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Introduction:  Isotopic mass fractionation of iron 

was measured in chondrules with values ranging 
between 1.0 to –2.0‰ [1]. These fractionations were 
interpreted as the result of Fe depletion from metal-
silicate fractionation during chondrule formation [2]. 
An alternative explanation, presented by [1], suggests 
that these compositions reflect those of chondrule 
precursors based on the lack of correlation with 
textures or metal content. Calculations have shown 
that the iron isotope mass fractionations measured in 
chondrules are too low to explain chondrule formation 
by extensive free evaporation [3]. Work by [4] 
concluded that extensive Fe-loss during the formation 
of Renazzo chondrules was followed by its re-
condensation. As the loss of Fe is mostly driven by 
FeO-evaporation from the silicate melt [4], metal 
grains should exhibit lighter isotopic signatures 
relative to the silicates. This is however not observed 
so far, as preliminary results by [5] indicate that metal 
is heavier than silicates by approximately 0.2‰ for 
Fe57, similarly to what is observed in pallasites [6]. In a 
study presented by [7] experiments conducted at high 
temperatures and reducing conditions resulted in Fe-
isotopic fractionations in the silicate phase with no 
significant fractionation in the metal. [7] proposed that 
these fractionations were the product of the formation 
of the metal rather than an evaporative effect. Here we 
have extended the study to both longer and shorter 
heating durations as well as to a lower temperature. 

Experiments and analysis: Experiments were 
conducted in a 1-atm vertical Del-Tech furnace. About 
80mg of powdered slag fayalite (FeO=47wt%, 
MgO=1.6wt%, MnO=5.4wt%) was placed in a carbon 
crucible and heated for various durations (ranging 
between 2min. and 6hr) at 1450°C, 1500°C and 
1540°C. Gas flow was either CO gas or a CO2/CO 
mix. Recovered charges were analyzed on the electron 
probe and by ICPMS at ETH-Zürich for Fe isotopic 
compositions. 

Results: Recovered charges formed in less than 10 
min. consisted of many vesicles and tiny metal beads 
embedded in the silicate glass. Charges formed at 
longer durations consisted of two large individual 
beads; one composed of silicate glass the other of iron 
metal. The silicate portion produced between 10 and 
20 min. contained small metal beads, usually confined 
to their circumference. Metal beads, which are 
primarily composed of iron, contain sulfur, manganese 
and copper as well. 

The FeO content in the silicate phase decreases 
rapidly (from 47wt% to below 5wt%) in the first 10 
minutes followed by a more gradual decrease. The 
content of FeO is below 0.2wt% after 1hr at all three 
temperature runs (shown normalized to Al2O3 in Fig. 
1). MnO/Al2O3 remains steady for almost an hour then 
decreases gradually in the longer heating runs. The 
values of Na2O/Al2O3 also remain quite unchanged in 
the first 2hr followed by a gradual decrease with 
longer heating durations. 
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Figure 1:  The concentrations of FeO, MnO and Na2O 
normalized to Al2O3 at the different experiment 
temperatures. Note that the values of Na2O/Al2O3 were 
multiplied by 10 for demonstration purposes. 
 

The Fe-isotope measurements of the silicate and 
the metal phases of each run are shown in Fig. 2. The 
isotopic compositions of the small metal beads in the 
silicate phase, whenever they exist, are identical to that 
of the large bead. Iron metal, whether in the large bead 
or in the ones enclosed in the silicates, exhibits no iron 
isotopic mass fractionation. However, the silicate 
portion exhibits a strong isotopic mass fractionation 
which reaches a maximum after 1 hour of heating. 
With longer heating times the isotopic fractionation 
gradually decrease (Fig. 2). 
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Figure 2: δ57Fe (‰) of the silicate phases (solid 
circles) and of the metal phases (open circles) at the 
different experimental runs (2sd = 0.15‰).  
 

Calculated isotopic composition for the bulk of the 
charges are shown in Fig. 3. They all show a bulk 
isotopic composition that falls close to that of the 
starting material, i.e. -0.32. This is maintained at long 
heating times as well. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Calculated bulk isotopic composition of the 
whole charges.  
  

Discussion: The interpretation of the data as 
resulting from an evaporation process has been 
dismissed for several reasons. The steady value of 
Na2O/Al2O3 during the first 2 hours of heating while 
FeO/Al2O3 decreases steeply excludes evaporation 
since Na2O is more volatile than FeO. The fact that 
MnO/Al2O3 remains unchanged in the first 2hr 

supports a non-evaporation process as well, for the 
volatilities of MnO and FeO are similar. Finally, if 
evaporation were a major process we would expect the 
bulk isotopic composition of the charges to become 
heavier with increasing heating durations. However, 
the calculated isotopic composition for the bulk of the 
samples appears to remain the same during the 
experiments (Fig. 3). 

3.50 

A better interpretation of the data is that the 
observed fractionation in the silicate phase is the result 
of a diffusion controlled fractionation and 
reequilibration. As the metal is formed by reduction, 
light iron isotopes diffuse faster into the metal leaving 
behind a heavier liquid. When the reduction process is 
complete (after about an hour) the little FeO remaining 
in the silicate phase reequilibrates with the metal phase 
and the glass gradually becomes lighter (Fig. 2). The 
metal phase, on the other hand, is so abundant and 
contains so much of the light iron isotope that the 
changes observed in the silicate phase have no 
significant affect on its isotopic composition which 
remains constant through out. 

The significance of these results is that the process 
of reduction may involve a kinetic isotope effect, and 
when interpreting Fe isotopic fractionations in 
chondrules the formation of metal should be 
considered.  The magnitude of any silicate-metal 
fractionation may provide information on the duration 
of chondrule heating. 
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