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Abstract 
Huainan mining area is located in the southern margin of the North China 
Plate, which is an important coal-producing base in the eastern part of China, 
its deep coal seam mining is threatened by karst water inrush disasters in the 
bottom plate, analyzing hydrogeochemical characteristics and exploring its 
causes are an important prerequisite for preventing karst water hazards in the 
coal floor. This paper takes the karst water of the Taiyuan Formation in the 
lower part of the A-group coal seam of the Xieqiao-Zhangji-Gubei three 
mines in the Panxie mining area as the research object, and multivariate sta-
tistics, hydrochemical analysis were combined with hydrogeochemical simu-
lation. The hydrogeochemical Component characteristics and cause of for-
mation of the karst water-bearing system covered by huge thick unconsoli-
dated layer are discussed. The results show that the cations are dominated by 
Na+ + K+, and the anions are mainly Cl− and 3HCO−  in the karst water in 
Taiyuan Formation in the study area, mainly affected by the dissolution of 
salt rock and the oxidation of pyrite, there are cations exchange and adsorp-
tion and desulfurization. 
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1. Preface 

Energy is one of the important factors supporting the rapid and stable develop-
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ment of China’s economy, and coal resources occupy an important dominant 
position in China’s energy structure [1]. The continuous loss of resources acce-
lerates the process of deep mining of coal resources, while deep mining of coal 
faced with the complex environment of “three highs and one disturbance” [2], 
complex environment makes the deep mining of coal in China is directly 
threatened by the karst water damage in the lower part. In recent years, China’s 
karst water disasters frequently occur, causing huge loss of life and property. 
Therefore, it is particularly important to correctly understand the hydrogeologi-
cal conditions of the mining area. Hydrogeochemical method is one of the most 
applications and effective methods to analyze the hydrogeological conditions of 
research areas. 

Group A in Huainan Coalfield is rich in coal resources and good in coal qual-
ity. At present, the mining in Panxie mining area is mainly concentrated in the 
mining areas of Gubei, Zhangji and Xieqiao, but it is vulnerable to karst water 
damage due to the direct contact between the bottom plate and the lower karst 
aquifer, and relatively difficult to mines. According to statistics, there have been 
19 floor karst water inrush accidents in Huainan coalfield in the past 10 years 
[3]. Previous studies on hydrogeochemistry in Huainan coalfield mostly focused 
on water source identification, water chemistry, water flow infiltration and hy-
drodynamic characteristics [4]-[8], and the study on the genesis of aquifers and 
the effects on environmental formation less. 

Therefore, this paper collects 199 Taiyuan karst water samples from the three 
mines of Xieqiao-Zhangji-Gubei in the past 10 years, using multivariate statistic-
al analysis, water chemistry (piper diagram, ion ratio) and hydrogeochemical 
simulation method to analyze its chemical characteristics and to explore the 
causes in panxie mining area coal seam group A bottom karst water. The re-
search results can provide a theoretical basis for the prevention and control of 
karst water damage in coal seam of Group A in Huainan coalfield. 

2. Overview of the Study Area 

At present, the coal mining of Group A in Huainan coalfield is mainly concen-
trated in the three mines of Xieqiao-Zhangji-Gubei in Panxie mining area. The 
overall east-west and south-north boundary faults of the three mines are 
changfeng fault, chenqiao fault, fufeng fault, shangtang-minglongshan fault. 
There are unevenly distributed secondary wide and slow folds and faults in the 
area, and the overall trend is EW and NNE. The strata in the area belongs to the 
typical Huainan sedimentary strata, and the bottom to the top is Cambrian, Or-
dovician, Carboniferous, Permian and Quaternary loose layers. The total thick-
ness of the Taiyuan Formation is 99.99 - 129.11 m, with an average of 113.99 m; 
limestone, mudstone, siltstone and thin coal are the main components, includ-
ing 10 - 13 layers of thin layer of limestone. The Initial water level by xie qiao, 
zhang ji and gu bei during detailed and detailed exploration is all higher than the 
surface. The karst water level is 23.08 - 27.06 m; the unit water is 0.0000405 - 
1.764 L/s·m, the water-rich water is weak to medium, and the water temperature 
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is 29˚C - 36.5˚C. It does not touch with the upper cover, and the replenishment 
conditions are poor. 

The aquifers affecting coal mining in group A are mainly coal-series sand-
stone fissure aquifer, taiyuan inter-layer limestone karst fissure confined aquifer, 
Ordovician carbonate karst fissure confined aquifer and Cambrian carbon rock 
karst-fissure confined aquifer. Due to the direct contact between the limestone 
karst-fissure aquifer in taiyuan formation and the lower coal floor of group A, 
there is a great potential flood hazard. 

There are currently eight pairs of mines in the Panxie mining area that have 
been put into production, and accumulated more geological and hydrogeological 
data. There are 4 karst collapse columns measured and 6 suspected, and group A 
of coal in this area has a large mining prospect. Therefore, it is of great signific-
ance to study the chemical composition and genesis of karst fissure water in 
taiyuan formation at the bottom of group A coal in this area for the prevention 
and control of karst water damage. 

3. Sampling and Analysis 

A total of 199 karst water samples from the Taiyuan Formation of the lower coal 
of Group A were collected, and their distribution is shown in Figure 1. The pH, 
total dissolved solids (TDS), conductivity and water temperature were measured 
in site; deionized before sampling wash the 1 L polyethylene bottle 3 times in 
water, rinse it three times with the sample to be taken, seal the sample, and bring 
the collected water sample back to the laboratory for routine ion measurement. 

3HCO−  and 2
3CO −  by acid-base titration, Cl− and 2

4SO −  by ion chromatogra-
phy, Ca2+ and Mg2+ using EDTA titration, K+ + Na+ was measured by flame 
atomic absorption spectrophotometry. After testing, the relative error of the 
anion and cation balance of all water samples is less than 5%, which meets the 
standard. 
 

 
Figure 1. Sampling point distribution map in Xieqiao-Zhangji-Gubei Mine Water of Huainan Coalfield. 
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4. Hydrochemical Characteristics of Karst Water 
4.1. Statistical Characteristics of Different Components 

Through the statistical analysis of the 199 Taiyuan water samples of the Xie-
qiao-Zhangji-Gubei mine, the statistical analysis results are shown in Table 1. 
The total dissolved solids (TDS) content ranges from 708.37 mg/L to 4061.35 
mg/L, the average value is 2544.43 mg/L, the cations are dominated by Na+ + K+, 
the Ca2+ ion content is the second, the Mg2+ content is the least; the anion con-
tent was mainly Cl−, followed by 3HCO− , 2

4SO −  and 2
3CO − , the average pH 

value is 8.73, is alkaline water. 
The coefficient of variation is the ratio of the standard deviation to the aver-

age. The ions with a coefficient of variation greater than 0.5 are Ca2+, Mg2+, 
2
4SO − , 3HCO− , 2

3CO − , indicating that there is a certain difference in the spatial 
distribution of each ion content. Among them, the coefficient of variation of 
Ca2+ and 2

3CO −  is much higher than 1, indicating that the spatial distribution is 
more dispersed and the ion concentration varies greatly in space. 

The water quality types of karst water in the research area are shown in Figure 
2, in which Na+ + K+ and Cl− are dominant. The water quality types are mainly 
distributed in the lower right side of the diamond. The water quality type is 
mainly Na+ + K+, Cl·HCO3-Na + K, Cl·SO4-Na + K, respectively accounted for 
21.61%, 44.22%, and 23.31%, and other water quality types accounted about for 
10%. 
 

 
Figure 2. Piper map of research area. 
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Table 1. Chemical statistic results of karst water in Taiyuan Formation of study area. 

Parameter 
Maximum 

value 
Minimum 

value 
Average 

value 
Median 

Standard 
deviation 

Coefficient 
of variation 

pH 13.20 7.25 8.73 8.41 1.08 0.12 

K+ + Na+ (mg/L) 1617.16 140.01 872.74 921.62 277.87 0.32 

Ca2+ (mg/L) 941.90 4.28 51.39 34.07 100.66 1.96 

Mg2+ (mg/L) 38.67 1.19 13.51 15.56 7.68 0.57 

Cl− (mg/L) 1930.25 109.90 951.03 1024.16 266.30 0.28 

2
4SO −  (mg/L) 1229.57 26.14 293.29 268.97 153.45 0.52 

3HCO−  (mg/L) 2282.15 10.79 453.92 353.90 294.16 0.65 

2
3CO −  (mg/L) 600.10 0.00 26.00 12.00 55.52 2.14 

TDS (mg/L) 4061.45 708.37 2454.43 2476.10 528.60 0.22 

4.2. Spatial Distribution Characteristics of Different Components 

The TDS content in the study area was between 708.37 - 4061.35 mg/L, and the 
centralized distribution was between 2000 - 3000 mg/L. With the deepening, the 
TDS content increased, as shown in Figure 3(a), and the TDS content (c) with 
depth (h) the growth relationship is shown in the following Formula (1), which 
shows that with the increase of depth, the TDS content is continuously accumu-
lated, and the water quality changes further. With the change of depth, Cl− 
shows a linear decrease trend, as shown in Figure 3(b), and the ion content is 
mostly distributed between 750 - 1250 mg/L. The relationship between the ion 
content and the depth change between is shown in Equation (2), which indicates 
that the aquifer may have replenishment; the change trend of ion content of 

2
4SO −  and 3HCO−  with depth is just the opposite and their distribution is 

shown in Figure 3(c) and Figure 3(d), with the increase of depth, the content of 
2
4SO −  showed a slow growth trend, and 3HCO−  showed a slow decreasing 

trend, indicating that the hydrochemical environment of aquifers is constantly 
changing with the increase of depth. 

According to the above analysis, with the increase of vertical depth, TDS and 
2
4SO −  show an increasing trend, Cl− and 3HCO−  show a decreasing trend, 

which is related to the hydrochemical environment where groundwater runoff is, 
the condition of diameter and discharge, lithology, water and rock action and 
other factors. When groundwater flows through different areas, water-rock reac-
tions will occur with different minerals, and the content of ions will change cor-
respondingly. The total amount of ions continues to accumulate, but the Cl− 
content shows a decreasing trend with the depth, which is related to the situa-
tion that the aquifer is dominated by interlayer runoff, but some areas have ver-
tical recharge through cracks. The increase of 2

4SO −  content and the decrease 
of 3HCO−  content are related to the water chemical environment of the aquifer,  

https://doi.org/10.4236/ojg.2019.99035


T. T. Yang, G. Q. Xu 
 

 

DOI: 10.4236/ojg.2019.99035 532 Open Journal of Geology 
 

 
Figure 3. Relationship between ion content and depth. 
 
the deep mining of the coal seam makes the originally closed reducing environ-
ment become a partially open oxidizing environment, which provides corres-
ponding environmental conditions with the chemical reactions of related miner-
als. Therefore, as the depth increases, the flow rate slows down, the water-rock 
effect is further sufficient, and the water chemical environment is further 
changed, so that the contents of TDS, Cl−, 2

4SO −  and 3HCO−  in the aquifer are 
spatially Make a certain change. 

1.84 790.58c h= − +                          (1) 

0.73 1303.84c h= +                          (2) 

5. Genetic Analysis 
5.1. Genetic Effect 
5.1.1. Dissolution 
According to the ratio of ( )2

3 4HCO SO Cl− − −+ , the specific conditions of 
dissolution of carbonate rock and salt rock in aquifer can be judged [9]. As 
shown in Figure 4(a), the ratio of ( )2

3 4HCO SO Cl− − −+  in the water sample of 
the study area falls below the 1:1 line, and a few are above the line, indicating 
that the aquifer is mainly dissolved by salt rock and contains a small amount of 
carbonate rock to dissolve. The taiyuan formation in the lower part of group A 
coal seam is mainly composed of salt rock and calcite, with less dolomite con-
tent. Therefore, the dissolution of this area is mainly caused by the dissolution of 
salt rock.  
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Figure 4. Main ion ratio map of Karst water in study area. 
 

According to the ratio of ( )2 2 2
4Ca Mg SO+ + −+ , the source of Ca2+, Mg2+ and 

2
4SO −  ions in the aquifer can be determined [10]. As shown in Figure 4(b), 

some water samples fall near the line 1:1, indicating that the dissolution of sul-
fate in the aquifer is not the only source of Ca2+, Mg2+, and may be derived from 
the dissolution of carbonate, the ratio of some water samples is much less than 1, 
indicating that there are other sources of 2

4SO −  in the aquifer. The Taiyuan 
Formation in Huainan Mining Area has less sulfate and more pyrite, so the sul-
fate is mostly derived from pyrite. The oxidation of the equation is: 

( ) 2
2 2 2 434FeS 15O 14H O 4Fe OH 8SO 16H− ++ + → ↓ + +  

The aquifer is entirely in a reducing environment as a whole, but due to deep 
coal seam mining, the aquifer becomes a partially open oxidizing environment, 
allowing gases such as O2 and CO2 enter the aquifer, thus enabling pyrite to gen-
erate 2

4SO −  under the action of oxygen and water. 

5.1.2. Desulfurization 
According to the relationship between the ratio of ( ) ( )2 2

3Ca Mg 0.5HCO+ + −+  
and the line 1:1, the sources of Ca2+, Mg2+ and 3HCO−  ions in aquifers can be 
inferred [10], it can be seen from Figure 4(c) that the water sample points in the 
aquifer are distributed on both sides of the 1:1 line, indicating that the dissolu-
tion of carbonate rocks is not the only source of Ca2+, Mg2+ and 3HCO− , accord-
ing to the spatial distribution of the water chemical components in the previous 
section, the 3HCO−  ion content in the aquifer is concentrated in the position of 
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−500 - −700 m, and the whole is in a closed reduction environment, making 
2
4SO −  ions produce 3HCO−  under the action of desulfuric bacteria. 

5.1.3. Cation Exchange and Adsorption 
Different cations in groundwater will alternately adsorb under certain condi-
tions, according to ( ) ( ) ( )2 2 2

4 3Na Cl Ca Mg SO HCOγ γ+ − + + − − − + − +   is close 
to −1 to determine the strength of its alternate adsorption [11]. As shown in 
Figure 4(d), the slope of the asymptote of the water sample in the study area is 
−0.48, and the negative correlation is weak, indicating that there is alternating 
adsorption of cations in the aquifer, but its effect is not obvious. 

5.2. Simulation Analysis 

The reverse simulation in the reaction path can verify the chemical reaction and 
composition of the material in the aquifer from the reverse [12] [13] [14]. 
Aquifer in the study area do bedding movement from north to south, Therefore, 
according to the run-off path of the study area (Figure 5), E121 is selected as the 
starting point and E157 is used as the termination point. The specific data is 
shown in Table 2, and the simulation software is used to calculate the saturation 
index, the results are shown in Table 3, it can be seen that the saturation index 
of vermiculite, calcite and dolomite in the aquifer is greater than 0, indicating 
that it is saturated in the aquifer; anhydrite, CO2, rock salt and O2 are all less 
than 0 and are in a dissolved state. On the run-off path, the saturation index of 
calcite, vermiculite, dolomite, anhydrite and gypsum is continuously decreasing, 
indicating that the water-rock interaction along the way is continuing. 

Calculate the saturation index and the geological data of the mining area, and 
determine the “possible mineral phase” required for the simulation as calcite, 
dolomite, pyrite, salt rock, O2, CO2, H2S, Fe(OH)3 and a cation exchanger (NaX, 
CaX2). 
 

 
Figure 5. Map of reverse simulation path in study area. 
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From this, the inversion simulation results are shown in Table 4. From the ta-
ble, it can be seen that the CaCO3 value is less than 0, and the CaMg (CO3)2 is 
greater than 0, indicating that calcite precipitation and dolomite dissolution oc-
cur in the aquifer of the study area, the phenomenon of dolomite dissolution is 
different from the calculation of the saturation index, which is related to the 
phenomenon of “non-conformity dissolution” in this area [15]. In this area, rock 
salt dissolution occurred mainly along the runoff path, and the contents of Cl− 
and Na+ increased, but cation exchange, dissolved CaX2, precipitated NaX, de-
creased Na+, and increased Ca2+ content. The sum of the cation exchange and the 
precipitation of calcite is still less than the dissolved amount of rock salt. There-
fore, Na+ is still growing, but the content is less than Cl− content; FeS2 and O2 are 
dissolved, Fe(OH)3 is in a precipitated state, without the production of H2S gas, 
indicating that the oxidation of pyrite occurs in the aquifer, and the content of 

2
4SO −  increases, but the desulfurization is not very obvious. From this, it can be 

inferred that the leaching action mainly occurs in the aquifer, and there are al-
ternating cation adsorption and desulfurization, which is consistent with the 
analysis results above. 
 
Table 2. Hydrochemiscal data of the simulation points in different zones from different 
aquifers. 

Parameter 
number 

pH 
K+ + Na+ 

(mg/L) 
Ca2+ 

(mg/L) 
Mg2+ 

(mg/L) 
Cl− 

(mg/L) 

2
4SO −  

(mg/L) 
3HCO−  

(mg/L) 

2
3CO −  

(mg/L) 
TDS 

(mg/L) 

E121 8.98 738.35 10.37 6.30 658.79 211.33 572.29 24.61 1935.97 

E157 8.1 896.13 56.99 14.36 1066.69 360.47 302.96 - 2560.00 

 
Table 3. Mineral saturation index SI of the water sample points in Taiyuan formation. 

Parameter 
Sample points 

Anhydrite Aragonite Calcite CO2 Gypsum 
rock 
salt 

O2 
(g) 

Dolomite 

E121 −2.61 0.53 0.68 −9.36 −2.39 −5.00 −19.82 1.16 

E157 −1.69 0.46 0.60 −2.69 −1.47 −4.72 −34.79 0.96 

 
Table 4. Summary of simulation results of karst water simulation path in Taiyuan forma-
tion (unit: 10−3 mmol/L). 

Parameter Results Parameter Results 

Starting point E121 CaX2 2.153 

Ending point E157 CO2 5.198 

CaCO3 −1.321 H2S - 

CaMg(CO3)2 0.3309 O2 2.915 

NaCl 10.96 Fe(OH)3 −0.777 

NaX −4.306 FeS2 0.777 

Note: Positive values represent the amount of dissolution, negative values indicate the amount of precipita-
tion, indicating that there is no such value in the simulation calculation. 
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6. Conclusions 

Through the analysis of the chemical characteristics and genesis of the karst wa-
ter in the coal of group A in the study area, the following conclusions are drawn: 

1) The karst water cations of Taiyuan Formation are dominated by Na+ + K+, 
followed by Ca2+, Mg2+, and the anions of Cl− and 3HCO− . The ion content is 

2 2
3 4 3Cl HCO SO CO− − − −> > > ; 

2) According to the relationship of ion ratio, it is known that the leaching ef-
fect mainly occurs in the karst aquifer of Taiyuan Formation, the dissolution of 
rock salt and the oxidation of pyrite are dominant, and desulfurization and ca-
tion alternate adsorption are present; 

3) The water chemistry occurring in the aquifer was reversed by the runoff 
path in the simulation software, and the results were consistent with the pre-
vious genetic analysis, which also confirmed the rationality of the above analysis 
from the side. 
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