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Introduction: Shackleton crater, whose interior
lies largely in permanent shadow, is of interest due to
its potential to sequester volatiles. Observations from
the Lunar Orbiter Laser Altimeter onboard the Lunar
Reconnaissance Orbiter have enabled an unprece-
dented topographic characterization, revealing Shack-
leton to be an ancient, unusually well-preserved simple
crater whose interior walls are fresher than its floor and
rim. Shackleton floor deposits are nearly the same age
as the rim, suggesting little floor deposition since cra-
ter formation over 3 billion years ago. At 1064 nm the
floor of Shackleton is brighter than the surrounding
terrain and the interiors of nearby craters, but not as
bright as the interior walls. The combined observations
are explainable primarily by downslope movement of
regolith on the walls exposing fresher underlying mate-
rial. The relatively brighter crater floor is most simply
explained by decreased space weathering due to shad-
owing, but a 1-mm-thick layer containing ~20% surfi-
cial ice is an alternative possibility [1].

Analysis: Shackleton crater is situated nearly coin-
cident with the Moon’s south pole’ and because the
lunar equator is inclined only 1.5° from the ecliptic, the
crater cavity receives almost no direct sunlight. A per-
ennial cold trap [2, 3], Shackleton represents a promis-
ing candidate for sequestered volatiles. However, pre-
vious orbital and Earth-based radar mapping and or-
bital optical imaging have yielded conflicting interpre-
tations about the existence, distribution and nature of
volatiles. Detailed study of the topography of Shackle-
ton offers the opportunity to improve understanding of
processes that operate in permanently shadowed re-
gions. Crater geometry, age and preservation state are
relevant for understanding the accumulation and pres-
ervation of volatiles as well as processes that modify
the lunar surface over geologic timescales.

The analysis uses observations from the Lunar Or-
biter Laser Altimeter (LOLA) [4], an instrument on
NASA’s Lunar Reconnaissance Orbiter (LRO) mis-
sion. LOLA is a five-beam laser altimeter that operates
at a wavelength of 1064.4 nm with a 28-Hz pulse repe-
tition rate. From LRO’s mapping orbit, the instrument
illuminates 5-m-diameter spots on the lunar surface,
returning up to 140 measurements of elevation per
second; the five profiles enable characterization of bi-

directional slopes over various baselines, and rough-
ness from averaging of pulse elevations. In addition,
from the spreading of backscattered laser pulses,
LOLA obtains the root mean square (RMS) roughness
of the surface within laser footprints. Finally, from the
ratio of received to transmitted laser energy, LOLA
measures the reflectance of the lunar surface at zero
phase angle at the laser wavelength within laser spots.

Parameter Value

lat, center of rim -89.655
long, center of rim, E 129.174
lunar radius, floor center, km 1734.63
mean crater diameter at rim, km 21
mean depth, rim-floor km 4.1+0.05
mean rim height above datum, km 1.3
range of floor topography, km ~0.210
d/D, average rim to average floor 0.19540.025

Table 1: Location and size of Shackleton crater

As of 1 December 2011, the LOLA instrument has
accumulated more than 5.1 billion elevation measure-
ments. Because Shackleton lies nearly at the pole,
where the LOLA coverage is densest, it is possible to
construct a digital elevation model of unprecedented
spatial resolution and radial accuracy. Over 5000
LOLA tracks referenced to the Moon’s center of mass
via precision orbits determined from radio tracking
aided by Earth-based laser tracking were converted to
topography. Track segments within the area of interest
were geometrically corrected at orbit crossover points.
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Figure 1: Profile of elevation (in blue) and RMS
roughness (in red), the latter derived from the spread-

ing of laser pulses.

The floor of Shackleton can be divided into two re-
gions, a flat portion and an elevated terrain. The ele-
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vated area is smoother than the flat region at small
scales and has a relief of ~210 m (Table 1) and the
highest-local slope of any of the floor deposits is ~25°,
which is below the angle of repose. Two areas of the
floor show fan-shaped structures consisting of material
that has been transported downslope from the interior
walls.

Shackleton’s crater floor is darker than its interior
walls, but brighter than the surrounding terrain. Im-
pingement of the solar wind produces “space weather-
ing” of exposed materials [5]. Volatile deposition is an
alternative possibility. If water ice has a reflectance
twice that of the lunar regolith the measured reflec-
tance of the floor can be explained by a micron-thick
surface layer of 22% ice mixed with rock [6]. The
higher reflectance of the walls than the floor is most-
likely downslope movement of regolith material that
has exposed brighter underlying material and is consis-
tent with the observed slopes near the angle of repose.
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