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Abstract The Kelu-Chongmuda metallogenic belt, different from the Gangdese Miocene porphyry-skarn Cu-Mo-Au belt, is
characterized by Oligecene porphyry-skarn Mo-W-Cu mineralization. The types and petrogenesis of intrusions associated with Oligecene
mineralization and the reason for the difference between the Kelu-Chongmuda and Gangdese mineralization remain topics of debate,
which prevents the evaluation of resource potentiality. Therefore, we conducted the geochronological analysis and research on the
petrogenesis of associated intrusions for the Chengba porphyry Mo deposit and Mingze skarn Cu deposit. The Mingze monzonlite
associated with skarn mineralization has zircon SHRIMIP U-Pb age of 30.4 +0. 6Ma, indicating that the Mingze mineralization took
place at ca. 30Ma, which is consistent with the mineralization age of the Chengba porphyry Mo deposit. The Mingze monzonlite are
shoshonitie, with low Si0,(55% ~57% ), high K,0 (2.7% ~5.0% ), MgO (3.5% ~6.9% ), Mg" value (57.6 ~67.2), high
abundances of compatible elements (e. g , Cr=34 x107°~379 x107°; Ni=48 x107° ~116 x107®) , and low St/Y ratios (24 ~
49). The Chengba granodiorite, with the zircon SHRIMIP U-Pb age of 28.7 0. 9Ma, are high-K calc-alkaline,, with high SiO, (65%
~67% ), high K,0 (3.2% ~4.1% ), MgO (1.7% ~2.1% ), Mg” value (49.5 ~51.1), low abundances of compatible elements
(e.g, Cr=20x10""~39 x107%; Ni =16 x 10™®* ~25 x 107%), and low Sr/Y ratios (53 ~76). Both the monzonlite and
granodiorite display enriched LREE and LILE, depleted HSFE, marked negative Nb-Ta-Ti anomalies, and slightly negative Eu
anomalies. However, the monzonlite have high abundances of REE than the granodiorite. They also have similar Hf isotopic
compositions with g,,(#) = +2.8 ~ +6. 8 for the monzonlite and &,,;(#) = +4.2 ~ +6. 1 for the granodiorite. Our new data, together
with previously published work, lead us to suggest that the parental magmas of the Mingze monzonlite were most likely derived from
enriched lithospheric mantle beneath southern Tibet and the Chengba granodiorites were derived from partial melting of a thickened
juvenile lower crust. The magma mixing between the crust-derived and mantle-derived magmas is beneficial for the porphyry-skarn Cu-

Mo mineralization in the Kelu-Chongmuda and Gangdese metallogenic belts. But due to the more intensive erosion in the Kelu-
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Chongmuda than in the Gangdese, the upper Cu bodies were not preserved and the lower Mo bodies were present in the Chengba
porphyry Mo deposit.

Key words Porphyry and Skarn deposit; Kelu-Chongmuda metallogenic belt; Magma mixing; Petrogenesis; Oligecene; Gangdese
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Tectonic framework of the Tibetan Plateau (a, after Zhu et al. , 2011) and regional geological map showing the localities of

major deposits in the Zedong area, southeastern Gangdese(b, modified after Harrison et al. 2000)
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Fig.2 Field photographs and microphotographs

(a)-Mingze monzonlite, (b)-Chengba granodiorite, (c)-granitic texture for the Chengba granodiorite, (d)-magnetite emplaced in the hornblende
which was rimmed by pyroxene for the Mingze monzonlite, (e)-screening texture charactered by K-feldspar with inclusions of plagioclase, hornblende
and sphene for the Mingze monzonlite, (f)-late fine grained plagioclase intruded into early subhedral plagioclase and the resorption texture of

plagioclase shown in the Mingze monzonlite. Q-quartz; Kfs-K-feldspar; Pl-plagioclase; Hbl-hornblende; Bt-biotite; Spn-sphene; Px-pyroxene; Mag-

magnetite
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Fig.3 U-Pb concordia diagrams for zircons from Chengba granodiorite (CB-3) and Mingze monzonlite (MZ-14)
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*1 NEHEBERAKERAN ZKE5A SHRIMP U-Pb F£RZH R
Table 1  Zircon SHRIMP U-Pb data of the Chengba granodiorite and Mingze monzonlite, Gangdese
206 2 206 pf 5
Spot Pb, U . Thi Th 200pp* Wy slo 2ph % bt % pbc % Error
(%) (x107%) (x107%) U (x107°) (Ma) 206 py, =y =8y correlation
FEE(CB-3) , 14 AN 5, I 4R 4 28. 4 £0. 4Ma,MSWD =0. 71
CB-1 0.95 595 395 0. 66 2.22 27.9 0.8 0.0378 18 0.023 18 0.0043 2.8 0.16
CB-2 3.07 424 271 0. 64 1.56 27.6 0.8 0.0292 42 0.017 42 0.0043 2.9 0. 07
CB-3 0. 00 401 336 0. 84 1.54 28.8 0.8 0.0464 10 0.029 10 0.0045 2.7 0.27
CB4 - 1628 787 0. 48 6.41 29.5 0.7 0.0511 4 0.032 5 0.0046 2.5 0.50
CB-5 1. 00 533 350 0. 66 1.97 27.7 0.7 0.0456 15 0. 027 15 0.0043 2.6 0.17
CB-6C - 2754 713 0.26 10. 99 29.9 0.8 0.0451 4 0.029 5 0.0046 2.6 0.59
CB-6R  0.00 303 148 0. 49 1.13 28.0 0.8 0.0434 11 0. 026 11 0.0043 2.8 0.25
CB-7R - 359 226 0. 63 1.36 28.5 0.8 0.0686 14 0. 042 14 0.0044 2.8 0.20
CB-7C - 1478 612 0.41 5.63 28.5 0.7 0.04%4 5 0. 030 5 0.0044 2.6 0.49
CB-8 2.23 455 276 0. 61 1.71 28.1 0.8 0.0317 32 0.019 32 0.0044 2.7 0.09
CB9 - 1126 439 0.39 4.24 28.2 0.7 0.0489 5 0. 030 [§ 0.0044 2.5 0.43
CB-10 2.84 651 469 0.72 2.42 27.9 0.8 0.0378 26 0.023 26 0.0043 2.9 0.11
CB-11 0.69 360 203 0.56 1.36 28.3 0.7 0.0520 25 0.032 26 0.0044 2.6 0.10
CB-12 1.42 872 799 0.92 3.32 28.5 0.7 0.0308 19 0.019 19 0.0044 2.5 0.13
B (MZ-14) 14 A0 5 InBGE 4R Sk 30. 4 £0. 6Ma,MSWD =1. 8
MZ14-1 0.70 1250 1353 1.08 5.03 30.2 0.6 0. 042 9 0. 0269 9 0.0047 2.1 0.23
MZ14-2 1.42 665 778 1.17 2.55 28.7 0.6 0.042 17 0.0261 17 0.0045 2.2 0.13
MZ14-3  0.21 1607 1144 0.71 6. 81 31.7 0.7 0.048 5 0.0326 6 0.0049 2.3 0.42
MZ144  1.55 665 574 0. 86 2.59 29.2 0.9 0.036 22 0.0224 22 0.0045 2.9 0.13
MZ145  1.19 1053 634 0. 60 4.32 30.7 0.8 0. 035 15 0.0231 15 0.0048 2.6 0.17
MZ14-6 - 1108 736 0. 66 4.36 29.5 0.9 0. 053 7 0.0333 8 0.0046 3.2 0.41
MZ14-7 - 512 746 1. 46 2.12 31.0 0.7 0.061 9 0. 0408 10 0.0048 2.3 0.24
MZ14-8  0.99 1241 511 0.41 5.18 31.2 0.8 0. 041 11 0.0274 11 0.0049 2.5 0.23
MZ14-9 - 1661 753 0.45 7.05 31.8 0.8 0.048 3 0.0325 0.0049 2.4 0. 60
MZ14-10 0.00 718 838 1.17 2.93 30.6 0.7 0.048 5 0.0317 0.0048 2.4 0.41
MZ14-11 1.23 1241 2325 1. 87 4.96 29.9 0.6 0.038 13 0.0241 13 0.0047 2.1 0.16
MZ14-12  0.67 2305 775 0.34 9.53 31.0 0.6 0.041 8 0.0274 9 0.0048 1.9 0.21
TE : Pb,, 1 Ph * 4351 A8 50 E RS P R B 3R 22 Loy ™ = 7 R A
x2 EEBRAEE Mo ¥ KT AFIFEEY Re-Os BAIRSTER
Table 2 Molybdenite of Re-Os isotopic data of Chengba porphyry Mo deposit
. . Re( x107%) CHOs( x107%) 87Re( x1077) 870s( x107%) HERAEWS (Ma)
RS FHE(g) —0l e . T ———
WE M 20 JEME + 20 WM + 20 JEME 20  JEM 20
MZ001-172 0. 01006 86289 783 0. 082 0. 021 54234 492 27.02 0.23 29.90 0. 44
MZ001-164 0. 00046 129900 1063 0. 049 0. 166 81644 668 41.33 0.51 30. 38 0.51
MZ004-320  0.01039 299792 2518 0. 380 0. 064 188425 1583 95.59 0. 81 30. 44 0. 44
MZ004-321 0. 00242 712964 6498 1.936 0. 044 448112 4084 224. 4 1.9 30. 04 0.44

4.3 FTERMIKUZE

FRELAE b DA A 5 B0 R A i 9 TT R b R AL 5
PO 3, ALK N K B B Y Si0, 5 (65% ~
67% ) AR MgO 54 (1.67% ~2.13% ) J Mg" {8 (49. 5
~51.1);K,0 &8N 3.2% ~4.1% ,JF T & HAS It A R
A/CNK 0. 87 ~0. 92, J& TUES AR, 5 T BRI A5,
7B IN —A HAT HE X AR Si0, (55% ~57% ) (i

MgO &8 (3.5% ~6.9% ) il Mg* . (57. 6 ~67.2) ;K,0 4t
F2.7% ~5.0% , BAKJE T4 % 4 % ; A/CNK K 0.65 ~
0.79, 8 FHEmBAE R (K S) .

R LR 2 BA A RURTR) BT T BLA AL AR 10T
FAMEICRIHE (B 6) , ¥R /R M &4 550 Eu 75
H(6Eu=0.71 ~0.86) . & £ K& F ¥ A 6 E (LILE, ) 4n
Rb.Th U K) 75 # & 5% oC % ( HSFE, £ 40 Nb Ta Ti) %
FRIE, EAHERAST &, AN AW REE & &8 8 s T
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®3 BEENAKEMBAN-KEEE(w% ) MHE( x10°) TRSWER

Table 3 Whole rock geochemical data of the Chengba granodiorite and Mingze monzonlite ( Major elements: wi% ; Trace elements; x107°)

s CB-2 CB4 CB-5 CB-6 CB-3 MZ-15 MZ-16 MZ-17 MZ-18 MZ-14
Si0, 66. 79 65. 96 65. 38 65. 48 66. 68 57.23 56. 14 55.11 54.96 55.84
Al, 04 15.51 15. 46 15.49 15.36 15.41 14.54 17.74 14.17 15. 96 15. 84
TiO, 0.44 0.48 0.52 0.53 0. 44 0. 65 0. 85 0.76 0.67 0.74
Fe, 05 1. 96 1.83 2.08 2.06 1. 63 3.17 2.46 2.57 3.47 2.81
FeO 1.27 1. 60 1. 80 1.84 1.68 2.78 2.01 3.70 2.90 3.62
CaO 3.23 3.47 3.93 3.75 3.26 7.23 6.26 6.76 7.20 6. 87
MgO 1. 67 1.91 2.13 2.07 1.75 5.34 3.47 6. 89 5.30 4. 66
K,0 3.73 3.99 3.22 3.58 4.07 2.70 3.89 4.99 3.70 4.08
Na, O 4.25 4.12 4.31 4.16 4.03 3.67 4.08 2.49 3.47 3.52
MnO 0. 051 0. 051 0.071 0. 067 0. 058 0. 103 0. 065 0.123 0. 097 0. 099
P, 0y 0.251 0.273 0.292 0.294 0.255 0.740 0. 698 0.574 0.588 0. 664
H,0* 0.18 0.10 0.17 0.03 0.24 0. 62 0.92 0.82 0. 86 0.57
H,0~ 0.18 0.14 0.12 0.13 0.09 0.31 0.39 0.27 0.32 0. 06
LOI 0. 65 0.63 0.59 0.59 0.48 1.17 1.33 1.25 1.09 0. 86
5824 99. 81 99.78 99. 82 99.78 99. 74 99.32 99. 01 99. 39 99. 40 99. 59
Y 11. 48 11. 10 13.93 13.92 11. 42 27.07 26. 41 22.76 21.27 24.37
La 54.55 52.01 65.22 65.38 65.30 76. 56 111.2 71.74 73.13 65.40
Ce 103.0 101.2 123.5 128.2 111.5 154.8 210.5 158.5 151.8 137.07
Pr 11.95 11. 84 14.50 15. 00 13.96 20.72 26. 88 21.19 19.25 20. 28
Nd 40.90 40. 62 50.97 51.57 47.06 78.38 100. 4 80. 80 72.08 77.46
Sm 5.79 5.62 7.34 7.18 6. 84 12.50 15. 46 12.79 11.28 13. 04
Eu 1.34 1.31 1.55 1. 60 1.53 2.85 3.39 2.80 2.54 2.79
Gd 4.37 4.31 5.48 5.49 5.11 9.11 11. 00 9.21 8.21 8. 84
Th 0.53 0.52 0.67 0. 65 0. 63 1.22 1.36 1.19 1. 06 1.28
Dy 2.35 2.31 2.98 2.91 2.57 5.73 5.89 5.28 4.83 5.69
Ho 0.40 0.38 0.49 0.50 0. 44 1.00 0.97 0. 86 0. 80 0.99
Er 1.13 1.12 1.39 1.43 1.32 2.85 2.71 2.38 2.22 2.82
Tm 0.18 0.18 0.22 0.21 0.19 0.44 0.38 0.35 0.33 0.41
Yb 1.24 1.28 1.59 1. 63 1. 18 3.07 2.70 2.46 2.19 2.59
Lu 0.18 0.17 0.22 0.22 0.18 0. 46 0.37 0.36 0.34 0.34
W 0.98 1.00 4.51 1.39 1.23 1.32 2.08 0.92 1.13 1.95
Mo 1.21 1. 14 1.32 1.09 0.78 2.25 1. 66 0. 60 0.97 0.82
Cu 22.41 20. 62 17.03 23.27 63. 66 4121 5662 1857 2014 252
Pb 26.42 32.23 29.79 31.56 36. 14 10. 46 13.90 13. 09 12.25 13.63
Zn 52.18 44.16 2350 58. 86 44.96 67.55 86.98 81.20 971. 1 41. 04
Co 9.32 9. 60 11. 68 12. 00 11. 89 27.18 22.29 26. 10 26. 68 22. 15
Ni 16. 30 16.28 19. 50 18. 84 25. 46 57.73 67.90 115. 45 82.07 47.52
Cd 0. 04 0. 06 0.11 0. 04 0.03 0.07 0.32 0.10 0.10 0. 04
Nb 18. 46 16. 90 20. 50 20. 56 19. 57 22.02 26.20 29.23 22.42 18.07
Ta 2.34 1.91 2.22 2.37 1.48 2.09 1.79 2.08 1.85 1.43
Zr 166. 6 171.6 183.5 181.5 169. 6 231.0 330.9 254.2 224.8 105. 5
Hf 10.91 10. 86 12. 04 11.63 9.85 15.05 17.43 17. 81 14. 41 5.49
Th 58. 04 51.75 60. 88 62.78 31.07 42.04 79.32 70. 47 63.73 27.33
U 12.04 11.45 11.33 13.20 7.57 11.42 13.51 9.45 6.97 6.47
A% 76. 03 80. 41 96. 65 85. 18 62. 67 109.0 125.5 128.9 154.1 112.2
Cr 35.59 34.28 43.74 39.00 20. 08 136.6 49.21 379.2 251.4 34.53
Rb 147.3 148.9 130. 6 139.6 174.9 107.5 207.7 204.2 167.9 154.3
Sr 723 751 756 788 747 638 1117 975 1041 950
Ba 826 1045 652 945 1141 851 1561 1986 1599 1768
K,0 +Na, 0 5.40 5.90 5.35 5. 65 5.83 8.04 7.36 11. 88 9.00 8.73
K,0 / Na,O 0. 88 0.97 0.75 0. 86 1.01 0.73 0.95 2.01 1.07 1.16
Mg* 49.51 51. 14 50. 88 49.96 49. 88 62. 44 62. 04 65.31 60. 97 61.93
A/CNK 0.92 0. 89 0. 87 0.87 0.91 0. 66 0.79 0. 65 0.70 0.70
SREE 227.9 222.9 276.2 281.9 257.8 369.7 493.2 369.9 350. 1 339.0
LREE/HREE 20. 94 20.72 20. 17 20. 62 21.19 14. 48 18.43 15.74 16.51 13.77
(La/Yb) y 31.53 29.17 29.37 28. 84 39.55 17.91 29.49 20. 90 23.97 18. 14
Sr/Y 63.0 67.7 54.3 56.6 65.4 23.6 42.3 42.8 48.9 39.0
S6Eu 0.78 0.78 0.71 0.75 0.76 0.78 0.76 0.75 0.77 0.75

Mg = Mg?* /(Mg?* +total Fe?* ) ] (JEE/RK L) , total FeO = FeO +0. 89 x Fe, 05 ; A/CNK = Al,0,/( CaO + Na, 0 + K, 0) (EE/K Lt ; LOI-g 2k .
8Eu =2 x Euy/(Smy + Gdy) , N FRRFHERR B A 47 4R#ELL (Sun and McDonough, 1989)
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Fig.5 Discrimination diagrams for the Mingze monzonlite and Chengba granodiorite
(a)-Si0, contents against K, 0 + Na, O ( Middlmost, 1994); (b)-Q-A-P (Bowden et al. , 1984); (c)-SiO, contents against K, O ( Peccerillo,
1976) ; (d)-SiO, contents against MgO; (e)-SiO, contents against Mg®; (f)-La/Yb ratios versus La contents. Data sources: 38Ma Wolong host

granitoids and mafic enclaves (Guan e al. , 2012) ; 30Ma Chongmuda host granitoids and mafic enclaves (Jiang et al. , 2011) ; Slab melting ( Zhu
et al. , 2009) ; Lower-crustal melting ( Hou ez al. , 2004; Guo et al. , 2007 ; Gao et al. , 2010 ) ; Mantle melt and crustal Assimilation-fractional
crystallization (AFC) (Stern and Kilian, 1996)
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Fig. 6 Chondrite-normalized rare earth element patterns (a) and primitive-mantle-normalized trace element patterns (b) for the

Mingze monzonlite and Chengha granodiorite ( normalization values after Sun and McDonough, 1989)
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Fig.7 Discrimination diagrams of Sr/Y ratios vs. Y contents (a) and (La/Yb) ratios vs. Yby contents (b) for the Mingze

monzonlite and Chengba granodiorite

Symbols are same as those in Fig. 5

EALR NS, R ER TR /- (La/Yb) y =17.9
~29. 51 K FIE#[ (La/Yb) =29.2 ~39.6], 3 H, =K
HHFCR TR, Cr h 34 x107° ~379 x 107° (7324
170 x10 ™), Ni 2y 48 x 107° ~ 116 x 10™° (SN 74 x
107°) 5 T A6 B NG S5 A M 28 0 3 & IR, Cr 2 20 x 10°°
~39 x 10 (F#H 34 x10™°) ,Ni 16 x 107 ~25 x 10~°
CFER 19 x107%) , gehh, KA BA X R Y(21.3
x107% ~27.1 x 10 ~®) FIER ) St/ Y HLAEL (24 ~49) T AL
A HABARA Y (111 x107° ~13.9 x 107°) R H 1
St/Y WAH (54 ~68) , 3 43 Bl ¥ A & IRBL G H G IR 0
FaEEN(ET)

4.4 HfEEE
Hf [ B R Lk 4, N KA E A

B Yb/'7 HE F1'7° Lu/"" HE {8 43 51 25 0.0196 ~ 0. 0869 Fil
0. 0005 ~0.0022, &, (1) fHH +2.8 ~ +6.8, FLAEW Jy 446
~593Ma, e AT RSy 673 ~ 928Ma, 2 ELAE K TN A HE
S s A B0 Yb/' HE AT Lu/' HE {E 4 B A 0. 0126 ~
0. 0331 F10.0004 ~0.0010, &, (t) ik +4.2 ~ +6. 1, iz
AEHE R 456 ~ 531 Ma, HISEALIUAR RS A 714 ~ 840Ma,

5 Wig
5.1 MESHEERS

I = KB 557X 47 SR Cu e R, K
M4k 4 SHRIMP U-Pb 45148 30.4 +0. 6Ma(MSWD =1.8) ,
R WU 47 4 Cu LA 2 30Ma, #EHTH" Re-Os [
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FAEF . RAMAN-BEIE-F FEA Mo-Cu 5 KRR 5 B RE &5 56 mA 1401
*4 BERRRKERBANZKEHEE H BARHER
Table 4  Zircon Hf isotopic data of the Chengba granodiorite and Mingze monzonlite
BEALS Age (Ma) 'SYbL/'THE  Luw/'THE  VOHE/'THS lo enr(0)  ene(1) Iom ton Jrwn
MZ14-1 30.2 0.033712 0. 000883 0.282861 0. 000010 3.13 3.78 554 866 -0.97
M714-2 28.7 0. 042618 0.001075 0. 282892 0. 000013 4.23 4. 84 512 797 -0.97
M714-3 31.7 0. 040358 0. 001085 0. 282857 0. 000009 3.00 3.67 562 874 -0.97
M7Z144 29.2 0. 044390 0.001129 0.282861 0. 000011 3.14 3.76 557 866 -0.97
MZ14-5 30.7 0. 025839 0. 000691 0. 282879 0. 000010 3.79 4.45 525 824 -0.98
M7Z14-6 29.5 0.030513 0. 000800 0. 282872 0. 000010 3.53 4.16 537 841 -0.98
MZ14-7 31.0 0. 035765 0. 000930 0. 282833 0. 000011 2.15 2.81 594 928 -0.97
M714-8 31.2 0. 026321 0. 000723 0. 282838 0. 000011 2.34 3.01 583 916 -0.98
M7Z14-9 31.8 0.019612 0. 000535 0. 282847 0. 000010 2.64 3.32 568 896 -0.98
MZ14-10 30.6 0. 085612 0. 002139 0. 282947 0. 000015 6.17 6. 80 447 673 -0.94
MZ14-11 29.9 0. 086901 0.002188 0. 282945 0. 000011 6.12 6.73 450 677 -0.93
M7Z14-12 31.0 0. 023021 0. 000639 0. 282842 0. 000013 2.49 3.16 576 906 -0.98
CB3-1 27.9 0. 019563 0. 000546 0. 282874 0. 000008 3.62 4.22 530 836 -0.98
CB3-2 27.6 0. 019809 0. 000564 0. 282873 0. 000008 3.56 4.16 532 840 -0.98
CB3-3 28.8 0.017145 0. 000486 0. 282874 0. 000006 3.62 4.25 528 835 -0.99
CB34 29.5 0. 023987 0. 000748 0. 282912 0. 000008 4.95 5.59 479 750 -0.98
CB3-5 27.7 0. 019695 0. 000565 0. 282884 0. 000008 3.97 4.57 516 814 -0.98
CB3-6 29.9 0.021274 0. 000673 0. 282909 0. 000009 4.83 5.47 483 757 -0.98
CB3-7 28.5 0. 023425 0. 000765 0. 282928 0. 000008 5.52 6.13 457 714 -0.98
CB3-8 28. 1 0. 019953 0. 000584 0. 282875 0. 000007 3.62 4.23 530 835 -0.98
CB39 28.2 0.033119 0. 001000 0. 282900 0. 000007 4.54 5.14 499 777 -0.97
CB3-10 27.9 0. 021795 0. 000610 0. 282880 0. 000008 3.83 4.43 522 822 -0.98
CB3-11 28.3 0. 012566 0. 000363 0.282889 0. 000008 4.14 4.76 506 802 -0.99
CB3-12 28.5 0. 025172 0. 000737 0. 282899 0. 000008 4.50 5.11 497 780 -0.98
e (1) =10000 x { [ (THE/THE) g — (" Lu/TTHE) g x (M = 1) 1/[ (TCHE/TTHE) cpur o = (O Lu/17THE) qur X (eM = 1) ] =1}, 1py = /X

xIn{1 + [ ("CHETHE) g — (TCHETTHE) py 1/0 (T Lu/ T HE) g — (T Lu/ T HE) py 1

ton” = tow = (o =) X [ (foe =frwm)/ e =fon) 1

Srome = (7 Lu/"HE) o/ (" Lu/"THE) qgur — 1. where, \ =1.867 x 10 ~'year ' (Soderlund et al. , 2004) ; ("7°Lu/""Hf) g and (7O HE/'THF) gare
the measured values of the samples; ('™ Lu/"" Hf) gyyp = 0.0332 and (¢ HE/'7 Hf) qyun o = 0. 282772 ( Blichert-Toft and Albarede, 1997) ;

("5 Lu/"THE) 1y =0. 0384 and ("CHE/THE) py =0. 28325 ( Griffin et al. , 2000) ; (7% Lu/"" HF)

( 176LU/]77H[) (IHUR] =15 fon = [( 7o Lu/'" HF) py/( 176LU/]77HD CHURJ

ZAECFRIE R AR B BEA A Mo 5 LU /224 30Ma, 5
B &7 =25 Cu &7 R JL-F- [5) B AT B

#h 1 SHRIMP U-Pb 4R AR W], R B0 X & 7 46
RN A TR A 28. 4 £0. 4Ma(MSWD =0.71) , %4
W SRR K ALK A e A U-Ph 4RI AR —80(27.7
1. 1Ma; BEHFIE45,2008) o BbAM, BT ATEIZ X H A AR AE X 5 1k
IR KA T — 412 30Ma [ 4F % £ 3%, 44 40 Harrison %%
(2000) FRAGFREIE <IN A 1 ASHE SR 85 A U-Pb 4R 84
30.4 +0.4Ma(MSWD =1. 1), Chung %£(2009 ) 25 f57% .45 i
N 2 ASFE i 85 4 U-Pb 4R 9% 43 51124 30.3 £ 0. 6Ma
(MSWD =1.4) 1 31.0 +0.5Ma ( MSWD =5.2) , 3 T Fj %

(2011) FRAF AR K A & KA EE 1 U-Pb 4E§%K 30.2 +
0.7(MSWD =3.7) . 3 5475 2 W % 0 0 A ik o 1 ] g

mean erut = 0- 0155 £ = [CTO L/ TTHD) sy e/

—1; t = crystallization time of zircon

J& Tl — A AR AR I A) 28 ~31Ma,

5.2 ERAME
5.2.1 N =—Kx%

LU A v S 7 WA 4 A0 DR A T Pl S0 4 L R B
A B S AN RH AT B R Z5 e (1 2)
X BER I I S A IR A A B2 ORI (R A
45,2012) . “RAHARARN Si0, B R MgO S
HICH (Cr.Ni Co V) it B Mg (L (18] 8) , Hofmeh) i i o3 T
RE 2 BT, (H T SRR R TR & VR BB BR S ) Y
G B4 b A P I B3CH M A R i i 5 i A 1) 2 5 o ST
BB o DO T BR Y B B B 5 oA SR A B A
Koa- T RAER A WA S T RE A —B R IHZIX
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Fig.8 Discrimination diagrams of Ni contents vs. Cr contents (a) and Ni contents vs. Mg* values (b) for the Mingze monzonlite

and Chengba granodiorite

Data sources: Slab melting and Lower-crustal melting ( Guan et al. , 2012). Symbols are same as those in Fig. 5

AREA A T A R SRR A AR SR R S iR Gk
AE i A T R B S 3 DA A AT e X S 1R T Y
is7/B

KA Nb/U F1 Ce/Pb HAE A 510 1.9 ~3.2 1 10. 1
~15.1, 2K FF7E (Nb/U =6. 2, Ce/Pb = 3. 9; Rudnick and
Fountain, 1995) , MiHA @A W] T th 5 X i & (MORB) Fl7F
5 Z A (0IB) (Nb/U =47, Ce/Pb = 27 ; Hofmann, et al. ,
1986) , F W] A5 4 B 5 3R AN KT RS2 00 U Vel b e 8 43
FERIE . A AR E 5 XG0T A< B BR e 48 B 2 b i
38Ma {EEF T A (A 5 A AR DL A4 L BR AL 22 R AE, J5 2 BA N
WA R HE IR A R A5 R (Guan et ol. , 2012) , i
Hh P ARGEAE RN A P A B T 31 Ma BN AR (2T
B3R, 2010 ) HOHERALAARAE SN — A 260 BT Bk
Bt , W IN —ARA AR T AR SR b 0 3 430 R T B 1 0
R AR

B — Ko R ey K, O & i, nlRE S IR IX A 7E T 4
TGt EHANOMHKA) . KA Eu fi s
AR, KRB KON KITRERSHT WA, Wi, 54
BT 1 0 1R B AT Y Rb/Se (> 0.1) AR Y Ba/Rb
(1 <20) W AE, W05 ff N A i 19 95 1K B AR Rb/Sr
( <0.06) F1 & ) Ba/Rb Fo{H ( >20) (Furman and Graham,
1999) , BN — & & A9 Rb/Sr 2 0.16 ~0.21,Ba/Rb H.{H Ky
7.5 ~115, RWFEXEHT WA EENE =B, FHitk, KT
AR BUm G A PRI M R BEAFAE & o B, 3% 9 8UR e s
BT IRER 2 A s BRI A A B L (Jiang er al. , 2006) LA S
AR ARD 28 & M INA &= B A A Bl U (Jiang e
al. , 2005 ) %5 HATARMANE o

52,2 BEREALE

T EE W T 1A B DA 1 X S0 oo T 55 0 B A 3t
ACFRFAE 7 T B A AR AR, J5 3 7E — RS SCHR P b oy
Bikvilia . Hil, o E N E e AR REE T Xk
I I - v S 1 K B 2R RIS E IR A T
i, MR IR TE A MR IR 5 0 e ) 4 75 AR 8 il A 5%
i) 41 (Richards and Kerrich, 2007 ; Richards, 2009 ; 53¢
4,2010) o I H, X T RURHT PO X B8 BEE 19 80 A
PUFAE Z L, B HE S TR 1 F 372 ( Chung er al. , 2003 ;
Hou et al. , 2004 ; Guo et al. , 2007 ; Guan et al. , 2012) ,{ff#f
B B TR BRI R T (Quiet al. , 2004 ) , LIS AR i e
IE A g (Gao et al. , 2007, 2010) -1 AL, 4
SCEET LA Uy 18 T W 7 T4 B TR A 2 5 X B0 e o
TS BEE T R HA AR B, 322 B S0 R s e i
FERRIY ) o

(1) 58 &~ bR TR B R AR i N - R AE R S
RIAR L R, 10 LAWY ) — Ay AR 1 v 1 o 8 T ARAR
N PRI 33k S v R A 1) A A AS R TT RE 2 B U B2 S 25
Iy o La-La/Yb AHSCIEN (8] ST) WA SCHRES o 524
FH 075 B 73 Bl RAAIE o

) BB INK A BA R K0 & &, LM MgO
Tt K Mg B, AR A & Rt A 63 (Cr NiLCo V), BT i
AR TR AR 7 67K B BT A4 22 A0 BT b, 3
TR Pl 8 7S 43 o A T2 G B B 2 S (A %t e
4 AR e RS9  Zha et al., 2009) , TR0 T X
JEST OB E 0 B (0S) o B IE BRSO AR A 7E
~50Ma & &AW E (Wen et al. , 2008; Lee et al. , 2009) , 1
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FEEAE R N A B R AL A2 2 30Ma, PR %A 14 TN
PR BT PR 2 i A8 11 AN 2 P Bl R b R 45

(3) FEEAE R IN KA A SR XA A KT RER F & 4R 5
11l (Gao et al. , 2007, 2010) o FIE AL K N A X Fh
RIS BRI, T B A R 08 R L KA T A
BN B (350 0 M5 il (Jiang e al. , 2006) , 33X Fhad 7258 &
SPHREAMBETTRIEARITE TG, SR, AT
TR T A FLAT 5 B S R 28 D0 3R R AE I AN SCHREAE R TN K
ISR DO AR A IR X AH R (& 6) .

(4) BEAE R INK A AR A A IER e (1) 8
(+4.0~ +6. 1), WoR T HMIEFAE, DFFEUED], BURT B
A G IR e B T B ARAE , HOE 5 BBk B R
ZVEFA 5% (Mo et al. , 2008 ; Chung et al. , 2009) ,

5.3 TIBEEERSHAMNBEER Mo HLHETENX

ARSI, BN A B R A A R e
IIERE G, MR AR ET B H A TR S/ & n bk, #F
FERRWY, RAEHR T (B A) 15 b oS e SO T JE iz
BB A, R A3 mon] LT B A 9 (Wyllie and
Sekine, 1982; Turner et al. , 1996; Rogers et al. , 1998 ; Jiang
et al. , 2006) . [HI, W A< 3 T 4R S A 1) b 0 9 DX 7T e
TSR I T AR (R R) s . PR A S s
K TEBA I FEREAE K K VB R R, LR GR AR
KRBT A TCER (LILE) Fiy A\ B A Pl s, M s e
FITE IR T K R, D A Y SRR B, TE Xl 4R
WAL T R FEURRIRNIE RSB T a2 h, 23
W AE TG /B Cu Au S5 TF I N A M A TC R 1]
TERRER IR b sl 4R, AT 5 i HAT AR A28 Cu Au 5543
JRICEMHE ST (Oyarzun et al. , 2001; Mungall, 2002) , A< 3C
MITEER S T4 2R (32 3) 3Rk — AR, B A E A it vh
Cu S8, 252 x 107° ~ 5662 x 10 ~° (SEH{H K 2781 x
107°) i ELAE B N A FE SR Cu S i 7.4 x 107° ~
63.7 x 10~ A [ S oA - A S R 1 4 1 0 1
BAR T RIS .

B — Koa SR E- AR K N K AR P R F RN K
S0 A A1 IR 7 KR PR 5 o B A AR AR (1S (1 T
P 8) AR T REJE T 5 48 A B8l g 38 2 s R B ) — &
HRFRG . REGRAUBEBIE N KA, 1 H A 5K A
Ko B IR A G IR R A G IR A T, AT 2038 BE LA LAY
B R BEARNKE T, X 58N EER] 19 E A A
AR N AR R F R K BT R 4 — 5, IR H.,
XIS o 3 R Ptk 7 R B R B A, G A
WAE 35 A R R A 1Y 4 S A A - S A ) (B A
A REERT) 7 (B RS WIS, 2008 ) o XA SRR G VRIS
B PR T A A Mg R M5 2 ] Y — Fh og i AR A O =X
(Sun et al. , 2010) , 2k [ & 40 A2 J0A AL A B & A
FEM Cu S HH,0,1M HAE S KEFUE KRG L m 5

FPAE TE Cu S A1 H,00 X Fh7E A0 EL AR RIS 08 - op
ARIEE T BCHH N B -4 R A A R AR

R 2R Rt EEL 4 T B D S 5 DR S0 PO T 2 ™ B
HATARAR R 2 AR K B ) 00 3R R AE , LIPS X8
ST SR BN ST AR AT AE R A 2 WU B R Mo
A4k, AL ER A XS0 & 7 35 2 Cu-Mo 74k, —Ff & 2
R R A2, i ULt DX 3507 1 2 7 0 A S B b B 7Y
Cu-Mo B4k, i F B 4 1 Cu-Mo 8" PR — M £E T 1) EHA -
Cu N Mo WZp 5L , AT o i Tz IX & 2R 1 s 2B T 5
R, PECE TR Cu B (g ik i B4 SR B Mo 714, iX
5 BB I W K AT AR AR S AT AR AT A R B 3t DR kR
TG XU B R ik B (A R TR ) BT B Y
O P, SRR IR PR T Cu 7 B
g

6 4k

(D) WIS RAR Cu A5 AR R BT, B A
5 ZRAE SR R B R, 295 30Ma, % 4R ik 1 5 e
ELBREA T Mo (i AU —2K,

(2) BN R 2 T A o A b e 30 o o 1) 7,
B A I PN A 0 S5 e B 0 R 4 7 )

(3) BI — o 5 R E- AR GA AE B N A Hh R A S
ORI REFL AT AHTR] B4 3 5 U X R R ERT I G 7s DX 30k
BT IR R BUA IR S s IR SR IR A R X AT
BRI SR BT - AR B BEE B Cu-Mo 5746,
T X R TR i 2, bR A B R Cu B (R S A i
A PRAT Tk, NI B AR B BEE T Mo 7R
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