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Abstract
Here we have performed single-crystal X-ray diffraction (SCXRD) experiments on two high-

quality crystal platelets of (Al,Fe)-bearing bridgmanite (Mg0.88Fe3+
0.065Fe2+

0.035Al0.03)(Al0.11Si0.90)O3 (Fe10-
Al14-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 
Fe10-Al14-Bgm, including unit-cell parameters, atomic coordinates, and anisotropic displacement 
parameters. Together with Mössbauer and electron microprobe analyses, our best single-crystal refine-
ment model indicates that the sample contains ~6.5 mol% Fe3+, 3.5 mol% Fe2+, and 3 mol% Al3+ in 
the large pseudo-dodecahedral site (A site), and ~11 mol% Al3+ in the small octahedral site (B site). 
This may indicate that Al3+ in bridgmanite preferentially occupies the B site. Our results show that the 
compression of Fe10-Al14-Bgm with pressure causes monotonical decreases in the volumes of AO12 
pseudo-dodecahedron and BO6 octahedron (VA and VB, 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) GPa to 143.3–143.5° at 64.6(6) GPa. Quantitative calculations of octahedral tilting angles (Ф) 
show that Ф increases smoothly with pressure. We found a linear relationship between the polyhedral 
volume ratio and the Ф in the bridgmanite with different compositions: VA/VB = –0.049Φ + 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 Fe2+. The local environmental changes of A-site Fe2+ 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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Introduction
Bridgmanite, (Mg,Fe)(Si,Al)O3, is believed to be the most abun-

dant mineral in the lower mantle, ranging between 75 and 90% of its 
volume (Ringwood 1975; Irifune et al. 2010; Murakami et al. 2012). 
Under lower-mantle conditions, bridgmanite has an orthorhombic 
structure with a space group of Pbnm (Liu 1974). Extensive ex-
perimental studies have shown that, in a pyrolitic lower-mantle 
composition, about 10 mol% Fe and Al could be incorporated into 
the structure of bridgmanite in two different crystallographic sites: 
the large pseudo-dodecahedral Mg2+ site (A site) and the small 
octahedral Si4+ site (B site) (Ringwood 1975; Horiuchi et al. 1987; 
Irifune et al. 2010; Lin et al. 2016). The current consensus is that 
Fe3+ can occupy both A and B sites, while Fe2+ only exists in the 
A site (Lin et al. 2013; Shukla et al. 2016; Hirose et al. 2017). The 
incorporation of Al3+ into bridgmanite further complicates the site 
occupancy and studies suggested a charge-coupled substitution of 
MgA

2+ + SiB
4+ ↔ FeA

3+ + AlB
3+ or MgA

2+ + SiB
4+ ↔ FeA

3+ + FeB
3+, where 

Al3+ (or Fe3+) replaces Si4+ to occupy the B site and Fe3+ enters the 
A site (Hummer and Fei 2012; Huang et al. 2021). Quantitative 
analyses on the structure of (Al,Fe)-bearing bridgmanite, such as 
site occupancies of Fe ions and Al3+ and atomic coordinates, are 
significant for better understanding its physical properties as well 
as the lower-mantle geophysics and geodynamics.

Experimental and theoretical studies have indicated that due 
to the compositional and structural complexities of bridgmanite, 
Fe ions can have different electronic spin and valence states at 
high pressure (Catalli et al. 2010, 2011; Hsu et al. 2010, 2011, 
2012; Tsuchiya and Wang 2013; Dorfman et al. 2015; Lin et 
al. 2016; Mao et al. 2017). The B-site Fe3+ in bridgmanite has 
been suggested to undergo a high-spin to low-spin transition at 
40–60 GPa and 300 K, which induces a volume decrease and a 
drastic softening in compressional wave velocities (Mao et al. 
2015; Fu et al. 2018). In contrast, the A-site Fe ions remain in the 
high-spin state throughout the lower mantle (Li et al. 2004; Hsu et 
al. 2010; Dorfman et al. 2015; Lin et al. 2016). In particular, the 
A-site Fe2+ displays extremely high quadrupole splitting (QS) at 
pressures above ~20 GPa, which has been attributed to the local 
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