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Introduction: Pedestal craters are unique land-
forms on Mars where both the crater and ejecta blanket
are elevated above the surrounding terrain (Fig. 1).
The distributions and characteristics of these craters
indicate that they form within a fine-grained layer.
Traditionally, eolian deflation of the surrounding mate-
rial has been the proposed formation mechanism [1].
However, new models of the latitudinal distribution of
ice-rich mantles suggest that pedestal craters may re-
sult from sublimation of the surrounding ice-rich mate-
rial.

Pedestal Crater Characteristics and Distribu-
tions: Pedestal craters are typically <5 km in diameter
and occur in fine-grained deposits which often corre-
late with the high-H,O-content regions identified by
the Mars Odyssey Gamma Ray Spectrometer (GRS).
Although most pedestal craters are found at high lati-
tudes, particularly in the north, we have also identified
pedestal craters in near-equatorial regions such as on
the floor of Gusev crater [2].

Ejecta extent is quantified using the ejecta mobility
(EM) ratio [3]:

EM = (maximum extent of ejecta)/(crater radius)

Single layer ejecta (SLE) craters poleward of +40°
latitude have average EM values of 1.8 in the north
and 1.6 in the south. Double layer ejecta (DLE) cra-
ters north of +40° latitude have an average EM of 1.5
for their inner lobe and 3.5 for their outer layer. Cor-
responding values for the region south of -40° latitude
are 1.4 and 2.8, respectively. Pedestal craters have the
highest EM values of any ejecta morphology meas-
ured, with an average EM of 3.7 for those north of
+40° and 3.8 for craters south of -40° latitude.

Ejecta sinuosity is measured through a parameter
called lobateness (I') [4, 5]:

I" = (ejecta perimeter)/[4mt(ejecta area)]'”
I' = 1 indicates a circular ejecta pattern while larger
values of I' indicate an increasing degree of sinuosity.
SLE craters have average lobateness values of 1.12 for
latitudes > +40° and 1.15 for latitudes < -40°. The
inner layer of the DLE craters has an average I" of 1.09
versus 1.14 for the outer layer. Lobateness values for
pedestal craters display a large variation, ranging from
1.0 to 1.8, but the average I' = 1.12.

New Observations: The higher resolutions of the
Mars Orbiter Camera (MOC) and Thermal Emission
Imaging System--Visible (THEMIS VIS) cameras

have revealed many more Pd craters than were previ-
ously known from Viking analysis. These higher reso-
lutions also permit identification of finer-scale features
than previously seen. Although most Pd craters seem
to be surrounded by one ejecta layer, we do see a few
examples of a double layer structure (Fig. 2). We
typically see the DLE-type structure for the larger ped-
estal craters, suggesting that resolution effects might
limit the detection of an inner layer for the smaller
craters.

One of the most interesting correlations that we see
is between the distribution of Pd craters and the re-
gions of high-H,O content as revealed by the GRS
instrument. This correlation strongly suggests that
near-surface volatiles play a role in the formation of
the Pd morphology. In addition, the highest concentra-
tions of pedestal craters are found in the same regions
where ice-rich mantles have been proposed to occur,
based on geomorphic observations and modeling of
past obliquity cycles [6, 7].

Discussion: Our analysis of the distribution of
pedestal (Pd) craters finds that they often occur in the
same regions as DLE craters. Because Pd craters also
disply similarities to the EM and I" values of the outer
DLE layer, we propose that these morphologies form
in a similar manner. It is entirely possible that Pd cra-
ters are the small crater versions of larger DLE craters.
We propose that the easily identifiable ejecta layer of
Pd craters is the same as the outer ejecta layer of DLE
craters.

Formation Hypothesis: Pd craters have been
known to be concentrated in fine-grained materials
since the first analysis of Viking data. Several models
were proposed to explain Pd formation, but the fa-
vored model is the eolian deflation model [1]. This
model argues that the ejecta blanket somehow be-
comes armored during its emplacement. Subsequent
eolian deflation of the region removes the surrounding
fine-grained material, leaving the crater and its ejecta
blanket perched above the surroundings.

One of the major problems with this model is the
symmetrical shape of the pedestal crater—one must
invoke a changing preferential wind direction over the
entire 360° to produce such a symmetrical pedestal.
With the new information indicating that Pd craters
form not just in fine-grained materials but in ice-rich
fine-grained materials, we propose a new formation
mechanism. We propose that Pd craters result from
small impacts which do not excavate entirely through
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the fine-grained mantle. Some (currently unknown)
mechanism armors the ejecta deposit. During periods
of lower obliquity, the ice in this mantling material
sublimates, lowering the surrounding terrain and leav-
ing the pedestal crater and its ejecta elevated. Other
geologic evidence of the sublimation of an ice-rich
mantle has been reported in these same regions [6].
Sublimation also would occur more symmetrically
around the pedestal, removing the major problem with
the eolian deflation model.
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Figure 2: 3.9-km-diameter pedestal crater showing a
double layer morphology. Crater is located at 35.90°N
147.78°E. (THEMIS image 110293012)

Figure 1: A field of pedestal craters. All craters are
less than 2 km in diameter. (THEMIS image
104916007)



