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Abstract
Considering the ubiquitous anisotropy of the Earth's crust, accurate induced polarization (IP) data inversions and interpretations require physical models that account for anisotropic IP effects. The Generalized Effective Medium Theory of Induced Polarization (GEMTIP) model, introduced by M. Zhdanov in 2008, is suitable for simulating the spectral IP signatures of anisotropic geomaterials containing metallic inclusions. A critical aspect of the GEMTIP model involves solving the polarizable mineral inclusion's volume and surface depolarization tensor integrals. While closed-form solutions exist for spherical inclusions, solving the depolarization tensors of ellipsoidal inclusions requires numerical integration. Moreover, these parametric integrals depend on the ellipsoids' semi-axes lengths and the background medium conductivity, requiring one to solve six integrals for each inclusion. Thus, simulating the spectral IP signatures of rock samples based on three-dimensional computer models or petrographic images, which may exhibit millions of inclusions, can be subject to prohibitive computation tim​​es. 

This work explores the application of machine learning to accelerate IP simulations with the GEMTIP model. Specifically, we aim to efficiently model the spectral IP responses of anisotropic geomaterials containing large numbers of polarizable inclusions by solving all depolarization tensor integrals with a single neural network. We start by extending the GEMTIP model to geomaterials with anisotropic background conductivity and triaxial ellipsoidal inclusions, and we reformulate the depolarization tensors to enable neural network training. Next, we validate the neural network through comparisons with previously published work, limited to the special spherical and spheroidal inclusion cases. Then, we analyze the neural network's sensitivity and approximation error as a function of geomaterial anisotropy. Finally, our results demonstrate that neural networks can significantly expedite anisotropic IP modeling, achieving up to a 100,000-fold increase in speed while maintaining the accuracy of numerical integration.
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