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absTracT

To understand the fate of the host phase for potassium subducted into the deep Earth’s interior, we 
have studied the high-pressure stability and elastic properties of KAlSi3O8 hollandite (K-hollandite) by 
means of the first-principles computation method. Based on experimental observations, the tetragonal 
K-hollandite I phase was found to undergo a ferroelastic second-order phase transition to the monoclinic 
K-hollandite II phase at 14.9 GPa. This K-hollandite II phase was mechanically stable up to 150 GPa 
(i.e., entirely in the Earth’s lower mantle), being consistent with previous studies. The Born’s elastic 
stability criteria indicate that the tetragonal mechanical instability occurs at similar pressure of 16.9 
GPa with shear softening. This causes anomalous pressure dependence of the wave velocities across 
the instability. Taking a Clapeyron slope of 7 MPa/K and a temperature of 1800 K, the transition 
pressure becomes ∼28 GPa corresponding to about 770 km depth, which would be seismologically 
detectable and could be comparable to seismic scatterers observed at the shallowest lower mantle. 
Next, we studied the solid-solution effect of sodium to K-hollandite, indicating that it is very limited 
on the phase stability, although the Na-end-member phase was found to be metastable. Elasticity 
demonstrates strong anisotropy around 15 GPa due to its ferroelastic nature.
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inTroducTion

Long-lived radiogenic nuclides such as 40K, 232Th, 235U, and 
238U are essential to understanding the Earth’s long-term evolu-
tion, while short-lived such as 26Al are important only for the 
very early Earth (Urey 1955). It is believed that these elements 
are distributed in the continental and oceanic crust and mantle 
and are concentrated especially in the continental crust. Since 
recent studies have demonstrated that continental crust can be 
subducted into the Earth’s deep interior as well as a subducted 
slab despite of its buoyancy (Scholl and von Huene 2007; Kawai 
et al. 2009, 2012), it is important to understand the stability of 
the host phases of radiogenic nuclides such as 40K.

Alkali feldspars in the KAlSi3O8-NaAlSi3O8 system are the 
most abundant group of minerals in the Earth’s crust. While 
alkali feldspars are minerals that can survive the initial stage 
of subduction, hollandite-type aluminosilicates with the large 
square tunnels formed by four double chains of edge-shared 
octahedra are a candidate for host phases of large elements and 
incompatible large-ion lithophile elements (LILEs) such as Rb, 
Ba Sr, K, Pb, La, Ce, and Th in the deep mantle. It is, therefore, 
essential to investigate stability and elasticity of hollandite in 
the Earth’s deep interior.

Potassium feldspar is one of the most abundant minerals in the 
continental crust. Previous experimental studies on host phases 
of potassium show that KAlSi3O8 felspar dissociates into an as-

semblage of K2Si4O9 wadeite, Al2SiO5 kyanite, and SiO2 coesite 
at 6–7 GPa and 1500 K, and the three phases further recombine 
into KAlSi3O8 hollandite (hereafter called as K-hollandite I) at 
about 9 GPa and 1500 K (Urakawa et al. 1994; Yagi et al. 1994). 
While experiments on K-rich alkali basalt using multi-anvil cell 
implied a phase transition of K-hollandite I at 22.5 GPa and 2000 
K because quenched K-hollandite became Na- and Ca-richer 
(Wang and Takahashi 1999), some reported that K-hollandite I 
remains stable in the pressures range between 20 and 95 GPa at 
900 K (Tutti et al. 2001). On the other hand, a new high-pressure 
I2/m monoclinic structure of KAlSi3O8 (K-hollandite II) from an 
I4/m tetragonal structure at 22 GPa and room temperature was 
confirmed by in situ X-ray diffraction measurements (Sueda et 
al. 2004). Later, the phase transition was suggested to be second-
order (ferroelastic) because of marginal volume change during 
high-pressure studies up to 32 GPa and room temperature (Ferroir 
et al. 2006). The stability of K-hollandite II was investigated up 
to 128 GPa (Hirao et al. 2008). In contrast to the phase stability, 
the elasticities of the K-hollandite I and II phases were studied 
by theoretical studies (Mookherjee and Steinle-Neumann 2009). 
However, these previous studies are controversial both in terms 
of the reported phase transition pressure and elasticity. Some 
studies reported a second-order phase transition pressure of about 
23 GPa (Caracas and Boffa Ballaran 2010; Deng et al. 2011), 
while the other suggested a first-order phase transition of 33 GPa 
(Mookherjee and Steinle-Neumann 2009). As for elasticity, one 
reported that the K-hollandite I phase becomes mechanically * E-mail: kenji@geo.titech.ac.jp


