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Table 1 List of main ions test results of geothermal fluids in the study area
Br K _ Nail Cazil Mgzi 1 cri1 soﬁ—?1 HCOi Sio{1 TDsil D 0
mg-L mg-L mg-L mg-L mg-L mg-L mg-L mg-L mg-L %o %o
DBI % 30.3 552.0 62.9 68.6 657.0 353.0 408.0 9.7 19302 329 44
DB2 ik 31.0 560.0 64.4 69.9 654.0 352.0 408.0 7.5 19375 278 —4.0
DS1 EAUES 0.7 142.0 8.3 2.4 242 8.8 319.0 13.5 359.1 -704 9.0
DS2 EHUES 0.8 151.0 7.5 1.5 23.1 12.9 324.0 16.4 375.1 -712 -93
DS3 EHINER 1.0 199.0 6.0 2.5 84.6 27.9 307.0 14.8 496.9 -724 9.6
DRI1 Nm 37.7 209.0 18.8 5.9 76.5 56.3 437.0 30.3 642.2 —69.8 -9.3
DR2 Nm 5.16 499.0 14.6 1.9 353.0 248.0 395.0 38.5 13389 -72.1 —8.6
DR3 Nm 77.4 416.0 29.2 11.6 385.0 268.0 377.0 68.5 13893 —66.7 -89
DR4 Nm 77.5 437.0 33.6 12.6 337.0 277.0 489.0 40.2 14298 —-679 9.0
DRS Nm 75.8 408.0 33.7 10.8 350.0 303.0 373.0 69.5 1377.1 =675 -9.0
DR6 Nm 4.71 369.0 12.4 1.5 263.0 154.0 373.0 41.1 995.6 —68.5 -9.2
DR7 Nm 1.61 240.0 7.9 0.7 142.0 78.8 262.0 325 618.7 -71.8 -9.3
DR8 Nm 5.0 476.6 13.7 1.6 250.3 3743 371.0 37.5 1344.5 / /
DR9 Nm 9.1 792.9 55.7 11.0 633.1 798.5 227.0 31.6 24454 / /
DR10 Nm 28.0 1003.5 294.9 61.3 1043.6 17173 165.4 22.0 42533 / /
DR11 Nm 4.7 715.4 70.7 7.8 351.7 971.0 260.6 28.0 2279.6 / /
DRI12 Nm 4.0 466 14.2 1.1 329.7 237.4 390.5 31.0 1287.7 / /
DR13 Nm 3.1 403.8 11.5 1.1 210.9 241.4 414.9 275 1118.8 / /
DR14 Ng 1.0 313.0 2.5 0.3 117.0 0.9 549.2 27.4 763.7 -64.0 -89
DRI15 Ng 1.3 243.6 3.0 0.3 46.1 57.8 457.6 30.6 629.5 —35.1 -6.3
DR16 Ng 11.0 496.3 16.3 2.7 356.3 236.3 509.5 352 14089 -70.5 —8.6
DR17 Ng 57.6 445.5 28.8 6.2 390.0 240.9 463.8 51.0 14519 —720 9.1
DR18 Ng 41.8 454.7 38.0 6.5 390.0 2253 488.2 44.5 1444.9 / /
DR19 Ng 1.4 384.8 4.1 0.5 241.1 0.9 610.2 27.8 980.7 -70.0 94
DR20 Ng 28.1 512.0 28.2 6.3 374.0 252.6 506.5 345 1501.0 / /
DR21 Ng 4.1 607.9 10.9 0.9 528.2 201.9 482.1 41.5 1648.5 / /
DR22 Ng 4.0 610.0 10.7 0.8 531.8 202.6 500.4 39.0 1661.1 / /
DR23 Ng 2.4 268.9 3.9 0.3 74.4 82.8 463.8 34.6 705.2 / /
DR24 Ng 19.7 498.5 30.9 6.1 372.2 239.7 524.8 30.5 14600 —68.0 9.0
DR25 Ng 39 515.6 10.5 0.6 320.8 232.9 518.7 40.5 14022 -73.0 92
DR26 Ng 3.8 479.1 9.1 1.0 351.0 220.2 482.1 38.5 13558 -720 9.1
DR27 Ng 31.6 465.0 24.9 55 356.3 228.2 463.8 39.4 1406.8 / /
DR28 Ng 1.5 324.6 4.9 0.3 108.1 124.2 485.1 324 844.6 -71.0 94
DR29 Ng 3.6 565.4 12.2 1.0 379.3 272.8 463.8 35.0 1516.2 / /
DR30 Ng 3.1 238.4 9.3 3.0 532 36.3 506.5 48.5 657.1 / /
DR31 Ng 1.9 245.9 32 0.4 58.5 14.8 494.3 50.5 634.4 / /
DR32 0} 77.8 399.9 28.7 8.5 361.6 257.7 396.6 71.5 14040 382 —6.7
DR33 0} 46.2 810.3 479.4 99.6 828.5 1845.2 247.1 27.0 4259.8 / /
DR34 0} 425 821.5 530.3 92.8 822.8 1933.0 211.7 34.0 43828 —660 9.1
DR35 o 51.9 892.2 569.6 114.5 1031.6 22314 180.1 0.0 5016.3 / /
DR36 o 54.6 451.9 43.0 7.9 382.9 278.0 463.8 48.5 1498.7 —65.0 —12.9
DR37 o 7.2 406.3 14.4 2.3 319.0 89.4 494.3 29.5 11153 / /
DR38 € 76.0 419.0 33.1 10.4 379.3 268.2 408.8 67.5 14579 —72.0 -10.0
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Bn R K' _ Nail Cazil Mgzt | cr _ SO‘Z‘; HCO{1 Siozi1 TDSil D o
mg-L mg-L mg-L mg-L mg-L mg-L mg-L mg-L mg-L %o %o
DR39 € 61.8 507.8 26.6 9.3 437.1 311.6 370.4 61.0 1600.7 / /
DR40 € 56.2 11711 470.5 97.7 1397.1  1798.4 205.6 0.0 5124.6 / /
DR41 Ixw 111.7 1650.1 367.9 82.8 22174  1375.1 195.9 0.0 59425 —-61.6 9.6
DR42 Ixw 76.4 424.2 30.3 9.0 375.8 270.2 408.8 68.5 1458.8 564 -84
DR43 Ixw 65.4 410.5 353 9.1 414.8 286.1 311.2 67.0 14438 =719 9.2
DR44 Ixw 73.9 426.4 28.0 10.1 397.0 269.7 369.2 66.5 14562 -71.9 93
DR45 Ixw 79.4 397.0 31.9 8.2 358.0 256.6 390.5 71.0 13974 -672 9.1
DR46 Ixw 78.9 396.1 41.9 9.0 354.5 258.8 427.1 73.0 14258 —-60.6 8.2
DR47 Ixw 69.1 505.9 30.2 11.2 432.8 368.1 360.0 68.0 16653 —69.0 -94
DR48 Ixw 59.8 594.9 40.4 12.3 522.2 403.5 374.1 51.0 18712 —68.0 9.5
DR49 Ixw 72.0 516.7 30.8 11.3 450.2 355.7 357.0 66.0 1681.2 / /
DR50 Ixw 72.2 600.9 39.3 14.5 577.8 355.7 350.9 0.0 1890.4 / /
DR51 Ixw 64.3 617.0 433 159 610.5 392.1 349.6 55.0 1972.9 / /
DRS52 Ixw 74.2 772.0 90.3 16.8 762.2 607.2 3124 74.5 25534 / /
DR53 Ixw 65.8 454.1 31.0 10.9 439.9 262.3 409.4 59.5 15282 650 94
DR54 Ixw 61.3 547.7 38.5 11.5 509.8 3717.5 379.5 57.0 1793.1 / /
DRS55 Ixw 65.7 447.8 28.0 11.1 429.3 247.4 4223 62.5 1503.0 -740 87
DR56 Ixw 45.5 508.9 30.3 5.7 428.9 244.9 494.3 63.5 15749 -66.0 8.1
DR57 Ixw 76.7 436.6 24.6 10.9 425.4 281.8 332.6 68.0 1490.3 / /
DR58 Ixw 76.8 410.1 28.0 9.1 365.1 263.8 384.4 62.5 1407.6 / /
DR59 Ixw 78.5 404.4 28.8 9.1 368.7 271.5 378.3 67.5 1417.7 / /
DR60 Ixw 74.5 414.9 28.5 9.0 375.8 266.9 357.0 69.0 1417.1 / /
DRo61 Ixw 71.1 457.6 33.6 10.6 411.2 288.8 402.7 355 1509.8 —68.0 -94
DR62 Ixw 69.8 477.2 32.7 12.2 439.6 306.2 399.7 60.5 1598.1 / /
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Fig. 2 Spatial distribution of hydrochemical types of geothermal fluids in Minghuazhen (a), Guantao (b) and Wumishan formations (c)
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Table 2 Temperature estimation of heat storage in the study area
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Table 3 Relationship between enthalpy, SiO, content, and temperature
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150 151.0 125.0 300 321.0 692.0
175 177.0 185.0
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Fig. 12 Silicon-enthalpy model of typical geothermal wells in the reserviors of the study area
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Table 4 Statistics of geothermal fluid circulation temperatures and cold water

mixing ratios calculated by silicon enthalpy model

‘ Ty °C VKR A Lo Bl
g2
H/ME O UNIE] FEE H/ME KA FEE
WAk 103.18 154.26 120.49 0.40 0.71 0.54
PHGE 96.82 136.99 117.34 0.41 0.73 0.54
LGP 94.54 139.36 120.06 0.01 0.77 0.37
FERAR 126.57 143.52 135.04 0.31 0.43 0.37
Skl 123.18 160.90 135.85 0.25 0.54 0.37
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Fig. 13 Statistics of reservoir temperatures and cold water

mixing ratios estimated by silicon enthalpy model
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Table 5 Comparison of temperatures and depths calculated by different methods for geothermal fluids
Fedh f#ZE T/C T/C T/C H/m  H/m  Hym  FEE B#Z T/C T/C TYC H/m  H/m  Hjm
DR3 Nm 79 117.12 15426 1510 3028.50 4089.57 DR43 Jxw 91 11598 139.07 2546 2995.82 3655.57
DR8 Nm 69 8886 106.33 891 2220.87 2720.14 DR44 Jxw 97 115.60 131.58 2707 2985.08 3441.57
DR12 Nm 55 80.76 103.18 1290 1989.69 2630.14 DR45 Jxw 99 11891 136.95 2328 3079.68 3595.00
DR14 Ng 49 7571 99.08 1571 184521 2513.00 DR46 Jxw 98 120.34 140.68 2373 3120.31 3701.49
DR15 Ng 63 8023 96.82 1916 197429 244843 DR47 Jxw 85 116.72 146.20 2442 3017.13 3859.29
DR16 Ng 63  86.12 107.15 1750 2142.83 2743.57 DR48 Jxw 79 102.74 123.18 2500 2617.48 3201.63
DR17 Ng 79 10274 123.18 1325 2617.48 3201.57 DR49 Jxw 95 11522 133.01 1623 297428 3482.43
DR18* Ng 71 96.45 120.37 2496 243794 312129 DR51 Jxw 78 10631 132.69 1851 2719.58 3473.40
DR20 Ng 51 8527 121.82 1393 211831 3162.71 DR52* Jxw 82 121.38 160.90 3801 3150.24 4279.29
DR24 Ng 48  80.09 114.71 1314 1970.42 2959.57 DR53* Jxw 83 110.10 13541 3658 2827.99 3551.06
DR32 O 99 119.27 138.24 2760 3089.92 3631.86 DR54* Jxw 79 108.02 135.67 3282 2768.55 3558.43
DR33 O 56 7511 94.54 1388 1828.27 2383.29 DRS55 Jxw 91 112.52 131.13 1673 289691 3428.66
DR34 O 43 84.64 139.36 1516 2100.57 3663.86 DR56* Jxw 84 113.30 141.15 3102 2919.34 3714.89
DR36 O 100 100.40 101.59 1312 2550.59 2584.71 DR57 Jxw 93 116.72 13852 2650 3017.13 3639.86
o
S
€

DR37 78.71 126.57 1822 1931.14 3298.43 DRS58 Jxw 97 11252 12431 2538 289691 3233.86

DR38 50 11635 143.52 2200 3006.50 3782.71 DR59 Jxw 96 11635 134.52 2876 3006.50 3525.57
DR39 92 111.32 126.57 2010 2862.77 329843 DR60 Jxw 97 117.46 13591 2176 3038.20 3565.29
DR41*  Jxw 84 10596 123.97 2778 2709.62 3224.14 DR62* Jxw 83 110.92 137.30 3249 2851.25 3605.00
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Fig. 14 Conceptual model of geothermal fluid circulation in the study area
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Hydrogeochemical characteristics and circulation model of
deep geothermal resources in Tianjin

ZHANG Qiuxia'?, LIU Donglin'?, YUE Dongdong'?, YANG Li'?, FENG Zhaolong'?, LI Shengtao'”
( 1. Center of Hydrogeology and Environmental Geology, China Geological Survey, Tianjin 300304, China; 2. Tianjin Engineering Center

of Geothermal Resources Exploration and Development, Tianjin 300304, China )

Abstract Geothermal resources, as a pivotal renewable and environmentally benign energy source for advancing
green development and establishing a clean energy system, hold immense potential for exploitation in Tianjin. Tianjin
is situated in the northern region of the North China Plain, and its geothermal resources are predominantly distributed
in the southern plain area, south of the Ninghe—Baodi Fault. These resources encompass porous thermal reservoirs
within the Neogene Minghuazhen Formation and the Guantao Formation, as well as bedrock fracture-type thermal
reservoirs in the Ordovician, Cambrian, and Mesoproterozoic Wumishan Formation (Jixian System). By integrating
hydrochemical and isotope geochemical signatures, this study aims to quantitatively evaluate the mixing proportions of
deep geothermal fluids and to systematically elucidate the circulation patterns of deep geothermal reservoirs, thereby
providing a theoretical basis for the sustainable development of Tianjin’s geothermal resources.

Sampling and analytical testing of geothermal fluids indicated a pH range of 7.08 to 8.43, suggesting a weakly
alkaline nature. The TDS ranged from 762.1 to 6,040.4 mg-L "', averaging at 1,768.97 mg-L"'. Along the flow path, the
anionic composition of the geothermal fluids exhibited significant shifts, transitioning from HCO; dominance to Cl°
and SO; dominance. This transition was accompanied by an increase in TDS. Both porous geothermal reservoirs and
bedrock fracture-type geothermal reservoirs displayed distinct spatial zonation in their hydrochemical characteristics.
An in-depth analysis using Gibbs plots and ion ratio coefficients demonstrated that water-rock interactions are the key
factors influencing the chemical composition of geothermal fluids. Specifically, Cl and Na" primarily originate from
the dissolution of salt rocks. In contrast, Ca’ and Mg’ ions are mainly affected by the dissolution of carbonate
minerals. Furthermore, cation exchange processes resulted in an increase in Na' concentrations and a corresponding
decrease in Ca”* and Mg’ concentrations. Gypsum dissolution also served as a significant source of SO;™ in geothermal
fluids. The dissolution of gysum induced a common ion effect that promoted the precipitation of CaCO;, further
reducing the concentrations of Ca’" and HCOj. Isotopic analysis of hydrogen and oxygen revealed that atmospheric
precipitation is the primary source of recharge for geothermal fluids. However, the isotopic drift observed in most
geothermal fluids indicated that they did not originate directly from local precipitation. Instead, these fluids underwent
deep circulation, with lateral recharge serving as the main mode of replenishment. During circulation, these fluids
exchanged oxygen isotopes with the surrounding rocks.

Plotting the geothermal fluids on the Na-K-Mg ternary diagram showed that all samples fell within the partially
equilibrated and immature fields, indicating that either (i) the fluid—rock system has not reached cationic equilibrium,
or (ii) the ascending deep fluids have been diluted by shallow cold water. Consequently, cationic geothermometers are
not recommended for estimating reservoir temperatures. Calculations by PHREEQC software showed quartz and
chalcedony to be in supersaturation or near saturation, suggesting that SiO, geothermometry can reliably estimate
temperatures. Reservoir temperatures derived from the quartz geothermometer were generally higher than those from
the chalcedony geothermometer and exceeded the measured wellhead temperatures. Therefore, we adopted the quartz

geothermometer results as representative of the reservoir temperature. The estimated thermal storage temperature range


https://doi.org/10.11932/karst20200301
https://doi.org/10.11932/karst20200301

Faak H3W TRAKEE AR KHETH TR AT UK SO R AL A AR S AR PR AR 461

in the study area was between 67.06 °C and 121.38°C.

Using the silicon-enthalpy hybrid model, we analyzed deep circulation temperatures and cold water mixing in
geothermal fluids. The cold water mixing ratios ranged from 0.01 to 0.77, resulting in estimated deep circulation
temperatures of the geothermal fluids between 94.54 °C and 160.90°C. To ascertain the maximum circulation depth of
the geothermal fluids, we integrated the reservoir temperatures derived from both the quartz geothermometer and the
hybrid model, along with the average geothermal gradient. The quartz geothermometer results indicated that the
thermal circulation depth of the middle reservoir ranged approximately from 1,828.27 m to 3,150.24 m. Conversely,
the hybrid model calculations revealed a deeper maximum thermal circulation depth for the deep reservoir, ranging
from 2,383.28 m to 4,279.28 m.

Based on the aforementioned study, we have developed an initial conceptual model for geothermal fluid
circulation. This model divides the area along the Ninghe—Baodi Fault, designating the recharge zone mainly in the
bedrock-exposed region of Jixian county to the north. Atmospheric precipitation infiltrates through this and adjacent
deep faults, entering enclosed and semi-enclosed thermal reservoirs in the southern plain. As the precipitation flows, it
is progressively heated by underlying heat sources. Over extended geological periods, the dissolution of calcite and
dolomite reaches equilibrium in the groundwater, maintaining a stable HCO, concentration. Meanwhile, Ca’* and Mg”'
undergo processes such as cation exchange and adsorption, leading to their gradual reduction. In contrast, highly
soluble rock salt results in significant accumulation of Na" and CI™ during prolonged migration. Consequently, the
geothermal fluids exhibit high concentrations of Na', CI', and TDS. Furthermore, the mixing of cold water with the
geothermal fluids along their flow path has contributed to the current characteristics of geothermal resources in the
study area. This study is of great significance for understanding the genetic mechanisms, occurrence modes, and

geochemical evolution patterns of underground thermal water.

Key words Tianjin, deep geothermal resources, hydrogeochemistry, geothermal reservoir temperature, silicon-

enthalpy hybrid model, circulation model
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