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Variation patterns of boron and lithium isotopes in salt lakes on the Qinghai—Tibetan Plateau and

their application in evaluating resources in the Damxung Co salt lake

Abstract: [Objective] The Qinghai—Tibet Plateau is rich in salt lake resources, known particularly for the concentration
of elements such as boron and lithium, forming many distinctive resource-type salt lakes. Compared with ordinary salt
lakes, a notable characteristic of resource-type salt lakes is the abundant supply of elements such as boron and lithium.
Consequently, these elements' sources and accumulation patterns are key scientific issues for understanding the genesis and
mineralization patterns of resource-type salt lakes. Boron and lithium isotopes, characterized by significant mass
differences and variations in natural isotope ratios, serve as effective tracers for studying the material sources of boron and
lithium in salt lakes. However, the application of boron and lithium isotopes in salt lake systems faces the following three
challenges: (1) There is insufficient understanding of how boron and lithium isotopes respond to the fundamental
geochemical processes of salt lakes. The salt dissolution process that occurs when supply water flows into lake basins is the
main reason for drastic changes in geochemical parameters. Inadequate recognition of salt dissolution processes can lead to
an overinterpretation of boron and lithium isotope fractionation changes, weakening their tracking capabilities. (2) Isotope
fractionation degree is conflated with changes in isotope composition. In salt lake research, discussions of the solid phase's
influence on boron and brine's lithium isotopes are often based solely on fractionation factors between the solid and liquid
phases, without considering the ratios of boron and lithium amounts involved in the fractionation process. (3) Discrepancies
still exist in understanding the fractionation patterns of boron and lithium isotopes during salt crystallization. [Methods] In
light of these problems, our study systematically reviews and analyzes the mechanisms of boron and lithium isotopic
fractionation in salt lake systems and summarizes some essential understandings. [Conclusion] (1) Only salt
crystallizations have specific impacts on B and Li isotopes in salt lakes. Since there is a genetic association between salt
assemblages and specific salt lake hydrochemical types, the salt lakes with the same hydrochemical type exhibit consistent
patterns of B and Li isotope changes during their evolutionary processes. Until halite precipitation, the B and Li isotopic
compositions in sulfate- and chloride-type salt lakes are in accord with §''B and §'Li values of their sources instead of being
controlled by their salt deposits. In contrast, the paths of B and Li isotopic changes of carbonate-type salt lakes are complex
and are divided into two branches: calcite subtype and hydromagnesite subtype. After calcite precipitation, the 6''B value of
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the salt lake increases, and its ¢’Li value is marginally above source characteristics (less than 2%o). After hydromagnesite
precipitation, the 6'"'B value of the salt lake is also marginally above source characteristics (less than 2%o). After the stage
of halite precipitation, the B and Li isotopic compositions of salt lakes in all types show an increasing trend. (2) Based on
the evolutionary processes of B, Li, and K during seawater evaporation, the amounts of B, Li, and K in the current salt lake
represent most of the corresponding resources in the lake if the salt lake never experienced complete dryness such as playa.
For the salt-dissolving lake, most of the B, Li, and K resources are preserved in salt deposits and interstitial brine at the
bottom of the lake. It is optimal for the resource potential of a carbonate-type salt lake in the salt-dissolving lake. (3) The B
sources of the current Damxung Co salt lake located in the Tibetan Plateau are from clay carbonates exposed to the lake
shore and highly soluble salts and interstitial brine at the bottom of the lake. The geothermal waters produced during early
hydrothermal activity are the original B source of the Damxung Co salt lake. Based on mass balance equations, it is
estimated that the B resource at the bottom of the Damxung Co salt lake is at least 9.1x106t (B,0O;), and the lithium
resource is at least 8.6 x106t (LiCl).
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Table 1 Boron isotopic fractionation factor () during adsorption of boron on clay in seawater and salt lake brine
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LG RS2 e /N o FH G R DL, X R A Ak T AR
[P Y b 728 A X 380 P 285 4 R AT ) 52 i AR /) o

2 VLW Y A, 25 13 3 MRS B2 DA B2 1 4% 52
e PR 2R 1) 52 0 R, b 3 S Al P R T 9 L A S
&5 (— % =5g/L, Millot and Girard, 2007; 5% HE 52 1 X
A FF, 2011; Li and Liu, 2020, 2022; # #55, 2022), i
i TR KA K SR8, DL 2B L £ B A AR R
W B RE T 2 AT DL 5] I R R A 3R A R R A
ARG . 45 G K A [ LE PR B, R B R
B X 35 7K R[] 57 3R 2H B0 B2 e B AR N . FEEA
DU 7 s A

(1) W oA 55k 5 8% A L )

X AR (2022) BF 58 R W] i e S B 7 2 58 TR
R i i w7/ @ P = e a1 N0 Y3 )
AT BEAK G B R AR NI RS K . B, AH XK
o H A 32 B B 7 (4 Na', K°, Ca®', Mg®', HY), %
Ay o R A B S RN T g 55, W CRRE B O A B 58
( Stoffyn-Egli and Mackenzie, 1984 ) . -] 52 46 1 {IF 52
[ LG A 1 /L B, UK A 85 i (0.17 mg/L) A2 %b
+ W% B 52 Wi (Stoffyn-Egli and Mackenzie, 1984) , iX
55 Huh et al.(1998) 5 T W B 41 FH A 4 PR #1522 1]
KA W 5 e UL s AH — B b AT L, 7R AR
R LE A AR AWK AR, B T W Y
B R R RS B B 2 AR A

(2) B[Rl 5r 2 5317

S B 9T K BT, W B LG 9 TE 10%~20% I, 4

Ve A 7 W Y o'Lifd 38 m 3.8 %o (Millot and Girard,

2007); 52 B A (W B LE ] 38 459%) A R A R 1Y)
O'Li fH 2% 1k 2 i T & (Pistiner and Henderson, 2003;
Millot and Girard, 2007); 25%~28% ¥ W& 52 #% W ¥t
IF, e A 7 X6 IO 1 VR KR oL (B AT 78 0 BT 158 22 Y el Y
(Liand Liu, 2022) o PASEIKARER 11 Ry 491, 30 6 6 -
W) FEA 58%~T78% HFF A . 11%~42% =14 A
1 11%~ 17% %8 £ (Shirodkar and Xiao, 1997) .
U] D, R T80 o R 43 2k W ) B B I AS B )
7K B[R] 7 2% 20 B

ZE B PR, B A YRR . AR B R R A A
TR K I, O AS S B 2 R 0 v Ak 00 4h ¢, Hoxd £ 18
B BRI 28 2 0 52 i AR R A PR . A )R
PR, ARG A Y W B ARG, i L R E
1138 23 B 3= 5 0 P U D 45 T HIC T RLRMEE o BRI, X
T O BRI A A B KB L R R A R
Y 5 ) ] DL 220
23 EHEFTYWHH

ER S UURIE DA FR 0 1 7K 7 W b BT 1 k2 1T
U (5K 32 355, 1999) o AR o, 22 [ 47
RO AR A& B AR E . SR P Xt
i KB R TR A7 36 2 R ) R i B 5 4% R AR T 4 1 [
MNESWABAR, WES5HM. 8ooEE
di b oG, Ho, R IR TE e W ay . B
AU . SR W TR 5 3 W i K fh 2= 2l
A5, A A AR TR RR AR R AT S e D

ER T 1 R T RRURR AIE B T 3R 0 0 K Ak 2 28 A
DA KR ) 00 5 0 BE (K 52 3545, 1999) o AR i i fi
BER N, B Wy 25 i BRik R h — i 1Rk — Ak 1y iy It
Fe K BT s (5K 52 3255, 1999) o Tl AN [ 7Kk Ak 2%
KAV ER W, LV WA . R
IR A 2% R AT L G Ay Rl R A TR | TR R B A S A
B (5K 52 5%, 1987; A 4745, 1989) .

Sk AR ER ) A B R R AN S Ak A Bl S ik R
AR A, HER TR DIAT 1 K o 3 025 A O R AR L Bk
U JEL 2 ik R R, S Ak A AR W AA Bl O R R U0 AR
(9K 323, 1987; Sk B2 5555, 1999) o Kk, A £k et i
ORI A R A B9 0 B N R 7 R I A i R )
FRHE B AT P Esg e o P LR 1 A G R R R
FREh 7Y, B ALY Y, B v RN A 3h 2 A, B iR R
YR W08 LA K 8Bk R = DORL A 4 AE Ok B2 5 5
1999) . BLAh, VG 5 0 & 1 ER 50 38 UL A [ 1K 0 iR
VU (5K 22 555, 1999) .

KT R AT X R KA L R R A 3 A



%1

FBAE s MRS IR N R 5 26 2 R K L XA B 90 U g "3

iR A N A PO SN A S I R A 7/ B IR I
B[] 57 R WF ST RCR AT BB, DT A S A AN [ K Ak
SFIERLEL WA . SR [0 2% 78 Al KL LA B 8 7R X
IS7 B8 78 B AOF 5 7 v i BB AR 4l
231 BmEBREFT IR T

SR 17K ) HCOs 3 K T Ca® fll Mg> il i, H:
At A 0 1R R LA IR 85 0 =, X L ) R 2R ) S SC
A1 TN T5 it A, AR W U A R 30 G > e A R L A S
(Tucker and Wright, 1990; 5K i ¥ 45, 1999; £ 5 £ 4%,
2002; Lii et al., 2013) . 41 2 # /K (1) HCO; 5 Ca™ Al
Mg B AR 3T, W) Tt e B O kA B0 ik TR B (A
IKEEBER), MPE A K ZE B9 )2 1~ 7m( Tucker and
Wright, 1990; 7k %% 3 %, 1999; #8 & £ %, 2002; Li et
al., 2022a, 2022 b) . Bk FR L&Y A9 B . R AL R 4>
TR R X itk T 28 R 0 A B0 L A [ 460 3R H L B A R
SE TS

(1) 3CA FI 5 gt A AT 4 0 800 [ o2 2% 701

T AR B TR 5 14 W) [W) o2 3% 2H 5 ¥ K pH (A
I, AH I8 BE AN TS SR I F & (Hemming
and Hanson, 1992; Hemming et al., 1995, 1998; Sanyal et
al., 2000; Allen et al., 2011; Branson 2018) . Fifi #5 fF 5%
TN, WETE 35 78 W 5 IR 22 M0 A W) e TR 65 (L A
U3¢ 500 30 B %) 6% B0 [ 2 3R 21 R T AR 45 K
B(OH), i 0''B {H— 2k, "] fiif 32 ¥ B(OH), & A3
Wiy, FLAH O 5 28 4 16 R A 554 19 ik B (Xiao et all,
2006, 2008; He et al., 2013; Mavromatis et al., 2015,
2021; Noireaux et al., 2015; Kaczmarek et al., 2016;
Balan et al., 2018; Saldi et al., 2018; Wang et al., 2018;
Farmer et al., 2019; Kobayashi et al., 2020; Henehan et
al., 2022; Gu et al., 2023) .

T A 18 S BRI 92 50 % DUE S R B DT
fift A bE SO 1 O O B A, BT BRI B(OH); 5
B(OH), 9 28 4k, H. 15 ¥ ¥ pH {H JG 5%, 30 A7 WAL LA
B(OH), Jy 3 QA B AF N, SCA Wy i 41 BAT W]
BT =R DRl W AR R R A R Ny
Acarponate-sotution 73 T K —24.2 %0 ~—13.9 %o F1 —16.7 %o ~
—10.2%o; Noireaux et al., 2015); @ fifi & %5 % pH 18 1
K, SO FIDT A 1 61 B AE B B 1GR3 IiE &R
B 3 R s @ B R 55 i 1A 3 T 2 AR B G
B, A1 — € LA B(OH); > 32 09 B [7) 32 R 73 1815
PR ZE K (SO AT FNJ5 A ) AV U pH A 2 42 il i [+) 52
E N NiDIE SRS AU LIS I S ) QTR B U S BN R )
— %€ 32 W (He et al., 2013; Mavromatis et al., 2015,

2021; Noireaux et al., 2015; Kaczmarek et al., 2016;
Balan et al., 2018; Saldi et al., 2018; Wang et al., 2018;
Farmer et al., 2019; Henehan et al., 2022)

B 5k TR A AL 1 AT AN BH A, B O 5T
25 3 5 R R B0 & AE AE R — B (Hemmingand
and Hanson, 1992; Lécuyer et al., 2002), {H & ik fig 45
(3C A FIT A7) 55 4 Hh KA 22 T 4 6 ) 32 3% 53 1
R H LAB I JE E A [T AH 2 80 5 1 o G4k R SR )
e T2 65 1) ) [) 62 3 20 L A 5 5 — MR . R B
H A 6"BAA K —8.10 %0, XF [ (1 1 & i 7K Ay
5.84%0(Xiao etal., 1992) . MEAk, BB IR KB 75 0 42
i (4.3x10°~4.5 x10° Faure, 1991; Vengosh et al.,
1992; Hemming and Hanson, 1992), {H B 18 ¥ 4H f /2
B (18 0 el a4 R, 24 10x10°°~70x10( Pagani et
al., 2005) , 2 P B T 4% FL AT B4 1) 3 ¥ [ B FiE ) o

S B TR 6 1) W ) 3R A AR A R
o, AH R K I 2 AN ZE R T b e g — R B, &
D3 T ik 2 65 A A B B i, A R A B B, T K
1) 8B H FE A AN, R % A7 ER DLVE BT, 1 7K A B
] 7 2 20 WA A 32 45 T 78 J #r 3h i #2 (Vengosh et
al., 1991a, 1992) o3& Wl iX — 1% BLAR AT BE 5 T 7Bk R
BLAHT HA OC . T K I K Ak S S AL Dy ik iR R A
i 12 3 29 i 7K A R 0 AR LAk 2D 0K Bk R R A R AIE
(K32 #, 1987; 5K 55, 1999) o PR, MK R iZ
i 12 6 A0 R W AH AL, ik 1R 5 7 R A Eh DTARLG R Y
WAE & /N, i CH AR py il 5 e IR A R, A R
DL NS K A 6B B A B S A2 4k o il ke v 4
[ A 5k = itk 1R 6 AR 1 S AL W LR W, 00 ) 2 3R 21
BAR RT BEARL A 52 ik R 5 M HH A 20

TE VG L, — L6 0 . B R B R )R Bk R B
TUAR A B 19 R AR R 30 o Q0 > e A R b ik R 45 DT AR
K, B R R (47.5%10°~264 <10 Lii et al.,
2013) o 75 i B B R 5 B3 R A0 B[R] 2 3R 0 R, X 2k
R TE 22 D Wk R B AT L 22 IS, i K B TR 6 3R A K
NI 3K . A Gu et al.(2023) i T & BV Y
7 M A W [ 437 38 0 R S G, 4 B I B<<100%10°° I
J7 AT BT RS TRV A Y 10% . 7% F 5%, BR
R W TR AL 3R 2H R A3 0 1 R 3.3 %0+ 2.1 %0 Al
1.6%o .

(2) 3T M7 it A A B 8L [R) o 3% 231

N ZE R SR AW, Eh R R X S Ay iR
A1 0BR[] 6 3R 53 18 52 wal AR /DN 5 T X 00 S i A OL,
SCA RN AT 5 ) AR TR A5 3R 3 PR L ( A Lcacos )
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A3 5 =11 %0 F1—3 %0 ~—8 %o ( Marriott et al., 2004a,
2004b) o o, SO A RE R A 2 5308 LT IR AN K AR
K Sk & A A8 4k . 40 Gabitov et al. (2011) 5 421
T 7K R BE Y SCAT D0 VE LB, LR R A IR AE R
—10.5%0~~—7.7%o; L By ¥ J5S B L 1 TR A i, SC
A1 55 7K B 4R TE] A2 3R 53 08 1B —9.6 %0+0.6 %0 (Von
Strandmann et al., 2019); £7 574 K MBI SC 58, SCAH
) 4 ] 32 25 448 B A —10.7+0.5%0 ( Day et al., 2021) .
SR, )R 9T R 4R B SE M SC A RE L Y LI (E N
13.1 %o, ik T 3 4 L1 35 21 %o (Huh et al., 1998) .
WA b 3 f5 BT A 5 5 40 A X — R B, S A
TG sk R A L TR 7 R IR AR T RE R B T SCA M
it 55 B A R 2 TA] A PR B AR

Marriott et al.(2004a, 2004b) 1Y 5 YK 52 5, SCA %X
it Al w — B, W07 A0 B R AL R S TR A 25 24
5%0 o X FWIA L T30 A, I it A 52 A K 552
AR X @ 2 . Figer et al.(2022) A4 & 5 BF 58 TAE & 3K,
TR 68 | VW pH AR AIR, 7 A 19 8 [R] 37 3
SRR Ho, ZEARRLE R AE BT (107~ 107°
mol m™ s™"), Bl pH {H K& ik, 22 [7] 2 2 75 18 {5 A
—1.8%o (pH=9.5) 1] LA % % 5.3 %0 (pH=6.5) .

ANTR) T3 it A A HB R B AUL S50, AL g 75 TEL Y
AR AL FL 3 K . U Seyedali et al.(2021) F J& BR &
A TS T A B AR R 2 A S, ALy v
B -6 +2%o0, = 2 th By fif A7 L ¥ W T & "Li i 1%
B o AT X — T 1 T A BT pH (E RN ER A
45 i 7 A AR SRR, 3 pH E By TIE AR O
B4 & T A 5, A5 ATLi AR £k R
s 734, Ji A E L A] RE S 4G A 0 TOA B R
B, BN A T RE & AR T BR & A R A JE R AT Z s 1
B . AL, Day et al.(2021) 8 481 %5 i A1 55 (O fift
AR SRR R IR, HA L, s s lB B K,
g —8.5+2%o, I HE I S5 B s 5 S B A i 2 TE] 1Y 53
TR 2 RE S Kb E Z A XK.

XF T H AR S i SR S, O A 0 K A
Y AR [R] A 2R 43 TR — R /DN o 0 R P T U VS A AL
A TIERI TR, J7 A0 57K A AL gy TE A= 6. 1%0+
1.3 %o (Von Strandmann et al., 2019); LA 4 5 4 25 ()7
it A1) 19 43 18 {H 2 —5.2 %0 ~—3.6 %0 ( Von Strandmann
etal., 2017); 3£ [# 3 3% %] (Mono Lake) 9 #8AC ik g 35
55565 B2 K AR A 07Li {B AH 22t AR /1N (~ 3 %o ; Tomascak
etal., 2003), 575 i 41 73 MR AH — 2.

T BR £ AR W) pHAE b bk s 5 A b

(7.0~8.9), & Ak 7 £ W W) 2y 55 7R 1 (4.4~6.7)
(5K 2, 1987; M W PL%, 1999) . AT LAHEWT, Sfk®
TR0 W0 ik T2 5 1) 481 W) 57 2 40 AR 2 AE R R (ATLi=
5%o) o SR LT T IR, X P Ah 2SR ER Iy > K R
e R 65 O AR ] 50 Al 2 65 1) AL [) o7 3% 4 AR G /s
T [E) A7 22, DAL Ok 3 79 288 0 080 %) e 1R 65 DL T RS 25
PEA 17K 21 R 57 28 2B 1 B e AR Ak

e 1Rk 0 h 1 — e B A B 1Y pH AE, QY
H9.41~9.49, #L i BE pHAE A 9.15~9.31, #: {£ H
pH {8 4 9.58 (R = £ %%, 2002; Lii et al., 2013; 435871,
4, 2015) 0 TR pH H R B R &S (14 2R [ A % 4
AR /N (— /N T 2 %o ; Seyedali et al., 2021; Fiiger et
al., 2022), PR 1 B TR & 780 6 T8 Ak 2 65 1o B[] o7 36 40
TP RELAR /1N o L AD, 5 96 AH B T2 45 48 w8 1) 0 5 o
ANTR], T A B R A A A AR IR, DA E TR L
¥ 78 K B9 8130 (Fiiger et al., 2022) . B, % T %
% 65 1T FRL A Btk TRk 7R R 08, VA DD AR o B KB R TR
51 A AL R JD AR L A0 R R B A/ K i R S B
AT BE SR K OTLi (A 4R (<2%0) o

(3) K ZEEEm T b A B0 8 [R) 47 28 4318

JKZEEE W (Mgs(COs), (OH),4H,0) J2 ik i £h 1 £
W5 DL K & R R BE 57 ) (Lin et al., 2017), £ V4 i
W AR T, — SO R AR Y R T A A Y R
DUAR, PG 38 1Y €0 PR B AN hr 2R 4 (Goto et al., 20035 Li
etal., 2022a) .

K ZE B 1 B [ 62 2% 43 18 AT LI K 8 K SR
RN SR PR, Hig R R, K
W5 X R <0 K 1 5B AE 43 1A 13.59 %0 Al 15.43 %o
(NG 45, 1993), B[R] 137 25 43 188 = 20 0.998., 7
VIS R N T V1) SR = R i I ) [P (3 P N £
OB {H 4T B3 I 1.49%0 11 0.4%o, (FhKHGAE, 1993) .
T B - ) A% 14 0 i R AR R (9D R A
1991) o &5 4 i R #h A S8 1k 4 70 48 0 1 TC R AIE
R ZE B S B, K S BE W AT X AR R AR A Ak
Py 7 8 30 0 W0 [ 457 3R 2 B e W L) 220

IKZEBED W& R . BERR . KRB
W BB 5 5k 160107 1 100x107°, FE X i /K il 25 B
Jg 817x10°°~1113x107°(Li et al., 2022b) . ¥ 4 ik 1k
B A AR L K R B B 921070 ( Ay 5 VT AR, 2015),
IKCEET TS84 16.6x10°~26.2x107%( Linetal., 2019) .
G AT DL, DAOK 22860 U R Sy 32 A Al 2k 50 R WA
IKEE P DURR o K, B o 8, X I K B A A A o
SR o RAETEAAL R S R/, R R Ik 22



%1

FBAE s MRS IR N R 5 26 2 R K L XA B 90 U g s

BEW M R RE S 51 R K B[R] A 2K 2 s A B R
(<2%o) -

B T LiA Mg 5 A AR AL Y 15 2 42 Al Bk Ak
AT R, OKZHET DR S R L AR, B
MEm i, M. BKESET RN
100x107° F1 40x10°°, HE X pai 7K A9 48 7% 5 125%107°~
198x107°(Li et al., 2022b) ; ¥R Ak 1 #1448 BL 7K 19 1 5
BN 10x10°( 4y 57T 45, 2015), 260 4 & & A
18.5x10°~25.6x10°(Lin et al., 2019) , i AT U, DX
K ZEBE T UL R R 3 0 Bk R £ B R, o UL AL
K, B i, KRBT AT XTI K B Y G A 2
Fb g K, i I K 87Li {E /Y B W4 K . (I T B AT
i B = K SR R AT A R 4 2R o i o B, TR o
X LA K 22860 DU R Sk 32 A0 ik TRk 76 R 30 1% 1 [ A7
R AR T E— 5T .

72 LW Y A, o K AT R e I 2 A R BB BT
W, s R (MgS0,7H,0) . )t K A (KMgCly6H,0)
H 2% 5 A7 (K,Ca,Mg(SO,),2H,0) 25 . A [a] 7K Ak 2 2%
R i KBTS R R B BSR4, T LTS
Mg FHARL 1 Hb 33K A 22 47 R, DRIk 5 7K 38 B 1 0 A
L, BEER BT i A SR P R T R WL, i 1
T 300 i K B S e R B L B S KL AT ER
191 5 K AR [ AL 2R A9 X — A8 Ak 5 0 [R] 457 2 9E B AH L
(Vengosh et al., 1992) ,

232 EBEHEGHA

ek T TR I N EI R VA el N EIE [
it AL JF 8 A R S e AR R AT LA — S i) 2 F 5
RS . I AERAT BB R 7 R MR SRR R (£ 2),
RN ER IR, Al R A 0" B AH 5 BT i K Y B 1)

K2 PAHEBERXTEWSEMWELCREH FE Livetal,
2000 £ 25)
Table2 Boron concentrations and isotopic compositions in rock

salt evaporation experiments (revised after Liu et al., 2000)
7K EEEN
B/ (uglg) "B/ % B/ (ug/g) J"'B/ %o

SCU-1(4iA ) 677 10.9 4.4 108 0.9999
710 112 8.0 10.7  0.9995

1120 11.0 122 10.8  0.9999

2871 10.8 39.7 10.9  1.0000

S22 (FAEAER) 585 11.1 6.9 10.8  0.99996

712 10.6 12.4 92 0.9987

1038 10.5 17.7 7.1 0.9966

2303 11.0 48.0 7.8 0.9965

SR A A — B MEATEZWE T, & A7 A8
OB £ B W AR (DA 10.8%0 [ 2 7.8%0) o 1% M
A1 1 I UTVE VR L J6 A% K AR v OB, {43 1R R
FLH /N, AEARL T K B BE R 2 -0

A1 F AT X R KB A TR A 2K A R A B
We, A AT DOAICAHT . B AT IO . RO R
B, R4 BB A B L R (i ol 24x107
F10x107% 22 584k, 1994) , 7t /1N 5% 1 Ay &k 380 1 7K
(5 Hy 469.8x10° il 84.9x10°% 5K iZ 3%, 1987) ., F
41 = A 14 5 41 ER ) (De Olaroz) 471 5 J2 19 81 & AV
41 3x10°°( Garcia et al., 2020) . H L A] 0L, A 7 B i
AN L5 K, BT R 1R E R, X
L[] 47 25 L K 1 5% ) T L 220
233 BHAMBOHW

KA G B AR ER AL T A AT IR B B, A R
SRR W FE B TORE Y 2 — (5K 52 F, 1987;
kB2 5, 1999) R ZER WAL & A LK E LK
JEM AT, RS R —HIFMAR, WEEH
JRER L RS L N R L BRI AR (BK B2 7, 1987,
Fan et al., 2015)

IR A2 ok A, BB A B AR,
AR A AR R AR, — B A A,
BRI 0 20107 Fl 3% 1076 KSEH K 15x1070~ 21
10°° F1 21x10°~28x10°(k B2 3% , 1987; 2% &K #k ,
1994) ; £ IR W A1 6 19 1 & &4 1.5%107°~21.7x10°°
(Fanetal., 2015) ., X S6HE i 5 % N S50 1Y £ $h Ak
H—B (K 2), RUIA RN B A5 kK, 2
REREITH.

AR B RSO A, AR
B R A7 28 4 5 T8 G b K I R AE AR — B, B A R AT
O 2 kA B WL R AL 43 18 (Liu et al.,
2000; Godfrey et al., 2013) . 411 3% [= B 345 W (1 R K |
K T3 AT 51 80 7K 0 RR SC 3 45 S5 7K 19 87Li A (30.6 %o
21.9%o0 . 30.5%0 ) ¥ 5 XF Jj (1) £1 £k 6 52 FEAE AH — 2K
(A ERERFE 0 OTLi (B 5397 R 31.8%0, 22.8%0 Fl1 32.6%0;
Tomascak et al., 2003), 3= W A £h ¥ B 3% A 4 [ v &
SyAR . LT UHEWT, B S0k R R W40 A R )2 1
A1 ER VTR, (H R 33 s 7y 3 SR 5T 0 L B [ 40 2% 4 R
{45 W) 1T L2 22886
234 RKE R REAT 6 R

NG 5 (1993 ) ¥4 XoF 7 ¥ 9 1Y)+ ) —— 2%,
YEAT K 8K 7% & M £k b 12 009 [ 57 28 21 1l 28 Ak AF 9%
FE AT ER AT B J5 1 A 5 0K P i 3 R AT B

i
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B, W pd K B 6B AEL 43 5 R 14.91 %0 Fl1 15.03 %o
(PN 55, 1993) 03X —BIF 50 45 S & B Jo oK 22 i A
HR G B K T [ 437 2 2 B RT BE A 7 A B s

5 AR IR T ER R R Eh B T E i 3R B,
TC/KTERY A AF A B (Li=21x10°°), 3 H 5 Wl i
JK 22 18] B4 43 ) 57 25 4 18 AR /N (23 %o0; Araoka et al.,
2014) o B UL, JooK P A AT T R AR ) 4 R
A 52 1 AT RE AL AE /N

U R IR AR R W R AR VIR Y 2 — (5K 2
e, 1987; kB2 = 45, 1999), B g A o R G A
B b BR AL 27 AT Ry R SR R ER I A B L B[R] L R R AR
HATEEZ W, PUEE W, R — Mg, X
W b 7K B L B = Ak 1213.0x107° Fl 491.0x107°
(b 5T 45 5 5 159 0F 5% B, 2006) , 111 B 4 151 J5E 2 Al 19
WL B SR UN 12.7x10° F1 16.2x10°, 3% — $ g %
B, oA R S5 R sk kil BT R KR TR,
HET AL AN 23 %68 e K 0 L R ] 67 2% 480 A T el S )
235 BAER H A AT R MR e

H AR AT LUE B £ Rl R R 9 . e A A Al
[F] £ 2% 20 5 W R v 7K pH A B K [R) 67 3R 1Y) 75 Ak
B 3 R B 254 52 (Oi et al., 1989), I H H: 0''B {14
N T8 ZE T W K 7K (Swihart et al., 1986; Oi et al.,
1989; 1 N gL 45, 1999; F PR 5, 2001) o AN A Ab iy
OVB A 25 T ik 7K (Oi et al., 1989), T 44 B % 47 14
OB U /N T B K, XY S 18 FR BCR 0.996
(Oi et al., 1989; Wang et al., 2018) . 4 K 6™
Wy 5 T B 7K Z B AE — 2 1 W [A) 0 38 0 1, {H 2
Oi et al.(1989) I\ Ay B AR B 1 0 & A Lo pia 7K Bl 2 A8 7]
2 W, — WA P 0 AT S S e KR I [R] 2R
o

S8 IR R 25 s A R AR B AT T AR (4 R T R
AR /N (FHERSE,2009), /N H 5K LB R
W B R 58 R R . R Se Hpg ik AR, B
0.2~0.7 m(5K 32 3%, 1987) o WA BT th & A= 76 51 IS i
ST N N A = i B A R A R T s N DR S R (E ]
B K (7.3%0 ~9.8%0 ), [HTRIK X 1] 32 51 7K 19 6''B {H

AN Z WA A A9 52 (2.5 %0 ~5.8 %0 ; Xiao et al.,

1992) o Al WL, — B fis B0 & Bl AR £ B 9 At X
) 2 1 7K T ) 62 2% 4 BT A 52 W R /D

3 FEAMFERMSH A, #F
ZR WA G T BT

I B R AR S 2R R P E T 3 0 80 R DUARARAE,

VTR EE KT Y NFE R 13 L6, 2
JCER R KRR B ek fh 2= . Bt AR
i ERER Yy al | R R R SRR AR, T LLE S
ANRIZK AR 2= S R ER 1 A B | R R 7 2R AR A S5 R
BRI O . TR IR B . B OT R A KR AL R 1Y
JoT VA7 D 3L, N A (] K Ak 27 2 A R AT 1 5
30 WmEREHAMSAYE L
SR ERWIAN . HRoT R ANG 5T R By ML Bk Ak A
AL AR, W LA — R R G . T R L
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Table 3 The characteristics of boron and lithium isotopes in salt lakes of different hydrochemical types
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Fig. 1 Tectonic setting of Damxung Co salt lake and overview of the travertine group

(a) Tectonic setting of the Damxung Co salt lake; (b) Overview of travertine distribution in the Damxung Co salt lake (The red lines indicate the
distribution of new and old travertines, and the white areas in the image represent exposed carbonate on the surface); (c) Field photo of the
travertine outcrops near the Damxung Co lake (taken at one of the travertine top of the southern outcrops)

DX—-Damxung Co salt lake; DR—Tangra Yumco lake; XR—Xuru Co lake

x4 HEERAERMESENWEILRAR

Table 4 Boron concentrations and isotopic compositions of samples from the Damxung Co salt lake

TR B/x10°° 6'"B /%o B
oK 0.40~6.20 -9.8~-8.5 Liietal., 2013
BHIK 0.12~0.61 —14.5~-14.1 Lii et al., 2013
K 0.02~0.15 —4.9~-12 Liietal., 2013
Wi 7K (0.1~14.6 m) 208.10~1760.80 -18.5~-17.4 AL 4 AR BARF S e, 2006; Lii et al., 2013
fiAE 90.40~236.00 —29.5~-249 Lii etal., 2013
WRIRER 47.50~264.00 -37.2~-353 Liietal., 2013
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Table 5 U-Th results of travertine samples near the Damxung Co salt lake
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DXC009-14 Ak 46742+165 49620010093 72.2+1.5 592.3£3.9  0.0465+0.0003 3225422 3032+139
T, RN A A A B ARG AL (R 3), & KRE IR S DT Z 5 1Y Y e
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Fig. 2 Geochemical behavior of boron isotope and the formation

process of boron minerals in the Damxung Co salt lake

(a) Evaporative concentration and carbonate precipitation of the
Damxung Co salt lake; (b) Total desiccation of the Damxung Co salt

lake; (c) Formation of a salt dissolving lake in the Damxung basin
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Fig. 3 Lacustrine carbonate sections in the Damxung Co salt lake and
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Fig.4 Boron resource of residual carbonate on lakeshore as a
function of proportion of boron in total boron resource derived from
carbonate (n), proportion of boron from carbonate erosion in lake

water (m) and the degree of carbonate erosion (s)
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Fig. 5 Total boron resource as a function of proportion of boron in
total boron resource derived from carbonate (n), proportion of boron
from carbonate erosion in lake water (m) and the degree of carbonate

erosion (s)
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Fig. 6 Boron resource buried in the bottom of the Damxung Co salt
lake as a function of proportion of boron in total boron resource
derived from carbonate (n), proportion of boron from carbonate

erosion in lake water (m) and the degree of carbonate erosion (s)
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al., 2023) . [k, #L AT HEAR AT g B A 5 24 1 A AE 0L
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T AR R K (243 km?, F SR RATSE IS B 1998), H
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MK 78 K B dh it RO A, B LB 5 o AE L,
5 WA T 5% 4% 51 7K 1 (Vengosh et al., 1992; A #5H#
2R 3C, 1994) o M K B R o 72 1 o0 2 B A
FEUH U I B 0 B IR A SO AE T
W, 3G TR B REUR o IS Y M K
HEE (LIC1) % 5 & 4 85.9x10° t, iy — K A48 5 K,
(b 545 R BF 52 B2, 2006) o K 35 T 7K 78 & B8 T
F IR RS AR AR 0T DUHE T, 4 0 B IS ) B
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SN S8 TR R A b B IR AT b R W, R — AN B
P Tl (5K 52 7%, 1987), B AR #F L 0l L B e
TR IV % 32k [ X R R DT BURN & 18] 5 K Y 5
LR SR, 3K A0 b 5 20 R L A R T
KA R A AL R E W, R DIBUR R 2 50
m [ £ 2, R B R R R R T AR Ok B2 3%
1987; Fan et al., 2015) . H1 T E #8608 1 1) 78 i
5 W E U R O B AR AR 2%, Y
BB A7 AR R H A R ER TR WK . R, FE R R
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T 12 5 750 58 W 1890 6 9% R = AR

(4) 4 o 585 51 7K 5 150 I 2 S KBB4 IR, AR
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UG . AR A B R B, 24 e ik R #h 19 T
TR ) 5 M AR 5 Bh AT TR RIS AR — B0 (52 5, 181 3) .
IX % W A e 2k DU RR I K I oT R 1 BB A #
e KRR EE, DT 5 5 ik 12 58 BT 1 B 005 d5c R b i
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