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Approach
Human population has been rising continuously since the end of the Black Death, around
the year 1350, although the most significant increase has been since the 1950s, mainly
due to medical advancements and increases in agricultural productivity. While the rate of
population growth has been declining since the 1980s, the absolute total numbers are still
increasing. Recent rate increases in several countries previously enjoying steady declines are
also apparently contributing to continued growth in total numbers. The United Nation (UN)
population forecast of 2017 was predicting the total world population will be between 10-12
billion people by year 2100.
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Growing population comes with a higher need for goods, in particular improved wealth
leads to higher demands in high end goods, such as smartphones or TVs, which require larger
amounts of rare-earth elements. There are 17 rare-earth elements, namely cerium (Ce),
dysprosium (Dy), erbium (Er), europium (Eu), gadolinium (Gd), holmium (Ho), lanthanum
(La), lutetium (Lu), neodymium (Nd), praseodymium (Pr), promethium (Pm), samarium
(Sm), scandium (Sc), terbium (Tb), thulium (Tm), ytterbium (Yb), and yttrium (Y). Rareearth elements, except scandium, are heavier than iron and thus are produced by supernova
nucleosynthesis or the s-process in asymptotic giant branch stars. In nature, spontaneous
fission of uranium-238 produces trace amounts of radioactive promethium, but most
promethium is synthetically produced in nuclear reactors. In 2011, Kato et al. [1] published
results indicating the mud could hold rich concentrations of rare-earth minerals.
The uses, applications, and demand for rare-earth elements has expanded over the years.
This is particularly due to the uses of rare-earth elements in low-carbon technologies. Some
important uses of rare-earth elements, besides those mentioned before, are applicable to
the production of high-performance magnets, catalysts, alloys, glasses, and electronics. Nd is
important in magnet production. Rare-earth elements in this category are used in the electric
motors of hybrid vehicles, wind turbines, hard disc drives, portable electronics, microphones,
speakers. Ce and La are important as catalysts and are used for petroleum refining and as
diesel additives. Ce, La, and Nd are important in alloy making, and in the production of fuel
cells and Nickel-metal hydride batteries. Ce, Ga, and Nd are important in electronics and are
used in the production of LCD and plasma screens, fiber optics, lasers, as well as in medical
imaging. Additional uses for earth elements are as tracers in medical applications, fertilizers,
and in water treatment. Unfortunately, mining, refining, and recycling of rare-earth elements
have serious environmental consequences. A potential hazard could be low-level radioactive
tailings resulting from the occurrence of thorium and uranium in rare-earth element ores
Bourzac [2]. Improper handling of these substances can result in extensive environmental
damage.
Thus, we propose mining of rare-earth elements on extra-terrestrial objects, e.g.,
asteroids or other planets. In particular planets with low-pressure atmosphere and lowmass with low gravitation, such as Mars (0.636 [0.4-0.87] kPa, 6.419*103 kg), are well
suited. A permanent satellite with a high-energy light plow, e.g., phased array pulsed energy
projectiles or a thalaron pulse, could be used to plough the surface. Due to the enormous heat
(approximately 1273.15K) during explosion and the low-pressure atmosphere (Figure 1), the
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rare-earth elements are separated from the surrounding material
and released into the atmosphere, eventually orbiting the object
in highly enriched form and can easily collected by a low-energy
repulsion beam [3-5]. The necessary energy for such a vehicle
can be produced by several means, e.g., the use of Bussard reactor
(BR) Bussard [6]. The BR uses an electromagnetic field to collect
and compress hydrogen from the interstellar medium for a fusion
reactor. Alternatives include the use matter-antimatter annihilation
Jackson [7] with free deuterium and antideuterium Massam et al.
[8] a singularity Hobson et al. [9], or Omega molecules [10-12], also

named as particle 010, which can be synthesized with sufficient
amounts of boronite ore. Using rare-earth element mining on
extraterrestrial objects with the technological scheme developed
in this study, opens the opportunity of virtually unlimited access
without environmental damage, thus outperforming the current
state-of-the-art mining of rare-earth elements. Moreover, our
approach can be used also for mining of other materials having a
melting point above 1273.15K, which is in fact true for most metals,
such as gold (1336.15K) or platinum (2043.15K).

Figure 1: Scheme of the novel mining strategy.
A) probe orbiting the object in stratosphere.
B) detailed view of the probe.
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