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Introduction:  Modern Mars is a wind world. Its 

surface hosts a variety of aeolian features, such as line-

ar, barchan and star dunes, ripples, granule ripples, 

yardangs and ventifacts [1]. Even though active sand 

transport was observed at the surface [2], it is not clear 

whether all of the preserved aeolian bedforms are ac-

tive. In particular, transverse aeolian ridges have been 

suggested to be remnant dunes that formed under past 

climatic conditions [3].  

Sand transport is largely controlled by the size and 

the density of the grains as well as wind speed and di-

rection [4]. Bedforms form from instabilities at multi-

ple length scales. Dunes and ripples are formed of 

unimodally distributed sand-sized particles, while 

granule ripples typically have bimodal grain size distri-

butions [5]. A quantitative inversion of the mineralogy 

and granulometry of aeolian bedforms would provide 

great insights on their modern  dynamics, but also po-

tentially on Martian paleoclimates and distances of 

transport from the sediment source areas. 

 

Tale 1: Quantitative inversion of sand mineralogy 

and grain sizes.  

Methods. We invert for mineral abundances and 

grain sizes of aeolian dunes in Endeavour and Gale 

craters from Compact Reconnaisance Imaging Spec-

trometer for Mars (CRISM) visible near-infrared spec-

tra (VISIR). The goal of this study is to compare inver-

sions made from orbit to ground truth provided by in-

struments aboard Opportunity at Endeavour Crater, 

Terra Meridiani and Curiosity in Gale crater. 

Examination of CRISM spectra corrected using the 

standard volcano scan method [10] showed undesired 

atmospheric absorptions and albedo variations due to 

uncorrected-for aerosols. Consequently, single scatter-

ing albedo spectra were retrieved by simultaneously 

modeling atmospheric gases, aerosols, and surface 

scattering, using the Hapke bidirectional scattering 

function, employing the DISORT atmospheric radia-

tive transfer approach [9, 11]. Input spectra were typi-

cally averages of 10s of pixels and, prior to modeling, 

input spectra were smoothed to remove spurious single 

channel excursions from the continuum. 

We use Hapke’s bidirectional reflectance spectros-

copy theory [6] to invert for optical constants of miner-

als from laboratory spectra [e.g., 7, 8]. These are used 

to compute single scattering albedos of mineral 

endmember components of varying grain sizes. We 

chose the mineral endmembers from a careful qualita-

tive inspection of the spectra to identify obvious ab-

sorption features. These, combined with common min-

erals found in basalt, were used to construct a parsimo-

nous minimum set for each site. We also included an 

amorphous phase (basaltic glass, relatively flat and 

dark spectrum) in some of the endmember suites. Min-

eralogy and granulometry of bedforms were deter-

mined from a downhill simplex algorithm to invert for 

their abundances and grain sizes, optimizing for the 

lowest RMS error between measured and modeled sin-

gle scattering albedo . 

Results: Endeavour. We invert the CRISM spec-

trum (from CRISM frame FRT00019E9C) using six 

and seven endmembers (without and with an amor-

phous phase). Excluding hematite leads to large 

amounts of magnetite to compensate for the low albe-

do.  The best fit abundances as calculated without the 

amorphous phase, rescaled to Fe-bearing mineral 

abundances only, compare well with those measured in 

Berry soils by the Mossbauer spectrometer [12] on 

Opportunity (Table 1). Berry soils are surface lag de-

posits, and were observed at the crest of ripples on sols 

367-373. The inverted grain sizes (D50 ≈ 1400 and 870 

μm) compare very well to estimates made using the 

Microscopic Imager (D50 ≈ 1100 μm) [5]. 

 
Figure 2: CRISM and best fit radiance factor (I/F) spectra at 

the CRISM observation geometry from barchan dunes in 

Endeavour crater and dark dunes in Gale crater. 
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Results: Gale. We invert spectra (from CRISM 

frame FRT0000B6F1) for mineral abundances and 

grain sizes using five and six endmembers, with and 

without amorphous phases. The fit is slightly better 

when an amorphous phase is included in the modeling, 

and the best fit abundance for the amorphous phase is 

24 wt% (Table 2). At Gale in a sand ripple, the pres-

ence of a large portion of X-ray amorphous material 

was detected by Curiosity (27±14 wt% according to 

[13] and up to 45 wt% according to [14]). The best fit 

abundances as calculated with the amorphous phase, 

rescaled to modeled crystalline phases only, are com-

pared with those measured by APXS and CheMin [14] 

on Curiosity at Rocknest. Figure 2 shows a comparison 

between the CRISM spectra and the best fit models at 

Meridiani and Gale.  
 Ol Px Mt Hem 

Meridiani, 

no amorphous 

9.1 12.6 1.4 7.7 

Meridani, 

amorphous 

1.1 61.2 12.0 25.7 

Berry [12] 15.6 17.8 3.3 63.3 

Table 1: Inverted Fe-bearing mineral abundances (wt%) 

at Meridiani compared to abundances measured by Moss-

bauer spectrometry on Opportunity. 

 

 Ol Aug Pig Lab Mt Am. 

Gale, 

No amorphous 

4.3 0.1 43.8 48.9 2.9 N/A 

Gale, 

Amorphous 

3.2 15.3 24.6 32.9 0 24 

Rocknest [13] 16.4 10.7 10.1 29.8 1.5 27±14 

Table 2: Inverted mineral abundances (wt%) at Gale 

compared to to abundances measured by Curiosity. 

 

Implications and Future Work. Mineral abundances 

can be inverted within reasonable errors if the effects 

of the atmosphere are properly accounted for. DISORT 

corrected spectra yield mineral abundances and grain 

sizes that are in good agreement with those observed 

by Opportunity at Meridiani.  

Nevertheless, olivine abundances seem to be con-

sistently underestimated. Moreover, the suite of 

endmembers used in the modeling, and in particular the 

use of an amorphous phase, may significantly alter the 

modeled mineralogy. Discriminating between two 

endmember suites is not trivial as the solution to the 

inverse problem is highly non-unique. In order to better 

assess the errors and probability of grain sizes and 

abundances, we are currently developing and testing a 

Bayesian inversion method based on the Markov Chain 

Monte Carlo algorithm CATMIP [15]. 

 

Tale 2: Dustiness and activity of sands at Gale.  

Methods and Results. We show a correlation be-

tween the morphology of aeolian bedforms and their 

CRISM VISIR continuum slope. In particular, sand 

sheets and bright ripples have more negative slopes 

than barchans and linear dunes (this result holds 

whether the CRISM image is atmospherically corrected 

using the volcano scan method or DISORT). A more 

negative slope is expected when a thin veneer of fine 

bright particles, such as dust, overlays a darker particu-

late material [16]. 

This observation suggests that linear dunes and 

barchans are less dusty than sand sheets, interdunes and 

bright ripples, which further suggests the former to be 

dust-cleaned by higher transport fluxes. 

We map the VISIR continuum slope and compare it 

to sand fluxes derived from COSI-Corr (unpublished, 

see for example [17]).  

Implications and Future Work. We will investigate 

the probable correlation between more positive VISIR 

continuum slopes and higher sand fluxes. Because sand 

flux depends on local slopes and VISIR continuum 

slopes depend on phase angle, we need to confirm that 

the observed correlation cannot simply be the signature 

of the local topography but indicates dustiness. This 

will be done via detailed CRISM-HiRISE joint analysis 

as well as ground truth with Curiosity. The VISIR con-

tinuum slope could potentially be used as a proxy for 

aeolian activity, and dustiness maps could be quickly 

derived from CRISM images. 

 

 
Figure 3: HiRISE mosaic of the Bagnold dune field, and its 

corresponding dustiness/activity map based on CRISM con-

tinuum slopes. 
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