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Hydrogeochemical characteristics of Ordovician karst water in North China
coalfield and its indicative significance for geothermal energy

ZHANG Jie, CHEN Luwang, HOU Xiaowei, ZHANG Miao, HU Yongsheng
(School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Ordovician karst water in the North China coalfield is a green energy source that integrates water and heat.
Therefore, it is of great significance for the exploration and development of geothermal resources to clarify the formation
and evolution characteristics of the recharge source, geothermal reservoir environment, flow and circulation affected by
coal mining. The Huaibei coalfield, one of the typical North China type coalfield, was selected as the study area on the
basis of full understanding of its geological, hydrogeological and geothermal geological conditions. The hydrochemistry
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and isotope data and the previous study results were jointly employed to reveal the hydrochemical characteristics of geo-
thermal water and the mechanism of water-rock interactions. Also, they were used to identify the recharge source of geo-
thermal water, evaluate the temperature of geothermal reservoir and the depth of geothermal water circulation, and pro-
pose the formation and evolution model of geothermal water in the study area. The results show that the geothermal water
of the Zhahe mining district is mainly recharged by precipitation infiltration, and the hydrochemical type and water-rock
interaction are dominated by HCO;—Ca and leaching dissolution respectively, indicating that the geothermal water in this
area has a rapid renewal rate and a short circulation path. In the Suxian and Linhuan mining districts, the geothermal wa-
ter is only recharged by precipitation with evaporation infiltration in some areas and is obviously mixed with ancient
groundwater. There are various hydrochemical types including SO,—Ca, SO,—Ca -+ Mg, HCO; - SO,—Ca *+ Mg,
SO,—Ca * Na, Cl - SO,—Na, CI-Na, etc. Meanwhile, the water-rock interactions are dominated by leaching and dissolu-
tion and cation alternating adsorption (positive and negative), accompanied by dedolomitization, indicating that the geo-
thermal water in this area has a long residence time, a long circulation path, and a more closed reservoir environment. The
thermal reservoir temperature range from 34.8 to 69.1°C according to the calculation of quartz and improved SiO, geother-
mometer, and the circulation depth range from 881 to 2 281 m. The formation and evolution of karst geothermal water in
the Huaibei coalfield is obviously controlled by structure, and there are significant spatial differences in geothermal water
circulation and renewal capacity, reservoir temperature, circulation depth and hydrochemical environment. Therefore, the

development and utilization of karst geothermal resources should comprehensively consider the regional characteristics.
Key words: karst geothermal water; hydrogeochemistry; stable hydrogen and oxygen isotopes; thermal reservoir envir-

onment; North China coalfield
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Fig.1 Geological structure and mining distracts of Huaibei coalfield, and the location of samples (Modified from Reference [29])
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Fig.2 Diagram of karst development and mining effect in the study area
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Table 1 Statistics of physicochemical parameters of karst geothermal water samples in the Huaibei coalfield

R E (mg - L)

K H re K* Na* Ca*" Mg cr S0; HCO; Si0,  TDS
F/MHE 20.1 7.3 0.8 44 75.0 23.8 13.3 46.1 275.8 9.0 354
WE RKME 316 8.1 2.9 52.0 123.1 337 33.0 210.7 349.0 122 532
EHIE 245 76 1.6 21.4 935 27.7 20.6 98.4 313.9 10.2 420
w/ME 261 7.1 23 60.7 65.1 28.9 69.9 79.4 317.8 10.0 471
mE WK 432 80 7.6 318.7 357.0 156.4 279.6 849.1 476.6 22.0 2042
FHIE 345 76 45 163.0 180.7 68.9 1843 503.0 387.9 16.0 1298
w/ME 253 69 35 149.2 55.6 41.1 159.1 1712 217.8 12.0 991
i RBRME 410 8.1 30.3 680.3 616.1 286.7 1737.2 2193.8 510.3 23.0 4954
P 336 0 75 15.9 278.5 269.4 106.6 378.3 873.1 351.3 15.6 2088
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Fig.3 Paper tri-liner diagram of karst water

samples in the study area
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Ton ratio diagrams of karst water samples in the study area
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Fig.5 Scatter plot of §'*0 and 6D in the study area
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p(K*)
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PKY) )}
T(K-—Mg)=4410/(14—-1 -273.15 (12
K-Me) / [ & (p(Mg2+> (12)

_ p(Na") 4
T(Na-K-Ca) =1 647/{lg ( 5 )+ %

llg ( Vp(Ca)

p(Na®)

] + 2.06] + 2.47} -273.1
(13)

A T(Si0,) = [1308/(5.19~1g §)] -273.15  (14)

R T(SI0,) = [1032/(4.69—1g §)]-273.15  (15)
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Table 2 Geothermometers calculation results in the study area

- IRR/C - bz eC
B PR T Mt Sio, A A T S0,
1 31.6 458 13.2 45.0 20 32.8 50.5 18.1 50.2
2 23.6 40.8 8.1 39.4 21 27.8 59.5 27.3 59.8
3 23.1 39.3 6.5 37.6 22 34.8 61.2 29.1 61.5
4 20.1 36.2 35 34.2 23 317 453 12.7 44.4
5 203 35.9 3.1 33.7 24 25.6 48.0 15.4 474
6 28.0 39.6 6.9 38.0 25 253 50.5 18.1 50.2
7 36.7 48.0 15.4 474 26 25.6 50.5 18.1 50.2
8 36.0 45.8 132 45.0 27 30.6 58.5 262 58.7
9 413 63.4 31.4 63.9 28 26.0 553 22.9 55.2
10 41.1 63.4 31.4 63.9 29 26.4 53.0 20.5 52.8
11 30.1 67.1 35.1 67.6 30 32.0 553 22.9 55.2
12 36.1 393 6.5 37.6 31 26.3 553 229 55.2
13 28.1 67.1 35.1 67.6 32 26.1 453 12.7 44.4
14 26.5 53.0 205 52.8 33 26.4 57.4 252 57.6
15 432 55.3 22.9 55.2 34 26.1 55.3 22.9 55.2
16 26.1 39.3 6.5 37.6 35 293 48.0 15.4 47.4
17 26.6 57.7 254 57.8 36 29.6 50.5 18.1 50.2
18 32.0 50.5 18.1 50.2 37 30.0 553 22.9 55.2
19 25.5 55.3 22.9 55.2 38 39.1 68.8 36.9 69.4
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Fig.9 Formation and evolution model of karst geothermal water

in northern Huaibei coalfield
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