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Introduction: The Moon’s regolith records the his-

tory of fragmentation and overturn by meteorite im-
pacts, which are the dominant geologic processes shap-
ing the lunar surface [1]. Because the impact flux is 
dominated by the smallest bolides, the upper layers of 
the lunar surface are overturned and pulverized most 
frequently [2][3]. Apollo core samples showed depth-
dependent density and thermal conductivity profiles, 
presumably caused by this gradient in overturn time-
scale [4] and compaction. Local and regional differ-
ences in regolith properties may also reveal overturn 
histories important for understanding cosmic ray expo-
sure ages of individual samples [5]. 

New Dataset:  We used thermal infrared data from 
the Diviner instrument onboard the Lunar Reconnais-
sance Orbiter (LRO) to probe the properties of the up-
per part of the regolith, and map their variations. Di-
viner is a multi-spectral push-broom imaging radiome-
ter [6], enabling separation of emission from rocks and 
regolith [7]. Using derived regolith temperatures, we 
performed least-squares fits to nighttime cooling 
curves with a numerical heat diffusion model [8][9]. 
Given the uniformity of the upper regolith structure on 
the scale of the Diviner measurements [10], we chose 
to fit the “H-parameter”: the vertical e-folding scale of 
the thermal inertia profile. 

Results:  Global maps of regolith properties were 
produced from latitude -70 to +70 at a resolution of 
128 pixels per degree (~250 m at the equator). Figure 1 
shows the resulting map of the H-parameter. Many 
notable features appear in the H-parameter map, on a 
range of spatial scales; here we describe only a few of 

them. 
Global Scale Patterns:  At the largest spatial 

scales, the most prominent patterns are high thermal 
inertia materials concentrated in crater rays, and a 
broad low thermal inertia region correlated with the 
South Pole Aitken Basin (SPA). We also find a latitude 
gradient, with lower thermal inertia (higher porosity) at 
higher latitudes. 

Regional Scale Patterns:  At scales of ~10 – 100 
km, we note the presence of very high thermal inertia 
regolith within and surrounding large impact craters, as 
well as the Tycho crater antipode [11]. Low-thermal 
inertia regolith is found surrounding some fresh impact 
features, known as “cold spots” [12]. Finally, some 
low-thermal inertia features on this scale correlate with 
pyroclastic deposits, though not all pyroclastic deposits 
exhibit this behavior. 

Local Scale Patterns:  Regolith properties show 
distinct variations down to the ~250-m scale of the 
measurements. Many of these variations are caused by 
impact processes, and we note an age relationship 
similar to that identified by [13]. Volcanic features 
such as irregular mare patches (IMP) also exhibit 
sometimes strong thermal anomalies, which may be 
used to constrain their formation mechanisms. 
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Figure 1:  Orthographic maps of the “H-parameter” 
derived from Diviner nighttime regolith temperatures, 
scaled to remove latitude dependence. This parameter 
describes the thermal inertia of the upper ~10-30 cm of 
regolith, with higher H-values corresponding to lower 
thermal inertia (higher porosity). The color scale goes 
from 0.03 to 0.12 m. 
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