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Introduction:  Surfaces of comets are typically 
covered by a non-volatile material, so called dust 
mantle, but exposed ice is possible as well. 
Observations of comet 67P/Churyumov-Gerasimenko 
revealed presence of patches of exposed ice-rich 
material, but they lasted only about 10 days [1]. Their 
formation indicates ejection of dust, or formation of 
landslides. Instability of slopes, also of inclinations 
lower than the repose angle, can be caused by 
fluidization of material (formation of a mixture by gas 
and solid particles). This depends on the drag force 
exerted on grains, or agglomerates of small dust 
particles by gas produced during sublimation of ice. 
This could be gaseous carbon monoxide produced 
when the amorphous water ice crystallizes [2], but the 
sublimation of water ice should be considered as well. 
Under laboratory conditions both vibration of dust 
grains and their ejection [3, 4], as well as sliding of the 
whole layer of dust from the surface of ice [3] were 
observed. However, the conditions necessary for the 
onset of motion still need investigation. In this work 
laboratory simulations of the sliding of dust on 
inclined surface on comets are presented. 
Experiments: The nuclei of comets are not compact, 
but very porous and have complex composition and 
structure. However, investigation of complex samples 
make interpretation of the results difficult and possibly 
ambiguous. Thus, in this work samples of compact ice 
covered by fine (rg = 0.125−0.25 mm), and very fine 
(rg = 0.05−0.125 mm) sand are investigated. 
Measurements were performed in vacuum, using 
cooled vacuum chamber [5], but the surfaces of 
samples were inclined. Ice was produced of purified 
water frozen in a cylindrical container with two 
resistance thermometers inside. One of them was at the 
bottom and the other one at the surface of ice. On ice 
was a uniform layer of sand. The sand was cooled 
before placing on ice to protected ice against local 
melting due to contact with sand. 
When a sample was installed in the vacuum chamber 
the cooling and pumping started. The temperature of 
the samples decreased due to the cooling of the 
chamber and due to the sublimation of ice. The 
experiments were terminated when the sand flown 
down leaving exposed ice, or when the surface 
temperature of ice decreased to about 220 K. 
During experiments the temperature of ice, the 
position of the surface and the pressure in the vacuum 
chamber were recorded. Measurements were repeated 
for different inclinations of the surface and different 

thicknesses of the layer of sand. The sliding of sand 
took up to few minutes and in this period the surface 
temperature of ice  decreased. Thus, the output of each 
experiment is the range of the surface temperature of 
ice during motion of sand.
Results: We have found, that sand started sliding only 
when the temperature of ice was higher than 232 K and 
stopped moving when the temperature decreased to 
about 230 K. However, this threshold can be lower 
when the solid grains of sand are replaced by fluffy 
agglomerates of very small dust particles. The ratio of 
the drag force and the gravity force exerted on a grain 
is inversely proportional to the density of the grain and 
to the gravity acceleration [3, 6]. Thus, if the cohesion 
can be ignored the sliding of sand under low gravity on 
the surface of a comet may be possible at the 
temperature as low as 190 K. 
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