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Current models allow to reliably simulate mechanical and thermal phenomena associated with a mi-
crometeor passage through the Earth’s atmosphere. However, these models have rarely been applied to
materials other than those most common in meteorites, such as silicates and metals. A particular case
that deserves attention is the one of micrograins made of minerals, in particular carbonates, which have
been associated, in meteorites, with organic molecules. Carbonates are known for their decomposition in
vacuum at moderate temperatures, and they might contribute to the thermal protection of organic mat-
ter. In this work, a model with non isothermal atmosphere, power balance, evaporation, ablation, radia-
tion losses and stoichiometry, is proposed. This paper includes the very first calculations for meteoroids
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Caftfonates with a mixed carbonate composition. Results show that the carbonate fraction of these objects always go
Ej\lclte . to zero at high altitudes except for grazing entries, where the reached temperature is lower and some
agnesite

carbonate remains unreacted. For all entry conditions, peculiar temperature curves are obtained due to
the decomposition process. Furthermore, a significant impact of decomposition cooling on the tempera-
ture peak is observed for some grazing entry cases. Although specific solutions used in these calculations
can be improved, this work sets a definite model and a basis for future research on sub-mm grains of
relatively volatile minerals entering the Earth’s atmosphere.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Micrometeors are submillimeter dust particles that represent
the minor bodies majority population in the inner Solar System
(Griin et al,, 1985): they are among the most primitive mate-
rials in space, suggesting that they can provide keys to under-
stand the chemistry of the early Solar System (Flynn et al., 2003).
When micrometeors experience atmospheric entry, they are called
micrometeoroids (MMs) and they undergo several modification
(Genge et al., 1997); some of them survive the complex inter-
actions with the atmosphere and are able to reach the Earth’s
surface. About 40420 x 105 kg of MMs enters the Earth’s atmo-
sphere every year (although many of these grains are completely
vaporized during the passage) (Love and Brownlee, 1993; Tay-
lor et al., 1998; Zolensky et al., 2006), representing the domi-
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nant source of the annual interplanetary dust entering the Earth’s
atmosphere.

While entering the Earth’s atmosphere, MMs experience sev-
eral physical and chemical processes: collisions with atmospheric
atoms, evaporation, ablation, temperature variation, decomposi-
tion. Various numerical models have been developed (Flynn, 1989;
Love and Brownlee, 1991; Briani et al., 2013; Micca Longo and
Longo, 2017) in order to simulate the different and various inter-
actions between the MMs and the Earth’s atmosphere.

The materials considered in previous studies are typical of re-
trieved MMs, i.e. mixed silicates. In this work, as in our previ-
ous studies (Bisceglia et al., 2017; Micca Longo and Longo, 2017),
we are instead investigating much less common compositions,
namely carbonates of alkaline-earth elements. The attention to this
composition is supported by several considerations. Inorganic car-
bonates are often associated with organic matter (Flynn et al.,
2000; Fonti et al, 2001; Pizzarello et al., 2006; Orofino et al.,
2009; Blanco et al., 2013; 2014; D’Elia et al., 2017; Matrajt et al.,
2012): the knowledge of their physical and chemical properties
during the atmospheric entry may provide information about the

Please cite this article as: G. Micca Longo, S. Longo, Theoretical analysis of the atmospheric entry of sub-mm meteoroids of MgyCa;_,CO3
composition, Icarus (2017), https://doi.org/10.1016/j.icarus.2017.12.001



https://doi.org/10.1016/j.icarus.2017.12.001
http://www.ScienceDirect.com
http://www.elsevier.com/locate/icarus
mailto:gaia.miccalongo@uniba.it
mailto:savino.longo@nanotec.cnr.it
https://doi.org/10.1016/j.icarus.2017.12.001
https://doi.org/10.1016/j.icarus.2017.12.001

JID: YICAR

[m5G;December 18, 2017;7:49]

2 G. Micca Longo, S. Longo/Icarus 000 (2017) 1-9

a=45°, v=12km/s, dm=50pm

L L B B
1000~ ¢ =
-~ Ca: 0%, Mg: 100%
<
=
500 —
~——_
T O I EO S R B
80 100 120 140 160 180 200
d (km)
a=0°, v=12km/s, dm=200pum
[ lm\ T T T T T T ]
1500 / —
b - Ca: 0%, Mg: 100% 4
~ 1000 7} —
o !
=
500 — —
ob— 111
60 80 100 120 140 160 180 200
d (km)
a=45°, v=20km/s, dm=100pum
2000 Fr T T T T
i
i \\ Ca: 100%
f \
1500 / \\ -- Ca: 0%, Mg: 100%
2 ol |
= 1000 — | —
500 — —
P R P B H B et
60 80 100 120 140 160 180 200

d (km)

a=80°, v=12km/s, dm=100pm

Ca: 100%, Mg: 0%

800 o

600

T (K)

400

200{~ \ -

L L L 1 L L L L L 1
80 100 120 140 160 180 200
d (km)

0=0°, v=20km/s, dm=50um
LA L B B B B

1500

<
= 1000 R
500 =
[ R R R R
80 100 120 140 160 180 200
d (km)
a=80°, v=20km/s, dm=200pum
T T T T T T T T
Ca: 100%, Mg: 0% |
1000 -- Ca: 0%, Mg: 100%
<
= ]

500

S

IS S S E—Y
120 140 160 180 200
d (km)

|
80 100

Fig. 1. Thermal curves, as a function of the quota d, for different entry scenarios (« is the entry angle, v is the entry speed and dm is the meteoroid diameter) of a

MgyCa;_xCO3 MM.

chemical stability of organic matter in their parent bodies (comets,
asteroids) and interplanetary dust. Carbonates of Il group elements
have been spectroscopically detected in cometary grains, in close
association to complex organic molecules (Yabuta et al., 2014).
(Mg,Fe)CO5 is common among phyllosilicate-rich micrometeorites
and CI chondrites (Noguchi et al., 2002). Carbonates (dolomite)
have been reported in a micrometeorite from the CONCORDIA col-
lection (Duprat et al., 2007). Ca-rich particles have been found
within the spall zone of several craters, resembling calcium car-
bonate residue (Kearsley et al., 2007). Mg/CaCO3 micrograins, with
a linear dimension of ~10 —20 wm, have been reported inside
EETA 79001 (Gooding et al., 1988): similar objects might have been
released from mechanical fragmentation of a larger body and ex-
perienced entry as individual particles.

In our recent work (Micca Longo and Longo, 2017), the theo-
retical model focuses on the atmospheric entry of pure magne-
site MMs. The model has been developed in close connection with
the idea that carbonates, in particular magnesite, may be cooling
materials, in the context of astrobiology and of the delivery of or-
ganic matter to biosphere from Space (Bisceglia et al., 2017). Actu-
ally, many works in the past (Anders, 1989; Maurette et al., 1990;

1995; Jenniskens et al., 2000; Maurette, 2006) suggested that mi-
crometeorites might represent the major carrier of extraterrestrial
C-rich compounds reaching the Earth’s surface. So, the study of the
physical and thermochemical behaviour of these materials, as main
components of submillimeter grains during the atmospheric entry,
becomes useful, but no such study is available in literature.

In this work, we generalize the atmospheric entry model of
Micca Longo and Longo (2017) in order to account for a mixed
composition, including calcium and magnesium cations. These
compositions are not only of geochemical but also of astrobiologi-
cal relevance, as they are close to the materials considered in the
STONE artificial meteor experiment (Brack et al., 2002). Our en-
try model comes essentially from the one developed by Love and
Brownlee (1991), extended to undertake the study of the materi-
als proposed. The improvements include chemical decomposition,
evaporation and consequent cooling. In the present extension to
a solid mixture, we have included the stoichiometry of the mate-
rial in its conversion from mixed carbonate to mixed oxide. Em-
pirical relations are used to account for the energy transfer coeffi-
cient and the vapor pressure, which are connected to the chemical
composition.
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