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Introduction:  Impact cratering is the dominant 

weathering process on the surface of the Moon and a 
primary means of distributing material on the lunar 
surface [1]. Radar data provide unique information on 
both the horizontal and vertical distribution of impact 
deposits [2]. The Miniature Radio Frequency (Mini-
RF) instrument flown on NASAs Lunar Reconnais-
sance Orbiter (LRO) is a Synthetic Aperture Radar 
(SAR) with an innovative hybrid dual-polarimetric 
architecture that transmits a circularly polarized signal, 
and receives orthogonal linear polarizations and their 
relative phase [3]. The four Stokes parameters that 
characterize the observed backscattered EM field are 
calculated from the received data. These parameters 
can be used to produce a variety of derived products 
that provide unique information on the radar scattering 
properties of a surface. Here we use the circular polari-
zation ratio (CPR) and an m-chi decomposition of the 
first stokes parameter (S1) to investigate material prop-
erties of lunar crater ejecta. Using the crater Byrgius A 
as an example, we demonstrate how radar data can be 
used to differentiate between materials within ejecta 
deposits. 

Background:  Mini-RF, together with its precursor, 
Mini-SAR, on India’s lunar Chandrayaan-1 satellite [4] 
(2008-9), are the first polarimetric SAR instruments to 
operate outside of Earth orbit. These radars offer the 
same suite of polarimetric information from lunar orbit 
as their Earth-based counterparts [5]. This information 
can be represented through the classical Stokes 
parameters (S1, S2, S3, S4) [6] and these parameters can 
be used to derive a variety of products that are useful 
for characterizing the radar scattering properties of a 
surface. The circular polarization ratio,  

CPR = (S1- S4)/(S1 + S4) 
is one such product and it is commonly used in 
analyses of planetary radar data [2,7]. This ratio 
provides an indication of surface roughness, as 
determined by the distribution of surface and buried 
wavelength-scale scatterers (e.g., boulders).  

The Stokes parameters also support matrix 
decomposition techniques that are a well established 
analysis tool for Earth-observing radar instruments [8] 
but, until recently [9], have not been applied to 
planetary radar analyses. Decomposition depends on 
identifying two (or more) variables that together 
classify the backscattering characteristics of the 
observed scene. The Mini-RF team has adopted the 
m−chi decomposition for this purpose. In this 

formulation the key inputs are the degree of 
polarization, m,  

m = (S2
2+S3

2+S4
2)1/2/S1 

and the degree of circularity, χ, 
sin2χ = − S4/mS1. 

The m−chi decomposition is expressed through a 
color-coded image with,  

R = [m S1 (1 + sin2χ)/2] 
G = [S1 (1 – m)] 
B = [mS1 (1 – sin2χ)/2] 

where R represents the double-bounce component, G 
represents the random-polarized (volume scattering) 
component, and the B represents the single-bounce 
component of backscatter in an observed scene. 

Analysis (Byrgius A):  Byrgius A is a 19 km di-
ameter Copernican crater located in the lunar highlands 
east of the Orientale Basin and west of Mare Humorum 
(Fig. 1). Visible image data of the region obtained by 
the Lunar Reconnaissance Orbiter Camera Wide Angle 
Camera (LROC WAC) [10] at a resolution of 100 
m/pixel show optically bright ejecta deposits associat-
ed with the crater that extend to radial distances of 
100s of km, with continuous to near continuous depos-
its observed to an average radial distance of 70 km 
(Fig. 1a). 

Mini-RF CPR information derived from S-band da-
ta of the region show an increased roughness for Byr-
gius A and its ejecta deposits relative to the surround-
ing terrain (Fig. 1b). This is a commonly observed 
characteristic of young, fresh craters and indicates that 
the crater and its ejecta have a higher fraction of cm- to 
m-scale scatterers at the surface and/or buried to 
depths of up to ~1 m. A distinct change in the rough-
ness of the ejecta blanket is observed at a radial dis-
tance of ~10 km from the crater. However, as observed 
with visible image data, the generally higher roughness 
associated with the ejecta of Byrgius A appears nearly 
continuous to a radial distance of ~70 km. 

An m-chi decomposition of Mini-RF S-band data 
for Byrgius A suggests that the portion of ejecta that 
extends radially from ~10 to 70 km appears far less 
continuous than is suggested in both optical data and 
CPR information (Fig. 1c). This suggests that the 
scattering properties of the top meter of the surface, in 
that range, are characteristic of a mixture of crater 
ejecta material and lunar background material. One 
explanation for this observation is that the thickness of 
the ejecta at Byrgius A, for this range, is on the order of 
meters or less. However, this would be inconsistent 
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with estimates of ejecta thickness derived from models 
of ejecta emplacement (for a given crater diameter) 
[11,12] and estimates derived from Earth-based radar 
observations of craters with radar-dark haloes [13,14]. 
Another explanation for the observed radar scattering 
characteristics is that, at this radial distance, ballistic 
sedimentation begins to effectively mix the primary 
crater ejecta of Byrgius A with lunar background 
regolith [1,15]. 

 
Figure 1. The crater Byrgius A located at 24.5°S, 
63.7°W; (a) 100 m/pixel simple cylindrical LROC 
WAC image of the crater. Dashed circle represents 
extent of continuous-appearing ejecta deposits; (b) 
CPR information overlain on LROC WAC; (c) m-chi 
decomposition overlain on LROC WAC. The color 
wheel highlights the colors for each m-chi scattering 
regime (red: double bounce, db; blue: single bounce, 
bs; green: volume scattering, vs) and combinations of 
these regimes that may appear visually. 

Summary: Using data returned from the Mini-RF 
instrument on LRO, we show how CPR information 
and an m-chi decomposition of S1 for the ejecta depos-
its associated with the lunar crater Byrgius A indicate a 
distinct change in the radar scattering properties of 
proximal and distal ejecta. Additional Copernican cra-
ters observed by Mini-RF that cover a range in size, 
location, and provenance have been analyzed (Table 1) 
and indicate that this change in the scattering proper-
ties of crater ejecta is not unique to Byrgius A but may 
not be characteristic of all lunar crater ejecta deposits. 
Based on this information, we speculate that we are 
observing the effects of ballistic sedimentation; a result 
that can constrain the velocities and size fraction of 
ejected material involved in this process.  

Table 1.  

Highland  
Craters 

Diameter 
(km) Lat. Lon. 

Dugan J 13 61.6 108 
Dufay B 20 8.5 171 
Giordano Bruno 22 35.9 102.8 
Proclus 28 16.1 46.8 
Necho 30 -5 123.1 
Anaxagoras 50 73.4 -10.1 

Mare  
Craters 

Diameter 
(km) Lat. Lon. 

Harpalus E 7 52.7 -50.8 
Bessarion 10 14.9 -37.3 
Dionysius 18 2.8 17.3 
Kepler 31 8.1 -38 
Harpalus 39 52.6 -43.4 
Aristillus 55 33.9 1.2 
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