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Vertical zoning characteristics and genesis mechanism of groundwater
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Abstract: Mine water, as the main potential water supply source for coal mine sites, has a good potential for comprehensive reuse.

However, the complex and diverse physical and chemical reactions between the coal seam roof-filling aquifers and the surrounding rocks
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jointly affect the quality of mine water in coal mines. Therefore, it is of vital significance to determine the status of groundwater quality
and its genesis mechanism in different water-filled aquifers for the protection and comprehensive utilization of mine water. Based on the
groundwater samples and rock mineral composition data from a well field in Xinjie Taigemiao Mine, this study uses multivariate statistic-
al analysis and hydrogeochemical techniques, and simulates the water chemical equilibrium by PHREEQC software, to explore in depth
the chemical characteristics of the groundwater in different aquifers and its vertical zoning laws of mineral dissolution/precipitation, with
the aim of revealing the causative mechanism. It is found that (D the chemical characteristics of the groundwater in the mining area show
obvious vertical heterogeneity, in which the Zhidan Group is dominated by HCO;-Na-Ca and HCO;-Mg-Ca types, while the Anding Form-
ation to Yan’an Formation is dominated by CI-SO,-Na and SO,-Na types, TDS, Na', and SOi_ may be key drivers dominating vertical
water quality differentiation. @ The concentrations of key water quality indicators, such as TDS, Na', and SOif, show a linear relation-
ship with the depth of the aquifer (from the Zhidan Group to the Yan'an Formation), and the analysis of the ionic ratios reveals that the K"
and Na" mainly originate from the dissolution of silicate minerals, and that the concentrations of Ca®>" and Mg*" are affected by the dissolu-
tion of carbonate, sulfate and silicate minerals. 3 The depth variation of the mineral saturation index shows that dolomite, plagioclase
feldspar and rock salt alternate between unsaturated and oversaturated states in different aquifers. In the groundwater of the Zhidan Group
and the Anding Formation, many minerals show a tendency of further dissolution, while in the Zhiluo Formation and the Yan’an Forma-
tion, the majority of the minerals have already reached the oversaturated state. (4) Water-rock interactions control the hydrochemical com-
position of mine water at different depths. The hydrochemical components of the uppermost Shidan Group are mainly affected by the dis-
solution of minerals such as sodium feldspar, potassium feldspar, calcite, chlorite, and so on, and the deeper aquifers show a stronger reac-
tion to the dissolution of silicate minerals, gypsum, rock salts, and pyrite accompanied by alternating adsorption of cations, resulting in the
formation of highly mineralized Cl- SO,-Na, SO,-Na type water. This study deeply explores the vertical zoning characteristics of ground-
water chemistry in different aquifers in the coal mine area and its mineral dissolution mechanism, which provides a solid scientific founda-
tion for the precise management of mine water resources, water quality regulation and environmental protection, and has important theoret-
ical guidance value and practical application prospects.

Key words: mine water; hydrochemical characteristics; vertical zoning; mineral saturation index; Xinjie Mining Area
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Table 2 Percentage of elements in different aquifer lithology by scanning electron microscopy
EKBALE KICE TR/ %

Btk 0 Si Na K Ca Al Sr C N
EPHRERLRAD 2 81.02 11.69 — — 1.78 2.84 2.66 — —
AFHRE AR 77.50 10.52 0.80 1.44 5.02 1.78 — —
G e YRR 74.48 11.43 7.02 — — 5.26 1.81 — —
HP AR A 73.02 10.08 2.56 0.65 — 4.25 1.53 4.15 321
HY AT 78.11 11.91 1.73 — 533 2.54 — —
FEZ YRR A 81.55 5.32 1.52 — 5.17 3.78 2.67 — —
FELE2H R 76.86 10.77 3.65 — 2.34 2.82 3.56 — —
TEZZ R BT A 73.82 9.90 3.10 — — 7.34 2.04 3.81 —

£33 J01-05 SHALARMEE RV YIS E

Table 3 Percentage content of mineral composition from different strata in J01-05 borehole

HhJZ A TR /m L
A A fif 2R e 1 M=tk e HAH A IR iR el
PR DS 195 ~ 230 23.5 2.5 6.0 20.4 29.8 0.7 6.9
SSHE PR 276 ~ 364 30.0 0.5 3.4 23.5 203 1.2 23.1
EPHE R 579 ~ 599 25.9 0.8 2.5 24.3 21.5 0.7 19.6
EPHET R A 195 ~ 230 23.5 2.5 6.0 103 18.4 0.4 41.7
B UUHRAD 674 ~ 694 19.6 5.6 11.2 23.5 203 1.2 23.1
HEHBIE 760 ~ 764 23.0 21.1 8.7 9.5 24.6 17.5 — 16.4
S TR e 805 ~ 832 23.4 18.6 8.2 123 21.5 16.2 — —
SELZ L PR e A 871 ~871.6 274 23.6 10.1 9.1 21.5 16.1 — —
SEZZ L] DRI D 89 ~ 900 14.5 32.0 4.8 32 15.6 14.2 — —
SEZ L TR T 947 ~ 954 16.1 30.3 13.2 7.2 21.7 23.9 — —
FELZ L IR 1142~11455 215 13.0 7.7 15.8 17.3 — —
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Fig.9 Saturation index SI of various minerals in

different aquifers
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