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Identification of material source for the salt lakes in the Qaidam Basin
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Abstract ; The Qaidam Basin is the important strategic base for salt resources in China. Understanding the material
source for the salt lakes is of important scientific and social significance. In this study, the material source for the
Qaidam Basin was studied by the multivariate statistical analysis based on chemical constitution of the salt lake
water, intergranular brines, surface water and groundwater in the Golmud River. The results showed that both TDS
and content of minor elements increase from the Piedmont to the salt lakes. The cation is dominated by Ca* for the
meltwater, Na ' for the water in the Golmud River and Mg’" for the water in salt lake area. The anion is gradually
from HCO,; based to Cl~ based. TDS and minor elements contents show a trend that the intergranular brine is
greater than the salt lake water, and the salt lake water is greater than the water from the Golmud River.
Composition differences between the salt lake water and the intergranular brine are significant. Factor analysis
shows that rock leaching is the main material source for the river water in the Golmud River and the groundwater.
Contributions of rock leaching and deep water on chemical compositions of different regions varies greatly in the
Qaidam Basin. This difference is controlled by chemical composition of the source rocks, existence of deep water
and its compositions, and whether the fault may provide access to deep water recharge.
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Fig.1 Simplified geological structure map of the Qaidam Basin
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Fig.2 Location of the samples
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SRR TRE & AR RETIE M 3 Wk, SE R 4 2 i 50

mL 7K FE, 0,45 pwm 38 B3 Gk 38, I b — R m AR
4f HNO, 2 pH < 2, I T & 1447, 55— T B
B 40T 3 585 R 4E 500 mL K KE T 24 h Py ) B B

Intrepid Il XSP #1 ICP-AES ] % , B3 & 7 % F & £ 77
i 2N 7] 761 Compact 1C FEAT I 5 , 1M £ 159 7K 1 5 18] pi
Ky Ca®" Mg®" (CL™  SO;™ M| % FH i = ¥k 0 47 0
JE o A 5> (Br 1.B . Sr Li Rb,Cs) 7£ H [5 #b 57 B}

AT A2 o H 9T BE B - 0 a7 b BT K 2 () 2B B g8 M BT S I b o0 8 . RS R L SR 1
B 7 B S B b0 58 i, P I R IR-IS R 2,
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Table 1 Major elements compositions of different kinds of water
DS Ca®* Mg®* Na* K* HCO; S0;~ cl- €03~
REER RE&T - -
(mg+L77)
CD-01 73.08 356.70 1929. 00 20540. 00 491. 20 1281. 00 7047. 00 41122.00 306. 20
3k DT-02 2.70 62.52 93.34 657. 10 42.06 106. 80 130. 60 1542. 00 61.24
XT-01 9.99 129.90 283. 40 5870. 00 121. 00 100. 70 1204. 00 5920. 00 90. 03
DBX-01 284.50 641.30 64265. 10 19400. 00 4698. 00 1220. 00 23534.00 170758.00 0.00
DT-01 356.91 160. 30 27004. 00 64900. 00 13936. 00 3039. 00 99854.00  180440. 00 0.00
] ok DBX]J-01 330. 87 1303. 00 36033. 60 58140. 00 2773. 00 732.20 6244.00  254708. 00 0.00
CEHJ-01 461.37 14629. 20 79517. 10 8044. 00 7174. 00 884. 80 1052.00  350069. 00 0.00
CEHJ-02 646. 36 96192. 00 71970. 00 1633. 00 1043. 00 1068. 00 491.30  473967.00 0.00
KL-02 0.52 50. 01 27.24 48.43 3.69 238.90 64. 40 86. 01 0.00
R K GG-01 0.55 33.57 29.90 66. 85 3.68 231.10 81.91 105. 50 0.00
GG-02 0.52 32.68 30. 21 62.95 4.03 203. 00 80. 66 108. 90 0.00
KL-01 0. 30 20. 89 21.61 26. 11 1.53 129. 60 40. 49 46. 20 15.31
KL-03 0.45 36.51 25.49 48. 89 3.40 171.70 69.92 82.59 15.31
i K GS-01 0.52 35.37 20. 44 65.57 4.13 184.20 84. 66 110. 40 7. 66
GS-02 1.68 67.19 100. 90 315.80 16. 12 302.90 302.50 518.00 61.24
GS-03 4.06 13. 06 90. 06 1240. 00 42.23 343.50 877.00 1414. 00 275. 60
x2 EMAKERETEEAN
Table 2 Minor elements compositions of different kinds of water /(pg- L |
3] [FATE Br- I~ B* Sr?* Li* Rb* Cs*
CD-01 23990. 58 103.58 225027. 80 6553. 02 8414. 57 80. 35 1. 200
Wk DT-02 306. 24 15.21 4247.59 2375. 36 1521.53 61.89 6. 035
XT-01 3981. 59 7.19 16451. 88 6123. 12 5764. 32 147.53 6.279
DBX-01 21255.02 63.42 175151. 16 57812. 17 140345. 66 1185.25 21.523
DT-01 58824. 66 191.13 1249497. 05 647.93 875038. 34 16772. 54 542.346
i ok DBX]J-01 27081. 30 72.73 141026. 79 49606. 52 100956. 65 991. 07 12. 408
CEHJ-01 40923. 31 883. 06 175660. 34 380195. 51 51574.24 1800. 56 14. 166
CEHJ-02 162621. 83 2957.59 274050. 72 1609824. 43 75122.91 99.53 5.008
KL-02 62. 15 5.59 514.92 843. 17 122.71 2.20 0. 181
GG-01 47.62 5.39 901. 81 819.61 40.79 1.10 0.013
Rk
GG-02 39.99 5.25 804. 10 807. 08 39.46 1. 10 0.010
KL-01 24.77 2.32 157. 65 332.62 20. 41 0.63 0. 025
KL-03 85.97 5.91 1187.85 1124. 81 189. 31 4.57 0. 103
bR IK GS-01 66. 18 5.81 813.26 946. 36 190. 27 4.47 0.133
GS-02 137.12 23.62 3154. 05 2601. 53 188. 64 4.74 0. 056
GS-03 231.41 107. 74 9021. 30 1850. 33 356.78 7.11 0. 085
3 KFEHHE ] 1% 7K o Piper [ (18] 3) W, A LR 21 11X, K fk 2%
T SRIK T 5 PREL T M 4 1 I X 60 3 1k 4 O (1
A LL R 2380 DX, 7K A i e A T A 8 3 1 A, A 7K H Sk BTR g5 ) L B RS I Rk (KL-01) B E§ 7 L
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Fig.3 Piper Diagram for different kinds of waters
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17 S SR . A TR Bl Bt 4 43 5 12 A6 A T IX 35
a2 R B MR B T TR X ) R K
(DT -01) Sr*" F A% (647.93 pg/L) , {H 68 4 & & T
Li* Rb* Cs™ & 5 (875 038.34 pg/L.16 772. 54
neg/L.542.346 pg/L) ; i 75 35 A b X 1Y b 6] B 7K
(CEHJ-01 .CEHJ-02) ", Li* \Rb* . Cs™ & &KL, H

Bro 17 S HHAE.
4 BEFoHH

7 TBM SPSS Statistics 19 71, FH 3 50000 1 N 7 4%
fof FEHC 2 AN AL L B F, R, H BT STk R Gk F
84.389 % 1A Ky B W8 AR G b s it Ji 4 54l 1 SR AR B
AT e TG b A R R 1 S B B S, X IR O 25
KIER AT IR A5 B e 5 R 2R A AR (3R 3) 6

R 0 J5 ke YR 0 B kb 25 2, DK S Ek K i
A BE 1 47 I R TR UE 40 R R R — bR A XU R IR E ok
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i 7K HE K ) O

T F, STk R 52,535 %, Hotp Na®™ (K™ |
HCO; ,SO;” . B* [Li" (\Rb" Cs" B§ F i ff 4k 8 K
(0.822~0.983) ,H5 F, ¥ EIFEMHKLCKR, ALK
T F, RAES A XA IEVE AN . X2 Na ™|
K* Li" \Rb" Cs" Rhg 4 )&, b2 b ARG ik, B™ " Jd
TREE A SR, AR T4
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TS W AL, A WA A A SRR ) 0 5 R R

*3 mERETFHETIER
Table 3 Matrix of rotated factor loadings

HE Ca®* Mg* Na®  K* HCO; SOj~ clI-  CO3°

P20 TR
FEAE(E Gh BTt AR BTk
K% /%

I- B** 8% Li* Rb* Cs*

F; -0.0950.238 0.822 0.913 0.928 0.985 0.272 -0.075 0.271 -0.034 0.973 -0.091 0.983 0.979 0.970 7.384 49.227 —

F, 0.970 0.746 0.008 0.147 0.288-0.032 0.872 -0.130 0.953

0.988 0.199  0.983 0.058-0.008 -0.027 5.274 35.162 84.389

TESCIR AR LM, FE 5 5 2 19 0 A1 T AR 249 o5 G b
WA S B 273 Zefy, A S 2 5 3.55 %,
e SR SRR LT AR B B SF 2 LB e v
PLve iy 2 5 (F 4) . mubal W, HANE &R 2 —A
A Y ER L S, X S IR R A B R A R
UL MG H =2 MM . A, i R E 2
JE FHRI T AR S R A S 7 B e RAN [ I 3 69 4E B

R, A B P AR G T e T
51400 pg/g' X6 R R KR X T £ I H
K. ZEAEK, T F, AR N %A A WALk
VEFHANG o 58 1K K 430 Hb 3 390 K 42 32 A i 7K &R 1 4
%y K Z b A R B B R XA P, K D XA 7 4
10 B B8 i B 1 7% vl A A R A5 8 40 7E S8R K
MR T E A
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NHTF, TTHRER N 32,226 % M Ca®" Mg
S’ Br I° Gl B 4T K (0.746 ~0.988) . H
PI5F, RIEMERER, HMARET F, 8RR
TN R o 3 S By 3k K 23 M EL AT ok 4R B R
B K2 P 0 IO R B o 3 Ak M il LK 2 A T AR AR K
JLT- 35 A A, W5 R % K BoA CaCl,
T 5 KRR 7 I8 A b £ 0 IX AL 4k AR & B CaCl, %Y
R (F25) X A X W Ca’t Gl R T
TR . Ak, Br F T LA HOR BT
6T M TR op AT B0 3 B, 9 8 A g K R
B K R R AR K P i 2 B 67,3 mg/L

0.06 mg/L"" o AR UCRE b pr 5 399 7K 1 18] 5 /K o B
SR Ak g 42,37 me/L, B i o A 162,62 mg/L,
[T FEHEER0.54 mg/L, Fe & &N 2.96 mg/L, X
7 T i R XU AR 7= 9 AN 1T BE 2 Eh 1 X Br ™ A T A i
— RV LX) AFAE B I K AR SR X B
I EZRIE, Sc BMAIHOTE  EHR AT E
BELLK R [R) G 8 2 43 A AE 3 A 0 W) b, T kK
Sr & i B g = F IR ER W, PR a2 X0 R e K
ST U %= N [ N C A T == I NSRS
AR T R P aaE . &5 L T F, R TIR
BB AK M 45 SR VR

R4 BHAFEC-HEARMAERERUFEAR"
Table 4 Chemical compositions of rocks from eastern Kunlun-Northern Qaidam basin in Qinghai Province
_— K%, Si0, TiO, Al, 04 Fe, 0, FeO MnO MgO Ca0 Na, O K,0 P,0;
o 4 /%
AR & 127 64. 48 0.57 14.96 1. 00 3.69 0.08 3.21 4.01 3.09 3.16 0.14
Le b 2 179 67.02 0. 40 14.71 1.27 2.67 0.11 1.91 3.49 3.53 3.19 0.12
KEC 458 69.61 0.37 13.55 0.90 2.53 0. 06 1.31 2.39 3.34 4.07 0. 10
n] A] Py - e 3 29 62. 60 0. 47 16. 24 1.28 3.62 0.10 2.70 4.65 3.83 1.88 0.13
o g5 B Ll g LD 174 71.36 0.28 13.98 1.13 1.55 0. 06 1.04 1.51 3.80 3.71 0.12
x5 EZAZMMAKRERUFAR
Table 5 Chemical compositions of the oilfield water and the saline spring in the Qaidam basin
TDS Ca®* Mg?* Na* cl- S0~ Br~ Lit Si?* B**
FE 2SR - — -
/(g L) /(mg- L")
53 1 3 1 ok 409. 63 44. 84 5.05 44. 84 35.75 237.73 0.16 281 983 4450 3332
PR ALY e 528.10 52.68 97. 61 1.61 0.58 373.80 0.87 70 46 1090 220

6 LN BYIE A M AE A A I T BRI
PR 45 0 S e 1 TG o of 905008 45 e o v A 2 4 0 B T
MK , 75 3B, D 2 WY 32 24 3 DR BT AR 3R A9 R R o AL
L Y TR

x6 HEREFHES
Table 6 Factor scores of samples

FE i 2R FE it i 5 F, 1345 F, 1343
CD-01 0.19144 —-0. 04064
sk DT-02 —-0.41076 —-0.43432
XT-01 —0.34678 -0.40194
DBX-01 0.32517 0.07089
DT-01 3. 60330 -0.15104
6k DBXJ-01 0.25312 0.03412
CEHJ-01 0. 04385 0.91479
CEHJ-02 —-0.37296 3.49622
KL-02 —-0.43591 —-0.46923
R K GG-01 -0.43713 -0.46991
GG-02 —-0. 44206 -0.47169
KL-01 -0.44718 -0.46763
KL-03 —-0.43894 -0.46329
i K GS-01 —0.44084 -0.46766
GS-02 -0.38816 —-0.41981
GS-03 —-0.25616 -0.25887

AR Xk 8 3 7K A0 5 1) et 7K A B, A 2R A SR 3L S 1
KR KA A% IR T L A5 23 AR R B i 1
F AR A A KA g ok A F, Q3R A IR KOk R
X 3 P K A A 2 20 20 B TR SR AR A N B, X B
X PR AR BAR Y TDS A7 — 2, Hoh il 7R 5 10 b
I RARAL T ofr i AR RIS 5 U RN T T KA
] F- 3 A B A28 4k o T M SRR RE i i i T Ab A X
i 7K 2 R DX R P I AR O v B KR RE S
S e AR 285 20 HE it i v K Ak 2 AR A o T
K, KT F, B30 B e, T F, iR g
gy (AR BE /N T F o 3 Ul B R K R 18] A
A DR T 208 D 20 R TR T8 7K R 205 68 T K A 27 21 Y ST
ARG R O JE R A AR I R 48 Y BT KR R
TWEAKENG o T F, 97320 B8 e, —J7 W A
SR RT K HR I AR SR R LA A T A A2 2 O 3
2, 93— 77 W i T DX A 28 s A0, K HP B 1 S R ik
A6 o [ A B S0 A I DX (s A s R 991 ) AT K il £
Fo I Eh B2 T I S ER O AH 2 — FR R IR TR
TR B, BT LN 5 B, B9 45 0t 222 3 49 40
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AT AL E A R TR KON R ) A TR R T A
FAE 5 — TR K IO A S A 2 R 20— W2 2
5 TR KO £ 0 kb 2 B LG G o AN R B, 7R T
Py bAS 20 bO 0w 0 R W), 0 AL T IR 2 Wi w4 IX
J7Z R TR K s o R I AN 45 SR I T W BOR
o LR R TRAR K F 8 W) 7K 1k 8] 6 7K 4 5Tk 3
N IR HE AR ER > G5 A b I DX > /N S ELH X > 7Y
B TIRIX > R EETIRBIX . il TR K R 32
FEAl 7 21 B b 3 4 o], S BOX 22 S PR AR O, BT A
B A LW AR TR EAR 3 35 G AR X, AR /v A 2 5
IR 22 o T e A U T I D 45 1 D SR R 2 IX
o W0 3 8 ) TR DR, X R A b W) TR AR R O, RO
AR YR DX Tk A W AREE /NS LI P
T3 IR IX

5 Hit

(1) LTSN, 7K AR TDS 2 7 1k, 2 80 0 5
] 5 K > ER WK > K SR AT S S K R R K o B
BT MANA RSk B IS Rk L Ca® " o 3 i 9 F A
IRATT B L) Na® g 32, RSN SR W1 IX L Mg S 3 5 7
BB T HCO, B ERLL C1 h 3,

(2) ML B30 X, 9% 25 100 7K 3 1], 7K A o g i
TE 2 P 3 IR 0 5 4 SR AT A K R K i
IR & B E T 5L W A R, 8] 5 K TE) 1 K A
i i G R MO HE SR WK N s L R R R 4L
S AE AN [R] DX 3 R T 7K R & TR R K R g A RRAIE 25 S
BE,

()P Hr£M, 8 F Na* K HCO, ,SO; ™ |
B* . Li" \Rb™ . Cs "R 3R T 7 b X A A1 KUAL Ik 8 1 45 2%
LB Ca® Mg S Bro (17 ClTARE T 4 X
TRIBAENA IR . N T80 w4 2R AR 3] 7 3 b 3%
TRFNHL TR K Hh Ak 2 21 43 32 BOR IR T 5 A KUAR ik B8 1E
FH 5 T07 A DR D 20 S 0 R0 T 340 7K SF T8 0o 5 i K 4 b
X £h 38 7K T 5 ) 5 7K b 25 20 B 0 B R % 2% AR K, 1%
2 S T T B A 0 Ak 27 2 DA R B K 4 A T B
HAR AR, LK W J2 R 75 5 38 O TR BB K D 45 3 11
Ji¥ 3 3
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