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Introduction: Evaporation and condensation are
among the key physico-chemical processes that form
the meteorite substance composition. These processes
played an especially important role at formation of the
substance of white inclusions in carbonaceous chon-
drites (CAI). Despite numerous descriptions of their
structure and composition, the problems of the origin
and physico-chemical conditions for CAI formation
remain the subject of continuous discussions. A weak
side of various genetic models of CAI is their con-
struction on a purely theoretical basis without due re-
liance on experimental data.

Therefore, of special interest are the results of the
study on evaporation of CAI substance from the Ye-
fremovka meteorite obtained by Yakovlev et al. [1].
They identified the gas phase composition and found
the partial pressure values of vapor species. The tem-
perature dependence of changes in the CAI substance
melt composition was determined at temperature in the
range 1300-2600 K. The experiments were performed
by the mass spectrometric method at evaporation from
a Knudsen cell of the CAI natural substance.

It is known that the evaporation process of oxide
compounds is a combination of reactions of simple
oxide evaporation and reactions that form gaseous
complex oxides. Simple oxides, with a few exceptions,
vaporize without changing the composition being ei-
ther in the region of the solid or the liquid phase.
Oxide compounds in the solid phase also vaporize
without changing the composition. However, in the
liquid state or in a solid solution, oxide compounds
and melts, as a rule, change their composition at eva-
poration.

Calculations: Therefore the goal of this work was
to study changes in the composition of melts of the
Ca0-Mg0O-Al,05—FeO-Si0O, system whose composi-
tion is close to that of the CAI substance at tempera-
ture range 1600-2300 K. This problem was solved by
applying the approach we developed for calculation of
the condensed phase composition changes at evapora-
tion [2]. The approach was based on own experimental
thermodynamic data [3, 4]. Under consideration were
two compositions: 1) average CAI composition [5]: 33
mole % CaO, 16 mole % MgO, 18 mole % Al,O;, 33
mole % SiO, (the content of iron and titanium oxides
in this sample was insignificant and thus not taken into
account in our calculations) and 2) Ap-16 68415,40
lunar basalt experimentally studied in detail [6]: 19.5
mole % CaO, 7.3 mole % MgO, 18.8 mole % Al,O;,

4.0 mole % FeO, 50.5 mole % SiO, (total content of
sodium, potassium and titanium oxides in this sample
was as low as 0.8 wt. % and thus was disregarded in
the calculations).

Results and Discussion: As follows from Fig. 1,
at the first evaporation stage the average CAI composi-
tion loses MgO and moves to a region close to the
composition of gehlenite Ca,Al,Si0;. Next follows
elimination of SiO, from the composition of the CaO—
AlL,0;-Si0, system melt thus formed and the CaO
content in the condensed phase, depending on the
weight loss ¢, achieves its extreme value. The last
stage involves evaporation of the CaO-Al,O; system
melt with a sharp decrease in the CaO content down to
a level that coresponds to corundum.
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Figure 1: Calculation of oxide concentration changes
in the condensed phase of the CAI average composi-
tion melt vs. weight loss during evaporation at temper-
ature in the range 1300-2600 K.

Evaporation of lunar basalt Ap-16 68415,40 (Fig.
2) occurs somewhat differently. At the first stage of
evaporation this composition loses FeO and SiO,. Si-
multaneously, the content of calcium, magnesium and
aluminum oxides in the condensed phase goes up a
little. At a ¢ value that is about 60 %, iron oxide disap-
pears from the melt. Further evaporation of the lunar
basalt melt is characterized by sequential loss of MgO
and then SiO, from the melt. The last stage, like in the
first case, proceeds with predominant evaporation of
CaO from the melt composition and reaching the co-
rundum region.
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Reliability of the approach developed is shown on
the example of the available experimental data. Com-
parison of the results obtained in the course of this
work with the experimental data [6] obtained by the
Knudsen spectrometric effusion method shows their
satisfactory conformity (Fig. 2). Let us note that
changes in the temperature mode do not affect the
concentration-weight dependences that characterize
melt evaporation.
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Figure 2: Calculation of oxide concentration changes

in the condensed phase of the Ap-16 68415,40 lunar

basalt melt vs. weight loss during evaporation at 2300

K in various redox conditions:

(a) in chemically neutral conditions;

() in reducing conditions (p(O) = 1.00 - 10”7 atm,

p(0,)=4.13-10""° atm).

The experimental results obtained by the Knudsen
effusion mass-spectrometry method [6] are denoted by
symbols. The calculation results obtained in this study
are indicated by lines.

A though-provoking conclusion can be drawn from
the observed small difference between the
experimental dependences and those calculated in this
work at the last stage of melt evaporation (Fig. 2). The
calculation results of changes in the melt composition

1408.pdf

at evaporation in chemically neutral conditions (Fig.
2a) and in preset reducing conditions (Fig. 2b0) show
that this difference is explained by the conditions un-
der which the experiment was conducted [6]. The
samples under examination were placed in a rhenium
boat on the bottom of a tungsten container, which did
not fully rule out the reducing action of tungsten. It is
for this reason that the experimental data are in the
interval between the calculated values relating to
chemically neutral and preset reducing conditions.
From Fig. 2 it also follows that redox conditions of
evaporation, which can be characterized by value
p(0O,) or p(O), considerably affect not only the melt
evaporation rate but also the residual melt composi-
tion.
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