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Abstract: Through summary of long-term work, it is found that the value of BrxX 10°/Cl, which is commonly used, is low. In
this paper, it innovatively clarifies the index system for potassium prospecting of marine evaporative basin by using the "ancient
test" leaching experiment and geological statistics method. This method fully considers the changes of seawater composition in
different geological years and can also overcome the insufficiency of data for applying modern seawater under isothermal and
pressure conditions. Through the leaching experiment of rock salt, potassium-bearing salt and potassium salt (including
carnallite) of the typical potash deposits in the world, and combining the previous evaporation experiment results of sea water
and marine brine, the index system for potassium prospecting in mineral deposit: Brx10°/Cl, KX 10°/Cl, K/Br, nNa/nCl,
nMg/nCl, is summarized. This study aims to trace the origin of the brine which is Cambrian deep brine from Tianxingqgiao
structure of Northeast Sichuan Basin by analyzing its hydrochemical characteristics (weight ratios of BrxX10°/Cl, KX 10°/Cl
and K/Br, and molar ratios of nNa/nCl and nMg/nCl). The results show that the hydrochemical characteristics and 8D and
3“0 values of the brine from Tianxingqiao are similar to those of the brine from dissolution and that of the salt precipitates,
but have distinct difference from that of the primary brine. Therefore, it is believed the formation brine from Tianxingqiao is
sourced from meteoric water and the brine salinity come from saliferous strata, which might come from the dissolution of halite
beds or even the sylvinite beds. This finding is in contrast to the previous studies which held that the brine is primary brine.
This study provides new and important information for searching potash deposits in this area.
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Fig.1 Distribution of wells encountering Cambrian gypsum and salt rock and brine in Sichuan Basin
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Fig. 2 Diagrammatic cross-section of main Cambrian salt bearmg strata in Sichuan Basin
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Table 1 Chemical compositions of halite, sylvinite and sylvite in marine potassium deposit of the world
Hh o s WAE KT Na® Ca® Mg®™ ¢l SO® Br  Li' B0, Brx Kx Kx K/ aNa/aMg/
7 £y :
Jt " (g/L) (g/L) (g/L) /L) (g/L) @1 (g/L) (mg/L) (mg/L) mg/L) 10°/Cl 10°/Cl 10°/#  Br  »Cl nCl
my6”-12 A 48,5 0.14 18.6 0.07 <0.01 29.7 0.16 229 <0.1 6.92 0.77 471 2.89 6.11 097 —
i my6—13  FHAE 59.8  0.61 229 0.01 <<0.01 36.2 <<0.03 37.3 <<0.1 547 059 16.85 10.21 28.50 0.98 -
]
. #ath _ _
my67-5 CAEET) 443  6.50 10.2 0.05 1.41 274 0.04 214 <<0.1 4.32 3.60 237.20 146.70 65.92 0.57 0.076
G X
Jill jnd-2 TRAEE 484 0.87 164 055 0.02 274 084 9.9 <0.1 9.88 0.36 31.75 17.99 88.24 0.92 0.001
s jnd-1 TRAEE 58.6  1.68 22.0 0.13 0.01 34.8 0.30 16.2 <<0.1 7.67 0.47 4828 28.67 103.70 0.98 0.000
x jnd-3 A 57.7  9.20 13.5 0.18 0.02 31.0 040 31.2 <<0.1 9.59 1.01 296.77 159.50 294.87 0.67 0.001
lw-67 aE 62.4 0.05 232 0.08 0.02 359 0.18 251 <0.1 11.0 0.70 1.39 0.80 1.99 1.00 0.001
ik
= lw-71 (AT 46.8 3.68 11.8 0.05 1.86 28.0 0.05 128.0 <<0.1 8.87 4.57 131.43 78.64 28.75 0.65 0.098
GR/R
5t
N
lw-79 . 49.7 791 9.7 0.03 2.03 28.8 <<0.03 162.0 <<0.1 14.7 5.63 274.65 159.12 48.83 0.52 0.104
G ACEED)
o K7 PEE-N 65.5 0.08 23.0 0.02 0.01 36.1 0.03 21.8 <<0.1 5.22 0.60 2.08 1.15 3.44 0.98 0.000
1o
- K4 THEAEE 632 1.05 214 0.23 0.29 34.2 1.63 28.6 <<0.1 4.93 0.84 30.70 16.62 36.71 0.97 0.013
|
K9 A 46.3 15.30 5.3 1.02 0.01 24.5 2.3¢ 178.0 0.11 3.98 7.27 624.4 330.40 85.96 0.33 0.001
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Table 2 Chemical compositions of Cambrian brine of Well Tian1 and Well Tian2
) BT &k (mg/L) TR FiE ARV BE
O OREE o .
o N ek pH A& S
% 5 11 [l (g/L) , ) , Brx KX KX K/ =nNa/ nMg/
B (m) K" Na' ca"" Mg™ CI” sO” Br B0, ) ]
10°/C1 10°/C1 10%/#: Br  aCl  nCl
1 1990-11 281.22 €, 6.913100 94120 9813 1692 171765 583 573.12 215.83 3.34 18.05 11.02 541 0.85 0.015
2 1993-05 285.67 €&, /3550 97700 8310 1360 171200 2320 465.00 486.56 2.72 20.74 12.43 7.63 0.88 0.012
F3 0 1987-05 134.22 €, 7.83 684 48612 2076 521 76630 5455 75.62 100.99 0.99  8.93 5.10  9.05 0.98 0.010
1 4 1972-10 220.36 / /2599 72112 5865 1082 136 659 1310 334.67 / 245 19.01 11.79 7.76 0.81 0.012
H 5 198708 134.50 / 7.39 669 48659 2086 531 76726 5415 75.58 92.38 0.99 8.72 497 885 0.98 0.010
1972-1993 44
6 198805 142.31 / 7.32 707 51626 2183 493 81481 5462 81.91 92.82 1.01 8.67 4.96 8.62 0.98 0.009
4
7198812 119.26 €, 8.30 636 43371 2044 481 72109 419 65.66 95.73 0.91 8.83 5.34  9.69 0.93 0.010 s
8 1972-10 293.02 / / 4151 96002 9434 1541 179830 877 532.81 / 296 23.08 14.17 7.79 0.82 0.013
9 199305 218.80 / / 2000 78830 3860 640 129700 3150 211.00 327.05 1.63 1542 9.14 9.48 0.94 0.007
10 1990-10 234.29 €, 7.42 1850 83748 4658 863 140261 2374 250.63 139.65 1.79 13.19 7.90 7.38 0.92  0.009
J 11 1989-07 261.92 / 5.802375 92826 5678 1175 157970 1290 315.00 327.05 1.99 15.03 9.07 7.54 091 0.011
2 12 1988-12 317.20 / 5.70 4578 105210 10 655 1 847 189 215 3 948 885.94 226.26 4.68 24.19 14.43 517 0.86 0.014
JE 13 2012-08 119.66 160 / 1134 41848 2246 345 71699 2173 120.00 93.14 1.67 15.82 9.48 9.45 0.90 0.007
14 2012-08 177.05 200 / 1678 61487 3141 570 106629 3268 120.00 159.12 1.13 15.73 9.47 13.98 0.89  0.008 T
3
15 201208 184.88 260 / 1734 66931 3574 608 108468 3309 88.00 170.76 0.81 15.99 9.38 19.71 0.95 0.008
16 2012-08 167.11 360 / 1549 58846 3615 557 99276 3029 80.00 159.12 0.81 15.61 9.27 19.37 0.91 0.008
T2/ RIR ARSI T ILII 5 1 7K A A 32 Bl LT B ) IR 4 . AR SRR B S A I b TR Bk, B AR SRR AL B K AE I rh B 8
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Table 3 Isotopic analysis of subsurface brine and salt spring in Northeast Sichuan Basin
= ; oD (H,0) 50 (H,0)
b KA I ] FE i 24 B th )5 xC R
[%o vs. SMOW]  [%, vs. SMOW]
1 2012-08 K24 HBR K FER AR 81.8 11.7
2 2012-08 K24 HR K FER AR 92.9 14.3
3 2012-08 K24 R K FER AR 93.5 12.0
4 2012-08 K24 HN K FER AR 97.3 14.8
5 2012-03 7K, -1 R FER R 84.9 13.2
6 2012-08 7K,~2 R FER R -87.4 -13.9

it FH F R A 55 B T ORI AL a2, X R A H R
B G IR A SR 2 B e TR A T R S R R AR
TR AT E AT, AP HTRSE<<£5%. CI i i
TR, W BOR AR T = A A % R A
W10 T 76 AN BT IR 5 1 12 18 5 A R AR b o T TR
2 IR E RS AR & B <45%.

AR Y 3 i 8 19721993 4F A 7= 43 A B 4 12
PR 2 1I~12 5 F ), 13~16 S FE 2 B &
T 2012 4F 8 H XF X 2 I 5 8 FF I Bk /9 43 A 4L
I VT Bl [ N

AR S0 SR AE N 2R b M X 2 2R 0 M R 1k K

FERANBHREK ZSEARBEME KN =& R
Hb 2 SR OK AE 6 14 1k KRR (38 3) , 40 BT N1 ZR b b X
B 7K SRR 2 AL, F T I S 50 E K R AR
Hb R g KRR L T~ R R 2012 4F i Y AR
R B H IR 2 HFE ik RIRFBHL T 17K 5 5~6 5 K
ity k3 T B B S A SE R R R R KL R R
JH 1 4l 5050 (99.999 %) Xt Flash EA JC & 43 A1 X ik
3ok, HEBR 2 A, AR AR H, & CO AR JIE . 24 Flash
EA J0 % 40 A AL A b7 TR F & 21 1380 °C L AR ik R 3
50 mV LA B, IF e #E i . K FE R B IR ik 1Y
P e LS o e 1 C Al TR N A s A 3



%13

P S5 AR B R R i p K FR T R A R 7

B H, & COSMR H, L COFE 4l AR MM sl T,
28 b A% A 4 B 05 43 0 i A B MAT253 #4743
B . W 45 5 L SMOW g 45 i, 38 8 8Dy swow X
8" Ov-smow » J RS BE 43 S F £ 1% e £0.2%,.

3 LRSI

3 ARBREIERBHIERER

BB Be e [ R T A0 50 % U K /9 Brx 10°/
CUE A« # U8 A1 3 — BN 0.1~0.4, ¥ 38 & 8 1 £
K 0.4~0.5, % 38 4 £ BF — B K F 0.5 (AL
19945 MOBERE, 1994, 2009; 5K JIK T, 2009) ; UL L
i 7K T 75 & W A B B3k B A 3 TR Y Bro< 107/
ClLE — B K F 4.7, BRIV BB KT 15
(Valyashko, 1956). X Lt [l 45 43 i #H 25 5 4 b
TR AH A ER 1Y I 8 1 7K Br< 10°/C1 2R 0.06~0.76 5 I
A 221X 28 Amadeus 7 M i 38 A £ 19 BrxX 10°/CL N
0.20~0.35; &k ¥ # 1 ¥ U8 A1 5 1 Brx 10°/CL 2K
0.02~0.30 (Herrmann, 1972). Alcala and Custodio
(2008) W58 48 th ¥ 08 A 5 DL ki A B A 1 Brx
10°/C1 43 %) A 0.34~0.64 , 3.98~5.31 6.37~7.96.
28 35 AR AT IR 28 R Ll S B R A, & B E A
A A ) 50 B T K B Bro< 107/ CHE 1% .

B S A2 (1983 ) Xof 1 g K #E A7 T 25 “CHE i
7R S, AR S 00 25 AL R B i K A 8] i A B
BT 0 W 09 9% UE K B9 Br<10°/CLUK X 10°/Cl
K K/Br # &t [ 5 nNa/nCl K nMg/nCl B IR ¥ Ji
Ll S5 R AT 40 B, 459 s R A R TS R R B A -
6 i A K B A Y Br< 10°/CLAR 3 R 0.18~
0.56 ,2.36~8.17 #1 17.03 , ¥ 3 & %5 F H /i % %
UE KK BB AR R A R A B A Y B A
£ 6 i A K &R B mNa/nCLAT 43 ) 3K 51 1
0.57.0.2 F1 0. McCalffrey (1987 ) X} EL iy I % 44 Jin
B Vg AR b K AT 178 R SR N A DU K 28k
W 4 & 40.4~78.8 A5 i) (A7 &k W 100 B 4 B h T AR
By B ) 1 Br< 10°/CUE ¥ K F 13, H Bl ik 46 & )
By 88k, M 13.19 TR R &= 21.85;5 nNa/nCl{H & #F
M 0.45 [ % 0.07 3 nMg/nCl M 0.39 FF 55 & 0.55.
ES R N sl R P Ol A g S S S
PR B BE i B9 Bro< 10°/CL3R B 45 b 5 52 Jm A%

R, AR SCTF J T U8 5L 5 OF AT g o A,
Ao H T AR [ A B AR U0 RR T OK 5 U U8 K R B A
Fr (2 1) IR U8 A A 1 BrxX 10°/C1 R 0~0.8, %18
Wi ¥ 45 R ) 0 T B K TSR S A RO 0.4~

1.0, ¥ UE B £k %5 9 BrxX 10°/CI>1, H B %5 #1557
E TR FTNE NS N B ORISR | N 2
R 19 Bro< 10°/CLAR XF 8% 5 % U8 41 88 5
KX10°/CI<5, & 8 41 £8 & 9 5.0~50 , #F € £ &&
H B KX107/CI=>50 5 # U £1 48 4 19 K/Br<<5.8,
IR AR AT 3K 1,99, 25 ¥ i & B0 40 SR I K/Br g ok O
IEN G Sz A e = () | TR NI (/=
hA KA R A 8 K/Br>5.8 5 i it 41 18 & 1Y nNa/
nClo 0.97~1, % i & 8 41 255 0 0.92~0.97 , I
R aEm N T 02 WM O E T A
A 8 A aMg/nCl — /N F 0.01, # /)
Tifg ok (0.13) , ¥ M & Ot w1 #7 EE A B9 nMg/
nCI=>0.01, i K K 0.104 , /N F J5 4R i K .
32 REMHMEERRRE M T &KW K
# A
320 BRESWMKESLL WEMLT Y EE
R TR TR AR (L96A) FFL 1 Pk (2.8) 5 A
BT AR (LSLA) A f 4 (3.0) AT, 1R LA R
R B e o) b iy & . K 28 & W 4q R
S W) A A, K IR R R R RE S i, DT
MAFHBE PR S W m . RS a8
SRR D), o 4R B R B4R AR (Valyash-
ko, 1956; Herrmann, 1972, 1980; Herrmann et
al., 1973 ; McCallrey et al., 1987 ; Fontes and Ma-
tray, 1993; Smith ez al., 1995; Kloppmann ez al.,
2001 ; Rahimpour-Bonab and Alijjani, 2003; Kova-
levych et al., 2006; Gupta et al., 2012; Garcia-
Veigas et al., 2013; 48 £ %, 2014). K It , £
ZEU Wy b IR A v AT AT AR R ) i K vk 4 IR Al
P (VR RPN 5% 5% B2, 19835 VK i 45, 1984
Walter ez al., 1990; MHE KE , 1995; Bottomley ez
al., 1999; Jensen et al., 2006; F &l %, 2008;
Gupta ez al., 2012; Z= 3k 3 & | 2014; Sun et al.,
2019; Shang ez al., 2020; Yu et al., 2021).

Br>X 10"/ CHE X 1 7k il HR A AR 4 19 18 75 1
I8 0% 35 g b DX 43 35 0 ol 7K AR 147 7K (Stueber and
Walter, 1991; Fontes ez al., 1993; Edmunds,
1996; Eastoe et al., 2001; Gleeson et al., 2001;
Freeman, 2007; Shouakar-Stash ez al., 2007; Al-
cald and Custodio, 2008; 7K Vi 545, 2010; Boschet-
ti et al., 2011; Richard ez al., 2011; Skrzypek et
al., 2013; Zarei et al., 2013). Rk Z 4b , IR A& R %
(o L BBE JR VR BE L) B T8, AT T B AR
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Fig. 3

R K5 855 A E K (Davis et al., 2004) , 1
A H U bR K R R R e R R R S e R R
n B Bk H b A AL SRR % (Davis et al, 19985
Hudak, 2003; Alcala and Custodio, 2008; Katz et
al., 2011). JE U ¥ K 19 Br< 10°/C1{E K 3.4 ( Stue-
ber and Walter, 1991; Kloppmann ez al., 2001).
— M DL U R A AR B H AR 1 Br<10°/
CUE #8 /N F J5 b g 7K, i 78 & W 4 1 10 AR K 1
Br X 10°/CUH — it 2 K T 5 45 ¥ 7K . Braitsch #ff 5%
INA BrX10°/CHETE AL S AE Sk A
B R R R RN A DT BB BE 4 R 0.11
0.28.0.41,3.62 fil 5.24, 5 Valyashk fiff 57 4% 1 #f
i ( Valyashko, 1956 ; Braitsch, 1971; & 3).

KB M A 1 JE B R TR L N i K BT A —
Mt hy 120~300 g/L, K #8434 180~300 g/L, BrX
10°/CUE i i, — M 1~3, e KAl 3k 4.68; KX
10°/CHE — B4 10~20. B 3 %W, 25 K B Mt &
Hiy 22 K S TR K, N K R 1% Ak R R
DUBB B, A K b K KT Br &Rl a
A L 0B B s A Ak e 0 SOE R TR G B AR
(9 I0 R B B, W B K B Brx< 10°/CLRE % K F 10,
45 A% X R K S AR B H Brx 10°/CUHE , £ &
PN N 3B NS S R - ) S E WA BT
BT W UE S E A AR AR AR, AR S (NP S L
2.8.12) # 2 0] GBIk B i U8 B Eh 00 H8 A L A B I
UE S BT AR 0 B A AR SR R 1 A
322 S$HREELE K/BrEx Tt &MU K
KR U8 7K R PR R Sk SRR . AN [ DX T K

Br>x10/Cl of the halite and brine for the seawater in different concentration stages (from Valyashko,1956)

K/Brf§ A ANE, — R 5.4~58( 4 =4, 1982).
T 7K A 28 J W A ok F v, B R 8 A 1 K R AT
IR AE b 7K H Y F B ok 8w 4R . R, DR 1
KB K/Br {8 B % 1 7K 78 & e 46 B2 R 0 T
%, 3 k45 Sk 0.1~0.2, J5 4 U0 A G K i K/
Br 78 1E # 15 00§ A A i K F I IR g K (5.4~
5.8) 5 MR, 7E 5 8 O 89 A b 08P B R T K Y
K/Br — it K T 5.8(H &4, 1982). R i ¥ 7K 7%
Kb K/Br b CU & i A8 fb i B A i 2, K/Br
(B 7E i 26 R O B S OAR R K, 7E il 2R D B R
Vs U K (A Ak 22 Tk 3k~ 1 s, 1977) .
WX 1S R 2w KR & 4% 05 F K/Br {H Bl
Cl & A i 28 b, 16 4 FE 5 59 K/Br (B3 i
Mgk b5 (& 4a) , R BZ KK s aE kK . R 1
5K 2HKAKE K/Br i 5.17~12.14, — &t K 7.5~
9.0, A 125 K¢ fh /N F 5.4 5 45 4 BF 58 X % K 19
AL 5 R KT (4.58 g/L) A N i K K ]
e MWEUE T H A LR R AR KK .
323 WMSKERKE KK aNa/nClHH & B B 5
K 78 Uk 4 e R U AR K UE AE ] Y E 2 AR AR
(Fontes and Matray, 1993; Chan ez al., 2002 ; ¥
£ 45, 2013 ; Khaska ez al., 2013) . J5 44 1 7K #Y
nNa/nCl 3 4 2h 0.85~0.87. B & ¥ /K 1 & 4 W
45 , nNa/nClZ #f FEAR , B 2 2 45 S B nNa/nCL ]
M 2 0.04. 3 IE 7 36 K9 /K B9 nNa/nCl — B K TR
U ¥ K )40 R AE , 7T #2901 (Kesler et al., 1996).
HUA 76 ¥ U8 B9 R Bz (8 A AR, & B0 R
AR M B Ik AT R E 0.3 (2 FE A 4F, 2006)
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02
o 33 SEERMERSHEAKBE
9 L Cll(O(/)) o 20 K OD (870 ] H A &5 Wr b T K i gk A
gL .
B4 R R M i R R VR F K K/Br(a) il iNa/ (Matray and Fontes, 1990; W1ttru.p and Kyser,
2CL(b) 4 16 1990; Fontes and Matray, 1993; Cai et al., 2001;

Fig. 4 The change of K/Br with CI” (a) and nNa/nCl with

Cl™ (b) of the seawater in different concentration stages

I, AR U K Mk 4 I nNa/nCLFE CL & & 28 1k 1Y
AN e, 48 b 05 ROR IS UE K, R 7 R UL
XK (A Ak 27 Tl A 2= o 1 sy, 1977).
K1IH5 XK 2 K KB nNa/nCl 2y 0.81~
0.98, — it K 0.88~0.95, {L A& A~ B k& & /N T It
K ME (085) s ¥ R 15 X2 kKB
aNa/nClE & & TR 4b, ¥ o4 T o<k E o,
W58 DX B0 K AT A U TR K YRR AE
324 H$KERIRE  xKaMg/nCUE X 43 # H
S DA TR B K R R R K B R L R
ORI K B nMg/nCUE A 0.13, Fifi 1 7K (9 R B 2% %
W AE BT WP S W R AR nMg/nCl Al R R
W 4 E LY U RSk 0.97, B DA DT R K Y
nMg/nCl I K F 0.13, 1 % J€ < 7K 19 nMg/nCl —
/N T 0.13, KA Y3 08O 0 A B ] AT B R R
B OBF R T 2 K 89 nMg/nCLE B8N B KA K
0.015, ¥y 3 /N F Ji 4f 1 7K {5 (0.13) , F W] K &
R AR v B N SRR )

Xie et al., 2012; Khaska ez al., 2013). A< Ik k4
) 6 A~ 7K B 5 19 0D fH A —97.3%0~ —81.8%0 ,
3O N —14.8%0~—11.7%, (£ 3). Fr A i /K
fh Y OD L0 O B £ 5 (R 5) ¥ 5 3T 4Bk R AR K
2 (GMWL d8D=808"0-+10; Craig, 1961 ) 1+ [#
KAFEKL (CMWL 8D=7.9 "°0+8.2; A il &
% ,1983) , WY W fm M OK FE L MR A L AR
d0D .80 3 & i £ ( Yager ez al., 2007) ; ¥t B K
O o JE R R R E R i Kk R Uk W K,
oK Sk I8 R AR K, T EE R A TR KK .
4 4

(1) HR 4 tH 5t L0 g 4 AN I AR A0 SR 0 R 0 A 38
TR R (EOL K A ) FE S IR SR A A
] P A0 U 7K B v R 1 K B 28 e SR B R U A R
B BrxX 10°/C1 ] ik 0.1~0.7; ¥ 3E & 80 7 3h mf 2k
0.4~0.8; I IR AP 4 B Brx 10°/C1 & i, — e KT
1. IR UE A 30 5 0 K/Br<<5.8, ¥ Ik & 1 3 3h 5 e A
AR T 5.8 W A £ A B9 nNa/nClLR 0.97~1,
VA 2 S ER A 1Y nNa/nCl R 0.92~0.97 , 15 i 8
AT 0.92; R A b IR T A A
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i R R A B nMg/nCL /N T 0.01, Ho i i 5 Ot i
A1 B R A B nMg/nC1>0.01. 32 )l S8t ml LU T
At g AH 25 % h A i R AR R TAE

(2) M8 K B 4 3 98 X R TR A8 M T pa K
1 B 5 4 53 B HoK AR 2% R BURFE 43 45 BrxX 107/
Cl.KX10*/Cl ,K/Br & & H 1 nNa/nCl . nMg/nCl
JE IR MR BE L, 4 B AR SO R S 5 K [N AR N
28RS BRI R OB M A i TE R R TR
R K R R R K, H R O U R Eh )= AR
FK,EEAREE M T A AR BRI
FEIZ X3 3R R B R T DR 2 3L 1 B 1 AR Al

(3 JIAR AL H R b 7K A7 05 i i 7K 5 4t 3R
R IR UK SE 6 A4S B K FE Y 0D L 070 3 B 45 R R
B K B M A 3 28 0K R R R K 5 R OK R
FEARARL , ¥ 5 08 2 BR R R K L, H LAy KR
M A4 i 9€ 3R AR TR AR M T p K S U R K, K
R T RAREAKFR R T 52

B A R BN T AR R TR & T AE 47 3
TREMMET AXREELZE N B G XAH
B OBELFRANL TR BT EZHLAERL,
b — I R R Fu B
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