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Introduction:  The Diviner instrument has been 

acquiring brightness temperature measurements of the 

Moon since July of 2009 enabling the systematic 

mapping of global temperatures [1, 2]. Diviner has 9 

spectral channels that observe solar reflectance and 

infrared emission from ~0.3 to 400 μm [3]. We have 

compiled over 11 years of data to generate a data set of 

the Lacus Mortis region at 128 pixels per degree and 

0.1 hr of solar local time for each of the seven IR 

spectral channels and calculated bolometric 

temperatures [4]. The Lacus Mortis region is of 

particular interest as it contains the site selected for the 

Astrobotic Mission One landed mission as part of the 

NASA Commercial Lunar Payload Services (CLPS) 

initiative (Fig. 1).  

Lacus Mortis:  Lacus Mortis is a ~160 km wide 

basin filled with mare basalts. The mare is disrupted by 

the 40 km diameter crater Bürg and its surrounding 

ejecta, and several tectonic features that include Rimae 

Bürg, an extensive structural graben that transects the 

western half of the mare (Fig. 1).  

Terrain characterization:  The surface materials 

of the region can be characterized by minimum 

temperatures which are sensitive to thermophysical 

properties within the diurnal thermal skin depth (~10 

cm) and maximum temperatures which are sensitive to 

albedo with low thermal inertia materials reaching 

lower temperatures during the night and darker 

surfaces attaining higher temperatures during the day. 

Additionally, anisothermality in nighttime 

temperatures in the Diviner channels result from 

surfaces radiating at different temperatures within the 

Diviner instrument field of view. This has been shown 

to correlate with the surface fraction of rocks at the 

surface [5].  

Immature, rocky materials such as relatively fresh 

impact ejecta will have elevated anisothermality and 

nighttime temperatures due to rocks and other high 

thermal inertia materials, but cooler maximum 

temperatures due to higher reflectance (Fig. 2). These 

materials will darken with space weathering and blocks 

will be comminuted and homogenized by impacts 

overtime reducing anisothermality and increasing the 

temperature extremes as the material becomes lower 

thermal inertia and darker. Fig. 2 shows a scatter plot 

of the terrain within Lacus Mortis for slopes <2° to 

 
Fig. 1: (a) Portion of global WAC mosaic showing Lacus Mortis region. White ellipse is the location of 

Astrobotic’s Mission One landing ellipse. (b) Minimum bolometric temperatures of Lacus Mortis. (c) 

Nighttime anisothermality of Lacus Mortis derived from differencing Diviner channels 6 and 8. Black arrows 

in (b) and (c) show locations of images in Fig. 3. 
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minimize topographic effects. 

Examples of contrasting terrain properties.  The 

interior crater wall of Bürg displays a diversity of 

thermophysical properties. For example, the southeast 

portion of the wall has anomalously high nighttime 

temperatures and elevated nighttime anisothermality 

suggesting it has a heterogenous mixture of higher 

thermal inertia materials than the adjacent wall 

materials. Reflectance data show this area also has a 

mixture of dark and bright surfaces, and compositional 

mapping using Diviner also shows the areas to be more 

feldspathic or felsic in composition [4]. LROC NAC 

images (Fig. 3a) show this portion of the wall to be 

composed of relatively dark granular-to-blocky 

material overlying a lighter toned material, a 

morphology that is not observed in the adjacent walls 

suggesting variations in the lithology underlying the 

mare are exposed by the crater.  

 
Fig. 2: Scatter-plot of nighttime anisothermality (T6–

T8) versus normalized maximum temperatures (Tmax) 

for slopes <2° in Lacus Mortis with symbol colors 

representing the temperature amplitudes (Tmax–Tmin). 

 
Fig. 3: LROC NAC images showing (a) a portion of 

the southwest wall of Bürg crater, and (b) a portion of 

a north-south trending fault scarp in the southwest 

floor of Lacus Mortis. 

A prominent ~60 km north-south trending scarp 

near the east margin of the Mission One landing ellipse 

is observed. The southern ~20 km of the scarp has a 

~350 m vertical offset and, like the aforementioned 

crater wall materials, is associated with elevated 

minimum temperatures and nighttime anisothermality 

consistent with an abundance of high thermal inertia 

rocks. NAC images confirm that the scarp is covered 

with a high density of blocks (Fig. 3b). 

Additional mapping and descriptions of terrain 

properties throughout the region can be found in [4]. 

Landing site temperatures: The Mission One 

landing ellipse is within a relatively flat southwest 

portion of the mare. The ellipse is generally devoid of 

large variation in thermophysical properties. The 

temperatures from within the ellipse are plotted in Fig. 

4 showing the mean diurnal temperature variations. 

Temperatures range from ~88 K prior to sunrise to 

~359 K around noon. We constrain the sunrise and 

sunset times to occur within 5.8 – 6.3 hr and 17.8 – 

18.1 hr respectively based on the observed rate of 

change in temperatures. The mission is planned to land 

mid-morning and temperatures within the ellipse will 

already exceed 300 K in many locations. 

We have run a regolith thermal model [6] to 

compare with the ellipse temperatures. Using 

properties typical of the global average regolith, we 

find the model temperatures generally overly the 

observed temperatures suggesting the upper regolith 

within the ellipse will be similar to the global average 

with similar density profiles as modeled here. 
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Fig. 4: Observed temperature of the Mission One 

landing ellipse and model temperature curve [6]. 
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