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Abstract The Fule Pb-Zn deposit is located in the southeastern part of the Sichuan-Yunnan-Guizhou ( SYG) Pb—Zn mineralization
district  which hosts significant Pb-Zn-Ag-dispersed elements deposits in China. Applying detailed mineralogy and elements analysis to
the gangue minerals of the Fule Pb-Zn deposit this paper reveals the characteristics and sources of ore-forming fluid to help us
understand the mechanism of mineralization. Based on the paragenesis sequence of the Fule deposit the major elements and trace
elements of gangue minerals were analyzed via Electron Probe Microanalyze ( EPMA) and Laser Abrasion ( LA) HCPMS. Trace
elements of carbonate in the Fule deposit reveal that there is a trend from various Eu anomaly to positive Eu anomaly and from a strong
negative Ce anomaly to weak negative Ce anomaly indicating precipitation of sulfide and dolomite are due to decreases of f,
temperature and pH. There is a trend of decrease of Fe and Mn from early to late mineralization indicating Fe and Mn were released in
a low pH environment and incorporated into dolomite. The Sr concentration of carbonate show an increasing trend indicating the fluid
continued to react with the wall rock incorporating more Sr. Dolomite and calcite Fe-Sr and Mn-Sr illustrate that there are mixing of
two fluids. We propose that mineralization is a result of mixing of metal—rich oxidized acidic fluid and reduced alkaline fluid.

Key words Cathodoluminescence; LA-ICPMS analyze of trace elements; Hydrothermal dolomite; Calcite; Fule Pb-Zn deposit
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Fig. 1 Sketch region geological map of the Fule Pb—Zn deposit ( modified after Si 2005; Li 2016)

1-Triassic Guanling Fm. ; 2-Permian Xuanwei Fm. ; 3-Permian Emeishan Fm. ; 4Permian Yangxin Fm. ; 5-Tuoniu-Duza anticline; 6-faults;
7+iver; 8Fule Pb~Zn deposit; 9-¢ity/county
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Fig.3  Occurrences of breccia in the Fule Pb-Zn deposit

(a) hydrothermal dolomite cement host rock and sphalerite clasts

both were cut by late calcite; ('b) DI grey dolostone and D2 altered
dolostone  disseminated by sphalerite and galena HD3 grey dolomite
coexist with sphalerite and galena; ( c¢) D2 altered dolostone
disseminated by sphalerite both are cut by HD3 grey dolomite; ( d)

HD3 grey dolomite coexist with sphalerite postdated in D1 grey
dolostone.  Abbreviations: HC-host carbonate; Sph-sphelerite; Ga-

galena; Dl-grey dolostone;  D2-altered dolostone;  HD3-grey
hydrothermal dolomite; HD4-white hydrothermal dolomite
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Fig.4 Photograph of ore-stage samples from the Fule Pb-Zn deposit

(a) HD4 white dolomite coexist with sphalerite replacing HD3 grey dolomite; ( b) sphalerite and HD3 grey dolomite crosscut by HD4 white
dolomite; (c¢) sphalerite cut by late C5 calcite; Abbreviations: C5-ate calcite
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Fig.5 Transmitted light and CL photomicrographs of carbonate in the Fule Pb-Zn deposit

(a b) transmitted light and CL photomicrographs of dark CL cut by dull to moderately bright CL. HD3 grey dolomite; (a) D2 altered dolostoone
with high porosity; (d) bright CL HD3 grey dolomite dull CL HD4 white dolomite; ( e) sphalerite replacing D2 dolostone cut by HD4 white
dolomite; (f) late C5 calcite nonluminescence-dull CL
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Fig.6  Ternary diagrams showing the composition of carbonates
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Table 1  Summary of electron microprobe analyses of carbonate
in the Fule Pb~Zn deposit
D1 D2 HD3 HD4 C5
42 49 102 107 42
0.502  0.491 0.494 0.493 0.993
XCaCO0, 0.013 0.012 0.015 0.006 0.006
0.484 0.479 0.478 0.476 0.964
0.549 0.546 0.562 0.513 0.998
0. 498 0. 508 0. 505 0.506 0.007
XMgCO, 0.013 0.012 0.015 0.006 0.006
0.450 0.453  0.437  0.487 0.002
0.515 0.520 0.521 0.524 0.036
0.001  0.001  0.001 - -
XFeCO, B - 0- 001 N -
0. 002 0. 001 0. 006 0. 001 -
: X -
708.7 x10°° 452.7 x10™° HD3
Mn Fe; Sr
7.777 x 1076 36.99 x 10°° 19.50 x 10°%,
HD4 (n=10) Mn 61.1x10°° 119.1 x
10°° 81.21 x 10°°; Fe 127.0 x 10°¢
471.5 x10°° 176.5 x 107°; Sr
52.65x10°° 87.02 x107° 63.04 x10°°,
(n=12) Mn 11.11 x107%  65.20 x107¢
42.02 x107%; Fe 115 x10°°
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Table 2 Summary of LAACPMS carbonate trace element concentration ( x 10 °) of the Fule Pb-Zn deposit
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Na Al Si K Mn Fe Zn Sr Ba Pb
fl16lgdl4 D1 111.9 146. 8 687.2 54. 84 56. 96 467.3 4. 445 45.70 0. 805 0.765
fl16lgdl 2 D1 130.7 55.13 378.5 27.35 61. 65 402.7 1. 966 20. 53 0. 380 0.114
fl161gd1 3 D1 93.35 69. 14 504.7 9. 091 55.67 334.8 4.424 49.25 0.431 0. 140
149dgd1 47 D1 250.7 23.33 688.7 35.12 75.34 326. 4 7.372 8.297 0. 205 0. 051
149dgd1 48 D1 159. 8 233.3 1150 143.6 91.27 657.6 8. 160 6. 983 0.916 0.414
f158bred2-5 D2 75. 65 27.50 661.7 11.83 78.02 340.7 1.385 17.73 0. 266 0. 063
{158 bred2-6 D2 108. 6 39.75 767.5 32.88 82.21 383.1 1. 941 9.971 0.708 1. 430
158 bred27 D2 115.7 238.4 1221 126. 4 82.57 358.0 1.183 16. 42 0.928 -
fl64disd240 D2 166. 2 91. 67 682. 4 54.21 98. 40 503.6 1.815 15.75 0.202 0.027
flo4disd27 D2 157.2 28.38 674. 4 43.69 71.24 373.4 1.248 4.674 0.093 -
fl07hd14 HD3 218.2 15.08 611.3 17.74 129. 6 708.7 3.461 8. 835 0. 155 0.298
fl07hd1-23 HD3 151.6 66.97 377.0 11.31 101. 5 142.1 0. 589 33.17 0. 246 0.019
f1140hd140 HD3 101.9 24.74 757. 1 8. 605 81. 64 408.5 1.398 21.75 0.268 0.055
f1140hd1-6 HD3 164.7 28.95 589.1 16. 15 104.2 440.7 1.014 23.40 0.315 0.172
f1140hd1-8 HD3 203.2 23.89 723.7 20. 63 96. 85 542.8 0.939 21.19 0.591 0.070
fl42hd144 HD3 249.0 16.23 685.0 20.75 91.96 469. 6 1. 464 8. 884 0.286 0.125
f142hd146 HD3 132.0 24.57 693.9 15. 36 75.02 428.8 1.462 17. 41 0.263 0. 104
fl42hd147 HD3 186. 8 29. 69 824.9 23.00 97.28 610.4 1. 116 10. 33 0.424 0. 097
fl42hd148 HD3 302.6 23.35 682. 1 49. 67 95.22 673.6 0. 804 8.365 0.331 0. 004
fl45hd149 HD3 123. 4 25.08 524.7 11.67 80. 41 322.8 2. 880 25.99 0. 591 0.262
f145hd120 HD3 88.37 22.10 487.5 9. 404 93.87 423.8 1. 640 17. 49 0.521 0. 031
fl45hd1-21 HD3 32.03 40. 47 844.3 0.838 134.8 491.7 9.617 31.43 0. 464 0.088
f184hd1-5 HD3 155.3 17. 86 504.0 22.39 68. 03 341.4 3.862 7.777 0.382 0.174
f184hd1-6 HD3 112.6 66. 71 537.2 8. 155 82.81 333.2 1. 031 36.99 0.710 0.132
flo7hd244 HD4 115.7 136.0 222.8 11.83 75. 60 144.3 0.911 64.57 0.267 0. 067
fl07hd246 HD4 128.1 207.1 483.0 12.97 61.10 158.3 1. 647 53.36 0.523 0.024
fl07hd220 HD4 85. 86 181.9 506. 2 12.53 88.13 142. 6 0.593 67.83 - 0. 050
f1110hd2-5 HD4 122.6 84.71 600. 1 12.21 74.51 140. 6 0. 830 52.65 0.275 0. 024
fl110hd2-6 HD4 187.6 137. 1 745.2 17.97 71.40 127.2 0. 908 63.73 0.370 0. 044
fl110hd27 HD4 181.7 151.2 504.8 18. 88 68.23 127.0 1. 100 63.52 0.338 0. 185
f1140hd248 HD4 137.9 111.1 857.5 10. 21 72.39 134. 4 0. 595 54.88 - -
f1140hd249 HD4 31.52 199. 8 517.9 1.413 115.8 142. 1 1. 062 87.02 0.493 0. 057
fl45hd247 HD4 144.8 165.5 749.7 12. 14 65.76 177.3 0.974 60. 22 0.249 0. 005
f145hd249 HD4 54. 65 106. 7 648.9 8.292 119.1 471.5 9. 890 62. 64 0. 693 0. 143
fl110cal 2 C5 7.967 4.225 541.1 2.396 20.70 213.3 0.377 290.3 0.292 0. 085
fl110cal-5 5 4.893 3.744 491.8 0.278 11. 11 115.0 0.011 185.8 0. 103 0.016
f1110cal-8 5 3.997 7.943 700. 0 0.322 24.12 209. 3 - 410.9 0.383 0. 002
fl43 cal-3 (03] 16. 55 0.138 903.9 1.934 65.20 259.2 2.545 66. 31 0. 023 0. 081
fl43 cal-6 C5 46. 60 0.817 800. 8 1. 407 50. 24 238.8 0.332 87.78 0.229 0.075
fl43 calq (03] 177.2 - 513.4 12.99 64. 15 260. 8 0. 102 81. 19 0. 495 0. 046
fl45cal4 (03] 0.510 6.719 673.2 - 26. 14 262.6 0. 424 418.9 0.226 0. 020
fl45 cal 7 C5 5.174 5.443 745.2 2.584 26. 81 254. 1 0. 560 384.0 0.178 0. 062
fl45cal-8 5 0.390 7. 667 693.0 0. 357 27.88 276.7 2.529 395.0 0.168 0.727
{167 cal-6 C5 370.6 - 541.5 31.23 59. 00 230.5 0. 455 57.40 0. 683 0.078
fl67 cal 7 C5 157. 1 0.205 896.9 14. 80 63.91 228.6 0.443 48. 69 0. 101 0. 065
fl67 cal-8 C5 44.21 0. 288 767. 4 4.314 64.95 254.6 0.496 49.52 - 0.031
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Fig.7  Chondrite-normalized REE patterns of LA-CPMS data in the Fule Pb—n deposit ( normalization values after
McDonough and Sun 1995)

D1-grey dolostone; D2-altered dolostone; HD3-grey hydrothermal dolomite; HD4-white hydrothermal dolomite; CS5-ate stage calcite.
Abbreviations in Fig. 8 are same as in this figure
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