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Introduction: NASA’s exploration plans for the 

Moon are being driven at least in part by the possibility 
that there may be exploitable deposits of water ice at 
the lunar south pole. Whether the elevated hydrogen 
abundance measured by Lunar Prospector corresponds 
to water ice and, if so, in what form is still a matter of 
conjecture. Bi-static radar observations with the 
Clementine orbiter are purported to indicate the 
presence of thick deposits of ice on the Earth facing 
inner slope of Shackleton crater at the south pole [1, 
2]. The statistical significance of the measured increase 
in the circular polarization ratio (CPR) as the bi-static 
angle went through zero has been questioned [3] and 
its interpretation as evidence of water ice is also open 
to question. Earth based radar imaging observations [4, 
5] did not show any indication of ice deposits similar 
to the putative deposits detected by radar at the poles 
of Mercury [6]. Lunar Prospector neutron spectrometer 
measurements [7] indicated high hydrogen 
concentrations over several large craters at the pole 
that are in permanent shadow [8]. If the hydrogen is in 
the form of water ice distributed uniformly over the 
shadowed area at the pole then the concentration in the 
upper meter of the regolith would be approximately 
1.5% by weight [9]. If it is in the form of grains mixed 
in with the regolith, it would not be detectable with 
radar. If it is in the form of thick patches a kilometer or 
larger distributed over the shadowed area then at least 
some patches should be in view of Earth based radars 
and they should have been observable if their 
scattering properties are similar to those of the deposits 
on Mercury.  

Observations: In order to re-examine the 
relationship between the CPR and the terrain at the 
lunar south pole we have obtained radar images of the 
polar area at a resolution of 20 m. We transmitted a 
circularly polarized signal at 13 cm wavelength with 
the NSF’s Arecibo telescope and received the echo in 
both senses of circular polarization with the NSF’s 100 
m Green Bank telescope (GBT). Observations in April, 
2005 provided high signal-to-noise 20 m resolution 
imagery while October, 2005 ones at 100 m resolution 
provided measurements of the circular polarization 
ratio. The measured CPR values agree within 20% 
with earlier measurements at 13 cm by Stacy et al [4].  

For the observation dates the GBT was 6.5o to 6.6o 
above the mean horizon at the lunar south pole. The 
pole was thus imaged at an incidence angle of 83.4-

83.5o, and areas on the lunar nearside such as the floors 
of the craters Shoemaker and Faustini were observed at 
lower angles.  Observations of Mercury [6] show that 
the postulated water ice deposits are readily detected 
via their high backscatter cross sections and high CPR 
values at similar angles. 

Results: There is a very strong correlation 
between high CPR values and the walls and ejecta of 
younger craters strongly suggesting that high CPR 
values must be associated with scattering from rocks 
and blocky material comprising proximal ejecta or that 
have cascaded down the steep inner slopes of craters 
such as Shackleton. Values for the CPR greater than 
1.5 are ubiquitious over the floor, walls and ejecta of 
the 30 km Copernican age crater Schomberger A at 
~78.5 S. Much of this crater is illuminated by the Sun 
during the lunar diurnal cycle. 

The inner Earth facing wall of Shackleton has 
values for the CPR as high as ~1.5. There is no 
evidence for significant differences between the upper 
sunlit portion and the lower visible part of the slope 
that is in permanent shadow. Schomberger G, a crater 
of similar age and size to Shackleton at ~76S has very 
similar CPR values for its Earth facing inner wall 
which is clearly sunlit in Clementine imagery.  

Low-lying areas between the highland massifs 
(e.g. the region to the west of de Gerlache), and many 
of the radar-visible older crater floors, are 
characterized by smooth-textured terrain that has been 
mapped as basin-related ejecta, most likely from 
Orientale [5, 10].  These deposits have high CPRs 
relative to the surrounding terrain at both 13-cm and 
70-cm wavelengths [5], indicating a greater abundance 
of cm- to decimeter-scale rocks within the upper few 
meters of the regolith. 

Discussion: Extended deposits of clean, low 
temperature water ice can have very high values (>1) 
for the CPR. The CPR, however, can also reach high 
values due to rugged decimeter-scale surface texture.  
To distinguish thick ice deposits they should 
preferentially follow the margins of shadowed regions, 
as appears to be the case for Mercury, and not be 
closely associated with decimeter-scale rough terrain 
expected for the inner slopes and proximal ejecta of 
impact craters.  At least for the roughly 25% of the 
shadowed area that we can observe from Earth, there is 
no evidence for such ice deposits.  Areas that do 
exhibit high CPR appear to be independent of the 
degree of solar illumination, but highly correlated with 
young impact craters or mass-wasting deposits on the 
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steep interior walls of large, relatively young craters 
such as Shackleton.  The large area covered by our 
high-resolution radar survey shows that high CPR 
values are by no means unique to the south pole 
region, and that the Earth-visible wall of Shackleton is 
similar in radar properties, and likely morphology, to 
sunlit craters of similar age and diameter.  These new 
data support the hypothesis that the south-polar 
hydrogen enhancement measured by the Lunar 
Prospector spacecraft reflects a widely disseminated 
component of the lunar regolith, rather than any 
localized concentration of water ice. 
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