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Abstract The Tongchanggou porphyry molybdenum deposit is located in the middle of the Nujiang-Lancangjiang-Jinshajiang area in
the southwestern China. Mo mineralization is closely associated with the Tongchanggou granodiorite-porphyry, which yield LA-( MC) -
ICP-MS zircon U-Pb ages 84.57 +0.29Ma (MSWD =0.73), respectively. The rocks have SiO, =63.03% ~69.60% , (Na,O +
K,0) =6.97% ~9.11% , and are metaluminous-peraluminous ( A/CNK =0. 88 ~1.05) and high-K calc-alkaline. They are enriched
in large ion lithosphere elements (Rb, Ba, Pb, etc. ) and LREEs, but depleted in high field strength elements (Ti, Nb, P, etc. )
and HREEs. In addition, the rocks having high Sr/Y and La/Yb ratios, and low Y, Yb and MgO contents, those geochemical
characters indicate that the Tongchanggou granodiorite-porphyry was mainly derived from the partial melting of thickened lower crust.
The geochemical diagrams show that the Tongchanggou intrusions are late- to post-collisional granite indicating that they were formed
under inter-plate extensional environment transformed from convergent environment. Accompany with the upwelling of the Tongchanggou
magmas, the ore-forming fluids migrated into the upper crust through the ore-forming faults and formed the veinlet disseminated
mineralization in the porphyry. The ore-forming fluids also developed skarn-type Cu, Pb, Zn and hydrothermal vein type Pb, Zn, Ag
polymetallic ore bodies in the structure fractured zone, interlayer sliding belt, and contact zone between the basalts and limestone.
Generally, the Tongchanggou Mo-Cu deposit is a porphyry system with Mo-( Cu-W) , Cu-Mo, Fe-Cu-Au, and Pb-Zn metallic elements
zoning.
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Fig. 1  Simplified geology and mineral resources map of the Tongchanggou area, northwestern Yunnan Province

Tectonic units in the northwestern Yunnan in Fig. la: I-Yangtze block: I, -Yajiang remnant basin; I,-Yanyuan-Lijiang epicontinental depression belt;
I;-Chuxiong foreland basin. I -Archipelagic arc-basin systems along the Nujiang-Lancangjiang-Jinshajiang area in southwestern China; II |-Garze-
Litang suture; I ,-Dege-Xiangcheng island-arc belt ( Yidun island-arc belt) ; II 5-Zhongza block; I ,-Jinshajiang-Ailaoshan suture; II 5-Changdu-
Puer block: 1I 5 -Jiangda-Jijiading-Weixi epicontinental volcanic arc; II 5,-Changdu-Lanping back-arc basin; II 5 ;-Zaduo-Dongdashan epicontinental
volcanic arc; [l ¢-Zuogong block; I ;-Baoshan block. III-Gangdise-Gaoligongshan-Tengchong arc-basin systems. 1-Quaternary; 2-Tumugou Fm. ; 3-
Songgui Fm. ; 4-Zhongwo Fm. ; 5-Niru Fm. ; 6-Beiya Fm. ; 7-Qingtianbao Fm. ; 8-Gangdagai Fm. ; 9-Emeishan basalt; 10-Heinisao Fm. ; 11-
Bingfeng Fm. ; 12-biotite granite (y@) ; 13-ultrabasic dike; 14-gabbro diabase dike; 15-Cu-Mo ore occurrences; 16-Au occurrences; 17-Pb-Zn-Ag
occurrences; 18-geological boundary; 19-fault; 20-fault zone; 21-study area
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Fig.2  Geologic map of the Tongchanggou Mo-Cu deposit

1-Quaternary; 2-Member 3 in Beiya Fm. ; 3-Member 2 in Beiya Fm. ; 4-Member 1 in Beiya Fm. ; 5-Heinisao Fm. ; 6-granodiorite porphyry; 7-
diabase porphyry/skarn; 8-geological boundary; 9-fault and serial number; 10-reverse fault and serial number; 11-orebody and serial number; 12-
attitude of stratum; 13-not orebody drilling hole and serial number; 14-orebody drilling hole and serial number; 15-exploratory line; 16-sampling

location
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Fig.3 The ore photos of Tongchanggou

(a) quartz vein type molybdenum; (b) skarn type molybdenite;
(c¢) altered granodiorite porphyry molybdenite
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Fig.4 Prospecting line profile map of Tongchanggou Mo-Cu deposit

1-Quaternary ; 2-limestone; 3-(ydm) granodiorite porphyry; 4-orebody thickness and grade (left-Cu, right-Mo) ; 5-orebody ; 6-geological boundary ;
7-drilling hole ; 8-sampling location
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LA-ICP-MS dating results of zircons from Tongchanggou
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Fig. 5 CL images of zircons with analyzed spots from

granodiorite porphyry (Sample TZK1204-1)

HBR fb F R AE AR L IH 40 40 F 2 (1) Si0, 4 63.03% ~
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F3.02% ~4.17% , F- 1 3.55% , K,0 Sik &5, N
2.94% ~5.91% , -1 3.89% , H 4T Na,0 + K,0 254k 35 [l
H6.97% ~9. 11% ,F-45 7. 44% 1 TAS B I (& Ta) L5
PEEAE RN K 21X, Na, 0/K, O 7 0. 54% ~ 1. 42% 2 [f] , -3
0.95% , J& 8 225, 15 Si0,-K, O i b 17 Jhy e 8 85 e
25 (| 7b); (3) ALO, & & 14.05% ~ 15.90% , F- ¥
14.95% | #R 1 FIFE %0 ( A/CNK) 0. 88 ~ 1. 05, -4 0. 98, i /15
HERR DT -55 3 FR AL < 25 R AIE (18] 7c) 5 (4) MgO 2 1.19% ~
1.58% 74 1.33% , LA 8 @ i Mg® (30.21 ~55.38)5(5)
P,0, Fr AR (0.19% ~0.32% ) .

53 WERE
B T Y Ml DX AE B TN BEA AR TT 3R AT 2 SR L3R 2,
FESAR 0 R I & R, SREE = 168.4 x 107° ~
271.8 x 10 7%, -4 235.8 x 10 ™%; LREE 4 156.9 x 10°° ~
260. 1 x 10 ~° HREE 3 11.05 x 10 ® ~ 14. 64 x 10 ~°, LREE/
HREE 3}y 13.56 ~22.25, -3 17.36; A#EM(La/Yb) =
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Table 2 The components (wt% ), REE and trace elements ( x 10 ®) of Tongchanggou ore-bearing rocks
eSS ZK0451-2 ZK0451-5 ZK0451-8 TCG-01 TCG-03 TCG-04 TCG-07 TCG-06 TCG-08 TCG-09  TCG-10
Si0, 66. 24 68. 24 63. 03 67.56 66. 59 68. 93 69. 60 67.13 67. 41 66. 71 66. 32
TiO, 0.59 0.51 0.53 0.55 0. 60 0.58 0. 56 0. 56 0. 60 0.63 0. 60
Al, O 15.90 14. 38 15.24 14.05 15.15 14. 15 14.27 15.36 15.02 15.35 15.55
Fe, 0, 4.56 3.99 5.58 2.99 1.58 1.28 1.35 1.50 1.61 1.35 1.43
FeO 2.55 2.10 3.65 1. 41 1.12 1.70 1.76 1. 41 2.00 2.14 1.99
MnO 0. 05 0. 05 0. 05 0. 04 0.04 0.03 0. 05 0. 05 0. 05 0. 05 0.04
MgO 1.52 1.26 1.58 1.25 1.39 1.19 1.24 1.21 1.31 1.39 1.33
CaO 3.34 2.44 2.72 2.00 3.03 2.96 2.36 3.26 3.25 3.08 3.71
Na, O 4.04 3.43 3.82 4.17 3.20 3.45 3.10 3.02 3.60 3.61 3.63
K,0 3.06 4.09 3.92 2.94 5.91 4.08 3.87 4.31 3.49 3.72 3.42
P, 04 0.29 0.25 0.29 0.24 0.21 0.32 0.19 0.28 0.28 0.30 0.29
Bede g 0.40 1.33 3.15 2.15 0.57 0. 80 1. 14 1. 56 1. 00 1.17 1.37
JESi8 101. 74 99. 41 97.26 95. 05 98.25 97.87 97.21 96. 53 97.62 97.16 96. 94
F 0.11 0. 06 0. 09 0. 06 0.07 0.07 0.07 0. 08 0.07 0.07 0.08
K,0 +Na,0 7.10 7.52 7.74 7.11 9.11 7.53 6.97 7.33 7.09 7.33 7.05
Na, 0/K,0 1.32 0. 84 0.97 1.42 0. 54 0.85 0. 80 0.70 1.03 0.97 1. 06
A/NK 1. 60 1.43 1.45 1. 40 1.30 1.40 1.54 1.59 1.55 1.54 1.61
A/KNC 0.99 0.99 0.98 1.03 0.88 0.91 1.05 0.99 0.96 0.99 0.95
Mg* 37.35 37.50 30.21 46.99 55.38 41.18 41.33 46. 18 39.58 39.38 40. 06
B 9.79 15. 40 11. 30 10. 00 11. 00 9.00 23.00 17. 00 10. 50 13. 00 13. 00
Li 23.00 18.70 19. 40 10. 02 3.48 3.51 7.52 5.81 5.81 6.39 5.81
Be 3.36 3.84 3.31 0.00 0.00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
Sc 5.76 5.17 5.55 4.07 4.20 4.35 4.18 4.43 4.63 4.50 4.54
v 64.70 62. 60 69. 60 49. 49 46.73 45.27 44.73 48. 66 46. 60 50. 58 49.33
Cr 14.90 13. 60 18. 60 0.00 0.00 0. 00 0. 00 0.00 0.00 0. 00 0. 00
Co 11. 00 7.59 10. 00 0.00 0.00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
Ni 11. 40 10. 00 13. 60 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Cu 304 84 493 143 100 125 140 147 118 169 144
Zn 58.20 46.70 100. 00 34. 30 28. 40 28.90 207.8 592.0 38.30 52.30 95.70
Ga 19. 80 18. 50 20.70 18.38 19. 65 17.78 16. 54 18.59 19. 20 19. 63 19.26
Rb 141.0 169. 0 180.0 93.7 107. 4 71.7 90.3 107. 4 86.2 133.6 82.3
Sr 773 627 821 634 765 827 820 753 907 928 1060
Y 15.50 14.70 15.10 12. 14 14.20 13. 64 12. 88 14. 58 14. 10 15. 04 15.12
Nb 32.30 35.90 33.40 21.68 26. 66 26.91 25.83 26.72 28.70 26.77 25.90
Mo 5.81 6.67 15.90 55.96 195. 4 242.8 19. 42 180.7 161.0 89.33 11.33
Cd 0.22 0.13 0.48 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
In 0.03 0.03 0. 04 0. 04 0.02 0.02 0.03 0.56 0.04 0. 04 0. 06
Sh 0. 64 0.63 0.79 1. 54 1. 14 1.23 2.10 0.91 1.21 1.45 0.90
Cs 6.26 5.34 8.75 5.90 4.72 3.54 7.07 5.90 4.27 7.07 4.72
Ba 1387 1361 1778 3300 2200 1600 1600 1200 1900 1400 1800
La 73.70 67.10 76.90 39.79 54.70 63.97 54.52 66. 36 61.20 63.78 68. 66
Ce 119.0 111.0 122.0 71.45 97.00 103. 6 91.83 108. 4 100. 5 109.0 115.3
Pr 12.20 11.30 12. 50 8.36 10. 22 10. 45 9.50 11. 10 10. 60 11.24 11.72
Nd 41. 60 38.40 40. 20 30.99 35.60 35.93 33.57 38.08 36. 40 39.34 40. 52
Sm 6.48 5.71 6.17 4.85 5.35 5.22 4.98 5. 66 5.57 5.67 6.01
Eu 2.32 2.09 2.30 1. 41 1.85 1. 64 1.59 1.84 1.76 1. 80 1. 86
Gd 4.89 3.95 4.67 5.01 5.72 5.80 5.40 6.23 5.83 6.24 6.42
T 0.67 0.59 0. 60 0.59 0.67 0. 64 0.63 0.69 0. 69 0.70 0.76
Dy 3.32 3.00 2.94 2.72 3.01 2.93 2.84 3.25 3.09 3.22 3.38
Ho 0.58 0.52 0.51 0.49 0.54 0.52 0.48 0.57 0.54 0.57 0.58
Er 1.65 1.38 1.43 1.33 1.62 1.52 1.37 1. 64 1.57 1.58 1.72
Tm 0.22 0.20 0.24 0.16 0.18 0.19 0.17 0.20 0.20 0.21 0.20
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s 7ZK0451-2 7ZK0451-5 ZK0451-8 TCG-01 TCG-03 TCG-04 TCG-07 TCG-06 TCG-08 TCG-09 TCG-10
Yb 1.48 1.18 1. 11 1.10 1.29 1.26 1.19 1.30 1.26 1.29 1. 40
Lu 0.19 0.22 0.19 0.16 0.20 0.17 0.17 0.18 0.19 0.19 0.19
Ta 2.11 2.10 2.11 2.35 2.26 2.44 2.31 2.42 2.39 2.16 2.49
W 11.70 61.50 80.70 12. 80 2.74 2.17 3.00 6.07 2.73 2.25 2.90
Re 0.01 0.02 0.02 0.01 0.08 0.07 0.01 0.03 0.02 0.01 0.01
Tl 0. 68 0.55 0.54 0.45 0.42 0.29 0.27 0.41 0.31 0.31 0.33
Pb 18. 00 17.90 18.90 16. 50 18. 10 15.90 63.90 98. 30 20. 60 78.30 38.70
Bi 1.07 1.36 3.29 1. 05 0.09 0.13 0.34 1. 15 0.12 1.38 0. 46
Th 21.00 21.70 24. 40 14. 02 17.36 17.17 15.41 18.17 16.70 17.42 18.23
U 4.94 5.87 6.52 3.93 4.40 4.27 2.93 5.11 4.26 3.24 3.60
Zr 88.20 61.90 73. 60 190. 6 190. 5 180. 1 183.6 189.0 189.0 197.8 191.3
Hf 2.52 2.20 2.15 2.26 3.36 3.01 2.77 2.83 2.82 2.78 2.89
Ag 0. 00 0.00 0. 00 0.16 0.09 0.10 0.70 0.76 0.12 0.55 0.22
As 0. 00 0.00 0. 00 12.73 8. 18 9.88 7.29 4.60 8.01 8. 05 7.68
Au( x107%) 0.00 0. 00 0. 00 1. 16 1. 10 1. 08 0. 81 0. 85 1. 09 0.76 0. 80
Ge 0. 00 0.00 0. 00 0.70 0.92 0. 64 1.20 0.74 0.82 0.87 0. 66
Se 0. 00 0.00 0. 00 0.18 0.10 0.18 0.09 0.15 0.19 0.22 0.22
Sn 0.00 0. 00 0. 00 3.16 3.06 3.08 3.25 3.70 2. 66 2.79 2.85
Te 0.00 0. 00 0. 00 0. 05 0. 05 0. 06 0. 05 0.07 0. 06 0.05 0.05
Hg 0. 00 0.00 0. 00 0. 06 0.03 0.04 0.03 0.04 0.04 0.05 0.04
SREE 268. 3 246.7 271.8 168. 4 217.9 233.9 208.2 245.5 229.4 244. 8 258.7
LREE 255.3 235.6 260. 1 156.9 204.7 220. 8 196. 0 231.4 216.0 230. 8 244.1
HREE 12.99 11.05 11. 69 11.57 13.22 13.03 12.25 14. 06 13.38 13.99 14. 64
LREE/HREE  19. 65 21.32 22.25 13.56 15. 48 16. 94 16. 00 16. 46 16. 15 16.51 16. 68
(La/Yb) y 35.72 40.79 49. 69 25.97 30. 44 36. 56 32.92 36.73 34. 84 35.57 35.20
SEu 1.21 1.27 1.26 0.87 1.01 0.91 0.93 0.94 0.94 0.92 0.91
8Ce 0. 89 0.90 0. 87 0.91 0.94 0. 89 0.91 0.89 0. 89 0.92 0.91
Sr/Y 50 43 54 52 54 61 64 52 64 62 70
La/Yb 50 57 69 36 42 51 46 51 49 49 49
0.0136 ;a;aww 85.8 box heights are 1o
85.4— ]
0.0134
85.0F—]
’ _ ! |
%0.0132 ! . L
8 84.2—
0.0130f 83.8
Mean=84.57+0.29 [0.35%] 20 R
83.4 Wtdby data-pt errs only, 0 of 9 rej.|
MSWD = 0.73, probability = 0.67
0.0128 8 . N " " N -
0.082 0.084 0.086 0.088 0.090 0.092 0.094 0.096 83.0

207Pb /23 SU

K6 Ml YaLER N K BES B A1 U-Pb 48R3 F1K]
Fig.6  Concordia diagram of LA-ICP-MS zircon U-Pb data for the Tongchanggou granodiorite-porphyry
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and A/NK vs. A/CNK molar plot (¢, after Maniar and Piccoli, 1989) of Tongchanggou rocks
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Fig. 8

Chondrite-normalized rare earth element distribution patterns ( a) and primitive mantle-normalized trace element

concentrations (b) of Tongchanggou granodiorite-porphyry ( normalization values after McDonough and Sun, 1995)
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2012) Wy AR T T 10 78 B TN K R 14 285 i AF 18 FNOVE £
WA AT AR, I 32 DX 0 S 7E e 1 A, [l f B A
HEa)m VeI &A= ) Va1 S SCEUR I Y
ZLAL BB PR BUAE AT R T AP o S 2 A U AR 1 —
(R 3) AR ETmEILm A, A B R i 14 1 T,
B FCRCE R B o B ) — Sk, s AE U IR B A A
A — W E AL ) Mo-Cu-W i S,

JOHT R 50 A B B R Y Si0, FIAml & i, K
ARXTELARAY Fe Mg 1P 5 &5, 55 BT BRAS Bk 1 244K
i %+ ( Chappell and White, 2001) , HiA[ 8 £ 2k B T 529
TR TR R, PRI DAy S50 o A0~ AT 5 2 B I ) 5 R e
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Table 3 Yanshanian diagenetic and metallogenic isotopic dates from the Yidun arc belt

SRAE HiL, EoxEa iR Ed Wiy 5 AFi (Ma) ORI
. WEAHA™ MEAHH™ Re-Os 85+2 ZCE, 2012
(S SO AR INK RS fiezal U-Pb 84.57 £0.29 A
R A Bk FEEH T Re-Os 77 £2 BOLIESE, 2006
ARt [EE S SR} WESAT Re-Os 77.6 £1.1 .
T KR e 1 Re-0s 80.251.3 FXAS, 2011
B ZRALK TS AR Re-Os 81.2+2.3 ZE{ERRE S, 2007
A BT RKIEKA Bk AR Ar 82.01 +0. 86 FHLMEAE, 2009
. FW A3k e Re-0s 86.7+2.1~85.8+2.6 fREHEPf, 2003
WoLie B T RALK B HEAHH™ Re-Os 83 +1 2 RS, 2007
[upant AR AT KA fryal U-Pb 82.9+2.1 A5, 2008
PRAFE BERTE A A U-Pb 86.6+3.3 E42A4%, 2008
PR MREE RS e Rb-Sr 82.8 Bk, 2001
. SNy Ak =) A Rb-Sr 80. 6
EAK L A o
PR WA K-Ar 78
FE B RIS Wt 40 Ap-3 Ay 85
SRS TRAEKA L SR K-Ar 83
v . kﬁ%ﬁﬁ: - WEER Re-0s 85 =2
EU IR NKBE S val U-Pb 84.57 +0.29
EHERRD A1 ek HER B Re-Os 77 £2
Eanill AR KB W™ Re-Os 77.6 1.1
AP KBS WEER Re-Os 80.2+1.3
MR R MBES WS Re-Os 81.2£2.3 L .
A MR KBRS B 073 Ar 82.01 0. 86 AP, 1993
L REE S AR B Re-Os 86.7+2.1~85.822.6
i M KA P Re-0s § 21
ARG T0 A A R iyal U-Ph 82.9+2.1
A BERTE ival U-Pb 86.6+3.3
i BRBE A Eoe ey Rb-Sr 82.8
. Héﬁ:ﬂ?zmmm% ‘%% Rb-Sr 80. 6
RIS WREE K-Ar 78
g AR Btk AP Ar 85
AR ZRALR S Bt K-Ar 83

(627 x107% ~1060 x 10 %) M #flkmy Y(12.1 x107® ~15.5
x10 ™) F1 Yb(1.10 x107° ~1.48 x 10 %) & &, LI M= 1
St/Y (43 ~70) F La/Yb(36 ~69) FL{H (& 9) , LB H T #3k
TR S A B9 EFAE ( Castillo, 2012; Defant and Drummond
1990; Richards and Kerrich, 2007) , #% Fclf IRk i a A
A RN AT B8 Y R R, 43 5 S R B R 3t 5e E 43 4
(Hou et al. , 2004; Wang et al. , 2007; Yuan et al. , 2010) ,
DI ARUTT #1578 038 43 15 5t ( Gao et al. , 2004 ; Hou et al.
2012 ; Huang et al. , 2008 ; Kay and Kay, 1993), A#ff55H,
BTV AR AT BRI MgO (1. 19% ~1.58% ) & 1 J Mg
fEL(30 ~55, B 1 PFFEGL A /NT 47) , s AT REK A
JET 5T AR Ak i, DR AR DT M 5% B0 4044 sl i T B
T2 52 5 M TR e T AT B 19 MgO (Mg” >
50) & (Gao et al. , 2004; Hou et al. , 2012; Huang et al. ,
2008 ; Kay and Kay, 1993) , M, SR, M) AA K2
TR b 7 8 5348 R A U SR A RAALE

6.2 SRR E AL H

A WAL R N B G FE S TE RI-R2 i vh 36 18 T RN
flffE & 1L A8 5 A X (8 10a) , 7 Yb-Ta il Rb/30-Hf-3Ta [& fi#
HTE T IR TR -l A S 6 B S T L Y (1 10b) , sl A
FrUR W] BRIE AR T R Al - S PR . AR, LS IR
2 = S0 T AR - B 1) W I el v R e v TR ) B
IR CBERSISE , 2003) o MR =B A HH- BRI A, BiE S
Sy yRFIRATE - H P P i A A, 760k 2 4 S0 8 IR A 1 -
HAoh YL PR P 5 0K CIR TR R sk P28, 1993 (i 15 ]
&, 2003 BH{ER PGS, 2005; B4k A GE, 2007; FAfH%,
2008; Wu et al. , 2014) Jz W-Sn i@ 1EH (Liu et al. , 2007)
FeR A L BN - H Aot Y AR B 4l 2 i AR N
WrBof kA T S R EAERT(Wang et al. , 2014a, b) .

TERGILIEI T SR IGE F L 1) R & R AR X St
SRHY R T (B e Ss , 2003) o 7E (R AL B £ Kk
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Fig.9  Geochemistry illustrations for Tongchanggou porphyry
(a) St/Y vs. Y; (b) La/Yb vs. Yb (after Richards and Kerrich, 2007) ; (¢) Mg* vs. SiO,; (d) MgO vs. SiO, ( after Wang et al. , 2006)
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al. , 1986)
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