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Abstract
Experimental observations of cosmic dust (micrometeorites) in terrestrial moss samples collected in
Arctic (Northern Norway), Antarctic (King George Island), highlands of Caucasus (Georgia), in
pristine lowlands of Central Europe (Belarus and Tver region in Russia) are reported. The
identification of particles as micrometeorites is based on their compositional, mineralogical, and
texture analyses using microscopy of (SEM and EDAX techniques). A majority of the particles
undergo melting during their passage of the atmosphere. Most abundantly, particularly at large sizes,
cosmic spherules, i.e. completely melted droplets, were observed. These spherical particles provide a
useful proxy for the total flux of dust because they are relatively easy to identify. They are the
background magnetic component of cosmic dust, mainly microspheres and particles of native metals.
Most often, it was possible to detect native Fe, Fe-Ni, and Fe-Cr minerals.
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1. Introduction
It is a well-established phenomenon that extraterrestrial dust particles (micrometeorites)
survive atmospheric entry and reach the Earth’s surface (Plane, 2012; Taylor et al., 2016)).
Despite Earth’s surface being showered by thousands of tons of comic dust every year, such
ISSN: 2283-5954© 2018 The Authors. Published by Digilabs
Selection and peer-review under responsibility of DUST2018 Scientific Committee
DOI:
10.14644/dust.2018.007
DOI:10.14644/dust.2018.007

ProScience 5 (2018) 37-45

38

dust is quickly lost in a sea of terrestrial particles. Finding the tiny cosmic particle requires
collecting dust from the cleanest environments where the terrestrial particle background is
low. Among the particles of cosmic dust, magnetite microspheres with a detritus surface are
most common. These particles arise during the flight of cosmic bodies through the
atmosphere as a result of their heating and ablation. Such microspheres can occur in a wide
variety of processes. However, the fact of completely identical finds of magnetite
microspheres in mosses from various points of selection emphasizes the conclusion about
their origin. Such microspheres were discovered by many researchers in a wide variety of
environments that could not reach any non-cosmic origin with such parameters. A similar
composition of iron oxides (predominantly), but a well-crystallized surface may have
micrometeorites with a size of up to 50 microns, which do not heat up when flying through
the atmosphere. Particles of pure native iron are the most common among cosmic particles
recorded in terrestrial environments, in second place after magnetite microspheres. This
pattern is also traced in all studied mosses. Particles larger than 50 microns, as a rule, have
signs of melting due to heating when flying in the Earth's atmosphere. Collection of
extraterrestrial dust for research focuses on the environments where terrestrial
sedimentation rates and input of artificial particles of anthropogenic origin is minimal,
including deep-sea sediments (Shijie et al., 1984; Kyte E.T. (2002).), Antarctic ice and
snow (Winckler & Fischer, 2006), as well as natural planchettes of mosses and peat-bog
cores (Tselmovich & Kurazhrjvskii, (2019). Mosses collected in the framework of the
UNECE International Cooperative Programme Vegetation (https://icpvegetation.ceh.ac.uk/)
are successfully used to study atmospheric deposition of heavy metals, nitrogen, POPs and
radionuclides (137Cs and 201Pb) (Frontasyeva et al., 2016). Attempts to discover cosmic dust
trapped by moss-biomonitors resulted in observation of cosmic dust particles in mosses of
highland and lowlands of Europe and well as in Arctic (Northern Norway) (Steinnes et al.,
2016) and Antarctic (King George Island) (Mróz T. et al., 2018).
2. Material and methods
2.1 Sampling
The moss sampling was carried out according to the standard procedure described in the
Moss Manual of the ICP Vegetation 2015 (Monitoring of atmospheric deposition, 2015).
Dry moss samples were delivered to Borok Geophysical Observatory (a branch of the
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences) for Scanning
Electron Microscopy (SEM) and Energy Dispersive Analysis X-Ray (EDAX).
2.2 Sample preparation for SEM
To increase the probabilities of seeing micro particles, which are generally expected to
be in a small number (like cosmic dust) were specially prepared for scanning electron
microscopy with energy-dispersive x-ray spectroscopy (SEM/EDX). To increase the
number of micro particles, moss samples were ground into fine powders in an agate mortar,
and then subjected to ultrasonic dispersing in a beaker. On the bottom of the beaker a
powerful neodymium magnet of 35 mm diameter was attached to avoid loss of magnetic
particles. Afterward the particles were mounted on a double-sided adhesive coal tape.
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2.3 SEM
The composition and morphology of samples was examined using a Tescan Vega II
scanning electron microscope with an energy-dispersive Drycool spectrometer at the Borok
Geophysical Observatory (a branch of the Schmidt Institute of Physics of the Earth of the
Russian Academy of Sciences). The separated mineral particles from samples dispersed by
ultrasound were deposited on two-sided coal scotch. The investigations were carried out at
an accelerating voltage of 20 Kv and a current of 200 Pa (200 picoamperes, or 0.2
nanoamperes).
3. Results and discussion
3.1 Arctic
Moss species of Hylocomium splendens were collected in Northern Norway for the
moss survey 2015/2016 (Steinnes et al., 2016). (Sampling site No. 428)

Element
OK
Al K
Si K
KK
Mn K
Total:

Weight
%
43.33
0.93
0.99
1.00
53.76
100.00

Atomic
%
71.62
0.91
0.93
0.67
26.88

Fig. 1. Magnetite microsphere of cosmic origin

Manganese Silicide Mineral were observed in an Interplanetary Dust Particles (IDPs)
(Keiko Nakamura-Messenger, 2018). It is most probably that the spherical particle in
Figure 1 with high concentration of Mn (54%) is of that kind of IDPs deposited on Earth.
3.2 Antarctic
The Antarctic region is still the least polluted area on our planet. Nine moss samples
(Sanionia uncinata) collected in King George Island subjected to scanning electron
microscopy (SEM). In spite of high presence of volcanic-origin particles, interplanetary
cosmic particles (ICP) were observed in the investigated moss samples.
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Fig. 2. The particles of terrestrial origin (magnetite, titanomagnetite, ilmenite -1,2,4,6), and cosmic magnetite microspheres (7,9,10, 12) and native iron (3,5,8,11).(Mróz T. et al., 2018)
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3.3 Kislovodsk (northern foothills of the Greater Caucasus)

Element

Weight %

Atomic %

OK

29.56
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O
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1
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2.37

0.00
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34.29
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100.00

4
5

16.57
31.74
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0.00

0.00
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66.35
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100.00
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Fig. 3. Cosmic dust - magnetite microsphere from Kislovodsk moss
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Figs. 2 and 3, which were taken using the SEM technique, show terrigenous and
anthropogenic particles. Fig. 2 shows many particles of magnetic and paramagnetic origin
in light color while the silicate particles are grey.
3.4 Highlands of Caucasus (Georgia)

Fig. 4. Magnetite microsphere, resulting from the
ablation process, with a diameter of 3 μm

Fig. 5. Aluminosilicate microsphere, presumably
cosmic dust, diameter 6 μm (Shetekauri et al., 2018)

Diagnostics of cosmic particles against terrigenous and anthropogenic particles by
composition and morphology is a rather complicated procedure because particles of
different origins can have a similar chemical composition and similar morphology.
3.5 Tver Region, Central Russia

Fig. 6. Fragments of magnetite space balls from moss growing in floating mat
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In Fig. 4 and 5 classic titanomagnetite particles of volcanic origin are observed. Fig. 5
demonstrates inclusion of beads of magnetite and aluminosilicate particles, presumably of
cosmic origin. Fig. 6 shows that extra-terrestrial particles may be distinguished in
background territories of Central Russia considered pristine.
3.6 Lowland of Belarus, Central Europe

Element

Weight %

Atomic %

OK

17.02

42.27

Fe K

70.26

50.00

Zn K

12.72

7.73

Total:

100.00

keV
Fig. 7. Fragment of the magnetite cosmic microsphere of a specific composition (magnetite is enriched with
zinc). SEM image and EDAX results for moss samples collected in the lowland of Belarus

The image of Fe-Zn mineral particles in Fig. 7 determined in a lowland moss sample
from Belarus has the same morphology and elemental content as particles collected by
high-altitude aircraft (see Fig. 8). The proof of cosmic origin of examined particle in moss
from Belarus also follows from the observation in paper by Flynn et al., 1992, the
phenomenon of Zn depletion in CI carbonaceous meteorites. Though Zn is normally
enriched in cosmic dust (Zn/Fe is 2.5), Flynn et al. observed order-of-magnitude depletion
of Zn in for stratospheric cosmic dust particles (Zn/Fe is ~ 0.4) In our case this ratio is close
to 0.2. It confirms their suggestion that that Zn depletion might result from atmospheric
entry heating and the high abundance of CI.
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Archean Cosmic Dust suggests oxygen-rich upper
atmosphere 2.7 billion years ago
Covered in New Scientist
https://www.newscientist.com/article/2087917shooting-stars-show-earth-had-oxygen-eons-before-wethought

SEM images of cosmic dust particles collected by highaltitude aircraft (Onoue et al., 2011)

A tiny, 2.7 billion-year-old space rock
(Onoue et al., 2011)

Fluffy, unmelted fossil micrometeorite recovered in
Middle Triassic deep-sea deposits
(Onoue et al., 2011)

Fig. 8. SEM images of cosmic dust particles collected by high-altitude aircraft
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4. Conclusion
Microanalysis of moss samples is one of most potentially efficient and cheap methods for
studying particles of various origins: clastic, anthropogenic, and cosmogenic (cosmic dust).
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