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o ERFW . KAKPTHWEEEFEENEFZRNLELRAE T B ML, Hh, K. Mg, Ca, Cl ) 7 2 # AH I 3,
B g B Sy CLLMg (K Ca; i SO, * Al Na & #2144 TR, H SO TR B3 kXIS 45 R k. W&
FH 47 4 FL ZK0o8 BB A B K i1 178m/d M ZE 97m/d. A SCHFFT W, bl 35 ¥R 85 IR 18 19 A% L £ 6l (Na, SO0 M
BGK R AT R DL R G R R M R R L B T AT AR T K Mg, Ca SRR R Y (O i AD
fige (145 7K P K Mg Ca & BE 35 55 — D7 18T 7 1S 00 0 Al — 8 R B I B 2 74 o )22 A FL B o o /K 1 G 2 o PR

e AR i 3 3 A PR G R BRI T i s J= 8 B 1

RBRIR RS T W) 5 FREIR L s 4 10 )28 1B 5 p K AL SR s T

REREKIZRGE BN — D EEFER AN
235 W) AL A P RS B8 R B R 2 R MR A o B N R
AT fish ¢ 15 7K 2 R G AL S AR A R L T A%
DL i A Ui 8 22 (6] 1) 2 T oAl 5 9% R (Andre et al. ,
2005; Chaudhuri et al. , 2013; Sandeep et al.,
2016) . HRAZ LA BB I — I A 1) 8T LU A
e — R 0 Al Pk ) R B A L Al A IR
Bl 7 T SN 8 #ir 58 (Zhao Chongbin et al. , 2013),
B AT FLBR A BT SO 2% S BUE OK 2 FLBR 4G
T i3 5k 1 o 28 (Chadam et al. , 1991; Chen
Juisheng et al. , 2002; Kang Qinjun et al. , 2008),
R 2 R G hoK — SRR B I IR T kK e bR
W28 T 7 kd (Wang Wenxiang et al. , 2010;
Zhang Xiying et al. , 2007; Zheng Xiuqing et al. ,
1994; Liu Zhu et al., 2015; Li Baolan et al.,
2014; Zhang Yan et al. , 2017), 9 00 0 o fis &%
PATRA R )2 Cfith 1 J2) o2 — b B B g 2 LAY BT, AL
B 45 44 B I8 T 22t 28 T ik P 550, e 40 K 32 IR
F7 T30 2 5 A Ko mil AL =z v i o J2 LB J

B HRAE S ] FAEAE R R 9 AR ¥ 5 P (Wang Mili et
al. » 1991, 1997), R X fi# i 2 1 FEAE K L A7
F14y it TR i 7K 24 2 B0 1 50 58 114 B A o i 7K A 38 B L
ik A rp 55 0 2 g o )2 22 (8] & AR SRV — b T AL
SR S b 2 U A 2 R AE CINAL IR LB 3B R
HOEE) 18] B 7K 4 B AL 2 P T OB R RS R
) AW & A 25 4k (Jiao Pengcheng et al. , 2003).
Liu Chenglin et al. (2002) F| F 2% bk 16 %1 2 f7 10 56
DU 20 i K B T it )2 L BR E AT T B R % ik 4 AL )
FE s IR LB 43 Ry S A= D LB o A ot T
FLBR AR A FLBR 8 7% 185 1 1 5 ) 405+ B 7 ol AR
FAXE45 2 A AL B & H H A & & 5T#k. Zheng
Xiuqing et al. (1994) i 3 X} % LR 5 | 7] 7 2%
TN R UL B A KR 56 B8 F 9T 43 A & PR K E B
FBTE T AR T B R RN A% ) S
R FE 32 BITF RS W ALK ) X 38, KB B RBUR
S B T 32 B 45 R R AR 8. Weisbrod
et al. (2012) W58 K B, 5 gk 38 38 (1) I8 12 B A $h H
B QIOR e RN R A (B DT N N B SN S A 8

AR SCH PR Z I H Sk R 24 0 A R G R AR RO R X VB K A AR RS A T H (465 41672087, 51579078,
51679070) Fil [ &K & o5 FE R 78 & 11 X3 B (45 2017 YFC1502600) ¥ Bl ) A2 .
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RS2 W] o 24 1) 7K I A T I A T RO R B
TE 3 FEAHAG p K AL T 45 IR 2 T HL g K % R TR R
BT I b 22 Ve S B K ) B RO A
B R T MR R R SR B K — ERAE A
A U B KR SR K AR 22 o3 91 0 B 3R T U
N BT IRE AL 3E TE T B 7K B ) B AR 2 R AR 0 5
(Chen Juisheng et al. , 2002), fi# < )2 FL B2 <7 7K AE
h R R B S B A BT R ER AR AT 52 L ) T
MEBEEXEZEZLKSH B P ESE EELNE X
(Spencer, 1992) ., i &Rk 2 SN A 140 J2 45 14
AL UL RO AR I8 H P 6 T S A 1 T K 7E it
B0 2 AT Sy DL R R A i 0 )2 AR G 1Y I A T AL R
e H W .

HBT & T3 X i 0 J2 R G (FLBR S 10 B 5
PE KA 2 20 43 55D 52 30 I BE O3 1Y 5 0 7 TR I
B 5E IR T AT DL B . PRI AR SR SR A R
EL A R 90 Ay S 491 o 3 2ok B A1 S o U T 545 7 AN [
PREE R L W it 0 U2 8 0B R AR e K AR 2 O3 BT 4
R SRR DT PR I BE X VA o )2 45 B R K
b2 41 L 5

1 AR HE S EE =

FL AR 9 7 T S8 38 R At JE 38 CIET 1), B
5B IR 4 Ll AH R, PO L mE AR AR BB O MR 1 54
T HT P LR AN WAL AT . T R M X
P 3 B T, L BRI T e Y B R A 7 3 3 i I B —
[ 58 3K K 45 43 B Ok (Zhang Pengxi et al.
1987) v B I DA, 72 9 U 78 B AE T T WK A
Wride g 2 1 1 58 4 B P A 3R A b OF DA T O 2
RERVOBOIE WA 2 0 AL B i K PR 4 2 3 T A4
EEA BN T 2R # (Han Fengqing et al. , 1995;
Wang Mili et al. , 1997; Wang Jiuyi et al. , 2012),
FNTOR T —B VA T RS 2 x4 A B A
TR RS — 2 R R TLBUT A . WFTE XU A 2
(L ZK3608 HhifL oM ) F 22K W A, &5
H-BAKT 0% (& 2)., AT YWE LA, R
AR B fi T B A R R 2 30 s 2 AL AR
(J# 3a) , LN SRS A A 0 e5 i B 9. %
it 22 S0 AR A0 — v it o O A B 52 IR BE S R AR, &
FLLYOR B W] K (Na, SO, » 10H, O) #7 i (&
3b) . G2 IR AEAE — B R AR K A RS
— M AR B R (B 30) . 40 A T R R
SRR A EAR . A F LR E W] B W] AR A
TE &I 40 2k FORS 80K (B 3D i )2 P

1) B4 T 40 Jo S 3 28 IO AR Gl 8 v 70 A G IR A o 0 e
AWIAMNES B, S it 2.54% ~26.16% ., T E N A
Yo EALEMK A SR A s B, — R
T B B E T AR R Y
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Fig. 1 Map of the natural geology and sampling sites
in Kunteyi playa
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o AR ARG ol WL D R L BIF Y IXOF- X AR K B
15. 7 mm, AE B A 78 KRR 3096 mm, 4F 2 i B
2.7 C— AR R AR A A — 6y P SRR
H—15 Ci—4Erplgm RN EA M AL B,
R 15~17 CL e ik 30 CLL B, &
T DX Ry 0 1 Dt HG SR T Sy A 1Y R 5T oA B R
H. ST NS TR Rk K IR . A B
JK 5 DY 28 £h 2 b E] K S AR AR A B LA AT R Dy T
SERRPE 22 Ak e 2 b LB R ALBR R R B . N
KRB AE B AL T R s B, AR i T RREER
B Bl B DXCH TR K KA e AT AN R AR B R B
VR KALE 1997 AFERER R LT 0. 76 m TR
2016 4£% 1. 56 m, 1M X — /K A7 A AR T #F 5% X i 7K
KERIEHE 1. 32 m(Wang Mili et al. , 1997).
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TE 20 % AR ol 10 % o T 76 45 L 75 1 30 0 4 s
21 20% LA b, e KN 34% (Wang Mili et al.
1997),
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Fig. 2 Indicative lithology column of
7ZK3608 borehole in Kunteyi playa

B3 BERHRKER I 2 P 2 R R
Fig. 3 Four kinds of evaporites in Kunteyi playa
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(a)—Halite & crystal hole; (b)—mirabilite;

(c)—polyhalite; (d)—gypsum
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2.1 HmRESSH

B KR R AR T R R R R ) R AR M X Y 12
AEKEEFL (L8 ~128) (B DB FRES RE T
1EAKAL LA 10em ., RAEWT [H] 4351 2 2015 48 7 H 15
~18 H (K ~13C)HOMM 2016 4 1 H 3~6 H UK
~2C), & 12 M, KKEEM RS IR 06 1 K
SRR B R 2950 = AT K2 . A

JH FL IR 13 2 B 1 1R S 0 I (TICP-AES) X 5 K
R ) K, Ca, Mg, SO, * SE#E47 3, 2 4 70 1)
KRR 4n T - SO, *” <<0. Img/L; K, Mg = 0. 0lmg/
L;Ca=<<0. 001mg/L, Cl FAb25 0 2 v #4740  12
25/NF 2% ;s Na il o 2298005 4015 . BT 43 it T
VR X7 v [ B 27 B 77 i £k W A 5% i 2k 18 4 2% 43 i U
T O S8

2.2 fEMEZEMENE

T VR S AR X K 208 05 PR R AE Y 5
Wi, £ or 5 T 2013 4F 7 FT M 2014 4 1 ] X BESE
DK SCEG L ZKO8 (& 1) #E 47 1 B AL A& 2 it il 7K ik
5o AEAh K Z i, AT 7K Z R R T
Atk R 5, 58 23 Sy K B BRI K ALK S B B
il K i R T 2 9 K B R R AL B TR R 2 D 4 /NP
RIS 2 A K 5 45 1k il KOS S B AT K A R A0
DU DA 52 7K A5 31 3K 15 1k 7K A7 B A A dil 7K ik 6 245
AR A%

HR 45 W 5 DR 5 18 7K S BT 2% 1 AR 40 T A
UL FL AR R 2 il K A 3 12 BB K Dy 3
25 1o [ 1 L G S G B B 7 T RS A R il 7K i Ak
IKAL KR Al K FL R S B L. AR SO B 3 ek %
B LB A T A K AL AR E il K R 5 K L
PRI GERE SR IBUAE 04 205 4 A B B A FlK ol 3
i AT L e Ao il K o R A AR E TR K O R X
ANHE Bt B B9 & 0 (Nie Qinglin et al. , 2009; Shi
Zhongping, 2000) . X FF& % fill K i B A1 AR A2 1
AR LA (D) ~ (2), A0 C3) S WA 3 FE 1Y

=y
R fih K A A
~_ 0.366Q), R,
So — KHO lg , @D
R F KA R
~_ 0.183Qy, 2.25KH ¢
sp = KH., lg = (2)
IR 5 3
2
o= s — s = 183Q, lg Roy: (3)

KH, 2. 25KH ¢t

HRAE AR B G 22 ) s -lge BURUIET LG H
ZORBEZ R R RENX (ORI E BB R
K ff.,

0. 183Q,
i,H,
A eso AR K AL B IR /ms s D K AE (8] THE/m
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B s R s, T MBFIE K B8 2 X0 1
T s KA 5 B [E] /min,

3 g R Lo b

3.1 NIRRT 5a ok 4k S A AR R &2

RIKFESD EEAE A WK 1, ATLUE BT
AR CLNa & &t s, kol SO K f
Mg 119 & A% FL7E X3 9 28 4 i B L 4 K, Ca 11
AR B AL 0.5/, H 25K 1Y BT
P [ & (TDS) 254k A 333. 95 g/L~350.49 g/L,
PR 342. 61 g/L; & 2 Hy 326. 20~ 348.52 g/L,
SE-HA{E S 333. 83 g/ L, A&7 1 K vk BE A B R W

ik, BI& 7. ZF ks CLg-FHME ) 180. 36
g/Lo &= 1) F 2 fE O 187,18 g/L, i i T &
SO, A BE 5 B R B i i 1 Pk AR A
KK SO I 33. 12/ L. T & 2=
19.93 /L. ZEMWE ® TAFE, HETH.ZFK
JKH Na ¥ CFIIE N 117. 36 g/L) L& -4y
{6 112.56 /IO WA FEMR. 5 Na #)z. Ca % &
BRI E % kb Ca B9FHEH N 0. 22
g/ L. M4 W BTk 0.35 /L. ik KAl
Mg #)28AE e BE A K H B A AL 28 e i # . & 2
K Hl Mg Mk E B TRF NEFRNLF F
(1 e B P A A 3 I (T 4D

F1 HRARFAASTERBEAKREZERDRE (/L) REUEFERE(TC)

Table 1 Major ions in shallow brine from different temperature in two different seasons

Cl SO, %™ K Mg Ca Na TDS T
/M 176.13 21. 81 1.58 1.97 0. 10 97.92 333. 95 12.2
2015 4 7 H (H) BRI 183. 69 45. 28 10. 83 16. 06 0.32 131. 08 350. 39 15.6
FHIE 180. 36 33.12 5.07 6.48 0.22 117. 36 342. 61 13.5

/MY 181. 45 10. 96 2.17 2.22 0.25 98. 77 326. 20 1.4

2016 4E 1 H (%) Rl 190. 01 39. 32 12. 31 16. 71 0. 50 121. 82 348. 52 3.7
S 187.18 19. 93 6.22 7.59 0. 35 112.56 333. 83 2.6

KA o BT 2 B K TP R T BN
BNATFRETAMBENZ L, XSRS
H, LSO VR AR fb fie 3% . HoRR IR 35 40 Y0, fE
A7, TR (Na, SO, « 10H, O) KRR BT 4
¥ A 2K 5 ¥ (Zheng Mianping et al. ,
2010a) .l BE A FEAIR 0 2K 25 3 B0 pd K P 22 B A 90 1Y
KA 33X Bl B0 G A A 58 X 3k A7 AE (B 3b) . B
B b2 BT R ST 1 52, i K Y Na %
FEARR B 5 SO, WERR IR E Z L RA R 1 2,
TRSEBR A M4 SR B L /K i Na BRI Ay 424
e s B2 B H A AN R 5 ) (NaCD #9971 4 1
KK H Na B Fryfit k. A KK Cl ek
JIE R — 20 BT R P A AT S B Na itk
A2 2 T8 Na 579 (i NaCD 5 ff# 79 #h 58 . Bl
BRI AT W R g — DUTEE T B
TR YT A R S

S PRl OB L AN BE L T Y
JE AR W R E WAV AR . 2 R B A5 TR ARG T A
o MRYE X — R A RN, oK K. Mg
U FE R DR 2 W ) A T R AR i 3K —
W5 SR B 4 R L B W] AT DL Z e X — R
XF K Mg B 1k i iy 52

K H K Mg B B 7R A 2= 8 B 3 n
Pn] B 5 TS A AT A A SRR O S — T T AR e

AT RE R & K Mg B IR JE A ) —
A, 42K A (K. SO, « MgSO, « 2CaS0O, -
2H, O) Rl H BN BE 8 463 77 0
T H T

K,S0, « MgSO, « 2CaSO, * 2H,0<=2K" +
Mg*" +2Ca*" +4S0,* +2H,0

H A WE 5 A B At 0 )2 LB b A7 7 — E o 19 A
WA TR R TR R O R . 28 R B E 5 R ]
(Zhu Jianrong et al. , 2011) , EAL B 6 =i A3 £ 5
B W) A S0 B K T SR A RE AN FR R AY  BRLI AT LA
i K Mg B 79 B 39 5 e S8 0 Wi i oG AR
B0 A7 S FRATTHE A ) 73 B v 2 SR KB A7 7E T A0 Rk
pirs (6] S A e Ok )= i & B0 LB ) (Liu Zhu et
al. , 2015) , & B —Fh A & 89 % (An Lianying et
al., 2009) . £E & 8] B 7K — 5 2% (<0 A0 B 6 5 )2 R 48
R, B K S B AT AR R K — SN ERAL T
SRR, — RE WA AR 0 A R A TR R S B K R
K Mg, Ca & 71 & 5 G5 14 g ¥, i/ )
ZiR S FHE MK K Mg, Ca #il SO By 34 A, {2
8 e B R ARAR A R . b AR A B X T K
Mg .SO,” &4 w8 ok U, JL P A sl Z BT
B 7K R B A R L, KR Mg 724 2R il 2R
R IF A TR A A T A R AT S BOR
WY SO BAEM A S I A EE A 5, (HX T
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B 7K S AR AR A0 1 Ca Sk, 4% A B T
VR 2 R BOXE TR AR IE Y] B, B 0 Ca
B EVRES TER, R X ZERIKR XA
Bl R R B, ) K28 & K20 36 % HLO J5 4547 i
AR EERL AR AIL 75 R 3k DL R S A R SR PR IR Fh
Wy AR 2R KA 54 00 TR K Z J5 A TF I6 AT ot
AW Y (Zhu Jianrong et al. , 2011) , R it , JR 4R X 7K
H K f Mg it R 3k 24 AR A

ik — 25 3 B B B o K Y A o 2H A S ] A
fATE2EsttE . AR IXALIB (1 £ .2 ) RIm (8 5 ~
122 ) pa 7K 32 B 53 Bl 2= 15 A2 AR I B2 /N Tl R R (3
B~TH) K EE B ZE T AL R (8] 4.
rp R B LT R A T A B T X T AR L L T
I B K K A7 F AT ER AR O A 30 S 8 AR AR R

Ao Ut B 3 G AR K S 1 1 K AT RE 32 31 2 3 R AR
P i (4 AR P AN s SR BUAE K 2R A e b
i BE AL AR LB/ o 5 — T TS Mk TSR A pa A5
T8 i 7 A2 F g 2N e Bl D o K 5 i = =2 8] A
A T Y [ — W A AR T 32 33 BE PR A 5 o B
s A DX K 2 BN B AR XN L KK SR 2
1) 42 30 P A PR 2 o PR T e 7K B AR A L A/
3.2 BEREXNENENHN

HhIAE KR S AR 02 EEAET T H W
FLBR G5 M R R Y 22 S5 18 10 V2 A0 oIS i 1) 22 S 1
3 K2 LB 26 Y B — PR X e AR
T BAT RGUE B K Bl 3 RRAE 5 ER 28 8 50 2 P 4 £R S i
Z ] FL B T 1 K A 3 B AT 3 BT 2 A% 2
FLB R TR AL BT I3 I 9 B ) BN S A A e TR
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—&— K& 7= Summer —8— 5 7% Summer
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Fig. 4 Comparison of major ions in brine from the reservoir between summer and winter
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17K B 2l 25 A AN T B TR JH S 8 1 R 38
DR A7 58 it A TR /0 B s 51 R B A () T AW 22 KL 8 i
PEAC B A 2 AE T e Kz 3h ok &
SR RE AR oK AR T B8 2 R R T T A
Oy A R 2 T o T 78 Sl S BT S B B L (ELE
A8k B A D RE A AR A — A Bk SRR RE .
TR 5 2 A A R 0 A oA A 1R K O
i A PORBOGE A I RS 2 BN R
14 B W 5 T 3530 75 7K 2 45 4 I 3B i W 3% B A A R
LERSRCE -

AR 5 2R ] LA (58 2),2014 4F 1 7 iy (&
7 K A5 19 5 1B R (78, 65m/d) B R AL T
2013 4F 7 Ay () (134.50 m/d), &5R KW, b
A PR il 7 W AR A 2 B FLBURC AN L B R
KA AN AL B 22 8] 3% 3 1 A X 2 2 L 6 o J2= 1 B
i e L T G

K2 AEAFTHI ZK08 2 ERY
Table 2 Hydraulic conductivity of the borehole ZK08

g H BB FZ R K(m/d
2013-07 134. 50
2014-01 78. 65

FKIZHIB 135 F R /N2 B W5 TR
Wi, —J7 115 5 K2 BB 3 R A G, RIS URL s AL B
HTEAR N LR AHES J5 50 565 55 — D T » S5 Tk
(1) %5 JBE ARG i A5G A R SR R X

K=*r% (5)
v

Hp K B &R (m/s) sk HBEFR(m*) 58 H
I BE 50 oK 38 SR R B (m® /)

AXGERY . BBERE K SKFARE v
BRI, T TR KR BE AR, S EOR A A
th o TTAT T A S T O e 2 AL R R AR
AN GE NI B ) 2 B B R RO FRIK. 5
— 7 T« ik JE A 5 o ARG A D A R i
P (o) Fif i B B AG 1 FF 75 (Du Guangsheng, 2014),
PRI, 74422 BB 1 7K IR BE B9 RIS 15 7K B 2 3 3
7% INTI R i 28 500G U PR R Bl &5 K 2 108 i
PECKO B AR . B2, & IR 20 55 1 754 1 )2
i 7K L Sl el S RS M AT
3.3 HEBMEMHEHETHLITE

HY T8 DU 28 UM ) T 5 R AR SR B A S Y
fk (Kang An et al., 2003; Owen et al., 2006;
Yang Yibo et al. , 2013)  REFRER DI Z G T £
USR5 IR A0 o Ao 75 3R 1 DORRTE 25 TB) b 3R B

e i I AN 35— 5 O B b 3R 38 U e M R R R A B A
BER 1 A BB T IO AR Ak BE KA I 1R AT R AR
JRy ER A 0 2 LB K T U 1B X5 1 A2 B Ak Bk ik
A TR B DI A R KR AR B L T i BE ) 2
PR, 54t 1 )2 B A A TV A — DT T A RS S AT
BB X, 32 B Ry b 7K W B2 8 L A )2 8 03 /DN 1
R XA R R KT BB E Y kA R ) R
PR, A 31 J8] 10 52 06 7 251 Ui AR AR s ) DL RCR:
1E AR 5 M R AR A KR S W AR T L A a2 S5 A
TIE B WA 1 11 7K K Al 24 REAIE 7 25 ] b 35 R 3 R 1y
— R ERIEAE T B AT R A A AR AR 1
A1, LA & N, Picknett et al. (1976) 1A N B F 14
JE RN R A1 T Ay A AN A ) EEFE L B CaSO, 1)
Wi 5 i K o NaCl g ¥k B A5 56, i F i K o
NaCl ¥ B 25 5, 5| 1 8 S50 9 00 0 1 FE AN T)
FOMR FE AL AT 22 5 o ol TR R 45 ) [ R B AR AR i s
ARG YR AT AR [ A A ) R IR 2 .
K J2 18 38 R AR B 1) R\ 1 1 4 A A AR SR 1 AR 3 5
PO TH B 35 M 5 1 DX 3R S 1 ) AR R K b B
XA R W% 11 2 8 8 Pk X — LR A R — A
HERHE B RO it e )2 LA A s A IR X TP A
) SRR R . BT B R ERAE L K B A 2 R
2 W v T SO E (53 071 O W e P (R o
b5 50 K Py B AL 2 3 B AE AR A — o 1A B 2

B TR X K RS — 2 B R H R
S 1) 52 2% FR G0 - B SR BE AR Sy i 22 5 e IR Y
— MUR R F 5 i 2 R G K — AR R
KTk 0 23X —FR Ik 2 FL A T 45 #4619 IF T H i
Kb 5 PR S BT B B T T A DR R TR I A% W A PR B
RAEFAE AL W2 25 48 25 B IR S R Gl 6 ) 12 1 I
FH 28 Bk BB % 2 PF 0 J7 X (Li Yading et
al. » 2017) , (K I, iz F 5l it AR T+ BoOxr 3 i it i 2
FLBR S F I J i s W 9 F R FR AT ST A — A F A
Jy ) B HE R S A R T R

4 gEip

(L3 b o B AR A R 2 i it )22 B 2 35 3t 32 A2 A
(1 0 3L ) 2 A W A 1 V2 98 2 M B KA S R T
bt B 55 1 3 AR AL R AR

() KA =T BT, kK Ca Mg K B 7
JEE i P 855 Tk B8 I AV 249 A A [ A 1) 960 T SO, *
A Na 8 5 J3E DU AR 6 06k 2> X AR Al g 5 4 7= 2 iR
A BT AR 15 2% bl 1 9 7 ik A O
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(3) $hJ i 14 )2 5 15 1L 6 P 355 ik B2 IR AR T K A=
T BN S T 5 A T N i 0 2 K AOR
i PR A K

(DB FBE 2R — D IR B A R 48 il
JE LT ZARY R N R 2 — PRI R A B 22 4T
BB IS 1 2% 8- T 5 B — 2R BRI 14 [ — W e A A
PR S Az o 3T 2 X g J2= ) B A 2 e T A
R

Brigt - P AP T AR 7R b 45 20 B AL S AL AR
AR R Eas i N S N NV e R
R B LE X B 5k A 2 T AR B A 18 ST o
R H st JBOR 2 B 4 USR5 T X SRR A 5
RAER OB UGS R P 4R 0 TR 2l B S SR
TE 1 — I 2 7R 20 R

References

An Lianying, Yin Huian, Tang Minglin. 2010. Feasibility study of
leaching mining of deeply buried polyhalite and kinetic leaching
modeling. Acta Geologica Sinica, 84 (11): 1690 ~ 1696 (in
Chinese with English abstract).

Andre B J,Rajaram H. 2005. Dissolution of limestone fractures by
cooling waters: Early development of hypogene karst systems.
Water Resources Research, 41(1): 2195~2208.

Chadam J, Peirce A, Ortoleva P. 1991. Stability of Reactive Flows
in Porous Media: Coupled Porosity and Viscosity Changes.
Siam Journal on Applied Mathematics, 51(3): 684~692.

Chaudhuri A, Rajaram H, Viswanathan H. 2013. Early-stage
hypogenekarstification in a mountain hydrologic system: A
coupled thermohydrochemical model incorporating buoyant
convection. Water Resources Research, 49(9): 5880~5899.

Chen Juisheng, Liu Chenwuing. 2002. Numerical simulation of the
evolution of aquifer porosity and species concentrations during
reactive transport. Computers & Geosciences, 28 (4). 485
~499.

Du Guangsheng. 2014. Engineering fluid mechanics. 2nd ed.
Beijing: China Electric Power Press, 11~13(in Chinese).

Han Fengging, Huang Qi, Wang Kejun, Wang Huaan, YuanLi.
1995. Study of geochemical evolution and palaeoclimatic
fluctuation of Kunteyi salt lake in the Qaidam basin, Qinghai.
OceanologiaetlimnologiaSinica, 1995, 26 (5): 502 ~ 508 (in
Chinese with English abstract).

Jiao Pengcheng, Liu Chenglin, Wang Mili, Chen Yongzhi, Wang
Xinmin. 2003. Characteristics and dynamic analysis of inter-
crystal brine movement in the Lop Nur salt lake. Acta
Geoscientia Sinica, 24(3): 255~260(in Chinese with English
abstract).

Kang An, Zhu Xiaomin, Han Dexin, Wang Yanbin, Kang Qiang.
2003. Quaternary sporopollen assemblages and paleoclimatic

fluctuation in Qaidam basin. Geological Bulletin of China, 22

(1): 12~15(in Chinese with English abstract).

Kang Qinjun, Zhang Dongxiao, Chen Shiyi. 2008. Simulation of
dissolution and precipitation in porous media. Journal of
Geophysical Research, 108(B10): 10~1029.

Lewis A. Owen, Robert C. Finkel, Ma Haizhou, Patrick L.
Barnard. 2006. Late Quaternary landscape evolution in the
Kunlun Mountains and Qaidam Basin, Northern Tibet: A
framework for examining the links between glaciation, lake
level changes and alluvial fan formation. Quaternary
International, 154~155, 73~86.

Li Baolan, Gao Donglin, Yuan Xiaolong, Zhang Yushu, Liu Zhu.
2014. Storage characteristics of intercrystalline brines in
Kunteyi salt lake. Journal of Salt Lake Research, 22(2); 26~
32(in Chinese with English abstract).

Li Minghui, Yi Chaolu, Fang Xiaoming, Gao Shaopeng, Zhang
Weilin.  2010. Evaporative minerals of the upper 400m
sediments in a core from the Western Qaidam Basin, Tibet.
ActaSedimentologicaSinica, 28 (6); 1213 ~ 1228 (in Chinese
with English abstract).

Li Yading, Yang Cheng, Feng Shun, Li Zhen. 2017. The method
for studying shale pore size distribution by using nuclear
magnetic resonance. Geological Review, 63 (supp.):119~120
(in Chinese without English abstract).

Liu Chenglin, Wang Mili, Jiao Pengcheng, Chen Yongzhi, Li
Shude. 2002. Formation of pores and brine reserving
mechanism of the aquifers in Quaternary potash deposits in Lop
Nur Lake, Xinjiang, China. Geological Review, 48(4);: 437~
443 (in Chinese with English abstract).

Liu Zhu, Gao Donglin, Li Binkai, Yuan Xiaolong, Zhang Yan, Li
Baolan. 2015. Sedimentary characteristics and origin of
polyhalite of Kunty salt lake mine in Qaidam Basin. Journal of
Salt Lake Research, 23(1): 30~37 (in Chinese with English
abstract).

Nie Qinglin, Gao Guangdong, Xuan Huashan, Nie Qiuyue, Nie
Shizhan, Ye Qiang. 2009. Methods of determining parameters
of aconfined aquifer with pumping tests. Hydrogeology &
Engineering Geology, 36(4): 37~40(in Chinese with English
abstract).

Picknett R G, Bray L. G, Stenner R D. 1976. The chemistry of cave
waters, in T. D. Ford & C.H.D. Culliingford (eds.). The
Science of Speleology. pp 212~266.

Sandeep V R,Chaudhuri A, Kelkar S. 2016. Permeability and flow
field evolution due to dissolution of calcite in a 3-D porous rock
under geothermal gradient and through-flow. Transport in
Porous Media, 112(1) . 1~14.

Shi Zhongping. 2000. Determining aquifer parameters by using
recovery data of steady pumping test in a single borehole.
Journal of Xi’an engineering university, 2000, 22(2); 71~74.
(in Chinese with English abstract).

Wang Jiuyi, Fang Xiaomin, Appel E, Song Chunhui. 2012.
Pliocene-Pleistocene Climate Change At the NE Tibetan

Plateau Deduced From Lithofacies Variation In the Drill Core



%8 F/NE A R

5 8 T 8 80 1 KA 2 2 R A 1 )R 98 I R A B T 2 1731

SG-1, Western Qaidam Basin, China. Journal of Sedimentary
Research, 82(12), 933~952.

Wang Mili, Li Changhua, Liu Chenglin. 1991. Microscopic pores in
the brine-bearing layers in Kunteyi potash deposit with
reference to sem researches. Geology of Chemical Minerals, 16
(1) :1~9(in Chinese with English abstract).

Wang Wenxiang, Li Wenpeng, Liu Zhenying, Hao Aibing, Wang
Shijun, Jiao Pengcheng. 2010. A tentative discussion on in-situ
experimental liquefaction and exploitaion of low grade solid
potassium resources in Qarhan salt lake. Mineral Deposits, 29
(4), 697~703(in Chinese with English abstract).

Weisbrod N, Alon-Mordish C, Konen E., Yechieli Y. 2012.
Dynamic dissolution of halite rock during flow of diluted saline
solutions. Geophysical Research Letters, 39 (9), 109404
~1.09410.

Wei Xinjun, Jiang Jixue. 1993. The evolution of the quaternary salt
lake in the Qaidam Basin. ActaGeologicaSinica, 67(3), 255~
265(in Chinese with English abstract).

Yang Yibo, Fang Xiaomin, Albert Galy, Erwin Appel, Li Minghui.
2013. Quaternary paleolake nutrient evolution and climatic
change in the western Qaidam Basin deduced from phosphorus
geochemistry record of deep drilling core SG-1. Quaternary
International, 313~314, 156~167.

Zhao Chongbin, Hobbs, Ord. 2013. Effects of Medium

Permeability  Anisotropy on Chemical-Dissolution Front

Instability in Fluid-Saturated Porous Media.

Porous Media, 99(1), 119~143.

Transport in

Zhang Xiying, Ma Haizhou, Gao Donglin, Wang Tao, Yang
Haizhen, Zhang Minggang. 2007. Dynamic changes of K, Li
and B in hydrochemistry in brine of the mining area of
Xitaijinair salt lake during the initial period of mining. Journal
of Lake Sciences, 19(6): 727~734. (in Chinese with English
abstract).

Zhang Xiangru, Fan Qishun, Wei Haicheng, Yuan Qin. Qin
Zhanjie, Li Jiansen, Wang Mingxiang. 2017. Boron isotope
geochemistry characteristics of carbonate in Qarhan Salt Lake,
Qinghai province. ActaGeologicaSinica, 91(10): 2299~ 2308
(in Chinese with English abstract).

Zhang Yan, Gao Donglin, Ren Qianhui, Li Binkai, Wang
Mingxiang. 2017. Permeability of unconfined aquifer under the
Dayantan mine area near the Kunty salt lake in the Qaidam
Basin. Arid Zone Research, 34(1), 36 ~42(in Chinese with
English abstract).

Zheng Mianping, Liu Xifang. 2010a. Hydrochemistry and minerals
assemblages of salt lakes in Qingha-Tibet Plateau, China.
ActaGeologicaSinica, 84 (11);: 1585 ~ 1600 (in Chinese with
English abstract).

Zheng Mianping., Zhang Yongsheng, Liu Xifang, Qi Wen, Kong
Fanjing, Nie Zhen, Jia Qinxian, Bu Lingzhong, Hou Xianhua,
Wang Hailei, Zhang Zhen, Kong Weigang, Lin Yongjie. 2016.
Progress and prospect of salt lake research in China.

ActaGeologicaSinica, 90 (9): 2123 ~ 2165 (in Chinese with

English abstract).

Zheng Xiuging, Li Duo, Xie Shilian. 1994. The analysis of halite
permeability in Qarhan salt lake. Journal of Hebei College of
Geology, 17(2), 198~204(in Chinese with English abstract).

Zhu Jianrong, Zhang Zhihong, Dong Shengfa, Ma Yanfang, Zhang

Yongfeng, Du Jianning. 2011. The law of precipitation of

mineral salts about the brine of Kunteyi salt lake by natural

evaporation and its mathematical model. Journal of Salt and

Chemical Industry, 40(4): 39~ 42 (in Chinese with English

abstract).

& % x Mt

G, BOMELE . FEWIAK. 2010, ¥R FF R R 2% pd A 0T AT M
RSN R MR, 84(11): 1690~1696.

AL 2014, TREWMKR S5, 2 . dbat. REE D HOREE, 11
~13.

R . EEL R, EARL, IAF. 1995, SEkOR A B RHK
R R AL A AL S R A AL \YE S WE . 26(5) . 502
~508.

RN, XUBAR, 3. BRokds, FBIR. 2003. B A0 EL ) 5 A
i 7K 32 Bl FEAE K L3 2 40 . Bk 24 . 24 (3) : 255~260.
B RAGE, TR, EAEuk, FER. 2003, S8k R 4 HL A DU 42 9

MAA Bt SAEDsh. R, 22(1) . 12~15.
G, WA, =AM, RER, X%, 2014, RAHKRER SR

L |

D] K B IR AE AR AR BT S IS . 22(2) . 26~32.
ZHE, G, /N, MG KA AR 20100 5K R VG R 4L AL

BRT Y LR R LW, TR R, 28(6): 1213
~1228.

BT R TSI, A5 3. 2017, I A% 2 4R F 5 0UA FL AR 4 A 1
T RS TE .63 (supp. ) :119~120.

XUopR, Ry, ISR, PRk, FRE. 2002, BAIAS ML K
KRG ZFLBUR R 5 i B UL BF 58, M IR T, 48 (4) 437
~443,

XUBE AR AR, 2Pl e, Kn, FE L 2015, SRR A
B R AR W 6 e ™ X 2% o A0 U BB A B R VR . R W
3%, 23(1): 30~37,

TERM, B TR, AR, EACA . R, MhER. 2009, KR E
W 8RR &K RSB R, K SCH R AR T, 36(4) 37
~40.

Spencer R. 1992. 7% & &b & o P LBR AR MO 7R . X sipk G [ 4b
W R, 2. 92~108.

A, 2000, BRFLER S K B K ALK BT BRI
P2 TR 2R . 22(2) : 7T1~74.

FHIy . XIS KA, B, A, 52 1991 HiFR
A ER T B K A A R R A BT AL T P R, 16 (1)
1~9.

FIRTy AR, 1997, BEIR R A b F R W AT R K L K i
st dbat: MU R, 84~99.

FICHE. ZESCMG . RPRE, ME . A% EMR. 20100 8RTF
AR WG 1 [ R 0 8 AR T R 1 B 3 5 50 F O O 0K M
i, 29(4) ; 697~703.

BT R, 224k, 1993, BE IR £ b 55 10 40 £h ) Ak R

KESH.

FH, 67



o BT

1732 http://www. geojournals. cn/dzxb/ch/index. aspx

#H
2018 4§

(3): 255~265.
SREZHE. 1987, SRR HER M. Jbat: Bhr R, 32~157.
SRPEE, S SR, £, BT SRR 2007, R K0
REREDLFIS 30 RNEN= ) AL N N 1 A e B M R R
#.19(6); 727~734.

S, BESI. BN, WA, BAA. F@RKR. EUIE 2017,
T WRF SR TT 0 0k 192 9 B0 ] 37 3% b BR AE 22 R AIE. b O 2 4
91(10) : 2299~2308.

W FARMG AR AOREL. EUIRE. 2017, SRR A R K
R R R XK E KR BB, TR 34(1): 36

KRR XIE T, 2010a. P 5 e JAER W 7K Ak 2% X K0 0 21 5 P ALE.
Hi B4R, 84(11) : 1585~1600.

KA, skok A XNE T, FFo0. FLALE . BT, B . M4,
kA, FEE . kR, FLAERL AR ZR. 2016, o [ 4R )Rl 2
AR M TR SR, MR, 90(9): 2123~2165.

R R, WaE. 1994 ZRITHRBE RX 2L BB
AFIEGT B AR, 17(2): 198~204.

RS, TR, WK, DHIY. KK, AR AT 20110 BRRK
AR K B R FE R T AR L OB A S R R 54 T, 40
(4): 39~42,

~42.

Constraint of Environmental Temperature on Chemical Composition of Brine
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Abstract

The shallow brine aquifer in the western Qaidam Basin is a multi-coupled dynamic equilibrium system
and controlled by hydrodynamic force, climate and chemical factors. The study carried out an analysis for
compositions of brine and permeability of brine aquifer in the shallow brine aquifer in different seasons
(summer and winter). The results show that the concentrations of major ions in brine vary obviously from
summer to winter and the concentrations of K, Mg, Ca and Cl increase correspondingly, with an increasing
order of Cl, Mg, K, Ca. While the concentrations of SO,?" and Na decrease, with SO,?" decreasing more
obvious than Na. Calculation results of pumping test suggest that permeability coefficient K in drilling core
ZK08 decreases from 178 m/d to 97 m/d from summer to winter. The reason for that is that precipitation
of mirabilite(Na, SO, ) with decreasing of environment temperature not only improves dissolution capacity
of K, Mg and Ca in brine and increases concentrations of K, Mg and Ca, but also decreases the
permeability of the aquifer. In addition, the viscosity of brine increases with temperature decreasing.

Therefore, it can be concluded that two factors jointly result in decreasing of the aquifer permeability.

Key words: Kunteyi salt lake; environmental temperature; brine aquifer permeability; hydrochemical

components of brine; fluid-mineral inversion



