DOI: 10.16539/j.ddgzyckx.2016.05.016

sHE s e iz
(Volume)41,  (Number)3, (SUM)158 j( iﬁ’, 1"@ = -'—_JT ﬁk il =
(Pages)516~532, 2017,6(June, 2017) Geotectonica et Metallogenia

U-Pb
Hf

@R, E BT, ARE Y FHF Y EALR S
oS AT F oW, Bagt?

(1. , 510640; 2. ,
100049; 3. , 510060; 4. 931
515041)
=
U-Pb Hf LA-ICP-MS U-Pb
141.8+1.0 Ma,
Rb Th U K Pb, Ba Sr Ti P Nb Ta, Eu , |
enr(t)  —6.67 -2.32, (tows) 1343~
1615 Ma,
KGR U-Pb ; ; Hf

FE %S P595; P597  XEAMREAS: A X E4S: 1001-1552(2017)03-0516-017

0 gl —é* ( , 2004, 2008, 2009; , 2005, 2010;
Hu and Zhou, 2012; Mao et al., 2013; ,
- 2014) ( - )

1 NE ( ) 1
180~160 Ma, 160~135 Ma  135~90 Ma (Li, - ( ) ()
2000; Zhou and Li, 2000; Li et al., 2007; Guo et al., )

2012)( 1) ,
Y5 H #A: 2015-06-08; /=] H #7: 2015-09-04

I3 B % Bh: (12120114015901)

F—EER-N: (1989-), , Email: giu_zengwang@163.com

BIEEH: (1966-), , , Email: wanghe@gig.ac.cn



B 3H % T RRGEHE BT AERBESTEA U-Pb £RFE. kL. Hf B REMRREREX

517

U-Pb

1 Xt i

1999a)

NE-NNE

NE-NNE

1

1952

, EW

( Zhou et al., 2006
Fig.1 Geological schematic map of South China

LA-ICP-MS '

Hf

, 2006)

170~89 Ma

NE
NW

)

- (Xu et al., 2000)

175~110 Ma
(Xu et al., 2000)

( 2

NW



518 Aetod s By B 415
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Fig.2 Geological schematic map of the eastern Guangdong province
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Fig.3 Geological schematic map of the Taoxihu tin polymetallic deposit
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Fig.4 Photos of hand specimens and micrographs of the Taoxihu granite porphyry and its related mineralization and
alteration
) ) 80~200 um,
4 MRS H 2 1-3 1, 4 1-5 1
( 5a) , ,
41 LA-ICP-MS U-Pb , (Rubatto and
(TXH-1) U-Pb  Gebauer, 2000) U Th
) 1 131~1993 ng/g 87~1191 pg/g, Th/U

(TXH-1) - 0.42~1.26( 0.69),
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x1 MBHERTEEFES TXH-1)LA-ICP-MS #A U-Pb IliX4 R
Table 1 LA-CP-MS zircon U-Pb data for the Taoxihu granite porphyry
(ng/g) (Ma)
Thiu

u Th 207pp/2%pp 1o 207pp/2BY 1o 206pp 28y 1o ppABY 16 2%Pb/U 1o
1 749 436  0.58 0.05644  0.00167  0.17287  0.00493  0.02214  0.00031 161.9 4.3 141.2 2.0
2 514 272 053 0.05161  0.00211  0.15852  0.00539  0.02222  0.00055 149.4 4.7 141.7 35
5 1993 1191 0.6 0.05132  0.00119  0.15828  0.00387  0.02222  0.00026 149.2 3.4 141.6 1.6
7 298 376  1.26 0.04902  0.00217  0.15382  0.00693  0.0229  0.00036 145.3 6.1 145.9 2.3
8 251 206  0.82 0.05101  0.00286  0.15566  0.00897  0.0224 0.0005 146.9 7.9 142.8 3.2
9 172 154 0.89 0.05009 0.0026  0.14936  0.00687  0.02238  0.0004 141.4 6.1 142.7 2.5
11 376 215 057 0.05173  0.00198  0.15624  0.00572  0.02245  0.00044 147.4 5.0 143.1 2.8
12 331 266 0.8 0.04929 0.0018  0.14855  0.00558  0.02226  0.00038 140.6 4.9 141.9 2.4
13 344 266  0.77 0.0489 0.00208  0.14682  0.00605  0.02225  0.0004 139.1 5.4 141.9 2.5
14 313 160 051 0.04961  0.00198  0.1444  0.00566  0.0214  0.00036 137 5.0 136.5 2.3
15 463 269 0.8 0.04893  0.00214  0.14945  0.00661  0.02237  0.00036 141.4 5.8 142.6 2.3
16 745 358  0.48 0.04765  0.00159  0.14609  0.00511  0.02221  0.00032 138.5 45 141.6 2.0
18 491 229 047 0.05145  0.00192  0.15791  0.0063  0.02224  0.00041 148.9 55 141.8 2.6
19 131 87 067 0.05072 0.0036  0.15357  0.01045  0.0223 0.0004 145.1 9.2 142.2 25
20 435 461  1.06 0.04892  0.00196  0.14898 0.006 0.0221  0.00033 141 5.3 140.9 2.1
21 186 145  0.78 0.04855  0.00234  0.14931  0.0078  0.02218  0.00043 141.3 6.9 141.4 2.7
22 464 220 047 0.04859  0.00189  0.1494  0.00621  0.02226  0.00038 141.4 5.5 141.9 2.4
23 1256 813  0.65 0.04819  0.00161  0.14902  0.00587  0.02231  0.00041 141 5.2 142.2 2.6
24 462 298  0.64 0.04513  0.00168  0.13634  0.0052 0.0221 0.0005 129.8 4.6 140.9 3.1
25 264 235  0.89 0.04773  0.00253  0.14708  0.0082 0.0224  0.00051 139.3 7.3 142.8 3.2
26 687 288  0.42 0.04881  0.00179  0.14965  0.00586  0.02219  0.00041 141.6 5.2 1415 2.6
27 214 185 0.86 0.04877  0.00239  0.14973  0.00749  0.02224  0.00036 141.7 6.6 141.8 2.3
28 369 318 0.86 0.04919  0.00176  0.15086  0.00573  0.02223  0.00038 142.7 5.1 141.7 2.4
29 565 357  0.63 0.04678  0.00242  0.15158  0.00653  0.02248  0.00061 143.3 5.8 143.3 3.8
30 341 162 048 0.04956  0.00194  0.15202  0.00604  0.02232  0.00042 143.7 5.3 142.3 2.7

5 (CL) enr(t) (&

U-Pb  Hf ) U-Pb (b)

Fig.5 CL images of zircons from the Taoxihu granite porphyry, with analytical numbers, U-Pb ages, and &.(t) values (a),
and zircon U-Pb concordia diagram (b)
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(Belousova et al., 2002; , 2004)
30 :
3 4 6 10 17 ,
208pp238Y 136.5+2.3~145.9+
2.3 Ma, 141.8+1.0 Ma, MSWD=
0.42( 5b)
4.2
4.2.1
4
2 SiO, 74.91%~76.15%
; Na,0+K,0 7.46%~7.96%, K,0/Na,O
1.7~2.0, ; AlO3
’ 12.05%~12.46%: (AICNK) 6 TAS ( Middlemost, 1994)
1.06~1.12, ; ’ Fig.6 TAS diagram for the Taoxihu granite porphyry
P,05(~0.01%) TiO,(0.08%~0.11%) MgO K Pb, Ba Sr
(0.05%~0.08%) CaO(0.81%~0.93%) Ti P Nb Ta, Rb/Sr (4.9~5.5) Nb/Ta
(Na,0+K;0)-Si0, ( 6), (8.6~9.4) K/Rb (123~147,
. K,0-Si0, ( 7a), 138) ,
; A/NK
-A/CNK ( 7b), 4.3 Hf
: Hf
3, Hf 9
422 oL y/rTHE (<0.002),
Hf
(XREE=139.41~194.64 ug/g) oL/ HE Yo uMHE
( 8a) , , (Amelin et al., 1999; , 2007a)
(La/Yb)y=2.6~3.1, Eu (3Eu= YO T HE 0.2822501~0.282620(
0.09~0.11) ( 8b)  0.282562), ei(t) —6.67 -2.32,
, Rb(292~322 ng/g) Th U (tomz) 1343~1615 Ma
7 K,0-SiO, (a, Rickwood, 1989) A/NK-A/CNK (b, Peccerillo and Taylor, 1976)

Fig.7 K,0 vs. SiO; (a) and A/NK vs. A/ICNK (b) diagrams of the Taoxihu granite porphyry
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8 (a) (b)( Sun and

McDonough, 1989)
Fig.8 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagram (b) of
the Taoxihu porphyry granite

x2 MHBHERIEEETR)AMETE(n/g) N TER
Table 2 Major (%) and trace element concentrations (ng/g) of the Taoxihu granite porphyry

TXH-1 TXH-2 TXH-12 TXH-13 TXH-1 TXH-2 TXH-12 TXH-13
SiO, 74.99 76.15 75.80 74.91 Ba 93.2 90.4 59.6 104
AlLO; 12.46 12.40 12.05 12.45 Hf 5.34 4.88 5.29 5.04
Tio, 0.11 0.1 0.08 0.08 Ta 1.97 1.97 1.93 1.77
Fe,05" 2.59 2.11 2.61 2.21 Pb 71.2 40.5 69.4 77.3
MnO 0.13 0.07 0.16 0.13 Sn 22.7 18.1 19.5 20.1
MgO 0.08 0.06 0.05 0.06 Th 333 374 42.9 39.3
cao 0.85 0.81 0.93 0.92 u 8.74 8.03 9.90 8.88
Na,O 2.61 2.74 2.67 2.62 La 25.12 32.85 34.15 36.03
K.0 5.27 4.71 4.92 5.34 Ce 54.52 68.46 74.09 77.24
P,0s 0.01 0.01 0.01 0.01 Pr 6.67 8.48 9.21 9.55
Lol 0.55 0.47 0.45 0.62 Nd 25.5 30.8 34.2 34.9
Total 99.65 99.65 99.73 99.35 Sm 6.1 6.87 8.42 8.39
AICNK 1.08 1.12 1.06 1.06 Eu 0.21 0.22 0.25 0.27
AINK 1.25 1.29 1.24 1.23 Gd 5.58 5.93 7.67 7.59
TA 7.88 7.46 7.59 7.96 Tb 0.92 0.93 1.35 1.32
K20/Na,0 2 17 18 2 Dy 6.05 5.93 8.06 7.77
Sc 4.94 2.85 2.98 2.95 Ho 1.21 1.17 1.66 1.61
Ti 453 448 431 435 Er 3.37 3.28 4.59 4.33
v 5.31 5.08 5.66 3.18 m 0.51 0.5 0.7 0.67
cr 8.39 19 468 9.82 Yb 3.29 3.3 4.53 4.32
Mn 939 476 1151 914 Lu 0.48 0.52 0.68 0.65
Co 1.29 0.92 5.81 1.14 Y 30.67 29.23 43.66 42.79
Ni 1.96 1.59 241 3.91 TREE 139.53 169.24 189.56 194.64
Cu 61.9 30.6 62.8 57.7 Rb/Sr 5.5 5.3 4.9 5.1
Zn 72.1 137 59.3 72.3 K/Rb 144 123 141 147
Ga 19.6 18.4 20.3 20 Nb/Ta 8.6 8.7 8.9 9.4
Ge 1.56 1.56 1.73 1.59 (La/Sm)y 2.6 3.1 2.6 2.8
Rb 306 322 292 306 (Gd/Yb) 1.4 15 1.4 15
Sr 55.5 61.2 60.1 60.5 (La/Yb)y 55 7.2 5.4 6
zr 125 108 114 113 SEu 0.11 0.1 0.09 0.1
Nb 16.9 17.1 17.2 16.5 Tzl ) 773 765 764 763
Cs 7.05 6.41 7.01 6.76
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Table 3 Hf isotopic compositions of zircons from the Taoxihu granite porphyry
Age(Ma)  YOYb/THE  YOLu/MTTHE MOHF/MTTHE 1o ent(0) ent(t) 1o tom(Ma)  toma(Ma)  frume
Penglai-1 0.011313 0.000331  0.282916  0.000011
Penglai-2 0.011669 0.000357  0.282919  0.000012
1 141.2 0.040328 0.001246  0.282603  0.000008 -5.99 -3.00 0.28 925 1386 -0.96
2 141.7 0.030982 0.001003  0.282531  0.000009 -8.52 -5.51 0.31 1020 1546 -0.97
5 1416 0.037662 0.001178  0.282578  0.000008 —6.85 -3.85 0.29 958 1440 -0.96
7 145.9 0.044268 0.001364  0.282581  0.000009 —6.76 -3.69 0.32 959 1433 -0.96
8 142.8 0.029516 0.000927  0.282548  0.000008 -7.91 -4.86 0.30 994 1505 -0.97
9 142.7 0.030161 0.000958  0.282537  0.000010 -8.29 -5.25 0.35 1010 1530 -0.97
11 143.1 0.019025 0.000597  0.282588  0.000007 —6.52 -3.44  0.26 930 1415 -0.98
12 141.9 0.025083 0.000793  0.282550  0.000009 —7.84 -4.80 0.33 987 1501 -0.98
Penglai-3 0.012264 0.000360  0.282911  0.000010
Penglai-4 0.011706 0.000358  0.282937  0.000010
13 141.9 0.029069 0.000896  0.282587  0.000009 —6.55 -352  0.33 939 1419 -0.97
14 136.5 0.021272 0.000695  0.282501  0.000009 -9.60 -6.67  0.30 1054 1615 -0.98
15 142.6 0.026382 0.000823  0.282572  0.000009 -7.09 -4.04 0.31 958 1453 -0.98
16 1416 0.028244 0.000872  0.282592  0.000007 —6.37 -3.34  0.26 931 1408 -0.97
18 141.8 0.020599 0.000660  0.282594  0.000008 -6.28 -3.23  0.28 922 1401 -0.98
19 142.2 0.016729 0.000546  0.282620  0.000009 -5.39 -2.32 033 885 1343 -0.98
20 140.9 0.044523 0.001383  0.282543  0.000009 -8.10 -5.14 0.33 1013 1521 -0.96
21 141.4 0.022675 0.000747  0.282558  0.000009 -7.56 -4.53  0.30 975 1483 -0.98
Penglai-5 0.011092 0.000338  0.282875  0.000011
Penglai-6 0.011439 0.000355  0.282923  0.000012
22 141.9 0.016592 0.000530  0.282566  0.000008 -7.29 -4.23  0.29 959 1464 -0.98
23 142.2 0.034114 0.001050  0.282557  0.000009 -7.60 458 0.33 985 1487 -0.97
24 140.9 0.023020 0.000738  0.282514  0.000009 -9.11 -6.09 0.33 1036 1582 -0.98
25 142.8 0.021775 0.000683  0.282549  0.000009 -7.89 -4.82  0.32 986 1503 -0.98
26 1415 0.026978 0.000874  0.282561  0.000009 -7.45 -4.42  0.33 974 1476 -0.97
27 141.8 0.026642 0.000834  0.282594  0.000008 -6.31 -3.27  0.29 928 1404 -0.97
28 141.7 0.033992 0.001179  0.282504  0.000013 -9.49 -6.49  0.47 1063 1608 -0.96
29 143.3 0.041749 0.001337  0.282574  0.000008 —6.99 -3.98 0.29 968 1449 -0.96
30 142.3 0.042574 0.001339  0.282561  0.000009 —7.48 -4.48 0.31 987 1480 -0.96
Penglai-7 0.011520 0.000351  0.282895  0.000011
Penglai-8 0.012143 0.000365  0.282887  0.000009
and Li, 2000),
5 i 8 , ,
- ( , 1988; , 1989;
51 Xu et al., 2000) ,
LA-ICP-MS U-Pb , ) T , ( 157~
141.8+1.0 Ma, MSWD=0.42( 6a), 148 Ma, ,
155~136 Ma( , 1989),

180~160 Ma, 160~135 Ma

135~90 Ma - (Li, 2000; Zhou
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9 SHf(t)'t

(@ tome (b)

Fig.9 &u¢(t) vs. age plot (a) and tpy, histogram (b) for the Taoxihu granite porphyry

141.1+1.3 Ma,
(180~170 Ma) (150~139 Ma)
(125~98 Ma) ( , 2005) , ,
( , 1996; ,
1999a; Xu et al., 2000; , 2006) 5.2
145 Ma, )
139 Ma Zr+Nb+Ce+Y 223~250 pglg,
( , 1999a) , A (>350 pg/g)(Whalen et al.,
- , 145~135 Ma 1987),  (Zr+Nb+Ce+Y)-(K,0+N,0)/Ca0
( 4 ( 10a), :
, , (Watson and Harrison, 1983)
6 km , ( 2, 763~773  (
, 766 ), A ( >800 , King
( , 2014) Re-Os et al., 1997)
139.3+£2.5 Ma( ) ) A
x4 BERMXEEBE)ZERBAENT FIR
Table 4 Isotopic ages of major tin (tungsten) polymetallic deposits in the eastern Guangdong province
/ (Ma)
LA-ICP-MS  U-Pb 141.8+1.0
LA-ICP-MS  U-Pb 141.1+1.3
Re-Os 139.32.5
LA-ICP-MS  U-Pb 145.0+0.9 (2016)
LA-ICP-MS  U-Pb 136.8+1.1
Rb-Sr 144.9+9.4
SAr-Ar 145. 4+1.9 (19999
Rb-Sr 137.2+2.5 (1983)
Rb-Sr 135
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) , , 2014) (2008)
, <1% A/CNK<1.1, ,
S , SiO, TiO,
A/CNK>1.1(Chappell and White, 1974; , Rb/Sr , ;
2007b) , SiO,
, A/CNK 1.06~1.12( 1.08), TiO, Rb/Sr ,
0.93%<1%, | ,
: | ,
| S
(Chappell, 1999; Wu et al., 2003a; , , (Sn
2007) P05 (<0.02%), 20 pg/g, Cu 50 pg/g, Zn 90 pg/g, Pb
P S (P,05>0.20%, Chappell, 65 ng/g), ,
1999);  SiO,-P,0s , ,
| ( 10b) , ( )
( ~1%), I ( , 2010),
Si0, Na,0+K,0 Fe,0;/MgO, Ti Mn Mg , ,
Ca P REE , Rb/Sr  Nb/Ta , - |
K/Rb , Rb Th U Ba
Sr Eu, I
(Chappell and White, 1992; Chappell, 1999; ,
Wau et al., 2003a, 2003b; , 2007; Zhu et al.,
2015) ,
| 5.3
) Hf :
(Lehman, 1990; Blevin and (Griffin et al., 2002; ,
Chappell, 1992, 1995), 2007a) epf(t) —6.67~-2.32, tome
1343~1615 Ma enr(t)-t ( 9a),
( , 1982; , 2008; Hf
FG. 735K M, | 1S BRI A, OGT. RArFM M, | Fl S RUEKE; A A TIERE
10 (K;0+Na,0)/CaO-(Zr+Nb+Ce+Y)(a, Whalenetal,, 1987) P,05-SiO, (b,  Chappell, 1999)

Fig.10 (K,0+Na,0)/CaO vs. Zr+Nb+Ce+Y (a) and P,05-SiO, (b) diagrams of the Taoxihu granite porphyry
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enr(t) ( )
, ene(t) tom2 , ,
, 5.4
, Guo et - -
al. (2012) : ens(t) ;
, (Charvet
, , et al., 1994; Lapierre et al., 1997; Zhou and Li, 2000;
Sr-Nd-Pb Zhou et al., 2006; Li and Li, 2007; Li et al., 2007; Shu et
al., 2009; Wong et al., 2009; Wang et al., 2011, 2013;
’ - , 2012; , 2012; Wang et al., 2013; Li et al.,
: 2014) , -
( L
1999b, 1999¢) ( , 2004: Hu and Zhou, 2012) 145~
Rb Th U K 125 Ma _
Pb, Ba Sr Ti P Nb Ta, Eu
Rb Th U K Pb Ba Sr , , (Lapierre
(Harris and Inger, 1992); ¢t a1, 1997; Ren et al., 2002);
Ba Sr Bu ( , 2007, 2008);
: - ( ) and Li, 2000; Zhou et al., 2006); -
(Foley et al., 2000; , . (Li
2007) HREE and Li, 2007; Li et al., 2007) ,
Y y 3 ) - )
*
(Xiong et al., 2005) Rb-(Y+Nb) ( 11a) ,
Syn-COLG. . VAG. ;. WPG. ; ORG. ; post-COLG.
( ) ; A (s
A
11 Rb-(Y+Nb) (a, Pearce, 1996) R,-R; (b, Batchelor and Bowden, 1985)

Fig.11 Rbvs. (Y+Nb) (a) and R, vs.R; (b) discrimination diagrams of the Taoxihu granite porphyry
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(2) :
; R,-R; ( 11b) , : Rb Th U
A , K Pb, Ba Sr Ti P Nb Ta, Eu
( , : I :
1996; Zhou et al., 2006; Li and Li, 2007; ,
2012; , 2012; Wang et al., 2013) 3)

(1991) , ,

Buigh: o ERARFKOREAFIR. FEHFR

W IRAC F B R PT RERF R R AT ARSI T ik

B E I, R R MR F R PTFR A

HRARERALEEAGREIRILTRECES A

’ Wk E S R £ 8 U-Pb Ao HF Fl 4 & X 5 A

: B ERFGEFRANEART RO, 61

: - B MEALNIKIFE X AL PR BT 6

( 145~135 Ma), B, BN TARIFE SRR €4 KR A 931 AR
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Fig.12 Petrogenetic and metallogenetic model of the + 19(1): 33-36.

Taoxihu tin polymetallic deposit , , . 1996. ICP-MS
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Zircon U-Pb Geochronology, Geochemistry and Lu-Hf Isotopes of
Granite Porphyry in Taoxihu Tin Polymetallic Deposit, Guangdong
Province, SE China and its Geological Significance

QIU Zengwang™?, WANG He'", YAN Qinghe®?, L1 Shasha® 2 WANG Liming?,
BU An*, WEI Xiaopeng"?, LI Pei*? and MU Shenglu®-?
(1. CAS Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou 510640, Guangdong, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China; 3. Geology Bureau for Nonferrous Metals of Guangdong Province, Guangzhou 510060,
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Abstract: The newly discovered Taoxihu tin polymetallic deposit is associated with granite porphyry, occurring along
the Lianhuashan Fault in the eastern Guangdong province. Zircon LA-ICP-MS dating of the granite porphyry yields a
concordant age of 141.8+1.0 Ma, which means that the granite porphyry was formed in the Early Cretaceous. The
granite porphyry is characterized by weak peraluminous and high-K calc-alkaline, enriched in Rb, Th, U, K and Pb, and
depleted in Ba, Sr, Ti, P, Nb and Ta, with strong negative Eu anomalies. Meanwhile, the granite porphyry shows highly
fractionated I-type granite affinity. Abundant ore-forming metals and cloze temporal-spatial relationship with the ore
bodies exhibit that the granite porphyry is possibly genetically associated with the tin mineralization in this area. eu¢(t)
values of —6.67 to —2.32 and tpy, ages of 1343-1615 Ma of the granite porphyry show that the Taoxihu granite porphyry
was mainly crustal-derived with mantle input. Combining with the regional tectonic evolution, the granite porphyry and
tin polymetallic mineralization of the Taoxihu deposit were likely generated in an extensional tectonic setting, and
related to the subduction of the Paleo-Pacific plate beneath the South China Block.

Keywords: zircon U-Pb dating; geochemistry; Hf isotope; granitic porphyry; Taoxihu tin polymetallic deposit,
Guangdong province



