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The Dabie orogen underwent deep continental subduction, rapid exhumation, and the huge amount of erosion during the Mesozo-
ic. Its tectonic evolution, especially how its evolution was recorded by sedimentary basins at the flanks of the Dabie orogen is one
of the most important issues of the world’s attention. These years, newly studies of basin sedimentology, combined with structural
geology, have shown a fundamental progress. The overall distribution of different basin types in the orogen indicates that short-
ening and thrusting at the margins of the orogen from the Late Triassic to the Early Cretaceous controlled the foreland basins, and
extension, doming and rifting were initiated in the core of the orogen from the Jurassic to the Early Cretaceous and were expanded
to the whole orogen after the Late Cretaceous. Therefore, The Dabie orogen records gradual transition from overall shortening and
thrusting to dominantly extension and rift basin formation expanded from its core to its margins, although these shortening and
extension overlapped in time from the Jurassic through Early Cretaceous at crustal levels. The unroofing ages of the ultra-high
pressure (UHP) metamorphic rocks in the Dabie orogen change from Early Jurassic to Late Jurassic westward. The depth of ex-
humation increases eastwards. The sediment sources for the Hefei basin are mostly composed of the deeply exhumed, axial Dabie
metamorphic complex, and the sediment sources for the Middle Yangtze basin are mostly from cover strata in the southern orogen
and related strata with subjacent (i.e. subsequently overthrusted) Mianlue suture belt. Geodynamic analysis represents that conti-
nental collision between the North China Block and the South China Block along the Shangdan and Mianlue sutures, subsequent-
ly northwestward progradation of the Jiangnan fold and thrust belt, and the underthrusting of the North China Block along the
Northern Boundary Fault of Qinling Range led to crustal thickening, gravitational spreading and balanced rebound of the resultant
thick crustal welt, and multi-episodic exhumation of the HP/UHP metamorphic rocks. The future studies by the methods of trac-
ing the Dabie orogeny through deposition in the marginal basins should focus on eastward extension of the Mianlue suture, thrust
and overlap of the Dabie HP/UHP metamorphic block on different lithotectonic zones and basins along the northern South China
Block, the structural framework of the source area of the basins in the syn-depositional stage, the basin lateral extension, huge
amount of erosion and sediment transportation from the Dabie blanket and basement rocks, and recovery of subducted and re-
moved structural units within the Dabie orogen, etc.
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Deep subduction of continental crust and rapid exhumation
of ultrahigh-pressure metamorphic rocks, and its mechanism
have been one of the most important issues of the world’s
attention in the Dabie orogen. The studies on high-pressure
(HP)/ultrahigh-pressure metamorphism (UHP) and its geo-
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chronology in the process of continental collision and deep
subduction have been getting important progress [1]. But
these researches are primarily constrained by petrologic
studies of HP/UHP rocks, and are short of multistage recon-
struction of structural framework on the scale of regional
orogen. Because of structural overlapping, long-distance
thrusting, and huge amount of erosion from the Dabie blan-
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ket and basement rocks, structural deformation at the early
stage in the Dabie orogen was changed and is not easy to
identify now, and some geological zones and blocks were
disappeared through subduction or erosion after exhumed.
All these tectonic results led to difficulties in structural re-
construction and orogenic studies. Since the end of last
century and the early of this century, scientists have been
realizing that basin strata at the margins of the Dabie orogen
include information of orogeny, basin development is cou-
pled with orogeny, and basin tectono-stratigraphic analysis
and detrital compositional analysis of the sediments are able
to trace orogeny [2—-10].

The Dabie orogen underwent a process from oceanic
plate subduction to continental collision and from collision-
al orogeny to extensional collapse since Late Paleozoic. The
HP/UHP terranes formed by continental subduction were
episodically exhumed [1,11]. Postorogenic erosion has re-
moved many of the supracrustal units and structural defor-
mation zones, limiting structural reconstructions of this area.
However, sedimentation into adjacent basins provides an-
other constraint on orogeny [12], and the detrital composi-
tion of the sediments in the basins records the structural
frameworks, the spatial and temporal patterns of exhuma-
tion of the different rock units in the Dabie orogen and their
contribution to basin sediments, and the initial unroofing
age of the UHP complex [13]. Based on the newly research
results on basin development and its indication of orogeny
in the Dabie orogen, this paper is intended to synthetically
introduce the structural deformation, basin-filling sequence,
provenance of basin sediments, evolution of the basin/
mountain system, and its coupling relationship, aiming to
provide a reference for the study on the geodynamics of
basin/mountain system in the Dabie orogen or the other
orogen.

1 Structural framework of the Dabie orogen

The Dabie orogen is linked westward with the East Qinling
orogen across the Nanyang basin, and is connected eastward
with the Sulu orogen across the Tanlu fault. They constitute
a gigantic Qinling-Dabie-Sulu orogen together [14—18]. But
if and how the Shangdan and Mianlue sutures in the Qinling
orogen extend eastward to the Dabie orogen are controver-
sial issues [14-21]. According to recent researches of ours
and the others, we initially think that the two main suture
belts bounding the Qinling Range, the Shangdan and Mi-
anlue belts, are exposed, respectively, in the northern Dabie
range, along the Xinyang-Shucheng fault [14-18,21], and in
the southern Dabie range, along the Xiangfan-Guangji fault
[14,15,17,18]. The Mianlue suture was mostly overprinted
by a south-directed overthrust of the Xiangfan-Guangji fault
but some ophiolite remnants, to the south of the Tongbai
range, were reported in Dahongshan and Xishui areas
[22,23]. Therefore, the Xiangfan-Guangji fault is the Earth’s
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surface structural belt of the overlapped Mianlue suture
formed during the subduction stage. Zhang et al. [24] de-
fined it as a component of the Mianlue structural belt.
Bounded by the Shangdan suture, the Qinling-Dabie orogen
is divided into the North China Block and the South China
Block. The Mianlue suture zone separates the Qinling mi-
crocontinent from the northern part of the South China
Block in Devonian to Mid-Triassic times [14], and the
basement property of the Qinling microcontinent is the
same as that of the South China Block [1,16]. In addition,
the Dabie orogen can be broken into three generalized
structural units: the northern Yangtze fold and thrust belt
(NYFB) along the southern margin; the North Huaiyang
fold and thrust belt (NHFB) along the northern margin; and
the axial Dabie structural belt [14] (Figures 1 and 2).

1.1 Northern Yangtze fold and thrust belt (NYFB)

The NYFB is discontinuously exposed to the south of the
Xiangfan-Guangji fault (Figure 1). The Xiangfan-Guangji
fault locally buries older deformation including the Mianlue
suture [14,25,26]. The middle part of the NYFB is also un-
conformably overlapped by Cretaceous to early Tertiary
deposits of the Jianghan basin, formed during later rifting.
The thrust belt is narrow to the west along a basement high,
the Huangling dome, and pinches out to the east at Wuxue
City [14]. The NYFB thrust southwards and the Jiangnan
fold and thrust belt (JNFB) expanded northwestwards, the
two belts joining together and overlapping each other [26].
Based on the deep seismic profile across the Dabie orogen,
the Xiangfan-Guangji fault can be traced from the surface to
the Moho in a zone dipping north, the Dabie metamorphic
terrane thrusts southward, and both of JNFB and NYFB
converge and central-vergently thrust [25,27].

The NYFB is characterized by tight and overturned folds
and thrusts involved with the Proterozoic and Early Paleo-
zoic strata along Baokang-Dahongshan area in the north,
and lineation folds and thrusts involved with Silurian-
Triassic strata along Jingshan-Wuhan area in the south [28].
The Late Triassic-Middle Jurassic foreland basin was de-
veloped along the Dangyang-Daye area, and was involved
in deformation at the later stage (J5-K;) with a southern
frontal thrust fault [28] (Figure 2(a)). The Xiangfan-Guangji
fault, as a main controlling fault in the NYFB, developed as
a thrust during collision [14,25,26], and acted as a sinistral
transtensional fault during Cretaceous exhumation of the
HP rocks [29]. Field observations indicate that at an earlier
stage this fault behaved as a south-directed flat thrust and
tight fold of Cambrian-Silurian strata which were over-
lapped by HP metamorphic rocks. Its original location is the
northern border fault of the obducted horst part of Sinian-
Cambrian sedimentary rocks, which was thrust upwards
from the footwall of the subducted South China Block [25].
The deep seismic profile shows that the stacked small slices
underthrust the Dabie HP/UHP terrane. These slices can be
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Figure 1 Tectonic framework of basins and orogen in the Dabie orogen and adjacent region. (a) Map showing distribution of basins, sutures and major
faults; (b) simplified map of major structural belts and the location of cross sections in Figure 2. F1, Shangdan suture (Xinyang-Shucheng fault); F2, Xiang-
fan-Guangji fault (which buried the Mianlue suture); F3, Northern Boundary Fault of Qinling Range; F4, Xiaotian-Mozitan fault; F5, Tanlu fault;
NDC-North Dabie core complex zone; UHP, ultrahigh-pressure metamorphic unit; HP, high-pressure metamorphic unit; S-1, Late Triassic stratigraphic
section in Dangyang basin; S-2, Early Jurassic stratigraphic section in Dangyang basin; S-3, Wumiao section; S-4, Jinzhai section; S-5, Dushan section; S-6,
Huoshan section; S-7, Feixi section. Modified from Liu et al. [14] and Suo et al. [30].

interpreted as subducted Paleozoic-early Mesozoic strata
[25,31]. The south-directed thrusting of the XGF at the
southern end of the Dabie range resulted in forming a
structural zone in the NYFB which was cut and covered by
the axial Dabie HP/UHP terranes at Wuxue City [14,25].
Based on the structural analysis at the Wuxue City by Li et
al. [25], the three stages of structural events were indenti-
fied. The first two phases of deformation (D1 and D2)

mainly include ductile shearing, overturned and recumbent
folds, and thrusts with southeastern vergence, coeval with
the subduction of the northern South China Block and the
early stage of exhumation of the HP/UHP rocks in the Mid-
dle-Late Triassic, and the third phase of deformation (D3),
belong to the later deformation phase of collisional orogeny
in the Early and Middle Jurassic, includes southwest-ver-
gent open folds. In Susong City to the east of the Tanlu fault,
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the Lower Jurassic strata, which overlie the Silurian with an
angular unconformity, were involved in south-directed
thrusting, and were cut by late stage normal fault. It also
suggests that the shortening deformation in the NYFB was

and extends over 100 km northward from the Xiaoti-
an-Mozitan fault (Figure 1). At the southern NHFB, rocks
involved in thrusting include, from south to north: medium-
to low-grade metamorphic rocks of Neoproterozoic to early
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belt formed in the early stage, and the Xinyang-Shucheng
reverse faults in the trailing edge of the basin interfinger with
the Jurassic deposits. The Xinyang-Shucheng fault, with an
older-over-younger relationship, indicates reverse motion,
controlling the deposition of the basin. In addition, the Liu’an
fault and Feizhong fault acted as extensional deformation in
Late Cretaceous-Neogene, and controlled development of rift
basins (Figure 2(c)) [14,32,34].

The NHFB is bounded by the Xiao-Mozitan fault and the
Northern Boundary Fault of Qinling Range, which behaved
as different deformation in the Late Jurassic (?)-Early Cre-
taceous, the extensional deformation of the former and the
shortening of the later. The southern flank of the Xiaotian
basin is defined and controlled by the Xiaotian-Mozitan
normal fault that trends WNW. The fault dips to the north at
the angle of 50°—60°[14]. Beside its brittle deformation, this
fault also acted ductile shearing. Study on the ductile shear-
ing deformation by Wang et al. [35] shows that the Xiao-
tian-Mozitan shear zone and the shearing zone at the south-
ern North Dabie core (NDC) were originally a single con-
nected, more flat-lying zone. The kinematics of the zone
was interpreted to be that the ductile crust and possibly part
of the lithospheric mantle in the eastern Dabie orogen un-
derwent pervasive orogen-parallel and ESE-ward extension
at ca. 142 Ma. Doming of the NDC modified the flat-lying
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zone into an antiformal shape at ca. 132—-127 Ma. Subse-
quently erosional removal of the hanging wall in the broad
hinge area of this dome led to the separation of the zone into
two separate zones as we observe today. The Xiaoti-
an-Mozitan fault gradually was changed into brittle defor-
mation, and controlled formation of the Xiaotian basin. The
Northern Boundary Fault of Qinling Range extends from
Fuyang City, southern margin of Zhoukou basin in the east
to Baji City in the west. Based on exposed geological struc-
tures and deep seismic profiles, Zhang et al. [36] regarded it
as a gigantic thrust fault in the Cretaceous that was traced to
the Moho, and was marked by underthrust of the southern
North China block. This fault controlled the subsidence and
deposition of the southern margin of the Zhoukou basin in
the Early Cretaceous [36,37]. Therefore, the NHFB under-
went a prolonged history of shortening and thrusting (Trias-
sic to early Cretaceous), and the thrust front migrated
northwards. In addition, the rift deformation expanded
northwards from the Early Cretaceous (or latest Jurassic (?))
to Tertiary [5,14].

1.3 Axial Dabie structural belt

The axial Dabie structural belt is further divided into North
Dabie core complex zone (NDC), ultrahigh-pressure meta-
morphic complex zone (UHP), and high-pressure meta-
morphic complex zone (HP) [1,16,21,33,38] (Figure 1). The
NDC includes the Luotian and Yuexi domes that lie in the
footwall of the Dabie orogen [38,39]. The domes have sim-
ilar lithologic features; they are composed of amphibolite-
and granulite-facies felsic gneisses (mainly tonalitic
gneisses) (75% of the total area), a supracrustal sequence
(24%), and metamafic-ultramafic rocks (<1%). The supra-
crustal sequence is made up of metavolcanic amphibolebio-
tite gneiss, amphibolite, and a small proportion of marble
and magnetite-bearing quartzite [40]. The radial dips of
foliation and predominant NW and SE plunges of mineral
lineations outline the structural character of both domes [38].
Xu et al. [41] and Liu et al. [42] found several fresh eclogite
outcrops in the NDC and inferred that they were subjected
to deep continental subduction [43] and UHP metamorphism
in the northern Dabie orogen. Zheng et al. [16,33] defined
this zone as the North Dabie UHP/HT migmatitic zone.

The UHP/HP zone in the Dabie orogen consists chiefly
of amphibolite felsic gneisses (mainly granitic gneisses)
with minor amphibolite, garnet-bearing peridotite, jadeite
quartzite and marble, low-grade metamorphic basement-
cover sequences (including metasediments and metavolcan-
ics), and eclogites [44—46]. Eclogite-facies parageneses in
the gneisses and the basement cover units, along with P-T
data demonstrate regional UHP metamorphism in the UHP/
HP zone [46]. Zheng et al. [16,33] further differentiated the
UHP zone into two subzones with different pressure-tem-
perature (P-T) regimes: a Middle Dabie ultrahigh-pressure/
mid-temperature and South Dabie ultrahigh-pressure/low-
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temperature eclogite-facies zones, and the HP zone into
Susong high-pressure/low-temperature blueschist-facies zone.
The different pressure-temperature zones in the axial Dabie
structural belt and NHFB were the products of exhumation
and unroofing of the north-vergent subducted South China
block under the North China block with a different depth
[1,16,47,48]. The timing of the final collision has been con-
strained at ca. 244-236 Ma [49,50] and ca. 230-220 Ma
[51,52] by several radiometric studies. The two groups of
ages may indicate a succession from the onset of HP-UHP
metamorphism to peak UHP conditions, respectively, dur-
ing ultra-deep subduction [1,33,47,48].

The orogen-scale structure of the axial Dabie structural
belt is an antiform [53]. The north limb has north dipping
foliation, north plunging lineation, and top-north shear
sense formed as the footwall UHP-HP rocks were drawn
southeastward out from beneath the low-grade hanging wall.
The south limb carries similar structures that have been ro-
tated through horizontal to southward inclinations [53].
Based on the study in the western part of the Dabie orogen,
Li et al. [54] found that rocks of this orogen have been sub-
jected to pervasive ductile deformation, and formed as
asymmetric “antiform” around the core of the Xinxian UHP
eclogite-facies zone. The asymmetry of structural patterns
consistently indicates top-to-the-southeast thrusting across
the orogen in early structural stages. Later stages of defor-
mation show different senses of movement in northern and
southern parts of the orogen, with top-to-the northwest sin-
istral shearing recorded in rocks north of the Xinxian
HP-UHP eclogite-facies belt, and top-to-the southeast dex-
tral shearing south of the same unit. Li et al. [54] concluded
that the polyphase evolution of the western part of the Dabie
orogen includes vertical or upward extrusion of HP/UHP
zones at the early stage from 241 to 231 Ma and orogen-
parallel eastward extrusion and local extension of the oro-
gen-core at the later stage from 200 to 184 Ma. These two
extrusions are correlative with two stages of rapid exhuma-
tion of the Dabie HP-UHP rocks (i.e. early stage of short-
ening exhumation and later stage of local extensional ex-
humation under a regional shortening setting), respectively
[11,30,55] (Figure 3), which belong to the syn-collisional
deformation and its later stage deformation of the Dabie
orogen, developed right after the continental subduction in
the Early and Middle Triassic. Superimposed across the
entire orogen during the post-collisional deformation stage,
are a series of isolated extensional basins that overlie short-
ened basement, and the shearing zones and normal faults in
the orogen-core and margins in the latest Jurassic (?)-Early
Cretaceous, or even later time (Figure 2(a)) [14,29,35].

2 Basin-filling sequence and its multi-episodi-
cally tectonic control

The Qinling-Dabie orogen underwent a multi-episodic evo-
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lution of continental collision of the North China Block and
South China Block in the Middle and Late Triassic, Jurassic
continuous shortening of the orogenic margins and initial
doming and local extension of the orogenic core, Early
Cretaceous rift of the orogenic core, and Late Cretaceous
rift of the whole orogen [14]. Corresponding to these tec-
tonic events, the Mesozoic strata of the basins in the orogen
and its flanks can be divided into 5 unconformity or dis-
conformity-bounded tectonic sequences (Figure 3), which
are the depositional response to collisional orogeny and
post-orogeny. To the south of the Qinling-Dabie orogen, the
Dangyang basin and Southeast Hubei basin were developed
from Late Triassic through Middle Jurassic time. To the
north of the orogen lies the Hefei basin (Jurassic) and
Zhoukou basin (Early Cretaceous). In addition, extensional
Xiaotian basin began to develop locally within the orogen
core during latest Jurassic time, and the Jianghan basin in
the southern orogen in the Late Cretaceous (Figure 1).

2.1 Late Triassic tectonic sequence

The Late Triassic strata are mostly developed in the south-
ern margin of the Dabie orogen. The Dangyang basin is
better exposed and contains a more complete record of
foreland basin molasse sedimentation, which includes the
Jiuligang (ca. 457 m thick) and Wanglongtan (ca. 845 m
thick) formations [14,26] (Figures 3 and 4(a)). Above the
unconformity between the Badong and Jiuligang For-
mations are channelized conglomerates (1 m) that fine up-
wards into tabular cross stratified sandstones (16 m). The
channel deposits occur regionally and probably record the
initial low-stand sedimentation of meandering channel.
Immediately above the basal conglomerate is 70 m of the

Jiuligang Formation. This section consists mostly of bio-
turbated siltstone with carbonate nodules. However, there
are intervals of lenticular sandstone and conglomerate with
limestone gravels [14,26]. The overall lithologic similarity
with the underlying Badong Formation, widely thought to
be tidal in origin, possibly suggests a similar depositional
setting. Based on the depositional environments, these parts
of sequences are interpreted to be the filling of backbulge
depozone in the foreland basin system. The upper Jiuligang
Formation consists of a series of upward-fining units, each
of which typically begins with a scoured channel base over-
lain by 5-10 m of fine-grained sandstone with well devel-
oped tabular cross strata or, in places, lateral accretion bed-
ding. The whole sequence is coarsening upwards, and the
paleocurrent indicators (tabular cross strata) suggest
paleoflow mainly to the northeast or east. This succession is
interpreted to record meandering stream/flood-plain sedi-
mentation, filled in the southern distal part of the foredeep
depozone. Wanglongtan Formation is composed mainly of
845 m thick, vertically nested channel-filling sandstones. A
clear, basin-wide, and isochronous facies transition surface
was developed between the Wanglongtan and Jiuligang
Formations. Nested channel deposits are composed, on a
scale of several meters, of massive or plan-parallel lami-
nated medium sandstones overlain by trough and planar
cross stratified sandstones of similar grain size. Paleocurrent
indicators (planar cross strata and trough axes) suggest
paleoflow was to the west-southwest. We interpret these
deposits to represent channel fill overlain by medial or
transverse bars in braided rivers. The braided stream depos-
its are interrupted up by three, 12-50 m-thick intervals of
mudstone which may represent intervals of lake formation
on the braidplain. The Wanglongtan Formation may repre-
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Figure 4 Stratigraphic sections through Upper Triassic succession ((a) S-1), through the Lower Jurassic succession ((b) S-2), and through the Early and
Middle Jurassic succession. Location of sections (a) and (b) is shown in Figure 1(a), and (c) was measured in Daxiakou, Xinshan County, Zigui basin, to the

West of the Huangling Dome. Modified from Liu et al. [26].

sent the deposits of foredeep depozone. As a whole, the
Upper Triassic in the Dangyang basin is coarsening-upward
sequence, which indicates the evolution from the distal
backbulge deposition to foredeep deposition with the south
or southwest-vergent progradation of the foreland fold and
thrust belt. The Late Triassic tectonic sequence was the
depositional response to the first episodic thrusting in the
Dabie range, formed at the stage of the initial extrusion and
exhumation of the HP/UHP rocks in the axial Dabie belt
[54] and the first two phases (D1 and D2) of deformation in
the NYFB [25].

2.2 Early-Middle Jurassic tectonic sequence

The Early and Middle Jurassic deposits crop out along the
southern and northern flanks of the Dabie orogen. These
rocks are stratigraphically subdivided into the Tongzhuyuan
Formation (or Baitianba Formation, Wuchang Group) and
Huajiahu Formation (or Qianfoya and Shaximiao For-
mations) in the Southeast Hubei basin, Dangyang basin, and

Zigui basin of the southern flank [26], and Fanghushan
Formation and Sanjianpu Formation (or Zhuji Formation,
Yuantongshan Formation) in the Hefei basin of the northern
flank [13] (Figures 1 and 3).

The Early Jurassic section (Figure 4(b)) in the Dangyang
basin at the southern flank of the Dabie orogen, is com-
posed of the Tongzhuyuan Formation. The base of the for-
mation everywhere contains thick conglomeratic, fining
upward meandering channel sequence, reaching up to 40 m
thick. This channel sequence unconformably covers on the
fluvial plain deposits of the Upper Triassic with an undu-
lated scour surface. The next 250 m of the phase contains
two cycles of overall coarsening and thickening upward
deltaic deposits. Mudstones between the sand bodies con-
tain coal, shale and oxidized paleosol horizons suggesting
that the entire interval was deposited along the shores of
isolated, small lakes on an alluvial or deltaic plain. The last
phase of basin filling in the Dangyang basin consists of a
thick interval (460 m) of channel-filling sandstone that is
conglomeratic towards the base. Paleoflow, based on tabu-
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lar cross sets, was to the south or the south-southeast. The
Fanghushan Formation, filled in the Hefei basin at the
northern flank of the Dabie orogen, is composed mainly of
alluvial fan and meandering channel deposits, including
massive and laminated conglomerate at its base and isolated
channel-belt sand bodies with cross bedding distributed
among flood-plain siltstones in its upper part [12,13] (Fig-
ure 5). Therefore, the Early Jurassic deposits were the depo-
sitional response to the initial thrusting of the second epi-
sodic tectonism at the foreland and hinterland of the Dabie
orogen. The conglomerate at the base of the Lower Jurassic
in the southern flank of the Dabie range can be traced to the
northern Sichuan basin, which unconformably covers on the
Triassic or Paleozoic strata.

Middle Jurassic deposits in the Dangyang basin at the
southern flank of the Dabie range are poorly exposed. The
interval reaches 1050 m in the nearby Southeast Hubei ba-
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sin. In the Zigui basin to the west of the study area the entire
Middle Jurassic interval reaches about 2810 m thick [26].
The Qianfoya Formation, 850 m in thickness, consists
mainly of mudstone passing upward to an upward-coars-
ening sandstone succession. The mudstones are parallel- or
ripple laminated or are simply massive, and the siltstone
intervals developed massive beds and ripple lamination,
interpreted to be lake deposits. The Shaximiao Formation
consists of several coarsening-upward depositional cycles.
Each one is about 100-300 m in thickness. Mudstones and
about 0.5 m thick, massive or ripple siltstone intervals are
developed at the lower part of the cycles. Two kinds of
lithofacies are developed at the upper part. One is about
20-80 m thick, and contains vertically stacked, laterally
extensive, medium to coarse-grained sand bodies with mas-
sive, parallel laminated or cross stratified beds, in which
scour contacts and lag deposits are developed. The other is
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Figure 5 Jurassic stratigraphic sections of the Hefei basin at the northern flank of the Dabie orogen. Location of sections is shown in Figure 1(a). Modified

from Liu et al. [13].
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ca. 15 m thick, lenticular, coarse sandstone with cross bed-
ding and basal scour surface. We interpret these lithofacies
of the Shaximiao Formation as lake mudstones and braided
channel-delta systems. The Sanjianpu Formation, as a typi-
cal example of the Middle Jurassic, measured along the
Jinzhai section at the northern flank of the Dabie orogen, is
ca. 1850 m thick (Figure 5). The lower part of the unit is
composed of massive pebble conglomerate with internal
scour surfaces. The middle part of the Sanjianpu Formation
consists of coarse- to medium-grained sandstone with local
conglomerate lenses that are composed of tabular, large-
scale, planar cross beds. The upper part of the Sanjianpu
Formation is fining upward, and is composed of cobble
conglomerate at its base that fines to granule-rich pebble
conglomerate toward the top. Paleocurrent indicators from
imbricated gravel and cross stratification show flow that is
directed toward the present-day north-northeast. The San-
jlanpu Formation is interpreted to have been deposited by
braided channel systems [13]. Corresponding to the San-
jianpu Formation, the Zhuji Formation at Wumiao section is
interpreted to record a braided, channel-plain depositional
system with some fine-grained overbank deposits. The
Yuantongshan Formation at Feixi section is interpreted to
represent a fluvial plain environment with some small lakes
(Figure 5) [13]. Therefore, the Early and Middle Jurassic
deposits along the flanks of the Dabie orogen are coarsen-
ing-upward sequences composed of fluvial plain-braid
channel delta depositional system in the southern flank and
alluvial fan-braid channel plain system in the northern flank,
which were deposited at the stage of the second exhumation
of HP/UHP rocks and the third phase of deformation (D3)
of the southern NYFB [11,14,25]. This Early and Middle
Jurassic tectonic sequence was the depositional response to
the second episodic thrusting in the Dabie orogen [7,14].

2.3 Late Jurassic tectonic sequence

During the Late Jurassic, the basin at the southern flank of
the Dabie orogen migrated from the east to the west con-
trolled by intracontinental deformation. The NYFB thrust
southwards, and the JNFB expanded northwestwards, the
two belts joining together at the east. Thus the early basin in
turn became involved in deformation in the Late Jurassic.
The depocenter migrated to the Zigui basin, and even west-
ern area [26]. In the Zigui basin, the Late Jurassic consists
of the Suining and Penglaizhen Formations, which consti-
tute a coarsening-upward sequence. The Suining Formation
(750-950 m thick) unconformably covers the Middle Juras-
sic Shaximiao Formation with an erosion surface at the base,
and consists mainly of fine-grained sandstone, siltstone and
mudstone of meandering channel plain and shallow lake or
lacustrine delta depositional systems. These strata contain
accretional, tabular cross bedded, and ripple-laminated, len-
ticular sandstone intervals, and horizontal or ripple-lami-
nated mudstones and siltstones, and constitute several fin-
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ing-upward and coarsening-upward sequences. The Peng-
laizhen Formation (above the Suining Formation with a
regional erosional unconformable surface) is ca. 1060-
1400 m thick, and is composed dominantly of gravel coarse
sandstone, gravel conglomerate, coarse and medium-
grained sandstone, fine-very fine grained sandstone, and
mudstone which constitute fining-upward sequences. Mas-
sive, trough, and planar cross beddings are developed in
sand bodies, and scour surfaces define sandstone margins.
This formation is interpreted to represent braided channel
and flood-plain deposition, which is different from deposi-
tional systems of the underlying Suining Formation. The
sediment supply rate of the Penglaizhen Formation is much
bigger than the subsidence rate. The Fenghuangtai For-
mation (or Duanji Formation, Zhougongshan Formation) in
the Hefei basin at the northern flank of the Dabie orogen is
extremely thick and very coarse grained (boulder to cobble
conglomerate) (Figure 5). The conglomerate sequence in
Jinzhai section contains units (ca. 2400 m thick) consisting
of grain-supported, imbricated, thick beds as well as units of
massive, matrix-supported conglomerate. These units are
interpreted to be the deposits of a gravel alluvial fan system.
Paleoflow, determined from imbricated grains, is toward the
north-northeast or northeast. It is necessary to note that the
major change in depositional style of basin filling in the
Hefei basin indicated by the change from the Sanjianpu
Formation coarse sandstone deposits to conglomerates of
the Fenghuangtai Formation takes place. Detailed geologi-
cal mapping found that Fenghuangtai Formation overlapped
the different part of the Sanjianpu Formation with angular
unconformity [56]. Structural analysis shows that defor-
mation in the Dabie orogen is characterized by south-
vergent progradating of the YZFB, uplifting and exhuma-
tion of the HP/UHP rocks [13], and thrusting of the NHFB
[14]. As for the difference of the structural deformation at
the both flanks of the orogen, the Late Jurassic tectonic se-
quence was formed at the northern Dabie flank, which was
the response to the third episodic thrusting [7,14].

2.4 (Latest Late Jurassic (?) to) Early Cretaceous
tectonic sequence

Totally different kinds of Early Cretaceous tectonic se-
quences, the normal fault controlled-rift basin-filling se-
quence and thrust fault-controlled flexural basin-filling se-
quence, are developed at the southern and northern flanks of
the Dabie orogen (Figure 3). These sequences unconforma-
bly overlie on the Paleozoic, metamorphic basement, and
Upper Jurassic strata.

Normal fault-controlled rift basin sequence was deposit-
ed along the northern flank of the NDC zone, to the north of
the Xiaotian-Mozitan fault. The basin fill includes the
Maotanchang Formation, Heishidu Formation, and Xiaotian
Formation (some experts defined the latter as the upper part
of the Heishidu Formation [12]) (Figures 1, 2(b), and 3).
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The Maotanchang Formation is composed of various ande-
site and trachytic flows of calc-alkalic to alkalic composi-
tion interbedded with lacustrine mudstone. K-Ar dating of
volcanics within the Maotanchang Formation yields an age
range of 149-138 Ma [57], and it suggests that the Maotan-
chang Formation may extend to the latest Jurassic. Overly-
ing this unit is the Heishidu Formation that contains abun-
dant conglomerate and sandstone of alluvial fan, braided
stream and fan delta origin. This unit is capped by the Xiao-
tian Formation composed of lacustrine mudstones with in-
creasing abundance of thin turbidite sandstones in the upper
part. Thus the entire basin fill forms an overall fining up-
ward sequence, more than 2000 m thick [5,12,14]. Basin fill
coarsens and thickens toward the Xiaotian-Mozitan flanking
fault. The juxtaposition indicates that the normal faulting
occurred during deposition.

Thrust fault-controlled flexural basin sequences are lo-
cally located in the Zhoukou basin in the northern flank and
the Yichang basin in the southern flank, which indicate that
the thrusting was prograded from the orogenic core to the
margins. Sedimentology (including provenance and paleo-
current analyses) and structural geology studies represent
that the Cretaceous strata in the Yichang basin include the
Early Cretaceous flexural sequence of the Shimen and
Wulong Formations and the overlying Late Cretaceous rift
sequence [31]. The Shimen Formation, ca. 240 m thick,
consists of massive or locally imbricate, grain-supported
conglomerate in which the gravels range in size from ca. 8§
to 20 cm. The lower part of the Wulong Formation is com-
posed of ca. 120 m thick, purple-coloured mudstone and
siltstone of floodplain origin, and the upper part is com-
posed of ca. 1750 m thick, pebbly median to coarse-grained
sandstone, conglomerate, fine-grained sandstone, and silt-
stone of braid channel plain origin. The thick, and vertically
stacked, median to coarse-grained sand bodies and con-
glomerate develop trough and cross beddings, and basal
scour surface, and the thin fine-grained sandstone and silt-
stone layers develop horizontal, ripple, and massive bed-
dings. Both of them are interpreted to be braid channel and
flood plain deposits, respectively. The whole Wulong For-
mation is characterized by a coarsening-upward sequence.
Therefore, the Early Cretaceous tectonic sequences in the
core and the flanks of the orogen were controlled by normal
faulting and thrust faulting, respectively (Figure 2(a) and
(b)). This tectonic sequence is the product of the fourth epi-
sodic tectonism [14], in which the flexural sequence and the
rift sequence are overlapped in time.

2.5 Late Cretaceous tectonic sequence

The Late Cretaceous deposits extended from the Dabie
margins to the Dabie core (Figures 2(a), (c), and 3). This
tectonic sequence was filled in the basins along the southern
side of the Dabie range, including the Yuanan, Jinmen, and
Hanshui grabens and half-grabens in the northwestern part
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of the Jianghan basin (Figures 1 and 2(a)). The Hefei gra-
bens and half-grabens filled with the Late Cretaceous along
the northern side of the Dabie range mainly overlap the Ju-
rassic foreland basin belt (Figure 2(c)). All of the basin-
filling deposits are similar in that they initiate with relatively
coarsegrained alluvial fan and/or deltaic deposits that over-
all fine upward into lacustrine mudstones, and the thickness
of this sequence is ca. 3350 m in the Yuanan graben. There-
fore, the Late Cretaceous tectonic sequence is the products of
the fifth episodic extension in the Dabie orogen [14].

3 Provenance of sediments and exhumation of
HP/UHP rocks in the source areas

Basin sediments are a ‘link’ between basin and orogen.
Tracing the unroofing history of the orogen and paleo-
tectonic framework by detrital composition analyses is an
important and generally-concerned scientific issue [58].
Since HP and UHP rocks are largely exposed in the Dabie
orogen, the provenance of the basin sediments must record
their exhumation process. Facies changes and paleocurrent
indicators consistently demonstrate that sediments for the
marginal alluvial-fan and braided stream depositional sys-
tems in the Dangyang and Hefei basins were derived from
the adjacent Dabie range (Figures 4 and 5) [5,6,12,14,26].
As the Dabie orogen has a wide range of exposed rocks
with different ages, detrital grain compositions and ages are
good indicators of the sediment source. Currently, prove-
nance analyses of basin sediments in the flanks of the Dabie
orogen mainly include detrital composition analysis, iso-
topic chronology analysis, and geochemical analysis.

3.1 Detrital composition analysis

(i) Methodology. The basins at the flanks of the Dabie
orogen are dominated by different grain-sized clastic rocks,
thus different techniques were used to identify the composi-
tions of these different grain sizes. Sandstone compositions
were determined by counting 500-560 framework grains
per thin section. The point-count results, using the Gaz-
zi-Dickinson method [59], were plotted on Qm-F-Lt and
Qm-P-K ternary diagrams to provide insight into the tec-
tonic setting of the source areas and were plotted along side
of the measured sections to show the changes in detrital
composition, structural setting, and provenance with time.
The main advantage of this method is to remove the influ-
ences of grain-size changes on contents of detrital composi-
tion. Because the Dabie orogen has a wide range of exposed
rock types, lithic grain compositions are considered to be
the most useful indicator of source area. In order to link
rock fragments to specific protoliths, we also determined
sandstone compositions by traditional point counting, in
which all polycrystalline grains were counted as rock frag-
ments, including coarsely crystalline (e.g. individual sand-
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size crystals within a rock fragment were counted as that
rock fragment) [14]. Similarity, 500-560 framework grains
were measured for each thin section. We calculated the
contents of different fragments and showed the results for
rock detrital composition, referred to as model content,
which typically represents more than 15% of all the counted
grains. Where conglomerates were abundant, we collected
both gravel clast data and sandstone samples within the
conglomerate in the field. Clasts, typically 100-180 or more
in number at each conglomerate station of ca. 2 m?, were
identified; sandstone compositions were identified by the
point-counting method that is described above.

(i1) Ternary plots for sandstone compositional data. As
a whole, Late Triassic-Jurassic sandstones from the northern
Yangtze are lithic rich and dominated by chert and sedi-
mentary-rock fragments [26]. Most samples fall in the area
of recycled orogen provenances in Qm-F-Lt and Qt-F-L
ternary diagrams, and some of the Middle Jurassic samples
(sandstones in Zigui basin as an example) fall in the areas of
the arc orogen sources and mixed orogenic sands in the
Qp-Lv-Ls ternary diagram. We think that the source areas
of the Late Triassic and Jurassic foreland basins are mostly
the foreland fold and thrust belt and the consumed is-
land-arc belt of the Mianlue ocean [14,26].

The Jurassic sandstones from the Hefei basin are lithic
poor (most <5% Lt) and dominated by quartz and feldspar
fragments based on the Gazzi-Dickinson method of point
counting. The modal data can be divided into three groups
[13], based primarily on detrital composition content (Fig-
ure 6). Group 1 samples are composed of 65%—80% quartz
fragments and less than 5% lithic fragments in the plot of
Qm-F-Lt, and 65%-80% quartz fragments and 2%-25%
potassium feldspar fragments in the plot of Qm-P-K. This

Recycled orogen

) provenances
Continental Block

provenances

A
Increasing ratio of
plutonic (P) to
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group most commonly represents samples from the Zhuji
Formation in the western part of the Hefei basin (Wumiao
section) and the Sanjianpu Formation in the middle part
(Jinzhai section). Group 2 samples are composed of ca.
50%—65% quartz fragments and less than 5% lithic frag-
ments in the plot of Qm-F-Lt. This group is representative
of samples from the Sanjianpu Formation located in the
eastern part of the Hefei basin (Huoshan section). Group 3
samples contain ca. 30%—-50% quartz fragments and less
than 10% lithic fragments in the plot of Qm-F-Lt, and
30%—-50% quartz fragments and 35%—50% potassium feld-
spar fragments in the plot of Qm-P-K. This group represents
samples from the Fenghuangtai Formation (upper Huoshan
section). As an indicator of compositional maturity, the
Qm-F-Lt diagram distinguishes Group 1 samples from those
of Groups 2 and 3 that contain less stable minerals and more
feldspar, mostly potassium feldspar, as shown in the plot of
Qm-P-K. This indicates that Groups 2 and 3, especially
Group 3, are derived from source terranes with more gra-
nitic rocks. The Sanjianpu Formation in the Jinzhai section
contains more potassium feldspar than the Zhuji Formation
in the Wumiao section, suggesting that the former was de-
rived from a source with a higher percentage of granite. The
modal contents of Groups 1, 2, and 3 (e.g. 2%—25%, 10%—
50%, and 35%-50% potassium feldspar fragments in
Groups 1, 2, and 3 in the plot of Qm-P-K, respectively)
suggests stronger tectonism and more rapid exhumation of
the Dabie range from the west to the east and from the Mid-
dle Jurassic to Late Jurassic. Although almost all samples
plot in the continental block provenance in the Dickinson
model [60], which does not mean that the source area, the
Dabie range, was a stable craton, which represents the limi-
tations of this plot in differentiation of tectonic setting.

Increasing maturity
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continental block
provenances

Circum-pacific
volcanoplutonic
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Figure 6 Ternary plots of sandstone composition tested by Gazzi-Dickinson method. Qm, Monocrystalline quartz; F, plagioclase and potassium feldspar;
Lt, total lithic fragments; P, plagioclase; K, potassium. Measured sections are shown in Figure 1. Modified from Liu et al. [13].
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(ii1) Lithic petrofacies analyses. Detailed comparison
between the source rocks and lithic fragments, especially
lithic petrofacies, is an effective method of source-area
analyses [7,13,14,26]. Percentages of lithic grains, normal-
ized as percentages of the total lithic content, are calculated
for each sample after point-count measurement. Liu et al.
[13] expressed these detrital fragments as lithic petrofacies
(petrofacies in short) consisting of groups of lithic frag-
ments with similar lithologies that are found together, de-
fining distinctive provenance terranes. In some measured
sections the lithic petrofacies are further classified into
some subtypes according to their specific lithic types. Vari-
ous kinds of lithic petrofacies with distinctive lithic compo-
sition at the different parts of the sections are expressed as
petrofacies assemblages [13], which represent the exposed
rock types and tectonic setting of the source area in the
source-area during the syndepositional stage [13].

According to the detrital composition of the basin sedi-
ments in the southern margin of the Dabie orogen and the
rock types of the Qinling-Dabie source area, Liu et al. [14]
divided the lithic petrofacies of the Late Triassic-Jurassic
sediments in the Dangyang and Zigui (to the west of the
study area) basins into 6 types (Figure 7). Lithic Petrofacies
IT' contains granite and diorite clasts. There is no outcrop of
this source rock (pre-Late Triassic granite) in the Dabie
source area. Petrofacies III’ contains medium- to low-grade
metamorphic rocks including quartzites, quartz-schists, and
schists. The source area for Petrofacies III' includes Middle
Proterozoic rocks distributed along the southern Qinling-
Dabie orogen. Petrofacies IV’ includes mainly sericitic
sedimentary fragments and slates possibly derived from
Silurian rocks of the southern Qinling-Dabie range. Petrofa-
cies V' includes intermediate to siliceous volcanic rocks and
volcanic tuff probably derived from the arc volcanics. A
possible source area along the southern side of Qinling-
Dabie is the presently-buried rocks of the Mianlue suture.
Petrofacies VI' and VII' contain abundant chert and lime-
stone fragments, respectively. These grain types most likely
were derived from Paleozoic to Triassic marine sedimentary
units in the Mianlue suture. Samples collected from the
Zigui basin and Dangyang basin indicate an abundance of
fine-grained sedimentary and low grade metasedimentary
rocks (Petrofacies IV'). The source for these lithologies may
be either marine, Silurian fine-grained units that are now
only locally exposed within the southernmost Qinling mi-
crocontinent or from more distal flysch deposits of late
Middle-Late Triassic age found along the southwestern
Qinling Mianlue suture (the Songpan area). The scarcity of
medium-grade metamorphic rocks (Petrofacies III') from
the Middle Proterozoic basement of the Qinling-Dabie core
indicates that these rocks were barely exposed during the
Late Triassic through Jurassic. There is an abundance of
chert fragments (Petrofacies IV’) in the late Triassic through
Jurassic deposits of the basins, and no limestone fragments
(VII') but in the Penglaizhen Formation in the Zigui basin.

Chin Sci Bull

March (2013) Vol.58 No.8

Therefore, the source area of the chert lithic fragments may
be the Mianlue suture belt, now buried by the Xiang-
fan-Guangji fault (Figure 8(b)). Although rocks of the su-
ture are no longer exposed, it is possible that deepwater
chert (seafloor of the Mianlue ocean) may have been pre-
sent. Uplift of the Paleozoic-Early Triassic rocks by the
thrust belt did not take place until Late Jurassic time, after
deposition of the Late Triassic through the Middle Jurassic
deposits as suggested by abundant limestone lithic sands
and pebbles in the Penglaizhen Formation in the Zigui basin.
Middle Jurassic deposits exposed in the Zigui basin also
contain andesitic and siliceous volcanic grains, and volcanic
tuff (V'). The source for these fragments may be arc rocks
of the Mianlue suture, now covered by thrust nappes. The
petrofacies data from Triassic through Jurassic strata along
the southern flank of the Qinling-Dabie suggest the relative
timing of uplift of the mountain. Source areas for the Late
Triassic foreland basins were the sedimentary cover of the
southern Qinling-Dabie and/or early Mesozoic flysch basin
deposits. No high-grade metamorphic rocks from deeper
levels were exposed. The Mianlue suture belt may also have
provided some of the detritus to this area, particularly chert
fragments. Beginning in Middle Jurassic time (J,), a vol-
canic arc source area provided some detritus along the
southern foreland basin belt.

According to detrital composition of the Hefei basin
sediments and the source rocks in the Dabie orogen, Liu et
al. [13] divided the lithic petrofacies of the sediments into 7
types (Figure 8). Petrofacies I is derived from granitic
gneiss (Petrofacies I-1), plagiogneiss (Petrofacies 1-2), and
marble (Petrofacies I-3) source areas exposed along the
NDC and UHP/HP zones, as well as from the Late Protero-
zoic Luzhenguan complex [40,44-46]. In addition, felsic
fragments are common in many slides. Although it is diffi-
cult to confirm their exact origin, they likely derived from
the granitoid rocks and gneisses, defined as Petrofacies 1-4.
Petrofacies II contains white metagranite (Petrofacies II-1),
red granite, metagranite, and granite gneiss (Petrofacies
II-2), and metadiorite and tonalite (Petrofacies II-3) clasts,
in which the red granite, metagranite, and granite gneiss
came from the Luzhenguyan Group, and the white meta-
granite, metadiorite, and tonalite came from the axial Dabie
metamorphic complex. Petrofacies III contains quartzites,
quartz schists, chlorite schists, and schists. Petrofacies IV
contains phyllites, granulites, and slates. Sources to the
north of the axial Dabie complex for these two groups in-
clude the Luzhenguan complex and Fuziling Group in the
east, and the Luzhenguan complex, Guishan, Dingyuan, and
Nanwan groups in the west. These two petrofacies also
contain a few clasts derived from the NDC and UHP/HP
zones [16,44]. Petrofacies V includes low-grade metamor-
phic argillites and sandstones (V-1), and reworked sand-
stone and mudstone clasts, all of which were derived from
the Yangshan Group, and parts of the Nanwan Formation
and Foziling Group. Petrofacies VI includes altered rocks
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Petrofacies in Dangyang basin

Petrofacies in Zigui basin
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Figure 7 Summary of lithic petrofacies in the Dangyang basin (S-1 and S-2 in the inset map) and Zigui basin (ca. 100 km away from the Dangyang basin
to the west). The inset map shows the source rocks in the Dabie orogen for the lithic petrofacies of basin sediments. Dashed line shows trace of the buried
Mianlue suture that contains source rocks for petrofacies V' and VI'. See explanation in Figure 1. Modified from Liu et al. [14].

and felsic to mafic metavolcanic rocks, probably derived
from arc volcanics in the Dingyuan and Guishan Formations
in the North Huaiyang zone [61]. Petrofacies VII only con-
tains a small amount of chert clasts.

The modal data of sandstone samples generated by point

counting from the Zhuji Formation in the Wumiao section
show that the lithic fragments are mainly granite and meta-
granite (Petrofacies II-2), quartzite and schists (Petrofacies
III), phyllite, granulite, and slate (Petrofacies IV),
metasandstone (Petrofacies V), altered rock and rhyolite
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(Petrofacies VI), and felsic fragments (Petrofacies 1-4)
(Figure 8(a)). This analysis of the lithic portions of the pet-
rofacies shows that sediment in the Zhuji Formation was
derived from the Luzhenguan complex, the Nanwan,
Guishan, and Dingyuan Formations, and the Yangshan
Group in North Huaiyang (Figure 8(d)). The lithic petrofa-
cies for Wumiao section constitute three petrofacies assem-
blages. The basal rocks, Petrofacies Assemblage 1, mostly
contain reworked sedimentary rocks, Petrofacies V (76.4%—
83.9%), derived from the Yangshan Group and the Nanwan
Formation, the basement cover rocks in North Huaiyang
zone. The middle part of the section, Petrofacies Assem-
blage 2, shows an increase in abundance of granite and gra-
nitic gneiss (Petrofacies II, mostly 10%—22% or more) and
volcanic rocks (Petrofacies VI, 17%—-67% in some parts)
from the Luzhenguan complex, the basement rocks, and the
Dingyuan and Guishan Formations of North Huaiyang zone.
Petrofacies Assemblage 3, at the top of the section, shows
an increase in content of medium- to low-grade metamor-
phic source (Petrofacies III and IV, 18.5%-35.9%) and re-
worked sedimentary rock source (Petrofacies V, 23.8%—
59%). The first two petrofacies assemblages approximately
record an unroofing event from cover strata to Luzhenguan
basement, and the third one records a beginning of another
unroofing event from cover strata in North Huaiyang.

The modal data generated by point counting and clast
counting from sedimentary strata in the Jinzhai section
show input from six petrofacies sources (Petrofacies I to VI)
[13]. The lithic petrofacies for this section recorded seven
petrofacies assemblages (Figures 8(b) and (d)). Petrofacies
Assemblage 1 is composed mostly of medium- to low-grade
quartz schist, quartzite, chlorite schist, phyllite, and slate
rocks (Petrofacies III, 15%—92.2%; 1V, mostly 21.8%-27%;
and V, 7.8%—63.2%) derived from the Foziling Group on
the northern flank of the orogen. The overlying deposits,
which comprise Petrofacies Assemblage 2, show a marked
increase in the abundance of moderately high-grade granitic
gneiss and plagiogneiss rocks (Petrofacies I, 40%—-61.1%),
granite and metadiorite rocks (Petrofacies II, mostly 13%—
38.8%) from the orogen core and the Luzhenguan complex.
The high-grade plagiogneiss and metadiorite rocks are
mostly sourced from the axial Dabie complex. Assemblages
1 and 2 correspond to the first unroofing event. Petrofacies
Assemblage 3, located at the top of the Sanjianpu Formation,
has an increase in medium- to low-grade metamorphic
source rocks (Petrofacies III, 7%—41.7%; V1, 1.7%-38%; V,
6.6%—70%) derived from the Foziling Group. Petrofacies
Assemblage 4, located at the base of the Fenghuangtai For-
mation, contains a mixture of compositions transported
from all source areas (i.e. polymict) in which gneiss gravels
(Petrofacies I, mostly 8%—42.1%) from a high-grade meta-
morphic source in the axial Dabie complex are increased.
The second unroofing sequence is represented by Petrofa-
cies Assemblages 3 and 4. The overlying middle to upper
parts of the Fenghuangtai Formation, correspond to a third
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unroofing sequence. This part begins with dominantly re-
worked sandstone and mudstone clasts (Petrofacies V,
81.9%) sourced from the Yangshan Groups (Petrofacies
Assemblage 5), and then shifts to a detrital composition
composed of abundant medium- to low-grade metamorphic
rocks, e.g. quartzites, quartz schists, phyllites, slates, and
metamorphic argillites (Petrofacies III, 14%-73.7%; 1V,
11.5%-45.3%; V, 10.5%—-65.3%) (Petrofacies Assemblage
6), mostly from the Foziling Group. A further shift in detri-
tal composition to an atypical polymict with a lower content
of gneiss (Petrofacies I, 0-10%) and granite (Petrofacies II,
0-21.1%) and a metabasalt (Petrofacies VI, 0-15%) (Petro-
facies Assemblage 7) transported from the North Huaiyang
was observed at the top of the sequence. The evidence for
three unroofing cycles in the stratigraphic section suggests
that there were at least three episodes of uplift and exhuma-
tion in the source area. The rapid transition between source
areas of different metamorphic grade may suggest that un-
roofing within each cycle was also related to individual
structural events [7]. The major change in depositional style
of the basin fill in the Hefei basin, indicated by the change
from the Sanjianpu Formation coarse sandstone deposits to
conglomerates of the Fenghuangtai Formation, is accompa-
nied by a significant change in source-area composition
from Petrofacies Assemblage 3 to 4, and represents a
prominent period of unroofing and deformation. The first
occurrence of relatively high-grade metamorphic rocks
(Petrofacies Assemblage 2) as detrital grains in the San-
jlanpu Formation in the Jinzhai section indicates that the
UHP and HP metamorphic rocks of the Dabie orogen were
exhumed and exposed during Middle Jurassic time. This
occurrence, along with detrital grains of UHP rocks derived
from the Dabie orogen appearing in the Fenghuangtai For-
mation of the Hefei basin [9] (Figure 5), indicates that sig-
nificant unroofing of the deep core was complete by Late
Jurassic time.

The modal data generated by point counting for the San-
jianpu Formation (J,) and clast counting for the
Fenghuangtai Formation (J;) in Huoshan section reveal the
presence of all seven lithic petrofacies derived from the
NDC and UHP/HP zones, the Luzhenguan complex, and
Foziling Group (Figure 8(c)) [13]. The lithic petrofacies in
the section are classified into six petrofacies assemblages.
The lower four assemblages in the Sanjianpu and the base
of the Fenghuangtai Formation display two unroofing cy-
cles of the basement rocks in the axial Dabie complex and
the Luzhenguan complex. The upper two assemblages in the
Fenghuangtai Formation, conglomerate deposited in an en-
vironment clearly different from that of the Sanjianpu For-
mation, was mostly shed from the proximal North Huaiyang
area, but was derived more from the axial Dabie complex at
the top of the Huoshan section, which probably represents
another unroofing cycle. The petrofacies I and II were de-
veloped at the base of the Sanjianpu Formation, which rep-
resents the Dabie HP/UHP rocks in the source area un-
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roofed at the Early Jurassic. Therefore, the provenance
analyses of these depositional sections from the west to the
east show that the unroofing ages of the HP/UHP rocks
were late at the west and early at the east, and the source of
the Wumiao section in the Middle Jurassic was the blanket
rocks in the North Huaiyang [13].

Petrofacies data from Mesozoic strata in basins north and
south of the Dabie range suggest HP/UHP rocks had been
exhumed along the northern flank of the Dabie range by the
Jurassic time whereas similar rock types never reached the
Dangyang basin in the southern part of the range. Source
areas for the Dangyang basin include the sedimentary cover
of the southern Dabie core and/or buried, early Mesozoic
flysch basin deposits and related strata with the Mianlue
suture. The unroofed HP/UHP rocks in the Dabie range
were far from the southern foreland basin, and located to the
north of the division of the mountain.

3.2 Isotopic geochemical analysis

Because of variety, complexity, and contribution differences
of sediment provenances, and differentiation of sediments
under transportation, detrital composition and heavy miner-
al analyses are not enough to investigate lithic fragment
disperse pattern and sediment provenance. Recently the
methods of petrology, isotopic geochemistry, and isotopic
chronology are used in analyses of basin sediments, tracing
orogeny, and rock composition and unroofing of the source
orogen. Scientists have carried on different kinds of geo-
chemistry analyses on sedimentary rocks and gravels in the
Hefei basin, and successfully revealed their provenances
[4,62,63]. Here we introduce the results of Nd isotopic con-
straints on sources of basin fill [13]. Nd isotopic composi-
tion of the detrital sediments is assumed to result from me-
chanical mixing between old eroded crust and more recent
detrital input [64,65]. Therefore, Nd isotope analysis, com-
bined with detrital composition analysis, can identify and
quantify erosion of the Dabie range.

(i) Nd composition of the basin sediments. Nd compo-
sition analysis results of the Jurassic stratigraphic sections at
Wumiao, Jinzhai, and Huoshan in the Hefei basin are shown
in Figure 9. The Nd composition in the Zhuji Formation in
the Wumiao section is characterized by the highest enq val-
ues, ranging from —13.8 to —11.3, and the lowest '*’*Nd/
N4 values, ranging from 0.511829 to 0.511966, in the
three sections (Figure 9). These values are clearly distin-
guishable from those of other sections and they suggest the
sediments were derived from different sources. The Tpy
values of this formation are relatively low, ranging from 1.7
Ga to 2.0 Ga. The Nd isotopic values do not exhibit any
clear trends, but they can be conveniently divided into three
parts (corresponding to Petrofacies Assemblages 1-3),
which also represent the unroofing cycles of the source
rocks [13].

Three sandstone samples of the Sanjianpu Formation
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were tested for the Nd composition in the Jinzhai section.
The samples have the highest '“’Sm/'*Nd values, ranging
from 0.1168 to 0.1266, of all of the basin sediments and
lower enq values, ranging from —15.0 to —14.5, than those in
the Wumiao section (Figure 9). This suggests that the sedi-
ments of the Sanjianpu Formation were derived from a
mixed axial Dabie complex and North Huaiyang origin,
including eclogite from the UHP/HP zone whose '*’Sm/
4Nd value is high [13].

Samples from the Huoshan section are characterized by
the lowest eng values in the Hefei basin, which range from
—22.0 to —14.6 (Figure 9), indicative of sediments largely
sourced from the basement of the axial Dabie complex. The
Nd isotopic composition regularly changes vertically along
this section. The lower four assemblages (from Petrofacies
Assemblages 1-4) at the Sanjianpu Formation and the lower
part of the Fenghuangtai Formation record the first unroof-
ing process from cover strata in North Huaiyang to the
basement in the axial Dabie complex. The Petrofacies As-
semblages 5-6 in Fenghuangtai Formation represent the
second unroofing event of the medium- to low-grade meta-
morphic rocks and Luzhenguan granites [13].

(i1)) End members of source rocks and their contribution
to basin filling. The plot of exq values as a function of
“7Sm/"**Nd ratios indicates that plotted points for each sec-
tion are relatively centralized, and that the exg values of the
sediments for all sections generally decrease from the west-
ern Wumiao section to the eastern Huoshan section. The
regular variations in the Nd isotopic composition suggest
that sediments in each section were derived from a variety
of source rocks. Therefore it is necessary to determine the
end-member source rocks for each section and calculate
their contribution to the basin sediments.

The plot of eng versus 7S m/'**Nd ratios (Figure 9(b)) for
the Zhuji Formation and the presumed source rocks sug-
gests that at least three end members are needed to explain
the range of the data, which are (A) argillaceous sandstone
of the Yangshan Group; (B) slate, phyllite, and chlorite
schist of the Nanwan and Guishan Formations and
metavolcanic rocks of the Dingyuan Formation; and (C)
granite of the Luzhenguan complex. Presumed three end-
members for the Jinzhai section in the middle part of the
Hefei basin include the Luzhenguan granite (C), the medi-
um- and low-grade metamorphic rocks, quartz schist, and
quartzite in the Foziling Group (D), and felsic gneiss and
eclogite in UHP/HP zone (E). The end-members for the
sediments of the Sanjianpu and Fenghuangtai Formations in
the Huoshan section are granite in Luzhenguan complex and
metamagmatite in UHP/HP zone (end-member C'), quartz
schist and quartzite in Foziling Group (D), and Gneiss and
granulite in NDC (the metamorphic basement of the South
China Block) and metapelite in UHP/HP zone (F) [13].

The end-member composition is taken as the average of
the published data (see references in Liu et al. [13]), which
includes eng value and 7S m/'"*¥Nd ratio of the each end-
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member (Figure 9). The presumed end members can explain
the isotopic character of the Jurassic sediments, and en-
compass all the data of each section in the coordinate sys-
tems of exg value and '“’Sm/'*Nd ratio (Figure 9), suggest-
ing that the sediments were predominantly derived from the
end-member source rocks and the presumed end-members
are correct.

Having characterized the different end members, we can
quantify the erosion of the Dabie orogen by calculating the
relative contribution of each end member for different sec-
tions and different stratigraphic levels [66]. Figure 10 shows
the relative contribution of each source area, calculated for
each sample in all sections. (1) In the Zhuji Formation in the
‘Wumiao section, the sources of the sediments were from the
Yangshan Group, Nanwan and Guishan Formation of
Paleozoic sedimentary sequence and Late Proterozoic gran-
ite in the North Huaiyang. According to variations in the
relative proportions of the end members, three parts, which
are the three Petrofacies Assemblages, are observed. The
contribution of the Luzhenguan granite shows a system

change within the range of 30 wt% to 60 wt% along the
section. (2) The sources for the Sanjianpu Formation in the
Jinzhai section contain detritus derived from the felsic
gneiss and eclogite of the UHP/HP zone (end-member E),
and its contribution is among 29 wt% to 50 wt%. (3) The
sources of the sediments in the Sanjianpu and Fenghuangtai
Formations in the Huoshan section were mainly from the
axial Dabie complex (mainly NDC complex), and the
Foziling and Luzhenguan Groups of the North Huaiyang.
The contribution of end-member F (basement gneiss
in NDC zone mainly) increases from 7 wt% to 59 wt%
in Petrofacies Assemblages 2, 3, and 4, ranges among
12 wt% to 3 wt% at Petrofacies Assemblage 5, and then
increases to 22 wt% at Petrofacies Assemblage 6 [13].
(4) The source rocks filling in the Jurassic Hefei basin in the
northern margin of the Dabie orogen includes the HP/UHP
rocks from the axial Dabie structural belt, the NDC complex
of the basement of the South China block, and strata of
the North Huaiyang. The unroofing of the Dabie orogen
increased in depth eastwards, and the NDC complex located
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Figure 10 Contribution of end-members to the sediments in Wumiao (a), Jinzhai (b), and Huoshan (c) sections. See explanation in text. Modified from Liu

etal. [13].

under UHP rocks was unroofed at the middle Jurassic in the
eastern part of the Dabie orogen. The unroofing ages of the
UHP and HP metamorphic rocks are changed younger
westward.

3.3 Isotopic chronology analysis

The isotope chronology methods applied in the sediment
tracing studies in the marginal basins of the Dabie orogen
mainly include two categories. One is detrital zircon U-Pb
(and detrital mica Ar-Ar) dating to obtain U-Pb and Ar-Ar
geochronological spectra of basin sedimentary rocks, and
trace source rock types and their changes in different stages.
The other is the thermal chronological dating of zircon, mi-
ca, and potassium minerals picked out from granite gravels
to investigate the history of uplift and exhumation of the
intrusive granite in the source area, constrained by the age
of strata that contain the gravels.

Recently some scientists obtained the U-Pb zircon age
spectra from the Late Triassic and Early-Middle Jurassic
strata in the Southeast Hubei basin in the southern Dabie
range and Yueshan basin to the east of the Dabie range. For

the upper Triassic sandstone from Qizhou, the U-Pb age
clusters of these zircons are characterized by 28% of ca.
750-820 Ma, 29 % of ca. 2500 Ma, 12% of 420450 Ma,
21% of 1050-1200 Ma, minor 1700-2000 Ma components,
and no ca. 200-240 Ma grains [67]. The zircon ages of the
Early Jurassic sandstones from Xianning area and drill cores
of the Jianghan basin are dominated by 46% of ca. 1700-
2000 Ma with less ca. 2500 Ma (ca. 19%), 750-820 Ma
(10%), 220-260 Ma (10%), and 2160 Ma (9%) ages [67].
The Middle Jurassic sandstones from the northwestern
Huangshi and drill cores of the Jianghan basin exhibit the
similar age spectra to those of the Early Jurassic, that is, the
four zircon age populations of ca. 1750-2000 Ma, 2500 Ma,
750-820 Ma, and 220-260 Ma with proportions of ca. 41%,
14%, 14%, and 13%, respectively, and minor populations of
ca. 400-500 Ma and 1050-1250 Ma [67]. Yang et al. [68]
obtained the similar zircon age spectra in the Early and
Middle Jurassic sandstones from Huangshi, but the Early
Jurassic sandstones exhibit no 200-300 Ma grain and a few
of 400-500 Ma grains. The test results in Yueshan basin by
Grimmer et al. [69] also show that the Early Jurassic sand-
stones exhibit very few 200-300 Ma grains and no 2400—
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2500 Ma grain. Based on the above detrital zircon dating
results and Ar-Ar chronological and geochemical analyses
of white mica and high-Si-white mica, the scientists [67,69]
thought that the Jurassic basin at the southern margin of the
Dabie range had two source areas, that is, the main Dabie
orogen source in the north and the JNFB source in the south
[67—69]. According to the zircon and high-Si-white mica
grains of 200-300 Ma exhibiting in the Early and Middle
Jurassic strata, they also concluded that the HP/UHP rocks
were unroofed and transported into the Southeast Hubei
basin in the Early Jurassic [67,69]. As for no 200-300 Ma
zircon and high-Si-white mica grains in the Late Triassic
strata, some people identified that the sediment sources
were mainly from the JNFB [67].

Generally, the isotope chronology research results on the
basin sediments conform to those of the lithic petrofacies
analyses, but some questions need to be further deliberated.
(1) The Dabie orogen thrust southwards with a long-
distance since the Middle Triassic, and its southern part
converged with the JNFB. The Late Triassic and Jurassic
basin (especially the Late Triassic foreland basin) in the
southern margin of the Dabie range was almost overlapped
by thrust nappe, and the Late Triassic Jigongshan Formation
of the Southeast Hubei basin was not the deposits in the
foredeep in front of the foreland fold and thrust belt at the
syn-depositional stage. Even the lower part of the Jiuligang
Formation also belonged to the deposits in the backbulge
depozone. Therefore, the sediments of the Late Triassic
Jigongshan Formation at the Southeast Hubei basin were
lack of 200-300 Ma zircon grains, which do not suggest
that the sediments of the whole foreland basin at the south-
ern Dabie orogen were not transported from the north. (2) In
the Early Mesozoic a wide foreland fold and thrust belt was
developed at the southern margin of the Dabie orogen. The
Mianlue suture was located between the UHP metamorphic
terrane and the foreland. 200-300 Ma magmatic zircon and
high-Si-white mica grains exhibited in sediments of the ba-
sins at the southern margin of the Dabie range were origi-
nated from the Mianlue collisional belt or volcanic arc. If
these zircons had been eroded from Dabie HP/UHP rocks,
the major zircon age population would have been 200-300
Ma and 700-800 Ma, otherwise the zircon age population of
ca. 1750-2000 Ma sourced from the northern South China
(The Three Gorges area of the Yangtze, for example) [70]
because this zircon population does not largely exist in the
HP/UHP terranes of the axial Dabie belt.

The dating of the detrital zircon and high-Si-white mica
grains in the Hefei basin at the northern Dabie orogen [71],
similar to the lithic petrofacies analysis, consistently repre-
sents the unroofing age of the HP/UHP rocks. According to
the detrital zircon age spectra of the Fanghushan and
Zhougongshan Formations in the Feixi section (Figure 5(b))
of the Hefei basin, Li et al. [72] concluded that the HP/UHP
rocks in the Dabie orogen supplied source sediments (Trias-
sic zircons) for the eastern part of the Hefei basin in the
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Early Jurassic, for the western part of the basin in the Late
Jurassic, and were totally exposed at the Earth’s surface in
the Late Jurassic. Neoproterozoic zircons as the major
component in the Jurassic sediments indicate that the source
rocks were mainly derived from the exhumed South China
basement rocks in the axial Dabie structural belt.

The thermal chronological analysis on the sedimentary
gravels sourced from the Dabie range is another efficient
method to reveal source rock uplift and exhumation. Litho-
chemical and isotope chronological analyses on the granite
gravel in the Sanjianpu Formation and the Fenghuangtai
Formation in Jinzhai prove that post-orogenic granite was
developed in the major provenance of the Hefei basin; that
is, Dabie orogen or North Huaiyang [73]. Discordant lower
intersection point age of zircon U-Pb of granite gravel is
about 214 Ma, andAr/*°Ar age of muscovite about 196 Ma,
K-Ar age of K-spar about 181 Ma. The former is the diage-
netic age of the sample, and the latter two represent the
sealed ages of muscovite and K-spar respectively. The age
of sedimentary rocks in which a lot of granite gravels ap-
pear in the sedimentary section may represent the newest
age of the exhumation of the granite body, so the age is 166
Ma. Therefore, calculated uplift rates of the granite body
from Late Triassic to early Middle Jurassic are ca. 0.08
km/Ma and 0.4-0.3 km/Ma in the early slowly uplifting
stage and later fast uplifting stage, respectively, after the
formation of the body at 214 Ma [8]. These results supplied
a new evidence for revealing the uplift of the Dabie UHP
and the NHFB. But we have not found any syn-collisional
granite or granite gravel, and the calculated uplift rates are
less than the exhumation rates of the HP/UHP rocks in the
axial Dabie belt, obtained by other calculation methods
[1,13].

4 Evolution of basin/mountain system

Qinling-Dabie orogen was formed by two times of oceanic
basin closure and collision along the Shangdan suture at the
north and Mianlue suture at the south during the Late
Paleozoic and the early Mesozoic, respectively. The closure
of the Shangdan ocean at the earliest Late Paleozoic led to
the collision of the South China and North China Blocks.
Afterwards the Mianlue ocean began to close since the
Middle Triassic, which resulted in overall collisional orog-
eny of the Qinling-Dabie belt and the following intra-
continental orogeny [74,75]. The collisional orogeny and
the highly shortening deformation in the Dabie orogen un-
derthrust, transformed, and eroded some structural zones.
Therefore, revealing the tectonic evolution of the Dabie
orogen largely depends on the reconstruction of the ba-
sin/mountain system and depositional paleogeography. The
Mesozoic basins at the flanks of the Dabie orogen under-
went the transformation from the foreland basin system to
rift basin system (Figures 11 and 12).
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4.1 Late Triassic syn-collisional peripheral foreland
basin system

During the Late Triassic time, the foreland basin in the
southern Dabie orogen, called the Middle Yangtze foreland
basin (including Dangyang and Southeast Hubei basins),
began to develop upon the passive continental margin (Fig-
ure 11(a)). Palaeocurrent and composition data indicate that
sediments derived from the orogen were shed southward
into the basin. At this time, the source area included only
the shallow, supracrustal, sedimentary part of the axial
Dabie zone, including uplifted oceanic sedimentary rocks of
the Mianlue suture. The Late Triassic lithofacies coarsen

towards the mountain front, where braided streams domi-
nated. The stratigraphic thickness is increased towards the
north. Paleogeographic reconstruction shows that the east-
ern part of the foreland basin during this time was subse-
quently overthrust and is not exposed. In the Southeast Hu-
bei basin near to the HP/UHP terranes, the only 50 m thick
Jigongshan Formation, consists of Meandering channel
plain deposits, was located in the backbulge depozone. The
foreland deformation, formed at the syn-collisional stage
and accompanied with foreland basin, only locally remained
in Dahongshan-Baokang, and extended to Fangxian out of
the study area. Therefore, the Dabie block thrust southward
along the Xiangfan-Guangji fault with a long distance in the
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Late Triassic, and the Dabie HP/UHP rocks underwent their
first time of thrust exhumation, but did not exposed to the
Earth’s surface (Figures 3 and 12(c)) [11]. The tectonism of
the whole orogen behaved crustal shortening and thickening.
As for the western extension of the Middle Yangtze basin
and its connection with the Sichuan basin in the west, we
need to do further investigation.

4.2 Jurassic and Early Cretaceous intracontinental
foreland basin system

(i) Jurassic. The Dabie orogen was transformed into in-
tracontinental deformation stage in the Jurassic. The orogen

underwent strong shortening along the north and south
flanks, and the axial HP/UHP rocks underwent a time of the
second rapid exhumation [11,54]. Basin filling in both the
Hefei Basin, to the north, and the Middle Yangtze basin to
the south occurred throughout Early and Middle Jurassic
time (Figures 11(b) and 12(d)). Although Upper Jurassic
rocks are present in the Hefei basin, they are absent south of
the Dabie range. The Late Jurassic basin belt was migrated
to the Zigui area and its west. The Hefei basin contains a
range of petrofacies suggesting repeated episodes of un-
roofing and thrusting. The provenance analysis of the Jin-
zhai and Huoshan sections in the Hefei basin represents
initial unroofing of high-grade metamorphic core rocks in
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the Middle Jurassic, and then exposure of the blanket strata
in the NHFB in the Late Jurassic, which were the products
of northward progradation of the thrust belt in the northern
Dabie range [7]. An abundance of coarse-grained, fluvial
deposits suggest significant relief was developed in the
northern core with likely alluvial fan development along the
Shangdan suture (Xinyang-Shucheng fault). The dominance
of coarse-grained fluvial deposits forming successions up to
6 km thick suggests that while subsidence rates were high,
so too was the abundance of coarse sediment supplied off of
the eroding northern margin of the Dabie range.

To the south of the Dabie core, the Middle Yangtze basin
contains an overall much finer-grained basin fill than seen
to the north. Braid plain deposits are found along the north-
ern parts of the basin. Total sediment thickness during this
time in the Middle Yangtze basin was about 1 km, much
less than observed in the Hefei basin to the north of the
orogen. Composition of basin fill in the Middle Yangtze
basin at this time is still dominated by supracrustal rocks.
The depositional sequence of the Middle Yangtze basin is
similar to that of the northern Sichuan basin, and the both
were a united foreland basin filling. The deposits of this age
in the Sichuan basin are well exposed and show a strongly
developed asymmetry (reaching up to 3 km thick). Late
Jurassic thrusting continued along the south flank of the
Dabie range. The Late Triassic through Middle Jurassic
strata were involved in the deformation. Meanwhile the
axial Dabie structural belt began to thrust southward or
southeastward since the Late Jurassic, and overlapped the
early-formed foreland fold and thrust belt and foreland ba-
sin belt. The JNFB thrust and progradated northward or
northwestward, and converged with the NYFB at the flank
of the Dabie range. This tectonic process led to the foreland
basin depocenter at this time began to move to the west and
into the Zigui basin.

Although the flanking basins appear to record overall
shortening along the margins of the Dabie range, deformation
within the range core suggests significant local extension
[54], and geochemistry of UHP rocks represents a second
rapid extensional exhumation at the same time (Figure 3)
[11]. Overall, the geodynamic driving forces for shortening in
this region are a series of long-lived continent-continent col-
lisions that began with the Shangdan suture (late Paleozoic),
stepped southward into the Mianlue suture (Triassic through
Jurassic) and may include intracontinental subduction of the
North China Block along the Northern Boundary Fault of
Qinling Range during Cretaceous time [36]. Extension may
be the supracrustal response to continued shortening, under-
thrusting of Xiangfan-Guangji and Xinyang-Shucheng faults,
crustal thickening and isostatic rebound. This tectonism in-
duced uplift of the Dabie core HP/UHP rocks (Figure 12(d)).
Unroofing sequences in the flanking basins suggest that ex-
humation of the core was greatest along the northern Dabie
range. In fact, today, the deepest crustal levels are exposed
primarily in the northern part of the range.
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(i1) (Latest Late Jurassic and) Early Cretaceous. Rela-
tively little sedimentary record from this time is found in
limited areas north and south of the Dabie range. Along the
north flank of the range, thrusting continued to step basin-
ward (northward) over time into Zhoukou. Limited expo-
sure of lacustrine and fan-delta deposition indicates source
areas to the south [37]. Zhang et al. [36] have suggested that
during late Early Cretaceous time intracontinental under-
thrusting of the North China Block southward beneath the
Dabie range took place. South of the active part of the thrust
belt, a series of isolated rift basins developed at the southern
margin of the NHFB and farther west. These basins are
bounded by the Xiaotian-Mozitan normal fault along their
southern margins. The most complete rift basin sequence of
this time includes volcanic flows, pyroclastic units, deltaic
units, and lacustrine (Figures 11(c) and 12(e)). Besides,
there were the Early Cretaceous intrusions from the mantle
and lower crust in the Dabie range. South of the Dabie
range, foreland sedimentation was centered to the west of
the study area, into the western Sichuan, during Early Cre-
taceous time. Within the study area, small basin remnants,
consisting of alluvial fan and braid channel plain coarse-
grained clastic rocks, are found near Yichang.

Thus thrust deformation continued along both flanks of the
range, and the northern South China and southern North
China Blocks subducted along the Xiangfan-Guangji and the
Northern Boundary Fault of Qinling Range, respectively. The
orogen underplating, crustal isostatic adjustment further in-
duced extension and collapse. Rift basins began to form along
the north side of the Dabie range as well as extensional, pri-
marily as low-angle, detachment faults continued to develop
in the metamorphic core zone. Extension was penecontem-
poraneous with the third episode of rapid exhumation rec-
orded in the axial Dabie range (Figures 3 and 12(e)) [11,55].

4.3 Late Cretaceous rift basin system

Shortening across the orogen all but stopped by Late Creta-
ceous time, but extension, seen by the development of rift
basins, continued into the early Tertiary. The area over
which extension took place increased from the flanks to the
core with time, eventually involving the entire orogen. The
major Late Cretaceous rift basins and normal faults trend
parallel to the orogen (Figures 11(d) and 12(f)) [14]. The
composition of rift basin sandstones and conglomerates all
across the range and flanking areas show that deep crustal
levels were exposed across the entire Dabie range by Late
Cretaceous time. Prior to this time high-grade metamorphic
basement source areas were only found along the north side
of the range [13,14,26].

5 Analysis of geodynamics

The collisional orogeny of the Dabie range is an important
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issue related with closure of northeastern branch of Paleo-
Tethys ocean. Paleo-geomagnetism research results repre-
sent that there was a paleo-ocean open to the west between
the North China and South China Blocks in the Late Paleo-
zoic [76], which was so called Mianlue ocean located at the
southern of the Dabie range otherwise the Shangdan paleo-
ocean closed at the Late Paleozoic. Because of overlapping
and transformation of the thrust at the southern flank of the
Dabie range, the remnant basin sediments help to reveal the
geodynamics of the basin/mountain system.

Liu et al. [26] initially put forward northwestward,
oblique subduction model of the South China Block under
the North China from Middle Triassic to Late Triassic,
based on geological evidences below. From late Middle
Triassic to Late Triassic, a thick foredeep flysch developed
in the Songpan in the western part of the northern South
China Block, and was the deposits at the initial stage of the
ocean closure. This foredeep is not present along its strike
to the east, and replaced by shallow marine basin at the
northwestern Sichuan, and continental basins at the north-
eastern Sichuan and the Middle Yangtze. Thus the Mianlue
ocean closed from east to west, which induced a continuous
shortening and thrusting at the southern flank of the Dabie
range. The collision along the Mianlue ocean began at its
east, causing deep subduction of the Dabie-Sulu orogen,
formation of the HP/UHP rocks, and their later rapid exhu-
mation by thrust [54]. Zhu et al. [77] also concluded that the
Tanlu fault, located between the Dabie-Sulu orogen, un-
derwent a northwest-vergent, strike-slipping subduction and
collision in the Late Triassic.

The conglomerate at the base of Jurassic and its uncon-
formity with the underlying strata mark the collision be-
tween the South China and North China Blocks, and step-
ping into the stage of intracontinental evolution. A united,
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nearly E-W trending northern Yangtze foredeep (at the
southern flank of the Qinling-Dabie range) was not formed
until Middle Jurassic. The integration of the foreland basin
system represents the complete amalgamation of the South
China and North China Blocks, and face-to-face shortening
and thrusting [26]. Prototype basin reconstruction shows
that the northern Yangtze basin belt is lack of northern mar-
ginal zone at its eastern part, and extends eastward across
the southern Dabie range to connect with Yueshan basin
[28]. This geological evidence proves that the Dabie HP/
UHP terranes thrust southwards for a long distance after the
Middel Jurassic. During Late Jurassic, the NYFB thrust
southwards and the JNFB expanded northwestwards, the
two belts joining together and the early foreland basin in
turn became involved in deformation. The depocenter mi-
grated to the Zigui Basin. Meanwhile, the NHFB and Juras-
sic Hefei foreland basin were developed at the northern
flank of the Dabie range. Thus, shortening deformation and
two-sided thrust continued along both flanks of the range,
which induced rapid exhumation of the HP/UHP rocks. This
exhumation mechanism may be related with thickening and
doming of the orogen core [14]. Some thought that this
stage of exhumation was related with eastward extrusion
[52,17], but Li et al. [17] proved that this eastward extrusion
induced the extension of the Dabie core. Based on prove-
nance analysis of the Hefei basin sediments, Liu et al. [13]
demonstrated that unroofing depth of the Dabie orogen was
increased eastwards, the unroofing ages of the UHP and HP
metamorphic rocks changed from Early Jurassic to Late
Jurassic westward, and the exhumation rate during the Late
Triassic and Jurassic was inferred to have increased east-
ward from ca. 1.4 mm/a to ca. 2.5 mm/a on average (Figure
13). The difference in unroofing ages and exhumation rates
may be related with shortening deformation generated early
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at the east and later at the west, which was induced by
oblique subduction during the Middle and Late Triassic time.

During the Early Cretaceous, thrust deformation contin-
ued along both flanks of the range, and controlled the local
foredeep subsidence at the outer edges. Local rift dominated
the range core. The NYFB and the JNFB were overlapped
and converged, and the joint front continuously migrated
westwards. Under this tectonic control, the depocenter con-
tinuously moved to the west into the western Sichuan. Re-
gionally, the structural framework in the Early Cretaceous
was characterized by sinistral strike-slipping thrust along
the Longmen Mountains at the western South China,
northward extrusion of the Micangshan-Hannan block, sin-
istral strike-slipping in the JNFB, turning to NEE trending
of the northern East Sichuan fold belt, and extensional rift-
ing to the east of Zhangjiajie-Wuxue [28]. This structural
setting represents that the South China block clockwise ro-
tated relative to the North China-Qinling-Dabie block dur-
ing their oblique convergence, and the East China began to
spread due to paleo-Pacific subduction.

During the Late Cretaceous and its later, the Dabie oro-
gen was characterized by a basin/mountain framework of
extension and collapse. Regionally the boundary of struc-
tural differentiation between the east and the west in the
South China migrated to Ansi-Fangxian, with extension to
its east and shortening to its west. This tectonic situation
may be caused by a combination of the plate collisional
orogeny in the western Tethys domain and the tectonism in
the eastern circum-Pacific domain.

Therefore, the Dabie range, in central China, records a
prolonged period of shortening since the Middle Triassic
that became less intense over time. Meanwhile, extension
became more common from Jurassic into Tertiary time.
Either compression or extension was isochronous but lim-
ited to crustal levels. Penecontemporaneous compression
and extension across the orogen may reflect long-term
(>100 Ma) shortening [78] and continental crustal thrusting
and thickening leading to gravitational spreading and iso-
static rebound of the resultant thick crustal welt, and exhu-
mation of the HP/UHP rocks. The development of these
basin/mountain systems was the Earth’s surface response to
lateral accretion of the orogen, vertical thickening of the
continental crust, uplift and exhumation of the basement,
and deep mantle tectonic process during continental colli-
sion orogeny.

6 Conclusions and perspectives

(1) The Dabie orogen records a tectonic history of short-
ening and thrust from the Middle Triassic to Early Creta-
ceous which controlled the outer marginal foreland basin
formation, gradually doming and local rifting at the core
from Jurassic to early Cretaceous, and then overall collapse
of the whole orogen after the Late Cretaceous.

March (2013) Vol.58 No.8

(2) The depth of exhumation in the axial Dabie complex
and the North Huaiyang increased from west to east, and the
unroofing ages of the UHP and HP metamorphic rocks in
the Dabie orogen vary from Early Jurassic to Late Jurassic
westward. The sediment source areas for the Hefei basin are
composed of the deeply exhumed, axial Dabie metamorphic
complex, and the sediment sources for the Middle Yangtze
basin are mostly from cover strata in the southern Qin-
ling-Tongbai orogen and related strata with subjacent (i.e.
subsequently overthrusted) Mianlue suture belt.

(3) Continental collision between the North China Block
and the South China Block along the Shangdan and Mianlue
sutures, subsequently northwestward progradation of the
JNFB, and underthrusting of the North China Block along
the Northern Boundary Fault of Qinling Range led to a pro-
longed period of shortening (>100 Ma) and crustal thicken-
ing, subsequently gravitational spreading, balanced uplifting,
and exhumation of the HP/UHP rocks. This tectonism fully
reflects the response of the Earth’s surface basin/mountain
systems to lateral accretion of the orogen, vertical thicken-
ing of the continental crust, uplift and exhumation of the
basement, and deep mantle tectonic process during conti-
nental collision orogeny.

The Dabie orogen develops broad exposed HP/UHP
rocks, which are infrequent in the world. The exhumation of
the HP/UHP rocks and the eroded material transportation
directions are still closely-concerned scientific issues. Most
scientists have realized that the eroded materials from the
Dabie range were transported to the Middle and Late Trias-
sic Songpan basin so far, but they did not find enough evi-
dences for transportation channels and structural framework.
The point of view that the source area for 200-300 Ma de-
trital zircons in the Mesozoic northern Yangtze basin was
defined to be the HP/UHP rocks in the Dabie range needs
further study. The future studies also include eastward ex-
tension of the Mianlue suture, the tectonism of the Tanlu
fault during the Early Mesozoic, subducted and removed
structural zones at the flanks of the Dabie UHP terranes,
especially southward-overlapped zones, and their relation-
ship with the zones in the Qinling-Tongbai orogen. Because
of the subduction, overlapping, and erosion coursed by the
highly shortening in the Dabie orogen, some structural
zones disappeared or unexposed on the Earth’s surface.
Therefore, the basin stratigraphy at the flanks of the range
recorded the tectonism since the Mesozoic, and the margin-
al sedimentary basins are the important ‘window’ to reveal
the above issues.
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