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[1] The melting curve of FeSi has been determined to 150 GPa in the laser‐heated
diamond anvil cell (LH‐DAC) on the basis of discontinuities in the power versus
temperature function. A multianvil experimental cross‐check at 12 GPa using textural
criteria as a proxy for melting is in good agreement with our LH‐DAC results. The melting
point of FeSi reaches ∼4000 K at the core mantle boundary and an extrapolated value
of 4900 K at the inner‐core boundary (ICB). We also present the melting curve as
determined by the Lindemann melting law; this agrees well with our experimental curve to
70 GPa and then diverges to higher temperatures, reaching 6200 K at the ICB. These
temperatures are substantially higher than previous LH‐DAC determinations. The
boundary of the "‐FeSi → CsCl‐FeSi subsolidus transition has also been determined by
synchrotron‐based X‐ray diffraction at high pressures, and the results confirm a
negative Clapeyron slope for the transition. We conclude that if present, FeSi is likely to be
solid within the D″ layer and is unlikely to be present within the inner core for any
plausible bulk core silicon content.

Citation: Lord, O. T., M. J. Walter, D. P. Dobson, L. Armstrong, S. M. Clark, and A. Kleppe (2010), The FeSi phase diagram to
150 GPa, J. Geophys. Res., 115, B06208, doi:10.1029/2009JB006528.

1. Introduction

[2] Silicon has been a popular candidate for part of the
light element budget of the Earth’s core [e.g., Poirier, 1994;
Allègre et al., 1995] because of its abundance and ubiquity
within the silicate Earth and its known solubility in liquid
iron at 1 atm (20.5 wt % Si at the eutectic [Lacaze and
Sundman, 1991]). At conditions of high temperature and
pressure, Si has been shown to have significant solubility in
liquid iron in equilibrium with forsteritic melt [Gessman et
al., 2001], (Mg,Fe)SiO3 perovskite [Takafuji et al., 2005]
and postperovskite [Sakai et al., 2006], as well as in solid
iron [e.g., Kuwayama et al., 2009; Lin et al., 2009]. A Si
reservoir within the Earth’s core may also help to explain
the superchondritic Mg‐Si ratio of the upper mantle [Allègre
et al., 1995] and the nonchondritic Si isotope composition of
the silicate Earth [Georg et al., 2007; Shahar et al., 2009],
although this latter proposition has been questioned
[Fitoussi et al., 2009].
[3] Recently, a high‐pressure phase transition between

B20 structured "‐FeSi and a new CsCl structured phase was
predicted using ab initio calculations [Vocadlo et al., 1999]
and confirmed by experimental synthesis in the multianvil
[Dobson et al., 2002]. As is the case for "‐FeSi [Caracas
and Wentzcovitch, 2004], the equation of state (EOS) of

this new polymorph [Dobson et al., 2003] suggests that a
mixture of Fe and FeSi could reproduce the bulk modulus
and density of the inner core derived from the preliminary
reference Earth model (PREM [Dziewonski and Anderson,
1981]). However, recent laser‐heated diamond anvil cell
(LH‐DAC) experimental data suggest that at inner core
conditions, for any likely bulk core Si content, the solubility
of Si in hcp‐structured Fe is sufficient to preclude the
presence of this phase in the inner core [e.g., Kuwayama et
al., 2009; Lin et al., 2009]. Even so, assuming these EOS
results can be extrapolated to the liquid state [Dobson et al.,
2003], Si could also form a significant part of the light
element budget of the outer core, as suggested by Badro et
al. [2007] on the basis of high‐pressure sound velocity
measurements on a range of Fe‐rich compounds, including
FeSi. This possibility has been bolstered by the determina-
tion of the EOS of Fe‐rich Fe‐Si alloy [Lin et al., 2003],
which yields densities close to those predicted by the PREM
model at both inner and outer core conditions.
[4] Despite the arguments against the presence of FeSi as

a stable phase in the inner core, the study of this material is
relevant for several important reasons. First, the intermediate
density of FeSi between that of the core and mantle have led
to the phase being proposed as a component of the D″layer,
to help explain the negative compressional (Vp) and shear
(Vs) velocity anomalies within this region [Caracas and
Wentzcovitch, 2004]. This suggestion is made plausible by
the expectation that FeSi should form as a reaction product
between the Fe‐Ni outer core liquid and the (Mg,Fe)SiO3
perovskite or postperovskite of the lower mantle should
such reactions occur under the prevailing conditions [Knittle
and Jeanloz, 1991; Goarant et al., 1992]. According to
Kuwayama et al. [2009], hcp‐Fe containing 9.9 wt % Si
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breaks down to a Si‐poor Fe alloy plus CsCl‐FeSi at high
temperatures. The Clapeyron slope of this transition is
positive, reaching 3000 K at the core‐mantle boundary
(CMB) pressure of 135 GPa. This temperature is low
enough to allow solid FeSi to be present on the core side of
the CMB and possibly on the mantle side also, depending on
the mantle geotherm and the melting curve. Because of
these possibilities, the high‐pressure melting curve and
subsolidus phase diagram of FeSi are directly relevant to the
CMB region. Second, the high‐pressure phase diagram of
FeSi will help to constrain the topology of the Fe‐rich
portion of the Fe‐Si system, which is important in deter-
mining the distribution of Si within the core and lower
mantle at the present day and during core formation
[Dobson et al., 2002; Santamaría‐Pérez and Boehler,
2008]. Third, melting data on Fe light element compounds
such as FeSi can be used to test and constrain thermodynamic
models of core liquids [e.g.,Helffrich and Kaneshima, 2004].
Finally, the data presented here are a further test of the
efficacy and accuracy of the laser power versus tempera-
ture function as a melting criterion in LH‐DAC experi-
ments at conditions relevant to the lower mantle and core
[Lord et al., 2009].
[5] To this end, we have measured the melting curve

of FeSi up to 150 GPa and mapped the position of the
"‐FeSi → CsCl‐FeSi phase transition by synchrotron X‐ray
diffraction (XRD), both in the LH‐DAC. As a further
experimental test of our LH‐DAC melting criterion, we have
performed two multianvil quench experiments at 12 GPa to
bracket the melting curve using ex situ textural evidence.

2. Experimental

[6] Melting and synthesis experiments were conducted in
symmetric LH‐DAC with 200‐ to 700‐mm culets. Samples
were loaded into 80‐ to 120‐mm holes drilled in stainless
steel gaskets preindented to ∼50‐mm thickness. Starting
materials consisted of 10‐ to 20‐mm thick precompressed
foils made from powdered "‐FeSi (Alpha Aesar Chemical
Co.) with 99.9% purity. All starting materials were stored in
an oven at ∼125°C for at least 1 h before loading to reduce
moisture within the assembly. Foils were loaded into the
LH‐DAC between insulating layers, which also acted as the
pressure medium. A range of pressure media were used,
including NaCl, single‐crystal sapphire discs, and foils of
ruby, but in the majority of experiments, these layers
consisted of form‐fitting discs of nanocrystalline Al2O3
[Lord et al., 2009].
[7] Pressure was monitored during compression using the

fluorescence signal from a thin layer of submicron ruby
powder smeared across the upper insulating layer, as cali-
brated by Mao et al. [1986]. This allows pressure to be
measured wherever melting takes place and pressure gra-
dients across the entire sample chamber to be monitored;
these did not usually exceed 2 GPa, though on two occa-
sions, gradients of up to 8 GPa were measured. The spatial
location of melting was carefully recorded during the
experiment, and the reported melting pressure is the mean of
several measurements around this location. The uncertainty
in the reported pressures is thus the sum of the standard
deviation in the measured pressures and the analytical

uncertainty in the ruby fluorescence measurement itself,
which increases with pressure and is estimated as ±1–2 GPa.
We assume that the postheating pressure represents a min-
imum estimate of the pressure at melting and do not make
any attempt to correct for the effect of thermal pressure in
our experiments.
[8] Samples were heated in a double sided‐heating

geometry using a 100 W Nd:YAG CW diode‐pumped mul-
timode laser, producing stable spots 30–50 mm in diameter.
Temperatures were measured spectroradiometrically on one
side using standard techniques employed at Bristol and
described in detail elsewhere [Lord et al., 2009; Walter and
Koga, 2004]. In most cases, the measurement precision as
determined by the closeness of the fit of the measured
spectra to the greybody Wien function is on the order of 3–
7 K and does not exceed 13 K at the highest temperatures
measured in this study (∼4000 K). This uncertainty does not
include deviations in emissivity from the idealized greybody
behavior assumed in the measurement. Based on a 1 atm
melting point calibration of Pt, Nb, Mo, Ta, Re, and W, this
may result in an overestimation of temperature on the order
of 50–200 K [Lord et al., 2009]. However, we make no
attempt to assign any formal uncertainty in accuracy to our
measurements. As temperature increases, the Wien
approximation begins to underestimate temperature com-
pared to the Planck function. However, even at the highest
temperatures recorded in this study (∼4000 K), the dis-
crepancy is <25 K.
[9] Melting was determined by the detection of dis-

continuities in the temperature versus laser power function.
This melting criterion is based on the concept that the
temperature should plateau at an endothermic invariant
melting point as the laser power provides the latent heat of
melting [e.g., Boehler et al., 1990; Lazor et al., 1993; Shen
et al., 1993; Dewaele et al., 2007]. Several examples of the
power‐temperature relationship from typical melting
experiments are shown in Figure 1. Temperature rises
monotonically and linearly as laser power is increased until
the melting point is reached, at which point the temperature
plateaus. The melting temperature is taken as the average of
the measured temperatures within the plateau. The reported
uncertainty in the melting temperature is taken as the sum of
the uncertainty in the position of the plateau (10–50 K), the
analytical uncertainty (3–13 K), and the estimated tem-
perature gradient within the hot portion of the heated spot
(∼30 K).
[10] Subsolidus LH‐DAC synthesis experiments were

heated at their target pressure and temperature for 20–60 min
while being moved at regular intervals to ensure annealing
of the entire sample. XRD analysis of the heated samples at
pressure in the LH‐DAC was carried out at beam‐line I15 of
the diamond light source (DLS) using a wavelength of
0.438–0.536 Å and beam‐line 12.2.2 of the advanced light
source (ALS) using a wavelength of 0.444 Å. Samples were
exposed for 120–600 s, with 2D diffraction patterns col-
lected using a Mar345 image plate. The sample to detector
distance was calibrated using a Si standard (DLS) or a LaB6
standard (ALS). The 2D diffraction patterns were integrated
into 1D spectra using the FIT2D program [Hammersley,
1997].
[11] As an independent experimental cross‐check of our

LH‐DAC melting criterion, we carried out multianvil
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melting experiments at 12 GPa and temperatures of 2100 K
and 2300 K using a 14/8 assembly at the Beyerisches
Geoinstitut, Bayreuth, Germany. Angular chips of FeSi were
loaded into a powdered Al2O3 pressure medium within an
MgO capsule, which was in turn loaded directly into a
LaCrO3 furnace. A D‐type W/Re thermocouple was located
coaxially but separated from the sample volume with a
150‐mm Al2O3 disc and offset by ∼1 mm from the furnace
hot spot where the sample was located. On the basis of cell
calibrations [Mossenfelder et al., 2000], uncertainties in
sample pressure and temperature are ±1 GPa and ±100 K,
respectively. Experiments were heated to the desired tem-
perature, held for several minutes, and quenched by shutting
off the power. After decompression, the capsules were
broken open to reveal the sample, and melting was deter-
mined from the shape and texture of the sample. As dis-
cussed below, the melting bracket from these experiments is
in good agreement with our LH‐DAC melting data.

3. Results

3.1. FeSi Phase Relations to 150 GPa
[12] Figure 2 shows subsolidus and melting phase rela-

tions for FeSi. Our diffraction results indicate a steep and
negative slope for the subsolidus phase transition boundary
between the "‐FeSi and CsCl‐FeSi polymorphs, as expected
from the multianvil experiments of Dobson et al. [2002].
Figure 3 shows two typical diffraction patterns from sub-
solidus experiments acquired at pressure after laser heating.
In an experiment at 10 GPa and 1790 K (Figure 3a), all the
peaks index to "‐FeSi or the Al2O3 pressure medium. At
30 GPa and 1900 K (Figure 3b), new peaks appear, which
index to the high‐pressure CsCl‐structured phase of FeSi
based on the known space group (P213) and unit cell
parameters derived from the room temperature EOS
[Dobson et al., 2003]. The majority of the diffraction results
can be satisfied by a linear phase boundary of the form

P ¼ "0:0551Tþ 121:6:

The exception is a point at 13 GPa and 1800 K (Figure 2b),
which is the result of a failed reversal attempt. This exper-
iment was previously annealed at 13 GPa and 2050 K and
the high‐pressure polymorph formed. However, we were
unable to fully transform back to the low‐pressure phase on
laser heating at 13 GPa and 1800 K. Only in one case, at
46 GPa and 1830 K, did the transition run to completion,
yielding pure CsCl‐FeSi. The metastable persistence of
"‐FeSi on the high‐pressure side of the phase boundary is
possibly due to kinetic inhibition caused by the substantial
predicted activation barrier of the reaction [Vocadlo et al.,
1999] and may explain why previous workers failed to
find the transition at lower temperatures [Knittle and
Williams, 1995; Lin et al., 2003].
[13] The subsolidus reaction boundary intersects the

melting curve at ∼5 GPa and 2100 K. The intersection of the
univariant subsolidus phase transition with the two uni-
variant melting curves ("‐FeSi = melt and CsCl‐FeSi =
melt) must produce an inflection along the solidus, although
it may not be large. Our melting data are not sufficiently
precise to constrain the magnitude of the inflection on a P‐T

Figure 1. Typical laser power versus temperature func-
tions acquired during laser heating of FeSi at (a) 14 GPa,
(b) 22 GPa, and (c) 59 GPa. Each point represents a spectro-
radiometric temperature measurement for which the preci-
sion is less than the symbol size (3–5 K). The melting
temperature is determined from the mean of the points
within the plateau (filled circles). The expected melting tem-
peratures from the work of Santamaría‐Pérez and Boehler
[2008] are denoted by the horizontal lines. See section 2
for an explanation of the reported uncertainties in the
melting temperatures (shaded bars).
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diagram. However, when the melting data are fitted as a
function of Eulerian finite strain (Kraut‐Kennedy equation),
an inflection is evident at a pressure close to the pressure at
which the subsolidus curve intersects the melting curve
(Figure 4).
[14] The melting curve on Figure 2 shown as a solid line

is based on a fit to the Simon equation, with data below and
above the transition fitted separately. We have also calcu-

lated the melting curve using the Lindemann law [Anderson
and Isaak, 2000]:

Tm ¼ ðV=V0Þ2=3 expð2!0=qð1" ðV=V0ÞqÞÞ & Tm0;

where g0 = 2.33 is the Grüneisen parameter for CsCl‐FeSi
taken from Vocadlo et al. [2002], which is in good agree-
ment with the value of 2.04 ± 0.39 determined from the

Figure 2. (a) The FeSi phase diagram as determined from laser‐heated diamond anvil cell (LH‐DAC)
melting experiments (crosses) and X‐ray diffraction (XRD) synthesis experiments ("‐FeSi, filled squares;
CsCl‐FeSi, open squares; both phases, divided squares). The results of a single melting bracket at 12 GPa
in the multianvil are also plotted (shaded triangle, solid; shaded inverted triangle, liquid). The results of a
previous multianvil synthesis study by Dobson et al. [2002] analyzed by ex situ XRD are indicated by the
circles (color coding as above). The solid lines are phase boundaries; the melting line is determined by a
fit to the data using the empirically derived Simon equation. The dashed line indicates the melting line
determined by the LH‐DAC in Santamaría‐Pérez and Boehler [2008], using the observation of melt
motion with the aid of the laser speckle technique as a melting criterion. The subsolidus line emanating
from the triple point represents one of the possible phase boundaries proposed by Santamaría‐Pérez and
Boehler [2008]. The dotted line is the melting curve of the high‐pressure phase as predicted using the
Lindemann melting law. The melting curve of the Al2O3 pressure medium from Shen and Lazor [1995] is
shown for comparison. (b) The low‐pressure region expanded from Figure 2a. All experiments used
Al2O3 as a pressure medium, except the subsolidus data at 20, 34, and 46 GPa, which used NaCl.
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fitting parameters of the Kraut‐Kennedy equation to the
melting data in this study. We assume the volume depen-
dence of the Grüneisen parameter, q = 1 [Boehler et al.,
2000]. Because of the lack of high‐temperature EOS data
for CsCl‐FeSi, the volume at melting at 1 atm (V0) and at high
pressure (V) is calculated using the temperature‐independent
thermal expansion coefficient of 5.1 × 10−5 measured for
"‐FeSi [Guyot et al., 1997]. Tm0 is the fictive 1 atm melting
point of the high‐pressure phase as determined from the
fitting parameters of the Kraut‐Kennedy equation. The
resulting Lindemann Law melting curve closely follows
the Simon fit to the measured data to ∼70 GPa, at which
point it diverges to higher temperatures, reaching ∼4400 K
at the CMB (135 GPa) and ∼6200 K at the ICB (330 GPa).
This compares to ∼4000 K at the CMB and an extrapolated
value of ∼4900 K at the ICB on the basis of the Simon fit to
our data. The reason for the divergence between the calcu-
lated and measured melting curves above 70 GPa is not
known but is presumably the result of inaccuracies and
oversimplifications in the assumed thermal parameters of the
CsCl‐FeSi phase, and of the fact that the Lindemann melting
law only takes the thermodynamic parameters of the solid
into account and neglects the liquid phase.
[15] To calibrate the accuracy of our melting results, we

compare LH‐DAC melting determinations for Fe, Fe3C, and
the Fe‐Fe3C eutectic to determinations made on the basis of
textural analysis of quenched experiments made in piston‐
cylinder and multianvil presses (Figure 5). In all cases we
obtain results in the LH‐DAC that closely match these
independent melting determinations [see also Lord et al.,
2009]. Further evidence for the accuracy of this method

can be gleaned from the study of Dewaele et al. [2007] on
the melting of Pb. In this study, melting was determined by
several in situ XRD criteria such as the loss of diffraction
lines, the onset of rapid recrystallization, and the appearance
of diffuse scattering from the liquid phase but also the same
power versus temperature criterion employed here. The
plateaus they observed coincided with the criteria observed
in their XRD patterns. Lord et al. [2009] reported a melting
curve for Pb using the power versus temperature criterion
that closely reproduces the melting curve of Dewaele et al.
[2007]. We have also carried out melting experiments using
Al2O3 as a pressure medium on Fe, FeS, Pt, and Pb, up to
45 GPa and 2600 K. In all cases, the measured melting
points fall within 100 K of the relevant literature curve,
which were all produced using softer pressure media such as
NaCl and Ar in the LH‐DAC [Lord et al., 2009]. This close
correspondence validates our melting criterion and also
indicates that the thermal pressure is not significantly dif-
ferent when using Al2O3 as a pressure medium, as compared
to softer media commonly used in LH‐DAC experiments.
[16] As a final test of the validity of our FeSi melting

curve, we bracketed the melting point at 12 GPa using a
multianvil apparatus. Photomicrographs of the run products
from the two multianvil melting experiments are presented
in Figure 6. The congruent nature of the melting of FeSi
makes determining melting by chemical means impossible,
so other criteria must be used. The recovered sample from
an experiment at 2100 K clearly retained its initial angular
shape and is polycrystalline and fissile (Figures 6a and 6b).
In contrast, the run product from an experiment at 2300 K has
formed a single, rounded, and nonfissile nugget (Figure 6c),
indicating that the entire sample was melted. During the
2300 K experiment, the thermocouple became unstable after
3 min. The recovered sample had clearly come into contact
with the thermocouple during the experiment, triggering
the instability and requiring the sample to have moved
over 100 mm, which strongly suggests the sample was in

Figure 3. Examples of XRD patterns from LH‐DAC syn-
thesis experiments on FeSi at high pressure and room tem-
perature after quenching. (a) After heating at 1790 ± 30 K
and 10 GPa, all the peaks index to either the low‐pressure
"‐FeSi phase (indicated by E) or the Al2O3 pressure medium
(indicated by C). (b) After heating at 1900 ± 40 K and
30 GPa, new peaks, diagnostic of the high‐pressure CsCl‐
type polymorph, are evident (arrows).

Figure 4. LH‐DAC melting data for FeSi fitted to the
Kraut‐Kennedy equation. Eulerian finite strain is calculated
using the Birch‐Murnaghan equation of state with V0,300,
K0,300, and K′

0,300 for "‐FeSi (shaded circles; dashed line)
taken from Lin et al. [2003] and for CsCl‐FeSi (filled cir-
cles; solid line) taken from Dobson et al. [2003].
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the liquid state. In the experiment at 2100 K, the thermo-
couple showed no sign of instability. These data suggest that
at 12 GPa, FeSi melts between 2100 K and 2300 K, within
mutual error of our LH‐DAC determinations (Figure 2b).

3.2. Comparison With Previous Work
[17] Santamaría‐Pérez and Boehler [2008] recently pub-

lished a melting curve for FeSi to ∼70 GPa, also using LH‐
DAC techniques. It is clear from Figure 2 that our melting
temperatures, derived from both LH‐DAC and multianvil
melting experiments, are substantially higher than those of
Santamaría‐Pérez and Boehler [2008] at all pressures. At its
peak near 12 GPa, the mismatch reaches 700 K, the mag-
nitude of which is hard to explain by differences in tem-
perature measurement techniques, which are similar in the
two studies. There are two primary differences between the
studies: the melting criterion and the pressure medium
employed. In the case of the melting criterion, we use
discontinuities in the laser power versus temperature func-
tion, whereas Santamaría‐Pérez and Boehler [2008] looked
for melt motion in the “speckle” pattern created by an argon
laser [Boehler et al., 1997]. Detection of melt motion could
overestimate the melting point if vigorous convection occurs
after a super‐liquidus temperature is reached, but this does
not explain the mismatch, because the melting curve of
Santamaría‐Pérez and Boehler [2008] is lower than that
presented here. In the case of the pressure medium, we
employed Al2O3, whereas Santamaría‐Pérez and Boehler
[2008] used KBr, CsCl, and KCl and saw no dependence
of melting temperature on pressure medium. Reactions with
the pressure medium are unlikely in this study, as we saw no

extraneous peaks in diffraction patterns taken from quen-
ched melting experiments from 2 to 68 GPa.
[18] The melting curve proposed by Santamaría‐Pérez

and Boehler [2008] is distinguished by a negative slope
at pressures just below the intersection with the subsolidus
"‐FeSi → CsCl‐FeSi phase transition. This results in a deep
cusp along the melting curve at ∼12 GPa, which they
attribute to the intersection of the transition with the melting
curve. The negative melting slope implies a negative volume
change upon melting, which could occur if the compress-
ibility of liquid FeSi were much greater than that of the
solid. We note, however, that in the case of pure iron, there
is no indication of such anomalous liquid compressibility, as
the melting slope is positive at least up to 200 GPa, and
there is only a relatively mild cusp along the pure Fe solidus
at ∼60 GPa resulting from the g to " subsolidus transition
[e.g., Shen et al. 1998]. Further evidence against such
anomalous melting behavior comes from the work of
Sanloup et al. [2002], who measured the radial distribution
function of an Fe‐17 wt% Si liquid alloy and showed that
the alloy liquid displays pure Fe‐like local order, and sug-
gested that pure Fe liquids and Fe‐Si alloy liquids should
have very similar bulk compressibilities.
[19] Our independent determination of the melting point at

12 GPa using multianvil techniques, and the high‐pressure in
situ determination of the subsolidus phase transition in this
study and in the study of Dobson et al. [2002], are incon-
sistent with any of the possible topological constructions
around the triple point that were considered by Santamaría‐
Pérez and Boehler [2008]. For example, in the multianvil
experiment at 12 GPa and 2100 K, FeSi is still solid at a
temperature 400 K above the proposed melting temperature
of Santamaría‐Pérez and Boehler [2008]. Furthermore, in
our LH‐DAC melting experiments that were heated to
temperatures well above the melting curve of Santamaría‐
Pérez and Boehler [2008], no laser power versus tempera-
ture anomalies were detected on the way to the melting
temperature. As shown in Figure 1, the power‐temperature

Figure 5. Examples of LH‐DAC melting data corroborated
with multianvil quench experiments. The melting curves for
Fe, Fe3C, and the Fe‐Fe3C eutectic [Lord et al., 2009] were
measured using the laser power versus temperature melting
criterion in Bristol. The results of large‐volume press
quench experiments are presented for the Fe‐Fe3C eutectic
(open triangles [Fei et al., 2007]), Fe3C (solid triangles
[Lord et al., 2009]), and Fe (solid squares [Ringwood and
Hibberson, 1990]).

Figure 6. Photomicrographs of run products from multian-
vil melting experiments at (a, b) 2100 K and (c) 2300 K. It is
clear that the sample quenched from 2100 K (Figures 6a and
6b) remained polycrystalline and angular where the FeSi
was in contact with the capsule. The sample quenched from
2300 K formed a single smooth lump, suggesting the
angular polycrystalline aggregate coalesced while molten
(Figure 6c). Scale bars, 1 mm.
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functions recorded in the 14, 22, and 59 GPa melting
experiments show smooth temperature increases and clear
plateaus, but no evidence of discontinuities when passing
through the suggested melting points of Santamaría‐Pérez
and Boehler [2008].

3.3. Geophysical Implications
3.3.1. FeSi in the D″ Layer
[20] Knittle and Jeanloz [1991] predicted that FeSi might

occur in the D″ layer as a reaction product between the (Mg,
Fe)SiO3 perovskite or postperovskite of the lower mantle
and the Fe alloy of the outer core. FeSi may also occur as a
result of exsolution from the outer core during secular
cooling [Buffett et al., 2000]. Figure 7 is a depth versus
temperature plot of the CMB region. The mantle adiabat is
taken from Katsura et al. [2009] and assumes a lower
mantle of pure MgSiO3 perovskite. The broad range of core
adiabats reflects the significant uncertainty in the melting
point of iron at the ICB and is here bounded on the low‐
temperature side by the LH‐DAC experiments of Boehler
[1993] and on the high‐temperature side by the ab initio
molecular dynamics calculations of Alfè [2009]. The dif-
ference between the mantle and core adiabats yields a
temperature jump across the CMB of between 1600 K and
3100 K. In reality, the geothermal gradient within D″
depends on the thermal transport properties and therefore on
the composition of this layer. However, because there is still
considerable uncertainty as to the nature of the lowermost
mantle, we have simply interpolated linearly between the
core and mantle adiabats. Between the solid black line
(which represents the breakdown of hcp Fe‐Si alloy → hcp
Fe‐Si alloy + CsCl‐FeSi [Kuwayama et al., 2009]) and the
heavy dashed line (the melting curve of FeSi from this
study), solid FeSi can occur. It is possible, therefore, that
FeSi could be a stable component within a portion of the D″

layer, the thickness and depth of which would depend on the
thermal gradient.
[21] For all but the lowest temperature core adiabats, FeSi

will become molten toward the base of the D″ layer and
throughout the outer core. If such melts were to form, their
density would likely be intermediate between that of the
core and mantle [Caracas and Wentzcovitch, 2004; Dobson
et al., 2003], causing them to pond at the CMB. Based on
the 0 K calculations of Caracas and Wentzcovitch [2004],
solid FeSi has a Vp ∼14% lower than PREM and would be
lower still for hot, molten FeSi. In combination with solid
mantle silicates, liquid FeSi therefore has attributes that
make it a possible candidate for a component of the partial
melts postulated to explain the ultra‐low velocity zones [Lay
et al., 2004].
3.3.2. FeSi in the Core
[22] Based on extrapolations to core conditions of the

300 K EOS of CsCl‐FeSi [Dobson et al., 2003], it is evident
that the density of FeSi is too low to be the sole, or even the
dominant, phase within the inner core, although based
purely on this analysis a mixture of Fe and CsCl‐FeSi is
possible. However, assuming that silicon is the sole light
element within the core, that nickel has little effect on phase
relations, and that the system remains eutectic at the relevant
conditions, the partitioning of silicon between the inner and
outer cores depends on the composition of the eutectic. The
multianvil data of Kuwayama and Hirose [2004] indicate the
eutectic increases in silicon content with pressure to 26 wt%
silicon at 21 GPa with the solidus located at ∼2090 K, ∼400 K
below the melting point of pure iron. This suggests that any
likely bulk core silicon content will fall on the iron‐rich side
of the eutectic, yielding an inner core consisting of an Fe‐Si
alloy and an outer core containing increasing amounts of
silicon as secular cooling proceeds. The stability of Fe‐Si
alloys under high‐pressure and high‐temperature conditions

Figure 7. FeSi in the D″ layer. The solid gray line denotes the mantle adiabat [Katsura et al., 2009] and
the dark gray field the range of possible core adiabats [Boehler, 1993; Alfè, 2009]; the two are connected
by a simplified, linear interpolation (dashed gray lines). The solid black line denotes the breakdown
reaction hcp Fe‐Si alloy → hcp Fe‐Si alloy + CsCl‐FeSi [Kuwayama et al., 2009], and the heavy dashed
black line is the melting curve for FeSi from this study. The uncertainty in the melting curve is denoted by
the light gray field.
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has been demonstrated in several recent in situ XRD studies
in the LH‐DAC. Fe‐Si alloy in the hcp structure has been
shown to be stable with 18.7 wt % Si up to 124 GPa at 300 K
[Hirao et al., 2004], 3.4 wt % Si up to 257 GPa and 3600 K
[Asanuma et al., 2008], 9.9 wt % Si up to ∼130 GPa and
∼2000 K [Kuwayama et al., 2009], and 8 wt % Si up to
∼170 GPa and ∼3000 K [Lin et al., 2009]. These studies
also demonstrate that hcp Fe‐Si alloy breaks down to a
Si‐poor hcp phase and a second Si‐rich phase, either bcc
structured Fe‐Si alloy [Lin et al., 2009] or CsCl‐FeSi
[Kuwayama et al., 2009], and that the transition has a pos-
itive Clapeyron slope. However, extrapolations of these
transitions to inner core conditions suggest that for likely Si
contents, Si in the inner core is likely to be dissolved in an
hcp Fe alloy. Thus CsCl‐FeSi is unlikely to be present
within the inner core. The possible presence of silicon in the
outer core is enhanced by the similarity of the volumetric
parameters [Dobson et al., 2003] of CsCl‐FeSi to PREM,
while the high Vp values [Badro et al., 2007] of CsCl‐FeSi
suggest that Si could serve to increase the Vp of pure iron
toward that of the PREM model. Based on our melting data,
the melting curve of pure iron [Anderson and Isaak, 2000;
Ma et al., 2004; Shen et al., 1998, 2004] exceeds that of
FeSi at ∼165 GPa. Were the Fe‐Si system to behave as a
solid solution at high pressures, freezing at the ICB would
still yield an inner core consisting of an Fe‐rich alloy and an
increasingly Si‐rich liquid.
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