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Figure 1 The complex space weathering processes that transformed materials from lunar interior to soil on the surface. Modified from Refs. [2,3]
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Figure 2 Comparison of hydrogen, carbon and nitrogen contents
between lunar surface materials and basalts. Data are from Ref. [35]
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Figure 3 Comparison of noble gas contents between lunar surface materials and mare basalts. Data are from Ref. [46]
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Figure 4 Compositions of fines in lunar highlands soils. Modified from Ref. [6]
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Figure 5 The mixing triangle of lunar soils using Eu and ) REE concentrations. Data are from Refs. [99-120]
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Lunar soil is an important material to study the surface processes on airless bodies, and the geological evolution of the
Moon. Since the Apollo era, considerable progresses in lunar soil research have been achieved, including the origin,
composition, and properties of the soil. The results from early research have already been summarized and reviewed. With
the lunar soil samples returned by the Chang’E-5 mission, all research concerning the Moon has drawn unprecedented
attention in China. Therefore, it is timely to summarize the latest advances related to lunar soil research. The lunar soils
represent the interior materials that were modified by external processes after formation. This paper reviews the latest
achievements of lunar soil from two aspects: the space weathering and the lunar evolution. The space weathering of lunar
soil includes the interaction between the soil on the Moon’s surface and the materials and energy (such as meteorites, solar
wind, and cosmic rays) outside of the Moon, which has also recorded the evolution of the solar system. The effects of space
weathering on the surface of the Moon are discussed with respect to the water, volatiles (carbon, nitrogen, oxygen, fluorine,
sulfur, chlorine, and noble gas), nanophase minerals (npFe and npSiO,), and micrometeorites and meteorite fragments in
lunar soil. The contents of water in lunar soil are much higher than those of basalt. However, the water in lunar soil is much
more depleted in deuterium than that of basalt. This striking contrast suggests that hydroxyl in the lunar soil mainly results
from the implantation of hydrogen ions in the solar wind. On the other hand, volatiles in lunar soil could have originated
from various sources, including lunar interior, solar wind, cosmic rays, and even Earth wind. The contributions of the
sources for each volatile are different, evidenced by the isotopic composition of the respective volatile. The npFe grains in
lunar soil can alter the surface optical spectra of the Moon. It has been demonstrated that the npFe grains are the product of
vapor deposit generated by charged particle puttering and/or micrometeorite impact followed by re-condensation of
metallic iron. Micrometeorite impacts have not only caused crushing and mixing of lunar soil particles, but also resulted in
partial melting and volatilization of lunar soil, leading to the escape and possible redeposition of volatiles on the lunar
surface and thus increasing the maturity of lunar soil. Therefore, the npFe concentration is often used as a parameter to
represent the maturity of the lunar regolith. On the other hand, the lunar soil can be used to study the evolution of the Moon.
This paper mainly reviews the bulk compositions of lunar soil, and the volcanic glasses and lithic clasts as well. The last-
60-year study of lunar soil has revealed the main contributors of the soil on the Moon. The chemical and isotopic
compositions of bulk soil can be used to reveal the genesis and trace the material sources of lunar soil. The volcanic glasses
in lunar soil are products generated by magmatism on the Moon and have recorded the magmatic processes and the mantle
compositions. The glass beads with various compositions (and thus colors) in lunar soil are intensively studied to explore
the crystallization differentiation and degassing processes of early lunar magma. The lithic clasts have unique scientific
significance in revealing the origin and evolution of the parent rocks of lunar soil, in which, anorthosite clasts can be
utilized to explore the formation of the lunar crust, whereas basalt clasts play an irreplaceable role in studying the diversity
of lunar magma and the evolution of the lunar mantle. Finally, this paper summarizes the related research on the utilization
of lunar soil as resources, including metal, and water as well as energy (such as helium, uranium, and thorium), and lunar
soil molding. The early study on lunar soil can provide important references for studying the soil samples returned by
Chang’E-5 mission. Therefore, this review could facilitate the ongoing research of lunar soil and future lunar exploration of
China.
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