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Several petrographic types of inclusions [objects which show no textural 
evidence of having crystallized from a melt, as opposed to chondrules] are 
present in C3 carbonaceous chondrites. Ca,Al-rich inclusions (CAI) occur 
in both fine- and coarse-grained varieties, and consist primarily of meli- 
lite, spinel, perovskite, and clinopyroxene (Fig. 1). Amoeboid olivine in- 
clusions are composed of fine-grained forsterite aggregates, sometimes con- 
taining refractory material (Fig. 1). Mineralogical and textural features 
have been cited to support the hypothesis that these inclusions represent 
high-temperature nebula condensates (1,2,3). Further support for the 
primitive nature of these inclusions accrues from their hi h concentrations 
of refractory trace elements ( 4 ) ,  very primitive initial 8$Sr/86Sr ( 5 ) ,  and 
oxygen isotopic anomalies (6). 

Despite intensive investigations of CAI (principally in the meteorite 
Allende), only a few bulk chemical analyses of such inclusions have been 
published (7): In this study the compositions of inclusions in most of the 
C3 chondrites were determined by an electron microprobe defocused beam tech- 
nique. Fig. 2 presents major element data (wt %) for inclusions  in^ the 

Fig. 1. Coarse-grained CAI in Allende (left) and amoeboid olivine 
inclusion in Bali (right). 
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C3(0) chondrites Ornans, Kainsaz, Felix, and Lanc6. Analyses from those 
chondrites (Warrenton, Isna) which exhibit pronounced metamorphic effects 
(8) have been excluded. The primary phase fields are illustrated for a slice 
through the quarternary system Ca0-A1203-Mg0-Si02 where wt % CaO = Al2O3. 
The dotted line represents the composition trajectory of the theoretical 
equilibrium condensates at 10'~ atm pressure from 1550K on the CaO+A1203- 
Si02 join to 1300K near the MgO-Si02 binary (3). The measured inclusion 
compositions appear to follow approximately the predicted condensation path 
and cross cotectic lines with impunity, supporting the contention that the 
objects did not form as liquids. A similar observation is made for inclu- 
sions in the C3(V) chondrites (Vigarano, Allende, Mokoia, Arch, Bali, 
Grosnaja, Kaba, Efremovka, Leoville, see Fig. 2). In both meteorite groups 
inclusions apparently define a continuum in compositional space, although 
the abundance pattern of compositions in the sequence is not uniform. 
There apparently are no significant differences between the major element 
compositions of fine- and coarse-grained CAI, although substantial varia- 
tions in the rare-earth patterns have been measured in the two inclusion 
types (9). The compositional variation observed in amoeboid inclusions in 
C3(0) chondrites is somewhat larger than that in C3(V) chondrites (Fig. 2). 
This results from the fact that C3(0) amoeboid inclusions contain variable 
proportions of Ca,Al-rich phases concentrated in their interiors, often 
making the petrographic distinction from fine-grained CAI arbitrary. 
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Fig. 2. Compositions and relative abundances of inclusion types. 
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Refractory elements are generally positively correlated in these inclusions 
(Fig. 3). However, Ca/A1 ratios are not constant in inclusions as has been 
previously reported (10). At values of A1203 up to -30 wt %, the Ca/Al 
ratio is constant, but it drops off progressively at higher A1203 values. 
The Ti/A1 ratio is fairly constant throughout the compositional range of 
inclusions. These observations can be explained by isolation of an early- 
formed condensate of corundum, perovskite, and gehlenite before more CaO 
can be added to the system by the complete reaction of corundum with the gas 
to form gehlenite + spinel (11). 

Concentrations of S, Ni, K, and Cr are very low in all the inclusions ana- 
lyzed. Quantities of FeO and MnO have apparently been introduced into fine- 
grained CAI and amoeboid inclusions during mild thermal metamorphism of some 
C3(0) chondrites (8). Of the C3(V) chondrites, only inclusions in Allende 
have high FeO, MnO, and Na2O (sited in nepheline) contents, suggesting that 
metasomatism may have affected this meteorite as well. 

The primary bulk compositional patterns of the whole range of inclusions in 
carbonaceous chondrites are consistent with the hypothesis that these objects 
are nebula condensates. 

Fig. 3. Refractory oxides 
in C3 (0) inclusions. 
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