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Abstract
The solid solution between CaSiO3 and MgSiO3 perovskites is an important control on the proper-

ties of the lower mantle but the effect of one of the most important impurity elements (iron) on this 
solution is largely unknown. Using density functional theory (DFT), ferrous iron’s influence on the 
reciprocal solubility of MgSiO3 and CaSiO3 perovskite (forming a single Ca-Mg mixed perovskite 
phase) was calculated under pressures and temperatures of 25–125 GPa and 0–3000 K, respectively. 
Except at iron-rich conditions, ferrous iron preferentially partitions into the mixed perovskite phase 
over bridgmanite. This is a small effect (partitioning coefficient KD ~0.25–1), however, when com-
pared to the partitioning of ferrous iron to ferropericlase, which rules out perovskite phase mixing as 
a mechanism for creating iron-rich regions in the mantle. Iron increases the miscibility of Ca and Mg 
perovskite phases and reduces the temperature at which the two perovskite phases mix but this effect 
is highly nonlinear. We find that for a pyrolytic mantle [Ca% = 12.5 where Ca% = Ca/(Ca+Mg)] a 
perovskite ferrous iron concentration of ~13% leads to the lowest mixing temperature and the highest 
miscibility. With this composition, 1% ferrous iron in a pyrolytic composition would lead to mixing 
at ~120 GPa along the geothermal gradient, and 6.25% ferrous iron leads to mixing at ~115 GPa and 
13% ~110 GPa. At high iron concentrations, Fe starts to impair miscibility, with 25% ferrous iron 
leading to mixing at ~120 GPa. Thus, in normal pyrolytic mantle, iron could induce a small amount 
of Ca-pv and Mg-pv mixing near the D″ layer but it generally partitions to ferropericlase instead and 
does not impact mixing. Extremely iron rich parts of the lower mantle such as ULVZs or the CMB 
(potentially) are also not a likely source of phase mixed perovskites due to the nonlinear effect of 
ferrous iron on phase mixing.
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Introduction
Earth’s lower mantle, extending from 660 to 2890 km in depth, 

occupies nearly 75% of the mass of the bulk silicate Earth. Assum-
ing that the lower mantle is pyrolytic and isochemically similar to 
the upper mantle, MgSiO3 perovskite (bridgmanite) is considered 
to be the most abundant phase in the lower mantle, accounting 
for about 70% of the lower mantle, followed by ferropericlase 
(about 20%), and finally the least abundant phase is CaSiO3-rich 
perovskite (Davemaoite) accounting for around 6–12% (Anderson 
et al. 1989; O’Neill and Jeanloz 1990). Mg-rich silicate perovskite 
(Mg-pv) and CaSiO3-rich perovskite (Ca-pv) are thus two of the 
main components of the lower mantle and subducted plates. Due to 
their similarity in chemical formula and structure, these two phases 
can dissolve into each other to some extent, forming a single Mg1–x 

CaxSiO3 phase. Mixing of these phases is potentially important as 
a chemically mixed Ca-Mg-pv phase will likely behave differently 
to a physical mixture of Ca-pv and Mg-pv. We are not aware of any 
studies of the physical properties of a Ca-Mg-pv phase but first it 

is important to establish whether this phase can exist in the mantle.
The solubility of Ca in Mg-pv and Mg in Ca-pv has been 

previously studied, and it is generally found that these two phases 
have very limited mutual solubility under lower mantle conditions 
(Armstrong et al. 2012; Fujino et al. 2004; Irifune et al. 1989, 2000; 
Jung and Schmidt 2011; Muir et al. 2021; Tamai and Yagi 1989; 
Vitos et al. 2006). This limited solubility is speculated to be due 
to the large size difference between Mg2+ and Ca2+, which could 
reduce the miscibility (Jung and Schmidt 2011; Kesson et al. 1995; 
Vitos et al. 2006). As the lower mantle is more Mg rich than Ca 
rich, we shall focus on the solubility of Ca in Mg-pv. Experimen-
tally Irifune et al. (1989) found that the solid solubility of Ca in 
Mg-pv was limited to 2% or even lower at 25 GPa and ~1800 K. 
Armstrong et al. (2012) found that at 2000 K, the solubility of Ca in 
Mg-pv is <5% at 30 GPa and at least 10% at 55 GPa. With increas-
ing pressure, the solubility thus increases. Theoretically Jung and 
Schmidt (2011) found that the solubility of Ca in Mg-pv was 0.5% 
at 25 GPa and 2000 K, but 5% at 25 GPa and 3000 K, and Vitos et 
al. (2006) claimed that under the temperature and pressure condi-
tions of the upper mantle and transition zone, the solid solubility 
of Ca in Mg-pv is 4–6%. Jung and Schmidt (2011) and Vitos et 
al. (2006) found that pressure decreased the solid solubility of Ca 
in Mg-pv in contrast with experimental findings (Armstrong et al. 
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