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1—Taowan Gr; 2—Kuanping Gr; 3—Qinling Gr; 4—Danfeng Gr; 5—Xieyuguan Gr; 6—Caotangou Gr; 7—Lower Paleozoic; 8—

Fig. 1

ultramafic rock block; 9—fault; 10—boundary; 11—transection and sample; Q—Quatenary; ons—+—Paleozoic porphyric quartz granite;

nY3—1—Paleozoic porphyric granite; y3!—Early Mesozoic granodiorite; og}—Early Mesozoic porphyric quartz granite; ny}—Early Mesozoic

porphyric granite; yi—Early Mesozoic granite; F,—Zhouzhi
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PERBNLUEEE (%) B LTRSS E (ne/e)

Abundances of major elements (%) and concentrations of rare earth and trace elements (pg/g) of

volcanic rocks from the Xieyuguan Group

KU = BRI A JE BRI 5% A3 JB B W 1 A SC JE LA U 5K % A . 1994
i QD04-8 |QD04-9|QD04-12|QD04-13|QD04-16/QD04-17|DZ2547-1|DZ10-2| D03-1 | D03-2 | D03-3|D03-4|Q8644|Q8647|Q8648Q8649
SiO: 49.02 | 55.40 | 46.48 | 51.65 | 44.54 | 50.28 48.91 | 72.33 | 63.93 | 65.15 |64.88|64.28
TiO, 1.16 0.77 0. 82 0.74 0. 41 0. 40 1.75 0.36 | 0.80 | 0.50 | 0.53]0.55
AL O 13.47 1 13.28 | 15.02 | 14.10 | 11.97 9.87 12.88 | 10.98 | 4.63 | 1.05 | 1.25|0.76
Fe, O3 7.17 3.77 6.61 6.03 5. 84 5. 47 4. 0.99 | 9.01 | 16.89 |17.70|18. 22
FeO 5. 87 3.09 5. 41 4.93 4.78 4. 47 9. ¢ 3.18 | 4.38 | 0.17 | 0.18 | 0.17
MnO 0.19 0.12 0. 67 0. 60 0. 44 0.42 0. 0.30 | 0.22 | 0.02 | 0.03]0.01
MgO 7.07 7.76 7.51 7.68 4. 45 4. 60 6. 3.23 | 4.20 | 0.44 ]0.89]0.61
CaO 11.44 | 6.71 14.74 | 10.94 | 12.37 | 11.11 9. 3.23 | 7.06 | 0.39 | 0.47 |0.33
Na, O 2.28 3.62 0.32 0.82 0.43 0.23 2. 3.43 | 0.26 | 0.10 | 0.11|0.12
K;0O 0.09 2.53 0. 04 0.09 1.54 0.98 0. 0.32 | 0.35 | 5.99 |5.57[9.31
P, 05 0.10 0. 44 0.17 0.15 0.11 0.11 0. 0.07 | 2.11 | 7.95 | 5.77 | 3.82
LOI 2.15 1. 66 2.23 2.26 13.05 | 12.06 3. 0.36 | 2.57 | 1.12 | 2.30 | 1.55
Total 100.00 | 99.15 | 97.77 | 97.73 | 86.88 | 87.95 | 100.03 | 98.78 | 99.52 | 99.77 |99.68(99.73
La 4.28 159.69 | 10.99 | 10.96 | 11.00 9. 96 8. 38 26.40 | 20.59 | 31.67 |28.82|42.13|10.59|10. 16 13. 82
Ce 10.38 |111.14| 23.72 | 22.72 | 22.96 | 20.51 18.40 | 43.30 | 41.48 | 62.91 [62.72|83.49|23.53(24.98 27.27
Pr 1.60 | 12.37 | 3.05 2.80 2.73 2.49 3.40 4.73 | 5.41 | 7.86 | 8.54 |11.09
Nd 7.78 | 37.35 | 12.45 | 11.78 | 11.87 | 11.97 14.90 | 18.60 | 22.92 | 30.31 |36.93|44.91|14.86{15.02|24.12(14.09
Sm 2.37 8.93 3.67 3.47 3. 45 2.88 4.32 3.99 | 5.31 6.41 | 8.72|10.34|3.85|3.86|5.48 |3.10
Eu 0. 83 2.61 1. 00 1.17 1.31 0.95 1. 0.72 | 1.56 | 1.71 | 2.10 | 2.34 | 1.22 | 1.04 | 1.56 |0.83
Gd 3.05 6. 34 4.28 3.91 3.51 2.98 6. 3.45 | 5.36 | 5.47 | 9.11 |11.09| 4.41 | 4.45 | 5.66 |2.96
Tb 0. 57 0.73 0.71 0. 66 0.55 0.51 1. 0.64 | 0.82 | 0.91 | 1.59 | 1.97
Dy 3.76 3.24 4. 48 4. 25 3.56 3.29 8. 4.09 | 4.84 | 5.88 [10.05|12.63| 4.97 | 5.60 | 6.60 |3.04
Ho 0. 80 0.58 0.93 0.93 0.75 0.70 1. 0.87 | 1.05 | 1.31 |2.28|2.75
Er 2.35 1. 66 2.80 2.67 2.28 2.10 5. 2.81 | 2.88 | 4.01 |6.26|7.37|3.24|3.59 |4.64|1.87
Tm 0. 37 0.24 0. 45 0. 44 0. 35 0. 33 0. 0.44 | 0.45 | 0.65 | 0.94|1.10
Yb 2.34 1.61 2.89 2.85 2.41 2.31 4. 2.66 | 2.95 | 4.41 [6.28|7.17|2.93|3.52|4.73|1.75
Lu 0. 37 0.23 0. 45 0.43 0. 38 0. 38 0. 0.36 | 0.46 | 0.76 | 1.04 | 1.13 | 0.42 | 0.54 | 0.48 |0. 27
Total 40.85 |246.72] 71.88 | 69.05 | 67.09 | 61.36 | 115.96 |[113.06|116.10|164.30{185.402239. 50
(La/Yb)n| 1.31 26.54 | 2.73 2.76 3.27 3.09 1.28 7.12 | 5.01 5.15 | 3.29|4.22|2.59|2.07]0.00 |5.66
0Eu 0.94 1.01 0.77 0. 97 1.14 0.98 0.98 0.58 0. 89 0.86 | 0.7210.66|0.90|0.76 | 0.85 |0.83
Sc 17.48 | 41.55 | 30.48 | 27.90 | 12.50 | 15.95 54.00 | 18.09 | 23.54 | 22.24 | 6.40 [15.59
Co 21.40 | 48.76 | 28.05 | 26.82 6.58 7.12 1.52 | 1.35 | 1.09 | 7.07 |11.32
Ga 17.53 | 17.99 | 15.47 | 13.95 | 16.35 5. 44 13.49 | 17.86 | 18.51 | 8.96 |21.50
Rb 68.33 | 3.33 0. 68 3.71 38.20 | 23.85 13.00 | 60.52 | 76.58 |105.60(48.37| 5.92
Sr 978.33 |145.89| 694.52 | 563.14 | 270.91 | 264.66 | 114.00 |254.10]234.80|161.70|48.70580. 80
Y 18.05 | 22.98 | 27.50 | 26.39 | 22.47 | 22.28 36.40 | 18.30 | 29.56 | 31.46 |58.94(65.01
Zr 89.08 | 63.56 | 70.90 | 63.53 | 66.34 | 64.06 | 103.00 [187.30(213.50|211.70|84.00(111. 70
Nb 4.76 4.26 3.90 3.20 2.94 3.85 6.00 7.80 | 8.92 | 9.46 | 7.29 |8.28
Ba 1960. 25| 16.92 | 24.08 | 67.97 | 470.78 | 272.04 | 141.00 [5592.5005321.006614. 00351. 90/32. 30
Hf 2.22 1. 64 2.04 1.75 1. 84 1. 88 5.89 | 6.80 | 6.65 | 2.35]3.23
Ta 0. 24 0.16 0.15 0.15 0.17 0.16 0. 60 0.68 0.71 | 0.52 ] 0.60
Th 13.21 | 0.27 2.28 1.96 2.72 2.71 2.00 9.90 | 11.59 | 11. 50 [10.33|15. 34
U 3.38 0.07 0.53 0.53 0. 64 0.59 2.04 | 2.36 | 2.17 | 1.74 ] 4.02
Pb 13.67 | 16.30 | 14.38 | 4.21 |13.37
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Table 2 Abundances of major elements

(%), and concentrations of rare earth and trace elements (ng/g) of

volcanic rocks from the Caotangou Group

P A3 INRAGE, 19955 R, 2002
Fogi WMEE | REH | TRE ks &) LU AP
5 D08-1 D08-2 D08-3 D10-1 D10-2 D10-3 D104 1004-2 I-5 1-24 14
SiO, 83. 04 57.07 43.01 66. 56 63.19 71.48 72.25 57. 86 54. 07 71.35 77.53
TiO, 0.32 0.49 1. 38 0.69 0.63 0. 45 0.44 0. 84 0.32 0.48 0.21
Al, Oy 0. 24 10. 50 10. 85 3.09 1.91 1. 29 2.25 15. 04 10. 35 12. 87 10.91
Fe; O 5. 54 11.43 9.05 10. 39 14. 88 11.94 11.96 3.25 0. 60 1. 87 0.83
FeO 1.98 2.62 6. 54 2.98 1. 16 1. 05 0.61 6.65 2.85 1.74 1.52
MnO 0. 04 0. 30 0.19 0.07 0.16 0.12 0.06 4.98 0.57 0.13 0.03
MgO 1.70 4. 36 6.53 3.20 1. 66 1.22 1.27 0.13 2.57 1. 05 0.68
CaO 3.12 8.61 12.06 5.37 2.79 2.26 2.10 2.35 12.99 1.59 0.97
Na, O 0.09 0.13 0.08 0.16 0.08 0. 05 0.07 4. 26 2.50 3.20 4.90
K, O 1. 32 0. 25 0.22 2. 86 4.09 2.16 3. 19 0.42 2.22 3.29 2.52
P,0O; 0. 69 0.01 2.19 1. 60 6.43 5.57 2.15 0.15 0.14 0.06 0.07
LOI 1.47 3.98 7.70 3. 31 3.22 1.93 3. 40 7.91 11.65 1.62 1.68
Total 99. 55 99. 75 99. 80 100. 28 100. 20 99.52 99. 75 103. 84 100. 83 99. 25 101. 84

La 20. 44 49. 05 8.98 49.93 45, 38 36. 68 39.23 19. 50

Ce 40. 10 100. 87 20. 00 106. 49 93.15 75.94 80. 89 28.50

Pr 4. 36 10. 66 2.78 12.74 11.79 9.75 10. 42 5. 60

Nd 16. 28 40.08 12. 83 52.34 47.21 39. 65 42. 26 17. 00

Sm 3.29 7.35 3.49 12.12 9.58 8.59 8. 82 4.50

Eu 0.74 1.70 1.20 2. 81 2.47 2.43 2.53 1. 30

Gd 3.04 7.95 3.95 11. 40 9.65 8. 65 9.08 5.00

Tb 0.49 1.23 0.70 2.11 1.47 1. 38 1.49 0. 82

Dy 2.62 6. 60 4.47 13.07 8.70 8. 11 8.33 4. 00

Ho 0.52 1. 36 0.93 2.79 1.91 1.75 1.79 0.83

Er 1. 45 3.78 2.59 7.76 5.61 5.01 4.96 2.65

Tm 0.23 0.55 0. 39 1.21 0. 85 0.78 0. 80 0. 60

Yb 1. 44 3.52 2.58 7.84 5.70 5.09 4.95 2.15

Lu 0. 20 0. 54 0. 39 1.22 0.93 0. 80 0. 82 0.20
> REE 95.19 235.23 65. 26 283.82 244, 40 204.61 216. 35 92. 65

(La/Yb)n 10. 15 10. 00 2.50 4.57 5.72 5.17 5.69 6.51

SEu 0.70 0.67 0.98 0.72 0.78 0. 85 0. 86 0.83

Sc 38.05 14.68 11.94 9. 60 9.73

Co 30. 27 2.78 1.98 1.53 1.58

Ga 19. 95 24.67 16. 71 17.52 17.59

Rb 3.97 71.53 38. 33 75.67 77.89

Sr 512. 30 190. 40 165. 80 99. 40 105. 50

Y 14.43 36.09 21.99 76.68 52.34 48.16 49. 46

Zr 78. 80 356. 40 309. 90 244. 80 249. 80

Nb 2.64 10. 84 9.10 7.78 7.95

Ba 108. 10 1105. 30 651. 00 860. 00 865. 10

Hf 2.31 9.05 7.68 6.25 6.24

Ta 0.13 0. 65 0. 54 0.42 0. 44

Th 1. 99 11.08 9. 54 7.51 7.22

U 0.63 2. 46 1.99 1.47 1. 45

Pb 6.70 19. 98 24.28 13.47 10. 21
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HR2
KU VRS, 1998; F 1, 2002
P VB A
BB I-54 I-55 1-65 1-66 I-25 29-Jan 1-70 1-62 I-75 1-76 1-67 1-68
Si0, 72.61 77.40 | 74.52 70. 75 73.92 | 73.47 74.77 73.20 | 76.51 | 48.44 48.51 49.55
Al O 0.36 0.23 0.07 0. 36 0.03 0.27 0.07 0.25 0.01 1.56 1. 80 1.62
TiO, 12.42 11. 24 13.92 14.63 13.79 11.95 13.95 13.40 13.00 15. 40 13.90 14.61
Fe, O 0.67 0. 04 1.00 2.41 0. 87 0.33 0. 87 1.64 1.65 2.31 3.68 3.95
FeO 2.22 1.86 0.35 1.16 0. 66 3.39 0.31 0.92 0.14 6.83 10. 26 7.78
MnO 0.10 0.02 0.17 0.04 0.08 0.05 0.02 0.01 0.02 0.07 0.12 0.07
MgO 1.79 1.42 0.21 0.79 0.19 2.77 0.23 1.78 0. 68 8.18 7.08 6.23
CaO 0.47 0.38 0. 24 0.81 0.85 0.52 0.18 0. 69 0.41 8.18 4.47 8. 69
Na, O 4,22 5.26 5.51 3.84 4.70 4.62 3.46 2.95 2.81 2. 60 3. 46 3. 40
K, O 2.13 0. 50 3.31 3.10 3.57 1.34 3.98 2.30 2.63 0.70 0.27 0. 40
P, 0 0.75 0.05 0. 04 0.07 0.05 0.07 0. 04 0.05 0.05 0.23 0.27 0.23
LOI 1.56 0.98 0.77 1.89 0.92 2. 80 1.47 2.35 1.45 5.16 5.08 2.85
Total 99. 30 99.38 | 100.11 | 99.85 99.63 | 101.58 | 99.35 99.54 | 99.36 99.66 | 98.90 99. 38
La 32.00 8.20
Ce 68. 00 14. 90
Pr 8. 90 4.20
Nd 41.00 10. 50
Sm 8. 00 3.10
Eu 1.63 1.00
Gd 7.90 6. 40
Tb 1. 00 1. 30
Dy 7.00 3.80
Ho 1.20 0.83
Er 3. 80 1.60
Tm 0.68 0. 27
Yb 3.30 1.98
Lu 0. 44 0.98
Y REE 184. 85 59. 06
(La/Yb)n 6.96 2.97
3Eu 0. 62 0.67

2 M7k AR 5 e

ARTOR 2R B RHIE SR 12 45 SOl s+ L FIR
FENEVARERT 7 R KA RE R EAT T A A R
TR AT M AR AR AL 5K 2 b sk 5 25 A Rl 2
B ny ICP-MS 5256 28 58 L. W4 Jf 3258 4 3 AT A
(PN AE 28,1995 ; F 1, 2002) b Bk £k 2% 43 BT 45 5t 20
fEGR 1.2, X 12 kG # #1717 Rb,Sr.Sm,
Nd 1 Pb [Al43 24087, 038 T A8 F o b Jo A 2 e
Hi SR BT RV, 38 S 00 25 ) MAT 261 [& 4 W] 437 26 i
T F A7, Nd 6] A7 % B & 2 18 AT Nd/™ Nd =
0.7219,Sm/Nd FLfE I E R BT 0. 1%, Sm F1 Nd
WA 1 =5X 10" " g5 Sr [A) {37 2 57 L 7348 A1 Sr/*° Sr
=8.37521,Rb/Sr FLAEI X BT 0. 1% ,Rb F1 Sr
MAEEE=10 " ~10 "g, LIRS WK%
TR A (1987) Fl B2 VT 45 (1990) 3 . Wi 48 7 T i b
FRETAN GRIZTE S 199D M g5 3% 7 10 (% 3. B[]

AR I TE r [ ) 25 B 1 J5T 5 b 2Ry $HLBAE 5 o [) o7
R % AT VG354 [ BT E G AT . Pb i fE 25
INTF 11X 1077 g, bR AE (NBS9SD) ™! Pb/® Pb =+ 16,
27 Ph/*° Pbt 15 FI** Pb/* Pb+ 1o f ik fE 43 5] H
0. 059003 4= 0. 000084, 0. 91439 £ 0. 00017 F12. 16441
£0.00097,, T 40 52 50 i AR UL TR A (1988) , 45 2L I
F 4,

B U-Pb 48 F) A Jb 50 8 F 55 oo
SHRIMP- I 2k HI45 #E D & 72 7 47, 1% 40 19 70 B it
T2 DL 50— 45 (2003) F# P 4 (2003) B TR 408 34 .
Joj FH KR ] 5 1l 5T o s Jm b HE B 41 TEM i 47
T 2R [H] 119 43 18 A58 TE o FH LK R I [ 37 R 2% b 2 B b
HERELT SL13(572 Ma, U=238X 10 %) 7 & £ i 11
U.Th & Pb &, Hduab 3R Isoplot .,
i Pb pH SZI P A IE . T A I A AR 223558 26,
TR 2 P/ U kT 348 # B 9500 1) & {5
JE L RE G QDO4-72 ) SHRIMP £ 47 U-Pb il 4 4%
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Table 3 Isotopic analyses for Rb, Sr, Sm, and Nd of volcanic rocks from the Xieyuguan and Caotangou Group
Rb Sr 87 87Q Nd 17 Q 143
H)Z b g EME | FER Rb St 2 Sm Nd 26 Is: Ina end | ZDM | fsm/Nd

(pg/| (ug/g)

86 Sy %Sy 4 Cug/e\ ug/e) T Nd T Nd

¥ 7% A|QD04-08(73. 56 [1057. 10/0. 2013 | 0. 70649 (11| 7.33 |44.55|0.0995]0.512256|14]0.705138|0.511948|5.42(1192—0. 49

T QDO04-09| 0. 69 [149.900.0132] 0.70354 |10] 2 8.11 10.19970.512944|14]0.703453|0. 512327 (12. 812233 0. 02
QD04-12| 0. 49 [782.70|0.0018|0.707062|13| 3 14.93(0.1582(0.512609|11|0. 707050 0. 512120(8. 77 {1483—0. 20
Iﬁé QD04-13| 1. 40 [613.50(0.0066|0.707003|11| 3 13.24(0.1583(0.512590(14|0. 706959 0. 512101 8. 40(1538—0. 20
* QDO04-16|38. 78]292. 80 0. 3832(0. 707850|12] 3. 12.35(0.1493(0.512533|15|0. 705273 0. 512071 (7. 83 1458—0. 24
. QDO04-17|23.52(285.50|0. 2384(0.707582| 9 | 2 10.7410.151210.512529|13]0.7059790.512062|7.63[1512—0. 23
ﬁé ] | Q8641 4,95 1496.93]0.0100(0. 706520 4 | 4 18.00(0.1510(0.512510(18|0. 706453 0. 512043 (7. 27 1553—0. 23
9\& XA Q8642 | 0.36 |476.73]0.0010(0.706720| 4 | 4 18.03(0.1364(0.512390(11|0.706713|0.5119685.81(1496—0. 31
# Q8643 | 0.72 |738.61(0.0010[0.706350|15| 4. 20.52|0.1366(0.512436|12|0.70634310.512014|6. 70{1409—0. 31
K Q8644 | 0.96 |740.61]0.00100.707370(10] 4. 16.68(0.1564(0.512540(11|0.707363|0.512056|7.53(1619—0. 20
I Q8646 |15.14]926.08]0.0160|0.707240] 2 | 1 7.8310.1519|0.512508(28]0.707132|0.512038|7. 181580—0. 23
Q8648 | 2.76 |291.15]0.0090(0.708390(13]| 5 23.80(0.1386|0.512432| 8 |0.708329|0.512003|6.50(1455—0. 30
Q8649 | 5.05 |322.55(0.0160]0.707550| 8 | 3. 14.06{0.1330(0.512394|14|0.707442|0.511983 (6. 09 (1426 —0. 32
L%l D03-1 |11.51(405.49(0.08210.706885|10]( 5. 22.92(0.1400|0.512601|12]0.706333|0.51216810. 971135—0. 29
Z A D08-3 | 3.97 |512.28|0.0224(0.705440(10| 3. 12.83(0.1647(0.512678|11|0. 705289 0. 512171 [10. 191465—0. 16
L - D10-1 |71.53|190.41{1.0873(0.711977|13|12.12]52.340.1399{0.512557{11]0.704696|0.5121269. 25(1225—0. 29
i i’& DI10-2 |38.33|165.77]0.6691|0.710064 13| 9.58 |47.21(0.1227|0.512553| 9 |0.705583{0.51217510. 171000—0. 38

W e

i
D10-4 |77.89]105.53|2.1376 0.

(=}

DI10-3 |75.67| 99.42 |2.2042|0.718198|12] 8. 5¢
717990(10] 8. 82

39.65|0.1311]0.512566|11|0.703438]0.512163{9.94(1077—0. 33
42.26(0.1262|0.512554| 8 |0.703676|0.512166|9.99(1037—0. 36

T - Q8641 ~ Q8649 Ff i i 7K % ¥ 25 (1994) B Ve M TOBT AL IE , 4E IS (il ¢ =472 Ma (QD04-13=472 Ma, SHRIMP); ("7 Sm/"! Nd)cnur =
0.1967; (**Nd/" Nd)cuur =0. 512638, (*"Sm/"* Nd)py=0. 2137; (**Nd/"** Nd)pm=0. 51315 (Peucat et al. , 1988); Asn =6. 54X 10 2
(Lugmair et al. , 1978); Ar,=1.42X 105 x5 = 9. 8485 X 10 ' (decay constant of 2 U); Ag = 1. 55125 X 10~ ' (decay constant of ?*$U)
(Steiger et al. » 1977); HAARX: ena (O =[ BN/ N i/ Nd/" N cqur, « 1] X 101 BN/ N cpur, =0. 512638 —0. 1967 X (e!!
— 1) (¥7Sr/%Sr); = (3"Sr/3%° Sr) cample. + — (]TRb/*Sr) cample. + X (e!* —1) 5 (M3Nd/M Nd); = (M3 Nd/" N sample. « — (M7 Sm/MM Nd) gample, « X el —
s tpm=1/aX1In {L ¥ Nd/™ N sumpte, 1 — PN/ N pm, J/LCY7Sm/ M N qample, «— (H7Sm/ M Nd) pv, « ]+ 1} 5 fsmnag= (Sm/Nd) s/ (Sm/
Nd) cgur —1=[ (7" Sm/" Nd)s/0.1967]— 1, S—#Ef, CHUR—ERBL A7 .

R4 BIAXBMEMREGEALE P EAAE

Table 4

Isotopic analyses for Pb of volcanic rocks from the Xieyuguan and Caotangou Group

. o 206 Pb 207 Pb 208 Pb 207 Pb 208 pb
iﬁ]‘ E ﬂij’ ‘é" “ ‘ﬁ +$Lﬁ5 ZOlpb zopr ZOrll’)b ZOGPb ZOGPb
RS R B B I XA D03-1 17. 8756 15.5328 37.8110 0. 8689 2.1152
P W= D08-3 18.0785 15.5718 38.0558 0.8613 2.1050
EiiE= D10-1 18. 0893 15.5936 38.1111 0.8620 2.1068
B Y B PSRN T A Z1l A D10-2 18. 0894 15. 5907 38. 0830 0.8619 2.1053
Z s D10-3 18.1212 15.5562 37. 8852 0. 8585 2.0907
s D10-4 18. 0649 15. 5389 37.7354 0.8602 2. 0889
WRES, ~0.80%,
2.1 £EEXE 22 BIMMETE

o0 F A 45 S R WY R G R R R R 7 R
LA B DO AR 3. o, RhE SCHE kLA &
B TH R4 ; RERER B 8 5 TH R4,
i — R E E W L CA R F (F 2), SiO, &
HAE R BE T N R R AR A A, HRENE
WHE LS Z2 o — TR b B R e D
(E 2), R eI ME—h SRk kLA ) TiO, &
ALK (0. 40% ~1.75%) , ZHEH T 0. 40% ~
0.82% , R M —R M K I 11 TiO, & &5 °40. 36 %

BH JETE K1l A i 1 o0 F R A F 40, 85~
246.72 pg/g. o, BV AR X AR, S 40. 85
~71. 88 pg/g. P—RYEME & Y 1A] T 113. 06 ~
246.72 pg/g. FEVEM H M LREE % & %[ (La/
Yb)=1.31~3. 27 ], B Bt A A5 fE 46 76 I 43
KELBIE (B 3a), h—RMEMHE &1 LREE B3
WL (La/Yb)y=4.22~26. 54 ], & 1 i 50 & 5[]
FER AWK (B 3b), N-MORB 7 #E fk 1) 5 i T %
W B L B BRI E MR TR AT R
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Table 5 SHRIMP analyses for zircon grains from the volcanic sample (QD04-13)
% (Ma
. 206 P, U Th 206 Pl * 207 p, —+ 207 pt, + 206 pp, + i (Ma)
IR X | Th/U 708 5 =T wipp | £
%) (X1075) | (X1076) (X1076) | *Pb | (%) | U | (%) | *U | (%) | 5=
UL OD
QD04-13-1. 1 0. 36 178 130 0.75 34.2 0.0897 | 1.9 2.750 3.5 10.2223 | 2.9 1294 34
QD04-13-2. 1 0. 30 272 238 0.90 17.7 0.0627 | 2.8 0.652 4.0 | 0.0755 | 2.9 469 13
QD04-13-3.1 1.82 104 66 0. 65 6.48 0.0624 | 9.0 0.615 9.6 |0.0714 | 3.3 445 14
QDO04-13-4. 1 0. 44 242 195 0. 83 14.9 0.0630 | 2.9 0.621 4.4 10.0714 | 3.3 445 14
QD04-13-4. 2 0. 80 189 127 0. 69 13.2 0.0570 | 3.7 0.633 4.7 1 0.0805| 2.9 499 14
QD04-13-5. 1 0.55 234 384 1.69 15.7 0.0566 | 3.3 0. 604 4.4 10.0774 | 2.9 480 13
QD04-13-6. 1 0. 60 241 198 0. 85 17.3 0.0844 | 3.4 0. 968 4.6 | 0.0832| 3.1 515 16
QD04-13-7. 1 - 209 176 0. 87 13.4 0.0654 | 3.2 0.673 4.8 | 0.0746 | 3.6 464 16
QD04-13-7. 2 0.15 250 217 0.90 16. 4 0.0592 | 2.6 0.621 3.9 10.0760 | 2.9 472 13
QD04-13-8. 1 0. 35 254 184 0.75 17.3 0.0580 | 4.6 0.630 5.5 10.0788 | 2.9 489 14
QD04-13-9. 1 0. 00 146 107 0.76 9. 04 0.0621 | 3.8 0.619 4.9 10.0723 | 3.1 450 14
QD04-13-10. 1 0. 26 560 361 0.67 37.1 0.0554 | 2.0 0. 588 3.5 10.0770 | 2.8 478 13
QD04-13-11. 1 - 235 394 1.73 15.4 0.0627 | 2.6 0. 660 3.9 10.0764 | 2.9 475 13
QDO04-13-12. 1 0.55 87 61 0.72 5.77 0.0662 | 9.7 0.698 | 10.0 | 0.0764 | 3.4 474 16
QD04-13-13. 1 0. 96 100 57 0.59 6. 34 0.0587 | 14.0 | 0.593 | 14.0 | 0.0733 | 3.4 456 15
2P, AT (20 5 29Ph — AT & (X 1070
FeOt
S 2fF
S Alkaline
M -
& o
< 6F
Z oY
° Subalkaline O
i o | | (b)
L ® | Q L ] !
40 50 60 70
K,0+Na,O MgO Si0,(%)
R B St gt M B AIEHEE o T R
(Xieyuguan Group): ~ basalt medium-acid rock (Caotangou Group): "~ basalt medium rock ~ acid rock

K2 RS ORI MV B 1l A A-F-M E f# (TIrvine et al. , 1971) Filfg-5 & (Le Maitre et al. , 1989)
Fig. 2 The AFM (Irvine et al. , 1971) and TAS (Le Maitre et al. . 1989) diagrams for volcanic rocks

from the Xieyuguan and Caotangou Group

(LILE, 40 Sr.K.Rb.Ba F1 Th) B & & 4& . 1fii #H %}
N-MORB #1973 6 % (41 Ta.Nb,Ce P . Zr,
HE.Sm.Ti.Y Fl Yb) 3 B . F¢ HUE B B 1% Ta . Nb {i§
A (K 3ed) s JB7R T BT 8 9L A RRAE
eI B R K Ll (IR A 58 A B
TICEREHE N 59. 06~65. 26 pg/g. PR VEM &
[ 1] T 92. 65 ~283. 82 pg/g. FMEWE H I LREE
H s AL (La/Yb) =2, 50~2. 97 1, BRORL B A1 b 1fE
fEff T R R A WUE (K 3e). Bt &
() LREE % % %[ (La/Yb)x=4.57~10. 15, %
A A4 IE R A 2 A WUE (B 30 . N-MORB #5 1
b ) U T 2 R [ b RV LA R B
F AU (LILE, W1 Sr K. Rb.Ba 1 Th) B &} & 4&,

1M AH X N-MORB %A% 9 15 3 58 o€ & (41 Ta, Nb,
Ce.P.Zr Hf.Sm.Ti.Y Fl Yb) &£ &, LA & W] & #Y
Ta . Nb k7% (E 3g.h) s /R T SR 1 5 9Kk 1l s 1)
R

ARHINE A B VA A K 1L A IR OEu {E (0. 62~
L1 B 7R W) IR 2 B2 S 11 o3 B8 445 it e B A 11K
WG A PR A o A AR S .

i ER Ak 2% 4 1 2 5% ) 0 1A b Ak 0 G A A R
RS A 4 HI/ Th<<3 19 5 95 A 1 % i
FIXCE 4D, 325X S0 35 PR I 5 T8 T 5 AR B o
FE TR DG 1 2 IR B8 L 0 oA 1 35 1 4R o Al v B0 AR
YmA
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(a) : (b)
= 100F = 100F
N E F
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& | H|
o= 105_ —o E\§ 102-
i E a b
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Pr Sm Gd Dy Er Yb La Pr Sm Gd Dy Er Yb
Ce Nd Eu Tb Ho Tm Lu Ce Nd Eu Tb Ho Tm Lu
©
n 10F m 100k
o F o E
o o C
= = 1ot
< gk z :
oE E o= .
i F fvin 15
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1
Sr Rb Th Nb Ce Zr Sm Tb Yb Sr Rb Th Nb Ce Zr Sm Tb Yb
K BaTa La P Hf Ti Y K BaTa La P Hf Ti Y
(e)
‘ 100 I
S : 2 100k
= = f
g 10F =10k
M £ 3 E
e e
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Pr Sm Gd Dy Er Yb L Pr S Gd Dy Er Yb
Ce Nd Eu Tb "Ho Tm Lu e "NE ™ Ew Th  Ho “Tm Lu
- (2 ;
100 100
m E o
2 :
= 0% 1
z f z
a3 r oZ
r1F o
: 0.01F
1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 b 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
St Rb Th Nb Ce Zr Sm Tb Yb St Rb Th Nb Ce Zr Sm Tb Yb
K BaTa La P Hf Ti Y K BaTa La P Hf Ti Y

P 3 b G T AR 4 9 A KL BORE 50 A o A6 A - E 40 R N-MORB A5 v 46 13 7T 3R I0E 181
Ch AL R BB 4G A1 N-MORB {E 4 Sun et al. , 1989; [l [ &l 2)
Fig. 3 Chondrite-normalized REE patterns and N-MORB-normalized trace element patterns
for volcanic rock samples from the Xieyuguan and Caotangou Groups
(the values of chondrite and N-MORB used in normalzing the samples are after Sun et al. , 1989;

Symbols are the same as those on the Fig. 2)

2.3 Sr, Nd #1 Pb @ % 0.512327, 24 HF 0. 512003~0. 512327 [i], B

RHRSCHE SO E MR s Sr L E LR K, H WHE KWL A Y Sro b fH S 0. 703438 ~
0.703453~0. 708329, 7] fE J&- A A G WA s ph A8 ¥ 0.706333, 97 4 Nd Ho fH 4 4 7 F 0.512126 ~
BLH . B Nd EGAE A A 8 4R, o 0. 511948 ~ 0.512175, A CHE A B WV BE AL A9 ena (H Y
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H1/3

Th Nb/16

Bl 4 JEiE kil HI/3-Th-Nb/16 4 3% 25 58 ) 51 B
(#F Wood,1980)

Fig. 4 Th-H{/3-Ta discrimination diagram (Wood,
1980) showing tectonic setting of volcanic rocks from
the Xieyuguan and Caotangou Groups
WPB— RN L R 45 EMORB—& g ¥ b B XA N-
MORB—IE# # i # LR s IAT 85 R 5t X R CAB—
RS R X B s Sk R DN SICRL BE X ) A e KR
s KPR TURRY) S . PR 25 87 Sk R IR K

eh TR 1 )
Symbols are the same as those on the Fig. 2. Arror showing an

increasing of sediment input into primitive magma

IEAR (5. 42~-12. 81) , 3 W] b3 S 1 20 ok 74
BE LA 350k H R 4R Mg R XL 7E (7 Sr/% Sry)-
YNNG A E L R kLA 5 A EMI A
EMII X i85 (] 5a) .,

ARHIE 5 T RN 08 B KL s 1P Ph/* Pb,
DTPh/*t Ph ¥ Pb/** Pb 4y B Sk 37.8110 ~
38.1111.15.5328~15.5936 i 17. 8756~18. 1212,
FEX"Pb/* Pb-"" Pb/*" Pb Wy Fl [ I, A & B A1
M dE LA FAE RS HERZ L E A
MORB F1F #i 52 (LCC) () 3 ¥ X 38k (& 5b), 7
FOPh/* Pb-(*"Sr/* St H 3 B Lo AR 3G TR RN R i
TR L AS BB S 43 A T K Rk J5T b 2R (BSED Fi19)
I Hu g (PREMA) B3I (& 500, 7T BB /& 25 A1 ) 101 1k
AR B . 7R Pb/* Pb-(""" Nd/"* Nd) | 51 & I,
TR KL S U R R 43 A T EMI AT EMIT X 22 [a] (&
5d), 5 & Sa JF 7R — B, W AR ST R E R TA FE K
L B 3R U8 XA 4R g YR X

St Nd.Pb [f] {37 2 20 W25 45 43 B 3= BT, b 5%
T 0 M 3 R KL ) 2 SRR X O TR e 1) A
VA DX o 2% B A0 S R 5 R 3 R L 2 2 A AR
I R R b 8 TR e 1 7 B 0 T P AR O S R R R
TE R LU A 55 00 o 4 JHAH G 18 28 3R B i 7 0
T T B AR

2.4 SHRIMP $57 U-Pb £

AAHIE G RE A2 A A i (QDO4-13) gk Y 85 A
WORL KNS — B KR BEZY 220 pm, 541 2 RFEAR
HE &, FLORY Y 25 0 R 5 P00 454 9 % B A L A%
AN T RIURE PN 5 5 A A (B 6D

AT BE B 0 AR QDO04-13 B4k A L ik fr
T 15 A S AR A I R (R 5) . o, B AN UKL A
- FLBE A F O T SR A A A (E S PR AR 25 SR R B
X R [ 45 A 3 SHRIMP 4F % 78 15 22 i [l 4
FAR — B Can P S QDO4-13-4. 1 5 QD04-12-4. 2,
QD04-13-7. 1 5 QD04-13-7. 2, L3 5). 15 4~ 45
A, — N A (QDO4-13-1. 1) AR I B . Sk 1294 +
34 Ma, 0] GBS 55 A0 il 5 00 B A o] BEAR AR Y 72
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Fig. 6 Cathodoluminescence images showing the external appearances and internal structures of

the zircon grains from the sample QD04-07
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and Caotangou Groups: Implications for the North Qinling Orogenic Belt

of Volcanic Rocks in the Xieyuguan
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Abstract

Geochemical analyses in the present paper showed that volcanic rocks in the Xieyuguan and Caotangou
groups are predominated by the subalkaline series, in which basaltic lavas are mainly tholeiitic series,
while the intermediate-acid rocks in the Caitangou Group are characterized by calc-alkaline series. Basaltic
lavas in the Xieyuguan and Caotangou groups are slightly enriched in LREE ((La/Yb)y=1.31~3.27),
while the intermediate-acid lavas are significantly enriched in LREE ((La/Yb)y=4.22~26.54). Low Eu-
values (JEu=0. 62~1. 14) of volcanic rocks in the two groups indicate a poor fractionation and very weak
partition of plagioclase from a primitive basaltic magma. Typically, volcanic rocks from the two groups are
characterized by selective enrichment of LILE, low abundances of HFSE relative to N-MORB, and
pronounced troughs at Ta and Nb, which indicates that these volcanic rocks were formed in an arc setting.
Isotopic analyses for volcanic rocks from the two groups show wide ranges of initial strotium (0. 703438
~0.708329), and initial neodymium (0. 512003 ~0. 512327). Positive eng values (+5.42 ~ +12. 81)
indicate that these volcanic rocks were derived from enriched mantle (EMI and/or EMII), with crustal
contamination. SHRIMP U-Pb analyses for zircon grains from a basaltic sample yielded a mean age of 472
+11 Ma (n=14, MSWD=1. 94), which clearly identifies an early Ordovician volcanic arc, or subduction-
accretion orogeny in the early Paleozoic in the North Qinling organic belt. A xenocrystic core within a
zircon grain with an age of 1294434 Ma, together with ¢,y ages, indicates that the primitive magma was

apparently contaminated by Proterozoic crust.

Key words: Xieyuguan Group; Caotangou Group; volcanics; SHRIMP; geochemistry; Sr-Nd-Pb

isotopes; tectonic setting; Qinling



S AF tE20MExHMERLE L L ERENEREERRTEYSE,

'SHRIMP £{BEH X

. BREEE. I BeiRiEE M0 MET (CuFeS: ) Mer,

SRmE P B Rk, Bkl R (R E )
ARl MR E R . fERES SRS T EREE RS

400mm; ELEHF H&=135mm,

2004

M =






