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Abstract
We report on technical improvements in experiments with a deformation-DIA (D-DIA) apparatus,
which enable the study of the rheology of solid materials at P-T conditions of the Earth’s mantle transition zone. Dimensions of the anvil truncation, pressure medium, and gasket were optimized to achieve
deformation experiments above 13 GPa with a relatively low press load (<0.7 MN) to minimize the
damage of the X‑ray transparent second-stage anvils. The adoption of low X‑ray absorbing material
(e.g., cubic BN anvils, graphite window in a LaCrO3 heater) along the X‑ray path enabled quantitative
determination of stress and strain of a sample by means of simultaneous in situ X‑ray radial diffraction and radiography using synchrotron radiation at SPring-8. Based on the new technique, a uniaxial
deformation experiment with a strain rate of 3.88 × 10−5 s−1 and strains up to 25.5% was carried out
on wadsleyite at a pressure of 14.5 GPa and a temperature of 1700 K.
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Introduction
A deformation-DIA (D-DIA) apparatus was designed as an
advanced version of a cubic anvil apparatus for deformation experiments at high pressure (Wang et al. 2003). In this apparatus,
top and bottom anvils are fixed on upper and lower guide blocks,
respectively, and can be independently operated with a pair of
deformation rams, while four additional anvils are fixed on four
horizontally sliding blocks. A combination of D-DIA apparatus
with X‑ray transparent anvils and synchrotron X‑rays allows for
the measurement of the stress and the strain of a sample at high
pressure using in situ X‑ray radial diffraction and radiography,
respectively. The in situ X‑ray radial diffraction measurements
in the D-DIA apparatus allow us to study rheological properties
of solid materials, such as creep strength (viscosity) (Li et al.
2006; Nishiyama et al. 2007) and crystallographic preferred
orientation (Wenk et al. 2005), under high pressure. Based on
these techniques, the pressures at which rheological properties
of solid materials can be studied were extended to those higher
than available in the traditional deformation apparatuses (e.g.,
Borch and Green 1989; Mei and Kohlstedt 2000).
Nevertheless, the pressure-temperature (P-T) conditions of
the stress-strain measurements in the D-DIA apparatus has been
limited to 9.6 and 8.5 GPa at 1473 and 1673 K, respectively
(Li et al. 2006; Raterron et al. 2009), except for Nishiyama et
al. (2007). In that study, the highest pressure of 19 GPa was
achieved with a D-DIA apparatus using anvils with a truncated
edge length (TEL) of 2.0 mm although the temperature during
the deformation process was limited to 600 K, which is far
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lower than those in the actual mantle. The limitation of the P-T
conditions in these studies was mainly due to the breaking of the
sintered diamond or cubic BN anvils used as X‑ray windows at
high press loads. For example, the sintered diamond and cubic
BN anvils with a TEL of 3.0 mm broke at 0.69 and 0.86 MN,
respectively, during compression in our preliminary experiments.
This corresponds to sample pressures of ∼11 and ∼14 GPa at high
temperature, respectively.
Mantle minerals undergo various phase transformations
beyond 10 GPa at high temperature (e.g., Irifune and Ringwood
1987), and the rheological properties of the high-pressure phases
may be significantly different from those of the lower-pressure
phases (Karato 1989). The 410 km seismic discontinuity is attributed to a structural phase transition from olivine to wadsleyite.
P-T conditions of the discontinuity are estimated as ∼14 GPa
and ∼1800 K (e.g., Katsura et al. 2010). To understand mantle
dynamics of this region, creep strength of wadsleyite needs to
be evaluated since the phase transformation may lead an abrupt
change in viscosity at the 410 km discontinuity. Consequently,
expansion of the P-T conditions for the stress-strain measurements using the D-DIA apparatus has a fundamental importance
in understanding the effects of pressure and temperature on the
rheological properties of the solid materials to address dynamic
behaviors in the Earth’s interior.
Recently, we expanded the P-T conditions of the deformation
experiments with the D-DIA apparatus to 20 GPa and 1700 K
(Kawazoe et al. 2010b, 2010d) adopting a multi-anvil 6-6 (MA66) system (Kawazoe et al. 2010c; Nishiyama et al. 2008) with six
tungsten carbide (WC) second-stage anvils. Although the MA6-6
system was tested for deformation experiments using synchrotron
radiation (Nishiyama et al. 2008), the stress values could not be
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