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Hashirnoto [I] conducted vacuum furnace evaporation experiments on synthetic chondritic 
material and found that major elements alone were unable to discriminate between the evaporation 
and condensation evolution paths for CAI formation. Evaporation and condensation may be distin- 
guished by their different isotope fractionation effects in the major elements. Isotopic fractionation 
is negligible for silicon, magnesium and calcium isotopes during equilibrium condensation or 
evaporation processes. Up to a few percent per a.m.u. mass fractionation of magnesium, silicon, 
oxygen and chromium isotopes relative to normal (terrestrial) value in CAIs [2] can result from the 
kinetic effects between vapor and liquids due to nonequilibrium evaporation [3]. We performed 
evaporation experiments on a synthetic solar composition material in a vacuum furnace [4] at 1800 
and 2000°C for different durations to study the chemical and isotopic composition of the evapora- 
tion residues. 

The starting material is a mixture of FeO, MgO, Si@, CaO, A1203 and Ti@ of chondritic 
elemental ratios doped with oxides of La, 140Ce, Pr, 146Nd, 152Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb and Lu. These oxides comprise more than 95 mole % of volatile-free material of solar 
composition. We used synthetic mixture of oxide reagents rather than natural materials such as CI 
chondrites to avoid complications due to sulfides and water. The starting mixture of about 200 mg 
was pressed into a pellet with a hole drilled in the center and suspended in the center of the tung- 
sten heater using an iridium wire. When the sample melts, it moves into the loop and stays in the 
loop as evaporation goes on. Sixteen evaporation runs were conducted at 1800 and 2000°C with 
durations of a few seconds to 5 hours. The pressure was maintained at 10-6 ton. The mass frac- 
tion evaporated ranged from 0.38 to 95.4 9%. The melting of the sample usually starts at 1310°C 
and total melting occurs at about 1450°C. Quenching (radiation cooling) of the sample was done by 
turning off the heating power when the prescribed duration at desired temperature was reached. 
The residues were split in half with one half for SEM, electron microprobe and ion microprobe 
characterization and the other half for oxygen and silicon isotopic analysis. The SEM examination 
reveals that most residues consist of olivine and glass, with a barred olivine texture. Parallel olivine 
bars a few microns wide usually run across the entire residue. Major elements were determined 
using a Cameca SX-50 electron microprobe with a defocused electron beam about 100 pm in di- 
ameter. REE abundances and magnesium isotopic compositions were obtained using a modified 
AEI IM-20 ion microprobe with rastered beam. Primary beam intensities were about 10-20 nA 
with a rastered area of -100x100 pm2. Our ion probe has a precision for magnesium isotope anal- 
ysis reported as A ~ ~ M ~  of +l%o (lo).  Oxygen and silicon isotope compositions in the residues 
were measured by extraction of 0 2  and SiF4 by fluorination followed by isotope ratio mass spec- 
trometry. 

There is no significant evaporation of calcium, aluminum and titanium up to 95% mass 
loss; the evaporation behavior of magnesium, silicon and iron is similar to that found by 
Hashimoto [I]. Up to a 5 x negative cerium anomaly and a 50% negative praseodymium 
anomaly developed in the residue of 95% mass loss while other REE are not significantly evapo- 
rated [5]. 
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The figure shown is a plot of the 'O 

isotope ratio R in the residue relative to its 
starting ratio R, versus the fraction (f) of , 
its elemental abundance remaining for 
magnesium, oxygen and silicon. The lin- $ " 
ear relationship between 1000 In (m) 9 30 

and -In (f) is best described by Rayleigh 8 a 
fractionation law: R/R, = f l/a-1. Values of 

lo 
the inferred fractionation factor a (derived 
from the slope of the fitted line) between 
the residue and gas for 2 6 ~ g / 2 ~ ~ g ,  
1801160 and 3 0 ~ i / 2 8 ~ i  are listed in the -In f 
table. For magnesium isotopes, the frac- 
tionation factor is very close to the values for the evaporation of liquid Mg2Si04, 1.0313 [3], and 
single crystal forsterite, 1.0283 [6]. For oxygen and silicon isotopes, they are higher than those 
obtained from liquid Mg2SiOq experiments [3]. All fractionations are less than the theoretical val- 
ues, 1.0408, 1.0308 and 1.0225, assuming magnesium evaporates as Mg, oxygen as 02 and sili- 
con as SiO, respectively. The reduced fractionation factors deduced from the experiments are partly 
due to reprecipitation during the evaporation process. Since any possible oxide species leaving the 
residue will have a fractionation factor lower than the experimental value of 1.0241,@ is certainly 
produced during the evaporation process. This explains the cerium and praseodymium depletions 
in some of the residues as cerium is much more volatile than the other REE under oxidizing condi- 
tions [7]. The four known HAL-type hibonite-rich inclusions, which have large negative cerium 
and small negative praseodymium anomalies [8], probably formed by evaporation that provided an 
oxidizing environment. If silicon evaporates as Si@, the theoretical fractionation factor for 
3 0 S i / 2 8 ~ i  will be 1.0165, 
which than the ex- Table. Condensed phasdgas isotopic fractionation factors (a). 
perimental value 1.017 1. 
This implies that Si02 is 2 6 ~ f l ~ ~  180/160 30SiPSi 
probably not the principal This study 1.0305 1.0241 1.017 1 
gas species leaving the liquid Mg2SiOq~) [31 1.03 13 1.0198 1.0142 
residue. Mass dependent Mg2Si0qs) [4] 1.0283 - - 
heavy isotope enrkhment of Theoretical 1.0408 (Mg) 1.0308 (02) 1.0225 (SiO) 
magnesium, silicon, oxy- 1.0247 (MgO) 1.0225 (SiO) 1.0165 (Sic,) 
gen, chromium, calcium and 
titanium in some CAIs suggests that their origin involved evaporation from a melt. The depletion of 

- - 

cerium and praseodymium in these CAIs further constrainstheir formation to an oxidizing envi- 
ronment caused by the release of 02 in the evaporation process. 
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