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Introduction: Steinheim Crater on Mars (190.65°E
54.57°N, Arcadia Planitia) is a well preserved 11.3 km
diameter double layered ejecta crater that provides
excellent opportunities to analyse crater and ejecta
morphologies in detail. The textbook like occurrence
of its layered ejecta blanket makes it a prime candidate
for detailed investigations of mid-sized craters on
Mars.

Craters with layered deposits appear in both hemi-
spheres, preferentially in mid-latitudes and more fre-
quently in the Northern lowlands [1-5]. Double layered
ejecta craters possess two distinct ejecta layers that
show a thinning in the middle distances ("moat") be-
fore thickening at its outer extensions (“rampart”) [2].
The inner layer shows a radial texture of continuously
extending grooves and ridges whereas the outer layer is
characterized by relatively thin deposits that terminates
in ramparts with flow lobes [2]. The sequence of depo-
sition of both layers is controversial. Some authors
suggest that the inner layer overlays the outer layer [6,
7, 8]. Others propose the inner layer formed first and
was overridden by the outer layer thereby carving the
radial grove and ridge pattern [1, 2]. New results of the
Bunte Breccia ejecta morphology of the Ries impact
crater shows striking similarities to double layered
ejecta craters confirming Martian impact structures as
analogy for terrestrial impact craters [9].

Here we present the geological map of the ejecta
blanket and crater interior of Steinheim crater on the
basis of high resolution images (HiRISE, CTX and
MOC) (Fig.1). Our detailed map provides a sound base
for further studies that will help to understand the pro-
cesses of ejecta emplacement and the underlying
mechanisms.

Mapping units: The 2.8 km diameter Central peak
is divided into a rocky, mostly preserved unit (ecpm)
and degraded material displaying flow features (scpm).
A pitted floor unit (pcf) known from other craters [10]
as well as two terrace units (stb, more degraded, and
th) and pooled smooth material on the terraces (pm)
were identified. The wall above the terraces is subdi-
vided into a debris covered wall unit (dwr), a gully
covered wall unit (gwr), possibly accordant to exposed
wall rock with badland topography described by other
authors [10], and the ejecta crosscut (ec) exposed
throughout the crater rim region. The inner ejecta layer
possesses a hummocky, unstriated unit directly adja-
cent to the crater rim (%il) extending up to 1.3 crater
radii (R.). It is followed by the radially grooved and

ridged inner layer (si/) and the crenulated termination
of the inner layer into a rampart area (ci/). Additional-
ly, concentrically oriented troughs and ridges are par-
tially present. The inner layer extends between 2.3 and
3 R.. The outer layer (o/) has a lobate morphology and
terminates between 3.4-4.9 R.. Some lobes terminate in
thickened, distal ramparts (dr).

In regions with HiRISE coverage it was possible to
map small-scaled surface features, such as polygonal
textures, debris fields and smooth material (hatchures).
A multitude of secondary craters surround the crater
forming strings and chains of craters or appear in clus-
ters with V-shapes and Herringbone patterns.

Discussion: The Martian Steinheim crater makes
an overall regular and homogenous appearance. The
structure of the central uplift and the shape of the ejecta
blanket suggest that the impact occurred at a relatively
steep angle >45°. However the detailed mapping shows
remarkable heterogeneities.

The crater shows well-preserved crater units on
protected, north-facing slopes and a much higher de-
gree of decomposition on south-exposed surfaces, pre-
sumably caused by different illumination conditions.
The pattern of concentric grooves and ridges of the
inner layer changes in different sectors, indicating
varying regimes of compressive and extensive forces,
in some regions even mixtures of both. We consider
topography as the main control. The distribution and
structure of debris fields vary significantly with dis-
tance from the crater center in such a way that the
block clusters of the inner layer predominantly occur in
the moat region and are radial oriented whereas block
clusters of the outer layer are patchy and rampart-
related [11]. The formation of polygonal surface occurs
mainly on north facing slopes and certain trends in its
distribution with distance from the crater center might
be linked to changes in the composition of the ejecta,
e.g., the volatile content. Smooth material primarily
form in the southern parts of the crater units. On the
terraces, flow of smooth material between terraces can
be observed. On the smooth material of the inner ejecta
layer no clear flow features are visible. In areas where
the outer ejecta layer shows irregularities, such as bad-
ly-developed ramparts, the amount of secondary craters
is relatively high.

Based on this mapping future work will concentrate
on the ejecta emplacement process, the rheological
properties and the composition of the two distinct
ejecta layers.



44th Lunar and Planetary Science Conference (2013)

P

o w

12w

sessw

1465.pdf

) 2,5 5 10
— Prjecton: Sinusaical D a7
Sca Facir 10
Radus 3368150m
Legend
Units
Target '
Crater Floor Units Wall Units. Ejecta Units Surface Textures Caritacs,
[ Central Peak Mountain cpm | Debris Covered Wall Rock  dwr Hummocky Ejecta hit . Debris Field ~ Geocontact Approximate
Slumped Gentral Peak Material som Gullie Covered Crater Wall  gow Strated Inner Layer sit {11711 Polygonal Surface Geocontact Certain
Pitted Crater Floor pom Exposed Wall Rock owr Crenulated Inner Layer ol 77 smooth Material Buried Crater Crest
[ Ejecta Crosscut ec Outer Layer o
Terrace Units T ostal Rampart o Linear Featuros
Terrace Block o Concentric Groove
| Slumped Terrace Material  stb ExteriorUnits +  Radial Ridge
[ smooth Material sm

Mass Movement mm ~# Concentric Ridge

- Secondary Crater

Fig. 1: Geological map of Steinheim crater, Mars.
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