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Abstract: Through systematic sampling and analysis of brine and solids in the salt fields of mining areas 1 and I
of Qarhan Salt Lake, it is found that the main and trace elements in the brine show different degrees of enrichment
in the process of spreading in the salt fields. In addition to salt formation, there are also isomorphism, mother lig-
uor entrainment and other phenomena. Among them, the enrichment rule of rubidium and cesium elements is relat-
ed to the precipitation of carnallite. The XRD and TOF-SIMS analysis results show that rubidium exhibits a stronger
positive correlation with potassium and a negative correlation with sodium, indicating the existence of isomorphism
between rubidium and potassium elements. The phenomenon of isomorphism between cesium and potassium ele-
ments is not obvious, and it may mainly enter the salt sample through mother liquor entrainment. This research re-
veals the enrichment patterns and occurrence forms of rubidium and cesium elements in brine, which has certain ref-
erence significance for the comprehensive utilization and development of rubidium and cesium resources in salt lakes.
Key words: Qarhan Salt Lake; carnallite; rubidium; cesium; isomorphism

Fund support: Qinghai Provincial Science and Technology Plan Project (2021-7Z)J-773); Science and Technology

Wris BEA: 2023-06-18; ¥Z HHEA: 2023-08-08; 4wiE: M

EE£WME . HFHAREIIRIHE (2021-2)-773) 5 8 e REHE QI H (ZMK]-2022-J01-3) 5 46 THFTRM730 H (ZHDK202102)

TEEEN: £ H(1994- ), 5B, Wi, B3 TR, AT R K R & RS, E-mail: neuwce5211@ 163. com; FEIHAE
e IV (1983- ), A, A, SRR, BESE T I R T YR A K I & R FEST, E-mail : sxhbei@ 163. com,



702 A

i W

A
= % Gk

42 4%

Innovation Project of China Coal Geology Administration (ZMK]J-2022-J01-3); Chemical Geological Technology

Project (ZHDK 202102)

6 TR R 3 M e P IV A e v 1) PN o A b, 5
WE AR B B0 B B 2R R, R
“RFERIEE (R, 2022), TR, KE
A RETR 7 AL T R B & R & AR T 8 KA
Ak, R B [ X SR R R AR N PR B RE T,
ZHUNN R T BT — 6 (R 3R S8 0 AR A7 8, 1 AR R [
(AR B FITRE IR 545 7 T 28 4 (AR S, 2022; 4%
A 2022)

A TR JE EE EEE  RIR Z — B
AR N ZEBh AR AR I R, X e % 15 1) 2 Al
N AR A e T2 0 F T2 B
JCHAE B & AR AR B e 2 A AR ; 5 ]
AT R EENH TAE Bk B2y s ik
T R A SR, JH v e J A R T S EORS A R A
IR (CRAMNIE , 2007 3 XIRE 7255, 20195 EHM04E,
2021) . FREEAE TR0 )z, o i 3 2 A T
B 2R SR W K s S IR AT AT A S A
W, DL A A TR W K (R ik,
2019; fu[#aH, 2022; @ EESF, 2023) , IR BN
IR AR FH 2 2 S H R [RUARE 4, SR, A M
FE WL 3 507 S LK, 4 A8 SRR
AER F R ID | S B0 0 A 8 U5 6 MK A R
PEFF o DRI o okt 8 50 b 7K R R 25 i s U
FIUH RS M EE (Li et al. , 2017; 3KEEE, 2018
Xing et al. , 2021) ,

ERITEp AN E i SR LI I i
Hor pdn A fig 2 B A A RTE, H AT, Seak A
BRI RS H RKPG6 75 T R E4£2
FALY Y R R ER TR J b R AR R AR 5 33 25 AN (R
SCREAE, 2022; 5, 2022; FIEFESE, 2023), H
H SRIRTT R T RR ), A2 T R % T A e K )
PR TS IR R R E A R AL e
BT RIS 2% e AR SR B O AR i i 45 )
PRI T 45 SR T SR 50 14 B2 R ) AU IR A 0 5k S B 5k
AOTT R 0 KA R A5 0l (B ol A, 2022) o JE
TR | RN EENER YRR AN 8RS0 38 20
291 024 T3 ER TR 769 7 M AN R (4. 3
ACWE BTG IR 50, 7 AZ W AR B IR 3. 47 A2 R
WLTEIR (TR IRVLAE, 2022) , PRI, 235 05 4 e 4 45
Fol 2 0 2R A R ) G 5 R v 18 A R, T 8 76

MHOT R 285 F I SERR BT S, J2 S BT Mk 2> m R AR
AR R TR i A M A0 5 4 T AL SR B %
HEE®RE,

1 W55k

1.1 HmEBEAE®

SERRE SRR H S RTFER A T | I SR X 6 FH J4E A
X3k, Heat 53 Pedh B, gl Rt 29 e, 815 4
e At 20 e, R T | TSR IR i KRR
&V F, RRHER BORAE BRSO KRR A4S 3 A
FFRAE 159 PR AH K2 161 4 15 /K BE G, 43 5160 e
AL 53T

I ARRE S SRAE R LA B 45 SRR, R
B2 I I ol 1 Y R 43 5, R AT B R AR AR T
FAARZE K A3 o B KRR SR A Ao i v T ol 7K 6 JBORE
TR 3 3 URE I (o IO 25 40 T 1l 2% R AT, Rt el
Gy, P ORI 11, RS AR 25 Jo e A . AR X
V7 7 7K B R SR ABEER AT RN B, SRR VS g, SR
F BT B2 R WG bR 28 2 35 3648 . A [ A
253 BT RE R AR 200 g, KIZKREE T L,

1.2 #H&SENATE

(1) [ R i KRR i A 2E 0 2 At & X 5
LRATE AT R A b S LR R o S5 A R
TOF-SIMS (" ®AT B [B] Wk B F B A i i e K2
A RULNnWE SN E N

(2) X p 7K it SR FH P B 5 5 8 IR R GO
TELLIAE KT Na®  Ca™ Mg™ SO B ; HLIEHE & 45
B FREEINE Lit RbT Cs™ Sr™ ¥R BH B8 T35
P AL P A SRR A 55 B IS 2 Br™ 17\ B, 0,
WL AR E ClUHREE

(3) [EAERE & A I i . R FH L BRI 5 5
TAIETEEDE KT Na®  Ca™ Mg™ SO & i
A B T RREEINE Lit Rb™ Cs™ Sr™ & it [
TR A A Ak B S R S AR B SR DU E Br
1" .B,0, it RAARILINE CI7 & i,

(4) TOF-SIMS 43 #7 I3 15 4% 4y % [5] ION-TOF
GmbH 23 542771 TOF. SIMS 5-100, i3 414y —
WET W, Bil, 30 keV, 45 deg AN, 145 m 1.
300 uwmx300 pum; — B B A BT B T L RS



55 1

E AR, SEIRTFER I i AR A A4 o0 2 B R AT ST

703

F,0~900 amu; W2 F . 05,1 keV,45 deg A
S, TS A X AR E R T Si0, SR 0. 205 nm/s,

2 SERER K

2.1 RWEAKBD D
ZRTERIN T L 1R X JER 1 K oo i in 3% 1

FiR, B RIAL JEAG KK LR 7E 320 ¢/1. /2
A PR E A B AN BERAR B Tl KiK. %
243 [ DX AV 43T 22 57 % [ R A >R T 25 P i FH 1)
PSR (25 2R 5, 2021) , A AR X 5 < 2 [H]
TE K" Ca™ SO; Sl LA EER,
2.2 MM B ETEEENE
XoF [ AH B I i 7K AR R ) K Na® Mg™ il C1°

F1 [ ZXMIRXEREKEDFITER
Table 1 Analysis of original brine composition in mining area I and II
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Fig. 2 Variation trend of K* concentration in the liquid phase (a) and K content in solid phase (b) with the trend of bittern
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Fig. 3 Variation trend of Na™ concentration in the liquid phase (a) and Na”content in solid phase (b) with the trend of bittern
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Fig. 4 Variation trend of Mg®* concentration in the liquid phase (a) and Mg® content in solid phase (b) with the trend of bittern
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Fig. 5 Variation trend of Cl™ concentration in the liquid phase (a) and Cl” content in solid phase () with the trend of bittern
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Fig. 7 Variation trend of Cs” concentration in the liquid phase (a) and Cs” content in solid phase (b) with the trend of bittern
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