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Introduction:  Cosmic dust recovered on Earth in 

the form of interplanetary dust particles (IDPs) and 
micrometeorites is, together with larger meteorites, 
valuable source of primitive extraterrestrial material. 
Reliable determination of cosmic dust’s bulk and grain 
density and porosity is an issue of key importance in 
planetology. Cosmic dust represents material released 
from asteroids and probably also comets into inter-
planetary space. It carries important information about 
the composition and structure of cometary dust or 
coma as well as of asteroid surfaces. Thus, knowledge 
of cosmic dust’s physical properties is essential in the 
interpretation of ground-based or space-based observa-
tion of comets and asteroids. Some cosmic dust parti-
cles experience significant atmospheric processing 
during their entry while others survives almost unaf-
fected. Thus, comparison of the physical properties of 
pristine cosmic dust particles to these significantly 
affected by atmospheric entry can give us insight into 
changes related to their atmospheric entry. 

Physical properties of cosmic dust:  Physical 
properties and internal structure of cosmic dust in the 
form of six ~100 µm-sized micrometeorites, collected 
in the Novaya Zemlya glacier in Russia [1] were inves-
tigated using x-ray microtomography (XMT) at the 
Department of Physics, University of Helsinki. Due to 
its high-voltage (20-180 kV) nanofocus x-ray tube, 
and variable imaging geometry, the XMT equipment 
allows scans of samples sized from10 cm down to 
50 µm, with sub-micron resolution (i.e. voxel size be-
low 1 µm3) in the case of small samples. 

XMT results indicate their predominantly silicate 
composition. The internal structure is influenced by re-
melting during atmospheric entry and varies from 
glassy to barred or porphyritic olivine structure. Addi-
tionally to internal structure imaging, XMT allows 
bulk particle shape, volume and porosity determina-
tion. Quantitative volumetric 3D calculations of vari-
ous compositional fractions as well as of pore space 
within scanned particles were done in similar was as 
by [2, 3, 4], but with higher resolution. The microme-
teorites were found to be quite compact with porosity 
mostly below 3% (with up to 1 um pore size resolu-
tion). 

The bulk and grain densities were derived using 
particle bulk and grain volumes derived from XMT 
scans, and mass determined by a microbalance. Aver-

age bulk and grain density of the particles were calcu-
lated to be 3.4 and 3.5 g/cm3, respectively. Te grain 
density is close to the grain density of mineral olivine 
and silicate rich chondritic meteorites [5]. 

One particle was found to have a large metal inclu-
sion amounting almost 5% of its volume. This is also 
reflected in its higher bulk and grain densities of 5.6 
and 5.7 g/cm3 respectively. Its grain density is similar 
to stony iron meteorites [5]. 

Magnetic studies of all micrometeorites revealed 
further ~4 wt% fraction of submicron-sized iron ox-
ides which is too finely grained to be detected in the 
XMT scans. 

Changes in meteoroid physical properties dur-
ing atmospheric entry:  Studied micrometeorites 
have lower porosities and higher bulk and grain densi-
ties compared to their assumed meteoroids (unmelted 
cosmic dust particles [6, 7] and compositionally simi-
lar carbonaceous meteorites [5, 7]). The porosity de-
crease is most likely a result of meteoroid melting and 
recrystallization during atmospheric entry. An increase 
in grain density is most likely due to the loss of vola-
tiles and sulfur evaporation from iron bearing sul-
phides as troilite or pyrrhotite. 

Conclusions:  XMT proved to be a capable 3D 
non-destructive investigation tool suitable for extrater-
restrial material studies and for quantitative evaluation 
of its physical properties and represents a significant 
improvement over the SEM based methods used in 
earlier studies [8, 9]. 

During the hot atmospheric entry the porosity of 
the meteoroids is reduced (due to melting and recrys-
tallization) while their grain density tends to increase 
(loss of light volatiles and sulfur). 
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