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Introduction: The Diviner Lunar Radiometer Ex-
periment onboard LRO has been acquiring solar re-
flectance and infrared radiance measurements nearly
continuously since July of 2009 [1]. Diviner is provid-
ing the most comprehensive view of how regoliths on
airless bodies store and exchange thermal energy with
the space environment. Approximately a quarter tril-
lion calibrated radiance measurements of the Moon,
acquired over 5.5 years by Diviner, have been com-
piled into a 0.5° resolution global dataset with a 0.25
hour local time resolution. Maps generated with this
dataset provide a global perspective of the surface en-
ergy balance of the Moon and reveal the complex and
extreme nature of the lunar surface thermal environ-
ment [2]. Impact craters from meter-scale to basin-
scale are found to modify the thermophysical and
radiative properties of the regolith over large distances
as seen in reflectance and infrared observations
demonstrating the dominating effect impacts, as a geo-
logic process, have had on the global physical proper-
ties of the lunar surface.

Results: The hottest nighttime temperature anoma-
lies are associated with young rayed Copernican-age
craters. The thermal signature of Tycho is asymmetric,
consistent with an oblique impact coming from the
west and rays require material with a higher thermal
inertial than nominal regolith. Rays are observable as
thermal anomalies in nighttime temperatures indicating
a contrast in thermophysical properties in addition to
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having a higher reflectance, however nighttime bright-
ness temperatures do not display anisothermality indi-
cating the thermal contrast of the ray must largely re-
sult from objects smaller than ~0.5 m. The coldest
nighttime surfaces are associated with lunar cold spots
[3], highly insulating regions around very young cra-
ters extending ~10-100 crater radii. The three largest
cold spots have surfaces that remain >5 K colder than
mean zonal temperatures and maintain this temperature
difference throughout the night.The modification of
the regolith by the formation of the Orientale basin is
observable over a substantial portion of the western
hemisphere despite its age (~3.8 Ga), and may have
contributed to mixing of highland and mare material
on the margin of Oceanus Procellarum where the gra-
dient in radiative properties at the mare-highland con-
tact is broad (~200 km). A lobe of the Montes Rook
Formation extends beyond the Cordillera scarp in the
southwest corner. The thermal signature is consistent
with impact melt. A thermally distinct annulus of ma-
terial ~300 — 600 km wide extending outward from the
Cordillera ring corresponds to a region of low radar
return [4] implying the unit is related to the radar-dark
halos observed around other sizeable craters.
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Figure 1: Maximum temperatures (Tax) are sensitive to the radiative properties of the surface and minimum tem-
peratures (Tmin) are sensitive to the thermophysical properties of the regolith. Anomalous Ty, and Ty, are high-
lighted by subtracting the zonal mean temperatures from maps. RGB channels are Diviner reflectance (red), Tmin
anomalies (green), and T, anomalies (blue). Terrains can be characterized as low/high reflectance and low/high
TI. Young craters and rays (yellow/orange) are bright and high TI. Cold spots and radar dark halos (magenta) are
bright and low TI, mare (cyan/blue) are dark and high TI, pyroclastic deposits (blue) are dark and low TI.



