Corundum and corundum-hibonite grains discovered by cathodoluminescence in the
matrix of Acfer 094 meteorite
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Equilibrium thermodynamic condensation calculations for a cooling solar gas at total pressure (smaler than 10-2
atm )shows that corundum should be the first major condensate . With continued cooling, corundum is predicted to react with
the nebular gas to form hibonite. Corundum-bearing CAls are extremely rare: only seven occurrences have been previously
reported in detail, three in the CM carbonaceous chondrite Murchison , one in the CM chondrite Murray , two in the
ungrouped carbonaceous chondrite Adelaide , and one in the ungrouped carbonaceous chondrite Acfer 094 . Some of these
corundum grains are considered to be direct condensates from the solar nebula gas, whereas others may have been melted
after condensation. Condensation processes in the solar nebula may be elucidated from detailed studies of corundum-hibonite
grains. Ten small solar corundum grains (500 nano m to 5 micro m) have been previously reported in the LL3.1
unequilibrated ordinary chondrite Krymka, but their petrographic information was not provided.

Here we report textural observations, chemical compositions, and oxygen isotopic compositions of corundum and
corundum-hibonite grains in Acfer 094. Acfer 094 is one of the most primitive chondrites that contain high abundance of
presolar grainsin the fine-grained matrix.

By cathodoluminescence and EDX analyses Acfer 094 #1 yielded 2 corundum grains and Acfer 094 #2 yielded 41
corundum and 3 corundum-hibonite grains in the matrix, excluding corundum in a CAl. The abundance of the corundum
grains was calculated to be -8 ppm relative to the matrix fraction (35 vol% of the entire chondrite). This abundance is slightly
higher than that (-6ppm) of corundum grains in the Krymka matrix fraction. The corundum and corundum-hibonite grains or
their aggregates occur as individual objects and are not associated with the minerals commonly observed in CAls, such as
melilite, spinel, Al-Ti-diopside, or perovskite.

The corundum grains range from 1 micro m to 12 micro m, the typical size being 2 micro m. The corundum-hibonite
grains range in size from 4 micro m to 7 micro m and are generally larger than the average size of the corundum grains. No
corundum-bearing grains smaller than 1 micro m have been detected. We are not sure if smaller grains are absent or are
present but escaped our detection.

Some of the corundum grains exist as aggregates.  Six aggregates were found, each consisting of 2 to 6 grains. The
remaining 26 grains are isolated. We note that the size of constituent grainsin an aggregate is similar.

Because of the small grain size, accurate determination of chemical compositions of corundum and corundum-hibonite
grains is difficult. Reliable data were obtained only for a limited number of relatively large grains. EPMA analysis on the
corundum #2-11 indicates that it is chemically pure Al203. EPMA analyses of the corundum-hibonite grains #2-17, #2-23
and #2-26 confirmed that corundum is overgrown by hibonite. The hibonte grains contain small amounts of TiO2 and MgO
(0-0.18 and 0.06-0.08 wt %, respectively), but contain detectable amounts of FeO (larger than 1 wt%).

Oxygen isotopic ion imaging indicates that all corundum and corundum-hibonite grains examined so far have solar
oxygen isotopic composition, similar to those of CAls.

The presence of pure corundum grains in the Acfer 094 matrix suggests that either these grains were quenched before
condensation of hibonite, or that they were physically isolated from the hot nebular gas, or that they formed from chemically
fractionated (Ca-poor) nebular gas. In either case, presence of large (4-7 miocro m) hibonite grains and absence of hibonite
overgrowth on smaller corundum suggest that these oxide grains formed under widely different conditions.



