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Introduction: FUN CAIs are characterized by ex-

tremely large mass-dependent fractionations of silicon 
and magnesium isotopes (up to δ29Si ~15 ‰ and δ25Mg 
~40 ‰), distinctive mass-dependent fractionations of 
oxygen isotopes, and mass-independent isotopic 
anomalies in many elements [1, 2]. The correlated iso-
topic fractionations of Mg and Si of FUN CAIs ex-
tends the trend of the normal CAI to much larger frac-
tionations [1], and it is usually believed that these frac-
tionations are result of the evaporation of Mg and Si 
from at least partially molten precursors. 

    
Fig. 1 shows Mg and Si isotopic compositions of 

natural FUN CAIs (stars) and MgO and SiO2-rich resi-
dues produced by experimental evaporation of two 
forsterite-rich melts (FUN1 and FUN2) into vacuum 
[3]. The bulk Mg and Si isotopic compositions of FUN 
CAIs plot surprisingly close to those of the evaporation 
residues, despite the fact that the residues have been 
produced by a single step isothermal (1900ºC) evapo-
ration while natural FUN CAIs could have experienced 
a more complex thermal history such as multiple heat-
ing and cooling events. While cooling to the solidus, 
Mg and Si would continue to evaporate from the CAI 
precursors and thus further fractionate the isotopes. If 
the fractionation law is temperature-dependent this 
could explain why EK-1-4-1 and 1623-5 are not on the 
trend defined by the other FUN CAIs and the experi-
mental evaporation residues. Here we present the re-
sults of a new set of experiments on the chemical and 

isotopic evolutions of FUN2 melt evaporated into vac-
uum at 1700ºC. 

Experimental: The starting material for the 
1700ºC vacuum evaporation experiments (FUN2B2) 
consists of 32.0 wt% MgO, 16.5% Al2O3, 39% SiO2 
and 12.5% CaO which is essentially the same as the 
FUN2 composition we used previously [3]. The exper-
imental protocol was the same as described in detail in 
[3]. The run duration of the 1700ºC experiments varied 
from 0 to 900 minutes. 

Analytical: The chemical composition of the sam-
ples was measured using a JEOL JSM-5800LV scan-
ning electron microscope equipped with an Ox-
ford/Link ISIS-300 energy-dispersive X-ray microa-
nalysis system. The isotopic compositions of the evap-
oration residues were analyzed by a sample-standard 
bracketing method using the Nu Plasma MC-ICPMS at 
the University of Arkansas (for magnesium isotopes) 
and the Thermo Scientific Neptune Plus MC-ICPMS at 
Trent University (for silicon isotopes). For the details 
regarding element purification by ion exchange and the 
isotopic measurements see [4] and [5]. 

Results and discussion: Evaporation trajectories 
of the residues from our earlier 1900º and new 1700ºC 
evaporation experiments using the FUN1 and FUN2 
starting compositions are shown in Fig. 2. 

 
Fig. 2 shows that the evaporation trajectories of 

FUN2 residues are the same at 1900º and 1700ºC ex-
periments and continues the trend defined by the 
FUN1 residues toward the field of the normal CAIs. 
We note that the residues with >15 wt% MgO plot 
within forsterite field in the Geh-An-Fo diagram and 
quenched into a mixture of forsterite and glass, while 
the most evaporated residues with <15 wt% MgO plot 
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within melilite field and were quenched to a clear 
glass. 

 
Fig. 3 shows the logarithm of the isotopic composi-

tions of silicon in the residue relative to the starting 
ratio of FUN2 residues evaporated at both 1700º and 
1900ºC plotted as a function of the logarithm of the 
fraction 28Si remaining in the residues. When in such a 
plot the data fall along a straight line, the slope of the 
line corresponds to 1-α29Si where α29Si corresponds to 
the ratio of the isotopic composition of the evaporation 
flux to that of the evaporating substrate. The results 
clearly shows that FUN2 evaporation residues evapo-
rated at both 1700º and 1900ºC plot in Fig. 3 along a 
single line with a slop corresponding to the fractiona-
tion factor of 29Si α29Si =0.98984±0.00019. The value 
of α29Si for FUN2 residues is effectively the same as 
found earlier for FUN1 melt evaporated at 1900ºC [3] 
and for CAI-like melt evaporated between 1600ºC and 
1900ºC [6]. 

 
Fig. 4 shows the same as Fig. 3 but for the isotopic 

fractionation of magnesium. Similar to Si isotopes, we 
cannot resolve a temperature effect on the fractionation 
factor of Mg isotopes (α25Mg = 0.98305±0.00044) for 
residues with >15 wt% MgO (closed symbols in Fig. 
4). However, unlike Si isotopes, which are character-

ized with the same fractionation factors for all evapo-
ration residues studied, fractionation factor α25Mg for 
FUN2 residues evaporated at 1900ºC is significantly 
different for residues with <15 wt% MgO, α25Mg = 
0.98539±0.00031. The later value is similar to 
0.98607±0.00017 reported for Type B CAI-like melt 
evaporated at 1900ºC [7]. Additional experiments at 
1700ºC will be needed to check whether the magnesi-
um fractionation factor of the most evaporated FUN2 
residues show the same temperature dependence as 
was found for CAI-like melts [7].  

 
Fig. 5 is a summary plot showing the dependence 

of α25Mg on the melt composition: for the melts which 
plot within forsterite field in the Geh-An-Fo diagram, 
α25Mg is independent on temperature, but it is tempera-
ture dependent for melt compositions within the 
melilite field.  

Conclusions: 1) Evaporation trajectories of Mg- 
and Si-rich melts are the same both 1900º and 1700ºC. 
2) Silicon isotopic fractionation law is independent of 
evaporation temperature and melt composition, and is 
the same as for CAI-like melts. 3) Magnesium isotopic 
fractionation law for the forsterite-rich melts is inde-
pendent of temperature, but it is temperature dependent 
for the melilite-rich compositions. 4) Because of inde-
pendence of  α29Si  and α25Mg on temperature and melt 
composition for the forsterite-rich melts, cooling of 
such droplet would not produce the Mg and Si isotopic 
fractionations of 1623-5 and EK-1-4-1 FUN CAIs. 
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