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Condensation from a cooling gas of solar composition has been widely cited as a 
plausible model for the formation of the mineral assemblages found in refractory 
inclusions in meteorites. The first phases to condense consist of the highly 
refractory oxides of aluminium, calcium, and titanium. Kornacki and ~egley', 
using thermodynamic data, calculated the sequence of phases to be: corundum 
(A1,0,), hibonite (CaA1,,0,,), perovskite (CaTiO,), calcium dialuminate 
(CaAl,O,), melilite (Ca,Al,SiO,), and spinel (MgAl,O,). However, the 
validity Of these calculations has been questioned in particular with regard to the 
predicted stability of CaA1,0,. This phase has only been reported once from a 
refractory inclusion in Leoville2. MacPherson and Grossman3 have argued that 
small errors in the thermodynamic data could cause the stability field of calcium 
dialuminate to disappear. Consequently this phase would be eliminated from the 
calculated condensation sequence in agreement with its rare occurrence in refractory 
inclusions. Condensation experiments are extremely difficult to simulate in the 
laboratory owing to the high temperatures necessary to volatilise the refractory 
oxides. However, the analogous method of distillation will also produce a phase 
stability order according to volatility. 

Terrestrial kaersutite was chosen as the starting material due to its high 
contents of most of the major elements. Of special interest was the high TiO, 
content which would indicate how much TiO, could be accomodated in the refractory 
phases such as hibonite. Titanium substitution of up to 8%. as TiO,, is commonly 
observed in meteoritic hibonite in a coupled substitution with magnesium. The 
initial kaersutite charge was 0.6 g. The sample was progressively volatilised in 
vacuum (-5x10-= mmHg) using an RE heater and subsequently an electron-beam 
gun, until a residue of -5% of the initial weight was left. The initial weight 
loss of the bead was quite rapid, however, as the bead became more refractory 
vapourisation proceeded at a much slower rate. The total heating time was 
approximately 3 hours. The bead was mounted in epoxy, sectioned in half, and 
polished analysis in a Camebax microbeam electron probe. 

The core of the sample consisted of coarse-grained, interpenetrating laths up 
to 1 m in length which reduced in size towards the outer edge. Three phases could 
be distinguished in the core. The laths were composed of hibonite and calcium 
dialuminate with a third phase of Ti, Al, and Ca oxides forming discontinuous 
strings through the calcium dialuminate and at hibonite - calcium dialuminate 
boundaries (Fig. 1). Both hibonite and calcium dialuminate are stoicheiometric with 
low substitution of TiO, (<I%); magnesium is totally absent (Table 1). The less 
volatile titanium content of the original kaersutite has been partitioned into the 
third phase which is non-stoicheiometric and consists of roughly 50% TiO,, 
25%A120,, and 25% CaO. The high electron probe totals for analyses of this 
phase suggest that titanium is present in the trivalent oxidation state. This would 
imply that the titanium substitution in hibonite is also a simple trivalent 
substitution for a l ~ i n i ~  (Ti3+ + A 1 3 + )  and the limit for these 
structures in this experiment is <1% Ti for Al. However meteoritic hibonites often 
contain up to 8% TiO, in coupled substitution with magnesium for aluminium 
(Ti4+ + ~g'+ + 2~1'') The absence of magnesium as well as the 
presence of ~ i ~ +  in the synthetic hibonite probably indicate that most 
meteoritic hibonites are not pristine phases but may have suffered a later 
metamorphism which introduced Mg and Ti4+. However, we note that the chemical 
composition of hibonite in the Allende inclusion HAL' is similar to the synthetic 
hibonite. 

The absence of calcium dialuminate from refractory inclusions cannot be 
explained by assuming that the thermodynamic data used in the condensation 
calculations1 are in error. Our vaporization experiments clearly show that 
calcium dialuminate appears as a stable stoicheiometric phase. It is gradually 
replaced by hibonite as calcium is selectively vaporized relative to aluminium. 
Further vaporization might have converted all of the calcium dialuminate to hibonite 
and under even more extreme conditions to corundum. The absence of calcium 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



SYNTHETIC CALCIUY DIALUMINATE 

Ireland T.R.  and T.M. Esat 

dia lumina te  from h i b o n i t e  inc lus ions  i n  meteor i tes  may be a n  i n d i c a t i o n  of a severe  
vapor iza t ion  ep isode  i n  t h e  e a r l y  s o l a r  nebula i n  which perovsk i te ,  h i b o n i t e ,  and 
corundum were t h e  only s t a b l e  phases. 
References: ' ~ o r n a c k i  A .S. and Fegley B .  (1984) Proc .LPSC.XIV, JGR Suppl. 
89,B588; 'Christophe e t  a l .  (1982) EPSL 61,13; ' ~ a c ~ h e r s o n  G.J. and Grossman 
L .  (1984) GCA 48.29; *Allen J.M. e t  a l .  (1980) GCA 44,685 

Tabla 1. E l e c t r o n  microprobe ana lyses1  
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' A l l  ana lyses  by uavelength d i s p e r s i o n  
K a e r s u t i t e ,  mean of 4 ana lyses  

F i  pure 1. BSE imaee of - -0- - - " 
hibonite-calcium dialuminate 
residue following distil- 
lation of kaersutite. 
Dark = hibonite 
bledium = calcium dialuminate 
Light = Non-stoicheiometric 
phase, Ti,Al,Ca oxide 
Scale Bar = 100 microns. 
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