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Trace-element geochemical characteristics of pyrite in polymetallic mineralization
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Abstract: Several kinds of lead, zinc, silver and copper polymetallic mineralization have been discovered in the
Xiangshan uranium orefield during the deep exploration. In this paper, the authors used ICP-MS to determine the
content of trace elements of pyrite in the polymetallic mineralization. The results show that the pyrites are rich in
Co, Ni, Cu, Zn, Cd, Sb, Tl, Pb and Bi. The LREE/HREE, (La/Yb), Y/Ho, Zr/Hf and Nb/Ta characteris-
tics of pyrites were compared with those of the magmatic rocks and metamorphic basement, and the results show
that the ore-forming fluid of polymetallic mineralization was strongly mixed with metamorphic basement materials
during upward movement. The LREE enrichment and the low Hf/Sm, Nb/La and Th/La ratios (less than 1)
indicate that the ore-forming fluid of polymetallic mineralization was not rich in F and was significantly different
from the ore-forming fluid of uranium. The Co content and Co/Ni ratios show that the polymetallic mineralization
occurred in a medium-low temperature environment and the ore-forming materials were mainly from metamorphic
basement.
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Fig. 1

Geological sketch map of the Gan-Hang tectonic belt (a, modified after Yu Xinqi et al. , 2006) and geological sketch map

of Xiangshan volcanic-intrusive complex (b, modified after Guo Jian, 2014 and Li Ziying et al. , 2016)
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texture; e—diomorphic granular arsenopyrile; f—sphalerite associated with chalcopyrite; Ccp—chalcopyrite; Py—pyrite; Sp—sphalerite;

Gn—galena; Apy—arscnopyrite; Po—pyrrhotite; Qz—quartz; Cal—calcite
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Table 1 REE composition of pyrite in polymetallic
mineralization in the depth of the Xiangshan uranium orefield

FES 87055  SZ056  SZ057 B693-1
STREAIE/m 146127 1528.27 1532.27 1782.59 1797.03 2075.41

B593-1  B598-1

La 10.60 7.94 4.51 4.94 6.19 7.31
Ce 19.00 14.40 8.39 9.10 10.90 13.30
Pr 2.23 1.64 1.01 1.13 1.34 1.54
Nd 9.25 6.89 4.27 4.72 5.41 6.63
Sm 1.73 1.25 0.78 0.89 0.90 1.20
Eu 0.34 0.22 0.16 0.15 0.18 0.23
Gd 1.26 0.96 0.69 0.65 0.77 0.88
Th 0.19 0.14 0.10 0.08 0.11 0.14
Dy 0.67 0.61 0.49 0.46 0.52 0.69
Ho 0.11 0.10 0.08 0.07 0.08 0.10
Er 0.32 0.30 0.31 0.22 0.25 0.35
Tm 0.05 0.04 0.05 0.02 0.03 0.04
Yb 0.35 0.29 0.31 0.18 0.14 0.23
Lu 0.04 0.04 0.06 0.02 0.02 0.03

Y 3.25 2.40 2.30 1.80 2.07 2.75
SREE  46.14 34.82 21.21 22.63 26.85 32.66
LREE  43.15 32.34 19.13 20.93 24.92 30.21
HREE 3.00 2.48 2.08 1.70 1.93 2.45

LREE/HREE 14.42 13.05 9.18 12.29 12.93 12.32
(La/Yb)y 21.66 19.98 10. 54 19.91 30.83  22.90

d3Eu 0.67 0.60 0.66 0.57 0.66 0.64
3Ce 0.91 0.93 0.92 0.91 0.89 0.92

AT X K 1L Y REE 4T 209. 01 x 10 °° ~
316.14 x 10 ° 2 [}, LREE/HREE 47T 8. 14 ~ 12. 94
21, (La/Yb) 4y 8.58 ~18.36, & HHi + o0 /01
A, 8Eu =0.22 ~0.53, RILA #ZY Eu 71 575 (E
4b) o B K IR NS S REE AT 293, 11 x
107° ~394.75 x 10 "° 2 [i], LREE/HREE 41T 14. 66
~16.22 Z[a], (La/Yb) (4 22.91 ~24. 47, 52 H M
T E BB RS, 8Eu =0. 42 ~0. 64, £ 315 Eu
i (B 4e) o BEJRENUA Y REE /T 158. 34 x
107° ~199.22 x 10 ~° 2 [8], LREE/HREE #7F8. 16 ~
9.91 28], (La/Yh) & 8.42 ~10.36, L HEMi T I0 &
IYPRELTR, 8Eu =0. 69 ~0. 82, AR Eu 1 55
(K 4d).
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Fig. 4 Chondrite-normalized REE patterns of rocks and pyrite
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a—pyrite in polymetallic mineralization; b—volcanic rocks in the Xiangshan uranium orefield; c—intrusive rocks in the Xiangshan

uranium orefield; d—regional metamorphic basement
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Table 3 Trace element content of pyrite in polymetallic mineralization in the depth of the Xiangshan uranium orefield
K5 S7055 S7056 S7057 B593-1 B598-1 B693-1 KEG EstserfE WAL
Li 0.48 0.69 0.65 0.59 1.02 0.54 20.00 0.03
Be 0.12 0.04 0.04 0.03 0.06 0.04 3.00 0.02
Se 0.31 0.22 0.20 0.28 0.49 0.22 11.00 0.03
AY 1.53 1.44 1.44 1.09 3.79 1.10 60.00 0.03
Cr 1.91 1.88 3.61 1.90 3.44 1.62 35.00 0.07
Co 84.20 117.00 142.00 107.00 86.50 120. 00 10.00 10.95
Ni 149.00 205.00 241.00 215.00 205.00 261.00 20.00 10. 63
Cu 249.00 237.00 295.00 151.00 138.00 204.00 25.00 8.49
Zn 391.00 440.00 777.00 572.00 746.00 771.00 71.00 8.68
Ga 0.43 0.39 0.41 0.29 0.44 0.33 17.00 0.02
Rb 6.54 1.60 6.74 3.76 4.47 2.64 112.00 0.04
Sr 4.61 2.93 16.80 10.20 11.70 9.26 350.00 0.03
Y 3.25 2.40 2.30 1.80 2.07 2.75 22.00 0.11
Mo 0.98 1.36 1.39 0.31 0.68 0.27 1.50 0.55
Cd 0.92 0.41 0.73 1.85 2.22 2.91 0.10 15.07
In 0.13 0.03 0.02 0.04 0.17 0.12 0.05 1.66
Sh 79.70 88.30 96.20 37.90 39.00 43.80 0.20 320.75
Cs 4.47 2.80 5.31 2.93 4.08 3.04 3.70 1.02
Ba 18.50 9.52 24.80 17.00 26. 80 15.80 550.00 0.03
W 0.29 0.25 0.15 0.15 0.16 0.20 2.00 0.10
Re 0.01 0.01 0.01 0.01 0.01 0.01 - -
Tl 9.51 9.65 7.62 3.24 5.63 3.29 0.75 8.65
Pb 76.20 385.00 180. 00 2 112.00 2 036.00 1 117.00 20.00 49.22
Bi 0.58 0.59 0.51 2.12 2.25 1.98 0.13 10.31
Th 2.11 1.78 1.44 1.82 2.00 2.37 10.70 0.18
U 0.58 8.58 2.2 0.39 0.41 51.90 2.80 3.82
Nb 2.32 4.15 0.78 1.02 2.02 1.03 25.00 0.08
Ta 0.29 0.36 1.02 2.03 1.46 0.87 2.20 0.46
Zr 22.56 68.91 12.03 85.04 62.02 35.98 190. 00 0.25
Hf 2.03 1.76 0.25 0.68 0.77 1.38 5.80 0.20
Co/Ni 0.57 0.57 0.60 0.50 0.42 0.46 0.50
Y/Ho 28.80 24.70 28.00 25.40 24.90 27.00 27.50
Hf/Sm 1.17 1.41 0.32 0.76 0.86 1.15 1.29
Nb/La 0.22 0.52 0.17 0.21 0.33 0.14 0.83
Th/La 0.20 0.22 0.32 0.37 0.32 0.32 0.36
Zr/Hf 11.10 39.20 48.10 125.00 80.50 26.10 32.80
Nb/Ta 8.00 11.50 0.77 0.50 1.38 1.18 11.40
10000 B LR S 5 T AR T (9 ER e
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100 F {EL b AR E PR Ml R AR 27 P TR 23 A1 RS R A H
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Toap B ZE (Flynn and Burnham, 1978; Alderton et al. ,
1980; Bau et al. , 1991; Hopfs et al., 1993). W57
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Fig. 5 Spider diagram of trace elements in pyrite in
polymetallic mineralization of the Xiangshan uranium orefield
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WARIEAE N E F O, SRR R S AR,
2014) HA B K=+

Y/ Ho {H5 ¥ W5 J6 2K, 1 32 BT
PRI 2L AT RS i FE( Bau et al. , 1995). T
AT W5 M IR 5 1 2B R R A7, A [ — PRk &R
"1 Y/Ho. Zr/Hf FI Nb/Ta {H 52 52, A3 & 1k R %2 3
T il e A K o SO RN A ARAE F I, 3 2 o0 &t
SR AR Ay e, I A AN TR RE b )R] — oo & A L
A BRI AZ 40 V5 [ ( Yaxley and Green, 1998), X
BT AR A B A B R R B e 6 ARk IR
WIEE W Y/Ho {40 Aii T 24. 74 ~ 28. 76 2 |d],
Zr/HHH 2345 T 11. 11 ~125. 06 2 [i], Nb/Ta {# 4> 1fi
T0.50 ~ 11.53 2 Ja), P AR Ak 3 AT 520K, 32 1
B AE FH I B o Al AR AR R A B T A
AN RTL AN, 85 G RN R 5 XA A
M 70 Z R L 4 AL, I S AR T 1) R G i
BT R AP AR R
4.3 XHH R ERIER

WA PO TG R R IR — B R LR T
W4 BT B A WA R R s DR R TR 6 E 4l o
B b 48 i G 2 Co Ni 2 28 i [ 4% HU AR Fe ( Deer,
1992; Craing et al., 1998),1f Co 5 Fe HA A AH
T I ER Ak 2 1 5T, DA Co %8 Ni B 25 5 3E N 35 ik
WA, L Sk R Co A1 Ni 25 8 K H: b A ) T
S RS 2 A RS ) R R B AT — € IR 7R . T
NHWFFER I, SRR Co 75 S Ry, 90 T 1) ¥
FERE CREARAR, 1999) . — AR KR Co &
6T 100 x 10 =, i BB ERA Co L4 100 x 10 °
~1000 x 10, Sl M E2H™ Co & T 1 000 x
10 CCHERERH, 20000 LR 2 &/ 1L ik gkn”
Co #5247 84.20 x107° ~142.00 x 10 %, ¥J1109. 45
x 10 °°, YLIIA X 22 & J8 1 A0 B i JE AN =, v g
TE T PRI IR EE . R AR DR B ) Co/Ni {H 1B

HNT 1, K B CVMS B PR 3 Bk 57 11 Co/Ni
AT 5 ~ 100 Z (8], M #GE B B2 1K) Co/Ni
HARATEFIR R, H— KT 1, X & H CoNi /0
TR PR BB 22 S B AR R 3 R 6, AH iR &
ZL B LA Co/Ni [HE N FE, AT 0.42 ~
0.60 2 [a], ¥J{H K9 0. 52, 38/ F 1, 8 AL T UTR &
DRI DX ek Y L C B 6, i B AR X B k™ 9 X
WA EAE Y. Rk, BATIA A A L M X
TR Ok B TR AR B F T B 11 i J AR 5t
7 ST AR ALY R 2 R RS A — 30 Guo et
al. » 2018).

10000

1000

w(Co)/'10

Ww(Ni)/10™°

Ko ALae™ M2 Emo L s B 1 Co — Ni 12
CANTR R B8 10 S 4l v 1% 2017)

Fig. 6 Covariant graph of Co — Ni for pyrite in polymetallic

mineralization of Xiangshan uranium orefield( boundaries of

dfferent geological settings are defined after Leng Chengbiao, 2017)

5 4t
(1) BB B ER LR M, # ook,
Y/HoZx/Hf F1 Nb/Ta FEHEAH /R 2 & @ B i 44
16 b TS A i B b sz 3 5 AR A i 2R L
LREE &4, Hf/Sm.Nb/La Hl Th/La {8 /M T~ 1 HI45AE
RNZ EB mAA I AEA E F s, 58k
W RAAAEE R ZE 57

(2) M R 2 S @0 LB gy il o
# w4 CoNi.Cu.Zn.Cd.Sb.TI.Pb.Bi; & " Co
BRI TE R T PR IRES, Co/Ni (H RN £ 4
JEN B R Bk B TR AR A .
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