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Introduction: Martian dunes are observed 

throughout the planet and exhibit different sizes, 
shapes, and morphologies. Specifically, dune slipfaces 
commonly have features including: alcoves, channels, 
fans, and slope streaks, and other gully-like features. 
Bedrock gullies on Mars were first identified by [1] 
and thought to be relatively young features on the 
planet. The morphology of gullies suggests erosion by 
a liquid or fluidized flow [2], which laid the foundation 
for this study: determining the origin of Martian dune 
slipface features and if this origin is related to liquid or 
dry grain flows. If a liquid is involved (e.g. brines or 
sublimation of CO2 ice), this could give us more in-
sight as to the present-day Martian climate and associ-
ated processes. Studying slipface features gives us a 
window through which we can study these processes.  

Dune slipface features have been grouped into ten 
different classes based on different combinations of the 
features [3]. Slipface feature classes include: alcoves, 
channels, and fans (ACF); alcoves and channels (AC); 
alcoves and fans (AF); alcoves (A); channels (C); 
channels and fans (CF); slope streaks (SS); slope 
streaks with alcoves (SSA); north polar region (NPR); 
and no slipface features. From these classifications, we 
were then able to determine formation mechanisms for 
each class.  

Methods:  
Global Survey: First, a global survey of ~120 dune 

fields was completed using Java Mission-planning and 
Analysis for Remote Sensing (JMARS) [4] as a tool to 
observe High Resolution Imaging Science Experiment 
(HiRISE) [5] stamps and create shape layers (Fig. 1) 
[3]. JMARS includes data from the USGS Mars Dunes 
Database, which was used as a reference for our global 
survey.  

Mineralogy Survey: After completing the global 
survey, we then chose a subset of dunes to be analyzed 
for mineralogy from each of three latitudinal regions: 
northern (+30° to +90°), equatorial (+30° to -30°), and 
southern (-30° to -90°) (Fig. 1) [6]. The sets of data 
were analyzed by first deconvolving TES emissivity in 
DaVinci [7]. However, TES data is limited and not 
usable or found above 85° north and below 85° south. 
We conducted a surface/atmosphere separation using 
derived atmospheric endmembers [8]. With the atmos-
phere removed, surface spectra were then un-mixed [9, 
10] using a non-negative least squares fitting and a 

mineral spectral library containing eight main mineral 
groups: (aluminum-based AL; iron-magnesium oxides 
FMO; iron-magnesium-based phyllosilicates FMP; 
high and low calcium pyroxenes HPX, LPX; olivine 
OV; high-silica phase HS; sulfates SF). 

Figure 1: Global survey of slipface features is shown by red 
points. Mieralogy subset from the global survey is shown by 
yellow points.  

 
Although TES provides accurate mineral abun-

dances for large dune fields, the slipfaces observed in 
this study are of a much smaller scale. Therefore, we 
also used the Compact Reconnaissance Imaging Spec-
trometer for Mars (CRISM) [11] as a tool to analyze 
minerals on individual slipface features (Fig. 2). Addi-
tionally, CRISM extends to latitudes above 85°N 
which allowed us to study the mineralogy of the NPR 
class. 

 
Figure 2: AC example from the Russell Crater megadune 
(12.938°E, -54.308°N) showing abundance of FeOH/MgOH 
minerals. CRISM image FRT000039DF, processed by ASU.   

 
Results:  
Composition: We have found that all classes have a 

high percentage (>40%) composition of iron-
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magnesium oxides (magnetite, hematite), especially 
those associated with channels (ACF, AC, C) (Fig. 3). 
Aluminum-based minerals (anorthite, oligoclase, mus-
covite) are relatively common in ACF and SSA clas-
ses, with lower ratios (<20%) in C morphologies. Iron-
magnesium-based phyllosilicates, particularly 
kierserite, are found in the ACF class, and even lower 
(<30%) in AC (Fig. 3), SS, and SSA. Pyroxenes are 
distinguished by high-calcium (diopside) and low-
calcium (enstatite) minerals. High-calcium pyroxenes 
were found in ACF and AC (Fig. 3). Low-calcium 
pyroxenes, however, tended to only occur in SSA. It 
should be noted that overlapping spectral features 
could cause over and under estimations in pyroxenes 
[12]. Olivine sources (mainly Fo60) were found in 
relatively lower ratios (<20%) in ACF, AC, A, SS, and 
SSA. High-silica phases (montmorillonite, saponite, 
quartz) were common in the AF and SS classes, with 
ACF, AC, A, and SSA classes within the <40% abun-
dance. Sulfates (bytownite, jarosite, gypsum) had an 
interesting trend due to their high abundance (>40%) 
in SS morphologies, but also appearing in ACF, AF, 
AC, and SSA in smaller abundances.  

Trends: Based on our composition results, alcove-
based slipface features are more likely to contain oli-
vine and sulfates. Channel-based slipface features, 
including the SS and SSA classes, have high percent-
ages of aluminum-based minerals. Fan-based features 
have been shown to contain higher abundances of 
high-silica phases. It is important to note that previous 
studies have shown that weathered basaltic glass may 
have similar spectral properties to silica-rich glass 
[13], but our main abundance mineral in this category 
was montmorillonite. The main difference between SS 
and SSA is the abundance of low-calcium pyroxenes in 
SSA.  

NPR types pose an interesting challenge due to the 
lack of TES data at high latitudes (>85°N), so CRISM 
was useful in this regard. One example of a complex 
NPR dune (337.224°E, 84.498°N) showed prominent 
slumping features along with AF and SS. Mineral 
abundances from CRISM showed strong signatures of 
both hydrated silicates and sulfates, which matches the 
results of what we detected with AF and SS types us-
ing TES.  

Discussion: Due to weathering and different spe-
cific gravities, the grain types may be of different sizes 
[14, 15]. Taking this into consideration, and the obser-
vation that some TES data could not encompass the 
entirety of some dune slipfaces, these mineral observa-
tions are still considered preliminary. NPR dunes, in 
particular, reveal multiple slipface features within the 
same dune field, which could imply localized seasonal 

effects, subsurface interactions with minerals, and in-
duration processes [16]. 

 
Figure 3: TES data corresponding to percent abdunance and 
mineral types of AC morphologies. Note the abundance of 
FeOH/MgOH  minerals (FMO), which matches with Fig. 2.  

 
Conclusions: Using data from TES, we have dis-

covered several preliminary mineral trends associated 
with dune slipface features. For example, channel-
based features containing higher percentages of Alu-
minum-based minerals, and fan-based features having 
more high-silica phases. Since TES covereage does not 
reach the north polar region, CRISM data allowed us 
to study the NPR class of slipface features, revealing 
consistent trends of hydrated silicates and sulfates in 
the AF and SS classes.  

The trends mentioned pose interesting questions as 
to the variability of mineral abundances associated 
with certain slipface feature classes. Mineralogy 
matching morphology classifications is still on-going, 
particularly how the morphology could provide insight 
into the localized geologic history. The use of TES and 
CRISM data are observed to match similar mineral 
groups and associated slipface morphologies.  
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