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Fig. 1 Sketch map of the study area and the sampling sites
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Table 1 Sampling sites information

S1  98°15'52" 38°18'10" 4088
S2  98°15'59" 38°20'14" 3995
S3  98°06'56" 38°20'45" 4160
THE(n=T7) S4  98°25'45" 38°27'16" 3806
S5 98°18'45" 38°27'28" 3813
S6  98°05'49" 38°43'42" 4026
S7  97°48'01" 38°52'33" 3490

Sy— -
(gnig FRES ZEE AN WEm zﬁ ik
Rl 98°15'44” 38°18'13” 4088 | i
R2  98°15'40” 38°18'13” 4088 | i
R3  98°06'56" 38°20'45" 4160 4 L
R4 98°16'48" 38°21'02" 1 SR
R5  98°25'45” 38°27'16” 3806 2 i
R6  98°18'45” 38°27'28” 3813 8 i
7K (n=44) R7  98°11'20" 38°33'15" 3732 4 T
R8  98°02'31” 38°40'15" 3643 4 T
RO  98°05'49” 38°43'42" 4026 2 i
R10  97°58746" 38°45'27" 3610 2 i
RI1  97°48'01” 38°48'29” 3461 7 i
R12  97°43'08” 38°50'39” 3390 4 T
R13  97°39'06” 38°52'33" 3344 4 T
1
1
1
1
1
1
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Table 2 Hydrochemical characteristic values of river water, spring water and snow water in the source region of Shule River
M%(#un” é*ﬁ(# R Ca*  Mg® Na®  K* SO NO, CI"  HCO,  TDS EC  pH JKfb2p2kRl
Hoht) hi i) ‘ ’
FeRfE 76.68 37.00 151.10 3.30 129.11 1.48 56.93 656.57 881.00 1718.00 7.39
) FoME 25.16 17.68 16.35 1.52 9.88 0.25 6.73  5.25  338.00 658.00 7.13 HCO,-Ca®-
I 44.44 2553 25.06 1.97 33.10 0.49 20.27 253.55 424.50 933.63 7.25 Mg*Na'
WM 46.91 25.67 43.47 2.24 43.77 0.64 24.16 294.58 479.63 824.50 7.26
FoRME 123.27 72.50 247.32 3.96 168.34 1.59 93.18 949.67 1118.00 2170.00 7.74
B (nm19) F/ME 20.92 9.26 8.88 0.82 6.14 0.19 2.27 176.00 109.80 208.00 6.62 HCO,-Ca®*
H  63.87 27.76 21.96 1.54 21.91 0.73 10.64 354.04 396.00 915.58 7.51 Mg*
R () WM 76.55 33.68 41.80 1.72 49.62 0.72 19.59 420.84 471.08 772.00 7.53
oRME 142.09 92.64 251.74 4.45 173.24 1.77 37.64 1332.93 725.00 1377.00 7.54
K (n=10) /ME 61.99 18.64 15.41 1.36 11.06 0.41 7.31 293.63 228.00 434.00 7.17 HCO,-Ca*™
F  94.56 43.73 32.91 2.08 28.77 0.78 17.18 532.94 337.50 719.50 7.34 Mg>
P 94.34 47.09 55.49 2.34 49.64 0.85 18.04 583.00 379.10 640.50 7.33
R 64.75 33.03 39.79 2.67 146.17 7.26 150.07 350.46 544.00 959.00 8.06
£ (ne7) f/ME 26.36 15.98  8.23 1.09 5.52 0.26 5.07 162.38 179.20 316.00 7.72 HCO,-Mg>*-
i 33.66 24.34 23.66 1.93 24.44 0.58 24.16 243.88 475.00 664.57 7.87 Ca**
B 40.04 24.84 24.65 1.92 44.64 1.62 31.52 239.81 376.31 839.00 7.83
WA 1.90 0.06 0.24 0.14 0.41 0.12 0.15  6.43 11.67 22.10 8.26
S F/ME 0.74  0.04  0.19 0.06 0.03 0.04 0.02 291 2. 14 4.09 7.87 HCO -Ca*
. 1,31 0.04 0.22 0.10 0.08 0.08 0.05  4.67 5.04 11.76  8.04 )
MHE 129 0.04 0.22 0.09 0.13 0.09 0.07 1.0l 6.20 9.56 8.0l
FoRfE 172.52 54.36 29.50 3.52 86.17 1.00 29.25 747.38 728.00 1418.00 7.58
K () FoME 95.32 35.18 15.73 1.45 30.92 0.30 8.56 431.61 440.00 835.00 7.11 HCO,-Ca
I 99.98 42.19 25.88 2.44 61.82 0.40 15.06 489.91 665.50 1180.00 7.31 Mg
PME  116.95 43.48 24.25 2.46 60.18 0.52 16.98 539.70 624.75 1233.50 7.27
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Fig. 2 Piper figures of river water, spring water and snow
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Fig. 4 Spatial variation of river water cations in the source region of Shule River (The concentration value

in the legend is half of the maximum concentration of the ion)
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Fig. 5 Spatial variation of river water anions in the source region of Shule River (The concentration value

in the legend is half of the maximum concentration of the ion)
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Fig. 6 Gibbs figure of river water, spring water and snow water major ions in the source region of Shule River
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Table 3 Hydrochemical composition of precipitation in the source region of Shule River (unit: umol-L™)
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JRIX” 2019-10 32.24 1.83 9.41 2.43 1.33 1.98 16. 50 A3

T R 7 AT KA

Fea  HREIIRIX AN [F] 2] K BH R R R IR 5T kR
Table 4 The contribution of cations from different sources

in the source region of Shule River
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Hydrochemical characteristics and controlling factors in
the source region of Shule River
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Abstract: The source region of Shule River basin was selected as the study area, and the samples of river water,
spring water and snow were collected between December in 2018 to November in 2019. Hydrochemical charac-
teristics and controlling factors of different waters were analyzed qualitatively by Gibbs figure, Piper Triangular
diagram and the ratio of ions. The contribution of rain (atmospheric) , evaporite, carbonate, and silicate weath-
ering in different seasons was quantified by mass budget equations of cations (the forward model). The results
showed that the concentration of the total dissolved solids (TDS) was ordered by spring water>river water>gla-
cier meltwater>snow water. Hydrochemical types of river water were HCO, - Mg*"-Ca®™ in winter, HCO, - Ca™-
Mg*-Na" in spring and HCO, - Ca®-Mg”" in summer and autumn. Hydrochemical types of spring water and snow
water were HCO, - Ca® and HCO, - Ca®™-Mg™, respectively. Due to the influence of many factors, the temporal
and spatial variations of major ions in river water were different. Hydrochemical composition of river water and
spring water was controlled by rock weathering, snow water was controlled by rock weathering and precipita-
tion. The major ions of river water and spring water were derived from carbonate weathering which dominated
by dolomite, silicate weathering and evaporite dissolution of halite, gypsum and sulfate minerals. The contribu-
tion of cations from atmospheric and rock weathering was different in different seasons. On the whole, the cat-
ions in river water were mainly derived from silicate weathering in winter and spring, the contribution ratio were
36.21% and 35. 54%, respectively. The contribution ratio was ordered by carbonate>silicate>rain>evaporite in
summer and carbonate>silicate>evaporite>rain in autumn. In general, the cations of river water mainly come
from carbonate and silicate weathering.

Key words: source region of Shule River; hydrochemistry; controlling factors; contribution ratio
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