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Fig. 1 Distribution of springs in discharge
area of Niangziguan spring field
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Fig. 2 Hydrogeological map of Niangziguan spring area
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Fig. 3 Piper diagram of ionic concentration in karst groundwater
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Table 1 Hydrochemical characteristics of karst groundwater
GB KM S Mg K Ne O S MO st 3 30 S
/mg-L° /mg'L° /mg:'L" /mgL /mgL /mgLl /mgL /mgL" /% /% /%o
NO1 RGN 770 987 246 15 117 111 1272 2445 086 -68.0 -9.2 18.2 HCO,SO,-Ca-Mg
N02 %Igﬂj(%k% 755 758 189 12 6.6 9.0 449 2620 038 -746 -102 7.2 HCO,-Ca-Mg
A : ' ‘ ' : - ’
N03  FMAEWIH 721 1237 409 15 14.1 82 2844 2406 296 -73.1 —10.2 23.1 HCO,-SO,-Ca-Mg
No4 /NRRRPEETEIE 724 2350 457 49 1242 1111 5960 3202 117 -613 -82 47 HCO,-Ca-Mg
No5s  wmEAEBIE 736 2916 444 16 95.0 349 7447 3590 126 —673 -9.1 18.1 HCO,'SO,-Ca
No6 MK A 760 906 226 09 96 122 904 2775 063 -70.0 -9.6 8.5 HCO;SO,-Ca-Mg
No7  FURBUAWIE 708 3125 852 20 310 402 8165 2930 1.89 —655 -8.8 128  SO,-Ca-Mg
No8  MTFILAEEI 756 823 250 1.3 117 123 688 2629 054 -705 —95 37 HCO,-Ca-Mg
No9  EREAWIH 728 1655 451 65 1289 1257 4058 2911 079 —622 -82 5.3 HCO,-SO,-Ca-Na
N10 IR 735 1352 418 21 429 557 2718 2639 214 -71.6 -9.5 15.5 HCO,-SO,-Ca-Mg
N11 PG IR 740 1121 348 2.1 39.5 480 1856 260.0 1.59 —67.1 -9.1 9.2 HCO;SO,-Ca-Mg
N12 Eiw/2 736 1314 397 21 421 557 2517 2639 197 -693 -9.4 16.7 HCO,-SO,-Ca-Mg
NI13 LR 732 1341 412 21 431 577 2620 2678 210 -69.9 —9.4 17.4 HCO;SO,-Ca-Mg
N14 ESES S 719 1345 422 21 446 578 2682 2658 209 -70.5 -9.6 17.8 HCO,-SO,-Ca-Mg
N15 b SHRIEEN 731 1350 420 2.1 445 579 2673 2658 210 -70.1 -9.5 17.4 HCO;-SO,-Ca-Mg
N16 AR 747 1345 423 21 442 580 2666 2639 212 -70.6 -9.5 17.5 HCO,-SO,-Ca-Mg
N17 R 744 1342 422 21 440 582 2699 2620 207 -704 -9.6 16.7 HCO,-SO,-Ca-Mg
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Niangziguan spring group in Shanxi Province and its water source

TANG Chunlei"***, LIANG Yongping™**, JIN Hua', SHEN Haoyong™**, ZHAO Chunhong™**,
WANG Zhiheng”**, XIE Hao™**, ZHAO Yi***, WANG Shina’
(1. Taiyuan University of Technology, Taiyuan, Shanxi 030024, China; 2. Institute of Karst Geology, CAGS/ Key Laboratory of Karst Dynamics,
MNR & GZAR, Guilin, Guangxi 541004, China; 3. International Research Center on Karst under the Auspices of UNESCO, Guilin, Guangxi 541004,
China; 4. Guangxi Karst Resources and Environment Research Center of Engineering Technology, Guilin, Guangxi 541004, China; 5. Land and

Resources Exploration Center of Hebei Bureau of Geology and Mineral Resources Exploration, Shijiazhuang, Hebei 050081, China )

Abstract As a main natural discharge point of karst groundwater, Niangziguan spring group consists of 11 springs
and is located in Niangziguan town, Yangquan City, Shanxi Province. It is distributed on the floodplain and terrace of
the Taohe river, the Wenhe river and the Mianhe river, with an exposed elevation of 360 m to 392 m. Among these
springs, Chengjia spring is the highest and Jinqu spring is the lowest. The annual average flow of spring group is 9.48
m’-s ' and the flow differences of springs are large, among which the difference of Wulong spring is the largest.
Niangziguan spring group is the largest karst spring in northern China, with a catchment area of 7,436 km’. Previous
studies believe that karst water in the spring area flows from north, west and south to Niangziguan area, and the chert
mass or strip dolomite of lower Ordovicianin Niangziguan area relatively rises to the aquifuge, and is eroded and
exposed by the Taohe River, which makes the karst groundwater overflow to the surface and form a spring group. The
main aquifer is made up of gypsum-bearing carbonate rock of middle Ordovician. However, because Niangziguan
springs are not from the same source, their hydrochemistry and isotope are different. Therefore, it is necessary to study
the source of Niangziguan spring group. This study is conducted with the methods of hydrochemistry, isotope and
hydrogeological section, and is concluded that there are two aquifers and three subsystems in Niangziguan spring area.
The aquifer consists of middle Ordovician limestone aquifer and middle upper Cambrian dolomite one. Subsystem
distribution is comprised of Ordovician karst water system in the west, and Ordovician karst water system and middle
upper Cambrian karst water system both in the East. Chengxi spring and Chengjia spring are exposed on the marl of
lower Majiagou formation of middle Ordovician, and their aquifers consist of fissure and fissure water of Middle
Ordovician limestone. Because the marl of lower Majiagou formation is uplifted in this region, the surface spring-the
eastern Ordovician karst water system-is formed. Mainly supplied by the water-bearing formation of middle upper
Cambrian, Podi spring, Wulong spring, Shibanmo spring, Shuiliandong spring and Weizeguan spring are pressure-
bearing ascending springs and belong to the middle upper Cambrian karst water system in the east.

Key words Niangziguan spring group, hydrogeological profile, geochemistry, stable isotope, groundwater
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