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Introduction: Both poles of the Moon host water 

ice as confirmed or inferred from multiple orbital da-
tasets and LCROSS [1-4]. Recently, [5] reported 
depth/diameter ratios of small craters at the south pole 
are shallower than expected, similar to the Mercurian 
poles, interpreted as infill with icy materials. No similar 
relation was found for the north pole. If confirmed to be 
due to ice, why would one pole of the Moon have accu-
mulated significantly more volatiles than the other? 

The major sources of lunar volatiles have likely in-
cluded impact delivery, volcanic outgassing, and solar 
wind processes [6]. At face value, none of these pro-
cesses should lead to a statistical difference in accumu-
lated volatiles between the poles when integrated over 
geologic timescales. As well, the south pole has only 
20% more cold trap area than the north pole [7,8]. How-
ever, crucially, the geometry of these cold traps differ 
dramatically: there are many more large permanently 
shadowed regions (PSRs) at the south pole (Fig. 1), and 
this geometric pattern may lead to a “Volatile Speedtrap 
Effect”. The basic idea is that H2O molecules hopping 
ballistically around the lunar surface will slow down 
when they encounter patches of cold temperatures, re-
ducing their subsequent hopping distances. The larger 
an individual cold trap is, the less likely that H2O mole-
cules will be able to hop outside and gain velocity by 
landing on warmer adjacent surfaces. This should dis-
proportionately increase mean retention times of vola-
tiles at the south pole and lead to greater accumulations 
both in the large PSRs and in the surrounding regions.  

 
Fig. 1. PSR areal characteristics above 85° latitude at 
each pole. Insets show PSR maps from [7]. 

 

Why does the geometry of PSRs differ so much be-
tween the poles? Partially because of the proximity of 
large craters to the pole itself, but the major south pole 
cold traps also sit on the edge of the South Pole-Aitken 
(SPA) basin, the most prominent topographic feature on 
the Moon and a rich target for exploring in the future 
[9,10]. This pre-existing topographic low (Fig. 2) meant 
that large craters like Haworth and Shoemaker were 
more likely to create large PSRs than if they formed at 
the north pole.  

 

 
Fig. 2. LOLA topographic maps highlighting the topo-
graphic influence of SPA in the south polar region. 
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Methods: We used a simplified 2D Monte Carlo 
model based on the methods of [11] to demonstrate the 
Volatile Speedtrap Effect, then applied it to the actual 
geometry of lunar PSRs. Briefly, individual H2O mole-
cules were seeded at random locations on a surface with 
temperatures that vary spatially. In the examples here 
we used temperatures of 90 K for the cold traps and 240 
K for the surrounding regions. The velocity of the H2O 
molecules is drawn from a Maxwell Boltzmann distri-
bution that depends on the surface temperature. Hops 
are ballistic with random azimuths and elevation angles. 
After landing, the molecules sit for a time equal to the 
mean surface residence time [12] before hopping again. 
The cumulative time (hops + residences) is recorded for 
each particle and cut off at a certain end point, after 
which their final location is mapped if they have not left 
the grid or escaped the Moon entirely. We consider 
thermal processes here, but the effect should apply to 
nonthermal processes (sputtering, micrometeoroid 
vaporization) at the low end of the velocity distribution. 

 

 
Fig. 3. Demonstration of the Volatile Speedtrap Effect.  

 
Results: To demonstrate the basic Volatile Speed-

trap Effect, we modeled two surfaces: one with a single 
large circular cold trap at the center of the grid (Fig. 3a), 
and a second with the same cold trap area but divided 
into four smaller regions (Fig. 3b). Fig. 3c,d shows the 
results for 107 molecules, capped at 1×1016 seconds 
(~300 Myr). The large cold trap scenario resulted in a 
1.6× enhancement of molecules retained, even though 
the total cold trap area was exactly the same. The en-
hancement increased to 6.4× for a 5×1016 s run time 
(~1.5 Gyr). Tiny witness cold traps placed adjacent to 
the main ones also captured more volatiles in the large 
cold trap scenario, demonstrating the effect is not lim-
ited to within the large cold traps themselves but will 
affect surrounding areas (i.e., smaller craters). These 

tests suggest larger and/or more clustered PSRs should 
lead to more volatiles per area due to geometry alone. 

Actual PSR geometry. We applied the same model 
to the PSRs as mapped by [7]. The Monte Carlo model 
was used on both the north and south pole at >85°. Fig. 
4 shows the results for 107 molecules and 1×1016 sec-
onds. We found a 2.4× increase in volatiles retained at 
the south pole compared to the north, corrected for total 
cold trap area. This increased to 19.6× for 5×1016 s. 

     

 
Fig. 4. Monte Carlo results using actual PSR distribu-
tions. Many more particles are trapped at the south pole. 
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