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Introduction: Ca-, Al-rich inclusions (CAIs) in the 

most primitive carbonaceous chondrites represent the old-

est population of inclusions formed in the protoplanetary 

disk from which planets emerged. Most layered, minimally 

melted (Type A-like) CAIs in CO chondrites contain high 

abundances of MgAl2O4 spinel in their cores [1]. Spinel is 

not, however, predicted to form at temperatures (T) above 

~1690 K in a vapor of solar composition at 10-4 bar total 

pressure (Ptot) [2]. Minerals predicted to form at higher T 

are rarely found in the cores of CAIs in CO chondrites. 

Why is spinel so abundant in the cores of CAIs? 

Extreme non-stoichiometry of spinel toward a metasta-

ble cubic -Al8/3O4 endmember in the MgO-Al2O3 system 

is experimentally proven at 1400 < T < 2280 K [3]. Previ-

ous models predicting primordial vapor-solid equilibria 

treat only stoichiometric MgAl2O4 [2,3]. A comprehensive 

thermodynamic model for MgAl2O4 - Al8/3O4 spinels has 

recently been formulated [5]. Here, we test whether ac-

counting for spinel non-stoichiometry might increase the T 

at which spinel could condense in equilibrium with a va-

por of solar composition. Such a prediction would be more 

congruent with observed CAI textures. 

Methods: We parameterized both the compositions of 

spinels on the Al-rich spinel-corundum coexistence curve 

in the MgO-Al2O3 system [3] and the ordering parameters 

of [5]. We then tested the stability of Al-rich spinels rela-

tive to condensates from solar composition and dust-

enriched vapors using the VAPORS code [2,6]. 

Results: The temperature range where spinel non-

stoichiometry becomes important [4] is so high that Al and 

Ca condensation dominates, yielding Ca-aluminates or liq-

uids in dust-enriched systems. Crystal-chemical stability 

fails to explain the abundance of spinel-rich CAIs. Ad hoc 

vapor composition adjustments [1] do not satisfy. Alterna-

tive explanations [e.g., 7] deserve further exploration. 
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