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Introduction: Advanced Spaceborne Thermal 

Emission and Reflection (ASTER) radiometer onboard 

coverage in the 8  14 µm thermal infrared (TIR) at-
mospheric window and is the highest resolution sensor 
providing TIR emissivity data at 90-m spatial resolu-
tion and five multispectral bands [1]. ASTER imagery 
enables mapping of spatial variations in the distribu-
tion of mineral abundances across terrestrial dune 
fields [2]. For example, primary rock forming silicate 

attributed primarily to Si-O symmetric stretching in the 
crystal lattices of those minerals [3 and references 
therein]. Simulated ASTER emissivity spectra were 
derived from higher resolution laboratory measur-
ments [2]. In order to dermine mineral abundances, 
linear deconvolution [4] was then applied to simulated 
ASTER spectral measurements of eight samples that 
we collected from seven different dune fields through-
out the Western United States and Alaska [2,5,6]: (1) 
Algodones, CA; (2) Big Dune, NV; (3) Bruneau, ID; 
(4) Great Kobuk Sand Dunes (GKSD), AK; (5) Great 
Sand Dunes National Park and Preserve (GSDNPP), 
CO; (6) Sunset Crater, AZ; and (7) White Sands Na-
tional Monument, NM. We evaluate the utility of each 
of these seven dune fields as potential Martian aeolian 
analog sites by comparing their compositional similari-
ties and differences between morphologically similar 
dune landforms found on Mars. 

More detailed descriptions and compositions of 
dune sands from each of the eight field sample training 
sites representative of the seven dune fields are availa-
ble [2,5,6]. Results showed that linear deconvolution 
applied to ASTER convolved spectra yield comparable 
mineral abundances for dune sands of predominantly 
quartzo-feldspathic composition, to those obtained 
using quantitative XRD methods. However, linear de-
convolution of mineral components using TIR emissiv-
ity spectra convolved to ASTER becomes less reliable 
for dune sands comprised predominantly of volcanic 
glass and mafic minerals [2,5,6]. 

Mars Dune Analog Evaluation: Both quartz and 
calcite are rare on Mars [7], but each of the seven ter-
restrial dune fields studied herein has compositional 
and textural characteristics that can aid interpretation 
of Martian orbital TIR imagery without the help of 
landed rover instruments. As such, we evaluate and 
rank each site accordingly as follows. Aeolian-
reworked basaltic samples from Sunset Crater are 
compositionally similar to dark dunes on Mars, making 

these the best Mars-analog dune field in our study. 
These deposits are comprised mostly of vitric and low 
vesicularity basalt, although characterized by low 
abundances of detectable medium- to coarse-grained 
olivine and clinopyroxene based on our sample linear 
deconvolution results, visible through shortwave infra-
red reflectance spectral feature fitting, XRD and opti-
cal microscope analysis. The second-best analog dune 
field is White Sands because it is compositionally 
dominated by gypsum. Gypsum-bearing layered de-
posits and related dune fields are abundant in the north 
polar erg of Mars, often mixed with primary basaltic 
glass, aggregated air-fall dust material, high-calcium 
pyroxene and CO2 and H2O ice [8-9]. The third-best 
analog dune field is the GKSD because of its potential 
use for TIR linear deconvolution of ice and mineral 
mixtures that seasonally dominate mid-to-high-latitude 
dune fields on Mars. 

The remaining four dune fields each contain con-
siderable amounts of quartz and are ranked further 
based on their decreasing proportions of quartz and 
increasing proportions of plagioclase feldspar and vit-
ric contributions from volcaniclastic sources. GSDNPP
are ranked fourth because they are dominated by pla-
gioclase feldspar, contain less quartz than most of the 
other dune fields, and likely contain detectable mix-
tures of gypsum and magnetite. We rank Bruneau 
Dunes as our fifth-best terrestrial dune field due to 
similarities with reversing dunes found on Mars [10] 
and basalt lithic mixtures with other minerals. Howev-
er, Bruneau sand contains a significant amount of 
quartz and K-feldspar, which are not widespread on 
Mars. Likewise, we rank Big Dune sixth because of the 
associated spectral dominance of K-feldspar over pla-
gioclase, despite linear deconvolution and XRD evi-
dence of abundant volcanic glass. Finally, we rank the 
Algodones Dunes last because this system is predomi-
nantly quartzo-feldspathic, with perhaps more K-
feldspar than plagioclase due to contributions from 
granitic rocks in the mountain ranges of the Salton Sea 
basin. 

Conclusion: The 2018 launch of ECOSTRESS and 
the development of the spaceborne HyspIRI sensor 
(now SBG) signify milestones toward the goal of 
achieving complete hyperspectral coverage of Earth 
with TIR emissivity data that are comparable to or of 
better resolution than TIR sensors formerly and cur-
rently in operation around Mars. These data, together 
with an archive of existing ASTER imagery, provide 
an opportunity to map the abundance and distribution 
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of minerals in aeolian deposits that will provide insight 
into provenance, transport and sorting processes that 
occur in active dunes. These mineral mapping capabili-
ties will enable change detection in terrestrial aeolian 
sediments, and will advance our understanding of how 
minerals are sorted and distributed in response to 
changing wind conditions on both Earth and Mars. 
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Table 1.  Dune Field Locations and Level-2 AST05 TIR Emissivity Products Used for the ASTER-Based Mapping. 

Dune Field and 
Sample Number 

ASTER Scene-ID Granule and  
Scene Acquisition Date 

Sample Location Graphic Mean 
Grain Size (phi)Latitude (N) Longitude (W) 

Algodones Dunes, CA 
DS-1 

AST_05_00305262014183429 
26 May 2014   

2.03 
Fine 

Big Dune, NV 
DS-2 

AST_05_00309032007183915 
3 September 2007   

2.02 
Fine 

Bruneau Dunes, ID 
DS-3 

AST_05_00309252010184919 
25 September 2010   

1.60 
Medium

Great Kobuk Sand Dunes, AK; 
DS-4 

AST_05_00309192010223716 
19 September 2010   

2.69 
Fine 

Great Sand Dunes, CO 
DS-5 

AST_05_00307022011180118 
2 July 2011   

1.99 
Medium

Sunset Crater (near Black 
Bottom Crater), AZ; DS-6  AST_05_00306232012182041 

23 June 2012 

  
0.33 

Coarse
Sunset Crater (near Maroon 

Crater), AZ; DS-7    
1.28 

Medium
White Sands dune field, NM; 

DS-8 
AST_05_00306202012175029 

20 June 2012   
1.63 

Medium
 

Table 2.  Linear Deconvolution Model Mineral Fractional Abundance Percentages (totals do not include residual errors).

Simulated ASTER Quartz 
Plagioclase 
(Na/Ca ave. composition) 

K-Feldspar 
(Orthoclase) 

Anhydrite/Gypsum 
 

Sample DS-1 73.9 Not Detected (N.D.) 21.7 N.D.  
 

Simulated ASTER Quartz  Plagioclase  
(Ca-trending ave.) 

K-Feldspar (Micro-
cline-trending) 

Volcanic Glass (An-
desitic) 

 

Sample DS-2 17.8 4.9 72.9 N.D.  
 

Simulated ASTER Quartz Basalt (mafic lithics) K-Feldspar 
(Orthoclase-trending) 

Anhydrite/Gypsum  

Sample DS-3 41.0 9.8 45.8 N.D.  
 

Simulated ASTER Quartz Plagioclase  
(Na-trending ave.) 

Corrensite (mixed 
clay) 

Anhydrite/Gypsum  

Sample DS-4 89.6 4.4 N.D. N.D.  
 

Simulated ASTER Quartz K-Feldspar (microcline) Plagioclase (Na-
trending ave. comp.) 

Magnetite Gypsum

Sample DS-5 11.9 12.7 64.6 N.D. 7.7 
 

Simulated ASTER Volcanic Glass (Ba-
saltic) 

Plagioclase (Ande-
sine+Labradorite) 

Clinopyroxene 
(Augite) 

Olivine  

Sample DS-6 48.1 47.6 1.8 N.D.  
 

Simulated ASTER Volcanic Glass (Ba-
saltic) 

Plagioclase (Ande-
sine+Labradorite) 

Clinopyroxene 
(Augite) 

Olivine (Fo60-Fo65 
average) 

 

Sample DS-7 67.2 27.4 N.D. 2.4  
 

Simulated ASTER Quartz Gypsum Calcite/Dolomite Anhydrite  
Sample DS-8 13.6 84.0 N.D. N.D.  
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