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Abstract The Qinling-Dabie orogen is an important tectonic belt that trends east-west and divides continental China into
northern and southern parts. Due to its strong deformation, complicated structure, multiphase structural superposition and the
massive exposed high and ultrahigh metamorphic rocks, its tectonic formation and geodynamical evolution are hot research
topics worldwide. Previous studies mainly focused on the regional geological or geochemical aspects, whereas the geophysical
constraints are few and isolated, in particular on the orogenic scale. Here, we integrate the available P- and S-wave seismic
and seismicity data, and construct the rheological structures along the Qinling-Dabie orogen. The results demonstrate that: (1)
there are strong lateral variations in the crustal velocity between the western and eastern sections of the Qinling-Dabie orogen,
indicating the different origin and tectonic evolution between these two parts; (2) the lateral variations are also manifested in
the rheological structure. The rigid blocks, such as South China and Ordos basin (North China Craton), resist deformation and
show low seismicity. The weak regions, such as the margin of Tibet and western Qinling-Dabie experience strong deformation
and accumulated stress, thus show active seismicity; (3) in the lower crust of most of the HP/UHP terranes the values of P-wave
velocity are higher than the global average ones; finally (4) low P- and S-wave velocities and low strength in the lower crust and
lithospheric mantle beneath Dabie indicate lithospheric delamination, and/or high temperature, and partial melting condition.

Keywords Qinling-Dabie orogen, Deep seismic sounding, Tomography, Rheology, Seismicity

Citation: Deng Y F, Chen L, Xu T, Wu J, Romanelli F, Panza G F. 2017. Lateral variation in seismic velocities and rheology beneath the Qinling-Dabie orogen.
Science China Earth Sciences, 60: 576588, doi: 10.1007/s11430-016-0101-6
Introduction found as inclusions in minerals from eclogites and surround-

The East-West trending Qinling-Dabie orogen is situated
between the southern margin of the North China Craton and
the northern margin of the Yangtze block (Figure 1). Since
the middle of 1980s, when coesite and microdiamonds were
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ing gneisses in the Dabie orogen (eastern-central China),
deep continental subduction, high and ultrahigh pressure
(HP/UHP), metamorphism, and subsequent exhumation in
the Qinling-Dabie orogen have become hot issues in this
region (e.g. Liou et al., 2000; Zheng, 2008; Xu et al., 2014;
Dong et al., 2011; Zheng et al., 2012).

Previous studies have mainly emphasized the geochemical
and geological aspects (Meng and Zhang, 2000; Zhang et al.,
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Figure 1 DSS profiles conducted in the Qinling-Dabie orogen. The inset map in the top-right corner shows the study region in China mainland. The tectonic
units are from Dong et al. (2011). The red lines indicate faults; the white lines indicate the province boundaries; the dashed black line indicates the Dabie dome.
LLF, Luonan-Luanchuan fault; BSF, Bashan fault; XGF, Xiangfan-Guangji fault; SDS, Shangdan suture zone; MLS, Mianlue suture zone. The circled numbers
outline the profiles: 1, Maqin-Jianbian (Liu et al., 2006); 2, Hezuo-Jingtai (Zhang et al., 2013a); 3, Maerkang-Gulang (Zhang et al., 2008); 4, Yichuan-Shiyan
(Cao etal., 1994); 5, Gushi-Lujiang (Liu et al., 2003); 6, Tuanfeng-Lujiang (Liu et al., 2003); 7, Huangmei-Lujiang (Liu et al., 2003); 8, Zhangmu-Anyi (Dong

et al., 1998).

2003, 2004; Zheng et al., 2007; Zheng, 2008). Detailed phys-
ical features at certain depth remain unclear, even if several
seismic profiles conducted unconnectedly in this region (Cao
etal., 1994; Dong et al., 1998; Liu et al., 2003, 2006; Zhang
et al., 2008, 2013a) traverse the Qinling-Dabie orogen and
reveal some details of the 2D crustal structure of the orogen.
Benefitting from these abundant geophysical data, it is desir-
able to give a comprehensive and regional analysis on this
complex region.

In this study, we focus on the Qinling-Dabie orogen by
analysing the existing P-wave velocity (Vp) and S-wave
velocity (Vs) models and constructing lithospheric rheology
profiles in order to study the lithospheric characteristics. In
terms of the widely distributed HP/UHP rocks in this region,
it is of great significance to compare the major features of
the lithosphere in the study area with those of other UHP
terranes worldwide.

2.  P-wave velocity beneath the Qinling-Dabie
orogen and neighbouring region

2.1 Dataset

In order to understand the crustal feature beneath the Qin-
ling-Dabie orogen a 280-km-long wide-angle seismic profile
(Deep seismic sounding, DSS) named Yichuan-Shiyan pro-
file (Cao et al., 1994), and a 420-km-long profile, named
Zhuangmu-Anyi profile (Dong et al., 1998) were performed
by the Chinese Academy of Geological Sciences in the east-
ern and central Qinling-Dabie orogen (profiles labelled 4, 8

in Figure 1). With the purpose of studying the fine structure
beneath this continental subduction zone, the project “Con-
tinental deep subduction” was accomplished in 2001 and the
Vp along the Gushi-Lujiang, Tuanfeng-Lujiang and Huang-
mei-Lujiang profiles (labelled 5-7 in Figure 1) were obtained
from high resolution seismic travel time tomography (Liu et
al., 2003). The China Earthquake Administration (CEA) took
over the 1000-km-long Maqin-Jingbian DSS profile (labelled
1 in Figure 1) in north-eastern Tibet in 1997 (Liu et al., 2006),
and in 2004 the Markang-Gulang profile (labelled 3 in Figure
1) was conducted in order to understand the uplift mechanism
of Tibet and the coupling interaction between basin and oro-
gen (Zhang et al., 2008). More recently, our group conducted
the 637-km-long Hezuo-Jingtai profile to study the crustal
difference among the Qilian and Qinling Dabie orogens, and
the Tibetan Plateau (Zhang et al., 2013a) (labelled 2 in Figure
1).

As shown in Figure 1, the DSS profiles span across the
Qinling-Dabie orogen, the North China Craton, the Yangtze
block, the Qilian block and the Songpan-Ganzi block. Thus,
we can compare the seismic velocity features among these
blocks, with special attention to the differences between the
eastern and western parts, on one side, and between the north-
ern and southern parts, on the other.

2.2 Differences between western and eastern parts

Figure 2 displays the interpretations of the seismic dataset and
the crustal velocity models along the 8 DSS profiles. Concen-
trated within the interior of the Qinling-Dabie orogen, there
are remarkable differences between the eastern and western
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Figure 2 Crustal P-wave velocity models, corresponding to the eight DSS profiles presented in Figure 1. The tectonic units are the same as in Figure 1. (a)
Profile 1; (b) profile 2; (c) profile 3; (d) profile 4; (e) profile 5; (f) profile 6; (g) profile 7; (h) profile 8.

parts. For instance, the Moho depth reaches ~50 km in the
western Qinling-Dabie and rises to ~35 km in the central Qin-
ling-Dabie. The low velocity layer in the upper or middle
crust is a common feature in the west profiles.

In the crust of the eastern Qinling-Dabie orogen there is a
high-velocity dome (Dabie complex) and the velocity in the
shallower part (< 5 km) beneath the core of the dome reaches
6.0 km/s, indicating metamorphic rocks of the middle- and
lower-crusts exposed at the surface. On both sides of the
dome, a low velocity layer (body) with ~6.1 km/s is present in
upper-middle crust. The Moho depth reaches the peak (~41
km) at the core, compared with 32—34 km at both sides of the
orogen; a 4 km Moho-offset is observed beneath the Xiao-
tian-Mozitan Fault (beside SDS). Liu et al. (2003) recognize
that the velocity-pattern in the eastern Dabie orogen is typical
for continent-continent deep subduction/collision. The Moho
offset may be related with the suture zone of the Yangtze and

North China Craton collision. Therefore, the high-velocity
dome indicates the product of the collision/extrusion between
the continental blocks (Liu et al., 2003), or the cooling and
crystallization of intrusive igneous rocks in the middle crust
resulting from the post-collisional lithosphere delamination
and subsequent magmatism (Luo et al., 2012).

Figure 3 presents the average Vp along the profiles. The V'p
changes gently from west to east along profile 1, namely ~6.3
km/s in Qinling, ~6.35 km/s in the Qilian block, ~6.4 km/s
in the Ordos basin (North China Craton), consistently with
the result of passive seismic experiment (Pan and Niu, 2011).
Along profile 3, the velocity is fairly stable in the Songpan-
Ganzi, Qinling-Dabie, and Qilian block (~6.2 km/s). Another
interesting feature is that the average velocity in the western
and central profiles is lower (less than 6.4 km/s) than the one
in the eastern profiles. This feature implies a more felsic com-
position of crust or a higher temperature in the western part
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Figure 3 Average P-wave velocities (km/s) of crystalline crust (removing the sedimentary effect). The tectonic units are the same as in Figure 1. (a) Profile
1; (b) profile 2; (c) profile 3; (d) profile 4; (e) profile 5; (f) profile 6; (g) profile 7; (h) profile 8.

with respect to the eastern one (e.g., Rudnick and Fountain,
1995).

2.3  Differences between northern and southern parts

The Moho depth rises gradually from south to north as shown
in profiles 1-4 (Figure 2). Specifically, along profile 1 the
Moho depth is ~60 km in the Songpan-Ganzi block, rising
abruptly to ~52 km in the Qinling block. Whereas in the
north, beneath the Ordos basin, the Moho depth is ~42 km.
Along profile 2 the Moho depth is ~50 km beneath the Qin-
ling block and rises gradually to 43 km beneath the North
China Craton. Along profiles 3 and 4, the Moho depth un-
dulates from ~51 to 46 km and from ~33 to 29 km, respec-
tively. The Moho depth is relatively flat beneath profile 5.
By contrast, along profiles 6-8, it is deeper than 40 km be-
neath the core of Dabie. According to profile 8 and a deep
seismic reflection profile, two zones with (distinct) overlap-
ping Moho have been identified by Dong et al. (2008). It

was argued that structural remnants of the Triassic deep con-
tinental subduction remained preserved, despite the superim-
posed Jurassic deformation. From the receiver function stud-
ies, the imaged high-velocity volumes in the mantle beneath
the southern NCC were interpreted as a subduction remnant,
which reveals a flat subduction channel resulted from the con-
tinent-continent collision between the NCC and the Yangtze
craton (Zheng et al., 2012).

3. S-wave velocity structure of the litho-
sphere-asthenosphere system

Using data from more than 2000 seismic stations from mul-
tiple networks arrayed throughout China (CEArray, China
Array, NECESS, PASSCAL, GSN) and surrounding regions
(Korean Seismic Network, F-Net, KNET), Shen et al. (2016)
performed ambient noise Rayleigh wave tomography across
the China mainland. The isotropic Rayleigh wave group and
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phase speed maps from 8 to 50 s are obtained from ambi-
ent noise tomography, and then, by including earthquake sur-
face wave data, the period range has been extended to 70 s.
A Monte-Carlo inversion method (Shen et al., 2013) is em-
ployed to estimate a 3-D Vsymodel of the crust and uppermost
mantle. Compared with the previous surface wave tomogra-
phy studies in this region (Zhou et al., 2012; Xie et al., 2013;
Zhang Z et al., 2014; Zhang X M et al., 2014, Jiang et al.,
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2016), this model has a better resolution due to its denser cov-
erage and longer duration of recording time. Consequently,
we select this cellular model (0.5°%0.5°) as representative of
our study area (Figure 4).

To the east of the study region (east of 111°E) the cells
(or columns) have a relatively thin crust (lower than 40 km),
except for cell GOS, lying beneath the Dabie orogen. To the
west, the Moho depth increases gradually, reaching a thick-

116°(E)

Figure4 S-wave velocities (km/s) of the lithosphere-asthenosphere system beneath the Qinling-Dabie orogen and its adjacent areas (Shen et al., 2016). Black

dashed lines represent the Moho depth.



Deng YF, et al.

ness larger than 55 km in cells A0O1, A02, BO1, B02, CO1,
C02, D01, and DO02. In cells BOS, C08, E10, E11, E12 and
E13, the low velocity in the shallow part reveals the sedi-
mentary basin features in the North China Craton. Another
interesting feature is that the low velocity is common in the
crust in the western part (A01, A02, BO1, B02, C01, CO02,
C03, D01, D02, D03), which is consistent, to some extent,
with the DSS results. The North China and Yangtze cratons
(cells A06, A07, BO7, B0S, C08, D09, D10, E03, E04, EO5,
EO06, E12, FO1, F02, F03, GO1, G02, HO1) are well known
to be in a stable tectonic condition with a rigid lithosphere
(Dengetal., 2011; Zhang et al., 2013b), showing lithospheric
mantle Vs higher than 4.5 km/s. However, beneath the Dabie
orogen (cells FO8, F09, G04, G05, G06, HO3) mantle Vs is
not very high (< 4.5 km/s), indicating a possible higher tem-
perature in the mantle lithosphere reaching a partial melting
condition, if compared to the Yangtze block (cells E02, E03,
E04, E05, FO1, F02, F03) and the North China Craton (cells
B07, B0§, C07, C08, D11, D12, E10, E11) (e.g. see Ouyang
et al., 2014; Vanderhaeghe and Teyssier, 2001). The velocity
is consistent with other geophysical observations (e.g. Wang
et al., 2005, 2007; Zheng et al., 2011; Bao et al., 2013; Jiang
et al., 2013) and the lithospheric thinning/delamination pro-
posed by geochemical studies (Gao et al., 1999; Zhang et al.,
2015). On account of the common low velocities in the east-
ern part (cells E12, E13, F9, F10, G05, G06, H03,H04), the
possible effect of the Paleo-Pacific plate subduction (Ouyang
etal., 2014; Zheng et al., 2014) represents another reasonable
interpretation.

One alternative reason for the difference of P-wave and
S-wave velocities between western and eastern parts is their
original history: the western segment is an accretionary-type
arc-continent collisional orogen, whereas the eastern segment
is a simple continent-continent collisional orogen (Wu and
Zheng, 2013; Zhang et al., 2013a). On the other hand, the
Cenozoic activities in the western part (Indian-Asian colli-
sion) produce the continuous crustal shortening and shear
heating (Chen and Gerya, 2016), which leads to a thicker
crust but lower crustal velocity.

4. Rheological differences among the blocks

Velocity is an important physical feature of the geodynamic
processes (present or past), while rheology controls the defor-
mation. The geodynamic processes can be evaluated by con-
sidering the flux of material in the deep crust, which could be
inferred from the rheological structure of the lithosphere (e.g.
Panza and Raykova, 2008; Brandmayr et al., 2011). The con-
struction of a rheological profile requires the knowledge of
several parameters, like strain rate and tectonic style, which
are not generally available. Here we tried to understand the
rheology of the lithosphere by considering its seismicity and
strength deduced from yield stress envelopes versus depth.

Sci China Earth Sci
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The rheological properties of the crust can be roughly
quantified using the scheme proposed by Panza and Raykova
(2008), i.e., considering the earthquake hypocentres (N) and
the seismic energy released (E). As a proxy for the rheol-
ogy, lack of seismicity does not necessarily imply that the
lithosphere is locally more rigid, since the rigid crust is not a
sufficient condition for weak seismicity: it may indicate, for
example, that there is no active tectonics or that the strain
rate is locally lower than that in the surroundings (e.g. Panza
and Raykova, 2008; Brandmayr et al., 2011; Wu and Zhang,
2012; Deng et al., 2013; Zhang et al., 2013Db).

The yield strength envelope (YSE) is another method that
has been widely employed to constrain the rheology of the
lithosphere in various tectonic environments (e.g. Ranalli and
Murphy, 1987; Wang, 2001; Zang et al., 2005; Pauselli et al.,
2010; Muto, 2011; Zhang et al., 2013b). The lithosphere is
the uppermost rigid portion of the Earth and its rheological
structure can be divided into an upper regime (in which de-
formation is always brittle), a lower regime (in which defor-
mation is often ductile), and the brittle-ductile transition be-
tween them. The corresponding equations and parameters for
the regimes have been clearly illustrated by previous studies
(Zhang et al., 2013b; Chen et al., 2014).

The upper crust is mostly composed of wet quartzite and the
principal component in lithospheric mantle is olivine, while it
is hard to determine the rock type in the lower crust, notwith-
standing several laboratory measurements (e.g. Kohlstedt et
al., 1995). To broaden the menu, we assume that the lower
crust is composed of two possible rock groups: the “undried
granulite” and the “dry diabase”, as proposed by Burov and
Watts (2006). In order to evaluate the distribution of the rhe-
ological structure of the different tectonic units in the study
region, we choose several lithosphere columns (see Figure
5) within these tectonic blocks to calculate the rheological
YSEs. The values of the parameters used in the calculation
are listed in Table 1.

As for the thickness of the crustal layers, we refer to the
crustal structure shown in Figure 2. Geothermal curves are
calculated by solving the 1D steady state heat conduction
equation using the constraint of the heat flow data provided
by Tao and Shen (2008). We adopted the functional form
proposed by Lachenbruch (1970) for heat production, which
should decrease exponentially with depth, and all the param-
eters adopted for the geotherms calculation are listed in Table
2.

There are essentially two competing rheological models
for the long-term strength of continental lithosphere (Jack-
son, 2002a, 2002b; Burov and Watts, 2006; Burov, 2011):
the dubbed jelly sandwich (JS) model, suggesting that conti-
nental lithosphere consists of a weak lower crust sandwiched
between a relatively strong upper crust and a strong upper
mantle (Chen and Molnar, 1983), and the créme brulee (CB)
model, suggesting that the strength of continental lithosphere
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Figure 5 Upper panel: reference positions of (a)—(0). The yield envelope strength, geothermal curve (green lines), seismicity within one degree column (one
longitude degree by one latitude degree) (red circles, the seismic events (M;>1) occurred between January 1980 and 2012 edited by Catalogue of the China
Earthquake Network Centre (CENC)) and energy release beneath the nine points. The blue lines indicate that the lower crust is assumed to be composed of
undried granulite; the purple lines indicate that the lower crust is assumed to be composed of dry diabase. The number in every left panel indicates the earthquake

number in one degree column, the number in every right panel indicates the maximum of each histogram when the earthquakes are sorted in depth intervals of
4 km.



Deng YF, et al.

Table 1  Ductility parameters assumed in the model calculations®

Sci China Earth Sei  March (2017) Vol. 60 No. 3 583

Composition Pre-exponential stress constant, Power law  Activation energy, Reference
P A (MPa™"s™) exponent, 1 0 (kJ mol™)
Upper crust Wet quartzite 1.1x10* 4.0 223 Burov and Watts, 2006
Undried granulite 1.4x10* 42 445
Lower crust Burov and Watts, 2006
Dry diabase 8 4.7 485
Lithosphere mantle Dry olivine 4.85%10* 35 535 Burov and Watts, 2006

a) ¢ is 107'%; surface temperature 10°C; the thickness of upper and lower crust are taken from Figure 2; density of upper crust, lower crust and mantle is 2.7, 2.9, 3.3 g/em’,

respectively.

Table 2 Parameters used in geothermal calculations®

Hia (km) Huc (kim) Helam) (r[:jK)’l) Ao(Wm?) D (k) (mVI\-/Hjn’Z) (longilglfginl(:tlitude)
(a) 3 2 59 2.5 2.8 15 60 100.57°E, 33.97°N
(b) 3 24 55 25 27 15 60 102.07°E, 34.69°N
© 3 2 50 2.5 3 15 65 104.53°E, 35.80°N
() 4 20 ) 2.5 2.6 15 61 108.23°E, 37.32°N
(© 3 18 47 25 2.6 15 60 102.54°E, 34.75°N
® 4 20 46 25 3 15 66 103.34°E, 36.05°N
(® 4 21 43 25 2.8 15 63 104.39°E, 37.67°N
(h) 4 18 50 25 24 15 57 102.58°E, 32.81°N
() 4 20 49 2.5 2.6 15 60 102.77°E, 34.75°N
G) 3 20 48 2.5 3.1 15 67 102.91°E, 36.21°N
®) 3 16 36 25 23 15 58 111.17°E, 32.97°N
M 6 10 31 25 2.1 15 57 112.05°E, 34.01°N
(m) 5 18 35 25 2.8 15 64 115.51°E, 29.48°N
(n) 3 2 40 2.5 27 15 62 116.20°E, 31.06°N
() 3 25 35 25 27 15 61 116.82°E, 32.44°N

a) H,y, H,. and H., denote the thickness of sediment, upper crust and whole crust, respectively; ki is the thermal conductivity of sediments; Ao is the heat production at surface; D

is the characteristic depth of heat production; and HF is the surface heat flow, derived from Tao and Shen (2008).

resides entirely in the crust and that the upper mantle is sig-
nificantly weaker, due to high temperature and weakening by
water (Jackson, 2002a, 2002b; Jackson et al., 2008). Sup-
posing the lower crust is composed of granulite, we get the
YSEs shown in Figure 5 (blue lines). Yangtze block, North
China Craton, Songpan-Ganzi block and Qinling-Dabie oro-
gen present different rheological features, as well as the in-
terior of the Qinling-Dabie orogen. In the western Qinling-
Dabie (panels b, e and i, in Figure 5) the lithospheric mantle
is weak, while in the central (panel k) and eastern (panel n)
Qinling-Dabie the lithospheric mantle is relatively stronger.
Songpan-Ganzi block (panels a and h), Qilian block (panels c,
fandj) and western Qinling-Dabie are typical examples of the
CB model: their strength is high in the upper part and low in
the lower part. In comparison with the western part, Yangtze
block (panel m), North China Craton (panels d, 1 and o), the
central (panel k) and eastern (panel n) Qinling-Dabie show a
stronger lithosphere. Thus, they shall be associated to the JS
model, even though the eastern (panel n) Qinling-Dabie has
the lowest strength among the six panels.

Supposing the lower crust is composed of dry diabase, the
strength in the lower crust (purple lines in Figure 5) becomes
higher than in the undried granulite model. However, the
rheological classification doesn’t change, since the Songpan-
Ganzi block, Qilian block western and central Qinling-Dabie
orogen also fall into the CB model, even if they have a rel-
atively strong lower crust. The Yangtze block, North China
Craton and eastern Qinling-Dabie orogen have strong lower
crust and lithospheric mantle; thus, they still belong to the JS
model.

No matter what rock is chosen in the lower crust, the west-
ern part of the region under our analysis falls into the CB
group of lithospheric models, which is consistent with the
weak lower crust, and/or continental arc feature (Zhang et al.,
2013a), while the eastern part falls into the JS group of litho-
spheric models (Zhang et al., 2013b). All earthquakes are
located in the crust, and the maximum energy released lies
at a depth of ~10 km. Notably, few earthquakes occurred at
a depth of over 30 km, which is in good agreement with the
brittle-ductile transition (BDT) depths of the rheological pro-
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file. Specifically, earthquakes mainly occur in the upper crust
beneath panel a, while earthquakes in panels b and c locate
in the upper and middle crust, respectively. The absence of
earthquakes in Ordos basin (panel d) seems to correlate well
with the stable and rigid craton. In panels e, f, g, h, i the dis-
tribution of earthquakes is quite similar. In the central and
eastern part of the region (panels k, 1, m, o) earthquakes are
relatively less present than in the western part, except panel n,
that is characterized by active seismicity with the highest seis-
mic energy release, corresponding to the southernmost part of
the Tanlu fault (Deng et al., 2013). The penetration of fluids
leads to a decrease of the effective normal stress across the
fault planes, which favours the earthquakes generation.

In conclusion, the lithospheric strength implies the degree
of stiffness or weakness of the lithosphere, and the seismicity
reflects the stress tolerance of rocks and tectonic stress. The
stiff region shows weak deformation, corresponding to stable
environment and low seismicity areas (if there are no active
faults), such as South China and Ordos basin (North China
Craton). The weak region shows the possible strong defor-
mation, corresponding to the high seismicity (if there are ac-
cumulated forces), such as the margin of Tibet and western
Qinling-Dabie. Though the eastern Qinling-Dabie belongs to
the JS model, it has the lowest strength among the blocks be-
longing to the JS model.

5.  Seismic velocities of UHP regions

Recognition of UHP metamorphic rocks (i.e. coesite, dia-
mond and other UHP metamorphic minerals) and deep sub-
duction has been one of the most important progresses in the
studies of continental dynamics (e.g. Zheng, 2008). Fol-
lowing the traditional description of the plate tectonics the-
ory, the continental crust has a lower density than that of the
oceanic crust, thus, is not able to subdue into the relatively
high-density mantle. Objections to the original formulation
of the continental drift and plate tectonics have been brought
on the driving mechanism and on the evidence that subduc-
tion occurred to the less dense continental lithosphere in con-
tinent-continent collision zones (Pfiffner et al., 1997; Panza
et al., 2003; Anderson, 2007; Chen et al., 2014). These evi-
dences and the discovery of coesite, an UHP index mineral in
metamorphic supracrustal rocks in Western Alps and West-
ern Norway (Liou et al., 2004), add further challenge to the
original formulation of plate tectonics (Doglioni and Panza,
2015). In fact, they demonstrate that the oceanic/continental
crust was subducted to a depth of at least 80 km before re-
turning to surface according to the P-7-¢ path (pressure, tem-
perature and time) of the subducted mineral.

Up to now, the UP/UHP rocks have been reported in sev-
eral terranes worldwide, including the Qinling-Dabie orogen
(Zheng et al., 2007; Zheng, 2008), Sulu orogen (Zhang et al.,
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2005; Frezzotti et al., 2007), North Qilian orogen (Zhang et
al., 2007), North Qaidam (Song et al., 2003; Zhang et al.,
2009), Altyn (Liu et al., 2012), Western Tianshan in western
China (Zhang et al., 2002), Himalayan orogen (Liou et al.,
2004), Maksyutov in Russia (Beane et al., 1995; Leech and
Ernst, 1998) (Low temperature diamond), Western Gneiss
Region in Norway (Hacker et al., 2010), Dora Maira in Italy
(Castelli et al., 2007), Zermatt-Saas Fee in Switzerland (An-
giboust et al., 2009), Kokchetav in Kazakhstan (de Corte et
al., 2000), the Saxonian Erzgebirge in Germany (Willner et
al.,, 2000), Mali in Africa (Jahn et al., 2001), Central In-
donesia UHP terrane (Parkinson, 2000), French Massif Cen-
tral (Lardeaux etal., 2001), Northeast Greenland Caledonides
(Gilotti and Ravna, 2002), Neoproterozoic nappes in South-
east Brazil (da Costa Campos Neto and Caby, 2000), Chuacus
Complex in northern-central Guatemala (Ortega-Gutiérrez et
al., 2004), and Lanterman Range in Antarctica (Ghiribelli et
al., 2002).

In order to discuss the seismic velocity and deep subduc-
tion models, we considered the 8 terranes in the regions that
have been intensively studied with DSS profiles, as shown in
Figure 6.

Christensen and Mooney (1995) summarized the results
from the DSS profiles available worldwide, and they showed
that the thickness and velocity structure of the crust are well
correlated with the different tectonic province and they are
proof of the processes that have formed and modified the
crust. As shown in Figure 6, the global average velocity
varies between 5.8—6.3 km/s in the upper crust, 6.3—6.7 km/s
in the middle crust and 6.7-7.0 km/s in the lower crust. Since
the active seismic results do not supply ranges for subMoho
velocities, it must be kept in mind that the values are affected
by an uncertainty of ~10%; that is why they are not shown as
colour scaled in Figure 6.

Compared with the global velocity model, the velocities
in the lower crust are higher than 7.0 km/s beneath Dora
Maira (Lardeaux et al., 2006; Boncio et al., 2007), Maksyutov
(Stadtlander et al., 1999), Western gneiss region (Stratford et
al., 2009), and Sulu (Li, 1991; Bai et al., 2007), whereas the
velocities in the uppermost mantle are higher than 8.1 km/s
beneath Zematt-Saas Fee (Thouvenot and Perrier, 1980; Ye et
al., 1995) and northern Qaidam (Cui et al., 1995). This fact
could be explained by the presence of HP/UHP metamorphic
rocks (Liu et al., 2003; Luo et al., 2012). The relatively low
velocities (not higher than 7.0 km/s) in the lower crust be-
neath northern Qilian can be explained either by the low res-
olution of DSS data or by the presence of partial melting (e.g.
Hacker et al., 2014). Beneath the Dabie, the upper crust is
characterized by a relatively higher velocity, which may in-
dicate that the middle and lower-crust metamorphic rocks are
exposed at the surface (Liu et al., 2003; Luo et al., 2012) or
the reflection of mountain feature (Ouyang et al., 2014). The
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Figure 6 Distribution of typical HP/UHP terranes in the world and variation ranges of their respective average P-wave velocities: Dora Maira (Lardeaux et
al., 2006; Thouvenot et al., 2007), Zematt-Saas Fee (Ye et al., 1995), Maksyutov (Stadtlander et al., 1999), Sulu (Li, 1991; Bai et al., 2007), Dabie (Liu et al.,
2003), North Qilian (Zhang et al., 2013a), North Qaidam (Cui et al., 1995), Western Gneiss region (Stratford et al., 2009). Sub-Moho velocities, due to the
limited resolving power of available data, are only indicative and may vary in a range of 5% or more; therefore, they are not colour scaled.

absence of the high velocities of lower crust beneath Dabie
orogen remains consistent with lithospheric delamination
(Gao et al., 1999), high temperature and/or partial melting.

6. Conclusions

Based on the DSS profiles and seismic tomography con-
ducted in the Qinling-Dabie and neighbouring regions, we
have made a comparison of the crustal/lithospheric features
such as delineated along east-west and north-south sections
drawn within the study region. We have then employed
seismicity and rheological strength profiles to depict the
lithospheric rheological characteristics of these regions.
Finally, considering the P-wave velocity, a worldwide com-
parison was made among typical HP/UHP terranes. Our
main conclusions can be summarized as follows:

(1) The different blocks are characterized by their individ-
ual seismic velocities. The contrast in seismic velocities be-
tween the western and eastern parts indicates the different ori-
gin and deformation history.

(2) The rigid blocks, such as South China and Ordos basin
(North China Craton), resist deformation and show low seis-
micity. The weak regions, such as the margin of Tibet and
western Qinling-Dabie, experience strong deformation and
accumulated stress, thus show active seismicity.

(3) In most of the HP/UHP terranes worldwide, the P-wave
velocities in the lower crust are relatively higher than that
in the surroundings, whereas the Dabie orogen has a distinc-
tively low-velocity lower crust and lithospheric mantle. This,

together with its weak rheological strength, suggests that the
lower portion of the lithosphere under the Dabie orogen was
likely removed through delamination.
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