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Table 1 The characteristic values of hydrochemical 2 N

compositions of geothermal fluids in Tianjin

Table 2 The principal component value contribution rate

and cumulative contribution rate

(%)
K*(mg/L) 1.0 99.8 37.89  33.29 87. 86
Na*(mg/l) 203.4 15725  505.1 172. 49 34.15
Ca®* ( mg/L) 2.0 531.1 5413 112.77  208.32
Mg?* ( mg/L) 0.0 98.6 1220 20.65  169.24
NH; ( mg/L) 0.0 2.23 0.69 0.49 70. 39
Zn®* ( mg/L) 0.0 0.51 0.03 0.06  220.58
Cl~ ( mg/L) 3.9 2268.8  404.10  256.84 63.56
SO3 ™ ( mg/L) 1.6 2137.0  369.0  453.20  122.82
HCO; (mg/L) 115.9 688.0  450.35 116.41 25.85
F~ (mg/l) 1.43 12.4 8.13 2.63 32.32
Si0, ( mg/L) 22.8 75.0 47.99  14.84 30.93
771.6  6013.0 1880.82  845.81 44.97

(mg/L)

(TDS)

536.6  5916.9 1633.29  864.81 52.95

( mg/L)
Fe?* ( mg/L) 0.0 12.8 0.28 1.29  459.72
Fe** ( mg/L) 0.0 2.4 0.18 0.35  201.37
Mn( mg/L) 0.0 0. 16 0. 01 0.02  222.38
NO*~ ( mg/L) 0.0 0.48 0.01 0.06  536.70
NO*~ ( mg/L) 0.0 3.83 0. 46 0.76  164.57
Br~ ( mg/L) 0.0 9.0 1.41 2.08  147.37
1~ (mg/L) 0.0 1.8 0.17 0.36  205.84
CO3™ ( mg/L) 0.0 24.0 1.73 4.85  279.87
(mg/l) 155.1 560.5  373.66  91.29 24.43
(mg/l) 6.5 1651.5 118.06 237.51  201.18
(mg/l) 6.5 204.7 84.52  56.95 67.38
(mg/l) 0.0 547.0  312.89  123.41 39. 44
(mg/l) 0.0 25.0 6.31 7.2 114.12
$27 ( mg/L) 0.02 27.52 0.49 2.62  532.96
CO,(mg/L) 2.2 22.0 8. 64 .01 46. 46
(°c) 40.0 97.0 69.63  15.62 22.43
pH 7.0 9.0 8. 06 0. 46 5.73

1.3
Q- (
) R- ( ) o

(%) (%)
1 7.687 25.622 25.622
2 4.976 16. 586 42.208
3 2.352 7. 841 50. 049
4 2.067 6. 889 56.938
5 1. 805 6.017 62. 955
6 1.353 4.509 67.463
7 1.224 4. 080 71.543
8 1. 131 3.771 75.314
9 1. 043 3.476 78. 790
10 0. 892 2.973 81.763
11 0. 855 2.851 84.613
12 0.735 2.448 87. 062
13 0. 548 1. 826 88. 887
14 0.525 1.749 90. 637
15 0.453 1. 509 92. 146
16 0.411 1.371 93.517
17 0. 343 1. 142 94. 658
18 0.319 1. 064 95.722
19 0. 285 0.950 96. 672
20 0. 250 0. 835 97.507
21 0. 199 0. 662 98. 169
22 0.174 0. 580 98. 748
23 0. 151 0.503 99. 251
24 0. 097 0.324 99. 575
25 0. 060 0. 201 99.776
26 0.038 0. 127 99. 903
27 0.023 0.076 99.979
28 0. 004 0.013 99. 991
29 0. 002 0. 008 99.999
30 0. 000 0. 001 100. 000
3 K" Na®.
Ca’*\Mg** \NH, .Cl~.S0; .HCO; .F~.Si0,.

N ~pH. . N 16
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Table 3 The index’ load in the principal components
2 3 4 5 6 7 8 9 10 11 12
C0%~ (' mg/L) -0.191 0.378 0.259 0.256 0.377 0.227 -0.066 0.169 0.397 0.111 -0.274 0.173
( mg/L) -0.202  0.369 0.384 0.220 -0.353 0. 303 0.080 -0.315 -0.193 -0.158 0.173 0.173
( mg/L) 0.234 -0.159 -0.330 0. 134 0.217 -0.307 0.388 0.395 -0.044 0.330 0.173 -0.373
pH -0.528 0.188 0.497 -0.205 -0.217 -0.098 -0.136  0.130 0.046 -0.130 -0.158 0.201
( mg/L) 0.329 -0.586 -0.192 0. 064 0.235 -0.056 -0.083 0.161 -0.104 -0.186 -0.373 0. 030
( mg/L) -0.155 0.644 0. 153 0.282 -0.055 -0.034 0.458 -0.014 -0.007 -0.010 0.201 -0.054
( mg/L) 0.444 -0.362 -0.532 0. 294 0. 098 0. 308 0.131 -0.141 -0.154 0.076 0.030 -0.180
S?( mg/L) 0.020 -0.127 0.270 -0.617 0. 366 0.243 0.301 0.031 -0.362 0. 094 -0.054 0.232
CO, ( mg/L) 0.283 -0.164 -0.420 0.262 -0.055 0.553 -0.052 -0.296 0. 003 0. 166 -0.180 -0.158
(me/l) 0.929  0.334 0.086 -0.010 -0.063 0.015 0.009 0.035 -0.008 -0.031 0.009 -0.046
mg )
( mg/L) 0.904  0.299 0.144 -0.034 -0.081 0. 069 -0.077 -0.040 -0.007 -0.105 -0. 046 0. 155
Fe* ( mg/L) 0.284  0.166 0.171 -0.099 0.327 -0.107 -0.194 -0.459 0. 486 0.373 0.155 -0.108
Fe** ( mg/L) 0.153 -0.126 0.115 -0.148 -0.523 0.039 0.112  0.281 0. 141 0. 400 -0.108 0. 196
Mn?* ( mg/L) -0.101 0.213 0.219 0.122 0.255 -0.066 -0.629 0.156 -0.434 0.262 0.196  -0.290
NO?~ ( mg/L) -0.099 0.167 0. 459 0. 506 0. 306 0.241 0.093  0.252 0.062 -0.001 -0.290 0.179
NO*~ ( mg/L) -0.085 0.221 0. 243 0.582 0. 455 0. 002 0.086 -0.016 -0.231 0. 005 0.179 0.176
Br~ ( mg/L) -0.255 0.354 -0.377 -0.202 0.015 0. 338 -0.394 0.234 -0.018 0. 044 0.176 0.350
I ( mg/L) -0.140 0.219 -0.322 -0.146 0. 147 0. 400 0.007  0.397 0.331 -0.311 0.350 -0.274
Ca®* ( mg/L) 0.835 0.427 -0.095 =-0.041  0.132 —0.139 0.048 -0.054  0.072 =-0.077 0.023 -0.011
Mg®* ( mg/L) 0.875 0.303 -0.100 -0.037 0.122 -0.142 0.036 -0.015 0.033 -0.128 -0.011 0. 183
NH," ( mg/L) 0.515 -0.349 0.273 0.243 -0.358 0.073 -0.046  0.200 0. 069 0.211 0. 183 0. 035
Zn?* ( mg/L) 0.102  0.004 0.322  -0.687 0.332 0.344 0.220 -0.070 -0.040 0. 148 0. 035 0. 000
Cl~ ( mg/L) 0.862 0.103 0. 148 0.024 -0.227 0.216 -0.022 0.142 -0.059 0.029 0.000 -0.002
SO, ( mg/L) 0.855 0.422 0.012 -0.057 0.102 -0.154 -0.003 -0.049 0.006 -0.071 -0.002 0. 068
HCO; ( mg/L) -0.819 -0.021 -0.036 0.106 -0.153 0. 100 0.165 -0.044 0. 062 0.092 0. 068 0.052
F~ ( mg/L) 0.064 -0.868 0.239 0.131 -0.059 0. 081 0.022 -0.088 0. 004 0. 054 0. 052 0.183
Si0,(mg/L)  0.180 -0.830 0. 280 0. 041 0. 108 0. 087 -0.055 0.028 0.136  -0.132 0. 183 0. 009
(C) 0.232 -0.736 0.370 0. 044 0.118 -0.008 0.011  0.021 0.135 -0.219 0.232 0. 062
K*( mg/L) 0.589 -0.712 0. 125 0.001 0.067 -0.022 -0.091 0.011 0.018 -0.032 0.062 -0.023
Na* ( mg/L) 0.805  0.296 0.216 0.018 -0.265 0.170 -0.014 0.143 -0.091 0.031 -0.023 0.023
Q 16 108
NI ( 2.
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“ ” Jaw Jxw 4.7.10
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Table 4 Hydrochemical classification of geothermal fluids in the Tianjin area
|
v
JWM JWG CBM CBJ CSM €SO CSJ] CPM CPO CPJ] CDM CDG CXO HTM HTG HQN HQG
i Nm Ng Nm Jaw Nm (0] Jaw Nm 0] Jaw Nm Ng Jxw Nm Ng Nm Ng
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 8 15 1 7 16 4 3 10 1 2 4 2 19 2 4
K* 5 3.8 1.5 69.2 13.1 36.6 76.2 3.5 47 73.1 3.6 25.4  46.7 4.8 12.5 2.7 4.7
Na* 341.5 269.1 461.3 485.85 945 713.5 569.1 421 464.6 438.2 605.5 458.5 483.6 402.5 551.6 542.5 599.7
Ca®* 3.5 4.75 24.2 33.72 186.4 356.3 58.14 6.5 30.5  33.6 9 18.1 44.95 7 40.6 10.45 10.2
Mg+ 1 1.3 4.2 11.22 255 644 17.15 3.8 7.9 11.5 3 4.6 10 1.3 7.32  0.65 1.0
NH,f 0 0.1 0.3 0.8 09 075 1.06 004 0.7 0.9 008 0.4 0.9 0.55 0.7 0.14 1.2
(mg/L) Cl™ 123.5 61.7 297.9 425.45 547.7 689.5 572.4 246 368.8 374.7 698.4 329.7 409.1 216.2 390.9 425.4 563.1
S0, 17 28.4 294.1 317.6 1796 1507 403.7 175.3 284.4 290.4 12 285 279.6 128.5 341.6 346.7 135.3
HCO;  661.5 581.5 425.4 404.51 115.9 258.1 372. 6 476.7 453.5 406.9 457.6 559.6 504.9 563.1 526.2 329.5 573.6
F- 6 5.9 4.9 10.59 1.43 475 10.5 5.63 8.7 10.7 5.2 8.4 8.5 553 7.5 6.73 8.5
Si0, ( mg/L) 48 54.5 29.8 6215 282 3251 619 27.7 415 61.7 21.2 455 41 34.5 40.6 288 389
(me/L) 1196 1008.8 1554.5 1812.75 3658.1 3645 2133.1 1377.3 1710.5 1690.3 1822.3 1590.1 1819.5 1363.9 1915.1 1692.6 1927.1
mg
(mg/L) 870  717.9 1341.9 1610.45 3600.2 3169.3 1946 1138.7 1483.8 1486.9 1593.5 1310.2 1567 1082.6 1652 1527.9 1640.3
pH 8.51 8.2 8.3 7.91 864 7.26 7.9 8.4 7.7 8 8.21 8.5 7.6 8.4 8.4 8.4 8.29
(' mg/L) 371.6 347.8 337.1 330.6 470.4 348.2 320.6 319.7 386.8 355.1 5155 464.2 39 346.6 456.3 280.3 472.07
(' mg/L) 105.9 61.6 93.9 130.7 10.5 296 1142 36.1 127.4 208.9 12.5 9.3  475.9 33 39.4  28.8 29.33
(C) 62 77.1 5229 84.4 46  55.96 82.6 453 71 82.3 49 50 57.5 45 66.8 525 70
i 1 | 1 ) I\ 1 2 (
1 B); 3 (M .G = J= .0= ) e
0 5 10 15 20 25 2- -
ﬁ‘kgﬁ@ ﬁ&%% * + + ' b + SO4 N HCO3 ~ N 8
CBIJ 4 |
CPJ 10 ‘ ] ~
csJ 7 ‘ 2 ( >0.7) SiO0,.F~,
CPO 9 l
CX0 13 + +
80 6 K o K
JWM 1
IWG 2 2 K" (
HTG 15
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The Q-Type cluster analysis of the relationship with geothermal fluid’ s
hydrochemistry characteristics and geological structure

YU Yan LIU Jie KANG Nan LIN wei GAO Bao—zhu
( Tianjin Institute of Geothermal Exploration and Development Design Tianjin 300250 China)

Abstract: A large number of hydrochemical data of geothermal fluid in the Tianjin area are examined in this

paper. The Q-type cluster analysis method is used based on tectonic units and geothermal reservoirs.

According to tectonic units and geothermal reservoir the study area is divided into 17 subtypes and clusted

step by step. The results show that the hydrochemical characteristics of the geothermal fluid in the study area

are related to the geological tectonic units and are in good agreement with the characteristics of heat reservoir

which are consistent with the traditional conclusions of hydrochemistry. The results are reliable intuitive and

efficient. The methods has a good application prospect in groundwater quality analyses.

Key words: geothermal reservoirs; geothermal fluid; hydrochemistry; Q-type cluster analysis; Tianjin area
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