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Introduction: Sediment/regolith history, mobility, 

and its mantling of underlying bedrock are important 
processes to understand for Mars science. The move-
ment of sand and dust over time significantly modifies 
and covers many bedrock surfaces on Mars [1]. These 
deposits may be derived locally and retain the chemi-
cal/spectral signatures of the underlying rocks [2-3]. 
However, in many cases this material is globally ho-
mogenized and obscures the surface below, thereby 
hindering accurate identification and analysis of Mar-
tian bedrock from orbit [4-5].  

Surface mantling on Earth can arise from a variety 
of processes such as explosive volcanic eruptions and 
provides analog locations for testing both geologic 
hypotheses and image processing techniques. An ex-
ample of this type of terrain is the Mono Craters, an 
arcuate chain of silicic lava domes and coulees in Cali-
fornia that formed over the past several thousand years. 
Newer domes in the chain commonly cover older 
domes with substantial pyroclastic airfall deposits. The 
region contains an assortment of heavily mantled sur-
faces and unmantled silicic volcanic flows, commonly 
within meters of each other. Previous studies suggest 
that the underlying bedrock composition of similarly 
mantled flows SW of Arsia Mons in the Tharsis region 
of Mars could be decoupled from that of the mantling 
deposits using thermal infrared (TIR) data [6-7]. 
Ground-truth of calibration targets allowed testing of 
the data retrieval methods, and their applicability to the 
Arsia Mons flows. Here we present the preliminary 
field and laboratory results from the mantled Mono 
Craters using a combination of TIR and visible-near 
infrared (VNIR) image processing, laboratory spec-
troscopy, and field geomorphic analysis.  

 
Methods: Apparent thermal inertia (ATI) images 

for different seasons were created using ASTER data 
of the Mono Craters using: ATI = (1 - a) / ΔT, where a 
is broadband VSWIR albedo and ΔT is the temperature 
difference between a day and night pair of coregistered 
TIR images (Figure 1) [6]. During the semiarid condi-
tions of the summer season, the ATI data provide a 
good proxy for detection of mantling on the domes. 
The lack of soil moisture and vegetation results in ATI 
values that are directly related to particle size and 
hence the mantling deposits. The ATI image results 
were used to choose a variety of mantled and unman-
tled field sites for later field analysis. This fieldwork 
was conducted over a one week period in July 2012. At 
the designated sites, samples of the mantling deposit 

and underlying lava were obtained, the mantling thick-
ness (if any) was measured, reference photos were 
acquired (Figure 2), IR image data collected, and a 
comprehensive description made. At two specific sites, 
the IR camera was set up to acquire an image every 10 
seconds for a 24-hour period. At one site, a detailed 
ground survey was conducted over an ASTER 90 me-
ter TIR pixel. 

  

 
Fig 1: ATI data of the Mono Craters chain. Low ATI 
values correspond to more heavily mantled areas. 
White arrow shows the location of ground photo (Fig-
ure 2). Mantled (red arrow) and unmantled (green 
arrow) pixels – spectra shown in Figure 3.  
 

Samples collected in the field were first analyzed 
using a petrographic microscope to document the per-
centages of pumice, obsidian, and other rock frag-
ments. TIR emissivity spectra were also acquired of 
each sample at the IVIS Laboratory, University of 
Pittsburgh. These spectra were compared to the 
ASTER derived emissivity spectra to identify discrep-
ancies and patterns. 
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Fig 2: Field site on North Coulee, Mono Craters, 

California. This site is approximately a 50-50 mix of 
pyroclastic airfall and rocky dome surface. 

 

Fig 3: Five-point ASTER emissivity spectra from a 
mantled pixel (red) and an unmantled pixel (green), 
along with a laboratory spectrum of a mantling deposit 
sample (blue). 
 

Results: Laboratory spectra show a similar shape 
to the ASTER spectra for both mantled and unmantled 
surfaces; both are dominated by the silicate glass ab-
sorption feature at ~ 9.1 microns (Figure 3). However, 
the amplitude of this feature varies between the field 
and laboratory spectra. Other differences can be seen  
at ~ 8.5 microns, which are attributed to incomplete 
correction of atmospheric water vapor in the ASTER 
TIR data. The effects of mantling can be seen in the 
higher average emissivity of that spectrum compared 
to the unmantled spectrum. In addition to the spectral 
discrimination, ATI values of the two types of pixels 
also show statistically significant differences. Unman-
tled ASTER pixels widely had an order of magnitude 
higher ATI value than that of mantled pixels, which 
correlated well with our original image analysis (Fig-
ure 1). Similar results were found throughout the 
domes and the results indicative of the larger trend. 

 
Discussion: The three spectra shown in Figure 2 

have different degrees of spectral contrast at 9.1 mi-
crons. Comparing just the ASTER spectra, the mantled 

surface has the lowest contrast and highest overall 
emissivity compared to the unmantled surface. This 
can be attributed directly to the smaller particle size of 
the mantling deposit relative to that of the blocky flow 
surface. Because the data come from the same image 
and were processed using the same approach, the ob-
served spectral effects are not processing or atmos-
phere related. The laboratory spectrum of the same 
mantling material has the largest contrast. This effect is 
commonly seen in image versus laboratory emissivity 
data and can be attributed to the differences in the 
spectral spot size (2 cm in the lab versus 90 m from 
orbit), atmospheric correction, and the higher spectral 
resolution of the laboratory data.  

Despite these complicating factors, the effects of 
mantling of blocky lava surfaces can easily be detected 
at the 90 m pixel scale in ASTER TIR data. Signifi-
cantly, the mantling affects both the emissivity (TIR 
only) and the ATI data (TIR + VNIR). The effect on 
emissivity is only 2-3%, but the ATI data changes by 
an order of magnitude. This highlights the potential of 
the thermophysical data to discriminate these surfaces, 
especially at subtle contact relationships. 

Ultimately, the goal of this project is to use these 
types of ground-based studies to derive a modeling 
approach that correlates both emissivity and thermal 
inertia to the degree of mantling on a surface, as well 
as to decouple the spectral effects of the overlying de-
posit from the underlying lava flow to accurately map 
the lava composition based on its spectra. More specif-
ically, we plan to use THEMIS IR and VIS data of lava 
flows in the Tharsis region of Mars to determine the 
percentage of mantling in each IR pixel on a lava flow 
surface and then trace compositional differences within 
and between flows over a entire flow field. This ap-
proach has great potential for mapping flow and flow 
field evolution on Mars by integrating flow morpholo-
gy, age, and composition. 
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