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Introduction: Until relatively recently, it was not 
clear as to whether fields of sand dunes on Mars were 
actively evolving in the present martian climate [1–4]. 
When wind velocity exceeds the threshold speed, sand 
particles are mobilized. However, due to Mars’ thin 
atmosphere, the threshold friction speed for movement 
of fine sand is several times greater than on Earth [e.g., 
1]. The High Resolution Imaging Science Experiment 
(HiRISE) on Mars Reconnaissance Orbiter (MRO) has 
acquired sets of images covering  aeolian features at 
resolutions up to 25 cm/pixel, and with consistent 
lighting conditions, at intervals of 1 or more martian 
years. Analysis of these repeat image sets has led to the 
detection of changes and the migration of aeolian bed-
forms (dunes and ripples) in about 70% of the loca-
tions investigated (excluding locations between 70-90° 
N latitude where the detection of movement was 
100%), with other locations not yet revealing detecta-
ble changes or movement (Fig. 1) [e.g. 5–12].  

While such imaging currently exists in only a lim-
ited number of locations, preliminary results hint at 
possible trends in the global distributions of active and 
inactive bedforms, and provide potential insight into 
local and regional conditions most conducive to bed-
form mobilization on the martian surface. Here we 
investigate possible emerging trends in the mobility of 
bedforms in relation to their general location, albedo, 
surrounding surface slope, and elevation. 

Results and Discussion: Spatial distribution.  Fig-
ure 1 shows the locations of bedforms analyzed for 
changes. Locations of transverse aeolian ridges (TARs) 
have not been included due to the lack of evidence for 
activity in current martian atmospheric conditions 
[e.g., 13]. The majority of observations in the northern 
hemisphere indicate movement. This is especially ap-
parent in the high northern latitudes (polar erg) where 
all of the image pairs investigated indicated movement. 
Observations in the southern hemisphere show a more 
even distribution of results with roughly half the loca-
tions exhibiting movement and half with no detectable 
changes. Movement detected in the high northern lati-
tudes may be associated with strong katabatic winds 
from the high elevation polar cap [14–15] and possibly 
with the presence of seasonal volatiles [6–7,9,14]. 
Bedforms at high southern latitudes may be stabilized 
by agents such as ground ice acting over a longer peri-
od of time in comparison to the north polar region [16]. 

 
Figure 1: Locations of bedforms where movement has been 
detected (black triangles) and where no movement has been 
detected (white triangles) overlaid on Mars Orbiter Laser 
Altimeter topography. TARs are not included.  
 

Bedform albedo and dust coverage.  For both ac-
tive and inactive bedforms, and for TARs, mean DN 
values were determined over small areas of representa-
tive dune surfaces with low surface slopes using 
HiRISE RED (570-830 nm) images. The mean DN 
was translated into the radiance factor (I/F; I/F = (DN 
* Scaling Factor) + Offset), and divided by the cosine 
of the solar incidence angle [17]. Images were also 
assessed as to the dust content of the atmosphere at the 
time of acquisition and outliers (i.e. offset values >0.9) 
were eliminated. Figure 2 shows the average albedo  

 
Figure 2. Average albedo signatures for different dune fields 
relative to the average albedo for the dunes in Nili Patera. 
 
signature for different dune fields relative to the that of 
the well documented active bedforms in Nili Patera 
[e.g. 5]. Initial results indicate that active bedforms 
generally have low albedos, or dark and presumably 
fresh surfaces. In contrast, bedforms with no detectable 
movement (including TARs) generally have higher 
albedos. These relatively bright surfaces may be the 
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result of a number of processes that cause an initial 
mobile bedform to become immobile, such as anchor-
ing by a coarse creep grain population or a decline in 
wind intensity, that then allows dust to accumulate, 
resulting in further stabilization [e.g., 1, 9].   

Surrounding surface slopes: Average kilometer-
scale surface slopes of the dune fields and immediately 
surrounding surfaces were calculated from profiles 
derived from the MOLA global base map in JMARS. 
Slopes associated with both active and inactive bed-
forms ranged from ~0.05-6°, with ~80% of the slopes 
≤1°. Thus local surface slopes do not generally appear 
to differ for active versus inactive bedforms and likely 
do not play an significant role in influencing bedform 
mobility (with the exception of the steep slopes and 
high elevations in the far northern latitudes associated 
katabatic winds) 

Dune fields located in impact craters. Roughly 
70% of the dune fields located within craters exhibit 
detectable movement, the same percentage obtained 
for the dune locations analyzed outside of craters (ex-
cluding locations between 70-90° N latitude). Thus 
while craters serve as excellent traps for sediments, the 
topography associated with craters (tens of kilometers 
in diameter or larger) does not appear to be crucial for 
creating conditions conducive to bedform mobiliza-
tion. However, for the craters investigated so far, a 
general trend is emerging in the location of active dune 
fields versus inactive dune fields on the crater floor. 
Using dune slipface orientations to derive paleowind 
directions, roughly 75% of inactive dune fields are 
centrally located or located within the upwind portion 
of crater floors. In contrast, 80% of the active dune 
fields are located in the downwind half of the crater 
floors, often right at the downwind crater wall (con-
sistent with observations discussed in [18]). The signif-
icance and implications of this initial trend is unclear 
but may be related to the age of the dune field or ma-
turity or duration of development. 

Elevation. An estimated elevation of the dune field 
and immediate surrounding area was obtained from the 
label file for the associated HiRISE image pair (Fig. 3 
and 4). The majority of the bedforms located at low 
elevations (-1 km and lower) are active, while the ma-
jority of bedforms at high elevations (3 km and higher) 
appear to be inactive. At the highest elevations in this 
data set (≥4 km), no observations of bedforms showed 
evidence of movement (Fig. 3). Higher rates of migra-
tion are also more commonly observed at lower eleva-
tions and may suggest that bedforms at higher eleva-
tions are simply migrating so slowly we are not yet 
able to observe the movement (Fig. 4). The slightly 
higher atmospheric pressure associated with lower 
elevations may enable bedforms to move more fre-

quently in the denser atmosphere; threshold friction 
speed is inversely proportional to the square root of 
atmospheric density [1,8,19-21]. In the same way, the 
general difference in elevation of the northern low-
lands/global dichotomy and the southern highlands 
may contribute to the greater number of active bed-
form detections in the northern hemisphere. 

 
Figure 3: Number of observations per kilometer of elevation, 
(expressed as kilometers above the 6 mbar datum) showing 
movement (green) and no detectable movement (red).  

 
Figure 4: Distribution of rates of migration (in meters/Earth 
year) by elevation.  
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