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Abstract ; Lead-zinc ore is one of the important metallic mineral deposits in Hunan Province and has exerted significant environmental
impacts on surface water and groundwater in the surrounding mining area. To investigate the influence of mining activities on
surrounding water bodies, 16 groups of surface water samples and 12 groups of groundwater samples were collected. Piper trilinear
diagram, Gibbs diagram, ion ratio analysis, chloro-alkaline index, factor analysis, correlation analysis, mineral saturation index, and
geostatistical spatial analysis (Kriging interpolation, distance decay fitting, and directional variogram) were employed to analyze the
hydrochemical characteristics and genesis of water quality in the study area. The results show that the water bodies in the study area are
generally weakly alkaline, with Total Dissolved Solids (TDS) mass concentration ranging from 70 to 1 190 mg/L.. The groundwater is
dominated by SO,-Ca and HCO;-Ca « Mg hydrochemical types. The hydrochemical evolution is dominated by weathering dissolution of
carbonate rocks, supplemented by forward cation exchange dominated by silicate rocks. The coupling of sulfide mineral oxidation and
carbonate rock neutralization is the formation mechanism of the high SO? . high TDS, and near-neutral pH characteristics of mine
water. The influence of lead-zinc ore dissolution on different groundwater flow systems differs significantly. exhibiting strong spatial

differentiation of hydrochemical characteristics. The water mineralization degree score (MDS) is centered on the mining core area and
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decays exponentially with distance, decreasing to 40% of the initial amplitude within 1 km and approaching the regional
background level within 2 =3 km. The influence width perpendicular to the groundwater flow direction is approximately 1.6 km.
The impact of mining activities on surrounding water bodies shows a radial pattern, with stronger effects in water bodies closer

to the mining area. The research results can provide a basis for water inrush risk warning, water pollution prevention and

control, and rational utilization of mine water resources.
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Table 1 Statistics of characteristic values of hydrochemical parameters in the study area
. #.r;u\ﬁ/ 5H oH Ji i e B p/ (mg/L) ‘

| K+ Na* CaZ*t Mg?* Cl SO~ HCO3 TDS
e /IME 3.79 1.86 0.94 2.89 — 0.88 12.44 — 70.00
R (E 8.66 14.63 10.00 161.42 21.08 28.76 1749.97  299.00 930.00
i F K 16 T HI{E 8.00 4.24 4.58 54.79 8.69 6.45 170.37  199.90 307.94
bRk 22 1.13 2.89 2.72 32.21 6.22 6.79 413.06 75.49 214.02
BRERR/ Y% 14.20 68.10 59.20 58.80 71.50 105.30 242.50 37.80 69.50

S BNME 7.33 311 274 — 0.14 135 76.79 9.15  118.00

B 9.30 8.81 9.04 236.90 26.34 8.29 1603.95  341.71 1 190.00
R K 12 -S4 (H 7.98 4.69 5.72 88.51 18.45 4.65 561.36  224.25 509.25
b 22 0.525 1.68 2.06 57.19 6.96 2.16 509.21 92.94 269.77
AR/ % 6.60 35.80 35.90 64.60 37.70 46.60 90.70 41.40 53.00
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Fig.6 End-member diagrams of ion molar concentration ratios in the study area
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X W &8 (CaSO, » 2H,0) 25 & 45 R IR L 5 9 5

Zn’" 5 SO MM XM R EE A 0.851, 2R
MR INEE T (ZnS) 1 AL 3 fif J2 305 4
K EHE SO (E AL B E B R R Na'
K" .Cl\SOT ZHMHLHERBEH KT 0.7, %
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fiff AL 23 Xt MR K R A — R g TDS 5 K
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Table 2 Correlation coefficient matrix of 13 water quality indicators in the study area

pH K" Na' Ca?" Mg?* Pb?" Zn* F- Cl™ PO~ SO7~ HCO3 TDS
pH 1 —0.468 —0.849** —0.138 0.008 0.08 —0.64 —0.585 —0.639 —0.467 —0.632 0.08 —0.532
K* 1 0.702" 0.888 " 0.369 —0.237 0.627 0.499 0.700*  0.919"" 0.897"* —0.738" 0.894""
Na™ 1 0.489 0.306 —0.201 0.909** 0.817** 0.866"" 0.705* 0.905"* —0.366 0.854""
Ca®™ 1 0.471 —0.225 0.415 0.298 0.61 0.915°"  0.757~ —0.587 0.818""
Mg?* 1 0.147 0.311 0.101 0.077 0.489 0.422 —0.286 0.569
Pb%* 1 —0.242 —0.156 —0.389 —0.138 —0.213 0.042 —0.226
Zn®* 1 0.910"" .0820"" 0.536  0.851** —0.542 0.795*
F 1 0.730" 0.413 0.779 " —0.523  0.696"
Cl™ 1 0.669" 0.834"* —0.342 0.756"
POi~ 1 0.850""  —0.494 0.906""
SOi~ 1 —0.65 0.970*"
HCO3 1 —0.619
TDS 1

W ORI ANELE 0.01 KV BB 3E - FoRMSCHELE 0.05 K- L 3.
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Table 3 Loading matrix of rotated factor

~ Hom R

EE
HF 1 HF 2 HF 3 HF 4
pH —0.505 0.486 —0.421 —0.165
K+ 0.605 0.592 —0.174 0.421
Na* 0.745 0.532 0.213 0.013
Ca’t 0.751 —0.333 —0.382 0.138
Mg?t 0.698 —0.377 0.271 0.047
F- 0.810 0.035 0.053 —0.316
cl- 0.352 0.876 0.006 0.245
Br~ 0.402 0.255 0.527 —0.599
POi~ 0.726 —0.407 —0.274 0.294
SOi~ 0.867 —0.089 —0.109 —0.359
HCOj3 —0.063 —0.130 0.764 0.547
TDS 0.967 —0.073 —0.086 0.061
FRAEAE 5.386 2.152 1.432 1.263
Jr TR/ % 44.880 17.930 11.932 10.525
ES i 44.880 62.810 74.742 85.267
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Fig.7 Spatial distribution of water mineralization

degree score in the study area
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Fig.8 Attenuation fitting curve of mineralization degree

score with distance from the mining core area
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Fig.9 Fitting curves of variation function and spherical

model of water body in two main directions in the study area
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