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Spring formation mechanism in Baicheng basin based on

hydrochemistry and hydrogen and oxygen isotopes
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(1.College of Hydraulic and Civil Engineering, Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China;
2. Xinjiang Key Laboratory of Hydraulic Engineering Security and Water Disasters Prevention, Urumqi, Xinjiang 830052, China)
Abstract: [ Objective] The hydrochemical and isotopic characteristics of spring in Baicheng basin were analyzed ,
the transformation relationships among spring, river water, and phreatic water was identified, and the formation
mechanisms of spring were explored to provide a theoretical basis for the rational development and utilization of
water resources in Baicheng basin. [ Methods] Spring samples from the Baicheng basin were collected and

analyzed. Comprehensive methods, including Gibbs diagrams, the PCA-APCS-MLR model, and hydrogen-

W5 B H#:2024-09-13 & B B #1:2025-02-27 X A B #:2025-02-27

ZENTE 55 — YR S 25 G Bk A 25 4 0T H B LR 3t Sa 0 ROK e s R 1 78 9 A 7 (2021xjkk0203)

E—EE VS IR(1994—) , L QUUIED T A& - it AL W 5 26 05 05 [l S /K BE 0 A 5 0 . Email : 1229510953@qq.com.,
BASMESE MW (1972—), T QOUIE)  HOl A8 G T L 202 WL R 5 A 3 D, 0 DA o N i 1 52 XK 8 0 R 5 R 58 R 4 T A 40

%%, Email: wubinxj@163.com.



48 JK A A T A 545 %

oxygen isotopes, were used to quantitatively assess the transformation between spring and other water bodies and
analyze the sources and formation mechanisms of the spring. [ Results] O The hydrochemical type of spring water
was mainly of HCO;-SO,-CL-Ca-Na type, and the spring water was {requently transformed with phreatic water
and river water. @ The chemical components of the spring, including Ca*' , Na', Mg*', and SO; , primarily
originated from the weathering and dissolution of gypsum and other salts, while Na™ and CI” were derived from the
weathering of silicate minerals such as albite and montmorillonite. Agricultural, industrial, and domestic activities
significantly influenced nitrate levels in the spring. @ The 8D and 8'°O values of the spring ranged from —81.28%,
to —50.27%, and —12.20%, to —8.57%:, respectively. The 8D and 5"°O values of phreatic water and spring in the
southern Baicheng basin were generally more depleted than those in the north. This was attributed to substantial
recharge from river water. @ The transformation relationships between surface water and phreatic water in the
basin mainly involved river water recharging phreatic water and spring. The recharge proportions of river water
and phreatic water to spring were 8.3%—50.1% and 49.9%—91.7% in the middle reaches of the Muzati River
and the upper reaches of the Kezier River, respectively. [ Conclusion] Spring in Baicheng basin are primarily
classified as erosional and overflow-descending spring. In the northern high mountainous area, atmospheric
precipitation and snowmelt infiltrate bedrock fractures to form phreatic water. Phreatic water emerged as erosional
descending spring, mainly distributed in the upper to middle reaches of the Muzati River, owing to the river and
floodplain erosion of Quaternary porous aquifers. Phreatic waterthat formed in high-mountain areas was discharged
as surface water where rivers or valleys intersected the aquifer. This surface water infiltrated the plain area and was
converted back into phreatic water. During migration, phreatic water encountered relatively impermeable layers
composed of Neogene mudstone, sandstone, and conglomerate, causing water levels to rise and form overflow
descending spring, predominantly located in the middle-lower reaches of the Muzati River and the lower reaches of
the Kezier River.

Keywords: spring formation mechanism; hydrogen-oxygen isotopes; PCA-APCS-MLR model; linear end-

member mixing model; Baicheng basin
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Table 1 Statistics on chemical components and hydrogen-oxygen isotope indexes of

spring, river and phreatic water in Baicheng basin
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Fig.2 Hydrochemical Gibbs diagrams of spring, phreatic and river water in Baicheng basin
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Fig.3 Pearson’s correlation coefficient matrix for spring, phreatic and river water in Baicheng basin
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Fig.4 Scatter plots of major ionic ratios of river, phreatic and spring water in Baicheng basin
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Fig.5 Ion ratio end-element plots of river, phreatic and spring water in Baicheng basin
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Table 2 Principal component loading values of spring, phreatic and river

water chemical components in Baicheng basin

AT 2R IS A
AR VIR s b ALLER
B TEIREN B ETERER F, F, Fy

1 5.43 49.34 49.34 TDS 0.99 0.11 0.01

2 1.62 14.72 64.06 TH 0.94 —0.18 0.03

3 1.54 13.96 78.02 Na* 0.81 0.36 0.03

4 0.85 .77 85.78 Cl 0.84 0.31 0.06

5 0.80 7.25 93.04 SO 0.75 0.28 0.08

6 0.37 3.34 96.37 Ca*" 0.75 —0.36 0.36

7 0.27 2.47 98.85 NO; 0.46 —0.12 0.58

8 0.12 1.08 99.92 pH —0.25 0.72 0.51

9 0.01 0.05 99.98 HCOy 0.56 —0.70 —0.12

10 0.00 0.03 100 K™ 0.30 0.31 —0.77

11 0.00 0.00 100 Mg*" 0.65 0.15 —0.42
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