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Introduction:  The LCROSS impact occurred 
within Cabeus crater (84.9°S, 35.5°W), where the Lu-
nar Prospector Neutron Spectrometer (LPNS) mapped 
the highest inferred hydrogen abundance on the Moon 
[1]. Image reconstruction work [2,3] suggests an abun-
dance of ~1 wt% WEH, if confined to the area of per-
manent shadow. However, the LCROSS impact 
yielded total water estimates, ice plus vapor, of be-
tween 3 and 10 wt% [4].  LRO/Diviner data/modeling 
reveal that shallow subsurface temperatures <100K 
prevail over extensive areas outside strict permanent 
shadow [5]. Ice-bearing regolith could conceivably 
exist within a few tens of centimeters of the surface in 
such permafrost regions.  If placed in the relatively 
limited Cabeus permanently shadow region (PSR), a 
uniform regolith mixture of 5 wt% water-equivalent 
hydrogen (WEH) based on LCROSS would create 
measurably lower epithermal neutron count rates than 
are actually seen in orbital data; 17.9±0.08 ct/s instead 
of the 18.20±0.08 ct/s.  If such an ice mixture is pre-
sent in the areally more extensive permafrost region, 
the disagreement with orbital data is even greater.   

It is likely that volatiles are inhomogeneously dis-
tributed, due to both impact processes and emplace-
ment history.  Here we examine two possibilities that 
may bring consistency to the orbital and LCROSS 
measurements. 

Inhomogeneous lateral distribution:  Consider 
the extreme case of a bimodal distribution within the 
crater – patches of relatively dry and relatively icy 
regolith. Such a model may seem overly simplistic, 
were it not for the case that LCROSS impacted a dou-
bly-shadowed region with the Cabeus PSR [6].  The 
evolution of cold-trapped volatiles may be controlled 
in part by such double-shadowing.  In this case the 
epithermal leakage flux seen from orbit is a mixture of 
two different values, weighted according to fractional 
areas.  One possibility is that ~40% of the PSR  area 
may be “icy”, the remainder dry (implanted solar wind 
levels of <0.1 wt% WEH).  However, if the whole area 
of permafrost is considered, then as little as 20% of the 
area will be as “wet” as the LCROSS results (and 
LCROSS was lucky). 

Inhomogeneous depth distribution: For inhomo-
geneous mixtures, the leakage flux of thermal and epi-
thermal neutrons depends on both depth of burial of an 
icy layer and its ice abundance. For a given regolith 
composition, the combination of epithermal and ther-

mal leakage fluxes imply a burial depth and ice abun-
dance.  Therefore, for the Cabeus PSR, the pixon re-
construction values for the epithermal flux defines a 
range of burial depths and ice abundances.  The ambi-
guity is resolved by a reconstruction of the ther-
mal+epithermal flux.  There can be significant uncer-
tainties, however, due mainly to variations in iron 
abundance in the anorthositic regolith.  Even small 
variations in FeO (2 – 6 wt%) can have a significant 
impact on thermal neutron leakage flux.  We use the 
Lunar Prospector Gamma Ray Spectrometer results for 
FeO to gauge the thermal neutron dependence on soil 
composition.  With this effect removed, it is possible to 
estimate both the burial depth of an icy layer and its 
WEH abundance.  The two measurements require one 
additional assumption: the upper layer is dry and has a 
prescribed WEH abundance comparable to returned 
lunar samples.  Nevertheless, plausible thermal neutron 
values in the PSR, while uncertain, include the 
LCROSS abundances under 50-100 cm of dry soil.  

Conclusion:  The discrepancy between LCROSS 
water-equivalent hydrogen abundances of between 5 
and 10 wt%, and the inferred orbital homogeneous 
abundances of 0.2 to 1 wt% can be resolved.  It is 
physically realistic to expect that lateral and/or depth 
variations in volatile abundances occur, and a reason-
able range of these values leads to agreement.  Be-
tween 20% and 40% of the Cabeus floor may be “icy”, 
or alternatively a 5-10 wt% “icy” layer exists between 
50 and 100 cm beneath a layer of dry regolith within 
the PSR.  But volatile abundances of 5 wt% or more, 
distributed uniformly and homogeneously throughout 
the Cabeus PSR do not agree with orbital measure-
ments.  
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