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INTRODUCTION: 
 

Analysis of thermal inertia and other 
thermophysical properties can informs the 
geologic, erosional and depositional history of an 
area. 

Research presented here focuses on application 
of thermal inertia analysis to constrain the 
formation and geologic history of layered ejecta 
craters and southern hemisphere dunes on Mars.  
 
We investigated and classified 171 dune fields and 
45 layered ejecta craters to identify the presence 
of subsurface volatiles through the analysis of 
derived thermal inertia values and comparisons to 
two-layer thermal models. 

THERMAL INERTIA: 
 

•  Thermophysical properties of a material measures its resistance to 
temperature change which is used to infer grain size, induration, rock 
abundance and percentage of exposed bedrock[6] 

•  Thermal inertia units (tiu): Jm-2K-1s-1/2[7] 
•  On Mars, thermal inertia is most influenced by a material’s thermal 

conductivity[8] and secondarily by heat capacity and density[6] 
•  Apparent thermal inertia (ATI) is derived from brightness 

temperatures values obtained at discrete times of day by the Mars 
Global Surveyor Thermal Emission Spectrometer (TES) and the Mars 
Odyssey Thermal Imaging System (THEMIS) 

•  ATI typically exhibits diurnal and seasonal variations attributed to 
heterogeneity within the field of view of the observations[6,9] 

TES ANALYSIS: 
 

•  TES (3km/pixel scale) used to identify large scale 
heterogeneities 

•  TES used to examine diurnal and seasonal variations 
and comparing them to values calculated for two-
component heterogeneity models[7,9]  

•  Derivation of ATI employs a lookup table of model 
temperatures for a broad range of season, time of day, 
latitude, albedo, surface pressure, dust opacity and 
thermal inertia[7,9] 

•  Models created for a variety of materials with either 
horizontal or vertical layering, representing the top few 
cm of the surface 

•  Materials include dust (56 tiu), sand (223 tiu), duricrust 
(889 tiu) and rock/ice (2506 tiu)[9] 

SOUTHERN HEMISPHERE DUNES 
 

•  Trend from active to stabilized dunes poleward from the 
60°S[4] 

•  Stabilization coincides with an increase in the presence 
of H2O-equivalent hydrogen as detected by the Mars 
Odyssey Neutron Spectrometer[5] 

 
 

 

 

LAYERED EJECTA CRATER: 
 

•  Two primary hypotheses to explain formation of layered 
ejecta craters: Fluidized model[1] vs. Atmospheric 
model[2] 

•  Fluidized models indicates presence of subsurface 
volatiles at or near the location of impact[1] 

 

DISCUSSION: 
 

•  Using TES in conjunction with THEMIS provides a 
clearer picture of the thermophysical properties and 
behaviors of near-surface materials. 

•  TES heterogeneity models are useful for identifying 
large-scale variations and classifying vertical and 
horizontal mixtures. 

•  3+ layer models are in development which may provide 
more insight into subsurface layering and identification 
of subsurface ice. 

•  THEMIS is important for identifying small-scale 
heterogeneities and trends and is advantageous for 
investigating sparse features that reveal underlying 
surface material.  
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THEMIS ANALYSIS: 
 

•  THEMIS (100m/pixel scale) used to identify small scale variations 
within a dune field or crater ejecta blanket 

•  Analysis limited to nighttime observations because the majority of 
daytime observations are too close to dusk to provide accurate 
results[10] 

Figure 1: Examples of each type of layered ejecta crater – Single 
Layer Ejecta (SLE), Double Layer Ejecta (DLE) and Multi Layer 
Ejecta (MLE)[3]  

Figure 2: Examples of the six classifications of dunes[4] 

THEMIS ANALYSIS: Dunes 
Three categories of dune fields based on the observed patterns of 
thermal inertia[11] Figures 6-8 are THEMIS ATI overlaying HiRISE images 
   Type 1: Exposed substrate in the interdunes, lower ATI 

 compared to the surrounding material (Figure 6) 
    Type 2: Higher ATI crests than in the troughs (Figure 7) 
    Type 3: Homogenous ATI with no interdunes (Figure 8) 
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Figure 6 
HiRISE: PSP_002101_1315 
THEMIS: I26442010 

Figure 7 
HiRISE: ESP_013017_1325 
THEMIS: I33864004 

Figure 8 
HiRISE: ESP_014111_1130 
THEMIS: I18191014 

 

Table 1: Summary of results for TES heterogeneity models for dunes. Of the 171 dunes 
investigated 67 have close matches to TES models. The remaining dunes do not have 
matching to the two-layer models or were excluded due to the low amount of high sand 
covered areas. Potential presence of subsurface ice was identified in 6 dune fields. 

	 ‘crust	over	
dust’ 

‘dust	over	
crust’ 

‘dust	over	
rock/ice’ 

‘dust	over	
sand’ 

‘dust-crust	
mix’ 

‘dust-rock/
ice	mix’ 

‘dust-sand	
mix’ 

Sharp 12 	 
Sharp	

Intermediate 
7	 1 	 1 1 

Apron 1	 	 	 	 	 
Degraded	

Intermediate 
3	 6	 	 	 5 1 

Degraded 	2 4 1 3 2 2 1 
Sand 	 4 1 3 2 2 1 
Total 25 15 2 6 10 6 2 

	 ‘crust	over	
dust’ 

‘crust	over	
sand’ 

‘dust	over	
crust’ 

‘dust	over	
rock/ice’ 

‘sand	over	
rock/ice’ 

‘dust-crust	
mix’ 

‘dust-rock/ice	
mix’ 

SLE 3 1 2 2 1	 

DLE 1 1 1 2 3 

MLE 3 1 2 1 1 

Total 7 1 3 6 3 2 3 

Table 2: Summary of results for TES heterogeneity models for crates. Of the 45 craters 
investigated 25 have close matches to TES models. The remaining craters do not have 
matching to the two-layer models. Potential presence of subsurface ice was identified in 12 
crater ejecta blankets.  

Figure 9 Figure 10 

Seasonal apparent thermal inertia for a dune field in Figure 9 and a crater in Figure 10. TES 
measurements (symbols and solid lines) are compared with modeled values (dashed lines) for 
2AM (blue) and 2PM (red) TES observation times. Colored labels on the left axis indicate model 
upper-layer thickness in centimeters.  
Figure 9: data correlate best with a model of 1.8 cm crust over dust (dot-dashed lines). 
Figure 10:data correlated best with a model of 0.2 cm dust over rock (dot-dashed lines).   
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THEMIS ANALYSIS: Craters 
Five different characteristics are identified in THEMIS data and each 
layered ejecta crater can display more than more characteristic. Figures 
3-5 are THEMIS ATI overlaying a THEMIS Daytime mosaic.  
    a: Rays of high thermal inertia (Figure 3) 
    b: Thermal inertia of the ejecta blanket lower than the surrounding 

 terrain (Figure 4) 
    c: Thermal inertia of the ejecta blanket higher than the 

 surrounding terrain 
    d: Edge of an ejecta blanket exhibiting a distinct thermal inertia value 

 compared to the surrounding materials (Figure 5) 
    e: Lack of a distinct pattern observed in the thermal inertia, 

 equivalent to background 
 
 
 
 
 
 
 
 
 

Acknowledgements: Research funded through NASA's Planetary 
Geology and Geophysics Program and Mars Data Analysis Program. 
Additionally, JMARS (Christensen, P.R et al. (2009) AGU Fall Mtg., 
Abst. #IN22A-06) was utilized for mapping and investigating datasets. 

687 tiu 
 
 
 

145 tiu 

Figure 4 
THEMIS: I17933018 
                I17646022  

315 tiu 
 
 
 

60 tiu 

Figure 5 
THEMIS: I400250033 
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