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Fig.1 Annual precipitation of the Qinghai-Tibet Plateau (Sun Honglie et al. , 1990)
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Fig.2 Annual aridity of the Qinghai-Tibet Plateau (Sun Honglie et al. , 1990)
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Table 1 Averages of pH values and salinities of lake water in the | -V hydrochemical zones

of lakes on the Qinghai-Tibet Plateau *

oyt I IV /
. I I - ‘ ‘ - v

7K§’§§Lj I 1. IV, Vs Vs IV

e pH / 9.07(22) 8.21(26) 7.78(12) 7.62(1) 7.35(16) 6.64(10) 7.90(1)

- b 135(2) 155(34) |192.14(33)|145.85(13) | 125.98(4) | 261.32(1) |287.14(18)|352.68(10) | 240. 14(2)

Lok pH 9.13(13) | 9.405(26) | 9.020(17) 8.35(7) 8.10(3) 8.95(1) 8.25(4)
A KA

) o 3.6(13) 13.52(42) | 13.76(23) | 9.56(10) 2.68(1) 18.36(3) 18.28(3) 5.04(4)
. N pH 7.6(5) 8.6(5) 8.61(2) 7.95(1) 7.46(8)
R IK .

h 0.26(6) 0.58(11) 0.70(4) 0.73(1) 0.89(1) 0.27(12)
o pH 8.7(18) 9.21 8.61 8.07 7.89 8. 15 6. 64 7.87
RV - .
o 15.200(21) 12. 65 68. 87 77.71 43.13 93.52 152.71 352.68 27.88(18)
@ 4 Zheng Mianping(1997)4F T #h 75 .
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Fig. 3 Relation of pH to salinity and hydrochemical type of lakes on the Qinghai-Tibet Plateau
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1—Carbonate type;2—sodium sulfate subtype;3—magnesium sulfate subtype;4——chloride type
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Table 2 Chemical types of classification of saline lakes
FRAE R B * Ke( %) Kn; Kn, Kn; Kn, K K} Kj Ky
T 5k >29 >>1 >>1 >>1 >>1 =1 oo - -
< g
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AR — <<1 <<1 <1 <1 — — 0 n
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K= W; Kh= Mag)S()l‘ ; K= Mi(:lg\ 5 and Ky :(agi(l_) (calculated with % or mg/L of salt),
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Fig. 4 Map of hydrochemical zones of salt lakes on the Qinghai-Tibet Plateau
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1—Brackish lake;2—Playa;3—Carbonate type;4—Sodium sulfate type;5—Magnesium sulfate type;6—Chloride type;7—Line of zoning of
hydrogeochemical type; 8—Line of subzoning of hydrogeochemical type; 9—Carbonate type zone; 10— Lower salinity subzone; 11—High
salinity subzone; 12— Sodium sulfate subtype zone; 13— Sodium sulfate subtype subzone; 14—Sodium sulfate-carbonate subtype subzone;
15—Magnesium sulfate subtype zone; 16— Chloride-sulfate type zone; 17—Kumkol magnesium sulfate subtype subzone;18—Sodium sulfate

subtype subzone;19—Magnesium sulfate subtype subzone;20—Chloride subzone;21—Sodium sulfate subtype discharge area
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Table 3 Hydrochemical compositions of representative lakes of the carbonate zone (1) on the Qinghai-Tibet Plateau
2 | g i3
4 72%}; gﬁi pH Na K Ca Mg Cl SO, CO; | HCO; | By 04 Li Cs Rb
T 1 340 Me 6.92 | 9.2 | 2096 | 237 12 39 2443 | 413 50 627 |902.2| / / /
TR
%L@E] ) # Me 396 9.1 |124630| 26085 | © 24 |149648| 59254 | 25058 | 206 | 8136 | 1848 | 12.15 | 32.82
Jb i 2% pd
LA A B Me 243 9.0 |118593| 25376 | 0.32 | 20.5 |138330| 47238 | 26829 | 1017 | 8439 | 1085 | 15.26 | 34.3
K
——
%MTEI P Mec 282 9.5 |135418] 36559 |0.025| 5.28 |166043| 44776 | 39829 | 399 | 11569 | 1724 | 21.24 | 50.9
i 8] 57 7K
R 81 S 149.88 | 9 | 4877510360 | 0 11 | 59510 | 15920 | 9634 | 2541 | 2608 | 177 | <<0.1| 8.8
Cko {ﬁ:ﬁﬂ( C . o 0990 09 5 o . .
ﬂiia‘/éﬂm‘@ Se 46.72 | 10.2 | 14620 | 2045 | 8.3 | 23.2 | 10728 | 16417 | 1981 | 840 |447.6 |24.89 | / /
PYER 73/809 Wik
T Mo P BERR R R WY 5 Sc— 1 3 Bk R £ W 2,
F 4 BEBHHE(DRRESHBKKLERY
Table 4 Hydrochemical coefficients of representative lakes of the carbonate zone (1)
. . Lix 103 B, 0, X 10° KX 102 CsX 10° RbX10°
& Mg/Li SH S SH DE SH
INBRAE 2.187 6.945 187.093 1.148 / /
Eva=L / / 43.137 1.568 / /
[ RCIRIIRG ] / / 130. 376 3.425 / /
LA HE A 1 AL 3 0.013 4.667 20. 545 6.587 3.1 8.3
FL A HEEh 180 R I 0.019 4.465 34.728 10. 443 6.3 14.1
FL A TR £ 3 m 9 18] B 7K 0. 003 6.113 41.025 12. 964 7.5 18.0
PER W T # Cho W84 & 7K 0.062 1.181 17. 401 6.912 <0. 06 5.9
YES W I PE 3K 73/809 #7K 0.93 0.533 9.580 4,377 / /
®S5 BERANBEOTHAS FOARNE A AR ™ 41 & Sy 0 e K 22 ) —
Table S Mineral assemblages of Carbonate type AL EETEREL (/KT A4 AT EE A 25) — P51l
o @;;’ﬂ - LK) AR 3 A KA A7 (R 8) .
Ef4@ Eiﬁ' 3 e < s 2y Y b p S
SUON PR PN mw:@ﬁ@&%ﬂﬂﬂ?»%?ﬁ?iﬁﬂﬁ?Zj‘bﬂﬁ
Fith NaCl X Ao ARG 404 UL 4D o DUBL R 56 W A R 8 £ .
i Kol A PIN S 43 A 4 T P S TR 07
bax =2 CaSO, + 2H,0 X . N , N \
il IN J Y b St L A
o %o 100 PO P AR RIS 250 e SRR YA 53T S Ak )
Tk Na SO, A | A | A B RBBLAR UK S iR K 1 . 32007 W8 K DA v B R0
B i Ky Na(S0.. A | A Meg/Li A4 (£ 9.3 10)  FRbsioc 2 & & I HARRE
BBk s 77 [2MgCOs » 2Nay CO3 » Nay SOy X X " . . - -
Ty [0 e e . OB LA G 7 60 5 — SR B (L
iy CO;
BN T | CaCOs » NayCOs » 5H,0 ° ° STATE B s ANk B A B, O 3k 17000mg/L, &
TR AT MgCO; « 3H,0 A K™ #1353 5380mg/L(IL%E 9,
A MgCO; » Nay CO; » NaCl A . . . L
HBAIA] MgCO: - NaaCOu = NGl @) @ % S 4 L 9 X 3 AL 4 B R B
A MgCO; A ) A . ) ) L -
B2 MgCO; + CaCO; ° Py A (V5H)ER . A EE ) — A 26 BE IR 8 — 5 ml L 15
KBEBELT [1MECO, - Me(OFD, - 1H.0| @ | @ | % B BB LA . ERWIUURR I K
KB | NazCO; » NaHCO; » 2H, O | A ® (L ).
(@W Naz(‘,()g . 10H2() A . - " e N -
K Na,CO; « H,0O A A NEY— R E 24 A T 2 AL, &
AT A NaHCO; o | A K R VU A (. A0 45 JE R 2 B IR B 7 R I A
MG ) NaCaBOn - SHLO A (V) S5 T 2 B TR IV ) 5 K B
ks NayB,O; » 10H, O ) ) ) . - s o . P
. B0+ SHLO alala SRR IV, ) 156 1 A T 5 P 9 B A S AL T

@ EETY A RETY X HEHMELET Y.
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Table 6 Hydrochemical compositions of several representative lakes of the sodium sulfate subtype zone (II)
s AL KAk 1k % A 43 (mg/L)
WA (g/L) pH A Na™ K" Ca?" | Mg?" Cl™ SOi~ | COi~ |HCO; | B:O; Li Cs Rb
AR g 153.7 9 NS 43967 | 7812 340 3627 | 77090 | 16130 326 1324 1795 | 607.9 | 34.5 26.5
L Yis 199. 4 8 NS 49717 | 7825 | 451.2 | 9325 | 51533 | 73433 | 58.5 | 451.7 |6018.3]| 223.7 9.1 10. 37
S
ﬂg:{;‘k 384.78 8 NS 86507 | 13830 308 10800 |143180| 45610 0 2286 2088 | 277.5 2.2 8.69
AL 96.82 8.2 NS 33862 | 1164 | 156.3 | 9002 | 43408 | 17123 85 74.2 219 43 / /
A 251.7 8.2 NS 72350 | 16100 | 33.2 4845 |131350]| 24856 | 100. 5 492 1355 | 243.4 | 0.38 7.93
TARZEFE| 192.10 NS 71600 | 2830 23.6 | 343.3 [109700| 6390 245 / 651 56 0.1 1.78
T NS—HER AW R
F7 WMBMIEREG(I)ETRAREBKFERY
Table 7 Hydrochemical coefficients of several representative lakes in the sodium sulfate subtype zone (II)
. : Lix 10° B, 0; X 10° KX 102 CsX10° RbX10°
L Me/Li D D S S S
ARG 5.97 39.55 11.68 5.08 22.45 17. 24
IR 41. 69 1.12 30. 18 3.92 4.56 5.2
HEeHRRTH 38.9 7.21 5.43 3.59 0.57 2.26
) G 19.97 0.97 5.38 6.4 0.15 3.15
A 4% R 21.0 0.57 2.4 1.2 / /
AL E 6.13 0.29 3.39 1.47 0.05 0.93
%8 MEANSBT WA e A P BRI B8 0 IV ) V0 A A 2
Table 8 Mineral assemblages of sulfates type ﬁ%ﬁﬂ:ﬁﬁﬂiﬁﬁiﬁiﬂ s {ﬁﬂ YAYY R T Hi IR L W A, /H\:{ﬁﬂ
L 2 £ KR R Mg/ Li ) 75 (470~2780) W il T £ V3 &
U7/ % BRER BN | R ER — N - NARRSGEN . -
N R o BTG ELTY 5 ARG R 55 K B2 Os 35 Bt 676
S 5 KCl » MgCl, » 6H,0 Py ~1723mg/L(F 11.3£ 12),
KRB MgCl: + 6H:0 o A TR B A IV, < 5 T
B KCl A ] . - ,
7k NaCl ® ® IRARBACE S KM IX, 23 80T 7R B Ll AL FE A g
AR L AL KCl » MgSO, + 2. 7H,0 A FE 111 R R B3 L DX, A 35 ER W AN IR AT L Fh i By 7k 1k
HABER | K.SO, - MgSO1+ 6H,0 A 52600 4 R LB BT 32 K 11 K 24 K80
ZEA [KoSO; + MgSO, + 2CaSO; - 2H,0] A A LR E) T T 1 A TV
W K,SO, + CaSO, + HyO A i 6 7l JZHTE:FE{EB(%% 3 Jﬂﬂimj:'ﬂi'(l\ z)ﬁﬂﬁ\@\’ﬂlﬂ\
T Na,SO; » MgSO, » 4H,0 ® A HaFRAK 0. 01~0. 24,0. 3~0. 8(F 14),
5 NasSO, - CaSO, e | 4 S KT B T LA IV )« 30 45 43 4 T 5
] 5Na; SOy « 3CaSOy « 6H,0 X N 5 > SHT Y o ~
e | T il N R KB DX 45K 43 0360 E 7 44 B S
9 1 goUy ¢ 2 N . s .
kISR MgSO, + 6H,0 < A R HK AL 27 28 R R T A R BE S Y (3% 15)  (H
PN MgSO, + 4H,0 X X Mg/ Li 228 A P BB R 6 7 28 ST s CIV O IR (Mg / L
i eSO+ 2H:0 A 10 S 40~ 114)  FUA 5 IV, 247 A 45 9 2% 57 e A IV )
TE Na,; SO, « 10H, O [ ] [ ] . e A
- Nay SO, A a Mg/ Li ik 1190. 82 (& 16, 1fi IV, .47 1 £ 1) & 7 4%
T MgCO; A ° IV A& AR P B R B — R — iy $h i
Rz MeCO; » CaCO; o o PRAR S A L H Cs Rb AR (FR 15,58 16) .
= KEES MgBs Oy + 7. 5H, 0 X . — =T 1o 4 3
VK B A Mg Bs O, » 15H,0 A %41’[3%%7‘5'(“1)ﬁtﬂﬁﬂfﬁlﬁjﬁﬁi&%%ﬁi
LKA Mg B Oy + 15H,0 A A ARER 1 3 A J5 30 1) e 4 v s 43 0 TR ORI
HEme MaB.O: + $1L.0 A T4 DRI BRI — B I . HoK Al R
KT A CaMgBs Oy1 + 6H, O [ } - N N A L
T)iﬁﬁ%ﬁ CHZBG()H . 13H2() A ﬂ{t%ﬂv;ﬁgﬁﬂﬂ\%g\%gﬂﬁigz:@’{B%\%ﬁaﬂ@ai
9 A NaCaB; Oy + 8H,0 ° A B U H L Mg/Li & o Hods o, if 3k 4200~ 1550

AR E G I 5 T .

(F17.£18),
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Table 9 Hydrochemical compositions of several representative lakes of the magnesium sulfate subtype zone (III)

. KtesE | AL . . . . . . .
44 , pH Na K Ca Mg Cl SO, CO; | HCO;3 | B;0Os Li Cs Rb
A (g/L)
FLAH 5 MS 230.4 / 92600 | 6520 496 17800 |188000| 5690 783 590 4590 271 0.066 | 3.74
R AR MS 78.6 / 28346 606 18.6 767 | 44678 | 2536 290 0 1309.1| 30.5 / /
i S 20 MS 331.1 9.0 [107000| 5380 | 658.4 [4965.3|187319(7908. 5 0 664.16| 17020 | 166. 4 / /
ESEiR MS 324.8 7.3 |[113500| 1580 433 5440 [187500| 15400 174 110.5 531 74.4 10.013 0.4
ARG MS 168. 2 7.8 136900 | 4032 |1104.2] 14419 |103017|7134.3 0 802. 6 602 170 0. 88 7.7
PR MS 103.9 | 7.5 | 34200 | 1140 | 670.5 | 4140 | 60900 | 2425 0 133.5 | 244.5 | 24.05 | 0.02 | 0.78
Ay Ak AH B U 139.3 | 7.0 | 47755 | 2320 | 2848 | 2197 | 81086 | 2112 | 9.1 | 166.3 | 566.6 | 171 /
P 413 22 ) MS 256.2 7.0 192979 | 3128 284 2479 |152373] 4107 10.8 | 369.8 |289.37| 100.6 / /
TE:MS—BERBEW AL U— (L iy,
R0 MEBETHE(ETRARERKFERY F12 MEBETRTG(N,)BHKKUEFERY
Table 10 Hydrochemical coefficients of several Table 12 Hydrochemical characteristic coefficients
representative lakes of the magnesium of several representative lakes in the magnesium sulfate
sulfate subtype zone (III) subtype zone (IV1)
y | LiX10° B O3 X10%| KX10% | CsX10° | RbX10° o | LixX10% ByO3; X10% KX10* | CsX10° | RbX10°
WE ML S T s | Sk | SR | Y& WE MU TS TS | Sk | Y& | SE&
5CE | 5 4.4 By 3G e
MHLEY 56.09 | 0.85 | 14.46 | 2.06 | 0.02 1.2 473 | o008 | 818 | 209 | 022 | 0.47
- Ve ) )
H : : W 5
%k 25.40 1 0.39 16.66 7.71 / / 1 2781 0.019 4.91 0.457 0.097 0.091
e Vi 3 Y £092 < A IS /
LW 29.84 | 0.503 | 54.404 | 1.625 , / kﬁ / / 18 | o310 / /
L)

EAEW| 73.12 | 0.229 | 1.635 | 0.487 | 0.004 | 0.123
R MEBRARTEE(N,)HBFRREBKFERE

p | 84.82 | 1.011 3.579 2.397 0.523 4.58
AR ’ ’ ’ Table 14 Hydrochemical coefficients of several representative

FrhigE 172,14 0. 231 2.353 1.097 0.019 0.75 lakes in the sodium sulfate subtype zone(IV2)
B 12.85 | 0.245 | 4127 1. 689 / ; iy Me/Li | X100 (B O X10° ) KX10% | RbX107
| ' ' o ' Ty R DER D DE
figen W 105. 2 0.24 0.35 0. 36 /
sy | 2 04] 0398 | 11291218 / o E W | 3968.6 | 0.011 0.82 0.623 | 0.04

KI T / / 2.91 1. 304 /

x11 BFHEESREAMKUEMBETE T (N, )#KEFAS (mg/L)

Table 11 Hydrochemical compositions of several representative lakes in the magnesium sulfate subtype zone (IV,)

o WAL KA . . . . ‘ .
13H 4 B pH Na K Ca | Mg Cl | SO: | COs |HCO; | B,Os | Li Cs Rb

(g/L) ]

ey 5 JE i | 82,7 | 8.55 MS 24824 | 1735 | 65.4 |3214.2] 39329 [8775.3| 1998 [1999.6| 676.2 | 6.79 | 0.184 | 0.39
Bif 25 5 R K | 157.4 | 7.93 MS 47157 | 720.1 1396.38|8261. 7| 93211 |5511.3| 684.1 [666.54| 772.8 | 2.97 | 0.154 | 0. 144

I 316.7 / MS 86400 | 1009 | 360.7 | 21905 |189921| 15157 0 594.9 | 1323 / / /

®13 BHEREAMMBPITES (V) ETHARERAKEZAS

Table 13 Hydrochemical compositions of several representative lakes in the sodium sulfate subtype zone (IV,)

. KA | B fL2F 4 53 (mg /L)

w# By (g/1) ot Na K Ca Mg Cl SO, CO; | HCOs | B,Os Li Cs Rb
T HR 1 NS 41.4 | 8.68 | 12755 | 150 | 964.8 | 1052 | 19460 | 6832 | 7.33 | 129.5 | 14.59 | 10.0 / /
75 WL W NS 261.6 | 7.62 | 78982 | 1636 | 480.1 | 11112 [121131| 47251 | 250.5 | 475.9 | 214.9 | 2.8 / 0.11
A 8 7 ) MC 9.3 / 7883. 04 27.96 | 360 |776.72|124.88| 12.84 | 156.7 / /
KIRT i) NS 32.2 8.9 | 8060 | 420 72 1910 | 9790 | 10730 | 200 940 | 93.8 / / /
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Table 15 Chemical compositions (mg/L) of lake waters in the magnesium sulfate subtype zone (IV2)
e WAL EE . KA 2445y (mg /L)
i
(g/L) P A Na K Ca Mg Cl SO, | COs | HCO;s | By Os Li Cs Rb
JRWTPERH | 333.5 | 7.56 MS 76948 | 4511 | 398.6 | 29592 |175757 | 45235 | 475.9 | 190. 2 |346. 38| 24. 85 / 0.28
I 382.3 / MS 11500 | 4600 0 84227 (251192 30425 | 92 0 254. 3 / / /
ZETF o pr ) 3513 / MS  |115600| 6380 | 270 | 9820 |183460| 35400 | 48 95 | 117.6 / / /
N:igod 328.0 |7.32 MS 81351 | 11019 | 374 | 24181 [196464| 13829 0 25.93 | 381 262 / 5.25
P& J9/RM| 338.0 | 7.9 MS  |103268| 6895 | 294.5 | 13650 |188047| 23996 | 34.51 |134.43| 998.1 | 201.5| 0.08 | 5.08
KEHF TR 332.0 | 7.9 MS  |116452| 3786 | 433.7 | 5686 |187037| 18028 0 111.8 | 690.6 | 141.0 | 0.04 | 3.25
T 327.4 | 7.10 MS 94495 | 7266 | 274.2 | 12213 [189136| 22569 0 293.5 | 854.8 [ 191.0 | 0.08 | 6.75
p EN 276.0 | 7.95 MS 88386 | 3222 | 453.5 | 9697 [155982| 16567 | 105.1 | 181.1 | 798.7 | 84.9 / 0.26
F16 MEHFTLES(N,)#KKEEFERE
Table 16 Hydrochemical characteristic coefficients of lake waters in the magnesium sulfate subtype zone(I1V2)
. Lix10° B, 05 X 10° KX 10? Cs X 10° RbX10°
w4 Me/Li ST D SH SH SH
TR0 I 8 1190. 82 0.0745 1. 0386 1. 35262 0.08
IR / / 0. 6652 1.20324 / /
ZET o 1] i) / / 0.3348 1.81611 /
N: g 92. 29 0.7988 1.1616 3. 35945 / 1. 60
1§ & 7 TR 67.74 0.5962 2.9529 2.03994 0. 024 1.50
REH IR 40. 33 0.4247 2. 0801 1.14036 0.012 0.98
W 63. 94 0.5834 2.6109 2.21930 0.024 2.06
KR 114. 22 0.3076 2.8938 1.16739 / 0.94
®17 ERESEHEMKCEZSUDET(N,)MAKLFERAS (mg/L)
Table 17 Chemical compositions (mg/L) of lake waters in the chloride type zone (IV3)
e WAk g - KA k2% 41 43 (mg /1)
: (g/L) P 277 Na K Ca Mg Cl SO, | CO; | HCO; | B2Os Li Cs Rb
EL R I8 329.4 | 6.2 |&Ak¥T| 53765 | 12219 | 7283 | 37917 |216859| 843.8 | 6.5 | 68.01 | 391.9 | 26.8 1.03
B8 404.4 | 5.35 |G LT | 4096 | 5368 | 10820 | 90213 293406 42 27.1 | 136.6 | 213.5 | 21.4 / 0.26
PRI | 556.0 | 4.6 |EfkE| / 6801 | 99470 | 72356 |382412| / 76. 41 0 862.6 | 46.7 / 0.1
BRI 413.8 | 6.7 |4 kA 4700 | 3160 | 12891 | 93308 |299389| 82 / / 223.5 / / /
18 SUWMBIT(N,)MAKEFHERE
Table 18 Hydrochemical characteristic coefficients of lake waters in the chloride type zone(IV3)
. . Lix10° By 03 X103 K X102 CsX10° Rb X 10°
W14, Mg/Li DR TYH D D S
[ER =2 il 1414. 81 0.0814 1.1897 3.71 / 0.003
| 4215. 56 0. 0529 0.5279 1.33 / 0. 006
A RS i) 1549. 38 0.084 1.5514 1.22 / 0.0001
BRI / / 0.5401 0.76 / /
IV IV VIV 5 S 19 o R B I 2 0 A TR ik I Y N A R A S AR AR

SR i N ORONE 7S e o N | NN 1| B o R P QU
LD, ALY BT LT W 25 I A ol v 47— /K S B
AR LOG R A — A dh 7E BN E A B R R
Wefr HEILER 19,

TR Wy AT S 23 Ry VAR LB AR AN IR L A A
TG IR B B B OR AR 45,1998) . 1

FRAE  — M AE 0°C LLTF o DORR Y 1 il ORf 25 °F 55
1998) , BR A AL B Ob AL HE R Bh 2/ RE UL,
CEo = T s RPN & 7 o | V|| W o )
4800~5100m BEARE i X A Kt 77 5 11 7 5 i
WL AR B, e 24 ~23 Cal ka,18~16 Cal
ka,13 ~ 12 Cal ka DA } 8. 2ka A Ji % (Zheng
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Mianping et al. ,2007)#8 WA = fif A1 5 A4k A4 1 %
FAERZEH ) R WF 5% 7 R g DALy A fE AR Ak i) T
PR . HAb)E TR VTR $E 208 A . kR £h
I 30 06, B0 D 45 CHL AT HRER WD K ZE BT (BE X
WA 5 B Rk 1 -6 K V5 ) L O BE AL L K il 4
CNFRIRFE AL B R SRR A 2K A (L
CHRFS s EY R KA K E A A
CRRFR I (3% 200,

R SUMBERETUES

Table 19 Mineral assemblages of chloride type

) A AR
R AR AT CaCl, » 6H,0 X
A KCl « MgCl, « 6H,O o
IKEBEA MgCl, + 6H.0 A
KA NaCl « 2H, 0O X
IREE N KCl °
fiih NaCl Y
11H CaSO; + 2H,0 ®
£33 MgCO; ®
ZE R SrCO; %
Hz Al MgCOs; » CaCOs )

A B B L 5 F 2
4 KA Ao BRI BROC 3R

BTk, HETC R 1 R R K & A 59
MooE, 9Ll Na,K,.Mg,Ca,Cl f1 SO .CO% .
HCO,- B & & fc i 305 WK B+ 24 5 9700 ~
98 %4 o fFL 55 H Al & 18 X K Ak 27 21 43 AH BE L DL R
BB A B A i o R 8, HL DL SE T ik R R AU A
(L) F e, AEHiEiEE As. U, Th,Br, Sr,
Nd iE 5% .

BT 19 AN idh oo R (B 5) 17T Ak ik 4 th
40 PR 2MEESUREITER (&R 2D,

O K B 5 LiLCs JK Rb A % P13k 4=
RFRH G HBEH AT R K RERIEAAHG; H
B Li.Cs K f i 1E 55 % 7 I8 m ik R Eh A4 (1 o)

IA
1
H r
s | TA A VA VA VIA VA
3 ] i) 7 8 9
Li B C N (0] F
6. 941 10. 81 12. 011 14. 0067 15. 9994 18. 99840
11 12 16 17
Na Mg S Cl
22. 98977 24. 305 32. 06 35. 453
19 20 35
K Ca Br
39. 098 40. 08 79. 904
37 38 53
Rb Sr [
85. 4678 87. 62 126. 9045

55 56

Cs Ba
132. 9054 | 137. 34
CEY LR
1. 0078 Bl
Bl 5 19 M Eht kR
Fig.5 19 Salt-forming elements

PiB— BRI X . B RLRE  IE i T AKX
AR BULLL Cs 55 @ (0 X IR AT A E . 3 il i
5% b R Ay FIRE B3 + Y 3 55 g R RN BIE i A i B
i AT T SR R R 2 43 ) 4 3 I A 1 A
K0 2 W B & (Zheng Mianping, 1997) 136 ~ 139,
FL A HIS Ji 320 038 v O A3 A1 ) B PRLE AR L L
(61X10 °—135X10°) B(90X10 *~380X10 °),
Cs(0. 7X1.5X107°) (P 4F.2001), BLE51EREH
30ka BP LAk, Hb 44 28 G0 W A R & 100 B0 46 Hb 25 0%
W o LA b X B e R A A BB DL R A Y
B R G e R e A B L B 5 e AT
) FEZRTE

T — LB BAOR D 25 2 AR s L B SR T
BERIRZ — AR T 77 780 st R L 5 b
B R 991 X g 28 A B A 4E BT AR SE (Fernando
Ide Y et al. ,1989; R N Alonso, 1999, Ricardo N,

R 20 REZRETY

Table 20 Cold Saline minerals

et B B4 P L

T Nay SO, » 10H; 0

il Na, SO, + 10H, 0

, [EEED MgSO, + 7H: 0 ‘

KEEBER 4MgCO; » Mg(OH): + 4H:0 KEBER  MgCl » 6H,0
IR il 5Na;SO; « 3CaS0; * 6H:0

HURTY Na,CO; + 10H: 0 b 7 CaCl, + 6H, O
PEAKMEEA  MgB;O11 « 15H, 0 )

b Na:B,;O7 « 10H,0 i KA NaCl « 2H, 0
ZKMEEA  MgB;O11 « 15H,0

IKATER NaCl + 2H,0
KA NaCl « 2H,0
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Table 21 Detected elements in salt lake brines of Qinghai-Tibet Plateau
TV S 1 iy N (17 4 %1 % oo % K W #) )
AW | b g b kot
[ 11 [ v Vv VI VI Ul
1 K H * Ce
2 EL< Li¢ Be B* C* No¢ O* Fo Nb
M .
3 L Na * Mg * Al Sio PO S* Cl* Sm
K
N
N]_’ K * Ca* Sc Ti \% Cr Mn Fe Co Ni Gd
4 K
N
3 Cu Zn Ga Ge As0 Se Bro Dy
K
X
I\IJ-‘I RbO Sré Y Zr Nb Mo Yb
s 5
N
M Ag Cd Sn Sb Te I
K
P
o
N Cs0 Ba La Ta w
L
K
6 P
0
b Hg Pb Bi
L
K
Q
P
0
7 o (Th) (u)
L
K
e o+ BEED (> 1000ug/g) ;0 AL (1 1000uwg/g =) 5 HE: A (<1 0.00hug/g)

et al. , 1985), H: = EFE VIS Searles ] X ¥ H T 4R
5 (Smith, 1966, 1976) , U & F] £ & 44 14 Salar de
Alacama, 753 ) 4F 1 K & # oz 38 £ o 55 19 1. AL
Kunasz gt & B8 45 - i B i KA B K A KA 7 R
R R e R T T R AEL I DA T I 1Y SR A B A
Ky KR FEAAL AR [ 5 B 8 () I PR B AT R
R K FLA SR TR 1Y B & i R R . BRSO B
SEEA E R . 5 K AE b T SRR IR B
fliitA 4.5 @ W, B AR S SR OK 2 B 2Ok
U5 o BT R 30 1 W1 b &8 2 453 3 (1) Tatio #b
P 7R B POR K R 3k 28 ~40ppm, Tatio Ml #4
G AP B R 3T 2R W A9 e B R E R B Y
MRS, PRI Eh W R T R E e M
KGUTIZER W R B & BT 3% 2 dh A R 5 IR
o FEAR BRI HGR UU T K& 1Y s Bk R A UL
F(E Li B ik 322ppm) (Fernando and Kunasz,
1989) . B A 4E Y = 2 55 — 20 B R &k A B A Al R
AR AR WY B R R 92 X Ll T gl s R L R R A Y

PRI ) % Y1 5& (Alonso et al. , 1985a,1985b) ,
R R 4 B ) B (Geysers) R B A0 T R
R UURRAE B AT Y 14 B B T L B R SR AT
“ER) O W MR ER 2 ER S A %o R OK AR
(Alonso,1999),

2 [H 24 1 Searles #h W1 FE IR 41 53 CHLEED Sk
L [F] Searles Valley & & ] (#1) 5 i #4 1 F %5 V) 5%
F S WFFE A2 ER KR 43 4 ik 41 43 (Unusual
compoments) fR A B F #UK . BLAE X 26 B R 1y
N ER T B b B SRR H A R L 2 65 D i
BEAE P /K 25380 BUA 40 (19 20 (Smith, 1966) .

BT I8 A BB 7 G A B rhoR s A A 4
I JALTUR A F 0 A T A2 5000km? o BRI X ER
1 BLLiCs o3 — A F 2RI, o it SOl i R
A BN H PR B 1 R AR TR K 5T
0 UUHE K 5 TR - Je 3+ DA Ry 85 48 QIR
IKIRAED R I 2 JTEEHE . JRERERT 200m, SR & bR %
& 20~60m, 2 B Li,Cs Rb & & o 7 78 5 Ji
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Table 22 Comparison of Clarke values (pg/g) between Miocene intermediate volcanic-sedimentary rocks

and intermediate rocks in northwestern Nganglaling

Turekian et al. , Bunorpapos. A. IT,
NS
% B 1961 (1) 1992 (2)
BfAE | BRI | Cs EHME | Li FH(E |RbEHM| B | Cs | Li [Rb| B | Cs | Li | Rb
v TS 8K A Tt | 1150¢43) | 38(25) 46(43) | 284(23) | 9 |0.6]2.8|110| 15 | — | 20 | 100

RS8R, (1) Turekian, K. K. and Wedepohl, K. H. 1961, Distribution of the elements in some major units of earth’s crust,
Geol. Soc. Hmer. Bull, 72. (2) Bunorpagos. A. IT1,1992, 4 BR&Fa AR LR . BRI . No 7,1001~1027,

(7 s=sms

T 6 J |7 n

6 T e S Eh R B BT 5 R B A
Fig. 6 Schematic map showing the geological-geomorphologic setting for the formation

of salt lakes of theQinghai-Tibet Plateau

TY'S— B2 - G BT B8 45 28 s ONS— JEA — IRVLEE G KIS S UM TLAE G 4R AKS— B e B - 48 5 48 SQS— M IR SE 5 2K 5

13008 52— 352 53— B LI Cs K FFF i s 43 WM s 5— F N 156 — PR MEA I 7T— I 4 B 58— & BLLiLCs Kl 9—HAUR
1YS—Indus-Yarlung Zangbo suture; BNS—Bangong Co-Nujiang suture; JS—Jinsha River suture; AKS—A’ nyemaqgen-Kunlun suture;

SQS—South Qilian suture; 1—Mantle; 2—Crust; 3—B, Li, Cs, K special salt lakes; 4—Ordinary salt lakes; 5—Principal stress; 6—

Intermediate-acid magmatic rocks;7—Ophiolite;8—B-, Li-, and Cs-rich volcanic deposits; 9—Hot spring

Kilig 2z @ (% 22) . & B 350~600pg/g. Li 30~
40pg/g,Cs 10~11pug/g, Rb 500~550pg/g; AL
FRUSEBE R T 150m, HPUEE K A —BE KBRS + - & B
400~9780pg/g,Li 20~111pg/g,Cs 18~75. 3pg/
g.Rb 90~350pg/g, 3 C & B/ 1 6 20 Fin il o it 4
DURR. I 25 S48 AE G P s b X, 2 5 R = D &k 1
FEOR 20 J3 A B0 B0 A A0 e o e M X, DL B U Y
o L — S g T A A Ll R R A T ORI B
CE548) J2& 75 8 2y JiL 3 W e R AL o0 1 R Bk IR .
IVE Rk R g A=W NGNS N B = ]
FHEAE SRR T R KA Tz o A T ARGk
150000km® , T 7 8 /& J5 8 A2 A0 s & R ko0 R 19 K
s Ry BIR (40 A 0 L e ) 00 B oL Bt DX AR
A 5000km*) . Z2 HCH DX R 51 LA b kOB R 45
.

# 23 AEWEXEHMHAK B.Li\Rb.Cs
& E X (mg/L)
Table 23  Average contents (mg/L) of B, Li, Rb and

Cs in salt lake brines in different tectonic regions

A b5 A 1 B Li Rb Cs
SEIROR | I A O 2l X 301 103 08 0.034
AL [ il A 48 3% 5l IXC 542 320 5.42 1938
M5 Ji= 107 2.7 0.145 | 0.10
B M (AT XD 368 0.64 | 0.213 | 0.80

7 DX i KK R T A AR L5 B B WICOIE il il Al 43
P TSRS 9 B0 o IR AR A DD & . b B
i L AEAS X5 Z0 M R Bl X A s (B £ 18
KR A DX o T AE AR E O L M DO R
B AiF R i D % 38 5 1 5g 7K . HE BULiVRb, Cs B
(K 6.8 7.5 23),



1598 Moo

¥

2010 4¢

x24 #HRETFHMHERMIKEAS (mg/L)

Table 24 Components (mg/L) of brine of several special salt lakes in the world

FLATHEH O REHTIRHO A B ) 4t W KHE®D EKHO
- Silver Silver
i H 5 18 Jti Atacama
i T8] =i 7K Hb 2% X1 7K Uyunil Peak Peak( 3L | Dead Sea®
i 1] B 7K b K i 0] B 7K N
R Bk 2H) [ g
Li 1413 1527 638 117 1600 550 400 58 2.15
K 31606 21558 13792 3786 18000 10710 8000 19800 7560
Na 110999 103000 68648 116452 76000 75300 60000 109000 34940
Mg 4.3 19. 65 22199 5686 9600 520 400 — 41960
Ca 0.02 0 434 300 500 15800
Cl 136101 123677 142329 187037 160000 152000 100000 123000 208020
SO, 36702 48709 — 18028 17860 10480 7000 52000 540
COs 32647 20709 47 23300
HCO; 327 171 — 119 — — — — 240
B 2945 2089 838 11.0 600 280 — 2619 —
—Br 513 247 — 11.0 — — — — 5920
Rb 51 33 3.3 60
Cs 21 12 — 0. 04 — — — — —

DN 25 PRESEYIE s O 7k 82 7% 45 (1987) ; @ Fernando Ide et al (1983) ; @G. L. Smith et al (1973) ; ® Martin Sherwood (1970) ; ©
Abrahom Lerman, 1967.

s 2

VZ :

P 7 ORI 3 DX M A () 6 380 A 7 25 70 56 3 7 i
Fig. 7
different types of salt lake in different tectonic regions
18 3 et X307 580 6 380 5 2 A 36t % 2l X e ) 0 0 %
R 5 3y 3t o DX - B R )

stable

Schematic map showing the occurrence of

1—Tectonically region-ordinary  salt lakes; 2—
Tectonically active region-special salt lakes and K-Mg salt lakes;

3— Tectonic transition region-K-Mg salt lakes

e R R 2 Ay 22 5 R 4
el R W] A R R IR L A A T —
et R

FE D W0 < BRI M ER 2R T Ah Ll R L
B R O SR RE TR SRS T g
H] Salar de Atacama. 3 [E Searles Lake. 3 #] 4 .
Uyuni Lo E LA IRER W FIAR & 5 T 7580 LL L SE i
S (3 24)

B LR Ay v e B A L D R W b K AR
BREZIDNGEUE S BN e N AP QI RAIEm) i s E U
7T b AT 20 70 U650 5 7 o Ji o /s R4 °F-, 2001
2001bs A& 4H 55, 1981) . {H W & ¥ 2 g K 7E 3000 ~
4000m DA b 9 42 3K o 28 Y 1Y) v 5L R0 2l 48 3 Al i
BCR T DX AR K E AR BLLELCs Rb #9141 i 5 2%
HEERD.

5 45

(1) 7 9 e D08 901 6 13 o 7 b 1 7R T o o 3
B 5 AL B SR R B R A R A
VIR m R0 pH (8 5 H 48 B 5 RO 56, JF bl
WA K Al 24 2SR E R £ R — B R 4 Y L — i PR
P A —~E e AR G pH (R T R R .

(2) 1o B R ) 7K A 24 A1 3 A A] 4y Sk DU HE
CT-IV) s AT A K Al 2 28 8 X A= B A [ A 2 o 3
K WU A I BB S WA A R R B 5
G e oty S ol R A A ) AR R

(3) T 7K i JL 4k W o K AR S AR A
HEwsa, DHIEm kMR AW (1. M FEE R
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HITR 32 Z W JoK T b B K FOBT I 2 kil —
‘?ﬁﬂ*ﬁ‘{ﬁiﬂ E

(4) ASTR) (AL 15 X 7= A R ) SR W A 7= 2 . 3]
LU N i o B TR N o | Ao S R
CELFEEFREEER D) 5 J8 T 09 35 A5 X1 Bf 7 3 e 437 3
DN T o 3 3 4 380

§m1$i%MﬁﬁmﬂH%Wﬁﬁ%%%&:
Hi T TR b ST A Y T L R 2 ER 50 T LA K
ﬁiuTﬁmﬂﬁwéﬁ&GW%§W%ﬂﬁﬁ
PoIEBE | E M N B AR A — I RN 0 i R )

b=

O F # 1 “ Hydrochemistry of salt lakes of the Qinghai-Tibet
plateau, China”(Aquat Geochem, 2009,15: 293~320) H{Eid A
KWIR ARSI T —SE 37 YA 7] i % G op — Se B R 1 T & IE.

O FRAF X 7 MR B BLAR 42, 2003, PG 5 36 ik W 0 U 2
PR R o T BT 2 B IR AE S T

2 % X #

A BT LR AL KR, 1965, BiF— = e, b
4R, 45(3) : 298 ~305.

i —4 B e i AR BB L XIS, 1964, REERMIEE A — — MBI &
IKEEM R R0 ). Mo 24 .44 (3) :351~356.

PN B, BT OB A, AR, 1990, T R 4. s Bl
WAL, 17, 67, 69,

A5 BEAG L kAR, 1981, PU M. b ot B2k AL
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Abstract

The salinity of the lakes of the plateau is closely related to the natural environment of lake evolution,
especially the climatic conditions. According to the available data and interpretation of satellite images, the
salinity of the lakes of the plateau has a general trend of decreasing from north and northwest to south and
southeast, broadly showing synchronous variations with the annual precipitation and aridity (annual
evaporation/annual precipitation) of the modern plateau. The pH values of the plateau salt lakes are
related to both hydrochemical types and salinities of the lake waters, i.e. , the pH values tend to decrease
from the carbonate type — sodium sulfate subtype — magnesium sulfate subtype — chloride type;
meanwhile, a negative correlation is observed between the pH and salinities of the lakes. According to
Kurnakov-Valyashko classification and author's subclassifing for carbonate type, a complete and meticulous
hydrochemical classification of the salt lakes of the plateau has been made and then a clear understanding of
the N S hydrochemical zoning and E-W hydrochemical differentiation has been obtained. There is a genetic
association between certain saline minerals and specific salt lake hydrochemical types: the representative
mineral assemblages of the carbonate type of salt lake is borax (tincalconite) and borax-zabuyelite (Li,
COs) and alkali carbonate-mirabilite; the representative mineral assemblages of the sodium sulfate subtype
are mirabilite (thenardite)-halite and magnesium borate (kurnakovite, inderite etc. )-ulexite-mirabilite; the
representative mineral assemblages of the magnesium sulfate subtype are magnesium sulfate (epsomite,
bloedite)-halite, magnesium borate-mirabilite, and mirabilite-schoenitehalite, as well as large amount of
gypsum; The representative mineral assemblages of the chloride type are carnallite-bischofite-halite and
carnallite-halite, with antarcticite in a few individual salt lakes. The above-mentioned salt lake mineral
assemblages of various types on the plateau have features of cold-phase assemblages. Mirabilite and its
associated coldphase saline minerals are important indicators for the study of paleoclimate changes of the
plateau. A total of 59 elements have been detected in lake waters of the plateau currently, of which the B
is intimately associated with Li, Cs, K and Rb and its concentration shows a general positive correlation
with increasing salinity of the lake waters. The highest positive anomalies of B, Li, Cs, and K center on
the Ngangla Ringco Lake area in the western segment of the southern Qiangtang carbonate type subzone
(I,) and coincide with Miocene volcanic-sedimentary rocks and high-value areas of B, Li, and Cs of the
plateau. This strongly demonstrates that special elements such as B, Li, and Cs on the plateau were
related to deep sources. Based on recent voluminous geophysical study and geochemical study of volcanic
rocks, their origin had close genetic relation to anatectic magmatism resulting from India — Eurasia
continent— continent collision, and B Li (Cs) salt lakes in the Cordillera Plateau of South America just
originated on active continental margins, both of which indicate that global specific tectonically active belts
are the main cause for the high abundances of B, Li, and Cs (K and Rb) in natural water and

mineralization of these elements.

Key words: Qinghai-Tibet Plateau; Salt lake; Zoning of hydrochemical types; Salt lake mineral

assemblage; Boron, lithium, potassium, cesium, rubidium Material source





