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            Abstract
Seismic shear wave anisotropy1,2,3,4,5,6 is observed in Earthâ€™s uppermost lower mantle around several subducted slabs. The anisotropy caused by the deformation-induced crystallographic preferred orientation (CPO) of bridgmanite (perovskite-structured (Mg,Fe)SiO3) is the most plausible explanation for these seismic observations. However, the rheological properties of bridgmanite are largely unknown. Uniaxial deformation experiments7,8,9 have been carried out to determine the deformation texture of bridgmanite, but the dominant slip system (the slip direction and plane) has not been determined. Here we report the CPO pattern and dominant slip system of bridgmanite under conditions that correspond to the uppermost lower mantle (25 gigapascals and 1,873 kelvin) obtained through simple shear deformation experiments using the Kawai-type deformation-DIA apparatus10. The fabrics obtained are characterized by [100] perpendicular to the shear plane and [001] parallel to the shear direction, implying that the dominant slip system of bridgmanite is [001](100). The observed seismic shear- wave anisotropies near several subducted slabs1,2,3,4 (Tongaâ€“Kermadec, Kurile, Peru and Java) can be explained in terms of the CPO of bridgmanite as induced by mantle flow parallel to the direction of subduction.
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                    Figure 1: Backscattered electron images of the bridgmanite aggregates.[image: ]


Figure 2: Pole figures of bridgmanite showing the variation in the crystallographic orientation of the [100], [010] and [001] directions.[image: ]


Figure 3: Seismic wave anisotropy of bridgmanite aggregates deformed under shear at uppermost lower-mantle pressures and temperatures.[image: ]


Figure 4: Schematic cross-sections of subducted slabs.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Schematic cross-sections of cell assemblies.
a, Shear deformation experiments. b, Temperature calibration experiment.


Extended Data Figure 2 The temperature and power relationship at 25â€‰GPa using the cell assembly for the temperature calibration experiments.
The results for the two runs are shown by black and red lines.


Extended Data Figure 3 Loads and strokes of the differential rams during the deformation experiment (run K122) are shown as functions of elapsed time.
The lines for the stroke of the top and bottom rams almost overlap. The sample was deformed by advancement of both the top and bottom differential rams linearly with time. During deformation, the loads of differential rams also increased linearly.


Extended Data Figure 4 Schematic of the two-dimensional X-ray diffraction measurement set-up.
For these measurements the direct beam stopper arm was located at the right side when the assembly is viewed from the front.


Extended Data Figure 5 X-ray diffraction pattern of deformed bridgmanite.
a, Two-dimensional X-ray diffraction pattern where Ï• is the azimuthal angle. b, one-dimensional X-ray diffraction pattern of the deformed bridgmanite (K122). In a the two-dimensional X-ray diffraction pattern at the imaging plate is taken from the back surface of the sample, which is opposite to the polished plane. The position of the direct beam stopper arm is thus on the left. The diffraction peaks of the (111), (020), (120), (210), (022), (202), (113), (122), (212), (023) and (221) planes were used in the analysis of the CPO patterns. Brg, bridgmanite.


Extended Data Figure 6 Normalized intensities of diffraction peaks of the deformed bridgmanite.
Each diffraction peak intensity was normalized by its average value. aâ€“k, Diffraction peaks for the (111) (a), (020) (b), (120) (c), (210) (d), (022) (e), (202) (f), (113) (g), (122) (h), (212) (i), (023) (j) and (221) (k) planes.


Extended Data Figure 7 Pole figures of bridgmanite showing the variation of the CPO of the [200], [020] and [002] directions determined using MAUD.
mrd, multiples of a random distribution.


Extended Data Table 1 Summary of the dominant slip system found for bridgmanite in various studiesFull size table


Extended Data Table 2 Elasticity (Cij) of the deformed bridgmanite aggregate at 25â€‰GPa and 1,873â€‰KFull size table


Extended Data Table 3 Elasticity (Cij) of a single crystal of a bridgmanite aggregate used to calculate the elasticity of deformed bridgmanite aggregateFull size table
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        Editorial Summary
Bridgmanite's behaviour in lower-mantle conditions
Bridgmanite (perovskite-structured (Mg,Fe)SiO3) is the most abundant mineral in Earth's mantle, but its rheological properties are not well understood. Noriyoshi Tsujino and co-authors report the crystallographic-preferred-orientation pattern and dominant slip system of bridgmanite under the temperature and pressure conditions of the uppermost lower mantle. The authors conclude that the seismic shear-wave anisotropy observed near several subducted slabs can be explained by the deformation of bridgmanite with the dominant slip system they have inferred, induced by flow parallel to the subducting direction.
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