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Data

Inversion of magnetic data to characterisegeological structures, such as dikes, is
a fundamental challenge in engineering geophysics due to its highly non-linear
and ill-posed nature, necessitating robust optimization methods. This study
introduces and evaluates for the first time, the Mountain Gazelle Optimizer
(MGO) for the first time, examining its efficiency and potential as an effective
solution to this problem. The MGOalgorithm is designed to find the global
optimum by intelligently balancing exploration and exploitation within the
parameter space. The performance of the MGO was assessed by comparing it
with two distinct approaches: a powerful machine learning algorithm called
Random Forest (RF), and a classic processing-estimation method based
on Reduction to the Pole (RTP). Evaluations were conducted on synthetic data
(with noise levels ranging from 0% to 20%) as well as on real field data from the
Gansu iron deposit in China. The results clearly demonstrated the superiority of
MGO in all scenarios. Not only did the algorithm exhibit greater stability against
noise than RF, it also, achieved a Root Mean Square Error (RMSE) of 0.48 in
the real data case study,, which was significantly lower than the error achieved
by the classic method (0.88). Furthermore, the parameters estimated by MGO
showed better alignment with the geological information from existing drilling
data in the area. This study suggests that MGO's superiority obtained from
its direct and global inversion approach. Ultimately, MGO is presented as an
accurate and reliable tool for exploration and engineering applications.

Introduction

estimate key parameters such as depth (z), half-

Magnetic data inversion is a crucial in
geophysical exploration method used to identify
subsurface structures such as dykes, faults, and
mineral deposits. Among the algorithmic
optimization techniques, Mountain Gazelle
Optimization (MGO) is a novel method inspired
by the optimization behaviours of mountain
gazelles. Due to its global and local search
capabilities, MGO is highly effective in
converging to accurate solutions in complex
geophysical problems.

This study examines, the application of MGO
in the inversion of magnetic data generated by
2D dipping dyke-like structures. This algorithm
minimizes the objective function in order to

width (w), magnetic susceptibility coefficient
(K), dip angle (8), and horizontal position (x0).
The performance of MGO is evaluated using
both synthetic and real datasets, demonstrating
its accuracy and reliability.

Methodology

This research involved generating synthetic
magnetic datasets for both noise-free and noisy
conditions (5%, 10%, 15%, and 20%) in order to
evaluate the performance of the MGO algorithm.
The initial parameters were set toK = 750 nT, z
=8 m, xo =0, w=2m, and 6 = 40°. Magnetic
anomalies were calculated using standard
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equations, and MGO was employed to invert
these data.

To compare performance, the Random Forest
(RF) algorithm was also applied, and the results
from both methods were analyzed. The
parameter ranges for the inversion were
configured as follows:

e zinthe range [1, 50]

e winthe range [1, 10]
e 0 in the range [0, 180]
e Xo inthe range [1, 10]

Discussion and Results

The results demonstrated that MGO is more
accurate and stable than the Random Forest
algorithm under various noise conditions. For
noise-free synthetic data, MGO accurately
converged on the correct parameters. In contrast,

the Random Forest algorithm was more sensitive
to noise in some cases. Experiments using real
data from the magnetite iron deposit in Gansu
Province, China, also confirmed the success of
MGO's ability to match observed data
successfully.Conclusion

This study confirmed that the Mountain
Gazelle Optimization (MGO) algorithm is a
powerful and effective method for the magnetic
inversion of two-dimensional,dipping dyke-like
structures. A comparison with the Random
Forest algorithm also demonstrated the
superiority of MGO in terms of accuracy and
stability. Consequently, this method can be
utilized in geophysical applications such as
mineral exploration and identifying complex
geological structures.
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m, Xo =0, 2w =4 m, and 6 = 40°. A and B represent the measured (M) and calculated (M') anomalies in the upper
panel, respectively, while (a) Mountain Gazelle Optimizer (MGO) and (b) Random Forest (RF)
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Table 1. Inversion results of the MGO algorithm for the synthetic model at different noise levels.

(%) i gl w theta x0 z RMSE
0 3/9841 39/4266 1 8/8097 2/7183
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0/15 3/3097 40/7856 4/9875 9/2566 25/9889
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Table 2. Inversion results of the Random Forest (RF) algorithm for the synthetic model at different noise levels.
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Fig. 4. Total magnetic anomaly of a noise-free dike-like geological structure with parameters: K =750 nT,z=8 m, X, =0, 2w

=4 m, and 6 = 40°. A and B represent the measured (M) and calculated (M') anomalies in the upper panel, respectively, and
also illustrate the Mountain Gazelle Optimizer (MGO) algorithm at noise levels of 5%, 10%, 15%, and 20%.
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panel, respectively, and also illustrate the Random Forest (RF) algorithm at noise levels of 5%, 10%, 15%, and

20%.
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Fig. 7. Inversion results for the real magnetic field data from the Gansu iron deposit, China. The figure compares the observed
anomaly (M) with the fitted models (M) from (a) the Mountain Gazelle Optimizer (MGO) and (b) the Random Forest (RF).

Table 3. Inversion results for the real field data from the Gansu deposit using the MGO and RF algorithms

Method w theta x0 z RMS
RF 2/939769068 67/81723071 2/864981503 23/73339843 3/514623388
MGO 2/2924 76/7591 0/502 20 0/4806
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Table 5. Comparison of Optimization Algorithms' Performance for Magnetic Data Inversion
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