DUNE FORMATION
by Marina Coetzee

The wind speed and size, density and shape of minerals determine how transported material is
winnowed and sorted. Aeolian (wind-borne) deposits are rather uniform in terms of grain size.
Wind transports weathered material in three ways: suspension, saltation and surface creep: The
finest particles – silt and clay – are suspended when blown high into the air. Silt-sized dust remains
aloft over long distances and fine, plate-shaped clay minerals and micas stay suspended even
longer. Nutrients in dust from sandstorms over the Namib fertilise the Southern Atlantic. Namib
soils contain less silt and clay than the Sahara, so severe dust storms are less frequent and intense.
The heaviest mineral particles – pebbles, coarse gravel, heavy minerals, coarse sand grains – are
pushed and rolled along the surface in a process known as surface creep. Creep accounts for about
4% of a sand grain's movement. Fine gravel and sand are bounced along by a process known as
saltation. Saltation accounts for about 96% of a sand grain's movement. It is initiated by small
differences in air pressure caused by tiny irregularities of the surface – the Bernoulli effect. Every
grain that lands knocks more grains into the air. As more sand grains become airborne on the stoss
(upwind) side of the small irregularities and deposition happens on the lee side that is slightly
more protected from the wind, self-organised ripples develop perpendicular to the wind direction.
The average distance a grain bounces is the width between the crests of two sand ripples.

Figure 1. Dune formation (Gaby Hansen)

Dunes form in a similar process, on a larger scale. Transported sand settles as a sand patch in the
lee (downwind side) of an obstacle (vegetation, rock, sand ripple) and grows in size. The transport
capacity of wind decreases as it drives sand grains up the windward side of the growing dune,
causing sand to be deposited before reaching the dune crest. As the dune grows, the lee slope
steepens until it exceeds the ‘angle of repose’, which is 32-34o for dry sand. Gravity overwhelms
the shear strength of the sand and it avalanches down the lee side, forming a slip face. Over time,
the dune migrates downwind by deflation of the windward side and deposition on the lee side.
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Figure 2. Angle of repose (Gaby Hansen)

Smaller particles blown across the dune crest tend to travel farther than large ones. The result is
that aeolian sand deposits show a coarsening-upward sequence.

Figure 3. Grain gradient (Gaby Hansen)

Larger, heavier particles tend to accumulate on the windward slopes, where minerals such as
magnetite, ilmenite, basalt and garnet impart a dark grey-blackish and reddish sheen to dunes.
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Figure 4. Dunes with garnet accumulation on the upwind side (Bing Aerial image)
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Figure 5. Garnet grains accumulate on sand ripples (Alex Derr)

Figure 6. Basalt grains accumulate on sand ripples and against obstacles (Marina Coetzee)
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