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(a) Location map of the Chahansilatu region; (b) Geological maps of the Jianbei Basin and collection

sites of shallow brine samples; (¢) Typical core profile of the Jianbei Depression
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Table 1 The pH values, TDS values and the content of major-trace elements in the shallow brine of Gongnan Depression
of Chahansilatu Basin
+ + 2+ 2+ - 2- - o+ 3+

KB LA REREm pH — K Ne G . Me T S0, O O - = Kl
1 ZK-304 20.0 — 33745 536 11040 030 7.14 187.01 27.05 0.19 538 50.50 ARMREEIE
2 7K.801 5.0 783  283.14 577 89.11 046 794 17455 516  0.15 595 47.80 WhEREEI
3 22.0 786 28241 6.09 88.15 0.63 815 17173 7.64  0.17 576 46.00 FREREEIHE
4 2.5 7.81 28950 9.68 8698 035 12.16 17643 3.63 022  6.02 59.75 HFREEAY
5 7KA719 3.5 7.81 29330 9.66 8790 0.61 1230 17643 6.12  0.19 595 5727 FREEEWR
6 6.2 7.82  283.60 9.74 8453 044 1240 173.61 252  0.12 622 7721 EREEEWR
7 10.7 780 29190 9.54 88.07 048 1223 17455 6.67 024  6.02 60.59 WRREEWH
8 6.0 8.08 282.62 4.69 87.01 0.51 535 180.18 478  0.10 508 36.70 HREREEII
9 ZK-306 16.0 8.01  279.92 470 8732 049 538 17830 3.61  0.12 511 3870 HREREEI
10 26.0 7.87 28457 474 90.12 032 539 180.18 3.63  0.18 5.17 39.10 AL R
11 K001 18.0 7.93 28230 9.17 8539 048 1090 173.61 256 0.7 675 6330 WRREEWH
12 25.0 796 29429 932 96.73 037 1090 173.61 227 0.9  6.02 67.50 FREREEWR
13 7KAA405 15.0 8.06 293.62 6.79 89.06 0.63 1452 17455 796  0.11  6.85 3228 IR
14 25.0 798 28837 6.81 8519 0.63 1438 17549 574  0.17  7.00 31.70 BREREEW R
15 . 9.1 8.10 29290 738 89.03 036 1260 17643 678  0.15 7.05 6556 FRAREEIHE
16 14.9 8.08 290.52 7.66 88.50 0.38 12.89 177.37 3.53 0.19  7.20 6391  FREREE A
17 7.0 8.02 288.69 551 89.15 039 995 17924 429 0.6 6.57 31.76 WREREEI
18  ZK-808 17.0 8.09 28427 543 8771 043 972 17737 345 0.6 736 29.11 WREREEIH
19 27.0 8.02 27839 525 8574 037 935 17455 298 0.5 613 3249 GREREEIIN
20 K005 15.0 7.99 280.68 549 8198 035 8.63 17455 425 0.9 797 4029 FiEREEWR
21 30.0 8.00 30480 545 90.87 0.33 844 17549 1857 022 887 4275 R
22 15.0 8.01 28635 6.48 88.62 0.52 808 17549 696 020 722 3128 RIS
23 ZK-409 20.0 8.01 28328 6.01 87.63 0.50 7.85 172.67 842 020 7.08 31.52 HREREEIIY
24 25.0 8.00 27786 5.64 86.64 045 678 17455 359 021 641 29.63 GREREEIIN
25 8.0 8.10 28571 544 87.87 036 832 17830 527 0.15 8.13 4510 WRETHE
26  ZK-008 18.0 8.10 28923 599 8781 0.36 839 181.12 539  0.17 8.00 4320 WilREEIH
27 28.0 8.08 28975 5.82 9048 034 834 17924 536  0.17 8.00 4350 FREREEIA




18 XLED

55344

B REAE . TDS {E Y5 N 277.86 ~ 337.45 g/L, -1
H N 288.86 /Lo 5 HH A0 M X AH L, it me U1 1 7% 2
i 7K 19 TDS AR T B 45 40 25 O 35 3 &[] p 7K
(TDS {# :332.29 ~ 394.80 g/L)">" {H 7 TR IR M2
4 5 34 5 6] 5 7K B9 TDS {H (236.35 ~ 243.82 g/L)",
FE K i i, HE g R E K A KR
H 4.69 ~9.94 g/L, F-I{E N 6.65g/L. X —HH
378 768 T 7K KC1ER A Tl 2R i 7 (KCL = 0.5% ~ 1%,
K"~ 2.6 /L)™' 5 AHARH X AH L, HE R V140 7% )2
B 7K R K 55 R TR M % VG R M 1) e K (K o
M 4.6 ~13.1 g/L, M N 7.98 /L) HH 24 (EAK T
B R ERMEAY K3 5 (4.57 ~ 19.38 /L, -3 {H N
12.92 g/L)"> B FEsK A2 2R T 1w, $E R 11 v 2
i 7K 78 Piper [ 347 F Na-Cl X3 (K] 2) , B H:
E A Na fl CI % & i FRfE . 4K 3% Hardie F11 Eug-
ster "4 H A Ak 25 5] 43 BB, MR 5 KSR K A rp A7 AE Y
F BB T XER AR AR B KA 2 R R T 2 Hogy
KRBT QR B AE 5 A 0 Y UUTE 5 S
5 9 (HCO, +CO; ) >Ca* , M| /K /& & Na-K-HCO,-
CO,-SO, %I (Bl Na-HCO,-SO, ! ) ; 4 F-H5 W A B3
TET7 A BT S 2 P (HCO, +CO,> ) <Ca*, 1 R 7K
R A Y s S N s A S ¥ SR = L R = NI
TEJG B SO, 7 >Ca*, it T /K kA Na-K-Mg-C1-SO,
RI(HY C1-SO, B ) 5 55 — A~ W Ry 8% 42 /K AR 76 41 B Ui
TEJE 2 SO <Ca, Hi T /K i {4 Na-Ca-K-Mg-Cl
AR Ca-C1 7 ) 7200 Hb g U1 1l % 2 160 K 7E =0T
Ca-SO,-HCO;-alkalinity & H (& 3) , 4k F CI-SO, X

N 90
0 20 40 60 80 100
Cl

100 80 60 40 20 O
Ca

B2 Bpg M2 kK F 2T Piper 5]
Fig.2 Piper diagram of major ion in shallow brine in
the Gongnan Depression

S, BB R BE L o AR, AR 4L pl (M 1 A 4
U AR T 0 2R L A K PG R A kb S AL
PUR/ BRI

TR Bk I A .
(€1s0,) .-

7T R
- (Na-HCO,-SO,)

SO, HCO,-alkalinity

3 HEEMMIER)Z K 7K Ca-SO,-HCO,-alkalinity = ff 241+ [#]
Fig. 3 Triangular equivalent diagram of Ca-SO,-HCO,-
alkalinity of shallow brine in the Gongnan Depression

PR B o 7 T, B R I M 2 K Y
B 1 Li & i £ AR FLAE i AR IR EE /N, B &
HIEE N 29.11 ~ 77.21 mg/L, F-HI{H N 45.87 mg/L;
Li %M 5.08 ~ 8.87 mg/L, F-H{H N 6.63 mg/L, it
i F B & . B M Li & E¥ARBH Tl ARG
(B,0,:1 000 mg/L,B*:310.5 mg/L; LiCl: 150 mg/L,
Li*:49.5 mg/L)", B & A i T B AR ER Wk i ]
7K (14.07 ~ 64.17 mg/L, F-34{H 36.91 mg/L)"" , {Hit
T IRME b IR] 7K (321 ~ 643 mg/L)™, Li &K T
ELRRI KR M (5.56 ~ 31.70 mg/L, F-H4{H 13.38 mg/L)
FIC IR M it 8] 11 7K (40 ~ 56 mg/L) ="
3.2 ETHTh E 2t Mtk = sk 5 E

W R, 76T 5 X (B WA sl Eh i v, s I B
TR R U5 T A b R AR RN b T K ) s KA
FEYIHEATIER 3K B AN R K SCH B AR T
IR G b R s % 5 A, O s Al AR
TS H T KB BIE AW B 5 , 78 3 Y MG T
FRER S v, 28 I P il 28 R R A AR T, 5 3800 oL
B 7E ) A sl R W S B R AR BT I IR A
HiHE R [T AR S S8 TR A Z P+ AR A T Y
IR M1 DX, A VT ) LR AR 4, PR i DX 3 1)
KR AT BE 3 B 5 T BT R 43 Ll &R A b T K 33X 2
TFARAE TG B G AR M, AR, HE R M



551

FUE 2 85 - ST R P 2t 4t B T3 8 2 15 KR A A A 5 T8 L il 19

2 XK K H IR B 1 (Ca2t \Mg?* \Na*.Cl~, S04,
HCO5™) FEEK H 1 X375 19 KAk B il K i 281X
B2 R ER R IE R L . B S AR TR AR A
T AR U % B RS AT A A A . X —
MfE Gibbs (& 4a,b) ' Na*/(Na*+Ca?*)-TDS #ll
Cl/(CI"+HCOs)-TDS A9 LB A BT BL , R 111
(TR )2 B 7K YL T 25 A T DX, 3R W43k g 1M b ¢
JZRKIIE I E B2 W TR R KAEH . KB Li
YERER W R Z R IR TR X TR TR & 4
HLHI o8 A R X L, e Bt rg [T b
2 1 7K B B BRI, AR SORE 5301 43 B b KA i v K
B.Li By 2R S ML
3.2.1  SRVFITRL A F B p T b R 2 i 7K KR IR

HE LI

S8 TR R 73 M T par K rh A Y S R YRR = A

10°
@ ZK-304 ) (@)
@ 7K-801 i i
© 7K-4719 !
10° F @ ZK-306 !
E @ ZK-001 ,
@ 7K-405 /
® 7K-4727 /
10" F @ 7K-808 /
= F @ zk00s - wste
- [ O 7K-409 _-
g 100 b @ ZK-008/,// A
2 P .-
£ KR 7
[~ ~ \
10 . \\
o L IR S S
10° L ] L 1 A 1 L ] L
0.0 0.2 0.4 0.6 0.8 1.0

Na'/(Na" + Ca*")

A CANER AR R A B RA ) 88 Sk i KUk Rt ik, B
Je T A KB Rk AW BT E AR . SRR A
b T [T 1 72 23 1 7K H A B T i 32 R UR TR R
Sl XS ERAE  A T KRRl VR BT R 4 1L
RAPEAK VK BK ZHBUKAE IO T35, Ut
KB RN A HE RS M b 2 < K [ 1T BE VA U6
T A AR R (NG R AR T e 4Rt
TR . HERE b 2 A R A A
Yy oh bR K R R A B KRS T AT REYE (] 1e) .
BE A, 23 S P 235 i v A ) 75 A i A A 11
R K AT RE @ I I AN R A TR T
— s (I 1a) . AT, % R R ALL — 25 R
Fa 3 o b i K B AR 0.10 ~ 0.20 g/L > 152
B HE B [T 1 78 23 1 K B B A 2 30 A B R
X R WIS ARG 1E o1 7K 6 B ) TR AT DL 2B AN T o

10° , (b)(L
[ {

10¢ Y

- Ve

i -7 B
0wE - -7

E .7

L KEER |

s \
102~ < N

F \\ \\

E ~ N
o L Tt L R

10° L | L | L 1 1 | L
0.0 0.2 0.4 0.6 0.8 1.0

CI'/(CI" + HCO;")

4 HEREUIHL IR JZ X K EE §h Gibbs &

Fig. 4 Gibbs diagram of shallow brines samples in Gongnan Depression

P 1113 4 2 1 7K R i Y K5 sz A0 R R TR
FIER W0 R A0 0 S S o A R SRRl . e RS
AT, B Mk = A HOKIRRM G, 28 K HEE SR
B Al A T BT R < 1 5 B AR 1 o KU Ak ke
LB 545 R 2B ) E U A B0 X G A O
. 16 K-TDS FSCHER b I JZ kKb TDS HS K &
o B A IE AR SCHE , SR WIREE TDS {EAYHE N, K
B LT, X 2R T SR MR )= K

T K 1Y S KK ZE R ARV E R % DIAROC (K] 5a) .
A, Mg JC R il K ST R AE KUK 2 T8 4,
TSR DR CRRE R T K i A R . AE
Mg-TDS A5 Hr, — 35 B 52 B i 35 A A e 1k, 31X
HE— 2R T Bt M b 7% 2 kK 2805 T 5 Z G 2%
RAAFVER (K 5b) o M EEARAR -5 1 B b ] - TR it
M1 BE DX A K s AR AR, 3R ki K K9 4
A7 B FAB PR 2R 52 o B 98 28 B, 6 i 1R 6 1 AR



20 XLED

ERVE S

(C1-SO4) £8 W (<0 K H , 5 FE7E 15 Ca 7K (1Y &b 45 FTR
A TRE S EER I K K K S H w4 K i
5 TG Ca-ClLAKAMNA RN A RO ER W i K . BARIK
TR Wt ) 11 7K 9 KB i AT b R A b HE R
Tt 7 J2 e 7RG R 90 542 G R o ) K, R R
B AR 7 W] BEAFAE 5 Ca /KRR o 28 S0y
WFFEIESE T i Ca 7K X BEFRAK 725 b it 18] 1 7K ) #b 25
YER o R TEETT I ] 3 4 g 111 b 1 2 s
VG i 0 2 b A A7 A AR R K Ak R S B it
FEW Ca-Cl R AR 1 1 7K A HE g (M1 0 30 % s
T2 KK AT — FE R, {E X 3 AN B R [ 7 2 % K
H K & SR A PR

5 GE ML

HAAIFSE 26 B, 75 780 =0 11 1 SR R W i (B)
FEE (L) ZF IR ) R BRI, X s R rp
B I Li B9 B S i, ELXH I AN 3 T X —
WA o BRI AL F 88 B3R LAY R 48 H AR I
AT W T8 3 U P9 A W 38 R B SR R S SR R A B AT Li
B ETRIE . A, & B B HL A I E Li 0 5
KL S A A R AU R okt Ry Sk K A b BT
Mk T #853 B AT Li2 R, $AUR K B 5 B-Li il i
PIJCE B Li A A XU RT3 U 4% 1 S8R AR 2 B
ML fraEp FEREE,

SR R 73 1l VG 3 1Y) B R - S B 1] - R TR

3.2.2 BEIT I R A A e I v 2 i /K B-Li B2k 25 TUT 563 2o b 194 i 1) pi 7K dfe =2 80 by P4 3t A 1) 52 i
12 20
(a) ® ZK-304 ()]
114 e 7ZK-801 18
° ® 7K-4719
© ZK-306
104 .o © ZK-001 - 16
N ® ® ZK-405
9 ® ® ZK-4727 L 14
- _ © ZK-808 L~
= ] V=02 537257 0 7k00s ¥=043x - 55.52 [, T
. o ® ZK-409 R=047 [
o ;] PR ® 7ZK-008 HE e 0 S
o s
6 °© -8
° (o] ® [ J L
54 -6
e 00 I
44 - 4
3 T T T T T T T T T T T T T T 2
270 280 290 300 310 320 330 340270 280 290 300 310 320 330 340
TDS/(g-L™") TDS/(g-L™")
804(©) ® 7K-304 DLoo
o @ ZK-801 e .
75 ® ZK-4719
® 7K-306 - 8.5
70 4 ® ZK-001 ° I
65 © 7ZK-405 o ® - 8.0
T ® 7ZK-4727 I
© 7ZK-808 i
~ 60 ® 7K-005 o, 75 2
2 554 © 7K-409 o L
e ® 7K-008 ° e 70 &
= 5] v =135x - 340.93 ° o I
m R*=0.23 5 ¥y=0.03x-3.10 6 a
45 4 ) R*=0.008 - 6.5
o °® o L
40 4 o 09 - 6.0
[ ] L
35+ L 5.5
. L
301 °o°® [ 5o
25

1 T T T T T 1
280 290 300 310 320 330 340
TDS/(g-L7™")

T 1 T 1 T T 1
280 290 300 310 320 330 340
TDS/(g-L™)

B 5 (a) HERF M2 X 7K K-TDS B A S PEE ; (b) Me-TDS FIAISEHER ; (¢) B-TDS A 5
(d) Li-TDS AH & &

Fig. 5

(a) Correlation graph of K-TDS values in shallow brines of Gongnan Depression;

(b) Correlation diagram of Mg-TDS; (c¢) B-TDS correlation chart; (d) Li-TDS correlation graph
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Hydrochemical Characteristics and Formation Mechanism of Shallow
Brine in the Gongnan Depression of Chahansilatu Basin

BAI Baoyun', XU Qinghai', WANG Mingxiang”*, YUAN Qin**, WANG Liwen',
LIU Long', SHUI Yingdong', GUO Bao'
(1. Qinghai Institute of Nuclear Industry Radiological Geological Prospecting , Xining, 810001, China;
2. Key Laboratory of Green and High-end Utilization of Salt Lake Resources, Qinghai Institute of Salt

Lakes, Chinese Academy of Sciences, Xining, 810008, China; 3. Qinghai Provincial Key Laboratory
of Geology and Environment of Salt Lakes, Xining, 810008, China)

Abstract: Potassium salt, a critically short strategic non-metallic mineral in China, plays a pivotal role in
safeguarding food security and fostering the stable growth of society and the economy. The development of
potassium brine resources in the Qaidam Basin confronts challenges including the partial depletion of potas-
sium reserves and the challenge of keeping pace with the escalating demand for potassium within the coun-
try. The identification of new potassium resources is therefore critical to meet this demand. Current research
is lacking in systematic analysis of the geochemical attributes and formation processes of the shallow brine
within the Gongnan Depression of the Chahansilatu Basin, with limited data available. This study con-
ducted a comprehensive analysis of the major and trace elements present in the shallow brine of the Gong-
nan Depression. Findings revealed that the total dissolved solids (TDS) concentration in the shallow brine
ranges from 277.86 to 337.45 g/L, indicative of substantial evaporation and subsequent concentration. The
shallow brine is characterized by a preponderance of Na" and CI", which exhibits a distinct Na-Cl type re-
gionality on the Piper diagram. The potassium content in the shallow brine spans from 4.69 to 9.94 g/L,
with an average of 6.65 g/L, considerably exceeding the standard industrial mining grade. In contrast, the
trace elements boron and lithium are present at concentrations of 29.11 to 77.21 mg/L (mean: 45.87 mg/L)
and 5.08 to 8.87 mg/L (mean: 6.63 mg/L) , respectively, well below the industrial mining threshold. The
hydrochemical classification of the shallow brine in the Gongnan Depression, following the Hardie and
Eugster system, is classified as the magnesium sulfate subtype (CI-SO,). The study suggests that the potas-
sium in the shallow brine is primarily sourced from the weathering of potassium-rich granite within the Al-
tyn Tagh Mountains, with enrichment through evaporation and concentration. Boron is primarily derived
from serpentinites relatively enriched in boron, while lithium is primarily derived from the weathering and
erosion of regional bedrock. Additionally, lithium is influenced by multiple factors, including adsorption/
desorption by clay minerals and co-precipitation with secondary minerals.

Key words: Chahansilatu Basin; Gongnan Depression; Shallow brines; Hydrochemical characteristics;

Shallow brine origin





