Microseismicity illuminates fluid pathways in the shallow crust
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We examine a newly identified system of faults cutting the Precambrian basement of northeast Brazil to assess the structural controls on fluid flow in the shallow crust. The faults cross-cut Archean gneisses and Neoproterozoic marbles and schists deformed during the Ca. 600Ma Brasiliano orogeny, which formed a variety of mylonite shear zones and foliations that imparted mechanical anisotropies in the host rocks. The faults are kilometres long and are relatively ‘mature’ structures, though offsets are poorly constrained. Exposures of four faults demonstrate some common characteristics in the structural architecture of the faults: deformation is localised onto one or more fault cores consisting of a variety of cataclasites, fault-related fracturing in the damage zone is most intense close to the fault cores and decays with distance from the fault core, damage zone widths defined by macrofractures are of the order of 50-100m, and along-strike changes in the geometries of the fault cores and damage zone are common. Hydrothermal alteration and mineralization within the fault cores and damage zones imply both have accommodated fluid fluxes during deformation. Recent coseismic reactivation induced by fluid migration and/or pore pressure diffusion of two faults in northeast Brazil cutting the same basement rocks allows direct comparison between the distribution of hypocentres and the architecture of the faults as a tool to assess the locations of migration pathways. In particular, relocated hypocentres of shallow (≤5km) events induced by reservoir loading with errors of ~10-20m in both the horizontal and vertical directions can be used to determine the features within the fault zone that accommodate fluid flow. By analysing the spatial distribution of events with similar waveforms we show that repeating earthquakes define structures up to 200 m long at angles of 39 to 76° to the overall trend of the fault. Comparison with the field data implies that damage zone fractures are the primary controls on fluid migration pathways in faults in crystalline rocks in the shallow crust, and that damage zone structures can be reactivated coseismically. 

