
With respect to Basin-mountain system, a key result of 
the last two decades of research is the idea of interactions 
and couplings between tectonics and surface processes 
(Willet, 1999; Whipple, 2009; Cloetingh et al., 2009), in 
particular around the Tibetan Plateau. The Sichuan basin 
and its periphery, located at eastern margin of the Tibetan 
Plateau and western margin of the Yangtze block, consists 
a composite basin-mountain system, being trisection in 
topography, basement and surface structure (Burchfiel et 
al., 1995; Liu et al., 2012). Thus, the tectonics or surface 
processes (e.g., Clark et al., 2004; Richardson et al., 2008) 
as a first-order controlling factor of uplift and exhumation 
across the Sichuan basin holds significant implications for 
the understanding of continental dynamics in the eastern 
Tibetan Plateau and the  western Yangtze  block.  New 
apatite fission-track (AFT) ages from Mesozoic sediments 
in  the  Sichuan  basin,  show two  types  of  AFT  data 
occuring between the Huayin Mts. and the center of the 
Sichuan basin. One type is the fully reset sample with an 
age of 40~50 Ma and χ2 value >5% along the Huayun 
Mts., contrasting the partially reset sample with the age of 
80~90 Ma and the χ2 value of <5% in the basin center. 
However, the modeled thermal histories from our new 
data,  and  the  previous  fission-track  data  across  the 
Sichuan basin indicate that most of the samples have had 
slower continuous cooling and exhumation during post-
Early-Cretaceous  time  (since  120~80Ma,  the  time  it 
reached the maximum burial depth), with a significant 
acceleration in cooling rate during the last 20~10 Ma 
(Figure  1).  They  demonstrate  differential  uplift  and 
exhumation  across  the  basin.  Particularly  significant 
change in exhumation (at least ~2000m) was found across 
the Huayin Mts (Figure 1). The Boomerang plot based on 
our new AFT dataset in conjunction with previous fission-
track studies (Arne et al., 1997; Shen et al., 2007, 2009; 
An et al., 2008; Richarson et al., 2008; Deng et al., 2009, 

2013; Liu et al., 2008; Tian et al., 2011; Li et al., 2012), 
shows that there is two-stage cooling and exhumation 
across the Sichuan basin. First one is during the Late 
Cretaceous (120~80Ma) and the second one during Late 
Cenozoic (20~10Ma), indicating the start of the basin-
scale differential uplift and exhumation which effected the 
eastern  growth  of  Tibetan  Plateau.  In  particular,  an 
obvious nested center with the age older than ~120Ma 
(partially reset AFT age) and the length shorter than ~13 
mm (Figure 2a-b), was found in the center-to-northwest 
part of the Sichuan basin separated by the Huayin Mts. to 
the southeast. A simplified one-dimensional, steady-state 
solution  model  was  developed  to  calculate  the  mean 
exhumation rate, which is 0.05~0.2 mm/yr in most parts of 
the  basin  (Figure  2c).  It  suggests  a  slow uplift  and 
exhumation across much of the basin. The regional pattern 
of AFT age, length and erosion rate supports a progressive 
change  from  the  nested  old-age  center  towards  the 
southwest. To the southwest, the AFT length is longer 
than ~13.5 mm, with an age of ~15 Ma, and fast rate, 
which  is  ~0.9mm/yr.  Furthermore,  there  is  a  good 
correlationship among the in-situ elevation, topographic 
slope and mean relief across the basin (Figure 2d-f). All of 
them have a consistent feature with the nested AFT age 
center indicating by the relatively lower topographic slope 
and mean relief area superposed on the nested AFT age 
center. However, the higher elevation, topographic slope 
and mean relief area located at the southwestern part of the 
basin, is consistent with the area characterized with longer 
AFT length, younger age and fast  rate.  Thus, all the 
features can be interpreted as consistent with a long-term, 
mean exhumation rate across the Sichuan basin, followed 
by a recent significant increase in the exhumation rate 
relatively to most of other parts of the basin. Not only do 
they imply that a relatively prolonged, steady-state uplift 
and exhumation took place across the basin controlled by 
the cratonic basin structure, but they also suggest that the 

DENG Bin, LIU Shugen, LI Zhiwu, LIU Shun and WANG Guozhi, 2013. Post-Early-Cretaceous Basement-Controlled Uplift and 
Exhumation in the Sichuan Basin at Eastern Margin of the Tibetan Plateau. Acta Geologica Sinica (English Edition), 87(supp.): 548-551. 
 
 

Post-Early-Cretaceous Basement-Controlled Uplift and Exhumation in the 
Sichuan Basin at Eastern Margin of the Tibetan Plateau 

 
 

DENG Bin*, LIU Shugen, LI Zhiwu, LIU Shun and WANG Guozhi 
 

State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation/Chengdu University of Technology,  
Chengdu, China, 610059 

 Vol. 87   Supp.                                                                                                                                                                                  

* Corresponding author. E-mail: dengbin3000@163.com  

 

548 

ACTA GEOLOGICA SINICA (English Edition)  
http://www.geojournals.cn/dzxben/ch/index.aspx     http://mc.manuscriptcentral.com/ags June 2013 



ACTA GEOLOGICA SINICA (English Edition)       Vol. 87   Supp.      June 2013 

549 

Fi
g.

 1
 P

os
t-E

ar
ly

-C
re

ta
ce

ou
s 

ep
is

od
ic

 u
pl

ift
 a

nd
 c

oo
lin

g 
pr

oc
es

se
s 

ac
ro

ss
 th

e 
Si

ch
ua

n 
ba

si
n 

in
di

ca
te

d 
by

 th
e 

m
od

el
ed

 c
oo

lin
g 

hi
st

or
ie

s 
fo

r s
el

ec
te

d 
re

pr
es

en
ta

tiv
e 

sa
m

pl
es

 fr
om

 th
e 

in
-

ve
rs

io
n 

of
 A

FT
 a

ge
 a

nd
 le

ng
th

 d
is

tri
bu

tio
n.

 It
 sh

ou
ld

 b
e 

no
te

 th
at

 th
er

e 
is

 si
gn

ifi
ca

nt
 c

ha
ng

e 
in

 e
xh

um
at

io
n 

(a
t l

ea
st

 ~
20

00
m

) a
cr

os
s t

he
 H

ua
yi

n 
M

ts
. 



ACTA GEOLOGICA SINICA (English Edition)       Vol. 87   Supp.      June 2013 

550 

Fi
g.

2 
D

iff
er

en
tia

l e
xh

um
at

io
n 

an
d 

in
-s

itu
 to

po
gr

ap
hi

c 
fe

at
ur

es
 a

cr
os

s t
he

 S
ic

hu
an

 b
as

in
 

 (a
), 

In
te

rp
ol

at
ed

 m
ap

 o
f t

he
 a

pa
tit

e 
fis

si
on

-tr
ac

k 
ag

e 
ac

ro
ss

 th
e 

Si
ch

ua
n 

ba
si

n,
 re

su
lts

 a
re

 c
al

cu
la

te
d 

fr
om

 th
e 

ce
nt

ra
l a

ge
 in

 a
ll 

sa
m

pl
es

 sh
ow

in
g 

a 
ne

st
ed

 A
FT

 a
ge

 c
en

te
r a

nd
 a

 p
ro

gr
es

si
ve

 c
ha

ng
e 

w
ith

 y
ou

ng
 a

ge
 to

w
ar

ds
 th

e 
so

ut
hw

es
t; 

(b
), 

In
te

rp
ol

at
ed

 m
ap

 o
f t

he
 m

ea
n 

fis
si

on
-tr

ac
k 

le
ng

th
 ac

ro
ss

 b
as

in
, s

ho
w

in
g 

a p
ro

gr
es

si
ve

 ch
an

ge
 w

ith
 lo

ng
 le

ng
th

 to
w

ar
ds

 th
e s

ou
th

w
es

t; 
(c

),T
he

 in
te

rp
ol

at
ed

 m
ap

 o
f e

xh
um

at
io

n 
ra

te
 fr

om
 th

e A
FT

 ag
e a

cr
os

s b
as

in
, 

in
di

ca
tin

g 
a 

ro
ug

hl
y 

si
m

ila
r e

xh
um

at
io

n 
ra

te
 in

 m
os

t p
ar

ts
 o

f t
he

 b
as

in
 a

nd
 a

n 
in

cr
ea

se
 in

 th
e 

ra
te

 to
w

ar
ds

 to
 so

ut
hw

es
t; 

(d
)-

(f
), 

in
-s

itu
 e

le
va

tio
n,

 to
po

gr
ap

hi
c 

slo
pe

 a
nd

 m
ea

n 
re

lie
f a

cr
os

s t
he

 S
ic

hu
an

 b
as

in
. I

t s
ho

ul
d 

be
 n

ot
ed

 
th

at
 th

er
e 

is
 a

 g
oo

d 
co

rr
el

at
io

ns
hi

p 
am

on
g 

th
e 

lo
w

er
 e

le
va

tio
n,

 lo
w

er
 to

po
gr

ap
hi

c 
slo

pe
, m

ea
n 

re
lie

f a
nd

 th
e 

ne
st

ed
 A

FT
 a

ge
 c

en
te

r a
cr

os
s t

he
 b

as
in

, i
nd

ic
at

in
g 

a 
st

at
e-

st
ea

dy
 u

pl
ift

 a
nd

 e
xh

um
at

io
n 

du
rin

g 
in

 a
 lo

ng
-te

rm
 a

nd
 a

 
sh

or
t-t

er
m

 ti
m

e.
 



ACTA GEOLOGICA SINICA (English Edition)       Vol. 87   Supp.      June 2013 

551 

latest rapid uplift and exhumation, in particular in the 
southwestern part of the basin, may be attributed to the 
eastward growth of the Tibetan Plateau during the Late 
Cenozoic with the effect of eastward growth decreasing 
into the basin center. We argued that the eastern growth of 
the Tibetan Plateau has exerted a significant control on the 
rapid exhumation of the southwestern part of the Sichuan 
basin, but not on all of the Sichuan basin during the Late 
Cenozoic.  

 
Key  words:  Post-Early-Cretaceous,  Apatite  fission-

track, Differential exhumation, Sichuan basin 
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