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Chemical Evolution and Formation Mechanism / of Groundwater 1n Hetao
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CUI Jia-qi', LI Xlan -yue' ", SHI Hai-bin' SUN Ya- nan , AN Hal-]un XING Jin-ping’
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Abstract: Groundwater resources are important sources of whfter in the arid regionsof nd’f‘thwestern (]hlna but their overexplortatlon and
utilization has led to a series of ecological dnd- “efvironmiental problems. Exploring the ‘characteristics and mechanism of groundwater
Pheml( al evolutlon isjimportant for the ratlonal use of -groundwater resources. The characteristics of groundwater chemical evolution were
studled in'the Yongji Irrigation Area of Hetao IrrigationiDistrict- and_,the formation mechanism of the chemical compounds in groundwater
were lnvestr,gdted ’usmg cluster analysis, factof dndlysls dnd- other statistical methods. The influence degree of different factors was
calculated, The results showed that the major cations in groundwater in the study area were Na* and K* , and the major anions were
Cl™ and/HCO; . Moreover, Na®, K", and Cl~ showed high spatial variability and were the main factors contributing to groundwater
salinization. The major chemical compounds in the groundwater in the study area were Cl-Na, HCO, - Cl-SO,-Na, and HCO,-Na.
Based on the cluster analysis results, the groundwater was divided into four categories (A,, A,, B,, and B,), of which A, was highly
mineralized by Cl-Na type water, while A, , B, , and B, were mainly HCO, -Cl-SO,-Na and HCO,-Na type water. Principal component
analysis results suggest that groundwater chemistry was mainly affected by salinization, carbonate karstification, and human activities
with the influence degrees of 45. 976%, 23. 853% and 16. 678%, respectively. Evaporation, salt rock dissolution, and cation exchange
were important sources of Na* and Cl~ accumulation in the irrigation area. Agricultural irrigation (leaching of soil salts) and drought
(intense transpiration) were the key drivers of groundwater salinization in the irrigation area.

Key words : Hetao irrigation area; groundwater; hydrochemical characteristics; salinization; formation mechanism
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Fig. 1 Diagram of sampling points in the study area
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Table 1  Characteristics of physical and chemical indexes of groundwater in the study area

o TDS Na* +K* Ca’* Mg?* Cl- HCO; 503~

At A pH EH/m /g L7t ( /g L1 : /g L1 /g-gL’l /g L7} /gLt /g L7!
- H{E 7.922 3.173 3.989 0. 995 0.126 0. 195 1. 462 0. 621 0. 590

PRifE2E 0.378 1.243 6.018 1. 849 0. 065 0.313 3.123 0.423 0.726

3 ERZFH 0.048 0.392 1.509 1.859 0.526 1. 608 2.137 0. 681 1.230
R ME 8.700 7.120 23. 760 7.056 0.311 1. 270 12. 699 1.970 2.550
/ME 7.300 1. 600 0.992 0. 081 0. 055 0. 030 0.121 0.282 0. 144
SR 7.767 2.729 4.553 1.128 0. 135 0.226 1.638 0. 699 0.727

i 22 0. 357 1.340 6. 478 2.022 0. 069 0.319 3.330 0.418 0. 892

7 ERZFH 0.046 0.491 1.423 1.792 0. 508 1. 411 2.033 0. 599 1.226
R ME 8.500 7.110 25. 117 7. 485 0.321 1. 320 13.298 1. 980 3.000
/ME 7.300 0.950 0. 878 0.112 0. 040 0. 030 0. 106 0.269 0. 096
R 7.583 2.243 4.517 1.089 0. 129 0.236 1.613 0.711 0.739

i 22 0.324 1.433 6.199 1.847 0.073 0. 305 3.200 0.394 0. 889

11 ZRFH  0.043 0. 639 1.372 1. 695 0. 569 1.290 1.985 0.554 1.203
S IN] 8. 100 6. 980 24.015 6.559 0.320 1.295 12. 901 1.850 3.030
/ME 7.200 0.350 0. 965 0. 084 0. 045 0. 058 0.115 0.259 0. 048
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Fig. 2 Spatial variations in classic physicochemical indexes in the study area
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