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Introduction: Fresh impact craters on the Moon 

have distinctive optical, radar, and thermal properties 
relative to their surroundings [e.g., 1, 2-8]. Ejecta em-
placed during the impact process are optically imma-
ture and therefore bright, resulting in a bright ring 
around the crater rim that extends outward into fila-
mentary rays [e.g., 1, 2-4]. A similar ring or “halo” of 
radar-bright material has been recognized in radar im-
ages of morphologically fresh craters [5-7], and it has 
been attributed to the rough textured, block-rich prox-
imal ejecta. Interestingly, there is not a 1:1 corre-
spondence between rayed craters (i.e., those with opti-
cally bright halos) and craters with radar-bright halos. 
Most craters that are optically bright also have radar-
bright halos; however, the reverse is not true. This ob-
servation suggests that the two halo types degrade at 
different rates.  

Here, we extend the initial results of [9] to examine 
the global distribution of radar-bright halos around 
large (>2 km diameter) craters using Mini-RF S-band 
data. Specifically, we attempt to determine the popula-
tion of the freshest impact craters, and also better un-
derstand the processes of radar-bright halo degradation 
(regolith gardening and maturation). An eventual goal 
of this inquiry is to use information about radar halo 
degradation to infer age constraints for individual cra-
ters. This task is difficult based upon the standard 
method of crater counting alone [e.g., 10, 11 and refs 
therein]. 

Methods: Mini-RF is a dual-band, synthetic aper-
ture radar (SAR) onboard LRO operating in the S-band 
(2.38 GHz, 12.6 cm wavelength) or X-band (7.14 GHz, 
4.2 cm wavelength) [12]. In this work, we use S-band 
data processed into global mosaics [13], presented here 
at 64 pixels per degree (i.e., 473.8 m at the equator). 
Specifically, we mapped radar-bright halos around 
craters using same sense (SC) circular polaritzation, 
opposite sense (OC) circular polarization, and circular 
polarization ratio (CPR) data. CPR is defined as the 
ratio of the SC relative to OC component. Roughly 
67% of the lunar surface was observed by Mini-RF S-
band radar in monostatic polarimetric mode, including 
~99% of both polar regions. Geolocation of surface 
features in the Mini-RF data is greatly aided by use of 
uncorrected but orthorectified radar swaths to lunar 
topography [14]. 

Results: An overview of the mapped distribution 
of N=207 impact craters with radar-bright halos is giv-
en in Figure 1. Bright halo craters are found on almost 
all geologic unit types, but to a first order, the distribu-
tion of craters appears visually non-random (e.g., some 
clusters are evident, such as north of Crisium basin). 
As discussed below, this may be partly due to substrate 
effects. 

The size-frequency distribution of radar-bright ha-
los is given in Figure 2a-b. Craters between 10-100 
km in diameter are roughly consistent with a model 
isochron of about 1 Ga according to the chronology of 
[15]. The roll-off at small diameters (<10 km) is typi-
cally attributed to a resolution effect: craters in the 
smallest diameter bin(s) are the most numerous and 
difficult to count – as a result they are often under-
counted. However, two factors suggest this is not the 
sole cause of the observed roll-over. First, craters 10 
km in diameter are more than 20 times the resolution 
of the radar data using in mapping. Furthermore, the 
halo diameter is a factor of 2-12 larger than the size of 
the crater itself, thus aiding its detection. Second, pre-
liminary counts of halo craters 0.5 to 5 km in diameter 
using full resolution Mini-RF S-band zoon data swaths 
(15 × 30 m spatial resolution) also have flat to negative 
slopes [9], a result that is consistent with our finding 
that halo craters <10 km in diameter do not fall along a 
single isochron. 

Discussion: Our contention that the roll-over in 
Fig. 2 is not an artifact is an assertion that remains to 

 
Figure 1. Mini-RF circular polarization ratio (CPR or µc) mo-
saic. View is simple cylindrical projection centered at 0° lon 
with 30° by 30° graticule. Yellow circles mark locations of 
impact craters with radar-bright halos between ±65°N and S; 
red ellipses trace the rim crest of identified craters. 
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be fully verified. Yet its existence is consistent with 
some of the expected properties of impact ejecta. The 
thickness of an ejecta layer decreases ∝ (r/R)-3 [16, 
17], where r is distance or range from the center of the 
crater and R is the transient crater radius. The average 
expected ejecta thickness at a range of one crater di-
ameter from the rim of a 10 km crater is ~3 m [17]. 
This is comparable to the typical penetration depth of 
microwave radiation into the lunar regolith, which is 
on the order of ten to fifty wavelengths [18]. There-
fore, thinner ejecta layers from craters smaller than 10 
km are more readily gardened back into the back-

ground, while thicker layers from larger impacts are 
more resilient. 

Another way of stating this is radar-bright halo sig-
natures around larger craters persist longer on the lunar 
surface than halos around smaller craters (perhaps due 
to a greater abundance of impact melt and larger 
blocks in the ejecta blanket that survive longer). One 
striking example of this is the 185 km diameter farside 
crater Tsiolkovsky (20.4°S, 128.9°E). Despite the fact 
that it hosts a small mare deposit and is Late Imbrium 
in age [19, 20], Tsiolkovsky still retains a detectable 
radar-bright halo, especially to the southeast [21]. 

Substrate differences: Part of the anistrophy in the 
distribution of radar-bright halos in Fig. 1 may be at-
tributed to substrate effects. For example, [22] noted a 
relative dearth of radar-bright craters in the southeast 
portion of the nearside. In contrast, radar-dark halos 
(inferred to represent regions of fine-grained, distal 
ejecta) exhibit a more uniform distribution [23]. These 
observations were attributed to the presence of a thick, 
multi-km layer of South Pole Aiken (SPA) Basin ejec-
ta. Using Mini-RF data, we also observe fewer large 
radar-bright halo craters in the vicinity of SPA relative 
to other areas, supporting the interpretation of [22]. 

Future work: Additional investigation of select 
regions using full resolution Mini-RF swaths are 
planned to better characterize the full population of 
craters with radar bright halos. In particular, a better 
determination of the presence or absence of regional 
heterogeneity will be sought. 
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Figure 2. (a) Radar-bright halo differential crater count for 
data given in Fig. 1. (b) Same data as Fig 2a. but in R-plot 
format. Diameter bins sizes increase geometrically (20.5); 
error bars are ±N0.5. Isochrons are from [15]. 
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