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Abstract; The Hongshan copper polymetallic large deposit located in the Zhongdian area, Northwest Yunnan,
includes Hongshan, Hongniu and Enka three ore blocks. The ore bodies are in forms of stratiform or stratoid
distributed in garnet skarn, hornfels, marble and siliceous rocks, and disseminated or as veinlets in the buried
granite porphyry. Since the genesis of this deposit is still under debate, we thus conducted the analysis of
minor and trace elements’ concentration for pyrite and pyrrhotite from this deposit by insitu LA-ICPMS. The
new results will be combined with previous studies to further constrain the genesis of Hongshan deposit. Our
new results show that different kinds of pyrite generally have distinguished trace elemental compositions. The
pyrite from siliceous rocks are usually rich in Ti, Mn, Ni, As, Pb, Bi, Te, Ag and Sb, with Co/Ni ratio less
than 1, displaying the signature of the sedimentary pyrite. Whereas that pyrite from the skarn ores is rich in
Co and Cu, but depleted in As, Se and Sb that are typical low temperature elements, mostly with Co/Ni
greater than 1, which suggested that it was formed in a magmatic-hydrothermal system. In addition, the
pyrrhotite from siliceous rocks generally has similar contents of Co, Ni, Se. and other trace elements with
those of pyrite from same samples, suggesting that their chemical compositions are mainly controlled by their
sedimentary environments. However, the pyrrhotite from skarn ores is especially depleted in Co compared to
the pyrite. This could result from the exhaustion of Co in the residual magmatic-hydrothermal fluid, which
was taken by the early-formed pyrite. In this study, we also identified that Co, Ni, Se and As occurred as
solid solution in pyrite structure, while Pb, Bi, Ag, Cu, Mn and other elements mainly occurred in the
microscopic inclusions. Pb and Bi display a good positive relationship both in the pyrite and pyrrhotite from the
Hongshan deposit, suggesting that they may have been as microscopic inclusions or nano-particles in such two
sulfides. In combination with the field geological feature and previous studies, we proposed that there were at
least two stages of mineralization occurring at the Hongshan deposit. One was associated with the Late
Triassic sedimentary diagenesis, which led to the enrichment of Ag, Pb and Bi for the sedimentary pyrite; the
other was related to the Cretaceous magmatic-hydrothermal activities, which brought a large number of Cu and
Mo to the deposit, and then formed a complex Cu-Mo-Pb-Zn-Ag mineralization system in the Hongshan deposit.
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Table 1  Ore samples and their descriptions
(G
HS11-1 Cu , - - -
HS11-2 Cu , - - -
HS11-4 Cu s - - -
HS11-5 Cu s - - -
HSMo Cu-Mo N - - -
HS95-9 s -
(3,51, Ti,Mn,Co,Ni,Cu,
CODES o Zn.As.Se,Ag.Cd,Sn,Sb, Te ,Pb,Bi,Gd, Hf, Ta , Au
) Tl 20
s 35~50 pm, 5 Hz, 4~
, 5]/cm*, 90 s,
. 30 s 60 s R
213 nm Agilent 4500 Fe
. (0.7 L/min), , Longerich  ©* .
(1.23 L/ SILLS s
min) ’ ° 2 N 3) ’
STDGL-2b2"7, 15%.,
2 LA-ICPMS
Table 2 LA-ICPMS trace element concentrations for pyrite from the Hongshan deposit
w“/]O’6
Co/Ni
Ti Mn Cu Co Ni Zn As Se Sn Pb Bi Te Tl Ag Cd Sb Au
HS11-1-C1-Pyl# 0.95 — 64.9 2.89 14.23 0.62 4.43 13.4 0.10 2.37 2.32 0.71 — 0.06 0.03 — 0.01 0.2
HS11-1-C1-Py2  0.89 — 0.62 4.40 4.70 0.17 9.92 14.7 0.08 0.92 1.44 0.64 — — — — — 0.9
HS11-1-C2-Pyl  0.84 — 0.17 20.9 11.92 0.22 11.4 15.5 0.06 0.73 1.71 0.54 0.01 0.01 — — — 1.8
HS11-1-C2-Py2  0.99 — 0.19 11.2 0.29 0.19 7.32 8.54 0.08 0.32 0.65 0.13 — —  0.03 — — 38.4
HS11-1-C3-Pyl  1.07 3.92 8.24 0.21 2.37 23.7 0.07 0.20 0.15 0.50 0.5
HS11-1-C3-Py2  0.93 10.4 1.14 0.20 1.92 18.7 0.10 0.12 0.09 9.1
HS11-2-C1-Pyl  0.82 — — 262 0.79 0.18 10.1 7.57 0.08 0.29 0.78 0.27 — — — — — 334
HS11-2-C1-Py2  1.09 — — 45,0 12.33 0.10 12.7 26.0 0.09 0.05 0.09 1.03 — — — — — 3.7
HS11-2-C2-Pyl  0.80 — — 585 0.34 0.16 3.30 8.55 0.08 0.20 0.41 — — —  0.03 — — 1743
HS11-2-C2-Py2# 0.91 6.10 4712 204 1.39 29.92 6.00 14.0 0.81 2.29 13.1 4.91 0.01 3.88 0.16 — 0.02 147
HS11-4-C2-Pyl  0.72 0.13 220 0.96 0.16 12.8 17.8 0.08 0.74 1.97 0.35 230
HS11-4-C2-Py2# 0.73 5.33 559 56.0 0.62 4.07 2.23 16.1 0.12 3.66 10.1 2.28 0.03 0.43 0.02 0.01 90.5
HS11-5-C1-Pyl  0.83 — 0.13 72.9 1.96 0.13 5.08 12.3 0.11 0.83 2.17 0.32 — — — — — 37.2
HS11-5-C1-Py2  0.83 — 0.09 2.84 0.39 0.12 3.74 13.2 0.10 0.68 1.33 0.51 — — — — — 7.3
0.89 5.72 593 107 4.24 2.60 6.66 15.0 0.14 0.96 2.59 1.02 0.01 1.10 0.06 0.02 0.01 189
0.11 0.38 1467 158 4.96 7.64 3.85 5.16 0.19 1.03 3.79 1.29 0.01 1.62 0.06 0.00 0.00 442
HS95-9-C1-Pyl# 1.08 9.13 72.4 94.5 202 0.28 14.0 19.0 0.45 36.3 11.5 0.30 44.5 68.3 0.04 653 0.03 0.47
HS95-9-C2-Pylx 8.86 9.36 2.24 24.4 39.13 1.47 275 28.4 0.21 18.1 27.1 4.21 0.12 0.33 1.42 0.01 0.62
HS95-9-C2-Py3* 5.98 50.30 1.31 1.04 1.65 4.53 782 43.2 0.23 15.6 22.2 11.5 0.01 0.37 0.74 0.63
HS95-9-C3-Pyl  0.63 0.57 0.13 96.0 240 0.53 — 20.9 0.11 0.22 0.21 — 0.06 0.55 — 0.01 — 0. 40
HS95-9-C3-Py2  3.77 2.36 0.41 119 324 0.85 1.30 29.0 0.20 4.80 1.62 0.31 0.13 13.5 — 0.44 0.01 0.37
4,06 14.40 15.3 67.0 161 1.53 268 28.1 0.24 15.0 12.5 4.09 8.96 16.6 0.04 131 0.01 0.50
3.08 18.30 28.5 45.8 122 1.55 316 8.52 0.11 12.5 10.8 4.58 17.8 26.3 0.00 261 0.01 0.11
HY Cu ;K Mn Ti P (BDL) , s B
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3 LA-ICPMS

Table 3 LA-ICPMS trace element concentrations for pyrrhotite from the Hongshan deposit

/106
wy/10

Ti Mn Cu Se Ag Sn Pb Bi Zn Ni Co Sb As Cd Te Au

HS11-1-C1-Pol ~ 0.45 0.32 0.21 13.6 0.37 0.13 1.13 0.60 0.34 4.93 — — — 0.03 0.19 —
HS11-1-C1-Po2  0.88 0.52 0.57 11.9 0.07 0.10 0.25 0.13 0.35 5.11 — — — 0.02 — 0.01
HS11-1-C2-Pol  0.38 0.52 0.43 10.8 0.17 0.14 0.12 0.07 0.17 4.73 — 0.03 — — — —
HS11-1-C2-Po2  0.82 0.26 0.25 12.2 0.60 0.13 1.02 1.33 0.43 4.78 — 0.04 — — — 0.03
HS11-2-C1-Pol  0.45 0.40 0.57 14.2 0.16 0.14 0.12 0.06 0.21 5.15 — — 0.47 0.03 0.35 —
HS11-2-C1-Po2  0.75 0.46 0.29 14.1 0.16 0.15 0.54 0.37 0.32 5.00 0.02 0.18
HS11-2-C2-Pol  0.43 0.62 1.06 12.8 0.12 0.15 0.18 0.12 0.20 5.06 0.02 — — — 0.30 —
HS11-2-C2-Po2  0.73 0.39 0.35 15.5 0.40 0.15 0.50 0.75 0.19 5.12 — — — — — —
HS11-4-C1-Pol ~ 0.50 0.66 1.96 17.7 0.18 0.19 0.89 0.53 0.11 5.21 0.05 0.56 0.55
HS11-4-C1-Po3  0.46 0.26 1.11 17.7 0.08 0.17 0.38 0.27 — 6.34 0.30 — 1. 00 — 0. 60 —
HS11-4-C1-Po4  0.38 0.24 0.36 18.8 0.23 0.17 0.48 0.53 0.15 4.57 — — — — — —
HS11-4-C2-Pol  0.61 0.14 0.57 16.0 0.34 0.16 0.44 0.35 0.16 5.05 — — — — 0.32 —
HS11-4-C3-Pol  0.35 0.39 1.33 16.0 0.13 0.16 1.05 0.66 5.18 0.51
HS11-4-C3-Po2  0.87 0.24 0.27 17.0 0.53 0.14 0.47 0.68 0.23 4.90 — 0.03 — — — —
HS11-5-C1-Pol ~ 0.58 1.66 0.99 15.5 3.02 0.16 3.98 3.54 1.82 4.67 0.22 0.07 0.31
HS11-5-C1-Po2  0.57 0.43 — 15.1 0.61 0.20 1.41 1.05 0.28 4.58 — 0.03 — — — —
HS11-5-C2-Pol  0.75 0.70 0.43 15.2 0.20 0.17 0.46 0.35 0.24 4.71 — 0.03 — — 0. 38 —
HS11-5-C2-Po2  0.40 0.36 0.33 13.4 0.52 0.17 1.72 2.23 0.38 4.63 — 0. 04 — — 0.62 —
HS11-5-C3-Pol ~ 0.69 0.62 0.83 19.9 0.06 0.19 6.90 3.15 0.40 4.73 — 0.05 — — 0. 36 —
HS11-5-C3-Po2 — 0.95 0.48 21.4 0.84 0.18 24.3 25.2 1.05 4.29 — 0.06 — — 0.53 —
0.58 0.51 0.65 15.4 0.44 0.16 2.32 2.10 0.39 4.94 0.18 0.04 0.63 0.03 0.39 0.02
0.17 0.32 0.44 2.67 0.63 0.02 5.28 5.39 0.40 0.40 0.12 0.01 0.21 0.00 0.14 0.01
HSMo-C1-Pol ~ 0.42 7.62 0.16 14.3 0.07 0.18 0.27 0.21 0.26 69.9 18.2 0.06 — — 0. 68 —
HSMo-C2-Pol ~ 0.43 6.77 0.23 14.0 0.20 0.18 0.51 0.44 0.23 56.9 13.6

HSMo-C2-Po2  0.55 8.38 0.25 17.1 0.29 0.18 0.99 0.83 0.16 67.8 13.2 o0.04 —  —  —  —
0.47 7.59 0.21 15.1 0.19 0.18 0.59 0.50 0.22 64.9 15.0 0.05 0.68
0.06 0.66 0.04 1.42 0.09 0.00 0.30 0.26 0.04 572 2.25 0.01 0. 00
HS95-9-C1-Pol  0.65 0.50 19.4  0.04 0.20 0.43 0.27 0.29 266 108 0.03
HS95-9-C2-Pol  0.77 0.13 — 32,5 0.17 0.16 2.91 1.36 0.14 287 118 o0.11 —  — 0,42 —
HS95-9-C2-Po2 0. 46 0.12 30.9 0.48 0.19 2.79 3.84 0.14 278 132 0.10 0.29
0.63 0.32 0.12 27.6 0.23 0.18 2.04 1.82 0.19 278 119 0.08 0.35
0.13 0.18 0.00 5.86 0.19 0.02 1.14 1.49 0.07 8.78 9.64 0.04 0.06
,
4 .
,  LA-ICPMS
4.1 , ”
: (D) , .
;(2) ,
;(3) ( ,
Do ,
, (HRTEM)
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