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The importance of geothermal energy as a crucial contributor to the energy mix has been growing in the last years. Some optimistic forecast point to an exponential growth for geothermal energy, especially based on technologic developments like Enhanced (or Engineered) Geothermal Systems (EGS) which are viewed by some studies as the future of geothermal energy utilization. EGS are universally deployable, as no special geological settings are required but generally involve deeper targets and therefore highlight the need for reliable exploration techniques. Exploration for geothermal energy is also of great importance in conventional geothermal systems in order to improve its economic viability.

The electrical conductivity of the subsurface is known to be a crucial parameter for the characterization of geothermal settings. Geothermal systems are in general composed by a region or system of faults and fractures filled with geothermal fluids, which can have high concentrations of dissolved salts, thus resulting in conducting electrolytes in a rock matrix. Both the fluid and the matrix (to a lesser extent) conductivities depend on temperature and the geothermal system exhibits, generally, higher conductivity values than the host rocks. Clay mineral alterations resulting from the hydrothermal processes that take place in the geothermal systems also have low conductivity signature. This makes geothermal systems ideal targets for EM methods, which have become the industry standard for exploration of geothermal systems in many countries.
Here, we present an update of the state-of-the-art geothermal exploration using EM methods. First, we will present the conceptual conductivity models of the classical convective hydrothermal systems briefly summarizing the causes of the observed conductivities in geothermal systems and will introduce other kinds of possible geothermal targets. We will present a number of examples of use of EM methods for imaging of geothermal targets, both in classical “clay cap” systems and in other geological settings (e.g. sedimentary basins). The focus will be on magnetotelluric (MT) techniques, as it is the only method to reliably reach depths of several kilometres needed for some geothermal targets, but we will not forget other EM methods and we will highlight the importance of incorporating as much additional data (geological, geophysical, geochemical,…) as possible in order to obtain a better understanding of the geothermal system as a whole, which is the ultimate goal of exploration.
