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Genetic relationship between Mississippi Valley-type (MVT) lead-zinc
deposit and evaporite: A review
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Abstract: Mississippi Valley-type (MVT) lead-zinc deposits are closely related to evaporite rocks, however, the
fact that evaporite minerals dissolve or transform into other minerals and “disappear” is often overlooked. Drawing
on previous research results, we summarized the transformation and identification characteristics of evaporite, and
its relationship with MVT Zn-Pb mineralization that is reflected in the source of mineralizing fluids, the source of
sulfur, and the ore-bearing structures. The formation of MVT deposits involves basin brines, primarily derived from
evaporated seawater, with a small portion originating from the dissolution of evaporite rocks. Meanwhile, the deve-
lopment of regional evaporite rocks indicates the formation conditions for mineralizing fluids. The sulfur in lead-zinc
metal sulfides totally comes from the reduction of sulfates, and evaporite minerals, such as gypsum, anhydrite,

etc., are important suppliers of sulfates. Moreover, dissolution-collapse evaporites form breccias and collapse
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spaces, and lead-zinc mineralization can occur within the breccias and/or adjacent strata. Salt diapiric structures
create favorable structural/chemical traps for fluid accumulation and mineral precipitation, and lead-zinc minerali-
zation can be found in the caprock, transition zones and peridiapiric rocks of salt diapirs, vertically oriented salt
diapiric breccia pipes, or top of domes formed by lateral salt diapirism. Pseudomorphs after evaporite minerals and
residual evaporite minerals are direct evidence of the existence of “disappeared” evaporites, while minerals such as
albite and scapolite, length-slow chalcedony/quartz, alkali-enriched double-terminated quartz, etc., may indicate
the past existence of evaporites. The evaporite dissolution-collapse structures exhibit the characteristics of lateral
extension along with the stratigraphic strike, and salt diapiric structures have features such as cross-cutting and
breccias derived from lower strata, both of which can help identify evaporite-related structures. In exploration for
MVT deposits, the regional stratigraphic record of evaporative sedimentary environments is necessary for MVT
mineralization, and evaporite dissolution-collapse structures as well as salt diapiric structures are important prospec-
ting targets.

Key words: evaporite; MVT deposit; brine; source of sulfur; dissolution-collapse structure; salt diapir
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S5V P L] 45 7 ( Mississippi Valley-type, MVT)
IR ERREEENHET IREANZ — 8 TE4A
IR, R AKIE (70 ~ 250°C) - £ JE (109 ~
30% ) [ 2 1 b ZK AEDTRR 4 b P B O F 2 B S |
KLLEYVEFRRAL PIE sCT00E TRk IR &L 6 (/D A s
) O, 5 A KT 8 o 4 B C R ( Leach
et al. , 2005) ,

MVT 88U S 28 50a KRR, IR o
P, 78R 5 B T AR SR Y R A G, T
TERS Y RE () 4 b 7K 2ok [ K78 & d T fE
K B M2 Th 2 R Y TTRR (Kesler et al. , 1996
Viets et al. , 1996; Chi and Savard, 1997), Wi/~ &
MVT 8" KRBT 4530 8 A5 25 AR T T REIE A T
S A DL I (VR A B9 ) A 8 TR A 25 7%
KA R Y EE T B L A JR R ( Sangster, 1990;
Leach et al. , 2005) . BB MIERES], —4E MVT
W PRI 5 28 A5 T e 5 30 S 28 R I R ) 3 A
K ( Tompkins et al. , 1994a, 1994b; Kyle and Saun-
ders, 1996; Kyle and Misi, 1991; Warren and Kemp-
ton, 1997; Velasco et al. , 2003; Kesler and Reich,
2006; Bouhlel e al. , 2016) (& 1) {HIFR T E
HA, AER A 7 R 3 [ 4 TG P Ho Al — 2
MVT Ve PRIFSE IS |, SR IEIX 2R 352 MVT 57K
IEH EEAEEE S R] (Leach et al. , 2017 ; Leach and
Song, 2019) , Fifi J5 4= BRI Al Hb X () — LEAIF 5t 33—
AL T 3X —INH (de Oliveira et al. , 2019; Rddad
et al. , 2019; Song et al. , 2020; Tian et al. , 2022;

Rosa et al. , 2023; Zhuang et al. , 2023) . JR4E UL,
H1T-78 K E0 00 ) oy s it 0 2y i AL ) 32 A ( War-
ren, 2000, 2016) , PAECH M FUd sRAAEE“IH R, L
BB TR S BT 28 B TR H )
I

ARICE SN A28 K m HARHE | & M b ey iR
TR B ZE R IR IR A A 28 R ca TR T
KA SR 5 T AR, R AR S 28 R R
W HE T 0T IR, B R AT TR RS
BB T 284 A5 MVT Sy 1Y 5 2, 5 ) 2 AL
R R A T R 7 MVT Y8 F
by E

1 A AR E

e &, 28K (evaporite ) T8 HZE A VEF T bR
T Ml T K AR AT T 0 UE Hh Y — 38 5 Eh A A7, War-
ren (1996 ) ¥4 H 425 5 Ji 4 7% & 7 ( primary evapor-
ites) o J7 B 2k E IS AR T R URRAE T R
S e R v o I IR 28 R BT ) AR e T B
TIESVERIE R 28 K, BIIRAE 28 R ( secondary
evaporites ) LA SR ZE KA

JUC 2R AR W LA 75 R B IR R (evapor-
itic carbonates ), I 2 A X A ( CaCO,) . 7 A
(CaCO,) \H= A1 [ Ca(ruy Mg,y (€Oy), ] B
(MgCO,) %, LA S i gk iR &k B8R0 W&,
e b 28 R R AR (CaSO, - 2 H,0) Ay



>
in)|
=

1014

43 4%

60°S

60°E 120°E

Bl A b 0 4000 kin
IO AL R, SR, SRR, B
1 1 1 1
120"W 60" W 60" F 120°E

Bl 1 4Bk MVT 580 R4 (MBI SRR hitp ; //www. naturalearthdata. com/)

Fig. 1

Global distribution of MVT Zn-Pb deposits( source of map: http://www. naturalearthdata. com/)

MVT S50 IREHE R I T Taylor et al. , 2009 ; 578 5 B fi ¥ WM 15 7 X AW K HE Tompkins et al. , 1994a; Warren and Kempton, 1997;
Warren, 2000; Leach and Song, 2019; Tian et al. , 2022; 575 % ¢ IKRERIE A LB RHE Rouvier et al. , 1985; Kyle and Posey, 1991;
Kyle and Saunders, 1996; Bouhlel et al. , 2007, 2009, 2016; Bouabdellah et al. , 2014, 2015; Perona et al. , 2018; Leach and Song, 2019;
Rddad et al. , 2019; Rosa et al. , 2023; Zhuang et al. , 2023
data of MVT deposits {rom Taylor et al. , 2009; evaporite dissolution-collapse structure-related MVT deposits from Tompkins et al. , 1994a; Warren
and Kempton, 1997; Warren, 2000; Leach and Song, 2019; Tian et al. , 2022; salt diapiric structure-related MVT deposits from Rouvier et al. ,
1985; Kyle and Posey, 1991; Kyle and Saunders, 1996; Bouhlel et al. , 2007, 2009, 2016; Bouabdellah et al. , 2014, 2015; Perona et al. , 2018;
Leach and Song, 2019; Rddad et al. , 2019; Rosa et al. , 2023 ; Zhuang et al. , 2023

H(CaS0,) f#h (NaCl) | Fi#h (KCl) S5 R £ S &
{69 ( Kendall, 1978; Miall, 1985; Warren, 1996,
2016) ,ASCH T 75 Kk R0 W HE B A&, EAb,
EFSCCR TP E R R A N ER S (228 %,
2006, 2010; XIFKZESE, 2007)

2 IR KR

AR FAL NN AL AW
VAR FRE G | T A B A A VS A B AR G A, E 7 )
AL P A 2 K e e L i R ) G 3
(Waltham et al. , 2005; Ford and Williams, 2007)
TH R BB AR )28 X (Warren, 2016) , #5078 % 4
TEATHE LIS 3] 58 B 1) DR AT, A RO R “ T 2R 1 28
KA NEHE,

TE R R AR, 28 5 B 1B 6 i J2 T ok

I S A AT B A O R A DL R R AT
Yy, JCHAE R ALY i 4 (T0CG) BLA™ JR b WL
(Wang et al. , 1998 ; Hitzman, 2000; Williams et al. ,
2005) . TEAZ BRI AR b BRARELAS a4 Jr A v
AR DR BT A - R B E TR AT
Wy A b A | E A B B B W) ( Spear,
1993) , Z&AE e B AR b Sl i APk it A4 5 A
ZE KA Na K Ca Mg, Cl.B 4540 4), iT B I 545
A R AR EAEM B E KA s SR A
BRSO BT R SR (PRI A, 20015 War-
ren, 2016) , K EEEA7 1 = 28 AR A ATl e 3 A
W BFREEENE, BRT Y] DAL & T
TE L, AEEW W) A T A e HI WX 25 1 5 2%
RAEA K, s A UEYE AT 258 20, ane™ Py AH
O3 A RIS S35 PR B2 28 R )2 2y B AR i
i ( Hietanen, 1967; Sharma, 1981) fF7EEhZEH”
YIRS AR A A 5F (Moine et al.
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1981; Roedder, 1984; Grotzinger, 1986)

TE ARIRARAET 28 e A2 s Ak P TEAIG
BRIR £ A ik T SRR R £ 07 W, 72 MVT S A0 IR
HER WL (Warren, 2000, 2016) , £17F B 47745
TRIRER ™ W W BRI EL AL AE T+ 203k, Y LA =
£ F 77 % 41 8 E (Kyle and Posey, 1991; Anadon
et al. , 1992; Tompkins et al. , 1994a, 1994b; Mach-
el, 2001; Gandin et al., 2005;
et al. , 2009, 2010) , HELALHLE] T2 A PIF: —Fb
SE A/ WA B RS B IR R ) FEIE ( Pierre and
Rouchy, 1988; Sanz-Rubio et al. , 2001; Fernandez-
Diaz et al. , 2009) , tid P AT R 47 b Of B8 T 4 A R 46
W YIEA B BUBS ( Fernandez-Diaz et al. , 2009) ,
AT B/ BB AR B R A SR
B AE R £ & K2 S (Tucker, 1976; Sanz-Rubio
et al. , 2001 ; Fernandez-Diaz et al. , 2009) ( X] 2a)
71T 4 95 i 45 DO VR FHUE [R) B & 2B I R k4 )

Fernandez-Diaz

20 mm

PLEE AR BB IR P 3 (Sanz-Rubio et al.
2001; Melezhik et al. , 2005; Caruso et al. , 2017);
T—FRIEANES S T iR Y 2= id s
( bacterial sulfate reduction, BSR) B # k2214 JFRAE
(thermochemical sulfate reduction, TSR) #% 1k~ 7 fi
A H1= A% Y (Anadon et al. , 1992; Machel,
2001; Gandin et al. , 2005) , B RELR B A B R EL T
PIABAR A B 1B ik 198 R B ) 1 ik [ 37 2% (B 23 32 3]
HAEAR 6" C {H YA HLBTRK [7] 47 36 41 A GEH 6°C
{H-25%0 ~ —30%0 PDB, Machel et al. , 1995) {3
e, TR S REATG (AR R B2, TEAT AT AIL I T Bk iR
By IR R Y AR SRR IR S AR R
7&K A WA J1UEHE ( Pierre and Rouchy, 1988;
Anadonet et al., 1992; al. |
2009) . BEAh, BRI A FIARAE AR FI 2 A7 S A
R T & 28 % %+ 5% ( Perkins et al. , 1994; Sanz-
Montero et al. , 2006; Fernandez-Diaz et al. , 2010; Bots

Fernandez-Diaz et

10 mm

Bl 2 T AR MR

Fig. 2

Identification of “vanish” evaporite minerals

a— i AT R BORALIRAT R, S TR (FARA) 5 b— RGP IRIESE M 88, RSOV IR (IEZ2 ) 5 o— BT BUR A 38 5 0 4 7 (0 2
TINEEFH, B Angouran T JK (HJt, Zhuang et al. , 2023) ; d .e—HUJZ PRI KT R AMA T, KEFA 50T SEAL S0
AR TR LR PR (% )

a—rosette-like calcite pseudomorphs after gypsum, Jinding deposit ( hand specimen) ; b—radial length-slow chalcedony, Maliping deposit ( cross-

polarized light) ; c—double-terminated quartz and anhydrite occur in sphalerite, Angouran deposit ( plane-polarized light, Zhuang et al. , 2023) ;

d, e—-celestite and gypsum occur in the same sedimentary beds, where celestite displays lenticular pseudomorphs after gypsum in the

Dafengshan Sr deposit, Qinghai (outcrop)
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et al. , 2011)

AR A A T H WL, JE AR i 7€ 5 H
7 i TP R R 55k ( Friedman and Shukla, 1980) ,
DIZERERH Wi i B RE A 98 ik By o s - 58
HEIE P (Maliva et al. |, 2005) ., 528K ARERE
VI EE/ 5 AR BRI R o Sl S50 it i)y
[i]—ZL (Folk and Pittman, 1971; Keene, 1983; Dal-
ey, 1989) (& 2b), 1M & UL 09 A 9% & S 1 4 P
(Siedlecka, 1972) . H T-HEFNSS iR 1Y 22 5% B
W AR A W e REARAE IS, 7T D) B B R R0 1) it AL
o A K & (Folk and Pittman, 1971; Daley,
1989) . MeAb, th T2k m BATRE LR B B 1 Ui 5
TR R 25 A b AR I A T A
1565 & B ME B H JE 0 3UHE R A7 9 ( double-termi-
nated quartz, [ 2c¢; Friedman and Shukla, 1980;
Kyle and Posey, 1991; Ulmer-Scholle et al. , 1993;
Henchiri et al. , 2015; Leitner et al. , 2017) , f1 9 4
P AT AR AR W ZE R AR AR 2 Bk
T 7 fift A1 B ZE ( Ulmer-Scholle et al. , 1993 ; Hechiri
et al. , 2015; Chen et al., 2016; Zhuang et aol. ,
2023), AEBHERATE— B EA & ALK T LAX
Li Na K 59 54 B 3 s ARXH S 19 M T R 4l
FHIE (Zhuang er al. | 2023) BT & H8 R HIE B TAIGE
% (<350°C, Rusk et al. , 2008; Lehmann et al. ,
2011) , J& # W BE5 28 A PR S B0 AR G T Kk
AW W) f A X (Lehmann et al. , 2011; Gotze,
2012) o [FI}, 28 R BT R PR SR T 1 50 7% R BRI
XK H HAT & 0 %A (Henchiri and Slim-Shimi
2006; Bustillo et al. , 2017; Teboul et al. , 2019) ,
IZIREE T I U RUHEIR AT 2 1) 48 ) 007 R (AR AR H B
=Ry 80 ., WnAE ] Angouran HYEERT IR, T A
ERJECRE A BR 25 ) v OBUHE IR A1 9 1Y 8™°0 B e /5 7l 3k
28. 3%o( Zhuang et al. , 2023) ,

ERANMRB M EEREAT A EHRER
VR BRI B 5 AR AT 1 K95 A7 (SS0,) BUE A A1
(BaSO0,) (Carlson, 1987; Scholle et al. , 1990; Sulli-
van and Koppi, 1993; Hanor, 2000, 2004) , H#%7:
T BRSSO, Tk, B S
58 S ul Ba® iR R AR TR A S50 W4 b DTNE , 51
W SrPEL Ba® A B H A E B X AT g
PRER A B B A7 BB (18T 2d \2e) , FF A5 A1 B B
A B W) ALK (Sullivan and Koppi, 1993; Hanor,
2000, 2004 ; Dill et al. , 2009)

3 MVT B R ABH 74 i 5 >k I8 M
52K AR

3.1 M RiESkRIE

TR AR AT 7R, MVT BV RER™ R B i 14
SR | - Rk BE A9 Z b XT 7K ( Leach and Sangster,
1993; Leach et al. , 2005; Wilkinson, 2014) , X2
TSR EFEEUAKAYIETH, Mk
R S Y CL R B N5 1 32 B H BE B 77 ( Moldo-
vanyi and Walter, 1992; Emsbo et al. , 2000; Yard-
ley, 2005)

o F b i K IS IR, Hanor ( 1979) #2 H 2 Hi Hb
JErhzE R E W R A KK S 5 R zE & AR I
KA B % 1 #2552 Rittenhouse ( 1967 ), Carpenter
(1978) . Kharaka 5 ( 1987 ) . Moldovanyi #1 Walter
(1992) & i 2 % AR 2 p 7K v s o 7 it LU AR AT
RS AR ok iy Eh 28 FEORIE T R ZE R
7K Bl LT 28 R R IR R . Viets 45 (1996)
Kesler(1996) 43 5l %} i *% Silesian-Cracow MVT % £¥
WAL DX P S S A 1) A R AR A 03 S S R R
=R Appalachian Fih MVT 8YEER™ IR B IR EED AR 4L
FK Na-Cl-Br 20 BGHAT T 20 Fr, AR U™ i A4 3 22
K AT M 3R 7% KW 4 IR 1T UK Chi AT Savard
(1997) #|H Na-Ca £ 75 Elf# X} Viburnum Trend FI
Gays River 8YEED IRIW A AR IEAT T 5387, A i
PRIR T 28 R G AT g b 2 vh 82809 . (AR E
YR, BRI S R B a4 s S
25 1 DX 3R P A DG A 1 7K 2 AR A, Geit &
ERULRS MVT & R N BT L AL 2 A4 CL/Br-Na/
ClBE IR VAR, W7 R 0 B il a5 B 2B T K 78 R 4k
(& 3, Leach et al. , 2005) , il £ EZ ORI T2 L 1Y
K, BRIk A A SRR YA, b
RGERLR YT, ZOE W MVT W™ S ik, 4 PR B 76 41 1X
— B ANz AR, R TRz R s B2
RN IR BIC ¢, 28 K H 1Y R B OB T AH R X
BCEATE N MVT 458 i it 14 19 BE g, A3 I 3 o 7
AR T 7 A s R B A K
3.2 RREFFKIE

MVT SY5E0™ R A AT W0 02 7 B F0 DR BE A
PRI B0 e 2530 S o TR 2l v 1 38 D 2 2ok
H &R L) BSR 2 TSR 1 ( Powell and Macqueen



554 1

M S P45 B H P L AR (MVT) BV IR -5 28 A R 56 2

1017

1500

i A8, MVTHYEE IR
1000 | ' /

ik
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(LN

\ e .L'
0 0?2 0.‘4 U.If) U.IS 1 .lU | ..2 | .Jel 1.6
x(Na)/x(Cl)
3 MVT & JRINEEG it A 2 1R 1Y CL/Br-Na/Cl A1
(¥ Leach er al. , 2005 1&24)
Fig. 3 Cl/Br vs. Na/Cl molar ratios of fluid inclusions in

sphalerite from the MVT deposits ( modified from
Leach et al. , 2005)

1984 ; Seal, 2006; Anderson and Thom, 2008) , il 3t
J2E T A B FIE A T B 28 R R B PRk 1Y T 2R R
(Sangster, 1990; Leach et al. , 2005) ,

BSR FiI TSR 1EFH#R =2 LA HUS A id A, 43
HZE/NT 70°C ~ 80°C I P T A 2 5 1Y 5
1k 8 5 AE H ( Jorgensen et al., 1992; Canfield,
2001) , FIHF L 120°C 504 T kAR E DI
B JFEAE A ( Trudinger et al. , 1985; Krouse et al.
1988; Ohmoto and Goldhaber, 1997) , #iFRELFE BSR
oY TSR o A8 Hf AN [) A5 B 1 3 RE™S, i 45 340 L 1)
&S {H BH i F&AK ( Chambers and Trudinger, 1979) , %
AR FE A2 4% TR R 8 I sl 8 AR R oy FF Il a3 )
SEE MR R BB, 52 2 S HER ALY 6S
{E 23 o% = T 5 R 18 1 7% = {1 ( Goldhaber and Kap-
lan, 1975; Seal and Wandless, 2003) , HH',BSR i
FEA] {5 A 2 h A AR AL 9 18] 1 8*S (AR 2% 2%0 ~
42%0 , CHHSEBRAL B 1 ™S % 1 B0 67 (i L duk
¢ ( Goldhaber and Kaplan, 1975; Detmers et al.
2001) , 1 TSR 3 BEAAE FEO H 19 8¥S (EAHZE /N T
15%o, FHHIALY 67S (HIE (HIHZE (Machel et al.
1995; Ohmoto and Goldhaber, 1997; Seal, 2006) .

Gt R W, 4 BN [R] I 00 K B R £6 1Y 6%S H
BAKIY AT T +10%0 ~ +35%0 22 18] ( Claypool et al. |
1980; Canfield, 2001, 2004; Seal, 2006; Sharp,
2017) , L ATACF M 2 b B RAE A 1Y 67'S fH,
ER MVT & R B I B[Rl A2 R A T -40%0 ~

+35%0 Z ] ( Leach et al. , 2005; Leach and Song,
2019) , )BT TSR Al BSR ¥ £ 5T MVT # Rk J5
B A o (X T BB PR, 38 H LD TSR B
BSR — 7 =X 19 18 J5 4 ok U5 3 (Leach et al.
2005) o T A 4 A 0 BT I A4 2 0 B3 AE I A
(Emsbo et al. , 2000) , I AHYEERACHIDTTERT , 36 JR
BRI A o [ HAb A, TSR 50 BSR #7] LL 42 4t
I AARTR A AT 5 ) o A AT U A B i
A H 7 A B TR R AE 1 B 3 i B < JE A6 38 S AL
7 SR, X H IR R SR SRR HY TSR AR HT AR
TE RN ECAR AT B A B0 B B A B B R h 10
WA, BOR S A SRR ER T YR 6 C (E ] .
PR, AT HR /R ALK S S 1 BRIRER 1 ) W Bl ( B 1
5, 2019) , RIHAF BRI A /E T BSR 5 TSR /EH

4 KA RGBT 1

SR a MR M3k, 3 BR T 28 R a
e V2 X RN REAE T, 0 6 28 v BN R L T A
UFHFLIRES 6], il A % B REDTVE B i A4
A H T
4.1 EREBBEBNEE
411 FEAKEAE KGR

DURRMLIZE Y, 28 K 20 0™ 1) ) V8 Firk R 7 Bk R 41
S A WA, 52 SRR K B AS ] 3 4R 1Y
VEFH 25 R HE VA Al | 2 15 ik 1 3R B0 NSO I I 43
AT YR AL T 22 PR LR B i B D 25 75 | )22 [
B BE O R AR S T AR R e T RS R A R e
(Smith, 1972; Beales and Hardy, 1977; Swennen,
1990; Friedman, 1997) , Warren (2016) &.45 T 2%
FARR RIS R PR (18] 4) B AR 2 53500k
ANVERE W) JZ (insoluble residues) , £ %k 7 /Z ( main
breccias body) Fll## 24 )2 ( crackle/mosaic breccias) =
AMERGy . Horb BRI AN IR B R AL T A iR
T BN %, 28 R E G B0 R B IR #h B
AN SR B ) B 2H L, B 465 A A B A R
VEE R A= AV EDLE ik L0 - JRee =k 2 R /Y
Tif AT A0 RS A AR Al T 58 A
Mo WL 100 m 28 AR R SE R R AU AR 50 ~
80 cm JEEFE B R Z (Smith, 1972)  JF 5 T RAE
JR R RS H AL (B 4) . S54RI dEZER A
DU AR LL , 1255 B 2 52 HIUA S AL 27 T 52 A 2 i
BUIN, I BA B 938 05 LB RS, AT AR s 1
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AT TR Bk A S TR TE 2

FER AR Z, REA 1 ~ 100 m, FHE T
2 o B DL AR I S PR IF MR (float breccia ) SRR
JB 5 S A Bk 5 (rubble/pack breccia) S F (K]
4) o e T R B 25 R R 22 A A B AR i
Bm 2 R a i, 85 B s A0 BRI A5 R

FIRRINE D F TV R A R R A L
B R EA T2 B ATIR, W S 18] 5 AN DT g HLAE R D57
[ JCW S SE [ PR (B 4) o T38h, R o F iR
A TS TR IR BN, JLF i 5 L,
U IRRR B FIAE R T7 [l SO B0, IR 5 SR e = 7
WRIEA 2, B MO AR = (18 4) o

“HEAR" ISR TR

i
i fis

1-100 m

m— Z REES S
w3 = L .1y(:~
/ r
AR F

X3

v SEHIHRRS
" (e 2
‘(? o
2

RINTUR RS

3 et

Bl 4 ZER VRS IR AR RE AL (H5 Morrow, 1982; Warren, 2016 f£2k)
Fig. 4 Ideal model of evaporite dissolution-collapse breccias ( modified from Morrow, 1982; Warren, 2016)

ke = BT R I R AR X R
FE A VS it Iy W A R REE FH 5  B, DA
(crackle breccia) B EEHCIR M85 ( mosaic breccia) Ky
F, A ORIEE LR AT BN GE KT ) A SE 9] 7
HAECA (B 4) o YA RIS [ B R 2459 78
TR RIVAT B A B B A Rl AR Y 0 B i B
], PR TR AR B R I e 2R M I Ik VR T, L 2
FERETI REGE, AN, Yk e RER T
B bR A 1 b R 5 IR A T I T A Bk 2 TO0RR &
PR B2 v ) F 0R  AA TT Sl s Ay < R R HR TS A 5 3
fE(1&14)

MZERCETR R TR I 28 0 T ik 5 13 4 R
B GUURORE  BR TR SR VA ik 75 19 A i S5 AR R
W B, — 28 32 AR AR T PR B PUnl 78 %
RSB AR , 1h . O VUBAREE, ¥ 40 TRk
MRk 5 Hu AR (Qnp= A e S IAR ) - )T ) R
RETC AR Bl 2 3100 %% 1 Bk R 4 7 B ( Morrow, 19825
Swennen et al. , 1990; Tian et al. , 2022) . EEHT
2R AR WA, B AR IR 28 R R R I TR 3
UNBE A4 3 (zebra texture) | S HRFIE (bird’s eye tex-
ture) ZERIMIE 4 i (enterolithic structure ) | MK

M) 15 (antiformal tepee structure ) | Y 2 #4) & 55
(Beales et al., 1980; Kendall and Warren, 1987;
Tompkins et al. , 1994b; Sheppard et al. , 1996; Jack-
son ef al. , 2003; Hearon et al. , 2014; Thomas et
al. , 2015) ; @ FABREARFHE, B2 53016, )2 0040
X RRE T ] A A FR , T A0 1) S 4 AT 3k B AR AR
T E RTREWTSE S A, WS R R R
M5 T RH)Z R (K 4) ; O AkaEE K
LR, A BRI TS R ARIR Bk B o VA iU B Y U
PR A R AN 22 UL, TC o3 ek, AT L 22 K e i
FARR KA AT T EURES i Z I, ARk s
VAT <R = T R =K VAN ) Py AR R ALY L
(Swennen et al. , 1990; Warren, 2016; Leach and
Song, 2019) ,
4.1.2 RS

Cadjebut WK (547 3.5 Mt, Pb+Zn Shii 17%)
AL TR PEAL R, W [ A M e &R T & Pillara 5
Wtk IR LR 75 (Tompkins et al. , 1994a; Wallace et al. |
1994) (& 5a) , LAk AEAR S AR OB 3, 67K
B DU A U A AH T ARUGE [w T 174 56 W i 5% A1 1 I
FAH (Warren, 2016) , & S RUZIR 35 BRI0UZ
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P AR SR BRI RR S R A o =, R
RN W28 & o AR PR R S il G 1l W ok 6y
fiftAT ATIESARRIZE R R W, DR BR DT AR 54
507 IRAI LR 28 A 2 A 1 TR 45 48 R AR X6 (
5b) o SRR ALY A F A AR S TN A BRI S T A
BRI R AAR (B 5¢) o ZA R AKE THEK
L H R B — b SRR TN BT
B B BRI R B RCIR 7 8587 2 Bl ( Warren and

125°50° 126°00"
T

18740

]

% % [_] carolyn#il 1 IR
B Gogo#l fi
A D Sadters ey}
U I pitlara g
PillavaZi ] Hh bt

L 5 Emanuclé|

Kempton, 1997) , WF5IAN , U™ A4 #E A 75 78 &
G, U R 2R R T AN TR i A it
BULTERCE, ALY B = 5 I R A
AR 5 Bt Vs e A8 W 1 ok 0 R T Ak
W UE AN, 78 K o R AR TR R B AR R UK i
FLI B Ay sE T F R LB b, 5B )R A ks AL
41 ( Tompkins et al. , 1994a, 1994b; Warren and
Kempton, 1997) ,

CD113 K CD114554,

X M ST Dk
ST HUEAEAREY

b LANZFREA

. ljl I,:il:f'”:l EFET |:||

e =) et 14

K5 WKRH Cadjebut B K-S 78 K i ik b B K i
Fig. 5 Relationship between evaporite dissolution-collapse structure and Zn-Pb mineralization in the Cadjebut deposit, Australia
a— DX el o R AR o L BRA JR) (38 Tompkins et al. , 1994a; Warren, 2016) ; b—#" X 5 4MEIH 2 A AR B (# Warren and Kempton, 1997
Warren, 2016) ; c—#& K AV ISR 1S SRR ZE MG (L FEAE (P85 Warren and Kempton, 1997 B

a—geological map of the Cadjebut deposit with sedimentary facies of the Devonian host rocks ( Tompkins et al. , 1994a; Warren, 2016) ; b—compari-

son between stratigraphic columns of the deposit area and its adjacent areas ( Warren and Kempton, 1997; Warren, 2016) ; c—schematic diagram

showing ore distribution in evaporite dissolution-collapse structure ( modified from Warren and Kempton, 1997)

G (8 4 17.5 Mt, Pb+Zn &h{iz
11. 4%) 5 T4 TR P R 21 1091 - B - 25 MVT 88E
AR XN, A 2 R oo AR R B R AT 4
B 2z, I DX R L B R & 5 M A
R F SRR S8 XA N R R (A8
AESE, 2014; XIHEITEE, 2015; B FH 345 2016) .
W R A [ A i P AR DURR R B , 0 (R % st o7 T 3
PR A DURRUE 0] TS 1 5 28 0 L B a8 5% A7 W I
MHAZ= AT (K 6a,Tian et al. , 2022) , WHJZ 715
FUFWEL UL BB E B EA TR A S A T
KE RS DA SRS (E 6a~6c) , HYEE

WA TR JZOR RUZIR BB B | LA AR 1
MEUZRE 11 F (18 6d 6e) o FRERA AN ) L W
S B, B AR AN i S A LK 3 TLOK 2 )
FILTEREDLK, MBI H A, 2R AREK
INAS— A B ARR T [ AT TR LA R
FERSHJZT7 ) 2 10 NS B R RRAE (18] 6d) | fRR A 1R
PR ILI S DU, RS 3 A A st U AL AN 1
A, ALz A R S AR DR A A A ([
Ta7b) . G5 M RRAFRAE AR 2 it 0 , 4
FRRE A2 TR RS R TR . MERE] 28 B 22 )
H = AR T B SO S E] S, N 7
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Fig. 6 Relationship between evaporite dissolution-collapse structure and Zn-Pb mineralization in the Maozu deposit, southwestern

Yangtze
a—" IRER A A MR AR 1 B I ORRGE 18] (48 Tian et al. , 2022) 5 b—&BEME 1 254 ; c— & SIRWE AR5 d—AREET A,
Hz A MBREIZ P R TINE e—S0ZR0 4

a—stratigraphic columns of Maozu deposit, showing the sedimentary cycle (from Tian et al. , 2022) ; b—dolostone with zebra texture (specimen) ;

c¢—dolostone with bird’s eye texture; d—brecciaed ore, with sphalerite developed in the mairix of breccias; e—laminated ore, with sphalerite

interbedded with dolomite band

BB 75 3 - 32 AR S 1A FLBR (Tian et al. , 2022) (&
Te) o BURRE A IAFN E-NH &P, Ax
G AT E = A RS &G TRLL S RERR A 7
BRI (B 7d) L AR, 2 R E R 4 B
byt s rh s U YRR Y

Gays River(#" 1 2.4 Mt,Pb+Zn /i 14.9% ) Fll
Jubilee H"JK(#" 41 0.9 Mt, Pb+Zn S 6. 6%) i T
JinE K AP 2R 35 Maritimes 28 & 75 #0351 2% ( Kontak and
Jackson, 1995; Fallara and Savard, 1998; Sangster
et al. , 1998) . W IRMEH" A& K A1 % & Windsor ff
JIEHB Gays River 201 Macumber ZHARER £h 7 ( Savard
1996 ; Lynch et al. , 1998) , B~ 40 HA 0] A&
HERMEAE DTSR TE ( Boehner, 1989) , FEMLZE N A
B AT A Sz R A (K 8a, Giles,
1981) , SVRE IR 200 A FE R IR 3h & TR 5 28 &
FRREfAT (18 8b, Akande and Zentilli, 1984; Kon-
tak et al. , 1994) , APCIRFIRGLRE 0 &, BEATF
TEW AL E R UL ( McKee et al. , 1985; Warren,
2016) RYLRTALW T H = A, AT MARRE AL
LRI HARZ 2 ~ 30 mm, B AR, 0K
V) g A5 A0 R0 7 it A 0 D S 45 AR O 2 o T
RN, [FZ DI Jubilee B R LA A AR 2 151k
T,V MR AT IRE SR 2 K F, 5T

IR TR B AR Fe i, W00 F R R SR A S S H
FARRIS RG], S0 A — O F R TE 7 a0 A1, oA 78
KA RIS ABRAFHIE(Chi et al. , 1995; Fallara
and Savard, 1998; Lavoie et al., 1998; Warren,
2000) , ALY LA FRCRINBER™ J7 808N 2,
FEHLT I AL | S 1] LA T eas ) DA K ) 05k e 45
Yy ( Akande and Zentilli, 1984; Savard, 1996; Fal-
lara and Savard, 1998; Warren, 2016)

4.2 EREEEIE

4.2.1  FEAREEAE ZPUIbR &

R e B AR B A AT s 4 e R i i 5 B /)
SEIEME TR ) TR A IR B DX s i N 4
T, o KA S ECA BRI B A i (salt tec-
tonics/halotectonics; X 21 B 4%, 1996; Hudec and
Jackson, 2006, 2007; Warren, 2016; Jackson and
Hudec, 2017) , 478 A& 0 R I, Al % 242 1) b 50 1,
TE WS B 44 1 (Edgell, 1996; Hudec and Jackson,
2007) o ERNCRERE AR o P AR WY R AR S R U
iz B H2 338 18 ( Demaison and Huizinga, 1991) , Ji&
RERTRARAEAEIE WU B 3, A7 ) T AT 5[]
JRRZE KA WA B BA RS 3 AR R, 1k
PA PR G 0 AR 55 25 DRtk IV e A 3 2 2 1) i il
Fa3 (DR IESS, 2003; Volozh et al. , 2003; Hudec and
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Fig. 7 The host rocks and associated Zn-Pb sulfide mineralization in the Maozu deposit
a— T W ABRE I T R B HAERBEAE A b—23 0 55 ek P A E BB R S B DR B A S AU FE I (RSG5
c— AW AERA 2T A A LN B RIS d—802 R T, IR B = Al )AL B (BT
a—ore-hosting breccias containing tabular pseudomorphs after anhydrite in matrix; b—filling and replacement of tabular pseudomorphs after anhydrite
by quartz and dolomite in the ore-hosting breccias ( cross-polarized light) ; c—sphalerite filling and replacing the intercrystalline pores between crystal-
line dolomite and quartz in the breccia matrix; d—sphalerite filling and replacing the intercrystalline pores between crystalline dolomite in stratiform

ores ( plane-polarized light)
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Jubilee _,--"I Gays River#]

y s b 111
N e

Pl OTFEMRG IR . A5
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Carboniferous

IF Macumber#{]
Hortont} s =

i /’- - P .
= ANEES S TR R

& 8 hn&Ek Gays River F/1 Jubilee 7 PR X b 2 35 1 s B (a, 38 Savard, 1996 Lynch et al. , 1998; Warren, 2000) il Gays
River B KZ& &5 50 AL ZFH A Z K (b, & Akande and Zentilli, 1984 ; Kontak et al. , 1994; Warren, 2016 1&80)
Fig. 8 Schematic cross-section of regional stratigraphy at the Gays River -Jubilee region, Canada (a, from Savard, 1996; Lynch
et al. , 1998; Warren, 2000) and schematic cross-section at Gays River showing Zn-Pb sulfide mineralization in evaporite dissolu-

tioncollapse structure (b, modified from Akande and Zentilli, 1984; Kontak et al. , 1994; Warren, 2016)

Jackson, 2007; Fetter, 2009; 4x—Jik%, 2011; Mi-  R(Hudec and Jackson, 2007) , 3 5] #E{H A 48 10 km
chael et al. , 2014) (Bouhlel et al. , 2016) , TEERICEELFEH, ICREAAR A
ERARRHRIE S Z A 208, 7] B REUARE 008 IO 2 A A= U2 FH L I, 7RG R 4k i 2%
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T UG A8, AT A5 000 b 22 BT AR 34 I O AR A
JEUURRY) A i w8 (€] 9, Laznicka, 1988) , B
B ANWTLR 7R TOURR 1) A B R A B A IR R
b, JE A (caprock ) (K19, Posey and Kyle, 1988;
Kyle and Posey, 1991; Jaworska, 2010) , 7F & V4 &f
VB LR S R — B 100 ~ 150 m, fcJEAL AT
1k 300 m, 0 D) AH X ¢ ( Hallager et al. , 1990;
Warren, 2016) . 7&K 7E 0] LR 2 e ]
AHZE  TEIRRER PIFIE AL IS RE /1 %A ( Hearon et
al. , 2014) . HEMBREH B2, R AR A TRL
PERR AL RO RN — B A - IR Z i i T
DLELA B 5 B R AR 1Y 7% & ( Sheppard et al.
1996; Leach et al. , 2017), 7€ K& % 7] LLJE RE 5 b
=2, 5MERTIRYIR G, B ER VK (evaporite glac-
iers; Hudec and Jackson, 2006, 2007) ., Z8K& & ICRE
PR TOURT o 5 8 AT V8 e 5 35 08 1Y 1 Bk e (11 9,
Laznicka, 1988; Warren, 2016)

-

wy ()~

e R R e e e e S R

K9 ASPYRFE LA EL RS 1S BIRY (4 Warren, 2016;
Leach et al. , 2017 f&2R)
Fig. 9 Model of salt diapiric structure in the Gulf of Mexico
(modified from Warren, 2016; Leach et al. , 2017)

TEERIRRE JCHIE AR R R, 28 K8
WHRCH TR W LD BB B AR R
A FARRA AR B T PR N R B R s R i K
RS 5 50 45 U (Ollier, 2007) . #h IR
BRE AREAE AT IR0 . O MR ATE =S (6] B A
[l J= , 3 1) b S e 50 o T N ) S AR XA PR
@ MBRERRA N S A%, AR FY TR T R A

A, AR AARTC T A, AR R R (JER =T
K W HIREE SRS 1 B MR 24 P ] BE K
BAERIRT WG SEAERE LRZELRIRT Y
(g A O FEA) 58 ( Warren, 2016; Leach and
Song, 2019; Zhuang et al. , 2023) ,

FEALAE S Je B FEE i B ( Bouhlel et al. , 2007,
2009, 2016; Bouabdellah et al. , 2014, 2015; Rddad
et al. , 2019) KX M Bg %6 V8 FE 4 ( Rouvier et al. ,
1985; Perona et al. , 2018) At VY AFE (Kyle and
Posey, 1991; Kyle and Saunders, 1996) 3]k & K=
ERIEREAR  — 28 MVT 87 PR 52 45 T 3 26 8 IS v A4 32
B RAER N AR, AR B e S
ERICRERS 38 AR 2 ) LA MVT 5 RAE IR 4% K ( Leach
et al. , 2017; de Oliveira, 2019; leach and Song,
2019; Song et al. , 2020; Zhuang e al. , 2023)
4.2.2 B RSN

TEER IR IS4 R MVT 38R0 R T, iR 5
EREREMIE A 2 [B] G ZR AT 0y 4 RSO0 . BYEFeT 1k
O A7 BT RE A TV et 2 J2 R 3, ndb 3¢ 25
VEHRHES RIS N — 2207 IR s @ (L FERIRRFAR B 48
B 5 H 2 A, andE HE 22 JE P Bou Jabeur, Bou
Grine, Slata, Fedj el Adoum 547 FK; @ T B 7K
ERRREABRE N, B Angouran /IR R FEKGET
RS IR 5 @ A7 T-00 1] JESR¥E T B £6 55 R 14 T5
P, AN I 4 TR A

L2 BV EF IS L X & B Hockley . Winnfield Al
Tatum 55— FR NI BT R IICREAR | RTEAH T 5%
HIPR D 2R 28 KA IERE T Fi R R 3 2 o s A 7 2
B, B A A RR, IR HAR T IA 4. 4 km, B RAE
= R 5 km( Price and Kyle, 1983; Kyle and Pos-
ey, 1991) , JRRERMTERE DT T RMIA R4,
HC5REAFEAR BLAR S (TSR =X BSR) B B T 7 A
FH,S, 3% S8 5 7 fif A1 1Y FRALBR N 6 bR O A
O EEHEAE AF e Atk 10a) , 8RR
e BAETEE A A BRI RE A I3, Ak 0 A1 TR B
W TR R VRS, HYERL IR 2 R
ARBUZAR ASHEI kR 52 A7 A, sE 850 7 o
A7 ST T A (0 5 B PR 9 AT DR A A
A1 S HABER R L™ ) ( Ulrich et al. , 1984 ; Kyle and
Price, 1986; Kyle and Agee, 1988; Kyle, 1991; Kyle
and Posey, 1991)

FEdbAR R R W, KB IRl =8 R ke kA
JICRETE IR IS R4 15 (Perthuisot, 1981) |, JIRFIAR B4R
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Fig. 10 Schematic diagram of ore-controlling models in salt diapiric structure
a—dLSE B VU RF IS AR S RE RS YRR TE o6 SR AL VR 1 0 2 1 AR RS R AR T A0 3 (4 Kyle, 1991; Kyle and Posey, 1991; Warren,
2016 1580) ; b—AbAEZE e Slata # RERJECRER , EY R 11 H BRAR T R REAR AU BRTR E6 4 (U5 Rddad et al. , 2019) ; 4B Angouran PR
ERIRRE AR B AR B R A AR A b, ok il R AR R A E AL (4 Zhuang et al. , 2023)

a—schematic diagram showing the relationship between evaporite diapirs and Zn-Pb sulfide mineralization in the Gulf of Mexico, North America,

where ores occur mainly in the caprock and margins of diapirs (modified from Kyle, 1991; Kyle and Posey, 1991; Warren, 2016) ; b—zinc and lead

sulfide mineralization occurring in the peridiapiric carbonates of the Slata deposit, Tunisia, North Africa (Rddad et al. , 2019) ; c—zinc and lead sul-

fide mineralization hosted by evaporite diapir breccia pipe in Angouran deposit, Iran, the upper part of the orebody was oxidized during supergene

process (from Zhuang et al. , 2023)

251 ~ 2 km, SRR AT IA 30 km, AR AN
I FEACE EAERRE R A AR T IREE A S -
B K 55 i PR 6 25 1 22 18] & 8 DA 24 sl R0 IR £ 0k
AN FER i JEHT” (Bouhlel er al. , 2007, 2016)
Bou Jabeur( #" 41 8 Mt, Pb+Zn i1 5% ~15%) Bou
Grine (B 41 7. 3 Mt, Pb+Zn i 12%) , Fedj el
Adoum (545 1.5 Mt, Zn+Pb i 17% ) Slata(# 1
0. 16 Mt, Zn+Pb 54V 2. 5% ) S RSA 00 PRI AE T i
PRI A < S A AR I IR Y 11 S R kIR L
JZW(E10b) , INEEE 5 450 R SR B Ak o
IAE FA ik B s v AL v B3 38 R B AR I REAAR A
A W A i S AN B G BT AL (Bouhlel et al.
2007, 2009, 2016; Rddad et al. , 2019) . H34¢9 1k
HE S APLETH)E KR % V) (Soua, 2009; Rddad
et al. , 2019) A LB IR ER A Il R 4R 1 78 1 18
T 1717 8 R R A4 B2 AL A AR 1 Ay B o 7 4 9 30 i 4
PHGE B, — L[] 5 B8 i AT R LT ( Sheppard
et al. , 1996; Jemmali et al. , 2011; Bouhlel et al. ,
2016) ,

fHE Angouran #H K MVT £ BE 07 IR (0 f1
19.3 Mt, Zn+Pb #h1i 27. 4% ) WKAF T8 oC oy A - 9%
AR - A gl P iy — > B R A (B
10¢) , KHLA - A # s 33 wp e vl L 35 28 & 25 ke
WA MHZEZ b MR EERAE RIS D, ERY
200 ~ 400 m, [n] T &A1 200 m( Gilg et al. , 2006
Boni et al. , 2007 ; Daliran et al. , 2013) , kA +
TR EZ W ES W REA MR A A, DA RA
FARRE AT gt kI, Bk ELAR U LEDK
BRCTRAGE ki s, B AR, T WL R TR A AR
B B 2 S B R RAAE (] 11a) A L/
WOR TR (FE 11b) |, A B R 25 0 2 3 B i
SNt (B 11) o BRI e B PR EET kAt W] L
RAEATE AR (B 11e)  TEIN B T & A A
HAEMITRIN B B s AR (L 11d) 5 [F]E, e
DR A9 (K 2d) , B SR K fl B &, 52
R IREE T R ORUHEIR A SRR A — B, AR TR
IR AR ME DL 25 b 1 R KO ) Rk A R, T
TR AR T AR R X DA BRI B R A P i R, DAL
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W Ry R JIE RE R A ( Zhuang et al. , 2023) , HYEEHT
e LA iR a T Y, AR LA AR A A 22 4
o 3, RSB AR BT R AL A 32, T3 2 ]
MG ALRIR A (18 10c) o BFFEHEN, 76 F i
DCICET bl s 5, RBA — a8 S5 I A A 0 i
BB I e 2 R R K LA s | TR 75 K 2
7R Kt R R IR REVE T ( Zhuang et al. , 2023) , 7
Angouran IR, #RJEEREVE I S BORIE I 5 K AR

11
Fig. 11

1 U R ISR AR i 1T B S A B AL M B B A AR
R Ja kR AN R MRS Th 2K k5 LT 58 2% R
e, FENIFE R T (H 4 40 Mt, Zn+Pb A7 11.
3%) FIRFE I (B 47 24.4 Mt, (&4 Zn+Pb 10. 6% ) "
R P= T Mk B N (Zhou et al. , 2013; F 4%,
2014 ) AHEI Ry ISR LA (H A Bk B vh i 28 A A
BT ATRE A TR EUA R, S B A A T
V7% I ATk T N (Leach and Song, 2019)

0.1 mm

P Angouran PR A B BT 1K ( Zhuang et al. , 2023)

Breccias and associated Zn-Pb mineralization in the Angouran deposit, Iran (Zhuang et al. , 2023)

a— T H R BUA SRR B0 SS , AMTRE MR, Je 3% R m] W s i (LLAFk )  b—INBE RS AR R e A R, B A A
AR (LLOF k) 3 o—INBED PEEP S, P BT MBS (RO 5 d—IRBR P WL AR AREDIREE A T R (D)

a—angular clasts of schist and marble cemented by sphalerite showing a matrix-supported and flow-textured breccia, the flow texture is characterized by

preferentially oriented rock fragments surrounding a larger marble clast (red arrows) ; b—mosaic clasts of angular schist cemented by sphalerite with

locally floated texture ( red arrows) ; c—sphalerite and smithsonite pseudomorphs after anhydrite, where sphalerite has been partially or totally replaced

by smithsonite ( plane-polarized light) ; d—rectangular anhydrite inclusion in sphalerite ( plane-polarized light )

ST KRR MVT 8548F0 K (9 £ 200 Mt, Zn+
Pb i 7. 4%) {0 T8 FEE PG 2% FE 2 b Y ( Xue et
al., 2007) . W JK Hb 2 # B 5 BE A9 i, Song 5§
(2020) BRAHDCE AR50 o R 3 AR BT,
FEEPIRA TR (E 12a,12b) , 145 (1) 5
TR s AT R W2 i Y OB R R (R
13a) , f RS AR AR BRSO BT RN, 45
Y s A AE/ A AN CEEN, RE R
A sl K 2F il R AE B A B A A R AR (& 13D,

13¢) HIRRERUN SR s (1) S s Uk A
)it P BT E A &5 e MR A (181 13d) , £
BREB AR, A b ] WA, IR R R i R A
SRR AR A FURUE G (ITAIV ) 5 1 R
2 BT SR T 2 Mk ) R A AR AR T I
5 WAE  WROT R BT R SR,
Je A SR A N 7 itk A 2L TR AR S A DR T
] LR WA Bl B SRR AT B, R R TR A
AR EL S N BT B R
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SAIRLACE FIRRET (b — A
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& HEI R DY) T s
- SRR 1 2 TR N
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E AL BRI
(B TR (0 2 T o At
— B - TATAREE v RS = RN — WTE
Fl12 T PRERIRRE S RS S A B0 A5 R AT ] () FIHZFEIRIE (b) (35 Song et al. , 2020; Huang et al.
2024 &)
Fig. 12 Cross section showing lead and zinc sulfide mineralization in the dome created by lateral evaporite diapirism (a) and
stratigraphic column of the Jinding deposit (b) (modified from Song et al. , 2020; Huang et al. , 2024)
BRA A HASAURD 1 AR A MR P T #4195 8 Leach %£(2017) Fil Song %5 (2020) 5542 i, 76 71 i H:

459 (18 13e) , BRI J5 i A0 Al b 2 R a4
A (B 136) LA, B X R A2
RHE U E BN — At il OR, JF R L A S
BUIE A AH B F = AR AR A B 5 A LIS 5 A 7 AR A
A E AR AR FE Bk 1767 R A BRI 7 il A, JF
B H,S 7= 4= ( ¥ 5%, 2019; Huang et al. , 2024)

BIEERT, E=8% =R K aa@Eh Lk
V30 )2 R A A ) SR, I b 3R T TR AR
KA AR, — DY S Bk 3 5 Bl T AR
M, 582 KA BlA R A EAER KR H,S;
W JE S VR A K KR SRR & AR IR A UUE
AR AL T
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Fig. 13 Lead and zinc sulfide mineralization in the Jinding deposit
a—RE ARG, INE UM BRI 25, b—IREMBRA P AR AL oA MRS PREAH R A H S d—& K
BRI A R IR, O R L AR A o0 73 w7y SEEANORY (8] B 77 i 1 S S5 WU R IR BB 5 B S5 B AL e X (i )
(—IF iz (e FE A ik, BT S kA RO A, S BRI BB BB/ B SEIROT 25 8], f5J 2 ULt 05 A (5 Sk 1) BB it
TERE )

a—sphalerite replacing matrix of hrecciated limestones ; b—flow-textured anhydrite in brecciated limestones; c—anhydrite of brecciated limestone in-

jection into around limestone; d—angular limestone clasts in sandstone with Zn-Pb sulfide mineralization; e—calcite cement between quartz grains in

sandstones replaced by sphalerite and galena ( plane-polarized light) ; f—open-space filled style of mineralization showing as early calcite and pyrite

precipitation, subsequent overgrowth of colloform sphalerite and pyrite/marcasite, and late formation of coarsely crystalline calcite (arrow denoting later

minerals )
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