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Introduction:  It is well known that the majority of 

craters are formed by oblique impacts [1,2]. Crater 
shapes remain circular for impact angles >30° (0° = 
horizontal) [3] and thus normally do not give any im-
plications for the direction of impact. However, recent 
studies have shown that subsurface structures of the 
innermost crater interior do show preferential direc-
tions of folding and faulting that implicate a preferred 
transport direction and indicate the impact vector [4,5]. 
This is in agreement with 3D modeling of complex 
craters [6]. 

The ejecta blanket is the most sensitive indicator 
for impact angle and direction. The ejecta blankets of 
craters observed on other terrestrial bodies show a 
“forbidden zone” that develops uprange, and with in-
creasing obliqueness also downrange, eventually re-
sulting in a symmetrical “butterfly pattern”. On earth 
these patterns are among the first features that become 
eroded.  

Hypothesis: The ejecta trajectories forming asym-
metric or bilaterally symmetric ejecta blankets of 
oblique impacts may deviate from a strictly radial ori-
entation with respect to the final crater center (Fig. 1B) 
and could probably be traced at the rim and overturned 
flap of simple craters, which represent the most proxi-
mal part of the ejecta.  

Fig.1 contrasts two hypothetical models: In model 
A the ejecta trajectories are purely radial with respect 
to the final crater. It is implied that strata striking is 

orthogonal to the trajectories (a legitimate assumption 
for horizontal bedding), therefore pure concentrical 
striking along the crater rim and overturned flap is 
expected that bears no information of the impact vec-
tor. In this scenario the asymmetry of the ejecta blan-
ket is only controlled by the magnitude of ejecta flow.  

However, it is known from recent numerical stud-
ies that the center of the transient cavity shifts down-
range as it grows to its final size [7]. If the mechanism 
of ejection is described by a modified Z-model ap-
proach [8] with a line source shifting from uprange to 
downrange (model B, Fig. 1), the resulting flow field 
should be non-radial and bilaterally symmetric, leading 
to deviations of folded bedding from pure concentric 
strike. We propose that deviations from concentrical 
strike at the crater rim and overturned flap could indi-
cate asymmetries of the ejecta blanket/ejecta flow and, 
thus, could be indicative for the impact vector. We 
particularly expect a pattern of striking along the rim 
that resembles a “toilet lid” with its corners marking 
the uprange forbidden zone.  

Method: We systematically analyzed striking of 
strata in the crater rim. Bedding data was collected 
from the rim of the Wolfe Creek Crater in Western 
Australia and was combined with published data [9]. 
The Wolfe Creek Crater is a relatively young, simple 
impact crater with an average diameter of 880 m [10] 
that was formed 300 ka ago [11]. It was formed in 
subhorizontal Devonian sandstones that are overlain 

by a layer of Miocene laterites. 
In a first step, the collected 

data is translated from a geo-
graphic reference system to a 
radial system with the point of 
origin situated in the crater cen-
ter.  
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Secondly, the strike of rock 
layers in the outer rim is com-
pared to the tangential orienta-
tion, or “concentric strike”, of a 
circle with a point of origin in 
the crater center. The difference 
between the two produces an 
angular value for each meas-
urement, which, depending on 
the orientation of strike can be 
either positive or negative. 
Strike that was rotated clock-
wise from the circle is defined 

Fig. 1: Two theoretical scenarios for crater excavation resulting in different 
strike patterns. A: concentric strike pattern, B: bilateral strike pattern. Note the 
non-radial deviation uprange in B. 
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as positive, whereas strike that was rotated counter-
clockwise is defined as negative. 

Results: First trends are displayed in a scatter plot 
(Fig. 2). To smooth the data, a simple moving average 
method was applied in which an average for each point 
was calculated together with 10 neighboring points. 
The resulting curve shows four maxima and four min-
ima, which express an averaged maximum amount of 
deviation from concentric strike in a specific sector of 
the crater. 

Fig. 2: Scatter plot of strike data (grey dots, 239 
points) and moving average of strike data (red line). 

 
 

 
Fig. 3: Polar plot of strike data (blue curve) after 
smoothing, displayed relative to the crater center. 
Black lines surrounding the plot indicate average 
strike. 

 
In Fig. 3, the data is displayed in a polar plot for a 

better overview of the spatial distribution of the devia-
tion from concentric strike. This shows the data in re-
lation to the crater center, with the radial distance in 

the diagram as a measure for the angular deviation 
from concentric strike. To smooth the curve, a moving 
average method was used. Every ten degrees an arith-
metical average was made of all values within an an-
gular range, or “bin size” of 40°. For a better over-
view, the strike values of the smoothed curve are 
added around the plot and displayed as bars. The de-
viation from “concentric strike” is exaggerated to bet-
ter reveal trends. The smoothing here has reduced the 
number of maxima and minima to three each. 

Discussion: We developed a technique 
to transform structural data from a geo-
graphic reference scheme to a radial scheme 
with the crater center as the point of origin. 
This transformation is a prerequisite when 
analyzing asymmetries of craters. At the 
current stage of our research it is difficult to 
interpret the data. Angular deviations from 
concentric strike could indicate the influence 
on an oblique impact, but could have also 
been caused by other factors, like uneven 
bedding or joint sets. They may even be 
coincidental.  

For the future, we intend collect further datasets 
from other terrestrial craters and compare these to the 
Wolfe Creek Crater. The data will be subject to a more 
solid and rigorous statistical analysis. We also hope to 
combine field data with numerical 3D models of 
oblique impacts currently being produced [12]. These 
models should enable us to better recognize which 
patterns should occur oblique impacts. 
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