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Abstract

The Yaoan gold deposit is located in the middle domain of the Jinshajiang-Ailaoshan alkali-rich porphyry
belt as well as at the junction of the western margin of the Yangtze Plate and the Sanjiang Tethys orogenic belt. Its
mineralization is closely related to Cenozoic alkali-rich magmatic-magmatic hydrothermal fluid. It is found that
mineralization only exists in biotite syenite porphyry, but quartz syenite porphyry which is closely related to bio-
tite syenite porphyry has not been mineralized. To explore the difference in mineralization between biotite syenite
porphyry and quartz syenite porphyry, the authors used electron microprobe analysis and LA-ICP-MS method,

chose apatite in fertile biotite syenite porphyry and barren quartz syenite porphyry as the research object, com-
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pared the differences of magmatic evolution recorded by apatite and related information reflecting magmatic re-
dox conditions and fluid activity. The experimental data show that the apatite of fertile porphyry and barren por-
phyry are both magmatic apatite and rich in F and lack of Cl; the apatites from ore-rich porphyry have relative
large variation in 0Eu and low 8Ce, indicating that ore-rich porphyry has higher oxygen fugacity than barren por-
phyry. The high oxygen fugacity inhibits the precipitation of gold in the form of sulfide, thus enhancing the ore-
forming potential of the rock. The high Ce/Pb and low Th/U ratios of apatite in the mineralized porphyry indicate
that the ore-forming porphyry has strong fluid activity and magmatic differentiation during the formation of mag-
ma. The development of hornblende and biotite in ore-rich porphyry indicates that magma has high water content.
The high water content could increase the solubility of metal elements in the melt. The high water content magma
could easily reach water saturation in the process of evolution, and fluid exsolution is important for mineraliza-
tion. In a word, high oxygen fugacity, high water content and strong fluid activity constitute the key factors for
mineralization in Yaoan area.

Key words: geochemistry, apatite, electron microprobe, LA-ICP-MS, oxygen fugacity, trace elements,

Yaoan gold deposit
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Fig. 1

Tectonic framework of western margin of the Yangtze Craton(a)and distribution of Cenozoic Alkali porphyry

in west Yunnan(b, after Lu et al.,2013)
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Fig. 3 Hand specimen and microscopic characteristics of biotite syenite and quartz syenite porphyry from the Yaoan gold deposit

a. Hand specimen of biotite syenite porphyry; b. Microscopic characteristics of biotite syenite porphyry; c. Apatite BSE photograph of biotite syenite
porphyry; d. Hand specimen of quartz syenite porphyry; e. Microscopic characteristics of quartz syenite porphyry; f. Apatite BSE photograph
of quartz syenite porphyry
Qtz—Quartz; Ap—Apatite; Mt—Magnetite; Bt—Biotite; Aln—Allanite
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Fig. 4 Apatite F-Cl(a) and 8Eu-6Ce(b) diagram from feitile and barren porphyry in the Yaoan gold deposit
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Table 1 Electron microprobe analyses of apatite in the Yaoan biotite syenite porphyry and quartz syenite porphyry

P BRRERIES (B 5)
2 3 4 5 6 7
w(B)/%
F 3.621 3.383 3.697 3.063 3.064 3.444 3.731
Cl 0.181 0.171 0.247 0.203 0.226 0.303 0.144
CaO 54.512 51.991 54.101 54.345 53.827 52.229 53.028
P,0, 40.921 40.062 41.272 40.421 38.017 37.169 38.922
MgO 0.015 0.027 0.014 0.028 0.024 0.028 0.015
AL O, 0.011 0.018 0.002 0.007 0.026 0 0
K,0 0.012 0.056 0.023 0.016 0.018 0.006 0.012
Sio, 0.658 0.347 0.281 0.499 0.849 0.807 0.613
SO, 0.512 3.260 0.439 0.66 0.43 0.557 0.150
FeO 0.102 0.979 0.219 0.023 0.205 0.163 0.111
F/C1 20.01 19.78 14.97 15.09 13.56 11.37 2591
2 100.545 100.294 100.295 99.265 96.686 94.706 99.726
ARIERKBES (F057)
Moy
1 2 3 4 5 6 7
w(B)/%
F 3.607 3.778 3.622 2.762 3.801 3.551 3.282
Cl 0.206 0.178 0.137 0.214 0.204 0.218 0.241
CaO 53.161 54.649 54.583 53.995 53.455 53.744 53.187
P,0Oq 39.212 41.326 40.051 38.813 40.524 40.718 40.599
MgO 0.024 0.006 0.016 0.021 0.031 0 0.04
AL O, 0.023 0.022 0.011 0.031 0.03 0.007 0.032
K,O 0.04 0.084 0.027 0.109 0.051 0.038 0.038
SiO, 0.858 0.184 0.439 0.611 0.586 0.34 0.575
SO, 0.369 0.217 0.457 0.725 0.208 0.487 0.205
FeO 0.218 0.192 0.21 0.287 0.222 0.228 0.171
F/C1 17.51 21.22 26.44 12.91 18.63 16.29 13.62
psvill 97.718 100.636 99.553 97.568 99.112 99.331 98.370
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#1471 (Pan et al., 2016), F5 j1 & X T 28 08 WAL A g
FeJRA St Y it i A oA A Wb e K A 4%
IAE 3K v iU A1 2 N (8 8b), TR /R IE K Bl HA
Bk iua A Ja b
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Table 2 Trace elements of apatite in Yaoan biotite syenite porphyry and quartz syenite porphyry
414y BRBHERBES (F0)
1 2 3 4 5 6 7
w(B)/107°
Sr 1506.76 1810.85 1556.52 1549.69 1622.59 1556.57 1541.43
Y 182.33 168.40 209.85 178.80 161.29 128.64 141.51
La 2581.36 2969.04 2628.27 2005.73 2193.20 2574.97 2068.82
Ce 7027.43 8523.02 7407.79 5833.19 6639.77 7004.49 6253.49
Pr 561.32 740.11 577.53 400.30 346.71 554.55 521.69
Nd 904.67 972.69 1092.74 781.26 1024.24 855.57 762.55
Sm 110.74 119.52 142.02 104.48 134.31 99.97 106.73
Eu 24.43 28.79 34.48 21.46 26.98 20.41 25.30
Gd 111.75 118.28 135.74 94.32 113.72 93.41 87.32
Tb 7.57 8.25 10.81 7.54 8.97 6.32 6.65
Dy 34.04 33.31 41.95 31.23 37.12 25.42 27.12
Ho 5.99 5.43 6.96 5.59 5.59 4.05 4.40
Er 13.49 13.56 18.15 13.54 13.51 9.40 10.25
Tm 1.54 1.44 2.01 1.61 1.43 1.05 1.22
Yb 8.96 8.36 11.82 10.01 7.74 6.29 7.46
Lu 1.31 1.16 1.69 1.37 0.96 0.76 1.06
Pb 4.55 3.09 3.89 4.68 2.94 3.71 3.07
Th 46.21 45.01 44.92 37.41 31.20 17.12 34.53
U 5.61 8.97 7.96 6.19 5.34 3.23 5.92
> REE 11394.60 13536.97 12107.94 9311.62 10551.24 11256.65 9884.07
SEu 0.61 0.67 0.59 0.67 0.66 0.59 0.80
5Ce 1.32 1.41 1.38 1.45 1.57 1.83 1.41
(Sm/Yb)y 13.25 15.32 12.88 11.19 18.60 17.04 15.34
Th/U 8.23 5.02 5.64 6.04 5.85 5.29 8.47
Ce/Pb 2294.67 2271.79 2189.83 1583.60 1982.78 1791.10 1939.66
Sr/Y 8.26 10.75 742 8.67 10.06 12.10 10.89
44 ABEATES (F08)
1 2 3 4 5 6 7
w(B)/10°°
Sr 1474.78 1166.03 1054.42 1187.80 1635.33 1201.88 1498.08
Y 165.75 295.31 141.06 162.32 193.90 213.28 211.59
La 1845.92 2378.20 1498.43 2451.55 1728.63 1725.39 1959.18
Ce 6081.10 7791.97 5182.12 6806.06 5667.75 7368.05 7450.60
Pr 327.17 388.81 241.26 374.24 289.91 340.33 264.38
Nd 788.06 1183.32 648.10 1108.93 825.28 927.87 915.42
Sm 108.38 152.94 87.94 155.90 112.81 129.52 123.48
Eu 21.11 31.65 16.85 27.57 22.98 23.90 24.14
Gd 91.90 137.00 69.26 123.91 85.09 99.77 98.13
Tb 7.78 10.82 5.68 9.98 7.61 8.19 8.58
Dy 32.82 47.75 27.00 38.34 33.82 37.47 38.18
Ho 5.84 8.37 4.93 6.09 5.96 6.33 6.15
Er 11.97 21.56 10.14 12.35 15.02 16.74 15.37
Tm 1.63 2.78 1.38 1.29 1.84 2.16 1.86
Yb 9.90 15.91 7.38 6.04 10.68 11.19 10.83
Lu 1.11 2.52 1.29 0.87 1.24 1.70 1.70
Pb 3.22 2.90 4.18 3.35 2.88 3.37 5.38
Th 17.45 31.08 29.92 153.69 55.41 55.69 52.28
U 2.06 5.59 5.38 13.77 13.61 10.28 8.60
> REE 9334.71 12173.60 7801.74 11123.10 8808.63 10698.61 10918.00
SEu 0.65 0.67 0.66 0.61 0.72 0.64 0.67
3Ce 1.88 1.95 2.07 1.71 1.93 2.31 2.49
(Sm/Yb)y 11.73 10.30 12.77 17.68 11.32 12.41 12.22
Th/U 5.56 7.36 5.56 11.16 4.07 542 6.08
Ce/Pb 2099.01 719.61 1239.15 2033.06 1970.66 2184.00 1385.41
Sr/Y 8.90 4.46 7.47 7.32 8.43 5.64 7.08

TE: AN 1,
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