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Introduction: We report on comparisons between 
Earth-based radar observations and LRO Diviner 
thermal IR measurements of lunar impact ejecta.  We 
seek to establish a relationship between areal and 
volumetric rock abundance in crater ejecta deposits.  
The goal is to determine the block population associ-
ated with lunar impact craters, which in turn constrains 
important aspects of the cratering process.

Background:  Earth-based radar observations have 
previously revealed the presence of fine-grained ejecta 
haloes associated with nearside lunar craters of Early 
Imbrian and younger ages [1].   These features were 
first noted in 70-cm radar observations of the Moon at 
2-5km resolution [2, 3],  and were observed to show 
low nighttime temperatures as measured by the Apollo 
17 Infrared Scanning Radiometer [4].   Subsequent 
studies using 70-cm wavelength Earth-based radar 
images at ~400m/pixel showed that these fine-grained 
ejecta haloes are ubiquitous on the lunar nearside for 
craters ranging from ~5km in diameter to the large 
multi-ringed Orientale basin [5, 6].

In this study, we use 70-cm wavelength radar ob-
servations made using the Arecibo and Green Bank 
radiotelescopes in a bistatic geometry, and archived in 
the PDS [7].  Those data include echoes in both senses 
of circular polarization; the ratio of the same-sense to 
opposite-sense signals,  termed the circular polarization 
ratio (CPR) is particularly sensitive to volumetric scat-
tering from cm- to meter-sized blocks on and within 
the regolith, to the radar penetration depth (on the or-
der of 7 meters).  Consequently, the measured radar 
CPR provides a relative measure of the volumetric 
block population.  Block-poor radar-dark haloes show 
low CPR values relative to the background regolith 
(Fig. 1), whereas blocky continuous ejecta deposits 
show high values.

The LRO Diviner instrument is a 9-channel visible 
and infrared radiometer designed to measure global 
lunar surface temperatures and albedo.  Diviner chan-
nels 6-8, covering a range from ~12-100 microns, are 
optimized for characterization of the thermophysical 
properties of the lunar regolith.   Remotely sensed lu-
nar surface temperatures are sensitive to the thermo-
physical properties of the upper tens of cm to ~1m of  
the regolith (depending on thermal inertia).  At night, 
the thermal inertia of regolith constituents largely con-

trols the thermal IR radiance sensed by Diviner.  As a 
result, the measured surface temperatures are strongly 
influenced by the presence of rocks on the order of 1m 
in size, which,  because of their high thermal inertia 
relative to finer-grained regolith materials, remain sig-
nificantly warmer than surrounding regolith through 
the lunar night.  Each of Diviner’s three thermal chan-
nels is tuned to detect emitted radiation in a unique 
wavelength range, and the three channels measure dif-
ferent brightness temperatures for ground cells with 
mixed rock / regolith content.   We exploit this aniso-
thermality to calculate the areal rock abundance using 
a non-linear least squares routine that fits Diviner ob-
servations in the three thermal channels (see concur-
rent abstract of J. L. Bandfield et al. [8]).
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Figure 1.   Earth-based radar CPR mosaic of southern 
Mare Procellarum showing radar-dark crater haloes 
(white arrows).  Sample boxes near the crater Aristar-
chus (labeled) are shown in yellow. Image extends 
from 5S to 39N and 80W to 0E (data available at 
http://pds-geosciences.wustl.edu/missions/lunar_radar/index.
htm).

Method:  As an initial approach, we attempt to 
characterize the relationship between the two data sets 
by comparing mean calculated rock abundance and 
mean radar CPR for a number of sample sites.   For the 
moment, we focus on samples located within relatively 
uniform environments (e.g., well inside or well outside 
fine ejecta haloes, crater interiors, etc.). 

Results:  Preliminary results suggest a systematic 
relationship between volumetric rock abundance, as 
measured by radar CPR, and areal rock abundance, as 
measured by Diviner thermal observations.  Figure 2 
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shows mean rock abundance calculated from Diviner 
radiances vs. mean radar CPR for 28 sample boxes 
near the crater Aristarchus.  Most surfaces within the 
scene are characterized by low areal rock abundance 
(<1-2%); but small radar-bright impact craters in gen-
eral show high nighttime temperatures and relatively 
high rock abundances.  The Aristarchus interior and 
bedrock outcrops in Vallis Schröteri show high CPR 
and rock abundance.

The relationship between calculated rock abun-
dance and radar CPR for the 28 sample locations is 
shown in Figure 3.  Points corresponding to the Aris-
tarchus radar-dark halo are clearly separated from 
those corresponding to “background” regolith outside 
the halo; likewise, crater interiors and the interior of 
Vallis Schröteri are well separated from the regolith 
points, though they span a wide range of values.  
Points corresponding to the Aristarchus Plateau group 
together with the halo points; this is not surprising, 
since the Aristarchus Plateau is covered by pyroclastic 
materials,  which likely show a similar volumetric rock 
population to the fine-grained ejecta haloes.

Figure 2.  Diviner nighttime observations overlain on 
radar CPR mosaic for the region near the crater Aris-
tarchus (inset from Figure 1; warm colors denote high 
rock abundance; linear scale from 0 to 0.15%).  Sam-
ple boxes for Fig. 3 shown in yellow.
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Figure 3.  Mean rock abundance vs. mean CPR for 
sample boxes shown in Figs. 1-2.  

These preliminary results suggest that the method 
presented here and in [8] at least yields valid qualita-
tive estimates for surface rock abundances.   They fur-
ther suggest that a predictable relationship exists be-
tween surface and volume rock populations for rela-
tively well understood end-member environments.  As 
this relationship becomes more robust with more de-
tailed work,  we will seek to use the results to constrain 
thermal models [e.g., 9], with the goal of understand-
ing the physical properties of impact ejecta deposits.  
Investigations of radar-dark ejecta haloes indicate 
thicknesses of several meters; so nighttime tempera-
tures can be used to determine the grain size of the 
halo material, assuming it is well sorted.  Modeling 
may also reveal horizontal and vertical variations in 
grain size (and rock abundance) as a function of radial 
distance, allowing a more detailed characterization of 
halo rock populations than is possible using radar data 
alone.  Finally, the global coverage provided by Di-
viner will allow us to extend our investigation of im-
pact ejecta deposits to the lunar far side, which cannot 
be imaged using Earth-based radar.
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