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Fig. 1 Simplified tectonic maps of the Qinling Orogenic Belt showing the tectonic divisions

(modified after Dong Yunpeng et al. ,2011)
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LWF— Lingbao-Lushan-Wuyang fault; LLF—the Luonan-Luanchuan fault; SNF—the Shangzhou-Nanzhao fault;
SDS Shangdan suture; MLS — the Mianlue suture; MBXF— the Mianlue-Bashan-Xiangguang fault; TLF— the Tanlu fault
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Fig. 2 Simplified geological of Fengxian area in the West Qinling
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1—Upper Carboniferous Caoliangyi Fromation;2— Upper Devonian Dacaotan Formation;3— Upper Ordovician Longwanggou Formation;

4—Upper Ordovician Zhangjiazhuang Formation;5—Lower Ordovician Honghuapu Formation; 6—Cambrian-Ordovician Luohansi Formation;

7—Lower Paleozoic Danfeng Group;8—Paleoproterozoic Qinling Group;9—Early-Mesozoic granites; 10— Early-Palaeozoic granites;

11—angular unconformity;12—fault; 13—isotope age sample sampling point
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Fig. 3 Stratigraphic section of the Upper Ordovician Longwanggou Formation in the Caotangou Group in
Fengxian area in western section of the North Qinling(modified after Sun Minsheng,1995)
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1—tuffaceous silty sericite slate; 2—metamorphic quartz siltstone; 3—meta-tuffaceous fine-grained sandstone; 4—siltstone; 5—tuffaceouse

conglomerate; 6—crystal-lithic tuff; 7—altered medium lava;8—altered andesitic breccias lava; 9—tuff; 10—andesite; 11—mylolite
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Fig.4 Outcrop photos (a,b) and microphotographs (c,d) for acidic tuff in the Longwanggou Formation

of Caotangou Group in Fengxian area in western section of the North Qinling
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Pl—plagioclase; Q—quartz (a)—recrystallization of volcanic ash to form felsites in acidic tuff; (b)—plagioclase crystal is staircase in acidic tuff
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Table 1 LA-ICP-MS zircon U-Pb isotope analysis results for acidic tuff in the Longwanggou

Formation of Caotangou Group in North Qinling

SRR I E FITF I (Ma)
oo LA
Wi 207 Py / 207 Py / 206 Pl / 207PpPL/ 207 ph / 206 Pty /
Th U Th/U — 1o 257 1o sy 1o — 1o - 1o - 1o

01 145 400 0.36 |0.0582|0.0022 | 0.5855 | 0.0257 | 0.0731 | 0. 0007 539 81 468 16 455 4
02 542 728 0.74 ]0.3684|0.0371 |66.6656|10.1954| 0.6205 | 0.0790 | 3785 153 4279 154 3112 314
03 314 528 0.59 |0.0581|0.0020 | 0.5857 | 0.0220 | 0.0732 | 0.0006 600 72 468 14 456 4
04 116 743 0.16 | 0.0567 | 0.0009 | 0.5917 | 0.0080 | 0. 0757 | 0. 0005 480 36 472 5 470 3
05 145 400 0.36 |0.0556 | 0.0013 |0.5592 | 0.0116 | 0. 0729 | 0. 0005 438 49 451 8 453 3
06 691 935 0.74 ]0.0553|0.0011 | 0.5433 | 0.0094 | 0.0713 | 0.0005 424 43 441 6 444 3
07 589 2050 0.29 |0.0645 | 0.0007 | 0.9331 | 0.0069 | 0. 1050 | 0. 0006 757 24 669 4 643 3
08 152 1095 0.14 ]0.0558 | 0.0008 | 0.5800 | 0.0066 | 0.0754 | 0. 0004 443 31 465 4 469 3
09 345 1120 0.31 |0.0560 | 0.0010 | 0.5669 | 0.0197 | 0.0733 | 0. 0008 454 41 456 13 456 5
10 102 616 0.17 ]0.0537 | 0.0010 | 0.5519 | 0.0089 | 0.0745 | 0. 0005 359 41 446 6 463 3
11 314 528 0.59 | 0.0564 |0.0012 | 0.5769 | 0.0109 | 0. 0741 | 0. 0005 468 46 463 7 461 3
12 613 1154 0.53 ]0.0637 | 0.0010 | 0.9000 | 0.0114 | 0.1024 | 0. 0006 732 32 652 6 629 4
13 370 1663 0.22 ]0.0597 | 0.0009 | 0.7737 | 0.0094 | 0. 0940 | 0. 0006 591 32 582 5 579 3
14 152 1095 0.14 ]0.0568|0.0011 |0.5753 | 0.0157 | 0.0734 | 0.0008 483 44 461 10 457 5
15 1723 1496 1.15 | 0.0602 | 0.0013 | 0.6104 | 0.0113 | 0.0735 | 0. 0005 611 44 484 7 457 3
16 184 1984 0.09 |0.1132]0.0012 | 3.0357 | 0.0181 | 0.1944 | 0.0010 | 1851 19 1417 5 1145 5
17 538 1263 0.43 ]0.0611|0.0013 |0.6309 |0.0119 | 0.0749 | 0.0005 642 45 497 7 466 3
18 501 1406 0.36 |0.0572|0.0014 | 0.5724 | 0.0210 | 0.0733 | 0. 0010 502 49 460 14 456 6
19 345 1120 0.31 ]0.0565|0.0009 | 0.5636 | 0.0073 | 0.0724 | 0. 0004 470 35 454 5 451 3
20 289 1143 0.25 | 0.0813]0.0012 |2.1928 | 0.0241 | 0.1955| 0.0012 | 1229 27 1179 8 1151 6
21 239 563 0.42 ]0.0620 | 0.0011 | 0.7203 | 0.0114 | 0.0842 | 0. 0005 675 39 551 7 521 3
22 213 1294 0.16 | 0.0566 | 0.0011 | 0.5531 | 0.0164 | 0.0706 | 0. 0006 480 43 447 11 440 4
23 241 933 0.26 |0.0674]0.0013 |0.9855|0.0297 | 0.1055 | 0.0013 850 45 696 15 647 8
24 350 474 0.74 ]0.1234]0.0018 | 1.2644 | 0.0147 | 0.0743 | 0. 0005 | 2006 26 830 7 462 3
25 381 864 0.44 10.0635|0.0010 |0.9571 | 0.0115 | 0.1093 | 0. 0006 724 31 682 6 669 4

3.3 ERMKUFESH CRIRSRRIE 22D — /N T 100, B SC R FIM e R

BRI ITERIR B DAL =% =050 MR (LT 590,

ST G e . W EICER R %)Lauf Kk
SR BT, Hovh e gk e S A i O 2R e
A 5B TR KR SRS 2 (ICP-AES) 40 87 . fi +JC &
FHHUBHE A 5 8 FIRBRS . R oT R ks

(N RS
$75 U-Pb &1
R 9 4 T F 0 4L R

4.1
R BE K B A T



1973

5

=

AR R A L BR AL 2 AL B A T

BEIK

T E i H R

ore

?

Jb 7% 0% 75 B RUE b X 5

i

NEEpe

2

8

* 2/t (NPO 4 NWGS) /Ny =n3[Q+ fk

8979 89 °0 9L°¢ | LV'8E8T | 091298 76 01T 96 "16S 62709 9¥ "€82 G829 G691 |22 €1 | 69°9€ | 12°1 | 8L | 60°C | €170 |8V VL | €070 Se
1621 8€°0 60°T | 8€°0L8T | 85°02€8 66 L6 €5 °0€¢ LL 98 78 °082 09 79 LOTTLL [ LLVL | SPTIV | PETL | 6L7L | €87€ | 0€°0 | €178 | 9170 Ve
) 6570 921 1€ 7966 | LV 09901 V€ LS LY 01€ 6L°1¢€ 12871 9L °2¢ 9% 78 90°L | ¥EGL | IT°0 | LSF | 0€°€ | G270 | SL7°€ | 70O €¢
6172 Ge'T 02V | ¥€72902 | SS'€2%6 81921 €0 1LY ¥8°L9 8¢ 91¢€ €2°L9 Y0°L9T 189721 | 18728 | SV'L | 9179 | V€2 | 21°0 | 6L°LT | €070 [44
689 19°0 12°T | 2€7E€STT| S8 78VE6 2L el 2L 18¢ 86 '8¢ 60 181 00 0¥ 91 "66 69°L | 61702 | 6V°0 | 9872 | 00°T | 90°0 | 9178 | €070 12
6V S Ge"0 ST 9€ "867 | 98 7698 €6 17 28 161 €5 °LT 65 V. L8 ST 68 0¥ 6V°€ [ 20°0T | €970 | 62°0 | LE'T | 8070 [OV'EL | 9070 02
1772292 | 82'1 088 | 6279992 | 9SG "0T60T | L0°9¥I 26 818 62 98 €L°66¢ G298 GL°01g | 8E€'ST | ¥P'WE | 8170 | 8% | L9°T | LO'O | ¥&'F | OL'O 61
L8 °SS €8°0 L1°¢ |02 °0T9€ | L6°9VS8 0€ '6L1 86 9101 L1011 LL7CES TT°61T ¢L80E | LVVE | €2°LG | 2570 | €€76 | 06°C | SVTO | 86°L | 911 8T
8L°¢ L0°T 002 2€ 998 | V¥ 'vL201 0. °6¢ 0T "10€ 65 0€ 06 "9€1 22 62 €2 1L 02°S |9V VL | €770 | 2872 | 16°T | OE°0 [06°¥VL | ¥6°0 LT
€L 861 08°T |T0'99€T | 08 "€T60L | 02 "€0L 1L °€vs 60 2¢ 86 '€2¢ €e Ty L€ 201 L0°L | 26°€L | 02°0 | 26°1L | OL°0 | €070 | €2°¢ | 70O 91
9079 701 8L°C | 98723991 | 8S'0G16 8V 16 98 "L0¢ 69 "€s VS vSe L€ "8S 19°6YT | PSTIT | T9°0€ | 2670 | 6€°F | L9°T | TL°0 | 9671 | 20°0 ST
L9 ge 1 L0°2 | 987122 | 18 '60VIT | ¥S €91 8V 188 02 88 02 °'89¢ €1 1L 09°T9T | 2V 0T | 8V7°22 | LV'0 | 69°G | €9°IT | 91°¢ | 8976 | 0176 i
€67 6570 ST |8E'T98L | LL TS2TL | 90 811 927929 99 €9 S¥ "262 26 °6S STIPL | TL°OL | 28°61 | 92°0 | 8872 | 62°0 | YOO | 9979 | €070 el
€e°¢g 06 "0 YEV | ¥E€ LT | 09 00€8 9L V1L 99 'S19 81729 68 '162 9099 987991 | TO'VL |81 °6E | VLT | LE'8 | 28°¥L | 09°2 | 8078 | LG7L ¢l
Sy 0T 0S°0 9V T |2V TIVETL | L8 79806 S8 00 "gvv L9°SY 8S €12 68 "S¥ 8C €T ¥6'8 | 06T | 6L°0 | €6°C | 9V'T | L0°0 [0S'OL | 20°0 11
0TS €L°0 L9°T | L9799€T | 92 °L666 G2 "88 28 0LV 8G "LV 9 21e 0L vy 19°TT1 86°L | 298 | OI'T | 687 | ¥.°0 | ¥O'0 | 9Z2°€L | ¥0 'O 01
60 'S ¥ 0 16°0 |€L°6VLT| €2 9816 19 €0t G€ "79¢ 29 '8¢ Ve °LL2 L0 "6S 68 7€YL | L9701 | 02°V2 | 29°0 | 62°€ | 92°0 | ¥90°0 | 0L°9 | SO'O 60
i S6°0 €VC | 29°LL9T | 9C€ "8LETIL | 2SVOL 0T "79¢ 8€ LS 61 '852 1€ 78 16 "T€T 6€°6 | GL6L | 22°0 | 8272 | 1670 | L0°0 | 02°¢ | 8070 80
¥6 € 81 ¢ 8¢°L 0978911 | 12 "LESTT 86 "98 08 "097 Le vy €0 981 6€ L€ 06 88 6€°9 | 92°€L | €170 | €S°T | 69°0 | VOO | L8°C | 6070 L0
Ly 89 °0 LZ'T | S0"g0ST | 0€ 68901 | 8¢ LOT G6 "9¥¢ 8¢ '€¢ §S°0ve 0¥ "0¢ 86 V21 I8°6 | 8€FZ | 98°0 | 69°¢ | SO'T | OL°0 | #L°S | 1070 90
JAN G€°0 G9°0 | €8780ET | € 9,001 €82 €0°L6¢ NG L9°L61 8 ey 8¢ 0l ¢y'8 | L6702 | LLO | LT7°€ | 6€°1 | G070 | 2V7°2 | 2070 S0
1€7°9 LV 0 08°0 |29°0€02 | ¥2°GS901 | €T ETL 02 "529 6599 8¢ "S0€ €099 127191 | €9°IT | ¥6°€2 | 9T°0 | 29°2 | 65°0 | SO0 | O8°L | ¥0°0 70
€879 €0 €L°0 |8€0ICT | 12 °LE2T1 08 68 €V 208 0T TS 67 "5€2 8Y "8¥ 26 "1l 8L°L | 96°GT | ST'0 | €477 | €€°0 | 0€0°0 | 92°T | 20°0 €0
18 22 9¢ °0 €0°T |09°8061 | €2 T0SY 82 €6 26 '80¢ SL¥S 6L°LL2 60 "99 €022 | 6SVL [ VL0V | TO°T | €P8 | LTV | 6770 | 1976 | 1870 20
9L ¥¥ 9€°0 SO'T | T2709LT | 857€098 90 €6 68 "0L¢ 29 €S €2 °092 17 '8¢ 8¢ IST | 92721 | SV'IE | 2670 | 907G | 9€°2 | 62°0 | €079 | 85970 10
L L IN A JH g qA Wl gC! OH Aq qL PO nq ws PN Id 20 vl & gk

SurquiQ) ypaoN ur dnoas noduejor)) Jo UOHRULIOY NOSIUBMSUOTT dY) Ul JJn) JIPIOE 10] S)MNSAI SISA[eUr (,_(OT X ) HAA PU® k1) UodZ ¢ dqeL

HHEWL (L OIX ) ELTUNEMD Sd (L/0TND) 2 HH AT H E Y BRI EMEL ¥



Ho R
1974

¥R

http://www. geojournals. cn/dzxb/ch/index. aspx

2019 4

o —R O EN] A R T (K Sa), Rk o i £1
Th/U WAEKRT 0. 1(E 1) 88 FEHi o0 K 7018 B
i, B Ce WIERH A Eu 197 55 B )] 420
R 17 AR (& 5b) L DL E R axX S g A
H A8 4 B 4F (Jian Ping et al. , 2001; Corfu et
al. ,2003; Wu Yuanbao et al. ,2004), &£ 59
T 25 g, Ho 16 AN S Ph/#P U AR IRE A T
440~470Ma Z[8] . A 1 A>T m AR I A1 AL R 4% 15
AN 20 P/ U A% Ph/*° U i F 1 B8 (&
5¢),%° Pb/** U 4 i 1Y I AL F ¥ {6y 457.4 +
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(Si0, = 64.55% ~73. 07 %) Fl i (Na, O+ K, O=
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16. 07 %) . £ TAS [l fif i A\ i 8UE F 0 22 25 X
(B 6), BEMRAEW L B mB &, N 107.00X10 ° ~
219.22X10 °;(La/Yb)HMH M 3. 52~9. 80. & %

10000

1000

100

LELRLELL N R ERELL N SR R R RELL N R LIL) N R
TEERTITT AR RTTT B AT AR RTTT I AT SR

1
0.1
(b)
oopb——1L 10
' LaCePr Nd SmEuGdTb DyHoEr TmYb Lu
485
475
465

pPb/***U(Ma)
&~
vy
&

&~
~
vy

ESN
W
W

425

(d)
415

B S b ZR i oy B RUEL X 5 ) B Y 2 R P BRE R 5 4 B BT AR RO (CL) MR & U-Pb 4R % ()
i A0 BRORE 5 £ A AL A 90 2T 43 18] (b) (B AL fE 4% Boynton, 1984)
LA-ICP-MS £ 47 U-Pb 4§ H1 & (o) Ik 417 Ph/** U AT 5 4 5% & (D

Fig. 5

Cathodoluminescence photos(CL) of zircons,with marked U-Pb ages(a) ,REE chondrite-normalized

distribution pattern(b) (normalized values after Boynton,1984),LLA-ICP-MS zircon U-Pb concordant age diagram

(c)and " Pb/** U weighted mean ages of zircons(d)for acidic tuff in the Longwanggou Formation of

Caotangou Group in Fengxian area in western section of the North Qinling
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Table 3 Major( %) and trace element (X 107°) analysis results for the pyroclastic rocks and
volcanic rocks of Caotangou Group in North Qinling
BE B PM10/5 \ PM10/7 \ PM10/8 D081 DI0-1 DI10-2 D10-3 D10-4
oy FRMEBE K ks &) WMBUE B ks &2) WMBUE
EiEiip dl W TV A SO R KR FE4 , Yan Quanren et al. ,2007
SiO; 64.55 71.48 73.07 83.04 66. 56 63.19 71.48 72.25
TiO, 0.57 0. 25 0.43 0.32 0. 69 0.63 0.45 0. 44
Al; O3 13.91 14. 88 16. 07 5.54 10. 39 14. 88 11.94 11. 96
FeOT 5.36 2.96 2.42 2.00 5.74 2.94 1. 22 2.79
MnO 0. 10 0. 06 0.02 1.70 3. 20 1. 66 1. 20 1.27
MgO 2.28 0.57 0.22 0. 04 0.07 0. 16 0.12 0. 06
CaO 3.21 0.68 0.11 3.12 5.37 2.79 2.26 2.10
Na, O 3.78 7.59 0. 10 0.09 0.16 0.08 0.05 0.07
K,O 2.28 0.52 5.25 1.32 2. 86 4.09 2.16 3.19
P, 05 0.13 0.15 0.03 0. 69 1. 60 6.43 5.57 2.15
LOI 3.81 0. 81 2.57 1.47 3.31 3.22 1.93 3. 40
Total 99. 98 99. 95 100. 19 99. 55 100. 28 100. 20 99.52 99. 75
Sc 14.1 6. 40 7.60 38.1 9. 60 9.73
\ 113 27.5 24.5
Cr 83.0 12.2 6. 60
Co 10.9 3.78 4.48 30. 3 1.53 1.58
Ni 21.3 8. 88 4.70
Cu 22.1 12.9 15.1
Zn 71.9 60. 2 21.5
Ga 13.2 12.4 14.7 20.0 17.5 17.6
Rb 70. 2 40. 5 160. 1 3.97 75.7 77.8
Sr 263 307 17.4 512 99.4 106
Y 25.2 51.1 34.9 14. 4 76.7 52.3 48.2 49.5
Nb 4. 89 16.9 6.94 2.64 7.78 7.95
Cs
Ba 491 191 378 108 860 865
La 20.10 26. 20 49. 40 20. 11 49.93 45. 38 36. 38 39.23
Ce 42. 60 60. 70 92. 80 40. 10 106. 49 93. 15 75.49 80. 89
Pr 5.06 6.76 9.31 4. 36 12.74 11.79 9.75 10. 42
Nd 19. 30 26. 10 39. 30 16. 28 52. 34 47.21 39. 65 42.26
Sm 4.29 6.42 6.13 3.29 12.12 0.58 8.59 8.82
Eu 1.19 0.69 1.42 0.74 2.81 2.47 2.43 2.53
Gd 4.13 5.86 6.38 3.04 11.40 9.65 8.65 9.08
Tb 0.71 1.19 0.92 0.49 2. 11 1.47 1. 38 1.49
Dy 3.68 7. 60 4.91 2.62 13.07 8.70 8.11 8.33
Ho 0. 85 1.54 1.09 0.52 2.79 1.91 1.75 1.79
Er 2.18 4. 39 3.15 1.45 7.76 5.61 5.01 4. 96
Tm 0. 34 0.68 0.47 0.23 1.21 0. 85 0.78 0. 80
Yb 2.24 5.02 3. 40 1. 44 7.84 5. 70 5.09 4,95
Lu 0.33 0. 69 0. 54 0. 20 1.22 0.93 0. 80 0. 82
Hf 4.04 5.62 9.02 2.31 6.25 6. 24
Ta 1. 30 2.06 1.01 0.13 0.42 0. 44
Pb 22.4 83.8 9.10 6.70 13.5 10.2
Th 8.13 15.0 16.9 1.99 7.51 7.22
U 1.92 5.92 2.27 0.63 1.47 1. 45
Zr 138 132 268 78.8 245 250
Mg*# 43 26 14 3 2 9 15 4
SEu 0. 86 0. 34 0. 69 0.72 0.78 0. 86 0. 86 0. 68
Nb/Ta 3.76 8. 20 6.87 20. 31 18.52 18. 07
(La/Yb)x 6.05 3.52 9. 80 9.42 5.37 4. 82 5.34 9. 39

W Mg# = 100X (Mg?" (Mg?" +Fe?" )) ;6Eu=Eun/(Smy X Gdx) /2
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Fig. 6  SiO, vs. ALK classifying diagrams (a) (agter Le Maitre et al. ,2002)and AFM diagrams

(b) (after Irvine et al. ,1971) for volcanic rocks and acidic tuff of Caotangou Group of the North Qinling
A VR e AR M BE I R SCBARD 5 Sk R IR PE K 1L R Yan Quanren et al. ,2007;
BLME VA L Kl AR Zhu Tao et al. ,2008 1 Xu Xiaochun et al. ,2014

Data from:acidic tuff of Longwanggou Fromation(this study) ;acidic volcanic rocks of Zhangjiazhuang Formation after

Yan Quanren et al. ,2007 ; basic volcanic rocks of Caotanggou Group after Zhu Tao et al. ,2008 and Xu Xiaochun et al. ,2014
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Fig. 7 Chondrite-normalized REE distribution patterns(a) (normalized after Boynton,1984)and primitive

mantle-normalized trace element spider diagrams(b) (normalized after Sun et al. ,1989)

for volcanic rocks and acidic tuff of Caotangou Group of the North Qinling

BRitIoeR . i ER TR (& 7a), B Eu iR
(SEu=0. 34~0. 86) . 7EJ5 i i bR fE AL v i oo 3= Wk )
K, w4 Rb, Th K 48 K& 738 A oK (LILE) , 5 i
Nb.Ta Fl Ti % #3758 50 % (HEFSE) (B 7b).,

5 i
5.1 REHAABRERRETEERK

eV R D L 2 0 DY B BEAY ML E o,

TEOPAT T RIKFE P 25K G2 L JRCEL Bt B %8 3
—iff (Yan Quanren et al. ,2009), H AP R T
71N o S VR RE LT AR A 2H B A I AR 3 =t A R 2R
SEA A T IR SR A ) R SR R AL AT
A5 225 A HOB U AR 43 51 8 2 R 5 R
H F1 i BB B i ( Yang Zichao et al. ,1984), Wang
Hongliang et al. (2007) 7E Pj 4 5K 5% & L X 485 A
U-Pb 5 I 75 50 18 B 5k 5 6 4 /9 vh— Sk Il
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I ] 46 I % 0 7Y B SR DX 9 Bl T T 2 TR B K AR AR R A R A A R E R s S 1977

AR R Oy 456. 41, 8Ma, A SCHF ST Y 5 M V) 7F
Je E R R BE K A BB SR AR S 4574 £
3. 8Ma, [a] rp—JE SO S T AR . I HL . =
VNG R AU RUOF i RN IUEAW A Beg NEOF AL A AW
450. 54 1. 8Ma(Wang Hongliang et al. , 2006),
V1] 2 R A 8 70 K < 2 1 T IR . T e T g
. DLEARSE 45 2R UGB, 5 B 1 R AR
Shy W B g iR 2

AR SCHIF 5 049 JRG B 5 0 ) 7 e 98 A PR P B K
841 U-Pb 45 5 HPU AR ik K E — 7 sk K E4H B AT
FARLAARRAE & A A B 8 0 OF HOH B A i
A S A 47 AE 37 {2l ( Wang Hongliang et al. ,
2007) o 15 4 A1 AEA8 T LAGR R 2L L 55 — A 3 W
B4, Y7 Pb/* Pb 4F % K T 1000Ma, 73 J
3785Ma,1851Ma Fl 1229Ma; 55 04 6 Fi4% 11
HAPh/*5U 42 521 ~669Ma, B oo i AA—F
HAERREW, k EWHMKEEARTAERT
3. 0Ga [ 551 - R B AL 8 I 3 1L 7l W) RE A7 78 Ky
R i 72 ) T (Hu Jian et al. ,2013), j@ 3t
PR T ORI 3 — R F R RRAE XS L — A
b 2. 0Ga~1. 85Ga #[a] Columbia #8 K i e A& ik,
(Rogers et al. ,2000;Ernst et al. ,2016) , B & TR
F 2. 1Ga, FEE AT K 1. 9~ 1. 8Ga, #£ 1. 4~
1. 2Ga #[a] Columbia #8 K ifi 2 fi# (Li Sanzhogn et
al. ,2016;Zhao Guochun et al. ,2018), J& E 4
R R K i 1851 Ma il 1229Ma il 35 45 47 7l BE >
Columbia # K Ffi A [ ¥ & # 16 Br Be i 7 9.
Rodinia J&—> 1. 0Ga Hij g1 K i filf 15 & 1 #1442 2R 1
i 48 K fifi (Zhang Ruiying et al. , 2016; Zhang Juan
et al. ,2018), EZE DL Grenvillian(1. 3~1. 0Ga) i 11
oM %A R & (Chaves et al. ,2013; Dong Yunpeng
et al. ,2014,2017), 7EHi ol A ] (~730Ma)
Z&Ue 3 17 Rodnia 8 2 KBl Bl 2 I 46 fif 14 . 75 1)
KEFHIT, BF —-EXF M KL E R
(Bader et al., 2013; Liu Hang et al. , 2018; Zhao
Guochun et al. , 2018), J¥ F V4 40 R 1 && K & +
521~669Ma 4E %y Rodnia i 2 KBl { J& 2L i B
Bfid sk . e EVG AN RO 85 A o iR 1AL
Z U 3 1L AN [) il 5 P 39 79 A 3 — 2 3 A Ry AR
FE.
5.2 2AHBE

e VAR e I 2H R P B K A B BRI Nb/
Ta IWEM Mg" (R 3) MM EERM LILER. 7
PE M oo R, KA+ 5 LILE & 4.1 Sr #

HFSE 5 i ()& 7). B 7¢ S $5 1k (Rudnike et al. ,
2003) , {7~ H ok Hb 5% 3R ME B 77 4) (Sun et al.
1989) . JRUEL #ly IX 4 5% 102 J o AL 8 £L AL Al e 1
JHCE AR A 3 A TR SO R ok S T R R
Ll FA SO 5T 1Y e £ 0B R M Bk K . v R U
A A S A AR TR 520 S5 R HAT SRk v B R
FFHE A B (7 Sr/* Sr); (0. 7032~0. 7059)
DA R R Y ena (OB (— 2. 79~ — 0. 65) , Ny &2 fff ot
T AR AR 08 R 45 Rl T B S I T 0 G e
S (Ren Long et al. ,2018). K %% FE 40 B9 th—
Stk SOl A A ena (OfE (+9.3~+10. 2,
Yuan Quanren et al. ,2007) , W, N ZFR Y1 & &
Mo TR 3 BT . BB IK B BURFAIE S A IR K
JE R K E #R B A E Nb/Ta (G242 13, 14)
Sr/Y HAH CF-# 2 54.54) fl Mg® i (P-4 % 48).,
B 08 2H R A B K e 02T AR B A R ] B A [
Nb/TaClg F V4 4 B2 1Pk &E JK 5 6. 285 21 16 filf 55 1K
8.21).Sr/Y W fH O £ 18 4BV §E K5 5. 655 214K
Bk 10. 49) F1 Mg” fH Ok 1 10 41 VL BE K 28
LLAREE AR 33) BAR AR B e HARAE . BT LA e £
AR R BBE I o B PR A B8 5 21 A8 5l 6 B I I e A AL
Sy M 52 F 4 #F B T2 B (Dong Zengchan et al.
2009) . Jg E A AL R Wk BE I A W b T R BE 0 i 2k
AR R S s £ A S R P LREE & A i oy
W Eu s emiia Rl BEE I T RK A
5o (B Ta)
5.3 MEEX

Xof T 28 W ik 1 iy R B 1 TR gl 2 BT Y
HINH A TP 1 AU R b 5 S — BB /R A
[a] 7 AFF i 19 45 5 (Dong Yunpeng et al. ,2011,2016;
Qin Zhengwei et al., 2014; Dai Liming et al.,
2018) . HIRMFIE s » 2 0% 3 114 A 480 ~500Ma
W) Z Rk w e AR I B R a1
~450Ma H H JBRORL 5 A I~ 420Ma £ [N 5 AR B 28
VR S A6 Z3 0 6 17 i B B HE 4 5 5 05 2l m] RS
Rl AR i S HG O B 3 3R 1Y 8l ) 2 Sk (Zhang
Jianxin et al. , 2011; Liu Liang et al. ,2013,2016;
Zhang Chengli et al. , 2013; Chen Danling et al. ,
2015) . A WEFEF AR 28 0% i 1L A o 3 I s o
A AU A R A 2 R AE DA Sy 7E B B8 B 1 Ay [) A 43
i (Wang Xiaoxia et al. ,2015; Wang Jiangbo et
al. ,2018) . LA b 7R, Z8 06 L4 M B g 1t 44 3 2R
SR AETE R R G

Jb 7 W KM S 55 A T ol R A i 2 0 3 1L A [
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R i 2 oA 2L R M 3 R S e
fidedt 2 A A Ml (Wang Hao et al. ,2013a; Tang
Huan et al. ,2017), fif H., [7] {37 2 H Bk 1k 2 BF 5% 3=
B, 2 0% 3 1Ly P 78 4% b S5 BR G A 3 BR AL o 2 A
RKR A 22 5. Al BE A7 12 B 2 B9 Sl Al B (Zhang
Hongfu et al. ,2015;Dai Liming et al. ,2018),
11, 485~500Ma 1 [] Jb Z% 0% 18 w5y Js 22 o7 vl fE &
2204 T ks B A vl 1% i . (Xiang Hua et al. ,2014)
450Ma F1 420Ma Zc A5 (722 A F B A B2 2 5028 ot
VEFRR AL, AT BE 5 1 FH i 09 5] JE AR o AH G (Xiang
Hua et al. ,2014; Mao Xiaohong et al. ,2017; Ren
Liudong et al. ,2018),

M VAR KL KL T R TR A
TR TR IRICER TR A s bR AE AL L TR
Ik W [ s B Nb,Ta #1 Ti (4 6 5 % (B 7b), R
A 3 A BRI (Zheng Yongfei el al. ,2011), i H
FEACZ2 W 8 11 1 oty A AR o o o I 8 2k I
A WA BUICE SE R AE . R 0l 2 g R I A
3 [ — i DX CORUEL) #9738 5 7K (Chen Junlu et
al. ,2008b; Ren Long et al. , 2018). 1 1€ 4 & 1A
(Dong Zengchan et al. , 2009; Ren Long et al.,
2018) ¥ A& (Yao Zheng et al. ,2017) Fl[E &
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FE 51K (Ren Long et al. ,2018) S E-A I v = 3¢ '
FRAE . BE Bk Ba K H s K A R (Wang Hao et
al. ,2013b,2014;Zhang Hongfu et al. ,2015) . &G 1&
2R (Pei Xianzhi et al. , 2007) 137 K 18 24K (Gao
Jingmin et al. ,2012) 2 30 & 4L M FRAE , Bl 4, =
ERETHRATLR TR EFMITR  m Y Sr 7z
K UASARE Nd F1HE R AR RFAE . 75 38 ) 55 &
b, BRIV R Il s R R I AR A R IR
LI 3 X (B 8D, 1 B 7E Ry AR AR 38 08 1
LLHE 30 420 TR o B Be o T HL 2 B A L s L Bk
L R AE S BT R bl 22 b B I 9IRS A 3 B
S5, ik — 2D AR B R PR AR L AR AR S R O e A
(Ding Saping et al., 2004; Pei Xianzhi et al.,
2006) ,

WF5E .7 » AU 28 0 3 1L A b 25 0% 31 T F 1
Feoorhi @Rk i e K a H - FBRA &
DA b 28 e B 0T Y 3R 38 5 BT A K e EAR I T
460Ma, K43 B C BB IK 50 5T 5 3 5 FRAE (Wang
Hongliang et al. , 2006; Chen Junlu et al. , 2008a,
2008b; Wang Jing et al. , 2008; Wang Tao et al. ,
2009;Qin Zhengwei et al. ,2015;Meng Xiangshu et
al. ,2017;Yuan Feng et al. ,2017;Ren Long et al. ,
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Fig. 8 Tectonic discrimination diagrams for volcanic rocks and acidic tuff of Caotangou Group of
the North Qinling(after Pearce et al. ,1984)
XL B B P — R R AR e TR A3 A B B - Chen Junlu et al. ,2008b; Dong Zengchan et al. ,2009; Yao Zheng et al. ,2017;

Ren Long et al. ,2018;Syn-COLG
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Yao Zheng et al. ,2017;Ren Long et al. ,2018;Syn-COLG
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1979

2018) 5 7M1y — RIS FF B 5T 1 B2 3k v A K E AR R T
460Ma, T AR O BURIA 5T JFUA s ik (Tian Wei
et al. ,2005; Wang Tao et al. ,2009; Guo Cailian et
al. ,2011;Li Mingze et al. ,2014), %54 #8 & &A%
s (4 3 A LB B FPIS A TE 496Ma A4 2
LV s MR AFAE RS ET 2 0 0RF o X 2 352 8 e Jo
E A PRI TE e B AL e Booh (HIX
SRS . BTRLL LR T I A e N S
V) 1) JEARF i FH 96 (Zhang Hongfu et al. ,2015),

AR SCAIE S 1 6 TR 18 2H R A R ) 8]

R4 EMIAE

(& 3) 5K 58 HE 4 % ki s B bR & (Song
Zhigao et al. ,1991) , 75 F M V4 FF £ A6 5 41 5K X E
A & B H AP A (Wu Xiuyuan et al. ,
2004 ; Yan Quanren et al. ,2007) , L3 74 B H 4

FEJE & R R

i}‘lJ_ILLJ

L A A

PEE R

7% ) A L T

UL AE (3R 4) o AR BT 5T 7 A T8 AR 5K K
JE AR £ 38 21 09 72 it AR 20 59l O 456 £ 2Ma il
457. 4=+ 3. 8Ma., JX SEHFAE 7 35 3 A5 W 2 B il
RP Ao U704 3 LA I B8 B T 3 05 2 O R

T A AR ol 45
HRAEBIEX L

Table 4 The table of rock assemblages characteristics of Caotangou Group

5% X 5K EOH A SRS E VLBV FFHAE A ) G 2% ik
R R RO R SR T 0 G R o @ L 200
. 4 an uanren et al. o
RE |£w Jolli o M LT 51
3 a4k BB A Je L, ¥ o
4l R T Mok B A T ok L & IR A /\ﬁﬁ*ﬁ@ i Sun Minsheng, 1998
IS TR N &
KB g £ 8 B | Kl g 3 . 9 | O R Il [EET LR
N e K A K Yan Quanren et al. ,2007
AN Bt BORETR S [ Il BRI 11
}E pirs | AR LLL q‘:J s
FOARTENZ DR BT K e AR D A Xu Xiaochu et al. .2014
VA 1A
A5 I o G 1 B R R
W | BT P SR e N ,
¥R LI SR USRS W KE Sun Minsheng, 1998
4] > T
Ea B 2 IR
TRE— R E—
Yoz — WEUE
CETT 3P IIES = »@élmiz;m Song Zhigao et al. 1991
W s
TECH D R B B B | TR AL K
JRB L 46 A | — A5 T B Sk A |40 5 R R M k| S AN DR K | R A AT
Yan Quanren et al. ,2007
K BRI LS (I B F O OB | B R K % =0k
W AR AR |
W [T S NS T 3
CAE | Rk s N % W12 R 8 0 . g KRR | R
b g N " " FAEBatafERra b Xu Xiaochu et al. ,2014
A g iTp s A ) N—
et JOL R
HE B MBE N
o ARRER | T s s R B B _
SERITE AL ) E.mHEZILAEMD Sun Minsheng, 1998
B Ko | JFR R
HZRE
A5 YIRS Je kil A Song Zhigao et al. ,1991
. B AHE S 0% ) s DY 7 [ 44 3T 5 32 0 BT 4R B B
6 2518

(1) b 23 U ) 3 iy 74 B B ok ) 8 9 4P 1y
R Mk % K % 45 1 LA-ICP-MS U-Pb & 4 45 2 ok
457. 474=3. 8Ma, J& U Sy g B8 Bl 11

(2) B TR B T T 70 21 IR 1k 58 IR A L OICA 2R A
FEAE  hy 156 38 43 daih 1) 45 2R

(3) A6 2 U i 115 7 W B8 Bl Lk 35 PR SR AR B
ATH A0 F 5 v B B

BT A 1E A N IWAE S AR o #2 rh TE AL Y S

16 W DAL ol AR SR T 2 3

References

Anderson T. 2002. Correction of common Pb in U-Pb analyses that
do not report 2 Pb. Chemical Geology,192(1~2):59~79.
Bader T,Ratschbacher L,Franz L., Yang Z, Hofmann M, Linnemann

U,Yuan H. 2013. The heart of China revisited, I Proterozoic
tectonics of the Qin mountains in the core of supercontinent
Rodinia. Tectonics,32:661~687.
Boynton WV. 1984. Geochemistry of the rare ecarth elements:

meteorite studies. In: Henderson P, ed. Rare earth element

geochemistry. Amsterdam Elservier:63~114.



wooB

=
1980 http://www. geojournals. cn/dzxb/ch/index. aspx

2019 4

Chaves MLC, Silva M, Scholz R, Babinski M. 2013. Grenvillian age
magmatism in the Southern Espinhaco Range (Minas Gerais) :
Evidence from U-Pb zircon ages. Brazilian Journal of Geology,
43(3) :477~486.

Chen Danling,Ren Yunfei, Gong Xiangkuan, Liu Liang,Gao Sheng.
2015. Identification and its geological significance of eclogite in
Songshugou, the North Qinling. Acta Petrologica Sinica,31(7) ;
1841~1854(in Chinese with English abstract).

Chen Junlu, Xu Xueyi, Wang Hongliang, Wang Zongqi. Zeng
Zuoxun, Wang Chao, Li Ping. 2008a. LA-ICPMS Zircon U-Pb
Dating of Tangzang Quartz-diorite Pluton in the West Segment
of North Qinling Mountains and Its Tectonic Significance.
Geoscience,22(1) :45~52(in Chinese with English abstract).

Chen Junlu, Xu Xueyi, Wang Hongliang, Wang Zongqi, Zeng
Zuoxun, Li Ping, Wang Chao. 2008b.
Characteristics and Petrogenesis of Early Paleozoic Adakitic

Geochemical

Rock in the West Segment of North Qingling. Acta Geologica
Sinica,82(4) :476~484(in Chinese with English abstract).
Corfu F,Hanchar JM, Hoskin PWO, Kinny P. 2003. Atlas of zircon
textures. Reviews in Mineralogy and Geochemistry,53(1):469

~500.

Cui Jiantang, Han Fanglin, Zhang Shuanhou, Wang Genbao, Wang
Beiying, Wang Xueping, Guo Qiming, Peng Hailian, Wang
Anquan, Peng Junying, Lu Ting, Fu Lei, Cui Haiman. 2011.
North Qinling Luohansi Rock Group SHRIMP U-Pb Zircon
Age and Its Tectonic Significance. Northwestern Geology, 44
(4) :8~14(in Chinese with English abstract).

Dai Liming,Li Sanzhong,Li Zhonghai, Somerville I, Suo Yanhui, Liu
Xiaochun, Taras G, Santosh M. 2018. Dynamics of exhumation
and deformation of HP-UHP orogens in double subduction-
collision systems: Numerical modeling and implications for the
Western Dabie Orogen. Earth-Science Reviews, 182:68~84.

Ding Saping,Pei Xianzhi, Li Yong, Hu Bo, Zhao Xin, Guo Junfeng.
2004. Analysis of the disintegration and tectonic setting of the
“Liziyuan Group” in the Tianshui area, western Qinling.
Geological Bulletin of China, 23(12):1209~ 1214 (in Chinese
with English abstract).

Domeier M. 2018. Early Paleozoic tectonics of Asia: Towards a full-
plate model. Geoscience Frontiers,9:789~862.

Dong Yunpeng,Zhang Guowei, Neubauer F, Liu Xiaoming,Genser J,
Hauzenberger C. 2011. Tectonic evolution of the Qinling
orogen, China; Review and synthesis. Journal of Asian Earth
Sciences,41:213~237.

Dong Yunpeng, Yang Zhao, Liu Xiaoming, Zhang Xiaoning, He
Dengfang, i Wei, Zhang Feifei, Sun Shengsi, Zhang Hongfu,
Zhang Guowei. 2014. Neoproterozoic amalgamation of the
Northern Qinling terrain to the North China Craton:
Constraints from geochronology and geochemistry of the
Kuanping ophiolite. Precambrian Research,255:77~95.

Dong Yunpeng,Santosh M. 2016. Tectonic architecture and multiple
orogeny of the Qinling Orogenic Belt,Central China. Gondwana
Research,29:1~40.

Dong Yunpeng, Sun Shengsi, Yang Zhao, Liu Xiaoming, Zhang
Feifei, Li Wei, Cheng Bin, He Dengfeng, Zhang Guowei. 2017.
Neoproterozoic subduction-accretionary tectonics of the South
Qinling Belt, China. Precambrian Research,293.73~90.

Dong Zengchan, Wang Hongliang, Guo Cailian, Xu Xueyi, Chen
Junlu, He Shiping. 2009. Geochemical characteristics of
Ordovician Honghuapu intrusions in the west segment of North
Qinling Mountains and their geological significanc. Acta
Petrologica Et Mineralogica,28(2):109~117 (in Chinese with
English abstract).

Ernst RE, Okrugin AV, Veselovskiy RV, Kamo SL, Hamilton MA,
Pavlov V,Séderlund U, Chamberlain KR, Rogers C. 2016. The
1501 Ma Kuonamka Large Igneous Province of northern
Siberia; U-Pb geochronology, geochemistry, and links with
coeval magmatism on other crustal blocks. Russian Geology and
Geophysics,57:653~671.

Gao Jingmin, Pei Xianzhi, Li Zuochen, Li Ruibao, Pei Lei, Wei

Fanghui, Wu Shukuan, Liu Chengjun, Wang Yinchuan, Chen
Youxin. 2012. LA-ICP-MS zircon U-Pb dating and geochemical
characteristics of the Liushuigou igneous complex, Tianshui
area, West Qinling Mountains. Geological Bulletin of China, 31
(9):1482~1495(in Chinese with English abstract).

Guo Cailian, Chen Danling. 2011. Identification of O-type Adakite
Rocks in Erlangping Area, Western of Henan Province,and Its
Geological Significance. Acta Geologica Sinica, 85(12):1995~
2002(in Chinese with English abstract).

Hu Juan, Liu Xiaochun, Chen Longyao, Qu Wei, Li Huaikun, Geng
Jianzhen. 2013. A ~ 2. 5 Ga magmatic event at the northern
margin of the Yangtze craton: Evidence from U-Pb dating and
Hf isotope analysis of zircons from the Douling Complex in the
South Qinling orogen. Chinese Science Bulletin, 58 3564
~3579.

Irvin TN, Baragar WRA. 1971. A guide to the chemical classification
of the common volcanic rocks. Canadian Journal of Earth
Sciences,8(5) :523~528.

Jian Ping, Cheng Yuqi, Liu Dunyi. 2001. Petrographical study of
Metamorphic zircon:basic roles in interpretation of U-Pb age of
high grade Metamorphic rocks. Earth Science Frontiers, 8(3):
183~191(in Chinese with English abstract).

Le Maitre RW, Streckeisen A, Zanettin B. 2002. Igneous rocks: A
Classification and Glossary of Terms: Recommendations of the
International Union of Geological Sciences Subcommission on
the Systematics of Igneous Rocks. Cambridge: Cambridge
University Press,236.

Li Mingze, Wu Cailai, Lei Min, Qin Haipeng, Liu Chunhua. 2014,
Petrological Characteristics and LA-ICP-MS Zircon U-Pb Ages
of Granitoid in Nanzhao Area, Eastern Qinling Mountains.
Geological Review,60(2) ;427 ~ 442 (in Chinese with English
abstract).

Li Sanzhong, Zhao Guochun, Sun Ming. 2016. Paleoproterozoic
amalgamation of the North China Craton and the assembly of
the Columbia supercontinent. Chinese Science Bulletin, 61;919
~925(in Chinese).

Li Sanzhong, Zhao Shujuan, Liu Xin, Cao Huahua, Yu Shan, Li
Xiyao,Somerville I, Yu Shengyao,Suo Yanhui. 2018. Closure of
the Proto-Tethys Ocean and Early Paleozoic amalgamation of
microcontinental blocks in East Asia. Earth-Science Reviews,
186:37~75.

Liu Hang,Zhao Junhong.,Cawood PA,Wang Wei. 2018. South China
in Rodinia: Constrains from the Neoproterozoic Suixian
volcanosedimentary group of the South Qinling Belt.
Precambrian Research,314:170~193.

Liu Liang, Liao Xiaoying, Zhang Chengli, Chen Danling, Gong
Xiangkuan, Kuang Lei. 2013. Multi-matemorphic timings of
HP-UHP rocks in the North Qinling and their geological
implications. Acta Petrologica Sinica, 29 (5): 1634 ~ 1656 (in
Chinese with English abstract).

Liu Liang, Liu Xiaoming, Wang Yawei, Wang Chao, Santosh M, Yang
Ming, Zhang Chengli, Chen Danling. 2016. Early Paleozoic
tectonic evolution of the North Qinling Orogenic Belt in Central
China: Insights on continental deep subduction and multiphase
exhumation. Earth-Science Reviews,159:58~81.

Lu Songnian, Yu Haifeng, Li Huaikun, Chen Zhihong, Wang
Huichu, Zhang Chuanlin, Xiang Zhengyu. 2006. Early Paleozoic
suture zones and tectonic divisions in the “ Central China
Orogen”. Geological Bulletin of China,25(12):1368 ~ 1380 (in
Chinese with English abstract).

Ludwig KR. 2003. Isoplot 3. 0: A Geochronological toolkit for
Microsoft Excel. Berkeley: Berkeley Geochronology Center, 1
~70.

Mao Xiaohong, Zhang Jianxin, Yu Shengyao, Li Yunshuai, Yu
Xingxing, Lu Zenglong. 2017. Early Paleozoic granulite-facies
metamorphism and anatexis in the northern West Qinling
orogen ;: Monazite and zircon U-Pb geochronological constraints.
Science China Earth Sciences, 60: 943 ~ 957 (in Chinese with
English abstract).



%8

I ] 4 I % 0 7Y B SR b DX 9 Bl T T 2 TR R R K A AR AR A AT BR AL A IR S s R L 1981

Meng Qingren,Zhang Guowei. 1999. Timing of collision of the North
and South China bolcks: Controversy and reconciliation.
Geology,27:123~126.

Meng Qingren, Zhang Guowei. 2000. Geologic framework and
tectonic evolution of the Qinling orogen, Central China.
Tectonophysics,323(3~4):183~196.

Meng Xiangshu, He Yanhong, Chen Liang, Wu Lei. 2017. The
Discovery of the Early Paleozoic Adakitic Rocks in the
Conjunction of the Qinling and Qilian Orogenic Belts and Its
Implications on the Orogenic Processes. Acta Geologica Sinica,
91(12):2679~2696(in Chinese with English abstract).

Mu Dunling, Li Sanzhong, Wang Qian, Somerville I, Wang Yuhua,
Zhao Shujuan, Li Xiyao, Yu Shengyao,Suo Yanhui. 2018. Early
Paleozoic Orocline in the Central China Orogen. Gondwana
Research,63:85~104.

Pearce JA., Harris BW, Tindie AG. 1984, Trace element
discrimination diagram s for the tectonic interpretations of
granitic rocks. Journal of Petrology,25:956~983.

Pei Xianzhi, Liu Huibin, Ding Saping, LLi Zuochen, Hu Bo,Sun Rengqi,
Hou Yuhong. 2006. Geochemical characteristics and tectonic
significance of the meta-valcanic rocks in the Liziyuan Group
From Tianshui area, Western Qinling orogen. Geotectonica et
Metalogenia, 30 (2): 193 ~ 205 (in Chinese with English
abstract).

Pei Xianzhi, Liu Zhanqing, Ding Saping, L.i Zuochen, Li Gaoyang,
Wang Fei, Li Fujie. 2007, Zircon LA-ICP MS U-Pb Dating of
the Gabbro from the Baihua Igneous Complex in Tianshui
Area,Eastern Gansu,and Its Geological Significance. Advances
in Earth Science, 22 (8); 818 ~ 827 (in Chinese with English
abstract).

Pei Xianzhi, Ding Saping,Li Zuochen, Liu Zhanqing, Li Ruibao, Feng
Jianyun, Sun Yu, Zhang Yafeng, Liu Zhigang, Zhang Xiaofei,
Chen Guochao, Chen Youxin. 2009. Early Paleozoic Tianshui-
Wushan Tectonic zone of the Northern Margin of West Qinling
and its Tectonic Evolution. Acta Geologica Sinica,83(11) ;1548
~1564(in Chinese with English abstract).

Qin Zhengwei, Wu Yuanbao, Wang Hao,Gao Shan,Zhu Liugin, Zhou
Lian, Yang Saihong. 2014. Geochronology, geochemistry, and
isotope compositions of Piaochi S-type granitic intrusion in the
Qinling orogen, central China: Petrogenesis and tectonic
significance. Lithos,202~203:347~362.

Qin Zhengwei, Wu Yuanbao, Siebel W, Gao Shan, Wang Hao,
Abdallsamed MIM, Zhang Wenxiang, Yang Saihong. 2015.
Genesis of adakitic granitoids by partial melting of thickened
lower crust and its implications for early crustal growth: A case
study from the Huichizi pluton, Qinling orogen, central China.
Lithos,238:1~12.

Ren Liudong, Li Chong, Wang Yanbin, Li Miao. 2018. Recent
progress on Barrovian metamorphism and its implication in
studying the Qinling Complex, China. Acta Petrologica Sinica,
34(4):913-924(in Chinese with English abstract).

Ren Long, Liang Huaying, Bao Zhiwei, Zhang Jian, Li Kaixuan,
Huang Wenting. 2018. The petrogenesis of early Paleozoic high-
Ba-Sr intrution in the North Qinling terrane,China,and tectonic
implication. Lithos,314~315:534~550.

Rogers JJW, Santosh M. 2002. Configuration of Columbia, a
Mesoproterozoic Supercontinent. Gondwana Research, 5: 5
~22.

Rudnick RL,Gao S. 2003. Composition of the continental crust. In:
Treatise on Geochemistry,volume 3. Elsevier,1~64,

Song Zhigao, Jia Qunzi, Zhang Zhitao, Zhang Mei. 1991. The early
Palaeozoic volcanic rock series and its interconnection
relationship between the North Qinling and the North Qilian
Orogens. Bull Xi”’an Inst Geol Min Res Chinese Acad Geol Sci,
34.1~82(in Chinese with English abstract).

Sun Minsheng.Dong Hengbi. 1995. Re-discussion of the stratigraphic
sequence of the Caotangou Group and its age. Geology of
Shaanxi, 13(2) :22~30(in Chinese with English abstract).

Sun Minsheng. 1998. Analyses on volcanic characteristic and its

formation setting of Caotangou Group in Feng County, Shaanxi
Province. Geology of Shaanxi, 16 (1) :42~ 50 (in Chinese with
English abstract).

Sun SS, McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and
processes. In; Sunders A D, Norry M ] eds. Magmatism in the
Ocean Basins. London: Geol Soc Spec Publ,42.:313~345.

Tang Huan, Zhang Hongfu. 2017. Discovery of garnet amphibolites
in western part of the North Qinling orogenic belt and its
inferred metamorphic process: Constraints from zircon
geochronology and Hf-O isotopes. Acta Petrologica Sinica, 33
(8):2575~2590(in Chinese with English abstract).

Tian Wei, Wei Chunjing. 2005. The Caledonian low Al-TTD series
from the northern Qinling orogenic belt:rock properties, genetic
simulation and geological implication. Science in China ( Series
D),35(3):215~224(in Chinese).

Wang Deyao. 2002. Comparison volcanic rock of the Caotangou
Group with that of the Danfeng Group and its analysis on
structural circumstance. Northwestern Geology,35(3):59~ 66
(in Chinese with English abstract).

Wang Hao, Wu Yuanbao, Gao Shan, Liu Xiaochi, Liu Qian, Qin
Zhengwei, Xie Shiwen, Zhou Lian, Yang Saihong. 2013a.
Continental origin of eclogites in the North Qinling terrane and
its tectonic implications. Precambrian Research,230:13~30.

Wang Hao, Wu Yuanbao, Qin Zhengwei, Zhu Liugin, Liu Qian, Liu
Xiaochi, Gao Shan, Wijbrans JR,Zhou Lian,Gong Hujun, Yuan
Honglin. 2013b. Age and geochemistry of Silurian gabbroic
rocks in the Tongbai orogen,central China:Implications for the
geodynamic evolution of the North Qinling arc-back-arc
system. Lithos,179.:1~15,

Wang Hao, Wu Yuanbo, Li Chaoran, Zhao Tianyu, Qin Zhengwei,
Zhu Liugin, Gao Shan, Zheng Jianping, Liu Xiaoming, Zhou
Lian,Zhang Yang, Yang Saihong. 2014. Recycling of sediment
into the mantle source of K-rich mafc rocks: Sr-Nd-Hf-O
isotopic evidence from the Fushui complex in the Qinling
orogen. Contributions to Mineralogy and Petrology,168:1~19.

Wang Hongliang, He Shiping, Chen Junlu, Xu Xueyi, Sun Yong,
Diwu Chunrong. 2006. LA-ICP MS Dating of Zircon U-Pb and
Tectonic  Significance of Honghuapu Subduction-Related
Intrusions in theWest Segment of Northern Qinling Mountains.
Geoscience, 20 (4): 536 ~ 544 (in Chinese with English
abstract).

Wang Hongliang, Chen Liang.Sun Yong, Liu Xiaoming, Xu Xueyi,
Chen Junlu, Zhang Hong, Diwu Chunrong. 2007. ~ 4. 1Ga
xenocrystal zircon from Ordovician volcanic rocks in western
part of North Qinling Orogenic Belt. Chinese Science Bulletin,
52(21):3002~3010(in Chinese).

Wang Jiangbo, Qin Jiangfeng, Hu Peng, Zhang Liang, Zhao
Youdong, Zhang Zezhong. 2018. Zircon U-Pb Ages and
Geochemical Characteristics of the Two-stage Granitic
Magamtism from the Kuanping Pluton in the Northern Qinling
Mountains: Petrogenesis and Tectonic Implication. Geological
Review,64(1):127~140(in Chinese with English abstract).

Wang Jing, Zhang Hongfei, Xu Wangchun, Cai Hongming. 2008.
Petrogenesis of Granites from Dangchuan Area in West Qinling
Orogenic Belt and Its Tectonic Implication. Earth Science-
Journal of China University of Geosciences,33(4) ;:474~486(in
Chinese with English abstract).

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. Science in China
Series D:Earth Sciences,52(9):1359~1384.

Wang Xiaoxia, Wang Tao, Zhang Chengli. 2013. Neoproterozoic,
Paleozoic, and Mesozoic granitoid magmatism in the Qinling
Orogen, China: Constraints on orogenic process. Journal of
Asian Earth Sciences.72:129~151.

Wang Xiaoxia, Wang Tao, Zhang Chengli. 2015. Granitoid
magmatism in the Qinling orogen, central China and its bearing



wooB

=
1982 http://www. geojournals. cn/dzxb/ch/index. aspx

2019 4

on orogenic evolution. Science China; Earth Sciences,45:1109~
1125(in Chinese).

Wang Zongqi, Yan Quanren, Yan Zhen, Wang Tao, Jiang Chunfa,
Gao Lianda, Li Qiugen,Chen Junlu,Zhang Yingli, Liu Ping. Xie
Chunlin, Xiang Zhongjin. 2009. New Division of the Main
Tectonic Units of the Qinling Orogenic Belt, Central China.
Acta Geologica Sinica, 83 (11) ;1527 ~ 1546 (in Chinese with
English abstract).

Wu Shukuan, Pei Xianzhi, L.i Zuochen, Li Ruibao, Pei Lei, Chen
Youxin, Gao Jingmin, Liu Chengjun, Wei Fanghui, Wang
Yinchuan. 2012. A study of the material source of Dacaotan
Group in the northern margin of West Qinling orogenic belt:
LA-ICP-MS U-Th-Pb age evidence of detrital zircons.
Geological Bulletin of China, 31(9); 1469 ~ 1481 (in Chinese
with English abstract).

Wu Xiuyuan, Wang Jun. 2004. Two new Fan-veined species from the
Carboniferous of Qinling Mt, Shaanxi. Acta Palaeontologica
Sinica,43(4) :489~501(in Chinese with English abstract).

Wu Yuanbao, Zheng Yongfei. 2004. Genesis of zircon and its
constraints on interpretation of U-Pb age. Chinese Science
Bulletin,49(16) :1589~1604(in Chinese).

Wu Yuanbao,Zheng Yongfei. 2013. Tectonic evolution of a composite
collision orogen: An overview on the Qinling-Tongbai-Hongan-
Dabie-Sulu orogenic belt in central China. Gondwana Research,
23:1402~1428.

Xiang Hua, Zhong Zengqiu, Li Ye, Zhou Hanwen, Qi Min, Lei
Hengcong, Lin Yanhao, Zhang Zeming. 2014. Early Paleozoic
polymetamorphism and anatexis in the Northe Qinling orogen:
Evidence form U-Pb zircon geochronology. Acta Petrologica
Sinica,30(8) :2421~2434(in Chinese with English abstract).

Xu Xiaochun,Pei Xianzhi,Liu Chengjun, Li Ruibao, Li Zuochen, Wei
Bo,Wang Yuan Yuan, Liu Tujie, Ren Houzhou, Chen Weinan,
Chen Youxin. 2014. Geochemical characteristics of the Yinaigou
Early Paleozoic Caotangou Group volucanic rocks in Tianshui of
West Qinling Mountains and their geological significance.
Geology of China, 41(3):851 ~ 865 (in Chinese with English
abstract).

Xu Zhiqin, Li Yuan,Liang Fenghua,Pei Xianzhi. 2015. A Connection
between of the Paleo-Tetyys Suture Zone in the Qinling-Dabie-
Sulu Orogenic Belt. Acta Geologica Sinica,89(4):671~680(in
Chinese with English abstract).

Yan Quanren, Wang Zongqi, Chen Junlu, Yan Zhen, Wang Tao, Li
Qiugen, Jiang Chunfa, Zhang Zongqing. 2007. Tectonic Setting
and SHRIMP Age of Volcanic Rocks in the Xieyuguan and
Caotangou Groups: Implications for the North Qinling Orogenic
Belt. Acta Geologica Sinica, 81(4):488~500(in Chinese with
English abstract).

Yan Quanren, Wang Zongqi,» Yan Zhen, Wang Tao, Zhang
Hongyuan, Xiang Zhongfa, Jiang Chunfa, Gao Lianda. 2009.
Timing of the Transformation from Seafloor Spreading on the
South Margin of the North China Block to Subduction within
the North Qinling Orogenic Belt. Acta Geologica Sinica, 83
(11) :1566~1583(in Chinese with English abstract).

Yan Zhen, Wang Zongqi, Chen Junlu, Yan Quanren, Wang Tao,
Zhang Yingli. 2009. Geochemistry and SHRIMP Zircon U-Pb
Dating of Amphibolites from the Danfeng Group in the Wuguan
Area, North Qinling Terrane and their Tectonic Significance.
Acta Geologica Sinica, 83 (11):1633 ~ 1646 (in Chinese with
English abstract).

Yan Zhen, Wang Zongqi, Li Jiliang, Xu Zhiqgin, Deng Jinfu. 2012.
Tectonic settings and accretionary orogenesis of the West
Qinling Terrane,northeastern margin of the Tibet Plateau. Acta
Petrologica Sinica,28(6):1808~1828(in Chinese with English
abstract).

Yang Zichao, Liu Jian, Jin Qinhai. 1984. Discovery of animal fossils
such as brachiopods in Honghuapu and Yangjialing volcanic
rocks in Fengxian County, Shaanxi Province and their
significance. Geology of Shaanxi, 2 (sup): 12 ~ 16 (in Chinese
with English abstract).

Yao Zheng, Zhang Yafeng, Yang Tao, Li Pengfei, Guan Shuxin.
2017. Zircon U-Pb Geochronology, Petrogeochemistry of
Huangniupu Plutons in Western Section of the North Qinling
Mountains and Their Geological Significance. Geoscience, 31
(6):1157~1169(in Chinese with English abstract).

Yuan Feng, Liu Jiajun, Lv Guxian, Sha Yazhou, Zhang Shuai, Zhai
Gaode, Wang Gongwen, Zhang Hongyuan, Liu Gang, Yang
Shangsong, Wang Juchan, Ren Wangrui. 2017. Zircon U-Pb
geochronology, geochemistry and petrogenesis of the granites
and pegmatites form the Guangshigou uranium deposit in the
northern Qinling Orogen, China. Earthe Science Frontiers, 24
(6) :28~45(in Chinese with English abstract).

Yuan Honglin, Wu Fuyuan, Gao Shan, Liu Xiaoming, Xu Ping, Sun
Deyou. 2003. LA-ICPMS zircon U-Pb dating and rear earth
element analyses for Cenozoic intrusion in Northeast area,
China. Chinese Science Bulletin, 48 (14): 1555 ~ 1520 (in
Chinese).

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.
Chinese Science Bulletin,58(23) :2323~2329(in Chinese).

Zhang Guowei, Meng Qingren, Lai Shaocong. 1995. Tectonics and
structure of the Qinling Orogenic belt. Science in China(B),25
(9):994~1003(in Chinese).

Zhang Guowei,Zhang Benren, Yuan Xuecheng, Xiao Qinghui. 2001.
Qinling OrogenicBelt and Continental Dynamics. Beijing:
Science Press,1~855(in Chinese).

Zhang Hongfu, Yu Hong, Zhou Dingwu, Zhang Juan, Dong
Yunpeng. Zhang Guowei. 2015. The meta-gabbroic complex of
Fushui in north Qinling orogen: A case of syn-subduction mafic
magmatism. Gondwana Research,28(1):262~275.

Zhang Jianxin, Yu Shengyao, Meng Fancong. 2011. Polyphase Early
Paleozoic metamorphism in the northern Qinling orogenic belt.
Acta Petrologica Sinica, 27 (4) ;1179 ~ 1190 (in Chinese with
English abstract).

Zhang Juan, Zhang Hongfu, Li Long. 2018. Neoproterozoic tectonic
transition in the South Qinling Belt: New constraints from
geochemistry and zircon U-Pb-Hf isotopes of diorites from the
Douling Complex. Precambrian Research,306:112~118.

Zhang Ruiying.Sun Yong,Zhang Xu, Ao Wenhao.Santosh M. 2016.
Neoproterozoic magmatic events in the South Qinling Belt,
China: Implications for amalgamation and breakup of the
Rodinia supercontinent. Gondwana Research,30:6~23.

Zhao Guochun, Wang Yuejun, Huang Baochun, Dong Yunpeng, Li
Sanzhong, Zhang Guowei, Yu Shan. 2018. Geological
reconstructions of the East Asian blocks: From the breakup of
Rodinia to the assembly of Pangea. Earth-Science Reviews, 186
262~286.

Zheng Yongfei, Xia Qiongxia, Chen Renxu, Gao Xiaoying. 2011.
Partial metling fluid supercriticality and element mobility in
ultrahigh-pressure metamorphic rocks during continental
collision. Earth-Science Reviews,149(5) :892~608.

Zhu Tao,Dong Yunpeng, Wang Wei, Xu Jinggang, Ma Haiyong,Cha
Li. 2008. The Geochemical Characteristics and Tectonic Setting
of Volcanics in Caotangou Group. Northwestern Geology, 41
(1) :59~66(in Chinese with English abstract).

Z % x #

FRPHES AR B AR S X R R 2015, b %% 04 S A VA RO Y
T 8 B FUH T 2 . A A 4R, 31(7) 11841 ~1854.

R85 B L AR 2= S0, Bk s, E oS ile 8 4E . £l . 2. 2008a. L %514
PG B G A7 B TN K A TR I T A R L R . B
Ji.22(1) :45~52.

A B A SO, B ks, SR W R, 2507, . 2008b. Jb AR 04
PG B R AR AR R 1K T M BR A 2 R AE B s AR R M R A
82(4) :476~484.

FE L ISR KRR, EMR . EALH. E S OF, S0 WL 80 4,
TG R g T A, d S 2011 LR B DA R



%8

I ] 4 I % 0 7Y B SR DX 9 Al T T 2 TR B K AR AR R A R AL A R E S s L 1983

B 41 SHRIMP U-Pb 4F 1% J HoA 7% 3 5t 28 ). P b i, 44 (4)
§~14.

T 8 5evR . 55 A U, BERK, B0 4R . 2004, T IR KK b X
AR B A A R B LA i PR B VR T M E iR 5 23(12) 11209
~1214.

BB E U SR AR S BRSBTS 2009, 6 25 04 7Y B
A B 20 2T AL Bl 5 VR A A MR AL A R AE I M T S A A
5 ,28(2):109~117.

o B BRER AR AR AR R AR B O R T X L E
N BRA HT. 2012, T8 22 06 K b X0 7K 78 45 2% 2% % LA-ICP-
MS %541 U-Pb U 4F F1 5 47 M BR fb “F 4R E. BT 42, 31(9) .
1482~1495.

BRRE L BRSTE. 201 1. B R FEMLIX O BRI v 1Y E K H
B S ML 2E R . 85(12) 1995 ~2002.

A7 5 B UL X B —. 2001, 7% B &5 A7 IR A A 2B TR — R
AT U-Pb AR iR B A9 2R AR IR M 2F A 2% . 8(3) :183~191.

2N A TR BN, XA AE. 2014, RS R B H X A K
E AR AL 2 RRAE ) LA-ICP-MS 547 U-Pb [F) i £ 4E#%. Hh
BB TE,60(2) ;427 ~442,

=R EE, PV 2016, ATk e b R T R PFA 5 Columbia
B Bl T2 B ATE 5 0k . Bl A4, 61.919~925.

X R BN IR BRPE S M BE L BEAR. 2013, AL B IS R —
R E A Y 22 0 A8 5 I AR R HE b R R . 2E R 29 (5D .
1634~1656.

Fili A AF o 0 0, 22 PRI BRAE 25 . B L IR A AR AR FE. 2006, “Hh
e a7 Bl A AR A Al R A XM O, b T R, 25
(12):1368~1380.

BN SR E T, T HESE A I v AL I R 2017, PE RIS 7 1L
A A FR R A ARURRORE 5 A A8 BT 4 PR B R AR < 8 A R A
U-Pb 241 24, v = B b BR B 2% ,47:601~616.

T REET ATHLL RS L 55 5. 2017, ZR e — A0 i &5 45 4B A R A A IR
RO I & B R S L VR D S MR AE iR, 91 (12) 2 2679
~2696.

IR XIS T, 2 B WA I, PNV A, % 40, 2006. 76 2%
U TR 7K 3t X 2 el 0 A8 Joi kL2 11 b Bk A 27 e A0 B 3 b T
KM 5 A 4# . 30(2) :193~205.

FSRB XM, TEF, . 25, 25 A, £ ERA
2007, H b KoK b X 1645 3K A4 5 W 85 A1 LA-ICP-MSU-Pb &
AF B FOHh B R . MR B AE E R, 22(8) 1 818~827.

SR TAE T 24k B R0 PR . 2 5 A, 1 W, PR L AR I L X
NI B I B B L BRI, 2000, T 2208 b 25 Ll A AR Rk
— 3 LI 3 B H R 3 V. b2 4, 83(11) 1 1548 ~1564.

BB AR B4 F k. 2545, 2018, 56 T B0 8 2048 U 10 e 97 F 5% %
HOAT W58 3 0 2 25 1) 78 5L 2 A1 24 3. 34(4) : 913~924,

RAER BT AL BB, 1991, JLZE W — Jb AR % (R K —5249)
] 7 A AR I R T Ho A 3 3% 2 5% R MBI 5. o [t T R 2 B
TG 2 Hb JJ 0 7= 8 5 )97 ), 34 :1~82.

MR A FEfEAE. 1995, FRie 5 e VA BE (0 2 7 R 4> K AR A JE . BT
HiLJR L 13(2) :22~30.

MRS AL 1998, B VA B Ll A R AE B HL T B BR 855 40 A e 7 R
16(1) :42~50.

JEW SR AR, 2017, Jb 22 U5 FE AR A 5 1 & B0 55 8 AR R A R L
AAEARAE A HEO [ R H 2. 55 A 244, 33(8) :2575~2590.

M A B 5. 2005, JL 08 15 1L i B R Ik ALTTD R34 4
AIE B0 R RSP B b ot 2 . E B2 DA — s Bk RF 2%, 35(3)
215~224.

TR 2002, REMEIE TE P RCAE BE Ll xt b B A 3 2R BE 43 T
PG At H BT, 35(3) 159 ~66.

Tk AT BRI A2 S, P B L 58 LR SR 2006, LR IA T B
ZLAL B AR vh B 42 AR LA-ICPMS Ji 4F e H il 7 28 30, B AR
Ji,20(4) :536~544.

Tt BRsE NG I/ AR A S BRAE Bk IR 21 5 TR 2R 2007,
JEZ PG BB 22 K LA P & BT 4. 1Ga B BS 45 4. Bl oF @
#.52(14):1685~1693.

TVLWE L BV BIMG L  RBAAR Bk B P 2018, L&A R A AR
To PP A R P HATE 16 T 9 4 1 U-Pb 4R AR 2% b BR Ak 2% I L i
T S, LB AT . 64(1) 127 ~140.

Tl ok 2 KGR NT 7R, 3220, 2008, 75 Z5 04 5% 1| b X 46 g 4 19 % A
B oAl i 3 . i BR B % — o B M R OK R, 33 (4) 474
~486.

TR £ SRS, 2015, 28 W8 3 1L A6 i 00 55 6 VE Y 3 1l
WAL, T ER Bk AL, 45:1109~1125.

TRk ER N EHE, T, BF L, WL, EROR, BREBE, ok
F LS L3 7 bk 1 S 4. 2009, 28 04 & 1A 3R A 15 BT
1938 R 43 M 2% 47, 83(11) 11527 ~1546.

R GE IR R R L RA T, SRR R E, B
D5 AR 2012, 76 28 W s 1L b G5 oK B T 0 VR AT 58
LA-ICP-MS % i # 41 U-Pb 4F % iiE 4% H 508 it 31(9) : 1469
~1481.

R I0, TF. 2004, Z2 06 M (X 7 4% 20 R Rl B9 B IR Bk A 4. AR
2247 ,43(4) :489~501,

SLTOIR K KL 2004, #5478 BT 2= 0F 5 KX U-Pb 4R % i 7R
[y 2. BlaF i HE . 49(16) . 1589~1604.

[l A b s Bk, = e RS AR B T BE L bR L SRR B 2014, b
Z U el 1L R A AR 22 AR S R AR A < 4 o U-Pb AR
JEHR. A %4 . 30(8) 1 2421 ~2434,

BHAE BRI R, 2 BB, Foooo. MEA.E
JEM L BEAE T BRA . 2014, P8 28 04 5 K BA W Ry 2R 1R R i
VTR L M BR T4 R AE B b i 7% SC. Hh I b . 41(3) 1851
~865.

VEEBE VR P RAE BB E3A. 2015, “IE — KB — IR E v LA
SRR I AR A0 . MR 2R 4R .89(4) 1671 ~680.

E&N, TR BRERE EBE, T MR, 2 H K. ka5, 2007,
b 28 04 AR i S THE R W T BE 1L A BT Y iR Ak 2 R ) A 3
25 . SHRIMP 448 K H 3 S0 b 24 3% . 81(4) 488 ~500.

N, Rl B, B REE. R4, BE K. ML, 2009.
AR il He g 2% P ik B0 b 28 06 1 LU A AR R o i A d5 i)
FR. b 5T % 42 . 83(11) : 1566 ~1583.

EEE, TSl R D&, EW, R IEF]. 2009, Jb 25 04 58 56 Hi X
FEIREERHE A TN 5 HERfb 22 R A 45 60 SHRIMP 47 J Ho A 3
B AR .83(11) - 1633~1646.

EER L EOSR ARk VAR SR BB AR, 2012,V Z8 0 ML 4 3 JE T
R H AR 36 LT AR A A 2E . 28(6) 1 1808~1828.

T XG4 B, 1984, BT R E L0168 A K e kil R b
Joi 255 B W Ak A B R B R L S BV M, 2 (3 D < 12
~16.

WEAE . 550 0 A7 7, 5 IS 6 OB, 2017, b 28 04 VG Bt 3% 4 il A 1A
AT U-Pb 4R 05 5 0 b 3R b % R AE T 0 i 5 85 . A it
Ji.31(6):1157~1167.

FWE XK A, Boly B, v, 5k b, B AR, E T30, sk 25 A, XU,
s, EALAZ EH. 2017, JL B W e A WA X AE A A
SR EE A U-Ph 4R AR 2% L U BR A6 24 B R 38 3L M 24 i 2L 24
(6):28~45.

FEUEAR, AR IC = L MINET L AROF L IMEE AL 2003, AR bt IXORE A= AR
1R 5 A O EE U-Pb 4F I8 I 5 45§ & J6 K BLA 40 T
F %3 417 ,48(14) 11511 ~1520.

AL X R B, EBEEE . 2. BT 20 E. 2013 AL BB R
iy A AR R Bl Al 18 ok R R Y A8 B A R VR D Bl E AR, 58(23) .
2323~2329.

ik B L i DOAT L A B 1995, ZE ik i (L (i 25 F A . R 22 (B
58),25(9):994~1003.

SR IR AT R 1 PORE. 2001, Z8 04 ¥ 1A 5 K R B ) 2.
6ot Bl AL

Sk, THESE . T L. 2011, Jb 25 04 1 1 A A9 R AR 40 22 3 A R
V. A 230, 27(4) . 1179~1190.

KV, Ha MG, T REN, 555, A& F. 2008, FORE I BF KL A 1Y
R Ak 24 RRAE K TP A 5 B 5%, PE AL T . 41(1) .59~ 66.




Hoom R )
1984 http://www. geojournals. cn/dzxb/ch/index. aspx 2019 4

Age and geochemical characteristics of acidic tuff in the Longwanggou
Fromation of Caotangou Group in the Fengxian area, western part of the
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Abstract

The Longwanggou Formation of Caotangou Group is widely exposed in the western part of northern
Qinling Orogenic Belt, which is of great importance for understanding the early Paleozoic tectonic
evolution of the Qinling Orogenic Belt. The acidic tuff in the Longwanggou Formation yields an LA-ICP-
MS zircon age of 457.4 + 3.8 Ma. The acidic tuff samples in the Longwanggou Formation have SiO,
(72.06% ~74.49%) and Na,O+K,O (5.35% ~8.11%). and low AlL,O;(13.91% ~16.07%) contents.
The rocks are geochemically featured by LILE enrichment and HFSE depletion, low Mg* values and Nb/
Ta ratios and obvious negative anomalies (§Eu=0.34 ~0.86). The acidic tuff in the Longwanggou
Formation has the characteristics of crustal source. The acidic tuff in the Longwanggou Formation and
Late Ordovician-Early Silurian magmatic rocks have gecchemical characteristics of arc magmatic rocks,
indicating that they were formed in a subduction environment. Combined with the early Paleozoic ultrahigh
pressure metamorphic belt, the distribution of magmatic rocks and the sedimentary characteristics of
Caotanggou Group, we suggest that the subduction of the Shangdan Ocean was still ongoing in the Early

Ordovician.

Key words: Western part of the North Qinling Orogenic Belt; Caotangou Group; Longwanggou

Formation; Zircon U-Pb age; geochemistry; tectonic evolution



