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Fig. 1  Distribution of geothermal units
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Fig. 2 Main ion components and pH box diagrams of various structural units
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Table 1 Lithology of geothermal water reservoirs in each struc-

tural unit
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Fig. 6 Relationship between mineral saturation index and temperature in the study area
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Table 3 Water chemistry and thermal reservoir temperature of 69 geothermal units in the study area

(8)
(9)

WGk MK & /mg- 1! 2 IR BRI /C - ‘{/jﬂ( WA TR
k4% W/C K Na Ca Mg SO, (K-Mg T ysioy /T BA e e e /km
K—Ca) e %
XB—1 29.3 1.42 1.15 6585 37.05 10.52 16.75 136.02 40.92 91 8 91  2.79
XB—2 40.3 10.72 5.31 276.95 62.96 24.70 49.02 219.51 71.56 146 83 146  4.86
XB—3 40.3 9.27 27.40 340.50 68.61 22.30 45.21 237.01 67.58 134 81 134  4.41
XB—4 30.9 5.94 3.53 241.98 48.67 16.66 39.84 181.89 56.71 150 90 150  5.02
XB—5 30.1 0.09 0.32 61.26 27.95 4.42 —20.98 32.48 1491 —  — 32 0.56
XB—6 40.8 275 531 87.81 21.98 20.24 32.82 18418 63.89 119 78 119  3.85
XB—7 443 1.69 531 6483 22.92 16.73 23.73 169.01 56.87 8 62 86  2.60
XB—8 34.8 1.95 436 3574 848 6.75 35.28 194.80 27.03 — 99 195 6.71
XB—9 46.7 1.82 3.65 66.37 22.20 19.82 25.27 165.60 63.11 98 64 98  3.05
XB—10 26.1 0.23 0.68 2535 4.65 8.85 431  83.50 3534 9 8 90  2.75
XB—11 37.5 0.09 0.32 4850 10.05 20.24 —14.40 36.37 63.89 134 83 134  4.41
XB—12 40.1 1.29 1.98 37.78 7.22 19.56 29.17 157.02 62.60 118 78 118 3.8l
XB—13 4.2 15.85 11.23 483.47 90.88 7.51 53.31 237.38 30.27 — 99 53  1.37
XB—14 30.5 0.49 210 54.62 27.00 9.87 246 10571 38.84 75 78 75  2.19
XB—15 27.5 1.16 519 63.30 2418 8.65 16.89 150.81 3464 73 8 73  2.11
XB—16 46.3 1.56 1.63  62.79 20.65 22.22 23.25 146.85 67.45 112 69 112  3.58
XG—1 25.0 3.68 49.46 115.88 17.58 10.11 40.44 236.45 39.61 125 93 125  5.13
XG—2 25.1 0.47 3.69 62.79 13.63 10.99 7.00 107.68 42.33 140 94 140  5.85
XG—3 320 0.69 28.04 58.71 12.37 13.59 13.84 155.16 49.51 112 85 112 4.51
XG—4 268 1.29 31.81 102.10 16.64 15.74 21.83 170.24 54.68 178 95 178  7.66
XG—5 30.8 1.16 62.40 4.08 0.31 3411 58.12 320.94 8478 — 95 8  3.23
XG—6 261 0.43 12.16 7147 16.77 10.12 4.08 116.43 39.66 113 91 113  4.56
XG—7 27.0 0.43 255 72.49 6.91 9.20 10.95 96.31 36.57 89 8 89  3.42
XG—8 29.2 200 2515 21.64 3.26 3511 45.02 256.61 86.02 — 96 86  3.28
XG—9 26.5 0.14 1.91 41.86 24.87 13.47 —14.55 67.98 49.20 156 94 156  6.61
XF—1 36.0 2.47 10480 9.06 0.06 57.35 96.11 370.56 108.32 — 94 108  4.61
XF—2 259 0.58 30.39 11.54 0.25 33.96 4589 205.91 8460 — 97 85  3.44
XF—3 20.8 1.78 41.25 41.35 6.50 18.43 3598 220.85 60.39 173 92 173  7.91
XF—4 9.0 3.87 8419 7.66 0.19 86.63 92.70 428.58 129.33 173 53 173  7.91
XF—5 515 1.80 3.32 69.43 12.25 28.51 30.41 161.95 77.32 125 68 125  5.47
XF—6 37.4 258 158.86 7.66 0.63 22.98 68.02 40439 68.74 149 85 149  6.69
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el WK 14 i gL IR C TR
B&% W/C K Na Ca Mg S0, tK—Mg ' sio) /T S ESCE/km
K—Ca) . %
XF—7 30.6 1.01 4.58 74.02 33.60 13.85 11.96 137.75 50.17 123 87 123 5.37
XF—8 36.3 0.63 40. 64 6.13 0.08 26.34 59.57 245.43  74.12 176 88 176 8.06
XF—9 30.9 1.16 61.23 4.59 0.31 44.59 58.12 321.92  96.55 — 95 97 4.05
XF—10 40.3 0.89 53.87 3.06 0.63 40.44 45.25 318.45 92.16 215 88 215 10. 04
XF—11 27.3 0.89 50.93 2.55 0.31 46.72 52.49 328.10  98.68 — 96 99 4.15
XF—12 32.3 1.02 14.17 8. 17 0.63 28.39 47.99 241.15 77.15 218 92 218 10. 19
XF—13 34.1 0.76 34.02 8. 68 0.31 32.58 49.22 238.19  82.85 225 92 225 10. 55
XF—14 26.0 0.76 70.05 9.19 0.63 12.92 42.13 252.56  47.78 157 93 157 7.09
XF—15 27.2 1.57 75.95 25.53 4.40 20.79 37. 38 257.80 64.91 223 95 223 10.44
XF—16 36.0 2.71 54.47 17.62 3.32 56.82 50. 99 313.88 107.87 — 94 108 4.61
XF—17 39.6 0.58 40. 89 19. 40 0.89 42.13 33.65 191.39  93.99 226 89 226 10. 60
XF—18 25.7 2.71 99.97 7.55 5.13  70.50 46.55 393.01 118.55 — 97 119 5.16
XF—19 34.5 3.21 94. 68 10.78 0.33 78.47 80. 90 383.05 124.08 — 94 124 5.42
XF—20 48.5 2.24 4.58 59.73 22.80 38.11 28.75 184.32  89.56 169 79 169 7.70
YXG—1 26.3 1. 30 16. 66 64.83 22.80 12.97 19.29 175.21 47.91 153 93 153 5.23
YXG—2 35.3 1.52 6.03 63.81 21.98 17.78 22.26 166.29  59.08 128 84 128 4.27
YXG—3 34.0 1.56 1.63 65.31 15.68 12.16 25.65 145.64 45.74 86 76 86 2.65
YXG—4 29.1 9.53 114.22 3.57 0.63 19.65 100.86 701.35 62.77 190 93 190 6.65
YXG—5 42.0 1.08 3.03 55.13  21.98 16.69 16. 50 143.42  56.77 93 68 93 2.92
YXG—6 36.8 1.65 2.46 54.98 8.68 16.62 31.97 160.38  56.63 112 80 112 3.65
YXG—7 89.1 3.42 61.23 5.11 0.31 79.57 83. 26 433.94 124.82 166 52 166 5.73
YXG—8 48.8 3.61 4.48 94.44 15.07 33.38 41.56 193.58  83.86 151 76 151 5.15
YXG—9 45.5 5.36 9.91 199.20 45.53 29.27 38.51 203.09  78.40 147 78 147 5.00
YXG—10 33.9 4.27 9.91 158.26 56.52 23.97 32.22 198.71  70.39 179 90 179 6.23
YXG—11 45.0 8.22 21.15 251.68 91.06 41.37 40.07 236.66  93.18 194 84 194 6. 80
YXG—12 51.0 3.02 50. 93 14. 80 1.26 49.54 63.74 332.85 101.38 194 81 194 6. 80
YXG—13 26.5 0.25 0.02 31.65 9.42 10.20 0.29 45.07 39. 89 110 90 110 3.57
YXG—14 38.2 1.56 36.23 8. 17 0.31 33.50 64. 65 298.33 84.02 199 89 199 7.00
YK—1 25.4  0.69 1.70 57.69 21.04 12.80 9.59 114.72  47.46 164 94 164 5.65
YK—2 41.2 4.31 4.53 158.25 33.28 27.13 37.34 184.39  75.31 155 82 155 5. 30
YK—3 45.0 0.76 20. 05 22.45 0.39 33.12 46. 89 187.86  83.53 164 81 164 5.65
YK—4 28.4 0.14 3. 17 69.94 16.96 17.46 —11.96 62.83 58.41 178 93 178 6.19
YK—5 48.6 14.95 10.71 264.95 44.27 57.00 59.76 260.86 108.03 225 85 225 8.00
YK—6 36.4 5.81 128.87 107.21 16.64 14.45 50. 10 300.20  51.65 97 76 97 3.07
YK—7 38.8 2.44 1.70 95.46  16.64 40.37 33.18 155.49  92.09 225 90 225 8.00
YK—8 38.6 1.30 21.15 10. 21 0.63 20.52 53.00 257.52  64.42 131 81 131 4.38
YK—9 34.6 0.87 9.03 11.74 0.63 22.05 44. 80 205.39  67.16 163 88 163 5.61
YK—10 41.0 5.73 4.32 99.55 18.21 37.96 48. 89 218.68  &89.38 202 87 202 7.11
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AN Ti) 8L B8 X5 7 P e (R Si0, R AR AN 25 i L2 4.
PLE SR 5 AN 1 BT R 93T R RS R X6 )
S, BT as IR E SR KIRA LS E (K 8), M
i 28 52 0 X L 11 & (502 V2 AK IR AR LR UK 9 5 L
P SRR, XB-3 . XF-6,XG-4, YK-3 ,YXG-2 }
PR PR KR A L5390 81% .85% .95% .81% .84% ,
¥ X 69 Ab b A HLITIR KR A L UL 3, 13 KR A LE
0 [ H 55%~99% , V- Y18 K 85% . I FE 44 AR K
Ik 1750 mm, MR KGRI E & W R A BT N B 244
1 PSR R T, BB 2% T K B 2R i
Ry M RROK RN K AR HE T A X 5 S
BT FE X N K TR A - O BT 5 B BAR K .

F4 AEEBRETAXBBEMKNE
Table 4 Solubility of quartz and enthalpy of water at different

temperatures
WEE/C KM /g S0,/ WEE/C AaMHT/g S0/
mg-L™! mg- L'

50 209. 29 13.5 200 852. 24 265
75 313.94 26.6 225 966. 51 365
100 419.00 48 250 1084. 97 486
125 523. 65 80 275 1209. 71 614
150 632. 06 125 300 1343. 66 692
175 740.90 185

7 3 Fournier . Truesdell 77 &2k .

1L.or 1.0
0.8 0.8}
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il 02 =

—o- FEMH —o— T
0.0 1 1 1 1 | 1 | 0.0 1 1 L 1 1 J
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g/ C /T
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B8 WXtk E—IRE

Fig. 8 Geothermal water silicon—enthalpy model in study area

4.2 HhEOKBINEE

TR P b A TRl KA PR R B, LR
T=t+H—h)K (10)
P, T A SR IR (°C) ¢ Sk T I A
(°C) , HIEPOKPEFRESE (m) , h W AE IR R (m) , K
R IR RS BE (°C/100 m) , ) B A AR R
17.75 °C, [EEA 2R R 25 mo 45 A FRIT Y
V-2 Ml A B 3 i) R AL TR A 2. 65 °C/100 m Fy
WA A4 385 77 1. 97 °C/100 m 17 oy A= AR il 2 LR Y

2.1 °C/100 m, = FF Mty A= AR IT R o R - b s By A=
FRUTBETR A 2. 6 C/100m"™ o FHE 45 5 2 B ) g 27 P4
TR EE R FEAE N AE 5~6 km, BIE - 5. 34 km, BAETE
FE R, B K TR 12 B 1 1 72 rp o R B
R T W R A M A K DA L RO RO 2 Y

5 & i

-

(1)1 R 4 3 PROK s T g ek B, 25 9%
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KGR . B K AL 25 HCO,—-Ca FIl HCO,—
Ca- Mg B K, B0 B AR 750 1 P K B AR AN G iR iR
UK Z (B s B R KA R R Y —;

(2)Na—-K-Mg = K R W] T 18] F 45 Hb HROK FEA
HBHE RGN K, 3 1 phreeqe 11 25 W E A
(IR T i T8 55, & BA Sen PBots - 5

(3) ) FH Ak — s A 28 A 0 081 T 4 1) B 00 i
TR, UK IR AR K HE 3k 85% . I FH L
T o T 0 i A b A KA PR TR B A 5~6 km, FE 26
AT K

(4) 0 7 48 b PRk 38 i e) K, 428 3t B ] Bb 3
IR, DRI PR B A, Bt kB 3 0T b Aok
HVRJE , Gk K i R AR R A T A 78 v R LA
K3 E 783K 87T (8 s #ROK ) G IR, 7E R B T
58 IKIR A I SR LA 32 0 R B v A1 ek A4
IR, KB H 58 L SR TE IRR

S 3k
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Hydrogeochemical characteristics of geothermal water in Hunan Province

CHANG Haibin', XIAO Jiang', PI Jing®
(1. Hunan University Of Science And Technology , Xiangtan ,Hunan 411100, China;2. 402 Geological Prospecting Party , Changsha , Hunan
410004, China)

Abstract Hunan Province hosts abundant geothermal water resources, while little research of hydrochemistry on
them has been made. research is not thorough. The purpose of this work is to analyze the occurrence of geothermal
water in Hunan Province, estimate the temperature of the heat storage in the study area, the mixing ratio of cold
and hot water, and the depth of hot water circulation. Using the ion ratio method, phreeqc calculation of mineral sat-
uration and the silicon enthalpy model, we analyze hydro—geochemestry of geothermal water at 69 sites in the
study area. The results indicate that the main hydrochemical types of geothermal water are HCO,—Ca and
HCO,—Ca-Mg, followed by SO,*HCO,—Ca+Mg and SO,—Ca; The ratio of calcium to magnesium ions in 77 %
of all geothermal water in the study area is greater than 3, reflecting the long storage time of geothermal water in
Hunan Province. Using phreeqc to calculate the multi—mineral saturation index finds that the silica mineral is clos-
est to the saturated state. Using the silicon—enthal pymixing model to estimate the heat storage temperature and
the mixing ratio of cold water in the study area, the results show that the thermal storage temperature ranges 32 °C
~226 °C, 140 °C on average,and the average cold water mixing ratio is 85% , which is relatively large. The geother-
mal gradient is used to calculate the geothermal water circulation depth, yielding of 5—6 km, 5.34 km on average.
In general, the geothermal water in Hunan Province has a long evolution time, a relatively long runoff time, and a
large regional circulation depth. After the hydrothermal fluid is warmed by the thermal storage a long period of run-
off and water—rock interaction, the geothermal water is driven by high pressure and thermodynamics. The geother-
mal water circulates to the surface of the ground, where it is mixed with cold water near the surface to form "imma-

ture" medium—low temperature hot water, dominated by low temperature.

Key words geothermal water, hydrochemistry, saturation index, Si—enthalpy model, Hunan province
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