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Introduction:  While it is well known that igneous 

CAIs tend to have high 29Si/28Si and 25Mg/24Mg rela-
tive to chondritic values, there have been few system-
atic studies that relate observed isotopic fractionations 
in CAIs to their conditions and timescales of forma-
tion. Together with a wealth of information about the 
physical chemistry associated with evaporation and 
condensation of CAI-like liquids, a recent study [1], 
constructed a PH2-time curve unique to a CAI (Leoville 
144A) that constrains the astrophysical setting of CAI 
melting. This study builds on that previous one by ana-
lyzing more CAIs by LA-MC-ICPMS and modeling 
the results to deduce the thermal histories of igneous 
CAIs in general. 

Analytical Methods:  Silicon and magnesium sta-
ble isotope ratios were measured using UV laser abla-
tion MC-ICPMS. Corrections for instrumental mass 
bias were performed by sample-standard bracketing 
with an in-house standard (San Carlos olivine). We 
used a 193 nm excimer laser operated with a pulse rate 
of 2 to 6 Hz. In situ analyses were acquired from spots 
measuring 100 um in diameter for Si, and 55 um in 
diameter for Mg. Precision of the LA-MC-ICPMS 
analyses is on the order of +/− 0.2‰.  

Modeling:  We modeled the isotopic evolution of 
CAIs, including rates of mass loss, time-dependent 
variations in isotope ratios, and time-dependent varia-
tions in elemental concentrations. The models consist 
of numerical solutions to the problem of elemental and 
isotopic fractionation at the moving surface of an 
evaporating sphere coupled with diffusive transport 
within the sphere. In order to validate our calculation 
scheme we compared models for the measured changes 
in Mg and Si isotope ratios with laboratory experi-
ments [2] and [3]. 

Astrophysical Implications:  The Si and Mg iso-
tope data place important constraints on where in the 
solar protoplanetary disk CAIs may have been melted 
and subsequently heated. If melting occurred in 
shockwaves, the likely pressure was between 10-5 to 
10-3 bar for a cumulative time of up to a few days (Fig. 
1). On the other hand if melting occurred in solar flare 
events the timescale could have been a few weeks. 

Number Density:  The substantial Si and Mg iso-
topic fractionation in CAIs suggest that their number 
densities were too low to permit an overall elevation in 
background partial pressure of Mg and SiO that would 

have prevented fractionation. We quantified this effect 
by estimating the pressure of gas molecules or atoms 
produced by a population of evaporating CAIs. The 
result is a linear spacing of > 8 meters, which corre-
sponds to a number density that is four orders of mag-
nitude lower than that for chondrules [4]. 

 
Fig. 1 Calculated PH2-time curves for evaporation 
of two CV igneous CAIs and a FUN inclusion (lat-
ter from published data.  

 
Conclusions: Silicon and magnesium isotope ratios 

obtained in situ by laser ablation MC-ICPMS in igne-
ous CAIs reveal a detailed picture of the astrophysical 
setting of CAI melting and subsequent heating.  Mod-
els for the chemical and isotopic effects of evaporation 
of molten CAIs, validated by published evaporation 
experiments, are used to produce a unique univariant 
relationship between PH2 and time during melting. 
These stable isotope data point to a two-stage history 
for some igneous CAIs involving melting for days to 
months followed by subsolidus heating for years to 
hundreds of years. The thermobarometric history de-
duced from combining Si and Mg isotope ratio data 
implicates thermal processing in the disk, perhaps by 
passage through shockwaves, following melting.  This 
study underscores the direct link between the meaning 
of stable isotope ratio zoning, or lack thereof, and the 
inferred astrophysical setting of melting and subse-
quent processing of CAIs. 
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