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Lattice thermal conductivity (k) of MgSiO; postperovskite (MgPPv) under the Earth’s lower mantle high
pressure-temperature conditions is studied using the phonon quasiparticle approach by combing ab initio molec-
ular dynamics and lattice dynamics simulations. Phonon lifetimes are extracted from the phonon quasiparticle
calculations, and the phonon group velocities are computed from the anharmonic phonon dispersions, which, in
principle, capture full anharmonicity. It is found that throughout the lowermost mantle, including the D” region,
kit Of MgPPv is ~25% larger than that of MgSiO; perovskite (MgPv), mainly due to MgPPv’s higher phonon
velocities. Such a difference in phonon velocities between the two phases originates in the MgPPv’s relatively
smaller primitive cell. Systematic results of temperature and pressure dependences of both MgPPv’s and MgPv’s

K12 are demonstrated.

DOLI: 10.1103/PhysRevB.103.144103

I. INTRODUCTION

The Earth’s lower mantle (LM) extends from 670 to
2890 km in depth, corresponding to 55 vol% of the Earth’s
whole interior. The core-mantle boundary (CMB) located at
2890 km depth is the interface between the rocky LM and
the molten metallic core. Upwelling heat is transported by
thermal conduction across the CMB where mass transport is
impeded [1]. Lattice thermal conductivity (xj,) of LM min-
erals is fundamental to determine CMB heat flow [2] that
controls thermal histories of the mantle and core. It is also crit-
ical for understanding the dominance of thermal conduction
and thermal convection above the CMB. MgSiO; perovskite
(MgPv), the most abundant mineral in the LM, also known as
bridgmanite, undergoes a phase transition to MgSiO3 postper-
ovskite (MgPPv) above 125 GPa and 2500 K [3-5]. Therefore,
MgPPv is believed to be the most abundant mineral in the
lowermost mantle, the D” region. With a stacked SiOg octa-
hedral layered structure, MgPPv appears anisotropic and is
believed to be a reasonable explanation for the D” seismic
discontinuity with wide topography [3—5]. Investigation of the
thermal conductive and thermoelastic properties of MgPPv is
essential for understanding the dynamics in the Earth’s deep
interior.

Reports on «j,; of MgPPv are scarce. Under the LM
conditions, i.e., 23 < P < 135 GPa and 2000 < T < 4000 K
[6,7], experimental measurements encounter great difficulties.
Ohta et al. [8] conducted measurements of pure MgPPv’s
Kiae Up to 141 GPa at room temperature. Recently, Okuda
et al. [9] conducted measurements for iron-bearing MgPPv
at temperatures up to 1560 K. However, grain size effects
and iron impurity effects [8,9] introduce large uncertainties in
terms of constraining MgPPVv’s kj,, in the lowermost mantle.
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Ab initio calculations provide an alternative to investigate ky
of crystalline minerals at such extreme conditions. Dekura
and Tsuchiya [10] calculated «j,, of MgPPv up to the CMB
conditions by solving the linearized phonon Boltzmann trans-
port equation. However, the perturbative approach adopted
by Dekura and Tsuchiya [10] only accounts for up to third-
order phonon-phonon scattering processes. Thus, the obtained
phonon lifetimes may be overestimated at high temperatures.

In this study, we report the temperature and pressure de-
pendence of MgPPv’s «j, up to the CMB conditions using
the phonon quasiparticle approach [11,12], a hybrid approach
combining ab initio molecular dynamics (MD) and lattice
dynamics simulations. This approach can address the in-
trinsic anharmonicity of crystalline materials and has been
successfully applied to study anharmonic phonon dispersions
[11-14], anharmonic free energies [11,12], phase transi-
tion [13], and lattice thermal conductivities [15,16] at high
pressure-temperature (P-7T) conditions. The present method-
ology to compute ki, on the basis of the phonon quasiparticle
approach can be summarized in the following five steps. First,
atomic velocities obtained from the ab initio MD simulations
are projected onto the harmonic phonon polarization vectors
obtained using density functional perturbation theory (DFPT)
[17] to compute the mode-projected velocity autocorrelation
functions (VAF). Second, phonon quasiparticle properties,
i.e., renormalized phonon frequencies and phonon lifetimes,
are extracted from the VAF. Third, by constructing the ef-
fective harmonic dynamical matrices from the renormalized
frequencies, anharmonic phonon dispersion throughout the
Brillouin zone (BZ) can be obtained via Fourier interpola-
tion. Fourth, phonon lifetimes on dense, converged q meshes
are evaluated by relying on the frequency dependence of
phonon linewidth, while phonon group velocities at any q
point in the BZ can be calculated by calculating q gradients
of the anharmonic phonon dispersion. Fifth, with phonon
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lifetimes and velocities obtained, ki, is determined within the
Peierls-Boltzmann theory [18,19] that describes heat carried
by phonon quasiparticles.

In principle, the phonon quasiparticle approach captures
anharmonic interactions to infinite orders. Therefore, com-
pared to the conventional perturbative methods [10,20,21]
accounting for up to three-phonon scatterings, the present
approach should yield more reliable phonon lifetimes at high
temperatures where higher-order phonon-phonon scatterings
arise. Besides, by computing anharmonic phonon disper-
sion, the obtained phonon velocities are also temperature-
dependent. Such features are not present in the conventional
perturbative methods to evaluate ki, [10,20,21]. Several other
methods can investigate the anharmonic effects of solids non-
perturbatively [22—25]. The resulting phonon frequencies and
lifetimes can further be used to study ;. Together with the
phonon quasiparticle approach, these methods are expected
to describe lattice thermal conduction more appropriately be-
yond the lowest-order three-phonon scattering processes.

II. METHOD

Phonon-phonon scatterings dominate thermal conduction
in insulating crystalline materials. The total thermal conduc-
tivity is determined by the lattice thermal conductivity, with a
negligible electronic contribution. Within the relaxation-time
approximation (RTA) for the Boltzmann transport equation
[18,19], the lattice thermal conductivity can be calculated as

1
Klat = § ;Cqquslqs, (D

where cq;, Vqs and lqs are phonon heat capacity, group velocity,
and mean free path, respectively, of phonon mode (q, s) with
frequency wyqs. q is the phonon wave vector, and s indexes the
3n phonon branches of an n-atom primitive cell. The mean
free path can further be expressed as lqs = vqsTqs Where 7y is
the phonon lifetime.

In the present phonon quasiparticle approach, a phonon
quasiparticle of normal mode (q, s) is numerically defined by
the mode-projected VAF,

1 T
(Vgs(0) - Vge(1)) = lim ;f Vs Wes (@' +1)dt’,  (2)
T—>00 0

where V(1) = vazl V(t)-edri. €, is the polarized velocity
projected onto the (q, s) mode harmonic phonon polariza-
tion vector, €q,. €4, is determined by the DFPT [17]. V(¢) =
V(V/Mivi(t), ..., /Myvy(t)) is the mass-weighted velocity
with 3N components, where v;(¢)(i = 1, ..., N) is the atomic
velocity simulated by ab initio MD of an N-atom supercell,
and M; is the atomic mass of the i"" atom in the supercell. For
a well-defined phonon quasiparticle, its power spectrum,

2

Gaw) = | [ @) - Vistpeas 3

has a Lorentzian line shape with a single peak at &g, and
a linewidth of 1/(274) [12,26], where &g, is the renormal-
ized frequency, and 74, is the phonon quasiparticle lifetime
of mode (q, s). As reported by previous studies, for a
well-defined phonon quasiparticle, converged quasiparticle

properties, i.e., @q, and 744, can be phenomenologically ex-
tracted by fitting the VAF to the expression [26],

(Vs (0) - Vs (1)) = Ags COS (gt e ™0, )

where Ay is the oscillation amplitude. The obtained 4, can
be used to evaluate the lattice thermal conductivity via Eq. (1)
[15]. &gy are further used to produce anharmonic phonon
dispersion by constructing the effective harmonic dynamical
matrix [11-14],

D(q) = [84]2[&,]". (5)
where the diagonal matrix Qg = diag[@(,, @gy, - - - » Dgay]
contains 5’55 in the diagonal, and [&4] = [€q1, &g, ..., €q3n]
is the matrix containing harmonic polarization vectors. The
effective harmonic force constant matrix, Cb(r), is obtained by
Fourier transforming D(q), where the anharmonic interaction
is effectively captured. Therefore, @y, at any wave vector q'
in the BZ can be obtained by diagonalizing

D(q)=) o), 6)

from which the temperature-dependent anharmonic phonon
dispersions and phonon group velocities, vgs = d@gs/dq, can
be computed.

We conducted ab initio MD simulations using the density-
functional theory-based Vienna ab initio simulation package
(VASP) [27] employing the projected-augmented wave method
[28]. The local density approximation was chosen for the elec-
tron exchange-correlation functional. MgPPv was simulated
with 3x3x2 (180 atoms) supercells with a I k point and a
kinetic energy cutoff of 400 eV. MD simulations were carried
out in the NVT ensemble on a series of volumes (V), 69.42,
63.74, 61.58, 59.71, and 58.07 A3/primitive cell, correspond-
ing to densities (p), 4.80, 5.23, 5.41, 5.58, and 5.74 g/cm3,
respectively, and a series of temperatures between 300 and
4000 K controlled by the Nosé thermostat [29]. Each MD
simulation ran for over 50 ps with a 1 fs time step. Harmonic
phonon polarization vectors were computed by the DFPT
[17]. Throughout the V, T range investigated in this study,
phonon quasiparticles were confirmed to be well defined, and
Eq. (4) was applied to extract the quasiparticle properties.
Similar simulations were also carried out for MgPv with
2x2x2 (160 atoms) supercells [12,15].

III. RESULTS AND DISCUSSION

For a well-defined VAF, reliable &g, 7qs and Ags can be
obtained by least-square fitting as in Eq. (4), using the first
several oscillation periods [12,14], i.e., until the oscillation
amplitude decays to its half maximum. Figure 1 showcases
the VAF of an acoustic phonon mode of MgPPv at 2000 K
and the corresponding fitting curve. The changes in &g, and
74s by conducting the fitting for several more oscillation peri-
ods of the VAF are negligible, indicating the convergence of
quasiparticle properties.

Figure 2(a) shows the phonon linewidth [1/(274)] ver-
sus &g, of MgPPv at different temperatures directly ex-
tracted from the phonon quasiparticles via Eq. (4). 74
depends inversely on temperature, caused by the intensifica-
tion of phonon-phonon scatterings as temperature increases.
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FIG. 1. Mode-projected velocity autocorrelation function (VAF)
(blue curve) of an acoustic phonon mode at q = (0, 1, 1) with
a harmonic frequency of 387 cm™' for MgPPv at 5.41 g/cm® and
2000 K. The curve fitting (red curve) was conducted for the first few
oscillation periods of the VAF until the oscillation amplitude decays
to its half maximum.

MgPPv’s 74, are then compared with those of MgPv at the
same P-T conditions in Fig. 2(b). In general, MgPPV’s 74
are comparable to MgPv’s 74,. For the low-frequency acous-
tic modes, MgPPVv’s 74, are shorter, while for the rest of
high-frequency modes, MgPPv’s 4 are slightly longer. Tem-
perature dependences of anharmonic phonon dispersions of
MgPPv and MgPv at the same P-T are shown in Figs. 3(a)
and 3(b), respectively. Like MgPv [12,15], MgPPv’s phonon
dispersions are weakly temperature-dependent at constant
volume; thus, MgPPv is also weakly anharmonic. This com-
parable degree of intrinsic anharmonicity is reflected in the
similarity between MgPPv’s and MgPV’s 7.

To obtain converged lattice thermal conductivity in the
thermodynamic limit (N — oo) using Eq. (1), 7qs and vg, are
required to be evaluated on much denser q meshes throughout
the BZ. Here we rely on the frequency dependence of phonon
linewidth [15,16,30,31] to interpolate 74, in the BZ. Our pre-

vious studies show that both the quadratic relation, % ~ w?,

and cubic relation, 1 ~ w3, work for MgPv [15,16], yielding
kiae slightly lower and higher, respectively, than results ob-
tained using the perturbative method with the same q mesh
[21]. Here, MgPPv’s phonon linewidths phenomenologically
follow very well the quadratic relation. The interpolation was
carried out for low-frequency and high-frequency modes sep-
arately, guided by the goodness of the quadratic fitting, for
both phases. MgPPv’s 74, were then obtained with a dense,
10x10x 10 q mesh, and are shown in Fig. 4(a). MgPPV’s v,
were also obtained with the same q mesh from the anhar-
monic phonon dispersion, and are shown in Fig. 4(b). MgPv’s
Tqs and vy, obtained with a comparably dense, 8x8x8 q
mesh [15,21] at the same P-T are also shown for com-
parison. At the P-T conditions considered here, MgPPv’s
average phonon lifetime, T, is merely 10% longer than that
of MgPv. As mentioned before, in general, MgPPv’s shorter
745 for low-frequency acoustic modes and slightly longer 74
for high-frequency modes produces a T comparable to that
of MgPv.
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FIG. 2. (a) Phonon linewidth [1/(274)] versus renormalized
phonon frequency (@q,) sampled by MD simulations using a 3x3x2
supercell (180 atoms) of MgPPv at a series of temperatures.
(b) Phonon lifetimes (74,) versus @q, of MgPPv are compared with
those of MgPv using a 2x2 x2 supercell (160 atoms) at P =116 GPa
and 7 =2000 K.

As for the average phonon velocity, MgPPv’s v is 22%
larger than that of MgPv. This is caused by the difference in
the primitive cell size, and thus, the difference in the number
of phonon branches (30 for MgPPv and 60 for MgPv). The
base-centered orthorhombic MgPPv (space group Cmcm) is
an anisotropic layered structure [3—5], and can be described
by a monoclinic primitive cell with two formula units (Z = 2)
[32]. Figure 3 compares MgPPv’s phonon dispersions with
those of orthorhombic MgPv (space group Pbnm) in their re-
spective BZ. It is visible that the monoclinic MgPPv phase has
fewer phonon reflections at the BZ boundary. Due to MgPv’s
larger primitive cell, its phonon dispersions are folded into a
smaller BZ and show less dispersive phonon branches with
lower group velocities. This effect leads to MgPPv’s vy, being
generally larger than those of MgPv. The resulting MgPPv’s
Kiat 18 18% higher than that of MgPv at the P-T conditions
considered here. Although the 10% enhancement in T and the
22% enhancement in v associated with the MgPv to MgPPv
phase transition are in good agreement with those reported
by Dekura and Tsuchiya [10], the enhancement in «j, is not
as large as the 50% reported by them [10]. This is because,
in the present study, MgPPv’s low-frequency acoustic modes
with larger phonon velocities are found to have shorter phonon
lifetimes than those of MgPv. Whereas in work by Dekura and
Tsuchiya [10], MgPPv’s low-frequency acoustic modes with
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FIG. 3. (a) Anharmonic phonon dispersions at 300 K (dashed
red curves) and 2000 K (solid blue curves) at p = 5.41 g/cm? of
MgPPv, corresponding to P = 104 and 116 GPa, respectively. (b)
Anharmonic phonon dispersions at 300 K (dashed red curves) and
2000 K (solid blue curves) at p = 5.33 g/cm? of MgPv, correspond-
ing to P = 104 and 116 GPa, respectively.

larger velocities have very similar lifetimes to those of MgPv
(see Supplemental Material of Ref. [10]). Such a difference
leads to merely a mild enhancement in k1, in our work instead
of a drastic one implied by v and T.

kiae of MgPPv were computed from 74, and vg, obtained
with the dense q mesh at several densities and temperatures.
For the practical geophysical purpose, the density and temper-
ature dependence of kj,; can be described as [33,34]

Tt \( 0 \°
Klat = Kref(if> < ) s @)
T Pref

g:bln(ppf)—l—c. ®)

The choice of the reference density (pr¢) and the reference
temperature (7ir) is not unique but does not change the den-
sity and temperature dependence of «j,.. Here, by choosing
Pret = 5.41 g/cm3 and T = 2000 K, we obtain the fitting
parameters ks, a, b, and ¢ as 9.4 W/m/K, 0.85, —4.33, and
4.93, respectively, for MgPPv. The fitted results are shown
as solid curves in Fig. 5(a). At each density, xj,; obeys the
1/7%% law, which is milder than the 1/T dependence re-
ported by Dekura and Tsuchiya [10]. Nevertheless, within
the LM relevant temperature range, i.e., 2000 < 7' < 4000 K,

where g is [34]
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FIG. 4. (a) 74 and (b) vg, versus @, sampled by a 10x10x 10
q mesh of MgPPv at P = 116 GPa and T = 2000 K are shown as
red circles. 74, and vgs versus &g, sampled by a 8x8x8 q mesh of
MgPv at the same P-T conditions are shown as blue triangles for
comparison. Dashed lines indicate average phonon lifetimes () and
average phonon velocities (v).

the 1/T relation roughly also applies. The presence of low
concentration iron alloying in MgPPv can further flatten the
temperature dependence of ki, e.g., 1/T7%% as reported by
Okuda et al. [9].

k1at(T, p) are then converted into k1, (7', P) by adopting
the well-established quasiharmonic equation of state (EoS)
[5,32]. Due to the weak temperature dependence of the
phonon dispersions [see Fig. 3(a)], the impact of anharmonic
free energy on the high P-T EoS is disregarded in this study.
The converted ki, (7, P) are shown in Fig. 5(b). At each
temperature, ki, depends linearly on pressure, which is a
typical feature produced by both experiments and ab initio
calculations for other major LM phases, e.g., MgPv [8,15,21],
MgO [35,36], and cubic CaPv [16]. Previously reported exper-
imental measurements for MgPPV’s ki, at room temperature
by Ohta et al. [8] are shown for comparison. Within the experi-
mental and computational uncertainties, our predictions agree
very well with the measurements. MgPPv’s «y,, calculated
at room temperature using semiclassical nonequilibrium MD
simulations [37] are also shown for comparison. Their results
were obtained using two different sets of interatomic poten-
tials [37] and agree relatively well with our predictions and
the experiments at room temperature. However, with 1,703
dependence, «jy reported by Ammann et al. [37] deviates
from our results at high temperatures. The insufficiency of the
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FIG. 5. (a) Lattice thermal conductivity (k) versus T of MgPPv
(symbols) for a series of densities. Error bars show the computational
uncertainties by fitting the phonon quasiparticle linewidth versus
frequency. (b) x, versus P of MgPPv at a series of temperatures.
Shaded areas indicate the same computational uncertainties as in (a).
Symbols with error bars show the previous experimental measure-
ments at 300 K [8]. Dashed lines show the previous semiclassical
nonequilibrium MD calculations by adopting two different sets of
interatomic potentials at 300 K [37]. Dash-dotted line shows the
previous ab initio perturbative calculations at 300 K [10].

interatomic potentials could cause this different dependence at
high temperatures [10]. Thus, their high temperatures results
are not shown for comparison.

Recently reported ab initio results for MgPPV’s ki, by
Dekura and Tsuchiya [10] are significantly larger than ours
and experiments. This difference seems to originate in their re-
ported much larger phonon lifetimes [10]. For example, at the
same P-T conditions, phonon lifetimes reported in the Supple-
mental Material of Ref. [10] are much larger than the results
shown in Fig. 4(a), especially for the high-frequency modes.
This difference results in their larger xj, 12.0 W/m/K [10],
compared to ours, 9.8 W/m/K. The perturbative approach
adopted by Dekura and Tsuchiya [10] considers only up to
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FIG. 6. (a) Ky versus T of MgPv (symbols) for a series of den-
sities. Error bars show the computational uncertainties by fitting the
phonon quasiparticle linewidth versus frequency. (b) k1, versus P of
MgPv at a series of temperatures. Shaded areas indicate the same
computational uncertainties as in (a). Symbols with error bars show
previous experimental measurements at 300 K [8,33,39]. Dashed line
shows the previous ab initio perturbative calculations at 300 K [21].

third-order phonon-phonon interactions. The present phonon
quasiparticle approach, in principle, captures anharmonic ef-
fects to infinite orders. Therefore, accounting for higher-order
phonon-phonon scattering processes as done by the phonon
quasiparticle approach, as expected, reduces phonon lifetimes.

To gain insight into the effect of the MgPv to MgPPv
phase transition on the thermal conductivity of the LM,
similar calculations of «j,, were also carried out for MgPv
[12,15]. The k. (T, p) results fitted to Eq. (7) produced
Pref = 5.33g/cm?, Tror = 2000K, and ke, a, b and ¢ as
7.9 W/m/K, 1.01, —7.85, and 4.37, respectively, for MgPv.
The results are shown in Fig. 6(a) for comparison. The con-
verted ki, (7, P) obtained using a quasiharmonic EoS [38] are
shown in Fig. 6(b). At each temperature, ki, (7', P) varies lin-
early with pressure. At room temperature, MgPv’s ki, agrees
reasonably well with ab initio perturbative calculations using
the same q mesh reported by Ghaderi ez al. [21], which further
justifies the present methodology. Previously reported experi-
mental measurements at room temperature differ. Manthilake
et al’s [33] measurement agrees well with our predictions,
while Ohta et al.’s [8,39] are lower. Such discrepancy between
measurements is likely caused by different grain sizes of
MgPv samples used in the measurements [8,33]. As indicated
in Refs. [15,21], according to private communications with
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FIG. 7. ki, of MgPPv and MgPv along the geotherm (black
curve) [43] are shown in red and blue, respectively. Shaded areas
indicate the computational uncertainties. MgPPV’s k,, is only shown
within the investigated pressure range (P > 40 GPa).

Manthilake and Ohta, the grain sizes of measured samples by
Manthilake et al. [33] are 10-15 um, while those by Ohta
et al. [8] are ~1 pum. By using samples with larger grain
sizes, Manthilake et al. [33] find x5 closer to the ab initio
results in the thermodynamic limit. There are several other
theoretical reports on MgPv’s k. available. Stackhouse et al.
[40] adopted the ab initio nonequilibrium MD method and
extrapolated kj, to the thermodynamic limit. Methods that
rely on ab initio MD to study thermal conductivity are limited
by the ab initio computational capability, introducing the finite
size effect. Therefore, extrapolations of phonon lifetimes (this
study) or ki [40] to the thermodynamic limit are common.
Haigis et al. [41] adopted the Green-Kubo approach to obtain
thermal conductivity from heat current correlation functions
extracted from equilibrium MD trajectories. Very similar to
the present phonon quasiparticle approach, the Green-Kubo
approach takes into account anharmonicity to all orders [41].
To overcome the finite size effect of ab initio MD, Haigis et al.
[41] conducted classical MD using the interatomic potential,
which may cause an overestimation of kj,, compared to ab
initio results (this study and Refs. [10,21,40]). Tang et al. [42]
adopted the ab initio third-order perturbative approach and
reported MgPv’s xj,c much lower than experimental [8,33,39]
and other ab initio third-order perturbative studies [10,21].
After careful scrutiny, we favor the well converged work of
Ghaderi et al. [21] as a reference of MgPV’ «j, studied by the
ab initio third-order perturbative approach.

With MgPPv’s and MgPv’s k1, (T, P) obtained, their re-
spective ki, along a typical LM geotherm [43] with a thermal
boundary layer above the CMB are obtained and shown in
Fig. 7. k1o of MgPPv is only shown in the pressure range in-
vestigated in this study, i.e., P > 40 GPa. We obtain MgPPv’s
Kot = 7.1(4)W/m/K at the top of the D” layer at 2600 km
depth (T = 2735K and P = 120 GPa), and MgPPV’s «j, =
5.9(3) W/m/K at the CMB at 2890 km depth (T = 3625K

and P = 135 GPa). Throughout the D” region, ki, of MgPPv
is approximately 25% greater than that of MgPv, which con-
trasts with the 72% enhancement reported by Ohta et al.
2012 [8], and the 50% enhancement reported by Dekura and
Tsuchiya [10]. In addition, the temperature dependence of
MgPPV’s k1 (1/T°%) is milder than that of MgPv (1/T1%1).
Therefore, in the colder regions of D” layer where MgPPv
is expected to be more stable and more abundant [5], the
enhancement in kj,; due to MgPv to MgPPv phase transition
should be even less than 25%. As discussed above, such en-
hancement at 7 = 2000 K and P = 116 GPa is merely 18%.

Next, we estimate the effect of MgPv to MgPPv phase tran-
sition on the thermal conductivity of the LM at the CMB. Here
we assume a pyrolitic LM composition, i.e., MgPv/MgPPv +
MgO with volume proportion 80:20 [10,33]. MgO’s ki =
35W/m/K at the CMB is adopted from Tang and Dong [20].
Then by applying the Hashin-Shtrikman averaging scheme
[10,33,44], we obtain «, of the MgPv + MgO aggregate to be
7.93) W/m/K, and i, of the MgPPv + MgO aggregate to
be 9.4(3) W/m/K at the CMB. The MgPv to MgPPv phase
transition enhances the kj, of the pyrolitic LM by ~20%,
which is less than the ~60% enhancement predicted by Ohta
et al. [8], and the ~40% enhancement predicted by Dekura
and Tsuchiya [10]. Note here the effects of iron impurities
in MgPv, MgPPv, and MgO are not accounted for. If the
same impurity effects are assumed for MgPv, MgPPv, and
MgO, i.e., a 50% reduction in iy, [33], our conclusion of
the percentage enhancement in i, (~20%) is not changed.
Changes in iron partitioning between phases across the spin
crossover in ferropericlase [45,46] occurs mostly before the
postperovskite transition. It is a complex phenomenon still
under debate and a second-order effect compared to the effect
of impurities, which is beyond the scope of this work.

IV. CONCLUSIONS

In summary, by combining ab initio molecular dynam-
ics and lattice dynamics simulations, we have computed
the phonon quasiparticles [11,12] of MgSiOs postperovskite
(MgPPv) under the LM conditions. Phonon lifetimes and
group velocities are extracted from the phonon quasiparticles,
and are interpolated in the Brillouin zone to approach the
thermodynamic limit (N — oo). The obtained phonon life-
times and velocities are used to evaluate the lattice thermal
conductivity (ki) of MgPPv within the relaxation-time ap-
proximation for the Boltzmann transport equation. ki, (7', o)
are converted into k1,¢(7, P) by using MgPPv’s quasiharmonic
equation of state [5,32]. It is found that MgPPv’s ki, varies
as 1/T%8% with temperature, and depends linearly on pres-
sure. With «j,, along a typical geotherm including a thermal
boundary layer, we obtain MgPPVv’s k1, = 7.1(4) W/m/K at
the top of the D” layer, and ki, = 5.9(3) W/m/K at the
core-mantle boundary (CMB). Similar calculations were per-
formed for MgSiO; perovskite (MgPv) and a comparison
between MgPv’s and MgPPv’s ki, is made. It is found that
throughout the D” region of the LM, MgPPv’s kj, is 25%
greater than that of MgPv, which is a smaller difference than
the previously reported [8,10]. Such a difference between
MgPv’s and MgPPv’s ki, should be even smaller in cold sub-
ducting plates in the D” region, where MgPPv is more stable
and abundant [5]. Our calculations also suggest that the MgPv
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to MgPPv phase transition causes a ~20% enhancement in k7,
of the pyrolitic LM aggregate at the CMB.
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