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Introduction: The O-isotope compositions of chon-
drule silicates resulted from melting of isotopically di-
verse precursors and O-isotope exchange of chondrule
melts with an ambient nebular gas [e.g., 1-6]. Neither
the compositions of the chondrule precursors nor of the
nebular gas are well constrained. /n situ O-isotope
measurements of chondrule phenocrysts in the CVs,
COs, and Acfer 094 (ungrouped) suggest their chon-
drules recorded exchange with isotopically distinct gas-
eous reservoirs [7-9]. Schrader et al. [6] concluded that
type-I and type-Il porphyritic chondrules from CR
chondrites experienced O-isotope exchange with a com-
positionally similar gaseous reservoir and the differ-
ences in A'’O between these chondrule types (Fig. 1)
mainly reflect a different degree of O-isotope exchange
they underwent with this reservoir [6]. Since barred
olivine (BO) chondrules experienced a higher degree of
melting than porphyritic chondrules [e.g., 7, 9-11],
their O-isotope composition may be closer to the O-
isotope composition of the nebular gas with which they
exchanged [e.g., 9, 12—14]. Here, we report on the in
situ O-isotope measurements of type-I and type-1I BO
chondrules from CR chondrites to estimate the O-
isotope compositions of the nebular gas in the CR chon-
drule-forming region.

Samples and analytical procedures: The mineral-
ogy and O-isotope compositions of olivine grains in 7
type-I and 4 type-Il BO chondrules from the CR chon-
drites Gao-Guenie (b), GRA 95229, PCA 91082, and
Shisr 033 were studied with the UH JEOL JXA 8500F
field emission electron microprobe and Cameca ims-
1280 ion microprobe, respectively (for details see [6]).

Results: Oxygen-isotope compositions of olivine
grains in the CR type-I1 BO chondrules plot in the field
of olivine phenocrysts from the CR type-I porphyritic
chondrules; the former, however, show a smaller range
of A0 values (~2.5%o) (Fig. 1). Compositions of oli-
vine grains within each chondrule are homogeneous.

Oxygen-isotope compositions of most olivine grains
in the CR type-II BO chondrules plot in the field of oli-
vine phenocrysts from the CR type-II porphyritic chon-
drules; they are systematically '°O-depleted relative to
olivine grains from the type-I BO chondrules (Fig. 1).
Compositions of olivine grains within each chondrule
are homogeneous. The only exception are olivine grains
in Ch3 from PCA 91082 that have a similar A'’O value
(~0%o) but show a wide range of "0 values (~3.0%o).

Discussion: Olivine grains in type-I and type-II BO
chondrules from CR chondrites have similar O-isotope

compositions to those of olivine phenocrysts from their
porphyritic counterparts (Fig. 1a), suggesting that BO
and the relict-free porphyritic chondrules experienced
similar degrees of O-isotope exchange with an ambient
gas. The O-isotope compositions of type-I and type-II
BO chondrules, however, are distinct (Fig. 1): the A'’O
values of type-I BO chondrules range from —3.4+0.3%o
(weighted mean+2 standard error (SE)) to —1.6+0.3%o,
and of type-II BO chondrules from —0.7+0.3%o to
0.6+0.3%o. These observations may indicate that type-I
and type-II BO chondrule precursors had different O-
isotope compositions and/or they experienced exchange
with isotopically distinct gaseous reservoirs. This inter-
pretation is consistent with the resolvable differences in
O-isotope compositions of olivine phenocrysts among
isotopically uniform individual type-I and type-II chon-
drules (Fig. 1).
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Fig. 1. Three-isotope oxygen diagram (a) and weighted
mean of A'’O values (b) of olivine phenocrysts from the
CR type-I and type-II BO chondrules. Ranges of O-
isotope compositions of olivine phenocrysts from type-I
and type-II porphyritic chondrules, and *, are from [6].
Errors are 2SD in (a) and 2SE in (b).
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Extrapolation of experimental work to conditions
relevant to chondrule formation suggests that a degree
of O-isotope exchange between the chondrule melts and
the surrounding nebular gas could have been ~50%
[15]. Theoretical modeling of O-isotope exchange be-
tween the chondrule melts and the nebular gas indicates
the degree of O-isotope exchange depends on the
amount of O in the gas relative to that in silicate dust in
the chondrule-forming region [16]. The O-isotope com-
positions and fayalite contents of chondrule olivine ap-
pear to be related, suggesting both could have been con-
trolled by the H,O/H, ratio in the surrounding nebular
gas [5, 6].

To estimate the O-isotope composition of the nebu-
lar gas in the formation region of the CR type-I porphy-
ritic and BO chondrules having an average A0 value
of —3%o (this study, [6]), we assume an average A'’O
value of their precursors to be ~ —6%o [5, 6, 17] and two
values of an exchange degree with the gas, 50% and
75%. This results in an estimated A'’O value of the
nebular gas between —2%o to 0%o.

The observations that relict magnesian olivine grains
in CR type-II chondrules have O-isotope compositions
similar to olivine phenocrysts in the CR type-I chon-
drules [3, 6], and the existence of type-II-like ferroan
igneous rims around some type-I porphyritic chondrules
in CR chondrites [17] indicate that type-II chondrule
precursors may have consisted of a mixture of type-I
chondrules or chondrule fragments and finer-grained
materials of unknown O-isotope composition. We as-
sume that an average A'’O value of the CR type-II
chondrule precursors is similar to an average A'’O
value of the CR type-I chondrules (—=3%o; this study,
[6]). The final O-isotope composition of type-II chon-
drules is assumed to be ~ 0%o, which represents an av-
erage value of the relict-free CR type-II chondrules [6]
and type-1I BO chondrules (this study). As for type-I
chondrules, two values of an exchange degree with the
gas are considered, 50% and 75%. We estimate A'’O
value of the nebular gas during formation of the CR
type-11 chondrules to be ~ +1%o to +3%o.

Therefore, type-I and type-II chondrules in CR
chondrites may have experienced exchange with iso-
topically slightly distinct gaseous reservoirs. This is
consistent with the inferred higher HyO/H, ratio in the
formation region of type-II chondrules compared to the
formation region of type-I chondrules [6, 18] and the
apparently '°O-depleted compositions of the nebular
water compared to the silicate dust [e.g., 19 and refer-
ences therein].

It is generally accepted that accretion of chondrite
parent asteroids occurred rapidly after chondrule forma-
tion [e.g., 20] and that aqueously altered chondrites ac-
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creted water ices together with anhydrous chondrules
and matrices. The CR chondrites are known to have
experienced aqueous alteration on their parent asteroid
[e.g., 21]. Therefore, O-isotope compositions of the CR
secondary minerals that precipitated from an aqueous
solution (e.g., carbonates and magnetite) can be used to
constrain A'’O value of water ice that accreted into the
CR chondrite parent asteroid, if O-isotope exchange
between the solutions and the anhydrous silicates was
insignificant. The inferred near terrestrial A'’O value of
the nebular gas in the CR chondrule-forming region is
generally consistent with A'’O values of the CR car-
bonates (~ 0%o) [22].

Mass-dependent  fractionation of O-isotopes in
chondrules has been explained by evaporation and re-
condensation [4, 14]. A high abundance of O in the gas
relative to that in silicate dust may suppress mass-
dependent fraction by efficient exchange with the ambi-
ent gas [16]. This is consistent with mass-dependent
fractionation being observed in type-1 chondrules (i.e.,
forming wunder reducing conditions/relatively low
H,0/H, ratios) [4, 14]. The mass-dependent fractiona-
tion observed in Ch3 from PCA 91082 is intriguing
(Fig. 1a), since it is FeO-rich and likely formed under
similar HyO/H, ratios as other type-II chondrules in the
CR chondrites (i.e., ~(230-740)xsolar wvs. ~(10-
100)xsolar for type-I chondrules; [6]). It is also the
most unequilibrated (i.e., Fass3.736) type-II BO chon-
drule observed here. These observations may suggest
Ch3 cooled too rapidly to efficiently exchange with the
nebular gas [e.g., 11, 16].
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