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CHEMISTRY AND MINERALOGY OF EARTH’S MANTLE

Some thermodynamic properties of larnite (β-Ca2SiO4) constrained by high T/P
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Abstract
Pure larnite (β-Ca2SiO4; Lrn) was synthesized at 6 GPa and 1473 K for 6 h by using a cubic press,
its thermal expansivity was investigated up to 923 K by using an X‑ray powder diffraction technique
(ambient P), and its compressibility was investigated up to ~16 GPa by using a diamond-anvil cell
coupled with synchrotron X‑ray radiation (ambient T). Its volumetric thermal expansion coefficient
(αV) and isothermal bulk modulus (KT) were constrained as αV = 4.24(4)×10–5 K–1 and KT = 103(2) GPa
[the first pressure derivative KTʹ obtained as 5.4(4)], respectively. Its compressibility was further studied
with the CASTEP code using density functional theory and planewave pseudopotential technique. We
obtained the KT values as 123(3) GPa (LDA; high boundary) and 92(2) GPa (GGA; low boundary),
with the values of the KTʹ as 4.4(9) and 4.9(5), respectively. The phonon dispersions and vibrational
density of states (VDoS) of Lrn were simulated using density functional perturbation theory, and the
VDoS was combined with a quasi-harmonic approximation to compute the isobaric heat capacity (CP)
and standard vibrational entropy (S0298), yielding CP = 212.1(1) – 9.69(5)×102T–0.5 – 4.1(3)×106T–2 +
5.20(7)×108T–3 J/(mol∙K) for the T range of ~298–1000 K and S0298 = 129.8(13) J/(mol∙K). The microscopic and macroscopic thermal Grüneisen parameters of Lrn at 298 K were calculated to be 0.75(6)
and 1.80(4), respectively.
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Introduction
Natural larnite (Lrn; β-Ca2SiO4; space group P21/n with Z =
4) was first reported in the Larne district of Great Britain (Tilley
1929) and soon documented on the island of Muck in Scotland
(Tilley 1947) and the Tokatoka region in New Zealand (Mason
1957). It usually locates in the contact zone between an igneous
rock like dolerite or andesite, and a calcitic rock such as chalk or
limestone (Tilley 1929; Mason 1957). Lrn commonly coexists
with spurrite, melilite, merwinite, and spinel and readily transforms to the olivine-structured Ca2SiO4 phase (the γ-Ca2SiO4
phase) if it is shocked or heated at certain temperature (Tilley
1929). According to Bowen (1940) and Tilley (1951), Lrn generally represents the high-T stage of the progressive metamorphism
(or decarbonation) of the siliceous limestones.
This conventional field occurrence of Lrn was recently
supplemented with another completely different appearance,
tiny mineral inclusions, usually coexisting with the walstromitestructured CaSiO3 (Wal) and titanite-structured CaSi2O5 (Ttn),
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in diamonds possibly originating from the lower mantle (Joswig
et al. 1999; Nasdala et al. 2003; Brenker et al. 2005). This new
appearance argues that some portions of the deep interior of
the Earth are significantly Ca-richer than the normal pyrolitic
mantle (Ringwood 1975). According to the results from some
high-P experimental studies (e.g., Green and Ringwood 1967;
Takahashi 1986; Irifune 1994), the Ca-rich silicate in the normal
mantle normally changes from clinopyroxene, majoritic garnet to
calcium perovskite (CaPv; compositionally close to CaSiO3) as
P increases from the surface to the core-mantle boundary of the
Earth. To stabilize Lrn, Wal, and Ttn, significantly higher levels
of CaO should be introduced into the mantle, which has been
presumably accomplished via deep subduction of the CaO-rich
continental crust material (Irifune et al. 1994; Liu et al. 2012a).
It is well known that Lrn is not a stable phase at ambient P
(Fig. 1a). From low T to high T, the composition of Ca2SiO4
can form many polymorphs, namely γ-Ca2SiO4, αʹL-Ca2SiO4,
αʹH-Ca2SiO4, and α-Ca2SiO4 (e.g., Barnes et al. 1980; Remy et
al. 1995, 1997a, 1997b; Yamnova et al. 2011). Lrn never forms
during heating, but appears as a metastable phase in the stability field of the γ-Ca2SiO4 phase during cooling. Consequently,
it was usually synthesized by heating the Ca2SiO4 composition

