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Abstract

China possesses abundant and widely distributed metal mineral resources, which hold a strategic core position in national economic
development and industrial progress. However, most high-quality shallow mineral resources have entered the mid-to-late stages of
development, with mineral exploration increasingly focusing on complex geological areas characterized by tectonic fracture zones,
deep-seated ore bodies, irregular ore-formations, and frequent multi-stage magmatic activities. These complex geological environments,
influenced by tectonic movements, deep-seated temperature-pressure variations, and geochemical field disturbances, not only result in
blurred ore body boundaries and elusive spatial distribution patterns but also generate strong interference with exploration signals, posing
significant challenges to precise resource localization and reserve assessment. Current traditional metal mineral exploration technologies
exhibit notable limitations under complex geological conditions. Conventional geophysical techniques suffer from insufficient resolution
for deep ore bodies and are prone to anomaly identification errors caused by groundwater and surrounding rock interference. Traditional
geochemical methods rely on surface sampling, making it difficult to capture deep-seated geochemical information in thick overburden
zones. Conventional remote sensing technologies have limited penetration capabilities, hindering indirect identification of concealed
ore bodies. Traditional drilling techniques frequently encounter issues such as borehole wall collapse and suboptimal core quality in
complex strata. These shortcomings directly lead to inadequate detection accuracy, ambiguous target localization, and biased resource
evaluations, thereby constraining exploration efficiency and quality. This paper systematically analyzes the application bottlenecks of
current exploration technologies by integrating the core characteristics and challenges of complex geological conditions. From five
key dimensions—geophysical technology optimization, geochemical method innovation, remote sensing technology upgrades, drilling
process improvements, and multi-technology integration—this study explores targeted technical optimization pathways. By refining
technical adaptation schemes for various complex geological scenarios and demonstrating the practical application effects of technical
combinations through typical exploration cases, this approach aims to establish a scientific and efficient exploration technology system.
It significantly enhances the accuracy and efficiency of metal mineral exploration in complex geological environments, providing solid
technical support and practical references for the rational development and utilization of mineral resources as well as the sustainable
development of the mining industry.
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