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Introduction: Every year tens of thousands of tons of cosmic dust (micrometeorites) accumulate at the Earth’s 

surface, representing a continuation of the accretion process that started 4.57 billion years ago [1]. The ice cover of 
Antarctica is a unique place for collecting cosmic dust, for it is not contaminated by terrestrial and industrial dust. 
Due to temperatures constantly below the ice melting point and the absence of free water along with the oxygen 
content depletion, the material principally remains unchanged [2, 3, 4]. The study of micrometeorites is of consider-
able importance because they are the best preserved materials of the early Solar System available.  In the future, the 
investigations of ice samples originating from different horisonts of the 4-km deep drilling at Russian “Vostok” 
station in Antarctica is planned. We believe that, among others, this could lead to the quantitative assessment of 
variations of the micrometeorite flux on the Earth during last millions of years. 

Samples and Methods: Two samples of cosmic dust entrapped into the blue ice collected nearby Wohlthat 
Mountains in Queen Maud Land, East Antarctica, were studied using an atomic force microscope, AFM, (Bruker’s 
Dimension FastScan AFM system ). The samples for AFM studies were prepared as follows. First, the collected ice 
samples were melted and concentrated ca. 500-700x by centrifuge filtering via 3-10 kDa membranes in the clean 
room conditions (Classes 10000 – 100). Then a small, ca. 5 µl volume, droplet of this water containing dust particles 
was deposited onto freshly cleaved mica surface and dried in a nitrogen box. AFM measurements revealed particles 
of very different sizes, including quite small ones with the diameter of 10 nm and smaller. To avoid possible exper-
imental errors and miscounts, we limited our research with the particlers having the size larger than 25-30 nm (and 
up to several micrometers) which can be unambiguosly seen under different scanning conditions. In order to mini-
mize contamination, samples were also examined in a clean room of Center of Micro- and Nanotechnology (CMi) 
EPFL (ISO 6/ Class 1000). 

Preliminary results and Discussion: Earlier, 54 microparticles  from the same blue ice samples were examined 
by SEM [5]. The micron-size particles of the chromic-iron have beed detected, which in all probability attests their 
meteoritic origin. The objective of the current work is to obtain information on smaller particles of cosmic dust with 
the use of AFM. Two different samples, so called 2B-2 and 2B-4 (different horizons of the blue ice block – 5.5 and 
16.5 cm from surface), were investigated. Histograms of particles size distribution were obtained. AFM studies 
showed that the majority of particles had the sizes of 50-100 nm for 2B-4 sample and 100-400 nm for 2B-2 sample. 
Perhaps this is due, as previously suggested,  to the presence of volcanic ash in the surface layer of ice for the latter. 
The data concerning the mechanical properties (Young modulus) of relatively large (200-500 nm) particles and their 
EDX analysis will be also discussed. 

Finally, we would like to highlight the relation of this work with the future Europa Jupiter System Mission: the 
launch of a satellite for in-depth exploration of Jupiter's moons is planned by NASA somewhat after the year 2020, 
see e.g. https://www.nasa.gov/multimedia/podcasting/jpl-europa20090218.html and references therein. The surface 
of the Europe is covered with a thick layer of ice, in cracks of which living organisms or their biosignatures coming 
from the beneath ice ocean could be discovered. Additionally, because of the geysers were detected on Europa, the 
transport of ground particles to the surface might be possible. This poses the problem of the search of life during the 
Mission, and EPFL team is preliminary involved in this project with the original patented AFM-based “mecha-
nodetection” of life [6]. Of course, the ice cover, similarly to Antarctica, should be also a storage place for cosmic 
dust. Obviosly, the use of an AFM to study the micrometeorites inside the ice of Europa, being much easier (and 
almost certainly doable) task than the search of life there, immediately emerges as the priority task to be performed 
by AFM during the Mission: compare, for example, the AFM data on the soil particle size distribution collected 
during the Phoenix Mars Mission, which turned out to be of an extreme importance for the Mars geology [7]. 
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