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Introduction: Organic compounds (OC) can be
produced by various natural processes and can be
found in interstellar clouds, meteorites, comets, plan-
ets, etc. An impact of a meteorite into the Earth is gen-
erally considered as destructive process for organics
because of the action of two factors: 1) extremely high
temperatures, and 2) oxidizing conditions in the form-
ing plume due to thermal dissociation of silicates.
There is a possibility that some portions in rare side of
an impacting body can experience reduced shock wave
loading [1] and imbedded organic components will
survive the impact. It was shown experimentally that
even original microorganisms can survive shock load-
ing at ~40 GPa [e.g., 2]. The present paper considers
the possibility of synthesis of organic species from
initially inorganic and/or organic CHONS elements
during impact-induced vaporization of silicates.

Formation of complex molecules in an impact-
induced vapor processing occur through a quick quasi-
equilibration at a high-pressure and high-temperature
stage with a quenching at a certain expansion of the
plume. Equilibration stage implies certain require-
ments on the chemical composition of the system when
natural impacts are modeled. It is well known that re-
ducing conditions favors synthesis of complex OC [3].
The use of a formamide target provides impact-
simulated formation of important nucleobases [4]. It is
important to note here that the specific feature of
chemical conditions during impact-induced evapora-
tion of silicates is the substantial concentration of mo-
lecular and elemental oxygen in the vapor cloud which
is formed due to thermal decomposition of petrogenic
oxides [5]. The estimates show that partial pressure of
free oxygen can be as high as one third of the vapor
pressure [6]. During the vapor cloud expansion and
cooling, oxygen is almost completely consumed for
the formation of condensed silicates, but it strongly
affect the survivability of starting OC in the impacting
material.

Chemical composition of an impact-generated va-
por cloud is formed under dissociation and recombina-
tion processes. Gas mixtures that are forming at such
conditions contain both oxidized and reduced compo-
nents and are in disequilibrium when intrude normal
environmental conditions. It was shown experimen-
tally that the formed gases simultaneously contain suf-
ficient quantities of H, and O,, SO, and H,S, CO, and
CH, [6]. The most abundant reduced gases in
quenched mixtures were H,, H,S, CHy, and light hy-
drocarbons up to C¢Hg [7]. Coexistence of O, and H,

in high temperature silicate vapors is supported by
thermodynamic calculations.

The analysis of the shock mechanism indicates
that, almost in the whole range of planetologically
important impact velocities, we deal with the partial
evaporation of silicate materials, and expansion of an
impact-generated cloud proceeds in accordance with
the condensation law [8]. This means that all mole-
cules in the cloud continuously interact with the con-
densed particles. The particles have submicron size
and therefore they provide good conditions for surface
reactions. The amount of formed organic species is
orders of magnitude higher than that predicted by gas
phase thermodynamic equilibrium [6]. We claim that
heterogeneous catalysis on the surface of condensed
particles is the main mechanism of OC synthesis in the
spreading cloud. The possible mechanism here can be
the Fischer-Tropsch-type of synthesis since CO and H,
are abundant molecules among C- and H-bearing com-
ponents. Organic species were mainly highly polymer-
ized hydrocarbons with low solubility in solvents. It
seems that polymerization into kerogen-like staff is the
main trend that provides survivability of organics at
harsh conditions of the vapor plume.

Additional factor favoring the synthesis of OM on
the surface of condensed particles is the possible cata-
lytic activity due to the presence of nano-meter parti-
cles of reduced iron and other siderophile elements.
They are formed from petrogenic oxides as a result of
thermal reduction and immiscibility of the metallic
phase [9,10]. Iron is present in the forming condensate
as Fe’, Fe'?, and Fe™ reflecting complex redox proc-
esses in the vapor. The main rock-forming element,
silicon, has also complex redox behavior and was de-
tected in Si’, Si'%, and Si™* states [11].

Experiment: The aim of the experiment was to
investigate the transformation of original organics of
two carbonaceous chondrites - Murchison (CM2) and
Kainsaz (CO3) - due to impact-evaporative processing.
Our simulation experiments were performed using
standard laser pulse (LP) technique [8]. The chamber
during laser ablation of meteorites was filled in some
experiments by inert gas (helium) or by reducing gas
(hydrogen) to see the response of the synthesis on
change in redox conditions. Comparative study of
original OC in the meteorites and in condensed prod-
ucts of the simulated impact-induced evaporation of
these meteorites was done using pyrolytic gas chroma-
tography coupled with mass spectrometry (Pyr-
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GC/MS) technique. We performed two-step pyrolysis
(460°C, 15 min — 900°C, 10 min) under helium flow
of pulverized meteorites (20 mg) and solid condensates
(25 mg) from 2-3 LP experiments. The released vola-
tiles were collected at temperature of liquid N, and
then desorbed into the chromatographic system by
pulse heating of the cryogenic trap up to ~400°C.

Results and Discussion: We found significant dif-
ferences in the composition and ratios of volatile or-
ganics between pyrolysates (at 460°C) of meteorites
and their condensates obtained at different conditions.
All condensates gave lesser absolute amounts of OC
during pyrolysis then the initial meteorites.
The“hydrogen” condensates gave significantly higher
amounts of volatiles than the “helium” condensates.

The “helium” condensates gave volatiles which
have higher relative amounts of N-, S-containing com-
pounds and aliphatic hydrocarbons then the starting
meteorites and large amounts of CO, and SO,. The
“hydrogen” condensates gave OC containing higher
relative amounts of aromatic and alkyl-aromatic hy-
drocarbons compared to the starting meteorites. At the
same time, S-containing OC were almost absent, but
there were huge amounts of H,S.

Residual pyrolysis of all of the condensates at
900°C gave only carbon dioxide, sulfur dioxide, ben-
zene and traces of other aromatics.

The Murchison bulk material had higher abun-
dance and diversity of OC in pyrolysates than the
Kainsaz. Nevertheless, the condensates of the Kainsaz
(both “hydrogen” and “helium”) were much higher in
diversity and quantity of volatile organics than the
Murchison condensates and gave lesser amounts of
C02 and SOz

Processed meteorites have different metamorphic
degree and volatile elements content. Nevertheless,
they show rather similar OC pattern (fig.1) for the
same redox conditions in the experiment. This phe-
nomenon can be explained by formation of quasi-
equilibrium compositions under similar redox situa-
tion. General similarity of OC patterns for starting
meteorites also can be related to similar redox condi-
tions in the region of formation of these meteorites.
The differences in OC pattern for the condensates of
both meteorites obtained at the same redox environ-
ment can be a result of the difference in elemental and
mineral composition of meteoritic materials. The
higher diversity in OC of the Kainsaz condensates can
be a result that the Kainsaz is more reduced than the
Murchison. It contains ~5% vol. of nickel iron [12]
compared to <0.5% vol. of the same in Murchison
[13]. The possible indicator of Fisher-Tropsch reac-
tions is the releasing of n-alkanes and long-chain al-
kyl-aromatic hydrocarbons from the condensates dur-
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ing pyrolysis. Especially it is related to the Kainsaz
condensates.
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Fig.1. Relative abundances of different groups of
volatile OC in pyrolysates (460 °C) of bulk Murchison
and Kainsaz and their condensates obtained in helium
and hydrogen atmospheres.
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