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Editorial on the Research Topic

Meso- and Microscopic Structure Implications for Tectonics

Orogens are the product of subduction and collision of oceanic and continental plates. Meso- and
microscopic structures, such as folds, shear zones, faults and foliations, are important structural
elements that can be utilized in unraveling the geodynamic evolution of an orogeny, and are coupled
with metamorphism and magmatism. For this reason, the research topic “Meso- and Microscopic
Structures: Implications for Tectonics” aimed to study crustal dynamics using deformational
structures from multiple analytical perspectives. Four manuscripts were finally included
following the review processes, which focus on monazite microstructures, migmatite thickness
distribution, brittle deformation of eclogites and the timing of orogenic events.

Subduction of oceanic crust is a critical factor that controls dynamics of active margins and
continental assembly. The subducted slab undergoes high pressure (HP) metamorphism as it
descends downward. During this process, the slab is dehydrated and undergoes both ductile and
brittle deformation, being the latter characterized by micro- and meso-fracturing that controls
seismic activity (Behr et al., 2018). A very informative exposure of the Tsikkok Lens of the
Scandinavian Caledonides was studied by Bukata et al. (this volume). The Tsikkok eclogite is an
exhumed HP rock (Barnes et al., 2020), which is dominated by brittle deformation (micro- and
meso-scale fracturing) and only exhibits minor ductile. The high pore fluid pressure generated from
the dehydration of lawsonite and glaucophane induced brittle fracturing in garnet. P-T conditions of
micro-fracturing, which creates deep-seated seismicity along the subduction zone, are determined at
ca. 2.42 GPa at 635°C.

On the other hand, subduction and subsequent collision create regional-scale orogens, which are
particularly widespread during supercontinent assembly. The Neoproterozoic South Delhi orogeny
(India) is a particularly well-documented case study, where protracted deformation, metamorphism
and granite intrusion are indicated by zircon and monazite petrochronological data (Behera et al.,
2019; Singh et al., 2020). Singh et al. (this volume) provide a multiproxy approach to disentangle the
complex evolution of the Delhi orogeny of northwestern India. The Aravalli-Delhi Mobile Belt of
northwestern India has experienced a polyphase Neoproterozoic evolution, evaluated based on
coupled structural and microstructural analysis with petrochronological data. Protracted granite
intrusions occurred during the Neoproterozoic, being partially coeval with the early phase of
deformation at ca. 880 Ma and further multiple events occurring up to ca. 588-564 Ma, thus
suggesting that the South Delhi orogeny was synchronous with the Pan-African orogeny.
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From a petrochronological perspective, monazite is extremely
useful for dating orogenic events. Though it has a high closure
temperature for U-Th-Pb diffusion, mechanisms such as
dislocation creep and, particularly, dissolution-reprecipitation,
allow monazite growth under variable to fluid-assisted
metamorphic conditions (Harlov et al, 2011; Wawrzenitz
et al, 2012). Schulz (this volume) provides a thorough review
of monazite microstructures of igneous (e.g., granites) and
granulite, amphibolite and greenschist facies metamorphic
rocks. The genesis of microstructures, such as coronas, satellite
and cluster microstructures, are particularly discussed,
emphasizing their relevance to reconstruct P-T paths based on
monazite equilibrium conditions. Finally, the role of monazite
microstructures and petrochronology to understand large-scale
tectonic and geodynamic processes is highlighted.

Several orogens are characterized by migmatitic terranes,
which are products of high P-T conditions and anatexis
(Sawyer, 2008). The distribution of leucosomes in
migmatite bands, commonly attributed to a power-law
distribution (Corral and Gonzilez, 2019), provides
information about  accumulation and  transport
mechanisms during anatexis. Saukko et al. (this volume)
show also the presence of double power-law distribution in
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the Plkiluoto migmatite of western Finland. Based on
numerical modeling for the different distribution systems
of the migmatites, they infer different mechanisms to explain
the double power-law distribution, such as impediments on
the bottom-up self-organized criticality of melt transport,
and melt accumulation in channels, and sudden melt
removal.

The papers were reviewed by Luca Menegon, University of
Oslo, Norway; Simona Ferrando, University of Turin, Italy;
Junpeng Wang, China University of Geosciences, Wuhan,
China; Christoph Von Hagke, RWTH Aachen University,
Germany; Sergio Llana-Funez, University of Oviedo, Spain;
Paul Dirk Bons, University of Tiibingen, Germany; Alfonso
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reviewers. Manuscript editors were Bernhard Grasemann,
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