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Introduction:  Regolith covers the lunar surface as 

a blanket of unconsolidated material, and offers a record 

of the processes that have shaped the Moon over time. 

These geological processes are revealed by the physical 

properties of the lunar regolith, which can be character-

ized by remote sensing data of the surface. Compared to 

remote-sensing analysis at optical wavelengths, which 

is primarily sensitive to the chemical composition of the 

surface, radar imaging and passive microwave radiom-

etry are particularly well-suited for observing the phys-

ical properties of the lunar surface and near-subsurface 

at varying depths [1]. 

This study focuses on lunar impact craters that show 

a distinctive ring-shaped structure surrounding them 

with unusually low radar return and circular polarization 

ratios (CPR). Such craters are known as ‘radar-dark halo 

craters’ [2]. The origin of these haloes still remain un-

clear, but early work suggests that these haloes represent 

an ejecta layer depleted in decimeter- to meter-sized 

blocks [2]. In this work, we conduct a multiwavelength 

analysis of radar-dark halo craters using the Microwave 

Radiometer (MRM) on CSNA’s Chang’E-2 (CE-2) or-

biter and other complimentary radar datasets. We seek 

to improve our characterization of the scatterers present 

in the radar dark haloes, and understand their evolution 

over time. 

Data and Method:  In this study we use previously 

calibrated MRM brightness temperature (TB) maps ac-

quired at lunar noon and midnight (Fig. 1) in four dif-

ferent frequencies (3, 7.8, 19.35 and 37 GHz) [3] to de-

termine block distribution in the near surface and the top 

few meters of the subsurface. TB is a measure of radi-

ance emitted by the surface and is related to the physical 

temperature and dielectric properties of the surface and 

near-subsurface [4]. 

Along with the MRM TB maps, we use P-band (70 

cm) Arecibo radar data, and S-band (12.6 cm) radar data 

from Arecibo and the Miniature Radio Frequency 

(Mini-RF) radar on NASA’s Lunar Reconnaissance Or-

biter (LRO) [5, 6]. From the radar data, we can infer the 

distribution of meter- to decimeter-sized blocks in the 

top few meters of the lunar regolith. Additionally, we 

compare the TB maps with rock abundance (RA) maps 

from LRO’s Diviner radiometer [7] to characterize the 

number of meter-sized boulders on the surface. 

Using ArcGIS, we mapped out the boundaries of the 

dark haloes and continuous ejecta blankets around the 

 

Figure 1: Global TB map derived at 37 GHz by the CE-

2, with the black boxes highlighting locations of Aristo-

teles and Tycho craters.  

craters using Arecibo P-band radar images. Then we ex-

tracted the CPR, RA and TB values from the region to 

characterize its surface and subsurface properties. 

Preliminary Observations and Discussion: The P-

band image of Aristoteles shows radar-bright ejecta de-

posits immediately outside the crater rim (Fig. 2). The 

CPR and RA values for these deposits are higher than 

the surrounding region indicating increased roughness 

at the centimeter to meter scale on the surface and/or 

near subsurface. 

 

Figure 2: P-band (70 cm) Earth-based OC radar image 

of Aristoteles crater showing the radar-dark halo. 

 The dark halo surrounding Aristoteles has uneven 

margins, extends up to ~3 crater radii beyond the crater 

rim, and is superposed by several younger craters. The 

average CPR values for the dark halo at P-band is 0.3 ± 

0.2 and the average RA value is 2.0 ± 0.7%. In contrast, 

for the continuous ejecta, the average CPR and RA val-

ues are 0.6 ± 0.2 and 8 ± 14% respectively.  

The TB map for lunar midnight (at 3 GHz) shows 

marginally warmer temperatures for the dark halo (230 

± 1 K) compared to the continuous ejecta blanket (229 
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± 1 K) (Figs. 3A, B). This suggests there is increased 

escape of microwave emissions from warm rocks at 

depth in the dark halo. This observation, combined with 

the low CPR and RA values, indicates the presence of 

~1 m of rock-poor surface regolith above a rockier layer. 

In the case of the continuous ejecta, the lower TB and 

higher CPR and RA values suggest that the passive mi-

crowave emissions are being suppressed by a rock-rich 

layer in the upper meter of the subsurface. 

 

 
Figure 3: Midnight TB maps of Aristoteles at (A) 3 GHz 

and (B) 37 GHz. The penetration depths for 3 and 37 

GHz bands are ~1 m and ~8 cm respectively [3]. 

We also examined Tycho crater, which is similar in 

size to Aristoteles but not classified as a radar-dark halo 

crater. The P- and S-band radar data of Tycho crater also 

show radar-bright ejecta deposits immediately outside 

the crater rim with higher average CPR (1.1 ± 0.3) and 

RA (23 ± 17%) values at P-band, indicating an in-

creased roughness at meter to decimeter scale at the sur-

face and/or near subsurface. However, in contrast to Ar-

istoteles, the region beyond these ejecta deposits is no 

different than the surrounding terrain. Using a shape file 

that extends up to ~3 crater radii away from the rim, we 

find that the region beyond the continuous ejecta shows 

an average CPR of 0.4 ± 0.1 at the P-band and an aver-

age RA values of 3 ± 1% (Fig. 4). 

 

Figure 4: P-band (70 cm) Earth-based OC radar image 

of Tycho crater. 

The midnight TB data (at 3 GHz) follow a similar 

trend as Aristoteles with lower TB for the continuous 

ejecta (224 ± 1 K) compared to the surrounding region 

(226 ± 2 K) (Figs. 5A, B). However, the region sur-

rounding Tycho’s continuous ejecta has a lower TB  

compared to the dark-halo of Aristoteles, which may in-

dicate a larger number of blocks are present, which are 

suppressing microwave emission from depth. 

 
Figure 5: Midnight TB maps for Tycho at (A) 3 GHz 

and (B) 37 GHz. The penetration depths for 3 and 37 

GHz bands are ~1 m and ~8 cm respectively [3]. 

Future work: We are currently working to charac-

terize other large radar dark-halo craters and comparing 

the results with those of non-radar-dark halo craters. We 

will examine craters of varying ages using these multi-

ple datasets to find any similarities or differences in the 

regolith characteristics. This work will provide insight 

into the mechanism responsible for these dark haloes 

and will expand our understanding of ejecta degradation 

over time.  
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