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1. Introduction 
NASA’s Dawn spacecraft entered orbit of the inner 
main belt asteroid 4 Vesta on July 16, 2011, and is 
spending about one year in orbit to characterize the 
geology, elemental and mineralogical composition, 
topography, shape, and internal structure of Vesta 
before departing to asteroid 1 Ceres in late 2012 [1]. 
Detailed studies of the geological characteristics of 
Vesta’s surface exhibits a complex morphology of 
impact crater: Numerous impact craters are 
characterized by unusual distribution of ejecta and/or 
shape of the crater rim indicating peculiar conditions 
during the impact process [2, 3]. 
 
2. Unusual craters 
Vesta exhibits extreme topographic variations, 
causing many craters to be formed on slopes. The 
asymmetrical shape of these craters shows one sharp 
and one smooth rim [4]. DTMs and profiles of these 
unusual craters normally reveal a steep slope uphill 
and a shallower one downhill, like the crater Helena 
(Fig.1) [4]. Another expression of this phenomenon 
is craters with a wider crater floor, which passes into 
the downhill slope with a reduced crater rim (Fig.2) 
[4]. The formation of these unusual craters is 
controlled by the topographic conditions, and thus by 
the steepness of the slopes [2]. 
 

    
 

Fig.1: Helena crater, formed on a slope, shows a 
smooth downhill and a sharp uphill rim, a narrow 

crater floor, and a prominent unit boundary between 
the uphill and downhill crater regions. 

 

 
    
Fig.2: This crater, also formed on a slope, has smooth 
and a sharp rim expression as well. The crater floor is 
very flat and the downhill rim passes into the overall 
slope [2]. 
 
3. Investigations 
For our investigations we record the unusual craters 
and measure the size and the ejecta direction. 
Correlating the craters according to the slope angles 
(Fig. 3) of Vesta we obtain the following crater size 
distribution:  
On slopes between 10° and 40° we mostly find crater 
sizes from 0.2 to 15 km, with a maximum between 
0.2 and 7 km, and only a few bigger craters up. On 
slopes > 40° we observe craters from 0.7 to 37 km, 
with a maximum between 5 and 20 km. 
 
4. Future work 
Upcoming higher-resolution images and DTMs will 
allow us to quantify the angle of repose, ejecta 
thickness and distribution. Additional spectral 
information will allow us to estimate the composition 
of the crater rim and ejecta material. This information 
will enable us to understand the mechanical process 
of mass wasting on Vesta, and its different stages [4]. 

Three-dimensional hydrocode simulations with 
iSALE-3D [5,6] of the cratering process help to 
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quantify the effect of topography on crater shape and 
ejecta distribution. Some preliminary results 
illustrating the formation of a crater similar to Helena 
are shown in Figure 4.  
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Fig. 3: Slopemap of Vesta with the unusual crater distribution (grey: slopes 0-20°, blue: slopes 20-40°, Yellow: 
slopes > 40°) 
 

 
Fig. 4: Numerical simulation of crater formation (similar to Helena) after an impact into a tilted target.


