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Introduction: Oblique impacts are a common oc-

currence in the solar system, with 50% of all impacts 

striking planetary surfaces at angles <45° [1]. The 

strongest indicator for an impact direction of an 

oblique impact is the crater’s ejecta blanket, which 

shows a preferential departure from radial symmetry 

starting at angles below 45-35° [2]. The position of the 

central uplift relative to the crater center was proposed 

as an independent indicator [3] but could not be veri-

fied statistically [4]. 

On the other hand, recent research suggests that the 

internal structure of terrestrial central uplifts can be 

used to infer an impact direction. Several craters show 

a preferred stacking of layered bedrock in the central 

uplift with bedding strike perpendicular to the impact 

direction [5,6]. In the case of the highly oblique, ellip-

tical Matt Wilson crater [6] bedding strike is perpen-

dicular to the long axis of the ellipse, thus giving an 

independent indicator for an impact direction. This 

imbrication is interpreted as the expression of the hori-

zontal component of momentum transferred from the 

projectile to the target during an oblique impact. 3D 

numerical modeling results of oblique impacts [7] con-

firm this interpretation and show a downrange shift of 

the rising central peak during crater modification. 

Due to constant erosion on Earth, the ejecta blanket 

can not be used to confirm the impact direction in-

ferred by the imbrication and thrusting seen in terres-

trial central peaks, therefore other planetary surfaces 

where the ejecta blanket is preserved need to be ob-

served. In this abstract we present preliminary results 

of mapping performed on the central uplift and ejecta 

blanket of Martin Crater, Mars (Fig. 1), that suggest 

imbrication and strike orientation as a possible indica-

tor for an impact direction. 

Method: Layered bedrock is well exposed in Mar-

tin Crater’s central uplift, has excellent coverage with 

MOC and HiRISE imagery, and can thus be used to 

control details of how the central uplift was formed 

during crater modification, as was first observed by [8]. 

A GIS-based map of Martin Crater was created with an 

emphasis on the structural deformation of the layered 

units. Strike, dip and structural trends of folding and 

faulting were inferred from rock layers. 

Geological Overview: Martin Crater is located at 

21.4° S 69.2° W, south of Valles Marineris in Thauma-

sia Planum, part of the volcanic Thaumasia plateau. 

Thaumasia Planum is mapped as older ridged plains 

Fig. 1: Structural map of the central uplift of Martin Crater, derived from HiRISE mosaic. 
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material of late Noachian to early Hesperian age, which 

is interpreted as plains volcanism [9]. Wrinkle ridges 

of late Noachian to early Hesperian age have perme-

ated the relatively flat plains material and are inter-

preted as contractional folds or thrust faults [9]. The 

central uplifts of Martin Crater and numerous other 

craters throughout the Thaumasia plateau have exposed 

layered bedrock from deeper crustal levels, as seen in 

MOC and HiRISE imagery. These rocks are assumed 

to be layered deposits of volcanic or sedimentary ori-

gin, similar to those in Valles Marineris, and must have 

been deposited as horizontal layers. Where exposed in 

coherent, undeformed blocks, beds are in parallel to 

sub-parallel layers, and the thickness of individual lay-

ers varies between several tens of meters down to 1 m.  

Martin Crater: The ~60 km diameter Martin Cra-

ter has a terraced rim and a ~16 km diameter central 

uplift, which consists of an outer group of massive rock 

units forming several peaks, and a more highly dis-

rupted inner group. Impact melt encompasses the uplift 

on all sides, and blocks of layered rock can be seen 

“floating” in the melt.  

Results: Good structural control of rock deforma-

tion in remote sensing imagery of Martin Crater is 

mainly due to the fact that the rock layers have rotated 

from the horizontal by ~90° during central uplift for-

mation, exposing their cross-sections to the surface. 

Most rock units mapped were estimated to be nearly 

vertical (65% at 75-90° dip). The percentage of non-

vertical layers (35%, <75° dip) appears to be randomly 

distributed throughout the central uplift. Strike is 

shown in Fig. 2, and reveals a dominant NW-SE trend 

in all parts of the central uplift. Similarly, non-vertical 

layers normally dip to the SW. Two km-scale folds 

dominate the western half of the uplift, with vertically 

plunging fold axes. Fold formation is largely accom-

modated by fracturing (Fig. 1). 

 
Fig. 2: Rose diagrams of strike and dip direction of layered 

bedrock exposed in the central uplift, showing a dominant 

NW-SE and SW trend, respectively. 

 

The ejecta blanket was mapped to determine the 

impact vector independently (Fig. 3). Best visualization 

was achieved with THEMIS nighttime IR images. Two 

ejecta layers are visible, an outer, radial-shaped blanket 

and an inner, high albedo blanket that shows a bilateral 

symmetry axis running NE-SW. 

Discussion: The obvious NW-SE strike throughout 

the central uplift indicates that the originally horizontal 

layered bedding must have been folded and thrust up-

ward by a dominant force perpendicular to the strike, 

as opposed to a radially inward converging force that 

would have led to concentric strike behavior. Based on 

the flat appearance of Thaumasia Planum, it seems 

plausible that this force must have come from the hori-

zontal momentum of an oblique impact coming either 

from the NE or SW. The shape of the inner ejecta layer 

suggests that the impactor came from the NE, thus in-

dependently confirming that strike of central uplifts is 

oriented perpendicular to the impact direction. The SW 

(downrange) dip direction trend contradicts what 

would be expected during the imbrication of a central 

uplift that shifts downrange; stacked layers should dip 

in uprange direction. Possibly, N-S trending, west dip-

ping wrinkle ridges have influenced central peak be-

havior, or after a first phase of downrange movement, 

the central peak was forced uprange by a late collapse 

of the downrange rim, overturning the rock layers. 
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Fig. 3: THEMIS nighttime IR mosaic of Martin Crater’s 

ejecta blanket. The inner blanket infers an impact direction 

from the NE. 
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