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Introduction: In order to address the question of whether the 

observed O isotope composition of chondrules is the result of 
exchange with a surrounding gas during melting [1] or has been 
inherited from the precursor material, we have conducted a time- 
and ƒO2-dependent oxygen isotope exchange experiments be-
tween a chondrule analogue melt and an H2O-rich gas phase. At 
oxidizing conditions (IW-0.5, ptot = 1 atm), molten silicates ex-
change oxygen with water vapor within minutes [2]. We have 
extended the data set by conducting H2O gas – silicate melt ex-
change experiments at lower ƒO2. 

Experimental setup: The chondrules-analogue starting ma-
terial used in this study is a synthetic glass in the simple model 
system CMAS+TiO2 with 0.46 wt.% of MnO, with a liquidus 
temperature calculated to 1480 °C using MELTS. The silicate 
melt-H2O vapor exchange experiments were conducted using the 
metal loop technique at 1500 °C at ƒO2 between IW-1.3 and IW-
3.8) and durations (from 5 to 1440 minutes) in a GERO vertical 
gas-mixing furnace. The ƒO2 was controlled by an H2O-H2-N2 
gas mixture using the H2O-H2 buffer and checked by equilibra-
tion of the Fe loop with the silicate melt. 

Results: Our results reveal that: 1) ƒO2 in gas mixing furnace 
experiments can be well controlled in the range down to IW–4 
with a non-toxic H2O-H2-N2 mixture. 2) The oxygen isotope ex-
change between a silicate melt and the H2O-H2-N2 gas is propor-
tional to the ƒO2. Between IW-1.3 and IW-3.8 the exchange half-
lives (t1/2; time necessary ro reach 50% equilibration) varies from 
70 to 230 minutes. Extrapolations to a canonical solar nebula (IW 
≈ -6.9, Ptot = 10-3 – 10-6 bar) show that 50% exchange takes be-
tween 10 to 16 hrs. The FeO content of chondrules is, however, 
higher than what is buffered by a nebular of solar composition. 
Higher ƒO2 can be achieved by enrichment of a nebular com-
partment in dust relative to H2 [4] For dust-enriched systems (Ptot 
= 10-3 bar), 50% exchange takes between 5 (800X dust enrich-
ment, corresponding to type-I chondrules) to 7.2 hours (50X dust 
enrichment, corresponding type-II chondrules). 

Discussion: A shock wave event heats and melts chondrules 
to super liquidus temperatures for up to 7 hrs and keeps them par-
tially molten for some tens of hours [5]. Our results suggest that 
considerable exchange between nebular H2O and chondrule melts 
is expected during chondrule formation. Protracted exchange of 
the partial melt with the gas during cooling can explain the ob-
served disequilibrium in Δ17O between chondrule phases (e.g., 
olivine and glass). 
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