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The Finite Element Method (FEM) is a powerful tool for 3D electromagnetic modeling in geophysical exploration methods
such as CSEM and MT. To balance computational cost and accuracy, adaptive FEM techniques using octree-based mesh
refinement have been developed. While both tetrahedral and hexahedral elements are used, hexahedral elements are often
preferred for their ability to align with geological layers and maintain numerical stability. However, previous hexahedral
adaptive FEM approaches have primarily been limited to vertical nodal displacement for representing complex topography
and have used linear approximations for the transfer function at the boundaries, which can pose challenges in accurately
modeling finite-length sources and suppressing artificial reflections.

In this study, we significantly extend this methodology to overcome these limitations. First, we have developed a new
hexahedral adaptive mesh generation technique that incorporates full 3D nodal displacement. This allows for the high-fidelity
representation of complex features such as finite-length CSEM sources and lake bathymetry without sacrificing mesh quality.
The 3D mesh deformation is achieved through a two-step process: we first calculate 2D displacements on the surface mesh to
match target features using a non-linear FEM, and then compute the full 3D displacements after incorporating elevation data.
Second, we have implemented an improved boundary condition using a transfer function composed of a superposition of
exponential functions (exp(= ikx)). This condition simulates an outgoing wave, effectively minimizing artificial reflections
from the model boundaries. Compared to the conventional Dirichlet boundary condition, our approach achieves high accuracy
over a wider area of the computational domain, even with a smaller model space.

In this presentation, we will first validate our new code by comparing its numerical results with the analytical solution for a
finite-length dipole CSEM source. We will then present a key application of the code to the continuous CSEM data acquired
at Inferno Crater Lake, New Zealand, in 2023. This site is known for its vigorous 40-day cycle of water level and temperature
fluctuations, suggesting dynamic subsurface processes. We use our forward modeling to quantitatively interpret the observed
resistivity variations that are synchronized with the lake’s cycle, and discuss the implications for the dynamics of the shallow
high-resistivity layer, interpreted as a vapor-dominated zone.
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