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Back-transformation kinetics in high-pressure minerals
T. Kubo*, K. Kamura, M. Imamura (Kyushu Univ.), Y. Tange, Y. Higo (JASRI), M. Miyahara (Hiroshima Univ.)

High-pressure minerals stable at deep mantle pressures have been naturally found on Earth such as shocked
meteorites and diamond inclusions, which provides important constraints on detailed processes of planetary
collisions and deep mantle dynamics. Because the timescales are limited in these dynamic processes, the reactions
often remain incomplete and/or metastable state. Additionally, it is necessary to consider the possibility of the
backward reactions to the low-pressure phases. The kinetics on the forward reactions have been widely discussed
for this topic, however those on the backward reaction had been very limited so far. Here we present some
experimental results on mechanisms and kinetics of the back-transformation.

A conventional method combining MA-type high-pressure apparatus with synchrotron white X-ray (MAX-
80@PF-AR NE-5C, SPEED Mk.II@SP8 BL04B1) was used to observe back-transformation behaviors and their
kinetics at 0-10 GPa and 300-900°C by collecting XRD data every 10-200 sec. The starting materials are
polycrystalline ringwoodite (Rw), bridgmanite (Brg), and lingunite (Lgn), those were synthesized by using
another MA press (QDES) at Kyushu Univ. in advance.

Time-resolved XRD measurements have revealed that, in contrast to Rw that simply transforms to the low-
pressure polymorph olivine (Ol), Brg and Lgn do not directly transform to their low-pressure phases, but through
the amorphous state. In Brg, the amorphization temperature rapidly increases with pressures from 300°C at 1 GPa
to 800°C at 7 GPa, whereas the crystallization temperature does not. As a result, Brg directly back-transformed
to high-pressure clinoenstatite (HP-CEn) at around 800°C and 8 GPa. Analysis of kinetic data on the back-
transfotmation in Rw and Brg by the Avrami rate equation suggested the rapid nucleation in Rw to Ol and Brg to
HP-Cen transformation, and slow nucleation in the crystallization of Opx from amorphous Brg. The
amorphization kinetics of Brg is too fast to be constrained by the present kinetic data. On the basis of P and T
dependencies of these reaction rates, we can construct P-T-t kinetic boundaries for survival of high-P phases and
formation of low-P phases in a given timescale. For example, in the timescales of 0.1 to 10 sec generally
considered for shock events in the early solar system (Fig. 1), Rw transforms to Ol at 700-900°C and 800-1000°C
at ~1 GPa and ~10 GPa, respectively. Brg is thought to become amorphous state when decompression less than
800°C. At higher than 800°C, Brg rapidly transforms to HP-CEn, and then low-pressure CEn (LP-CEn).

Both high-pressure and low-pressure phases are enigmatically present in shocked meteorites and diamond
inclusions. To precisely understand their P-T-t histories, not only the forward, but also the backward reaction
kinetics shown here need to be considered.
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Fig. 1 P-T-t kinetic boundaries for the back-transformation in ringwoodite (a) and bridgmanite (b)
estimated from the experimentally obtained kinetic data.
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Possible compositional area of Al bearing anhydrous bridgmanite

at the uppermost lower mantle condition
Masamichi NODA*, Toru INOUE Sho KAKIZAWA and Takaaki KAWAZOE (Hiroshima Univ.)

Toru SHINMEI, Tetsuo IRIFUNE (Ehime Univ.), Koji OHARA (JASRI)
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Density deficit of Earth’s inner core revealed by a multi-megabar
rhenium pressure scale

Daijo Ikuta (Dept. Earth Sci., Tohoku Univ.), Eiji Ohtani* (Dept. Earth Sci., Tohoku Univ.),
Hiroshi Fukui (Dept. Mat. Sci. Univ. Hyogo), Tatsuya Sakamaki (Dept. Earth Sci., Tohoku Univ.),
Daisuke Ishikawa (RIKEN / JASRI), Alfred Baron (RIKEN / JASRI)

Precise information about the composition of the Earth’s core is critical to understand planetary evolution
and for discussing geodynamic behaviors, such as the core-mantle boundary heat flow. Our knowledge
on the Earth’s core is based on comparison of laboratory measurements with seismological observations,
informed by meteorite composition, and indications of the Earth’s core temperature. One of the most
interesting results of such work has been the suggestion that Earth’s inner core must contain light
elements because the density of the core, as determined from seismological measurements, is lower than
the density of pure iron, its main constituent, as determined from laboratory measurements and/or
theoretical work: the density deficit of the inner core has been considered ~ 4%. However, this conclusion
relies critically on an accurate pressure scale to relate laboratory generated pressures to geological
pressures. Establishing such a scale has been the subject of intensive research but still involves
significant extrapolation and approximations, especially at higher pressures of the Earth’s core. Further,
a pressure scale to the multi-megabar pressures is indispensable for discussing super-Earth planets. We
report here the first primary pressure scale extending to the multi-megabar pressures of Earth’s core by
measuring acoustic phonon velocities using inelastic X-ray scattering from a rhenium sample in a
diamond anvil cell. Our new pressure scale agrees with previous primary scales at lower pressures and
also shock compression experiments, but it is lower than previous secondary and theoretical scales at
Earth’s core pressures: previous scales have overestimated laboratory pressures by at least 20% at
230GPa. Our new scale suggests the density deficit of the inner core is ~9%, doubling the light-element

content of the inner core.

Keywords: primary pressure scale, high pressure, Earth’s core, density deficit, inelastic x-ray scattering.
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The electrical conductivity of (FeO)m(Fe203), iron oxides
at high pressure
Shuhou Maitani* (Meiji U.), Ryosuke Sinmyo (Meiji U.), Takayuki Ishii
(BGI/HPSTAR), Saori 1. Kawaguchi (JASRI)
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