Regional Geologic Controls, Geochemical Characteristics, and Thermal Infrared Signatures of Geothermal Systems of the Great Basin

Mark Coolbaugh, Great Basin Center for Geothermal Energy, University of Nevada, Reno

[Geological Society of Nevada Newsletter, v. 17, n. 1, p. 3]

The Great Basin Center for Geothermal Energy, directed by Drs. James Taranik and Lisa Shevenell, is nearing the completion of its first year of diversified research.  Topics include seismic studies (John Louie), structure and geophysics (Jim Faulds and others), GPS strain analysis (Geoff Blewitt and others), geochemical studies and databases (Greg Arehart, Larry Garside, Lisa Shevenell and others), web site development (Don Sawatzky and others), remote sensing (Wendy Calvin and others), and a geothermal GIS (Mark Coolbaugh and others).  We provide an overview of some of this research, emphasizing geochemistry, regional GIS analysis, and remote sensing.

Two types of geothermal systems are recognized in the Great Basin: those driven by magmatic heat (magmatic systems) and those associated with high regional heat flow and active faulting (extensional systems).  Magmatic-type geothermal systems (e.g., Mammoth) are currently restricted to the margins of the Great Basin where Quaternary silicic volcanic rocks are present, but extensional systems (e.g., Dixie Valley) occur throughout much of the Basin and Range province.  The Great Basin is unusual in the world in that some of these extensional systems attain reservoir temperatures of >150°C and support geothermal power plants.

Characteristic fluid chemistries distinguish magmatic and extensional-type geothermal systems.  Fluids from magmatic-associated systems have higher As concentrations, higher Li/Cl, B/Cl, and Cs/Cl ratios, and higher 3He/4He ratios compared to their extensional counterparts.  These differences are observed in spite of the fact that pH and salinity ranges are broadly similar.  Host rocks do not appear capable of explaining differences in arsenic concentrations.  The possibility that magmas could be the ultimate source of some metals is supported by high metal concentrations measured in juvenile (magmatic) fluids from geothermal systems in Japan and elsewhere: however, reservoir dynamics and fluid-rock interactions are complex and direct links are difficult to establish.

Geothermal systems in the Great Basin exhibit several scale-dependent regional controls.  At a basin-to-basin scale, high-temperature systems are preferentially associated with northeast-trending lineaments including the Humboldt Lineament in Nevada and the Black Rock-Alvord Desert trend in Nevada and Oregon.  Superimposed on these northeast trends is a broader-scale northwest trend of geothermal systems believed related to shear-induced extension along and marginal to the Walker Lane.  Interestingly, at an even broader scale (300 km), regional contouring defines a cluster of high-temperature extensional systems in the northwest portion of the Great Basin: several possible explanations for this cluster are explored, including high heat flow, crustal extension rates, thinner crust, and possible basaltic underplating.

Temperature anomalies associated with geothermal activity can be detected using thermal infrared remote sensing imagery, and towards that end, the Arthur Brant Laboratory for Exploration Geophysics (ABLE Lab) at the University of Nevada, Reno has been investigating the use of new airborne and satellite thermal sensors.  Examples from Steamboat Springs and Brady’s Hot Springs are used to illustrate how digital enhancements can minimize the diurnal heating effects of the sun that otherwise can obscure geothermal anomalies.  Enhanced ASTER satellite imagery was used to help identify a pattern of secondary fault structures at Brady’s Hot Springs that will assist ongoing structural studies of that area.
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