
New Approaches to Lunar Ice Detection 
and Mapping

Keck Institute for Space Studies
Caltech, Pasadena, CA

July 22, 2013

Recent Results: Thermal

David A. Paige
Dept. of Earth, Planetary and Space Sciences

UCLA



Temperature  - The Master Variable

• Thermal Stability of Volatiles

• Spatial Distribution of Cold Traps

• Thermal Evolution of Cold Traps

• Correlations with Other Datasets and Models

– Radar

– Neutrons

– Surface Reflectance

– In-Situ 

– Future….
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LRO Diviner Lunar Radiometer Experiment



Diviner Observed Maximum 
Temperature



Diviner Observed Minimum 
Temperature



Diviner Observed Average 
Temperature
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1 mm/Billion Years

10 microns / year

Water Ice Thermal Stability



Depth to 1 mm water 
ice sublimation in 1 BY

Paige et al. 
Science (2010)



South Polar Annual Average Temperature Histogram



Depth to 1 mm water 
ice sublimation in 1 BY

Paige et al. 
Science (2010)



Model Calculated 
Annual Average 
Temperature
Θ=1.54°



Model Calculated 
Annual Average 
Temperature
Θ=4°



Model Calculated 
Annual Average 
Temperature
Θ=8°



Model Calculated 
Annual Average 
Temperature
Θ=12°





Koeber et al, NLSI LSF, 2013



Comparison with “Background”
Epithermal Neutron Suppression

LEND background neutron 
suppression (Boynton et al., 2012) 

Fractional surface area with 
temperatures conducive to stable 
surface water ice

Hayne, NLSI Virtual Volatiles,  2013



Thermal Stability 
of Volatiles in the 

North Polar Region 
of Mercury



Polar Caps on Mercury?

• Strong depoloarized echoes from both polar regions

• Mercury polar radar signatures suggest presence of thick, nearly pure 
water ice deposits below a thin (< 1 meter) covering of soil
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Radar-bright regions have 
subsurface temperatures < 100K
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Prokofiev

Sunlit 
mosaic

+ shadowed 
terrain!

Chabot et al, 2013



Prokofiev

Zoom in

Sunlit mosaic
+ shadowed terrain 

Terrain imaged is covering 
radar-bright, shadowed region 

2nd observation – evidence for 
an albedo boundary that is 

consistent with boundary of the 
radar-bright material

Chabot et al, 2013



North Pole



South Pole



North Polar
Region



South Polar
Region





Preliminary 
Conclusions from 
Normalized Crater 
Reflectance Study

1. Strong, systematic 
increase in crater 
normal reflectance 
deviations with 
decreasing 
temperature

1. Possible high 
reflectance 
deviations within the 
coldest south polar 
craters. 



Mercury vs. The Moon

• Ice deposits on the Moon and 
Mercury are destroyed by UV 
photolysis, sputtering and impact 
gardening 

•The highly organized present-state of 
Mercury’s polar ice deposits suggests 
that the sources of water and the 
mobility of water in Mercury's 
environment are sufficiently robust to 
overcome the combined effects of all 
other processes that would tend to 
destroy and disrupt them

• The relative scarcity and apparently 
disorganized state of ice on the Moon 
suggests that the converse is true


