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Abstract: The Bohai Bay Basin is a Late Mesozoic-Cenozoic feature of the basins-mountains system
in the eastern North China craton. Five mountains around the basin are Yanshan, Taihangshan,
Zhongtiaoshan, Taishan and Liaodong. They are block-faulting mountains, not typical orogenic
mountains except intraplate orogenic Yanshan Mountain. These mountains constituted the Mesozoic
plateau before the destruction of the North China craton. The basin resulted from extension of the
North China craton; its formation signaled the destruction of the craton. Based on analysis of the
growth indices and section balance for seismic sections from the offshore portion (Bohai Sea) of the
Bohai Bay Basin, the growth faults controlled the sedimentation and the migration of the sedimentary
depocenter. The depocenters of the basin moved from the margins of the basin to the center of Bohai
Sea in the period from the Early Tertiary to the Late Tertiary. The construction of balanced cross-
sections and determination of the extension factor (β) for four sections suggest that the extension
factors for the offshore portion are higher than those for the onshore portion in the Mesozoic and
Cenozoic. These lines of evidence suggest that the extension was greatest in the offshore parts of the
craton. This is consistent with the thinnest crust occurring in the offshore portion. The onset of
destruction of the craton resulted from the delamination and thinning of thick lithosphere of the
plateau, which is evidenced by the presence of NW-trending grabens that occur in an en echelon
arrangement on the west of Tanlu Fault Zone and NNE-trending grabens within the Tanlu Fault Zone.
Extension-related destruction of the craton was largely dictated by the tectonic evolution of northeast
Asia. The offshore (Bohai Sea) portion is the region of the North China craton that Cenozoic
extension affected most severely.

This paper represents follow-on research to the authors' 2006 paper in Volume 24 of the Journal of the
Virtual Explorer, "Reconstruction of Mesozoic and Cenozoic tectonic figurations of the North China
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Introduction
The Bohai Bay Basin is the largest of the Mesozoic

and Cenozoic basins belonging to the North China craton
(NC), a unique craton amongst the Earth’s other stable
cratons in that it has been tectonically active since the
Mesozoic (~220 Ma) (Gao et al., 2002). The destruction
of the North China craton has aroused much interest
within the international geological community in recent
times.

The North China craton, China’s oldest continental
fragment, is composed of three main Archean elements:
the Eastern Block, the Western Block, and the interven-
ing Central Orogenic Belt (Zhao et al., 2000; Kusky et
al., 2001; Li et al., 2002; Zhai et al., 2005) (Figure 1).
The tectonic histories of the Eastern and Western Blocks
diverge from the Mesozoic and Cenozoic. In the Mesozo-
ic, the western NC developed a shallow marine basin and
passive continental margin, while the eastern NC was up-
lifted to form the "Eastern North China Plateau" (Ren,
1999; Deng et al., 2000; Dong et al., 2000; Zhang et al.,
2001a, 2001b, 2001c) and, in the Cenozoic, the western
NC was uplifted to form a loess plateau while the Eastern
North China Plateau collapsed to develop an extensional
basin-mountains system (Zheng et al., 1988; Yan et al.,
1996; Hou et al., 1998, 2001, 2003; Zhang et al., 2001a,
2001b, 2001c).

Figure 1. The Pre-Cambrian tectonic divisions and lithospheric
thickness contours of the North China Craton

WB-West Block; COB-Central Orogenic Belt; EB-East
Block; NOB-North Orogenic Belt; NCB-North China Basin
Y-Mt.Yanshan; W-Mt.Wutai; TH-Mt.Taihang; L-Mt.Lu-
liang; Z-Mt.Zhongtiao; S-Mt.Songshan; T-Mt.Taishan

(sources: Lin et al., 2005; Hou et al., 2006a,b)

The Bohai Bay Basin is located within the eastern NC
(Figure 2) and represents one basin of the basins-moun-
tains system, which also includes the North China Plain
and Bohai Sea. The eastern parts of the NC host the com-
ponents of the NC that were tectonically reworked in the
Mesozoic-Cenozoic (Hong, 1989; Tian et al., 1992; Liu,
1997; Hou et al., 2003). The Bohai Bay Basin trends
north-south, has a length of c. 1000 km and a total area of
c. 200,000 km2. Five mountains surround it, the Yanshan,
Taihang, Taishan, Jiaodong and Liaodong (Ye et al.,
1985). The Bohai Bay Basin developed evidence for ex-
tension of the eastern NC in the Cenozoic, following de-
struction of the craton. Its exact timing and tectonic evo-
lution of the eastern NC during the Mesozoic, prior to its
destruction, are issues of importance if the tectonic devel-
opment of the NC is to be better understood.

Figure 2. Cenozoic tectonic divisions of the North China Basin

HD Fault-Huanghua-Dongming strike-slip fault; WB-West-
ern Basin; CB-Central Basin; EB-Eastern Basin

(modified after Hu et al., 2001; Lu et al., 1997)

The Cenozoic evolution of the Bohai Bay Basin has
been well treated by a number of existing articles (Yin
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and Nie, 1996; Ren, 1999; Hsiao et al., 2004). The major-
ity of these works have focused on issues including the
gravity field, highly conductive asthenosphere, thermal
history, onshore structures and Cenozoic tectonism (Ye
et al., 1985; Wang et al., 1985; Liu, 1987; Allen et al.,
1997; Wang and Wang, 1988; Hong, 1989; Zhao and
Windley, 1990; Hu et al., 2001; He and Wang, 2003;
Zhao and Zheng, 2005). Inconsistencies in the conclu-
sions of previous studies suggest that the Bohai Bay Ba-
sin experienced a complex development. The Cenozoic
dynamics of the entire basin remains controversial due to
lack of comprehensive research of the offshore (Bohai
Sea) portion of the Bohai Bay Basin. The timing of the
onset and the evolution of the destruction of the NC has
been obscured by the lack of a complete understanding of
the Mesozoic development of the Bohai Bay Basin.

Geological setting
The NC was initially stabilized in the Middle Protero-

zoic and Neoproterozoic and was covered by Paleozoic
shallow marine sediments (Qian et al., 1986). The earliest
platform-type sedimentary rocks belonging to the Meso-
proterozoic Changcheng Group are preserved with an al-
most horizontal stratigraphy in the Mt. Taihang area and
rest unconformably on the Archean crystalline basement
of the central NC. Horizontal Paleozoic strata in the east-
ern NC commonly covered flat-topped (Karst-like)
mountains of the western Shandong Province. These ob-
servations suggest that the NC was stable in the Protero-
zoic and Paleozoic (Li, 1998; Lin, 1985). The Cenozoic
extensional basin, Bohai Bay Basin, is surrounded by the
Wutai, Taihang, Luliang, Zhongtiao, Songshan, Taishan
and Yanshan mountains. They are block-faulting moun-
tains, not typical orogenic mountains except intraplate
orogenic Yanshan mountain. Mt. Yanshan displays over-
thrusts and anticlines related to the final close of the
Mongolian-Okhostk Ocean before the Late Jurassic
(Chen, 1998). These mountains probably once formed an
Early Mesozoic plateau, the Eastern North China Plateau.
The mountains and Bohai Bay Basin together constitute
the basins-mountains system which resulted from the ex-
tensional event associated with collapse of the plateau.

In the eastern NC, the Cenozoic Bohai Bay Basin was
developed on the site of a Late Mesozoic basin (Hou et
al., 2001). The outline of the basin envelopes a rhomboi-
dal central area with slender arms that extend to both the
northeast and southwest (Figure 2) and, at the eastern

edge of the basin, the well-known, north-northeast trend-
ing Tanlu strike-slip fault zone occurs (Xu, 1993; Xu et
al., 1993; Ross et al., 1996). The basin consists of a series
of uplifts and depressions containing numerous secon-
dary uplifts and depressions. Six major depressions are
recognized: the Jizhong, Huanghua, Liaohe, Bozhong,
Jiyang and Linqing depressions (Ye et al., 1985; Liu,
1987; Lu et al., 1997). The offshore portion of the basin
includes the Bozhong, southern Liaohe, eastern Huan-
ghua and northern Jiyang depressions (Gong et al., 1987;
Hou et al., 2003). Tertiary strata rest unconformably on a
variety of older pre-rift strata and are covered conforma-
bly or unconformably by Quaternary sediments. This
succession is typically 4-7 km thick in the main depres-
sion, with a maximum thickness of more than 10 km at
the depocenter of the Bozhong depression (Central Bohai
Sea) (Ye et al., 1985; Liu, 1987; Hu et al., 2001). Lithol-
ogies are dominated by sandstone, mudstone and inter-
bedded volcanic sedimentary rocks. The Cenozoic suc-
cession has been divided into six formations: the Kongdi-
an (Ek), Shahejie (Es), Dongying (Ed), Guantao (Ng),
Minghuazhen (Nm), and Pingyuan (Qp) Formations,
which are further sub-divided into several members. The
basin experienced two phases of rifting in Cenozoic
times (Ye et al., 1985; Hou et al., 2001).

Depressions within the basin mostly take the form of
half-grabens with the geometry of Cenozoic successions
controlled by listric master faults (Ye et al., 1985; Lu et
al., 1997). The Bohai Bay Basin is divided into three
parts: the western, central and eastern parts (Figure 2).
The dominant structures of the Bohai Bay Basin are
WNW and E-W trending uplifts and depressions in the
central basin, and NNE trending uplifts and depressions
in the eastern and western parts. The Tanlu Fault Zone
developed in the east of the basin, while Huanghua-
Dongming Fault developed in the basin centre (Hou et
al., 2001; Hu et al., 2001) (Figure 2). Syn-rift deposits
rest on pre-rift basement and are covered by post-rift de-
posits. The Bohai Bay Basin experienced a typical rifting
sequence from tectonic subsidence to thermal subsi-
dence; however, the relationship between the Mesozoic
and Cenozoic basins of the Bohai Bay Basin and their
implications for the destruction of the NC remain ambig-
uous.
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Mesozoic configuration of the Bohai Bay Basin
In the past, oilfield exploration efforts within the Bo-

hai Bay Basin were concentrated on the Cenozoic parts
of the basin and little attention has been directed toward
the Mesozoic parts (Qi et al., 2003; Hou et al., 2001).
Few articles in the literature discuss the Mesozoic basin
because the majority of exploration wells were not drilled
deep enough to penetrate the Mesozoic strata and be-
cause of the poor quality of seismic sections that display
a Mesozoic component. Thus the geology of Mesozoic
parts of the Bohai Bay Basin has remained ambiguous.
However, more recently, deep wells have been drilled in-
to or through the Mesozoic strata and more sensitive re-
flection seismic sections have been constructed for the
Mesozoic sequences. These works have provided useful
information to study the Mesozoic basin.

In the NC, the cratonic basement consists of Archean
and Proterozoic metamorphic rocks that crop out in the
west, north and south of the Bohai Bay Basin. Pre-Meso-
zoic platform sedimentary rocks consist of stable Cam-
brian-Triassic strata including shallow marine facies,
Cambrian-Ordovician carbonates and shales, and Permo-
Carboniferous lake delta and limnetic coal-bearing for-
mations (Zhao et al., 2000; Kuskey and Li, 2003). Trias-
sic formations comprise red clastic fluvial and lacustrine
deposits. The depositional environment of the NC was
relatively stable and few volcanic rocks were developed
in this period (Qian, 1986; Lu et al., 1997). Pre-Mesozoic
structural trends in the craton are dominantly east-west
(Qian, 1986; Wan and Zeng, 2002; Lu et al., 1997).

During the late Permian and early Triassic, the North
China craton and South China craton (SC) began collid-
ing, building the Qinling-Dabie-Sulu mountains. Conver-
gence probably lasted to Middle Jurassic times. The east-
ern part of the NC experienced intra-continental deforma-
tion and uplift due to the convergence at the north and
south margins in the Early Mesozoic and experienced
widespread thermal activity in Late Mesozoic and Ceno-
zoic, as indicated by the emplacement of voluminous late
Mesozoic granites and extensive Cenozoic volcanism
(Yin and Nie, 1996; Tian et al., 1992; Hou et al., 2003).
During the Dabie orogenic episode, Late Triassic con-
tractional foreland basins were developed in the south of
the NC, for example the west-northwest trending Xi-
nyang-Hefei Basin (Ⅰ) on the north of the Dabie Orogen
and northeast trending Subei Basin (Ⅰ) on the south of the

Sulu Orogen. These Late Triassic foreland basins were
filled by red molasse formations (Lu et al., 1997).

In the Late Jurassic and Early Cretaceous, the Tanlu
Fault Zone was intensely active, and several late Mesozo-
ic basins developed in the grabens within the Tanlu Fault
Zone and on its two flanks (Figure 3). New sensitive re-
flection seismic sections have revealed the Mesozoic
configuration of the Bohai Bay Basin (Figure 3 and 4).

Figure 3. Distribution of the Mesozoic basins in the North China

Ⅰ-Xinyang-Hefei Basin; Ⅰ-Subei Basin; Ⅰ-Bohai Basin; Ⅰ-Jiyang
Basin; Ⅰ-Luxi Grabens; Ⅰ-Xu-Shi Basin; Ⅰ-Liaohe Graben; Ⅰ-
Jiaoliao Graben

(sources: Shandong Geological Map, 1990; Hou et al.,
2001; and new seismic sections from the offshore oilfield
company, 2005)
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Figure 4. New seismic reflection section (AB) in the offshore of the
North China Basin

Location of section AB is shown in Fig.2 and Fig.5. Mz-
Mesozoic Formation; Es4-k-Eocene Shahejie Formation 4
and Kongdian Formation; Es2-3-Eocene Shahejie Forma-
tion 2 and 3; Es1-Eocene Shahejie Formation 1; Ed1-Oli-
gene Dongying Formation 1; Ed2-Oligene Dongying For-
mation 2; Ng-Miocene Guantao Formation; Nm-Miocene
Minghuazhen Formation.

(source: Bohai Oilfield Company, China)

Aside from the foreland basins in the south of the NC,
the basins located within the craton are extensional in ori-
gin and are of Late Mesozoic age, all occurring in the
east of the craton. Four Late Mesozoic NW trending ba-
sins were identified on the west of Tanlu Fault Zone,
from north to south, the Bohai Basin (Ⅰ), Jiyang Grabens
(Ⅰ), Luxi Grabens (Ⅰ) and Xu-Shi Basins (Ⅰ). Two late Meso-
zoic basins are identified on the east of the Tanlu Fault,
one of which is the N-NE trending Liaohe Graben (Ⅰ)
within the Tanlu Fault Zone. The other is the E-W trend-
ing Jiaolai Graben (Ⅰ) (Figure 3).

The Jiyang Grabens consists of three narrow grabens
configured in an en echelon arrangement. The Luxi Gra-
bens in the western Shandong Province consists of five
narrow grabens in an en echelon arrangement. The Xu-
Shi basins consist of four Late Mesozoic relic depres-
sions from Xuzhou to Shijiazhuang in a northwest orien-
tation, which were probably linked together to form one
northwest trending basin before they were uplifted (Fig-
ure 3). The Late Mesozoic Tanlu Fault Zone is also a nar-
row rift, which consists of two grabens and an uplifted
section (Xu, 1993). The northeast trending Subei basin
developed on the east of the Tanlu Fault (Shang et al.,
2002).

The Mesozoic parts of the Bohai Bay Basin formed
during the Late Jurassic and Early Cretaceous by the

deposition of sedimentary and volcanic units in an intra-
plate rift environment. The Late Jurassic and Early Creta-
ceous volcanic rocks display NW orientations, controlled
by NW-trending master faults on the west of Tanlu Fault
Zone and NNE orientations within the Tanlu Fault Zone
(Tian et al., 1992; Hou et al., 2003). These grabens were
filled with Late Jurassic tuffaceous sandstones, brown
mudstones and andesitic basalts that were deposited un-
conformably on pre-Mesozoic basement (pre-rift sedi-
ments) during the Late Jurassic. During the Early Creta-
ceous, the Qingshan Formation (Jq) was deposited in dif-
ferentially subsiding grabens and half-grabens in the east-
ern NC, which consists of dark grey mudstones, grey-
green muddy sandstones and brown-red sandy conglom-
erates interbeded with volcanics.

Yi and Hou (2002) proposed that master faults con-
trolled the deposition of the Late Mesozoic sediments.
These master faults are northwest trending, as revealed
by highly sensitive seismic reflection sections and by the
distribution of the Late Mesozoic sediments (Figure 3
and 4). They show syn-rift movement during the Late
Mesozoic and are thus growth faults (Hou et al., 2001).

Seismic sections from the Bohai Bay Basin show that
the depocenters of the Mesozoic basins are not coincident
with the Cenozoic basin depocenters. The Mesozoic ba-
sins appear to have been of greater lateral extent than the
Paleocene basins, but smaller than the Oligocene and
Miocene basins. The uniform Mesozoic basin is fragmen-
ted by Cenozoic basins (Figure 4) and the Cenozoic de-
pressions rest on the Mesozoic depressions, giving the
Bohai Bay Basin the structure of a superimposed basin.

The orientations of these basins, master faults and vol-
canic rocks suggest that these Mesozoic basins were in-
duced by sinistral strike-slip movement within the Tanlu
Fault Zone. The northwest trending Late Mesozoic basins
have a structural orientation that is distinct from the
northeast and east-west trending Cenozoic basins in the
eastern NC. The differences between Mesozoic and Cen-
ozoic basins result from their development in different
tectonic settings related to the different strike-slip move-
ments within the Tanlu Fault Zone (Figure 2 and 3).

The Early Mesozoic collision between the NC and the
SC caused intra-continental deformation (Zhao and
Zheng, 2005; Yin and Nie, 1996). The pre-Mesozoic
structural trends in the basement of the NC are dominant-
ly east-west (Qian, 1986; Gong, 1987; Wang et al.,
2005). There is evidence for further convergence
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between two blocks accommodated by thrusting in the
Dabie and Sulu Orogens during the Early Mesozoic
(Okay and Sengör, 1992). The NC developed an orogenic
belt along the southern margin of the craton, and intra-
continental deformation shaped the Eastern North China
Plateau by thickening of the lithosphere. The Tanlu Fault
Zone accommodated sinistral strike-slip, and acted as a
transfer zone between the thrust-dominated orogenic
zones (Xu, 1993; Xu et al., 1993; Ross et al., 1996). The
Late Mesozoic grabens on the two flanks of the Tanlu
Fault Zone suggest that these grabens have their origins
in a transtensional fault zone. The right-handed pattern of
the en echelon grabens resulted from sinistral strike-slip
within the fault zone and thus they developed under the
same tectonic stress field (Figure 3). The Late Mesozoic
extension and rifting of the eastern NC signalled the on-
set of the destruction of the NC. Mesozoic rifting stopped
in the Late Cretaceous, allowing initiation of temperary
uplift. The Bohai Bay Basin has experienced a newer
phase of extension and rifting since the Paleocene.

Mesozoic and Cenozoic extension in the offshore
portion of the Bohai Bay Basin

Over the past two decades, a number of articles have
addressed the Cenozoic evolution of the Bohai Bay Basin
(Ye et al., 1985; Wang et al., 1985; Liu, 1987; Hong,
1989; Zhao and Windley, 1990; Allen et al., 1997; Hu et
al., 2001; He and Wang, 2003; Zhao and Zheng, 2005).
To date, attempts at a reconstruction of the Mesozoic ba-
sin have been limited. The crustal thickness of the off-
shore portion (Bohai Sea) of the Bohai Bay Basin is the
thinnest within the NC, suggesting that the offshore por-
tion of the basin is a region of importance in the destruc-
tion of the NC.

The growth faults that define the depression bounda-
ries of the basin are major extensional structures. The
growth faults controlled sedimentation and the migration
of the depositional depocenter. The depocenters of the
Bohai Bay Basin moved from the margins of the basin to
the center of Bohai Sea in the period from the Early Ter-
tiary to the Late Tertiary. C-frequency (C being the thick-
ness ratio of a layer in the hanging wall to the same layer
in the foot wall for master fault) diagrams of growth
faults were constructed from local seismic sections from
the Bohai Sea. The C-frequency diagrams (Figure 5) fur-
ther indicate that, in the Oligocene and Miocene, the
growth faults in the center and east of the sea were more

active than the faults near the margins of Bohai Sea (Fig-
ure 5), an observation consistent with migration of the
depocenters from the margins to the center with contin-
ued extension.

Figure 5. Locations of C-frequency diagrams and the balanced-
cross sections in the offshore portion of the North China Basin

C is thickness ratio of a layer in the hanging wall to the
same layer in the footwall for master fault; Mz-Mesozoic
Formation; Es4-k-Eocene Shahejie Formation 4 and Kong-
dian Formation; Es2-3-Eocene Shahejie Formation 2 and 3;
Es1-Eocene Shahejie Formation 1; Ed1-Oligene Dongying
Formation 1; Ed2-Oligene Dongying Formation 2; Ng-Mio-
cene Guantao Formation; Nm-Miocene Minghuazhen For-
mation.

We chose four representative interpreted seismic sec-
tions (L1, L2, L3and L4) that cross the orientation of the
master faults in Bohai Sea, the offshore portion of the
Bohai Bay Basin (Figure 5). Balanced cross-sections
were analyzed following correction for the compaction
curves and thermal subsidence based on the well data and
an interpreted thermal history, with the depth (c. 12.6
km) of detachment for the basement faulting calculated
from earthquake source depths (Ma and Liu, 1986). The
method of Gibbs (1983) was used for construction of the
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balanced cross-sections. A representative balanced cross-
section is shown in Figure 6. Extension estimates for four
sections in different periods are presented in Table 1 and
indicate the relative intensity of extension in the Mesozo-
ic and Cenozoic. One section gives an extension estimate
of 13.7% for the Late Mesozoic time, which is similar to
the magnitude of extension in the Late Eocene and Oligo-
cene (Es1-3 and Ed). This suggests that the offshore por-
tion of the basin witnessed major extension in the Late
Jurassic and Early Cretaceous.
Figure 6. Evolution of an offshore balanced section (L1)

Pre-Mz-Pre-Mesozoic Basement; Mz-Mesozoic Formation;
Es4-k-Eocene Shahejie Formation 4 and Kongdian Forma-
tion; Es2-3-Eocene Shahejie Formation 2 and 3; Es1-Eo-
cene Shahejie Formation 1; Ed1-Oligene Dongying Forma-
tion 1; Ed2-Oligene Dongying Formation 2; Ng-Miocene

Guantao Formation; Nm-Miocene Minghuazhen Formation;
Q-.
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Table 1. The extension calculation of four balanced cross-sections in the offshore portion of the Bohai Bay Basin.

Balanced
cross-sec-
tions

Periods Length of
sections
(km)

 Extension
in each pe-
riod

Extension
ratio in
each peri-
od (%)

Accumu-
lated ex-
tension

Accumu-
lated ex-
tension ra-
tio (%)

Extension
factor (β)

 Formations Before ex-
tension

After ex-
tension

     

 Q + Nm 63.9 65.5 1.6 2.6 18.7 39.8 1.4

 Ng 62.2 63.9 1.7 2.7 17 36.3  

L1 Ed 59.6 62.2 2.5 4.3 15.3 32.7  

 Es1-3 55.7 59.6 4 7 12.8 27.3  

 Es4-Ek 53.3 55.7 2.4 4.5 8.8 18.8  

 Mz 46.8 53.3 6.4 13.7 6.4 13.7  

         

 Q + Nm 55.8 57.7 1.9 3.4 24 71.2 1.71

 Ng 54 55.8 1.8 3.3 22.1 65.5  

L2 Ed 44 54 10 21.7 20.3 60.2  

 Es1-3 36.7 44 7.3 19.9 10.3 30.5  

 Es4-Ek 33.7 36.7 3 8.9 3 8.9  

         

 Q + Nm 38 38.9 0.9 2.4 14.3 58.4 1.58

 Ng 37.1 38 0.9 2.4 13.4 54.8  

L3 Ed 35 37.1 2.2 6.2 12.6 51.2  

 Es1-3 26.1 35 8.9 31.7 10.4 42.4  

 Es4-Ek 24.6 26.1 1.5 6.2 1.5 6.2  

         

 Q + Nm 98.8 104 5.2 5.2 35 50.6 1.51

 Ng 93.7 98.8 5.2 5.5 29.8 43.1  

L4 Ed 81.4 93.7 12.3 15.1 24.6 35.7  

 Es1-3 71.5 81.4 9.9 13.9 12.4 17.9  

 Es4-Ek 69 71.5 2.5 3.6 2.5 3.58  

The extension factors (β) for four sections were calcu-
lated by the construction of the balanced cross-sections.
Cenozoic extension factors for the offshore portion of the
Bohai Bay Basin, as calculated from the four balanced
cross-sections, range from 1.4 to 1.7 with a mean of 1.6
(Table 1). Cenozoic extension factors for the onshore
portion in the Bohai Bay Basin range from 1.1 to 1.4 with

a mean of 1.3 (Allen et al., 1997). Thus, the extension
factors for the offshore portion are higher than those for
the onshore portion, suggesting that the greatest exten-
sion occurred in the offshore (Bohai Sea) portion of the
basin. This is consistent with the thinnest crust being
found in the offshore portion: 28 km compared with a
maximum of 36-42 km at basin margins (Liu, 1987). Hu
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et al. (2001) proposed that a small amount of tectonic
subsidence was superimposed on the post-rift thermal
subsidence from about 2 Ma in the offshore portion but
not the onshore portion. This suggests that extension of
the offshore (Bohai Sea) portion persisted to 2 Ma though
the extension was weaker in the Neogene than the Oligo-
cene. Obviously, the Eocene and Oligocene represent the
most significant periods of extension (rifting) for the off-
shore portion of the Bohai Bay Basin.

Events contributing to the destruction of the
North China craton

The NC and SC initially collided in the Early Mesozo-
ic and collision probably lasted to Middle Jurassic time
(Yin and Nie, 1993; Zhang, 1997). The NC experienced
intra-plate deformation during which folds with east-west
trending axes formed (Wang et al., 2005). This intra-plate
deformation was responsible for the construction of the
North China Plateau (Zhang et al., 2001a, 2001b, 2001c;
Shao et al., 2003). In the Late Mesozoic, the Kula plate
was quickly moving north-northwest and was subducting
beneath the Eurasian continent (Hilde et al., 1977). Sub-
duction led to mantle upwelling and widespread magmat-
ic activity in eastern China (including the eastern NC).
The lithosphere of the Eastern North China Plateau had
been thinned by intense extension and several Late Mes-
ozoic rifts developed in the Eastern North China Plateau
under a transtensional stress field also responsible for the
northwest trending en echelon arrangement of grabens on
the west of the Tanlu Fault Zone (Figure 7a). The Meso-
zoic rifting ended in the Late Cretaceous and was fol-
lowed by temporary uplift and erosion.

Figure 7. Mesozoic-Cenozoic evolution of the Northeast Asia

Mesozoic-Cenozoic evolution of the Northeast Asia

The Pacific plate moved northward and subducted be-
neath the Eurasian plate since 53 Ma at the average rate
of about 25 mm/yr (Parés and Moore, 2005). This led to a
sinistral strike-slip reactivation of the Tanlu Fault Zone.
The northwest-trending, en echelon-arranged narrow gra-
bens that developed in the extensional stress field were
Paleocene to Early Eocene in age and were filled by the
pre-rift sediments. At the same time, the Japanese arc be-
longed to the part of the northeast Asian marginal zone,
the Okhotsk-Chukotka volcanic zone, which also experi-
enced sinistral strike-slip movement within the northeast
trending Sikhote-Alin Fault Zone (Lallemand and Jolivet,
1986; Jolivet et al., 1988, 1994; Liu et al., 2001).

The Pacific plate has moved in a west-northwest di-
rection instead of a northward direction since 42 Ma at an
average rate of 32 mm/yr (Parés and Moore, 2005). This
has led to dextral strike-slip motion instead of the former
sinistral strike-slip motion within the Tanlu Fault Zone.
The change in motion triggered upper mantle upwelling
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and intense volcanic activity as the Bohai Bay Basin en-
tered a new stage in its tectonic development. A late Eo-
cene and Oligocene transtensional basin was created in
the offshore portion of the Bohai Bay Basin (Figure 7b)
while the Japanese arc began to separate from the north-
east Asian margin (Lallemand and Jolivet, 1986; Jolivet
et al., 1994) and northeast Asia, as a whole, experienced
lithospheric thinning.

The late Oligocene (32-25 Ma) was the first stage of
the Japan Sea opening. During this period, the Japan Sea
was a pull-apart basin between two dextral strike-slip
faults and transition from continental to oceanic rifting
occurred (Jolivet et al., 1994). The regional compressive
stress was northeast-southwest in northeast Asia and the
Tanlu Fault Zone was reactivated within the new stress
field. The Bohai Bay Basin developed intense volcanics
and wider transtensional basin under the same stress re-
gime as the Japan Sea (Figure 7c) and, in this period, the
Korean peninsula moved anticlockwise, breaking away
from the Chinese mainland (Qian, 2004). The motion of
the Pacific plate coupled with the coeval Indian-Eurasian
collision intensified extension in northeast Asia and the
Bohai Bay Basin experienced a second stage of extension
in response to opening of the Japan Sea.

In the Miocene (25-12 Ma), the Japan Sea continued
to open and was transformed from pull-apart basin to
back-arc spreading centre, triggering the onset of oceanic
crust formation. The spreading ridge in the Japan Sea ran
approximately north-south (Jolivet et al., 1994; Itoh,
2001). The principal compressive stress was approximate
E-W in the Northeast Asia due to the interaction between
the Indian, Eurasian and Pacific plates and the southwest
of Japan developed inversion structures in this period
(Itoh, 2001). The Bohai Bay Basin stopped rifting in this
compressive stress field and the basin, as a whole, experi-
enced thermal subsidence. The Tanlu Fault Zone became
a transpressive dextral strike-slip zone (Xu, 1993) while
the Bohai Bay Basin experienced inversion deformation
(Figure 7d) (Zhao and Zheng, 2005; Zhao and Windley,
1990).

Northeast Asia was still in the E-W trending compres-
sive regime in the Pliocene (12-2 Ma). The Japan Sea
stopped opening, and rifting within the Bohai Bay Basin
was reduced as the region entered a post-rift stage and
experienced thermal subsidence. From 2 Ma, the com-
pressive stress changed to a northeast-southwest orienta-
tion in northeast Asia (Huang et al., 1996) and tectonic

subsidence was superimposed on the offshore portion of
the basin (Hu et al., 2001) (Table1).

The intensity of Cenozoic extension in the Bohai Bay
Basin suggests that the destruction of the NC occurred
mainly in the east of the craton during the Cenozoic. The
destruction of the craton was concentrated in the offshore
portion of the Bohai Bay Basin.

Conclusions
At the Late Triassic, the North China craton and

South China craton collided at the Qinling-Dabie Orogen
and resulted in the thickening of the lithosphere in the
North China craton (Figure 8a). At about 160-150 Ma
(Late Jurassic), drastic thinning and collapse of the litho-
sphere occurred in the eastern NC due to delamination of
the cold and heavy lithosphere (Deng et al., 2000; Zhang
et al., 2001a, 2001b, 2001c; Gao et al., 2002). The de-
lamination led to upwelling of the asthenosphere, volcan-
ism and the production of granite belts in the eastern NC
(Dong et al., 2000; Hou et al., 2003). Following delami-
nation, thinning of the lithosphere and collapse of the
plateau occurred. The initial extension and collapse of the
Eastern North China Plateau began in the Late Jurassic
and Early Cretaceous. The extensive collapse of the pla-
teau happened predominantly in the Eocene and caused
development of the extensional basins-mountains system
(Ma et al., 1983; Zheng et al., 1988; Hou et al., 2001;
Wang et al., 2005). The destruction of the NC finally pro-
duces the thinnest lithosphere of the eastern China (Fig-
ure 8b and 8c).
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Figure 8. The destruction history of the North China Craton

(a) Intra-plate deformation of the North China Craton; (b)
the first stage of destruction of the NCC (delamination of
lower crust); (c) the second stage of destruction of the NCC
(underplating and replacement of lithoshpere).

The above-discussed tectonics of the Bohai Bay Basin
suggests that the basin experienced a complex evolution
in the Mesozoic and Cenozoic. The evolution of the basin
spans from the Late Jurassic to the Neogene, and dis-
crete, Late Jurassic-Early Cretaceous and Eogene-Neo-
gene rifting cycles are distinguished on the basis of dif-
fering basin orientations. Extension and thermal subsi-
dence of the basin is related to rifting events triggered by

the response of the Eurasian plate to movement of the
Kula and Pacific plates.

The Eastern North China Plateau resulted from Early
Mesozoic convergence between the NC and the SC. Evi-
dence for the onset of the destruction of the NC, triggered
by the delamination of thick lithosphere of the eastern
NC, is preserved in the NW-trending grabens which form
an en echelon arrangement on the west of Tanlu Fault
Zone and the NNE-trending grabens within the Tanlu
Fault Zone (especially in the offshore portion of the Bo-
hai Bay Basin). The extensive destruction of the craton
was associated with the broader extensional environment
of northeast Asia. The offshore (Bohai Sea) portion is the
region that best preserves the evidence of the destruction
of the NC. The NC represents a non-typical craton
unique with respect to the Earth’s other stable cratons.
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