
AMOEBOID OLIVINE AGGREGATES IN PRIMITIVE 
CARBONACEOUS CHONDRITES: RECORDS OF HIGH-
TEMPERATURE NEBULAR PROCESSING. A. N. Krot1*, M. I. 
Petaev2, S. S. Russell3, S. Itoh4, T. J. Fagan4, H. Yurimoto4, and K. 
Keil1. 1HIGP/SOEST, Univ. Hawai'i at Manoa, USA (sa-
sha@higp.hawaii.edu); 2CfA & DEPS, Harvard Univ., USA; 3The 
Natural History Museum, UK; 4Tokyo Inst. of Technology, Japan. 

Amoeboid olivine aggregates (AOAs) are the least refractory 
objects genetically related to Ca,Al-rich inclusions (CAIs), and  are 
chemically most similar to magnesian (Type I) chondrules, provid-
ing a possible link between CAIs and chondrules. AOAs are the 
most common type of refractory inclusions in CR, CM, CH, CB, 
CV, CO, and ungrouped carbonaceous chondrites (CCs) Acfer 094 
and Adelaide [1-5]. AOAs in primitive CCs are uniformly 16O-
enriched (∆17O ~ -20‰) [3, 6] and consist of forsterite (Fa<1), FeNi-
metal, and a refractory component (fine-grained minerals and indi-
vidual CAIs) composed of Al-diopside, anorthite, ±spinel, and rare 
gehlenitic melilite (Åk<15). Although CAIs in AOAs are mineralogi-
cally similar to fine-grained spinel-rich CAIs generally showing 
Group II REE patterns, most AOAs have unfractionated (~10×CI) 
REE patterns, suggesting formation in different reservoirs, separated 
spatially or in time [7]. Melilite in AOAs is replaced by a fine-
grained mixture of spinel, Al-diopside, and anorthite. Spinel is cor-
roded by anorthite. In ~2% of > 500 AOAs studied, forsterite is 
replaced by low-Ca pyroxene. These observations and thermody-
namic analyses [8,9] indicate that AOAs are aggregates of solar 
nebular condensates that originated in 16O-rich gaseous reservoir 
[10]. Some of the CAIs were melted prior to aggregation into 
AOAs; however, the AOAs escaped extensive melting. Before and 
possibly after aggregation, melilite and spinel reacted with SiO(g) 
and Mg(g) to form Ca-Tschermakite-diopside solid solution and an-
orthite: (1) 3Ca2Al2SiO7 + MgAl2O4 +5SiO(g) + Mg(g) + 6H2O(g) =  

      [4CaAl2SiO6 +2CaMgSi2O6](px ss)+ 6H2(g) 
(2) Ca2Al2SiO7 + 3SiO(g) + 3Mg(g) + 6H2O(g) =  
      2CaMgSi2O6 + MgAl2O4 + 6H2(g) 
(3) Ca2Al2SiO7 + 3SiO(g) + Mg(g) + 4H2O(g) =  
      CaAl2Si2O8 + CaMgSi2O6 + 4H2(g) 
(4) MgAl2O4 + CaMgSi2O6 + 0.5SiO(g) + 0.5H2O(g) = 
      0.5CaAl2Si2O8 + Mg2SiO4 + 0.5CaAl2SiO6 + 0.5H2(g) 

Solid or incipiently melted olivine in some AOAs reacted with 
SiO(g) in the CAI-, or chondrule-forming regions to form low-Ca 
pyroxene: (5) Mg2SiO4 + SiO(g) + H2O(g) = Mg2Si2O6 + H2(g). Low-
Ca pyroxene replacing 16O-rich olivine (∆17O ~ -20‰) in a CR 
AOA is 16O-poor (∆17O ~ 0‰). 

Although bulk compositions of AOAs are rather similar to those 
of Type I chondrules, on a projection from spinel onto the plane 
Ca2SiO4-Mg2SiO4-Al2O3 [11] these objects plot on different sides of 
the anorthite-forsterite thermal divide, suggesting that Type I chon-
drules cannot be produced from AOAs by an igneous fractionation. 
Formation of low-Ca pyroxene by reaction of olivine with SiO(g) 
moves bulk compositions of AOAs towards chondrules, and may 
provide the first evidence for transformation of refractory materials 
into chondrules or chondrule precursors. This is consistent with the 
16O-poor composition of low-Ca pyroxene in the CR AOA.  
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