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Speculation that aeolian processes operate on Venus ( 1 , 2 )  have been 
tentatively confirmed by Venera results ( 3 , 4 ) .  Because the venusian 
atmosphere is -50 times denser than that of Earth, wind speeds for particle 
movement are reduced an order of magnitude on Venus compared to Earth. In 
order to assess aeolian processes on Venus, a wind tunnel was fabricated that 
is capable of simulating the near-surface venusian environment. Here we 
describe the movement of particles by the wind (in addition to saltation) and 
note a mode of transport--rolling--which may be important on Venus. We 
observed three types of particle motion in the tunnel: (a) wobbling, (b) 
rolling, and (c) fully developed saltation. Previous experiments (5) showed 
that impact creep also occurs and, although experiments have not been 
conducted with fine particles, we presume that suspension would also occur on 
Venus. When the rolling mode is taken into account, minimum wind speeds for 
wind transport may be 0.3 m/s, or -30% less than previous estimates. 

In contrast to experiments involving saltating particles which produced 
ripples and microdunes ( 6 ) ,  in the rolling mode the test-bed surface was 
sculpted into a series of grooves and ridges oriented parallel to the wind. 
The features are remarkably similar in size and form to grooves and ridges 
produced in mud by unidirectional water currents, as described by Allen (7) 
who suggests that transverse components of flow associated with boundary-layer 
streaks are involved in eroding the grooves and shaping the bed. Bagnold (8) 
compared particle movement in air to particle movement in water on Earth and 
noted that the density ratio of fluid-to-particle is 1:2000 in air and 1:2.65 
in water; in the dense venusian atmosphere this ratio is on the order of 
1:200. Thus, aeolian conditions on Venus might share characteristics of both 
aeolian and aqueous conditions on Earth. We infer that the rolling mode of 
transport is sustained in the wind tunnel due to the fluid-to-particle density 
ratio unique to the venusian environment. The fluid evidently is dense enough 
to generate surface shear for grain motion at velocities well below saltation 
threshold-- similar to water--but, unlike water, is not of sufficient density 
to carry the particles aloft in continuous saltation at low velocities. 

The rolling mode of wind transport on Venus may be important from several 
considerations: 

a) Frequency of transport: Because threshold wind speeds for rolling 
are significantly lower than for continuous saltation, the occurrence 
of aeolian processes may be more frequent than if based solely on 
saltation threshold, despite the relatively gentle winds recorded on 
Venus. 

b) Interpretation of venusian surface: If some bedforms are the 
consequence of amode of fluid transport that is unique to the 
venusian environment, then interpretations of the surface should not 
rely solely on terrestrial aeolian (or water) analogs. 

c) Movement of large particles: Particles 4-5 mm may be easily moved by 
rolling bywinds within the range expected on Venus. 
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d) Flux of windblown material: Previous estimates of the amount of -- 
material moved by the wind on Venus do not take into account the 
rolling mode, but are based solely on saltation. Thus, substantial 
material may be moved by surface creep involving rolling (especially 
for large grains) under relatively low (sub-saltation) wind speeds. 

e) Small-scale surface features: Small features transverse to the wind 
such as ripples and microdunes did not develop in experiments in 
which transport was solely by rolling. However, grooves and ridges 
parallel to the wind formed and might be expected on Venus. The 
length of these features was governed by the size of the wind tunnel 
and it is possible that on Venus they could extend for tens or even 
hundreds of meters. Depending upon the characteristics of radar 
imaging systems, such as wavelength, and the geometry of the radar 
beam, radar signatures from the surface of Venus could be influenced 
by the presence of these grooves and ridges. 
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