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Abstract
The Tepetate-Baton Rouge fault system is a set of regional listric-normal faults in the northern margin of the Gulf of Mexico. Although the fault motion is mostly aseismic, human activities, oil and gas production, and groundwater extraction may have recently accelerated fault activity. Significant subsidence and aquifer contamination with saline waters have raised concerns about the possibility of fault reactivation and the influence of faults on groundwater flow and aquifer permeability. We deployed five dense linear arrays of 428 short-period seismic nodes in the Mamou and Baton Rouge areas of Southern Louisiana to investigate the fault system and its interaction with nearby aquifer systems.  The arrays have a ~200 m inline spacing and recorded three-component wavefields at a 500 Hz sampling rate from October 16 to November 14, 2022. We use ambient noise tomography, horizontal-to-vertical spectral ratios (HVSR), and receiver functions from 11 teleseismic earthquakes combined with LiDAR and well-log data to construct the first high-resolution images of the fault zone and aquifer systems from shallow (~50 m) to deeper (~30 km) depths. The velocity profiles and HVSR curves show a low-velocity layer between 150 and 200 m depth, corresponding to the shallow wedge-shaped sand bodies of the freshwater aquifer. The freshwater aquifers are mapped down to ~2 km depth to the top of the marine shales. However, their lateral continuity is affected by the Baton Rouge and Mamou faults differently and in different locations, indicating that some fault segments are barriers while others act as conduits. We compare our observations to other studies to characterize the fault system and the potential of fault reactivation and discuss the implications for aquifer contamination.
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