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Introduction: The southeastern quadrant of the
lunar nearside is of interest both geologically and for
planning for future landed missions.  This region
contains both cratered highland terrain, representing
stratigraphic contributions from large impact basins,
and younger mare deposits.  We report here on
remote sensing studies of an area extending from
Tycho crater in the northwest to Mare Australe in the
east, and south to the pole.  We use new 70-cm Earth-
based delay-Doppler radar observations at 450m /
pixel in concert with compositional information
obtained from Clementine multispectral reflectance
data.  These observations are augmented by 12.6-cm
radar data at 20-100m / pixel for selected areas.
Issues to be addressed include: distribution of
materials associated with basin impacts, including
Orientale, Nectaris, and other large southern basins;
physical and chemical properties of these deposits;
and implications for landing site evaluation.

Recent studies have used new 70-cm Earth-based
radar measurements in concert with other datasets to
investigate radar-dark haloes of block-poor impact
ejecta surrounding nearside craters [1], distal melt-
rich material associated with the Orientale impact [2],
and potential ice deposits in permanently shadowed
craters near the south pole [3].  The results of these
previous studies are relevant for our current work,
which seeks to construct a coherent geologic view of
the southeastern limb region, including the south
pole.

Data: We conduct 70-cm radar observations by
transmitting left-circularly polarized radar signals
from the 305-m telescope at Arecibo, Puerto Rico,
and receiving both left and right-circular
polarizations at the 105-m Greenbank Telescope in
West Virginia.  The received signals are processed
using delay-Doppler techniques, and projected to
lunar cartographic coordinates using a “patch
focusing” approach that reduces smearing caused by
relative motion of points on the moon distant from
the target [4].  We use variations in both backscatter
strength and the circular polarization ratio (ratio of
same-sense (SC) to opposite-sense (OC) echoes) to
examine the physical and electromagnetic properties
of regolith materials.  In general, variations in radar
echo strength can arise from variations in the
abundance of surface or subsurface scatterers at the

wavelength scale, or from variations in the loss
tangent of the target materials.  Because TiO2

efficiently attenuates radar energy, the mineral
ilmenite plays an important role in modulating the
loss tangent of lunar regolith materials.  Highland
crust is generally low in ilmenite, but can be
contaminated with more mafic material via lateral
mixing or excavation by impacts. We use maps of
FeO and TiO2 content derived from Clementine UV-
VIS multispectral reflectance data for regions
northward of ~50º S latitude to aid in discriminating
geochemical anomalies from differences in block
population as drivers of echo strength variations.
Where possible, we also compare the radar imagery
with Lunar Orbiter images and with existing geologic
maps; these are particularly important at high
latitudes, where Clementine-derived elemental maps
are less reliable because of disadvantageous phase
angles.

Preliminary results: We have begun to synthesize
our observations for various regions of the study area.
Here we list some preliminary results for three of
these regions.

East: Mare Australe. The only large mare region
in our study area is Mare Australe.  A longstanding
question surrounding this region involves the
presence and distribution of potential cryptomare
deposits [e.g., 5-7].  Our 70-cm radar data can
provide a new means of identifying extensive
cryptomare deposits because of the sensitivity of the
radar signals to variations in FeO and TiO2, and their
ability to penetrate up to tens of meters into the
regolith. Complementary use of 70-cm radar
measurements with Clementine-derived elemental
abundance data has recently yielded a new view of
the distribution, extent, and depth of burial of mafic
mare deposits associated with the Orientale basin [4].
Using a similar methodology, we have investigated
the area between Mare Australe and the Balmer-
Kapteyn region, the latter of which has been
interpreted as a region of cryptomare based on the
presence and spectral characteristics of material
exhumed at dark-halo craters (DHC’s) [8].  Though
we have identified additional DHC’s in this region,
suggesting that mafic material has been exhumed
from beneath overlying light plains material, spatially
extended anomalies in radar echo strength analogous
to those documented at Orientale are absent.  We
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interpret this to mean that cryptomare in this region
a) is present in small pools that do not form a
contiguous body sufficiently large to be imaged at
450 m/pixel, (b) is composed of basalt low in TiO2,
such that any mixed highland/mare regolith has little
effective change in loss tangent, or c) is buried too
deeply to be sensed by the 70-cm radar signals.

South: The southern highlands.  A same-sense
70-cm radar mosaic of the southern region of the
study area is shown in Figure 1; the circular
polarization ratio (CPR) is overlain in color.  This
region is dominated by radar-dark haloes associated
with several large craters; in addition to low echoes,
these haloes also show low CPRs. Other prominent
boundaries in backscatter are apparent, corresponding
in some cases with mapped geologic units [9]. In
many cases, these mapped units were delineated on
the basis of morphology and superposition relations;
the new radar observations represent an independent
means of distinguishing among provinces in the
highlands on the basis of physical regolith properties.

A roughly linear deposit characterized by high
CPRs extends across the pole (Fig. 1, arrows); this
has been interpreted to be a near-surface blocky
deposit generated by cratering of melt-rich layer
associated with the Orientale impact [2].  Our current
analysis indicates that this material may extend to the
easternmost margin of the mosaic shown in Figure 1.
We are currently mapping this deposit based on its
polarization characteristics and morphology; the
result will be a new estimate of the extent and
distribution of Orientale melt deposits in the polar
region.

Figure 1.  70-cm same-sense (SC) radar mosaic of the south
polar region (polar stereographic projection, 450 m/pixel
resolution).  Circular polarization ratio overlain in color.
Radar-dark crater haloes, due to block-poor ejecta, are
outlined in yellow; other prominent variations in
backscatter are outlined in red.

Northwest: the Tycho region.  Some of the
boundaries in echo strength shown in Figure 1 extend

to the north, into the region southeast of Tycho crater
(Fig. 2).  A notable feature of this region is the swath
of intermediate echo and polarization ratio trending
SW-NE across the region in Figure 2.  This region is
notably deficient in radar-dark crater haloes,
suggesting that it is comprised of relatively older
terrain than the surrounding areas.  Preliminary
analysis of multispectral data suggests that the
backscatter anomalies are due primarily to variations
in block population rather than to compositional
changes.  This terrain resides largely in the Mutus-
Vlacq basin, but likely shows contributions from
other large basins, such as Schroedinger or Nectaris.
We are currently working toward a stratigraphic
model of this region based on variations in physical
and chemical properties detected by the radar.

Figure 2. 70-cm same-sense (SC) radar mosaic of the
region southeast of Tycho crater (sinusoidal projection, 450
m / pixel resolution).  Circular polarization ratio overlain in
color.  Yellow and red outlines same as in Figure 1.

Ongoing work: Ongoing work is refining mapped
boundaries in radar backscatter and polarization ratio,
and relating the associated materials to potential
source regions.  We are also extending our analysis to
include the region between the mosaic shown in
Figure 2 (representing the western edge of the study
area) and Mare Australe in the east, resulting in a
synoptic view of the entire region.
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