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Abstract
This study explores the geoscientific applications of machine learning (ML) in geophysical electrical resistivity (ER) inversion, aiming to quantitatively assess the performance of ML algorithms and ER geophysical arrays. Emphasizing the challenge of interface detection in heterogeneous geological layers, two hypothetical datasets were generated—one involving a 2D vertical cross-section with a single target of varying resistivity and the other featuring two geological layers with a sloping interface. The evaluation of four ML regression models, particularly the Multilayer Perceptron Neural Network (MLP-NN) in conjunction with the Dipole-Dipole array, demonstrated notable accuracy in target matching (~0.16 relative error). Both MLP-NN and the Gauss-Newton numerical inversion methods performed well in estimating matrix resistivity, with MLP-NN excelling in predicting target width and height due to disparities in numerical smoothing. MLP-NN's application to a field dataset from the U.S. DOE Hanford site showcased its geoscientific advantages over Gauss-Newton. Concurrently, the study introduces a novel electrical resistivity tomography (ERT) inversion methodology tailored for bedrock mapping in hydrogeological and environmental contexts. Leveraging ResIPy code, the methodology employed 10,000 scenarios to train a machine learning model. Prioritizing computational efficiency, the focus centered on predicting three key parameters related to interface depth and slope, illustrating the proposed methodology's utility as a geoscientific tool for efficient bedrock mapping.
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