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Abstract

With the continuous advancement of geophysical exploration technology, electrical exploration, as
an important means of identifying underground media, is widely used in fields such as resource
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exploration, environmental monitoring, and engineering exploration. Spectral induced polariza-
tion method, as a commonly used method in electrical exploration, has gradually become one of the
core technologies in geophysical exploration due to its unique advantages in detecting underground
low resistance anomalous bodies and complex geological bodies. In the forward simulation of spec-
tral induced polarization method, the finite difference method can accurately solve the potential
values of underground media at various locations through grid meshing, handle various media and
geometric structures, and provide highly accurate simulation results. This study aims to explore in
depth the implementation and application of 2.5-dimensional forward simulation of spectral in-
duced polarization based on the finite difference method, by combining the induced polarization
method and the finite difference method. This article derives the relevant formulas of the finite dif-
ference method, obtains the boundary conditions and difference equations corresponding to each
node of the grid, and implements them using Fortran90 programming. By establishing different ge-
oelectric models and conducting forward simulations, contour section maps can be drawn based on
the obtained data, and the morphological characteristics of the geoelectric model can be well simu-
lated through observation. On this basis, the corresponding parameters were modified to reveal the
influence of various electrical parameters on the simulation results, providing theoretical basis and
technical support for practical electrical exploration and data interpretation.
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Figure 1. Spectral curves of each component of the Cole-Cole model
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Figure 2. Rectangular grid partition of the solution domain
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Figure 3. Finite difference simulation results of a single grid horizontal layered medium
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Table 1. Induced polarization parameters of various media in the low impedance polarized body geoelectric model
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Figure 5. Cross section of the contour lines of the real and imaginary parts of the apparent complex resistivity under different
burial depths. (a) (b) are burial at a depth of 10 m respectively; (c) (d) are burial at a depth of 20 m respectively; (e) (f) are
burial at a depth of 30 m respectively
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Figure 7. Cross section of the contour lines of the real and imaginary parts of the apparent complex resistivity under different

frequency conditions (a) (d) are buried at a depth of 10 m; (b) and (e) are buried at a depth of 20 m; (c) and (f) are buried at a
depth of 30 m
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Figure 8. Cross section of the contour lines of the real and imaginary parts of the apparent complex resistivity at a frequency
of 1Hz under different time constants (a) (d) have a time constant of 0.1 s; (b) and (e) have a time constant of 1 s; (c¢) and (f)
have a time constant of 10 s
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Figure 9. Cross section of the real and imaginary parts of the apparent complex resistivity at a frequency of 1/13 Hz under
different time constants. (a) (d) have a time constant of 0.1 s; (b) and (e) have a time constant of 1 s; (¢) and (f) have a time
constant of 10 s
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Figure 10. Cross section of video dispersion contour lines under different time constant conditions. (a) (d) have a time constant
of 0.1 s; (b) and (e) have a time constant of 1 s; (¢) and (f) have a time constant of 10 s
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