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Introduction: Besides corundum, hibonite is the most Al-

rich phase found in CAIs. It is considered to be one of the first 
oxide phases that condensed from the hot solar nebula [1]. The 
formula of hibonite usually deviates from the ideal end-member 
composition (CaAl12O19) due to the presence of variable amounts 
of minor element such as Ti, Mg, Fe, Si, and V [2]. Since Ti can 
occur in different oxidation states, it appears the ideal candidate 
for providing insight into the oxygen fugacity (fO2) at which such 
mineral has formed and evolved in the solar nebula [3]. 

Experimental methods: Three CAIs within two 
petrographic thin sections of chondrites Acfer 182 (CH; 
PL01036) and one of Dar al Gani (DAG) 203 (CO3; PL96274) 
were analyzed with a JEOL JXA-8200 electron microprobe. 
Electron-transparent sections of one hibonite grain from each 
CAI have been prepared using a FEI Quanta 3D FEG focused ion 
beam. Hibonites with the same compositions as the selected 
meteoritic crystals were also synthesized from oxide mixtures at 
1430°C for 12 h both in air and under controlled fO2 in a gas 
mixing furnace using a CO/CO2 flux. Thin sections of synthetic 
hibonite pellets were subsequently thinned down to less than 100 
nm by aid of a Gatan DuoMill 600 argon ion milling machine. 
The valence state of Ti was measured both for meteoritic and 
synthetic hibonites by means of electron energy loss 
spectroscopy (EELS) using a 200 keV Philips CM20 scanning 
TEM, equipped with a Gatan PEELS 666 parallel electron 
spectrometer. The quantification technique used is based on the 
spectral features and intensities of the L3,2 white lines of Ti [4]. 

Results and Discussion: Chemical compositions and Ti3+ 
contents of meteoritic hibonites are reported in the following 
Table. 

Sample Composition Ti3+/ΣTi (%) 
Acfer 182-2 CaAl1.51Ti0.80Mg0.69O19 20 
Acfer 182-3 CaAl1.45Ti0.36Mg0.23O19 35 
DaG 203-1 CaAl1.52Ti0.75Mg0.78O19 25 

The content of Ti3+ in hibonite grains from CAIs is very similar 
with respect to the synthetic samples prepared at –log fO2 = 11 
(e.g., Acfer 182-3’s analogous has 35% of Ti3+), indicating that 
this condition may reflect the redox environment in which 
hibonite has formed. However, even hibonites synthesized in air 
still have quite large amount of Ti3+ (e.g., 20% for Acfer 182-3’s 
analogous), suggesting that its concentration does not only 
depend on the redox conditions at which hibonite formed, but 
also on its crystal chemistry. Even at very oxidizing conditions 
the substitution mechanism Mg2+ + Ti4+ = 2Al3+ is not unique and 
some Ti3+ = Al3+ substitution takes place. 
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