highly deformed and uplifted Rocky
Mountains to the north and east. The stratigraphy of the Pla-
teau is composed of metamorphosed Precambrian basement
overlain by Paleozoic marine units, with a gap of several hun-
dred million years in between. The marine units transition into
younger, terrestrial units manifesting as the magnificent cross-
bedded red sandstone units that give southern Utah the nick-
name of “red rock country.” The Plateau experienced minor
magmatism, as can be seen in the La Sal and Henry Mountains,
though it is not the magmatic systems that contribute to the
most significant mineralization on the plateau, as in other geo-
logic terranes such as the Basin and Range. Rather, the Colora-
do Plateau’s sediment-hosted uranium and vanadium deposits
tend to form in sandstone or shale lenticular and tabular fluvial
channels (figure 32). Mineralizing fluids are thought to be as-
sociated with low-temperature groundwater flow during the
Mesozoic Era. The groundwater contained low concentrations
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Figure 32. Massive uranium mineralization, dominantly uraninite
(black), hosted in sandstone in the Temple Mountain mining district,
Emery County.

of uranium that were progressively deposited in organic-rich
sites (e.g., plant detritus) over long periods of time, eventually
forming large deposits. The source of the uranium has been
hypothesized as surface rock and soil, leaching of permeable
strata in the region, or hydrothermal solution from the base-
ment. Hydrothermal, saline basin brines sourced from Para-
dox Formation evaporites scouring metal from the Cutler and
Chinle Formations are thought to be the source of the younger
(post-Cretaceous) sediment-hosted copper + cobalt deposits in
the region (see cobalt section for more information).

Further Reading

Chenoweth, W.L., 1990, A history of uranium production
in Utah, in Allison, M.L., editor, Energy and Mineral
Resources of Utah: Utah Geological Association Pub-
lication 18, 17 p.

Miller, D.S., and Kulp, J.L., 1963, Isotopic evidence on the
origin of the Colorado Plateau uranium ores: Geologi-
cal Society of America Bulletin, v. 74, p. 609—-630.

World Nuclear Association, 2018, Geology of uranium de-

posits: Online, https://www.world-nuclear.org/infor-
mation-library/nuclear-fuel-cycle/uranium-resources/
geology-of-uranium-deposits, accessed February 2020.

Vanadium
Overview and Criticality

Vanadium is a silver-gray transition metal that forms col-
orful compounds due to its many oxidation states. For ex-
ample, vanadium minerals are often brightly colored (such
as red vanadinite or yellow carnotite), and compounds of
vanadium are known in all oxidation states from -1 to +5.
Because vanadium is malleable, ductile, and corrosion-resis-

tant, its main uses are in metal alloys, such as high-strength
low-alloy steels. The metallurgical applications of vanadium
were recognized in the early 1900s, and Henry Ford was one
of the first to take advantage of vanadium steel’s lightweight
strength on an industrial scale. A 1908 advertisement for the
Model T exhorted vanadium steel as the “strongest, toughest,
and most enduring steel ever manufactured.” More recently,
vanadium has come into the spotlight for the potential of
vanadium redox flow batteries (VRBs), which may play an
increasingly important role for large-scale energy storage,
such as at renewable energy facilities.

No vanadium has been mined in the United States since
2012, the last year that sandstone-hosted uranium-vanadi-
um mines on the Colorado Plateau were active. The current
leading producers of vanadium are China, South Africa, and
Russia, and these countries also hold the majority of global
reserves. Vanadium’s criticality is based on the U.S.’s high
import reliance, despite the existence of domestic resources,
and on the necessity of vanadium for infrastructure develop-
ment and specialty applications like aerospace titanium al-
loys, where no substitute exists.

Sources and Geology

Globally, the most common deposit type for vanadium is va-
nadium-rich titanomagnetite deposits. These deposits form in
stratiform tabular bodies of mafic to ultramafic composition
where the vanadium-rich titanomagnetite occurs in layers of
either massive or disseminated ore. These layered intrusions
were likely formed through settling of a heavier, iron-rich
magma phase to the bottom of the magma chamber during
crystallization and are often associated with metals such as
chromium, copper, nickel, and platinum group metals. Other
types of deposits include sandstone- and shale-hosted vana-
dium and vanadate deposits.

Vanadium in Utah

Utah’s Colorado Plateau is home to many sandstone-host-
ed uranium and vanadium deposits (figure 29). These were
originally mined for vanadium prior to the uranium boom in
the 1940s and beyond. During the Atomic Energy Commis-
sion’s procurement phase from 1947 to 1970, Utah produced
an estimated 90 million lbs of vanadium metal, which would
meet today’s total domestic consumption for nearly five years.
These sandstone-hosted deposits represent the primary do-
mestic source for vanadium in the United States. As is the
case for uranium mineralization, these deposits are hosted in
fluvial sandstone lenses in the Triassic Chinle and Jurassic
Morrison Formations, and vanadium is commonly found in
the mineral carnotite (figure 33). Vanadium is most strongly
enriched in the Salt Wash Member of the Morrison Forma-
tion and is associated with zones of increased organic mate-
rial, such as carbonaceous plant detritus. The origin of these
deposits is uncertain, though one common theory is that they
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Figure 33. A. Yellow carnotite mineralization roughly parallel to
bedding in cross-bedded sandstone in the Temple Mountain mining
district, Emery County. B. Crystals of orange lasalite, a vanadium-
bearing mineral. Sample from the Vanadium Queen mine, where the
mineral was first identified, in the La Sal mining district, which the
mineral was named for, in San Juan County. Specimen and photo
courtesy of Joe Marty.

Figure 34. Refined “black flake”” vanadium produced from the White
Mesa Mill in Blanding, Utah. Black flake vanadium is the high-purity
vanadium end-product produced by the vanadium refinement circuit
at the White Mesa Mill.

Utah Geological Survey

came from the dissolution of iron- and titanium-oxide miner-
als in the Morrison Formation or other local source rocks. Va-
nadium had not been a primary target of modern exploration
until recent higher vanadium prices renewed interest in the
Colorado Plateau. Many of Utah’s historical uranium districts
were evaluated for their vanadium potential. The White Mesa
Mill in Blanding has the capacity to process vanadium ore
and produce high-purity “black flake” vanadium (figure 34),
making the area particularly favorable for vanadium mining.

Further Reading

Kelley, K.D., Scott, C.T., Polyak, D.E., and Kimball, B.E., 2017,
Vanadium, in Schulz, K.J., DeYoung, J.H., Jr., Seal, R.R.,
II, and Bradley, D.C., editors, Critical mineral resources of
the United States—Economic and environmental geology
and prospects for future supply: U.S. Geological Survey
Professional Paper 1802-U, p. U1-U36.

Doelling, H.H., 1974, Uranium-vanadium occurrences of
Utah: Utah Geological and Mineralogical Survey Open-
File Report 18, https://doi.org/10.34191/OFR-18.

POTENTIAL CRITICAL MINERAL
RESOURCES IN UTAH

Antimony

Antimony is one of the six commonly recognized metalloids,
also known as semi-metals. Like most metalloids, antimony
appears metallic in its native form but is brittle and a poor
conductor of heat and electricity. However, in metallurgical
applications, antimony can add strength, hardness, and cor-
rosion resistance to alloys. The main uses of antimony are as
a flame retardant, in metal compounds such as lead-acid bat-
teries, in ammunition and semiconductors, and in non-metal
products such as ceramics and glass. Antimony was named
as a critical mineral based on a high import reliance and use
in military applications (e.g., as a hardener for ball bearings
and armor-penetrating bullets, and as a strengthener for cable
sheaths and tank linings). The United States does not produce
any antimony domestically, importing antimony mainly from
China and to a lesser extent from Italy and India. Antimony
forms in a variety of deposit types and can be produced as
a byproduct, though primary antimony deposits of stibnite
(Sb,S;, figure 35) associated with orogenic, magmatic-hydro-
thermal, and sediment-hosted mineralization make up most of
the current antimony production globally.

The majority of antimony produced in Utah (figure 36) comes
from the Antimony district in northwestern Garfield County
(also known as the Coyote Canyon district). Production in
this district was from hand sorted high-grade stibnite ore and
took place in the late 1800s, with intermittent production into
the 1960s. The Antimony district deposits are hosted in sandy
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carbonate units of the Paleocene Flagstaff Formation, and
ore occurs as replacement-style lenses and veinlets of stib-
nite with accessory realgar, orpiment, and fluorite. A roughly
estimated 210 million Ibs of antimony is judged to remain in
the district. Other past producers of antimony include the Le-

Figure 35. Stibnite from the Silver King Coalition mine in the Park
City mining district, Summit County.
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Figure 36. Distribution of mining districts that have historically
produced antimony and individual antimony prospects.

jaiv mine in Washington County (vein and replacement-style
stibnite in the Paleocene Claron Formation, possibly associ-
ated with sediment-hosted gold at the Goldstrike district), the
South Hecla mine in the Little Cottonwood district (vein and
replacement-style silver-lead mineralization with byproduct
antimony), and the Dry Lake Antimony mine in the Box Elder
district (vein-hosted stibnite with associated silver). Antimo-
ny is an accessory element in sediment-hosted gold deposits
such as Mercur and Gold Hill, though there are no records of
antimony being produced from these districts.

Further Reading

Seal, R.R., II, Schulz, K.J., and DeYoung, J.H., Jr., with
contributions from D.M. Sutphin, L.J. Drew, J.F. Car-
lin, Jr., and B.R. Berger, 2017, Antimony, in Schulz,
K.J., DeYoung, J.H., Jr., Seal, R.R., II, and Bradley,
D.C., editors, Critical mineral resources of the United
States—Economic and environmental geology and
prospects for future supply: U.S. Geological Survey
Professional Paper 1802-C, p. C1-C17.

Traver, WM., 1949, Investigation of Coyote Creek antimony
deposits, Garfield County, Utah: U.S. Department of Inte-
rior Bureau of Mines Report of Investigations 4470, 20 p.

Arsenic

Like antimony, arsenic is a metalloid and has characteristics
of both metals and nonmetals. Many people may associate
arsenic most strongly as a poison—after all, it is thought to
have been the poison of choice for the Borgias family during
the Renaissance period—however, arsenic has many useful
applications. Arsenic is used in compounds for semiconduc-
tors in solar cells, space research, and telecommunications
(gallium-arsenide), specialty optical materials (germanium-
arsenide-selenide), and short-wave infrared technology (in-
dium-gallium-arsenide). The United States has not produced
arsenic domestically since 1985 and is reliant on imports from
countries like China and Morocco. Arsenic rarely occurs in its
native form in nature and its ore minerals include arsenopyrite
(FeAsS), realgar (AsS), and orpiment (As,S3). Rarely mined
as a primary commodity, arsenic is mainly recovered as a by-
product of gold, copper, and other metal mining operations.

In Utah, the Gold Hill district has been Utah’s premier arsenic
producer (figure 37). Arsenopyrite was mined from polyme-
tallic veins associated with Jurassic-age magmatism hosted
in the Mississippian Ochre Mountain Limestone. Along with
the arsenic, other metals such as copper, lead, silver, and gold
were also mined from this type of deposit. Arsenic production
took place during the 1920s and again during WWII, produc-
ing an estimated 24,000 tons of arsenic metal, nearly three
times the modern annual consumption of arsenic. Other sourc-
es of arsenic in Utah include sediment-hosted gold deposits,
such as in the Mercur district, where orpiment and realgar are
commonly associated with gold mineralization (figure 38).

35



36

Wercur # ‘
'EMining District
5

R A

?\_Gold Hill

Mining District” |-

Major past-producing
D mining distr?ct

Mining district

e Arsenic mine, prospect, or
occurrence

Ny Geologic province boundary

Figure 37. Distribution of mining districts that have historically
produced arsenic and individual arsenic prospects.
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Figure 38. Realgar (red) and orpiment (orange) from the Mercur
mine, Mercur mining district, Tooele County.

There is no record of arsenic production from any of Utah’s
major sediment-hosted gold districts, however this may be
because arsenic was viewed as a less valuable byproduct and
was therefore not closely monitored.

Utah Geological Survey

Further Reading

Dasch, M.D., 1964, Antimony and other minor metals, in Hil-
pert, L.S., editor, Mineral and water resources of Utah:
Utah Geological and Mineralogical Survey Bulletin 73,
p- 135-149, https://doi.org/10.34191/B-73.

Fortier, S.M., Nassar, N.T., Lederer, G.W., Brainard, Jamie,
Gambogi, Joseph, and McCullough, E.A., 2018, Draft criti-
cal mineral list—Summary of methodology and background
information—U.S. Geological Survey technical input docu-
ment in response to Secretarial Order No. 3359: U.S. Geo-
logical Survey Open-File Report 2018-1021, 15 p.

Barite

Barite is a barium sulfate mineral (BaSO,) that is useful because
of its high density and inertness (figure 39). Those characteris-
tics make it ideal for use as a weighting agent in drilling fluids
for oil and gas wells, which accounts for the vast majority of its
sales in the United States. Barite has several other uses such as
in medical applications and as a filler, extender, or weighting
material in a variety of products. In 2019, the United States im-
ported 87% of the barite it consumed, providing justification for
its criticality. Globally, China is the leading producer and sup-
plied about 58% of the country’s imported barite. Several coun-
tries, including China, have significant reserves. Economically
important deposit types for barite include bedded, vein (also
known as filling or replacement), and residual deposits. Bedded
deposits account for most of the production and reserves glob-
ally. In the United States, barite production comes from bedded
deposits in Nevada and residual deposits in Georgia.

Figure 39. Bladed barite crystals from the Buckhorn Ag-Pb mine,
Tooele County.
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produced barite and individual barite prospects in Utah.

Utah has produced a small amount of barite in Juab, Beaver,
and Emery Counties (figure 40), but most of the produc-
tion was from several decades ago, primarily the late 1950s
and early 1960s. The largest historical producer, the Garrick
mine, is a vein deposit in western Juab County. Most of the
remaining production came from the Horn Silver mine in Bea-
ver County (as a byproduct) and the Barium, Inc. mine at an
unknown location in Emery County. A small barite mine in
Tooele County attempted to produce in the early 2000s, but
records are unclear whether any material was mined. Several
small deposits, occurrences, and prospects exist across Utah,
but none of the known deposits are significant enough to cur-
rently be considered economic under current conditions.

Further Reading

Brobst, D.A., 1964, Barite, in Hilpert, L.S., editor, Mineral
and water resources of Utah: Utah Geological and Min-
eralogical Survey Bulletin 73, p. 154-157, https:/doi.
org/10.34191/B-73.

Johnson, C.A., Piatak, N.M., and Miller, M.M., 2017, Barite
(barium), in Schulz, K.J., DeYoung, J.H., Jr., Seal, R.R.,
II, and Bradley, D.C., editors, Critical mineral resources
of the United States—Economic and environmental ge-
ology and prospects for future supply: U.S. Geological
Survey Professional Paper 1802-D, p. D1-D18.

Bismuth

Bismuth is a post-transition metal that is softer and less con-
ductive than its metal cousins. Bismuth has the strongest
diamagnetism of any metal, meaning it is repelled instead
of attracted by a magnetic field, and it has a relatively low
melting point, leading to its use in fusible alloys. Brittle and
crystalline in its native form, bismuth’s most recognizable ap-
plication is as the main ingredient in the stomach medicine
Pepto-Bismol®. Bismuth’s lack of toxicity makes it applicable
in medicine and as a non-toxic alternative to lead, such as in
plumbing and bullets. The United States is highly import de-
pendent for bismuth, and the majority of imports come from
China. Bismuth is a byproduct associated with base and pre-
cious metal deposits, such as copper porphyries and lead-zinc
replacement deposits.

Bismuth has historically been mined in Utah from deposits
in the Cottonwood, Gold Hill, Lincoln, and Drum Mountain
districts and has been produced as a byproduct of mining in
the Tintic district, all generally before the 1960s (figure 41).
The South Hecla mine in the Little Cottonwood district was
one of the leading bismuth producers in the United States in
the first half of the 1900s and remains the largest historical
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Figure 41. Distribution of mining districts that have historically
produced bismuth and individual bismuth prospects.

37


https://doi.org/10.34191/B-73
https://doi.org/10.34191/B-73

38

producer of bismuth in Utah. Bismuthinite (Bi,S3, figure 42) in
the South Hecla mine was hosted with lead, zinc, silver, cop-
per, and gold ore minerals in replacement deposits developed
around the Alta intrusive stock in the Mississippian Fitchville
and Humbug Formations. Bismuth is also present at Bingham
Canyon, where it is considered a deleterious element in the
copper refining process. Bismuth causes grain boundary cracks
when copper is drawn into wires, hence there is significant fo-
cus on removing any bismuth impurities from the final copper
cathode product. Currently bismuth is discharged with waste
water to be treated before going to the tailings impound. How-
ever, should bismuth economics improve, bismuth could be re-
covered as a byproduct of copper and precious metals refining.

Figure 42. A. Bismuthinite crystals hosted in calcite from the Creole
mine in the Lincoln mining district, Beaver County. Specimen and
photo courtesy of Dave W. Richardson. B. Green mixite, a bismuth-
bearing mineral, from the Gold Hill mine in the Gold Hill mining
district, Tooele County. Specimen and photo courtesy of Joe Marty.

Utah Geological Survey

Further Reading

Fortier, S.M., Nassar, N.T., Lederer, G.W., Brainard, Jamie,
Gambogi, Joseph, and McCullough, E.A., 2018, Draft
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background information—U.S. Geological Survey tech-
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3359: U.S. Geological Survey Open-File Report 2018—
1021, 15 p.

Kim, D., and Wang, S., 2007, Recovery of bismuth from the
precious metal discharge solution—Process development
at Kennecott Utah Copper Refinery, in Riveros, P. A,
Dixon, D.G., Dreisinger, D.B., and Collins, M.J., editors,
Cu2007—Volume IV (Book 2) The John E. Dutrizac In-
ternational Symposium on Copper Hydrometallurgy, The
Sixth International Copper-Cobre Conference, Toronto,
Ontario, August 25-30, 2007, Proceedings: The Metal-
lurgical Society of the Canadian Institute of Mining, Met-
allurgy, and Petroleum, p. 165-176.

Germanium and Gallium

Germanium is a metalloid, like arsenic and antimony, where-
as gallium is a post-transition metal, like bismuth. Both ele-
ments have the unique characteristic of being denser as a
liquid than as a solid, like ice and water. Germanium’s uses
are similar to indium’s, in that it is an essential component
in infrared optics, fiber-optic systems, and electronic and
solar applications. Gallium is dominantly used in analog in-
tegrated circuits, and to a lesser extent LEDs, laser diodes,
and digital integrated circuits. Both elements are impor-
tant to a variety of high tech uses, green technology, and
military applications. Germanium and gallium are grouped
here because they are often recovered together as byprod-
ucts of base metal mining, particularly in the United States.
Although germanium-bearing zinc concentrate is mined in
Alaska, Tennessee, and Washington, the concentrates are ex-
ported for further processing. Hence, no primary refined ger-
manium or gallium is produced domestically, and both are
imported dominantly from China, supplemented by imports
from multiple European countries.

The Apex mine located in Utah’s Washington County pro-
duced copper, gallium, and germanium briefly from the late
1980s to early 1990s (figure 43). The Apex mine had previ-
ously been an intermittent copper and silver producer from
1884 to 1962, and the germanium and gallium was originally
recognized in 1958. The germanium and gallium are hosted
in iron minerals (hematite, goethite, jarosite; figure 44), and
the deposit still contains a roughly estimated 660,000 lbs gal-
lium, 1.7 million lbs germanium, and 36 million Ibs copper.
For context, this represents over 20 years of gallium and 26
years of germanium supply by current domestic consumption
rates. However, the Apex mine has been reclaimed since the
final period of mining in the 1990s, so near-term resumption
of mining is unlikely.
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Figure 44. Hand sample of high-grade Ge-Ga plumbojarosite ore
from the Apex mine in the Tutsagubet mining district, Washington
County. Photo from Wenrich and Verbeek (2014), reproduced with
the permission of Utah Geological Association.
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editors, Critical mineral resources of the United States—
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future supply: U.S. Geological Survey Professional Paper
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Wenrich, K.J., and Verbeek, E.R., 2014, The Apex Mine,
Utah—A Colorado Plateau-type solution-collapse brec-
cia pipe and a Tsumeb, Namibia, analogue, in MacLean,
J.S., Biek, R.F., and Huntoon, J.E., editors, Geology of
Utah’s Far South: Utah Geological Association Publica-
tion 43, p. 651-688.

Manganese

Manganese is a transition metal, silvery metallic in luster but
hard and brittle. Given that manganese is one of the most
common elements (12th most abundant crustal element, Sth
most abundant metal), surprisingly it does not occur on its
own in nature. Rather it commonly occurs as oxides (e.g., py-
rolusite, MnO,, the main ore mineral for manganese) or with
iron minerals. As with other transition metals like vanadium,
manganese compounds can be brightly colored. Pink rho-
dochrosite is manganese carbonate, and the purple color in
amethyst is due to manganese. Manganese is a fundamental
element in modern industry, essential to iron-ore refining and
steel alloys. Despite the foundational role manganese plays in
modern infrastructure, the United States does not produce any
manganese domestically. Imports are dominantly from South
Africa and Gabon, and to a lesser extent Australia. Despite
known resources in the United States, the higher grade and
larger size of deposits in other countries make it difficult for
domestic operations to compete economically.

Utah was a significant producer of manganese during the first
half of the 1900s, most significantly from the Drum Mountain
district in Juab and Millard Counties (figure 45). The Drum
Mountain district is centered around a low-grade Eocene-age
porphyry with adjoining copper, gold, and silver carbonate re-
placement deposits. However, the significant mine production
originally came from sediment-hosted gold mineralization to
the south of the porphyry and later from the manganese re-
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Figure 46. Replacement-style manganese mineralization from the
Long Ridge manganese mining district in Utah County.

placement deposits to the north, both of which are presumed
to be related to distal fluid flow associated with porphyry em-
placement. The majority of manganese mineralization in Utah
is associated with this style of replacement deposit (figure 46),
and a number of districts have minor manganese production
from replacement deposits in the eastern Basin and Range.
However, the Little Grand district in the Colorado Plateau re-
gion was a notable manganese producer from sediment-host-
ed deposits. Manganese mineralization occurs in limestone
and sandstone, similar to the uranium, vanadium, and cop-
per mineralization found in the Colorado Plateau, though the
manganese is hosted in the Jurassic Summerville Formation,
stratigraphically above the main uranium-vanadium horizons.

Further Reading

Baker, A.A., Duncan, D.C., and Hunt, C.B., 1952, Manga-
nese deposits of southeastern Utah, manganese depos-
its of Utah, part 2: U.S. Geological Survey Bulletin
979-B, 103 p.

Cannon, W.F., Kimball, B.E., and Corathers, L.A., 2017,
Manganese, in Schulz, K.J., DeYoung, J.H., Jr., Seal,
R.R., II, and Bradley, D.C., editors, Critical mineral
resources of the United States—Economic and envi-
ronmental geology and prospects for future supply:
U.S. Geological Survey Professional Paper 1802-L, p.
L1-L28.

Crittenden, M.D. Jr., 1951, Manganese deposits of western
Utah, manganese deposits of Utah, part 1: U.S. Geo-
logical Survey Bulletin 979-A, 70 p.

Rare Earth Elements and Scandium

Rare earth elements, more commonly known as REEs, are a
broad set of seventeen chemically and geologically similar ele-
ments. REEs include all fifteen elements in the lanthanide series
on the periodic table, as well as scandium and yttrium, though
the inclusion of scandium is sometimes debated. Despite im-
plications of the name, REEs are not actually rare in terms of
crustal abundance; they do, however, rarely form concentrated

deposits. REEs have a wide range of defense, energy, and in-
dustrial applications, such as magnets, catalysts, and polishing
or additives for glass. China is the dominant global producer of
rare earths, largely from a unique carbonatite mine known as the
Bayan Obo deposit. Prior to 2011, China controlled over 90%
of the global rare earth market. However, geopolitical tensions
and concerns over supply stability have caused other countries
to seek to develop alternative REE sources. In the United States
the Mountain Pass deposit in southeastern California is the only
active rare earth mine. However, the United States does not yet
have a REE processing facility, so these ores are sent to China
for refining, although new REE processing plants are likely to
be developed in the United States within the next five to ten
years. Given the current domestic import reliance, the risk of
supply disruption, and the widespread and specialty uses of rare
earths, they are considered highly critical.

With the exception of scandium, rare earths have never been
produced in Utah and there are no known primary rare earth
deposits, though several prospects have been identified (fig-
ure 47). Small amounts of scandium were produced from
the Little Green Monster variscite deposit near the Lake
Mountains in Utah County, where variscite (AIPO,4°2H,0,

~

Little Green = |/
Monster Mine\‘a ‘

'\Spor Mountain
Mining District
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» REE occurrence ap Minor past-producing
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"\ Geologic province boundary Mining district

Figure 47. Location of the Little Green Monster/Clay Canyon
variscite and crandallite deposit in the Sunshine mining district in
Tooele/Utah Counties that has historically produced scandium, and
the distribution of REE + scandium prospects.
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Figure 48. Variscite sample from the Little Green Monster/Clay
Canyon variscite and crandallite deposit in the Sunshine mining
district, Tooele/Utah Counties.

figure 48) and crandallite (CaAl;(PO,4),(OH)s*H,0) con-
tained 0.01 to 0.8 wt. % scandium oxide (Sc,03). The Be-
ryllium Belt (figure 7) has evolved chemistry of the type
favorable to rare earth enrichment and limited geochemical
work has shown that the Spor Mountain tailings may be
enriched in REEs, which could be recovered as a byproduct
of the beryllium mining. Other potential sources of REEs
in Utah include phosphate deposits and iron apatite depos-
its, but there has been little research on the potential of
these areas.

Further Reading

Shubat, M.A., 1988, Scandium-bearing aluminum phos-
phate deposits of Utah: Utah Geological and Mineral
Survey, Report of Investigation 209, 26 p., https://doi.
org/10.34191/R1-209.

Van Gosen, B.S., Verplanck, P.L., Seal, R.R., II, Long, K.R.,
and Gambogi, J., 2017, Rare-earth elements, in Schulz,
K.J., DeYoung, J.H., Jr., Seal, R.R., II, and Bradley,
D.C., editors, Critical mineral resources of the United
States—Economic and environmental geology and
prospects for future supply: U.S. Geological Survey
Professional Paper 1802-O, p. O1-O31.

Tellurium

Tellurium, a metalloid like arsenic, antimony, and germani-
um, is a rare chalcophile element, meaning it readily bonds
with sulfur to form sulfide minerals. The main use for tel-
lurium is for cadmium-telluride film used in solar cells. In
addition to photovoltaic applications, tellurium is also used
in thermoelectric products and as a metallurgical additive
to improve performance of various alloys. Like rhenium,

Utah Geological Survey

most tellurium (as much as 90% globally) is recovered as
a byproduct from porphyry copper mining. Telluride min-
erals also form in epithermal deposits, such as the Crip-
ple Creek gold-telluride mine in Colorado. Cripple Creek
contained significant amounts of gold hosted as the min-
eral calaverite, or gold telluride (AuTe,). Cripple Creek’s
tellurium was so famous that another mining town (and
eventually ski resort) in Colorado took the name Telluride,
even though the deposits in that mining district were not
strongly enriched in tellurium. The only two active primary
tellurium deposits globally are epithermal deposits located
in China and Finland.

In Utah, tellurium has been produced as a byproduct of the
copper mining at the Bingham Canyon porphyry deposit
(figures 14 and 49). Tellurium is associated with the copper

Figure 49. A. High-grade copper ore from the Bingham Canyon
copper mine. Tellurium is present at very low concentrations in the
copper ore and can be isolated during the copper refinement process.
B. Blue eurekadumpite with yellow-green dugganite, both tellurium-
bearing minerals, from the Gold Chain mine in the Tintic mining
district, Juab County. Specimen and photo courtesy of Joe Marty.
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refining process and is concentrated in the anode slimes
that are produced in the final step of copper refinement,
when the copper anode is dissolved and redeposited as
pure copper on a stainless steel cathode in an electrolytic
bath. All impurities such as gold, silver, platinum, palla-
dium, and tellurium in the copper anode are left behind.
It is difficult to obtain numbers for specific tellurium pro-
duction, because Bingham currently does not refine the an-
ode slimes to recover tellurium. However, tellurium was
recovered in the past and Bingham may have the capability
to begin producing refined tellurium again, should market
economics prove favorable.

Further Reading

Goldfarb, R.J., Berger, B.R., George, M.W., and Seal, R.R.,
II, 2017, Tellurium, in Schulz, K.J., DeYoung, J.H.,
Jr., Seal, R.R., II, and Bradley, D.C., editors, Critical
mineral resources of the United States—Economic and
environmental geology and prospects for future supply:
U.S. Geological Survey Professional Paper 1802-R, p.
R1-R27.

Nexhip, C., Crossman, R., and Rockandel, M., 2015, By-
products recovery via integrated copper operations at
Rio Tinto Kennecott, in Exchange of good practices
on metal by-products recovery, technology and policy
challenges, Brussels, Belgium, November 12—13, 2015,
Proceedings: European Commission, 9 p.

Tungsten

Tungsten is a dense metal with the highest melting point
of any metal, and the second highest melting point of any
element after carbon. Tungsten is also extremely hard and
durable. Once most widely used as the filament in incan-
descent light bulbs, over 60% of tungsten consumption in
the United States is now for tungsten carbide. Only slightly
softer than diamond, tungsten carbide is used for products
that need to withstand high temperatures and stress such
as industrial machinery, cutting and drilling tools, and ar-
mor-piercing ammunition. In addition to its use in tung-
sten carbide, tungsten is also used in various alloys and
electrical components. The main ore minerals for tungsten
are scheelite (CaWOQy, figure 50) and wolframite (FeWOy,).
Tungsten deposits are almost exclusively associated with
felsic intrusives, and tungsten mineralization can result
from contact metamorphism and alteration (skarn, greisen,
vein, breccia deposits) or can be native to the intrusive it-
self (tin-tungsten porphyry, pegmatite, vein deposits). The
United States does not currently produce any tungsten and
imports it from a variety of countries, most notably China,
Bolivia, and Germany.

Utah hosts the most recently productive tungsten mine in
the United States, the Fraction mine in the Gold Hill dis-
trict in southwestern Tooele County (figure 51). In 2016,
small-scale mining of skarn and vein-hosted scheelite
reported production of 275 tons of ore at a roughly esti-
mated 1.7% WOj; (this represents less than 1% of imported
tungsten concentrates in 2019). The mine has not been in
operation since. The tungsten mineralization at Gold Hill
is associated with skarn and breccia bodies around a Ju-
rassic granodiorite and an Eocene quartz monzonite, both
intruding Paleozoic marine sequences. In Gold Hill and in
other tungsten districts in Utah such as Notch Peak and
Granite, the majority of tungsten production was during
WWII. Utah could potentially see limited tungsten mining
restarted given favorable economics.

Figure 50. A. Scheelite crystal with quartz hosted in calcite from the
Ophir mine in the Ophir mining district, Tooele County. Specimen
and photo courtesy of Dave W. Richardson. B. Red-brown crystals of
ophirite, a tungsten-bearing mineral discovered and named for the
Ophir mine in the Ophir mining district, Tooele County. Specimen
and photo courtesy of Joe Marty.
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Figure 51. Distribution of mining districts that have historically produced tungsten and individual tungsten prospects.
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Further Reading

Everett, F.D., 1961, Tungsten deposits in Utah: U.S. De-
partment of Interior Bureau of Mines, Information Cir-
cular 8014.

Fortier, S.M., Nassar, N.T., Lederer, G.W., Brainard, J.,
Gambogi, J., and McCullough, E.A., 2018, Draft criti-
cal mineral list—Summary of methodology and back-
ground information—U.S. Geological Survey technical
input document in response to Secretarial Order No.
3359: U.S. Geological Survey Open-File Report 2018—
1021, 15 p.

MINOR CRITICAL MINERAL
OCCURRENCES IN UTAH

Cobalt

Cobalt shares characteristics with many other critical miner-
als in the metals family, including durable alloys, low con-
ductivity, high melting point, and multiple oxidation states.
Cobalt is best recognized for the striking blue color it pro-
duces when combined with silica. Almost half of all cobalt
consumed in the United States is for superalloys used pri-
marily in jet aircraft engines. Additional uses include wear-
resistant tool components, metallurgical alloys, and a wide
variety of chemical applications. Globally, the most com-
mon use of cobalt is in cathodes of rechargeable batteries
for electric vehicles. Cobalt is produced as a byproduct of
copper and/or nickel mining from sediment-hosted copper
(Congo and Zambia), nickel laterite (Australia and Cuba),
or magmatic sulfide deposits (Australia and Canada). The
United States has minor cobalt reserves associated with
nickel-copper deposits in Minnesota and with polymetallic
veins in Idaho. Utah cobalt occurrences are found in sed-
iment-hosted copper and/or uranium deposits of the Colo-
rado Plateau (figure 52), where cobalt can occur in values up
to a few weight percent. The Colt Mesa deposit in Garfield
County has recently been evaluated for cobalt potential, and
sediment-hosted copper projects such as Copper Ridge in
Grand County are also considering cobalt grades as poten-
tial support for project economics. Other minor occurrences
include polymetallic veins in base metal districts (e.g., Big
Cottonwood district) and deposits associated with iron min-
eralization in the southern Uinta Mountains. Primary cobalt
production in Utah is unlikely, but cobalt could potentially
be a byproduct of sediment-hosted copper mining from the
Colorado Plateau.

Further Reading

Doelling, H.H., 1969, Mineral resources, San Juan County,
Utah and adjacent areas, part [[——Uranium and other met-
als in sedimentary host rocks: Utah Geological and Min-

eralogical Survey Special Study 24-2, 64 p., https:/doi.
org/10.34191/88-24-2.

Slack, J.F., Kimball, B.E., and Shedd, K.B., 2017, Cobalt,
chap. F of Schulz, K.J., DeYoung, J.H., Jr., Seal, R.R.,
II, and Bradley, D.C., editors, Critical mineral resources
of the United States—Economic and environmental ge-
ology and prospects for future supply: U.S. Geological
Survey Professional Paper 1802, p. F1-F40.

Tin

Tin, which takes its element symbol Sn from the Latin name
stannum, has a history dating back more than 5000 years
when it was fundamental to the onset of the Bronze Age.
Bronze, an alloy of tin and copper, was harder than other
known metals or alloys as early as 3500 B.C., and its discov-
ery drove the development of more advanced tools. Another
significant and more modern use of tin is the tin can, which
allowed preservation and transport of food, but this applica-
tion has been largely replaced by aluminum. Currently tin is
a diverse metal used in a variety of applications including
tinplate for steel containers, construction materials, alloys
and solders, and chemical uses such as indium-tin-oxide
(ITO), a clear conductive film on smartphones and touch-
screens. The United States does not mine or smelt tin, but
imports refined tin from countries like Indonesia, Malaysia,
and Peru, and scrap tin from Canada. Tin is often mined from
placer deposits of the main ore mineral, cassiterite (SnO,),
which is dense and sinks to the bottom of streambeds. Pri-
mary tin deposits are associated with high silica and alu-
minum granites, and mineralization can occur in greisenitic
alteration, disseminated ore, sheeted veins, or skarns. Utah
has no significant tin deposits; however, small occurrences
are known in areas with silicic peraluminous intrusions such
as Broken Ridge, Notch Peak, and the Sheeprock Granite
(figure 52). Tin production is unlikely in the near future, as
these deposits are low grade, but combined metal contents
(molybdenum, tungsten, tin, etc.) of some prospects may
eventually make tin production economic.

Further Reading

Kamilli, R.J., Kimball, B.E., and Carlin, J.F., Jr., 2017, Tin, in
Schulz, K.J., DeYoung, J.H., Jr., Seal, R.R., II, and Brad-
ley, D.C., editors, Critical mineral resources of the United
States—Economic and environmental geology and pros-
pects for future supply: U.S. Geological Survey Profes-
sional Paper 1802-S, p. S1-S53.

Stoeser, D.B., Campbell, D.L., Labson, V., Zimbelman, D.R.,
Podwysocki, M.H., Brickey, D.W., Duval, J.S., Cook,
K.L., and Lundby, W., 1990, Mineral resources of the
Notch Peak Wilderness Study Area, Millard County,
Utah: U.S. Geological Survey Bulletin 1749-C, 28 p.
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Titanium, Zirconium, and Hafnium

Titanium, zirconium, and hafnium are transition metals
that have several uses. Most titanium is used as pigment in
paints, but it is also important for aecrospace components,
turbine engines, medical applications, and other applica-
tions. Key characteristics of titanium include corrosion
resistance and high strength at a relatively light weight.
Zircon, an important zirconium silicate mineral, has a vari-
ety of uses including in ceramics, foundry sand, opacifiers,
and refractories. Significantly, both zirconium and hafnium
metal are used in nuclear reactors and in chemical indus-
tries. Hafnium is also important for superalloys used in jet
engines and turbine engines. Most of the titanium mineral
concentrates consumed in the United States that are used
to produce various titanium products are imported (over
90%). The United States has recently become an exporter
of zirconium ores and concentrates; however, zirconium
and hafnium are still considered critical due to the essential
nature of their applications.

These critical minerals are grouped together because they
are most often extracted from the same type of deposit,
heavy mineral sands, though other deposit types also have
some significance. Heavy mineral sand deposits are con-
sidered placer deposits and form in coastal or alluvial en-
vironments where certain dense minerals concentrate due
to gravity separation as a result of sedimentary process-
es. Several countries are important producers of titanium
mineral concentrates including Canada, China, Australia,
Mozambique, South Africa, and others, but Australia and
China hold the largest reserves. For zirconium mineral con-
centrate production and reserves, Australia and South Afri-
ca are the most significant countries. Hafnium is a byprod-
uct of zirconium production, because the most important
ore mineral for zirconium, zircon, contains small amounts
of hafnium. Domestic production comes from deposits in
Georgia and Florida.

Utah has not produced titanium, zirconium, or hafnium.
Most of Utah’s occurrences of titanium and zirconium
are heavy mineral sand deposits, but their small sizes
leave little potential for future production. The most sig-
nificant deposits in Utah are several paleoplacers in the
Kaiparowits district in Kane and Garfield Counties (figure
52). These deposits were discovered in the 1950s and have
been staked, evaluated, and abandoned multiple times. The
Mann (Longshot) deposit in Kane County has an inferred
resource of 300,000 tons at an average grade of 9.6% TiO,,
3% ZrO,, and minor hafnium. The deposit grade is good
compared to an average deposit model at 2.5% TiO, and
0.9% ZrO,, but the size is quite small compared to an aver-
age deposit size of nearly 100 million tons. The Escalante
(Calf Canyon) deposit is not as well defined, but is thought
to be larger (perhaps 300,000 to 600,000 tons) at a slightly
better grade.

Further Reading

Gloyn, R.W., Park, G.M., Reeves, R.G., 1997, Titanium-zir-
conium-bearing fossil placer deposits in the Cretaceous
Straight Cliffs Formation, Garfield and Kane Counties,
Utah, in Learning from the land—Grand Staircase-Es-
calante National Monument Science Symposium Pro-
ceedings: Salt Lake City, Bureau of Land Management,
p. 293-303.

Jones, J.V., 111, Piatak, N.M., and Bedinger, G.M., 2017, Zir-
conium and hafnium, in Schulz, K.J., DeYoung, J.H.,
Jr., Seal, R.R., II, and Bradley, D.C., editors, Critical
mineral resources of the United States—FEconomic and
environmental geology and prospects for future supply:
U.S. Geological Survey Professional Paper 1802-V, p.
V1-V26.

Woodruff, L.G., Bedinger, G.M., and Piatak, N.M., 2017, Ti-
tanium, in Schulz, K.J., DeYoung, J.H., Jr., Seal, R.R.,
II, and Bradley, D.C., editors, Critical mineral resources
of the United States—Economic and environmental ge-
ology and prospects for future supply: U.S. Geological
Survey Professional Paper 1802-T, p. T1-T23.

CRITICAL MINERALS WITH NO KNOWN
POTENTIAL IN UTAH

Cesium and Rubidium, Chromium, Graphite,
Niobium and Tantalum, Other PGEs, Strontium

Although Utah is a state with a rich and varied mining history
and diverse geology, there are certain commodities that
Utah is not known to host. These commodities are
associated with certain geologic occurrences, such as
magmatic sulfide depos-its or carbonatites, that do not exist
in our state.

Cesium, used in oil and gas drilling, and rubidium, used
in night-vision devices, can often be used interchange-
ably due to the similarity in their physical properties
and atomic radii. They are both found in the mineral
pollucite  ((Cs,Na),Al,Si40;,°2H,0).  Pollucite is a
hydrous sodium-cesium aluminosilicate mineral that is
found in association with lithium-bearing pegmatites.
Rubidium can substitute into pollucite for cesium, so it is
considered a viable ore mineral for both elements.
Rubidium can also be hosted in the min-eral lepidolite
(K(Li,ALLRb),(ALS1)40,0o(F,OH),), a lavender colored
lithium-mica also associated with lithium pegmatites. Utah
hosts many types of pegmatite, such as beryllium-rich
varieties in the Spor Mountain district, but there are no known
lithium pegmatites or occurrences of pollucite or lepidolite. In
the mid-1960s, the Honeycomb Hills district in western Juab
County was reported to have weakly enriched cesium and ru-
bidium in a Pliocene tuff, however, this is unlikely to be
of any economic value.
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Chromium, more commonly referred to as chrome, is an es-
sential industrial metal most recognizably associated with
stainless steel, which contains about 18% chromium. Chro-
mium’s hardness, resistance to corrosion, high melting point,
and ability to take a high polish are all valuable character-
istics for stainless steel and other metallurgical applications
(e.g., superalloys). Chromium is primarily produced from the
mineral chromite, which is found in layered ultramafic intru-
sives such as the Bushveld complex in South Africa and in
chunks of mafic seafloor thrust onto continental crust called
ophiolites. The United States imports chromite almost ex-
clusively from South Africa, and has no current chromium
production. The United States’ main chromium resources are
hosted in the Stillwater Complex, a layered mafic intrusion
in Montana that also hosts PGEs, nickel, and copper, though
there has been no recent or current production of chromium
from the deposit. Utah does not have any layered mafic or
ultramafic intrusions and therefore has no known potential to
host chromium deposits.

Carbon is a common constituent in many inorganic and or-
ganic materials, but pure carbon in the form of graphite is
rarely found in concentrated economic deposits. Graphite is
useful for being chemically inert, having high lubricity, and
high electrical conductivity. It is mainly used in industrial and
metallurgical applications. Graphite deposits occur in meta-
morphosed carbonaceous sedimentary rocks. For example,
most amorphous graphite is sourced from thermally metamor-
phosed coal. Synthetic graphite can be produced by thermal
treatment of hydrocarbons and this is the most common form
used in the United States, despite it being more expensive.
Utah’s Basin and Range hosts thick sequences of carbonate
rocks that have experienced metamorphism, and the Colorado
Plateau hosts numerous coal deposits or units with consider-
able carbonaceous content (figure 53), but there are no known
occurrences of significant graphite development.

R

Figure 53. Carbon-rich layer in the lower Green River Formation.
Utah has notable carbon-rich sedimentary units and coal deposits,
but none have been thermally metamorphosed to graphite. Photo
courtesy of Ryan Gall.
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Niobium and tantalum, which are almost always found togeth-
er in nature, are generally associated with alkali-rich intru-
sives, certain types of pegmatites, and carbonatites. Niobium
is important for high-strength steel for defense and infrastruc-
ture, and tantalum is used for capacitors in cell phones and in
super alloys for jet engines. Although Utah hosts some alka-
line intrusives and pegmatites, no niobium or tantalum min-
erals (pyrochlore ((Na,Ca),Nb,O¢(OH,F)) and tantalite ((Fe,
Mn)(Ta, Nb),Og), respectively) have been detected. Utah has
no known carbonatite occurrences.

Although Utah produces minor platinum and palladium as
byproducts from Bingham Canyon, the other PGEs rhodium,
ruthenium, iridium, and osmium are not present in economic
concentrations. However, they share the resistance to wear,
tarnish, corrosion, and high temperatures, making them valu-
able in many industrial applications such as in chemical and
glass manufacturing, electronics, and medical implants. The
primary source of PGEs globally are from bodies of mafic to
ultramafic magmas that have become saturated with sulfur
and produced an immiscible metal-rich sulfide liquid. These
types of deposits are associated with large igneous provinces
(LIPs), which are not known to exist in Utah.

Strontium is most commonly found as celestine (SrSO,),
which is used in drilling muds by the petroleum industry and
hence is sensitive to fluctuations in the oil and gas markets. It
can also occur as the strontium carbonate mineral strontianite
(SrCOs), from which strontium is extracted for a variety of in-
dustrial and chemical applications including permanent mag-
nets, pyrotechnics, and alloys. The United States produces
no primary strontium, having last mined strontianite in 2006.
Utah hosts minor occurrences of celestine (figure 54), as it is
a relatively common gangue mineral in sediment-hosted man-
ganese and uranium deposits, barite vein deposits, and Mis-
sissippi Valley-type lead-zinc deposits. However, these oc-
currences are extremely minor in comparison to what would
be required for an economic deposit and do not represent a
realistic strontium resource.

Figure 54. Celestite, also known as celestine, from the San Rafael
Swell mining district in Emery County.
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