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Abstract

The elasticity of ferropericlase with a potential mantle composition of (Mg0:83,Fe0:17)O is determined using
ultrasonic interferometry in conjunction with in situ X-radiation techniques (X-ray diffraction and X-radiography) in
a DIA-type cubic anvil high-pressure apparatus to pressures of 9 GPa (NaCl pressure scale) at room temperature. In
this study, we demonstrate that it is possible to directly monitor the specimen length using an X-ray image technique
and show that these lengths are consistent with those derived from X-ray diffraction data when no plastic deformation
of the specimen occurs during the experiment. By combining the ultrasonic and X-ray diffraction data, the adiabatic
elastic bulk (KS) and shear (G) moduli and specimen volume can be measured simultaneously. This enables pressure
scale-free measurements of the equation of state of the specimen using a parameterization such as the Birch^
Murnaghan equation of state. The elastic moduli determined for (Mg0:83,Fe0:17)O are KS0 = 165.5(12) GPa,
G0 = 112.4(4) GPa, and their pressure derivatives are KS0P=4.17(20) and G0P=1.89(6). If these results are compared
with those for MgO, they demonstrate that KS0 and KS0P are insensitive to the addition of 17 mol% FeO, but G0 and
G0P are reduced by 14% and 24%, respectively. We calculate that the P and S wave velocities of a perovskite plus
ferropericlase phase assemblage with a pyrolite composition at the top of the lower mantle (660 km depth) are
lowered by 0.8 and 2.3%, respectively, when compared with those calculated using the elastic properties of end-
member MgO. Consequently, the magnitudes of the calculated wave velocity jumps across the 660 km discontinuity
are reduced by about 11% for P wave and 20% for S wave, if this discontinuity is considered as a phase transformation
boundary only (ringwooditeCperovskite+ferropericlase).
E 2002 Elsevier Science B.V. All rights reserved.

Keywords: periclase; elastic properties; high pressure; X-ray analysis; lower mantle; iron-rich composition

1. Introduction

Ferropericlase, (Mg,Fe)O, is widely believed to
be a major phase in the lower mantle of the
Earth, coexisting with orthorhombic silicate pe-
rovskite, (Mg,Fe,Al)SiO3. Experiments on Mg/Fe
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partitioning at high pressures suggest that the
FeO content in this ferropericlase phase lies in
the range 10^20 mol% for potential compositional
models of the Earth’s interior (e.g. [1^3]). To date,
elasticity studies on the e¡ect of the Fe substitu-
tion into MgO-periclase [4^6] were conducted at
ambient or low-pressure conditions. Static com-
pression studies have explored higher pressure be-
havior, but provided only indirect determination
of the isothermal bulk modulus (KT0) and its pres-
sure derivatives (KT0P), and no information on the
shear properties [6^9]. Bonczar and Graham [5]
have reported the pressure and temperature deriv-
atives of elastic moduli for entire (Mg,Fe)O solid
solution series using ultrasonic techniques but
under experimental conditions up to only 0.5
GPa and 75‡C. Ultrasonic interferometric tech-
niques employed in a multi-anvil, high-pressure
apparatus in our laboratory have extended the
accessible experimental range of such ultrasonic
experiments to P=10 GPa and T=1200‡C [10].
The key parameters needed to determine the

elastic wave velocities (VP and VS) and the bulk
(KS) and shear (G) moduli using ultrasonic tech-
niques are the travel times, sample length and
specimen density. Using the phase comparison
method of ultrasonic interferometry, travel times
can be measured with a precision ranging from
1033 to 1036 [11,12]. In the absence of in situ
measurements of specimen length by X-radiation
or other methods, many previous studies have re-
lied on approaches such as that of Cook [13,14]
(which employs the measured travel times to infer
compressibility which in turn is used to calculate
pressure-induced changes in length), or on sepa-
rate experiments to determine the thermal expan-
sion at high temperature [15]. By using in situ X-
ray di¡raction in conjunction with the ultrasonic
measurements [16,17], it has been possible to infer
the specimen length (on the assumptions that the
bulk sample strain is isotropic and purely elastic)
from the measurement of the unit cell volume at
elevated pressures and temperatures and thereby
study the elasticity of important mantle minerals
[18^20]. More recently, X-ray radiographic imag-
ing techniques have been developed to observe
specimen lengths directly at high pressures and
temperatures, therefore enabling the travel time

data to be converted to velocities and moduli di-
rectly [21].
We report here the results of one of the ¢rst

experimental studies using these combined capa-
bilities, providing new data on the elasticity of
(Mg0:83,Fe0:17)O ferropericlase at pressures up to
9 GPa (as determined from the NaCl pressure
scale) at room temperature. We also explore the
in£uence of the new data on the seismic pro¢les at
the lower mantle conditions in terms of pyrolite as
a potential model for the chemical composition of
the Earth’s mantle.

2. Materials and methods

2.1. Starting materials

A composition of ferropericlase with 17 mol%
FeO was chosen for the study because it is within
the predicted range of compositions for this min-
eralogical constituent in the lower mantle. Anoth-
er advantage of this composition is its high ab-
sorption of X-rays, when compared with the
adjacent materials (Al2O3 and NaCl); this con-
trast generates a sharp image for our experimental
radiography studies (see details below and in Fig.
1). There is no evidence that a phase transition
occurs for the composition of (Mg0:83,Fe0:17)O
under the P^T conditions of our experiments
(up to 10 GPa, V1000‡C).
A mixture of MgO+Fe2O3 (0.83:0.085 molar

ratio) was pressed into pellets and then heated
at 1200‡C and log fO2 =310.8 bar for 24 h.
The process was repeated until the ¢nal product
was con¢rmed as ferropericlase by X-ray di¡rac-
tion, with a cell parameter of a=4.235(1) AS . The
value is consistent with that for the composition
of (Mg0:83,Fe0:17)O of a=4.233 AS , which is based
on the relationship of the cell parameter and 4Fe/
(4Fe+Mg) for (Mg,Fe)O solid solution in the
compositional range 4Fe/(4Fe+Mg)= 0^0.24,
and containing Fe3þ/4Fe6 0.02 [6].

2.2. Hot-pressing of polycrystalline specimens

The methods for hot-pressing polycrystalline
aggregates at high pressure in a uniaxial split-cyl-
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inder apparatus (USCA-1000 [22]) have been de-
scribed in previous studies from our laboratory
[23,24]. We utilized a 14/8 mm cell assembly
modi¢ed from Gwanmesia et al. [25] for hot-
pressing the polycrystalline specimen of ferroper-
iclase in this study. The starting material
(Mg,Fe)O was loaded into an iron capsule and
hot-pressed at a pressure of V10 GPa and
1000‡C for 1V2 h. The experiment was termi-
nated by decreasing the pressure and temperature
simultaneously and slowly over a period of 12 h
in order to relax intragranular stresses in the poly-
crystalline aggregates. Analysis using an electron
microprobe with back-scattering imaging indi-
cates an average grain size of 20 microns and
chemical composition unchanged from the start-
ing materials (under the assumption that all Fe
was Fe2þ). The cell parameter of the hot-pressed
polycrystalline specimen was identical to that of
the starting material within the experimental un-
certainty (0.001 AS ). Combining these data, one
obtains a theoretical density of 3.994(2) g cm33.

Using the Archimedes’ immersion technique, the
bulk density of specimen is 3.99(4) g cm33 (or
99.9% of the X-ray value).
The cell parameter of (Mg,Fe)O was also deter-

mined after ultrasonic measurement (up to 11
GPa, with eight heating cycles up to 600‡C, see
Section 2.3) to be a=4.233(1) AS . As this was un-
changed from that of the starting material
(a=4.235(1) AS ), we conclude that no change in
either the 4Fe/(4Fe+Mg) or Fe3þ/4Fe ratios oc-
curred during the course of our hot-pressing and
ultrasonic experiments.

2.3. Ultrasonic measurements

Two-way travel times of ultrasonic wave
through the polycrystalline specimens were col-
lected using an ANUTEC interferometer with a
bu¡er-rod assembly and phase comparison meth-
od [14,26]. LiNbO3 transducers (overtone-pol-
ished parallel-plated) were used both as source
and receiver of the ultrasonic signals. In this

Fig. 1. X-radiographic image system (after Vaughan et al. [29]). The X-rays (X) pass through the gaps between the anvils (A) in
the high-pressure apparatus (SAM85, DIA-type apparatus) and into the sample chamber. The transmitted X-rays illuminate a
YAG crystal (YAG), where an image of the cell assembly is generated. Then the image is re£ected by a mirror (M) into the
CCD camera (CAM). A typical cell assembly image observed in our experiment is shown on the right panel; (from top to bot-
tom) the Al2O3 acoustic bu¡er rod, a 2 microns thick gold foil inserted between bu¡er rod and specimen, a NaCl disk behind
the specimen.
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study, dual-mode transducers, 10‡ rotated Y-cut
(which generates P and S stress waves at the same
time; 50 MHz resonant frequency for P wave and
30 MHz for S wave), were used in the high-pres-
sure experiment. Use of this type of transducer
saves experimental time and prevents the intro-
duction of systematic uncertainties in the interpre-
tation of data from separate P and S wave mea-
surements using single-mode transducers [27].
Ultrasonic measurements at high pressure were

performed using a DIA-type, large-volume appa-
ratus (SAM85) in conjunction with in situ X-ray
radiation techniques [28], installed at supercon-
ducting wiggler beamline X17B of National Syn-
chrotron Light Source at the Brookhaven Na-
tional Laboratory. An energy-dispersive X-ray
method using white radiation was employed to
collect the di¡raction patterns for both the speci-
men and NaCl (which was used as a reference
pressure marker). In this study, we used a
6U6U6 mm3 cell assembly with a mixture of
amorphous boron and epoxy resin as the pressure
medium and a graphite furnace to generate the
high temperature environment [16^20]. A W/Re
3%^W/Re 25% thermocouple located at the center
of furnace and in direct contact with unjacketed
specimen provided the measurement of tempera-
ture, and a disk of NaCl provided the hydrostatic
environment and also served as a pressure cali-
brant (for details see ¢gure 20 in reference [17]).
Although the original plan was to conduct the
ultrasonic measurements at simultaneous high
pressure and high temperature, the thermocouple
failed at peak pressure (V11 GPa), V600‡C dur-
ing the ¢rst heating cycle, thereby preventing pre-
cise temperature measurements in the subsequent
heating/cooling cycles. Consequently, for the re-
mainder of the experiment, the temperatures
were estimated by the power^temperature rela-
tionship obtained from the ¢rst heating cycle.
By heating the cell assembly to V500^600‡C at
each pressure during decompression, the macro-
scopic deviatoric stress imposed on the specimen
by pressure medium was minimized. The acoustic
travel times as a function of pressure were then
collected at room temperature along the decom-
pression path (see ¢gure 1 in reference [20] for
typical P^T path).

The acoustic pathway for travel time measure-
ments at high pressure is a sandwiched assembly,
consisting of a WC cube, a polycrystalline Al2O3
(Coors 998) bu¡er rod, specimen and a disk of
NaCl (Fig. 1) ; a thin gold foil (2 microns thick)
was used to improve the acoustic coupling be-
tween interfaces. Bond corrections have been
made for all travel times measured in this work
by following the procedure described by Niesler
and Jackson [26]. The average round-trip travel
time for P wave was averaged from 45 to 65
MHz and S wave from 25 to 35 MHz.

2.4. X-radiographic image technique

In the SAM85 apparatus, the X-ray beam
passes though the gaps between anvils and then
the cell assembly, and illuminates a £uorescent

Fig. 2. A series of X-ray images recorded at pressures from
ambient to 9.0 GPa (indicated by the NaCl pressure scale).
The images shown here are the same as in Fig. 1 (from top
to the bottom: Al2O3 bu¡er rod, gold foil, specimen and
NaCl).
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YAG crystal (Fig. 1). The visible light generated
by the YAG crystal is re£ected by a mirror into
the CCD camera where an image of the cell as-
sembly is captured [29]. A typical X-ray image of
the cell assembly in our experiment is shown on
the right panel of Fig. 1, consisting (from top to
bottom) of the Al2O3 acoustic bu¡er rod, gold
foil, the specimen and the NaCl disk. The con-
trasting intensities at di¡erent regions are caused
by the di¡erence in the X-ray absorption of these
materials. A sequence of X-ray images have been
recorded during the course of collecting ultrasonic
data at high pressures (Fig. 2). The ¢nal image
taken at ambient conditions when the press was
open, and along with the measured length of the
recovered specimen after high-pressure run, pro-
vides the conversion factor between the actual
specimen dimension and images.
An output ¢le of intensities along the specimen

region was obtained for each image (Fig. 3). The
specimen region is de¢ned by the discontinuity in
intensity at both boundaries. The interface be-
tween sample and backing material (NaCl) has
the highest intensity, and at the other end, the
gold foil has the lowest intensity. In order to re-
solve sub-pixel changes between sequential im-
ages, a measuring unit ‘twip’ was used to read
out the intensity instead of pixel (on the display
resolution these images were analyzed, one pixel

was represented by 12 twips). The relative speci-
men length change from one condition to another
was measured by the change of twips needed to
obtain the best correlation of the two boundaries
of the specimen. Using the converting factor, the
absolute specimen lengths at all experimental con-
ditions were subsequently calculated. The preci-
sion of this direct measurement of specimen
length is estimated to be 0.1%.

3. Experimental data

The di¡raction peaks (111), (200), (220), (311)
and (222) of (Mg,Fe)O collected during the ex-
periment were used to determine the cell volume
(V) at ambient conditions and high pressures,
therefore, the specimen densities were also deter-
mined (b= b0(V0/V), where V0 is the unit cell vol-
ume at ambient conditions). The cubic root of the
ratio of the cell volume change (S= (V0/V)1=3, lin-
ear compression) was used to calculate the length
of the specimen under the experimental conditions
(lðP�V dataÞ = l0/S). Using the X-radiographic imag-
ing technique described above, we also measured

Fig. 4. Ratio of observed and calculated specimen lengths
plotted as a function of pressure (NaCl as pressure calibrant)
(top X axis) and of V0/V of the specimen (bottom X axis).
The observed specimen lengths (lðimageÞ) were obtained from
the X-radiographic imaging technique; the calculated ones
(lðP�VÞ) are derived from the X-ray di¡raction data (P^V
data). When this ratio is equal to one, we can conclude that
all of the specimen deformation is elastic and occurs isotropi-
cally under compression and expansion.

Fig. 3. Image ¢le read as gray-scale (normalized intensity) on
the Y axis, and the twip numbers on the X axis. Two clear
interfaces are shown in the image: darkest (on the right, low-
er intensity area) and brightest (on the left, higher intensity
area) are the gold foil and the boundary of specimen and
NaCl, respectively.
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the axial length of cylindrical specimens under the
same experimental conditions. These two length
measurements are tabulated in Table 1 and agree
within 2 microns for all experimental conditions.
In Fig. 4, we plot the ratio (lðimageÞ/lðP�V dataÞ) of
these two measurements of the relative length
changes. If all of the observed length changes
are the result of isotropic compression or expan-
sion as the specimen deforms elastically, then this
ratio should be equal to 1. We see in Fig. 4 that
this assumption is indeed veri¢ed for our experi-
mental data and, thus, we could con¢dently utilize
either length measurement to convert the mea-
sured travel times to velocities.
Travel times of P and S waves of the (Mg,Fe)O

specimen at high pressure were tabulated in Table
1 and plotted in Fig. 5 as a function of V0/V of
(Mg,Fe)O. These travel times, as well as X-ray
density, specimen lengths and V0/V data (Table
2), have been used to calculate the longitudinal
(L, calculated from tP) and shear (G, calculated
from tS) moduli at pressures using the following
equations:

L;G ¼ 4b 0l20ð
1
t2ðS;PÞ

ÞðV0

V
Þ1=3 ð1Þ

and

L;G ¼ 4b 0l2ð
1
t2ðS;PÞ

ÞðV0

V
Þ ð2Þ

Elastic moduli were calculated using Eq. 1 when
the specimen length was derived using P^V data
only and Eq. 2 when the axial length was ob-
served directly from the X-ray image. The elastic
moduli calculated using the sample length ob-
tained from both methods (using Eqs. 1 and 2)
are in good agreement within their mutual uncer-
tainties (6 0.5%) (Fig. 6).
We have ¢tted both sets of moduli data in Fig.

6 to third-order Eulerian ¢nite-strain equations:

L ¼ bV2
P ¼ S5½L1 þ

1
2
L2ð13S2Þ� ð3Þ

G ¼ bV2
S ¼ S5½M1 þ

1
2
M2ð13S2Þ� ð4Þ

Fig. 5. P and S wave travel times of (Mg0:83,Fe0:17)O plotted
as a function of V0/V of the specimen.

Table 1
Sample (Mg0:83,Fe0:17)O, K533, volumes and lengths and elastic wave travel times at high pressures

Pressurea V0/V Travel time Length
(GPa) (Ws) (mm)

P S Image X-ray data

1.54 1.0090(2) 0.2057(4) 0.3456(4) 0.923 0.922
2.06 1.0129(3) 0.2038(3) 0.3431(7) 0.921 0.921
4.29 1.0268(5) 0.1996(6) 0.3372(5) 0.917 0.917
4.84 1.0319(3) 0.1985(1) 0.3356(2) 0.916 0.915
6.20 1.0400(4) 0.1956(2) 0.3328(3) 0.915 0.913
7.01 1.0453(3) 0.1944(2) 0.3307(6) 0.913 0.911
8.24 1.0523(7) 0.1925(5) 0.3218(4) 0.910 0.909
9.04 1.0567(9) 0.1912(4) 0.3261(6) 0.908 0.908
a The pressure scale readings are derived using NaCl pressure standard.
Sample cell volume (V0) used here was 75.8374 (222) AS 3, collected when press opened after the experiment ¢nished. Sample
length (l0) was 0.925(1) mm after the experiment.
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G0 ¼M1 ð5Þ

KS0 ¼ L13
4
3
G0 ð6Þ

G0
0 ¼

1
3
ð5M13M2Þ

KS0
ð7Þ

K 0
S0 ¼

1
3
ð5L13L2Þ
KS0

3
4
3
G0
0 ð8Þ

as rearranged from Davies and Dziewonski [32] in
terms of the linear compression S, and Li and Mi

are the ¢tting coe⁄cients. These ¢tting coe⁄cients
are used to calculate the ambient bulk and shear
moduli (KS0 and G0) and their pressure derivatives
(KS0P and G0P) via Eqs. 5^8 and the results are
tabulated in Table 2 for the two di¡erent length
measurement methods (Eqs. 1 and 2). As sug-
gested by the two sets of data in Fig. 6, these
two solutions for KS0, G0 KS0P and G0P are the
same within the uncertainties.
It has been common practice in our laboratory

and others to utilize the ¢nite-strain formulation
of Davies and Dziewonski [30] to ¢t measured
ultrasonic data to obtain the elastic parameters.
However, in most of these previous studies, it was
necessary to determine the pressure via an internal
standard (e.g. NaCl) or based on previous calibra-
tions using a ¢xed point for phase transitions (e.g.
in Bi and ZnTe). By combining the ultrasonic
determination of travel times and the measure-
ment of specimen volumes and lengths by the
techniques of X-ray di¡raction and radiographic
imaging, this ¢tting process can be conducted
without knowledge of the cell pressure by using
V0/V of the specimen as the independent variable.
In this manner, it is possible to eliminate the sys-
tematic errors introduced by the pressure scale in
the observed elastic parameters (see also earlier
experiments in our laboratory on MgO single
crystals [18]).

4. Comparison with previous results

In this study, the elastic properties at zero-pres-
sure (KS0 and G0) were obtained from the ¢nite-
strain EoS ¢t (Eqs. 5 and 6). We take these values
of KS0 and G0 to be representative of those of the
fully-dense, crack-free material, and use these
data for comparison with the results of previous
studies and in calculations of the properties of
mineralogical assemblages for the lower mantle
(see below).
In Table 2, we compare our new data with

those obtained from previous ultrasonic studies
of (Mg,Fe)O single crystals [6] and polycrystalline
specimens [4]. Within the mutual uncertainties,

Fig. 6. (A and B) Calculated longitudinal and shear elastic
moduli of (Mg0:83,Fe0:17)O as a function of V0/V at pres-
sures. The open circles (P^V data) represent the moduli cal-
culated through Eq. 1 using the specimen lengths converted
from X-ray di¡raction data. The solid circles represent the
moduli calculated through Eq. 2 using the specimen lengths
observed from the X-radiographic imaging technique. The
long dashed lines represent the ¢nite-strain ¢ts using Eqs. 3
and 4.
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our KS0 and G0 data for (Mg0:83,Fe0:17)O agree
with the values determined in the single-crystal
study of Jacobsen et al. [6] and for the polycrys-
talline specimen of Jackson et al. [9] for the com-
position with V15% FeO.
When our data are compared with those for

MgO [31] (Table 2), it is clear that KS0 is insensi-
tive to the addition of 17 mol% FeO in ferroper-
iclase, but G0 is reduced by V14%. The value of
KS0P for our specimen of ferropericlase is consid-
ered to be identical with that for pure MgO [31].
This insensitivity of KS0P to the FeO content is
consistent with an earlier report of Bonczar and
Graham [5] for data with less than 30 mol% FeO,
observed at low pressure (0.5 GPa).
By contrast with the behavior observed for

KS0P, the pressure derivative of the shear modulus
(G0P) is very sensitive to the substitution of FeO in
ferropericlase, decreasing by 24% with the addi-
tion of 17 mol% FeO. This behavior recalls the
strong dependence of G0 on the FeO content ¢rst
observed by Jackson et al. [4], in (Mg,Fe)O poly-
crystalline specimens, and later con¢rmed by Ja-
cobsen et al.’s single-crystal data [6]. Further-
more, in their study of wu«stite, Jackson et al.
[32] measured G0P=1.7, which suggested that ad-
dition of FeO would markedly reduce the pressure
derivative of G in ferropericlase.

5. Discussion and summary

Some further insight into the behavior of the
elastic properties in the (Mg,Fe)O solid solution

series can be obtained by utilizing the recent sin-
gle-crystal data of Jacobsen et al. [6]. Although
this study demonstrated that the individual elastic
moduli Cij (C11, C12, C44 for the cubic symmetry)
exhibited a di¡erent compositional dependence
(e.g. C11 decreases, while C12 increases), the bulk
modulus, calculated using KS = (C11+2C12)/3, is
independent of the Fe content for compositions
with less than 25 mol% FeO. On the other
hand, the two independent shear modes (C44
and CP= (C113C12)/2) both decrease with increas-
ing Fe content, resulting in a strong reduction in
the shear modulus, as observed in Jacobsen et al.
(¢gure 10 in [6]). A similar behavior was observed
by Jackson et al. [32] for the pressure derivatives
of the elastic moduli (CijP) of wu«stite, suggesting
that Fe has a pronounced e¡ect on GP but little
e¡ect on KSP. As a result, we suggest that the Fe
content in the ferropericlase phase within the
mantle composition (from V10 to 20 mol%)
may have little e¡ect on compressional properties
(KS and KSP), but strong e¡ect on shear mode
properties (G and GP).
Previous authors have shown that the pyrolite

compositional model gives acceptable agreement
with seismic pro¢les for the Earth’s lower mantle,
using measured or assumed values of the ther-
moelastic properties of MgSiO3 perovskite and
(Mg,Fe)O ferropericlase, with reasonable temper-
atures as starting point (foot) for the mantle adia-
bat (1600V1700 K). In this section, we illustrate
the impact of our new data for ferropericlase on
calculations of this type.
As a result of the observed behavior of K0 and

K0P, the density (b) and seismic parameter
(B=KS/b=V2P34/3V

2
S) pro¢les at lower mantle

conditions calculated from the current (Mg,Fe)O
data would not vary from those calculated using
K0 and K0P from MgO, as has been done in pre-
vious studies (e.g. Jackson [33]). This assumes that
the temperature e¡ect on the end-member and Fe-
bearing phases for bulk modulus is the same,
which is justi¢ed based on the experimental evi-
dence from the studies of equation of state of
(Mg,Fe)O with higher Fe content (up to 40 mol%)
[8,9]. Our calculations of bulk moduli also ignore
any variation of the Fe partitioning between the
perovskite and ferropericlase phases with depth

Table 2
Comparison of the elasticity of (Mg,Fe)O and MgO

KS G KSP GP

GPa

(Mg0:83,Fe0:17)Othis study, K533
X-ray data 165.6(12) 112.5(2) 4.14(20) 1.88(5)
Image data 165.6(12) 112.5(2) 4.20(20) 1.90(6)
(Mg0:85,Fe0:15O
[4] 168(4) 109(1)
[6] 166(3) 109(2)
MgO
[31] 162.5 130.0 4.13 2.5
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[1,3] ; recent modelling by Kiefer et al. [34] indi-
cates that the bulk moduli of (Mg,Fe)SiO3 perov-
skite depend only weakly on Fe content. In con-
trast, for modelling the shear properties of lower
mantle mineral assemblages, the situation is com-
plicated by the strong dependence of G0 and G0P
for ferropericlase on Fe content; the ¢rst-principle
calculation of Kiefer et al. [34] suggests that the
Fe content also reduces slightly the shear modulus
of (Mg,Fe)SiO3 perovskite. In this circumstance,
the Mg/Fe partitioning between Mg-rich perov-
skite and ferropericlase phases needs to be taken
into account in the calculation of S wave proper-
ties of the lower mantle.
Based on previous experiments [2,3],

(Mg0:83,Fe0:17)O would be a probable composition
for ferropericlase at the top of the lower mantle.
Here, to illustrate the implication of these results,
we compare the sound velocities of a pyrolite
mantle at 660 km depth using: (a) MgO data
[31] for the ferropericlase phase; and (b) the prop-
erties measured in this study for (Mg0:83,Fe0:17)O.
In both cases, we assume that the temperature
derivatives are identical ; the lack of experimental
data necessitates this approach. We ¢nd that the
P, S wave velocities calculated for depths just be-
low the 660 km for a pyrolite composition are
lowered by 0.8 and 2.3%, respectively, because
of the e¡ect of iron in the ferropericlase phase.
The consequence of these new calculations based
on our data is that the magnitude of the calcu-
lated velocity jumps across 660 km is reduced by
V11% for P wave and V20% for S wave, if this
discontinuity is considered as a phase transforma-
tion boundary only (ringwooditeCperovskite+
ferropericlase).
This study has demonstrated the importance of

Fe e¡ect on the elastic properties of the lower
mantle mineralogical phase assemblages. This is
especially critical in modelling the shear elastic
properties using the ferropericlase phase, even
though this phase occupies only V20% by vol-
ume in a pyrolite lower mantle. Moreover, the
shear mode properties may serve as a better ‘am-
pli¢er’ to distinguish the competing compositional
models of the lower mantle because they are sen-
sitive to the Fe content (this study, [34]). To more
fully test these competing models, further investi-

gations of the temperature dependence of the elas-
ticity of (Mg,Fe)O and the compositional substi-
tutions (i.e. Al and Fe) in the Mg-rich perovskite
phase will give better constraints on the composi-
tion of the lower mantle.
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