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Introduction: Linear dunes are present across nu-

merous planetary bodies, including Earth, Mars, and 
Titan, yet their sediment dynamics are poorly under-
stood [e.g., 1-2]. Linear dunes typically develop in 
bimodal wind regimes and may migrate both laterally 
(i.e., normal to crest) and by elongation (i.e., parallel to 
crest). Recent field and remote investigations in the 
Ténéré desert, Niger [3], have shown that linear dunes, 
which develop on the lee side of mesas, migrate by 
elongation only, with no lateral component. These ob-
servations suggest that the local and regional topogra-
phy can strongly influence the development of linear 
dunes. 

Since 2006, HiRISE [4] onboard MRO has been 
imaging Mars at 0.25 m/pixel; the acquisition of high-
resolution, multi-temporal orbital datasets means that 
bedform motion can be tracked in numerous locations 
across Mars [e.g., 5-6]. Here we report on the mor-
phology and sediment dynamics of linear dunes in the 
Hellespontus Montes region of Mars. Like the linear 
dunes in the Ténéré desert, the Hellespontus linear 
dunes have developed on the leeward side of mesas. 
The aim of our study is to compare linear dunes on two 
different planetary surfaces which have developed in a 
similar topographic setting. 

Study Site: The dune field is 8 by 10 km and is 
found on the western margins of Hellespontus Montes 
(41.5°S, 44.5°E), comprising both linear and barchan 
dunes. Evidence for a multi-directional wind regime is 
recorded by the varying migration direction of regional 
dune fields [7]. High regional sediment fluxes are as-
sociated with the Hellas basin slope winds, mid-
latitude westerlies, and locally rugged terrain [8]. 

Data and Methods: We used HiRISE (0.25 m/px) 
and CTX (6 m/px; [9]) datasets to investigate the mor-
phology of the Hellespontus linear dunes. We used 
multi-temporal HiRISE datasets to measure the sedi-
ment flux of the linear dunes, spanning 8 Earth years. 
We used ISIS3 and SOCET SET to produce digital 
elevation models (DEMs) and precisely co-registered 
and orthorectified time series images [10]. We then 
measured the displacement of the linear dune fronts to 
derive migration rates. Dune heights were multiplied 
by migration rates to produce crest sand fluxes.  

Morphology of the Linear Dunes: The linear 
dunes at the Hellespontus Montes site nucleate and 
grow from lee dunes on the western side of local mesas 
(Fig. 1). The linear dunes are 1-7 km long and have 

very low sinuosity along their length, except where 
they divert around local topographic obstacles. How-
ever, the height of the linear dunes (1-30 m) undulates 
along their length, forming peaks and troughs, con-
sistent with terrestrial examples [e.g., 3].  

 
Figure 1: HiRISE image of linear dune development at 
Hellespontus Montes dune field. (a) Linear dune nu-
cleation on lee side of mesa. (b) Elongation of linear 
dunes and ejection of barchan dunes. (c) Segmentation 
of linear dune and formation of new bedforms. 

Some of the linear dunes have sharp crests, mostly 
with near-symmetric profiles, however, others have a 
more muted, tabular top surface (note that this some-
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times varies along the length of the dune). Active dune 
ripples are found on both sides of the linear dune 
flanks, which are orientated along the length of the 
dune (parallel to crest). At various stages along the 
linear dunes, segmentation occurs to form new linear 
dunes (Fig. 1b). Barchan ejection is also observed at 
the termination of the linear dunes (Fig. 1b). Slip faces 
are generally only observed at their terminations and 
where new bedforms are breaking away, and not along 
the lateral margins of the dunes. We note that many 
linear dunes have no developed slip faces whatsoever.  

Migration Patterns and Sediment Fluxes: Both 
the Hellespontus linear and barchan dunes are migrat-
ing in a westward direction. The manual measurements 
show that the largest linear dunes are migrating at ~ 1-
3 m/yr, along their length, which gives crest sediment 
fluxes of 28-33 m3 m-1 EY-1. These values are general-
ly similar to the downwind barchan dunes [9]. Howev-
er, for some of the smaller, less developed linear 
dunes, we observed very little (supra-pixel) migration 
over the 8 year time period, although dune ripple 
changes suggest these sand bodies are still highly mo-
bile. Importantly, we did not observe more than ~ 3 m 
of lateral migration along the length of any of the line-
ar dunes. We note that the linear dunes with no devel-
oped slip faces are also migrating by elongation 

Development of Elongating Linear Dunes: The 
lengthwise migration direction strongly suggests that 
the linear dunes are migrating by elongation (i.e., par-
allel to crest) only, which is consistent with the (1) lack 
of meandering observed along the length of the dune 
and (2) the orientation of the dune ripples (i.e., parallel 
to crest). Sediment deposition must therefore be pri-
marily occurring at the dune termini, both for the linear 
dunes with and without terminal slip faces. The mor-
phology of the linear dunes suggests that terminal slip 
faces may develop as segmentation or barchan ejection 

is occurring.  The near cross-sectional symmetry and 
linearity of the dunes suggests that winds are impact-
ing the north and south flanks of the linear dunes with 
similar or equal velocities. The winds are likely being 
diverted westwards and transporting sediment towards 
the dune terminus. Numerical and laboratory models 
suggest that linear dunes grow by elongation in areas 
of low sediment availability [11], which is supported 
by the presence of downwind barchans and that the 
linear dunes directly overlie bedrock. 
Comparison to Other Linear Dunes: The elongating 
dunes at Hellespontus Montes are not unique to this 
part of Mars. We have observed other linear dunes 
with similar morphologies elongating from topograph-
ic obstacles elsewhere in the Hellespontus region, 
Capen crater, NW Argyre, and in the Nili and Meroe 
Patera dune fields. The Hellespontus linear dunes 
strongly resemble those in terrestrial settings, which 
have developed in similar topographic settings, such as 
in Ténéré desert, Niger, and NE of the Bodélé Depres-
sion, Chad (Fig. 2). In contrast, we also note that sinu-
ous linear dunes are found in other dune fields near the 
main Hellespontus Montes site. The morphology of 
these dunes is consistent with at least some element of 
lateral migration, strongly suggesting the local and 
regional topography can influence the development 
and morphology of linear dunes on Mars.  
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Figure 2: ASTER image of elongating linear dunes in Chad, NE of the Bodélé Depression. Like the dunes at Hel-
lespontus, they have developed behind mesas and migrated primarily by elongation.  
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