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The U—Pb zircon dating of the granite dike in Nanzhao pluton and it's
constraints on tectonic setting in Yanshanian

ZHANG Xin, WU Cailai, CHEN Hongjie
(Institute of Geology, Chinese Academy of Geology Sciences, Beijing 100037, China)

Abstract: It is usually believed that plutons and dikes resulted from the same magmatic activity. Deeply evolved magma invaded
into the pluton from cracks. Nanzhao pluton is located in the east of North Qinling Mountain, in which a 5m wide granite dike was
discovered recently. The dike has purple, porphyritic texture and the phenocrysts are quartz .The U—Pb zircon LA—MC—-ICP—MS
dating shows the age of the dike is (119.1+0.8) Ma, which is quite different from the age of the pluton (452.3+£6.2) Ma. The Hf

isotope analysis shows that the source magma maybe a mixture of juvenile crust. This result and the geochemical study indicate that
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the granitic dike exhibits the characteristics of I— A type granite. The similar age data, Hf isotope analysis and geochemical
characteristics suggest that the dike in Nazhao pluton may have the same source magma as adjacent Funiu Mountain. According to
the previous results and the analysis of regional geological background, the authors hold that the subduction of the Pacific plate
occurred in the Yanshanian period, whereas the Yangtze plate and the North China plate experienced pull—apart along Qinling
orogenic belt. A tectonic environment of the pull—apart was formed and, as a result, a series of faults were formed between the plate.
After that, the granite magma invaded onto the surface along the faults. Most of the magma formed Funiu Mountain, while a little

magma formed a dike in Nanzhao pluton, with the exchange of elements during the invasion. Therefore, the granite dike in Nanzhao
pluton has tectonic implications.
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Fig.1 Schematic geological map and sampling sites of Nanzhao pluton (note 1)
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Fig.3 Sketch map of sampling sites of Nanzhao pluton
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Fig. 4 Field photographs and microphotographs of the Nanzhao pluton
a—Field photograph of dike; b—Microphotograph of dike; c—Photograph of condensation side samples ; d—Microphotograph of condensation side

samples; e—Photograph of Nanzhao pluton samples ; f—Microphotograph of Nanzhao pluton samples
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Fig.5 Cathodoluminescence imeges of zircons from granites in Nanzhao pluton
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Table 2 Chemical composition of the granite dike and its host
pluton from Nanzhao -
09C1223-3 12CL211-7 12CL211-4 13CL201-2 12C1210-2 09CL222-3
1 ﬁ R
FREAS o AL CIEn e e
118 Ma 121 Ma 4523 Ma é
$i0, 69.48 68.96 67.93 67.68 6547  68.58 e o
TiO, 0.54 0.58 0.50 0.53 045 034 z 97 SA
ALO, 14.36 13.99 13.56 14.34 1564 1576 s
Fes0s 1.65 177 123 2.09 045 038 = el
FeO 1.32 0.69 1.46 0.93 204 221 E i
X
MnO 0.03 0.04 0.05 0.05 008  0.04 ) !
MgO 1.14 0.57 0.61 0.57 233 147 & e
3 , RN K
Ca0 2.03 272 272 2.08 462 3.43 % | o
Na,O 248 2.96 2.12 2.40 382 413 S| R ks
K0 3.66 3.78 445 4.10 273 250 0 4 ‘ . , ‘ i
i o400 s 70 80 %
FA 99.82 99.88 99.34 99.22 99.41  99.81 Si0:/%
Alk 638 7.22 7.04 6.85 663 670 OO kb CREES O HlkA BRI\ R
Na/K 0.68 0.78 0.48 0.59 140 165
ANK 1.84 1.56 1.52 1.62 167 1.64
L .
A/CNK 127 1.03 0.98 113 088  0.99 K17 mH ik Si0.— (Na,O+K,0) [ (# Middlemost et all.,
Fe* 0.54 0.55 0.71 0.62 047 0.60 1994);
MALI 435 4.50 432 477 201 327 . . . o
() 418 160 077 .68 0 030 Fig.7 Classification of the dike in Nanzhao pluton;
La 41.79 43.64 52.72 49.55 3459 2853
Ce 79.36 84.02 99.69 98.46 67.58  56.00 .
Pr 8.82 9.57 11.08 11.07 8.05 647
Nd 31.67 33.44 37.51 38.33 2907 22.82 "
Sm 488 572 6.50 6.42 476 334 6 |
Eu 1.03 1.16 1.14 117 132 087 |
Gd 435 495 5.45 571 364 243 O
Tb 0.62 0.73 0.88 0.92 048 030 5T Y]
Dy 3.41 3.96 530 497 238 136
Ho 0.65 0.73 1.03 0.93 043 024 & 4k
®
Er 1.94 231 2.83 2.94 118 067 s |
Tm 032 0.36 0.52 0.49 0.19  0.10 N AT b R
Yb 2.09 2.44 3.05 3.36 110 065 3 F
Lu 032 0.61 0.56 0.56 0.18  0.09 L
S REE 181.24 193.64 22825 22488 15494 12387 s b
LREE 167.55 17755 20863 20501 14537 118.04
HREE 13.69 16.09 19.62 19.88 957 583 I B R
LREE/HREE 1224 11.03 10.63 1031 1519 2025 1}
Lay/Yby  14.33 12.82 1238 10.57 2252 3129 | I8 (B0 271
§ Eu 0.67 0.65 0.57 0.58 093 089 0 : j ) ) . . } I
§ Ce 0.96 0.96 0.96 0.99 096 097 40 45 50 55 60 65 70 75 80
Li 206 162 40.1 18.0 24 179
ot 0
Be 2.90 2.64 3.15 2.82 363 166 Si0:/%
Sc 6.59 736 9.14 7.03 629  4.99 O BhehOARES: O wiikdgbiatm A\ &R
Cr 23 16.4 109.7 16.0 159 331
Co 8.72 5.95 13.67 5.69 547 802
Ni 1.93 418 55.36 261 472 1195 L .
cu 197 1 63 05 s as K8 B H Ik Si0.—K,0 &l (#5 Peccerillo et al.,1976) ;
Zn 48.7 50.3 558 56.6 497 482 Fig.8 SiO,—K:O plot of the dike in Nanzhao pluton;
Ga 20.1 20.7 19.1 193 182 201
Rb 157.4 173.1 87.9 179.0 1667 658
Sr 78.7 149.9 809.0 136.2 168.9 1041 N )
% 19.9 202 27.6 25.6 1n2 71 0.99, VX AEMESE TR X BN (K1 9) . 7F Si0,—K,O &l fi
b 16.1 17.6 16.4 124 163 60 e
Mo 2.13 0.79 032 145 172 022 VAR A B 2R A0 A0 XA PN A RS AR ZR 8 1)
Cs 15.71 14.24 491 733 1060 2.74 N JIETS
Ba 201 260 1255 650 906 1239 Jﬂﬁi( E] 8) o @ FrOSt et al~, (2001 1) 2008 ) ]}7? ’ *Elé
Hf 539 481 8.76 737 810 541 =) SKe +
: . it JB& Mg TS A4 (18] 10a) , J& E5 801k 52 51 s [ 45 7
Ta 1.52 1.44 143 1.08 363 048
w 1.59 1.29 1.49 112 136 028 %1 (& 10b)
Pb 192 173 30.6 16.6 172 123 S °
Bi 0.92 0.18 0.25 0.16 024 007 KBRS T M S REE=181.24%10 °~228.25 %
Th 19.7 217 108 28 216 98 . .
U 6.79 5.42 2.06 499 854 198 10, % & # 1 It {8 LREE/HREE & 10.31~12.24,
Si/Y 3.95 7.42 29.31 531 15.00  146.62

B FRICER N Y% URTTR A 107

Lay/Yby=10.57~14.33, Fi + J0 2 BRBL 5 A1 b 1 AL FiC
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1
3.0 (a)
0.9
255 HERR T R
Fe fﬁ
0.8
Mg/ii
20
v O 9Ge) 0.7 0O
z AA o .
<
1.5 (93 0.6 Q\
1.0 0.5
O
R 0.4
0.5 ‘ !
0.5 1.0 1.5 20 6
A/CNK

O =nkebomeed O ankossimre s A #HwES

K9 Bg A Ak AINK—A/CNK & (4 Chappell et al., 1992)
Fig.9 A/NK—A/CNK plot of the dike in Nanzhao pluton

oy R R A R 2k (B 1) B TR
VR EM MW B . SEufl 4 0.57~0.67,Eu
TSR, UL AT RETE VR X S AHE A i 5% B A L B
A 0] BETE A R A B v B AR M A B 4 SR A
EH. Bt eEE, B EREaFHE. MET
RUBERETRATLR T STRITE AR
fIE o 7 D s b g A o A ke X <1 e v (141 12) , Ba Sty
Ta Nb.Ti .PAEIn R B ZIMN 7 S . (LR &N
FEAh 12CL211-4 13CL201 -2 it e R ik M 1K 5
ke AR S AN [R], L A 13CL201-2 1Y
Ba {2 I 55 1 7 58, 2 T35 A FE A, FE A
12CL211-4 ) Ba .U K .Ce LR & L 7H , #HA
[F] - kMR A T B e 3 A R

% A T M S REE=123.87%107°~154.94%
107, Ff 10 R BRORL A bR AL L 2 2 =X (1 11)
R A R i £k, #6 FE AR £ o { LREE/HREE 4
15.19~20.25, Lav/Yby=22.52~31.29, &% s + It £ &
£, HER TG 408 BRRE S A E A RS el ., A
A1 JGA f 1Y Bu dE %5, SEu {4 0.89~0.93, 5%
JK R R AE RS A AN ] o ol o0 38 D b e s A A e
ME M (E12), FEAEERETHRATE .7
PER T E ROt R . Hrh S5 0K Ta Nb P\ Ti,
Y. Yb . Lu%5 5 H B  , S5A A E, DB A A Ak
FETfERCME . FESL 12CL210-2 B U K & 1 S5 FE 5
09CL222-3 [A[A], I IE S8, Feilr S Dk i & i

(b)

MALI
w

50 55 60 65 70 75 80 85 90
Si02%
O #rkbhomees O ARG BarER /A &EREH

K10 B A Ik SiO.,—Fe* Fil MALI [ fi# (4% Frost et al., 2001,
2008)
Fig.10 Diagram of SiO,—Fe* and MALI for samples from
Nanzhao pluton (after Frost et al., 2001, 2008 )

5.3 $#EA HIRAMIESH

P E A A KRS 12CL211-7 . 12CL211—4 i
1185 A Lu—HE R 2= 0B (3% 3) , B AFE % H 7 1A
i (E13) .

kO A RE B 12C L2117 9 7 Lu/ HE B A
4 0.00061~0.00300, *F- 4 {E >4 0.00136, "Hf/"HF 1)
fH 4 0.282711~0.282810, V- {H M 0.282748 . eul?)
B0 -2.16~+1.35, F-IJ{EH A -0.83, B Bt 4
8 Tora 7F 932~1154 Ma, -394 1070 Ma,,

KA R B A RE S 12CL211—-4 11 "Lu/"HE
(KI1E A 0.00066~0.00512, F-14 0.00175, "Hf/'"HF 114
H 4 0.282716~0.282826, F- 14 {H N 0282757,  &udt)
{HN—1.98~+1.92,3F1)-0.54, B BEAEUARRS Tow

http://geochina.cgs.gov.cn H1E LT, 2017, 44(5)



950 h E5| Hh Jois 20174E
1000
—=— 12002102
—w—(09CL222-2 14
—&—(09CL223-3 a
——12CL211-7
—e— 12012114 12
—8—130L.201-2
100 f 10
s
i 8
] ]
® By
s,
1o
Ja 10 F 4
2
0
1 g w o e 22 <19 16 -13 -1.0 -07 04 -0.1 02 05 08 11 14 17 20
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu it
30
B 11 m A A KA A A 5 R & (U8 Taylor et al.,
1985)
Fig. 11 REE patterns of dike and Nanzhao pluton(after Taylor
etal., 1985)
&
®

1000

—8—12CL210-2
—%—(09CL222-2
—&—09CL223-3
—&—12CL211-7
—e—12(CL211-4
—8—13CL201-2

100

R/ R A 18

12 A AR AR A o T R kA
(¥ McDonough et al,. 1995)
Fig.12 Trace element spider diagrams of dike and Nanzhao
pluton (after McDonough et al,. 1995)

1E£907~1142 Ma, “F#J°k 1053 Ma.
6 1
6.1 ZBKHIELLATK

B A AL B A RS A B S K IE T
K, RBVEG IS a0 45 S EE 4545 3 M REM
(09CL223—3,12CL211-7.12CL211—4) 1 5C 5 %X

T EIACT 840, A5 125 DK Y AR R
(119.6+0.7)Ma(MSWD=1.14, n=57) , i it B Jg 4£ i

0.90 0.95 1.00 1.05 1.10 1.15 1.20

T o2

K13 Bifren()(a) & Towe (D) LT BT AL
Fig.13 a—Plot of frequency—eu(?) ; b—Frequency—Tow.
histogram of zircon from dike samples

K2 AR (] 14) o T3 =28 AR IR 2
452.3 Ma, A R B 1 (2244 55, 2014) , P& 1Y4F
W22 R, Hrp g A B 10 I AR A A1 (121 .4+
1.1)Ma B& KT HuC AR Y AR5 (118.0+1.0)Ma, 1X 7] fig
A WKTER AL R b, S 8852 75 F 5 B, ¥
e Ib%:935 1 VAT AT O] 151 RS S SR 2y N
AMUE KA AR 32 B 37 25 B2, T HL A
ok i) b R AR 2 B A R 43 32 B A A RSN .
WXAEARAL G 525 F2 55 KA T 3500 4 Rl s g T %
SV 1D -aa o 7 N [ v s o 1 R G =
BRIE A A 0 R A T AN TR AR B i ek A% .t R T
F iR i AR E Ak I (BT 12) AT LUt R B0
A 12CL211—4 F113CL201-2 Y Rb.Ba . Th . U.SrJC
RO A BKAF, HAf#E 5 12CL211-4 1 Ba,
Th.U.Sr & &t [A] 2F 3= 244 5 19 & s AH T, T0AE
13CL201—-2 X JLFF G K 1 75 s [ ok b0 AL G 2
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*®3 BMARREEEA Lu-Hf B R EE
Table 3 Zircon Hf isotope analyses of the dike in Nanzhao pluton

Sample tMa  ovb/'"Hf 20 7oL/ T HE 20 RS VRS 20 ey TowMa  Tom/Ma  frumds)

M AAGRER A (12CL211-4)

12CL211-4-01 122 0.024593  0.000183  0.00091 0.00001 0282756  0.000011  -0.58 702 1052 -0.97
12CL211-4-02 117 0.022575  0.000069  0.00081 0.00000 0282737  0.000011  -1.22 725 1093 -0.98
12CL211-4-03 125  0.031188  0.000232  0.00110 0.00000 0282716  0.000012 -1.98 761 1142 -0.97
12CL211-4-04 122 0.028544  0.000361  0.00102 0.00001 0282750  0.000012  -0.78 712 1065 -0.97
12CL211-4-06 124 0.065701  0.001300  0.00229 0.00003 0282791  0.000016  0.66 677 979 -0.93
12CL211-4-07 122 0.092979  0.003112  0.00317 0.00011 0282772 0.000014  0.01 721 1025 -0.90
12CL211-4-08 123 0.092553  0.003261  0.00312 0.00010 0282775  0.000015  0.09 717 1020 -0.91
12CL211-4-09 120 0.048901  0.000237  0.00170 0.00001 0282750  0.000011  -0.76 724 1068 -0.95
12CL211-4-10 120 0.071091  0.001489  0.00249 0.00004 0282770  0.000014  -0.08 712 1028 -0.92
12CL211-4-11 123 0.021480  0.000212  0.00079 0.00001  0.282748  0.000010  -0.86 710 1069 -0.98
12CL211-4-12 118 0.019470  0.000346  0.00072 0.00001  0.282773  0.000010  0.02 674 1013 -0.98
12CL211-4-13 124 0.025038  0.000099  0.00090 0.00000  0.282740  0.000011  -1.13 723 1087 -0.97
12CL211-4-14 121 0.033031 0.000033 0.00119 0.00000 0.282728 0.000011 -1.54 745 1115 -0.96
12CL211-4-15 117 0.037390  0.000269  0.00131 0.00001  0.282745  0.000011  -0.95 724 1078 -0.96
12CL211-4-16 119 0.034609 0.000206 0.00121 0.00001 0.282736 0.000010  -1.28 736 1098 -0.96
12CL211-4-17 122 0.018444  0.000392  0.00066 0.00001 0282757  0.000011  -0.53 695 1047 -0.98
12CL211-4-18 122 0.062573 0.002985 0.00216 0.00010 0.282769 0.000012  -0.10 706 1027 -0.93
12CL211-4-19 127 0.027585  0.000887  0.00099 0.00003  0.282765  0.000012  -0.25 690 1031 -0.97
12CL211-4-20 125 0.039339 0.000526 0.00140 0.00002 0.282811 0.000013 1.39 631 929 -0.96
12CL211-4-21 118 0.052534 0.001653 0.00194 0.00006 0.282774 0.000013 0.07 695 1016 -0.94
12CL211-4-22 123 0.040382  0.000151  0.00139 0.00001 0282741  0.000013  -1.10 732 1088 -0.96
12CL211-4-23 124 0.070856 0.001754 0.00241 0.00005 0.282744 0.000013  -1.00 748 1086 -0.93
12CL211-4-24 124 0.107184  0.002996  0.00357 0.00009  0.282745  0.000018  -0.96 771 1089 -0.89
12CL211-4-25 123 0.028083 0.000939 0.00098 0.00003 0.282753 0.000012  -0.67 707 1058 -0.97
12CL211-4-26 120 0.159236  0.001947  0.00512 0.00007 0282751  0.000021  -0.73 797 1083 -0.85
12CL211-4-28 127 0.035337 0.000486 0.00120 0.00001 0.282724 0.000011 -1.69 752 1124 -0.96
12CL211-4-29 124 0.124054  0.001156  0.00403 0.00003  0.282826  0.000018  1.92 656 907 -0.88
12CL211-4-30 123 0.034618 0.001136 0.00114 0.00003 0.282776 0.000012 0.16 676 1006 -0.97
12CL211-4-31 121 0.048614 0.001135 0.00163 0.00004 0.282751 0.000013  -0.73 721 1065 -0.95
WA AL KA B & (12CL211-D)

12CL211-7-01 107 0.017901 0.000535 0.000604 0.000014 0.282791 0.000012 0.66 647 971 -0.98
12CL211-7-02 117 0.042108  0.000404  0.000664  0.000011  0.282757  0.000010  -0.54 709 1051 -0.96
12CL211-7-03 120 0.035128 0.000232 0.000918 0.000011 0.282742 0.000015  -1.07 726 1084 -0.96
12CL211-7-04 99 0.036393  0.000141  0.000968  0.000005  0.282734  0.000012  -1.33 738 1102 -0.96
12CL211-7-05 130 0.027336 0.000106 0.001018 0.000004 0.282725 0.000013  -1.66 745 1121 -0.97
12CL211-7-06 114 0.030237  0.000208  0.001029  0.000007  0.282751  0.000012  -0.74 710 1063 -0.97
12CL211-7-07 120 0.034563 0.000162 0.001056 0.000002 0.282764 0.000011 -0.28 694 1034 -0.97
12CL211-7-08 116 0.049682 0.000487 0.001057 0.000011 0.282810 0.000015 1.35 637 932 -0.95
12CL211-7-09 121  0.043042  0.000539  0.001107  0.000014  0.282751  0.000011  -0.73 717 1064 -0.96
12CL211-7-10 126 0.035376 0.000206 0.001119 0.000008 0.282711 0.000012  -2.16 770 1154 -0.96
12CL211-7-12 114 0.055828  0.002704  0.001130  0.000096  0.282768  0.000012  -0.14 702 1028 -0.94
12CL211-7-13 118 0.032363 0.000509 0.001131 0.000013 0.282757 0.000013  -0.54 703 1050 -0.97
12CL211-7-14 115 0.067170  0.002889  0.001154  0.000088  0.282735  0.000013  -1.31 756 1105 -0.93
12CL211-7-15 121 0.037741 0.000245 0.001180 0.000004 0.282727 0.000012  -1.58 748 1118 -0.96
12CL211-7-16 118  0.094515  0.007000  0.001188  0.000210  0.282766  0.000019  -0.21 727 1039 -0.91
12CL211-7-17 120 0.045932 0.000607 0.001195 0.000020 0.282731 0.000011 -1.44 753 1l -0.95
12CL211-7-18 121  0.042636  0.000422  0.001222  0.000015  0.282741  0.000010  -1.09 733 1087 -0.95
12CL211-7-19 117 0.019485  0.001201  0.001244  0.000043  0.282748  0.000011  -0.85 708 1068 -0.98
12CL211-7-20 116  0.033833  0.000440  0.001332  0.000018  0.282773  0.000013  0.03 681 1014 -0.97
12CL211-7-21 116  0.034384  0.000214  0.001366  0.000004  0.282739  0.000014 -1.18 730 1092 -0.97
12CL211-7-22 128  0.086571  0.002238  0.001412  0.000064 0282763  0.000018  -0.31 726 1044 -0.92
12CL211-7-24 120 0.038164  0.001118 0001517  0.000043  0.282725  0.000015  -1.66 753 1123 -0.96
12CL211-7-25 117 0.030763  0.000366  0.001612  0.000008 0282743  0.000012  -1.01 721 1080 -0.97
12CL211-7-26 119 0.033216  0.002173  0.001619  0.000065  0.282778  0.000013  0.22 673 1002 -0.97
12CL211-7-27 114 0047662  0.003938  0.001756  0.000119 0282752  0.000013  -0.70 718 1063 -0.95
12CL211-7-28 131 0.033690  0.000063  0.001896  0.000002  0.282747  0.000013  -0.88 718 1072 -0.97
12CL211-7-29 117 0.047370  0.001298  0.002171  0.000047  0.282734  0.000014 -1.36 747 1105 -0.95
12CL211-7-30 117 0.028722  0.000621  0.002721  0.000019  0.282734  0.000011  -1.34 733 1101 -0.97
12CL211-7-31 121 0.032669  0.000245  0.002996  0.000008  0.282738  0.000013  -1.21 730 1093 -0.97

AT, AN, A FE A FEN 12CL210-2 A Rb . Ba, AT,
Th.U.Y.Yb.LuZ L EMWFEARTH -1 6.2 AAKEA
SRR 09CL222—2 A& &, TS [\ A ik b AR 1Y 2 W AR 21 Na,O  KLO {8, AST{HE F1 NI
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EAEAE N X 40 1B RS B AE (<) 75 1) 5 2248 b
(Pitcher et al., 1983 ; Chappell et al., 1999; % T4,
2004) . BFSE KL, ZR 0 i v A= AR I o e 2R AR
WAEH LH , FLESMIEARZEE, Iz h i 7E4Edt
M B pg S FAL 2208 T8 R BN SRR S
. ZE 05 i AR AR AR B BT A AT LA 4
160~130 Ma F1 120~100 Ma M 4~ fji Bt (Wang et al.,
2015; FBEEE4E,2011), 120~100 Ma [9T B i AL 5 it
FAEAEIUAR B G L T— A S R TR AE 25 A

F, 00 A BIAE e (EREESF,2015) . £ 4 Lu—Hf
[ 2R A3 T 25 AR W, A6 5 25 DK 1) e ) BT 75 A 75 P
ML LT, HorAn T 08 L F (B 15) , 3RBIA Ik
TA LOB A Mot o 3 (R AR 5%, 2007) o S5 TR
A WK HUERTL AR | B 4 1Y Na,O 75 1 2.48%
~2.96% ,K,0 &5 15 1 3.66%~4.45% , KO & ¥ T
Na,O, J& T = Bl A5 8 R 51 ; AST{E 4 0.98~1.27; %+
AUEEREFREATLER, TP ESMITE N
fE, it u KU B ERM L HREER 5,
BA Bufi 558, vl UL A A0 R A KA TR
AFIE

23 004 i R Bl THT B R i TR AR B A, 32
FARATZHIGHE  RRPEREFPEREE . 5 (455~
450 Ma) JE W11 2 AR FRABE 28/ )N | 16 1] (450~422Ma)
TE BB A VR RABE K, TE 285 22 A i B R s A A0 DUtk
(E%5%,2009) . A ARIEZIE T 3X — B,
AYE R N A, B 09CL222-312CL210-2
) Na,O 5 5 4 3.82%~4.13% , K,O &5 1 4 2.50%~
2.73% , K,O % B ¥IIK T Na,O; ASI {1y 0.88~0.99,
PIERS B 3, NI B A A 0~0.30, EAT TRIAE i 2 1)
FRIE (248 W55, 2014)

AWK BEHAE F 12CL211-4 . 13CL201-2 [ 1,
BRALSEAFIE 2 R . Hh NaO 5 2l
2.12%~2.40% , KO 7 & 4 4.10%~4.45% , KO 15 &
T Na,O. BEAh, ASIE K 0.98~1.13, A F IR 5
Flat 8 o 2z 6], W F AR 0.77~2.68, & EEAE
ASHE TR EAEA T4 Dk rhoo AR 27 =8 =z ], B
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25 kO A KR B —2F 2 ASTAIRI &
H KRR /N, 2R EE IR S R ST Rl T
OO AN BT 32 7 25 A AN [ 17 2 B [R] A 4 i, e
FEAh 12CL211-4 ) Ba . Th U . SrUC R & B T9F
FAMES, MK . Ta Nb GRS H T TK S
Jik s BE G 13CL201 -2 Ba e X ST T £ 4
FE S, T Th, U, Sr.Ta Nb JCZE & 4% T ALK &
Ik EH AT L, 46 5 A K SR A AR AL 7 3] 2
FafE, 5 FALE TY RS, 5 KA &L
BRI 22 B T 37 A L kR A =Z (8]

BB A ARRALTE 2 5 km 2R 2R 1L AR, R4
A AR K Al S NW E ], K 24 120 km, 5829 35 km,
THFRZY 7 4200 km', iZCEARSE H ZBR AL RS
A A 5 — IR KSR & AR TE 110~
120 Ma, [F) i # # B2 07 i AR AR TR . e dh, £k 4
LU AR 0 B BR AL 2 At B0 v ke, 4
B ASTE ISR T 1.0, W B A8 s o, 58
KR O ERA 2E R AE AR L o BEAN AR LA R SR 3
F KA AR ZAFIE R AL, Hew(OETE OB
VT, HE/ THE BSEYIEZ R 0.282756 , A RS A A ik
(A SRR DX AT BB S5 AR A Ll (A A 2R AR XA [
6.3 & EkE RIS IRE

PRI e i, oy RSP Al R ) v ) K AR A o
(Smith et al., 2007; FKIHESE, 20135 ) o b9 £ BEAR
/N B R AR %5 35 3 410~660 km AT FE (427
BAFE,2013) 0 TEIX —VREE A HOMS L2 Iy 1 I ik
B, P2 A TR RIS A A T O S R (R
4520005 H K HESE,2010) , J5 & KT R 52
(Cull et al., 1991 ;2= i 55, 2000 ; #3555, 2016) ,
R R HERR AL B A IR A A RS T R AR (R
55, 19855 14 POHES,2009) . MR EHE R4,
T R AR R PR v RN A b A AR R, S
FWIRARTE S IGRE, 5 & T B AR A Hh e 4y
SRR, A T 2 ERR A R A O R R
kAR R AL B E N B (R 5%,
1999) o ZFT AR, B vty P P AR Rt H [ AR
T I 9 %) R A 2 1 AT R X R TV A B )
N AN PAR TN iEa el o =BTy D 2
AP Rl A5 & D R R RCA R (2R
4,2000) o H T = RaE S A IR R PR AR R B
a1, LA — I AR R o e s s LA Ik

—MEIN N, A e B 2 i 1 A
FRA A, BJE F 08 1 1 oE A Rl N 3 L B B
GRS, 2017) o e il 438 B B3 57 300 2 A= ki P 4 o
(B 5F,2004) , A A Bl — 0 gn i 5 (R 40 %
85,1992) , MRS tE—FL 1 S 3 LA )
FEJEEE SR B fe R (B 52 3C5F,2003) . Z IR &G
W TR, &4 T LU HbFE LR PR UL A A B R
M 135 A Bl 1 SRR ALY BE . R, R B
Ha S T A ) T— A 2o 35 U 1 1) A U Y8 A5 SRR AE 1)
A6 0 L5 A, TR T A 3 PR pR % TR A AR SRy i
(5L U 42 45, 1994 H2 @ 4546, 2013 £ % 7 4%,
2015) . ZEWe—RK A thaty P E AR ) 2= A
ARG AT BB AL T i N7 5K 85 v (1227545, 2006 5
TR 45,2007 ), R 35 A SR A T Ak 2 i L 2R
T A R AR — ), SRR AT B AL R ) —
w4 (B BHTAE, 20035 FER S04, 2000, 2007 ; F ¥
45 2009) .

XoF B A3 2 K 0 It 5 SR 2 BH i KO BT
KR A, SR AR 1R A R R Tl 27 1 o
FRIE Z M ARG , I HLIE WA s ] 5 4R 4 1 A
G — IR KRB (110 ~ 120 Ma) % A B A ) #H
], i I AT DAHEWT RS 3 2 ORR 4 L &2 AR 2 (R
— UG BRI o X — B, A AR R
(I NW [ S sk AR VE R T, T A e fi4e
JEAR BT ZR 0 3 11 T AL T — R AW ZY , TR U5
I e A= 53 s BT A 3K, SRy e 3R o I b 1
A6 A 3R A AR . 6 B B R Bk
VEFIIE B 240 AR S b2 1 B B TR AR L
o[RBT, o325 TR AR A Ll A ] B 24 B |
12, JE AL B ik, anfk 4= LA AR ARG 5 km RS A
Bk ABKIER AR R AF 328 & A FAL IR Y, [T
H I ERAG E R IR 2 A T ORI R B el s . mf
WL, BB A DR IR AR LA R A S B — A0

7 %5 B

A AL KA OB BT e, 85 A U-Pb 4RI
JE(119.140.8) Ma,  HiERAE 00 W, 465 A Tk
KO & 28 T NayO; 120 oo R w4k R d M
S, EERKE T EATE, Rt R,
A TR R A bk b2 Jm v . 85 A HERM 2R
Wt BT TR LB A Ak 32, LR T RE AR

http://geochina.cgs.gov.cn H1E LT, 2017, 44(5)



954 i [

b, J 2017 4F

I R BT R ) o K& B i B R T 2 A
I3 T KR AR R 32 B L 22 8] B bk
TEfR AL A 5 25 3 A T s

FEFHE LYY, Fh T PP Al b 0 e A1 P Al 7
LKA, 5 Bk S A AU AR R 22 0 3 107 A
PR T — R 5T TRARE IR 5k A
TR RIE B A, Dy s sE i AR i TR
R [ TR S e A SRR & o Hure il o s Rl
TE I S S A PSR ATE R I 2B AR = 52
BALIE AR A LA N A S R R A 1L A
J L 2 AR AL, B2 A B o K, S vl 4 e AR R 46
RF Ko AL, PRSP 2l — 1 S A ) b i P R
PSR A 8 PRI, 1 A e KRR A Ll R mT 2 ()
—YCEIH B

@ 4 ST SRy X AR 0 A A 1989, 1:5 J7 i 4 IR X
S T A Al

References

Bao Hanyong, Guo Zhanfeng, Zhang Luolei. 2013. Tectonic dynamics
of eastern China since the formation of the Pacific plate[J].
Advances in Earth Science, 28(3): 337— 346 (in Chinese with
English abstract).

Chappell B W. 1999. Aluminum saturation in I—and S—type granites
and the characterization of fractionated haplogranites[J]. Lithos,46
(3): 535-551.

Chen Jiangfeng, Xie Zhi, Liu Shunsheng. 1995. “Ar—*Ar and fission
track dating of cooling ages in the Dabie orogenic belt[J]. Science
in China (Series D), 25(12): 1086—1092 (in Chinese).

Chen Yuelong, Zhang Benren. 1995. Geochemical characteristics of
Pb, Sr, and Nd isotopes on Early palacozoic granites in the
Danfeng region, Northern Qinling Belt[J]. Scientia Geologica
Sinica, 30(3): 247257 (in Chinese with English abstract).

Cui Jianjun, Zhang Yueqiao, Dong Shuwen, Jahn Borming, Xu
Xianbing, Ma Licheng, Li Jianhua, Su Jinbao, Li Yong. 2013. Late
Mesozoic orogenesis along the coast of Southeast China and its
geological significance[J]. Geology in China, 40(1): 86— 105 (in
Chinese with English abstract).

Cull J P, O’ Reilly S'Y, Griffin W L. 1991. Xenolith geotherms and
crust models in Eastern Australia[J]. Tectonophysics, 192: 359—
366.

Dilek Y, Ahunkaynak S. 2007. Cenozoic crust evolution and mantle
dynamics of post— collisional magmatism in Western Anatolia[J].
International Geology Review, 49: 431-453.

Dong Yunpeng, Zhang Guowei, Zhu Bingquan. 2003. Proterozoic

Tectonics and Evolutionary History of the North Qinling
Terrane[J]. Acta Geoscien Tia Sinica, 24(1): 3—10 (in Chinese with
English abstract).

Dong Shuwen, Zhang Yueqiao, Long Changxiang, Yang Zhenyu, Ji
Qiang, Wang Tao, Hu Jianmin, Chen Xuanhua. 2007. Jurassic
tectonic revolution in China and new interpretation of the Yanshan
Movement[J]. Acta Geologica Sinica, 81(11): 1449— 1461 (in
Chinese with English abstract).

Dong Shuwen, Wu Xihao, Wu Zhenhan, Deng Jinfu, Gao Rui, Wang
Chengshan. 2000. On tectonic seesawing of the East Asia
continent— Global implication of the Yanshanian movement[J].
Geological Review, 46(1): 8—13 (in Chinese with English abstract).

Feng Yimin, Cao Xuanduo, Zhang Erpeng. 2004. Discussion on the
tectonic features of the Mianxian— Lueyang Zone[J]. Geological
Review, 50(3): 295-303 (in Chinese with English abstract).

Frost B R, Barnes C G, Collins W J, Arculus R J, Ellis D J, Frost C D.
2001. A geochemical classification for granitic rocks[J]. Journal of
Petrology, 42: 2033—-2048.

Gao Sheng, Chen Danling, Gong Xiangkuan, Ren Yunfei, Li Haiping.
2015. Zircon U— Pb dating of clastic rocks and granites of
Kuanping Group in Dongcha areas of Tianshui, and its geological
implications[J]. Earth Science Frontiers, 22(4): 255— 264 (in
Chinese with English abstract).

Guo Bo, Zhu Laimin, Li Ben, bow tiger army, Wang Jianqi. 2009.
Zircon U—Pb age and Hf isotope composition of the Huashan and
Heyu granite plutons at the southern margin of North China
Craton: Implications for geodynamic setting[J]. Acta Petrologica
Sinica, 25(2):265—-281 (in Chinese with English abstract).

He Shiping, Wang Hongliang, Chen Junlu, Xu Xueyi, Zhang Hongfei,
Ren Guang Ming, Yu Jiyuan. 2007. Zircon U—Pb chronology of
Kuanping Rock Group by LA— ICP— MS and its Geological
Significance[J]. Acta Geologica Sinica, 81(1):79— 87 (in Chinese
with English abstract).

Hildreth W. 1981. Gradients in silicic magma chamber: Implications
for lithospheric magmatism([J]. Geophy. Res., 86: 10153—10192.

Hu Zhihong, Hu Shouxi. 1990. The yenshanian intracontinental
compression—subduction in the northern part of the east— Qinling
Area: its tectonic model and evidences[J]. Journal of Nanjing
University, 26(3): 489—498 (in Chinese).

Huppert H E, Sparks R S J. 1988. The generation of granitic magma by
intrusion of basalt into continental Crust[J]. J. Petrol., 29: 599-624.

Kroner A, Zhang G W, Sun Y. 1993. Granites in the Tongbai area,
Qinling belt, China: Geochemistry, petrology, single zircon
geochronology and implications for the tectonic evolution of
Eastern Asia[J]. Tectonics, 12(1): 245-255.

Lee Y S, Nishimura S, Min K D. 1997. Paleomagne totectonics of
East Asia in the Proto—Tethys Ocean[J]. Tectonophysics, 270: 57—
166.

Li Kaoshe, Bai Shengli, Cai Zhenlong. 1994. New speculation on the

http://geochina.cgs.gov.cn H1E LT, 2017, 44(5)



H 44 S

TR A  ZRUE T A R AE B DK A8 A7 U=Ph 5 4F XL A IS PRI A 240 o 955

relationships among the Danfeng Group, Qinling Group and
Kuanping Group in the eastern Qinling Mountains[J]. Regional
Geology of China, (3): 215—222 (in Chinese).

Li Kaoshe, Bai Shengli, Li Wansheng. 1995. Stratigraphic redivision
of Kuanping Group and Qinling Group in the middle segment of
the eastern Qinling Mountains[J]. Jour .Geol. & Min. Res. North
China, 10 (1): 93—98 (in Chinese).

Li Kaoshe. 2002. Zircon U— Pb age of meta— basic lava from the

Kuanping Rock Group, Shaanxi Province[J]. Geology of Shaanxi,

20(1): 72—78 (in Chinese with English abstract).

Mingze, Wu Cailai, Lei Min, Qin Haipeng, Liu Chunhua. 2014.

Petrological characteristics and LA—ICP—MS zircon U—Pb Ages

Li

of Granitoid in Nanzhao area, Eastern Qinling Mountains[J].
Geological Review, 60(2): 166— 182 (in Chinese with English
abstract).

Li Rongxi, An Sanyuan, hu Nenggao, Ye Jian. 1994. The metamorphic
petrology and metamorphic evolution of Erlangping Group in
Xixia County, Henan Province[J]. Journal of Xi’ an College of
Geology, 16(3): 71—77 (in Chinese with English abstract).

Li Wuxian, Zhou Xinmin. 1999. Late Mesozoic subduction zone of
southeastern China[J]. Geological Journal of China Universities, 5
(2): 164—169 (in Chinese).

Li Wuxian, Zhou Xinmin. 1999. Geochemical Constraints on

petrogenesis of Late Mesozoic igneous rocks along the Zhejiang
Fujian coast[J]. Progress in Natural Science, 10(7): 630— 641(in
Chinese with English abstract).

Liu Guohui, Zhang Shouguang, Yu Zhendong. 1993. The Main
Metamorphic Rocks and Metamorphic Evolution of the Qinling
Mountains  Orogenic Belt Group[M]. Beijing:
Publishing House, 87—104 (in Chinese).

Liu Shaofeng, Zhang Guowei, Cheng Shun, Yao Anping. 1999.

Geological

Evolution of flexural basins and process of collision orogeny in
east Qinling— Dabieshan and its adjacent regions[J]. Scientia
Geologica Sinica, 34(3):336— 346 (in Chinese with English
abstract).

LiuY S, Gao S, Hu Z C, Gao C G, Zong K Q and Wang D B. 2010.
Continental and oceanic crust recycling— induced melt— peridotite
interactions in the Trans—north China Orogen: U—Pb dating, Hf
isotopes and trace elements in Zircons from mantle xenoliths[J].
Petrology, 51(1,2): 537-573.

Ma Changgian, Yang Kunguang, Ming Houli, Lin Guangchun. 2003.
The time when the earth's crust changed from compression to
extension in Mesozoic in Dabie Mountain: The proof of granites[J].
Science in China (series D), 33: 817—827 (in Chinese).

Maniar P D and Piccoli P M. 1989. Tectonic discrimination of
granitoids[J]. GSA. Bull,, 101: 635-643.

Mao Jingwen, Zhang Zuoheng, Yu Jinjie, Wang Yitian, Niu Baogui.
2003. Geodynamic background of Mesozoic large— scale

mineralization in North China and its adjacent areas: implications

obtained from dating of metal deposits[J]. Science in China (series
D), 33(4): 289—299 (in Chinese with English abstract).

Mattauer M, Maatte P, Malavelle J. 1985. Tectonics of Qinling Belt:
Build—Up and evolution of Western Asia[J]. Nature, 317: 484—495.

Meng Q R, Zhang G W.2000. Geologic framework and tectonic
evolution of the Qinling Orogen, Central China[J]. Tectonophysics,
323:183—-196.

Middlemost E A K. 1994. Naming materials in the magma/igneous
rocks system[J]. Earth—Science Reviews, 37(3—4): 215-224.

Ni Shijun, Li Chaoyang, Zhang Cheng, Gao Rongde, Liu Chunfu.
1994. Contribution of mafic dikes to gold mineralization— the
example of gold deposit in Qinling[J]. Journal of Chengdu
University of Technology, 2(3): 70— 78 (in Chinese with English
abstract).

Pitcher W S. 1983. Granite Type and Tectonic Environment[C]/K F
Hsu (editor). Mountain Building Processes. London: Academic
Press, 1-176.

Peccerillo R, Taylor S R. 1976. Geochemistry of Eocene calc—alkaline
volcanic rocks from the Kastamone area, Northern Turkey[J].
Contrib. Mineral Petrol., 58: 63—81.

Pei Xianzhi. 1997. Composition and Tectonic Evolution of the
Shangdan Eectonic Belt in East Qinling Mountains[M]. Xi’ an: Xi’
an Mapping Press, 233—251 (in Chinese).

Pei Xianzhi, Li Houmin, Li Guoguang. 2001. A study of formation
epoch and tectonic attribute of the Danfeng Group complex in East
Qinling Mountains[J]. Acta Petrologica et Mineralogica, 20(2):
180—188 (in Chinese with English abstract).

Petford N, Cruden A R, McCaffrey K J W, et al. 2000. Granite magma
formation, transport and emplacement in the Earth crust[J]. Nature,
408: 669—673.

Qin Haipeng, Wu Cailai, Wu Xiuping, Lei Min, Hou Zhenhui. 2012.
LA—ICP— MS Zircon U—Pb ages and Implications for tectonic
setting of the Mangling Granitoid Plutons in Qinling Orogen
Belt[J]. Geological Review, 58(4): 142— 152 (in Chinese with
English abstract).

Qin Jiangfeng, Lai Shaocong, Li Yongfei. 2007. Genesis of the
Indosinian Guangtoushan adakitic biotite plagiogranite in the
Mianxian— Lueyang (Mianlue) suture, South Qinling, China, and
its tectonic implications[J]. Geological Bulletin of China, 26(4):
466—471 (in Chinese with English abstract).

Ren Jishun, Chen Tingyu, Niu Baogui, Liu Zhigang, Liu Fengren.
1992. Tectonic evolution and mineralization of the continental
lithosphere in eastern China and its adjacent areas[M]. Beijing:
Science Press, 1-203 (in Chinese).

Shi Quanzeng, Wei Xiangdong, Li Mingli, Pang Jiqun. 2004. Nappe
structures and extensional detachment structures on the northern
margin of the eastern Qinling Mountains mountain range in Henan
Province[M]. Beijing: Geological Publishing House, 1— 109(in
Chinese).

http://geochina.cgs.gov.cn H'EHL T, 2017, 44(5)



956 i [

b, J 2017 4F

Smith A D. 2007. A plate model for Jurassic to Recent intraplate
volcanism in the Pacific Ocean Basin[J]. Geological Society of
America Special Papers, 430: 471—495.

Song Ziji, Zhou Qingshan. 1988. The characteristics of regional
metamorphism of the Kuanping Group[J]. Geology of Shaanxi, 6
(2): 21-32 (in Chinese).

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic desalts: Implications for mantle composition and
processes[C]//Saunders A D, Norry M J( eds.). Magmatism in the
Ocean Basins. Boulder: Geol. Soc. Spec. Publ., 42: 313—345.

Sun Weidong, Li Shuguang, Yadong Chen, Li Yujing. 2000. Zircon U—
Pb dating of granitoids from South Qinling, Central China and their
geological significance[J]. Geochimica, 29(3): 209— 216 (in
Chinese with English abstract).

Suo Shutian. 1999. Study on tectonic deformation of UHP
metamorphic province in Dabie Massif, China[J]. Earth Science
Frontiers, 6(4): 255-262 (in Chinese with English abstract).

Wang Jingui, Lu Xinxiang. 1988. Granite petrology of Funiu
Mountain[J]. Henan Geology, 6(3): 35—40 (in Chinese).

Wang Tao, Wang Xiaoxia, Tian Wei, Zhang Chengli, Li Wuping, Li
Shan. 2009. North Qinling Paleozoic granite associations and their
variation in space and time: Implications for orogenic processes in
the orogens of central China[J]. Sci. China: Ser D— Earth Sci., 39
(7): 949—971 (in Chinese).

Wang Xiaoxia, Wang Tao, Qi Xian, Li Shan. 2011. Temporal— spatial
variations, origin and their tectonic significance of the Late
Mesozoic granites in the Qinling, Central China[J]. Acta
Petrologica Sinica, 27: 1573— 1593 (in Chinese with English
abstract).

Wang X X, Wang T, Zhang C L. 2013. Neoproterozoic, Paleozoic, and
Mesozoic granitoid magmatism in the Qinling Orogen, China:
Constraints on orogenic process[J]. Asian Earth Sci., 72: 129—151.

Wang Xiaoxia, Wang Tao, Zhang Chengli. 2015. Granitoid magmatism
in the Qinling orogen, central China and its bearing on orogenic
evolution[J]. Science China: Earth Sciences, 58: 1497— 1512 (in
Chinese with English abstract).

Wu Fuyuan, Li Xianhua, Zheng Yongfei,Gao Shan. 2007. Lu— Hf
isotopic systematics and their applications in petrology[J]. Acta
Petrologica Sinica, 23(2): 185— 220 (in Chinese with English
abstract).

Wu Liren. 1985. Mesozoic Granitoids of eastern China[J]. Acta
Petrologica Sinica, 1(1): 1-10 (in Chinese with English abstract).
Wu Yuanbao, Zheng Yongfei. 2004. Genetic mineralogy of zircon and
its constraints on the interpretation of U— Pb age[J]. Chinese
Science Bulletin, 49(16): 1589— 1604 (in Chinese with English

abstract).

Xiao Qinghui, Deng Jinfu, Qiu Ruizhao. 2009. A preliminary study of
the relationship between granitoids and the growth of continental

crust: a case study of the formation of key orogen granitoids in

China[J]. Geology in China, 36(3): 594— 622 (in Chinese with
English abstract).

Xiao Qinghui, Liu Yong, Feng Yanfang, Qiu Ruizhao, Zhang Yu. 2010.
A preliminary study of the relationship between Mesozoic
lithosphere evolution in eastern China and the subduction of the
Pacific plate[J]. Geology in China, 37(4): 1092—1101 (in Chinese
with English abstract).

Xie Guiqing, Mao JIngwen, Li Ruiling, Ye Huishou, Zhang Yixing,
Wan Yusheng, Li Houmin, Gao Jianjing, Zheng Rongfen. 2007.
SHRIMP zircon U— Pb dating for volcanic rocks of the Daying
Formation from Baofeng basin in eastern Qinling, China and its
implications[J]. Acta Petrologiica Sinica, 23(10): 2387— 2396 (in
Chinese with English abstract).

Xu Zhiqin, Lu Yilun, Tang Yaoqing. 1986. Deformation characteristics
and tectonic evolution of the eastern Qinling Orogenic Belt[J]. Acta
Geologica Sinica, 3: 237—247 (in Chinese).

Yan Quanren, Wang Zongqi, Yan Zhen, Wang Tao, Chen Junlu, Xiang
Zhongjin, Zhang Zongqing, Jiang Chunfa. 2008. Origin, age and
tectonic implications of metamafic rocks in the Kuanping Group of
the Qinling orogenic belt, China[J]. Geological Bulletin of China,
27(9): 1475—1492 (in Chinese with English abstract).

Yang Haibin, Tian Xiaobo, Bai Zhiming, Zhang Zhongjie. 2016.
Discussion on the relationship between Pan Pacific Plate
Movement and Mesozoic geological evolution of Eastern Chinese
Continent[J]. Journal of Jilin University (Earth Science Edition), 46
(3): 781—797 (in Chinese with English abstract).

Yang Rongyong, Ren Qijiang, Hu Shouxi. 1993. The age and
significance of Kuanping Group in East Qinling Mountains[J].
Journal of Stratigraphy, 17(4): 272276 (in Chinese).

Yang Kunguang, Ma Changgian, Xu Changhai, Yang Weiran. 1999.
Differential uplift of the North Huaiyang tectonic belt and the
Dabie orogenic belt[J]. Science in China (Series D), 29(2): 97—103
(in Chinese).

Ye Huishou, Mao Jingwen, Li Yongfeng, Yan Changhai, Guo Baojian,
Zhao Caisheng, He Chunfen, Chen Rongli, Chen Li. 2006.
Characteristics and metallogenic mechanism of MoW and Pb—Zn—
Ag deposits in Nanihui Ore Field, West Henan Province[J].
Geoscience, 20(1): 165—174 (in Chinese with English abstract).

Yu Zhendong. 1987. Petrographic characteristics and early crustal
evolution of metamorphic rocks of Qinling Mountains group in
western Henan[J]. Earth Science——Journal of China University
of Geosciences, 12(3): 321-328 (in Chinese).

Zhang Hongfei, Zhang Benren, Luo Tingchuan. 1993. Geochemical
study of genesis and tectonic setting for Late Proterozoic
granitoids, North Qinling, China[J]. Earth Science— Journal of
China University of Geosciences, 18(2): 194—202 (in Chinese).

Zhang Guowei, Meng Qingren, Lai Shaocong. 1995. The structure of
the Qinling Mountains Orogenic Belt[J]. Science in China (series
B), 25(9): 994—1003 (in Chinese with English abstract).

http://geochina.cgs.gov.cn H'EHL T, 2017, 44(5)



44 H s

TR A  ZRUE T A R AE B DK A8 A7 U=Ph 5 4F XL A IS PRI A 240 o 957

Zhang Guowei, Meng Qingren, Yu Zaiping, Sun Yong, Zhou Dingwu,
Guo Anlin. 1996. The orogenic process and its dynamics of the
Qinling Mountains orogenic belt[J]. Science in China (series D), 26
(3): 193-200 (in Chinese).

Zhang Guowei, Zhang Benren, Yuan Xuecheng. 2001. Qinling
Mountains orogenic belt and its continental dynamics[M]. Beijing:
Science Press, 207—236 (in Chinese).

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

Zhang Chengli, Liu Liang, Wang Tao, Wang Xiaoxia, Li Lei, Gong
Qifu, Li Xiaofei. 2013. Granitic magmatism related to Early
Paleozoic continental collision in the North Qinling belt[J]. Chin.
Sci. Bull., 58(23): 2323—-2329 (in Chinese with English abstract).

Zhang Qi. 2013. Is the Mesozoic magmatism in eastern China related
to the westward subduction of the Pacific plate[J]. Acta Petrologica
et Mineralogica, 32(1): 113—128 (in Chinese with English abstract).

Zhang Weiji. 1987. The subdivision of the Kuanping Group and its
geological date[J]. Journal of Xi’an College of Geology, 1(9): 15—
29 (in Chinese).

Zhu Laimin, Zhang Guowei, Guo Bo, Li Ben. 2008. U-Pb (LA—ICP—
MS)zircon dating for the Large Jinduicheng porphyry Mo deposit
in the East Qinling, China, and its metallogenetic geodynamical
setting[J]. Acta Geologica Sinica, 82(2): 204—220 (in Chinese with
English abstract).

Zhao Yue, Zhai Mingguo, Chen Hong, Zhang Shuanhong. 2017.
Paleozoic-early Jurassic tectonic evolution of North China Craton
and its adjacent orogenic belts[J]. Geology in China, 44(1): 44—60
(in Chinese with English abstract).

Zhou Xinmin, Li Wuxian. 2000. Late Mesozoic igneous rocks in
southeastern China: model of lithospheric subduction combined
with underplating of basalt[J]. Progress in Natural Science, 10(3):
240-247 (in Chinese with English abstract).

Bt F 325 %5 3Tk

AOILTE, SR, TR E, . 2013, KEPEEIE R LAk i v
TRAAL 1S Bl 1 25 SR [J]. MhERBR0E R, 28(3): 337-346.

WARVLIE, SR, XM= 1995, KB LAk ¥ AIAF IS : “Ar—"Ar 244513
ARSI RE (7], o R E(B A, 25(12): 1086—1092.

MR, kAN . 1995, JLZRI4FF XU IX 5k A= AR AE B 75 #9 Pb . Sr Nd
[R5 2 HBRALZAAFAE[T]. M iRl24, 30(3): 247-257.

A SRENE, WO T, ek, Dar g, 2R, AR,
2505, 2013. 21 Pl g A 26 AR 1 B M 5 B SC[0]. R R M
40(1): 86—105.

2 8, 3 A, SRR 2003, 62204 1 I 1k 45 o0 Ak 3
AR[0]. HbERF4R, 24(1): 3-10.

HERSC, SRR, B, T, ZE0k, £, SR, BRE 4R, 2007.
r ] (R 0 20 A i AR S e L2 B A BR[D). M R 2E A, 81(11):

1449-1461.
O, R, SRS, XA, w8, TR, 2000. 1878 WK 1
a1 A ——E L1 S Bl A A Bk SCT]. HLTIRTE, 46(1): 8—13 .
a5 R, EE R, Tk . 2004. fih B— W AT A 1 JE P 22 4R

. HFEPEE, 50(3): 295-303.

I E, BRPEES, EM S, AT 2 K, 2RI 2015, KOKAR & M X i PP
TR S5 FIAE B 2 v A 7 U— P 2 48 S HH B 7 L[, il
%%, 22(4): 255-264.

SR, AR, AR, SR7E, LA 2009, ARALBE PRI S AR LG A
A6 B A A RS 0 U—Po 4RI HE R 2 4R 5 e 8 1243y
S A AR, 25(2): 265-281.

AT, EHbse, BMResHs, thas 3, ks € AT, . 2007, b
ZRUA VY B e P ERHK A TN 285 4 LA—ICP—MS 4F J o Hb it
B X [T). b, 81(1): 79-87.

AR, W2 2. 1990, ZRZEUE FHE 1L I Bl A FR-45 A ol 1) 4 e A =
K HAEART]. B AR 2E2441R,26(3): 489—498.

ZEAEAL, IR, ZEYRTE. 1994 43 Z5 06 1 KURE Z2 U4 o PP AE G 2R
R0 B X L (3): 215-222.

ZESEAL, R, ZE 07 A, 1995, 28 Z2 U4 rp B B PR AE 25 U4 B i )2 S
FE[I]. At T = 4% 7,10 (1): 93-98.

ZEEEAE. 2002, BV TE A AR MG A B A U-Pb AR IR ], PG i
J5,20(1): 72-78.

ZEN, Ak, T ZRIEME, XIETE. 2014, ZRZE06 R A M X AE XK
A HIRAL R E S LA—-ICP—MS 5 77 U—Pb [F i ZAEHRE[]).
T EEE,60(2): 166—182.

2R, % =00, 1994, YT R Pk RBPEREAR A A A2 SR TR
ALFEEGE [J]. PH& M BT B Bidi, 16(3): 7177

2R, JRHT . 1999, Hh [ 7R e P 2R AR s HR R [T]. it
JR2A4R,5(2): 164—169.

ZER AL, JRTIR. 2000, W 1 IR0 P AR A IO PR Y R4k 27 61
0], FHARBREDER,10(7): 630—641.

XV, 5k, IR AR. 1993, Z3 08 1 L 32 B0 T i S L It
HAK[M]. dbnt: HsT e, 87-104.

X/, kAR, PR, Wh2EF- 1999, AZRie— K il F2 AR X He h
H T MR S R LSRR, HBTRRLE, 34(3): 336—346.

o BT, Ao, BHER, AR AR, 2003, KL ARG HAE B TR L
T RE YN ) A6 B BTEDE ], T ERLA (D B8): HuBkEl2E, 33:
817-827.

BHEIC, KA, AR, TR, AR5, 2003, 4t 4B X AR A AR
FHAE LB 1 MU ER B 7 15 e G @ T PR AT I e I A5 31 g
R[] T EBEAD): 33(4): 289-299.

50T ZE, ZERH BH, TR, 2R, XA . 1994, HIEPE ks Xt 41 hl
WY BTR——LL/INGR IS S X 91 [T]. BCEREE T 2% B 24, 2(3):
70-78.

IR, 1997, FRZEW T FIAA 1T I AL S5 48 3 B AR M. P % P&
M R, 233-251.

IeIE, R, Z2EDE. 2001, ARFIEFHRUETEAYIE B SR i
TR AA Y%K, 20(2): 180—188.

ZRUEMG, SR, TR, E L EIRME. 2012, Z3 043 1117 WU 26 1

http://geochina.cgs.gov.cn 1 [E 11T, 2017, 44(5)



958 i [

b, Ji 2017 4F

FrEE AT LA-MC—ICP—MSU—Pb 4F Iy X Hi s 5 7% (1], b BT B
it 58(4): 142—152.

ZRVTAE, WA, 287K K. 2007, BEZ2 04 il HL— PHAE &5 B S 06
S L3538 T AR B A AR B R R G e B R SCT). b E 41, 26
(4): 466—471.

TE4%%, RAE R, 285258, XN, QR . 1992, H [ 4358 & 4R 1K K
it Bl A R 3 AL 5 B [M. b s B ke, 1-203

TrEeR ) B 2R, 227, BEAERE. 2004, T 545 2R 2804 1 kAL Sk Aot
BN T RPRES g M), Jbat: HUBR R, 1-109.

KT, JET L. 1988, FEFERE DR AR FHARRIE (D). BRPYHL I, 6(2):
21-32.

PN IIR, 220851, Yadong Chen, ZEF AL 2000. F§ ZE IS TE i #8541 U—-
Pb & 4 J HiH 57 2 [T HuBRAE2%, 29(3): 209-216.

F 5. 1999, JC Hi BB w5 AR T4 1) A8 1 AR TR AF AT [T]. Hb~F i
%, 6(4): 255-262.

T4, TR 1988, R4 LLAE A AR Y5 A1 24 R[], T R b T,
6(3): 35-40.

T, TIRE, B, sRaGT, 23007, 25l 2009. Jb 78080 AR AER
TG AR A AR R O s LR S R D). T R (D
), 39(7): 949-971.

FIREE, T3, FR3, 250 2011, 80806 i AR AQ AR 5 45 I 28 20 A
DR A A R L[], AR, 27 1573-1593.

TIRE, W, R, 2015, Z308 3 (147 78 < B¢ VR 5 a1ty
WAL PERRE: HERRLE, 58: 1497-1512.

SARTC, 2k, K K, F 1. 2007, Lu-HE [0 20K & K HoH A 2
N A AaedR,23(2): 185-220.

AN 1985, HEAFRHAACAE R A L[], A AR, 1(D): 1-10.

ST, FBaK K. 2004, B A7 R W) A 7T KT U-Pb AR 4 1 B
HIHIZI[T]. B8R, 49(16): 1589—1604.

r LR 1 AE B A 2 A TR B 9 (0] P R, 36(3):
594-622.

B DCHE, X B8, DY, EE IR, 5K B 2010, H [ A AR A
T AL 5 P 1 AR BRI ol 080G &R I TS [I]. o I L, 37(4):
1092-1101.

WEER, BEOC IS, Mok, B, A, 2RI, E T,
FBIEIY. 2007, ZRZR0E T F 2 RS 41 K LA SHRIMP 2 4F 1 H:
BT A AR, 23(10): 2387-2398.

VFE2E, 118, IR K. 1986. ZR Z2 U5 3k LLVHF (1 A8 T AR IE K ) 1 Y
AB[T]. MR, 3: 237-247.

Ela N, T, FIER, T, WREEHE, w4, sko%T, 2H K. 2008.
ZE U6 3 LAY S8 TR v 1 28 R T 1 R AR S A 1
SUT). MU AR, 27(9): 1475—1492.

Tttt /N, RS, ks, 2016, ik b Rk AR g b A A b
FE A 512 KRG B 14 DG R [T]. 75 MR 22 4 (b 3k 2%
i), 46(3): 781-797.

W2 B, AT IS UL, W52 3. 1993, 7% Z2 U4 it [X 5 PP HE (0 B0 8 O 5
ST M2 R, 17(4): 272-276.

T, BT, VR, AaisR. 1999. JLEBIA & HE 5 A5 e
Y22 SRR THI]. Hh ERME (D #), 29(2): 97-103.

Mz, BEOC, AR IE, R, SROR M, BV RE, (T4 ok, KRR DT,
AT 2006. T 75 RE V& I FHAH A2 SRV RRAR AT DR b T RFAE 2 AR
WHLIREE ], BURHLRT, 20(1): 165—174.

TEIRZR. 1987, B2 VU Z3UAHEAR 002 AH 2 R B P 0 b e Ak 7). b
BRB b E ML TR, 12(3): 321-328.

FRIT, X R, 5K A 2004, dLFR T G B AL K 5 A8
TR B [T HBTHT 2%, 11(3): 33-42.

TR, X R, FW, FIRE, 257, 285040, 25/hE. 2013, JL &6 5
AR AR RlE A A R AR i S IR AE (D). R 4z, 58(23):
2323-2329.

k6 BRAA T, BKEE L. 1993, LRI I ARAE i A IR 5 4
T AL I HLBR AL AR D], Hh3RRE 2% v [ M T K 22441, 18(2):
194-202.

FRIE AR, TR, WIZHIR. 1995, Ze08 3k (LA M 25 F R[], rh R
(B##),25(9):994-1003.

SRR, FPRAE, AT, Fh, JA AR, SRR, 1996. ZEI4 1 1L 1)
TS AR LB AR (], P EBRE(D ), 26(3): 193-200.
R, BRA T, = 2R . 2001 2804 5 1L 5 KB 3 12 M. db st

Bl L, 207-236 .

TRAE. 2013, H AR P AR A SR Bl 5 R AR B e A e S
o [J). A A0 P2E7E, 32(1): 113-128.

ke, 1987, TEFTRE N )23 43 SRS (7], 1 8 Hb ST 2 e o
%, 1(9): 15-29.

X, FEOH [, AR, K22, 2017, AEdb T Rm KAR SR L A
—PRP AR R 15 WAL [T]. LT, 44(1): 44-60.

ST, 2R 2000. I ZR REFIGE AR AR R R 25 A P U
MK RA KRS A 1], H AR IERE, 10(3): 240-247.

AR RS, gl AR, S0k, 2288, 2008, 43 FE 14 4 HESR K TUBE A A0 PR
LA-ICP-MS % 41 U—Pb 5 4F K i 2l 7 2775 5 [J]. H o241,
82(2): 204-220.

http://geochina.cgs.gov.cn 1 [E 11T, 2017, 44(5)



