
 

Fig. 1: Structural map of the central part of the central uplift including outcrops of 
vertical layers (CTX image P07_003803_1514_XI_28S055W, detailed map on Hi-
RISE image PSP_003803_1515). 
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Introduction:  Nearly all solid planetary bodies 

show evidence for hypervelocity collisions, especially 
the terrestrial planets and ice moons. The incidence 
angle of an impactor follows a Gaussian probability 
distribution with a mean value of 45° [1].  The ejecta 
blanket is the most distinctive indicator for an oblique 
impact and impact direction because it forfeits the 
radial symmetry starting at angles below 45-35° up to 
the formation of “forbidden” ejecta zones and “butterf-
ly” ejecta patterns [2,3]. The position of the central 
uplift relative to the crater center [4] was proposed as 
another diagnostic feature for oblique impacts, but this 
could not be verified statistically [5] and might be 
caused by heterogeneous target structures [6].  

A further promising indicator for oblique impacts 
is provided by the internal structure of central uplifts. 
Some terrestrial craters show among other criteria a 
preferred stacking of layered bedrock in the central 
uplift [7, 8] with bedding strike perpendicular to the 
long axis of the crater ellipse [8]. The interpretation 
that this imbrication is caused by remnant horizontal 
momentum transferred from the impacting projectile to 
the target during an oblique impact [8] is supported by 
three-dimensional numerical simulations [9]. Unfortu-
nately, the ejecta blankets of terrestrial impact craters 
are mostly eroded and cannot be used to validate the 
impact direction and obliquity inferred by the imbrica-
tion of central uplifts.  

For this reason, oblique impact craters on planetary 
surfaces have to be studied showing on the one hand 
well-preserved ejecta blankets and on the other hand a 
central uplift with layered bedrock. High-resolution 

remote sensing data of Mars have the potential to pro-
vide the required terms. The analysis of Martin crater 
on Mars already shows evidence that the strike orienta-
tion is perpendicular to impact direction and thus in-
dicative of the impact direction [10]. Here we present 
preliminary new results of the mapping of an unnamed 
crater on Mars that confirm strike orientation within 
central uplifts as a possible indicator for impact direc-
tion. 

Method: The Mars Global GIS DVD from the 
NASA Planetary Data System (PDS) was downloaded 
and implemented into ArcGIS by ESRI to find poten-
tially interesting oblique impact craters on Mars which 
have a typical ejecta blanket, well-exposed layered 
bedrock in a central uplift, and good coverage of high-
resolution remote sensing data (HiRISE). An unnamed 
crater south of Valles Marineris achieves the required 
terms. THEMIS infrared day, CTX and HiRISE data 
were processed by using ISIS (The Integrated System 
for Imagers and Spectrometers) to get the base data for 
further mapping in ArcGIS. A GIS-based map was 
created with emphasis on structural deformation of the 
layered units including strike orientation as indicator 
for impact direction. In the course of this work it be-
came apparent that the estimation of strike and dip 
values shows high potential for errors without using a 
DTM, especially for low dip angles. Unfortunately, 
there are no available high-resolution DTMs (HRSC, 
HiRISE) of the mapped unnamed crater. Thus, in the 
first instance the main focus of mapping is on nearly 
vertical layers in the central part of the central uplift 
that can clearly be identified and should have the high-
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est grade of imbrication. In future work we intend to 
implement DTMs using e.g., the NASA AMES stereo 
pipeline (ASP), which will allow a complete descrip-
tion of all available strike and dip directions. 

Geological overview: The unnamed crater is lo-
cated at 28.4° S 55.1°W, 250 km west of Ritchey cra-
ter, south of Valles Marineris, 200 km east of Nectaris 
Fossae, part of northwestern Noachis Terra. The sur-
rounding area is characterized by relatively flat pains 
permeated by miscellaneous wrinkle ridges. The cen-
tral uplift of the crater has exposed layered bedrock 
from deeper crustal levels with an assumed volcanic or 
sedimentary origin and thus horizontal deposition. The 
~18 km diameter crater has a ~5 km diameter central 
uplift and a terraced rim. The central uplift shows at 
least three different units, a relatively dark upper layer 
with relatively high crater density (age), another unit 
with partially exposed layered bedrock and lower cra-
ter density, and a dune-dominated third unit (see figure 
1).  

Results: The unnamed crater can be characterized 
as an oblique impact crater using THEMIS daytime 
infrared images (see figure 2). The ejecta blanket 
shows an asymmetric pattern with a “forbidden” zone 
and indicates an impact direction from SE.  

 

 
Fig. 2: THEMIS daytime IR mosaic showing the 

continuous ejecta blanket of an oblique impact from 
SE. 
 
The strike angles of the rock units’ cross sections indi-
cate a preferred strike trend of NNE-SSW (see figure 
3). It has to be considered that strike values and accor-
dant layered bedrocks are initially mapped in the cen-
tral part of the central uplift due to the preliminary 
status of the work (see figure 1). The mapped area and 
analyzed strike and dip ranges will be extended in fu-
ture work with the help of DTMs. 

 
Fig. 3: Rose diagram of the strike angles. 

 
Discussion: Based on the ejecta blanket, an obli-

que impact and the impact direction from the SE could 
clearly be determined. The dominant NNE-SSW strike 
of the analyzed vertical layers of the central uplift sug-
gests folding and thrusting of the originally horizontal 
layers by a perpendicularly oriented force. One possi-
ble explanation for this force could be the remnant 
horizontal momentum transferred from the impacting 
projectile to the target during the oblique impact [8]. In 
this case, the strike direction (NNE-SSW) might be 
theoretically perpendicular to the impact direction (ei-
ther from ESE or WNW). The direction of impact in-
ferred from the structural analysis differs from that 
inferred from the asymmetric ejecta blanket (NE-SW) 
by ~20°. Possible error sources and explanations for 
this discrepance are on the one hand the relatively 
small area of the central uplift with well-exposed 
layered bedrocks (~1/5) and the lack of a DTM and the 
consequential restriction of nearly vertical layers dur-
ing the mapping. On the other hand, the crater sur-
rounding is characterized by several wrinkle ridges 
which could have significant influence on crater for-
mation as can be seen on many craters in Thaumasia 
planum. In further works we will improve the results 
by using DTMs and additional mapping of similar im-
pact craters in order to enhance the statistical basis. 
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