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S U 4R S 35 T 1 A D A A U AR 0 2 A Y
22 U 5 00 S 0 K 4k » 3 2) 4 3 25 600 Ma
[F) oty 9 7K R 73 B G 3 9 AL B 5 (Timofeeff et al.
1999; Zimmermann,2000; Kovalevich et al. ,2002;
Horita et al. , 2002; Lowenstein et al. , 2005)., H
T 32 R A BRSO R AR B ia Bh ¥ 5%
M), 8 A R v £ 24 43 (Mg, Ca, Na, K, SO, .CD
W2 T WA A 00 52 0 1 PR SR 2 I S0
W77 R T B 2 B B (Hardie, 19965
Holland et al. , 1996) ,iX 5 [A] i} 5 ¥ °F- 1f 7 F% L IR
A A L AR AL AT Sl 3 ] — B
(Kovalevich et al. , 1998; Horita et al. s 2002).
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ANTF A R B B8 R 38 D R g ER R 58 T QI
T HJj P.pH. Pco,) . 15400 7K 1 2 A i Ak 3 2
T 25 K 5 B W 0 R AT O A BT A
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T K A2 20 03 8 AR A 2 3 R AN (] S B 78
HREERE A TRAT AR R T
RS S A oty v K A 2 4 3 R AE L A BE THEA 1 AR
BER AT PR A0 s DR AL A AR AR TORR A A R
UL A0 A BE S S A 90 SR JBUBR T K AL 2 o0 1R
SR ST KA AE I A R A . H AT B X
W He R By R & B (Ayora et al., 19903
Timofeeff et al., 2000; Ghazi et al., 2000;
Baumgartner et al. , 2010; 53K 4, 2014a) , &8k
T A C A 2 A WA 24> OB 4 1% ¥ AH 3 J2 9T
Jo& ¥ U A A A 1) I 3 A A A A BT el AR
Oman Z #h  FE€ 3K 20 (19 V5 {11 F1) 7 i &5 (Horita et al. ,

2002) , BB 4 1 Michigan ZZ# (Das et al. ,1990) .
Je 7 42 1) Saskatchewan £ #i ( Horita et al.,
1996) . — & 41 Kansas 7 i (Horita et al. , 1991)
1 Delaware 7 # ( Horita et al. , 2002). =& 4 W
Muschelkalk %% # ( Kovalevich et al., 2000).
Lorraine 7 #it ( Horita et al. ., 2002)., ff & %4 )
Predobrogea 7 #i (Khmelevska, 1997) .28 = 22 %
Navarra 7 # (Ayora et al. , 1994) . Mulhouse % #h
(Canals et al., 1993). Eastern Europe % #f
(Kovalevich et al. , 1997a; Galamay et al. , 1997)
ML 7 (Kovalevich et al. ,1997b) &, B2 3RHL T
M TT A AR AR T A AR A A — R B T
KA A KO D A A R AT B ST Y
A KA A AR 1.
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Table 1 The composition of seawater during the Phanerozoic estimated from the composition of primary

fluid inclusions in marine halite

£ f 4 i (Ma) K Mg SO, Na Cl  |HCO;
AR K 10. 6 55.1 29.2 485.0 | 564.8 | 2.49
K I Red Sea 5 10.8+0.4 12(7~15) 43 26(21~29)
g i HY Eastern Europe 14 — 14(9~18) 48 22(17~26)
W Mulhouse 35 17(12~21) 35 17(12~21)
FRSIMLN Navarra 37 16(11~20) 38 19(14~23)
W Khorat Plateau 98 11 26(20~28) 34 14(8~16) 462 565
By Sergipe /Congo 117 11 35.5(32~39) 42 8.5(5~12) 416 565
e 2 Predobrogea 150 20~26(19~29) 28~33(36) 7~14(5~19)
1 = & it Lorraine 230 9.3 <17(2D) =28 >=13(22)
=& i Muschelkalk 240 <16(20) =32 =142
=3 Delaware 250 10.9+1.1 <13(17) =52 =18(19)
B Kansas 270 10. 3 <14(18) =48 =16(19)
i F A Saskatchewan 380 10. 1 25~35(24~38) 31~41(43) 5~11(3~15)
W 7 B 11 Michigan 410 11.540.2 | 25~31(25~34) | 37~41(44) | 6~11(4~15)
Hr oo AR Oman 550 =9 <11(14) =67 =23(17)

T R P48 TR BB 0 mmol/kg Ho O AU K ¥ 51 B Holland, 1984 4 R4 K $ 551 B Timofeelf et al. , 2006, J i i 7k ¥

H >k I T Horita et al. , 2002,

F1RGEEE T HH AR GS Ma) 3 AR
WEREE 2GR MBS . k1A,
AR 4 A TR K KT AR A, R ECTE 1005
mmol/kg H,O Z£ 47 ,Mg®" .Ca*" .SO? kAT EBE
Ak, Ho S Bl N 28 ~67 mmol/kg H, 0,10
~35 mmol/kg H,0.5~29 mmol/kg H,O, J{kZ
K E M 52 3% . Ca®" \Mg"" (SO &t K I
B, 42 1 3G T 7K T8 A 00 39 A8 Ak 2 0 5 5 L OO i Ao -
SCAT PR AT BT o 7 17 428 1 25 165 7K 5 Ak /4 7 1)
FBE AR, L2 B L ) A b 5T B s b AT Al — IR K
b 8 S A Bl 5 A 8 2 AN (] Y g ol

Hron A A A R PR Y Y K S B K
Moyt G, B Mg LSOT L 3 Ca®' HRAIE,
FAE Ty e 5 BACHE K R L. el AU AR
a-Pe s im . b AR = SR P LR
AR L T K 2 03 5 BT B AN TR L B
BHE Ca L 3 Mg™" SO Rk, A T4 mm
Ca/Mg HAH . 33X — ¢ AL PR E 31X — I8 1) oty 965 7K f%
W 5 BRI 52 42 AN [A) 1) 38 Ak D7 1) A7 2E & de 8%
TE AN [R) T BRA T 3 1 ik Rk T ARURE I R 2 2 A
A o i AR BT B BORE T2 B R (4 40 SR B A
FIE" RAFAL .
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Spencer = ffi #H & =& & T Hardie f1 Eugster
Aoy R RE A S R T VS R Ak B AR RN T 1)
16 7 A ARy T H (Smoot et al, 1991; Spencer,
2000), 7£ Ca-SO,-ALK (HCO, +CO.) M |, i#
2 SO, T A7 fif A1 B s A (Ca F ALK 3 4
BRI T Na-HCO,-SO, M X, % 3 77 % 41 BT
SRR 5 (Ca 1 SO, 1 4R 4 v 5 i — 25 Rl
43T CI-SO M X H Ca-ClLAHIX (B 1), 7E2E K AEH
T AN AH X K OB T A R AN [R]85 1w 3 A
e BERA R0 7 5 . ABF08 A 1 DR
WK 2H 43 (2 D#FEF] Ca-SO,-ALK(HCO, +CO;,)
FHE by AT AR B, KR 43 1 v v 7K 5 BARIE 7K 8 43
MVEET CLSO MK . T & B al e d et R P 22 i
HKTER T CaCl A X, WA 1, 57 35 30] K 47
F Na-HCO;-SO, #f X (Smoot et al. , 1991),

Ca

20 Kl
410,/\/|38380 Ma
150 Ma &

5Ma @
itk 290M

Ca-HCO,-SO0,

SO, 20 40 60 80 ALK
K Je W ) HppT W A
Messinian Badenian Oligocene
LR TRIN o g 1k 2 1 o =Rl
Eocene Upper Jurassic ~ Upper Triassic

o Bl e 1L
Middle Triassic Upper Permian ~ Lower Permian

e A o MaS R Bt AR

Middle Devonian © Upper Silurian  © | ate Proterozoic

IAR g 7K o AT 38w K SRy

Modern Seawater  World River Upper Cretaceous
B 1 AT K Spencer Ca-SO,-(HCO, 4+ CO,) = K]
Fig. 1 Ternary Ca-SO,-(HCO; + CO;) phase diagram of sea

water during the Phanerozoic

Al Spencer # B 9 3 AR [ ] L CI-SO, AR X 11
g K AE T AL B0 3]s Ca 25 B R T8 % (HCO, +
COy - M 7275 % A T2 e B v HCO; + CO, 8
THFEFE S BT 1y Ca® ' 4R ZE 1 SOT & AE N AE K
AF - TR SOT 24 5k B R T A A
Ca®" R Ca®" BEIH FE 445, 5 /K e 200 916

SOf™ W7 Ak (& 1T MSW AR 7K 1 6 1 48
ik s AR R B R R AT M A i MgSO, . T Ca-
CLUAR XY 5 K A2 e B0 1Y 28 R Ak s B by il T Ca
21 VR BE I8 DR TR A R AR 2 A (HCO, +-CO; +
SO Y B, B T CL LLAh, HoAth 9 B 58+
HCO; \COi™ \SOf™ HHIHAEIRRS . KB E S
Ca,ClL iy Jr 6 (& 1 E3R Ca-Cl AH X i 0 i 26
ik s B 5 B A1 (CaCl, » 2MgCl, » 12H,0)
LY.

TEid £/ 600 Ma 8], 7y ¥ 7K 520 f00 2 e
CL1-SO, 1 Ca-Cl /4> AH DX P4 Fifi B [7] 22 A= o] 40 7 1) 7
DAk FE LR R WIS 5K L R A ORI B
il T K o K AZ A 1Y = 2R P (Hardie et al.
1996; Holland et al. , 1996; Horita et al. , 2002),
IS Y K R LR, m . s AR VMR Ca
18 R 3 HP o HROBOTR AT T S X I K A 2 4 4y AT
TAEH, Ca™ ¥ BB N, i 7K 41 53 55t C1-SO, #H IX.
T % Ca-CLAHIX, Q& 1 2087 3k B R s 1 25 iS4
5K ARG L TG R AR K R Dy WV ) YR
B HCO, \COL #f AWV fliE K Ca® W
BEARR - SO ¥ B2 AR X T 5 o 1 K 3 5 XM Ca-Cl
LR 2 CIESO AR anE 1 gk sfi ks, W
A I R] S ¥ K B0 28 /0 R A e PR ORI T Tl A2 4k
4y 9 & HEAE 550 Ma~ (410~380)Ma~250 Ma, 250
Ma~150 Ma— 3R (& 1), KA T sh iy
R4 L ) 1R K A A A 03 B TR B B Bl B
K FECT AR BB ZE R ET YR BB .

2 TR IR 2R A A ) A R AL

Mg-2K-50,/ Mg-Ca-2K HE {1 5 A 8 %F F & 7w
A7 R AR LAY T A S R R N T A ) A s S A
oy A B JLHX T IX 50 E SO, s Ca-Cl ALY
WK TR AR R A b PR B ST A
P AR R A KR S, B R S MeSO, 1y 5
P i AR R SOA R A AR A AL By L R BEAR 4 1Y
T e 7K AR R A G O R 2 AR L o AR LR
5 Al 5T A S0 T R S22 BRI A A R A 2 R ) 3K
P2 (Das et al. ,1990; Horita et al. , 1991,1996,
2002; Kovalevich et al., 1997a, 1997b, 2000;
Khmelevska, 1997; Ayora et al. , 1994; Canals et
al. , 1993; Galamay et al. , 1997), 3£ & Mg-2K-
SO,/ Mg-Ca-2K Janecke #HE | (& 2) , 25 R 0 1k
LN R S RS SR PEE R I N e
J 53 w3 R EARHE K AR AR TR v B T & CaCly 3%



511 4

LB AF L T U A A U AR L 2 AR A o Y K AL B ) 2 A 1965

MgSO, ) Mg-Ca-2K # & /1 5% 5 7 (Carnallite-KCl

« MgCl « 6H,O) 14 £ £k (Sylvite KCD F2 @ #H X,
M EQL/EVP #i %l (Risacher et al. » 2001) §}- &
PR V85 YOV R B, R A R IR A MRE A T A R b
HB B H R T S AT, XS R R T
O 2878 & W 3 1 7K 48 R T 46 1 K A X T AR iR
KEAFE Ca 8 Mg WRHIE , HAT H 1 SR 9 41
A FEEA AR (NaCD | # f #06 W A fEE & A
S MiFoe L S BLME =L K A
BBy #8 I B T Mg-2K-SO, 41 & | 1 4 £h 5
il ( Kainite - KCl « MgSO, « 3H, O) 1 #f £
(KCDAH X, AT B AR I K B0 B 2 ol B s
Mg*" (SOt~ WAFAE . AT iy SR M) 4 5 4 46
£ 3 P ER RN B R L (Kieserite-MgSO, « H, O)
B ARG A A

Mg 80 60 Ca

S 380-410(530)Ma
80 150Ma
15M
5Ma P

A

BACHE K]

ST A
60 Ay R

SO, 2K
Bl 2 WA A A AR B R B4y Mg-2K-SO0, /
Mg-Ca-2K HR{R se AH & (25 C)
Fig. 2 Composition of fluid inclusion from Phanerozoic
marine halite in the Mg-2K-SO, / Mg-Ca-2K

Jéanecke diagram at 25 C

3 i K A g AR Bk

EQL/EVP J& 3 T Pitzer M H.AE I A,
JH Fortran90 Q7% g 2 1) g 7K 28 K& A 0L FE 7, A
HITE KKK R & A s EE A 2K
Yy B A A B B (Risacher et al. , 2001), &
TR E SO,-Mg B K FE Ca-Cl AU K
TEZE R AL B Sh R0 W A & R AR 0 22 55 A
¥ EQL/EVP # A %) = & il /K (& SO, -
Mg) fil 1 22 19 i K C& Ca-CD i 47 T AL 813t
B ILIE 3 FE 4,

TR 78 & 43 B TF L FR G2 Fn 1 PH 2R 498 S PR 58
AT B R Ge AR TR 2R R L g KV R ST
MERRT WIGEAE— D REN B R FET % & X

0 KA
(a) Hal Bischofite(Bis)
=1 | R .
7 A
=~ 21 Calcite(Cal)
g LA
g Carnallite(Car)
4 5 7
ol Glauberite(Gla)
_HE
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A
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° Ty
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~2} _ T
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g3 — HBEHL
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= _ EBT
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LogFC

Bl 3 AT EQL/EVP iHEHUR T ELNY = & oK
WAL P AR B (BERIR E T=25 C,Pco,= 10 *")
Fig. 3 Modeling of Middle Triassic seawater evolution
pathways by EQL/EVP Computer Program at 25C . and
Pco, of 10 **
() JFHFRG ; (b)—H MW R &%
FC Rz KW A R F A5 R R4 A B KB A IROK & 2 L
(a)—Open system; (b)—close system;

the factor of concentration (FC) is defined as the ratio between the

initial amount of free water and the amount of water in the solution

TR S YR A BN . T T R B8 A 4 A 28 kit
i rP AN 2 1 v K R RT3 & R = (AR R, — B
AERT YA ARG PR R Y i i
i T 4 RV AL A 7 R BT L R A
Pt i AR R G0 L Ak S 5 TR A 1 WORH 2H )
W2 BN WA T k.
AR B R R T=25 C, 5Lk
I3IE Peo, =10 0 B4 R R TP RS T
=& MKW ZE R AT ER Y R O R A7 (Calcite
CaCO,) —>ZE 1" (Magnesite-MgCO, ) — 7 5 /il £1
‘H (Gypsum/Anhydrite-CaSO, + 2H, O/CaS0O,) —
1 3 (Halite-NaCD— 45 12 fi§ (Glauberite-Na, SO, «
CaSO,) — 2% K f1 (Polyhalite-K, SO, « MgSO, -
2CaS0O, * 2H, O) — # &£l ( Leonite-K, SO, -
MgSO, « 4H, O) % £§ 5 il (Kainite-KCl « MgSO,
« 3H, O) = 6 ¥ 1 — #iit B #l (Kieserite-MgSO, -
H, O)—7/K & 84 (Bischofite-MgCl « 6H,0), UL
Sas B R G W AT T 90 O O7 R > 22—~
/AT AR50 2 ) A > A B
L (Kieserite-MgSO, « H, O) = K & & 4, WL
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BT BT DU PR RGBT 2 it — B e
ORI KT MgSO A MR AHBAM £ ) a T amn
BIBERL(K, SO, » MgSO, + 4H, O) A BERL(KCL 4 cal e
« MgSO, * 3H,0) . i TR Z& th Mg 24 5 J& ok 5 ;a{rhillite(Car)
FSOULHMAKHISE THRIKR B SO S5, ., 5 Syviewy)
WORE Mg A CL R R R A KL A 0 — Gypsum(Gyp)
Mg*' (CL 45 4, L1690 52 #h % 3BT 1 0 1 43 1 R dte(Tac)
(KClL+ MgCL + 6H, O). KU MFM R R T Z R A iAm — BB
By Mg MIRAF ) SOT 45 4 MBI (MeSO,  Eoa O | 91 Thas  — i
CHO)VRERAR MR CU iUk EE B ] e s
B P 3RS0 2 AR X 6 B 76 7% 11 45 BT 1 °
DUJG A5 B0 BE LRG0 £0 B AT ) A 0 7 1 R T 2 4

Log FC

PN SIF ARG — 2. (B YhT i & HoA W 2 5.
H1 T35 P R S8 SR A B K () B 28 B BB . PR U
TR Z b LSTR85 T A TE 2R R Ak B L e
FRAACIE B 2% K A1 (K, SO, « MgSO, « 2CaS0;
2H, O) L UUR R A IT IR ey 125 7% X EIRE £
P& 8 S 1) T 2% A 1 L o ME AR 3 i R L
=B PTG R A A DR R T K
I b [ B Y )1

F Ll i K 728 KA R DL A 4, 45 R 18
INSTETETOME AP RGE T AU ZE L0 Wi i ¥
B0 B NI > A/ O A
> G A > K S > A > R
(Antarcticite-CaCl, « 6H,O), HH A RS W &
KEZLHEAEM . &0 O RG22, EE M
PR Z b B SR S Ak A K BN B2 AR G
JGR AT K B A AT S AR R rh sk
Ca-Cl iR 4k 22 N« B 5 T8 1 i df A s WL IET 4b.
W X — ZE R M Eh i A b B SR B AR T
B 7K A Y 3 — Bt W2 i Y IR b 4 R
A B 76 e A5 A A0 0l ¥ K RE A I 4 R A2 X — 28 R B
B K AR TRV ER D IR 1977 4

R FRATT R BAPLR A S IR 28 K AT R B
BEALL, T B AR 252 24 1 2, R i B A AU B A2
b 2= Ak 3 A A AR A TR AU A A B 3 s
pH ELEHRE A b I g s Kwf it — B AL T 3h 2
o AH RS AR UL i A 3 A — A M KL T FRATTIA R
SR B ARAL MR SR TR B S 4R
SRL . 3 X P A A [ 2 A KR 28 R AL 3R
TR LU 218 2 A A i K 2R L1y & SO, -Mg #Y
7K ZE K8 ) B R W A5 A 85 o - Rk

Kl 4 AT EQL/EVP iR 70 B T 20 6 K 38 4L
PRAZ I (B E T=25 C,Pco,= 1071
Fig. 4 Modeling of Cretaceous seawater evolution pathways
y EQL/EVP Computer Program at 25°C, and Pco, of 10 **
()—FFTAR G ; (b)—HH R G

(a)—Open system; (b)—Close system

B A1 - R B AL B L A 5 T AN M 2 T K B
& Ca-Cl B, OB W) 4 GG A - A ot
KA -7K EUBE A - A SF . HT A LU R R i 4
XL i T A5 1 A 1Y T 8 AR AL L R b B Rk
25 B 7K R S T FEVE W 1 K S AR B T 1 2%
X A5 0 B WA 628 | e iR b 7, [ 2 7~ S8 B
o, HRRIE B W B R R A (B A ERARDG  AD
TR ER 0T R 1 1 BEAR 2 4y, R L Ca-Cl B
KB Gy B AL B Eh A R . X e o A A R ATTHE
GE it A AT R B K 28 R A TR R B,
B MgSO, By Z8 k& A 5%, i 3% MeSO,, &
KCI.KCl « MgCl « 6H, O BIfZE K553 T 95%
(Hardie,2009) , {HZRK LK, FAT— EHAOAR Ly
A ARORI e A AR B A B0l A BRI A 25 KA SR S
HRPRZ A S T AR 25 7 2 R B AT 2 AR
T 7K 78 R L SR IE L MgSO, FAH S 647
M H R SR A R A DO S AR AR 57 R R
T AN 1 R K 28 K A ) 45 R (Borchert et
al. ,1964; Braitsch, 1971; Hite,1985), {H 4% 4H
Jir A Ay 0 2 A R AR R R B 2 1 oy U K B A
FATHF 1 FORT AR 2R 1 DR ¥ K Al B Ak
SO AR PR RS I T i IR e it Ak IR ATTIA R
“SEUREMZE R AR AR TR B TR
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(97 141
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AR SO ER AL 27 R AE KA S 2 A )
LA R AR S TLAS T3 T S PR T 3 5T 3 S I S 7 AN
Rl SRR 1 22 5, AR B EQL/EVP 1K 28 &
M RETY L 72 B T PRI IR 2K 1) 28 AL A A R
RUHEFIE™ ) 445 e ik 20 B RAR I T P Al vl 7k 8 3l
1 B T 5

(L) R FP A RGIRA S ST 30 3l 5 i R il 1
T KA 470 1 J I B 2l o o T A ) T AR A UL
R 32 B g 1ol A8k . wf Ca-Cl BY Y36 K 75 Bk
PRELUTRHBY BE. th T R A B ) Ca/Mg FAH . P
UURR T fifp A SR BE J7 fifk A T e =2 S A M0 i 6 7 i
f15 % SO.-Mg B EK . Ca/Mg HAEAK . &) B X
A0 MR B T7 il A ASH T O A o B 38 O
N T3 fff A T S TR B BRR O S0 A1 (Sandberg
1983) . “J5fifk A1 1" O RS 2% K - 75 W 39T B B TE B
KCL Y 7% % 2 1 3 A0 i 7 16 B 30 B BB 1
MgSO, BUZE A o AR i T B 38 Ak g o B2 e
R FP A TR0 P42 1 14 O 8 A 98 A0 SO e Y
SR T Il Ag Ak Ak T | AV AR 3 JZ R T g A1-3C
A1 B - BRI BE DURR Y [R) 28 52 B e i .

2O RPE AT 5 RGP T IR 5K 44 3 A
IS B BR WP TR T AR X — I Wt e
Hh T EAR T Sl 1 e VA BRIV A A T IR R
PR d AR B, I AR T LR Y A T MR A T I
W o300 0 - RS- e PR 2 A0 A AR o
31 3 A A I AN DU K B g A R T R S 55 A 4
BRVEEF- 100 L T BT 5| 18 KT L 0 9 AR A W B R
ki i1 2% . sl K 0T 3 AR A 0 T S TR B R i A S Y
DB, ST 3R 3L T 7 K A U ) e PR A T
g 7K 5 ) 1R 36 38 AR B0 B 1 AR R 1 B AT ) 2
SR IRSE . B i R A 6 T e AU I A A
Ye G 1Y 2 Ui AR/ g IR [T o L DORR TS B B
TR FP R0 R (B4R 55, 2014b) .

(3L E ik, A w7 LR ™ J5 it A1 ¥ DL B
W AR B O E R R R A A
. =Fa KPP BaRL SRS R A E R
B S Hh A /Il Bk ol e R 3 L D TSR
FEUNER EA Z W R S SRR R A ]
T AR BT 5 Ak A A R DU
T 4 BROBCE o IS A e A 40 L FRIE AR 47 TRk DR L5
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Abstract

The traditional view is that the composition of sea water is invariable during the geological period.
However, with the rapid development of the testing technology of fluid inclusion, more and more
measured data of fluid inclusion reveal that the seawater composition occurred at least two cyclic changes
during the Phanerozoic period. Based on measured data of primary halite fluid inclusions from multiple
marine basins in the world, this paper discusses the paleoseawater geochemistry, water chemistry type,
significant change of evaporite mineral assemblages since Phanerozoic period. Combined with the brine
evaporation balance model of EQL/EVP, this study simulates quantitatively the evaporation process of two
typical seawater, analyses the salt precipitation law and mineral assemblages characteristics during
evolution process, and evaluates the prospect of potash deposits in marine sedimentary basin in China. The
Spencer diagram reveals that the paleoseawaters composition occurs cyclical shift between CI-SO, and Ca-Cl
phase zone during the past 600 Ma, the seawater type of Silurian, Devonian, Jurassic and Cretaceous is
typical Ca-Cl type, which is significantly different from modern seawater. The Mg-2k-SO,/ Mg-Ca-2k
Janecke diagram show that the halite inclusions composition of Silurian, Devonian, Jurassic and Cretaceous
are located in Mg-Ca-2K phase zone of CaCl,-rich and MgSO,-poor, Sylvite, carnallite stable phase zone,
which indicate the original seawater has the feature of Ca-rich and Mg-poor in comparison with modern
seawater, and the corresponding typical mineral assemblages are halite, sylvite, carnallite and
tachyhydrite. But most of halite inclusions composition of Late Proterozoic, Permian and Tertiary, located
in sylvite and kainite phase zone of Mg-2K-SO, diagram, is similar to modern seawater composition
characterized by Mg-rich and SO,-rich, and the typical mineral assemblages is halite, kainite, kieserite,
sylvite and carnallitite. The quantitative model results of EQL/EVP show that the SO,-Mg-rich and CaCl,-
rich seawater have obviously different evaporation evolution path and mineral precipitation sequence, the
CaCl,-rich paleoseawater is conducive to quality potash deposits, and the favorable metallogenic epoch is

from Cambrian to Early carboniferous, and from Jurassic to early-middle cenozoic.

Key words: marine basin; potash deposits; halite fluid inclusions; paleoseawater; quantitative

simulation



