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Introduction: Chondrules are spherical igneous
silicates that formed by the flash heating episodes in
the protoplanetary disk. The mineralogical and oxygen
isotopic compositions of chondrules constrain the
physicochemical conditions of chondrule forming envi-
ronments. The CV3 carbonaceous chondrites are clas-
sified into three subtypes: oxidized Allende-like
(CV3pxa), oxidized Bali-like (CV3oxs), and reduced
(CV3geq) based on several criteria [1,2]. The CV3geg
chondrites are known as the most primitive chondrite in
CV3s, because they have undergone the least degrees
of aqueous alteration and thermal metamorphism [3-6].
Roberts Massif (RBT) 04143 is classified as a CV3geg
chondrite [7]. In this study, we obtained new miner-
alogical and oxygen isotopic data of chondrules from
the primitive CV3 carbonaceous chondrite RBT 04143.
Oxygen isotope measurements were performed at Hok-
kaido University using the Cameca ims-1270 SIMS.

Results and Discussion: RBT 04143 has rounded
undeformed chondrules and a very porous matrix. The
Fe-Mg zoning at the periphery of chondrules is largely
absent, indicating that chondrules have not experienced
intensive thermal metamorphism on the parent asteroid.
Major opaque phases are kamacite, taenite, pyrrhotite
and troilite. Magnetite is a minor phase. Secondary
minerals such as nepheline and sodalite are absent or
rare. This suggests that RBT 04143 has escaped Fe-
alkali-metasomatic alteration that occurred in many
other CV3 chondrites. We selected 14 chondrules for
oxygen isotope analysis based on chondrule types and
grain size of anorthite which will be analysed for future
aluminium-magnesium dating. The selected chon-
drules include nine Type-I chondrules (Mg#=90 for
olivine and low-Ca pyroxene), three Type-ll chon-
drules (Mg#<90), and two plagioclase-rich chondrules
(Fig. 1). The oxygen isotope compositions of all chon-
drules distributed along a slope ~1 line that is a typical
CV3 compositional field in the oxygen three-isotope
diagram [e.g.,8].

Type-1 chondrules (porphyritic and barred olivine
chondrule); The oxygen isotope compositions of eight
Type-1 porphyritic chondrules and one barred olivine
(BO) chondrule were measured. The results of the
oxygen isotope ratios in 5 out of 9 Type-I chondrules
including BO (Mg# of the 5 chondrules ranges from 96
to 99) indicate that most of 5'°0 values distribute lower
than -6 %o down to -12 %o.. On the other hand, in the
other 4 chondrules (Mg# ranges from 95 to 98), multi-

ple minerals are distributed between -1 and -8 %o in &
80. Four Type-I chondrules contain plagioclase with
An# from 80 to 99. Two Type-l chondrules contain
mesostasis glass. These plagioclase and glass are larger
than 10um in diameter and almost free of secondary
alteration effects. Plagioclase in one chondrule and
mesostasis glass in one chondrule show oxygen com-
positions similar to co-existing olivine and pyroxene
(e.g., Figs. 2A,C), but plagioclase in three chondrules
and glass in one chondrule has **0-poor compositions
relative to coexisting mafic minerals, ranging from 0 to
8 %o in 5 *°0.

Plagioclase-rich chondrules; We measured oxygen
isotope ratios of two plagioclase-rich chondrules that
consist of plagioclase, low-Ca pyroxene, high-Ca py-
roxene, and olivine. The average Mg# for olivine and
low-Ca pyroxene in one chondrule is 96, while that for
low-Ca pyroxene in the other chondrule is 98. §'°0
values of olivine and pyroxenes are lower than 0 %,
whereas all plagioclase grains distribute more **0-poor
areas in a range from 4 to 9 %o on 5'°0.

Type- ZIchondrules; In Type-1l chondrules (Mg# for
olivine ranges from 62 to 75), most data distribute at
more °0-poor field (5'®0 > 0 %) compared to Type-I
and plagioclase-rich chondrules. One out of 3 chon-
drules, the 5'®0 values of olivine are lower than 0 %o,
while the plagioclase is plotted in a **O-poor area (5°0
"'8%0).

The environment of CV3-chondrule forming regions
and that of post heating episode; The average oxygen
isotope compositions of chondrules show two different
populations. This result indicates that chondrules from
RBT 04143 formed from two types of oxygen isotope
reservers and accreted to the parent asteroid in a CV3
chondrite accretionary region in the protoplanetary disk.

After formation, many chondrules seem to have been
reheated in the disk, because mesostasis glass and pla-
gioclase crystals in many chondrules in RBT 04143
show various **0-poor compositions ranging from 0 to
10 %o in §'0. The '®0-poor composition can be ex-
plained either by reheating in the nebula or by thermal
alteration in the parent asteroid. Small olivine crystals
in the matrix of RBT 04143 retain a wide Fe/Mg varia-
tion [7], suggesting that thermal effect in the parent
asteroid of RBT 04143 is limited. In addition, evidence
of secondary hydrous alteration is absent in this mete-
orite [7]. Therefore, we suppose that the °O-poor


mailto:h-ishida@s.tohoku.ac.jp

45th Lunar and Planetary Science Conference (2014)

compositions of plagioclase and glass are established
in the nebula after formation of chondrules.

In one plagioclase-rich chondrule, a wide area in the
interior of the chondrule is composed of high-Ca py-
roxene and anothitic plagioclase (Fig. 2B). The miner-
alogy suggests that the two minerals formed together
during cooling in the chondrule formation event. How-
ever, oxygen isotope ratios of the two minerals are dif-
ferent: plagioclases show **0-poor compositions from
410 9 %o in 5'0, while high-Ca pyroxene shows *°O-
poor composition (80 ~—1%o), similar to coexisting
olivine (Fig. 2D). Since plagioclase and high-Ca py-
roxene formed together in the chondrule formation
event, the difference in oxygen composition cannot be
ascribed to chondrule formation event. The difference
must have established at reheating event. But if reheat-
ing occurred at high temperature, the two minerals
melted together because of the eutectic composition. In
this case, oxygen exchange occurred between nebular
gas and plagioclase+pyroxene melt, resulting in for-
mation of **O-poor plagioclase and high-Ca pyroxene.
To make '°O-poor plagioclase and *°O-rich high-Ca
pyroxene in one chondrule, the reheating must have
occurred at the subsolidus temperature. During reheat-
ing period, both plagioclase and high-Ca pyroxene
were not melted, but only plagioclase could exchanged
oxygens with nebular gas because of higher oxygen
diffusion rates than high-Ca pyroxene [9,10].

In fact, the °O-poor compositions (0 to 10 %o on
5'%0) of plagioclase and mesostasis glass are similar to
oxygen compositions of melilite in CAls in this mete-
orite and other CV3 chondrites [e.g., 11]. The *O-poor
compositions of the CAl melilite was established by
oxygen exchange between nebulsar gas and CAls at
subsolidus temperature during reheating events [12].
Therefore, the *0-poor compositions of plagioclase
and mesostasis glass found in primitive CV3 RBT
04143 may suggest that the reheating events experi-
enced by CAls also heated chondrules and changed
their oxygen compositions.
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Fig. 1. Back-scattered electron images of chondrules.
(A) Type-I porphyritic chondrule. (B) The enlarged
image of glass in Type-I chondrule, shown as a box
in (A). SIMS measurement spot is indicated by ar-
rows. (C) Type-Il porphyritic chondrule. (D) Plagio-
clase-rich chondrule. ol=olivine, mt=metal, gl=glass,
pl=plagioclase, Ipx= low-Ca pyroxene.
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Fig. 2. Back scattered electron images and oxygen three-
isotope diagrams of Type-I porphyritic chondrule
R4#4(A, C) and plagioclase-rich chondrule R7#PRC1
(B, D). ol=olivine, Ipx=low-Ca pyroxene, hpx=high-Ca
pyroxene, pl=plagioclase.



