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Introduction: To date, over 300 lunar pits have 

been discovered, all but three from analysis of Lunar 
Reconnaissance Orbiter Camera images. The vast ma-
jority of these pits are found in impact melt deposits of 
Copernican craters, while thirteen are in maria, and 
three are in non-impact-melt highland terrain [1, 2]. 

Lunar pits, especially the hypothesized cave sys-
tems they might provide access to, have long been 
proposed as locations to place human habitats without 
needing additional protection from radiation or micro-
meteorites [3, 4]. However, orbital observations cannot 
confirm any access to void space that would provide 
complete protection from radiation, and so far, of the 
~20 pits whose walls have been observed obliquely, 
only half are confirmed as having any significant de-
gree of overhang. Thus, an important question is how 
much protection a pit can provide where there may not 
be any overhang, or any entrance to a cavernous space. 

Since the vast majority of dangerous radiation on 
the Moon originates from external sources, particularly 
cosmic-ray nuclei, which are isotropic in source and 
more penetrating than solar particles [3,4], we have 
modeled the amount of sky occluded by the walls of 
lunar pits as a proxy for the reduction in radiation [5]. 
From this analysis, we have found that approximately 
20% of lunar pits reduce the annual radiation dose to 
 

 
 Location Lat Lon Size (m) 
A N. Proc. 1 35.408 314.360 157 ×108 ×54 
B N. Proc. 2 35.343 314.345 160 ×150 ×36 
C Moscoviense 29.503 150.465 192 ×188 ×~35 
D Sinus Iridum 45.623 331.189 70 ×33 ×~20 
E Insularum 8.687 330.965 175 ×155 ×~71 
F Highland 3 42.394 320.303 66 ×63 ×~28 

Figure 1 and Table 1: Images and details of mare 
pits discovered since [1]. A, B, and D were previously 
reported in [2]. All panels use the same scale.  

that allowed for U.S. radiation workers, and several of 
these pits may be accessible by wheeled vehicles. 

Recent Mare Pit Discoveries:  Since [1], we have 
located five additional mare pits and one additional 
highland pit (Figure 1, Table 1). Two of the mare pits, 
a pair in northern Oceanus Procellarum, are only 2.5 
km apart and are in a region of apparent volcanic activ-
ity near the Mairan domes, suggesting that they may 
have originally formed as openings into a single lava 
tube (although both now appear degraded and filled to 
the point that no sublunarean void is likely accessible). 

Methods: For each pit included in this analysis 
(~85% of known pits), we measured the dimensions 
and orientation of the pit opening (diameter of long 
axis, and diameter perpendicular to the long axis), the 
depth (using shadow measurements), and various nota-
ble features such as the presence of nearby collapse-
related features, or possible wall collapses that could 
be used as entrance ramps. In the common case where 
a pit is roughly rectangular in shape, the long axis was 
measured parallel to the long axis of the apparent rec-
tangle, not along the true longest diameter that runs 
corner to corner. Where the rim is not continuous on 
one side, the diameter was measured to a point appear-
ing to be at approximately the same elevation as the 
rim. (Both of these details are illustrated in Figure 2.)  
 

 
Figure 2: A: The Aristarchus 2c pit: 22×16 m 

opening; 14 m depth; 81-82% sky view reduction; 
probable ramp on northwest side. B,C: Habitat loca-
tions for elliptical pit models. D: Schematic view of 
the sky view model. Habitat (orange cylinder) is placed 
at the bottom of a simplified pit (green lines), and the 
solid angle of the opening (blue cone) is calculated for 
a point in the habitat. E,F: Habitat locations for rectan-
gular pit models. 
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Sky View Model. To simplify calculations of the 
sky view from within a pit, we assumed that pits could 
be described as elliptical or rectangular prisms, using 
the recorded minimum and maximum diameters and 
maximum depth. The habitat module was modeled as 
an 11 m long, 1.5 m radius cylinder [5], placed against 
the pit wall parallel to either the long or short axis of 
the pit (Figure 2). The sky view solid angle was calcu-
lated from the point of the module closest to the center 
of the pit (usually 1.5 m above the pit floor on the side 
of the module away from the pit wall). 

This model was implemented using Python code, 
and run for the 256 pits for which we currently have 
detailed dimensional measurements.  

Results: A total radiation reduction factor of 83% 
or greater is needed to reduce the ~270 mSv received 
annually on the lunar surface [3,4] from cosmic radia-
tion to 50 mSv, the maximum allowed annual dose for 
U.S. radiation workers [3]. Of the 190 measured pits 
that are large enough to fit the modelled habitat mod-
ule, 45 to 48 of them provide ≥83% sky view reduction 
for at least one of the habitat module locations (Figure 
3), depending on whether the pit is modeled as an el-
lipse or rectangle, respectively. This number is likely 
an overly-optimistic assessment of pit radiation envi-
ronments, as it neglects secondary radiation and as-
sumes that even a thin layer of rock provides complete 
protection (see Future Work). However, it functions as 
a first-order estimate of the shielding provided by pits, 
and shows that lunar pits can provide significant 
shielding even in the absence of fully-enclosed voids. 

Images of the pits with ≥83% reduction were man-
ually inspected to determine which, if any, could po-
tentially be accessed without rappelling down a verti-
cal wall. Unfortunately, although 30-40% of all meas-
ured pits appear to have some sort of wall collapse that 
could be used as an entrance ramp, no more than six 
(<13%) of the identified highly-shielding pits have 
entrance ramps. This low number is likely due to the  
 

 
Figure 3: Histogram of reductions in sky view for 
elliptical (blue) and rectangular (green) pit models (bin 
width 5%, aligned with a bin boundary at 83%). The 
83% reduction required for suitable radiation reduction 
is marked by the dashed red line. 

high depth:diameter ratio needed to provide sufficient 
shielding; indeed, two of the best pits are long, narrow 
pits barely wide enough to fit the modeled habitat 
(Figure 4a,b). Interestingly, both of these pits are in 
rounded linear depressions suggestive of partially-
collapsed melt tubes. A better candidate for ease of 
access and construction would be the large mare pit in 
Lacus Mortis (Figure 4c), which is big enough to fit 
several habitat modules with room to maneuver them 
around each other and any obstacles on the pit floor. 

Future work: The most critical addition to the 
model will be accounting for secondary radiation, both 
from the pit walls and from interactions within thinner 
rock and regolith near the rim [3,4]. Initial calculations 
of the latter effect suggest that shielding values should 
be reduced by up to 20 percentage points, though 
more-shielding pits tend to have smaller adjustments 
(median change ~4% for pits with ≥83% reduction). 

Since pits with entrance slopes have ambiguously 
defined rims, the dimensions for the most interesting 
pits should be refined using high-resolution digital 
terrain models to ensure that the opening size has not 
been underestimated. 

Conclusion: Even where pits do not provide entire-
ly sufficient shielding on their own, they can greatly 
reduce the amount of shielding that needs to be placed 
on a habitat module compared to the requirements on 
the surface (median sky view reduction of ~70%). Fur-
thermore, many impact melt pits have wall collapses 
that may simplify access to the interior. 
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Figure 4: Select highly-shielding pits with potential 
entrance ramps. A) Copernicus 10 (left: low Sun; right: 
high Sun): 38×11×23 m; ~91% radiation reduction.   
B) Das 1a: 21×5×11 m; ~88% reduction. C) Lacus 
Mortis pit: 155×110×80 m; ~84% reduction. 
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