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Table 1 Water quality testing methods and detection limits

25 H / (mg/L) e ik KB K It H/(mg/L) e ik K PR
2+ - _ ELysE ey
Mn DZIT 0064.22-1993 0.003 cl DZ/T 0064.50 1993%@4%@% 0.5
cu* TR R B 0.003 NO, DZ/T 0064.59-1993 4 73l e vk 0.05
Zn+ ORI L 0.01 NO, DZ/T 0064.60-1993 4366 0.002
pH DZ/T 0064.5-1993 B B f — NH,* DZ/T 0064.57-1993 £ [Ciat kb (4 4k 0.03
o ; LRSS B b .
CP:ZZ* DZIT 0064.80-1993 006%%11 HcBaZO+2 GB/T 5750.5-2006 JoA/L Al 42 & 4 b g 1
2 BB R 1 i 2 '
cr 0.002 Mg GBIT 575062006 & B #5hE =~ — b
Sio, DZ/T 0064.62-1993 HufitfH e [ (ks 05 Na* ' R 0.1
Br DZ/T 0064.46-1993 {3 £1 L. (5175 0.1 K* 0.1
%5 CO, DZ/T 0064.47-1993 ifij 1 2 — I HJ 778-2015 & F 4% 0.000 5
CO~ . — sz TGMTC/QBH-001-2015 0.005
DZ/T 0064.49-1993 i &1
HCO, W 0.5 CODc, HJ828-2017 & finh A fhik 2.00
F 0.2 Fe2* 0.01
DZ/T 0064.51-1993 & Bk TGMTC/QBH-011-2
S0 /T 0064.51-1993 &+ {431k 0.01 Fett GMTC/QBH-011-2009 001
F2 REFENBEHMTAKLFRE
Table 2 Hydrochemistry characteristic of geothermal fluid in major thermal reservoirs of Tianjin
Ppit 2 JE CVRUE IR A2 WALRE pH {E.
IR AL 40 ~ 80C HCO,-Na/i! HCO,-CI-Na%! SO,-CI-Na%l —f<1.5¢g/L,Js#>3g/L 8.0~838
, I B::48~65C
i Wi 4 - 1) .Cl- 1 ~ ~
b b 2 TEE .60 ~ 82°C HCO,-Na%! \HCO,- Cl-Na% 0.8~1.9g/L 75~88
LRGED 48 ~ 99°C S0, Cl-Na% \HCO,-CI-Na7} 1.8~5g/L 75~85
. HCO,-S0,-Na’i .CI-HCO,-SO,-Na’il . CI-
FERFR 70~ 80C s . s : 1.0~20g/L 7.3~8.
ERA 0-80 S0, -HCO,-Na’ .Cl-SO,-Na’iJ .Cl-Na i 0-209/ §-83
HCO,-SO,-Na’i .Cl-HCO,-SO,-Na’i! . CI- 1.7~22g/L
Eki4 70 ~ 113°C 8 3 ’ 75~85
ZalaA S0O,-HCO,-Na%i .Cl-SO,-Na %l .CI-Na %! JrarH > 5 g/l
#=3 LB REESNHEXREIER 0 5 10 15 20 25
Table 3 Correlation coefficient matrix of R—cluster AR 1 ' ' : ' :
analysis of pore type J
: Na' 3
HIGPE TDS  K° Na*_ ca> _ CF__ SO HCO; ¢
TDS 1.000 0.152 1.000 0.620 0.890 0.591 0.864
K+ 0.52 1.000 0.102 0.250 0.084 0.000 0.042 g~ b
Na*  1.000 0.102 1.000 0.583 0.919 0.568 0.844
Ca?* 0.620 0250 0583 1.000 0.429 0925 0.250 HCO,” 7

Cl 0.890 0.084 0.919 0429 1.000 0.397 0.637
SO, 0591 0.000 0.568 0.925 0.397 1.000 0.171 a4
HCO, 0.864 0.042 0.844 0.250 0.637 0.171 1.000
F4 BB REBRSTHEXREIER
Table 4 Correlation coefficient matrix of R—cluster
analysis of fissure type

S0, 6

2 LB REBESHHRE
Fig.2 R-cluster analysis tree diagram of pore type
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CF 0998 0827 1000 0589 1.000 0.802 0.809 SR BT T ACPE S TSR : L
SO 0865 0396 0740 0965 0.802 1000 0.318 JE BT, FLBR A A H AR A L HC O,k 3, 24
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: P PG LL CI \HCO, .SO,> k3 5 244k bt g
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Fig.3 R-cluster analysis tree diagram of fissure type
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Fig.5 Relationship diagram between Na*
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Table 5 List of element proportional coefficient results in different thermal reservoirs

PhgZ y(Na)y(Cl)  100xy(SO2)N(ClH)  y(Ca?)ly(Mg*) y(CH/y(Br) y(Ca*)/y(Sr?)
LS4l 0.96 ~ 12.02 2.21~228.90 0.54 ~11.85 604.90 ~ 1 597.75 115~ 855
T 4 1.51~10.03 0.11 ~ 269.28 1.86 ~25.2 652.39 ~ 2 756.05 13.6~72.2
LRGES 1.01~3.02 10.57 ~ 214.16 1.49 ~ 5.79 806.76 ~ 1 947.23 5.96 ~ 39.5
FRR 1.10 ~ 2.99 53.23 ~ 187.47 1.48 ~3.73 579.15 ~ 1 497.92 39.3
kgl 1.21 ~ 3.00 19.24 ~ 117.34 1.02 ~ 3.16 624.08 ~ 1 597.75 8.78 ~22.6
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The characteristics of the main ion components of geothermal fluid
and geothermal origin analysis in Tianjin

WANG Bing', ZONG Zhenhai*, XIA Yubo”, ZHANG Fenna’, JIA Zhi

(1. Tianjin Geothermal Exploration and Development-Designing Institute, Tianjin 300250, China,
2.Tianjin Center, China Geological Survey, Tianjin 300170, China)

Abstract: Tianjin contains abundant low-temperature geothermal resources. The exploration and utilization of
geothermal resources has a long history. After years of exploration and utilization, rich exploration results have
been achieved. Based on the study of geological structure and hydrochemistry characteristics of geothermal fluid
in main thermal reservoirs in Tianjin, this paper took a large number of geochemical data as the research object,
and selected characteristic ions and mineralization degree of geothermal fluid in main thermal reservoirs to
conduct R-cluster analysis and correlation analysis. It showed K in fractured reservoir is generally higher than
that in porous reservoir, and the correlation between K* and mineralization degree is low; Na* and Ca*" are
positively correlated with mineralization degree, and the correlations were high; Cland SO,” of geothermal fluid
in fractured reservoir were higher than those in porous reservoir, and they were positively correlated with
mineralization degree; HCO, had little correlation with mineralization degree. It used element proportional
coefficient method to analysis hydrochemistry characteristics of geothermal fluid in Tianjin. It showed the
bedrock geothermal system was relatively closed, which was conductive to the formation and preservation of
geothermal fluid; the geothermal fluid belongs to marine saline sedimentary Kkarst filtration. After
comprehensively analyzing the data of hydrogeochemistry, isotopes and recharge conditions of geothermal fluid,
it shows that the atmospheric precipitation is the supply source of geothermal water in Tianjin, the infiltration
water is heated by the surrounding rock in the process of deep circulation and leaching with marine sedimentary
carbonate rocks. Finally, the atmospheric infiltration - marine sedimentation mixed genetic dissolved filtered
water is formed.

Key words: Tianjin area; geothermal fluid; R-cluster analysis; mineralization degree; element proportional
coefficient method
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