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Study on the Hydrochemical Characteristics of Lake Water in Southern
Tibet Plateau Based on Cluster Analysis and Factor Analysis
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(China Aero Geophysical Survey and Remote Sensing Center for Natural Resources,Beijing 100083, China)

Abstract: Based on cluster analysis and factor analysis, the hydrochemical characteristics and influen-
cing factors of water samples from 27 lakes in southern Tibet Plateau were studied. The results of cluster
analysis showed that the lake hydrochemical parameters were spatially different due to the zonality of cli-
matic conditions and the diversity of lake supply sources. The 27 water samples could be divided into 2
clusters and 5 sub-clusters, and their hydrochemical types were consistent with the evolution process of
the lake. The results of factor analysis showed that the hydrochemical characteristics and influencing
factors of different types of lakes were different. The main chemical type of fresh water lake was
Na-HCO;. Two factors were extracted to reveal the influence of the dissolution of carbonate and silicate
minerals, and the dissolution of sulfate minerals and salt. The main hydrochemical type of saltwater lake
is Na-SO,. Three factors were extracted, which revealed the dissolution of carbonate minerals, the dis-
solution of sulfate minerals and salt, and the influence of human activities on the hydrochemical charac-
teristics of salt lake. The main hydrochemical type of saline is Na-Cl, and two factors were extracted,
which revealed the influence of the dissolution of rock salt minerals and silicate minerals, and the disso-
lution of sulfate minerals and carbonate minerals on the hydrochemistry of saline.
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Fig. 1 Map of lake distribution and location of lake sampling points in Tibet Plateau
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Tab. 1 Statistical results of chemical parameters of lake water in Tibet Plateau

I /ME/ (mg- L") BRI/ (mg- L) YIE/ (mg-1L7") bR AL EY

pH 8.30 9.95 9. 00 0.44 4.86
F 0.02 5.40 1.12 1.51 134.33
cr 6.24 57 602. 00 7 046. 82 16 018. 89 227.32
NO,~ 0. 08 112. 00 10. 06 29. 68 294.94
S0, 24.50 45 792. 00 3 925.06 9 078. 15 231.29
Na* 26. 00 43 080. 00 6 228.00 12 289. 65 197.33
K 4.11 8 666. 00 812. 46 1 999. 59 246. 11
Mg** 21. 60 6 432.00 510. 94 1 217. 60 238.30
Ca® 1.24 457.00 40. 02 86. 80 216.91
HCO," 35. 40 2 189. 00 635. 50 458. 39 72.13
€o,” 9.24 9 105. 00 1 076. 67 2 358. 80 219. 08
SRR 162. 00 15 288. 00 2317.19 3 956. 88 170. 76
TDS 238.50 122 605. 90 19 968. 90 37 371.52 187.15
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Tab. 2 Statistical values of hydrochemical parameters of cluster analysis results

PRIZ=

Na® K Mg** Ca F ar- NO;~ S0, HCO,™  CO,%  GffE  TDS o

A 38190.33 5234.00 2259.67 189.30  3.24 48017.33 82.67 18183.00 218.13 6 226.33 10 565.00 118 494.94 Na-Cl
Bl 1103.56  111.88  266.01  11.43 1,20 712.66  0.67 1407.75 688.31 294.73 1056.19 4254.05 Na-SO,

B2 4556.33 614.24 39422 37.58 0.24 544226 2.14 367525 278.50 151.55 481.17 15013.06 Na-Cl

B B2 B2-1 5800 6.36 35.58 20.80  0.35 36.14  0.44  46.63  233.00 17.38  220.00 338.16 Mg-CO,
B2-2 13553.00 1830.00 1111.50 71.15 0.02 16254.50 5.54 10932.50 369.50 419.90 1003.50 44 362.86 Na-Cl

B3 4295.00 379.50  197.50  52.05 0.02 1078.00 0.08 3426.00 1910.00 2383.00 5541.50 12 766.15 Na-CO,

&l 2 Wi7KEE S Piper &l
Fig. 2 Piper diagram of lake samples
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Fig. 3 Cluster analysis tree diagram and Stiff diagram
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Tab. 3 Correlation coefficient of hydrochemical composition in fresh lake water

pH F c- NO;~  S0,% Na* K* Mgt Ca HCO,~ CO,> MBE TDS

pH 1.00 0.99 0.25  -0.13  0.64 0.80 0.93 0.83  -0.78 0.88 0.95 0.92 0.80
¥ 1.00 0.23  -0.09  0.62 0.79 0.91 0.83  -0.68 0.90 0.95 0.93 0. 80
ar- 1L00  -0.52  0.89 0.77 0.57 0.65  -0.21 0. 54 0.45 0.50 0.75
NO,~ .00  -0.55 -0.47 -0.41 -0.57  0.47 -0.48  -0.39 -0.44 -0.52
S0, % 1.00 0.97 0.88 0.91 -0.56 0. 84 0. 80 0.82 0. 96
Na* 1.00 0.96 0.97  -0.65 0.93 0.91 0.93 1.00
K* 1.00 0.97  -0.78 0.97 0.99 0.98 0.97
Mg 1L00  -0.71 0.99 0. 96 0.98 0.98
Ca 1.00 -0.69  -0.78 -0.74 -0.65
HCO, ™ 1.00 0.98 1.00 0. 96
€0,%" 1.00 1. 00 0.93
BB 1.00 0.95
TDS 1.00
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TG o FaA B 7 [R] (4 A G 156 BH X 3R 7K A
KV, P X K KA 225 e 2 i N2
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XIS IX 5 2 KA I ) BRAL 2 A8 AR 285 KMO
JiE 1 ¢ Bartlett 3KAYBEAG 56, #6147 3 RIEAC S FRHL
T2 FERF, BHTTERFIL 91. 778% , REAR 4f Hh

S W UG A Y HE A B T PR 1 i 280 o B
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Tk %l 60.421% , Hodh pH F~ Na® K™ Mg,
Ca®™ (HCO,™ \CO;™ | SBHBE 1y PR fif K, S Bk
T BRI ER R BRER A W) Vs e XoF 1 7K oK A 2 FRAE 1Y
SO 55 T U7 22 TTRRR SN 31.357% , Hih
Cl™ SO, (PR i ALK, S B T 4 2 26 ™ )
FrER VAR XTI A OK A2 R 5

TR KRR 1 B 745 43 AT 0, BB A 1Y
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Tab. 4 Matrix of rotated factor loadings of chemical parameters in lake water

KB 5 KA 4y ENEE
1 2 1 2 3 1 2 3

pH 0.993 0. 084 0.771 0. 250 -0. 062 0.919 -0. 362 0.158

F 0.987 0. 066 -0. 098 -0. 042 0. 839 0.943 -0. 053 0.151

cr 0. 149 0.928 0.034 0.979 0. 040 0.978 -0.198 0. 049
NO," -0. 096 -0.770 -0.043 -0. 034 0. 858 -0. 256 0.927 0. 141
S0, 0. 565 0.799 0. 366 0.922 -0.078 0. 981 0.079 0.108
Na® 0.743 0. 648 0. 641 0. 755 -0.014 0.329 0. 245 0. 899

K" 0. 889 0. 456 0. 602 0.777 -0. 001 -0.263 0. 950 0.167
Mg 0.795 0.595 -0.197 0. 858 -0.103 -0. 132 0.973 0.176
Ca® -0.761 -0.212 0.736 0.533 -0. 143 -0.155 -0. 821 0.522
HCO,~ 0. 861 0. 474 0.939 -0. 150 -0. 087 0.958 -0.285 -0.011
€O, 0.935 0. 348 0.951 0.223 -0. 037 0.953 -0.302 0. 000
S 0.901 0.416 0.976 0. 150 -0. 049 0. 843 0. 462 0. 265
TDS 0. 749 0. 653 0. 544 0. 835 -0.035 0.705 -0. 531 0.023
FEHE(E 7. 855 4.076 5.128 4. 859 1. 495 6. 968 4.289 1.292
TR/ % 60. 421 31.357 39. 447 37.374 11. 499 53. 600 32.992 9.938
Rl ok % 60. 421 91.778 39. 447 76. 821 88. 320 53. 600 86. 592 96. 531
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Fig. 4 Factor scores of principal component analysis of lake water samples
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Tab. 5 Correlation coefficient of hydrochemical composition in salt lake water

pH F Cl- NO,” S0, Na* K Mg® Ca® HCO,” CO,” HBJ¥  TDS

pH .00 -0.04 0.23 -0.19 0.52 0.64 0.70 0.15 0.54 0.66 0.76  0.76 0.6l
F 1.00 -0.04 0.46 -0.15 -0.13 -0.09 -0.05 -0.23 -0.18 -0.12 -0.14 -0.13
cl .00 0.02 0.91 0.78 0.79 0.76 0.55 -0.10 0.23 0.16  0.85
NO,~ .00 -0.11 -0.05 -0.07 -0.13 -0.16 -0.09 -0.08 -0.08 -0.07
S0, .00 0.94 0.95 0.70 0.77 0.21 0.55 0.49  0.98
Na* 1.00 0.98 0.46 0.90 0.49 0.77 0.73 0.99
K* 1.0 0.51 0.82 0.46 0.72 0.68  0.98
Mg>* .00 0.26 -0.28 0.06 -0.01 0.59
Ca® .00 0.59 0.8  0.82  0.86
HCO,~ .00 0.8 0.8  0.39
COo,” .00 0.99  0.70
S 1. 00 0.65
TDS 1.00
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Tab. 6 Correlation coefficient of hydrochemical composition in saline water

pH F Ccl- NO,” S0, Na' K*  Mg* Ca* HCO,” CO," MWE  TDS

pH 1.00  0.91 0.98 -0.55 0.8 0.36 -0.56 -0.45 0.24 0.98 0.99 0.65 0.85
F 1.O0 0.92 -0.34 0.98 0.39 -0.27 -0.13 0.03 0.91 0.91 0.8  0.56
cl 1.00 -0.41 0.94 0.33 -0.44 -0.32 0.03 0.99 099 074 0.82
NO,~ .00 -0.20 0.31 0.97 0.94 -0.69 -0.50 -0.52 0.23 -0.56
S0,* 1.00 0.42 -0.16 -0.02 -0.14 0.91 0.91 0.90  0.59
Na® .00 0.30 0.34 0.19 024 0.24 0.62  0.20
K* .00 0.99 -0.65 -0.53 -0.54 0.26 -0.69
Mg* 1.00 -0.67 -0.41 -0.42 0.39 -0.64
Ca’ .00 0.07 0.10 -0.36 0.26
HCO," .00 1.00 0.67 0.84
Co,*” .00 0.66  0.85
PEX s 1.00  0.32
TDS 1.00
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