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Introduction:  Multiple layered ejecta (MLE)  associ-

ated to impact craters on Mars are characterized by 

typical crater diameter 10 to 60 km and extensive su-

perposed sheets of ejecta material (Fig. 1). These pecu-

liar crater typologies often appear, but are not limited 

to, the lowlands near the dichotomy at the highlands-

lowlands boundary [1-4]. Figure 1 shows the prominent 

example of Tooting crater. Close relatives of DLEs are 

double-layered ejecta in which the inner layer of ejecta 

has a very sharp outline, and are usually associated to 

smaller crater, [5]  (Fig. 1).  

Kotka crater on Mars (18°30’ N; 171°16’ W) is an 

example of crater with multiple layer ejecta. Ejecta 

surrounding Kotka typify many of the characteristics 

exhibited by MLE: ejecta appear as frozen, earlier flu-

idized lobes elongated radially to indicate the flow 

direction from the crater rims to the outward edges 

(Fig. 2).  
In an ongoing project, we are studying the geometry of 

the Kotka ejecta remnants to infer their flow dynamics 

following the impact. The rationale  for the choice of 

the Kotka crater is the presence of several mounds pro-

truding from the ground. During their flow, the ejecta 

have impacted against such mounds, from which the 

flow speed can be computed based on run-up and other 

dynamical criteria. 

 

Methods:  The areas of contact between the ejecta 

and  mounds bulging along the ejecta path are studied 

by visual images (CTX, HiRISE, THEMIS, HRSC). 

This allows us to assess the height reached by the ejec-

ta against the mounds and to use Froude’s (or, equiva-

lently, run-up) criteria to establish the velocity (Fig. 3). 

Owing to the limited size of these details, not always 

covered by suitable MOLA orbits, height determina-

tions should be done with care.   

More data have been acquired by examining the 

impact of ejecta against small craters, rather than 

mounds. Also in these cases, velocity assesments can 

be done based on the length reached by the flow in 

ballistic flight as well as the flow pattern developed in 

correspondence of the crater.  

Structures at the mesoscale, appreciable especially 

based on HiRISE images, have been studied in detail, 

such as  the pit chains and pitted areas (Fig. 4).    

 

 

 

 

 

 

 
Figure 1. Examples of crater with associated lay-

ered ejecta: MLE Tooting crater (23° 10’ N; 152° 

14’ W, top) and DLE Steinheim crater (54°34’ N; 

169° 20’ W, bottom). The smoothness of the terrain 

in both examples has resulted in a neat outline of 

the ejecta which, however, does not yield infor-

mation of the ejecta velocity. CTX mosaic, courtesy 

Google Mars.  

2095.pdfLunar and Planetary Science XLVIII (2017)

mailto:fabio.deblasio@unimib.it


 

 
Figure 2. The Kotka crater as seen combining dif-

ferent frames in a CTX mosaic. The crater diameter 

is 39.3 km. One of the very numerous ejecta lobes is 

indicated.  

 

 
Figure 3. Example of the result of ejecta impact 

against mounds from Kotka impact crater. The 

presence of a high number of ground irregularities 

allows us  to estimate the velocity of the ejecta. CTX 

composite image. 

 

 

Results:  Velocity found for the ejecta with our 

methods range between 30-80 m/s, with a tendency to 

decrease outward from the edge of the crater. Simula-

tions with both simple slab models and Navier-Stokes 

depth integrated equations and continuity have been 

carried out to reproduce these velocities as a function 

of the distance from the rim. Interestingly, it is found 

that a simple frictional rheology with constant (i.e., 

independent of time and position) friction coefficient is 

not sufficient to reproduce the measured velocities as a 

function of the distance. We found indications for 

strong increase of friction with distance, which could 

be explained by processes of settling of granular mate-

rial within the hot ejecta during the flow.  

Altogether, preliminary results indicating mixed 

granular-water rheology may be explained based on the 

fundamentar role of superficial ice in the upper por-

tions of the Martial soil [2]. 
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Figure 4. Lobes surrounding the Kotka crater 

appear as the remnents of fluidized sheets of rock. 

Especially, but not exclusively toward the end of 

each lobe, there appear pitted areas, here highlight-

ed in blue. CTX composite image.  
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