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Geochemical characteristics and evolution process for hot spring
gas of the north-south graben system in Qinghai—Xizang Plateau
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Engineering (Chengdu University of Technology), Chengdu, Sichuan 610051, China; 3. New Energy

Research Institute, Sinopec Xinxing Company, Beijing 100083, China)

Abstract: While the hydrogeochemical characteristics of a single geothermal field in Qinghai—Xizang Plateau are
well understood, the study of hot spring gases in various graben systems and their spatial characteristics and
evolutionary processes, remains insufficiently explored. The study reported 16 hot spring gases from three grabens

(Cuona—Woka garben, Yadong—Gulu garben and Shenzha—Dingjie garben) in Qinghai—Xizang Plateau. The
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composition and isotopic characteristics as well as the sources of hot spring gas were analyzed. Additionally, the

relationship between the content of hot spring gas and the reservior temperature was conducted in the three

garbens. Three types of gases were distinguished in Qinghai—Xizang Plateau by using the “mantle suture line” as

the boundary. The results show that hot spring gases in the north and south sides of the boundary have undergone

different evolutionary processes, with some samples in the south showing evidence of degassing and fractionation.

The sources of helium and carbon isotopes in the hot spring gases are mainly derived from the crust, and the

migration of helium is dependent on the flow of carbon dioxide. There are significant differences of reservior

temperature in the three garbens, with a higher temperature (225 °C) in the Yadong—Gulu graben. This study

provides insights in understanding the relationship between structures, hot spring gases, and geothermal fields in

Qinghai—Xizang Plateau. The exploration of gas geochemical characteristics and their evolutionary processes are

significant for the understanding of the underground geological processes and the exploitation and utilization of

geothermal resources.

Keywords: geochemistry; geothermal gas; geothermal thermometer; gas isotopes
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Fig.1 Geological formations and profiles of the southern Qinghai—Xizang Plateau
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Table 1 Sampling locations and main gas components of geothermal gas in Qinghai—Xizang Plateau

B S Hesr5t2k AR L%

(A= He H, CH, N, 0, Ar co,
XZ-022 Co, it 4.0x10* 890.0x10°* 0 35 0.8 0.1 94.8
XZ-023 CO, =4 53.0x10* 9970.0x10°* 0.1 6.3 0.3 0.1 83.3
XZ-026 Co, it 59.0x10* 1.9x10™* 0 42 0.4 0 952
XZ-029 N, =4 6 854.0x10™* — 5.6 91.4 1.1 1.2 0.1

XZ-030 N, it 6561.0x10™ 570.0x10* 5.7 90.7 0.9 1.6 0
XZ-033 Co, 3] 963.0x10 0 2.7 14.5 0.4 0.2 82.1
XZ-035 Co, ] 526.0x107 1.7x10™ 1.6 113 0.7 0.1 86.3
XZ-036 Co, & 9.0x10™ 4.2x10* 0.9 7.4 0.5 0.1 91.1
XZ-042 Co, & 136.0x10™ — — 5.0 0.3 0.1 94.6
XZ-043 Co, & 21.0x10°* — — 25.1 4.6 0.2 70.2
XZ-046 CO, 1t 201.0x10°* — 0.1 23.4 1.8 0.3 74.5
XZ-049 Co, it 27.0x107* — 0.1 5.1 0.4 0.1 94.2
XZ-052 Co, it 945.0x10* 4.2x10°* 1.9 10 0.5 0.1 87.5
XZ-057 CO, =4 244.0x10* — 32 9.0 0.4 0.1 87.3
XZ-060 CO, 1t 1326.0x10* 590.0x10°* 3.7 10.5 0.3 0.1 84.7
XZ-063 Co, it 1366.0x10™* 0 0.1 24.9 1.1 0.2 73.7
36G N, it 4588.0x107* 890.0x10* 0.2 96.4 1.7 1.0 0.1
95G N, =4 5707.0x10°* 9970.0x10°* 0.1 90.5 8.5 0.7 0.1
96G N, it 7037.0x10°* 1.9x10* 0.1 95.5 3.4 0.8 0.1
48G Co, it 2015.0x107* — — 34.8 3.5 0.4 61.2
117G Co, & 585.0x10* 570.0x10™ 0 32.4 1.0 0.5 65.9
159G Co, =4 583.0x10* 0.0 0.1 17.4 0.8 0.2 81.5
63G Co, (3] 581.0x10°* 1.7x10™ 0.8 10.6 1.0 0.2 85.7
116G Co, & 1546.0x10™* 4.2x10* 0.1 15.1 0.8 0.2 83.8
46G CO, it 52.0x10™ — — 19.7 1.4 0.2 78.7
53G Co, =4 143.0x10°* — — 20.8 43 0.2 74.6
155G CO, it 91.0x10°* — — 152 2.7 0.1 82.0
152G Co, it 12.0x10°* 0 0.2 6.7 0.4 0 92.7
155G Co, it 57.0x10* 4.2x10°* 0.1 9.5 1.1 0 89.3
81G Co, k] 16.0x10™* 0 — 14.9 2.8 0.1 82.2
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Table 2 He and C isotopes in the geothermal gas in Qinghai—Xizang Plateau

He Ui % H/% CONIR i Eb/%

FEM G RJ/R, ‘He/*Ne 0"CO,/%o 0®CH,/%o CO,/He —
KK g 7 g TRIR HH

XZ-022 0.50 3 -7.3 — 3.57x10" 9.9 49 85.2 0.4 72.6 26.9
XZ-023 0.32 26 -45 — 3.47x10" 12 3.7 95.1 43 80.0 15.6
XZ-026 0.09 67 -11.6 — 1.28x10" 0.4 0.9 98.6 12 56.1 42.7
XZ-029 0.10 1262 -12.0 -24.6 5.48x10° 0.0 1.1 98.9 — — —
XZ-030 0.10 1037 -8.7 -29.0 3.57x10° 0.0 1.1 98.9 — — —
XZ-033 0.05 634 -11.0 -12.0 1.28x10" 0.0 0.5 99.5 11.7 50.3 37.9
XZ-035 0.02 394 -11.1 -30.1 5.31x10" 0.0 0.1 99.8 2.8 56.7 40.4
XZ-036 0.12 4 -11.0 — 6.54x10" 7.5 0.4 92.0 0.2 59.1 40.7
XZ-042 0.06 126 -9.3 — 8.15x10' 0.2 0.6 99.2 1.9 64.1 34.0
XZ-043 0.18 3 -10.1 — 1.33x10" 9.9 0.9 89.2 1.1 61.7 37.1
XZ-046 0.19 88 -85 — 1.40x10" 0.3 22 975 10.7 60.4 28.9
XZ-049 0.35 21 -8.2 — 7.14x10" 15 4.1 94.4 2.1 68.0 29.9
XZ-052 0.03 1305 -75 -235 2.44x10" 0.0 0.3 99.8 6.2 67.5 26.3
XZ-057 0.03 272 -14.0 -40.6 7.58x10" 0.1 0.2 99.7 2.0 46.6 51.4
XZ-060 0.05 1304 -9.3 -26.3 9.13x10° 0.0 0.5 99.5 16.4 53.1 30.5
XZ-063 0.06 687 -12.6 6.67x10° 0.0 0.6 99.4 22.5 36.3 413
36G 0.07 322 -13.6 -31.4 2.40x10° 0.1 0.7 99.2 — — —
95G 0.04 300 -13.9 -46.8 4.20x10° 0.1 0.4 99.6 — — —
96G 0.04 460 -12.8 — 2.70x10° 0.0 0.4 99.6 — — —
48G 0.07 288 -10.9 — 3.10x10° 0.1 0.7 99.1 484 229 28.7
117G 0.11 141 -9.6 — 7.32x10° 0.2 12 98.6 20.5 48.9 30.6
159G 0.12 433 -11.3 — 8.32x10° 0.0 1.4 98.6 18.0 44.5 37.5
63G 0.05 1101 -9.2 — 2.11x10" 0.0 0.5 99.5 7.1 60.5 32.4
116G 0.02 2119 -1.3 -312 1.93x10" 0.0 0.1 99.9 7.8 89.3 29
46G 0.16 31 -7.3 — 6.36x10" 1.0 1.8 97.3 24 71.2 26.5
53G 0.04 34 -12.4 — 7.46x10" 0.9 0.3 98.8 2.0 52.5 454
155G 0.05 76 -11.8 — 1.29x10" 0.4 0.5 99.2 12 55.4 43.4
152G 0.17 37 -10.0 — 2.99x10" 0.8 1.9 97.3 0.5 62.6 36.9
155G 0.19 80 -6.0 — 5.89x10" 0.4 22 97.4 2.6 75.8 21.6
81G 0.07 8 9.3 — 3.67x10" 3.8 0.3 95.9 0.4 65.2 343

T FR AR B TEE 5T K He*He=1.39%10", *He/*Ne=0.318, H11€°He/*He=1.1x10"°, *He/*Ne=1 000, 5% *He/*He=1.5 x10°*, “He/*Ne=1 000;
S C-CO A L HubE S TR 6 C=(—6.5%2.5)%0, CO, He=2x10°, R ER I TCHAE 6 *C=(0£1)%0, CO, He=1x10", JT A3 TCHUE 5 C=(~30+10)%o,

CO,/’He=1x10",
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