Report on experiment ES-386 performed at 1D-18 on July 2016.

SMS results on Fe-partitioning between Ferropericlase and Bridgmanite

We recorded SMS spectra after the sample transformation of our glass starting material at high
temperatures at pressures up to 141 GPa. According to the chemical composition of the *'Fe-bearing
starting material, we expect a mineral mixture composed of Bg, Fp and CaSiOs perovskite (CaPv).
The complete sample transformation was monitored based on (i) our knowledge of the minimum time
and temperature requested for the transformation ° and (ii) the change with temperature and time of
SMS features. For example, the main absorption peak of the compressed glass and the transformed
sample (Fig. 1) plot around -0.5 mm/s or + 0.5 mm/s, respectively, at high pressures. At lower
pressures, an intense contribution at 2-2.5 mm/s is present in the starting glass and not in the
transformed sample.
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Figure 1: Typical fit of SMS patterns. Spectra were recorded at 300 K after synthesis at nominal
pressures of 23 GPa (upper-left), 51 GPa (upper-right), 115 GPa (lower-left) and 142 GPa
(lower-right). The five different contributions are high-spin Fe?* and low-spin Fe?* in Fp (Blue
doublet and singlet, respectively), high-spin Fe?* (Dark green doublet), intermediate-spin Fe?*
(Light green doublet) and high-spin Fe** (purple doublet) in Bg.




We used previous works to constrain the pressure evolution of CS and QS for Fe located in
different atomic sites, with different ionic charges and different spin states. All our SMS patterns
could be fitted by a sum of 5 different Fe contributions: high-spin Fe?* and low-spin Fe?" in Fp 8,
high-spin Fe?* with low-QS, intermediate-spin Fe?* and high-spin Fe3* in Bg %1° (Fig. 1). Due to a
large number of parameters, we first adjusted the intensity of each band with all CS and QS values
fixed to those reported in the literature. Then, we refined CS and QS to optimize the fit quality. All
parameters remain at values compatible with previous works, within experimental uncertainties (Fig.
2a).
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From the refined SMS parameters, the first observation is a clear change in both CS and QS for
Fe?" in Fp, between 51 and 77 GPa. This transition can be associated to a spin transition from high-
spin to low-spin state 8. Such transition pressure is compatible with a Fp phase with a FeO-content
(Xreol (Xreo+Xmgo)) between 0.2 and 0.5 1. Based on the analysis of the intensity of the different
Mossbauer components present in our samples synthesized at ~77 GPa, we estimate the FeO-content
in Fp at 25-30% (see below). At this point, it is worth highlighting that while we observe a brutal



spin change for samples quenched at 300 K for pressures between 41 and 77 GPa, the Fe?*-spin
transition in Fp is expected to be progressive in a large pressure range, from ~40 to ~90 GPa, at high
temperature 2. All other CS and QS parameters follow a smooth evolution with pressure compatible
with previous works &°. In particular, SMS patterns are well fitted by two different Fe?* contributions
in Bg, corresponding to high-spin and intermediate spin, with a significant amount of 1S Fe?* above
~30 GPa.

At ~50 GPa, 70% of the Fe is located in Bg (Xre?9) as HS-Fe?*, 1S-Fe?* and HS-Fe®*, and 30%
is located in Fp (Xre™) as HS-Fe?* (Fig. 2b). On the other hand, based on the composition of the
starting material, proportions of Bg and Fp in the probed sample are expected to be Xsg=75.3% and
Xrp=17.0%. This corresponds to a partitioning coefficient Ko (Xre®%. Xmg™/Xmg®9. Xre™) 0f 0.5 t0 0.6
(Fig. 3). This value is well compatible with a pioneer study on the role of Al on Kp . We observe a
rapid decrease of Kp with increasing pressure up to ~80 GPa (Fig. 3), an effect mostly controlled by
transfer of Fe?* from Bg to Fp in this pressure range. Then, the Kp value stabilizes at ~0.2 up to ~130
GPa. In the pressure field where post-Bg becomes a major component, we calculate values of ~0.39(3)
or ~0.22(3) for sample synthesis at ~2500 K or ~3500 K, respectively. The higher Ko value measured
at 142 GPa, compared to lower pressures, suggest that Fe is less incompatible in post-Bg, compared
to Bg, in agreement with a previous report °.
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Figure 3: Fe partition coefficient Ko™ between Bg and Fp. Together with our SMS results, we
report previous Ko measurements performed on pyrolite using EELS * or EPMA 4, or on
ringwoodite using in situ XANES measurements ’.
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