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abstract

Thermal diffusivities of MgSiO3 perovskite (MgPv) and MgSiO3 perovskite containing 2 wt% 
Al2O3 (Al-MgPv) were measured at ambient conditions using the micro-spot heating angstrom method. 
The obtained values of thermal diffusivities of MgPv and Al-MgPv are 2.6 ± 0.1 and 2.4 ± 0.1 mm2/s, 
respectively. Present result for MgPv is much higher than previously reported value of 1.7 mm2/s. 
Substitution of aluminum into MgPv has little effect on its thermal diffusivity at ambient conditions, 
and such an impurity effect would remain insignificant at high pressures and high temperatures cor-
responding to the Earth’s lower mantle.
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intrOductiOn

To understand the thermal structure and the thermal evolution 
of the Earth, it is indispensable to know the transport properties 
of the material that constitutes the interior of the Earth. Since 
MgSiO3 perovskite (MgPv) with some amount of iron and 
aluminum is accepted to be a primary mineral in the Earth’s 
lower mantle (e.g., Hirose 2002), thermophysical properties of 
the (Al,Fe)-bearing MgPv are of great importance to compre-
hend the heat transfer system in the deep mantle. Osako and 
Ito (1991) reported lattice thermal diffusivity (D) of MgPv to 
be 1.7 mm2/s at ambient conditions, from which lattice thermal 
conductivity (κ = DρCP, where ρ is density and CP is specific heat 
at constant pressure) was calculated to be 5.1 W/m/K. However, 
as Hofmeister and Branlund (2007) claimed, the conventional 
angstrom method involving multiple physical contacts, which 
was employed in Osako and Ito (1991) often underestimates ther-
mal diffusivity due to the contribution of the contact resistance 
between the sample and heater or thermocouple. Thus the value 
of thermal diffusivity of MgPv at ambient conditions needs to 
be reinvestigated by using a contact-free method.

Recent technical progress both in the experiment and the 
theoretical calculation enables us to reveal high-pressure and 
high-temperature behavior of lattice thermal diffusivity (and 
conductivity) of lower mantle minerals, MgSiO3 perovskite and 
MgO periclase (de Koker 2010; Stackhouse et al. 2010; Tang and 
Dong 2010; Manthilake et al. 2011; Haigis et al. 2012; Ohta et 
al. 2012; Dekura et al. 2013). However, there is only one report 
regarding the effect of chemical impurity on the lattice conductiv-
ity of the lower mantle minerals (Manthilake et al. 2011). They 
reported dissolution of 3 mol% FeSiO3 or 2 mol% Al2O3 into 
MgPv induces ~70% decrease of the thermal diffusivity at 26 GPa 

*and 300 K, which seems to be the significant impurity effect on 
the diffusivity relative to other mantle minerals. Measurements 
of iron-bearing olivine and orthopyroxene have yielded only 
8% reduction in conductivity in the presence of 10 mol% iron 
(Horai 1971). Enrichment in aluminum into magnesium silicate 
is expected to have a smaller effect on the diffusivity because of 
the similarity in atomic mass of aluminum to magnesium and 
silicon relative to iron. Here we report the thermal diffusivities 
of perovskites on MgSiO3 end-member composition and on its 
Al-bearing solid solution at ambient conditions determined by 
the micro-spot heating angstrom method that is a contact-free 
technique. We found that thermal diffusivity of MgPv is 2.6 ± 
0.1 mm2/s, 50% higher than the value reported by Osako and 
Ito (1991), and there is no measurable difference between the 
diffusivities for MgPv and MgPv with 2 wt% Al2O3 (Al-MgPv) 
at ambient conditions.

experimental methOds
A polycrystalline sample of MgPv has been synthesized from orthoenstatite 

(En) at 25 GPa and 2073 K for 1 h in a multi-anvil apparatus. Starting material of 
En + 2 wt% Al2O3 in a rhenium capsule was also converted to Al-MgPv sample 
at 23 GPa and 2273 K for 1 h. The perovskite structure was confirmed by a 
combination of micro-focused (50–100 μm) X-ray diffraction measurements and 
Raman spectroscopy.

The micro-spot heating angstrom method was employed to measure the thermal 
diffusivities of those perovskites (Fig. 1). This is a contact-free technique, and thus 
we can eliminate the contribution of contact resistance. A pump laser beam (808 nm 
wavelength, 3.7–7.0 mW laser power, modulated frequency f of 4 kHz, and 15 μm 
in diameter) periodically heats a 100 nm thick  Mo film deposited on the polished 
samples. During steady state heating, the heat inside the sample hemispherically 
propagates from the heated spot and oscillated with the frequency f. The reflectivity 
of the Mo film changes with temperature (i.e., thermoreflectance effect) (Weaver et 
al. 1975; Wang et al. 2010). The thermoreflectance effect of the Mo film induced 
by the temperature oscillation was detected using a continuous probe laser (782 
nm wavelength, 1.5 mW laser power, and 5 μm in diameter). The temperature 
phase (θ) is negatively proportional to the distance from the heated spot (r), and the 
thermal diffusivity (D) of the sample can be determined by the following equation,

θ = − πf
D
r + A  

 (1)
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