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Introduction:  In 1999, following the initial
discovery of radar bright craters near both poles of
Mercury, Barlow et al. [1] measured the depth-to-
diameter (d/D) ratios of 170 impact craters in Mariner
10 images covering four different regions on Mer-
cury’s surface.  Rapid softening of crater structure,
indicated by lower d/D ratios, could indicate the possi-
bility of subsurface water ice in Mercury's terrain
originating from an internal source in the planet.  Their
study included 3 specific radar bright craters suggested
to contain ice.  They concluded that no terrain soften-
ing was apparent, and a rapidly emplaced exogenic
water source was the most likely source for the pro-
posed ice in these craters. Recent radar observations of
the Mercurian North pole by Harmon et al. [2] have
pinpointed many additional radar bright areas with a
resolution 10x better than previous radar measure-
ments, and which correlate with craters imaged by
Mariner 10.

These craters are correlated with regions that
are permanently shaded from direct sunlight, and are
consistent with observations of clean water ice.  We
have expanded the initial study by Barlow et al. to in-
clude d/D measurements of 12 craters newly identified
as radar bright at latitudes poleward of +80o.

The radar reflectivity resemblances to Mars’
south polar cap and echoes from three icy Galilean
satellites suggest that these craters too may have polar
ice on Mercury.  The effect of subsurface H20 on im-
pact craters is a decrease in its d/D ratio, and softening
of crater rims over a period of time [3,4].  The study of
Barlow et al., focused on determining the d/D ratios of
170 impact craters in the Borealis (north polar), Tolstoj
(equatorial), Kuiper (equatorial), and Bach (south po-
lar) quadrangles. This work focuses on the newly dis-
covered radar bright craters, investigating their d/D
ratios as an expansion of the earlier work..We compare
our results to the statistical results from Barlow et al.
here.  With the upcoming Messenger spacecraft mis-
sion to Mercury, this is an especially timely study
whose result could potentially help the Messenger
team as they develop a mission strategy.

The Search for Terrain Softening:  We car-
ried out a project employing Mariner 10 images of
Mercury, conducting research on based on work done
by Harmon et al. [2] and Barlow et al. [3]. 12 craters
near Mercury’s north pole were measured using meth-
ods described in Barlow et al., and compared the re-
sults to statistical results from Barlow et al., through
the following method.

After identifying the specific radar bright craters in
the Mariner 10 images of Mercury that corresponded
to the radar bright craters identified by Harmon et al.,

we measured the rim-to-rim crater diameter and
shadow length.  Measurements of the these craters
were done repeatedly 10 times for each crater by dig-
itization of Mariner 10 images with 1 km/pixel resolu-
tion. Using information given in the Scanning Equali-
zation Digital Radiography (SEDR) reports for Mari-
ner 10, the crater depths were determined. By using the
solar lighting angle, spacecraft angle, and surface po-
sition of the craters relative to the two points, the depth
is determined by following methods developed by
Clow and Pike[5]. Once the d/D ratio was obtained, the
results were compared to the results of Barlow et al.

Conclusions:  Comparison supports the re-
sults of Barlow et al., suggesting a rapidly emplaced
exogenic H20 source. Since the craters at higher lati-
tudes have permanently shadowed regions by the crater
wall, it follows theoretically that subsurface ice could
exist in those areas.  The d/D ratio of craters poleward
of +80° display a somewhat lower d/D ratio in craters
closest to the pole. A higher d/D ratio suggests no sof-
tening, contrary to a lower d/D ratio, which suggests
crater softening.
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