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Geological characteristics and potential evaluation of medium—deep geothermal resources in
Changsha Basin, Hunan Province

ZHU Zhaoqun', WU Fuzhu', BIAN Kai', JIANG Feijun®, ZHAO Cunliang', LI Dan', SHI Shougiao'

(1. School of Earth Science and Engineering, Hebei University of Engineering, Handan, Hebei 056038, China; 2. Geophysical
and Geochemical Survey Institute of Hunan Province, Changsha, Hunan 410014, China)

Abstract: Hunan Province has relatively scarce primary energy resources. As an alternative energy source, geothermal energy is significant
for optimizing the energy structure and promoting sustainable development. Historically, geothermal exploration in Hunan Province has
primarily focused on uplifted mountain—type hydrothermal resources, with insufficient attention on hydrothermal resources in sedimentary
basins. In recent years, Changsha Basin has demonstrated promising geothermal resource potential. However, its geological characteristics,
formation mechanisms, and reserve scale remain inadequately understood. Based on previous research findings and drilling data, this study
systematically analyzed key geological elements of the geothermal system in the Changsha Basin, including heat source, reservoir, caprock,
and conduit. A geothermal genesis model was constructed. Furthermore, Monte Carlo simulation was used to conduct a quantitative
evaluation of the geothermal resource potential. The results indicated that the primary heat source for the medium—deep geothermal resources
in the Changsha Basin was mantle—derived conductive heat, resulting from mantle material uplift under an extensional tectonic regime. The
geothermal reservoir mainly consisted of Upper Paleozoic carbonate rocks, with a relatively closed groundwater environment and prolonged
water—rock interaction. The thickness of the caprock and the structural configuration of the basin interior influenced the geothermal field
distribution. Regional faults and the development of pores and fractures provided good thermal conduction pathways. The average geothermal
resource in the Changsha Basin was 9.85x10% GJ, equivalent to 0.34x10° t of standard coal, which could meet the heating demand for

approximately 176.68x10% m’ of building area. Overall, the geothermal resources in this region are economically viable for development, with
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good social, economic, and environmental benefits. These findings can provide a reference for the exploration and development of medium—

deep geothermal resources in the Changsha Basin, as well as for the evaluation of sedimentary basin—type geothermal resources in Hunan

Province.

Keywords: geothermal genesis model; sedimentary basin type; geothermal resource evaluation; Monte Carlo simulation; Changsha Basin
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Fig. 1 Regional geological overview of Changsha Basin in Hunan Province (modified from references [14-16])
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Fig. 2 Well temperature curves of geothermal well DRO1 in Changsha Basin
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Fig. 3 Geothermal geological profile of Changsha Basin (modified from reference [18])
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Fig. 4 Hydrochemical analysis diagrams of Upper Paleozoic carbonate reservoir in geothermal well DRO1, Changsha Basin
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Fig. 5 Two—dimensional geothermal geological model and numerical simulation results of geothermal field
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Table 2 Parameter data distribution and value selection basis for geothermal resource evaluation in Changsha Basin
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Table 3 Calculation results of geothermal resource reserves in Xianghu Fishery evaluation area based on Monte Carlo

simulation

St 2H BHGEEE/10 ) A AMEE/100)  AEAGEE/100 ) WARGEA /10"’ FESAEE /10"’ SRR /107 m?
LA 5.40 5.20 1.87 3.37 1.46 1.79
e 5.46 5.26 2.01 3.59 1.52 2.07
FrifE2E 0.78 0.76 0.80 1.34 0.51 1.24
Fe/ME 2.92 2.78 0.37 0.77 0.45 0.18
SSPN] 9.58 9.23 6.04 8.72 3.30 5.97
2.5% s A 4.10 3.94 0.83 1.55 0.68 0.40
97.5% 43 Aii {E 7.09 6.83 3.84 6.60 2.59 4.39

ANV DX b B 1A i A7 e A 52 B 55 1 i 25 0 A 4
ik, Hovb, By A 7 B R 248 43 01 A 3.37x107 m? Al

3.59x10" m’, i B Z2 K0 R 0.493 5 J5 & A0 BOR 308 7
R 2.44%108 m> F112.54x10% m®, I 250K 0.368



2025 4F

H15% S AIRHE A IR VD 7 PR M B TR AE BRI 909
2.5% 1 95.0% [ 25%] 95.0% | 25%
6F
N
S
=
2t
0 5 6 7
ﬂﬁﬂtﬁ%g/lo‘“ Hb At 10 )
a. B R R A A b. i R BB
2.5%] 95.0% [25%] 95.0% [ 5%
=\\‘
=
3 4 5 6 7 8 9
(Juﬂiﬁgi/ld : WM/ 10" m?

K8 I AN DX AT R B

Fig. 8 Statistical distribution maps of geothermal resource reserves in Xianghu Fishery evaluation area
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Table 4 Calculation results of geothermal resource reserves in Datuopu evaluation area based on Monte Carlo simulation
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Fig. 9 Statistical distribution maps of geothermal resource reserves in Xianghu Fishery evaluation area
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