Moving 3D geologic mapping forward: Quantitative facies and material properties modeling
STATEMENT OF PROBLEM.  The future of geologic mapping is generating and implementing 3D geologic maps and the associated databases.  Current 3D geologic mapping has made significant progress in demarcating significant structural features (faults, unconformities, and generalized geologic units), but the critical step of filling volumes of rock with realistic geology (e.g. facies) remains unaddressed.
OBJECTIVES.  The objectives of this line of scientific inquiry are to develop and implement quantitative methods for estimating the internal heterogeneities (e.g. facies changes and changes in material properties) of geologic units on the regional and quadrangle scale while building and implementing 3D geologic maps.

STRATEGY.
  Modern geostatistics focuses on simulation, where multiple quantitative models of geology within a geologic unit (e.g. facies or rock properties) are generated, each a possible solution that matches all of the existing data (see figures below). The use of these methods mandates a multidisciplinary approach: geologists are needed to characterize known analogous environments in detail, geophysicists are needed to provide critical constraints on subsurface structure and rock properties (e.g. density, magnetism, water saturation, porosity, clay content), and hydrologists and chemists are needed to provide flow and transport constraints.  Project teams currently in place have demonstrated success in generating framework 3D geologic maps (for example, the recent 3D geologic mapping project of Jachens and Graymer).  Bringing cutting-edge geostatistical techniques currently being developed at Universities (Stanford, U.C. Davis) to such a group of scientists puts the USGS at the forefront of 3D geologic mapping.

RELEVANCE AND IMPACT.  Quantitative 3D geologic maps directly address three issues of primary concern to society: water resource assessment, natural hazard characterization and mitigation, and energy resource assessment.  The characterization of geologic units in 3D is central to estimating resource amount and distribution, investigating the effects of seismic hazards, and assessing the uncertainty of the predictive models that generate these estimates.
PARTNERSHIPS.  Quantitative 3D geologic maps are the foundation of earth science studies, and as such act as a hub that brings together groups with diverse interests.  In addition to the multidisciplinary involvement of USGS scientists, partnerships include Federal, State and local agencies and private companies (e.g. PG&E) concerned with resource management (especially water management) and seismic hazard mitigation.  
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The reference map (left) is a synthetic map of subsurface stream deposits (light blue) and associated facies (orange, red, dark blue).  The data (middle left) represent 50 wells that penetrate the subsurface deposits shown in the reference map.  Two geostatistical simulations (middle and far right) were generated using only the 50 data points. Compare the results to the reference image.  Note that continuity and relationships between geologic units are largely preserved in the simulations.
