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Geochronology, geochemistry and tectonic significance of the Permian
Balikelike Formation tuff in the northern margin of Tarim Basin
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Abstract: The Permian volcanic rocks widely distributed in the northern margin of the Tarim Basin are of great sig-
nificance for understanding the late Paleozoic tectonic evolution of the Tianshan orogenic belt. The research object
of this paper is the tuff of the Balikelike Formation in Halajun area, the geochemical, chronological and Lu-Hf iso-
tope studies have been carried out, which show the tuff is rich in silicon (SiO,=74.59% ~76. 18%), high alkali
(7.48% ~7.79%), low aluminum (Al,0,=13.80% ~14.29%), belonging to calc-alkaline peraluminous rhyolites;
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enriched in LREE, relatively depleted in HREE, with weakly positive Eu, relatively enriched in large ionic litho-
phile elements (LILE) such as Rb and Th, and depleted in high field strength elements (HFSE) such as P, Nb,
Ta, Ti, the average Nb/Ta ratio is 16. 60, the average Sr/Y ratio is 2. 42, and the average Mg” value is 34. 71.
LA-ICP-MS zircon U-Pb geochronology shows that the crystallization age of the Balikelike Formation tuff is 280. 47
+2.58 Ma, the ¢Hf(¢) value is from —0.73 to 2. 12, and the second-stage model age (¢p,) is 1 318~1 145 Ma.
Combined with the early Permian tectonic evolution, magmatic rocks and sedimentary distribution characteristics of
the northern margin of Tarim, it is pointed out that the Balikelike Formation was deposited in the intraplate rift
basin where the oceanic crust of the South Tianshan subducted to Tarim Basin, with non-orogenic intraplate mag-
ma, which is the partial melting of ancient crustal materials under the action of lithospheric mantle and mantle
plume, inheriting the dual-source characteristics of crustal and mantle sources.
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Fig. 1 Geological sketch map of Tarim Large Igneous Province(a, modified from Huang et al. , 2012) and geological
structure mineral map of Halajun area (b, modified from Cao et al. , 2019)
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1—Upper Pleistocene-Holocene; 2—TLower Pleistocene-Middle Pleistocene; 3—Pliocene Atushi Formation; 4—Oligocene Suweiyi Formation;
5—Lower Cretaceous Baxigai Formation; 6—Middle Permian Kalundaer Formation; 7—Lower Permian Balikelike Formation; 8—Upper Carboniferous
Sasikebulake Formation; 9—Upper Carboniferous Kalazhierjia Formation; 10—Upper Carboniferous Kangkelin Formation; 11—Lower Carboniferous
Bashisuogong Formation; 12—Lower Silurian Tataaiertage Formation; 13—alkaline granite; 14—skarnization; 15—unconformity contact;

16—geological boundary; 17—fault; 18—Ilead-zinc deposit; 19—copper deposit; 20—polymetallic deposit
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a—macro photos of fault contact; b—surface outcrop; c—volcanic rocks of the Balikelike Formation; d—ash-white tuff and sampling points;

e—photos of hand specimens; f—false flow texture; g—sketch map of geological section
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Table 1 The analysis results of major elements of the tuffs from the Balikelike Formation in Halajun area
FE b YK224-1 YK224-2 YK224-3 YK224-4 YK224-5 YK224-6 YK224-7 YK224-8 YK224-9
Sio, 75. 66 75.26 74.59 75.20 75.34 74.83 75.44 75.43 76. 18
TiO, 0.19 0.19 0.18 0.19 0.19 0.19 0.18 0.18 0.19
Al, Oy 14. 10 13. 84 14. 14 14.24 13.95 14.29 14. 03 13. 80 13.87
Fe, 04 0.10 0.06 0.29 0.25 0.24 0.03 0.14 0.05 0.05
FeO 0.43 0.40 0.25 0.32 0.25 0.43 0.32 0.32 0.34
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
MgO 0.16 0.13 0.15 0.16 0.13 0.12 0.17 0.12 0.13
Ca0 0.33 0.35 0.34 0.29 0.34 0.35 0.31 0.35 0.35
Na, O 1.53 1.53 1.45 1.48 1.52 1.52 1.50 1.58 1.58
K,O 6.15 6.09 6.09 6. 00 6.16 6. 14 6.05 6.20 6.21
P,05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cco, 0.10 0.10 0.31 0.21 0.21 0.21 0.10 0.12 0.10
H,0" 1.62 1.56 1.54 1.60 1.60 1.58 1. 68 1.78 1.48
LOI 1.70 1.79 1.98 1. 84 1.88 1. 88 1.85 1.89 1.71
Total 102. 09 101. 32 101.33 101. 8 101. 83 101. 59 101.79 101. 84 102. 21
Mg* 34.99 33.50 33.12 33.35 32.11 31.74 39.71 36.63 37.27
8 1.81 1. 80 1. 80 1.74 1.82 1. 84 1.76 1.87 1.83
ALK 7.68 7.62 7.54 7.48 7.68 7.66 7.55 7.78 7.79
AR 1.22 1.22 1.22 1.22 1.23 1.23 1.22 1.23 1.23
A/CNK 1.76 1.74 1.79 1.83 1.74 1.78 1.78 1.70 1.70
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Fig. 3 TAS diagram(a, Peccerillo et al. ,1976) , A/NK-A/CNK diagram(b, Rickwood et al. , 1989) and K,0-Si0, diagram
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Table 2 Analysis results of trace elements in the tuffs of the Balikelike Formation in Halajun area
FEf RS YK224-1 YK224-2 YK224-3 YK224-4 YK224-5 YK224-6 YK224-7 YK224-8 YK224-9

Li 7.21 7.06 6.97 7. 16 7.35 7.06 7.07 7.46 6.93
Be 2.45 2.47 2.87 2.44 2. 66 2.56 2.70 2.81 2.57
Mn 18.90 18.70 15.20 16.90 16. 60 16. 40 17.80 15.00 13.70
Co 0.29 0.21 0.06 <0.05 <0.05 0.05 <0.05 <0.05 <0.05
Ni 0.90 0.64 0.23 0.15 0.19 0.43 0.20 0.15 0.14
Cu 1.57 1.23 1.73 1.13 1.10 1.04 1. 06 1.13 2.36
Zn 13.90 12.00 12.40 14. 10 12.00 12.20 13.60 11.80 10.20
Ga 33.50 31.20 32.20 32.20 31.30 32.90 30.70 31.30 29.90
Rb 245.00 236.00 241.00 237.00 244.00 247.00 242.00 242.00 239.00
Sr 106. 00 82.90 74. 80 78.30 78. 60 81.60 81.10 79. 80 77.80
Mo 1. 11 1.49 1.34 0.98 1.51 1.35 0.92 1.20 1.32
Cd <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
In 0. 06 0.05 0.05 0.07 0.05 0.07 0. 06 <0.05 <0.05
Cs 7.95 7.49 8.57 7.20 7.75 7.97 7.30 7.61 7.49
Ba 926. 00 947. 00 1023. 00 880. 00 940. 00 942. 00 902. 00 961. 00 954. 00
Tl 0.68 0.63 0.44 0.65 0. 66 0. 67 0.68 0.67 0. 65
Pb 16. 40 17.30 16. 00 16. 60 18.90 18.20 16. 40 16.90 15. 60
Bi <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Th 21.10 20. 40 22.30 17. 10 19. 60 20. 40 19. 20 19.70 17.90
U 2. 14 3.32 2.11 2.94 3.51 3.15 3.65 3.49 3.27
Nb 64. 80 59.10 57.00 60. 70 58.50 59.20 60. 60 56. 10 59.90
Ta 3.57 3.56 3.57 3.61 3.61 3.62 3.62 3.50 3.62
Zr 392.00 386. 00 395.00 398. 00 394. 00 405. 00 389. 00 382.00 383.00
Hf 13.30 13.20 13.30 13.40 13.40 13.40 13.30 13.10 13.10
Ti 1202. 00 1 187.00 1 156. 00 1 160. 00 1 156. 00 1 181.00 1 193.00 1 119.00 1 139.00
W 3.32 2.83 2.13 2.64 3.63 2.99 2.56 3.08 3.08
As 2.48 3.67 2.92 2.44 3.82 3.73 2.33 2.55 3.13
\4 1.42 0.92 0.50 0.42 0.34 0.41 0.40 0.25 0.21
La 27.70 25.50 23.00 23.90 26. 80 26. 00 29.20 28.10 26. 60
Ce 59. 40 51.10 48. 40 49. 80 57.70 57.40 63. 50 61.20 55.20
Pr 6.63 5.97 5.58 5.79 6.52 6.32 7.22 6.93 6. 46
Nd 23.70 21.60 20.20 21.10 23.80 22.40 26. 10 25.30 23.80
Sm 5.20 4.67 4.64 4.46 5.20 4.95 5.75 5.51 5.13
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Continued Table 2
R RS YK224-1 YK224-2 YK224-3 YK224-4 YK224-5 YK224-6 YK224-7 YK224-8 YK224-9
Eu 1.88 1.79 1.68 1.63 1.76 1.74 1.93 1.93 1.75
Gd 5.20 4.50 4.73 4.22 5.09 4.81 5.92 5.57 4.96
Tb 0.97 0.83 0.97 0.85 0.97 0. 89 1.10 1.06 0.93
Dy 6.40 5.77 6.90 5.79 6.29 5.92 7.36 6.95 5.98
Ho 1.29 1.22 1.50 1.14 1.24 1.20 1.42 1.38 1.18
Er 3.91 3.51 4.50 3.42 3.68 3.45 4.20 4.10 3.47
Tm 0.60 0.52 0.70 0.50 0.53 0.53 0.62 0. 60 0.50
Yb 3.71 3.47 4.31 3.19 3.44 3.39 3.80 3.69 3.16
Lu 0.55 0.51 0.62 0.47 0.48 0.48 0.55 0.56 0.46
Sc 2.77 2.56 2.70 2.57 2.60 2.95 2.72 2.71 2.27
Y 35.20 31.70 41.30 30. 20 33.40 31.90 37.80 37.00 30. 60
3Fu 0.36 0.39 0.36 0.38 0.34 0.36 0.33 0.35 0.35
La/Yb 7.47 7.35 5.34 7.49 7.79 7.67 7.68 7.62 8.42
Y REE 149.91 133.52 130. 43 128. 83 146. 10 142.43 161.39 155.59 141.85
LREE 124. 51 110. 63 103. 50 106. 68 121.78 118. 81 133.70 128.97 118.94
HREE 2.83 2.54 3.03 2.45 2.72 2.58 3.12 2.99 2.58
LREE/HREE 2.83 2.54 3.03 2.45 2.72 2.58 3.12 2.99 2.58
1000 ¢ 1000 ¢

100 - BSS
= =
Eof i

0.l F

S S S S S S S S S 0.01
i : : Cs Ba U Ta La_ Sr Nd Zr
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Rb Th Nb K Ce P Sm Hf

Eu Gd Ho Tm Lu
i 1y Er Yb

P 4 A7 5ENT S BEICA BRI B A bR AR T RIS IR (a, BRORIBRAT EHE K H Boynton, 1984)
i b b AR VAL S T R R X A (b, R R M 404 R H Sun and Medonough, 1989)
Fig. 4 The chondrite-normalized rare earth element distribution pattern (a, normalized values of chondrite from Boynton, 1984)
and the original mantle-normalized trace elements cobweb diagram( normalized of original mantle values from Sun and

Mcdonough, 1989) in the Balikelike Formation

fH(4T 2.31~3.22) Fl Rb/Nb & (/v T 3. 78 ~
4.31) , [AlkE s T2 AT A BT RAE (& 4b)

(Rubatto et al. , 2000; % ICIR5E, 2004)0 U I EE
=90%H 10 /\uﬂl A, BATH U & =226 T 206

3.3 A U-Pb ERFHHE

U N7 B ST S 2H B K e T B A LR B A B
F, 2 AE-EAIEEER, K 60~ 120 wm, ¥ 40~ 85
pm, BE*&Z{;%IEH%ETA,Jﬁ WG A (K
5a) ,Th/U { 0. 52~0. 88, LA 3 it R 8 1 () ERAIE

107°~ 450x10°° Z 8], *F¥ 4 259. 73x10°°; Th & &t
AT 128x107° ~ 398x107° 22 [a], -3k 173. 14x
1072 Ph/**U AR A8 kAT FBI AT 293. 8~270. 5 Ma
Z ), A Y 4E 18 2 280. 47 +2. 58 Ma ( MSWD =
2.6) (Kl 5b),
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x 3 MHILHIK B 75 e HE KA R LA-ICP-MS $56 U-Pb SFiRSTER
Table 3 LA-ICP-MS zircon U-Pb age analysis of tuffs from the Balikelike Formation in Halajun area

280

wy/107° [EIVESEA(E MK/ Ma
% Tl’l U Th/U Z(WPb/ZO()Ph lo Z(NPh/BiU 1o 206Pb/238U 1o Z(NPh/ZoﬁPh 1o 2(}7Ph/235U 1o 206Ph/238U lo
1 153 238 0.64 0.0557 0.0050 0.3427 0.0314 0.0447 0.0008 442.6 201 299.2 24 281.7 5
2 135 206 0.65 0.0564 0.0029 0.3479 0.0185 0.0449 0.000 8 477.8 119 303.1 14 283.2 5
3 191 261 0.73 0.0581 0.0027 0.3512 0.0163 0.0441 0.0006 531.5 102 305.6 12 278.5 4
4 397 450 0.88 0.0596 0.0023 0.3794 0.0138 0.0466 0.0007 587.1 114 326.6 10 293.8 4
10 133 253 0.53 0.0531 0.0023 0.3149 0.0139 0.0433 0.000 6 331.5 98 277.9 11 273.2 4
13 147 231 0.63 0.0520 0.0023 0.3206 0.0151 0.0444 0.000 7 287.1 100 282.4 12 280.2 4
15 128 247 0.52 0.0505 0.0023 0.2966 0.0139 0.0429 0.0006 216.7 104 263.7 11 270.5 4
17 129 236 0.55 0.0536 0.0026 0.3246 0.0162 0.0445 0.0008 366.7 109 285.5 12 280. 4 5
18 138 219 0.63 0.0561 0.0025 0.3418 0.0157 0.0447 0.000 8 453.8 102 298.5 12 281.9 5
19 181 255 0.71 0.0506 0.0026 0.3026 0.0151 0.0439 0.0007 233.4 121 268.5 12 276.9 4
b 270 280 290 300
gr 5
(=] J4l o
ﬁ g ‘ 320"

.

Ty

3.4 A HEME
TE LA-ICP-MS %547 U-Pb 40 br i B6al I,

100 pm
—

B SR

0.045
T

from the Balikelike Formation

pb

Bls sz sess s BEICE RSO B O G R (a) B U-Ph SRR B NACE K4 (b)

Fig. 5 Cathodoluminescence photos of zircons and test points (a) and concordance diagram of zircon U-Pb age(b) of tuffs

1
0.35

X EL N7 SE Ny e AL e KA TR R A | R4 R AT T
B, B AT A AL 4 A A AR I B A Bk

&4 MRS B 75 AR KA LA-MC-ICP-MS #4A Lu-Hf B ZH#E
Table 4 LA-MC-ICP-MS zircon Lu-Hf isotopic data of tuffs from the Balikelike Formation in Halajun area

O +/Ma 176y VT HE 76 T HE 176 15/ 77 g lo SHI(1) towt tonn S
1 280.5 0. 060 716 0.001 716 0.282 629 0.000 015 0.7 0.5 886 1226 0.000 073 28
2 280.5 0. 070 836 0. 001 875 0.282 604 0.000 012 -0.1 0.4 924 1282 —-0.000 014 94
3 280.5 0.039 168 0. 000 975 0.282 666 0. 000 011 2.0 0.4 823 1145 0. 000 201 70
4 280.5 0. 062 839 0. 001 682 0.282 608 0. 000 012 0.0 0.4 916 1274 -0.000 002 16
10 280.5 0. 071 045 0.001 811 0.282 662 0. 000 007 1.9 0.3 840 1153 0. 000 189 00
13 280.5 0.075 163 0.001 742 0.282 642 0.000 010 1.2 0.3 868 1198 0.000 118 45
15 280.5 0.074 111 0. 001 665 0.282 623 0. 000 010 0.5 0.4 894 1240 0. 000 051 95
17 280.5 0.050 811 0.001 224 0.282 658 0. 000 010 1.7 0.4 837 1162 0.000 174 43
18 280.5 0.074 115 0. 001 696 0.282 616 0. 000 010 0.3 0.3 904 1 256 0. 000 026 60
19 280.5 0.053 419 0. 001 306 0.282 644 0. 000 009 1.3 0.3 858 1193 0.000 125 84
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A
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42 4%

197 Lu/ " HE {621/ T 0. 002 035 (4T 0. 000 975 ~
0.001 875 ZI[a]) , ¥ 0. 001 569, 3 W &5 1 #E I 1,
Je B B B RO PR B HE B B B A
oYL /THEAE R 0. 039 167 8~0. 075 162 56 (F-1
0. 632 221 3), ""Hf/'"Hf {H A 0. 282 604 ~
0.282 666( 1) 0.282 635) ,eHf(t) {EN-0.1~2.0
(P34 0.9) , #4834 Hu 72" Lu/ " HE A (0. 015)
(Jackson et al. , 2004 ) 575 31 H 8y B AR I
(L) N 924~ 823 Ma(F-44 875 Ma) , Filr Bk AR
W (1) 9 1 282~1 145 Ma( P44 1 213 Ma) .

4 e
4.1 BERRK

F AR FH A 8 A PR T 51 b DX e 7 X oA 1
CERAWBEVTE A SR TR S e, Ak
ARt & B B R (2 A
2017) s FIPFFA I LS FITE F BB wdl
HEZ A Z A E A U-Ph 4F &k 287. 6+5. 5
Ma(fRAJHEE, 2017) ;79 K 1L E S/ B 2k B o 41
K LA B AT U-Pb 4E 850 289. 4+5. 5 Ma (% 41l
S, 2007) B - AR b X 3R A AT U-Pb AR
ZREFR 275413 Ma BEIK 21 4R} 291+ 10 Ma, #%
KA 274215 Ma  WEEEA AR 27246 Ma, IEK
AR 28243 Ma, Je 2 BEF AR % 28624 Ma, #7313l
J& TR, Hod Jli A B I R R X R R
N (BRDUMRAE ) 19973 1 IUMAE | 2006; B 245,
2013) . AIOL RPN K ER R E AA TR S
M (ZEERAE, 20005 ZH L%, 2004; KT,
2005 ; TRIUMKREE, 2006) , I8 3 45 &t A P24k
PR O E &R T b &M (T ERE, 1995)
AR S X 7 U Ml DX B4 37 B 7 S A 8 T R Y
A U-Pb AF AR5 0 5% 45 2 /R AR I8 Ol 280. 47 +
2.57 Ma, Ui B Z & K A 8 T 5 & s K sl
/8
4.2 FHARKERIEX$FIE

AR I A B R, E R PR OO A
— P IA AR T T A L R e Y S I 5 v B
I 5AE B =8 (Grove et al. , 1986; Bacon et al. |
1988) , 3 i1 ok Ll 5 B 5 [R5 5 A AL i) b Bk
A5 2H 5 ( Brouxel et al. , 1987 ; Hochstaedter et al. ,
1990) 3 75 —FI WL S A AL BT AL 7 B3R TR T 1l
FEHY R AT R, JE S M b I R e YR A K

PIRARAE R 56, 3 1T BE 32 LA AL BT 45 1 ( Cox et
al. , 1972) . WERLIR Hb X EAE 2% AR FIAE 4 5 Tk B
SHRIMP %547 U-Pb #2078 270 Ma, B IA N &5 rh
AR K ST P 22 AT B & 4 A Rl b
2 5 5% LR MW A 38 s O BRIV 25 9K 42 3 285 A
TEFNAILIE 43 1€ FI JE il ( Zhang et al. , 2018; Cao et
al. , 2019) A AR 5 LR Y S AA R A K b 3l 155 4
HLA A Se-Nd-HF [F] 43 28 41 A%, 2% B HAR 7T §E>
VR T SR AR i 52 AR 5 1) () 4 el a8 ( Zhang et
al., 2011), BRAF(2013) AN ALK FUA k06 $iE
URAE 5 A 2 B IR AR M BE AR A K A 55 i i rh i
PEREAARGE & o0 53 5 £ BE AN ) R B 1) b 52 TR L I8
2280 Ma FY K f 8 A JROR AR S 08 R R KR
B A B RETE U DT E . A SCEEIKCE Nb/
Ta {l (F-¥1°4 16. 60) 5 05 S 0R 78 14 5 1 (#T,
2013) AafEPr B 1L AR — 3 (Huang et al.
2012) , AH X S 4 5 K Nb/Ta {E R & (B 1R,
2015) ,St/Y {EAH Mg {EAR TAT £ B k1L 5 it
BV RRE X A B A R i, A IR ML IX ) 4R
ANE K ALZA T Se-Nb [F7 2 4B 25 57 (R R 5,
2009; Zou et al. , 2015; F2/NgE, 2021) KA EA 10T
AEHLA N[ B R R HE AT 0T B 5 W — A K
Wl o6, & KA e A T HEY THE B A T
0.282 614~0.282 672 Z[i], eHf (¢) {HS T-0. 73 ~
2.12 ZIa] 7 eHf(¢) S PR A 7% AE BRBLR A
L M A AR L, AR A T ERR A TR AR
Lz b (AL T 7 i g AR M se Ak gk 2 ) (1K
6) , BT B AR RS (1)y,) F 1 318~1 145 Ma, B &
Si0, .K,0,A1,0, &l A/CNK> 1 [R4FAE , $fE 0 H
AT RE kA VB A T 1 52 38 s i %) 7=

A PR R, 3 UK 2 M 3k Kl i o A
AU R TR PE K s (B REE, 2013) , & e
] F 25 0] E#SA SR E S, e RErE A 1
HABKR Bk - HA B K A B 5 AR FRAE (
la) . ATABFGREE R, Z oA I8 155 £ P g )
AT A X — X0 g BEAR IR R (220 SLAE, 20045
AN, 2017) A SR R M LU A ) B 25 40 AT
FHbBRAb 27 5545 B AR DU A B g /R F R i
e IR A | RS XA LR A B
SR HEER
4.3 MELESRMRFEX

BT A s M ER fb 24 4 B T LA AT R b 4
TN AT B T 5t (Pearce et al. , 1979) , A SCH|
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Fig. 6 Zircon Hf isotopic composition in the tuffs of the Balikelike Formation
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B 7 TS SEST SR BRI A TP A B U/Yb—Hf(a) F1l HE/Th=Th/Nb( b) #3% FREE 3 918l ( Zhang et al. , 2011;
Yang et al. , 2012)
Fig. 7 U/Yb-Hf(a)and Hf/Th-Th/Nb(b) tectonic discrimination diagrams for zircons of the tuff in the Balikelike Formation
(Zhang et al. , 2011; Yang et al. , 2012)

PR FRAER AN TR Sl e 37 5T SR AT 1 M 3 PR
FIn, REGETH P R 5 IS A JE IR ER 5
THEAMMEITR S & L LEE KR, FlH
U/ Yb-Hf [EIffREAS A 58X 73k A VEFE FIRG 72 I 85 41
(Grimes et al. , 2015) , TE&5A /Y U/Yb-Hf 141 35
BRFMNE (K 7a) v, BT 57 s B RCA S 4R
TERFEIE N o FHES AT Th/Nb {5 HE/Th fELRY)
AR SR A 53 A 9CAH 5C/ 3 LUy PR 45 FbR P/ IR
IJ.[%?%%(Yang et al. , 2012) , TF Hf/Th-Th/Nb ¥
filt (B 7h) v, BE I R 10 85 0 e BN /3R &
XBN

7£ Rb=( Y+Nb) B, B A7 8 s 3209 AN

FIEIX I ([ 8a) ; 7E Nb-Y [ Ff S K A5 1]
FEvE AR A J e X (18] 8b) |, BT 2 57 58 57 08
B BN A I AR T T R T sk
5l ST T R G ST Ve iE - 3 /S o NN e e I e
AE 5 a4 oS A A A 2, S AT AR IE S
B BRI A AR OG0 2 o A R AL A ) 3 2
B (% a5, 2008)

[ENIIN S P AW R E - AP NTIPI € k715
G S AL & £ R ( Rodinia 88 KRS (Li
et al. , 2008) , [FI 73 BUAH R ¢t B 1 5 2 Y
G Bl (Zhang et al. , 2007 ; Cao et al. , 2011; He et
al. , 2012) . 85 BT AT R 28 Z HifAb T ARG SE
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14 e, 1L 308 A I B, B K 25 b b 5 R g K Ll 4
T WA e T — 8 2 A AR A K o o 5 5
FrUESE (Yu et al. , 20115 Yang et al. , 2012) , [F1H Hs
AT B A 2 A B T R E e A D
e S & A ER A M Tl ( Zhang et al. , 2010) AL T
EREAR B R KA (Zhang et of. , 2007) , B2
SESEAL L KO R T I A 0 B AR e
Wz — o s Al SCA] RIS B R KO0 8 1Y 7 9K T 5
FREEIF I AT 10 Ma, 8 tH R R T 2 7 b
AR R T AR I & aoa F I s s, &
TSI R FE AR A | AR RR TR A
AR, 3 A S/ HL RO e 3 R 2 b 2%
H AT R B3 W B BOE U 5 2% a5 B A R Y
M BR A 2 41 SRR D PR RS R XA
HA Nb Ta f 55 HE R 09 Nd 76028 4% (=5
X EE,2004;Li et al. , 2009; Wei et al. , 2012) , 7] i€
KA T &L A A B JE X B S — &
TR AR FZHA Nb Ta 1Y IE 5% F175 8 Nd 7
i ZE R ( Yang et al. , 2007 ; Zhou et al. , 2009) , 7]
AESR B T X i PR DX, /i A A B B AR S
Bt i & B T A BRI AR SR AL R A% 1 B
TS5 P 43 44 Bl ( Huang et al. , 2012) {H#A )
RN SRR B IE 10 5 A0 P b AN T R 2R R
A s il 5 % M8 2R (Nicholas et al. , 1992) , 45
A P b e 0 AT P I A SE S AT DA BOK B i
M Z R (Gallagher et al. , 1992) , 15 B A A7 J& - Hb
WA O AH LA E FHAERE BR R Ol a8 B8 b 473 3

THEBMMO, 5A NS s B K S s
ILR BRAEACE B eHE() (LK i Bt e AR
AR SRR AT, EWZBE KA B, T b A E R
AR N4 B v 2 P g A FH R e
Wy S A A R 7 ), LA e TR 5 1 U R X
FRIE
5 #5ie

(1) L7 5e 7 s HEE K A R T4 X B 48 B i
BUAEZE  LA-ICP-MS %547 U-Pb 4E#4 )y 280. 47+2. 58
Ma, )& TH S HE KG9,

(2) BEIRAHA A BIAERG A RHE, 2 T
B FE IR I T AT RE N A B g A R Y b o
BB R )

(3) T3 RS AE TS 5T, 2 Ly 6 K
A A ST IR P A U R XRRAE , 5208 A EAF
FESE R KK A A4 T B 4 T B ZE R At
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