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Introduction: Partially or fully molten chondrules
could interact with gases present in their environment;
evidence of these interactions can be preserved in the
isotopic ratios contained in the mineral phases in the
chondrules. Olivine is a common component of chon-
drules and may react with gaseous Si (in the form of
Si0) by a reaction similar to:

Mg,SiO, + SiO + H,0 — 2MgSiO; + H, (1)

where gaseous silicon monoxide condenses into a
chondrule melt and reacts to form pyroxene. Silicon
monoxide gas condensing into chondrule melts is pro-
posed by [1] to interpret oxygen isotope mixing from
relict olivine and a gaseous silicon component. The
isotopic effects of condensation may also be observ-
able in silicon and magnesium isotopes in chondrules.
Isotope effects due to condensation can be calculated
using a model developed by [2]:
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where 0,4 1s the isotope fractionation due to conden-
sation, ogq is the equilibrium isotope fractionation be-
tween gas and condensed phase, o;, is the kinetic iso-
tope fractionation including collision frequency and
zero-point energy effects [3], and s; is the partial pres-
sure of gaseous species i divided by the equilibrium
partial pressure of of gas i (a measure of the degree of
undercooling in the system).

Samples and Methods: Type 1AB chondrules
containing pyroxene rims and interior olivine phenoc-
rysts were selected for the study to determine if there is
an isotopic signature of condensed silicon-bearing gas
in the pyroxene. Silicon isotopes were previously
measured using UV laser ablation and MC-ICPMS at
UCLA in type 1AB chondrules in an Allende (CV3)
chondrule [4] and two chondrules in Elephant Moraine
(EET) 87747 (CR2.8) [5].

Here, two additional type 1AB chondrules were
selected for study in sections of EET 87770 and EET
92052 (both CR2.8). X-ray maps of Si, Mg, Ca, Al,
and Fe were used to differentiate pyroxene, olivine,
and other phases in the chondrules. The identity of the
mineral phases analyzed by LA-MC-ICPMS were con-
firmed by EDS.

Results: Silicon three isotope plots for Chondrule
1 in EET 87770 and Chondrule 1 in EET 92052 are
shown in figures 1 and 2. Olivine data are shown in
pink ellipses and pyroxene data are shown in black
ellipses. The error ellipses represent 1-sigma analytical
uncertainties. A silicon isotope terrestrial fractionation
line is shown for reference.
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Figure 1. Silicon three isotope plot for EET 87770
Chondrule 1. Olivine analyses are shown in pink and
pyroxene analyses are shown in black. Error ellipses
represent 1-sigma analytical uncertanties.
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Figure 2. Silicon three isotope plot for EET 92052
Chondrule 1. Olivine analyses are shown in pink and
pyroxene analyses are shown in black. Error ellipses
represent 1-sigma analytical uncertanties.

Probability density plots are used to determine if
there is a fractionation in 3*’Si between interior olivine
and rim pyroxene phases. Probability density plots of
3*’Si measured in olivine and pyroxene phases for EET
87770 and EET 92052 are shown in figures 3 and 4.
Olivine data are shown in black and pyroxene data are
shown in gray.
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limited amount of data available it is difficult to deter-
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EET 87770 Chondrule 1 mine if there is indeed a fractionation for 6°"Si between
25 | - Olivine pyroxene and olivine in this chondrule.
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Distinct isotopic fractionations have been observed
201 in two out of five CV and CR chondrules studied. In

chondrules with a distinct isotopic fractionation it was
calculated that the fractionation took place due to sili-
104 con isotopic condensation at near equilibrium condi-
tions. The chondrules that do not have a distinct 3*Si
fractionation between olivine and pyroxene may have
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Figure 3. Probability density plot for 5°°Si meas- There is no clear evidence that all of the type 1AB

ured in olivine (black, n=7) and pyroxene (gray, n=10) chondrules studied incorporated a silicon-bearing gas;
in EET 87770 Chondrule 1. however, the data do not rule this out. The chondrules

most likely inhabited a gas-rich environment which
allowed for equilibrium or near-equilibrium isotopic
EET 92052 Chondrule 1 exchange and near-equilibrium silicon isotope ratios.
— Oiivine Some areas may have had slight undercooling that pro-
=) Prorene duced small silicon isotopic fractionation effects mani-
fested as slight shifts in 6°°Si values in pyroxene
relative to olivine phases in CR and CV chondrules.
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Figure 4. Probability density plot for 5*°Si meas-
ured in olivine (black, n=1) and pyroxene (gray, n=3)
in EET 92052 Chondrule 1.
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Discussion: Isotopic fractionation expressed as dif-
ferences in 3*°Si between olivine and pyroxene attrib-
uted to condensation of a silicon-bearing gas was ob-
served in one chondrule in Allende [4] and one of two
chondrules in EET 87747 [5]. If the isotope fractiona-
tion is due to the condensation of silicon-bearing gas,
then the process happened at near equilibrium condi-
tions with an undercooling of less than 3 K.

Our new data for the two additional CR type 1AB
chondrules do not show a distinct difference in 3*’Si
between pyroxene and olivine. In EET 87770 Chon-
drule 1 the 3*Si data for olivine and pyroxene are
overlapping. EET 92052 Chondrule 1 is highly frac-
tured and has a limited area that was suitable for data
collection. The pyroxene data exhibit a bimodal distri-
bution with one pyroxene analysis plotting near the
olivine analysis point. This pyroxene analysis is adja-
cent to an olivine grain and some olivine may have
been ablated in this analysis, but the pit bottom is py-
roxene as revealed by inspection by SEM. Due to the



