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Introduction:  From the time they were discovered 

by JAXA’s Kaguya spacecraft [1] and follow up obser-

vations were made using NASA’s Lunar Reconnais-

sance Orbiter (LRO) [2], lunar collapse pits have been 

seen as ideal targets for future missions to the lunar sur-

face. Due to their exposure of stratigraphic layers re-

lated to multiple mare lava flows that may give an in 

depth context to the Moon’s geologic past [2], and the 

hypothesized existence of subsurface lava tubes capable 

of providing natural shielding from the hazards of the 

lunar surface, collapse pits have been thought of as 

prime locations for numerous scientific studies as well 

as havens for long term exploration and settlement. 

 

 
Figure 1: Image of the Mare Tranquillitatis Pit. (Credit 

NASA/GSFC/Arizona State University) 

 

Through computational modeling and analysis of 

data from the Diviner Lunar Radiometer Experiment, 

we have detailed the thermal environment of the Mare 

Tranquillitatis pit (8.33 °N 33.22 °E) to highlight the 

suitability of these features for habitation and explora-

tion in relation to current concepts and proposals. We 

assert, especially for low-latitude regions, that these fea-

tures provide the most favorable conditions available for 

supporting such endeavors. 

Computational Models:  For our computational 

models we used a DEM created by combining LRO 

Narrow Angle Camera (NAC) stereographic pairs of the 

Tranquillitatis pit with an extrapolation into the unseen 

void space within. The geometry of the pit is known to 

have a diameter and depth of ~100 m each, and the void 

space’s ceiling height is 40 m [3]. Using this character-

istic geometry and known thermophysical properties of 

lunar rock and regolith [4-5], we conducted 3-D and 2-

D thermal studies with COMSOL Multiphysics, with 

the goal of understanding the complex thermal environ-

ments of these features. 

In 3D we find that the noontime temperatures of the 

pit floor can reach 415 K, higher than any measurement 

of lunar surface temperatures to date, due to the combi-

nation of direct solar illumination and thermal radiation 

from the pit walls. We also see in the 3D model that the 

pit structure as a whole maintains a much warmer tem-

perature than the surface at night due to the limited view 

of the sky. This becomes much more apparent farther 

inside the void space extending from the pit floor. 

Lastly, surfaces that remain in shadow throughout the 

entire day never exceed 350 K and are likely to exist at 

much more comfortable temperatures when farther from 

a directly illuminated surface, providing a much more 

tolerable environment for manufactured materials. 

 

 
Figure 2: Steady state thermal conditions for different 

void space geometries and pit floor material properties. 

Material beyond the pit floor is uniform rock. 

 

In 3-D we were limited to two full diurnal cycles due 

to hardware constraints. To understand the steady state 

conditions, we needed to conduct additional 2-D ther-

mal studies that could simulate a much greater amount 

of time. In Figure 2 it can be seen that all four variations 

of our 2-D model have very similar temperatures on sur-

faces that never receive direct sunlight, meaning that 

there are likely areas of Tranquillitatis pit with very fa-

vorable conditions even without the existence of a 

lengthy lava tube. With this model we found that the 

temperatures of an adjoined cave would become steady 

at ~290 K, with the diurnal amplitude approaching 0 K 

as you increase your distance from the opening as 

shown in figure 2. The mechanism that controls this 

temperature is equivalent to that of a blackbody cavity, 
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which at the Earth-Sun distance of one astronomical 

unit would have a temperature of ~ 290 K.  On Earth 

290 K would be considered relatively comfortable; on 

the Moon that is extraordinary.  

 

 
Figure 2: Maximum and Minimum floor temperatures 

of the pit and a theoretical adjoined cave as seen in fig-

ure 1. 

 

Diviner Data Analysis:  Diviner is a nine channel 

radiometer aboard LRO that has been taking thermal 

measurements of the Moon continuously for over 10 

years. This vast dataset gives us the ability to compare 

actual thermal measurements of the Tranquillitatis pit to 

the aforementioned model results. Nominally, Diviner 

has a footprint size of 150x300 meters at an altitude of 

50 km, much larger than the dimensions of the pit itself. 

However, much of the data we have acquired for this 

location are at a spacecraft altitude of over 100 km, 

meaning the size of the pit relative to the footprint is 

further reduced. Additionally, we isolated data from 8 

PM to 4 AM Local Solar Time (LST) with emission an-

gles below 10° to ensure we are analyzing primarily the 

pit floor temperatures at times when it is significantly 

warmer than the surrounding surface, of which the day-

time temperatures are not. 

After retrieving all necessary data, we performed a 

chi-squared minimization grid search on each of the 

unique Diviner measurements to recover the tempera-

ture of the pit. With this we were able to construct a 

rough nighttime temperature profile that could be com-

pared directly to the 2-D thermal models from 

COMSOL. As seen in figure 3, the magnitude of the 

model temperatures matches well with the pit tempera-

tures we observed with Diviner, showing us that the 

models are correct. Due to error largely sourced from 

the size of the Tranquillitatis pit relative to Diviner’s 

footprint, we cannot distinguish between the different 

floor material properties nor the different geometries. 

However, the magnitude is clearly in favor of height-

ened temperatures that would be much more favorable 

than those typical of the lunar night. 

 
Figure 3: Model temperatures compared to Mare Tran-

quillitatis Pit temperatures derived from Diviner Meas-

urements. 

 

Implications for future lunar surface science:  As 

alluded to previously, having access to a constant tem-

perature on the Moon of 290 K without the need for ac-

tive heating and cooling mechanisms would drastically 

improve mission duration and success, consequently in-

troducing a more realistic model for long term habita-

tion. Previous concepts for the creation of moon bases 

and the like typically involve covering structures in a 

meter of lunar regolith in order to maintain thermal sta-

bility. While this method is a much more simple under-

taking than just tackling these elements head on, it 

would be a time consuming process and require large 

amounts of energy. Utilizing collapse pits and lava tube 

structures alleviates both of these issues, with a mission 

concept or lunar base construction only requiring a 

means to move resources and persons in and out of the 

pit. Mission concepts such as Moon Diver [6] showcase 

a robotic approach to explore and understand the envi-

ronment of such targets. This would give us a basic un-

derstanding of what to expect before sending astronauts 

and materials to inhabit them, and would lay the ground-

work for additional science that would be conducted by 

humans in the future. 

With collapse pits dotted around the lunar surface in 

impact melts of major craters [3], on the far side in Mare 

Ingenii [3], and possibly in the polar regions that may 

contain easily accessible volatiles including water ice 

[7], these features may be the best way for humanity to 

maintain a long term presence on the Moon. 
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