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Geological Characteristics and Potential Assessment of Medium—Deep Geothermal Resources in
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Abstract: Hunan Province, endowed with relatively scarce energy resources, sees geothermal energy as an alternative energy source of
significant importance for optimizing the energy structure and ensuring sustainable development. For a long time, the rifted mountain type
have been paid much more attention than the sedimentary basin type in geothermal resources exploration of Hunan Province. In recent years,
Changsha Basin has demonstrated promising geothermal potential. However, there is still a lack of sufficient understanding of geological
characteristics, formation mechanisms, and reserve scale. This study integrates previous research findings and drilling data, conducting a
thorough analysis of the geological elements including"source,reservoir, cap, and conduit"of the geothermal system in Changsha Basin and
has constructed a genetic geothermal model. Furthermore, a Monte Carlo simulation method was used to evaluate the geothermal resource
quantity. The results indicate that the primary heat source for medium—deep geothermal resources in Changsha Basin is mantle-derived
conductive heat resulting from the uplift of mantle material under an extensional tectonic setting. The main geothermal reservoir consists of
Upper Paleozoic carbonate rocks, with relatively closed groundwater environment and prolonged water—rock interaction time. The thickness
of cap layer and the internal basin structure influence the distribution of geothermal field. Regional faults and the reservoir with well-
developed pore—fracture networks provide efficient pathways for water and heat conduction. The average value of geothermal resource
quantity in the evaluation area of Changsha Basin is 9.85%10° GJ, equivalent to 0.34x10%t of standard coal, which can meet the heating
demand for approximately 176.68x10° m*. In addition,the overall geothermal development is economically viable and relatively suitable, with

good social, economic, and environmental benefits. This research can provide guidance and reference for the exploration and development of
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medium—deep geothermal resources in the Changsha Basin, as well as for the geothermal resources evaluation in sedimentary basins of

Hunan Province.

Keywords: geothermal genetic model; geothermal resource assessment; Monte Carlo simulation; Changsha Basin; Hunan Province
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Fig. 2 The borehole temperature log of well DRO1 in Changsha

basin
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Fig. 3 The geothermal geological profile of the Changsha basin (modified from Refs.[8])
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Table 1 Water chemistry analysis results of the Upper Paleozoic carbonate thermal reservoir for well DRO1
in Changsha basin
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4  Two—dimensional geothermal geological model and numerical simulation results of the geothermal field
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Table 2 Distribution of geothermal resource assessment data in the Changsha basin
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Fig. 6 The geothermal resource assessment zoning map in the

study area
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Table 3 Geothermal resource reserves estimation in the xianghu fishery area utilizing monte carlo simulation
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Table 4 Geothermal resource reserves estimation in the Datuopu area utilizing monte carlo simulation
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