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Ore-forming process of the Beiya Fe-Au-polymetallic deposit in western Yunnan:
Constraints from geochemical characteristics of siderite
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Abstract: The Beiya Fe-Au-polymetallic deposit lies in the alkali-rich porphyry polymetallic metallogenic belt of
northwest Yunnan Province. There exist the contact metasomatic-hydrothermal alteration, ore types of metasomatite
and filling veins in the host rocks, which have formed a mineralization system of porphyry. Within cracks and frac-
ture zones of the host rocks or Fe orebody, there are lots of associated sulfide minerals such as siderites, gelenites,
pyrites and chalcopyrites. The siderites at I stage is obviously later than magnetites at [ stage, and they are the
ideal minerals . A study of chalcography shows that the siderites can be classified into three types, i.e., magnetite-
siderite (Sd1), pyrite-chalcopyrite-magnetite-siderite ( Sd2) and gelenite-siderite (Sd3). EPMA and ICP-MS anal-
ysis of siderites show that, during the transition from | -stage to Il -stage, the intermediate or weakly alkaline, high
temperature and oxidation mineralization was converted to weak acid, low temperature and weak reduction, as

marked by the generation of mushketovite. Meanwhile, there were a lot of polymetallic sulfides, with pyrites as the
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main Au-bearing minerals, and Au deposits were simultaneously developed. With the further decreasing tempera-

ture, the ore-forming process completely changed into acidity and strong reduction, with the deposition of gelenites

and siderites. So all types of siderites and earlier magnetites had the same trace ore-metal source and ore-forming

process, resulting from the evolution of ore-forming fluids at different stages and periods, and mineralization oc-

curred at proper location with different ore-forming processes and decreasing temperature.

Key words: siderites; alkali-rich porphyry; chemical typomorphic characteristics; Beiya iron-gold-polymetallic de-

posit; western Yunnan
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Fig. 1 Sketch tectonic map and geological map of the Beiya Fe-Au-polymetallic ore concentrated area ( modified after Pan Guitang
et al. , 2003 , Yunnan Gold Mining Group Co. Ltd. , 2014® and Chengdu Center of Geological Survey, 2015®)
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I —Yangtze block; Il —Dege-Zhongdian block; II—Mangkang-Simao block; 1—Holocene alluvial and proluvial clay containing gravel; 2—Pleisto-
cene elluvium-deluvial calcareous breccia; 3—Miocene and Pliocene fluvial-lacustrine glutenite and clay containing gravel; 4—4th member of the
Beiya Formation; 5—3rd member of the Beiya Formation; 6—2nd member of the Beiya Formation; 7—1st member of the Beiya Formation; 8—Qing-
tianbao Formation; 9—Emeishan basalt; 10—monzogranite porphyry; 11—biotite monzogranite porphyry; 12—lamprophyre vein; 13— attitude; 14—
angular unconformity boundary; 15—measured and inferred geological boundary; 16—measured and inferred faults; 17—location of the concealed

basement fault; 18—KT52 orebody; 19—sampling location (drill hole position) and sample number
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Fig. 3 Mineral alteration and siderite characteristics of the Beiya Fe-Au-polymetallic deposit
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a— I -stage-siderite cementing magnetite breccia (located at 356 m of 56ZK7-1); b—siderites (located at 226.4m of 56ZK34) and magnetites with
the martites, and residual hematites in magnetites’ cleavages (located at 207 m of 56ZK34, reflectivity); c¢— Il -stage-siderites of lamellar crystal,
gelenites, pyrites ( pyrrhotites), chalcopyrites, etc. (located at 148 m of 72ZK17); d—paragenetic characteristics of the I -stage siderites, geleni-
tes, pyrites (pyrrhotites) , chalcopyrites, etc. (located at 440.50 m of 68ZK30) ; e— Il -stage paragenetic siderites and the metal sulfide minerals of
gelenites (located at 179 m of 34ZK4, reflectivity) ; f—II-stage-siderite-veins within porphyritic gelenites (located at 217.5 m of 55ZK19 and 310 m of
557K19, transmissivity); Mag—magnetite; Mgh—magnetic hematite; Lm—limonite; Gn—gelenite; Sp—sphalerite; Ccp—chalcopyrite; Py—pyrite;
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Table 1 Major element composition of siderites by EMPA ( electron microprobe analysis ) in the Beiya Fe-Au-

polymetallic deposit

FE 52 Bt Na, 0 MgO Al, 04 Si0, K,0 Ca0 TiO, Cr, 05 MnO FeO Total
56ZK7-1(238m) Sd1 - 3.96 0.02 0.02 0.02 0.75 0.01 0.04 6.56  47.01 58.38
56ZK7-1(238m) Sdl 0.02 1.52 - 0.04 - 0.56 - 0.01 3.88  53.81 59.83
56ZK7-1(238m) sd1 - 3.16 - 0.05 0.01 2.42 0.01 0.01 5.62  47.66  58.94
56ZK7-1(238m) Sdl 0.01 7.11 0.03 - 0.01 0.53 - 8.55  42.62  58.87
56ZK7-1(238m) sd1 0.03 4.45 0.01 0.04 0.01 0.37 0.01 0.05 7.63  46.13  58.72
56ZK7-1(238m) Sd1 0.15 1.47 0.03 0.02 0.03 0.53 0.01 0.15 3.27 54.42  60.07
56ZK7-1(238m) Sdl 0.06 2.25 0.01 0.04 0.02 0.32 - 5.91 52.17 60.78
56ZK7-1(238m) sd1 0.04 3.79 0.01 0.03 0.02 0.48 0.01 0.01 6.86  49.99  61.23

56ZK7-1B2 Sdl - 2.25 0.03 0.02 - 0.41 0.01 0.01 4.33  50.38  57.45
56ZK7-1B2 sdi - 2.61 - 0.03 0.01 0.64 0.01 7.69  48.40  59.39
56ZK7-1B2 sdi 0.01 4.54 0.05 0.02 - 0.56 - 0.05 6.53  49.28  61.07
56ZK7-1B2 sdl - 4.53 - 0.06 - 0.77 - 0.05 6.97  49.22  61.59
56ZK7-1B2 sdl - 2.73 0.01 0.01 0.01 0.46 - 4.46 52.18  59.86
56ZK7-1B2 sdl - 1.27 - - - 0.33 0.01 0.01 5.19 3.04  59.85
56ZK7-1B2 sdl 0.04 0.25 0.07 1.71 0.01 0.08 0.02 0.11 0.70  78.28  81.26
56ZK7-1B2 sd1 - 2.03 - - - 1.33 - 0.01 5.36 51.98  60.71
56ZK7-1B2 Sdl 0.01 1.54 - - - 0.55 0.01 0.01 2.11  56.14  60.36
56ZK7-1B2 Sd1 - 0.70 0.02 0.01 0.01 0.34 \ 1.18  57.52  59.77
56ZK7-1B2 Sd1 0.01 1.70 0.02 0.09 - 0.60 - 2.55  57.79  62.74
8ZK8(277.09m) Sd2 0.03 2.59 - 0.03 0.01 1.11 0.01 0.03 7.38  47.00 58.19
8ZK8(277.09m) Sd2 0.02 2.94 0.01 0.02 - 1.47 - 0.01 7.21  47.07 58.75
8ZK8(277.09m) Sd2 0.05 3.16 0.01 0.06 0.02 3.07 0.01 0.03 7.46 45.92  59.79
8ZK8(277.09m) Sd2 - 3.32 - 0.04 - 1.71 0.01 0.08 7.31  45.55 58.03
8ZK8(277.09m) Sd2 0.01 3.25 - - - 2.35 - 0.01 7.57  46.84  60.03
8ZK8(277.09m) Sd2 - 2.98 0.01 0.05 0.01 1.10 0.01 0.13 8.10  47.26  59.64
8ZK8(279m) Sd3 - 2.44 0.01 0.02 - 2.85 - 0.03 9.60 47.90 62.85
8ZK8(279m) Sd3 - 2.49 0.04 0.02 0.01 3.49 - 0.07 9.27  47.19  62.57
8ZK8(279m) Sd3 0.03 2.53 - - 0.01 2.13 0.01 9.34  45.15  59.21
8ZK8(279m) Sd3 0.02 2.50 - 0.01 - 2.21 0.01 0.05 9.51  47.07 61.38
8ZK8(279m) Sd3 0.03 2.59 0.02 0.02 - 2.29 0.01 9.41  46.17 60.53
8ZK8(279m) Sd3 - 2.62 - - - 3.08 - 0.07 9.43  46.55 61.75
8ZK8(279m) Sd3 - 2.53 - - - 3.35 - 7.98  46.75  60.61
8ZK8(279m) Sd3 0.01 2.57 0.03 - - 3.85 0.01 0.02 8.71  46.03 61.23
8ZK8(279m) Sd3 0.03 2.88 0.02 - - 1.58 0.02 0.08 8.74  45.60  58.95
8ZK8(279m) Sd3 0.01 2.84 0.02 0.01 - 1.88 - 0.06 9.15 45.8  59.76
8ZK8(279m) Sd3 0.04 2.53 - 0.07 0.03 2.12 - 0.08 9.29  45.96  60.12
8ZK8(279m) Sd3 0.01 2.43 - 0.01 - 2.29 0.01 0.03 9.82  46.39  61.00
797K06( 240m) Sd3 0.02 4.05 - 0.03 - 1.69 0.01 0.01 6.33  47.34  59.49
79ZK06(240m) Sd3 - 3.59 0.01 0.04 - 1.72 0.02 0.02 6.36  48.02  59.77
79ZK06(240m) Sd3 0.01 3.80 - - - 1.58 - 0.04 6.44  47.54  59.40
79ZK06( 240m) Sd3 0.02 4.84 0.01 0.07 - 1.40 0.01 6.31  47.97 60.63
797K06(240m) Sd3 0.01 3.66 0.03 0.04 - 1.62 - 6.93  47.43  59.73
79ZK06(240m) Sd3 - 3.44 0.02 0.02 - 1.62 0.02 0.04 6.99  47.38  59.52
DC308B2-1 Sd3 0.03 1.09 - - - 2.34 - - 8.71 47.65  59.82
DC308B2-1 Sd3 - 0.96 - 0.02 0.01 2.07 - 0.01 8.77  47.59  59.43
DC308B2-1 Sd3 0.07 0.97 - - - 2.51 0.01 8.55  47.23  59.34
DC308B2-1 Sd3 0.03 1.16 - 0.01 - 4.54 - 7.92  46.76  60.41
DC308B2-1 sd3 0.03 1.08 - 0.04 - 3.24 - 0.09 8.44  47.20 60.11
DC308B2-1 Sd3 0.01 1.12 0.01 0.04 0.01 4.68 - 0.09 7.90  47.24  61.09
DC308B2-1 Sd3 0.01 1.05 - - - 2.90 0.02 - 8.33  47.44 59.74
DC308B2-1 Sd3 0.01 1.10 0.02 0.03 - 3.12 - 0.04 8.71  47.23  60.25
DC308B2-1 Sd3 0.04 1.01 0.02 0.03 - 5.51 - 0.06 8.21 45.41  60.30

T AHIRRE 23 W 5 2 3R 7] — Rl 22 ) R — 7 3R OR AR B s A I PR Hvh, €O, RAT TR
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Table 2 Trace elements composition of siderites by ICP-MS ( Inductively Coupled Plasma Mass Spectrometry ) in the
Beiya Fe-Au-polymetallic deposit

FE i i % la C Pr Nd Sm Eu GI Th Dy Ho Er Tm Yb Lu Y  SREE

87K08-279m Sd3  2.41 5.58 0.73 2.97 0.55 1.33 0.47 <0.05 0.19 <0.05 0.09 <0.05 0.06 <0.05 0.89 14.38
79ZK06-240m Sd3  4.60 11.30 1.69 7.28 1.68 1.50 1.60 0.22 1.18 0.17 0.44 <0.05 0.24 <0.05 6.18 31.90
79ZK06-156m Sd3  2.80 5.31 0.58 2.10 0.31 0.64 0.32 <0.05 0.20 <0.05 0.10 <0.05 0.08 <0.05 1.03 12.44
DC308-B, _, Sd3  2.57 5.46 0.71 3.02 0.66 1.03 0.67 0.07 0.34 <0.05 0.15 <0.05 0.10 <0.05 1.76 14.78
86ZK3-412m Sd3 3.78 5.74 0.66 2.27 0.54 1.98 0.67 0.10 0.59 0.11 0.35 0.05 0.30 0.03 2.82 17.17
90ZK5-373m Sd3  3.42 6.46 0.80 3.11 0.74 1.90 0.83 0.12 0.84 0.15 0.53 0.08 0.53 0.07 4.25 19.58
647ZK39447.7m Sd3  1.02 0.93 0.10 0.33 0.08 2.52 0.10 <0.01 0.06 0.01 0.04 <0.01 0.03 <0.01 0.34 5.22
58ZK23-217.4m Sd3 4.01 7.24 0.90 3.42 0.90 1.33 0.97 0.16 0.84 0.13 0.36 0.04 0.27 0.04 3.19 20.61
347K4-179m Sd3  1.88 4.13 0.61 2.56 0.86 0.40 1.10 0.20 1.24 0.22 0.65 0.08 0.53 0.06 5.59 14.52
347ZK4-191m Sd3  37.20 53.10 5.47 17.20 2.25 1.00 1.55 0.16 0.74 0.11 0.39 0.04 0.28 0.04 3.02 119.5
56ZK7-1-B, Sdl  0.40 0.84 0.10 0.62 0.29 0.15 0.49 0.13 1.01 0.24 0.87 0.14 0.98 0.14 6.00 6.40
56ZK34-207m Sdl 0.26 0.53 0.07 0.35 0.19 0.13 0.61 0.16 1.36 0.27 0.89 0.13 0.88 0.10 6.17 5.93
56ZK34-225.3m Sd2 2.74 7.04 1.04 4.43 1.37 0.50 1.99 0.36 2.36 0.39 1.16 0.14 0.88 0.10 9.41 24.50
567ZK34-226.4m Sd2 12.90 26.60 3.10 10.90 2.15 0.36 1.88 0.26 1.56 0.29 0.94 0.13 0.72 0.09 6.16 61.88

FE 5 ) LR/HR dEu  8Ce (La/Yb)y (1a/Sm)y (Gd/Yb)y Y/Ho Rb  Sr Ba Cs Ga Nb Ta Zr

87ZK08-279m  Sd3 16.75 7.99 0.99 27.14 2.76 6.35 >17.8 0.15 4.94 0.59 0.07 3.25 <0.05<0.05 0.25
79ZK06-240m  Sd3  7.29 2.80 0.95 12.95 1.72 5.40  36.4 0.62 10.10 14.00 <0.05 3.75 <0.05 <0.05 0.64
79ZK06-156m  Sd3 16.77 6.21 0.98  23.65 5.69 3.24  >20.6 0.16 7.93 <0.05 0.05 2.96 <0.05<0.05 0.21
DC308-B,, Sd3 10.11 4.73 0.95 17.37 2.45 5.43  >35.2 0.26 2.53 <0.05 0.07 3.15 <0.05<0.05 0.58
86ZK3412m  Sd3 6.80 10.10 0.85  8.51 4.41 1.81 25.6 2.08 20.20 5.65 0.19 9.67 0.17 0.03 1.48
90ZK5-373m  Sd3  5.22 7.41 0.92  4.36 2.91 1.27  28.3 0.49 11.60 2.24 0.16 8.57 0.05 <0.01 0.74
647K39447.7m  Sd3 20.75 86.10 0.68  22.98 8.03 2.70  34.0 0.54 15.80 2.30 0.17 8.31 0.04 <0.01 0.35
587K23-217.4m  Sd3. 6.33  4.35 0.89 10.04 2.80 2.91 245 4.71 6.98 3.45 0.39 9.26 0.26 0.02 4.03
347K4-179m  Sd3 . 2.56 1.26 0.90  2.40 1.38 1.68 25.4 1.92 3.39 2.51 0.27 8.94 0.20 0.02 2.49
347ZK4-191m  Sd3 35.11 1.64 0.87 89.78  10.40 4.499  27.5 0.80 2.43 1.36 0.18 11.60 0.02 <0.01 0.39
56ZK7-1-B, Sdl 0.60 1.22 0.98 0.28 0.87 0.41 25.0 0.34 0.82 0.67 <0.05 2.48 <0.05<0.05 0.29
56ZK34207m  SdI  0.35 1.17 0.92  0.20 0.86 0.56 22.9 0.60 3.81 1.84 0.08 6.61 0.11 0.02 0.86
56ZK34-225.3m  Sd2  2.32 0.93 0.98  2.10 1.26 1.83  24.1 0.43 13.30 7.42 0.10 5.96 0.06 0.02 2.18
56ZK34-226.4m Sd2  9.54 0.55 0.99 12.11 3.78 212 21.2 0.69 10.50 5.06 0.13 4.80 0.08 0.01 1.52
FE i 2 KA Hf  Th v Cr Co Ni  Sc U Ti Sh Ag Cu Zn W Ti/V Ni/Co
8ZK08279m  Sd3 <0.05 <0.05 <0.05 2.30 0.18 8.22 0.71 0.13 2.84 <0.05<0.05 1.70 120 0.38 >56.80 45.67
79ZK06-240m  Sd3  <0.05 0.06 <0.05 1.14 7.11 9.67 2.66 <0.05 8.04 0.06 0.26 9.97 103 1.35 >160.80 1.36
79ZK06-156m  Sd3  <0.05 <0.05 <0.05 0.77 2.85 12.00 0.69 <0.05 4.01 <0.05 0.32 2.63 526 0.30 >80.20 4.21
DC308-B,, Sd3 <0.05 0.06 <0.05 1.62 0.18 8.89 1.32 0.30 11.90 0.09 0.48 8.11 108 0.21 >238.00 49.39
86ZK3-412m  Sd3 0.04 0.11 11.70 6.36 0.87 2.28 0.87 0.31 44.70 1.18 1.09 - 221 - 3.82  2.62
90ZK5-373m Sd3  0.02 0.05 17.40 3.32 0.62 1.78 2.85 0.28 12.80 0.28 0.44 - 70 - 0.74 2.87
647K39447.7m  Sd3 <0.01 0.02 5.96 2.36 0.37 1.68 0.18 0.41 11.10 0.81 1.55 - 47 - 1.86  4.54
587K23-217.4m Sd3 0.12 0.21 9.14 4.8 0.51 2.64 1.49 1.13 98.80 0.17 0.61 - 75 - 10.81 5.18
347ZK4-179m  Sd3  0.07 0.10 8.53 3.78 2.78 3.15 1.30 0.29 74.40 0.70 0.80 - 128 - 8.72 1.13
347ZK4-191m  Sd3  0.01 0.15 5.07 2.18 0.70 2.66 1.48 0.21 9.00 6.31 1.18 - 424 - 1.78  3.80
56ZK7-1-B, Sdl  <0.05<0.05 1.19 2.80 0.58 7.62 5.75 <0.0510.50 0.10 <0.05 2.39 64 0.61 8.82 13.14
56ZK34-207m  Sd1  0.03 0.04 4.93 1.38 0.47 1.22 3.05 0.13 33.60 0.18 0.02 - 86 - 6.82  2.60
56ZK34-225.3m Sd2  0.03 0.05 8.11 3.01 1.91 3.93 3.65 0.50 18.90 0.29 0.03 - 305 - 2.33  2.06
56ZK34-226.4m  Sd2  0.03 0.24 7.03 2.94 2.95 3.39 4.89 0.48 22.00 0.22 1.41 - 184 - 3.13  1.15

M <0.05. <0.01 DX“O”HH&,“ - 7 RAa il bR 23 U5 A Bontony(1984) .
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Fig. 4 Normalized REE patterns of siderite in the Beiya Fe-Au-polymetallic deposit
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Normalized data from Boynton(1984); REE patterns of the alkali-rich porphyries and magnetites after Chengdu Center of Geological Survey, 20159,
REE patterns of the quartz fluid inclusions after Xiao Xiaoniu et al. , 2011.
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Fig. 5 Normalized trace elements patterns of siderite in the Beiya Fe-Cu polymetallic deposit
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normalized data from Wood et al. , 1979; the data of magnetites after Chengdu Center of Geological Survey, 2015@
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Fig. 6 Major and trace elements diagrams of siderite in the Beiya Fe-Au-polymetallic deposit
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