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SHRIMP zircon U-Pb ages of the middle Neopaleozoic unmetamorphosed
magmatic rocks in the southwestern slope of the Da Hinggan Mountains,
Inner Mongolia

XUE Huai-min', GUO Li-jun®, HOU Zeng-gian', TONG Ying', PAN Xiao-fei' and ZHOU Xi-wen!
(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. Research Center, Department
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Abstract: Located in the compound part of the EW-trending Paleozoic Central Asia-Mongolia orogenic belt and
the eastern margin of the NNE-trending Asian continent orogenic belt of littoral West Pacific, the southwestern
slope of the Da Hinggan Mountains in Inner Mongolia is a newly discovered nonferrous metallogenic belt with
ideal mineralization potential. The unmetamorphosed magmatic rocks emplaced at the middle-late stage of
Neopaleozoic are widely distributed in this area, and the lithologic association includes not only intermediate-
acidic to alkaline rocks but also bimodal volcanic rocks. Although there exists great difference in their emplace-
ment ages, they were all formed later than the metamorphic time of the Xilin Gol complex and the peak orogenic
stage of the eastern segment of the Central Asia-Mongolia orogenic belt. Spatially, most of these magmatic
rocks, with A-type or bimodal properties in geochemistry, are related to the extensional tectonic setting after the
closure of the main suture. In this study, the authors acquired zircon SHRIMP U-Pb data of late Variscan mag-

matic rocks outcropped in southeastern Inner Mongolia, tectonically situated at the area between Erlian-Hegen
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suture and Solon-Xarmoron suture, with the purpose of making constraint on the closure time of the main suture
between the Siberian plate and the Sino-Korean plate. Zircon SHRIMP U-Pb analyses yield emplacement ages of
310 =2 and 311 =2 Ma for quartz-diorite and diorite from the Weilasituo silver-polymetallic deposit, 319 +3 Ma
for granodiorite from the Bairendaba deposit, and 300 + 5 Ma for dacitic tuff from the Daolundaba deposit, indi-
cating that they all belong to late Carboniferous. The emplacement ages of these magmatic rocks are about 20~
40 Ma later than the metamorphic age (337 £6 Ma) of the Xilin Gol complex formed at the peak stage of oroge-
ny. These magmatic rocks were not affected by deformation and metamorphism, implying that they belong to
late-/post-orogenic magmatic rocks. The authors hold that, although the Central Asia-Mongolia orogenic belt is
characterized by poly-island arc accretions and poly-sutures, the orogenic process must have undergone many
times of collision and convergence between palaco-ocean crust and palacocontinent, island arc and island arc, is-
land arc and continent, palaeo-ocean crust and micro-continental block, micro-continental block and micro-conti-
nental block, and micro-continental block and palacocontinent, and the main suture between the Siberian plate
and the Sino-Korean plate is situated near the Erenhot-Hegenshan belt.

Key words: post-orogen; late Carboniferous; SHRIMP U-Pb dating; Central Asian orogenic region, Inner

Mongolia
la
1991 1996
1997 2003
- SHRIMP
300 km
2004 SHRIMP U-Pb
— 337+ 6 Ma
406 £7 Ma 382+£2
Ma 2009
SHRIMP U-Pb
337+ 6 Ma

Sengor et al. 1993 Sengér and Natal’ in
1996 1999 2001



813

AR A A HY SHRIMP # 4 U-Pb S0

PR B o A

i

1[9q J1UBS0IO BIOSUOJA[-BISY [BIIUD Ul BIJOSUOJA Jouu] JO 1ied ur)seayinos ay) jo dews yojays [eo180[0ar) | "8Iy

I ) sl B S RSB TR 22T ek |

Eousys¥ [~ wmg [ ] 23 [e]

ERMY Y T B WGE T —HEY 7] RRMUBMEGER 7] B ZAMEPNFRRE T Y FRUL BRMEINFRY [T] FEEREENE T
0811 (SPoLTT

ol

33°0'

N

2582

0%,
o,

&

b W _— AR S T T T T
ey = +\\\\\\\\\\\\\\\W\\\\\\\w_ﬁ>ﬁgg% R
L q \\\\ Z s, . . STRIE LRI IE SN
\ + .+H H++
y ok

3%

%
X

%

ot

>
22
X
>

Ry

v - S i 2
TEZS N T
2 R

2222

§ Y / e o G

28 .,

QR
BRI

%
£

+ + + 4+ + 4+
S
PR AR
b o+ o+ 4+ o+ o+ D
I T
b+ + + + + +\4
+ o+ o+
+ o+ c
++++++++ + + o+ 4+ \oow:_ ..
*, 4 ++++++++ \ &e% Mm.m\\uw*mwﬁ
Bl A+ 4 4 s il o
N %4@@%&
> + 4+ o+ + A\+

44°0

e SETRS
SRS
BRI

R




814 29
- 70% 20%
10%
SHRIMP U-Pb
Curtin SHRIMPII
NW EW
RSES SL13 TEM
Williams
1998 25~30 pm 5
4.5 nA
- 10 kV 5000 1%
RSES TEM 417 Ma
2 Ph-U Pb U=A UO U,
Claoue-Long et al. 1995 RSES
ZK0302-1 SL13 572 Ma U 238x10°°
ZK0302 331 m UTh Pb Ludwig
2001 Isoplot 1
1o 2°Ph 28U 2
60 % 20% 15%
<5% 3
ZK0707-2 ZK0302-1
ZK0707 31 m
- CL
70 %
2 13
15% _ 206 Pb 238 U -
10% 207Pb 235U
5% 26p}, 28y 10.1
300.1 Ma 12 206pp, 28y
7079-2 304.2~314.0 Ma
2 km - 310£2 Ma  3a
40 % ZK0707-2
30% 20% 21 CL
<5%
2 20
DB-4 22 2.1 5.1
6.1 7.1 8.1 10.1 16.1
15% 2()6Pb ZSXU
2.1 8.1 16.1 2%pp 38U



6 SHRIMP U-Pb 815

k0707

O

AR

7079-2

;10 pm 10 ym

2 —
Fig. 2 CL images of dated zircon crystals from the late Paleozoic unmetamorphosed magmatic rocks outcropped in southeastern

Inner Mongolia of central Asia-Mongolia orogenic belt
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1 - SHRIMP U-Pb
Table 1 SHRIMP analytical results for zircons from the late Paleozoic magmatic rocks outcropped in southeastern
Inner Mongolia of central Asian-Mongolia orogenic belt
26p}, wy 107° + 16
% U Th 206Pb * Th U 206Pb 238U 207Pb 2()6Pb 2()8Pb 232"[\},l 2()7Pb>1 2(]6Pb>1 + 9% 2(]7Pb>1 BSU + 9 2()6Pb>1 238U + 9%

ZK0302-1
1.1 0.52 202 418 8.44 2.14 304.2£3.9 361£86 296.4£5.5 0.0538 3.8 0.3580 4.0 0.04833 1.3
2.1 0.46 413 628 17.5 1.57 308.5%£3.6 234+67 286.8£4.7 0.0508 2.9 0.3440 3.1 0.049 03 1.2
3.1 0.39 65 21 2.76  0.33 309.4£5.3 257£210 309.0+x36 0.0514 9.1 0.3480 9.2 0.04917 1.8
4.1 0.02 343 326 14.7 0.98 314.0£3.7 378+65 314.5£5.7 0.0542 2.9 0.3730 3.1 0.049 91 1.2
5.1 — 361 481 15.3 1.38 310.5%£3.7 380+t41 306.6%£4.9 0.05421 1.8 0.368 8 2.2 0.04935 1.2
6.1 0.26 229 340 9.84 1.53 313.3£5.2 552+73 302.0£6.8 0.0586 3.3 0.4020 3.7 0.04980 1.7
7.1 — 324 200 13.6 0.64 309.4%£3.7 490£54 308.8£7.8 0.0570 2.4 0.386 0 2.7 0.04917 1.2
8.1 0.29 233 200 9.88 0.89 309.2%£3.9 303£52 295.8£8.1 0.0524 2.3 0.3550 2.6 0.04913 1.3
9.1 — 175 222 7.31 1.31 306.0£4.0 334+£50 298.6+£5.9 0.0531 2.2 0.3562 2.6 0.04861 1.3
10.1 1.84 44 7 1.82  0.17 300.1%£6.9 180460 246.0+140 0.0497 20.0 0.3270 20 0.04770 2.4
11.1  0.31 139 145 5.93 1.08 312.4£4.6 472£120 317.0£10 0.0565 5.6 0.3870 5.8 0.04965 1.5
12.1  0.81 152 168 6.40 1.15 307.0+4.2 191+140 285.0£8.7 0.0499 6.0 0.3360 6.2 0.04878 1.4
13.1  0.15 391 403 16.6 1.06 310.6+£3.7 261+53 292.9+5.2 0.0515 2.3 0.3502 .6 0.049 36 1.2

ZK0707-2
1.1 — 739 236 31.7 0.33 314.2£3.5 330+28 311.6+6.5 0.05304 1.3 0.3652 1.7  0.04994 1.1
2.1 0.05 736 107 35.7 0.15 354.0£4.0 375+27 337.0£10.0 0.054 09 1.2 0.4211 1.7 0.056 46 1.2
3.1 0.14 914 613 40.1 0.69 320.6%£3.6 362+29 303.6%£5.4 0.05377 1.3 0.3780 1.7 0.05099 1.1
4.1 0.01 923 384 39.8 0.43 315.8£3.5 294+27 310.2+£5.2 0.05220 1.2 0.3614 1.6 0.05021 1.1
5.1 — 303 301 19.6 1.03 467.9%£5.5 48136 458.6£7.5 0.05672 1.6 0.5890 2.0 0.07528 1.2
6.1 0.15 174 84 22.4 0.50 900.0+ 11.0 888 +£29 878.0£19.0 0.068 63 1.4 1.4180 1.9  0.14990 1.3
7.1 — 382 43 50.5 0.12 921+ 10.0 917=15 905£19.0 0.069 61 0.7 1.4740 1.4 0.1536 1.2
7.2 0.55 845 427 38.2 0.52 329.1£3.7 355+44 304.1+£6.8 0.05360 2.0 0.387 1 2.3 0.05238 1.2
8.1 — 512 359 30.1 0.72 427.2+£4.8 513+36 429.3+£7.6 0.05756 1.6 0.544 0 2.0 0.068 51 1.2
9.1 — 1146 390 50.9 0.35 325.3+3.6 367+£24 328.0£5.7 0.05390 1.1 0.384 6 1.5 0.05176 1.1
9.2 0.04 732 358 31.5  0.51 314.9£3.5 340+30 319.5£5.4 0.05325 1.3 0.3676 1.8 0.05007 1.1
10.1 - 420 87  63.2 0.21 1041£48.01003+£921057£65.0 0.0726 4.5 1.7500 6.7 0.1752 5.0
1.1 0.01 291 51 12.1  0.18 304.9+3.7 368+45 328+13.0 0.0539 2.0 0.360 1 2.4 0.04843 1.2
12.1 — 934 611 38.9 0.68 305.7£3.4 324+21 305.1£4.3 0.05288 0.9 0.354 1 1.5 0.04857 1.1
13.1 0.03 1866 759 80.4 0.42 315.4+3.4 367+16 317.2+4.3 0.05390 0.7 0.3726 1.3 0.05014 1.1
14.1 0.05 1619 1489 68.8 0.95 311.0£3.4 375+20 302.1+£3.8 0.05409 0.9 0.368 6 1.4 0.04943 1.1
15.1 1.46 2165 2305 92.8 1.10 309.4+3.4 553£45 301.9£5.1 0.058 6 2.1 0.3974 2.4 0.04917 1.1
16.1 0.03 900 438 52.2 0.50 421.0£4.6 440+21 429.0+£6.3 0.05569 1.0 0.5182 1.5 0.06748 1.1
17.1 — 1510 1417 64.4 0.97 312.2+3.4 319+18 301.7+3.8 0.05277 0.8 0.3610 1.4 0.04962 1.1
18.1  0.03 1630 1666 69.6 1.06 312.4+3.4 333+£18 296.8+3.7 0.05309 0.8 0.3634 1.4 0.04965 1.1
19.1 0.16 1629 1815 68.8 1.15 308.7£3.4 371+25 310.8£3.9 0.05399 1.1 0.3652 1.6 0.04906 1.1
20.1 — 1659 1676 69.0 1.04 304.9+3.3 360+17 298.0+3.7 0.05373 0.7 0.358 8 1.3 0.048 44 1.1
7079-2

1.1 — 274 142 11.9 0.54 317.0£3.9 362+t47 317.8£7.4 0.0538 2.1 0.3737 2.4 0.05040 1.2
2.1 0.17 124 62 5.44 0.51 319.8%+4.4 282+72 308.0+10.0 0.0519 3.1 0.3640 3.4 0.05087 1.4
3.1 1.01 91 46  4.01 0.52 318.8£4.8 —71£180284.0£18.0 0.0447 7.2 0.3130 7.4 0.05070 1.5
4.1 0.20 147 70 6.46 0.49 320.3£4.3 296+£77 314.0£11.0 0.0522 3.4 0.3670 3.7 0.05094 1.4
5.1 0.11 187 109 8.07 0.60 315.8+4.1 266%=55 300.7+8.2 0.0516 2.4 0.3570 2.7 0.05021 1.3
6.1 1.75 243 127 10.4 0.54 308.0%£4.0 571£130297.0+19.0 0.0591 6.0 0.3990 6.2 0.04895 1.3
7.1 0.69 130 69 5.69 0.55 317.7%£4.4 276£140314.0+£16.0 0.0518 6.1 0.3610 6.2 0.05051 1.4
8.1 — 173 143 7.53 0.85 319.2%£4.3 390+£46 320.8£7.0 0.0545 2.1 0.3813 2.5 0.05077 1.4
9.1 0.54 166 97 7.87 0.60 344.2+4.6 155+£92 316.0+11.0 0.0492 3.9 0.3720 4.1 0.054 85 1.4
9.2 0.51 947 344 41.8 0.38 321.3£3.6 517+38 333.8£9.3 0.0577 1.7 0.406 3 2.1 0.051 11 1.1
10.1  0.20 253 16l 11.1 0.66 320.0£3.9 367+44 303.3£6.4 0.0539 1.9 0.378 2 2.3 0.05089 1.3
11.1 — 148 83 6.42 0.58 319.0£4.6345+ 110319.0£13.0 0.0534 4.8 0.3730 5.1 0.050 72 1.5
12.1  0.64 163 98 7.15 0.62 318.8+t4.3 103£130295.0£12.0 0.0481 5.4 0.3360 5.6 0.05069 1.4
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1
Continued Table 1
200p}, wy 10°° - + 1o
% U Th 206Pbx 2()(1Pb ZSSU 207Pb Zﬂﬁpb ZUSPb 232Th 207]3})» Zﬂhpbx + 9% 2(17Pbx BSU + % ZOGPb» 238U + 9%
DB-4
1.1 0.00 207 110 54.80 0.55 1735.0440.01779+101694.0+47.0 0.10879 0.56  4.630 2.7 0.3088 2.6
2.1 0.20 208 244 859 1.21 301.7+7.7 299+44 280.5+8.2 0.05230 1.9 0.346 3.3 0.0479 2.6
3.1 0.12 895 360 86.20 0.42 685.0+17.0 755+14 620.0+28.0 0.06441 0.7 0.995 2.7 0.1121 2.6
4.1 026 293 163 12.50 0.57 311.6+8.1 203+74 293.6+9.4 0.05020 3.2 0.343 4.1 0.0495 2.7
51 0.46 239 120 9.54 0.52 290.9+7.5 263476 272.0+11.0 0.05150 3.3 0.328 4.2 0.0462 2.6
6.1 0.67 8 8 3.55 1.07 300.5+8.0 247+95 281.0+10.0 0.05110 4.1 0.336 4.9  0.0477 2.7
7.1 025 230 362 9.25 1.63 294.847.5 267459 281.7+8.1 0.05160 2.6 0.333 3.7 0.0468 2.6
81 2,00 54 53 224 1.01 295.7+82 104260 267.0+14.0 0.04620 11.0  0.299  11.0  0.0469 2.8
9.1 0.43 67 56 3.05 0.87 334.1+89 400487 322.0+12.0 0.05470 3.9 0.401 4.8 0.032 2.7
0.1 0.14 336 8 29.60 0.27 629.0+16.0 733+22 775.0+24.0 0.06373 1.1 0.900 2.8  0.1024 2.6
1.1 0.29 273 269 11.50 1.02 307.0+7.8 267+54 321.7+9.9 0.05160 2.3 0.347 3.5 0.0488 2.6
12.1  0.39 204 187 10.40 0.95 369.9+9.4 346+63 360.0+11.0 0.05340 2.8 0.435 3.8 0.091 2.6
131 0.10 624 340 38.10 0.56 442.0+11.0 410+23 426.0+12.0 0.05494 1.0 0.538 2.8 00710 2.6
141 — 371 262 23.50 0.73 438.0+12.0 516+24 442.0+12.0 0.05763 1.1 0.585 2.9 0.0736 2.6
151 0.63 149 164 6.10 1.14 298.2+7.8 328466 286.0+9.4 0.05300 2.9 0.346 4.0 0.0474 2.7
16.1 1.24 73 68 3.07 0.97 305.2+8.5 88+330 293.0£19.0 0.04780 140  0.319  14.0 0.0485 2.8
17.1 023 152 102 9.95 0.69 471.0+12.0 473+56 472.0£15.0 0.05650 2.5 0.591 3.7 0.0759 2.6
Pb* Pb *Pb, % Pb  **Ph
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Fig. 3 Concordia diagrams showing SHRIMP analytical points for zircons from the late Paleozoic unmetamorphosed magmatic

rocks outcropped in southeastern Inner Mongolia of central Asia-Mongolia orogenic belt



818

29

3.1 7.2

3b 11 206pp 238U
304.9~315.4 Ma

311 £2 Ma

9.1

7079-2
11-21 CL

9.1
12 13
9.1
6.1 11
207py, 2357 3c
206y}, 23817 315.8~321.3
Ma 319+ 3 Ma

206 Pb 238U _

DB-4
11-21 CL

2 17
1.1 3.1 10.1 13.1
4.1 17.1
206Pb 238U
1.1 2%pp 2%y 1 735.0 £40.0 Ma
3.1  10.1 pp 28U
685.0£17.0 Ma  629.0£16.0 Ma
13.1 14.1  17.1
442.0+11.0 Ma 458.0
471.0+12.0 Ma
12.1 206Pb 238U
£9.4 Ma 9.1
3d 9 206Pb 238U
290.9~311.6 Ma

300+5 Ma

2()6Pb 238U
+12.0 Ma
369.9

1999 Jahn ez al.

2002

et al .

1999

Chen et al .

2004 2005

2004
2007
2008

1993
2000 Wu et al. 2000 Badarch
2003 Jahn 2004

Sengor et al .

467 ~429 Ma
2000 2003
2005 -
2004 2007
2007 2008
2001



6 SHRIMP U-Pb 819
2000 300
Ma -
2009
U-Pb
284.8+ 1.1 Ma @® -
2008 1986 Sengor et al.
SHRIMP U-Pb 237+6 Ma 1993 Nozaka & Liu 2002 Miao et al. 2008
Tang 1990 1997
2009 1991
U-Pb 1991 1994 Chen et al. 2000
206pp, 287 Sengér er al. 1993 Sengor and Natal' in - 1996
256.1+0.9 Ma Xiao et al. 2003 2003 2008
Miao 2008 @ -
1980 Wang & Liu 1986
SHRIMP U-Pb 295+9 Ma 2004 2007
1980
- - 2004 2005 2007
270 ~ 325 Ma — —
2009  LA-ICP-MS 1989 2009
U-Pb - - - -
325+3 Ma  322+3 Ma 2007a
2007b —
SHRIMP U-Pb
280.8+3.6 Ma 313+5 Ma 315+4 Ma 323 +4 -
Ma
2009
2007a 2007b
2009 - 337+ 6 Ma
SHRIMP U-Pb 276 + 10
Ma 271+8 Ma WA Ar
2009 U-Pb
SHRIMP U-Pb 310 £2 Ma 311 320 Ma 1991 2002
+2Ma 31943 Ma 2010
SHRIMP U-Pb 300 £5 Ma



820

29

SHRIMP
300 Ma -

U-Pb

References

Badarch C  Cunningham W D and Windley B F. 2002. A new terrane
subdivision for Mongolia Implications for the Phanerozoic crustal
growth of Central Asia J . Journal of Asian Earth Sciences 21 87
~110.

Bao Qingzhong Zhang Changjie Wu Zhili et a/. 2007a. SHRIMP U-
Pb zircon geochronology of a Carboniferous quartz diorite in Baiyin-
gaole area Inner Mongolia and its implications ] . Journal of Jilin
University 37 1 15~23 in Chinese with English abstract .

Bao Qingzhong Zhang Changjie Wu Zhili et al. 2007b. Zircon
SHRIMP U-Pb dating of granitoids in a Late Paleozoic rift area
southeastern Inner Mongolia and its implications J . Geology in
China 34 5 790~798 in Chinese with English abstract .

Bureau of Geology and Mineral Resources of Nei Mongol Autonomous
Region. 1991. Regional Geology of Nei Mongol Autonomous Re-
gion M . Beijing Geological Publishing House in Chinese with
English abstract .

Cao Congzhou Yang Fanglin Tian Changlie et al. 1986. The ophio-
lite in Hegenshan district Nei Mongol and the position of suture line
between Sino-Korean and Siberian Plate A . CPPTNC Editorial
Committee. Contributions to the Project of Plate Tectonics in
Northern China No. 1 C . Beijing Geological Publishing House
164~186 in Chinese .

Chen Bin Jahn BM Wilde S er al. 2000. Two contrasting Paleozoic
China Petrogenesis
and tectonic implications J . Tectonophysics 328 157~182.
Chen Bin Zhao Guochun and Simon W. 2001. Subduction and collision-

magmatic belts in northern Inner Mongolia

related granitoids from southern Sonidzuoqi Inner Mongolia Iso-

topic ages and tectonic implications ] . Geological Review 47 4
361~367 in Chinese with English abstract .

Claoue-Long ] C Compston W and Roberts J. 1995. Two Carboniferous
ages a comparison of SHRIMP zircon dating with conventional zir-
con ages and **Ar ¥ Ar analysis A . Berggren W A Kent D V
Aubry M P et al. Geochronology Time Scales and Global Strati-
graphic Correlation SEPM Special Publication C 5 3~31.

Hao Xu and Xu Bei. 1997. Sm-Nd Rb-Sr isotopic geochronology of the
Xilingol complex

43 1  101~105 in Chinese with English abstract .

inner Mongolia China J . Geological Review

Hong Dawei Huang Huaizeng Xiao Yijun et al. 1994. The Permian
alkaline granites in central Inner Mongolia and their geodynamic sig-
nificance | . Acta Geologica Sinica 68 3 219~230 in Chinese
with English abstract .

Hong Dawei Wang Shiguang Xie Xilin ez al. 2000. Genesis of posi-
tive e Nd t granitoids in the Daxingan Mts-Mongolia orogenic belt
and growth continental crust J . Earth Science Frontiers 7 2
441~456 in Chinese with English abstract .

Hong Dawei Wang Shiguang Xie Xilin ez a/. 2003. Correlation be-
tween continental crustal growth and the supercontinental cycle Ev-
idence from the granites with positive eNd in the Central Asian oro-
genic belt J . Acta Geologica Sinica 77 2 203~209 in Chinese
with English abstract .

Jahn B M. 2004. The Central Asian orogenic belt and growth of the con-
tinental crust in the Phanerozoic A . Geological Society London
Special Publications C 226 1 73~100.

Jahn BM Wu F Y and Chen B. 2000. Massive granitoid generation in
Central Asia Nd isotope evidence and implication for continental
growth in the Phanerozoic J . Episodes 23 82~92.

LiJinyi Gao Liming Sun Guihua et a/. 2007. Shuangjingzi middle

Triassic syn-collisional crust-derived granite in the east Inner Mon-

golia and its constraint on the timing of collision between Siberian

and Sina-Korean paleo-plates ] . Acta Petrologica Sinica 23 3

565~582 in Chinese with English abstract .

Jian Ping Zhang Qi et al. 2003. SHRIMP dating of

adakites in the Tulingkai ophiolite inner Mongolia evidence for the

Liu Dunyi

early Paleozoic subduction ] . Acta Geologica Sinica 77 3 317
~327 in Chinese with English abstract .

Liu Jianfeng Chi Xiaoguo Zhang Xingzhou et al. 2009. Geochemical
characteristic of Carboniferous quartz-diorite in the southern Xiwuqi
area Inner Mongolia and its tectonic significance ] . Acta Geologi-
ca Sinica 83 3  365~376 in Chinese with English abstract .

Liu Jianming Zhang Rui and Zhang Qingzhou. 2004. The regional met-
allogeny of Daxinganling China J . Earth Science Frontiers 11

1 269~277 in Chinese with English abstract .

Ludwig K R. 2001. Users Manual for Isoplot Ex rev. 2.49 A
Geochronologica Toolkit for Microsoft Excel A Berkeley
Geochronology Center Special Publication C . No. la 1~55.

Ma Fang Mu Zhiguo and Liu Yulin. 2004. Geochronology and Geologic
Significance of the orbicular dioritic rocks in Luanping Hebei

Province ] . Geological Review 50 4 360 ~ 364 in Chinese



SHRIMP U-Pb 821

with English abstract .

Miao LC Fan WM LiuD Y et al. 2008. Geochronology and geo-
chemistry of the Hegenshan ophiolitic complex Implication for late-
stage tectonic evolution of the Inner Mongolia- Daxinganling Oro-
genic Belt China J . Journal of Asian Earth Sciences 32 348~
370.

Nie Fengjun et al. 2009. Zircon

SHRIMP U-Pb dating on rhyolite samples from the Xilimiao Group

Xu Dongging Jiang Sihong

Sumogagan Obo  fluorite district Inner

496~504 in Chinese

occurring in the Su-Cha
Mongolia J . Acta Geologica Sinica 83 4
with English abstract .

Nozaka T and Liu Y. 2002. Petrology of the Hegenshan ophiolite and its
implication for the tectonic evolution of northern China J . Earth
and Planetary Science Letters 202 89~104.

Ren Jishun Jiang Chunfa Zhang Zhengkun et al. 1980. The Tectonic
and It s Evolution of China—The Introduction of 1 4000000 Tec-
tonic Map of China M . Beijing Science Press 89~ 104 in Chi-
nese with English abstract .

Ren Jishun Niu Baogui and Liu Zhigang. 1999. Soft collision superpo-
sition orogeny and polycyclic suturing J . Earth Science Frontiers
6 3 85~93 in Chinese with English abstract .

Sengér A M C and Natal’ in B A. 1996. Paleotectonics of Asia Frag-
ment s of a synt hesis A . Yin A and Harrison M. The Tectonic
Evolution of Asia C .
486 ~640.

Sengér AM C Natal’ in B A and Burtman V' S. 1993. Evolution of the

Cambridge Cambridge University Press

Altaid tectonic collage and Paleozoic crustal growth in Eurasia J .
Nature 3063 299~307.

Shao Ji" an. 1991. Crustal Evolution in the Middle Part of the Northern
Margin of the Sino-Korean Plate M . Beijing Peking University
Press 136 in Chinese .

Shao Ji" an  Hong Dawei and Zhang Liigiao. 2002. Genesis of Sr-Nd iso-
topic characteristics of igneous rocks in Inner Mongolia J . Regional
Geology of China 21 12 817~822 in Chinese with English abst
ract .

Shi Guanghai Liu Dunyi Zhang Fuqin et al. 2003. Zircon SHRIMP
U-Pb ages of the Xilingele complex in the Inner Mongolia China
and its significance ] . Chinese Sci. Bullitin 48 20 2 187 ~
2192 in Chinese .

Shi Yuruo Zhang Qi
Diorites and Granites in Southern Suzuogi Inner Mongolia ] . Acta
Geologica Sinica 78 6 789 ~799 in Chinese with English ab-
stract .

Shi Yuruo Liu Dunyi Jian Ping et al. 2005. Zircon SHRIMP dating
of K-rich granites in Sonid Zuoqi central Inner Mongolia ] . Geo-

logica Bulletin of China 24 5  424~428 in Chinese with English

Liu Dunyi et al. 2004. SHRIMP Dating of

abstract .

Sun Deyou Wu Fuyuan Zhang Yanbin ez al. 2004. The final closing
time of the west Lamulun River-Changchun-Yanji plate suture zone -
Evidence from the Dayushan granitic pluton Jilin Province ] .

Journal of Jilin University 34 2 174~181 in Chinese with Eng-

lish abstract .

Sun Deyou Wu Fuyuan Gao Shan er a/. 2005. Confirmation of two
episodes of A-type granite emplacement during Late Triassic and
Early Jurassic in the central Jilin Province and their constraints on
the structural pattern of Eastern Jilin-Heilongjiang area China J .
Earth Science Frontiers 12 2 263~275 in Chinese with English
abstract .

Tang Kedong. 1989. On tectonic development of the fold belts in the
north margin of Sina-Korean platform J . Geoscience 3 2 195
~204 in Chinese with English abstract .

Tang K D. 1990. Tectonic development of Paleozoic foldbelts at the
north margin of the Sino-Korean craton J . Tectonics 9 2 249
~260.

Tao Jixiong Bai Libing Bao] W L] et al. 2003. Rock record of Per-
mian subducting orogenic process in Mandula  Innermongolia J .

Geological Survey and Research 26 4 241~249 in Chinese with
English abstract .

Tao Jixiong Xu Liquan He Feng ez a/. 2005. Petrological evidence
for subduction of the Early Paleozoic oceanic crust in Bart-Obo In-
ner Mongolia | . Geological Survey and Research 28 1 1~8 in

Chinese with English abstract .

Wang Huichu et al. 2007. Zircon
SHRIMP U-Pb age of the dioritic rocks from northern Hebei the

Zhao Fengqging Li Huimin

geological records of late Paleozoic magmatic arc J . Acta Petrologi-
ca Sinica 23 3 597~604 in Chinese with English abstract .

Wang Q and Liu X Y. 1986. Paleoplate tectonics between Cathaysia and
Angaraland in Inner Mongolia of China J . Tectonics 5 7 1073
~1088.

Wang Quan Liu Xueya and Li Jinyi. 1991. Paleoplate tectonics in Nei
Monggol of China ] 1~15 in
Chinese with English abstract .

Williams I S. 1998. U-Th-Pb geochronology by ion microprobe A .
Mickibben M A Shanks III W C and Ridley W 1. Applications of

Micro Analytical Techniques to Understanding Mineralizing Process-

. Acta Geologica Sinica 65 1

es C . Reviews of Economic Geology 7 1~35.

Wu Fuyuan Sun Deyou and Lin Qiang. 1999. Petrogenesis of the
Phanerozoic granites and crustal growth in Northeast China J .
Acta Petrologica Sinica 15 2 181 ~189 in Chinese with English
abstract .

WuF Y Jahn BM Wilde S A
growth U-Pb and Sr-Nd isotopic evidence from the granites in nort

89~113 in Chinese

et al. 2000. Phanerozoic crustal

heastern China ] . Tectonophysics 328
with English abstract .

Xiao W] Windley BF HaoJ et al. 2003. Accretion leading to colli-
sion and the Permian Solonker suture Inner Mongolia China Ter-
mination of the central Asian orogenic belt J . Tectonics 1069 1
~21.

Xu Bei and Chen Bin. 1997. Framework and evolution of the middle Pa-
leozoic orogenic belt between Siberian and North China plate in
northern inner Mongolia J . Science in China Series D 27 3

227~232 in Chinese with English abstract .



822

29

Xu Bei  Chen Bin and Shao Ji' an. 1996. Sm-Nd Rb-Sr isotope chrono-
logical research on the Xilingele complex in inner Mongolia J . Chi-
nese Science Bullitin 41 2 153~ 155 in Chinese with English
abstract .

Xue Huaimin - Guo Lijun Hou Zenggian et al. 2009. The Xilingele com-
plex from the eastern part of the Central Asian-Mongolia Orogenic Belt
China Products of early Variscan orogeny other than ancient block—evi-
dence from zircon SHRIMP U-Pb ages ] . Acta Petrologica Sinica 25

8 2001~2 010 in Chinese with English abstract .

Zeng Junjie Zheng Youye Qi Jianhong er al. 2008. Foundation and
geological signif icance of adakitic granite at Guyang of Inner Mon-
golia J . Earth Science 33 6  755~763 in Chinese with English
abstract .

Zhang Chen Liu Shuwen Han Baofu et a/. 2007. SHRIMP U-Pb
dating of Dashigou biotite-K-feldspar granites in Shangdu Inner
Monglia and its significance ] . Acta Petrologica Sinica 23 3
591~596 in Chinese with English abstract .

Zhang Lianchang Ying Jifeng Chen Zhiguang et a/. 2008. Age and
tectonic setting of Triassic basic volcanic rocks in southern Daxingan
Range J . Acta Petrologica Sinica 24 4 911 ~920 in Chinese
with English abstract .

Zhang Qi and Zhou Guoging. 2001. Ophiolite of China M . Beijing
Science Press 1~182 in Chinese .

Zhang Shuanhong Zhao Yue Song Biao ez al. 2004. The late Paleo-
zoic gneissic granodiorite pluton in early Pre-cambrian high-grade
metamorphic terrains near Longhua county in northern Hebei
province north China result from zircon SHRIMP U-Pb dating
and its tectonic implications ] . Acta Petrologica Sinica 20 3
621~626 in Chinese with English abstract .

Zhang Wanyi Nie Fengjun Jiang Sihong et al/. 2008. Zircon
SHRIMP U-Pb age of quartz diorite in Qagan Obo of Inner Mongo-
lia and its geological significance J . Acta Petrologica et Mineralogi-
ca 27 3 177~184 in Chinese with English abstract .

Zhang Wei and Jian Ping. 2008. SHRIMP dating of early Paleozoic
granites from north Damaoqgi Inner Mongolia J . Acta Geologica
Sinica 82 6  778~787 .

Zhang Yuging. 2009. Geochemical characteristics of Permian adakitic
granodiorite in Bayinwula of Sonid Left Banner Inner Mongolia J .
Acta Petrologica et Mineralogica 28 4 329 ~ 338 in Chinese
with English abstract .

Zhang Yuging Xu Liquan Kang Xiaolong ez al. 2009. Age dating of
alkali granite in Jingesitai area of Dong Ujimqin Banner Inner Mon-
golia and its significance J . Geology in China 36 5 988~995

in Chinese with English abstract .

Zhou Xinhua Ying Jifeng Zhang Lianchang ez a/. 2009. The petro-
genesis of late Mesozoic volcanic rock and the contributions from An-
cient micro-continents constraints from the zircon U-Pb dating and
Sr-Nd-Pb-Hf isotopic systematics J . Earth Science 34 1 1~10

in Chinese with English abstract

Zhou Zhiguang Gu Yongchang Liu Changfeng ez al. 2010. Discovery

of early-middle Permian cathaysian flora in Manduhubaolage area

Dong Ujimgin Qi Inner Mongolia China and its geological signifi-
cance J . Geological Bulletin of China 29 1 21 ~25 in Chinese

with English abstract .

. 2007a.
SHRIMP U-Pb 1.
371 15~23.
. 2007b.
SHRIMP U-Pb J.
345 790~798.
. 1991. M .
. 1986.
AL
C 1 . 64—86.
Simon W. 2001.
] 47 4 361~367.
- 1997.
] 43 101~105.
. 1994.
J. 68 3 219~230.
. 2000. e Nd t
J. 72 441~456.
. 2003. e Nd
J . 77 2 203~
209.
. 2007.
J. 23 3 565~582.
. 2003.
SHRIMP J. 77
3 317~327.
. 2009.
J. 83 3 365
~376.
. 2004. I.
11 269~277.
. 2004.
] 50 4 360~364.
. 2009.
SHRIMP ] 83 4
496~ 504.
. 1980. —
1:400 M . 89
~104.
. 1999.
] 63 85~93.
. 1991. M .



6 SHRIMP U-Pb 823
. 2002. Sr-Nd . 1996. Sm-Nd Rb-Sr
J. 21 12 817~822. J. 41 2 153~155.
. 2003. . 2009.
SHRIMP U-Pb 1. 48 20 2 —_—
187~2192. SHRIMP U-Pb I 258 2001~2010.
. 2005. . 2008.
SHRIMP U-Pb J. 24 5 424~ J. 336 755~763.
428. . 2007.
. 2004. - SHRIMP U-Pb J. 23 3 591~
SHRIMP I 78 6 789~799. 596.
. 2005. . 2008.
A ] J. 24 4 911~920.
12 2 263~275. . 2001. M . 1~
. 2004. - - 182.
— J. . 2004.
342 174~181. —\ SHRIMP U-Pb
. 1989. J. I 20 3 621~626.
32 195-204. . 2008.
. 2003. SHRIMP U-Ph J. 27
J. 26 4 241~ 3 177~184.
249. . 2008.
. 2005. SHRIMP U-Pb 1. 82 6 778~787.
I 28 1 1~8. .2009.
. 2007. SHRIMP 1. 28
U-Pb I 233 4 329~338.
597~604. . 2009.
. 1991, I J. 36 5 988~99s5.
65 1 1—15. . 2009.
. 1999. U-Pb 1.
J. 152 181~189. 341 1~10.
. 1997. . 2010.
J D 27 3 227 - I
~232. 29 1 21-25.





