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Shuangjing Schist and display variable degrees of deformation. This study presents the petrology, geochemistry, a LA-ICPMS
U-Pb zircon age and a hornblende ** Ar-* Ar age of the diorite. The diorite was emplaced in the Early Permian, as reflected by
a LA-ICPMS U-Pb zircon age of 2861 Ma. The magma is derived from enriched mantle metasomatized by slab-derived fluids
or melts. The diorites were subject to epidote-amphibolite facies metamorphism during the Early Jurassic, resulting in a horn-
blende " Ar-* Ar age of 188. 7%1. 4 Ma. Combining the new data with the latest published results from the study area and the
region, we conclude that the Early Paleozoic and younger mafic rocks in the Solonker suture zone are derived from mantle that
was metasomatized by subducted sediments, and that metasomatism increased with time. A stage of collision occurred before
the Late Carboniferous (~310 Ma) and the Solonker suture zone underwent post-orogenic extension during the Late Carbonif-
erous to Early Permian (~310 to 276 Ma). The diorite studied is part of a widespread diorite-granodiorite suite that formed
during this period of extension in the suture zone. In the Late Permian oceanic basins occurred locally in the suture zone. The
closure of these basins induced the final collision of the Solonker suture during the Late Permian to Middle Triassic (~272 to
230 Ma). Spatial variation in the timing of final collision led to the coeval formation of syn-collisional and post-collisional gran-
ites in the suture zone. Closure of the Solonker suture zone resulted in the amalgamation of the North China Craton with some
microcontinents to its north. North of the accreted microcontinents, the Mongol-Okhotsk Ocean, a branch of the Paleo-Pacific
Ocean, formed the remaining NE-striking oceanic domain between the Siberia Craton to the north and the North China Craton
to the south. The closure of the Mongol-Okhotsk Ocean in NE Mongolia in the Early Jurassic induced the continent-continent
collision recorded by the hornblende *° Ar-* Ar age from the Solonker diorite. The research area then entered post-orogenic ex-
tension, while further east the Paleo-Pacific plate subducted beneath the North China Craton. The combination of regional post-
orogenic extension and distant subduction led to alternating compression and extension in the Jurassic in what is now northeast-
ern China. After the change in the subduction direction of the Paleo-Pacific plate in the Late Jurassic, the tectonic environment
in northeastern China finally became extensional and the region entered the West-Pacific tectonic domain,

Key words: Paleo-Asian orogenic region; West-Pacific orogenic region; Solonker suture zone; Xar Moron fault zone; diorite;

Inner-Mongolia.
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Fig. 1 Structure delineation of central Inner Mongolia
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Fig. 2 Geological map of Shuangjing area in Linxi County, Inner-Mongolia
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Table 1 Electronic probe analyzing results (%) of plagioclase from diorite and related parmeters
S S SiIO; TiO,  AlbO; FeO MnO MgO CaO Na,O K;O Cr;0; > An Ab Or ®)E
68.65 0.00 20.01 0.00 0. 00 0. 00 0.83 10.39 0.16 0.00 100.04 4 95 1
69.48 0.00 20.58 0.00 0.02 0.01 0.90 10.39 0.18 0.00 101.56 ) 94 1
70.76 0.00 19.78 0.05 0.00 0.00 0.03 9.47 0.13 0.00 100. 22 0 99 1
N69.61 0.00 20.50 0.00 0.00 0.00 0.84 10.35 0.18 0.00 101.48 4 95 1 0
3130 E 69.69 0.00 20.34 0.00 0. 00 0. 00 0.80 10.37 0.07 0.00 101.27 4 96 0 K
£ 70.48 0.00 20.32 0.00 0.00 0.00 0.61 10.59 0.09 0.00 102.09 3 96 1
i 70.48 0.00 20.69 0.00 0. 00 0. 00 0.83 10.37 0.05 0.00 102.42 4 95 0 fa
66.73 0.00 19.64 0.00 0.00 0.00 0.76 9.58 0.08 0.00 96. 79 4 95 1
68.88 0.00 19.82 0.00 0. 00 0. 00 0.77 10.11 0.08 0. 00 99. 66 4 95 0
69.77 0.00 20.16 0.00 0.00 0.00 0.72 9.97 0.13 0.00 100.75 4 95 1
£2 AKEFARNAMNBEFRISNER (%) RBXSH
Table 2 Electronic probe analyzing results (%) of amphibole from diorite and related parmeters
S EAE SO TiO;  AlbOs FeO* MnO  MgO CaO  Na,O K;O Cr0; > Ca*t  Nat AIN A g
I 49.91 0.58 4.04 14.54 0.55 12.87 11.70 0.73 0.22 0.00 95.14 1.87 0.21 0.47 0.24 4E
e 50.80 0.36  4.00 14.67 0.47 13.74 11.68 0.62 0.19 0.00 96.52 1.83 0.18 0.53 0.15 I
8130 ; 49.16 0.50 4.41 15.92 0.46 12.56 11.70 0.74 0.20 0.00 95.66 1.87 0.21 0.61 0.16 )\
A
© 50.93 0.37 3.79 15.42 0.41 13.48 11.86 0.71 0.19 0.00 97.17 1.8 0.20 0.52 0.13 g
th 50.81 0.21 3.69 15.33 0.41 13.56 11.46 0.66 0.20 0.00 96.33 1.8 0.19 0.53 0.11 &)
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Fig. 4 Ti-Si diagram (a) and A" -Al" diagram of amphibole from diorite
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5.1 LA-ICPMS $#A U-Pb E&

FEM RS A 3 B ERER AR K 58 CL 5
B BARHE R IR G P s RS s A
REAE /D BUBUR h 2 B AR AN A AR s A i, R
55 14 5 11 A8 i/ H (1] 6a).

R LA-ICPMS 5 A1 53 B 25 R 0L 3R 4. 34y
BrT 28 N5, 3 Th/U (AR Bk 0. 41~1. 24,
PR F 0.4, Th & EZ L TF 29. 86 X 10°° ~
355.35X107°%, U & & A fk F 59. 15 X 1076 ~
286. 75X 10", Wb yR 5 KA, A MY REAE. 28 N2 BT A

Z Al 1 AR A A B Ph/#° U U AELfi K »
1% Pb/** U A AR NIEEA A [F] .2 Ph/#° U 4R
AR —EC I 20 b7 i 00 O 5 107 28157 Ph i LA
DAY 5C 20 Ph /2 U AR HERA AT {5 19 . 28 4> B
A Y Ph/# U AT 27 42 1 286 - 1 Ma
(MSWD=0. 57) (] 6b).
5.2 ANAYAr-’Ar EF

AN Ar- Ar [ 2 A0 WLAR 5. XN A
AT T 12 BrEotm o AR T IR Y 1 AR AN
TR BLA T R R ARG i) BE AR B SR AN 2 —
/R ) 0k 100 2 W] REAT WA B 140 R USRAT A T
B 2 8 11 AR BEAR R B AR 35 AT LA
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Table 3 Compositions of trace elements of the diorite and similar rocks in research area

JTER 8130 DSZ1 DSZ2 BBT1 BBT2 ADAK DYKE
Sc 29.1 29.3 30.0 28.2 11. 4 12.1 13.7
\% 160 218 225 302 71. 50 101 137
Cr 51.4 218 225 56. 9 48. 3 115 35.4
Co 23.0 102 105 31.5 11.3 37.3 19.7
Ni 21.2 102 105 27.2 16.0 63. 4 11.5
Ga 16.3 23.1 20.1 18.6 20. 6
Rb 20. 6 4. 42 4. 06 9.8 111 64. 6 77.0
Sr 136 296 275 455 175 836 624
Y 44. 3 30.0 30.6 29.6 46. 1 14. 2 20. 4
Zr 70. 2 167 171 206 559 142 246
Nb 4. 96 6. 25 6.16 1. 50 6. 35 3.82 12.7
Cs 0. 64 1. 14 1. 04 1. 57 3. 36
Ba 387 89.7 83.1 54.7 303 507 1831
La 12.0 14.5 14. 8 6. 24 14.5 17.0 40. 5
Ce 33.8 34.7 34.4 15.9 35.8 39.1 84. 2
Pr 4. 45 4.99 4. 87 2.77 4. 61 4. 54 10.9
Nd 23.0 23.2 22.3 14.3 20.9 18. 4 42.7
Sm 6. 44 5.37 5. 18 4. 11 5. 54 3.69 7. 64
Eu 1.32 1.97 1.87 1. 42 0. 90 1. 00 2.12
Gd 6.21 5.70 5.48 4. 50 6. 25 3.06 5.74
Thb 1. 14 0. 89 0. 86 0. 87 1.23 0. 44 0.79
Dy 7.88 5.25 5.06 5.54 8. 12 2.53 4. 14
Ho 1. 64 1.10 1. 06 1. 16 1.71 0. 50 0.73
Er 4.18 3. 00 2.90 3.40 5.22 1. 45 1.92
Tm 0. 65 0. 44 0.42 0. 54 0. 84 0.21 0. 27
Yb 4. 31 2. 64 2.55 3. 56 5.61 1. 29 1.59
Lu 0. 56 0. 38 0. 36 0.53 0. 84 0. 20 0.24
Hf 2.14 3.94 4.02 6. 54 16. 75 3.75 5.85
Ta 0.31 0.42 0.41 0.10 0.48 0. 39 0. 86
Pb 7.14 3.33 3.12 2. 36 10.5 16. 4 117
Th 2. 44 0. 87 0. 89 0.71 8.63 4. 30 4. 25
U 0.61 0. 33 0. 31 1. 15 2.34 1. 43 1. 14

(La/Yb)x 2. 00 3. 94 4.17 1. 26 1.85 9. 44 18. 31

(La/Gd)n 1. 68 2.21 2.34 1. 20 2. 00 4. 81 6.12

(Dy/Yb)n 1. 22 1. 33 1. 33 1. 04 0. 97 1. 32 1.75
AR 286 Ma 439 Ma 439 Ma 313~308 Ma 313~308 Ma 244 Ma 132 Ma

. DSZ1 5 DSZ2 KA FERAPIZE XA . 51 A FREESF (2009) s BBT1 5 BBT2 4305 A% 2 P WU R K LA A KA RIS R .51 A
W5 (2010) s ADAK SHARPEHL X BRIK T4 . 51 A £ 555 (2009) s DYKE bk it b X i A3 . 51 2R 45 845 (2010) 58130 A SCHE it 5

T B A3 D 264 41 08 R B 3

EE 2 (B 7a),% Ar B & DSBS
96. 60 %0 » fil AL - ¥ 4 ¥ {5 (WMPA) 24 188. 7 £
1.4 Ma, Jz %5 B ZL4FE #¢ 2 191, 4 £ 4. 5 Ma,
MSWD=2. 03 (& 7b), 4=} @l 47 #% i 190. 3 =
1.0 Ma, (" Ar/* Ar) W] IRy 280. 8424, 6, FE 15
LU N 58 R (295, 5E5) 402, K%M N A
U A 13 ) Ar. FEARIS 5 R AR R VI A
R A Ar-* Ar AR LS AT,

6 i

6.1 ERIFEXFHE
FIRRRIAC A BAEAR R SIO, &5 (58. 19040,

By Mg (H(53) Fl'E Na(Na, O/K,0=3. 68), i
TN SRR KN SRy 2 Ay P i ) S . R 4E B,
K.Pb & RE FREATRMBER ook, AHM -
JEEM TP Nb. Ta Zr HI. Ti.P & &7t £, X
— R A TR B (D 52U A e TR G
(2) F TR vty A / A AR FH TR 1 i) e 4R 1l
e ) 43 il (Cox, 1980).

Nb/U.Ta/U #i1 Ce/Pb L {8 18 % 0l LIAE Hy H
Wl 72 TR YL 10 2 % 35 . FEAL 9 Nb/U, Ta/U Al
Ce/Pb H. B 4> 5k 8. 11.0. 50, 4. 74, B} B AKX F
MORB/OIB ff (Nb/U = 47, Ta/U = 2. 7 Hl
Ce/Pb=25) (Hoffmann, 1988) , [f] Bt I F Hu 551K
(Nb/U=12.1.Ta/U=1.1 F1 Ce/Pb=4. 1) (Tay-
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Fig. 5 Primitive-mantle normalized trace elements distribution patterns (a) and Chondrite normalized REE distribution patterns

(b) of diorite and similar rocks in research area
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Fig. 6 Representative CL images (a) and LA-ICPMS U-Pb Concordia diagram (b) of zircons from diorite
[53] Bl 2 R O AR BT A, AR 32 pm

lor and MclLennan, 1995) (Ce/Pb W& = T #58{E) »
ARAEFNWTIELZE 7 T KA A i 5T TR . BEAh Y La/
Nb F1 Ba/Nb B & & F fifi 72 {6, 5 SR AN AE K La/
Nb 1 Ba/Nb ()it i 54 2 bl 7E 1R Y 55 18 4 o R
A ERIY K. 7€ Ba/Nb-La/Nb A1 2¢ & g (& ).,
AT LAFE RS T 9 L A3 R DY 5 A T R
FE- S 17 2 B RS2 fa] B i 7 TR 4 1 7=
Y. R N A 5 T e rp e 2 5 2
OSSR Y, T BAT B9 3 Rk Ak 2 4 0F 7T g 5 B
I Nb/ U, Ta/U HI Ce/Pb $:F#Y 3 1A /B 145248
YEFIA X

TEPEMIT ST XK A XA R IR B rp e i i
FHBIRALAERRAE X 1 (36 3). SRR 25 (2009) XF &AL
SR N RAZEA O Ao 2 KA R &
PHZH 2R A KW & B ] Ry 439+ 3 Ma(SHRIMP

(32 um, 284> £)

P/ UM KT 44 8
286+1 Ma,MSWD=0.57

0.5 0.7 0.9
27pL /A5y

P 2 Bk £ 7 CL B4 () F1 LA-ICPMS £547 U-Pb i F1& (b)

BT U-Pb 4E %) L 2 R bV A0 25 21 5 3K O U8
Tty W YHER wiBR 28 AR B 1% s = 0 R 4L
LA TR A 1 22 48 7R 32 BN [RI R B O op
ORI s AR . 1 SC5E55 (2010) X 48 Ay IN A
ELEIAL LA R SE R B A B T 4k Ll — R
Wk I A AR & F 313 ~308 Ma (&
Rb-Sr 2B £5 4E 3 F1 SHRIMP &5 U-Pb 4E#Y) , %
R 4 PR, v i) R A ROk R R
S ML 1 A3 il LR IR b T A AR o A
b I Hty & 0 i 7 0 o ok 2 94 i A HE R R ik
FRPE 3. T AR5 (2009) X AR TG Hb IX B b A= 8k
A PRI R B 5 B R PR A (O B m iR ik
T A Ll Y L BR AL SE R A, R T 244 £
2 Ma(LA-ICPMS &7 U-Pb 4E#%) . J& th 5k A v %
T - Fah - i I 5 b e MRS 25 A A DI 1y 22
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x5 AKREFBABABBHEZ A Ar IF£R
Table 5 ' Ar/* Ar dationg results of amphibole from diorite
BOEHEBER (W) 36Ar(a) ¥ Ar(Ca) ¥Ar(CD  ¥ArK)  “Ar(r) 4@ (Ma) +25 YAr(0 (%) PAr(K)(%) K/Ca  £23
4.00 0.000 040 0.020 491 0.000 007 0.001796 0.025839 238.82 3.81  68.34 3.40 0.049  0.005
5.00 0.000 048 0.033 766 0.000010 0.002795 0.031085 187.40 3.94  68.85 5. 28 0.046  0.004
6.00 0.000 084 0.062 494 0.000017 0.004 982 0.055101 186.37 3.24  68.92 9. 42 0.045  0.004
6. 90 0.000 085 0.081101 0.000022 0.006429 0.072192 189.09 2.41  74.06 12.15 0.044  0.004
7. 80 0.000 106 0.101 005 0.000029 0.008 082 0.091066 189.70 2.55  74.42 15. 28 0.045  0.004
8. 60 0.000087 0.101405 0.000028 0.007584 0.083842 186.31 2.32  76.49 14. 34 0.042  0.004
9. 40 0.000 067 0.086 576 0.000024 0.006 153 0.068 843 188.43 2.43  77.73 11.63 0.040  0.004
10. 40 0.000 044 0.063 554 0.000018 0.004 963 0.056349 191.08 2.34  81.14 9. 38 0.044  0.004
11.60 0.000 036 0.065804 0.000019 0.004 740 0.053873 191.25 2.67  83.41 8.96 0.040  0.004
13.60 0.000021 0.050571 0.000014 0.003250 0.036650 189.87 2.97  85.31 6. 14 0.036  0.003
17. 00 0.000 005 0.009 958 0.000 003 0.000 609 0.006 682 184.99 7.14  80.49 1.15 0.034  0.003
25. 00 0.000 014 0.023 788 0.000 006 0.001508 0.016506 184.58 4.16  80.45 2. 85 0.035  0.003
8130, 1IN , FAEWRY =188. 7= 1. 4 Ma, J-value=0. 009 840 5 + 0. 000 014 8, &S AK4EH#E=190. 3+1. 0 Ma
0.070 F
0.060 |
+
= 0.050F] 0.040+0.003
. 0.040-4_‘—14—:‘:‘—‘:‘:|£
0.030F 0.004'5
(b) 813041 W17
0.020 0.004 0
3s0f (@) 8130f M4 0.0035
T=191.4+4.5Ma
300 0.003 01 (“Ar/"Ar)=280.8+24.6
g 250 188.7+ 1.4 Ma <0.0025} MSWD=2.03
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ii 2000 | <0.0020f
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100 F 0.0010F
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Fig. 7 Apparent age spectrum (a) and inverse isochron line (b) of amphibole from diorite

25 8 5 (2010) XA PG i DX B rp 2B AR ) rp 2 R R Y
IR F 0 . A mi & T 132, 242, 2 Ma(LA-ICPMS
B U-Pb 4E#Y) T8 BT Al N PLoKk B8 5 SR X
ELA e IR R AR AE 2 F SN o e el o i
WHLERE. v L RICLE G X 2L AR R MR
BERRIT A A YR R T A A 4 LILE, LREE 1 Hb
82 500 e AR S A ) s A AL O L 9 ELIRE 25 1)
AR PR B A R S T R R A (] 8D
ARSCHFFE Y TN A A 5 A B T 4 L =kl A
(313~308 Ma) H R4 HAT B A ARG 2 43 B
RIS (] 5) , 2 BAE Sl 32 1 5505 14 IR sy i A/ 0
TRSSARAE FH. AR5 b AR/ A5 A4 6] 25 A P b e 5 27 g i

TR R B L A RHE 5K B W55 (2006) 4
BRI RN 52 FLE AR MY 120, 64, 7
Ma(LA-ICPMS U-Pb 4E#%) Fi 5 55 B 588 15 9k
AR 2825 Tr 45 (2010) 4R 38 B AR P HiIX 132, 2
£2. 2 Ma(LA-ICPMS 47 U-Pb 4F#%) i ks el
R BRI BIRFAE , 3 R ARSI X 15 JeA
ﬁ%)ﬁ%ﬁzé@ Ay St ARk i M LAY
S AR I CRR 0 b i Y DA () B Ao XU“%A
PR KOBEE A 1 PRI 1 ) B i 85 DX B S e
ST AR T 1] A% 4.
6.2 X IEMHEERIET
HROIE 3 LS (AT B vy SE I 1 T A 25 DDA G
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Fig. 8 Ba/Nb-La/Nb diagram of diorite
MORB, OIB, &t g% F Sun and McDonough(1989)#fE## (A

(Tang, 1990;Sengér et al. , 1993). RG-S 0
SR TS A 4 A 32 i o R o E X e 2 il i
BEG WIS I — EAFTEA AR, . B p 20 — AR A 0
(Tang 1990; Tang and Yan 1993; Han et al.,
1997; Kheraskova er al. , 2003), V44 — B 4%
20 (Hendrix et al. s 1996; Yue et al., 2001; Solo-
movich and Trifonov 2002; Charvet et al. , 2007;
Wang et al. s 2007a); &% — B =3 4 (Sengor
etal. , 1993; Chen et al., 2000; Xiao et al. .,
2003, 2009).

Zhang et al. (2009a) FEAEb AR At Z H 01 Hh PR
ZRANA B AR AL 5707 < A Je (324~ 300 Ma) [N K
f AN S, EEBAENKA AKS AR
B TR 3 2 IR A DA R 5 e — e 1
— P =& (254 ~237 Ma) fE 54 4, B8R K
A= IE R AR R A LA B KA AR, s ik T
IR 3 2% o J2 vty S YN A B ] AR b A B
PO i R B I e B AW ST Bai - e 7/
B NIFRHEAL R ORI T e M IR IR Y & A K
B0 At il s SR SR I DI M A 15 A R e e 2 il i
BEA G A Rl R AN A P AR VR T R 45 3R 1 3C
LA (2010 WFFEIN R ZRABZE 5 AR L 1A 4 X =
JK LA (313~308 Ma) JB B flf 48 J 11 1 e B 555
TRIRRACHE G TE N A e 2 A RS 28 A 2ok DA 5 Al
f. 5K 35 55 (2009b) I8 4 5 AR 5 2R AR 0 HE 5T
Wi S BrEE R A TIMS 541 U-Pb 4E#% 284, 8+
1.1 Ma. 35785 3 111 B 3R B 5 Shi ez al. (2004) 4]
BN BRIER A BUE K 5 SHRIMP 547 U-Pb
SRS 276 2 Ma, 45 75 ok A e 10 A8 38 R BT £F

23| TR i AR SCHEGR N A & T285. 6
1. 3 Ma, ¥ fhic 5 T WF5% X B £ s it — . & it e
& 1L R i 5. Zhang er al. (2009a) ZEAEILAL 2%
TR A A et (324 ~300 Ma) K 5 — 6 <1 X
Ky R o] RE A AL A I 1 LA R EREE T Y 7
W5 N SA —F6 1 TR A B4 s R 7 22 i 381 . —
B, Q. SRR T B (2006) 345 N 52 1 1)1 47
HEIN K R 25 47 U-Pb 4R #8 ky 28245 Ma; T
HAIAE (2007b) MAFFEL F 7 — R CH 3O N KA
&) SHRIMP %547 U-Pb 4F#%k 28845 Ma~280
6 Ma; DA SAS SCHE PR 5y ARV i IX 3R A5 9 T A
) LA-ICPMS 4547 U-Pb 4E#4 4285. 6£1. 3 Ma.

ot 3 (200 1) X 75 JE e 2 T R AR I S 8 Rl
AL A AT T 4 fEICE oA A R s A
SHRIMP U-Pb 4E#% 4908 Ma Fl 309 48 Ma, 7£
WAL %5 P75 ) Rb-Sr 4 5 45 i 2R 4E 4 228 +
21 Mafiigi 4 SHRIMP U-Pb 4E#% 254 +4 Ma; 2525
T 55 (2009) FR A5 PN S ARG X GHAE T 20 S AL
5 A LA-ICPMS U-Pb 4E# 271. 92£1. 6 Ma F1
264. 8 1. 8 Ma; Z=4 k45 (2007) FRAFZ AL F 5 HE
FHITMEB I FHIT S BAE K A8 A
SHRIMP U-Pb 4E#% 229. 2+4. 1 Ma i1 237. 5+
2.7 Ma; SR RICEE AW AL T W fa et — 7 —
B e R 55 A T RS L .
TR A R B (1997) 7E ARG L X A g o Hh &
BT e S T Ak A i PRAE (2004) 7E B AR
TR i DX R 30T 20 M 2 R e BT M — e O R fk
A Fe e S R AE Gl I A I AAAE. XTI
FEAE S Tl WU 10 5% Ay (5K Kk M 2, 20005 Krav-
ichinsky et al. , 2002; Li, 2006) ¥ 52l 7t —
AP ST AR AE WAL (Tang, 19905 ARGE
%, 1991; FEYZR,.1992), HETHE M3 E B4
KB B DL, 88 5l h g — & it — rh = S iRl
FEAL KA 1 TE BT 8 5% E 2R M & G, Zhang
et al. (20092) TEAEILAR AL LR 51 H 1) e — S i —
Hh =B (254 ~237 Ma) JE R AL 5 5 K RS
B AT I e G R 4 A A6 25 8] B R B — 1L Hid
LA FEN Bt — T =B e Al
6.3 XIEKFFHSHWIEER

RICHE AW ABAEN S —rh =S 58 ik
LNRTESE G, T3 Gl AL h S fli b pa S b
Pe Rt gl Rl ARG B S i e S e bR B
M SE PG i W IR B PL 8 i T, U 5 — 3
BBV AR Rty R PE I — A SE AR ) B A T
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TR AR S FBE 5 J5 B A2 db dl Bk 22 8] (I 95 L,
2006). FIIRBFIEIN R 52t — SRR w1 ] 50
TESE ) A0 P P AP ) SV A R e g 235 2 1 i 0
eIt S Cof U1 356 07 o BF G B AR AU A 1 45
fhiti B i Ak 2O Sk w9k B B K il 31 2% (Zonenshain
etal., 1990; 1995; Zorin,
1999). KT« 3T 4F S % JR e VI b X5 3 i) BF 5
(Sorokin et al. , 2002; TRKIES, 2002 ; 7 Am K&,
2003 s Z=F#k L 2004) FIAS 1 L L IX kLl — TURRVE &R
R A 6 BT (2R R AR A5, 1999 27K 245, 1999)
IRy G Bl e A A AT B e b 2 e oy A= AR AR
KIHAAAETE 3 R S AL, PR 5l — SR IR
S P FCAE ) AN B4 PG A1 ) ST AR R v g ] s i) g A
AR vy 2 B e AR AT B e b et & AR A1 o (L
2006). FEFCHIFFSLAR oh 2T 58l — SRR iR
AW, BRI 58l — SRR U i A TE ] AR 2
BOOVIRIA G A5 — B e s b kARG, =

Parfenov et al. s

T — B AORP A 5 AR L ER & A M G (Zorin,
1999; Kravchinsky et al., 2002; Cogné et al. ,
2005; Tomurtogoo et al. , 2005) , Miff % 5215 —
TR VR SO AE R B AR bl XAV T T, AR b AR R
RV AR R 0 B B 5 2 ilf 48 PF A (Ying e al.
2010). ARSCHEFE S IE IN K A A TN A A Ar
AEIE Ry 188, 7 1. 4 Ma, 1 TN A K-Ar (K R 3]
IR B 8 il (~ 510 C; Dodson and McClelland-
Brown, 1985) ,iZ4E# AR 1IN KA # 2 i e —IK
S S sf  p  R] L g AR ) R S =S — AR
PGl — SRR R SO TE S AR AL TR A& R B —
RliiAE A7 OC, Z 5 58t AR JL AR E AT IS 3 1
W5

AR R [ A b AR R 1) P4 o R b R 2
TH IR B, -5 Ak Sy 1) WIOIE KBt PG AL 1 4 1] 1 o
(Maruyama et al. , 1997; Sagong et al. , 2005) ,{fff
7 T B R BT AR AR AL AR R % R sk
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Fig. 9 Palinspastic reconstruction of Late Permian ocean-continent framework of northeastern China and adjacent regions
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M55 (Zhang et al. s 2010). Shao et al. (1998) ¥
MRV LK 32 70 A B RS A B o i 3 2L T Ak
IHARA SR R 2 (199 Ma) | Ak 2 i (170 Ma)
AR (100 Ma) , Jz T AR 75 b X AR 2 20 85
5k 2 a8 I R AR DA R AR
A T A AR IR Bl R A5 AR 2 BH A 1
B A% 28 o ke s i B Ry 160~ 140 Ma, W {H B B Oy
120 Ma (il #4E, 2006, 2009).

W5 DX AE PR 25 20K 135 AL ) 1) 38 R e 4 I 4 o1
T A T A SR (14 3h 3 BRI AS A — P, 17 2
Fhak Z Rl LI L RIVE 45 21, RARD 5l
— SR E S A AL K A AL bR A S
T L7 0 5% WF 9% X PR 12 00 A 7 30 g
KA IR VR R T P Al 1) A2 b R B i) P )
PRS2 3 T Bk 2 L BT 5T IX AR AR 2 40 38 N A7 AE
2R G ) B A 7V . AR L g i 3R R S 3k
THFSE X AR D 284 i AL 9 28 B e 4t Xu(2001)
AR ol F T 5 AL %) 28 R e ] BB AZ B 1
M B 55 A6 A0 A R il 435 114 52 .

WA 2ty SRS Al BT op 1 A s
IREPIEAFFLSE Rk 50 AEPLRALE T AL AR
Hh DX AEAE 0 Kk A R T A AR R B (AR T AR
1999 Bt K TAE, 20005 HEBF % 45, 2001 ; K £ ¥ 45
2006). HRT % [ 7R 58 5 A P s 1 3k 5
2 S A R S AN i E S B A
FE IS, SR & A A PR R L CR AR ITAE , 20035 X85
FHEE 2006 348 LI, 2006) . 45K b % J2 #7148 7 75 vh
FE] 2R AR KRBT T %) B o Wl PR AT — 7K 20 A ) e il
PR T i B RS A B (Fukao ez al. o 19925
Zhao,2004) , UESZAETL AR 5 A el 1) 98 v 5 -1
A AR 25 R 114 L 0 XT38 1) S5 A
7 i

(1) PS8y PR LG i A8 7 24447 P9 A A8 T TN
KA TR &, Hia LAICPMS U-Pb 4F
#4286 1 Ma. - AR TN vpfy Tt A4/ iR 52 AR
YEFHTE B & A5 g, 5 0 37 7 AR 2 gy
1IN A A AR AR L AR N A A Ar AR R Ol
188.7+1. 4 Ma.

(D FAREEA W Bl AR DO By vk Ll
B4 5 7 A o AR A ok b Y DA ) A B 1 el L O
Lt 5 TS AR, B A s A B A R . R A 4k
A TEN AT T (~310 Ma) Z Fi 5 28 A1 ik, 6 A

it — R =B (~310~276 Ma) 4b T J5 1 LL 2
M5 50, TR AT T AL T edbdb gz i 2
SR BTN — A6 B TN A AR SCHRE 1 TN
B R Z2 I i 7= ). W B 1 4 5 R i IX a7
AL AR TR S —rh =& (~
272~230 Ma) RACHE G W) e ARl A 48 5 B 24 Al
A TS 0] LAY —PEIE R T 48617 Nz
KAt IFA7 Y IR Rl AE AL 1<) RIS AR A 1

(D RREESW 14 S R BRI RS 5 HALE
UG PAPE G B 5 — SRR IR SRR Rl R
PRI — 43 S AR ) JR AT TP AR R AR SR AP 5
Ja ByARdC AR Z ). LR 52 — SRR IR s i AR
ST ARACER AL A G s AR SCHRE 1Y AR IN A A Ar
AR TE SR TS A T Bl — Bl Al 43 1 A8 BT s R] 22
JE ST X HE A 38 LA R i PR B T T
M e rar S8 AL AR BT oz 7 i e[RRI T, AR db AR
TEORZ 20 BB AL -5 Hr sk AL ) 22 I e fe. 1
PRI AV PEAR BN b 5 ) B AR I v AR
AFFBLPLIRAT 5 I8 A VG V-1 ) 3 3 ) i .

Hi AL ARE LT HBAETLRF K
HHAFEREL LT TR, FRTRPFHT
FREM L RAFHE £, 50T PFRT
PEHT KT (RO HRAFILARBERRNGE
S B A — IF AT RS 0 G
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