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Abstract: Zhaoyuan is located in Jiaodong uplift zone. Proterozoic altered granites are widely distributed. The
trace elements are enriched in geothermal fields. In order to ascertain the occurrence conditions of the trace
components, the granite geothermal reservoir and geothermal resources. We use hydrochemical analysis, reservoir

temperature analysis and effective energy conversion methods, establish Gibbs model, PHREEQC model,
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reservoir estimation, and obtain the occurrence conditions and reservoir environment of trace components of
thermal water. The results show that (1) Zhaoyuan geothermal water, similar to seawater, is CI—Na type. The total
dissolved solids (TDS) of geothermal water ranges from 1359.7 mg/L to 5302.0 mg/L, and the mass
concentrations of strontium, bromine and metasilicic acid are 26.20, 7.50 and 88.00 mg/L, respectively, which
exceed the national medical thermal mineral water quality standards. (2) The Linglong granite in the northeast of
the geothermal field has high strontium content, ranging from 334 mg/kg to 1 805 mg/kg, which is an important
source of strontium. (3) The reservoir temperature of geothermal field is between 107 °C and 215 °C, and the
mixing proportion of cold water is between 33.6% and 58.9% calculated from silicon enthalpy diagram. The
calculation results indicate that available energy is 19.73 TJ/a, 5479.57 MW-h and 471.16 toe between 40 and
60 °C. The total available energy is 301.57 TJ/a, 83 771.53 MW-h, and 7 203.06 toe over 60 °C. The trace
components come from lixiviation between strontium-rich granite surrounding rock and groundwater. The
enrichment process of trace elements is affected by geothermal reservoir. This study may provide a better

understanding of the characteristics of geothermal water in the granite thermal reservoirs, and enrich and promote

the theory of geothermal water-rock interactions.
Keywords: geothermal water; trace components;

interaction
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Table 1 Mass concentration of constituents, TDS, alkalinity and calculated Pco, of 15 samples
ke P(Na? pMg™) p(Ca’") P(Cl’z p(SOF7) p(HCO3) p(SiO%) TDSf ﬁﬁ?ﬁ M7 Peo,
/(mg:L")  /(mg'L") /(mgL™") /(mg-L™") T ) /(mg' L") /(mgL") /(mgkg' CaCO,) 1% /Pa
S1 11 100.0 1150.0 353.0 19 400.0 2280.0 104.0 0.6 34 800.0 109.0 1.06 69
Z1 1575.8 10.1 240.9 2 664.8 99.6 252.2 — 47173 200.3 0.15 9300
Z2 1618.1 5.1 231.4 2731.8 123.4 149.4 60.0 4853.9 128.1 0.03 730
Z3 1748.7 12.5 251.6 2990.1 125.7 146.3 88.0 5302.0 113.4 0.11 1400
Z4 17314 1.8 253.1 2922.1 116.4 186.7 80.0 5206.9 156.5 0.01 1300
z5 1343.1 9.3 224.8 2236.3 119.8 281.8 55.0 4136.4 200.5 0.46 3 800
76 455.3 39 55.2 587.7 52.8 308.7 46.0 1359.7 253.1 0.03 580
77 1449.6 357 270.9 2596.0 80.4 275.8 28.8 4603.2 223.2 0.05 560
Z8 968.2 63.1 189.9 17653 93.4 291.9 15.0 3256.6 248.2 0.02 1400
Z9 1647.5 11.4 2384 2788.2 112.1 202.0 60.0 4970.1 167.3 0.02 630
Z10 1766.5 16.6 251.1 2961.1 122.2 266.8 24.0 5286.3 222.0 0.01 750
Z11 773.6 8.4 74.9 1144.1 76.2 242.0 48.0 22534 204.0 0.14 270
Z12 1398.7 26.3 218.9 2360.6 94.0 316.1 15.0 4277.8 268.4 0.03 1900
Z13 100.6 56.2 98.9 11559 494.6 313.0 — 2172.6 252.7 4.80 1 800
Z14 1188.0 4.2 162.1 1924.7 346.8 224.1 85.7 4027.5 181.9 1.80 1200
Peo (1), 685 mg/L, /KL 225/ fy Ca—HCO, &I, M F oK FE
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Table 3 Parameters calculated with the silicon enthalpy method

Bk REEC %x&:i@ﬁ#ﬁd& T%LE%RE I AKX Wyﬁ

FOPBRIRLE/ C RPGRIRIE/C K% Hbl/% iRIE/C
72 88 107.23 126.00 185  33.6 12573
Z3 87 119.11 171.33 28.5 53.9 172.65
74 79 119.87 170.12 29.6 58.9 172.25
Z5 81 106.40 123.96 15.2 393 125.33
76 34 134.17 217.11 35.5 90.2 215.71
77 26 119.49 170.57 281 922 16742
79 60 117.45 164.44 277 700 167.90
Z10 35 — 92.10 — 744 97.08
Z11 44 121.91 180.34 32.6 81.6 176.60
Z14 82 121.54 173.83 29.7 58.6 176.11
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K2 Z6, B 5k 35.5%, Ak IR BE 25 A 82.94 °C. &
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Fig. 6 Silica-enthalpy equation model of the geothermal water in
the Zhaoyuan area
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Table 4 Parameters of the geothermal water and geothermal

energy indexes

WTFA . AR, LR EBEARENRASERE, Y
¥ 20 °C 7 120 °C B, H4A 5 3R & K 9% ~
169", [RLIH, 7T AR 40 kB 4 7 e 1 T BROKOK R 43 R
32K, H1<40 °C. 40 ~ 60 °C. >60 °C /K ¥, 73 Hr Hoh
AR, I 5 FioR . <40 °C, 40 ~ 60 °C, >60 °C /K £
f) L BE TR R FH R4 91 4 1.74, 19.73, 301.58 Tl/a, FHiE
b DX b AR T R A v, MR BROK T SR TR AE 60 ~
100 °C 2 [a], #fi% 2 IR 107 ~ 128 °C, it 4 4 & &+
AT TR EE | AR L YRR S T, (R T
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Table 5 Geothermal potential of the hot springs in various
temperature ranges in the Zhaoyuan area

BEC omMw, EN(TIa') 4 HAEEBSFAERE/ (MW-h) il 2 i toe
<40 0.06 174 0.98 482.02 4145

40 ~ 60 0.83 1973 0.75 5479.57 471.16
>60 10.89 301.57 0.88 83 771.53 7203.06

KFES HR/m Kk/m F,,~F,./(kgs') T/C T/)C C/MW, E/(TJa')

Z1 347.0 659 39~5.1 64 20 094 26.16
z2 218.1 - 3.9~89 88 20 252 57.21
z3 252.5 — 9.7~30.0 92 83 1.13 23.58
z4 400.0 61.2 17.2~26.3 79 75 044 11.47
z5 400.0 663 3.7~49 100 81  0.40 11.03
z6 280.0 659 6.7~13.2 46 34 0.67 15.78
z7 200.0 593 0.8~0.8 32 26 0.02 0.62
z8 2237 66.2 0.5~0.5 23 20 001 0.18
79 2804 62.4 1.8~3.7 60 54  0.09 2.18
Z10 2266 614 12~13 35 33 0.01 0.34
Z11  360.0 628 0.8~15 44 32 007 1.77
z12  270.1 599 L1~12 22 18  0.02 0.60
Z13 81.8 398 2.8~28 99 20 092 29.07
Z14  248.0 63.1 20.8~20.8 82 30 4.54 143.05
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