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Abstract

This paper investigates the composition and structure of the lunar regolith at the South Pole, with par-
ticular interest in the quantity and distribution of water ice. Confirmation of the existence of water ice
deposits in Permanently Shadowed Regions (PSRs) comes from remote sensing, including those conducted
by the Lunar Prospector (NASA), the Lunar Reconnaissance Orbiter (NASA), LCROSS (NASA), and
Chandrayaan-1 (ISRO). For example, the LCROSS observations of the plume suggested that the regolith
consists of 5.6 + 2.9 % water by mass. Despite the discoveries and advancements made in recent years,
the nature of the distribution of water ice within PSRs is not fully understood, and the composition,
structure, and distribution of water ice in the regolith is unknown.

In this work, we focus on the detection of HoO in the ejecta plume after the LCROSS impact into
the Cabeus crater. We used the shock physics code iISALE to numerically simulate the LCROSS impact
event. A suite of lunar surface models is tested, including no ice (serving as an end member and a control
measurement), variations of a pure ice layer thickness and position in stratigraphy, and variations of water
ice concentration with depth. The best-performing surface model, regarding final crater morphology and
ejecta plume evolution, is refined to most accurately recreate the LCROSS impact, allowing us to obtain
a more accurate model of the lunar surface within Cabeus crater. This is our first step to defining the
mechanical properties of the observed ice reserves in PSRs, considered critical for future exploration of
these regions on the Moon.

This work aims to model the lunar regolith within Cabeus crater. When combined with Lyman-alpha
spectra data, neutron spectroscopy data, and thermal data, this model can be applied to other sites of
interest within the south-polar region, enabling new estimates of the surface and subsurface structure in
areas that have not been directly probed. The insights provided by this study help complete the descrip-
tion of the origins, deposition, and survivability of water ice on the Moon. This work aligns with the
scientific objectives of the NASA Artemis program that plans to survey PSRs for water-related resources
on the Moon.



