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abstract
The electrical conductivities of granites with different chemical compositions [XA = (Na2O + K2O
+ CaO)/SiO2 = 0.10, 0.13, 0.14, and 0.16 in weight percent] were measured at 623–1173 K and 0.5
GPa in a multi-anvil high-pressure apparatus using a Solartron-1260 Impedance/Gain Phase analyzer
within a frequency range of 10–1–106 Hz. The conductivity of the granite sample with XA = 0.13 was
of XA produce dramatic increases in the electrical conductivity. For the granite samples with XA = 0.16
and 0.13, the activation enthalpies are 1.0 eV above 773 K and 0.5 eV below 773 K, suggesting that
impurity conduction is the dominant conduction mechanism in the lower-temperature region. For the
granites with XA = 0.14 and 0.10, the activation enthalpy is 1.0 eV over the whole temperature range,
suggesting that only one conduction mechanism dominates the conductivity. Based on the value of
activation enthalpy (~1.0 eV) and the dependence of electrical conductivity and activation enthalpy on
XA at high temperatures, we propose that intrinsic conduction is the dominant conduction mechanism
in all samples, and that K+, Na+, and Ca2+ in feldspar are the probable charge carriers controlling the

=

0

X A exp

H0 + X A
kT

H0 is the activation enthalpy at very
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small values of XA; k is the Boltzmann constant; and T is the temperature. The present results suggest
that the granite with various chemical compositions is unable to account for the high conductivity
anomalies under stable mid- to lower-crust and southern Tibet.
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introduction
Since magnetotelluric (MT) surveys have a non-unique
inverse problem and limitations in resolution and sensitivity (Bedrosian 2007), electrical conductivity data measured in
the laboratory at high temperatures and pressures provide an
independent approach to constraining the interpretation of MT
results from the field, thus helping the geophysicist to obtain a
knowledge of structure, thermal state, and composition of the
interior of the Earth (Shankland and Ander 1983; Glover and
Vine 1994; Yoshino 2010; Ni et al. 2011; Yang 2012; Yang et
al. 2012; Pommier 2014; Selway 2014). Generally, under the
defined thermodynamic conditions, the electrical conductivity
of rocks is controlled mainly by the constituent minerals and
their chemical compositions, although a small number of other
conductive phases (e.g., water, partial melts, graphite, and other
accessory conductive minerals) can also play an important role in
the electrical properties of rocks (Duba et al. 1994; Ni et al. 2011;
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Yoshino and Noritake 2011; Yang et al. 2012). As a consequence,
it is crucial to determine the relationships between the electrical
conductivities of rocks and their chemical compositions before
other impact factors can be clarified, because these relationships may provide significant constraints on the chemistry of
the interior of the Earth.
Granite is one of the most common and widespread acid
igneous rocks in the Earth’s crust, and large variations in its
chemical composition are possible; emplacement may be at
depths as great as 20 km in some specific regions (Hyndman
1981; Guillot et al. 1995). Therefore, laboratory-measured
conductivity data for granites with various compositions, in
combination with conductivity–depth profiles derived from MT
data, can provide important constraints on the composition of
the Earth’s crust. Data on the electrical conductivity of granites
under defined thermodynamic conditions have been given by
Noritomi and Asada (1956), Duba et al. (1978), Olhoeft (1981),
Parkhomenko (1982), Shanov et al. (2000), and Liu et al. (2001),
but most of these measurements were performed at atmospheric
pressure using a direct current (DC) method, which means that
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