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Fig.1 Sketch geological map of the Fenshuiling ore district, Yongsheng city, Yunnan province
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Fig.2 Photos and micrographs of the alkali-rich porphyry in the Fenshuiling ore district
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Fig.3 SiO; vs. K,O diagram of the alkali-rich porphyry
from the Fenshuiling ore district
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82.26, (SI) 10.86~16.44,
Al,05 13.69%~15.32%, (A/ICNK)  14.85,
0.90~1.01, 0.95, A/CNK-A/NK K,0-Na,O ( 4b) A
( 4a), - : : A

(D) 80.94~85.27,

F1 DKERTXEBREEETESNER(%)
Table 1 Major (%) element contents of the alkali-rich porphyry in the Fenshuiling ore district

FO3 Fo7 FO9 F15 F20 F27 F56 F61
25 m 56 m 75m 117 m 159 m 232m 405 m 430 m

BGDP BGDP GDP GDP BGDP BGDP BGDP GDP
Si0, 67.45 69.62 68.94 66.28 69.94 68.05 65.69 67.44
AlL,0, 15.32 14.08 13.69 14.91 14.77 145 14.25 14.55
TFe,03 2.25 2.3 2.83 3.01 1.87 2.86 3.35 2.72
MgO 1.86 1.95 2.07 141 1.87 2.34 1.65 1.97

Ca0 2.42 2.18 2.11 2.52 1.72 2.62 2.6 2.7
Na,0 4.32 3.70 3.20 3.81 3.88 4.09 3.89 4.20
K,0 4.00 4.28 4.50 4.75 4.76 4.04 4.16 3.94
MnO 0.02 0.02 0.01 0.01 0.01 0.04 0.06 0.03
P,0s 0.19 0.21 0.24 0.25 0.20 0.25 0.21 0.24
Tio, 0.4 0.36 0.35 0.36 0.38 0.4 0.38 0.39
Lol 0.79 1.07 1.44 1.97 0.75 0.68 1.97 1.28
Total 99.02 99.77 99.38 99.28 100.13 99.87 98.2 99.46
K20+Na,0 8.32 7.98 7.69 8.56 8.63 8.13 8.05 8.14
K,0/Na;0 0.93 1.16 1.41 1.25 1.23 0.99 1.07 0.94
A/CNK 0.97 0.96 0.98 0.93 1.01 0.91 0.91 0.90
AINK 1.34 1.31 1.35 1.31 1.28 1.31 1.31 1.30
AR 2.77 2.67 2.36 2.56 2.78 2.81 2.71 2.78
DI 81.32 82.59 81.62 82.61 85.27 80.94 81.79 81.90
sl 14.96 15.94 16.44 10.86 15.11 17.56 12.65 15.36

R1 1994 2288 2378 1920 2128 2074 2008 2042

R» 664 615 610 650 571 687 666 685

: BGDP. ; GDP.
4 A/CNK-A/NK (a, Peccerillo and Taylor, 1976) K,0-Na,O(b, Collin et al., 1982) & fi#

Fig.4 AJ/CNK vs. A/NK (a) and K,O vs. Na,O (b) diagrams of the alkali-rich porphyry in the Fenshuiling ore district
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4.2 (  5a), 8Eu 0.85~1.12 ,Eu
2 (EREE) , ( 5b)

114x1075~175%107°, (3.89%x107°)  29~45 (Rb Ba Sr) Th U,

, *REE (169x107°, Nb Ta Zr Hf ,

, 2008) LREE=95.9x107%~156x10°¢,  “TNT(Ta Nb  Ti)”
HREE=14.8x107°~21.0x10"°, LREE/HREE=5.44~8.26,
(La/Yb)y 23.5~35.9, : :
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Table 2 Trace and rare earth element (x107°) concentrations of the alkali-rich porphyry in the Fenshuiling ore district

FO3 FO7 F09 F15 F20 F27 F56 F61
25m 56 m 75 m 117m 159 m 232 m 405 m 430 m
BGDP BGDP GDP GDP BGDP BGDP BGDP GDP
Rb 86.9 100 120 114 110 109 131 119 160
Ba 1230 1310 1240 1280 1500 1290 1280 1460 560
Cu 111 184 814 790 188 158 102 235 5
Th 10.1 9.18 6.61 7.19 131 12.8 13.7 14.5 17
U 2.94 2.93 2.39 2.55 4.22 4.01 4.69 5.15 2.9
Ta 0.31 0.32 0.34 0.35 0.39 0.48 0.40 0.48 1.3
Nb 5.95 6.05 6.00 6.74 6.074 8.03 6.45 7.64 14
Sr 762 709 666 675 827 796 858 935 170
Pb 15 15.2 9.78 12 21.8 19.3 245 211 26
Zr 149 134 132 146 145 137 169 174 150
Hf 3.34 2.98 3.29 3.22 3.47 3.06 4.85 4.29 5
La 29.6 28.3 23.7 26.3 38.1 36.4 35.2 39.3 33
Ce 54.3 51.5 44.6 47.8 69.7 67.4 67.9 76.4 63
Pr 6.27 5.85 5.06 5.29 7.78 7.85 7.55 7.86 7
Nd 21.8 20.6 18.2 18.9 25.4 26.2 24.8 26.4 25
Sm 3.64 3.43 3.34 3.29 4.17 4.72 431 4.34 4.6
Eu 1.08 1.04 0.950 0.966 1.461 1.56 1.02 1.18 0.82
Gd 2.74 2.75 2.92 2.77 3.63 4.49 2.78 3.13 4.6
Tb 0.30 0.28 0.31 0.31 0.34 0.42 0.38 0.41 0.64
Dy 1.49 1.43 1.64 1.68 1.73 1.97 1.64 1.85 4
Ho 0.26 0.25 0.30 0.30 0.33 0.40 0.35 0.36 0.80
Er 0.73 0.65 0.83 0.81 0.87 1.00 0.88 1.03 2.25
Tm 0.10 0.08 0.11 0.12 0.09 0.12 0.12 0.12 0.38
Yb 0.56 0.54 0.68 0.75 0.71 0.76 0.72 0.82 2.1
Lu 0.07 0.08 0.11 0.11 0.09 0.09 0.12 0.15 0.33
Y 9.04 8.79 10.7 10.9 9.98 11.7 10.5 11.3 20
XREE 131 126 114 120 164 165 158 175 169
LREE 117 111 95.9 103 147 144 141 156 133
HREE 15.3 14.8 17.6 17.8 17.8 21.0 17.5 19.2 35.1
LREE/HREE 7.63 7.46 5.44 5.78 8.26 6.88 8.05 8.11 7.2
SEu 1.01 1.00 0.91 0.95 1.12 1.02 0.85 0.94 0.54
dCe 0.90 0.90 0.92 0.91 0.91 0.90 0.94 0.97 0.93
(La/Yb)n 359 353 23.5 23.6 36.5 32.2 331 32.4 10.62
(La/Sm)n 5.12 5.19 4.47 5.03 5.75 4.85 5.14 5.70
(Gd/Lu)n 4.59 4.32 3.40 3.29 5.29 6.12 2.94 2.67

(2008) SREE Y
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5 (a) (b, Sun and
McDonough, 1989)
Fig.5 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element spider diagrams (b) of
the alkali-rich porphyry

4.3 U-Pb , 3
80~150 pm, ,
(  6a), Th/U
, ( 1), 0.17~0.47(  0.1), 19
205pp/238Y 33.7+0.6~35.6+0.6 Ma

, , 34.5+0.3 Ma (MSWD=1.5) (
LA-ICP-MS  6b),
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Table 3 LA-ICP-MS zircon U-Pb dating results of the alkali-rich porphyry in the Fenshuiling ore district

(<107 (Ma)
Thiu
Pb  Th U 207ppy206ppy 1o 2pp/?Sy 1c  2%pp/>®y 1o 2Pp/®U 16 PPp/PPU 16

FSL-01 9.27 462 1563 0.30 0.0500 0.0030 0.0371 0.0022 0.0054 0.0001 36.9 2.2 34.6 0.5
FSL-02 10.99 723 1882 0.38 0.0465 0.0023 0.0337 0.0016 0.0052 0.0001 33.7 1.6 33.7 0.4
FSL-03 7.21 234 1283 0.18 0.0472 0.0031 0.0342 0.0022 0.0053 0.0001 34.1 2.1 34.1 0.5
FSL-04 7.72 345 1304 0.26 0.0489 0.0032 0.0364 0.0023 0.0054 0.0001 36.3 2.2 34.9 0.5
FSL-05 10.80 737 1835 0.40 0.0483 0.0023 0.0355 0.0017 0.0053 0.0001 35.4 1.6 34.2 0.4
FSL-06 6.68 515 1094 0.47 0.0457 0.0029 0.0332 0.0021 0.0053 0.0001 33.1 2.0 34.2 0.5
FSL-07 8.23 289 1473 0.20 0.0501 0.0034 0.0359 0.0023 0.0052 0.0001 35.8 2.3 33.7 0.6
FSL-08 7.28 318 1217 0.26 0.0452 0.0034 0.0340 0.0024 0.0055 0.0001 34.0 2.4 35.6 0.6
FSL-09 9.80 424 1662 0.26 0.0468 0.0027 0.0353 0.0021 0.0055 0.0001 35.2 2.0 354 0.4
FSL-10 6.42 233 1112 0.21 0.0472 0.0028 0.0350 0.0021 0.0054 0.0001 34.9 2.1 34.4 0.5
FSL-11  7.71 229 1354 0.17 0.0508 0.0038 0.0375 0.0027 0.0054 0.0001 37.3 2.6 34.7 0.5
FSL-12 8.47 281 1506 0.19 0.0459 0.0028 0.0334 0.0020 0.0053 0.0001 33.4 1.9 34.1 0.4
FSL-13 8.11 325 1415 0.23 0.0454 0.0026 0.0336 0.0019 0.0054 0.0001 335 1.8 345 0.4
FSL-14 756 276 1348 0.20 0.0453 0.0027 0.0330 0.0019 0.0053 0.0001 33.0 1.9 34.2 0.4
FSL-15 10.20 599 1738 0.34 0.0425 0.0028 0.0312 0.0020 0.0054 0.0001 31.2 1.9 34.5 0.4
FSL-16 10.87 571 1812 0.32 0.0469 0.0025 0.0359 0.0018 0.0055 0.0001 35.8 1.8 355 0.4
FSL-17 5.81 254 1044 0.24 0.0497 0.0039 0.0361 0.0027 0.0054 0.0001 36.0 2.6 34.4 0.6
FSL-18 5.89 187 1065 0.18 0.0464 0.0029 0.0352 0.0022 0.0054 0.0001 35.1 2.1 35.0 0.5
FSL-19 525 194 947 0.20 0.0493 0.0039 0.0362 0.0027 0.0054 0.0001 36.1 2.7 345 0.5




3 H % 8% ZEAMAKERT XERIEHIKEE. £F U-Ph FRBREMRENX 621

La-La/Sm ( 7b)

5 3 i
5.1 )
( , 2005; Xu et al., 2007; ;
2009; Lu et al., 2012; , 2013), - 5.2
; A , ( , 2003, 20064,

( , 2003; Hou et al., 2006b; , 2006; Hou et al., 2007; Xu et al.,
2007) SEu-(La/Yb)y ( 2007, 2012; , 2010; Lu et al., 2012; Mao et al.,
7a) , 2014) U-Pb (34.5+0.3 Ma),

6 (a), U-Pb (b)

Fig.6 Cathodoluminescence images with test spots and 2°Pb/2*8U ages of zircon grains (a) and U-Pb concordia diagram (b)
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Fig.7 oEuvs. (La/Yb)y (a), and La vs. La/Sm (b) plots for the alkali-rich porphyry in the Fenshuiling ore district
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Geochemistry and Zircon U-Pb Age of the Alkali-rich Porphyry in the
Fenshuiling Ore District, Yongsheng City, Yunnan Province,
and its Geological Implications

XU Heng"?, CUI Yinliang>*", ZHOU Jiaxi*, ZHANG Miaohong?,
LIANG Tingxiang® and JIANG Yongguo®

(1. Faculty of Land Resources Engineering, Kunming University of Science and Technology, Kunming 650093,
Yunnan, China; 2. Nonferrous Metals Geological Survey, Yunnan Nonferrous Metals Geological Bureau, Kunming
650216, Yunnan, China; 3. Yunnan Nonferrous Metals Geological Bureau, Kunming 650051, Yunnan, China;
4. State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550002, Guizhou, China)

Abstract: The alkali-rich porphyry in the Fenshuiling ore district, Yongsheng city, Yunnan province, which located in
the intersection zone of the Binchuan-Chenghai fault and Qinghe fault, is an important part of the Jinshajiang- Ailaoshan
alkali-rich porphyry belt. The porphyry consists of biotite granodiorite porphyry (BGDP) and granodiorite porphyry
(GDP). They are enriched in alkali (the average K,O+Na,O values of BGDP and GDP are 8.22% and 8.13%,
respectively) and potassium (the average K,O/Na,O ratios for BGDP and GDP are 1.08 and 1.2, respectively), and
metaluminous (the average A/CNK values for BGDP and GDP are 0.95 and 0.94, respectively). These results show they
belong to the metaluminous and high-k calc-alkaline porphyry, and the products of the same magma. BGDP and GDP
are enriched in LILE (Rb, Ba, Pb, Sr), Th, U and LREE, and depleted in HFSE (Ta, Nb and Ti), with insignificant Eu
anomalies (6Eu=0.85-1.12). These features of the Fenshuiling porphyry are similar to those of A-type granite.
LA-ICP-MS dating of zircon grains from GDP yields a U-Pb age of 34.5+0.3 Ma. It is in the peak ages (45-30 Ma) of
the Jinshajiang-Ailaoshan alkali-rich porphyry. The petrological, geochemistry and geochronological results suggest that
the origin of the alkali-rich porphyry in the Fenshuiling ore district is similar to that of the Jinshajiang-Ailaoshan
alkali-rich porphyry. The porphyries in the belt were likely derived from partial melting of the over-thickened lower
crust and the upper mantle under post-collisional setting subsequent to the India-Eurasian plate collision, and are closely
related to the activity of the Jinshajiang-Ailaoshan strike-slip fault.

Keywords: alkali-rich porphyry; zircon U-Pb age; geochemistry; tectonic setting; Yongsheng city, Yunnan province



