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Statement of Problem:  Brittle fault zones are ubiquitous and form a set of hydraulic, lithologic, and mechanical heterogeneities that can significantly alter the rates and patterns of fluid flow in the Earth’s upper crust.  However, adequate identification of the three-dimensional geometry, spatial and temporal scales of importance, petrophysical, hydraulic, mechanical, and chemical properties associated with faults are poorly understood.  Paramount to our lack of understanding is the lack of data for the in-situ properties of faults in myriad geologic settings.  

Objectives:  Our goals include the following: 1) To better understand the processes and controls that faults have on a) paleo and present day ground-water flow and contaminant transport, b) the migration and trapping of hydrocarbons, c) the formation of mineral deposits, and d) hazard-related deformation of the Earth’s brittle crust; 2) new understanding will lead to better predictions of the impacts that geological heterogeneities, such as faults, have on assessment, uncertainty, and sustainable use of resources; and 3) understanding also will facilitate effective integration of the most relevant types and amounts of fault data into geological framework models that are the basis for ground water and other Earth system models.

Work Strategy:  Research needs to be supported in specific locations that are representative of a particular part of the stated problem or supported under more general research where fault studies are an integral part of a bigger problem.  Specific examples of research include: 1) refinement of geologic and hydrologic mapping techniques that incorporate fault characteristics, architecture, hydraulic, and physical property data derived from outcrop and laboratory measurements; 2) refined use of borehole, ground, and aerial geophysics, rock magnetics, and more exotic techniques such as InSAR for identification of faults and their regional-scale geometric and kinematic properties; 3) in-situ aquifer testing inclusive of determination of the local stress field and its impact on specific structures and thus fluid flow; 4) collection and analysis of time series water level data in the vicinity of faults where current pumping stresses related to ground-water withdrawal; 5) geochemical and environmental tracer techniques adopted to provide data on fault localization of economic ore bodies and the environment consequences of those bodies interacting with the surface through mining; 6) three-dimensional geologic and hydrologic framework modeling that specifically include fault geometry and properties; 7) analyses of fault versus host rock geochemistry, fluid inclusion geothermometry and composition, cathodoluminescence, apatite fission track studies to document and understand varying deformation conditions and processes; 8) development of direct fault rock dating techniques integrated with kinematic data to determine when and where various resources might have been transported over geological time; and 9) integration of numerous data types in numerical models to investigate fundamental processes, couplings, and impacts on field conditions under varying scenarios.

Relevance and Impact:  The relevance of fault studies includes ground-water supply and contaminant transport; identification, characterization, production, and maintenance of geothermal, hydrocarbon, and mineral resources; siting and containment of nuclear and hazardous wastes; fundamental earthquake and in-situ stress processes and associated hazards; and fundamental processes and history of tectonics.  Because faults are ubiquitous, better understanding them will positively impact our ability to identify, assess, and sustain ably use natural resources by narrowing the uncertainties associated with Earth processes and how they produce, localize, and translate resources.

Partnerships:  Integrated research on faults might include a variety of researchers within USGS programs aimed at both fundamental and applied science; academic partners through National Science Foundation funding for topical research and students; other Federal agencies such as BLM, USFS, NSP, and DHS who are responsible for informed resource assessment and management on public lands; and State agencies that have a specific mandate to manage particular areas of public land.

