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Evaluation of (Mg,Fe) partitioning between silicate perovskite
and magnesiowustite up to 120 GPa and 2300 K

Denis Andrault

Département des Géomatériaux, Institut de Physique du Globe de Paris, France

Abstract. The (Mg,Fe) partition coefficients between Al-(Mg,Fe)SiO, perovskite (Pv) and
(Mg,Fe)O magnesiowustite (Mw) were inferred from Pv and Mw volumes measured by X-
ray diffraction (European Synchrotron Radiation Facility, Grenoble), from 22 to 120 GPa,
after laser annealing up to 2300 K. The (Mg,Fe) partition coefficient is found to decrease
with increasing pressure and temperature (at moderate pressures) and with the additions of
Al,Os. More iron is found in perovskite than in magnesiowustite at the highest pressures
and temperatures. Artifacts possibly encountered during the calculation are discussed.
Perovskite was found stable up to 120 GPa and 2200 K, with iron contents (Fe/(Mg+Fe))
up to 25%. The effects of Fe and Al,O; on the orthorhombic distortion remain reduced.

1. Introduction

It is now well accepted that silicate perovskite (Pv) and
magnesiowustite (Mw) are hosts for Earth's most common
clements (Mg, Al, Si, Ca, and Fe) in the lower mantle.
Mineralogical models were developed after comparison between
the P-V-T equation of state (EOS) of each of the polymorphs and
density and seismic velocities profiles with depth [Wang et al.,
1994; Yagi and Funamori, 1996; Fiquet et al., 1998]. However, it
remains difficult to discriminate between mineralogical models as
too many variables remain poorly defined. For example, the
Earth's bulk composition is still in discussion, in particular, the
Si0, content that defines relative Pv and Mw contents in the
lower mantle. The thermodynamical data set is also not
sufficiently accurate, as EOS are only well constrained for simple
compounds, with little data for more complex chemical
compositions such as P-V-T data of Al-(Mg,Fe)SiO, Pv. It has
also been proposed that the lower mantle may not be
homogeneous [Kellogg et al., 1999], in which case an average
mineralogical model could not describe all mantle properties.

In this paper, we reinvestigate the (Mg,Fe) partition coefficient
between Mw and Pv (K™,.p,) under lower mantle P-T
conditions. K™, Was already reported to decrease with (1)
increasing P up to 50 GPa [Guyot et al., 1988; Mao er al., 1997],
(2) decreasing iron content [[to et al., 1984; Katsura and Ito,
1896], and (3) increasing Al content [Irifune, 1994; Wood and
Rubie, 1996]. Temperature effects were reported to be rather
irgngall on the basis of multianvil experiments [Martinez et al.,

71.

- Iron partitioning can be inferred from chemical analysis of the
Iron contents in coexisting Pv and Mw phases or by the fine
analysis of the cell volumes knowing the sensitivity of the unit
cells to the composition [Yagi et al., 1979; Ito and Yamada, 1982;
Mao et al., 1997). The former technique should be more precise,
% no assumptions are required to calculate K™y,p,. It is,
however, difficult to scan a large P-T-composition range when
One sample is required for each data point. Sample preparation is
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also difficult for investigation at very high P, since the chemical
analysis of the small grains synthesized in a diamond anvil cell
(DAC) require the use of an analytical transmission electron
microscope [Guyot et al., 1988; Kesson and Fitz Gerald, 1991].
Today, K™, Calculations from Pv and Mw volumes are more
reliable, as the thermoelastic properties for these two phases are
extensively studied. This technique has a definitive advantage of
making' possible the measure of the systematic evolution of
K®yupy With P and T.

2. Experiments

As starting materials, we used San Carlos olivine
(Mg 24:F€0.16),510, and powder mixtures of San Carlos olivine
and 4 mol% Al,O, or of Al-(Mg,Fe)-enstatite and Mw (see Table
1). Some olivine grains were previously annealed at 1473 K in a
CO/CO, furnace at an oxygen fugacity (fO,) of 8.6x10°'°, 8.4x10°
12 or 10" atm. For this mineral these values correspond to fO,
within the olivine stability field (Ol11 and Ol13 samples), expect
for the fO, of 8.6x10'® atm that corresponds to the onset of an
important oxidation [Poirier et al., 1996]. For the latter sample
(019), high Fe'" content is evidenced by a clear change in color.
Samples were loaded in a 70 pm-diameter hole drilled in
preindented Re gaskets. A membrane-type DAC was used
[Chervin et al., 1995]. Very thin gold foil was added to each
sample so that P could be inferred from its P~V EOS [Anderson et
al., 1989]. Samples were heated with a defocused, multimode,
YAG laser for which the central part of the T gradient was ~30
pm in diameter. Great care was taken to slowly scan the hot spot
over the entire sample allowing each part of the sample chamber
to be heated to the maximum temperature for several seconds
[Andrault et al., 1998]. The efficiency of the chemical reaction
between mixed phases was checked using an analytical
transmission electron microscope [see F. Visocekas and D.
Andrault, Electrical conductivity of Earth's lower mantle phases,
submitted to Journal of Geophysical Research, 2000]. It is
thought that Y AG-laser heating may induce migration of species,
especially iron; however, because the entire sample volume
underwent similar heating, we believe that segregation effects
were much reduced. Also, to reduce possible artifacts related to
this effect, we extracted iron partition coefficient from ratio of Pv
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Table 1. Chemical Composition of Starting Materials*

Name Composition fO, Prange, T range,
GPa K
SCO (0]} 0-100 2200
Al-SCO Ol + 4%A1,0, 0-110 2200
0192 (o)} 8.6 10"  0-120 2200
0O19_1 Ol 8610 355 1680-2300
Oll11 Ol 8.4 10" 28.5 1620-2150
Ol13 Ol 110" 35.5 1620-2250
MwEns _ 0.75 Enyg0 + 0.25 Mw,s 34 1720-1960

*0l, Enygo and Mw, stand for (Mgyg.Fe;16),Si04 San Carlos
olivine, synthetic enstatite containing 10 mol% FeO and 5 mol% Al,O;,
and (Mgg 75, Feo05)O magnesiowustite, respectively. Some Ol grains
were reequilibrated in a CO/CO, furnace at various oxygen fugacities
(fO,), to vary the Fe'™ content.

and Mw volumes instead of volumes themselves, as described
below.

We performed experiments at constant P (between 28 and 36
GPa), as a function of T, up to 2300 K (Figure 1), and at constant
T (~2200 K), as a function of P, up to 120 GPa. For each P-T
condition, after quench to room T, angle dispersive X-ray
diffraction spectra were recorded at the ID30 beam line of the
European Synchrotron Radiation Facility (ESRF, Grenoble,
France). A channel-cut, water-cooled monochromator was used
to produce a bright, monochromatic X-ray beam at 0.3738 A
wavelength. Vertical and horizontal focusing were achieved by
bent-silicon mirrors, the curvature of which were optimized to
obtain an optimal X-ray flux on a full width half maximum

X-ray diffraction

patterns of PR
(Mg,Fe)oSiO4 San

Carlos olivine at

35.5 GPa with

increasing laser T - n R

1980 K

R : DI E e

H

:: \\ : \\\ A

(FWHM) 12x15 pm spot (all X-ray within 25x25 pum) on the
sample [Héusermann and Hanfland, 1996]. Two-dimensiong
images were recorded on an imaging plate in <5 min and read
online by the Fastscan detector [Thoms et al., 1998]. Diffractioy
patterns were integrated using the Fit2d code [Hammersley,
1996] and Lebail and Rietveld refinements were performed usirig
the general structure analysis system (GSAS) program package
[Larson and Von Dreele, 1988]. Typical Rietveld refinemen
performed on a mix of Pv, Mw, and gold at 94 GPa, after laser
annealing for several minutes at ~2200 K, is reported in Figure 2,
Rietveld refinement should, a priori, provide information on Py
and Mw iron contents. However, because too many parameters
are used in final inversion (especially for the Pv structura
model), we do not consider this source of information to be
reliable. Nevertheless, the Rietveld refinement mode remains
useful to better constrain Pv and Mw volumes even if diffraction
peaks partially overlap and also to check for the occurrence of
any new diffraction lines.

3. Procedure for K*,», Calculations

At a given pressure we compare experimental and modeled
ratios of the unit cell volumes of Pv and Mw. The experimental
ratio R,,, is extracted from the diffraction pattern recorded after
the sample annealing at about 2200 K. At room P, the sensitivity
of the modeled ratio R to the compositions of the coexisting
phases is extracted from the literature as
R(P)=Ve (X Vo (Yre)- Xr. and Yg,, the mole fraction of Fe in

300 K 1600 K

2160 K 2300 K

Figure 1. Angle dispersive X-ray diffraction patterns of San Carlos olivine (SCO) first compressed at 35.5 GPa
before laser annealing at increasing T. Progressive disappearance of partially amorphized olivine yields Pv and Mw
diffraction lines. After laser annealing at maximum temperature of 2300 K, appearance of several individual spots
evidences crystallization of larger grains due to strong diffusion or melting.
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Figure 2. Typical Rietveld refinement performed on angle dispersive X-ray diffraction pattern recorded for the
SCO sample at 94 GPa, after YAG laser heating at 2200 (x200) K. Lower, middle and upper ticks correspond to dy,
lines of (Mg,Fe)Si0, Pv, gold, and (Mg,Fe)O Mw, respectively. Ratio between Pv and Mw cell volumes is used to
calculate iron distribution between Pv and Mw, using the Pv and Mw equations of state. This procedure is
reproduced as a function of P and T. Note that the stishovite d,,, lines are not observed, evidencing the stability of

the silicate perovskite at these P-T conditions.

Pv and Mw phases, are constrained by the bulk composition of
the starting material. The room pressure Vp(Xg,) and VO (Ys)
values (and thus R(P)) can be modified for the effect of P, using P
given by gold and the EOS previously reported for Pv and Mw.
Then the iron contents are refined to match R(P,,4)=R.,,. for a
given (Xg+Y;,) value (the sample composition). This procedure is
preferred to a procedure where Xg, and Y, are directly adjusted to
the experimental Pv and Mw volumes because we are concerned
by the fact that there could be small pressure difference between
the gold flake and the x-rayed sample. As P has a large effect on
cell volumes, slight P error may yield significant error in the
calculation of the iron contents.

In this calculation, reliability of previous Pv and Mw
compression curves is essential for the accuracy of K™.me,
determinations. The way compression curves of Pv and Mw are
modeled (by slight variation of K,-K* couple, for example) is,
however, not dominant because compression curves exist for
these two compounds up to very high P.

For Al-(Mg,Fe)SiO; Pv, we used [K,=261, K';=4] and
[V=162.51+6.0X,, A’] for bulk modulus, its pressure
derivative, and unit cell volume at ambient conditions,
respectively. For (Mg,Fe)O, we used [K,;=160, K'(=4] and
[V\,=74.778+6.65Y;, A%]. This parameters set was chosen after
analysis of several reports. For example, we assumed a similar
bulk modulus for all Mw compositions, in view of a large
consensus for Ky(periclase)=160 GPa, and reports by Yagi et al.
(1985] giving values of [K,=169 GPa, K';=4] or [K,=160 GPa,
K=6] for Fe, ,,0 wustite; Liu and Liu [1987] giving [K=150
GPa, K';=4] for highly non-stochiometric Fe,,,0 wustite (non-
stochiometry probably favors higher compressibility); and Fei et
al. [1992] giving [K,=157 GPa, K'y=4] for (Mg, ¢FepJO Mw.
Also, we express silicate Pv ambient volume as
[VQ|>V=162.51+6.00XFe A%, based on systematic measurements
fepf!ned by Kudoh et al. [1990], O'Neil and Jeanloz [1994], and
Feiet af, [1996]. In a first step of the calculation we neglected the

effect of Al,O, on the Pv bulk moduli, as it is not yet described at
very high P. Recent unpublished studies seem to suggest a slight
increase of Kp, with increasing Al content [see also Zhang and
Weidner, 1999], we will consider this case latter in the
discussions. The negligible effect of Fe on the Pv and Mw bulk
moduli seems in contrast well established. All major parameters
are given by Mao et al. [1991], Wang et al. [1994], Yagi and
Funamori [1996], and Fiquet et al. [1998].

One can wonder if X-ray diffraction data provides a sufficient
volume resolution to extract reliable iron content for the phases.
We note that the volume change for Pv between MgSiO; and a
hypothetical FeS8iO, end-member is ~3.7%. Volume change
between periclase and wustite end-members is ~8.9%. On the
other hand, the ID30 beam line provides an absolute volume
resolution of ~0.2%, with an even better resolution for the
volume ratio of two phases located in the same X-ray spot. We
thus deduce that iron contents can be estimated with precision
better than 2% or 1% for Pv or Mw, respectively. The main
source of error for the K, calculations arise from the quality of
the parameters set. Note that Pv and Mw iron contents cannot be
extracted from diffraction patterns of samples recovered at room
P because decompression from megabar pressures yields broad
diffraction lines that disable precise volume determination.
Another problem is the partial amorphization observed for silicate
Pv with high Fe content.

4. Temperature Results

For experiments performed at constant P, we traced the
occurrence and evolution of Pv and Mw diffraction patterns as a
function of T (Figure 1). Owing to the fact that laser heating in a
DAC can only be performed for a limited amount of time, and
owing to axial T gradients between the center of the sample and
the diamonds, a minimum T of 1600 K was necessary to
transform all starting material and to obtain X-ray spectra with
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Figure 3a. Temperature evolution of Pv/Mw volume ratios for Ol11 and Q113 samples, compressed at 32.3 and
28.5 GPa, respectively. An increase of volume ratio indicates a relative increase of the iron content in the Pv, The
difference in volume ratios between the two trends simply reflects a difference in P.

optimum peaks FWHM (as a proof of optimum annealing). A
clear increase of V,/Vy,, for both Ol11 and Ol13 samples was
observed with increasing T of laser annealing (Figure 3a). As
higher iron content favors higher cell volume, an increase of
Ve/ Ve Suggests a relative increase of the Pv iron content with T.
K™, calculated using the procedure described above are
shown in Figure 3b..For both Al-free samples (Ol11 and O113),

20

K™\yup is found to decrease from 16£2.5 to 51, with increasing
T from 1600 (x100) to 2300 (x100) K, respectively. For MwEns
composition, containing 3.75 mol% ALO;, K™, is found to
decrease with increasing T from ~5 to 1.3 between 1720 and
1960 K, respectively. We thus confirm the general tendency of 2
significantly lower K*¢,,.,, in Al-Pv/Mw than in Al-free
assemblages, in good agreement with Irifune (1994] and Wood

-
(4}

—_
o

__ . e Fe
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[§)]

——0l11 P=323+1.5GPa |
—+—0H13 |P=285:2GPa
—=—019_1 |P=35522GPa

P=35.0+2 GPa

O-""I""l"'

P S T T AN T S N NS M S T SNV S SR N S

-y

i

1600 1700 1800 1900

2000 2100 2200 2300 2400

Temperature (K)

Figure 3b. Temperature evolution of (Mg,Fe) partition coefficient between Pv and Mw for starting materials of
pure (Mg,Fe) olivine (O111 and Ol113), (Mg,Fe) olivine with high Fe' content (019_1), and of a mixture of Mw and

enstatite containing 3.75 mol% Al,O,.
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and Rubie [1996]. For the O19_1 sample, which contains much
ferric iron, the (Mg,Fe) partition coefficient is found to be close
1o 3 with no significant variation with T.

For most of the samples, calculations evidence decrease of
K qipe With increasing T. In our opinion, this observation is
proof of an optimal (Mg,Fe) interdiffusion between the Pv and
Mw in these experiments. It is thus likely that a local equilibrium
is achieved during experiments at high T. We estimate that the
Jargest K™ \p, Obtained at the lowest T corresponds to newly
formed Pv and Mw assemblages after the olivine
disproportionation. As discussed by Katsura and Ito [1996],
K,p, values obtained at too low T without catalyst technique
might be overestimated. In any cases, the large variation observed
for K¥upy With increasing T can explain the significant
discrepancies between previous reports [see Fei et al., 1999].

5. Pressure Results

5.1.Data Analysis

We then performed experiments at increasing P and at similar
T (~2200 K) of laser annealing. We report ratios between Pv and
Mw cell volumes for SCO and Al-SCO samples (see Table 1),
together with theoretical volume ratios between MgSiO, Pv and
periclase (Figure 4a). As Pv (K,=261 GPa) is much less
compressible than periclase (K;=160 GPa), an increasing P yields
an increase Of Vis03/Vigo- FoOr iron-containing phases, we
observe that V;,/V,,, increase more than volume ratios for pure
MgSiO, and MgO phases. This suggests a relative increase with P
of the Pv specific volume, and thus of the Pv iron content.
Vo/Vu. was also obtained for MwEns, after laser annealing at
1960 K and 37 GPa, and it plots in perfect agreement with Al-
SCO results (both samples have comparable Al,O, content),
illustrating a good reproducibility of the results (Figure 4a).
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Pressure evolutions of K™y, for SCO, Al-SCO and 019_2
samples are reported in Figure 4b, together with a data point for
MwEns. At the lowest P, K, is found to be significantly
higher for pure (Mg,Fe) olivine (SCO at 30 GPa, K™\, »=6x1),
than for Al-containing samples (OlAll at 50 GPa,
K™, p=1.420.5) and those with a high Fe™ content (019_2 at 40
GPa, K™,.»=1.7+0.5). Polynomial extrapolations of these
results to 30 GPa leads to K™y, values of 6+1, 2£0.5, and
2+0.5 for SCO, OlAll, and OI9_2, respectively. Slight
differences between DAC and multianvil press results might be
due to the fact that DAC experiments are performed at fixed
oxygen content, thus in different fO, conditions, compared to
multianvil press experiments performed using a fO, buffer
(Fe/FeO buffer is, for example, used by Wood and Rubie [1996].
The K*,,», difference between SCO and OlAll is explained by
the fact that Al favors the formation of ferric iron, which
probably enters the silicate Pv through a different mechanism
than Fe!' [McCammon, 1997]. Similar results obtained for O19_2
and OlAll samples suggest a high Fe™ content within the silicate
Pv lattice in the Ol9_2 sample [see Andrault and Bolfan-
Casanova, 2000]; for the O19_2 sample, additional diffraction
lines are due to the formation of magnesioferrite, thus confirming
high Fe™ content.

K™\4.p, are found to decrease with increasing P. Minimum
K™,p values of 0.70, 0.30, and 0.10 are observed above 80 GPa
for SCO, OlAll, and O19_2 samples, respectively. This suggests
that there is more iron in Pv compared to Mw at very high P and
high T, an effect that is more pronounced with increasing Fe'™
(and Al) content (Table 2). Results for all our samples are in
general good agreement with previously reported K™ e, (€€
Figure 4b). Still, noticeable discrepancies are found at the highest
P with reports by Guyot et al. [1988] and Kesson et al. [1998]. In
these studies using microanalysis of DAC samples, K™yp,

Experiments on
Al-(Mg,Fe) samples

!

Calculation for -
Iron free system
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—o— Ratio(Al-SCO)
g Ratio(MwEns)

2.4}
- 236}
2 L
=
2
> -
a.
2 232F
° ]
=i
[ i
g 2.28 _—
£
=
o L
> 224f
22+
i | . s L | !
20 40 60

80 100 120

Pressure (GPa)

Figure da. Evolution with P of the volume ratio between Pv and Mw obtained after laser annealing at 2200 (+200)
K for Al-SCO and SCO samples. We also report ratio between (MgSiO;-Pv) and (MgO) volumes calculated from
equations of state. Difference in slope between trends for iron-bearing and iron-free phases suggests variation with
P of the iron partitioning between Pv and Mw. The relatively larger iron content found in Mw at low P (producing

lower V,,/V,,,,) decreases with increasing P.
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Figure 4b. Pressure evolution of (Mg-Fe) partition coefficients for AI-SCO, SCO, and O19_2 samples. Previous
work quoted with solid or open symbols relates experimental results for Al,O,-free or Al,O,-containing systems,

respectively.

values reported for low and moderate P match our experimental
trends, but at higher P, K™,,», Were reported higher than in this
study, at values of 3.5 at 70 GPa and 2.4 at 135 GPa. We explain
this discrepancy by an overestimate of the experimental pressure
in previous studies, as (1) no precise in situ P measurements were
performed at the highest P and (2) P gradients above 70 GPa are
very steep, so that it cannot be ensured that the sample region
analyzed in the electron microscope reached the maximum P (at
the center of the diamonds).

5.2. Error in K™ Determination

The less accurate values in the chosen set of parameters are
certainly the bulk modulus of the wustite end-member, the effect
of Al on the Pv bulk modulus, the effect of iron on the Pv
volume, and the total iron content in the X-ray spot. In case of
FeO significantly more compressible than MgO, or Al-Pv
significantly less compressible than MgSiO,, the pressure
decrease of K, could for example be overestimated. As stated in
section 3, the Pv compressibility could indeed be little lowered by
the presence of some Al. Still, we estimate that this effect can
hardly bring the K™ value above that found for the Al-free SCO
sample (Figure 4b), because this would contradict the accepted
idea of a relatively higher Fe content in Al-perovskite compared
with Al-free Pv [Irifune, 1994; Wood and Rubie, 1996]. We now
propose to analyze the effect of the other parameters on the X,
calculations.

For fixed K™, values of 1/3, 1, and 3, we recalculated
Vp/Vuy that should be expected between 20 and 120 GPa, using
(1) our favorite set of parameters, and our favorite set of
parameters, but (2) K (wustite)=150 GPa instead of 160 GPa (as
proposed by Liu and Liu 1987]), (3) 6.84 A? instead of 6.0 A for

the effect of 100% iron on the Pv volume (as used by Wang et al.
[1994] and Yagi and Funamori [1996]), or (4) 12% instead of
16% for the total iron content (possibly due to iron migration in
laser heated samples). We report these calculations together with
experimental V,,/Vy, (Figure 5). It is clear that no set of
parameters explains the experimental results at constant K™,
As mentioned above, the results show a strong decrease of
K™, e With increasing P. We recalculated K™, p, using various
parameter sets and Table 2 report the most probable values and
estimated errors. Note that K™, determinations for OlAll and
O19_2 are less accurate than for SCO samples, as the effects of
ferric iron and Al on Pv bulk moduli are not well known (and
thus neglected).

Table 2. Typical Experimental Pv and Mw Volumes (Vz,, Vi)
and Calculated (Mg,Fe) Partition Coefficient (K™y,p.)°

Sample PGPa Vi, Ve, K™\yup, Error %Fe(Mw) %Fe(Py)
SCO 282 67.196 14924 65 1.0 277 43
50.8 61.905 140.68 33 05 246 74
70.8 58101 135.13 091 0.1 152 168
85.6 55951 13120 0.79 0.1 14.1 179
Al-SCO 51.1  63.050 14451 128 025 180 140
66.3 59.639 138.68 074 0.08 136 184
783 57.563 13490 061 0.1 12.1 19.1
94.3 55240 131.06 031 005 76 244
OL9 2 374 65799 14875 182 03 207 113
66.4 60395 140.17 091 0.1 15.2 16.8
849 57227 13546 024 005 62 258
106.  54.459 13048 0.0 0.05 29 29.1

“K™ ey are calculated from ratio of Pv and Mw cell volumes. mes
were estimated after investigation of the variation of K™y with
varying set of parameters. All data were recorded after laser anneal_lﬂg o
2200 (£200) K. We report here gold pressure, which might be slightly
different from sample pressure (see text).
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Figure 5. Investigation of the accuracy of the K™y, determinations. Ratios of experimental Pv and Mw volumes
are plotted for SCO, OlAll, and O19_2 samples (thicker lines are polynomial fits through data points). Lower,
middle, and upper thinner lines correspond to V,,/V,,, calculated using our favorite set of thermoelastic parameters
for partition coefficients fixed to 3, 1, or 1/3, respectively. Dashed lines lying above thinner lines correspond to
similar calculations using other sets of thermoelastic parameters, with different values of wustite bulk modulus
(K,(FeO)), total iron content in the X-ray spot (%Fe), or effect of iron on the perovskite volume at ambient T
(%Vs,). Experimental trends cannot be explained without considering strong decrease of K™, with increasing P.

6. Perovskite Stability and Lattice Distortion

In the whole set of experiments presented here, no phases
other than Pv and Mw were observed at high P and T, with the
exception of the O19_2 sample that is saturated in ferric iron. In
particular, no traces of stishovite were found, as illustrated by the
lack of unexplained features in Figure 2. We conclude that the
iron-containing Pv and Mw assembly, produced from
(Mgy0.Feg 16,510, and Al-(Mgy s, Fe, 6),Si0, starting material, is
stable up to at least 120 GPa and 2300 K. Previously reported Pv
decomposition [Saxena et al., 1996] can be explained by the very
large T gradients encountered by the sample, that is heated by the
thermal diffusion from the YAG-laser heated Pt-foil to the cold
diamonds, After several minutes of Jaser heating (up to 30 min) in
this type of out-of-equilibrium system, it is probable that MgO
and §i0, diffuse differently in the thermal gradient, which simply
leads to the occurrence of stishovite and periclase at distinct
sample locations.

We report the pressure evolution of a2 /¢ and by2/c Pv
unit cell parameters (Figure 6), for SCO, Al-SCO samples, and
pure MgSiO; Pv [Figuet et al., 2000]. For both compositions,
d{stortion of the Pv lattice increases with P, as illustrated by the
divergence from the value of 1 corresponding to cubic Pv.
_C°mPared with MgSiO, Pv, the presence of iron alone (SCO) or
ron with A1,0, (Al-SCO) has little effect on the absolute values
of the a/c and b/c ratio.

When P increases from 35 to 90 GPa, we estimate from
K™.sev values that the iron content in silicate Pv increases from
about 4.3 to 18, 14 to 24.4, and 11 to 29%, for SCO, Al-SCO, and
019_2 samples, respectively (Table 2). As a maximum FeO
solubitity in Pv was reported to be ~12% at 26 GPa and 1700 K
[Fei et al., 1996], our results show that higher P make it possible
the formation of a silicate Pv with much higher iron content, in
agreement with results reported by Mao et al. [1997].

7. Discussion

New measurements of the variation with P and T of (Mg-Fe)
partition coefficient should not have a dramatic effect on previous
modeling of the mantle mineralogy from Pv and Mw EOS [Wang
et al., 1994; Yagi and Funamori, 1996; Fiquet et al., 1998]
because the main iron effect is to modify the density of the Pv-
Mw assemblages with negligible effects on elastic moduli of both
phases.

We propose that the decrease of K™, with increasing P
(Figure 4b) can be related to the difference of compressibility
between Pv (K,=261 GPa) and Mw (K;=160 GPa). With
increasing P the Mw lattice has less space available for the Fe®*
cations that are slightly bigger than the Mg*. A nice correlation
between K™y,p, and Vp/Vy,, supports this simple interpretation.
The decrease of K™y, with increasing T (Figure 3b) is probably
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Figure 6. Pressure evolution of av2/c and b+2/c lattice parameters for pure MgSiO, [Figuet er al., 2000],
(Mg,Fe)SiO; (SCO) and Al-(Mg,Fe)SiO,; Pv (AI-SCO). Lattice distortions are roughly similar for all compositions,
with only little effect of Fe and Al,O, contents. Note that the Pv Fe content increases with increasing P for SCO and

Al-SCO samples (see Figure 4).

due to (Mg,Fe) mixing entropy (X xlogx) in Pv-Mw
assemblages; higher entropy (at higher T) would indeed drive Fe
contents toward similar values for both compounds. Our results
suggest a similar effect for both P and T at moderate P, as long as
more iron is found in Mw (K™, > 1). In the lower mantle it
can thus be expected that the higher Fe content found in Mw at
moderate P will rapidly decrease to achieve similar iron contents
in Pv and Mw with increasing depth. This effect should be even
more pronounced in the presence of Al,O,, as it can be the case
after phase transformation of majorititic garnet into Al-Pv. At the
highest P and T found at the base of the lower mantle, we
estimate that the silicate Pv iron content could be close to twice
that of Mw.
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