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Abstract ; Stable isotopes have become an important technical method for analyzing pollution sources in mining
areas due to their fingerprint effect. In the Zhaoyuan gold mine area, most of the studies were based on
experiments or hydrochemical data combined with hydrogeological conditions. It is difficult to analyze the
compositions of pollution sources. This paper is the first time to analyze the hydrochemical characteristics and
pollution causes of the Zhaoyuan gold mine area by combining the *H, "0 and S isotopes of water bodies and
hydrochemical methods. 32 samples were collected, including 16 groundwater samples, 10 surface water
samples, 3 beneficiation wastewater samples, 2 tailing leachate samples and 1 pit water sample. Based on the
analyses, the surface water and groundwater with close hydraulic connection in the mining area are mainly

recharged by precipitation. The main hydrochemical components are from the oxidation of sulfide minerals, the
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dissolution of silicate minerals and the influence of human activities. The main hydrochemical types are of
SO,—Ca and SO,—Na, the main anion is SO; , and the variation of NO; and Cl~ in surface water and
groundwater is large in space. The contents of sulfate in the surface water are generally high, and the sulfate
pollution is serious. The high value areas appear near the Linglong gold mine, Jinchiling gold mine and
Zhangxing Town, while the high value areas of groundwater appear near the Linglong gold mine, and the
concentrations of SO}~ decreases gradually along the runoff direction. The value of §*S in the surface water
ranges between 1. 8%o and 9. 8%o, and that in groundwater, between 2. 7%o and 9. 6%o. The groundwater and
surface water are obviously affected by the Linglong granite, Jiaodong rock group and sulfide of Linglong gold
deposit. In the process of groundwater runoff, there is the phenomenon of groundwater pollution caused by
surface water infiltration. In addition, the discharge of industrial and domestic sewage is also the main reason
for the increase of sulfate contents. Sulfur isotope can trace the source and characteristics of sulfate pollution in

the gold mining area, and it is an effective tool for tracing and evaluating the groundwater pollution caused by
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mining activities.

Keywords: gold mine area; hydrochemical characteristics; sulfur isotope; sulfate
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Fig.1 Hydrogeological map of the study area and location of the sampling points
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Table 1 Statistical characteristics of hydrochemical parameters of water samples
L pH TDS  Na* +K*  Ca** Mg?* S03 - HCO; NO; cl-

BRI 9.70 4490.60 1703.95  305.00 78.84  2770.94  541.93 134.78 989. 46
/M 4.95 452.53 17. 08 30.18 9.36 344.81  101.24 5.89 69. 24
i K -1 7.76 2 024. 31 529.28  180. 44 47.25 1343.95  310.57 56. 00 258.42
T o Al 2 1. 66 1 465. 08 597.26 93.95 23.31 923.90  130. 42 53.33 302. 69
R/ % 21. 44 72.37 112. 84 52.07 49.33 68.75 41.99 95.23 117.13
N 7.62 4 365.63 349.33  259.20 60. 26 2315.18  524.06 2 313.20 492. 66
i /ME 4,87 380. 94 27.97 51.76 12.98 142.61  122.08 4.92 79.73
T K A 7.01 1 258.26 168.06  163.97 37.48 725.08  290. 32 280. 98 192. 66
T 1 ARt 22 0.61 962. 77 103. 45 65.01 13.22 528.71  125.47 550. 91 136. 42
A 2B % 8.76 76.52 61.55 39.65 35.27 72.92 44.22 196. 07 70. 81
BRI 8.61 1 252.08 327.00  400.90 91.17  2594.06  422.82 19. 09 62.29
Tk T /M 6.51 3282.29 131.10  122.20 35.14 829.22  142.93 1.96 95.55
I a— -1 7.42 2 266. 13 216.87  308.38 75.76  1785.11  252.60 13. 50 76. 04
T o A 2 0.74 742. 65 83.82  100.15 20. 28 726.35  106. 54 7.22 13.13
A 2B % 9.99 32.77 38. 65 32.48 26.77 40. 69 42.18 53.51 17.26
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Fig.2 Piper diagram of water samples in the study area
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Ionic relationships of the water samples in the study area
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Table 2 Results of §D,50 and %S of

the water samples

fobi 80,0/ (% 5D/ (%o 8*S50,/ (%o

vs. VSMOW) vs. VSMOW) s vcDT)
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R K Fe/ME -8.19 -58.79 2.70
318 -7.59 -55.30 7.03
SEH K RAMHE -6.77 -52.55 8. 40
B E K fe/ME -8.85 -62.43 5.00
ik T -8.02 -57.73 6.36
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in the study area
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