20214E6 A R M S $40% 3
June, 2021 MINERAL DEPOSITS 40 (3): 432~448

XEHS: 0258-7106 (2021) 03-0432-17 Doi: 10. 16111/j. 0258-7106. 2021. 03. 003

AL T 3R LS S BB 4 R T SR MR AL
BERERT B

BRI, EAEY R =LFARKRER, N FELE WL EERL!
(1 R R K2 R RS 520 4 T R0 10T I 411201 2 TTP9 4 M M B — — = Hb B A, 7175 JE3E 335000
3 R R A (04 N TIN5 ST W I S SRR = IR KV 410083)

W OE M T IR RO e S T LB 2 AR BT 2 S R IR IR ER . A SCL
T RIS R P AT (3 R S0 07 0 A& BERR 10 ) D (W DRV TN S e X 4 il i ol T4 4T B
LA-ICP-MS A TE E A HT AR 487 8 o 7o 2 2 ORI AR S 4R i TR B PR R R 7 1 ) T 215 8.
PP R  INBER N Fe Mn . Cd.Cu.In .Pb .Bi JGRB N &, 20 A NI INEED TR Fe JU & & A 225K LA
HNCEE SR 9.3% T 1.7%) , oAb o2 & i 00 i 25 5% 5l PR T T # A LASICP-MS ik EHE B R e &R
Mn.Cd.In PIZE TR GIE A7, 1l Fe .Cu . Pb . Bi WA 25 R M WAt ik 2 Fifr e e, Bk g o R & &
HEIRBAR, TCER Co Ni Pb.Bi X & 4, Ni Mn 2 LI AU 2UAFAE , Cu. Co A7 285 [a) 5 5 e Al e A 1k 2
MIE, Po Bi EE LI WA AFTE . TR A R W INEERT Zn/Cd HUE 4 5I7E 120~150 Z [A1 Al 93~210 2
6], ¥ R AR AL S5 o PIZEINEEDT Y Fe .Cd Mn JGE & 4 AE 5 BURTES AR 5 U PR 9 B9 N AR &5 7R
PR AL B IR R ALRE s B Pk T e LRI R Rl T R IR R B W5 T R

KA HERILAF B s LA-ICP-MS e 3 7 R § TR INAVEES™ s HAil)

FE 425 :P618.42;P618.43 X EERE D A

Trace element characteristics of sulfides from Dingjiashan Pb-Zn deposit in
Meixian of central Fujian Province and their metallogenic significance

SHI DeFeng', CHEN DongSheng’, ZHU Yun’, LI GuiXian’, ZHANG DeXian’, LIU Yang',
YANG Xian' and LU YuLong'
(1 School of Resource Environment and Safety Engineering, Hunan University of Science and Technology, Xiangtan 411201,
Hunan, China; 2 No. 223 Geological Party, Jiangxi Bureau of Coal Field Geology, Yingtan 335000, Jiangxi, China; 3 Key
Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring of Ministry

of' Education, Central South University, Changsha 410083, Hunan, China)
Abstract

The Dingjiashan Pb-Zn deposit in Meixian is a typical representative of many large and medium-sized lead-
zinc polymetallic deposits in the Neoproterozoic Mamianshan Group in central Fujian Province. There are two
types of ores in the Dingjiashan Pb-Zn deposit, i.e., pyrrhotite-bearing and magnetite-bearing ores. EPMA and
LA-ICP-MS were used to reveal the trace element composition and modes of occurrence of sphalerite and pyrite,
and then important information concerning the mineralization temperature and the genesis of the deposit was in-

vestigated. The analytical results show that sphalerite is relatively enriched in Fe, Mn, Cd, Cu, In, Pb, Bi, and
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there is no significant difference in the content of other trace elements in sphalerite from two types of ore except
Fe, whose average values are 9.3% and 1.7% respectively. EPMA elemental mapping and time-resolved laser ab-
lation depth-profiles reveal that Mn, Cd, and In exist in the form of isomorphism in sphalerite, while Fe, Cu, Pb
and Bi exist in the form of isomorphism and microscopic inclusion. The content of trace elements in pyrite is gen-
erally low, but Co, Ni, Pb, and Bi are relatively concentrated in pyrite. Ni and Mn mainly exist in the form of iso-
morphism. Cu and Co exist in two forms of isomorphism replacement and microscopic inclusions. Pb and Bi are
present in galena inclusions. The Zn/Cd ratios of sphalerite from two types of ores respectively are 120~150 and
93~210 respectively, indicating that the two types of ores were formed at medium temperature. The Fe, Cd, and
Mn content characteristics in the two types of sphalerite are consistent with those in typical skarn deposits; the
sulfur isotope composition of the sulfide reveals that sulfur in ore-forming material came from the magmatic rock

body. The above evidence jointly supports the argument that the Dingjiashan Pb-Zn deposit in Meixian is a skarn

deposit.
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Fig. 1 Location map (a) and structural sketch map of (b) central Fujian Province(modified after Zhang et al., 2005; Tao et al., 2006;
Gao, 2007)
1—Wuyi Mountain uplift zone; 2—Yongmei depression zone; 3—Volcanic fault depression zone in eastern Fujian; 4—Central Fujian Province;

5—Meixian orefield; 6—Mamianshan Group; 7—Fault; 8—Large-medium-sized Pb-Zn deposit
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Fig.2 Sketch map of geology and mineral resources of the Meixian orefield (a) and geological map of the Dingjiashan Pb-Zn
deposit (b)(modified after Shi et al., 2012)
1—Quaternary; 2—Jurassic Changlin Formation(J,c); 3—Daling Formation(Pt;d); 4—Upper Longbeixi Formation(Pt,/*); 5—Middle Longbeixi For-
mation(Pt,/?); 6—Granite; 7—Quartz porphyry; 8—Unconformity; 9—Anticline; 10—Syncline; 11—Fault; 12—Pb-Zn deposit;

13—Dingjiashan Pb-Zn ore field; 14—Orebody and its serial number; 15—Exploration line and its serial number
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Fig. 3 Geological section along No. 21 exploration line of the Dingjiashan Pb-Zn deposit(modified after East China Geological Ex-
ploration Bureau, 2007)
1—CQuaternary; 2—Jurassic Changlin Formation; 3—Upper Longbeixi Formation of Neoproterozoic Mamianshan Group; 4—Middle Longbeixi

Formation of Neoproterozoic Mamianshan Group; 5—Orebody and its number; 6—Unconformity; 7—Drill hole and its serial number

3 FRELCREE K TN ik

FEf R T Z T DXAS [ B 2R 37 FIBT I 1N
(R D) B AR E RO R, 62 B s
AT VRS AT A 2R LSS SR TS X TN B AT RN 6 R
W HEAT HL R AT A3 43 B AR B ) SO Z& | T
FAH e Rl b 38 HROML A i R A 4 ) SR
#E4T LA-ICP-MS {8 JTC & o o0 o HL 4504 &
LA-ICP-MS 73 #r ¥4 16 v g R 2 A €5 4 T il 33
5 1 J5T A 55 M0 0 S B S 0 i K
HEAT , o i RS 4SO EPMA-1720 B (H AR 5
AN D), I LR 20 KV, B 15 nA L SREE BN
1 pm, {ES AR R 4 0. 01%~0. 05% o MK ITE
45 S . Zn Fe Mn . Cd, & 1E J5 % R Hl ZAF, LA-
ICP-MS # 5% 3 il & 4t & Cetac Analyte HE, ICP-
MS & Analytik Jena PlasmaQuant MS Ellite, i ¢

)l B R R SRR R AN AME S LU
T REUE, EEIEAICP Z A58 i — A4 T A%k
BA o B D A o B B8 A0 45 30 s 1925 IR
540 s IR RS 5 X 20 s IR fR 5o A Uk
B 58 B 7 AR A 113 DU A B, T T R
$%: Cr.Mn.Fe.Co.Ni,Cu.Zn.Ge.As.Se.Mo.
Ag.Cd.In .Sn.Sb.Te Au.Pb Tl Bi, L4 idFEH
PGP 193 nm, RBE E 42 R 35 um, OBk
AT R 5 Hz, Pk vP g i % B2 O 2.5 J/m?. S5 K
FH S [ #b, 5 48 8 Ja B THE A 5 MASST 1 GSE-1G
ShbR R HEATREIE , IN R R BER AT 2 i 2R Zn
Fe 7 &t (EPMA Ml i £ 95 ) 1 S 9 5 o0 & #4715
IE s A 3 CELEE XA RS E 5 e R Y
r RMEERKIE TR S ®iE) R Glit-
terd.4.4 5¢ B, B A6 W ik i oo R RS BE A T 10%,
TE 4l 4 M7 i B2 2 WL Cook 5% (2009) 11 Danyu-
shevsky %(2011),



438 o JZN

2021 4

B4 TR R AT A A
a. Z IR S RER R A s b S RE R A R IN BT B S B s o S RE BT A A R S AR A S I IR s A SRR A
e TREHE A YR S SRR N BT £ SRR LTS B AT S N BT s g S RE R A I B
h. FREERA 0 AT NG BEERAT 1. e A s SV I L
Mt—REZRD ;s Gn—J5 88 ; Sp—INFE s Py— B 4KT s Po— A kD™ s Cop— 24 ™
Fig. 4 " Microphotograph of ores from the Dingjiashan Pb-Zn deposit

a. Banded pyrrhotite-bearing ore; b. Sphalerite in pyrrhotite-bearing ore, rich in chalcopyrite chadacryst; c. Sphalerite rich in chalcopyrite chadacryst

in pyrrhotite-bearing ore; d. Magnetite-containing ore; e. Sphalerite rich in chalcopyrite chadacryst in magnetite-bearing ore; f. Sphalerite containing

almost no chadacryst in magnetite-containing ore; g. Pyrite in pyrrhotite-containing ore; h. Pyrite in magnetite-containing ore;

i. Strongly deformed surrounding rock

Mt—Magnetite, Gn—Galena, Sp—Sphalerite, Py—Pyrite, Po—Pyrrhotite, Ccp—Chalcopyrite
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Table 1 Sampling number, sampling location and characteristics of hand specimens
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Table 2 Trace element composition of sphalerite from the Dingjiashan Pb—Zn deposit

0(B)/% w(B)/107°
PR RRED “®) ®)

Zn Fe Mn Cu Cd In Co Ag Pb Bi As Se Cr

/ME 55 85 1592 144 4499 266 462 1.3 0.3 0.5 BD BD 65
90PD15-8 HKfH 57 9.6 3424 *7673 5173 284 534 21 %921 27 32 44 1672

(n=10)  P¥YHE 57 8.9 2792 2166 4907 274 . 497 6.9 94 3.9 - - 812

FRERZE 1.0 06 579 2634 214 58 20 7.0 291 8.3 - - 669

f/ME 55 9.1 3987 81 5199 - 146 164 1.0 BD  0.03 BD BD BD

? 70C4-14  FKRf 56 102 4918 #6248 5505 154 199 6.1  *2423 72 43 BD 398
H (n=10)  PHH 55 9.8 4609 757 5353 148 180 23 - 8.9 - - -
x brEfizz 0.7 0.5 321 1931 . 104 2.9 11 1.8 - 22 - - -
Z% RAME S5 9.1 3998 240 4907 133 BD 3.1 4.4 4.4 BD BD -
i 30C1-21  fRfH 58 9.9 5077 1446 5123 141 14 7.8 18 15 48 BD -
E (n=6) VA 55 92 4364 571 5022 138 - 6.1 14 11 - - -
el 2E 0.9 0.6 383 450 752 29 - 1.6 5.4 3.4 - - -

W/ME 5SS 9.1 | 1160 115 4710 193 BD 23 0.3 0.7 BD  BD BD

50C1-6  WKRMH 57 102 7203 *2254 5246 273 7.3 17 115 *286 82 BD BD
(n=10)  F¥E ~ 56 9.4 3963 672 4950 240 - 7.3 21 32 - - -
PrifEfi2s 0.8 0.5 1874 777 158 29 - 4.8 36 89 - - -
/AME 63 07 2496 38 4167 79 42 099 BD BD BD BD 31

90CM3-1  HRfH 66 31 2903 45 4586 86 47 10 *131 06 46 38 463

(n=10)  F¥ME o4 1.7 2760 42 4429 83 44 3.0 - - - - 168

& brifEfZE 1.1 0.7 141 2 13 22 13 3.0 - - - - 154

W B/ME 63 0.7 6129 336 5207 637 BD 3.6 0.3 0.4 BD BD BD

B 70C4-1  ERME 66 3.1 8692 1567 5555 748 6.1 20 38 3.8 40 75 142
W (n=10)  “F¥H 64 1.7 7685 617 5364 677 - 6.1 1.3 1.2 - - -
- brifEfR2E 1.1 0.7 861 405 112 43 - 4.9 1.1 1.0 - - -

fi f/ME 63 1.6 3958 82 4658 120 137 BD BD 0.1 BD BD 324

30CI-11 e KfE 65 1.9 3150 408 4952 128 178 *528 52 *1689 99 BD 648

(n=9) P 64 1.8 2756 389 4829 124 160 - - 242 - - 450
bRz 0.5 0.1 427 128 103 25 12 - - 638 - - 173

TE: Zn ., Fe A 48U, HABICR 08 LA-ICP-MS Buffi i & 4 5 h i (i “BD " F R TAG I B 5 - 275 DB AR T el BR M e i 15
LA FIBRIE G 22 o
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WERRT 5 A1 INEEH w(Mn)TE 5.6X 1075~ 5439x 107622
6] 28 Ak , S HI{E Ay 9021076, 41t i T 25 Bl # 4k  A1
N Y 460 5 w(Cu) 7E 8.0x107~1035% 1076 2 [H] I 57 ,
SEXIE A 198% 107,

(4) B IN Zn .Ge \T1,Cd \As Ag S5 TR A&
AR, 4R 2B TR BR

F3 THRILEHY XERTHMETRAN

Table 3 Trace element composition of pyrite from the Dingjiashan Pb-Zn deposit

N . v w(B)/% w(B)/10°¢
W AR RS CRER RO 5 - - -
Fe Co Ni ~Co/Ni Pb Bi Mn Cu Zn Ge TI Cd As Ag
/M 45 78 BD. 99 02 029 BD 14 BD BD BD BD BD BD
? 70C4-1 KA 47 1662 “16.7 188 *259 26 57 88 BD 41 003 BD 34 *817
" (n=10) FHME 47 1199 - - 28 45 - - - - - - - -
E FrfER2E 0.5 282 - - 81 79 - - - - - - - -
%E e/ ME 45 17 BD 002 BD BD BD BD BD BD 00l 16 BD BD
Z 30C1-11 ISON:E 47 *4931 846 285 41 107 8689 *544 BD BD 0.02 12 142 084
5 (n=10) FHE 46 172 - - - - - - B - - -
FrifElw2s 0.5 1995 - - - - - - - - -
fR/ME 46 3.1 48 007 126 137 75 8 BD BD 001 BD BD 0.17
70C4-14 NI 47 *1083 178 8.9  *7615 892 4048 *668 3724 7.6 035 37 #96.1
(n=10) FEIE 47 208 122 25 1526 245 - 172 - 45 012 - 12.612
& PRl 2 0.4 318 44 28 2235 248 - 257 - 17 012 - 29.455
3 f/MA 45 127 47 033 342 27 56 BD BD 27 BD BD BD 0.169
B 30C1-21 KA 47 #5672 53 147  *2515 287 3962 *1035 984 7.6 0.16 15 306 29.58
I (n=6) THE 46 784 39 21 1165 80 671 - - - - - 6.257
W Al 22 0.5 1776 6.5 46 845 94 1272 - - - - - 8.531
A /M 46 537 BD 28 014 002 BD BD BD BD BD BD BD BD
50C1-6 BRME 47 1180 40 100 18 84 5438 BD BD BD BD BD 58 13
(n=10) FEE 46 903 - - 77 25 - - - - - - -
bRz 0.4 407 - - 88 32 - - - - - - - -

T : Fe ol THREM B, FAM T3 10 LA-ICP-MS Hiudls s 47 7 3 S

S AR 22 .

R s “BD” F R AR TR 5 -7 0% PR B AR T4 00 PR i vk 1A



%405 3 VAR E e

o [ PRI T R RE PR AL TRl oo 3R s kA 2 R A e i i 441

5 1

51 HMETENEEER
BT IN R SRR AL N B O TR A

i Moy A O HOR LS R R G 8 #5877 7 19 ol
JCE ) B AR VL, fE NS S W BREE 1y B
2 5 F8 R IR 2R (1245, 1989)
5.1.1  NEET

FEPI ™ A N INEF 0T 1 LA-ICP-MS B[] 43 3
HHE & T, Mn Fe . Cd In {55 i 2234 % 7 2%
(Kl 5a.b), RUIX LI ITCRIEPI LT A N N BT
5L A R A AR X, B 2 B D28 i W] 0 X A7
6. TEHFIRE I R (Kl 6a~d) 1, Cd .Mn JT

RS, T Fe JU 2R W] WL S 04 /N Y PR 4 5 7
52X LT 15 (B 7a) h  Fe TR A — 7%
Mo, 5 T RSP Y Fe w4 XBULAF 58 4 X0
IO7, 4R 2 U UE I H A B B Bk
PIZEINBER N Cu TG R & BSR4

AT RLR B S AR 0L, B TN BRI A
YraL ik DL EAE B0 S 0 A A WS I AR I B TN &
BUR BT O S, e 3 g s Bk
O AN BN NSRS R T A .
Hb, & BB YATA  R I BEIN Pb Bi SR i i
AL T 5 R0 N B DN BT, T LA IR [ 53
BT &b, M2EI0 R i RIS AR K (8] 5a) , I
7R Pb Bi i] A T2 LA W 4R CAn g5 4 ) B9 X
FAAE

1E7 1E7 b
1000000 1000000
100000 100000 g
1 F
i ’ Co
= Bt Cu
e 10000 = (10000 £ S
= I mvv M Www At } —n
~ \,NIV\M, M
1000 1000 W ) ‘/‘W / Pb
"ABWW 0 Bi
100 100 /
10 10 + L . L L > L
6 0 20 40 60 80
F k] 1] /s | ik B[] /s
1E7 g C 1E7
1000000 1000000
100000 100000 Fe
By _i#; Mn
:!: - o~ C
o 10000 ¢ f\@ 000 N
ELin Cu
1000 1000 —Sb
——Pb
Bi
100 100
10 10
b []/s Rl /s
K5 THRINEVERE X INAF 5 BT LA-ICP-MS it il 2k
a. TR0 A NI Fe INERD (70C4-14 58 6 SRS ;b SR04 AT Fe INFED™ (90CM3-1-5 K 6 5 I ) s . W8 ik

W NI BEERT (70C4-14 541 9 SR AL ) 5 d. 35 RERRA™ 741 RS BEERA™ (70C4-1 54 2 5 T D)
Fig. 5 Time-resolved laser ablation depth-profiles of sphalerite and pyrite from the Dingjiashan Pb-Zn deposit

a. High Fe sphalerite in pyrrhotite-bearing ore (No.6 test point in 70C4-14); b. Low Fe sphalerite in magnetite-bearing ore (No. 6 test point in

90CM3-1); c. Pyrite in pyrrhotite-bearing ore (No. 9 test point in 70C4-14); d. Pyrite in magnetite-bearing ore (No. 2 test point in 70C4-1)
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a. Sphalerite; b. Pyrite. The mineral particles and scanning direction are shown by the red arrows in the backscattered images in Fig. 6 a and e
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Fig. 8 Sphalerite Cd/Fe-Co and Fe/Mn-Cd/Fe deposit genesis diagram(base map from Ye et al.,2011)
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