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Introduction:  Dune fields are abundant on the 

Martian surface, and their mineralogical composition 
can reveal much about their origin and history, as well 
as planetary processes. Here, we use Mars Global Sur-
veyor Thermal Emission Spectrometer (TES) [1] data 
to examine multiple Orbital Counter Keeper (OCK) 
observations over two dune fields. Only one is shown 
in this abstract as an example. In this study, we com-
pared mineral-abundance estimates derived from at-
mospherically-corrected TES emissivity spectra [2] 
and evaluated the repeatability of those results from 
multiple and overlapping tracks over the same area. 
Determining the repeatability of mineral-abundance 
estimates will enable us to evaluate the reliability of 
the analysis technique when studying dune fields 
where few tracks are available, and to test the robust-
ness of the atmospheric correction. 

 
Dataset:  We selected a dune field with overlap-

ping TES observations for analysis using the Java Mis-
sion-planning and Analysis for Remote Sensing 
(JMARS) software [3] and the added Mars Global Dig-
ital Dune Database [4] plug-in. JMARS also allowed 
us to download TES observations where the spectra 
had already been converted to emissivity. The TES 
emissivity spectra were then atmospherically corrected 
by spectrally separating the atmospheric and surface 
components [5] using the Spectral Mixing Analysis 
(SMA) function within the Davinci programming envi-
ronment [6]. We used the SMA function a second time 
on the surface spectra to estimate mineral abundance 
from each orbital track. Our mineral library consists of 
44 lab-documented minerals that have been observed 
on Mars (Table 1) [7].  

 
Table 1: List of the mineral groups and respective end-

members for this study [7]. 

 

Data Analysis:  A preliminary study was conduct-
ed using dune field #2938-497 (Figure 1). 

 

 
Figure 1: Dune field 2938-497 on JMARS interface. Colored 
boxes correspond to orbital tracks used in this study and 
match the colors used in Fig. 2.  

 
Individual orbital tracks are segmented with Incre-

mental Counter Keepers (ICK), and have at most 6 
detectors apiece. Each ICK (and detector), within its 
respective orbital track, was carefully chosen to in-
clude only those detectors where the Fields-Of-View 
(FOV) were within the dune field parameter (Table 2). 

 
Table 2: List of each orbital track researched with respective 
ICK and specific sensors used for this study and location 
relative to the dune field. 

 
 
We analyzed orbital tracks in the western and east-

ern regions of the dune field and compared their indi-
vidual mineral abundance percentages (Figure 2) to 
test repeatability for all orbital track data. With the 
atmospheric correction applied, the mineral abundanc-
es in overlapping orbital tracks should not vary greatly.  
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Figure 2: Mineral-abundance comparisons of the orbital track 
data on the dune site, categorized by different minerals de-
tected. Each orbital track's mineral abundance has RMS error 
bars derived from Davinci. Colors of each orbital track corre-
spond to Figure 1. 
 

Error Analysis: Output from the SMA function 
shows the RMS percentage value for each mineral 
abundance detected and for each orbital track (Table 
3). We evaluated the consistency of the overlapping 
orbital track mineral abundances derived from the TES 
data analysis. 

 
Table 3: Orbital tracks and respective total track RMS per-
centage values calculated using Davinci. Note that the RMS 
values are only for the detectors contained within the dune 
site. 

 
 
Repeatability analysis was applied to the eastern 

and western orbital tracks separately. The analysis was 
done by using the ANalysis Of VAriance (ANOVA) 
technique. The purpose of this technique is to find var-
iation between overlapping and adjacent orbital track 
mineral data.  

This technique calculates the P-value and the r-
value using the individual mineral abundance percent-
ages from each orbital track. The high P-value indi-
cates the level of consistency between overlapping and 
adjacent orbital track mineral percentages. It was noted 
that a P-value of 5% or less is statistically significant, 
suggesting variation [8] between the orbital tracks. The 
lower r-value is defined as the smaller margin of error, 
indicating repeatability (Table 4, 5).  
 
Table 4: Eastern and western orbital track mineral data with 
respective P-value and r-value for error analysis. The eastern 
orbital tracks have a high P-value and low r-value, which is 
ideal for repeatability. In contrast, the western orbital tracks 
have a lower P-value and higher r-value.  

 
 
In the first error analysis, we examined all of the 

orbital tracks and mineral groups. The result of the r-
value for the western orbital tracks was significantly 
higher in error margin than the eastern tracks. This also 
showed lower consistency in the western orbital tracks. 

In the next analysis, we evaluated each orbital track 
and mineral groups that may have caused the larger 
error in the western tracks. We found that excluding 
the feldspar mineral group from both the eastern and 
western orbital tracks lowered the statistical difference 
between the two regions of the dune site (Table 5). 
This may suggest that the feldspar mineral group is not 
homogenous across the dune site or concentrated on 
the crest or trough of the dune structure.   
 
Table 5: Eastern and western orbital track mineral data with 
respective P-value and r-value for error analysis. The r-
values for the western and eastern orbital tracks have a re-
peatability margin of error with a difference of 2.05% points. 
The P-values for the western and eastern orbital tracks are 
consistent with a 2.2% point difference.  

 
 

This abstract shows preliminary results for a single 
dune field. More dune sites will be evaluated by using 
the same techniques described in this abstract, and to 
better understand of the reliability of the data and sta-
tistical robustness. We will also expand the investiga-
tion to examine mineral groups that may cause statisti-
cal errors. 

 
Acknowledgements:  We would like to thank R. 

Hayward who provided insightful review of this ab-
stract and expertise in using Davinci. 

 
References: [1] Christensen, P.R. et al. (2000) 

JGR, 105, pgs. 9735-9739. [2] Fenton, L.K. et al. 
(2003) JGR, 108, pg. 5129. [3] Christensen, P.R. et al. 
(2009) AGU Fall Meeting, (IN22A-06), doi: 
2009AGUFMIN22A.06C. [4] Hayward, R.K. et al. 
(2007) JGR, 112, doi: 10.1029/2007JE002943. [5] 
Bandfield, J.L., Smith, M.D. (2003) Icarus, 161, pgs. 
47-65. [6] Davinci, Arizona State University, < 
http://davinci.asu.edu>. [7] Rogers, A.D., Ferguson, 
R.L. (2011) JGR, 116, doi: 10.1029/2010JE003772. 
[8] Bevington, P.R., Robinson, D.K. (2003) Data Re-
duction and Error Analysis for the Physical Sciences, 
McGraw-Hill Publishing Co., Print. 

1012.pdfEighth International Conference on Mars (2014)


