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Abstract

Electrical impedance measurements in the laboratory on silicate melts are used to interpret mag-
netotelluric anomalies. On the basis of 2- and 4-electrode measurements, we show that the influence 
of the electrodes of the 2-electrode system on the measured resistivity can be of significant importance 
for low-resistivity melts and increases with temperature. At 1400 °C, the resistivity of very conduc-
tive melts measured with two electrodes can reach six times the resistivity value measured with four 
electrodes. A short-circuit experiment is needed to correct the 2-electrode data. Electrodes contribution 
is also estimated for samples from other studies, for which the resistance of the electrical cell can be as 
high as the resistance of the sample. A correction of the resistivity data from the literature is proposed 
and values of the corresponding Arrhenian parameters are recommended.
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Introduction

Knowledge of the electrical properties of melts is needed for 
the interpretation of magnetotelluric profiles (Wannamaker et al. 
2008; Yoshino et al. 2006; Tarits et al. 2004; Müller and Haak 
2004; Roberts and Tyburczy 1999). For example, both magne-
totelluric data and electrical measurements in the laboratory 
allowed for the identification of partial melt in the asthenosphere 
below the East Pacific Rise (Yoshino et al. 2006). The informa-
tion provided by electrical measurements in the laboratory is of 
significant interest to the interpretation of geophysical anomalies, 
in terms of quantitative constraints placed on potential conductive 
magma reservoirs (Pommier et al. 2008; Gaillard et al. 2008) 
and for the elaboration of conductivity models (Xu et al. 2000). 
Since electrical conductivity (or resistivity) is extremely sensitive 
to small chemical and physical changes, it represents a subtle 
probe for studying silicate melts properties under controlled 
and variable conditions (T, P, composition, and fO2) (Pommier 
et al. 2008; Gaillard and Iacono-Marziano 2005; Gaillard 2004; 
Tyburczy and Waff 1985, 1983). Several studies have contributed 
to improve the technique of electrical impedance measurements 
over the past decades (e.g., Lupotto et al. 1987; Hodge et al. 
1976; Bauerle 1969). 

Experimental difficulties raised by electrical measurements 
include the maintenance of a well-constrained electrical cell 
geometry and the necessity to limit the interactions between the 
sample and the components of the electrical cell. In addition, 
the problem of the contribution of the electrical response of the 
electrodes to the measured resistance can be of non-negligible 
importance (Tyburczy and Waff 1983) and needs to be quanti-
fied. Most electrical measurements of natural silicate melts are 

based on a 2-electrode system, whereas the 4-electrode system is 
mostly used by the material science community. The resistance 
of the electrodes (Relectrodes) is included in the impedance mea-
sured by the 2-electrode system, which can affect the electrical 
response of the sample (effective resistance), particularly for 
low resistivity melts. It is therefore important to evaluate the 
contribution of the electrodes in the experimental conductiv-
ity database for silicate melts. Because this problem concerns 
most of the current database of electrical resistivities of natural 
melts, it also raises a direct implication in the interpretation of 
magnetotelluric profiles in molten or partially molten regions of 
the Earth’s crust and mantle.

The main goal of this study is to address the influence of the 
electrode configuration on the measurement of the resistivity 
of melts in the laboratory. We measured the electrical response 
of three silicate melts (a basalt, a phonolite, and a borosilicate) 
using two different techniques, based on 2- and 4-electrode 
measurements. Experiments were conducted at 1 bar and in the 
T range 800–1430 °C. The influence of the electrical response 
of the electrodes on the 2-electrode data were identified, dem-
onstrating the need for a significant correction of the impedance 
measurements. Errors on resistivity values of silicate melts due 
to electrodes contribution were estimated for the investigated 
samples as well as for samples from other studies. We recommend 
values of corrected Arrhenian parameters for the calculation of 
electrical resistivity of natural silicate melts.

Experimental methods

Starting products 
The three starting materials were a borosilicate synthetized at the CEMHTI 

(CNRS-Orléans, France), a phonolite from Mt. Vesuvius (Pommier et al. 2008), 
and an alkali basalt from the Pu’u ’O’o volcano (Kilauea). The composition of * E-mail: anne.pommier@cnrs-orleans.fr


