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Hydrochemical characteristics of shallow groundwater along the Tarim desert highway
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Abstract: Desert Highway in Xinjiang, we analyzed the test data of 20 groundwater samples in the study area in 2014 and ex-
plored the major controlling factors of the hydrochemical evolution processes along the highway by means of mathematical sta-
tistics, Piper triangular diagrams, Gibbs figure, correlation analysis, and ion ratios. The results showed that the major anions and
cations in the shallow groundwater were SO,°~ and Na' . The total dissolved solids (TDS) concentration ranged from 543. 61 to
10 249. 74 mg/L. with an average value of 4 087. 58 mg/L.. The pH ranged from 7. 11 to 9.05 with an average value of 7.8

7.95% of the water samples had a total hardness above 450 mg/L. The major hydrochemical types of groundwater were SO, *
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Cl-Na, SO, + Cl-Na « Mg and SO, * CI-Na + Ca. SO,*” and Na™ were the main sources of TDS, and they were mainly derived

from rock salt or evaporite dissolution. All the major ions had good correlation with each other,and their sources were consist-

ent. Atmospheric precipitation had little effect on the chemical composition of groundwater in the study area. The groundwater

was mainly affected by evaporation and rock weathering. The main ion source in groundwater was greatly affected by the weath-

ering and dissolution of silicate rock and evaporite rock. It was also affected by the dissolution of carbonate rock and cation ex-

change.

Key words: hydrochemical characteristics;saturation indices;origin analysis;ion source; Tarim desert highway
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FHBH BH 5 -1 A 4G 56y 32 6 A RE R A 7 ] b AG:
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Tab.1 Mass concentration of major ions in groundwater BT mg/L

Wi H K+ Ca?™ Na* Mg?t HCO; Cl™ SO, 2 NO; TDS TH pH

RME 193.70 552. 90 2 170.10 690. 70 726. 20 2976.01 3 607.56 52. 00 10 249. 74 3 786. 30 9.05

/ME 3. 66 67. 30 69. 30 24. 85 36. 62 103. 45 226. 03 0. 40 543. 61 292. 90 7.11

H{E 41. 90 227.29 898. 92 195. 76 230. 58 1251.12 1 281.40 7.99 4 087.58 1 378.82 7.87

H{H 33.71  187.40 1020.80 172,10  126.10  1368.07 1117.00 4.73 464851 1259.00  7.92
bR 42. 97 118.19 620. 83 158. 15 196. 98 817. 87 846. 42 11. 46 2 540. 28 896. 71 0. 47

R2 HWTKPEEFFRUER
Tab. 2 Detection results of major ions in groundwater
RS JE/m f f MR me LD

K™ Na™ CaZ™ Mg?+ Cl SO, 2 HCOs NOs TDS TH pH
X1 100 8. 46 69. 30 76. 32 24. 85 103. 45 226. 03 36. 62 3. 60 543. 61 292. 90 8. 11
X2 100 10. 37 141. 00 176. 50 53. 50 220. 10 485.30  127.60 6.32 1170.00 661. 00 7.81
X3 60 6. 85 71. 00 152. 90 37.49 109. 50 419.60  124. 60 8. 80 881. 20 535. 90 7.41
X4 35 45. 88 207. 50 270. 80 169. 00 281.80 1123.00 322.10 0.80 2277.00 1 372.00 7.27
X5 60 35.68 988. 60 338. 00 273.20 1930.00 1 106.00 51. 66 11.56 4 719.00 1 969. 00 7.96
X6 120 43.00 1 255.00 275. 40 226.40 1660.00 1 821.00 60. 77 12.76 5337.00 1619.00 7.88
X7 30 31.74 1118.00 271. 00 200.00 1454.00 1447.00  540. 30 52.00 4 862.00 1 501.00 7.33
X8 120 60.35 1 698.00 109. 00 153.40 1 885.00 1 689.00  206.60 3.88 5 714.00 903. 70 8. 00
X9 100 48.72 1 459.00 177. 40 214.40 1 858.00 1595.00 103.30 11.48 5429.00 1 326.00 7.90
X10 105 56.28 1 248.00 170. 30 202.00 1930.00 1 111.00 97. 24 17.60 4 797.00 1 257.00 7.94
X11 120 29.76 1 374.00 197. 40 186.70 1 930.00 1417.00 66. 85 0.86 5 180.00 1 261.00 8. 14
X12 120 41.90 1 053.00 67. 30 67.30 1 319.00 853.70  103. 30 9.48 3 502.00 548. 90 8.38
X13 60 13. 61 608. 80 173. 80 127. 30 868. 60 801.70  333.90 0.68 2 780.00 958. 30 7.50
X14 60 15.18 473.10 159. 90 137. 10 700. 20 763.50  394.60 1.04 2 468.00 963. 30 7.53
X15 45 5. 87 162. 70 154. 20 88.18 542.70 244. 60 72.85 2.20 1 254.00 748. 10 8.21
X16 180 26.77 1610.00 552. 90 444,60 2 223.00 2 659.00 45.53 0.56 8 565.00 3 213.00 9.05
X17 16 3. 66 242. 30 228. 20 70.47 344. 90 639.30  343.00 0.40 1717.00 860. 70 7.11
X18 5 193.70 2 170.10 377.58 690.70 2976.01 3607.56  390.61 3.85 10 249.74 3 786. 30 8. 25
X19 5 66. 60 971. 40 396. 20 373.40 1269.00 2257.00  726.20 6.36 5 728.00 2 527.00 7.29
X20 5 93.65 1 057.59 220. 66 175.21 1417.15 1 361.67  464.03 5.58 4578.02 1272.30 8. 23

o 160 ¢ KXt/ L5 LA
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Fig. 2 Variations of hydrochemical parameters along the flow
direction along the Tarim desert highway
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Tab. 3 Correlation coefficients between major ions in groundwater

K+ Ca2t Na* Mg?* HCO; ™~ Cl™ SO 2~ NO; ™~ TDS TH pH
K+ 1.00
Ca?™ 0.34 1. 00
Na™ 0. 67* 0. 39 1.00
Mg?+ 0. 67 0.81* 0.75% 1.00
HCO; ~ 0. 30 0.17 -0.01 0.04 1. 00
Ccl- 0.6 0.47% 0. 93 0.82* —0.15 1..00
SO,%~ 0. 77" 0. 67 0. 87" 0. 87 0.18 0. 77" 1.00
NO; ~ 0.39  —0.02 0.19 0.22  —0.03 0.22 0.17 1. 00
TDS 0. 72" 0. 59 0. 92" 0. 88 0.10 0. 87" 0. 96 0.19 1.00
TH 0. 61 0.9* 0. 637 0. 96 0.16 0. 69 0. 84 0.13 0. 79 1. 00
pH 0.22 —0.12 0.45* 0.18 —0. 48" 0.51" 0.19 —0.02 0.30 0.05 1. 00

TE: o FORTE 0. 01 ERFMR; » FoRTE 0. 05 R EAMK,
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Fig. 5 Gibbs plot of the major ions in the groundwater in study area
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Fig. 7 The end-member diagrams of ion ratios for the groundwater in study area
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x4 HWTKPEZTWHIEFIEE

Tab. 4 The saturation index of major minerals in groundwater

%' Jif#A Hzfi OE ik ETRE) Jr AT Hzfi OH Ak

X1 0. 07 0. 00 —1.30 —6.74 X11 0.43 1.17 —0. 66 —4. 30
X2 0.57 0. 96 —0. 81 —6.14 X12 0. 47 1.28 —1.17 —4.55
X3 0. 14 0.01 —0.87 —6.73 X13 0. 55 1.32 —0. 80 —4. 96
X4 0. 49 1. 11 —0.49 —5.90 X14 0. 63 1. 54 —0. 84 —5.15
X5 0. 40 1. 05 —0.55 —4.43 X15 0. 67 1. 45 —1.17 —5.69
X6 0. 25 0.76 —0. 44 —4. 40 X16 1. 22 2.69 —0. 14 —4. 20
X7 0. 68 1.57 —0.52 —4.51 X17 0. 36 0. 55 —0.68 —5.73
X8 0. 50 1.49 —0. 86 —4.22 X18 1. 38 3.38 —0.27 —3.96
X9 0. 33 1. 08 —0.67 —4.29 X19 0. 86 2.05 —0.28 —4. 64
X10 0.37 1. 15 —0. 80 —4.33 X20 1. 40 3.04 —0. 61 —4.54

(3] JUHCE AR SC TR e . 5. B HURVP N BT AR T
4 & it

(1) 55 HLR VD 50 Y R b F 7K Na®
SO, * Bl B2 7 W1 i #, pH A A8 FI7E 7. 11~
9.05, J& T 59 8 P 7k TDS 25 4k 3 il 543. 61 ~
10 249. 74 mg/ L, & R US KK 5 S50 B2 it
450 mg/L M/KEE b7 95 %, J8 T Ak

(2) ¥ BLR VDL B TR R R /K K Ak 28 31 LA
SO, « Cl-Na #1, SO, « CI-Na + Mg %I i1 SO, + ClI-Na+Ca
AU 3 MR 7K 328 32 25 R W A R A KA AE
SN b K R R TR IR A2 R A R R
R XA A 52 e A8 K ) B 52 B ik R &k o 1 7S
fiffRE A

O X F 7K H Na™ ,Ca®™ \Mg?™ i1 SO, 2~
FEORIE T RERRERFI 728 K A W . BIF9T XCHL R K
IR AR I 2 PH S 73 3V E S i)
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