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Abstract
Felsic gneiss is a major type of ultrahigh-pressure metamorphic rock in continental subduction zones. 

As an important mineral of felsic gneiss, the phase behavior of K-feldspar is of great significance for 
studying subducting seismic activities, crust-mantle interactions, and plate tectonics in the Earth’s inte-
rior. In this study, we investigated the phase relations in K-feldspar using Raman spectroscopy combined 
with externally heating diamond-anvil cell (DAC) under high-pressure (28 GPa), high-temperature 
(400 °C), and simultaneous high pressure-temperature (P-T) (14 GPa, 430 °C) conditions. The phase 
diagram of K-feldspar at relatively low temperatures has been constructed, and together with previous 
results, a more comprehensive P-T phase diagram of K-feldspar is established. K-feldspar undergoes a 
reversible phase transition from C1 to P1 (metastable K-feldspar) symmetry at 10.3 GPa. Metastable 
K-feldspar is an intermediate phase from K-feldspar to K-holl-I (KAlSi3O8 with a hollandite-I structure) 
in extremely cold subduction slabs (<2 °C/km) or the center of some old, cold, and rapidly subducting 
slabs. Metastable K-feldspar is stable even at 11.4 GPa and 400 °C in enriched hydroxyl group (OH) 
environments, which shows greater high-P-T stability than K-feldspar. Thus metastable K-feldspar 
could withstand subduction-zone fluids, low-temperature metamorphism, and survive to deeper than 
previously expected. These results enhance our understanding of the formation paths and conditions 
of K-holl-I, the subducted depth of K-feldspar, the effect of subduction-zone fluids on continental 
subduction, and provide a possible reason for the origin of intermediate- and deep-focused seismicity.
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Introduction
Feldspar minerals comprise about 50–60% of the Earth’s 

crust and are widely found on the surface of other planets (e.g., 
Moon, Mars, Venus) (Sprague et al. 1997; Rogers and Nekvasil 
2015; Hashimoto et al. 2009). K-feldspar (microcline, sanidine, 
orthoclase; KAlSi3O8) is more stable than the other two major 
feldspar end-members (albite, anorthite) and has been regarded 
as a predominant potassic phase in the Earth’s crust and the 
uppermost mantle (e.g., Liu et al. 2010; Deng et al. 2011). In 
addition, K-feldspar could enter the deep Earth via subduction 
process, where crustal constituents are directly transferred from 
the descending slab into the mantle wedge at different depths, 
leading to the crust-mantle interaction (Irifune et al. 1994; Zhang 
et al. 2003; Zheng 2012). Furthermore, K-holl-I is regarded as a 
host phase for large cations such as K, Na, Sr, Ba, and Pb in the 
mantle, which is of great geochemical interest (e.g., Yamada et 
al. 1984). Thus, the stability of K-feldspar is of great geophysical 
and geochemical significance to understanding the dynamics of 
subducting lithospheres, Earth’s long-term thermal evolution, and 
the material exchange of the crust-mantle system.

The framework of K-feldspar is based on the rings of four TO4 
tetrahedra (T = Si4+, Al3+) forming double crankshaft-like chains. 

All Si and Al atoms are bonded to four O atoms in the TO4 tetra-
hedra, and potassium atoms occupy the large voids. K-feldspar 
dives into the Earth’s interior along with a series of structural and 
compositional changes. Phase equilibrium experiments confirmed 
that at temperatures above 700 °C, K-feldspar dissociated into 
a denser assemblage of K2Si4O9 wadeite + kyanite + coesite/
stishovite (Wd + Ky + Coe/St) at 6–7 GPa, and latter the assem-
blage recombined into K-holl-I at 9–10 GPa (e.g., Urakawa et al. 
1994; Yagi et al. 1994; Liu et al. 2010). K-holl-I transformed into 
K-holl-II (KAlSi3O8 with a hollandite-II structure) at near 20 GPa, 
both ambient and elevated temperatures. K-holl-II is unquench-
able and stable over the entire range of mantle conditions (Sueda 
et al. 2004; Nishiyama et al. 2005; Ferroir et al. 2006; Hirao et 
al. 2008); In addition, K-feldspar melted to leucite (KA1Si2O6) 
and silica-rich liquid at 2 GPa, 1150 °C (Lindsley 1966), and 
transformed into metastable phase induced by an increase in the 
Al coordination number at 10–13 GPa and ambient temperature 
(Pakhomova et al. 2020).

Metastability of subducted minerals could encourage subduct-
ing slabs deceleration or stagnation (e.g., van Mierlo et al. 2013; 
Agrusta et al. 2014). It is well known that low-temperature parts in 
the Earth’s subduction zones enable the preservation of metastable 
phases at greater depths than those under equilibrium conditions 
(e.g., Hogrefe et al. 1994; Kawakatsu and Yoshioka 2011). How-
ever, previous high-P-T studies of K-feldspar are insufficient to 
be applied to the ultracold subducted environments, and the lower 
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