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Introduction: Permanently shadowed regions 

(PSRs), areas shielded from direct sunlight, are present 

at the Moon’s poles. These polar regions experience 

extremely cold temperatures enabling them to accumu-

late volatiles such as H2O over billions of years [1, 2].  

Due to low illumination conditions, PSRs are diffi-

cult to observe. Nonetheless, several observational 

campaigns [3, 4, 5, 6, 7] have been made possible by 

the Lunar Crater Observation and Sensing Spacecraft 

(LCROSS), Chandrayaan-1, and Lunar Reconnaissance 

Orbiter (LRO). These missions have confirmed the 

existence of cold-trapped volatiles within some PSRs. 

During the LCROSS impact, cold-trapped volatiles 

such as H2O, NH3, SO2, CO2, and their dissociative 

products were discovered within Cabeus crater [3, 4]. 

These discoveries have affirmed PSRs as regions of 

interest (ROIs) in the search for condensed volatiles, 

elevating polar regions as high priority potential land-

ing sites for future missions [8].  

The LRO Lyman Alpha Mapping Project (LAMP) 

spectrograph provides a unique opportunity to observe 

condensed volatiles within the topmost ~100 nm to 200 

nm of PSRs by enabling measurements of surface re-

flected ultraviolet light [5]. Previous LAMP analyses 

have determined that the south polar PSRs may contain 

up to ~2% H2O ice by mass on spatial scales of ~100 m 

[5, 6]. More recent analysis of LAMP data [7] has also 

found evidence of colder volatile populations with sta-

bility temperatures below the stability temperature of 

H2O (~110 K) within five ROIs: Faustini, Shoemaker, 

Haworth, Cabeus, and an additional unnamed cold trap 

neighbor to Haworth and Shoemaker. 

However, it remained unknown if these newly de-

tected volatile populations are composed of intimate 

mixtures of ultra-cold H2O populations with lunar 

regolith or mixtures with additional volatile species. In 

this study, we build on the previous work [7] to include 

another key ROI: Amundsen crater. Amundsen is an 

area of scientific interest due to its thermal variability, 

differences in space weathering, and potential to harbor 

H2O [9, 10]. We analyze the volatile populations with-

in these ROIs to determine if they are spectrally con-

sistent with H2O and report upper limit H2O abundanc-

es and H2O grain sizes.  

Methodology: We first define a hypothesis that the 

normalized albedo difference (NAD) far-UV spectral 

features observed within each ROI are solely a result of 

intimately mixed H2O and lunar regolith. The NAD for 

each ROI is the ratio of the albedo within PSR regions 

where the temperature range is consistent with H2O 

volatiles to the albedo of the area directly surrounding 

the PSR. The NAD thus emphasizes spectral trends due 

to volatiles within each PSR and reveals absorption 

edges, where present. To test the hypothesis, we model 

intimate mixtures of condensed H2O and lunar regolith 

at far-ultraviolet wavelengths (148 nm – 173 nm) and 

compare model results with LAMP observations.  

We utilize intimate mixture models [12] to derive 

the single scattering albedo of the intimate mixture and 

the hemispheric albedo. H2O optical constants [13] are 

used to calculate the H2O single scattering albedos 

used as model inputs. We further adopt single scatter-

ing albedos calculated for Apollo soil 10084 as repre-

sentative of single scattering albedos for south pole 

lunar regolith [14, 15]. We additionally assume high 

regolith porosity [5], low incidence angles due to geo-

metric factors, an average regolith grain size of 51 m 

[11], and a unity mass density ratio (H2O / regolith  1). 

We allow H2O grain size and H2O abundance to vary 

as free parameters across the entire parameter space of 

0.2 m - 20 m and 0.0% - 100% H2O ice by mass, 

respectively. 

To determine whether the NAD spectral trends are 

consistent with the modeled albedo for varying H2O 

grain sizes and abundances and thus, whether a good 

model fit is found, we perform a chi-squared goodness-

of-fit test. The chi-squared test statistic χ
2
 and corre-

sponding p-value are thus used to determine whether 

the stated hypothesis is accepted.  

Preliminary Results:  A family of statistically sig-

nificant solutions are found for H2O-regolith intimate 

mixtures within south pole PSRs. We present prelimi-

nary spectral mixing results for best-fit solutions, and 

provide upper limit H2O abundances and H2O grain 

size based on model results. A sample solution for 

Faustini is shown in Fig. 1 and corresponds to 0.3% 

H2O by mass and 0.2 m H2O grain sizes with high 

porosity.  
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Fig 1: One solution for LAMP-derived NAD within 

Faustini (blue) and modeled NAD for an intimate mix-

tures of 0.3% H2O and lunar regolith (red) with a p-

value < 0.01. We present only one sample solution 

from a family of solutions.  

Statistically significant solutions are not found for 

the unnamed cold trap (neighbor to Shoemaker and 

Haworth). However, this does not imply that the un-

named cold trap does not contain condensed H2O. The 

albedo spectra of the unnamed cold trap are thought to 

be contaminated by excess stray light which may mask 

any volatile signatures. 

We will present a statistical analysis of spectral 

mixture models at 6 south pole ROIs for intimately 

mixed H2O and lunar regolith. We will report upper-

limit H2O abundances and H2O grain sizes, the allowa-

ble 1 ranges per variable, χ
2
 distributions showing the 

family of solutions for each ROI, and the respective p-

values. At ROIs where the hypothesis is rejected, we 

will include a discussion of possible alternate solutions.   

Implications for Future Missions: Volatiles with-

in polar ROIs may serve as resources during future 

crewed and robotic missions. Resource characterization 

at high priority potential landing sites is necessary for 

optimal resource utilization. Preliminary results suggest 

that detected volatile populations within at least one 

south pole ROI is consistent with the presence of H2O-

regolith mixtures. Additional work is needed to fit the 

spectra with both water frost and additional volatile 

species far-UV features to provide a complete hypothe-

sis test.  
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