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    Introduction: Cold-trapped volatiles including 
water-ice in lunar Permanently Shadowed Regions 
(PSRs) are a high priority resource for future space 
exploration [1]. Rates of supply and burial, distribu-
tion, and composition of PSR volatiles are poorly 
understood. Thus, amplifying the need to identify high 
priority PSR targets for focused exploration [1].  
    Current PSR observations from remote sensing 
instruments utilizing bolometric temperature, neutron 
spectroscopy, radar backscatter, 1064 nm reflectance, 
far-ultraviolet spectra, and near-IR absorption indicate 
surface and/or buried volatile deposits [2-8]; however, 
results from these datasets are not always correlated. 
We compared these PSR observations [2-14] to 
identify sites that likely host volatiles (Table 1).  
    The 10 largest-by-area PSRs at each pole were 
selected for study as well as 35 other smaller PSRs 
with high scientific interest [10-13]. For these 55 PSRs 
we complied observations from published works [2-
14] and ranked them by volatile/resource potential (28 
south pole, 27 north pole). 
    PSR Volatiles Ranking: For each PSR, each 
dataset [2-14] was categorized based on median and 
percent coverage values. Rankings are split into three 
categories: consistent with volatiles (3; blue), conflict-
ing observations or ambiguous results (2; yellow), and 
no coverage or inconsistent with volatiles (1; orange).   
    Lyman Alpha Mapping Project (LAMP) rankings 
for the north polar area were decreased by 1 due to low 
signal-to-noise ratio (S/N) [7,11].   
    Lunar Orbiter Laser Altimeter (LOLA) reflectance 
and Mini-RF 13 cm and 4.3 cm radar Circular 
Polarization Ratio (CPR) values are positively 
correlated with steep slopes [5,6], making rendering 
rankings sometimes problematic. For PSRs with 
median slopes >16°, LOLA and Mini-RF ranks were 
decreased by 1.  
    Low S/N and image resolution in many Lunar 
Reconnaissance Orbiter Camera (LROC) Narrow 
Angle Camera (NAC) PSR images [15,16] may 
contribute to no positive detections of permafrost 
landforms, blocks <5 meters, or surface frost. Howev-
er, ShadowCam, a future orbital instrument aims to 
resolve this issue by providing high-resolution (1.7 
meters/pixel) and high S/N (>100) PSR imaging [17]. 
   Classification: Total Rank was derived from the sum 
of all ranked dataset categories for each PSR, with 
values ranging from 8 to 22. PSRs were classified by 
Total Rank: values >18 are considered consistent with 
volatiles, 13 to 17 are ambiguous, and PSRs with ranks 
<12 are considered inconsistent with volatiles. Dataset 
and total rank values are listed in Table 1.  

 
Table 1. Top 10 PSRs ranked consistent with volatiles based 
on 8 datasets: Diviner annual bolometric maximum 
temperature [1] and ice depth stability paleo/today [9] maps, 
LOLA 1064 nm reflectance [5], LAMP UV off/on band ratio 
[6], Mini-RF CPR [4], Lunar Exploration Neutron Detector 
(LEND) epithermal neutron flux [2], Lunar Prospector 
Neutron Spectrometer (LPNS) hydrogen abundance [3], M3 
near-IR ice detections [7], and LROC NAC PSR imaging 
[13]. Categories are derived from dataset median values 
within each PSR. Total rank is the sum of dataset categories, 
assuming equal value of importance for each dataset. (*) 
indicate low S/N in the north pole dataset. These 11 PSRs 
were ranked 3 for the Diviner, LOLA reflectance, and LPNS 
datasets (not shown). 
    Conclusion: Renewed interest in the Moon and 
recent water-ice detection in some PSRs [8] reinforces 
the need to identify high priority sites for lunar 
prospecting. The PSR Volatiles Ranking table 
summarizes detections from lunar polar datasets, 
which allows for interpretation of resource-rich sites. 
The PSRs with the highest potential volatile economic 
grade and tonnage include: Shoemaker, Haworth, 
Faustini, Sverdrup, and Cabeus craters. Of these PSRs, 
Shoemaker has the highest median dataset values and 
most positive detection overlaps, displaying evidence 
for both patchy surface frost and buried ice deposits.  
    With the existing datasets, determining volatile 
resource grade and tonnage is not possible, however 
our ranking of PSRs is a useful tool to guide future 
landed missions that can determine true resource 
potential (grade and tonnage). 
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