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Abstract: During 2016—2018, aiming at the Zetso Salt Lake in the western of Qiangtang Basin, Tibet Autonomous Region, Tianjin
Center of China Geological Survey joined The No.5 Geological Survey Party of Tibet Autonomous Region Geological and Mineral
Exploration and Development Bureau to form a team to carry out the geological survey and assessment, eventually found it is a large
scale brine—lithium—Boron deposit. Zetso Salt Lake, with a length of 16.3 km, width within 3.3—11.3 km, has an area of 113.8 kn?’,
also, it has a larger range in it depth, with shallow water around it but gradually becoming deeper and deeper to the middle of the
lake with the deepest part of 44 m, average water depth of 24 m and the altitude of it is 4940 m. Zetso is located within the
Qiangtang— Sanjiang Composite Plates. The Quaternary strata around Zetso can be divided into Pleistocene lacustrine sediments,
Holocene alluviation, Holocene alluvial— diluvial, Holocene lacustrine sediments and Holocene surface brine. Lake basin can be
divided into four hydrogeological units of bedrock fissure water, subsandy pore aquifer, subclayey pore aquifer and lake brine. By
the authors statistics and calculation, the atmospheric precipitation adding into the Zetso directly is 1.081x 10" m*/a, the supplies of
the surface water into it is 8.262x10"m’/a, the supplies of the underground water into it is 2.052x10"m"/a, as a result, the total water—
supply amount per year into Zetso is about 11.395x10" m*/a. Natural evaporation is the main discharge mode in Zetso lake. Its annual
evaporation amount is 12.745 % 10" m*/a, annual average amount value is 1.35x 10" m*/a, the total salt amount from surface water
supplies into it is 7.8 %10 t/a. The main salt brine elements within Zetso are Cl1", Na’, SO,*", K*, CO,", HCO; ", B,O;, Mg™', Li’, etc.
The salt lake has an average salinity of 41.57 g/L, pH 9.31, therefore, the brine belongs to high salinity one and its water chemical
type is due to sodium sulfate subtypes. The average grade of LiCl is 376.02 mg/L, its resources is 102.68x 10" t, thus, it has been
proved to be a large scale brine—lithium deposit; in the meantime, the average grade of B,O; is 840 mg/L, its resources is 229.38x10*
t, it also has been proved to be a large scale brine—boron deposit. On the foundation of the comprehensive analysis of lithium, boron
resource requirements, extracting lithium technology, construction of salt field, and climatic conditions as well as economic value

etc., the authors make a prospection of exploitation and utilization to Zetso salt lake in the future.

Key words: brine lithium deposit; brine boron deposit; development and utilization; mineral resource exploration engineering;
Zetso; Tibet.
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Fig.2 Reginal geological map of Zetso salt lake, Tibet Autonomous Region (modified from Zhong Huaming et al., 2005®)
1—Holocene surface brine; 2— Holocene lacustrine sediments; 3— Holocene alluvial— diluvial; 4— Holocene alluviation; 5— Pleistocene lacustrine
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sediments; 6—Eocene—Miocene Songxi Formation; 7—Middle Permian Longge Formation; 8—Middle Permian Tunlonggongba Formation; 9—Lower

Permian Qudi Formation; 10— Upper Carboniferous Zhanjin Formation; 11— Biotite monzogranite; 12— Granodiorite porphyry; 13— Diabse

porphyrite; 14— Fault; 15— River; (D— 5299— 5493 highland fault; @— Nabuladaban— Zhangiongnan fault; &)— Xizanggou— Longtoushan fault;
(@®—Guoneiluoma fault; ©®—Honghuanglingnan—Rongqiangmagiu fault; ©—Lalongdong fault; @W—5526 highland fault
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Table 1 Observation data of stream discharge in Zetso salt lake

WSS JKIE/C pHAH PedE mi/(m/s)  WRARTH (FEx /M’ EA(mYs) L ]
7 8.38 1.001 1.2 7x1.0 8.4 201648 A
ZCHLOI 7 8.37 1.001 0.8 2.0x0.1 0.16 20164E9
4 8.38 1.001 0.66 1.82x0.1 0.12 2016510 H
FEME 6 8.38 1.001 0.82 2.89
8 8.36 1.000 1.1 6.5%0.85 6.08 201648 H
ZCHLO02 8 8.33 1.002 0.6 2.0%0.1 0.12 20164E9 H
7 8.31 1.001 0.54 1.8%0.1 0.10 2016410 H
SPEE 8 8.33 1.001 0.65 2.1
8 8.36 1.002 12 5.0x0.74 4.44 201648 A
ZCHLO3 8 8.30 1.001 0.80 1.2x0.1 0.10 201649 A
5 8.31 1.000 0.64 1.2x0.09 0.07 2016410 H
SFEHE 7 8.32 1.001 0.81 1.54
8 8.31 1.001 2.03 5.2x0.68 7.18 201648 H
ZCHLO04 8 8.30 1.000 1.5 1.5%0.1 0.23 20164F9 A
7 8.37 1.001 1.28 1.0x0.1 0.13 20164E10 H
FEHE 8 8.33 1.001 1.56 251
7 8.32 1.000 3.0 7.2%0.50 10.8 201648 H
ZCHLO5 7 8.30 1.001 1.1 1.6%0.1 0.18 201649 H
5 8.38 1.002 0.88 1.35x0.1 0.12 20164E10 H
FEE 6 8.33 1.001 1.16 3.7
8 8.36 1.000 2.15 5.5%0.60 7.1 201648 H
ZCHLO6 8 8.34 1.000 1.00 1.8%0.1 0.18 20164E9 A
6 8.38 1.002 0.85 1.52x0.1 0.13 2016410 H
P 7 8.36 1.001 1.02 2.47
8 8.34 1.002 1.82 5.3x0.62 5.99 201648 H
ZCHLO07 8 8.36 1.001 0.9 1.3%0.1 0.12 20164E9 A
4 8.36 1.000 0.76 1.0x0.1 0.08 2016410 H
A 7 8.35 1.001 0.96 2.06
7 8.33 1.001 2.05 6.22x0.85 10.84 201648 H
ZCHLO8 7 8.39 1.000 0.90 1.6%0.1 0.14 20164E9 A
5 8.36 1.000 0.66 1.25x0.1 0.08 2016410 H
SRl 6 8.36 1.000 0.97 3.69
P AT 7 8.35 1.000 0.99 2.62
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Table 2 Calculation table of salt—supplying quantity from surface water

WK W3 5 B (mg/L)

K Na* Ca™ Mg Li Rb* Cs"

9.81 10.59 275.05 79.41 0.21 0.28 0.05

cr SO.> CO> HCO, B.0: A3 P45 pHAH

12.32 792.39 0.1 264.1 33 1418.917 8.35

RN SR 0 3 Y (tVa)

K Na’ Ca* Mg* Li" Rb* Cs’
1118.34 1207.26 31355.7 9052.74 23.94 31.92 5.7

cr SO.* CO> HCO, B.0,  HUEAMAKE/(10" mY/a) EEhE/(10° ta)
3525245 2267345 286.14 7556957  9442.62 11.40 7.8
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Fig.4 Contour map of brine depth in Zetso salt lake(measured
in October 2017)
1—Water depth contour; 2—Measured location and depth
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Tabel 3 Chemical characteristics of brine in Zetso
JLFE/(mg/L)  SEIIME K' Na' Ca* Mg* Li' B.0; cr SO»
TH O 64410 11028 36.95 1916 59.99 779 14419 9766
8H WK 7633 12750 46.26 2233 733 889 16393 11700
BN 4105 7125 27.66 1262 38.12 503 9472 6326
T 69271 12151 37.59 2122 62.92 874 15899 10877
mE 9H K 7203 12900 48.61 2226 67.35 897 16539 11660
U 647 11330 24.06 1997 57.03 814 14936 9956
¥ 70391 12152 33.54 2136 61.76 867 15938 11151
10H WKk 7368 12590 45.52 2231 65.68 892 16446 12340
W 659.9 11380 17.62 1989 57.52 823 15009 10000
T8 680.24 11777 36.03 2058 61.56 840 15418 10598
TiH Sl COy HCOy Rb’ Cs' Br I /(kg/L) pH WAL FE/(g/L)
T 4929 507.6 0.27 0.04 38.7 1.0306 9.27 38.82
8A K 5937 783.8 0.29 0.05 43.8 1.0368 9.35 44.09
BN 3058 315.2 0.17 0.02 22.9 1.0192 9.15 25.23
T 4836 650.2 0.29 0.05 40.78 1.0337 9.35 4279
wE 9H IZIN 550 810.9 0.31 0.05 42.72 1.0361 9.39 44.12
RN 409.4 482.1 0.28 0.04 38.72 1.0302 9.30 40.48
Ty 5113 589.7 0.29 0.05 39.9 1.0335 9.31 43.11
107 &Kk 5697 705.8 0.31 0.05 43.1 1.0354 9.38 44.99
BN 4464 493.7 0.27 0.04 37.1 1.0245 9.25 41.09
1 49593 5825 0.28 0.05 39.80 1.0326 9.31 41.57

CEATEM bR, K AL R B 22 2 B8 1 K o BT 45
RBCHBR AR, 0 R JRE S K LUK
UREE IRACIAZ A B T8 B e RO I (A T
MR, SR GPS X A AT, R4 & 1P
BIHEAT TRCIE  SRAFH AR SR AR 113.8 ks AR
S M B PR R IR B AR AR R IR KUK 3
UREE N 24 mo 913 i /K AR TR 5 W /K - 24 IR
(A BN (K RIRF, S 2731.2x10° m*s HHF X
IKCRAE I (5 FH ) S B — BUA 1 R AR R 124
AR T K R A B 4 43 B B e, DRI i 7
SR SRR 5 PR S BB N T

A VLA BRSO 22 R DURE LN, 201 LiCl
SR AL A 376.02 mg/L, B.OsF-27 i A7 4 840 mg/
Lo 3% K AR S - 34 it 0 R RHUA T8 22 i 7K B Bt
PR, T AR I A LiC1 e o 102.68%10°
t, JIE SRR B AL B,Os BE 5 229.38%10%t, it
SOMALIA R KA

6 A AR

LV e i B L 21 R BRI 4R
T B A 7 A T B
B b R T BT 5 5 — T LA AR R

R4 FHEBMKUFZEBHE

Tabel 4 Calculation table of chemical type of brine in Zetso

HALSE/(2/L) K Na’ Ca* Mg> Cr SO HCOy COs>
. BT E/(mg/ll) 68024 11777 36.03 2058 15418 10598 582.5 495.93
24 B /(meg/L) 17.29 511.24 1.79 168.94 433.06 220.67 9.56 16.39
Knl Kn2 Kn3 Kn4 Kc/% KA T
0.15 1.426 113.35 13.844 0 T RN Y

11 : Kn1=(COs+HCO,)/(Ca+Mg) ; Kn2=(COs+HCO:+S0,)/(Cat+Mg) : Kn3=S0./Ca; Kn4=(CO5+HCO;)/(Ca+HCO;) ;

Kc=[Nay(K,)CO:+Na(K)HCO;]
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I/ m
49504

90°,

4940
49301
4920
4910
4900
4890

RIE/m 0°
49504

4940
4930
4920
49101
4900

4890~

HIE/m
y 4950 4

4940

904

4930

4920
4910

4900

4890

P 5 PEARER W LiCL i RS fe i w151 (2016 48 9 3 WL, #4102 5 WL 3)
Fig.5 Profile of LiCl grade line in Zetso brine(Mesured in Sep.2016, Section position as shown in Fig.3)

S TSR AR B SR R (XU 45, 2017) o 1B M if
RE AR I I 25 B BE VR YR 7 i Pk s B B
FEORIREENM AT MVE MR8, 1 g8kt
i A SR B e = ] ik 8500~72000 kWh, 5 HA
TSR 4l (4 45, 2016,2017) FH LG, B B AR
Fb 25U 2445 7= A A RE K 8 A%, A1 24 T 3.7 tAR AR
(FJ9%E,1989) , i AE 7 1004213 L i 8 sz 1 HEAN 7
B0 t4EA(FFHIE,2001) ,— HAZ PR B2 )N
HE S T AR, 421 9 2t OB A 1S K (Eh R A
K275 ,1999) o 0 =22 F A= r= WA R A il
M2 R L G, R —Fh R 046 TR (R
45,2019) , WA AT FH il 3 s 1 R A R AR (ST
T AT AR B R AL 2 5 O T AR R P

o RBEIT 2017 AF Hp E B P 205k 60 U7 ¢, 1M 7S
W16 T7t, H 4R 30%, 151 2030 45 H [
B T M BE R R TE 70%~80% , TEAH 2 — B
BF (] AT 7 SRR B ARORsE F F  REE OF i a3 2R
H (R AREE,2017) o Fhill i /K BIELA 24 | e EREE
W B 11 69% , T 48 35 Pl R At 1M o, e i L
Rk 91% (TEBE5E , 1999; X IL 22, 2003) , & e b H
SRR RIS T e J DX W A
2 H X, AR A F B R X 2
— (FEEM TR, 1981 ; 85 KU , 2001 5 = 54
2011) . PRASKARUE (B B () K 305 DA 2 74 3
DX AR FLATHE S St SRR A S0 R & I
SRER R B R

HIE/m
49504 3

90°,

49404
49304
49204
49104
49004
4890~

"/
49504

49404
49304
4920
49104
49004

4890~

W/ m 90°

K6 PEHTER W B.Os i A AL I T (2016 4F 9 J WL, F 1h {02 ¥ UL 1% 3)
Fig.6 Profile of B.O; grade line in Zetso brine(Mesured in Sep.2016, Section position as shown in Fig.3)
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Tabel 5 Calculation table of grade of Saline water in Zetso
KFEAW B &AL KCl(g/L) LiCl(mg/L) B.OJ/(mg/L) NaCl/(g/L) MgCl/(g/L) Rb.,0/(mg/L) Cs.O/(mg/L) pH H{LJ¥/(g/L)

2020 4F

T HME 1.228 366.45 779 25.727 7.505 0.58 0.08 9.27 38.823

8 H BORME 1.456 447.70 889 31.520 8.746 0.65 0.10 9.35 44.09
R/ME 0.783 232.83 503 14.138 4.943 0.38 0.04 9.15 25232

THME 1.321 384.35 874 28.581 8.312 0.58 0.08 9.35 42.788

9H >IN 1.374 411.36 897 32.559 8.718 0.68 0.10 9.39 44.12
HME 1.234 348.33 814 24.419 7.821 0.38 0.04 9.30 40.48

THME 1.342 377.28 867 28.584 8.366 0.64 0.10 9.31 43.112

10H YN[ 1.405 401.16 892 31.474 8.738 0.69 0.11 9.38 44.994
/M 1.258 351.32 823 25.013 7.790 0.60 0.09 925  41.092

14 1.297 376.02 840 27.631 8.061 0.60 0.08 9.31 41.574

PSR LiC1I - 44 51457 24 376.02 mg/L, LiCl %%
YRl 102.68 x 10" t5 B,O, - 1 5 13 & 840 mg/L,
B.O, P B8 229.38x10%t, PE4EER M i KB AL B
R 41.57 /L, BRAEER I A B 10 FE A X A R A2 (IR
WK KT Ca Mg 5 FEA /N T RiF& i,
XA = R R AR R . RSB AR T 1
BRI BE R LS 24 33,43, B BE L LR . B
FET X SRR L3R WA B 2 R i b T4
FEALHEG TN AR I B AR B g A
B M4 AR % (Somrani et al., 2013; Zhu et al., 2014;
Shi et al., 2015; X445, 2017 ; WX B4, 2017 ; X ZR L
25,2018) 0 BTN RV BEER LR W, i Se Ik AR M4 AR
A PR F R R R 22 0k € 2T SE AR e 7
4l 54 99.9% 11 S AL EIA V5 T WL A PR /] 4
XPAR 375 T 7Rk W38 2 B 35 B 0 25 4 BRUAdk 1R 1
B4 7 8 2 M o B B L et KL A R A (A
MR, 2017) 5 R AR DX I AR 9 2 e 78 6 181 155 285 ) 5%
ISRl PR A R T3 ) 0 p vk O S A ARER A (428
fif,2012; 48 £ JRAF, 2014; 50545 ,2018) s 77k Ak
D7 1T, TR 1A R R B AT BR A R LT
BV A FRA A O A A B BB | S 42 I
JBe A5 A PR ) ) g S R R ) 28 AT S ™ g
BB Y 5K (ZEIR 1% ,2018) o A4S SR A BAR Y
WALEE 76 B AT SR AR HOR T SR T
WA FAER ARG

FEER I EHE B K I & 7 T, PEAS 5 ST
AN —ra b m W AL, MR T R V22, i) 2 A0 o 5
g LA, B A TS i M, B DX 4 K T2
A LX) Ml 7K AR i v T 9 3R VAR = FE DR 4940

mo WX HIESE RN, S IF R A 25 R
JE20 m, Hor A A TER AN . BREERT X BN
W2 K0 K IR, HRRAE 2 < 1503 i 7K T XU XU TR
I T TR 5 ) AU R KU TR AR . i R (IR T
%NS A, O R AR DRI A TR T e ) £
B BRI 2 R, TR MR SRRy B AT
IKIFRFNFH o BEAS RN PRI M 2 7K R R 7K e
ZALEEHEM X KASINE, UAZE EAE S 5K G308,
™ DX A 2 T 22 s 3 K RN b R 7K o 4 T AL AR
(25 R o T P A K SCHb B 25 R 8 T IR K
SCUAAE LGN A 2, R IRAS AR AR I vl B IR
2 A TR K TR AT RS R B IR 2
B WIRE & — BRI PRARE , H 3 SF- 40 FF
GXAMPULE THE TERIFR, 07 XK EZRET R
W22 kK 7K IR 24.2 m, VR BEE BT, WK AR A
(4F2h0.30 m) , shas ke , Ml F K IFEFIA . 1
PR R 15 o A B HE M X PG LR, H AU — &K
100 km (15 55 28 65 F2 TN Bz, S8t Jo i
PERY , [R) Ao i2 M X AR S I 55 X, A e 7 3 W O &
Ao 2NN AC 3 | RE RN PO 55 7 T 1 75 1

WA RANE , SR R3S R IE S
AL CERKET A, 2015) , PR SR A<Mk i )
P FEAT A T R 2 KR ALK, DXl P A T4 5
¥, A SR I BT AR TR, 2 D
W, HR22 K, WA 4% ORI, 4F KX H 15250 d,
A H IR ] K 55 3445 h, ROk AR T, 6—8 T %
T2y 5 AR K Y 93% , AERE /K B P44 95 mm,
S A AE 75 O 1600 mm B AR AT AR S A4 Y
B, BT, TAESERC AR RS SR
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W I A A .

I FAE DT A L 2018 45 v [E B e IR IR 4 7
O 129.6 J7 4R, [ EL 3G 40.1% , Bl 25 B RE VR R 47
FE B PR R BRI ) T SR AT . K
(A5 2R B (i TR I A A D 5, 2016 4 2 4F
H, Y 2 B PR AN M5 SR 3 16.7~17.8 J1 J0/t, 42 2015 4F:
WIAS 4 3485, 2017 - B 3k, 2018 4F 18 51 16~18
T TCA(ZE VKO AR AE , 2018) , {HLE R 72 BE A bk
Pk, 2018 4EJiE 5 CL P& 2 7~8 J7 0/t 2019 4E i 5 45
Hrdr g T T, B R ST AT AR 4
J& o 2, VST R b XAt WA B e ) L U
T, Fhrh 2 Ry il Fih J5 ik BRI 2 55 (At
L E T
7 % ®

() PR Fh I T L e s — =1L B il
B P R T 43 5 U 20 1 2 T K] 40 Ry B HT S I A
G BARTEIK L A G A AR G s BRI 4
RSN iA

(2) PRI 7T R o3 e SRR OK )2 RS AL
BRIk 2 B 4 LIRS 7K 2 AN 26 i 7K 4 K 3
BT,

(3) VE B W0 4 TR AR 20 R 113.8 k', K 24 16.3
km, 5% 3.1~11.3 km, ] /K IR 44 m, ik 29 1.4 m,
FENRF PR, DU, LR R TR . SRR,
Y78 LiCL- 2 5547 4 376.02 mg/L, LiCl % JF &
102.68x 10 t, 7t 5 FLA 1A 31 K AL 5 B,Os -2 f o1 Ky
840 mg/L, B0, % i i Ay 229.38 % 10* t, 378 3% AILAS 3
FRA,

Bigt: TAE P b E MR A R R A MR R & o
NBREXHRRE DEFELHRA BN EHRAIAE
i (B R T, MR AR ES R TN,
BEBRIRMAT T RSB, E kT
23!

@B, ik, B2 2005, 1:25 J7 Ik SFAS VG I X 565 Hb T
AR [R]. 2B TR AT 5 . 1—241.
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