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Impedance spectroscopy can be used to characterize microphysical processes occurring in 
geological materials in situ during laboratory experiments. For example, the experimental 
investigation of electrical impedance as a function of pressure and temperature has been 
employed to constrain activation energies of atomistic transport processes or to delineate 
conditions for phase changes. Impedance spectroscopy is particularly useful to investigate 
partially molten materials as conductivity is very sensitive to the presence of small amounts of 
melt owing to the substantial difference in conductivities of silicate minerals and melts. In 
partially molten materials, electrical impedance measurements can be used to determine 
mobility and kinetics of charge carriers fundamental for understanding fluid viscosity and also 
the geometrical distribution of phases (melt interconnectivity) crucial for modeling bulk 
viscosities. So far, studies involving impedance spectroscopy are restricted in pressure and 
temperature conditions due to technical limitations. Few studies have been presented that 
measure electrical impedance at conditions pertinent to subduction zones. Supercritical 
hydrous melts may exist at these conditions and electrical impedance measurements during 
laboratory experiments may provide crucial information on their properties. 
 
We developed an experimental setup that can be used to measure electrical impedance at 
pressures up to 4 GPa and temperatures up to 1200°C in a solid medium piston-cylinder 
apparatus. In this study, we use the setup to investigate changes in the electrical impedance 
during pyrophyllite dehydration, calcite-aragonite phase transition and hydrous partial melting 
in diopside-anorthite mixtures. 
  
For pyrophyllite, we found an apparent activation energy for conduction of 104 kJ/mol for 
temperatures of 450 to 800°C increasing towards higher temperatures. Electrical conductivity 
is higher during cooling than during heating after exposing pyrophyllite to a peak temperature 
of 1000°C. These findings are in agreement with previous studies at similar conditions that 
ascribed the changes in electrical conductivity to the dehydration of pyrophyllite, producing 
quartz and kyanite above 800°C. The apparent activation energy of fine-grained Solnhofen 
limestone and coarse-grained Carrara marble are similar (146 kJ/mol) during heating up to 
750°C at 2.5 GPa, while the electrical conductivity of the marble is lower. The difference 
indicates that grain boundary diffusivity rather than impurities in the bulk crystals control the 
electrical transport properties. The apparent activation energies increase by a factor of 3 to 4 
above 850°C and are significantly lower (85 kJ/mol) during cooling from 750 to 150°C. The 
phase diagram of CaCO3 suggests that these changes are related to the calcite-aragonite phase 
transition. Electrical impedance measurements on a sample containing 70 wt% diopside glass, 
15 wt% anorthite glass and 15 wt% water up to 1000°C at 2 GPa indicate three distinct 
regimes with different apparent activation energies that could have resulted from nucleation 
of grains in the glasses at ~650°C and hydrous melting at ~800°C. Further experiments are 
required to confirm these observations and determine the properties of the fluids present. 


