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Introduction: Coarse-grained calcium-aluminum-rich refractory inclusions (CAIs) are known as the oldest high 

temperature mineral assemblages with sizes up to ca. 1 centimeter in the Solar System, and exhibit mass-
independent oxygen isotope variation among constituent minerals [e.g. 1–3]. A possible explanation of oxygen iso-
tope variation in CAIs is the partial melting and associated gas-melt oxygen isotope exchange during reheating 
events [e.g. 3, 4]. However, oxygen isotope exchange mechanism and kinetics between CAI melt and disk gas have 
been poorly understood. In this study, we conducted oxygen isotope exchange experiments between synthetic CAI 
melt and water vapor under a disk-like low water vapor pressure (PH2O) to constrain the thermal history of CAIs in 
the early Solar System.  

Experiments: The starting material was prepared by mixing SiO2, TiO2, Al2O3, MgO and CaCO3 powder with a 
mixing ratio close to the average type B CAI-like composition (CAIB) [5, 6]. The oxygen isotope exchange experi-
ments between the synthetic CAIB melt and 18O-enriched water vapor with PH2O of 5 × 10–2 Pa were carried out at 
1390°C for 3–24 hours using a high temperature vacuum furnace equipped with a gas flow system for water vapor. 
The spherical CAIB droplet (spinel and glass mixture) was hung in the furnace using a Pt wire loop technique. Low 
pressure-water vapor was supplied from 18O-enriched water ice (97-atom% 18O) in a freezer [7, 8]. The experimental 
temperature of 1390°C is 10 K higher than the melilite liquidus temperature (1380°C) of CAIB. Run products were 
analyzed with FE-SEM-EDS (JEOL JSM-7000F) for observation and chemical analysis, and oxygen isotopic com-
positions of samples were measured with SIMS (Cameca ims-1280HR) at Hokkaido University.  

Results and discussion: The heated spherical samples were composed of glass and spinel. The 18O fraction in 
the melt increased toward the surface of the sphere, and that at the surface increased with time, suggesting that the 
surface oxygen isotope exchange and the self-diffusion of oxygen into melt interior simultaneously occurred. Ob-
tained oxygen isotope profiles were explained by a three-dimensional spherical diffusion equation with a time-
dependent surface concentration [9], yielding the oxygen self-diffusion coefficient D of 1.87 × 10–7 cm2 sec–1 and the 
surface oxygen isotope exchange efficiency of ~0.27 for colliding water vapor. The obtained D in the CAIB melt is 
consistent with that estimated in basaltic melt at 1390°C [10, 11]. This is likely because the diffusivity of oxygen 
would be related to the degree of melt polymerization (NBO/T) [12] and the CAIB melt has a similar NBO/T as that 
of basaltic melt.  

Melilite is the first phase crystallizing from spinel-bearing CAI melt with type B CAI composition [5, 6]. Meli-
lite in natural type B CAIs shows typically 16O-poor oxygen isotopic compositions with a limited isotope variation 
[e.g. 4, 13]. If the precursors of CAIs have 16O-rich isotopic compositions close to that of spinel, those observations 
indicate melilite crystallized from the melt that was isotopically equilibrated with surrounding disk gas with 16O-
poor isotopic compositions above the melilite liquidus temperature [3]. Therefore, based on obtained kinetic data, 
we evaluated a timescale required for 1 cm-sized CAI droplet to isotopically equilibrate with ambient water vapor as 
a function of PH2O at 1390°C. The timescale is dependent of PH2O at low PH2O (<~10–6 bar), where the supply of 
water vapor is a rate-limiting step. On the other hand, it is independent of PH2O at higher PH2O because the reaction is 
controlled by oxygen diffusion in the melt. At temperatures above the melilite liquidus and plausible range of PH2O 
in the protosolar disk (10–9 < PH2O (bar) <10–6) [14], oxygen isotope exchange reaction between CAI melt (<1 cm) 
and water vapor would be mainly controlled by the supply of water vapor, and the timescale for isotope equilibration 
is at least a dozen days for 1 cm-sized CAI melt. Homogeneous 16O-poor oxygen isotopic compositions of melilite 
in most natural type B CAIs suggest that type B CAIs would be heated for at least a dozen days in a 16O-poor envi-
ronment during the reheating processes in the early Solar System.  
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