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Abstract: The Fangshan area, SW of Beijing, lies at the junction of the NNE-trending Taihang mountain

range and the southeastern portion of the Yanshan intraplate orogenic belt and has undergone at least five

stages of deformation. Mid- to late Triassic extensional deformation (D1) is represented by the formation of

the Fangshan tectonic dome during SE-directed extensional tectonics. This deformation was later modified by

NNW-directed thrusting in the late Triassic (D2) and WNW-directed thrusting in the late Jurassic (D3). These

D1 –D3 structures were deformed by the arcuate Beiling syncline (D4), which formed during the intrusion of

the 133–128 Ma Fangshan pluton. D5 deformation is represented by Cretaceous to Quaternary NNE-striking

high-angle normal faults. The ages of these events demonstrate that the principal ENE-trending tectonic

framework of the Yanshan intraplate orogenic belt was established mainly in the mid- to late Triassic (the

Indosinian event). The Jurassic to Cretaceous Yanshanian deformation with thick-skinned thrusting was

associated with intrusion of numerous plutons, and strongly modified the older structures. The tectonic

evolution of the Fangshan tectonic dome was linked genetically with the collision of the North China Block

and the Siberian Craton, and the later collision of the North and South China blocks.

The ENE-trending Yanshan intraplate orogenic belt has been

known in China since the study by Wong (1929), and many

subsequent studies have been carried out (e.g. Zheng et al. 1988;

Davis et al. 1989, 2001; Hebei Bureau of Geology 1989, 1990;

Liaoning Bureau of Geology and Mineral Resources 1989; Zhao

et al. 1990; Beijing Bureau of Geology and Mineral Resources

1991; Shan et al. 1991; Faure & Natlin 1992; Wang 1996; Zhang

1996; Chen 1998; Zhang, C. et al. 2001; Darby & Ritts 2002)

(Fig. 1). Although the geological and geophysical characteristics

of the Yanshan belt are well known (Hebei Bureau of Geology

1989; Liaoning Bureau of Geology and Mineral Resources 1989;

Beijing Bureau of Geology and Mineral Resources 1991),

interpretations of its structural style and kinematics are contro-

versial. For example, it is considered by some to represent a

thick-skinned tectonic domain involving numerous thrust faults

that cut steeply downward into the Archaean crystalline base-

ment (Bao et al. 1983; Beijing Bureau of Geology and Mineral

Resources 1991; Zhang 1996). This structural pattern is similar

to that of the Laramide orogenic belt in the Rocky Mountains of

the USA (Richard 1991; Robert 1998; Timothy & Stephen 1999;

Martin 2003). However, numerous thin-skinned features, includ-

ing thin-skinned folds and thrust faults, have also been identified

(Song & Ge 1984; Shan et al. 1991; Wang 1996; Davis et al.

1998, 2001).

Previous studies have dealt largely with the Late Mesozoic

deformation of the Yanshan belt (e.g. Faure & Natlin 1992; Davis

et al. 1998, 2001; Darby et al. 2001). For example, in the

northern part of the North China Block (Fig. 1), several

metamorphic core complexes occur along the Yinshan–Yanshan

mountain ranges. The metamorphic core complex at Hohhot

(Fig. 1) has an Archaean basement core separated from Meso-

proterozoic to Cretaceous cover rocks by a low-angle normal

(detachment) fault. This was formed during a major period of

SE-directed extension during Early Cretaceous time immediately

following cessation of thrusting (c. 125 Ma) in the east–west-

trending Yinshan fold-and-thrust belt (Davis et al. 2002).

Similarly, the Yunmen metamorphic core complex (Fig. 1; Davis

et al. 1996) and the quasi-metamorphic core complex (Fig. 1;

Han et al. 2001) formed during mid- to late Cretaceous

extension. These metamorphic core complexes, which lie within

the Yanshan belt, represent a major period of intra-continental

extension during Late Mesozoic time (Meng 2003; Meng et al.

2003). Although Late Palaeozoic to Early Mesozoic (Permian to

Triassic) deformation is also known (Song & Ge 1984; Darby et

al. 2001; Davis et al. 2001), its structural style and tectonic

significance have not been investigated.

An Early Mesozoic period of extension is interpreted by the

structural features recently identified within a number of exten-

sional tectonic domes, including the Fangshan (Shan et al. 1991),

Dushan (Yu & Zhang 1996), Malanyu (Chen 1999), Fuping and

Zanfang domes (Lei et al. 1994; Niu et al. 1994), and several

other possible extensional tectonic domes (Fu 1999). These

domes together define a NE-trending extensional belt within the

Yanshan and Taihang mountain ranges (Fig. 1). East China was a

plateau during Mesozoic time and the mechanism of collapse of

this plateau has been a matter of debate (Fan & Hooper 1991;

Yin & Nie 1996; Zhang, Q. et al. 2001; Davis 2003; Fan et al.

2003). Thus the study of these tectonic domes may yield

important insights into the understanding of the Mesozoic

tectonic evolution of East China.



The Fangshan tectonic dome is of particular interest because it

lies at the junction of the NNE-trending Taihang tectonic belt

and the ENE-trending Yanshan intraplate orogenic belt and has

been overprinted by several periods of deformation (Fig. 2; Song

& Ge 1984; Shan et al. 1991). The Fangshan tectonic dome was

only recently recognized as an extensional dome. Previously, the

Archaean basement rocks of the dome were considered to

represent the contact metamorphic aureole of an intrusive

Mesozoic pluton (Ho 1936; Guo 1985; Liu & Wu 1987). In

addition, several periods of deformation and metamorphism have

extensively modified the complex and obscured its true nature.

During this study, we carried out extensive field mapping and

obtained new geochronological data to determine the age and

character of deformation within the Fangshan tectonic dome. In

this paper, we discuss the age, lithology and structural styles of

the Fangshan tectonic dome, and its tectonic significance in the

context of the Yanshan and Taihang tectonic belts.

Geological background

The North China Block is bounded by the Qinling–Dabie

orogenic belt to the south, and by the Central Asian orogenic belt

(Mongolo-Okhotsk accretionary belt) to the north (Fig. 1, inset).

The Central Asian orogenic belt has undergone several stages of

deformation, with ophiolites marking NNW-directed subduction

during late Palaeozoic time along the Suolun–Linxi suture zone

(Fig. 1; Zhang et al. 1984; Wang & Liu 1986; Nie et al. 1990;

Zhao et al. 1990; Enkin et al. 1992; Yin & Nie 1996; Xiao et al.

2003). The Suolun–Linxi suture zone is composed of numerous

top-to-the-north thrust faults and Palaeozoic ophiolites that were

thrust southward onto Ordovician to Lower Permian strata (Wang

et al. 1990; Wang 1996). This zone is intruded by Mesozoic

granites and unconformably overlain by sporadic outcrops of

Mesozoic strata (Fig. 1). Further to the north, the Mongolo-

Okhotsk ocean opened in the Triassic, and began subducting to

both the north and south during Late Triassic time (220–

Fig. 1. Simplified geological map of the Yanshan mountains and adjacent areas in the North China Block. The location of the Fangshan area is shown

(compiled from the following maps: Beijing Bureau of Geology and Mineral Resources 1991; Hebei Bureau of Geology 1989; Yin & Nie 1996; Chen

1998; Davis et al. 1998; Darby et al. 2001). QDOB, Qingling–Dabie Orogenic Belt; SGOB, Songpan–Ganzi Orogenic Belt; SLOB, Sulu Orogenic Belt;

XQF, Xifengkou–Qinlong fault; XCF, Xianfa–Chicheng fault; DCF, Duolun–Chifeng fault; XSF, Xingtai–Shijiazhang fault; TLF, Tan–Lu fault.
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Fig. 2. Geological map of the Fangshan area, SW of Beijing (modified on the basis of Song et al. 1996).
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208 Ma) (Yin & Nie 1996). The closure of this ocean and the

final collision between the North China Block and the Siberian

Craton, to form the Mongolo-Okhotsk accretionary belt, may

have occurred during Late Jurassic time (Fig. 1, inset) (Ren et al.

1990; Yin & Nie 1996).

To the south, the c. 230 Ma indentation of the South China

Block into the North China Block produced the Qinling–Dabie

orogenic belt (e.g. Hacker et al. 1998; Chavagnac et al. 2001;

Ayers et al. 2002), associated with dextral east–west-striking

faults and the left-slip, NNE-striking Tan–Lu fault (Fig. 1, inset;

Yin & Nie 1996). In the eastern North China Block, this

indentation resulted in extensive north–south crustal shortening

and subsequent intra-continental deformation (Yin & Nie 1996).

This subsequent deformation resulted in the formation of a

topographically high region, the North China Plateau, where little

Triassic sediment was deposited and adakitic rocks were formed

(Fan & Hooper 1991; Yin & Nie 1996; Zhang, Q. et al. 2001;

Davis 2003; Fan et al. 2003; Meng 2003). During Jurassic time,

continued westward displacement of the South China Block

relative to the North China Block along the Tan–Lu fault led to

WNW-directed movement of the southern North China Block

and ESE-directed extrusion of the Yanshan intraplate orogenic

belt (Zhang 1997).

The Yanshan intraplate orogenic belt, located at the northern

margin of the North China Block, is the eastern segment of the

ENE-trending Yanshan–Yinshan belt (Hebei Bureau of Geology

1989; Beijing Bureau of Geology and Mineral Resources 1991;

Davis et al. 1998) (Fig. 1). It is separated from the North China

Plain to the south by the concealed, high-angle normal Guan–

Changli fault, which is marked by concentrated electrical isobath

and gravity gradients (Hebei Bureau of Geology 1989). Within

the Yanshan belt, numerous ENE-striking dextral-slip, transpres-

sional faults, including the Duolun–Chifeng fault, Xianfa–

Chicheng fault and Xifengkou–Qinlong fault, are related to

multiple stages of deformation between the Palaeoproterozoic

and the Mesozoic (Hebei Bureau of Geology 1989; Beijing

Bureau of Geology and Mineral Resources 1991). In the central

part of the North China Block, the NNE-trending Taihang

mountain range was uplifted in the Cenozoic (Hebei Bureau of

Geology 1990; Beijing Bureau of Geology and Mineral Re-

sources 1991). This mountain range is separated from the North

China Plain to the east by the Xingtai–Shijiazhang high-angle

normal fault, also a concealed fault inferred from geophysical

data and confirmed in drill holes (Hebei Bureau of Geology

1989). The mountain range gradually merges into the Shanxi

Plateau to the west (Fig. 1).

The basement of the North China Block consists dominantly

of middle to upper Archaean gneisses, granulites and migmatites,

and is overlain by a variety of Mesoproterozoic to Triassic cover

rocks, which are mostly undeformed (Hebei Bureau of Geology

1990; Beijing Bureau of Geology and Mineral Resources 1991;

Kusky et al. 2004). The cover sequence includes Meso- to

Neoproterozoic (c. 1850–800 Ma) shallow-water marine strata of

variable thickness, Cambrian–Middle Ordovician shallow marine

carbonates and Upper Carboniferous–Permian marine carbonates

and terrestrial, coal-bearing clastic rocks. The Upper Permian

rocks are unconformably overlain by Lower Triassic red-beds

and conglomerates, which in turn, are unconformably overlain by

Lower Jurassic–Cretaceous terrestrial volcanic and clastic depos-

its (Beijing Bureau of Geology and Mineral Resources 1991).

In the Fangshan area (Fig. 2), the rocks are similar to those in

the rest of the North China Block (Fig. 3). The basement rocks

consist of the Archaean Guandi complex, which is composed of

crystalline rocks with an age of c. 2.5 Ga (see below). The

Mesoproterozoic strata belong to the Changcheng and Jixian

groups. The Changcheng group consists of clastic rocks whereas

the Jixian group is composed of both fine-grained clastic and

carbonate rocks that structurally overlie the Guandi complex.

The Mesoproterozoic strata are conformably overlain by the

Neoproterozoic–Lower Palaeozoic Qinbaikou group composed

of clastic deposits with minor carbonates. Coarse-grained clastic

rocks make up most of the Upper Palaeozoic, Triassic and

Jurassic sequences, although the latter contains some interlayered

coal beds (Fig. 3).

The Guandi complex and its overlying sedimentary strata are

intruded by the Fangshan pluton (Fig. 2). This intrusion is

composed of quartz diorite and granodiorite. The quartz diorite

has yielded K–Ar biotite ages of 131.0 � 5.4 and

132.7 � 0.12 Ma, and K–Ar amphibole ages of 129.1 � 0.52 and

132.8 � 0.12 Ma (Beijing Bureau of Geology and Mineral

Resources & China University of Geosciences 1988), and 40Ar/
39Ar biotite ages of 133.0 � 0.9 and 132.7 � 1.4 Ma (Liu & Wu

1987). The granodiorite from this intrusion is dated at

128.5 � 1.5 Ma (zircon U–Pb age) (Davis et al. 2001) and

127.7 � 5.1 Ma (K–Ar biotite age) (Beijing Bureau of Geology

and Mineral Resources & China University of Geosciences

1988). Thus the Fangshan pluton was emplaced at c. 130 Ma

(128–133 Ma).

Age of the Guandi complex

The first step in understanding the geology of the Fangshan

tectonic dome is to distinguish between the metamorphic core

and the later c. 130 Ma dioritic intrusion. The protolith and

metamorphic ages of the core complex were previously un-

known. Thus, we dated zircons from a sample of orthogneiss

(FG-3; Fig. 2) from the inner core composed of plagioclase,

microcline, amphibole, biotite and quartz.

Analytical techniques

Isotopic analyses were performed on the sensitive high-resolution ion

microprobe (SHRIMP II) in the Institute of Geology, Chinese Academy

of Geosciences, Beijing. Zircon samples were mounted in epoxy and

ground to approximately half their thickness to expose their centres. A

piece of reference zircon SL13 from the Research School of Earth

Science at the Australian National University, and several grains of the

TEMORA standard (TEM; see Black et al. 2003) were also prepared in a

separate mount. The analytical procedure is similar to that given by

Compston et al. (1984). For zircon analyses, nine ion species of Zr2Oþ,
204Pbþ, 207Pbþ, 208Pbþ, Uþ, Thþ, ThOþ and UOþ were measured on a

single electron multiplier by cyclic stepping of the magnetic field,

recording the mean ion counts of every seven scans. A primary ion beam

of about 4.5 nA, and 10 kV O2� was used to measure a spot about 25–

30 �m in diameter. Mass was analysed at a mass resolution of about 5400

(1% peak height). Inter-element fractionation in ion emission of zircon

was corrected relative to the RSES references, using standard SL13 and

TEMORA. The reproducibility of the TEMORA reference material was

about 2%. The software SQUID 1.02 and ISOPLOT (Ludwig 2001) were

used for data processing. The correction for initial lead (from 204Pb) was

made using the Pb composition (Stacey & Kramers 1975) recommended

by IUGS (1977). Uncertainties in ages are cited as 1�, and the weighted

average mean ages are quoted at 95% confidence limits.

Analytical results

The results of the analyses are shown in Figure 4 and Table 1.

Zircon grains from sample FG-3 show sector zoning with the

characteristics of well-defined high-, intermediate- or low-U

cores. Three analyses (FG3-5, 6 and 13) show a small degree of
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Fig. 3. Columnar section showing the lithologies, thicknesses and map

symbols of the major sedimentary sequences in the Fangshan area. On

the right is a modified section showing the sequence after thinning and

removal of lithological units by detachment faulting.
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Pb loss, leading to younger apparent 206Pb/238U ages. Five

analyses are discordant and define a discordia line. These

analyses together with six remaining concordant analyses yield

an upper intercept 206Pb/238U age of 2521 � 20 Ma and a lower

intercept age of 681 � 140 Ma (96% confidence), where the

uncertainty is the 1� error on the mean and the mean square

weighted deviation (MSWD) is 1.4 (Fig. 4). The upper intercept

age is considered the best estimate of the crystallization age,

whereas the geological significance of the lower intercept age is

uncertain because of its larger error. Therefore, the Guandi

complex is interpreted as part of the Archaean basement.

Geology and deformation of the Fangshan tectonic
dome and surrounding areas

At least five generations of deformation were identified in the

Fangshan tectonic dome and surrounding area. Formation of the

Fangshan tectonic dome encompasses an early extensional phase

of deformation (D1), which was overprinted by four additional

stages of deformation.

Early Mesozoic extensional deformation (D1)

An early Mesozoic extensional deformation was responsible for

the initial formation of the Fangshan tectonic dome, which

consists of two units (Fig. 3): a basement complex locally known

as the Guandi complex and an overlying ductilely deformed slab

of Mesoproterozoic, Neoproterozoic, Palaeozoic and Lower

Triassic strata. After deformation, the Lower Triassic strata were

unconformably overlain by Jurassic terrestrial deposits (section

A–A9 in Fig. 2; Fig. 3a). These deposits contain abundant fossils

including Coniopteris–Phoenicopsis in the upper part, and

Dictyophyllum sp., Neocalamites sp., Cladophlebis sp., Ctenis

sp., Czekanowskia rigida and Podozamites lanceolatus in the

lower part, all of which indicate a Jurassic age (Hebei Bureau of

Geology 1989) (Fig. 3a). Major detachment faults, interpreted as

extensional in origin, separate the deformed slab from the

basement complex and overlying cover unit. There are also

numerous detachment faults within the middle slab (Wei & Song

1990; Shan et al. 1991) (Figs 2 and 3b).

Fig. 4. SHRIMP zircon U–Pb isotopic concordia plot for the Guandi

complex, Fangshan area, SW of Beijing. T
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Basement complex and basement detachment fault. The Archae-

an Guandi complex crops out locally along the northern and

southern margin of the Fangshan pluton (Fig. 2). The complex is

composed of amphibolite, gneiss, quartzite and mafic dykes all

metamorphosed under amphibolite-facies conditions with meta-

morphic mineral assemblages of almandine þ biotite þ plagio-

clase þ quartz or amphibole þ biotite þ plagioclase þ quartz.

All of these rocks carry a gneissic foliation with variable strike

and dip. Ductilely deformed rocks include felsic and amphibo-

litic blastomylonite and phyllonite.

Blastomylonite is mainly felsic with numerous lenses of

amphibolite and defines a zone of a few centimetres to several

tens of metres thickness. This zone is structurally below the

detachment fault, separating the Archaean basement from the

deformed slab (Figs 2, 3b and 5). It is characterized by ductile

structures such as elongate quartz, plagioclase ribbons, alternating

bands of dark and light minerals and a stretching lineation, and

metamorphosed under amphibolite- to high greenschist-facies

conditions with metamorphic mineral assemblages of kyanite þ
chloritoid þ almandine þ staurolite þ biotite þ muscovite þ

plagioclase (Fig. 5; Shan et al. 1991). The mineral lineations on

the S1 foliation indicate a NW–SE trend. Near the basement

detachment fault, deformational features include S–C foliations,

asymmetric pressure shadows and rotated porphyroclasts, all of

which show a top-to-the-SE sense of shear (Fig. 5b and c).

The basement detachment fault is characterized by gouge and

micro-breccia. Along the northern margin of the Fangshan pluton

there is a 5–10 cm thick layer of gouge and micro-breccia at the

top of the detachment fault (Figs 2 and 5a, b). Locally a sheet of

schistose diorite along this fault (Fig. 5b) has a mylonitic

foliation and is believed to be contemporaneous with the shear

deformation (Song et al. 1996). This sheared diorite has a K–Ar

amphibole age of 207 � 2 Ma (Beijing Bureau of Geology and

Mineral Resources & China University of Geosciences 1988), an

age for the formation of the shear zone (Song et al. 1996).

Felsic dykes intruding the mylonite are interpreted to be

contemporaneous with the adjacent granodiorite of the Fangshan

pluton (section B–B9 in Fig. 2; Fig. 5b). There are abundant

xenoliths of blastomylonite at the margin of the pluton, indi-

cating that the intrusion postdates the shear zone.

Fig. 5. Field photographs showing the basement detachment fault. (a) Blastomylonite, mylonitic foliation and mineral lineation on the foliation of the

basement detachment fault in Guandi village, south of the Fangshan pluton (Fig. 2). (b) Mesoproterozoic Xiamaling Formation (Qnx) directly in contact

with the Guandi complex (Arg), north of the Fangshan pluton. A basement detachment fault separates the core complex (Arg) from the Qnx and is

associated with blastomylonitic rocks. A 5–10 cm thick layer of yellow fault gouge and micro-breccia is also visible. It should be noted that the diorite

was involved in the deformation associated with the mylonitic foliation, but the felsic dykes intruded into the detachment fault and cut through the

mylonitic foliation. (c, d) S–C fabric of a blastomylonitic rock in the footwall of the basement detachment fault.
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Rocks in the hanging wall of the basement detachment fault

have a foliation (S1) parallel to the fault. Near the detachment

fault, mylonitic rocks or micaschist have a foliation (S1) parallel

to the lithological boundary marked by a carbonaceous schist

layer (S0). The micaschist also forms small-scale recumbent

folds with NE-trending axes. The detachment fault is at a small

angle to the hanging-wall bedding layers (Figs 2 and 5b) (Song

et al. 1996).

Mesoproterozoic, Neoproterozoic or Lower Palaeozoic strata

of the middle slab are locally in direct contact with the

amphibolitic blastomylonites of the footwall of the detachment

fault (Fig. 2). Parts of the Mesoproterozoic and Jixian group are

missing and have either been thinned or selectively removed by

faulting (Fig. 3b).

Ductilely deformed slab. The ductilely deformed slab (Figs 3 and

7), separated from the basement complex by the basement

detachment fault, consists of Mesoproterozoic, Neoproterozoic,

Palaeozoic and Lower Triassic sedimentary sequences that crop

out around the basement complex (Fig. 2). These sequences have

undergone low to middle greenschist-facies metamorphism with

metamorphic mineral assemblages of sericite þ epidote þ
actinolite þ plagioclase þ chlorite þ quartz, but original

sedimentary structures are well preserved. Within the slab, there

are pervasive intrafolial recumbent folds of the original bedding

layers with amplitudes and wavelengths of variable scales (Fig.

7). The axial planar cleavage of the recumbent folds represents

development of a penetrative foliation S1 (Fig. 7a, b, d, e, h and

i). Incompetent layers in the sequence formed ductile shear zones

with phyllonite (Fig. 7b and e). The Meso- to Neoproterozoic,

Palaeozoic and Lower Triassic units within the sequence were

thinned or selectively removed by numerous detachment faults

with top-to-the-SE sense of shear, as indicated by the overturned

direction of the recumbent and sheath folds (Figs 3b and 7a–d,

g, h). Mineral lineations on the S1 foliation and the axes of

sheath folds trend between 310 and 3258 on the southwestern

side of the Fangshan pluton (Fig. 7c–e), and between 105 and

1258 on the northern margin (Fig. 7f–h). The extension direction

coincides with the mineral lineation on the mylonite foliation of

the basement detachment, which has a top-to-the-SE sense of

shear if the S1 foliation is restored to horizontal (assuming that

the strata were horizontal before the subsequent deformations).

Subsequent deformation

The early extensional deformation (D1) was followed by two

stages of thrust faulting (D2 and D3), formation of the arcuate

Beiling syncline (D4), and late-stage normal faulting (D5).

Western overthrust system (D2). The western overthrust system

includes the Huangshandian, Changchao and Xiayunling nappes

in the western part of the mapped area (Ge & Ren 1990) (section

C–C’ in Fig. 2; Figs 6 and 8).

In the footwall of the Huangshandian thrust fault, a narrow

band of the Qinbaikou group of varying thickness forms the core

of a syncline, which appears as a recumbent fold with an axial

plane dipping to the SE (section C–C9 in Fig. 2; Figs 6 and 8).

In the normal limb of the syncline, ductile shear zones with S–C

fabric and subhorizontal S1 foliation, which can be traced

continuously to the detachment near the core complex (Shan et

al. 1991), were preserved and involved in the Huangshandian

thrust system (Fig. 8a and b), and show that the folded surface is

the S1 foliation that was formed during the earlier stage of

extensional tectonics.

Thrust faults, which strike at N75–808E, formed along the

overturned limbs of synclines. To the east, the Huangshandian

thrust faults cut through the D1 detachment fault, and folded the

detachment fault into the broad Zhoukoudian anticline (Figs 2

and 6). The thrust faults cut through the overturned limb of the

syncline with a steep dip and formed a ramp in the northernmost

outcrop, whereas they developed along the subhorizontal S1

foliation and formed the flat to the south (sections in Fig. 6).

Mineral lineations of calcite fibres on the thrust faults suggest a

displacement direction of 340–3508.

A thicker band of the Jixian group forms the core of the

isoclinal anticline in the hanging wall (Figs 6 and 8). Inverted

stromatolites within the Wumishan Formation are top downward

towards the NW, indicating the overturned limb of the recumbent

fold (Fig. 8a and c). The anticline axis trends N758–808E,

whereas the overturned-to-the-NW facing direction of the recum-

bent fold suggests that the direction of thrusting was 340–3508

(section C–C9 in Fig. 1). The thrusting did not affect the

Archaean basement and appears to result from a thin-skinned

style of deformation.

The Xiayunling nappe is located north of the Huangshandian

nappe (Fig. 2; section C–C9 in Fig. 2). The footwall of the thrust

fault is composed of a narrow syncline with Cambrian to

Ordovician strata exposed in the core and an inferred broad

anticline with Proterozoic strata of the Jixian and Qinbaikou

groups in the core. The thrust fault, which formed along the

overturned limb of the isoclinal anticline of hanging wall, has a

steep dip (.458) at the western side, but is subhorizontal to the

east, and therefore has a flat-ramp geometry (Shan et al. 1991).

The structural styles are similar to those of the Huangshandian

nappe (section C–C9 in Fig. 2). On the cross-section C–C9 in

Figure 2, the magnitude of slip of the thrust fault is estimated to

be about 5 km.

The Xiayunling thrust fault displaced the hanging-wall rocks

to the NW (310–3188) based on the vergence of the recumbent

anticline and calcite fibre lineations on the fault surface. This

direction is consistent with the mineral stretching lineation

(312–3188) within the mylonite along the fault (Shan et al.

1991). The overthrust fault, which is overlain unconformably by

Jurassic strata in the Beiling syncline (see below), cross-cuts the

D1 detachment faults and the associated ductilely deformed slab,

indicating an age of later than D1 and earlier than Jurassic.

The Changcao nappe, NW of the Fangshan tectonic dome,

consists of the Qinbaikou group and Cambrian–Ordovician strata

in the footwall, and an east–west-striking thrust fault formed

along the north limb of the Gujishan anticline, which belongs to

the hanging wall (Fig. 2). The thrust fault, extending to the west

of Ligezhuang, cross-cuts the D1 detachment fault, and termi-

nates in the broad Gujishan anticline (Fig. 2).

Nandazai thrust (D3). NE of the Fangshan tectonic dome (Figs 2

and 9), the footwall of the Nandazai thrust fault comprises

Palaeozoic strata with well-preserved structural characteristics of

the ductilely deformed slab (D1). The NNE-striking bow-shaped

Fig. 6. A geological map showing the Huangshandian nappe with cross-sections E–E9, F–F9 and G–G9 (compiled on the basis of Shan et al. 1991). The

stereonet plots (lower hemisphere projections) of mineral lineations on the S1 foliation (lower left) and S2 (upper right) should be noted.
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Nandazai thrust fault, which dips gently to the ESE, cuts through

the detachment faults and the S1 foliation of the ductilely

deformed slab. Breccia, fault gouge and slickenlines are devel-

oped on the surface of the thrust fault. To the east, the hanging

wall comprises the Mesoproterozoic Changcheng group (Chc)

disposed in an asymmetrical anticline with an axial plane that is

inclined steeply to the east (Shan et al. 1991) (Figs 2 and 9).

Therefore, the hanging wall is interpreted as an allochthonous

nappe, which was thrust westward onto Palaeozoic rocks along

the Nandazhai fault (Beijing Bureau of Geology and Mineral

Resources & China University of Geosciences 1988; Shan et al.

1991). The Nandazai thrust fault, cross-cutting the northeastern

limb of the Beiling syncline, was intruded by the apophyses of

the Fangshan pluton (Shan et al. 1991; Song et al. 1996) (Figs 2

and 9).

West of Changcao, a NNE-striking fault thrust the Jixian

group over the Qingbaikou group and Lower Palaeozoic strata,

and is associated with a recumbent anticline in the hanging wall.

This fault, which has a structural style and deformation age

identical to the Nandazai nappe, cross-cuts the Changcao nappe,

and therefore formed later than the D2 deformation (Fig. 2).

Composite Beiling syncline (D4). The Beiling syncline, NW of

the Fangshan pluton, has an arcuate trace (Fig. 2). Jurassic strata

form the core of the syncline, which appears as a broad fold,

whereas the Triassic and the older sequences appear as a tight

fold, which is consistent with the footwall syncline (D2) of the

Xiayunling nappe (Fig. 2 and section A–A9). The disharmonic

structural style implies a polyphase origin for the Beiling

syncline, and the Beiling syncline fold axis is itself folded along

an approximately east–west-trending axis.

Within the Fangshan pluton, a penetrative foliation is well

Fig. 8. Field photographs of the Huangshandian area (for location see Fig. 2). (a) A NW-directed recumbent fold in the hanging wall of the SE-dipping

Huangshandian thrust fault. (b) A ductile shear zone in the Tieling formation with carbonate mylonites and a S–C fabric (S1 foliation), involved in the

overthrust deformation, indicating that earlier fabrics are related to top-to-the-SE detachment faulting. (c) Inverted stromatolites within the Wumishan

formation on the overturned limb of the recumbent fold. Abbreviations as in Figure 6.

Fig. 7. Field photographs and sketches showing deformation within the ductilely deformed slab at Gushankou and Ligezhuang (for location see Fig. 2).

(a) A large-scale recumbent fold at Gushankou involving dolomite, limestone and phyllite of the Wumishan formation (Qnx). (b) A subharmonic parallel

fold (type IB) in competent dolomite, compared with a type III fold in incompetent phyllite (see Ramsay & Huber 1987). (c) A ductile shear zone

(inferred from several outcrops in Gushankou area), which has a top-to-the-SE sense of shear. (d) Hinge zone of the large-scale recumbent fold at

Gushankou involving dolomite, limestone and phyllite of the Wumishan formation. (e) Cleavages within the phyllite of the recumbent fold indicate a top-

to-the-SE sense of shear. (f ) Stereonet plot (lower hemisphere projection) of mineral lineations and S1 foliation from the locality shown in (e), indicating

the SE–NW orientation of the principal strain. (g) Sheath fold noses in the yz section of the D1 strain ellipsoid. (h) D1 recumbent folds with axial-planar

S1 developed in the Qinbaikou group in Nanjiao (for location see Fig. 2). (i) D1 large-scale recumbent fold developed in marbles of the Neoproterozoic

Jineryu Formation in Ligezhuan (for location see Fig. 2). ( j) Stereonet plot (lower hemisphere projection) of mineral lineations and S1 foliation from the

locality shown in (i) indicate the SE–NW orientation of the principal strain direction.
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developed on the western side, where the rock becomes gneissic

and the xenoliths change from angular to disc-shaped (Zhang &

Li 1991; Song et al. 1996). The aspect ratio of the xenoliths

ranges from 10 to 50 in the centre of the zone. Two sets of

vertical ductile shear zones, about 10 m wide, are present in this

zone, along which the rocks are completely mylonitized. The

bisectrix of the obtuse angle of the conjugate shear zones is

parallel to the contraction direction and coincides in orientation

with the normal of the syndeformational foliation (gneissosity)

(Fig. 2, inset). The foliation is vertical and strikes NNE. One set

of vertical shear zones strikes NE with a dextral strike-slip sense

of shear; the other strikes NNW with a sinistral strike-slip sense

of shear (Fig. 2). These structures are interpreted as the result of

late-magmatic cooling during which the rocks were deformed.

Therefore, they indicate that the direction of intrusion was from

the SSE upward to the NNW. Deformation associated with

emplacement of the intrusion resulted in further tightening of the

D2 Beiling syncline to form the composite D4 fold (Song 1996;

Song et al. 1996).

High-angle normal fault system (D5). A high-angle normal fault

system in the eastern part of the Fangshan tectonic dome

separates the North China Plain to the east from the Proterozoic

to Palaeozoic strata to the west (Figs 1 and 2). This fault system

strikes NNE and dips 70–858 to the SSE. The North China Plain,

the hanging wall of the fault, consists of Cretaceous to Quatern-

ary sedimentary rocks (Fig. 9). This fault system formed as a

result of Cretaceous to Quaternary extension and was responsible

for uplift of the Taihang mountain range (Meng 2003; Meng et

al. 2003).

Discussion

Early Mesozoic SE-directed extension and its possible
mechanism

The Fangshan tectonic dome is a key element within the Yanshan

intraplate orogenic belt and the Taihang tectonic belt but its true

nature has long been a matter of debate. The confusion stemmed

from the intrusion of the Fangshan pluton into the inner core of

the Fangshan tectonic dome, which led earlier workers to

interpret the entire body as a stock surrounded by a zone of

contact metamorphism. However, the pluton is clearly intruded

into older basement rocks (the Guandi complex), which are dated

at 2.5 Ga and interpreted as the core of the Fangshan tectonic

dome. The interpretation of the Fangshan tectonic dome as an

extensional dome is also based on thinning and removal of key

strata along original low-angle detachment faults, the sharp

upward decrease in metamorphic grade from amphibolite facies

to lower greenschist facies across these faults, and the exhuma-

tion of a metamorphic core.

Our detailed structural study reveals that the Fangshan tectonic

dome was formed during Mid- to Late Triassic time, because

Lower Triassic strata were involved in the ductile deformation,

but the complex is overlain unconformably by Jurassic strata

(Figs 2 and 3). Diorite dykes with a K–Ar age of 207 Ma in the

basement detachment fault were involved in the mylonitic

deformation (Beijing Bureau of Geology and Mineral Resources

1991; Song 1996; Song et al. 1996) (Fig. 5b). Exhumation of the

Fangshan tectonic dome was associated with the D1 deformation,

suggesting a SE-trending principal extension direction during

Mid- to Late Triassic time.

On a regional scale, the Dushan, Malanyu, Yuerya, Zanfang

and Fuping domes in the eastern part of the Yanshan intraplate

orogenic belt and the Taihang mountain range (Yu & Zhang

1996; Chen 1999; Fu 1999) are structurally similar to the

Fangshan tectonic dome (Fig. 1). All of these domes have

Archaean to Early Proterozoic granitic gneisses or gneissic rocks

in their cores, and all have detachment faults with ductile

deformation showing a top-to-the-SE extensional sense of shear.

Granite intrusions within the Dushan dome (Fig. 1) are dated at

222 � 4 and 223 � 2 Ma (SHRIMP U–Pb, zircon) (Luo et al.

2003) and 239 � 1.3 Ma (40Ar/39Ar, amphibole) (Zhang et al.

1991). The extension is interpreted to have occurred contempor-

aneously with emplacement of these granite intrusions at around

220 Ma.

The Fangshan, Dushan, Malanyu, Zanfang and Fuping domes

form an extensional belt trending approximately NE and record

major top-to-the-SE-directed extension during the Early Meso-

zoic. This age of extension within the North China Block

coincides well with the opening and subsequent subduction of

the Mongolo-Okhotsk ocean underneath the North China Block

during the Triassic (Zhang et al. 1984; Wang & Liu 1986; Nie et

al. 1990; Zhao et al. 1990; Yin & Nie 1996; Van der Voo et al.

1999; Zorin 1999; Badarch et al. 2002).

On the other hand, some metamorphic core complexes extend-

ing from west to east represent a period of major extensional

tectonics during the Late Mesozoic (mainly late Jurassic to early

Cretaceous) (Davis et al. 1996, 1998, 2002; Han et al. 2001).

This extension was explained as a result of the final closure of

the Mongolo-Okhotsk ocean and its subduction beneath the

Northern China Block (Darby et al. 2001; Davis et al. 2001).

This extension also resulted in lithospheric thinning of the North

China Plateau (Fan & Hooper 1991; Yin & Nie 1996; Zhang, Q.

et al. 2001; Davis 2003; Fan et al. 2003; Meng 2003). The

Yanshanian orogenic belt involved two major periods of exten-

sion.

Tectonic significance of the post-extensional deformation

The first post-extensional deformation (D2) involved thin-

skinned, north-directed thrust faulting and associated folding

(Yan et al. 2003). The deformation is pre-Jurassic in age because

these structures are unconformably overlain by Jurassic strata

(Song & Ge 1984; Beijing Bureau of Geology and Mineral

Resources & China University of Geosciences 1988). The second

deformation (D3) also involving thrust faulting has displaced the

Changcheng group westward onto Lower Palaeozoic strata. These

faults occurred in the late Late Jurassic because they cut the D2

Fig. 9. D–D9 cross-section of the Nandazai thrust system; section

location is shown in Figure 2.
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overthrust fault in the Nandazai and Changcao areas (Fig. 2), but

were cross-cut by the Fangshan pluton (Fig. 9).

The D4 deformation is associated with the emplacement of the

Fangshan pluton at c. 130 Ma (Liu & Wu 1987; Davis et al.

2001). This intrusion resulted in the formation of the composite

Beiling arcuate syncline. The Cenozoic NNE-striking, high-angle

normal faults separate the Taihang mountain range from the

North China Plain and mark the final deformation (D5) in the

region.

The recognition of these five generations of deformation is

significant for understanding the regional geology and the origin

of the Yanshan intraplate orogenic belt. They define the tectonic

framework of the Fangshan area. ENE-trending structures of the

Yanshan intraplate orogenic belt consistent with the Fangshan

segment were formed by D1 and D2 deformation in pre-Jurassic

time. The NNE-trending faults formed during the Late Cretac-

eous to present and were related to the uplift of the Taihang

mountain range.

Here we propose a model for the tectonic evolution, related to

subduction and collision between the North China Block and

Mongolo-Okhotsk oceanic plate, and between the North China

Block and South China Block, to explain the formation and

subsequent deformation of the Fangshan tectonic dome.

Opening and subsequent SE-directed subduction of the Mon-

golo-Okhotsk oceanic plate during the Triassic time resulted in

anatexis and thermal uplift flow (Holk & Taylor 1997), which

was in turn responsible for the SE-directed extensional tectonics

associated with the exhumation of the tectonic domes within the

North China Block (Fig. 10a). Similar cases have also been

described from British Columbia (Holk & Taylor 1997) and

Australia (Little et al. 1992).

The D2 deformation represents a period of north–south

compressional deformation during Late Triassic time, which

formed the ENE-striking thrust faults and folds. This deforma-

tion is a consequence of the intra-continental deformation

resulting from the collision between the South China Block and

North China Block and the subsequent extensive north–south

crustal shortening within the North China Block (e.g. Yin & Nie

1996; Hacker et al. 1998; Chavagnac et al. 2001; Ayers et al.

2002).

A system of top-to-the-west directed thrust faults (D3) formed

on the western margin of the North China Plateau probably as a

result of the interaction of the sinistral Tan–Lu fault and the

dextral Xifengkou–Qinlong, Xianhua–Chicheng and Duolun–

Chifeng faults within the Yanshan belt (Zhang, C. et al. 2001)

(Figs 1 and 10c). This deformation was associated with a

strongly thickened crust in the eastern North China Block (North

China Plateau), which resulted in the NNW-directed movement

of the southern North China Block and ESE-directed extrusion

of the Yanshan belt (Fan & Hooper 1991; Zhang, Q. et al. 2001;

Fan et al. 2003; Meng 2003) (Fig. 10c).

The composite Beiling syncline (D4) was associated with the

emplacement of the Fangshan pluton, coeval with large-scale

magmatic activity elsewhere within the Yanshan belt and the

Taihang mountain range. Therefore, it was coeval with the

gravitational collapse of orogenically thickened crust in concor-

dance with the development of isolated metamorphic core

complexes identified by Davis et al. (1996, 1998, 2002), Darby

et al. (2001) and Han et al. (2001). The deformation and

magmatic activity occurred in the late Jurassic to early Cretac-

eous (Beijing Bureau of Geology and Mineral Resources 1991;

Ren et al. 2002; Meng 2003; Meng et al. 2003). In addition,

large-scale crustal thinning occurred in the North China Block at

this time (Meng 2003; Meng et al. 2003), but the Yanshan

intraplate orogenic belt remained in a compressional state

because of the collision between the Siberian plate and the North

China Block to form an east–west-trending orogenic belt (Fig.

10d).

Continued crustal thinning (D5) from the Late Cretaceous to

the present resulted from the successive gravitational collapse of

orogenically thickened crust of the North China Block, and led

to the formation of NNE-trending intra-continental rifts in the

eastern North China Block (Gilder et al. 1991; Ren et al. 2002;

Meng 2003; Meng et al. 2003). These intra-continental rifts

formed a graben–horst combination separated by a high-angle

normal fault, and later uplift of the Taihang mountain range

formed the interfluve between the North China Plain and Taihang

mountain range (Fig. 10e).

Conclusions

Mid- to late Triassic extensional deformation (D1) in the

Fangshan area is represented by the formation of the Fangshan

tectonic dome and was overprinted by NNW-directed thrusting in

the Late Triassic (D2) and Late Jurassic (D3). These structures

were modified by the intrusion of the 133–128 Ma Fangshan

pluton (D4), and cut by Cretaceous to Quaternary NNE-striking

high-angle normal faults (D5). Early Mesozoic subduction of the

Mongolo-Okhotsk oceanic plate from north to south resulted in

the D1 extensional tectonics and produced the Fangshan tectonic

dome. Collision between the South China Block and North China

Block along the Qingling–Dabie–Sulu suture zone was respon-

sible for the D2 and D3 thrust fault systems. The gravitational

collapse of orogenically thickened crust was coeval with the

development of isolated metamorphic core complexes during

Late Jurassic to Early Cretaceous, and was probably responsible

for the uplift of the Taihang mountain range during the Late

Cretaceous. These tectonic events demonstrate that the major

east–west-trending tectonic framework of the Yanshan intraplate

orogenic belt was established before the Jurassic (mainly in the

Triassic), corresponding to the Indosinian event in China.
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