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Introduction:  Carbonaceous and ordinary chon-

drites have long been considered as primordial materi-
als, relatively unchanged since their formation; howev-
er, most have been altered by interaction with aqueous 
fluid on their parent asteroids [1–3]. The unique geo-
chemical characteristics of Li make it possible to trace 
processes on asteroids. Lithium is highly soluble in 
aqueous fluids [4] and Li isotopes exhibit significant 
fractionation in geologic materials (δ7Li ranges from 
−20 to 40‰) because of the large mass difference be-
tween 6Li and 7Li (e.g., [5]). The Li is preferentially 
retained in solid phases while 7Li preferentially enters 
solution. To understand the behavior of Li during neb-
ular and asteroidal processes, we report Li isotope 
compositions together with O isotope compositions of 
chondrule constituents in the main and at igneous rim 
of chondrules, with examination of formation and al-
teration of the phases. 

Experimental Methods:  Oxygen-isotope compo-
sitions were determined by SIMS. A Cs+ primary 
beam (200 pA) of 20 keV was focused and scanned on 
the sample surface by 5×5 μm2, yielding a 6×6 μm2 
crater. Secondary O− was accelerated to −10 kV and a 
normal incident electron gun was used to compensate 
positive charging on the sputtered area. 

Lithium isotope compositions were also determined 
by SIMS. O and Li isotope measurements were carried 
out onto the same spots. As well as the O isotope anal-
ysis, instrumental mass fractionation is one of the ma-
jor difficulties in high-precision Li isotope analysis by 
SIMS (e.g., [6]).  Isotope compositions were deter-
mined by a formula δ7Li = δ7Li⊕ − ∆7Li, where δ7Li⊕ 
is the ion-intensity ratio that the instrumental mass 
fractionation was corrected (δ7Li⊕ ≡ δ7Li+ − fIMF), and 
∆7Li is the relative matrix effect of particular phase 
relative to a working standard. Note that fIMF is esti-
mated using the working standard.  To evaluate the 
matrix effects relative to working standards, we ana-
lyzed reference olivine (Fo1−99), low-Ca pyroxene 
(Wo0), high-Ca pyroxene (Wo31−39), and plagioclase 
(ab42−72). As a result, significant matrix effects were 
recognized in olivines with Fo1−99, and between the 
working standards and the other reference materials; 
thus, we estimated ∆7Li for olivine, pyroxene, and pla-
gioclase, based on linear correlations between the ma-
trix-related bias and chemical varieties of those phases. 
As for olivine (Fo52−100) in chondrules, matrix effects 

were estimated based on a linear correlation with 
chemical varieties, and the matrix effects were correct-
ed. The estimated matrix effects of low-Ca and high-
Ca pyroxenes (Wo1−7 and Wo40−49) and plagioclase 
(ab15−37) in chondrules relative to the working standard 
en-sl were negligibly small, being within or compara-
ble to analytical reproducibilities for the working 
standards. Thus, we did not apply the matrix effect 
correction on the pyroxenes and the plagioclase. 

Results:  A total of nine chondrules were meas-
ured. δ18O and δ17O values for minerals (olivine, low-
Ca pyroxene, high-Ca pyroxene, and plagioclase) scat-
ter between the CCAM line defined from data on Al-
lende (slope of 0.94 ± 0.02 and intercept of −4.2‰ [7]) 
and Y&R line (slope of 1.00 ± 0.03 and intercept of 
−1.04 [8]). These O isotope compositions are in good 
agreement with those previously obtained by bulk 
analyses of CV chondrules [9–11]. Based on the O 
isotope composition of olivines, nine chondrules were 
divided into three groups. Averages of ∆17O of olivines 
(Fo>65) in chondrules BOP-2 (Fig. 1), PO-6, and BO-4 
are −5.3, −5.2, and −5.4‰. Averages of ∆17O of oli-
vines (Fo>65) in chondrules PO-7, PO-1, PO-3c, and 
PO-3s are –6.1, –6.5, –6.3, and –6.0‰. Average of 
former and latter chondrules are ∆17O −5.3 ± 0.4‰ and 
−6.2 ± 0.4‰, respectively, and former and latter chon-
drules were classified as group 1 and 2 chondrules. 
Olivines in chondrules PO-8 and PO-3n show variation 
in ∆17O from −23.7 to −6.2‰ and the chondrules were 
classified as group 3 chondrules. 

On group 1, all the isotope compositions for olivine 
are similar and range from δ18O −6 to −3‰, pyroxene 
is similar but slightly more δ18O-rich, and plagioclase 
in BOP-2 and FeO-rich olivines in PO-6, are a lot more 
δ18O-rich. For group 2, all the isotope composition for 
olivine, low-Ca pyroxene, and high-Ca pyroxenes are 
similar and around −6‰, and FeO-rich olivines in PO-
1 and PO-3c are a lot more δ18O-rich. For group 3, the 
isotope composition for olivine are in the range from 
δ18O −50‰ to −10‰. 

All chondrules measured for O-isotope composi-
tions were also measured for Li-isotope compositions. 
Analyses for chondrule BOP-2 are shown in Fig. 2 as a 
representative chondrule. The negative correlation is 
consistent with [12]. Low-Ca pyroxene and plagioclase 
are the most Li enriched and depleted phases, respec-
tively. Li isotope compositions range from δ7Li −30‰ 
to +30‰. There is no obvious correlation between Li 
concentration and isotope composition (Fig. 2). 

1633.pdf51st Lunar and Planetary Science Conference (2020)



Discussion:  Plagioclase is significantly depleted in 
16O than other silicates. On the parent body metamor-
phism, O-isotope composition in 10 µm-sized plagio-
clase could be completely exchanged [13]. Plagioclase 
can be either of chondrule formation or of asteroidal 
process, and even when former is the case, the 16O-
poor composition was resulted from the asteroidal pro-
cess. Li concentration and isotope composition of pla-
gioclase were resulted from those of asteroidal reser-
voir. 

Low-Ca pyroxene is the most Li-enriched phase 
(Fig. 2). Low-Ca pyroxene on Fig. 2 forms array with 
significant range determined by two components of 
([Li], δ7Li) to be (0.5 µg/g, +33‰) and (5 µg/g, –
10‰). Krot et al. [14] suggested that igneous rim 
formed either by gas-solid condensation of silica-
normative materials onto chondrule surfaces and sub-
sequent incomplete melting, or by direct SiO (gas) 
condensation into chondrule melt, occurred in gas en-
riched in alkalines and Si.  If latter is the case, the Li 
isotope composition of the gaseous reservoir is esti-
mated to be δ7Li –10‰. 
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Figure 1: O isotope composition of chondrule BOP-2. 
Olivines are shown by circle.  Low-Ca pyroxenes, 
high-Ca pyroxenes, and plagioclases are shown by 
triangle (blue), diamond (red), and inversed triangle 
(cyan). Low-Ca pyroxenes in igneous-rim regions are 
shown with symbols of square. 
 

 
Figure 2: Li element-and-isotope composition of 
chondrule BOP-2. 
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