
Table S1. Iron fractions in Bdg and Fp. The values are calculated based on the 

previously determined iron partition coefficients for a pyrolitic mantle (Irifune et al., 

2010). Previous studies (Wang et al., 2015; Wu, 2016; Zhang et al., 2016) suggested 

that the lower mantle may be represented by a pyrolitic composition (78 vol% Bdg+15 

vol% Fp) with ~ 8 wt% FeO (McDonough and Sun, 1995). 

Pressure (GPa) KD nBdg nFp 
23.1 0.57 0.59 0.41 
24.9 0.64 0.61 0.39 
26.6 0.71 0.64 0.36 
27.4 0.75 0.65 0.35 
29.5 0.8 0.66 0.34 
32.9 0.84 0.67 0.33 
35.9 0.85 0.67 0.33 
38.8 0.84 0.67 0.33 
40.2 0.82 0.67 0.33 
42.0 0.76 0.65 0.35 
43.9 0.63 0.61 0.39 
45.6 0.58 0.59 0.41 
48.0 0.52 0.57 0.43 
50.7 0.49 0.56 0.44 
55.6 0.46 0.54 0.46 
60.0 0.45 0.54 0.46 
68.5 0.42 0.52 0.48 
74.3 0.41 0.52 0.48 
80.7 0.4 0.51 0.49 
89.6 0.39 0.51 0.49 
95.9 0.39 0.51 0.49 
104.6 0.39 0.51 0.49 
122.5 0.39 0.51 0.49 

 



 

Figure S1. The comparison of 300-K partial phonon density of states (PDOS) of Fe3+ 

in (Mg0.5Fe3+0.5)(Si0.5Fe3+0.5)O3 bridgmanite derived from both NRIXS measurements 

and DFT + U calculations. The open circles are the averaged PDOS of A-site Fe3+ and 

B-site Fe3+ measured by NRIXS. The red dotted, blue dashed and green dashed curves 

are the PDOS of A-site HS Fe3+, B-site HS Fe3+ and B-site LS Fe3+ calculated by DFT 

+ U method. The black curves are the weighted average of the PDOS of the A-site and 

B-site Fe3+ from DFT + U calculations. The weights are equal for A-site HS and B-site 

HS Fe3+ configuration while the proportions are 70% and 30% for A-site HS and B-site 

LS Fe3+ configuration. 



 
Figure S2. The pressure dependence of the Lamb-Mössbauer factor (f) of 

(Mg0.5Fe3+0.5)(Si0.5Fe3+0.5)O3 bridgmanite at 300 K. Across the spin transition of B-site 

Fe3+, the Lamb-Mössbauer factor increases significantly, reflecting the decrease of 

inelastic component in the NRIXS spectra. The black curve is modeled averaged f by 

incorporating the low spin fraction (nLS) across the spin transition pressures (f = fHS ´ 

nHS + fLS ´ nLS). 



 

Figure S3. (a) (b) calculated PDOS of A-site Fe2+ in (Mg0.75Fe2+0.25)SiO3 and (Mg0。

5Fe2+0.5)SiO3 bridgmanite compared with experimental PDOS of Mg0.92Fe2+0.07Fe3+ 

0.02Si0.99O3 bridgmanite (Bdg9, Fe dominantly occurs as A-site Fe2+) from Yang et al. 

(2019). (Mg0.75Fe2+0.25)SiO3 and (Mg0.5Fe2+0.5)SiO3 bridgmanite have almost the same 

PDOS. The predicted PDOS from DFT+U calculations agree well with experimental 

measurements. (c) (d) the evolution of <F> with the upper limit of energy (x) for the 

integration < 𝐹 >= %
ℏ' ∫ 𝐸*+

, 𝑔(𝐸)𝑑𝐸 . The integral values of <F> from calculated 

PDOS agree well with those from experimental PDOS until energy for the integration 

reaches a threshold, above which the predicted <F> still increases with x but the 

experimental one maintains a constant value. The final <F> calculated from theoretical 

PDOS at 90 GPa is significantly larger than the experimental one by ~130 N/m due to 

the low signal noise ratio at the high-energy part of experimental PDOS. 



 

Figure S4. (a) (b) calculated PDOS of A-site Fe3+ in (Mg0.75Fe3+0.25)(Si0.75Al0.25)O3 and 

(Mg0.9375Fe3+0.0625)(Si0.9375Al0.0625)O3 bridgmanite compared with experimental PDOS 

of Mg0.89Fe2+0.024Fe3+0.096Al0.11Si0.89O3 bridgmanite (Al-Bdg11, Fe dominantly occurs 

as A-site Fe3+) from Yang et al. (2019). PDOS of Fe in (Mg0.75Fe3+0.25)(Si0.75Al0.25)O3 

is almost the same as that in (Mg0.9375Fe3+0.0625)(Si0.9375Al0.0625)O3. (c) (d) the evolution 

of <F> with the upper limit of energy (x) for the integration < 𝐹 >= %
ℏ' ∫ 𝐸*+

, 𝑔(𝐸)𝑑𝐸. 

Although the predicted PDOS from DFT+U calculations agree well with experimental 

measurements, the final <F> calculated from theoretical PDOS are significantly larger 

than those calculated from experimental PDOS mainly due to the low signal noise ratio 

at the high-energy part of experimental PDOS. The <F> differences are ~ 50 N/m at 0 

GPa and ~ 100 N/m at 80 GPa. 



 

Figure S5. (a) (b) predicted PDOS of low-spin Fe2+ in (Mg0.75Fe2+0.25)O from DFT+U 

calculations compared with experimental PDOS from Yang et al. (2019). (c) (d) the 

evolution of <F> with the upper limit of energy (x) for the integration < 𝐹 >=
%
ℏ' ∫ 𝐸*+

, 𝑔(𝐸)𝑑𝐸. Both of calculated PDOS and <F> agree well with experimental 

results. 



 

Figure S6. The temperature-dependence of the 56Fe/54Fe b-factors of various 

bridgmanite compositions. In (a), the black curves are for high-spin 

(Mg0.5Fe3+0.5)(Si0.5Fe3+0.5)O3 Bdg at and below 60 GPa; the red curves are for B-site 

low-spin (Mg0.5Fe3+0.5)(Si0.5Fe3+0.5)O3 Bdg at and above 60 GPa. 



 

Figure S7. The relationship between the 1000-K 56Fe/54Fe b-factors and the Fe-O bond 

length of bridgmanite with different compositions at 30-100 GPa by DFT+U 

calculations. 
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