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Abstract: The Shanshulin Pb-Zn deposit is a representative medium-sized deposit in NW Guizhou province. Due to the
relatively low degree of relevant geological and geochemical researches on this deposit, there is still a wide divergence in
understanding of its genesis. In this paper, inductively coupled plasma-mass spectrometry (ICP-MS) was used to analyze
concentrations of trace elements and rare earth elements in sulfides (sphalerite and galena) of the main ore-stage, in order
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to reveal the genetic mechanism of the deposit from the perspective of elemental geochemistry. The results show that Cu,
As, Cd, Sh, TI, and Bi of sulfides were significantly enriched, while other trace elements were relatively depleted or not
obviously enriched. The enrichment of these elements implies that the deposit contains a combination of both medium
temperature elements and low temperature elements, indicating the complexity of ore genesis of the Shanshulin deposit. In
addition, Cu and Cd are much more concentrated in sphalerite, while Sh, Tl, and Bi are more abundant in galena,
suggesting the affinity of these trace elements to relevant host minerals. Sphalerite of the deposit is mainly in color of dark
brown. The sphalerite and galena have the Ga/ln ratios and their mean values of over 1, and the Zn/Cd ratios of around
500, suggesting that the deposit was formed in medium temperature (>250 °C), which is similar to temperatures (135—
292 C) calculated on the basis of the assumed S isotopic equilibrium between sphalerite and galena. The sulfides have
very low total REE contents (SREE<1x10°®), with obvious positive Eu anomalies (5Eu =1.6—2.5), but obvious negative
Ce anomalies (5Ce = 0.2—0.6). The calcite has relatively high total REE contents (SREE = 12.71x10°®), with obvious
negative Eu anomalies (8Eu = 0.7) and Ce negative anomalies (6Ce = 0.25). Therefore, the authors have speculated that
the ore-forming fluids of the Shanshulin Pb-Zn deposit were evolved from reduction to oxidation states. The REE of the
Shanshulin Pb-Zn deposit could be originated from multiple potential source rocks. With the integration of previous
geological and geochemical researches, it is believed that the Shanshulin Pb-Zn deposit could be produced by the mixing
of higher temperature fluids with lower temperature fluids, with the ore-forming process experienced the transformation
from reduced to oxidized environments. It belongs to the epigenetic hydrothermal deposit, and is certainly different to the
typical brine originated MVT deposits in the low temperature basin.

Keywords: trace elements; rare earth elements; sulfide minerals; ore-forming environment; ore genesis; the Shanshulin
Pb-Zn deposit
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Fig. 1. Geological sketch map for the Shanshulin Pb-Zn deposit.
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Fig. 2. Typical macro and micro photographs for ores from the Shanshulin Pb-Zn deposit.
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Fig. 3. The enrichment characteristics of trace elements in sulfides from the Shanshulin Pb-Zn deposit
relative to Clarke values.
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Table 1. Analytical results of trace elements in sulfides from the Shanshulin Pb-Zn deposit

o SSL1 SSL6 SSL11 SSL12 SSL13 SSL14 SSL17 SSL17 SSL6 SSL10 SSL12
- INEER” REZ INBER” IR R INBER” INEER i 75 Jitn I
Sc 0.292 0.202 0.292 0.27 0.224 0.304 0.247 0.247 0.268 0.264 0.267
\ 68.9 63.9 5.06 377 286 288 234 252 0.514 0.468 279
Cr 7.76 5.84 3.75 57.6 26.3 26 20.9 27.6 6.16 4.45 23
Co 0.353 0.125 0.139 0.091 0.117 0.173 0.132 0.055 0.057 0.054 0.044
Cu 161 186 205 198 179 223 276 5.51 5.12 4.68 4.03
Zn 585648 577364 601834 543878 591040 623431 646639 2254 2681 3222 1061
Ga 0.498 3.78 4.04 4.62 4.64 7.39 5.43 0.138 0.023 0.056 0.161
As 94.1 6.35 6.36 28.1 23.3 21.3 17.6 21.4 1.15 0.407 24.1
Sr 10.3 3.69 1.79 222 3.51 5.14 6.36 4.58 0.699 4.24 0.732
Y 0.055 0.094 0.068 0.073 0.066 0.069 0.019 0.08 0.03 0.102 0.034
zr 0.175 0.105 0.33 0.156 0.101 0.223 0.104 0.093 0.054 0.375 0.027
Nb 0.018 0.007 0.004 0.033 0.024 0.021 0.014 0.064 0.001 0.003 0.057
Mo 0.128 0.053 0.149 0.068 0.085 0.115 0.067 0.042 0.094 0.095 0.071
Cd 920 814 879 1077 1183 1050 1565 6.64 6.64 4.47 4.24
In 0.032 0.115 0.084 0.089 0.082 0.138 0.111 0.004 0.006 0.002 0.007
Sn 0.993 7.21 5.23 4.85 5.09 6.95 4.96 0.517 0.301 0.818 1.49
Sh 7.21 24.3 19.2 22.7 23.7 27.8 67.9 79.8 104 152 420
Cs 1.01 0.304 0.144 0.247 0.257 0.165 0.177 0.016 0.003 0.015 0.004
Ba 3.65 717 9.45 12.4 10.3 56.8 63 40.4 37.2 196 53.3
Tl 1.6 0.368 0.393 0.482 0.524 0.199 0.265 49 7.33 6.5 7.56
Pb 7504 921 2023 643 812 2488 1481 554344 612011 538046 571399
Bi 0.213 0.035 0.085 0.035 0.062 0.101 0.053 115 17.4 15.1 18.5
Th 0.009 0.004 0.008 0.015 0.004 0.005 0.004 0.026 0.031 0.039 0.032
] 0.149 0.187 0.216 0.128 0.089 0.245 0.078 0.124 0.055 0.267 0.034
Se 0.967 0.953 1.02 1.07 111 1.09 1.14 0.028 0.021 0.022 0.024
Re 0.03 0.004 0.004 0.011 0.013 0.011 0.016 0.008 0.008 0.035 0.027
Fe 21456 12512 19608 18498 20833 13662 10248 3966 1674 1477 676
Ga/ln 16 33 48 52 57 54 49 35 4 28 23
Zn/Cd 637 709 685 505 500 594 413 339 404 721 250

1) AEER": w(Sc)y 0.202x10°~0.304x10°, w(V)H 5.06x10°~377x10°, w(Cr) 3.75x10°~
57.6x10°, w(Co) 4 0.091x10°~0.353x10°, w(Cu) &y 161x10°~276x10°, w(Ga)y 0.498x10°~7.39x10°°,
W(AS) N 6.35x10°~94.4x10°, w(Sr)A 1.79x10°~10.3x10°, w(Y)# 0.019x10°~0.094x10°, w(Zr)H
0.101x10°~0.330x10®, w(Nb)?y 0.004x10°~0.033x10°, w(Mo)y 0.053x10°~0.149x10°, w(Cd)H
814x10° ~ 1565x10°, w(In)y 0.032x10° ~0.138x10°, w(Sn) A 0.993x10° ~ 7.21x10°, w(Sb) A
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7.21x10°~67.9x10°, w(Cs) Ay 0.144x10°~1.01x10°, w(Ba)#y 3.65x10°~71.7x10°, w(TI) 4y 0.199x10°~
1.6x10°%, w(Pb) A 643x10°~7504x10°, w(Bi)# 0.035x10°~0.213x10®, w(Th) Jy 0.004x10°~0.015x10°°,
U)A 0.078x10°~0.245x10°, w(Se)Ay 0.953x10°~1.14x10°, w(Re)Jy 0.004x10°~0.03x10°, w(Fe)Hy
10248x10°~21456x10°. AJ WLINEEH V. Cr. Cu. As. Cd. Sb. Pb l Fe K& EAHN LB ME TE
EEEE.

2) FTESH: w(Sc) Ny 0.247x10°~0.268x10°, w(V)Jy 0.468x10°~279x10°, w(Cr)Jy 4.45x10°~
27.6x10°, w(Co)A 0.044x10°~0.057x10°, w(Cu)Jy 4.03x10°~551x10°, w(Zn)y 1061x10°~
3222x10°, w(Ga)Jly 0.023x10°~0.161x10°, w(As)y 0.407x10°~24.1x10°, w(Sr)y 0.699x10°~
4.58x10°, w(Y)A 0.03x10°~0.102x10°, w(Zr)>4 0.027x10°~0.375x10°, w(Nb)>y 0.001x10°~
0.064x10°, w(Mo)A 0.042x10°~0.095x10°, w(Cd)Ay 4.24x10°~6.64x10°, w(In)Jy 0.002x10°~
0.007x10°, w(Sn) 0.301x10°~1.49x10°, w(Sb)y 79.8x10°~420x10°, w(Cs)y 0.003x10°~
0.016x10°, w(Ba)Jy 37.2x10°~196x10°, w(Tl)>A 4.9x10°~7.56x10°, w(Pb)Jy 538046x10° ~
612011x10°, w(Bi)N 11.5x10°~18.5x10°, w(Th)>A 0.026x10°~0.039x10°, w(U)’y 0.034x10°~
0.267x10°, w(Se)y 0.021x10°~0.028x10°, w(Re)» 0.008x10°~0.035x10°, w(Fe)Xy 676x10°~
3966x10°. AW J5HH V. Cr. Zn. As. Cd. Sb. Ba. TI Ml Fe (& EHX HEMETTE S BHE.

FERDHSEE B s R I - (3D, INERR A7 HY o Cuy As. Cd. Sb. TI A1 Bi HiXF & 4E,
HEeME TR T M A HEEE. ki, Cufl Cd 72 NEH L8 &4, M Sb. TIAI
Bi WA, E&HELE N . EHKEREE T LLE BN+ Cu M1 Cd 5 Zn 2 IEAHKCR
(H .

32 WtmE
Wi £ ICR AT AR T3 2.
2 URWEHTERBUORTRARITEMTER (We/10°)

able 2. Analytical results of rare earth elements in sulfides and calcite samples from the Shanshulin Pb-Zn deposit

SSL1 SSL6 SSL11  SSL12  SSL13  SSL14  SSL17  SSL17 SSL6 SSL10  SSL12 SSL6

> =]
e BT VBT VBT NERRT NERDT NERET BT TETRT IERT JTEWT T TR
La 0.041 0.045 0.078 0.052 0.070 0.293 0.245 0.271 0.118 0.267 0.359 2.230
Ce 0.048 0.014 0.017 0.011 0.039 0.062 0.074 0.042 0.026 0.037 0.039 1.450
Pr 0.010 0.005 0.008 0.004 0.007 0.029 0.018 0.013 0.003 0.013 0.003 0.872
Nd 0.055 0.085 0.074 0.160 0.127 0.205 0.098 0.074 0.019 0.049 0.041 4.25
Sm 0.022 0.051 0.014 0.055 0.052 0.052 0.059 0.065 0.057 0.059 0.050 0.870
Eu 0.010 0.022 0.008 0.021 0.019 0.008 0.014 0.027 0.018 0.025 0.019 0.219
Gd 0.013 0.024 0.017 0.021 0.013 0.004 0.005 0.030 0.013 0.016 0.013 0.935
Th 0.002 0.002 0.005 0.003 0.002 0.004 0.002 0.003 0.003 0.006 0.003 0.138
Dy 0.018 0.014 0.010 0.021 0.019 0.019 0.008 0.005 0.011 0.004 0.008 0.784
Ho 0.002 0.004 0.003 0.004 0.002 0.008 0.002 0.003 0.001 0.003 0.003 0.179
Er 0.004 0.011 0.003 0.006 0.002 0.013 0.003 0.003 0.006 0.004 0.004 0.434
Tm 0.002 0.003 0.002 0.001 0.002 0.002 0.001 0.003 0.003 0.003 0.002 0.047
Yb 0.007 0.003 0.004 0.005 0.006 0.005 0.004 0.019 0.010 0.019 0.006 0.272
Lu 0.001 0.002 0.002 0.004 0.001 0.002 0.002 0.001 0.003 0.005 0.010 0.034
YREE 0.24 0.29 0.25 0.37 0.36 0.71 0.54 0.56 0.29 0.51 0.56 12.7
YLREE 0.19 0.22 0.20 0.30 0.31 0.65 0.51 0.49 0.24 0.45 0.51 9.89
~HREE 0.05 0.06 0.05 0.07 0.05 0.06 0.03 0.07 0.05 0.06 0.05 2.82
ZLREE/XHREE 3.8 3.5 43 4.7 6.7 11.4 18.8 7.3 4.8 7.5 10.4 35
(La/Yb)n 3.9 10.1 13.1 7.0 7.9 39.5 413 9.6 8.0 9.5 40.3 55
(La/Sm)n 1.2 0.6 35 0.6 0.8 35 2.6 2.6 13 2.8 4.5 1.6
(Gd/Yb)x 15 6.5 34 3.4 1.7 0.6 1.0 1.3 1.0 0.7 1.7 2.8
SEu 1.81 1.92 1.59 1.89 2.23 1.70 2.49 1.87 2.02 2.49 2.28 0.74

5Ce 0.57 0.22 0.16 0.18 0.42 0.16 0.27 0.17 0.33 0.15 0.29 0.25
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Fig. 4. Binary plots for various elements in sphalerite.
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Fig. 5. REE distribution patterns for sulfides and calcite from the Shanshulin Pb-Zn deposit.
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Fig. 6. REE distribution patterns for various potential source rocks from the study region.
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