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Ultrahigh-pressure (UHP) metamorphic rocks are distinctive products of crustal deep subduction, and are
mainly exposed in continental subduction-collision terranes. UHP slices of continental crust are usually
involved in multistage exhumation and partial melting, which has obvious influence on the rheological
features of the rocks, and thus significantly affect the dynamic behavior of subducted slices. Moreover,
partial melting of UHP rocks have significant influence on element mobility and related isotope behavior
within continental subduction zones, which is in turn crucial to chemical differentiation of the conti-
nental crust and to crust-mantle interaction.

Partial melting can occur before, during or after the peak metamorphism of UHP rocks. Post-peak
decompression melting has been better constrained by remelting experiments; however, because of
multiple stages of decompression, retrogression and deformation, evidence of former melts in UHP rocks
is often erased. Field evidence is among the most reliable criteria to infer partial melting. Glass and
nanogranitoid inclusions are generally considered conclusive petrographic evidence. The residual as-
semblages after melt extraction are also significant to indicate partial melting in some cases. Besides field
and petrographic evidence, bulk-rock and zircon trace-element geochemical features are also effective
tools for recognizing partial melting of UHP rocks. Phase equilibrium modeling is an important petro-
logical tool that is becoming more and more popular in P-T estimation of the evolution of metamorphic
rocks; by taking into account the activity model of silicate melt, it can predict when partial melting
occurred if the P-T path of a given rock is provided.

UHP silicate melt is commonly leucogranitic and peraluminous in composition with high SiO, low
MgO, FeO, MnO, TiO; and CaO0, and variable K,0 and Nay0 contents. Mineralogy of nanogranites found in
UHP rocks mainly consists of plagioclase + K-feldspar + quartz, plagioclase being commonly albite-rich.
Trace element pattern of the melt is characterized by significant enrichment of large ion lithophile el-
ements (LILE), depletion of heavy rare earth elements (HREE) and high field strength elements (HFSE),
indicating garnet and rutile stability in the residual assemblage. In eclogites, significant Mg-isotope
fractionation occurs between garnet and phengite; therefore, Mg isotopes may become an effective in-
dicator for partial melting of eclogites.

© 2017, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

Over the last three decades, continental deep subduction and
ultrahigh-pressure (UHP) metamorphism have been increasingly
studied by Earth scientists (Chopin, 1984, 2003; Smith, 1984; Okay
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et al., 1989; Sobolev and Shatsky, 1990; Xu et al., 1992; Ernst and
Liou, 2008; Liu and Li, 2008; Kylander-Clark et al., 2012; Gilotti,
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2013). Unlike oceanic subduction zones, continental subduction
zones are generally not associated to voluminous volcanic activity.
Nevertheless, in some UHP orogens, various degrees of partial
melting have been recognized, from the micro- to the macro-scale,
in the form of melt inclusions, felsic veins, migmatites or even syn-
exhumation granites (Wallis et al.,, 2005; Baziotis et al., 2008;
Kotkova and Harley, 2010; Liu et al., 2012, 2014; Massonne and
Fockenberg, 2012; Chen et al., 2013, 2014).

Partial melting is one of the most important geological pro-
cesses that may occur during heating and/or decompression in
continental collision belts (e.g. Deniel et al., 1987; Downes et al.,
1990; Williamson et al., 1992; Inger and Harris, 1993; Guillot and
Le Fort, 1995; Vanderhaeghe and Teyssier, 2001; Visona and
Lombardo, 2002; Solgadi et al, 2007; Groppo et al, 2012;
Vanderhaeghe, 2012). Partial melting would strongly affect the
thermal and rheological behavior of subducted crust (e.g.
Whitney et al., 2003; Rosenberg and Handy, 2005), thus playing a
crucial role in varying the exhumation rate of UHP slabs (e.g.
Hermann et al., 2001; Labrousse et al., 2002, 2011; Chopin, 2003).
Unmelted UHP rocks commonly inherit their bulk compositions
from their protoliths (e.g. Zhang et al., 2009); on the opposite,
partial melting can significantly modify the abundance of large
ion lithophile elements (LILE), high field strength elements
(HFSE) and light rare earth elements (LREE) (e.g. Shatsky et al.,
1999; Stepanov et al., 2014; Yu et al., 2015) of the restite, if
melt extraction occurred. Moreover, partial melting of UHP rocks
can lead to Nd isotopic resetting or disequilibrium (e.g. Ayres and
Harris, 1997; Kogiso et al., 1997; Chavagnac et al., 2001; Zeng
et al.,, 2005a,b, 2012; Taylor et al., 2015), as well as to the frac-
tionation of Mg-Fe isotopes (e.g. Telus et al., 2012; Su et al., 2015).
Therefore, partial melting is not only crucial for the dynamics of
continental subduction and exhumation, but is also critical for
element transfer and crust-mantle interaction within continental
subduction zones.

Recognizing former melts is the first step in the investigation of
partial melting. Large scale field evidence like migmatites and
leucosomes is important in partial melting research; these features
are products of a series of processes including melt generation,
segregation, migration, accumulation, contamination and frac-
tionation. In order to reveal the compositions of primary melts,
microscale analysis is thus essential. A variety of microstructural
criteria to infer the former presence of melts were summarized in
Vernon (2011), but most of them do not allow the compositions of
the original melts to be retrieved. Peritectic garnet is one of the
best tools in these regards, because it can trap primary melts
(usually occurring as polyphase inclusions) and protect them from

later processes as a rigid container. Moreover, the peritectic gar-
nets and related minerals grown by the melt-producing reactions
guarantee equilibrium between the melt inclusions and the host
minerals, thus allowing precise estimation of the composition of
the primary melt (Korsakov and Hermann, 2006; Ferrero et al.,
2012, 2015).

Beside microstructural criteria, zircon trace-elements have also
been used to identify partial melting in some case studies (e.g.,
Rubatto et al., 2009; Imayama et al., 2012).

Phase equilibrium modeling is also an important tool in meta-
morphic research and can be used to constrain the solidus curves of
specific bulk rock compositions. Given the P-T path, this method
can tell us when and under what P-T conditions the rock experi-
enced partial melting, together with detailed information of the
melt-producing and consuming reactions (e.g., Elvevold et al., 2014;
Yin et al., 2014; Lang and Gilotti, 2015).

In this paper, field occurrence, petrographic microtextures,
zircon geochemical evidence and phase equilibrium modeling of
partial melting are presented, and each one of these techniques
have been applied to one or more case studies on UHP rocks.
Specifically, various methods have been integrated to identify and
characterize partial melting in selected lithologies, and to obtain
the compositions, P-T conditions, ages and producing reactions of
the melt. Mineral abbreviations through the text and figures are
after Whitney and Evans (2010).

2. Evidence of HP-UHP partial melting
2.1. Field occurrence

Field investigation is the first step to deal with in most
geological and geochemical studies. Field observations are among
the most reliable methods to demonstrate partial melting of UHP
rocks. Migmatites are partially melted rocks that can be directly
recognized in the field; they consist of leucocratic portions and,
commonly, melanocratic portions, reflecting segregation of partial
melt from its residue. The lower density and viscosity of melt
compared to the residue enable the melt to be segregated from the
solid. Pressure gradient developed during deformation is generally
accepted to be the driving force of melt migration (Robin, 1979;
Sawyer, 1994), and that is why leucosomes are usually closely
associated with deformation structures. The distributions and
structures of leucosome often show the progression of partial
melting, including melt segregation, melt migration, melt accu-
mulation and melt ascent (e.g. Brown et al., 2011).

Figure 1. Field occurrences of migmatites in the Sulu UHP terrane (modified from Liu et al., 2012). (a) Epidote- and biotite-bearing paragneiss with deformed granitic leucosomes

(PA1); (b) biotite-bearing paragneiss with deformed granitic leucosomes (PA5).
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The Sulu orogen is an excellent natural laboratory exhibiting
numerous field evidence of partial melting of UHP rocks. Two types
of leucosome indicative of partial melting are widely distributed in
the northern Sulu terrane: (1) localized patches with an igneous
texture within gneiss (Fig. 1a) and (2) granitic dikes weakly or
strongly deformed (Fig. 1b) (Wallis et al., 1999, 2005; Liu et al,,
2012; Xu et al., 2012, 2013; Wang et al., 2014). Anatectic zircons
from the leucosomes retain U-Pb ages just slightly younger than
peak UHP metamorphism, indicating decompression melting of the
UHP rocks. According to the outcrop and microscale structures,
Wang et al. (2014) classified the leucosomes into three typical

stages representing the different processes of partial melting,
demonstrating how melt starts to form from small scale droplets
and then evolve to eventually form migmatites (Fig. 2). Similar
leucosomes are also distributed in other UHP terranes as for
instance the Caledonides in Greenland (Lang and Gilotti, 2007),
Rhodope orogen in Greece (Baziotis et al., 2008) and North Qaidam
terrane in China (Yu et al,, 2015).

Leucosomes within UHP terranes are mainly composed of
feldspar + quartz + mica, have low color index and are tonalitic-
trondhjemitic-granitic in composition. Feldspar is a key phase to
help distinguish leucosomes from fluid-induced metamorphic

Retro- -Re3|due | |Quartz |

Melt

channel AFoliation /Amal

| Felsic
Ieucosome

\\\

elcoglte vein

Figure 2. Sketches and associated field occurrences showing the partial melting processes in the Sulu UHP terrane (cited from Wang et al., 2014). (a) Stage-I. Early stage of partial
melting; finger-shaped leucosome starts to aggregate within the hinge of the isoclinal eclogite fold. Field photograph connected to the red box by the black arrow shows the
irregular boundary between leucosome and residue supporting a partial melting genesis. The scale bars are 5 cm. (b) Stage-II. Medium stage of partial melting; melt channels
(leucosome) interlayered and flowing surrounding the sheared folded eclogite. The scale bars are 10 cm. (c) Stage-IIl. Mature stage of partial melting; melt aggregates into larger

veins and then into felsic dikes. The scale bar is 100 cm.
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veins in UHP rocks, such as the quartz veins and omphacite-rich
veins in eclogites or gneisses in the Dabie-Sulu orogen (Zheng
et al., 2007; Zhang et al., 2008; Guo et al., 2012).

2.2. Microtextural evidence

Partial melting is not always easy to be recognized in the field,
especially when the volume of melt is very small, and/or the li-
thologies have been intensely retrogressed and deformed after
anatexis. In the North Dabie Zone (NDZ — an UHP terrain within the
Dabie orogen in China) for example, no clear field evidence of UHP
partial melting have been reported so far, mainly because: (1)
protoliths of the UHP rocks in the NDZ are “dry” and unfertile,
resulting in very small amounts of melt produced at UHP condi-
tions; (2) the UHP rocks in the NDZ experienced a long-lived and
complex retrograde evolution coupled with intense deformation
(Liu et al., 20074, 2011a,b, 2015). In this case, microstructural evi-
dences such as nanogranite inclusions within peritectic minerals
and/or melt pseudomorphs as for instance mono- and/or poly-
mineralic thin films, often with cuspate shape, concentrated at
mineral grain boundaries (Holness and Sawyer, 2008; Cesare et al.,
2009; Holness et al., 2011; Ferrero et al., 2012, 2015; Zhang et al.,
2015) are relevant to recognize the occurrence of partial melting.

Melt inclusions in garnet or other peritectic minerals are not
only key evidence of partial melting but also of crucial significance
in retrieving the composition of primary melt. These inclusions in
garnet within migmatite or granulite have been documented in a
number of localities. They occur as glass or polyphase inclusions
called “nanogranite” (Cesare et al., 2009), mainly composed of
Pl + Kfs + Qz + mica + other minerals. The compositions of crys-
tallized melt inclusions commonly range from granitic to grano-
dioritic, tonalitic and trondhjemitic. A typical feature of these melt
inclusions is the negative crystal shape of its host mineral, which is
ascribed to the microstructrural equilibrium between melt and the
host (Acosta-Vigil et al., 2007, 2010, 2012, 2016; Cesare et al., 2009;
Ferrero et al., 2012, 2015; Bartoli et al., 2013, 2016; Fig. 3a and b).

Holness and Sawyer (2008) made a very significant contribution
on the study of microstructures of melt-filled pools during crys-
tallization. Microstructures indicative of partial melting include:
cuspate grains and pockets on grain boundaries, thin feldspar films
between primary minerals, granophyric intergrowths of quartz and
feldspar nucleating on quartz or feldspar, network of feldspar-filled
pores, etc. Vernon (2011) summarized a wide variety of micro-
structrural criteria to infer the former presence of felsic melt in a
migmatite, and discussed their reliabilities, therein a three-mineral
(quartz, K-feldspar, and sodic plagioclase) aggregate in veinlets was
considered to be the most reliable. These microstructures are
frequently used to identify partial melting of high-grade meta-
morphic rocks, though caution should be taken in practice.

Melt inclusions in garnet also occur in UHP rocks, for example
the UHP metacarbonates of the Kokchetav massif, northern
Kazakhstan (Korsakov and Hermann, 2006; Fig. 3c and d). These
inclusions are dominated by intergrowths of Bt + Kfs with addi-
tional phases, and many of them have negative crystal shape of the
host minerals (garnet, clinopyroxene or dolomite). UHP conditions
of the trapping stage of the melt inclusions were demonstrated by
their association with polyphase inclusions of diamond + graphite.
Another noteworthy case study with clear petrographic evidence of
UHP partial melting was described by Lang and Gilotti (2007),
wherein a polyphase pocket in garnet was recognized in the UHP
metapelities from the Greenland Caledonides (Fig. 3e and f). The
pocket contains phengite, quartz, kyanite, rutile, K-feldspar, biotite
and plagioclase. These minerals were interpreted to be reactants
and products of the fluid-absent melting of phengite at UHP con-
ditions (Hermann and Green, 2001).

Figure 3. Polyphase inclusions in garnet from selected UHP lithologies indicating
partial melting. (a, b) Inclusions of Bt + P1 + Kfs + Qz in garnet within high-pressure
leucogranulites of the Orlica-Snieznik Dome, Bohemian Massif (Ferrero et al., 2015).
(c, d) Inclusions dominated by Bt + Kfs intergrowths within clinopyroxene and
garnet in the UHP metacarbonate of the Kokchetav massif, Kazakhstan (Korsakov
and Hermann, 2006). (e, f) Polyphase inclusion of Phe + Bt + Ksp + Q + Rt + Ky
in garnet from the UHP metapelites of the Greenland Caledonides (Lang and Gilotti,
2007). Phe, phengite; Bt, biotite; Kfs and Ksp, K-feldspar; Q, quartz; Cpx, clinopyr-
oxene; Grt, garnet; Rt, rutile; Ky, kyanite.

2.3. Zircon evidence

Zircon is the most important accessory mineral in U-Pb
geochronology. In metamorphic rocks, zircon growth or recrystal-
lization is often deduced by fluid or melt activities (Rubatto et al.,
1999; Williams, 2001; Tomaschek et al., 2003; Dempster et al.,
2008; Kelsey et al., 2008; Kelsey and Powell, 2011). Dating ana-
tectic zircons grown from the melt is one of the most popular
methods in dating anatexis events (e.g. Rubatto et al., 20009;
Imayama et al., 2012; Hansen et al., 2015), including those in UHP
rocks (e.g. Wallis et al., 2005; Liu et al., 2007b, 2012; Xu et al., 2013).
Anatectic zircons can be distinguished with good confidence from
magmatic and metamorphic types, on the base of their distinct
cathodoluminescence (CL) images and trace-elemental features
(e.g. Hermann et al., 2001; Hoskin and Schaltegger, 2003; Liu et al.,
2007b; Chen et al., 2013, and references therein).
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Magmatic zircons generally have well developed growth zoning
(including typical oscillatory zoning), euhedral and prismatic shape
(Pidgeon, 1992; Mattinson et al., 1996; Hoskin, 2000), Th/U ratios
higher than those of metamorphic zircons, which in turn have
subrounded or highly resorbed shapes, no zoning or various types of
amoebic zoning (Corfu et al., 2003). Magmatic zircons are also
strongly enriched in HREE with respect to MREE, relatively depleted
in LREE, and usually have a negative Eu anomaly (e.g., Heaman et al.,
1990; Hinton and Upton, 1991; Hoskin and Schaltegger, 2003). In
contrast, metamorphic zircons have variable REE patterns, which
are to some extent related to the petrogenetic environments in
which they evolved (Hoskin and Schaltegger, 2003). Zircon growths
on inherited cores have been recognized in partially melted rocks
(e.g. Vavra et al., 1996; Rubatto et al., 2006; Song et al., 2010; Chen
et al., 2013); these zircon domains are homogeneous or have radi-
ating sector zoning, euhedral and near isometric in shape, and
generally have low Th/U ratios and variable REE patterns. Based on
these features, they can be distinguished from both magmatic and
metamorphic zircons, and are thus regarded to be anatectic zircons
crystallized from partial melts.

2.4. Bulk-rock geochemical evidence

Chemical compositions, particularly trace element and isotope
contents of rocks can be significantly modified by patial melting
(e.g. Zheng et al., 2011), and thus can be used to infer its
occurrence. As an example, Gu et al. (2013) analyzed two types of
eclogite in the NDC: type I has a trace element pattern typical of
lower continental crust, while type Il is depleted in LILE and LREE
(Fig. 4a). To confirm whether fluid or melt extraction resulted in
the discrepance of REE patterns, the REE partitioning data pro-
vided by Kessel et al. (2005) were applied to model the REE
patterns of the residual of type I eclogite after UHP fluid flux or
melt extraction (Fig. 4b and c). As shown in Fig. 4, the residual
after fluid flux (Fig. 4b) exhibits REE patterns significantly
different from type II eclogite, while the residual after melt
extraction (Fig. 4c) exhibits REE patterns nearly parallel with
type Il eclogite. Hence, the depletion nature of type II eclogite
most likely resulted from melt extraction rather than fluid flux.
Stepanov et al. (2014) published data on a series of UHP gneisses
with various degrees of depletion in LREE, Th and U from the
Kokchetav massif in northern Kazakhstan, and attributed these
features to complete dissolution of monazite/allanite in the melt
and to variable degrees of melt extraction. Moreover, in a number
of case studies on leucosome-bearing metamorphic terrains, the
leucosomes commonly exhibit enrichment of LILE, higher Th/U
and LREE/HREE compared to adjacent melanosomes or paleo-
somes (Baziotis et al., 2008; Rubatto et al., 2009; Reichardt and
Weinberg, 2012; Wang et al., 2014).

2.5. Phase equilibrium modeling

Phase equilibrium modeling on a given bulk-rock composition
(pseudosection) can reveal stable mineral assemblages and their
evolution in P-T-X space. This approach is a very important tool in
petrological research and can provide constrains on the solidus
curve of a certain bulk rock composition. Several softwares have
been developed to perform the modeling, including the two most
popularly applied: THERMOCALC (Powell and Holland, 1988) and
Perple_X (Connolly, 1990, 2009). Given the P-T path, this method
can predict if, when and under what P-T conditions the rock
experienced partial melting, together with the detailed information
of the melt-producing and consuming reactions, and even the melt
compositions (e.g. Bartoli et al., 2013, 2016; Elvevold et al., 2014;
Yin et al, 2014; Lang and Gilotti, 2015). Taking the UHP
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Figure 4. REE patterns after UHP fluid flux or melt extraction on UHP eclogites.
(a) Two types of eclogite collected from the same outcrops in the North Dabie
Complex Zone, with type I REE patterns typical of lower continental crust, and
type Il depleted in LREE (data from Gu et al., 2013). (b) REE patterns of type Il and
modeled residuals of type I after UHP fluid extraction. (¢) REE patterns of type II
and modeled residuals of type I after UHP melt extraction. Composition of
chondrite is from Evensen et al. (1978); compositions of LCC and UCC are from
Rudnick and Gao (2003); REE mobilities in UHP fluid and melt are from Kessel
et al. (2005).
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metapelites in northeastern Greenland as an example, Lang and
Gilotti (2015) inferred the decompression melting reactions by
intersecting the melt-in curve in the P-T pseudosections with the P-
T path of the rocks. These melting reactions are consistent with the
polyphase inclusions in garnet (Fig. 3e and f) reported by Lang and
Gilotti (2007). It is worth noting that comparing experimental and
natural melts (Grant, 2009; Bartoli et al., 2013) with modeled melts
suggests that a departure of composition between them may exist
in some cases.

Summing up, field, petrographic, bulk-rock and zircon
geochemical investigations as well as phase equilibrium modeling
are often combined to identify the occurrence of partial melting,
and to constrain its timing, genesis and P-T conditions.

3. Compositions of HP-UHP melts
3.1. Major element compositions

Here, various examples of partial melts from different HP-UHP
terranes are considered. The leucosomes in the Sulu UHP terranes
are mainly composed of quartz + albite + plagioclase + K-feldspar
and have slightly peraluminous granitic bulk compositions (e.g. Liu
et al., 2012; Xu et al., 2012, 2013; Wang et al., 2014), with high
SiO,, low FeO, MgO, MnO and TiO, contents. Trace element pat-
terns of these leucosomes are characterized by enrichment of LILE,
depletion of HFSE and HREE and large LREE/HREE ratios (Xu et al.,
2013; Wang et al.,, 2014). The leucosomes in the Qaidam UHP
terrane have similar assemblages and major element compositions
with those of the Sulu orogen (Yu et al., 2015). HREE and HFSE are
depleted, while LILE are enriched (Yu et al., 2015). In the Bohemian
massif, HP leucogranulites (Kotkova and Harley, 1999) are weakly
to moderately peraluminous (ASI = 1.05—-1.20), with high SiO;
(7177 wt.%), low FeO, MgO and TiO; (below 2.6, 1.0 and 0.4 wt.%)
contents. They have moderate LREE enrichments, negative Eu
anomalies and flat HREE. According to the major element features,
felsic components prefer to enter the liquid phase than ferro-
magnesium minerals during HP-UHP melting. Trace element pat-
terns suggest the presence of garnet and rutile in the residual,
which are the major sinks of HREE and HFSE in HP-UHP lithol-
ogies, respectively.

Although leucosomes are formed from melts, they are involved
in a variety of processes including melt generation, segregation,
migration, mineral accumulation and fractionation. As a conse-
quence, the compositions of leucosomes cannot truly reflect those
of the primary melt droplets. Glass or nanogranitoid inclusions in
peritectic minerals such as garnet are commonly considered to be
the equivalents of the primary melts, which provide the possibility
to directly obtain the melt compositions.

Nanogranites composed of Pl + Kfs + Qz + Bt in garnet were
identified within high-pressure leucogranulites of the Orlica-
Snieznik Dome (Bohemian Massif, central Europe). The nano-
granites were re-homogenized at nearly UHP conditions and
yielded slightly peraluminous (ASI = 1.03) granitic compositions
by EMP analyses, with Na,O = 4.24 wt.%, KoO0 = 4.50 wt.%,
Ca0 < 1 wt.%, and FeO = 2 wt% (Ferrero et al., 2015). The
plagioclase is albite-rich, with low CaO and relatively high Na,O
contents. Similar inclusions in garnet, with typical Pl + Kfs + Qz
assemblages, were also recognized in the eclogites within the
Dabie UHP terranes (Gao et al., 2012). Mineral compositions were
detected by EMP, and all the PI grains in a number of inclusions
gave albite-rich (An3_jg) compositions. Polyphase inclusions in
garnet within the khondalites from the Kerala Khondalite Belt in
southern India yielded a peraluminous (ASI = 1.16-1.43)

leucogranitic composition, with SiO, > 68 wt%, Al;O3
12—13 wt.%, FeO < 3 wt.%, CaO and MgO < 1 wt.% and variable
K20 and NayO (Ferrero et al., 2012). These inclusions were re-
melted at pressures between 0.5 and 0.8 GPa. In terms of CIPW
normative values, the inclusions have low An (<4%) contents. Ab
contents decrease with the increasing re-melting temperature,
while no correlations between composition and pressure were
identified (Ferrero et al., 2012).

Based on the above examples, partial melts in HP-UHP rocks
have narrow peraluminous granitic composition ranges, and are
characterized by high SiO, and low MgO, FeO, MnO and TiO» con-
tents. Assemblages crystallized from the melts mainly contain
Pl + Kfs + Qz with or without other silicates like micas. The
plagioclase is albite-rich, consistent with the fact that albite
component prefers to enter the liquid during partial melting of
plagioclase (Bowen, 1913).

Leucogranitic compositions were reported from glass analyses in
fluid-absent anatexis experimental studies via the incongruent
melting of micas (e.g., Vielzeuf and Holloway, 1988; Patifio Douce
and Johnston, 1991; Patino Douce and Beard, 1996; Montel and
Vielzeuf, 1997; Patifio Douce and Harris, 1998; Hermann and
Green, 2001; Schmidt et al., 2004; Auzanneau et al., 2006). In
these experimental glasses, CaO concentrations are always
<1.5 wt.% and commonly between =0.5 wt.% and 1.0 wt.%. On the
contrary, those from H,0 added (either high aH,0 or HyO-saturated)
experimental partial melting of metapelites and peraluminous
metagreywackes (Conrad et al., 1988; Patifio Douce and Harris, 1998;
Garcia-Casco et al., 2003; Hermann and Spandler, 2008; Ferri et al.,
2009) are granodioritic, trondhjemitic and tonalitic peraluminous
(ASI=1.10—1.55) melts, rich in Na;0O and CaO (up to 6.7 and 3.9 wt.%,
respectively), poor in K0 (1.2—2.7 wt.%) and low in K# [0.14—0.55;
K# = mol. K;0/(K0 + Nay0)] and FeO' + MgO + TiO,
(=1.0-2.7 wt.%). These studies indicate that peraluminous grano-
dioritic, trondhjemitic and tonalitic melts are produced during
anatexis of peraluminous metasedimentary protoliths at high aH,0
to HyO-saturated conditions, while peraluminous leucogranitic
melts can be produced by fluid-absent melting of metasedimentary
rocks, at moderate-to-low H,O activities, within a wide range of
crustal P-T conditions (=750—900 °C, 0.1—1.5 GPa; i.e. at the solidus
or even well above it) and also at mantle conditions (up to 1000 °C,
2.5—5 GPa). High pressure melts tend to be less calcic and somewhat
more sodic than their lower-P counterparts, as a consequence of the
lower NayO and higher CaO contents in the high pressure
grossular + omphacite residual assemblage, compared to the low-
pressure amphibole + plagioclase assemblage (Patifio Douce,
1996; Moyen, 2011). Examples of melt-producing phase diagrams
are shown in Fig. 5.

Phengite is one of the most abundant hydrous minerals in UHP
rocks, and it is vital for the occurrence of fluid-absent partial
melting of UHP rocks during decompression (e.g. Hermann and
Green, 2001; Auzanneau et al., 2006). In HP-UHP rocks, dehydra-
tion of hydrous phases and subsequent fluid release occurs during
prograde metamorphism along a high P/T slope (Zheng et al., 2007;
Zhang et al., 2008; Guo et al., 2012), thus fluid-absent melting of
phengite is commonly expected during exhumation of UHP rocks
(e.g. Hermann, 2002; Hermann et al., 2006). Therefore, HP-UHP
melts with leucogranitic compositions are frequently reported,
and are consistent with the results of the fluid-absent melting
experiments.

The composition of the source rock is also significant; for
example, K-rich sources yield potassic melts, granites and grano-
diorites rather than trondhjemites and tonalites (Sisson et al., 2005;
Martin and Sigmarsson, 2007). Fe/Mg ratio as well as pressure
control whether garnet or orthopyroxene are the dominant resid-
ual phases during melting of metagreywackes, and affect the
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Figure 5. Fluid-present and fluid-absent melting phase diagrams. (a) The locations of wet solidus in metapelite and metagreywacke compositions in P-T space. H08, Hermann and
Spandler (2008); N94, Nichols et al. (1994); J99, Johnson and Plank (1999); S04, Schmidt et al. (2004); A06, Auzanneau et al. (2006). (b) Experimental fluid-absent melting reactions
in the K;0-CaO-MgO0-Al;05-Si0,-H,0 (KCMASH) synthetic system (modified from Hermann and Green, 2001). (c) Experimental decompression melting reactions for meta-

greywacke during exhumation (modified from Auzanneau et al., 2006).

compositions of the coexisting melts, and the melt fractions (e.g.
Patifio Douce, 1992; Patifio Douce and Beard, 1996). The protolith
composition affects not only melt compositions, but also melting
processes. As an example, for given pelitic protoliths of comparable
Fe/Mg ratios and TiO, and F contents, the fluid-absent solidus
temperature is lower than that of less aluminous metapelites by at
least 100 °C (e.g. Vielzeuf and Montel, 1994). Metagreywackes,
however, produce greater volumes of granitic melts than meta-
pelites, owing to their higher Na;O contents (Patifio Douce and
Johnston, 1991; Thompson, 1996).

3.2. Trace element compositions

Experiments and natural rock studies show that under UHP
conditions, melts are much more capable than fluids to dissolve
most of the rock-forming elements (Kogiso et al., 1997; Kessel
et al, 2005; Hermann et al., 2006; Zheng et al., 2011; Fig. 6),
thus partial melting of UHP rocks is crucial for element transfer in
subduction zones. Silicate melts are generally rich in LILE, LREE
and HFSE with respect to their source rocks (Hermann et al.,
2006); therefore melt extraction can decrease the content of
these elements in the residues. Moreover, partial melting can lead
to significant REE fractionation and to Nd-disequilibrium (Ayres
and Harris, 1997; Suga et al., 2015). Garnet is strongly enriched
in HREE, thus the partition of HREE between melt and residue
depends significantly on the presence or absence of garnet
(Martin, 1987). Accessory minerals influence profoundly trace-
element partitioning between melt and solid, because several
important trace elements are controlled by these minerals (Nb
and Ta by rutile, Sm and Nd by apatite, Zr and Hf by zircon, Th
and LREE by monazite/allanite) (Hermann, 2002; Zeng et al,,
2005a; Hermann and Rubatto, 2009). The solubility of accessory
minerals (together with their controlled elements) in melt
significantly increases with temperature for a given composition
(Watson and Harrison, 1983; Rapp and Watson, 1986; Montel,
1993; Miller et al., 2003). Rutile and garnet commonly occur in
the residual during partial melting of subducted oceanic crust or
of thickened lower continental crust, leading to the depletion of

HFSE and HREE in arc magmas or adakites (Schmidt and Poli,
1998; Foley et al., 2000; Martin et al., 2005; Xiong et al., 2009;
Qian and Hermann, 2013; Ding et al., 2016). Likewise, partial
melts under UHP conditions are depleted in Nb, Ta, Ti and HREE
(Stepanov et al., 2014; Wang et al., 2014; Yu et al,, 2015; Zhang
et al., 2015).

4. When and where do UHP rocks melt?

In order to investigate the mechanisms and effects of partial
melting of UHP lithologies, it is of critical importance to clarify
when and where UHP rocks melt. However, this is not an easy task,
because UHP rocks have commonly experienced extensive retro-
gression during exhumation.

In principle, partial melting of subducted continental crust may
occur during prograde, peak or decompression stages (e.g. Prince
et al,, 2001; Whitney et al., 2004; Korsakov and Hermann, 2006;
Groppo et al,, 2012; Liu et al.,, 2013; Ferrero et al.,, 2015), as a
consequence of heating, decompression or water infiltration.

Partial melting during prograde to peak UHP metamorphism
requires dehydration reactions to supply water. Dehydration of
zoisite in Ca-rich intermediate rocks occurs at P-T conditions
close to the quartz—coesite transition (Poli and Schmidt, 2002).
Thus, fluid released by the breakdown of zoisite and related
minerals can be potentially involved in melting in the early stages
of UHP metamorphism (e.g. Patifio Douce, 2005). Dehydration of
chlorite or talc in rocks of appropriate composition is an alter-
native way to provide the fluids necessary for partial melting
during prograde evolution (Fumagalli and Poli, 2005).

Decompression melting during the initial stages of exhumation is
more common in continental collision belts (e.g. Korsakov and
Hermann, 2006; Liu et al., 2013), and is consistent with the experi-
mental studies (Hermann and Green, 2001; Auzanneau et al., 2006;
Hermann et al,, 2006) suggesting phengite dehydration HP-UHP
melting to occur during decompression of various rock types. As an
example, during decompression K-rich mafic UHP rocks may cross
the melting reaction Phe + Cpx + Coe = Grt/Bt/Opx + Ky + Melt + Kfs
(Hermann and Green, 2001), and UHP metagreywackes may cross the
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curve Phe + Cpx + Qz = Bt + Pl + Grt + Melt (Auzanneau et al., 2006).
The initial exhumation segments of the P-T paths of several UHP
terrains are illustrated in Fig. 7; the peak UHP conditions of Erzge-
birge, Dabie, Kokchetav and Rhodope were inferred by the occur-
rences of diamond (Xu et al, 1992, 2003, 2005; Nasdala and

Massonne, 2000; Dobretsov and Shatsky, 2004; Mposkos and
Krohe, 2006), while the UHP peak of Greenland was determined
by geothermobarometric calculations for the assemblage
garnet + clinopyroxene + kyanite + phengite + quartz/coesite
(Gilotti and Ravna, 2002). Peak conditions of the UHP terrains plot
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Figure 7. UHP to HP decompression segments of P-T paths of selected UHP slices and melting reaction curves showing partial melting of UHP rocks during exhumation. The P-T
paths of the UHP slices in Dabie, Greenland, Rhodope, and Erzgebirge terranes are modified from Liu et al. (2015), Gilotti and McClelland (2007), Mposkos and Krohe (2006), and
Rétzler and Kroner (2012), respectively, while that of Kokchetav is modified after Hermann et al. (2001), Dobretsov and Shatsky (2004), and Ragozin et al. (2009). Peak P-T
conditions of each UHP terrane are marked by stars and reported in the references marked beside. The diamond-graphite transformation curve is from Kennedy and Kennedy
(1976), coesite-quartz transformation curve is from Hemingway et al. (1998), and the melt producing reaction curves are from Auzanneau et al. (2006). The gray area above the

5 °C/km geotherm is the so-called “forbidden zone” that is not found on Earth.
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above the two melting reaction curves, indicating that their P-T paths
may well traverse across the melting reactions during exhumation,
leading to phengite-controlled partial melting. Polyphase inclusions
composed of Phe + Bt + Ky + Qz + Kfs + Ru within garnet were re-
ported in the UHP metapelites in the Greenland Caledonides (Lang
and Gilotti, 2007), thus also demonstrating the phengite-controlled
melting as suggested by the figure.

Although the P-T paths and the melting reaction curves suggest
melting occurred at similar stages of exhumation, the ages of partial
melting recorded by the UHP terranes reported in Fig. 7 are
extremely variable. Sm-Nd isochronal age and U-Pb age of an
anatectic zircon from the NDZ in the Dabie orogen show that the
decompression partial melting occurred during the granulite-facies
retrograde stage (Gu et al., 2013); U-Pb ages of zircons in migma-
tites in the Kumdy-Kol area of Kokchetav indicate that partial
melting took place during exhumation of UHP rocks from mantle
depths to the mid-crustal levels (Ragozin et al., 2009); the ages of
felsic veins cross-cutting eclogites in the Kimi Complex Zone of
Rhodope suggest partial melting during subduction/accretion at
the base of a thickened crust (Liati et al., 2002; Baziotis et al., 2008).

For a given bulk-rock composition, phase equilibrium modeling
may be a better way to infer the starting point of partial melting. In
addition, it can provide additional informations, including the P-T
conditions at which melting starts, the reactants and products of
the melting reactions as well as their compositions. In some case
studies (e.g. Yin et al.,, 2014; Lang and Gilotti, 2015), melting re-
actions were constrained by phase equilibrium modeling, by
identifying in thin section the assemblages involved in the re-
actions. However, it is almost impossible to precisely date the
modeled melting start point, because datable minerals as for
instance zircon and monazite usually dissolve in melt and grow
again when melt crystallizes (Kelsey et al., 2008; Kelsey and Powell,
2011; Kohn et al., 2015). In other words, the ages recorded by
anatectic zircon or monazite reflect the time of melt crystallization
rather than that of melt production.

5. Physical effects and dynamic implications

Partial melting is an endothermic process that has the important
effect of buffering the temperature of metamorphism (Vielzeuf and
Holloway, 1988; Stiiwe, 1995; Clark et al., 2011), depending on the
proportion of melt produced. If melt is sufficiently abundant to
equilibrate with the residual solid, the P-T path of the partially
molten rocks would then coincide with the melting reaction curve;
on the contrary, if there is not enough melt, the thermal equili-
bration between melt and solid could not be achieved, and thus the
temperatures of the rocks would be higher than the melting reac-
tion curve. On the other hand, because melt loss decreases the melt
fertility of rocks, UHP terranes that have experienced melt extrac-
tion can achieve higher metamorphic temperatures, although this
effect could be offset by the simultaneous depletion of heat-
producing elements, given that U, Th and K partition into the
melt (Clark et al., 2011).

Another important physical effect of partial melting is volume
change, which affects the slope of the solidus curves. The bulk
volume (total volume of solids, melts and pore-filling fluid if pre-
sent) change during partial melting is controlled by the presence or
absence of a fluid phase: fluid-present melting reactions are
generally accompanied by bulk volume reductions (over the P
range 0.1—1 GPa), whereas fluid-absent melting reactions increase
the bulk volume (Clemens and Droop, 1998 and references therein;
Fig. 8). Therefore, during exhumation of UHP rocks, fluid-absent
dehydration melting may lead to an increase in the bulk volume
and the corresponding pressure. If the rate of melt production ex-
ceeds the rate of melt segregation, the increased pressure may

result in melt-enhanced embrittlement of the crust (Brown et al.,
1995; Rutter and Neumann, 1995) and melt extraction driven by
buoyancy (see Droop and Brodie, 2012 for an example). There is a
natural feedback between volume change by melting and the
evolution of anatexis (Powell et al., 2005). During the decompres-
sion melting of UHP rocks, increased pressure during melting in-
hibits further melting by moving the system away from the solidus
curve, while the ascent of the rock bodies can relax such over-
pressures and thus permit further melting.
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Physical changes of UHP rocks have great effects on the dynamic
behaviors of the subducted slabs. The continental crust is typically
dominated by rocks of felsic composition such as granitic gneisses,
which are buoyant relative to the mantle at UHP conditions (e.g.
Cloos, 1993; Gilotti, 2013), thus it cannot sink to mantle depths
without the involvement of external forces. The drag of fore-end
oceanic crust, which is even denser than the mantle at UHP con-
ditions (e.g. Cloos, 1993; Gilotti, 2013) is generally considered to be
the predominant driving force for continental subduction. As a
result, the subducted continental lithosphere will sustain opposing
pulling forces leading to extensional deformation. A narrow rifting
mode of deformation will result if there is strain localization, fol-
lowed by slab break-off (e.g. Davies and von Blanckenburg, 1995).
Afterwards, the subducted continental crust will be exhumed un-
der positive buoyant force. This implies that the continental sub-
duction and exhumation processes are dynamically controlled by
the mean density of the involved slab.

As partial melts are rich in silica and alkalis, the residues will be
depleted in these elements and enriched in FeO, resulting in a
modal increase of denser minerals such as garnet and in a decrease
of lighter minerals such as phengite and coesite. The extraction of
partial melts will thus result in an increase of the bulk rock density
(see Hermann and Rubatto, 2014). Experiments and numerical
calculations (Hermann and Green, 2001; Hacker et al.,, 2011) have
confirmed that melt extraction can increase the density of UHP
rocks, depending on the rock composition and melt proportion.
Following this reasoning, syn-exhumation partial melting of UHP
rocks will likely slow down the exhumation rate.

On the other hand, partial melting can dramatically decrease the
rheological strength of rocks (e.g. Faure et al., 1999; Hermann and
Green, 2001; Vanderhaeghe and Teyssier, 2001; Zhong et al.,
2001; Labrousse et al., 2002, 2011; Chopin, 2003; Rosenberg and
Handy, 2005; Wallis et al., 2005; Whitney et al., 2009; Brown,
2010) and thus promote/trigger the intra-crustal decoupling and
subsequent exhumation of UHP slices. Besides, melts might also
lubricate the contact surfaces between the rock slices during
exhumation, thus promoting the exhumation process. Therefore, a
natural feedback exists between exhumation and partial melting of
UHP rocks: exhumation decreases pressure and promotes dehy-
dration melting, while melting promotes exhumation by
decreasing the viscosity of the crust.

6. Outlook

Partial melting is a major process involved in modifying the
composition of subducted continental crust in collisional orogens,
and is therefore relevant for continental crust differentiation (e.g.
Brown, 2010). Currently, partial melting of UHP rocks of pelitic and
granitic compositions is reported in several collision terranes (e.g.
Hermann et al., 2006; Liu et al., 2010; Zhang et al., 2015); however,
occurrences of UHP eclogites are much less well-known. Thus the
investigation of partial melting in eclogites will likely be a hot topic
in future studies of continental collision. Solution models for the
melt derived from partial melting of eclogites are still lacking,
hampering the reliable thermodynamic modeling of mafic rocks at
supra-solidus conditions. Experimental studies are therefore
needed to acquire these thermodynamic parameters.

Partial melting plays also a significant role in the decoupling of
subducted continental crust and the subsequent exhumation of
UHP slices, by decreasing their mechanical strength and viscosity.
However, to what extent this effect can attain still remains
ambiguous. Experimental and numerical modeling investigations
will help to understand if partial melting is the urge of decoupling
of subducted continental crust, or is the result of decoupling
because of stress released in ductile shear zones.

Trace elements partitioning between solids and melts has been
studied since long time (see Zheng et al., 2011 for a review),
whereas the behavior of isotopes (especially the non-traditional
isotopes) during partial melting is so far poorly understood. With
a large relative mass difference (8%) between Mg and 2*Mg, Mg
isotopes are potentially prominent geochemical tracers. So far, few
investigations of the Mg isotope fractionation processes during
magma differentiation, surface weathering and low- to mid-
temperature metamorphism have been performed (Galy et al.,
2002; Tipper et al., 2006; Teng et al., 2007; Bourdon et al., 2010;
Li et al., 2011), whereras the fractionation processes between
different minerals in UHP rocks are not clearly known. Li et al.
(2011) reported significant Mg isotope fractionation between
garnet and omphacite/phengite (*°*Mg preferably enters ompha-
cite/phengite rather than coexisting garnet) in medium-T eclogites,
which have bulk rock Mg isotopic compositions undistinguishable
from their protoliths. Accordingly, if partial melting and subsequent
melt extraction occurred in analogous lithologies, considerable Mg
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isotope fractionation between the melts and solid residuals should
be expected since phengite is much easier to be melted than garnet.

Phase equilibrium modeling is an effective tool to predict modal
changes during metamorphism and partial melting. Massonne and
Fockenberg (2012) modeled these changes in metasedimentary
rocks during heating at UHP conditions (Fig. 9). As shown in this
figure, the modeled rocks contain two Mg-bearing phases, garnet
and phengite, under subsolidus conditions. As long as the rocks
start to melt, the modal amount of phengite decreases very quickly
while that of garnet slightly increases. In this way, the residual will
be poorer in 6*®Mg than the protolith if melt extraction occurred. As
a result, by integrating phase equilibrium modeling with related
Mg isotope fractionation coefficients, it would be possible to pre-
dict Mg isotopes evolution during partial melting, and Mg isotopes
in turn could be used as indicators of partial melting. Certainly, Mg-
isotope fractionation coefficients between minerals and melt are
also essential to calibrate this method.

In summary, the study of UHP partial melting is just unfolding,
and will possibly be in the close future one of the hottest topics in
the field of Earth Science research.

Acknowledgements

This study, financially supported by the National Basic Research
Program of China (Grant No. 2015CB856104) and the National
Natural Science Foundation of China (Grant No. 41273036), was
performed in the framework of a Cooperation agreement between
the University of Science and Technology of China (School of Earth
and Space Sciences — Hefei) and the University of Torino (Italy). The
authors would like to thank Sanghoon Kwon, K. Sajeev and one
anonymous reviewer for critical comments and suggestions, which
greatly improved the paper.

References

Acosta-Vigil, A., Cesare, B., London, D., Morgan VI, G.B., 2007. Microstructures and
composition of melt inclusions in a crustal anatectic environment, represented
by metapelitic enclaves within El Hoyazo dacites, SE Spain. Chemical Geology
235, 450—465.

Acosta-Vigil, A., Buick, I, Hermann, ], Cesare, B., Rubatto, D., London, D.,
Morgan VI, G.B., 2010. Mechanisms of crustal anatexis: a geochemical study of
partially melted metapelitic enclaves and host dacite, SE Spain. Journal of
Petrology 51, 785—821.

Acosta-Vigil, A., Buick, 1., Cesare, B., London, D., Morgan VI, G.B., 2012. The extent of
equilibration between melt and residuum during regional anatexis and its
implications for differentiation of the continental crust: a study of partially
melted metapelitic enclaves. Journal of Petrology 53, 1319—1356.

Acosta-Vigil, A., Barich, A., Bartoli, O., Garrido, CJ., Cesare, B., Remusat, L., Poli, S.,
Raepsaet, C., 2016. The composition of nanogranitoids in migmatites overlying
the Ronda peridotites (Betic Cordillera, S Spain): the anatectic history of a
polymetamorphic basement. Contributions to Mineralogy and Petrology 171
(3),1-31.

Auzanneau, E. Vielzeuf, D., Schmidt, M.W.,, 2006. Experimental evidence of
decompression melting during exhumation of subducted continental crust.
Contributions to Mineralogy and Petrology 152, 125—148.

Ayres, M., Harris, N., 1997. REE fractionation and Nd-isotope disequilibrium during
crustal anatexis: constraints from Himalayan leucogranites. Chemical Geology
139, 249-269.

Bartoli, O., Tajcmanov4, L., Cesare, B., Acosta-Vigil, A., 2013. Phase equilibria con-
straints on melting of stromatic migmatites from Ronda (S. Spain): insights on
the formation of peritectic garnet. Journal of Metamorphic Geology 31 (7),
775—789.

Bartoli, O., Acosta-Vigil, A., Tajcmanov4, L., Cesare, B., Bodnar, RJ. 2016. Using
nanogranitoids and phase equilibria modeling to unravel anatexis in the crustal
footwall of the Ronda peridotites (Betic Cordillera, S Spain). Lithos 256,
282-299.

Baziotis, 1., Mposkos, E., Perdikatsis, V., 2008. Geochemistry of amphibolitized
eclogites and cross-cutting tonalitic-trondhjemitic dykes in the Metamorphic
Kimi Complex in East Rhodope (N.E. Greece): implications for partial melting at
the base of a thickened crust. International Journal of Earth Sciences 97,
459—-477.

Bourdon, B., Tipper, E.T., Fitoussi, C., Stracke, A., 2010. Chondritic Mg isotope
composition of the Earth. Geochimica et Cosmochimica Acta 74, 5069—5083.

Bowen, N.L., 1913. The melting phenomena of the plagioclase feldspars. American
Journal of Science 35, 577—599.

Brown, M., 2010. Melting of the continental crust during orogenesis: the thermal,
rheological, and compositional consequences of melt transport from lower to
upper continental crust. Canadian Journal of Earth Sciences 47, 655—694.

Brown, M., Averkin, Y.A., McLellan, E.L, Sawyer, EW., 1995. Melt segregation in
migmatites. Journal of Geophysical Research: Solid Earth 100 (B8), 15655—11567.

Brown, M., Korhonen, EJ., Siddoway, C.S., 2011. Organizing melt flow through the
crust. Elements 7, 261—-266.

Cesare, B., Ferrero, S., Salviolo-Mariani, E., Pedron, D., Cavallo, A., 2009. “Nano-
granite” and glassy inclusions: the anatectic melt in migmatites and granulites.
Geology 37, 627—630.

Chavagnac, V., Kramers, ].D., Nagler, T.F, Holzer, L., 2001. The behaviour of Nd and
Pb isotopes during 2.0 Ga migmatization in paragneisses of the Central Zone of
the Limpopo Belt (South Africa and Botswana). Precambrian Research 112,
51-86.

Chen, Y.X,, Zheng, Y.F,, Hu, Z.C., 2013. Synexhumation anatexis of ultrahigh-pressure
metamorphic rocks: petrological evidence from granitic gneiss in the Sulu
orogen. Lithos 156159, 69—96.

Chen, Y.X., Zheng, Y.F, Gao, X.Y., Hu, Z.C,, 2014. Multiphase solid inclusions in
zoisite-bearing eclogite: evidence for partial melting of ultrahigh-pressure
metamorphic rocks during continental collision. Lithos 200—201, 1-21.

Chopin, C., 1984. Coesite and pure pyrope in high-grade blueschists of the western
Alps: a first record and some consequence. Contributions to Mineralogy and
Petrology 86, 107—118.

Chopin, C., 2003. Ultrahigh-pressure metamorphism: tracing continental crust into
the mantle. Earth and Planetary Science Letters 212, 1-14.

Clark, C., Fitzsimons, I.C.W., Healy, D., Harley, S.L., 2011. How does the continental
crust get really hot? Elements 7, 235—240.

Clemens, ].D., Droop, G.T.R., 1998. Fluids, P—T paths and the fates of anatectic melts
in the Earth’s crust. Lithos 44, 21—36.

Cloos, M., 1993. Lithospheric buoyancy and collisional orogenesis: subduction of
oceanic plateaus, continental margins, island arcs, spreading ridges, and sea-
mounts. Geological Society of America Bulletin 105, 715—737.

Connolly, J.A.D., 1990. Multivariable phase diagrams: an algorithm based on
generalize thermodynamics. American Journal of Science 290, 666—718.

Connolly, J.A.D., 2009. The geodynamic equation of state: what and how.
Geochemistry, Geophysics, Geosystems 10, Q10014.

Conrad, W.K,, Nicholls, LA, Wall, V.., 1988. Water-saturated and undersaturated
melting of metaluminous and peraluminous crustal compositions at 10 kb:
evidence for the origin of silicic magmas in the Taupo Volcanic Zone, New
Zealand, and other occurrences. Journal of Petrology 29, 765—803.

Corfu, F, Hanchar, J.M., Hoskin, PW., Kinny, P., 2003. Atlas of zircon textures. Re-
views in Mineralogy and Geochemistry 53, 469—500.

Davies, JH., von Blanckenburg, F., 1995. Slab breakoff: a model of lithosphere
detachment and its test in the magmatism and deformation of collisional
orogens. Earth and Planetary Science Letters 129, 85—-102.

Dempster, T.J., Hay, D.C., Gordon, S.H., Kelly, N.M., 2008. Micro-zircon: origin and
evolution during metamorphism. Journal of Metamorphic Geology 26,
499-507.

Deniel, C., Vidal, P, Fernandez, A., Le Fort, P., Peucat, J.J., 1987. Isotopic study of
the Manaslu granite (Himalaya, Nepal); inference on the age and source of
Himalayan leucogranites. Contributions to Mineralogy and Petrology 96,
78-92.

Ding, H., Hou, Q., Zhang, Z., 2016. Petrogenesis and tectonic significance of the
Eocene adakite-like rocks in western Yunnan, southeastern Tibetan Plateau.
Lithos 245, 161-173.

Dobretsov, N.L., Shatsky, V.S., 2004. Exhumation of high-pressure rocks of the
Kokchetav massif: facts and models. Lithos 78, 307—318.

Downes, H., Dupuy, C., Leyreloup, A.F,, 1990. Crustal evolution of the hercynian belt
of Western Europe: evidence from lower crustal xenoliths (French Massif
Central). Chemical Geology 83, 209—231.

Droop, G.T.R., Brodie, K.H., 2012. Anatectic melt volumes in the thermal aureole of
the Etive Complex, Scotland: the roles of fluid-present and fluid-absent melting.
Journal of Metamorphic Geology 30, 843—864.

Elvevold, S., Ravna, EJ., Nasipuri, P, Labrousse, L., 2014. Calculated phase
equilibria for phengite-bearing eclogites from NW Spitsbergen, Svalbard
Caledonides. Geological Society, London, Special Publications 390 (1),
385—401.

Ernst, W.G., Liou, J.G., 2008. High- and ultrahigh-pressure metamorphism: past
results and future prospects. American Mineralogists 93, 1771-1786.

Evensen, N.M., Hamilton, PJ., O'Nions, R.K., 1978. Rare-earth abundances in chon-
dritic meteorites. Geochimica et Cosmochimica Acta 42, 1193—1212.

Faure, M., Lin, W.,, Shu, L.S., Sun, Y., Scharer, U., 1999. Tectonics of the Dabie (eastern
China) and possible exhumation mechanism of ultra high-pressure rocks. Terra
Nova 11, 251-258.

Ferrero, S., Bartoli, O., Cesare, B., Salvioli-Mariani, E., Acosta-Vigil, A., Cavallo, A.,
Groppo, C., Battiston, S., 2012. Microstructures of melt inclusions in anatectic
metasedimentary rocks. Journal of Metamorphic Geology 30, 303—322.

Ferrero, S., Wunder, B., Walczak, K., O'Brien, PJ., Ziemann, M.A., 2015. Preserved
near ultrahigh-pressure melt from continental crust subducted to mantle
depths. Geology 43, 447—450.

Ferri, E, Poli, S., Vielzeuf, D., 2009. An experimental determination of the effect of
bulk composition on phase relationships in metasediments at near-solidus
conditions. Journal of Petrology 50, 909—931.


http://refhub.elsevier.com/S1674-9871(17)30135-4/sref1
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref1
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref1
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref1
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref1
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref2
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref2
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref2
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref2
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref2
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref3
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref3
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref3
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref3
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref3
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref4
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref4
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref4
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref4
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref4
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref4
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref5
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref5
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref5
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref5
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref6
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref6
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref6
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref6
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref7
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref7
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref7
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref7
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref7
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref7
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref8
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref8
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref8
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref8
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref8
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref8
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref9
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref9
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref9
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref9
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref9
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref9
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref10
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref10
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref10
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref11
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref11
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref11
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref12
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref12
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref12
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref12
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref13
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref13
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref13
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref14
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref14
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref14
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref15
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref15
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref15
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref15
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref16
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref16
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref16
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref16
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref16
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref18
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref18
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref18
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref18
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref18
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref19
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref19
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref19
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref19
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref19
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref20
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref20
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref20
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref20
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref21
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref21
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref21
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref22
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref22
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref22
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref23
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref23
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref23
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref23
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref24
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref24
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref24
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref24
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref25
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref25
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref25
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref26
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref26
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref27
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref27
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref27
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref27
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref27
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref28
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref28
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref28
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref29
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref29
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref29
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref29
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref30
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref30
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref30
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref30
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref31
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref31
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref31
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref31
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref31
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref32
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref32
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref32
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref32
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref33
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref33
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref33
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref34
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref34
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref34
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref34
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref35
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref35
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref35
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref35
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref36
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref36
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref36
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref36
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref36
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref37
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref37
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref37
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref38
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref38
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref38
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref39
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref39
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref39
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref39
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref40
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref40
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref40
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref40
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref41
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref41
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref41
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref41
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref42
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref42
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref42
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref42

1240 L.-P. Deng et al. / Geoscience Frontiers 9 (2018) 1229—1242

Foley, S.F, Barth, M.G., Jenner, G.A., 2000. Rutile/melt partition coefficients for trace
elements and an assessment of the influence of rutile on the trace element
characteristics of subduction zone magmas. Geochimica et Cosmochimica Acta
64, 933-938.

Fumagalli, P, Poli, S., 2005. Experimentally determined phase relations in hydrous
peridotites to 6.5 GPa and their consequences on the dynamics of subduction
zones. Journal of Petrology 46, 555—578.

Galy, A., Bar-Matthews, M., Halicz, L., O'Nions, R.K., 2002. Mg isotope composition of
carbonate: insight from speleothem formation. Earth and Planetary Science
Letters 201, 105—115.

Gao, X.Y., Zheng, Y.F, Chen, Y.X., 2012. Dehydration melting of ultrahigh-pressure
eclogite in the Dabie orogen: evidence from multiphase solid inclusions in
garnet. Journal of Metamorphic Geology 30, 193—212.

Garcia-Casco, A., Haissen, F,, Castro, A., EI-Hmidi, H., Torres-Roldan, R.L., Millan, G.,
2003. Synthesis of staurolite in melting experiments of a natural metapelite:
consequences for the phase relations in low-temperature pelitic migmatites.
Journal of Petrology 44, 1727-1757.

Gilotti, J.A., Ravna, E.K,, 2002. First evidence for ultrahigh-pressure metamorphism
in the North-East Greenland Caledonides. Geology 30, 551—554.

Gilotti, J.A., McClelland, W.C., 2007. Characteristics of, and a tectonic model for,
ultrahigh-pressure metamorphism in the overriding plate of the Caledonian
orogen. International Geology Review 47, 777—797.

Grant, J.A.,, 2009. Thermocalc and experimental modelling of melting of pelite,
Morton Pass, Wyoming. Journal of Metamorphic Geology 27, 571—-578.

Gilotti, J.A., 2013. The realm of ultrahigh-pressure metamorphism. Elements 9,
255-260.

Groppo, C., Rolfo, F, Indares, A., 2012. Partial melting in the Higher Himalayan
Crystallines of Eastern Nepal: the effect of decompression and implications for
the ‘channel flow’ model. Journal of Petrology 53, 1057—1088.

Gu, X.F, Liy, Y.C, Deng, L.P., 2013. Geochronology and petrogenesis of eclogite from
the Luotian dome, North Dabie complex zone (central China), and their element
and isotope behavior during exhumation. Chinese Science Bulletin 58,
2132—-2137 (in Chinese with English abstract).

Guillot, S., Le Fort, P, 1995. Geochemical constraints on the bimodal origin of high
Himalayan leucogranites. Lithos 35, 221-234.

Guo, S, Ye, K., Chen, Y., Liy, J., Mao, Q., Ma, Y., 2012. Fluid—rock interaction and
element mobilization in UHP metabasalt: constraints from an omphacite—
epidote vein and host eclogites in the Dabie orogen. Lithos 136, 145—167.

Hacker, B.R., Kelemen, P.B., Behn, M.D., 2011. Differentiation of the continental crust
by relamination. Earth and Planetary Science Letters 307, 501-516.

Hansen, E., Johansson, L., Andersson, J., LaBarge, L., Harlov, D., Moller, C., Vincent, S.,
2015. Partial melting in amphibolites in a deep section of the Sveconorwegian
Orogen, SW Sweden. Lithos 236, 27—45.

Heaman, L.M., Bowsin, R., Crocket, J., 1990. The chemical composition of igneous
zircon suites: implications for geochemical tracer studies. Geochimica et Cos-
mochimica Acta 54, 1597—1607.

Hemingway, B.S., Bohlen, S.R., Hankins, W.B., Westrum Jr., E.F.,, Kuskov, O.L., 1998.
Heat capacity and thermodynamic properties for coesite and jadeite: reex-
amination of the quartz—coesite equilibrium boundary. American Mineralogists
83, 409—-418.

Hermann, J., 2002. Allanite: thorium and light rare earth element carrier in sub-
ducted crust. Chemical Geology 192, 289—306.

Hermann, J., Green, D.H., 2001. Experimental constraints on high pressure melting
in subducted crust. Earth and Planetary Science Letters 188, 149—168.

Hermann, J., Rubatto, D., 2009. Accessory phase control on the trace element signa-
ture of sediment melts in subduction zones. Chemical Geology 265, 512—526.

Hermann, J., Rubatto, D., 2014. Subduction of Continental Crust to Mantle Depth:
Geochemistry of Ultrahigh-pressure Rocks, second ed. Treatise on Geochem-
istry, pp. 309—340.

Hermann, J., Rubatto, D., Korsakov, A., Shatsky, V.S., 2001. Multiple zircon growth
during fast exhumation of diamondiferous, deeply subducted continental crust
(Kokchetav Massif, Kazakhstan). Contributions to Mineralogy and Petrology 141,
66—82.

Hermann, J., Spandler, C., Hack, A., Korsakov, A.V., 2006. Aqueous fluids and hydrous
melts in high-pressure and ultra-high pressure rocks: implications for element
transfer in subduction zones. Lithos 92, 399—417.

Hermann, J., Spandler, C., 2008. Sediment melts at sub-arc depths: an experimental
study. Journal of Petrology 49, 717—740.

Hinton, RW.,, Upton, B.GJ., 1991. The chemistry of zircon: variations within and
between large crystals from syenite and alkali basalt xenoliths. Geochimica et
Cosmochimica Acta 55, 3287—3302.

Holness, M.B., Cesare, B., Sawyer, EW., 2011. Melted rocks under the microscope:
microstructures and their interpretation. Elements 7, 247—252.

Holness, M.B., Sawyer, EW., 2008. On the pseudomorphing of melt-filled pores
during the crystallization of migmatites. Journal of Petrology 49, 1343—1363.

Hoskin, PW.O., 2000. Patterns of chaos: fractal statistics and the oscillatory
chemistry of zircon. Geochimica et Cosmochimica Acta 64, 1905—1923.

Hoskin, PW.O., Schaltegger, U., 2003. The composition of zircon and igneous and
metamorphic petrogenesis. In: Hanchar, J.M., Hoskin, PW.O. (Eds.), Zircon.
Mineralogical Society of America, 53. Reviews in Mineralogy and Geochemistry,
pp. 27-62.

Imayama, T., Takeshita, T., Yi, K., Cho, D.L,, Kitajima, K., Tsutsumi, Y., Kayama, M.,
Nishido, H., Okumura, T., Yagi, K., Itaya, T., Sano, Y., 2012. Two-stage partial
melting and contrasting cooling history within the Higher Himalaya Crystalline
Sequence in the fareastern Nepal Himalaya. Lithos 134135, 1-22.

Inger, S., Harris, N., 1993. Geochemical constraints on leucogranite magmatism in
the Langstang Valley, Nepal Himalaya. Journal of Petrology 34, 345—368.

Johnson, M.C,, Plank, T., 1999. Dehydration and melting experiments constrain the
fate of subducted sediments. Geochemistry, Geophysics, Geosystems 1. No.
1999GC000014.

Kelsey, D.E., Clark, C., Hand, M., 2008. Thermobarometric modelling of zircon and
monazite growth in melt-bearing systems: examples using model metapelitic
and metapsammitic granulites. Journal of Metamorphic Geology 26 (2),
199-212.

Kelsey, D.E., Powell, R., 2011. Progress in linking accessory mineral growth and
breakdown to major mineral evolution in metamorphic rocks: a thermody-
namic approach in the Na0-CaO-K,0-FeO-MgO-Al;03-Si0,-H,0-TiOz-Zr0O;
system. Journal of Metamorphic Geology 29 (1), 151-166.

Kennedy, C.S., Kennedy, G.C., 1976. The equilibrium boundary between graphite and
diamond. Journal of Geophysical Research 81, 2467—2470.

Kessel, R., Schmidt, M.W., Ulmer, P., Pettke, T., 2005. Trace element signature of
subduction-zone fluids, melts and supercritical liquids at 120—180 km depth.
Nature 437, 724-727.

Kogiso, T., Tatsumi, Y., Nakano, S., 1997. Trace element transport during dehydration
processed in the subduction oceanic crust: 1. Experiments and implications for
the origin of ocean island basalts. Earth and Planetary Science Letters 148,
193-205.

Kohn, M.J.,, Corrie, S.L., Markley, C., 2015. The fall and rise of metamorphic zircon.
American Mineralogist 100 (4), 897—908.

Korsakov, A.V., Hermann, J., 2006. Silicate and carbonate melt inclusions associated
with diamonds in deeply subducted carbonate rocks. Earth and Planetary Sci-
ence Letters 241, 104—118.

Kotkova, J., Harley, S.L., 1999. Formation and evolution of high-pressure leucogra-
nulites: experimental constraints and unresolved issues. Physics and Chemistry
of the Earth, Part A 24, 299—304.

Kotkov4, J., Harley, S.L., 2010. Anatexis during high-pressure crustal metamorphism:
evidence from garnet-whole-rock REE relationships and zircon-Rutile Ti-Zr
thermometry in Leucogranulites from the Bohemian Massif. Journal of
Petrology 51, 1967—2001.

Kylander-Clark, A.R.C., Hacker, B.R., Mattinson, C.G., 2012. Size and exhumation rate
of ultrahigh-pressure terranes linked to orogenic stage. Earth and Planetary
Science Letters 321-322, 115—-120.

Labrousse, L., Jolivet, L., Agard, P.,, Hébert, R., Andersen, T.B., 2002. Crustal-scale
boudinage and migmatization of gneiss during their exhumation in the UHP
province of western Norway. Terra Nova 14 (4), 263—270.

Labrousse, L., Prouteau, G., Ganzhorn, A.C.,, 2011. Continental exhumation triggered
by partial melting at ultrahigh pressure. Geology 39, 1171-1174.

Lang, H.M.,, Gilotti, J.A., 2007. Partial melting of metapelites at ultrahigh-pressure
conditions, Greenland Caledonides. Journal of Metamorphic Geology 25,
129-147.

Lang, H.M.,, Gilotti, J.A., 2015. Modeling the exhumation path of partially melted
ultrahigh-pressure metapelites, North-East Greenland Caledonides. Lithos 226,
131-146.

Li, WY, Teng, FZ., Xiao, Y.L, Huang, ], 2011. High-temperature inter-mineral
magnesium isotope fractionation in eclogite from the Dabie orogen, China.
Earth and Planetary Science Letters 304, 224—230.

Liati, A., Gebauer, D., Wysoczanski, R., 2002. U-Pb SHRIMP-dating of zircon do-
mains from UHP garnet-rich mafic rocks and late pegmatoids in the Rhodope
zone (N Greece): evidence for early Cretaceous crystallization and Late Creta-
ceous metamorphism. Chemical Geology 184, 281—-299.

Liu, FL., Robinson, P.T., Gerdes, A., Xue, H.M,, Liu, PH., Liou, ].G., 2010. Zircon U—Pb
ages, REE concentrations and Hf isotope compositions of granitic leucosome
and pegmatite from the north Sulu UHP terrane in China: constraints on the
timing and nature of partial melting. Lithos 117, 247—268.

Liu, EL,, Robinson, P.T,, Liu, P.H., 2012. Multiple partial melting events in the Sulu
UHP terrane: zircon U-Pb dating of granitic leucosomes within amphibolite and
gneiss. Journal of Metamorphic Geology 30, 887—906.

Liu, EL., Liu, PH., Wang, F, Liu, J.H., Meng, E., Cai, J., Shi, J.R.,, 2014. U—Pb dating of
zircons from granitic leucosomes in migmatites of the Jiaobei Terrane, south-
western Jiao—Liao—Ji Belt, North China Craton: constraints on the timing and
nature of partial melting. Precambrian Research 245, 80—99.

Liu, Q., Hermann, J., Zhang, J.F,, 2013. Polyphase inclusions in the Shuanghe UHP
eclogites formed by subsolidus transformation and incipient melting during
exhumation of deeply subducted crust. Lithos 177, 91-109.

Liu, Y.-C, Li, S., Gu, X, Xu, S., Chen, G., 2007a. Ultrahigh-pressure eclogite trans-
formed from mafic granulite in the Dabie orogen, east-central China. Journal of
Metamorphic Geology 25, 975—989.

Liu, Y.-C, Li, S., Xu, S., 2007b. Zircon SHRIMP U-Pb dating for gneiss in northern
Dabie high T/P metamorphic zone, central China: Implication for decoupling
within subducted continental crust. Lithos 96, 170—185.

Liu, Y.-C,, Li, S., 2008. Detachment within subducted continental crust and multi-
slice successive exhumation of ultrahigh-pressure metamorphic rocks: evi-
dence from the Dabie-Sulu orogenic belt. Chinese Science Bulletin 53,
3105—3119.

Liy, Y.-C,, Gu, X,, Li, S., Hou, Z.H., Song, B., 2011a. Multistage metamorphic events in
granulitized eclogites from the North Dabie complex zone, central China: evi-
dence from zircon U-Pb age, trace element and mineral inclusion. Lithos 122,
107—-121.

Liu, Y.-C,, Gu, X,, Rolfo, F, Chen, Z., 2011b. Ultrahigh-pressure metamorphism and
multistage exhumation of eclogite of the Luotian dome, North Dabie Complex


http://refhub.elsevier.com/S1674-9871(17)30135-4/sref43
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref43
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref43
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref43
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref43
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref44
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref44
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref44
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref44
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref45
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref45
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref45
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref45
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref46
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref46
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref46
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref46
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref47
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref47
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref47
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref47
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref47
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref48
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref48
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref48
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref49
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref49
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref49
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref49
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref50
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref50
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref50
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref51
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref51
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref51
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref52
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref52
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref52
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref52
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref53
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref53
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref53
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref53
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref53
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref54
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref54
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref54
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref55
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref55
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref55
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref55
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref55
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref56
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref56
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref56
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref57
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref57
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref57
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref57
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref58
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref58
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref58
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref58
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref59
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref59
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref59
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref59
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref59
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref59
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref60
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref60
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref60
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref61
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref61
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref61
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref62
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref62
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref62
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref63
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref63
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref63
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref63
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref64
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref64
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref64
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref64
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref64
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref65
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref65
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref65
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref65
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref66
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref66
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref66
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref67
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref67
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref67
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref67
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref68
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref68
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref68
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref69
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref69
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref69
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref70
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref70
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref70
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref71
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref71
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref71
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref71
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref71
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref72
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref72
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref72
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref72
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref72
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref72
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref73
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref73
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref73
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref74
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref74
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref74
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref75
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref75
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref75
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref75
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref75
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref76
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref77
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref77
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref77
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref78
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref78
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref78
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref78
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref78
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref79
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref79
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref79
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref79
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref79
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref80
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref80
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref80
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref81
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref81
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref81
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref81
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref82
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref82
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref82
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref82
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref83
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref83
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref83
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref83
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref83
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref84
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref84
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref84
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref84
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref84
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref85
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref85
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref85
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref85
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref86
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref86
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref86
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref87
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref87
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref87
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref87
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref88
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref88
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref88
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref88
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref89
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref89
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref89
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref89
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref90
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref90
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref90
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref90
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref90
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref90
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref91
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref91
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref91
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref91
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref91
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref91
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref92
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref92
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref92
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref92
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref93
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref94
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref94
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref94
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref94
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref95
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref95
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref95
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref95
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref188
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref188
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref188
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref188
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref96
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref96
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref96
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref96
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref96
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref97
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref97
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref97
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref97
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref97
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref98
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref98

L.-P. Deng et al. / Geoscience Frontiers 9 (2018) 1229—1242 1241

Zone (central China): evidence from mineral inclusions and decompression
textures. Journal of Asian Earth Sciences 42, 607—617.

Liu, Y.-C,, Deng, L., Gu, X., Groppo, C., Rolfo, F,, 2015. Application of Ti-in-zircon and
Zr-in-rutile thermometers to constrain high-temperature metamorphism in
eclogites from the Dabie orogen, central China. Gondwana Research 27,
410—423.

Martin, H., 1987. Petrogenesis of Archaean trondhjemites, tonalites, and granodio-
rites from eastern Finland: major and trace element geochemistry. Journal of
Petrology 28 (5), 921-953.

Martin, H., Smithies, R.H., Rapp, R., Moyen, ].F., Champion, D., 2005. An overview of
adakite, tonalite—trondhjemite—granodiorite (TTG), and sanukitoid: relation-
ships and some implications for crustal evolution. Lithos 79 (1), 1-24.

Martin, E., Sigmarsson, O., 2007. Low-pressure differentiation of tholeiitic lavas as
recorded in segregation veins from Reykjanes (Iceland), Lanzarote (Canary
Islands) and Masaya (Nicaragua). Contributions to Mineralogy and Petrology
154, 559—-573.

Mattinson, ].M., Graubard, C.M., Parkinson, D.L, McClelland, W.C., 1996. U-Pb
reverse discordance in zircons: the role of fine-scale oscillatory zoning and sub-
micron transport of Pb. Earth Processes: Reading the Isotopic Code 355—370.

Massonne, H.J., Fockenberg, T., 2012. Melting of metasedimentary rocks at ultrahigh
pressure—insights from experiments and thermodynamic calculations. Litho-
sphere 4, 269—-285.

Miller, C.E, McDowell, S.M., Mapes, RW., 2003. Hot and cold granites? Implications
of zircon saturation temperatures and preservation of inheritance. Geology 31,
529-532.

Montel, J.M., 1993. A model for monazite/melt equilibrium and application to the
generation of granitic magmas. Chemical Geology 110, 127—146.

Montel, ].M., Vielzeuf, D., 1997. Partial melting of metagreywackes, Part II. Com-
positions of minerals and melts. Contributions to Mineralogy and Petrology
128, 176—196.

Moyen, J.F,, 2011. The composite Archaean grey gneisses: petrological significance,
and evidence for a non-unique tectonic setting for Archaean crustal growth.
Lithos 123, 21-36.

Mposkos, E.D., Krohe, A., 2006. Pressure-temperature-deformation paths of closely
associated ultra-high-pressure (diamond-bearing) crustal and mantle rocks of
the Kimi complex: implications for the tectonic history of the Rhodope
Mountains, northern Greece. Canadian Journal of Earth Science 43, 1755—1776.

Nasdala, L., Massonne, H.J., 2000. Microdiamonds from the Saxonian Erzgebirge,
Germany: in situ micro-Raman characterisation. European Journal of Miner-
alogy 12, 495—498.

Nichols, G.T., Wyllie, PJ., Stern, C.R, 1994. Subduction zone melting of pelagic
sediments constrained by melting experiments. Nature 371, 785—788.

Okay, AL, Xu, S., Sengor, A.M.C., 1989. Coesite from the Dabie Shan eclogites, central
China. European Journal of Mineralogy 1, 595—598.

Patifio Douce, A.E., 1992. Calculated relationships between activity of alumina and
phase assemblages of silica-saturated igneous rocks: petrogenetic implications
of magmatic cordierite, garnet and aluminosilicate. Journal of Volcanology and
Geothermal Research 52, 43—63.

Patifio Douce, A.E., 1996. Effects of pressure and H,O content on the compositions of
primary crustal melts. Geological Society of America Special Papers 315, 11-21.

Patifio Douce, A.E., 2005. Vapor-absent melting of tonalite at 15—32 kbar. Journal of
Petrology 46, 275—290.

Patifio Douce, A.E., Beard, J.S., 1996. Effects of P, f{O,) and Mg/Fe ratio on dehy-
dration melting of model metagreywackes. Journal of Petrology 37, 999—1024.

Patifio Douce, A.E., Harris, N., 1998. Experimental constraints on Himalayan ana-
texis. Journal of Petrology 39, 689—710.

Patifio Douce, A.E., Johnston, A.D., 1991. Phase equilibria and melt productivity in
the pelitic system: implications for the origin of peraluminous granitoids and
aluminous granulites. Contributions to Mineralogy and Petrology 107,
202-218.

Pidgeon, R.T., 1992. Recrystallization of oscillatory zoned zircon: some geochrono-
logical and petrological implications. Contributions to Mineralogy and
Petrology 110, 463—472.

Poli, S., Schmidt, M.W., 2002. Petrology of subducted slabs. Annual Review of Earth
and Planetary Sciences 30, 207—235.

Powell, R., Guiraud, M., White, R.W., 2005. Truth and beauty in metamorphic phase
equilibrias: conjugate variables and phase diagrams. The Canadian Mineralogist
43, 21-33.

Powell, R., Holland, TJ.B., 1988. An internally consistent dataset with uncertainties
and correlations: 3. Applications to geobarometry, worked examples and a
computer program. Journal of Metamorphic Geology 6, 173—204.

Prince, C., Harris, N., Vance, D., 2001. Fluid-enhanced melting during prograde
metamorphism. Journal of Geological Society 158, 233—241.

Qian, Q., Hermann, J., 2013. Partial melting of lower crust at 10—15 kbar: constraints
on adakite and TTG formation. Contributions to Mineralogy and Petrology 165
(6), 1195—1224.

Ragozin, A.L, Liou, ].G., Shatsky, V.S., Sobolev, N.V., 2009. The timing of the retro-
grade partial melting in the Kumdy-Kol region (Kokchetav Massif, Northern
Kazakhstan). Lithos 109, 274—284.

Rapp, R.P., Watson, B.E., 1986. Monazite solubility and dissolution kinetics: impli-
cations for the thorium and light rare earth chemistry of felsic magmas. Con-
tributions to Mineralogy and Petrology 94, 304—316.

Reichardt, H., Weinberg, R.F., 2012. Hornblende chemistry in meta-and diatexites
and its retention in the source of leucogranites: an example from the Kar-
akoram Shear Zone, NW India. Journal of Petrology 53 (6), 1287—1318.

Robin, PY.F, 1979. Theory of metamorphic segregation and related processes.
Geochimica et Cosmochimica Acta 43 (10), 1587—1600.

Rosenberg, C.L., Handy, M.R., 2005. Experimental deformation of partially melted
granite revisited: implications for the continental crust. Journal of Metamorphic
Geology 23, 19—-28.

Rotzler, J., Kroner, U., 2012. The Erzgebirge. In: Romer, R.L., Forster, H.J., Kroner, U.,
et al. (Eds.), Granites of the Erzgebirge: Relation of Magmatism to the Meta-
morphic and Tectonic Evolution of the Variscan Orogen, Chapter 4. Scientific
Technical Report 12/15, GFZ German Research Centre for Geosciences,
pp. 53-71.

Rubatto, D., Gebauer, D., Compagnoni, R., 1999. Dating of eclogite-facies zircons: the
age of Alpine metamorphism in the Sesia—Lanzo Zone (Western Alps). Earth
and Planetary Science Letters 167, 141—158.

Rubatto, D., Hermann, ]., Buick, LS., 2006. Temperature and bulk composition
control on the growth of monazite and zircon during low-pressure anatexis
(Mount Stafford, Central Australia). Journal of Petrology 47 (10), 1973—1996.

Rubatto, D., Hermann, J., Berger, A., Engi, M., 2009. Protracted fluid-induced melting
during Barrovian metamorphism in the Central Alps. Contributions to Miner-
alogy and Petrology 158, 703—722.

Rudnick, R.L.,, Gao, S., 2003. Composition of the continental crust. In: Rudnick, R.L.
(Ed.), The Crust, vol. 3, pp. 1-64. Treatise on Geochemistry (eds. H.D. Holland
and K.K. Turekian). Elsevier, Oxford.

Rutter, E.H., Neumann, D.H.K,, 1995. Experimental deformation of partially molten
Westerly granite under fluid-absent conditions, with implications for the
extraction of granitic magmas. Journal of Geophysical Research: Solid Earth 100
(B8), 15697—-15715.

Sawyer, EW.,, 1994. Melt segregation in the continental crust. Geology 22 (11),
1019—-1022.

Schmidt, M.W., Poli, S., 1998. Experimentally based water budgets for dehydrating
slabs and consequences for arc magma generation. Earth and Planetary Science
Letters 163 (1), 361-379.

Schmidt, M.W., Vielzeuf, D., Auzanneau, E., 2004. Melting and dissolution of sub-
ducting crust at high pressures: the key role of white mica. Earth and Planetary
Science Letters 228, 65—84.

Shatsky, V.S., Jagoutz, E. Sobolev, N.V., Kozmenko, O.A. Parkhomenko, V.S.,
Troesch, M., 1999. Geochemistry and age of ultrahigh pressure metamorphic
rocks from the Kokchetav massif (Northern Kazakhstan). Contributions to
Mineralogy and Petrology 137, 185—205.

Sisson, T.W., Ratajeski, K., Hankins, W.B., Glazner, A.F,, 2005. Voluminous granitic
magmas from common basaltic sources. Contributions to Mineralogy and
Petrology 148, 635—661.

Smith, D.C., 1984. Coesite in clinopyroxene in the Caledonides and its implications
for geodynamics. Nature 310, 641—644.

Sobolev, N.V., Shatsky, V.S., 1990. Diamond inclusions in garnet from metamorphic
rocks: a new environment for diamond formation. Nature 343, 742—746.

Solgadi, F, Moyen, ].F, Vanderhaeghe, O., Sawyer, E., Reisberg, L., 2007. Mantle
implication in syn-orogenic granitoids from the Livradois, MCF. Canadian
Mineralogist 45, 581—606.

Song, S., Niu, Y., Wei, C,, Ji, ], Su, L., 2010. Metamorphism, anatexis, zircon ages and
tectonic evolution of the Gongshan block in the northern Indochina con-
tinent—an eastern extension of the Lhasa Block. Lithos 120, 327—346.

Stepanov, A.S., Hermann, J., Korsakov, A.V., Rubatto, D., 2014. Geochemistry of
ultrahigh-pressure anatexis: fractionation of elements in the Kokchetav
gneisses during melting at diamond-facies conditions. Contributions to
Mineralogy and Petrology 167, 1002.

Stiiwe, K., 1995. Thermal buffering effects at the solidus. Implications for the equili-
bration of partially melted metamorphic rocks. Tectonophysics 248, 39—51.

Su, B.X., Teng, EZ., Hy, Y., Shi, R.D., Zhou, M.E,, Zhu, B,, Liu, F,, Gong, X.H., Huang, Q.S.,
Xiao, Y., Chen, C,, He, Y.S., 2015. Iron and magnesium isotope fractionation in
oceanic lithosphere and sub-arc mantle: perspectives from ophiolites. Earth
and Planetary Science Letters 430, 523—532.

Suga, K., Yui, T.F, Shellnutt, ].G., Wu, T.W., Mori, Y., Miyazaki, K., Hahn, B., 2015.
Nd—Sr isotopic constraint to the formation of metatexite and diatexite mig-
matites, Higo metamorphic terrane, central Kyushu, Japan. International Geol-
ogy Review 58, 405—423.

Taylor, RJ.M., Harley, S.L, Hinton, RW.,, Elphick, S., Clark, C., Kelly, N.M., 2015.
Experimental determination of REE partition coefficients between zircon,
garnet and melt: a key to understanding high-T crustal processes. Journal of
Metamorphic Geology 33, 231-248.

Telus, M., Dauphas, N., Moynier, F, Tissot, ELH. Teng, FEZ., Nabelek, PIL,
Craddock, P.R., Groat, L.A., 2012. Iron, zinc, magnesium and uranium isotopic
fractionation during continental crust differentiation: the tale from migma-
tites, granitoids, and pegmatites. Geochimica et Cosmochimica Acta 97,
247-265.

Teng, F.Z., Wadhwa, M., Helz, R.T., 2007. Investigation of magnesium isotope frac-
tionation during basalt differentiation: implications for a chondritic composi-
tion of the terrestrial mantle. Earth and Planetary Science Letters 261, 84—92.

Thompson, A.B., 1996. Fertility of crustal rocks during anatexis. Geological Society of
America Special Papers 315, 1-10.

Tipper, E.T,, Galy, A., Bickle, M.]., 2006. Riverine evidence for a fractionated reservoir
of Ca and Mg on the continents: implications for the oceanic Ca cycle. Earth and
Planetary Science Letters 247, 267—279.

Tomaschek, F., Kennedy, A.K., Villa, LM., Lagos, M., Ballhaus, C., 2003. Zircons from
Syros, Cyclades, Greece—recrystallization and mobilization of zircon during
high-pressure metamorphism. Journal of Petrology 44, 1977—2002.


http://refhub.elsevier.com/S1674-9871(17)30135-4/sref98
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref98
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref98
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref99
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref99
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref99
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref99
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref99
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref100
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref100
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref100
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref100
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref101
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref101
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref101
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref101
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref101
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref101
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref102
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref102
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref102
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref102
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref102
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref103
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref103
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref103
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref103
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref104
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref104
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref104
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref104
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref104
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref105
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref105
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref105
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref105
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref106
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref106
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref106
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref107
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref107
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref107
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref107
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref108
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref108
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref108
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref108
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref109
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref109
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref109
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref109
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref109
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref110
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref110
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref110
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref110
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref111
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref111
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref111
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref189
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref189
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref189
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref112
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref112
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref112
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref112
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref112
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref113
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref113
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref113
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref113
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref114
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref114
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref114
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref114
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref115
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref115
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref115
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref115
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref116
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref116
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref116
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref117
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref117
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref117
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref117
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref117
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref118
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref118
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref118
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref118
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref119
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref119
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref119
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref120
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref120
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref120
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref120
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref121
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref121
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref121
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref121
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref122
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref122
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref122
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref123
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref123
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref123
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref123
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref123
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref124
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref124
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref124
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref124
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref125
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref125
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref125
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref125
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref126
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref126
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref126
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref126
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref127
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref127
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref127
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref128
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref128
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref128
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref128
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref129
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref129
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref129
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref129
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref129
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref129
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref130
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref130
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref130
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref130
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref130
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref131
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref131
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref131
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref131
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref132
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref132
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref132
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref132
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref133
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref133
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref133
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref133
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref134
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref134
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref134
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref134
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref134
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref135
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref135
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref135
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref136
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref136
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref136
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref136
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref137
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref137
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref137
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref137
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref138
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref138
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref138
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref138
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref138
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref139
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref139
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref139
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref139
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref140
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref140
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref140
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref141
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref141
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref141
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref142
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref142
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref142
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref142
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref143
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref143
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref143
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref143
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref143
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref144
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref144
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref144
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref144
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref145
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref145
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref145
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref146
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref146
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref146
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref146
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref146
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref147
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref147
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref147
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref147
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref147
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref147
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref148
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref148
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref148
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref148
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref148
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref149
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref149
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref149
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref149
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref149
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref149
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref150
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref150
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref150
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref150
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref151
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref151
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref151
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref152
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref152
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref152
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref152
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref153
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref153
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref153
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref153
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref153

1242 L.-P. Deng et al. / Geoscience Frontiers 9 (2018) 1229—1242

Vanderhaeghe, 0., 2012. The thermal—mechanical evolution of crustal orogenic
belts at convergent plate boundaries: a reappraisal of the orogenic cycle.
Journal of Geodynamics 56—57, 124—145.

Vanderhaeghe, O., Teyssier, C., 2001. Partial melting and flow of orogens. Tectono-
physics 342, 451-472.

Vavra, G., Gebauer, D., Schmidt, R., Compston, W., 1996. Multiple zircon growth
and recrystallization during polyphase Late Carboniferous to Triassic
metamorphism in granulites of the Ivrea Zone (Southern Alps): an ion
microprobe (SHRIMP) study. Contributions to Mineralogy and Petrology
122, 337-358.

Vernon, R.H., 2011. Microstructures of melt-bearing regional metamorphic rocks. In:
van Reenen, D.D., Kramers, ].D., McCourt, S., Perchuk, L.L. (Eds.), Origin and
Evolution of Precambrian High-grade Gneiss Terranes, with Special Emphasis
on the Limpopo Complex of Southern Africa: Geological Society of America
Memoir 207, pp. 1-11.

Vielzeuf, D., Holloway, J.R., 1988. Experimental determination of the fluid-absent
melting relations in the pelitic system. Consequences for crustal differentia-
tion. Contributions to Mineralogy and Petrology 98, 257—276.

Vielzeuf, D., Montel, ].M., 1994. Partial melting of metagreywackes. 1. Fluid-absent
experiments and phase relationships. Contributions to Mineralogy and
Petrology 117, 375—393.

Visona, D., Lombardo, B., 2002. Two-mica and tourmaline leucogranites from the
Everest-Makalu region (Nepal-Tibet). Himalayan leucogranite genesis by
isobaric heating? Lithos 62 (3—4), 125—150.

Wallis, S.R., Enami, M., Banno, S., 1999. The Sulu UHP terrane—a review of the
petrology and structural geology. International Geology Review 41,
906—-920.

Wallis, S., Tsuboi, M., Suzuki, K., Fanning, M., Jiang, L.L., Tanaka, T., 2005. Role of
partial melting in the evolution of the Sulu (eastern China) ultrahigh-pressure
terrane. Geology 33, 129—-132.

Wang, L., Kusky, T.M.,, Polat, A., Wang, S.J., Jiang, X.F., Zong, K.Q., Wang, ].P,, Deng, H.,
Fu, ].M., 2014. Partial melting of deeply subducted eclogite from the Sulu orogen
in China. Nature Communications 5, 5604. http://dx.doi.org/10.1038/
ncomms6604.

Watson, E.B., Harrison, M.T., 1983. Zircon saturation revisited: temperature and
composition effects in a variety of crustal magma types. Earth and Planetary
Science Letters 64, 295—304.

Whitney, D.L., Teyssier, C., Fayon, A.K., 2004. Isothermal decompression, partial
melting and exhumation of deep continental crust. In: Grocott, J.,
McCaffrey, KJ.W., Taylor, G., Tikoff, B. (Eds.), Vertical Coupling and Decoupling
in the Lithosphere, 227. Geological Society of London Special Publications,
pp. 313—-326.

Whitney, D.L., Teyssier, C., Fayon, A.K., Hamilton, M.A., Heizler, M., 2003. Tectonic
controls on metamorphism, partial melting, and intrusion: timing and duration
of regional metamorphism and magmatism in the Nigde Massif, Turkey. Tec-
tonophysics 376, 37—60.

Whitney, D.L., Teyssier, C., Rey, P.F,, 2009. The consequences of crustal melting in
continental subduction. Lithosphere 1, 323—-327.

Whitney, D.L., Evans, B.W., 2010. Abbreviations for names of rock-forming minerals.
American Mineralogists 95, 185—187.

Williams, LS., 2001. Response of detrital zircon and monazite, and their U-Pb iso-
topic systems, to regional metamorphism and host-rock partial melting, Cooma
Complex, southeastern Australia. Australian Journal of Earth Sciences 48 (4),
557—580.

Williamson, B.J., Downes, H., Thirwall, M.E,, 1992. The relationship between crustal
magmatic underplating and granite genesis: an example from the Velay granite
complex, Massif Central, France. Transactions of the Royal Society of Edinburgh:
Earth Sciences 83, 235—245.

Xiong, X., Keppler, H., Audétat, A., Gudfinnsson, G., Sun, W., Song, M., Xiao, W.,
Yuan, L., 2009. Experimental constraints on rutile saturation during partial

melting of metabasalt at the amphibolite to eclogite transition, with applica-
tions to TTG genesis. American Mineralogist 94 (8—9), 1175—1186.

Xu, H,, Ye, K, Zhang, J., 2012. Temperature of prograde metamorphism, decom-
pressional partial melting and subsequent melt fractional crystallization in the
Weihai migmatitic gneisses, Sulu UHP terrane: constraints from Ti-in-zircon
thermometer. Journal of Earth Science 23, 813—827.

Xu, H., Ye, K, Song, Y., Chen, Y., Zhang, J., Liu, Q., Guo, S., 2013. Prograde meta-
morphism, decompressional partial melting and subsequent melt fractional
crystallization in the Weihai migmatitic gneisses, Sulu UHP terrane, eastern
China. Chemical Geology 341, 16—37.

Xu, S.T,, Okay, AL, Ji, S.Y., Sengor, A.M.C,, Su, W,, Liu, Y.C,, Jiang, L.L., 1992. Diamonds
from the Dabie Shan metamorphic rocks and its implication for tectonic setting.
Science 256, 80—82.

Xu, S.T., Liu, Y.C,, Chen, G.B., Compagnoni, R., Rolfo, F., He, M.C,, Liu, H.E, 2003. New
finding of microdiamonds in eclogites from Dabie-Sulu region in central-
eastern China. Chinese Science Bulletin 48, 988—994.

Xu, S.T, Liy, Y.C, Chen, G.B,, Ji, S.Y., Ni, P, Xiao, W.S., 2005. Microdiamonds, their
classification and tectonic implications for the host eclogites from the Dabie
and Su-Lu regions in central eastern China. Mineralogical Magazine 69,
509-520.

Yin, C.,, Zhao, G., Wei, C., Sun, M., Guo, J., Zhou, X., 2014. Metamorphism and partial
melting of high-pressure pelitic granulites from the Qianlishan Complex: con-
straints on the tectonic evolution of the Khondalite Belt in the North China
Craton. Precambrian Research 242, 172—186.

Yu, S.Y., Zhang, J.X,, Sun, D.Y,, Li, Y.S., Gong, ].H., 2015. Anatexis of ultrahigh-pressure
eclogite during exhumation in the North Qaidam ultrahigh-pressure terrane:
constraints from petrology, zircon U-Pb dating, and geochemistry. Geological
Society of America Bulletin 127, 1290—1312.

Zeng, L., Asimow, P, Saleeby, ].B., 2005a. Coupling of anatectic reactions and
dissolution of accessory phases and the Sr and Nd isotope systematics of ana-
tectic melts from a metasedimentary source. Geochimica et Cosmochimica Acta
69, 3671-3682.

Zeng, L.S., Saleeby, ].B., Asimow, P., 2005b. Nd isotope disequilibrium during crustal
anatexis: a record from the Goat Ranch migmatite complex, southern Sierra
Nevada batholith, California. Geology 33, 53—56.

Zeng, LS., Gao, L., Dong, C.Y.,, Tang, S.H., 2012. High-pressure melting of metapelite
and the formation of Ca-rich granitic melts in the Namche Barwa Massif,
southern Tibet. Gondwana Research 21, 138—151.

Zhang, L., Chen, RX,, Zheng, Y.F,, Hu, Z.C,, 2015. Partial melting of deeply subducted
continental crust during exhumation: insights from felsic veins and host UHP
metamorphic rocks in North Qaidam, northern Tibet. Journal of Metamorphic
Geology 33, 671—694.

Zhang, Z.M., Shen, K., Sun, W.D., Liu, Y.S., Liou, ].G., Shi, C., Wang, ].L., 2008. Fluids in
deeply subducted continental crust: petrology, mineral chemistry and fluid
inclusion of UHP metamorphic veins from the Sulu orogen, eastern China.
Geochimica et Cosmochimica Acta 72, 3200—3228.

Zhang, ZM., Shen, K., Wang, J.L., Dong, H.L., 2009. Petrological and geochronological
constraints on the formation, subduction and exhumation of the continental
crust in the southern Sulu orogen, eastern-central China. Tectonophysics 475,
291-307.

Zheng, Y.F, Gao, T.S., Wu, Y.B,, Gong, B., Liu, X.M., 2007. Fluid flow during exhu-
mation of deeply subducted continental crust: zircon U-Pb age and O-isotope
studies of a quartz vein within ultrahigh-pressure eclogite. Journal of Meta-
morphic Geology 25, 267—283.

Zheng, Y.F, Xia, Q.X., Chen, R.X., Gao, X.Y., 2011. Partial melting, fluid supercriticality
and element mobility in ultrahigh-pressure metamorphic rocks during conti-
nental collision. Earth Science Reviews 107, 342—374.

Zhong, Z.Q., Suo, S.T., You, Z.D., Zhang, H.F,, Zhou, H.W., 2001. Major constituents of
the Dabie collisional orogenic belt and partial melting in the ultrahigh-pressure
unit. International Geology Review 43, 226—236.


http://refhub.elsevier.com/S1674-9871(17)30135-4/sref154
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref154
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref154
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref154
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref154
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref154
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref155
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref155
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref155
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref156
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref156
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref156
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref156
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref156
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref156
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref157
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref157
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref157
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref157
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref157
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref157
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref158
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref158
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref158
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref158
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref159
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref159
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref159
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref159
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref160
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref160
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref160
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref160
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref160
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref161
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref161
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref161
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref161
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref161
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref162
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref162
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref162
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref162
http://dx.doi.org/10.1038/ncomms6604
http://dx.doi.org/10.1038/ncomms6604
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref164
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref164
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref164
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref164
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref165
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref165
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref165
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref165
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref165
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref165
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref166
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref166
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref166
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref166
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref166
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref166
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref167
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref167
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref167
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref168
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref168
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref168
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref169
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref169
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref169
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref169
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref169
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref170
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref170
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref170
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref170
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref170
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref171
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref171
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref171
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref171
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref171
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref171
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref172
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref172
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref172
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref172
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref172
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref173
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref173
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref173
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref173
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref173
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref174
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref174
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref174
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref174
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref175
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref175
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref175
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref175
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref176
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref176
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref176
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref176
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref176
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref177
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref177
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref177
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref177
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref177
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref178
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref178
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref178
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref178
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref178
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref179
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref179
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref179
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref179
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref179
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref180
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref180
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref180
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref180
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref181
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref181
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref181
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref181
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref182
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref182
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref182
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref182
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref182
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref183
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref183
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref183
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref183
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref183
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref184
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref184
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref184
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref184
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref184
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref185
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref185
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref185
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref185
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref185
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref186
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref186
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref186
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref186
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref187
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref187
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref187
http://refhub.elsevier.com/S1674-9871(17)30135-4/sref187

	Partial melting of ultrahigh-pressure metamorphic rocks at convergent continental margins: Evidences, melt compositions and ...
	1. Introduction
	2. Evidence of HP-UHP partial melting
	2.1. Field occurrence
	2.2. Microtextural evidence
	2.3. Zircon evidence
	2.4. Bulk-rock geochemical evidence
	2.5. Phase equilibrium modeling

	3. Compositions of HP-UHP melts
	3.1. Major element compositions
	3.2. Trace element compositions

	4. When and where do UHP rocks melt?
	5. Physical effects and dynamic implications
	6. Outlook
	Acknowledgements
	References


