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This refractory inclusion was discovered by I. Herrwerth during a search 
for various chondrule types in Essebi (CM2). The deep bluish appearance of 
some parts of it hinted the presence of hibonite and hence its refractory na- 
ture. After separation the inclusion weighed 5.91 mgs. It was then split in 
two parts (Essebi 1,3.46 mgs and Essebi 2, 2.45 mgs, respectively).Chemical 
data were obtained for the two fragments by fast (14 MeV) and thermal neutron 
activation. The major and trace element composition of the inclusion is simi- 
lar to those of other refractory Ca, Al-rich inclusions from Allende. The 
Essebi 1 part seems to contain an additional highly refractory component due 
to its relative enrichment in A1,0,, CaO, TiO, and relative lower concentra- 
tions in SiO, and MgO (Table 1). This conclusion i's supported by the Cl-norma- 
lized patterns of the refractory lithophile and siderophile trace elements. In 
Figures 1&2 elements are plotted according to their volatility expressed as 
the ratio of molecules in the gaseous relative to the solid phase at a high 
temperature in a gas of solar composition (1,2,3). The C1-normalized pattern 
of refractory elements for the Essebi 2 part is flat with enrichment factors 
between 15 and 20. In comparison Essebi 1 is enriched in the most refractory 
lithophile elements Lu, Sc, and Hf by a factorof 28-30 and in the refractory 
siderophiles by a factor of 30-40 (Figs. 1&2). The high enrichment factors of 
the relatively volatile Ba and Sr in both fragments is striking and unusual 
compared to Allende inclusions. 

A polished section of Essebi 2 was furnished for detailed SEM, mineralo- 
gical and electron microprobe survey of the minerals present. Mineral phases 
encountered are: melilite, spinel, fassaite, perovskite, hibonite, sodalite, 
nepheline, and calcite with small traces of anorthite. The fragment is sur- 
rounded by an incomplete asymmetric rim consisting of a fine network of 3 or 
4 phases with sodalite as a major component. Unusually high Mn concentrations 
(% 5 %) were found in the complex rim. Anhydrite or gypsum may be one of the 
rim constituents since moderate concentrations in S (2-3 wt.%) were also found. 
Rimming features as observed in other refractory inclusions (4) are absent. 
The major part of the inclusion consists of a framework of coarse melilite 
crystals (100-200~) rich in the gehlenite component (Ge74-Gel O). On one side 
a cluster of idiomorphic fassaite crystals (17.1% TiO, , 20.4 !? A1,0,) border 
the rim. Clusters of idiomorphic spinel crystals with interstitial perovskite 
grains are distributed over the whole inclusion, howeveryare enriched especial- 
ly near the rim. Hibonite occurs at and near the border of the inclusion, but 
not at the fassaite-bearing part. At the border the texture is reminiscent of 
a short range rimming feature with a network of idiomorphic hibonite crystals 
followed by a complete row of spinel crystals directly at the border. Distri- 
bution, texture, and variation in chemistry of the mineral constituents in the 
different parts of the fragment are indicative of distinct sequential events, 
which took place in the course of formation of the Essebi inclusion. Composi- 
tion of the melilites are indicative of chemical bimodality. Melilites in the 
core of the inclusion are relatively richer in the Akermannite component 
(Ge74-Ge8g), whereas boundary melilite is distinctly richer in the gehlenite 
molecule (GegO-Ge100). Chemical bimodality was also established for the hibo- 
nite compositions with a distinct relationship between chemistry and location 
of the grain in the inclusion. Hibonites located inside the inclusion show 
markedly higher concentrations in TiO, (5.9-9.02) and MgO contents (3.5-4.002) 
in comparison to the hibonites at the border (TiO, 1.4-6.2%, MgO 0.77-3.7%). 
A striking feature, however, is the significant deviation from stoichiometry 
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(4). Ca cations vary between 1.90 and 2.25; and (Al+Ti+V+Mg+Si) between 23.72 
and 24.1. This indicates a wide solid solution field of hibonite towards both 
CaO and A1,03 . The solid solubility for the boundary hibonites covers the 
whole variation range in comparison to the narrower range of the interior hi- 
bonites (Fig. 3). The majority of the border hibonites is, in addition, dis- 
tinctly higher in A1,03 than the stoichiometric composition and hence they 
are more refractory than those in the interior. With respect to their minor 
elements all spinels are nearly similar. While the compositions of the core 
spinels are close to stoichiometric MgA120c, the boundary spinels show clear 
evidence for excess of A1,0, corresponding to a mole fraction of up to .08 
of corundum in solid solution, a feature never reported before from refracto- 
ry inclusions. Chemistry of melilite, hibonite, and spinels indicates that 

elements all spinels are nearly similar. While the compositions of the core 
spinels are close to stoichiometric MgA120c, the boundary spinels show clear 
evidence for excess of A1,0, corresponding to a mole fraction of up to .08 
of corundum in solid solution, a feature never reported before from refracto- 
ry inclusions. Chemi: 
the border of the inclusion is much more refractory than the core. This re- 
versed zoning is indicative of formation of the outer parts of the inclusion 
at much higher temperatures than the core. Solid solution effects among the 
most refractory phases corundum, hibonite, and spinel have not been considered 
in recent condensation calculations. The present data, however, indicate 
that solid solution effects may significantly influence the condensation se- 
quence. MgA1201, displays extensive solid solution towards corundum (present 
as A12.6704) at elevated temperatures (5,6). Should any condensing corundum 
contaln a certain fraction of Mg, then the condensation of defect Al-rich spi- 
nels may be favored and condensation of corundum may be inhibited. This should 
lead to condensation of Al-rich spinels at higher temperatures than indicated 
from equilibrium condensation calculations depending on the Al-contents of t k  
spinels. 
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