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Introduction:  The ejecta deposits surrounding many 
impact craters on Mars have been enigmatic since the 
first Viking Orbiter images illustrated their non-lunar 
character [1].  Unlike on the Moon and Mercury, 
Martian impact craters typically possess lobate 
deposits that appear to have been fluidized at the time 
of emplacement [2 – 5].  Typically this has been 
attributed to the presence of volatiles (water or ice) 
within the target material at the time of crater 
formation, although alternative models that include 
atmospheric effects have also been proposed [6, 7].   

The Mars Crater Consortium produced a 
consistent set of nomenclature for most of the fresh 
impact craters that can be identified on Mars using 
Viking Orbiter images [8], which we adopt for this 
study.  The three major crater types defined by the 
Consortium are single layer ejecta (SLE), double layer 
ejecta (DLE), and multi-layer ejecta (MLE).  Here we 
use THEMIS VIS data collected and released up until 
October, 2004, to identify some of the unique 
attributes of DLE craters that serve to place constraints 
on future numerical models of ejecta emplacement.   

 

 
Fig. 1:  Global distribution of DLE craters identified 
by us with THEMIS VIS images obtained up until 
October 2004.  Note the strong concentration of these 
craters in the mid-latitude regions in both hemispheres. 

 
 
To date, we have identified 89 DLE craters using 

THEMIS VIS images  (Fig. 1).  This population is 
different, and smaller, than the population of DLE 
previously identified [9, 10], since these earlier study 
were based on the analysis of Viking images that 
provide greater spatial coverage.  THEMIS VIS data 
typically provide higher spatial resolution and better 
lighting geometry than the Viking images, but have 
only specifically targeted craters in the northern plains 
(leaving many craters in the southern highlands 

unimaged).  Craters studied are found in THEMIS 
images between 28.8ºS to 51.5ºS, and 23.3ºN to 
57.3ºN, and one crater at 7.4ºS.  Elevation of the target 
ranges from –6,000 m to +3,800 m relative to the 
MOLA datum, and the crater diameters range from 7.5 
to 29.0 km.  In our initial study, for simplicity we 
present observations that do not specifically consider 
the effects of target material, latitude and elevation, 
even though these parameters may have influenced the 
final size and morphology of the ejecta blankets.  
 
Far-Range Materials: Viking-based interpretations 
failed to identify any secondary craters or ejecta rays 
from the SLE or DLE craters that extended beyond the 
perimeter of the distal ejecta layers [9].  Such an 
interpretation is now seen to be in error by virtue of 
the lack of adequate high-resolution image data.  Fig. 1 
shows that fresh MLE craters have many secondary 
craters in the diameter range 200 – 800 m beyond the 
perimeter of the ejecta layers.  The same features have 
been found by us at SLE craters.  However, no DLE 
has so far been identified with secondary craters. 
 

 
 
Fig. 2:  The constrasts between the distal features of 
MLE (left) and DLE (right) craters are striking.  MLE 
craters have distal ramparts and secondary craters, 
DLE lack both ramparts and secondary craters.  
MOLA data (orbit 11007) indicate that this outer DLE 
layer is only 17 m thick.  THEMIS images V05710012 
(left) and V05451015 and V09670012 (right). 
   

Outer Ejecta Layer:  The outer ejecta layer of DLE 
craters was interpreted from Viking images to be 
morphologically similar to the single layer of SLE 
craters or the outer layer of MLE craters, where 
prominent distal ramparts are found [4].  This no 
longer appears to be the case, based on our analysis of 
the THEMIS images.  Unlike the SLE and MLE 
layers, there are not only no ramparts at the distal edge 
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of the DLE outer layer, but there is also a different 
surface morphology (Fig. 2).  A pronounced radial 
texture can be identified that has the appearance of 
many individual leveed-channels that radiate away 
from the parent crater.  MOC data show that the 
surface of the outer ejecta layer comprises a series of 
slightly meandering gullies that may be as much as 
150 meters across.  The rest of the surface of the outer 
layer has more hummocks than the single ejecta layer 
for SLE craters. 

Another odd feature observed in a few craters is 
that the radial striations are not exactly radial.  For a 
few kilometers, one or more of the striations takes a 
very different (by perhaps 30º from radial) path away 
from the parent crater.  It appears as if the entire ejecta 
layer was not emplaced as a single unit.  Rather, there 
are discrete layers of material on top of earlier layers, 
and that the sequence of flows established local 
topographic variations that were then followed, at 
some time after initial emplacement to be determined, 
by subsequent flows.  This, of course, implies that the 
ejecta were moving sufficiently slowly to be affected 
by topographic obstacles that may have been only a 
few meters in height. 

 

 
 
Fig. 3:  The distal portions of the ejecta blanket of a 
crater provisionally called “Bacolor” show several 
unique characteristics: A – Radial striations extending 
to the crater rim; B – Partial burial of pre-existing 
craters but failure to totally infill these depressions; C 
– Structural failure of the perimeter of the inner layer 
post-emplacement; and D – Striations extending from 
the inner layer onto the outer layer.  THEMIS images 
V09670012. 
 

Inner Ejecta Layer: Radial striations occur over 
almost all of the inner ejecta layer (Fig. 3).  These 
striations are not seen on the surface of either SLE or 

MLE crater ejecta deposits, and extend from the rim 
crest of a DLE crater over the entire inner layer and 
out onto the outer layer.  During emplacement, the 
material that comprises the inner layer failed to totally 
bury pre-existing obstacles such as small impact 
craters (“B” in Fig. 3).  From analysis of Viking 
images, Mouginis-Mark [4] proposed that the inner 
layer of DLE craters formed first, and that the outer 
layer subsequently swept across the inner layer, 
producing the striations on the inner layer as the 
material that subsequently formed the outer layer 
moved radially outward.  THEMIS images also show 
that the inner ejecta layer can become remobilized 
after it has initially come to rest (“C” in Fig. 3).  A 
distinct boundary area of disrupted material exists at 
the perimeter of the inner ejecta layer.  This second 
phase of mobility has a limited range, and appears to 
be a structural failure of an over-steepened slope rather 
than motion with high radial velocity.  Such slumps 
have been identified from Viking images for the crater 
Bamburg [11], but THEMIS data reveal that this 
slumping does not take place at SLE craters, or at 
MLE craters smaller than ~30 km in diameter. 

Conclusions:  DLE craters have a very different 
morphology from either SLE or MLE craters.  DLE 
craters lack secondary craters, distal rampart, and have 
ejecta layers with radial striations on their surface.  
Post-emplacement failure also took place for the inner 
ejecta layer.  The occurrence of DLE does not appear 
to be controlled by target material or elevation, but 
there may be some latitudinal influence.  Further 
analysis of THEMIS VIS images as new ones are 
collected is expected to reveal the global controls of 
these craters, which may provide unique information 
into the target materials at the time of crater formation. 
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