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Fig.1 Simplified geological map of the Putaishan region, Yunnan province
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FREFMEA
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ISR i [ ) BORE S, SRS S S A N TR AR R
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(CL). #41 SHRIMP U-Pb 4EAU2E 43 M 7EdL 50 85 4R
Ry SHRIMP I _E5EJK, R FSEM 2*Pb 4% 1E
B R A . T A S g Yl AR AR Ak B LX) S
—%5(2003), AT IRZEN 1o, RAFR K
200pb/PRU AR, BT AME R 95% M B 5

3 4 B
31 FERTE

AR T 6 ARSI Tk 22 o HT,
SRR 1. B ILER B R RIS . E
TN E A A A, S10,=69.08%~69.51%, Na,0=4.30%~
4.65%, K»,0=5.10%~5.69%, Na,O/K,0=0.76~0.85,

F1 FHELUERPEEE(%)MHE@e/g) T =HM

Table 1 Major (%) and trace (ng/g) element compositions of the Putaishan granite porphyry

FEfhS  83-760  83-761  83-762  92-52  92-54  92-60 £S5 83-760  83-761  83-762  92-52  92-54  92-60
Si0, 69.12 69.51 69.08 69.09  69.23 69.51 Cs 10.5 9.62 19.3 14.6 9.73 9.12
TiO, 0.28 0.23 0.25 0.25 0.24 0.23 Ba 1598 1460 1628 1577 1504 1453
Al,0;3 14.18 15.11 15.03 15.95 16.22 15.07 Hf 5.07 2.23 3.67 4.04 3.68 3.75
Fe,0; 2.03 1.93 1.78 1.68 1.70 2.07 Ta 0.66 0.57 0.57 0.60 0.61 0.60
MnO 0.13 0.07 0.06 0.05 0.05 0.05 Pb 53.6 50.0 49.2 50.6 51.3 50.3
MgO 0.26 0.31 0.34 0.39 0.40 0.33 Th 12.6 113 12.7 12.4 11.9 11.8
Ca0 1.94 1.47 1.71 1.99 2.00 1.52 U 2.60 2.01 2.19 2.56 2.62 3.27
Na,O 4.30 4.34 4.65 4.47 4.30 4.34 La 51.3 38.3 42.0 43.0 42.1 36.7
K,0 5.61 5.69 5.65 5.23 5.10 5.68 Ce 97.8 75.7 79.4 81.8 81.4 70.6
P,0s 0.09 0.09 0.09 0.14 0.15 0.09 Pr 11.7 8.91 8.64 9.31 9.62 8.26
LOI 1.30 0.75 0.78 0.58 0.50 0.75 Nd 49.2 36.7 33.7 37.5 39.8 33.5
Total 99.44 99.5 99.29  99.62 99.8 99.65 Sm 9.44 7.16 6.32 7.12 7.67 6.41
Sc 2.96 2.54 2.85 2.79 2.73 2.69 Eu 2.73 2.16 1.98 2.28 2.44 2.44
Y% 20.0 16.8 19.3 19.0 18.7 19.4 Gd 10.2 7.66 6.25 7.92 8.94 8.94
Cr 12.5 10.4 65.4 66.2 12.0 12.9 Tb 1.44 1.17 0.85 1.10 1.30 1.30
Co 3.82 3.51 10.1 10.2 3.75 3.93 Dy 7.41 5.97 431 5.35 6.25 5.38
Ni 4.89 4.56 21.7 21.7 4.72 4.72 Ho 1.39 1.12 0.83 1.00 1.15 0.94
Cu 7.50 5.44 9.95 10.5 6.44 6.40 Er 3.30 2.68 2.00 2.39 2.74 2.26
Zn 76.6 70.6 91.1 92.6 73.6 73.6 Tm 0.41 0.34 0.26 0.3 0.34 0.29
Ga 20.5 18.6 20.1 19.9 19.7 20.1 Yb 2.5 2.08 1.53 1.85 2.13 1.81
Ge 1.49 1.21 1.43 1.4 1.36 1.4 Lu 0.34 0.27 0.63 0.45 0.28 0.24

Rb 190 175 214 196 177 166 REE 249.16  190.22  188.7  201.37 206.16 179.07
Sr 842 787 865 868 843 900 Nb/U 3.67 4.47 4.47 3.70 3.47 2.67
Y 52.4 423 28.0 39.0 473 473 Ce/Pb 1.82 1.51 1.61 1.62 1.59 1.41
Zr 161 58.8 130 134 112 116 Nb/Ta 14.5 15.8 17.2 15.8 14.9 14.5

Nb 9.55 8.99 9.78 9.46 9.08 8.72

Zr/Hf 31.8 26.4 354 33.2 30.4 30.9
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Fig.2 Major element compositions of the Putaishan granite porphyry
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Fig.3 Primitive mantle normalized trace element spider diagrams (a) and chondrite normalized REE patterns (b) of
the Putaishan granite porphyry
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Fig.4 Cathodoluminescence images (a) and U-Pb concordia diagram (b) for zircon crystals from the Putaishan granite

porphyry
*2 ®WAaWlExBE#A SHRIMP U-Pb F# 1R
Table 2 SHRIMP U-Pb results of zircon from the Putaishan granite porphyry

e Ty T [l iz 2 L fE 41 (Ma)

‘ Th U U 207pp206pp, lo 207pp/ A3y lo 206pp, 28y lo TppU 16 Po/PfU lo
1-2 138 521 0.26 0.0674 0.0132 0.2553 0.4840 0.0344 0.0014 232.9 4.0 218.0 8.5
2-2 113 182 0.62 0.0773 0.0114 0.8075 0.1494 0.0876 0.0058 606.3 142.4 541.2 34.6
5-2 31 86 0.36 0.1930 0.0173 1.2614 0.1170 0.0466 0.0014 835.8 113.2 293.8 8.6
11-2 33 90 0.37 0.1918 0.0162 1.2630 0.1115 0.0472 0.0016 836.5 108.2 297.1 10.0
2-1 111 144 0.77 0.1393 0.2461 0.2319 0.0549 0.0055 0.0008 213.6 54.4 35.0 4.9
3-1 214 1302 0.16 0.0578 0.0062 0.0410 0.0049 0.0050 0.0001 41.1 5.2 31.9 0.9
4-1 274 234 1.17 0.0911 0.0188 0.0670 0.0147 0.0051 0.0002 66.4 14.9 329 1.5
5-1 235 1193 0.20 0.1006 0.0127 0.0757 0.0096 0.0054 0.0002 74.7 9.8 34.7 1.3
6-1 1326 890 1.49 0.0450 0.0028 0.0327 0.0020 0.0053 0.0001 32.9 2.0 34.1 0.7
7-1 1179 746 1.58 0.0523 0.0038 0.0377 0.0026 0.0053 0.0001 37.9 2.6 34.2 0.7
8-1 111 244 0.45 0.0406 0.2637 0.2073 0.0525 0.0058 0.0008 192.9 52.1 37.5 5.0
9-1 222 1405 0.16 0.0571 0.0059 0.0396 0.0045 0.0049 0.0002 39.8 4.6 31.2 1.0
10-1 301 246 1.22 0.0888 0.0157 0.0663 0.0123 0.0054 0.0002 65.7 12.5 34.5 1.5

11-1 225 1151  0.20 0.0951 0.0111 0.0744 0.0085 0.0057 0.0002 73.5 8.7 36.6 1.5
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e K-Ar 3R R - SV T Al
& B R A SR AR S 33.0~38.4 Ma(ik &
SRS EZ, 1997). X4 & (AL R BEA, TRt
A (1984)7E 20 {H20 )\ AR A A FH SR 00K A A
SVETJTILIRAR 1 U-Pb 4E %4 60 Ma. i, Gao et al.
(2017)FIH LA-ICP-MS FR15HE A U-Pb i
36.5+0.6 Ma, A< 3Kl SHRIMP U-Pb & 4F J7 i 4} H.
A WL BRI AT I EE B LU AR b BEE B A R AR T
T 10 NS HT, 58]0 AT 35 41 R
33.6+1.1 Ma, XS4 BA AL A FFE B
i, H Th/U RS, Hix—4 i IR &
LWLIAE B BEA R AL IS . (EAR T B AR, ARUCE
25 F L Gao et al. (2017)IE 3 4ES4 , % F X Lk
B A (I 3), 1 SHRIMP HA7 45 3 1Y &5
] 43 HE2, BT LAAS UROE A 45 SR %02 38 R R 1 -
HEWEKBEAE AR 4 DEZERS BN
541.2 Ma, 297.1 Ma, 293.8 Ma £ 218.0 Ma, ]
FLAT B B 3% P A R 1) Th/U fi, R MRS AT g
FEAE R TR S i
42 HAELERHEENERFEREYE

A6 153 25 AT DL BEAS [R] 3 28 A o 4] 23 R AN ] 28
S, #% M8 Chappell et al. (2001)42 4 T &UFD S AUZE
B 4y 25, Bl A LLAE G BEA R 45 5T (A/CNK =
0.80~1.00) Y FFAE 5 1 B R AR, EAh, Sfif 1l
1654 BE7 1 P,Os 5 Si0, &2 A ¢, Th Al Rb 2 IEAH
K(El 5d. e), W5 1 RIERARIESAL, B AEHE
BR Tl S5 SR A R T, A T R S TR
JEE REARCORI 5 3 4 S A T 2R R A1, L2 7 5 o 4
JA S, WA R B 23 B A/CNK 9 T
BN (Chappell and White, 1992; Sun et al., 2015; Wu
et al., 2018); 534h, M TH Th # ¥ & 45 Tl 4h
JECA KA A R, SOTRAE R A A bl S BIAE b A H
AR Th &, KA B4 i Sl ik s
M Ba. Sr & EAIFETH Rb S EATHE, BTl 18E
%5 Th fl Rb & &2 (A & S BEA G i, A H st
TSy S0 T HIAE 5 4 (Lachlan H X 23509 T HYAE 5 2
Rb>250 pg/g), i &5 1AL BEA B A BARAY Rb & it
(166~214 pg/g); 7E (K,0+Na,0)/CaO-(Zr+Nb+Ce+Yb)
I rf, BT AR SRR TR A R R 43 S AR B R B
(B 50); 7Ef EoC R AL B L, B G E = BsEs

R ERAY Bu 5255 (K] 3b), ATRER e 1 XA
BAORKARE Ao el B rp R B DR A
IYESLEEL . A, Si0, 5 Zr B Zr/HE 5 IR 6 A 56 (1K
5c), HERFETERS A E4s . &f LAk, fia il
AL R BES 8 T 55 53 510 T ALE 4 o

s B A6 B4 T A T DX A R0 e il TR 2R
G FHR . RS & 5 I (RARITE, 2007),
JIT LAAE i) 25 TV J30 R 0 B 2 S5 1 6T T 3L e A 143 B
R HA B8 Y (Jiang et al., 2018), &% Zr (AR
1t (Watson and Harrison, 1983)/& kit #1th 53¢ IR
FE s 7, RT3 R 50 6 L AR 5 58S
WA IRIRE A 773~793 °C. Boehnke et al. (2013)
i S B RLR T R A  Ze MR
(T AR, FIHZAKXITER BN T R
713~742 C. Bl 1046 G BEA H 4k R B A A7 AE 1
WA TR Ze BRI, B DOZIR BT DR A K
(IR - Miller et al. (2003)4R 45 55 A1 10 i B2 45 ) )
CVRHAE K A A 2R, Bl A LR R BEE TR B
BAR, VWAL b A IR 0 7 A 5 A A B A
RCA G, Ji— L, BTG IR BES 5950 =0
S, AT DA S5 50 2 A 22 45 R R A TR IX kA2 3
Sy R T A5 Bl A LR R BEA Ak o 5
10 kbar 2514 Bk 5 5B 43 A FlUFT 6 kbar 254 T By 7K
TR0 A il JIT A0 AR 114) 32 it T R A L AT — s A AL
(B 5g), A4 1~7 kbar 54K 0945 Rl = 9120
FeO( |8l 5h), fij & 7K 16 F1 4% filt BIr 7= A6 9 45 1K 3%
ALOy(K 5i). IMAbh, B ILAERK RS St & &
(787~900 pg/g)fl Ba 7 #(1460~1628 pg/g). 55 Eu
B 5 H U B IR X ] BB A /D K A iR B b R
ARG, SRR B IR
= Y A1 Yb i (Y=28.0~52.4 ng/g; Yb=1.53~2.50 pg/g)
IR DR BETF AN AETEA R A AR B . e A %
W, 700~800 CHMT, AR HIAE 10 kbar
BRI, KSR, BHOAWAE 10 kbar B 2% (8
JNHREE, 2011) PRIIE, AT AN AR IX 1 e g 25
Vi 7E 10 kbar LATF, H A I AT B S A4 A 500
JE A G

BB AR B B D) — > B A AR R
A (K,0=5.10%~5.69%), & 4 KB FEAITLERD,
Ba, Sr, Th, U %) #Hi&ZEILEWNDb, Ta, Zr,
Hf %), [AIiF EA &5 FeO'/(FeO™+MgO)fH . X 511
22 A7 M ) T TR BRSBTS KR R A
JCR MR SRITER M E IR LA A e R
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Fig.5 Major and trace element plots of the Putaishan granite porphyry
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Geochemical Characteristics and SHRIMP Zircon U-Pb Age of the
Putaishan Granite Porphyry and Their Geological Implications

WU Kai', ZHANG Lipeng>?, JIANG Xiaoyan*, ZHANG Yuquan®,
SUN Weidong>*° and YUAN Honglin'

(1. State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069,
Shanxi, China; 2. Laboratory for Marine Mineral Resources, Qingdao National Laboratory for Marine Science
and Technology, Qingdao 266061, Shandong, China; 3. Center of Deep Sea Research, Institute of Oceanography,
Chinese Academy of Sciences, Qingdao 266071, Shandong, China; 4. CAS Key Laboratory of Mineralogy and
Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640,
Guangdong, China; 5. CAS Center for Excellence in Tibetan Plateau Earth Sciences, Chinese Academy of Sciences,
Beijing 100101, China)

Abstract: The Putaishan granite porphyry is an alkali-rich intrusion in Heqin, Yunnan province. In this study, we
conducted whole-rock major and trace element analyses and zircon SHRIMP U-Pb dating of the Putaishan granite
porphyry. The Putaishan granite porphyry has high K,O and Na,O+K,O contents, low Mg" (0.20-0.32), low magma
temperature, oxygen fugacity and shallow melting depth. Zircon SHRIMP U-Pb dating yielded a crystallization age of
ca.34 Ma, indicating that the Putaishan intrusion was emplaced in the Eocene epoch. Combined the obtained ages
(218-541 Ma) of zircon cores and previous Pb isotope results on alkali intrusions in this region, we propose that the
Cenozoic oxidized alkali-rich intrusions in the Ailaoshan-Jinshajiang belt are possibly resulted from partial melting of
carbonated metasomatized mantle peridotite beneath the ancient subduction zone during the divergent strike-slip
movements of the Ailaoshan-Jinshajiang faults. Meanwhile, the extension and shearing caused by the collision between
the India and the Eura-Asia block in the Ailaoshan-Jinshajiang region triggered the upwelled mantle that supplied heat
for dehydration of the deep crust which produced crust-derived reduced fluids, and the decompression melting of the
lower crustal materials with the aid of such reductive fluids resulted in the formation of the Putaishan granite porphyry.

Keywords: alkaline intrusion; Putaishan; zircon SHRIMP U-Pb; Ailaoshan-Jinshajiang fault



