1000-0569,/2016/032(09 ) -2609-27 Acta Petrologica Sinica %% 54k

R JREHRATF (1) (B AN AR s

FZR MR 2EEY B A8 IRE O AW B% 2520 TRE'? XRE
11 SanZhong" - ZHAO Shuuan' 11 XiYeo" - CAO HuaHa" - 11U Xin" 2 U0 XiaoYur® XIAO Wenfio* AT ShaoCong” YAN Zhen 11 ZongHut® YU ShengYao' - and TAN HaoYuan' >

R E TR IR R o B, IR SRR M E A LR E, B 266100

H IR SEORE Z LR B RIS, B 266061

st SRR R B LS ST T, AEET 100037

Hh R e R SR BT SEPT, bR 100029

PEER e 2, P 710069

] T 5 e Y S T A PGy W5 710054

1. MOE Key Laboratory of Submarine Geosciences and Prospecting Technique , College of Marine Geosciences, Ocean University of China, Qingdao 266100, China

S O e

. Laboratory for Marine Geology, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266061, China
. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China

2
3
4. Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
5. Department of Geology, Northwest University, Xi’ an 710069, China

6

. Xi’ an Geological Survey Center, China Geological Survey, Xi’ an 710054, China
2016-05-22 A%, 2016-07-16 # e .

Li SZ, Zhao SJ, Li XY, Cao HH, Liu X, Guo XY, Xiao WJ, Lai SC, Yan Z, Li ZH, Yu SY and Lan HY. 2016. Proto-
Tehtys Ocean in East Asia (I): Northern and southern border faults and subduction polarity. Acta Petrologica Sinica, 32
(9) :2609 —2627

Abstract The Proto-Tethys Ocean is a complicately-originated oceanic basin originated from Supercontinent Rodinia breakup and
existed from Neoproterozoic to the end of the Early Paleozoic. It was located in the range of north of the Yunnan-Burma-Thailand/
Baoshan ( Sibumasu) micro-continental blocks and south of the Tarim-North China Block. There is still controversy for a long time on
the southern and northern border faults and the late Early Paleozoic subduction polarity of the Proto-Tethys Ocean. It is important for
understanding tectonic background, restoration and reconstruction of Supercontinent Pangea assembly. Therefore, this paper used the
integrated methods for the latest results of field geology, tectonics, magmatism, sedimentology, geochemistry and tectonic chronology
and tomographic imaging, to identify the positions of the southern and northern border faults of the Proto-Tethyan Tectonic Domain, and
determine the subduction polarity of the Proto-Tethys Ocean. Integrated analysis results show that to the north is bounded by the paleo-
Luonan-Luanchuan Suture ( or Kuanping Suture) and its extension to West Kunlun; the southern boundary is the Longmu Co-
Shuanghu-Changning-Menglian Suture. The Tarim-Alax-North China Block in the north of the Proto-Tethys Ocean had a southward
subduction polarity and collided with the Gondwana along the northern margin of the Gondwana in the Early Devonian, forming a giant
orocline now preserved in the Qilian-Altyn Tagh-Qaidam segment of the Central China Orogen. The south branch of the Proto-Tethys
Ocean may be closed, making the Greater South China Block including the North Qiangtang, Ruoergai, Yangize and Cathaysia,
Bureya-Jiamusi and Indochina blocks a southward subduction and accretion to the northern margin of the Gondwana in Devonian.
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Kuanping mélange, Paleozoic mélange of the Shangdan Suture and Erlangping Basin, as well as the Neoproterozoic plutons and their
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980 ~720Ma of Neoproterozoic plutons ( ages seen in Dong et al. , 2014 ) are not across the north margin of the Central Qilian-North Qinling Terrane
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ARG 5 A ) O e Ik A FERg AR, HL g 047 i
OEHEZEWYIRIX Z — [PGXS L, %R KK LR 4310 1
Ve AL R EERERE , WIARAR Iy S 21 46 7] Je 22 bR LD
WHEMIUES, ARG EFFREBFZ I CERE M3 KE,
1995 ; =845 ,2002 ) ; FRAEAR & AR 12 IEAR G 1, IR AL R H %
AEAREAETRIZZ I, DB R AR A b A
PURURRAE , AR M AE DOBUDT s 4558, BlaA o 21 LR 3
LAl g (TSR, 19665 4 FA B 45, 19855 Al Ak 4%,
2004 ) =¥ty & SN RE T 0 0l AR T L SINET 5 7 ) ( Yan et
al. , 2007 ; Xiao et al. , 2009 ; Yuan and Yang, 2015) ; ZR B
Ve 2 N oty A AR 2 1 AR Y DO R A R — T 43
(Ratschbacher et al. , 2003; Yan et al. , 2012; 5 b W2 4,
2014) . XATREREURAE “ B FHA T P B (/B B I B AR B
ZeRA1G, HG IR BE T 240, (H AT I L1 BT 09 i oy A AR
T 5 TR BT Ry AR AU [R]85 ) W £ B2 AN, HL
Je A K IR ) e T 28 0 A AT ol i AR AR TR 3
S, HIT =S MM RERA B ARZVRIE , B, /5P 6
SR B MR E AR B I B A A (B 4) o I,
FEEPPE JOAREEVE (IO BA 7R 4 ¥ S AT L 1R 3 2 G i ) 2 28 ¢
P, B Sl AR AR b E A (B 2) i HL e ol A AR
BB E AR AL ZE WS SEPPRE, T AR A BRI %, XA
AR PEZEAE St AP, 1T HLER A PR A e Tty
A AR 1] P O D T P G ot A AR R 1y AR e
HmE A%

T AR A ), A e AR R AN 2 R AL e O O R E
e, R4 Z AR AR IR R TR SRR R
PeZ [ — A0 IR 2 HE AR S A e A6 R Bl e e I ) F
G WA, A AIAREFE 08 T B AR FRBAT PR B AT AT B
RIATE RS BVE 7 G, FRATTE th F-rh e Rl AR b AR
Bl A (] 5C ZR AR (P ) AR I O &R, AR L A O
7 S A, OCEE XU TR R ME R S B 2 1 Y6 2 ARt -
JEZRIE - AR - BT R 3-SR R -8 UK 5 X BLA AL & DR &
S5, WS 2R B B ) 2R A% i — W) A% B e RIS LR, 5 R AR
F-rpe 2 A B ZONESE R TR R IR B3 b 2k ) DT i
KA (FIER4E,2009,2012) |, S XIIEHESF AR SCUTRA Z [H]
WMWL&, BT IZ W B8R 0 A A — RS At S
B (FRIEREE 20145 Sun et al. , 2015a) , 0] GE k38 A4 3] 384 4
BErb A LA G, A HERR M g At AR dL R 1 AR
A AL e B R VAL R R . X AE Kroner et al.
(2016) 1Y) 370Ma AERAR e d @ A3 8] TR0

2.2 BEFREGTEHER

I 20 A2k, SRR B BT b BT T SR AR IR 7 R R B4R
XA B8R (B 5) BG4 % R0 e S 2 TR B
INHATE R A8 (22244 %, 1990 ; 2537 [ 45, 1993 W 4 4
1994 ;81K 35,1998 ; 2= 244 FIFH AR S, 2002 5 B 778 4F, 2003
WRHEHSE,2004) o H ATX ARSI A R FOAVE 4 Rl
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K4 RAEHRERAE R & A 450 ~400Ma 4 BRFSE H 4R AT RE AR (44 =18 48 ,2016¢ 1&140)

ARA-PTH7 FUA- 8L CIT-EEE P et fA ; EDC-GAFU/R AR se ol ; EGG-i5 1L AR IRORL S 5 END-RRPELL 5 1C-ERSZ e s JL-Je-i0-3 117 5
KIM-GA1 ] ; M-ERpEaE 1 8 (V5) ; MB-Z2 se BIEAa st ; NEIT-ED AR AL dl; PH-75 &, RER AR SAT-BRRefifi; SIBU-EAN &5 i
B Tk 8, ZEERE; TNC-AEAL R s WDC-IK FU/RPE S rofii ; WNC-AeJt Pyt ; XI-AEH

Fig. 4 The most possible state of the Greater South China Block under Early Paleozoic (450 ~400Ma) global tectonic framework

(revised after Li et al. , 2016¢)

ARA-Aravalli-Delhi; CIT-Central Indian Terrane; EDC-Eastern Dhawar Craton; EGG-Eastern Ghats Granulite; END-Enderby Land; IC-Indochina;
JL-Jiao-Liao-Ji Belt; KIM-Kimberley; M-Peninsular Malaysia ( west); MB-McArthur Basin; NEIT-North East India Terrane; PH-Phuket Island,
southern Thailand; SAT-Satpura; SIBU-Sibumasu Terrane; T-Tarutao Island, southern Thailand; TNC-Trans-North China Craton Orogen; WDC-

Western Dharwar Craton; WNC-Western North China; XI-Xionger

A1) UL VLT AR - B Yl o oy A AU S i
FHOFERAF,1990) , 47 1Rl Bk 5 B #8-5 H-ED SRl BUA
FESE At A AT HLAS IR gty - P A AU 2R L
R S R R AT N S R R 2) BTl
ESE G AT REAU RS ST i w1 1 T Dl R ooty (Gl S 7
LR A s BOREE,1998) 5 3) ATk IL(-JEE) ik AL,
R WAL, BLISURE PRI S B oty A AR B 58 42T
T2, 55l e R 0T T Dy i 5 B Il G A A R S
2009) ; 4) BEAMI-ARVTEE G 2k (FE L [ 25, 1993 5 i L 4%
2004 ) AN JEURE SR TR S DAL 9 ) AR AR AT I A P g
A HIA A B U-Pb AR IR AR AE 221 ~ 132Ma 2 J] (i B¢
4, 2009, 20105 SEIMELSE, 20105 FhA2HTAE, 2011) ,GiEW]

IR, ZHOFFE R 28R RILEEER . M2, KE
RO SRS 30 Bl 2, 95 i e v i
S PR AR (R ARAE, 2005  (RAIESE, 2009) .

AT S AR — LT AT SE A 5 A A U BR AL S BRI 5
(Zhu et al. , 2013) #5375 , JEURFH ST 50 A0 7 O DX AR LA
VUL i P AT — 4%, U TR VLS o 1 - S Y7
AR AR S A, AT T B, R B SO sE 4k, B
R TS (Zhang et al. | 1993) . KHEURT R IELRE Ol
AACAE R & o A o o3 A AR A7 ORI, U P
AL P A AR R Sl 2, 95 P st ik T4 B i 2% (Zha et
al., 2013) , [N, JEAE4R 0T g S N 7 T AL L B 58 g
e 6], B Je AR 48 5 28 (Zhu et al. | 201353 25445,
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KIS ATRERY R e 5 it R S S U A - XU - B 7 - d i 4 B S (AR GL T AR 4 Xu et al. , 2015)
HbBeal s A . NCB-Adbhlidl; SCB-AEpghlibl; TRMB-F4 KRG ; IDB-EDEERLH; WQL-PGZ IS 34 s EXL-4 B 4 s A ; QDM-2E 55 A b 1 5
QL-1R3% Hfdc; ALT-BI/R At fd; WKL-VE B bfd ; SPGZ-FAWE-H #ubid ; NQT-QD-SM-IC-LSE I8 £ - M- B 3t 4 ; SQT-BS-SBM-f4 3¢
JE- PRI -0 E R b AA ;. NLS-JLrg i id ; SLS-pahrp=tiid ; TC-5 vhitfd ; TSH-T/KIFHA; WB-PG 403 14 HM-3 B h0RE bk . 2854k
SDS-RIJME 2k ; KZS-RH4E 54k MLS-IMk4E & 4k; EKL-ANMOQS-AK & -P JE 3 M4E & 24k ; WKLS-PY R 4E a4 LIS-BE a4
JSIS-ALS-SMS-4: VT -FE 242111 - Th T 45 448 ; LSS-CMS - INS-BRS-J8 A HE-XUH] - B -7 3% -Inthanon-4 fi) 4% 4 4% ; JTHS-NUS-SKS-£:3]- Nan
Uttaradit-Sra Kaeo 48{52% ; BNS-PEAW]-RTEE G2k ; SQH-JLS- MR i  B4E 52k SDSAR L 4E 2k ITS-EN - 48 52k . oAl
{4 : BHDA-Bulhanbuda & 3T Hi{A ; YD- U308 8 {A ; LC-ST-CBA-IIfi #:-Sukhothai-Chanthaburi [ § 14 ; KA- Kohistan &3 h{4 ; LA- Ladakh
B . WAL ALTF-Bf/R 4 W7 s NQLT-JLARZEM il ; TMST-Jg i Tl i e ; RRF-ZLTM4 ; KKF-REuil B G s MEFT-3: [k i
%5 SGF-SZE Wi %; GLGF-R &L sk

Fig.5 Possible southern margin of the Proto-Tethyan Tectonic Domain overlapped by the Longmu Tso Shuanghu-Changning
Menglian Suture of the Paleo-Tethyan Tectonic Domain (ages and base map from Xu et al. , 2015)

Blocks and terranes; NCB-North China Block ; SCB-South China Block; TRMB-Tarim Block; IDB-India Block; WQL-West Qinling terrane; EKL-
East Kunlun terrane; QDM-Qaidam terrane; QL-Qilian terrane; ALT-Altyn terrane; WKL-West Kunlun terrane; SPGZ-Songpan-Ganze terrane; NQT-
QD-SM-IC-North Qiangtang-Qamdo-Simao-Indochina terrane; SQT-BS-SB-South Qiangtang-Baoshan-Sibumasu terrane; NLS-North Lhasa terrane;
SLS-South Lhasa terrane; TC-Tengchong terrane; TSH-Tianshuihai terrane; WB-West Burma terrane; HM-Himalaya terrane. Suture zones; SDS-
Shangdan Suture; KZS-Kunzhong Suture; MLS-Mianlue Suture; EKL-ANMQS-East Kunlun-A’ nyemaqen Suture; WKLS-West Kunlun Suture; LTS-
Litang Suture; JSJS-ALS-SMS-Jinshajiang-Ailaoshan-Song Ma Suture; LSS-CMS-INS-BRS-Longmu Tso Shuanghu-Changning Menglian-Inthanon-
Burma Suture; JHS-NUS-SKS-Jinghong-Nan Uttaradit-Sra Kaeo Suture; BNS-Bangonghu-Nujiang Suture; SQH-JLS-Siquanhe-Jiali Suture; SUDS-
Sumdo Suture; ITS-Indus-Tsangbo Suture. Arc terranes; BHDA-Bulhanbuda Arc terrane; YD-Yidun Arc terrane; LC-ST-CBA-Lincang-Sukhothai-
Chanthaburi Arc terrane; KA-Kohistan Arc terrane; LA-Ladakh arc terrane. Faults: ALTF-Altyn Tagh Fault; NQLT-North Qilian Thrust; LMST-
Longmenshan Thrust; RRF-Red River Fault; KKF-Karakurum Fault; MFT-Main Frontal Thrust; SGF-Sagaing Fault; GLGF-Gaoligong Fault

2007;Fan et al. , 2015) , [ RIEEMIATAE S B T 4E A MV RIS BRACIE R A3, DT, HAnfer 5 B 7 - A 1 4R
#(Nie et al. , 20155 [E5) ,BeARM A — 2 2SR SRR AHIE SR BRI TR il , A A - XU - 7 - i 1X —
% (Zhu et al. , 2013) , H2 Zhu e al. (2013)KEhupestite 45, #BEkZ 400 ~380Ma 752 | 5 9IAF M Lk (& 1) X —
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H A BE R B AR W I 400Ma 2 A 2 2t A, 3k
TURAEERI (FH 7 R E B AR - R
Wras ;22 = 045, 2016¢) PFA BRI FCANA6 L, HE 380Ma )5 A4
BRI TIE, T 0 R 4R 30 5 (a3, 60 6ol mes vt 4T
I, B A 0] W, 367Ma( =75 PUJ5 ) \340Ma £ 45 (18K JE) |
283 Ma ( B BHIERE) Y 5 9 L2 450 5%, LAz 88
EISZHA 220 ~206Ma (1922 2 BF R 3L SR RN SE R AL X A
(SR EFRSE,2015) 487 RS mp AU R b G AT . BRI , 3224
AT TN A TR T2 5 AR 30 30 0 oty o B S0 e 3 R A
ik % Sk Rl 2%

IR R (AL R 22 1R ) 2 G A i R AR AR
il e/ S pe B 1 2 B -k i B LR R A E
T LASR IR VY B A 3 T P 8 Ry A A A o O R
(FEEBRITBAE, 1987 7k #5 45,1989 ; Yao and Hsii, 1994 ; 25
A 1995 22 04PRTF 19955 FIT B4, 1995 X8 78,1995 ;
TIEAE, 19965 2= 4k 55 55, 19995 2 M 25, 1999; 2 1 45,
2000;Xu et al. , 2005; THEJ1ZE, 2006 ; 1 7 2 2 2006 ; Xiao
et al. , 2009; Sun et al. , 2011) KB CHETHN(RIL . BF
FELEE ) Fody A A& Pl ol BT 0 SR (AR M e, 19925 # 4R,
1996; WHZAH, 1997 ; PRes4, 2000; 3K E (R, 2001; #T
FHAEF, 2001 R 45 5% 55, 2002 ; ol 5%, 2003 ; Y0 R IR 5%,
2009 ; {20105 PV, 2010) A R TR P iE)in AR
WIBG N IE LA (R EIR4E, 19905 &F R 45,2008 ;Shu et al. |
2014; Wang et al. , 2010) %, BABFFRIER, V5RO &
PR A A i oA R R B T 1) e 4R 9 7™ ) ( Marten and
Schneider, 2000) ; A& B #4347 7 2R AU S AR 2R BT
REHEPHEA 400Ma 2O LG N SE ZEF
400Ma /e 45728 T A T (o @ 55,2007 ), 3 Bl )5 e A il RE By
BE(XUMEAE,2012) o HCRgM0 H B — ZR 510 20 X108 JrE A 3
B 380 Ma 22 J5 PRI L p - Bl J2 3 SRS s A e T 7T, -
HAm-ZB A TS, 56T Rl P93 1177 2 R AR R Rl
PSR B K BEBF G 5 200y i AR08 (28 = 158, 2016¢) .
[T, Yao and Li (2016) FRiz i L il 3R-= P il Ly, &
TR 20 - R R B A R e 5 X B b 2 BN RE =2 ) R AR BT
TIXPHE 14

S A A U S 3 e A L 2R R 2 G A 1Y
RAWFFE SH0IN , 45 G a0 B0 JB 7, m o0 20 6 D R 42
W e il , DORIRA T/ A 300 2 10 9 i B i e 7y
GBI AR AR ety T, T AR TR AR AR 0T v A I
TE W AL 3 ) 2SR 2[RI Ay 8 W] Pangea B KR 5R
AT R A AR R T R B R

3 WA
BTSSRI, SOV — 7R 76 1 e,

T RN TARIEALIR PR T 6 4 AT T 43R

JEREHE I P, 0 S5 ST P DA 24 o B
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Scotese 4% BR T 4 J5 58 P B AT SR 4 20TV 1 E 28 ( Scotese,
2004 ) , 124 o AR AR VEGERR A R R 0TV T 5 PG B
PRI DEAE 07 (Tapetus ) VEAHZE o #0402 19 2 BRE 47 R
SRARIL T SRR SRR , AR RE S0 DC A 0 3 5 SR AR SR 0T VA i
(von Raumer and Stampfli, 2008 ) .

S E N RZECAE N R TR T 52 B -H
AR R I P DR RO 14 2 ) 55 AT A AE AN ) R
F 1) JEARER I Ey b B oy o R s N (R L -5 -
DL EIEAL) P R AR - B AR A TR TR SRR
FE 24 R (LAYE P9 FHH: 7 Ml X A 3R ) 2 (Ren and Xie,
19915 $h K3, 1998; Fli#h4E, 2001; FF4E4F,2001) . Hordy
HAETEREA N & Rodinia 88 R 2R 72 7 A 1Y I Re S 37 32
VEZE (BEFAAE, 2001 ;von Raumer and Stampfli,2008) ;2) JR4:
PR h AU TP H R 2 22 5 PR AE Aoty oP B (R PR AR
HBA3 32 ) R AR T RO SRR AR ST S [ A
(R RAREE 2005 s FRABHEST , 2009) 53 ) JEUAF 3T & — ML
T3 BURRE L LARS 4028/ LU e LA 9 52 2
(ZEXLYR%E 1990 Xiao et al. , 2003, 2009) , HH, 285 =Fh W
SAIEAAAEA TG B, A AR JEARR R 0V R 48 8 -408-
FVE LATE T (i R A, 2005 1 L HE SR, 2009) 5 A A
Kz A B PV 7 0 S iR B A Rl A RO R S R
JEARRERITVE (BB T, 1994 T HE 52 55, 1997 s VFAUIA 55, 2004
BIEHE,2010) o 324, IIARZ AY SRR I A S8 R
il %} Pangea <375 & i ity A UM 5 SR, 2 RALIF
Fto

A SCERAIE 10 AR AT T MR & B, Rodinia 2 3 72
t ARAURE T RE T 844Ma J5 ((LAEfR4E, 2008) | Bz 3% 1%
Rlige 7T BB T+ 950Ma J5 (Fk 7T A4 F1 ] 30, 2010 ) S 3L
Rodinia R EE X BLAY KRl BT, $5 BOR-58 38 K (B4
- SRR B X LA R B AL %, 1) LS, O 5 P 1{A
RN B R 2R g 1) T ST A% 17 2 I il Bl T g B g - 1L 97 7 i
2211 g BB ) e (4R 4k 2, 20125 Xu et al. , 2015) ,JE
FRVE T 2% 3 PROE Y N &y U 3 {R BE ( von Raumer and
Stampfli, 2008 ) o ZE i, , 334~ Wit (A FE R TR B0 /N R 1 i
RESRITE LA AL SR Wt S . R e v I, R AR
FEITVE N 2 AR I TR 0 AR Rodinia A, HVESE2H AT BE
SO, RSN AT AR N 2R P P B, AR B A — B 3T
R I  Proto-Asian Ocean , iy A7 th 3 ) % o1

G TR T AR LR ; P BCA S oo o AG- oy A AR L
TEST, JF AT RS WU S DT 07 3 RS O #4 Bif 58 7 ( Rheic ) A1
W WIS, % A RO A RS — 1 K-
SRR AR - - BT R 58 - ARG Rl HO R e 26 T 400Ma /i HF5 T %)
PNk (= =185,2016a, b, ¢, d), 380Ma ZJ5, iy Jo 4
SRR FLERATIT, B R B Ve . IR, R AR SR £ S
TS RN AT S

R, A SCHE T R PRI A A SR R (ZE = A
2016a, b, c, d) FE R R 4G T RO, HA



2618

TR AR, 60 T 55 R AU RE B LA RS, 1 40 5 75/ 74
IR AL, 5 Rodinia i i ) 2248 25 0 RH € B — A~y
PEA o Rl am IR iR, B AR AT A B R (4RSS,
1990 R 52, 1994 ; ¥ AL 3 55, 1997 s Bl FA4F, 20015 SR AR 1F,
2001 ; Xiao et al. , 2003, 2009 ;von Raumer and Stampfli,2008 ;
BIEEE,2010) T2 — /N XANTEERITE A
R BB G AR SR SR SR IG5 T R Y 2 4 R -l
JRy B R4 (45302 55,2010 ), 3X TE /2 Pangea i i E i
WA — BT,

4 Dot

BT ABIETERRI, S 3 30 T REAT 12 5 2% B I A A
AR ity AR R VAR P — PR 3 Ll T 5 — A A D
PRI RE, AP AR R R T T SR A s B A
Paih = FETEs R JE PR XE T X o3 AR G PN R R A
PRIRZRAEXELL AN R M 38 B G AL P B B S R, S 8O
FEAETTIN AR A A PURAFAE M o X BT S 22 e ke 2R
AR 70l A AR B/ Al B 5 5 Ty X R A A
W MR S S PR AL AR Pangea i KRR &
Bt A A R 3 ) 2 ML R o pln R bl P A T 1
AT, FETTAS [ 27 25 A5 1 A ] ) SRl Bl B 3R 5 T 50, X g
FEA W R A R LA DT A B ORI g A R N 4 (2 3R
R 1992 ;250 7R, 19955 T iEKE,1996; Yao and Hsii, 1994
FURSEAE, 19995 AR A, 2000) , B /R 4x-Se L - 7 06 55
s -8 g R A8 ol A T REAR 2 Il 1 B D7 X ) i X
BB J7 2 GIREERTAE , 2007 5 X1 R4, 2009)

XA LB B il B g 0 22 4% Ll AR A QR T 4 10 )
P BAAPE G T A R BRI A AE B R Ghe 7R 1T
2o X JURFER B ) 26 R 1 - i AN LT % TR
[F) 8 g 24 SRR A & 3R, T ELZ2 I 1 AN R R R ds Ak 1
Pt o AT B 7 4 28 5 It 2 B A 22 e 1) oy Ths- g T 78 ot
AT, 2 AR AR — 4% B R o - o T A8 Bl 7 AR TR
o A ARSI R B4 T AP A R fRT R 2 N £ 087 ol 458
(B 28245 ,2005 5 5K BT 5 , 2007) 382 A] fiE -5 22 fili B sl 91~
fifi =2 180 7y 7 Bl Ou Sl A 56 () RL4,2009) 7 S 2 A4 il bk
o ol il R AR U i IR o 5 HEL R i S I ol B B
(Song et al. , 2014) i Ik — YNk 1] F5 5 ) L AN R Bl (2%
=B85 ,2016b) 7 X LB REUE Rt AR RS BF- 7 L F
FERIRL L NS, I BT JRAR i 3 o2 55 07 T IR AL WF
Feo PRI, BT X IR SR AL T, N4 v Ak ke 52 2 i B/ Al B
w0, XOR AR A T Pangea i K SR A T 1
LR S

OB IE TR 7S, T BT 7R 43 22 S JE Zx B AL Z2 e 1) g -
TR e R A el Al — A% T LA T 285 17 B 1y 15 28 g T o T 8
JRCEHS , TR E 20 o - ey e A8 Jo A7 7Y 3 5 {6 A i g -
R TR AR ety AU B /R G A AT i (TR BT 5, 2015 ) 5 B ]
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IR4 2 SRR Tt 1L 5 9 W 2L U051, 7T BB 1M 1) AR B2 -
AR EME AT A (22 =055 ,2016b) o EAT3E [ A B 1 A2 db-BiT
P - FOE - T8 BUR- SR AR B HURE P 2% 19— A7 48— 1 o -
e AR T 3 35— R A 8 AR TR 3 M #8733 A5 H) 3 A A AR 1)
I ( Xiao et al. , 2009; Zhao et al. , 2015; 2= =145,
2016b) , AT ¢ 46 il SRR 15 K] BLAN A [R) b B BF5 T A8 154k
ORI R . T IX AL 1 A A [R) B AT LA A BBl R4 LT
RE A AETE-BE AR oh-3 2 . HORTEN B AR IE 3l 5 W IS8 5k R
bl AR T ARG SR AR E-SAAR- ARSI, 0
JEM R A AR L 3 450 145 S™ RINUES LMY T A% Sy 52 4 ]
LA P8 BR A6 7 78 49 3& 1l A9 Xt EE (Shaw and Johnston,
2016) . fZ, ZEETHTSCRIR , B E J5URR 5 i i 2 A Bl e/ il
W e 18] B 9F - A A 500 S i B/ ol oty 1R 5 o0 ARF -3 4= 1) 1 F
ERT M A RREACS (18 4) , B BR S A T 450 ~400Ma
ZIa) o Rl A e bl e Bty AR U R iR 4R Tz 3,
#Ah E TR AAE T R A R 5 T IR R AR R e
(ZE LR 55, 1990; 2857 [H 45, 19935 1R # A=, 1994 £ K 3%,
1998 s 2 X44IR F T 45 O, 20025 1 J7 4 55, 2003 ; ¥ FE 5 55,
2004 ; TR BHESS,2009) , BT -Hr Je G 48 7E H EUAR m KR b X
TRz AR B AR A 1 1L sl e A R T A K-
LW, UL, AR Bl Y 3 L TR B (T R 45, 2008 5 5 L,
2010; Wang et al. , 2010) , JXEHERAT GER W0 AR 3h i)™
Z PR AR S M i) BT DL 95 B B L 2
ARSI

(B2, WA A, AL e R B B ARREI A
TR BIRAELIRLANE N — DA Pz 3 ( Ziegler et al.
1979) , JEAREITEIF AR 4%, B0A Y iR Rl e/ i bl e 52
PR —INER B 2 ZEa M I 58— AR, B PE
M B M IR 2K, 1999) o Bk, B 2 Al AR AUR,
I BREAR BT VRE (B EE-RIE-MIE) SRR,
(B A-7Edb-E#8-) BB SE — B DR e — 2, R AR
VA A SRR RN T AR P U (HLER T 2k~ A
G — PRz A BORREHE (25 244k 55, 19905 4557 16 55, 1993 5 7
A, 1994 8P R3E, 1998 s 224 AT E, 20025 1 158 4,
2003 ; A5 5 2004 ) o SR, 3% LB 45 2R 5 B A0 8 45 A0 4R
B4R S i B AR R AU R G A EE R 25 (Yu e
al. , 2015; Cao et al. , 2016)

5 &g

[F12¢ Pangea G id i P ISURHR T E- Bl A% J) 55 Bl e 1
PR E X OB A SCRAL RIS JEARE Al
T SAL G K TR G H 1 A O TR AR ST X B, SR A o
S UURRAE Ao U R =[R2l BR AL 2 ) (0 3R AR A2
SELEA AR BN T B, B T IR Dh ok Jig , X b bk i i
A7 P EL A e - g L A B | g e il T R R i
W H e M A RFAIE 75 LR JLAURTIA A .
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