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     Introduction: Boyce and Mouginis-Mark [1] 
proposed that the emplacement of ejecta around 
DLE craters ended with a base surge that incised 
grooves on the inner ejecta layer and deposited 
the erosional products on (or as) the outer ejecta 
layer.  Later, [2-4] disputed the observations on 
which this proposal is based and offered 
alternative origins and emplacement mechanisms 
for these ejecta.  This abstract present one of the 
most compelling observations for resolving this 
controversy.  
 

 
Fig. 1. Oblique view of southern boundary between 
the inner (right) and outer (left) ejecta layers of 
Bacolor crater (32.5oN, 118.7oE, 21.7 km dia). DLE 
crater showing a thin sheet of grooved material 
(arrows) draped over the boundary and extending onto 
the outer ejecta.  This deposit is ~ 12 m thick near the 
boundary. DEM from HiRISE images 
PSP_006750_2130 and PSP_007462_2130. 
 
     Superposed Thin Deposits:  Recently, high 
quality topographic data derived from HiRISE 
and CTX images reveal that, in places, thin ejecta 
deposits drape over and are superposed on the 
boundary between the ejecta layers of large DLE 
type 1 craters (Fig. 1,and 2).  Remarkably, the 
curvilinear grooves that characterize the surface 
of the outer ejecta layer are found in these 
deposits that draped over this boundary.  These 
thin deposits and their grooves extend outward 
from on the rampart of the inner ejecta layer on to 
the surface of outer ejecta layer. On fresh DLE 
craters, these deposits also can be traced out past 
the outer rampart onto the surrounding terrain. 

This superposition relationship suggest that the 
grooves and material in which they formed 
developed after the emplacement of both ejecta 
layers, and the process that formed the grooves 
operated across the boundary between ejecta 
layers.  
 

 
Fig. 2:  Oblique view (looking north) of Jaisalmer 
crater (~14 km dia.) located at 33.5oN, 84o.2’E.  (a) 
Southern portion of the ejecta blanket showing straight 
grooves on the inner ejecta layer terminating at the 
jumbled zone between ejecta layers with curvilinear 
grooved material draped over that zone and on to the 
outer ejecta layer.  (b) The grooves can be traced 
around draped over the outer ejecta rampart onto the 
terrain beyond. Inset at top left in (a) shows location, 
and boxes indicate areas shown at higher resolution 
below.   Digital elevation model derived from CTX 
images F23_044886_2136 and J01_045229_2136.    

     Deposit Thickness:  This observation suggest 
that the outer ejecta layer of DLE craters is 
composed of two layers; the actual outer ejecta 
layer and the thin, grooved deposit superposed on 
it.  On Bacolor crater, because of HiRISE stereo 
images of it an estimate of the thickness of both 
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layers are possible.  The thin deposit is ~ 10-12 m 
thick where it comes off the inner rampart.  In 
addition, in places on the outer ejecta layer of 
Bacolor, gaps appear to have formed in the thin, 
grooved deposits (Fig. 3), exposing a lower 
surface ~ 10 m below where this radial grooved 
texture is absent.  We suggest that this lower 
surface is the actual surface of the outer layer 
ejecta deposit.  The total thickness of the outer 
ejecta layer in the area of Fig. 3 is ~ 25 m (based 
on MOLA shot data), suggesting that this lower 
surface is ~ 15 m above the surrounding region.  
This allows estimates of the volume of both 
layers, and suggests that ~ 40 % of the volume of 
the outer ejecta layer is the superposed thin 
grooved deposit, a volume similar to that 
calculated by [1] for the grooves on the inner 
ejecta layer.   
 

 
Fig. 3:  High-resolution oblique view of a portion of 
the southern outer ejecta layer of Bacolor crater 
showing an elongate lower area (~ 10 m lower than the 
surrounding thin flows) that exhibits no flow features 
like those found on the thin grooved material around 
it.   Insert shows location.  HiRISE image 
PSP_007462_2130. 
 
     Emplacement Timing: Evidence presented 
by [2-4] using the high-resolution image data 
suggests that the inner ejecta layer formed after 
the emplacement of the outer ejecta layer, even 
overriding it in places.  However, [5] also 
presented evidence (using Viking images) that 
emplacement of the outer ejecta layer formed 
after the inner ejecta layer citing evidence that 
some flow occurred over the boundary between 
layers.  We suggest the observations presented 
here may explain the apparent inconsistency 
between authors, i.e., the outer ejecta layer was 
emplaced before the outer layer, but a difficult to 

observe thin layer of ejecta was emplaced 
following both.  In addition, we suggest that the 
late-stage surge model of [1, 6-10] offers a viable 
model to explanation the origin of the thin 
deposits.  This surge model proposes that the idea 
that the grooves on the inner ejecta layer of DLE 
craters formed by erosion from a high-velocity 
surge after formation of both ejecta layers.  These 
grooves may have obscured pre-existing grooves 
like those on single and multilayer ejecta craters 
[see 11].  The erosion products were deposited on 
(or, as) the outer ejecta layer as the velocity of the 
surge decrease and its flow regime transitioned 
from erosion to deposition [12].  This model is 
consistent with the erosion model of [13] that 
requires the observed shape of the inner ejecta 
layer [1] in order to form vortices that erode the 
straight grooves in the inner ejecta layer.   
     Conclusions: We suggest that a thin layer of 
material is superposed on ejecta deposits of DLE 
(type 1) craters from the top of their rampart of 
the inner ejecta layers outward past the rampart 
of their outer ejecta layers onto the surrounding 
terrain.   The surface of this thin layer is heavily 
dissected by radial curvilinear grooves and 
ridges.  The morphology of this thin layer of 
material suggests that it flowed off the inner 
ejecta layer of DLE craters onto their outer ejecta 
layer after both were emplaced and their surfaces 
stabilized.  We propose that the most likely origin 
of this layer is from a surge like that proposed by 
[1, 6-10].  We also propose that this surges could 
have been produced by a fuel coolant explosion 
in the crater interior when water/ice rich country 
rock and icy surface materials slid into the crater 
at the end of crater formation and interacted with 
impact melt and hot breccia as suggested by [13].   
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