Fracture characterization at Homestake Mine: objectives, approach, and anticipated outcomes

(S. Martel and W. Roggenthen)

We cite four main tasks in a preliminary evaluation of the fracture systems at Homestake mine.  Our results should provide a basis for understanding the general hydro-mechanical behavior of the mine.

Task 1 - Review of Existing Data.  We will review existing geologic data in the Vulcan database for the Homestake Mine and other data (e.g., maps and reports) that Barrick Gold Corporation has made available to the Homestake-Adams archives in Deadwood, SD.  The Vulcan database contains information on the type and distribution of rocks intersected by the mine workings and associated drill holes.  To the extent possible we will use the existing data (1) to develop a 3D model of the location and orientation of the fractures in the mine, and (2) to relate fracture positions and orientations to: geologic features such as shear zones, faults, and the axial surfaces of folds; the locations of microseismic foci; and geophysical features as they become available (e.g., slowness distributions from tomography).  We anticipate using Rockware’s Rockworks2006 software to build our fracture database; this software is well suited for fracture data and for 3D visualization. 

Task 2 - Reconnaissance.  We will inspect accessible drifts near the points of greatest subsurface water entry to the mines to identify particular fracture systems that conduct water in the mine.  We also will locate fracture systems in the mine and the nearby Open Cut open-pit mine that warrant detailed characterization owing to prominent structural continuity and/or amounts of slip. 

Task 3 - Fracture Mapping. The local structural architecture of a fracture system in many cases reflects the hydraulic architecture of the system as a whole.  We will characterize selected fracture systems along the drifts through a combination of detailed mapping, photography, and sampling. In addition to determining the position and location of the fractures, the detailed mapping and photography will illuminate (a) the local internal architecture of the fracture systems, (b) the extent to which rock anisotropy controls the location and orientation of the fractures, (c) the relative displacement across the fractures, (d) how the fracture systems developed, and (e) their relative ages. Detailed mapping of fine secondary fractures together with relative displacement measurements can provide critical information for distinguishing faults from joints, with the former in many cases being more conductive than the latter.  This detailed information, which also can be used to predict the location and orientation of hydraulically conductive secondary fractures associated with faults, commonly is excluded in typical scanline surveys. We will collect samples for thin section analysis to help distinguish faults from joints. 

Certain structures that are either predicted or known in the mine are of special interest.  The first are sheeting joints, which are anticipated based on (1) the measured stresses and the topography near the Homestake Mine, and (2) their apparent presence elsewhere in the Black Hills.  Sheeting joints (opening mode fractures subparallel to the topographic surface) could be vitally important because they can link otherwise unconnected steep fractures to form a conductive network.  The second set of structures consists of previously recognized steep shear zones and associated axial surfaces of folds.  The third set of structures consists of geologic dikes, which are known to occur at Homestake.  Dikes can serve as nuclei for thoroughgoing faults and can hydraulically link otherwise disconnected structures. 

Task 4 - Analysis.  We will analyze fractures at the mine cognizant of their hydrologic implications.  We anticipate that the most conductive individual fractures will be perpendicular to the local least compressive stress, and that the most conductive fracture networks will be those in which the most conductive individual fractures are best connected.  The existing fracture data, together with our reconnaissance and mapping, will provide locations on key fractures where intersected by drifts. Existing fracture orientation data from drill holes will be analyzed using the methods of Martel (1999) and Peacock et al. (2003) to help establish the orientation distribution of fractures away from the drift walls; these methods account for the biasing effect of borehole on fracture orientation data. A model for the stress state in the mine will be created using using POLY3D and will honor existing stress measurements.  The stress model together with the geologic information will be used to predict which faults are most able to slip now and have associated secondary fractures that are open and hydraulically active.  
