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Introduction: The goal of this ongoing work is to 
characterize ejecta deposits as a baseline to better un-
derstand impact processes, particularly those that in-
volve interactions with subsurface volatiles and/or the 
atmosphere. Previous work [1,2] focused on detailed 
examination of craters near the transition diameter 
(~4–8 km) thought to represent the best-preserved/least 
modified deposits, due to the presence of features such 
as pitted material, sharp morphologies, and large 
depth/diameter ratios. Results from ongoing mapping 
of high-resolution visible imagery, including descrip-
tion of a newly-characterized continuous ejecta facies 
(deposited beyond the “rampart” typically considered 
as the boundary of continuous deposits) is presented at 
this conference by [3]. 

Method: Thermophysical maps are based on quanti-
tative thermal inertia (TI) derived from THEMIS im-
ages and merged into image mosaics, as described in 
previous abstracts related to this work [1]. Thermal 
inertia images are generated in ENVI using lookup 
tables from the model of [4] via custom IDL routines 
available at [5]. Values of dust opacity are varied to 
best match observed thermal inertia values in overlap-
ping images. The resulting mosaic needs minimal color 
balancing/edge feathering, although inconsistencies in 
TI value do exist across image edges, likely due to 
differing image quality and/or edge artifacts not re-
moved during processing. The overall range of TI val-
ues in adjacent images are relatively consistent, how-
ever, allowing for collection of reasonably reliable 
statistics across image mosaics. 

Mapping and further analyses are completed in Ar-
cGIS v10. Map units are defined based solely on the 
thermal inertia (TI) mosaics where possible, but in-
formed by THEMIS day infrared images where con-
tacts are unclear or where gaps in mosaics occur. To 
make sure unit boundaries are consistent in these cases, 
the TI mosaics are aligned to orthorectified THEMIS 
day images if available, or to the MOLA gridded 
dataset if not. Map units are defined using polygon 
features, allowing for statistical analysis of the points 
contained within units. Overlapping features are modi-
fied using ArcGIS functions (e.g. cut, crop) so each 
map pixel is part of one, and only one, map unit. Final-
ized map units can be used to analyze statistics within 
the unit and to create “extracted” units that contain 
only the pixels within each unit. The latter allows each 

unit to have a unique image stretch, so to better en-
hance variations. It was noted previously [1] that crater 
floor units often appear to the eye to be darker (lower 
TI value) even though actual pixel values are similar to 
those found in ejecta units; this effect is possibly due 
to the proximity of bright (higher TI) wall units. Using 
separate stretches for each unit reduces this effect. 

Results: Initial statistical results focus on character-
ization of the best-preserved crater deposits as a base-
line for identifying the effects of modification. These 
will be expanded to include craters in various stages of 
degradation and to account for variations in ejecta 
units that are not present in all mapped craters. Ther-
mal inertia ranges and means for each unit are shown 
in Figure 1. 

Crater floors. These units are characterized as lower 
thermal inertia areas enclosed by higher inertia walls. 
TI values for these units represent a range of particle 
sizes and/or porosities, consistent with floor units con-
taining porous fill or talus deposits and slumps from 
steep walls as well as subsurface features that may 
represent an incipient central peak uplift (these craters 
are near the simple/complex transition diameter). 

Crater walls. As expected, wall units exhibit both 
the widest range and highest overall TI values. The 
high values are likely associated with blocky deposits 
and potential exposed bedrock while lower values are 
consistent with finer (gravel/sand/dust) deposits lying 
on top of wall blocks, such as mass wasting/talus de-
posits commonly observed in visible images. 

Thermally continuous ejecta: The definition of this 
unit used in mapping includes all ejecta that is adjacent 
to crater walls extending to a thermophysically distinct 
margin, likely associated with the “rampart” edge of 
layered ejecta facies. All mapped craters have a ther-
mally-distinct continuous ejecta margin, although this 
margin may have been identified using daytime IR 
images when local topography interferes. Aside from 
the margin, the thermally continuous ejecta has no ad-
ditional characteristic thermophysical variations: these 
do not exhibit radial patterns, nor do deposits appear 
strongly graded with higher TI values closer to the 
crater walls. In the initial results, this unit contains a 
relatively wide range of thermal inertia values at each 
crater, although the mean for each skews to lower val-
ues. One crater (Bam) appears to have two distinct 
thermophysical margins within the continuous ejecta 
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dividing it into concentric units, but only the outer 
most margin is distinct in visible images. 

Thermally discontinuous ejecta: Thermophysical 
contrasts in radial discontinuous ejecta are not consis-
tent: some craters have “inter-fingered” values of high 
and low TI while others have higher TI inner deposits 
with distinctly lower TI distal deposits. Discontinuous/
distal ejecta facies can extend up to 20 crater radii 
from the rim, although most is located within 5-10 
crater radii. In some cases, radial deposits with have 
high TI values consistent with large blocks of ejecta 
and/or secondary craters not visible at THEMIS resolu-
tion. Discontinuous ejecta units are not always con-
tiguous, and are clearly disrupted by the presence of 
nearby topographic features. Furthered detailed map-
ping and statistical analyses will be required to better 
identify where material has been deposited and where 
it was removed during impact. 

The unique ejecta deposits presented by [3] do not 
have distinctive thermophysical signatures: without the 
high-resolution visible images, it would be difficult/

impossible to identify this unit in TI mosaics. Further 
mapping and comparison will be used to determine if 
this is simply an effect of differing image resolution or 
if the thermophysical properties of this ejecta facies are 
truly indistinguishable from what is mapped here as 
discontinuous ejecta. 

Conclusions: Thermophysical mapping of the least-
modified Martian craters has identified distinct thermal 
inertia patterns likely related to impact and ejecta em-
placement processes. These initial results will serve as 
a baseline for further detailed analyses, comparison 
with morphologies observed in high-resolution visible 
images, and identification of changes due to modifica-
tion of ejecta deposits by the Martian environment. 
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Figure 1: Bar graphs displaying ranges of thermal inertia values for mapped thermophysical units in initial crater 
maps (names along x axis, in no particular order). Values given in MKS units (J m-2 K-1 s-0.5), with circles marking 
the mean for each unit. The top two graphs represent the crater floors (left) and walls (right), the bottom are data 
from ejecta facies: thermally continuous (left) and thermally discontinuous (right).
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