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Abstract: The global exploration and development of deep geothermal resources is at a critical stage, transitioning from
experiment to application. Artificial intelligence, particularly deep learning, has demonstrated transformative potential in big
data analysis, pattern recognition, and nonlinear problem solution, offering new pathways to address challenges hindering
efficient and precise exploration of deep geothermal resources. It is significantly important to promote the integration of
deep learning with traditional geothermal exploration processes to enhance China ’ s competitiveness in the development
and utilization of deep geothermal resources. This paper focuses on the integration of deep learning data processing,
modeling, and prediction with deep geothermal resource exploration (including geothermal geological surveys, geophysical
exploration, and geochemical exploration, etc.). It systematically reviews and summarizes key technological methods in
geothermal resource exploration, deep learning techniques, and the critical advancements and research outcomes that
empower deep geothermal exploration. This study demonstrates the improvement of efficiency, accuracy, and precision
brought by deep-learning-based geothermal resources exploration methods compared to traditional methods. Finally, the
paper discusses the core challenges with cutting-edge technologies faced by deep geothermal exploration. In future,
intelligent deep geothermal resources exploration urgently needs to focus on multiple modal data fusion, interpretable and

trustworthy artificial intelligence, and construction of intelligent computing foundations and large models, which ultimately,

will enable a leap from “ experience-driven” to “knowledge-driven” and then to

¢ 4

‘intelligent-driven ” , providing core

technological support for the digital and intelligent development of the geothermal energy resources industry.

Key words: deep geothermal resources; geothermal resources exploration; artificial intelligence; deep learning.
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Fig.1 Geothermal resource exploration process
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Fig.2 Deep learning and geothermal resources exploration
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