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Fig. 1  Simplified map showing tectonics of the Tibetan plateau and geology of the Wenquan basin
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Fig.2 Characteristics of hot springs and their mouth sediments in Wenquan basin
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Table 1 Analysis results of water samples from Wenquan basin

}a.\. k,l
@w it MM Mm T b ND _ ?«%»\E - | . _os kderrw
Na® K* Ca*" zmﬁr SFe  Mn*" AP Ba*" Sr?t HCO; SO, Cl Si10,
o Q1" 7.30 2290 131.75 22.35 172.70 9.10 0.116 0.006 0.125 0.022 0.971 678.40 181.31 52.96 30.50 910.62
MMM QI 8 7.30 1573 129.40 13.10 204.45 9.40 0.031 0.004 0.083 0.021 0.945 673.60 179.67 44.14 29.75 918.04 Ca-Na—HCO;,
Ql 7.44 1604 136.85 12.75 201.10 9.05 0.018 0.003 0.073 0.021 0.956 678.40 192.00 48.55 29.67 940.57
Q2" 6.90 3700 540.00 33.50 206.50 13.65 1.136 0.105 0.069 0.032 0.882 439.20 1245.56 88.27 30.17 2 349.31
WAMH. Q27 64 7.12 3820 557.50 32.95 213.85 13.10 1.145 0.105 0.069 0.032 0.875 530.70 1202.09 88.27 29.99 2375.34 Na-Ca—SO,
Q2 7.18 3810 560.00 35.00 219.00 13.55 1.044 0.104 0.072 0.032 0.889 512.40 1265.50 92.69 28.97 2444.07
£ Q3 6.81 2220 185.60 14.60 310.80 30.75 0.036 0.053 0.075 0.022 1.600 860.10 619.58 30.90 15.44 1624.06
M Q37 30 6.87 2270 189.15 14.65 308.75 29.75 0.062 0.052 0.074 0.022 1.590 831.40 625.34 35.31 15.32 1620.45
TR gn Q3 6.80 2250 186.05 13.65 307.90 30.30 0.057 0.050 0.078 0.023 1.586 829.60 627.65 35.31 15.15 1617.45 . .
i, NEE Q4 7.02 2420 185.90 26.70 322.15 29.80 0.082 0.082 0.080 0.045 0.813 494.10 862.26 95.93 63.39 1770.89 CarNaHEO, 750,
Fylh Q47 65 7.01 2450 184.25 28.40 319.65 29.50 0.108 0.086 0.080 0.044 1.336 530.70 865.39 52.96 64.08 1747.15
15 Q4 7.06 2450 193.05 30.35 334.20 31.10 0.091 0.082 0.074 0.044 0.821 597.80 830.53 97.10 64.00 1816.34
Q5 7.20 2420 220.10 27.00 352.60 36.75 0.001 0.336 0.078 0.028 1.831 660.10 902.77 52.96 45.11 1924.50
Mﬁwﬁ Q5" 61 7.23 2420 225.00 29.75 353.25 36.40 0.002 0.322 0.075 0.028 1.832 655.30 884.60 68.27 44.65 1927.18 Ca-Na—SO,-HCO;,
Q5 7.11 2460 221.30 27.15 348.00 35.25 0.004 0.329 0.079 0.028 1.825 647.90 896.02 70.62 44.63 1924.55
TR Q6" 6.90 2550 116.75 20.65 471.50 39.00 1.944 0.143 0.094 0.034 1.064 563.60 1085.73 44.14 40.72 2062.84
gk Q6% 65 6.91 2540 117.55 19.80 465.60 38.60 1.856 0.141 0.086 0.034 1.040 536.80 1108.43 57.38 40.65 2078.91 Ca—SO,-HCO,
2% Q6 6.92 2580 118.70 20.55 457.50 38.85 2.069 0.140 0.094 0.034 1.046 530.70 1083.68 57.38 40.43 2 045.39

1R SRR B LI 1e52-":20124F 7 A FTHURE 5#: 201345 5 A BT BUEE ;72 2013 4F 10 A T EUEE .
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Fig. 3 Langelier—Ludwig illustrative diagram
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Fig. 4  Box plot of SI of various hydrothermal minerals
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Table 2 Mineral components of hot spring sediments (%)

TS AR ERE EAA A Axf #ka #ka  B#+ T
Ql 2.15 nd. nd. 83.35 10.72 0.25 0.38 nd. 3.14 TG4
Q2 82.60  12.90 nd. nd. nd. 1.35 0. 36 2.83 R
Q3 1.56 nd. nd. 80. 36 13. 50 0. 66 0.55 0.38 2.98 FhAEERE

H:“nd." -5 ARA L
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Table 2 Calculated temperatures of geothermometers in Wenquan basin (°C)

SRAEOLE KRGS Teow Trx T g KA FHEHS T w T x T on
Qr 88.01 83.65  85.83 Q4 77.65 112. 36 95.01
i E A Q1* 74.41 82.75 78.58 R R 145 Q4* 79. 28 112.82 96.05
Ql 74. 21 82.65  78.43 Q4 80. 26 112.77 96. 52
Q2 93. 28 78.17  85.73 Q5 75.4 98. 46 86.93
104 3HHF Q2 93. 39 77.93  85.66 1033HHE Q5 77.85 98.05 87.95
Q2 94. 54 76.53  85.54 Q5 76.03 98. 04 87. 04
Q3 63. 26 60.52  61.89 Q6 68.41 94. 47 81.44
ESUEJyAuNn Q3 63.7 60.28  61.99 | iEIE2% Q6” 67.57 94.4 80.99
Q3 61.93 59.92  60.93 Q6 68.35 94.19 81.27
*3 BE.RMSO,ZEXE
Table 3 Relationship between temperature, enthalpy and SiO, content
B/ C $5/3-g S0/ ) R/ C Ki/J-g ! S04 : L/ C $5/Tg S0 ]
mg-L mg-L mg-L
50 50.0 13.5 150 151.0 125.0 250 259.2 486.0
75 75.0 26.6 175 177.0 185.0 275 289.0 614.0
100 100. 1 48.0 200 203.6 265.0 300 321.0 692.0
125 125.1 80.0 225 230.9 365.0 — —

A — R BRI AR A9 XA
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Fig. 7 Si-enthalpy model of hot spring water in Wenquan basin
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Table 4 Calculation results of Si-enthalpy model in Wenquan basin

REEGLE  CRFRRS WOKIRALLGI/ % iR/ C REEDLE  CREEGS BOKIBALLGI/ % $EEiRE/C
Ql’ — — Q4 62.27 165. 61
i H A Q1* — — R R 15 Q4° 62. 52 167. 26
Ql — — Q4 62. 55 167.16
Q2 26.63 87.17 Q5 56.17 135.07
104 HF Q27 27.28 87.77 103 M BF Q5 55. 62 133.95
Q2 20.97 81.94 Q5 55. 83 133.85
Q3 70.19 93.76 Q6 47.19 120. 58
EZTE v/ quns Q3* 69. 94 92. 68 TR 245 Q6* 47.15 120. 67
Q3 69. 64 91. 82 Q6 47.13 120. 43
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e i FE 280 1 H A6 B A AR (40. 623, 1Ma) ™ 1 4 Hh
NWRBRRHBE A REH (Ee) XL A . $E
12 20 73 oA sk AS I R SR ISR DL S 1 - 257 5 2%
L R b SR A, A L S B A 17-19 Ma(K-
Ar) F145-39 Ma(Ar-Ar), 1 : 25 J7 558 SS b mE 5 X
AT 33, 8 Ma(K-Ar) . A 40, EIFIE XA IX &
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Table 5 Calculation results of the depth of geothermal circulation in Wenquan basin

TR BOERR | RAR REOMEE | RRER . BUERR | BRI
g O e me wemm | om WO e ESC WE/m
QL 85.83 4621.67 — — Q4% 95.01 5131.39 165.61 9053. 89
Ql7 78.58 4 218.89 — — Q4+ 96. 05 5189. 44 167. 26 9 145. 56
Q1 78.43 4 210. 56 — — Q4- 96. 52 5215.28 167.16 9 140. 00
Q2 85.73 4615. 83 87.17 4 696. 11 Q5% 86.93 4682.78 135.07 7 357.22
Q27 85. 66 4612.22 87.77 4729.44 Q5% 87.95 4739.44 133.95 7 295.00
Q2 85.54 4 605. 28 81.94 4 405. 56 Q5 87.04 4 688.61 133.85 7 289. 44
Q3 61.89 3291.67 93.76 5062. 22 Q6%* 81.44 4 377.78 120. 58 6 552. 22
Q37 61.99 3297.22 92.68 5002. 22 Q6+ 80.99 4 352.50 120. 67 6 557. 22
Q3 60. 93 3 238.06 91.82 4 954. 44 Q6" 81.27 4 368. 33 120.43 6 543. 89
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Fig. 8 Sketch showing the genetic model of hot spring water in Wenquan basin
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Hydrogeochemical characteristics of the geothermal field in Wenquan
basin, northern Tibet

XU Gang', WU Kunyu”*, WANG Peng*, CHEN Yongdong"’,HU Lin', LIU Zichang', LI Hai'

(1. Northwest Sichuan Geological Team , Sichuan Bureau of Geology and Mineral Resources ,Mianyang ,Sichuan 621000, China;?2. State Key
Laboratory of Oil and Gas Reservoir Geology and Exploitation , Southwest Petroleum University, Chengdu ,Sichuan 610500, China;3. Qinghai
0il Field Branch Company,CNPC , Dunhuang ,Gansu 736202, China;4. Institute of Groundwater and Earth Sciences , Jinan University ,
Guangzhou , Guangdong 510632, China;5. Chengdu University of Technology , Chengdu , Sichuan 610059 , China )

Abstract The Wenquan basin in northern Tibet is rich in geothermal resources, on which few studies were car-
ried out previously. The purpose of this study is to clarify the occurrence and source of geothermal resources, re-
veal the mechanism of the thermal cycle, and quantitatively evaluate the temperature of the geothermal reservoirs,
the mixing ratio of cold water and the depth of thermal cycle in this basin. A total 18 groups of hot spring water
samples from the Wenquan basin geothermal fields were used for hydrochemical analysis and quantitative calcula-
tion. The results show that the thermal groundwater of the basin is dominated by the Ca—HCO;* SO, type. In the
process of upward migration, the geothermal water becomes "immature water" affected by the mixing effect of shal-
low groundwater. The saturation index (SI) of calcium hydrothermal minerals in hot spring water samples, such
as aragonite and calcite, is greater than 0. The temperature of geothermal reservoirs is from 60.93 to 96.52 °C, the
depth of thermal cycle is from 3, 238.06 to 5,215.28 m, and the mixing ratio of cold water ranges from 20.97 % to
70.19%. The temperature and depth of geothermal circulation before mixing cold water are determined by the Si-
enthalpy model as 81.94 to 167.26 °C and 4,405.56 m to 9, 145.56 m, respectively. These results can provide data
support and theoretical support for the future geothermal research in northern Tibet, as well as a reference for the

study of groundwater development and utilization in the study area.

Key words hydrogeochemistry, water-rock equilibrium-Si-enthalpy model, temperature of geothermal reservoir ,
depths of geothermal circulation, geothermal field in Wenquan basin
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