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The studies of continental deep subduction and ultrahigh-pressure metamorphism have not only pro-
moted the development of solid earth science in China, but also provided an excellent opportunity to
advance the plate tectonics theory. In view of the nature of subducted crust, two types of subduction
and collision have been respectively recognized in nature. On one hand, the crustal subduction occurs
due to underflow of either oceanic crust (Pacific type) or continental crust (Alpine type). On the other
hand, the continental collision proceeds by arc-continent collision (Himalaya-Tibet type) or conti-
nent-continent collision (Dabie-Sulu type). The key issues in the future study of continental dynamics
are the chemical changes and differential exhumation in continental deep subduction zones, and the

temporal-spatial transition from oceanic subduction to continental subduction.
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One of the most provocative findings in the earth sci-
ences during the past three decades is the recognition
and confirmation of coesite and diamond in metamor-
phic supracrustal rocks from more than twenty conti-
nental subduction/collision zones™**!. Such metamorphic
minerals as coesite and diamond have been viewed as
index minerals for the process that host mineral assem-
blages underwent ultrahigh-pressure (UHP) metamor-
phism at continental lithospheric mantle depths in excess
of at least 80 km™!. The findings of UHP metamorphic
rocks in continental subduction/collision zones have
brought a revolution of plate tectonics, because no sub-
duction of the low-density continental crust to mantle
depths was expected in the traditional model of plate
tectonics™>. However, in view of the increasing num-
bers of occurrences of UHP terranes, it is probably use-
ful to ask what is special for their formation? Is deep
subduction of supracrustal rocks actually a common
condition during continental subduction/collision? Or is

only the tectonic regime required for their exhumation
unusual?

These new findings are exciting to earth scientists and
thus their implications are far-reaching to continental
dynamics. The range of metamorphic pressures at
crustal depths has been dramatically expanded to mantle
depths, numerically from >80 km'®Z to >120 km®®2,
possibly into mantle depths of 200 to 350 km!%M. Spe-
cial tectonic processes are expected to exhume the UHP
rocks from the mantle depths to the crustal levels. The
isotope geochronology and geochemistry of UHP rocks
present wonders that have given us new insights into
deep earth processes’>=4. Although the interpretation
of the subduction and exhumation processes has been a
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challenge to earth scientists, it brings us new insights
into geodynamic processes in collision zones. It also
enables us to decipher the origin of heterogeneity in the
upper mantle, and the nature and diversity of man-
tle-derived magmas. On one hand, these new discoveries
and scientific insights are rooted in the study of miner-
alogy and petrology™>*®. On the other hand, prominent
progresses have been also made by dynamic interpreta-
tions of isotope geochronological and geochemical data
on UHP metamorphic rocks™.

At the very beginning, a group of Chinese scientists
were involved in the revolution of plate tectonics since
the finding of coesite and diamond in terrigenous UHP
rocks. They have made seminal contributions in the past
two decades to understanding of geodynamic processes
from the subduction of oceanic crust to the collision of
continental crust. The Chinese Continental Scientific
Drilling (CCSD) project has been accomplished between
2001 —2005 at Donghai in the Sulu UHP terrane, pro-
viding an advantageous and rare chance for collecting
UHP rock samples continuously from its main hole (MH)
as deep as 5158 m. A great deal of studies have demon-
strated that continental and oceanic crust was subducted
to continental lithospheric mantle depths, resulting in the
formation of UHP metamorphic rocks. This not only
provides us with an opportunity to develop the tradi-
tional theory of plate tectonics, but also is a challenge to
the study of solid earth science. It has been realized re-
cently that sufficient attention must be paid to processes
of the subduction and exhumation of continental and
oceanic crust, focusing not only on intracrustal detach-
ment decoupling and differential exhumation but also on
intraslab fluid flow and chemical changes. Although
there are significant differences in the tectonic setting of
forming and outcropping the UHP metamorphic rocks
between different orogens, both fluid action and crustal
exhumation in deep subduction zones are the key subject
of various studies in the near future. Such studies are
expected to answer the following questions: (1) How
were the UHP metamorphic rocks exhumed from mantle
depths to shallow crust? (2) How did the dehydration
and melting of HP/UHP metamorphic minerals in deep
subduction zones dictate the formation and evolution of
metamorphic fluids/melts? (3) What are the differences
in fluid flow and chemical differentiation during the
subduction and exhumation of continental and oceanic
crust? (4) How did the fluid/melt action in deep subduc-
tion zones influence the differentiation of elements and

isotopes as well as their metasomatism to contacting
slabs?

The Ministry of Science and Technology of China has
lunched a new national basic research program of China
(973) entitled “Chemical changes and differential ex-
humation of deeply subducted continental crust” since
2009 to further decipher the mystery of continental sub-
duction zones. Both continental and oceanic subduction
zones have been taken into account with the aim to pro-
vide insights into fluid action and crustal exhumation in
collisional orogens. Thus, chemical differentiation and
detachment decoupling in deep subduction zones have
been the major point in doing so. An integration of geo-
logical and geochemical studies has being devoted to
both continental- and oceanic-type UHP metamorphic
terranes that discontinuously crop out along about 5000
km length of orogens from east to west in central China.
The results have being used to see through the protolith
nature and tectonic affinity of deeply subducted crust, to
reconstruct the structure and composition of typical
UHP metamorphic zones, to decipher the difference and
transition between the subduction and exhumation of
oceanic and continental crust, and to provide insights
into the fluid action and geodynamic effects of deep
subduction zones. In order to find multiply lines of ob-
servational evidence of fundamental operators for deep
subduction and exhumation of continental crust, the
project is focused on the following key issues: (1) the
differential exhumation of multi-slabs and triggering
mechanism; (2) the nature of deeply subducted crust and
its effects on fluid action and element transport; (3) the
influence of deeply subducted crust on the adjacent
lithosphere and upper mantle; and (4) the temporal-
spatial transformation and dynamic linkage from oce-
anic subduction to continental collision.

This thematic issue brings three papers together to
summarize updated results of tectonic, petrological,
geochronological and geochemical studies involving
issues from oceanic subduction to continental collision
in China™™%. Along with a thematic issue for UHP
metamorphism and crustal deep subduction in 2008222
and sporadic papers published in 2008 and 2009228
great progress has been made by Chinese earth scientists
to the geodynamics of both oceanic and continental
subduction zones. This set of twelve papers not only
provides overviews on well-studied UHP metamorphic
terranes from Dabie-Sulu to Western Tianshan to Tibet
in China, but also covers a variety of specific topics and
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methods used in understanding and interpreting rocks
from UHP terranes. Thus, it can serve as an introduction
to the study of HP and UHP metamorphic rocks in both
the continental subduction zones of eastern China and
the oceanic subduction zones of western China. Fur-
thermore, it may throw light on the geodynamics of
crustal deep subduction and continental collision in gen-
eral. Therefore, it is valuable to any scientist with an
interest in the origin and evolution of the continental
lithospheric crust and mantle and will appeal especially
to those doing research in tectonics, geodynamics, and
petrology of continental subduction zones.

Shortly after the recognition of plate-tectonics, the
famous Wilson cycle was proposed to describe the crea-
tion and demise of ocean basins in the following four
stages: (1) rifting of a continent; (2) continental drift,
sea-floor spreading and formation of ocean basins; (3)
subduction of oceanic lithosphere and progressive clo-
sure of ocean basins; and (4) continent-continent colli-
sion and final closure of an ocean basin. After a half of
century efforts in developing the plate tectonics theory,
it has been realized that the formation and evolution of
continental crust can be outlined in the following six
stages: (1) subduction of oceanic crust, island arc mag-
matism and growth of juvenile crust; (2) arc-arc colli-
sion and formation of continental nuclei; (3) arc-conti-
nent collision, crustal reworking and continental accre-
tion; (4) continent-(arc)-continent collision, continental
subduction and supercontinental assembly; (5) rifting of
the orogenic continental lithosphere and supercontinen-
tal breakup; and (6) continental drift, seafloor spreading
and renewed subduction. A change in plate convergence
rate or plate motion direction may lead to differences in
the nature and extent of crustal reworking (metamor-
phism and magmatism) between oceanic and continental
subduction zones. The juvenile crust can commonly
grow from island arc magmatism during subduction of
the oceanic plate beneath the oceanic plate, but there is
only reworking of continental lithosphere during sub-

duction of the oceanic plate beneath the continental plate.

In addition, the juvenile arc crust is not part of the con-
tinental crust until it is accreted to the continental mar-
gin.

With the development of plate tectonics, significant
differences have been recognized in subduction-zone
metamorphism, which shows contrasting geological oc-
currences, mineral assemblages, and physicochemical
conditions of peak metamorphism. These are catego-

rized into Pacific and Alpine types of subduction zones
in view of the nature of subducted crust®. The Pacific
type in oceanic subduction zones is mainly characterized
by the occurrence of low-T/HP blueschist- and eclogite-
facies metamorphic rocks in association with ophiolites,
whereas the Alpine type in continental subduction zones
is principally characterized by the occurrence of mid-T/
UHP eclogite-facies metamorphic rocks. Plates subduct
at relatively low geothermal gradients and carry mafic
and felsic lithologies to depths of 30— 120 km or more,
producing HP Pacific type and UHP Alpine type meta-
morphic terranes, respectively. Typically, the Pacific-
type subduction is associated with underflow of thou-
sands of kms of oceanic lithosphere, resulting in syn-
subduction magmatism as arc volcanics and thus growth
of juvenile mafic crust above basaltic crust-capped oce-
anic plates. In contrast, the Alpine type subduction in-
volves the possible closure of backarc basins, arc-con-
tinent and continent-arc-continent collision, finally
leading to subduction of continental crust without syn-
subduction magmatism and juvenile crustal growth
above granitic crust-capped continental plates. Thus, the
Alpine-type collision reworks preexisting terranes, re-
sulting in reworking of preexisting crust rather than
growth of juvenile crust.

Although the two types of plate convergence can be
distinguished from tectonic observations, there are a
number of transitions between them. Thus, continental
collision zones are further classified into two types also
in view of the nature of subducted crust. One is the Hi-
malaya-Tibet type that starts from the Alpine type arc-
continent collision with contemporaneous metamor-
phism and magmatism (Figure 1(a)). Ultimately, it
evolves into continent-arc-continent collision orogens
(Figure 1(b)), with or without HP to UHP metamor-
phism. This leads to broad intercontinental orogens with
reworking of juvenile crust®®*", The other is the Dabie-
Sulu type in which the subduction of one granitic
crust-capped continental plate beneath the other conti-
nental plate to bring about UHP metamorphism during
continent-continent collision (Figure 2(a)), with no ju-
venile arc between the collided continents. This results
in narrow intercontinental orogens and reworking of
relatively ancient crust’®. Because of the buoyancy of
felsic continental crust at continental lithospheric mantle
depths, exhumation of deeply subducted continental
crust is hypothesized to follow slab breakoff that occurs
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Figure 1 Schematic diagram for the Himalaya-Tibet type of con-
tinental collision orogens. (a) The Alpine-type arc-continent collision
with contemporaneous metamorphism and magmatism; (b) conti-
nent-arc-continent collision with HP to UHP metamorphism.

Figure 2 Schematic diagram for the Dabie-Sulu type of continen-
tal collision orogens. (a) The continent-continent collision due to
subduction of granitic crust-capped continental plate beneath the
other continental plate, with no juvenile arc between them; (b) ex-
humation of deeply subducted continental crust due to slab breakoff
at the transition between the continental and oceanic lithospheres.

at the transition zone between the continental and oce-
anic lithospheres (Figure 2(b)), commonly accompanied
by syn-exhumation dehydration melting.

The exhumation processes of UHP metamorphic ter-
ranes can be divided into two stages: (1) the syn-colli-
sional extension phase, in which slices of low-T/UHP
metamorphic rocks preferentially travel upward along
subducting channels either by buoyancy-driven upward
flow or by tectonic extrusion, and (2) the post-collisional
extension phase, which is related to stretching of the

orogenic continental lithosphere and exhumation of
metamorphic core complexes upon tectonic collapse.
Nevertheless, there is a significant difference in the ex-
humation rate of UHP terranes between the two types of
collision. Fast exhumation (>20 mm/yr) commonly took
place in the Himalaya-Tibet type, whereas slow exhu-
mation (<10 mm/yr) generally occurred in the Dabie-
Sulu typel. Although there are abundant occurrences
of post-collisional magmatic rocks in the two types of
collision orogens, their magmatic sources differ from
each other in radiogenic isotope compositions. While
remelting of juvenile crust is evident in the Himalaya-
Tibet type, anatexis of relatively ancient crust prevails in
the Dabie-Sulu type. In either case, granitic rocks are
only really abundant in the orogens of thick continental
crust. Nevertheless, primary sites of net continental
crustal growth during plate convengence are arc-conti-
nent collision zones developed from the Pacific type
subduction, rather than continent-continent collision
zones evolved from the Alpine type subduction.

Several lines of prominent advance in the chemical
geodynamics of continental collision and UHP meta-
morphism have been made from both surface out-
cropped and subsurface CCSD-MH core samples in the
Dabie-Sulu orogenic belt!?2132=34  This has been
greatly benefited from the creative studies of modern
petrology that integrates the traditional petrology with
analyses of in-situ geochemistry. This principally in-
volves combined applications of various advanced tech-
niques that link the optical observations of BSE, SEM,
TEM and so on to the in-situ analyses of EMP, LA-
RAMAN, LA-ICPMS, LA-MC-ICPMS, SIMS and so
on, with spatial resolution on variable scales from a few
to hundreds micrometers. The progress in zirconology
has been a typical example of resolving the geochronol-
ogy of metamorphic rocks®=2%, 1t combines the external
morphology and internal structure of zircons with their
microdomain trace elements, U-Th-Pb and Lu-Hf iso-
topes. This enables us to identify and distinguish the
different origins of zircons on the microscale of tens of
micrometers. Thus, many of the problems that cannot be
solved by the conventional methods have been resolved
by the new methodology. For instance, the origin of
metamorphic zircons is a key to interpretation of their
U-Pb ages because different types of metamorphic
growth and recrystallization are responsible for different
records of tectonic events during subduction-zone
metamorphism. For this reason, it has to identify the

2552 www.scichina.com | csb.scichina.com | www.springerlink.com



metamorphic growth from aqueous fluids, hydrous melts
or supercritical fluids, and the metamorphic recrystalli-
zation by solid-state transformation, replacement altera-
tion or dissolution reprecipitation®**%!, Therefore, mi-
croanalyses of elements and isotopes in the minerals of
HP and UHP metamorphic rocks enable to decipher the
quantitative relationships between the element transport
and the fluid/melt action during the subduction and ex-
humation of crustal rocks.

Innovation of observations and interpretations from
UHP metamorphic terranes has been a key to the under-
standing of continental subduction-zone processes. It is
based on this point that the continental dynamics is de-
veloped into tectonic processes from the subduction and
exhumation of continental crust to the tectonic collapse
of collisional orogens2%, with an attempt to advance the
intracontinental orogenesis into the plate tectonics the-
ory. In addition, the physico-chemical controlling of
geochemical reactions is evident in subduction zones"2.
While the thermodynamic difference leads to spontane-
ous chemical changes toward the equilibrium with the
minimum free energy, the kinetic factor prevents the
reactions toward the equilibrium at a limited duration.
Competition between the two physico-chemical pa-
rameters determines the final status of the reactions re-
corded in HP/UHP mineral assemblages. As a result,
metamorphic minerals in the lithology of different
compositions and positions are not necessary to have the
same degree of thermodynamic and kinetic responses to
P-T changes during subduction-zone metamorphism.
The principles of competition between thermodynamics
and kinetics were used to account for preservation of
meteoric oxygen isotope signature in UHP metamorphic
minerals after their journey at mantle depths (i.e. the
icecream-frying model)". With respect to metamorphic
geothermobarometers, resetting of element and isotope
partitions between coexisting minerals is thermody-
namically inevitable due to significant P-T changes in
UHP metamorphic rocks during exhumation. Kinetically,
however, either the preservation of primary equilibrium
or the achievement of retrograde reequilibration depends
on fluid availability and retrogression duration under the
changed P-T conditions. Metastable occurrences of
some eclogite-facies minerals (e.g., omphacite and
phengite) in amphibolite-facies overprinted rocks also
depend on the availability of aqueous fluid™¥ and the
duration of retrograde metamorphism at the different
P-T conditions™. The same principle is also applicable

to occurrences of dehydration melting in UHP meta-
morphic rocks during their exhumation in the UHP-HP
regime! %2240,

By taking UHP metamorphic rocks and associated
assemblages as the natural laboratory, earth scientists
are in a position to understand continental subduction-
zone metamorphism and its inherent geodynamics. As a
consequence, there are basically twelve aspects of in-
triguing questions under consideration®”. These are: (1)
spatial distribution of the UHP metamorphic rocks, (2)
timing of the UHP metamorphism, (3) timescale of the
UHP metamorphism, (4) the protolith nature of deeply
subducted crust, (5) subduction erosion and crustal de-
tachment during continental collision, (6) the possible
depths of continental subduction, (7) fluid activity in the
continental deep-subduction zone, (8) partial melting
during continental collision, (9) element mobility in
continental deep-subduction zone, (10) recycling of
subducted continental crust, (11) geodynamic mecha-
nism of postcollisional magmatism, and (12) litho-
spheric architecture of collision orogen. Although the
deep subduction of oceanic and continental crust occurs
in both arc-continent and continent-continent collision
orogens, the exhumation of mafic UHP rocks is proba-
bly enclosed by felsic UHP rocks due to their buoyant
property. As a consequence, UHP terranes are dominated
by massive felsic UHP rocks, with very sporadic occur-
rences of mafic UHP rocks as lenses, puddings and
rarely km-scale blocks. Because of high water concen-
trations in their constituent minerals, however, the felsic
UHP rocks are susceptible to retrograde metamorphism
during the exhumation. This rarely leaves the minera-
logical records of UHP metamorphism. In contrast, the
mafic UHP rocks are relatively resistant to retrogression.
Thus, earth scientists have paid much more attention to
mafic eclogites than to felsic gneisses.

Although the above twelve aspects have been gener-
alized from the Dabie-Sulu case study, it has many ad-
vantages in general. It provides geodynamic insights
from a well-constrained geological setting, and enables
the evaluation of lateral and vertical variations in the
continental collision zone. The presence of different
P-T-t paths for different metamorphic units permits us to
retrieve the bulk processes of subduction and exhuma-
tion during the continental collision. It also serves as a
reference frame for the comparison with other settings
of continental collision elsewhere in the world. In fact,
our understanding of geodynamic processes during the
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subduction and exhumation of continental crust has been
greatly improved from the comprehensive study of
various records in the Dabie-Sulu UHP metamorphic
rocks. Some of the most promising research directions
now lie in high integration of field observations, ex-
perimental analyses and theoretical models in given
UHP terranes. As soon as the twelve aspects can be as-
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