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Abstract: LLA-ICP-MS zircon U-Pb dating and geochemical data of the Nankougian granitic intrusion were studied to determine
its formation time and tectonic background. The zircon U-Pb dating results indicate that the granitic pluton was formed in the
Late Triassic (224741 Ma). The granite shows calc-alkaline and metaluminous to weakly peraluminous affinities, with A/CNK
ratio ranging from 0.98 to 1.07. The granitic pluton has features similar to adakitic rock with high Sr (394 X10 ¢ —545X10"°)
and low Yb (0.61X10 °*—0.93X 10 °). The in situ zircon e (z) value varies from —13.2 to —6.9, and a two-stage model age
(Tpmz) varies from 1 669 to 1 825 Ma. These characteristics suggest that the primary magma was derived {rom partial melting
of primarily Proterozoic lower crustal materials. Considering the regional tectonic evolution., we suggest the granites formed in
the post-orogenic extension setting which could be related to the closure of the Paleo-Asian Ocean.
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Table 1 LA-ICP-MS zircon U-Pb analyses of the granite rocks in Nankouqian
—_ FhE(1079) [a] 437 3% LU B iR 22 AE i (Ma) iR 2
U‘J““ 238 J 232 T 2[)7Pb/2(76pb 1o 207Pb/235U 1o 206Pb/238U 1o 207 ply /235 J 1o zoﬁpb/zst 1o
XDP-2-1 769 284 0.050 26 0.001 58 0.247 06  0.007 64  0.035 46 0.000 26 224 6 225 2
XDP-2-2 488 179 0.050 51 0.001 18 0.247 18  0.00557  0.035 37 0.000 31 224 5 224 2
XDP-2-3 829 373 0.050 76 0.004 40 0.24 61 0.019 15 0.035 21 0.000 95 224 16 223 6
XDP-2-4 973 524 0.050 79 0.002 02 0.246 77 0.009 33 0.03508  0.000 42 224 8 222 3
XDP-2-5 464 204 0.050 61 0.005 09 0.247 08 0.023 76 0.035 40 0.000 58 224 19 224 4
XDP-2-6 931 343 0.050 73 0.004 20 0.246 02 0.020 98 0.035 04 0.000 79 223 17 222 5
XDP-2-7 965 343 0.050 11 0.003 84 0.247 68  0.018 97  0.03576 0.000 57 225 15 227 4
XDP-2-8 852 378 0.049 69 0.003 27 0.246 06 0.017 04 0.035 69 0.000 41 223 14 226 3
XDP-2-9 895 509 0.049 88 0.003 48 0.246 83 0.017 40 0.035 59 0.000 46 224 14 225 3
XDP-2-10 489 155 0.050 88 0.006 42 0.245 76 0.028 54 0.035 35 0.001 34 223 23 224 8
XDP-2-11 722 269 0.050 39 0.001 60 0.247 39 0.007 71 0.03541 0.000 32 224 6 224 2
XDP-2-12 800 279 0.050 71 0.001 84 0.246 81 0.008 27 0.035 22 0.000 38 224 7 223 2
XDP-2-13 876 425 0.050 52 0.004 29 0.247 06  0.019 59 0.035 45 0.000 37 224 16 225 2
XDP-2-14 315 273 0.050 29 0.001 96 0.246 89 0.009 40 0.035 41 0.000 38 224 8 224 2
234
0.039 (a) Mean=224+1 Ma (b)
(n=14)
230 —_ MSWD=0.19
0.037F
£ 226
=
£40.035¢
h 222
0.0331 Concordia Age=224+1 Ma 218
(n=14)
200 MSWD=0.012
0.031 1 L L 1 214
0.16 0.20 0.24 0.28 0.32
207Pb/235U
P 5 R HHETAE KA B U-Ph 45 8538 1A G I A 28 48 # (b)
Fig.5 Zircon U-Pb Concordia diagram (a) and weighted average ages diagram (b) from the granite rocks in Nankouqian
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f: TC 28 TR U 1l B o Ak ik 9 TR (R 9D L B
KRB THAILE Ba.Rb. K Fl Th,U %7K ik 19~
MR B 58 Nb, Ta. P 5388 0 £k 5 i
/RN Sr ZRER I E B IFE (394~545) X 10 °,Y &
AR (6.20~9.50) X 10 ° (IR 4, 2003) . Hrh P
TS R B KA 4y B A5 i T 4R AT RE A BR Bk
W R R A 5T B 45 oA K.
33 #%A Lu-Hf A=

AT AL B A R B A T HE/TTHE H R

0.282 297~0.282 443, ¢, (t ) fH N —13.2~ —6.9,
HI [7] {37 2 5y B AR 8 (T o) AT B B2 AR AR
W (T ) 23 972846 F 1 153 ~1 402 Ma £ 1 669 ~
1825 MazZ [A] (% 3).

4 P
41 BRERX

KR 7 Sr-Nd [FI 2 R &b, 854 HI [6) 467 R %5 5K
U5 DX A 7T DL AR 4 9 ] 29 (Amelin ez al.,
1999; Amelin et al.,2000). 55 A £E 54 & B e (2)
HHN—13.2~—6.9, 45 H H B BB AR B Towe
(1669~1 825 Ma) , Ik Jy &5 A R IR F oo 48 T Hu5e
MR s ml (I8 10) . 55 A TRIAE R A P 2 G

A SIO, FEN 68.93%~71.78% AL O; &
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Table 2 Major, REE and trace element content and parameter of the granite rocks in Nankougian

FE il XDP-1-1 XDP-1-2 XDP-1-3 XDP-1-4 XDP-1-5 XDP-1-6 XDP-1-7

SiO; 71.64 70.68 68.93 69.8 69.18 70.95 71.78
TiO2 0.23 0.30 0.33 0.31 0.33 0.31 0.27
Al; O3 13.86 13.98 14.42 14.47 14.49 13.85 14.46
Fe; O3 1.82 2.13 1.97 2.08 2.16 2.24 1.57
MnO 0.03 0.03 0.03 0.02 0.03 0.03 0.02
MgO 0.49 0.66 0.64 0.66 0.58 0.62 0.32
CaO 1.45 1.73 1.72 1.29 1.74 1.23 0.95
Na, O 4.19 4.27 4.29 4.41 4.43 4.44 4.30
K. O 4.18 3.81 3.95 4.13 3.83 3.58 4.34
P2 05 0.10 0.12 0.13 0.12 0.14 0.13 0.11
LOI 1.01 0.94 2.19 1.51 2.06 1.61 1.51
Total 99.14 98.83 98.73 98.96 99.11 99.13 99.78
Mg*= 34.8 38.0 39.2 38.6 34.7 35.4 28.8
A/CNK 0.99 0.98 1.00 1.03 0.99 1.03 1.07
Cr 20 20 20 20 20 20 20

\Y% 29 34 35 29 32 34 26
Rb 126 103 119 118 117 104 134
Ba 814 963 822 958 847 840 889
Sr 423 545 509 400 441 395 394
Ce 51.3 72.5 75.8 74.4 78.7 77.9 70.7
Pr 4.8 7.6 8.1 7.0 8.4 7.6 6.6
Nb 15.8 21.1 22.3 19.3 22.1 21.4 25
Ta 1.4 1.8 1.9 1.7 1.8 1.8 2.3
Zr 159 153 190 166 172 186 172
Th 16.5 18.5 17.5 24.8 19.0 19.5 18.6

U 2.60 4.50 3.00 3.20 2.70 3.60 8.30

La 28.3 46.0 47.6 40.6 49.4 45.2 39.7
Nd 15.5 24.4 26.0 22.6 26.8 24.3 21.2
Hf 3.90 3.90 4.90 4.10 4.50 4.90 5.50
Sm 2.22 3.35 3.64 3.16 3.71 3.37 2.83
Eu 0.61 0.91 0.90 0.85 0.92 0.84 0.74
Gd 1.60 2.51 2.59 2.31 2.56 2.27 2.09
Tb 0.21 0.32 0.33 0.30 0.33 0.30 0.25
Dy 1.07 1.66 1.70 1.54 1.72 1.58 1.26
Ho 0.19 0.31 0.30 0.28 0.31 0.28 0.22
Er 0.60 0.91 0.93 0.84 0.92 0.85 0.66
Tm 0.10 0.14 0.14 0.13 0.14 0.14 0.11
Yb 0.61 0.87 0.88 0.80 0.93 0.82 0.72
Lu 0.10 0.12 0.13 0.13 0.14 0.13 0.12

Y 6.20 9.20 9.50 8.50 9.50 9.00 7.10

2 REE 107 162 169 155 175 166 147
Eu/Eu” 0.99 0.96 0.90 0.96 0.91 0.93 0.93
LREE 103 155 162 149 168 159 142
HREE 4.48 6.84 7.00 6.33 7.05 6.37 5.43
LREE/HREE 22.9 22.6 23.2 23.5 23.8 25.0 26.1
(La/Yb)x 33.3 37.9 38.8 36.4 38.1 39.5 39.6
(Gd/Yb)x 2.12 2.33 2.38 2.33 2.22 2.23 2.34
(Dy/Yb)n 1.14 1.24 1.25 1.25 1.20 1.25 1.14

W EmITE NN 10 20w B BT E .10 6,

M 13.85% ~14.47% . Na,O F 8 R 4.19% ~ 9.50X10 %, Yb & &} 0.61X10 *~0.93X10 %,
4.44% MgO & &N 0.32% ~0.66%.Sr & & N S (OEu=0.90~0.99). 5 A7 Y-Sr/Y L
394 X107 % ~545 X107, Y & &N 6.20 X 10 ° ~ FEm s R E w A wE AN A A A B T4
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B R IR T A A A Mg Ay 5 5L N % B
BESr M Mg® {8 5 45 iE (Wang ez al.,2007).
SR, 7 A1 MgO & it Fll Mg ™ {HHAK . 43 5128 0.32~
0.66 F1 28.8~39.2, P W HE B I i Al R 5 43 445 il 0
RO M7 bl R X 4 A MREE fl HREE
ZIHIAR S LA b il 2R 8 =X 40 A (&L 8D, i B (Dy/
Yb)y fEA SO, B3 5 A A7 7E W A 50RO L Ik
RGO S BN R A R R E R R
(Macpherson et al.,2006) .54 MgO Hl Mg* {8 &
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Table 3 LA-ICP-MS zircon U-Pb analyses of the granite rocks in Nankouqgian
) s t(Ma) SYb/UTHE VSLu/VTHE VSHE/VTHE 20 enr(0) ey () 26 Tow (HD Tome(HD  frome
XDP-2-1 224 0.019 675 0.000 891 0.282 279 0.000 018 —18.2 —13.2 0.6 1402 1738 —0.97
XDP-2-2 224 0.018 344 0.000 825 0.282 301 0.000 010 —17.5 —12.5 0.4 1369 1698 —0.98
XDP-2-3 224 0.015 698 0.000 703 0.282 317 0.000 012 —16.9 —11.9 0.4 1343 1669 —0.98
XDP-2-4 224 0.037 096 0.001 511 0.282 431 0.000 009 —12.1 — 7.4 0.3 1177 1724 —0.95
XDP-2-5 224 0.018 782 0.000 799 0.282 427 0.000 008 —12.2 —7.4 0.3 1160 1726 —0.98
XDP-2-6 224 0.029 544 0.001 203 0.282 423 0.000 008 —12.3 —17.6 0.3 1178 1738 —0.96
XDP-2-7 224 0.032 310 0.001 317 0.282 443 0.000 008 —11.6 —6.9 0.3 1153 1693 —0.96
XDP-2-8 224 0.019 214 0.000 788 0.282 398 0.000 008 —13.2 —8.4 0.3 1200 1791 —0.98
XDP-2-9 224 0.026 329 0.001 129 0.282 384 0.000 009 —13.7 —9.0 0.3 1231 1825 —0.97
XDP-2-10 224 0.033 696 0.001 513 0.282 411 0.000 007 —12.8 —8.1 0.3 1205 1768 —0.95
XDP-2-11 224 0.040 009 0.001 573 0.282 416 0.000 008 —12.6 —7.9 0.3 1200 1758 —0.95
XDP-2-12 224 0.030 837 0.001 217 0.282 397 0.000 006 —13.3 —8.5 0.2 1216 1797 —0.96
XDP-2-13 224 0.026 481 0.001 119 0.282 408 0.000 007 —12.9 —8.1 0.2 1196 1770 —0.97
XDP-2-14 224 0.017 691 0.000 748 0.282 399 0.000 007 —13.2 —8.4 0.2 1197 1788 —0.98
N ; = 2% )
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Fig.10 Hf isotopic compositions of the granite rocks in
Fig.11 Sr/Y-Y diagram for the granite rocks in Nankouqian

Nankougian
i Yang et al.(2006)

ZR V4 In] J AT ) B A 2 KB 32 2% 8 P A ORCA T
PN ot i DX R B A K L D R R A e R A R
CXUEEIE , 2009 5 5K 42 2245, 2010) o 75 Ak o 8 4 X AT
GRZHES B8 M kLl L JE D X 3 5 [N K & (Zhang
et al.,2004) 45, & Bty 7 9 ) 42 b B B 22 T R
A b AR Hedb Zk v 2R B AL TG 3l R B 1 2 i i
WEBs.

FE R T T R PN 52 b DXORT R L IX
TE T ZA~ 3 B8 BT A 1R A A6 1) 25 VRN 5l 48 A G
(A B BT A A CE BB A5, 2007 5 B4 R 96 55, 2007 5 3
ACHEFEE 2009 5 MK 1545, 2010) , I £ B 25 75 3¢ LA b
14 JE 21 5 1 R PR 19 8 JT A 3 I AL 1
— i ) A0 e 5 g ER A A db AR B A G kAR T B

#i& Defant and Drummond(1990)

BRI IR BT BT A 5 5 RN AE 340 M DX A ] Al R A8 i< A
(249 ~ 245 Ma) (fh 184 45, 2004; Zhang et al.,
2004) , W22 J & AR IR v B R A2 5T AR T [R) i
AHUTER L2 AT AR I 12 4 383 2k, ol A= 4 b 34 43 IX
R RN TR =FHKE - EHF%G LA
B AR T O (PMEA 55,2004 Wu et al.,
2002,2006b,2011; % % ,2012).

WFFE R W] A 2658 15 12l AR Be A db dl B b
G ERET M EEHMAEKIES (W et al.,
2004 ; 5K #2245, 2010) ABdb Al He At 2 i 78 K o Bk
5 (240~190 Ma) (Peng et al.,2008), A BI4L i A
(220~ 222 Ma) F1EE M — M 5E V25 (6 % 48 5%,
2006 ; X {14, 20095 Zhang et al..2012) 7k, i =
SR EFER A SRS R EE R =S A
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538 1L R Je Al B Al 2% AR BL 4 H 3k 1 B PR R
T 78 Ry TR i B B 2% A DR )R RY 38 L B gk
L.

th S i — R =S e b & 5 2% 5 1
7R B A I R ke AR il AR 3 10 Bl S BUR LR ER
b DX A P TS T M e B Bk T A s
JE AR A R 2 A e A Bl DR ) O R E TR D 3
Bt Bl v I R A AN [ R T AR 9 20 e il B OR IR T
T A L e 1Y) B R TR B A, T T RO
Rl 2 A 00 s 8 5 il 2 G 45 8 R TR A B K T
FH L ETHRE IS A R OR R AR UL T Hh o W)
JoT & A= 43 45wl DA TR R H T A A& (Zhang
et al.,2009,2012).

5 4Eip

(1) ARA3 B T AE B4 25 44 5 1A iR BB bR 2R
=R A A KA LA-ICP-MS U-Pb AL #
IR 22441 Ma, JE g = & . (2) A A B IR A
FLA IR T oo AR LSS A A R A I L. (3 H A TR
BT S A R A LS Pk A B
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