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1. Theory

1.1.Energy comparison

The Gibbs free energy of a system with fixed configuration consists of an enthalpy term
H and an entropy term 7, where S is a sum of vibrational and magnetic contribution. For
each iron, the magnetic entropy Sma,=kgln[m(25+1)], where m is the degeneracy and § is the
spin momentum number. In both A- and B-sites of the Pv and pPv structures, Sy = kgln6
regardless of HS or LS'. Therefore, we don’t consider the difference in magnetic entropy
between different magnetic configurations. Assuming similar vibrational entropy (Tsuchiya
et al., 2006), we can just compare the enthalpies to obtain stability information.
1.2. Data quality check---supercell size

Both the 2x2x1 supercell for Pv and 3x1x1 supercell for pPv have been used in a number
of previous studies. To confirm that finite-size effects are not an issue for supercells of this
size we computed, we computed elastic and seismic properties using three different pPv

supercells. The results are listed in Table S1, and show excellent agreement.

Table S1

Elastic and seismic properties of MgSiOs pPv at 125 GPa and 3500 K calculated with different supercell
sizes. The values in parenthesis are the error on the last digit of the corresponding values.

supercell K°[GPa] G[GPa] Vplkm/s]  V,km/s]  V, [km/s]
3x1x1" 645(8) 298(7) 10.95(7) 7.45(8) 13.92(8)
4x1x1? 644(9) 301(8) 10.94(8)  7.48(10)  13.94(10)
4x2x2% 644(4) 291(4) 10.95(4) 7.36(5) 13.86(5)

*: ¢/a=2.459, b/a=3.244, p=5373 kg/m’
#: c/a =2.471, b/a =3.261, p=5378 kg/m’
&: c/a =2.477, b/a =3.268, p=5365 kg/m’

"For ferric iron, the spin momentum S(HS)=5/2 and S(LS)=1/2; the orbit degeneracy
m(HS)=1 and m(LS)=3, regardless of A (dodecahedral) or B (octahedral) site. Therefore, the
magnetic entropy Smag(HS)= kgln[1x(2x5/2+1)]= kgln6; Spag(LS)= kgln[3x(2x1/2+1)]= kgln6.



1.3. Data quality check---k-mesh

To test convergence with respect to k-point sampling we compare the elastic and seismic
properties of MgSiOs; pPv calculated using four different Monkhorst-Pack k-meshes
(Monkhorst and Pack, 1976) in the NVT stage (Table S2). A separate test using a denser k-
mesh at the NPT and I'-point at the NVT stage is compared with the I'-only calculations for

pPv at 125 GPa and 2500K (Table S3).

Table S2

Elastic and seismic properties of MgSiOs pPv at 125 GPa and 3500 K calculated with the 3x1x1 supercell
and different k-meshes during NVT. The values in parenthesis are the error on the last digit of the
corresponding values.

k-mesh K°[GPa] G[GPa] Vylkm/s]  V,[km/s] V, [km/s]

I -only 645(8) 298(7) 10.95(7) 7.45(8) 13.92(8)

2x2x2 667(10) 284(8) 11.14(9) 7.27(10)  13.95(10)

3x3x3 626(12) 292(9) 10.79(11)  7.37(11)  13.74(12)

AxAx4 641(14) 292(11) 10.92(12) 7.37(14)  13.84(13)
Table S3

Elastic and seismic properties of MgSiOs pPv at 125 GPa and 2500 K calculated with the 3x1x1 supercell
and different k-meshes during NPT and I'-only during NVT. The values in parenthesis are the error on
the last digit of the corresponding values.

k-mesh K°[GPa] G[GPa] Vylkm/s] V.[km/s] V, [km/s]
r —only* 655(7) 315(5) 10.97(6) 7.61(6) 14.05(6)
2x2x2" 668(7) 318(5) 11.09(6) 7.65(6) 14.17(7)

*: ¢/a=2.463, b/a=3.246, p=5444 kg/m’; #: ¢/a =2.464, b/a =3.247, p=5438 kg/m’

1.4. Data quality check---DFT+U for better accounting the correlation effects

We performed DFT+U calculations for a Fe’*-bearing Pv structure (fepv6) with one
Fe-Fe pair taking an A (HS) and a B (LS) site, respectively, in the unit cell, at 125 GPa and
2500K. The results (Table S4) show remarkable consistency with standard LDA calculations

on sound velocities and seismic properties.



Table S4

Comparison on elastic constants, bulk and shear moduli, sound velocities, and transverse isotropy at
different slip planes of (Mgi-xFex)(Si1-«Fex) 03, x=6.25% (fepv6) at 100 GPa and 2500 K calculated by LDA
and four different types of LDA+U: NVT only, both NPT and NVT (relax), same U for Fe at A and B sites,
different U for Fe at A and B sites. The values in parenthesis are the error on the last digit of the
corresponding values.

LDA+U LDA+U-  LDA+U-relax®

Fepve, LDA+U (U1=6, relax” (U1=6,
HS-LS LDA™ (U=6) U2=4.8) (U=6) U2=4.8)
p [kg/m’] 5300 5300 5300 5300 5296
C11[GPa] 752(29)  732(38) 729(38) 689(31) 749(34)
C22[GPa] 958(37)  957(33) 955(31) 901(30) 1040(29)
C33[GPa] 894(22)  895(27) 895(27) 922(31) 842(38)
C12[GPa] 482(11)  485(11) 480(11) 507(11) 492(10)
C13[GPa] 361(10)  364(11) 363(11) 358(10) 350(11)
C23[GPa] 362(10)  366(10) 370(10) 407(10) 352(10)
C44[GPa] 268(19)  270(20) 271(19) 277(17) 282(21)
C55[GPa] 226(17)  220(13) 220(13) 221(23) 209(14)
C66[GPa] 289(24)  293(26) 287(28) 244(30) 258(24)
K[GPa] 558(10)  557(11) 557(11) 562(10) 558(11)
G[GPa] 250(8) 248(9) 247(9) 231(10) 246(9)
Vs [km/s] 10.26(9) 10.26(10) 10.25(10)  10.30(10) 10.27(10)
V. [km/s] 6.87(11) 6.84(12)  6.82(12) 6.61(14) 6.81(12)
v, [km/s] 12.97(11) 12.95(11) 12.93(11)  12.82(12) 12.93(11)
£(001) 0.96(8) 0.96(8) 0.95(8) 0.78(8) 0.93(8)
£(100) 1.07(8) 1.07(7) 1.08(8) 1.14(11) 1.23(9)
£(010) 0.82(6) 0.79(7) 0.80(7) 0.85(7) 0.80(7)

*:2¢/3a=0.968, b/a=1.055; #: 2¢/3a=0.968, b/a=1.055; &: 2¢/3a=0.968, b/a=1.054
1.5. Data quality check

The statistical average of the 6 stress components and their convergence with the length of
the NVT-MD simulations are illustrated in Fig. S1. Good convergence is typically reached in
5 ps.

The elastic constants derived from different stress-strain relations are compared in Fig. S2.
The consistence shows the reliability of the calculated elastic constants based on our choice

of strain € = +£0.5% and good linearity at such small strains.
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Fig. S1 (color online). The statistical average of the six stress components calculated as functions of the
length of the molecular-dynamic simulations.
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Fig. S2 (color online). Comparison on elastic constants (Css on the left and Css on the right, for
(Mgo.92Feo.08) (Sio.o2Alo.08) 03 at 125 GPa and 2500 K) as calculated by assuming linear or quadratic stress-
strain relations. Using the small strains chosen here (0.5%), the linearity is evident.



1.6. Pressure correction

We start from the ambient-condition volume of MgSiO; perovskite from the experiments
of Fiquet et al. (2000) and Shieh et al. (2006) and estimate? the true unit cell volume at 7=0 K
to be 161.8~162.8 A’. LDA calculations with the volume of the MgSiOj; perovskite cell fixed
at these values return pressures P-?*=-3.5~-5.0 GPa. Therefore, we choose AP = +4.0 GPa
as a rigid shift to the calculated pressures to reconcile the methodological underestimation,
and assume it is independent of mineral phases in this study. This choice is consistent with
the inadequate value (1.9 GPa) suggested in Zhang et al. (2013) and similar to the finding in

recent Quantum Monte Carlo calculations (Lin et al., 2014).

Table S5

Comparison between the elastic and seismic properties of different minerals calculated using the Voigt
(V) and the Voigt-Reuss-Hill (VRH) scheme at 125 GPa and 2500 K. Density, moduli, and velocities are in
units of kg/ms3, GPa, and km/s, respectively.

S - V- - V,y-
P KVS E\\//RH Gy GGV\;H V¢'V V(Z\’/‘;H Vv II;::\YRH Vp'v V:;;/RH

Pv MgSiO; 5367  673(6) 6 288(5) 5 11.20(5)  0.05 7.32(7) 0.06 14.03(6) 0.08
(Mg1.4Fe,)(Si1xAl)Os x=6.25% 5451  655(7) 5 270(6) 2 10.96(6) 0.04 7.04(7) 0.03 13.65(7) 0.06
(Mgy14Fe,)(SiiiFe,)0s  x=6.25% 5541  664(7) 4 285(6) 4 10.95(6) 0.04 7.17(7) 0.05 13.72(7) 0.06
(Mg1.4Fe,)(Si1xAl)Os x=12.5% 5544  658(7) 3 263(5) 6 10.89(6) 0.02 6.89(7) 0.07 13.49(7) 0.07
(Mg1.Fe,)(SitxFe)0s  x=12.5% 5713  678(8) 6 266(7) 5 10.89(6) 0.04  6.82(10) 0.07 13.44(8) 0.08
pPv MgSiO; 5444  655(7) 5 315(5) 9 10.97(6)  0.04 7.61(6) 0.11 14.05(6) 0.11
(Mg1.4Fe,)(Si1Al)O; x=8.3% 5558  665(7) 1 289(6) 11 10.94(6)  0.01 7.21(8) 0.14 13.75(7) 0.11
(Mg14Fe,)(Sii Fe,)0;  x=8.3% 5674  668(7) 2 299(5) 11 10.85(6)  0.02 7.26(6) 0.13 13.71(6) 0.11
(Mg1.4Fe,)(Si1Al)O; x=16.7% 5670  676(7) 1 308(5) 10 10.92(5)  0.01 7.37(6) 0.12 13.84(6) 0.09
(Mg14Fe,)(SiiFe,)0;  x=16.7% 5902  657(8) 3 268(6) 10 10.55(6)  0.02 6.75(8) 0.14 13.12(7) 0.11

1.7. Averaging schemes
We used the Voigt scheme for estimating the polycrystal bulk and shear moduli K and G

from Cj;’s, for each mineral. However, it is worth noting that, the difference using the Voigt-

2 (VRT __3009InV __ (300
fVO dinV = [, — dT = |

2x1075 K~ (Lin et al., 2014), we get Vo = Ver/ exp [300x

a(T)dT, assuming a(T) = AT with a(T = 300 K) =
a(T=300 K)] — 0.997V
-_ . RT-



Reuss-Hill (VRH) scheme is negligible for Pv; but the difference on G, V, and ¥}, are evident
for pPv, as shown in Table S5. We also find that the differences increase with pressure, but
are barely dependent on temperature.
2. Benchmarking

We have compared the structure of pure MgSiO; perovskite (Pv) and post-perovskite
(pPv) with previous reports, including both experiments and theory. The calculated
compression behavior for Pv and pPv are shown in Fig. S3. Comparing with experiments, the
agreement is good for both Pv and pPv. We also fit the pressure-density data to Vinet and to
3"_order Birch Murnaghan equation of states (EoS), and obtain consistent values for ambient
density and bulk modulus for Pv. For pPv, the agreement is fair for lacking of data at low
pressures because we are focusing on the high-pressure region that is geophysically

interesting.
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Fig. S3 (color online). The pressure-density relation of Pv and pPv from current calculation (dark squares) and
equation-of-state (EoS) fits (red solid line for Vinet, blue dashed line for 3"%order Birch-Murnaghan) along four
different isotherms 0, 1500, 2500, and 3500K, in comparison with experimental measurements. The theoretical
pressures have been uniformly uplifted by AP=4.0 GPa to account for the deficiency of LDA in underestimating
the pressure. The EoS parameters are from fitting the original data (without pressure shift), in order to avoid
error accumulation.

In order to gain a better understanding of our calculation results, we look deeper into the
structures from our molecular dynamic (MD) simulations in the NPT ensemble by comparing
the axial ratio with more previous works. The results for both Pv and pPv have been

summarized in Fig. S4. As we can see, the agreement in lattice constants is not always good.



Specifically, the axial ratios at 0 K are higher than that extrapolated from high-temperature
simulations by ~0.65% for pPv and a smaller amount for Pv; for pPv, the calculated b/a and
c/a are 0.6% smaller than the experiment by Komabayashi et al. (2008) at high temperature;
for Pv, the calculated b/a is larger at high temperature by 1% than that from Komabayashi et
al. (2008), and 2¢/3a smaller by 0.5% at ambient temperature. On the other hand, our
calculation is in good agreement with previous calculations by Zhang et al. (2013) on Pv and
Tsuchiya et al. (2004) and Stackhouse et al. (2007) on pPv, as well as some high-T
experiments by Tange et al. (2012) on Pv and low-T measurements by Komabayashi et al.
(2008). Looking into the discontinuity at 0 K, we found that it is mainly induced by the
denser £ mesh implemented in the static calculations. If using I'-point only, the axial ratios
become smooth functions of temperature. This indicates that the pPv structures that we
obtained from I'-point only MD simulations intrinsically embrace some amount of strain
(<1%), which could result in changes in the elastic coefficients and moduli by about 10 GPa.
This, however, is of the same order of magnitude as the uncertainty of these quantities from
our calculation, and is the best we can do for now, considering the prone-to-instability NPT

simulations and general expensiveness of MD calculations.
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Fig. S4 (color online). The axial ratios of MgSiO3 Pv and pPv as a function of temperature, in comparison to
previous theoretical and experimental reports. AP denotes the pressure correction on our LDA calculations.

We further benchmark the bulk modulus of iron-bearing MgSiOs. Fig. S5 compares on our

calculation with experimental values (from Dorfmann and Duffy, 2014) at two pressures (80

and 125 GPa). Note that both theoretical and experimental data have high (generally over 10

GPa) uncertainty. The overall consistency at 300 K is good, although the confidence level of

our results at 300 K is lower than at high temperatures (1500-3500 K), at which the current

thermoelasticity study has been carried out. For Fe’*-Fe’" bearing Pv at 80 GPa, the only

available experimental data point does not agree with our calculation, future experimental

measurements are required

to resolve this.
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Fig. S5 (color online). The bulk modulus of iron-bearing MgSiO; Pv and pPv as a function of iron content.
Green, red, and pink represent Fe*', Fe’'-Fe¥', and Fe*'-Ar" bearing systems, respectively. Our data
extrapolated to 300 K for Pv (dashed lines) and pPv (dotted lines) are compared with experimental results
(shown in the legend, data are from Figs. 2 and 4 in Dorfman and Duffy, 2014). Uncertainties are generally over
10 GPa and are not shown for clarity.

3. Data

Fig. S6 shows the calculated elastic constants as functions of pressure for pure MgSiOs Pv
and pPv. The agreement with a recent calculation on Pv reconfirms the reliability of present
calculations. The temperature derivatives of elastic constants of pPv at 125 GPa are
summarized in Table S6, comparing with previous studies and that of Pv. The fit parameters
(using Eq. (2) in the main context) for C; are summarized in Table S7. Detailed lists of the
density, elasticity, and seismic properties for ferrous iron bearing Pv and pPv can be found in
the Table S8; the data for ferric iron bearing Pv and pPv are listed in the file

Ferric_iron_bearing MgSiO3.csv.
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The shear wave anisotropy of pure and Fe/Al-bearing Pv and pPv as functions of pressure
and temperature are summarized in Figs. S7-8. The transverse isotropy & =Vsy™/Vsy® for
different Pv and pPv phases as functions of pressure is shown in Fig. S9. The transverse
isotropy of single-crystal and textured pPv phases are compared as functions of pressure in
Fig. S10.

4. Discussion on Variations in the D"’

For variations in velocity and density in the lowermost mantle, the reader is referred to,
e.g., Lekic et al. (2012), Ishii and Tromp (1999), Simmons et al. (2010). This could reflect

significant thermal and compositional variations (e.g. Trampert et al., 2004).
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Fig. S7 (color online). The shear anisotropy of pure and Fe/Al-bearing Pv as a function of pressure along three
isotherms relevant to the Earth’s lower mantle temperature. Blue, green, and red lines correspond to shear
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isotherms relevant to the Earth’s lower mantle temperature. Blue, green, and red lines correspond to shear
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Fig. S9 (color online). The transverse isotropy for different single-crystal Pv and pPv phases at
T=2500K. The errorbar is about 0.1. Red down triangles, blue up triangles, and green spheres denote
split planes (001), (010), and (100), respectively.
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Table S6

Temperature derivative of adiabatic elastic constants (in units of GPa/K) of pure and Fe/Al-bearing pPv
and Pv at 125 GPa. The numbers in parenthesis are the uncertainties on the last digit of the value. SB07
and RWO06 denote previous calculations by Stackhouse and Brodholt (2007) and Wentzcovitch, et al.

(2006), respectively.

Name dc11/dT dc22/dT dC33/dT dc12/dT dc13/dT dc23/dT dc44/dT dC55/dT dcee/dT
pPv MgSiO3  -0.037(13) -0.039(15) -0.038(14) 0.009(9)  -0.018(9)  -0.013(8)  -0.005(8) -0.024(6) -0.025(9)
(Mgy..Fe,)(Si1<Fe,)0s x=8.3%  -0.045(16) -0.033(14) -0.067(15) -0.005(10) 0.010(10) -0.006(10)  0.015(13) -0.011(7) -0.042(10)
x=16.7% -0.052(18) -0.039(12) -0.067(13) -0.030(10) -0.011(10) -0.014(10) -0.003(14) -0.027(6) -0.037(9)
(Mg1..Fe,)(SizAl)Os x=8.3%  -0.027(12) -0.009(16) -0.056(15)  0.012(9)  0.012(10) -0.011(11) -0.013(10) -0.026(9) -0.038(11)
x=16.7% -0.034(14) -0.036(15) -0.046(13) -0.006(8)  -0.009(9)  -0.021(8)  0.009(9)  -0.027(6) -0.026(10)

MgSiOs, pPv SBO7 -0.046 -0.024 -0.046 -0.005 -0.003 -0.003 -0.012 -0.014 -0.029

MgSiOs, pPv RWO06 -0.083 -0.037 -0.069 0.001 0.022 -0.005 -0.011 -0.028 -0.045
Pv MgSiO3  -0.039(11) -0.040(11) -0.029(11) -0.008(9)  -0.006(9)  0.007(9)  -0.025(6)  0.003(4)  -0.009(9)
(Mgl1-xFex)(Sil-xFex)03  x=6.25% -0.024(17) -0.068(14) -0.049(15) 0.001(10) -0.003(10) 0.002(10)  -0.020(8)  0.000(6)  -0.017(9)
x=12.5% -0.035(17) -0.065(20) -0.020(17) 0.003(12) -0.013(12) 0.010(12) -0.026(12) 0.012(9) -0.036(12)
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Mgl-xFex)(Si1-xAlx)03  x=6.25%
(Mg ) )

x=12.5%

-0.029(12)
-0.060(11)

-0.057(15)
-0.053(13)

-0.050(14)
-0.035(13)

-0.004(9)
0.006(8)

-0.010(9)
-0.006(9)

-0.005(10)
-0.006(10)

-0.035(6)
-0.013(7)

-0.019(5)
-0.018(6)

-0.033(9)
-0.032(9)

Table S7

Fitting parameters (corresponding to Eq. (2) in the main text) for the elastic constants of Fe/Al-bearing
Pv and pPv. k and b are in units of 1/K, GPa/K, 1, and GPa for Ao, A1, Az, and A3, respectively.

Name AO0-k AO0-b Al-k Al-b A2-k A2-b A3-k A3-b
(Mg1.4Fe,)(Sii«Fe,)0; Pv
c11 5.44E-03 -2.12E-04  -5.39E-01 -1.25E-02 1.86E-02 6.27E+00 4.28E-01  5.64E+02
c12 3.77E-03  -1.25E-04 -3.76E-01  9.70E-03 1.41E-02 4.72E+00 3.42E-01 4.26E+02
ca4 -1.90E-03  1.06E-04  1.08E-01 -2.75E-02 1.04E-02 3.90E+00 2.37E-01 3.57E+02
c22 -5.40E-03  5.23E-04  3.96E-01 -9.40E-02 1.78E-02 6.72E+00 4.39E-01  6.20E+02
c13 1.01E-03 -9.98E-05 -1.78E-01  1.25E-02 1.40E-02 4.50E+00 3.25E-01  4.08E+02
C55 -9.69E-04  2.04E-04  1.50E-01 -2.56E-02 7.73E-03 2.78E+00 1.69E-01 2.45E+02
c33 5.82E-03  8.35E-05 -5.36E-01 -5.95E-02 1.87E-02 6.16E+00 4.33E-01  5.84E+02
c23 -2.02E-03  2.76E-04  1.72E-01 -2.06E-02 1.35E-02 4.69E+00 3.35E-01 4.21E+02
C66 1.32E-03 -1.16E-05 -2.15E-01 -1.85E-02 1.29E-02 4.25E+00 3.02E-01  3.71E+02
(Mg1.4Fe,)(Si1Al,) O3 Pv
c11 9.76E-04 -1.92E-04 -2.44E-01 -1.31E-02 1.83E-02 5.57E+00 4.21E-01  5.26E+02
c12 3.77E-03  -3.09E-05 -4.08E-01 -5.51E-03 1.39E-02 4.22E+00 3.37E-01  3.95E+02
ca4 1.43E-03  2.34E-05 -1.98E-01 -2.33E-02 1.02E-02 3.47E+00 2.33E-01  3.32E+02
c22 -3.59E-03  4.34E-04  1.37E-01 -8.49E-02 1.756-02 5.58E+00 4.28E-01 5.17E+02
c13 1.84E-03 -2.07E-04 -1.68E-01  2.28E-02 1.38E-02 4.01E+00 3.21E-01  3.72E+02
C55 -1.88E-03  1.52E-04  7.30E-02 -2.09E-02 7.60E-03 2.48E+00 1.65E-01 2.42E+02
c33 3.01E-03  1.41E-04 -3.74E-01 -6.29E-02 1.87E-02 5.61E+00 4.33E-01  5.24E+02
c23 -3.81E-03  2.81E-04  3.18E-01 -1.82E-02 1.35E-02 4.35E+00 3.34E-01 3.85E+02
C66 -7.65E-04 -5.80E-05  2.04E-02 -1.57E-02 1.27E-02 3.99E+00 2.98E-01 3.59E+02
(Mg;.4Fe,)(Sii«Fe,)O; pPv
c11 9.31E-03 -7.986-04 -1.28E+00  7.05E-02 4.35E-02 8.69E+00 7.61E-01  1.08E+03
c12 -4.70E-03  2.67E-04  4.16E-01 -2.33E-02 3.29E-02 6.44E+00 5.73E-01 8.11E+02
ca4 4.34E-03 -3.71E-05 -5.63E-01 -7.15E-03 2.78E-02 7.24E+00 4.95E-01  9.03E+02
c22 -4.70E-03  5.31E-04  5.06E-01 -9.89E-02 4.30E-02 7.34E+00 7.76E-01 9.09E+02
c13 5.05E-03 -6.66E-04 -6.16E-01  7.50E-02 3.12E-02 6.02E+00 5.46E-01  7.50E+02
C55 -4.16E-03  2.23E-04  4.94E-01 -4.51E-02 2.21E-02 3.90E+00 3.59E-01 4.87E+02
c33 -4.64E-03  3.79E-04  3.43E-01 -7.71E-02 4.40E-02 7.05E+00 7.16E-01 8.94E+02
c23 -5.86E-03  6.41E-04  6.95E-01 -8.29E-02 3.28E-02 5.61E+00 5.68E-01 6.90E+02
C66 -1.47E-03 -6.14E-05  8.75E-02 -1.70E-02 2.99E-02 5.27E+00 4.96E-01 6.74E+02
(Mg1.4Fe,)(Si1Al,)Os pPv
c11 3.70E-03 -6.37E-04 -5.92E-01  5.05E-02 4.22E-02 7.12E+00 7.41E-01  9.10E+02
c12 -5.42E-03  4.62E-04  6.28E-01 -5.18E-02 3.13E-02 5.31E+00 5.51E-01 6.59E+02
ca4 3.72E-04 -1.39E-04 -1.23E-02  1.60E-03 2.67E-02 4.65E+00 4.79E-01  5.89E+02
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C22 -3.69E-03 4.45E-04 4.03E-01 -8.90E-02 4.18E-02 7.98E+00 7.48E-01 1.00E+03

C13 8.26E-03  -7.81E-04 -8.94E-01 8.64E-02 3.01E-02 4.90E+00 5.30E-01 6.25E+02

C55 -8.33E-04 6.38E-05 1.01E-01 -2.46E-02  2.22E-02 3.94E+00 3.60E-01 5.09E+02

C33 -2.40E-03 8.96E-04 1.79E-01 -1.46E-01 4.34E-02 7.64E+00 7.06E-01 9.64E+02

c23 -2.12E-03 4.01E-04 2.99E-01 -4.93E-02 3.25E-02 5.97E+00 5.68E-01 7.41E+02

C66 2.80E-03  -9.25E-06 -4.08E-01 -2.23E-02  2.95E-02 5.28E+00 4.95E-01 6.73E+02
Table S8

Density and adiabatic elastic and seismic properties for Fe2+ bearing Pv and pPv at different P, T
conditions. The values in parenthesis denote the error.

TIK] 2000 4000 2000 4000
P[GPa] 100 100 136 136
(Mgo.75Fe0.25)Si03 Pv

p [ke/m’] 5532 5375 5857 5717
C11[GPa] 822.44(5.24) 720.84(10.79) 940.29(9.03) 894.72(13.27)
C22[GPa] 980.51(9.62) 849.01(15.85) 1151.59(7.65) 1020.73(14.10)
C33[GPa] 941.25(9.94) 827.20(23.95) 1137.57(8.82) 1039.02(20.41)
C12[GPa] 485.55(6.59) 451.07(13.69) 608.64(5.95) 618.63(10.31)
C13[GPa] 399.96(7.71) 411.66(15.42) 489.99(6.78) 475.96(16.25)
C23[GPa] 438.51(7.20) 425.31(11.32) 532.45(8.07) 531.07(9.76)
C44[GPa] 291.27(3.62) 241.62(0.69) 327.59(3.34) 280.81(9.62)
C55[GPa] 236.50(4.30) 213.65(3.93) 258.31(2.17) 241.40(5.85)
C66[GPa] 241.19(8.20) 218.16(14.42) 307.84(9.06) 245.27(11.85)
K’[GPa] 599.14(3.22) 552.57(6.24) 721.29(3.15) 689.53(5.72)
G[GPa] 248.47(2.37) 208.62(3.95) 285.31(2.35) 242.08(4.03)
Vplkm/s] 10.41(0.03) 10.14(0.06) 11.10(0.02) 10.98(0.05)
V,[km/s] 6.70(0.03) 6.23(0.06) 6.98(0.03) 6.51(0.05)
V,[km/s] 12.97(0.03) 12.43(0.06) 13.71(0.03) 13.31(0.05)
(Mgo.75Fe0.25)Si03 pPv

p [ke/m’] 5614 5454 5945 5800
C11[GPa] 1071.27(4.81) 999.04(16.22) 1250.32(8.97) 1166.04(12.87)
C22[GPa] 820.66(4.40) 765.46(11.81) 973.85(5.40) 874.94(12.25)
C33[GPa] 1055.93(7.48) 946.37(13.96) 1276.18(11.76) 1135.09(20.23)
C12[GPa] 398.56(6.17) 413.88(18.63) 529.23(7.49) 515.19(16.74)
C13[GPa] 344.47(7.04) 339.45(17.38) 407.95(11.61) 417.84(14.29)
C23[GPa] 443.23(6.29) 431.01(10.83) 550.59(5.01) 541.41(11.94)
C44[GPa] 218.69(5.21) 197.70(18.36) 266.10(6.82) 238.97(9.00)
C55[GPa] 212.15(3.64 180.59(7.17 249.92(3.38 212.20(5.61
C66[GPa] 300.23(6.68) 276.82(11.35) 388.37(5.87) 325.26(9.51)
K’[GPa] 591.15(2.74) 564.39(6.72) 719.54(3.70) 680.55(6.32)
G[GPa] 263.65(2.10) 232.79(5.17) 315.05(2.40) 268.73(3.76)
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Vy[km/s] 10.26(0.02) 10.17(0.06) 11.00(0.03) 10.83(0.05)

V[km/s] 6.85(0.03) 6.53(0.07) 7.28(0.03) 6.81(0.05)
V,[km/s] 12.96(0.03) 12.66(0.07) 13.85(0.03) 13.38(0.05)
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