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THE STABILITY OF CALCIUM ALUMINATE MINERALS IN THE SOLAR NEBULA 
B. Fegley, Jr., Lunar and Planetary Institute, 3303 NASA Road 1, Houston, TX 77058 USA and Max 
Planck Institut fiir Chemie, Saarstrasse 23, D6500 Mainz, Germany. 

Introduction.  Hibonite (CaAl12019) and calcium dialuminate (Cd1407) are among the most refrac- 
tory minerals observed in calcium-, aluminum-rich inclusions (CAIs) in chondritic meteorites. Hibonite 
was discovered in the Leoville and Allende carbonaceous chondrites [I]. It is found in CAIs in carbona- 
ceous, ordinary, and enstatite chondrites [2-41 and is fairly common in CAIs in CM2 chondrites such as 
Murchison. Calcium dialuminate was discovered in the Leoville carbonaceous chondrite [5] and is generally 
much less common than hibonite. However, it is a common mineral in CAIs in the ALH85085 chondrite 
[6]. The stability of calcium aluminates in the solar nebula is of interest for understanding the origin of 
their host inclusions, but despite 15 years work is still poorly understood. 

Blander and Fuchs [7] used thermodynamic activity data for molten oxides to derive free energy values 
for hibonite and CaA1407 and calculated that first hibonite and then CaA1407 condense from the solar 
nebula. Fegley [8] and Kornacki and Fegley [9] used the solid-state emf data of Allibert et a1 [lo] for the 
five calcium aluminates Ca3A120s, Ca12A114033, CaA1204, CaA1407, and CaAl12019 to calculate calcium 
aluminate condensation over wide pressure and temperature ranges in the solar nebula. Their results 
confirmed those reached earlier by Blander and Fuchs and also showed for the first time the stability fields 
for hibonite and calcium dialuminate over a wide range of pressures encountered in solar nebula modelling. 
For reference, Kornacki and Fegley [9] calculated hibonite and CaA1407 condensation temperatures of 1740 
K and 1646 K, respectively, at bars total pressure in a solar gas. 

However, the results of [7-91 were later challenged by Geiger et a1 [ l l ]  who claimed that calcium 
dialuminate CaA1407 was not stable in a solar composition gas. Geiger e t  a1 based this conclusion on 
their measurement of the enthalpies of formation of hibonite and CaA1407 at one temperature, 1063 K. In 
this abstract I use thermodynamic data for hibonite and CaA407 taken from the recent thermodynamic 
assessment of the Ca0-A1203 system by Hallstedt [12] to recalculate the stability fields of hibonite and 
CaA1407 in a solar gas. This work shows that CaA407 is in fact stable in a solar gas in agreement with 
the earlier results of Blander and Fuchs [7], Fegley [8], and Kornacki and Fegley [9] but in disagreement 
with the results of Geiger et a1 [ll]. 

Calculations. Hallstedt [12] used a computerized optimization technique to calculate an internally 
consistent set of thermodynamic values for the solid calcium aluminates and for their phase relationships. 
A wide variety of experimental data on the thermodynamic properties of calcium aluminates and on their 
phase equilibria were utilized in his assessment. I use his recommended values for calculating the following 
equilibria 

The thermodynamic activities for CaO and A1203 used in this work are taken from a set of complete 
thermodynamic equilibrium calculations of solar nebula chemistry. 

Results. The results are summarized in Tables 1 and 2. The new calculations for hibonite and 
CaA1407 condensation are in good agreement with my previous results [8,9] but contradict the results of 
Geiger et a1 [ll]. I argue that the present calculations are more reliable because they are based on the most 
recent and most complete assessment of the thermodynamic properties of the Ca0-A1203 system [12]. 
However, as noted by Hallstedt [12], there are few data available at the high alumina part of this system 
and a better knowledge of the thermodynamic properties of hibonite, such as its enthalpy of formation, 
heat capacity, and entropy at 298 K is still needed. 

Implications. Kornacki and Fegley [9] contended that the spinel-, hibonite-rich CAIs in CM2 chon- 
drites are probably not pristine condensates because they do not contain CaA1407. This work supports 
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their arguments and shows that the formation of CaA140rbearing CAIs does not need to occur under 
metastable conditions as proposed by Geiger et a1 [ l l ] .  

Summary. New condensation calculations for hibonite and CaA1407 were made using data from a 
thermodynamic assessment of the Ca0-A1203 system [12]. The results confirm earlier calculations showing 
that CaA1407 is a stable condensate in a solar gas. Consequently, the absence of CaA1407 from hibonite-, 
spinel-rich CAIs contradicts a condensation origin for these objects. 
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Table 1. CaAl12019 Condensation Temperatures (K) 

Reference 1 bars / bars 1 l o p 7  bars 
Th i swork1  1740 1 1602 1 1482 

Table 2. CaA1407 Condensation Temperatures (K) 

Reference I bars 1 bars I lo-? bars 
T h i s w o r k )  1680 1 1507 1 1366 
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