
ASYMMETRIC RAMPARTS OF SECONDARY CRATERS IN CERBERUS, MARS: INTERPRETATION 
AND IMPLICATIONS FOR LOCAL STRATIGRAPHY.  K. L. Mitchell, Environmental Science Dept., Lan-
caster University, LANCASTER LA1 4YQ, UK (k.l.mitchell@lancaster.ac.uk). 
 

Introduction:  The Cerberus region exhibits 
some of the youngest volcanic and fluvial landforms 
on Mars, most notably at Athabasca Valles, where 
dyke emplacement and cryospheric cracking released 
an over-pressured aquifer in one or more flood events 
[1].  Crater counting studies [2, 3] have demonstrated 
that both water and lava flowed there recently, proba-
bly within the past few Ma, which has been used to 
support the argument that Mars may not be 
volcanically dead, but merely in a period of dor-
mancy [4].   

Observations:  I have mapped out a number of 
small craters associated with unusual, asymmetric 
exterior deposits, all oriented in the same direction 
and exhibiting a high degree of fluidization (fig. 1).  
They are present in only 5 MOC NA images, all 
within a few km of some overlapping sections of 
fossa a few hundred km to the east of Athabasca (fig. 
2).  Following a rapid global survey of MOC NA 
imagery, I have been unable to find craters with simi-
lar deposits elsewhere, and therefore conclude that 
they are probably unique to this region. 

Interpretation:  The craters are consistent with 
secondary impacts sourced from an ~10 km diameter 
fresh rayed crater (at 7.7 N, 166 E) [5,6], speculated 
to have been the source of Mars Meteorite EET79001 
which has an ejection age of ~1 Ma [7]. The rays 
consist of 105 - 107 secondary craters, 15 -100 m in 
diameter, extending more than 800 km from the pri-
mary and accounting for ~75% of all craters in Atha-
basca Valles [5,6]. 

I propose that they were formed in a manner simi-
lar to ramparts craters elsewhere on Mars, i.e. impact 
into a volatile-rich regolith.  This is consistent with 
recent fluvial activity in the region [2, 3] and a high 
present-day epithermal neutron flux [8].  The asym-
metry of the ejecta implies that the impacts were 
oblique, which would be consistent with secondary 
cratering, but the circularity of the central crater im-
plies that the degree of obliqueness was not unusual.  
The possibility that the asymmetry was gravity 
driven has been eliminated on the basis of MOLA 
topography, although it might have played a role in 
some cases. 

The apparent uniqueness of these features to this 
part of Mars could be purely due to a high degree of 
preservation, consistent with their extremely young 
age.  Alternatively, however, the pre-existing surface 
could have responded unusually to the impact. 

 

 

 
Fig. 1:  North-aligned MOC NA images (courtesy of Malin 

Space Science Systems) showing impact craters with 
asymmetric ramparts (labeled with arrows): m0701049 

(top), m0702342 (middle) and m0803838 (bottom). 
 
The presence of young lava flows and fluvially-

carved channels emanating from the Cerberus Fossae 
is well documented, and so it seems reasonable to 
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suggest that either processes could have been tempo-
rally and spatially coincidental with the impact.  
Given the similarity in context to the source area of 
Athabasca Valles [e.g. 1, 2], clear evidence for water 
flow (fig. 2) near to these craters, and the lack of 
observed lava flows, I propose that the impact was 
into wet sediment or even a shallow body of liquid 
water.  

Implications:  The presence of a rayed crater in 
the Cerberus region has practical applications, as its 
far-flung ejecta and secondary impacts could be used 
as local stratigraphic markers.  The absence of such a 
marker on a unit within this region may help to sup-
port a youthful interpretation.  If no such unit can be 
found then the areas studied may represent the most 
recent fluvial activity emanating from Cerberus Fos-
sae. 
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Fig.2: Merged topographic and night-time thermal map of part of Cerberus, formed from MOLA MEGDR 128 ppd gridded data 
(courtesy of MGS MOLA team) and THEMIS night-time IR RDR data (courtesy of THEMIS team) at 100 m resolution.  Foot-

prints of MOC NA images used in this study are included. 
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