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Thermal Conduction of Materials in the Upper Mantle and the Transition Zone

KB 1EBL*

Masahiro OSAKO!*

AKH 852

Akira YONEDA?

Fie =52

Eiji ITO?

Measurements of thermal conduction for materials in the Earth’s upper mantle and the transition zone under
high pressure have been developed by using a Kawai-type apparatus, with a one-dimensional plane pulse-heating
method. This method is a predominant one for study in mantle materials under pressure because it requires
comparatively small amount of sample and is applicable to materials with anisotropy in thermal conduction.
Thermal conductivities and thermal diffusivities of olivine, garnet, pyroxenes, serpentine and talc were measured

under high-pressure using this method.

[thermal diffusivity, thermal conductivity, upper mantle, transition zone, Kawai-type apparatus, plane pulse-

heating method]
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Fig. 1. (Color online) Principle of the pulse-heating
method for measurement of thermal diffusivity/conduciv-
ity from Dzhavadov [10]. (a) The configuration of the
sample. d is the total height of the three sample disks, S is
the area of the heater, and x is the position from the bot-
tom of the sample (the heater is at x = d/3 and the ther-
mocouple is at x = 2d/3). (b) The temperature change
AT at x = 2d/3 caused by an impulse heating with a pow-
er of W. 7 is the duration of pulse heating and ¢ is time
from the onset of heating.
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Fig. 2. (Color online) High-pressure cell assembly for
thermal property measurement by the pulse heating
method using a Kawai-type apparatus [12]. Two sizes of
cells have almost similar shape. Front views of the impulse
heater and the thermocouple on the sample are shown at
the bottom and the top of the cell.
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Fig. 3.

(Color online) Sample and components of the
high-pressure cell assembly.
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Fig. 4. (Color online) Schematic diagram of thermal
conductivity and thermal diffusivity measurements.
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Fig. 5. A record of temperature change on the ther-

mocouple. Smooth solid line shows the fitting for eq. (1).
Sample: garnet with a diameter of 4.3 mm and a thickness
of 1.04 mm.
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(a) Thermal diffusivity of olivine vs. pressure at room temperature along directions of three crystallographic axes

[12]. An equation of d In x/dP=const. was fitted to data. Heavy dashed line indicates averaged thermal diffusivity for the
three directions. Diamonds at 0 GPa indicate thermal diffusivities by Angstrém method [17]. Results under high-pressure
for olivine polycrystalline aggregate by Fujisawa ef al. [ 1], Katsura [4] and Xu ef al. [5] are shown as light dashed, dash-
dotted and dotted lines, respectively. These data were obtained by the Angstrém method of cylindrical symmetry. (b) Ther-
mal conductivity vs. pressure at room temperature. An equation of d In A/dP =const. was fitted to data. Heavy dashed line
indicates averaged thermal conductivity for the three axes. Diamonds at 0 GPa indicate thermal conductivity calculated from
thermal diffusivity referred in (a), and square is thermal conductivity of olivine by Horai [18]. Values at 2.5 GPa by

Schiarmeli [9] are shown as crossed squares.
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Thermal diffusivity (a) and thermal conductivity (b) of olivine vs. temperature at pressure of 8.3 GPa [12].

Measurements were performed along the three crystallographic axes of olivine. Dashed lines are thermal diffusivity at zero

pressure obtained by Angstrém method [17].
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Fig. 12. Thermal diffusivities of antigorite [27] and talc
under pressure at room temperature compared with that
of olivine. Dashed line denotes thermal diffusivity of an-
tigorite. Dash-dotted line represents averaged thermal
diffusivity of olivine for the three crystallographic direc-
tions [12]. Several data of talc are supplemented to the
previous results [28]. Three or four runs were carried out
for each rectangular direction for talc sample. Symbols of
squares, circles and triangles denote the measured direc-
tions for X, Y and Z, respectively. The direction Z is nor-
mal to the foliation plane of the sample. The X and Y
directions are set to be the faster and the slower polarized
directions, respectively, of shear acoustic waves propagat-
ing in the Z direction. Each type of symbols represents
data for the same run of thermal diffusivity measurement.
Dotted line is thermal diffusivity calculated from thermal
conductivity for powdered talc by Gummow and Sigalas
[6]. Squares at zero-pressure indicate thermal diffusivity
calculated from thermal conductivity by Horai [18] for
two talc samples.
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