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Abstract: The mineral assemblage in the MVT Pb—Zn deposits is generally simple because the copper minerals of this type of deposit
are very rare. As one of the largest MVT deposits in the Sichuan—Yunnan—Guizhou (SYG) Pb—Zn metallogenic domain, the Fule Pb—-Zn
deposit is hosted in the Permian Yangxin Formation dolostone, which is the youngest ore-bearing strata in the area, and the distance
between Pb-Zn ore bodies and the Permian Emeishan basalts is less than 160 m. By means of microscopic, Scanning Electron
Microscopy (SEM) and Energy Dispersive Spectrum (EDS) analysis, a great number of copper-bearing minerals were found in the
deposit, including chalcopyrite, Zn-tennantite, tetrahedrite and malachite. These minerals occur as banded, vein and irregular, and

replace sphalerite or pyrite. The research shows that the droplet chalcopyrite is distributed within sphalerite, implying that both of them
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were formed at the same mineralization stage. The Zn-tennantite and tetrahedrite, occurring as irregular veins, are cross-cutting the
sphalerite grain, or distributed at the edge of the sphalerite, indicating that it was formed later than that of Pb—Zn mineralization. The
copper minerals mentioned in this study commonly occur in middle-low temperature hydrothermal deposits, in which the Zn-tennantite
is a rare sulfosalts. The appearance of Zn-tennantite and tetrahedrite indicates an oxidizing environment, and malachite is a secondary
mineral formed at supergene weathering stage. The paragenetic sequence in the deposit is inferred as follows: pyrite—sphalerite
(droplet chalcopyrite) —>galena—chalcopyrite—=Zn-tennantite—tetrahedrite—malachite. Combined with the geologic and geochemical
characteristics of this deposit, it is suggested that there are two possible sources of copper. Early-stage copper was derived mainly from
the basement of the Kunyang group and the late-stage copper was likely stemmed from the upper Emeishan basalts, which are different

from those of Pb and Zn derived mainly from the Kunyang Group in the deposit. The research provids new geological and geochemical

evidence for understanding the genetic relationship between the Emeishan basalts and Pb—Zn mineralization in the SYG district.
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Table 2 The paragenetic sequence of minerals in the Fule lead-zinc deposit, China

UR-CE

A3

)
DRVBF (A B B B

N

A

BE-JT R B B HE- I B

A
INBE
FLIFR B
TrE
X TN
BERHE HR B
By
fLEn
Tkt
Hzf




206 [T

Bt e 4

24 % 2

4, WAL, AR, YEEE e s &
BERE, ERTFR RGBT, SO B AR ) —
AR, WA RER R — R B B 4%0~6%, AT
189.26% ( FHESE, 1982), 1M & R0 IKE SrEEaffY
B Y PR RT Ik 8.96% , BUPTH & S BRI W)
FERP AT AR B A A O Cuioenn
Sbo04-020AS106-4.60M 1782651300 /C105:5b0.15A 8437702195 13,00,
AL s CunosiZnawAsiswSiw, FEiTH4 1S )4
T (S F R CuZmAsS;;) & IC RS
B0 910 Cu: 40.52%~43.07% (Y411 41.92% ,
N=5) . Sb: 0.29% ~2.22% ( #J{H 1.17% , N=5) .
As: 19.38% ~22.14% ( #J {H 20.47% , N=5) . S:
25.449%~26.52% (¥J{E 26.10%, N=5). Zn: 7.32%
~10.91% (4118 8.96% , N=5). Ak, %W Wik
SR Fe(M 44, 2012), HEKT S, %3
W45 5 B AR 0 BRS A AR — B0 (i
45 1982),
3.3 BsEH

g RSO T 2K A6 (Fad, ¢, ¥
B, REPRMK, HfRETEeNKAR, @k
TR (K 2c) o %0 R B 1 55
B TEE (K 2d, e, g), B FELMN
T M (K 2d, o), AR TIN
BERTH, REIE M A AT AR 2R Y A5 T
ZHMH: Cu: 40.42%~43.37%(¥9{H 41.94%, N=
4) . Sb: 13.36%~22.02% ( ¥J{i 18.51% , N=4) .
As: 2.16%~5.18% ()1 3.33%, N=4). S: 24.91%
~26.89% (Y{H 25.82%, N=4). Zn: 8.20%~12.82%
(¥1H9.61%, N=4), WAMTHBREMFe, HILE
KA CunsiueShaco-auAsos-16Z057-46S1300/Cltiar1 Shs o
AsoorZns 1S, ] A+ CuenShsas AsosrSismo M
SRR LA, M RS Cu, Sh, SZ
b, BEH—EEMNFe, Zn, As%FICER, X0
RO BMERSNET P& ITR ST 2N ZE S AN
) CREDE B SE, 1980) ., FaL b, HARA DA
RIMGEREE, ST —ERmMN Fe, Zn5E,
F A i) Ag (B, 2005) .
34 FLEAR

LA A E e A rh o i) e (bR
RIL, 2014), FeBe F o] WA S ST FZ 0 H
PEr=, REHDET s, LA —Bh
W RER Y AT, R THE AR B =1

AR BB AT, E R IR A
Yy £ DS Y A AC R W AT iU AE (A
2d, e, g, h, i) A1, AR BCRBAHLI
AR, BRFLER SO B AR AL, AR YE
RS (] B S G TR L BT . WA AR
IR AT PRSP, PRI Bk
T =N (FLIREET) 8w -y
—RERP D B LA
4 e
41 $ETYIRHREX

m ek, A AT 9 3 2 UL AR
eI A7, ANFEREE P36 R T AR
JRE X

FEW R T AT AR RIINEET R EE T K
HOFLRR T (K 2a, b), T RLEIR
WL EZA PR, —FM I B 58
RTINEED, RUERL “HEEO e, X2
PIASACIN B T (JEE=4E, 1999), X
B ST RS e T N R, T R B A
Cu A & 28K, 1M 55 — WS A A TR TR AR
W IR INEED PO B 2L R 34 2 DL s A i
WAAEAE, RUITE BRI Z 0T, N R B
WO IR B T R ORCRAS B R i R A
15, TREBEEAL, 0402 0] 0% B 1 3 i 13 %
%, AT H % R IK (Sugaki et al., 1987; FRIE
TEAE A, 1990, 1997), BNFLIREH 6" 54
BER SRR T A — B O ELLT- R R, 1By
BOS A AR ) Co & AN B R . B R &
W, &R E - RE AR (120~
210 °C), HINARD Hil Cu S A s, P ik
1513x10° (FZRZEE, 2005). MeAb, BiF ] WA
TP K E LR A (K 2a, b), Cu$%
ARG FGIE R T INEE T, el A, &
SR PR r A L IR B R 1 I A 3
MAESS AR N o B, B 53 S WA BT By
B, S5NEED LT[R B 2L R B AR 0
TRBYBE LA K AR A B e T B

B B B B — AR R, ARG R
Wb R, N RS A 2 R AR T R BT UK 2
o, AR K LA B HOR B AL R IR
(EBL4%, 1998), 1 MVT BUEEED™ TR A ) Fb 5



2 FENLAF A EIRETEE R T A e R S R S 207

UL SRR AR A ) R B
(As¥IME 20.47%) FUEH (As¥I(EH3.33%), —
ORI As o BBy, ARR A — R A AL 3
B (FRtig, 2005). 534b, REARD RAN & 55
iK20.47%, HIFRUUED (As HBIEF) B
FEAE, M2 DUEE G B A 0 B 5 (As S PHE
+) BB (BSCEE, 1994) , o ijd B I 465
O TR /b1 A v ER O =R A A S )R e S

EER 2 M e T B Y R (MR AR
Y, 2014; BCEE, 1994), FE R MUY PR
PR R (TEE, 2008), &R &K bR
oA, R R IR B R RN E R 1 £ & )R
WK (E/NEMKRET MG, 2000) i 58T
INEFE™ . Jr 8w 4204 o A R M A B ) 10 £7
e, WORHIE T GRAEE, X 5RATEEA
MIRZER (120~160 CHI180~210 CHANIX[H], &
R, 2017) —3.

LG T Y A=, 27 TR IR
FIEAT , JEA LRI B H UL ) .
4.2 $EET IR E

BOREVER R LS S h & S T
o, WIRSEREILZRAEEE 160 m LN, i
AR 50 mo Bk AR R R, IR)E
I Z A 5 R b XY R R A e 25 I B i &
HXROCEAFHFL GEaM, 1995; HIH
B, 1995; BFIEAE, 2004), Wi KT IKE TS
IRJE I Z R A E R (B 50 m) . ik, &
SR IRA B A LU s S AR G R AR
TAHRE T

NTEES X — B0k J8 (L Z a2 Cu iy
WS, WMEAI —SaukE L LR sz
hCu s AMEITTREFEIRE 165x10° (KK
T, 2008), TME RHLX LA T Cu Wi ITRY
{Hik5)292 x10° (CR&EHR) . WA, 78)I1EE HIX
e JE Ll 2 A P R B (5K R4 A
2015), HREeit )R X 2 BCA B0 IR ik
ST 34 Ay (NI 7640 . =/ 184k, TR
M40 Zhb) (FBERIZ, 2010)., —J5 @ H F)1E
Wb X 2 gk JE 1L X A M2 T Cu 1 5
B, HRKBEEFXRAEMMRET kv b, HB—J
B AR R AR B XA AR R L, HEy
(BRFLIIR BT ™) . B A B b i ) A 1 2R 0

JE AR . I, EHNRNEEET Y (B
FLIRAR W) B Y i EZORE T LR A .
ULk, ) Bk U5 A A AT BB ke RE A 4G a3k
JEE-EEPHEE . ARIEHT AN B PHAE PR R A b 2 1
HIUOEMGH A, CufeBINdg ., #54. W
41 K/ VAL ) f o 7.4~208x 10 (1
61.07x10°, N=6) (FF%&, 2004), MWiEARICHIX
mHAE B E A AT CaMRREIT R FE
WA, Z:35%x107°, € :26x10°, 0:20x10°, S:27x
10°, D:20x10°, C:14x10°, P:45x10° (KK,
2008) . AT WLEEPHREH Cu 9 SHER LT HZ A,
L E NN, & R IR 88 YA v] g
KT R PRSI, TR E & Cu AR H iR
W& M 1E W 1A R B 20 & A, T
5o m AR R LR A T, seAh, WiE 2
HFREEY, A=A TS 4, it
A EH )

BORETRA A AR A E S AR 10X R
A (<160 m, B 1b), HZRAH Cu s =MH
Bmm, NEBWX XRAETEE, £
BRIEE L ZR AT CaBGMH . Hik, &L
S LA A 1L s — R R,
R A B B BT I AR T ) 3 3 ) s & gk A
INZ BT, 2 XA, 15 itk
R R, 75—, RAE XA NS BT
2, (HHH R Cu F 516k, BIREE S AR W
H5ZRAMPMEN, KX RAEZE I Cu s
I, IEREE A AR A R B DTRE TR AL
S AT, Kk, &Y. BT 5 R
W fE R AT P g ks (Bl2d, e, g,
h), o EARFLIE R (F26), KM A
WRHIE

ZE LR, EAREYEERTRT, — 5 T R
WK R T 48 3 45 it SR —— B BH B, 02
Wi 5 ) 1 3 T () P A B BT R, e
T FLR ARG . 55—y, B B ORIR
FLEEE L ZRAZ, YRy ik L s
ZaA R, BRI S XA 2R
I, AR Z R A2 3R 4 Cu S5 5L ) B dr
L IFRE R AR A RO, T RS A 4
Ty CEET . B BB ). BIARETIR
HERT Y, BT FLEAR R R R A 2 A,



208 [T

Bt e 4

24 % 2

AT N R A A
5 45

EAWH . RS RIS T, LT
258

IR E SRR R R ) E 1T R gt
o RIPUET W, 5l eEmy (L
REW) . PR . B LA . T
V) TR W) R AR Y e e, bR
FLIERE TN, HAT B 4 I R 8] 06 T
By R IR E SRR IR & R W B9 A2 i
. R —INEE (FLIEAR ) — 5 8
W — W —EE B A — B —fLE A

AR R A R R A DL P B R A ) e e ) A
W, WS — AR, RS T AR A
W, PR B AR, N R B
Ba R, SRR R

TR B AT VR B R AT A — e )
JfE R X, XL UL T R R
WK, FLIR W 5N 220 R 48 7
16, ULEHZLIE R A0 5 INEE LT[R BB A%
U7 40 ) R e ) ] 1) B s AR R SR AR Y
B, LA TEMT P e et g k.

AR IR H AR T BE R O IR T A e L
ZRAE, YW A R 2 A R, FEE A
W FAAR S L BA AWHER, R A2
FR AR A Cu 55 B0 9 MY H 3 Bl 1 it AR FE AT R
TR AT R A IR R —— R FH AR R A
IR Cu FRIRZ — .

S 2 3Lk (References):

BRIEWE, T K. 1990, INEED — M 85 )38 A 1A i S35 R
HIBIIL. PRGBS, 21(6): 567-574.

FRIEWE, TR 1997, AR N AED SR 117 1A 4 B 25 M AR 1 e 3ot
PR AR AR B ). A B am T S, 6(1): 43-47.

AR, TR0, SRRK, 452011, BEUARHCAVERAR T R B 5 5
TIIM[M]. b5t Mo A

MR, BI5C. 1993, M0 ST LR ). M RHERS R, (4): 63-66.

g3k, ERE, Tz, %5 2004, 4 THUOH PG AV R Cd. Gel5
Ga & SERERL DI 5P A Mk fe 2= 4z, 23(2): 105-108.

A, WU, TR, 4 2012 MAILEHHART L SR EX
W RASHY[T]. 24T, 86(2): 280-294.

WE e, BRiE, wREs, 45 2004, AR R L ER b2
RS ——3E Sk 5 1112 B S AV R B E R M. b AT MU
Jiit:.

ZEPEAE. 2014, =P BV AR) T HYREDT R HLUFCRAAE B e eI . =
FHLTE, 33(2): 240-244.

MRARBE. 2014, 5 DLARG DR R 0T ). IR S35, (5): 109-111.

X\ZEEE  EEn ) W, 252013 EARILE RAVEET RERALY Re-0s
[ 28 AR IR 25 ST B4, Z: 599-600.

M. 1995, W 1L X A S YRR )] HUBT S EIER, 31(4): 1-6.

FEPH B, s —, EALIEL 1980, B G -m G R P01k
LR A RA: AR HER S 2R85E, (9): 53-58.

Bipors, s, T, 45 2015 BRI SR IX m B 5 AR HEEEDT X
W 0 R R S ™ (2 R [T BT, 29(3): 563-575.

B, 2014, S35 -5R ) HYRED IR 5 B8 MVT YRS IR (). M (E T
i, (16): 309-310.

LR, BHSE, BB, %2017 EHAE RS X LA EIN
TR ZASFAELT). B )2, (4): 469-474.

ISR, BERE, B, % 2009. mEFE RO HUC R L SR
PRI FAREFHET]. 09024, (S1): 248-249.

FIZEAE, BRERE, BT, 2011 BEE R ARV EED R INEEDT P
TR MR SRR — S TR LI BE 5 4 Cd R R ). 40
i, 31(3): 34-40.

FIZEAE, BRARE, FEARIN, 4. 2006. B B REEZ SR RINEE
WP A HOT R MR AR | P05 A, 26(1): 75-80.

FIRZE. 2005, 2 M B AR AT ROCE 2 & B 0 R ER L 405K (D). St FH:
TP E BB A B (HiBRIE2EI5E )

FRLL, BRE, REERIR], 4R 1998. b SR 6T R TP B AR
TR AET2EAeER, 17(1): 75-81.

TR 2008. HIRIR AR AR () 0T R AR B A T 1 B RURRAE D). PR
T RHEE R, (24): 38-38.

Filg, WK, FE, 451982 RET W (B M) dEET: MR
H R

TN, SR, 2000. 81 PG 3 IX G5 #1080 ARBRFAELT.
AW YIEZRE, 19(2): 160-166.
TN, BR2E, ZEIRIMS, %5 2010. )11 RS L2 BAH 0T B Hi o
FFAE . S 2 F B AR S 1], DU 74, 30(2): 174-182.
L. 2013, JIECEY b IX MVT 45478 AR KRR A 7 FH (4 B A 5 ML
[D]. bt EM RS () .

BEE A 1978, B0 B0 ) % 0 B HESE PR )] Bk S 3R 88, (1):
31-38.

A, 2005. 2% BE AR AL R 2 4 R 0 R IR R 900 W) 2R R AE I
FHOUH R T R TR (A ARBIERR) L 32(6): 556-564.

BSC, BRPH O, 25800, 45, 1994, 2 [—F 38 G BlCRAR B TR 24
W BT DAL 0 AR, 14(4): 361-368.

WM, PFiL, ARTE, 55 2012, BT -6 8 E 5 P g ot g
). & ra ARk Ak E iz, 31(1): 44-51.

T, BEAE . 2012, EARIUATRE )T 4 X BUALRF 52 )] ==
W, 31(1): 1-11.

BERUE, FhA=H . 2006. 5 PR HARIM]. b HbJ5 i ikt

EFR. 2004, A HHAT L AR R AL AFFE D). 52 BH: i ERR BeifF ot
AeBE (bERIEZERFTEAT) .

TeRLAR, WIIEEE, WAk, 4F 2015, )1 XA SR T T S R
YRR S SR HbT2EAR, 21(2): 177-185.

TN, AL, AL, S 2012, )1 HL X AR R TP I AR
FUERTSEN]. 07954, 32(1): 60-64



2 FENLAF A EIRETEE R T A e R S R S 209

. 1995. i EIBET A SCAEM]. Abat: MU R

KT, BRI, RYOF, %2005, J1FLE X MVTHHER R |
FEIE BRI 0 IR HBJSE, 24(3): 336-348.

FRACTT. 2008, IR AL PP PT LL RS (MVT) SRR R IE
FEAID]. Jeat: H E R AR

JASE, BERS, KICE, GF. 1999, ARG RIN B EE 6
SCHEIRABSAORA )], HBFUEIE, 45(1): 15-18.

JElw Y, AR, 2005. B BT R R ML SR AE BB R R R .
BH TR, (106): 75-77.

RAGIR, WRDUHE, SKPIE, 4. 2013, #YEEF R AP Cd R0 28 4 RS E
KR H 2 ). P EENE (DB, 43(11): 1847-1856.

Abidi R, Slim-Shimi N, Somarin A, et al. 2010. Mineralogy and fluid
inclusions study of carbonate-hosted Mississippi valley-type Ain Allega
Pb-Zn-Sr-Ba ore deposit, Northern Tunisia [J]. Journal of African
Earth Sciences, 57(3): 262-272.

Conliffe J, Wilton D H C, Blamey N ] F, et al. 2013. Paleoproterozoic
Mississippi Valley Type Pb—Zn mineralization in the Ramah Group,
Northern Labrador: Stable isotope, fluid inclusion and quantitative fluid
inclusion gas analyses [J]. Chemical Geology, 362(20): 211-223.

Jerzykowska Irena, Majzlan Juraj, Michalik Marek, et al. 2014. Mineralogy
and speciation of Zn and As in Fe-oxide-clay aggregates in the mining
waste at the MVT Zn—Pb deposits near Olkusz, Poland [J]. Chemie der
Erde-Geochemistry, 74(3): 393-406.

Leach D L, Sangster D F, Kelley K D, et al. 2005. Sediment-hosted lead-zinc

deposits: a global perspective [J]. Economic Geology, 100: 561-607.

Muhling Janet R, Fletcher lan R and Rasmussen Birger. 2012. Dating fluid
flow and Mississippi Valley type base-metal mineralization in the
Paleoproterozoic Earaheedy Basin, Western Australia [J]. Precambrian
Research, 212-213: 75-90.

Pfaff Katharina, Wagner Thomas and Markl Gregor. 2009. Fluid mixing
recorded by mineral assemblage and mineral chemistry in a Mississippi
Valley-type Pb—Zn-Ag deposit in Wiesloch, SW Germany [J]. Journal of
Geochemical Exploration, 101(1): 81-81.

Sugaki A, Kitakaze A and Kojima S. 1987. Bulk compositions of intimate
intergrowths of chalcopyrite and sphalerite and their genetic
implications [J]. Mineralium Deposita, 22(1): 26-32.

Symons D T A, Kawasaki K and Pannalal S J. 2010. Paleomagnetic mapping
of the regional fluid flow event that mineralized the Upper Mississippi
Valley Zn—Pb ore district, Wisconsin, U.S.A [J]. Journal of Geochemical
Exploration, 106(1-3): 188—196.

Wei Aiying, Xue Chuandong, Xiang Kun, et al. 2015. The ore-forming
process of the Maoping Pb—Zn deposit, northeastern Yunnan, China:
Constraints from cathodoluminescence (CL) petrography of hydrothermal
dolomite [J]. Ore Geology Reviews, 70: 562-577.

Zhu Chuanwei, Wen Hanjie, Zhang Yuxu, et al. 2017. Cadmium isotope
fractionation in the Fule Mississippi Valley-type deposit, Southwest

China [J]. Mineralium Deposita, 52: 675-686.



