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Abstract
Resistivity imaging is a powerful method for geothermal energy resource exploration. The Department of Energy’s Geothermal Technologies Office funded the Basin & Range Investigations for Developing Geothermal Energy (BRIDGE) research project, led by Sandia National Laboratories (Sandia), to develop a workflow for increasing the efficiency and efficacy of discovering and characterizing hidden (i.e., lacking surface expression) geothermal energy systems in the Basin & Range Province of the western USA. Resistivity methods are sensitive to attributes of geothermal systems and thus are a crucial part of the workflow that was proposed and is being executed by the BRIDGE project team. These attributes include shallow resource indicators (e.g., within 300 meters of the ground surface) to deeper components of economical hydrothermal reservoirs (e.g., up to 3,000 meters below the ground surface). The BRIDGE project utilizes a two-phase approach to resistivity imaging: 1) rapid and regional-scale imaging of the shallow subsurface with airborne electromagnetic (AEM) surveying followed by 2) local-scale terrestrial magnetotelluric (MT) surveying to perform detailed and AEM-guided imaging at greater depths.
The Hawthorne Army Depot (HAD), a U.S. Department of Defense property in Mineral County, Nevada, is among several areas of interest being investigated by BRIDGE and has emerged as a prime case study for this resistivity exploration approach and conceptual modeling. Maps and profiles derived from the AEM data provide insights on previously known but poorly characterized attributes of a structurally controlled shallow thermal anomaly in the eastern portion of HAD. Results indicate shallow conductive (<6 ohm-meter) anomalies that appear to be associated with hydrothermal outflow features, such as a clay cap and/or hydrothermal alteration, with projected geometries that exceed the AEM method’s depth of investigation. MT surveying was then targeted and executed in eastern HAD to 1) compare/contrast AEM and MT resistivity imaging in the shallow subsurface and 2) investigate resistivity geometries at greater depths. The two methods demonstrate excellent consistency of resistivity values within the depth of investigation of the AEM, providing confidence in the complementary interpretation of the AEM and MT results. Furthermore, the MT results provide a conceptual basis for inferring possible upflow locations of a potentially >120°C geothermal resource at the site. Next steps for the BRIDGE project at eastern HAD include joint inversion of the AEM and MT data and temperature confirmation drilling to improve the robustness of the resource conceptual model.
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