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Introduction:  Using an illumination-simulation 

tool, together with the latest topography data sets from 
Lunar Reconnaissance Orbiter, we have completed a 
map of all permanently shadowed regions on the 
Moon. A key result is that we have discovered perma-
nent shadows as far from the pole as +/-58o of latitude. 
(Figures 1&2) In addition to discovering that these 
areas exist we have begun a preliminary study of their 
thermal environment, using Diviner data, to determine 
the feasibility of non-polar volatile deposits. The over-
all goal is to map out all locations that could harbor 
volatiles. 

Methodology:  Our software tool, LunarShader, 
can precisely simulate lunar illumination conditions. 
To find the permanent shadows we used both the 
LOLA gridded topography data and the Lunar Recon-
naissance Orbiter Camera’s (LROC) stereo data. The 
results of the analyses using these two datasets were 
essentially identical. 

Temperature information was determined using da-
ta collected by the Diviner instrument [1]. Analyses 
were conducted for a few select permanent shadows on 
the equator side of +/- 65o. Two non-polar permanent 
shadows in each hemisphere were selected for analy-
sis. At each point a nearby (non-permanently shad-
owed) spot was selected for comparison purposes. 

Results: The goal of this study was to map the lo-
cations of ALL permanently shadowed regions on the 
lunar surface using the best available data, with a spe-
cific goal of locating those localities that exist at the 
furthest distance from the poles. We found that no 

premanently shadowed regions exist equatorial of ei-
ther 58°S or 58°N.  49 areas exist in the 58° to 65° 
latitude range for both hemispeheres. 

Nomally the permanent shadow inside a low-
latitude crater is located at the base of the poleward-
facing slope of the crater. The shape of the permanent 
shadow is in good agreement with predictions from 
previous work [2,3]. 

 
We have been looking at Diviner data to compare 

areas of low-latitude permanent shadow with nearby 
areas that are sunlight the usual half of a lunar day.  
We find that the permanently shadowed non-polar re-
gions have max temperatures approximately half those 
of nearby illuminated regions.  The maximum tem-
perature is typically ~175K.  This is too warm for ice 
to exist at the surface but we are determining the depth 
of regolith required in these regions for long-term se-
questration of volatiles. 

Conclusions:  We have discovered the existence of 
permanently shadowed regions at distances further 
from the pole than previously known.  Analysis of the 
temperature regime with these areas reveals that they 
are significantly colder than neighboring illuminated 
regions.  Further research will determine the habitabil-
ity for volatiles in these areas. 
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Figure 1.  Map showing the low-latitude permanently 
shadowed regions for the Moon’s northern hemisphere. 

 
Figure 2.  Map showing the low-latitude permanently 


