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Introduction:  Dune field mineralogy is controlled 

by a variety of factors: the mineralogy of the parent 
material, grain-size selection during comminution of 
grains as they are weathered out of the parent rock, 
grain size selection by the wind, differences in re-
sistance to mechanical and chemical weathering in 
transport, and grain coatings that develop or are weath-
ered off either during transport or after dune field stabi-
lization.  

Terrestrial studies have demonstrated the benefit of 
using thermal (TIR) and near infrared (NIR) spectra to 
better understand aeolian sand systems [1-5]. Several 
studies of Martian sand have used linear deconvolution 
methods to model the abundance of minerals from 
thermal infrared spectra [6-9]. For all such studies, the 
resulting mineral composition is strongly influenced by 
the spectral libraries incorporated into the analysis [8-
14]. Therefore, it is critical to determine the most ap-
propriate spectral library (or libraries) for the types of 
surfaces one is analyzing. 

Methodology: A pilot study was conducted on 
twenty-one dune fields  that spanned both latitude and 
stabilization index range. The locations, thermal iner-
tia, and stabilization indices (SI) of these dune fields 
are shown in Fig. 1. The Kaiser-crater dune field has 
two sets of observations (different orbits) for evalua-
tion of repeatability. Dune field #1640-615 was suffi-
ciently elongated in the north-south direction that the 
dune field was split in two – allowing for evaluation of 
possible mineral-abundance gradients.   

Java Mission-planning and Analysis Remote Sens-
ing (JMARS) software [15] was used to identify and 
download TES observations that occurred on the se-
lected dune field sites. JMARS was also used to extract 
thermal-inertia values for the dune field sites using 
nighttime observations to reduce errors caused by slope 
and albedo effects. Stabilization indices weredeter-
mined from images using the criteria in [16]. 

TES spectra were ingested into the Davinci soft-
ware package [17] to calculate mineral abundances. 
The data were initially corrected for the atmosphere 
using linear deconvolution Spectral Mixture Analysis 
(SMA) software with a surface and atmospheric library 
[18]. Then the mineral abundances were estimated 
from atmospherically-corrected emissivity spectra us-
ing the same SMA software. SMA was performed us-
ing three different spectral libraries that were built us-
ing ASU’s SpecLib web tool [19]. The first library [20, 
21] contained spectral endmembers that are mineral 

composites, including TES Surface Type I (ST-1, bas-
alt) and TES Surface Type II (ST-2, andesite/glass). 
Fourteen minerals, including various types of olivine, 
pyroxene, and plagioclase complete the library. The 
primary use of this library was to analyze how much 
the dune sediment composition varies from the general 
Mars surface (Type I in the southern highlands and 
Type II in the northern plains).  

The second library was derived from [9]. The third 
library was derived from [8]. In libraries 2 and 3 we 
were able to replicate ~85% of the mineral spectra. 
When replication was not possible, we substituted a 
similar mineral, e.g., microcline (K-feldspar) for ortho-
clase (K-feldspar) or Olivine Fo54 for Olivine Fo52.5.  

Results: The mineral abundances were analyzed 
using two approaches: principal component analysis  
(PCA) and linear regression (LR). The first approach, 
using PCA and only mineral abundances, provides a 
method to analyze which mineral abundances (and 
mineral groups) are correlated (or anti-correlated) and 
which minerals (and mineral groups) vary independent-
ly. A scatter plot of the PCA z-scores allows easy iden-
tification of potential endmembers and the effects of 
removing or adding additional minerals. The second 
approach, LR, allows for a direct comparison of miner-
al abundances with thermal inertia and the stabilization 
indices.  

The PCA scatterplot from the analysis using library 
#1 (Fig. 2:1-A) clearly shows that the dune field sites 
used in this study represent a linear combination of ST-
1 (Syrtis) and ST-2 (Acidalia), with some variations in 
olivine, pyroxene, and feldspars (both plagioclase and 
K-feldspars). However, there is no correlation between 
“mineral” abundances calculated using this library and 
either thermal inertia (Fig. 2:1-B) or the stabilization 
index (Fig. 2:1-C).  

The analysis using library #2 separates dune fields 
high in pyroxene, glass, and phyllosilicates from those 
high in plagioclases and olivine (Fig 2:2-A). The pres-
ence of carbonates is most likely an artifact of SMA 
trying to fit a slight spectral slope. This library shows a 
loose correlation between mineral abundances and 
thermal inertia (Fig.2:2-B), and appears useful in com-
paring stabilization to mineral abundance (but then 
only to separate the least stabilized dune fields (SI=1) 
from the more stabilized dune fields (SI=2-6) (Fig. 2:2-
C)). The analysis using library #3 results in a separa-
tion of the dune fields high in sulfates from the other 
dune fields. Results from this library also shows a  
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loose correlation between mineral abundances and 
thermal inertia (Fig.2:3-B) and possibly a correlation 
between mineral abundances and stabilization (Fig. 
2:3-C).  
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Figure 1: Dune field site locations for the pilot study. The color fill of the outer annulus of each symbol indicates thermal-
inertia values. The color fill of the inner circle of each symbol indicates the stabilization index  (SI). The lack of an inner 
circle indicates an SI of 1. 

Figure 2: PCA and LR Results from 
Spectral Libraries 1-3, which are aligned 
by row. Column (A) PCA scatter plot of 
the first two dimensions. The symbols are 
color coded for latitude. Reds are north-
polar erg, greens are equatorial and 
blue/purples are southern highland. The 
arrows indicate which direction the loca-
tion of the dune field would shift in the 
PCA plot if the abundance of that miner-
al group were increased. Column (B) 
mineral-derived thermal inertia parame-
ter vs. observed thermal inertia. Column 
(C) LR results from comparison of min-
eral abundances to the SI.  
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