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High resolution Viking Orbiter images show that dunes occur in nearly all terrains on Mars, 
from the vast plains surrounding the north polar cap to the floors of canyons in the equatorial 
region. Many questions arise concerning the nature of these deposits and the winds that were 
involved in their formation. One fundamental question regards the size of the particles composing 
the dunes. Although the optimum size for movement by wind on Mars is about the same as for 
Earth, differences in saltation trajectory and other factors suggests that the geomorphology of 
aeolian deposits such as dunes may be different. In order to address this question, a model relating 
the geometry of dunes to grains size derived for Earth has been revised and extrapolated to Mars; 
preliminary results are reported here. 

Few studies have attempted to link the characteristic grain sizes in terrestrial sand dunes to 
the dynamic processes involved in dune evolution. However, Wilson (1) found one such correlation 
between aeolian bedform (ripples, dunes and draas) wavelength and grain size, in which the wave- 
length increases with particle size. Thus, one might infer that bigger dunes have coarser sands. 
However, coarse sand dunes have been described by Holm (2) and Warren (3) as low flat dunes 
termed zibar. 

In order to understand the effect of grain size on dune morphology, we derived a simple 
theoretical model based on a two dimensional sand mound. The sand mound morphology is defined 
according to h/2L (Fig. I), where h is the height of the mound, and L is the horizontal distance 
from the peak on the windward slope in which the mound falls to half its maximum height. The 
windward slope of the mound is 9 = tan-' h/2L. We have calculated the threshold velocity at a 
height of 10 meters above the ground on open terrain, for different grain sizes, at the upper half 
of the windward slope of the mound (Fig. 1). The calculation is based on a theory which explains 
the effect of a two-dimensional escarpment on the turbulent boundary layer (4). 

According to this theory: 

Where U2 is the disturbed velocity at height z above the windward slope. U1 is the undisturbed 
velocity at the same displacement, z, above the flat surface. The thickness of the layer in which 
stress changes are important is defined as z. According to Jackson and Hunt (5) z = (z0/80) ( L / Z , ) ~ . ~  
where zo is the surface roughness length: x is the horizontal distance from the middle of the wind- 
ward slope downwind. Calculations of U2/U1 that were obtained for different slopes give results 
that approximately coincide with measurements taken at full scale (6) and in the wind tunnel (7). 
By using U Q ~  values (friction threshold velocity) for different grain sizes that were determined in a 
wind tunnel operating at martian surface pressure of 10 mb with a 95 percent C 0 2  and 5 percent 
air atmosphere and temperature of 240 K (8), we calculated the threshold velocities for four dif- 
ferent dune profiles (h/2L = 0.02, 0.05, 0.1, 0.2). Figure 2 shows that the steeper the mound 
slope, the greater the difference in threshold velocity between the crest (x/L = 1) and adjacent 
points (such as x/L = 0.9 and x/L = 0.8). This result is prominent with medium and coarse sand 
(>0.250 mm). Because sand flow is a function of (U - u ~ ) ~  (9) (Ut is the threshold velocity at a 
certain height, U is velocity above the threshold), it is clear that sand of 0.250 mm and coarser is 
incapable of forming a dune with a steep profile of h/2L > 0.1. From Viking 2 images we find that 
most barchan dunes in the north polar region have a profile of h/2L > 0.2 which suggests that the 
dunes are composed of very fine (<0.125 mm) and fine sand (<0.250 mm). Moreover, it is known 
that the greater the difference between the density of air and the density of sand, the smaller the 
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transport ability of the sand and the better the sorting. The range of sand sizes for steepprofile 
dunes on Earth is between 0.125 mm to 0.250 mm; hence, we might expect t o  find a narrower 
range on Mars, perhaps 0.1 50 mm to 0.200 mm. Coarse sand dunes might also exist on Mars, but 
tliey would probably be very flat, resembling zibar or sand sheets. Such deposits would be difficult 
to  identify on Viking images; however, many dark areas in the circumpolar region are suspected as 
being composed of coarse sand. 
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Figure 1. A sketch of the mound model showing wind profile. 
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