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Abstract
Starting with the same sample, the electrical conductivities of quartz and coesite have been measured
at pressures of 1, 6, and 8.7 GPa, respectively, over a temperature range of 373–1273 K in a multi-anvil
high-pressure system. Results indicate that the electrical conductivity in quartz increases with pressure
as well as when the phase change from quartz to coesite occurs, while the activation enthalpy decreases
with increasing pressure. Activation enthalpies of 0.89, 0.56, and 0.46 eV, were determined at 1, 6, and
8.7 GPa, respectively, giving an activation volume of –0.052 ± 0.006 cm3/mol. FTIR and composition
analysis indicate that the electrical conductivities in silica polymorphs is controlled by substitution
of silicon by aluminum with hydrogen charge compensation. Comparing with electrical conductivity
measurements in stishovite, reported by Yoshino et al. (2014), our results fall within the aluminum and
water content extremes measured in stishovite at 12 GPa. The resulting electrical conductivity model is
mapped over the magnetotelluric profile obtained through the tectonically stable Northern Australian
Craton. Given their relative abundances, these results imply potentially high electrical conductivities
in the crust and mantle from contributions of silica polymorphs.
The main results of this paper are as follows:
• The electrical conductivity of silica polymorphs is determined by impedance spectroscopy up
to 8.7 GPa.
• The activation enthalpy decreases with increasing pressure indicating a negative activation volume
across the silica polymorphs.
• The electrical conductivity results are consistent with measurements observed in stishovite at
12 GPa.
Keywords: Electrical conductivity, impedance spectroscopy, single crystal, quartz, silica, coesite,
high pressure

Introduction
The mineral silica, SiO2, occurs naturally as a constituent in
many igneous and sedimentary rocks. Silica exists in three major
phases in the Earth. First, as α and β quartz at pressures below
3–4 GPa with a transition temperature at about 550 °C, second
as coesite at pressures above 3–4 GPa and transition temperature
around 400–750 °C, and third as stishovite at pressures above
8–9 GPa with transition temperatures around 750–1200 °C. The
crystal structures of these phases change from hexagonal (quartz)
to monoclinic (coesite) and finally to tetragonal (stishovite).
Silicon in quartz and coesite has a coordination number of four
with oxygen at the tetrahedral corners and this changes to six
in stishovite. The relative abundance of all three phases at the
respective depths in the Earth is high, and all have different
physical properties. A recent study has shown SiO2 to crystallize from cooling of a Fe-Si-O alloy, indicating the presence of
stishovite on top of the Earth’s outer core (Hirose et al. 2017).
Silica is also known to be able to incorporate other elements,
which contribute significantly to its physical properties. Griggs
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and Blacic (1965), Holyoke and Kronenberg (2013), Kronenberg
et al. (1986), Stipp et al. (2006), and many references therein,
have discussed hydrolytic weakening in quartz as a result of
the uptake of water, while Renner et al. (2001) have carried
out similar studies on coesite. With the incorporation of aluminum in its structure, stishovite can hold substantial amounts
of water, as a hydroxyl ion (Panero 2006; Panero and Stixrude
2004), contributing significantly to its physical and chemical
properties. It is important, therefore, to study the role of silica
in mantle properties and dynamics from the measurement of the
electrical conductivities of its polymorphs and determine how
they relate to each other.
The substitution of silicon with aluminum, and an alkali
metal or hydrogen is understood to contribute significantly to
the electrical conductivity in silica. Studies of the electrical conductivity in quartz have been carried out both in polycrystalline
aggregates (Bagdassarov and Delepine 2004) as well as in single
crystal quartz (Wang et al. 2014). The electrical conductivity in
stishovite (Yoshino et al. 2014) has also been recently reported.
To our knowledge, no data on the electrical conductivity of
coesite at high pressures and temperatures have been reported.
To understand the electrical conductivity properties in the
major phases of silica and how they relate to each other, it is
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