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Abstract

The Xiaotian-Mozitan fault (XMF) located north of the Dabie orogenic belt separates the North Dabie complex to the south from the
Beihuaiyang low-grade metamorphic rocks to the north. It comprises several NW-striking ductile shear zones and brittle faults. The brit-
tle faults obviously overprinted on the ductile shear zones and promoted the development of the volcanic basins in early Cretaceous to
the north, which suggests that the brittle faults were normal faults formed in early Cretaceous during doming of the Dabie orogenic belt.
The ductile shear zone superposed on the north Dabie gray gneiss, and it is an important channel where the Dabie HP–UHP rocks
exhumed. For obtaining new structural constraint on exhumation of the HP–UHP rocks, we present here experimental results on the
microstructure, quartz C-axis fabrics and the microprobe analyses of phengite. The ductile shear zone was determined to be formed
at a temperature of 600–650 �C and pressure of 1.1 GPa by the mineral deformation, microprobe analyses and geobarometry of Si-
in-phengite of the mylonite, the results suggest that the mylonite now exposed on the surface experienced an upper amphibolite-facies
metamorphism in the lower crust. The mineral stretching lineation varies from horizontal in the east segment to sub-dip in the west.
Shear sense indicators from outcrop and thin sections of orientated specimen and quartz C-axis fabrics suggest that the XMF is a sinis-
tral normal fault. The kinematics analysis of the ductile shear zone indicates that the exhumation of Dabie HP–UHP rocks is the results
of a SE-directed extrusion and an anticlockwise rotation around its eastern pivot simultaneously.
� 2007 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in
China Press. All rights reserved.
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1. Introduction

The formation and exhumation of high-pressure (HP)–
ultrahigh-pressure (UHP) rocks in the Dabie orogenic belt
has attracted much attention since the discovery of dia-
mond, coesite and its pseudomorphs in UHP rocks [1].
Recently, much progress has been made based on the stud-
ies of geochronology [2–4], geochemistry [5] and petrology
[6] on the Dabie HP–UHP rocks, which gave us better
understanding of the development of the HP–UHP rocks.

However, limited work has been done in terms of the struc-
tural analyses on the exhumation of the HP–UHP rocks in
Dabie orogenic belt. It is widely accepted that the
HP–UHP rocks were metamorphosed at Indosinian
(240–210 Myr) [2–4] when South China Block collided with
the North China Block. But how these metamorphic rocks
were exhumated to the middle–upper curst is still under
debate. Chemenda et al. [7,8] modeled successfully the
dynamics of the exhumation of the subducted slab in a
compressive environment. Faure et al. [9,10] applied this
model to explain exhumation of UHP rocks and structural
evolution of the Dabie orogenic belt. They came to a
conclusion that the Xiaotian-Mozitan fault (XMF) is a
normal fault, which is coincident with that of Lin et al.
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[11–13]. Li et al. [14] proposed a lithospheric-wedging
model which favored that the XMF is a normal fault. A
rotation-and-extrusion model proposed by Hacker et al.
[15] also supported that the XMF is a sinistral normal
fault. Although, kinematics of the XMF was considered
in these models [9–16], there was no detailed study on the
XMF. As a crucial exhumation boundary of HP–UHP
rocks in Dabie orogenic belt, the XMF records abundant
information about the exhumation process, therefore we
conducted a detailed study on the microstructure, quartz
C-axis fabrics and the microprobe analyses of phengite to
constrain the tectonic models about the exhumation pro-
cess in this belt.

2. Geological background

The Dabie orogenic belt is located between South China
Block and North China Block (Fig. 1), and it is sinistrally
offsetted from the Sulu orogenic belt by the Tan-Lu fault
[17]. The Dabie orogenic belt is divided into two segments
by Shangcheng-Macheng fault (SMF). Its east segment is
composed of Susong complex unit, South Dabie HP–UHP
metamorphic unit, North Dabie complex unit and the Bei-
huaiyang low-grade metamorphic unit from south to north.
The Dabie orogenic belt is bounded by the Xiangfan-Guan-
gji fault (XGF) to the south and the Xinyang-Shucheng fault
(XSF) to the north which separates it from the Hefei Basin.

Susong complex unit mainly comprises meta-sedimen-
tary rocks, such as mica schist, quartzite and marble, and
Proterozoic meta-volcanic rocks, as well as gneiss with
unknown protolith. The meta-volcanic rocks have the same
geochronological characteristic with the Yangtze Block,
and it is believed to be the basement of Yangtze plate [18].

South Dabie HP–UHP metamorphic unit comprises
granitic gneiss surrounding rock with patches of eclogite,
quartzite and marble. The gneiss metamorphosed under
UHP condition [19,20] during subduction with peak meta-
morphism took place at Indosinian, which ia supported by
the geochronology study [19,20] and the presence of the
diamond and coesite in zircon from the gneiss [21,22].
The primary age of the gneiss is 800–700 Myr [2,19,23].

The North Dabie complex is mainly composed of gray
gneisses and amphibolites, including some granulite and
meta-mafic/ultramafic rocks, characterized by widespread
migmatization. The gray gneisses experienced a tectono-
thermal event in early Cretaceous [24]. The discovery of
eclogite [25] and isotopic dating [26] demonstrate that,
except for some granitic gneisses formed in the Yanshan-
nian episode, the wall rocks of most gray gneisses and
amphibolites formed in Neo-Proterozoic of 700–800 Myr,
and underwent Indosinian metamorphism.

Beihuaiyang unit is mainly composed of Foziling group
and Luzhengguan group. The Foziling group consists of
argillaceous slate, low-grade meta-sandstone, phyllite and
mica schist. Luzhengguan group experienced a relatively
higher metamorphism, composed of granitic gneiss, amphi-
bole and mica schist. Zheng et al. [27,28] believed that the

low-grade metamorphic unit is scratched from the South
China Block when it was subducting beneath the North
China Block. However, different views have been proposed
by others [10,11,29,30].

Yanshannian igneous rock has been widely exposed in
the North Dabie unit (NDU) the and Beihuaiyang low-
grade metamorphic unit. Intrusive rocks dominate in both
North Dabie and Beihuaiyang, but volcanic rocks are only
present in the Beihuaiyang unit. These volcanic rocks are
dominated by the Maotanchang group, composed of
trachyandesite, latite, trachyte, with minor basalt and rhy-
olite distributed at Maotanchang and Xiaotian areas. Geo-
chronological study shows that these igneous rocks at the
northern Dabie orogenic belt emplaced at 140–110 Myr
[24,31], which coincides with the Early Cretaceous doming
in the Dabie orogenic belt [32].

3. Characteristics of the fault zone

Xiaotian-Mozitan fault zone (Fig. 1a) is about 1-km-
wide ductile shear zone with widely exposed mylonite and
ultramylonite (Fig. 2a–c). This ductile shear zone is charac-
terized by mylonite and ultramylonite in the center (Table
1) overprinted on the North Dabie gray gneisses (Fig. 1c).
The mineral assemblage of the mylonites is the same with
that of its wall rocks. Porphyroclasts of the mylonite are
feldspar and hornblende, and matrixes are recrystallized
quartz, feldspar, hornblende, and mica. The mylonite
changes to protomylonite from the shear zone center
toward the south. Based on the cross-section observation,
the ductile shear zone is bounded with low-grade Foziling
metamorphic unit by normal faults to the north and a tran-
sition from gneisses to the south occurs (Fig. 1c). It is
noticeable that the move direction of the ductile shear
and that of the normal brittle fault are nearly perpendicular
(see detailed explanation in the following text). It suggests
that the ductile shear and the brittle normal fault are not
the expression of the same tectonic event in different
depths, but the expression of two different tectonic events.

According to the attitude of the mineral lineation and
mylonite foliation, the ductile shear zone can be divided
into three segments. At east of Mozitan, ductile fault is
characterized by mylonite foliation of a 40–60�-trending,
a 30–50�-dipping and horizontal lineation or sub-horizon-
tal lineation with 10� plunge. From Mozitan to Qingshan,
the ductile shear zone is characterized by mylonite foliation
of NNE40�–NNW350� -trending, 20–40�-dipping and line-
ation varies from horizontal in the east to 15–25� plunges
toward the west locally. At west of Qingshan, the foliation
varies between NE40� and north, and the lineation plunge
is 40–60� NW. Generally speaking, the foliation varies
along its strike, and the dominate foliation strikes NNE.
The plunge of the lineation increases from east to west.

Another characteristic of the XMF is that the brittle
normal faults overprinted on the ductile shear zone. The
brittle normal faults cut cross the ductile shear zone in a
small angle with mylonite foliation (Fig. 2b). Cataclasites

714 B. Xiang et al. / Progress in Natural Science 18 (2008) 713–722



are commonly developed in the normal brittle fault
(Fig. 2c) and the slickenside striations are generally
down-dipping. The igneous rocks are emplaced along the
faults or extrude over the surface with mylonite within
xenoliths or being overlapped (Fig. 2d and f). The volcanic
sediment within the Xiaotian basin is controlled by the
Xiaotian-Mozitan brittle normal fault, and this view is
coincident with others [13].

4. Kinematics of the fault zone

The mylonite foliation and mineral lineation are two
basic elements used to study the kinematics of the ductile

zone. The mineral lineations indicate the shear direction
of the ductile shear zone [33]. Re-built of foliation and lin-
eation by later tectonic events can cause difficult interpreta-
tion of the kinematics. Based on detailed field studies,
various dip angles of mylonite foliation indicate that the
ductile shear zone was affected during uplift of the NDU
in the Early Cretaceous. However, stable NE-dipping of
mylonite foliation from east to west in the XMF and no
evidence that the ductile shear zone was re-built obviously
by doming suggest that the effect on mylonite foliation is
limited and few on lineations. So it is reliable to determine
the kinematics of the ductile shear zone based on the min-
eral lineation.

Fig. 1. Geological map of Xiaotian-Mozitan fault zone and locations for sampling. (a) Stereographic projection of foliation and lineation; (b) regional
geological map, indicating north China block (NCB) and south China block (SCB); (c) Xiaotian-Mozitan fault zone (study area); (d) cross-section of the
Xiaotian-Mozitan fault zone. (1) Foziling group; (2) Luzhenguan Group; (3) mafic rocks; (4) Early Cretaceous intrusion; (5) Early Cretaceous volcanics;
(6) ductile shear zone; (7) locality for cross-section; (8) attitude of mylonitic foliation and mineral elongation lineation; (9) attitude of gneissosity and
mineral elongation lineation; (10) brittle fault; (11) protomylonite; (12) mylonite; (13) ultramylonite; (14) gneiss; (15) attitude of foliation and lineation in
the cross-section.
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The shear sense of the ductile shear zone can be derived
from the structures at the outcrop (Fig. 2g and h), micro-

structures in orientation sample and quartz C-axis fabrics.
The S-C structures (Fig. 2i), r-type feldspar porphyroclast

Fig. 2. Photos and micrographs of Xiaotian-Mozitan fault. (a) At southwest of Xiaotian town, mineral lineation on the mylonite foliation is not
coincident with the striation on the brittle fault plane. The joints from activity of brittle fault indicate that it is a normal fault; (b) at south of Qingshan
town, brittle fault cuts cross the mylonite at a small angle with mylonite foliation; (c) at west of Qingshan, brittle fault overprinting on the mylonite; (d) at
southeast of Mozitan, volcanic rocks overlap on the mylonite; (e) brittle normal fault in Early Cretaceous pluton, rocks near the fault had been foliated; (f)
mylonite debris in Early Cretaceous pluton; (g) at southeast of Qingshan, r-type porphyroclast showing sinistral shear sense; (h) at southeast of Qingshan,
bookshelf structure showing sinistral shear sense; (i) at west of Luzhenguan, S-C fabric suggests a sinistral shear (under polarized light); (j) at northwest of
Baoershan, r-type porphyroclast indicates a sinistral shear (under polarized light).
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(Fig. 2j), and asymmetry of the fold indicate that XMF is a
fault with shear sense of top-to-NW, which is coincident
with exhumation direction in the interior Dabie orogenic
belt [10,15].

In order to confirm the shear sense and determine the
kinematics of the ductile shear zone with respect to its adja-
cent area, the quartz C-axis fabrics were measured in 16
mylonite oriented samples, 4 north Dabie gneiss oriented
samples and 4 Foziling group oriented samples (Fig. 3).
Thin sections have been cut parallel with the XZ plane of
the finite strain ellipsoid. The quartz C-axis fabrics were
measured using a U-stage and the results are shown in
Fig. 3 (plotted using StereoNett 2.46). The quartz C-axis
fabrics can be used to determine shear sense, active slip sys-
tem and contribution of simple shear [34]. Under coaxial
deformation, the lattice preferred orientation (LPO) shows
rhombic symmetry, while monoclinic symmetry predomi-
nates in the LPO indicating dominant non-coaxial defor-
mation in the mylonites. The asymmetry of LPO with
respect to foliation (XY plane of the finite strain ellipsoid)
indicates the shear sense. The LPO in mylonite samples
from the ductile shear zone is monoclinic symmetry, which
indicates that the shear zone is simple shear dominated and

with shear sense of top-to-NW. The LPO in North Dabie
gneiss is dominated by rhombic symmetry with minor
monoclinic symmetry, suggesting that the deformation
within the interior orogen is pure shear dominated and
with shear sense of top-to-NW (XM27, XM97). The LPO
from 4 samples collected in the Foziling group shows clas-
sical rhombic symmetry. C-axis fabrics from mylonitic
gneisses (XM96, XM48) show a compilation of rhombic
symmetry and monoclinic symmetry, in which the mono-
clinic symmetry shows shear sense of top-to-NW and the
rhombic symmetry results from coaxial deformation.

Quartz C-axis fabrics show that shear sense of the duc-
tile shear zone is top-to-NW and deformation changes
from dominated by simple shear in the ductile shear zone
to dominated by pure shear in the North Dabie gneiss.
The abrupt change occurred at the contact of the ductile
shear zone with the Foziling low-grade metamorphic rocks,
which indicates that the mylonitization had greater effect
on the gneiss than the Foziling low-grade metamorphic
rocks and that the ductile deformation overprinted on the
North Dabie gneiss.

The shear sense of the brittle fault can be determined
by slickenside lineations, steps, and fractures derived from

Table 1
Microstructure of mylonites in Xiaotian-Mozitan fault zone

Sample Rock type Assemblage Quartz recystallization Feldspar deformation Estimated T (�C)

XM160 Ultramylonite P(10%): Fel + Hb GBM SR 650–700
M(90%): Qz + Fel + Hb + Bi

XM120 Mylonite P(40%): Fel GBM BLG + SR 650
M(60%): Qz + Fel

XM55 Mylonite P(50%): Fel GBM BLG + SR 650
M(50%): Fel + Qz + Bi

XM96 Protomylonite P(35%): Fel GBM BLG + SR 650
M(65%): Fel + Qz + Bi

XM111 Mylonite P(40%): Qz + Fel GBM SR 650–700
M(60%): Qz + Fel + Bi

XM142 Ultramylonite P(5%): Fel GBM SR 650–700
M(95%): Qz + Fel + Ms

XM41 Ultramylonite P(10%): Fel GBM SR 650–700
M(90%): Qz + Ms + Fel + Bi

XM6 Ultramylonite P(5%): Fel GBM BLG + SR 650
M(95%): Qz + Fel + Bi

XM48 Protomylonite P(20%): Fel GBM BLG 600
M(80%): Qz + Fel + Bi

XM57 Mylonite P(30%): Fel GBM BLG + SR 650
M(70%): Qz + Fel

XM4 Mylonite P(30%): Fel GBM SR 650–700
M(70%): Fel + Ms + Qz + Bi

XM45 Mylonite P(35%): Fel GBM BLG + SR 650
M(65%): Qz + Fel

XM5 Mylonite P(10%): Qz GBM BLG + SR 650
M(90%): Qz + Fel

XM125 Mylonite P(20%): Fel GBM SR 650–700
M(80%): Fel + Qz + Bi

XM21 Mylonite P(35%): Hb + Fel GBM BLG + SR 650
M(65%): Fel + Hb + Bi + Qz

XM23 Mylonite P(40%): Hb + Fel GBM BLG + SR 650
M(60%): Fel + Hb + Bi + Qz

Qz, quartz; Fel, feldspar; B, biotite; Ms, muscovite; Hl, hornblende; P, porphyroclast; M, matrix; BLG, bulging recrystallization; SR, subgrain rotation
recrystallization; GBM, grain boundary migration recrystallization.
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the movement of the fault. The brittle fault plane is
sub-parallel to the mylonite foliations, but the orientation
of slickenside lineation is quite different from that of the
mineral lineation of the mylonite (Fig. 2a–c). For example,
in the eastern segment of the fault, the mineral lineation is
sub-horizontal in mylonite, suggesting the ductile shear
zone with a shear sense of top-to-NW, while the slickenside
lineation is down-dipping, indicating the brittle faults with
a shear sense of top-to-NNE (Fig. 2a). The differences
between the kinematics of the ductile shear zone and the
brittle fault suggest that they are the products of distinct
two tectonic events rather than two-stages in a single tec-
tonic event.

5. P-T conditions of the ductile shear zone

Syn-mylonization mineral assemblages and mineral
deformation behavior in mylonites are closely related to
deformation temperature and can therefore be used to esti-
mate deformation temperatures. In naturally deformed
rocks, quartz shows recrystallization at about 300 �C.
Bulging (BLG) recrystallization was dominant between
300 and 400 �C, subgrain rotation (SR) recrystallisation
in the 400–500 �C interval, and the transition to dominant
grain boundary (GBM) recrystallisation occurred at about
500 �C [35]. Feldspar shows brittle fracturing at tempera-

tures below 400 �C, plastic elongation, undulose extinction,
subgrains and core-mantle structure between 400 and
500 �C, recrystallization at about 500 �C, BLG dominant
between 500 and 650 �C, transition to SR in the 650–
700 �C interval. SR recrystallisation was dominant in the
700–800 �C interval, transition to GBM in the 800–
850 �C, and dominant GBM at 850 �C and above [36–39].

Based on these temperature indicators, deformation
temperatures for mylonites were estimated and the results
are summarized in Table 1. Quartz characterized by
GBM recrystallization indicates the deformation tempera-
ture is above 500 �C and the mylonite forms under amphib-
olite-facies condition. Feldspar showing coexisting of BLG
and SR recrystallization indicates the deformation temper-
ature is around 650 �C. The LPO pattern of quartz can also
be used to estimate the deformation temperature, but the
temperature represents the late stage of the progressive
deformation [40,41]. This has been also pointed out by
Zhu et al. [42] when he studied the Hongzhen metamorphic
core complex.

To determine pressure conditions experienced by the
ductile shear zone, we conducted electron microprobe anal-
ysis on muscovites in six mylonite samples from the XMF.
Grain of the collected muscovites is much smaller than the
porphyroclastic muscovites and their boundaries are
straight without any retrograde metamorphic evidence,

Fig. 3. LPO patterns of quartz in Xiaotian-Mozitan fault and adjacent area (Lower-hemisphere, equal-area projection. X, Y, Z are principle axes of finite
strain. n is measured grain numbers).
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suggesting that muscovites formed in mylonization. Mus-
covites in all analyzed samples have Si atoms (per 11 oxy-
gen) of 3.32–3.38 p.f.u, therefore they are medium-Si
phengite and different from high-Si phengite formed in
peak metamorphism of HP–UHP rocks [43], indicating
that these muscovites formed during exhumation. Using
the method of Massonne and Szpurka [44], we get about
1.1 GPa for the deformation pressure (Table 2). If the aver-
age density of rocks in crust is 2.85 g/cm3 [45], the pressure
gives 35 km depth, suggesting the mylonitization took
place in the lower crust.

So, the Xiaotian-Mozitan ductile shear zone now
exposed on the surface was formed in the depth of
35 km, at a temperature of 650 �C and pressure of about
1.1GPa, and belonging to amphibolite-facies metamorphic
shear zone. The fabrics in the shear zone record the exhu-
mation of the HP–UHP rocks.

6. Two-stages evolution of the fault zone

Recent study believed that the exhumation of the HP–
UHP rocks experienced syn-collisional exhumation and
uplift in Early Cretaceous. As an important exhumation
channel, lots of information about two phases of move-
ment of Dabie orogenic belt should be recorded in the
XMF. Field observation suggests the ductile shear zone
and the brittle normal faults are both present at the
XMF. Due to the 40Ar-39Ar age of metamorphic rocks in
the north Dabie belt re-built by the extensive Cretaceous
magmatic event, some workers [13,24] concluded that the
XMF is an extensional fault in which brittle normal faults
and ductile shear zone are the expression of the same tec-
tonic event in different depths. If this is the case, the defor-
mation of the XMF would change successively from ductile
by brittle–ductile to brittle deformation in the process of
exhumation, and ductile deformation and brittle deforma-
tion should have the same deformation characteristics.

Instead of a transition from ductile deformation to brit-
tle deformation, the brittle deformation overprinted on the
ductile deformation and no brittle-ductile deformation
existing based on the field observation. The orientation of
the mineral lineation is different from that of the slickenside
lineation, especially in the east part of the fault zone where
the mineral lineation indicates sinistral shear while the
slickenside lineation on brittle fault plane indicates dipping
motion (Fig. 2a). Besides, the volcanic rocks overlap on the

mylonite at the southeast of Mozitan (Fig. 2d). The pres-
ence of the mylonite as lens in the undeformed Early Cre-
taceous host rocks also suggests the ductile zone formed
before the Early Cretaceous magmatic event. Therefore,
the ductile shear zone and the brittle normal fault cannot
be attributed to the same tectonic event.

Previous studies believed that the XMF is an extensional
boundary in Cretaceous uplift of the NDU [24,32]. How-
ever, weakly foliated deformation (Fig. 2e) in Yanshannian
plutons near the brittle normal fault and no any deforma-
tion exists in plutons away from the normal fault, showing
the deformation in plutons, did not take place during myl-
onization but emplacement. These normal faults have the
same characteristics as those controlling the distribution
of volcanoes. Therefore, we believe that it was the brittle
normal fault that resulted in the Early Cretaceous uplift
of the NDU.

Based on intrusion pressure of the Cretaceous plutons,
Ratschbacher et al. [24] suggested that the rocks of the
NDU were exhumed from an average depth of 18 km. Yang
et al. [46] concluded that the depth was 10 km and at most
16 km based on the geobarometric measurement of Al-in-
amphibole in Cretaceous plutons of the NDU. However,
our studies showed that the mylonite formed at a depth of
35 km under the conditions at temperature about 650 �C,
pressure of 1.1 GPa based on geobarometric analysis of
Si-in-phengite and deformation of quartz and feldspar. This
depth is much greater than the uplift distance of extension
in Early Cretaceous, which supports our conclusion that
the ductile shear zone is a syn-orogenic exhumation bound-
ary instead of the Cretaceous extension boundary.

As stated above, the brittle normal faults resulted in
uplift of NDU in Early Cretaceous while ductile shear zone
was attributed to the syn-orogenic exhumation. Ratschb-
acher et al. [24] got lots of 40Ar/39Ar ages of 140–
110 Myr from gneisses and plutons in NDU, which were
interpreted for time of dome in the Dabie orogenic belt.
Therefore, the ductile shear event should be earlier than
140 Myr. Structural analysis showed the ductile shear zone
superposed the northern Dabie gneisses during exhuma-
tion. Liu et al. [26] dated the zircon in its core, mantle
and rim domains, and the 218 ± 3 Myr and 191 ± 5 Myr
SHRIMP ages were explained as peak UHP metamorphic
time and amphibolite-facies retrograde metamorphic time
of the eclogites and gneisses in NDU, respectively. The
conditions of temperature and pressure of XMF were con-

Table 2
Electron microprobe analysis of muscovite and pressure of the XMF

Sample SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O Total Si (p.f.u.) P (GPa)

XM164 48.80 0.82 26.17 0.00 7.35 0.09 3.38 0.02 0.03 8.54 95.19 3.32 0.99
XM143 48.63 0.57 26.85 0.03 6.68 0.10 2.29 0.00 0.08 9.44 94.66 3.33 1.13
XM166 47.92 0.27 25.89 0.04 7.94 0.08 2.25 0.02 0.04 10.27 94.72 3.32 1.00
XM21 50.22 0.14 28.08 0.01 3.87 0.04 2.92 0.01 0.05 9.00 94.34 3.37 1.17
XM163 52.06 0.02 30.73 0.08 3.60 0.02 1.42 0.36 0.04 8.05 96.36 3.38 1.12
XM142 47.98 0.46 25.69 0.00 8.21 0.09 2.34 0.00 0.06 9.61 94.44 3.33 1.13
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sistent with that of amphibolite-facies retrograde metamor-
phism of the eclogite and gneiss, which suggests that the
ductile shear zone formed during amphibolite-facies retro-
grade metamorphism. So, the formation time of the ductile
shear zone was close to 191 Myr, which correlated with the
second fast exhumation proposed by Li et al. [47]. Because
the Xiaotian basin is controlled by the brittle fault, the zir-
con age of 133 ± 3 Myr of volcanic rocks in Xiaotian basin
[28] can be explained as the active time of the brittle normal
fault.

In short, two tectonic events are responsible for the for-
mation of the XMF. The ductile shear zone was developed
in stage of amphibolite-facies retrograde metamorphism
after peak metamorphism, and records the exhumation of
the slab from lower crust to middle–upper crust. The brittle
normal faults were developed in the Early Cretaceous, and
are attributed to the dome of Dabie orogenic belt.

7. Exhumation process suggested by the ductile shear zone

NW-SE mineral lineations developed in the exhumation
process are well preserved in eclogite area [15], north Dabie
gneisses [9] and the low-grade metamorphic rocks in Bei-
huaiyang [13]. Stress filed analysis and structures in out-
crop show a consistent NW-directed movement of the
hanging wall [9,15]. The S-C structures (Fig. 1b), porphyr-
oclasts, asymmetrical folds, and quartz C-axis fabrics yield
the same shear sense as that of the exhumation in the Dabie
orogenic belt. Therefore, we believe the formation of the
ductile shear zone is correlated with the exhumation of
the Dabie orogenic belt.

The plunging angle of the mineral lineations in mylo-
nites of XMF increases stepwise westward, which recorded
the characteristics of a special exhumation process. Most of

the previous studies suggested the XMF is a normal fault
or strike-slip normal fault. Hacker et al. [15] believed that
the XMF is a sinistral strike-slip normal fault and that
the Dabie block rotated clockwise around its western pivot.
However, our studies conflict with their studies. Detailed
structural analysis showed that the XMF was generally
top-to-NW, but the fault dominated by the dipping move-
ment at the west segment while dominated by the sinistral
strike-slip at the east.

The mineral lineations of the XMF fall into two catego-
ries according to their plunge. At the east of the Qingshan
the lineations are horizontal, while at the west the linea-
tions plunge mostly about 50�W. This difference in the lin-
eation at two sides of the Qingshan cannot be well
explained by the previous tectonic models. Therefore, we
proposed a model that can better explain the variation of
the lineations. In the model (Fig. 4), the exhumation of
Dabie HP–UHP rocks consists of an SE-directed extrusion
and anticlockwise rotation around its eastern pivot simul-
taneously. Two material points A and B (Fig. 4b) are trans-
ported to A0 and B0 during rotation. Then the A0 and B0 are
transported to A00 and B00 (Fig. 4c) during oblique extru-
sion. The vectors AA00 and BB00 represent transportation
of the footwall with respect to the hanging wall, and they
are approximately parallel to the stretching lineations,
respectively, at the western and eastern end of the shear
zone. This model well explains the fabrics recorded in the
fault zone, and is coincident with the channel flow in the
interior Dabie orogenic belt.

8. Conclusions

Based on the detailed studies of the XMF, we draw
some conclusions as follows:

Fig. 4. Exhumation model for Dabie HP–UHP rocks. (a) Subducted slab; (b) rotation of the slab during exhumation; (c) oblique movement component of
the exhumation. AA0, BB0 are stretching lineation developed in shear associated with rotation; A0A00, B0B00 developed in sinistral normal shearing; BB00,
AA00 stretching lineation developed at eastern and western ends in the shear zone.
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(1) The XMF is a WNW-trending fault zone, consisting
mostly of ductile shear zone. The mylonite foliations
dip toward NEN and the mineral lineations vary
from sub-horizontal in the east segment to dipping
in the west. The S-C structure, r-type porphyroclasts
and the quartz C-axis fabrics indicate the ductile
shear zone with shear sense of top-to-NW.

(2) The evolution of the XMF contains ductile shearing
and brittle normal faulting. The ductile shear zone
and the normal faults are close to be parallel to each
other, but the latter superposes on the first. The ori-
entation of the mineral lineations in the ductile shear
zone is quite different from that of the slickenside stri-
ation on the normal fault plane, which suggests they
were developed in different tectonic events. The duc-
tile shear zone as an extensional fault was developed
in the upper amphibolite-facies metamorphism in the
lower crust as syn-collisional exhumation boundary
in the Dabie orogenic belt. Normal faults were devel-
oped in upper crust, and were extensional boundaries
in Early Cretaceous doming.

(3) The Xiaotian-Mozitan shear zone is the boundary
along which the exhumed slab was rotated and
extruded out. The exhumed slab (footwall of the
shear zone) was rotated anticlockwise around a pivot
at its eastern end and was extruded southeastward.
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