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Introduction: Mapping the distribution of 
water, hydroxyl (radical or groups), 
minerals, thermal properties, and regolith 
fine structure are relevant to 
understanding the lunar water cycle and to 
support in situ resource utilization (ISRU). 
The primary lunar minerals include 
pyroxene, olivine, anorthite, ilmenite, and 
spinel, all of which contain a significant 
fraction of oxides by mass. Lunar highland 
material, widely believed to be original 
crust, is dominated by plagioclase feldspar 
and poor in pyroxene and olivine. In 
comparison, basaltic mare material 
comprises a mix of plagioclase, ilmenite, 
orthopyroxene, clinopyroxene, and 
olivine. Spectroscopic signatures at 1-
16 µm wavelength (Fig. 1) can identify 
these species and map their distribution in 
exposed surface. Spectroscopic mapping (data cubes) in this spectral range will present 
water/hydration/OH state in the context of lunar rock forming minerals, accessory minerals (e.g., 
other feldspar, and apatite), and trace minerals (e.g., silicates, sulfides/sulfates). Such maps will 
elucidate the lunar hydrology cycle, establish surface composition, and determine regolith textural 
structure, attributes that can guide mining operations and geological investigations.  
Water/OH: Observations by Cassini/VIMS, EPOXI/HRI-IR, and Chandrayaan-1/M3 confirmed 
the presence of OH/water signatures (Sunshine et al., 2009; Clark, 2009; Pieters et al., 2009). A 
recent study estimated ~100 billion metric tons of near surface water ice may be distributed in 
lunar cold traps. Infrared remote sensing spectroscopy in the 2.6–3.1 µm region targets the 
vibrational bands associated with both water (nu1/nu3) and OH (nu1). An analysis of lunar 
equatorial soils concluded solar-wind produced OH to be a viable source for water ice in polar 
cold-traps with slower degassing rates. Discrimination of water-bearing from OH-bearing 
minerals is critical to plan the chemistry needed for resource recovery operations. As indicated by 
a reflectance trough, the 6 µm (nu2 bending-mode vibrational band) of monomer ice results in an 
emissivity peak unique to water and absent from OH; it is seen in dirty ice but not in OH-hydrates. 
One more signature of interest is the 12 µm libration band of water. For thermal observations, 
control of the viewing (emission) angle is relevant given the angular dependence of emissivity. 
Using these signatures, the presence and chemical state of hydration can be determined. 
Minerals and thermal properties: The primary lunar mineralogic composition includes pyroxene, 
olivine, anorthite, ilmenite, and spinel, all of which contain a significant fraction of oxides by mass 
(Schlüter and Cowley, 2020). Lunar highland material (theorized as original crust) is dominated 
by plagioclase feldspar (CaAl2Si2O8) and poor in pyroxene and olivine (Crawford, 2015). In 

 
Figure 1: Representative spectral signatures of 
pure water ice and four prominent lunar mineral 
types in pure samples (USGS Spectral Library data; 
Kokaly et al., 2017). 
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comparison, basaltic lava flow mare are a mix of plagioclase, orthopyroxene (Mg,Fe)SiO3), 
clinopyroxene (Ca(Fe,Mg)Si2O6), olivine ((Mg,Fe)2SiO4), and ilmenite (FeTiO3) – richer in Mg, 
Fe, and Ti (Crawford, 2015). Detailed geochemistry of major and trace elements in maria probes 
lunar volcanism; geochemistry measurement in young lava surfaces constrains bombardment 
history of inner solar system (Tartese et al., 2019). A spectrometer extend from near-infrared to 12 
or 15 µm can characterize mineralogy as well as thermal properties of the regolith, taking into 
account the emissivity properties of the mineral composition retrieved from the spectroscopic data.  
Context: The data can address the balance between sources of lunar water: an internal, primordial, 
endogenic process; external delivery by comets and asteroids; created in-situ by solar wind 
interactions with surface materials (Pieters et al., 2018). “More advanced sensors placed … on the 
surface would allow spatial and temporal characterization of this water and would probe how the 
three forms interact in the natural lunar environment” (Pieters et al., 2018). 
 

  
 

Figure 2: (left) Instrument deployed by an astronaut with the aid of a tripod for stability. 
(middle) Rover mounted for unconstrained surveys (original image credit: Arizona State 
University, lunar rover concept). (right) Lander-based measurements to map accessible scenes 
(original image credit: Intuitive Machines).  

 
Methodology: A compact spectrometer spanning the 1-16 µm or 2.5 – 12.5 µm spectral range can 
scan areas of interest to identify and characterize hydration state, mineral composition, and thermal 
properties. An ideal instrument will scan the area of interest, perform automated analysis, flag 
compounds of interest, save data to storage, and indicate importance of region to astronaut with in 
field feedback. Current devices can be implemented for astronaut field use, rover based, or lander 
mounted (Fig. 2). The unique reflectivity pattern with wavelength and compositional mix will 
determine the observed spectrum averaged over the field-of-view.  
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