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Introduction: Iron is dominant in terrestrial planet

cores and it is a major element in planetary mantles but

its isotope systematics remains poorly known. Whether

iron isotope fractionation occurred during mantle-core

differentiation remains debated. Whereas certain stud-

ies concluded that this process did not generate Fe

isotopic fractionation if it occurred at equilibrium

[1,2], others proposed the opposite [3,4]. In principle,

equilibrium iron isotope partitioning should be ex-

pected during metal-silicate fractionation given the

contrasted redox state of Fe in metal (0) and mantle

silicates (mostly +2). On the other hand, this isotopic

fractionation should be minimized by the very high

temperatures which prevailed during core formation

(thought to be above 2000°C). This question is central

to interpret properly the variable Fe isotope signatures

observed between planets [5]. Parts of this controversy

probably result from the assumptions involved in

aforementioned studies which take iron meteorites as

proxies of planetary cores and pallasites as representa-

tive of mantle-core interfaces. There is also only one

study providing theoretical predictions for high tem-

perature Fe isotope fractionation at equilibrium [6].

We therefore undertook high temperature, high pres-

sure metal-silicate partitioning experiments to evaluate

whether this process would induce any stable Fe iso-

tope fractionation at equilibrium and to validate theo-

retical predictions of [6].

Experimental: The starting material consisted of a

mixture of oxides having the model-CI chondrite com-

position. Iron was introduced as metal and oxide. The

mixture was loaded in graphite capsules and experi-

ments were run in piston-cylinder and multi-anvil cell

apparatuses at the Geophysical Laboratory, Washing-

ton. The fO2 was buffered by the graphite to slightly

below the IW buffer. Experiments were conducted at

pressures ranging from 1 to 8 GPa, temperatures from

1750 to 2000°C and for durations from 100 to 1800s.

After metal-silicate separation, iron was purified using

anion exchange chromatography and its isotopic com-

position was determined by plasma source mass spec-

trometry at LMTG-CNRS, Toulouse, using procedures

established previously [7]. Delta values are expressed

in permil relative to the IRMM-14 international stan-

dard.

Results and discussion: An example of the run

products is shown in Fig. 1.

Figure 1: Backscattered scanning electron microscopy pic-

ture of a multi-anvil experimental charge. The metal and

silicate fractions segregated during the experiment.

Metal iron segregated from the silicate melt into

several beads. A critical step was to separate the metal

and the silicate fractions after the runs on such small

samples without introducing any bias. Comparative

mechanical and chemical processing were made on the

bigger piston-cylinder experimental products. Figure 2

shows that both sampling strategies yielded identical

results within uncertainties. In both cases, data show

that at 2 GPa and 2000°C, there is no resolvable Fe

isotope fractionation between metal and silicate. A

multi-anvil experiment ran at a similar temperature

(2000°C) but higher pressure (7.7 GPa) yielded the

same result, suggesting that no pressure effect is in-

volved. To make sure that the shorter duration of the

multi-anvil experiment did not prevent the attainment

of equilibrium, a piston-cylinder experiment was car-

ried out, at the same duration (100 s, 2 GPa and

2000°C). Again, the same lack of isotopic fractionation

between metal and silicate was found (Fig. 2).
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Figure 2: Iron isotope composition of the metal and the sili-

cate fractions of HP-HT experimental products. PC: Piston-

cylinder experiment; PL: Multi-anvil experiment.

These results are in good agreement with theoreti-

cal computations which predict a very small equilib-

rium fractionation (�
57

Fe of 0.024‰ at 2000°C) be-

tween metal and olivine [6]. They are also consistent

with equilibrium Fe isotope fractionation estimates

between metal and a silicate melt based on kinetic ex-

periments using a different set up [8]. These new ex-

periments validate the inference that Fe isotope com-

positions of metal and olivine fractions of pallasite

should display very small differences when their ther-

mal histories allowed isotopic equilibration [1]. The

temperature of our experiments is close to those likely

to be found at the bottom of a terrestrial magma ocean,

which is a possible locus for the last metal-silicate

equilibration before metal segregation and core forma-

tion [e.g., 9]. If no subsequent substantial isotopic ex-

change occurred between metallic Fe and the silicate

mantle, then our experiment suggest that there is

probably no Fe isotope difference between the bulk

silicate Earth and its core. This conclusion also applies

to all other planetary bodies that involved a magma

ocean for their core-mantle differentiation, or for

which the isotopically equilibrated pallasites represent

a reasonable proxy for their mantle-core interface. If

disequilibrium processes were involved, however, Fe

isotope variations can be much larger [8]. In this hy-

pothesis, the relative iron isotope compositions of the

core and silicate portion of terrestrial planet become

more difficult to constrain.
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