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Introduction: Isotopic studies of the very refractory 
solar condensates can potentially provide important con-
straints on the initial O-isotope composition of the solar 
nebula and its evolution [1,2]. Based on the narrow range 
of O-isotope composition (Δ17O ~ −24±2‰, 2σ) of pri-
mary minerals in FUN and non-FUN CAIs, which 
avoided postcrystallization isotope exchange, from CR 
and CV chondrites, we concluded that this value may 
represent the initial composition of the solar nebula and, 
possibly, of the Sun [3−5]. A more extreme value, Δ17O 
~ −35‰, was inferred from compositions of two gros-
site-rich CAIs from the CB/CH-like chondrite Isheyevo 
[6,7]. Both values are generally consistent with the O-
isotope measurements of the solar wind returned by the 
Genesis mission, which, however, have relatively large 
uncertainty [8]. The currently favored self-shielding 
models assume that the initial O-isotope composition of 
the Sun and the solar nebula was 16O-rich (δ17,18O ~ 
−50‰) and evolved with time as a result of CO photo-
dissociation, dust-gas fractionation, and radial mixing of 
dust and gas in the protoplanetary disk [9−12]. 

Corundum is the first mineral thermodynamically 
predicted to condense from a gas of solar composition 
(Tcond = 1770 K at Ptot = 10−3 bar [13]). At lower tempera-
ture, corundum reacts with nebular gas to form hibonite 
(1728 K), grossite (1698 K), perovskite (1680 K), meli-
litess (1580 K), and spinelss (1488 K). Corundum-bearing 
CAIs are very rare, possibly indicating efficient reaction 
with the cooling solar nebula gas [14−18]. The isolated 
µm-sized corundum grains in primitive chondrites are 
more common [19−21] and may represent primordial 
gas-solid condensates, which could have avoided multi-
stage reprocessing during formation of CAIs (some co-
rundum grains may represent evaporation residues [15]), 
and can potentially constrain the initial O-isotope com-
position of the solar nebula. Most studies of the isolated 
corundum grains, however, have been largely focused on 
presolar corundum grains [e.g., 22,23]; corundum grains 
of solar origin have not received much attention 
[19−21,24,25]. We report here the preliminary results of 
O-isotope compositions of µm-sized corundum, hibonite, 
and spinel grains from acid-resistant residues of Semark-
ona (LL3.0), Bishunpur (LL3.1), and Allende (CV3.6). 

Samples and Analytical Techniques: Acid-resistant 
residues of Semarkona, Bishunpur, and Allende are from 
[26]. The obtained grains, 1−10 µm in size, were 
mounted onto clean gold foils. Corundum, hibonite, and 
spinel grains were identified using a JEOL JSM-5900LV 

scanning electron microscope equipped with Thermo 
Electron energy dispersive spectrometer (EDS). The 
residues are dominated by spinel; corundum and hibonite 
are rare (< 1%) and smaller (1−5 µm) than spinel grains. 
Spinel grains in Allende are commonly enriched in FeO, 
indicative of Fe-Mg interdiffusion during thermal meta-
morphism experienced by the CV parent body. Some 
spinel grains from Bishunpur and Semarkona are Cr-
bearing and may be from chondrules. 

Oxygen-isotope compositions of individual oxide 
grains were measured with University of Hawai‘i 
Cameca ims 1280 ion microprobe. To locate µm-sized 
grains of interest identified by SEM and EDS for ion 
probe measurements, scanning ion imaging was used. A 
<1 pA Cs+ primary ion beam focused to <1 µm was 
rastered over the sample up to 250×250 µm2 area and 
16O– image was acquired with a multicollection electron 
multiplier (EM). The grain identified with the 16O– image 
was positioned in the center of a field aperture. Oxygen-
isotope compositions of the grains were measured with 
Cs+ primary beam defocused to ~30 µm. To achieve uni-
form sputtering of the grains having different morpholo-
gies and sizes (1−5 µm), a defocused primary beam was 
used. The field aperture of 1500×1500 µm2 correspond-
ing to ~10 µm on the sample was used to minimize con-
tribution of oxygen signals from the substrate and any 
other grains surrounding the grain of interest. The oxy-
gen signal from the substrate was small, and its contribu-
tion to oxygen from the measured grain was estimated to 
be <1%. Secondary 16O−, 17O− and 18O− ions were meas-
ured simultaneously in multicollection mode with the 
magnetic field controlled by a nuclear magnetic reso-
nance probe. 16O− and 18O− were measured by multicol-
lector Faraday cup and EM with low mass resolving 
power (MRP ~2000), respectively; 17O− was measured 
using the axial monocollector EM with MRP ~5600, 
sufficient to separate the interfering 16OH− signal. The 
primary beam current was adjusted so that 16O− signal 
was >106 cps. Measurement time was 200 sec. Instru-
mental mass fractionation effect was corrected using 
Burma spinel standard (1−10 µm grains dispersed onto a 
Au substrate). The typical measurement errors (2σ) were 
~3‰ and ~6‰ in δ18O and δ17O, respectively. 

Results and Discussion: Spinel. Oxygen-isotope 
compositions of 17 spinel grains from Allende measured 
are similarly 16O-rich, with an average Δ17O value of 
−25±5‰ (2σ) (Fig. 1), like typical CAIs [2]. The data 
spread along a mass-dependent fractionation line, possi-
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bly reflecting variations in instrumental mass fractiona-
tion caused by different grain morphologies. We infer 
that the Allende spinel grains are probably CAI frag-
ments. Spinel grains from Semarkona and Bishunpur 
have a bimodal distribution of O-isotope compositions: 
two grains are 16O-rich (Δ17O range from −26 to −17‰), 
like typical CAIs [2]; five grains are 16O-depeted (Δ17O 
range from −7 to 0‰) to a level commonly observed in 
Al-rich chondrules from ordinary chondrites [27]. Some 
of the 16O-depleted spinel grains contain detectable Cr 
contents. We infer that 16O-depleted spinel grains from 
Semarkona and Bishunpur are chondrule fragments; 16O-
rich spinel grains are from CAIs, consistent with rare 
occurrences of CAIs in OCs [28]. 

Hibonite. Two hibonite grains from Allende and two 
from Semarkona measured have 16O-rich compositions 
(Δ17O range from −32 to −17‰) and plot along CCAM 
line; they probably represent CAI fragments (Fig. 1). 

Corundum. Oxygen-isotope compositions of five co-
rundum grains from Allende range from −24 to +8‰ in 
Δ17O and plot along CCAM line (Fig. 1). Most grains are 
16O-depleted and could have resulted from alteration of 
melilite or anorthite due to prefential removal of calcium 
in a fluid phase. In contrast, seven of eight corundum 
grains from Semarkona have 16O-rich compositions, with 
an average Δ17O value of −24±2‰. One corundum grain 
is 16O-poor (Δ17O ~ −4‰). Because Semarkona experi-
enced minor degree of aqueous alteration, a secondary 
origin of corundum is unlikely. It might have formed as a 
result of evaporation-condensation during chondrule 
formation. Additional corundum grains have been identi-
fied in Bishunpur and Orgueil (CI), but have not been 
measured yet.  

Virag and co-workers [24,25] measured O- and Mg-
isotope compositions of 26 coarse corundum grains, up 
to 20 µm in size, from acid-resistant residue of the Mur-
chison (CM) meteorite. Oxygen-isotope compositions of 
these grains plotted in Figure 1 are in excellent agree-
ment with our data collected for much smaller grains. 
Based on our and previously published data 
[19−21,24,25], we conclude that O-isotope compositions 
of 16O-rich refractory oxide grains in acid-resistant resi-
dues of ordinary and carbonaceous chondrites are consis-
tent with Δ17O value of the solar nebula and the Sun, ~ 
−25‰, inferred from CV and CR CAIs by [3−5].  
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Fig. 1. Oxygen-isotope compositions of individual oxide 
grains from primitive chondrites. In “a”, the data are plotted 
as δ17O vs. δ18O. In “b”, the same data are plotted as Δ17O = 
δ17O – 0.52×δ18O. Errors are 2σ; reproducibility of standard 
measurements was not propagated on individual measure-
ments of meteorite oxides. CCAM = Carbonaceous Chon-
drite Anhydrous Mineral line; Terrestrial Fractionation = TF 
line. *data from [24]. Sp = spinel; Hib = hibonite; Cor = 
corundum. Corundum grains from Murchison are divided 
into three groups based on the initial 26Al/27Al ratio [24]: 
group 1, >10–5, group 2, <10–5, and group 3, <6×10–6. 
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