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a b s t r a c t
We compare three previously independently studied crater morphologies – excess ejecta craters, perched
craters, and pedestal craters – each of which has been proposed to form from impacts into an ice-rich
surface layer. Our analysis identiﬁes the speciﬁc similarities and differences between the crater types;
the commonalities provide signiﬁcant evidence for a genetic relationship among the morphologies. We
use new surveys of excess ejecta and perched craters in the southern hemisphere in conjunction with
prior studies of all of the morphologies to create a comprehensive overview of their geographic distributions and physical characteristics. From these analyses, we conclude that excess ejecta craters and
perched craters are likely to have formed from the same mechanism, with excess ejecta craters appearing
fresh while perched craters have experienced post-impact modiﬁcation and inﬁlling. Impacts that led to
these two morphologies overwhelmed the ice-rich layer, penetrating into the underlying martian regolith, resulting in the excavation of rock that formed the blocky ejecta necessary to armor the surface
and preserve the ice-rich deposits. Pedestal craters, which tend to be smaller in diameter, have the same
average deposit thickness as excess ejecta and perched craters, and form in the same geographic regions.
They rarely have ejecta around their crater rims, instead exhibiting a smooth pedestal surface. We interpret this to mean that they form from impacts into the same type of ice-rich paleodeposit, but that they
do not penetrate through the icy surface layer, and thus do not generate a blocky ejecta covering. Instead,
a process related to the impact event appears to produce a thin, indurated surface lag deposit that serves
to preserve the ice-rich material. These results provide a new basis to identify the presence of Amazonian
non-polar ice-rich deposits, to map their distribution in space and time, and to assess Amazonian climate
history. Speciﬁcally, the ages, distribution and physical attributes of the crater types suggest that tens to
hundreds of meters of ice-rich material has been episodically emplaced at mid latitudes in both
hemispheres throughout the Amazonian due to obliquity-driven climate variations. These deposits likely
accumulated more frequently in the northern lowlands, resulting in a larger population of all three crater
morphologies in the northern hemisphere.
Ó 2011 Elsevier Inc. All rights reserved.

1. Introduction
The classiﬁcation of crater and ejecta morphologies (Barlow
et al., 2000) in the mid latitudes on Mars has led to the identiﬁcation of three crater types that have been interpreted as impacts
into an ice-rich surface layer. These morphologies include (Table
1): (1) Excess ejecta craters (EE), which are fresh craters that have
anomalously voluminous ejecta deposits (Black and Stewart,
2008), (2) Perched craters (Pr), which include all craters that have
their ejecta and crater interiors completely elevated above the
elevation of the surrounding terrain (e.g. Boyce et al., 2005; Garvin
et al., 2000; Meresse et al., 2006), (3) Pedestal craters (Pd), which
have their crater interiors perched near the center of a plateau
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surrounded by an outward-facing marginal scarp (e.g. Barlow,
2005; Kadish et al., 2009).
Each of these morphologies has either ejecta or a pedestal that
has a volume greater than that of the interior of the crater below
the rim crest. Consequently, a formation mechanism has been proposed for each that involves the presence of a thick ice-rich surface
unit at the time of impact, and the eventual preservation of parts of
the ice-rich deposit via armoring of the surface or superposition of
ejecta. When ice eventually sublimates from the intercrater terrain,
most likely due to climate change from obliquity variations (e.g.
Head et al., 2003; Levrard et al., 2004), the protective covering
inhibits the loss of ice in the region proximal to the crater. This process lowers the elevation of the surrounding terrain, yielding
craters that are either topographically perched or that have excessively voluminous ejecta.
The similarities between these morphologies and their proposed
formation mechanisms suggest a potential genetic relationship

