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Fig. 1 Geology of the study area and geographical location of Jinlong Cave
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Table 1 Spring flow and hydrochemical parameters in Jinlong Cave
FRAh O HORE K AR iR B/ TDS Na' K' Ca” Mg" HCO; CI' soj” NOj sr HSiO;

G H 5 € A&E/mm mn' PH ps-em’ mg-L"
JLDQO1 2019.9.23 13.8 38.6 973.9 7.76 490.0 279.92 9.50 1.75 66.72 13.98 152.34 5.42 69.79 24.60 0.63 11.00
JLDQO2 2019.11.21 12.6 6.2 521.3 7.83 525.0 285.75 13.98 1.77 64.65 14.90 170.62 5.55 79.40 20.20 0.65 13.74
JLDQO3 2019.12.12 13.1 1.6 693.7 7.70 450.0 300.33 14.12 1.73 65.49 14.52 207.18 7.24 74.72 18.92 0.58 11.98
JLDQO4 2020.1.14 13.3 2.4 568.8 7.85 388.0 273.76 16.46 1.71 63.74 14.95 194.99 5.24 70.41 16.11 0.77 13.74
JLDQO5 2020.4.23 134 0.4 398.9 7.32 506.0 290.83 15.20 1.88 57.80 17.94 205.93 5.59 75.69 13.77 1.25 12.89
JLDQO6 2020.5.18 14.0 61.6 6552 7.61 513.0 297.16 14.49 1.83 65.57 16.57 175.65 7.02 77.31 14.63 1.20 12.89
JLDQO7 2020.6.16 13.7 46.0 2243 7.80 517.0 295.08 14.30 1.85 65.62 16.65 151.42 7.60 80.46 15.02 1.28 13.45
JLDQO8 2020.7.16 14.7 137.8 1061.1 7.46 513.3 311.07 14.59 2.16 68.39 16.26 205.93 7.40 79.81 19.49 091 12.55
JLDQO9 2020.8.22 14.7 203.5 3330.0 7.29 437.7 264.89 5.27 1.59 63.02 12.25 159.16 5.60 75.39 22.19 0.62 9.83
JLDQ10 2020.9.28 14.2 253 1524.6 7.58 447.0 279.20 5.20 1.55 63.63 12.85 198.95 5.60 70.74 20.17 0.65 11.19
JLDQI1 2020.10.18 13.5 0.0 1160.2 8.00 400.8 264.50 5.67 1.46 62.73 12.89 189.45 5.38 70.12 18.28 0.65 10.85
JLDQI12 2020.11.20 13.4 28.7 663.1 7.90 499.0 287.04 14.22 1.68 65.56 14.14 185.69 5.99 79.00 13.61 0.79 10.34
JLDQI13 2020.12.14 134 0.4 501.6 7.91 474.0 282.30 13.77 1.68 63.36 14.36 179.05 4.86 77.71 17.03 0.51 11.01
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Table 2 Isotopic data of the spring in Jinlong Cave

EERE TS HURE R [R] 3" Oysmow/%o0 5Dysmow/%o d-excess ™S /%o S/ Sr
JLDQO1 2019.10.14 -9.0 —62.4 9.6
JLDQO7 2020.6.16 -10.2 —69.5 12.1
JLDQOS 2020.7.16 -9.9 —66.8 12.4
JLDQI10 2020.9.28 -9.6 —68.0 8.8 -0.5 0.710197
JLDQI11 2020.10.18 -9.1 —66.8 6.0
JLDQI12 2020.11.20 —10.1 -70.6 10.2
JLDQI13 2020.12.14 -9.5 —64.7 11.3
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Dynamic analysis of hydrochemistry and isotope of the karst spring of Jinlong
Cave in the northern section of Taihang Mountains

LYU Lin"?, LIWei"?, LIU Yuanging”, SONG Mian"?, DENG Qijun"’, ZHENG Yidi"’
( 1. Center for Hydrogeology and Environmental Geology Survey, China Geological Survey, Baoding, Hebei 071051, China; 2. Engineering Research
Center for Groundwater Survey and Exploitation, China Geological Survey, Baoding, Hebei 071051, China )

Abstract  Karst groundwater is an important part of the groundwater system and one of the important resources to
ensure human survival and development. The study area is located in the northern part of Taihang Mountains in the
west of Baoding City, Hebei Province. The spring water samples were collected monthly in Jinlong Cave, and their
dynamic characteristics of hydrochemistry and isotope were analyzed. The study area presents a low-middle mountain
landform with erosive structure and warm temperate semi-arid climate. It is a volcano-sedimentary basin with complex
geological and structural conditions, which is one of the typical representatives of the thrust nappe structure in the
north-central section of Taihang Mountains. The caprock is exposed in a large area. And the strata are well developed
with Precambrian, Cambrian, Ordovician, Carboniferous Benxi Formation and Jurassic strata from the bottom to the
top. The lithology is mainly composed of dolomite, limestone, shale and andesite. The Fupingian gneiss, in fault
contact with the caprock, is exposed around the sedimentary rock mass. The main water-bearing rock formations are
medium-thick limestone and dolomite of the middle and upper Ordovician Majiagou formation, Yeli formation and
Liangjiashan formation, and limestone of the upper Cambrian Gushan formation. The groundwater type is the fissure
water in exposed carbonate karst cave.

Through the analysis of spring water samples and spring flow monitoring data, the change of spring flow is
basically synchronized with the change of precipitation, indicating that the local precipitation is the main source of
supply for the spring. According to the flow monitoring data, the response of spring flow to precipitation lags 14-50
days. The main ion concentration in the spring, the spring flow and precipitation all experience changes in different
degrees. Generally speaking, the concentration of each ion in the spring water is relatively low at the period of
concentrated precipitation (July and August). However, it is opposite in other periods that the concentration of each ion
in water is relatively high with different fluctuation ranges in different periods. In a word, the main controlling factors
of the chemical characteristics of spring water are leaching and dilution. In addition, trace elements such as Sr and NO;
in spring water also change with the spring flow. Sr is negatively correlated with spring flow, which is mainly
controlled by dilution. On the contrary, NO; is positively correlated with the spring water volume, indicating that the
range of spring water supply changes in different seasons. Based on the dynamic analysis of precipitation isotope,
spring water 5'"°O and 8D is positively correlated with the change of spring discharge. The main reason is that the
evaporation under cloud is strong in summer, and raindrops experience unbalanced fractionation, which may result in
the increase of §'"°O value and 3D value during the precipitation. Besides, the spring water may also be subject to
evaporation in the process of infiltration into underground fissures. According to the analysis of d-excess data, the
spring water is mainly supplied by the precipitation of ocean water vapor. The analysis of **S and *’St/*Sr data also
proves that the spring water of Jinlong Cave is supplied by regional atmospheric precipitation, and the SO}  in water is
not from gypsum dissolution, while the spring water is mixed with the groundwater from the silicate area and the
groundwater from the carbonate area. Furthermore, according to the analysis of ion ratio and mineral saturation data of
spring water, HCO;, Ca’'and Mg’ in spring water mainly come from the dissolution of carbonate rock dominated by
sulfuric acid; SO;” mainly comes from the oxidation dissolution of sulfur-containing minerals such as pyrite in Jurassic

andesite. The PHREEQCI software was used to calculate the saturation indexes of calcite, dolomite, gypsum, aragonite
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area. Sampling types include coal mine water, Ordovician limestone water, rain water, surface water, etc. Coal mine
water includes mine water, goaf water and mine drainage.

Through the sampling test, the results of hydrochemical and isotope analyses show that there is a hydraulic
relation and mutual influence between Ordovician limestone water and coal mine water in the study area. The sulfate in
groundwater in this area mainly comes from the oxidation of sulfide minerals in coal-bearing strata, and the Ordovician
limestone water is polluted by the coal mine water in cross-strata, which leads to the increase of sulfate concentration
in Ordovician limestone water.

Results show that the hydrochemical type of Ordovician limestone water is complex, and some Ordovician
limestone water is characterized by high SO;” concentration, high hardness and high TDS. The concentration range of
high SO;" is basically consistent with the coal mine area and its downstream. The normal Ordovician limestone water
environment in the area has been disturbed, because of the mixture of extraneous water. The hydrogen and oxygen
isotopic compositions of some Ordovician limestone water and coal mine water are similar, and S values present
positive and negative deviations. According to the characteristics of sulfates and sulfur isotopes, the sulfates in
Ordovician limestone water mainly come from the cross-strata pollution of coal mine water, and the pollution is more
serious than it is before treatment. It is speculated that there is still a hydraulic connection between coal mine water and
Ordovician limestone water. Therefore, further treatment is suggested to identify and control the water channel,
strengthen the pumping and drainage of coal mine water and encourage the comprehensive utilization. Besides, the

water level of mine pit should be controlled to avoid the pollution of Ordovician limestone water.

Key words abandoned coal mine, hydrochemical characteristics, **S isotope, cross-strata pollution
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and quartz in the groundwater of Jinlong Cave. Results show that the saturation indexes of gypsum and quartz do not
change significantly with the change of precipitation and spring water, but gypsum is in an unsaturated state and quartz
in a slightly saturated state. Calcite and dolomite are in unsaturated states when the spring flow is large, while they are
in saturated states at other times. Aragonite is always in an unsaturated state, but when the spring flow is large, the
degree of unsaturation increases. These phenomena prove that dilution is one of the main factors controlling the
chemical dynamics of spring water. Therefore, it is considered that the groundwater of Jinlong Cave can be divided
based on two periods: during the period of intense precipitation, the groundwater of Jinlong Cave is mainly recharged
by the precipitation infiltration in the carbonate rock area where karst fissures such as karst caves are very developed
and can quickly convert precipitation into groundwater; during the period of small precipitation, the groundwater is
mainly recharged by the groundwater with relatively slow flow rate in the volcanic sedimentary rock area dominated

by weathered fissures at high altitude.

Key words the northern section of Taihang Mountains, karst spring, hydrochemical dynamics, isotope, water-rock
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