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Abstract: The Balun Mahai Basin of Qaidam is characterised by the presence of substantial brine resources; however, further research is
required to ascertain the genetic mechanism and potential of these resources. The present study focuses on the intercrystalline brine in the
Balema Lake Basin, conducting geochemical research on elements and hydrogen-oxygen isotopes to systematically analyse its water
source, solute origins, evolution process, and genesis model. The study also explores the mining potential of potassium, boron, and lithium
elements. The results indicate that the intercrystalline brine in the northern part of the Balema Lake Basin is of the magnesium sulfate
subtype, while the southern part predominantly features chloride water. The solutes present in the brine are primarily derived from the
dissolution of halite, potassium salts, and gypsum. The water chemistry is controlled by a combination of evaporation, water-rock reactions,
and cation exchange. The chloride-type water in the southern region may be influenced by deep Ca-Cl water that is known to flow along
faults. The water chemistry characteristics indicate that the intercrystalline brine is formed by halite dissolution, with low metamorphic
degree and poor sealing in the salt-bearing layers. Hydrogen-oxygen isotopes indicate that the primary water source of the intercrystalline
brine is atmospheric precipitation or snowmelt from the Qilian Mountains, with the predominant recharge sources being the Yuka River
and shallow groundwater that courses through the alluvial fan. The impact of strong evaporation and water-rock interactions on the
formation of the brine deposits is significant. The differences in water chemistry types and spatial distribution between the northern and
southern regions are fundamentally related to the recharge and mixing of these two sources. The genesis of the brine can be summarised
as a dual "dissolution recharge + deep recharge" mining model. The study area has been found to have considerable potential for potassium,
boron, and lithium resources. The drilling sites ZK7618, ZK8014, ZK8024, and ZK8431 are likely to be favourable targets for mineral
exploration, based on the comprehensive water chemistry characteristics, salt layer thickness, regional salt formation evolution process.
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Fig.1 (a) Geologic structure schematic map of Balun Mahai Basin*?; (b) Isopach map and sampling location of

60km

intergranular subsurface brine in Balun Mahai Basin
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(¢) (Ca>*+Mg>~HCOs7)/( SO«>+ CI” ~Na*);(d) (Ca>*+Mg?*)/ (SO42")

R KB BH B 7 B AR AT DL b R /K (93 T SRR J s A R (K+Nah)/C I fig mT LA S )
Wr K. Na™f CImfl 32 B JS0-ST, #f 70 X AT 7K . BSR4 R T8 o 7K R E I LR et 7K B i J L9
1B 1:1 £ (& 2a), R IR /K BA B IR KR, K Natfl CUEAR T #ha ME e . thabh, K5
Na"ZET CIr ¥t B XK ATRER AL T BH & T A8 B R BHE T . Ca?/SO«2 IR AT LUFI SR B it R /K o Ca2 i)
BRIR . B AT DX R R S 25 s ) 1 K R SRR R o KRR )R 0 AR TE 101 2RV R (B 2b), BB 7K Ca2*
(1) BRI A BT YR 5 REK M SR, B X I Ca iR m, WRERE 73RS
TR o SRR 8] o ARSI FLBE < KRE A AE 1:1 2R0L |, REFIX LS 7K Ca?*SRIEAMY
BHEEM, E0] 62 2R RIS ERES Ca-Cl AMAMAMNA T, H—PUESE T 5 R AR KA 2253 2808 K
R HERT . (Ca>+Mg?~HCO37)/( SO« +Cl—Na®) Efift AT LA SR FI i T 7K Hh SO42 1) 32 BREZ 53],
IKEEHR L BERI Ca IRER SO IR IE 73 il F (Ca® +M g2 ~HCO3 ) fI (S04 +Cl-Na" )R 7~ , & KA
SO AR F AE BIEMR, IAERN 1. FFAX @I K B R o AR ED A B FLIR o /KRR 25
HATLE 1:1 LR 47 (B 2¢), R ERp/KF I SO EBR H A BRIEM. (Ca>+Mg2)/(SO42)EfE AT LA
FASRHIWT Ca2 Mg B EBRIR, W 70X b IA] 7K EAR A 35 5 7K A0 ) R AL Bt ot 7R i J LT RV A
1:1 £RLL B(F 2d), RATFFCIX SR XK B4 3R 100 i 7K AN T MR R LR i 7K T Ca2ts Mgt EER AT
FE SRR S VIV AR -

[(Ca?*+Mg?*)-(SO42+HCOs3")]/( Na*+K*-CI7) A& AT LLFH SR 2 1 1 R /K BH 2 738 B R MHE AR EEiE
Y=-X BN N KE T 5RZUNBH B 738 B R E B, CAl %] F T4 i K R A PR T 22 B IR
FRHE R  10) e 55080, 1B n(L). (2)FR:

Cl-(K*+Na"
cail=— 8 TR )
Ccr
CAI2 = Cl -(K"+Na" @
SO,> +HCO,

E_ 1600 s A (a) (b) : @ LR ERTY (%7K

L A. Lk : WL A

= " | AR AR S ) K

o} N ) e SRR ) 7K

[‘:é 1200 LA R*=0.62 40 4 : A .
u"’ R . A % : v

z v o w - :

T " v A = ' v
£ so04 AN :

.  ve .,
JL S r._.___:___éé‘__."_ _______

S . I

400 . : . | 1 T T
1600 1200 BOO 400 0.1 0.0 0.1 0.2 0.3
Na™+K™-CI (meq/L) CAll

B3 G Sy A ) 7KL BRI B e TR AL B e K
(a) (Ca*+Mg*")~( SO4>+HCO3")~( Na*+K*-CI");(b)CAI1-CAI2
Fig.3 Intercrystalline brine in Balun Mahai Basin, brine in Kunteyi Salt Lake and gravel-type brine in Mahai
Basin: (a) (Ca>*+Mg?")~( SO4>+HCO;37)-( Na*+K*—CI");(b)CAI1-CAI2

LR KA KR Nat e be, Ca?* Al M2 By, CAI #RBIUNIEAE, BN IE A P ES 522 # B A
2 CAl BIRBUNTUE, R G 1a) B 7SS AR o Sl a E ) (B, R A R B 8 52 5 W B
TR PEE R o A9F 7 X ) B 7K B 5] i 7R R AL BT T KA 1 LR A Y=-X LR PRI (18 3a),
RWISGUNEIASFNLAE 1 IF TT X 18] B 7K s AR e 80 o 7K A B e 8 P LI e /K B 7 S A B B0 R B
JK B Nat A< B2 1 T BT 7 i, Ca®* Al Mg2* v TR B 7 94 B2 BARAIG - 4705 P 25 52 B B Xt e K A2 270



AR T EEAEM . HEFEX SR K BRI 0 o KM S iR A AL s K RE /LK) CAL #R T
O(P 3b), 2 HIFE s /K AL R o BT R A T IE 1) AR S R W AR B0 p 7K B KA N A B o 1 9
FEAR, Ca? il M2 i T B TR FE T o XoF L W], SRAG 2R i K AR 52 R PR A PR e, T g5 L
TRAS /KA B RIZ AN KA 2 A R h IR A SRR A 5%, S RTSCRTES T Br 8 R &

Ca

A TR R 1] K
v AR A XK
®  [RAFIER I ik
B PRRAE LR XK

HE

T Fet= i WA

Na-HCO,-50,

SO, HCO,-alkalinity

Bl 4 AR S it wt ) K L AR SR80 s AR AT s U AL 7K Ca-S04-HCOs =T
Fig.4 Ca-SO4-HCO:s of intercrystalline brine in Balun Mahai Basin, brine
in Kunteyi Salt Lake and gravel-type brine in Mahai

HBT B ROE T IRAF A B0 X, AT S s KR4 50 R VA UE A /K A I AL RO 45 B B8 57), Ca-SO4-HCOs
= ICAHBE AT AR B KA 5 23 ARV, & CI-SOa 7K B E B TRALE M)E B AR BRI AL, A
T AV AN R A T A T VS DE RN EE A, . Wi 4 P, W E DCRRTRR 8. MU 204 o5 ) e 7K T B R AR )
IKIMGAE C1-SO4 X3, FF[EI% SO4 LS E 4R, RUIZ KKK BRI AT . B4 TRV IE. WHFEIX
S 18] g K RN R B LR s 7K 23 A 7E Ca-Cl X35, 2 MBI S0 IX AL M 28 4 ] i 7K AT R 52 B TR K
PRIIRNG S W R UR K AT 1) LIz B3R 1 ¥ A X

3 o s 10 15 s
ar :|_ i L L L
(a) L (b)

1
w [
|
]

tLﬂ

HCO,

Ca* BO,

K5 EAS i (a) B BRIV 2 (b) UL A 2R it ] pig /K AR 2H 70 BRI ik 2%
Fig.5 Cluster analysis of basic components of (a) magnesium sulfate subtype

(b) chloride type intercrystalline brine in Balun Mahai Basin

R W ITIEREA BURHE R T K P B R B T FR SRR B Wil 5 s, BTt IX iR Bk
WA pG/K TDS 5 CI\ Na'Roy—3K, RYIAEREIEIE A2 MUK LS R I E 2 2 HCOs™ B20s Al
Li'TA—, KRBT BRER BT A /K B20s A1 Lit FZ B A RIE, RIS RE K R Rk ] 65 1 i



i K Mg, S04 Brilg Ca¥A—2K, R K/KAEIEAF SR RN WIS, Ca> M Br —MRiE
T E K, LitF B3 —MRIE T K LB R 58, S A X AU B = 7K Br. Lits Ca? KMl Mg2 5oy —2K,
ST XK B ORIEANA I s TDS 5 Nats CURAN—28, WA LA i 2 41 S AL M2 pa /K ¥
KIRFIEEREZEK; S04, HCOs™. B203 B AN—32, WIS x/K B20s == YR T KA K KAL ke &
Bl 5 A BT S

gE LATR, ZRRGEIER . SR VA UEAE P R BH B A e ) T 0 A X ) i 7K B = K SO ER AL
SRR, RUKBFOREEENAE:. WAk, XK Ao B Sy MIBEMR, Jousm i h & s s s fe gt
TiFE. MAXENAME ZKRENARMSAEASRST Y, wit—PUEst T HEwmEERERR S
3 0t 0 D) K AP O B
3.4 WETEHREEKERMN

WG /K28 R BNTR(SET) AT LA s Il R AR /K A4 7E 26 A3k R v 36 23 (BT R W A e AR 22 b (1 T K BT, Br
o T AKIEFR R RST IO, JUFASIMER BCE B, Br BT BUAE B AT T 0 Wt T K e BRRI K A4
LI R0,

K Al Na & 74T SET KI_EJ5 (I Va), B K 1 Na B THIX K 28 5 172 & 42 10, HEDBIE 5% (X &
(B 7K B ORIR T A 2 A sh S b MRV e Ca A Mg 2700 T SET W L5 (FHE Vb,e), &
B Ca fl Mg BFHXNE/KZERSRES, XMEETREMHEFEERMEREGR, NHLEANYR
IR, Ca s 5 0] B8 A2 B R /KAR I AN B A5 B P (A0 Sk A5 I TR RS i o TR Z8 R 22 SR MRt
VEZHT, KABEKMB(SETREHEE Bk, 75 3hid I8 s R /K B i AR RSB AR &K 1 CLAEXT T Br &
£, WHR XA xKA T SET L5 (B vd), ClLARNE Br &4, % &K T KA MBAKRNG, HFORIE
FEIEERWEIE. BT KK SOs B 740 T SET LI Ve), FBH SOs 4 T#F /K28 K I 18 5 46
S iK SOs BFALT SET R, KW SO4 W T /K78 K ITFERANN 78K, SAA ik L2 LR
R B T KA 5 45 HC O3, LLRbRRA B AL IR pi ZKAH X & 25 HCOs(MT B Vi),  FIRILG 3 — R Sem 7
X S B AR AFAEGR ARG, A B WAEHIER T Ca WEEINE S, [FIHS B R 2R 130 SR A G %
T SO4 5. WA @ x/KFR By Li 2045 s mF SET X RAEHE Veh), HKZHF: SE =
T R IR R o K A R A B ALBR i /K, 3R BRI A IX A B i /K R AR & 4 By Li, BRI EUE FF AR A (7
71, {EJRELMTE SR YR o B O T I X (R < KRR SR 1K TDS(B 61 B s #B62F SET 19 1
T, RWAKKSZE] T SREI A AR E AN S i IEAE

WHARRW, KA RNAEDURZ M = B AL DU R U AR e (ORI KA A A
SMEAREDTE; QAT A EBT AR REBUTE: (4)A = fAfk. Lee Davisson 257E 1966 - £ 57.
T PR SET Na fll Ca 55K, Ca MIEHEM Na M58 E SUN:

Caexcess - Z(Cameas _(Ca/CI)sw Clmeas) (3)
40.08
— (Na/CI)sw*CImeas — Nameas
Nadeficit - 22.99 (4)

A3, Cameas~ Nameas I Clueas TR 25 85 THIE, (Ca/Cl)sw FI(Na/Cl)s TR KK B TR EZ L
Nadeficis/Caexcess P T AT HH GURR B0l Hp AN [l KA I R R, fHH RAE BN A L2 T3 1A Ca2 B 2 A
Na' B # H AR AR RN 1, A BN ER RN X R, A AA BEREME S CaiE 4.
HKTEZR RIS RAE T IRAFAENTUE, HEERERIFLE Caoces EEHE T, T8 Ca 15H;
L FA AR, Nadeion (22 RFFAKCFIEK, S8 Na 197585 078 X B EREE T B4 i 7K R AR 25750
KK KIS AR, BT BARTE A RV ARG E A T X IR(E 6), AT 9T IX BRIREE W 5 /K 32 9
PIMZERKRGEER SBABTOE, XE5WXERE &0 F AR EZREARR & B X S0 8 i KRk
ERFLER XK AL T A S AL, RS R KR AE T A At B . BT U5 X b 18] 5 7K FI T A
LA B T A0 VA RN ZE R G5 (VW EE A, TR K AR BN A e A R it SR R s K 1 A 2
HRSF=A T S



1000

A G R K W S b B K
© RAFRINMIEK W R IR K
N A
&
__500 i \
& P : Y
g e
i R
S | i B UTVE , v
s 4
R AHMA T mER
500 T T T T T
-1500 -1000 -500 0 500 1000 1500

Nayg,(meg/L)

Ko G Dt f m sk B SR s K AT RD 5 7R FL B ST 7K Nadeficit A1 Catexcess 5% 163)
Fig.6 Nadeficit and Caexcess plot of intercrystalline brine in Balun Mahai Basin, brine

in Kunteyi Salt Lake and gravel-type brine in Mahai Basin!®*]

3.5 SRR EMBRIL ST
A EEALRIERE T T 7K A BRI A I R e A SRR I B TR 7R 5 604, i A X b ] 7K
3D {8 N-41.20%0~-5.50%0, “F35{E }-25.92%0, 530 18 }-2.00%0~6.50%0, “F-IIME N+2.37%(F1F 1).

200

(a) (GMWL) b) v
0 D=8x3"0+10 A
R=0.06
(LMWL) A w4 e WA —
0] BD=448x3"%0-4 R-0.54 A 4 a
L ______—_——______
dg ES) -
g i ?h 180 M Rc=007
E—80- * -
a Fa
2 3}
(LEL) 170 4
1201 5D=4.33%5'%0-35
i A
VR K
160 . . . 160 : T T :
=20 -10 0 10 40 =30 -20 -10 0
=1 o
8150y, gyt BDy.gpow! %o
200 =20
(d)
190
40
£ Ry=0.99
=} 2
2180 3
= ¢
S &
=
60
170 4
A A G S ) Rk
WAk K A
@ EURRE R K
160 T T T . . -80 : : | : T
-2 0 2 4 6 -2 0 2 4 [
8 : KO\'-.\‘WU\\-‘% 8 I hO\‘-.\MU\V%

B 7 (a) B A L v 23 ot 1) it /K S R 35 L BR A6 25K AIE(b) SD {5 C1 BT
(c) 880 165 Cl B F; (d)3'%0 5 d-Excess = & K
Fig.7 (a) Hydrogen and oxygen isotope geochemical characteristics of intercrystalline brine in Balun Mahai
Basin; (b) 8D value and Cl ion; (c) §'80 value and Cl ion; (d) Relationship between 3'%0 and d-excess

HF5E X 18] i 7K S SRR 2R BRI 1 BRI K e (GMWL) MSIA AR B ek 28 (LMWLD [ffilz,



AR IK (3D=10%0+2%0, SD=-20%0+10%0) F5 il I (] 7a), W H R U5 AT 52 4183 1 i KB /K Bk
TRK . AR AZRIRIX I, FCRE /K AR S bk oy AR S i b i) E KR . 25 i ik X 38 7K it
LTGRO, NG SANA T E R A . BFFTIX & 8] g /K B A R BB B (R AR AE, LA 4R
(8D=3.045'80-33.13, R?=0.54)5 i b 7k ZR(LEL) B AL AR 2h, ML 2 3 T 982U 2R A
RRAUKE &R, S5 SASRT MRAERM R, SHEMRERMNR . ANE 7o haf IS, #F5EKX
A g7k 8D 1 5 Clr 2R Mm% HARRYEAR K, 8D MEBE CIRBE IR KA B E5E, HMRLK
GEAE FIAS R LK 50 17 o 7K VO 1) 8 4R 0 3 2 TR A, ) 2 SRR Ry kA VA B VR & B 55 X A i 7K CI
] 8180 (A 2FMIEM (B 7c), FKEISRZLMZE R IR 4 1E F i s K o 180 & 4R 10S),

EERRABKEARER . BREBMREERARMMA, FH D, 580 M@/~ HEER, EMER
{f GMWL 5 LMWL 7ERI ZRFI#EE /= w22, B4R (d-Excess), & XHN: d=8D-88"%0, WJLIi&E
KARE KA RGP IR IR MRS, PIRRTEA R R RS, K B R EEER
IKAR SR B K AR T s mm(00-681 - 5 X & 8] b 7K 1T AR 1B -76.10~-24.80%0, “T-351-45.22%0, 880 5
d-Excess H 2B BRI AR R (B 7d), ESE T 5REMZE R IRAEE S E0UT W 7T X & 8] K
A ARMEREE, X5EUMSETR, BEROHEX. TFRXGExKERETAKEER, KK
NBIHT G &4 T R RS e, i8I K F 8180 TR, HItR& S8 d Ei/, dEBNEE &AL
BKAERPREESL, FIRFFRR, EAC A AR A XK R BRSO R KRR 4
TR I E R K, o A A KA PRI = 28 T BRI, TR T S [ P o AR A KA R

4 fmlElRa KA EA R

MR AR R AT S 2%, HHRUE > (D PTRAR o s K (B Eh 3 Z VTR B AF B B ) (2) 3R W IE s K (O
KB N KB Z I IR ) ()R AR K (KR IR ). 3T 57K A 7K A 2R AIE 2R 4R
KA R T AEAE T i 22 57, T AT HOREE ST e s /K e RTSA Lt P 26 AR AN BRI S .

1.0

- A GTREE R R G ] K
e ks s s : & !
OBERAR) gy gk
084 770 I —__-_--__--_| __________
I 1
I 1
= TOCE A ER)
G o A ) b ok
F06 | L 0.86(% k)
..,; I 1
= : :
e 044 i 1
e 1 |
= 7ZKg024 ! !
A 1 ZKB431 ; o 1
02 A v 7415"'%30 VK8224
K7618" 7K520¥ 1
i K423
i | AZK8012
o , : L AZKS0)4
0.6 0.7 0.8 0.9 1.0
y(Na")y(CI)

8 AL T g 72 dth i 1] o 7K B R L p(Br) < 10%/p(C) 58 R %L y(Nah)y(C) 3 R
Fig.8The relationship between p(Br—)x103/p(CI7) and y(Na*)/y(Cl")

of intercrystalline brine in Balun Mahai Basin

CI R EONFRE N 7y, FoB T HBIA SRR A T AR el 3162, B SR 2 y(Na )y (CL) RE S B H
K AN ER YRR L MR AR B R 2 KR R T LS s PRl JRELR BT p(Br)x10%/p(CIN)EE
AJ DA Bl 7 7K 2 R R G FE FE RS AR O, 3B v A B R 1bR 5, B8 T LUAE R v B K K R AR R R
—RAAA, KR RECH 0.87, IRARYCH 3.4; HEBEIEKKIMERZENT 087, AR
4bF 0.083 £ 0.83 Z[a]; YUV < /KIMAAR REVNT 0.87, IREARKENI KT 0.83, M F/AKEJEHE H
MR- BT, X R E 0.86 Aidys Ul F/KVAIEHZE R I # A ERET, BEZ 0.70 A AW, BEAIX &
] B 7K A A R B Y 0.64~0.90, TRE AN 0.02~0.25, FEHIRTFCIX 5 ] 57K o' Eh s vk s (B 8), H



TR S 802 P AR SR A, RN R EURR, X IR S PR R 45
RO KA A RN R T2 B ABEAKEm S e & .

FEEE 2B n(Ca?")/m(Mg2")a] S idth R s /K AR TR FERE . IR EH T sk A8 R 3— e KT 3, AT
3, FRUIHL T kK dh PR (R, AR R BEARIO2 700, AP AT DX B MR U 2R i ] i /K PR AT 86 R BN 0.01~0.02,
B o KB P TRV, PR 2%, AR R, X5 500 R HE 12 0 A0 A SO R AL 2 Eh 2K TR
VIR SR TR 8] K AOAS BE R BN 0.15~0.21, L TR 86 0 8 o i) i /K O v A B R B, R
TE 5 DX T 340 i () 1T 7K T PR TR 4, A8 R R P At v X 5 /KA S 2L Ca? s 3T Mg Rl SO#2 24— 3
RS T HAFTEIR IR AR NS, I 2L 2 DX R K B I A SR

WEH REL y(SOa2)x50(CL)B] F AR FIWTHE T i /K 6% )2 BB PHFE S, BRIRETEIR IR IR R RN R, T
B SO & BN/ %A /N R T 0 B, 3R B 517K 6 J2 1A PO DR P B 121700 G088 R U n(C1)/n(Mg?)
A St R /K FESZ A 1 R Hh R 7K SRS RS 722 B R B R B, % R AR, R K (3 T % R,
A RF Tt AR A 7172, F 7 DX BRI B S B & ) o /K B R BICA 1.86~2.65, SUEE R %K 2.78~5.54, S
i 8] 1 7K JBE AR A HCH 0.34~0.58, S0 R % 6.19~6.68, 7 WIRRAREE T p 7K B S AL 70 B /KO TR ARG
BAKME, BRI, 2R ZAIER R, B xKE &L, fAERIR LT
JEAEF, TIBAESE T IR KRS AFTE, S F0IX e S A7 TR IR R W 247 e b o AR 1iF e — B0 o

LW (1 | @ 2 Qp, 3 Qp 4 Qp, 5 6 7 8 9
- | ‘ P P Pio [ - k%l&fk%

“r

B9 LA Tl 2 it ) i 7K R R A = 1T PRI (- BRI K s 2- B0 D i) BRI A0t S, DA ER . 8k

Ae A NE; 3-WBTRZE SIS B, DEE . REta. BMaShE; 44

AR, DE A NI A S-BREETRE, AR RS MDA 6- SRR Lk; 7-
WRFCIXVEH 8- 9-mi7K))

Fig.9 Schematic diagram of genetic model of intercrystalline brine in Balun Mahai Basin

LUK, BDRHEEEEAREEAT, DA & 05 = AR xR E, e
R IARNT TR, AR T KR (R AR A AT Iy 41 6-17-20.34.73-741 - vl G 1 (Quo) BT S5 ¥ 1 5 SE IR R F it fR5 K
JIBCE, FTUA 3 ORISR 3 AE, B0k B A 1010 XA A R AL 55 =R & i R
R LB IR 2 s KA o 1 STt (Qpa) AT 22 5 B tH(Qpa) - J0 28 DU VT i i iz s P hE  iig h



R, Al G AR s PR, U T AR RO XA EZAMS IR . FEA 3 JTEERTTFAR ) 28 TLUCHT 1Y
IGIBENRE B ER KIS E, EAE Sl AL T-6f AT 510 Sl b iy, R /KGRIE T AL #E . AR HRAHE
ok e L DX R UK K S Rk, BRI HOE R it K s 23R 46 T BR[|, 2105
13 26 A b K IR BRI T RAF ISR A o AR B0 ERANR B 5500 (1 Vi A R i B 2 R R i A PR A4S
FEIX s8] b KA EE TR AN I D03 5 2 o K RRIEANANE T s 22 57 3 580 T A8 e 2t pg AL X
KR . LR Z i A fE IR, TR T B KT M RIBRRRBEIE R sk s 1 e R
TRWIKAMG S, B S BIERE K AR -CIRIWr R S O Ab e, BRATERR T RACI R Bk . R bt XK
P ST RN (8] 3 AT 0 22 57 55 IX PRI RIE AR AR & A BRI R, T IEAM A AR IR AN LR Tk 1
B4 A it 5 i () K A A T (B 9)

5 {REEM S T B SRT B ITEN

TP IX i 1) 1 7K Sy SR (1 P i 28 A MR A Y 1 7K, 0 B A AU 9 K R 4 B N #h ) o o B4R
T LB SA, KRR A EE DY R B AR A AN 27 35 2 TR P SR ) £ 2 0l 3 B g 7 0 DX o ) i 7K R A
AL T SN, Wi, HUERMIRE v NIRRT IBIE, B X I KRR T A A
VIR, HA — E R T SRR . KAk S AL 1E BRIV L 3 A AT B A BRI A O T AR AL
0y, — M 2 R, R MR, TERF A IX AL ZK8012 MR E — Ui L, HRERER
Kik 8.00m, FLi#h ZK7618 LA —PiR O, #HIZEEHRKIX 2.50 m, H#l ZIK7423-ZK8024-ZK 8224
F—RAbl-E R A PURT L, hEEER AL 13.10m, FE ZK8228-ZK8230 A — At PH-F 4% A AR
Ly, PORWIREZE 15.90 m(B 1c), XPUAMFTRLFUL IR IR #EIX . B2 T 23 R IRAFLRE X HiAh A
RN, LREESEINES, FTOFHEELE G X Rk 1T 454 FIW

FF5CIX 8] X1 7K B20s & 2 299.00~815.00 mg/L, 57 & 461.20 mg/L. 7 X P 7g 3] R AL 7 1) B2Os
SRS 10a), EENE B EE4L, ZK8014 A1 B I BoOs SR A il PIHT X R AL Es T
TERNA R AA X . FFA X S XK Li JTo3 & & 4.40~18.40 mg/L, P35 & 11.46 mg/L. #FAKX
g 204b Li & 22 W (&l 10b), R g #ig i, ZK7618 1 ZK8014 —ar thFl Li &R, Fik
WL X AL TR A4 R R A SR X . K & ot kKRB I B de b, T 7T X L S0 IR BE W A i 7K A
K, KEECFIN 6.14 gL)IT B BT RIGFR (MR 2), BARME S Ml B xZ85E, HA]
RESZIR 2 K AN I R2 T S 85U S B MK, 300798 2. AKX K S8R B0 B Es i, s
WpEiath, H zK7618 #hiflit K &8 A 7 s E(E 10c), AIYE R A RIBEX . 5 RHO
TR AN EBARTIE 10d), W LU N KK IR SRR S B SR B AR . AN, RIEX
KAEAREHNT 1020 B, REFHREFE, KT 20 B, FIHXKERTEZETREMER R TES,
2013; {AZE%E, 2015). WF7EX &R /KB R BN 11.15~50.21, T34 24.10, = W0 &R BB S
FEIX ] KV e A AR 2, b B SR b 2 O] BB IA B4 Eh Bl S R LR AT Y B, 54 A R
AR AR — B SRAE M KPR ICE, BEE 2 RIRGE A 38, JRIRBETIE S, R
ARBTE VR B e AR, X SR X G B KR B B . WA RECORT 0.1 REIH T I8
FIEEHEEE, T 035, AT UMTEH N EHAHIEE. TFARXH T K KRERECN 0.02~0.25, K
TR SHEZ, "k ZK7415 ML, ZK8024 Fftilrfl ZK8431 Kt fE MR AR iz 5 X (K 10e). #HEK
RETVE NIRRT AR, At KSR ZE A S-S, IZREEE 0.86 LAy i FAKIAEE
HUZ A RN, BER 0.70 AA, WTHE A AT X A A KRBT R IR o AT X A SR A
Ik, TIREIRIE THIERZE, JUEAE ZK7618 A ZK8024 Ftili. ZK8431 FHiT ¥l 5 & (B 10f), FEHHL Tl
FIETHAE, AIEIRETA FIEX

LEA A HT i ] B K T o1 22 B FE A — R BIER T 4R b R BB 78 X 0] 1< K R i i K A AL, 4 ZK 8014
M ZK8224 —#iAE AR A FISEX , ZK7618 Fl ZK8014 — i /E AR A FIHEIX, ZK7618. ZK8024 Al
ZK8431 MHEMEAIRMAIAFIALX, 18 ZK7415 M BB ML 7 B B A L5 75 A RE, BT
B AN, TR R R



B 10 EA& Sl 2 i 6] 7K (2)B20s 55 (b)Li & (oK & & (d) A R %L
() RARBLDINAR B M S LK
Fig.10Contour map of ntercrystalline brine distribution about (a) p(B203); (b) p(Li); (c) p(K);
()p(KH)x103/p(C1);(e)p(Br)x103/p(C1);(f) y(Na*)/y(Cl )in Balun Mahai Basin

6 5ip

T T B g 7 o ) B K KA SR B E R R L R AR 7T, ST T

1) BFFCIX & (8] <K R s S IR i vK, KA BL DL ZK7423—ZK8024 FL—Z N5, LN
FRBE ALK, BRI AK . MK F B2 A RIRAE R« Hha 8 F R BH 2 7 2 et R s, A
AR S AR B ) AR 5 R KSR TV R .

DARAFNET TR, BIFRX “ARTmE” a0 IR KRR T RSBk S oK, A7 53R AT
AR R R K2 B TR F K R BN ZE R IRGEAEF o

VKA RFIE R BRI, B FC XM R K s PSR A %, TR I R R A T BB B K S R A S



%xﬁ%%%% BRI SR IR R K, R S AL B s K R KRR KNG A, I AETEIR S KA
Aéi§?§/\ﬂiﬁisa4&¢@ﬂ“iiﬂ< AT 9 AR S i 2 IR RN A HRTRANG . ZIn O R
@%ﬁm%#ﬁﬁﬁﬁxmiEEE\Bﬁﬁﬁﬁ%ﬁﬁuﬁ%?me&zmmmzmmmzm%1

BRI S BE VR T B AP EE 4R BRI, B — 8 B i .

7 M
M P v, BEER -2 1 WLEFAR (DOL: 10.18307/2026.0127)

8 &3k

[1] LiuCL, Wang LC, Yan MD et al. The Mesozoic-Cenozoic tectonic settings, paleogeography and evaporitic sedimentation of Tethyan blocks within China:
Implications for potash formation. Ore Geology Reviews, 2018, 102: 406-425. DOL: 10.1016/j.oregeorev.2018.09.002.

[2] LiJS, Cai JF, Fan QS et al. Metallogenic geochemical system of K, B and Li resources in salt lakes of Qaidam Basin. Journal of Salt Lake Research,
2022, 30(3): 12-20. DOL: 10.12119/j.yhyj.202203002. [Z=4t 4k, kA, B0 I%E. SE AR MR K. By Li BRI AR BRI RS0, EhIIHT
¢, 2022, 30(3): 12-20.]

[3] TanglJ, WangJ, ChuY ez al. Lithium resource situation and countermeasures under new energy development strategy. Multipurpose Utilization of Mineral
Resources, 2023(6): 71-76. [JHEE, TAR, f#BRS. BifeliR e IRe PRI S5 X5, 0= 45& R H, 2023(6): 71-76.]

[4] PanT, Jia JT, Li DS et al. Metallogenic series and prospecting direction of salt and groundwater deposits in Qaidam Basin. Journal of Earth Science and
Environment, 2024, 46(01): 96~113.DOI:10.19814/j.jese.2023.10007. [ /%, TIgM, ZE7RA55. SeikAR G h 38 K R /KB K BA™ R 548777
i) M BR A} 2 HIREE 244, 2024, 46(1): 96-113.]

[5] Wang ML, Liu CL, Jiao PC. Research progress and development status of potassium salt deposit in Lop Nur Salt Lake. Geological Review, 2006, (6):
757-764. DOI:10.1650 9/j.georeview.2006.06.005. [ 55 J7, Xl bk, FEMSFE. A i bl 40 S0 R A S RHIEE R 577 R BUIR. HBFR T, 2006, (6):
757-764.]

[6] Qi ZY, Qu XR, Ma SL ez al. Operational report of China’s potassium fertilizer industry in 2018 and its development prediction. Phosphate & Compound
Fertilizer, 2019, 34(2): 1-4. [JTHASE, JE/NE, S804 2018 43R EAALAT MV AT 5 RO ST, WAL 5L, 2019, 34(2): 1-4.]

[7] Choubey PK, Kim MS, Srivastava RR ez al. Advance review on the exploitation of the prominent energy-storage element: Lithium. Part I: From mineral
and brine resources. Minerals Engineering, 2016, 89: 119-137. DOI: 10.1016/j.mineng.2016.01.010.

[8] Ding T, Zheng MP, Peng SP et al. Extracting lithium from salt lake with a high magnesium-to-lithium ratio: Research progress and prospect of lithium
salt adsorbents. Science & Technology Review, 2020, 38(14): 94-101. [T ¥, FB4°F, @275 M5%. ShMIFEHEE 12— Ry BE4 Lb SR 1974 35 IR PR R B A
HEE. R G4, 2020, 38(14): 94-101.]

[91 Wang CL, Meng LY, Liu CL et al. A study of the genesis of Paleocene underground brine boron deposits in Jiangling Depression. Acta Petrologica et
Mineralogica, 2021, 40(1): 1-13. [‘E&E, FAFH, XURMRSE. VLR MBE TR K 2L BRI B IE. A A0 P40, 2021, 40(1): 1-13.]

[10] Yuan JQ, Huo CY, Cai KQ. Salt-forming environment in alpine basin: analysis of a new salt-forming model. Geological Review, 1983, (2): 159-165.
DOI:10.16509/j.georeview. 1983.02.008. [ W55, &, Sl il b PR B —— R i s XA, bR IBE, 1983, (2): 159-
165.]

[11] Liu WG, Xiao YK, Peng ZC et al. Boron concentration and isotopic composition of halite from experiments and salt lakes in the Qaidam Basin. Geochimica
et Cosmochimica Acta, 2000, 64(13): 2177-2183. DOI: 10.1016/S0016-7037(00)00363-X.

[12] Christmann P, Gloaguen E, Labbé JF ef al. Global lithium resources and sustainability issues. Lithium Process Chemistry. Amsterdam: Elsevier, 2015: 1-
40. DOI: 10.1016/b978-0-12-801417-2.00001-3.

[13] Liu CL, Jiao PC, Sun XH et al. Research on potash forming and exploration progress in potash deposits in the lop nur salt lake. Acta Geologica Sinica,
2018, 92(8): 1551-1570. [XIpibk, EMSRE, FVINILSE. BRI SRR R T 0 S 40 3. MU 2744R, 2018, 92(8): 1551-1570.]

[14] Gil-Alana LA, Monge M. Lithium: Production and estimated consumption. Evidence of persistence. Resources Policy, 2019, 60: 198-202. DOI:
10.1016/j.resourpol.2019.01.006.

[15] Yu XC, Wang CL, Huang H et al. Origin and evolution of deep-seated K-rich brine in Paleogene of Qianjiang depression, Hubei Province. Earth Science,
2022, 47(1): 122-135. [R/MAl, FFHIE, B WHLE LIV &L RIR)E &80 K SR A, HhiaskFHE, 2022, 47(1): 122-135.]

[16] Pan T, Chen JZ, Ding CW et al. Supernormal enrichment of lithium, rubidium and cesium and its development potential in the clay of salt lake of Qaidam



Basin. Geology in China, 2023, 50(6): 1925-1927. [{&/¥, BREM, T RRIESE. Sl ARHEMIE LR, . s &4 IR, hiE
Ji, 2023, 50(6): 1925-1927.]

[17] Pan T, Zhang JM, Li HP et al. Division of qaidam basin salt mineral metallogenic units. Journal of JiLin university (earth sciences), 2022, 52(5): 1446-
1460. [, 7k 4 B, 22Ut 55 SRR BR800 77 el B R 43, i PROR 24 2R (M BRBL 240, 2022, 52(5): 1446-1460.]

[18] ¥ T 2% T3 L e s A e 1 o /A L R A 22 R AE B BRI S (22 6218 5], ALt T BT R 22, 2015.

[19] Yue X, Liu XX, Lu L et al. Hydrochemical characteristics and genesis of deep pore brine deposit in Mahai Basin. Acta Sedimentologica Sinica, 2019,
37(3): 532-540. DOL:10.14027/j.issn.1000-0550.2018.160. [ &%, XIRIR, Ho%. i i IR FLER s KB R AK A6 22 ARG HE S IR AR 2431,
2019, 37(3): 532-540.]

[20] Yang FK, Fan QS, Han G et al. Origin and evolution of deep K-rich confined brine in Mahai Basin, Qinghai—Tibet Plateau. Aquatic Geochemistry, 2024,
30(3): 239-258. DOL: 10.1007/510498-024-09424-9.

[21] Song HL, Fan QS, Li QK et al. Ca-high water recharge and mixing constrain on evolution and K enrichment of brine deposits in the evaporite basin: Case
and analogue study in the Qaidam Basin, Qinghai-Tibet Plateau. Journal of Hydrology, 2024, 632: 130883. DOI: 10.1016/j.jhydrol.2024.130883.

[22] Ding CW, Ma YL, Chen JZ et al. Mineralogy and geochemical characteristics of rare elements in clays from balun Mahai salt lake of Qaidam Basin.
Journal of Salt Lake Research, 2024, 32(3): 32-39. DOL: 10.3724/j.yhyj.2024005. [T J&HE, RS, MREMAE. SETAR M A il 2515 0T
W5 R EOT SR IER G RAE. Eh319T 7, 2024, 32(3): 32-39.]

[23] Tang LJ, Jin ZJ, Dai JS et al. Regional fault systems of Qaidam basin and adjacent orogenic belts. Earth Science, 2002, 27(6): 676-682. DOI: 10.3321/j.issn:
1000-2383.2002.06.004. [ R A, &2 %), WARESE. SRR FAHATE LAy X R R G, HhERELY:, 2002, 27(6): 676-682.]

[24] Wang E, Burchfiel BC. Late Cenozoic right-lateral movement along the Wenquan fault and associated deformation: Implications for the kinematic history
of the Qaidam basin, northeastern Tibetan Plateau. International Geology Review, 2004, 46(10): 861-879. DOI: 10.2747/0020-6814.46.10.861.

[25] Wang J, Wang YJ, Liu ZC et al. Cenozoic environmental evolution of the Qaidam Basin and its implications for the uplift of the Tibetan Plateau and the
drying of central Asia. Palaeogeography, Palaeoclimatology, Palaeoecology, 1999, 152(1/2): 37-47. DOIL: 10.1016/S0031-0182(99)00038-3.

[26] He Z, Zhang XY, Huang YM et al. Cenozoic tectonic movements of the north Qaidam basin and their effects on the evolution of salt lakes. Journal of Salt
Lake Research, 2016, 24(1): 1-7. [{iH#8, JK7HE, BPHAE. SRR AL HE A= ARG 18 ) K Houf i Ak i 52 m. SRR 9L, 2016, 24(1): 1-7.]

[27] Ma X, Wang QC, Zhao Y] et al. Since the Middle Pleistocene sedimentary characteristics and environment evolution and enrichment of brine in the east
salt lake of Mohair. Geology of Chemical Minerals, 2018, 40(1): 1-6. [ 4%, F&H K, B, g E0MW 250 b SR DURVIBRFE . HEREAE S
HKE . L TH AU, 2018, 40(1): 1-6.]

[28] E5HAy, BRER, XIS, SR AR AL R W R AL TF A . dbnt: MR ARAL, 1997.

[29] Long PY, Zhao YJ, Hu YF et al. Occurrence characteristics and genetic study of potassium salt minerals in low grade solid potassium ore in the north
section of Mahai salt lake. Acta Geoscientica Sinica, 2022, 43(3): 338-346. [JEM§ 5, BAHEZE, 52 €&, i shimiduas e BUR S AL B AR 8 i 2
IR AE S BRI R, HBBR2E4], 2022, 43(3): 338-346.]

[30] Cui QG, Hou XX, Lai YW ez al. Study on metallogenic regularities and metallogenic predication of potassium salt deposit in Zongmahaihu area of Qaidam
Basin in Qinghai Province. Shandong Land and Resources, 2019, 35(10): 17-25. [ K, GEBE, RS, Sk ARG R T EI b X A 35 R K
RS e BT, 1L AR B, 2019, 35(10): 17-25.]

[31] Yao FJ, Jiao PC, Zhao YJ et al. Remote sensing identification of hidden halogen controlled structures in dry salt Lakes: A case study of Mahai Salt Lake.
Acta Geologica Sinica, 2021, 95(7): 2225-2237. [BhMh2ZE, FEMEHE, BAHAZESE. T #hibI DX B R 12 i b i 1 S8R M BIF 50— DA S5 363 SR g 9] 1 J 241,
2021, 95(7): 2225-2237.]

[32] Pan T, Chen JZ, Ding CW et al. Occurrence characteristics of lithium rare light metal clay-type deposits in Balunmahai Basin of Qaidam basin. Gold
Science and Technology, 2023, 31(3): 359-377. [{& /¥, MR, TRHESE. SSIAA UG G A A B SR A TR IRAEAHE. SRR,
2023, 31(3): 359-377.]

[33] Wei XJ, Jiang JX, Wang ML. Sedimentary characteristics of quaternary and evolution of saline lake of Mahai potash deposit. Management & Strategy of
Qinghai Land & Resources, 1992(1): 40-52. [B¥ifR, 24k, Ty, DHifg e 56 DU 20 DURVRFE A SR ifb. b, 1992(1): 40-52.]

[34] Long PY, Zhao YJ, Hu YF et al. Occurrence characteristics and genetic study of potassium salt minerals in low grade solid potassium ore in the north
section of Mahai salt lake. Acta Geoscientica Sinica, 2022, 43(3): 338-346. [JuMfy T, M7, #IT €. DifgEhWIALIn" BLC A AL E Asn™ b i £

WA AE S BRI R, HBBR2E4], 2022, 43(3): 338-346.]



[35] Wang W, Jiang SY, Ge W et al. Geological characteristics and genetic mechanism of the lacustrine sedimentary clay type lithium deposit. Bulletin of
Mineralogy, Petrology and Geochemistry, 2024, 43(1): 64-78, 6. [0, ¥/, B53C4E. WIAHDUARRS LBV 1 S0 BURFAE SR A0 A ek
b2, 2024, 43(1): 64-78, 6.]

[36] Xiang YX, Lou HJ, Zhang Z et al. Variations of annual average temperature and precipitation in the Mahai Basin in recent 40 years. South-to-North Water
Transfers and Water Science & Technology, 2015, 13(6): 1040-1044. [P NE, 24EH, SRAESE. D AHLIT 40 F LSRR FRKBEAAE. mK
JLiA S KRR, 2015, 13(6): 1040-1044.]

[37] Zheng ZX, Cui XS, Zhu PC et al. Hydrochemical and isotopic characteristics of the fracturing flowback fluids produced from the continental shale in the
northern Qaidam basin. Science Technology and Engineering, 2021, 21(14): 5710-5718. [AFHAE, B/, il i, SEAbgfib T R 2GR HEBUK
A2 RIREN RARIE. BEEHAR S TR, 2021, 21(14): 5710-5718.]

[38] Chen GD, Cai N, Liu JM et al. Study on chemical field characteristics of underground brine in north depression area of luobupo in Xinjiang uygur
autonomous region. Shandong Land and Resources, 2013, 29(2): 23-26. [ E#k, 2245, XIARMFEE. Hras % A7 % Jh M T s KA 22 3 R AERT 52
1L 4 4 %538, 2013, 29(2): 23-26.]

[39] Li YW, Li JS, Fan QS et al. Origin of deep intercrystalline brines from dayantan mine area in Qaidam Basin. Journal of Salt Lake Research, 2019, 27(1):
82-88. [Z KL, ZEiAR, HEE A, Sh AR G K SRR DX IR 2 i 8] i 7K A R SR37F 7, 2019, 27(1): 82-88.]

[40] A graphic procedure in the geochemical interpretation of water-analyses. Eos, Transactions American Geophysical Union, 1944, 25(6): 914-928. DOI:
10.1029/TR025i006p00914.

[41] Harder H. Boron content of sediments as a tool in facies analysis. Sedimentary Geology, 1970, 4(1/2): 153-175. DOI: 10.1016/0037-0738(70)90009-6.

[42] Chaussidon M, Jambon A. Boron content and isotopic composition of oceanic basalts: Geochemical and cosmochemical implications. Earth and Planetary
Science Letters, 1994, 121(3/4): 277-291. DOI: 10.1016/0012-821x(94)90073-6.

[43] Qin XW, Ma HZ, Zhang XY et al. Hydrochemical characteristics of salt spring and potassium-prospecting in Changdu basin. Journal of Salt Lake Research,
2017, 25(2): 28-39. [ZVfh, Dg, RIGESE. BB X SRR AFME S 4R AT 7. Rl ¢, 2017, 25(2): 28-39.]

[44] Gibbs RJ. Mechanisms controlling world water chemistry. Science, 1970, 170(3962): 1088-1090. DOI: 10.1126/science.170.3962.1088.

[45] Wu X An YH, Wei SB et al. Water chemistry and evolution of shallow groundwater in Dingxin Valley, lower reaches of Heihe River. Journal of Arid Land
Resources and Environment, 2021, 35(9): 103-109. [ 4, 427Kk 2r, FUHEE. SR 5H A 1k 2 1R AOK AR AE R s b, 5 X R
5385, 2021, 35(9): 103-109.]

[46] Feth JH, Gibbs RJ. Mechanisms controlling world water chemistry: Evaporation-crystallization process. Science, 1971, 172(3985): 870-872. DOIL:
10.1126/science.172.3985.870.

[47] Li ZJ, Yang QC, Yang YS et al. Isotopic and geochemical interpretation of groundwater under the influences of anthropogenic activities. Journal of
Hydrology, 2019, 576: 685-697. DOI: 10.1016/j.jhydrol.2019.06.037.

[48] Gaillardet J, Dupré B, Louvat P et al. Global silicate weathering and CO; consumption rates deduced from the chemistry of large rivers. Chemical Geology,
1999, 159(1/2/3/4): 3-30. DOI: 10.1016/S0009-2541(99)00031-5.

[49] Wu X, Zheng Y, Zhang J et al. Investigating hydrochemical groundwater processes in an inland agricultural area with limited data: A clustering approach.
Water, 2017, 9(9): 723. DOI: 10.3390/w9090723.

[50] He TL, Xu JX, Han JB et al. Hydrogeochemical characteristics of Kulamulekesayi-Alaer River valley in northwestern Qaidam Basin. Journal of Salt Lake
Research, 2017, 25(2): 21-27. [ R0, VFEHr, SAUREE. SR B v 6 H0 AR B 0 7% ] — Bl AR TR REOR L 2R E 0 17 i o,
2017, 25(2): 21-27.]

[51] Yu SY, Liu M, Zhao YY et al. Hydrochemical characteristics of large-scale lithium-boronmine basin in the Mami Co Saline Lake, Tibet. Acta Geologica
Sinica, 2022, 96(6): 2195-2205. [RATH, Xd, BICEE. VUK LMK BUEIIAT 2 H Kb 464, R 244, 2022, 96(6): 2195-2205.]

[52] Ahmed A, Clark I. Groundwater flow and geochemical evolution in the central flinders ranges, south Australia. Science of the Total Environment, 2016,
572: 837-851. DOLI: 10.1016/j.scitotenv.2016.07.123.

[53] Guo XJ, Wang HW, Shi JS et al. Characteristics and evolution model of hydrochemistry of groundwater system in Baiyangdian wetland. Acta Geologica
Sinica, 2019, 96(2): 656-672. [#8/Mjf, ERFh, AREE. AFEIGRILIL R K RGURAFAMFAE LB, AR, 2022, 96(2): 656-672.]

[54] Choubey PK, Kim MS, Srivastava RR ef al. Advance review on the exploitation of the prominent energy-storage element: Lithium. Part I: From mineral

and brine resources. Minerals Engineering, 2016, 89: 119-137. DOI: 10.1016/j.mineng.2016.01.010.



[55] Schoeller H. Qualitative evaluation of ground water resources(in methods and techniques of groundwater investigation and development). Paris: Water
Resource Series No.33, 1967: 44-52.

[56] Fan QS, Ma HZ, Tan HB et al. Hydrochemical characteristics of brines and potassium-prospecting researches in western Qaidam Basin. Acta Geoscientica
Sinica, 2007, 28(5): 446-455. [HLJ5 0, TyigH, ELLLeS, SEIAAR R PG /K KA RHIE SR AT 7. MR, 2007, 28(5): 446-455.]

[57] Bo Y, Liu CL, Jiao PC et al. Saline spring hydrochemical characteristics and indicators for potassium exploration in southwestern and northern Tarim
basin, Xinjiang. Acta Geoscientica Sinica, 2013, 34(5): 594-602. [{AZE, XIMAK, FEMSFESE. B4 BLA 7 Hh it B S R AL 58 36 SR /K Ab 2R AE B R A 4R b
PRV, HhERZEAR, 2013, 34(5): 594-602.]

[58] Li QK, Fan QS, Wang JP ef al. Hydrochemistry, distribution and formation of lithium-rich brines in salt lakes on the Qinghai-Tibetan Plateau. Minerals,
2019, 9(9): 528. DOI: 10.3390/min9090528.

[59] Carpenter AB. Origin and chemical evolution of brines in sedimentary basins. SPE Annual Fall Technical Conference and Exhibition. October 1-3, 1978.
Houston, Texas. SPE, 1978: SPE-7504-MS.. DOI: 10.2118/7504-ms.

[60] Zhou X, Li CJ. Seawater evaporation trajectories and their application. Earth Science, 1995, 20(4): 410-414. [, 22267, WK R L LN,
HIERELE, 1995, 20(4): 410-414.]

[61] Yu XC, Wang CL, Huang H et al. Origin and evolution of deep-seated K-rich brine in Paleogene of Qianjiang depression, Hubei Province. Earth Science,
2022, 47(1): 122-135. [/, EFE, EE WACETTINFE 8T R &8 K BH Kk, HiEkERE, 2022, 47(1): 122-135.]

[62] Cao Q, Zhou X, Zhang H et al. Hydrochemical characteristics and genesis of the subsurface brines in the Wolonghe brine-bearing structure of Sichuan
Basin. Geological Bulletin of China, 2015, 34(5): 990-997. DOI: 10.3969/j.issn.1671-2552.2015.05.019. [, Rl Skx&s. PU )1 2t B i i i
R R K IR ZK AL 2 RAE SR, i AR, 2015, 34(5): 990-997.]

[63] Lee Davisson M, Criss RE. Na—Ca—Cl relations in basinal fluids. Geochimica et Cosmochimica Acta, 1996, 60(15): 2743-2752. DOI: 10.1016/0016-
7037(96)00143-3.

[64] Qin ZJ, Li QK, Fan QS et al. Geochemical characteristics and origin of fissure water in potassium-magnesium salt-bearing strata of khammouane potash
deposits in Laos. Acta Geologica Sinica, 2018, 92(8): 1693-1706. DOI: 10.3969/j.issn.0001-5717.2018.08.011. [Z% 57, Z5PK%, SEIAE. EhtH 3¢
AR PRABE AR 2 Fp LB K () HhER Tb S 5 R LRI AR . R 24, 2018, 92(8): 1693-1706.]

[65] Lyu L, Li W, Liu YQ et al. Dynamic analysis of hydrochemistry and isotope of the karst spring of Jinlong Cave in the northern section of Taihang
Mountains. Carsologica Sinica, 2023, 42(1): 149-160, 181. DOL: 10.11932/karst20230111. [ £ 3k, 25, XITohyeE KAT AR &I HR Rk
KRN R B ASRFAE. HhIEAE, 2023, 42(1): 149-160, 181.]

[66] Chao NY, Wang PY, Liu CF et al. Characteristic of deuterium excess parameter of groundwater in Hebei plain. Carsologica Sinica, 2004, 23(4): 335-338.
[R&TE, FI, XIS LT TR TUL S AU, o E A, 2004, 23(4): 335-338.]

[67] Yin G, Ni SJ, Gao ZY et al. Isotopic composition and evolution of deuterium excess parameters of brine in Sichuan Basin. Journal of Mineralogy and
Petrology, 2008,(2): 56-62. [F M, IHZE, wb A%, DU % i K [F) 0 28 4L R oot B2 Bt i 40 M08 44, 2008,(2): 56-62.]

[68] Zhao JY, Zhang W, Ma F et al. Chemical characteristics of thermal fluid in Rongcheng geothermal field, Xiongan New Area. Acta Geologica Sinica, 2019,
94(7): 1991-2001. XL, TR A, T 025 il 22 7 DX 25 I b 240 FH M R IRE A 25 R AIE. 1T 27412, 2020, 94(7): 1991-2001.]

[69] Han JB, Xu JX, Liu JB et al. Advance in hydrogeological study of subsurface brine. Journal of Salt Lake Research, 2018, 26(4): 79-84, 90. [#iAK, i
HEHT, XIABEE. MR )AOKSCHUR BT U . BRI 7T, 2018, 26(4): 79-84, 90.]

[70] Zhou X, Cao Q, Yin F et al. Geochemical characteristics and genesis of Triassic stratigraphic brines and hot springs in the high fold belt of eastern Sichuan
Basin. Acta Geologica Sinica, 2015, 89(11): 1908-1920. [JAIl, W2E, FHAELE. PO 25 AR 50 m kg s = B R0 2 i /K R0 SR (1 b BR A0 SR AIE A A
Ho T 24T, 2015, 89(11): 1908-1920.]

[71] Li WX, Zhang XY, Miao WL et al. Hydrochemical charateristics of oilfield waters in Lenghu No. 3 structure area of north edge of Qaidam Basin. Journal
of Salt Lake Research, 2016, 24(2): 12-18. [Z2285, 5KiGE, 1 PR, SRR HALSA ] = 5 55 i AR RHE. $hI0T 5L, 2016, 24(2):
12-18.]

[72] Han G, Fan QS, Liu JB et al. Origin and hydrochemistry of deep brines from anticlinal reservoir in the western-central Qaidam Basin. Journal of Salt Lake
Research, 2021, 29(4): 1-11. DOL: 10.12119/j.yhyj.202104001. [#%, LR, XUABAE. Sk AR G o P65 RHAE B2 s KK AL 22 RHE 5 A
HRIRT AT, 2021, 29(4): 1-11]

[73] Tian B. Oolitic rocks and argillaceous aggregates in salt-bearing clastic layers in Mahai Basin. Northwestern Geology, 1991, 24(3): 18-20. [H . Lyiff



FEHE BREE IS SR R SRLA S e SRS . PHALHL, 1991, 24(3): 18-20.]
[74] Ma JY, Hu SZ, Tian XD. Sedimentary environment and exploitation of Maihai potash deposits in Qaidam Basin. Journal of Salt Lake Research, 2010,
18(3): 9-17. [Bhyt, #HIAAG, MR, SOAARZI ST RVIBIAEE S TT R, EhIRTAL, 2010, 18(3): 9-17.]

4 | 4 JELFE (m) EERER b
N ; TR, A, BB, WAL, L UiRL:
= 0001735 |BTEE . WM EEHDH L, & MBIOR L, &
i OO b s, Sk S0 SR AR,
SRR, B4k
i o = L LA, WA, (RSBl K RN,
o Pl ] B B 0 SR A B, A A,
g | W3jas L 02060 G g, R B AR
w | B 22 LRENE 1T TR '
E‘g EP = _ — _.,
T NESEDEERCE PR LB, SRS 2R, K
'E Qpy —{ 10006100 . i, s
[ TT-T 1T
i ek A RS K. KRR i’
—= - WA ARER. AT R LN I 1]
i Q== 1722 LR i W KRR

BT EAS S MY A R LR S R E B
Append. Fig. I Composite column map of Quaternary stratigraphy in the Balun Mahai Basin[3?]



&%

1. SO,-Cl-Ca-Mg’!
HCO,-Cl-Ca- Mgt
HCO,-Na’i!

SO,-CI-Na%i!
Caftl

Mg

Na/fl s K 7!
R

S0,

HCO, %Y

c

&

A plesipgEgk %
@ Effkimmx & €
B BEEEEGk S s

4

Y
&:ﬂfﬁoﬁw>,&§~[\)

<&
2 9,

B I A S S I sk BRI BRI s /K R iR o R AL b1 7K Piper = £k []140)
Append. Fig.II Piper map of intercrystalline brine in Balun Mahai Basin, brine in Kunteyi Salt Lake and gravel-
type brine in Mahai Basin["]

10° 10°

- -
. >
i A
10° 4 P - 10° 4 A%, P
2.9 G z.V A -
% L R i
. Ay~ g Ay~
1E PR Rl 1004 - w7 -7
= - /",,\ Al -~ - e,
=) P i = .
& 4y e p) = o Ly “
E4 HARK 173 E o 4H A R 24
172] ~ - 172] . n
a N B a g 28+
a < \ B a8 & \ L
) N ~ = ~ ~
10° Nons g N 1024 N N
\\’(“a}\ SR PR
N ™, ~
N AR R
Y ) N AR
10" 4 Gl 74 | 10' 4 SO Y s
~ \ TE N \ {IE
< .
N <
10° T T T —— 10° T T T ——
00 02 04 06 08 10 00 02 04 06 08 10
CI/ACI+HCO;) Na'/(Na'+Ca’")

A URDHERA KK O RAHKILWMKAK B RERE LR MK

PE P T EAE T G R E) p K L ERARRAR R s /K AP B B FLIR B 7K Gibbs [E]144)
Append. Fig.IlI Gibbs map of intercrystalline brine in Balun Mahai Basin,
brine in Kunteyi Salt Lake and gravel-type brine in Mahai Basin[*4!

o] EEREERML {HJ,H";Z;
] ,4 o TRmE R
,I ” '
-2 10 ,", -
8_.
= R R
107 5 ‘P
-,
3 [ | A e
® [ K
o : . n ‘S'JiJrA;J'f;fL\:élilkffK
10 1! 10
Ca’'/Na

BRIV ERAG it bt s ] 7K B R AR BRI s AR D AR o 20 LR i 7K 25 5 R U T ik [ 48
Append. Fig.IV Water ion contribution map of intercrystalline brine in Balun Mahai Basin, brine in Kunteyi Salt
Lake and gravel-type brine in Mahai Basin[*]



(a) (b) 4 . s04{© B . C
- R
e ¥ /~
3 D n . f a8 °
2 - T, [ |3 e A T
= s S | E / £ A Ao
= - - | =404 r B HE
z - \ = / e GD _/
it & Vol / E] .
1 Sw Vo 22 / z il
2 \ 4 35 p
) A wEB
' Aga, _uew0 " 6D /
B Gi HB 3.0 S.\[»
3 T T T 24 T T T
4.0 45 50 35 o 1 2 3 4 3 4
logCl/{mg/L) logBr/(mg/L) logBr/(mg/L)
56
(d) . (e) o A
C B %
~nOA = . o ©® /ET:;E\ " A 4 e o
52 [ ] # ® LT ||3 "EB EE ./ B cl o~ o At Y
~ ) HB Mg o v "Gl
3 3 L 2 o
S 2. HE E,] Sw D ME
E £ £ 42 - fé‘D = 'R
=,z i = & !
5 s f = A A TA G O H.B EB
g J ] / =
- / =) / g’.’
/ 364 // -
44 /
" . .
Sw Yy | =
o 2' 3 “I o 1 2' 3 ‘1 1 2 :\
logBr/(mg/L) logBr/(mg/L) logBr/(mg/L)
210 . ) (i)
/Bﬁ. 1.6 4 c B; N .
4 " [ ] o O .
241 E S f - °® i |5 4 4 ’ ER ILME t
E} N ,F/ H 3 e W /E{ 2 ¢n
£ iy B £ Es J
& 164 - HE 3 .‘//EB z I
=N GDgHB = g
=] . ® = 00 HB b HE g) /
° GI 484 ‘A {ﬂ’tﬁﬁl 17 7 i i) g 2K
™ /oy et "\ll!cxuk
S o 7 ® Bk Mk
. Sw . . a4 Sw .' {23 :”WLWM K
0o 1 2 4 0 1 2 3 4 .‘ -1
logBr/(mg/L) logBr/(mg/L) logBr;(lng,-‘l.)

MV A I S A 7K . BRI B0 sl Ak R AR 5 T FLBR %1 7K log(K+Na)5 logCl (a), logCa
(b)+ logMg(c). logCl(d). logSOs(e)~ logHCO3(f). logB(g). logLi(h). logTDS(i)5 logBr 7% £ [9-60]
Append. Fig.V Relationship between log(K+Na) and logCl (a), logCa (b). logMg(c). logCl(d). logSOa(e)~
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Attached Tab.1 Major and trace elements content composition table of intercrystalline submerged brine in Balun

Mahai Basin
HCOs
. P H TDS K* Nat  Ca** Mg? Cl- SO
BEGE  Hie <P J -
g/cm® g/L g/L g/L g/L g/L g/L g/L g/L
318.0 188.0
ZK7415 121  7.86 o 627 9270 038 17.30 0 13.50  0.30
323.0 105.0 190.0
ZK7423 122 7.64 o 4.76 0 041 11.60 0 1130 0.22
331.0 195.0
ZK7618 122 8.07 0 9.79 9050 048 21.80 o 12.80  0.30
323.0 107.0 188.0
ZK8012 121  7.99 o 3.99 0 042 14.50 o 9.47 0.35
ZK8014 121  8.05 325.0 3.37  110.00 048  12.50 189.0 9.53 0.52
ELAG i ’ ' 0 ' ' ' ’ 0 ' '
B8] 17K 271.0 166.0
ZK8024 122 7.40 o 502 6880 0.55 2020 o 9.58 0.24
312.2 105.0 189.7
ZK8224 121 71.72 . 2.34 5 237 9.66 . 2.98 0.17
309.5 102.2 190.2
ZK8228 121  7.78 2.12 271 10.11 1.91 0.13
4 3 0
322.5 105.5 198.0
ZK8230 121 772 . 2.70 0 3.38  10.03 0 2.58 0.13
288.0 183.0
ZK8431 121  17.55 o 232 8810 3.52  10.00 0 1.67 0.13
365.7 182.4
K-01* — — A 18.06 8488 0.19 25.66 0 5347  0.32
R R0 356.0 181.8
LS K-02* — — 1327 8945 023 23.13 48.17  0.31
7K 39 8 4
360.0 107.5 165.5
K-03* — — 12.3 039 13.82 6023  0.21
3 0 0
241.7 146.8
MH-01*  1.17  7.42 | 257 7843 319  7.51 | 3.10 0.02
Rk B AL 236.7 144.3
MH-02*  1.17  7.32 248 7628 3.09 735 3.11 0.01
i i 7K [29] 5 2
242.4 147.6
MH-03*  1.16 7.32 . 259 7822 320 7.50 . 3.20 0.01




. . KAk 2R
BERAE  HE B20s Li Br 5D 50  d-Excess ;j‘
mg/L mg/L mg/L %0 %0 %0
R
ZK7415  349.00 18.20 45.00 -5.50 3.20 -31.10 i
R
ZK7423  354.00 8.50 31.00 2740 230 -45.80 0
TRER BRI
ZK7618  383.00 15.80 41.00 2410  6.50 -76.10 ”
ZK8012  525.00 17.90 11.00 38.60 1.30 28.20 TRARERIE
EAE i ‘ : ‘ : : : 7l
o 8] 5 7K TR
ZK8014  815.00 18.40 3.00 -11.60  5.60 -56.40 i
755 1A
ZK8024  308.00 15.00 42.00 2850  2.50 -48.50 i
7K 8224 655.00 4.40 32.85 4120  -2.00 -25.20 iYL
7K 8228 600.00 5.30 31.20 -29.80 1.50 -41.80 iYL
ZK8230 299.00 5.20 40.50 -23.90 3.00 -47.90 iYL
7ZK8431 324.00 5.90 43.50 2860  2.40 -47.80 Kty
MR EE
K-01* 18298 1645 46200  -3730  -2.00  -2130 " fw"
ER NI TR
K-02* 138.38 13.40 145.00  -52.10  -2.10 -35.30
5 1 7K 139 it}
TREREE
K-03* 61.58 6.11 1711 -47.00 420 -13.40 o gf
RE MH-01* 91.27 4.76 30.37 — — — A&y
FLExKAK  MH-02* 95.57 4.81 30.33 — — — A&y
291 MH-03* 92.21 4.84 29.33 — — — A&y

BRI B KT A Tk A8 b

Attached Tab. 2 Industrial indicators of brine development and utilization

A K*(g/L) B203(g/L) Li*(mg/L) Br(mg/L)
BT SR 3.10 1.00 24.60 300.00
LA 1.50 0.40 13.10 150.00




