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Introduction: Lunar impact melt deposits are 

common features on the Moon, often seen around 
young, fresh craters [1]. They take a variety of 
different forms, including veneers and lobate flows, 
and show evidence for past molten behavior, such as 
cooling cracks and leveed channels. Data from the 
Lunar Reconnaissance Orbiter (LRO) has revealed a 
number of previously unknown melt deposits that are 
exterior to their crater rims [2]. Many of these were 
identified using LRO’s Mini-RF radar, because they 
appear remarkably rough at the dm-scale. Despite their 
dm-scale roughness, lunar impact melt deposits appear 
smooth when viewed at the meter-scale with LRO 
Narrow Angle Camera (NAC) images and digital 
elevation maps (DEMs) [3]. The reason for this 
discrepancy remains unclear, although it may relate to 
their unique cooling conditions [4]. 

To help us better understand the physical properties 
of impact melt deposits, we examined LRO Diviner 
thermal infrared data. Specifically, we examined the 
Diviner rock abundance (RA) data set, which provides 
a measure of the number of meter-scale boulders on 
the surface of the Moon [5]. Past work has found a 
general correlation between areas of high radar circular 
polarization ratio (CPR) data and high Diviner RA 
values [e.g., 5,6]. Here, we focus specifically on 
exterior melt deposits for craters of a variety of ages. 
We seek to use this data to make inferences about the 
formation and degradation of lunar impact melt 
deposits. 

Observations: We identified melt deposits around 
17 lunar craters ranging in age from ~4 Ma (Giordano 
Bruno) to ~3.6 Gyr (O’Day) (Table 1). Age estimates 
came from a variety of sources, including Kirchoff et 
al. [7], Greenhagen et al. [8], Rojas et al. [9], and 
Mazrouei et al. [10]. We grouped the craters into four 
age categories: 0 to 0.1 Ga, 0.1 to 1 Ga, 1 to 4.5 Ga, 
and “no data”. The latter category included two small 
craters that have yet to be dated (Donner M and a small 
crater near Curie), and a region of regolith assumed to 
be relatively old. 

We then outlined a section of the melt deposit for 
each crater in ArcGIS, and extracted mean values for 
CPR and RA in those regions. We focused specifically 
on melt deposits that were clearly separable from their 
blocky ejecta blankets, so as to exclusively target the 
physical properties of melt deposits (e.g., Figure 1). 

Crater D 
(km) 

Age (Gyr) Mean RA 
(%) 

Mean CPR 

Regolith N/A No data 0.30 ± 0.07 0.57 ± 0.11 
O’Day 70 3.6 ± 0.1 0.42 ± 0.30 0.69 ± 0.16 
Ger. D 26 > 1 0.59 ± 0.19 0.83 ± 0.15 
Janssen K 16 0.175 0.60 ± 0.27 0.85 ± 0.19 
Hayn 87 1.8 ± 0.4 0.63 ± 0.24 0.95 ± 0.19 
Gauss J 14 0.191 0.67 ± 0.33 1.02 ± 0.18 
Donner M 7.5 No data 0.68 ± 0.19 0.90 ± 0.18 
Copernicus 96 0.80 ± 0.05 0.77 ± 0.28 0.74 ± 0.13 
Tsiolkovskiy 184 3.51 0.85 ± 0.83 0.89 ± 0.19 
Near Curie 9 No data 0.87 ± 0.20 0.94 ± 0.15 
Lagrange D 11 0.257 0.89 ± 0.38 0.98 ± 0.16 
Messier A 12 0.128 1.02 ± 0.41 0.79 ± 0.14 
Korolev Z 16 0.173 1.27 ± 0.28 1.29 ± 0.21 
King 76 0.992 1.36 ± 0.48 0.85 ± 0.13 
Glushko 40 0.196 1.37 ± 0.40 1.13 ± 0.19 
Tharp 13 0.022 2.58 ± 0.52 1.08 ± 0.17 
Tycho 85 0.085 ± 

0.018 
3.32 ± 0.94 1.11 ± 0.24 

Giordano 
Bruno 

22 0.004 10.0 ± 1.24 1.12 ± 0.17 

Table 1: Lunar impact melt deposits studied in this 
work, listed in order from lowest RA to highest RA. 
 

 
Figure 1: (a) Diviner RA data of a small crater near 
Curie (23.7°S, 88°E), overlaid on a LRO WAC image 
of the region. (b) Mini-RF CPR data of the same 
crater. The red shape outlines a section of an impact 
melt flow that is distinct from the blocky ejecta 
blanket. 
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Results and Discussion: In general, we found that 
the CPR of impact melt deposits tends to increase as 
RA increases, up to a value of RA ~ 2% (Figure 2). At 
that point, further increases in rock abundance show no 
corresponding increase in CPR. We speculate that this 
is related to a saturation effect, such that any melt 
deposits with RA > 2% have the same CPR value. We 
know that scattering from rock edges and cracks 
produces a CPR of no more than 2, which could 
explain the observed saturation in CPR [11]. In this 
work, we see a saturation value closer to 1.2, but it has 
been shown that CPRs reported with Mini-RF data 
have lower values than those reported with ground-
based systems under similar conditions [12]. 

We also found that the highest RA and CPR values 
belonged to the impact melt deposits of the youngest 
craters (Giordano Bruno, Tycho, and Tharp), while 
older craters and regolith had correspondingly lower 
values. From this work, we estimate that Donner M 
and the crater near Curie are between 0.1 to 1 Gyr old. 
This finding is consistent with past work suggesting 
that the rock abundance of lunar ejecta can be used to 
date craters, since blocks will break down over time 
[13].  

However, we find that the melt deposits have 
consistently higher rock abundance values than those 
of the blocky ejecta from the same crater. Using values 
from [13], we found a difference in RA between melt 
and blocky ejecta of ~6.7%, 1.9%, 0.17%, and 0.8% 
for Giordano Bruno, Tycho, Copernicus, and King. 
This suggests that either (1) the melt deposits initially 
formed with more coherent sections of rock exposed, 

(2) that melt deposits take longer to degrade to 
background levels, and/or (3) that coherent melt 
deposits produce more meter-sized blocks over time, 
as small impacts disrupt the surface. (Note that small, 
blocky craters are commonly observed in the impact 
melt deposits we studied.) Over time, the melt deposits 
will also break down, creating a similar downward 
trend in RA with time as observed by Ghent et al. [13]. 
However, since these deposits take longer to erode to 
the background levels, they will be easier to identify 
around older craters than their corresponding blocky 
ejecta. 
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Figure 2: A comparison of Diviner rock abundance data to S-Band (12.6 cm wavelength) Mini-RF CPR data for the 
craters in Table 1. Red data points represent craters that are > 1 Ga, blue data points represent craters that are 0.1 to 
1 Ga, and green data points represent craters that are 0 to 0.1 Ga. Black data points represent regions with no age 
data, including two small craters (diameters < 10 km) and one region of typical regolith (seen at bottom left). 
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