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Abstract The Sichuan-Yunnan-Guizhou Pb—Zn mineralization province ( SYGMP) is an important part of the large-scale low—
temperature metallogenic domain in Southwest China. There is always controversy on whether the Pb—Zn deposits in the SYGMP belong
to a MVT-type. Additionally, these deposits are mainly characterized by enrichment in dispersed elements ( especially Ge) which is
chiefly hosted in sphalerite. Owing to the lack of study on trace elements in pyrite, in this paper, we analyzed the characteristics of
trace ( including dispersed) elements in pyrite from the Fule Pb-Zn deposit by LAICPMS, showing that the pyrite is one of carrier
minerals of Ge except the sphalerite. Three samples were collected from Fule and Fusheng ore blocks, which represent ore bodies in
level 1350, 1410 and 1536 meters, respectively, i. e. from deep to shallow. The results show that the pyrites are characterized by
enrichment of Cu, As, Co and Ni, and local high contents of Pb ( Sb) and Zn are identified as micro-inclusions like galena and
sphalerite. The dispersed elements in pyrite are typically recognized by enrichment of Se and Ge, together with minor Tl and Te. Most
of the dispersed elements occur as isomorphous substitution in the pyrite, except Cd and In which principally hosted in Zn-bearing
micro-inclusions ( sphalerite) as isomorphous substitution too. The strongly positive correlations between Ge and Cu in the pyrite
indicate the replacement mechanism is Cu’* + Ge’ " «<»2Fe’*. The enrichment of dispersed elements in pyrite is closely related to the
enrichment of oredorming elements, especially Cu. With the development of the mineralization ( ore-bodies from deep to shallow) , the
Se/Te ratios, dispersed and ore-forming elements are concentrated gradually. Most of the Co/Ni ratios are less than 1. 00, suggesting
pyrites have experienced a sedimentary—reworked process. In the scattergrams of the Co-Ni and dispersed elements Se-T1, pyrites from
the Fule deposit were plotted within the field of typical MVT deposit, and are different from that of pyrites in the SEDEX, VMS and
skarn deposits. Combining the evidence of the geological features, the Fule deposit is similar to MVT deposit, it is suggested the Fule
Pb—Zn deposit belong to a MVT-type deposit.

Key words The Sichuan-Yunnan-Guizhou Pb—Zn deposit clustered region; Fule Pb-n deposit; Pyrite; LAJICPMS; Dispersed
elements; MVT deposit
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Fig.2 Field photos and micrographs in the Fule Pb—Zn deposit
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Fig.3 The composition of trace and dispersed elements of pyrite in the Fule Pb—n deposit ( comparison to different genetic type
pyrites)

Data sources: SEDEX, VMS, skarn and MVT from Mukherjee and large (2016) , Basori et al. (2014, 2018) , Leng (2017) and our unpublished
data
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Table 1 Trace and dispersed element contents ( x 10 %) in pyrite from the Fule PbZn deposit, Yunnan
2?;: . Pb Zn Cu Ag . :(: Ni As Sh Mn CoNi Ge Cd ]nx 4T| Se Te
(CEwIvEN Mot
153627-Pyl 23190 6185 5765 2.40 82.0 45.1 748 264 <2.05 1.82 59.3 186 0.53 3.20 147 <2.08
153627-Py2 5237 - 7090 6.75 106 446 160 1106 194 0.24 28.2 1306 1.89 41.5 220 <3.59
153627 -Py3 - - 10426 16.2 13.7 115 927 1692 1.59 0.12 180 1562 13.7 25.5 475 1.68
153627 -Py4 595 66.7 8836 <0.10 9.40 10.3 22.1 8.90 <0.96 0.91 1.86 4.51 0.04 0.44 88.2 <1.21
153627-Py5 - 25573 9929 6.65 32.2 67.2 444 157 <1.98 0.48 99.4 733 3.32 6.99 304 <2.26
153627-Py6 453 2459 13497 0.51 0.89 <0.52 35.3 13.8 <2.09 - 24.5 133 0.02 2.14 79.3 <1.98
SRR 153627-Py7 22081 - 10241 8.77 48.5 69.3 721 153 <2.83 0.70 204 2045 1.83 18.6 241 <2.90
( 1536m) 153627-Py8 29186 3180 13336 5.69 3.58 5.48 330 181 <2.19 0.65 347 195 0.08 7.32 242 2.72
153627-Py9 - - 7628 6.58 3.10 65.6 466 389 <1.06 0.05 78.3 2611 7.08 11.1 391 <1.08
153627 -Py10 - - 12741 10.4 0.49 12.5 799 684 <2.19 0.04 259 2053 10.5 12.9 404 1.99
153627 -Pyl1 — 29833 4098 5.38 2.31 64.5 486 98.5 <3.32 0.04 166 785 0.68 4.98 250 <3.46
153627-Pyl2 4116 32841 4206 3.20 11.4 87.8 227 45.7 <2.57 0.13 46.1 692 0.40 3.63 97.6 <2.58
153627-Pyl3 9542 - 5236 6.61 18.1 167 309 91.6 2.33 0.11 112 3509 2.99 3.35 70.2 <1.96
153627-Pyl4 1899 - 545 3.53 12.7 36.9 209 103 3.50 0.34 50.3 9973 1.62 3.77 11.9 1.84
153627-Pyl5 116 132 2833 1.05 0.36 16.9 25.7 14.1 <1.09 0.02 82.2 8.75 <0.01 0.30 <5.03 <1.10
B9-Pyl 262 3.70 589 1.03 <0.05<0.21 247 81.6 <0.83 - 11.4 1.64 <0.01 <0.06 4.70 <O0.88
Bo-Py2 868 3.40 861 1.05 5.24 23.4 764 198 <1.09 0.22 4.89 1.49 0.01 0.22 21.9 <0.66
B9-Py3 627 9.32 1017 1.50 0.63 117 437 160 <1.23 0.01 8.60 1.39 <0.02 0.18 12.5 1.11
B9 -Py4 458 5.84 1197 1.11 1.69 204 941 114 <0.97 0.01 7.97 1.74 <0.01 0.49 10.3 <0.9%
B9-Py5 543 73.1 1002 1.07 0.75 242 186 59.5 <1.00 0.00 15.8 4.26 <0.01 0.70 22.4 <0.73
B9-Py6 763 5.83 779 1.31 0.63 83.6 455 193 <0.85 0.01 7.31 1.87 <0.01 0.12 6.86 <0.68
B9 -Py7 261 19.5 1391 0.44 0.76 175 343 74.1 <0.87 0.00 13.7 2.03 <0.01 0.13 42.1 0.81
- . B9 -Py8 738 42.1 967 1.17 34.6 98.0 550 154 <1.32 0.35 22.1 3.24 0.01 0.82 14.8 <1.20
(Eﬂlij:\]g:j( B9-Py9 604 5.45 718 1.05 3.74 115 1030 141 <0.71 0.03 5.06 2.53 0.00 1.62 12.9 0.57
B9-Py10 276 7.80 324 0.43 22.3 8.0 1713 76.6 1.71 0.26 2.31 1.21 <0.01 0.22 25.5 1.18
B9-Pyll 873 4.08 791 1.07 1.12 309 747 215 0.50 0.00 7.00 1.67 <0.01 0.76 8.68 <0.34
B9-Py12 819 8.89 615 1.11 0.11 42.9 614 151 0.55 0.00 4.62 2.28 0.00 1.16 10.4 <0.49
B9-Py13 1542 357 718 1.62 3.37 185 2668 227 0.83 0.02 4.75 4.20 <0.01 2.94 17.7 0.41
B9-Pyl4 2294 - 1092 7.22 28.2 421 1813 233 9.00 0.07 9.48 32466 1.31 3.24 352 2.37
B9-Pyl5 882 5.35 767 0.94 2.30 155 1708 169 0.66 0.01 5.17 1.37 <0.01 0.64 9.73 <0.36
B9-Pyl6 545 5.53 758 0.92 0.16 172 396 138 0.54 0.00 6.62 1.72 <0.003 0.17 10.4 <0.50
B9-Pyl17 1014 7.05 829 2.02 1.99 253 519 167 0.60 0.01 549 3.29 <0.004 1.91 12.5 1.12
FS43-Pyl 805 56.8 272 0.72 7.86 111 1111 202 4.81 0.07 1.92 1.17 0.01 2.79 15.6 <1.33
FS43-Py2 843 63.3 313 0.39 1.67 31.4 1162 165 S5.11 0.05 1.45 0.96 <0.00 1.09 10.0 <0.97
FS43-Py3 652 <1.52 307 0.14 <0.09 2.95 546 114 <I1.19 - 1.80 0.52 <0.02 0.18 6.52 <1.33
FS43-Py4 886 <2.70 360 0.97 1.13 14.8 350 126 <1.62 0.08 1.65 <0.51 0.01 0.69 11.8 <1.59
FS43-Py5 856 <1.69 352 0.52 1.58 33.2 593 154 1.55 0.05 0.80 <0.46<0.01 1.60 7.60 <0.96
FS43-Py6 974 3.69 460 0.74 1.06 22.0 668 205 <1.37 0.05 2.23 <0.60<0.02 1.00 7.12 <1.26
FS43-Py7 521 <3.67 333 0.39 2.79 50.0 552 106 <3.11 0.06 <1.85<1.12<0.03 4.85 <9.89 <2.37
FS43-Py8 377 13.0 165 0.21 1.28 27.4 273 71.4 6.78 0.05 1.47 <0.42<0.01 0.88 6.24 <0.87
FEy By FSH3-Py9 663 87.6 230 1.52 2.23 31.7 628 124 1.76 0.07 1.66 0.72 0.03 2.02 8.27 <1.24
(1350m)  FS43-Pyl0 624 122 244 0.80 2.97 70.3 763 122 <1.19 0.04 1.95 0.43 <0.02 1.76 11.2 <0.80
FS43-Pyll 481 10.9 311 <0.17 0.54 2.37 852 89.8 2.20 0.23 2.65 <0.57<0.01<0.08 8.16 <0.80
FS43-Pyl2 127 4911 248 <0.14 3.85 7.95 412 30.9 3.95 0.48 2.91 87.2 <0.01 0.32 7.06 <1.87
FS43-Pyl4 214 5.02 430 0.46 6.30 123 605 38.4 <1.66 0.05 11.0 0.94 0.00 <0.07 20.2 0.93
FS43-Pyl5 8160 82.9 793 1.25 5.74 60.0 362 439 73.04 0.10 <4.93 3.53 <0.13 0.54 73.5 <5.42
FS43-Py13 341 <1.62 241 <0.11<0.07 0.84 664 61.3 <1.35 - 1.14 <0.37<0.02<0.08 10.6 0.89
FS43-Pyl6 569 <2.35 154 0.62 2.28 38.9 1051 115 3.52 0.06 1.17 <0.55<0.01 0.56 18.3 «<1.21
FS43-Pyl7 47.1 73.7 7483 1.24 0.35 0.34 69.6 226 <1.55 1.03 340 8.44 <0.01 0.18 42.8 <0.94
FS43-Pyl8 68.6 103 28.2 5.34 0.07 48.7 1510 6.79 363 0.00 1.56 5.65 0.00 87.5 342 2.43
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Fig.4 Representative time—resolved depth profiles of pyrite from the Fule Pb~7n deposit
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4.1 HBTESEFERBENS

VAR, B = R BT Tk T, At SR N
%F Ga.Ge+CdIn ZERBOC R M7 KB A Bonnet et al.
2016) , AN [RIBRAL Y w5 5 0 T R AR B A XA A
B RG22 0% 2 4 5045 Ga( Moskalyk, 2003) .G
(Holl et al. , 2007; Belissont et al. , 2014) |In( Alfantazi and
Moskalyk, 2003) #1 Cd( Ye et al. , 2011; M54, 2012,2016;
Bonnet et al. , 2016; Z=¥ 57 % ,2016) , A Bk & —E £ Tl
( Cook et al. , 2009) ; J7ELH T IR HOC 2 LA GaCd.Se.Te.
TI( George et al. , 2015) 3 M BT T IIFHOCER FLH
SeTe( Gregory et al. , 2015; Large et al. , 2014; 3 1% ,2017;
Basori et al. , 2018) 1 TI( Mukherjee and Large, 2017) .
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Fig.6  Binary plots of Co vs. Ni (a) and Se vs. Te ('b) of pyrite from the Fule deposit
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ARRT ASEAT B L RE 4 ) 551 (S TR, 19865 AR 3 AL 20135
Genna and Gaboury, 2015) o M Co-Ni {328 [E( & 6a) 1] L)
FH,1350 F1 1410 1B Co/Ni A L H I ( Co/Ni B
<0.10) ,#8Wg/N T 1536 B 8k P iy Co/Ni o ( K&y
TE0.10 ~ 1.00 Z [A]) o T E ## oK (1991) F 2= Jk 45
(1989) FFFEIN A I A B b4 Co/Ni LU AH Y RFAR 5 4]
RO E R O, R Rs™ B 41, Co/Ni- LE B i%5%
A T AR IR B ERA Th 1Y Co/Ni L AR A TR FR 21 4 78
EBW T E R (K 6a) X AT RESE T CoNi 25 4R
FEF R 47 % ( Walshe and Solomon, 1981; Huston et al. ,
1995; Raymond, 1996: ¥ i % ,2017) , ifii & 45 P& #9 BB Ik
BEFFA T, by P TR ™ U B (TN PR B A8 — TR 120
~210°C , 2537,2016) o IEJE i T8 AR R ™ i A%
HASEIE Bl /N, TS Co Ni i3 2 MR 5 4 2] 160 34
R B AL -

AN, BB P RRHBOTR SesTe 1 & # LA Se/Te LAH
B R AN TR AN [, — AR T 5, ZE ) — 87 R v, ASe™
WEN I, B Ty SesTe & 84 1 & & (FBK K,
1986; Genna and Gaboury, 2015) . & AR A B bR & 20
) Se/Te LAE Se-Te [#] [ 5 3% Wi F = i 4 #4( [&] 6b) ,1350m
H11410m i (B HIRER) 19 Se/Te Lb 437 {E I A 3, 4R
H7E Se/Te Lty 10 ~ 100 22 [A], 17 1536m A7 &5 ( 514K H#K) 15
BRA Y Se/Te LKAV 7E LLAE > 100 (9 X BR A, 2 WA
W ATRAR A A, Se 1 Te HB 52 AN [A) F2 B2 10 3% 7 w3 4, Horh
Se Lt Te 15 AR FEBE TSR EN, W] BRI 7R IR ER 14 1 TE I T
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Fig.7 Binary plots of Co vs. Ni (a) and Se vs. Tl (b) in pyrite from the Fule and other genetic deposits

AR UL, BT Se/Te HL(E MR 174 5834 i T+
5 AT RESR 7R 1 BR TR M AR A A

4.3 WIREEZER

WAL, S B IC 5 T 0 AR B A3 R BAG A 45
PHEER S AL ( Large et al. , 2009; Keith et al. , 2016; {# 1% B
8,2018) FRHIRA W R 1 Bk, RBEH MR & A8 4
FZ A, AR 10 3 2 IR Z B By tiE AR K 45 B ( Craig et
al. , 1998; Agangi et al. , 2013; Reich et al. , 2013; Deditius et
al. , 2014; Large et al. , 2014; Franchini et al. , 2015) , T HA
[E) R AN TR] B B B BRI i JC R AR AE A XY -
I, AT DA G R TC R RRAE A T AN () PR B R 14 e i A
AN PR R IR 28 5 (4 i 9% ( Craig et al. , 1998; Barker et al. ,
2009; Large et al. , 2009; Koglin et al. , 2010; Winderbaum et
al. , 2012; Basori, 2014; Zhang and Li., 2014; Genna and
Gaboury, 2015; Keith ei al. , 2016; Mukherjee and Large,
2017; Basori et al. , 2018; {45 ,2018) .

CA MR R R F R B8R & R W U TR A
FIFG( P 3222 2) L SEDEX A3 8™ b i Bk 70 2 5 Zn. 1
%% Co~Ni( Mukherjee and Large, 2017) ; VMS B2k &4 5
f) Mn.As.Se+Te( Basori, 2014; Basori et al. ,2018) ; i £ &
RIGEERAAHXS & 48 Co A Ni, WAHXS 7545 As+Sb.Se ZKIRTT
R UG ,2017; fHHEHIAE ,2018) 5 I B X MVT B4
WR( ) 8 R 1 i TR 3 E 4 As Sb.Se SF{IK il
TLR BT —E B Ge CA( PR EIR , R KR 5 B AR IR
WD i & R TR N SeGeAs, M S/ T1
il Te. MREOTER & R, SEDEX BB ERy 7 4R T1,
VMS #LUE4E Se Hil Te 8 4 AU 5 451 Se, JINE B MVT Al
WA Se fo—E /W Ge 1 Cd, & SR R & 4 SeGe o/
1Y TUAN Teo AN [E] B BT B T 3 R BT R X L 45
RRW, SRR S W MR EUT R R IE R RS MVT

B -

X TR (4 R F W7, — A T J2 Co/Ni L ( Bralia er
al. , 1979; Meyer et al. , 1990) , B H Co-Ni & )21k
32 HGUVE T I B2 A R AN TR 1 PR B k™ B[] £
Co/Ni FU{H( Bralia et al. , 1979; Meyer et al. , 1990; ¥ %)%,
2017; VLI ,2018) o — MR, Kl il R B 2R (1 Co/Ni
W > 1,585 >5 ~ 10; PR N B Co/Ni LLZY 1.7, H.
— & <5; PURBURL IR B R 1 H A B8/, 38 < 1( Bralia er
al. , 1979; Bajwah et al. , 1987) o &R PRIEZLH Y Co/Ni

FRBGE X (0. 1 < Co/Ni<1) (&l 6a) , R IRT IR Y2k
TR REZ B DI E . 78 CoNi TR ERHE L, & AR5
PRIGERT T CoNi 51X 5 MVT B [0# 5% X A — 8 (R
Ta) BT SHEHTREGH CoNi S EB/EXGLEESI,
# AR5 SEDEX . VMS FiY 5 2145 #5085 X 3 B 7a) o

FRCE Y Se 1 T FEA Rl B 2 RV B gy vh A —
FEMEE(FR2.E3) , BN SRR T Uk E &% iR
IRB R 7 AL ( Genna and Gaboury, 2015) , B Se( R¥ {5
FakstEl, 1986) A1 TI 28 & — 2 B RS L, AT LAEAT AR
B 5 CoNi & &R B —FE, T H Se-T1
I LT LA B s SRR 14 X3 5 MVT R X 5,
i BRI B XA ES, HEEE R R
B & 7b) .

MHEEZR(ET) ErTLUEE, BARE R IR T
R BRE X SHE AR ESRY X EE.H
FIREEWI A — W XK. &R IR BT 1 CoNi Fil
Se-Tl {45 MVT BURYBA—F, 7] BER W & SR 0 IR 19 1
KK AR MVT AU, 1 Se-T1 #5% £i5 MVT RIBE AT X 51, 7]
B S50 TR — 8 M BT R R 56, Rl & N
hEAEREOCE Cd(17515 x 10 %) F1 Ge( 176 x 10 %) ( Z=8
37.,2016) , BV i A4 vh s HIOC 2 B A e 4R , INTTTE A BE
Byl ERMBOTR . B4, 8 RV IREYT 1) CoNi
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I Se-Tl 5 HE MM Bk M XA DB ES, aTfEEf
Z I B RA BIATAE DA ITTSE B R 19 ol T 3R A AN
T AR R I BBk O LR A D R A RO E

SRR R BOCR B X 5 MVT B L. X
5 T SR — B, 1 e, R IR B S A R (5
AT B S e IR0 Ml 22 P TR PP AR B A AR (120
~210%C ,4% ~22% NaCleqv; ZE#37.,2016) B &It 77 T
BRELAHZET(AnE) B WA E RSN T 5
B R 3) , 5 R MVT B8 PR A9 45 4 3 28 — 310 ( Leach,
1993; Leach et al. ,2006) o HR W 47 5 A2 ( Pb + Zn -3
15% ~20 %) MG i 6 (W2 s ml) & ﬁaﬂm%( Cd.
Ge-Ga %, A5 Z2,2005) S5 HFAE M 5 )11 VE 2 Ml MVT Al g™
R—3( M AP BEESAETIR) o %ﬁim%&iﬂzﬁ$
SRR AERRE W & SRR AT B2 MVT TUALEER R . & R AR
BT T E R AR BOT R SRR, A e R 5%
KRBT MVT BUg IR, H H S Wik e TRIR IR & ik A &
( MFE%E, 2016) .

S

X & SRR # 2R 1 LAICPMS f & oo
%Bm AR EEFAT LRI
(1) By P i T R T E 4 CulAs. CoNi, FiHT
F EEE 4 Se.Ge KA K /DAY T Teo 1 Ja1 3 & 45 19 Pb
('Sb) 1 Zn( CdIn) W 4350 LA 7 450 RN N B 308 f B2 AR 1Y
TERIFAE . Ge — AL N EER™ i T 4R, TN R I 55k B0 2 4k
T s 4R Ge.
(2) FtfoeZE iy CdIn DI2EJG [ I A T s ke
M Zn B A ERCINEERT) b, R BOT R B LR
SIGARAE TR A&, b Ge 5 Cu LI G B 7=
B Fe, 0 REAFERY BT Cu® + Ge®' ©2Fe’"
3) WY PRRBUCENEE ST T E N EEF VI
K, HREE 1R A AT ( DR SR ), 2 2 i R AIK,
Se/Te WAHZ BT WL 70 2 ARG 0T R AR Z B & 46
(4) G561 PR L5 RRAE A AT Y 15 i ER Ak 24 B 53
AN & R IRIE T MVT BUEREES IR

EVSEi ol
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