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Xing’ an volcanic belt in the Uragai region are of great importance to the exploration of the subduction history of the Great Xing’ an
Range in the NE China. On the basis of detailed field geological survey, in this paper it makes a comprehensive study on the
geochemistry and Sr-Nd isotope characteristics of the orbicular rocks and its host rocks in Uragai area, Inner Mongolia, and
discusses its magmatic source and formation mechanism. The analysis results show that the Uragai orbicular rock and its host rocks
have high silica (Si0,=75.35% —76.21%) and alkali (K,O-+Na,0 = 7.30% —7.45%), but low aluminium (Al,O; = 9.82% —
11.30%), Mg" value (Mg® = 4.52—14.47), chromium (Cr =14.5X10°—22.5X10"°), and nickel (Ni=1.84X<10"°—3.97X
107°%), indicating a crustal magmatic source. Trace and rare earth elements (REEs) show post-orogenic volcanic rock features:
obviously enriched in large ion lithophile elements (LILEs, e.g., Rb, Th, K, LREE) and high field strength elements (HFSEs, e.
g., Nb, Ta, Zr, HREE). The Nb negative anomaly is not obvious in N-MORB standardized diagram, with significant
differentiation between light rare earth elements (LREE) and heavy rare earth elements (HREE) (LREE/HREE = 5.21—6.70).
The initial ¥Sr/*Sr (0.705 9—0.713 7) is higher than the MORB of modern ocean (0.702 29—0.703 34), which also suggests a
crustal source. However, the "Nd/"™Nd (0.512 456—0.512 528) was lower than the value of modern oceans (0.512 99—
0.513 30), and with eyyvalue from +4.8 to +6.2, which shows depleted mantle signature. Study shows that the magmatic source
of Uragai orbicular rock and its host rocks originated from the lower crust, and with participation of depleted mantle material. The
obviously depleted Sr, Ba and Eu suggest the fractional crystallization course, and the rocks formed in a stable in-plate tectonic
environment. Major and trace element diagrams also show the post-orogenic A-type granite features. The study shows that the
orbicular rocks have few reliable geological ages, probably resulted from sufficient low temperature fluids which blocked the
crystallization course. The abundant trapped zircons or other refractory minerals may provide a material basis for the formation of
orbicular rocks. The zircon LA-ICP-MS U-Pb age of graphic granite in the main face of the orbicular rocks is 142.2+2.7 Ma, and
the average age of diabase dikes in the orbicular rocks is 140.5 Ma, and the zircon LA-ICP-MS U-Pb age obtained from
orthophyre, which is surrounding rocks of the main face of the orbicular rocks, is 349.5+3.4 Ma, These age information restricted
the formation age of orbicular rocks at Early Cretaceous(141 Ma=), its host rocks is Early Carboniferous, which is totally different
with host rocks of orbicular rocks in and abroad. Comprehensive research shows that the formation mechanism of orbicular rock
and its host rocks in Uragai area is related to late stage magmatic activity in the Great Xing’ an volcanic belt, largely controlled by
the post-orogenic extension tectonic setting of the Mongol-Okhotsk Ocean in the Early Cretaceous, and it is a product of the large-
scale regional extension and strong magmatic underplating in the Great Xing’an Range.

Key words: orbicular rock; isotope chronology; geochemistry; regional extension; Great Xing” an Range; Uragai area; Inner

Mongolia.
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Fig.1 Geological sketch map of Uragaisumu area, showing the position of the exposed orbicular rocks
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Table 1 Contents of major, trace elements and REE for the orbicular rocks in Uragai area
bRk Na,0+ KO/
s EES Fal i Si0,  TiO,AlLOsFe,0;FeOMnO  MgO  CaONa,0K,0 P,0; syl
i K,O Na,O
1 DI16073b BRI ot A 76.18  0.24 10.11 2.94 1.12 0.094  0.350 0.41 2.59 4.46 0.056 0.90 99.45 7.15 1.72
2 D16081b1 AR f}z E:EJ i 76.06  0.24 10.27 2.06 1.80 0.130 0.099 0.40 3.73 4.71 0.033 0.40 99.92 8.48 1.26
e
3 D16081b2 AR zi “% L 75.69  0.25 10.33 2.00 1.89 0.120 0.097  0.43 3.62 4.68 0.038 0.48 99.61 8.37 1.29
e
4 DI16081b3 KK CHAEK A 76.00  0.25 10.24 3.64 0.45 0.160  0.350 0.29 3.06 4.68 0.040 1.18 100.35 7.81 1.53
5 DI16081b4 BRI SCRAERK A 76.05 025 1041 3.50 0.67 0.067  0.230 0.28 2.76 4.45 0.053 1.14 99.86 7.30 1.61
6 DI16074b  AIERAHIERKA  76.21  0.19 11.30 2.50 0.68 0.066  0.170  0.84 4.00 3.47 0.054 0.71 100.19 7.51 0.87
7 D16071b1 e 7: i( Rl 7543 0.28 9.95 4.78 0.63 0.140 0.210  0.34 2.18 4.90 0.047 1.22 100.11 7.16 2.25
<] £
8  DI16071b2 e *j i( Rk 75.35  0.27 9.82 5.14 0.450.160  0.170 0.26 2.34 5.04 0.043 0.86  99.90 7.45 2.15
b
5 A/CNK Mg* La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y SREELREE/HREE 6Eu
1 1.03  14.33 24.4 87.1 7.92 33.4 6.86 0.77 6.50 1.20 6.89 1.48 3.81 0.654.13 0.60 40.5 185.71 6.35 0.35
2 086 4.65 443 95.9 14.20 59.8 12.20 1.13  11.20  2.05 11.70 2.48 6.50 1.14 7.34 1.09 66.7 271.03 5.23 0.29
3 088 452 306 67.6 9.87 41.3 827 0.77  7.37 1.33 7.40 1.554.04 0.71 4.65 0.69 40.5 186.15 5.71 0.30
4096 1447  16.9 143.0 6.83 282 6.52 0.81  6.39  1.50 9.24 2.30 6.28 1.14 7.25 1.01 56.8 237.37 5.76 0.38
5 1.06 9.78  11.0 844 438 17.7  3.95 049  3.88  0.91 5.95 1.41 3.89 0.71 4.55 0.65 37.6 143.87 5.55 0.38
6 095 946 534 131.0 16.00 64.8 12.6 1.06 11.50 2.02 11.4 2.30 5.97 1.07 6.40 0.96 59.3 320.48 6.70 0.26
7 105 7.2 204 86.6 7.29 29.4 6.27 0.30 578  1.21 7.67 1.69 4.57 0.83 5.30 0.77 44.7 178.08 5.40 0.15
8§ 1.00 569 338 117.0 12.00 48.7 10.20 0.45  9.22  1.91 11.70 2.55 6.85 1.23 8.03 1.15 67.2 264.79 5.21 0.14
5 0Ce(LLa/Yb)y (La/Sm)y Ba Ga Nb Rb Sr A% 7r Hf Ta Li Sc Co Cr Ni Th U Be
1 146  3.99 224 601.00 22.3 31.5103.0 744  10.60 799  6.69  2.14 7.38 2.07 1.36 21.2 1.84 818 185 1.50
2 089 4.08 2.29 8.54 257 31.1121.0 46.1  10.10 799  10.7 1.24 12.30 2.35 2.72 225 3.15  10.80 259 3.07
3091 445 2.33 20.80 26.7 30.6 122.0 50.0  7.67 800  7.41 278 9.87 1.68 2.66 15.6  2.28 7.57 1.74 2.11
4 312 158 1.63 196.00 24.1 29.7 103.0 36.4  10.20 785  9.79  1.51 28.10 3.06 2.28 17.9  3.97 13.80 3.65 3.37
5 285 163 1.75 160.00 26.6 30.6 106.0 30.7  13.50 804  7.17  1.32 18.70 2.04 1.44 16.7 279  9.13  2.32 2.15
6 1.04 564 2.67 52.20 22.3 35.2 87.1 104 923 887 1410 156 7.917.18 3.68 14.5  3.51 11.80 3.64 4.83
7 1.66  2.60 2.05 116.00 34.2 38.5159.0 27.4  11.70 1200  7.35  1.87 8.20 1.70 1.05 19.5 1.88 882 208 342
8 1.36 284 2.09 109.00 35.6 34.7 158.0 28.3 10.90 1100 9.99 2.33 8.64 2.30 2.23 15.8 1.98 12,50 2.88 5.19
VE : F2 4 o0 B 0 B 06 5 Bl o 3R B S B Ry 1076
R2 BREHKESES-NdEMLRAM
Table 2 Srand Nd isotopic compositions of the orbicular rocks in Uragai area
5 HREE Rb‘ St SRb/%Sr  YSr/%Sy Sm‘ N WISm/MNd WNA/ N (TSH/SSr) e To
(1079 (1079 (107%) (1079
1 D16081b1 121 46.1 7.41 0.742 69 12.2 59.8 0.128 22 0.512 79 0.707 8 5.9 644
2 D16081b2 122 50.0 6.89 0.738 96 8.27 41.3 0.125 85 0.512 80 0.706 5 6.2 609
3 D16081b3 103 36.4 7.99 0.743 55 6.52 28.2 0.145 32 0.512 77 0.705 9 4.8 848
4 D16081b4 106 30.7 9.75 0.752 27 3.95 17.7 0.140 26 0.512 77 0.706 4 5.0 783
5 D16071b1 159 27.4 16.39 0.789 44 6.27 29.4 0.134 04 0.512 77 0.712 3 5.1 739
6 D16071b2 158 28.3 15.77 0.787 91 10.20 48.7 0.131 64 0.51279 0.713 7 5.7 671

TE A H R & 1
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35 HERAU-PEHE
351 HRREMEZFHEAU-PbEE EERRAM
FEPSRE LD EFEFEMS, T T LA-ICP-MS
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Fir 35 BROIR 5 T 3225 A R XN R R M SE i, T R
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®3 SHEHRERBARIRIERSE (D16071b1)#H LA-ICP-MS U-Pb 5 45 R
Table 3 Analysis of LA-ICP-MS U-Pb analysis of graphic granite zircons(D16071b1) in Uragai orbicular rocks

i Pb Th U [l 3 Ul 7 [ {32 2 4F % (Ma)
5 o . 2P,/ L 2"7‘Pb/ win/ ) 27ph/ i’ 2“be/ iy 20be/ iy
206pY, 2 28 206pY, =Y 2y

1 51.6 337.9 371.3 0.91 0.0483 0.0013 0.1490 0.0052 0.0224 0.0005 122.3 47.2 1411 4.6 1427 3.2
2 120 780 73.6 1.06 0.0494 0.0026 0.1555 0.0082 0.0229 0.0008 168.6 122.1 1467 7.2 1459 5.0
3531 209.9 189.6 1.11 0.0517 0.0015 0.2623 0.0101 0.0367 0.0009 272.3 61.1 236.6 81 2325 54
4 525 204 4.0 504 0.8237 0.0210 31.7197 6.5902 0.2803 0.0584 0 0 3541.6 204.6 1593.0 293.9
5 126.0 264.3 240.6 1.10 0.0549 0.0010 0.5381 0.0180 0.0710 0.0020 409.3 389 437.2 11.9 4424 119
6 106 66.6 78.8 0.84 0.0481 0.0023 0.1494 0.0078 0.0225 0.0007 105.6 111.1 141.3 6.9 1436 4.4
7 148 940 820 1.15 0.0511 0.0024 0.1639 0.0075 0.0233 0.0006 255.6 111.1 1541 6.6 1484 4.0
8  87.0 413.3 519.9 0.80 0.0488 0.0009 0.2062 0.0058 0.0307 0.0008 200.1 50.0 1904 4.9 1947 438
9 305 59.1 134.9 0.44 00552 0.0013 0.5409 0.0194 0.0711 0.0021 416.7 -47.2 439.0 12.8 4428 126
10 214 141.2 173.3 0.81 0.0491 0.0021 0.1477 0.0069 0.0218 0.0005 150.1 91.7 1398 6.1 139.3 3.4
11 534 354.5 356.7 0.99 0.0478 0.0012 0.1482 0.0050 0.0225 0.0006  87.1 41.7 1404 4.4 1434 38
12 427 2584 2428 1.06 0.0678 0.0038 0.2010 0.0115 0.0215 0.0005 862.7 102.8 186.0 9.8 137.3 3.2
13 357 982 220.2 045 0.0525 0.0014 0.3432 0.0112 0.0475 0.0012 3056 61.1 299.6 85 298.9 7.7

14 40.1 125.6 194.6 0.65 0.0598 0.0014
15 126.0 414 67.8 0.61 0.1587 0.0021
16 100.0 268.3 250.7 1.07 0.0803 0.0039
17 67.0 228.8 307.1 0.75 0.0529 0.0013
18 278.0 133.7 136.9 0.98 0.2032 0.0589
19 94.0 179.9 185.6 0.97 0.0658 0.0013
20 36.6 103.6 122.7 0.84 0.064 3 0.006 4

0.3315 0.0106
9.1745 0.2350
0.5247 0.034 2
0.2853 0.007 9
4.0144 1.599 3
0.6919 0.019 1
0.4199 0.049 2

0.0402 0.0010  598.2 41.7  290.7 8.1 253.8 6.2
04192 0.0103 24426 22.2 2355.6 23.9 2256.7 47.0
0.0471 0.0012 1205.6 944 4283 22.8 296.9 7.3
0.0391 0.0007  327.8 55.5  254.8 6.2 247.0 4.4
0.1136 0.0145 2853.7 474.1 1637.1 323.9 693.5 84.2
0.076 3 0.0016  798.2 444 5340 11.5 473.8 9.6
0.046 9 0.0012  750.0 211.1 356.0  35.2  295.7 7.5

100 pm

B9 TR SR AL i B A TR 6 (CL) B4R
Fig.9 Cathodoluminescence images of analyzed zircon

from the graphic granite

1000 Ma( ¥k BH Hi i 8 A5 s, 2013, K 2% 208 il 6™
A At B L A TR 2R G B 5T SR R ) B — 30, K Tow
AT T g A A HOAR X L g S, 7E (YSr/¥Sr) —
ena K FR B v (L 14) V6 AW v 2B AR R 2% 22 0 v 3
PRI B 30 B2 B H R 2% 0 b X okl TR A
A EMSY—M SR BERRAE R EEW e N
4.8~6.2, R 7 WL AE S, S5 R 62 KA
oA AR RO A Y ena KT O (o PH M BT M 2 H oL,
2013, K 2442 W8 g1 A1y At BE 5L il 1 5 255 45 WF 9 2R

e ) — B, W R AR 52 M 58 21 4 78 KORUE B B i
HETTEK A T By R 2 5 ;W e T, EH W
B T ERAR A A AR IR 18 7 A R XA R
G T AR YA BT A0 A 3K U T R 2 0 i X X
B R A KRR T SR Z A M 5w BE A VR EkOK
Hh e A R (TR 3 45, 2008)
42 FHEIE

kR e M Eae A ERILER Y SIO. M
MR OC R 22, U HIE XA IR A A U A B
ft i 76 & (Cr.La, Yb Nb, Th %5 )t JLF % A 2k 1
ARG, 98 75 5 IR T AN J2 1l 15 SR 10 758 0 945 il sl 485 & 0
S AE B B . fE 78 & Sr.Ba 5 5 21 w5 1 (1A
6b) , S WL T A SR EN S R 0 43 8 A R A AE s La—
La/Sm Y48 B fif (] 15) 4 8 7R 43 55 45 di AE k3%
A

T 5 U5 N W, 2 R 35 BRI A A B BR () 3 R
EAIRTR '€ SEE L OIS E RN e
BRI SN Z 0 245 AR W A T N2 R
oY Ry i T A e, 2 B MY A R A A b 3 P v
B4 P B 2 A TR B A A R AE . R A ER Y RN 2 G B P
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Fig.10 LA-ICP-MS U-Pb age concordia diagram and weighted average ages from the graphic granite

R4 SHEHREESFEKHS(D16070b1) A LA-ICP-MS U-Pb S #4R
Table 4  Analysis of LA-ICP-MS U-Pb analysis of orthophyre zircons (D16071b1) in the main rock of Uragai orbicular rocks

S Th U [l 2 el 7 [l {32 R 4F #% (Ma)
% (1079 Ty ZOTb/ 1o 2?7Pb/ 1o ey 1o ZOTb/ ls ey 1o Z(,)pr/ ls
205pY, 2357 Y 205pY, 235 2y

1 532 138.0 241.8 0.5705 0.0531 0.0011 0.4098 0.0118 0.0560 0.0013 331.5 44.4 3488 86 351.2 8.2
2 84 354 439 0.8075 0.0509 0.0026 0.2475 0.0136 0.0353 0.0008 2353 122.2 2245 11.1 2235 5.0
3 381 100.5 178.1 0.5643 0.0538 0.0011 0.4051 0.0106 0.0546 0.0010 361.2 639 3453 7.7 3427 6.3
4 73.0 188.1 268.1 0.7016 0.0543 0.0010 04202 0.0123 0.0561 0.0013 3834 444 3562 88 351.8 8.1
5 488 120.6 221.6 0.5443 0.0533 0.0009 0.4228 0.0143 0.0574 0.0015 3427 528 358.1 10.3 360.0 9.4
6 281 2034 243.1 0.8367 0.0511 0.0016 0.1407 0.0050 0.0200 0.0005 255.6 169.4 133.6 4.4 1275 3.0
7 950 204.1 238.6 0.8557 0.0564 0.0010 0.5370 0.0146 0.0691 0.0016 477.8 389 436.5 9.7 430.6 9.6
8§  41.3 107.0 189.8 0.5637 0.0533 0.0012 0.4038 0.0123 0.0549 0.0013 3427 639 3444 89 3448 8.0
9 384 954 1884 0.5062 0.0547 0.0012 04168 0.0147 0.0552 0.0017 466.7 50.0 353.7 10.5 346.6 10.3

10 59.0 145.2 214.7 0.6763 0.0558 0.0013 0.4275 0.0182 0.0555 0.0016 442.6 50.0 361.4 13.0 348.0 9.8
11 50.7 131.0 223.3 0.5864 0.0534 0.0010 0.4065 0.0121 0.0552 0.0014 346.4 444 346.3 8.8  346.3 8.8
12 441 114.2 188.3 0.6065 0.0532 0.0011 0.4048 0.0117 0.0552 0.0013 344.5 50.0  345.1 8.5 346.2 7.7
13 64.0 164.1 257.9 0.6362 0.0550 0.0011 0.4180 0.0113 0.0551 0.0012 413.0 444 354.6 8.1 345.9 7.6
14 31.5 79.1 166.1 0.4766 0.0535 0.0010 0.4069 0.0107 0.0552 0.0011 350.1 30.6  346.7 7.8 346.3 6.9
15 27.5 198.7 234.3 0.8481 0.0476 0.0016 0.1341 0.0057 0.0204 0.000 7 79.7 77.8  127.7 5.2 1304 4.2
16 79.0 208.2 312.7 0.6657 0.0544 0.0011 04133 0.0132 0.0551 0.0011 387.1 141.7 351.2 9.5 3455 6.8
17 42.3 111.4 203.6 0.5473 0.0537 0.0010 0.4083 0.0107 0.0551 0.0012 366.7 38.9  347.6 7.8 3458 7.1
18 46.9 120.3 213.5 0.5637 0.0529 0.0010 0.4133 0.0128 0.0567 0.0015 324.1 58.3 351.2 9.3  355.5 9.4
19 77.0 200.5 278.2 0.7024 0.0576 0.0013 0.4400 0.0162 0.0553 0.0013 516.7 50.0 370.2 11.5 346.7 8.1
20 38.3 100.6 177.5 0.5670 0.0540 0.0013 0.4139 0.0130 0.0556 0.0014 372.3 55.5 3517 9.4 3485 8.5
21 29.3 746 154.0 0.4844 0.0538 0.0013 0.4111 0.0116 0.0554 0.0012 361.2 69.4  349.7 8.4 3479 7.3
22 40.4 300.8 431.8 0.6964 0.0484 0.0011 0.1326 0.0036 0.0198 0.0004 120.5 55.6  126.4 3.2 126.6 2.3
23 42.7 109.3 202.0 0.5411 0.0528 0.0012 0.4115 0.0135 0.0565 0.0015 320.4 55.6  350.0 9.8 354.3 9.0
24 108.0 307.1 322.1 0.9535 0.0532 0.0009 0.4017 0.0098 0.0547 0.0010 344.5 38.9 3429 7.2 3435 6.4
25 53.8 136.7 231.2 0.5912 0.0553 0.0012 0.4245 0.0130 0.0556 0.0011 433.4 444 359.3 9.3  348.9 7.0
26 63.0 165.0 262.6 0.6281 0.0529 0.0010 0.4112 0.0107 0.0563 0.0012 327.8 30.6  349.8 7.8 353.2 7.6
27 40.1 103.4 183.7 0.5628 0.0533 0.0013 0.4125 0.0145 0.0561 0.0013 342.7 63.9 350.7 104 351.6 8.2
28 34.2 83.1 165.2 0.5029 0.0536 0.0012 0.4219 0.0135 0.0571 0.0016 353.8 41.7  357.4 9.7 358.1 9.8
29 35.8 86.9 178.5 0.4869 0.0550 0.0013 0.4289 0.0158 0.0564 0.0013 413.0 50.0 3624 11.3 3539 7.7
30 36.0 91.6 187.7 0.4881 0.0526 0.0011 04095 0.0115 0.0564 0.0013 322.3 444 348.5 8.3 353.6 7.8
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Fig.11 Cathodoluminescence images of analyzed zircon from the orthophyre
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Fig.12 LA-ICP-MS U-Pb age concordia diagram and weighted average ages from the orthophyre

TN 7 R AIE T BB B 2 3R AR e 0 s B ROK ORI
He g5 S AR R s BReR A nT DB I A s R A
FRAE , H P SO A rpomT DL SR T O L R B
A F 4R 5 (55545 20044, 2004b, 2004c).

A LR, R BRI A B B AR KN
T M 5SS R (SR AR JT A L 2007) , TR 8 L)
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