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Abstract. In the context of the new mineral exploration breakthrough strategy,
geological exploration enterprises have identified key areas of technological fo-
cus, including high-precision exploration techniques, multi-source data integra-
tion and interpretation, deep-seated resource exploration technology, environ-
mentally friendly exploration methods, and unmanned exploration technology.
These domains of scientific and technological advancement aim to enhance the
accuracy, efficiency, and reliability of exploration endeavors while minimizing
environmental impact and ensuring safety. Through innovation and the applica-
tion of cutting-edge exploration instruments, techniques, and technologies such
as big data analytics, artificial intelligence, deep electromagnetic exploration, re-
mote sensing technology, environmentally sustainable equipment, and unmanned
systems, geological exploration enterprises can achieve more precise, efficient,
and sustainable resource exploration practices. These advancements make signif-
icant contributions to the successful implementation of the mineral exploration
breakthrough strategy.
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1 Introduction

In the new round of mineral exploration breakthrough strategy, geological survey com-
panies are prioritizing key technological areas, including high-precision exploration,
multi-source data integration, deep resource exploration, environmentally friendly
techniques, and unmanned exploration [1-6]. These advancements aim to improve the
accuracy, efficiency, and outcomes of mineral exploration while minimizing environ-
mental impact and risks [7-11]. Through innovative technologies such as high-resolu-
tion seismic surveys, electromagnetic exploration, data integration algorithms, and un-
manned systems, geological survey companies can achieve precise and sustainable re-
source exploration, contributing to the successful implementation of breakthrough
strategies [12-14].
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2 High-Precision Exploration Techniques

Innovations in Geophysical Exploration Technology: Geophysical exploration entails
the measurement and interpretation of Earth's physical fields to infer the existence and
distribution of subsurface resources. The focus of technological advancements can en-
compass the development of advanced geophysical exploration instruments and tech-
niques to enhance the accuracy and depth of underground resource detection. For in-
stance, progress can be made in refining high-resolution seismic exploration tech-
niques, electromagnetic surveying methods, and gravity surveying techniques to ac-
quire more precise information regarding subsurface conditions.

Advancements in Geochemical Exploration Technology: Geochemical exploration
unveils the potential presence of subsurface resources by analyzing the chemical ele-
ments and mineral compositions in samples such as rocks, soils, and water. Technolog-
ical endeavors in this domain may entail the refinement of more sensitive and rapid
geochemical analysis techniques, such as mass spectrometers, spectrometers, and ion
chromatographs, to heighten the precision and efficiency of exploration endeavors.

Application of Remote Sensing Technology: Remote sensing technology utilizes
sensors deployed on satellites, aircraft, drones, and other remote platforms to capture
surface and subsurface imagery and data. Within the realm of geological exploration,
remote sensing can be harnessed to identify distinctive features like topography, lithol-
ogy, mineral alteration, and vegetation indices, thereby aiding in the identification of
potential mineral resources. Noteworthy areas of technological advancement can in-
volve the development of high-resolution, multispectral, and high-frequency remote
sensing sensors, alongside the utilization of artificial intelligence and machine learning
techniques to facilitate effective data processing and interpretation [15-24].

3 Integration and Interpretation of Multi-Source Data

Data Acquisition and Integration: Exploration data of different types often originate
from diverse sources and instruments, necessitating efficient data collection and inte-
gration. Key areas of technological focus may involve the development of effective
methods and equipment for data acquisition, as well as the establishment of data stand-
ards and protocols to enable seamless integration of diverse data sources.

Data Quality Control and Processing: The quality and accuracy of multi-source ex-
ploration data are paramount for data fusion and interpretation. Technological endeav-
ors in this domain may encompass the development of methods and algorithms for data
quality control, addressing issues such as noise reduction, calibration, and correction.
These efforts aim to enhance the accuracy and reliability of the data.

Big Data Analysis and Mining: Given the substantial volume of multi-source explo-
ration data, leveraging advanced techniques in big data analysis and mining becomes
imperative for extracting valuable information and identifying patterns. Prominent ar-
eas of technological focus include the development of methodologies based on machine
learning, deep learning, and data mining to unveil potential correlations, trends, and
prospective areas for mineral resource exploration [25-30].
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Data Interpretation and Simulation: By employing data interpretation and simulation
techniques, multi-source exploration data can be integrated with geological models and
theories to provide explanations and predictions regarding the distribution and charac-
teristics of subsurface resources. Technological advancements may involve research in
geological modeling, physical modeling, and numerical simulation to enhance the pre-
cision and dependability of resource exploration.

4 Deep Resource Exploration Technologies

Deep Electromagnetic Survey: Deep eclectromagnetic survey technology involves
measuring electromagnetic responses underground to infer subsurface geological struc-
tures and resource distribution. Technological advancements in this field aim to develop
more advanced instruments and techniques, improving exploration depth and resolu-
tion. For instance, research focuses on high-power and wide-bandwidth electromag-
netic signal sources, sensitive and high-resolution receiver systems, and innovative data
processing and interpretation methods tailored to diverse geological conditions.

Seismic Inversion: Seismic exploration utilizes the analysis of seismic wave propa-
gation and reflection to understand subsurface geological structures and resources. In
deep resource exploration, seismic inversion technology provides valuable information
about underground geological interfaces and structures. Technological developments
include high-resolution seismic survey instruments and techniques, enhancing the qual-
ity and resolution of seismic data. Advanced seismic inversion algorithms and models
are also being pursued to achieve more accurate subsurface information.

Geophysical Imaging: Geophysical imaging technology reveals subsurface geologi-
cal and resource information by monitoring changes in physical fields below the sur-
face. In deep resource exploration, geophysical imaging techniques contribute to un-
derstanding underground geological structures, lithology, and mineralization. Research
efforts focus on developing high-resolution instruments and techniques for geophysical
imaging, such as seismic imaging, electromagnetic imaging, gravity imaging, and mag-
netic imaging. Additionally, the integration of big data analysis and machine learning
techniques supports the processing and interpretation of geophysical data.

5 Environmental-Friendly Exploration Technologies

Low-Noise Survey Techniques: Geophysical exploration often involves the use of
noise-generating sources such as seismic excitations and vibration equipment. The
technological focus in this area revolves around the development of low-noise survey
equipment and methods, aiming to minimize disturbances to the surrounding environ-
ment and wildlife.

Low-Emission Survey Equipment: The utilization of survey equipment typically en-
tails the operation of combustion engines or power devices, which can contribute to air
pollution and the emission of greenhouse gases. The key technological pursuit lies in
the development of low-emission survey equipment that adopts clean energy sources
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or high-efficiency energy technologies, thereby mitigating atmospheric pollution and
minimizing adverse environmental impacts.

Drone Remote Sensing Surveys: Drone remote sensing technology finds extensive
applications in exploration, enabling the efficient acquisition of surface and subsurface
imagery and data. Technological advancements in this realm involve the development
and application of drone remote sensing surveys to minimize disruption to surface eco-
systems and the environment. For instance, drones can be utilized for terrain mapping,
lithology classification, mineralization detection, and other purposes, avoiding or re-
ducing direct contact with ecologically sensitive areas.

Data Processing and Simulation: Another focus area involves the development of
environmentally friendly data processing and simulation methods. By employing effi-
cient data processing algorithms and models, there is potential to reduce the need for
extensive data acquisition, thereby minimizing the environmental impact.

6 Conclusion

Within the context of the new round of mineral exploration breakthrough strategy, ge-
ological exploration enterprises have prioritized their technological efforts on high-pre-
cision exploration techniques, multi-source data fusion and interpretation, deep-seated
resource exploration technology, environmentally friendly exploration practices, and
unmanned exploration technology. Research and innovation in these domains hold par-
amount importance in providing crucial technical support to exploration endeavors. By
enhancing exploration accuracy and efficiency, high-precision exploration technology
plays a vital role in locating and characterizing mineral resources, thereby facilitating
effective resource development. The application of multi-source data fusion and inter-
pretation techniques amplifies data analysis capabilities, enabling comprehensive geo-
logical information and bolstering the scientific underpinnings of exploration decision-
making. The advancement of deep-seated resource exploration technology propels ex-
ploration activities towards probing the depths of geological structures and resource
distributions, offering novel perspectives for shaping exploration strategies. Research
and development efforts in environmentally friendly exploration technologies aim to
curtail the environmental impact of exploration activities, achieving a mutually benefi-
cial scenario where resource exploration aligns harmoniously with environmental
preservation. The deployment of unmanned exploration technology enhances explora-
tion efficiency and safety, concurrently reducing labor costs and mitigating exploration-
related risks. The outcomes derived from these technological pursuits will furnish in-
dispensable technical support for the successful execution of the new round of mineral
exploration breakthrough strategy, thus fostering sustainable development within the
realm of resource exploration.
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