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ABSTRACT

Thermoelastic properties of upper continental crust or terrigenous sediments (similar composition
to the upper continental crust) are the basis for identifying them and investigating their fate in the
Earth’s mantle. Potassium feldspar, one of the most abundant minerals in the upper continental crust,
transforms to liebermannite under high-pressure conditions, which subsequently transitions to its
high-pressure phase, K-hollandite II. However, the thermoelastic properties of liebermannite and
K-hollandite II remain unknown. This study employs first-principles calculations to determine their
equations of state and elastic properties under high temperatures and pressures. Elastic moduli of
both liebermannite and K-hollandite II exhibit strong nonlinear pressure and temperature dependen-
cies. Liebermannite experiences shear instability and unusually large VS anisotropy (∼200%) before
its transition to K-hollandite II. The shear instability shifts to higher pressures at higher temperatures
with a slope of∼3.8MPa/K and generates a∼50% VS jump from liebermannite to K-hollandite II. We
find that the upper continental crust exhibits higher velocities than the surrounding mantle to
∼550 km, which explains the high-velocity anomalies observed under continent-continent collision
zones. At the top of the lower mantle, the softening of liebermannite’s shear modulus turns the upper
continental crust into a low-velocity body with potential seismic anisotropy, and the liebermannite to
K-hollandite II phase transition leads to a large velocity contrast, causing the upper continental crust
to appear again as high-velocity anomalies. Therefore, the presence of upper continental crust could
be a reasonable explanation for strong anisotropy around low-velocity scatterers at the top of the
lower mantle. At depths greater than ∼800 km, both oceanic and upper continental crust have higher
velocities than the surrounding mantle, but because their velocities are similar, distinguishing them is
challenging.
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INTRODUCTION

Earth is the only planet in the solar system with granitic con-
tinental crust, which has survived geological events due to its
intrinsic buoyancy and thus preserved information about the
origin and evolution of Earth. It has been proposed that the ter-
rigenous material could enter the deep mantle through various
processes. One mechanism is through rare continental collision
and subduction, where continental crust is carried along sub-
ducting lithosphere (Kufner et al. 2016, 2021; Li et al. 2018;
Liang et al. 2012, 2016; Liu et al. 2020; Parsons et al. 2020;
Replumaz et al. 2010; Schneider et al. 2013; Xu et al. 2021; Zhao
et al. 2010, 2015). Microdiamonds found in metamorphic rocks
related to continental collisions suggest that these rocks were
subducted to depths of >150 km (Dobrzhinetskaya et al.
2007). The formation of stishovite and majorite in the subducted
metamorphic continental crust (Liu et al. 2007, 2018; Van Roer-
mund 1998; Ye et al. 2000) indicates subduction depths of
>250 km. Another way for continental crust to enter the mantle

is through delamination and lithospheric dripping (Andersen
et al. 2022). Additionally, terrigenous sediments can be trans-
ported into the deep mantle via oceanic subduction. The pres-
ence of terrigenous material in the deep Earth is supported by
geochemistry and diamond inclusions (Cabral et al. 2014; Dixon
et al. 2002; Hart 1988; Jackson et al. 2007; Murphy et al. 2002;
Rapp et al. 2008; Stachel et al. 2000; Workman et al. 2004).
Compared to oceanic crust (MORB) and mantle (peridotite/
pyrolite), the upper continental crust (UCC) and terrigenous
sediments (with a composition similar to UCC) have distinct
compositions and properties that can be used to distinguish ter-
rigenous materials from the surrounding mantle. The density of
UCC is greater than that of the surrounding mantle once it
reaches 250–350 km—the “depth of no return,” and therefore,
it could reach at least the bottom of the mantle transition zone
(MTZ) due to negative buoyancy (Irifune et al. 1994;Wang et al.
2022; Wu et al. 2009; Zhang et al. 2016). Velocities and density
of the UCC and terrigenous sediments are key to investigating
their fate and identifying their presence in the deep mantle.

Potassium feldspar, one of the most abundant minerals in
UCC, transforms to liebermannite (KAlSi3O8) at depths of
∼300 km (Irifune et al. 1994; Ishii et al. 2012; Wu et al. 2009;
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