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Figure 1 New disciplines emerging from convergence of Geology and
other fields (modified after Holmes!'")
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Figure 3 Linkages between six applied fundamental research directions in Geology
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Geology, which investigates the Earth’s Sphere structure, material composition, dynamic processes, and evolutionary patterns, is one of the oldest
and most fundamental disciplines within the Earth sciences. It has not only deepened humanity’s understanding of nature and driven the
development of energy and mineral resources, but has also provided essential support for national prosperity, environmental protection, the
advancement of human civilization, and even extraterrestrial exploration. Today, driven by both national strategic demands and frontier scientific
exploration, Geology faces pressing challenges such as resource scarcity, energy dependence, and growing risks of geological hazards. At the
same time, it encounters unprecedented opportunities in understanding deep Earth processes, the habitable Earth system, and the co-evolution of
humans and the environment. The future development of Geology in China should focus on the following six applied fundamental research
directions. (1) Formation and security of critical minerals for new energy: investigate the extraordinary enrichment and efficient transport of ore-
forming elements, elucidate metallogenic mechanisms across diverse tectonic settings, and develop intelligent predictive models. The
overarching scientific questions include: the driving forces of crustal-scale cycling of ore-forming elements, their transport pathways, the
efficiency of element accumulation and mineralization, metal accumulation and mineralization processes in coal, and their distribution patterns
and controlling mechanisms. Key research priorities include ore-forming media and element behavior, mineralization mechanisms of new-energy
minerals, theories and methods of intelligent mineral prediction, and metals in coal. (2) Future geological energy: explore the key factors
controlling the accumulation of deep and unconventional oil and gas, uncover the accumulation mechanisms of clean energy sources such as
helium and hydrogen, and study heat transfer patterns within geothermal and groundwater systems. The overarching scientific questions include:
sources, reservoirs, phase states, and migration dynamics of deep to ultra-deep and unconventional oil and gas; accumulation mechanisms and
controlling factors of emerging clean energies (helium and hydrogen); and heat transport processes and energy storage mechanisms in
geothermal-groundwater systems. Key research priorities include deep and ultra-deep hydrocarbons, unconventional oil and gas, clean energies
(helium, hydrogen, and geothermal energy), and the evolution of geothermal and groundwater systems. (3) Mechanisms and risk prevention of
compound catastrophes: decipher the mechanisms of strong earthquake preparation, reveal the evolutionary patterns of disaster chains under
multi-sphere interactions, and develop precise early-warning technologies and sustainable, resilient prevention strategies. The overarching
scientific questions include: mechanisms and prediction theories of strong earthquakes; evolutionary laws of major geological disaster chains
under multi-sphere interactions; and dynamic mechanisms and prevention of major engineering disasters under human—Earth feedbacks. Key
research priorities include seismic hazards, major geological hazards, and major engineering disasters. (4) Earth habitable elements and sphere
interactions: investigate coupling and feedback processes between the solid and fluid spheres of the Earth, reconstruct the evolutionary history of
habitable elements, and develop next-generation Earth system models. The overarching scientific questions include: the formation and evolution
of habitability factors such as the atmosphere, hydrosphere, crust, and related elements; processes and mechanisms of tectonic—environment—
biosphere co-evolution; impacts of deep—shallow Earth interactions and major geological events on habitability evolution; and Earth system
modeling and simulation. Key research priorities include the formation and evolution of habitability factors, deep—shallow Earth interactions and
life evolution, major geological events, and Earth system simulations. (5) Deep Earth engine and planetary evolution: examine early Earth
tectonic regimes and heat dissipation mechanisms, uncover the dynamics of deep material cycling, and explore the evolution and feedback
mechanisms among planetary spheres. The overarching scientific questions include: tectonic regimes and environmental conditions of the early
Earth; evolutionary patterns of deep Earth spheres; and evolutionary and interactive mechanisms of planetary spheres. Key research priorities
include early Earth formation, deep Earth processes, and planetary geological evolution. (6) Environment and human co-evolution: analyze how
paleoclimate variations influenced human origins and migrations, examine the interactions between environmental shifts and civilizational
development, and explore mechanisms of human adaptation to changing environments. The overarching scientific questions include: the role of
tectonic processes in driving human origins and evolution; controls of glacial-interglacial climate cycles on human migration; and interactions
between human civilization development and environmental change. Key research priorities include human origins, human migration, and human
civilization. Breakthroughs in Geology demand transformative scientific paradigms and methodologies, stronger interdisciplinary integration,
and data-driven approaches. Sustained innovation through collaboration with related disciplines, enhancement of talent cultivation mechanisms,
strategic team building, and technological platform development are essential. By deepening international cooperation and fostering independent
innovation, this ancient discipline will continue to evolve and contribute to the sustainable future of humankind.

geological discipline framework, historical contributions, future development, six priority research directions
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