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Introduction: Amoeboid olivine aggregates (AOAs), the 
most common type of refractory inclusion in carbonaceous chon-
drites, consist mainly of olivine and lesser amounts of refractory 
components such as spinel, Al,Ti-bearing diopside, and anorthite. 
Rarely, melilite and perovskite occur in AOAs [1, 2]. We have 
studied a fine-grained, perovskite-bearing CAI-like object in an 
AOA in the pristine CO3 chondrite ALHA 77307 (CO3.0) in an 
effort to constrain the origins and thermal histories of refractory 
materials in AOAs. In addition, we hope to constrain the rela-
tionship between the refractory component and olivine in AOAs.  

Method: The AOA was studied using SEM/BSE imaging 
and elemental X-ray mapping and then sectioned using FIB tech-
nique. The section was subsequently in detail by TEM techniques 
to characterize its microstructure and microchemistry. 

Results and Discussion: The irregularly-shaped AOA 
(~300μm in size) investigated in this study consists of ~35 vol.% 
of a dense CAI-like refractory object enclosed by porous olivine 
grains. The CAI-like object contains numerous nodules consist-
ing of spinel rimmed by a continuous layer of Al,Ti-bearing 
diopside. Minor perovskite grains, <3μm in size, are present 
along grain boundaries between the spinel core and diopside rim.  

The FIB section was prepared across a region of two 
neighboring CAI-like nodules where two ~2μm perovskite grains 
occur between the spinel core and diopside rim. The FIB section 
consists of perovskite, diopside, spinel, and melilite with highly 
unequilibrated grain boundary microstructures. The perovskite 
grains are irregular in shape and completely surrounded by a 
layer 0.2-0.4 μm wide consisting of fine-grained diopside and 
minor spinel. The melilite is completely separated from the 
perovskite by this layer. Melilite has a high density of defects 
and dislocations and shows evidence of pores in localized areas.  

Perovskite and spinel are nearly pure CaTiO3 and MgAl2O4, 
whereas melilite is highly gehlenitic, but compositional homoge-
neous. In contrast, pyroxene shows large variations in chemical 
composition, with Al2O3 contents from 0 to 29 wt.%, and TiO2 
contents from 0 to 16 wt.%. Significantly, pyroxene grains in 
contact with perovskite have the highest TiO2 contents, whilst 
those furthest away from perovskite contain <5 wt.% TiO2.  

Unlike another CAI-like object that we have studied in 
ALHA 77307 [3], this inclusion contains unequivocal composi-
tional and textural evidence for a direct reaction between 
perovskite and melilite to form Al-Ti-rich pyroxene. The high 
degree of compositional and textural disequilibrium demonstrates 
that this reaction occurred under highly dynamic conditions, pos-
sibly during fast cooling. One possible scenario is that reaction of 
perovskite with the gas during melilite condensation stabilized 
Al-Ti pyroxene, until a reaction rim of sufficient thickness de-
veloped to isolate the perovskite from the gas phase. Melilite was 
then able to condense, as a stable phase.   
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