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Introduction: The low obliquity of the Moon 

causes some topographic depressions near the Lunar 
poles to be shielded from direct solar illumination year-
round. These permanently shadowed regions (PSR) are 
among the coldest places in the solar system, with 
temperatures measured by LRO’s Diviner instrument 
reaching as low as 30 K in some cases [1]. Volatiles like 
water, if present, may be thermally stable against 
sublimation for billions of years. Several studies 
indicate that ice is present in some PSRs of the Moon’s 
south pole [2]. 

Ice is interesting both scientifically and as a vital 
recourse for human or robotic missions. However, the 
lack of illumination in PSRs introduces several 
challenges for exploration. It may be advantageous for 
future missions to sample potential ice from smaller 
cold traps which are more safely navigable. However, 
the temperatures in small PSRs may be influenced by 
lateral heat conducted from its warmer surroundings. At 
some scale, this will destroy a PSR’s cold trapping 
ability. We develop a 3-dimensional heat conduction 
model to answer the questions: 1) what is the smallest 
crater which is a thermally viable cold trap? 2) what is 
the subsurface thermal environment of cold trap for 
craters of various sizes and geometries? 

Model Description: Our model implements heat 
conduction using the finite-volume method. We 
populate a defined region with an unstructured mesh of 
tetrahedral cells. Each timestep, the heat flow is 
computed through the triangular faces of each cell. 
Thermophysical properties vary with depth and 
temperature based on Hayne et al. (2017) [3]. Surface 
temperatures are determined using a topographic 
illumination model, which includes incident solar, 
scattered, and emitted radiation (accounting for 
shadowing). We model craters as bowl-shape 
depressions with typical rim-to-floor depth to diameter 
ratios, ∆, between 1/15 and 1/5.  

Results and Discussion: Figure 1 shows pre-
liminary results of modeled PSR diurnal surface 
temperatures for 1.5 m diameter craters at 85˚ latitude. 
Ingersoll et al. (1992) [4] provides an analytic solution 
for the shadow temperature in a bowl-shaped crater, in 
which the shadowed region is at radiative equilibrium 
with scattered sunlight from the opposing crater wall. If 
the modeled temperatures exceed this lower limit, it 
indicates that subsurface conduction is supplying 
additional heat. Our results show that the shadow 
temperatures for meter-scale craters agree with the 

Ingersoll temperature fairly well, indicating that lateral 
conduction is not significant on these scales. PSRs of 
this size and larger should be viable cold traps (at least 
thermally) with temperatures near the Ingersoll 
prediction. 

Figure 2 shows the maximum diurnal temperature 
for craters with a 120 K isotherm indicating cold trap 
stability. The reduced surface temperature of cold traps 
propagates to a depth roughly proportional to the scale 
of the topography. For ∆=1/14, the cold trap thickness 
is about 10% the diameter of the crater: ~20 cm for a 1.5 
m crater and ~7 cm for a 0.5 m crater. While the surface 
temperature for large and small PSRs may be similar, 
large cold traps extend deeper into the subsurface.  

It is important to note that thermal stability is not the 
only criterion for ice. Ice volume may instead be limited 
by the delivery rate of volatiles, which is fairly low [5]. 
Small craters may be unable to accumulate thick enough 
deposits of ice before being destroyed by sublimation. 
For larger craters (maybe tens of meters in diameter), 
the volume of accumulated ice is limited by the shadow 
volume of the PSR [6]. The maximum shadow volume 
for a crater at 85˚ latitude and ∆=1/10 is ~56% the depth 
of the crater, which is smaller than the depth of the 
subsurface thermally stable region we model. This 
means that if a PSR were fully filled to the shadow 
volume, the subsurface thermal environment should not 
exceed the cold trap temperature at the base of the PSR. 

Conclusions: 1) Cold traps which are meter-scale or 
large are thermally viable; lateral heat conduction is not 
significant on these scales. 2) PSR temperatures 
propagate to a depth comparable to the size of the cold 
trap, so larger craters will have proportionately thicker 
subsurface cold traps. 3) Fully filled PSRs should be 
thermally stable to their maximum depth. 
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Figure 1. Modeled diurnal PSR temperatures compared with Ingersoll et al (1992) 
[3] for depth-to-diameter 1/14 (left) and 1/9 (right) at 85˚ latitude. 

Figure 2. Model results for the maximum diurnal surface and depth temperature for 
craters at 85˚ latitude. The black line is a 120 K isotherm marking the maximum cold 
trap depth. 
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