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Introduction:  Mars has complex global aeolian 

processes which involve the transport of weathered, 
unconsolidated materials at varied wind velocities. The 
weathered materials (i.e. sediment) form from a bed-
rock surface that is composed primarily of mafic igne-
ous rocks such as basaltic-andesite basalt [1]. 

In addition to differences in composition, the bed-
rock may differ in crystal size, depending on the cool-
ing rate of the magmas (or lavas). Faster cooling usual-
ly produces smaller crystals and higher glass content. 
If the primary igneous crystals become grains that are 
transported by the wind, differences in crystal size 
could affect the distance that grains could be transport-
ed and structure of the dune (i.e. due to different min-
eral grains). While noting that original grain size may 
be an important factor in whether sediment source has 
the potential to be local or non-local, here we focus on 
the mineral composition of ten selected dune fields to 
infer whether the sediment source is local to its imme-
diate surroundings.   

The study includes the environment of the dunes, 
sediment sources, mineralogical and weathering prop-
erties of the minerals observed, and the examination of 
the analysis technique for researching these dunes. 
 
Table 1: Dune ID numbers and locations used in the 
study. 
Dune ID Latitude Longitude 
1279-148 -14.837 127.939 
2461-581 -58.108 246.103 
2086-603 -60.383 208.606 
3124-080 -8.093 312.407 
0194-468 -46.855 19.458 
1640-615 -61.596 164.046 
3525+102 10.294 325.525 
0081+097 8.145 9.741 
0791+202 20.258 79.126 
0289+501 50.116 28.964 

 
Data: Each dune field was studied using the Ther-

mal Emission Spectrometer (TES) emissivity data. The 
spectra were then averaged and deconvolved to its 
mineral spectral end-members using the program envi-
ronment Davinci, using the technique outlined by 
Hamilton [2]. This process includes an atmosphere 
correction and renormalization to account for differ-

ences between the effective grain-sizes of the dune 
field and the spectral library samples. 

 
Methodology:  Ten dune fields were selected from 

the Mars Global Digital Dune Database [3] using the 
Java Mission-planning and Analysis for Remote Sens-
ing (JMARS) computer tool based on the availability 
of the spectrometer data acquired on and around the 
dune field. 

Table 2 is a list of the minerals used in the study of 
mineral composition and consistency on and off the 
dune parts of the research. The mineral spectroscopies 
were provided by the Arizona State University online 
spectral library. These chosen minerals were previous-
ly researched through microbe analysis and hand sam-
ples that were documented on a general expected basis 
of mineral composition and emissivity [4]. These min-
erals were selected to span a range of minerals that 
could be found both on and off Martian dune fields. 
The variety of minerals observed for each dune field is 
an indicator of the geologic history of the dune field. 
However, our study of the spectral library suggested 
that the results of the mineral abundance percentages 
are dependent on the minerals initially provided.  
 
Table 2: Spectral Library 1. List of minerals in the 
spectral library used in this study. 
Acidalia Type Augite Olivine Fo10 
Albite Diopside Olivine Fo35 
Andesine Enstatite Olivine Fo68 
Anorthite Microcline Quartz 
Anorthoclase Oligoclase Syrtis Type 
 

Analysis:  In this study on mineral consistency, or 
mineral percentage conformity of the dune site, we 
tested Dune Field ID: 1279-148 that consisted of over-
lapping multiple tracks over one region on the dune. 
We separated the TES tracks to collect and compare 
the individual mineral abundance percentages through 
different observation times. From the data collected, 
we were able to identify the minerals detected and 
compare the abundance percent.  

Next, using the dunes listed in Table 1, we record-
ed the type of dune, geologic context of the dune site, 
and the mineral compositions detected to evaluate the 
mineral consistency of multiple observations across 
the dune site. 
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We investigated the robustness of our mineral 
abundance estimates by testing the deconvolution re-
sults on a single dune site (Dune Field ID: 0194-468) 
using three different spectral libraries. Libraries were 
created from the online system provided by the Arizo-
na State University (Tables 2, 3, 4). 
 
Table 3: Spectral Library 2 
Anorthite Gypsum 
Anorthoclase Hematite TT (TES) 
Apatite Microcline 
Chloride Olivine Fo35 
Enstatite Quartz 
Table 4: Spectral Library 3 
Albite Diopside 
Anorthite Enstatite 
Anorthoclase Oligoclase 
Apatite Quartz 
Augite  
 

We chose to compare the estimated abundance of 
anorthoclase on and off the dune for the purpose of 
defining the variability of these minerals through the 
different spectral libraries.  

 
Table 5: Estimated anorthoclase mineral abundance 
percentages of dune field 0194-468 using 3 spectral 
libraries. 
Lib ON NORTH SOUTH EAST WEST 
1 25.9 

+/- 
18.5 

29.2 
+/- 
18.7 

28.9 
+/- 
18.2 

35.2 
+/- 
5.6 

28.2 
+/- 
17.8 

2 0 0 0 0 0 
3 19.4 

+/- 
14.4 

26.3 
+/- 
12.2 

17.7 
+/- 
16.8 

25.6 
+/- 
11.2 

22.0 
+/- 
12.0 

 
This analysis showed that the estimated mineral 

abundances on the indicated dune field are dependent 
on the minerals provided in the spectral library. From 
Table 5, Library 1 showed the largest estimated per-
centage of anorthoclase whereas Library 2 detected 
none. Choosing an appropriate spectral library and 
using it consistently is critical in investigating mineral 
abundances of dune fields and their environments. 

Sediment sources were considered to be local when 
the dune field composition was consistent with its sur-
roundings. When the dune field composition was not 
consistent, (i.e. varied in mineral percentages) with the 
surroundings, the source was considered to be non-
local.  

The dune fields examined were charted on a ter-
nary graph to display the mineral composition amounts 
on and off the dune in the categories of quartz, feld-
spars, and olivine/pyroxenes. According to Bowen’s 
reaction series, which defines the order of minerals in 
their mineral stability through weathering stages, oli-
vine/pyroxenes are less weathered in its mafic struc-
ture (iron and magnesium), than feldspars, which are 
considered intermediate (having both felsic and mafic 
properties). Quartz is the most resistant in the series 
and most felsic (silicate). Noting these types of miner-
als in a dune field would help distinguish the con-
sistency, structure, and weathering of the dune field 
(Figure 1).  
 
Figure 1: Percentage distribution of mineral classifica-
tions on and off the ten observed dune fields. The ar-
rows represent the line of mineral maturity to Bowen’s 
reaction series. Library 1 (Table 2) was used.  

 
 

Conclusion: We estimated mineral abundance on 
and off dune fields to determine whether the sediment 
was of local or non-local origin. Eight of the ten dune 
fields are consistent with local sediment sources of 
anorthoclase and quartz from the dune field’s immedi-
ate vicinity while the other two must have non-local 
sediment source dispersion. Local sediment sources 
support the general hypothesis that dune fields within 
craters derive their sediment from the walls or floor of 
the crater [5]. The spectral library chosen significantly 
affects the percentages of minerals reported.  
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