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Introduction: Amoeboid olivine aggregates (AOAs) consist 

of forsterite and lesser amounts of refractory, Ca-Al-rich phases 
such as Al,Ti-bearing pyroxene, ±anorthite, ±spinel, and rarely 
melilite. AOAs probably represent aggregates of nebular gas-
solid condensates [1,2]. The refractory component of AOAs 
shows evidence of gas-solid reactions that can constrain the ori-
gin and thermal history of the AOAs. Here, we report microstruc-
tural studies of an AOA from the CO3.0 chondrite, ALHA 
77307, aimed at understanding the origin of AOA and the rela-
tionship between the refractory component and forsterite.  

Methods: SEM/BSE imaging, X-ray mapping, and FIB-
TEM were used to study the AOA. TEM observations were made 
on two FIB sections from a CAI-like object within the AOA [3]. 

Results: The AOA (~350μm in size) contains CAI-like nod-
ules with a spinel-rich core, a layer of intergrown spinel and 
diopside, and a diopside rim [3]. The boundary between the spi-
nel core and the diopside layer is highly irregular and embayed 
indicating a reaction relationship. One FIB section (C) was cut 
from the spinel core to the diopside rim and a second (D) from a 
complex spinel-diopside intergrowth in the spinel core. 

Both FIB sections are highly compact with no evidence of 
pores. The spinel core regions consist of a dense aggregate of 
submicron to micro-sized grains with an equilibrated grain boun-
dary microstructure, i.e. 120˚ triple junctions. The spinel in both 
FIB sections exhibits a complex intergrowth texture with irregu-
larly-shaped Al,Ti-rich diopside grains (11-32wt.% Al2O3; 2-
17wt.% TiO2), often partially enclosed by spinel. Within the FIB 
D section, numerous nanoparticles, <100nm in size, decorate the 
grain boundaries between spinel and diopside. The nanoparticles 
are elongated, faceted to subrounded and are usually crystal-
lographically oriented relative to the spinel. They also exhibit a 
complex striated texture indicative of a disordered intergrowth of 
phases. EDS and EFTEM analyses show that the inclusions con-
tain only Ti and O. FFT analysis of HRTEM images of several 
particles are consistent with the presence of two TiO2 poly-
morphs, rutile and anatase. 

Discussion: To our knowledge, this is the first documented 
occurrence of nanoparticles of rutile and anatase within any CAI-
like object. Ti oxides are not predicted equilibrium condensate 
phases; instead, Ti is incorporated into perovskite or Al,Ti-rich 
diopside. In this AOA, the formation of TiO2 is clearly related to 
the reaction of spinel to form Al,Ti-rich diopside, a process that 
may be the result of disequilibrium back-reaction of spinel with 
the nebular gas [3]. Metastable formation of TiO2 may have oc-
curred during reaction between spinel, diopside, and gas under 
conditions where the gas was supersaturated in Ti, favoring the 
condensation of simple oxide phases onto the spinel, by coherent 
nucleation and growth. Alternatively, TiO2 could have exsolved 
at high temperatures from a Ti-saturated, Al-rich diopside. 
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