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Introduction: Building on previous work that has 

examined the visible morphology [1] and thermophysi-
cal properties [2] of Martian craters near the average 
simple-to-complex transition diameter, we explore the 
changes in ejecta facies with increasing degradation of 
crater deposits. These initial studies presented results 
from craters between 1 and 10 km in diameter that were 
identified as “well-preserved” in crater databases [3,4] 
based on criteria such as depth/diameter, morphology, 
and presence of easily-eroded ejecta deposits such as 
rays and pitted melt deposits. The goal of this continued 
work is to identify changes in thermophysical and how 
these changes correlate with morphologic characteris-
tics in an attempt to associate these relationships with 
specific erosional and depositional processes. 

Method: Mapping of ejecta facies was completed 
using quantitative thermal inertia (TI) mosaics derived 
from THEMIS nighttime infrared data as described by 
[5]. Maps were compiled in ArcGIS v10 using these TI 
mosaics, ortho-rectified THEMIS daytime IR [6], and 
HRSC-MOLA elevation images [7]. Statistics of quan-
titative thermal inertia values within mapped units were 
obtained from mapped units via image analysis tools in 
ArcGIS or ENVI/IDL. Thermophysical map units were 
identified using unit definitions that are consistent 
across all mapped craters, in order to enable better com-
parison of final results (Table 1). 

Preliminary Results: Changes in thermophysical 
units appear as modifications to the overall range of 
thermal inertia values in each unit as well as the spatial 
extent of units, particularly for discontinuous ejecta. In-
itial examination of visible morphologies (using the 
CTX beta mosaic [8]) suggest that there are correlation 
between visible morphology and changes in TI that can 
be attributed to modification. 

Thermally continuous ejecta: This unit is defined by 
its proximity to the crater walls and its (typically)  ther-
mally-distinct outer margin. This distinct outer margin 
is coincident with the rampart edge of layered ejecta fa-
cies in visible images. Just beyond the margin of this 
unit is often a thermally darker facies that appears to co-
incide with a continuous ejecta facies that extends be-
yond the layered ejecta [1,9]. Thermally continuous 
ejecta units typically extend to a few crater radii from 
the crater rims. 

Continuous ejecta units were mapped at all craters 
examined, regardless of preservation, suggesting that 
these materials are relatively resistant to modification. 
Thermal inertia values for these units are typically mod-
erate (200-500 in m.k.s. units), indicating a relatively 
cohesive deposit. Continuous ejecta at less well-pre-
served craters may have overall lower TI, suggesting 
deposition of finer materials overtop, or may have ex-
perienced removal of fine grained material, causing the 
overall range of TI values to extend, predominantly to 
higher values (see Figure 1). 

Thermally discontinuous ejecta: This unit is defined 
by an overall radial appearance and its location outside 
the continuous ejecta facies. This facies can extend past 
10 crater radii from the rim, even when crater rays are 
not identified: the extent of discontinuous ejecta be-
comes smaller with increased modification/decreasing 
preservation. At most mapped craters, discontinuous 
ejecta exhibits two distinct characters: inner discontinu-
ous ejecta units are typically thermally bright (higher 
relative TI) while the outer discontinuous ejecta are 
thermally dark (lower relative TI). At a few craters, no-
tably those with intervening topographic obstacles, the 
discontinuous ejecta consists of one unit with “interfin-
gered” (or mixed) thermophysical variations (thermally 
bright and dark material). 

Discontinuous ejecta units were mapped at all cra-
ters examined, although this unit was difficult to iden-

Table 1. Thermophysical unit definitions.“High” and 
“low” TI are relative to nearby units and the target. 
Unit  Criteria for Mapping 

Crater Floor All "low" TI material interior to crater 
walls. May include small areas of 
higher TI slump materials. 

Crater Walls All "high" TI areas corresponding to 
‘circular' crater wall/rim materials. 
May include small areas with low TI. 

Thermally 
Continuous 
Ejecta 

Adjacent to crater walls, typically has 
a distinct thermophysical margin that 
is also identifiable in daytime IR. 

Thermally 
Discontinuous 
Ejecta 

Apparent extent of thermophysically 
distinct radial ejecta and airblast 
scouring. May be subdivided (in-
ner/outer) if two distinct thermal sig-
natures are present, or not (mixed). 
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tify at the most modified crater mapped to date (Kon-
tum). As with continuous ejecta, there is a change in the 
range of mapped TI values (see Figure 1). For discon-
tinuous deposits that are mixed (consisting of both 
higher and lower TI radial materials) or for the relatively 
higher TI “inner” units, the overall range of values ei-
ther becomes lower with modification (addition of finer 
grained material) or expands to higher TI values as more 
cohesive material is exposed. The most distal discontin-
uous ejecta facies (relatively lower TI “outer” units) ex-
perience an increase in overall TI range due to exposure 
of more coherent material by erosion. As these units are 
likely finer-grained to begin, this is likely due to prefer-
ential removal of fine material - this process likely also 
contributes to reducing the extent of these deposits. 

Conclusions: Preliminary comparisons of thermo-
physical character of Martian craters with different 
amounts of modification suggest that there are quantifi-
able thermophysical changes in ejecta facies with mod-

ification. Ongoing work will compare these thermo-
physical variations to visible morphologies with the 
goal of identifying potential modification processes and 
eventually developing a relative chronology for ejecta 
deposits as they are affected by ongoing modification 
processes. 
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Figure 1: Variation in the ranges of thermal inertia values (m.k.s. units) for mapped ejecta facies, averaged across 
mapped craters and grouped by inferred amount of preservation. Colored bars indicate the full range of TI values, 
while circles indicate the mean and have 1-standard deviation error bars. Continuous ejecta units (leftmost box) tend 
to either have lower/narrower or wider/higher ranges with modification. “Mixed” discontinuous ejecta units (second 
from left) tend to become darker with modification (“modified - higher TI” units are statistically similar to “pre-
served” deposits). When bright inner/darker outer discontinuous ejecta facies are present, modification tends to ex-
pand the overall TI range to higher values (rightmost boxes).  
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