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Introduction: Equilibrium condensation calculations predict 
that Al2O3 is the first condensate to form from a gas of the solar 
composition, and that TiO2 condenses at temperatures of a few 
hundred degrees lower [e.g., 1]. On the other hand, Gail and 
Sedlmayr (1998) [2] argued that TiO2 would be the first dust to 
condense homogeneously due to the high bond energy of TiO 
molecules, which would convert to TiO2 on cooling. The TiO2 
grains could then act has heterogeneous nucleation sites for the 
formation of corundum.  

Hundreds of presolar Al2O3alumina grains have been identi-
fied in primitive chondrites [e.g., 3–6], but only four TiO2 grains 
have been reported [4]. There are limited studies of crystal struc-
tures of presolar alumina [7], and there is no study of the crystal 
structures of presolar TiO2 grains.  

Experiments: Acid residues of four unequilibrated ordinary 
chondrites, Semarkona (LL3.0), QUE97008 (LL3.05), RC075 
(H3.1), and Bishunpur (H3.15), were used in this study. Eighteen 
presolar grains were identified by oxygen isotope measurements 
of 258 Al2O3 grains [5,8]. Ultra-thin sections of 15 presolar and 4 
solar (normal isotopic compositions) grains were prepared with 
focused ion beam scanning electron microscopes (FIB-SEMs) at 
the Naval Research Laboratory (NRL; FEI Nova 600) and at 
Carnegie Institution of Washington (Zeiss Auriga 40) and TEM 
studies were carried out at NRL with a field-emission scanning 
transmission electron microscope (STEM; JEOL 2200FS).  

Results and discussion: No sub-grains were found in the 
FIB sections of 14 of the presolar Al2O3 grains. In contrast, dis-
tinct bright regions were observed in the dark-field STEM images 
of the FIB section of Grain Bis60–35 (Bishunpur). Energy dis-
persive X-ray spectroscopy showed that one of the sub-grains 
was a 40-nm sized titanium oxide grain without any other detect-
able element and the surrounding corundum showed no detectab-
le Ti.  High-resolution TEM images of the Ti-rich grain clearly 
differed from the surrounding corundum. Possible phases of tita-
nium oxides are TiO2 (anatase), Ti4O7, Ti3O5, Ti2O3, and TiO, 
although rutile-structured TiO2 was ruled out from the lattice 
fringe image of the sub-grain. The titanium oxide grain was not 
located at the center of the main grain, although Bis60-35 could 
be a fragment of a larger grain because the morphology is very 
irregular. We also found one solar corundum grain (QUE139) 
from QUE97008 with several widely distributed Ti-rich sub-
grains, with sizes of 10–50 nm. The surrounding corundum also 
contains detectable Ti in contrast to Bis60–35.  

The Ti-rich sub-grains inside Bis60–35 and QUE139 could 
be either precipitates from the main grain or condensates from a 
gas. However, the Ti content of the surrounding corundum and 
the wide distribution of the titanium oxide grains suggests that 
those within QUE139 are precipitates. A condensation origin for 
the sub-grain within Bis60–35 cannot be ruled out. The titanium 
oxide grain could have condensed separately and been captured 
by corundum as it grew.  
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