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Introduction: This project studies images of Mar-

tian sand dunes and documents the wind flow involved 
in producing these dunes. Previuos work mapped wind 
ripple orientations on Martian dunes using High Resolu-
tion Image Science Experiment (HiRISE [1]) images [2-
4]. Here we use Context Imager (CTX [5]) images to ex-
amine the context of dunes studied previously using 
HiRISE [4]. We document the types and orientations of 
sand dunes on Mars at several locations, including where 
a rover observed ripples up close [6] to expand our com-
prehension of the evolution of sand dunes and recent ae-
olian processes active on Mars.  

Mars has a large number of sand dune fields that re-
flect both past and present wind patterns [7]. Recent 
study has shown that the thin current Martian atmosphere 
is still sufficient to cause movement today of both sand 
dunes and ripples [8]. Global wind patterns depend 
largely on solar heating and Hadley circulation [9]; re-
gional patterns are more constrained by local topography 
such as within a crater or valley, which in turn can influ-
ence the dune shape. The mobility of sand dunes is viv-
idly illustrated by variability in the dust opacity ratio [10] 
and wind history can be inferred from both crest line ori-
entation and dune shape [11]. We mapped the sand dunes 
at forty sites widely distributed around Mars [4, 12] us-
ing CTX images (6 m/pixel) obtained by the Mars Re-
connaissance Orbiter spacecraft to provide the context 
for HiRISE images. The winds inferred at widely distrib-
uted study sites with a wide range of physiographic and 
topographic settings and a broad range of latitude and 
longitude are valuable for constraining regional wind cir-
culation. This work was supported by NASA MDAP 
grant NNX12AJ38G. 

Data and Methology: Martian study locations were 
selected to provide a wide distubution across the planet, 
and to provide a context for those sites where HiRISE 
images clearly showed wind ripples on sand dunes [4]. 
CTX images, in contrast to HiRISE, cover a broad area 
of Mars, enabling inferences about broad scale dune pat-
terns, from which inferred wind directions can be com-
pard to the ripples orientations. Sand dune identification 
and mapping were carried out at forty sites [12] using the 
JMARS (Java Mission-planning and Analysis for Re-
mote Sensing) software package, which also displays 
THEMIS (THermal EMission Imaging System) images 
obtained during both day and night (providing insight 
into the thermal inertia properties of the dune deposits 
[13]). MOLA (Mars Orbiter Laser Altimeter) elevation 
data also help to constrain the topography around each 

study location. A precise measure of area enclosed by the 
dune regions (in km2) and the azimuth of all drawn lines 
are calculated automatically using JMARS. An early as-
sessment of the thirty sites was presented previously 
[14], but here all forty sites are completely mapped. Here 
we present the overall percentages of each type of dune 
derived from the CTX image mapping.  

Dune distribution: Dune types identified at the forty 
dune fields [14] covered a total area of 11,477 km2; bar-
chanoid ridge (30.4%), transverse (27.2%), barchan 
(13.5%), linear (1.0%), star (<0.1%), sand patch 
(17.2%), sand sheet (10.2%), and uncategorized (0.4%). 
Thirteen dune types observed in the southern hemisphere 
cover 8937 km2 (from 23 sites) are more abundant than 
in the northern hemisphere, where nine dune types were 
observed at 17 sites with a total area of 2540 km2. The 
dunes in the 40 study areas are scattered within crater, 
valley, ridge, plains, polar and caldera settings. The per-
centages of dominant dune types within craters (covering 
documented 7229 km2 at 23 sites) are barchan (14.9%), 
barchnoid ridge (35.4%), transverse (28.5%), sand patch 
(17.7%), and linear (1.7%). The most common type at 
our study sites is barchanoid ridge, which occurred at 36 
different sites; the next most common type is barchan, 
which occurred at 35 sites.  

Wind Orientation: Winds direction derived from 
Martian sand dunes vary due to topographic influence 
(e.g., in crater or valley), but the regional trends are gen-
erally consistent between ripples and dunes [15].  Wind 
patterns in polar (80N-90N) and equatorial (between 
30N-30S) regions are quite consistent with slipface ori-
entation predictions. Wind results from 30 sites (reported 
in [14]) are in good agreement with previous research 
[7], including after 10 more sites were completed during 
the present study. 

Principal Component Analysis (PCA) results: 
Principal Component Analysis (PCA) is a meaningful 
way to evaluate the data by focusing on the component 
that varies the most amongst observations. Principal 
Component 1 (PC1) spans the most variation and PC2 
spans the second most variation. We applied PCA to four 
common types (barchan, barchanoid ridge, transverse, 
and sand patch) of Martian sand dunes, but no dominant 
principal axis represents all Martian sand dune observa-
tions. The first principal component explained 46.4%, 
the second principal explained 34.9% and the third ex-
plained 18.6%. These results imply that no single type 
dominates the evolution of sand dunes on Mars. The dis-
tribution shows that each of the dune types are nearly 
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equally distributed in Gale Crater,  even though they are 
not evenly distributed spatially. Since the first three prin-
cipal components contribute 99.9% of the total signal, it 
is reliable to plot observations using first three principal 
components as axes (Figure 1a). It is obvious that the 
four main dune types of dunes are almost perpendicular 
to one another, suggesting that no strong correlation ex-
ists amoung these dunes on Mars (Figure 1b), a result 
consistent at Gale Crater (site 2). Mapping result for Gale 
Crater determined the area percentage for the following 
dune types: barchan, 25.5%; barchoid ridge, 22.4%; 
transverse, 24.3%; and sand patch, 27.9% (Figure 2) 
[14]. PCA results suggest that the global Martian sand 
dune patterns evolved independently. 

Summary: This research reports the distribution of 
Martian sand dunes using CTX images at 40 sites widely 
distributed around the planet [4]. The diverse dune types 
indicate ‘long term’ wind patterns that produced the dis-
tinctive dune shapes observed at each site. However, no 
correlation among the main four types of sand dunes 
(barchan, barchnoid ridge, transverse, and sand patch) 
shown by PCA suggests Martian sand dunes evolved in-
dependently. Our research brings the importance of rec-
ognizing both short term (‘recent’) sand-driving forma-
tive aeolian processes and long term (time scale not  

 

known) winds that have generated and modified the 
shape of the sand dunes, consistent with a previous study 
of ripples and dunes on Mars [15]. Dune shape likely af-
fected some ripple orientations, but this tentative infer-
ence is under further study. Future work will assess the 
strength of the correlation of CTX results with docu-
mented HiRISE ripple trends [3-4, 12]. 
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Figure 1: (a) Distribution of principal components, showing first three com-
ponents account for 99.9% of the data. (b) Observation plotted in principal 
component axes showing no obvious trend within the data; four main types 
of sand dunes are uncorrelated. 
 
Figure 2: Line work and sand dune mapping at Gale Crater with sand cov-
ering 860.6 km2. Red arrows show wind direction derived from barchans. 
Seven types are identified, with four main types; barchan, barchanoid ridge, 
transverse, and sand patch are equally distributed. 
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