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Genesis and resource potential of high-temperature geothermal systems along the three major fault

zones of the western Sichuan Plateau

Abstract: [Objective] This study aims to elucidate the present-day geothermal field, geothermal-fluid evolution, and
differential heat-control mechanisms of the Kangding—Luhuo, Ganzi-Litang, and Batang geothermal belts in the western
Sichuan Plateau. [Methods] Field investigations and hydrochemical analyses were conducted on 55 hot springs and
geothermal wells. Temperature-logging data from 10 boreholes, geothermal-gradient and terrestrial heat-flow data from
two wells, and thermophysical measurements of 43 rock samples were integrated with regional fault-distribution and deep
seismic-velocity data. [Results] The results show that hot springs in the western Sichuan Plateau are mainly distributed in
belts along major deep faults, including the Xianshuihe, Ganzi-Litang, and Jinsha River faults. Geothermal gradients range
from 17.5 to 59.7 °C/km, while terrestrial heat flow ranges from 50.8 to 116.2 mW/m’, with an average of 77.2 mW/m’,
showing an overall pattern of higher values in the southwest and lower values in the northeast. The geothermal fluids are
predominantly of the HCO;-Na type and are mainly recharged by high-altitude meteoric water, with varying degrees of
water—rock interaction and cation exchange during deep circulation. SiO, geothermometry indicates that reservoir
temperatures are mainly concentrated between 100 and 180 °C, with local values approaching or exceeding 200 °C. Overall,
the high-temperature geothermal systems in western Sichuan are fault-controlled hydrothermal systems jointly governed by
the regional thermal background, deep heat input, heat and fluid transport along major deep faults, and deep circulation of
meteoric water. Regional comparison indicates that the Ganzi-Litang geothermal belt is characterized by relatively high
terrestrial heat flow and a substantial crustal heat-flow contribution, together with relatively stable fault-controlled fluid
transport. The Batang geothermal belt exhibits pronounced deep thermal anomalies and is mainly controlled by strong deep
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heat input and the coupled effects of the Jinsha River Fault and deeply incised valleys. In contrast, the Kangding—Luhuo
geothermal belt has a comparatively lower regional thermal background, although activity of the Xianshuihe Fault and local
frictional heating promote the localized accumulation of high-temperature geothermal fluids. [Conclusions] Integration of
geothermal manifestations and fault distribution suggests that the Ganzi—Litang and Batang geothermal belts have relatively
favorable regional exploration potential for high-temperature geothermal resources, whereas the Kangding—Luhuo
geothermal belt shows stronger localized potential, particularly at intersections of the main Xianshuihe Fault with
subsidiary faults and in areas with concentrated high-temperature geothermal manifestations. [Significance] These results
provide a basis for evaluating favorable areas and selecting exploration targets for high-temperature geothermal resources
in western Sichuan Plateau.

Keywords: high-temperature geothermal resources; water—rock interaction; present-day geothermal field; genetic
mechanism; western Sichuan Plateau
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"/" indicates missing TDS (total dissolved solids) data.
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Fig. 2 Stratigraphic lithology and fault distribution along representative profiles in the western Sichuan Plateau (profile locations are shown in

Fig. 1)

(a) Yulinhe Thermal Mineral Spring along the Xianshuihe Fault Zone; (b) Longpugou Hot Spring along the Cuoga’er Fault; (¢) Yaowang Hot
Spring along the Ganzi-Litang Fault Zone; (d) Ganyinguo Hot Spring in the Yalong River Valley; (e) Cuopugou Hot Spring along the Jinsha

River Fault Zone
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AR o M HORSFER/(W - m!' KD FHE/(W-m!' - K) O AHESE/ % WEHRITCAEAGRER/ (W m!' - K)
A 23 2.12~3.44 3.1140.67 25
Wt 3 1.30~4.29 3.14%1.61 35

=84 2.93
by & 5 1.49~3.18 2.25+0.69 10
A 7 1.94~4.17 2.78+0.95 30
2= 1 2.62 2.62 50

B A 3 2.50~2.32 2.93+0.38 40 2.76
A 5 1.91~3.34 2.79+0.55 10

RHL A 2 2.91~3.54 3.22+0.44 / 3.22
TR 2 2.64~3.43 3.03+0.56 70

PN R . 3.07
AR 1 3.15 3.15 30

FERA hES 8 2.01~2.88 2.42+0.31 / 2.42
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Fig. 4 Temperature—depth relationships of 10 boreholes in the weatern Sichuan Plateau

(a) DZK02-1 well in the Batang geothermal belt; (b) DZK02-2 well in the Batang geothermal belt; (c) LTS well in the Ganzi-Litang geothermal
belt; (d) HCI well in the Ganzi-Litang geothermal belt; (e) LT3 well in the Ganzi-Litang geothermal belt; (f) LT2 well in the Ganzi—Litang
geothermal belt; (g) LT1 well in the Ganzi-Litang geothermal belt; (h) SK-ZDS02 well in the Kangding—Luhuo geothermal belt; (i) ZDS-2 well
in the Kangding—Luhuo geothermal belt; (j) ZK2 well in the Kangding—Luhuo geothermal belt
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Table 2 Geothermal gradients and terrestrial heat flow at 12 measurement sites in the three major geothermal belts of the western Sichuan

Plateau
_— B (G) AHORTRE) WERMAN (qer) PRI (gry)
K 2 VRIS A/ m R i FEIRTHK = igus) ¥ i)
°C/km W-'m':K mW/m? mW/m?
SK-ZDS-02 100~810 &R 24.00 333 79.90 79.90
ZDS-2 50~180 h =BG AL 21.30 2.99 63.70 63.70
7ZK2 110~2214  =&#%R 23.30 2.87 66.89 66.89
e

691.8~1162.5 L=&%4 20.60 2.87 59.12
XJ04 B 61.70

1195~1818.6 L=&%4 22.20 2.87 63.71
7K1 160~230 AR 22.70 2.87 65.16 65.16
LTI 60~350 “BAR 17.50 2.90 50.80 50.80
LT2 60~200 =ER 32.50 2.84 93.28 93.28
H-FE LT3 60~260 =BFR 26.50 272 72.10 72.10
LT5 60~550 “BAR 37.30 3.12 116.20 116.20
HCl1 0~600 “BR 32.20 2.95 94.70 94.70
DZKO02-1 0~82.80 B 59.66 1.70 101.43 101.43

3 20.0~83.8 e e 37.02 1.70 62.93
DZK02-2 o ) 60.81

83.8~1247 L =S5KIAYL 20.04 2.87 57.51
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Fig. 12 Genetic model of the fault-controlled geothermal systems in the western Sichuan Plateau

(a) Comparison of conceptual models for the major fault zones in western Sichuan; (b) Conceptual model of the Batang geothermal system;

(c) Conceptual model of the Litang geothermal system; (d) Conceptual model of the Kangding geothermal system
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