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In the framework of the developed semi-empirical
thermodynamic model of silicate melt evaporation [1],
we studied the changes of the residual melt composi-
tions of Ca—Al-inclusions in the chondrite (CAls) at
2173 K. The thermodynamic model was based on the
theory of ideal associated solutions and the experi-
mental data of oxide activities in melts of the CaO-
MgO-FeO-Al,03-TiO>-SiO; system found by Knud-
sen mass-spectrometric effusion method in the temper-
ature range of 1600-2500 K. The accuracy of the ap-
proach was confirmed earlier [2] by the experimental
data on two different samples: the sample of lunar alu-
mina basalt whose evaporation was studied by the mass
spectrometric method using Knudsen tungsten effusion
cells at 1577-2502 K [3] and the synthetic oxide mate-
rial with a solar composition whose vacuum evapora-
tion was studied using graphite crucible at 1673-2273
K [4].

The model describes satisfactorily the CAls com-
position evaporation — 5aN-3 [5, 6], CAl4 [7] and Type
B CAI (CAI B) [8] (Fig. 1). Their initial composition is
given in Table 1.

Table 1. The CAls initial composition (mol %).

Sample Ca0 MgO Al,O3 SiO;
5aN-L 11.17 25.00 23.83 40.00
5aN-3 14.43 25.60 23.83 36.14
5aN-H 17.03 27.98 23.23 31.76
CAl4 24.10 24.32 15.52 36.06
CAI B 26.76 17.05 11.41 44.78

Despite the differences in the considered CAls ini-
tial compositions there is a definite similarity in the
changes in residual melts at evaporation (Fig. 1, 2).
This change is accompanied by inversion of
MgO / SiO; relative volatility typical for most compo-
sitions that is the MgO predominant evaporation (Fig.
2). However, evaporation of the 5aN-3 composition is
the opposite — the ratio is increasing and then is de-
creasing.

We have studied the evaporation of two composi-
tions with a few low (5aN-L) and a few high (5aN-H)
amounts of CaO in the melt to explain this phenome-
non (Table 1).

The variations of amount of CaO in the melt led to
the SiO, preferential evaporation in the 5aN-L melt,
and to the MgO preferential evaporation in the 5aN-H
melt (Fig. 3). Moreover, the initial amount of MgO in
the 5aN-H melt was larger than in the 5aN-L melt (Ta-
ble 1).

There is the double inversion in the MgO / SiO, ra-
tio of in the case of the 5aN-3 composition: the first
(about 35 mol % Al,O3) is leading to the MgO predom-
inance in the melt and the second (about 60 mol %
Al>O3) is leading to the SiO, predominance in the melt
(Fig. 3, 4).
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Fig. 1. The experimental (points) and calculated (lines)
changes in residual melts of 5aN-3 (a), CAl4 (b) and
CAI B (c) at evaporation at 2173 K. Designations: 1 —
CaO0, 2 - MgO, 3 - Al;03, 4 - SiO».

1845.pdf



o1 4
_ o2
> Q3
= 10- °
Qf‘l
v
o
[=11]
=
[¢]
40 0 60
ALO,, mol %

Fig. 2. The experimental (1-3) and calculated (4-6) the
MgO / SiO, molar ratio changes in residual melts of
5aN-3 (1, 4), CAl4 (2, 5) and CAI B (3, 6) at evapora-
tion at 2173 K.

40-

0 T T T T T et T
20 30 40 50 60 70

ALO,, mol %

23
Fig. 3. The experimental (1, 5, 9) and calculated (2-4,
6-8, 10-12) changes in residual melts of 5aN-3 (1, 2, 5,
6, 9, 10), 5aN-L (3, 7, 11), 5aN-H (4, 8, 12) at evapo-
ration at 2173 K. Designations: 1-4 — CaO, 5-8 - MgO,
9-12 - SiO,.

Thus, during the CAls melts evaporate at high tem-
peratures, the SiO; and MgO fugacities are inverted:
SiO2, which is more volatile than MgO, becomes less
volatile when melts rich in refractory CaO and Al,O3
evaporate. This fugacity inversion can be realistically
explained within the framework of Korzhinsky’s theory
of acid-base interaction between components in sili-
cate melts [9]. According to this theory, an increase in
CaO concentration in the melt increases its basicity,
and this, in turn, increases the activity (and fugacity) of
MgO and decreases those of SiO; (Fig. 5). In the real
compositions of the CAls in chondrites, the
MgO / SiO; ratio systematically decreases with an in-
crease in the CaO concentration under the effect of
acid-base interaction (Fig. 2).
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Fig. 4. The experimental (1) and calculated (2-4)
MgO / SiO, molar ratio changes in residual melts of
5aN-3 (1, 2), 5aN-L (3) and 5aN-H (4) at evaporation at
2173 K.
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Fig. 5. The calculated MgO / SiO, activity ratio chang-
es in residual melts of 5aN-3 (1), 5aN-L (2) and 5aN-H
(3) at evaporation at 2173 K.
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