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Abstract 

 This paper seeks to explore how United States dependency on foreign supplies of 

dysprosium affects its ability to produce and maintain current and future military defense 

systems. Dysprosium, one of the 17 rare earth metals, is necessary for the production of powerful 

permanent magnets. These magnets are used in high-tech weapon systems, such as Unmanned 

Aerial Vehicles. The problem is that the U.S. remains completely dependent on China for its 

dysprosium supply. This paper does not seek to answer the possibility or likelihood of China 

blocking the supply of dysprosium to the U.S. Instead, it will attempt to identify U.S. 

vulnerabilities to a foreign supply disruption. This report finds that remaining completely 

dependent on China for dysprosium and having no stockpile of dysprosium puts U.S. security at 

risk. There are virtually no current effective substitutes for dysprosium, and in the event of a 

sustained supply disruption, it would be very difficult for the U.S. military to produce and 

maintain current and future high-tech weapon systems during the first several years of the 

disruption. The potential for developing some alternative supplies of dysprosium–as well as 

developing electronic components that use less or no dysprosium–would increase over the 

longer-term. 
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Introduction  

Thanks to innovations in technology, markets have expanded from local to global, which 

has several implications for a nation’s security. One of these security concerns stems from 

nations around the world becoming more economically interconnected, depending on each other 

for imports and exports of various goods and services. Many scholars see this as part of the 

phenomenon of globalization: a process of interaction and interconnectedness among the people, 

economies, and governments of different nations, made possible by innovations in technology 

allowing for the integration of markets, politics, values and environmental concerns across 

borders.1 Although globalization may raise basic implications for security ranging from foreign 

influence of competing cultural worldviews to the worldwide spread of deadly pathogens, some 

scholars have also focused on a security issue regarding critical raw materials. 

A contemporary example of this last security implication is rare earth metals. The United 

States, like many nations around the world, relies on imported rare earth metals to manufacture 

hundreds of goods, ranging from television sets in a family home to military components.2 This 

is an example of the broader phenomenon of globalization. One problem here is that China 

controls a vast majority of the world’s rare earth supply. According to a report by the 

Congressional Research Service, China controls about 95 percent of rare earth production and 

processing for exports.3 Among these rare earth elements is dysprosium, a difficult-to-access 

metal that has played an important role in many consumer and military goods. For example, 

                                                           
1“What is Globalization,” The Levin Institute – The State University of New York, n.d., 
http://www.globalization101.org/what-is-globalization/; Richard Payne, Global Issues (Illinois: Pearson, 2012), 9; 
“Globalization,” World Health Organization, n.d., http://www.who.int/trade/glossary/story043/en/; Manfred 
Steger, Globalization: A Very Short Introduction (New York: Oxford, 2003), 9-13. 
2“Rare Earth Elements – Applications,” Greenland Minerals and Energy Ltd., n.d., http://www.ggg.gl/rare-earth-
elements/rare-earth-elements-applications/  
3 U.S Library of Congress, Congressional Research Service, Rare Earth Elements: The Global Supply Chain, by Marc 
Humphries, R41347 (2013). 

http://www.globalization101.org/what-is-globalization/
http://www.who.int/trade/glossary/story043/en/
http://www.ggg.gl/rare-earth-elements/rare-earth-elements-applications/
http://www.ggg.gl/rare-earth-elements/rare-earth-elements-applications/
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dysprosium allows automobile manufacturers to effectively implement hybrid and fully electric 

vehicle designs for a large scale consumer market.4 For the military, dysprosium allows the use 

of powerful permanent magnets in machines, such as naval sonar sensors.5  

From the U.S. perspective, its dependence on largely one country for an essential supply 

of rare earth metals raises a serious question: to what extent does China’s near-monopoly on rare 

earth metals affect U.S. national security? This paper seeks to address this question through a 

more focused research question: How does the United States’ dependence on foreign supplies of 

dysprosium affect its ability to produce and maintain current and future military defense 

systems? U.S. dependence on foreign dysprosium supply is defined as the degree to which 

foreign supplies of dysprosium are vital to U.S. military components and applications. U.S. 

ability to produce and maintain current and future military defense systems is defined as the 

production of the many military weapons and systems that require dysprosium.  

 The paper does not seek to answer the possibility or likelihood of China completely 

blocking the supply of rare earth exports to the U.S. Instead, it will identify U.S. vulnerabilities 

stemming from the country’s heavy reliance on foreign supplies, and evaluate those 

vulnerabilities in the event of a complete halt in Chinese dysprosium exports to the U.S. In order 

to address this, the paper will assess what the military impact might be in the event of a 

dysprosium shortage or total cut-off in the short, medium, and long term, including likely U.S. 

response plans to such a shortage. 

 The paper will be divided into four sections. Section 1 will provide general background 

on the 17 rare earth elements, briefly indicating each element and its popular uses in consumer 

and military products in order to illustrate the extent of dependence. However, dysprosium in 

                                                           
4 ”Rare Earth Elements – Applications” 
5 ”Dysprosium,” ProEdge Media, n.d., http://www.reehandbook.com/dysprosium.html  

http://www.reehandbook.com/dysprosium.html
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military applications will be the focus throughout the paper. Section 2 will analyze U.S. rare 

earth metal import sources and identify the problems associated with available reserves on 

domestic land. In Section 3 the paper will discuss the supply chain vulnerabilities associated with 

the dependence on dysprosium imports, including supply risk reports from the Department of 

Energy as well as relevant discussion from Congressional hearings. Section 4 will make several 

projections by evaluating likely courses of action as a response to a total supply cut-off in the 

short, medium, and long term. 

It is critical to keep in mind that this is a contemporary, evolving issue. As a result, aside 

from a few academic sources, research is primarily based on fairly recent news articles, 

Congressional hearings and reports, and government-funded inquiry into rare earth metals. This 

paper will use these sources to gain a general background on rare earth, analyze data to estimate 

consumer and military dependence, and to estimate the level of U.S. dependency and dysprosium 

concern. Furthermore, an interview with Michael O’Brien, a Systems & Industrial Engineering 

professor at the University of Arizona, will be utilized for his extensive experience in supply 

chain management and supply chain strategy. Although this interview will be primarily relevant 

in Section 3, its contents will be useful throughout the paper. 

 

Rare Earth Metals: Background 

 According to the U.S. Geological Survey (USGS), the rare earth metals are classified as 

17 different elements, ranging in abundancy, that include scandium, yttrium and 15 unique 

lanthanides. Furthermore, the 15 lanthanides are classified into two subgroups: light rare earth 

and heavy rare earth.6  Light rare earth metals are the elements from atomic numbers 57 through 

                                                           
6 U.S. Department of the Interior, U.S. Geological Survey, 2011 Minerals Yearbook: Rare Earths [Advance Release], 
by Joseph Gambogi http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/myb1-2011-raree.pdf  

http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/myb1-2011-raree.pdf
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64, while heavy rare earth are the elements from atomic numbers 65 through 71.7 Although there 

are several more scientific reasons for the division between elements, it is important to note that 

this paper will not go into detail regarding the classifications of these elements. The light group 

contains eight of these lanthanides: lanthanum, cerium, praseodymium, neodymium, 

promethium, samarium, europium, and gadolinium. Light rare earth is abundant in comparison to 

heavy rare earth; for example, cerium, neodymium, and lanthanum have average crustal 

abundance that is similar to commonly used industrial metals such as zinc, nickel, and tin.8 

Despite this similarity, it is unusual to find light rare earth in concentrations high enough for 

economical extraction.9 The heavy group consists of the remaining seven lanthanides: terbium, 

dysprosium, holmium, erbium, thulium, ytterbium, and lutetium.10 Elements in the heavy rare 

earth group are not only in less abundant concentrations in the earth’s crust, but they are also 

harder to mine than light rare earth elements, thus making heavy rare earth more valuable.11  

Due to remarkable effectiveness and efficiency, manufacturers have increasingly 

incorporated rare earth into hundreds of products, ranging from average consumer needs, like 

televisions and smartphones, to military weapons and systems, like unmanned aerial vehicles and 

sonar equipment.12 Rare earth elements appeal to various manufacturers for consumer goods due 

to cost and effectiveness. Table 1 illustrates some of the common applications of rare earth 

elements for the average consumer market. Although the paper aims to focus largely on military 

                                                           
7 U.S. Department of the Interior, U.S. Geological Survey, 2011 Minerals Yearbook: Rare Earths [Advance Release] 
8 “REE – Rare Earth Elements and their Uses,” Geology.com, n.d., http://geology.com/articles/rare-earth-elements/  
9 “REE – Rare Earth Elements and their Uses,” Geology.com 
10 U.S. Department of the Interior, U.S. Geological Survey, 2011 Minerals Yearbook: Rare Earths [Advance Release] 
11 John Adams, et al. Remaking American Security: Supply Chain Vulnerabilities & National Security Risks Across the 
U.S. Defense Industrial Base. Washington, D.C.: Alliance for American Manufacturing, 2013. Accessed March 1, 
2016. https://s.bsd.net/aamweb/main/page/file/af67e3041f357e0fe8_mlbrstc67.pdf  
12 “REE – Rare Earth Elements and their Uses,” Geology.com 

http://geology.com/articles/rare-earth-elements/
https://s.bsd.net/aamweb/main/page/file/af67e3041f357e0fe8_mlbrstc67.pdf
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applications, this table shows how large a role these rare earth elements play in the lives of U.S. 

citizens, and the vast variety of goods dependent on them. 

 

Table 1: Common applications of rare earth for consumer products. Data was organized in the “REE 

Handbook” organized by ProEdge Media.13  

Rare Earth Element Application 

(Sc) Scandium  High-intensity discharge lamps for cars, arena 

and sports stadiums; bicycle frames, golf 

clubs, baseball bats 

(La) Lanthanum High-end camera lenses, microscopes, 

riflescopes; fiber optics, rechargeable 

batteries 

(Ce) Cerium Polished glass, metal, and gemstones; 

catalytic converters, decolorized glass 

(Pr) Praseodymium Plastic bottles, bubble wrap, milk cartons, 

ceramic tiles and dinnerware 

(Nd) Neodymium Electric motors in hybrid and electric vehicles 

(Pm) Promethium Watch hands and dials to glow in the dark, 

compact fluorescent lamps 

(Sm) Samarium Guitar components, headphones and speakers 

(Eu) Europium Anti-forgery marks in various currencies 

(Gd) Gadolinium Injected into patient for clarity in MRI scans 

(Tb) Terbium CD and DVD data storage, flat panel TV 

displays 

 (Dy) Dysprosium Used to increase operating temperature range 

of electric motors in hybrid and electric 

vehicles 

(Ho) Holmium Lasers in medical surgical procedures 

(Er) Erbium Dermatology for skin resurfacing, sunglasses, 

decorative glass 

                                                           
13 ”The Ultimate Guide to Rare Earth Elements,” ProEdge Media, n.d., http://www.reehandbook.com/intro.html  

http://www.reehandbook.com/intro.html
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(Tm) Thulium Sports stadium illumination, movie and stage 

lighting, dentistry  

(Yb) Ytterbium Diamond drilling 

(Lu) Lutetium PET scans for medical diagnostics  

(Y) Yttrium Fluorescent lamps and bulbs, diamond 

stimulant. 

With constant discussion of sustainability and clean energy for the long term, these rare 

earth metals have become critical for the development of the infrastructure needed to effectively 

implement a green future. The focus of this section will be primarily geared towards dysprosium, 

arguably the most critical rare earth element in terms of clean energy. According to a U.S. 

Department of Energy report in 2010, dysprosium was assessed as a “Stage 4” (on a scale of 1-4) 

in terms of “Importance to clean energy” and designated as an overall “Critical” element (scale 

of Not Critical; Near-Critical; Critical) in both the short-term (0-5 years) and medium-term (5-15 

years).14 When the report was updated in 2011, dysprosium maintained its status as a “Stage 4” 

and was still designated as “Critical” in the short-term (2011-2015) and medium-term (2015-

2025).15 

In 2014 the USGS made an estimated distribution of rare earths by end use – permanent 

magnets were estimated at 10% of the distribution.16 Dysprosium is an essential element to the 

success of clean energy, due to its ability to increase the “Curie temperature” at which magnets 

may operate before losing a magnetic field.17 One example is the increasing demand for 

dysprosium as a response to the increased consumer demand for hybrid and electric drive 

                                                           
14 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
http://energy.gov/sites/prod/files/edg/news/documents/criticalmaterialsstrategy.pdf Accessed 3/1/2016 
15 U.S. Department of Energy, “Critical Materials Strategy,” December 2011. 
http://energy.gov/sites/prod/files/DOE_CMS2011_FINAL_Full.pdf Accessed 3/1/2016 
16 U.S. Department of the Interior, U.S. Geological Survey, Mineral Commodity Summaries 2015, 
http://minerals.usgs.gov/minerals/pubs/mcs/2015/mcs2015.pdf  
17 U.S. Department of Energy, “Critical Materials Strategy,”  

http://energy.gov/sites/prod/files/edg/news/documents/criticalmaterialsstrategy.pdf
http://energy.gov/sites/prod/files/DOE_CMS2011_FINAL_Full.pdf
http://minerals.usgs.gov/minerals/pubs/mcs/2015/mcs2015.pdf
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vehicles. This is represented by Toyota’s hybrid automobile sales, such as the Toyota Prius18, a 

vehicle dependent on dysprosium for its role in making the magnets in electric motors lighter by 

about 90 percent.19 Figure 1 shows the sales of Toyota Hybrid vehicles over time in North 

America, illustrating the increasing demand in the North American market for this element. 

Without this vital component, manufacturers would find it difficult to produce efficient hybrid 

and electric vehicles. The only known substitute for dysprosium is terbium, an even rarer and 

historically more expensive element.20 

Figure 1: Annual North American Sales (per Thousand Units) of Toyota Hybrids21 

 

In terms of military use, many rare earth elements contribute to vital components used in 

various weapon systems. One of these vital components is high-tech magnets. Dysprosium plays 

                                                           
18 “Worldwide Sales of Toyota Hybrids Top 6 Million Units,” Toyota, January 14, 2014, 
http://corporatenews.pressroom.toyota.com/releases/worldwide+toyota+hybrid+sales+top+6+million.htm  
19 Robert Bryce, “The Lanthanides, China, and High-Tech Autos (Actually High Tech Everything),” Toyota, n.d., 
http://www.toyota.com/esq/pdf/Robert_Bryce_Toyota_ESQ.pdf  
20 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
21 “Worldwide Sales of Toyota Hybrids Top 6 Million Units,” Toyota. 
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a specific role in an assortment of weapon systems utilizing permanent magnets. For reasons 

similar to why Toyota uses tiny quantities of dysprosium to increase the Curie temperature, the 

military uses dysprosium as an additive to powerful permanent magnets to ensure that these 

magnets maintain their properties at higher operating temperatures.22 Although current data does 

not reveal the specific amounts of dysprosium consumption by the military, David Abraham, a 

scholar focusing on rare earth metals and its relation to technology, provides a rough indicator of 

the amount of rare earth the U.S. military consumes: “The military, a high-tech workforce of 

over 1.4 million people, uses nearly all the metals that are commercially available in its weapon 

and computer systems.”23 An extensive list of selected examples provided by Brigadier General 

John Adams (U.S. Army, ret.) illustrates the dependency on rare earth elements when it comes to 

these high-tech magnets in military applications. Dysprosium has had an essential role in many 

of these magnets in maintaining their efficiency. 

Table 2: Military Equipment Chart: Selected Defense Uses of High-Tech Magnets24 

Department Weapon Systems Platforms Other Systems 

Army  AGM-114 

HELLFIRE air-

to-surface 

missile 

 Joint Direct 

Attack Munition 

precision 

guidance kit 

 PAC-3 Anti-

ballistic missile 

 M109 Paladin 

Howitzer 

 AH-64 Apache 

helicopter 

 M2 Bradley 

fighting vehicle 

 M1 Abrams 

main battle tank 

 Stryker fighting 

vehicle 

 Laser 

rangefinder 

 Laser target 

designators 

 Satellite 

communication 

                                                           
22 “Rare Earth Elements Supply and Demand,” MIT: Massachusetts Institute of Technology, n.d. 
http://web.mit.edu/12.000/www/m2016/finalwebsite/problems/ree.html  
23 David Abraham, The Elements of Power: Gadgets, Guns, and the Struggle for a Sustainable Future in the Rare 
Metal Age (Connecticut: Yale University Press, 2015), 168. 
24 John Adams, et al., Remaking American Security: Supply Chain Vulnerabilities & National Security Risks Across the 
U.S. Defense Industrial Base. 

http://web.mit.edu/12.000/www/m2016/finalwebsite/problems/ree.html
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Marine Corps  AIM-9 

Sidewinder air-

to-air missile 

 AIM-120 

advanced 

medium-range 

air-to-air missile 

 Joint Direct 

Attack Munition 

precision 

guidance kit 

 Harpoon anti-

ship missile 

 F-18 Hornet 

fighter 

 F-35 Joint Strike 

fighter 

 M1 Abrams 

main battle tank 

 Towed decoys 

Navy  AIM-9 

Sidewinder air-

to-air missile 

 AIM- 120 

advanced 

medium range 

air-to-air missile 

 Harpoon anti-

ship missile 

 Join Direct 

Attack Munition 

precision 

guidance kit 

 Trident D5 

submarine-

launched 

ballistic missile 

 Arleigh Burke-

class destroyer 

 Nimitz-class 

nuclear-powered 

aircraft carrier 

 F-18 Hornet 

fighter 

 F-35 Joint Strike 

fighter 

 Littoral combat 

ship  

 Unmanned 

underwater 

vehicle 

 SSN-774 

Virginia-class 

nuclear-powered 

attack submarine 

 Aegis radar 

 Firefinder anti-

rocket/anti-

artillery radar 

 Towed decoys 

 Underwater mine 

detection 

Air Force  AIM-9 

Sidewinder air-

to-air missile 

 AIM-120 

advanced 

medium-range 

air-to-air missile 

 Harpoon anti-

ship missile 

 AGM-114 

HELLFIRE air-

to-surface 

missile 

 Minuteman-III 

intercontinental 

ballistic missile 

 B-52 bomber 

 F-15 Eagle 

fighter 

 F-16 Falcon 

fighter 

 F-22 Raptor 

fighter 

 F-35 Joint Strike 

fighter 

 MQ-1B Predator 

drone 

 Towed decoys 
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In a world of rapid technological developments, the U.S. has sought to constantly 

innovate and implement the most advanced and efficient military designs. This has led to the 

creation of two highly controversial dysprosium-reliant weapon systems: unmanned aerial 

vehicles (UAV) and smart bombs. Both of these weapon systems utilize powerful permanent 

magnets in their guidance & control electric motors and actuators.25 The operational benefits of 

UAVs and smart bombs has led to an increase in demand among the military for these weapon 

systems. In 2015, the Air Force requested $559.1 million to buy 20,000 smart bombs, which 

almost doubled the amount of smart bombs used since the Summer of 2014.26 Furthermore, the 

Army, Navy, Marine Corps, and Air Force have all ordered additional UAVs for FY2016.27 

UAVs and smart bombs are becoming increasingly important to monitor in terms of dysprosium, 

because if the trend continues, the recent increase in demand for these high-tech weapon systems 

will be unsustainable by the early 2020s.28 

 

U.S. Dependency on Imports of Dysprosium 

 The U.S. is virtually dependent on foreign imports of rare earth elements in general.  In 

2010, Molycorp, the U.S. producer of many rare earth elements, restarted its Mountain Pass mine 

in California after previously being forced to shut down due to heavy price-cutting by China.29 

However, Molycorp halted production in 2015 due to high operating costs paired with an overall 

                                                           
25 U.S. Library of Congress, Congressional Research Service, Rare Earth Elements in National Defense: Background, 
Oversight Issues, and Options for Congress, by Valerie Grasso, R41744, 2013. 
26 W.J. Hennigan, “Armed with GPS kits, U.S. crew puts the 'smart' in smart bombs,” Los Angeles Times, March 20, 
2015, http://www.latimes.com/world/middleeast/la-fg-smart-bombs-20150320-story.html  
27 Dan Gettinger, “Drones in the Defense Budget,” CSD: Center for the Study of the Drone, February 4, 2015, 
http://dronecenter.bard.edu/drones-in-the-defense-budget/  
28 Reed Izatt, “Military Success, Rare Metals and the Periodic Table,” Investor Intel Corp., January 28, 2016, 
http://investorintel.com/technology-metals-intel/military-success-rare-metals-and-the-periodic-table/  
29 David Ferris, “5 years after crisis, U.S. remains dependent on China’s rare earth elements,” E&E Publishing, LLC, 
January 12, 2015, http://www.eenews.net/stories/1060011478  

http://www.latimes.com/world/middleeast/la-fg-smart-bombs-20150320-story.html
http://dronecenter.bard.edu/drones-in-the-defense-budget/
http://investorintel.com/technology-metals-intel/military-success-rare-metals-and-the-periodic-table/
http://www.eenews.net/stories/1060011478
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dramatic decline of rare earth pricing.30 According to the 2016 Mineral Commodity Summaries 

report by the USGS, the U.S. also lacks any government stockpile of rare earth elements.31 A 

2013 Congressional Research Service (CRS) report identified the U.S. import sources of rare 

earth elements: 91% China, 3% France, 3% Japan, 2% “Other”, and 1% from Russia. 

U.S. dependence on foreign supplies of dysprosium is even more narrowly defined. The 

opening and closing of the Mountain Pass mine did not mean much in terms of dysprosium 

production and supply. The California mine lacked any significant dysprosium concentrations 

within its deposits.32 According to the 2013 CRS report, dysprosium is one of the rare earth 

elements available only from China at the moment.33 The rise in dysprosium consumption poses 

a national security risk in itself, especially when the U.S. Department of Energy evaluates 

dysprosium as a “Stage 4” in supply risk for the short and medium terms.34 This dependency on 

China for dysprosium, along with no government stockpile, presents serious security 

implications for the U.S. given its dysprosium-dependent weapon systems.  

Although the U.S. is completely dependent on China for its dysprosium supply, the 

USGS has identified domestic deposits of dysprosium that may be tapped into after establishing 

mines in the respective areas. A 2010 Scientific Investigations Report conducted by the USGS 

identified several important domestic deposits of various rare earth elements. The identified 

deposits are located in Alaska, California, Colorado, Idaho, Illinois, Missouri, Nebraska, New 

                                                           
30 Cecilia Jamasmie, “Molycorp shuts down Mountain Pass rare earth plant,” Mining.com, August 26, 2015, 
http://www.mining.com/molycorp-shuts-down-mountain-pass-rare-earth-plant/  
31 U.S. Department of the Interior, U.S. Geological Survey, Mineral Commodity Summaries 2016, 
http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/mcs-2016-raree.pdf  
32 Long, K.R., Van Gosen, B.S., Foley, N.K., and Cordier, Daniel, 2010, The principal rare earth elements deposits of 
the United States—A summary of domestic deposits and a global perspective: U.S. Geological Survey Scientific 
Investigations Report 2010–5220, 96 p. http://pubs.usgs.gov/sir/2010/5220/  
33 U.S Library of Congress, Congressional Research Service, Rare Earth Elements: The Global Supply Chain, by Marc 
Humphries. 
34 U.S. Department of Energy, “Critical Materials Strategy,” December 2010.  

http://www.mining.com/molycorp-shuts-down-mountain-pass-rare-earth-plant/
http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/mcs-2016-raree.pdf
http://pubs.usgs.gov/sir/2010/5220/
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Mexico, New York, and Wyoming. Of these deposits, only Idaho, Illinois, Missouri, and 

Wyoming were specifically noted for having concentrations of dysprosium.35 However, in only a 

few cases did the USGS estimate dysprosium concentrations of the whole deposit; for most 

deposits the USGS provided dysprosium concentrations of core samples from within the deposit. 

Table 3 indicates the dysprosium concentrations within each deposit location. It is important to 

note that a “*” will indicate that the dysprosium concentration is not estimated, meaning the 

metric tons value does not apply. Furthermore, the Pea Ridge (Missouri) sample size consists of 

four breccia pipes36, so the table will list the dysprosium concentration within each pipe. 

Table 3: Dysprosium Concentrations on Domestic Soil.37 

Location Dysprosium Concentration 

Diamond Creek Area (Idaho) 1370 Metric Tons 

Lemhi-Pass District (Idaho) 14,730 Metric Tons 

Hicks Dome (Illinois) .01-.099 weight percent of 8 drill core 

samples* 

Pea Ridge X-11 Pipe (Missouri)  .19 percent* 

Pea Ridge V-12 Pipe (Missouri) -- 

Pea Ridge X-13 Pipe (Missouri) .18 percent* 

                                                           
35 Long, K.R., Van Gosen, B.S., Foley, N.K., and Cordier, Daniel, 2010, The principal rare earth elements deposits of 
the United States—A summary of domestic deposits and a global perspective 
36 Breccia pipes are vertical or near vertical, circular to elliptical bodies of broken rock. This broken rock is 
comprised of slabs and fragments of surrounding mineral formations. More information may be found here: 
http://northern-arizona-uranium-project.com/breccia_pipe_anatomy  
37 Long, K.R., Van Gosen, B.S., Foley, N.K., and Cordier, Daniel, 2010, The principal rare earth elements deposits of 
the United States—A summary of domestic deposits and a global perspective 

http://northern-arizona-uranium-project.com/breccia_pipe_anatomy
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Pea Ridge V-14 Pipe (Missouri) .09 percent* 

Bear Lodge Mountains (Wyoming) Oxidized 

Sample 

.2 percent* 

Bear Lodge Mountains (Wyoming) 

Unoxidized Sample 

.2 percent* 

Although the U.S. contains several deposits of dysprosium, there are many factors that 

make it difficult for companies to access these deposits in a rapid fashion. These factors are 

identified according to an online article published by MIT, “Opening New Mines”. First, the 

mine must operate for several years before it can cover the initial start-up costs; therefore they 

are only opened after a lengthy amount of careful analysis. Furthermore, aside from the cost 

barriers to opening new rare earth element mines, safety and environmental concerns need to be 

addressed. According to the MIT article, to increase yield and make mining less harmful for the 

environment, efforts must be taken to minimize the environmental footprint and mining and 

environmental standards for mines must be strictly enforced so that mines have a sense of legal 

accountability for their effect on the surrounding area.38 Meeting these safety and environmental 

regulations prolongs an already lengthy process of developing a deposit. 

The costs associated with opening new dysprosium mines in the deposit locations most 

likely will not be covered by existing market prices. If the U.S. faces reduced dysprosium 

imports, then rising market prices may cause some of these deposits to be reclassified as 

reserves. Furthermore, the extended amount of time it takes to analyze these costs and meet the 

safety and environmental regulations would make it difficult to meet the increasing demand of 

                                                           
38 “Opening New Mines,” MIT: Massachusetts Institute of Technology, n.d., 
http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/newmines.html  

http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/newmines.html
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the military for dysprosium via solely domestic supply. Given this situation, the U.S. is highly 

dependent on China for imports of dysprosium and other rare earth metals for the short-term (0-5 

years). 

 

Supply Chain Vulnerabilities 

 Because the U.S. remains virtually dependent on China for its dysprosium supply, it is 

prone to the vulnerabilities associated with the U.S.-China supply chain. A rare earth supply 

chain disruption, whether intentional or not, could have dire consequences for national security, 

especially since the U.S. government claims to have no stockpile of rare earth.39 These potential 

supply chain disruptions are absolutely important to assess, because even a minor disruption may 

have the potential to cause a significant negative impact. This paper’s assessment of U.S. 

vulnerability regarding dysprosium is based on three major sources: an expert interview, the 

Department of Energy, and Congressional hearings. 

Expert Interview 

In order to better comprehend the processes of supply chains, an interview was conducted 

with Michael O’Brien, a professor at the University of Arizona’s College of Engineering. His 14 

years of experience at Intel working in broad supply chain management and supply chain 

strategy is relevant to this section of the paper. Although the paper primarily focuses on 

dysprosium in military applications, Professor O’Brien’s experience in the private sector may be 

used to gain understanding of the dysprosium supply chain. 

One of the important issues to consider when relying on a foreign source for military 

components, like China’s exports of dysprosium, is to assess potential negative impacts. In our 

                                                           
39 U.S. Department of the Interior, U.S. Geological Survey, Mineral Commodity Summaries 2015.  
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discussions in his office in Fall 2015, Professor O’Brien concluded that there is the potential for 

a supply chain disruption. In his experience, large corporations try not to source materials where 

there is a single point of failure. Analysts must figure out how long a disruption would last and 

how long it would take to introduce a production site elsewhere, either by having the corporation 

build its own domestic manufacturing site and processing facility or by opening a site at a 

different location. If this is not possible, Professor O’Brien recognizes two courses of action that 

a corporation can take: find an alternate source of the good or eat the cost and do not produce.40 

The U.S., however, is in a situation where it probably cannot implement the above-

mentioned supply chain strategies. The U.S. heavily relies on China, the sole global supplier of 

dysprosium.41 Unless the U.S. taps into its very limited domestic dysprosium deposits, it cannot 

source this material away from the possible single point of failure – China. If this is the case, 

then the U.S. may need to resort to the two courses of action, as suggested by Professor O’Brien, 

in the consumer market. The first course of action is to find an alternate source of the good. In 

this case, dysprosium’s only known substitute is terbium, which is even rarer, historically more 

expensive, and is mainly produced in China.42 According to a pre-decisional draft by the 

Department of Energy, the U.S. also does not contain significant concentrations of dysprosium 

within its borders.43 This makes it virtually impossible for the U.S. to implement the first course 

of action, thus maintaining the vulnerabilities associated with the dysprosium supply chain.  

The second course of action is to eat the cost and do not produce. In terms of government 

action on dysprosium, this would refer to forgoing a dysprosium supply and not producing the 

                                                           
40 Michael O’Brien in discussion with the author, November 2015. 
41 U.S Library of Congress, Congressional Research Service, Rare Earth Elements: The Global Supply Chain, by Marc 
Humphries. 
42 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
43 U.S. Department of Energy, “Critical Materials: Technology Assessment Draft.” February 2015. 
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dysprosium-reliant magnets necessary for military systems, and suffering the costs of doing so. 

This course of action might be achievable, because a few companies are already starting to 

research and experiment with different ways to reduce reliance on dysprosium in permanent 

magnets.44 Yet, the time it takes to reach the finished product stage could take several years. This 

will be discussed in more detail in the following section of the paper, but the main point is that 

the U.S. would run a serious security risk in the immediate term (0-5 years) by not producing 

dysprosium-reliant permanent magnets. This is because the military needs to ensure that the 

substitute for these permanent magnets is compatible with its military systems. Just because one 

component is more efficient in its role than its replacement or predecessor, it may not even be 

compatible when paired with the many existing military components. 

The Department of Energy 

In 2010, the Department of Energy evaluated the supply risks of dysprosium in the short 

and medium terms. The Department of Energy calculated supply risk by taking five categories 

into consideration: 1) basic availability; 2) competing technology demand; 3) political, 

regulatory and social factors; 4) co-dependence on other markets; and 5) producer diversity. The 

paper will define these categories in general terms; more specification is provided in the DOE’s, 

“Critical Materials Strategy.”45  

 Basic availability, 40% of the supply risk calculation, is defined as the extent to 

which global supply will be able to meet demand. This category holds different 

criteria for the short and medium term. In the short term (0-5 years), basic 

availability examines mining and other production relative to demand. Medium-

                                                           
44 U.S. Department of Energy, “Critical Materials: Technology Assessment Draft.” February 2015. 
45 U.S. Department of Energy, “Critical Materials Strategy,” December 2010.  
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term basic availability (5-15 years) examines the potential for other mines to 

begin producing the material relative to anticipated increases in demand.46  

 Competing technology demand, 10% of the calculation, captures whether non-

energy sector demand is expected to grow rapidly, thus constraining the supply of 

the material available for the energy sector.47  

 Political, regulatory and social factors, 20% of the calculation, takes into 

consideration the risk associated with political, social and regulatory factors 

within major producer countries. This includes the risk that political instability in 

a country will threaten mining and processing of the metals; that countries will 

impose restrictions like export quotas; or that social pressures and permit and 

regulatory processes will delay the onset of new mines.48  

 Co-dependence on other mineral markets, 10% of the calculation, is where a 

mineral is a coproduct or byproduct of other minerals found in the same ore 

deposit. This can be an advantage or disadvantage, depending on which mineral is 

driving production levels overall. In general, coproducts with lower revenue 

streams are a higher supply risk, since they are less likely to drive production than 

coproducts with higher revenue.49 

 Lastly, producer diversity, 20% of the calculation, is based on the market risks 

associated with lack of diversity in producers.50 

                                                           
46 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
47 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
48 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
49 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
50 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
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In both the 2010 and 2011 DOE reports, dysprosium was one of the few elements 

designated as a Category 4 (Scale of 1-4; 1 being Least Critical, and 4 being Most Critical) for 

supply risk in the criticality matrix in the short term (0-5 years) and medium term (5-15 years). It 

is important to note that current data is limited and does not reveal the exact calculations and 

values for each of the five categories given to dysprosium for supply risk, but the overall 

designation raises serious security implications. Terbium also is classified as Category 4 in the 

short and medium term.51 This is relevant to U.S. security, because in the event that the 

dysprosium supply chain experiences a disruption, the only known substitute for dysprosium is 

ranked just as high in terms of supply risk. The following illustrates the criticality matrices in the 

2010 DOE report. 

Figure 2: The Short Term Criticality Matrix for Select Metals.52 

 

 

 

 

 

 

                                                           
51 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
52 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
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  Figure 3: The Medium Term Criticality Matrix for Select Metals.53 

 

 

 

 

 

 

 

Congressional Hearings 

Concern for rare earth vulnerabilities and supply risks has been addressed in multiple 

congressional hearings regarding the Department of Interior. In hearings such as those in June 

2011, there was an emerging concern for global rare earth element resources and their future 

global supply. During these hearings, the need for continued research regarding the identity and 

quantity of individual rare earth elements in known deposits, as well as recommendations for 

areas for future geologic research, were discussed. Jeff Doebrich, the Acting Mineral Resources 

Program Coordinator, discussed the proposed RARE Act of 2011, which outlined the need to 

identify potential future supplies of rare earth for US industry.54  

Furthermore, these hearings discussed the importance of working toward a goal of 

improving coordination and efficiency of the mining permit process while maintaining 

                                                           
53 U.S. Department of Energy, “Critical Materials Strategy,” December 2010. 
54 U.S. Congress, House, Committee on House Natural Resources. Strategic and Critical Minerals Policy: Domestic 
Minerals Supplies and Demands in a time of Foreign Supply Disruptions, 112th Cong., 1st sess., June 3, 2011. 
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environmental standards.55 This is important, because currently many rare earth mines are not 

open due to the amount of time and money spent planning and meeting safety and environmental 

regulations.56 Although the U.S. does not have high concentrations of dysprosium within its 

borders, improving coordination and efficiency of the mining permitting process will allow the 

U.S. to improve its supply of rare earth in general.57  

In the June 2011 hearing, the Department of Interior also discussed the proposed Critical 

Minerals and Promotion Act of 2011. The department noted the need to “analyze and assess 

current and future critical minerals and materials supply chains; and if appropriate, cooperate 

with international partners to ensure that the research and assessment programs provide analyses 

of the global supply chain of critical minerals and materials.”58 This objective is expanded upon 

within the proposed American Mineral Security Act of 2015, discussed by Suzette Kimball, the 

Acting Director of the U.S. Geological Survey, in a May 2015 hearing. This Act outlines the 

need to publish a methodology for determining which minerals are critical, and to complete a 

comprehensive national assessment of each critical mineral. The goal is to avoid supply 

shortages, mitigate price volatility, and prepare for the increase of demand growth.59 

A key point is that the government has identified problems regarding the criticality of 

rare earths and U.S. dependence on foreign sources. Dysprosium is one of the worst cases, 

because the U.S. currently remains entirely dependent on China’s supply and has minimal 

                                                           
55 U.S. Senate, Committee on Energy and Natural Resources, Hearing, June 9, 2011. Available at: 
https://www.doi.gov/ocl/hearings/112/S1113_060911   
56 “Opening New Mines,” MIT: Massachusetts Institute of Technology, n.d., 
http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/newmines.html 
57 “Opening New Mines,” MIT: Massachusetts Institute of Technology. 
58 U.S. Senate, Committee on Energy and Natural Resources, Hearing, June 9, 2011. Available at: 
https://www.doi.gov/ocl/hearings/112/S383_060911  
59 “S.883: American Mineral Security Act of 2015” Civic Impulse, LLC, n.d. 
https://www.govtrack.us/congress/bills/114/s883 

https://www.doi.gov/ocl/hearings/112/S1113_060911
http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/newmines.html
https://www.doi.gov/ocl/hearings/112/S383_060911
https://www.govtrack.us/congress/bills/114/s883
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control of the supply chain source.60 In the event of a supply chain disruption, the absence of a 

rare earth stockpile carries several national security implications, which will be covered in the 

following section. Unfortunately, the RARE act of 2011 and the Critical Minerals and Promotion 

Act of 2011 remained in the introduction phase and did not go further in the legislative process. 

The American Mineral Security Act of 2015 remains in the introduction phase, but was assigned 

to a congressional committee on March 26, 2015, which will consider it before possibly sending 

it to the Senate as a whole.61 The increasing government concern regarding rare earth indicates 

that this issue is gaining importance, although there is still much to be learned. 

 

Likely Impacts of Dysprosium Shortage or Total Cut-Off 

 Although this paper does not intend to evaluate the likelihood of a total supply cut-off 

enacted by China, it will examine the security implications in the event of one. This section 

illustrates plausible U.S. courses of action as a response to a total cut-off in the short, medium, 

and long term; it will primarily reflect the author’s personal opinion, based on current available 

information at the time of writing.  

Short Term (0-5 Years) 

 With no available stockpile, the U.S. government could not tap into any dysprosium on 

immediate notice.62 The U.S. might be able to initiate strict recycling programs that would allow 

for an emergency retrieval plan. A 2011 report by the USGS indicated that larger motors, such 

those used in electric vehicles, might use up to 30g of dysprosium per motor.63 Experiments have 

                                                           
60 U.S Library of Congress, Congressional Research Service, Rare Earth Elements: The Global Supply Chain 
61 “S.883: American Mineral Security Act of 2015” Civic Impulse, LLC 
62 U.S. Department of the Interior, U.S. Geological Survey, Mineral Commodity Summaries 2015.  
63 U.S. Department of the Interior, U.S. Geological Survey, Rare Earth Elements – End Use and Recyclability by 
Thomas G. Goonan http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/myb1-2011-raree.pdf 

http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/myb1-2011-raree.pdf
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shown that it is possible to achieve a 99 percent yield of dysprosium in recovery recycling, 

although a yield below 85 percent was the most common.64 However, because some products 

only contain trace amounts of dysprosium, such as refrigerators and cell phones, it becomes more 

difficult to recycle these products to recover dysprosium.65  

 The U.S. government might also be able to tap into the dysprosium supply within the 

private sector. As indicated in Table 1, many electric car companies like Toyota must use 

dysprosium in their consumer products. Yet tapping into the private sector is a double-edged 

sword, since such a move would almost certainly hurt economic growth. Without dysprosium, 

current consumer goods would not operate as efficiently. This would force companies to spend 

time and money researching product designs that either drastically reduce dependence on 

dysprosium or do not use it. Either way, it is highly likely that in many cases a new product 

would not be completed in this short time span. 

 A drastic supply chain disruption or total cut-off of dysprosium would directly impact 

national security by upsetting the weapons manufacturing process in the short-term. The first-

order constraint would affect particular electronic components. In this case, a dysprosium 

disruption would affect the production of the powerful permanent magnets. Data limitations 

make it difficult to determine which weapons components would be most seriously affected, but 

without these magnets, guidance and control electric motors and actuators could not be 

produced. However, an event like this might be the catalyst for priority research and 

development into new weapon systems and designs that eliminate dysprosium use. The second-

order constraints would concern the weapons systems themselves. In the 0-5 year timeframe, 

                                                           
64 “Recycling Overview,” MIT: Massachusetts Institute of Technology, n.d., 
http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/recycling.html 
65 “Recycling Overview,” MIT: Massachusetts Institute of Technology.  

http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/recycling.html
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production of such weapons as smart bombs, UAVs, and joint strike fighters would be slowed or 

even halted. In this scenario, the military would not be able to access a healthy supply of high-

tech weapon systems on demand. The third-order impact would concern the constraints on 

weapons deployment and use. One of the largest consumers of dysprosium-reliant weapons is the 

Air Force. The Air Force, for example, plans to procure 29 new MQ-9 Reaper drones (up from 

20 in FY 2014 and 24 in FY 2015) and intends to purchase 5,950 Hellfire AMG-114R missiles.66 

A drastic dysprosium supply chain disruption would make it difficult for the Air Force to receive 

its orders, and would most likely force them to explore possible alternatives.  

Medium Term (5-15 Years) 

 A plausible course of action in the medium-term, based on current information on 

regulations and processing queues, would involve establishing rare earth mines and processing 

plants on U.S. soil. Idaho, Illinois, Missouri, and Wyoming have varied concentrations of 

dysprosium, based on sample tests. Although some of these deposits have low concentrations of 

dysprosium, the rising market price of this metal would most likely override the costs of 

introducing new mines in the event of a drastic supply shortage.  

 It is likely that the medium-term time span would give companies adequate time to 

develop products that drastically reduce dysprosium use. A 2015 pre-decisional draft by the 

Department of Energy stated that researchers are investigating new additive manufacturing 

routes to develop magnets that might double energy density with only half the rare earth element 

of current commercial magnets. If the researchers are successful in developing these new 

magnets, then industries would have stronger magnets with less rare earth use. The report also 

reveals that manufacturers are working on magnets that reduce or completely eliminate the use of 

                                                           
66 Dan Gettinger, “Drones in the Defense Budget,” CSD: Center for the Study of the Drone. 
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dysprosium. One example is in the wind turbine industry. Manufacturers are investigating ways 

to reduce the operating temperature of the wind turbine so that permanent magnets do not require 

the temperature stability enabled by dysprosium.67 Furthermore, the medium-term time span may 

give companies enough time to find substitute magnets that do not require dysprosium. For 

example, ferrite magnets may have weaker magnetic strength, but they use abundant materials 

and are cheaper to produce.68 

 These innovations would likely work with many military weapons systems to ensure 

compatibility and efficiency. If this is the case, the U.S. military would have to shift its military 

designs and defense strategies. If the redesigned military components were successfully 

implemented, then the U.S. would start using less dysprosium for the powerful permanent 

magnets. This would make the U.S. less dependent on a dysprosium supply, thus reducing the 

security implications posed by China’s near-monopoly of dysprosium. However, redesigning 

military components to work with these new magnets might take some time, so the U.S. might 

still rely on current weapon designs in the meantime, but use less effective alternatives to rare 

earth metals. The lack of dysprosium, without other changes to the components of the weapon 

system, would cause these weapon systems to be less effective due to forcing these heat intensive 

magnets to operate at a much lower temperature.  

Long Term (15+ Years) 

 The long-term time span will allow for more advanced innovations. This includes 

possible research into synthetic production of new materials that may surpass the effectiveness of 

the current metals used today. An example is the synthetic magnetic nanoparticles being 

researched by scientists at Virginia Commonwealth University. This new material consists of 

                                                           
67 U.S. Department of Energy, “Critical Materials: Technology Assessment Draft.” February 2015. 
68 U.S. Department of Energy, “Critical Materials: Technology Assessment Draft.” February 2015. 
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nanoparticles containing iron, cobalt, and carbon atoms. When collected in powders, it exhibits 

magnetic properties that rival the effectiveness of permanent magnets using rare earth metals.69 

 Another course of action for the long-term is asteroid mining. On November 25, 2015, 

President Barack Obama signed a bill incorporating asteroid resource property rights into law. 

This law recognizes the right of U.S. citizens to own asteroid resources they obtain, and it 

encourages the commercial exploration and utilization of resources from asteroids.70 Asteroids 

are comprised of varying concentrations of many minerals – including rare earth elements.71 

There is very limited data regarding the concentration of dysprosium on asteroids, however. 

 If asteroid mining of dysprosium became a successful endeavor, the U.S. might not have 

to rely on China for its dysprosium supply for weapon systems. The U.S. military could satisfy 

its military dysprosium-reliant weapon demands. However, by this time the U.S. industries 

would most likely have innovated enough so that dysprosium reliance was either drastically 

lowered or completely irrelevant to weapon systems. It is difficult to project the future of 

military systems in the long-term, but the U.S. would likely have developed more sophisticated 

weapon technology that would not rely on dysprosium. 

 

Conclusion 

 As it currently stands, dysprosium raises several security implications to U.S. national 

security. It is already an issue for a rare resource to be used in several consumer and military 

                                                           
69 “Synthetic magnetic nanoparticles could offer alternative to rare Earth magnets,” Dr. Beyer Internet-Beratung, 
June 11, 2015, http://www.analytic-news.com/press/2015/112.html  
70 “President Obama Signs Bill Recognizing Asteroid Resource Property Rights Into Law,” Planetary Resources, 
November 25, 2015, http://www.planetaryresources.com/2015/11/president-obama-signs-bill-recognizing-
asteroid-resource-property-rights-into-law/  
71 Stephen Shaw, “Asteroid Mining,” Astronomy Source, August 21st, 2012, 
http://www.astronomysource.com/tag/rare-earth-metals-from-asteroids/  

http://www.analytic-news.com/press/2015/112.html
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industries, but for this resource to be primarily produced and processed in a foreign country is a 

potential disaster waiting to happen. This situation is compounded by the lack of a dysprosium 

stockpile, and the fact that the U.S. contains low concentrations of dysprosium within its borders.  

The military, especially the Air Force, currently needs dysprosium to fulfill its demand for high-

tech weapon systems. Without dysprosium, the U.S. military would likely face major challenges 

in maintaining its current level of worldwide operations.   

This problem is relatively contemporary and does not have many sources discussing the 

security implications of dysprosium reliance. As a result, this paper came across information 

gaps when research was conducted. One of these information gaps, for example, is the size of 

dysprosium deposits or concentration of dysprosium in China. The USGS is more transparent 

when conducting its research, so information on the amount of U.S. deposits was more 

accessible than for deposits in China. Another information gap was the specific amount of 

dysprosium used in specific U.S. military systems. Research only identified that “trace amounts” 

of dysprosium was used for permanent magnets, but the percentage or amount of dysprosium 

used in these magnets was not revealed. 

 Because this topic is relatively contemporary, pursuing other lines of academic research 

will help the broad scholarly community understand this vulnerability issue. Additional study 

into science and private industry innovations aimed at developing alternatives to rare earth would 

be helpful in addressing the underlying dysprosium-reliant vulnerability issues. Further academic 

research into the methods that expedite the process of opening new mines in the U.S. might also 

be helpful. This would provide insight to the vulnerabilities associated with domestic production. 

Another line of academic research worth pursuing is dysprosium recycling efforts. Since 

dysprosium is a critical resource, it is imperative to study the process of standardizing the 
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maximum recycling yield process among all dysprosium recycling facilities.72 This could 

improve the sustainability of U.S. dysprosium use, which might reduce overall dysprosium 

imports. 
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