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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 
40

Ar/
39

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 
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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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  Chapter 1 Introduction 

1 Study background and scientific 

questions 

. 

(Carlson et al., 2005; , 2009). 90 , 

, 

. “ ” , 

.  

, 

(Menzies et al., 2007; , 2008; 

, 2011). (1) : , 

( , 2009; R.X. Zhu et al., 2012). (2) : 

, , , 

200 km, 80 km ( , 2010; 

Chen, 2010); , 

? 

? , 

? (3) : - (Xu, 2001) (Gao et 

al., 2002) , ( ) ( ); 

- (Zhang, 2005) . (4)

: (Ren et al., 2002; Wu et al., 2005; G. 

Zhu et al., 2012), - ( -

)(Zorin, 1999; Meng, 2003) (

, 2009) - , ( , 

2007, 2008; Zhai et al., 2007; S.Z. Li et al., 2012a).  
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1-1 ( , 2013a) 

Figure 1-1 Tectonic map of Late Mesozoic extensional tectonics in the eastern margin of Eurasin 

(modified after Lin et al., 2013a) 

,  (Lin 

and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a; , 2013a)

(Ren et al., 2002; Meng et al., 2003; S.Z. Li et al., 2012a), 

(Wu et al., 2005; Yang et al., 2008). , 
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, 

- - -

. 

( , 2013a ). 

, 

( 1-1), Buteel-Burgutoy

(Mazukabzov et al., 2006; Donskaya et al., 2008) Zagan

(Sklyarov et al., 1994; Donskaya et al., 2008) Ereendavaa (Daoudene et al., 

2009, 2011) ; ( , 1993; Webb et al., 

1999a) (Darby et al., 2001; Davis et al., 2002; Davis, and Darby, 

2010; Guo et al., 2012) ( , 2001; Han et al., 2001; 

, 2005) ( , 1999; Darby et al., 2004; Zhang et al., 

2012; Lin et al., 2013a, 2013b) ( , 1996; He et al., 2009; Yan et 

al., 2006, 2010; Y. Wang et al., 2011) (Davis et al., 1996, 2001)

(Liu et al., 

2005; Lin et al., 2007a, 2008a, 2011; , 2011a; , 2011; Charles et al., 

2012; Liu et al., 2013) - (Charles et al., 2011)

(Hacker et al., 2009); (Zhang and 

Zheng, 1999). 

, 

. 

- - , “ ”(Glider et al., 

1996; Li, 2000; , 2004; , 2006; Shu et al., 2009). , 

(Zhang et 

al., 2011). 

. , 

, 

, 

, 
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(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). 

, (

, 2002; , 2008; , 2012). , 

, 

. , 

.  

- , 

- , . 

, 

( , 2011). 

, - —— , 

( , 2011). 

-

, ( , 1998). 

, 

( , 2010; Ji et al., 2014).  

-

- , “

”, , 

, 

, . 

2 Scope and methods 

“ ” , -

- , 

(AMS), U-Pb
40

Ar/
39

Ar . 
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2.1 Research scope 

(1) -  

. 

, ; 
40

Ar/
39

Ar , 

; /

.  

(2) -  

, 

; , 

(AMS) , ; U-Pb

; 

.  

 (3)  

, ; 

( )

(MDD) , U-Pb, 
40

Ar/
39

Ar, Rb-Sr FT (U-Th)/He

; 

, .  

 (4)  

, , 

, 

.  

2.2 Research methods 

(1) : ; 

, 
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, .  

(2) : 1: 20

1: 5 , , 

, , 

. - -

, ; 

, ; 

, 

.   

(3) (AMS) : -

. , AMS

, . 

, 

.  

(4) : U-Pb

, . 

, (

)
40

Ar/
39

Ar ,  

3 Workload, main results and 

innovative points 

3.1 Workload 

 

1.1  

   

1  6  
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2  963  

3  > 1000  

4  20  

5  275  

6  60  

7  350  

8 AMS  128  

9 AMS  901  

10  18  

11 U-Pb 9  

12  3  

13 
40

Ar/
39

Ar  12  

3.2 Main results 

1)

, . 

NW-SE A

. , , 

NW-SE , NW . 

, , . 

, 

. 

, 

. , 

NW-SE . 

. (

) . -
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NW . 
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145 Ma, 130 Ma , 

. , 

110-90 Ma . , 

; 

, . 

, -

, 

/ .  

(145-130 Ma) , . 

, , 

(110-90 Ma) . 

, 

/ . 

- . 

, ( /
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, / .  
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- . 

, 

. D1 ( )

, NE-SW

SW . D2 ( )
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NW-SE NW . AMS

, 

, . 
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AMS . 

SIMS U-Pb

150 Ma , D1 , 

132 Ma , D2 . , 

D1 N-S , D2 -

, 

NW-SE .  

3) , 
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. 
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. - (160 Ma-110 Ma)

(2-3 °C/Ma) , . , 
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130-126 Ma . 
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3.3 Innovative points 
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Chapter 2 Principal features of the Mesozic tectonic 

envolution in South China 

, , 

- , 

, - ( 2-1).  

 

2-1  

Figure 2-1 Sketch tectonic map of South China 

, - , 

, 



Chapter 2 Principal features of the Mesozic tectonic envolution in South China

13

(Guo et al., 1989; Charvet et al., 1996, 2013; , 2007; Faure et al., 

2008; Lin et al., 2008b; X.H. Li et al., 2009a; Z.X. Li et al., 2010). 

, 

- . 

1 Early Mesozoic multi-directional orogeny 

, 

. , 

. - -

/ , (Hacker et al., 

2004; Faure et al., 2008; , 2008). -

, 

- (S.F. Liu et al., 2005; , 2007). 

-

, - (Burchfiel et al., 

1995; Chen and Wilson, 1996; Roger et al., 2008, 2010; Yan et al., 2011). 

, 

( Song Ma -Song Chay ), 

, (Carter et al., 2001; Lepvrier et al., 2008, 

2011; Carter and Clift, 2008). , 

Song Chay NE

(Lin et al., 2008b; , 2011b; , 2013; Faure et al., 2014). 

, Y.J. Wang et al. (2007) , 

. , Xu et al. (2011)

239-230 Ma , 

.  

1300 km NE-NNE , 

. , Hsü et al. (1988, 

1990) . 
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, . 

, Li and Li (2007) 250-190 Ma

, 

. Wang et al. 2005a

217-195 Ma , Chu et 

al. (2012a, 2012b) (

NW , SE )

, 245-225 Ma , 

. , , 

(Zhou and Li, 2000; Zhou et al., 2006; , 

2009). , (2009) , 

, 

, NE-NNE

.  

2 - Late Mesozoic tectonic-magamatic events  

- , 

. , . , 

- (Glider et al., 1996; Li, 

2000; , 2006). -

, 

. NE-SW , (

, 2004; Shu et al., 2009).  

, (180-150 Ma)

, (140-85 Ma)

, , . 

(Zhou and Li, 2000; Zhou et al., 2006). 150-140 

Ma , 

(X.H. Li et al., 2010, 2013; Wu et al., 2012). , 120-110 Ma, 
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. , 

, ( Pacific

Izanagi )

(Zhou and Li, 2000; Zhou et al., 2006; Li and Li, 2007; Ling et al., 2009; X.H. 

Li et al., 2010, 2013; Wu et al., 2012).  

, , 

, ( , 2007; Zhu et al., 2010)

(Lin et al., 2000) ( , 1998) (Faure et al., 1996) (J.H. Li 

et al., 2013a) . , -

SW NW , 

(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 Diverse models of the Late 

Mesozoic tectonic evolution in South China 

- . 

: 

.  

Strike-sliping or rifting 

Xu et al. (1987)

, 

( 2-2) - NNE

( 2-2; Li et al., 2001). , -

(Tong and Tobisch, 1996; Wang 

and Lu, 1997). , 

,  

Gilder et al. (1996)
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( 2-2). NE

, .  Li 

(2000) ( 1000 km)

(300-400 km), 

, .  

  

2-2 - ( Xu et al., 1987); (

Li et al., 2001); ( 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)  

Change of subduction angle and slab roll-back  

Zhou and Li (2000)

, , , 

(180-80 Ma) , 

( 2-3). 

(Zhou et al., 2006; Jang et al., 2009, 2011). 
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2-3 ( Zhou and Li, 2000)  

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) 

, Sun et al. (2007)

, . 125 Ma SW

, 180-125 Ma NE , F.Y. Wang et al. 

(2011) SW NE .  

Slab subduction 

Li and Li (2007) , 

, 250-190 Ma 1300 km

, . 190-150 Ma , 

, , ; 150 Ma , 

, . X.H. Li et al. (2013)

, ( 2-4). 
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2-4 ( X.H. Li et al., 2013) 

Figure 2-4 Slab subduction model (modified after X.H. Li et al., 2013) 

 

Delamination or plateau collapse 

, (143-130 Ma)

, , (130-120 Ma)

, . , 

130 Ma , (Q. Wang et al., 2007a; 

Xu et al., 2007, 2012; He et al., 2011, 2013; , 2013). 

- , - 150-120 Ma . Cu-Au

, 

(Xu et al., 2002; Wang et al., 2004, 2006, 2007b). 

(2001) , 

50 km, ( )

. 

- (170-130 Ma), 125 Ma ( , 

2008). 
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Rige subduction 

140-125 Ma , SW , 

NNW , (Sun et al., 2007). 

, (Ling et al., 2009; , 

2010). 

( 2-5).  

  

2-5 ( Ling et al., 2009)  

Figure 2-5 Rige subduction model (modified after Ling et al., 2009) 

, , 

, 1200 km. 

25-90 km , 5° , 

(X.H. Li et al., 2010). , , 

. , Wu et al. (2012)

. 

Mantle plume 

-

, “ ” , 
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(Zhao et al., 2004; , 2009). , 

, 

, . Zhao et al. (2004)

. 

(2008)

4 ( 2-6): (a)

, (b)

, (c) , (d)

. 

 

2-6 ( , 2008); 

( , 2012) 

Figure 2-6 Tectonic initiation of Early Cretaceous magmatism in eastern China (left, modified after

, 2008); Distribution of felsic large igneous province in eastern China (right, modified after 

, 2012) 

, 

( , 1996; , 2001). 

, . 

, (2012)

, , 

( 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 is 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 Intruduction 

- - /

, / (Hacker et al., 1995; 

Wang et al., 2008; Liou et al., 2009). , 

- ( 3-1). -

- , 

(Ratschbacher et al., 2003, 2006; Liu et al., 2013; Wu and Zheng, 

2013).  

, /

( 3-1): -

( ), 

, . 

/ . , 

( , 2005; 
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, 2008; Lin et al., 2007b) -

( , 2009)

. /

( , 2013b).  

 

3-1 /  

Figure 3-1 Tectonic map of the HP/UHP orogenic belt in eastern China 

, 

. 

, /

. 
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2 Overview of the regional geology 

- ( ) NW-SE

, ,  (

3-2). - , 

- ( - ) - ( -

) - (

, ). , 

, 

(Okay, 1993; Carswell et aI., 1997; Eide and Liou, 2000; X.C. Liu et al., 2004; J.B. 

Liu et al., 2006; , 2013). 

, 

( , 2009; Sun et al., 2002; Cheng et al., 2009, 2010, 2013; Wu 

et al., 2009; Liu et al., 2011a). , 

, . 

(Ratschbacher et al., 2006; Liu et al., 2011b, 2013). 

, ( )

/ , - . 

( ), 

( 3-2). 

, , 

( )

(Webb et al., 1999b, 2001; Wang et al., 2003; , 2009; 

, 2009; , 2010; X. Liu et al., 2011; Cheng et al., 2012; Cui et al., 

2012). , 

(2009) , (102-85 

Ma) ; Cui et al. (2012)

(141-139 Ma) , 135-120 Ma.  
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3-2 -  

Figure 3-2 Tectonic map of the Tongbai-Dabie orogen 

. 

/ , Faure et al. (1999, 2003) (2003)

/ , 

. 

( , 1996, 1998; Hacker et al., 1998, 2000; Wang et al., 1998; 

Ratschbacher et al., 2000; , 2001; , 2007; Y.S. Wang et al., 2011). 

, 

. , (1996, 1998)

150-96 Ma , , 

; Wang et al. (1998) /

SEE (

- ) , ; 

Ratschbacher et al. (2000) (Hacker 
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et al., 1998), - (rolling hinge-isostatic rebound)

140-120 Ma - ; Y.S. Wang et 

al. (2011) ( - -

) , , 

143-132 Ma.  

, (2000, 2001) (2001) -

, 

, , (200-170 Ma, 

130 Ma) (Suo et al., 2005). 

/ . , 

- /

. , - 35 km, . 

, -

. 

( 3-2). -

(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): 

143-130 Ma, ( ), 

, ; 

130-117 Ma, , . 

(130-123 Ma) (Jahn et al., 1999; 

Zhao et al., 2005; Huang et al., 2007; Dai et al., 2011). , -

130 Ma ( , 2013). 

3 Cretaceous extensional structures in 

the Tongbaishan 

3.1 Main litho-tectonic uints 

and their characteristics 
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, Webb et al. 

(1999b, 2001) (2001) (2006) -

, . (1999) (2001)

(2005a) , . 

( , 2011; X.C. Liu et al., 2008, 2010, 2011b, 2013)

. 

 

3-3  

Figure 3-3 Geological and structural map of the Tongbaishan 

 

3-4  

Figure 3-4 Schematic cross-section of the Tongbaishan 
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, 

, 

, (

) ( 3-3). NW-SE

, ( 3-4). 

.  

, 

. . 

- , . - , 

. / . 

, , 

440-400 Ma (Kröner et al., 1993; Ratschbacher et al., 2006; X.C. Liu et al., 2011b, 

2013; H. Wang et al., 2011; Xiang et al., 2012). , 

, 

, .  

, 

, . 

(2013)
40

Ar/
39

Ar 261 Ma, 

(Faure et al., 2003; , 2005). 

. 

40
Ar/

39
Ar 401 Ma 316-304 Ma, 

40
Ar/

39
Ar 268 Ma, 

( , 1994; Zhai et al., 1995; 

, 2006). X.C. Liu et al. (2011b, 2013)

, 

.  

, 

. , 
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. (776-746 Ma)

(141-139 Ma) (Kröner et al., 1993; , 2011). 

40
Ar/

39
Ar 135-119 Ma

100-90 Ma , (Webb et al., 1999b, 

2001; , 2009; Cui et al., 2012).  

. 

, 

. U-Pb - Lu-Hf 255 

Ma , (X.C. Liu et al., 2008; Cheng et al., 

2011). 
40

Ar/
39

Ar 238-217 Ma , 

(X.C. Liu et al., 2008).  

, 

( ) , (2011) . 

U-Pb , 

( , 2013). 

, . (2006)

256 Ma
40

Ar/
39

Ar , .  

- -

. -

, ( , 2002; Xu et al., 2012). 

, -

. 741-763 Ma, 

( , 2011). -

.  

3.2 Structural analysis of the Tongbaishan 

complex 
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NWW-SEE , 120 km , 10-20 

km ( 3-4). , . 

, 

. - - . 

- , . 

. 

, SE

(Webb et al., 1999b, 2001; Wang et al., 2003; , 2009; , 2010; X. 

Liu et al., 2011; Cheng et al., 2012; Cui et al., 2012) 

 

3-5  

(a) ; (b) ; (c) L

; (d) NW-SE  

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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. 

NE , SW ( 3-1). NE , ; 

, SW , . 

, ( 3-5a). , 

A . 

, . , 

( 3-5b). 

, . 

, . , 

L , L ( 3-5c). 

, 130° 310°, 

20° ( 3-1).  

, 

( 3-6a), S-C ( 3-6c c , 

d), NW . 

. , 

( 3-5d), 

S-C ( 3-6e).  

, , 

. , 

. 
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3-6  

(a) ; (b)

; (c) (c ) S-C ; (d)

S-C ; (e) S-C

. NW  

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) -type 

feldspar porpyroclasts in the granitc gneiss of the Tongbaishan complex; (c) and (c ) S-C fibric and 

-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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, 

. , 

, NW-SE , 

NW . , 

. , 

, . 

, NW-SE A

. , , 

.  

3.3 Geochronological studies 

3.3.1 Previous geochronological data 

( , 1989; , 1990). Kröner et al. (1993)

Pb-Pb 746-776 Ma

, . 

( , 2001; , 2009; , 2010). , X.C. 

Liu et al. (2010) SIMS U-Pb : 

141-139 Ma, 780-750 Ma ; 

232-220 Ma

, 933 Ma 863-742 Ma. 

, ( , 2011). 

(2013) LA-ICP-MS U-Pb

137-138 Ma, 134 Ma . 

, , 

(Rodinia) - .  
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3-7 -  

Figure 3-7 Cretaceous tectono-magmatic geochronology of the Tongbaishan 

, . (2011)

LA-ICP-MS U-Pb , 

135 ± 4 Ma 131 ± 3 Ma, 828 Ma. 

SIMS U-Pb 132.8 ± 0.9 Ma 134.1 ± 1.0 Ma

757 Ma ( ). 

, 135-131 

Ma. , 

, , 

. 

3.3.2 U-Pb Zircon and titanite U-Pb dating 

, . 

. , 
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SIMS U-Pb . 

HO37 HO41 , 

( 3-7). , 

.  

, . 

. 

, . U-Pb

Cameca IMS-1280 , 

Li et al. (2009b). Isoplot

(Ludwig, 2003). 3-1, 1 . 

2 . 

 

3-8 CL  

Figure 3-8 Typical CL images of zircon from migmatite of the Tongbaishan complex 
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3-9 U-Pb  

Figure 3-9 Concordia diagrams of U-Pb dating for zircon and titanite from migmatite in the 

Tongbaishan complex 

HO37 - . 

CL , ( 3-8a). 23

23 Th/U 0.08-0.16, 
206

Pb/
238

U

129-136 Ma ( 3-1). , 132.8 

± 0.9 Ma (MSWD = 0.04), ( 3-9a).  

HO41 , - ( 3-8b). 

, . , 

. 17 28

U-Pb , 12 , 16 . 

Th/U 0.1, 
206

Pb/
238

U 160-672 Ma ; 

Th/U 0.03-0.07, 
206

Pb/
238

U 131 Ma 138 Ma ( 3-1). 

2 , 

757 ± 52 Ma 133.4 ± 3.6 Ma (MSWD = 1.3) ( 3-9c). 16
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134.1 ± 1.0 Ma (MSWD = 0.55), 

( 3-9c'). , 757 Ma , 

134 Ma.  

, HO37 TIMS U-Pb , 

, 

Schärer and Labrousse (2003). 8 8 ( 3-2), 2

, 6 ( 3-9b). 4

206
Pb/

238
U 120 ± 1.1 Ma (2 ). U-Pb

, U-Pb (650-700 °C) .  

3.4 Uplift process of the Tongbaishan 

complex 

, 137-141 Ma (Liu et al., 

2010; , 2013), 131-135 Ma ( , 2011; 

). , 131 ± 1 Ma (Cui et al., 2012), 

123-139 Ma (

, 2013; Zhang et al., 2013). 

141-130 Ma . , 

40
Ar-

39
Ar 135-119 Ma 100-90 Ma (Webb et al., 1999b, 2001; 

, 2009; Cui et al., 2012), 

. , U-Pb

U-Pb , .  
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3-10  

Figure 3-10 Cooling history of the Tongbaishan complex 

, 

: (1) 141-130 

Ma: NW-SE , , 

- - , . 

; (2) 100-90 Ma: 

, . 

. 

, . 

3-10 A. , C

; , 100-90 Ma

. , B A C . , 

134-120 Ma , 

. 
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4 Cretaceous extension 

recorded in the Hong’an massif 

, /

( 1998; Webb et al., 1999b, 2001; S.Z. 

Li et al., 2010, 2011). , 

.  

4.1 Shuangfengjian dome 

, 

. NW-SE 25 km, 7 km ( 3-2 3-11). 

, 

. , 

( 3-12a). (2005b) U-Pb

813 ± 6 Ma, . 

, 

. , 

(Webb et al., 1999b, 2001; S.Z. Li et al., 2010, 2011). 
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3-11  

Figure 3-11 Geological and structural map of the Shuangfengjuian and Daleishan area 

, SW

; NE , ( 3-11). 

NE ( 3-11). , , 

A . 
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, ( 3-12b). 

NW-SE , , 30°. 

NW-SE ( 3-12c). , 

NW , S-C

( 3-12d). NW-SE

NW NE-SW

( 3-13).  

 

3-12  

(a) ; (b) NW-SE ; (c)

NW-SE ; (d) S-C

NW  

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; (c) muscovite in the mylonitic marble formed a 

NW-SE trending mineral stretching lineation; (d) felsic mylonite with S-C fabric and -type feldspar 

porpyroclasts, indicating a top-to-the-NW shearing 
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3-13  

Figure 3-13 Structural elements and kinematics map of the Suangfengjian and Daleishan domes 
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, . 

QD88
40

Ar/
39

Ar , 3-11. 

96.7 ± 0.7 Ma 96.5 ± 2.1 Ma , 

( 3-14). , 

97 Ma , 

.  

 

3-14 40Ar/39Ar  

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

, NW-SE , 

NW . , 

. , 

. , 

, . -

, NW-SE

A . 

4.2 Daleishan dome 

, , 

( , 1996; , 1998; 

Webb et al., 1999b, 2001). , 

, 300 km
2
 ( 3-11). 

, , ( , 



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

45

2005b). 

. - - . 

, , (1996)

; (1998)

, N-S ; 

Webb et al. (1999b, 2001) 195-198 Ma NE-SW

, . 

ESE , 

, . 

, , 

( 3-13). , 

, NE-SW

(Webb et al., 1999b, 2001). , “ ” (

3-11). NW-SE , , 

, 

( 3-11A). 

.  

, (AMS)

, . , 7

: NW-SE NE-SW

, , 111° ( 3-13). 

NE-SW , “ ” 1 7 4

NW-SE . 5 , 

NE-SW , NW-SE ( 3-13). 

NW-SE

. Ratschbacher et al. (2000) 84.1 ± 0.8 

Ma ( 3-11), 

. , Webb et al. (1999b, 2001)
40

Ar-
39

Ar
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198-195 Ma, (Hacker et al., 

2000). 

, - , 

. 

. 

5 Cretaceous extensional structures in 

the Dabieshan  

5.1 Main litho-tectonic uints 

and their characteristics 

(Okay et al., 1993; 

Cong, 1996; Hacker et al., 2000; , 2001; , 2002; Faure et al., 2003; 

Zheng et al., 2005). , 

: , ( )

( 3-15 3-16). 

- ( - ), 

(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). ( 3-15). 

, , 

- . (

), . 

(Okay et al., 1993; , 1998; , 2002). 

, (780-750 Ma)

(Chen et al., 2003; , 2013). (2001)

. , 

( ). -

.  
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3-15  

Figure 3-15 Geoloical and structural map of the Dabieshan 

XMF: - Xiaotian-Mozitan fault; SMF: Shang-Ma fault; SWF: -

Shuihou-Wuhe shear zone; XSF-N and XSF-S: North 

Xishui shear zone and South Xishui shear zone; XGF: - Xiangfan-Guangji fault  

, , ( , 

)

. , 

. , . 
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. 

, : (1) , 

( , 2002); (2) (Zhai et al., 1994, 1995); 

(3) , (Zhang et al., 1996); (4)

, “northern orthogneiss unit(NOU)”(Hacker 

et al., 1995, 1998; Ratschbacher et al. 2000); (5) /

(Faure et al., 

1999, 2003; , 2003); (6) , 

(Bryant et al., 2004); (7) - , 

( , 1999, 2003; , 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; , 2005, 2008; , 2008). , 

(R.Y. Zhang et al., 2009; 

Tong et al., 2011).  

SW-SE , 

: 

( 3-16). (

) . , 

, . /

, 

. , /

(Okay, 1993; Carswell et al., 1997; Li et al., 

2004; Shi and Wang, 2006; Lin et al., 2009; , 2013; Shi et al., 2014). 

, 

, - . 

, , - . 

/ , (Li 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; , 2008 ) /
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240-225 Ma , 

(820-740 Ma) . 

, , 

( , 2002; Xu et al., 2012).  

 

3-16 ( 3-15) 

Figure 3-16 Schematic cross sections of the Dabieshan (locations see Figure 3-15) 

5.2 Recognition of the Cretaceous 

Dabieshan MCC 

( , 

1996, 1998; Hacker et al., 1998; X.D. Wang et al., 1998; Ratschbacher et al., 2000; 

, 2001; , 2007; Y.S. Wang et al., 2011). 

/

, / . 

, 

NW-SE ( 3-16 3-17). 

. 

-

, -
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. ( )

. - (

) ( , XSF-N XSF-S )

, ( /

) .  

 

3-17  

Figure 3-17 Structural elements and kinematics map of the Dabieshan MCC 

XMF: - Xiaotian-Mozitan fault; SMF: Shang-Ma fault; SWF: -

Shuihou-Wuhe shear zone; XSF-N and XSF-S: North 

Xishui shear zone and South Xishui shear zone; XGF: - Xiangfan-Guangji fault; UHP: 

UHP unit; HP: HP unit; SS: Susong Group; ZBL: 

Zhangbaling Group 

NW-SE

NW , . 

, 
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, 

/ . 

, 

“ ” .  

5.2.1 Structural features of the central Dabieshan dome 

( ), . 

, 

( ) ( , 

2008 ). 

, 

. , 

, (diatexite)

(metatexite) (Faure et al., 1999, 2003; J.H. Wang et al., 2002; S.J. Wang 

et al., 2013). , . , 

, , 

. , 

, ( 3-18a, b).  

, : 

( 3-17). 

, . , 

NW, . , : NE, 

; SE SW, .

, . 

NW-SE ( 3-17). 

, 

, 

S-C C , 
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NW ( 3-18c; Faure et al., 1999, 2003; Hacker et al., 1995, 

2000; Ratschbacher et al., 2000; , 2003, 2005; , 2011; Y.S. Wang et 

al., 2011). , , 

.  

 

3-18  

(a) : , , orther 

, ; (b) : , 

; (c) NW ; 

(d) NW  

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 -type feldspar porpyroclasts, indicating 

a top-to-the-NW sense of shear 

, 

( 3-15). 

, , , 
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(Q. Wang et al., 2007b; Xu et al., 2007, 2012). , 

(Xue et al., 1997; Hacker et al., 1998; 

Bryant et al., 2004; Xie et al, 2006) . 

, 

. , 

NW ( 3-18d). , 

.  

5.2.2 Geometry and kinematics of the 

detachment faults 

, , 

, . -

- .  

—— - (XMF) 

-

. , 

. (2000) -

. Faure et al. (1999, 2003) (2003) “

” , - /

, . 

Ratschbacher et al. (2000) - : 

, /

; - , ; 100-90 

Ma . Y.S. Wang et al. (2011) -

- , 

“ ”. -

, , 
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(Yuan et al., 2003). -

, .  

 

3-19 -  

(a) (a') NW

; (b) NW ; (c)

S-C NW ; (d)

; (e) NW-SE

 

Figure 3-19 Deformation characteristics of the Xiaotian-Mozitan fault 

(a) and (a') mylonitic banded gneiss with -type feldspar porpyroclasts and amphibole fish, 

indicating a top-to-the-NW sense of shear; (b) -type feldspar porpyroclasts in the granitic mylonite 

indicate a top-to-the-NW sense of shear; (c) augen granite with S-C fibric and -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; (e) biotite aggregate in foliated granite near Yaohe 

constitutes a NW-SE trending lineation 
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- NWW-SEE, . 

, 

, . -

- . 

, , 

. NE, N, 

20-45° ( 3-17). , 

NW-SE ( 3-17). , 

. , 

, NW ( 3-19a a', b).  

, 

, S-C

NW ( 3-19d); 

( , 2005), 

, 

NW-SE ( 3-19e).  

—— (SMF) 

NEE, - (Faure et al., 

1999, 2003; , 2003). , 

. , (X.D. 

Wang et al., 1998; Ratschbacher et al. 2000; Y.S. Wang et al., 2011). (2000)

, 

. (2008) , 3

, : NWW

- .  



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

56

 

3-20  

(a) (a') , 

NW ; (b) (b')

NW ; (c) (c') , 

NW  

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 -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 -type feldspar porpyroclasts, indicating a 

top-to-the-NW 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 

, 

. , 
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- . 

, 

- . NW, 

20°-40°, NW ( 3-17). , 

NW ( 3-20a a', b b').  

, 

( 3-20c). 

. , 

( 3-20c'). -

. 

, . 

—— - (SWF) (XSF) 

, NW , 

SW, NW , ( , 

2002). ( - ), 

- , - . 

- / , 

/ (Wang et al., 1995). , Wang et al. (1998)

- ( SE ) , 

( , 2011; Y.S Wang et al., 2011). 

, - - (Zhang 

et al., 1996; Wang et al., 2005b). ( )

, ( -

- ), (X.D. Wang 

et al., 1998; E. Wang et al., 2003; Cheng et al., 2012). 

. , 

. , (XSF-S XSF-N) , 



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

58

, , XSF-N - , 

XSF-S - , 

( 3-15).  

 

3-21 -  

(a) NW-SE ; (b) (b')

S-C NW ; (c)

NW  

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, -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 

-

. SE , 

30°-60°; S SW, ; SE

, 40°-70° ( 3-17). , 

SE (130°-160°) ( 3-17). , 

( 3-21a). 

, S-C
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, NW

( 3-21b b'). 

( 3-21c). 

 

3-22  

(a) NW-SE ; (b)

NW-SE ; (c) (c')

NW ; (d)

NW ; (e) NW  

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') 

-type feldspar porpyroclast in granitic mylonite indicate a top-to-the-NW sense of shear; (e) -type 

feldspar and quartz grains in mylonitic biotite-plagioclase gneiss indicate a top-to-the-NW sense of 

shear  
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, Faure et al. (1999, 2003)

(2003) , 

(2002) “ ”. , 

. 

, . 

SW, NE, 

, ( 3-17). , 

. 

NW-SE , SE ( 3-17, 3-22a b). 

, 

. , 

NW

( 3-22c c' d e). XSF-N XSF-S

XSF-N XSF-S

( )  

5.3 Geochronological studies 

5.3.1 Protolith ages 

and timing of metamorphism and migmatization for the central Dabieshan 

complex 

, , 

. 

U-Pb , (740-820 Ma) (245-205 Ma)

(145-120 Ma) (Xue et al., 1997; Hacker et al., 1998; 

, 2000; , 2001, 2004; , 2002; , 2003; , 2003; 

Bryant et al., 2004; Zheng et al., 2004; Liu et al., 2007b; Zhao et al., 2008; Xie et al., 

2006, 2010). , 

, 
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. 

, .  

. Wang 

et al. (2002) TIMS U-Pb 131.7 ± 1.1 Ma; Wu et al. 

(2007) LA-ICP-MS SHRIMP U-Pb , 

768-867 Ma, 

145-120 Ma , , 139 ± 1 Ma 123 ± 2 

Ma; Wang et al. (2013) SIMS U-Pb , 135 Ma

130-132 Ma 128 Ma , 

.  

, (Zhang et al., 1996; 

Zheng et al., 2001). , 

, 2.7 Ga, 2.0 Ga (Wu et al., 2008; Sun 

et al., 2008; Jian et al., 2012). , S.J. Wang et al. (2012)

U-Pb , 224 ± 2 

Ma, 213 ± 2 Ma 200 ± 3 Ma, 

. , 

( ) (

),  

( , 1997; , 1999, 2003; , 2001, 2005; Y.C. Liu et al., 2007a, 

2011a, 2011b). , (Lin et 

al., 2007). U-Pb 780-800 Ma, 

226 Ma (Y.C. Liu et al., 2007a, 2011b).  
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3-23 -  

Figure 3-23 Cretaceous tectono-magmatic geochronology of the Dabieshan 

references ,1991; , 1995; , 2003; , 2007; 

, 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; ( )this study (grey box) 

, (2013)

, U-Pb
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. U-Pb : 

LT-3 129.6 ± 2.8 Ma, LT-4 129.4 ± 3.3 Ma, BZY-1 128.1 ± 

1.8 Ma, MYL-1 127.2 ± 3.2 Ma, SGZ-1 127.8 ± 2.6 Ma, 

126.9 ± 1.1 Ma. , 128 

± 1 Ma. , (

), , , 

U-Pb . 

. 

5.3.2 Timing of the extensional tectonics 

Previous geochronological data 

40
Ar/

39
Ar

( 3-23), (

, 1991; , 1995; Mattauer et al., 1991; Eide et al., 1994; Hacker and Wang, 

1995; Ratschbacher et al., 2000).  

- ( 3-23). , (2007)

124.17 ± 0.25 Ma 126.91 ± 0.30 Ma
40

Ar/
39

Ar ; Y.S. 

Wang et al. (2011)
40

Ar/
39

Ar

, 142-121 Ma . , 

40
Ar/

39
Ar 120.7 ± 1.2 Ma 120.5 ± 1.2 Ma (Ratschbacher 

et al., 2000).  

. (2000)

40
Ar/

39
Ar 226.5 ± 0.6 Ma, 

. (2008) LA-ICP-MS U-Pb

125.9 ± 4.2 Ma 118.8 ± 4.1 

Ma, 126-119 

Ma . , , 
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LA-ICP-MS U-Pb 120.4 ± 1.8 Ma (Chen et al., 2009). 

120 Ma .  

- . 

(2007)
40

Ar/
39

Ar 190.59 ± 0.42 Ma, 

, 

. Ratschbacher et al. (2000) -

40
Ar/

39
Ar 126.7 ± 1.2 Ma, 

.  

40
Ar/

39
Ar Ar-Ar dating in this study 

, , 

40
Ar/

39
Ar (

3-23). 
40

Ar/
39

Ar
40

Ar/
39

Ar

MM-5400 , . 

(2005). ArArCALC (Koppers, 2002)

. 3-5, 

3-24, 2 .  

JS109 - , 

NW . 127.6-96.5 Ma, 

123.9 ± 0.7 Ma.  

DS49 , 

NW ( 3-20a a'). , 

131.4±1.3 Ma. QD124

, NW . 

, 107.7 ± 0.7 Ma 107.5 ± 1.0 

Ma . 
40

Ar/
36

Ar 321.0, 

.  
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3-24 40Ar/39Ar  

Figure 3-24 Ar-Ar age spectra and inverse sochron plots of tectonites from the detachment faults 

JS100 - , 

NW ( 3-21b b'). , 

130.7 ± 0.5 Ma 130.2 ± 1.2 Ma . 

40
Ar/

36
Ar 303.3, .  

JS349 XSF-N , 

. 125.1 ± 0.7 Ma, 
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124.8±1.0 Ma, 
40

Ar/
36

Ar 307.0, . 

, 125.8 ± 0.9 Ma, 

125.7 ± 1.1 Ma. 
40

Ar/
36

Ar 297.9, .  

DS45 DS39 XSF-S , 

, . DS45

101.7 ± 2.8 Ma, 102.9 ± 9.6 Ma , 

40
Ar/

36
Ar 288.8, . DS39 5

112.0 ± 0.9 Ma, 112.8 ± 2.6 Ma

. 
40

Ar/
36

Ar 292.3, .  

Ages of the detachment faults 

-
40

Ar/
39

Ar 142-120 Ma, 

130 Ma, 130-120 Ma ( 3-23). -

, 

. , 142 Ma . 

JS109
40

Ar/
39

Ar 128-97 Ma , 

350-150°C . , 

, DS49 131 Ma QD124

108 Ma . 

, 120 Ma , 

.  

JS100 130.7 Ma -

. XSF-N JS349

126-125 Ma, . 

128.6 ± 0.8 Ma ( 3-23), 

XSF-N - , 

130 Ma . XSF-S DS45 DS39

, 120 Ma, 102 
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Ma 112 Ma. , XSF-S

XSF-N, XSF-S

.  

5.4 Nature of the central Dabieshan complex 

(Tong et al., 2011

). (2002) - , 

. , 

, . 

- (Jahn et al., 

1999; Zhao et al., 2005; Dai et al., 2011). 

, (Zhai et al., 1994, 

1995), . 

, U-Pb
40

Ar/
39

Ar

, 

(Xue et al., 1997; Hacker et al., 1998; Ratschbacher et al., 2000).  

, , 

( , 1997; 

, 1999, 2003; Tsai and Liou, 2000; , 2001; Xiao et al., 2001; Xie et 

al., 2004; Y.C. Liu et al., 2005, 2007a, 2011a, 2011b; Malaspina et al., 2006). , 

, 

( , 2000; , 2001, 2004; , 2002; , 2003; 

, 2003; Xie et al., 2010; Zheng et al., 2004; Liu et al., 2007b; Zhao et al., 2008). 

. 

, ( , 2008; , 

2008) . , Bryant et al. 

(2004) , 

, 
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. 

( , ) (R.Y. Zhang 

et al., 2009).  

, 

, , 

, 

( , 2011). , 

, 

, (Faure et al., 1999, 

2003; , 2003). , , 

. , 

, 

, . 

. 

, 

, U-Pb

( , 2013).  

5.5 Two-phase exhumation 

of the Dabieshan MCC 

, 

. -

, -

. , - -

130 Ma , (130 Ma 107 

Ma ), XSF-N 130 Ma , XSF-S

112-102 Ma . NW , 

( - -

XSF-N)
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. , , 

, 

XSF-S . 

130-120 Ma , 105 Ma ( 3-25). 

. Wang et al. (2007)

SHRIMP , 

142-143 Ma , . 134-125 Ma

. , 130 Ma

(Zhao et al., 2004, 2007, 2011; Q. Wang et al., 2007b; Xu et al., 2007, 2012; 

He et al., 2011, 2012; , 2013): , 

, ; 

- , . 

, 139 Ma  123 Ma

, (Wu et al., 2007).  

 

3-25  

Figure 3-25 Cooling history of the Dabieshan MCC 
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, 130 Ma , 

. 

( 3-26): (1) (145-130 Ma): 145 Ma

, NW-SE

, 143-130 Ma . 

, , 

. 

/ . 

(2) (130-100 Ma): 130 Ma , 

, . , 

. 

, . , 

112-102 Ma

. 

 

3-26  

Figure 3-26 Two-phase exhumation of the Dabieshan MCC  
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6 /

Reworking of the pre-existing HP/UHP oroginc belt by 

extensional collapse 

- , 

. , 

. , 

/ .

A , 

. /

. , 

. /

. 

/ , 

. , 

, - , 

(Webb et al., 1999b, 2001; S.Z. Li et al., 2010, 2011). 

, 

.  

, , . 

, -

, . Al

18 km (Ratschbacher 

et al., 2000). , -

NW , /

. , 

. , 

/

NW-SE NW , 
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(Faure et al., 1999, 2003; Hacker et al., 1995, 2000; , 2003, 2005). 

, , /

, . 

7 Geodynamic and 

setting and mechanism of the post-orogenic extension 

- : 

1) ( , 2001, 2013; Q. Wang et al., 

2007b; Xu et al., 2007, 2012; He et al., 2011, 2013; , 2008; , 

2009); 2) (X.D. Wang et al., 

1998; E. Wang et al., 2003); 3) (

, 2005, 2007, 2008); 4)

(Wu et al., 2005; Ren et al.,2002); 5) -

, 

(Ratschbacher et al., 2000); 6)

, 

(Zhao et al., 2004; , 2008; , 2009); 7)

(Lin and Wang, 2006; Lin et al., 2013a; , 2013b).  

, 

( , 2008). 

, . 

, , 

NW-SE NW SE , 

, NW-SE (Lin and Wang, 2006; 

Lin et al., 2013a). - , 

, . 
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, . 

, - .  

8 Summary 

, . 

NW-SE A . 

, , 

NW-SE , NW . , 

, . 

, 

. 

, 

. , 

NW-SE . 

. ( )

. -

. - (

, XSF-N XSF-S )

. NW-SE

NW . 

- , 

. 

A , ( )

. NW-SE

NW . ,
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(AMS) NW-SE . , 

, . 

, 

145 Ma, 130 Ma , 

. , 

110-90 Ma . , 

; 

, . 

, -

, 

/ .  (145-130 Ma)

, . 

, , 

(110-90 Ma) . 

, 

/ . 

- . 

, ( /

) . -

, 

, SE , 

. , 

, , 

/ . 
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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 

D1 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 D2 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 D1 and D2 event occurred in the Late Jurassic 
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and Early Cretaceous, respectively.  

In conclusion, we suggest that the D1 event might represent crustal thickening by 

nearly N-S compression during the Late Jurassic, while the D2 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 Intruduction  

( ) -

, “ ”(Gilder et al., 1991, 1996; Li, 2000; 

Shu et al., 2009). , 

, . , 

, 

, (Zhu et al., 2010), 

(Lin et al., 2000) (Faure et al., 1996; Wang et al., 2001)

(J.H. Li et al., 2013a). 

, . 

.  

, (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). 

, 

. , 

, ( , 

2007). , 

(Feng et al., 2012; Wei et al., 2014a). 

, - . 

, , 

.  



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

77

 

4-1  

Figure 4-1 Tectonic sketch map of South China 

2 Geological setting  

, 

, -

(Charvet et al., 1996, 2010; Shu et al., 2008; Faure et al., 2009; Li et al., 2009a; 

Chu et al., 2012a, 2012b; Charvet, 2013; Chu and Lin, 2014). 

( - ), . 

, - , 

, - , 

. 

, 

, “ ” . 
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- . , 

NE , ( , 1999; , 

2001; Li et al., 2001). , 

- . , , 

- , -

. - , 

( , 2003; , 2005; , 

2004; , 2008; , 2009; , 2011). 

 

4-2 -  

Figure 4-2 Geological and structural map of the Dayunshan-Mufushan area 

- , 

. 2440 km
2
, 

( ), 
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, , ( 4-2). -

, . (2011)

. , -

(150 Ma ) (130 Ma ) , 

, 

( ). : 

, -

, (

, 1998). , 

.  

 

4-3 -  

Figure 4-3 Cross-sections of the Dayunshan-Mufushan area 

- . 

, . 

, 

. , U-Pb

860-820 Ma,  (X.L. Wang et al., 2007; 

, 2011). - , -

, . 

- , . 

, 

- . 
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, ( )- ( ) . , 

.  

3 - Structural geometry of 

the Dayunshan-Mufushan batholith  

3.1 Bulk architecture of the batholith  

- , . 

, 4 ( 4-2). :  

(1) : - , 

NNE , ( 4-2

4-3). , - ( 15-20%), 

. (25%) (35%) (30%)

(10%), ( 1%), 

( 4-4a). , .  

( ) , , 

. , . 

, (20°-35°). NE-SW

, . 

, ( 4-5). 

, , 

.  

(2) : , 

, 100 km
2
. , 

, ( 4-3). , 

, , . (15%) (45%) 

(25%) (10%) (5%). , 
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. , (15 km
2
)

( 4-2 4-4b), , 

. 210° 25°, 

SW ( 4-6b).  

(3) : - , 

NW , ( 4-2 4-3). , 

, ( ) ( 5% ), 

. (20-30%) (30-40%)

(30%) (5%) (3%). .  

, . 

, , 

( 4-7a, ). NE

NW . 

, 35 km ( 4-2). NE , 

. 

, . 

, . 

NW , SW , (25°-50°). 

, NW-SE (

4-7b, c).  

( ) , 

( 4-2). , 

( ) , 

. , 

. , 

.  
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4-4 -  

(a) , ( , 

); (b) , (

, ); (c) , 

( , ) (d)

, ; (e) , 

; (f) ,  

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; (e) 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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 (4) : , 

, 12 km
2
. , 

.   

 

4-5 -  

(A) ( ); (B)

( )

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) 

3.2 Country rocks and contact metamorphic 

aureole  

, 

, - -

, ( 4-2). 

, . NW

EW , - . 

, . 

, . - NE

, , 

.  
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NE , , 

, . 

SE SSE, , NE

( 4-2 4-3). NE , 

SE, NW ( 4-2). 

-

, . 

 

4-6  

(a) ; 

(b) NE-SW ; (c)

NE-SW ; (d)

NE-SW  

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; (c) 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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- , 

. ( ) , 

: ( 4-4e, f

4-6c). , 200-2000 m. 

, , . 

, . 

, , . 

NE-SW ( 4-6c), 

. 

NW-SE ( 4-7d), 

. -

, . 

, . 

NE-SW

( 4-6d).  

, NE-SW

, NW-SE

(( 4-2 4-5). -

. , 

, NW-SE . 
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4-7  

(a) , ; (b)

, ; (c)

, NW-SE ; (d)

NW-SE  

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 (AMS)

Contribution of AMS in understanding geometry of the batholith  

4.1 Brief introduction of AMS  

, , 

(anisotropy of magnetic susceptibility, AMS). , 
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( , 

, 

), . 

, (K1 > 

K2 > K3), ( 4-8).  

 

4-8  

Figure 4-8 AMS ellipsoid and strain ellipsoid  

, 

, (Tarling and Hrouda, 1993; Borradaile and 

Henry, 1997). , , 

K1 , K3 . 

( 4-9): (1) ( ): , ; 

(2) ( ): , ; (3) : 

, . 

 

4-9 : (A) ; (B) ; (C)  

Figure 4-9 Patterns of AMS ellipsoid: (A) oblate; (B) prolate; (C) triaxial 
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, . 

, 

. 

, , 

. , 

. 

, . “ ”

, , 

- . , 

(Talbot et al., 2004; Turrillot et al., 2011; Lin et 

al., 2013b; Wei et al., 2014a). 

4.2 Sampling and measurement  

, -

, . 

, . 

, . 

- , 

( 4-10). 3 km, 

1-2 m. 5 3 cm , 

. 

, 2.2 cm 2.5 cm . 

, . 

121 , AMS 852 . 

, ( 4-10). 

(Université d'Orléans, 

Institut des Sciences de la Terre d'Orléans) KLY-3

(Kapabridge) . ANISOFT , 

(Km) ( K1
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, K3 , K2). Jelinek (1981), 

, (T) (PJ): T = 

(2 2- 1- 3) / ( 1- 3), -1<T<1; PJ = {2[( 1- m)² + ( 2- m)² + ( 3- m)²]}1/2 (

1 = lnK1, 2 = lnK2, 3 = lnK3, m = 3 1. 2. 3). 

, 

. (isothermal remanent magnetization, IRM)

JR-5 . ( )

KLY-3 , CS-3. , 

(Institut de Physique du Globe de Paris)

.  

 

4-10 -  

Figure 4-10 AMS sites in the Dayunshan-Mufushan batholith 
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4.3 Magnetic mineralogy  

Km . -

( 4-11), 

(85%) Km 500×10
-6 

SI, Km 300×10
-6 

SI , 100×10
-6 

SI . (

) Km 500×10
-6 

SI, 20000×10
-6 

SI. , 

, 

. , , 

, (Km>500×10
-6 

SI), 

.  

 

4-11 -  

Figure 4-11 Histogram of bulk magnetic susceptibility of the Dayunshan-Mufushan batholith 
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4-12 -  

Figure 4-12 Isothermic remanent magnetization, thermomagnetic measurements and hysteresis loops 

for granitic rocks of the Dayunshan-Mufushan batholith 
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. 

(DM72 DM114 DM59 DM122) IRM , 200 mT , 

, 200 mT , 

90% ( 4-11). , 

, .  

, 

. (DM33

DM114) (DM19 DM72) , 

, , 

580 °C . 580 °C, 

( 4-12). 580 °C

, 675 °C, . 

, , 

. (DM59 DM122)

, 580 °C , 

( 4-12). , 300-400 °C , 

.  

, 

, , (MD) (SD)

. , (DM19 DM72)

(DM33 DM114) , 

( 4-12). (DM19 DM33) , 

, , ( 4-12). 

(DM59 DM122)

, “ ” , (PSD)

(MD) ( 4-12).  

, -

, 
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, 

. , 

- .  

4.4 Magnetic fabrics 

Shape parameter (T) and anisotropy degree (Pj)  

T . T < 

0 , (prolate); T > 0 , 

(oblate). 

. , 

. , (PJ )

. , 

PJ 1.2, PJ 1.2.  

 

4-13 - Km-T-PJ  

Figure 4-13 AMS scalar parameters (correlation diagrams of Km-T-PJ) for each AMS site 
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- , (85%) T 0, 

( 4-12). 7 (DM58 DM59

, DM62 DM113 DM117 , DM98 DM122

) PJ 1.2, 1.5, 114 PJ

1.2 ( 1.09) ( 4-1 4-13). , -

. PJ 1.2 , 

. -

, PJ , 

. , 

, , 

. , PJ > 1.2 T , 

( T > 0) , PJ 1.2, T PJ (

4-13). T-Km T Km , PJ-Km PJ

Km .  

Magnetic foliation and lineation  

- 121 4-14A B , 

K1 , K3 . K1 K3

95max 25° (121 , 95 > 25° 25 , 38 ), 

( , 

, ). , AMS . 

4-15A B. -

, 

.  

(1) :  

, . 

, ; 

, (DM35 DM36) NE-SW . 

4 , 1 (DM122)
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, , N-S ; 3

, . S

SWW , (20°-50°), 

( DM63); , S SW .   

(2) :  

( 40°), E SE , 

; E-W

, . 

, , 

, ( DM53, DM65, DM66, DM67, DM68, DM70, DM71, 

DM78, DM80) NW-SE . (

), 

, . 

NW-SE , .  

, (

4-15B). 

N-S ( 190°), NW-SE

( 117°). 

( 4-5). 
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5 - Kinematics of 

two-phase deformation in the Dayunshan-Mufushan batholith  

, -

: (1) (D1): 

, NE-SW

, SW ; (2) (D2): 

, 

NW-SE , NW . 

5.1 D1 Early (D1) event  

, D1 (

) . ( - -

- ) , . , 

NE-SW . 

, 

SW ( 4-16a, b, c). 

NE-SW

, SW

, ( 4-16e, f). 

, , 

. , 

, ( 4-4a, b 4-16b). 

, AMS

. , 

NE-SW , . 

, D1 .  
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4-16 D1  

(a)-(c)

SW ; (e) (f)

SW  

Figure 4-16 D1 event in the biotite monzogranite and its contact metamorphic aureole 

(a)-(c) augen or -type feldspar porphyroclasts in gneissic biotite monzogranite from the southerm 

margin of the pluton, indicating a top-to-the-NW sense of shear; (e) 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 D2 Late (D2) event  

D2 , 

. . 
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, 100-2000 m , . 

, , 

. , 

, NW-SE . , , 

, , 

, S-C , , NW ( 4-17a-f). 

 

4-17 D2  

(a)-(f) , 

NW .  

Figure 4-17 D2 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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, 

. 

( ) NW-SE , 

S-C NW ( 4-18a). 

, NW-SE

S-C , NW (

4-18b). , D2 , 

NW-SE

. , , 

NW , S-C

NW ( 4-18c, d). 

, 

, , , 

, ( 4-17). 

400-500 °C, 

(post-sulidus) . AMS

, 

(sub-sulidus) . NW-SE , D2

NW-SE . D2

, 

. 
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4-18 D2  

(a) S-C ; (b)

S-C ; (c) (d)

S-C . 

NW .  

Figure 4-18 D2 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 Revelation of the Bouguer gravity data  

, 1: 50

( 4-19). -

, ( )

. 

. ,

, . , AMS
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, , 

, SW . , 

, . 

4.05 kbar (

, 2011). 

 

4-19 - ( , ) 

Figure 4-19 Bouguer gravity anomaly in the Dayunshan-Mufushan area (dark and light gray are 

early and late plutons, respectively) 

, 

( ) . , 

, , 

. 

. AMS

, NW-SE . : 

, , 
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, . 

AMS , , 

.  

7 Geochronological studies  

7.1 U-Pb Zircon U-Pb dating  

- , 

SIMS U-Pb . 

Cameca IMS-1280

. Li et al. (2009b). Isoplot

(Ludwig, 2003). 4-2, 1 , 

206
Pb/

238
U 2 .  

DM35 ( AMS DM35), 

. CL , 

( 4-20). 18 18

U-Pb , 2 , 16

. 2 (270 Ma 705 Ma), 16

, 149-153 Ma, Th/U 0.33-0.65. 16

151.2 ± 1.1 Ma, 

( 4-21).  

QD69 ( AMS

DM114), - . CL

, , ( 4-20). 

19 19 , . 

U , 7007 ppm, Th/U 0.1-0.2. 

1 (837 Ma), 

. U (154-160 Ma) 3
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, 16 149-153 Ma. 16

151.1 ± 1.2 Ma, 151.2 ± 1.2 Ma( 4-21). , 

151 Ma.  

 

4-20 - CL  

Figure 4-20 Typical CL images of zircon in granitic rocks from the Dayunshan-Mufushan batholith 

DYS14 ( AMS DM122), 

. CL

, ( 4-20). 20 21

, U 294-948 ppm. 1
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(819 Ma), Th/U 0.08. 20 1

(156 Ma) , 145-151 Ma, Th/U 0.17-0.89. 19

149.0 ± 1.0 Ma, 

( 4-21).  

 

4-21 - U-Pb  

Figure 4-21 Zircon U-Pb ages of the Dayunshan-Mufushan batholith 

QD49 ( AMS

DM07), , 

, . - , 

, , CL , 
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, ( 4-20). 

. 21 21 , U

(88-5166 ppm), Th/U 0.02, 

0.12-1.06 . 1230 Ma, 

, 832 ± 17 Ma

134.2 ± 8.4 Ma (MSWD = 3.0). 15 127-139 

Ma, 131.9 ± 1.9 Ma (MSWD = 3.1), 

( 4-21).  

DYS62 , (

AMS DM17 ). -

. CL , 

; - , : 

, , ; 

, U , 

( 4-20). 20 23 , U

537-3402 ppm, Th/U 0.08-0.42. 

835 ± 16 Ma 124.6 ± 3.9 Ma (MSWD = 2.8). 

, 14 127.0 ± 

1.0 Ma (MSWD = 1.7), ( 4-21).  

DM80 ( AMS DM80). 

, 12 12

. - , 

, ( 4-20). (417 Ma)

, 11 826 ± 20 Ma 148 ± 22 

Ma (MSWD = 5.9) ( 4-21). 4 138-153 

Ma, U , U . , 

138 Ma . DM80 QD49 , 

QD49 , 132 Ma.  
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7.2 Monazite EPMA dating  

, 

, (QD69)

(DM26, )

(DYS22, ). , 

. 

(BRGM) (ISTO) Cameca SX50

. 

5 um ( 1 um), . 

Cocherie et al. (1998). EPMA dating

U-Th-Pb (Pommier et al., 2002), Isoplot

(Ludwig, 2003). Th/U

Th/Pb-U/Pb (Cocherie and Albarède, 2001). 

4-3, 4-23.  

QD69 , , 

SW . , 

50-200 m, ( 4-22). Th/Pb-U/Pb , 7

140 151 ± 5 Ma, 147.8 ± 4.5 

Ma ( 4-23). U-Pb . 

DM26 , , 

, 20-50 m ( 4-22). 11 127

134.8 ± 6.6 Ma ( 4-23). , 

, 

.  

DYS22 , NW-SE

, . 

, 10-30 m ( 4-22). 17 84
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130.2 ± 9.7 Ma ( 4-23). , 

.  

 

4-22 -  

Figure 4-22 Typical backscatter images of monazite in samples from the Dayunshan-Mufushan area 

 

4-23 -  

Figure 4-23 Monazite U-Th/Pb ages of samples from the Dayunshan-Mufushan area 
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8 - Emplacement 

process and tectonic significance of the Dayunshan-Mufushan 

batholith  

, -

.  

D1 . 

, NE-SW , SW

. AMS

, NE-SW , 

, 

. SIMS U-Pb

149-151 Ma, . 

, D1 ? , 

, : (1) , 

, . 

, . 

, . (2) , 

(Hu et al., 2012; Shi et al., 2012; J.H. Li et al., 

2013b). - , 

, (Davis et al., 1996, 1998, 2001; 

Lin et al., 2013a). , . 

(3) , 150-140 Ma , 

, 140 Ma

(X.H. Li et al., 2010; 2013; Wu et al., 2012).  

D2 , 

. 

, . NW-SE

NW . , 



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

113

, SIMS U-Pb 132 

Ma , 

135 Ma 130 Ma, 130 Ma . 

, - , 

, D2

. - , 

- D2 NW-SE

, . , Wei et al. 

(2014a, 2014b) - ( 142 Ma 130 Ma

) AMS , 

NW-SE NE-SW . , 

NW-SE . 

9 Summary  

, . 

- . 

, 

. D1 ( )

, NE-SW

SW . D2 ( )

, 

NW-SE NW . AMS

, : 

N-S ( 190°), 

NW-SE ( 117°), . 

, 

AMS . SIMS U-Pb

150 Ma , D1 , 
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132 Ma , D2

. 

, D1 N-S , 

D2 - , 

NW-SE . 
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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 Intruduction  

-

( 5-1) (Li et al., 2009a; Charvet, 2013). , 

: (1) : - , 
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(Lin et al., 2008b; Faure et al., 2009; Charvet et al., 2010; 

Z.X. Li et al., 2010; Wang et al., 2010); (2)

, - - / (Mattauer et al., 1985; Faure 

et al., 2003; Hacker et al., 2000) (Burchfiel et al., 1995; 

Chen and Wilson, 1996; Yan et al., 2011) (Carter et al., 

2001; Carter and Clift, 2008; Lepvrier et al., 2008), -

(Wang et al., 2005a; Shu et al., 2008; Chu et al., 2012a, 2012b); (3)

- , - (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), - , 

(Yan et al., 2003, 2009; Hu et al., 2012; Shi et 

al., 2012; J.H. Li et al., 2013b). 

, 

. , (Lin 

and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a) (Ren et al., 2002; 

Meng et al., 2003; S.Z. Li et al., 2012a) , . 

(Wu et al., 2005; Yang et al., 2008). 

(Menzies et al., 2007; , 2008; 

, 2011). , 

. 

(Gilder et al., 1996; Li, 2000; Zhou and Li, 2000; Zhou et al., 

2006; Shu et al., 2009). 

. , 

, ( 5-1), (Zhu 

et al., 2010) (Lin et al., 2000) (Faure et al., 1996)

(J.H. Li et al., 2013a). , 

( - , - -

) ( ), 

(Lin and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a).  
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5-1  

Figure 5-1 Tectonic sketch map of South China 

( ) , 

( 5-1). , 

. 

( , 1989; , 

1984; , 1991; , 1997, 2002; , 1998, 2000, 2006; , 

2001; , 2002; , 2003; , 2007; , 2008; 

, 2009; , 2010; Gao et al., 1999, 2011; Qiu et al., 2000; Li et al., 

2004; S.B. Zhang et al., 2006a, 2006b, 2006c, 2008, 2009; X.M. Liu et al., 2008; Chen 

et al., 2013), (Z.J. Zhang et al., 2009), 

( , 1986; , 2009; , 2010). 

: ? 

? 
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, ? 

.  

2 Geological outline  

, 

, . 

, , 

. , (ca. 3.2-3.3 Ga)

( , 2009; Gao et al., 2011). 

( 5-2), TTG (

) - ( , 1990; 

, 1997; Gao et al., 1999). 

2.90-2.98 Ga, 2.7-3.3 Ga , 

, 2.7 Ga 2.0 Ga ( , 1998, 2000; Qiu et al., 

2000; Zhang et al., 2006a, 2006b; Gao et al., 2011; Chen et al., 2013). , 

- (ca.1100-985 Ma)

(Peng et al., 2012).  

, 

( 5-2). 4 : -

- -

- ( , 2002). U-Pb

794-837 Ma ( , 1984; , 1991; Li et al., 2004; 

, 2006; , 2009; S.B. Zhang et al., 2008, 2009). 

, 

- ( 5-4). , 

( , 1990). -

, . 

, -
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, (

, 2003; , 2008; , 2010). , -

-

(Liu et al., 2005). 

, - , 

( 5-2 5-3). 

 

5-2  

Figure 5-2 Geological and structural map of the Huangling massif 

 

5-3 ( 5.2) 

Figure 5-3 Cross-sections across the Huangling massif (locations in Figure 5-2) 
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5-4  

Figure 5-4 Stratigraphic column of the Huangling area 

. , (1986)

- , 

. (2002) , 

. , 

(1996) (2004)
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. (2009) , 

, -

, . 

, , -

(Wang et al., 2003; , 2009). (HN) (SNJ)- (HL)

- - ( 5-1). 

- (Meng et 

al., 2005). , - -

SW ( , 2010; Hu et 

al., 2012; Shi et al., 2012; J.H. Li et al., 2013b).  

3 Structral 

geometry and deformation styles  

3.1 Bulk architecture and litho-tectonic units  

, , 

73 km, 36 km ( 5-2). -

, : N-S

, E-W , NE-NEE - . 

, -

. 

, - . 

, - (

5-2 5-3E). , -

: 1)TTG , , ; 2)

- , ; 3) , 

- .  

, 

, . 
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, . , 

NEE-SWW ( 5-5D). , 

NEE NE , 

( ). , , 

- ( ) . 

NWW , 

NWW-SEE ( 5-5B). 

, .  

, . 

- , 20°-60°( 5-3A B 5-5A); 

- , 10-20°( 5-3C D 5-5E); 

- , 15°( 5-5C F). 

, , (

) SE ( 5-5G).  
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3.2 Uplift-related deformation of the 

Huangling massif  

, . 

, 

( , 2002; , 2009). 

, . , 

- .  

Doming  

, - , 

. , 

, 

( 5-6A B C). 

( 5-6D). 

, . 

, 

.  

, , 

. , . , 

, ( 5-7A

B). , . 

, , 

E ( 5-6C). , 

SEE ( 5-5E), 

.  

, 

, 
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, . , 

, , 

, . 

, . , 

, 

(Faure et al., 1996, 1998; Lin et al., 2000, 2007a, 

2013a). , 

. , 

- . , -

.  

 

5-6  

A. ; B. 

; C. , ; D. 

,  

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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5-7  

A. E ; B. 

E ; C. 

E  

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  

Normal faulting  

3 NNW-SSE , 

( 5-2). 

, ( 5-3C E). 

60°-80°, . 

- , . , 

- . 

- ( , 2006; , 2009). 

- , . 

. , , 
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( 5-2 5-3B). ,

. 

4 - Tectono-thermal evolution  

4.1 Previous geochronological data  

, U-Pb, (-

)Rb-Sr, 
40

Ar/
39

Ar ( , 1984; , 1989; , 

1991; , 2002; 2002; , 2007; Li et al., 2004; , 

2006; , 2009; S.B. Zhang et al., 2008, 2009). 

5-8A. U-Pb 794-837 Ma , . 

- Rb-Sr 805 Ma

. 
40

Ar/
39

Ar 770-900 Ma, 

770 Ma 801 Ma

. , Rb-Sr K-Ar

, 

( 10 km). 

, (FT) (U- Th)/He

. (U-Th)/He

, (

, 2009; , 2010; S.B. Hu et al., 2006; Richardson et al., 2010; Li and 

Shan, 2011; J.M. Hu et al., 2012). 5-8B. FT  

(U-Th)/He , 158-195 Ma 121-309 Ma, 

, 220 °C ( FT

) 180 °C ( (U-Th)/He ) . FT

87-137 Ma, -

100 °C ( FT ) . (U-Th)/He 39-102 Ma

, 40-45 Ma, . , 

(2009)



Chapter 5 Origin of the Huangling massif within the Yangtze craton

128

9 AFT 81-148 Ma. , 

, . 

. 

 

5-8A. (U-Pb Rb-Sr Ar-Ar)

Figure 5-8A Compilation of U-Pb, Rb-Sr and Ar-Ar ages from the Huangling granitoids 
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5-8B. (FT (U-Th)/He) 

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 MDD K-feldspar MDD modeling  

800-200 Ma , 

. 

, 3
40

Ar/
39

Ar

, (multi-domain diffusion, MDD) . 
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5-8A, JH446 , 

. 

JH71 , , 

. JH147 ( ), 

. , 

SHRIMP U-Pb 819 ± 7 Ma ( , 1984).  

 

5-9 
40

Ar/
39

Ar  

Figure 5-9 Ar-Ar age spectra and multi-domain diffusion (MDD) modeling results of K-feldspar 

from different rock types in the core of Huangling massif 

, . 

49-2 . 
40

Ar/
39

Ar

40
Ar/

39
Ar MM-5400 , 

. , , 

Ar . 1150 °C , 

. , 1100 °C , 

, (1200 °C ) . 

(2005, 2007). ArArCALC (Koppers, 2002), 
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5-1, 2 . MDD , 

, 

(Lovera et al., 1997, 2002).  

, 

239.7-899.0 Ma (JH446, 759.6 ± 3.3 Ma) 167.7-762.6 Ma (JH71, 

693.9 ± 3.0 Ma) 244.8-610.7 Ma (JH147, 567.9 ± 2.3 Ma). 

40
Ar/

39
Ar MDD 5-9 , 

, . 
40

Ar/
39

Ar , 

350-150 °C (McDougall and Harrison, 1999). MDD

.  

4.3 Cooling history  

, 

, , 

( 3). 

( 5-10A).  

 

5-10A ( ) 

Figure 5-10A A synthetic curve showing tectono-thermal history of the Huangling massif with 

emphasis on the dome core 
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, 

, . 

820 Ma , 770 Ma

U-Pb Rb-Sr K-Ar ( 5-10A). 

750 Ma (Zhang et al., 2006c; 

X.M. Liu et al., 2008), 748 Ma ( , 

1984). 820-750 Ma , 

. , 

, 

. (2006) 740 Ma (

) ( ) , 

. , MDD

( 5-9). 

20 °C/Ma ( 5-10A). 

(JH446) MDD 450 Ma , 400 

Ma . , 

. , 

- , (Lin et al., 2008b; Faure et 

al., 2009; Charvet et al., 2010). , -

, . , 

, 

.  

( JH71 JH147) MDD

, 

, . 

, - (Faure et al., 1999, 2003)

- (Chu et al., 2012a, 2012b; Chu and Lin, 2013). 

, . 

“ ” , ( , 
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2008; , 2010). , 

( , 2003). , 

, 

, .  

 

5-10B - ( MDD AFT ) 

Figure 5-10B Cooling history of the Huangling massif from K-feldspar MDD and AFT modeling 

(U-Th)/He

200 Ma . 

( , 2009; 

, 2010; Li and Shan, 2011; Hu et al., 2012). 200-160 

Ma , 160-110 Ma , 

2-3 °C/Ma ( 5-10B). Richardson et al. (2010) 40 Ma

, -

. , Hu et al. (2006)

100-40 Ma, GOF(goodness of fit) , 

(GOF 0.5). , (2009)

, 165-100 Ma
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, 1.9-2.7 °C/Ma ( 5-10B). 

(25 °C/km), 160-110 Ma

5 km. 

- . 

, 

- (S.F. Liu et al., 2005). 

(

, 2009). , 

. 

U-Pb

, 

(Shen et al., 2012). , -

, - . 

5 Formation time and 

mechanism of the anticline  

, 

( , 1996; , 2004; , 2009; Wang et al., 2003)

. , 

160-110 Ma ( , 2009; 

, 2009; , 2010; Hu et al., 2012). , 

- , 

. , 

. , , 

, . 

-

.  

, 
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:  

(1) ( 5-11A): - -

, , 

( , 1996; , 2004). 

, -

. , 

, 

. , 

, . 

, 5-11A , 

. , -

.  

(2) ( 5-11B): , 

, -

(Wang et al., 2003; Meng et al., 2005). 

( , 2010; Hu et al., 2012; Shi et al., 2012; J.H. Li et al., 

2013b). , 

, ( 5-11B).  

, , 

(Lin and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a). 

, . 

, ( 5-11C). 

, 

. , 

. 

. , -

. , 

, 

.  
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5-11 . 

(A) ; (B) ; (C) ; (D) (

Z.J. Zhang et al., 2009)  

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) 

, 

(

, 2011; Xu, 2007). , 

42 km

30 km ( 5-11D, Z.J. Zhang et al., 2009). 
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- . , 

, , 

. 

6 Summary 

, 

. , 

. , 

. 

- . 

, - . 

MDD , 

, . 

, 

. - (160 Ma-110 Ma)

(2-3 °C/Ma) , . , 

. 
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Chapter 6 Discussion and conclusions 

, 

, “ ”. , 

, 

. , 

, , 

. 

1 Features of the Late Mesozoic 

extensional tectonics in South China 

/  

- (Ratschbacher et 

al., 2000; , 2011; Wang et al., 2011; Cui et al., 2012). -

. , 

. , 

/ . 

, , 

. NW-SE

NW . , , 

, , .  

, -

145 Ma, NW-SE , 

, , 
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, 130 Ma , 

. 130-125 Ma

, 

40
Ar/

39
Ar 125 Ma ( 6-1). , -

.  
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6-1 A. - ; B. -

; C. -

( ). 

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)  

 

(Li, 

2000; Li et al., 2010; Wu et al., 2012), 

( , 2002; , 2004; 

, 2012). , 

NE SW ( , 2007; Zhu et al., 2010) (Lin et al., 

2000) ( , 1998; )  (Faure et 

al., 1996; , 1998) ( , 1998; J.H. Li et al., 2013a).  

, -

, ( 6-1). 

, . , 

, , 

, 

, (Lin et al., 

2000; , 1998; J.H. Li et al., 2013a). , 

“ ” . 

. 

- NW-SE

, NW-SE

NW . 

(J.H. Li et al., 2013a). NW

, NE-SW
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NE SW (Lin et al., 2000). 

NE-SW SW ( , 

2007; Zhu et al., 2010). N-S , 

S (Faure et al., 1996, , 1998). 

- NW-SE , 

NE-SW .  

. 

NE-SW 132-126 Ma, 

Ar-Ar 111-93 Ma (Lin et al., 2000). 

Ar-Ar 129-126 Ma  (Zhu et 

al., 2010). 132 Ma

. Ar-Ar 132 Ma 

(Faure et al., 1996, , 1998). 

U-Pb 136 Ma, 
40

Ar/
39

Ar

98-108 Ma (J.H. Li et al., 2013a). 

136-126 Ma, ( 6-1). 

, 110-90 Ma

, - .  

, : /

- A

( , , -

); 

( ). , (

) , 

. , 

, NW-SE (130 Ma 

) . 
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2 Overview of the Late 

Mesozoic extensional tectonics in the eastern margin of Eurasian 

continent 

, 

, ( 1-1). 

NE-SW , NW-SE

(Lin and Wang, 2006). 

NW-SE . , 

. , -

SE (Zorin, 1999; 

Mazukabzov et al., 2006, 2011; Donskaya et al., 2008; T. Wang et al., 2011, 2012), 

SE Ereendavaa Nartyn

NW (Daoudene et al., 2009, 2011), 

- ( 1-1). 

, , 

SE SE (Webb et al., 1999a; Davis and Darby, 2010); 

NW , 

NW (Lin and Wang, 2006; Hacker et al., 2009; Charles et 

al., 2011), 

( 1-1). : 

, 

“ ” ( 6-2). 

(Lin and Wang, 2006; 6-2). 

(Charles et al., 2011, 2012). -

- “ ” , 



References

143

( , 2008; , 2012). 

S SW .  

 

6-2 ( , 

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)

(Lin et al., 2013a; , 2013a). - , 

. 

, (Ren et al., 2002; 

Wu et al., 2005; G. Zhu et al., 2012; , 2011). , 

, (Zhou and Li, 2000; Zhou et al., 

2006; Li and Li, 2007; Ling et al., 2009; X.H. Li et al., 2013). , 

(Engebretson et al., 1985; Maruyama et al., 1997; Sun et al., 2007). 

, 

- -

, 

. , 

( , 2012). 

- - . , 

-

(Meng, 2003). -

, - -

. (T. Wang et al., 2011, 2012) -
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. SE , 

(Lin et al., 2013a).  

 

6-3 ( , 2013a) 

Figure 6-3 Extensional structures (extensional domes, syn-tectonic plutons, detachment faults and 

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

Lin et al., 2013a) 
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, - -

, , 

. , . 

, Ratschbacher et al. (2000)

-

; (2007, 2008) “ ”

165 Ma “ ” , 

.  

( 6-3), -

. , 

, ( - ), - - -

/ ( - ) , 

, . , 

, 

, 130-126 Ma ( 6-3). 

, , 

(Wu et al., 2005). , 

, , 

. 

, (Lin et al., 2013a). 

? 

, 

(Lin and Wang, 

2006). 

, 

, . 

3 Conclusions 

, / , 
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- , 

. . 

/

, A

. , 

NW-SE NW . 

, 145 Ma, 130 

Ma . , 

(110-90 Ma) . - (150 Ma

) (132 Ma ) , NW-SE

, , 

; N-S , 

. N-S

, , 

, - . 

( , 

, )

. 

, 

( ), 

, NW-SE , 

. 

, . 

, 130-126 Ma . 

, 

. 

. , 

, .  
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3-3 - Ar-Ar  

Table 3-3 Ar-Ar data of tectonites from the Tongbai-Dabie orogen 

Temperature
40

Arr

39
Ark Age ± 2

(°C) (%) (%)

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 15.26 97.16 ± 1.37

910 17.28963 1.35561 0.00247 16.68706 96.40 18.59 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 16.90514 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 4.17 94.30 ± 1.22

1300 19.60514 14.82216 0.00987 18.09599 91.14 1.02 105.47 ± 2.27

750 27.32911 0.00434 0.05448 11.23096 41.10 0.57 96.45 ± 2.70

770 15.90064 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 1.41 113.27 ± .71

850 14.86725 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 15.56376 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 15.96939 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 5.51 123.22 ± .57

1090 15.65644 0.00310 0.00373 14.55386 92.96 7.67 124.03 ± .54

1120 15.57977 0.00107 0.00336 14.58726 93.63 6.80 124.30 ± .54

1150 15.58318 0.00048 0.00341 14.57588 93.54 6.43 124.21 ± .57

1180 15.65254 0.00170 0.00321 14.70522 93.95 7.21 125.27 ± .53

1220 15.73328 0.00156 0.00319 14.79081 94.01 13.45 125.98 ± .57

1250 15.73537 0.00182 0.00305 14.83379 94.27 14.09 126.33 ± .60

1280 15.87590 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 5.20 126.76 ± .58

1340 15.87854 0.00038 0.00319 14.93648 94.07 2.76 127.18 ± 1.89

1400 15.89830 0.00423 0.00348 14.87021 93.53 1.13 126.63 ± .73

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 3.94 136.75 ± 5.85

1000 23.25658 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 13.41 127.40 ± .63

1090 15.59463 3.20449 0.00316 14.95547 95.64 13.57 125.36 ± .62

1120 16.45332 3.33774 0.00556 15.11774 91.62 5.56 126.68 ± .68

1180 15.45898 3.23841 0.00393 14.59468 94.15 38.90 122.44 ± .60

1240 10.24472 0.54089 0.01570 5.65353 55.16 0.25 48.42 ± 6.43

  QD88, Biotite, J = 0.0033190

Ma

40
Ar/

39
Ar

37
Ar/

39
Ar

36
Ar/

39
Ar

40
Arr/

39
Ark

  JS109, K-feldspar, J = 0.004878

  DS49, Hornblende, J = 0.004800
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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 10.42 108.02 ± 1.29

840 19.12253 1.66138 0.00327 18.31255 95.63 12.45 107.48 ± 1.01

880 18.94198 1.62326 0.00229 18.41941 97.11 14.84 108.09 ± .92

910 18.69991 1.57124 0.00178 18.32408 97.86 12.78 107.54 ± 1.11

950 18.65558 2.30802 0.00157 18.41236 98.50 11.53 108.05 ± 1.07

990 18.42932 2.18877 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 19.33506 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

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 19.46766 0.00233 0.01368 15.42552 79.24 8.80 129.45 ± .88

860 22.01036 0.00473 0.02105 15.78963 71.74 8.32 132.40 ± 1.05

900 18.19077 0.00395 0.00898 15.53762 85.41 6.30 130.36 ± .87

940 24.96170 0.01145 0.03153 15.64478 62.67 4.79 131.23 ± 1.45

980 24.99525 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 16.46955 0.00279 0.00357 15.41449 93.59 13.73 129.36 ± .65

1060 16.34974 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 3.88 132.53 ± .73

1160 16.29683 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 57.59468 0.02939 0.09128 30.63150 53.18 0.03 248.59 ±29.16

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 5.32 126.04 ± 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 5.21 127.50 ± 1.58

920 22.31365 0.00100 0.02383 15.27247 68.44 4.92 128.50 ± 1.35

960 23.42623 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 17.45449 0.00827 0.00898 14.80246 84.81 12.11 124.67 ± .75

1040 16.48120 0.01131 0.00579 14.77110 89.62 10.35 124.42 ± .59

1060 16.32028 0.01075 0.00503 14.83480 90.90 8.78 124.94 ± .66

1080 16.28694 0.01958 0.00423 15.03766 92.33 8.12 126.59 ± .62

1100 15.87392 0.00246 0.00296 15.00012 94.50 7.56 126.28 ± .57

1120 15.86470 0.00503 0.00261 15.09334 95.14 5.43 127.04 ± .68

1150 17.29865 0.02123 0.00266 16.51505 95.47 2.44 138.56 ± .93

1250 34.09367 0.04374 0.00739 31.91399 93.60 1.67 258.84 ± 1.30

1300 57.44824 0.03332 0.01697 52.43788 91.28 0.27 407.64 ±19.67

880 364.21948 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 10.79 127.24 ± 1.32

  JS349, Biotite, J = 0.004822

  JS100, Biotite, J = 0.004811

  JS349, Hornblende, J  =  0.004848

  QD124, Biotite, J = 0.0033440
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1040 18.63748 3.04580 0.01411 14.74845 78.93 10.91 124.88 ± 3.97

1070 15.41335 3.05483 0.00475 14.28952 92.47 39.96 121.12 ± .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 15.36643 3.02222 0.00303 14.74940 95.74 17.28 124.89 ± .60

1190 15.96800 3.09543 0.00505 14.75956 92.19 5.13 124.97 ± .82

1250 19.24159 3.38351 0.02225 12.97259 67.23 0.52 110.29 ± 2.83

750 67.24378 0.00757 0.17596 14.16564 22.68 15.25 126.92 ± 7.46

800 25.79516 0.00520 0.04266 14.38080 51.13 13.19 110.28 ± 1.91

830 20.31861 0.00276 0.02311 14.81697 66.40 13.49 112.73 ± 1.21

860 21.73407 0.00673 0.02825 15.12086 61.59 13.39 111.88 ± 1.30

900 35.60980 0.01007 0.08010 15.20117 33.53 11.94 100.13 ± 4.42

940 29.41948 0.01554 0.06309 14.96703 36.64 10.78 90.62 ± 2.65

980 20.50483 0.00927 0.03139 14.72063 54.77 11.23 94.33 ± 1.37

1010 20.43442 0.00421 0.02612 14.83137 62.22 12.71 106.43 ± 1.23

1040 22.00892 0.00570 0.02916 14.92354 60.85 13.39 111.94 ± 1.35

1080 33.71764 0.05062 0.06845 15.00427 40.02 13.49 112.76 ± 3.14

1180 413.59992 4.17601 1.11794 15.10873 20.21 83.89 608.44 ±88.13

750 24.77854 0.00479 0.04648 11.04383 44.57 5.81 93.23 ± 2.02

800 16.26453 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 24.99047 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 14.87 91.63 ± 1.18

1030 18.27260 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 5.76 107.63 ± .89

1110 18.15503 0.09474 0.01491 13.75674 75.77 1.02 115.42 ± 1.61

1210 41.33229 0.50116 0.09868 12.22024 29.55 0.16 102.89 ±23.86

  DS39, Biotite, J = 0.004768

  DS45, Biotite, J = 0.004791
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5-1 Ar-Ar  

Table 5-1 Ar-Ar analytical data of K-feldspars from the Huangling massif 

Temperature
40

Arr
39

Ark Age ± 2

(°C) (%) (%)

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 1.48 328.17 ± 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

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

Ma

JH71, Migmatite, Kfs, Weight=14.6mg, J=0.005717, Total fusion age=693.9±3.0Ma

GPS:31°12.906', 111°16.829'

JH446, Gneiss, Kfs, Weight=12.3mg, J=0.005598, Total fusion age=759.6±3.3

GPS:31°19.982', 111°05.738'

40
Ar/

39
Ar

37
Ar/

39
Ar

36
Ar/

39
Ar

40
Arr/

39
Ark
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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 72.315 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 2.32 748.90 ± 3.99

1250 90.024 0.0009 0.0011 89.691 99.63 2.97 748.53 ± 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

600 461.75 0.6943 1.2474 93.257 20.18 0.00 770.32 ± 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

700 244.30 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 0.76 244.76 ± 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 1.33 393.27 ± 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

JH147, Granodiorite, Kfs, Weight=15.1mg, J=0.005695, Total fusion age=567.9±2.3Ma

GPS:30°51.400', 111°08.917'
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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
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a b s t r a c t

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.

Ó 2013 Elsevier Ltd. All rights reserved.

1. Introduction

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; Hsü 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.,

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

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).

1367-9120/$ - see front matter Ó 2013 Elsevier Ltd. All rights reserved.
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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;

Wu 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.,

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 theWugongshan 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).
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2009; Meng and Li, 2003; Zhao et al., 2010; Chen et al., 2013), as

well as the crustal structure (Z.J. 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–

2.75 Ga 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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Fig. 2. Geological and structural map of the Huangling massif.
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Middle Carboniferous sandstone, siltstone and limestone; Permian

chert-bearing limestone, and sandstone with coal seams in the bot-

tom; Lower Triassic limestone, locally with shale in the bottom. A

few hiatuses existed during the Middle Silurian to Middle Devo-

nian as well as the Carboniferous periods. The Middle Triassic stra-

ta are dominated by paralic facies limestone, siltstone and shale. A

local discontinuity between the Middle and Lower Triassic repre-

sents a significant transition of the sedimentary environment and

facies from marine to continental (Meng and Li, 2003; Li et al.,

2008; Zhao et al., 2010). The Upper Triassic and Jurassic deposits

are fluvial–lacustrine sandstone, siltstone, mudstone and coal

seams. It is worthy to be mentioned that the Zigui and Dangyang

intracontinental basins that crop out on the western and eastern

flanks of the Huangling massif, respectively, were considered to
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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 Huanglingmassif 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 viewof the tectonic evolutionof 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 ametamorphic core complex. (5) According to their

understanding of the regional tectonics of theQinling–Dabie orogenic

belt,Wang et al. (2003) proposed that theMesozoic northward inden-

tation of the SCB into the NCC to the west, coeval with a clockwise

rotationof theSichuanbasin, resulted ineastwardextrusion.TheHan-

nan (HN), Shennongjia (SNJ), andHuangling (HL)massifs (Fig. 1)were

regarded as indenters formed during this process. The Mesozoic tec-

tono-sedimentarydevelopmentof thenorthwestSichuanbasin isalso

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 undeformedHuangling 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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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 deformedpre-Cretaceous stratawith

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). 40Ar/39Ar 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 40Ar/39Ar 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. 40Ar/39Ar 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 40Ar/39Ar 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

E

A

W

1.5 m B

W E

3 m

C 2 m

W E W

D

E

1 m

2 cm

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°52.9340 , 110°52.6890); (B) Decameter-scale recumbent fold overturned to the west in the Cambrian limestone (30°53.0350 , 110°50.4060); (C) Meter-scale

recumbent fold overturned to the west in the Ordovician Moderate-bedded limestone (31°08.8880 , 110°50.6000); (D) Meter-scale décollement-related west-verging fold in the

Triassic thin-bedded limestone (31°06.9050 , 110°48.0440). It is noted that the transverse bedding stylolites indicate a bedding-parallel shortening.
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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 40Ar/39Ar

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, 40Ar/39Ar ages

were calculated according to 40Ar�/39ArK ratios and J value obtained

by analyses of the monitors, as well as the decay constant. The

correction factors herein are: [36Ar/37Ar]Ca = 0.000261, [39Ar/37Ar]Ca =

0.000724 and [40Ar/39Ar]K = 0.000880. The data were processed

using ArArCALC software (Koppers, 2002), and the apparent ages

are reported at 2r uncertainties. The 40Ar/39Ar 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

W E
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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°53.8770 , 111°20.5980); (B) A pelitic nodule with strain

fringes in the Silurian shale showing top-to-the-E shearing (31°10.3100 ,

111°25.8030); (C) Meter-scale recumbent fold overturned to the east in the Triassic

thin-bedded limestone (31°11.0650 , 111°30.7410).
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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
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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
40Ar/39Ar analytical data on K-feldspars from the core of the Huangling massif.

Termperature (°C) 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40Ar�/39ArK
40Ar� (%) 39ArK (%) Age ± 2r (Ma)

JH446, Gneiss, Kfs, weight = 12.3 mg, J = 0.005598, total fusion age = 759.6 ± 3.3 Ma, GPS: 31°19.9820 , 111°05.7380

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 1.48 328.17 ± 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, J = 0.005717, total fusion age = 693.9 ± 3.0 Ma, GPS: 31°12.9060 , 111°16.8290

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 72.315 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 2.32 748.90 ± 3.99

1250 90.024 0.0009 0.0011 89.691 99.63 2.97 748.53 ± 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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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: EarlyMesozoic (Dai, 1996;Xuet al., 2004), unpre-

cisely determined between the Late Triassic to Early Cretaceous

(Wanget al., 2003), or sometimebetween165 Maand98 Maas indi-

catedbyAFTdata (Liu et al., 2009; Shenet al., 2009; Xuet 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,

Table 1 (continued)

Termperature (°C) 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40Ar�/39ArK
40Ar� (%) 39ArK (%) Age ± 2r (Ma)

JH147, Granodiorite, Kfs, weight = 15.1 mg, J = 0.005695, total fusion age = 567.9 ± 2.3 Ma, GPS: 30°51.4000 , 111°08.9170

600 461.75 0.6943 1.2474 93.257 20.18 0.00 770.32 ± 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

700 244.30 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 0.76 244.76 ± 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 1.33 393.27 ± 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
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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

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

Total fusion age: 693.9 ± 3.0 Ma
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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

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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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 à la fin du Mésozoïque en Chine du Sud 

Les structures extensives d'âge Mésozoïque tardif (Crétacé) sont très répandues en Eurasie orientale, depuis la 

Transbaïkalie en Russie jusqu'à l'intérieur de la Chine du Sud. Elles constituent la plus grande province de distension 

crustale dans le monde. Cette thèse 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 susceptibilité 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 diffère 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 

dôme métamorphique extensif. Contemporaine de la migmatisation et du magmatisme syn-tectonique, le régime 

extensif a commencé à 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 l'orogène Neoproterozoic 

Jiangnan se compose de deux phases d'intrusions granitiques d'âge 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 à 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'âge Crétacé développées dans différents niveaux structuraux: exhumation de croûte 

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 première main permettant de discuter le cadre tectonique et géodynamiques spatio-temporel du régime 

extensif du Crétacé sur la marge orientale de l'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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