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Fig. 1 Routes of geological investigations on the Qiangtang Plateau in 1997~1999, 2000, 2001 and 2002
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1—Lake and dry lake; 2— Investigation site; 3—sampling site; 4—geochemical sampling site; 5—investigation route from 1980~1984; 6—investigation routes from 1985~1996;

7—investigation route from 1997~1999; 8 —investigation route in 2000; 9—investigation route in 2001; 10—investigation route in 2002
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Table 1 Rare alkali element contents ( X 10~%) of siliceous
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Fig. 2 Trend surface analysis of Cs in geothermal water on the Qiangtang Plateau (modified from Zheng et al. , 1998)
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1—Hot spring with older and younger geyserite and its No. ; 2-—hot spring with older geyserite and its No. ;

3—Cs contour (X107 %); 4—boundary of regions
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Fig. 3

Sedimentary chemistry of the travertine mound section to the northwest of Zabuye Salt Lake
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Table 2 Estimates of inputs of characteristic elements from thermal water of the Tibetan Plateau since 19 ka BP
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V1A L A5 A 0 P SR 2 DX R L 1 3 R e AR T
By e TR RN TR 548 B4 o DL S Ry BB 2R U 42 K 1L A e
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Fig. 4 Diagram showing the B, O, X 10° /3 salt of salt lake water, hot springs and crust—mantle structure of the Qinghai

— Tibet Plateau (crust—mantle structure derived from a synthesis of Kong et al. , 1996; Kind et al. , 1996; Owens et al. ,

1997; Alsforf et al. , 1998;Ding et al. , 1999; Kosarev et al. , 1999; Su et al. , 2002; Zhao et al. , 2002, 2004; Mo et al. ,

2003)
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Hot springs: 1—Kunggyii; 2—Semi; 3—Quduowa; 4—Langju; 5—Paiye; 6—Qiugajiang; 7—Quzhengregong. MCT—main central

thrust; STD—south Tibetan detachment system; YZS— Yarlung Zangbo suture; TT-—Targejia thrust; CST—Coqén-Xainza thrust;

BNS—Bangong Co—Nujiang suture; JRS—Jinsha River suture; KF—Kunlun fault
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1990) » tH J2 75 i g JA e Ji M B 1K, H i P v R 2
I 670 434k b 4 (2 7% X 4 K 40 0 40 A 7 1% X
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B 20 . 2 e o 150 2 75 9196 4t
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WL AR a5 X T 30 A DF i R 150 18R 9% R %
TR Ty ¥+ E e, il ki K — M 2L Na,
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(A . 4H A Tk OB B A6 & 0 0 R R &R .
W AR RAK P FEE F BN FE il 70 KE

B A SCR T TE T E AR 2 S E R
Kurnakov-Valyshko #h#l /K b 2 4328 (3% 3), #%1%
I3 RNGER WK I3 R TR R BY L R AR R A A AL B
it 1R 56 28 TR 1 K 4 3 A IR A I 2R R A IR B T
B, EZH I Ke [ Kc= (Na, CO; + NaHCO;)/
total salt>X 100 % ], PR fi 1R £ 74 &5 8 43y 3 Il

B (Zheng et al. ,1993) (% 3)®,

x3 BMKLFEEBHEK
Table 3 Chemical types of classification of saline lakes
FRIE 2280 Ke(%)| Kn Kn, Knjy Kn, K] KI'! KII KII
[ >29 | >1 >1 >1 >1 >1 oo — —
file R 5 8 th 8~29 | >1 >1 >1 >1 >1 oo —
R 7K A 27 R 55 0.1~8| >1 >1 >1 >1 <1 oo —
25 5y —~ / oo .
p——— Tk R 0~0.1| =1 =1 >1 | >/<1| 0 n
T iR B — <1 <1 >1 | >/<1] — 0 n 0
A E - <1 <1 <1 <1 — — 0 n
w7 NaHCOO; +Nay CO; o s N _ CO; +HCO; _ CO; +HCO;+80, _ SOy _ CO; +HCO;
t:Ke total salts X100% (LY me/L i) s Knmy Cat+Mg ’ Kn, Ca+Mg e Kny Ca ’
s Na;CO; » NaHCO); Na; SO, . MgSO, MgCl, . \
B NIS=1 ) — . - . 2 — . = RS /
BT KT Naz SO, s KU =50, + K= Nec, + K= G0, (A8 me/L ).

T AT AR XA K Ak 25 4 ) R 443 °F- 55, 1989)
A DL VG 5B e S AN [ 2 BT K Ak 2 R A 28 ) 1 A
PR R A o el e A G 53 ) < A A Bl R kI Y Ay
CT O T B B R 3 W 785 C T o) — % Rl . 7Y
i CID — BRERBE A (MDD o B AME &5 B A )8 Ak
T AR A /N EA

T« DABRIR £ 78 O 32 LA i 0 1L — 275 R by it
WA 3 B4 PSS (L R L) s JE S AHE DA™ SCER 8
[w(NaCl,,)=0. 30 %6 118 LR A w(NaCl,,) >3. 5% ]
Sk A FLAH R PR R B 1 S D (=7 ) DA
KR FLAR BRAT (Li, CO O 4 4 LA K% B84 i Bk R 2h -
TS 2H A 5 B A (L) ) SCER T FIIR K 8 S o

I 417 B 2 0 30 84 45 o DA R 4k 7. 78 6 38
A /N A R B I R R R R T R o A, L
AR A M U™ 205 D B T R R e /K B 6 A0 L A
EE A ) -1 G o A KR Bl 4 7 i

I - 4 R 6 37 A7 DA A AR % 1 784 6 18 o4 2
A /N 43 2 IV TR R G Ak TR R 9 . A A
L AR R L AL A o A R B (35 R R L AR BE L) -
AAE . AREAT T,
A DX R K AL 27 26 AU 43 i 1 3 B XA 3
e

BRAL 2 e MoK R AR ¢ (Zheng Mianping,1997)
2 ERAY A

T 9B e D R 9 4 i L T L R A% R OK Al
R N O R RERE SR 7/ 5

H 1999 4 LK, JATTX AL i I AE 17 R H Y
WA ME A SR A A 2RI 125 A, Hirp 22 A
WAAE 7l A ) 8 52005 . 51 AN WA AE 1 B e AR
Y€ D E o

KA RISPR S W) 2Rk 20 L, 257 7%
T E P (N H FLAE S 64 o) 3 0 L ¥ 46 W& 5 00 FH
T ] 7 L 0 I AR OB T At g, XA TR R
A4 1) 37 107 9 2 R0 T 0 S ) — PR BB BIL B R 50 ~ 100 4>
g2t o R e NS N S I AN LU= My NP N 2 - 7/ N
Bl ) A0 e H i FORR T B JUART DB T SRR AR 2R
FIRR AL 2t AR S5 42 SR b AR I 9 R 4 i ol
H 5 B SRAR AR . IO AR R LT O 1 53
M. B E RS R 0 B U R (Density , ind. /1),
RIGH F R & A 4 ¥ & (Biomass, mg WW/
L. pH {1 PHS-2c RIER B THIN 52 . 5% D
ProafEh I E . B B AR SR L IR E R . B
MR A5 i FH R B LU €8 12 00 5 L B R #8 F EDT A-Na, i
FEVE D AE o S0 6 2 1% 7 15 I 2 itk 18R A RN Ak 12
MK E) , B EDTA-Na, Jif 2 320 22 . 55
21 M EDTA-Na, ji% & 5 W % . 86 85 1 JH 28 180 3K
3 PRGN B 25 W0 AR AT . I A ) RN U8 B
Yy W) £ KL PE 48 £ Shannon-Wiener 45 %8 (H”) if
5. JH Excel 97 A Xof WL B o 247 574047

TEC AR 125 DA A 30 Al & A K
HBAT (GR 4) OR 4 F 45, 19895 11 5% 3 25, 1996
Zheng, 1997 ; X R 945 ,1998,1999) , Hop= i ig 4k A
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Table 4 Artemia lakes in Tibet
¥ n i ¥ > 7 A=A

bt W {%i(mﬂff fﬁ/)): pH i K2 ‘(ﬁm*f ﬁ‘%ij‘*
10 H 4 142 6.3 10. 2 C e i 6 70 46104 80—100
2@ BV 92 5.26 9.2~9.4 WC 55 13 B i £h Ip 20 4470 50~60
30 R K 4l 87 153.7 9.0 NS i 1 4 7. 784 4342 50~60
49 LR 4l 24 77.6 7.4 wC 559 FE ik iR b 1. Y 4659 3~5
59 TEYA I 12 62.98 / sc S JSE T R A R 1630+ 2~3
69 B FEIR 4 19 112 / wC 55 5 % IR £k WY 7Y 4586 2~3
79 JAE A5 A 9 6.6 10 wC 55 15 Tk 12 £ IF 7% 4746 2~3
8@ LRt 1.2 5.5 10 NS Tt AR 4 I 7 5024 1

9@ BNk 4.5 6.0 9.7 wC 559 B B i £ 7 7 4610 1
109 A 5 14.5 9.4 NS T 12 4 1Y 78 4610 2~3
119 P 6.7 8.6 9.4 NS T 2 44 7. 4 4610 <1
129 AR 8.2 9.0 9.0 NS T R gl 7 78 4440 5
139 e 4 88 12.8 8.9~9.2 NS i 1 A I 4416 40~50
149 VIEDR 2+ 5.3 9.4 SC i 55 5k 1R 5 0 7Y 4561 b
159 31 2 15 1.6 9.7 sc B T R B 0 8 4755 e
169 EIROS-X: 9 5.5 8.8 MS TR L T TR 46704 /b
170 EZur 18 19.7 8.0 MS it R B MY 7Y 4690 4
18 PR 38 80 13.2 9.6 MC FR R T I £ 37 R 4701 s
199 Ak 20 7.0 8.9 NS B R 1 31 7 4841 I
200 KR TH 3~4 244 8.0 MS Wi R T 4326 /b
219 TR A 24 16~20 7.6 NS 7 152 4 I 750 4399 /1>
220 ZEAE IR 18.8 3~5 9.8 SC 5, FEE ik T A Y Y 4560 b
23® [ 7 4 1.59 3.6 9.6 wC 559 B ik 7R 6 Y Y 4760 >
24 PR 4 32.65 7.3~7.5 9.6 NS T R gk 7. 780 4324 30~40
25@ R 54 2.46 13 8. 26 MS i B % . 784 4280 />
26@ 0 3] 24.13 30 .49 NS T T2 494 7. %4 4763 1
279 V6T ] 0.05 7.9 8.32 MS T AR L T 7R 4280 >
28 e 60 5.3~14.6 7.3 MS WiER &L W T 4902 50~ 60
299 Ee ko 56 11.9~12.1| 7.9~8.6 MS i R 6 . 7 48054 40~50
309 24 g e 40 9.9 8.1 MS T iR 6 7 4 4970 3~5

H:D—1980~1982 P4 ;D —1993~1996 4E 4 ; ©—1997~1999 4EPH A ; D—2001 4E P45 ; ©—2002 4F 4% ,

4280 m(JRTEAE) & 5024 m G AL . )5 &2 =
H i SV A v 1 AR A 5 7 e B T K K A A 2 A
A6 B IRk TR R IV TR R R B TR (3R A K L2
Kk 3. BHFEXNPLREE TR AL
F BT B v 3 (E80°02'—89°12" , N32°04") , i T
T (e J I AT T B X (AR N R AE R
i 61 5 Vi 25 2%, 2002) , 4l B 3 42 3 1990 ~ 1999
AR TEORE IR [ b o R 2% B R ) 5 HOK SRR A 5K K
J& L FLAT HR R 22 WLER U L A R K B 130 mm, 4F
Y78 it 2503 mm, FHREL 1C,6~8 MR
Tt A S 4.3~16C 12 A BR4E 2 AKX
AL A SR —12.8~—6.7C %M 12 A
FBAE 3 H MWK UK 4 H i .

5 HZFE 10 H A K& MR 8 v FOKk
F 10 RK KB R BB A OKRLL AN % 25
A7 1 458 5 I AR AL RN PR G

PR pq T BRAR P24 264. 5 pm, K G 4 h BB
302 pm, B 5E 5 B B4R 264, 5 pm CRIR 98 %5,
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Fig.5 Correlation curves of planktonic animals and plants vs. salinity of lake water.
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N-—biomass (individuals/L); S—lake water salinity (g/L). 1—Zuoyong Co; 2— Ayongbu Co; 3—Bangong Co; 4—Ngangla Co; 5—Lubu

Co; 6—Central Kunlun Co; 7—Lula Co; 8—Aru Co; 9—Tai Co; 10—Gaohong Lake; 11—Bala Co; 12— Lumajiangdong Co; 13— Nitan
Co; 14—Rebang Co; 15—Kayi Co; 16—Gyézé Caka; 17—Nyer Co; 18—Kahu Co
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Abstract

Based on saline minerals and geological settings, ordinary salt lakes and special salt lakes may be
distinguished. The former occur in stable tectonic regions such as cratons and platforms; while the latter
in tectonically active regions, including continental-margin back-arc basins or collision zones and basins at
the rear of plate transform fault zones. Salt lakes of the Tibetan Plateau occur in a continent-continent
collision zone. Boron and rare alkali elements mainly came from anatectic magma at the depth of the crust
below the plateau, especially in the partial melting layer and recent anatectic magma in the Himalaya-south
Qiangtang area, and hydrothermal water was the major carrier for transporting B and rare alkali elements
from the depth to the salt lakes. Hydrochemical types and composition of the salt lakes constrain different
minerogenetic specializations. An extensive investigation of 125 salt lakes in the northern Tibetan Plateau
detected Artemia spp. in 30 lakes. In 21 lakes in the northern part of Qiangtang, 95 species of planktonic
algae including Gloeothece linearis, Doctylococcopsis rhaphichoides Hansg, Chroococcus wvar. minor,
Navicula sp. » Cymbella pusilla, Dunaliella salina ,» Chlorella rulgaris and Diatoma elongagtum , and 16
species of planktonic animals, such as Voriticella spp.. Epistylis spp., Keratella quadrata,

Da phnkiopsis tibetana and Artemia sp. were found.

Key words: salt lake; tectonogeochemistry; Tibetan Plateau; salt lake biota





