
North China craton

South China Block
Cathaysia

Yangtze

Mesoproterozoic

Neoproterozoic

104°E 108°E 112°E 116°E 120°E 34°N

30°N

26°N

22°N

Cathaysia

K
 a

 n
 g

 d
 i 

a 
n 

 r 
i f

 t

Southern
Yangtze

Wuyi

Yunkai

N a 
n h

 u 
a  

r i 
f t 

J i a
 n g n a n   o  r  o

  g  e  n

Qinling–Dabie

Exposed basement distribution

Archean

Paleoproterozoic

Tarim

Northern Yangtze

Kongling
Shennongjia
Group Zhongxiang

Douling

Foping
Yudongzi

Houhe

Hannan
Bikou

Xi’an

Tongbai-Hong’an-Dabie

Longmen Mountain

N

0 50 100km

Dagusi Group

Suizhou

WudangPingli

Ankang

Xiaomaoling
South Qinling

South Qinling
North Qinling

North Qinling
S-NCC

North China
Craton

?Liuba

Yaolinghe

?

?

1

1

1
2

23

3
4

5

5
5

5 5

Mesoproterozoic strata
Neoproterozoic basement and cover
Neoproterozoic mafic-ultramafic rocks
Neoproterozoic granitoids
Major fault and boundary

Paleoproterozoic basement
Archean basement

112 114 116

31

32

33

34

116114112110108106

B

Huangtuling

1
2

Lingbao-Lushan-Wuyang fault
Luolan-Luanchuan fault

3 Shangdan Suture

Mian-Lue Suture 5
4 Fengzhen-Shanyang-Xixia fault

Huodiya Group

Miaowan
ophiolite

N0 250 500km

A

Yangtze Craton

Huangling

Fig. 1



933

906-920

947

973-1000

941925

962

905 946

977

985-950
936 905

967
971

Y a n g t z e

South Qinling

Bikou

Tongbai-Hong’an-Dabie

Mian-Lue

Micangshan
Hannan

North Qinling

Dahongshan
Kongling

North
China

0 100 200km

N

Miaowan ophiolite

Sanchazi

Tongmuliang

Xiaomaoling

Dashimen

Sichuan Basin

Y a n g t z e

Xiaomaoling-Yaolinghe-Douling

North Qinling

Huangling

N

855-805

884-842
886

854
863

804

823-808

827

871-834
802

885-833
868-858

820
846

898-880

845-839 823-815

882-858

887

829-817866
-83
6

841-808
814-812

839812
853

811

884
-86
0

860-840

833
-821

877
826

841
812-802

Huashan

South Qinling

812
831

808-802

793

Y a n g t z e

South Qinling
Bikou

North Qinling

Kongling

N790-764

780

790

778-771
794-765 753-730 783

762-734

790

769-731
737-731

768

783
757-733

746

744

752-
735

795-772

797746

766-742

785

730792-762

776-742

778-741 733

793

781-739

797

789-742

785-741

Hannan
Micangshan

779-749

Y a n g t z e

Bikou

Mian-Lue

North Qinling

N

667

689

632 679-667

667-621
700

722-704

713

684

635
716

662
637

651-627

606

674 638

665
705

719

729

727-700

723 716

711

726-701

725-715

674

654-627

726
-704

644-630

South Qinling

B. 890~800 Ma

C. 800~730 Ma

D. 720~620 Ma

A. 1000~900 Ma
Volcanics
Intrusives

Major fault/boundary
Reliable age (Ma)950

Volcanics
Intrusives

Major fault/boundary
Reliable age (Ma)850

Volcanics
Intrusives

Major fault/boundary
Reliable age (Ma)750

Volcanics
Intrusives

Major fault/boundary
Reliable age (Ma)650

convecting
Mantle

Trench—Arc—Back-arc system

Intra-oceanic subduction

Ophiolite obduction

Yangtze

Passive margin
(>1000 Ma)

Alternating of extensional & contractional tectonics

Repeatedly
retreating & advancing
subduction

Continental arc + Within-plate extension
Calc-alkaline rock associations Extensive

low-δ18O
magmatismLow-δ18O protoliths

Rapid endogenic
recycling

Volcanics
+ sediments

Syn-rift
cover

Sinian cover

Oceanic
crust

Yangtze craton
South Qinling

Faults

Dykes and sills

Rifted volcanic passive margin

Fig. 2 



600 700 800 900 1000

n = 209

Age (Ma)

n = 100

890

860

820

780

750

850

1

2

3

4

5 n = 54
(A) Mian-Lue-Bikou

(B) Micangshan-Hannan

(C) South Qinling

880

710

730
710

950

985

880840
820

770

680
780

630

680

N
um

be
r

730

Binwidth: 10 Ma

KDE-bandwith: 8 Ma

2

4

6

8
N

um
be

r

5

10

15

20

N
um

be
r

25

5

10

N
um

be
r

15

4

8

12

16

N
um

be
r

n = 127

n = 71

(D) Tongbai-Hong’an-Dabie

(E) Kongling-Dahongshan

750

880

800

970
830

Detrital zircon
n = 268

Detrital zircon
n = 839

Detrital zircon
n = 892

0

0

0

0

0

Fig. 3



20

10

-10

-20

-30

-40

Zi
rc

on
 ε

H
f(t

)
0

CHUR

DM

20

10

-10

-20

-30

-40

Zi
rc

on
 ε

H
f(t

)

0
CHUR

DM

20

10

-10

-20

-30

-40

Zi
rc

on
 ε

H
f(t

)

0
CHUR

DM

700 800 900650 750600 850 950
Age (Ma)

20

10

-10

-20

-30

-40

Zi
rc

on
 ε

H
f(t

)

0

DM

CHUR

700 800 900 1000650 750600 850 950

A

B

C

D

Mian-Lue—Bikou

Dahongshan

Hannan-Micangshan

N. South QinlingS. South Qinling

15

10

5

0

-5

-10

Zi
rc

on
 δ

18
O

 (‰
)

15

10

5

0

-5

-10

Zi
rc

on
 δ

18
O

 (‰
)

15

10

5

0

-5

-10

-15

Zi
rc

on
 δ

18
O

 (‰
)

15

10

5

0

-5

-10

Zi
rc

on
 δ

18
O

 (‰
)

700 800 900 1000650 750 850 950

Tongbai-Dabie-Sulu
South Qinling

700 800 900 1000650 750600 850 950
Age (Ma)

E

Mian-Lue—Bikou

Dahongshan

F

G

H

Hannan-Micangshan

Intra-oceanic arc

Active continental margin

Intra-continental rift

within-plate extension
continental arc

Volcanic rifted margin

Intra-continental rift

Volcanic rifted margin Active continental margin

within-plate extension
continental arc

Intra-oceanic arc

Active continental margin
Rifted passive margin

Intra-oceanic arc

Rifted passive margin

Rifted passive margin
Active continental margin

Intra-oceanic arc

Intra-oceanic arc

Active continental margin

Rifted passive margin

Active continental margin

Intra-oceanic arc

Intra-oceanic arc

Active continental margin
Rifted passive margin

Intra-oceanic arc

Active continental margin
Rifted passive margin

Fig. 4



Basalt-
Andesite Dacite

Basalt

Andesite Dacite

Trachyte/
SyeniteTrachy-

andesite

Diorite/ Granodiorite/

Calc-alkaline Series

MgO

FeOT
A

Tholeiitic
Series

MgO

A

Tholeiitic
Series

Calc-alkaline Series

Basaltic
trachyandesite

Granodiorite/

Shoshonitic

Mid-K

Shoshonitic

Trachy-
andesite

Trachyte/
Syenite

Basalt
Gabbro/

Diorite/

andesite

Basalt-
andesiteGabbro/

Gabbro/
Basalt Basalt-

Andesite
Dacite

Rhyolite/
Granite

Trachyte/
Syenite

Trachy-
basalte

Diorite/

Granodiorite/

andesite

Phono-
tephrite

Nephe-
linite

Calc-alkaline Series

MgO

A

Tholeiitic
Series

F

FeOT

Rhyolite/
Granite

Ca. 985-900 Ma

Rhyolite/
Granite

C

FeOT

E

G

Ca. 890-860 Ma

Shoshonitic

Mid-K

Ca. 820-800 Ma

Micangshan-Hannan
Plut. Volc.

South Qinling
Mian-Lue-Bikou

Dahongshan

Gabbro/
Basalt Basalt-

Andesite
Dacite

Rhyolite/
Granite

Trachyte/
Syenite

Trachy-
andesite

Diorite/

Granodiorite/

andesite
Calc-alkaline Series

MgO

A

Tholeiitic
Series

FeOT

ICa. 850-830 Ma

Shoshonitic

Mid-K

Another seven
spots K2O+Na2O
>14.0 wt.%

Another four spots
K2O>8.0 wt.%

Gap

Gap

H

J K L

Fig. 5. (Continued)



Basalt- Andesite Dacite

Basalt

Andesite Dacite

Trachyte/
SyeniteTrachy-

andesite

Diorite/ Granodiorite/

Calc-alkaline Series

MgO

FeOT
A

Tholeiitic
Series

MgO

A

Tholeiitic
Series

Calc-alkaline Series

Shoshonitic

Q

Mid-K

Shoshonitic

W

Mid-K

Trachyte

Basalt andesite

Basalt-
andesiteGabbro/

Gabbro
Gabbro-
diorite

Granite
Syenite

Diorite
Granodiorite

Calc-alkaline Series

MgO

A

Tholeiitic
Series

FeOT

U

Rhyolite

Ca. 760-700 Ma Volcanics

Rhyolite/
Granite

FeOT

V

Ca. 760-700 Ma Intrusives

Shoshonitic

Mid-K

Ca. 680-620 Ma

Micangshan-Hannan
Plut. Volc.

South Qinling
Mian-Lue-Bikou

Dahongshan

X

N

Gabbro/
Basalt

Basalt-
andesite

Andesite Dacite

Trachyte/
Syenite

Diorite/ Granodiorite/

MgO

A

Tholeiitic
Series

Calc-alkaline Series

Rhyolite/
Granite

FeOT

M OCa. 800-770 Ma

ShoshoniticGap

Gap

Gap

Gap

P R

S T

Gap Gap

Fig. 5. 



Andean arc basalt

Aleutian arc basalt

A
Mian-Lue

0.1

1

10

100

1,000

Sa
m

pl
e/

 P
rim

iti
ve

 m
an

lte

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

~970-900 Ma

Mafic intrusions
& volcanics

Dahongshan
Felsic volcanics

Andean arc basalt

Bikou

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Mafic intrusions Dahongshan
Felsic intrusions

Bikou

N-MORB

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Mafic volcanics
Diorite

Dahongshan
Granite

Micangshan-Hannan
Mafic intrusions

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Liushudian
Andean arc basalt

Micangshan-Hannan

Urtite, Pinghe
Syenite, Shuimo

0.1

1

10

100

1,000

Sa
m

pl
e/

 P
rim

iti
ve

 m
an

lte

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Alkaline intrusions

Gabbro, Beiba

N-MORB

Micangshan-Hannan

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Mafic dikes

Micangshan-Hannan
Mafic volcannics
Sunjiahe Fm.
Xixiang Group

K-felspar granite
Guanwushan

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

South Qinling

Tonalite
(adakitic)

0.1

1

10

100

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Douling

1,000

South Qinling

felsic
mafic

Volcanism

0.1

1

10

100

1,000

Sa
m

pl
e/

 P
rim

iti
ve

 m
an

lte

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Yaolinghe

South Qinling

Xiaomaoling

Mafic
Felsic
Veins

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Intrusives

South Qinling
Xiaomaoling

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Mafic intrusions
Granitoids

Andean arc basalt

Dahongshan

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Mafic dikes
Felsic pluton

~890-880 MaB

~870-860 MaC

~850-840 MaD

Mafic volcanics

Fig. 6. (Continued)



Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Sa
m

pl
e/

 P
rim

iti
ve

 m
an

lte

MianLue

N-MORB

OIB

~780 Ma
Mafic volcanics

~800 Ma Dahongshan
Felsic volcanics
800-790 Ma

Mafic-ultramafic
layered intrusions

Micangshan-Hannan

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Bijigou & Dahanshan & Xijiaba

N-MORB

Micangshan-Hannan

Dioritic

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Calc-alkaline intrusions
Gabbroic

Xixiang & Luojiba &
Youshui & Zhongziyuan

Granitic

Micangshan-Hannan

Trondhjemite-tonalite
(adakitic)

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Sa
m

pl
e/

 P
rim

iti
ve

 m
an

lte

Calc-alkaline intrusions

Erliba & Wudumen

South Qinling

OIB

Dioritic dike, Shiquan
Diabase, Zhaochuan

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Dikes

E-MORB

South Qinling

Gabbro
Low-δ18O diorite+granite

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Douling & Tiewadian plutons
Calc-alkaline intrusions

South Qinling
Wudang Group
& Suixian Group

Upper unit, basalts

Lower unit, basalts  

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Upper unit, felsic rocks

Lower unit, felsic rocks

South Qinling

High-Ti gabbro (tholeiitic)

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Low-Ti gabbro

Douling pluton
Diorite+granodiorite

Calc-alkaline intrusions

South Qinling

Mafic sills
A-type granitoids

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Intrusive equivalents

Micangshan-Hannan

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

A-type granite

Tiechuanshan & Huangguan
Hongmiao

~800-770 MaG

~730-700 Ma

H ~760-740 Ma

I

Micangshan-Hannan

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Sanlangpu Fm.

basalt
rhyolite

upper Xixiang Group

Bimodal volcanism

Sa
m

pl
e/

 P
rim

iti
ve

 m
an

lte

South Qinling

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu
0.1

1

10

100

1,000

Basalt
A-type rhyolite

Yaolinghe Group
Volcanics

N-MORB

E-MORB

OIB

~680-600 MaJ

Bikou

A-type rhyolite,
Lower unit

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Bikou
Group

Basalt, Lower unit
Basalt, upper unit

Dahongshan
Mafic intrusions

Micangshan-Hannan

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Ultramafic-mafic layered intrusions
Wangjiangshan
Beiba

N-MORB

Micangshan-Hannan

Felsic
Mafic

0.1

1

10

100

1,000

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

Bimodal volcanism.
Tiechuanshan Fm. 

South Qinling

Granite

Diorite
Gabbro

0.1

1

10

100

1,000

Sa
m

pl
e/

 P
rim

iti
ve

 m
an

lte

Rb

Ba

Th

U

Nb

Ta

La

Ce

Pr

Sr

Nd

Zr

Hf

Sm

Eu

Ti

Gd

Tb

Dy

Y

Ho

Er

Tm

Yb

Lu

E ~830 Ma

Dahongshan
Felsic volcanics

~820-810 MaF

Fig. 6. 



Mianlue Micangshan N_South
Qinling DahongshanKongling-

Shennongjia
Tongbai-
Hong’an-
Dabie

Bikou Hannan S_South
Qinling

H
uo

di
ya

 G
r.

Sh
en

no
ng

jia
 G

r.

D
ag

us
i G

r.
H

ua
sh

an
 G

r.B
ik

ou
 G

r.
H

en
gd

an
 G

r.

X
ix

ia
ng

 G
r.

M
ia

ow
an

 o
ph

io
lit

e/
co

m
pl

ex

Ya
ol

in
gh

e 
G

r.
W

ud
an

g 
G

r.

In
tr

a-
oc

ea
ni

c 
ar

c
C

on
tin

en
ta

l a
rc

W
ith

in
-p

la
te

 e
xt

en
si

on

clastic
successions

volcaniclastic
successions

mafic/felsic/
alkaline pluton

calc-alkaline
igneous activity

mafic/ felsic
volcanism

carbonates-
dominated
successions

M
es

op
ro

t.

glaciogenic
sediments

deformation

unconformity mixed clastic
and carbonate
successions

Li
an

tu
o 

Fm
.

H
ua

ng
lin

g 
pl

ut
on

dikes/sills

N
eo

pr
ot

er
oz

oi
c

1000

900

800

700

600

Pa
ss

iv
e

m
ar

gi
n

In
tr

a-
co

nt
in

en
ta

l r
ift

Pa
ss

iv
e

m
ar

gi
n?

?
?

? ?

?

?
?

X
ia

ox
ik

ou

Fig. 7. 



Circum-Rodinia peripheral subduction

Rift zones accompanied with Rodinia disintegration

Ca. 750 Ma

A na
rro

w ga
p?

Laurentia

Siberia
Australia

E Antarctica

Kalahari

Amazonia

Balticia

India

South
China

30 °N

60 °N

0 °

30 °S

M
issing-link ?

N. China

?

Fig. 8


	Fig 1
	Fig2_365
	Fig 3
	Fig 4
	fig5 Hf-O
	fig-6 TAS2
	Fig 7-Spider-1
	Fig 8-spider-2
	fig 7- Th:Yb discrim
	
	Fig 1
	Fig2_365
	Fig 3
	Fig 4
	fig5 Hf-O
	fig-6 TAS2
	Fig 7-Spider-1
	Fig 8-spider-2
	fig 7- Th:Yb discrim




