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abstract

The concentrations of Fe, Al, and Ni and their distributions were determined for all known natural 
assemblages of ferropericlase (fPer) and bridgmanite (Bridg), coexisting as inclusions in deep-mantle 
diamonds from Brazil, Canada, Guinea, and South Australia. Based upon these data, it is likely that 
some areas within the deep lower mantle are iron-rich and differ markedly from a pyrolitic composi-
tion. In the lowermost lower mantle, Bridg is Al-rich and fPer is Ni-poor, witnessing the presence of 
a free metallic phase in the mineral-forming environment. The iron partitioning in the Bridg + fPer 
association [KD

Bridg-fPer = ([Fe/Mg]Bridg)/([Fe/Mg]fPer)at] in juvenile diamond inclusions is as low as 0.1–0.2. 
During ascent of the diamonds with their inclusions to the surface, the KD

Bridg-fPer eventually increases 
to values of 0.4–0.5 and even as high as 0.7. 

The details of the element partitioning between natural Bridg and fPer in the lower mantle are as 
follows: iron in Bridg is ferrous Fe2+ in the A site, substituting for Mg2+; almost all iron in fPer is ferrous 
Fe2+; the share of ferric Fe3+ iron in fPer is Fe3+/SFe = 8–12 at%; iron concentrations in both Bridg and 
fPer increase with depth (pressure), reflecting the increasing Fe content in the lower part of the lower 
mantle, different from that of a pyrolitic model. Al in Bridg is mainly in the cation site B and partly 
in the cation site A, in both cases substituting for Si, Mg, and Fe with vacancy formation; and in the 
case of Al positioning into both B and A sites, a charge-balanced reaction occurs.

The natural samples show very diverse KD
Bridg-fPer values and elemental distribution that cannot be 

simply explained by our current understanding on alumina dissolution in Bridg and the spin transi-
tion of Fe2+ in fPer. These major differences between experimental results and observations in natural 
samples demonstrate the complex, inhomogeneous iron speciation and chemistry in the lower mantle.
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introduction

The Earth’s lower mantle, based on a pyrolite compositional 
model, is believed to comprise three major mineral species, bridg-
manite [(Mg,Fe)(Si,Al)O3], ferropericlase [(Mg,Fe)O], and calcium 
silicate perovskite [CaSiO3], that are gravitationally compressed 
near adiabatically. It has been proposed that these minerals are 
distributed homogeneously and have constant compositions, for 
the most part through the lower mantle, and thus contribute to 
continuous features of the observed, one-dimensional seismic 
model of density, compressional wave velocity and shear wave 
velocity (Dziewonski and Anderson 1981; Kennett et al. 1995). 
Bridgmanite (Bridg) and ferropericlase (fPer) contain significant 
amounts of iron, whose complex chemical speciation and electronic 
spin transitions can affect a broad spectrum of the physical and 
chemical properties of the two major phases of the lower mantle 
(e.g., Irifune et al. 2010; Lin et al. 2013).

High P-T experiments along an expected mantle geotherm 
for a pyrolitic composition demonstrated that the iron index, fe 
= Fe/(Fe+Mg)at, of the pyrolitic lower-mantle fPer should be 
0.12–0.27 (e.g., Wood 2000; Lee et al. 2004) or even lower, at ~0.10 
(Kesson and Fitz Gerald 1991). These results suggest that the iron 

chemistry of lower-mantle fPer may not vary significantly. How-
ever, although a majority of the studied natural lower-mantle fPer 
grains hosted within deep-diamond inclusions have fe = 0.10–0.20, 
more than 40% of them vary in a “forbidden” range with up to fe 
= 0.62, falling into the field of magnesiowüstite (e.g., Hutchison 
1997; Kaminsky 2012); one of the analyzed samples has an iron 
index even as high as 0.9, which is almost close to the end-member 
wüstite stoichiometry. Some Bridg grains, coexisting with iron-rich 
fPer, also exhibit relatively high iron contents. The discovery of 
these iron-rich ferropericlase and magnesiowüstite grains deviates 
from the traditional view of the pyrolitic lower mantle composition 
that displays a homogenous iron chemistry and mineralogy, and 
points to a much more complex chemistry of the lower mantle.

To elucidate the lower-mantle chemistry in these minerals, 
we have analyzed Fe, Ni, and Al contents and their distribution 
in all the currently known fPer+Bridg assemblages coexisting as 
inclusions in natural diamonds from Brazil, Canada, Guinea, and 
South Australia.

reView oF experimental data
Several experimental works on iron partitioning between Bridg and fPer in a 

laser-heated diamond-anvil cell, subjected to relevant lower-mantle conditions of 
up to approximately 120 GPa, were performed over the last two decades. Almost 
all experiments modeled the suggested pyrolitic model of the lower mantle with 




