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The formation and migration of dunes on Mars 

may play an active role in modifying the state and dis-
tribution of water ice and salts in the regolith. 
Unconsolidated (loose) sand at typical Martian surface 
pressures has a thermal conductivity of ~0.03 W/m/K 
(the corresponding thermal inertia is 200 in MKS units, 
close to the Martian surface average). Estimates for the 
present-day planetary heat flux in the Martian crust 
range from 10 - 25 mW/m2 [1,2]. Therefore the geo-
thermal gradient in a sand dune – beneath the depth of 
the seasonal thermal wave (~1m) - could be as large as 
0.8 K/m. Given that measured dune heights on Mars 
range up to 90m or more [3], this implies dunes mov-
ing over a surface could raise the temperature by up to 
70K, depending on their speed or residence time. In 
areas where ground ice is present, this warming effect 
will tend to sublimate the ice and  drive upward diffu-
sion of water vapor into the dune where it may recon-
dense. If hygroscopic/deliquescent salts with low 
eutectic temperatures are present within or beneath the 
dune sand - such as the perchlorate discovered by the 
Phoenix Mars Lander in soil at 68 N [4] – then the 
increased temperature and humidity could also lead to 
formation of liquid brines.  

The rates of dune migration on Mars are unknown: 
theoretical modeling suggests they are potentially 
faster than on Earth [5] but the presence of ice in dunes 
may limit sediment transport through crusting and in-
duration [6].  There is evidence of significant sand 
mobility in the current climate, even at high latitudes 
where three small dome dunes were observed to shrink 
or disappear over a period of 5 Mars years [7]. 

We will present results from a 1-D cryo-thermal 
model for the evolution of subsurface temperatures and 
ice content representing the scenario described above 
for a range of dune heights, migration speeds, and inte-
rior heat flux values.  
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Figure 1.  Rounded barchans and rectilinear dunes on 
Mars in Chasma Boreale near the north polar ice cap 
(83.9 N, 40.5W) – subframe of MGS MOC image 
E01-00104. Some barchans retain their “horns” which 
indicate sand transport direction is from the lower left 
to upper right. White patches on the surrounding sur-
face are likely water ice. 

2035.pdfSecond International Planetary Dunes Workshop (2010)


