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Introduction:  Rare Earth Elements (REEs) are 

used in everyday life, ranging from cell phones to 

national security, with application in weapons systems 

and aircraft. However, the U.S. does not currently have 

its own stockpile of REEs and relies on China for 

supplying the precious elements. It is becoming more 

and more important for the country to gain 

independence from China and find its own sources of 

REEs. As mentioned in the Department of Defense 

(DoD) 2021 budget request, “Relying on foreign 

sources for these critical materials poses a risk to the 

DOD’s readiness to deter and defeat adversaries.”  

One option for finding a U.S. source of REEs is to 

turn our efforts towards Lunar mining. The country is 

already working with global partners towards human 

settlement on the Moon. Additionally, REE mining on 

the moon may be able to leverage this human settlement 

infrastructure making this more economically feasible. 

Scientific Context:  Rare Earth Elements, which are 

incompatible elements, are mostly associated with 

magmatic formations [1]. On the Moon, concentrations 

of most REEs are thought to correspond with 

distributions of the element Thorium, which were 

mapped by the Lunar Prospector Gamma Ray 

Spectrometer [2]. It revealed two major deposits, one 

located on the Procellarum-Imbrium Region, and the 

other, at the South Pole-Aitken (SPA) Basin [3]. 

Europium (Eu), however, is preferentially incorporated 

into plagioclase [4], a main component of the highland 

crust. Eu therefore shows a positive anomaly in the 

highlands, and a negative anomaly in the mare basalts 

[5],a pattern opposite of that of the other REEs.  

A Return to the Moon:  

A Series of Missions for a Sustained Presence. 

NASA is planning to go back to the Moon with the 

Artemis Plan [6]. There are two phases, the first one 

being a technology demonstration and a return of 

humans to the Moon, while the second phase will focus 

on building the infrastructure necessary to support a 

sustained presence on the Lunar surface [7].  

In-Situ Resource Utilization (ISRU). ISRU is the 

process of extracting local material to turn it into 

something useful. ISRU, including water mining to 

produce fuel and oxygen, is a significant part of the plan 

to go back to the Moon. One of the major steps to 

achieving human settlement on the Moon is to produce 

fuel and life support constituents in-situ at industrial 

scale, starting with the extraction of water from the ice 

and icy regolith. Water has been found at the surface and 

subsurface of Permanently Shadowed Regions (PSRs) 

at the South Pole-Aitken Basin [9] [10], which is the 

reason behind selecting this area for the Artemis 

missions. The high-level process for mining water is 

shown in Figure 1, and there are several proposed 

methods to achieve it, such as: thermal mining (using 

heat from the Sun to sublimate the regolith); Radiant 

Gas Dynamic (RGD) mining (using radio frequency, 

microwave, and infrared radiation to sublimate the 

regolith); or bulk excavation, a topic of NASA’s Break 

The Ice Challenge [11]. 

 
Figure 1. Overall high-level process of lunar ice mining. 

Manufacturing and construction are also at the 

center of the Artemis plan, utilizing lunar regolith. For 

example, MMPACT (Moon to Mars Planetary 

Autonomous Construction Technology) includes a 

payload to be delivered to the surface of the Moon in 

2026 to demonstrate autonomous processing of regolith 

into consolidated material. Further steps will include 

implementation of 3D-printed, regolith filled habitat 

before the construction of a Lunar Base [7]. According 

to research, compacted regolith can provide radiation 

shielding, especially if mixed with other material [12], 

and lava tubes have been shown to have levels of 

radiation equivalent to those on Earth [13]. Inflatable 

structures have also been proposed because they have 

the advantage of being light weight and easily 

transported [14]. Such technology has been tested on the 

International Space Station to demonstrate the 

feasibility of expandable habitat modules [15]. 

Leveraging the Artemis Plan: NASA and its 

partners are developing technology for a permanent 

Lunar base with a large focus on ISRU. Processes 

implemented to mine water can be leveraged for REEs, 

especially given that the Artemis Base will be located 

on the second largest reservoir of REEs on the Moon 

[3]. Typically, extracting REEs to turn them into useful 
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compounds requires a physical separation and a 

chemical separation [15] as shown in Figure 2. 

Figure 2. High-level process of REE processing from lunar regolith: 

new capabilities are shown in black letters, whereas existing 

capabilities are written in white.  

Physical Separation of REEs. Physical separation 

includes excavation of ore (in this case, the regolith), 

and research has been done towards developing a 

suitable process for the Moon, such as a two-rover 

system by Redwire Space Inc [16]. Transportation and 

storage are already being developed for water mining 

and can be leveraged for the regolith which needs 

further processing for the extraction of REEs. This 

includes crushing, milling, or grinding to produce a 

suitable texture for the separation process, which entails 

flotation or other gravimetric methods [15]. 

Chemical Separation of REEs. Following physical 

separation, the REE-bearing material undergoes 

additional processing to fully extract the metals, and can 

involve methods such as leaching, precipitation, or 

thermochemical reduction followed by resins or solvent 

extraction. One final step is often performed to 

transform the product into individual REE metals by 

reduction [15]. 

Alternative Mining Methods. An alternative to REE 

processing is bioleaching, which is the extraction of 

metal via utilization of bacteria. Such methods can 

reduce the cost of REE mining and have the advantage 

of being more environmentally friendly [17], therefore 

offering a sustainable alternative to traditional methods 

for Moon mining. In a recent publication, it was proven 

that gravity does not affect the efficiency of biomining 

of REEs [18], making it a great fit for lunar applications. 

Beyond South Pole-Aitken. It should be noted that 

the largest reservoir of REEs, located in the 

Procellarum-Imbrium region, is on the near side of the 

Moon, which makes mining easier due to the readily 

available source of solar power that is more challenging 

to find at SPA Basin. Therefore, any technology 

developed for mining in PSRs should be easily 

adaptable to well-lit areas. 

Conclusion and Future Work: The first step in 

implementing REE mining is to perform a ground 

survey of the targeted areas. To date, data have only 

been obtained via orbital analysis. NASA is sending 

preliminary robotic missions to the Moon and manned 

spacecraft as early as 2025 [6], providing a great 

opportunity to map the concentration of REEs from the 

ground if suitable payload is sent.  

In addition, other gaps need to be addressed to fully 

leverage the technology being developed for water 

ISRU: additional physical separation capabilities to 

allow crushing/milling and grinding of the regolith; 

processes for flotation to purify the material; and all the 

chemical separation and/or bioleaching processes.  

Future work includes further analysis of the 

emerging technology, to include possible surveying 

methods of REE resources and mining processes 

suitable for lunar applications. 
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