37 F2W s A8 W % & Vol. 37, No. 2: 211 ~229
2018 3 H ACTA PETROLOGICA ET MINERALOGICA Mar. , 2018

BB P R TR B R U-Ph EI R E
o R X

/R B 2 N BN Y N SN B o N S
CRR7G 2 SO & ey, BV 7522 710068)

B E: BRI ZR 0 I (A7 (1 F I 0, D T PR R 2 i rh A AT 6 A e 1 A TR U, AR S XK
MR N B GTIR T RE 23N 52 B3 B TR 500 2R AR TR 5 AT SO B¢, ek HL v (R e i 4 A1 84T T LA-ICP-MS
Hifr U-Pb [FA7 20, 3145 2 A1# 40 D RCERS . SR WIS T LAy S AR, Y [ 73 il 2= 2 595 ~2 771 Ma,
1215 ~1916 Ma.749 ~1 142 Ma.424 ~ 576 Ma.218 ~306 Ma, 73 5l %} i Kenor. Columbia. Rodinia\ Gondwana  Pangaea
255 YCGHR Bl A o 38T I A R HEAT 0 AT, 45 A DX b BT B Rk, WA db 28 0 38 A 3 L B R AR AR Bk B 4R 0
AAREE B AL T R IR, 175 T BRI 5 ABARIE I 1 3 AN VE Z2UE b S R 3wty B — 5 A Tk

KBEIR: W A AT DR AR s L s P AR M BRI

FESES: PST8.9471; P597".3 XEKFRIRED: A N EHHS: 1000 -6524(2018)02 —0211 - 19

Detrital zircon U-Pb age of Mesozoic Donghe Group in South Qinling Mountain
and its geological significance
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Abstract: The South Qinling microcontinent is one of the important tectonic units of the Qinling orogenic belt. In
order to study the provenance of sediments in Mesozoic graben basin in South Qinling, the authors conducted LA-
ICP-MS zircon U-Pb isotopic dating on polymictic conglomerate of Tianjiaba Formation and tuff sandstone of Zhou-
jiawan Formation of Lower Cretaceous in Fengtai area. Two groups of dating data were obtained, which have 40 ef-
fective ages respectively. The results show that the zircon ages have five age peaks with ranges of 2 595 ~2 771
Ma, 1215 ~1916 Ma, 749 ~1 142 Ma, 424 ~ 576 Ma and 218 ~ 306 Ma, which correspond respectively to
Kenor, Columbia, Rodinia, Gondwana and Pangaea supercontinent events. Based on zircon dating analyses and
combined with the regional geological data, it is concluded that the North Qinling accretion-type orogen and the
North China plate provided the dominant clastic materials for the Mesozoic basin in South Qinling, followed by the
Yangtze plate. The North Qilian orogenic belt and the northern margin of West Qinling orogenic belt also contribu-
ted to the provenance of sediments in the Mesozoic basin of South Qinling.
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Fig. 1 Sketch geological map of the study area Cafter Shaanxi Academy of Geological Survey)®
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1—Quaternary; 2—Tianjiaba Formation of Lower Cretaceous Donghe Group; 3—Zhoujiawan Formation of Lower Cretaceous Donghe Group; 4—Low-
er-Middle Jurassic Longjiagou Formation; 5—Middle Carboniferous Caoliangyi Formation; 6—Middle Carboniferous Sixiakou Formation; 7—Upper
Devonian Dacaotan Formation; 8—Devonian; 9—Lower Palaeozoic Luohansi Rock Group; 10—Lower Palaeozoic Danfeng Group; 11—Lower Protero-
zoic Qinling Group; 12—Cretaceous granodiorite; 13—Triassic monzonitic granite; 14—Silurian monzonitic granite; 15—Ordovician quartz diorite;

16—0Ordovician quartz monzodiorite; 17—Neoproterozoic monzonitic granite; 18—unconformity; 19—fault boundary; 20—sampling location
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a—characteristics of gravels in Tianjiaba Formation; b—macro characteristics of gravels in Zhoujiawan Formation; c—conformable contact between

Tianjiaba Formation and Zhoujiawan Formation; d—grayish green sandstone interbedded with mudstone in Zhoujiawan Formation; e—microscopic

features of gravels in Tianjiaba Formation; f—microscopic features of gravels in Zhoujiawan Formation
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Fig. 3 Cathodoluminescence images of analyzed zircons of Tianjiaba Formation complex conglomerate sample( TJB-1RZ)
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Fig. 4 U-Pb concordia plot (a) and age spectrogram of zircon (b) from Tianjiaba Formation
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Fig. 5 Cathodoluminescence images of analyzed zircons of Zhoujiawan Formation tuff sandstone sample ( ZJW-1RZ)
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Fig. 6 U-Pb concordia plot (a) and age spectrogram of zircon (b) from Zhoujiawan Formation

5 hig
5.1 SRR

AR S B A1 U-Pb 4508 B35 1] L1 B 22 1 0
(K 4b ® 6b), 43 A 7E2 595 ~ 2 771 Ma.1 690 ~
1916 Ma.1 215 ~1 798 Ma.749 ~1 142 Ma.424 ~
576 Ma.218 ~306 Ma %5 <[], 7 W 4 vn] e 400 50 1) &2
etk o T IRUE L 4 e, BRI ROK L X R 28 18 v
AR 2 T 1 4 TR

1 218 ~306 Ma DX ]38 [l Py, FH SZ 304 70 8 5%
S 5% A 7. 5% PR IE K B X — 1
A, WE{HAE 230 ~ 240 Ma /247, 55 Pangaea i K
i 3 B TR A W 5 I Se s AT CL BB iR 3 B0 435
OhT , o T Y e ORR ) R B A, i 7 Ay AR
WIRHAT ZRE . IR E RIS W
PP Jiang et al. , 20105 FRAT 5%, 20105 Li et al. ,
2011a; Niet al. , 2012; 451, 2012) . DAL, L& 0&
M vty 2 s 5 R SICHY W] g A2 % TR ) IR X

FH 2K WUZH R ) 5308 4093 il A 35% 1 15% 1T
FHYE H 426 ~576 Ma 1 424 ~467 Ma F4 41,
AF0T MR 2 U6 AR 43 59 g 450 Ma H1 448 Ma, 7E4E R4 4%
Pl b S0 R R PR I R AE C ] by ] 6b) o i 3
7EFR A RR R 0 HLZR B CHH 52 2255, 1988, [ Bk K
A Gondwana fll Laurentia 8 KFEFE e . 1%z W] 454
PUARE AN, B B, KBCR, R ILE T 15 I8
IR A

DX 3 9 R BT 9T B (32 R4, 19885 R AT 5t

24,2009 , JLZE I 1 A 3 iy 07 - IR R R
W 2R VG TE 20 h B 2k, o VG ) AR B AT 25 2A KN
AT, Wi B AR #E S SHRIMP %547 U-Pb
WA 440 £5 Ma; B EHU K NS SHRIMP #5447
U-Pb 1F#8 4 456 +3 Ma( 2= T, 2008 ) ; X1 FH I 4%
SR A K AE RS Ol 499.7 £ 1.8 Ma( 3548 0A %%,
2007¢) s R f ok 5 AL i+ T K % SHRIMP
BEAT U-Pb 4F#8 0 489 +10 Ma( 2= T, 2008 ) ; 11 4%
A s X () AS HEK 4 LA-ICP-MS %547 U-Pb “E W% A
434.6 £1.5 MaC FE5ETR 55, 2007h) 5 R i iR
RIE 2 N LA 9 = N AR B A1 U-Ph 4R
7454 +1.7 Ma F1450 +1.8 Ma( F #2248, 2006,
FREEBEAE, 2008) 5 5 XG4 WS e SRR A IR T A 8
4 483 =13 Ma( Zhai and Liu, 2003 ) ; Bk it J5 B #Hig
K Z 07 SHRIMP #5475 U-Pb 4448 472 11 Ma
CEA NG, 2007a) ;s /N FIRVR (A6 X4 1F) SHRIMP 45
A1 U-Pb £/ A 442 +7 Ma ([ 4 N5, 2007b) (&
7)o LIRFERE KB, AL Z 0 38 25 3 1145 O R T HE 420
~570 Ma )5 85 A1 IR IX

FH S LA ) 3 4 43 9 0 37. 5% F1 55% T
DURUE 768 ~1 142 Ma #1749 ~ 1 122 Ma %
AT, VZ I AR RS TR B A A A 1 bl B I R B )
WAL RFAE C ] 4b & 6b) o X — I 14 47 5 Rodinia
R K It VSR AN A A — 2. B CL B’ R,
IS — R A SR, — 8 O 7 o DR B
TEIE S B

HEAAIFEFUE B, 75 b oo o A S0 R0 B o A
Mo fedbe il AR B A D RIS RC ~1 000
Ma, Liu et al. , 2006) ; If 7E b Z8 3 H X 1) Z2 0% 5



222 =

fa W

2L Ju o =

¥ Wz oY ;ﬁ 37 7:%

TR B A K 980 ~930 Ma [ [7) filh 45 55 )5 il 435 18 1]
S WA A Grenvillian 38 111323 (1 300 ~ 1 000
Ma) [ 1) Cik 4%, 2004; Chen et al. , 2006),
FARSIE M 28 25 4 Sm-Nd 5 I 26 458 491 030 Ma,
WA IA A & Grenvillian & 3l [1) W) i, ( Dong et al. ,
2008 ) ; 11y v BF 5 B AR BT A A R A A R &1 000 ~
900 Ma (145 3 B¢ A (1) 1 i 5 47 ( Zha et al. , 2011)
C(E7). 900 ~700 Ma HATA], Heb v $7 18 me 2 A1 L 2
U4 3 1Ly R 2B L R B A A R R R
A RE  WrinT w7 oSl E KA AR R B A U-Ph 4
Wk 844.3 £1.6 Ma(Bao et al. , 2008); 25 JI| HAZ A
2SN EIME K 25 85 47 U-Pb 4F % 830 6 Ma( Wang
et al. , 2011)CEE 7). 700 ~500 Ma 1], §i A AEWF
FACARE I 1L & 3% F1F ( Enkelmann et al. , 2007)
S b 78 W — b A1 3 K B 5 I SRR B AR
2012), #BHkE 2 700 ~ 500 Ma F 35 B4 8 85 47, A
DRI R Gl b 4 0% B PR g 48 o 3K WA E 5
X k= 700 ~500 Ma [8] ¥4 5 AL 18 35 5)) 5 8 39 1)
R BN AR A ST A R DT RR AL

K, A2 4k 1 A B Grenvillian & 1L iz 3 M id 1L
Jii T IR S — A0 0 % o kg A% A W B AR T A g
AT BEAIDR X

Grenvillian i& 11132 2l 7E 47 1 bl B 9 35 F0 ) 25 36
WL k5 Y, 4 2% 3 ( Zheng, 2003 ) 4 BOKE HAE 4
X 547 15 4 b v B G E A R AR
900 Ma I, 471 il B A< 1 25 5 4R 52 i Bepi 2l i, B
Jo KA B R HF ( Zhang et al. , 2008); £ T
WRPACZ:, Wb H - -0 0 — 2, KB EZ 7K
S, F 38 T 3G AR R 3E LR Gk 1 o AR R K —
a3 CHRAT 5055, 1992 FRIR SCEE, 2013), ‘AT IR B T
BEJE“ R R Tk e (AR R . KR IR R A 2R
HERGFURENE, T2 HEE T8 Wi g g A e
%, AR HE T T 740 ~ 860 Ma( Zhou et al. , 2002;
Li et al., 2003; BifAFE4E, 2005; #: A5, 20065
Sun et al. , 2009 ) ; 1M 7 23 W& T Sl B DU RS v e s
FFUWE (745 ~910 Ma IE(H RS 4 805 Ma) FIEE 1
Sl B A R (776 ~ 840 Ma) th Z & P AEIX — I
[ BEC 94 N4, 2003; Sun et al. , 2009) (& 7).,

436.6+1.5 Ma 454+1,7 Ma

fi i1~ O
2 688+100 Ma
(3R, 2001)
840~776 Ma
(14 N5, 2003;
Sun et al., 2009)

[e} 1N

860~740 Ma
(Zhou et al., 2002; Li et al., 2003; Sun ef al.
2009; B FAES, 2005; #0052, 2006)

0 100 200 km

(% HE, 2008) S AT 2008 !
b 7_:14.,,% %, 2008) b N
GrER, 2008 <O | TR Mo —) RIS, 200 TR
499.7+1.8 Ma [/ FiksEnE, 2008y /f A —— HLEE M 2
(IR 200717 /' | 941412 Ma (S 1 700~1 600 Ma
4563 Ma i E it 1-.-]._;_5(]03} 483£13 Ma (Peng et al., 2008; Zhai, 2010)
(% L1, 2008) L/ S (Zhai and Liu, 2003)
440+5 Na I 765+57 Ma W
4 g, 2 411145, 2012 :
(FEPE, 2008), |\~ (EHYIE 2012) 472411 Ma (Dong et al., 2008)
175314 Ma (154 A%, 2007a) 1 000900 Ma
(fa 145, 2007) (Zhu et al., 2011)
44247 Ma
(4 A, 2007b)
1 4 RAE g 83046 Ma
) (Wang et al., 2011)
844, 3+1.6 Ma
Bao et al., 2008
1) \Bapera ) 1 267 Ma
1 394442 Ma

0
i 1L

# 7 Bk

o 21

(1555, 1993 B2 3450y

il

K7 BRI A AR I 5 DX A s oA P L 4 5K P 155 (2001 ) 12 25
Fig. 7 Distribution of age data of clastic materials area of Mesozoic Basin in the study area( modified after Zhang

Guowei et al. , 2001)



52 3

M VA BIZRUE T A AR RERE IS A U-Ph A e S M B 223

DRI, 47t A Bk EL AT ) 2 T A B (A R s s A B P
GRS B A ] REdE

FH S 04 ) R A 53 0l 0 17. 5% F1 20% 1
DIBRIYE A1 690 ~1 916 Ma F11 215 ~1 798 Ma
FrA1, KU A G BEZR I 24 1 810 Mao IX 41 %G
AR A R BT IR R H AR X AL dE 4 1 bR
P W el AR e AR R R AR S

TR B, R K AR 20 Bl 5 PP BE IR %
FRAF WS A1 753 + 14 Ma( ] tHSF-55, 2007 ) 5 #1534 44 it
7 2R Bl 1L 2 AR X BT R SS LA-ICP-MS #5 A U-
Pb F# A1 765 £57 Ma( FA4R)I145,2012) 5 JEF I8y
T8 T U B R M XK [ I VA A TR N AR 4
TFERE T 741 £ 12 Ma. 508 55 20 385 A2 JE AR N4k
45 G AE R 1770 = 13 Ma C F 3t 25 4%, 2008 ) .
1 800 Ma 2 Jii HeAb g Fii & 2B 3 11 i Jig F 24 1
H, 241600 ~1 700 Ma Z [8] {15 3 4, 5
JEHENE 45 5% (Peng et al. , 2008; Zhai, 2010) & 7.
Her b RAERIIER A E T) 1215 Columbia i##
Kl AR AT SR 1 — R, IR 4 1.8 ~ 1.6
GaC Bl fE 4, 2002; M [H A&, 2002; # W] H %,
2007; Zhao, 2007; &, 2009) . [F]i], JbZ: U4 Hh
AAEFIC AR 600 ~ 1 400 Ma) 45 4 — ] 5 %
[ R AE A 715%,2010)

RIUE. 1 690 ~1 916 Ma [FI# 5 &5 A 2l 542k
BRERFEJEC V0 2 08 b At 5« LA 3 1Ly B R
HAE B IS () A B 1) — B, I 7R % A S B R
X AT B b AU AR B R L T 0 b by i i R R
o H R RGBT LAy .

JAZRIE A1 215 ~ 1 798 Ma [8) T 5 5 A7 4F 08 8¢
S X EAEdb R B GRS T EE
LRI B R DO AR )2, G sy Ll 2H s < A L A
AT AZRAS Rb-Sr 25 W 28 4E 108 1 394 +42 Ma Al 267
MaC B B 55 55,1993 K530, WK 7, 54408
HRAFRIAIE . Rk, FaR X ] e L X .

TS AE RS AE2 600 Ma A2 A5 HIH 3 1, 4F
WAL 5 k2 771 Mal2 663 Ma F12 595 Ma, %% 47 5
CIE, AR AR RN o #5402 SV IR, 1 i 3L
2803 T UOR I P A o e D) e i oK o

££2 300 ~2 600 Ma HA1H], 47 1 H B fa ] 1 7 AR
S Sm-Nd [FIf7 22 55 I 22 AF 68 42 688 +100 Ma( 7k
SRIEAE, 2000 CH 7)o At e Risar il ) 2 K E
(W52 2%, 1988; Chen et al., 1997), R R4 T
Tz B H A RN 22 AN K AR 1 S Hb AR B B

HIHE NG i 4 7FE A ( Zhai et al. » 2000; Zhao et al. ,
2002; Zhai, 2010; BkooA=%%, 2010) . b5 B 1l
SRR AELEL 900 Ma.2 350 Ma F12 500 Ma = {1 #4y
AR, Hh2 500 Ma 103 T HE &5 AR (]
HIZ155,2005) o P ZE U AL 7 B m] e A7 A8 vl ol AR
AR 4 AR R AE (R EIR S, 2007h) . 5
bRV, 76 ARG Py 2R T 8K BtV 2R S0, T R
T A% (Kenor) # K Jif ( Bekker and Eriksson, 2003;
Tang et al. , 2011) o I8 1 7 76 AR 37 K b AR 1 41
VR REIEFIZ Y BUE 2 A 10 B, A S S b iR e
P F IR L I 3 AU AR I R PG 23 U4 b Zoby 3 iy &5
A 2 JECIA T B8 A AR T BB A U8

WS A gt 48 R W CIE 4b, 6] 6b), K
YA B A RS A T H BLAE 450 Ma £ .790 Ma + il
1 810 Ma = ; J& SV 4 Ji B 1 AR I A b HE I AE 448
Ma + 1 880 Ma # ; H:r1 440 ~ 460 Ma = .800 ~1 000
Ma =+ 2 A Tl A A0 i At A0 08 41 v SO0 1 A 1 g T 2
A B . p i AT 40, 440 ~460 Ma 8 5 55 47 i X
B AL RIS B A2 0% 1155 800 ~ 1 000 Ma % )i s A4
IR X 32 R Sl R, 97 Bt B A )i
I B3 A< TR SR A o s A B P P i e A T T e
PEo 1 810 Ma + [R5 &5 A7 = 22 W BLAE I R 4,
WA AE ) S0 A R T, 2% 2 B T A £ 48 4 st ot
(IR

BTN ST 45 R (2= H %, 2013) , PHZR 04 HiL X
AR ARURR 7 s 1 2 20 K IR 170y B B b AR i v
PG, P R 2t o A R R b, R AL
HAE T sk AR, YT sk B 2 ke A6 0 ¥ 2R e
AR 3 L A B AR SRR R I 4 AR B 5K
FUSTRIF T X 04 A1 1800k 4 M B 1 S At W Y 3R 4T T WF
T, 75 FH AL AL B 25 Bk AR RS AL 25 v 4 3l
AT T 25 4189 AL MR o B A I AR RS AT RF AIE
B, R 48 5 4: 2 526 Ma.1 572 ~
1 948 Ma.629 ~ 1 182 Ma.421 ~ 490 Ma. 186 ~ 240
MaC 7K 2R 46, 2011 ), X T 5 A BRPE R K o
5 s A A RS 6 LU Ry 7K 2 BT &5 TR 38 2 ) T g
kBT m AL 2, 5 A SO S A — 3

Zx L PTik , m R0 AR TR i AR AR AR AR AR R
41(218 ~306 Ma) it Ji i A7 1 SR8 = 24 S 25 04 i
AR A G s H AR AR R 41 (424 ~ 576 Ma) it
JoE B A (R AR A2 R AL ZR 0 B AR 3L Ay, 7 R
WA — 52 I DR B oo i AR e ARAE R 4 (749 ~
1142 Ma) B B 7 (2R 05 = B AR AL I AR B, 7



LLy

224 = A W

/]

22

2z Ju

A -+

PN

37 %

WA Tk oo AT e AR AR R A
(1215 ~1 916 Ma) # 5 B A 1) >k 5 3= 224 H2 b il
UL A R, P20 b by i iy BRI A R AL AR %
A — 2 ok BTN AR R 41 (2 595 ~
2 771 Ma) 1 85 A 1) >k Y5 32 o AR Jb AR B L R
R PP REIE R R, LIS RV 23 04 b S h 1 iy
gh LR @ DTk DA, KUK H X AR AR
T IFa A A0 g b 28 0 3 2 336 1l g L AR b R B A
S N ARTATRE R 2 IR X, 4 AR I YR,
VUL 1) P B A% 3 1y RV Z2 08 Jb b 1 s A
— & B DTk .

5.2 HMEHREH

ZRIATIE K AL R S 5 A 1 U-Pb A3 2UE 80
KT 20 4 Wk AT, 4 )2 282 ~306 Ma<426
~576 MaC A% BE R U 4 450 Ma) <1 037 ~1 142
Ma.1 690 ~ 1 916 Ma ( AH X} HE 5 W& {5 1 810 Ma) .
JLrP A ol 450 Ma IR 5 B A0 BT 22 AR, 1X
HRIGTE REPGA G R A A K IR 1)V 32 T8 1k
SRR AH — B0 U W A6 2 04 18 A= 3 LAy AE DG 1 A A
RS KR 055 . 282 ~306 Ma A4 %0, &
W TG BB 5551 037 ~ 1 142 Ma [ 5 85 4
878 7 Grenvillian 3& 12 3h(1 300 ~ 1 000 Ma ) H#A[7]
550 1Al A1 810 Ma MW B8 AR T 5
Columbia 8 A it 24l A5 0 5 K& 8

ARTTAE ) T AL S 5 A 1R U-Pb A 8UEE Rl
ST 2/ 3 MG AT, 23 Al 218 ~242 Ma.424
~467 MaC A% E R UE A Jy 448 Ma) .1 215 ~ 1 798
Ma. FLAPIGAE K 448 Ma RS 4547 HAT 535 AR
B, 05 W LS AR AE — 30 R b 08 1 AR i
Ly 7 s 390 18] A7 78 K RS 1) 25 TG 8. 218 ~ 242
Ma I [R1HAE o8 5 A A1 08 i /b, R HAZ WA R T B))
BT 1 215 ~ 1 798 Ma & 3% 1 R 85 0 t br &
I IR E -

X1k F&H 206 ~220 Ma.446 ~ 455 Ma. 1 000
~1300 Ma F11 800 ~2 050 Ma %335 50 ( #h 14
2,2000; Zhao et al. , 2000, 2001, 2002, 2005; |5
4 N %5, 2003, 2007a, 2007b; 3K B 37 %%, 2004;
Chen et al. , 2006; Lai et al. , 2007; FHEZE, 2009;
Santosh, 2010; Li et al. , 2011b) , X 55 4] FERY S 45
1 BRE IR 5 B N TR AR ) 5

(1) FEZR U R IX A A= AT e 7 B 1 2

ARG O T B A AR e L R T 5 IR R
P KB 2 : Kenor(2 595 ~2 771 Ma) « Columbia
(1215 ~1916 Ma)Rodinia( 749 ~ 1 142 Ma) Gond-
wana(424 ~576 Ma) Fll Pangaea(218 ~306 Ma) .

(2) g4 X el 5T B8Rk, 38 I o0 Fg 2% 0 XK
DX AR VAT FH S M 5 R0 0 o ) 2R T 2 3 K JT b
R A AR RIS R IE S B A CL BRI 0 AT
W FEIR X 32 A 7 A6 0 ) b 22 e 386 A 3 L
G BRI, 321 Ry ICEE I, v b
P HR) B AR 3 L 5 M PG Z8 U Ab by iy AT — S 1

it  LA-ICP-MS 4 & U-Pb F#mX132 7
BARFRENAFERE S KB EH AL
KA ZHFFao s, MEE L TFARETHS
E P A E L, fe s — AT S b Rt

References

Anderson T. 2002. Correction of common Pb in U-Pb analyses that do not
report 24pp[J]. Chemcal Geology, 192(1): 59 ~79.

Bao Zhiwei, Wang Qiang, Bai Guodian, et al. 2008. Geochronology and
geochemistry of the Fangcheng Neoproterozoic alkali-syenites in East
Qinling orogen and its geodynamic implications[ J1. Chinses Science
Bulletin, 53(13): 2 050 ~2 061.

Bekker A and Eriksson K A. 2003. A Paleoproterozoic drowned carbonate
platform on the southeastern margin of the W yoming Craton: A re-
cord of the Kenorland breakup[ J]1. Precambrian Research, 120(3 ~
4): 327 ~364.

Blank L P, Kamo S L, Williams I S, et al. 2003. The application of
SHRIMP to Phanerozoic geochronology: A critical appraisal of four
zircon standards[ J]. Chemical Geology, 200(1 ~2): 171 ~188.

Chen Junlu, Xu Xueyi, Wang Hongliang, et al. 2008. LA-ICP-MS zircon
U-Pb dating of Tang zang Quartz-diorite pluton in the West segment
of North Qinling Mountains and its tectonic significance[ J]. Geosci-
ence, 22(1): 45 ~52(in Chinese with English abstract).

Chen Yanjing. 1996. Progresses in application of sedimentary trace ele-
ment geochemistry to probe ceustal composition and environmental
change[ J]. Geology-Geochemisty, 12(3): 7 ~11Cin Chinese with
English abstract).

Chen Yanjing. 2010. Indosinian tectonic setting, magmatism and metallo-
genesis in Qinling Orogen, Central Chinal J1. Geology in China, 37
(4): 854 ~865Cin Chinese with English abstract).



52 3

M VA BIZRUE T A AR RERE IS A U-Ph A e S M B 225

Chen Yanjing and Fu Shigu. 1992. Gold Mineralization in West Henan,
Beijing[M], Seismological Press, 1 ~234(in Chinese with English
abstract) .

Chen Yanjing, Zhai Mingguo and Jiang Shaoyong. 2009. significant a-
chievements and open issues in study of orogenesis and metallogene-
sis surrounding the North China continent[ J]. Acta Petrologica Sini-
ca, 25C11): 2 695 ~2 726(Cin Chinese with English abstract).

Chen Yanjing and Zhao Yongchao. 1997. Geochemical characteristics and
evolution of REE in the Early Precambrian sediments: Evidence from
the southern margin of the North China craton[ J]. Episodes, 20
(2): 109 ~116.

Chen Zhihong, Lu Songnian, Li Huaikun, et al. 2006. Constraining the
role of the Qinling orogen in the assembly and break-up of Rodinia:
Tectonic implications for Neoproterozoic granite occurrences [ ] ].
Journal of Asian Earth Sciences, 28(1): 99 ~115.

Dickinson W R and Suczek C A. 1979. Plate tectonics and sandstone
compositions[ ] ]. AAPG Bulletin, 63(12): 2 164 ~2 182.

Dong Yunpeng, Zhou Meifu, Zhang Guowei, et al. 2008. The Grenvil-
lian Songsshugou ophiolite in the Qinling Mountains, Central Chinia:
Implications for the tectonic evolution of the Qinling orogenic belt
[J]. Journal of Asian Earth Sciences, 32(5 ~6): 325 ~335.

Drewery S, Cliff P A and Leeder M R. 1987. Provenance of Carboniferous
sandstones from U-Pb dating of detrital zircons[ J]. Nature, 325
(6099): 50 ~53.

Enkelmann E, Wooden J, Ratschbacher L, et al. 2007. How was the Tri-
assic Songpan-Ganzi basin filled? A provenance study[ J]. Tecton-
ics, 26(4): TC4007.

Geng Yuansheng, Shen Qihan and Ren Liudong. 2010. Late neoarchean
to early paleoproterozoic magmatic events and tectonothermal systems
in the North China craton[ J]. Acta Petrologica Sinica, 26 (7):
1 945 ~1 966Cin Chinese with English abstract).

Gehrels G, Johnsson M J and Howell D G. 1999. Detrital zircon geochro-
nology of the Adams argillite and Nation River Formation, East-Cen-
tral Alaska, U.S. A[J]. Journal of Sedimentary Research, 69: 135
~144.

Geslin J K, Link P K and Fanning C M. 1999. High-precision prove-
nance determination using detrital-zircon ages and petrography of
Quatemary sands on the eastern Snake River Plain[ J]. Idaho. Geol-
ogy, 27(4): 295 ~298.

Gonzdleoz-Leon C M, Valencia V A, Lawton T F, et al. 2009. The lower
Mesozoic record of detrital zircon U-Pb geochronology of Sonora,
Mexico, and its paleogeographic implications[ J]. Revista Mexicana
de Cienciasv, 26: 301 ~314.

He Shiping, Wang Hongliang, Xu Xueyi, et al. 2007. A LA-ICP-MS U-

Pb Chronlogical study of zircons from Hongtubu basic volcanic rocks
and its geological significance in the East segment of North Qinlian o-
rogenic belt J]. Advances in Eatrh Science, 22(2): 143 ~151Cin
Chinese with English abstract).

He Yanhong, Sun Yong, Chen Liang, et al. 2005. Zircon U-Pb chronol-
gogy of Longshan complex by LA-ICP-MS and its geological signifi-
cance[ J]. Acta Petrologica Sinica, 21(1): 125 ~ 134 Cin Chinese
with English abstract).

Hu Bo, Zhai Mingguo, Guo Jinghui, et al. 2009. LA-ICP-MS U-Pb geo-
chromology of detrital zircons from the Huade Group in northern mar-
gin of the North China Craton and its tectonic significance[ J]. Acta
Petrologica Sinica, 25(1): 193 ~211Cin Chinese with English ab-
stract).

Hu Shouxi, Lin Qianlong, Chen Zeming, e al. 1988. Geology and Met-
allogeny of the Collisional Belt between the Northern and Southern
China Ancient Plates[ M ]. Nanjing: Nanjing University Press, 1 ~
588(in Chinese with English abstract).

Jiang Yaohui, Jin Guodong, Liao Shiyong, et al. 2010. Geochemical and
Sr-Nd-Hf isotopic constraints on the origin of Late Triassic granitoids
from the Qinling orogen, Central China: Implications for acontinental
arc to continent-continent collision[ J]. Lithos, 117(1 ~4): 183 ~
197.

Kalsbeek F, Frei D and Affaton P. 2008. Constraints on provenance,
stratigraphic correlation and structural context of the Volta basin,
Ghana, from detrital zircon geochronology: An Amazonian connection
[J]. Sedimentary Geology, 212: 86 ~95.

Lai Shaocong, Li Yongfei and Qin Jiangfeng. 2007. Geochemistry and
LA-ICP-MS zircon U-Pb dating of the Dongjiahe ophiolite complex
from the western Bikou terrane[ J]. Science in China ( Series D:
Earth Sciences) ,50( Supp. I ): 305 ~313.

Li Renwei, Meng Qingren and Li Shuangying. 2005. Coupling of the Ju-
rassic and Carboniferous basins with the orogens in the Dabie Shan
and adjacent area: Consrtaints from sedimentary record[ JJ. Acta
Petrologica Sinica, 21(4): 1 133 ~1 143(in Chinese with English
abstract) .

Li Nuo. 2012. Process and mechanism of Yanshanian large-scale Moaccu-
mulation in East Qinling. Ph. D. Dissertation[ M J. Beijing: Peking
University, 1 ~262Cin Chinese with English abstract).

Li Nuo, Chen Yanjing, Fletcher I R, et al. 2011a. Triassic mineraliza-
tion with Cretaceous overprint in the Dahu Au-Mo deposit, Xiaoqin-
ling gold province: Constraints from SHRIMP monazite U-Th-Pb geo-
chronology[ J]. Gondwana Research, 20(2 ~3): 543 ~552.

Li Nuo, Chen Yanjing, Santosh M, et al. 2011b. The 1.85 Ga Mo min-

eralization in the Xionger Terrane, China: Implications for metallog-



226 = A W

mo¥ A

Wz o Aﬁ‘ﬁ 37 %

eny associated with assembly of the Columbia supercontinent[ JJ.
Precambrian Research, 186(1 ~4): 220 ~232.

Li Wangye. 2008. Geochronology and geochemistry of the ophiolites and
island-arc-type igneous rocks in the Western Qinling orogen and the
Eastern kunlun orogen: implication for the evolution of the Tethyan
Ocean[ D]. University of Science and Technology of China, 1 ~54
(in Chinese with English abstract).

Li Wei, Dong Yunpeng, Guo Anling, et al. 2013. Sedimentasry fill his-
tory of the Huicheng Basin in the West Qinling Mountains and associ-
ated constraints on Mesozoic intracontinental tectonic evolution[ JJ.
Science in China( Series D), 43(5): 730 ~ 744 (in Chinese with
English abstract).

Li Xianhua, Li Zhengxiang, Ge Wenchun, et al. 2003. Neoproterozoic
granitoids in South China: Crustal melting above a mantle plume at
ca. 825 Ma? [J]. Precambrian Reearch, 122(1 ~4): 45 ~83.

Lin Zhenwen, Qin Yan, Zhou Zhenju, et al. 2013. Zircon U-Pb dating
and geochemistry of the volcanic rocks at Huachanggou area, Mian-
Lue suture, South Qinling[ J]. Acta Petrologica Sinica, 29(1): 83
~94(Cin Chinese with English abstract).

Ling Wenli, Gao Shan, Cheng Jianping, et al. 2006. Neoproterozoic
magmatic events within the Yangtze continental interior and along its
northem mrgin and their tectonic implication: constraint from the
ELA-ICPMS U-Pb geochronology of zircons from the Huangling and
Hannan complexes[ J ]. Acta Petrologica Sinica, 22(2): 387 ~396
(in Chinese with English abstract).

Liu Yongqing, Gao Linzhi, Liu Yanxue, et al. 2006. Zircon U-Pb dating
for the earliest Neoproterozoic mafic magmatism in the southern mar-
gin of the North China Block[ J]. Chinese Science Bulletin, 51
(19): 2375 ~2 382.

Ludwig K R. 2003. Users manual for Isoplot/Ex version 2.49. A geo-
chronological toolkit for Microsoft Excel[ Z]. Berkeley: Berkeley Ge-
ochronology Center Special Publication, 1 ~56.

Lu Songnian, Yang Chunliang, Li Huaikun, et al. 2002. North China
continent and Columbia supercontinent [ J]. Earth Science Fron-
tiers, 9(4): 225 ~233(in Chinese with English abstract).

Lu Songnian, Chen Zhihong, Li Huaikun, et al. 2005. Two agmatic belts
of the Neoproterozoic in the Qinling Orogenic belt[ J]. Acta Geologi-
ca Sinica, 79(2): 165 ~173Cin Chinese with English abstract).

Lii Guofang, Guan Baode and Wang Yaoxia. 1993. The characteristics
and tectonic setting of the volocanic rocks in the Gaoshanhe/Yun-
mengshan Formation, western Henan[ J]. Henan Geology, 11(1):
37 ~43(in Chinese with English abstract).

Mao Shidong, Chen Yanjing, Zhou Zhenju, et al. 2013. U-Pb ages of

detrital zircon grains from the Donghe Group in the Southern Qinling

Microcontinent: Implications for tectonic evolution[ J]. Acta Petro-
logica Sinica, 29(1): 67 ~82(in Chinese with English abstract).

Nelson J and Gehrels G. 2007. Detrital zircon geochronology and prove-
nance of the southeastern Yukon-Tanana terran[ J]. Canadian Jour-
nal of Earth Sciences, 44: 297 ~316.

Ni Zhiyong, Chen Yanjing, Li Nuo, et al. 2012. Pb-Sr-Nd isotope con-
straints on the fluid source of the Dahu Au-Mo deposit in Qinling
Orogen, Central China, and implication for Triassic tectonic setting
[J]. Ore Geology Reviews, 46: 60 ~67.

Peng Peng, Zhai Mingguo, Ernst R E, et al. 2008. A 1.78 Ga large ig-
neous province in the North China Craton: The Xiong”er Volcanic
Province and the North China dyke swarm[ J]. Lithos, 101(3 ~4):
260 ~280.

Pei Xianzhi, Meng Yong, Ding Sanping, ei al. 2007a. ldentification of
2.5 Ga dertital zircons from conjoint area between Qilian-Qinling O-
rogenic belts and its geological implication[ JJ. Journal of Earth Sci-
ences and Environment, 29(2): 111 ~ 116Cin Chinese with English
abstract).

Pei Xianzhi, Ding Sanping, Zhang Guowei, et al. 2007b. Zircon U-Pb a-
ges of the Baihua basic ignous complex in Tianshui area, West Qin-
ling, and their geochemical characteristics| J1. Science in China
(Series D), 37 ( Supp. ): 224 ~234 (in Chinese with English ab-
stract).

Pei Xianzhi, Ding Sanping, Li Zuochen, et al. 2007¢. LA-ICP-MS zircon
U-Pb dating of the gabbro from the Guanzizhen ophiolite in the North-
ern margin of the Western Qinling and its geological significance[ J J.
Acta Geologica Sinica, 81 (11): 1150 ~ 1 561 Cin Chinese with
English abstract).

Santosh M. 2010. Assembling North China Craton within the Columbia
supercontinent: The role of double-sided subduction[ J]. Precambri-
an Research, 178(1 ~4): 149 ~167.

Sircombe K N. 1999. Tracing provenance through the isotope ages of lit-
toral and sedimentary detrital zircon, eastern Australial J]. Sedimen-
tary Geology, 124: 47 ~67.

Sun Weihua, Zhou Meifu, Gao Jianfeng, et al. 2009. Detrital zircon U-
Pb geochronological and Lu-Hf isotopic constraints on the Precan-
brian magmatic and crustal evolution of the western Yangtze Block,
SW Chinal J]. Precambrian Research, 172(1 ~2): 99 ~126.

Sun Weidong, Li Shuguang, Chen Y D, et al. 2000. Zircon U-Pb dating
of granitoids from South Qinling, central China and their geological
significance[ J]. Geochimica, 29(3): 209 ~ 216 Cin Chinese with
English abstract).

Tang Haoshu, Chen Yanjing, Wu Guang, et al. 2011. Paleoproterozoic

positive 8'>C carb excursion in the northeastern Sinokorean craton:



M VA BIZRUE T A AR RERE IS A U-Ph A e S M B 227

Evidence of the Lomagundi Event[ J]. Gondwana Research, 19(2):
471 ~481.

Wang Lijuan, Griffin W L, Yu Jinhai, et al. 2010. Precambrian crustal
evolution of the Yangtze Block tracked by detrital zircons from Neo-
proterozoic sedimentary rocks[ J]. Precambrian Research, 177(1 ~
2): 131 ~144.

Wang Hongliang, He Shiping, Chen Junlu, et al. 2006. LA-ICP-MS dat-
ing of zircon U-Pb and tectonic signigicance of Honghuapu subduc-
tion-related intrusions in the West segment of Northern Qinling
Mountains[ J]. Geoscience, 20 (4): 536 ~ 544 Cin Chinese with
English abstract).

Wang Hongliang, Xiao Shaowen, Xu Xueyi, et al. 2008. Geochronology
and significance of the early Mesoproterozoic tectono-magmatic event
in the Western segment of the North Qinling Mountains, Chinal J].
Gological Bulletin of China, 27(10): 1728 ~ 1 738 Cin Chinese
with English abstract).

Wang Tao, Wang Zongqi, Yan Zhen, et al. 2009. Identification of the
Ordovician oceanic island basalts and their tectonic significance of
the Dabao Formation in southern Qinling: Constraints from geochem-
istry and geochronology of oceanic island basalt[ J]. Acta Geologica
Sinica, 25(12): 3 241 ~3 250Cin Chinese with English abstract).

Wang Xiaolei, Jiang Shaoyong, Dai Baozhang, et al. 2011. Age, geo-
chemisty and tectonic setting of the Neoproterozoic( ca. 830 Ma) gab-
bros on the southern margin of the North China Craton[ J]. Precam-
brian Researc, 190C1 ~4): 35 ~47.

Wang Yinchuan, Pei Xianzhi, Li Zuochen, et al. 2012. LA-ICP-MS zir-
con U-Pb dating of the mesoproterozoic granitec gneisses at changn-
ingyi of Zhangjiachuan area on the eastern edge of the Qilian Orogen-
ic beltL J1. GologicalBulletin of China, 31(10): 1 576 ~1 587Cin
Chinese with English abstract).

Wu Shukuan, Pei Xianzhi, Li Zuochen, et al. 2012. A study of the ma-
terial source of Dacaotan Group in the northern margin of West Qin-
ling orogenic belt: LA-ICP-MS U-Th-Pb age evidence of detrital zir-
cons[ J]. Gological Bulletin of China, 31(9): 1469 ~ 1 481 Cin
Chinese with English abstract).

Yan Zhen, Wang Zongqi, Chen Junlu, et al. 2010. Detrital record of
Neoproterozoic arc-magmatism along the NW margin of the Yangtze
Block, China: U-Pb geochronology and petrography of sandstones
[J]. Journal of Asian Earth Sciences, 37(4): 322 ~334.

Yuan Honglin, Gao Shan, Liu Xiaoming, et al. 2004. Accurate U-Pb age
and trace element determinations of zircon by laser ablation-in-duc-
tively coupled plasma-mass spectrometry[ J]. Geostandards and Geo-
analytical Research, 28(3): 355 ~370.

Yang Zhihua, Guo Junfeng, Su Shengrui, et al. 2002. New advances in

the geological study of the Qinling orogen[ J1. Geological of China,
29(3): 246 ~256(in Chinese with English abstract).

Yang Li, Chen Fukun, Yang Yizeng, et al. 2010. Zircon U-Pb ages of
the Qinling Group in Danfeng area: recording mesoproterozoic and
neoproterozoic magmatism and eatly Paleozoic metamorphism in the
North Qinling terrain[ J . Acta Geologica Sinica, 26(5): 1 589 ~
1 603(in Chinese with English abstract).

Yan Quanren, Wang Zongqi, Yan Zhen, et al. 2003. Geochronology of
the Bikou Group volcanic rocks: Newest results from SHRIMP zircon
U-Pb dating[ J]. Geological Bulletin of China, 22(6): 456 ~ 458
(in Chinese with English abstract).

Yan Quanren, Chen Junlu, Wang Zongqi, et al. 2007a. The SHRIMP
age of Pillow Lava in leucocratic intrusive rocks from xiaowangjian of
the North Qinling: their geological implications and geochemical
characteristics[ J]. Science in China(Series D), 37(10): 1 301 ~
1 313Cin Chinese with English abstract).

Yan Quanren, Wang Zongqi, Yan Zhen, et al. 2007b. SHRIMP analyses
for ophiolitic-mafic blocks in the Kangxian-Mianxian section of the
Mianxian-Lueyang mélange: their geological implications[ J1. Geo-
logical Review, 53(6): 755 ~ 764 Cin Chinese with English ab-
stract).

Yu Zaiping and Cui Haifeng. 2003. Orogeny and orogenic types and
process of the Qinling Mountians[ J]. Journal of Northwest University
(Natural Science Edition), 33(1): 65 ~69(in Chinese with Eng-
lish abstract) .

Zhai Mingguo. 2010. Tectonic evolution and metallogenesis of North Chi-
na Craton[ J]. Mineral Deposits, 29(1): 24 ~36.

Zhai Mingguo, Cong Bolin, Guo Jinghui, et al. 2000. Sm-Nd geochronol-
ogy and petrography of garnet pyroxene granulites in the northern Su-
lu region of China and their geotectonic implication[ J]. Lithos, 52
(1~4):23~33.

Zhai Mingguo and Liu Wenjun. 2003. Paleoproterozoic tectonic history of
the North China craton: a review[ J]. Precambrian Research, 122
(174): 183 ~199.

Zhai Mingguo and Peng Peng. 2007. Paleoproterozoic events in the North
China Craton[ J]. Acta Geologica Sinica, 23(11): 2 665 ~2 682
(in Chinese with English abstract).

Zhang Chengli, Liu Liang, Zhang Guowei, et al. 2004. Determination of
neoproterozoic post-collisional granites in the north Qinling Mountains
and its tectonic signigicance[ J]. Earth Science Frontiers, 11(3):
33 ~42(in Chinese with English abstract).

Zhang Guowei, Meng Qingren, Yu Zaiping, et al. 1996. Orogenisis and
dynamic of the Qingling Orogen[ J]. Science in China( Series D),
26(3): 193 ~200Cin Chinese with English abstract).



228 = A W

2 Ju Gk 37 %

Zhang Guowei, Zhang Benren, Yuan Xuncheng, et al. 2001. Qinling o-
rogenic belt and continental dynamics[ M]. Bei jing: Science Press,
1 ~855(Cin Chinese with English abstract).

Zhang Shihong, Jiang Ganqing, Dong Jin, et al. 2008. New SHRIMP U-
Pb age from the Wugqiangxi Formation of Banxi Group: Implications
for rifting and stratigraphic erosion associated with the Early Cryoge-
nian( Sturtian) glaciation in South Chinal J]. Science in China( Se-
ries D), 51C11): 1 537 ~1 544.

Zhang Yingli and Wang Zongqi. 2011. Provenance analysis of early creta-
ceous Huixian-Chengxian basin, western Qinling orogenic belt, Chi-
na: constraints from zircon U-Pb geochronology[ J]. Geological Bul-
letin of China, 30C(1): 37 ~50Cin Chinese with English abstract).

Zhang Zongqing, Zhang Guowei, Tang Suohan, et al. 2001. On the age
of metamorphic rocks of the Yudongzi Group and the archean crystal-
line basement of the Qinling Orggen[ J]. Acta Geologica Sinica, 75
(2): 198 ~204Cin Chinese with English abstract).

Zhao Guochun. 2007. When did plate tectonics begin on the north China
Craton? Insights from metamorphism[ J]. Earth Science Frontiers,
14C1): 19 ~32.

Zhao Guochun. 2009. Metamorphic evolution of major tectonic units in
the basement of the North China Craton: key issues and discussion
[J]. Acta Geologica Sinica, 25(8): 1772 ~ 1792 Cin Chinese
with English abstract).

Zhao Guochun, Cawood P A, Wilde S A, et al. 2000. Metmorphism of
basement rocks in the Central Zone of the North China craton: Impli-
cations for Paleoproterozoic tectonic evolution[ J]. Precambrian Re-
search, 103(1 ~2): 55 ~88.

Zhao Guochun, Gawood P A, Wilde S A, et al. 2002. Review of global
2.1 ~1.8 Ga orogens: Implications for a pre-Rodinia supercontinent
[J]. Earth-Science Reviews, 59(1 ~4): 125 ~162.

Zhao Guochun, Sun Min and Wilde S A. 2002. Reconstruction of a pre-
Rodinia supercontinent: new advances and perspectives[ J]. Chinese
Science Bulletin, 47(18): 1361 ~1 364 Cin Chinese with English
abstract) .

Zhao Guochun, Wilde S A, Cawood P A, et al. 2001. Archean blocks
and their boundaries in the North China craton: Lithological, geo-
chemical, structural and P-T path constraints and tectonic evolution
[J]. Precambrian Research, 107(1 ~2): 45 ~73.

Zheng Yongfei. 2003. Neoproterozoic magmatic activity and global change
[J]. Chinses Science Bulletin, 48(16): 1 639 ~1 656.

Zhao Guochun, Sun Min, Wilde S A, et al. 2005. Late Archean to Pal-
eoproterozoic evolution of the North China Craton: Key issues revisi-
ted[ J]. Precambrian Research, 136(2): 177 ~202.

Zhou Meifu, Yan Danping, Kennedy A K, et al. 2002. SHRIMP U-Pb

zircon geochronological and geochemical evidence for Neoproterozoic
arc-magmatism along the western margn of the Yangtze Block, South
Chinal J]. Earth and Planetary Science Letters, 19(1 ~2): 51 ~
67.

Zhu Xiyan, Chen Fukun, Li Shuangqing, et al. 2011. Crustal evolution
of the North Qinling terrain of the Qinling Orogen, China: Evidence
from detrital zircon U-Pb ages and Hf isotopic composition [ J J.

Gondwana Research, 20(1): 194 ~204.

Mt o 32 5% 3Tk

MRAER, e X, Etss, 25 2008, JLZRIATE B SN KA 4
PRIRTE B AR B R LT, BRI, 22(1): 45 ~52.
FRAT 5. 1996. TUBUAITHEE JC 38 7 i b 5 A3 43 BIVER 55 B LI Ak 114 f5

FrotREL ] ek, 12(3): 7 ~11.

BRAT5E. 2010, ZR0& FlI SR 36 15 50 0030 Ko /E LT ]
[E[Hb T, 37(4): 854 ~865.

Bfimse, & LAy, 1992, BV A AL M]. dbnt: MR B RAL,
1 ~234.

S, EUE, . 2009, b KRG AL IE LSRR S AT
PSR AN L], SH AR, 25C11): 2 695 ~2 762.
BkooAE, TILER, AT AR, 2010. by f il AR — Ay

B A R R R L) ] G453, 26(7): 1945 ~1 966.

fTasr, $h B, BE 25, 25 2005, Bl 2% 9 LA-ICP-MS %547 U-
Ph i e HI PR XL T]. A A%, 2101): 125 ~ 134,

FTHEY, TR, B3, %5 2007, bR A B AL R I E Kl
A LA-ICP-MS U-Pb #-ACAE R b it LI 1. Huekpl 2t J
22(2): 143 ~151.

WU, RWIE, SEOE, . 2000. Hedlb o ham b 24k 1R
BEATH) LA-ICP-MS U-Pb ¢ K Hoy i 2 LT ). A A% 4R, 25
(1): 193 ~211.

WIS R, M, MR, 5. 1988, bty R PR A A U
L@ TM]. Mt Mai kA M RAL, 1 ~558.

25 H. 2012, RZBUEFHOLRHUBIH 4 JE HEAUY I R APLHIL D],
Jest: dbHRECH #1830, 1 ~262.

AT, TPRAT, ZEXUN. 2005. K51l A A0 X pk B RF e 48 e W
—R A SR BUAERIGRIT]. AR, 21(4): 1133 ~
1143,

ZE LR 2008, PHZRUE—ZR RATIE A ke gt s X 0 I ARLA 37 25 (K AR AR

SRR AL AR M- R R T S R AL DT b R SRR

KBS0, 1 ~54.

B, oM, $chk, 45 2013, VR BRI S B R

Je R A AR i 9 R AR I R 9 LT DL R RE2 (D ), 43

(5): 730 ~744.

S



52 3

MAESC, % H, BIR4E, 25 2013, BIZRISINGHAAE ) VA Kol s
A1 U-Pb AEAR: R sRAL 22 9E L T . 25 A 2k, 29(1): 83 ~
9%,

WECEL, v, FEERME, 25 2006. TR S R T A
o nf be 2 Ho 3 7 K B BRI R = N 2 LA-ICPMS 4
A U-Pb AL A REEATRIT]. A A 540, 22(2): 387 ~396.

AR, BRi&ge, Zepih, 45 2005, ZRU&3E Al dh B4 o b AUE
a1, MR, 79(2):

BEAAEE, BrfRss, Zebrbh, &5 2002, Skl K5 BFAS L Kb
[J]. HLZERT%, 9(4): 225 ~233.

BEDY, SOREE, FREE. 1993, B el 4] 254
Lkt 5011, R, 11C1): 37 ~43.

BIAR, BATH, FIRY, . 2013, BZRI& AT REREE 8540 U-Pb 4

165 ~173.

2 L2 LR R

W e HAR Mt i LT A A 254k, 29C1): 67 ~82.
oEn, HOB, TS, A 2007a. FBE-ZRUEHE LA AT R AT 25

ZAT TS 3 A TR R I S i LT D, MO BRRE 2% 5 R BE 24 4R,
20(2): 111 ~116.
i, TP, skEA, &

Ze4+ 1 LA-ICP-MS #5417 U-Pb 4 J¢
(DD, 37CHETI 1) 224 ~234,

R, T, ZER, 2. 2007c. PYZRIE IR K THIESA 1
BN Sk A #E K LA-ICP-MS %547 U-Pb £ #8 (WAE4EL ],
T AR, 81C11): 1550 ~1 561.

VIR, ZEBEE, Chen Y D, %5, 2000. FRIETER S
S FH e LT, Bk, 29(3): 209 ~216.

Futrs, fTHF, BEm%, 2% 2006, JLZRIE T B AE AN I ph LR
& LA-ICP-MS &4 S JeHh i LI BARHL B, 20(4): 536 ~
544,

. 2007b. PHZRIE KK HLIX 1 A6 3t 5 3%
BRI 2 ARAEL T, R

#5497 U-Pb SE4E

TS, M RS, S 2008, JLZRIGTERB AR
PEIAEARSE Ry it i X LT . b sl
1738.

oW, ES, FO, & 2009, MR KRR LTS X

| B IR X R AR S R E AR T . 5
154, 25C12): 3 241 ~3 250.

FEI, BIEA, R, S 2012, FRERE L RIS X K
TR G AL K B R 7 LA-ICP-MS #5447 U-Pb 4E 8 & ILHy

Wi s K

i®, 27C10): 1728 ~

ENioAv;

¥ 5 mEAEI R AR AR IR B AT U-Ph SR R SL T X 229
W& XLI]. M@, 31C10): 1576 ~1 587.
RRE, WA, ZEER, S 2012, PEZRIGHE LA AL GO EEWEREY)

JEWFFT LA-ICP-MS TS5 #5 47 U-Pb ERIEHE[ 7], MM KR, 31
(9): 1469 ~1 481.

¥ i, BRARIN, B9, S 20100 FHRMLX Z04 S B RRE B G
U-Pb 4 L Zeie A o ep =7 ool AR S A AR Ll 2R AR AR
FAERRALT]. A%, 26(5): 1589 ~1 603.

WS, BAREE, IREE, S 2002, ZRU&HE (SR TOT 5T T 0
BLI]. HEMF, 29(3): 246 ~256.

E4N, g, B 5, 25 2003, 2 OREK A FI AR -SHRIMP

B4 U-Pb MUAESERLT]. HhpGER, 22(6): 456 ~458.

EAN, o5, 15 B, S 2007a. ZRI4 5K AL X5 IR 24 BE -
FLBUG s B A B ) SHRIMP 4540 R 2L LT, HR
VL, 53(6): 755 ~764.

EaN, BB, o, % 2007b. JLZE N EIRBDIRE S ik
RN HER AL 2245 AE L SHRIMP 4508 X i 7 LT b R
(D ), 37(10): 1301 ~1 313,

THE, g 2003, JEdiisg) G ERE LT LR FRCE
SRR, 33C1): 65 ~69.

sz, ) R, SRE, 2. 2004, JLZRI&H G RS RERETE K A
R S SR LT, 3bh2¥Ri %, 11(3): 33 ~42.

SR, FPRAT, TAEF, 45, 1996. ZRU&E (14 103 ol 2 K e 5)
TR AEL Y], R ERRECD #), 26(3): 193 ~200.

WK, KA, A, 25 2001, ZRI4HE (1A 5 KKES) Jr 2l M.
dent: BHEE WAL, 1 ~855.

FRICF], ToEAL. 2011, PGZRUEIE 1L B L —p SL A . S AR
YIRSy Hi—45 41 LA-ICP-MS U-Pb AR5 1], b fii@ 4, 30
(1): 37 ~50.

o, IRE M, RERIE, 2001, R T REAR B S KR4I
KT HFAREL )] HUFT AR, 75(2): 198 ~204.

HWIE, 82 %, 2007. Hdbrohol oo R ST, A A
., 23C11): 2 665 ~2 682.

BXE AR, 2009. Adb B B i 5 AL SR 0 A i A R R
TRl )], BAFR, 2508):

BELE, N i, Widle S AL 2002, 1 76 8 Columbia it 2% K Fili
BTt REL )], RlaEiE, 47C18): 1361 ~1 364.

1772 ~1792.



