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Introduction: Chondrules exhibit an Fe-isotopic mass
fractionation range of a few δ-units [1,2]. These frac-
tionations were interpreted as the result of Fe depletion
from metal-silicate fractionation during chondrule
formation [1]. On the other hand, [2] concluded that
these compositions reflect those of chondrule precur-
sors 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 ex-
tensive Fe-loss during the formation of Renazzo chon-
drules 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 ap-
proximately 0.2‰ for 57Fe, similarly to what is ob-
served in pallasites [6]. In order to better understand
the iron isotopic compositions of chondrules we con-
ducted experiments to study the effects of reduction
and evaporation of iron on iron isotope systematics.

Experiments and analysis: Experiments were
conducted in a 1-atm vertical Del-Tech furnace. About
80mg of powdered slag fayalite (FeO=44wt%,
MgO=1.6wt%, MnO=4wt%) was placed in a carbon
crucible and heated for various durations (ranging
between 10min. and 2hr) at 1500°C and 1540°C. The
oxygen fugacity in the furnace was set at IW-0.5. Re-
covered charges were analyzed on the electron probe
and by ICPMS at ETH-Zürich for Fe isotopic compo-
sitions.

Results:  All recovered charges consisted of two
large individual beads, one composed of silicate glass
the other of iron metal. The silicate portion produced
in the shorter runs (10-20min.) contained small metal
beads, usually confined to their circumference. These
beads do not appear in charges heated for longer dura-
tions (Fig. 1). The FeO content in the silicate portions
decreases rapidly (from 44wt% to below 5wt%) in the
first 10 minutes followed by a more gradual decrease
with longer heating times down to <0.2wt% in the
longer lasting runs at both temperatures (Fig. 2). On
the opposite, the MgO content of the olivine increases
from 1.6 wt% up to 3.6 wt% within the first 10 min-
utes, and then more gradually up to 4.3 wt% in the
longer lasting runs. MnO exhibits an intermediate be-

havior as it increases from 4wt% up to 11wt% within
the first 10 minutes and then decreases gradually down
to ≈9wt% in the longer lasting runs.

Figure 1: Electron probe images of the silicate portion of the
charges heated for 10 and 60 min. at 1500°C and 1540°C
respectively.

Fe isotope measurements of the silicate portion, the
large metal bead, and the smaller metal beads attached
to the silicates are shown in Fig. 3 for each run. Iron
metal, whether in the large bead or in the ones en-
closed in the silicates, exhibits no iron isotopic mass
fractionation. The silicate portion exhibits a strong
isotopic mass fractionation in the shorter runs, which
gradually decreases with heating time. At 1540°C the
decrease occurs sooner than at 1500°C.

Discussion: The experiments conducted in this
study demonstrate that the formation of iron metal via
reduction is efficient and occurs within 10 min. or less.
The reduction does not induce any isotopic fractiona-
tion, as the isotopic composition of the metal remains
constant and equal to that of the source material
throughout all the experiments (within 0.1‰).

Mn has a volatility similar to that of Fe but it is not
easily reduced whereas Mg is insensitive both to
evaporation and to reduction. The concentrations of
these elements can therefore be used to monitor the
behavior of Fe. The increase of both MnO and MgO in
the silicate portions of the charges indicates that,
within the first 10 minutes of the experiments, more
than half of the initial FeO was reduced to metal. The
gradual decrease of both FeO and MnO in longer runs
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indicates that the remaining FeO is subsequently lost
to evaporation.

Figure 2: The change in the FeO and MgO content in the
silicate portion with heating time for 1500°C and 1540°C.
Note that the MgO concentration was divided by 100 to separate it
from FeO on the diagram.

Figure 3: Isotopic mass fractionation of Fe during the ex-
periments.

This interpretation is confirmed by the isotopic
composition of the silicate portion of the charge,
which becomes heavier by up to 2.5‰ for 57Fe after 10
minutes at 1540°C and more gradually at 1500°C. As
time progresses, however, the mass fractionation in the
silicates gradually decreases. This must be due to an
exchange between the vapor and the melt aided by the
1 atm. total pressure.

The behavior of Fe in the experimental charges
thus follows that advocated by [4] for Renazzo chon-
drules based on chemical data. However, the presently
available data on the Fe-isotope fractionation between
metal and silicates in 2 chondrules from Allende [5] do

not seem to justify this interpretation. If these prelimi-
nary data were to be confirmed and extended to other
meteorites, it would imply that the Fe-isotope frac-
tionation between metal and silicates in chondrules
preexisted in their precursor material.

The results on bulk natural chondrules [1,2] can be
explained neither by the relative amounts of fractiona-
tion anticipated from the textures and compositions of
the chondrules nor by reduction. It is possible that the
small degrees of isotopic fractionation reflect evapora-
tion in prior generations of chondrules that have been
recycled. This work emphasizes the need to pursue
accurate determinations of Fe-isotope fractionations
both within and between chondrules.
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