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Abstract: 
Understanding how airless bodies have evolved in the space environment is essential for 
interpreting remote sensing data and constraining the weathering processes that alter airless body 
surfaces over time. This dissertation utilizes coordinated experimental, observational, and 
analytical techniques to investigate airless body surface properties and processes.  
 
Our first study seeks to characterize mechanical breakdown of the lunar regolith caused by ice-
regolith interactions within the lunar polar regolith environment. The second and third studies 
investigate the effects of simulated micrometeorite bombardment via a novel dual pulsed laser 
experimental setup on iron-poor, carbon-rich Mercury and carbonaceous asteroid analogs. We 
analyze the spectral, chemical, and microstructural properties of these analogs in an aim to 
understand 1) the space weathering products that might be generated on highly reduced planetary 
surfaces and  2) how these space weathering products impact spectral features. The final study 
outlines efforts to perform ground-based, mid-infrared telescopic observations of the Moon so that 
we might elucidate compositional anomalies across under-explored wavelengths. We present a 
new open-source data reduction pipeline for hyperspectral grism observations and a first-look at 
multispectral filter imaging observations of the lunar surface. 
 
From kilometer-scale remote sensing observations to nanometer-scale elemental analyses, this 
dissertation aims to prove that a coordinated analytical approach is essential to understanding the 
composition, geological history, and formation of airless bodies from Mercury to the asteroid belt. 
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