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Introduction:  FUN CAIs are similar to Type B 

CAIs chemically and mineralogically, but characterized 
by large mass-dependent fractionations in Mg, Si and O 
isotopes as well as by unidentified nuclear effects in 
number of elements (e.g., [1, 2]).  The heavy isotope 
enrichment is usually attributed to the isotopic frac-
tionation caused by the partial evaporation of volatile 
components of CAI precursors during high temperature 
molten stage (e.g. [2]). To test this hypothesis we con-
ducted an experimental study in which Mg- and Si-rich 
CMAS liquids were evaporated in a vacuum [3,4]. 
Evaporation of extremely forsterite-rich melt (FUN1) 
and a melt with composition close to the bulk composi-
tion of Vig1623-5 FUN CAI (FUN2) resulted in a tra-
jectory passing close to the compositions of 1623-5 and 
C1 FUN CAI, correspondingly.  Moreover, Mg- and 
Si-isotopic compositions in the evaporation residues 
with chemical compositions close to 1623-5 (produced 
by evaporation of FUN1 melt), and C1 (produced by 
evaporation of FUN2 melt) are close to the values 
measured in 1623-5 (δ26Mg~62‰ and δ30Si~21‰) and 
C1 (δ26Mg~60‰ and δ30Si~28‰) FUN CAIs [2, 5].  

The bulk oxygen isotopic composition has been re-
ported for several FUN CAIs (e.g., [2, 5]). On a three 
oxygen isotope diagram for individual grains of 
Vig1623-5, the isotopic composition of spinel, forster-
ite and fassaite lie on a mass fractionation line that in-
tersects the CCAM line at about δ17,18O= -48‰. We use 
this point to estimate the degree of 18O enrichment of 
the bulk oxygen of a given FUN CAI.  Here we report 
oxygen isotopic composition of evaporation residues 
from starting compositions that are possible precursors 
of Vig1623-5 and C1 FUN inclusions. 
Experimental:  Evaporation experiments were con-
ducted in a vacuum furnace at 1900°C. 2.5 mm dia Ir-
wire loops with the starting materials were first placed 
into a cold furnace which was then pumped out and 
temperature increased to 1900°C in an automated 
mode. The sample was allowed to evaporate at this 
temperature for a predetermined period of time (0 min 
to 1 hr) and furnace then cooled at several hundred 
degrees per minute (see [6,7] for the experimental de-
tails).  

Oxygen isotopic compositions were measured at 
the University of Wisconsin-Madison. Oxygen (from 
~2 mg chips of the evaporation residues) produced by 
laser fluorination with BrF5 as the fluorinating agent 
was cryogenically purified, passed through an in-line 

Hg diffusion pump and collected on 5Å mole sieve 
held at -196°C.  The trap was then warmed using a 
liquid pentane slush (-131°C), and the gas was trans-
ferred to a second trap (at -196°C) to remove NF3. 
 The purified O2 was then analyzed for three oxygen 
isotopes with a Finnigan MAT 251 mass spectrometer.  
The data were standardized as described in [8]. Each 
day, the δ18O  and the δ17O values of unknowns were 
adjusted based on the average of 3-4 analyses of 
UWG-2 garnet standard [8, 9] analyzed on the same 
day.  

Results and Discussion: Measured oxygen isotope 
data are presented in Table below and Fig.1. 

Sample fraction 16O 
remaining 

δ17O δ18O   ∆17O   

FUN1-13 
FUN1-14 
FUN1-15 
FUN1-12 
FUN1-10 
FUN2-4 
FUN2-2 
FUN2-5 
FUN2-7 
FUN2-8 

0.64 
0.25 
0.66 
0.76 
0.41 
0.86 
0.53 
0.65 
0.28 
0.24 

10.430 
20.057 
8.917 
7.769 

14.169 
11.105 
15.954 
13.777 
20.657 
21.266 

20.376 
39.338 
17.383 
15.203 
27.766 
21.835 
31.426 
27.100 
40.681 
41.912 

-0.232 
-0.433 
-0.186 
-0.196 
-0.333 
-0.316 
-0.444 
-0.379 
-0.524 
-0.549 
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Fig.1 Oxygen isotopic composition of FUN1 and FUN2 
evaporation residues. The error bars are smaller than 
symbols. The slopes of MFL calculated from Table 1 
with 2σ uncertainties are also shown.  

The results show that the evaporation resulted in 
very large oxygen isotope fractionations. Note that 
even samples run at 1900°C for 0 minutes (FUN1-12 
and FUN2-4) lost 24% and 14% of oxygen resulting in 
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enrichment in 17O by ~8 and ~11‰, correspondingly. 
These samples are also enriched in heavy Mg and Si 
isotopes, although by significantly smaller amount. We 
attribute these fractionations to the evaporation occur-
ring while the furnace is heating up to 1900°C.  

∆17O values in Table were obtained using slope of 
the terrestrial mass fractionation line (MFL) 0.5259  
[8].  However, both FUN1 and FUN2 residues define 
slope 0.515 (Fig. 1).  The reason for this difference is 
not clear at this point. 
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Fig.2. Oxygen isotopic composition of FUN1 and FUN2 
evaporation residues as function of  fraction of 16O remain-
ing in the sample.  The chemical compositions of the sam-
ples run for 0 minutes were used as reference points. 

Fig. 2 shows the oxygen isotopic composition of 
FUN1 and FUN2 versus fraction of 16O remaining in 
the residue. FUN1 residues fall on a line with the slope 
corresponding to an isotopic fractionation fac-
tor α =0.9786±0.0025 (2σ). This value is the same as 
reported for molten Mg2SiO4 [101] evaporated in the 
same furnace at the same conditions. First three points 
for FUN2 residues fall on the line with the same slope, 
however the slope becomes shallower for samples 
evaporated to higher degrees.  The change in the slope 
for FUN2 was also observed for Mg isotopes, but not 
for Si. When the chemical compositions of FUN2 resi-
dues are plotted in a Stolper diagram [11], the less 
evaporated residues are in the stability field of forster-
ite, while the most fractionated ones are in the field of 
melilite. All FUN1 samples fall in the forsterite stability 
field. Therefore, change in the slope reflects the change 
in the composition of the evaporating materials.  

Fig. 3 is summary plot showing how Mg and Si  iso-
topic compositions relate to O isotopic composition in 
FUN1 and FUN2 evaporation residues. One can use 

such a plot to check how the Mg, Si, and O isotopic 
compositions in the bulk FUN CAI compare to our one-
stage evaporation residues. The value of δ18O=-8.3‰ 
measured for bulk Vig1623-5 [2] suggest that this inclu-
sion fractionated 18O by ~40‰. FUN1 data in Fig. 3 
suggest that enrichment in 18O by 40‰ should accompa-
nied by δ26Mg~60‰ and δ30Si~25‰. The measured 
values in the inclusion are δ26Mg=61‰ [5] and 
δ30Si=20‰ [2] which are in good agreement with our 
predictions based on the experiments. Reasonably good 
agreement between δ26Mg estimated from the measured 
oxygen isotopic composition and measured values was 
found for KT-1 FUN CAI which composed mainly of 
coarse-grained melilite and fassaite with euhedral spinel 
grains [13].  When the same estimates were made for C1 
FUN CAI using FUN2 experimental data from Fig.3, the 
measured values of δ26Mg and δ30Si do not correspond 
to the estimated one.  The reason why estimated and 
measured isotopic signatures agree reasonably well in 
some FUN CAIs and do not in others is not clearly un-
derstood at this point. 

-10

0

10

20

30

40

50

15 20 25 30 35 40 45

δ26Mg FUN1
δ26Mg FUN2
δ30Si FUN1
δ30Si FUN2

δ18O ‰ (SMOW)  
Fig.3. Mg-, Si- and O-isotopes measured in FUN1 and FUN2 
evaporation residues. 
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