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Introduction: Dust lifting processes on Mars are
an active field of investigation [1]. Explanations
have to be found to clarify the existence of dust
devils even at hight altitudes (meaning low pres-
sure) [2]. In general, wind stress is supposed to
be the main lifting process [3]. Wind speeds of
around 30 m/s would be needed at low elevations
(higher perssures) and far greater velocities are
needed to lift dust at high altitudes. While locally
such winds may appear, the average wind velocity
on Mars is too low to explain dust lifting by winds
[4] – especially at high elevations. We found, that
temperature induced forces are capable of procur-
ing dust ejections and even massive dust eruptions
from a dust bed [5, 6].

Experiments: A Mars soil simulant (JSC Mars
1A) was placed in a vacuum chamber which was
evacuated to typical martian pressures of some
mbar. The dust bed was illuminated to create tem-
perature gradients within the dust bed and parti-
cle ejections and eruptions were observed. Several
different temperature gradient dependend lifting
processes are at work, e.g. thermophoresis, pho-
tophoresis or Knudsen Compressor effects. The
threshold for particle ejections caused by a solid-
state greenhouse effect and photophoresis (GP-
effect) can be expressed in terms of the infalling ra-
diation flux I and the temperature T . While these
forces only result in minor particle ejections, Knud-
sen Compressor effects cause continuous and major
eruptions. These eruptions are even enhanced if
a transition from illumination to no illumination
occurs.

Results and Conclusions: The I/T thresholds
of the photophoretic ejections for the JSC Mars 1A
at 1 mbar are shown in Fig.1.

Figure 1: The I/T threshold for particle ejection
of photophoretic forces for the JSC Mars 1A un-
der Earth gravity conditions (g = 9.81 m/s2) at 1
mbar with and without cohesion forces is depicted
and extrapolated to martian gravity (0.38g = 3.7
m/s2). I/T thresholds for particle ejections can be
exceeded in several regions on Mars [6].

The photophoretic ejections have their maximum
(minimum radiation flux needed) at pressures
around 1mbar – but they also work good at higher
pressures. Pressures of just some mbar are found
at high elevations on Mars. The needed I/T val-
ues can be found on Mars, if the cohesion forces
between the dust particles are overcome by e.g.
existing wind eddies [6]. While the wind velocities
of these wind eddies alone are too low to lift parti-
cles, the interplay of the GP-effect and drag forces
might result in particle lift.

Further Work: Recently we found, that Knudsen
Compressor effects can lead to particle levitation
[7] but also to massive particle eruptions for the
JSC Mars 1A soil simulant for higher intensities.
Even more particle releases are observed, if the
light source is switched off. As the GP-effect the
Knudsen Compressor effect works good at mbar
pressures for the JSC Mars 1A. We suppose, that
the massive transition eruptions may be the dom-
inant dust lifting process for dust devils. Moving
dust devils, which are optically thick, induce a fast
transition from light to shadow for the underlying
dust bed. Even for lower initial radiation inten-
sities, this will result in particle eruptions. As
long as the wind eddy exists, dust devils on Mars
may be self sustained even at low pressures or high
altitudes.
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