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(1. College of EnV1ronmentdl Science and Eng‘ineermg, degz}f(-)u Unlverslty, Yangzhou 225127, China; 2. State Key Laboratory of
Lake Scighce and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008,
China; 3 State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of
Sciences, Urumgi 830011, China; 4. Institute of Soil Science, Kazakhstan Ministry of Agriculture, Almaty 050060, Kazakhstan)

Abstract ; Lake Balkhash is one of the largest lakes in the world. It is located in arid Central Asia and receives major water from the Ili
River, which is an international river flowing across China and Kazakhstan. Hydrochemical and isotopic measurements of waters can
provide an improved understanding of hydrogeochemical processes and environmental characteristics, which is useful for water resource
management in arid regions. In this study, 8D, 8"°0, and major ions in water samples from the Lake Balkhash catchment were analyzed
using an integration of mathematical statistics, Piper diagrams, Gibbs model, and principal component analysis (PCA). Water types
and main mechanisms controlling the hydrochemistry presented a clear spatial heterogeneity. The chemical composition of lake waters
was dominated by SO,-Na and Cl-Na type, whereas river waters were classified as a HCO;-Ca type. The chemical composition
downstream of the Ili River evolved from HCO,-Ca to SO,-Na-Cl type. Gibbs model suggested that the main mechanisms controlling the
lake water chemistry were evaporation-crystallization processes, and that major ions in the river water were affected by rock-weathering
and evaporation processes. The main controlling factors of the water chemistry changed from the upstream to the downstream, and may
have related to spatial differences whereby the upstream area experienced higher rainfall and snow melt, and the downstream area
experienced relatively higher evaporation. PCA analysis showed that human activities also played an important role in the chemical
composition of water sampled from the lake, middle and lower reaches of the Ili River, and other rivers. The isotopic compositions of
the lake and river waters varied spatially. In the lake waters, positive isotopic ratios and negative deuterium-excess values indicated
that evaporitic enrichment dominated the changes in the isotopic signature of the lake water. In river waters, isotope values located near
the global meteoric water line (GMWL) and lower slopes of the regression lines (r =0.91, P <0.001 for Ili River, and r=0.63, P <
0. 001 for other rivers) , were associated with a stronger influence of rainfall and weaker evaporation. Correlation analysis showed that
there were significant relationships between isotope values and chemical parameters in the lake water, especially in the eastern area,
thus suggesting that extensive evaporation led to simultaneous enrichment of isotopes and ions in the lake water.
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Fig. 1 Sketched geological map of the study area and water sampling sites
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Table 1~ Statistics of major components of water samples in Lake Balkhash

e SiH Ca?* Mg>* Na* K* C03%- HCO; cl- S03- TDS
/meq-L™"  /meq-L™" /meq:L™' /meq-L~! /meq-L~"  /meq-L~! /meq-L~! /meq-L™! /mg-L~!

/M 1.13 0.56 0.56 0.05 0. 00 1.67 0.18 0. 65 198

Wik WA 3.69 23.37 45. 69 2.24 13.34 6. 16 27.48 35.28 4387

(n=10) EHIE 2.18 13.31 24.99 1. 14 8.79 4.26 14.43 19.82 2527

brifE 22 0.96 7.75 15.79 0.79 4.10 1.45 9.70 11.71 1412

e/ ME 1.13 0.56 0.56 0. 05 0.00 2.86 0.18 0.65 198

gk KM 1.98 23.37 45.69 2.24 13.34 6.16 27.48 35.28 4387

(n=5) S 1.44 16.99 32.86 1.58 9.73 5.10 19. 49 25.37 3174

brifE 2 0.43 9.93 19.78 0. 96 5.64 1.35 11.96 14.98 1 806

e/ ME 2.09 7.54 12.77 0.55 6.15 1.67 6.94 11.07 1439

Tk KA 3. 69 12.29 23.23 0. 90 10. 00 4.17 12.82 18.31 2589

(n=5) FHMH 2.92 9. 64 17.12 0.71 7.86 3.42 9.37 14.26 1881

Frife 2 0.73 1.70 3.81 0.13 1.97 1.08 2.13 2.69 426
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Table 2 Statistics of major components of water samples in rivers from the Lake Balkhash catchment
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Fig. 3 Gibbs plots of major ions in water samples from the Lake Balkhash catchment
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Fig. 5 Principal component analysis diagram of major ions in water samples from the Lake Balkhash catchment
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Table 3  Correlations between 8D, 80 and hydrochemical parameters in waters from the Lake Balkhash catchment
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