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The study of subduction-zone processes is a key to development of the plate tectonic theory. Plate interface interaction is a basic 
mechanism for the mass and energy exchange between Earth’s surface and interior. By developing the subduction channel model 
into continental collision orogens, insights are provided into tectonic processes during continental subduction and its products. 
The continental crust, composed of felsic to mafic rocks, is detached at different depths from subducting continental lithosphere 
and then migrates into continental subduction channel. Part of the subcontinental lithospheric mantle wedge, composed of perido-
tite, is offscrapped from its bottom. The crustal and mantle fragments of different sizes are transported downwards and upwards 
inside subduction channels by the corner flow, resulting in varying extents of metamorphism, with heterogeneous deformation and 
local anatexis. All these metamorphic rocks can be viewed as tectonic melanges due to mechanical mixing of crust- and man-
tle-derived rocks in the subduction channels, resulting in different types of metamorphic rocks now exposed in the same orogens. 
The crust-mantle interaction in the continental subduction channel is realized by reaction of the overlying ancient subcontinental 
lithospheric mantle wedge peridotite with aqueous fluid and hydrous melt derived from partial melting of subducted continental 
basement granite and cover sediment. The nature of premetamorphic protoliths dictates the type of collisional orogens, the size of 
ultrahigh-pressure metamorphic terranes and the duration of ultrahigh-pressure metamorphism. 
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In continental collision orogens, exposed ultrahigh-pressure 
(UHP) metamorphic terranes contain the lithotectonic rec-
ords of Alpine-type subduction [1]. These records highlight 
metamorphic P-T conditions and mass transfers, indicating 
subduction of continental crustal rocks to mantle depths of 
over 100 km. The UHP terranes are characterized by minor 
occurrences of mafic eclogites and ultramafic peridotites 
that are hosted by felsic gneisses. Such UHP eclogite-facies 
parageneses are absent in Pacific-type subduction zones [2]. 
These UHP rocks are of crustal and mantle protoliths and 
now occur together with their lower pressure counterparts in 
continental collision orogens [3]. It is intriguing how the 
continental crust is subducted to mantle depths for UHP 
metamorphism, how UHP slices are exhumed from mantle 

depths to crustal levels, and how metamorphic rocks of dif-
ferent P-T conditions occur together in the same orogens.  

The property of plate interface in subduction zones is a 
key to physical and chemical interactions at interplate bound-
aries. Physical and chemical transfers at convergent plate 
margins can occur on various spatial and temporal scales, 
which is fundamental to subduction-zone processes. Like the 
plate tectonic theory, the concept of subduction channel was 
originally developed from the tectonics of oceanic subduction 
zone [4–6]. It was primarily focused on the plate interface 
interaction in oceanic subduction zones, and now it has being 
extended to continental subduction zone [7]. Although this 
concept has been used in studying the occurrence of meta-
morphic rocks in oceanic subduction zones [8–10], it is just at 
the beginning of its application to continental collision oro-
gens. Despite the difference in the tectonic mechanism for 
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subduction and exhumation of continental curst, it is certain 
that crustal and mantle materials at the place interface are 
variably detached into subduction channel during the pro-
cesses of subduction and exhumation. Although the UHP 
terranes of continental subduction zone exhibit different areas 
of exposure, different rates of exhumation and different ex-
tents of anatexis, their formation and evolution can be well 
explained by tectonic processes in continental subduction 
channel. The aim of this study is to highlight these processes 
in continental subduction channel that serve as the mecha-
nism responsible for mixing and transport of crust- and man-
tle-derived materials during continental collision.  

1  Subduction channel processes 

On the basis of tectonic processes in subduction zones, the 
subduction channel is assumed as variable sizes of free 
space and therein material between the upper and lower 
plates during slab subduction into the mantle. Thus, the 
oceanic subduction channel denotes the free space between 
the underlying subduction slab and the overlying mantle 
wedge, in which supracrustal materials of subducting litho-
sphere are detached into oceanic subduction channel by 
tectonic offscrapping along channel walls with varying ex-
tents of deformation and metamorphism. This concept is 
extended to continental subduction zones [7], in which not 
only variable sizes of crustal fragment are detached from 
subducted continental lithosphere but also variable sizes of 
mantle fragments are offscrapped from the bottom of mantle 
wedge (Figure 1). These detached materials experience var-
iable extents of metamorphism with heterogeneous defor-
mation and local anatexis, forming a variety of tectonic me-
langes in continental subduction channel. The mantle wedge 
overlying the continental subduction channel is cooler than 
that overlying the oceanic subduction channel, leading to 
significantly lower geotherms in the continental subduction 
channel than those in the oceanic subduction channel. This is 
also the reason why the UHP metamorphic rocks of conti-
nental subduction zone are able to be preserved without com-
plete melting following their formation at mantle depths. 

Because of the difference in topography on the plate sur-
face, the subduction channel exhibits variable sizes. But it is 
very narrow on the plate scale. Oceanic subduction channel 
is usually of small size, varying from <1 km to >10 km. In 
contrast, continental subduction channel is usually of large 
size, varying from >5 km to >30 km. With the progressive 
convergence between two plates, material inside the sub-
duction channel forms ductile shear zone to exhibit a dy-
namic structure of the jelly sandwich. The crust- and man-
tle-derived fragments are transported either downwards or 
upwards during subduction, depending on the direction of 
corner flow inside the subduction channel. While some frag-
ments may be transported downwards for further burial, the 
other fragments may be transported upwards for exhumation.  

 

Figure 1  Schematic diagram of crust-mantle interaction in continental 
subduction channel (revised after Zheng [7]). The continental crust (crys-
talline basement and sedimentary cover), variably concentrated with water 
and other incompatible elements, is subducted to mantle depths, contrib-
uting major and trace elements to the subcontinental lithospheric mantle 
(SCLM) wedge for crustal metasomatism. 

It is common in the subduction channel that the upper low- 
T/HP layer becomes exhumed when the lower high-T/UHP 
layer is still subducting. Some fragments may be rotated 
inside the subduction channel, resulting in different P-T-t 
paths for different positions of a given UHP slice. These 
differential processes of subduction and exhumation are rec-
orded by HP and UHP metamorphic rocks in the same colli-
sion orogens. Some UHP metamorphosed fragments may be 
stored in the lower crustal level for long periods, leading to 
significant retrogression and even thermodynamic reequili-
bration in the late stage of continental collision. 

The tectonic behavior of subducted materials commonly 
exhibits a wide variation at convergent continental margins. 
In the Dabie-Sulu orogenic belt, for example, low to nega-
tive  

18O rocks of supracrustal origin were subducted to 
mantle depths [11], whereas a deformed accretionary wedge 
was accumulated at the continental margins without sub-
duction to mantle depths [12]. These differences can be ex-
plained by three levels of crustal detachment at different 
depths during continental subduction: (1) the shallow de-
tachment between sedimentary cover and crystalline base-
ment, (2) the intermediate detachment between the upper 
crust and the lower crust, and (3) the deep detachment be-
tween the continental crust and the subcontinental litho-
spheric mantle (SCLM). The continental crust is detached at 
different depths, yielding different sizes of fragments and 
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slices in the subduction channel. Some detached slices may 
be rotated inside the subduction channel. This explains the 
observation of Rubatto et al. [13] at Sesian in the Italian 
Western Alps where two stages of eclogite-facies meta-
morphism occurs in a single unit.  

Because continental subduction channel has significantly 
lower temperatures than oceanic subduction channel, UHP 
metamorphism at mantle depths exhibit significantly lower 
temperatures in the continental subduction channel than 
those at the bottom of subarc mantle overlying the oceanic 
subduction channel. As a consequence, dehydration of 
deeply subducting crustal rocks at subarc mantle depths is 
much less significant in the continental subduction channel 
than in the oceanic subduction channel. This explains why 
no synsubduction arc magmatism occurs above the overrid-
ding continental lithosphere. Nevertheless, the SCLM 
wedge peridotite would undergo alteration and metasoma-
tism, respectively, by aqueous fluid and hydrous melt de-
rived from subducting continental crust and its derived 
fragments [7]. On the other hand, dehydration of UHP 
metamorphic rocks is significant during their exhumation 
from mantle depths toward the crust [14]. This type of ret-
rograde fluid action is particularly profound in the lower 
crustal level, leading to amphibolite-facies retrogression if 
the aqueous fluid flows in a pervasive way, but to veining of 
quartz-rich assemblages if the aqueous fluid flows in a fo-
cused way. Anatexis of UHP rocks may also take place at 
elevated temperatures [15]. 

Metamorphic dehydration and partial melting are facili-
tated by structural shearing of crustal fragments and slices 
in continental subduction channels. The aqueous fluid and 

hydrous melt are generated from UHP metamorphic rocks 
during their exhumation from mantle depths to crustal levels 
[16–19]. As such, there are not only physical mixing but 
also chemical reaction at the slab-mantle interface (Figure 
2). Such fluid/melt would flow along the slab-mantle inter-
face and rise into the overlying SCLM wedge, leading to 
chemical reaction with the mantle wedge peridotite to gen-
erate mafic to ultramafic metasomes [7]. The mantle meta-
somes may be stored in orogenic lithospheric mantle for 
few to tens of millions of years, serving as mantle sources 
for synexhumation alkali magmatism [20] and postcolli-
sional mafic magmatism [21–26]. The dynamic structure of 
the jelly sandwich that formed during continental subduction 
would become a static structural of the jelly sandwich in the 
orogenic lithosphere subsequent to the exhumation of deeply 
subducted continental crust. This is a kind of the tectonic 
architecture in which the mantle metasomes is located in the 
upper, the exhumed upper crustal UHP slice in the middle 
and the exhumed lower crustal UHP slice in the lower. Such 
sandwich structure typical of continental collision zone has 
been imaged in the Dabie orogen not only by geophysical 
observation [27,28] but also by geochemical analyses [21,29]. 

A combination of results from the study of petrology, 
numerical modelling, geophysics and geochemistry suggests 
at least three-stage processes during continental collision. 
First, crustal materials are detached from subducting conti-
nental lithosphere at different depths, suffering different ex-
tents of deformation and metamorphism along the interface 
between the subducted continental crust and the overlying 
SCLM wedge. Second, crust-derived materials are mixed 
not only with each other but also with peridotite fragments  

 
 

 
Figure 2  Sketch of a subduction channel at the plate interface in continental subduction zone (revised after Zheng et al. [3]). Two processes occur at the slab- 
mantle interface in the subduction channel during continental collision, with physical mixing to produce tectonic melange of metamorphic rocks, and chemical 
reaction of the overlying subcontinental lithospheric mantle (SCLM) wedge with aqueous fluid and hydrous melt from subducting continental crust.  
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scrapped from bottom of the SCLM wedge, yielding UHP 
mélanges at mantle depths. Third, the UHP mélanges are 
returned to crustal levels by the corner flow in the conti-
nental subduction channel, forming the exposed mélanges 
that exhibit variable P-T conditions and lithologies. Thus, 
variable extents of physical mixing and chemical reaction 
along the continental subduction channel are a key to the 
formation and exhumation of orogenic mélanges [7]. Con-
sequently, all UHP metamorphic rocks in continental colli-
sion orogens can be viewed as three-component mixing 
systems that are primarily composed of continental base-
ment and sedimentary cover with minor peridotite from the 
SCLM wedge. They are tectonic mélanges due to mechani-
cal mixing of these three components in the continental 
subduction channel. Therefore, the subduction channel pro-
cesses are the tectonic mechanism that can account for var-
ious occurrences of microscale to macroscale lithotectonic 
units in continental collision orogens.  

The exhumation mechanism of UHP terranes from man-
tle depths to crustal levels has being the hotspot and fore-
front in the study of continental deep subduction [30,31]. 
The slab breakoff is a traditional model, in which subduct-
ing continental slab becomes wholly exhumed due to 
breakoff at the transition to the oceanic slab that is pulling 
the continental deep subduction [32,33]. The model of con-
tinental subduction channel has been used to explain exhu-
mation of HP and UHP metamorphic rocks [34–36]. In 
terms of the continental subduction channel model [7], the 
subducting continental lithosphere is detached at different 
depths as crustal slices into the subduction channel that are 
sequentially exhumed toward the surface (Figure 3(a)). 
Then the subducting continental lithosphere is wholly ex-
humed due to breakoff from continuously subducted ocean-
ic lithosphere (Figure 3(b)). The exhumed slices of conti-
nental crust underwent different extents of deformation and 
metamorphism under different P-T conditions, even if there 
is a significant difference in P-T path between different po-
sitions of the same slice. As a consequence, continental col-
lision orogens normally exhibit the following tectonic ar-
chitecture: the low-T/UHP slice is exhumed at first and thus 
located in the upper layer. It is followed by exhumation of 
the mid-T/UHP slice, which is located in the middle layer. 
The high-T/UHP slice is exhumed finally and thus located 
in the lower layer. During such differential exhumation, the 
deep UHP rocks may undergo granulite-facies overprinting 
to cause the heating dehydration. As such, the water liber-
ated is pervasively migrated upwards and thus becomes the 
source of aqueous fluid for amphibolite-facies retrogression 
of the shallow UHP rocks. 

Although there are hot debates on the tectonic mecha-
nisms of exhuming HP and UHP terranes from mantle 
depths to crustal levels, various sizes and shapes of HP and 
UHP slices are indeed capable of being exhumed inside 
cold continental subduction channels. Both internal and 
external forces in the subduction channels have played the  

 
Figure 3  Schematic diagram for differential exhumation of subducted 
crustal slices during continental collision. (a) Differential exhumation of 
crustal slices in continental subduction channel due to detachment at dif-
ferent depths; (b) bulk exhumation of continental lithosphere due to break-
off from oceanic lithosphere. 

roles of exhumation [37]. The internal force is indicated by 
the buoyancy-driven upward motion, including channel 
flow during ongoing continental subduction, wedge extru-
sion induced by the detachment of deeply subducted crustal 
materials from the downgoing lithosphere, and the diapiric 
ascent of subducted crustal materials under the action of flu-
id/melt. The external force is indicated by the upward flow of 
detached materials, involving large-scale intracrustal thrust-
ing with coeval erosion, pure-shear thickening and coeval 
erosion during continental collision, decoupling and eduction 
of the continental crust and changes in lithospheric kinemat-
ics at convergent margins. A combination of the internal and 
external forces in the cold subduction channels can result in 
the varying extents of metamorphism with heterogeneous 
deformation and local anatexis of the subducted crustal mate-
rials at different depths, extents and fashions. It is also the 
primary mechanism for the differential exhumation of HP to 
UHP slices following the crustal detachment during conti-
nental collision. On the other hand, exhumation of UHP rocks 
may be driven by rollback of the deeply subducting conti-
nental lithosphere [38,39]. This can be explained by the as-
sumption that the slab rollback causes an increase of the free 
space in the subduction channel, leading to the exhumation of 
UHP slices at the action of buoyancy.  

2  Protolith nature and continental collision 

The applications of subduction channel model to continental 
collision orogens enable us to focus on the lithotectonic 
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property of subducted crust and its overlying mantle wedge. 
The subducted continental crust is primarily composed of 
basement granite, granulite and gabbro with sedimentary 
cover, containing very minor peridotite. It contains less wa-
ter than the subducted oceanic crust that is primarily of al-
tered oceanic basalt and gabbro with thin cover sediment. 
The mantle wedge above the subducting continental slab is 
of high viscosity, low temperature and low water fugacity, 
in contrast to the mantle wedge above the subducting oce-
anic slab that is of low viscosity, high temperature and high 
water fugacity. In view of the time of crust-mantle differen-
tiation that can be defined by whole-rock Nd isotope ratios 
and protolith ages, two origins of crustal rocks can be dis-
tinguished in subducted continental crust [7]. One is the 
juvenile crust that is recently derived from partial melting of 
the mantle in mid-ocean ridge, island arc, backarc and rift 
tectonic zones, exhibiting a high radiogenic Nd isotope 
composition with positive εNd(t) values. The other is the 
ancient crust that is commonly composed of Precambrian 
basement with respect to Phanerozoic metamorphic rocks, 
exhibiting a high unradiogenic Nd isotope composition with 
negative εNd(t) values. Thus, juvenile arcs between collided 
continents can be inferred from the occurrence of positive 
Nd(t) eclogites, whereas the ancient arcs of the continental 
margin are indicated by negative Nd(t) eclogites.   

Continental subduction zones are commonly transformed 
from intercontinental basins or backarc basins close to con-
tinental margins. Pulling of subducting oceanic slab serves 
as a driving force for subduction of continental slab to man-
tle depths. As such, continental subduction zones are com-
monly of composite origin and thus exhibit a large diversity 
in the protolith nature of UHP metamorphic rocks [7]. For 
example, in some subduction zones such as Alps-Himalaya 
and Tianshan-Ural, Tethys-type basalts of juvenile origin 
were subducted to mantle depths for UHP metamorphism. 
But in other subduction zones such as Dabie-Sulu of China 
and Western Gneiss Region of Norway, the continental 
basement of ancient origin was subducted to mantle depths 
for UHP metamorphism. In either case, the configuration of 
subduction zones is uniform in that the mantle wedge is 
always present between the subducting continental crust and 
the overriding continental crust. In the Andean-type sub-
duction zones where the oceanic lithosphere is subducted 
beneath the continental lithosphere, the overlying mantle 
wedge may be of juvenile origin due to the accretion of 
oceanic arc terranes. In the Alpine-type subduction zones, 
on the other hand, the continental lithosphere is subducted 
beneath the continental lithosphere and the overlying mantle 
wedge may be of either ancient origin (craton mantle) or 
juvenile origin (subarc mantle).  

Although there are various types of orogens on Earth, 
they are generally categorized into accretionary-type and 
collision-type in terms of their tectonic evolution and proto-
lith nature. With respect to the collision-type orogen, arc- 
continent collision is developed from subduction of conti-

nental crust beneath arc-type terrane (e.g., Himalaya and 
Papua New Guinea) whereas continent-continent collision is 
developed from subduction of continental lithosphere be-
neath continental lithosphere (e.g., Dabie-Sulu of China, 
Western Gneiss Region of Norway) [7]. Many accretion-
ary-type orogens are developed into continent-arc-continent 
collision orogens in their advanced stage, so that they are 
referred as accretionary-type arc-continent collision orogens 
[37]. Different origins of crustal rocks were subducted to 
mantle depths for UHP metamorphism during continental 
collision. The difference in protolith origin is correlated 
with the type of collisional orogens and the size of UHP ter-
ranes [7]. In arc-continent collision orogens, mafic UHP ec-
logites primarily have the protolith of juvenile basalts where-
as felsic UHP gneisses mostly have the protolith of accre-
tionary wedge sediments that may be derived from weather-
ing of either ancient or juvenile crustal rocks. In conti-
nent-continent collision orogens, on the other hand, protolith 
of the eclogites is primarily ancient mafic rocks whereas pro-
tolith of the gneisses is mostly ancient granites with minor 
amounts of continental sediment. In either case, very small 
volumes of the UHP eclogites are enclosed by very large 
volumes of the UHP gneisses in various UHP terranes [2,7].  

Despite their variation in metamorphic ages from the 
Early Paleozoic to the Late Cenozoic, durations of UHP 
metamorphism fall into two groups in light of the available 
geochronological data [40,41]. One group exhibits short 
durations in a few millions of years (e.g., the Dora Maira of 
Western Alps, the Kaghan Valley of Himalaya, and the 
Woodlark of Papua New Guinea), whereas the other group 
exhibits long durations in tens of millions of years (e.g., 
Dabie-Sulu of China, Western Gneiss Region of Norway). 
The two groups of metamorphic durations are generally 
correlated with  the area of exposed UHP eclogite-facies 
rocks (terrane size) and the protolith nature of UHP terranes 
(Figure 4). Small UHP terranes are commonly of juvenile  

  

 
Figure 4  The relationship between UHP terrane size and metamorphic 
duration (data after Zheng [7]). Small UHP terranes contain fragments of 
the juvenile crust and exhibit short residence at mantle depths, whereas 
large UHP terranes contain no fragments of juvenile crust and exhibit long 
residence at mantle depths. 
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crustal protoliths and tend to metamorphose over the short 
timescales with rapid rates of exhumation, whereas large 
UHP terranes are generally of ancient crustal protoliths and 
tend to metamorphose over the long timescales with slow 
rates of exhumation. These two types of relationships can be 
well explained by the subduction channel processes during 
continental collision: the small UHP terranes are much more 
susceptible to motion than the large UHP terranes in sub-
duction channel. Therefore, the nature of premetamorphic 
protoliths dictates the type of collisional orogens, the size of 
ultrahigh-pressure metamorphic terranes and the duration of 
ultrahigh-pressure metamorphism [7].  

During the continental collision, the continental crust 
was subducted either beneath the juvenile subarc litho-
sphere (e.g., Alps-Himalaya, Tianshan-Ural) or beneath the 
ancient craton lithosphere (e.g., Dabie-Sulu, Western Gneiss 
Region). The former corresponds to the accretionary-type 
arc-continent collision that results in wide orogens with 
intervened arc terranes, whereas the latter corresponds to 
the continent-continent collision that leads to narrow oro-
gens without intervened arc terranes [7]. Within the frame-
work of plate tectonics, there are  a series of processes 
from oceanic subduction to continental collision [37]:    
(1) subduction of the Tethys-type lithosphere beneath the 
Tethys-type lithosphere to cause oceanic arc magmatism,  
(2) rollback of subducting slab to cause backarc basin ex-
tension and magmatism, (3) the closure of backarc basins in 
association with the Andes-type arc-continent collision,   
(4) subduction of the Tethys-type lithosphere beneath the 
newly accreted arc terranes to cause continental arc magma-
tism, (5) subduction of the ancient continental lithosphere 
beneath the newly accreted arc terrane to cause the Hima-
laya-type arc-continent collision (e.g., Dora Maira, Kaghan 
Valley and Woodlark). While UHP metamorphism of the 
subducted crustal rocks is common in the Himalaya-type 
arc-continent collision orogens, it is absent in the An-
des-type arc-collision orogens; (6) subduction of the ancient 
continental lithosphere beneath the ancient continental lith-
osphere to cause the continent-continent collision (e.g., 
Dabie-Sulu, Western Gneiss Region). 

3  Summary 

The study of plate interface interaction is a significant step 
to develop the plate tectonic theory from oceanic subduction 
to continental collision. Subduction channels are a focus of 
the interaction between Earth’s surface and interior; physi-
cal coupling and chemical reaction between convergent 
plates dictate the mechanical transfer and material transport 
of subduction zones. Thus, the purpose of highlighting the 
subduction channel processes is to decipher the processes 
and products of plate interface interaction in subduction 
zones. In order to develop the chemical geodynamics of 
subduction zones, further studies are required to determine 

the dimension, geometry size and physicochemical property 
of the plate interface, to quantify the fluxes of fluid and 
mass through and along the plate interface by bridging 
space and time scales through the combination of petrological 
and geochemical data, and to model the relationships between 
mineralogical reactions, fluid flow and element mobilization 
in various lithologies. Because of the difference and im-
portance of aqueous fluid, hydrous melt and supercritical 
fluid in dissolving and transporting various elements, it is 
also intriguing to know how these fluids are generated and 
evolved in subduction zones and how they become effective 
on geochemical processes at the plate interface.  

By extending the subduction channel model to continen-
tal subduction zones, not only the framework of plate tec-
tonics is provided for the origin of lithotectonic units in 
continental collision orogens, but also the light of chemical 
geodynamics is shed on crust-mantle interaction in conti-
nental subduction zones. The crust-mantle interaction in 
continental subduction channel is realized by chemical reac-
tion between the subducted crust-derived fluid/melt and the 
overlying SCLM wedge peridotite. Materials inside the 
subduction channel are very ductile with respect to its 
hangwall (mantle peridotite) and footwall (crustal base-
ment). Felsic metamorphic rocks in the subduction channel 
have lower density and viscosity than mafic counterparts 
and thus are susceptible to transport upward. Crustal frag-
ments in the subduction channel can be transported either 
downwards with prograde metamorphism during subduction, 
or upwards with retrograde metamorphism during exhuma-
tion, or even with rotation. As a consequence, the meta-
morphic rocks of continental subduction zones experience 
overprinted processes, exhibiting not only the polyphase 
growth/recrystallization of metamorphic minerals but also 
the episodic action of metamorphic fluid.  

The processes in continental subduction channel have left 
notable and directly accessible records at the surface in the 
form of exhumed UHP metamorphic terranes. While the 
formation of UHP metamorphic rocks is due to further sub-
duction of HP rocks with the downgoing slab, the differential 
exhumation of UHP metamorphic crustal slices is primarily 
driven by the corner flow in the continental subduction chan-
nel. Small UHP terranes of juvenile crustal protolith resided 
at mantle depths in short durations with rapid exhumation, 
whereas large UHP terranes of ancient crustal protolith re-
sided at mantle depths in long durations with slow exhuma-
tion. However, the concret mechanism of exhumation for 
different lithotectonic units may vary from case to case, de-
pending on the temporal and spatial positioning in the sub-
duction channel with the competition between internal and 
external forces. Therefore, there are various types of physical 
mixing and chemical reaction between crust- and mantle- 
derived rocks in the continental subduction channel.  
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