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Abstract
Earth’s lower mantle most likely mainly consists of ferropericlase, bridgmanite, and a CaSiO3-

phase in the perovskite structure. If separately trapped in diamonds, these phases can be transported 
to Earth’s surface without reacting with the surrounding mantle. Although all inclusions will remain 
chemically pristine, only ferropericlase will stay in its original crystal structure, whereas in almost 
all cases bridgmanite and CaSiO3-perovskite will transform to their lower-pressure polymorphs. In 
the case of perovskite structured CaSiO3, the new structure that is formed is closely related to that 
of walstromite. This mineral is now approved by the IMA commission on new minerals and named 
breyite. The crystal structure is triclinic (space group: P1) with lattice parameters a0 = 6.6970(4) Å, b0 
= 9.2986(7) Å, c0 = 6.6501(4) Å, α = 83.458(6)°, β = 76.226(6)°, γ = 69.581(7)°, and V = 376.72(4) Å. 
The major element composition found for the studied breyite is Ca3.01(2)Si2.98(2)O9. Breyite is the second 
most abundant mineral inclusion after ferropericlase in diamonds of super-deep origin. The occurrence 
of breyite has been widely presumed to be a strong indication of lower mantle (>670 km depth) or at 
least lower transition zone (>520 km depth) origin of both the host diamond and the inclusion suite. 

In this work, we demonstrate through different formation scenarios that the finding of breyite alone in 
a diamond is not a reliable indicator of the formation depth in the transition zone or in the lower mantle 
and that accompanying paragenetic phases such as ferropericlase together with MgSiO3 are needed.
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Introduction
Breyite is the analog of what is typically called “CaSiO3-

walstromite” in diamond research due to its composition and 
similar crystal structure to walstromite (Ca2BaSi3O9). In nature, 
this mineral is only found in the so-called super-deep diamonds 
(Joswig et al. 1999; Stachel et al. 2000, 2005; Brenker et al. 2002, 
2005; Anzolini et al. 2016, 2018; Smith et al. 2018). These are 
a rare category of diamonds (about 1% of the entire population, 
Stachel and Harris 2008), which crystallize between about 300 
km and even 800 km depth (Harte 2010) and are well distinguish-
able from “lithospheric diamonds,” which crystallize at shallower 
depths between about 120 and 220 km in the mantle.

Breyite is considered one of most abundant minerals in super-
deep diamonds, likely to be second after ferropericlase, (Mg,Fe)O, 
and one of the most important markers to detect such diamonds 
(i.e., ferropericlase is stable over the entire Earth’s lower-upper 
mantle and thus cannot be considered an actual depth marker). 
Here we report the structure, properties, and origin of this impor-
tant mineral in diamond research and mantle petrology.

Breyite studied in this work was approved by the Commission 
on New Minerals, Nomenclature and Classification of the Interna-

tional Mineralogical Association under the code IMA 2018-062. 
The holotype of breyite is deposited at the Museum of Mineralogy 
of the University of Padova under the catalog number MMP 20371.

The new mineral honors the German mineralogist, petrologist, 
and geochemist Gerhard P. Brey (born 1947). He was a Professor 
of Mineralogy at the Institute of Geosciences, Goethe University 
Frankfurt, Germany, from 1994 until his retirement in 2014. Brey 
was a pioneer in experimental petrology at high-pressure condi-
tions and well known for his development of a comprehensive set 
of thermobarometers for lherzolites and related rocks.

Results and discussion
Occurrence and mineral association

In general and apart from ferropericlase, breyite is found associ-
ated within diamonds mainly with inclusions of CaTiO3 perovskite, 
β-Ca2SiO4 larnite, titanite-structured CaSi2O5 (a further new phase 
within diamonds not officially named yet) (Brenker et al. 2005; 
Anzolini et al. 2016) and in one case with ringwoodite [the high-
pressure polymorph of olivine found in the mantle transition zone 
between 520 and 660 km depth (Pearson et al. 2014)].

Breyite studied in this work was found within a diamond 
from the Sao Luiz placer deposits (Juina area, Mato Grosso State, 
Brazil) and was intimately associated with CaTiO3 perovskite 
(see Fig. 1), with a composition particularly rich in Si and Al 
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