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[Purpose and Background of the Research]

Large deformation of subducting slabs and deep
earthquakes in the mantle transition zone (Fig. 1)
are still unresolved issues in mantle dynamics.
Previous studies have suggested that the grain-size
reduction due to non-equilibrium transformations
leads to weakening and/or shear instability, which
may be responsible for the slab stagnation and deep
earthquakes. However, there have been few direct
experimental evidences on the coupling process. We
conduct synchrotron radiation and FIB-TEM
studies combined with seismological investigation
to constrain the role of the olivine transformations
on the slab weakening and deep earthquakes.

- -
o0 % / 13GPa
450 /
...... 500 g / /
: /j
_____ 550 &
3 'y ///
N N /44
" e /ﬁ/
700 deep seismicity in ~ 25GPa
down-dip compression

P50 100 50 0 50 100 150
Horizontal distance (km)

Core 2900km

Fig. 1 Large deformation of subducting slab and distributions of deep
earthquakes in mantle transition zone.

[Research Methods]

We conduct high-pressure deformation experiment
at mantle transition zone conditions by using
D-DIA and D-111 type apparatus. We focus on the
interaction between deformation and the
olivine-spinel and the post-spinel transformations.
Simultaneous in-situ observations of reaction
kinetics, creep behaviors, and acoustic emission
(AE) activities are possible with the use of
synchrotron X-ray and AE measurement system
(Fig. 2). Reaction and deformation microstructures
in recovered samples are examined by FIB-TEM
analysis. The result is compared with that observed
in shocked meteorites. We also conduct
seismological studies on the field of metastable
olivine, topography of the 660 km discontinuity,

multiple discontinuities, and their relationships
with distributions of deep earthquakes.
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Fig. 2 D-DIA type high-pressure deformation apparatus and in-situ
observations of transformation kinetics, creep behaviors, and AE activities

AE measgrements using transducers

[Expected Research Achievements and

Scientific Significance]

By using these techniques, we investigate the
details of reaction-induced weakening, shear
localization, and shear instability under mantle
transition zone conditions. Interdisciplinary
research combining high-pressure mineral physics
with meteoritics and seismology is crucial to
understand the slab behaviors in mantle transition
zone.
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