
The Moon’s regolith is largely uniform in thermophysical properties 

on global scales, due to the rapidity with which impact gardening 

homogenizes the lunar surface on timescales <1 Gyr.1,2 However, 

contemporaneous impact processes continue to modify the lunar 

surface to produce a variety of thermophysically distinct surfaces, 

including cold spots,3 rocky ejecta blankets,4 and impact melts.5 

Understanding the structure of the regolith at these features and its 

evolution through time can give us important insights into regolith 

properties on all airless bodies. 

Impact melts are the molten rock ejected during hypervelocity 

impacts, and are found in the interior of many lunar craters as well as 

occasionally blanketing their ejecta surfaces.6 Melts that have ponded 

in topographic lows are especially useful features for understanding 

the development of lunar regolith, as they record breakdown and 

accumulation processes happening on fresh, smooth, solid rock 

surfaces on timescales much younger than the youngest volcanic lava 

flows on the surface of the Moon.7 Therefore, they can provide 

unique insight into the early stages of regolith formation, during the 

transition from solid rock to comminuted fragmental covering.

Impact melts around large lunar craters have also yielded discordant 

ages compared to those calculated for the crater ejecta blankets.8 The 

most likely explanation for this is the difference in target strength of 

solid impact melt vs. the comminuted ejecta blanket, but exact 

contributions of this effect are not clear.9 Additionally, it is not known 

whether the breakdown of impact melts to form regolith happens in a 

monotonic or non-linear fashion with time; the presence of rocky 

surfaces at e.g. Tsiolkovskiy crater (age: > 3.2 Ga from crater 

counting studies)10 implies that rocks can continue to be ejected from 

impact melts on very long timescales, and thus they may not follow 

the standard evolution and breakdown seen in Copernican impact 

ejecta.4 We attempt to constrain the evolution of regolith above lunar 

impact melt pools using LRO Diviner thermal infrared data and 

comparisons to thermal models of their subsurface structure.

INTRODUCTION

We used two lists of previously-identified impact melts compiled in 

Neish et al. (2014)11 and Plescia and Cintala (2012)12, from which we 

selected only those within 45° latitude of the equator and > 6 km in 

diameter to assure adequate thermal infrared data unaffected by local 

shadowing. This yielded 63 craters, which were then examined for 

prospective external melt pools in JMARS. The criteria we used for 

identifying melt pools are: 1) high total power backscatter and high 

circular polarization ratio (CPR) in Mini-RF radar data, where 

available;13 2) low or near-zero slope values in Lunar Orbiter Laser 

Altimeter (LOLA) 1024 ppd slope maps; 3) lobate morphologies 

suggestive of distinct boundaries and evidence of tension cracks, 

pressure ridges or flow features in high-resolution LROC Narrow-

Angle Camera (NAC) images;14 and 4) a consistent average regolith 

temperature over the whole pool, excluding large or very recent and 

distinctively warm impact crater ejecta. We mapped pools down to ~2 

Diviner pixels in size (~320m in-track by ~160 m cross-track at 

nominal 50 km mapping altitude), and also mapped melt flows and/or 

sheets in areas where there were no obvious melt pools >500 m in 

diameter (see Figure 2).

MAPPING

We used the thermal model of Hayne et al. (2017),17 modified as in Elder et al. (2017)18 to 

include the presence of a semi-infinite half-space of rock with a varying thickness of 

overlying regolith. The density (2940 kg/m3) and thermal conductivity (1.491 W/m∙K) 

within the rock layer were constant, while the density and (temperature-dependent) 

thermal conductivity of the regolith layer followed the exponentially-increasing-with-

depth structure first proposed by Vasavada et al. (2012).19 With these parameters, buried 

rock layers down to ~10 cm depth can be resolved by the ~1K brightness temperature 

resolution of Diviner.

COMPARISON TO THERMAL MODEL

We extract Diviner channel 6-8 data in 128 ppd area bins and 15-minute local time bins 

within the mapped polygons, using the effective-field-of-view corrections in Williams et 

al. (2016)15 to ensure all data points are from an area within the boundaries of the bin. We 

then use the algorithm of Bandfield et al. (2011)16 to separate out regolith temperatures 

from the contribution of rocks at the surface, by measuring the anisothermality in Diviner 

channels 6-8 between multiple surfaces at different temperatures within the footprint of 

each pixel area. We then average these temperatures into 15-minute local time bins over 

the entire area of all mapped melt ponds associated with a given crater, to produce a 

temperature curve with time that showed the cooling response of the surface during the 

lunar night.

DATA PROCESSING TEMPERATURE VS AGE
We compared published absolute model ages of several target craters to the 

channel 6 nighttime brightness temperatures of their melt ponds as a first step 

towards examining their evolution with time. The ages used for each crater are 

the most recently completed, and specifically avoid any ages derived from crater 

counts on the impact melts themselves, since the breakdown response of regular 

impact ejecta is better characterized and serves as an independent comparison 

for the purposes of observing qualitative relationships between craters.8 

The most prevalent pattern is a monotonic decrease in overall channel 6 

nighttime temperatures with increasing age, in addition to a steepening of the 

slope of the curve, as expected from the thermal model. There is a fair amount of 

overlap amongst young Copernican craters of different ages, however, making 

the prospect of unique determination of regolith thickness challenging without 

higher-resolution data.

CONCLUSIONS AND FUTURE WORK
Lunar impact melts appear to decrease in brightness temperature with age, and 

their nighttime temperatures fit well with a model of a thin covering of regolith 

overlaying solid rock. We are still in the process of deriving regolith thicknesses 

for each impact melt area, and will use these to compare thickness vs. age (as in 

Figure 4) to verify or reject our regolith evolution hypothesis.

In future work we will complete mapping of all 63 targets and determine the 

ages of craters with no CFD model age, via comparison of their 95th percentile 

rock abundance values in their ejecta to the power-law fit derived in Ghent et al. 

(2014).4 Areas of significant melt will be excluded during this analysis to 

prevent interference of thermophysically distinct regions, and corroboration via 

other methods (e.g. shape analysis20 and radar21) will help ensure accurate ages.

Impact melts are rough on the decimeter scale, as inferred from their radar 

backscattering properties, but appear smooth at the ~1 m resolution of LROC 

NAC images, and differ in both datasets from any known terrestrial lava flow.22

This will undoubtedly complicate the interpretation of their geologic structure 

and the possibility of deriving single descriptive values for their surface 

properties (such as regolith thickness), but combining thermal infrared data with 

these other techniques should yield significant insight into one of the most 

fundamental ongoing processes in the solar system today.
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Figure 2: Polygon selections used for data extraction 

overlaid on LROC WAC and NAC images of impact melt 

ponds and flows at a) Tycho, b) Jackson, and c) Necho.

a) b)
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Figure 1: Cartoon diagram hypothesis of non-monotonic breakdown of regolith on solid rock surfaces 

of airless bodies, illustrating four stages: I) initial bare rock surface; II) rapid covering by a thin, fluffy 

regolith layer; III) ejection of blocks as larger impacts occur; and IV) the final profile, with a thick and 

evenly-broken-down regolith grading into the bedrock below.

Figure 3: a) Comparison of thermal model outputs for buried rock layers at different depths. b) 

nighttime temperatures of Aristillus melt region compared to a buried layer at 20 cm depth. 

a) b)

Figure 4: Comparison of Diviner Ch 6 nighttime brightness temperatures of 8 impact 

melts vs. published absolute model ages. (aZanetti et al. (2011), bBaldwin (1985), cMorota

et al. (2009), dHiesinger et al. (2012), evan der Bogert et al. (2010))


