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Introduction:  Martian craters with fluidized ejec-

ta – including single-layered (SLE), double-layered 

(DLE) and multiple-layered (MLE) craters – have been 

studied extensively, with their formation often sug-

gested to be linked to varying concentrations of sub-

surface volatiles [1,2].  If these craters form from ex-

cavation into subsurface volatiles they would provide 

important probes of subsurface water on Mars, and 

potentially habitable envrionments, thoughout time.  It 

is also plausible, however, that some subset of these 

layered ejecta morphologies are formed without sub-

stantial volatile content, and instead are strongly influ-

enced by the atmosphere and/or surface/subsurface 

grain size and cohesion [3,4].  Limited work has been 

done on investigating the grain size trends of the ejecta 

of Martian layered ejecta (LE) craters.  Previous stud-

ies have noted that: (i) generally lobate ejecta blankets 

display finer material than non-lobate ejecta blankets 

around craters of the same diameter [5]; and (ii) distal 

edges of layered ejecta blankets appear warmer and 

coarser than the remaining ejecta layer [6].  We are 

undertaking a comparison of the ejecta grain size 

trends of LE craters in two regions of Mars, to try to 

understand more about the role of volatiles in their 

formation.  

 

Table 1: Possible grain size trends with ejecta em-

placement. 

 
 

Background: Table 1 summarises some grain size 

predictions based on studies of terrestrial craters and 

impact modelling.  If the ejecta is predominately ballis-

tically emplaced, then a general decrease in the size of 

ejecta fragments is expected away from the rim (e.g. 

[8]).  For example, decreasing size of ejecta fragments 

with increasing radius is observed at the Ries crater, 

Germany [7].  If the ejecta experiences emplacement 

as a fluid-assisted granular flow, a differing resultant 

grain-size gradient might occur. The mechnism of ki-

netic sieving, observed in terrestrial pyroclastic flows 

[9], has been suggested for LE craters [10].  In this 

case, coarse particles would accumulate at the surface 

and at the flow front, with finer paticles falling out of 

the flow [6] (this process can occur from atmospheric 

effects and does neccessitate volatiles [3,11]).  Hence a 

size-segregation is observed, with a mix of particles 

sizes at all radii but a gradient of increasing large par-

ticle fraction with radius. 

 

Figure 1: A multi-layered ejecta crater in Chryse 

Planitia, in the THEMIS daytime-IR mosaic.  The two 

continuous layers of ejecta have been mapped in 

JMARS using a combination of imagery and topo-

graphic data. 

 

The presence of volatiles in the subsurface may af-

fect the maximum particle size, and the grain-size 

trends, observed in both the aforementioned mecha-

nisms of ejecta emplacement.  An increased water con-

tent in the rocks may increase the effectiveness of frac-

turing and hence the overall fine content of the ejecta 

[12].  This increased fine component may then enhance 

fluidization and suface flow, affecting the mobility of 

the ejecta [13, 14], as well as reducing the effective-

ness of kinetic sieving [6]. 
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Figure 2: The THEMIS nighttime-IR values across 

each layer of the continuous ejecta.  The layers of ejec-

ta were mapped in Figure 1.  Three colour bins are 

shown here, with ‘red’ indicating the warmest and 

likely coarsest materials, and ‘blue’ indicating the 

coolest and likely finest materials.  Colour bin thresh-

olds are different for the top and bottom figure.  Base-

map is the THEMIS daytime-IR mosaic. 

 

Science questions: By looking at a statistically 

significant sample of Martian layered ejecta craters 

from two regions with different expected volatile histo-

ries, but similar elevation, we aim to test some of the 

aforementioned predictions of grain size trends on lay-

ered ejecta.  In particular: 

- Does the maximum size of ejecta fragments scale 

with crater diameter? 

- How does the size of ejecta fragments vary with 

distance from the crater rim? 

- Do we observe any trends with crater morphology 

(ie. SLE, DLE, MLE), lobateness, and the inner 

and outer layers of ejecta, which may tell us about 

the role of volatiles in ejecta fluidization? 

Methods:  The two regions being studied are 

Chryse Planitia and Elysium Planitia.  Both have a 

varied population of layered ejecta craters.  Initially, 

the continuous ejecta layers of the craters are mapped 

utilizing THEMIS-IR, THEMIS-VIS and CTX data, as 

shown in Figure 1.  We then analyse the trends in rela-

tive grain size within each ejecta layer from THEMIS 

day- and night-IR imagery.  THEMIS nighttime ther-

mal inertia data will be derived to anlayse the grain 

sizes.  The effects of regional slopes are also consid-

ered, and the lobateness and runout distance of the 

crater ejecta layers are determined.  The same tech-

niques will be applied to a number of fresh lunar cra-

ters, and the results compared. 

Initial Results and Discussion:  Figure 2 shows 

the relative grain size trends from THEMIS nighttime 

thermal IR data for a crater in Chryse Planitia.  The 

inner layer shows a general trend of coarse to fine with 

increasing distance from the rim in several regions of 

the ejecta, but not in the north-east.   The outer layer 

also shows this radial trend on the western side of the 

ejecta, but no trend is observed on the east due to poor 

data quality in this region.  Coarser material along the 

distal edge of the ejecta blanket is observed in some 

locations.  An initial comparison between the layers in 

day- and night-IR data suggestes that the inner layer 

may be cooler during the day and hotter at night, and 

therefore may be coarser on average than the outer 

layer (consistent with expectations).  The difference 

between predominantly ballistic emplacement versus 

surface flow is predicted from Table 1 to be expressed 

in the organization of the ejecta fragments.  More work 

is needed to understand these initial results.  Prelimi-

nary results for a number of craters and their implica-

tions for ejecta emplacement and subsurface volatiles 

will be presented. 
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