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ABSTRACT

This paper presents a study of Juras-
sic–Early Cretaceous sedimentary evolu-
tion of the Hefei basin in eastern China and 
explores the relationship between clastic 
sedimentation and coeval deformation of the 
Dabieshan to the south and the Tanlu fault to 
the east. The Hefei basin experienced a two-
stage evolution. The basin was initiated in the 
Early Jurassic and expanded in the Middle 
and Late Jurassic. The synsedimentary Jin-
zhai normal fault is considered to be a bor-
der fault of the basin because it controlled 
Middle to Upper Jurassic proximal alluvial 
deposits. Persistent N- to NE-directed paleo-
fl ows in the southern Hefei basin indicate 
that sediments came from the Dabieshan, 
and the presence of Triassic coesite-bearing 
detrital zircon in Lower Jurassic sediments 
documents exhumation of ultrahigh-pres-
sure rocks of the Dabieshan to the surface 
as early as the Early Jurassic. Occurrences 
of eclogite clasts in an Upper Jurassic unit 
indicate continued denudation of the Dabie-
shan at that time. Thickening of Jurassic 
clastic units to the southern and southeast 
parts of the basin suggests that basin sub-
sidence and depositional loci were under the 
coupled control of the Jinzhai normal fault 
on the south and the NE-striking left-lateral 
transtensional Tanlu fault on the east. Juras-
sic extensional subsidence of the Hefei basin 

is in marked contrast to the coeval develop-
ment of a contractional foreland basin south 
of the Dabieshan, which combines to indicate 
contemporaneous extension and contraction 
on the north and south sides of the Dabie-
shan, respectively. Vigorous volcanism and 
uplift of the southern Hefei basin character-
ized the second stage of development of the 
Hefei basin in the Early Cretaceous, and this 
led to a synchronous shift of its main dep-
ocenter to the north. This younger depocen-
ter is characterized by lacustrine and fl uvial-
deltaic sedimentation, where alluvial and 
fan-deltaic coarse-grained deposition mainly 
occurred along the eastern edge of the basin. 
Early Cretaceous subsidence is attributed to 
E-W extension across the middle segment of 
the Tanlu fault, and the Zhangbaling massif 
on the east acted as a footwall and provided 
a source for sediment to the northern basin. 
A model is accordingly advanced to account 
for how the Hefei basin developed in response 
to the tectonic exhumation of the Dabieshan 
and the deformation of the Tanlu fault in the 
Mesozoic. It illustrates that the Hefei basin 
initiated and evolved during Jurassic time 
in an extensional setting that was triggered 
by southerly upward extrusion of ultra-
high-pressure rocks of the Dabieshan. Early 
Cretaceous development of the basin was 
controlled by magmatism-related uplift of 
the Dabieshan on the south and orthogonal 
normal faulting of the middle segment of the 
Tanlu fault on the east. This study provides 
an independent constraint upon the exhuma-
tion processes of ultrahigh-pressure rocks of 
the Dabieshan.

Keywords: sedimentation, basin tectonics, Me-
sozoic, eastern China, Dabieshan, Hefei basin.

INTRODUCTION

Eastern China is geologically made up of 
the North and South China blocks, which were 
amalgamated diachronously from east to west 
along the Qinling-Dabieshan orogenic belt 
from the latest Late Permian to Middle Triassic 
(Zhao and Coe, 1987; Yin and Nie, 1993; Meng 
and Zhang, 1999). Late Mesozoic and Ceno-
zoic tectonics of eastern China are considered 
to have been related to westward subduction 
of the Pacifi c plate (Northrup et al., 1995; Ren 
et al., 2002), such as widespread magmatism 
(Zhou and Li, 2000; Li, 2000; Wu et al., 2005) 
and crustal extension (Ma and Wu, 1987; Tian et 
al., 1992; Faure et al., 1996), but the North and 
South China collision must have exerted a major 
control on crustal deformation of eastern China 
in the early Mesozoic, particularly in the regions 
adjacent to the Qinling-Dabieshan belt (Liu et 
al., 2003; Meng et al., 2005). The Dabieshan 
has attracted much research in the past decade 
because it contains ultrahigh-pressure (UHP) 
metamorphic rocks that indicate deep subduc-
tion of continental crust of the South China block 
beneath the North China block (Hacker et al., 
2000). Another spectacular geological feature 
of eastern China is the crustal-scale NE-trend-
ing Tanlu fault (Fig. 1), which is believed to have 
originated and developed in association with col-
lision of the North and South China blocks and 
exhumation of the Dabieshan UHP rocks (Yin 
and Nie, 1993; Gilder et al., 1999; E. Wang et 
al., 2003; Hacker et al., 2004). Deep  subduction 
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of the South China block continental crust and 
subsequent exhumation of the Dabieshan UHP 
metamorphosed rocks infl uenced a broad area 
of eastern China during the Mesozoic and were 
among the principal tectonic processes in East 
Asia. Therefore, the study of the evolution of 
Dabieshan is crucial for better understanding of 
Mesozoic tectonics of eastern China.

Signifi cant advances have been made in 
understanding the petrology and geochronol-
ogy of the UHP rocks of the Dabieshan (Li et 
al., 1993; Liou et al., 1996; Hacker et al., 1998), 
but there is no consensus about how and when 
the UHP rocks were brought to the surface from 
depths >100 km. A number of tectonic models 
have been proposed to explain the exhumation 

process on the basis of petrology, geochemistry, 
geochronology, and regional structural analysis 
(Yin and Nie, 1993; Hacker et al., 2000; Faure et 
al., 1999; E. Wang et al., 2003). Okay and Şengör 
(1992) suggested that the Dabieshan UHP rocks 
were exhumed by means of intracontinental 
thrusting and concomitant erosion, whereas 
other studies have indicated that exhumation 
of the UHP rocks is presumably attributable to 
synconvergence crustal extension (Webb et al., 
1999; Hacker et al., 2000; Faure et al., 2003). 
Geochronological and geochemical investiga-
tion shows that the UHP rocks underwent two 
stages of rapid cooling or exhumation in the 
intervals of 226–219 Ma and the Early–Middle 
Jurassic, respectively, possibly corresponding 

to contractional tectonics in the fi rst stage and 
crustal extension in the second stage (Li et al., 
2000). A recent provenance study, however, con-
vincingly demonstrates that the UHP rocks had 
already reached the surface by the Early Juras-
sic, and they provided a source for sediment in 
the adjacent Hefei basin (Li et al., 2005).

Most sedimentary basins are controlled by 
deformation in adjacent mountain belts (Inger-
soll, 1988), and, therefore, careful study of 
basin tectono-sedimentary history is an effec-
tive approach to unraveling the linkage between 
the deformed belts and sedimentary basins. The 
Hefei basin, situated north of the Dabieshan and 
bounded on the east by the Tanlu fault (Figs. 1 
and 2), should have developed under the control 
of deformation of the adjacent structural belts 
during Mesozoic time. In recent years, some 
efforts have been made to understand the tectonic 
relationship between the Dabieshan exhumation 
and the formation of surrounding basins (Liu et 
al., 2003). However, controversies have persisted 
about the tectonic setting for the Hefei basin. The 
basin was assumed to have arisen from fl exural 
subsidence in Jurassic time as a result of north-
ward emplacement of the Dabieshan (Li et al., 
2001; Liu et al., 2003), although Jurassic thrust 
faults controlling Jurassic sedimentation of the 
Hefei basin have never been identifi ed. Jurassic 
strata directly north of the Jinzhai fault are only 
moderately folded (Figs. 3, cross section C–C′, 
and 4), and the folding is considered to be the 
result of Early Cretaceous granitoid intrusion 
on the south and induced (gravity-driven) north-
ward motion of the Beihuaiyang crystalline 
rocks (Jiang et al., 2003; Lin et al., 2005b). It 
is generally accepted that crustal extension pre-
vailed in Early Cretaceous time in and around 
the Dabieshan (Zhong et al., 1999; Faure et al., 
1999; Ratschbacher et al., 2000), and that the 
Hefei basin developed as an extensional basin 
(Liu et al., 2003). The objective of this paper 
is to present a detailed anatomy of Jurassic to 
Lower Cretaceous sedimentary fi ll of the Hefei 
basin and propose a model describing how the 
Hefei basin evolved and use our observations to 
constrain tectono-sedimentary linkage between 
the basin and coeval deformation of the border-
ing Dabieshan and the Tanlu fault.

TECTONIC SETTING

The Hefei basin came into existence in 
Early Jurassic time and developed through the 
late Mesozoic into the Cenozoic. The modern 
basin is bounded on the north by the Shouxian 
normal fault, and it is internally cut by several 
E-W–trending intrabasinal extensional faults 
(Fig. 2B). Based upon the interpretations of 
seismic-refl ection profi les across the Hefei 
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basin (Zhou et al., 1999; Xue and Jin, 2001; Y.L. 
Wang et al., 2002), these intrabasinal faults only 
exert controls on Late Cretaceous–Tertiary clas-
tic units that were deposited in discrete small 
E-W–oriented extensional basins (Fig. 3). A 
regional unconformity separates Jurassic–Early 
Cretaceous sequences from the overlying units, 
indicating that the Hefei basin experienced two 
distinct phases of development from Mesozoic to 
Cenozoic times. This study focuses on the fi rst-
phase evolution of the basin during the period 
from the Jurassic to the Early Cretaceous.

The Dabieshan is connected with the East 
Qinling Mountains through the Hong’an and 
Tongbai Maintains toward the west, and they 
together constitute a major roughly W-NW–
trending, ~1000-km-long orogenic belt in cen-
tral China (Fig. 1). UHP metamorphism within 
the Dabieshan occurred at 244–240 Ma (Li et 
al., 1993; Hacker et al., 1998; Wawrzenitz et 
al., 2006). The UHP rocks were then rapidly 
exhumed to mid-crustal levels in Middle to Late 
Triassic times, and they had reached the surface 
by the Middle to Late Jurassic (Webb et al., 
1999; Li et al., 2000; Grimmer et al., 2003). The 
Early Cretaceous was a period of strong crustal 
extension in association with intensive magma-
tism in and around the Dabieshan (Xue et al., 
1997; Ratschbacher et al., 2000; Faure et al., 
2003). Post-Early Cretaceous exhumation rates 
of UHP rocks within the Dabieshan were sig-
nifi cantly lower (Reiners et al., 2003).

The boundary between the Dabieshan and the 
Hefei basin is defi ned by a number of normal 
faults, such as the Huwan fault, Jinzhai fault, 
and Xiaotian-Mozitan fault (Figs. 1 and 2). It is 
vexing, however, to identify the original suture 
between the North and South China blocks 
because of intense deformation and erosion in 
the wake of exhumation of the UHP rocks from 
depths >100 km. The Xiaotian-Mozitan fault has 
been considered the relict suture (Zhong et al., 
1999), and the Huwan fault has been regarded 
as its possible western extension (Hacker et al., 
2000). A recent study by Liu et al. (2004) throws 
doubt upon the presumption that the Huwan fault 
was the suture trace, inasmuch as some meta-
morphic units north of this fault, the Nanwan 
and Balifan units (Fig. 2B), exhibit affi nity to 
the South China block. Accordingly, the suture 
should be located to the north of these units 
(Fig. 1). In addition, the Beihuaiyang domain 
north of the Xiaotian-Mozitan fault (Figs. 1 
and 2B) has been recently shown to consist of 
South China block Sinian basement rocks, such 
as the Luzhenguan Group (Chen et al., 2003), 
which imply a more northward location for the 
suture (Faure et al., 2003). Neoproterozoic to 
Paleozoic lithostratigraphy in the Bengbu uplift 
(Fig. 1) shows an affi nity to the North China 

block (BGMRAP, 1987), and, therefore, the 
suture should lie south of the Shouxian fault, as 
indicated on Figure 1. Middle Jurassic granitic 
intrusions have been recently documented in the 
Bengbu uplift, and they contain inherited zircons 
that are interpreted to have originated from par-
tial melting of the South China block crust (Xu 

et al., 2005). Based on these observations, we 
propose that the South China block crust might 
have subducted beneath the North China block 
for a considerable distance to the north.

The Tanlu fault is considered to have expe-
rienced left-lateral displacement from ~300 to 
~500 km in Mesozoic (Xu et al., 1987), and it 
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likely displaced the Sulu UHP metamorphic ter-
rane to the N-NE (Yin and Nie, 1993). Timing 
of motion on the Tanlu fault is constrained by 
recent 40Ar/39Ar dating of associated mylonites 
exposed east of the southern Hefei basin. The 
mylonites yield two clusters of ages, 143–
130 Ma and 193–189 Ma (Zhu et al., 2004, 
2005). It is possible that the Tanlu fault changed 
its sense of movement from left-lateral to right-
lateral to normal slip during the Jurassic to Cre-
taceous, and displayed diverse activities in dif-
ferent segments (Grimmer et al., 2002; Zhang 
et al., 2003). The central segment of the Tanlu 
fault experienced dextral transtension and then 
orthogonal extension in the Early Cretaceous 
(Zhang et al., 2003).

Magmatism began in the latest Late Juras-
sic and culminated in Early Cretaceous time in 
and around the Dabieshan. Granitic intrusions 
yield both single-zircon and cooling ages from 
ca. 140 to 120 Ma by SHRIMP (sensitive high-
resolution ion microprobe), TIMS (thermal 
ionization mass spectrometry), and 40Ar/39Ar 
methods (Xue et al., 1997; Hacker et al., 1998). 
Andesitic volcanism occurred simultaneously 
with the plutonism, as evidenced by TIMS zir-
con U-Pb ages of 133 ± 3 Ma and 130 ± 2 Ma 
for basalts and andesites in the Xiaotian area 
(Fig. 4) (Xia et al., 2003). It is noteworthy that 
the plutonic and volcanic rocks share identical 
geochemical features, as manifested by rare 
earth element (REE) distribution patterns and 

similar Sr-Nd-Pb isotopic signatures (Zhang et 
al., 2002). These facts indicate that Early Creta-
ceous plutonic and volcanic assemblages origi-
nated from same source.

BASIN STRATIGRAPHY

Mesozoic strata of the Hefei basin con-
sist of Jurassic and Cretaceous continental 
facies associations and volcanogenic rocks 
that unconformably rest on either deformed 
Paleozoic units or Precambrian complexes 
(Fig. 5). Triassic strata are absent throughout 
the basin (Han, 1996; P. Li et al., 2003). A 
higher regional unconformity separates Upper 
Cretaceous–Cenozoic strata from  underlying 

Well-2

0 30 km

0

2

4

6

8

(Km)
10

0

2

4

6

8

(Km)
10

Well-2

Tanlu fault

XM fault

Jinzhai fault

gbalin nga Mh asZ s fi

J1

J2-3 K -E2
J2-3

J
2-3

UHP unitAmphibolite unit Migmatite unit

J1

F4

J2
J3 K2x

K1zh

K2zh

Migmatite Schist & gneiss Granite VolcanicsUHP eclogite

A A′

K -E2
K -E2

0 40 km

J1

J1

Precambrian & Paleozoic

Precambrian & Paleozoic

Q

B B′

C

XM fault

Jinzhai fault

J2
J2-3

J2-3

J1

J3

K -E2 J2-3

0 20 km

Precambrian & Paleozoic

F4F3F1

EK2

Q0

2

4

6

8

(Km)
10

C′

Guangji fault
F3

F1

F2

Blueschist
unit

Postulated normal fault

Postulated normal fault

BD

BD
J2-3

Brittle normal fault Unconformity
between K -E and J2 2-3

Unconformity b
 J  and J in proximal area2 3

etween

Conglomerate Sandstone

Ductile normal fault L. Permian to E. Triassic
contractile fabrics

Figure 3. Geological cross sections showing internal structure and stratigraphy of the Hefei basin and its relationship with the adjacent 
Dabieshan and Zhangbaling massif. Positions of the three sections are shown in Figure 2B. Sections across the Hefei basin are based on 
geological interpretation of seismic lines (Zhou et al., 1999; P. Li et al., 2003; Xue and Jin, 2001); structures and tectonic subdivisions of the 
Dabieshan are mainly based on Webb et al. (1999), Ratschbacher et al. (2000), and Faure et al. (2003). Structure of the Zhangbaling massif 
is mainly from Lin et al. (2005a). Abbreviations: J1—Lower Jurassic; J2—Middle Jurassic; J3—Upper Jurassic; K1zh—Lower Cretaceous 
Zhuxiang Formation; K2x—Upper Cretaceous Xiangdaopu Formation; K2zh—Upper Cretaceous Zhangqiao Formation; E—Paleogene; 
Q—Quaternary; XM fault—Xiaotian-Mozitan fault; BD—Beihuaiyang domain.

 on January 12, 2015gsabulletin.gsapubs.orgDownloaded from 

http://gsabulletin.gsapubs.org/


Mesozoic evolution of the Hefei basin, eastern China

 Geological Society of America Bulletin, July/August 2007 901

units. Uncertainty exists about the ages of 
some stratigraphic units, inasmuch as they 
consist mostly of continental red beds devoid 
of determinative fossils. Ages of some units are 
inferred or extrapolated on the basis of well-
constrained overlying and underlying units.

The Lower Jurassic Fanghushan Forma-
tion crops out in few areas (Fig. 4), and its age 
assignment is based on plant fossils (Fig. 5). The 
Middle Jurassic Sanjianpu and Upper Jurassic 
Fenghuangtai Formations are well exposed at 
the southern edge of the basin, where they rest 
unconformably on Lower Paleozoic metamor-
phosed rocks such as the Fuziling Group (Fig. 4). 
Recent 40Ar/39Ar dating of diagenetic illite from 
the Sanjianpu Formation has yielded a late Mid-
dle Jurassic plateau and isochron 40Ar/39Ar ages, 
ranging from 159 ± 0.5 Ma to 157 ± 0.3 Ma (D. 
Wang et al., 2000). The overlying Fenghuangtai 
Formation is considered to be of Late Jurassic 
age because it lies below andesite, trachyte, and 
agglomerate of the Maotanchang Formation that 
have been dated at 148–138 Ma by whole-rock 
K-Ar method (Y.J. Wang et al., 2002). Although 

dominated by volcanic and volcaniclastic rocks, 
the Maotanchang Formation also contains fi ne-
grained siliciclastic interlayers with abundant 
Early Cretaceous fossils (Fig. 5) (Wu et al., 
2002). Therefore, the Maotanchang Formation 
was developed in the Early Cretaceous, and the 
underlying Fenghuangtai Formation is likely 
Late Jurassic in age.

The Baidafan and Heishidu Formations are 
of Early Cretaceous in age; the fi rst consists 
of volcanic and volcaniclastic series, and the 
second is composed mostly of tuffaceous sedi-
ments. Volcanic rocks are dominantly alkaline 
basalt and trachyte dated at 130 ± 2 Ma and 132 
± 2 Ma by the whole-rock K-Ar method (Y.J. 
Wang et al., 2002) and 130 ± 2 Ma by single-zir-
con U-Pb method (Xia et al., 2003). Abundant 
fossils are present in the Heishidu Formation 
(Fig. 5), all of which are the common species 
of Lower Cretaceous strata in China (Hao et 
al., 1986). The two formations are considered 
roughly synchronous and unconformably over-
lie Lower Paleozoic and Neoproterozoic units 
or the Maotanchang Formation.

SEDIMENTOLOGY

Southern Hefei Basin

Fanghushan Formation
The Lower Jurassic Fanghushan Forma-

tion, which rests unconformably on the Sinian 
Luzhenguan Group, represents the oldest unit 
within the Hefei basin. This Lower Jurassic unit 
crops out only in a few places, and the following 
description is mainly based on our measured sec-
tion in the Fanghushan region (Fig. 4). It consists 
dominantly of coarse-grained sandstone and peb-
bly-cobbly conglomerate as well as fi ne-grained 
sandstone and siltstone layers in the uppermost 
portion of the sequence (Fig. 6A). Massive con-
glomerate is both matrix- and clast-supported 
and exhibits nonerosive contacts with underly-
ing units. Thick- and medium-bedded gravelly 
sandstone is usually associated with massive 
conglomerate. Some parallel-stratifi ed gravelly 
sandstones internally display gravel-sand cou-
plets 10–40 cm thick. The two lithofacies pri-
marily occur in the lower and middle parts of the 
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measured section. Coarse- and medium-grained 
cross-stratifi ed sandstone and conglomeratic 
beds dominate the upper portion of the sequence 
but are also present in the lower portion. Sand-
stone units are thick- and medium-bedded and 
have prominent channeled bases. Conglomerate 
units exhibit various-scale lens-shaped geometry 
and cut into the underlying units. Thin-bedded 
fi ne-grained sandstone and siltstone in the upper 
portion are rich in Early Jurassic fossils.

Massive matrix-supported conglomerate facies 
with nonerosive basal contacts are interpreted as 
debris-fl ow products, whereas gravelly coarse-
grained sandstone facies with parallel bedding 
and gravel-sand couplets are thought to have 
resulted from sheet fl oods (Blair and McPher-
son, 1994). The association of the two lithofa-
cies therefore constrains alluvial deposition in 
the lower and middle portions of the Fanghushan 
Formation. Cross-stratifi ed and planar- laminated 

sandstone and lens-shaped conglomerate com-
prise another distinct lithofacies association, 
which is interpreted to have formed in a sandy 
fl uvial system in consideration of its minor pro-
portion of conglomerate. The conglomeratic 
facies are interpreted as either lag or gravel-bar 
deposits, whereas the sandstone, which usually 
overlies the conglomeratic facies, is ascribed to 
migration of bedforms (Miall, 1996). This facies 
association is organized into several upward-fi n-
ing sub-sequences of various thicknesses, prob-
ably resulting from channel migration and fi lling 
processes (Maill, 1996). In general, the Fang-
hushan Formation is formed mainly of alluvial 
and fl uvial lithofacies associations.

Sanjianpu and Yuantongshan Formation
The Sanjianpu Formation crops out widely 

along the southern margin of the Hefei basin 
(Fig. 7), and its base usually consists of  massive 

matrix-supported conglomerates (Figs. 8 and 
9A). Its basal conglomeratic units vary in thick-
ness from tens to hundreds of meters in differ-
ent localities, and it unconformably overlies the 
Lower Paleozoic Fuziling Group. Conglomer-
atic facies dominate the lower half of the Sanji-
anpu Formation and are up to 860 m thick in the 
measured section (Fig. 8). Horizontal-bedded 
gravelly sandstone is closely associated with the 
massive conglomerate. Other types of lithofa-
cies comprise the upper part of the formation, 
such as cross- and planar-bedded sandstone 
(Fig. 9B), although some crude low-angle cross-
stratifi ed conglomerate units may also appear as 
interbeds of varying thickness and lateral extent. 
Cropping out ~50 km north of the basin edge, 
the Yuantongshan Formation (equivalent to the 
Sanjianpu Formation) is composed mostly of 
fi ner-grained facies associations (Fig. 6B), con-
trasting with the coarse-grained facies of the 
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Figure 5. Mesozoic stratigra-
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Wang et al. (2000), Y.J. Wang et 
al. (2002), and Wu et al. (2002). 
Dashed and wavy lines indicate 
erosional and angular uncon-
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Sanjianpu Formation. The dominant lithofacies 
include thin- to medium-bedded fi ne-grained 
sandstone, rippled siltstone, and laminated mud-
stone (Fig. 9C). Some lens-shaped cross-bedded 
sandstone bodies are sandwiched in the fi nes. 
Bioturbation is common.

The facies characteristics of conglomerate 
within the lower portion of the Sanjianpu For-
mation, such as matrix-supported, disorganized 
texture, absence of stratifi cation, and nonerosive 
base, are all indicative of a debris-fl ow origin for 
conglomerate in the lower portion of the Sanji-
anpu Formation. The associated horizontal-bed-
ded sandy conglomerate can be readily attributed 
to sheet-fl ood deposition (Blair and McPherson, 
1994) or hyperconcentrated fl ood fl ows (Smith, 
1986). We propose that these two lithofacies 
formed in alluvial environments. Cross-bedded 

sandstone and conglomerate are attributed to nor-
mal stream fl ows in channels, whereas the fi ner 
rippled and horizontal-laminated lithofacies are 
regarded as fl oodplain deposits in interalluvial 
regions. On the whole, the Sanjianpu Formation 
is made up of three distinct facies associations 
formed in alluvial, sandy-gravelly fl uvial, and 
fl oodplain environments, although the relative 
dominance of individual lithofacies associations 
varies spatially. The fi ner facies of the Yuantong-
shan Formation are interpreted as fl oodplain and 
lacustrine deposits, which are distal counterparts 
to the proximal alluvial fan system represented 
by the Sanjianpu Formation.

Fenghuangtai and Zhougongshan Formation
The Fenghuangtai Formation also widely 

crops out along the southern edge of the Hefei 

basin (Fig. 7), and is composed primarily of 
variably clast- and matrix-supported conglomer-
ate beds (Figs. 8 and 9D). Crude inverse grading 
is developed in basal portions of some conglom-
eratic beds or throughout others. Cross-bedded 
gravelly sandstone or coarse-grained sandstone 
appears in the uppermost parts of conglomer-
atic beds. Clast-supported, granular and pebbly 
conglomerate becomes pronounced in upper 
portions of the sequences and is interbedded 
with planar- and cross-bedded sandstone. Fine 
lithofacies characterize upper portions of some 
sequences but are regionally minor in propor-
tion when compared to the coarser lithofacies.

The Zhougongshan Formation, equivalent to 
the Fenghuangtai Formation, is dominated by 
conglomerate and coarse-grained sandstone, in 
contrast to the underlying fi ner lithofacies of the 
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Yuantongshan Formation (Fig. 6C). The upper 
portion is formed mainly of massive conglom-
erate and parallel-stratifi ed gravelly sandstone. 
The lower portion is dominated by variably 
clast- to matrix-supported conglomerate in 
association with planar-bedded coarse-grained 
sandstone. Clast-supported conglomerate beds 
are mostly channeled, and clasts are imbricated 
(Fig. 9E). Medium-grained, planar-laminated 
or cross-bedded sandstone constitutes the bulk 
of the middle portion of the measured section. 
Also present are gravelly sandstone and sandy 
conglomerate bodies that incise the underlying 
unit (Fig. 9F).

Matrix-supported conglomerate of the Feng-
huangtai Formation is quite similar to conglom-
erate of lower portions of the Sanjianpu Forma-
tion, and, therefore, it is ascribed to debris-fl ow 
sedimentation. Both clast-supported conglom-
erate and cross-bedded gravelly sandstone are 
thought to be the products of normal stream 
fl ows, and their close association represents 

stacked channel deposits of gravelly braided riv-
ers because the resulting facies sub-sequences 
are devoid of fi ner-grained facies and full of 
erosive surfaces (Miall, 1996). Localized thick 
sequences of fi ner lithofacies may represent 
fl oodplain deposition between adjacent alluvial 
and braided-river systems. The Fenghuangtai 
Formation north of Jinzhai County is dominated 
by alluvial facies, as shown by the measured sec-
tion (Fig. 8). As for the Zhougongshan Forma-
tion (Fig. 6C), the clast-supported conglomerate 
and cross-bedded sandstone, which are pre-
dominant in the lower portion, are obviously the 
result of stream fl ows. Fining-upward sequences 
of differing thickness, which are made up of 
cross-bedded sandstone and rippled siltstone 
in the middle portion, indicate that this facies 
association formed in sandy fl uvial systems. 
The massive conglomerate in the upper portion 
is interpreted as debris-fl ow deposits, and the 
associated parallel-stratifi ed gravelly sandstone 
is assumed to result from sheet fl ooding.

Maotanchang Formation
The Maotanchang Formation is composed 

of volcanics and volcanogenic sedimentary 
rocks (Fig. 10), which contrast with underly-
ing continental siliciclastic rocks. The volca-
nic rocks are mostly andesite and trachyan-
desite, accompanied by subordinate trachyte, 
basalt, and rhyolite. Pyroclastic deposits 
include lapillistone, tuff, and volcanic breccia 
(Fig. 11A). The pyroclastics can make up suc-
cessions more than 200 m thick and usually 
appear massive. Sedimentary structures like 
cross-bedding and lamination exist in some 
relatively well-sorted pyroclastic rocks below 
or atop thick ignimbrite. Coarser pyroclastic 
deposits occur only in certain areas, although 
accompanying tuffs appear relatively exten-
sive. Both are associated with interlayers of 
fi ne-grained epiclastics and tuffaceous sand-
stone, siltstone, and mudstone.

Our reconnaissance of the volcaniclastic 
rocks suggests that pyroclastic fl ows were 
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Figure 8. A measured section from the Middle Jurassic Sanjianpu Formation to Upper Jurassic Fenghuangtai Formation in the southern 
Hefei basin and interpretations of sedimentary environments. Section starts at 31°41′29.6″N latitude, 115°53′11.3″E longitude.
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Figure 9. Field photos of Middle and Upper Jurassic sedimentary facies. (A) Matrix-supported conglomerate in the lower 
part of the Sanjianpu Formation. Hammer (40 cm long) for scale. (B) Large-scale planar cross-bedded sandstone in the 
Sanjianpu Formation. The view is ~4.5 m wide. (C) Thin- to medium-bedded fi ne-grained sandstone, siltstone, and mud-
stone in the Yuantongshan Formation. The view is ~6 m high. (D) Eclogite gravels in conglomerate in the Fenghuangtai 
Formation. Camera cap (55 mm in diameter) for scale. (E) Interbedded gravelly sandstone and clast-supported conglom-
erates with striking imbrications and channeled base in the Zhougongshan Formation. The photo scale is 16.5 cm long. (F) 
Channel fi lls in the Zhougongshan Formation. The view is ~6 m high.
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responsible for the formation of massive ignim-
brite, but the cross-bedded and well-sorted units 
owe their origin to pyroclastic surges (cf. Bran-
ney and Kokelaar, 2002). Volcanic breccias are 
interpreted as the consequence of block-and-ash 
fl ows because the blocks are composed domi-
nantly of nonvesicular andesitic rocks instead of 
pumices (Cas and Wright, 1987). It is consid-
ered that the collapse of eruption columns might 
have been responsible for generation of these 
volcaniclastic rocks, whereas the fi ne-grained 
sedimentary interlayers were deposited during 
interim periods of volcanic quiescence. The 
spatial restriction of pyroclastic-fl ow deposits 
implies that they were topographically confi ned 
to valleys or that they were simply deposited 

near the vent, in contrast to the extensive tuffs, 
which were fallout in origin.

Heishidu Formation
The Heishidu Formation consists largely of 

epiclastic rocks, including siltstone, sandstone, 
and polymict conglomerate. Massive conglom-
erates with abundant volcanic clasts exhibit 
nonerosive bases. Granular conglomerate and 
gravelly sandstone are parallel bedded. Thin- and 
medium-bedded, laterally continuous fi ner litho-
facies (Fig. 11B), however, dominate Lower Cre-
taceous successions. They are internally charac-
terized by horizontal lamination, soft-sediment 
deformation, and normal grading in some inter-
layered sandstone beds. Massive  conglomerate 

either occurs as bodies sandwiched within fi ner 
facies or makes up the bulk of the sequences in 
places where it is closely associated with hori-
zontal-bedded gravelly sandstone.

The coarser conglomerates are interpreted as 
debris-fl ow products, as implied by their mas-
sive fabrics and nonerosive bases, whereas we 
interpret the fi ner conglomerate and gravelly 
sandstone to have formed through fl uvial pro-
cesses because of the presence of planar- and 
cross-bedding. Subaqueous environments are 
assigned to the formation of horizontal lami-
nated fi ne- and medium-grained sandstone and 
siltstone, inasmuch as they contain abundant 
freshwater fossils such as gastropod, estheria, 
bivalves, and fi sh (Wu et al., 2002). The upper 
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Figure 10. Measured sections of Lower Cretaceous Maotanchang and Heishidu Formations and facies interpreta-
tions. Note that the Maotanchang Formation is composed primarily of volcanic and pyroclastic rocks, while the 
Heishidu Formation consists mostly of volcaniclastic–siliciclastic associations. Section A starts at 30°09′16.7″N lati-
tude, 116°31′50.3″E longitude; section B is at 31°22′31.1″N latitude, 116°33′28.4″E longitude; and section C is at 
31°10′0.6″N latitude, 116°34′20.9″E longitude.

 on January 12, 2015gsabulletin.gsapubs.orgDownloaded from 

http://gsabulletin.gsapubs.org/


Meng et al.

908 Geological Society of America Bulletin, July/August 2007

portion might have formed in a deeper-water 
environment because complete and incomplete 
Bouma sequences are developed in some sand-
stone layers. Fining-upward successions of the 
Heishidu Formation thus represent a temporary 
transition from alluvial/fl uvial to lacustrine sed-
imentation. Given its limited distribution and 
spatial variations of facies sequences, we infer 
that the Heishidu Formation might represent 
fan-delta deposition in crater lakes.

Northern Hefei Basin

The northern Hefei basin is almost entirely 
covered with Cenozoic sediments, with a few 
exposures of Lower Cretaceous strata within 
and on the eastern edge of the basin. The dep-
ositional systems of the basin are, therefore, 
deduced mainly from well logs, cores, and seis-
mic-refl ection data (Xue and Jin, 2001; P. Li et 
al., 2003), combined with mapping and section 

measuring of the exposed Lower Cretaceous 
units. Lower Jurassic strata in the northern Hefei 
basin are composed mainly of dark-colored 
horizontal-laminated muddy siltstone and mud-
stone (Fig. 12A), and their seismic refl ections 
display typical high amplitude and high lateral 
continuity. Lower Jurassic strata are, therefore, 
interpreted as lacustrine deposits on account 
of their uniform lateral extent, fi ne grain size, 
and horizontal laminations. Middle Jurassic 
strata consist primarily of interlayered grayish 
fi ne-grained sandstone, siltstone, and mudstone 
(Figs. 12Aand 12B), containing cross-stratifi -
cations and wavy laminations. Their seismic 
confi guration is typifi ed by low to medium 
amplitude and continuity. We infer that Middle 
Jurassic deposition occurred in lacustrine and 
deltaic settings. Upper Jurassic strata consist 
of medium-grained sandstone (mostly arkosic 
and lithic arenites), and purple muddy siltstone 
and mudstone. These two facies are made up of 

several fi ning-upward sub-sequences of varying 
thickness (P. Li et al., 2003). Seismic refl ec-
tions show variable amplitude and low continu-
ity. Late Jurassic sedimentation is considered 
to have occurred in fl uvial environments as a 
whole (Figs. 12A and 12B).

The Lower Cretaceous Zhuxiang Formation is 
mostly gray fi ne-grained sandstone and siltstone 
(Fig. 12C), with coarse-grained lithofacies only 
developed along the eastern edge of the basin. 
The facies distribution and interpretation in the 
basin interior are mainly based on cores and 
seismic facies (P. Li et al., 2003) and are sub-
stantiated by our observations at some outcrops. 
Lower Cretaceous units at the eastern basin 
margin are composed of thick-bedded, poorly 
sorted, angular conglomerates (Fig. 11C) and 
parallel-stratifi ed gravelly sandstone. Clasts of 
the conglomerate are mostly metavolcanics and 
pyroclastics. The fi ner-grained facies dominate 
in most of the basin, and they display  horizontal 

A B

DC
Figure 11. Field photos of Lower Cretaceous sedimentary facies. (A) Volcanic breccia in the Maotanchang Formation. 
Camera cap (55 mm in diameter) for scale. (B) Interlayered tuffaceous fi ne-grained sandstone and siltstone/mudstone 
of the Heishidu Formation. Hammer (50 cm long) for scale. (C) Breccia in the Zhuxiang Formation containing quartz-
schist clasts from the Zhangbaling Group. (D) Dark-colored, thin-bedded, fi ne-grained sandstone and siltstone/mud-
stone in the Zhuxiang Formation. Hammer (35 cm long) for scale.
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lamination and ripple cross-stratifi cations in 
thin-bedded fi ne-grained sandstone and silt-
stone (Figs. 11D and 12C). Thick-bedded and 
even massive sandstones are observed in some 
quarries, which internally contain dewater-
ing structures and intrabasinal mud clasts. The 
coarse lithofacies at the eastern edge of the basin 
are interpreted as alluvial fan and proximal fan-
delta deposits. The thin-bedded fi nes represent 
lacustrine sediments, and the thick sandstone 
beds probably developed in delta fronts. Lower 
Cretaceous strata thicken eastward (Fig. 3, sec-
tion A–A′) and pinch out to the north, west, and 
south. In general, the northern Hefei basin was 
dominated by lacustrine deposition in the Early 
Cretaceous, although rimmed by alluvial, fl u-
vial, and deltaic systems at the basin’s margins.

BASIN ANALYSIS

Paleocurrents

We use cross-stratifi cation and clast imbrica-
tion to restore paleofl ow directions in the Hefei 
basin. Jurassic paleocurrents in the southern 
Hefei basin were mostly toward the north and 
northeast (Fig. 13), implying that clastic infl ux 
was from the Dabieshan. The dominant Middle 
to Late Jurassic N- and NE-directed paleofl ows 
might also imply that the main depocenter was 
located in the eastern portion of the southern 
Hefei basin. This inference is supported by iso-
pach patterns of Middle–Upper Jurassic units 
(Fig. 14D). The SE-directed paleofl ows in the 
region east of Jinzhai County (Fig. 13A) are an 

exception that might indicate that this location 
was in the eastern fl ank of the inferred Jinzhai 
alluvial fan in the Middle Jurassic. In addition, 
the relative consistency of NE-directed paleo-
fl ows at both the southern margin and in the 
interior of the southern Hefei basin (the Fang-
hushan region) suggests that sediments were 
dispersed through transverse rivers draining 
the Dabieshan. Lower Cretaceous strata in the 
southern margin of the Hefei basin are domi-
nantly volcanic rocks, pyroclastic rocks, and 
associated crater-lake deposits, which represent 
in situ lava fl ow and volcanogenic sedimenta-
tion. In the northern Hefei basin, Early Creta-
ceous paleofl ows were mainly to the west and 
southwest along the eastern edge, indicating that 
sediments were derived from the  Zhangbaling 
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massif, and to the north and northeast at the 
southern margin (Fig. 14E).

Provenance

Although source areas of the basin can be 
inferred in part from paleocurrent analysis, 
understanding of their nature and evolution 
requires the study of petrology, geochemistry, 
and geochronology of basin sediments. As an 
ideal proxy for the original rocks of source 
areas, gravels in conglomerates were ana-
lyzed in an attempt to defi ne their provenance. 
There exists a variety of gravels in Jurassic–

 Cretaceous successions in the southern mar-
gin of the Hefei basin, such as gneiss, schist, 
marble, amphibolite, granite, and quartzite (Q. 
Wang et al., 2003). Gravels in the lower por-
tion of the Sanjianpu Formation are dominantly 
schist, quartzite, granite, and marble. These 
clasts match the lithology of the Carboniferous 
strata and Lower Paleozoic Fuziling Group in 
the Beihuaiyang domain (BGMRAP, 1987). 
Conglomerates in the Fenghuangtai and Mao-
tanchang Formations are composed primarily 
of gneiss, schist, and granite clasts. Considering 
that the Luzhenguan Group and the Dabieshan 
are mostly composed of these sorts of rocks 

(BGMRAP, 1987), they presumably served as 
the main provenance of the Fenghuangtai and 
Maotanchang Formations. A signifi cant discov-
ery was eclogite clasts in the Fenghuangtai and 
Maotanchang Formations that are identical to 
eclogite within the Dabieshan in both petrology 
and geochemistry (Li et al., 2002; Q. Wang et 
al., 2003). Vertical variations of the clast types 
suggest an unroofi ng process of the highlands 
south of the Hefei basin, and the appearance of 
eclogite clasts clearly indicates that UHP meta-
morphic rocks had been exposed at the surface 
by Late Jurassic time.

Sandstone compositions in Mesozoic basins 
around the Dabieshan have also been investi-
gated to constrain their provenance and unroof-
ing processes. Liu et al. (2003) carried out 
an analysis of lithic grains of sandstones in a 
Jurassic succession north of Jinzhai County 
(Fig. 8) and recognized a gradual variation in 
lithic composition from the Sanjianpu to Fen-
ghuangtai Formations. Sandstones in the lower 
portion of the Sanjianpu Formation are abun-
dant in grains of reworked sedimentary rocks, 
whereas grains of high-grade metamorphic 
rocks increase in the upper portion. Lithic types 
become more diverse in the lower part of the 
Fenghuangtai Formation, indicating input of 
various source rocks. Apparently, the variation 
in lithic composition of sandstones also records 
an unroofi ng process from cover to core rocks 
of the highland south of the Hefei basin.

Detrital minerals are utilized not only to study 
provenance of Jurassic–Cretaceous sediments 
of the Hefei basin, but to put constraints on the 
timing of UHP rock exposure as well. Grimmer 
et al. (2003) investigated detrital white micas 
from Triassic and Jurassic sediments in the 
basins east and south of the Dabieshan. Their 
results show that there are detrital white micas 
with intermediate to high Si contents (3.0–3.6 
atoms pfu [per formula unit]) in Middle Jurassic 
strata, suggesting that they originated from the 
Dabieshan and that initial exposure of HP and 
UHP rocks was in the Middle Jurassic. Detrital 
white micas were also studied from the Sanji-
anpu and Fenghuangtai Formations in the south-
ern Hefei basin (R. Li et al., 2003). Many of 
those white micas are actually high-Si phengites 
with 40Ar/39Ar plateau ages of 216.5 ± 0.6 Ma 
and 217.4 ± 1.3 Ma. The occurrence of high-Si 
phengites in the Sanjianpu Formation indicates 
that the Dabieshan HP-UHP rocks must have 
been exposed and eroded in the Middle Juras-
sic, similar to the conclusion of Grimmer et al. 
(2003). Our recent research on detrital zircons 
from the Lower Jurassic Fanghushan Formation 
in the Hefei basin discovered a coesite inclu-
sion within a zircon grain dated at 220 Ma (Li et 
al., 2005). This fi nding requires that exposure 
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of some UHP rocks in the Dabieshan occurred 
as early as the Early Jurassic. In addition, there 
is a spatial variation in composition of detrital 
micas in Jurassic sediments from west to east in 
the southern Hefei basin (Li et al., 2005); more 
high-Si phengites are present in the eastern por-
tion of the southern Hefei basin. This phenom-
enon might imply that UHP rocks were more 
exhumed and denudated in the east than in the 
west of the Dabieshan or the Hong’an.

Gravels of conglomerates and breccias of 
the Lower Cretaceous Zhuxiang Formation 
are mostly metavolcanic and pyroclastic rocks, 
identical to the components of the Zhangbaling 
Group, which makes up the main part of the 
Zhangbaling massif east of the middle Tanlu 
fault (Fig. 2B). Therefore, the Zhangbaling 
massif should have served as the main source 
area of the northern Hefei basin in Early Cre-
taceous time.

Border Faults

A number of normal faults defi ne the south-
ern margin of the Hefei basin (Fig. 2). The 
Huwan fault was formed between ca. 237 and 
230 Ma as a N-dipping normal detachment, and 
it was reactivated during 198–187 Ma (Webb 
et al., 1999; Xu et al., 2000), synchronous with 
activities of other normal ductile faults within 
the Dabieshan (Niu et al., 1993; Chen et al., 
1995). Implicitly, Early Jurassic reactivation of 
the Huwan normal detachment might have con-
tributed to the initiation of the Hefei basin.

Lower Jurassic strata rarely crop out in the 
southern Hefei basin, but they apparently thicken 
to the south, as shown by the isopach (Fig. 14C). 
Given that the northern edge of the Dabieshan 
was in an extensional setting in the Early Juras-
sic (Webb et al., 1999; Lin et al., 2005b), it is 
postulated that Early Jurassic subsidence and 
sedimentation were controlled by a normal fault 
on the south (Figs. 3B and 3C). It is, unfortu-
nately, hard to specify the postulated normal 
fault because of the extremely poor quality of 
seismic profi les available.

It has been proposed that the Jinzhai fault 
came into being as a left-lateral strike-slip fault 
in the Cenozoic (Ratschbacher et al., 2000). In 
consideration of the facts that the Middle Jurassic 
Sanjianpu Formation is exclusively distributed 
north of the Jinzhai fault and is characterized by 
proximal alluvial-fan systems, we believe that 
the Jinzhai fault acted as a synsedimentary bor-
der fault in the Middle Jurassic. The Jinzhai fault 
now manifests itself as a relatively high-angle 
fault that is segmented by both Early Cretaceous 
volcanics along its strike and is offset by the 
Late Cretaceous Shangcheng-Macheng normal 
fault (Fig. 2B). Middle–Upper Jurassic strata 

proximal to the Jinzhai fault moderately dip to 
the north and northeast and are gently folded in 
some places (Figs. 3C and 4). We propose that 
the Jinzhai fault must have been modifi ed later 
due to contraction, presumably induced partly 
by large-scale granite intrusion in the Beihuai-
yang domain and partly by gravity-driven north-
ward displacement of supracrustal materials as 
a result of thermal doming of the Dabieshan on 
the south in the Early Cretaceous.

The Xiaotian-Mozitan fault has been consid-
ered to have fi rst been a N-dipping thrust fault, 
which then became a prominent top-to-north 
normal detachment in the Early Cretaceous 
(Faure et al., 2003). Ratschbacher et al. (2000), 
in a detailed structural analysis of this fault, 
concluded that it formed synchronously with 
Early Cretaceous granitic emplacement in the 
Dabieshan and experienced left-lateral transten-
sion from 140 to 120 Ma. Right-lateral motion 
formed later from ca. 110 to 90 Ma. Mylonites 
within the Xiaotian-Mozitan fault have been 
dated, and they yield 40Ar/39Ar ages of 127 
± 0.3 Ma and 124 ± 0.3 Ma on biotites (Hou et 
al., 2003) and 127 ± 1 Ma on muscovite (Lin 
et al., 2005a). Very few 40Ar/39Ar thermochro-
nological studies have recorded the pre-Creta-
ceous history of the fault, presumably due to the 
resetting of the 40Ar/39Ar chronometer by Early 
Cretaceous magmatism.

The Tanlu fault has been extensively studied, 
but there is still much unknown about its origin, 
timing, and kinematics. Regional geologic and 
paleomagnetic studies have shown that a left-lat-
eral Tanlu fault was active during the Late Trias-
sic and Jurassic (Gilder et al., 1999; X. Wang et 
al., 2000). Recent 40Ar/39Ar dating of mylonites 
has also demonstrated that sinistral-slip motion 
of the Tanlu fault took place in the Jurassic 
and latest Early Cretaceous (Zhu et al., 2004, 
2005). Zhang et al. (2003) demonstrated that 
dextral transtension and perpendicular exten-
sion were dominant in the middle Tanlu fault 
during the Early Cretaceous, although Grimmer 
et al. (2002) concluded that the southern Tanlu 
fault, the portion bounding the Dabieshan, was 
probably inactive at that time. The Mesozoic 
geologic relationships between the Tanlu fault 
and the southern border faults of the Hefei basin 
remain uncertain, although a variety of models 
have been advanced to accommodate their kine-
matics (cf. Ratschbacher et al., 2000; E. Wang 
et al., 2003).

Evolution of Depositional Systems

The spatial pattern of Lower Jurassic sedi-
mentary facies indicates the existence of proxi-
mal alluvial and braided-river deposits in the 
southern Hefei basin (Fig. 6A) that graded 

northward into lacustrine facies (Fig. 12A). 
Lower Jurassic units die out southward, as 
shown by observations of Middle–Upper Juras-
sic units directly overlying southern basement 
rocks (Fig. 4). Accordingly, the principal border 
fault of the basin in the Early Jurassic should 
lie south of the Fanghushan region, but north of 
the Jinzhai fault (Fig. 14C), although it cannot 
be precisely defi ned. The Hefei basin expanded 
southward during the Middle and Late Juras-
sic to the Jinzhai fault and northward at least 
to the Shouxian (Figs. 3B and 3C). In a man-
ner similar to the Lower Jurassic isopach pattern 
(Fig. 14C), the Middle–Upper Jurassic units 
thicken to the south and southeast and thin to 
the north and northwest (Fig. 14D). The north-
westward pinch-out of Middle–Upper Jurassic 
strata can be perceived by the absence of coeval 
deposits in the Zhoukou basin on the northwest 
(Fig. 1) (Li et al., 1996). At least two alluvial 
fans can be defi ned in the Middle Jurassic, with 
fan apexes located just to the north of Jinzhai 
County and Sanliping village, respectively 
(Fig. 7). Alluvial-fan deposits consist primar-
ily of debris-fl ow and sheet-fl ood deposits, and 
contemporaneous deposits in the intervening 
areas of the fans are sandy fl uvial and fl ood-
plain facies associations. The Middle Jurassic 
alluvial facies then evolved into fl uvial systems 
throughout the southern margin of the Hefei 
basin, as represented by the middle and upper 
sections of the Sanjianpu Formation (Fig. 7). 
The proximal alluvial and gravelly fl uvial depo-
sitional systems also graded into sandy fl uvial 
and lacustrine systems basinward, as evidenced 
by their equivalent deposits of the Yuantongshan 
Formation of the Fanghushan region (Fig. 6B) 
and in the northern Hefei Basin (Figs. 12A and 
12B). Seismic facies interpretations show that 
the northern Hefei basin is mainly composed of 
lacustrine, meandering fl uvial, and deltaic facies 
(P. Li et al., 2003).

Dramatic changes took place in basin sedi-
mentation during the Late Jurassic. Alluvial and 
gravelly fl uvial sedimentation not only reoc-
curred at the basin margin, as represented by 
the Fenghuangtai Formation, but also migrated 
toward the basin interior, as recorded by grav-
elly fl uvial and alluvial deposits of the Zhou-
gongshan Formation in the Fanghushan region 
(Fig. 6C). Middle Jurassic lacustrine facies asso-
ciations also evolved into sandy fl uvial systems 
in the northern Hefei basin during Late Jurassic 
time (Figs. 12A and 12B). The implications of 
the facies changes are that denudation/erosion 
became more pronounced in the source area, 
and transverse fl uvial systems probably became 
vigorous, allowing coarser sediments to enter 
distal areas. Occurrences of eclogite clasts in 
the Fenghuangtai Formation also imply that the 
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UHP rocks of the Dabieshan were continuously 
denudated in Late Jurassic time.

The Early Cretaceous saw another period of 
remarkable change in the sedimentation of the 
Hefei basin. Volcanic eruptions and pyroclastic-
fl ow deposition were prevalent in the southern 
margin of the basin, accompanied by synchro-
nous uplift of the southern Hefei basin where 
Lower Cretaceous strata are missing (Fig. 14E). 
Early Cretaceous sedimentation withdrew to 
the northern Hefei basin and was dominated by 
lacustrine and sandy fl uvial fi ner-grained facies, 
with alluvial, fan-deltaic, and fl uvial-deltaic 
systems developing along the basin margins 
(Figs. 12C and 14E).

BASIN EVOLUTION

A vast area north of the Dabieshan must have 
experienced uplift and denudation prior to the 
inception of the Hefei basin in the Early Juras-
sic, as indicated by the existence of a regional 
unconformity between Jurassic strata and 
underlying Permian–Carboniferous and older 
units. The basement uplift can be attributed 
to the collision of the North and South China 
blocks during the period from Permian to Early 
Triassic times (Fig. 14A). Initiation of the Hefei 
basin has previously been postulated to be the 
result of fl exural subsidence due to northward 
advance of a hinterland thrust system bound-
ing the northern edge of the Dabieshan (Li et 
al., 2001; Liu et al., 2003). However, previous 
workers have shown that the northern side of 
the Dabieshan was in an extensional tectonic 
setting from Middle Triassic to Jurassic times 
(Figs. 14B and 14C), as manifested by develop-
ment of N-dipping normal faults (Webb et al., 
1999; Xu et al., 2000; Hacker et al., 2000; Lin et 
al., 2005b). We thus suggest that the Hefei basin 
was initiated as an extensional basin in the Early 
Jurassic, rather than in relation to postulated 
thrust emplacement of the Dabieshan. Consider-
ing that the Lower Jurassic strata thicken to the 
south and southeast, we postulate that the Early 
Jurassic Hefei basin was bounded on the south 
by a N-dipping normal fault (Fig. 14C), and 
possibly the Tanlu fault might also have exerted 
a control on basin subsidence.

The Hefei basin expanded in Middle to 
Late Jurassic times, when its depositional area 
extended southward to the Jinzhai fault and 
northward beyond the Shouxian fault (Fig. 3C). 
Synsedimentary activity of the Jinzhai fault can 
be inferred from its obvious control on Middle 
Jurassic proximal alluvial deposits of the basin. 
Alluvial and gravelly fl uvial deposits also char-
acterize Upper Jurassic strata, coincident with 
extensional deformation documented in both 
the Dabieshan and Beihuaiyang domains (Lin 

et al., 2005b). Depositional environments also 
change from lacustrine/deltaic to fl uvial systems 
in the basin interior from Middle to Late Juras-
sic times (Figs. 6B, 6C, 12A, and 12B), indicat-
ing a long-distance basinward progradation of 
coarser sediments. This phenomenon implies 
not only pronounced denudation and erosion of 
source areas but also an excess of sediment sup-
ply over basin accommodation space in the Late 
Jurassic. It is particularly notable that Middle 
to Upper Jurassic units thicken to the southeast 
of the Hefei basin (Fig. 14D), implying a com-
bined effect on basin subsidence by the Tanlu 
fault and the southern border faults.

The Tanlu fault is generally believed to have 
achieved its large-magnitude sinistral displace-
ment from the Jurassic to earliest Early Creta-
ceous (X. Wang et al., 2000; Zhu et al., 2005), 
and thus its left-lateral slip should have been 
simultaneous with extension at the northern 
edge of the Dabieshan, which has been assumed 
to be responsible for the initiation and develop-
ment of the southern Hefei basin. Superfi cially, 
the normal faulting in the northern margin of 
the Dabieshan is kinematically inconsistent 
with coeval left-lateral slip on the Tanlu fault, 
but in practice, the fault kinematics are com-
patible if the Tanlu fault was generated by the 
southerly upward extrusion of the UHP rocks. 
As proposed by a number of studies (Hacker 
et al., 2000; E. Wang et al., 2003), the Dabie-
shan UHP rocks were exhumed to the surface 
as a channel fl ow, where the fl ow channel base 
was a S-directed thrust system consistent with 
the sinistral motion of the Tanlu fault. The roof 
fault of the fl ow channel, in contrast, acted as a 
N-dipping normal fault (detachment) to accom-
modate S-directed upward extrusion of the UHP 
rocks (Figs. 15A, 15B, and 15C).

 The Early Cretaceous depositional area of 
the Hefei basin was reduced considerably, and 
it migrated northward, with vigorous volcanism 
and granitic plutonism occurring in both the 
Beihuaiyang domain and within the Dabieshan 
(Fig. 14E). The granitic intrusions were probably 
responsible for the uplift of the southern Hefei 
basin and thus the northward shift of deposition. 
The middle Tanlu fault appears to have played 
a signifi cant role in the Early Cretaceous basin 
subsidence. Our reconstruction of the Early Cre-
taceous depositional system shows that proxi-
mal alluvial and fan-deltaic systems developed 
near the Tanlu fault, and that sediments were 
evidently shed into the basin from the Zhangbal-
ing massif, as evidenced by the paleocurrent res-
toration (Fig. 14E). Considering that metavol-
canic clasts of the Zhuxiang Formation in the 
northeast portion of the Hefei basin originate 
directly from the adjacent Zhangbaling massif, 
we suggest that subsidence of the Hefei basin 

resulted primarily from perpendicular extension 
across the middle Tanlu fault in the Early Creta-
ceous, as suggested by Zhang et al. (2003), and 
no large-scale strike-slip motion was involved. 
Prevalence of E-W extension along the Tanlu 
fault in the Early Cretaceous is presumably 
attributable to backarc extension as a result of 
westward subduction of the Pacifi c plate, which 
is also thought to be the trigger of vigorous and 
widespread magmatism in both the Dabieshan 
and the whole of eastern China (Ratschbacher 
et al., 2000; Wu et al., 2005). Uplift of the Hefei 
basin toward the end of the Early Cretaceous is 
indicated by a basinwide unconformity between 
Lower and Upper Cretaceous strata. Extension 
and sedimentation resumed in the Hefei basin 
in the Late Cretaceous to early Tertiary (Fig. 3), 
probably due to dextral transtension of the Tanlu 
fault (Grimmer et al., 2002).

It is interesting to note that a foreland basin 
was formed to the south of the Dabieshan as 
early as the Early Triassic, and it continued 
to develop in the Jurassic (Liu et al., 2003). 
Although S-directed thrust faults are hardly 
identifi ed at the outcrops (Faure et al., 2003; 
Hacker et al., 2004), recent seismic-refl ection 
profi ling clearly displays several S-vergent 
crustal-scale thrust faults in the Dabieshan fore-
land (Dong et al., 2004). Thus, the extensional 
Hefei basin was evolving simultaneously with 
the formation of a foreland basin south of the 
Dabieshan in the Jurassic. This situation is quite 
similar to the Miocene tectonic processes in 
the Himalayan region, where crustal compres-
sion in front of the Higher Himalayan gneisses, 
as represented by the Main Central thrust and 
Main Boundary thrust, was accompanied by 
crustal extension in the rear, as evidenced by 
the south Tibetan detachment (Hodges et al., 
2001). Coeval occurrence of contraction and 
extension on two sides of an orogen has been 
well explained by models of lateral upward 
extrusion of lower-crustal materials (Chemenda 
et al., 1995). A similar thin-slab exhumation 
model has also been applied to the Dabieshan 
(Ernst, 2001). E. Wang et al. (2003) proposed 
another upward exhumation model, consider-
ing that the southward extrusion of the UHP 
rocks from depth may have been coupled with 
clockwise rotation. One merit of the model of 
E. Wang et al. (2003) is that it incorporates the 
sinistral-slip displacement of the Tanlu fault into 
the extrusion process of the Dabieshan UHP 
rock, and accommodates seemingly contradict-
able kinematics, such as concurrent occurrence 
of extension at the northern edge of the Dabie-
shan and left-lateral displacement on the Tanlu 
fault. The southerly upward extrusion of the 
UHP rocks could also lead to the stretching of 
the upper crust above it, as numerically  modeled 
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by  Beaumont et al. (2004) for the Miocene tec-
tonics of the Himalayan–Tibetan orogen, and 
thus Jurassic subsidence and expansion of the 
Hefei basin are thought to partially result from 
the upper-crustal extension. Figure 15 presents 
a model that illustrates generation and evolution 
of the Hefei basin in Jurassic and Early Creta-
ceous times.

CONCLUSIONS

The Hefei basin experienced a two-stage evo-
lution from the Jurassic to Early Cretaceous, 
and its growth was closely related to coeval 
deformations of the Dabieshan on the south and 

the Tanlu fault on the east. The fi rst stage was 
featured by extensional subsidence of the basin. 
The basin commenced in the Early Jurassic 
and expanded signifi cantly by both the south-
ward shifting of normal faults and the N- and 
W-directed widening of the depositional area 
during the Middle and Late Jurassic. Sediments 
came from the Dabieshan, as evidenced by per-
sistent northerly and northeasterly paleofl ows 
and the occurrence of eclogite clasts in proximal 
reaches of the basin. The thickening of Middle 
to Late Jurassic units to the south and southeast 
indicates that the subsidence and depocenter of 
the Hefei basin were governed by the combined 
effects of the southern extensional border faults 

and the Tanlu fault. The second stage of basin 
development was characterized by intensive 
volcanism and basement uplift in the southern 
Hefei basin and by the northward migration of 
deposition in the Early Cretaceous. Basin sub-
sidence in the second stage is ascribed mainly 
to extension across the middle Tanlu fault, 
with the Zhangbaling massif on the east serv-
ing as the sediment source area. Simultaneous 
development of extensional and contractional 
basins on the north and south of the Dabieshan, 
respectively, carries an important implication 
that Jurassic exhumation of the Dabieshan UHP 
rocks might have been achieved through south-
erly upward extrusion processes.
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Figure 15. Cartoons illustrating evolution of the Hefei basin and its possible response to deformation in adjacent structural belts. (A) The 
South China block (SCB) continental crust underthrusted northward to depths >100 km and underwent ultrahigh-pressure (UHP) meta-
morphism in Early Triassic time. (B) The UHP rocks began extruding upward in the Middle Triassic, confi ned by a basal (frontal) thrust 
(Guangji fault?) and a roof (rear) normal detachment (Huwan fault). (C) UHP rocks were exhumed to the surface in the Early Jurassic. 
The Hefei basin began subsiding as a result of extension in the northern edge of the Dabieshan, presumably controlled on the south by a 
N-dipping normal fault. Extensional tectonics north of the Dabieshan were simultaneous with foreland basin formation south of the Dabie-
shan. (D) The Hefei basin continued developing in an extensional regime during the Middle to Late Jurassic with ongoing exhumation of 
the UHP rocks. The southern bounding fault (Jinzhai fault) of the basin stepped southward and controlled the depocenter in conjunction 
with the Tanlu fault on the east. (E) Intensive magmatism and uplift took place in the southern Hefei basin in the Early Cretaceous, and 
the Xiaotian-Mozitan fault was generated due to upward granitoid intrusion within the Dabieshan. The depositional area migrated to the 
north, and basin subsidence is assumed to have resulted from E-W extension across the Tanlu fault, where the Zhangbaling massif served 
as the footwall and a source region. Refer to the text for a detailed discussion. NCB—North China block; SCB—South China block; 
ZU—Zhangbaling uplift.
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