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Abstract
The crystal structure of walstromite, ideally BaCa2Si3O9, was refined with data from single-crystal
X-ray diffraction on a natural specimen from the type locality Esquire No. 8 claim, Big Creek, Fresno
County, California, U.S.A. It is triclinic, with space group P1 and unit-cell parameters a = 6.7335(2),
b = 9.6142(3), c = 6.6859(2) Å, α = 69.638(2)°, β = 102.281(2)°, γ = 96.855(2)°, and V = 396.01(2)
Å3. The only previously published structure for walstromite was based on photographic film intensity
data collected from synthetic BaCa2Si3O9 (Dent Glasser and Glasser 1968). Due to uncertainty in
oxygen positions, the reported final R-factor was 0.16. The current refinement yielded an R-factor of
0.030 with the inclusion of anisotropic displacement parameters.
Walstromite is a Ba-Ca cyclosilicate characterized by Si3O9 three-membered rings. It is related to
the important calcium silicate group of minerals, especially to CaSiO3-walstromite, through the substitution of Ba into one of the three distinct Ca sites. Joswig et al. (2003) suggested that the structural
changes caused by the replacement of Ba2+ by Ca2+ are minimal and that walstromite is isomorphic
with CaSiO3-walstromite, but topologically different from high-pressure wollastonite-II (Ca3Si3O9).
Our study demonstrates that wollastonite-II and CaSiO3-walstromite are identical phases, and are
isostructural with walstromite. This isomorphism implies that the high-pressure CaSiO3 phase may
be a potential host for large cations in deep Earth environments.
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Introduction
The CaSiO3 polymorphs and walstromite, BaCa2Si3O9, are
important in the ceramic and biomedical industries. CaSiO3-containing ceramics are used as glass-ceramic seals in solid oxide
fuel cells (Badding et al. 2008) and have been investigated for
potential use as bioactive material for bone regeneration (Wu
et al. 2007). Calcium-bearing minerals, especially CaSiO3walstromite, are also vital to our understanding of the physical
and chemical characteristics of the Earth’s mantle because they
eventually adopt the perovskite structure with increased pressure and temperature, and are generally considered the dominant
Ca-bearing phase in the Earth’s lower mantle (Mao et al. 1977;
Irifune et al. 1989; Tamai and Yagi 1989). According to Akaogi
et al. (2004), CaSiO3-walstromite is the intermediate phase in the
high-pressure and temperature transformation sequence:
wollastonite-1A → CaSiO3-walstromite → β-Ca2SiO4+CaSi2O5
→ CaSiO3-perovskite.
Wollastonite-1A, a chain silicate, [also known as β-wollastonite,
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wollastonite-1T, wollastonite I, CaSiO3(I)] is stable at ambient
conditions and transforms to CaSiO3-walstromite, with its three
membered rings, at ∼3 GPa (Swamy and Dubrovinsky 1997).
The reaction appears to be insensitive to temperature. In nature,
CaSiO3-walstromite has been discovered as inclusions in diamonds (Joswig et al. 1999; Jambor et al. 2000; Brenker et al.
2005). However, to date no one has applied to IMA for an official
mineral name, so in this paper we will refer to it as CaSiO3walstromite, following the nomenclature of Kanzaki et al. (1991)
and Gasparik et al. (1994). CaSiO3-walstromite decomposes to
β-Ca2SiO4 (larnite) + CaSi2O5 (or ε-phase) in the range of 10–12
GPa at 1500 °C (Kanzaki et al. 1991). This mixture is stable
to 15 GPa. At about 15 GPa and 1500 °C, Ca2SiO4 + CaSi2O5
forms CaSiO3 perovskite [or CaSiO3(IV)] (Gasparik et al. 1994).
Additional studies of the stability of CaSiO3-perovskite include
those by Shim and Duffy (2000), Mao et al. (1989), Wang et al.
(1996), and Li et al. (2006).
BaCa2Si3O9 (walstromite) is related to the CaSiO3 group of
minerals, especially to CaSiO3-walstromite, with the substitution of 1/3 of the Ca atoms by Ba. Joswig et al. (2003) showed
that CaSiO3-walstromite is isomorphic with walstromite and the
structural changes caused by the replacement of Ca2+ by Ba2+ are
minimal, demonstrating that a CaSiO3 phase can accommodate

