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Introduction:  High altitude dust devils on Arsia Mons 

were observed at elevations of ~17 km [1, 2]. It is not yet fully 
understood how particles of the order of a few µm in size are 
lifted from the surface into the atmosphere [3, 4]. The most 
common assumption is that wind stress picks up dust particles 
from the surface [5]. Wind speeds at mean elevation must be 
larger than ~30 m/s to lift particles and place them into atmos-
pheric suspension [5, 6]. Such high winds occur locally on Mars, 
but the average wind speeds as measured at the Viking lander 
sites and values derived from global circulation models are much 
lower [7, 8]. At the elevations of the Arsia Mons Caldera the 
atmospheric pressure is around 1 mbar, which requires wind 
speeds 2–3 times higher than at the Mars mean elevation for 
particle entrainment. 

Greenhouse and Thermophoresis (GT) effect:  We found 
that the simple illumination of a dust bed at low atmospheric 
pressure provides a mechanism that efficiently lifts dust particles 
into the atmosphere [9, 10]. This lifting process is caused by two 
subtle effects within the dust bed: a greenhouse effect and ther-
mophoresis. Laboratory and microgravity experiments show that 
the light flux needed for lift to occur is in the same range as that 
of the solar insolation available on Mars. This mechanism sig-
nificantly lowers the threshold for dust entrainment by wind 
stress and may help explain the large amount of suspended dust 
on Mars overall. Specifically, this lifting process may help pro-
vide the initial lift necessary for dust devils. 

Data and methods: We searched for active dust devils (dd) 
within the study region (236.5-243°E and 14-5°S) in Mars Or-
biter Camera – Wide Angle (MOC-WA) and Narrow Angle 
(MOC-NA), Thermal Emission Imaging System – Visible 
(THEMIS-VIS), High Resolution Stereo Camera (HRSC) and 
Context Camera (CTX) data. Elevations of dds were derived 
from Mars Orbiter Laser Altimeter (MOLA) and temperatures 
and pressures from Thermal Emission Spectrometer (TES) data. 
The light flux (solar insolation) was calculated for each dd using 
the solar longitude and local time of the dd occurrence. 

Observed dust devils:  We identified 28 active dds within 
the study region; none in MOC-NA, 15 in MOC-WA, 2 in 
THEMIS-VIS, 2 in HRSC and 9 in CTX imagery. The investi-
gated dds are 70 – 2000 m in diameter and 0.18 - 8 km in height, 
hence within the range of other Martian dds [11]. 11 dds occur at 
elevations above 16 km, most of them within the caldera of 
Arsia Mons. The elevations of the other identified dds in the 
study region range between 7-12 km. Based on the areal image 
coverage we calculated the dd-frequency over the solar longi-
tude (LS). Relatively high dd-frequencies were found between LS 
= 340°-360°, at the end of the southern summer. However, sta-
tistically dds seem to occur over the whole Martian year, al-
though the frequency is very low. The absence of dds in some 
LS-bins might be correlated to the low areal image coverage at 

these times (e.g. note the lack of CTX coverage between LS = 
40° - 160°). It is not clear yet if there is a correlation or not be-
tween the seasonal occurrence of the dds and surface tempera-
tures as one would expect if dd activity would simply follow the 
season of maximum insolation [12, 13]. The I/T-threshold for 
dust lifting over the whole Martian year for the observed dds is > 
1.7 W/m2K, which is consistent with the minimum threshold 
value of I/T = 1.5 W/m2K determined experimentally under 
Martian conditions [9, 10]. However, the exact I/T-threshold 
values for Martian dust particles are difficult to constrain and 
likely vary due to composition, particle size as well as to varia-
tions in atmospheric pressures [9]. 

Pressure dependence of the GT-effect:    Recently 
an interplay of a solid-state greenhouse effect (G) and a thermo-
phoretic force (T) that is capable of lifting dust from a surface in 
low pressure gaseous environments has been discovered [9, 10]. 
This GT-effect is strongest if the mean free path of the gas 
molecules is about the dust particles size. Hence, dust particles 
are affected most in the mbar-regime. Laboratory experiments 
were designed to determine the I/T (light flux over temperature) 
threshold of particle ejection for the GT-effect. An unaltered 
Mars soil simulant (JSC Mars 1A) was used as dust sample. We 
find that the GT-effect is strongest around pressures of 1 mbar 
which is in detail reported by Kelling et al. (2009, this work-
shop, [10]).  

Conclusions:   The analysis of active high altitude dust dev-
ils indicate that they do not follow the season of maximum inso-
lation. The initiation of dds only by heating of near surface air 
by insolation as well as the dust lifting process under such low 
pressure (~1 mbar) environments are difficult to explain. Labo-
ratory and microgravity experiments showed that the GT-effect 
significantly lowers the threshold for dust entrainment by wind 
stress [9, 10]. Recent laboratory experiments showed that the 
GT-effect is strongest around pressures of 1 mbar, which might 
explain the existence of high altitude dust devils on Mars. These 
results might also explain that elevation (pressure) is not a con-
trolling factor of dust devil and track formation on Mars [2, 14]. 
We propose that the GT-effect might be a major factor in over-
coming the threshold of dust lifting on Mars. 
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