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Introduction:  Corundum (Al2O3) is one of the fir-

st refractory minerals that condense directly from gas 
of the solar composition [1].  Presolar corundum grains, 
which have highly unusual oxygen isotopic composi-
tions compared to solar-system materials, are conden-
sates in outflows from oxygen-rich AGB stars and/or 
supernovae [e.g., 2].  It is therefore important to under-
stand the formation conditions of corundum grains in 
order to understand the first stage of dust formation 
around evolved stars.  The morphological and crystal-
lographic features of presolar corundum grains should 
reflect the formation conditions and subsequent ther-
mal history of the grains [3,4].  Moreover, morphology 
of presolar corundum grains may help us understand 
the 13-µm features of oxygen-rich evolved stars.  The-
se features are consistent with disk-like corundum 
grains flattened to the crystallographic c-axis [3].  
Morphological and crystallographical information of 
presolar corundum is very limited [2,5] because the 
abundance of presolar corundum in chondrites is low 
(1−100 ppm) and because most of grains were found 
by ion mapping [e.g., 6], which changes grain mor-
phology due to ion beam sputtering.  In order to under-
stand morphology and crystallographic orientation of 
presolar corundum grains, we first made detailed ob-
servations of morphology and crystallography of co-
rundum grains from residues unequlibrated ordinary 
chondrites using field-emission scanning electron mi-
croscopy (FE-SEM) and electron back-scattered dif-
fraction (EBSD).  The oxygen isotopic compositions of 
the grains were then measured to identify the circum-
stellar condensates.  

Samples and analytical techniques:  The acid-
residues of ordinary chondrites, Semarkona (LL3.0), 
Bishunpur (LL3.1), and Roosevelt County (RC) 075 
(LL3.2), prepared by [7,8] were used for this study.  
The residues, consisting of acid-resistant grains such as 
corundum, spinel, hibonite, and SiC, were dispersed 
onto gold substrates cleaned by ion milling.  Corun-
dum candidate grains were found with cathodolumi-
nescence imaging by a field emission electron micro-
probe, and 198 corundum grains (0.5−2 µm in size) 
were confirmed by EDS equipped to a field emission 
scanning microscope, among which 31, 74, and 93 
grains were from Semarkona, Bishunpur, and RC 075, 
respectively.  For individual grains, secondary electron 
images were taken from four different directions and 
crystallographical information was obtained by EBSD. 

Oxygen isotopic compositions of 111 grains were 
measured with UH Cameca ims-1280 ion microprobe. 
The details of analytical technique are described in [9].  
A 0.5−2.5 nA Cs+ primary ion beam was defocused to 
~30 µm for uniform sputtering of grains having differ-
ent morphologies and sizes (0.5−3 µm).  Α field aper-
ture of 1500 × 1500 µm2 corresponding to ∼10 µm on 
the sample was used to minimize contribution of oxy-
gen signals from the substrate and other grains sur-
rounding the grain of interest.  Secondary 16O−, 17O−, 
and 18O− ions were measured in multicollection mode 
with the magnetic field controlled by a nuclear mag-
netic resonance probe.  16O− and  18O− were measured 
by a multicollector Faraday cup and EM, respectively, 
with mass resolving power (MRP) of ∼ 2000, and 17O− 
was measured using the axial monocollector EM with 
MRP of ∼ 5600 to separate the interfering 16OH− signal.  
The primary beam current was adjusted to obtain 16O− 
signal of >~106 cps.  Acquisition time was typically 
200 s (10 s × 20 cycles), but it was reduced to 50 – 130 
s (10 s × 5−13 cycles) during analyses for grains show-
ing presolar signatures of oxygen isotopes to keep 
grains from being completely sputtered.  After the iso-
topic measurements, the presolar corundum grains 
were reexamined by FE-SEM and EBSD. 

Results:  The 198 corundum grains discovered 
were classified into three types (A, B, and C) accord-
ing to their morphology.  Type A grains have smooth 
surfaces (73 grains, Fig. 1a) and can be subdivided into 
three sub-types; granular grains with smooth crystal 
faces (22 grains), grains with crystal faces (24 grains), 
grains with smooth surfaces but no crystal face and 
edge (27 grains).  Type B grains are irregularly shaped 
and have rough surfaces with 10-nm-sized fine struc-
tures without crystal faces (62 grains, Fig. 1b).   
Intermediate grains that cannot easily be classified into 
either type A or B are type C (73 grains, Fig. 1c).  
EBSD measurements showed that >95 % of grains are 
crystalline α-Al2O3.  

The 111 corundum grains, of which oxygen iso-
topic compositions were measured, consist of 60% 
type A, 71 % type B and 37 % type C grains.  Oxygen 
isotopic compositions of most grains plot along Carbo-
naceous Chondrite Anhydrous Mineral (CCAM) line; 
some grains plotting along the terrestrial fractionation 
(TF) line could be analytical artifacts (Fig. 2).  Nine 
presolar corundum grains were found (~8% of meas-
ured grains): seven grains have oxygen isotopic com-
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positions with positive 17O excesses and small 18O 
depletions (Group I); two grains show 17O depletions 
(Group III).  The presolar grains consist of 6 type B, 2 
type A, and 1 type C grains.  We note that both type A 
grains were attached to tens-nm-sized type B grains 
that may be carriers of presolar isotopic signatures. 

 

 
 

Fig. 1  Corundum grains extracted from unequilibrated ordi-
nary chondrites.  a) type A, b) type B, c) and d) type C grains. 
The grains shown in b) and c) are presolar corundum. 

 

Discussion:  The observed presolar/solar corundum 
ratio of 8% is similar to the ratio of 7% by [5] but 
higher than that of 3% reported by [2], whose chemical 
treatment of samples and procedure of measurements 
are essentially the same as ours.  This difference could 
be attributed to the difference in size of grains ana-
lyzed.  The size of grains measured in our study is 
about 1 µm on average, but only larger grains (1-5 µm) 
were measured by [9], who found only 1 possible 
presolar grain among ~130 grains measured.  Most of 
presolar corundum in Tieschitz (H3.6) are reported to 
be <1.5 µm [2] being consistent with our results.  Be-
cause larger grains have a higher possibility of survival 
during thermal events in the early solar system, these 
observations may imply that circumstellar corundum 
grains are dominantly <~1 µm in size.  [10] showed 
that corundum dust grown to ~1 µm could be easily 
ejected by mass-loss winds due to radiation pressure, 
indicating that further growth could be suppressed by 
rapid cooling, which may support our observation. 

[5] argued that presolar grains have irregular sur-
faces with structures that are more open or are aggre-
gates of smaller grains.  This is consistent with the 
dominance of type B presolar corundum grains in this 
study (Fig. 1b).  We successfully obtained 10 EBSD 
patterns for different spots on the type B presolar grain 
shown in Fig. 1b.  The EBSD patterns of all spots were 
the same, which are also the same as that taken prior to 
isotopic analysis, suggesting that the grain is not an 

aggregate of small grains but is a single α-corundum 
crystal.  The formation process of corundum single 
crystal with type B (fluffy and fine-structured) surfaces 
is not clear.  Such grains could have formed by (1) 
direct gas-solid condensation, (2) re-crystallization of 
an aggregate of small amorphous alumina, and (3) sur-
face destruction of grains with smooth surfaces in out-
flows, interstellar medium or the protosolar disk.  We 
also note that the presence of a presolar grain with 
more compact structure (Fig. 1c) may imply a variation 
of formation process of circumstellar corundum.  
Further work including condensation experiments to 
link morphology and formation conditions is surely 
required, but the present results may suggest common 
formation of fluffy and fine-structured corundum 
grains around various evolved stars. 
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Fig. 2   Oxygen isotopic compositions of corundum grains in 
Bishunpur (pink circle), RC075 (blue circle), and Semarkona 
(green circle).  Pink and blue square represent presolar co-
rundum from Bishunpur and RC075. Grey and yellow dia-
monds represent Burma spinel and terrestrial corundum. 
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