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Hydrogeochemical characteristics and evolution mechanism of
karst groundwater in the catchment area of the Sangu Spring
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050061, China; 2. China University of Geosciences (Beijing), Beijing 100083, China; 3. Key Laboratory of

Groundwater Science and Engineering, Ministry of Natural Resources, Shijiazhuang, Hebei 050061, China)

Abstract: The karst groundwater in the catchment area of the Sangu Spring plays an important supporting role in
the residents' living and coal base construction in southeastern Shanxi Province.With the large-scale coal mining
and the intensification of human activities, the hydrochemistry of the regional karst groundwater has changed
drastically. In this study, 125 karst groundwater, 14 surface water and 14 rain water samples were collected and
tested. The descriptive statistical analysis, coefficient of variation analysis, hydrogen and oxygen stable isotopes,
Gibbs model, ion correlation, mineral saturation index and factor analysis are comprehensively used to determine
the replenishment sources of the karst groundwater, the differences of hydrochemical characteristics and evolution
mechanism among the subsystems. The results show that the D and "0 values of the karst groundwater range

from —77%o to —42%o and from —10.6%o to —4.5%o., respectively, and the data points fall near the local meteoric
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water line (LMWL), indicating that the karst groundwater are mainly recharged by infiltration from precipitation.
The hydrochemical characteristics and hydrogeochemical evolution processes between subsystems [ and 1I-
[T were obviously different. The karst groundwater of subsystem I has low salinity and is soft water, and 73% of
the groundwater is of HCO;— Ca(Mg) type. However, the karst groundwater in subsystems II and Tl changes
from low salinity and soft water to high salinity and hard water, and 36% to 40% of the water is of
HCO;-SO,—Ca Mg type and 24% to 45%, of SO4-HCO;—Ca type. Factor analyses show that the hydrochemical
evolution processes of the regional karst groundwater are mainly controlled by water-rock interactions, human
activities, leakage of surface water and local fissure water. Hydrochemical compositions of HCO3, So7, Ca’’ and
Mg2+are mainly controlled by water-rock interactions. A higher concentration of SO?( is controlled by mining
activities, NOj is controlled by agriculture activities and CI and Na'are controlled by sewage discharge and
leakage of fissure water. The results will be instructive for improving the management and utilization of
groundwater resources for the local government.

Keywords: karst groundwater; hydrochemical characteristics; water-rock interaction; mining activities; Sangu
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Fig.1 Simplified hydrogeological map of the study area and
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Table 1 Statistical parameters of the dissolved chemical components of karst groundwater and surface water
o AT K APFFRE(D) fLEFRED) - R G (D K
i

RME RKE WE ¢, muME RKE BE

wME wE B G

RME RKE WE ¢ RME RKE WE

SBEE 17510 1324.00 474.34 0.47 17510 431.90 296.48 0.21
TDS 218.70 2781.00 751.21 0.60 218.70 510.20 338.81 0.23

pH 7.08 8.57 7.74 0.03 743 7.89 7.62 0.02 7.08

2+

Ca” 4937 455.00 132.88 0.56 49.37 148.60 8827 026 74.87
Mg" 1259 80.10 34.49 040 1259 2498 1845 0.19  16.90
K’ 0.15 1656 133134 040 274 112051 035
Na' 332 30400 5172135 332 2527 728 074 442
cr 036 22400 2540 1.16  2.50 27.07 991 067  0.36
SO 21.86 1731.00 269.23 0.98 21.86 107.50 50.10 0.45 26.28
HCO; 146.00 441.10 299.80 0.15 159.00 321.00 270.22 0.18 146.00
NO; 020 209.50 19.41 1.17 392 8560 1631 1.23  3.76
F 0.10 210 054068 010 052 023054 0.8
FEAEE 020 1040 149109 037 640 135136 029

264.70 1315.00 414.60 0.47
301.70 2781.00 731.46 0.66

394.00 118.08 0.56
80.10

304.00

118.70
1731.00 253.36 1.18
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209.50 21.40 1.46 0.20
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7.96 0.04
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371.40 2762.00 852.59 0.51

857 782004 720 853 772 003 742 86l
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33.54  9.78 0.87
165.60 76.84 0.62

239.30 74.27 0.82
850.50 281.55 0.73
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124.40 27.14 1.21

53.60
29.05 0.35  18.02
7.42  1.09 1.05 0.15
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98.30 18.90 0.87 1.88

0.85 0.41
5.18 1.15

1.53 051 0.71 0.26 2.10  0.63 0.59 0.50 1.70
4.80 1.27 0.81 020 1040 1.65 1.13 1.08  24.00
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