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Late Mesozoic extensional tectonics in South China

Abstract

Late Mesozoic extensional tectonics is widespread in the eastern Eurasia, as
manifested by extensional domes (metamorphic core complexes (MCC), syn-tectonic
plutons and related ductile normal faults or detachments) and rift basins. This thesis
selected Late Mesozoic extensional structures developed in three different tectonic
locations of the South China block: (1) the Tongbai-Dabie HP/UHP orogenic belt along
the northern edge of the South China block; (2) the Dayunshan-Mufushan batholith in
the middle segment of the Jiangnan orogen; (3) the Huangling anticline within the
Yangtze craton. Detailed studies by structural geology, anisotropy of magnetic
susceptibility (AMS) and geochronology (zircon and titanite U-Pb dating, monazite
U-Th-Pb dating, amphibole. mica and K-feldspar **Ar/*’Ar dating) were conducted.

The expression of these extensional structures is not same. The Tongbaishan
complex and the Central Dabieshan complexes constitute two extensional structures
superimposed on the Triassic Tongbai-Dabie orogen. They behaved respectively as a
huge A-type extensional antiform and an orogen-scale metamorphic core complex.
Detachment faults developed at periphery of these two complexes. The deformation is
characterized by a NW-SE trending mineral and stretching lineation and top-to-the-NW
kinematics. Coeval with migmatization and syn-tectonic magmatism, the extensional
regime started at ca. 145 Ma, and approached its climax at ca. 130 Ma that was signaled
by removal of the pre-eixsting orogen root. Additionally, the Tongbaishan and
Dabieshan, together with the Shuangfengjian and Daleishan in the Hong’an area also
recorded a late (110-90 Ma) extensional event. The Dayunshan-Mufushan batholith is
composed of two phases of granitic intrusions with Late Jurassic (ca. 150) and Early
Cretaceous (ca. 132 Ma) ages, respectively. The late pluton emplaced under a NW-SE
extensional setting corresponding to the Early Cretaceous crustal thinning process, with
a single detachment fault developed along its western margin; while the early pluton
recorded a NE-SW stress, which might represent a crustal thickening process by Late
Jurassic compression. The Huangling anticline is a nearly N-S striking asymmetric

dome, with a steep western flank and a gentle eastern flank. The sedimentary cover on



the two flanks was involved in a series of oppositely directed gravitational décollement
and layer-parallel slipping that accommodated to its uplifting. According to the
structural superposition relationships, the Huangling anticline formed between the Late
Jurassic and Early Cretaceous, which is consistent with the obvious cooling process
revealed by thermochronology. Above series of Cretaceous extensional structures in
different tectonic levels (exhumation of middle-lower crust by strong stretching,
syn-tectonic emplacement of granitic pluton with limited stretching amount,
deformation of sedimentary cover under a weak extension) indicates that the South
China was involved in the regional extensional regime responsible for the destruction of

the North China craton.

Late Mesozoic extensional tectonics in eastern Eurasia (from the Transbaikalia
region in Russia to inland of the South China) constitutes the largest crustal extensional
province in the world. A general Cretaceous NW-SE stretching has been documented,
which seems to become weak toward the South China inland. Deep crustal rocks were
exhumed from different levels by detachment faults in these extensional structures that
induced intensive reworking of the middle-lower crustal structure. Studies on the
extensional domes and related detachment faults reveal that peak of exhumation
occurred at 130-126 Ma. Most the extensional domes developed in the lithospheric
weak zones (or overprinted on pre-existing orogens), delamination of thickened
lithospheric keel in different sizes could be considered as the leading mechanism of the
extensional province. This work provides fist-hand structural evidence for further
discussing the temporal-spatial framework and geodynamic setting of the Cretaceous

extensional tectonic in the eastern Eurasia.

Key word: South China block, Late Mesozoic extensional tectonics, Metamorphic core

complex, Syn-tectonic pluton, Destruction of the North China craton
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Figure 1-1 Tectonic map of Late Mesozoic extensional tectonics in the eastern margin of Eurasin

(modified after Lin et al., 2013a)
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(Ren et al., 2002; Meng et al., 2003; S.Z. Li et al., 2012a), A 5Z MR EEE K
WG Z(Wu et al., 2005; Yang et al., 2008). T 4K, KEKHF . thER{L 2Bk
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PR R R ANR 10 AL se ROl R R IAR, 2 F RIS SRR T K Z
O ST A% - - DT FH BRI Bl - i Pl 45 ) S 5e A B A FH 45 58 B O
FOARZR . PN FR AL 3 57 7 T A Dy PR G 9 At A R ) g TR i) A6 7 1) 90 L A
7 E S TTERR AT AR, 2013a S ZE30R). M AR AR BURZ R BE RS T
VE A e Ab) it () B A R I 302 20 A T e b se fil J AR X, Ml 1 Ak ok
(1 Hb 5 A R X (B 1-1), 1 a4k % iz DUIn 2R A 52 1 (] 36 56 4 [X 1) Buteel-Burgutoy
B JFik% 4% A (Mazukabzov et al., 2006; Donskaya et al., 2008). ZaganFJiit% 4% A
(Sklyarov et al., 1994; Donskaya et al., 2008). Ereendavaa”? Jii1% 2% 7 (Daoudene et al.,
2009, 2011)%%; b7 HFD AR 0 kb X 1) 7 (B E ZR A1 3K 7, 1993; Webb et al.,
1999a). WEAIVEREAR Jii#% 424 (Darby et al., 2001; Davis et al., 2002; Davis, and Darby,
2010; Guo et al., 2012). BEBIIL A 2% 55 (AR 2255, 2001; Han et al., 2001; T FrEAl
HALZR, 2005) B2 AR ] L AR Jii A% 2% 5 (1) 8 A4E 45, 1999; Darby et al., 2004; Zhang et al.,
2012; Lin et al., 2013a, 2013b). P 1LIA K ZFECERMM, 1996; He et al., 2009; Yan et
al., 2006, 2010; Y. Wang et al., 2011). =52 11128 Jfi#% 2% % (Davis et al., 1996, 2001).
T 2R B Aot e DX B0, 45 10 1 AR i A% Ao J— SR R AL I A B o AR B T JZ (Liu et al.,
2005; Lin et al., 2007a, 2008a, 2011; MfH%E, 2011a; X2 K5, 2011; Charles et al.,
2012; Liu et al., 2013)+ & 7= 2= S {2 X AL FE FR - 50 5K IR 4255 AR (Charles et al., 2011)
ANJKE FE 47 55 T /=717 (Hacker et al., 2009); 426G ZH)/N RIS AR T 2% 4 (Zhang and
Zheng, 1999).

RGP B =& L P0G Lok, FERVE R KRG (¥ — 540 Nk
KPP PR G AR Rz . W A AR B AR IR R B KRB IR o 2 DL AR
[ (1 - 58 = 20 b -2 b T R, X MR TR S AR R 7508 44 (Glider et all.,
1996; Li, 2000; #F R 4E, 2004; #7 R HIT4E3%, 2006; Shu et al., 2009). F4b, 4
e S U )1 2o e o A S T2 R A B X B A /E 35 W S ) 7R VG 22 57 (Zhang et
al., 2011). IXSLHIEL B4R BRIAE M P AE AT e 7 7 2R BL T4 b S Rd A IR
(25 P el v Bt e A J S AR . S AR s REAH LU =, A DR I P AR AR
TEEH AR A FE I 3 B DK A0 (R 5 E AL, JHE T RERE A5 ki
R TR, JER R Tl AP RN i E 5 A RS B Z [ AT Re 30 ) %
R, WROEERFA% . UGS 5K MR PR RO s T R
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4% (Zhou and Li, 2000; Zhou et al., 2006; Li and Li, 2007; Ling et al., 2009; Jiang et al.,
2009, 2011; Wu et al., 2012; X.H. Li et al., 2013). {H /2 X SEHF 75 H- %G R e
Hh A AR 5 A 1 58 BE Bl ) A, 0 R R R R T R IE A ST L R (BF R
PRI BT B, 2002; TERRIISE, 2008; SRIEMEE, 2012). b4k, BEALEE IBEE R EA
o ] A i 1 5 R P P AR A IR AR T T2k, e AR S TS AR R A B
(VG R FUBAF IR ANAR T, R, T J 3 A0 1 g 3 b 0 2% A T F 0 A T A B
W AR AR R A 2 B 40 E B I HESN R H.

MR R AL IE 1 e AR I % 5 DRIt R AR v A D AR A A - DK i 1Ly, 3 i
P R 2 XK 2 1l B Ll s BE AN s B R, R AR E T R R A i
BB AR 45 R AR R AL LU AZ S ORG24 AT e — A SR A AR B A R,
i JE AT 2E B0 Hh R AR (RIS, 2011). WIEWF R R L B SR AR B A% 2 e
RERL, 52 S LRI - BT RS B B KRB 5 TG B, 38 1L
SRZLITR A A VB e S 200k 8 W2 1R B 872 (B S0 EE, 2011). A VLM
LA R B K B L% B LA PR L X A 5 5B Z AR & LRt
BIPIA, AN R AR B A R R (2 45, 1998). BFAMM A s 3 S Rt
BT SE Z DAH TS 00 BAZ I R AR, AR BN A B S T BN
P22 E(EFEE, 2010; Ji et al., 2014).

AR SC LA R AR AL B b AR A A 3 A A R R X« AR AR L
Rzl -F B L AT E R T R OB FURE X, A ) () ST A2 e g L 78 3 DX e A
ARAGH FR A& ) R B AR I B e ot Ml b o R e AR R B 22 b R 2, e o 0 PR R AT,
20 SR e T 1 DX P 2 AR JE AL 3 B AR R IS BR8] S A VU L, R SR et —
25068 PRI FL AL, Dy [ A B G o 2 AR A Rt (10 4 5 il AL (4 ) S8 .

2 W N A A7 1:Scope and methods

A S DA HE e MR B b AR A R R BT T R, 3 BRI A - A S o 1L
HERERL. K i-FR LR X, W & 7 B AR & T RLZH
(AMS), %A N A U-PoEE . S R4 E E M AP ArE 4F.
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2.1 W5 N % Research scope

(DR 3E L7 1 220 A s 1) R

AR LA P8 ) AP R T TSR R 3 o B PR 8 o 2 2 b A 0 g 08 18 XU SRR
o L X B 7 S 20 R A A BN . XK A R A AT VR A (1 4 i
fAAT, o) LT SRS B AL IR B 1 A AT AP AP TR AEAR R 5L,
SE AP R A 38 A AR FRTRS AN PR R 3 — 3 1 5 e fre s i e R o 6 ) 2 30 v s/ v
Jiei& Ll iR UG A K L3l 11221 5

QYK 2 1l B L 5 B B I R AL R AT 7T

WAL AN e J He e e A F & T LA A AE B AN T, X 5 a R ¢
Wk IE AR AT 0 Mrs O 1 AT T A 1A 1 A B S R I, AR IE F 00 o Ak gk
1T 7 ARG HA R 5 7 5 ME(AMS) AT, BASRASSA A ORI, A 4545 U-Pb &
A T R E SRR E S R IR AR A IR AR AR SR I AR AR TR IR £ 3R A
[ IE 1R A R S A i 2 X

(3) B 7 RHAL) 3 A AT B HL A A ) S A 7

o B RO JLART A, A% 0S5 R R AN 1 BB TR 75 )2 I AR T AR AIE s 3
W RMZ A R BCAE H (LR A RS FR A A ) R A KA T 2 =Y i
(MDD A 5T, 454 O A U-Pb, Ar/*’Ar, Rb-StAIFT 5 (U-Th)/He % RS 4EAL
A AL BT R R0 AR LA A A ] S R4S A DX R I RN B B X
DURRUR FEE sk, PR B 1 AR e T T 2 % L BRI L 1

(4) 1 i G 2 A R A3 1T ARy

ERECATHETE, JrMriema i b A QA AL 3G B 25 i, I S SRl SR @ Al
SRR FURART EL, DA A o [ 2 e b AR A A Rl DR IS ) e O 2L
2l 3= B i) AR k] 2.

2.2 WF5 /i 1% Research methods

()FRHERT: A TR 518 SRR IUHUR . HBRI2 . BRIV L,
7 TR T RS 3 B S TS T PO S0 3 2 A I [ 90 1 el b, Ay
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CA I TR AN (R, Dy ) 2R BT AN S BT e 3R (1R S AT 3.

(2)B7 A1y AR A T I T B 1 20 5 XSkt 5 BB LA R 45 &
JR I 12 5 75 IXdkth B B}, DA i T O B R4S 5 T RN, T VR
(RIS St i A, R TT X BEAT A A iE T Ry, IR RGUREE S A A AN i
WEFCHT Fa b . R Oh R Sk -FARA- 7 A R R A G A PR R A Pt & 5 4E —
&, R AN Z) AN R S A R i o U S A s IRE AR SRR KB 1A
A Je A7 Vi ] S FeA) 3 e BN B I o% &, 2 T b AT AT IR &Il 75 4RT A R BTR
PG F A R A R XA G T 55, 25 AT ML ER A 22 AT BR A7) B B0 X6 Ay 36 fid e
BEAT VA

A% 1A A PE(AMS) B I R Rzl -3 5l a5 R \LE B R RS
PRBEAT T HEAL AW T, 1 S it U IX A A DURET S0 R Sk HEAT IR AT, W AMS R
FELARMSE S, SR (8 FH Bl HLCE BT A AR SRR € 1A R a3 I 4 A [ I R 3R A5
ARG B ARG 2B, 30k i 25 A A 3 AR b M S AR R A 3 LA 22 B 32
B X SN S 37 FFALE.

(A FARFEH T FIH & B RS A U-Pbg 4 DL BB & A TR 5 8 R R
Jo A R U AN AR B AR, S S R AL I AR, 7RG & AT R ) 28 TR R WL 1)
Shit b, CERERTFTIX A B BT D) B N A i Ao 3 S R R AR AT (A TR A
A=BE BaBE #KAS) TR A ArEREE T, FRE AR R A AR

3 WX LAEE. EEWFT R RIG#T A Workload, main results and

innovative points
3.1 3 LAE & Workload
AT S TAE SN S R PR

£ 1.1 BXITEE
Fe | TERNE Hom | AL
1 T A b J57 38 2 B (1] 6 H
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2 B AU 5 963 |
3 By A >1000 | 5K
4 S5 T 20 %
5 FE R AR 275 | B
6 2 B A 60 3]
7 PR abt JRPUIE S 350 | A
8 AMS KA R 128 |
9 AMS FE it il ik 901 |
10 | &AL s 18 t
11| BA AR U-Pb EFE | 9 it
12| BhEAH IR E A 3 it
13 | “Ar/PAr R 12 {68

3.2 FEHFF I Main results

1) 2 2O FE 3 DN ARIAR LA BB AR A 2% e AR T AR I D5 A2 10 T A< FR 0 ) 55 1
MTEETFIN, A SCHIBT TEEE SRIFA SRR — IR, F G i i R IR AR 2% e e AR
ESRAENW-SENL AT A R R H AT A TR AR SR A (0 e 15 7 B4R o %
A BRI 2% m AL A T ER AT e AR e, HL ARSI SR B D) A T B I BB,
B VB A 2 B AS € (ENW-SE [, 183)% — SR n o EEANWR BT Y. B
HoE U, Maa WSROI, HIUAMEsh 2 B il —SUnR e, &
WA 2 o m B3 R IF AN A2 SR R B T BY D) e, B4 2R 005 0 A T
RSEBR b RIS i R

R L FS AR A R B A D — S R ) A e 3 A AT 2452, R 1T
W I F RO 2 5a S FL2 585 V) s BT R R S A AT R 5 1A I L ) )5 A7
BORH 4. 855 BN TR R AT PRAN B M i, A D9 b Ko 55 B8 N T 1k
T NW-SE i {i J& A il T ) FLad L iy RIUBE A AR i A . B4 K i J LTI 25
JUFsga i K S BRI, ook (R e DL AF 1 ey I AR iR
TR TR FALAE 1T AL ALH0 e R - 1 W7 24 5 VG 38 7 5 R BT 24 44
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% 7 EREPTALE K G UE IR W=, 1R I S K M- 7] B )R K
P (RIS AR, L4553 i X SF-NFI B 1 ¥ X SF-S T 4% B U] 47 ) I A4 B 17
SEAFMENZ BEFREWZAE. TRIGE SIRENZ KT — BIINW-SEH
BB ARG AN_E AR FINWIZ B2,

— M\ A JEREF A LU R S0 1Ly 2 D) R 20 2 b Ak 57 1 S 20 R - TR AR R I S,
AU FUAE LT 22 b AR VG g 350 P XU R AN R 2 L b DX R 530 H T 2 4 P e J ) s
XU ) JUATTE2S SR 2% 5 SRR I AR R 15 T8, R L (O 5 1)
BIRAEIVIR R . WG 2 15 7 1K A8 TR AIE LANW-SE e 1™ 47 ir ek 2k 3
F_EEBFR IAINWIZ B 52 RF . K& 1L S B AR X5 R eV 1 K & AN
AL F % 0] e 1 (AMS) BT 7t R B G 26 P DANW-SE ) 8 £ 5. fEMIE Rk L,
SR CY e ap RN T R DAS Y TR IE RIS 2 I SN P = ol oW v U B e =2/ O /1

[N

2.

FERIE AT IR LAty b, AR AR B OB s A A LA DR LA e A R G ) T R
fE145 Ma, FF7E130 Ma/eArik 2 7 U], DLk i R0 B R RIS 38 sl iRt
AV o S 1 E DTN N T TIPS T & SN SN TR R TR N 11 i NS €4
110-90 Mal i JE kit XS R K 7 1l 32 2 /s S W B i 5%, W I fof e
T FEA AR 1L 56 4 DA SA S5 R4 B 2 N S mt e 22k B 5 R RANLUBE A T
oy BIRAR B W R, IR AR E MR T . WU 2RS35 W TR G &
K&, HEWAR R0 L& Ly iR B I LR B = AR R R 00 R B RS
DAL T A T A KPR BT, AT RERT . T A M A A S AE L S A Ay
s b T 4 A B (0 TOU T S b B e R R R AR R A A AL R T
(145-130 Ma) LA 2640 TR KR @ v, AR TIFRX B, 25
B F 9T IR ok R R AR, SR B T R A T IR, IRl BRI AR T
drRAE T I IA(110-90 Ma) ) — IR 37 .

ERET T, WONMRAR S AR R 2% 5 2 e AR i 1) 4 1 28 IR R IR Az
H T M 5 R e L/ e R AR U R S AR AR AR E T . B A A
I A BN 5 2 s 1A G Ly B AR ARG AR . o s B
e e o BT R AR g, T R L R = 20 A S A (R e I
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R T TEAN AR IR U R B A A 3 2 Wi = FB A R A& e . AR - K531
T 1L AT A IE I AR B 1 2 A AN (RS2 O o I R ) 5 5 0Nz, AR SR B
N A E R R R IR AR 5 T, A R 5 Rl RE A A 7 SE 3B B IR,
3 L AR P B B B BRI . R BT R A2 K B R B RS i,
WAH ST RnE AR B MR A 2h 122 5, o B 2R A b A A0S 0 e
PR (AR L, A AN T A ey T e TR A 1 2 b

i

)R A AT A KT AR AR R B 5 25, HOC T8 K RIS R 78 40 385, K
2z - Bl 5 AU A R A N B L R 32 L BRI R AR AR R B —
ARSI IE WA 35 1) e P AN AR AR A AR 25 G (0 D7 VR s IR IR R AR A
ARHEAT T VR RORIEFE, T T 5 G A S [ A ) 45 N A % CH A ) 7 8
AR, D) FAE B MR AR (R = 5 K AE 5 5 A1 2B = BETE B TN K R i
(01 IRAR AL, B4 2 S G BBl 2 A it vy v R LB B 8, P L NE-SW ™ 4 fif
L3 % RIA SW BTV TE. Dy Tk DL IR AN AR (Z = B KAE R ) PG 3
WRILLER 2 w2 W7 2 1K B iR €, B NIRRT 140 5 2 S FL R A %
fil A2 5 A K B NW-SE [a] BB P0hr i 4 21 e B3] NW BT D) AZ . AMS 45 51
7 WG A AR AR 1) A SR AR 2 LU SRR B AR =, TEIRE 2 T 2 2k
M, 50U ER I P IR W . B BRI S o A R G
12 N BRI AR S50 B30 O 3 S0 A7 2 AR B TS0 00 o 50 i 2R 67, 33k MU T EAIE 17 44
I AMS HIHFFLEE R

SIMS #41 U-Pb & SE A A7 HL 1R 4 g SR 45 KRR W MR AR IR AL R AE
150 Ma 7eAy, R Dy FF AR D T, R MR A AR R AL AR S AT R
(W32 A TEIARAE 132 Ma Zefa, WED Dy FA R AAE R F 2B SRG 704, flm]
TN Dy FAATBEAER T I N-S W 5E 5 SRR, 1 Dy A+ 5 M- K
A s O B ) B LA AL G e 4 T AR EE, ARE T B R L B X
15 NW-SE [ F) e A FH JE .

3) ¥ il 2 E SR R DT U R A G AL 1 A BT 1, (H S ]
Al EH AR, VRGBT R, BRI USRI — 1R
BEZR AR IR E R RIS, WM SR, REHR PRI %ZE

9



Chapter 1 Introduction

R T8 A = 18 A2 NS . B B e e e ) 1 o R () 3t -2
WAL R . TR RS R B AP R 2 B AR A

G, KSR U (B 2R A Ok 2 - S T A) AT R A
[F) 2R AL A 7y ol e BOE G 72E 4T MDD BEUAIT 7, IR45 & A IR 30,
AT BLGS HH— SR AU (v A b 2. TR AL D S4B s s BT R E R B DR T
REN T T s hnil b gk s Bk, R Bl AR AR B AR AR A i 2R e 2
SCMGRES. B R - 5 (160 Ma-110 Ma)HIFZ: Ty 1 B SR SERR b1
EEME(2-3 °C/Ma)Jve FIETHE AR, XM TR L WEEAS T E R A% E,
WO TR R T IC 3 A I 99 10 FE A HIAR I 1 v [ 2 s e mh 25 A 0 Pl el v A2 A
5E i AR

AHZAEEVEL P s AT LA X R E R R A A e A i, e R e R A AR
A} ALY 3 RSP AR R L 5 14 i /B vy . 32 1L A0 w8 VI e A L Loty 7 A g 3
3 A AT AU e I/ ey T 3 Ll i AR 1 W A - A TR R T TR AR
JFRAZ A S A, T AR SET A it X R (e A i 2 R BN o I 5 o B[R] H) 3 A
H MR B R ERE (. S, KTl R g, ks, AN
VESE TS (P 7 e I8 B R 2 B SR BT R BCR BN 2218 (174 A S 3R T+ & T
eI O, BAHERIN 17— Era a2 0. SRAumtt, fSrghg AR g
¥ 3t ZE I HH TR AN — M, (ELEAA b Ao R T 1) AN R E U TS ) 5 — B
e o AR AR AL 3 R iz DU R M X B R E B r N R 0 KB, il
TRIX K NW-SE [ iR FEAE T, JF ELAS[A) DA fre 5 e S UM S 3R B /2
BT R DL 4T iR W SR (] 4 HHTE 130-126 Ma 2 [0]. B RANR T 36 B V6B 1) 204 24
AT e FRE 47 SRATL AR, ORIV DA Bl 2 45 FR) e FRe A 3 £ R PRI AL A AR KRR P I 52 R 7
HAEPRTUE R . e 7R E KRS A eV i 3 B e A= AR AL iy it
FER, AT LSS S A 52 B 5 ZL A S, A e A I T TN AR AL T AL K
1 HL 5T AR B

3.3 f#r &iInnovative points
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1) R AR - R 3 Ll iy mh 280 ) 2 20 e e g e DA U0 1 v T/ e T 3 L R A
o B R, R i L RS SR AR 5 R AR A A P T K.

)T i BRI IE T 27 o BEAL A5 1 7 PE(AMS) MR AR AT B e A 1
P& R REHEAT 2 AR T, TR R 2 - B L 2 3 A P i S ) 7 393
A, O T iR R AR AR ARG AL B AT SR R

3)F T e TR OR MRS B B 1 AR AL LR, AN BB R R REARER T
] 2 S i o 25 A A Lt (14 1 S

AR AL A H AR IE SO ROEBOR, R — R T AU R R R
KWL e P BIA TEASZ AR 1Y, & T RO KRR 2 B R R 3t 7 fi e
[X.
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Chapter 2 Principal features of the Mesozic tectonic
envolution in South China
TR EE T e hnE A E R AL R, G — AR B s i LR,

FALZ ARG -G L . PEAEZ N e T T IAE S Wy, 04 B Gl i 20 W iR
BV SCHBBRATIE, 1110 2R R M AR 25 U DA BT A R 18 K ol 2R3 5 1 DX 45k (1 2-1).
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o WHE @ FEEEERE
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Bl 2-1 HE R AR A i i P
Figure 2-1 Sketch tectonic map of South China
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Fi(Guo et al., 1989; Charvet et al., 1996, 2013; EiF/RMELLE, 2007; Faure et al.,
2008; Lin et al., 2008b; X.H. Li et al., 2009a; Z.X. Li et al., 2010). *Erg7EH AL
T WRFHR TR de B [ VR R P PR I B K R 4, R AR AR 2 i R A R AR AR
FE i - SRR PR 1) 22 AR R S0 1 73U 0 A T T8

1 Frp R Z A& L AE ] Early Mesozoic multi-directional orogeny

B A AR A T AL TR AL TS 22 5 2 o, R AR R 2 1036 WL B AR R TE
XA AT . R0 DX 2R o R SR e A T L, AR AR 2 B JE AR B
(¥12 W H% & LR R, RS I 2208 K- 75 B a1ty DA B KRR = & 40 i
/6 v PR AR A I [ 44, AR T A ma AR ey b A KBt R AR i ) 7= ) (Hacker et al.,
2004; Faure et al., 2008; %7K K, 2008). {EZRUE- Kl L5 (¥ B Zr T Rh T e 17— A
Gi—ATRE A A R, BAR AP EREIA SRR M, M. BRI R, 1Y
N AL ARA - H AR (S F. Liu et al., 2005; EiERFEELE, 2007). HEEFIK
PPEAL G e T LA S WA 1 SR T PR R - H SOt R AE I = Bt [ Y )1 23
Wi E A, [FR R - H SN k& T K E IR S 94 (Burchfiel et al,
1995; Chen and Wilson, 1996; Roger et al., 2008, 2010; Yan et al., 2011). £ R
MITH R 2, A — 5% N 2= B — FEL 00 281 i 455 A P A 20 T A 28 JRE g Py v A AR 4
B (I SIITE 54 Song Ma 5% 4 2k-Song Chay 48 2k), 10K T EI IR
eI MR I A, X T35 44 BN S I8 8))(Carter et al., 2001; Lepvrier et al., 2008,
2011; Carter and Clift, 2008). Iz (B FL R M 2 BN KRB HF AR R, | PH R = T
Ho AR R R JE 3R 1 Song Chay HiA35 i 5% 1 BN 523 1Ly ATk M X135 1) NE (133
FHERE VEF(Lin et al., 2008b; MRfF4%, 2011b; WRZFEHEEE, 2013; Faure et al., 2014).
SRIM, Y.J. Wang et al. (2007) M A =IFRINK =& LARTEIER AT, 2Emiik
SZ RN SRR AR B B G B R i = AR T L &L AR, Xu et al. (2011503
3 [X 22 2% W0 BT U)A AOF 7028 W HLAE 239-230 Ma IR 22 13 T A5 e A 1 BT U4 1,
WA 7 5L ED 5 5 46 5 i A oG,

RN E AT 7 54 1300 km [ NE-NNE [A #8455 147, X —Fb N #)iE
MR G T2 ZEEBIRVE. N T AR B 22 MG TR, Hsii et al. (1988,
1990) ¥ #2 47 T S5 B AE AR R Al i it 1L pO R Ty (HILA 45 A AEE R AR
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Ml Ly, 1 CARG AT A £ DA BN IR, ZRaiE . A RIS £ J7 THiHE
&, Li and Li (2007) $2H 1 b K-FPE B~ R 48— R g 250-190 Ma
S0 8] P B A 3 L Ly B R AR AR R TR AR R, DAl P I AR R AR R T 4
MEFH AT RE E M S IO TFIG. RFTF Wang et al. (2005a) T 4R 311
FUE L NIRRT 217-195 Ma 8] 1SR B0 8 W7 = 1l AR AR A4 3 PR IR, Chu et
al. (2012a, 2012b)IA NS5 U L2 LUK B W0V ST i e A1 22 J128 T2 (60,465 5 0] b 0
[a] NW ) 38w BT 0), b b 350 ] SE P S RIS 7K ST (1 LRI e ) A e iy i
TG i 1L, IR RN 7R 245-225 Ma B, 2h /120U AT B8 5 b AR O
IR RN G, ARTT, AATIXS T i KPP TR AR e i) ) ) A AN [RIAGR, ANt
FeE NI A E 46 T4k % 42 (Zhou and Li, 2000; Zhou et al., 2006; 5K-EHF4E,
2009). B, FKEE A (2009)8 i 74 1 2 B A B AR 4 o #r, AR B AR AR
FE WA THACRE 45 R 5 2, L 30030 2R 1 [ R A 0 = & 0 AR R R F b il kit
A AR N, TR NE-NNE [ 48 45 I IR - p ok 2 ol S AR K
Fiti 2 T R A 2 A i .

2 Wi A A iE A K S Late Mesozoic tectonic-magamatic events

FLOR B % A R R i R B AR TR, AR L AR A LR R
W BEE SRR AT DG, AR as i E SR e AR, AR
e A R A 3 A DA R A F1) T 2- U8 R 35 1 R O RF AL(Glider et al., 1996 Li,
2000; & RAFIEAEEE, 2006). f 5l AN H AIHLET IS A 2 -/ LI [ 23 A
REE A, AHAT I 5 o) A BRI A 1 2 2 A1 28 DL OE T2 (0% &R
METE—S. X% i NE-SW 7 [ 1 IR W72 Frdasil, A>H0nT 58k i1 S (&7
B4, 2004; Shu et al., 2009).

A I o A AR BIAE B 8 AE AR L AT B S R AN B, FLHI(180-150 Ma)
(AL X EE A AE R Ve X R B, TG (140-85 Ma) (AR 1K 2 F A AT A 7R
FA I X, VT AR R XA AT, AR T ) A B A AR . R A
i [F) VR B T AR AR B #5(Zhou and Li, 2000; Zhou et al., 2006). 75 B 150-140
Ma &R A GBI — AN FE X F Y, EHAIR A R RAE KT R X B

K B(XH. Lietal., 2010, 2013; Wu et al., 2012). A4, ££5 F K] 120-110 Ma,
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GG BN ORIE BB, H AT, K2 8w i) oA g e e e AR AR AR ) 5
TS TP PERR I O RE AR DG, (N Tl RSP AERR B ORI Pacific BHRER
PHAEZR IR Tzanagi ARG IRl RIS sk T] AT 7 2 S G Aan e s e A i K B 50 A7 AE 5K
)4 (Zhou and Li, 2000; Zhou et al., 2006; Li and Li, 2007; Ling et al., 2009; X.H.
Lietal., 2010, 2013; Wu et al., 2012).

HAEAUMLE, Mt AR AR AR A R B R B AR, A EU LA
TV R I8 L s R AT O e S B g o, ANyt BB 55, 2007; Zhu et al., 2010). J5 Ll
(Lin et al., 2000). K=z L(ATZ /%5, 1998). 1)1l (Faure et al., 1996)F1;111(J.H. Li
et al, 2013a)5%. EAVERMZ, ATV AL S R I I ATR S ) 2R - 56 7
FEAE T TEME (R % 28 B (1 St R) 23 28 3 T 1) SW ORI NW Il ph ™ e 4 3k 154 A
B AR R P S LE W R AR AT AR AE 3 55 R S /)35 (Yan et al., 2003, 2009; Hu et al,
2012; Shi et al., 2012; S.Z. Li et al., 2012b; J.H. Li et al., 2013b).

3 AEFE I AR IEEAL AN RN Diverse models of the Late

Mesozoic tectonic evolution in South China

KT ferg g i ARG - R 2B SO IR e B
MR N AE: BT B IR A AR BE SR B AR I ol SRiTEs R st ¥
R TR R b AT 55

TR BRI, Strike-sliping or rifting

Xu et al. (1987) 4 i b [ ZR B0 b AR AR R A i 15 5 AT DA 2 A AR 11
TEATEW AR RIEH T, N9 St 22 B/ AP PR R R AR e 7 1) 5K Al 2%
RIZ (B 2-2). — SR FE AU AR - P X T NINE [0 Wi 24 R 1 2 0 T 2L )
A SEH 73 (] 2-2; Li et al., 2001). h4h, R BV B AR - p R 22 R0 55 B oA a2
TR SPPERR PR ) A i 5] S Y S 72 47 76 T BT D)3 (Tong and Tobisch, 1996; Wang
and Lu, 1997). X1, (HKEEIX L8 1 W 22075 SR AE TS K e R T AR I b AR AR
i R, D0 HORER 6 5 a8 BE AT AT B 5 W R T6 K.

Gilder et al. (1996) U] 5 1 vty A F-AERR B AT v i 51 AEC R A T8I0 22 (R A Fr) 2R A A
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FE o A DRt o A AR AL R R (P 2-2). X — 4 T DA REAEFS NE [l JE A

(RIT 2 51 e 2t L B S A T AR, (HAR MR 5 S s 2 B M. Li

(2000)45 H HE T 22405 e 1 58 B2 GBI 1000 km)ize K- — et it o/ H B
FRI) 2 27 R BE B (300-400 km), FHA A 2 405 2 10 25 06 B0 5 25 A T P e JEe A
AR, 15 KPR R R £ F AT e o k.

Early Cretaceous

K2-2 P EZRER D A2- 5 A R E N WA R (5 HXu et al., 1987); 2B BIR A FTE(T 5]
FLietal., 2001); & INEAFES (G 5] H Gilder et al., 1996)

Figure 2-3 Strike-slip fault system of eastern China in Jurssic-Early Cretaceous (left, modified after
Xu et al., 1987); Southward extension of the Tan-Lu fault in South China (middle, modified after Li
et al., 2001); strike-slip plus rifting model (right, modified after Gilder et al., 1996)

I A FE 2R AL I JE#RE X Change of subduction angle and slab roll-back

Zhou and Li (2000)7F i 214w W o A=A I A AN A i [0 Y 7 ) 4 A Y2 25 1
PEARA IR, BA A B, oA A g2 Wi 2, 52 Rk
BRI i A PR 2 20 5 TR 20 (180-80 Ma)iz i AR BE R 2R, I FH 5 A BBV 9
Z e TRAZ S & B ROR R A S e a2 B IR DL B E K
PR I AEEAR R R (B 2-3). X —BAF 2] 1V 2 )5 2L 7838 1 SRR Bk
#E(Zhou et al., 2006; Jang et al., 2009, 2011).
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Hunan | Jiangxi ! Fujian | Strait!{ Taiwan
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Figure 2-3 Change of subduction angle of the paleo-Pacific plate from flat to steep, and slab
roll-back of the paleo-Pacific plate (modified after Zhou and Li, 2000)

MAGMATIC K
e—  ARC —_— |

SR, Sun et al. (2007)FF)ELZ5 R 5T 7R KPR BRI AR b 7 1) 78 AR AR At
2R, FEA R G ARl AREE ACPEEARIAE 125 Ma Z BT AT g yla SW
it vk, HAEFS 180-125 Ma HH[A] (1) 4 2 A Kk I 7] NE J5 [/ 4424k, F.Y. Wang et al.
QOTD)FEH T AR SFHERR LA SW IR M A B M) NE Ji5 il =X

SEAR A AR E Slab subduction

£ Li and Li (2007)%2 H PRI L =0 rh, A PR R m) A6 R KR
PRSP R 4G T B R, 337 EF 250-190 Ma H[A]1%) 1300 km %8
RAHE LA R, IS T i AEAUE SREE AL, TS £E 190-150 Ma S 1E], ~F4ff
MO R A TR, hER UL, SRR R IR A A 5 S); 150 Ma BLE, i
WO KA R, AR AR T AR, &l XCH. Li et al. 2013)if—583% |
X, YOI AT DU T AR R TT b  T b [X 2 A T B B R R (] 2-4).
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B) 170-140 Ma
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C) 140110 Mma LyRB
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y A Y

-~ South China -~

Foldbelt
7

Already dehydrated
no?na.‘ crust

Kl2-4 ~PAAfF P (5] X .H. Li et al., 2013)
Figure 2-4 Slab subduction model (modified after X.H. Li et al., 2013)

PRV S R 5 5150 Delamination or plateau collapse

R (AP 9 3R B DR 3 L A S A R 5 R B T 40 i, A (143-130 Ma)f)
TG 2 NBRIB TS A, F87n 17 INJE R o3 (1358 43 15 i, 1T B H(130-120 Ma) (1
P60 E AN BLRIE T BR G 2R, A I e 30 ks b =4, Rt K
WAREAEL130 MaZe 47 A2 T V585, DUINE R o 5237 ITAHF 2(Q. Wang et al., 2007a;
Xu et al., 2007, 2012; He et al., 2011, 2013; Z=HE%E 2013). KITH FifbX 2
I ) -, a1 150-120 MaZ (7). 5 Cu-Aupil #H 5%
[R5 2% 5 2 BB Bk o 0 A R Bk AL 22 @ 1, — S8 A DO KT A Rl X AT
REEIREZ P & R HF2 (K47 U7 (Xu et al., 2002; Wang et al., 2004, 2006, 2007b).
SRIESE(2001) 0 b B ZR B AR AR BRE e FUE HEAT 1 RG4S, IR DX R 2 /D
RKT50 km, $2 H A E 2R 5 G0 LS A0 AR5 AR ORI LRI YT T i X)) 1 22
A REAAAE— NPT SIS H e m SR L i . X — s SR R A7 £ 1Y) S 2L A7
ok B - B R (170-130 Ma), 2125 Mali £ R kA T 5 3R (K i 4,
2008).
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HH MM Rige subduction

FIBFNZME 140-125 Ma Z 0], KRR SWARFr, 1 FPHEe 2 i B e ) 1)
NNW {ffrh, P35 Z [ 3 AT e IRV E A R e X (Sun et al., 2007). HT-# A
WA 1) PO i 3l o &, R AT DL B0 A I #h (Ling et al,, 2009; #h 7R 4,
2010). VEA P B AT AR I MR KT b R X A v . S S . B4R
BilEA . ARTERE DARHIRE PRIV 22 43 A (] 2-5).

A Late Jurassic (152Ma)

Eurasian D Granitoids/A-type granites
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continent \

e T N

e’

za
Ll
#\iveg A

Pacific Plate

"4

Early Cretaceous (140Ma)

Kl2-5 FERE M (T] H Ling et al., 2009)
Figure 2-5 Rige subduction model (modified after Ling et al., 2009)

ERERNZ, KL s oG W e R 3 B T KR Z, JF Hom A ke
e, S0 AR X BE I A KR I 1200 km. B 13058 A< Hh X (11508 v 5 T i T
25-90 km [UIREE, BN AEENT ORISR, X BAFEEE LT X LASE L
(X.H. Li et al,, 2010). 74h, FFMM—Ka SECS A KA R N R FE, 1M
KL AN R AR R AR . [RIRE R AT LUK U T 7, Wu et al. (2012)IA B
B SRR B AR A o vl e BE 5 L

Hi2 A Mantle plume

WF SR K- I3 B 3G Ll s |32 e R 5 1 S SR e 2 3 o e AR S e A Mg i
ESIRIF A, AEPDR ORI L BAT mU IO KR s, Y5 DX A AR e S 1) 4 g B
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%kt A1 Bl (Zhao et al., 2004; BA-TARFIFSK K, 2009). SEfx b, [F IR A 3 A 7R H
R AR 8RRt P B IX )2 A, R RSP PR AR A i 1 AR A B
FHIRB) S 7775 5, AHRX L5 H o Kbk Z 8B 7 TR IC 3% Zhao et al. (2004)
BRI R TAR A J 5 B0 AT B S Bt 1 76 B AP 39 1 0 1 Vi A 1) o 2 )
7K K (2008)3E— A48 H r ] A< 3 i P 0 1S B A 1L B 4 R T L )
WICAR 4 ANE 88 1 R S 772 AR (B 2-6): (a) PR KT 408 b3 &
H 55 IR PR R 78 e i o 8] AR ELAE L, () 1 B Bl 2 F AT AR B 7 1 ¢
AARAK, (o) r B ARSI T i o A ) R AR O, ()i Ll AR P P 2 BB R
A EE IR T A 4 KA .

[ PCichz 238 2
(135-125 Ma)

-

PR ¥
BHBE 3R

P12-6 [ A< 05 9 S S RO 3 R 38 R ShATLI (22 51 E K R, 2008); 1 E R FBKIEBR
KBCE B AT E R 5| B SRR KR, 2012)
Figure 2-6 Tectonic initiation of Early Cretaceous magmatism in eastern China (left, modified after

FB7K K, 2008); Distribution of felsic large igneous province in eastern China (right, modified after
FRIERIZE KR, 2012)

Fo b, — e AR Rk v P MRS R A R ke R r L AR R AR AROR R
TSI 5 AN A 1 F (B 32 58 4, 1996; WiIEETT 55, 2001). {H T — R Z A eI
AR S A 5 PR BT AT K, X — W R AR AR 2 B ez
T, SRR (2012) 4 Hi rb [ 2R 30 v A ARS8 O 20 T REAR 24 T ) LA
Rl A B IR SR K U 8, 5 RSP R ) PR i TR 0%, 17 5 M0 A v
A R (K 2-6).
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Chapter 3 Extensional collapse of the HP/UHP orogenic
belt in northern margin of the South China block: The case
of the Tongbai-Dabie orogen

Most researchers believe that the Tongbaishan complex in the core of the Tongbai
orogen was exhumed by lateral extrusion under strike-slip faulting. However, this study
does not support such a model. Structural analysis shows that the Tongbaishan complex
with characteristics of large A-type fold was formed by a NW-SE subhorizontal
stretching. Although the foliation at north and south limbs of the Tongbaishan complex
dips oppositely, sometime becomes steep near the boundary shear zone, but the mineral
stretching lineation keeps NW-SE direction and the kinematics consistently shows a
top-to-the-NW sense of shear. That is to say, from inside to boundary faults, the
geometry and kinematics of the Tongbaishan complex are harmonious. This indicates
that the north and south boundaries of the complex are not typical strike-slip shear
zones. Actually, the apparent phenomenon strike-slip observed presently is a result of

progressive bending of the early detachment surface.

The central Dabieshan dome has been widely accepted as a large-scale extensional
structure. However, structural analysis of the central Dabieshan complex and its
boundary shear zones or faults, and the formation mechanism of this domal structure are
still controversial. Combined previous work with our detailed structural analysis, we
defined the central Dabieshan dome as an orogen-scale metamorphic core complex
(MCC) formed under NW-SE extensional regime. Nowadays, the geometry of the
whole Dabieshan was almost controlled by the central Dabieshan dome. The central
Dabieshan complex (migmatite-gneiss and remnants of UHP metamorphic rocks)
represents the footwall of the MCC. The northern boundary Xiaotian-Mozitan fault and
the western boundary Shang-Ma fault constitute an integrated and arched detachment
fault in the northwest dome margin. Besides, the Shuihou-Wuhe fault and the Xishui

shear zone (as a horsetail shear zone, including early XSF-N and late XSF-S) along the
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southeastern dome margin constitute a multi-level detachment system. The central
Dabieshan complex and the detachment faults recorded a consistent NW-SE trending

mineral stretching lineation and top-to-the-NW kinematics.

The Hong’an massif located between the Tongbaishan and Dabieshan was
previously considered to be less affected by the Cretaceous tectono-thermal event. This
study identified Cretaceous extensional structures in southwest part of the Hong’an
massif, named the Shufengjian dome and Daleishan dome (or Dawu dome). The
geometry of the Shufengjian dome as an A-type extensional antiform is similar to the
Tongbaishan complex, while the Daleishan dome displays as a curved monocline. The
deformation of the Shufengjian dome is characterized by NW-SE trending mineral
stretching lineation and top-to-the-NW kinematics. In the granitic gneiss from the core
of Daleishan dome, no obvious linear structure developed. The AMS (anisotropy of
magnetic susceptibility) study revealed that the magnetic lineation is dominated by NW-
SE trending. These two extensional structures relatively overlaying the Tongbaishan
complex and central Dabieshan complex represent crustal detachment in a shallow

tectonic level.

Geochronology studies show that the Tongbai-Dabie orogen started extensional
regime at ca. 145 Ma, and approached its climax at ca. 130 Ma that was signaled by
removal of the pre-eixsting orogen root. Additionally, the Tongbaishan and Dabieshan,
together with the Shuangfengjian and Daleishan in the Hong’an massif also recorded a
late (110-90 Ma) extensional event. The Shuangfengjian and Daleishan were mainly
controlled by the late extension. In the Tongbaishan, the late extension completely
reused the early detachment faults, while in the Dabieshan it formed secondary
detachment fault, except for partly share of the early detachment fault. Considering the
compatibility between geometry and kinematics, it is inferred that the Cretaceous
detachment faults in the Tongbai-Dabie orogen initiated as a coherent, flat-lying
detachment surface at the middle crustal level, possibly corresponding to the decoupled
surface between the partial melted crust and already exhumed HP-UHP slab. The early
(145-130 Ma) deformation is characterized by subhorizontal detachment under
high-temperature condition, representing the main tectonic event in the Tongbai-Dabie
orogen. Subsequently, the detachment surface was folded during the doming, and

secondary detachment might occur due to late (110-90 Ma) adjustment.
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It 1s proposed that the Tongbaishan complex and the central Dabieshan complex
are product of Early Cretaceous anatexis that expended the Yangtze basement gneiss
and HP/UHP metamorphic rocks in middle-lower crust. The Cretaceous extensional
tectonics intensively reworked the Early Mesozoic tectonic framework of the Tongbai-
Dabie orogen. The HP unit originally overlying the Tongbaishan complex was divided
into the two slices, while the Triassic metamorphic sequence (including the HP/UHP
units, Susong and Zhangbaling groups) in the southern Dabieshan is dismembered into
tectonic slices as the hanging wall of the detachment fault. The extensional collapse of
the Tongbai-Dabie orogen is manifested by a combined effect of geological process in
different lithospheric level: detachment and unroofing of the core complex, possibly
SE-directed channel flow of the middle-lower crust, and removal or delamination of the
orogen root. Compared with the Cretaceous extensional structures widely developed
eastern China, we suggest that extensional tectonics developed in the Tongbai-Dabie
orogen shares the same geodynamic setting as the destruction of the North China craton,
and is also response of the Late Mesozoic lithospheric thinning, but just overprinted on

the HP/UHP orogenic belt.

1 5| & Intruduction

] 2 308 0 AT - D3 - 75 65 o s/ e 3 Ll iy AR T AR AL AR R R R R 2
[IPEGHr, AAA 5 b s oK 1 iy Fs /6 v 28 J5i 7 17 1) 44 (Hacker et al., 1995;
Wang et al., 2008; Liou et al., 2009). Z%i& 11177 H 7 7 R A TS FEE Rk, RIAR
Ml grgedpk . KAl BEZR-5K )& iR F IR S stk (B 3-1). BF 7236 WA M-
FN-T5 B Ly — R R A IE L, BRI EE D) T A AR AR 2
AR J= (144 1 3T 72 (Ratschbacher et al., 2003, 2006; Liu et al., 2013; Wu and Zheng,
2013).

WEFLR MR ZR 2 By SR L, Vs s/ v s AR 5y B DR e o A AR e
JEMIIE(E 3-1): BALRIF PE-FRIRAL % A A K RIRIEAE B« 9 L0 R & 1E
o BCRBE AR A IE(TOESF IR, KO ek R E B, R 2
S RE, MR AR S A G, T2 ol X 2 LA A e i 3 68 [0 3 1L 939
AR 2 JE AT PR i B A PR R S I R ol R I AR A TR B AR R, Rl R
TREA KAE KA PR AE AR S RRRRL R R PR (IR IS, 2005; X1 e A 2= B
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J, 2008; Lin et al., 2007b), KHUBLAIER 5 )5 % 1 2 5 U T 0 i b Yt 1) 6 k-
R S (R T AR 7K X, 2009)F5198 7% Bt AR i Ly I J 1) 25 A P 1 2
GURAE T BRI PR, DL (I R B R AR v s/ v 3 LA AR AE
— AR BRI 1L S 15 3R FE (PR A%, 2013D).
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Figure 3-1 Tectonic map of the HP/UHP orogenic belt in eastern China
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2 XTI Overview of the regional geology

AR - R 32 Ly ety (T LA SR ) L A JFG i e 21 22 A £ X 4 | SR I NW-SE 7&
[, 1] P4 e R PR A 5 AR R0 ity AR A Ly A, AR S A0 ) Wi S P . (1
3-2). 5 =8 A0 1L A 5% B AR A R IR - R i 1 K AR 4y, B R AL
RUELFE Wy 25 -2 E A SR (bl -5k NI )« SR AT - A TN A A SR T (AL TR A
FE) v - e AR R SR 0 R e O R B i P e A 0 8 (1 FH AR AR I 11
A RIG, TR ARE T EOCAE AR K L s MR N, BRAGHERH 3 A,
AR5 ) Ak b R I b s s, R =S 2 R RH VR IR i B A T L A
W (Okay, 1993; Carswell et al., 1997; Eide and Liou, 2000; X.C. Liu et al., 2004; J.B.
Liu et al.,, 2006; f17/KZL5%, 2013). U4 0T TARIEAE 20 22 AR 1) =
AR ORI T B PR ER A R A R R, R A RE T
PRI T ER A (R TR, 2009; Sun et al., 2002; Cheng et al., 2009, 2010, 2013; Wu
etal., 2009; Liu et al., 2011a). 534k, 5 AEAHIE LLAR Z AT AZEMAR L )AL H0E R
B, AL RSO EIPRE . RPN RIS, X LA RIS RG] 5 AR R I X
FEABAR) 25 A1 416 AH ) B (Ratschbacher et al., 2006; Liu et al., 2011b, 2013). fERJI&E AL
B b, AT LA (R AT 2 AR AL R (e B R AR ) P R R 2 Ao
T e/ v R AR S A 2, ARER T AR s L T e ER R SR A AL
B HA A E A H R (AR IE R R RO G, TERIERE R o RN TE
B E EMIE (A 3-2).

HAT, BT 2 509 7038 A A0 A & 110 S RE 1R R B B T BT Iy, AT
WAL L T [0 776 0 1) 1 2 b A R R ) 1L 7 Hp A AR 0 ) (32 0 S 40y R A T 1
RPN ) B H Ik A2 (Webb et al., 1999b, 2001; Wang et al., 2003; FEZEZ 5% 2009; ¥
JERIE A, 2009; XIFESE, 2010; X. Liu et al., 2011; Cheng et al., 2012; Cui et al.,
2012). HFEXS T HaAa A e B BARRE TH i A8 AR A2 A R AR, 1 anve s £ —
L2009 N AR 5 R A RIS I R T RS, AR 22 R (102-85
Ma) B N Z= U4 1) AR50 B A HIALE; Cui et al. (2012)WAHRIRIZ A A ZE—A
HEEH(141-139 Ma)BIAE R Aea i, HoEREBIUIH =22 BI7E 135-120 Ma.
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Figure 3-2 Tectonic map of the Tongbai-Dabie orogen

KT R AA A TR AR S AFE =S LR A BLAR RS, HRT S
T /48 5 R A8 5 AT IR I 2, Faure et al. (1999, 2003)F1#R44545(2003) & #1A ok
SRR3R T 5 R/ R AR A TR AR S R AR, fEMIE EARER T I =S
AR AE R B R IR S . B4 T RS B O S A 2 52 AR AW
iR Ry it (E B AL AR 5858, 1996, 1998; Hacker et al., 1998, 2000; Wang et al., 1998;
Ratschbacher et al., 2000; VKR, 2001; BERASE, 2007; Y.S. Wang et al., 2011).
SR, ¥ Je R A% S FLads 5 BT s e I 2 FR) A 3 At T AR 25 2 ) TR FG L s AT A7
TERCR 4. Flan, FEAFIRBIR (1996, 199844 Hi K5l 25 B (1 T B[] B 72
7E 150-96 Ma Z [0, I\ N HRIOATHE S MR SIF I E, R S5nES A
JRUT TSR FE A FH AR O%; Wang et al. (1998)5 i i kil 24 45 5 1 178 1) sy T /b
JE 2 7E- R S (R I B Bl L3048 ) SEE MM A B2 B0 17 /2 R 24 T /K L
- FL BT ) g ) B ), I 0 1) B R X — S AT L AR AR AL
Ratschbacher et al. (2000)3CRFH R I 75— 25 %A 1B (Hacker
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et al., 1998), 5| NHX4Ljie#% - 141 [ 3 (rolling hinge-isostatic rebound) Uk fif s
KA AE 140-120 Ma W5 H AL FHBE K - BE 1R W 2L i AR FRAZ AL Y.S. Wang et
al. (201 1)IIA g Hh R 25 o 2 £ JH T b a2 57 288 (R 7K L - T B SR K. - B 1 TR
W)L [FIAE N TR, R A R E R R Ry Ak o bt 5 2K 1 TR — 0 1 B D) A
PINEAS T & AL IS [R]AE 143-132 Ma.

PR b, R AT HEE2000, 2001) A8 ERSE(2001) 752 H A MRAR- R0 L i
L AR R I A B TS AL A, BRI B A 2 A0 R R o S L R A
s TR S B AR, R E ZEREE N, NS (200-170 Ma, 7] AELE
Z 2 130 Ma)fH ARSI T IF=I(Suo et al., 2005). {HIX —# X I BA B ROk A 232
LHIRE BN =B AR RIS L Ay B ok, BT L, KR AR 2 A
H R % S BRI R N AT 9 T B 2 A A e A - D J31) v H /i v s 3 LU 77 3 L 5 5 S ) s
(FOCHE. (1548 K2, AAn- s LA LA b JE R 208 35 km, A ILAR.
H =& a kA e r e LR, BE 4l m AR R - K L R L L s
WA, B R E 1R TH AR AL 5 A SR> R TR N A O I L B Y
Rz — (B 3-2). RGAARTE AN IR 58 R BAARAR - K i Lty S 20 4R
i 2R LAy A 2K (Zhao et al., 2004, 2007, 2011; Q. Wang et al., 2007b; Xu et al.,
2007, 2012; Huang et a., 2008; He et al., 2011, 2013; Zhang et al., 2013): F-H{E X =
RIVRALAEREE P 143-130 Ma, WilSZ 3] 7 ARTEIIE (R 8 7R, BARIE
YU BIRE AL RO TONE R USSR ER > K W IYIAE B SRR AL AR e B Hh AE
130-117 Ma, FEAKALTY, NIEEHGSEE R4, TR R T Hde b ImiE )
VBRI WA AL AR (130-123 Ma) -5 I AL A 28— # (Jahn et al., 1999;
Zhao et al., 2005; Huang et al., 2007; Dai et al., 2011). Kk, Ak K5 (L7 R AT
RETE 130 Ma 7247 AR T LR M E R (ZEE R4S, 2013).

3 MaAE Ll 3 L R RIS Cretaceous extensional structures in

the Tongbaishan

3.1 MEAA L B A ) i R e SRR AE Main litho-tectonic uints
and their characteristics
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HI NS A T XA R e R C AN AR, Ban WFIE 77 T Webb et al.
(1999b, 2001)~ & F5 H 55 (2001) F 35 2D 5E55(2006) FEMIFAIHLIX K| 73 1 %5 5 A -1t
o, WE T 5Tk RMIMIER)R. A (1999) = HEEQ2001) xR
AR5 (20052) FERAT L X R L 1 22 Ab MG, W SL 1 AR L R B P 2 e HR AR S5 e
FrAlE XN RBFESXIRESE, 2011; X.C. Liu et al., 2008, 2010, 2011b, 2013)iz JLEH]
AR A A 2 FUAEAR 2 7 AR KRR FE b HE B0 7 AR L R R B A 3 e 1 &1 4
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Figure 3-3 Geological and structural map of the Tongbaishan
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Figure 3-4 Schematic cross-section of the Tongbaishan

28



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

AR T (RIF 7045 SR DL R BTN S B i 2, AR L 1) 2 A R i R T DA
MAE N, ALK IO SRS m R, Em s AL, fIldes
ZRUSHE . RRPEREANGELRRE, )RR SO S RS R . AR RS
T KA T IO R0 A A LB (B 3-3). XS A Mid B o e P s AR BL NW-SE
] R IR AT, ERIT B 2o — RAIME S A EEE (K 3-4). B & HITZ i
% DA B )y B b 2 A 2 1)

TR CHRPRRE A RISHEARR T A RS LA R, b RI&IE L 1 4R
W, SRR EER AR S, AYE. REEMAKMINEAR. FE N —ERR
KPS, BT AR ROy — B R A AR Bk - s, e
FHE R AR AR R BT RN, ZR0RTE R IE/BI v R RELE FIRRRLE 2R, AH G
(¥ A 2 AR AR A T 3 W RRUATT L DX B PP AN — RS PP 22 177 1 A TN 5 A
AR A, 2R USRI ) R B OB A AR AR, AR AR AR AR AR AE
440-400 Ma 8] (Kroner et al., 1993; Ratschbacher et al., 2006; X.C. Liu et al., 2011b,
2013; H. Wang et al., 2011; Xiang et al., 2012). J&F =3 I3 J& M w47 i3, @
WA B SPREARR AL B S g Gl B B G AR, — REPRRE LA Byl B oS 2 s
M, ZRU DU Ay A i bl B R i .

FAVE L F BN — B E MR R A, SRR TR A R D B T
HABRCA, — M AT LU I Ly X F s~ 0 T R 2 04 b X F i) 0 FHE S5 L
BALXBEHEZE(2013) 18 T BB AR TR E T A =8 A Ar FEEN 261 Ma, X
55 R0 LA 7 0 B il sk B FHAR TR I ARAH — 2(Faure et al., 2003; #RAEE, 2005).
FLLI R 3 B A A AR S A AR A TR 26 R = B o a2, a2 R
A INA AP Ar FERTE 401 Ma F1316-304 Ma, 1 BE A/ Ar 544 268 Ma,
R ATRe AT T 2 WA AR TEAE (4 F 5158, 1994; Zhai et al., 1995; H{/b3
£, 2006). X.C. Liu et al. (2011b, 2013)I\ NS T AR 14l B i ok 2R AR
JE A AR AR R R AR, 17 R L 2 S U R 2R 0 A R R S 2L ) 2 A TR 2 1T
%

MtaZs s £ Bl IE s LR E H R, JFH D ERIE RS « RS N S A
KBRSz N AT P R B 20 I i A ol ) R Bk Ca ik AR A R B R &, D
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B AP B BRI, OCT- 18 K TR BRCE 1 R 8 B AUE B0 R(776-746 Ma)
AR S (141-139 Ma)Z F(Kroner et al., 1993; XIBEEFLE, 2011). D3RI
RAENFE AR AR A BEFANA CAr P Ar FFREE R /0 A TE 135-119 Ma Al
100-90 Ma PN X [H], W7~ HAE L0 Re2e [ 1 W IHA 21 FE (Webb et al., 1999b,
2001; VFY6HFITE 1, 2009; Cui et al., 2012).

JE RN R A MR R B s AR AT TR . AR AN
A=K RS . oA RS ATEE KIS, A RNES KRR RS 1]
BB GRS A U-Pb S A I A -2 Lu-HE S50 2R AR S 7E 255
Ma o457, W AERE AR A V& BAZS /R AP AR(X.C. Liu et al., 2008; Cheng et al.,
2011). FE A RE A =B A Ar SR AT 238-217 Ma 2 (8], WRERE T 5
DRI 5 AE =8 28T IR A R AR T S ¥4 E I 8] (X.C. Liu et al., 2008).

SEL A & TR IR SO R —FR o, B A e AR A K s AR N
(KA ML R B ALEE, XIIRFFEQO) IR NGRS A, BT e ikl
PR Rl BT R RS I B A1 U-Pb SRS B £ B TR e e AR, BRI —JB0A
Nz AR R Bl RUR R P AT A BT BEBAR B 4T IR O A P (UG ALAS, 2013). 5E L 4%
HEIRA D TR AIWINEA I, TS BB . 35D 355 (2006) FEHITE BT DI
AR T 256 Ma [ 2 B VAP Ar F%, FTREAER T MG AR T (¥ [h).

JR AL AL 1AL e A g 3 M v - S A B S 7T - A TN 25 A P 38 e
R 2 AR AN [F) 5 0 I BTG, AR S B P ) 2 22 AN A FE 1R 4 75 - A TR 25 A
BTG, 0T N ORI L XA A B S AR o AR S (TR AR S5, 2002; Xu et al., 2012).
b B 2O — AR R U K L s AR TR, &7 1 R A -k i a AR
JRAVEF. AR i KL R RS AR T 741-763 Ma, N4 T Rl Ib 287 7o AR 3L
BAERF= (MR IR A, 2011). Bl A1) 75 15 21 22 AR g R 22 L DX 5 -4
Jr T AHIE,

3.2 M2 A A& MM Structural analysis of the Tongbaishan

complex
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AR L AZ BB B AR 2% 4 52 NWW-SEE [r], #3120 km PL b, F§AE%E 10-20
km (B 3-4). MPERHERG TRMARIZ T, WS WAL KEE N, Wiks
FARIIAE B 5T B 3 R AN RV R BE 1 B b 2 I, & 5 AR 1 g i B
JCYI AR B E BT D)7 AR o B, R S0 B DDA TR B - U O — 2 A b
G B ) P BOAR SRR R R, 1A ARG A L LE AR TR . 1 S BT
RT3 T [ AR % S PR 08 % 9 Ay 3 B e IR NBIZE . BTN 2 D A i 5 1
FA AL S5 R B AT A AT LT B D), ARRMAR A 1) SE MUl 55 ) 25 51
(Webb et al., 1999b, 2001; Wang et al., 2003; YFEFIE =4, 2009; x15E5E, 2010; X.
Liuetal, 2011; Cheng et al., 2012; Cui et al., 2012)

—

K3-5 Mt 2% s BT A I R R
(AR E AL IR A TP R R RARE AL (o)A A E T R R 2 B RE; (ofil i A E R BRI L
RUMDIE 5 (d)HAAE AR B DN SE T3 SR BT Uy R 2L 2 AR 5 K B 1 NW-SE [ KP4 3
Figure 3-5 Structural characteristics of the Tongbaishan complex
(a) isoclinal fold in migmatite from the Tongbaishan complex; (b) large lineation in the Tongbaishan
complex; (c) L-type tectonite of the Tongbaishan complex; (d) NW-SE trending subhorizontal
lineation developed in the metamorphic rocks of the Hong’an Group near the southern boundary

shear zone
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N % 2 R B LD 2 U — AN I T M. RS P R e A L
0] NE i, md i SW Hi(&l 3-1). SEEde e NE BEM, 17 44 A A% s AR 22 ;
B S IEGFAR B, THER ) SWOBEMR, [a) A% A% R ig i AR 2. T A [m) RUZE [R) A 4k
M ZRE, REr R ER(E 3-52). SLbr b, WkZs 8 &0 LU A o —
ANETIW A BURRAE MRk E K H SRS N B R I 2 A 4 K
B, HEBENERE, KB PIE Fe Sk B BRI HRRAR, 7EERTH E o] WA R
W Z LA TR B AR R 22 Mt (B 3-5b). /NEUZRER Z N Bk B 1K
A\ A YN R s BRSO AT IR AR 2 B, SRR T LA DA B ). R A A T A
AR E, RIMAEAETE U2, HPRAE L 2 58 g ARG R, A% st
M L ARG, SRHAE R ATHIX L BRI 120 WL 3-5¢). X2 Mt it
(¥ 7 1) 35 S AR A o ARl g 1)~ PAT, SRERUR [m) Y Ge ik 7 L8R AE 130°8K 310°,
Witk — /T 200 (F 3-1).

FE T A 2 Sk AN R, W28 77 1) W] WA A 2% TR A R R I AT T M i
(Bl 3-6a), 1€ 51 BEML 75 Hh K B 1 S-C 2H A A A e i ik DR 5 BT ) A 76 (1 3-6¢ Al ¢,
d), $R8 T —2 B3R NW RIBTUIAR T, M e 1 ST DA (I AR TR R R
W 2] 7 I r AL ARG B G, FET KX, SRR BT AR B A K
Fr R HR AT LAY B 0 6 0 R 1 2 BESRZE AR R /KPR B (18 3-5d), B T 1
S-C ZHHE AN 2= Bt G i [FIRE R 7R 1 S5 A 2% 5 AH R R 3 2 (] 3-6e).

HEA, A A A A I S BT DI L B 52 B G TR i B g, R
1T A AT ILAE B o BE R o IR RS MR X B, IR AR, IR A H A
L1 Ta] P 437 A 7 3.
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K 3-6 iltnea KA A BIY)l s a2

(AR R & R TR C kAR B DD BRI A T M3 (b) R 2 S 6 B BT F R T KB
KATBEHEIRIE; ()M ()AL TR BV 16 B 5 BE M vh A B 1 S-C AR R A e B B B ()i o B
DI AE b i BER 5 HH ) S-C 2 A4 (o) SEIL g AR BY VI B AL AR BUA T K B 1) S-C A = B £
&, LA EBIUIbR SRR T BB NW 1884

Figure 3-6 kinematics of theTongbaishan complex and its bondury faults

(a) boudins of sheared light-colored veins in the migmatite of the Tongbaishan cpmplex; (b) o-type
feldspar porpyroclasts in the granitc gneiss of the Tongbaishan complex; (c) and (¢") S-C fibric and
o-type feldspar porpyroclasts in the granitc mylonite from the northern bondury shear zone; (d) S-C
fabric in the granitc mylonite from the southern boundary shear zone; (e) S-C fabric and mica fish in
the metamorphic rocks of the Hong’an Group near the southern boundary shear zone. All above

indicators indicate a top-to-the-NW sense of shear
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RO A S AR E TR TN R A 1A e AR RO A B TR A, AR
TR AT T AN SR IX — AR BARAAR 2% 5 e AL A T B AT A e, HLAE I
LSBT B ACRE, (B IR 2 AR EAE NW-SE [, 1835 —EURR A
EER R NW IBIY)AIE. X RIS ARG A BT U) A, H LA Aa sl A
AT PR B L DR, IR A S e (13 5 BT D) AR R R AR T A i 5E K
R R =T A N Pt i R AL VAR i AN T oy 1 | i Rt (AP e R S
b, FARA A AL NW-SE /KT AR N R R A RERESICRE s (AR o %
. Bk, AR S B AL SO AN R R E BT Uy, B4R g B 1k
TEBLR SEPR E 2 IR B A A 25 il g 3R L.

3.3 HaaZ A AR 5T Geochronological studies

3.3.1 HI ABIFEAR S TAE Previous geochronological data

H A A 2% AT = 2O R R AN SRR I A% 8 BB o AT Rk i oy 2 5
JE I JE (T R A XS &, 1989; b4 XM &, 1990). Kroner et al. (1993)
B A FUBORE B A7 Po-Pb 28 KA MARIAR 2% 5 1E v RE h3RAT 1 746-776 Ma HIHT
TLHAREERE, WONHARE T A MR AR, UM 2 — BN — AT
FR a0 o AR (R S, 2001; YEOLFIE =+, 2009; XIZELE, 2010). /5, X.C.
Liu et al. (2010)W M4 A A FSRALA £ EAT T SIMS #i 41 U-Pb @4 Hi b
JiUR BRE AR Y 141-139 Ma, FEEA78T 70 4R 780-750 Ma HI4k RS 411 11 H
A R R AR e 2= N A R A 18 A T IE % T 232-220 Ma 28 i R
I, A 4ERTE 933 Ma Fill 863-742 Ma. MIMiARATI A2 A SEFr F & — N
WA A AR, A — e RN =S AR UE AR IREES, 2011). 7
L5 (2013) L M LA-ICP-MS #5457 U-Pb & E 3R MM It sm AR T AR Bk AE
<5 R TR AL AR 137-138 Ma, S92 TEAE KA BUR AL AR 134 Ma . iX 48
AR R RO A AR AR TS A A 2 — 0 2 2 e AR
2o SR B BT I AR T S, T e AR U I R AR e AR, AT e R
TH 7Rt 25 2 i J8 T (Rodinia)B Kb 58 & - R FEAH S A A
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Figure 3-7 Cretaceous tectono-magmatic geochronology of the Tongbaishan

EWIL GBI, fam G RATISER. XI/MBAE2011)
SRR o VR A A 3T T LA-ICP-MS #5f1 U-Pb iE4F, FoH ANk Bk 1 AR
N135+4Mafl131 +3 Ma, —DHEARR) EAZ RUFERR L)Y 828 Ma. 1Tl AR KR 5850
RE G RO SIMS #5A U-Pb EHIHRME T 132.8 £ 0.9 Ma M1 134.1 + 1.0 Ma ¥
A BN REERS Je—A LA AR 757 Ma (JUR30). B, fifZe s iis
H IR E AR S — SO e AR, TR & E R - AR RN TRIFE 135-131
Ma. HIERT I, HAAR e R 3 Ly A A i 1 Tt AR TR A A R A 7
Yy, oo LA [ R 32 (R IR A0 1 2 TR ARE L, T8 i 5 T T e

MRz iR &

Z1
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By AR e
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3.3.2 B4 FIMEf U-Pb %E4F Zircon and titanite U-Pb dating
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AU FERS R 4 7 T R AR VR 5 34T 1 SIMS #5 A U-Pb sE4E. IR
HO37 A1 HO41 BINIR &G T I EAA, 20750 R B AR 2% P4 B A R 1 T00 3 X A
ARG X (8] 3-7). F ORI EEZT MHBONH KA A AR kY,
AR INA LB ).

B A I RO RV, RS AE S B R T B4l ok SR A B A
RLG B — R MG AE A SR AR RS BRI, ARJE X B HEATE SO AT AR A6

5 HWERYI BT 7T T RA LR A Cameca IMS-1280 — K& 1 I (AT,
VELHIK 73 M 75 AR RE L Li et al. (2009b). [RIAZ 3R K A Tsoplot A2 FF#EAT 115
(Ludwig, 2003). A it sOR I TH AR AR 3-1, BREIIN 1o, FRARINTE
FIFUR A B P A RUEFIR IR ZEN 20.

(b) HO41 136.0 + 2.0

O133.Tt2.0 0
¢ 4

O 1329 2.0“
0134.5 +20

/ v
(’ 473.0+6.9

O 133.0£2.0

sts,ets,s 135.1 £ 2.1
27 O

100pm
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4 ‘{ A
431820 4 \ -
! 4 p
32.6i2.f e
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K 3-8 Milfazca iR e a ik O P RERIEE A K CL K1E

Figure 3-8 Typical CL images of zircon from migmatite of the Tongbaishan complex
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Figure 3-9 Concordia diagrams of U-Pb dating for zircon and titanite from migmatite in the

Tongbaishan complex

Feal HO37 i B0 CuE W B IE- B IR RADIRACHR. #ia L it Aok
17 CIL 7 ' 5 88 AT WA FRD TETOR 23 AR AIE, - 22 BH L Sy SR R A e TR (9 445 1 (1] 3-8a). 23
ARG 23 A0 HT ALK Th/U E(E ARk 5 FEIE 0.08-0.16, *%Pb/”"U R HIF#4
VBEILE 129-136 Ma (3% 3-1). FIrA o0 br sl T — B 2 b, SRAFIERIERE 9 132.8
+0.9 Ma (MSWD = 0.04), 256 MAGE TR &4 H O R 45 i 1] (] 3-9a).

FEdl HO41 A 2B IR, KRELHAA IR0 451 (K 3-8b).
1% B 5 IR G A B o, R R I MILR, Ea R, N
TRA A IR Fp A8 5 45 ST R A0, 2R B 17 B AT T 28 AN T A
(¥ U-Pb AERIIE, b 12 A fUOL T 85 A0 R B AL, 16 A mUBL T8 A0 (1537 A 3.
BEARZERI Th/U LWEZ KT 0.1, 2°°Pb/2PU R HIAE IS 32 B4 BI7E 160-672 Ma X[,
AES Th/U LAEEEFTE 0.03-0.07, *°Pb/?PU K IHE# M 131 Ma £ 138 Ma (38 3-1).
B2 2 ANBIEAR S — BRI A, T T SRR AR — Bk R A8 AR

N 757 £ 52 Ma F1133.4 + 3.6 Ma (MSWD = 1.3) (i 3-9¢). A2 AT 16 M
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AHT ST FEA B AR N 134.1 + 1.0 Ma (MSWD = 0.55), 5 FA2mAERTE
PR ZE 0 N — 3 (B 3-9¢). [RlE, 757 Ma AT REARER 1 iZAF i J5E 5 KA R AL AR IS,
T He R AR RIS AE F BB 1294 134 Ma.

BEAb, AU FEIEX RS HO37 347 7 TIMS HiA7 U-Pb 5E4F, FE 5k
7 L B2 b Bk B P [R] 67 3% AP AX 5 S 00 5 S8 B, R 4 R 43 BT D VA A IRURR L
Schirer and Labrousse (2003). Fti 8 3 #f i 349 1 8 A (K 3-2), Horh 2 /M
MRS — 3R, AR 6 ANAELE Bk F( 3-9b). 1 4 NMBCHEF T ST EAS
| 2°°Pb/ P00 AN 4ERY 120 £ 1.1 Ma (20). X —4E# 15 /N T-85 4 U-Pb 4
we, TTREAER TR G A A A B A U-Pb H5 IR FE(650-700 °C) R [H].

3.4 fta A W FEF L2 Uplift process of the Tongbaishan

complex

WHTATIA, MM 2% A AR T AR K A AR ALIARZIAE 137-141 Ma (Liu et al.,
2010; 753C5F, 2013), VRE A WAEH KA RIZI1E 131-135 Ma (XI/NIEE, 2011;
AT, FHh, — A [FRIER A IR 4 b F 58 4 131 £ 1 Ma (Cui et al., 2012),
A2 N AT 24 25 2 30 6 S0 30 550 T BERA PRI 0 A LU AR R AR S FRIFE. 123-139 Ma (5
LA, 2013; Zhang et al., 2013). XSS RS HARAE AR A Ll 2% 5 WM AR T R AR BRI [R) R
R ELE 141-130 Ma 18], AT, MRIACE PA RS AR S B Ao BRI A
YAr-P Ar EFENNFRAS T 135-119 Ma F1100-90 Ma P41 (Webb et al., 1999b, 2001;
VPR E 4, 2009; Cui et al., 2012), K BIAIRI A S RUFAERE BIIR 2 D) T 885 IR
HBAHER. S2br b, ARG EEREETTAFIINE A U-Pb R BN T HE A
U-Pb 1%, R BIHIRIA A R R SRS R 3 23 A R IR B2k,
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Figure 3-10 Cooling history of the Tongbaishan complex
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4 AR IE SR A 2 R M) 1& Cretaceous extension

recorded in the Hong’an massif

IAT— AN 2 WA 52 (1 S MG AR B S M e/, FBEOREE T o e/
e S A 1L 7 = B 20 ARG A% 2R (R E AT 228 1998; Webb et al., 1999b, 2001; S.Z.
Li et al., 2010, 2011). 8 VELAH ARG 70 A SRR T0AE, JRATAELL 22 b A4 7Y e 357
(TR T R 2 L b DX AR T T S 20 e e ) i

4.1 XEIAH EMIE Shuangfengjian dome

FELL AR T B R XA B — AN K SR s, BRI S
Be SRR 2 NW-SE R ZEHZ) 25 km, WEZ8 7 km (K 3-2 F1E 3-11). Sk
(IR B OUEEIRAR TR AL B3 5 A P 5 40, e A A AR IR EOIRAE B R L K
R BE R A DA S AE K B AT I . IR AR R AR A Mk R BOIR S5 M, 22 90iE
PEAR . 0 B 5 (K 3-12a). XIBEFREE(2005b) % 1Z 48 i 1L X & HI85 47 U-Pb 2 3015
THCERER 813 £ 6 Ma, BARRIF AL KA IR LIRS, RIS B (1 71 &
ARLLBMRIS . A KA RRE A A5 E AR R CE, 53E%
MRS AT AT BT IR AR B A BTN O T A0 e M AR AR I AT, X UG 4 L X
T FC 8 N 55 (Webb et al., 1999b, 2001; S.Z. Li et al., 2010, 2011).
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Figure 3-11 Geological and structural map of the Shuangfengjuian and Daleishan area
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HATERI R T B A, RBEAE T K B (B 3-12b). REEEHER S E
B KA 4T NW-SE [a], MR g, — BT 300, SEinid S8y F SeE S5
G (R 40 22 B R BEA R R N T BEME Ak, ) LT 3 B 1% 1 2= BEA) B I 1
NW-SE [A ¥ 3B 3-12¢). WUCZREE T ), B4 a] WLARERIRAE B B kA
KA TRBER S L NW BT, B N K Oem BEs A hR B 1 S-C LA
KA Bk Bt~ 1 MR 2 3h (K 3-12d). WigAR 5 b & & 1 NW-SE [ 25 7
A_EFR 1 NW (18 3l 27 5 AN E 21 22 B b ik B ic 1 = B 40 NE-SW [a) 28 3 A I
187 %7 A AT LR ZS 5 H X 73 ok (] 3-13).

Bl 3-12 XU 5 B IR AL 15 AR T ARFAE
()RR AL B A (D) KSR BB R B 1) NW-SE [ IR B (o) BEb AL R B
A S BEE FR T NW-SE A P hi i 2 B (d) K3 i BEb 5 i S-C AL R A e e
TR T BRI NW KBTI AR T

Figure 3-12 Structural characteristics of the Shuangfengjian dome

(a) metamorphosed granite in the core of the Shuangfengjian dome; (b) NW-SE trending mineral
stretching lineation developed in the felsic mylonite; (¢) muscovite in the mylonitic marble formed a
NW-SE trending mineral stretching lineation; (d) felsic mylonite with S-C fabric and o-type feldspar
porpyroclasts, indicating a top-to-the-NW shearing
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Figure 3-13 Structural elements and kinematics map of the Suangfengjian and Daleishan domes
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H T X R 1 X 1) AR AR BRI, HT TR ALE 1T i AR = i 58, itk dk
A0TSR RS P B A ot QD88 AT T A/ Ar B 47, RAEAL B WL 3-11. FEfh
FHIBABHAH T 96.7 £ 0.7 Ma BIFFFEEAT 96.5 + 2.1 Ma EFIF LR, W#1E
RV N —BU(E 3-14). BIERI X E ARG FAM 2 NG EM, R s
Y 97 Ma L HCECERT BY V) (AR T[], 3k A 25 S R A L 55— B Je i
TERT F]_EAH— S

140 0.004

| QD88 f 4ty |oD88 Btk AR
96.5 2.1 Ma
1201 e MSWD = 1.06
£ 1 . FPAERS 96.7 £ 0.7 Ma i < "y WAr/SAr = 320.9 + 150.5
L O N
i — < | .
80 1 0.001- ‘\.\\
0+ o W
0 10 20 30 40 50 60 70 80 90 100  0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
ZIOAFERL AL (%) *Ar/“Ar

P 3-14 XWUGERIIE A BB YA Ar R

Figure 3-14 Ar-Ar age of tectonite from the Shuangfengjian dome

IR X 5 [ T b 38 (0 T R AU A e, (BT R 2R B AR € fE NW-SE [,
HIZ 3% Bom A — 80 L3RR NW BT YIS, B 0L 25 N 3 3 A@J%,E
JUT 22 ANIE 3 52 B U — SO s s DR, FRATTHENI X0 2 B e 1) 34 57 B D)y
FER AR AL T P 5E AT A — IR . TR IR b, 3 A 3E J LA 22 AN
B2 ARE b, XU IR BT (R A 1 A2 A% 21k o P AT ARG RO L. 45 X A -
HIide ty Xg E AR, AT XIRAR SR fEAE 1 240 NW-SE ST 4
T IR A T JE T T AL .

4.2 KE:1L{H EME Daleishan dome

FELL MR PE R, RHE B e AR KA L XK & —/ME K R RS S I,
B NATTRR N R TE B Rkl K L SRR S, 1996; FEAFIF SR, 1998;
Webb et al., 1999b, 2001). K# 1L BEAE 0] L BA AERIN BRI, 185
ALSE KA R, AL 300 km? (& 3-11). SFAZEMRE LIS B8 — KA
TR R, Rl T R B 8, S A7 AR T (R 7o o AR AN AR (e 4 4%
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2005b). MiAGEEREMIL L EENA KA RE . oA RS RES AR
JRBEPCA . Kaa LR E 5 202 B LA b A A B2 (Y B0 PE BRGE-0 1 B D)y AR e k. i1
NKTF R RN AAEA R R, Flan, ol H5E1996)8 K Z 1L 3k
N—HGE RIS 2B RS, EEMA#R1998) N KRG LA BE
AR AR BB SIRHE, 2T R AR N-S [ U R T R
Webb et al. (1999b, 2001)I\ N KZE 1L 1L T £ 195-198 Ma /247 NE-SW [A] 27K
SAHRAE F, AR L 22 X e AR o A 3 i o 4 o £ e ) A i

R 25 I BRELSAR BLIA) ESE G208 32, AEAL R R 8 55 20 e B iy
BHif, B BRELR AR TP AT S R A BT S B R A T A i 4 )T
TP S AR, A IR TE B AME A 2 B R A I, R A A BT S
BIY) AR T AR B Z W B E B AR (B 3-13). A, 1B S REAME A 2 B —
BEAE MR E TSR BT YIARTE, NE-SW Al (IR 4 (i 42 2 5] i A R -+ v &
(Webb et al., 1999b, 2001). F L b, K7 LR G AR — > S R (&
3-11). 7 NW-SE BRI T b, K& L AR JLAAT T A8y — A ] SR PR SR A i
T A A2 5 BE I B AL, ST S s 5 P A A L LA B A A o N8 1) LA 2
BRR(E 3-11A). LA SR 0 AT B 825 K L S R R e e, K
i L BRI W] B S T LU AR DT A A% T 2R e A o A 3 S ) ) S 2

H 75 57 ZME UL 2 26 VMM i, R U AT I8 Bk 2 A 2 A (AMIS) % [T ERAL,
A AT T 00T, S5 FAESE T RATHIHEWT. WAL 2 B B RAL 5 kA, 7
ANRFESAH T IR EIE R Bk Fidst T NW-SE [AF1 NE-SW [ % HA 2k 1t
Wi, JECARTE AT, BE LPHRES T4 R A 3-13). B migx
P NE-SW [7], {H2 PR b2 LA 1 ASREE SR 7 NS g 4 ANFRE
Zothh 7 NW-SE [m] MR E . AL ERAE KB BRI 5 ANRFE s, BRI — el 5
W03k | NE-SW [ UG£ 3, (H 2 R F B L NW-SE [fi 4 1 5 32 3 (& 3-13).
R Ll B R NW-SE [7] PR 2 P A B 5 A 1L AR BT A o A 11 T L AT 24 P
IR F AT AT ) 4 L ARy 11 T A0 A R A 3 T AN 2 B b AR AR v R AR A
I 3R KH O AL 4 B (e Ji2 4 3 . Ratschbacher et al. (2000)4R3E K77 1L 4<% 84.1 £ 0.8
Ma MR 2= BEFERS (B 3-11), WAMIEERIE T 3AT6 T K48 L SRR T A LA

M. SRT, Webb et al. (1999b, 2001) M A7z 111 245 FR3R1F 10 A = BF P Ar-P Ar £
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LEFLE 198-195 Ma, SEPs b [F) S 6% £ R0 1L AR R BB )2 A7 £ (Hacker et al.,
2000). FATHEN T HUOX —BLGAJEA AT RS2 T K& L2 E R RS iR 8
Bl HAS B AEAEARIR I W)-IE PSR PE R, P DABURE 5 0] 5 22 i s A 4T iR AR
RIAHFERIFAR P AL FAPre 2R E. X5 K& L SEAWIEZ X AL
TR LA A% A% 2 IR I DR R A B

5 Kl A EL M ER)E Cretaceous extensional structures in

the Dabieshan

5.1 Ko 2 S A )i B e SRR E Main litho-tectonic uints

and their characteristics

AN 5] 25385 506 R0 L 25 A K i PR TT IR R 23 A7 AE — %€ (13 B (Okay et al., 1993;
Cong, 1996; Hacker et al., 2000; Z&5H %, 2001; #HHE%%, 2002; Faure et al., 2003;
Zheng et al., 2005). £5& CAT I 7025 5 Rl SCITR) it sz AR, FRAT14 00
oy = aE s AR AR R Iy, e O B R (e 4 B AR 9 b )
FIRE HR A R AL I HE B R R (B 3-15 R 3-16). KB e & FRRIE 2 — 2 4
A KRG B 25 S LS b B B - B M 28 O - %), LR AR AR
FfE B YLt (Jahn et al., 1999; Zhao et al., 2004, 2005, 2007, 2011; Huang et al.,
2007, 2008; Q. Wang et al., 2007b; Xu et al., 2007, 2012; Dai et al., 2011; He et al.,
2011,2013). tbAh, WEAGIEPEALE W7k & B A [F A 0 LA e (B 3-15).

JEHEBA R I Y R Bl W AT T L OCA E ALR, ARAR B B S T E M, R
IR BN - INE AR, BT IR — BRI B HCE AR RS . AEN
BEA U ), VIR ACNRIEZ. & S AR B KB ZR AR AT B 90
JEUTH(Okay et al., 1993; TiERAMAAIK, 1998; TRIATISE, 2002). FEHE F
BRI BRE A S ar AR, 5 9B on dAR(780-750 Ma) IR A F1 K
LI (Chen et al., 2003; XIS, 2013). & #2001 K ALEH & # A N45 T
ity FRTE Ay i 2 o A 81 1 T SR R I AR, S 4k, R AR o B O R T A R 4
Er BT R 2 Y B T AL v BH Ay 1 R B (R X). R - 1 B AR
EAEEE T B T AR g T AR R 2 L
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Figure 3-15 Geoloical and structural map of the Dabieshan
XMF: K- 7E K %4 Xiaotian-Mozitan fault; SMF: i FkKiZ¢Shang-Ma fault; SWF: /KH|-FL.

i) BT 4] 71 Shuihou-Wuhe shear zone; XSF-N and XSF-S: Jbii 7K BIH)41 Fl g i 7K B9 4] 7 North

Xishui shear zone and South Xishui shear zone; XGF: FE#-] 5 Wi Xiangfan-Guangji fault
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(7 R 52 180 78 0 A5 R AT RS 8 PV 45 P RS AT I8 v K3 2% 5 A 36 s PR R AR
RS 2s, EEA VTV AL (DRBRIESIRA S, ST =8 LRI ER R
AL 4% 5 (IR SE, 2002); (2)h AR 5 Y B A% 45 (Zhai et al., 1994, 1995);
Q) =B il TR, BTN E AR —50 73 (Zhang et al., 1996); (4)
22 20 KRR AL ) A KA A K, 8K N “northern orthogneiss unit(NOU)”(Hacker
et al., 1995, 1998; Ratschbacher et al. 2000); (5)=F %/ /= 5/ 5 B AL i i S =R
ARG N KRR 1 A1 DA A P TR 78 2 2218 5 A A P A J 1 F(Faurre et all,
1999, 2003; #R %%, 2003); (6)47 T Fli B (U E A, R 52 21 = [ 22 o A HI 52 i
(Bryant et al., 2004); (7) =& 4 1) =ri-# = AL B, & T8 iR gk 2 i —
HRAF (RIS, 1999, 2003; XITEAISE, 2000, 2001, 2005; Tsai and Liou, 2000; Xiao
et al., 2001; Y.C. Liu et al., 2005, 2007a, 2007b, 2011a, 2011b; Zheng et al., 2005;
Malaspina et al., 2006; XIIGAIAIZ=EE Y, 2005, 2008; A7k K, 2008). EHE HAT, 7%
T RO A R S AR L D i AR A TSR A 2 1B (R.Y. Zhang et al., 2009;
Tong et al., 2011).

AR A HE B R R B — B SW-SE MR AMRE & B MR, B Fifi b
R ARSI RS BT SRR R = R ST SRR 1 R LT
TEAAEE AR )\ BE (] 3-16). AHXT JEHI b BRA B0 F B A R 0 R B = ()
IR YARHE Fr IBR 2 A B A iy R . 1% 500 AR 48 7 KBt IR ARF i E L, LASR A
HAAR R N E, BATAAEATREARR T FREPUER, SRS 10 & 8
HERCEBEHIE. @A RN SRR A KEA A A JCA AR, a
WMES OB B RNES sl Bk, BARGH T REMTIT, (BT & L8
R SRR AT A AN R WL(Okay, 1993; Carswell et al., 1997; Li et al.,
2004; Shi and Wang, 2006; Lin et al., 2009; 417K£[%%, 2013; Shi et al., 2014). fEfaf
N—EEMRRRE, AEAEASRKARSE. AR A, A%E. KM
SR A AVE RS A, AR R NG - I A A, TR\ R B — A
J R Ll g, TS A L DX TR BE LR b, AR R RN - A A
KT F RN A T 2L T/ RS, KENFREEEL et al,
1993, 2000; Ames et al., 1993, 1996; Chavagnac and Jahn, 1996; Rowley et al., 1997;
Hacker et al., 1998; Chavagnac et al., 2001; Ayers et al., 2002; Wan et al., 2005; Liu et

al., 2006; Wawrzenitz et al., 2006; 7K &, 2008 M H 225 SC#k) 3K B & K /48 = R AR
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JRAE R A BIBTARTE 240-225 Ma 1], HEE F 2N FRSIb g 5 Ho0H R
(820-740 Ma)ZL it IAHIRIE J=1. BAR— MO ONTE I BN K )\ B 1) A T
R AR AR, AP T =2 LR, (0 H AT R i AR AR LR
(FRPAIR S, 2002; Xu et al., 2012).
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Figure 3-16 Schematic cross sections of the Dabieshan (locations see Figure 3-15)

5.2 Kol 1l B 2240 AR JFAZ 4% 4 IR JE E Recognition of the Cretaceous
Dabieshan MCC

R B A S — A KA e R A 3 e AT 2 B 32 (R AL R 5 44,
1996, 1998; Hacker et al., 1998; X.D. Wang et al., 1998; Ratschbacher et al., 2000; ¥F
KL, 2001; FERAREE, 2007; Y.S. Wang et al., 2011). SR K BIVELNI#43E L
]2 I BN 5T B HE R] v e /7 v 2 0T 24k o 2 T 1 O 2R S5 40 4 1 AR R0 5k = 1
Ft, ML T FRATTRE 5 e/ e A 1Lty (1 T B S PO A Y PR, 45 Bl A L
18 AT K A B 330 By ) s s e 243 VE A AR I AT, AR RN S
W T T NW-SE [ i e A i) R 1) it 1Lty A (1 A8 oA A o (11 3-16 FHIET 3-17).
A RN U AS LR 56 4 B R0 SR sl w00 25 B (1 AL s 5
R - B TR T 28 5 DR S 20 S 7 R T SR i 1 P R B R PR AL B — AN — (ISR
BEWZ, G AR I R 20 e i A J B 1 ) 1 S5 = Al A AR R T IX —
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PREIWTZ I B AL, R (R R A SR AT I 1o AR o 2 M) A T 4 5
JE R HIRZ AR . 0 R B 2R R A2 7K M- T T B D) AR ) L e G 7K
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Figure 3-17 Structural elements and kinematics map of the Dabieshan MCC
XMF: k-1 K54 Xiaotian-Mozitan fault; SMF: Bk iZ4Shang-Ma fault; SWF: 7KM-11
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DNOYSE Ol pl tb: o U S R 0 i R 7 R L AP K CT e  pAR e = Y TG S i
FEMOR R A o 4 Ry R R A A ) T 5 e e/ v e P 2 TR AR BT B A
AR JF A% TR S AT, SRB A AR 1A it I 4 et R O B4 WL B 2
IIRIIVIZ ab el

5.2.1 KRB EFERIFIESFAE Structural features of the central Dabieshan dome

Fe B R B R b R 2 s O R A ) AN IR IR A s AR I
BREGRE RS, SA08ERIEE. RHKCANS . BRRCS MRS . AR S A
R ERAG A B R W R A A 2 T4 TR b R e E A, s
AT (R R e LT VR & 1 RS ) I 2 17 Tod 8 vy AR Joi A7 FH (X1 e i R 2 B ¥,
2008 S H 22 CHR). 1K EeHR AR (038 e AR 5 R TR b S R R B IS [ AR R
1T 72 W A AR o S PT REF 43 BN T RRORLE AHIRAR 5T, 22 17 1 G218 v 20T I AN [ T
g R A RS R A B O A H T R, K B e A R A AR A A, M
A B N E B A% G 0, IE ] KR S AR E 4 G 45 (diatexite) RIS 8 4 4%
A (metatexite) 5§43 [X (Faure et al., 1999, 2003; J.H. Wang et al., 2002; S.J. Wang
et al., 2013). FFEZI A AR ESEE, HIRBRERE. Mk, A%
TEREFE N 5 PEAZ A ) i 2o G, %R AL T AR TS, T34 G0 43 W R AR B
R B BEME k. ISV P R 1 25 WAL G R I 2 AN 3 — 1, T B8 e
T AR R 2% 7 BORE A, IR 0 A 1) 26y B30 0 R BT 5 4 A4 (1] 3-18a, ).

0 T BRI 2 (AL [, R Ll R g ) g A IR B R P R
BRI IR 2 TH & B A2 MR N (5 P8 S (18 3-17). 2 S A J LTS i
AR L FEIR, B BEA R OSEITFERETR. SEEVTALR R, 1 E A
NW, ifiige. &R BB TR, 1B I £ 7 A2 4h: B ETE NE,
WA B 25, AR HIZHi 7y SE A1 SW, iy b &5 A B BE. 4 v S R U
PAEC ARG, B2 R A RS BN . Gt R os b ROR &
FRRE TR B AT ) A KR A 2 AL 7 A2 NW-SE [5)(|&] 3-17). 5%
AHRHIRE Fr A T, IEERERTT AR BFANEE Sk - FARASRIE A rpal WA A B D)z 3h
SRR, WHKTE B KR AR ARAE AL eI I CoRHS A DA AT T Rig . BI )25
o S-C M. KABEREMR . ik, Kb ofnde C i mss, ¥—8neR
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7~ T EEBE NW BT YA (18] 3-18¢; Faure et al., 1999, 2003; Hacker et al., 1995,
2000; Ratschbacher et al., 2000; #AF%%, 2003, 2005; FSCEE, 2011; Y.S. Wang et
al, 2011). ZEZBH TREG GUEER R, A ERIFRIHAY —M, =
B T A ERR B RDIRAS T B iR A i A

KI3-18 H K 2% ORI AL
(@ZWRIR G RO N, —RNK AR LT RRMEACR, orther 73—
DB R e A, B PR U 2 2 e IR BB BEIR; (D) BRI &5 e MR sm R AR A, 15tk
CAMTES 1A i AP AE R IR, ()T 5 77 b A R BRI AR 7R 1 _E AR IFONW B U127
()RR IEAE B P A A SR B 7 1 B FINWIK BT DI AR/

Figure 3-18 Structral features of the central Dabieshan complex

(a) stromatic migmatite: there are two categories of leucosome veins, one is light gray color and
fine-grain, another is light pink color and coarse-grain, and the melanosome occurs as straps or lens;
(b) schlieric migmatite: the leucosome was strongly folded and the melanosome usually occurs as
wispy layers of schlieren; (c) megacryst of augen K-feldspar in the migmatite gneiss indicates a
top-to-the-NW sense of shear; (d) syn-tectonic granite with o-type feldspar porpyroclasts, indicating
a top-to-the-NW sense of shear

FEFR A S BN, oA KA IITE R A 2K, BORIA RA REEZE. F5R.
LEIRANRAL I ZE (B 3-15). Horp s 88 5 UA AR R MR A A4 L B AR 22
WA, EEAH ARG, & KBRS A RS ROk # g, Sos b
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VARIAE 1 S R 55.(Q. Wang et al., 2007b; Xu et al., 2007, 2012). SZbr b, k524
BN A 9 BB R RRA (Xue et al., 1997; Hacker et al., 1998;
Bryant et al., 2004; Xie et al, 2006)8%H 1] fg /& 5k Z AR L R [ LI X . HbT
EAS B R B A P A R — B AR AR, A I E BT AR A
e Foor B k. AT AMAE D AR b, £ D AL T AL I8 K R R 42 3
T EEBE NW OB TE(E 3-18d). HHLRT L, HOK S R P SR AR T B 55 AR T 1
AR T AR U A T O DI [R] A4 i B B SR 4R N A4

522 PFE MR L2235 Geometry and kinematics of the

detachment faults

n BRI, O A n AT AR BT IR A, S R L R AR
TERERL 1Y, WS WK & Bk A e, VRS R b R - T W | 7 BRI
2. KM= LI BYY) A AR K B DDA R B T R AR A% 2% s I3 B )=

Hh R e JR M i b AR R —— e R - TR W R (XMF)

I8 R - 5 TR T 28 43 17 DA 3 L v 55 e (DY 45 B A A B A e i ) e A
JFE . AR — 2 R SR, A L A AR R R A — LRk
HAELE L. FR A HH 2 (2000) A A 158 R - 5 1181 1T 2 e B 5 T IR AR AL A AR v
=B R 4E 5. /E Faure et al. (1999, 2003)F1#AH545(2003) 42 H 1< [F 4t
IR E B, B R - B T T SRR R T R4 Dy 5 v 8 v AR T A AT
IR AH 56 1 g8 — (R IE I 5 W72, T S TE R A M R VE R SR IRE AL
Ratschbacher et al. (2000)tHAEMIHGE R -BE FE W B A Z WG s =S40 ]
RE 5 £ 2z M A B VR B D)y A, S R R T v s/ v AR T A 1 T
PFRE 2, At Oy IE- AT I B, BT AR R S R LA 2, 100-90
Ma TR 5 )55 Wi R LB 1 45 4776 1 T2, Y.S. Wang et al. (2011)IA N BRK-BE
VB IR 2R VAT - 7K L M 2R A L 2 A R AT R D A T A b S K P 1 [R] — BT )
PR T BB AR K B B 457, DA (R B 0 R BRI - B 7T 2 9 Rk V)
F AT, TR AT R B SR R AR B R, SR TR 7 R S T A
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FAEDLE A T (Yuan et al., 2003). X—ILRR Y R-E T EETRF WML L
2 SE e IRRR, PSS T ERIUN S TR E B A KR S =

_30om |}(e) e e

BI3-19 158K - JBE 1T 7 28 F) ) 18 AR T AR AL
() FlI(a) BERE AL K 25 R P IORS o 1 KA e e e R A TN BRI 4R 7R T 8 IN W 85 )
AT, (D)6 BER o P K R R B R R T i INW BT Y)Y (o)A T I AR BRR
P64 5 R B I S-CALM R A e S5 BRBEFR 7R 7 3 INW R BY D) AR I (d) Wyl BT AE B 2 e
J53 3 e B G L B A SR Z A S8 T (e)IRT BT AL B bR 2 s BEAR A AR BN W-SE i)
23

Figure 3-19 Deformation characteristics of the Xiaotian-Mozitan fault
(a) and (a') mylonitic banded gneiss with o-type feldspar porpyroclasts and amphibole fish,
indicating a top-to-the-NW sense of shear; (b) o-type feldspar porpyroclasts in the granitic mylonite
indicate a top-to-the-NW sense of shear; (c¢) augen granite with S-C fibric and o-type feldspar
porpyroclasts, indicating a top-to-the-NW sense of shear; (d) in the Yaohe granite, mafic enclaves
are loclly concentrated and strongly elongated; (¢) biotite aggregate in foliated granite near Yaohe
constitutes a NW-SE trending lineation
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[ K - B IR T 2 S A T 1) NWW-SEE, H 2 IR TR RE i WK I )
PEBTD) A, 0 AMGE 1 BT S 5 b A AL B AL & AT 1) AR T A AT AR
Bk i, JFSmAE R BRI 2 b Bk Kl -DTAR E b ) 3 78 1R F W
AP TR KRB TR WA RIS . BIMEBT DDA 1 B T R O R A 2R R
ANTWEE e, PRAMABRAEE L. BFR. BEREFEIOESHEE, ErENE
ERRAERTZREERS. B A EEWR NE, B N, B —5r
20-45° (K 3-17). fEBHE R BB L, KERT ). B oA ER AN A Lak
AR T IEMT NW-SE [ PR 22L& 3-17). TEBTYIH A AR AL, BER
I G AR TR R R /R B VDA & 7 7 AR TN 6 AR B 4 v S AR AN [R] B B )
WL, BFAMANR GOEE T BER A R B BB DA &, KA T e AR BT AR AR N
HART AT Pt ki, BI48oR 1 _EER A NW RIBT U)K 3-19a A1 a, b).

TR WL 23 AR IR0 20 L SR A R R AE T IR AR T, SR B D) A
o B oA 3L PR 1 e 7 B 2 R Z AR T T S R BRCIR BE M e, R B S-C A&
AR R RIFR R T 5SS — 80 Bt NW 2358 3-19d); 33
VAR BT B e il A BROIR A IE (PR SE, 2005), B A1k Sk T LG 44 o e 7
AR L R SR PR E 1), AR T ) TAT T A AR RE TR S RS
K ) NW-SE [r) 28 35 (1] 3-19).

HR R e R F 3 Y 3 SR —— TR RT3 (SMIF)

A9 bR T 2 E [MINEE, | [R] 58 K- B 1 1R W7 ¢ — A BT 2 WIAR T2 4 5 (Faure et all,
1999, 2003; A%, 2003). BRI AR FERBIFI AR, & KA 1 e il
G BRI, 5 R U 2L 7E o R3] 5 e T B aod R v T £ 1 P 5 4 A AT T 2228 (XD
Wang et al., 1998; Ratschbacher et al. 2000; Y.S. Wang et al., 2011). F X KZ5(2000)
WA T BRI 2 ALV T = & A0 R AL AN R (A, R — 2% TR B 1L E A (R
SRR, T ANE2008)X B BRIWTZLIEAT TR A ARG R HT, S 0 H 3 A i e
VEWTRAETE S, MBS A A B INWW S )i BB BT D0 P
A7 P -0 R T T L TG o A R M P A B 2.

55



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

P3-20 5 R BT 2 18 AR TR AIE
()M () BEME AL TR & )7 B P (0 ik i 2 29 2L BT 1 AR T ok, BF MG N 2] WK
ARRBEIR T LA EINWBDIAE T (b)A0(0) AL I 5t BERE o TR A R A o (A e S L4
R T EFFINWRIBTUIAR I (o)M(c) EMSILIE R A ITU RGN 1 BEMCE 1, SR N KA B
BEIE R 2 K g Te 7R 7 LB RINWRI BT D) A2 Y
Figure 3-20 Deformation characteristics of the Shang-Ma fault

(a) and (a') leucosome within the mylonitic migmatite gneiss was stronly sheared into sigmoid shape,
and o-type feldspar porpyroclasts in hand specimen and thin section also indicate a top-to-the-NW
sense of shear; (b) and (b') granitic mylonite with o-type feldspar porpyroclasts, indicating a
top-to-the-N'W sense of shear; (c) and (c') the western margin of the Baiyashan granite was invloved

in mylonitization, and the fragmented feldspar porphyroclasts indicate a top-to-the-NW sense of

shear

T JBR BB 28 R PR A e B 2R B0 T BE AR e RS RSN ALK, R NI 2
etk i AR R IR i T I e W R R 1 BRI B U0, A RAT

56



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

FEET AL S I B [ S5 375 25 07 S T 114 T JRR D 2N D8 R - I 1 T SRR 2 9T 7
JRR T 228 P B AR T L v A R ) DR T S R A, X — IR VR R T R
- 58 = 20 - B M (R AR, T RR T 4 B D)y o B S T BT ) NW,
A 245 20°-40°, B 0hi {2 28 1) NW AR (B 3-17). W& T71n), BER A IR
R P2 BT U AR AR o TR Gk A R AL B o BERG & P B BRCIR KA e ik
PESFES T EER M NW BT8R (4] 3-20a #1 a', b F1 b').

EASRFAIAE A, 5K AT T R W 288 1) 1 2 20 1 03 L A 5 o 1 7 T 30 5 S
BRI R AT BERE AL 3-200). A A TR R AT AR N B C 2 BER A AL
REa2H. S T A L BER A KA A DB PR R B R oy X, ]
WeH RPN Z K i figfar 7 5 E S —BUiash (K 3-20¢). HAZAX Pk
IR AT N B AR LA B SR AN [R] 3 BBl rh i e A 1R A DA A 2 A R B iR AR .
HE R I, FR RIS AT RE D22 I 1R B SR R R B PR I B DI 2.

-~

o SR e R ) s i 8 SR ——— K M- L3R BY D) (SWR) AN 7K BY D17 (XSF)

Hh R ) 5 A P e S AR A T BRI PR, 1) NW 8 K MLAEURT FLii 4, 42780
JETEIX Fe e SW, JEE WKL XN NW E T, 55 R 2 (4R A 45,
2002). BT HROK A B 4 St 5L 2 A P AE LR By (B 1L -5 TE X)), B
TR KM - FRT — 2 H BB A, A8 ST A50RE FAR A 7K ML - 3T W7 2 B BT )
ZKL- o] B D7) A2 mh R 2% 5 R R e e/ v A s P R S B, (EAN 2 v s
REEAR 5 A TR R AL (Wang et al., 1995). @it #)i& 7047, Wang et al. (1998)iA
7K ML= IR B D)y g St ) TE T B (BD BAT 15 HE M SE 1012 3 ) B B s,
X — R 15 2 2 5 B 70 RS2 (3 SORSE, 2011; Y.S Wang et al., 2011). It
b, AT /D H T AN AL TR R R T - = & 40 4% 5 2k(Zhang
et al., 1996; Wang et al., 2005b). K5l 5 [ B 532 57 ) 7 B (7K L [X) — BB/ 1
2 PR B M B AR I, 0 A AT IR A — 2% KA I AT A T B U)f (RR Tk
KBV B HR- BT, DA ) G L A AT LUAE i AR A 1L 36 X (X.D. Wang
et al., 1998; E. Wang et al., 2003; Cheng et al., 2012). FA T EF &R 7 2 B K Hi [X
RE K BAZEREWER SIS RERBTI. N7 XN, A SO FEFR
WK, SERr b, B AL SR BTV (XSF-S M XSF-N)AL& T &, Ph Y
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LG TR R 2L, ) 2R 2% BY U7 @387 73 85, XSF-N 5 /K M- i 8y Y]+ &
XSF-S 34 5 Fe 8- 7 55 W 24 R A A 0 ) L -5 5 i It 4 13 7 Tk 24
HEMAE R L AR 5 A HaT e ok )\ B ) AL S 2 1 (B 3-15).

K3-21 KM ﬂﬂ;&tﬂﬂ?*’]L’}Eﬂy RFAE
()1t b4 J5 BEAE 4 v BB 2 BREE A VR M R IINW-SE A ™ 0B A 2R B (b) AN(b") HR BRIRTE B SR BEAS
HUR B S-CAM) KA e FRIE A = BRI iE TR T L mNW B YIS T (o) v bR ik 8
Ikt MR (1 [FAIEAE X 50U Bk 1 B S ImINW R B )38 TE

Figure 3-21 Deformation characteristics of the Shuihou-Wuhe shear zone

(a) biotite aggregate in granitic mylonite constitutes a NW-SE trending mineral stretching lineation;
(b) and (b") augen granitic mylonite with S-C fabric, o-type feldspar porpyroclasts and mica fish,
indicating a top-to-the-NW sense of shear; (c) shear bands and syn-tectonic granitic dike with

asymmetric structure in the gneiss indicate a top-to-the-NW sense of shear

TR L~ FLI0T B V) 1R 5 AMREAE 3 BRIy 1 — R 91 5 0 7 ) AR S AT ) AR
T BEME 7 S S AV 55 28 P ARG B BE MG 5 THT B AE /K ML X LA A) SE =,
F— RN 30°-60°; FiX AR S Bk SW, A BE; M X S IR SE
N, WU ZAE40°-70° (B 3-17). EARB VA (K& MR AE T 5%, (B Yhi {23
LA SE (130°-160°)R A F(K 3-17). Fral & 7E/KMLBIT, 18 5o BEAR 55 T 2L
R W H Bz BRI AR E A€ [ B )b A Ze B 20 TE T () 3-21a). FRATTREIK
WLBRIT I BEMG S HEAT T RGBS B SR, BRAL, B AR AR R R B S-C A
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F, KA TR PR = BE ARG S B U bR B3 — Bt e m 7 B3 NwW 85 )48
JE(E 3-21b A1 bY). FE PG dbEEin il 8T ) i bR s iR B BB ) 5617 F o IR
[ F4) 38 5 Bk R AR Fa 7 1 AR R 1I2 30 (] 3-21¢).

P3-22 Wi K BT H5 K 3 AR TEARFAIE
()46 (< Jot BEAR S R A TR S R A SE [0 A4 S ONW-SE [T W0 A BT (b) 2R = R B e
Hh R S BEANZR T A N W-SE [T W0 4B (o) A (e A8 B o2 JBE AR o Hh K A e i R 4
AT EEIRINWRI BT T, (B A B = RHC R BRE T oR A IR S48 7R 1 B3 1)
NWHIBTTIAETE; ()€ 5 it BEME o rh IR ERR B K A4 B A s 1 R AR TRINW R BT AR T
Figure 3-22 Deformation characteristics of the Xishui shear zone

(a) quartz and feldspar in granitic mylonite was stretched to form a NW-SE trending lineation; (b)
biotite and epidote in biotite-plagioclase mylonite constitute a NW-SE trending lineation; (c) and (c'")
o-type feldspar porpyroclast in granitic mylonite indicate a top-to-the-NW sense of shear; (e) o-type
feldspar and quartz grains in mylonitic biotite-plagioclase gneiss indicate a top-to-the-NW sense of
shear
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PE R L P 2% 0 AT A — B AR B 1) B 570, Faure et al. (1999, 2003)F1#k
55 (2003)K FXRINH AR 2 Pl e A8 B AR R AR B 2R 4, Sebr b e g B 5
R A 25 (2002) Z8 37 2 S« A, R B IRV &m0 VB F 70 3 LI 98 4%
FE ARG J5 b 1) v JBR 5 B TG 2 R ORANR & 8 JEUA I — 84, IX B R Bl R AR
T EEREE AN, W /KBS D) I R AL SR S S N AE AR S I RRE R T2
FE i 7K DA Hhy DX BE R 25 T B OES 4 i al SW, A srial NE, i — gz 2
8, JRRERBE(E 3-17). 1R K AR DX BT B U1 (9 4 X, BEA 5 T B P R AR
KA T ERP . KR EGR. BB SRAT A LD & A N A
I P A G 37 [ A2 7 NW-SE [7], Jf F 2 [m] SE SR (&l 3-17, 3-22a. b). %
HNET ARG~ AT T 2B T7 R B R RARE AL 2 K E, eI DXL B b S T B A 1)
FI B 5 A 0. BTU)AT o B BEAE A DATE R BRI R S R BN 2, IRBRIR KA
Jie i SR I Bt AL i DL & o RIS BT M0O: B F 7R 1 B a) NW BT 138 TR
(Kl 3-22¢ Fl ¢'s dv e). BAREKBIV)H PRI 73 3 XSF-N Al XSF-S 1£ L Hliz
3% PARSEAERF AN X 43 12K, (HRA b XSF-N &R Hi b XSF-S BRI K &G E K-
PRI, FRATTHE IR P 5% BY D5 72 1& BB IR) 0] REAAAE S 2 )5 T, 1X — st fg 3
TR AR SR (E D).

5.3 FALEEWEFT Geochronological studies

53.1 HRAMFEAEM RS BRAERATREG S A/ER N A Protolith ages

and timing of metamorphism and migmatization for the central Dabieshan

complex

FORAACE AR E A E R ER, FERNERRETRES, HEALEN
Fe 7 T W RRORL S R R 5 5. A A ORI A B IE i R HEAT T R E 14,
A1 U-Pb AW T, 45K 2 45 HoF o fA(740-820 Ma). =& 41(245-205 Ma) i
H I (145-120 Ma)FJAEE 2 HH A (Xue et al., 1997; Hacker et al., 1998; XI5l
&, 2000; YHEIAE, 2001, 2004; VIRAIGE, 2002; BEPREREE, 2003; B 755, 2003;
Bryant et al., 2004; Zheng et al., 2004; Liu et al., 2007b; Zhao et al., 2008; Xie et al.,
2006, 2010). 45 KE 72 F N AHT G AERARER T 1 RS I JEE R, =844
WeRFR P RRA AT T 5 B0 SCHAK BEER A AR O B8 VR, A S AR AR
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IR 52 BINR S A AU E P BCA RS BIISZIR. 28K, a3 iR oK A (1 5 2 0 s
CARAZHE, i Qb KA BEHERR 870 7 bR 1 e D9 S T A B o ) T RE.

IUH DU T8 SR A A AR F R AE IBAREAT T AEAR 24 78, o Wang
et al. (2002)3R1FR A AR ik TIMS #5471 U-Pb £ 4 131.7 £ 1.1 Ma; Wu et al.
(2007)8. ] LA-ICP-MS il SHRIMP 25 AN [R] 3 [X VR & iE 4T T 8547 U-Pb &4,
WHRF R G I E A A B e AR 768-867 Ma, -G A AAE FH K AE (1 [H]
7E 145-120 Ma 78], JFHPRERUER b ft, WSS A0 7008 139 + 1 Ma #1123 + 2
Ma; #zilt Wang et al. (2013)%E &7 24T T SIMS #if U-Pb JE4, 3K1G 135 Ma,
130-132 Ma A1 128 Ma =214, 70 lF H R iR & a0 i A2 A fs A ) 40 0
SR H 2 ot A 16

ORI AE RRL S O M N AT, ABAFEARSA 0T 5T LE B0 55 (Zhang et al., 1996;
Zheng et al., 2001). #HF 72 KL RIS RS, ©E T Kl Qi fot
aA, HECEILAIN 2.7 Ga, BRACE AHALIARZI N 2.0 Ga (Wu et al., 2008; Sun
et al., 2008; Jian et al., 2012). fiT, S.J. Wang et al. (2012)%] >k H H K5 S &K —
BB BEAT T VRGN RS AT U-Pb (RIS, 315 T Z IR B 7 i 224 + 2
Ma, 213 £2 Ma #1200 = 3 Ma, W\ yF70 700 N #E A AR AR T o JRRORL S AH IR AR
JR AN A TN AR IR AR IR, KO B B p OB A S+ Fe b, EERE
PESRER IRk ZE . RN, BXUE . BES)ME H SRR ARG =5k
SRS, HRDAWRENIA . W 7 S5 55 DG = 5 A8 R A P 4
(BLH 5, 1997, RMAISE, 1999, 2003; XIMG AL, 2001, 2005; Y.C. Liu et al., 2007a,
2011a, 2011b). F74b, fEFE L RLE R A R IA & RS B B A (Lin et
al., 2007). AHIRHIE A U-Pb SFAREE I 7T 32 B X SO A 1) iR 5 B 780-800 Ma,
e JH A5 SR N AR AE 226 Ma A2 47 (Y.C. Liu et al., 2007a, 2011b).

61



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

Sy, 1530 T116°00° T116°30°
o iy Bl 2L bty

2 o, V¥ [[e ] Anteiipla
| I v): ‘ K s
AN F‘szqagt?} = t;?qf i;;ﬁduh#iﬁfﬂﬁ
L } )

PRANFANAZALR A

L2 gy

] M s v £ (v A B T IR )
e fﬁ}uuhﬁlfﬁ}\a

B (REIEZ A RS E)

km 20
B122.5:06
BI20.720.7¢ % 2 - 31°30]
a Lt - > :
@
i
2126+] L= VLT/'\
B122.0+06 I
Bg12021 ¥ k \\ /ﬂ\v) i
1315 1B H128. 5*12 /,\ /V/}Jr

B125+1 LV ’ﬂf?HISQO*DS = J
71351213 iZWZQ*»] ‘575130 710 V\\ b\ +\ 1,
7 gn H133.150 94

4
+ .
)\
/\} * AN &SRR a0 7213 Hmﬁem H134 1209 15120 8200 +
AT B124.22:0.16 21428387 +577 + wz124+1u 5120 B1292*10«)!
4 EE7120:3 g P

e SR H133.0£0.8 Ems&sﬂs
Ty KET 214323 ﬁz1301*09 {72117*11 B13O77+O11} tora

u\

b4 5127 2:07 JH”“;J’C

-
Z130-132~, B121.5:23 " ¥
B121.2:04 (4 21313214 \ S B125.6:0.3
/+ e +

& °
H127 9403 ZZ1328*43 713262157 Z128+2 AR 31”
BIS5 0518 £B132.0:0.4 Jze Z1312+14 R
o e w H1268:0 3088
B124.7+02 71279408+
g 1133 722 3% 21323210
‘ + 71340228 |]1H130+3
BHB‘;!tD,G 2134’3 o B124:2 +
H126 7+12
I @ Z125*2 {}8122 0+0.6
@ bt H127.6:03 ﬁzmwo
Z131.7=1.1 5111.1 ¥ 1245103 é ¥
Z135+3. 13724 = R Nt 28 R
B
ZIS1S A #B125.8:1.0 X
i, HIZQ 1205 T/ e
¥ B1246203 ti=q11]
© “BR
s [ Hc%’z’/HJH?
30°30]
HEALHR S
N
$H|390f10 ] : + ] R
£B1253+02\ Q v*}(mg
[~ o] b &

’FJ&?'J?*P"
D AR S R S
AR RRE (PR

RIS R R
[ M e M T T 205

dﬁﬁ?ﬂmh R KEEMAaEE
lj (R AR BT

- [T ] Bt i v R (R JE 2R T

S Aggc%ﬁ:ﬁ;mm E & iR Eiie

7~ WPEER [ gk B GRARE
116° 116°30') 117°

K 3-23 Rl B B IE-E AR
Figure 3-23 Cretaceous tectono-magmatic geochronology of the Dabieshan
AR EHE AR references: PRIERSE,1991; FRILIESE, 1995, & EHT4E, 2003; BIRAAE, 2007;
345, 2012; Mattauer et al., 1991; Eide et al., 1994; Hacker and Wang, 1995; Xue et al., 1997;

Hacker et al., 1998, 2000; Ratschbacher et al., 2000; J.H. Wang et al., 2002; Zhao et al., 2004, 2005,
2007, 2011; Wu et al., 2007; Chen et al., 2009; He et al., 2011; Y.S. Wang et al., 2011; S.J. Wang et

al., 2013; A KHIF FL (K (0 ECAE Ythis study (grey box)

EASRF TR H A, ZAKOLAF(2013) fiedloxd t #a Tl L% B AT 2 R i SCEE . AR
A BRI ORI S, AR 0 A AR A AT T 404 U-Pb 4

62



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

AT FRIER 73 FE i R B ADE R FE. 20 MRS S th &40 U-Pb T
WAIES H LT-3 5 129.6 + 2.8 Ma, LT-4 5 129.4 + 3.3 Ma, HLE BZY-1 5 128.1 +
1.8 Ma, FRAEUE MYL-1 4 127.2 £3.2 Ma, EH 4 SGZ-1 ¥ 127.8+2.6 Ma, HWH
WA A S AT N 1269 £ 1.1 Ma, XESERAE IR ZV0 BN —5 T8 128
+ 1 Ma. ANERE S G 20A BORR NS —, Z 508 U B G LK ) JE K
G0), SR R/NBURLIAIL 5% T —BUNERE, R a2 7 PR v 20 72,
M (13 424147 U-Pb A RE [ P 3 — i SR B 1 X e T Hh 52 RO AR
o TR B AR PR A R AR Y TG T R A .

5.3.2 i IE AR 22 AT Timing of the extensional tectonics

B KA 202 Previous geochronological data

R ARG R R RIAINAG . B A Ar A% LT84 H
TR AR (B 3-23), W RO 28 AR T B v B AR A 5 1 A (R i
BEE, 1991; FRYLIESE, 1995; Mattauer et al., 1991; Eide et al., 1994; Hacker and Wang,
1995; Ratschbacher et al., 2000).

AN IR R0 WL A8 0T % 2 5 v B W J2 R AR TR AR AR T 5 2 B AR e ALl 57
K-S TR MR (B 3-23). fldn, B RAREEQ007) & 26T LB AITR i 2 (BT )
MR 48 124.17 £ 0.25 Ma 1 126.91 + 0.30 Ma 15 Z B CAr/P Ar £ Y.S.
Wang et al. (201 1)7EJH B UJ47 (F BEE 2 Fh 3k AG T K& 10 I A A 2B 2= B AP Ar 4F
W, FRMEA T 142-121 Ma (i —/MESEVE . S 4h, BT AT 55 A T K A
IR B 2 B A2 Ar AE#S 43 4 120.7 + 1.2 Ma 1 120.5 + 1.2 Ma (Ratschbacher
et al., 2000).

KT TR 2L IR =B M AR g T R (2000) 0145 7 K 1 24 Py
AR T BEA 5 I SR B A Ar S 226.5 £ 0.6 Ma, AR TR R
TSR], EAME(2008) M ] LA-ICP-MS #5457 U-Pb 5 4F 3543 75 R T 24 v [ 44
T AE B b BT S 48 B S 1R AR BRS04 125.9 + 4.2 Ma £ 118.8 + 4.1
Ma, AT A B R BT 28475 78 1 52 20 A0 B 1) 1 i P B J22 56 48 R BRI FE 126-119
Ma Z [8]. R0 WAy frk, E0 048 5K E i ia g &N T B, &R
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LA-ICP-MS %5 U-Pb 4E{#5 4 120.4 + 1.8 Ma (Chen et al., 2009). X 2% B 75 J#f b 2448
120 Ma PLJG AT A AE I BT V)35 3.

X T 7K - LT B )y A K BT U)oy 1) BE R H TG B/ SR e AR AR £
SRR (2007) 1038 1 7 LK MLRE 5 7 2R 5 RE AP Ar SRS 190.59 £ 0.42 Ma,
WHHAARR T 5 AR A HriR A O (A Z T R], (L 5E35A 45 H B 1R AL
BRI BT, T Ratschbacher et al. (2000)R3E T 5E 1T /K M- T 34147 (1 4]
s 55 e = N BN A P AP Ar 4558 126.7 £ 1.2 Ma, $5RBE D)7 7E R
S AFAEPIPETES).

AR FTHT “Ar/° Ar ££48% Ar-Ar dating in this study

N T RS L IR S 20 AR R AL PR N (), E TR AR I AR AT 1 L B, AR AL
N R R 5 5 () P R R A AT T O A Ar SEAREE I T CRAE W
B 3-23). P Ar/” Ar AR b E R} 22 B b 5 - s ERD BRI T2 BT O Ar/ P Ar SRR SR
Z ) MM-5400 iS4 B 5E R, ik F FLBRIP B Boin#d. A b 1R BT AL BRI E4H 1) 7
M5 B AR L AR25(2005). SR ArArCALC 3 fE(Koppers, 2002)i1 5 EEAERS Al
I B AEUE LA RINABLCT-AE 08 BRI 8E WAk 3-5, AR Al s 5 i 2 WL &
3-24, T IRZEIN 20.

FEdL JS109 JyBRR-BE 1 W v BE RIS i BEAS A, BT bl WA A Tie e ik Bt
fen LA NW BT P)AR . 2 AT KA R R VEFETE 127.6-96.5 Ma, 4=
VEAERY N 123.9 £ 0.7 Ma.

B DS49 J9 i BRI 2L B BB B AL TR A R, BFAMRIEE R 38 T L
[l NW B UIAR 5 (B 3-20a F '), 1285 i A A DA AR 81 IR T BB BR AR,
FEA IR N AR B IR 2404584 53 008 131.4+1.3 Ma. FFiil QD124 AT T
AL BAE R BB 5, B A1 AT LA A e e R AR 7S B 1a) NW I BT V) AR TR, ke i
TR BERAS 7B AR RS, FEAERS 107.7 £ 0.7 Ma 5 REN & FER 107.5 £ 1.0
Ma fERZVE R P — 80 R Z 1 A Ar FIGG LE A 321.0, B8 m T RS GE AR
fA.
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160- 0.004

T 100 @iE D49 NG DS49 G SRS
- 1309 £ 1.4 Ma
= Lo MSWD = 1.55
© 40Ar/36Ar = +
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Figure 3-24 Ar-Ar age spectra and inverse sochron plots of tectonites from the detachment faults

BE JS100 27K ML~ 7] BY D)5 1 2R 3 7K ML PRI B HRBROPR — KA I B BEAR
HA LE NW fizsh 22 (B 3-21b F1 b, %85 o 2B A RS T 3T AR R,
FEAERS N 130.7 £ 0.5 Ma 5 SRR 2R AE0S 130.2 £ 1.2 Ma fEIR RN — 8L &%
i 2R 1 A O Ar HILGE LA A 303.3, 5 KA SEAREAR 7 15 25 Y5 Y — 55

FEdL 1S349 NidiKB YA XSFE-N FIEEMK A AN B ks, 28l T
NG R ZBE, MAINA BRI B R INACE 4R N 125.1 £ 0.7 Ma, SR H
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I AR A 124.841.0 Ma, A/ Ar WIEE HAE 307.0, BE =T KA bR HEAA.
ZRERAE TR AR (AR RS BT, HEPAERY N 125.8 £ 0.9 Ma, R [ 5 2 AR 05 AN
125.7 = 1.1 Ma. REEWFZ I A Ar WIEEHAE Y 297.9, 5 RS G FRAEE —EL.

Ff b DS45 F1 DS39 M /K BI Y] XSF-S (M6 K R BEMG 7, Wi HE = BRI ARG
W2 R, RoR T RS R R . ok DS4S (R IR B R AR R R
BCEIAERS Y 101.7 + 2.8 Ma, T SCEEI Z04E 6% 102.9 + 9.6 Ma A BRI RE, H
OAr OAr IR LLE A 288.8, 5 RAEbRHEE BT, JEEL DS39 H R HF ML 5
AR HAA R INBCE IR N 112.0 £ 0.9 Ma, 5 SR 2R4EH4 112.8 £2.6 Ma {E
AR N — 8L R A Ar WIEEE A 292.3, 5 KA EbREM —

PR W = VG B ES [B] Ages of the detachment faults

T NSRS e - B T 2L 00 AP Ar SE IR AT 142-120 Ma, Hr IR
R Z KT 130 Ma, 1 8 = BEAEES - 2E4E 130-120 Ma (& 3-23). 5 p& 38 R -BE
T TR BE A R A A DA BT A, A TR AT 4 % 5 B B D)5 1 AR T
i e). AL, SRR NSRS 142 Ma RTREARER T IS I LG I ). T 4% 5
SRAFI IS109 HK A7 A Ar 1R T AF 4 0 Bl 7E 128-97 Ma Z (1], 67K T BY DI 4
HI AP B AR S 350-150°C JATRIKII ). A Uk K, FRBST 24 nT BE 405 1 i
PIEARTE, FEdh DS49 8 BEHERBIRR th BB KRS 131 Ma AIEE S QD124 (R =
BEEES 108 Ma AJREAM IR T IR B AR T (8 2R 0. A TS L4
AR TS RURE, W AR T (A PR AR R 43 3 R AR TE 120 Ma Z BTFIZ )5, 1X 5 EFAE
PR SR AR IE.

T BRI ) BE AR 5 o it JS100 1 JB 22 BERGEFAE S 130.7 Ma NAREE 1 7K ML- T
STYE IR TR BV AR RS, SR /KBTI XSF-N fURE T 1S349 (48 I A1 A 2%
= BERAS TR — AR 126-125 Ma, KA ARSI &5 7 IRIE R A H T FE.
M K CAZRAZ N BI )T AR AR TEAE 5 25 AR I AR08 4 128.6 + 0.8 Ma (8] 3-23),
T FATTHE D /K B )5 XSF-N 19307 T ] B 5 /K HL- ol 89 50— 35, 38k 4E
7E 130 Ma LLHT. #/KBTY)H XSF-S PIMFE 5L DS45 1 DS39 EARRRES H BRAE Y
PPAERS, (HERTAEEE 5/ T 120 Ma, SR 3B TH 15 21 1 DA 24185 45 514 102
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Ma A1 112 Ma. Z5FRATHIFIE @M, W/KBTY)HF XSF-S 6 it [a] b W A ik T
XSF-N, Al PLX AN R AR nT e ARER T KB Y17 XSF-S #IPEAS 14 2
N J].

5.4 WK a A A4 J& M Nature of the central Dabieshan complex

AT K ) 22 (A3 8 PR — BLAEAE 4+ (Tong et al., 2011 & HZH 3L
HR). AR A5 (2002) = BEARHE o ORI A A R BB R R DA S IR R RRALE,
WA R A R ke iR A . SEBr b, v R 5 B2 A0 2 R 5 A i
R ARLRREERGERD, miFE=aa eIt 5EMHMENER. CHM
AR RO R P ORI 4 K 2 B B B A D R R R N R (Jahn et al,
1999; Zhao et al., 2005; Dai et al., 2011). H R 7318 BN Ayt — ANt AR 5
IR, 3 BOIEE  HOE R I Bk AL 22 R AR B A B 9B 1 (Zhai et al., 1994,
1995), AH & K1 1) @7E T~ H sk Z AT AR AR =B 0 3R, STt T AN
FE R KB 2 vh R R DA 2, 0850 1 R 85 A0 U-PAE RS AL T i Ar/ P Ar 4
W8 L T, TR 3 B DA A R ORI R e B R S LR AL 1 2 SR R
HK(Xue et al., 1997; Hacker et al., 1998; Ratschbacher et al., 2000).

ORI, JLAESRAE T R B B R I T RN S SRR S5 A 5, R SR IR A 2 A
AR TR X LA A AT e ) T =S AW i R R AR (BRE 5L5F, 1997,
MRS, 1999, 2003; Tsai and Liou, 2000; XIJJ#4I%E, 2001; Xiao et al., 2001; Xie et
al., 2004; Y.C. Liu et al., 2005, 2007a, 2011a, 2011b; Malaspina et al., 2006). 55— J7IHl,
b & OO A AR BRI A AR R, 5 RS sk T =2 A MR R AR
BRI, 2000, HIE4E, 2001, 2004; YT KRS, 2002; BFIFRGEE, 2003; & T3
2% 2003; Xie et al., 2010; Zheng et al., 2004; Liu et al., 2007b; Zhao et al., 2008). iX L&
TP S0 J A NATIAN A A 330 B L RO 2% 5 (A i R . eb T v RO 5 A R R
S TE WS = TR AR 0T 5 K 22 B I 1 BRI 5 A 138 A8 A i A [R] T i R il s
FLG, DAHE R R K2 AR R IR TR A Rl G A 2R 8 S, 2008; K67k K,
20084452 r K5l 5 K VA A S PR ) v U R v AR . SR T, Bryant et all.
(2004)7E = 2 R i IS AR A A AR B R OF 2 5 A B AGd, KE
(R R IR A L =2 A MR AR, PRImHEN R 5 F AR R BN =
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SRR 7. A& 1O T R A & i v s A2 A A
HIA AW )b P Cnson & NI G4, 7P s S5 55 sz 21 1 F%E(R.Y. Zhang
et al., 2009).

A AR AR AT, FRATTIA A R S AN S AR 1) 1 S 40 R A o B
=S A e R AR AR, MBS AR N KB IR 4 R, AN R
SRR A BUCE SN, T A& B AR S M (K141 36 i A R AL T o B (Y
e A T TE S 20 R AR TR IR F = M (BESOR SR, 2011). =& 40 M1E), #10
Py db T Hedb R TR AR KRR E L 72 A2 s ik Fe 7E A R BE R
AR IR IR, BT & B AR b HE HE Sk R (Faure et al., 1999,
2003; MR, 2003). SR, #5538 e AR T AR AT IR B B R 0K Hh 7 T,
Mg T i FHLGE K. HAR R A, 33X B B 7 Hb 52 IR 50 0 R 1y R A8 o f
KA =2 LRI F R E A BN T RISER, FREm T ARy
AT, TR T R A . 3 2 v K A o v B A 1) 7 vy e 738 I 3
o7 T RRRL g AR R AR S5 17 AN [ T i DR v A S R AT A DA AR AR S 11 Js AL
WA UL, ORI AR TR AT (1 = R AR T A A TE 1 S 20 R A 2 i A 47 1R
EHRN, X5 EBOREE 4 20 U-Pb B 43 5 5 AR 1045 A&
(FFKALEE, 2013).

5.5 Rz e A B LTk it #2 Two-phase exhumation
of the Dabieshan MCC

FRATT 000 32 F AT R BH I A R L PR AR T LA S R B — A B 5 A0,
HEAT MY AR AL A o B . L R ORI T R S R IR 2 i T S B DR L
BG— IR W 2, KM TR BT 5 i K B YDA A4 i 7 2R v 3 PR 4% 25 = 4
& RIS FR N, 98R-8 I R 7K L T3] B )75 (1 B0 B U005 3
BURAEAE 130 Ma Z 1T, 110 BRITRN AT BEZ Iy 1 M ATIPEAR (130 Ma Z HIT AT 107
Ma 72 47), W7KBIY)H XSF-N HIBIEIE SN A AE 130 Ma 2 Hil, XSF-S M A] GEAEL
112-102 Ma I8, RG2S 5 IR B2 B — B LR [ NWigshs:, B
FRATTHEIN ) L1 A8 PR AR 55 B4R B 7 J = (B e R - B TR RS . T BRI 2L 7KL
FLIRT B Y] R K B )T XSF-N)AE - (1 LA 5 06 K BIRZES AL T 5211
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KPR E . 25 TSR MR SER, ek 4 70 M, JFn]
REERBRE AR T I R rp R A T ORI, 3 i 17 T BRI 2R 11 58— S BIIE AR TR R /K
BIY)HT XSF-S HIK B ML, VA S BRI T 2 7R AR BUZ A o B PRIg & J A9 iR
KAAE 130-120 Ma H[H], 7E£ 105 Ma RJ BEXLA77E M B 1 /M B2 B - F2 (1] 3-25).

KL 22848 TR 2% S W B P BE A K )5 JRI5 5)). Wang et al. (2007)
X R 5 FE M X G AN LS R R U TS R BEAT 1 85 A1 SHRIMP JEAE, 73 I3RkAE 1
142-143 Ma HY4ERE, A3 T R0 i SRS IS8, )5 134-125 Ma & K5
R ). AR IR S AR, IR I KELL 130 Ma Jy 5 AT A
53 NP(Zhao et al., 2004, 2007, 2011; Q. Wang et al., 2007b; Xu et al., 2007, 2012;
He et al., 2011, 2012; Z=MEIR4E, 2013): FHARIAE K 7 2 HIRIK 50 i 5 A IAFE,
HATEARRIFEFEMI AR TE, Bl AR 9 I & 5% (1938 73 s Rl 7T 6k 30 9 AR 38 T [ B
WRAE B 5 A B ) e - R AR N, AR LR 5 558 )5 i el i B 2. 75
2, R RIRE S E AL R IR H 139 Ma A1 123 Ma P48 236 2344 i
FA, o AR T R A 2K S B(Wu et al., 2007).
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Figure 3-25 Cooling history of the Dabieshan MCC

69



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

25 BATIR, 130 Ma FIREA KL L 5 RS R R34 v, TEMIGE AR TR RS
A H b3 BT WY R R 3 SRR DR 3 1 AR A% A% S R T s A o A )
RN B (B 3-26): ()R G A AE R AT N R F Bt (145-130 Ma): £ 145 Ma 7]
RE A2 T Ll b X S A A 4 A ol R A R IR AR, B8 5 2 X 380 NW-SE [t 2/
NI LB A A R A T R A AR, IR RUT 143-130 Ma IIRIA OIS A
(5 B 1t 7 PR 55 40 B0 T S N IR BRI R AR, AE A SR A 1 3 K 9% B I
PUR B mild 4 R IR T e AL X — 3R 25 1 m] BB BT N R AR A R AE R
S R A S A s R T SR MR SR SN A TR 5 7 o /0 v s AR S 2 ) P A R T
QPRI ZFE/E A (130-100 Ma): £ 130 Ma Ze A7 {dEAE AR, Kl pyih
MRRAE T KRB IR R, 80 B L. [FIR 58 %8 i a4, I
TR T REAEBRIE S TUA K. TR A S AE R JIE R N R A T A S BEAE
H, G55 7 PUE AT IR, 3 S SR 8 R A2 i e OO IR s TS, H
B 1 2 R AR R S B0 T 112-102 Ma A TELES 20 37 25 972 6 — i 3 B ik
PR BT = T A

A. 145-130 Ma: i & S LRI AR EEN]
AL HEr R

AT [

B. 130-100 Ma: #Fr il FI%5FE 1]
b ik S . —

BHY: JLME I
UHP: & EHE  SS: fin
HP: & H: o ZBL: 9/ \I#iF

— PHFENE
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Figure 3-26 Two-phase exhumation of the Dabieshan MCC
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6 & 1l 5 M fe ts R i B e I/ v IS A R Bk
Reworking of the pre-existing HP/UHP oroginc belt by

extensional collapse

AR L0 R 50 1L 52 S A AL - A TR R A SR B, DK B (2 SR A R 5 2
(RIVE G 2 A A FH AR . A 2 5 AR v K3 4 2 B g B 1 S b R 1 IR 7= 4,
FE T 3 L A S R SR A A T E A A 20 R R I e R R T B g
AT P A B IINAE = B 40 o P 1 R 3 1L s 2 T ) 1 S S A Ay 3 VR4 1 g i
fEBTRBIARAO A A A — AN B A TR, R O B R I R R AR AR A
RE R IE SR T I S 20 o R )3 A A R = 8 20 e P v R Ll 2 3 T AN
FEEE B cicis. MR A B8 0 s o R 1 ra AL PR 43, AR L B A AT
A e G BT AR B T SO A A R i DA L P v/ e AR
JFE BLA M B LGS e R EE S BN AR R, A LA REGER IS
Fi T3 Ly RS 1 v s/ e AR O i R T I A TR I VR A, AT SR AT
SXof A AT 2% S R R Rl % o R R MR S RS [F IR, M EEZ T, B R RE W R
5 BRI 2L TR T, 21 e AR 2 1 SR MG - R R I R, BEARORE T =2 A
P3RS B2 (Webb et al., 1999b, 2001; S.Z. Li et al., 2010, 2011). B E 1 X HI7E T4
22 1L DX A AL T MR A o AN o DR 2 5 (R TR A RS B0 TG HH e, (HE 1 R T
R s L AR X LA 3t B 1T 20 B B R A

PRIk, FRATHEIILE B 220 2 B, M2 A A R A IR R A 8. £
L0 XA R AR R R, MAAA- T3 Ly 1) b T M e s A e AR R VR PR R B
JEHTIR AR, AT TE B A A8 P 2. X —HE S AARIE AN A Al
JE I EAS B R A A PP AT IR IR E 2908 18 km (4518 MY & (Ratschbacher
et al., 2000). W £k AL PR, AT R IUFE-R50IE A A — )
NW MR E R R, /8 e A G B LT FR R 1 R TE =& 401
AR R B2 B 1) G IR AR R IR . TE— @ R FE b, FLA MR IE RS S on) (1 2 40
JERE I U RS AR R B T IR EMEA. EAERMZ, EX0 L
(¥ b B R 8 2 AR R0 f v s/ o TR SR T e RA AT R IS B S R B —
NW-SE [a] (I PR A 2R3 e 38 NW BT DI T, (BARRERERLH T =8
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20 K4S (Faure et al., 1999, 2003; Hacker et al., 1995, 2000; #fH%%, 2003, 2005). &
N, R =S AMWERE B RLR R aERIERTIER, AR T &k sk
i Ay AR AR, B s s L — 2

7 & L e RIS BRI B 71 AL PR Geodynamic and

setting and mechanism of the post-orogenic extension

ST MR- 3 Ly 1 3 404 B B ) T Be AL S 3l ) 2 senT LA 4 K
1)3& Ly 42 5 2 P AR 0 1) 5 S B AR U (AR BB D6 5%, 2001, 2013; Q. Wang et al,
2007b; Xu et al., 2007, 2012; He et al., 2011, 2013; A7k &, 2008; BX-T4@F1HL 7K K,
2009); 2)4EAbAIHE R AHR A A AR SR AR S B0 M ) 5% HH(X.D. Wang et al.,
1998; E. Wang et al., 2003); 3)#& 11112 3)) 7R W 22 [a) Y1 2R 455 He A Fifi P 3 1L 1) i 50 (FE
ICEE, 2005, 2007, 2008); 4) i AR A BRI KB 22 T o Bl 5 1E 9IS B gk
(Wu et al., 2005; Ren et al.,2002); 5) P50 AL 5 o 5H-52 15 K Rl 48 AR g 5 96
AT 45 (14 328 52 200 o 51 76 11 v R R S0 e e v ZR R R s, o oty RSP A e K
Je Bk 4521 Fi (Ratschbacher et al., 2000); 6) 76 g AP P2 g I8 kE 3 51
IR RR SRR el 77 ) 138 236 (1 508, 3 T e s v [T 2 08 26 S 4 ) g
li(Zhao et al., 2004; FE7K K, 2008; BA-THEFIALK K, 2009); 7)FEA rp [E 2 X I8 5]
F15E75 5 E 5 40 PR (Lin and Wang, 2006; Lin et al., 2013a; 545, 2013b).

6 2 AR A 2 ST e X 365 ) 36 VA 1) D B B 40 T 3, o O M (0 3 A
SO T o AR A P R A AR L S BB R (AR JCAE, 2008). X —FHARLEH
[ 23 350 o A P b e e e A 1 22 R AIE AR A% 2 L RIMIEAE R s o BT
AR 2R LA KBS 5. AR PR A AR e Ay i 110 g 2
MR —, wam T eI whol A L%, RRENFEEILFARA
NW-SE [&] 5 PIHr L 3R |- 3546 7 NW BC SE (iS50, A8 kA 4 5
A, FRn 7 A B AR5 (S X 35 NW-SE 1] {4 4/ I (Lin and Wang, 2006;
Lin et al., 2013a). ZR&HAR- 00 LAl & & 5 22 AR R A Is, ASHE R IR I
5 X3 AR ALE A 2R, E TR BT [A] B B0 (0 — Stk BRI FR AT A A
A LR R TR R DR 3 L A8 5 A% 4% o ) T 5 G s R s i R B AR IR ) 3 ) 241
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s, 15 =B AL K KB i 4 e L1 R BT B RN SR A BT R RE 2 o [ 2R 0
g r AR A A RV g S, R A B A e T -8 g IR AR iy 2 L

8 /N4 Summary

2 JOT T DN R LA #5823 S 2 AR AE 1 A T D5 2 10 T A O 000 e 5
TR T, AR ST 725 R IF AN SCREIX — IR M g b R B AR AR 2% e i AR
FFEAENW-SEIL /K FEAT F N 1 R B ARSRR 4R R i e 15 I BUAR Ji A% 2
B IR AR 2% 5 e LI P T R AT 1 A e, ELAE I B B D) 1 N AL, BT
P BEAS E FENW-SE [, 183h % — SRR N B NWRI BT AR T8, ol 2 3,
Mo AR A BT Y)e, FL U 22 Mg 8 22 B Uil — S04 s, X R WA A
A AL A AN 2 SRS (1 E W BT D)y, AR SR B W B G S By L
LIRS 1 A 2R S it PR B

R 1L e S ) o R B B A D — AN AR I ek R M A AN T 2 B2, R
T B ORI 2% 2 I 120 57 B ) BT 2887 ) ) 3 A o AR 25 T 1 T RO L ot A7 A
BRMAFUL G5E A0 TAE R BRATEA MG AT, R0 S AT T
NW-SE [l fift A il T ) Fotd 1Ly B AR oAz A . B4 R i) J U &S T L
SeA ORI B R i), A O A (R A R AR TR AF (18 i R A2 o )RR
VAR RS IR A AL EL SR - TR IR 2 1 L R R R R T B R
PEAC R — N — OB AR B 2. 17 R a2 S oK ML~ T B D) R 7K Y5 (R IR
NI RAR, AL I XSFE-N AR I XSF-S P 4 BT U)W K T S 1 4 i i
ZEFEWRASG. PRAE SIRERE KT 3 NW-SE [ 114 2 2 A
EE R NW 232,

SRR T ARUAF LR R 3 1 22 8] A 2122 3 4 52 1 S 20 M - VR AR s, AR IR
W FUAE £1 22 A4 G T 30 PR OUURE SR AN R L 3 XUl Y 1 1 R 2 g e e g s XL
REPURIE S SR A FAAR Iy A R TR, K& L (SOE S ) NLEoR
FIRRARAIG. IR T TP A AR TEARFAL UL NW-SE [A18 )33 26 B AN _E & fi
[ NW 2852 0% . K L SRR AE b o R Ze R i & AN B 8 i %
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F 1 S E(AMS) I TR B REZREE L) NW-SE [ £ 5. fEMIEJZ R b, XA
Fey 3 W S A A 2 A RO oo 2 b, AR T 5 iR IR .

FEREE FARAT (R BE s b, AR AR 2T ST 4B 7 MR ATT L AR K i 1L Aok 8 1 P FF 465 e ) ]
BETE145 Ma, FFTE130 Male Ak 3 7 WEHA, DI LA AR 0 ) R RSB SR B I
PR, BAh, AR LA R0 Ll DA R 41 22 3 XA XU 4 A K 2 L e JE (Rl E 5% 1 R I
—IARENL1110-90 Malf) i AL I . WA AN R & LI 3 2L 8 7 b e 0 4 Jee 1) i ¢,
X AR R AEAR AT L 56 4% DS B B B T R R SRR R SR s ZE DR L 3 A
T FIASR W, JEE AR R T . LA RS B 1 L RC O &
K&, HENARR- 50 L L R B A AR e W B TE R RGO B IRE N
Kb T r il A BT KT AR BT, AT BE T BT T M SR A BT L B 1 R AR R A3 i
T B PR B (VT 5 17 e P/ v AR B Z IR TED . A4 (145-130 Ma)
DA 26 R RIE AR E N, RE T AX K EIRETE. 2 EH Tk
AR AR, PRSI R AR T R ARE i, JF T REAE i AR Y I R b R A T
(110-90 Ma) 1] —IXHF .

ERE T, YONMRAR S AT R0 2% 5 2 e ARG B 1) 47 1 25 T A SRR ANz
TR N T R v I/ e T A e AR R R R AR R A B . 2R A
IR B N 2 S TARA -G L R ARG . AR BRI
Foa ey F0 A 7 R AR ER 23, T R L e 0 = B A ) AR o A7) (LA e T/ v
R TR REAN SR W) W R B AR 18 W J2= DAk O A 3 o . A AT - K3 1l i
iR A 38 BT AR I 126 A B AN [R) J2 M PO R ) 235 0N, BUR SR I AL B 4%
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Chapter 4 Emplacement process of the Late Mesozic

Dayunshan-Mufushan batholith in middle segment of the
Jiangnan orogen

Late Mesozoic granitoids are widespread in South China, but structural study of
these plutons is very rare. The Dayunshan-Mufushan composite plutons in the middle
segment of the Jiangnan orogen one of the larger Late Mesozoic granitic batholiths in
South China inland. This study applied multidisciplinary methods by structural analysis,
AMS (anisotropy of magnetic susceptibility) and geochronology in order to reveal the
emplacement process the Dayunshan-Mufushan batholith. Two-phase tectonic events
respectively related to the early and late plutons of the batholith were distinguished. The
D; event in early pluton (biotite monzogranite and biotite granodiorite) is obvious in the
gneissic granite and contact metamorphic rock on the southern edge of the performance
is more in zone, visible NE-SW trending mineral stretching lineation and top-to-the-SW
sense of shear. The D, event is characterized by to development of the Dayunshan
detachment fault along the western tongue-shaped margin of the late pluton (two-mica
monzogranite). NW-SE trending mineral stretching lineation and top-to-the-NW

shearing can be observed in the deformed granite and contact metamorphic rock.

AMS study reveals that the magnetic fabrics in internal parts of the early and late
plutons were dominated by magmatic flow, and two groups of AMS lineations are
distinguished. The preferred orientation of AMS lineation in the early pluton is nearly
N-S trending (maximum at 190°), while the preferred orientation of AMS lineation in
the late pluton is NW-SE trending (maximum at 117°). This result is quite coincident to
our field observation. A preliminary analysis of gravity data also shows that the roots of
the early and late plutons respectively located in the northern and central-eastern part of
the batholith, which is in agreement with the structural and AMS data. SIMS zircon
U-Pb and EPMA monazite U-Th-Pb dating results show that the early pluton emplaced
at ca. 150 Ma, while emplacement age and related metamorphism of the late pluton

were dated at ca. 132 Ma. Namely, the D; and D, event occurred in the Late Jurassic
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and Early Cretaceous, respectively.

In conclusion, we suggest that the D; event might represent crustal thickening by
nearly N-S compression during the Late Jurassic, while the D, event could be
comparable to the Cretaceous extension recorded in the Tongbai-Dabie orogen, and

indubitably manifested the Early Cretaceous regional NW-SE extension in east China.
1 5|5 Intruduction

T AR G A A (G L 300 0 3 TR B DA R T AR 22 0 3 - B 2 K
[ 3R Rt R T il 1)< HE R 28 44 (Gilder et al., 1991, 1996; Li, 2000;
Shu et al., 2009). SEPR b, HE5g A% )T S A A6 s b B R AR I 1] B 1P 7]
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Jeth R R )2 K B AW e E BRI R AR AR R, TIE RS H AT D #0L
AN S B HROE, VA R X I S FE(Zhu et al., 2010), VLRI L
AT ) L S FE(Lin et al., 2000)~ 2211 S FE(Faure et al., 1996; Wang et al., 2001)
A S FEJH. Li et al., 2013a). £ K5 FRALEFE S JR 38 LA Fa s A0 X S s A
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1, BUS 7 — K5I (Li, 2000; Zhou and Li, 2000; Zhou et al., 2006; Li and
Li, 2007; X.H. Li et al., 2010, 2013; Wu et al., 2012). H58 2 HOF 735\ 4 e i
AR SRS B 5 AP B R R DG, AR AA R e 1 77 22 3
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BONBLZ (Feng et al., 2012; Wei et al., 2014a). Hrd P Rl RG i (77 A B A AR AR
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a3 5 B AR,

76



Chapter 4 Emplacement process of the Late Mesozic Dayunshan-Mufushan batholith

+ﬁ

115

US| A

20
- kR @ EEE
¢ R ® RN
- AR O B

Kl4-1 Hemg KAy i 1]
Figure 4-1 Tectonic sketch map of South China
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Figure 4-2 Geological and structural map of the Dayunshan-Mufushan area
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Figure 4-3 Cross-sections of the Dayunshan-Mufushan area
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3 Kz -5 B s 2 RS ) LA #4FAIE Structural geometry of
the Dayunshan-Mufushan batholith

3.1 ‘B HIZH % Bulk architecture of the batholith
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Jeh s m A, BB BEMNARAGE ), (R Wi Z 28 RN E, TR T
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Figure 4-4 Microphotographs of the Dayunshan-Mufushan batholith and contact metamorphic rocks
(a) Gneissic biotite monzongranite with moderate solid-state fabric (myrmekites, slightly
recrystallized quartz grains); (b) Gneissic biotite granodiorite with strong solid-state fabric
(recrystallized quartz grains, orientated biotite and minor amphibole) in the Banjiang area; (c)
two-mica monzogranite with weak solid-state fabric (quartz grains with undulose extinction, mica
and feldspar without obvious orientation) in the middle part of the Dayunshan; (d) restite
(sillimanite-bearing mica schist) within the Dayunshan two-mica monzogranite; (¢) andalusite slate

at the eastern side of the biotite granodiorite; (f) staurolite-bearing mica schist at the northern side of

the Dayunshan two-mica monzogranite
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Figure 4-5 stereographic projection of structural elements from the Dayunshan-Mufushan area
(A) Late Jurassic pluton (biotite monzogranite, granodiorite) and its contact metamorphic belt
(mainly the southern part of the batholith); (A) Early Cretaceous pluton (two-mica monzogranite)

and its contact metamorphic belt (mainly the weatern part of the batholith)
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Figure 4-6 Linear structures related to emplacement of the early pluton

(a) enclaves occasionally in the biotite monzogranite was stretched parallel to the preferred
orientation of feldspar phenocrysts (b) NE-SW trending lineation in the gneissic biotite granodiorite
on the southern margin of the pluton; (¢) NE-SW trending lineation in the garnet-mica schist from
the contact metamorphic aureole at southeast side of the pluton; (d) NE-SW trending lineation

formed by andalusite in slate from the contact metamorphic aureole at northeast side of the pluton
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Figure 4-7 Geometry of the Dayunshan detachment fault

(a) outcrop of the detachment fault, with thick breccia layer; (b) biotite-rich layer locally in the
two-mica monzogranite, with semi-penetrative striations parallel to the lineation formed by felsic
minerals; (c) two-mica monzogranite was suffered albitization, and oriented mica formed a NW-SE
trending lineation; (d) NW-SE trending lineation in sericite quartz-schist from the Dayunshan

detachment fault

4 WAL A 1A 7 (AMS) BIF 70X e 4R A & L AT 5 [ o ik
Contribution of AMS in understanding geometry of the batholith

4.1 HAHEHMTE A Brief introduction of AMS

HANHA B AR M, FEARTT I B R, BRI WA 2 4% 1)
J¢ 1% (anisotropy of magnetic susceptibility, 45 AMS). M4 A Y%= M ERE,
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Figure 4-8 AMS ellipsoid and strain ellipsoid

TGLAAE 22 P CAREBE B2 T~ M BT e, 2 D5 2 A WAL A B Bk A 5 R AR AR R
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Figure 4-9 Patterns of AMS ellipsoid: (A) oblate; (B) prolate; (C) triaxial
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al., 2013b; Wei et al., 2014a).
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Figure 4-10 AMS sites in the Dayunshan-Mufushan batholith
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4.3 #H WK ) Magnetic mineralogy

HAFEM IR K (BT RS DA R SR G RHE. K1l
Fe B BN R A AP AL R I BT AT B RO (B 4-11), 460K 2 50RE
(85%) ) Ko M/ T 500x107° SI, oA B =B KAE K 45 1 Ko (B E B9 AT 300x10°°
SI VLW, Zm B KA A IR E DL T 100x10° ST 35, DB (E 2
T2 AT B N A ) B Ko 18K T 500x107° SI, A ORAE#EEE 20000x10° SI. 44 1,
MR KA RS T A B KR, TR R R N K S
W SGRE K TR, —BoRdE, X TR R BAR MR, IR Y n 2 2 B
SN R AL A B TTHR R, T Gk 25 HRE i (K n>500x 107 SI), ZkvEn 4
UL 55 I SRR,

10

=1 15 S

0 100 200 300 400 500 5000 10000 15000 20000 25000

b=
i so [ s A e E R A NS
® T 8 s S A e
el
1 -
I

10

T == | =

0 I | | T T T I I 1
1] 100 200 300 400 500 5000 10000 15000 20000 25000

THIREL A (10% SI)

4-11 Kz l-%5 Bl g FEA R NARTE A 2 BT 70 A1
Figure 4-11 Histogram of bulk magnetic susceptibility of the Dayunshan-Mufushan batholith
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Figure 4-12 Isothermic remanent magnetization, thermomagnetic measurements and hysteresis loops

for granitic rocks of the Dayunshan-Mufushan batholith
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5 Rili-F B ilam 3 AR I 1) 12 3 2245 1 Kinematics of

two-phase deformation in the Dayunshan-Mufushan batholith
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KA IRERCIR AL 3 e e S I FR s 1 L EF IRI SWI B DI T (4-16a, b, ¢). 1AK%
R 3 25 B —AKAE B S R AR o s A 0 = B R R R B S I NE-SW R 6
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Kl4-16 D\ FIFAE R = B AL M S HL Bl Hefids op (1R B

(a)-(c) & TR B R L 2 AN R X Ry BROIR B8 25 B A8 B 2 P A IR BOIR A 1 Bl i e SR e A s 1
EEESWHIBTYIAR T (e) M)A A AR B I 38 = B — A8 K A BB AR J5i s A & A A = BE
HP IR BT AR ) BT DI 4 AR R 0 AR A B S Bk i — Bt 4R 1 _ B R SWHI BT ) AR T

Figure 4-16 D, event in the biotite monzogranite and its contact metamorphic aureole

(a)-(c) augen or o-type feldspar porphyroclasts in gneissic biotite monzogranite from the southerm
margin of the pluton, indicating a top-to-the-NW sense of shear; (¢) and (f) sheared lens of
quartzo-felsic vein in the contact metamorphic rocks at the southeastern side of the pluton, and

snowball structure of garnet in thin section of garnet-bearing mica schist, indicating a top-to-the-NW

sense of shear

5.2 Wil D, SFAFHIER IS8 8) % Late (D,) event

Dy SR A R PR K = I X R BN WIS, UK = IR B R R B N
R BRI E RS A FE R AR T KIER A, E RN RIL &S
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RN, O EEL1100-2000 mANEE, HRL TSI EE R HEER B FE. WK
L1 P9 1) AL AR T B T I iR, 8 K R A G B R E R RREE, ST S =
LB . AT IR K, BRI B ) A B g T B R ] B R IR A R A
MEARfb, (2P EFENW-SEJT Al TERFAhEE Sk, FARAMBME T, B
KAE KGR TR MR BER S, $IEBI IR &+ R A, WA IR BOR 2 5
TEFEHRBE, S-CLM), mBFass, ¥W—8UhfaR T L mNWREsh 22 (184-17a-f).

e = —n ‘ viia!
Kl4-17 Dy fHE — a8 KAEK & TP IR I
(a)-() Kz LA 125 W 2 B BT U005 AL iU I 8 h KB IS BT U0RR &, B —8dias 7 b
A FINW Iz 85,
Figure 4-17 D, event in the two-mica monzogranite
(a)-(f) various indicators in granitic mylonites within shear zone of the Dayunshan detachement fault,

consistently indicating a top-to-the-NW sense of shear
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Figure 4-18 D, event in contact metamorphic aureole and restite

(a) S-C fabric in tectonic shist from the shear zone on western margin of the Dayunshan pluton; (b)
S-C fabric and mica fish in the restite within the granite near the Dayunshan detachement fault; (c)
and (d) syn-tectonic dike in contact metamorphic aureole to the west side of the southern protrudent
part of biotite monzogranite, S-C fabric in garnet-mica schist of country rock. Above indicators

consistently indicate a top-to-the-NW sense of shear

6 AffE E 155 5 B 5 78 Revelation of the Bouguer gravity data
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T H T SRR U A — 2, MR AR LSS R i BRACBE, 2 T AT Tt
AR BURY, TR BT B 2 ) SWERML. DRI, FRATTRT DAHEI R N 1R
By 22 7 SR RN D ER], XS B AMOIE s WA — 2 i AN A
N AR A T AR B R RN FRIAE b N CA R AR EEAS N $74.05 Kbar (AR5

A4, 2011).
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Figure 4-19 Bouguer gravity anomaly in the Dayunshan-Mufushan area (dark and light gray are

early and late plutons, respectively)
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EIREM RIS, AR X SRk N A Eos BB s Ay m. A
AMS FFFEAE SR, AT UAHEN — = B KA M S O R B, TEE R 213
A3 AT BE R TE MG AR F R M AR50 A H A IR 0

7 FA W FT Geochronological studies

7.1 #4 U-Pb %4 Zircon U-Pb dating

Kz 1l - By 2 3 (AR A AR — BB = v b B R AR 2 0T 7, FRATT N
SIMS J7 X A A FIH R R NAREAT TASHI A U-Pb 58 4. WA LAELE T+
[ ok 25 o 57 5 R ) BRI 5 BT 128 PR S50 % Cameca IMS-1280 K & 15 i
I E5ER. VR AT T AR R UL Li et al. (2009b). [ R F#E1HER A Isoplot
FEIF (Ludwig, 2003). HAN 3 A7 s E B AR 25 R LK 4-2, RZEIIA 1o, FEM
TEFIEERS N 22°Pb/ U AL IR %N 26.

DM35 Mg ALl B BB = B — K AL M a8 CRIEAL B[] AMS SR A 1 DM35), # i
A 2 N T IE I I B TR REARIR SR, B0 CL MR Ros iE  1A R s,
W/ BB 0 R B A 40 R B A TR B A% (BT 4-20). X IFE 1) 18 Fils A HEAT T 18 A4
SIAT S U-Pb R8I, Jor 2 A s PR AR, R 16 AN S T AL A 9%
Ml b B2 2 MRS AN AR (270 Ma H1 705 Ma), H& 16 i sy
Grh R RIZE b, EISTERIZE 149-153 Ma, Th/U HETEFEITE 0.33-0.65. HIIX 16 4
ST U E AR B BIE MR R FINBCE e — B0 151.2 + 1.1 Ma, AR T BB}
TR KA B4 AR (] 4-21).

QD69 AR EB I A BROIR 2B = B K AE M 5 CRAEAL B[R AMS SRAE A
DM114), FEah a2 o O@E i B R-2F B EAIRS A, #a cL BB
ROCEGS, BUEOBIRAATY AT W B IA T, R DB A S A R B (B 4-20). X
SRR 19 B A AT T 19 Nt sl ilE, BTl b sk fE IR ZL L. B
Wil AR U & &, sk 7007 ppm, Th/U LA K489 7E 0.1-0.2. 7
THAZER) 1A s 7 He AR (837 Ma), BRAREE [ 4k AR B A H4E
W, FFERE TR TR U SN S TR G 3 BT 8 (154-160 Ma) FHXH K 1) 3 >
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TR, TR 16 AT AR SE P TE 149-153 Ma. HIIX 16 M/ HT s it HAZ 21
WHIER N 151.1 £ 1.2 Ma, IIBCFFEE N 151.2 + 1.2 Ma(El4-21). FHIl, ZE =
BEZ KA A PR AR ARTEL) 151 Ma.
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Figure 4-20 Typical CL images of zircon in granitic rocks from the Dayunshan-Mufushan batholith
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(819 Ma), Th/U HAE A 0.08. A 20 /3T A BR 25 1 AMAEESIE S K 1 79 BT 2
(156 Ma)%h, FHTEHITE 145-151 Ma, Th/U LL{EZE LT 0.17-0.89. HHIX 19 N 4#T 4
TR B RIS RN YRR 352 149.0 £ 1.0 Ma, R TR RHERK MK
H VR BLAER (] 4-21).
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Figure 4-21 Zircon U-Pb ages of the Dayunshan-Mufushan batholith
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W, BN R BRCR (B 4-20).  FIRFRAE R B3 S 4k 7R i 52 B S A F K RS
TR AR T A FIFRBE (R A5 . RPRES o 21 BB HEAT T 21 AT S E, U &
BATE KN (88-5166 ppm), BR—70 8 miff) Th/U HAEARZ 0.02, KRBT
0.12-1.06 Z[f). £ F—F4 LRI ml RS Y 1230 Ma, XA CGE 4 TAF
FSRAF IR RS, AR 7 BT R UM U A — 3k bR A8 AR 433 832 + 17 Ma
H1134.2 + 8.4 Ma (MSWD =3.0). N2 miFHT i 15 A>3 Hr s B 4FE & 6 [l 7E 127-139
Ma, THHEAAFFIMACEER N 131.9+ 1.9 Ma MSWD =3.1), & T 8K
TE A R AL RS (K] 4-21).

DYS62 AEARTE R 2 (L X R AN bk, S5 AR — 2 BETE I CRAE
PLETE AMS SKAF A5 DMI17 D). # 5 R 2 8 e 6 I B -2 B TR KA
B AR SR, CL BB RE A M NS M E 2 2R, Hh— 2B B
BRI R, 7 — RN B, JERT S AR — R
S RN, E RN, IFRIEM R, 5 R R R
AT S IR — 2, SRS REAIAA R U BERR, WEE
FEm i AR (B 4-20). SRR 20 BUEsS A EAT 7 23 Dot iiille, U &5
Ja 7 537-3402 ppm, Th/U LLAE AT 0.08-0.42. FTA 04T s F LI AN — 8028 | T A8
RUEERY /38 835 + 16 Ma 1 124.6 + 3.9 Ma (MSWD = 2.8). B2 A2 5 Bt 1 b
KB/ 5, EECLGEAR I 14 20T ST AR B I 4R 127.0 +
1.0 Ma (MSWD = 1.7), fG3R T M/ INERIR A7 08 (K] 4-21).

DMS80 N AR = = B K ALK A CRAEAL B [F] AMS KAf 5 DMS0). H T
AR BEPRIE RN 2 BT K IGES A, DORHZRE AL 1 12 B8 A T T 12 A0 A
e, #E a8 A 2 o8 OB Y BT -2 BT I AEKARIR e i, IR BE KR
I, HE A Wk BEAZ(E 4-20). Br— B AERER @17 Ma)riE 15>
P, R 11 AR AN — B0 T A RS 7370 826 + 20 Ma AT 148 + 22
Ma (MSWD = 5.9) (Kl 4-21). 12T F 22 s BT 4 MER BT m R 7E 138-153
Ma, (HFER S U S BRI R IEMRKR, RUFES U, B, &K 4E
AR ELSEAERE RLIZ L 138 Ma fE42. B8 3] DM80 5 QD49 AR A4, FA 1A
RN B KA A R AL AN L QD49 1€ F-45 RNk, BIZ154 132 Ma.

109



Chapter 4 Emplacement process of the Late Mesozic Dayunshan-Mufushan batholith

7.2 MEA B REE E S Monazite EPMA dating

Tk R E M A R AR TR [R), ARV SR B TS IX = AN AR
anEAT TR B TR B AR, AR IR R 2 B K AR A (QD69) —m B K
614 45 TR R B AR (DM26, 157 B4 2= B ) 25 B KA 1 2 FR L o e i A o
H(DYS22, EARARN RS, B TR ST € R A A B R b, AR
T B T ek T IO R B AR TR T S A R AR R R 9 R O
JR(BRGM)ME /R B K ERBL 24 FC T (ISTO)IE A 1) Cameca SX50 HLF4REH XS
34 P A J A R TR AT 25 )R 5 . B2 5 e A 35 T B AR 408 79 4 3 A A5 4 T 2
AMET 5 um (BFREFFIRBEZIN 1 um), FREE TR RS, PRI o i
JTEEFIAAE WL Cocherie et al. (1998). BT 3R1F B #E K F EPMA dating 12 /7 12£47
AbFR DA THSR B 5 () U-Th-Pb S48 (Pommier et al., 2002), %AJ5 KA Isoplot F2/7H#E 17
IR 5 R ) HE (Ludwig, 2003). XFT Th/U FEAE AR TG B ORI it T R4 T
Th/Pb-U/Pb B HI1#E B (Cocherie and Albaréde, 2001). ELAA FA U A MR B0 W&
4-3, FUL LR WK 4-23.

QD69 K H & i, 9 IR B = B KA 5, A A ] WA B A
AR SW MBI, RS E A R E DA EERE A T R Bz,
K/NE 50-200 pum, 3 WA K36 (& 4-22). 76 Th/Pb-U/Pb Elfi#, 7 ANHUE 4 Bk
140 NE BT S EARRIER AN 151 £ 5 Ma, 5INBCFEER 147.8 + 4.5
Ma TE 7 210 [l ) — B0 4-23). IXAMER S I 5120 W B A U-Pb SRR — 2L

DM26 K H K= s, N m b KA A h B R B AR, AR5 s
ATz, K/ 20-50 pm (B 4-22). 11 MEA R E 127 N6 2007
BTSSR BT 4R A 134.8 + 6.6 Ma (K 4-23). WIAHEIRE, X—FRk
MR T 5 Zm B KK AR FR, FTRARR 1A G VR IX W5 46 K A 5
gag et ing TN

DYS22 K H Kz L AL i fb 25 55 7, BF A AT A 22 2125 40 R B NW-SE [7]
HIN PRI ER 3, 8 s BRI 58 457 0 [ B, R b i s A TR = BERT
Az HIEFEH, K/NE 10-30 pm (B 4-22). 17 MR £ Bk E 84 ANE R Hr
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Figure 4-22 Typical backscatter images of monazite in samples from the Dayunshan-Mufushan area
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8 Rzl Bl g R An i 7 e HoAdi& & X Emplacement
process and tectonic significance of the Dayunshan-Mufushan

batholith

LG RGN BEAR R EEACSATE TE, ARBTFCIRBI T K - Bl s 2
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PRFGIRIA SR E FROIRME, RELT7 102 NE-SW [1], 183)% Ron A L Sw i)
SIS T, 75 Bl B A 2 o s+ (R ] AL % 1 IX )3 AR TEARRAE. AMS 45 B4R /R IX
HAAR N AR IR PR BB LA LA R Bh AR R 3, BRI A AR 3% 7 67 KB NE-SW [,
55 BFAME F BRIRAE 5 2 A L e il A2 o iy OBl 8 B B 2 BT 1h) — B, R EZNR
R B [RIRIE A 5 25 AR 1. SIMIS B A7 U-Pb RIS AT L 4R T8 AR 45 R I 1%
R NR IR AR TE 149-151 Ma, DRI R4 I A2 TE AR R R] A e £k 20 ik, i 8
B H, Dy MiE SR B RC R R i H T sEss e, ZAa i RS
] TR B A IE, BT (DANERREERE, IR AR 2RI
JURTTERS, BEAARIFIAT S B ) 53 W R s R AR AR ER AL T AL EE. R AR AL T
B, ARERAME K 2 Ll DX FE B35 25 7 )2 S A B R 2 R E . X SRR AE
SO RALL T30 i R 5 R, AN R R I, Q)X I kA, Mtk P
IFi) B (10 190 478 2 K B2 1 Rt o7 LA4R 3 (Hu et al., 2012; Shi et al., 2012; J.H. Li et al.,
2013b). Bz AL ALE B -8 LB i Loty v R 9 308 b AE X LR IR
R, WORTH (X . 258 Lt X AR AR 8] L HBIX (Davis et al., 1996, 1998, 2001;
Lin et al., 2013a). AHEGZ T, Mgk 2 tH g oIl i 90 fof Jo b s 78 AN v 5] R 30 e
GYNAEFIGENRE, 150-140 Ma SEHERG 19— AN HEXTE JC-PER I, AT R X I
a0 3 P ) DB T fof R PR e 48, T 140 Mla 22 J5 K BIASE () 25 S s R AR AR A R i it
F(X.H. Lietal., 2010; 2013; Wu et al., 2012).
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AR, SIMS #if1 U-Pb BHFELREY —att “RIGK G FIRAFRAE 132
Ma 7545, JUEA LT ERET T8 AR SRAF RN AR A 38 ik B A A0 125 Ak A i o 114738 I
R334 135 Ma A1 130 Ma, RUIVIPEBIYIALIE 207 130 Ma /24 40T, 1
Ab, FEIF BT Z I B BLIE R B A S e (R R R RO BB = R, JF
A B ATE K G AR A RS DR, X4 D, Wi SRV BT 1) 38 % I [ B
SELEME St 2 J . 456 BT SO ARAR- R0 L b X B2 20 R Ao i e 7, AT
BN R -5 B LA FE T IC S D, M AR 15 26t NW-SE [ ) fif
JEAVEH, FFr] LLHEIRTE 5 000 L A BiAZ 2% A B MR AgIE 1 5%, Beill, Wei et al.
(2014a, 2014b)%f KT H T it X 75 BH- S AR (FH 142 Ma A1 130 Ma BIHIZA
R ) R AL R AT T VAN IS . AMS FIEE JJ @B 78, 45 R Wiz a2
FE NW-SE [ e fE ) T W55 NE-SW i AL B E NI EFHR AL, BT i, 4
FARIA) R XIRIE R AR AL ) T X 48 E NW-SE [ 1 4f & FE .

9 /g5 Summary
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Chapter 5 Origin of the Huangling massif within the

Yangtze craton

The Huangling massif within the Yangtze craton is an important window to
decipher the tectonic evolution of South China, but its formation time and mechanism
remain in suspense. Detailed structural analysis shows that the geometry of the
Huangling massif is an asymmetric anticline or dome structure, with its western flank
relatively steep than the eastern one. The sedimentary cover on the western and eastern
flanks of Huangling massif were involved in a series of oppositely-directed collapse
folding and layer-parallel slipping accommodated to its uplifting. The subsequently
brittle normal faulting controlled the deposition of the graben or half-graben basins on
both sides of the massif. The involvement of the Late Jurassic strata and the
unconformable superposition of the Early Cretaceous conglomerate indicate that the
Huangling anticline formed between the Late Jurassic and Early Cretaceous.
K-feldspars from different rock type of the massif were selected to conduct MDD
modeling, and combined with the previous thermochronological data, a synthetic
cooling curve was constructed. Tectono-thermal history reveals that the Huangling
massif might be an inherited paleo-relief within the Yangtze craton at around 750 Ma,
and then the Early Paleozoic and Early Mesozoic orogenies of South China had no
significant imprint. Until the Late Jurassic to Early Cretaceous (160-110 Ma), the
Huangling massif underwent an obvious but actually slow cooling process with an
average rate of 2-3 °C/Ma, corresponding to the formation of the anticline. From the
view of whole eastern China, the weak extension recorded by the Huangling massif is

manifestation of the Late Mesozoic lithospheric thinning in stable craton.

1 5| = Intruduction

Bl PR A B ik U o -3 oo AR DY R BT L R & L iy A TE A T 48— )
HEFAR (B 5-1) (Li et al., 2009a; Charvet, 2013). 7F 245 #AlA], ik FEL
DT =R A (DR A ARG IE LER: WREL-sTF R E, T

115



Chapter 5 Origin of the Huangling massif within the Yangtze craton

T HC AR B RS ] E (Lin et al., 2008b; Faure et al., 2009; Charvet et al., 2010;
Z.X. Lietal., 2010; Wang et al., 2010); (2)— R ¥ FlZe e m R L F 2 % & 1 5 A2 4R
gy, b & R0 - KA -7 S i s/ e LAY (Mattauer et al., 1985; Faure
et al., 2003; Hacker et al., 2000). PHALZ LT Ll Fd P 7 87 A7 (Burchfiel et al., 1995;
Chen and Wilson, 1996; Yan et al., 2011175 55 2% i) B[ S Ailf 4385 11177 (Carter et al.,
2001; Carter and Clift, 2008; Lepvrier et al., 2008), LAz 4 Fg P58 A JL0&-25 06 1L Fiti
it 17 (Wang et al., 2005a; Shu et al., 2008; Chu et al., 2012a, 2012b); (3 H A= AL
Wi - A, EERI AR RIS 2 B B -0 /) 3E & & (Gilder et al., 1991,
1996; Li, 2000; Lin et al., 2000; Zhou and Li, 2000; Zhou et al., 2006; Zhu et al., 2010;
J.H. Li et al., 2013a), {H PG5S0 )1 22 -50 9 P 9I0 48 45 s A0 OK B L IO 28 48 s 1R T2 1
AR R P 5 R RE IS A7 7E 3 B R AE F (Yan et al., 2003, 2009; Hu et al., 2012; Shi et
al., 2012; J.H. Li et al., 2013b).

M6 A AR TE BE A RRIE K o 2R 250 3 A F1) P — AN S 20 Y, 12 T3 A DA
Heg oy E. FERE KRB R ZG K EA — R RS, LB E (Lin
and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a)F1 K[ 7 Hi(Ren et al., 2002;
Meng et al., 2003; S.Z. Li et al., 2012a) AR, fii7n 1 DCRHUB RO MR AE . X —
R AR H RIS IS P o B R A K IE3I(Wu et al., 2005; Yang et al., 2008). #£65d
FLOBBEIN IE R R AEEIX— 52 F(Menzies et al.,, 2007; RARICEE, 2008; 4 H#:
55, 2011). SERREURIAEALIR B B =2 PG Lk, SR BRI K b (1 — 30 7 %%
N RSP P R G AR R 2 . e R AR R R AR AR B R R R B KR IR 2R s
FIARZ 17N R IBT [ 7 L (Gilder et al., 1996; Li, 2000; Zhou and Li, 2000; Zhou et al.,
2006; Shu et al., 2009). XL B fer iR P AT RE 48 iy 1 S EAL se b B Al A 1
b 7 (PR JEE R A R R R, A OC MR R AR AE A LT S5 T (1 i 4 1 3
Z W5, o H RTEER RAA R B e & B gRkiE (B 5-1), Flanstsis i (Zhu
et al., 2010) J& LI ZFE(Lin et al., 2000). #1115 [#(Faure et al., 1996)F7 111 5 %
(JH. Li et al,, 2013a). MBS EZRACSKE, XL AR R S B2 S INfe sk
ARG LAt 2 b (e g Ly B o -0 IR e i e, I -8 3 o e AR -
P3G LT ) B T I 58 RURE WA A (U P e 28, AR D & AR R T8
P #B(Lin and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a).
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PR RERRERE S A T e hos 65, A EEmE sk —A
HEGE O 5-1). ENERR G ERRMEA RS ZNHERX, B28 7
RE R AR E)Z EALL BTN RS A 3 B P AR L R A A 2B DL
TS Z WS A% BRI . FEEHZ S0 (A2, 1989; DE T4,
1984; {H5EMEE, 1991; B REEE, 1997, 2002; #CEL%E, 1998, 2000, 2006; = 1l14%E,
2001; ZEESE, 2002; & EMAZIELE, 2003; a5, 2007, K5, 2008;
FEOEE, 2009; BX/NIHEE, 2010; Gao et al., 1999, 2011; Qiu et al., 2000; Li et al.,
2004; S.B. Zhang et al., 2006a, 2006b, 2006¢, 2008, 2009; X.M. Liu et al., 2008; Chen
et al., 2013), PASHITEIX IR FE PR 0 45 44 () MO BRA) BE 22 4R 5T(Z.J. Zhang et al., 2009),
BN EE R RS B TR A 2 WK BT, 1986; & HULEE, 2009; FZ 4%, 2010).
PRI DA o) AT SR AS FRATT 0GB I 5 R R0 T B ) A0 Rl DRI A1) 2 B T i 78
S I — PR 1 8 2 2 A R SR ]2 TR TS RS A R AR B A T 2 T
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TG A2 QA R ), TG A [ AR S AR AR O AR JE A 2 AR S I
FE I A AT AR ARSI 7 LA B] L3 AR} 22 ) i

2 HuJET Geological outline

o B RE L FE AL B B A TR B PG, X BN LA =05 I KU R 2
tH0E B 197K R) AR I [ 42 i, R 2 A e b5 F A i BT X . AN AR R
Wl E N T REIRE ATz, AR KA AN E R TR, B
AR A N T BIHAT AL, R ERE Z(ca. 3.2-3.3 Ga)lia /™ THKkH
RIS IR AR A 2 T (B SCES, 2009; Gao et al., 2011). X FE AR R 45 4138 5
WERR s UG B B 2 (] 5-2), FEEHH TTG A« BUIRVE (RS A
I OR BT ) A/ B ) B AR R 2 DA R RO 2 A s (i B 48 DXt 5 75, 1990; T
KEESE, 1997; Gao et al., 1999). KEHIFEMFAH TR I F a8 IR A 15 s
EREEAE 2.90-2.98 Ga, TMARVIAVE H &4 2.7-3.3 Ga B A, —FHIidsx [
A 35 AR R A, MATAEZ) 2.7 Ga A1 2.0 Ga (0 ER%E, 1998, 2000; Qiu et al.,
2000; Zhang et al., 2006a, 2006b; Gao et al., 2011; Chen et al., 2013). i, FEIEILS:
TR DXk R A R R T (ca.1100-985 Ma) i\ AR SR T M MR g R H 1) g
4345 (Peng et al., 2012).

ERIH o R R TE K A SR TIse e 2, 4 1 3R RHZ i
=0 ZWTHA(E 5-2). AR 4 MEE PR RN S-SR K
i B B AR K - R BEE R I A R0 A3 — KA - — KAE R A B
T gl I M- M S R (5 KR A%, 2002). #547 U-Pb AERE RN /R SE B AE M B
Al FEAL A 794-837 Ma (1 [HF-55, 1984; {HE LSS, 1991; Li et al., 2004;
R CFIEE, 2006; m=4EFI5KALTE, 2009; S.B. Zhang et al., 2008, 2009).

P U 24 55 1 8 P A0 1 25 ik — [ 4 FR B R E TR b IR E NS &, VIR 2
FEAFERE B-RY R(E 5-4). EAS T hudERE Mt X, — b= bR f
T Al 2 7 AE IX LG AE A XL 8, 1990). 2 HL40- 5 = St b 2 DL AR B R 25 A1
PSR G D, v R A e R 2 A A A AN S R ) T Rk
E=F G AR D R A BRI R S UORR, T =8 G I R A - i A AR
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Ji, LTS R R B BIPAT AR G R T 0L X YRR IR BRI UR R PR 6 7 (i b
MZEfELE, 2003; ZFfHICEE, 2008; #4/NBHAR, 2010). EAGHR HI RS, R =F-T &
DHERATA], AT B R AR P A 4 24 BH Z b AR U 7 8 T 2R - DK i Ly
Gt NI R (Liu et al,, 2005). BF 78D 2 28 LT 3 B 1 R0 74 g AR
P 3L SR 2 PR WS B, Dy — B - I L (R SRR
2O JE DA AN RE G b 2 4 (1] 5-2 A1 5-3).
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Figure 5-2 Geological and structural map of the Huangling massif
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Tl el R b= AR A G [ R . 59 P AT 25(2009) 38 3 X X 45k BRI 25 2 40, A
N RN T B ARG, W S - T A0 A R B T O A A
TR, & HFERE G e Tl a ok, T oG5 M e m R e AR b
BANZRUE, JFAEBEE DU )1 b i I 1 e e, 5 38507 AR - K3k i 1) R 1)l e
FrHi(Wang et al., 2003; T —-E%F, 2009). ¥ E§(HN)AI## K Z2(SND)-#% % (HL) B
WBEAE IR — e -3¢ - B T AR TR R P A R g5 (B 5-1). DY )1 kb v b
R AR AR A I OB R R e R UL - AR B 1 4 R AR ST 461 B %% ¥ B2 (Meng et
al., 2005). [FIFE, AR5 3t 5 1 0 g A A - g B b 7 K B2 1L e ok -
S B] ) SW I e e S A bR 3 T O SR M (R BHA A A (VR KIEAE, 2010; Hu et
al., 2012; Shi et al., 2012; J.H. Li et al., 2013b).

3 EEE ARG S A A AR RRE Structral

geometry and deformation styles
3.1 B okl K H J LA %% Bulk architecture and litho-tectonic units

BFAM ISR, 35 B RO AE LR SR I — DA R SR E T, 7
bR 73 km, ARVG5EL) 36 km (& 5-2). ST R AR 22 th =& -1k %
RHABM R}, ERE T ZHA R TT ARG 2SI AL AR I N-S (A 1) 3%
A, JENIE E-W K E R4, B8 NE-NEE [7 01| 3-S5 3 75 9% /8 454
o B T AR A 24 B 23 Ry — A 1 B R A RR A B S R, R R L =B -1k B
RN, WA BAK R AT AT TR 15 L8 7 10 J] A (¥ 1 22 40300 2 S A3 )
L, AR T E - S RILDGR IR B o 3. BRI T RS T AR TT
T IX G 22 b, (ER e [ AR VG 9 0 1 7 b ) 3 1 — A A 11 - 11 ) 7 (=
5-2 FIEl 5-3E). ARIEE LML KR, EEHER ARG A=A EEE A1
WG DTTG AR IR A, MmidAes, H sk g mEiriZ N, 2)5E
H-th % 2R 2, BSOS R SR, 3) AL, AEEHEFEH
g S IMEE R R b

FE T RAZ A AL RS X, Frfe . RHCAIN G . KELA . Aaea FA &R
WRREE R B e 2 o ) 1 B R oy, HER ARG A LR, IX s s 0 ke
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TRFAIMEEATE, R E UMY, BRI EL IR B TR 4k i AR 4k, (H
WA R FALT- 2o A — 50 NEE-SWW [ (] 5-5D). {EASVER A, bEBHEEAE
41 Hha LA NEE % NE mPoAE, SR 5 HHERIPIRTOREZ TR ML
R BRI R (G S0). J34h, FET5 ROV B DX 80 A /N AR R IS A B,
B AR ORR A AR o e - R M (AR I SUE RO 55 2 k. THTEE 1Y)
RGN R B R ER LML T —A NWW AR mEHiE, ERZUKEE T L
AL NWW-SEE [ I #hi 2R B (B 5-5B). Lk R & fE R4 FUa b AR
TEA AR R TE R S AL B E L P UIR, RIS T K AL AR A AR AL .

TR EIR R UUAR 58 2 B A% 1) DU AL, AR — AN R S A, PR
j H- k2 Z M2 B P IRAR RS AL BE, A —ARAE 20°-60°(14] 5-3A. B F1E] 5-5A); %K
R H-=F 22 R, i —MAE 10-20°(& 5-3C.D A& 5-5E); mirgdLH
o % BL-E B R HZ PR E TR, Wi 2T 15°(B] 5-5C. F). @zt sy
I R PRFLE, SR S W Hh 2 A e AR K, WA AR AR R R M R (E
B BRI ) (6 1 S 2R U A4 e — AN 1] SE R () SRt i (B 5-5G).
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Chapter 5 Origin of the Huangling massif within the Yangtze craton

3.2 5 ERBEAMICHARIE Uplift-related deformation of the

Huangling massif

FEBRATHI I ST, VR 2 IR B BT )22 LA = BRAE s 24 5 2 v #E 2% TR
BEJRANVTAR 55 2 DA SR 525 R B B A0 2 2 1), I B WL 14 12 W7 J2 B3 i
T E FIAAAE (LB AE 25, 2002; 55 5 HTEE, 2009). AR PGP RPN &5 2 AR T 4%
N, LR B R R 2 R RO 5. A, BRI G P 1E 2 ia i
il 7 P £ by - b 73 PO T R

S E{EF Doming

MBI R Y T BOE R, MR R R R B- =R AR, TSR
—RIIREA. plinfER B, L. BELM=8LIE, ’H AL
BRI R E, FAL KT 5 AMAT AR 45 T 7 s 1 38 17 (10 4 KA P K b B AR
[ P T RS R 5-6A B C). JZRRIHEHI Y] 242 & 201K B IR RmHLZAE
R RE 32 2 7R BT RN I /E (B 5-6D). A RS KA IR E 1
ZRVIZE B 5 A SRR, EATRRE R R B v R R s . S5 LT
R, BATI ST R 0 3 A AR AR AE WY R AR B 1 0 170 1 ) T 9 A
fEH.

WREGHTR, PP R B I m AR, AT ME R EAA LR AR
. sk b, 5P FRAC AT R R ERE T Do g2 3. i, 7258 Ra)E
R M =B 8 R E h I IR Bk &, RAE B3 (B 5-7A.
B). HI T ANFEAH 2 1 JF B B o0 A B, I F AT 3T KPR v 30 AR AR AL
Rl )2, fEEMATUE TSR] T A% K GBI R i, o
WA /R T B3I E MBI (K 5-6C). AN, TRV AR BN Z T LR B 1
SEE [M#JR (& 5-5E), #H)JE L5 i 5K 2K — Se85 Wrbn -8 55 294578 1 IR
T EH.

l_l—

BT A AE B A AT RS BB R A RN ERE RS, &
a1 TR M PINER LA, IR R TR T — #5155 BEERM
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RIHE ALTE, HERR VW B EA MR EshE k. WK EERE, AT
ARVG PRI TE LT 2 R 6, JERAME B =000, RI7E S B E pad i vh i
T B P AR R, AR B A DUR TG W AR PEAR 1S (e AR T, R
B LG AR A0E H B AT r AL il e, SRR RN K AT AP AT. SekR
XA ) T B AR A X R B R R A R S R, DS R O
3 [ R4 A 0 47 2 AR FH A P2 9 (Faure et al., 1996, 1998; Lin et al., 2000, 2007a,
2013a). R RGD LHZFREBAN TGN —R, HEMSE5 T SEJLAE
BHTTER. 5346, T B LGRS DU DL A A S 1 U8 S e S R R R
H-=SaRambE e b Bk, mEE R s B A B 8] SR ok 2 -
Tt [,

K 5-6 SRR 3G A A AL
A, R BLIE TR E KEA [ 9T RS AT EMESL B, FE R ACE TR E I BA R R T
Fr s P EMESL Co BB ACA IR B IERAES, BA RGN D. =8L#REICE T
JEB BRI AR T 1A VG B AT, TR S A 2 AR R 1 AT R PR 4R AR

Figure 5-6 Field photographs showing deformation on western side of the Huanling massif

(A) Recumbent fold overturned to the west in the Neoproterozoic limestone; (B) Recumbent fold
overturned to the west in the Cambrian limestone; (C) Inclined fold overturned to the west in the
Ordovician limestone; (D) Décollement-related west-verging fold in the Triassic thin-bedded

limestone. It is noted that the transverse bedding stylolites indicate a bedding-parallel shortening.
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K 5-7 BERHE R EE A A TEAFE
A, FERLHE TR E KIZ IR AR 7R 1 EEf I B Mi83h+; B. Z&LKCa KB KINZ
WEIRAESHE R 7 EEIA E Bigshys; Co ERMATUa h TR 5% H &0k B BT 12 4R R
T bR E M YA

Figure 5-7 Field photographs showing deformation on eastern side of the Huanling massif
(A) Décollement-related east-verging fold in the Cambrian limestone; (B) Recumbent fold

overturned to the east in the Triassic limestone; (C) A pelitic nodule with strain fringes in the

Silurian shale, showing top-to-the-E shearing

gt IEWrYEFH Normal faulting

FETTRE T RHR M 2 BH i P 3 BB N4 3 25 NNW-SSE & [m] (W3, H vH 1A
ARALFEEIRIAT TR I 2 W RORIR TR (R 5-2). ISR i T I 2 b A 3R
[T AL SR, BRI A I IEZ (B 5-3C. E). Wi E I — K
fE 60°-80°, WiTh L& & FIBRAMM DERHR T LA FREmMiEahs. ki3 2y
FIFER-=BLHZ, WE ] 7R A 3 B YRR S A P URR. SRR b
X by BT bt B S TV ZE PG AR R T R . F AR BTN AR S B
TR B 258 = 20 ) R T A R I M (AL < 5E, 20065 XIS ESE, 2009).
R R TUR T e R R = AR, SRR K. AR RE N RHZ 2 (6]
(R f BEA RS R A N IR — L. MAh, TERBR T RN TG R 3, A — AN/
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M E L A AR S B RS AR Z E(E 5-2 ATE 5-3B). LA,
fEH LT R R A 218 2 7 1 W BT

4 R R IE-FGEAL T 52 Tectono-thermal evolution

4.1 A RIRFERZEPE Previous geochronological data

WK BRI b 5 AT T K= MR, B8 A U-Pb, 245 (-0
YIRb-St, A BB AP Ar (BE T, 1984; B, 1989; 14,
1991; 2B, 2002; 5 K#5%E 2002; 20 K55, 2007; Li et al., 2004; # CE4E,
2006; ERAEAIGKALAE, 2009; S.B. Zhang et al., 2008, 2009). X 64 E I 40 T 14
5-8A. A U-Pb 6 BT 794-837 Ma 2 [8], NARE 116K A R MR AR,
HAB/NEZE— AN INK A 455 -1 1) Rb-Sr 250 2 4E 5% 805 Ma AT REA TR T 445
A HER. MINARE S EE YA Ar AT 770-900 Ma, bk B 45 ki
MR IIAENE 770 Ma 1 801 Ma FIREANTR T 25 FvA 50 2 A0 ST W3 P L2 B (1
WS R MR, AN Rb-Sr M1 K-Ar R RIFEA 2 3 B A Hil i
AR, B B R G A A B R e A DR — BLAL TR 5T
JZIR(AEE TS 10 km).

B (IR PR 2 M R B, AR 1228 (FT)AI(U- Th)/He 7€ 4F CL4 BN L) 3R HL 5
PR T3 5 3 S ) — P B 5. DG T BB T R AR AR A (U-Thy/He EARZEM
TG R TADHIE, I BRIE T 58 01 RHZ I 1 ks 0 2 55 R B B A 14 25 BE (T
FEPEEE, 2009; YFKIESE, 2010; S.B. Hu et al., 2006; Richardson et al., 2010; Li and
Shan, 2011; JM. Hu et al., 2012). XEFERB R4 T K 5-8B. i FT Al
(U-Th)/He “F# LA B, AR Rl 2> A 7E 158-195 Ma 1 121-309 Ma, H 3 ELEH
FER AR, TR TS AU A A 7E S P AR AT A T3 220 °C (85 /4 FT 3
PR ) B 180 °C (#47 (U-Th)/He 3f P IR B SE IR I L. B FT AR SV [ 72
87-137 Ma, TR/RT{FE TS AU A A 7E 7 (I -0 1 S RO & e 2 T
100 °C (WK A7 FT 35 PG ) S5 iR T BT, B 2K A (U-Th)/He 85/ T 39-102 Ma 2
[, VEMETE 40-45 Ma, FR/RSEREE R ARET) TIE R T R, 40,

RIHEZEAF(2009) 03k 15 1R R AR B IERA, SHL. RP DM A LB A1
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Figure 5-8 A Compilation of U-Pb, Rb-Sr and Ar-Ar ages from the Huangling granitoids
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Figure 5-8B Compilation of apatite and zircon FT and (U-Th)/He ages from the Huangling massif

AFT: apatite-fission track; ZFT: zircon-fission track; AHe: apatite (U-Th)/He; ZHe: zircon

(U-Th)/He

4.2 K MDD Eifl) K-feldspar MDD modeling

H T Z 7E 800-200 Ma JAIR] (9 AEA 2= 5%, DRI AR AE A PR i 721X 18 K R B
) N B2 TS R PRI AL 7 5. D T R R B TS AR T I AR ORI B AL
s, AT R A RME AR RS TERE A 3 MR AR IET T A Ar B
BT, HRAT T 238 Bk (multi-domain diffusion, 455 MDD)# LR, K
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WS SR RS MU TF A AR, A, SEIRFE 1100 °C B E R 20K, S SR
B TREZE, BLLER1200 °C LA E)I#E 2 H 728 I 0 77k
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Figure 5-10A A synthetic curve showing tectono-thermal history of the Huangling massif with

emphasis on the dome core
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1T 322 Y6 21 o A 2 AR i 8 i s LD URRIN TB) AN T 750 Ma (Zhang et al., 2006c¢;
X.M. Liu et al., 2008), X 53BN kK A I ZERE 748 Ma A — (5 E T4,
1984). DL b [ 4 % B 2 B 1 [X AT BETE 820-750 Ma HAIRIZ ) T FEFHER, MK
J& AT e hLIE I R I 2 BRI k. 25, BRI U R B R
DURR, X 53 B X R ELAE AU TR S DA 1) 22 B A i e 2 H R e FAH —
B JiAh, SCERAE(2006) K IR HLIX (15 AR FITEZ) 740 Ma HI v UM (DR Id s
) r] 5 HH AR G e LG K LD ) AL, R R X ekt 72 T e R AR T H SRR T
e PR B R SR AL I e AR SR b, AR IRAIT ST SRAS I = MK A MDD BEDLA5 R
Al AR s A X AE R o b R 22 15 1 22 e v 2ida g 2 (B 5-9). AvA &0 ith
LAl AR B IX — B 76 ARV SNSRI~ 3 ¥ 21 A2 2954 20 °C/Ma (B 5-10A).
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e Rt AR B i LR . SR, RF T AR B o AR AR L R R R i R
TR IERI-ZIF X, 7 se i N i B AR 52 52 (Lin et al., 2008b; Faure et
al., 2009; Charvet et al., 2010). 534k, &8 -Ue #4018 R TTAR ) I Bk 2R AE HE e
W AELE, I BN E B4 sohnil i i BEA B ST AT A RS, B, &
AT R A AR R A E AT 901X FT R = 2 DL TR AR A R 5, AU A
T I M X R S R A B,

FANAFE AR S THT1L MITE R TN TH147)(%) MDD 540,45 S48 7 it
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AR, HA SRR AR I R . B AR LR TR
BB A 2 LN RET 2K E, indbZ 208 - K )i L 7 (Faure et al., 1999, 2003)F1
P i P L0 - 35 W 1 i P9 3 1L 77 (Chu et al., 2012a, 2012b; Chu and Lin, 2013). # %
Hb X AT IX P A3 L AT S = AT XA, X B2 = S 2 )36 R L.
PERNFTEENSE 3 IR 8L, o =B 48 AR n] W4T AN BB 4 fi (2 B e 55,
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Figure 5-10B Cooling history of the Huangling massif from K-feldspar MDD and AFT modeling

I PR AR 42305 1 (U-Th)/He (R AVE A0 78 LARIRBF 4B R 1 s B 15 A
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A5 T AR 1 T8 K AR AR RN 48 B — B (IR 0SS, 2009; 11K
4% 2010; Li and Shan, 2011; Hu et al., 2012). iX&b45 FIL[E ERHF 7L X AE 200-160
Ma SR FEA b T- 208 HIB B, T d5c 0 B S K74 0 S0 R AR AE 160-110 Ma Z ],
BHIE R 28 2-3 °C/Ma (K 5-10B). B4R Richardson et al. (2010)% R - 40 Ma PAK
=R UIE F 7T, A0 HZRAR AR R0 46 SR R R TE I ok 2 - L 1 S 4 34 ] A7 7
BB A ISR, BIAMIAE, Hu et al. (2006) (IR 7T 45 S 487 H ) 2 504 H 5 2
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G4 )2 1) E B YURDUR, T B B AR B A R G S O 2 L R M SR ST T IR T8 2 R
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5 % & B 18] AT B AL ] Formation time  and
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BAAEE, LORHMBRENEEES TS WRIME RIS B X
TR TS R T BN 18] B2 AE Motk 2 - 5L et |), 28D iy 325 A K AR
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T3t 4 00 R R AR (VP K45, 2010; Hu et al., 2012; Shi et al., 2012; J.H. Li et al.,
2013b). XAMERE S BT R S R &, 8 [ R 155 350 5 BOE B
B RBICATER RPN UATERS, X570 1 Sbr A H (K 5-11B).
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il 5 2%(Lin and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a). M\ [X I8 {8 & ¥ i
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IR 2347, 1 L4 LR A e P PSS R MR s B 1 AR R (8] 5-11C). #E M b AR AR
XA R 5N, R RME S e Ui B T AR v AR 16 7 3R K2R T AR I AR
. TERRRERT B BT RBE A 7 7 W B A I 72, HL AR O0LE A AR BRI 7
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Figure 5-11 Three possible tectonic models for origin of the Huangling massif
(A) westward thrusting; (B) eastward extrusion; (C) extensional uplifting; (D) the profile of P-wave

crustal velocity structure across the Huangling massif (modified after Z.J. Zhang et al., 2009)
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K 6-1 A, HdbRe S e i -0 AN me AR G P AR AQ RIS 1], B HRIERE 5 e 22108 - K05
AR RS N Bl R SRR A 525 C. HRIbRE G R ZR 0 - K i AN i A Bl G P 2 A QA A IE A 5K
RO 7 JE A T (AR SR AR AR BRI 228 SR L 1E 30).

Figure 6-1 A. Tectonic map of the Late Mesozic extensional tectonics at the southern margin of the
North China block, Qingling-Dabie belt and South China inland; B. Cooling paths of the extensional

structures; C. Timing of the extensional structures (see text for references on geochronologcal data)

e A B X

X bG T R e I PR DR BB R A A SR AR B E o B e 1 4 Je )35 15 5% (L,
2000; Li et al., 2010; Wu et al., 2012), H g X i A A= AU e i 1 ik ST AR A5 PR HL
o3 PR T4 2 2t RN /D B )5 K B B (R AR AR RN IS, 2002; 7 RTAE, 2004; 5K 1%

&5, 2012). HETREWSHE K & W BT U i) A J8 S5 P K BURTL R 1Lt e A, H
NE [f] SW R UCHBME B (ROE2%, 2007; Zhu et al., 2010). J5 L2 % (Lin et al.,
2000). Kz S (AT Z RS, 1998; ARKIEFT). BRINLAZI TS % (Faure et
al., 1996; &7 A EE, 1998) 147 111 B FE (TR ISR, 1998; J.H. Li et al., 2013a).

e P A e 2 B A A R DR, A% A DG PR B - L S R A
HIRNAE, JRHA D AR T G E AR R (El6-1). A I e 2 B A B R A R
G EREE, WK AT, B TWrbea R SRS, SRSyl
B AAE S BEVEMI, S PR 2 LA 1L S R R SRR B A A R A, P8
2B BARA AR B I R R R B BE R T, TARESR)R L S LD 7 2R 2 )
AR, WrTAE B e T S s (R R 4R Ao e e v ) S 2 e T AR TR LA (L et al,
2000; &F RAHEE, 1998; J.H. Lietal., 2013a). Z|HfTA1E, HE5E RS K ILEIGAE
Jlt DX R A S AP M P )4 5 B 2 2 7 R B SO B R . AR R P X
ot B ) 4 5 AR S AL T B s A BR P e e M

AT FER MR 25 11 -FE T L FE R R N2 AE NW-SE B R AE H N Hid
AL, FEVEIR = L 2K B R B = R I NW-SE [Al ) P {4 203
[ NW [Hig3)%. 1 5 v AU R B 2 R I 5 K = L —Bumigis L
SRS S 2ERFRFAE(LH. Li et al., 2013a). J5 (LS FERRF 55 2 o R B 1 _LER R NW
13 2 ORI T Jd Avp F A 4b, A A B 57 1 BA NE-SW [ P A 2 3
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WS FEK A5 7 F) NE A1 SW K 2 BY)/E H (Lin et al., 2000). 17 3488 55 F 7
P BT U1 s HAT NE-SW ] (8 P (2R 3R B35 SW KT BT D) A L (R 2%,
2007; Zhu et al., 2010). WFHTAE R E LSRR TEAH H Y& NI N-S 7], 183)
LRI EAA S BTV I (Faure et al., 1996, 4F 2%, 1998). X 6l F- KGR
¥ 5 e b vz 38 B A A - K L — B X 4k NW-SE [alfft Jg 4k, e ik AEAE
NE-SW [ {1 Ji& #4) 1.

KT R U R P9 R 0 e 25 BRI i N O — S8R5 DA, TR AR
AEHIT T s P 1L 2 32 4 NE-SW R R AR T K AR AE 132-126 Ma, T ST HI=
W 25 BB B YR IE T 2 B A = BEAD 2B 5 BE Ar-Ar SE887E 111-93 Ma (Lin et al., 2000).
KOG T E LTV E = 8 Ar-Ar R 7E 129-126 Ma Z[H] (Zhu et
al., 2010). AR SCHF T4 R R 5K 2 (LR 2 A R AL A R AL ARTE 132 Ma
FAi. WHERIEE R A UGB A A T — MRS’ Ar-Ar 4584 132 Ma
(Faure et al., 1996, &F RWEE, 1998). 7 1L 5 FE PU S Ay B W /= BY )7 P [R] AL 3 ) 4
K B (S 47 U-Pb 4E85 4 136 Ma, i BY )35 BERE 2 P (1= BF VA Ar S8 1
98-108 Ma (J.H. Li et al., 2013a). X LeEAX 2 2 FL3R B A g W o AR A R )i i AR
(I AR T 7E 136-126 Ma, 1X 5V &) [ Fir e s O PR e 21 FEAR S B2 (] 6-1). 5
Ab, I LRI L 72 45 BT $8 /R E 110-90 Ma 1 [R] 4 5 Y i AT REIR 42 7] 7 AR G
B R A, 3K — R AR e AR R A6 S AR - X 3 L B AR

gi iR, MR ALk e Py R e o R R A IR R H e B GRI) ven s/ e
AR T B B B R IOy B A R T ANIE Lt A 0 A o
AE (AL, Fsg b, JEAR-5K )\ R o5 & IO R X AN RIRE JEE & T
BRI a3 ), A FEUT P Bl b X (10 o e )3 22 R B AT IR Ahf R P52 1) o R 5
[FIREAE A (AR, s sl Rz A, sedh, ANtk dE 1
SeALIE)FE R PR RUUCE R 2R 18 1 AT L TE AR I C, AR
PO = BRI T — B E AR TE. SR, Er AR ek id
kB AR ERAS—M, (A2 - NW-SE i e 75 a #5122 1 (130 Ma /&
) TSI 8] 5 At — 2
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2 DR K Fifi 25 2 Hh AR A B A i 25 W Overview of the Late

Mesozoic extensional tectonics in the eastern margin of Eurasian

continent

AOHTFTIR,  DAZR A% A 2 AR I e v A AR A Fe 5 T R0 B 72 2 b 7 R I Ko
REGTZRE, MR T AR R s R X (E 1-1). JUFRTA S B E LA
RSB RATIE NE-SW (W7 18], AR 7 6 WY i) oK X 4B (¥ NW-SE 7 [a] i) i i
(Lin and Wang, 2006). IA I TAER B4R 2 50 5 A A TR SR &
Wr )2 A R A 2 B9 NW-SE [). 1717 HL T R I 138 ) SR E AR A7 TE — 8 IR,
B E — 52 DX IUABL A7 ZE X R PR 25 AR s 0, 7R3 DU /R B DX 552 1 - 58 Ik
o 4% O 2R AL TE U (1o 55 B LR S T2 R BN 38R SE HIBY LI AR 2 (Zorin, 1999;
Mazukabzov et al., 2006, 2011; Donskaya et al., 2008; T. Wang et al., 2011, 2012), i
7T SE %% 7 E AL #E A& & i) Ereendavaa 22 A% 4% %4 Al Nartyn &3¢ SN A4 L
S NW 3748 /. (Daoudene et al., 2009, 2011), X — X5 M 43 AL P v
S-S0 YT W A B B R IR LR (B 1-1). ARSI B R AR A A X [
BEAFLE, SRALVE AR AR AL 2 A W T MRS =221, AR E AT 5
& SE M 3F B A5 L #517) SE i53))%%(Webb et al., 1999a; Davis and Darby, 2010); fij
JEARFAT B S B A AR AL AR AR RS L IiA A K S . IR AR AL AR
SR VL AR IEAE B 2 S r X R B HOFR S 20T SRR NW U, 578 NI
I3 FREA _EEBE NW i85 2%(Lin and Wang, 2006; Hacker et al., 2009; Charles et
al,, 2011), XFRIFE L RBIAL . Bz, s a0 A e
A SEAT (B 1-1). ISR I I A LAE 5 B9 W7 2 AL 3 LA 23R B b SR ol
B Al LA 22 58 LU AR ST RZ A 5 R DA B R AR 8, T I 25 P PR R R A 3 R A8
WA SO A 5 2 e ) 3R B s B I 2 2 it iSO i () 6-2). IR s 2 i
R E 1 LS R S AR A VR R B T Z AT IR AR I (] B A AR
S8 {40 T PR 1 AR [FJ PP (Lin and Wang, 2006; & 6-2). 2488 i g JU1 L R G
(1 oy T U 25 I 5 B AT BS B A R I 80 MR B R X AR TR 9 — AN R E A IR N
J87% (Charles et al., 2011, 2012). HakH- K7 S 4w P B A R IH R LT I
TR -5 8 i R A I A o o R ot AR 4 2 R R A (K s, I HLAR SR LAY
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KA A AR Az 2 e A R R R A AR (TLE I, 2008; 5KEHFEE, 2012). X
ALLF i 7 RIS i 2R ¢ e P AR AR R A3 AT 170 S B0 SW I 55 e 3.

WERIEYS ZR ETEL P
TR TR TREGE v
117-121 Ma 116-118 Ma 116+£2 Ma

b KITILER \1 SEE
. y ; / T

= = < = exy. P

z

IR i
BIEREER

HEETER MHTHRLE | o] FEEHURE
Bl 6-2 BTG AR A R BB . 5 AT A SR 20 7 1 A = i P (5 ) 1 AR A,
2013a)

Figure 6-2 Schematic crustal scale section showing the Late Mesozoic extensional domes,

magmatism and rift basins in the northern part of North China (modified after Lin et al., 2013a)

IR T AR G B [X e 2 A 3 14 31y 3 2 ML) 3 R AP 58 R 18 (1 8 ]
(Lin et al., 2013a; #R{ESE, 2013a). A AARSH ARARIS J, ol AT BT o ] < 350
ORI P 2 00 2 — AN DGV [ B ) R, 268K 22 Ot 7 3 ¥ A AL s Rod R (1 9K 3 7
VA4 R AR ) PR AR A D%, X 2 H AT ST I s (Ren et al., 2002;
Wu et al., 2005; G. Zhu et al., 2012; K HFESE, 2011). [FRE, XF Tk & BIRTTR
HIRE, WRCE R AR H S 2 AT HES(Zhou and Li, 2000; Zhou et al.,
2006; Li and Li, 2007; Ling et al., 2009; X.H. Li et al., 2013). 2Rif, T & A FPEEAR
77 2 B A 150 2 2> (Engebretson et al., 1985; Maruyama et al., 1997; Sun et al., 2007).
AR I AR 2 nT LA I i g R 17 i L 2 0 9 0 s B 2R A F e A, LK DA
BTt A 2 1 5k - S0 O iy A e At e 2k S 2308 - K0 s T A (1) L1 8 B T
T AR R AL G, X 5 3% [ P R 20 48 A J AL 7 ~PAT T IR o s S A A AN
[l R S A 20 Bl W AP E A o [ AR B AR AR A T, B R ) STk AL
WAL M KRR 2SR A, 2012). tF — LB 5 E D ONIR D Bz DU /R 4
JbAb S J 5k - S0 8 Yo s A JE A1 b 58 - S0 VR PRI AL AR DG, i, R
AR T AR B A 52 0k -0 R IR S SR AR T I BT B Rl A S 1) ) R R X
(Meng, 2003). iX/MEERBLF BT AR T 58 - S0 8 I sw Al (i R M IR 3 )
S, AR DAARRREIZE B 52 ot - 50 B o i 1A AR bt X R 2R - K 507 42 A A o A5 DX 3k
EREBERMERG. EHS(T. Wang et al., 2011, 2012)FaL 2 1755 -50E 0w
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FEAR R o 1 A L 3 R P s A R S AL 4 T v AR R RS R A R vz D
IRFNSE L IX R B A A i, HIX — i B SR A e i B A 1) SE R R 82 1 E 34,
1% 5512 M [X )4 Ay it LR [R) B M B 05 R AN — 2 (Lin et al., 2013a).
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Figure 6-3 Extensional structures (extensional domes, syn-tectonic plutons, detachment faults and

L

HFHE 3~ 55 7= #BFL =

[ R B I RSt

rift basins) and their geochronological ages in eastern part of the Eurasian continent (modified after

Lin et al., 2013a)
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b4, Hedb-Herg = B A0l BED - WROTE i AR AR A (5] 45 Aok A R Aok et Jrg
X 1 80 70 2 R, AEE IS TA) b B S G 5 i b AR AR A I DT A, LR PR 1 5
Wi, T RIX a2 BRE 18, 2R A BAE RS R A DB 3 P k.
11, Ratschbacher et al. (2000) 1A J9REANRRAY K Fifi R 2% (1) 4if J@ #4038 mT Re Il T hu i 598
YRR TG A R - 5 oty 5 AR 17 7 A PR 1) 2R FBURD IR A 18 8 X oty -7 7 1)
Mo a3 5k FERI LR S E I RIS R S SC8H(2007, 2008) 4R iliiz3h”E LN
AL T 165 Ma F“ZRE 2 [a) 1 3R R AR i) A TR 0 T3z il P gt L R i A o,
S e [ AR 8 A Rk L A e L L Tt PR 1L s P 2R T ) 5 38

FRA T BRI K i R 2% 28 2 (0 1 JR A B VAR R TRT L (B 6-3), 5271 - 58 IR AR
B W E T R b, AREBMIB S A TS A BT
b G L (BRSBTS LA, B - B P L ZR - -5
v He /R v R 3 1 | VLR I L (BT - T W 1L T A 3 L ) B I R BRI
KR BAERREZ B, Wl S, iRl e L, BRIt 4 H
— NN BEZ AR R B A, &N T XA e B B P B 1) 5 R B W S A OGR4
AR AN F2 i [ 38+ AR, D IFE 130-126 Ma 2 [H(B 6-3). Hf B 4R 3B K A A 5 51
AR, AT AL T X AN B, SR FLAE Hh 52 g e 31 1 A ] 2R A H
(Wu et al., 2005). GIHTHTIR, X EEHRH AL H Ay b it 5 1 22 tHAeh e ot o SRR AT
AR IR R 15 S A, I A Rz L 56 [ 76 30 1) 0 A8 B T 45 22, DR T Gl A 5 22
SEANARZIRNIR. B AT — Pk B AR il G i AR SR FE B B AT R 2 1A
B )V A R RIS R B B R, (AR S E DRSS J1(Lin et al., 2013a).
DR TS R AEAE S B IR R0 A P BB Bl (R ) SR B AT 2 2 A el
RS B BRI ST 55 1 W22 B 1A I B AR W) &, IX BV 2 4 1 L fif
JE )i 5 b R B AR X — MRS ) A S 5 LR 9 JJUEHE (Lin and Wang,
2006). 52 IE A I — MR B A AT B AR IR i AR 5 DK B TR A
& BA oy B R, R BAT AR S DRt A P ek 2 sk v S BN
PR NI AT, BT RLLERATTER AA VR K i ) ) 2% B IR R R 1 2 X

3 454 Conclusions

ARSI A LARRN, Joil i S e A R b 2 i) vy s/ v e 3 LD s, 38524
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FE I LA B K 2 - R LR ol b . FRSE R R, BIRE TR
(TR A AR A AL . AT 5T 3R BH AN [ R4 L AT R A Je R I R AN 56 4 — B0 il
AR LA 0 PR 2% 5 AR R ) L e 1) e DK 2% 5 W e T A BN = 8 2 v
e I LAl 2 B A R G, TERIERER AR R BN B AR AT e
TR LA UL A R A . IR Z B T R B A&, 8 STEkZEm
AR T LLNW-SE ] BB 4042 4 28 BRI b 350 [ NW I8 3h 2% s . fl b (5] i 30
(IR & 5 A1 PR IR RA) 3 AR N A, 3K — {1 SR AR I T REJT 4R T 49145 Ma, %130
Ma LALLAR 55 B 0 An IR BIWEHH. A, Mk 2R . K& AN ) Lt 3R]
03K T AE(110-90 Ma)— i 1f. Kz -5 Bla F etk 2 (150 Mafe
AR E (132 MaZei AR AR R, 3 rh e 1R A A4 FENW-SE [ i Ji2
TER R RIMIER AL, PLA AT L K & S m 7 25 W2 e s, 0BT 5L 2
0 b S ek R T R AR R S T IEN-S R g, HENII AT RRARER TR
TR DB AR N SE INE AR, SRRV R & T 5 )5 I N-SIa] 1 A
PRE ARG, PR TGBEARLE, AR A8 T LUAH T 1) = 0 TR 9 20 9 s
L, MG B INOR R AN E LB — BUR R LR T Mk - R g il 2 A, X — RS
A% 28 4 14 1 2 20 Ao o ) s (L AR s A e o FEE P v R b e AR, B BRAM e 82 114
Rl R348 B R AL, B 55 R AFAE I TR 55 )2 A8 TE) R L R X FIREL T T 5
b T 3 A A R R T R ) DX B A e A .

i X3 B B EEAITFE, DA D BRI A Bl A< 25 e m A AR i g 3 2 R B T AR
KB (MRS iz VIR — B2 3 E e A B XIS 0 A, ARl T ARk R 1 b
e, Hidsk 7RI ) NW-SE FiffRfEH, JF Hix—{RRIEHALFRA
[ 4 R PN Bl s R . X S A G A b Fe AN R R IR S A i IR W R ik &
Mo, MR R S A R AR TSR AIIIBOE. BN ST IX T K AR S
ARSI F B W7 )2 P 2 DL fef e SIS () 24046 5 19 2 Ak, ZE PP 130-126 Ma 2 [].
W45 AN [7) - 5 [ G 30 A 2200 8 F 0 e e 37 s pIL i, R K Il AR 25 ) e Jre #g i A
JRIALAGI AR R E B 32 56 A7 IS8 1Ly AR AR S A Rl R A FH . AR SO IR
T R A Rl 2R Wi mh AR AR e A & IR 2 SR e sl 0 2218 gt 1 LR
PG UEYE . 4R T ERRE KBl e A R VR AN R B R AR AR I AR v, R I 5e Y
LR B GR AN AT, A RIS ORI T SR 7RSI 3G 1 5T S A
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Appendix

® 3-3 ME- KOG LA g s Ar-Ar AR
Table 3-3 Ar-Ar data of tectonites from the Tongbai-Dabie orogen

Temperature 400 396 N SayPAr YA Ar 4OArr 3()Ark Age £ 20
(°C) (%) (%) Ma

QDSS, Biotite, ] = 0.0033190
850 17.12732 2.03465 0.00436  16.02954 93.43 7.06 93.73 + 1.87
890 17.55740 1.03210 0.00346  16.63127 94.64 1526 97.16 = 1.37
910 1728963 1.35561 0.00247  16.68706 96.40 1859 97.48 + 1.39
930 17.09302 1.24485 0.00239  16.50325 96.45 13.72  96.43 = 1.09
970 17.09465 1.42535 0.00255  16.47275 96.24  11.57 96.26 =+ .86
1010 17.16790 2.25453 0.00240  16.66867 96.91 11.40 97.37 + 1.18
1050 1690514 2.20662 0.00196  16.53108 97.60 10.54 96.59 + 1.12
1090 16.58769 3.74276 0.00265  16.15460 97.08 6.67 94.45 + 1.61
1150 16.53644 6.75916 0.00351 16.12884 96.97 417 9430 £ 1.22
1300 1960514 14.82216 0.00987  18.09599 91.14 1.02 10547 + 2.27

JS 109, K-feldspar, J =0.004878
750 2732911 0.00434 0.05448  11.23096 41.10 0.57 96.45 + 2.70
770 1590064 0.00945 0.01285  12.10528 76.13 1.60 103.75 + .80
790 14.57728 0.00959 0.00698  12.51568 85.86 1.05 107.16 = .70
820 14.80696 0.00478 0.00527  13.25121 89.49 1.41 11327 £ .71
850 1486725 0.00590 0.00395 13.70111 92.16 1.88 116.99 + .67
870 15.05601 0.00789 0.00408  13.85175 92.00 1.70 118.24 + .68
900 1556376 0.00344 0.00492  14.10916 90.65 1.85 120.36 £ .61
930 15.79678 0.00293 0.00560  14.14330 89.53 1.80 120.64 = .68
960 15.58706 0.00473 0.00531 14.01771 89.93 1.69 119.61 = .66
1000 1596939 0.00658 0.00598  14.20226 88.93 2.69 121.13 £ .60
1030 16.18195 0.00406 0.00636  14.30310 88.39 3.01 121.96 £ .60
1060 16.11185 0.00381 0.00560  14.45585 89.72 551 123.22 + .57
1090 15.65644 0.00310 0.00373  14.55386 92.96 7.67 124.03 £+ .54
1120 1557977 0.00107 0.00336  14.58726 93.63 6.80 124.30 + .54
1150 1558318 0.00048 0.00341 14.57588 93.54 6.43 124.21 =+ .57
1180 1565254 0.00170 0.00321 14.70522 93.95 721 12527 + .53
1220 15.73328 0.00156 0.00319  14.79081 94.01 1345 12598 + .57
1250 15.73537 0.00182 0.00305  14.83379 9427 1409 126.33 + .60
1280 1587590 0.00199 0.00301 14.98572 94.39  10.50 127.58 = 1.93
1310 15.81088 0.00022 0.00313  14.88651 94.15 520 126.76 = .58
1340 15.87854 0.00038 0.00319  14.93648 94.07 276  127.18 + 1.89
1400 15.89830 0.00423 0.00348  14.87021 93.53 1.13 126.63 + .73

DS49, Hornblende, J = 0.004800

820 178.16328 0.74732 0.56871 10.17739 5.71 0.61  86.25 £28.43
900 59.83617 2.93355 0.14804  16.36581 27.28 394 136.75 £ 5.85
1000 2325658 3.24219 0.02685  15.62264 66.99 9.68 130.76 = 1.71
1030 18.58435 3.26131 0.01078  15.70068 84.25 14.09 131.39 + .89
1060 16.55704 3.29705 0.00560  15.20702 91.59 1341 12740+ .63
1090 1559463 3.20449 0.00316  14.95547 95.64 1357 12536 £+ .62
1120 1645332 3.33774 0.00556  15.11774 91.62 5.56 126.68 = .68
1180 1545898 3.23841 0.00393  14.59468 94.15 3890 122.44 £ .60
1240 10.24472 0.54089 0.01570 5.65353 55.16 0.25 48.42 + 6.43
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QD124, Biotite, J = 0.0033440

750 19.11405 3.03117 0.00317  18.46692 96.36 6.09 108.36 = 1.75
800 19.27485 2.19618 0.00364  18.40732 95.32 1042 108.02 + 1.29
840 19.12253 1.66138 0.00327  18.31255 95.63 1245 107.48 + 1.01
880 18.94198 1.62326 0.00229  18.41941 97.11 1484 108.09 + .92
910 18.69991 1.57124 0.00178  18.32408 97.86 1278 107.54 + 1.11
950 18.65558 2.30802 0.00157  18.41236 98.50 11.53 108.05 + 1.07
990 1842932 2.18377 0.00153  18.18464 98.49 10.02 106.75 + 1.12
1030 18.48622 2.67502 0.00134  18.34442 99.01 8.50 107.66 = 1.13
1070 1933506 3.01692 0.00144  19.19690 99.03 7.33 112.51 +£2.14
1110 18.48435 4.89041 0.00172  18.44047 99.35 6.05 108.21 + 1.88
JS 100, Biotite, J = 0.004811
750 28.50808 0.02090 0.04855  14.16235 49.68 2,13 119.19 £ 2.24
800 17.66454 0.00108 0.00968  14.80271 83.80 12,70 124.40 + .69
820 1946766 0.00233 0.01368  15.42552 79.24 8.80 129.45 + .88
860 2201036 0.00473 0.02105  15.78963 71.74 832 132.40 £ 1.05
900 18.19077 0.00395 0.00898  15.53762 85.41 6.30 130.36 + .87
940 2496170 0.01145 0.03153  15.64478 62.67 479 131.23 £ 1.45
980 2499525 0.02230 0.03037  16.02375 64.11 5.50 134.29 + 1.40
1020 18.11257 0.02104 0.00866  15.55584 85.88  12.48 130.51 = .67
1040 1646955 0.00279 0.00357  15.41449 93.59  13.73 129.36 £ .65
1060 1634974 0.00368 0.00270  15.55133 95.12 12.14 130.47 = .68
1080 16.39056 0.00443 0.00277  15.57371 95.02 7.19 130.65 £ .62
1120 16.75114 0.03306 0.00321  15.80586 94.35 388 13253+ .73
1160 1629683 0.06927 0.00297  15.42415 94.64 1.57 129.44 + 1.49
1260 20.92282 0.12848 0.01801  15.61232 74.61 0.46 130.97 + 2.32
1300 5759468 0.02939 0.09128  30.63150 53.18 0.03 248.59 +29.16
JS 349, Biotite, ] = 0.004822
750 102.33630 0.03047 0.29693  14.59540 14.26 0.85 122.99 +70.17
800 40.05387 0.00706 0.08489  14.96999 37.37 532 126.04 + 3.95
840 36.09043 0.00236 0.07126  15.03328 41.65 5.27 126.55 + 2.96
880 25.53959 0.01029 0.03516  15.14958 59.32 521 127.50 + 1.58
920 2231365 0.00100 0.02383  15.27247 68.44 492 128.50 + 1.35
960 2342623 0.02434 0.02853  14.99616 64.01 7.09 126.25 + 1.38
1000 19.73321 0.01132 0.01629  14.91932 75.60  14.61 125.63 £+ .91
1020 1745449 0.00827 0.00898  14.80246 84.81 1211 124.67 = .75
1040 1648120 0.01131 0.00579  14.77110 89.62 1035 12442+ .59
1060 16.32028 0.01075 0.00503  14.83480 90.90 878 124.94 £ .66
1080 1628694 0.01958 0.00423  15.03766 92.33 812 126.59 = .62
1100 1587392 0.00246 0.00296  15.00012 94.50 7.56 126.28 + .57
1120 1586470 0.00503 0.00261  15.09334 95.14 543 127.04 + .68
1150 1729865 0.02123 0.00266  16.51505 95.47 244 138.56 + .93
1250 34.09367 0.04374 0.00739  31.91399 93.60 1.67 258.84 + 1.30
1300 5744824 0.03332 0.01697  52.43788 91.28 0.27 407.64 +£19.67
JS349, Hornblende, ] = 0.004848
830 36421948 3.26111 1.21790 4.60587 1.26 0.26  39.93 +77.21
960 83.77334 4.68072 0.20608  23.34367 27.75 0.72 193.87 +47.48
1040 18.95399 3.07878 0.01422  15.03651 79.12 1079 127.24 + 1.32
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1040 18.63748 3.04580 0.01411 14.74845 78.93 1091 124.88 + 3.97
1070 1541335 3.05483 0.00475  14.28952 92.47 3996 121.12 £+ .74
1090 15.30023 2.96173 0.00267  14.78432 96.38  12.49 125.18 £ .60
1120 16.65833 3.14146 0.00716  14.83200 88.80 1.94 125.57 + .85
1170 1536643 3.02222 0.00303  14.74940 95.74 17.28 124.89 £ .60
1190 1596800 3.09543 0.00505  14.75956 92.19 513 12497 + .82
1250 19.24159 3.38351 0.02225  12.97259 67.23 0.52 110.29 + 2.83
DS39, Biotite, ] = 0.004768
750 6724378 0.00757 0.17596  14.16564 22.68 1525 126.92 + 7.46
800 2579516 0.00520 0.04266  14.38080 51.13  13.19 110.28 £ 1.91
830 2031861 0.00276 0.02311 14.81697 66.40 1349 112.73 £ 1.21
860 21.73407 0.00673 0.02825  15.12086 61.59  13.39 111.88 £+ 1.30
900 3560980 0.01007 0.08010  15.20117 33.53  11.94 100.13 + 4.42
940 2941948 0.01554 0.06309  14.96703 36.64  10.78  90.62 + 2.65
980 2050483 0.00927 0.03139  14.72063 5477  11.23 9433 + 1.37
1010 2043442 0.00421 0.02612  14.83137 62.22 1271 106.43 + 1.23
1040 22.00892 0.00570 0.02916  14.92354 60.85 1339 111.94 + 1.35
1080 33.71764 0.05062 0.06845  15.00427 40.02 1349 112.76 + 3.14
1180 413.59992 4.17601 1.11794  15.10873 20.21  83.89 608.44 +88.13
DS45, Biotite, J = 0.004791
750 2477854 0.00479 0.04648  11.04383 44.57 581 93.23 +£2.02
800 1626453 0.00275 0.01449  11.98372 73.68  23.51 100.95 £ .78
830 19.12269 0.00298 0.02273  12.40471 64.87 10.30 104.40 = 1.09
870 2499047 0.01287 0.04540  11.57463 46.32 7.97  97.60 = 1.93
910 19.75772 0.00527 0.03236  10.19643 51.61 8.19 86.25 £ 1.41
950 19.16933 0.01147 0.03131 9.91711 51.73  12.09 83.94 + 1.38
990 18.38058 0.00455 0.02549  10.84874 59.02 1487 91.63 + 1.18
1030 1827260 0.00325 0.02079  12.12933 66.38  10.32 102.14 + 1.04
1070 16.66727 0.00930 0.01309  12.79973 76.79 576 107.63 + .89
1110 18.15503 0.09474 0.01491 13.75674 75.71 1.02 11542 + 1.61
1210 41.33229 0.50116 0.09868  12.22024 29.55 0.16 102.89 +23.86
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Appendix

®5-1 mEERIZE A A KA Ar-Ar 20T
Table 5-1 Ar-Ar analytical data of K-feldspars from the Huangling massif

40 39
Temperature 40AI‘/39A1‘ 37AI‘/39AI‘ 36Ar/39Ar 40Ar,/39Ark Ar; Ary Age + 20
(°C) (%) (%) Ma

JH446, Gneiss, Kfs, Weight=12.3mg, J=0.005598, Total fusion age=759.6+3.3
GPS:31°19.982", 111°05.738

600 768.67 0.4641 2.1664  128.579  16.72 0.01 980.47 £519.29
600 1523.39  1.1305 4.1970  283.584  18.60 0.00 1719.16 = 1218.25
650 357.47 0.1683 0.9389 80.044 22.39 0.01 669.52 £209.56
650 162.44 0.0618 0.4442 31.186 19.20 0.03 290.98 £31.40
700 503.56 0.0106 1.5083 57.862 11.49 0.09 507.41 +85.21
700 272.59 0.0014 0.7965 37.216 13.65 0.17 342.22 £47.90
750 109.03 0.0047 0.2833 25.321 23.22 0.48 239.71 £17.97
750 127.71 0.0038 0.3432 26.303 20.60 0.53 248.40 £ 21.56
800 60.837 0.0039 0.1117 27.824 45.73 0.94 261.76 £ 7.29
800 56.042 0.0037 0.0907 29.234 52.16 0.91 274.08 £ 5.87
850 52.844 0.0049 0.0585 35.547 67.27 1.48 32817+ 4.09
850 52.770 0.0024 0.0490 38292 72.56 1.12 351.20 £ 3.83
875 55918 0.0038 0.0401 44.083 78.83 1.00 398.84 £ 3.40
875 56.490 0.0035 0.0354 46.041 81.50 0.94 414.68 = 3.58
900 61.936 0.0063 0.0295 53.217 85.92 0.97 471.53 = 3.68
925 65.297 0.0052 0.0239 58.238 89.19 1.37 510.27 + 3.36
950 68.145 0.0060 0.0195 62.389 91.55 1.87 541.69 = 3.19
975 73.387 0.0055 0.0141 69.228 94.33 2.60 592.28 + 3.38
1000 79.840 0.0061 0.0120 76.290 95.55 2.68 643.08 £ 3.51
1025 84203 0.0044 0.0076 81.943 97.32 5.37 682.75 + 3.63
1050 90.313 0.0033 0.0069 88.275 97.74 8.29 726.16 £ 4.11
1075 91238 0.0033 0.0064 89.361 97.94 7.39 733.50 = 3.79
1100 95.529 0.0030 0.0056 93.865 98.26 6.50 763.64 + 3.94
1100 98.871 0.0031 0.0054 97.286 98.40 5.74 786.20 £ 4.00
1100 102.62 0.0027 0.0044 101.33 98.75 4.07 812.52 + 4.04
1100 105.84 0.0021 0.0032 104.88 99.10 4.36 83533 + 420
1100 109.08 0.0012 0.0023 10841 99.39 3.57 857.67 = 432
1100 112.91 0.0010 0.0025 112.18 99.36 4.94 881.26 + 4.33
1100 116.02 0.0006 0.0033 115.05 99.16 6.30 899.00 + 4.39
1200 115.29 0.0011 0.0019 114.72 99.51 3.20 897.01 + 4.44
1225 111.03 0.0012 0.0019 11047 99.49 5.62 870.61 + 4.28
1250 108.98 0.0007 0.0020 108.40 99.47 7.28 857.63 + 4.17
1300 109.13 0.0006 0.0020 108.55 99.47 8.23 858.54 + 541
1350 109.01 0.0012 0.0030 108.11 99.17 0.95 855.76 + 4.75
1400 114.00 0.0048 0.0068 112.00 98.25 0.23 880.16 = 7.46
1500 111.38 0.0005 0.0073 109.21 98.05 0.73 862.73 + 5.46

JH71, Migmatite, Kfs, Weight=14.6mg, J=0.005717, Total fusion age=693.9+3.0Ma
GPS:31°12.906', 111°16.829'

600 587.80 0.5444 1.8277 47.786 8.13 0.00 436.76 £163.72
600 134.25 0.4680 0.3947 17.667 13.15 0.01 174.00 + 40.06
650 111.13 0.1092 0.3269 14.546 13.09 0.02 144.45 £ 33.44
650 97.84 0.0451 0.2804 14.973 15.30 0.05 148.52 £32.28
700 2717.26 0.0076 0.8592 23.367 843 0.12 226.74 £55.92
700 179.64 0.0177 0.5357 21.345 11.88 0.17 208.21 £35.21
750 75271 0.0069 0.1972 16.998 22.58 0.47 167.70 £ 13.25
750 50.819 0.0059 0.1052 19.725 38.81 0.55 19322+ 7.22
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Appendix

800
800
850
850
875
900
925
950
975
1000
1025
1050
1075
1100
1100
1100
1100
1100
1100
1100
1150
1200
1225
1250
1275
1300
1350
1400

40.757
47.777
57516
67.090
72315
72476
73.113
73.372
75.568
77.136
78.652
81314
84.073
84.930
86.684
88.732
89.998
90.829
89.342
90.075
89.940
90.277
89.995
90.024
91.409
93.721
91364
88.350

0.0042
0.0060
0.0142
0.0181
0.0167
0.0161
0.0113
0.0095
0.0082
0.0044
0.0066
0.0045
0.0028
0.0025
0.0017
0.0013
0.0010
0.0007
0.0009
0.0006
0.0073
0.0024
0.0008
0.0009
0.0021
0.0069
0.0311
0.0148

0.0496
0.0443
0.0440
0.0459
0.0428
0.0217
0.0153
0.0088
0.0079
0.0058
0.0039
0.0027
0.0023
0.0019
0.0011
0.0013
0.0017
0.0021
0.0015
0.0025
0.0009
0.0005
0.0008
0.0011
0.0034
0.0066
0.0110
0.0091

26.093
34.682
44.523
53.521
59.658
66.075
68.587
70.764
73.247
75.409
77.502
80.509
83.390
84.367
86.372
88.352
89.501
90.204
88.896
89.322
89.678
90.127
89.745
89.691
90.398
91.758
88.115
85.672

64.02
72.59
77.41
79.77
82.50
91.17
93.81
96.44
96.93
97.76
98.54
99.01
99.19
99.34
99.64
99.57
99.45
99.31
99.50
99.16
99.71
99.83
99.72
99.63
98.89
97.90
96.44
96.97

1.02
0.75
0.96
0.72
0.68
0.93
1.52
1.87
2.65
4.02
6.99
10.33
8.37
6.45
6.80
5.43
6.88
5.10
9.42
8.49
0.40
1.54
2.32
2.97
1.45
0.36
0.09
0.09

25144 + 3.61
327.10+ 3.64
410.07 £ 3.65
482,74 £ 4.03
530.68 + 5.18
579.48 + 3.84
59823 £ 3.51
61433 £ 3.38
63251+ 3.37
64820 = 3.51
663.25 + 3.48
684.67 £ 3.55
704.95 + 3.68
711.78 = 3.73
72571 + 3.67
739.36 =+ 3.79
74723 £ 3.79
752.03 + 3.82
743.09 + 3.73
746.01 =+ 3.77
748.44 + 5.46
751.51 £ 4.20
74890 £ 3.99
748.53 + 3.89
753.36 =+ 4.45
762.60 + 4.96
737.73 £23.13
720.86 £ 17.36

JH147, Granodiorite, Kfs, Weight=15.1mg, J=0.005695, Total fusion age=567.9+2.3Ma
GPS:30°51.400', 111°08.917'

600
600
650
650
700
700
750
750
800
800
850
850
875
875
900
925
950
975
1000
1025
1050
1075
1100
1100
1100

461.75
554.33
96.69
117.33
244.30
118.29
56.791
46.785
46.183
52,011
57.718
64.802
70.111
72.133
70.752
74.189
72.025
69.663
67460
65818
67.629
66.573
65.527
66.360
67.118

0.6943
1.0998
0.0778
0.0434
0.0258
0.0239
0.0436
0.0139
0.0220
0.0129
0.0205
0.0140
0.0156
0.0132
0.0135
0.0176
0.0152
0.0178
0.0160
0.0134
0.0121
0.0147
0.0134
0.0115
0.0095

1.2474
1.4793
0.2434
0.3030
0.7078
0.3046
0.1061
0.0599
0.0286
0.0317
0.0268
0.0292
0.0341
0.0332
0.0276
0.0385
0.0358
0.0289
0.0241
0.0173
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As the oldest exposed basement and the typical sedimentary cover of the Yangtze craton, the Huangling
massif is a suitable place to decipher the tectonics of South China block. Structural analysis shows that
the Huangling massif has an elliptic domal shape with N-S striking long axis, an asymmetric antiform
with a steep western flank and a gentle eastern flank. There, three litho-tectonic units are recognized,
from inner to outer parts: (1) Archean-Paleoproterozoic metamorphic rocks intruded by Neoproterozoic
granitoids; (2) Neoproterozoic to Jurassic sedimentary envelope around the dome core; (3) Cretaceous
terrigeneous alluvial-fluvial deposits, unconformably overlying the dome flanks. Coeval with the uplift-
ing of the massif, the pre-Cretaceous strata on the western and eastern flanks of the Huangling
massif were involved in a series of folds with nearly N-S axes and layer-parallel slip structures with
top-to-the-W and top-to-the-E motion, respectively. The subsequent brittle normal faulting controlled
the deposition of the graben or half-graben basins on both flanks. Cooling history reveals that the
Huangling massif underwent uplifting between 160 Ma and 110 Ma with an average cooling rate of
2-3 °C/Ma. Moreover, the Huangling area was not significantly affected by the Early Paleozoic and Trias-
sic orogenies of South China. Comparable with the contemporaneous extensional structures, such as
metamorphic core complexs, syntectonic plutons bounded by ductile normal faults, and rift-related
basins in eastern China, it is proposed that the Huangling massif, might be an extensional structure con-
trolled by a weak crustal extension. In this case, it will represent the western front of the Late Mesozoic
lithospheric thinning in entire eastern China. However the compressional model cannot be ruled out.
© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction 2010; Li et al., 2010; Y.J. Wang et al., 2010); (2) a series of Early

Mesozoic orogenies around the periphery of the SCB, such

The tectonic evolution of the South China block (SCB, Fig. 1) is a
significant issue for understanding the geological framework of the
Eurasian continent. Although controversies existed during the last
decades, it is now generally accepted that the amalgamation of the
Yangtze block and the Cathaysia block along the Jiangnan or Sibao
orogen created the SCB during the early stage of the Neoproterozo-
ic, corresponding to the assembly of Rodinia supercontinent
(Huang, 1978; Zhang et al., 1984; Shui, 1988; Hsii et al., 1988,
1990; Guo et al., 1989; Chen et al., 1991; Gilder et al., 1991; Char-
vet et al., 1996; Shu and Charvet, 1996; Li, 1998; Chen, 1999; Li
et al., 2004, 2009 and references therein). During the Phanerozoic,
the SCB experienced three main tectonic events: (1) the Early
Paleozoic intracontinental orogeny along the Wuyi-Baiyun-
Yunkai belt, corresponding to the closure of the Neoproterozoic
Nanhua rift (Lin et al.,, 2008; Faure et al., 2009; Charvet et al.,

* Corresponding author. Tel.: +86 10 82998546; fax: +86 10 62010846.
E-mail address: linwei@mail.iggcas.ac.cn (W. Lin).

1367-9120/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jseaes.2013.06.007

as the Qinling-Dabie-Sulu orogenic belt to the north (e.g.
Mattauer et al., 1985; Faure et al., 1999, 2003; Hacker et al.,
2000; Ratschbacher et al., 2000, 2003; Lin et al, 2009); the
Songpan-Ganzi fold belt and Longmenshan fold-thrust belt to the
west (Burchfiel et al., 1995; Chen and Wilson, 1996; Roger et al.,
2010; Yan et al., 2011); the Indosinian orogenic belt to the south
(Carter et al., 2001; Carter and Clift, 2008; Wang et al., 2007;
Lepvrier et al., 2008; Lin et al., 2008), as well as the intracontinen-
tal Xuefengshan-Jiuling belt in the center of the SCB (Wang et al.,
2005; Shu et al, 2008; Chu et al, 2012a, 2012b, 2012c;
Chu and Lin, 2014); (3) the Late Mesozoic tectonic—
magmatic events, represented by widespread intracontinental
compression and extension (Lin et al., 2000; Yan et al., 2003;
Shu et al,, 2009; Y.Q. Zhang et al.,, 2009; Zhang et al., 2012;
Zhu et al,, 2010; Li et al,, 2011, 2013; Hu et al,, 2012; Shi et al,,
2012), as well as massive granitoids and volcanic rocks in the
southeast (e.g. Li, 2000; Zhou and Li, 2000; Zhou et al., 2006; Li
and Li, 2007).
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Fig. 1. Tectonic map of the South China block and the location of the Huangling massif (modified after Faure et al. (2009)). The Bouguer gravity anomaly is projected on base
map. NCC, North China Craton; SCB, South China block; NSGL, N-S Gravity Lineament of China; JSF, Jiangshan-Shaoxing Fault, represents the Neoproterozoic suture between
the Yangtze block and Cathaysia block; CLF, Chenzhou-Linwu fault; TLF, Tan-Lu Fault; HN, Hannan massif; SNJ, Shennongjia massif; HL, Huangling massif. Late Mesozoic
extensional structures: XQL, Xiaoqinling MCC (Zhang and Zheng, 1999); TBS, Tongbaishan anticline (Our field survey); DBS, Dabieshan MCC (Ratschbacher et al., 2000; Ji et al.,
2011; Y.S. Wang et al., 2011); LS, Lushan massif (Lin et al., 2000); HZ, Hongzhen MCC (Zhu et al., 2010); WGS, syntectonic granite in the Wugongshan dome (Faure et al., 1996;
Wang et al., 2001); DM, Dayunshan-Mufushan syntectonic granite (Yu and Ye, 1998; our field survey); HS, Hengshan syntectonic granite (our field survey, Zhang et al., 2012).

The Jurassic-Cretaceous epoch is a complex transition period of
tectonic regime in the entire eastern Eurasia from compression to
extension. In eastern China, a large number of Late Mesozoic
extensional structures have been documented, such as metamor-
phic core complexes (MCCs), metamorphic or magmatic domes
and syntectonic plutons bounded by ductile normal faults, which
indicate a continental-scale extension along the eastern Eurasian
continental margin (e.g. Lin and Wang, 2006; T. Wang et al,,
2011; Lin et al., 2013). It is also supported by numerous rift basins
and giant igneous events (e.g. Ren et al., 2002; Meng et al., 2003;
Wau et al., 2005; Yang et al., 2008; Li et al., 2012). However, the geo-
dynamic mechanism of this Late Mesozoic “lithospheric thinning”
or “Destruction” of the North China Craton (NCC, Fig. 1) in eastern
China are still disputed (for reviews, see Menzies et al., 2007; Wu
et al., 2008; Zhu et al., 2011 and references therein).

In the SCB, after the Triassic continental subduction of the SCB
beneath the NCC, the Late Jurassic-Early Cretaceous magmatism
and intracontinental extensional basins were notable geological
features, which indicate that the SCB probably also experienced
lithospheric thinning or regional extension (e.g. Gilder et al.,
1996; Li, 2000; Zhou and Li, 2000; Zhou et al., 2006; Li and Li,
2007; Shu et al., 2009; Wei et al., 2014). However, the tectonics re-
lated to such an extensional setting is poorly understood, since
only few extensional structures were reported within the SCB
(Fig. 1), namely Tongbaishan anticline (our field survey), the Dabie-

shan MCC (Ratschbacher et al., 2000; Ji et al., 2011; Y.S. Wang et al.,
2011), the Hongzhen MCC (Zhu et al., 2010), the Lushan dome (Lin
et al., 2000), syntectonic granite in the Wugongshan dome (Faure
et al., 1996; Wang et al., 2001), Dayunshan-Mufushan syntectonic
granite (Yu and Ye, 1998; our field survey); Hengshan syntectonic
granite (our field survey; Zhang et al., 2012). From the view of the
eastern China, most of this Late Mesozoic extensional structures
were superimposed upon the pre-existing orogenic belts (Central
Asian orogenic belt, Yinshan-Yanshan belt, and Qinling-Dabie-
Sulu orogenic belt) or along the crustal-scale faults (e.g. Tan-Lu
fault), and rarely developed in inland area of stable craton (Lin
and Wang, 2006; T. Wang et al., 2011; Lin et al.,, 2013 and refer-
ences therein).

The Huangling massif (also named Huangling anticline or Huan-
gling dome) is located at the middle Yangtze craton. As an exposed
area of the oldest basement of the Yangtze craton and its typical
sedimentary sequences from Neoproterozoic to Cenozoic, it pro-
vides a suitable place to understand the tectonic evolution of the
SCB (Fig. 1). In spite of numerous previous studies focused on
petrology, geochemistry, geochronology, sedimentology of the
metamorphic basement, sedimentary cover, and granitoids (Ma
et al,, 1984, 1997, 2002; Feng et al., 1991; Ling et al., 1998, 2001,
2006; Gao et al., 1999, 2011; Qiu et al., 2000; Li et al., 2002,
2004, 2007, 2008; Condon et al., 2005; Liu et al., 2008; Gao and
Zhang, 2009; Zhang et al., 2006a,b,c, 2008; S.B. Zhang et al.,
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2009; Meng and Li, 2003; Zhao et al., 2010; Chen et al., 2013), as
well as the crustal structure (Z.]. Zhang et al., 2009), the structural
geology and tectonic framework of the Huangling massif are rarely
documented (Zhang, 1986; Jiang et al., 2002; Ge et al., 2010; J.
Wang et al,, 2010). The following questions deserve attention:
when and how the Huangling massif formed? Was the entire
uplifting process controlled by a single event or multiphase
events? How the Huangling massif recorded the different tectonic
events recognized in the SCB, especially the Late Mesozoic transi-
tion of tectonic regimes in eastern China?

In this work, we present new structural and thermochronolog-
ical data on the Huangling massif in order to reveal its geometry,
kinematics and tectono-thermal evolution. The results provide
not only new insights to decipher the complex tectonic evolution
of the SCB, but also an enlightenment to understand the Late Meso-
zoic tectonics of eastern China.

2. Geological overview of the Huangling massif

As an antiformal structure that crops out near the north mar-
gin of the SCB, the Huangling massif is located to the northwest
of Yichang city (Fig. 2). Unlike the NCC, where the Archean to
Paleoproterozoic rocks are well exposed, Precambrian rocks of
the SCB are dominated by Neoproterozoic ages and exposed spo-
radically below the thick cap of the Phanerozoic sedimentary
cover. Until now, the oldest rocks in the SCB are exposed in
the Huangling massif with ages of 3.2-3.3 Ga (Jiao et al., 2009;
Gao et al., 2011). The core of the massif referred to as the Arche-
an-Paleoproterozoic Kongling complex, mainly consists of
orthogneiss, amphibolite, serpentinite, metapelite, quartzite, mar-
ble, as well as rare granulite (BGMRHB, 1990; Ma et al., 1997;
Gao et al, 1999). Available geochronological data yield zircon
protolith ages of 2.90-2.98 Ga for most of metamorphic igneous

rocks, detrital populations of 2.7-3.3 Ga for the metasedimentary
rocks, as well as two significant metamorphic events at ca. 2.70-
2.75Ga and ca. 1.9-2.1 Ga (Ling et al., 1998, 2001; Qiu et al,,
2000; Zhao et al., 2006; Zhang et al., 2006a,b; Gao et al., 2011;
Chen et al, 2013). More recently, the ultramafic-mafic rocks
(ca. 1100-985 Ma) exposed in the southwestern part of the
Huangling massif were considered as a Grenvillian ophiolite
(Peng et al., 2012).

The Kongling complex was intruded by the large Neoproterozo-
ic Huangling granitic pluton (Fig. 2). The Huangling granitoids oc-
cupy almost two thirds of the dome core. They are subdivided into
four magmatic suites in terms of lithology, such as trondhjemite-
granodiorite, quartz diorite-tonalite, monzogranite-quartz mon-
zodiorite, as well as mafic-felsic dikes (Ma et al., 2002). Available
geochronological data yield a wide range of 794-837 Ma for the
emplacement age of Huangling granitoids (Ma et al., 1984, 2002;
Feng et al., 1991; Li et al., 2002, 2004; Ling et al., 2006; Gao and
Zhang, 2009; Zhang et al., 2008; S.B. Zhang et al., 2009).

In the Huangling massif, both the Kongling complex
and the Huangling granitoids were unconformably overlain by
Neoproterozoic strata. As a stable sedimentary platform,
Neoproterozoic-Jurassic sedimentary series on the domal flanks
are roughly continuous, except several slight discontinuities
caused by the Early Paleozoic and Early Mesozoic tectonic events
(Fig. 3). Some stratotype sections were established in the study
area (BGMRHB, 1990). The Neoproterozoic strata, from bottom up-
ward, are mainly composed of sandstone (Liantuo Formation), til-
lite (Nantuo Formation), and carbonate rocks (Doushantuo and
Dengying Formations). The Cambrian to Early Triassic sedimentary
series mainly consists of littoral to neritic facies carbonate and
siliciclastic rocks. The most significant lithologies, as synthesized
in Fig. 3, include Cambrian carbonate rocks; Ordovician limestone
and minor shale; Lower-Middle Silurian shale, mudstone and
minor limestone; Middle-Upper Devonian sandstone and siltstone;
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Huangling granitoids (820~800 Ma)

Ar-Pt4
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chert-bearing limestone, and sandstone with coal seams in the bot- facies from marine to continental (Meng and Li, 2003; Li et al.,
tom; Lower Triassic limestone, locally with shale in the bottom. A 2008; Zhao et al., 2010). The Upper Triassic and Jurassic deposits
few hiatuses existed during the Middle Silurian to Middle Devo- are fluvial-lacustrine sandstone, siltstone, mudstone and coal
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cross-section traversing the Zigui basin, Huangling massif and Dangyang basin.

be belong to a single basin system developed in the northern Yan-
gtze craton during the Late Triassic to Middle Jurassic (Liu et al.,
2005). The Lower and Upper Cretaceous formations consist of allu-
vial-fluvial conglomerate, sandstone, siltstone and mudstone that
unconformably overlie the older series on two flanks of the Dangy-
ang basin, and the southwestern flank of the Huangling massif
(Figs. 2 and 4).

As already stated, the SCB experienced complex geological history.
Previous workers interpreted the Huangling massif was developed in
a variety of tectonic settings. (1) With emphasis on the Huangling
massif as an inherited paleo-uplift from Neoproterozoic to Jurassic,
Zhang (1986) considered that the Triassic and Cretaceous events trig-
gered its uplift. (2) On the basis of the regional discontinuities, Jiang
et al. (2002) suggested that the Huangling massif underwent several
stages of uplift and subsidence throughout the Neoproterozoic to Tri-
assic times. (3) From the view of the tectonic evolution of the Jianghan
basin (Fig. 1), Dai (1996) and Xu et al. (2004) interpreted that the
Huangling massif originated from the westward escape, due to the
Early Mesozoic collision of the NCC-SCB in a scissor-like fashion. (4)
Ge et al. (2010) argued that the Huangling massif experienced a pre-
Cretaceous compression, and a Late Cretaceous to Paleogene exten-
sional uplifting as a metamorphic core complex. (5) According to their
understanding of the regional tectonics of the Qinling-Dabie orogenic
belt, Wang et al. (2003) proposed that the Mesozoic northward inden-
tation of the SCB into the NCC to the west, coeval with a clockwise
rotation of the Sichuan basin, resulted in eastward extrusion. The Han-
nan (HN), Shennongjia (SNJ), and Huangling (HL) massifs (Fig. 1) were
regarded as indenters formed during this process. The Mesozoic tec-
tono-sedimentary development of the northwest Sichuan basin is also
thought to have pertained during the SCB clockwise rotation (Meng
et al., 2005). Alternatively, several authors suggested that these three
basement uplifts (HN, SNJ, and HL) as backstops played a significant
role in formation of the Dabashan orocline (Fig. 1), which was con-
trolled by a SW-directed thrusting during the Middle-Late Jurassic
to Early Cretaceous (Hu et al., 2012; Shi et al., 2012; Li et al., 2013).

3. Structural analysis of the Huangling massif
3.1. Bulk architecture and litho-tectonic units

Field survey shows that the bulk architecture of the Huangling
massif is an asymmetric elliptic dome with a 15°NE striking long
axis, with long and short axes lengths of about 73 km and 36 km,
respectively. The Zigui basin to the west is a syncline, and the

Dangyang basin is a synclinorium located to the east (Fig. 2). The
Yuan’an graben and Jingmen half-graben superimpose on the two
flanks of the Dangyang basin. The Huangling massif, together with
these basins on its two flanks, constitutes a nearly N-S trending
horst and graben system (Figs. 2 and 4).

Based on the lithology and geometry, the Huangling massif
could be divided into three litho-tectonic units (Figs. 2 and 4):
(1) the migmatite, orthogneiss and metasupracrustal rocks of the
Kongling complex, intruded by the Huangling granitoids; (2) the
Neoproterozoic-Jurassic sedimentary cover, annularly surrounding
the dome core; (3) the Cretaceous red-colored terrigeneous allu-
vial-fluvial deposits that occupy the graben or half-graben basins
on the each flank of the dome. The stereographic plots of the struc-
tural elements in different units demonstrate their geometric rela-
tions (Fig. 5).

In the northern domain of the Huangling massif, migmatite and
gneiss constitute the main part of the basement. These rocks are
strongly foliated even mylonitized with a well developed variably
oriented foliation, and a consistent NEE-SWW striking mineral
and stretching lineation (Fig. 5D). It is worthy to note that the folia-
tion in the northern domain is folded with the axes around E-W to
NE-SW, and has no relation with the late deformation stages that
are recorded in the sedimentary cover. On the southwestern part
of the Huangling massif, to the north of the Zigui city, the exposed
basement rocks consist of intensively foliated gneiss, amphibolite
and serpentinite (Fig. 2). Even if the Huangling granitoids changed
the geometry of this metamorphic basement, the systematic mea-
surement of planar and linear structures shows a large SSW-verging
syncline with steeply dipping foliation and WNW-ESE trending
stretching lineation (Fig. 5B). All these deformed basement rocks
were intruded by the undeformed Huangling granitoids, which indi-
cate that this early ductile deformation occurred before ca. 820 Ma.

The sedimentary cover around the Huangling massif dips to the
periphery of the dome. On the western side of the massif, the Neo-
proterozoic-Jurassic strata dip to the west with moderate plunges
(20-60°, maximum around 40°, Figs. 4A, B and 5A); while on the
eastern side, the Neoproterozoic-Triassic strata dip gently to the
E or SEE with dip angles about 10-20° (Figs. 4C, D and 5E). Similar
to the eastern side of the massif, the attitudes of the Neoproterozo-
ic-Silurian strata in northern and southern sides are flat-lying,
generally less than 15°, dipping to the north and to the south,
respectively (Fig. 5C and F). The two depressions superimposed
along the flanks of the Dangyang basin are mainly filled by Lower
to Upper Cretaceous deposits. These beds are flat lying in the
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depression center and slightly tilted near the normal fault bound-
ary (Fig. 5G). The Lower Cretaceous strata near the Yichang city dip
gently to the southeast as a monocline (Fig. 5G).

3.2. Deformation styles related to the uplifting of the Huangling massif

According to our survey, the ductile deformation is limited to
the Kongling complex (Fig. 2). Conversely to the previous work,
there is neither detachment fault nor basal décollement layer be-
tween the metamorphic basement and the sedimentary cover, or
the metamorphic rocks and the granitic intrusion (Jiang et al.,
2002). Most of the deformation in the sedimentary cover is repre-
sented by folds observed in the different strata under shallow tec-
tonic levels depending on the lithology (Fig. 4). The subsequent
brittle normal faulting controlled the opening of the Cretaceous
grabens and half-grabens on the dome flanks (Fig. 4B, C, and E).

3.2.1. Deformation during the doming

3.2.1.1. Deformation on the western side of the Huangling mas-
sif. Along the main road west from Zigui city, Neoproterozoic stra-
ta are represented by sandstone, limestone and dolomite (Fig. 3).
Moderate to thin bedded limestone is deformed by N-S trending,
and west-verging meter-scale recumbent folds (Fig. 6A). More to
the west, Cambrian limestone is strongly folded with a west-verg-
ing collapse style (Fig. 6B). Several meter-scale folds overturned to
the west with the same deformation style are also observed in the
Ordovician moderate-bedded limestone (Fig. 6C). In the Triassic
thin-bedded limestone, meter-scale décollement-related folds
and transverse bedding stylolites indicate a subvertical shortening
(Fig. 6D). Calcite tension veins showing normal displacement can
be observed in these folded strata. Overall, the Neoproterozoic,

Cambrian, Ordovician and Triassic strata are deformed by N-S
trending, west-verging folds (Figs. 4A, B and 5A). These structures
are related to the westward normal motion of the sedimentary
cover along the western flank of the dome.

3.2.1.2. Deformation on the eastern side of the Huangling massif. As
mentioned in the bulk architecture Section 3.1, on the eastern side
of the dome, the strata dip gently eastward, and seem to be less de-
formed than the western side (Fig. 5E). In fact, similar structures
are observed in the eastern side of the massif, but the deformation
is relatively weaker than on another side (Fig. 4C and D). In the
Cambrian thick-bedded limestone, meter-scale décollement-re-
lated east-verging folds are observed (Fig. 7A). Asymmetric strain
fringes at the extremities of pelitic nodules in the Silurian shale
show a top-to-the-E shearing (Fig. 7B). More to the east, meter-
scale recumbent folds, overturned to the east with nearly N-S axes,
were developed in the Triassic thin-bedded limestone (Fig. 7C).
Moreover, the east-dipping bedding planes bear SEE-directed (i.e.
down-dip) striations formed by eastward slip on the layers
(Fig. 5E). Tension gashes and offset markers also indicate this nor-
mal displacement.

To summarize, a series of recumbent folds developed on the
western and eastern sides of the dome. These structures can be
interpreted as gravity-driven collapse folds due to the folding of
the tilted beds once they have reached the critical dip. Along the
two sides of the dome, the fold axes strike dominantly N-S with
flat-lying axial planes, which indicate a vertical shortening accom-
modated to the uplifting of the massif. Therefore, these recumbent
folds in the sedimentary cover are overturned to the west on the
western side of the massif, and to the east on the eastern side,
respectively. At the scale of the whole massif, we argue that they
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Fig. 6. Field photographs showing the deformation on the western side of the Huanling massif. (A) Meter-scale recumbent fold overturned to the west in the Neoproterozoic
limestone (30°52.934', 110°52.689’); (B) Decameter-scale recumbent fold overturned to the west in the Cambrian limestone (30°53.035’, 110°50.406'); (C) Meter-scale
recumbent fold overturned to the west in the Ordovician Moderate-bedded limestone (31°08.888’, 110°50.600'); (D) Meter-scale décollement-related west-verging fold in the
Triassic thin-bedded limestone (31°06.905’, 110°48.044'). It is noted that the transverse bedding stylolites indicate a bedding-parallel shortening.

are nearly coeval and result from the same deformation mecha-
nism. Such deformation features are widely developed in the
Mesozoic extensional domes in eastern China, representing gravi-
tational décollement and layer-parallel slip coeval with the doming
(Faure et al., 1996, 1998, 2003; Lin et al., 2000, 2013).

The Upper Jurassic siltstone and mudstone of the Zigui basin
were involved in west limb of the dome. But the Lower Cretaceous
coarse clastic deposits, totally about 2-km thick conglomerate on
the southeast flank, overlie the deformed pre-Cretaceous strata with
an angular unconformity (Fig 4). Therefore, the age of this deforma-
tion took place between the Late Jurassic and Early Cretaceous.

3.2.2. Brittle normal faulting superposed on the Huangling massif

To the east of the Huangling massif, the NNW-SSE trending
Yuan’an graben and Jingmen half-graben are bounded by several
normal faults (Figs. 2 and 4E). These high-angle boundary faults,
about 60-80°, mainly cut the Cambrian-Triassic rocks and con-
trolled the deposition of the Cretaceous alluvial-fluvial clastic
rocks, forming an overall fining-upward sequence. Tension gashes,
Riedel fractures, offset markers, slickenlines and steps indicate pre-
dominantly normal displacement. Moreover, on the southwestern
flank of the Huangling massif, an Early Cretaceous small half-gra-
ben unconformably covers the Paleozoic strata (Figs. 2 and 4B).

4. Geochronological constraints
4.1. Previous geochronological data

In the Huangling massif, several previous studies provided dif-
ferent time constraints. Abundant geochronological data, including
U-Pb, Rb-Sr and Ar-Ar, were concentrated on the Huangling grani-
toids (Fig. 8A). Zircon yields U-Pb ages of 794-837 Ma with a sta-
tistic peak around 810 Ma (Fig. 8A, Ma et al., 1984; Feng et al,
1991; Li et al., 2002, 2004; Ling et al., 2006; Zhang et al., 2008;
S.B. Zhang et al.,, 2009; Gao and Zhang, 2009). An average whole
rock-mineral Rb-Sr isochron age at 805 +5 Ma of diorite-quartz
diorite-tonalite complex probably represents the cooling age (Feng

et al,, 1991). “°Ar/*?Ar dating of amphibole and biotite gave a rela-
tively wide span of 770-900 Ma (Hu et al., 1989; Li et al., 2002,
2007). It is worthy to note that the Rb-Sr and “°Ar/*°Ar systems
were not reset by Phanerozoic tectonic events.

Recently, in order to assess the uplifting time of the Huangling
massif, an array of apatite and zircon fission-track (AFT, ZFT) and
(U-Th)/He (AHe, ZHe) lower-temperature thermochronological
data from the Huangling granitoids and Kongling complex were
realized by several researchers (Fig. 8B, Hu et al., 2006, 2012; Shen
et al., 2009; Richardson et al., 2010; Xu et al,, 2010; Li and Shan,
2011). The AFT ages range from 87 to 137 Ma with a peak around
120 Ma. Three ZFT ages scatter at 158 + 50 Ma, 178 + 34 Ma and
195 + 14 Ma with large error bars, which makes us difficult to take
them into consideration. The AHe ages display a wide range from
39 Ma to 102 Ma, but mainly concentrate on 40-45 Ma; ZHe ages
distribute at a dispersive range of 121-309 Ma. Besides of these,
Liu et al. (2009) presented nine AFT ages of 81-148 Ma from the
Cambrian, Silurian, Jurassic and Cretaceous clastic rocks on the
eastern flank of the Huangling massif.

4.2. “Ar°Ar analyses and MDD modeling

Due to the lack of geochronological record during the 800-
200 Ma period, we are unable to precisely depict the cooling and
uplifting history of the Huangling massif in this long interval. In or-
der to reveal more details of the tectono-thermal evolution history
of the Huangling massif since Neoproterozoic, especially consider-
ing the core of the dome, three K-feldspar samples from the Kon-
gling complex and Huangling granitoids had been analyzed by
the “°Ar/>*°Ar incremental heating method (McDougall and Harri-
son, 1999) and modeled by the multi-domain diffusion (MDD) the-
ory (Lovera et al., 1997, 2002).

Sample JH446 is a banded gneiss with clear alternating dark
biotite-rich and light-colored quartzo-feldspathic bands in the
field. This sample, belonging to the Kongling complex, was col-
lected from the northernmost part of the dome core (Fig. 8A). It
is composed of 25% quartz, 45% plagioclase, 15% K-feldspar and
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Fig. 7. Field photographs showing the deformation on the eastern side of the
Huanling massif. (A) Meter-scale décollement-related east-verging fold in the
Cambrian limestone (30°53.877’, 111°20.598’); (B) A pelitic nodule with strain
fringes in the Silurian shale showing top-to-the-E shearing (31°10.310/,
111°25.803’); (C) Meter-scale recumbent fold overturned to the east in the Triassic
thin-bedded limestone (31°11.065’, 111°30.741").

15% biotite. Undulatory extinction is common in quartz ribbons.
Biotite is euhedral to subhedral and shows yellow to brown
pleochroism.

Sample JH71 is a foliated migmatite from the Kongling complex
in the northern domain of the massif (Fig. 8A). The quartzo-feld-
spathic leucosomes are strongly folded, indicating partial melting
during deformation. In thin section, JH71 was comprises about
25% quartz, 40% K-feldspar, 20% plagioclase, 10% biotite and 5%
hornblende. Quartz occurs as globular recrystallized subgrains
with undulatory extinction. Microcline is the dominant K-feldspar.
Much of the Plagioclase crystals were altered to sericite. Subhedral
biotite and hornblende grains are locally replaced by chlorite.

Sample JH147 is an undeformed granodiorite from the south-
eastern part of the Huangling granitoids (Fig. 8A, near Liantuo
village). On outcrop, the rock is leucocratic, medium- to coarse-
grained, with K-feldspar as minor phenocrysts. It contains about
30% quartz, 53% plagioclase, 10% K-feldspar, 5% biotite and 2%

hornblende. Accessory minerals include magnetite, zircon and apa-
tite. This granodiorite suite was dated at 819 + 7 Ma by SHRIMP
Zircon U-Pb method (Ma et al., 1984).

K-feldspars were obtained by the usual mineral separation
techniques and finally handpicked under a binocular to remove
all visible impurities. Aliquots of K-feldspar were wrapped sepa-
rately in aluminum foil to form wafers and stacked in quartz vial.
The samples were irradiated at the B4 position in the 49-2 Reactor
(China Institute of Atomic Energy, Beijing) for 36 h. The “°Ar/*Ar
analyses were performed in the Institute of Geology and Geophys-
ics, Chinese Academy of Sciences. Detailed analytical procedures
followed Wang et al. (2006). Samples were heated stepwise with
a double vacuum resistance furnace. The released gas was purified
with Zr-Al getters. The isotopic composition was measured using a
MM-5400 mass spectrometer. After corrections for mass discrimi-
nation, system blanks, radiometric interference, “°Ar/>°Ar ages
were calculated according to 4°Ar*/>*Ar ratios and J value obtained
by analyses of the monitors, as well as the decay constant. The
correction factors herein are: [*°Ar/?’Ar]c, = 0.000261, [*°Ar/*”Ar]c, =
0.000724 and [*°Ar/*Ar]x = 0.000880. The data were processed
using ArArCALC software (Koppers, 2002), and the apparent ages
are reported at 2¢ uncertainties. The “°Ar/>°Ar analytical data are
listed in Table 1. After appropriate adjustment of the various
model parameters, e.g. active energy, relative domain size, a mod-
eled age spectrum and cooling history can be obtained by MDD
modeling.

The age spectra and modeling results are shown in Fig. 9. The
abnormally old ages of the first steps are possibly due to the excess
Ar present in the margin of the mineral. Subsequent increasing age
pattern of K-feldspar may record its cooling history. Apparent ages
of the three samples range from 239.7 to 899.0 Ma (JH446, total fu-
sion ages =759.6 + 3.3 Ma), 167.7 to 762.6 Ma (JH71, total fusion
ages =693.9 + 3.0 Ma) and 244.8 to 610.7 Ma (JH147, total fusion
ages = 567.9 + 2.3 Ma), respectively. The modeled age spectra clo-
sely match the experimental results show that the qualities of
the K-feldspar MDD modeling results are high (Fig. 9). Considering
the closure temperature of K-feldspar, the cooling history between
350°C and 150 °C is reliable. The K-feldspar MDD modeling result
from JH446 gneiss shows a slow cooling before 450 Ma, then an
obvious cooling event around 400 Ma (Fig. 9). Except for the asyn-
chronous cooling in early stage, JH71 migmatite and JH147 grano-
diorite reveal a long-term thermal stability period during
Paleozoic, and a final cooling event since Late Triassic (Fig. 9).

5. Discussion
5.1. Cooling and uplifting history of the Huangling massif

The Huangling massif witnessed the tectonic evolution of SCB.
In fact, the stratigraphic column recorded several tectonic events
that occurred in the Neoproterozoic, Early Paleozoic, Early Meso-
zoic and Late Mesozoic times (Fig. 3). The combination of the
stratigraphic relationships and the thermochronological data al-
lows us to construct a synthetic temperature-time curve, and to
unravel the tectono-thermal history of the Huangling massif since
the Neoproterozoic (Fig. 10A).

The Kongling complex was intruded by the Huangling grani-
toids, and then unconformably overlain by the terrigeneous fluvial
conglomerate at the base of the Neoproterozoic Liantuo Formation
(Fig. 3). Available geochronological data reveal that the Huangling
granitoids emplaced around 820-800 Ma, and then experienced a
cooling from the closure temperature of Zircon U-Pb system to
mineral Rb-Sr and K-Ar system before 770 Ma (Fig. 10A). The U-
Pb ages of the youngest zircons from the Neoproterozoic Liantuo
Formation indicate that its deposition time is no later than
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750 Ma (Zhang et al., 2006c¢; Liu et al., 2008), which agree with the
age of 748 + 12 Ma from the interlayer tuff in the lower part of the
Liantuo Formation (Ma et al., 1984). Our K-feldspar MDD modeling
results also show differential cooling processes during the Neopro-
terozoic (Fig. 9). The above evidence indicates that the Huangling
massif was once exposed to the surface before 750 Ma. An approx-
imately 20 °C/Ma cooling rate can be inferred from the cooling
curve (Fig. 10A).

The MDD modeling result from the gneiss (JH446) presents a
distinct cooling event around 400 Ma (Fig. 9). It appears that the
Huangling massif locally suffered a weak thermal disturbance dur-
ing Silurian to Devonian. From the view of whole SCB, the obvious
hiatus between the Middle Silurian and Middle Devonian in the
Huangling area may correspond to the Early Paleozoic intraconti-
nental orogeny of SCB. However, this event was well documented

to the southeastern areas of the Jiangshan-Shaoxing fault, mainly
along the Wuyi-Yunkai belt (Lin et al., 2008; Faure et al., 2009;
Charvet et al., 2010; Li et al., 2010; Y.J. Wang et al., 2010). Moving
to the NW, the deformation intensity is decreasing, and even ab-
sent. The Huangling massif is far away from the deformation
domain of the Early Paleozoic orogeny.

The local discontinuity between the Middle and Late Triassic in
the Huangling area was considered as a response to the so-called
“Indosinian orogeny” of SCB (Meng and Li, 2003; Li et al., 2008;
Zhao et al., 2010). As mentioned in Section 1, this Early Mesozoic
orogeny was widely developed around or inside the SCB, such as
the Qinling-Dabie belt to the north of the Huangling massif (e.g.
Faure et al., 1999, 2003) and the Xuefengshan-Jiuling belt in the
central SCB (Chu et al., 2012a; Chu and Lin, 2013). Our other two
MDD samples from the migmatite (JH71) and granodiorite
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(JH147) recorded this tectonic event, showing a prolonged cooling
since Late Triassic, with undistinguished Late Mesozoic process
(Figs. 9 and 10B). However, it seems that this widespread tectonic
event weakly influenced the Huangling massif. The Huangling
massif is located in a stable triangle area between the Qinling-Da-
bie belt and Xuefengshan-Jiuling belt, where the Triassic deforma-
tion was rather weaker than two other domains. Indeed, as a stable
sedimentary platform, there is no significant angular unconformity
in the Huangling area from ca. 750 Ma until the Late Jurassic
(Fig. 3). According to lithology and paleontology, the Upper Triassic
and Jurassic series in Zigui and Dangyang basins are completely
comparable (BGMRHB, 1990). Thus, accompanied by the Triassic
regression, effect of the Indosinian orogeny is expressed as a locally
slight vertical uplift of the crust in the Huangling area, but which
did not built the antiformal shape of the massif (Fig. 10A).

The detailed cooling history since 200 Ma of the Huangling
massif is constrained by FT and (U-Th)/He data (Shen et al,,
2009; Xu et al, 2010; Li and Shan, 2011; Hu et al, 2012;
Fig. 10B). AFT thermal modeling results from the dome core indi-
cate that the Huangling massif recorded a stable stage before
160 Ma and an obvious cooling process between 160 and 110 Ma
with a rate of 2-3 °C/Ma. A similar thermal modeling result has
been shown in the work of Richardson et al. (2010), the increasing
cooling after 40 Ma was been considered as the onset of incision in
the Three Gorges. Moreover, three AFT modeling for the sedimen-
tary rocks on the eastern flank of the Huangling massif revealed a
cooling rate of 1.9-2.7 °C/Ma during 165-100 Ma (Liu et al., 2009;
Fig. 10B). Instead, Hu et al. (2006) suggested that the significant
cooling event occurred during 100 and 40 Ma with a cooling rate
of 2.5 °C/Ma, but the GOF (goodness of fit) between the measured
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Table 1
4OAr/**Ar analytical data on K-feldspars from the core of the Huangling massif.
Termperature (°C) 4OAr[*°Ar 37Ar*°Ar 36Ar/*Ar 4OAr* PArg 4OAr* (%) 39Arg (%) Age + 20 (Ma)
JH446, Gneiss, Kfs, weight = 12.3 mg, | = 0.005598, total fusion age = 759.6 + 3.3 Ma, GPS: 31°19.982', 111°05.738'
600 768.67 0.4641 2.1664 128.579 16.72 0.01 980.47 £519.29
600 1523.39 1.1305 41970 283.584 18.60 0.00 1719.16 £ 1218.25
650 357.47 0.1683 0.9389 80.044 22.39 0.01 669.52 £ 209.56
650 162.44 0.0618 0.4442 31.186 19.20 0.03 290.98 £31.40
700 503.56 0.0106 1.5083 57.862 11.49 0.09 507.41 £ 85.21
700 272.59 0.0014 0.7965 37.216 13.65 0.17 342.22 £47.90
750 109.03 0.0047 0.2833 25.321 23.22 0.48 239.71£17.97
750 127.71 0.0038 0.3432 26.303 20.60 0.53 248.40 £ 21.56
800 60.837 0.0039 0.1117 27.824 45.73 0.94 261.76 £ 7.29
800 56.042 0.0037 0.0907 29.234 52.16 0.91 274.08 £5.87
850 52.844 0.0049 0.0585 35.547 67.27 1.48 328.17 £4.09
850 52.770 0.0024 0.0490 38.292 72.56 1.12 351.20+£3.83
875 55.918 0.0038 0.0401 44.083 78.83 1.00 398.84 £3.40
875 56.490 0.0035 0.0354 46.041 81.50 0.94 414.68 +3.58
900 61.936 0.0063 0.0295 53.217 85.92 0.97 471.53 +3.68
925 65.297 0.0052 0.0239 58.238 89.19 1.37 510.27 £3.36
950 68.145 0.0060 0.0195 62.389 91.55 1.87 541.69 £3.19
975 73.387 0.0055 0.0141 69.228 94.33 2.60 592.28 £3.38
1000 79.840 0.0061 0.0120 76.290 95.55 2.68 643.08 £ 3.51
1025 84.203 0.0044 0.0076 81.943 97.32 5.37 682.75 +3.63
1050 90.313 0.0033 0.0069 88.275 97.74 8.29 726.16 £4.11
1075 91.238 0.0033 0.0064 89.361 97.94 7.39 733.50£3.79
1100 95.529 0.0030 0.0056 93.865 98.26 6.50 763.64 £3.94
1100 98.871 0.0031 0.0054 97.286 98.40 5.74 786.20 £ 4.00
1100 102.62 0.0027 0.0044 101.33 98.75 4.07 812.52 £4.04
1100 105.84 0.0021 0.0032 104.88 99.10 4.36 835.33+£4.20
1100 109.08 0.0012 0.0023 108.41 99.39 3.57 857.67 £4.32
1100 112.91 0.0010 0.0025 112.18 99.36 4.94 881.26 £4.33
1100 116.02 0.0006 0.0033 115.05 99.16 6.30 899.00 £ 4.39
1200 115.29 0.0011 0.0019 114.72 99.51 3.20 897.01 £4.44
1225 111.03 0.0012 0.0019 110.47 99.49 5.62 870.61 £4.28
1250 108.98 0.0007 0.0020 108.40 99.47 7.28 857.63 £4.17
1300 109.13 0.0006 0.0020 108.55 99.47 8.23 858.54 +5.41
1350 109.01 0.0012 0.0030 108.11 99.17 0.95 855.76 £4.75
1400 114.00 0.0048 0.0068 112.00 98.25 0.23 880.16 £ 7.46
1500 111.38 0.0005 0.0073 109.21 98.05 0.73 862.73 £5.46
JH71, Migmatite, Kfs, weight = 14.6 mg, ] = 0.005717, total fusion age = 693.9 + 3.0 Ma, GPS: 31°12.906', 111°16.829'
600 587.80 0.5444 1.8277 47.786 8.13 0.00 436.76 £ 163.72
600 134.25 0.4680 0.3947 17.667 13.15 0.01 174.00 + 40.06
650 111.13 0.1092 0.3269 14.546 13.09 0.02 144.45 +33.44
650 97.84 0.0451 0.2804 14.973 15.30 0.05 148.52 +32.28
700 277.26 0.0076 0.8592 23.367 8.43 0.12 226.74 £55.92
700 179.64 0.0177 0.5357 21.345 11.88 0.17 208.21 £35.21
750 75.271 0.0069 0.1972 16.998 22.58 0.47 167.70+13.25
750 50.819 0.0059 0.1052 19.725 38.81 0.55 193.22+7.22
800 40.757 0.0042 0.0496 26.093 64.02 1.02 251.44 +3.61
800 47.777 0.0060 0.0443 34.682 72.59 0.75 327.10+3.64
850 57.516 0.0142 0.0440 44,523 77.41 0.96 410.07 £3.65
850 67.090 0.0181 0.0459 53.521 79.77 0.72 482.74+4.03
875 72315 0.0167 0.0428 59.658 82.50 0.68 530.68 £5.18
900 72.476 0.0161 0.0217 66.075 91.17 0.93 579.48 +£3.84
925 73.113 0.0113 0.0153 68.587 93.81 1.52 598.23 £3.51
950 73.372 0.0095 0.0088 70.764 96.44 1.87 614.33 £3.38
975 75.568 0.0082 0.0079 73.247 96.93 2.65 632.51 £3.37
1000 77.136 0.0044 0.0058 75.409 97.76 4.02 648.20 £ 3.51
1025 78.652 0.0066 0.0039 77.502 98.54 6.99 663.25 £3.48
1050 81.314 0.0045 0.0027 80.509 99.01 10.33 684.67 £ 3.55
1075 84.073 0.0028 0.0023 83.390 99.19 8.37 704.95 £ 3.68
1100 84.930 0.0025 0.0019 84.367 99.34 6.45 711.78 £3.73
1100 86.684 0.0017 0.0011 86.372 99.64 6.80 725.71 £3.67
1100 88.732 0.0013 0.0013 88.352 99.57 5.43 739.36 £3.79
1100 89.998 0.0010 0.0017 89.501 99.45 6.88 747.23 £3.79
1100 90.829 0.0007 0.0021 90.204 99.31 5.10 752.03 £3.82
1100 89.342 0.0009 0.0015 88.896 99.50 9.42 743.09 £3.73
1100 90.075 0.0006 0.0025 89.322 99.16 8.49 746.01 £3.77
1150 89.940 0.0073 0.0009 89.678 99.71 0.40 748.44 +5.46
1200 90.277 0.0024 0.0005 90.127 99.83 1.54 751.51+£4.20
1225 89.995 0.0008 0.0008 89.745 99.72 232 748.90 £ 3.99
1250 90.024 0.0009 0.0011 89.691 99.63 297 748.53 £3.89
1275 91.409 0.0021 0.0034 90.398 98.89 1.45 753.36 £4.45
1300 93.721 0.0069 0.0066 91.758 97.90 0.36 762.60 £ 4.96
1350 91.364 0.0311 0.0110 88.115 96.44 0.09 737.73 £23.13
1400 88.350 0.0148 0.0091 85.672 96.97 0.09 720.86 £ 17.36

(continued on next page)
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Table 1 (continued)

Termperature (°C) “OAr/*°Ar 37Ar*°Ar 35Ar/*°Ar OAr PArg OAr (%) 39Arg (%) Age + 20 (Ma)
JH147, Granodiorite, Kfs, weight = 15.1 mg, ] = 0.005695, total fusion age = 567.9 + 2.3 Ma, GPS: 30°51.400', 111°08.917"
600 461.75 0.6943 1.2474 93.257 20.18 0.00 77032 £295.10
600 554.33 1.0998 1.4793 117.393 21.16 0.00 925.78 £ 604.47
650 96.69 0.0778 0.2434 24.784 25.63 0.04 238.76 £35.30
650 117.33 0.0434 0.3030 27.791 23.68 0.05 265.69 £26.15
700 24430 0.0258 0.7078 35.143 14.38 0.18 329.90 £43.28
700 118.29 0.0239 0.3046 28.274 23.90 0.28 269.98 £ 19.42
750 56.791 0.0436 0.1061 25.450 44.81 0.76 24476 £7.03
750 46.785 0.0139 0.0599 29.075 62.15 0.90 277.07 £4.26
800 46.183 0.0220 0.0286 37.729 81.69 1.66 351.96 £ 3.09
800 52.011 0.0129 0.0317 42.658 82.02 133 393.27 +3.01
850 57.718 0.0205 0.0268 49.798 86.28 1.72 451.48 +3.11
850 64.802 0.0140 0.0292 56.164 86.67 1.12 501.85 £ 3.52
875 70.111 0.0156 0.0341 60.039 85.63 0.82 531.83 £3.82
875 72.133 0.0132 0.0332 62.323 86.40 0.68 549.27 £3.95
900 70.752 0.0135 0.0276 62.590 88.46 0.56 551.30+£5.01
925 74.189 0.0176 0.0385 62.810 84.66 0.72 552.97 £4.04
950 72.025 0.0152 0.0358 61.457 85.33 0.87 542.68 +3.84
975 69.663 0.0178 0.0289 61.117 87.73 1.04 540.08 + 3.67
1000 67.460 0.0160 0.0241 60.340 89.44 1.46 534.14 £3.44
1025 65.818 0.0134 0.0173 60.700 92.22 2.69 536.90 £ 3.06
1050 67.629 0.0121 0.0108 64.445 95.29 4.88 565.33 £3.09
1075 66.573 0.0147 0.0101 63.592 95.52 3.55 558.89 £3.12
1100 65.527 0.0134 0.0075 63.309 96.61 3.83 556.76 £ 3.02
1100 66.360 0.0115 0.0062 64.531 97.24 4.84 565.98 £3.12
1100 67.118 0.0095 0.0050 65.637 97.79 4.57 574.29 £ 3.05
1100 67.725 0.0080 0.0053 66.157 97.68 5.60 578.18 £3.11
1100 67.692 0.0066 0.0044 66.399 98.09 4.36 580.00 +3.19
1100 69.194 0.0055 0.0039 68.037 98.33 6.16 592.19£3.16
1100 70.568 0.0045 0.0037 69.473 98.45 8.63 602.82 +3.24
1150 70.073 0.0070 0.0033 69.107 98.62 0.64 600.12 £ 3.81
1200 67.938 0.0075 0.0036 66.876 98.43 3.14 583.55+£3.18
1225 69.179 0.0042 0.0032 68.226 98.62 6.11 593.60 £ 3.19
1250 70.142 0.0021 0.0028 69.303 98.80 12.01 601.57 £3.11
1275 70.434 0.0021 0.0030 69.548 98.74 10.99 603.37 £4.14
1300 71.713 0.0029 0.0039 70.549 98.38 2.89 610.74 £3.27
1350 71.131 0.0041 0.0050 69.642 97.91 0.49 604.07 £3.90
1400 66.496 0.0157 0.0084 64.009 96.26 0.18 562.05 £ 12.59
1500 71.522 0.0042 0.0104 68.445 95.70 0.23 595.22 £6.01

and modeled fission-track length distributions and ages are below
0.5. On the assumption that the geothermal gradient is a constant
of 25 °C/km, the unroofing depth of the massif during the interval
of 160-110 Ma was approximately 5 km (Fig. 10B).

Recent sedimentary evidence also supports that the Huangling
massif experienced considerable uplifting during the Late Jurassic
to Early Cretaceous. Before the Late Jurassic, the Zigui and Dangy-
ang basins probably connected with each other based on paleoge-
ography (Liu et al., 2005). Paleocurrents analysis of the Zigui basin
indicates that the Huangling massif began to provide detrital mate-
rial since Late Jurassic (Qu et al., 2009). To the southeast of Huan-
gling massif, the results of detrital zircon U-Pb ages from the
Cretaceous sediments reveal that the denudation of the Kongling
complex and its overlying strata was active during the deposition
of the Lower Cretaceous, and the Huangling granite was exposed
at the surface during the Late Cretaceous (Shen et al., 2012). The
uplifting of the Huangling massif led to the atrophy of the Zigui ba-
sin on its western flank, while the onset of rifting in the Dangyang
basin on its eastern flank. It was also resulted in the prominent
angular unconformity between Late Jurassic and Early Cretaceous.

5.2. When did the Huangling massif come into being?

On the western and eastern sides of the dome, the deformation
due to gravitational décollement and layer-parallel slipping
occurred in response to its uplifting (Figs. 4, 6 and 7). But the north-
ern and southern sides of the dome are not involved into such a
deformation (Fig. 2). The uplifting time of the Huangling massif is

still controversial: Early Mesozoic (Dai, 1996; Xu et al., 2004 ), unpre-
cisely determined between the Late Triassic to Early Cretaceous
(Wangetal.,2003), or sometime between 165 Ma and 98 Ma as indi-
cated by AFT data (Liu et al.,2009; Shen et al.,2009; Xu et al.,2010; Li
and Shan, 2011; Hu et al., 2012). On the basis of regional tectonics,
Ge et al. (2010) considered that this antiform shaped at ca.
24.6 Ma, corresponding to the regional angular unconformity in
the end of the Paleogene. Our field work indicates that these “grav-
ity-driven collapse folds” with east-west polarity are observed in all
the strata of pre-Cretaceous age, since the Cretaceous graben and
half-graben basins superimposed unconformably on these folded
strata (Figs. 2 and 4). As discussed above, the Huangling area was
not significantly involved into any tectonic events between the Sin-
ian (Neoproterozoic) and Jurassic. Cooling history also reveals that
the Huangling massif experienced an important uplift process
around 160-110 Ma (Fig. 10). These geochronological and sedimen-
tary constraints are in good agreement with our structural observa-
tions, which argue that the main deformation in the Huangling
massif developed from the Late Jurassic to Early Cretaceous.

5.3. Compressional or extensional setting model

The origin of the Huangling massif was variously interpreted by
previous workers either in terms of compression or extension.
According to investigations on the tectonic evolution of the
Jianghan basin, a westward escape of the Huangling massif related
to the Early Mesozoic opposite-directed thrusting of the Qinling—
Dabie belt and the Jiuling belt has been suggested (Fig. 11A; Dai,
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Fig. 9. “°Ar-°Ar age spectra and the multi-domain diffusion (MDD) modeling results of K-feldspar from different rock types in the core of Huangling massif.

o angular unconformity|
— — — disconformity
hiatus
. i
°O i
o | IR
5 | 1
‘@ | IR
[0} | i
g' [l ° i
() i * GA/A | | il Z8CMa
= 300 WRBERb-Sr | | W
[ i I I I
2007 HR I [ T
Rl | Lo i y
100~ i %
L VOl LT 1°C/Ma\l\§ --------
0 HHm‘érr'\"”u\"lm”ux”“mu‘mufﬁé’g
900 800 700 600 500 400 300 200 100 0

Age (Ma)

Fig. 10A. A synthetic curve showing the tectono-thermal history of the Huangling
massif with emphasis on the dome core. Zr U-Pb, WR Rb-Sr, Am Ar-Ar, Bt Ar-Ar,
WR-Bt Rb-Sr ages (Fig. 8A) are plotted at their closure temperatures of 850 °C,
650 °C, 525 °C, 325 °C and 300 °C, respectively.

1996; Xu et al., 2004). This model might well explain the geometry
of the Huangling massif, which is an asymmetric antiform with its
eastern side more gently dipping than its western side. In fact, far
from the northern and southern sides of the Huangling massif, we
observed a nearly N-S directed trust deformation, which is proba-
bly the response to the Triassic compression in the Qinling-Dabie
belt to the north and the Xuefengshan-Jiuling intracontinental belt
to the south, respectively (Fig. 1, see also Chu and Lin, 2014). How-
ever, there is a time discrepancy between the Triassic deformation

300

250 | 410
~ ZFT 19
9 200fF 48
o F &
=R o
o 150 [ 6 8
[ L 5
a F 5 =
IS - =
G 100 -4 5
= F b MDD, this study =

[ [ —— Shenetal, 2009 3
P 7 uetal.,
50 // —Liand Shan, 2011 2
r ! Hu et al., 201
g ol | a== Liu et al., 2009 1
OLiasamaseaboivilisgaleiuedasat e d bigaslgdsg

450 400 350 300 250 200 150 100 50 0

Age (Ma)

Fig. 10B. Cooling history of the Huangling massif from K-feldspar MDD modeling
(this study) and AFT modeling (Liu et al., 2009; Shen et al., 2009; Xu et al., 2010; Li
and Shan, 2011; Hu et al., 2012). It indicates a thermal history with four major
phases: a prolonged slow cooling until 160 Ma, a obvious enhanced cooling with a
rate of 2-3 °C/Ma during 160-110 Ma, a slow cooling during 110-30 Ma interval
with a rate of 0.2-0.3 °C/Ma, and a final increased cooling since 30 Ma with a rate
about 1°C/Ma. AHe, AFT, ZHe and ZFT ages (Fig. 8B) are plotted at their closure
temperatures of 70 °C, 100 °C, 180 °C and 220 °C, respectively.

and the Late Jurassic-Early Cretaceous tectonics in the Huangling
massif. Moreover, it is noteworthy that the hinge of Huangling
massif is nearly N-S trending, which is sub-parallel to the shorten-
ing direction of the Triassic deformation, the W-directed thrust
faults and folds are not well developed around the Huangling
massif. Cooling history shows that uplifting of the Huangling
massif occurred between 160 Ma and 110 Ma, which is longtime
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after the Triassic events. Nevertheless, asymmetry of the
Huangling massif can be interpreted as a kind of ramp anticline
developed on top of a blind thrust as depicted in Fig 11A. If this
is the case, the westward thrusting would have taken place in
the Late Jurassic to Early Cretaceous.

Another model was recently put forward, namely the Late
Mesozoic eastward extrusion due to its northward indentation
and coeval clockwise rotation of the SCB (Fig. 11B; Wang et al.,
2003; Meng et al., 2005). The Huangling massif was considered
as one of the syntaxes related to the Dabashan orocline (Fig. 1;
Hu et al., 2012; Shi et al., 2012; Li et al., 2013). This model is well
compatible with the age of the deformation related to uplifting of
the massif. However, a problem arises as the eastward extrusion
would lead to an opposite geometry of the Huangling massif with
its western flank more gently dipping than the eastern one
(Fig. 11B). Thus, this model is not compatible with our field obser-
vations (Fig. 4E).

Late Mesozoic extensional tectonics was widely spread on the
eastern margin of Eurasian continent, which is indicated by a num-
ber of extensional domes, and syntectonic plutons bounded by
ductile normal faults (e.g. Lin and Wang, 2006; T. Wang et al.,
2011; Lin et al., 2013). The temporal-spatial framework of the
extensional tectonics brings a reasonable assumption that the

Zigui basin
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Okm
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Huangling massif

Huangling area might have experienced the same geodynamic set-
ting. Therefore, an extensional uplifting model is proposed here:
the regional extension that occurred on the eastern margin of Eur-
asian continent is responsible for the origin of the Huangling mas-
sif. To some extent, this extension exhumed and tilted the
Huangling massif (Fig. 11C). Accompanying this uplifting, a series
of oppositely directed gravity-driven collapse folds developed on
the western and eastern sides of the dome. From this view, the
drag-folds in the sedimentary cover, and the formation of graben
or half graben basins around the Huangling massif belong to the
same extensional tectonics with a slight diachronism. However,
it is worth to note that low-angle ductile normal faults or detach-
ments are lacking between the basement and sedimentary cover.
Also, syntectonic plutons coeval with extension as observed in
more southeasterly part of the SCB (Fig. 1, e.g. Wugongshan, Day-
unshan-Mufushan, Hengshan), are absent in the Huangling area.
In the present state of knowledge, we cannot completely rule
out the compressional tectonic model. Taking into account the
geometry and the deformation styles of the Huangling massif pre-
sented in the previous sections, it appears that the extensional
tectonic model is also plausible. In this case, the Huangling massif
represents the westernmost case of the Late Mesozoic extensional
tectonics in the SCB, as recognized elsewhere in many parts of the
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Fig. 11. Three possible tectonic models for origin of the Huangling massif. (A) Westward thrusting; (B) Eastward extrusion; (C) Extensional uplifting; (D) The profile of
P-wave crustal velocity structure from wide angle reflection across the Huangling massif (modified after Z,J. Zhang et al. (2009)).
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eastern Eurasian continent. Scope of destruction of the NCC is
roughly bounded by the N-S Gravity Lineament, which was formed
by diachronous lithospheric thinning since Early Cretaceous (Xu,
2007; Zhu et al., 2011). Coincidentally, the Huangling massif that
recorded a weak extension of the crust also lies in this N-S Gravity
Lineament (Fig. 1). Thus it could be considered as an extensional
structure developed in inland area of the stable Yangtze craton,
which probably represents the western front of the Late Mesozoic
lithospheric thinning of the SCB. This is also comparable with the
deep crustal structure indicated by the P-wave crustal velocity
from a wide angle reflection profile (Z.J. Zhang et al., 2009). The
crustal thickness decreases from 42 km to 30 km across the Zigui
basin, Huangling massif and Jianghan basin (Fig. 11D).

6. Conclusions

Available structural, sedimentary and geochronological data al-
low us to draw a general picture of the Huangling massif that ap-
pears as an N-S striking antiform. The Huangling massif recorded
an inherited paleo-relief in the Yangtze craton around 750 Ma.
The Early Paleozoic and Early Mesozoic orogenies of South China
had no significant imprint on the architecture of the Huangling
massif. The Neoproterozoic-Triassic strata on the western and
eastern sides of the Huangling massif were involved in a series of
oppositely directed gravitational décollements and layer-parallel
slip surfaces that accommodated the uplifting. The subsequently
brittle normal faulting controlled the deposition of the rift basin
on its eastern flank. The involvement of the Late Jurassic strata
and the unconformable superposition of the Early Cretaceous con-
glomerate indicate that the uplifting of the Huangling massif oc-
curred between the Late Jurassic and Early Cretaceous, which is
in agreement with a cooling process between 160 Ma and
110 Ma revealed by thermochronology. Perhaps because of its
location in stable crust of the SCB, the deformation is rather weak
and developed in response to its uplift. The extensional or com-
pressional setting of the Huangling massif is not settled yet. If com-
pressional, the anticline may develop on top of a speculated blind
thrust. If extensional, this structure probably represents the wes-
tern front of the Late Mesozoic lithospheric thinning in South
China.
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La tectonique extensive a la fin du Mésozoique en Chine du Sud

Les structures extensives d'age Mésozoique tardif (Crétacé) sont trés répandues en Eurasie orientale, depuis la
Transbaikalie en Russie jusqu'a l'intéricur de la Chine du Sud. Elles constituent la plus grande province de distension
crustale dans le monde. Cette thése a sélectionné des structures développées dans trois endroits différents du bloc de
Chine du sud en utilisant les méthodes de la géologie structurale, de l'anisotropie de la susceptibilit¢ magnétique et de
la géochronologie (U-Pb sur zircon et titanite, U-Th-Pb sur monazite et Ar-Ar sur micas et amphiboles). L'expression
des structures extensives differe selon les endroits étudiés: (1) la ceinture orogénique de HP/UHP Tongbai-Dabie, le
long de la bordure nord du bloc de Chine du sud a été remaniée par au Crétacé par la formation d'un antiforme ou d'un
dome métamorphique extensif. Contemporaine de la migmatisation et du magmatisme syn-tectonique, le régime
extensif a commencé a environ 145 Ma et s'est approché de son point culminant vers 130 Ma. Ce qui a été interprété
comme le résultat de la suppression de la racine orogénique. Localement, un nouvel épisode de distension vers 110-90
Ma a également été enregistré; (2) le batholite de Dayunshan-Mufushan intrudif dans 'orogéne Neoproterozoic
Jiangnan se compose de deux phases d'intrusions granitiques d'dge Jurassique (ca. 150 Ma) et Crétacé inférieur (ca.
132 Ma). Le pluton le plus récent s'est mis en place dans un contexte d'extension NW-SE correspondant au processus
amincissement crustal du Crétacé inférieur, avec une faille de détachement développée le long de sa bordure ouest; (3)
l'anticlinal de Huangling dans le craton du Yangtze est un pli asymétrique d'axe N-S formé entre le Jurassique et le
Crétacé inférieur. Sur les deux flancs, la couverture sédimentaire a participé a une série de plis d'effondrement de
vergence opposée et de glissements banc-sur-banc des couches. Les exemples étudiés ci-dessus représentent une série
de structures d'extension d'age Crétacé développées dans différents niveaux structuraux: exhumation de crotte
inférieure et moyennede accommodée parun fort étirement, mise en place syn-tectonique de plutons granitiques avec
étirement limité, déformation de la couverture sédimentaire sous une faible extension. Ils indiquent que la Chine du
Sud a également participé au régime extensif bien connu en Chine du Nord. Ces résultats apportent des données
nouvelles de premicre main permettant de discuter le cadre tectonique et géodynamiques spatio-temporel du régime
extensif du Crétacé sur la marge orientale de I'Eurasie.

Late Mesozoic extensional tectonics in South China

Late Mesozoic extensional structures are widespread in eastern Eurasia (from Transbaikalia region in Russia to
inland South China). They constitute the largest crustal extensional province in the world. This thesis selected
extensional structures developed in three different tectonic settings in the South China block. Detailed studies
including structural geology, anisotropy of magnetic susceptibility and geochronology (zircon and titanite U-Pb,
monazite U-Th-Pb, and mica Ar-Ar) were conducted. The expression of these extensional structures is not the same
for each area: (1) the Tongbai-Dabie HP/UHP orogenic belt along the northern edge of the South China block was
reworked by Cretaceous extensional antiform or metamorphic core complex. Coeval with migmatization and
syn-tectonic magmatism, the extensional regime started at ca. 145 Ma, and approached its climax at ca. 130 Ma that
was signaled by removal of the orogenic root. Locally, a late (110-90 Ma) extensional event was also recorded; (2) the
Dayunshan-Mufushan batholith intruding the Neoproterozoic Jiangnan orogen is composed of two phases of granitic
intrusions with Late Jurassic (ca. 150 Ma) and Early Cretaceous (ca. 132 Ma) ages, respectively. The late pluton
emplaced under a NW-SE extensional setting corresponding to the Early Cretaceous crustal thinning process, with a
detachment fault developed along its western margin; (3) the Huangling anticline within the Yangtze craton is a nearly
N-S striking asymmetric dome formed between the Late Jurassic and Early Cretaceous. The sedimentary cover on the
two flanks was involved in a series of oppositely-directed collapse folding and layer-parallel slipping. These examples
of Cretaceous extensional structures in different tectonic levels (exhumation of middle-lower crust by strong
stretching, syn-tectonic emplacement of granitic pluton with limited stretching, deformation of sedimentary cover
under a weak extension) indicates that South China also was involved into the regional extensional regime coeval
with the destruction of the North China craton. These results provide first-hand new structural evidence for further
discussing the temporal-spatial framework and geodynamic setting of the Cretaceous extensional tectonics on the
eastern margin of Eurasia.
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