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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The Tangqung Co area in Tibet is located in the north of Tangra Yum Co—Xuru Co rift. The presence of geothermal
springs in locations like Qurebaima and Zhariqusheng has prompted the need for a comprehensive study of their hydrochemical
characteristics and origin, particularly regarding their contribution of Li and Rb substances to the Tangqung Co salt lake. [Methods]
This study involved the collection and analysis of six spring water samples to determine their chemical composition and stable
isotopes. Various chemical coefficients and mineral saturation indices were calculated, and cluster analysis was performed on the
chemical components of the springs. [Results]The findings reveal that Qurebaima spring waters exhibit enrichments in elements
such as Li, B, Rb, and Cs. These springs are influenced by atmospheric rainfall and snowmelt, displaying shallow circulation
characteristics. The springs' extended flow path and substantial water—rock interaction contribute to the predominance of HCO;
originating from carbonate rocks and CO, produced by magmatic activity. Moreover, the calculated thermal reservoir temperature
based on SiO, geothermometers falls within the range of 123.33 to 128.22°C for Qurebaima samples. [Conclusions] Geothermal
activity in the Tangqung Co area is governed by the N—S trending Tangra Yum Co— Xuru Co rift valley, wherein the geothermal
water acquires Li, Rb, Cs, and other trace elements through interactions with silicate minerals. Additionally, the water— rock
interaction extends to the Permian and Cretaceous carbonate rocks, ascending along active faults in the region, and ultimately
mixing with water from the Tangqung Co lake. This phenomenon suggests that the formation of Li and Rb—rich salt lakes in Tibet
may be associated with extensive N— S rift activities, which not only provide geographic space for the accumulation and

mineralization of salt lakes but also act as conduits between deep sources and surface environments.

Key words: hot springs; geothermal; minerals; Li— Rb—Cs; geochemistry; Tangra Yum Co— Xuru Co rift; Tangqung Co; mineral
exploration engineering; Tibet

Highlights: The thermal spring activity in the Tangqung Co area is governed by the Tangra Yum Co—Xuru Co rift valley. Thermal
springs represent a significant source of Li and Rb in the lake water of Tangqung Co. The formation of certain Li— and Rb—rich salt
lakes in Tibet is likely associated with extensive north—south rifts.
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Tablel Chemical constituents and hydrological parameters of spring water samples (Partial ion contents of sample DL—0
modified from Wu Qian et al., 2013)

PR HiEZYSEL] HiEZYSEL] HiEZYSEL] HiEZYSEL] HiEZYSEL] FHHmA R
FEdh S DXCO01 DXC02 DXC04 DXC05 DXCO07 DXC14 DL-0
JKIE/(C) 53 50 42 15 10 49
pH 8.5 7.2 8
Na'/(g/L) 1.567 1.587. 1.58 1.602 1.427 0.095 54.13
K'/(g/L) 0.179 0.179 0.181 0.186 0.165 0.011 7.31
Ca®’/(mg/L) 13.7 12 123 5.79 12.1 55.8 3
Mg /(mg/L) 9.74 10.5 11.4 10.9 11.2 22.5 86
HCO,/(g/L) 1.571 1.573 1.349 1.352 1.194 0.341 0.38
CI/(g/L) 1.027 1.053 1.19 1.207 1.074 0.034 69.45
SO /(g/L) 0.939 0.931 0.936 0.941 0.887 0.12 5.52
B/(mg/L) 40.7 413 417 423 38.3 2.37
Br/(mg/L) 3.017 3.287 3.142 3.074 2.834 0.04 200
Li/(mg/L) 8.431 9.08 8.748 8.999 8.447 0.745 300
Rb/(mg/L) 1.98 2.087 1.969 2.061 1.887 0.143 19
Cs/(mg/L) 1.635 1.66 1.561 1.613 143 0.313
Si/(mg/L) 38.9 36.1 37.9 39 39.6 20
TDS/(g/L) 5.41 5.45 5.36 542 4.87 0.71 149.99

(TDS) F1 Li B 45 & s B8AIC, HoAth th F 7K A5 1Ll
IKIE B AT 3 v L B A 7 R B AIG (AR UK 55
2016) , %5 R F X P 8 %2 A 14 1 A5 30 3 by 5 48
AR I KA AR T 2l B FL 347 1) Li B 254 i
RSN T MM AT, HSCRE 3 sl kA=
F(4.6£0.5)ka B.P. Z 1, I SLHEWT , $ROR oK B Li

O i # {3 1K
Qurebaima spring

A SLHEUERK

Zhariqusheng spring
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[ 3 2B A9 Piper =2k 1X]
Fig.3 Piper graph for classification of all the samples
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I A OC M B9 At # T Kk U (Arnorsso and
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Table 2 Stable isotope and chemical index of water samples

FEAS  ODuswow/%o  0"Owswow/%0  0°Cums/%0  Br-10/Cl  yNa/yCl  yHCO, /yCl (yCa*+yMg>)/yHCOy

DXCO01 -134.00 -16.70 3.7 2.94 2.36 0.89 0.06

DXC02 -133.00 -17.70 0.5 3.12 233 0.87 0.06

DXC04 -133.00 -16.50 1.3 2.64 2.05 0.66 0.07

DXCO05 -133.00 -16.50 29 2.55 2.05 0.65 0.05

DXCO07 2.64 2.05 0.65 0.08

DXC14 -145.00 -18.50 1.21 4.35 5.89 0.83

DL-0 2.88
SR ZLH K AR BAE R B 7 A e 2 SR K Rl R
A L IV UK. Sl | &

(yCa®* +yMg* )YHCO; : HCO, BRI T4 ik &

FRER TR - 528 e DA SR RERR R ™ () KA %
it (B ARLEE,2011), WS HCO, RIE SR TRRERER sl |
B, W [y(Ca> )+ Mg*") ]/y(HCO, ) E M #air T 1
(24,2015 . M # IR KA [y (Ca* )+
§ M) iy (HCO YEIIIET 0.1, XN T iRz 210000 | o s
71, HCO: IR W] Re A HARIR , andt ik R iR 44 S A8 Qurebaima spring
FA LRk A T ARG S A COL 5 I3 4 X 4L HE
P F5 SR 7K 8 S AR TC LR R [R5 28 LU AEL(62C) -120.00 | e
—0.5%0~3.7%0( £ 2) , 3T TRUE CO, Y BRI 73 A7 X I3
(Frondini et al., 2009) , iZAb SR /K AT REFEHL P 1L P
RIS TR CO.e 5 AR ISR B S 46T L o
J& L FLHBUE KA Ly(Ca® )y (Mg™) Iy (HCO, ) 535l X

0.83, H23r 1(2) , KBIZAL SR K HCO, T2k
5T 12 TR R ER A I A
4.3 RIKIMEFRIFED

SRR EAIRINEZE D AN O AL AT LU HIKTK
PRB RN A B B0, A5 X SR K ) SRR, R AL 3R
2, XN IRIK D A —145%0~—133%0, 60 1 —18.5%0
~=16.5%0. A0 TR PEK L NP R K 2 (B
WKAFEE, 2016) BT (] 4) , ANAFEAE IR 5 1 AU ) 2R T8
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Table 3 Mineral saturation index of spring water samples in study area

By SCh JifgG HAsf Ol 6nE Rl 4% KEEASIo. a0 Aigeh Wi
DXCo1 1.11 1.36 3.32 -1.91 -1.88  0.01 0.36 -0.8 7.74 3.42 1.13
DXC02  -0.22 0.03 0.68 -2 -1.94  0.07 0.42 -0.75 -0.21 -4.34 -3.85
DXC04  -0.03 0.2 1.02 -2.04 -1.93  0.13 0.51 -0.7 1.32 -2.89 -2.61
DXC05  -0.38 -0.21 0.3 -2.67 -2.26 042 0.87 -0.48 0.47 -4.02 -1.99
DXC07  -0.09 0.07 0.45 -2.48 -1.94 056 1.03 -0.38 0.46 -4.14 -1.47
DXC14 0.9 1.15 2.57 -1.69 -1.61  -0.2 0.16 -1.02 5.32 1.73 -0.22

157 QBUR Ay AL S A 74328 Al R B R 43
Br (W22 4153 ) o SEm RIS 45 R I &= £ %
A=A BdEtn el AR RIS (RPFE D) a4 |
R ERL

Q RIRIEAIHT « SRAKAb 241 3 ()M 3 e A — 3,
BN D HEA T b AL B R R B, RS
I LR A [ . s R R, XN IR
FRAT LA RG2S, i 1 7 SR 7K TDS AR XA i 1 S
KR —Z FLHBUE SR K A —25 (K] 5a) , X 3%
BT, WA SR K B AR 1 1A

R IV %W £ BT IR IK 45 Th 24
SIS T, L H BRSO — AR 54y
T BB BR A8 3 A SR AR i, A R v AT
WA TAREAL AL B 5 2R F Pearson AHOGHE 57, 2K
DR Rl R . T4 R E I K B \Na SO, 2
FABMEGT I 2R T Li Rb  Cs 5 5¢ R4, 5 HA
JCE L/ A4 (K] 5b) . X %M, Li . Rb,Cs 5
e B AR B R AR el — B M TR R

DXC04 [

DXCO05 [

DXC02

DXCO1 [

DXCO07 [—

DXC14

5 PAREIELIEE A S AN R A S

5.1 EFi#HiBRMRMEHE

PRI 3 R T R I, 5 A A
Si0, kb  PH B WA « [F)A37 28 Hl B A AR T
FRo X B8R AR A L FH Y BB RIS N 45 PR 45 R TR, AR
SCEZR A Si0 IR AR A FH 2 TR AR AT T
gER LK 4,

SO0, TR 43 TCZE TR AR IRAT AR K2R Vg R
TEAR 1R FE AR R A S M T 5 7K 2 K i
(EMG5,2016) o WFFE IXF2IE4K 228 4600 m, B
FEIRBE K 5] 80°CHT 24 Jhy i v iR BE L i T IX PIFE i i)
T2 YT 80°C, PRIHCR I To 28 VA4 R T o A4
1 EDARE 5 B B TR E A 123.33~128.22°C , +L H Bk
Tk SR R A TR S 94.75°C

Na—K Anid T 7K g 5O 38 2 58 4 AR S
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Fig.5 Cluster analysis diagram of spring waters (a—Q cluster analysis; b—R cluster analysis)
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Table 4 Reservoir temperatures of spring waters in the

study area
(R R Tso, Trax Tivie Traco
DXCO01 127.27 243.15 147.54 346.81
DXCO02 123.34 242.10 146.23 356.34
DXC04 125.89 243.39 145.19 355.63
DXCO05 127.41 244.51 146.91 416.73
DXC07 128.22 244.17 142.33 343.80
DXC14 94.76 247.29 59.97 79.91

T+ Ts0,=1309/(5.19—1gS) —273.15, Ty «=1390/(1.75+1g(Na/
K))—273.15, Ti-ni=4410/(14.0-1g(K*/Mg)), Tra-k-c:=1647/(1g(Na/K)+
Plg(Ca/Na)+2.24), BN IEFREL, 7 100°CH # 1g(Ca"/Na)<0, B
B 1/3, 45 1<100°C 1§, & 1g(Ca'*/Na)>0, g H 4/3,7> 3 i Fournier and
Truesdell,1973; Fournier and Potter, 1982; Giggenbach, 1988; Can,
2002,

242.10~244.51°C , $L H BUE B3GR B R 247.29°C,
i 3 SR K B 45 SR T B — 2D Bk, L H HUE
25 SR R4 L

K—Mg il prids 7K R0k 31 58 4 P APIR AR 1Y
IR R G, T3 45 5 2 A A o B P B 10
h 142.33~147.54°C , #L H HUZE 19 34 6 1R N
59.97°C, Mi# IS AL S R B TR RS,
ARG,

K—Mg—Calitridi T Ca™ ¥k , H 58564
HARAEDTTENE T, 117 DX P SR K ] 122 H0 30 i A
SCAUUR, B IZIR bR AN IE T oY

BEAE, MG (2016 ) 78 X PU ik b DX #Afifs O AiFF 52
R, BT LR R AKX AT R s
R T T o > T xcan W T A 5 7T BE A4 R R B
AR T Tac, W Ty, A5 T BE RO BV, G 2R
T Tra-c> T > Tiowe, W T, hy B0 ] RE AR
22 AL AR F T AESE , Si0. AR AR X AT 4E

it — 25 A M PEAS G R TS 25 SR A VR
SRR, 22 T FSE DXRE i Na—K—Mg P[] (&
6) o HHFN A FDAR i A AL 0437 X 5, 53 AR B
A A2 FL B B R A AR T Na—K—Mg P
PR X3, A DX P ARE S R ACE A E A A T
B R BE G R ARURD , WA R AR FRADFE AT, 7R
T, BB IR AN F A o R HOKTE BT
FEPIR T RE SRR K LA TIREG1EM.

52 ERREME
X 7K B R B8 1 TR 1A d 32 45 T X 1 3

AR R AL ) R T2, T W7 St R A — 24 g
B AW 2, KA KB AIE I 5 32 A R
2T LT MR BUR K AR R TR
JEE 0 1 0SB L5 A b AR I T AR B 3 A
FeAh B HOK FTEER R «

7=G(t,~t,)+Z,

G R38R BE (m/°C ) , 116 7 1 X ) b A efs i —
JB A BE 100 m BREEHE TN 2.5~3.0°C , HbJE A6 - H4 B
36.5 m/°C; . Ayt T IR BE (°C) , B SOL iR 1155
18, Hh# DI EOT- Y46 R 126°C , FL H HUAE $A g
HL95°C , 1o A BFFE X AF- 45, BL—4°C , Zo oh A
TR, — 20 m.,

THAAT A5 A 35 SR K AR R 4765 m, FL
H AR SRR PR ER 4 3633.5 m.,
5.3 ARBERESHBHXER

Li.Rb Fl Cs & BRI 25 5 0 28, 7025 2K
flat R, 3 e TT A ) 76 K o S I A 4R
GRAHRTE , 1997 B4 S5, 2003) , #l #4335 58 7K 1
L E LR Cs HFRUETOE  IZFHFR R UK R 50
SRSOE sh A B VTBC R, LAk AL SR K 1) 67 C 1
57 SR K AE R A 3RS n] REFRAS T IRk IR 1Y)
CO,, #E—25 TR K I -5 TR () A s s
K, 3X P S B X KT S IR S AL, HEERY)
FEWFFEE B 7 96 o SR 5e o A AR 1~2 3R
il 2 (Brown et al., 1996; Nelson et al., 1996 ; £ 3 I
45 1997 6552007 ) , Hi5E FR A7 AE — i HLRE
(16 3t 75 B i AR 2 3 IXORT— 26y Ji 3 368 42407 368 il
(AT R S A DX 3 3 B Ay R TR 1) AT 5% (RS
TS5, 1997) , 25 i 1] -4 Mo 3 v 1) Jmy S A a2 A
Ry ek P R AT ) SR S FRIL (S 45, 20165 B A A=
45,2022)

% B BE A R 0 KA AR B RlE 8 5% ., T BT 76 i
o L2 PG i) P SRR P i R L = W 5y, 78
I ETH T, mEEHAT rminEs R
BUH BUR R L, 2003 5 5K SEVLFN T AR, 20035 S
,2016) , A A KIS Bl YA RS —F N4
S RN — o WF9E X AR PG B 43 46 A P 2% S—N
] AT SR R 24 (&1 1, 81 2) , S HERSER I X R B
BRI ZE DX, B2 32 Jal B K AR R SETUE , RIS, 32 1l
FEURHB 0 R TR Tl 2 52 ), 72K 24 4765 m IR A, P
BT AR A R G, UK SRR & R
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Fig.6 Na—K—Mg giggenbach plot with spring water samples
in study area

TACEAER, HE4 Tok FIRERAY Li Rb . Cs - fi T
FLUEIRAMEL G, RS SR (P4 AR
AT AER(ZEH BRI SErEILd)
kiR 7 KA K AER, e i X N B T s 4
TEE M Y BUR K ER K o FLH BUA SR K I AR5 AH
X, B Z POK MR IR LR A K A AE RS2,
ZREMRER D WM /N o I 3D IR K B IR
T T K Li Rb . Cs SR & Jm YT, 5 1A
RERB T XRA X Y HERSER I Li \Rb . Cs S5 511
FEERIR

/£ ek e Ji, 2216 Li JRb, Cs £Ri) J& B34 £
5 ZU K BRGE B, QLA HB RRKAS S5, ok H IRER Y
RO AR H 4 A LiLRb. Cs 559 o (2= B AL A,
2015) , X SL K PG B [ 52 45 T 1 b 1) b 5 Dy 5
6 3, WK B 7 T REAS /R 244, FL AT HRER 51 A7 T
% i 54 H (Lopukangri) 24 75 45 (& 1) (B8 H BUAI &
Bt ,2003; 5K FE VTR T AR, 20035 5K 44 A5 %5, 20205
Jonell et al., 2020; T #E55,2021) , X LLER ] 5 4R
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