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Introduction:  We present an update and science 

results from Earth-based radar mapping of the Moon at 
12.6-cm and 70-cm wavelengths using the Arecibo 
Obervatory and Green Bank Telescope. Mapping con-
tinues at 12.6-cm wavelength [1] to complete a mosaic 
of much of the near side with resolution of 80 m per 
pixel. New 70-cm mapping with a 1-µs time resolution 
allows for 3-fold finer spatial resolution than our earli-
er PDS-released mosaic [2]. These data have revealed 
interesting details on the nature of polarimetric scatter-
ing from rugged surfaces [3], and combining images at 
the two wavelengths offers a unique means to study 
geologic features such as volcanic flows and impact 
melt sheets buried beneath the regolith. 

Mapping Coverage:  Our 12.6-cm (S-band) map-
ping of the lunar near side continues; we collected new 
data in September 2012 and plan to obtain additional 
coverage in May 2013. The data quality is very good 
(Fig. 1) and there is excellent consistency in the cali-
brated value of the circular polarization ratio (CPR) 
over numerous separate observing runs. Collection of 
70-cm (P-band) images with finer spatial resolution 
and better signal-to-noise than our 2003-2007 mosaic 
[2] has been very successful. We have collected such 
data for the northern central and eastern maria, and 
will target the Aristarchus region and other areas of 
interest at favorable observing geometries. 

 

 
Fig. 1. 12.6-cm Earth-based image coverage as of January, 2010. Additional images collected in September 2012, 
and mosaics of north and south polar data, are being prepared for PDS release. Opposite-sense circular polarization. 
Orthographic view of the near side of the Moon; north toward top.
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Science Results:  
CPR and Crater Interiors. The circular polarization 

ratio (CPR) is the most readily calibrated measurement 
for making comparisons of scattering properties be-
tween multiple wavelengths and observing geometries. 
An initial study [3] showed that rugged crater walls, 
and some ejecta blankets or melt sheets, permit very 
effective multiple-scattering interactions, with maxi-
mum CPR values of 2-3. The mare regolith can also 
have quite enhanced S-band CPR, especially at lower 
ilmenite content where the attenuation losses are rela-
tively low. Some moderate-diameter (10-15 km) im-
pact craters have very high interior wall roughness, 
even where the rim and proximal-ejecta blocks have 
been heavily eroded. Some of the type examples occur 
in deposits mapped as basin-related plains, suggesting 
that the upper regolith may include a large fraction of 
coherent, melt-derived fragmental material [3]. We are 
mapping the occurrence of these “wall-shedding” cra-
ters to improve our understanding of the smooth-plains 
deposits.  

 

Fig. 2. 70-cm wavelength, SC-polarized radar image of 
55-km diameter crater Aristillus. Impact melt flows 
can be seen northeast and east of the crater rim. Data 
collected using the highest-resolution mode of the 
Arecibo transmitter. 
 

Impact Melt from Large Craters. Initial results 
from Earth-based radar mapping [1], confirmed by 
orbital Mini-RF S-band data [4], showed that impact 
melt sheets often have rugged surface textures at the 
few-cm to decimeter scale. These rough sheets or 
flows can be detected, especially using the P-band im-
ages, up to several meters beneath overlying dust and 

ejecta. Our new 70-cm images provide stunning detail 
of many such flows around larger craters (Fig. 2), and 
may detect older melt units that are mantled by materi-
al thicker than the probing depth of the 12.6-cm radar 
signals. We plan to integrate these data with LOLA 
and WAC-Stereo topography and Kaguya Terrain 
Camera images to better understand their settings and 
emplacement. 

Subsurface Features in the Maria. Our earlier 70-
cm image mosaic showed evidence of spatial differ-
ences in radar scattering among mare basalt units, in-
dependent of the general trend of lower echoes with 
higher ilmenite content [5]. More detailed mapping 
with the 1-µs time-resolution images reveals features 
similar to central channels, and perhaps collapsed 
tubes, within the flows of central Mare Serenitatis. 
Work continues to understand the specific geologic 
cause of such radar-observed changes in the physical 
properties of the “deep” (i.e., greater than a few meters 
below the surface) regolith. We are also investigating 
the correlation between radar scattering properties, 
ilmenite content, surface topographic expression, and 
inferrred flow morphology for the thick Phase I-III 
Eratosthenian-period flows of central Mare Imbrium 
[6]. 

PDS Release of Data. We have released through 
the Planetary Data System about half of the 12.6-cm 
maps collected to date, offering contiguous coverage 
of the western limb and northeast limb regions. A mo-
saic of south polar coverage, and data for the northern 
maria, will be released in 2013.  
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