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Abstract

Controlled-source electromagnetic (CSEM) method is a crucial geophysical exploration technique
and plays a significant role in the exploration of strategic mineral resources such as metal ores. Con-
ventional CSEM typically employs a surface transmitter-surface receiver configuration, which, to
some extent, limits its exploration depth. By adopting a surface transmitter-underground tunnel re-
ceiver configuration, where data are collected in tunnels closer to underground targets, the detection
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capability for deep structures can potentially be enhanced. However, research on surface-tunnel
CSEM remains scarce. To investigate the feasibility and exploration effectiveness of surface-tunnel
CSEM, this paper first develops a 3D inversion algorithm for surface-tunnel CSEM. Subsequently, a
theoretical surface-tunnel exploration model is designed, and inversion tests are conducted on this
model. The results demonstrate that joint inversion of surface-tunnel data can effectively improve
the resolution of CSEM for deep exploration, providing theoretical references and a foundation for
the practical application of surface-tunnel CSEM.
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Figure 1. Diagram of the of the surface-tunnel model
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Figure 2. Cross-sectional view of octree mesh discretization at the tunnel
(Top right corner is a localized zoomed-in 5x display)
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Figure 3. Convergence curve of inversion iteration for the surface-tunnel model
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Figure 4. Sectional view of inversion results for the surface-tunnel model
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