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Introduction:  Mars is an arid planet with few ac-

tive geomorphic changes. The principle geomorpho-

logic process in an arid environment is shear wind ve-

locities [1]. These aeolian processes erode bedrock 

creating unconsolidated sediment that is readily trans-

ported. Bedrock on Mars is composed primarily of two 

types of solidified magmas; one is basalt which is low-

er in silica content than the other, silica rich, andesitic-

basalt [2]. When these lavas solidify, unique minerals 

nucleate into crystals.  The minerals that form are de-

termined by the lava cooling rate and composition of 

the magma. Comparative mineral compositions of 

dunes and their surroundings may suggest whether the 

source of the dune sediment is local or global. Here we 

explore the spatial variability of mineral compositions 

of Martian dunes and discuss the implications for sed-

iment sources.  

Technique:  Six dune fields were chosen from the 

Mars Global Digital Dune Database [3] in the latitude 

band 65°N to 65°S (Table 1). These dunes were ana-

lyzed using emissivity spectra from the Thermal Emis-

sion Spectrometer (TES) [4]. It was necessary to find 

dunes with high temperatures so that the thermal spec-

tra collected by TES would have a high signal-to-noise 

ratio [5]. The averaged spectrum of each dune field 

was deconvolved into its mineral end-members using 

SMA in the programming environment DaVinci 

(http://davinci.asu.edu). 
 

Table 1: Spectral library compiled of the mineral end mem-

bers used during this study.  These include igneous basalt 

type minerals:  plagioclase, olivine, pyroxene, and  quartz. 

Acidalia Type Surface Microcline 

Albite Oligoclase 

Andesine Olivine Fo10 

Anorthite Olivine Fo35 

Anorthoclase Olivine Fo68 

Augite Quartz 

Diopside Syrtis Type Surface 

Enstatite  

 

Mineral comparisons on and off the dune field were 

used to identify mineral abundances on the dune and 

were compared to mineral abundances  surrounding the 

dune field. A variety of minerals were selected from 

the ASU spectral library (SPECLIB) based on ex-

pected mineral compositions previously researched by 

others (e.g.,  [6,7] Table 1). In this study, we focused 

on olivine Fo35 and anorthoclase. 

Analysis: The six dune fields chosen for this study 

show the greatest variance in olivine Fo35 which is 

iron rich, and anorthoclase which is an aluminum rich 

feldspar. All of the dune fields except field #4 are lo-

cated within impact craters (Fig. 1, Table 2). Mineral 

abundances of the dune fields were compared to the 

mineral abundances of regions within 10 km north and 

south of each field. Based on the changes in abundance 

from the dune site to the surrounding areas, sediment 

sources were defined as local or non-local, where local 

means the dune field’s mineral composition is similar 

to its’ immediate surroundings. 
 

 
 

Figure 1: Graphical presentation of olivine Fo35 and 

anorthoclase abundances compared on and off of each dune 

field. 

 

The mineral abundances in dune field #1 are con-

sistent with the  mineral abundances of the surrounding 

regions suggesting that the sediment source is local.   

Dune field #2 contained small amounts of olivine 

similar to its surroundings. Anorthoclase abundances 

were significantly lower on the dune field when com-

pared to surroundings. The lower dune field  abun-

dance may suggest a non-localized source for 

anorthoclase. However; a small crater located adjacent 
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to the dune field may be an additional source for sedi-

ment of different mineral compositions which was 

measured by TES in this study. 

Dune fields #3 and #6 were the most similar in 

mineral abundance to each other and their surround-

ings. The abundance of olivine on the dune is less than 

the surroundings. Anorthoclase abundances remain 

somewhat constant.  The olivine variance of the dune 

region is indicative of a non-localized source. 

The composition of dune field #4 is similar to its 

surroundings, suggesting that it was derived from  a 

local  source. 

The abundances of both minerals in dune field #5 

varied by small amounts, suggestive of a local sedi-

ment source.   

Conclusion: Using anorthoclase and olivine Fo35 

to compare compositions of dunes and their surround-

ings, sediment sources were found to be local or non-

local. Three dune fields are composed of local sedi-

ment. This was concluded by the abundances being 

evenly dispersed over the dune regions.  Two dune 

fields have variations in mineral abundances over the 

dune regions which indicate non-local transport.  One 

dune field has a unique abundance of anorthoclase, but 

the sediment source is undetermined. Future research 

into sediment transport could potentially be used to 

map global wind pathways over the surface of Mars. 
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Table 2:  Comparative mineral analysis for each dune, indicating local or non-local sediment source which is based 

off the abundance found of each mineral on and off the dune.  The mineral abundances in this table are recorded as 

precentages. 

 

 Dune 

ID 

Lat/ 

Long 

Olivine Fo35 

On 

Off 

North 

Off 

South 

Anorthoclase 

On 

Off 

North 

Off 

South 

Local/Non-

Local 

1 1279-

148 

125.7/ 

-13.8 

8.82 

 

11.25 6.01 11.81 35.51 10.62 Local 

2 2461-

581 

246.1/ 

-58.9 

2.97 2.99 3.72 18.26 59.09 26.49 Undetermined 

3 2086-

603 

208.5/ 

-60.3 

8.22 16.34 15.74 22.82 25.22 29.77 Non-local 

4 3124-

080 

311.6/ 

-7.8 

36.09 38.85 36.21 12.26 13.11 11.91 Local 

5 0194-

468 

19.5/ 

-46.8 

17.08 21.87 18.1 21.45 22.02 24.83 Local 

6 1640-

615 

164.4/ 

-61.4 

6.16 13.93 15.04 23.95 29.89 32.00 Non-local 
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