American Mineralogist, Volume 109, pages 872-881, 2024

Single-crystal X-ray diffraction on the structure of (Al,Fe)-bearing bridgmanite in the
lower mantle

Suvu Fu'?*, STELLA CHARITON?, YANYAO ZHANG!, TAKUO OKUCHI*, VITALI B. PRAKAPENKA®,
AND JunG-Fu LInb*

"Department of Earth and Planetary Sciences, Jackson School of Geosciences, The University of Texas at Austin, Austin, Texas, U.S.A.
*Department of Earth and Planetary Science, The University of Tokyo, Tokyo, Japan
3Center for Advanced Radiation Sources, The University of Chicago, Chicago, Illinois, U.S.A.
“Institute for Integrated Radiation and Nuclear Science, Kyoto University, Kumatori, Osaka, Japan

ABSTRACT

Here we have performed single-crystal X-ray diffraction (SCXRD) experiments on two high-
quality crystal platelets of (Al,Fe)-bearing bridgmanite (Mg ssFedlesFediossAloos)(Aly.11Sig00)O; (Fel0-
All14-Bgm) up to 64.6(6) GPa at room temperature in a Boehler-Almax type diamond-anvil cell.
Refinements on the collected SCXRD patterns reveal reliable structural information of single-crystal
Fel0-Al14-Bgm, including unit-cell parameters, atomic coordinates, and anisotropic displacement
parameters. Together with Mdssbauer and electron microprobe analyses, our best single-crystal refine-
ment model indicates that the sample contains ~6.5 mol% Fe**, 3.5 mol% Fe*, and 3 mol% Al** in
the large pseudo-dodecahedral site (A site), and ~11 mol% AI** in the small octahedral site (B site).
This may indicate that AI** in bridgmanite preferentially occupies the B site. Our results show that the
compression of Fel0-Al14-Bgm with pressure causes monotonical decreases in the volumes of AO,,
pseudo-dodecahedron and BO,4 octahedron (75 and Vg, respectively) as well as the associated A-O and
B-O bond lengths. The interatomic angles of B-O1-B and B-O2-B decrease from 145.2-145.8° at
4.2(1) GPato 143.3-143.5° at 64.6(6) GPa. Quantitative calculations of octahedral tilting angles (®)
show that @ increases smoothly with pressure. We found a linear relationship between the polyhedral
volume ratio and the @ in the bridgmanite with different compositions: V,/Vs =-0.049® + 5.549. Our
results indicate an increased distortion of the Fe10-Al14-Bgm structure with pressure, which might be
related to the distortion of A-site Fe?*. The local environmental changes of A-site Fe?" in bridgmanite
could explain previous results on the hyperfine parameters, abnormal lattice thermal conductivity,
mean force constant of iron bonds and other physical properties, which in turn provide insights into
our understanding on the geophysics and geochemistry of the planet.
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