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Energy and Minerals Science at the U.S. Geological Survey

The economy, national security, and standard of living of the United States depend on adequate and reliable supplies of energy and 
mineral resources. Based on population and consumption trends, the Nation’s and World’s use of energy and minerals is expected to 
JURZ��GULYLQJ�WKH�GHPDQG�IRU�VFLHQWL¿F�XQGHUVWDQGLQJ�RI�UHVRXUFH�IRUPDWLRQ��ORFDWLRQ��DQG�DYDLODELOLW\��7KH�LPSRUWDQFH�RI�HQYLURQ-
mental stewardship and human health in sustainable growth emphasizes the need for a broader understanding of energy and mineral 
resources. The U.S. Geological Survey (USGS) is a world leader in conducting research needed to address these challenges and to 
SURYLGH�D�VFLHQWL¿F�IRXQGDWLRQ�IRU�SROLF\�DQG�GHFLVLRQPDNLQJ�ZLWK�UHVSHFW�WR�UHVRXUFH�XVH��VXVWDLQDELOLW\��HQYLURQPHQWDO�SURWHFWLRQ��
and an adaptive resource management approach.

Introduction
The United States produces and uses substantial amounts of 

energy and mineral resources each year, and faces critical decisions 
regarding growing challenges in meeting current (2013) and future 
QHHGV��¿J�����'HFLVLRQV�DW�HYHU\�VFDOH�ZLOO�DIIHFW�WKH�DYDLODELOLW\�RI�
HQHUJ\�DQG�PLQHUDOV�DQG�KDYH�IDU�UHDFKLQJ�HFRQRPLF��HQYLURQPHQWDO��
JHRSROLWLFDO��DQG�VRFLDO�FRQVHTXHQFHV�

7KH�QHHG�IRU�HQHUJ\�DQG�PLQHUDO�UHVRXUFHV�LV�GULYLQJ�H[SORUDWLRQ�
and production into geological settings with limited or no data, such as 
in the Arctic, deeper in the Earth’s crust, and beneath deeper regions 
RI�WKH�RFHDQV��,QWHUHVW�LQ�DOWHUQDWLYH�HQHUJ\�DQG�PLQHUDO�UHVRXUFHV�
PD\�LQYROYH�SURGXFLQJ�XQFRQYHQWLRQDO�UHVRXUFHV��PLQLQJ�ORZHU�
FRQFHQWUDWLRQ�GHSRVLWV��UHFRYHULQJ�UHVRXUFHV�IURP�ZDVWH�DQG�UHF\FOLQJ�
streams, and sourcing from countries with different political systems 
RU�HQYLURQPHQWDO�VWHZDUGVKLS�SKLORVRSKLHV��7KHVH�GHPDQGV�DUH�PHW�
ZLWK�WKH�QHHG�WR�FRQVLGHU�HQHUJ\�DQG�PLQHUDO�GHYHORSPHQW�DPLGVW�WKH�
HIIHFWV�RI�FOLPDWH�FKDQJH��WKH�FRPSDUDWLYH�YDOXH�RI�HFRV\VWHP�VHUYLFHV��
DQG�WKH�ULVNV�DVVRFLDWHG�ZLWK�QDWXUDO�KD]DUGV�WR�SUHYHQW�RU�PLWLJDWH�
HQYLURQPHQWDO�GHJUDGDWLRQ��7KH�86*6�VHUYHV�WKH�QDWLRQDO�LQWHUHVW�
E\�SURYLGLQJ�LPSDUWLDO�VFLHQWL¿F�VWXGLHV��¿J�����DQG�LQIRUPDWLRQ�WKDW�

enable decisionmakers and society to make informed 
GHFLVLRQV�DQG�WR�XQGHUVWDQG�SRWHQWLDO�RXWFRPHV�
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0.5–0.9 Figure 1. Preliminary 2011 
value of nonfuel mineral 
production by state. Data from 
the USGS National Minerals 
Information Center.

Figure 2. USGS scientist collecting rock samples as part of a regional-
scale, geologic framework study of the western Alaska Range.

The USGS Energy and Minerals Science Strategy
,Q�WKH�86*6�(QHUJ\�DQG�0LQHUDOV�6FLHQFH�6WUDWHJ\��http://pubs.

usgs.gov/circ/1383d/ ���ZH�LGHQWL¿HG�D�VHW�RI�RYHUDUFKLQJ�TXHVWLRQV�WKDW�
GULYH�WKH�VFLHQFH�QHHGHG�WR�SURYLGH�LQIRUPDWLRQ�RQ�H[LVWLQJ�DQG�HPHUJ�
ing energy and minerals issues during the coming decade: 
• How or where might energy and mineral commodities be obtained

to meet present and future needs?

• :KDW�HFRQRPLF��HQYLURQPHQWDO��JHRSROLWLFDO��DQG�KHDOWK�FRQVH�
quences must also be considered in both the short term and the 
long term?

• +RZ�FDQ�GHFLVLRQV�PRUH�HIIHFWLYHO\�LQFRUSRUDWH�VFLHQWL¿F�FRPSOH[�
ity and uncertainty?

• :KDW�VFLHQFH�LV�QHHGHG�WR�DQWLFLSDWH�DQG�UHVSRQG�WR�IXWXUH�HYHQWV"�
8VLQJ�WKHVH�TXHVWLRQV�DV�D�JXLGH��¿YH�LQWHUGHSHQGHQW�JRDOV�ZHUH�

LGHQWL¿HG�WKDW�UHFRPPHQG�DFWLRQV�WR�SURYLGH�WKH�QHHGHG�VFLHQWL¿F�
research, information, and analysis:
• Goal 1�²8QGHUVWDQG�IXQGDPHQWDO�(DUWK�SURFHVVHV�WKDW�IRUP�HQHUJ\�
DQG�PLQHUDO�UHVRXUFHV�

• Goal 2�²8QGHUVWDQG�WKH�HQYLURQPHQWDO�EHKDYLRU�RI�HQHUJ\�DQG�
PLQHUDO�UHVRXUFHV�DQG�WKHLU�ZDVWH�SURGXFWV��

• Goal 3�²3URYLGH�LQYHQWRULHV�DQG�DVVHVVPHQWV�RI�HQHUJ\�DQG�PLQ�
HUDO�UHVRXUFHV��

• Goal 4�²8QGHUVWDQG�WKH�HIIHFWV�RI�HQHUJ\�DQG�PLQHUDO�GHYHORSPHQW�
RQ�QDWXUDO�UHVRXUFHV�DQG�VRFLHW\��

• Goal 5�²8QGHUVWDQG�WKH�UHOLDELOLW\�DQG�DYDLODELOLW\�RI�HQHUJ\�
DQG�PLQHUDO�VXSSOLHV��



The unifying concept for these goals is a resource lifecycle for 
HQHUJ\�DQG�PLQHUDOV��¿J������7KH�VFLHQFH�DFWLRQV�GHYHORSHG�LQ�WKLV�
strategy represent key components of integrated studies at multiple 
VFDOHV��:KHQ�OHYHUDJHG�ZLWK�H[SHUWLVH�DFURVV�WKH�86*6�DQG�ZLWK�
SDUWQHUV��WKH�DFWLRQV�LQ�WKLV�VWUDWHJ\�FDQ�SURYLGH�D�PRUH�FRPSUHKHQVLYH�
and integrated understanding of natural resources and facilitate the dis�
semination of science, information, and tools to a range of audiences, 
including policymakers, regulators, resource managers, scientists, and 
WKH�SXEOLF�

Providing a Scientific Foundation for Decisionmaking
7KH�86*6��ZLWK�LWV�ORQJ�KLVWRU\�RI�LPSRUWDQW�FRQWULEXWLRQV�WR�

energy and mineral resources science, has a solid foundation of core 
FDSDELOLWLHV��86*6�VFLHQWLVWV�KDYH�EURDG�H[SHUWLVH�UHOHYDQW�WR�XQGHU�
standing energy and mineral formation and occurrence, resource 
DVVHVVPHQW��HQYLURQPHQWDO�FKDUDFWHUL]DWLRQ��GDWD�FROOHFWLRQ��DQG�
DQDO\VLV��0DQ\�FRQJUHVVLRQDO�PDQGDWHV�DQG�([HFXWLYH�RUGHUV�UHF�
RJQL]H��VXSSRUW��DQG�HQFRXUDJH�86*6�VFLHQFH��:LWK�WKLV�IRXQGDWLRQ�
DQG�UHFRJQL]HG�H[SHUWLVH��WKH�86*6�LV�ZHOO�SRVLWLRQHG�WR�FRQWLQXH�
SURYLGLQJ�FXWWLQJ�HGJH�VFLHQFH�RQ�FXUUHQW��������DQG�IXWXUH�HQHUJ\�DQG�
PLQHUDO�UHVRXUFHV�LVVXHV�

Mission and Vision.—7KH�86*6�HQHUJ\�DQG�PLQHUDO�UHVRXUFHV�
PLVVLRQ�LV�WR�SURYLGH�LPSDUWLDO�VFLHQFH�DQG�LQIRUPDWLRQ�IRU�XQGHU�
standing the occurrence and distribution of national and global energy 
and mineral resources that may contribute to supplies; the potential 
HQYLURQPHQWDO�DQG�VRFLRHFRQRPLF�HIIHFWV�DVVRFLDWHG�ZLWK�UHVRXUFH�

Rare earth elements (REEs) are widely used in 
consumer electronics, defense applications, 
and renewable energy technologies, such 
as wind turbines.  These “energy-critical 

elements” and other strategic mineral 
commodities are key components of 

USGS minerals research and informa-
tion collection. USGS research on 

geologic setting, mineral-environmental 
pathways and biogeochemistry, and 
mineral economics will enhance our 

understanding of REE supplies and 
potential impacts of REE development on 

human and ecosystem health.

Society benefits from informed landscape-
scale planning and management 

decisions. A pilot study in the 
Powder River Basin, Wyoming, is 

drawing upon USGS expertise to 
characterize and valuate 
resources for different options.  
A conceptual model linking 
ecological resources, 
economics, energy, and water 
will be incorporated into a 

decision framework that can be 
used to enhance the ability of 

decisionmakers to approach 
resource development in the 

context of multiple land-use options.

National interest in expanded use of nuclear power is 
an issue that touches multiple stages of the resource 

lifecycle.  The USGS is developing a science-based 
approach to complement a national uranium 
resource assessment and link multiple 
capabilities across biological, geological, and 
hydrological sciences.  This broadened 
evaluation of uranium resources requires an 
understanding of geologic setting; extraction 
technologies; and processes affecting 

contaminant dispersion and biological uptake.    
Geologic setting

and source

Exploration

Use

Processing

Extraction

Reclamation,
recycling

and disposal

Uranium Resources and Environmental Health Assessment

Rare Earth Elements, Environmental Impacts, and 
Economics

Powder River Basin Multidisciplinary Assessment

Figure 3. A resource lifecycle (center) depicts a sequence  
of stages along which decisions are made in relation to  
energy and mineral occurrence, development, use, and  
disposition of waste. Although issues raised at specific  
stages can be very focused, the science needed to  
inform decisions is typically broad and interdisci- 
plinary. Three USGS studies exemplify this  
relationship. Photos are (clockwise): a sample  
of uranium ore from the Pumpkin Buttes area,  
Wyoming; a landscape near Buffalo, Wyoming;  
and a wind farm in Illinois.

RFFXUUHQFH��H[WUDFWLRQ��DQG�XVH��DQG�WKH�JOREDO�VXSSO\�DQG�ÀRZ�RI�
QRQIXHO�PLQHUDO�FRPPRGLWLHV�

2YHU�WKH�FRPLQJ�GHFDGH��VFLHQFH�OHDGLQJ�WR�D�EURDGHU�XQGHUVWDQG�
ing of the resource lifecycle will be a cornerstone for decisions sup�
SRUWLQJ�RXU�1DWLRQ¶V�HFRQRPLF�YLWDOLW\��SURWHFWLRQ�RI�QDWXUDO�UHVRXUFHV��
VHFXULW\�RI�UHVRXUFH�VXSSOLHV��DQG�TXDOLW\�RI�OLIH�

Science Linkages 
&RRUGLQDWLRQ�ZLWKLQ�86*6�DQG�ZLWK�SDUWQHUV�LV�LPSRUWDQW�WR�

understand fully the breadth and magnitude of interactions among 
energy and mineral lifecycles and air, land, soil, water, ecosystem 
VHUYLFHV��RU�QDWXUDO�FDSLWDO���DQG�KXPDQ�KHDOWK�IURP�ORFDO��UHJLRQDO��
QDWLRQDO��DQG�JOREDO�SHUVSHFWLYHV��7KH�86*6�(QHUJ\�DQG�0LQHUDOV�6FL�
HQFH�6WUDWHJ\�PLUURUV�WKH�UHDOLW\�WKDW�FRPSOH[�VRFLHWDO�LVVXHV�GHPDQG�
GLYHUVH�FDSDELOLWLHV�IURP�HYHU\�FRUQHU�RI�WKH�86*6�DQG�LWV�SDUWQHU�
FRPPXQLWLHV��0DQ\�VFLHQFH�DFWLRQV�UHÀHFW�WKH�QHHG�IRU�HQOLVWLQJ�H[SHU�
WLVH�DFURVV�WKH�86*6��/LNHZLVH��HIIRUWV�SUHFLSLWDWHG�E\�WKLV�VWUDWHJ\�
ZLOO�FRQWULEXWH�WR�RWKHU�86*6�VFLHQFH�JRDOV��$Q�HYHQ�EURDGHU�UDQJH�
RI�OLQNDJHV�WKDW�LQFOXGHV�SDUWQHUV��VXFK�DV�RWKHU�'2,�EXUHDXV��)HGHUDO�
DJHQFLHV��VWDWH�JHRORJLFDO�VXUYH\V��DQG�LQWHUQDWLRQDO�RUJDQL]DWLRQV��LV�
DFNQRZOHGJHG�DQG�DQWLFLSDWHG�
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Do We Take Minerals for Granted?

Did you know that the average automobile contains more than a ton of iron 
and steel, 240 lbs of aluminum, 50 lbs of carbon, 42 lbs of copper, 41 lbs 
of silicon, 22 lbs of zinc, and more than thirty other mineral commodities, 
including titanium, platinum, and gold? Do you know the cost of a pound 
of copper or an ounce of platinum? Though you are constantly reminded of 
the importance of gasoline, and its cost, to keep the car running, do you ever 
think about the importance and cost of the mineral materials that make up 
the car? Do we take minerals for granted? 

When the power goes out, few of us give a second thought about the copper 
and aluminum needed to carry electricity from the power plant to our homes 
or offices. When the battery dies, you do not automatically think about the 
lead, nickel, cadmium, or lithium used to make the batteries that store power 
for our cell phones, MP3 players, or hybrid cars, because you do not buy 
minerals, you buy products that have been manufactured using mineral ma-
terials. But without these nonfuel mineral commodities, many things that we 
take for granted would not work. 

Minerals in the environment and products manufactured from mineral materials are all around us and we use 
and encounter them every day. They impact our way of life and the health of all that lives. Minerals are critical 
to the Nation’s economy and knowing where future mineral resources will come from is important for sustain-
ing the Nation’s economy and national security.

The USGS Mineral Resources Program (MRP) supports science used to understand:

 How and where nonfuel mineral resources form and are con-
centrated in the Earth’s crust,

 Where mineral resources might be found in the future,

 How mineral materials interact with the environment to affect 
human and ecosystem health, and

 The usage and production of about 100 different mineral com-
modities in the U.S. and nearly 180 countries throughout the 
world.

Why is it important to understand the science of mineral resources 
and materials? Because we are increasingly dependent on mineral 
materials to create products that support our way of life, our health, 
and the global economy.
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Minerals Everywhere and Everyday

Our homes and office buildings contain many mineral materials:

Drywall is made from gypsum, 

Concrete in the foundation is made with limestone and aggregate reinforced with steel rebar, 

Bricks are made from clay, 

Titanium oxide is used to make paint, 

Silica is used to make windows, 

Electrical wiring is made from copper, 

Iron and copper are used to make pipes for plumbing, and 

Faucets contain various combinations of iron, chromium, nickel, and molybdenum combined to make 
stainless steel. 

Some things we use for our favorite hobbies and recreation also rely on mineral mate-
rials to make them stronger, lighter, and more flexible. Advances in materials science 
have allowed bicycles, once largely made of steel, to incorporate parts made of alumi-
num, carbon fiber, magnesium, and titanium that make them lighter and more durable. 
Aluminum, fiberglass, graphite, titanium, zirconium, beryllium, copper, tungsten, 
and steel have replaced wood in baseball bats, tennis racquets, and golf clubs to make 
them lighter and stronger. Race tracks, as well as playing surfaces for baseball and 
tennis, are a prescribed mixture of clay, sand, and silt. Calcined clay (a clay that has 
been heated) readily absorbs water to dry wet spots on fields and it is used to reduce 
soil compaction. It is also used on infield areas of baseball diamonds and on fields and 
tracks because it does not stick to cleats or hooves. 

The USGS MRP studies these and many more commodities to provide the critical 
mineral resource information required by policy makers, industry and the public to 
make informed decisions regarding minerals issues important to the Nation. The range 
of MRP research is described in USGS Circular 1289. The MRP also compiles infor-
mation on known mineral resources and makes these data and information available to 
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the public. To find out where various mineral materials occur in the U.S. and around the world, visit the MRP 
Spatial Data site.

We use minerals every day to grow, prepare, and eat our food. Much of our food is grown using fertilizers made 
from phosphate and potash. Meat and poultry come from animals that eat fodder grown with mineral-based 
fertilizers that may be supplemented with selenium, phosphorus, or zinc. Modern tools for safe food storage and 
preparation (such as, refrigerators and stoves) are made from many mineral commodities and rely on copper 
wires for electric power or copper pipe for natural gas. At the table, salt is used for seasoning, cutlery is made 
from stainless steel or may be silver plated, plates are made from clays, and glassware is made from silica (or 
perhaps on special occasions it is lead crystal). 

Minerals and the Environment

Many of the minerals that our bodies require for good health, such as calcium, magnesium, iron, potassium, and 
zinc, we get from food. And while we need an adequate supply of many different minerals, there are negative 
health consequences resulting from exposure to some mineral materials or elevated levels of otherwise good 
minerals. Some of these minerals come from our everyday contact with the air, water, and ground in our sur-
roundings. Some of them we are exposed to by man-made disturbances to the natural environment or as a result 
of a wide range of natural disasters. 

Whether it is research on 

Asbestos in California soils, 

Dust from black shale landscapes in Colorado and Utah,

Mercury from abandoned mines in Big Bend National Park, Texas, 

Mud deposited during flooding in New Orleans after Hurricanes Katrina 
and Rita, 

Dust from the collapse of the World Trade Center in New York, or

Effects of recent wild fires on soils and runoff waters in southern Califor-
nia.
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MRP science helps local, State, and Federal agencies develop land management plans to minimize effects of 
mineral-borne contaminants on human and ecosystem health. 

The MRP supports research to better understand the environmental impact of abandoned mines, which reduces 
the cost of cleanup. For example, studies of old mining areas in the Animas River watershed in southwestern 
Colorado helped other agencies plan and carry out effective reclamation activities. The USGS MRP is a leader 
in the investigation and analysis of: 

Natural background levels of minerals in the environment, 

Mechanisms of mineral breakdown, and 

Transport of mineral components that may be sources of contaminants. 

Future Mineral Supplies

As standards of living rise around the world, there is greater demand for durable goods and products manufac-
tured from mineral materials. As large emerging economies, such as China and India, increase their participa-
tion in the global economy, demand for critical mineral resources is increasing at a rapid rate. That means that 
we are depleting our known mineral deposits at an increasing rate, requiring that new deposits be found and put 
into production.

Every year, each person in the U.S requires more than 25,000 pounds of new nonfuel miner-
als to make the items we use every day. Where are the world’s future supplies of important 
mineral resources located? The USGS MRP assessment of Global Mineral Resources and 
a new assessment of U.S. mineral resources will help answer this question. Recently MRP 
completed an assessment of copper resources in the Andes of South America. The study 
found that there likely is more copper (approx. 690 million tons) remaining in undiscovered 
deposits than has been produced and currently exists in known deposits in the Andes (590 
million tons).
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Every American born in 2008 is estimated to use the following amounts of nonfuel mineral commodities in 
their lifetime for their necessities, lifestyles, and health.
Mineral commodity Amount required over a lifetime
Aluminum (bauxite)  5,677 pounds  
Cement 65,480 pounds
Clays 19,245 pounds  
Copper 1,309 pounds  
Gold 1,576 ounces  
Iron ore  29,608 pounds  
Lead 928 pounds 
Phosphate rock  19,815 pounds  
Stone, sand, and gravel  1.61 million pounds  
Zinc  671 pounds
Data from U.S. Geological Survey and U.S. Energy Information Administration; statistical analysis by Na-
tional Mining Association. Source of information: http://www.mii.org/pdfs/CalculationofmiiBaby.pdf.

MRP is currently preparing for a new national assessment of mineral resources of the United States. Assess-
ments of undiscovered resources require state-of-the-art methodologies and up-to-date background information. 
In preparation for the new assessment MRP is currently: 

Identifying mineral materials that will be important for emerging technologies and the future U.S. and 
global economy,  

Refine techniques to decrease uncertainty of new estimates of the location, quantity, and quality of un-
discovered mineral resources, 

Refine ways to identify resources not directly exposed at the Earth’s surface, and 

Enhancing our ability to identify potential environmental consequences of developing mineral resources. 

MRP expertise in mineral resource 
and mineral environmental assess-
ments is recognized by the inter-
national community and by U.S. 
governmental agencies that provide 
assistance to developing countries. 
Mineral resource assessments of 
Afghanistan and Madagascar are 
examples of USGS mineral resource 
science aiding economic develop-
ment of countries around the world. 
The MRP has also provided exper-
tise to assist with the identification 
of possible mine-related environ-
mental issues in the Philippines.
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Minerals and the Economy

A recent study by the National Research Council (NRC) of the National Academies highlights the importance 
of minerals to the U.S. economy and provides a means to characterize how critical a mineral commodity might 
be by asking: 

How important is a particular commodity to our economy? 

What is the risk that the supply of an important commodity might be interrupted? 

Commodities identified as being among the most critical included platinum-group metals and rare-earths. Plati-
num-group metals are essential components of pollution control systems (catalytic converters) in both gasoline- 
and diesel-powered vehicles, where they facilitate reduction in carbon monoxide, hydrocarbon, and nitrogen 
oxide emissions. Rare-earths are used in the manufacture of high-strength magnets, lasers, high-temperature 
metal alloys, and refractory ceramics which are strategic to the defense industry. The USGS MRP conducts 
research on these commodities to better understand how they occur and to decrease uncertainty in estimates of 
future resources both in the U.S. and around the globe.

As with petroleum resources, the U.S. increasingly relies on foreign sources for many mineral commodities that 
are important to the economy. The NRC report concludes that “decision makers in both the public and private 
sectors need continuous, unbiased, and thorough mineral information provided through a federally funded 
system of information collection and dissemination” and recommends that “Federal agencies, …including the 
USGS…should develop and fund activities, including basic science,… to encourage U.S innovation in the areas 
of critical minerals and materials and to enhance understanding of global mineral availability.” 

  

The Mineral Commodity Summaries report, published annually, is the earliest 
Government publication to furnish estimates covering nonfuel mineral industry 
data.
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The USGS MRP is the sole Federal provider of objective mineral resource science 
and information. The MRP’s unbiased research on mineral resource potential and 
mineral environmental issues and the collection, analysis, and dissemination of 
domestic and international mineral commodity information on production and con-
sumption represent one-stop access for public and private users of mineral resource 
science and information.

As the global economy grows and evolves in the 21st century, emerging technolo-
gies will require mineral commodities on a greater scale and in a larger number of 
applications than ever before. Advances in alternative energy technologies, nano-
technology, telecommunications, and in the aerospace and defense industries have 
all been made possible by incorporating new applications of mineral materials. 
Some mineral commodities used in emerging technologies are rare and their known 
resources limited. The USGS MRP is conducting research to better understand the 
character of known resources for these rare and scarce commodities and is developing criteria to assess the pos-
sibility of undiscovered resources required to sustain emerging technology industries.

Minerals—Want to Learn More?

The next time you pick up that stainless steel fork, use your cell phone, replace the batteries in your 
remote control, or use your keys to start the car or open a locked door, take a moment to think about 
how important minerals are to your way of life. Then visit the USGS MRP Web site to learn more 
about what our Federal government is doing to ensure we have the mineral resources we need. The 
USGS Mineral Resources Program provides objective science and unbiased information at local to 
global scales so that the general public, government agencies, and industry can make informed deci-
sions on minerals issues in land-use planning, national security, and economic policy, because mineral 
resources are vital to our nation.

 http://minerals.usgs.gov/granted.html



USGS Mineral Resources Program 

The Rare-Earth Elements— 
Vital to Modern Technologies and Lifestyles

Until recently, the rare-earth elements (REEs) were familiar to a relatively 
small number of people, such as chemists, geologists, specialized materials 
scientists, and engineers. In the 21st century, the REEs have gained visibility 
through many media outlets because (1) the public has recognized the critical, 
specialized properties that REEs contribute to modern technology, as well as 
(2) China’s dominance in production and supply of the REEs and (3) inter-
national dependence on China for the majority of the world’s REE supply.

6LQFH�WKH�ODWH�����V��&KLQD�KDV�SURYLGHG���௘±����SHUFHQW�RI�WKH�ZRUOG¶V�
REEs. In 2010, China announced their intention to reduce REE exports. During 
this timeframe, REE use increased substantially. REEs are used as components 
in high technology devices, including smart phones, digital cameras, computer 
KDUG�GLVNV��ÀXRUHVFHQW�DQG�OLJKW�HPLWWLQJ�GLRGH��/('��OLJKWV��ÀDW�VFUHHQ�
WHOHYLVLRQV��FRPSXWHU�PRQLWRUV��DQG�HOHFWURQLF�GLVSOD\V��/DUJH�TXDQWLWLHV�RI�
some REEs are used in clean energy and defense technologies. Because of 
the many important uses of REEs, nations dependent on new technologies, 
such as Japan, the United States, and members of the European Union, reacted 
ZLWK�JUHDW�FRQFHUQ�WR�&KLQD¶V�LQWHQW�WR�UHGXFH�LWV�5((�H[SRUWV��&RQVHTXHQWO\��
exploration activities intent on discovering economic deposits of REEs and 
bringing them into production have increased. 

What are the Rare-Earth Elements?
The REE group is composed of 15 elements that range in atomic number 

from 57 (lanthanum) to 71 (lutetium) on the periodic table of elements, and are 
RI¿FLDOO\�UHIHUUHG�WR�DV�WKH�³ODQWKDQRLGV�´�DOWKRXJK�WKH\�DUH�FRPPRQO\�UHIHUUHG�
WR�DV�WKH�³ODQWKDQLGHV�´�7KH�UDUH�HDUWK�HOHPHQW�SURPHWKLXP��DWRPLF�QXPEHU�����
is not included in discussions of REE deposits because the element is rare and 
unstable in nature. Yttrium (atomic number 39) is commonly regarded as an 
5((�EHFDXVH�RI�LWV�FKHPLFDO�DQG�SK\VLFDO�VLPLODULWLHV�DQG�DI¿QLWLHV�ZLWK�WKH�
lanthanoids, and yttrium typically occurs in the same deposits as REEs. Scandium 
(atomic number 21) is chemically similar to, and thus sometimes included with, the 
REEs, but it does not occur in economic concentrations in the same geological 
settings as the lanthanoids and yttrium and will not be discussed further.

Traditionally, the REEs are divided into two groups on the basis of atomic 
weight: (1) the light REEs are lanthanum through gadolinium (atomic numbers 
���WKURXJK������DQG�����WKH�KHDY\�5((V�FRPSULVH�WHUELXP�WKURXJK�OXWHWLXP�
�DWRPLF�QXPEHUV����WKURXJK������>1RWH��6RPH�DXWKRULWLHV�LQFOXGH�HXURSLXP�DQG�
gadolinium within the group of heavy REEs.] Yttrium, although light (atomic 
number 39), is included with the heavy REE group because of its similar 
chemical and physical properties.

Most REEs are not as rare as the group’s name suggests. They were named 
³UDUH�HDUWK�HOHPHQWV´�EHFDXVH�PRVW�ZHUH�LGHQWL¿HG�GXULQJ�WKH���WK�DQG���WK�
FHQWXULHV�DV�³HDUWKV´��RULJLQDOO\�GH¿QHG�DV�PDWHULDOV�WKDW�FRXOG�QRW�EH�FKDQJHG�
IXUWKHU�E\�KHDW��DQG�LQ�FRPSDULVRQ�WR�RWKHU�³HDUWKV�´�VXFK�DV�OLPH�RU�PDJQHVLD��
they were relatively rare. Cerium is the most abundant REE, and is more common 
in the Earth’s crust than copper or lead. All of the REEs, except promethium, 
are more abundant on average in the Earth’s crust than silver, gold, or platinum. 
However, concentrated and economically minable deposits of REEs are unusual.

As part of a broad mission to conduct research
and provide information on nonfuel mineral 
resources, the U.S. Geological Survey (USGS) 
supports science to understand the following:

�� Where and how concentrations of rare- 
earth elements form in the Earth’s crust;

�� Where undiscovered/undeveloped resources 
of rare-earth elements may occur;

�� Trends in the supply and demand of 
rare-earth elements domestically and 
internationally;

�� How undisturbed and mined rare-earth 
deposits interact with the environment.

List of the rare-earth elements found in natural 
deposits—the “lanthanides” plus yttrium.
>$YHUDJH�DEXQGDQFH��FRQFHQWUDWLRQ��LQ�WKH�HDUWK¶V�FUXVW 
�LQ�SDUWV�SHU�PLOOLRQ��IURP�/LGH��������&5&�KDQGERRN�
of physics and chemistry, 85th edition). For comparison, 
average crustal abundances for gold, silver, lead, and 
FRSSHU�DUH�������������������DQG����SDUWV�SHU�PLOOLRQ��
respectively]

Element Symbol Atomic 
number

Crustal 
abundance

Light REEs
/DQWKDQXP /D 57 39

Cerium Ce 58 ����

Praseodymium Pr 59 9.2

1HRG\PLXP 1G �� ����

Samarium Sm �� 7.05

Europium Eu �� 2.0

Gadolinium Gd �� ���

Heavy REEs
Terbium Tb �� 1.2

Dysprosium Dy �� 5.2

Holmium Ho �� 1.3

Erbium Er �� 3.5

Thulium Tm �� 0.52

Ytterbium Yb 70 3.2

/XWHWLXP /X 71 0.8

Yttrium Y 39 33
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How Do We Use the Rare-Earth Elements?
Due to their unusual physical and chemical properties, 

VXFK�DV�XQLTXH�PDJQHWLF�DQG�RSWLFDO�SURSHUWLHV��5((V�KDYH�
diverse applications that touch many aspects of modern life and 
FXOWXUH��6SHFL¿F�5((V�DUH�XVHG�LQGLYLGXDOO\�RU�LQ�FRPELQDWLRQ�
to make phosphors—substances that emit luminescence—for 
PDQ\�W\SHV�RI�UD\�WXEHV�DQG�ÀDW�SDQHO�GLVSOD\V��LQ�VFUHHQV�WKDW�
range in size from smart phone displays to stadium scoreboards. 
6RPH�5((V�DUH�XVHG�LQ�ÀXRUHVFHQW�DQG�/('�OLJKWLQJ��<WWULXP��
europium, and terbium phosphors are the red-green-blue 
phosphors used in many light bulbs, panels, and televisions.

The glass industry is the largest consumer of REE raw 
materials, using them for glass polishing and as additives that 
SURYLGH�FRORU�DQG�VSHFLDO�RSWLFDO�SURSHUWLHV��/DQWKDQXP�PDNHV�
up as much as 50 percent of digital camera lenses, including 
cell phone cameras.

/DQWKDQXP�EDVHG�FDWDO\VWV�DUH�XVHG�WR�UH¿QH�SHWUROHXP�� 
Cerium-based catalysts are used in automotive catalytic converters.

Magnets that employ REEs are rapidly growing in 
DSSOLFDWLRQ��1HRG\PLXP�LURQ�ERURQ�PDJQHWV�DUH�WKH�VWURQJHVW�
magnets known, useful when space and weight are limiting 
factors. Rare-earth magnets are used in computer hard disks and 
&'±520�DQG�'9'�GLVN�GULYHV��7KH�VSLQGOH�RI�D�GLVN�GULYH�
attains high stability in its spinning motion when driven by a 

rare-earth magnet. These magnets are also used in a variety of 
conventional automotive subsystems, such as power steering, 
electric windows, power seats, and audio speakers.

1LFNHO�PHWDO�K\GULGH�EDWWHULHV�DUH�EXLOW�ZLWK�ODQWKDQXP�
based alloys as anodes. These battery types, when used in 
K\EULG�HOHFWULF�FDUV��FRQWDLQ�VLJQL¿FDQW�DPRXQWV�RI�ODQWKDQXP��
UHTXLULQJ�DV�PXFK�DV����WR����NLORJUDPV�SHU�HOHFWULF�YHKLFOH�

Cerium, lanthanum, neodymium, and praseodymium, 
commonly in the form of a mixed oxide known as mischmetal, 
are used in steel making to remove impurities and in the 
production of special alloys. 

The end use applications of REEs are detailed in USGS 
6FLHQWL¿F�,QYHVWLJDWLRQV�5HSRUW�����±������DYDLODEOH�DW�
http://pubs.usgs.gov/sir/2011/5094/).

Rare-earth elements (REEs) are used in the components of many devices used daily in our modern society, such as: the screens of smart phones, 
computers, and flat panel televisions; the motors of computer drives; batteries of hybrid and electric cars; and new generation light bulbs. 
Lanthanum-based catalysts are employed in petroleum refining. Large wind turbines use generators that contain strong permanent magnets 
composed of neodymium-iron-boron. Photographs used with permission from PHOTOS.com.

Did you know....
Rare-earth magnets are stronger per unit weight 

and volume than any other magnet type. Clean energy 
technologies, such as large wind turbines and electric 
vehicles, use rare-earth permanent magnets (meaning 
permanently magnetized) that usually contain four REEs: 
praseodymium, neodymium, samarium, and dysprosium. 



Where Do Rare-Earth Elements Come From?
The REEs are commonly found together in the Earth’s 

crust because they share a trivalent charge (+3) and similar ionic 
radii. In nature, REEs do not exist individually, like gold or 
copper often do, but instead occur in minerals as either minor 
or major constit uents. In general, these minerals tend to be 
dominated by either light or heavy REEs, although each can 
be present. In igneous (magmatic) systems, the large sizes of 
WKH�5((�LRQV�LPSHGH�WKHLU�DELOLW\�WR�¿W�LQWR�WKH�VWUXFWXUH�RI�
common rock-forming minerals. As a result, when common 
VLOLFDWH�PLQHUDOV�FU\VWDOOL]H௘²௘VXFK�DV�IHOGVSDUV��S\UR[HQHV��
ROLYLQH��DQG�DPSKLEROHV²௘PRVW�5((V�WHQG�WR�UHPDLQ�LQ�WKH�
coexisting magma. Successive generations of this process 
increase REE concentrations in the residual magma until 
individual REE minerals crystalize. The REEs can substitute for 
one another in crystal structures, and multiple REEs typically 
occur within a single mineral.

REEs generally occur in uncommon geologic rock types 
and settings. As mentioned earlier, REEs are common in the 
Earth’s crust but rarely in economic concentrations. Economic 
REE deposits occur primarily in four geologic environments: 
carbonatites, alkaline igneous systems, ion-absorption clay 
deposits, and monazite-xenotime-bearing placer deposits. Even 
within these deposit types, minable (economic) concentrations 
of REEs are rare. For example, globally there are more than 
����NQRZQ�FDUERQDWLWHV�EXW�RQO\���DUH�FXUUHQWO\�PLQHG�IRU�5((V�

2WKHU�GHSRVLW�W\SHV�FDQ�FRQWDLQ�PLQRU�DPRXQWV�RI�5((V�
EXW�KDYH�QRW�EHHQ�LPSRUWDQW�5((�VRXUFHV�WKXV�IDU��2QH�H[DPSOH�
LV�WKH�JLDQW�2O\PSLF�'DP�LURQ�R[LGH�FRSSHU�XUDQLXP�JROG�
silver deposit in Australia, the world’s largest single uranium 
deposit, which also contains REE enrichments. So far it has not 
proven economical to recover REEs from this deposit.

Carbonatites host the world’s largest REE deposits and 
are typically most enriched in the light REEs. Carbonatites are 
unusual igneous rocks derived from carbonate-rich magmas, in 
contrast to the more common silica-rich magmas. Carbonatites 
are igneous rocks with more than 50 percent carbonate minerals, 
usually calcite and dolomite. As a group, carbonatites have the 
highest REE concentrations of all igneous rocks. Carbonatites 
have been the world’s main source for light REEs since the 
����V��&XUUHQWO\��5((V�DUH�PLQHG�IURP�ODUJH�FDUERQDWLWH�
bodies in California (Mountain Pass) and in China (Bayan 
2ER��0DRQLXSLQJ��'DOX[LDQJ��DQG�:HLVKDQ���7KH�0RXQW�:HOG�
PLQH�LQ�:HVWHUQ�$XVWUDOLD��$XVWUDOLD��SURGXFHV�5((V�IURP�D�
weathered zone that overlies a carbonatite.

Alkaline igneous rocks comprise a group of uncommon 
LJQHRXV�URFN�W\SHV�JHQHUDOO\�GH¿FLHQW�LQ�VLOLFD��UHODWLYH�WR�

VRGLXP��SRWDVVLXP��DQG�FDOFLXP��0DQ\�FXUUHQW��������DGYDQFHG�
exploration projects are focused on large bodies of alkaline 
LJQHRXV�URFNV��ZLWK�VRPH�¿QGLQJ�VLJQL¿FDQW�5((�FRQFHQ�WUDWLRQV�
����௘±����SHUFHQW�WRWDO�5((�R[LGH���7KHVH�GHSRVLW�W\SHV�DUH�VRXJKW�
because they are often enriched in the important heavy REEs.

Ion-adsorption clay deposits in southern China are the 
world’s primary source of heavy REEs. This deposit type is 
LQIRUPDOO\�UHIHUUHG�WR�DV�³VRXWK�&KLQD�FOD\V�´�7KLFN�FOD\�DFFX-
mulations that host low concentrations of REEs (from about 
�����WR������SHUFHQW�WRWDO�5((�R[LGHV��IRUP�LQ�WURSLFDO�UHJLRQV�
with moderate to high rainfall through successive processes:
1. 5((V�DUH�OHDFKHG�E\�JURXQGZDWHU�IURP�JUDQLWH�EHGURFN��
2. WKLFN�]RQHV�RI�FOD\�ULFK�VRLOV�GHYHORS�DERYH�WKH�JUDQLWHV��DQG
3. PRELOL]HG�5((V�EHFRPH�ZHDNO\�¿[HG��E\�LRQ�DGVRUSWLRQ��

onto clays in the soils.
Despite their low concentrations in REEs, the clay deposits 

of south China are economic because the REEs can be easily 
extracted from the clays with weak acids, the deposits are often 
enriched in high-value heavy REEs, and labor costs are low.

A pilot project in Jamaica is evaluating the recovery 
of REEs from tailings of red mud produced by bauxite 
(aluminum ore) mining, which could be considered a form 
of ion-adsorption clay deposit.

Monazite-xenotime-bearing placer deposits were impor-
WDQW�5((�VRXUFHV�SULRU�WR�WKH�PLG�����V��)URP�VRPH�PRGHUQ�
and ancient beach deposits, the REE-thorium-phosphate mineral 
PRQD]LWH�>�5((V�7K�32��௘)] can be recovered as a by-product 
during the extraction of the targeted heavy minerals, ilmenite 
�)H7L23 ���UXWLOH��7L22 ���DQG�]LUFRQ��=U6L2��). Ilmenite and 
UXWLOH௘²WKH�SULQFLSDO�PLQHUDOV�RI�YDOXH�DV�LQ�WKHVH�GHSRVLWV²DUH�
mechanically separated from sand-silt deposits. Monazite can 
be recovered simultaneously if desired. The separated ilmenite 
DQG�UXWLOH�DUH�WKHQ�FKHPLFDOO\�SURFHVVHG�WR�UHPRYH�WLWDQLXP��
ilmenite and rutile are the primary source of the titanium used 
in paint pigments. Monazite is recovered as a byproduct mineral 
from beach sands along the southern coasts of India, where it 
is sought as a source of light REEs and thorium. The recovered 
thorium is stockpiled for future use as fuel material in thorium-
based nuclear power, which is under development. Xenotime 
�<32�௘), a less common mineral, has been recovered as a source 
of yttrium and other REEs as a byproduct of mining tin placers.

The mineral monazite is an important source of the REEs. 
Monazite, a REE-thorium-phosphate mineral, has been 
separated from some ancient and modern beach sands 
as a coproduct to the recovery of economic titanium (Ti) 
minerals. Photograph courtesy of www.geology.com.

The mineral bastnäsite is 
an important source of the 
REEs. Bastnäsite, a REE-
carbonate-fluorine mineral, 
is the primary ore mineral 
in the world’s largest REE 
deposits. Photograph 
courtesy of Rob Lavinsky, 
www.iRocks.com.



Worldwide Supply and Demand for Rare-Earth Elements
As noted earlier, in recent years Chinese production has accounted for 

about 95 percent of the REE global market. Citing a need to retain their limited 
5((�UHVRXUFHV�IRU�GRPHVWLF�UHTXLUHPHQWV�DQG�FRQFHUQV�IRU�HQYLURQPHQWDO�HIIHFWV�
RI�PLQLQJ��&KLQD�KDV�UHVWULFWHG�WKH�VXSSO\�RI�5((V�WKURXJK�TXRWDV��OLFHQVHV��DQG�
taxes. As a result, the REE industry outside of China increased REE stockpiling, 
explored for deposits in many locations, and promoted new efforts to conserve, 
UHF\FOH��DQG�¿QG�VXEVWLWXWHV�IRU�5((V��1HZ�PLQH�SURGXFWLRQ�KDV�EHJXQ�LQ�
$XVWUDOLD��0RXQW�:HOG��DQG�WKH�8QLWHG�6WDWHV��0RXQWDLQ�3DVV��&DOLIRUQLD���

In recent years, expert panels convened by research institutes and 
JRYHUQPHQW�DJHQFLHV�KLJKOLJKWHG�VSHFL¿F�5((V�DV�UDZ�PDWHULDOV�FULWLFDO�WR�
evolving technologies, such as clean-energy applications, high-tech military 
FRPSRQHQWV��DQG�HOHFWURQLFV��/RQJ�DQG�RWKHUV���������7KHVH�UHSRUWV�VXJJHVW�
that a high potential exists for disruptions in REE supplies. As a result, 
VHYHUDO�H[SHUW�SDQHO�DQDO\VHV�UDQN�5((V�KLJK�RQ�WKH�³FULWLFDOLW\´�IDFWRU�RI�
raw materials, meaning they are of high technological and economic impor-
WDQFH�DQG�KDYH�KLJK�VXSSO\�VLGH�ULVN��1DWLRQDO�5HVHDUFK�&RXQFLO���������3DQHOV�DQG�DJHQFLHV�WKDW�DVVHVVHG�WKH�FULWLFDOLW\�RI�5((V�DQG�
RWKHU�UDZ�PDWHULDOV�LQFOXGH�WKH�1DWLRQDO�5HVHDUFK�&RXQFLO��8�6��'HSDUWPHQW�RI�(QHUJ\��(XURSHDQ�&RPPLVVLRQ��$PHULFDQ�3K\VLFDO�
Society (APS) and Materials Research Society (MRS), and the Resnick Institute.

:RUOGZLGH�H[SORUDWLRQV�IRU�HFRQRPLF�GHSRVLWV�RI�5((V�DQG�HIIRUWV�WR�EULQJ�WKHP�LQWR�SURGXFWLRQ�KDYH�LQFUHDVHG�VXEVWDQWLDOO\�
VLQFH�������0RUH�WKDQ�����UDUH�HDUWK�SURMHFWV�ZHUH�LQ�SURJUHVV�GXULQJ�������LQFOXGLQJ�PDQ\�SURMHFWV�LQ�DGYDQFHG�VWDJHV�RI�H[SORUD-
WLRQ��PHDQLQJ�WKDW�WKH�GHSRVLW�VL]HV�DQG�5((�FRQFHQWUDWLRQV�ZHUH�DQQRXQFHG�EDVHG�RQ�GHWDLOHG�GULOOLQJ��2QH�LPSRUWDQW�DVSHFW�LQ�WKH�
development of a property for REE mining is the cost and complexity of processing the REE ores. Recovery of REEs can be complex 
because they occur in minerals as a group of similar elements, and at many deposits the REEs are hosted within more than one 
PLQHUDO��1RW�RQO\�GR�5((�ULFK�PLQHUDOV�QHHG�WR�EH�FRQFHQWUDWHG��EXW�WKH�DFWXDO�HOHPHQWV�PXVW�EH�VHSDUDWHG�IURP�HDFK�RWKHU��XVXDOO\�
as oxide compounds (for example, lanthanum oxide). The success and timeliness of rare-earth mining projects, and the rare-earth 
HOHPHQWV�LQGXVWU\�LQ�JHQHUDO��LV�GLI¿FXOW�WR�SUHGLFW�DQG�ZLOO�EH�FRQWLQXRXVO\�PRQLWRUHG�DQG�VWXGLHG�E\�WKH�86*6�
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2Q�KLVWRULFDO�VWDWLVWLFV�RI�UDUH�HDUWK�HOHPHQWV� 
http://minerals.usgs.gov/ds/2005/140/
2Q�HQG�XVH�DQG�UHF\FOLQJ�RI�UDUH�HDUWK�HOHPHQWV� 
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The USGS Mineral Resources Program is the sole Federal provider 
of research and information on rare-earth elements and other nonfuel 
mineral resources. For more information, please contact:
Mineral Resources 
� 3URJUDP�&RRUGLQDWRU� 7HOHSKRQH��������������
8�6��*HRORJLFDO�6XUYH\� �)D[��������������
����1DWLRQDO�&HQWHU� �(�PDLO��PLQHUDOV#XVJV�JRY
5HVWRQ��9$������� �+RPH�SDJH��http://minerals.usgs.gov

7H[W�SUHSDUHG�E\�%UDGOH\�6��9DQ�*RVHQ��3KLOLS�/��9HUSODQFN� 
.HLWK�5��/RQJ��-RVHSK�*DPERJL��DQG�5REHUW�5��6HDO�,,�

The Mountain Pass mine of Molycorp, Inc., southeastern 
California, is the only active producer of REEs in the United 
States (2014). The ore body is a carbonatite intrusion, 
thought to be the largest REE resource in the United States. 

How Do We Ensure Adequate Supplies of 
Rare-Earth Elements for the Future?

Global REE resources are estimated to be 110 million 
metric tons of rare-earth oxide, which primarily occur, in 
descending order, in China, Russia, the United States, India, and 
$XVWUDOLD��([SORUDWLRQ�IRU�DGGLWLRQDO�5((�GHSRVLWV�LV�RQJRLQJ��
therefore, the world’s known in-the-ground resources (endow-
ment) of REEs are likely to increase. Despite many known REE 
deposits, the global supply of REEs is limited by the cost and 
complexity of exploring REE deposits and developing REE 
mines, including REE extraction and separation facilities. These 
IDFWRUV�DUH�GLVFXVVHG�LQ�86*6�6FLHQWL¿F�,QYHVWLJDWLRQV�5HSRUW�
����௘±������DYDLODEOH�DW�http://pubs.usgs.gov/sir/2010/5220/).

In addition to bringing more REE deposits into produc-
tion, other methods may help offset REE supply restrictions. 
([DPSOHV�LQFOXGH�QHZ�HIIRUWV�WR�UHF\FOH�5((V��UHVHDUFK�WR�¿QG�
substitute materials for REEs, and efforts to recover REEs as 
coproducts of mineral deposits. These efforts may eventually 
offset some of the demand for REEs.
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Did you know....
In the 1940s, as part of the Manhattan Project that 

created the nuclear bomb, Frank Spedding and others in the 
United States developed chemical ion exchange procedures 
that could separate and purify individual REEs. This method 
was first used to separate plutonium-239 and neptunium 
from uranium, thorium, and actinium in materials generated 
by nuclear reactors. 
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