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ABSTRACT: The geological toolbox for the analysis of orogenic processes has seen substantial additions
over the recent decades. Major advances have been made in the ability to simulate geological conditions and
processes by computer modeling, we have a much improved knowledge of geochemical processes (trace
elements and isotopes in particular), and, last but not least, the range and versatility of micro-analytical
methods and instrumentation available to us has been expanded dramatically. The latter aspect has had a
particular impact on metamorphic petrology as the conventional tools to determine pressure-temperature-
time paths via rock and mineral analysis combined with isotope geochronology have generally gained in
precision and accuracy through a much improved resolution. Geochronology has moved from whole-grain
analysis to spot analyses on zoned single grains while analyzing trace elements and isotopes at the same time.
It is therefore possible to recognize complex multi-stage orogenic events in single samples or single grains.
Diffusion profiles in minerals provide us with time-scales of metamorphic and magmatic processes. Major
and trace elements as well as isotope profiles of mineral grains give us insight into changing ambient condi-
tions during mineral growth. This special issue focuses on pressure-temperature conditions and geochro-
nology of metamorphic rocks, isotope studies of magmatic rocks, partial melting and metasomatic processes,
all with a view at tectonic implications and orogeny. Much of the evidence has been gained from small-scale
observation and analysis. Diligent field work and detailed microscopic examination remain indispensable,
though, as demonstrated clearly by the “expansion” of the P-T space as applicable to crustal metamorphic
processes towards extreme pressures and temperatures. As a consequence, much interest has thus focused
on UHP and UHT rocks and the orogenic processes that generate them. There is petrological evidence for
subduction to, and subsequent exhumation from, depths in excess of 250 km. While this impacts substan-
tially on the large-scale geodynamic models of orogenic processes, the evidence is gathered primarily from
small-scale petrological observation. The same applies in principle to UHT granulites. To generate tem-
peratures in the 900 to 1 100 °C range within the sillimanite stability field in orogenic heat budget models
remains a serious challenge, however. The large overlap of solid-state metamorphism, partial anatexis and
magmatic crystallization in P-7 space suggests close interrelationships, and the role and contribution of the
diverse magmatic activities in forming orogenic belts, from the onset of subduction to late-orogenic delami-
nation or slab-break-off is crucial for our understanding of geodynamics, with focus on geochemistry and
geochronology. Aspects of metasomatism in the framework of orogeny are given some special consideration
in this issue. The topics include the formation of sagvandite, pyrope quartzite (or whiteschist), jadeitite and
rodingite. One of the key questions addressed is the source and the nature of the fluids that triggered the
different types of metasomatic events. Finally, it is shown how small-scale methods contribute to a better
understanding of the formation of deep-seated mantle xenoliths.

KEY WORDS: orogeny, metasomatism, UHP metamorphism, UHT metamorphism, geochemistry,

geochronology.
0 INTRODUCTION tectonics, with the exception of the “pre-plate-tectonic era“ (>3
Orogenic belts are formed in a range of geodynamic envi- Ga). The current issue is related to a broad spectrum of processes
ronments and are commonly considered to be a result of plate that contribute to, or result from, the formation of orogens. Due to
the diversity of such processes producing magmatic, metamorphic
© China University of Geosciences (Wuhan) and Springer-Verlag and metasomatic rocks, the topics involved and presented here
GmbH Germany, Part of Springer Nature 2019 vary widely. This issue contains papers that focus on age dating
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and isotope studies of magmatic rocks, pressure-temperature con-
ditions and geochronological studies of metamorphic rocks and
respective tectonic implications, partial melting and metasomatic
processes, as well as on small-scale observations.

1 FORMATION OF OROGENS IN GENERAL

Some fundamental questions to be asked are: What kind of
processes contribute to the formation of orogens and what is
their spatial extent? What are the major types of orogens in the
broadest sense, and how do they relate to plate tectonic settings
and mechanisms?

Key areas of the formation of orogens are convergent plate
boundaries. Complex mechanisms occur when the oceanic litho-
sphere subsides and becomes subducted below continental litho-
sphere. Typically, within such subduction zone settings blueschist
and eclogite are formed. Water stored in pre-subduction oceanic
crust from sub-seafloor metamorphism and in the sediments that
were deposited on this crust will be released during subduction-
related dehydration processes, triggering the formation of melts
and hydration (serpentinization) of originally dry mantle-derived
rocks. Fluids rich in H,O and/or CO, released from the subduct-
ing slab are also known to cause mantle metasomatism in the
mantle wedge of the upper-plate margin. Subduction zones as
those of the Andes in South America are characterized by an
intense magmatic activity. Basaltic melts which underwent con-
tamination and assimilation processes (and to a minor extent also
magma mixing) during ascent, led to the development of a vol-
canic chain of more than 7 000 km in length, essentially consist-
ing of andesitic volcanoes. Due to anatectic processes, mainly
within the continental crust, but also within oceanic crust, and
due to differentiation processes of basaltic melts, granitic melts
can be produced.

Continent-continent collision typically starts with the clo-
sure of the ocean between converging continents and hence the
change from oceanic lithosphere subduction to continental
subduction, the latter being limited in extent by the buoyancy
of the thickened crust. Two relatively young examples of such
collision zones are the Himalayas which resulted from the col-
lision of the Indian subcontinent with the Eurasian Plate, and
the European Alps which were formed when the African and
Eurasian plates were colliding. The particular significance of
ophiolites is well demonstrated in these two orogens, being the
remnants of the pre-collisional oceanic lithosphere, thus mark-
ing the suture zone between the converging plates as well as
giving insight into subduction or exhumation processes. During
continent-continent collision, deep subduction may lead to the
formation of ultrahigh-pressure (UHP) metamorphic rocks (see
Section 2). Collisional processes may also be accompanied by
the formation of different types of magma as well as the forma-
tion of UHT metamorphic rocks (see Section 2).

If two oceanic plates are colliding at convergent margins,
one oceanic plate will become subducted below the other and
island arc orogens can form. The magmatic rocks forming these
islands can only derive from the oceanic crust or the mantle
below and are typically of tholeiitic character. Differentiation
processes may lead to very small amounts of granitoids.

The current issue represents a compilation of papers which
documents how small-scale observations in magmatic, meta-
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morphic and metasomatic rocks contribute to a better under-
standing on how orogens develop.

2 THE ROLE OF METAMORPHISM

Until the early 1980s it was generally believed that the
maximum pressures metamorphic rocks experienced did not
exceed about 12 kbar, which equals a thickness of the conti-
nental crust of about 40 km. Thus, classical textbooks in geo-
sciences typically show pressure-temperature (P-7) diagrams
that do not go beyond 10—12 kbar. The upper temperature limit
displayed is usually 800—1 000 °C.

The discovery of coesite (Fig. 1a) in metamorphic rocks
from the Dora-Maira Massif, northern Italy (Chopin, 1984),
and the Western Gneiss Region, Norway (Smith, 1984) revolu-
tionized metamorphic petrology as well as the studies of crustal
dynamics. The pressure-temperature range that reflects meta-
morphic reactions occurring in natural rocks expanded to pres-
sures of at least around 30 kbar. A couple of years later meta-
morphic diamond was discovered in the Kokchetav Massif
(Kazakhstan), which demonstrated that pressures of about 40
kbar must have been reached during subduction and related
metamorphism of continental crust (Sobolev and Shatsky,
1990). The search for higher pressures did continue further, and
the discovery of clinopyroxene exsolution in garnet followed,
which is seen as evidence for a former majorite component.
This means, that at pressures in the diamond stability field,
garnet contains not only Si in 4-fold but also in 6-fold coordi-
nation, leading to a hypothetical end member composition of
MgzMgSil¥[Si*"!0,];. Further UHP indicators reported in the
literature are a-PbO,-type TiO,, and even the possibility of
quartz pseudomorphs after stishovite is discussed (Kojitani et
al., 2018; Liu et al., 2007) which would require minimum pres-
sures of 80 kbar, corresponding to a subduction to depths of at
least 300 km (Fig. 2) as well as exhumation processes operating
over such vertical distances to get the rocks to the surface.

Following the discovery of coesite the term ultrahigh-
pressure (UHP) metamorphism was established in the literature,
which refers to pressure conditions above the quartz stability
field. The occurrence of UHP-rocks in 1984 (Chopin, 1984;
Smith, 1984) was—at that time—interpreted as an exotic case of
deep subduction of crustal rocks to mantle depths, but it also
triggered an intense search for further UHP localities. Meanwhile
more than 20 occurrences worldwide, some of which have an
extent of more than 1 000 km in length, demonstrate that the
formation of UHP metamorphic rocks during subduction/
collision-related processes is far more common than previously
assumed. Classical regions of UHP-metamorphism are the Dora-
Maira Massif (Italy), the Kokchetav Massif (Kazakhstan), the
Rhodopes (Greek-Bulgarian border), the Erzgebirge (Germany),
the Western Gneiss Region (Norway), the Dabie Mountains and
Sulu Orogen as well as North Qaidam (China), and Tso Morari
(Himalaya). Typical UHP-related reactions and stability fields are
shown in Fig. 2.

With respect to metamorphic temperatures, granulites rep-
resent rocks that experienced a metamorphic overprint higher
than 650 (at low P) to 800 °C (at higher P). Already in the 1970s
evidence had been published that some crustal rocks experienced
metamorphic conditions exceeding 1 000 °C (Morse and Talley,
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Figure 1. Photomicrographs of typical HP-UHP and HT-UHT associations (a)-(d), and a suite of typical metasomatic rock samples (e)—(h) covered in this
special issue. (a) Coesite inclusion surrounded by palisade-textured secondary quartz in pyrope (Dora-Maira Massif, Italy), crossed polarized (XPL); (b) pa-
ramorphic transformation of andalusite to kyanite (Eisenalm, Kreuzeckgruppe, Carinthia, Austria), XPL; (c) topotaxial paramorphic replacement of andalusite
by sillimanite (Mary Kathleen Fold Belt, NE Australia), XPL; (d) green spinel surrounded by sapphirine in granulite (~4 km NW Shaerqin, Inner Mongolia),
plane-polarized light (PPL); (e) sagvandite with spray of enstatite crystals, Norway (c.f., Bucher and Stober, 2019); (f) jadeitite and blueschist country rock, Rio
San Juan Complex, Dominican Republic; and (g) pyrope quartzite, Dora-Maira Massif, Italy with a coesite inclusion in pyrope (c.f., Schertl et al., 2019); (h)
rodingite vein in serpentinite (Purang ophiolite, western Tibet, China; c.f., Wang et al., 2019). Mineral abbreviations after Whitney and Evans (2010).
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Figure 2. Pressure-temperature diagram showing the reaction boundaries for andalusite-sillimanite-kyanite (Holdaway, 1971), calcite-aragonite (Hacker et al.,

2005), quartz-coesite (Bose and Ganguly, 1995), coesite-stishovite (Yong et al., 2006), graphite-diamond (Kennedy and Kennedy, 1976), rutile-type

TiO2-a-PbO,-type TiO, (Kojitani et al., 2018), as well as two isopleths of majorite component in garnet (Scambelluri et al., 2008). The reaction curves
K-feldspar+H,O=K-cymrite (for water activities of 0.1, 0.5 and 1) and K-cymrite=KAlSi3Og-hollandite+H,O are from Fasshauer et al. (1997) and Yong et al.

(2006), respectively. Superscript numbers in square brackets refer to coordination numbers. The blue area above the quartz stability limit corresponds to

ultrahigh-pressure metamorphism. Inset see Fig. 3.

1971), and such temperatures were later confirmed by further
studies (e.g., Sandiford et al., 1987; Harley, 1985; Ellis, 1980). As
a result, the term ultrahigh-temperature (UHT) metamorphism
was introduced (Fig. 3) referring to granulite facies conditions
exceeding 900 °C (Harley, 1998). Whereas the upper pressure
limit of UHT metamorphism was originally defined by the ther-
mal gradient of 75 °C/kbar, it is now defined by the sillimanite-
kyanite reaction curve (Kelsey and Hand, 2015). In general, the
aluminosilicate polymorphs continue to provide a useful P-T ref-
erence frame, particularly for those facies series with moderate to
high 7/P gradients. Furthermore, paramorphic transformations
between the polymorphs can provide simple checks, albeit crude,
on prograde and retrograde P-T trajectories (Figs. 1b, 1c).

It has been proposed that UHT metamorphic conditions can
result from processes such as upwelling of hot asthenosphere,
mafic intrusions, delamination processes and magmatic under-
plating. Furthermore, the thermal history of the Earth has to be
taken into consideration, meaning that the heat content of the
Earth changed with time, from the Archean to the Phanerozoic.
The present mantle temperatures are interpreted to be about

200 °C lower than 2.5 to 3 Ga ago (Herzberg et al., 2010). Clas-
sical regions of UHT-metamorphism are the Napier Complex
(Antarctica), the eastern Ghats (India), the Lewisian Complex
(Scotland), the Limpopo belt (Zimbabwe), Wilson Lake (Canada),
the Highland Complex (Sri Lanka), the Anosyan Group (South
Madagascar), and the Labwor Hills (Uganda). In Saxony, Ger-
many, an entire mountain range, with the name “Granulitgebirge”
(Granulite Mountains), exposes rocks formed under ultra-high
temperatures (Hagen et al., 2008; Rotzler and Romer, 2001). The
fast tectonic exhumation of this metamorphic complex generated
several hundreds of meters of a contact metamorphic aureole in
the hanging-wall country rock phyllites and schists (Miiller et al.,
2015; Reinhardt and Kleemann, 1994). According to the latest
P-T-based classification, the granulites of Saxony are high-
pressure granulites as the peak pressures are within the kyanite
stability field (O’Brien and Roétzler, 2003). Nevertheless, HP
granulites experiencing isothermal decompression may still pass
through the UHT field, showing corresponding re-adjustments of
their mineral assemblages.

Typical UHT-related assemblages for aluminous rocks
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Figure 3. Lower-temperature stability limits of the assemblages sapphirine+quartz and spinel+quartz in relatively oxidized rocks (+magnetite) and relatively
reduced rocks (+rutile). Sapphirine stability is shown for melt-bearing aluminous metapelites. K-feldspar and ilmenite are further excess phases. Stability limits
are based on calculated univariant and invariant equilibria in the system KFMASHTO and related subsystems (after Wheller and Powell, 2014, and Kelsey and

Hand, 2015). The stability limit of orthopyroxene+sillimanite is also included.

(Fig. 1d) are shown in Fig. 3. The most recent thermodynamic
model presented by Wheller and Powell (2014) confirms that the
assemblage sapphirinet+quartz is a reliable indicator of UHT
conditions in metapelitic rock compositions, while spinel+
quartz covers a larger 7 range at generally low pressures. Be-
low the 900 °C boundary the spinel+quartz assemblage requires
extreme 7/P gradients above 140 °C/kbar. The stability limits of
both sapphirine-quartz and spinel-quartz are strongly dependent
on the oxidation state of the rock. Osumilite is considered an-
other UHT indicator in pelitic systems, but thermodynamic data
are not yet robust enough to reliably integrate this phase rou-
tinely into phase equilibrium calculations.

The findings of UHT- and UHP-metamorphic minerals
and mineral assemblages generated an enormous amount of
new research projects with significant implications for petrol-
ogy, geodynamics, global tectonics, seismology, and geo-
chemical recycling, and the current issue contains several con-
tributions which focus on such topics. Metamorphism-related
papers of this issue cover the entire P-7 field; a special focus is
on UHT and UHP-rocks, however. Melt intrusions into meta-
morphic rocks or already existing older magmatic rocks can
operate as valuable markers enabling a better chronological

evaluation of events with respect to the entire evolution of an
orogen. Such topics were also considered as important contri-
butions of the current issue.

3 THE ROLE OF METASOMATISM

As a result of an interaction of aqueous or CO,-rich fluids
with rocks, chemical components may become removed or
introduced, leaving behind a rock that is completely different in
composition compared to its protolith.

A classical example of such a metasomatic rock is found
where lenses of ultrabasic rocks are in contact with SiO,-rich
rocks such as granitic gneisses or metapelites. Along the con-
tact monomineralic layers of talc, actinolite, chlorite and biotite
can form, for example, between lenses of antigorite and a
metapelitic country rock. The metasomatic rock developed
along the contact is known as blackwall. Metasomatism may be
due to fluid infiltration which may, for example, lead to rocks
enriched in B, F, or Cl. Skarns are typically rich in Ca-silicate
minerals, may contain sulfide or oxide ores, and form as a re-
sult of granitic intrusions into carbonate rocks. Furthermore,
alkali-rich rocks may have a metasomatic origin (essentially
Na- or K-enrichment). An example of large-scale infiltration
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metasomatism is mantle metasomatism caused by fluids that
are released from the downgoing slab at great depths of sub-
duction zones and interact with minerals of the overlying man-
tle wedge. In the current issue, four special types of me-
tasomatic rocks are presented: (1) sagvandite (Fig. le), formed
by an interaction of crustal fluids and mantle rocks, (2) jadeitite
(Fig. 1f), either precipitated directly from subduction zone re-
lated Na-Al-Si-rich hydrous fluids or formed by metasomatic
replacement of an appropriate protolith, (3) pyrope quartzite or
whiteschist (Fig. 1g) that formed from a granitic precursor by
interaction with Mg-rich serpentinite-derived fluids in a sub-
duction zone setting and (4) rodingite (Fig. 1h), which is rich in
Ca, commonly sourced from the breakdown of clinopyroxene
due to serpentinization of adjacent peridotite. These rocks,
which typically are found as veins (Fig. 1h) and lens-like bod-
ies in country rock lithologies, can form at different metamor-
phic stages during the prograde and retrograde P-T evolution,
and thus their chronological interrelation with metamorphic (or
magmatic) host rocks, helps to better categorize the “sequence
of events” that took place during the orogen’s evolution.

4 METAMORPHISM AND OROGENIC BELTS—
CONTRIBUTIONS TO THIS SPECIAL ISSUE

The current special issue contains 13 papers. In this sec-
tion we summarize the key messages of each contribution.

(1) Bucher and Stober (2019) present a review paper on
sagvandite from the Scandinavian Caledonides. The rock essen-
tially consists of coarse-grained radial clusters of enstatite (Fig.
la) and magnesite and is named after its “type locality” Sagel-
vvatnet in northern Norway. The authors documented that sag-
vandite forms from dunite or harzburgite mantle fragments that
were tectonically emplaced into lower crustal rocks during the
Caledonian orogeny. Due to interaction of CO,-bearing crustal
fluids with the ultramafic precursors, olivine became replaced to
form enstatite plus magnesite. The key reaction that occurred is
2Mg,Si04+2C0,=Mg,Si,04+2MgCOs. This reaction sequesters
CO; from the fluid into solid carbonate and represents an impor-
tant model reaction for planned industrial-scale CO, isolation.
The authors showed that sagvandites are representing principal
lithologies formed by an interaction of crustal fluids and mantle
rocks at upper amphibolite conditions, and that they provide a
better understanding of the subduction-zone-related fluid cycle
and its geochemical consequences.

(2) Schertl et al. (2019) studied zircon from two me-
tasomatic rocks, jadeitite from the Dominican Republic and py-
rope quartzite from the Dora-Maira Massif and showed that core
domains of zircon which were inherited from magmatic precur-
sors may actually contain metamorphic pseudo-inclusions. They
were not entrapped during an early stage of formation, but intro-
duced during later metamorphic or metasomatic events along
microcracks. Careful cathodoluminescence studies on zircon
helped to distinguish different zircon generations and document
that in case of the jadeitite, omphacite and jadeite, which were
formed at ~78 Ma, are observed in 115-117 Ma magmatic
oscillatory-zoned domains of zircon. In case of the pyrope
quartzite, oscillatory zircon domains that document magmatic
crystallization ages of ~275 Ma, contain coesite, pyrope, phengite,
talc, and kyanite, formed during UHP conditions at 35 Ma. Thus,
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an incautious approach to the study of mineral inclusions in zir-
con can lead to completely misleading interpretations of the geo-
logical context.

(3) Rodingite is a Ca-rich, Si-undersaturated rock consist-
ing of various amounts of Ca- and Ca-Mg-silicates. In general,
its formation is related to ophiolites during ocean-floor meta-
morphism and other hydrothermal alteration events, or the em-
placement of ultramafic rocks in the continental crust. Rocks
such as dolerite, gabbro, granite, greywacke and argillite, are
potential protoliths of rodingite. Rodingite can also be associ-
ated with eclogite-facies rocks and may have formed prior to or
after the high-pressure (HP) stage. Wang et al. (2019) focused
on a suite of newly recognized rodingites from the Purang
ophiolite complex, western Tibet, and performed petrological,
mineral- and whole-rock geochemistry studies as well as phase
equilibrium modeling. They were able to document that the
studied rodingite formed in a fore-arc environment from olivine
gabbro or olivine gabbronorite, by supra-subduction zone fluid
infiltration at conditions of P<2 kbar and 7<350-400 °C, dem-
onstrating that rodingites can be valuable time markers for
different events relating to the emplacement of ophiolites.

(4) The Yarlung-Zangbo suture zone (YZSZ) is the main
tectonic boundary between the Himalaya of the Indian Plate
and the Lhasa terrane of the Asian Plate. Many ophiolite com-
plexes that represent relicts of the Neo-Tethian oceanic litho-
sphere prior to the collisional event are aligned along this su-
ture zone. In their contribution Meng Y K et al. (2019) studied
various types of magmatic rocks of the Zedang ophiolite and
were able to chemically distinguish diabase and gabbro, which
demonstrate low-K calc-alkaline and N-MORB-like character-
istics, from basalt and plagiogranite with medium to high-K
calc-alkaline characteristics. The authors were thus able to
identify two distinct magmatic events, which could be distin-
guished also by zircon U-Pb dating, demonstrating that basalt
and plagiogranite crystallized at about 160 Ma while gabbro
was formed at ca. 131 Ma. They concluded that the early 160
Ma event indicates an intra-oceanic subduction setting followed
by a younger 131 Ma event revealing an N-MORB-like setting.

(5) Willner et al. (2019) report an Early Cambrian eclogite
from the Beloretsk Metamorphic Complex of the SW Urals.
For the first time they provide a 7-point Rb/Sr mineral isochron
(phengite, omphacite, apatite) at 532.249.1 Ma interpreted as
age of crystallization of the eclogitic peak PT assemblage. It
formed at a convergent eastern margin of Baltica during the
Neoproterozoic—Early Cambrian Timanide orogeny. Similar
peak P-T conditions were derived for the eclogite (16.5-18.5
kbar/525-550 °C) and neighbouring micaschist and orthogneiss
by pseudosection techniques, confirming an “in situ” origin. A
garnet amphibolite from an overlying unit shows a similar
clockwise PT loop as the eclogite, but experienced considera-
bly lower PT conditions.

(6) During the last decade, enormous advances in analyti-
cal microbeam techniques such as LA-ICP-MS has led geo-
scientists to focus on fine-grained accessory minerals like zir-
con, monazite, rutile, titanite, apatite etc. Cao et al. (2019) used
different generations of titanite and rutile of retrograde eclogite
and titanite of garnet amphibolite from North Qaidam, western
China, in order to get an insight into the development of the
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exhumation process. They document that rutile was formed at
very high pressures of 2.5-2.8 GPa and 823-884 °C; while the
granulite facies overprint occurred at 1.3-1.5 GPa and 812—
894 °C, conditions that derive from titanite-bearing breakdown
products of rutile. Formation conditions of titanite in garnet
amphibolite correspond to those of the granulite facies over-
print. Due to additional LA-ICP-MS studies on rutile and ti-
tanite the authors were able to deduce the decompression path
and also the process of melt formation during exhumation.

(7), (8) The North China Craton (NCC) can be described
as a collisional amalgamation of microcontinents, ophiolites,
accretionary prism and arc material, and metaclastics. In this
issue, two papers are presented which focus on two localities of
UHT metamorphic rocks using petrological methods including
thermodynamic modeling, and U/Pb zircon geochronology. The
contribution of Ma et al. (2019) focuses on pelitic granulites of
the Huangtuyao area and the one of Wei et al. (2019) on mafic
granulites of the Xiwangshan area, both of which belong to the
Huai’an Complex of the so-called Trans-North China Orogen
(TNCO) that essentially results from a collision of the Western
and Eastern blocks of the NCC.

The focus of Wei et al. (2019) is on mafic granulite, which
forms eclongated lenses and dyke-like bodies within TTG
gneisses. The authors succeeded to derive a clockwise P-T path
that includes a peak metamorphic stage at 13.2—14.8 kbar and
1 050-1 080 °C, a post-peak decompression stage at 5.7—
7.3 kbar and 825-875 °C, and a final amphibolite facies recrys-
tallization at about 5 kbar and 660 °C. Zircon U-Pb ages of
1 853414 Ma were interpreted to represent the UHT stage
while an age of 1 744+44 Ma is indicated to be attributed to the
amphibolite facies overprint.

Ma et al. (2019) focus on pelitic granulite; they success-
fully compiled a clockwise P-T path, documenting a peak
pressure stage at 13.8-14.1 kbar/840-850 °C, a peak tempera-
ture UHT stage during decompression at 7-7.2 kbar/909—
915 °C and a retrograde stage at 5 kbar/<780 °C. Zircon U-Pb
dating yields continuous age spectra from 1 976 at 51 815+
28 Ma, however on the basis of a probability density histogram,
there are sufficient indications of two 2*’Pb/*°Pb age popula-
tions at 1 951 and 1 876 Ma.

Since there is plenty of controversial discussion related to
the interpretation of ages and the thermal evolution of the
TNCO in general, the contributions of Wei et al. (2019) and Ma
et al. (2019) represent important building blocks to gaining a
deeper insight into the tectonic structure and the development
of certain portions of the NCC.

(9) A detailed study on petrology, phase equilibrium model-
ing and U-Pb zircon ages of a metagabbro vein in peridotite from
the Yushugou granulite-peridotite complex, South Tianshan
(China) has been performed by Zhang et al. (2019). The authors
were able to distinguish three different events. Stage I (Cpx*+
Opx*+PI*) refers to the magmatic mineral assemblage of the
metagabbro vein and stage I (Cpx®+Opx®+PIP+Spl) represents
the mineral assemblage of the granulite facies metamorphism at
peak P-T conditions of 940-1 070 °C and 4.2-6.9 kbar. Stage III
is characterized by the existence of prehnite, thomsonite, and
amphibole in the matrix, and indicates that the metagabbro vein
may have been influenced by fluids during retrograde metamor-

phism. SIMS U-Pb age dating of zircon documents that the pro-
tolith age of the metagabbro vein is 400.5£6.2 Ma, reflecting a
Devonian magmatism. The granulite facies metamorphism, pos-
sibly related to post-collisional magmatism, is interpreted to have
occurred at 271.5+7 Ma.

(10) Song et al. (2019) focus on U/Pb zircon- as well as Hf
isotope-studies of a meta-igneous rock suite from coastal out-
crops of the Liansandao area south of Huangdao (Shandong
Peninsula). Protolith crystallization ages determined are 747+12
(gneissic granodiorite), 767+12 (gneissic monzodiorite) and
76521 Ma (granitic gneiss). The rocks belong to the Sulu Oro-
gen that is located east of the Tanlu fault, one of the major fault
zones in eastern China. In the past, special emphasis was placed
on the timing of the UHP metamorphism in the Sulu Orogen.
However, data on the Precambrian tectono-magmatic evolution
are quite scarce. The authors contribute to fill this gap by col-
lecting further geochemical and isotope data, which indicate that
metagranite and metagranodiorite likely derive from re-melting
of a Paleoproterozoic continental crust and that the monzodioritic
precursor formed from mantle-derived magma that interacted
with the ancient continental crust.

(11) Du et al. (2019) studied porphyritic and K-feldspar
granitic intrusions from the Dananhu belt, eastern Tianshan by
using zircon LA-ICP-MS geochronological, whole rock major
and trace element geochemistry as well as Sr-Nd isotope methods.
The authors were able to determine emplacement ages of 357+3
(porphyritic granite) and 311+3 Ma (K-feldspar granite). The
porphyritic granite shows geochemical and isotopic characteris-
tics, which are similar to that of a crustal-derived magma, and is
interpreted to originate from the juvenile lower crust. Some trace
elements of the K-feldspar granite vary widely indicating a for-
mation by partial melting of juvenile crust plus a considerable
amount of old crustal material. The data of Du et al. (2019) sup-
port the concept that all granitoids of the Dananhu belt were em-
placed in an island arc environment.

(12) The focus of Liu et al. (2019) is on Late Triassic vol-
canic rocks of the central Qiangtang metamorphic belt (CQMB).
The locality is about 10 km south of the Chabo Lake, close to
the southern margin of the CQMB. Andesite, basalt and dacite
were studied using zircon U-Pb geochronology and zircon
in-situ Lu-Hf isotope analysis, whole rock major and trace ele-
ments as well as Sr-Nd isotope methods. Trace element patterns
of basalts, andesites and dacites are essentially identical and
show an enrichment in light rare earth elements (LREE) rela-
tive to heavy REE; the Eu anomalies are weakly negative to
positive. Trace element compositions point to an OIB nature of
all the rocks. Oscillatory zircons of a studied andesite demon-
strate a magmatic age of 229.3+2.9 Ma. The volcanic rocks and
related limestones observed are interpreted to represent a se-
quence of seamounts that was removed from the subducting
Longmu Lake-Shuanghu Paleo-Tethyan oceanic slab. Other
portions of seamounts have been subducted and metamor-
phosed at blueschist- and eclogite facies conditions.

(13) Meng F X et al. (2019) focus on eclogite and garnet
clinopyroxenite xenoliths from Early Cretaceous dioritic intru-
sions of the North China Craton (NCC). The Xuzhou-Suzhou
study area is located at the southeastern margin of the NCC,
about 100 km west of the Tanlu fault and about 300 km north of
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the Dabie Orogen. P-T estimates document the xenoliths to
have formed at pressures exceeding 1.5 GPa, which corre-
sponds to depths of >50 km. All samples define a well corre-
lated "7Sm/'**Nd-"*Nd/"*Nd age of 2 081 Ma, reflecting the
age of the nearby granulite-facies metamorphism. They docu-
ment a decoupling of the Lu-Hf and Sm-Nd isotopic systems
and the Lu/Hf isochron age of 2 424 Ma is similar to the zircon
age peak of the studied xenoliths and the dominant age of NCC
basement, indicating an affinity of the igneous protoliths of the
xenoliths to the Archean basement of the NCC. Thus, the data
gained by Meng F X et al. (2019) valuable contribute to a better
understanding of the development of the lower crust beneath
this part of the NCC.
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