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Abstract The exercise of paleogeographic/tectonic reconstruction of past orogenic belts is a complex task
that includes the interpretation and integration of multi‐technique approaches such as basin tectonics,
structural geology, petrology, geochemistry, geochronology, and geodynamics. Proterozoic geologic records
are fragmented and incomplete, which make efforts to reconstruct paleogeography and orogenic
processes even more challenging. Therefore, for our understanding of the tectonic evolution of past orogenic
systems to advance, it is essential that any existing model, including the ones proposed by Heilbron and
Valeriano (2020, https://doi.org/10.1029/2019tc005897), are repeatedly exposed to debate and testing. In this
reply we address the points raised by Heilbron and Valeriano in order to clarify the scientific foundations of
our tectonic interpretation for one of the Neoproterozoic Brasiliano/Pan‐African orogens in South
America (the Central Ribeira Belt), presented in Meira, Garcia‐Casco, Hyppolito, et al. (2019, https://doi.
org/10.1029/2018TC004959). We also evaluate the proposed paleogeographic reconstructions for this part of
West Gondwana and conclude that an intracontinental model better explains the currently available data
and observations, including the space problem pointed out in recent publications, and that existing
geochemical and geochronologic data by themselves are not conclusive with respect to an unequivocal
tectonic environment.

1. Introduction

We appreciate Heilbron and Valeriano (2020) for giving us the opportunity to further clarify the tectonic
implications of the data presented in Meira, Garcia‐Casco, Hyppolito et al. (2019) and to discuss the different
tectonic interpretations of these new data for themajor Brasiliano/Pan‐African Ribeira‐Araçuaí‐West Congo
orogenic system, in particular in the context of recent papers that reevaluate the prevailing tectonic models
for some Brasiliano/Pan‐African orogens (Cavalcante et al., 2019; De Toni et al., 2020; Fossen
et al., 2017, 2020; Konopásek et al., 2017, 2018, 2020; Meira et al., 2015; Meira, Garcia‐Casco, Hyppolito
et al. 2019; Meira, García‐Casco, Juliani, et al., 2019; Oriolo et al., 2016, among others).

The Ribeira and Araçuaí belts are part of a broader Neoproterozoic orogenic system known as Mantiqueira
Province (Figure 1; Almeida et al., 1981). This province comprises Archean to Paleoproterozoic crystalline
inliers, Mesoproterozoic to Neoproterozoic metavolcanosedimentary sequences, voluminous
Neoproterozoic granitoids, and fault‐bounded Ediacaran‐Cambrian volcanosedimentary basins in which
all units were variably reworked during the Neoproterozoic Brasiliano/Pan‐African orogeny (Alkmim
et al., 2017; Almeida et al., 2010; Basei et al., 2018; Campanha & Sadowski, 1999; Campos Neto, 2000;
Heilbron et al., 2017; Janasi et al., 2009; Silva et al., 2005; Vlach et al., 2011). The Mantiqueira Province is
subdivided by an Archean/Paleoproterozoic inlier (Luis Alves and Curitiba massifs) into twomajor orogenic
systems, the Dom Feliciano Belt, in the south, and the Ribeira‐Araçuaí belts, in the north (Figure 1). The
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Ribeira‐Araçuaí belts form a continuous orogenic system that progressively changes its structural pattern
from steep‐dextral transpressional shear system in the Ribeira belt to thrust‐dominated gently‐dipping
belt in the Araçuaí belt (Egydio‐Silva et al., 2018; Silva et al., 2005). This progressive structural transition
was controlled by the limits of the paleoplate and/or heterogeneous lithospheric strength within the São
Francisco‐Congo Craton (Egydio‐Silva et al., 2018; Meira et al., 2015; Vauchez et al., 1994). Hence, the sub-
divisions of Ribeira and Araçuaí belts are defined by the progressive change in structural pattern and oro-
genic style, but the internal divisions in the Ribeira belt (Southern, Central and Northern Ribeira belts,
Figure 1) are arbitrary and serve merely for descriptive purposes.

Figure 1. Tectonic map and main geologic units of the Mantiqueira Province. The inset shows the cratonic blocks of West Gondwana. Abbreviations: AM,
Amazonia Craton; ANG, Angola Block; CM, Curitiba Massif; CO, Congo Craton; KA, Kalahari Craton; LA, Luis Alves Craton; NP, Nico Perez Block; PA,
Pedra Alta Block; PP, Paranapanema Block; RA, Rio Apa Block; SBB, Southern Brasilia Belt; SF, São Francisco Craton; SL, São Luis Craton; WA, West Africa
Craton. Cities: BH, Belo Horizonte; CT, Curitiba; FL, Florianópolis; MO, Montevideo; PA, Porto Alegre; RJ, Rio de Janeiro; SP, São Paulo; VT, Vitória.
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In this reply we reiterate why the data presented in Meira, Garcia‐Casco, Hyppolito, et al. (2019) favor an
intracontinental orogeny model for the evolution of the Central Ribeira Belt during the Ediacaran, rather
than the subduction‐related multiple collisional model (e.g., Heilbron et al., 2017; Heilbron & Valeriano,
2020). Considering the entire data set, including geochemical, petrologic, and geochronologic data, from
the Mantiqueira Province and its African counterpart (West Congo and Kaoko belts), and the new tectonic
models proposed recently, we revisit the tectonic model for this part of the West Gondwana.

2. Why Are the Costeiro and Embu Domains Key Areas to Test the Multiple
Collisions Model?

The Embu and Costeiro domains in Central Ribeira Belt (study area in Figure 1) are located at the core of the
Ribeira belt, in the region around São Paulo city (see Figure 1 ofMeira, Garcia‐Casco, Hyppolito, et al., 2019).
The contact between the two domains is defined by a major dextral shear zone (Lancinha‐Cubatão Shear
Zone, see Figure 1 of Meira, Garcia‐Casco, Hyppolito, et al., 2019), traditionally considered a major suture
zone (e.g., Campos Neto & Figueiredo, 1995; Faleiros et al., 2011; Heilbron et al., 2013, 2017; Trouw
et al., 2013). Campos Neto and Figueiredo (1995) were the first to propose that the “Serra do Mar
Microplate” (or Costeiro Domain) had collided against the already accreted Embu “Terrane” (Embu
Domain) at ca. 560–530 Ma. Later, several authors argued for multiple collisional events to assemble the
Ribeira Belt (Heilbron et al., 2013, 2017; Heilbron & Machado, 2003; Peixoto et al., 2017; Trouw et al., 2013,
among others). Two subsequent Ediacaran age collisions (between ca. 620 and 565 Ma) have been proposed
to explain the geochemical and geochronologic data from the Central and Northern Ribeira belts (summar-
ized in Heilbron et al., 2017), as cited by Heilbron and Valeriano (2020). In their tectonic model, the first col-
lision (at ca. 620–595 Ma) would involve the accretion of continental arcs, including the Embu Domain,
while the second collision (at ca. 605–565 Ma) is thought to be associated with accretion of the juvenile
Rio Negro magmatic arc (“Oriental Terrane”) onto the already amalgamated Paranapanema‐São
Francisco paleoplate (Heilbron et al., 2017). According to these authors, the Costeiro Domain (this study)
would be part of the “Oriental Terrane” of Heilbron et al. (2017), and the major shear zone that separates
the Costeiro and Embu domains (Lancinha‐Cubatão Shear Zone or CTB—Central Tectonic Boundary of
Heilbron et al., 2017) would represent a suture zone (see Figure 15.2 of Heilbron et al., 2017) associated with
the second collisional event.

However, the data presented inMeira, Garcia‐Casco, Hyppolito, et al. (2019) suggest a common tectonic evo-
lution since at least ~650 Ma for both Embu and Costeiro domains. Deformation, metamorphic, and geo-
chronologic constraints point to a single and continuous orogenic event including a collisional/thickening
stage at ca. 640–600 Ma and a post‐collisional phase (extensional/wrench tectonics) at ca. 600–560 Ma
(Meira, Garcia‐Casco, Hyppolito, et al., 2019). The older cluster of U‐Pb SHRIMP ages from metamorphic
zircons (~630–625 Ma) presented in Meira, Garcia‐Casco, Hyppolito, et al. (2019) is coeval with the meta-
morphic ages of different rocks of the Southern Brasilia Belt (SBB), which have been estimated by detailed
petrochronologic studies, including U‐Pb LA‐ICP‐MS dating of zircon and titanite (Cioffi et al., 2019; Rocha
et al., 2017, 2018; Tedeschi et al., 2017, 2018) and U‐Th‐Pb microprobe dating of monazite (Martins
et al., 2009; Reno et al., 2012; Rocha et al., 2017). These results clearly correlate the chronology of meta-
morphism in both SBB and CRB (see also Duffles et al., 2016; Lobato et al., 2015; Trouw et al., 2013 for simi-
lar data within the Riberia Belt). Hence, the temporal correlation of initial collision in the SBB
(~660–650 Ma) and the intracontinental response in the CRB is set by coeval orogenic thermal evolution,
considering the time of ~20–30 Myr necessary for thermal maturation of a thickened orogen
(e.g., England & Thompson, 1984; Jamieson et al., 2004). The tectonic evolution of the CRB, including the
intracontinental thickening stage (~640–600 Ma) and the post‐collisional phase (~600–560 Ma), is also in
agreement with the chronology and evolution of the middle Ediacaran‐early Cambrian Rift System of
Southeastern South America (Almeida et al., 2010, 2012).

3. The Multi‐Collision Model and the Space Problem

The multi‐collision tectonic model for the Ribeira Belt (e.g., Heilbron et al., 2013, 2017; Trouw et al., 2013)
and the subduction‐collision model for the Araçuaí‐West Congo Belt (e.g., Alkmim et al., 2006;
Pedrosa‐Soares et al., 2001) imply the existence of a large oceanic domain separating the São Francisco
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and Congo/Angola cratons (e.g., Amaral et al., 2020; Tupinambá et al., 2012). Therefore, the size of the ocean
(the so‐called “Adamastor ocean”) is a critical aspect to test thesemodels. Fossen et al. (2017) and Cavalcante
et al. (2019) presented a critical discussion of the kinematic reconstruction of the Araçuaí belt and high-
lighted the space problems related to the magnitude of convergence and the timing of oceanic subduction
in proposed subduction‐collision models, all of which assume a confined setting of the “Adamastor ocean”
(e.g., Alkmim et al., 2006; Richter et al., 2016). Fossen et al. (2020) further evaluated the fundamental impli-
cations of the subduction‐collision model for the evolution of the Araçuaí belt and concluded that the avail-
able data are more consistent with evolution in a “hot” intracontinental orogeny.

Southwards in the Ribeira Belt, the multi‐collision model would require a much larger ocean to accommo-
date more than 160 Myr of oceanic subduction and development of several magmatic arcs (~790–630 Ma,
Tupinambá et al., 2012; ~860–605 Ma, Heilbron et al., 2017; Peixoto et al., 2017). Considering the geochro-
nologic data on “pre‐collisional” calc‐alkaline magmatism in the Ribeira Belt (see Peixoto et al., 2017;
Tupinambá et al., 2012) as a proxy for uninterrupted subduction processes and slow (2 cm/yr) to fast
(10 cm/yr) subduction rates, the estimates of the width of the ocean would range from ~3,200 km to more
than 16,000–20,000 km. These rough estimates imply an ocean width that cannot be accommodated in
the confined setting shaped by the São Francisco‐Congo‐Angola paleoplate (e.g., Merdith et al., 2017;
Fossen et al., 2020). To overcome this space problem, Heilbron et al. (2008) and Tupinambá et al. (2012) pro-
posed the existence of a major transform limit or a so‐called subduction‐transform‐edge‐propagator (STEP)
fault (Wortel et al., 2009) between the Angola Block and Congo Craton, represented by structures such as the
Luanda Shear Zone. Such a tectonic scenario is unlikely if one considers the correlation of the metasedimen-
tary belts of West Congo Belt (north of Luanda Shear Zone, Monié et al., 2012) and the western edge of the
Angola Block (De Carvalho et al., 2000) and the crustal architecture of the Congo‐Angola Craton (Jelsma
et al., 2018; Thiéblemont et al., 2018). Furthermore, recent geochemical and geochronologic data from late
Tonian bimodal magmatism and detrital zircon provenance studies from Cryogenian metasedimentary
rocks in both Atlantic margins have also questioned the existence of a large Adamastor ocean in between
the Ribeira and Dom Feliciano belts in Brazil and the Kaoko belt in Namibia (Konopásek
et al., 2017, 2018, 2020; Meira, Garcia‐Casco, Juliani, & Schorscher, 2019).

4. Neoproterozoic Calc‐Alkaline Magmatism in the Ribeira‐Araçuaí
Orogenic System

The main arguments used to sustain the subduction‐collision tectonic models for the Ribeira‐Araçuaí oro-
genic system are based on geochemical and isotopic signatures of “pre‐collisional” calc‐alkaline magmatism
(e.g., Corrales et al., 2020; Peixoto et al., 2017; Tedeschi et al., 2016; Tupinambá et al., 2012). Late Tonian to
early Ediacaran calc‐alkaline felsic rocks and tholeiitic to alkaline mafic rocks (Meira et al., 2015; Meira,
Garcia‐Casco, Juliani, & Schorscher, 2019; Passarelli et al., 2019; Peixoto et al., 2017; Tedeschi et al., 2016;
Tupinambá et al., 2012 and references therein) that are usually included in this “pre‐collisional” group
can be subdivided chronologically into two groups: (i) an oldest late Tonian group and (ii) a younger late
Cryogenian‐early Ediacaran group. The late Tonian orthogneisses comprise mostly medium‐ to high‐K
calc‐alkaline graintoids (Passarelli et al., 2019; Peixoto et al., 2017; Tupinambá et al., 2012), but anatectic per-
aluminous leucogranites also occur (Meira et al., 2015). Major and trace elements‐based tectonic discrimi-
nant diagrams suggest arc‐related signatures for these rocks (e.g., Peixoto et al., 2017; Tupinambá
et al., 2012), but the geochemical signatures are heterogeneous along the belt (e.g., Passarelli et al., 2019).
Nd and Sr isotopes signatures vary significantly from highly to poorly radiogenic, suggesting mixing of juve-
nile and older crustal sources (Passarelli et al., 2019; Peixoto et al., 2017; Tupinambá et al., 2012). The late
Tonian metamafic rocks vary from tholeiitic to alkaline basalts with heterogeneous geochemical signatures,
including MOR (normal and enriched), arc (island arc and back‐arc), and within‐plate affinities (Meira,
Garcia‐Casco, Juliani, & Schorscher, 2019; Peixoto et al., 2017). The available isotopic data for these metama-
fic rocks show highly radiogenic Nd and Sr signatures, suggesting juvenile mantle‐derived magmatism
(Peixoto et al., 2017 and references therein). The geochemical and isotopic variability recorded in both felsic
and mafic magmatism along the Ribeira Belt suggests heterogeneous mixing processes of different crustal‐
and mantle‐derived sources, which is compatible with the interpretation of extensional processes within
the Rodinia supercontinent (Konopásek et al., 2018; Meira, Garcia‐Casco, Juliani, & Schorscher, 2019;
Passarelli et al., 2019). In this alternative interpretation, the arc‐related geochemical signatures recorded
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in these rocks are associated with inheritance of the source rocks from older geodynamic processes (e.g., Bea
et al., 2003; Konopásek et al., 2018) or are generated by magmatic interactions between mantle‐ and
crustal‐derived magmas unrelated to subduction settings (e.g., Arculus, 2003; Cambeses et al., 2015, 2019;
Hawkesworth et al., 1995; Maurice et al., 2009; Zhang et al., 2011).

The late Cryogenian‐early Ediacaran magmatism also includes orthogneisses and metamafic rocks with
arc‐related geochemical signatures and radiogenic to poorly radiogenic isotopic signatures (Corrales
et al., 2020; Tedeschi et al., 2016; Tupinambá et al., 2012; and references therein). These geochemical and iso-
topic data suggest mixing of magmas from older and younger juvenile sources, indicatingmelting of old crus-
tal and enriched and depleted mantle components. A common interpretation for these magmatic
associations is the development of island arcs evolving tomature continentalmagmatic arc in the Ribeira Belt
(e.g., Heilbron et al., 2008; Tupinambá et al., 2012) and a continental magmatic arc in the Araçuaí Belt
(Corrales et al., 2020; Tedeschi et al., 2016; and references therein) active between 660 and 580 Ma. But an
alternative interpretation that better fits with the confined orogenic scenario discussed above would involve
the generation of widespread melting of lower to middle crust with mantle contributions, perhaps due to
delamination processes driven by intracontinental orogeny as postulated by Gorczyk and Vogt (2015) and
Gorczyk et al. (2015), intracontinental (Hawkesworth et al., 1995) or passive margin (Zhang et al., 2011),
lithospheric thinning or magmatic underplating below the Moho (e.g., Cambeses et al., 2015, 2019).

5. The Ribeira‐Araçuaí Orogen: A Hot Intracontinental Orogen

Intracontinental orogeny is a common geodynamic process consistent with plate tectonics and is recorded in
both modern and ancient orogens throughout the planet (Aitken et al., 2013; Cunningham, 2005, 2013;
Dyksterhuis &Muller, 2005; Raimondo et al., 2010, 2014; Walsh et al., 2015). Althoughmany aspects regard-
ing the evolution of these orogenic systems are still not fully understood, empirical studies in
well‐characterized examples (e.g., Tien Shan and Gobi‐Altai mountains in central Asia, Cunningham,
2013; and Musgrave and Petermann orogens in central Australia, Gorczyk et al., 2015; Raimondo et al.,
2009, 2010 and references therein) as well as fully coupled petrologic‐thermomechanical numerical model-
ing (Gorczyk et al., 2015; Gorczyk & Vogt, 2015) have revealed different processes occurring in contractional
settings far from plate boundaries. It is noteworthy that complex responses of intracontinental lithospheric
deformation and associated magmatism and topographic evolution are controlled essentially by the rate of
convergence and lateral heterogeneities of the continental lithosphere (Gorczyk & Vogt, 2015).

Contrary to the statement by Heilbron and Valeriano (2020), nappe systems and large‐scale ductile lower
crustal flow have been described in one of the best‐characterized ancient intracontinental orogens
(Petermann Orogen, Raimondo et al., 2009, 2010). Indeed, these authors highlighted that the whole defor-
mational, petrologic, and geochronologic data available for the Petermann Orogen suggest a comparable
evolutionary history between this intracontinental orogen and the world's foremost modern collisional oro-
gen, the Himalayan‐Tibet Orogen.

In the case of the Ribeira‐Araçuaí orogenic system, the only orogenic phase that might be compared with the
evolution of the Petermann Orogeny is the younger early Cambrian phase, known as the Búzios Orogeny
(Monié et al., 2012; da Silva Schmitt et al., 2004). On the other hand, the main orogenic phases, including
compressional and extensional/wrench tectonics, can be compared with the evolution of the long‐lasting
hot intracontinental orogeny in the Musgrave Province (e.g., Gorczyk et al., 2015; Walsh et al., 2015).
Furthermore, several recent contributions have developed the hot orogeny hypothesis to explain the unique
evolution of theRibeira‐Araçuaí orogenic system (Cavalcante et al., 2013, 2018, 2019; Fossen et al., 2017, 2020;
Meira, Garcia‐Casco, Hyppolito, et al., 2019; Mondou et al., 2012; Petitgirard et al., 2009; Vauchez
et al., 2007, 2019; and references therein). The hot orogeny model seems to work well also as an intraconti-
nental orogeny model (Cavalcante et al., 2019; Fossen et al., 2017, 2020; Meira, Garcia‐Casco, Hyppolito,
et al., 2019) in contraposition to the tectonic models involving subduction and subsequent arc‐continent
collision.

6. Conclusions

In their comment on Meira, Garcia‐Casco, Hyppolito, et al. (2019), Heilbron and Valeriano argue that the
available data for the Ribeira‐Araçuaí orogenic system better support a multi‐collision tectonic model.
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However, Meira, Garcia‐Casco, Hyppolito, et al. (2019) present abundant petrologic and geochronologic
data that undoubtedly challenge, as reinforced in this reply, the chronology of events implied by the tectonic
model included in their comment. In contrast to the statements by Heibron and Valeriano (2020), aspects of
the models involving subduction‐collision processes that are problematic have been sufficiently discussed in
our paper (Meira, Garcia‐Casco, Hyppolito, et al., 2019) and reinforced here. As discussed in this reply and
other contributions (e.g., Cavalcante et al., 2019; Fossen et al., 2020; Konopásek et al., 2018, 2020; Meira,
Garcia‐Casco, Juliani, & Schorscher, 2019), these critical aspects include the space problem to accommodate
large oceanic domains in the context of the semi‐confined orogenic setting, the chronology of collisional
events and spatial distribution of metamorphic ages along the different blocks (or the supposed “terranes”),
and the interpretation of calc‐alkaline magmatism as unequivocal evidence for subduction processes.

Intracontinental orogeny is an important geodynamic process compatible with other plate tectonic processes
and is still underappreciated by the geologic community when ancient orogens are interpreted. Considering
the important lateral heterogeneities in lithospheric rheology of modern continents and the known exam-
ples of modern and ancient intracontinental orogens, the role played by intracontinental orogeny in super-
continent assembly must be taken into account as a first‐order component in models for supercontinental
evolution. We emphasize that critical testing of models is a fundamental mechanism for our science to
advance, and we encourage Heilbron and Valeriano and other workers in the Ribeira‐Araçuaí orogenic sys-
tem to take part in a timely reevaluation of current models, taking into account the abovementioned critical
aspects of the subduction‐collision models.

Data Availability Statement

Data are available through Meira, Garcia‐Casco, Hyppolito, et al. (2019), Meira, Garcia‐Casco, Juliani, and
Schorscher (2019), and other cited papers.

References
Aitken, A. R. A., Raimondo, T., & Capitanio, F. A. (2013). The intraplate character of supercontinent tectonics. Gondwana Research, 24,

807–814.
Alkmim, F. F., Kuchenbecker, M., Reis, H. L. S., & Pedrosa‐Soares, A. C. (2017). The Araçuaí belt. In M. Heilbron, U. Cordani, & F.

Alkmim (Eds.), São Francisco Craton, Eastern Brazil. Regional Geology Reviews (pp. 255–276). Switzerland: Springer International
Publishing.

Alkmim, F. F., Marshak, S., Pedrosa‐Soares, A. C., Peres, G. G., Cruz, S. C. P., &Whittington, A. (2006). Kinematic evolution of the Araçuaí‐
West Congo orogen in Brazil and Africa: Nutcracker tectonics during the Neoproterozoic assembly of Gondwana. Precambrian Research,
149, 43–64.

Almeida, F. F. M., Hasui, Y., Brito‐Neves, B. B., & Fuck, R. A. (1981). Brazilian structural provinces: An introduction. Earth‐Science
Reviews, 17, 1–29.

Almeida, R. P., Janikian, L., Fragoso‐Cesar, A. R. S., & Fambrini, G. L. (2010). The Ediacaran to Cambrian rift system of Southeastern South
America: Tectonic implications. The Journal of Geology, 118, 145–161.

Almeida, R. P., Santos, M. G. M., Fragoso‐Cesar, A. R. S., Janikian, L., & Fambrini, G. L. (2012). Recurring extensional and strike‐slip
tectonics after the Neoproterozoic collisional events in the southernMantiqueira province. Anais da Academia Brasileira de Ciências, 84,
347–376.

Amaral, L., Caxito, F. D. A., Pedrosa‐Soares, A. C., Queiroga, G., Babinski, M., Trindade, R., et al. (2020). The Ribeirão da Folha
ophiolite‐bearing accretionary wedge (Araçuaí Orogen, SE Brazil): New data for Cryogenian plagiogranite and metasedimentary rocks.
Precambrian Research, 336. https://doi.org/10.1016/j.precamres.2019.105522

Arculus, R. J. (2003). Use and abuse of terms calcalkaline and calcalkalic. Journal of Petrology, 44, 929–935.
Basei, M. A. S., Frimmel, H. E., Campos Neto, M. C., Ganade de Araujo, C. E., Castro, N. A., & Passarelli, C. R. (2018). The Tectonic History

of the Southern Adamastor Ocean Based on a Correlation of the Kaoko and Dom Feliciano Belts. In S. Siegesmund, M. A. S. Basei, P.
Oyhantçábal, & S. Oriolo (Eds.), Geology of Southwest Gondwana, Regional Geology Reviews (pp. 63–85). Switzerland: Springer
International Publishing. https://doi.org/10.1007/978-3-319-68920-3_3

Bea, F., Montero, P., & Zinger, T. (2003). The nature and origin of the granite source layer of Central Iberia: Evidence from trace element, Sr
and Nd isotopes, and zircon age patterns. Journal of Geology, 111, 579–595.

Cambeses A., Montero P., Molina J. F., Hyppolito T., & Bea F. (2019). Constraints of mantle and crustal sources and interaction during
orogenesis: A zircon SHRIMP U‐Th‐Pb and O isotope study of the ‘calc‐alkaline’ Brovales pluton, Ossa‐Morena Zone, Iberian Variscan
Belt. Lithos, 324‐325, 661–683. https://doi.org/10.1016/j.lithos.2018.11.037

Cambeses A., Scarrow J. H., Montero P., Molina J. F., & Moreno J. A. (2015). SHRIMP U‐Pb zircon dating of the Valencia del Ventoso
plutonic complex, Ossa‐Morena Zone, SW Iberia: Early Carboniferous intra‐orogenic extension‐related ‘calc‐alkaline’ magmatism.
Gondwana Research, 28(2), 735–756. https://doi.org/10.1016/j.gr.2014.05.013

Campanha, G. A. C., & Sadowski, G. D. (1999). Tectonics of the southern portion of the Ribeira Belt (Apiaí domain). Precambrian Research,
98, 31–51.

Campos Neto, M. C. (2000). Orogenic systems from Southwestern Gondwana: An approach to Brasiliano–Pan African Cycle and orogenic
collage in Southeastern Brazil. In U. G. Cordani, E. J. Milani, A. Thomaz Filho, & D. A. Campos (Eds.), Tectonic Evolution of South
America (pp. 335–368). Rio de Janeiro, Brazil: 31st International Geological Congress.

Campos Neto, M. C., & Figueiredo, M. C. H. (1995). The Rio Doce Orogeny, Southeastern Brazil. Journal of South American Earth Sciences,
8, 143–162.

10.1029/2020TC006307Tectonics

MEIRA ET AL. 6 of 9

Acknowledgments
This research was financially supported
by São Paulo Research Foundation
(FAPESP Grants, #2012/15462‐7 and
#2016/06114‐6), Conselho Nacional de
Desenvolvimento Científico e
Tecnológico (CNPq Grant,
#404767/2016‐8), and CIC (University
of Granada). Renato Paes de Almeida,
Haakon Fossen, Carolina Cavalcante,
Renata Schmitt, Carlos Ganade, and
Guiseppe de Toni are fully acknowledge
for fruitful discussions.

https://doi.org/10.1016/j.precamres.2019.105522
https://doi.org/10.1007/978-3-319-68920-3_3
https://doi.org/10.1016/j.lithos.2018.11.037
https://doi.org/10.1016/j.gr.2014.05.013


Cavalcante, C., Fossen, H., de Almeida, R. P., Hollanda, M. H. B. M., & Egydio‐Silva, M. (2019). Reviewing the puzzling intracontinental
termination of the Araçuaí‐West Congo orogenic belt and its implications for orogenic development. Precambrian Research, 322, 85–98.
https://doi.org/10.1016/j.precamres.2018.12.025

Cavalcante, C., Hollanda, M. H. B. M., Vauchez, A., & Kawata, M. (2018). How long can the middle crust remain partially molten during
orogeny? Geology, 46, 839–842. https://doi.org/10.1130/G45126.1

Cavalcante, G. C. G., Egydio‐Silva, M., Vauchez, A., Camps, P., & Oliveira, E. (2013). Strain distribution across a partially molten middle
crust: Insights from the AMS mapping of the Carlos Chagas Anatexite, Araçuaí belt (East Brazil). Journal of Structural Geology, 55,
79–100. https://doi.org/10.1016/j.jsg.2013.08.001

Cioffi, C. R., Campos Neto, M. C., Möller, A., & Rocha, B. C. (2019). Titanite petrochronology of the southern Brasília Orogen basement:
Effects of retrograde net‐transfer reactions on titanite trace element compositions. Lithos, 344‐345, 393–408.

Corrales, F. F. P., Dussin, I. A., Heilbron, M., Bruno, H., Bersan, S., Valeriano, C. M., et al. (2020). Coeval high Ba‐Sr arc‐related and OIB
Neoproterozoic rocks linking pre‐collisional magmatism of the Ribeira and Araçuaí orogenic belts, SE‐Brazil. Precambrian Research,
337. https://doi.org/10.1016/j.precamres.2019.105476

Cunningham, D. (2005). Active intracontinental trans‐ pressional mountain building in the Mongolian Altai: Defining a new class of
orogen. Earth Planetary Science Letters, 240, 436–444.

Cunningham, D. (2013). Mountain building processes in intracontinental oblique deformation belts: Lessons from the Gobi Corridor,
Central Asia. Journal of Structural Geology, 46, 255–282.

De Carvalho, H., Tassinari, C. C. G., Alves, P. H., Guimarães, F., & Somões, M.c. (2000). Geochronological review of the Precambrian in
western Angola: Links with Brazil. Journal of African Earth Sciences, 31, 383–402.

De Toni, G. B., Bitencourt, M. F., Nardi, L. V. S., Florisbal, L. M., Almeida, B. S., & Geraldes, M. (2020). Dom Feliciano Belt orogenic cycle
tracked by its pre‐collisional magmatism: The Tonian (ca. 800 Ma) Porto Belo Complex and its correlations in southern Brazil and
Uruguay. Precambrian Research, 342.

Duffles, P. A., Trouw, R. A. J., Mendes, J. C., Gerdes, A., & Vinagre, R. (2016). U‐Pb age of detrital zircon from the Embu sequence, Ribeira
Belt, SE Brazil. Precambrian Research, 278, 69–86.

Dyksterhuis, S., & Müller, R. D. (2005). Cause and evolution of intraplate orogeny in Australia. Geology, 36, 495–498.
Egydio‐Silva, M., Vauchez, A., Fossen, H., Cavalcante, G. C. G., & Xavier, B. C. (2018). Connecting the Araçuaí and Ribeira belts

(SE – Brazil): Progressive transition from contractional to transpressive strain regime during the Brasiliano orogeny. Journal of
South American Earth Sciences, 86, 127–139.

England, P. C., & Thompson, A. B. (1984). Pressure‐temperature‐time paths of regional metamorphism I. Heat transfer during the evolu-
tion of thickened continental crust. Journal of Petrology, 25, 894–928. https://doi.org/10.1093/petrology/25.4.894

Faleiros, F. M., Campanha, G. A. C., Martins, L., Vlach, S. R. F., & Vasconcelos, P. M. (2011). Ediacaran high‐pressure collision meta-
morphism and tectonics of the southern Ribeira Belt (SE Brazil): Evidence for terrane accretion and dispersion during Gondwana
assembly. Precambrian Research, 189, 263–291.

Fossen, H., Cavalcante, C., & Almeida, R. P. (2017). Hot versus cold Orogenic behaviour: Comparing the Araçuaí‐West Congo and the
Caledonian Orogens. Tectonics, 36, 2159–2178. https://doi.org/10/1002/2017TC004743

Fossen, H., Cavalcante, C., Konopásek, J., Meira, V. T., de Paes Almeida, R., Hollanda, M. H. B. M., & Trompette, R. (2020). A critical
discussion of the subduction‐collision model for the Neoproterozoic Araçuaí–West Congo orogen. Precambrian Research, 343, 105715.
https://doi.org/10.1016/j.precamres.2020.105715

Gorczyk, W., Smithies, H., Korhonen, F., Howard, H., & Quentin De Gromard, R. (2015). Ultra‐hot Mesoproterozoic evolution of intra-
continental Central Australia. Geoscience Frontiers, 6, 23–37. https://doi.org/10.1016/j.gsf.2014.03.001

Gorczyk, W., & Vogt, K. (2015). Tectonics and melting in intra‐continental settings. Gondwana Research, 27, 196–208.
Hawkesworth, C., Turner, S., Gallagher, K., Hunter, A., Bradshaw, T., & Rogers, N. (1995). Calc‐calkaline magmatism, lithospheric thin-

ning and extension in the basin and range. Journal of Geophysical Research, 100(B6), 10,271–10,286.
Heilbron, M., Cordani, U. G., Alkmim, F. F., & Reis, H. L. S. (2017). The Ribeira Belt. In M. Heilbron, U. G. Cordani, & F. F. Alkmim (Eds.),

São Francisco Craton, Eastern Brazil. Regional Geology Reviews (pp. 321–331). Switzerland: Springer International Publishing.
Heilbron, M., & Machado, N. (2003). Timing of terrane accretion in the Neoproterozoic–Eopaleozoic Ribeira belt, SE Brazil. Precambrian

Research, 125, 87–112.
Heilbron, M., Tupinambá, M., Valeriano, C. M., Armstrong, R., Silva, L. G. E., Melo, R. S., et al. (2013). The Serra da Bolívia complex: The

record of a new Neoproterozoic arc‐related unit at Ribeira belt. Precambrian Research, 238, 158–175.
Heilbron M., & Valeriano C. M. (2020). Comments on Meira V. T., Garcia‐Casco A., Hyppolito T., Juliani C., Schorscher J. H. D. 2019.

Tectono Metamorphic evolution of the Central Ribeira Belt, Brazil: A case of Late Neoproterozoic intracontinental orogeny and flow of
partially molten deep crust during the assembly of West Gondwana. Tectonics. https://doi.org/10.1029/2019TC005897

Heilbron, M., Valeriano, C. M., Tassinari, C. C. G., Almeida, J. C. H., Tupinambá, M., Siga, O. Jr., & Trouw, R. A. J. (2008). Correlation of
Neoproterozoic terranes between Ribeira Belt, SE Brazil and its African counterpart: comparative tectonic evolution and open questions.
In R. J. Pankhurst, R. A. J. Trouw, B. B. Brito‐Neves, & M. J. de Wit (Eds.), West Gondwana: Pre‐Cenozoic Correlations Across the South
Atlantic Region, Geological Society (Vol. 294, pp. 211–238). London: Special Publication.

Jamieson, R., Beaumont, C., Medvedev, S., & Nguyen, M. H. (2004). Crustal channel flows: 2. Numerical models with implications for
metamorphism in the Himalayan‐Tibetan orogen. Journal of Geophysical Research, 109, B06407. https://doi.org/10.1029/2003JB002811

Janasi, V. A., Vlach, S. R. F., Campos Neto, M. C., & Ulbrich, H. H. G. J. (2009). Associated A‐type subalkaline and high‐K calc‐alkaline
granites in the Itu Granite Province, southeastern Brazil: Petrological and tectonic significance. The Canadian Mineralogist, 47,
1505–1526.

Jelsma, H. A., McCourt, S., Perritt, S. H., & Armstrong, R. A. (2018). The geology and evolution of the Angolan. In S. Siegesmund, M. A. S.
Basei, P. Oyhantçábal, & S. Oriolo (Eds.),Geology of Southwest Gondwana, Regional Geology Reviews (pp. 217–239). Switzerland: Springer
International Publishing. https://doi.org/10.1007/978-3-319-68920-3_9

Konopásek, J., Cavalcante, G. C. G., Fossen, H., & Janoušek, V. (2020). Adamastor—An ocean that never existed? Earth‐Science Reviews, in
press. https://doi.org/10.1016/j.earscirev.2020.103201

Konopásek, J., Hoffmann, K. H., Sláma, J., & Košler, J. (2017). The onset of flysch sedimentation in the Kaoko Belt (NWNamibia)—
Implications for the pre‐collisional evolution of the Kaoko–Dom Feliciano–Gariep Orogen. Precambrian Research, 298, 220–234. https://
doi.org/10.1016/j.precamres.2017.06.017

Konopásek, J., Janoušek, V., Oyhantçabal, P., Sláma, J., & Ulrich, S. (2018). Did the circum ‐Rodinia subduction trigger the Neoproterozoic
rifting along the Congo–Kalahari Craton margin? International Journal of Earth Sciences, 107(5), 1859–1894. https://doi.org/10.1007/
s00531-017-1576-4

10.1029/2020TC006307Tectonics

MEIRA ET AL. 7 of 9

https://doi.org/10.1016/j.precamres.2018.12.025
https://doi.org/10.1130/G45126.1
https://doi.org/10.1016/j.jsg.2013.08.001
https://doi.org/10.1016/j.precamres.2019.105476
https://doi.org/10.1093/petrology/25.4.894
https://doi.org/10/1002/2017TC004743
https://doi.org/10.1016/j.precamres.2020.105715
https://doi.org/10.1016/j.gsf.2014.03.001
https://doi.org/10.1029/2019TC005897
https://doi.org/10.1029/2003JB002811
https://doi.org/10.1007/978-3-319-68920-3_9
https://doi.org/10.1016/j.earscirev.2020.103201
https://doi.org/10.1016/j.precamres.2017.06.017
https://doi.org/10.1016/j.precamres.2017.06.017
https://doi.org/10.1007/s00531-017-1576-4
https://doi.org/10.1007/s00531-017-1576-4


Lobato, M., Heilbron, M., Torós, B., Ragatky, D., & Dantas, E. (2015). Provenance of the Neoproterozoic high‐grade metasedimentary rocks
of the arc‐related oriental Terrane of the Ribeira belt: Implications for Gondwana amalgamation. Journal of South American Earth
Sciences, 63, 260–278.

Martins, L., Vlach, S. R. F., & Janasi, V. A. (2009). Reaction microtextures of monazite: Correlation between chemical and age domains in
the Nazaré Paulista migmatite, SE Brazil. Chemical Geology, 261, 271–285.

Maurice, C., David, J., Bédard, J. H., & Francis, D. (2009). Evidence for a widespread mafic cover sequence and its implications for conti-
nental growth in the Northeastern Superior Province. Precambrian Research, 168, 45–65.

Meira, V. T., Garcia‐Casco, A., Hyppolito, T., Juliani, C., & Schorscher, J. H. D. (2019). Tectono‐metamorphic evolution of the Central
Ribeira Belt, Brazil: A case of late Neoproterozoic intracontinental orogeny and flow of partially molten deep crust during the assembly
of West Gondwana. Tectonics, 38, 3182–3209. https://doi.org/10.1029/2018TC004959

Meira, V. T., Garcia‐Casco, A., Juliani, C., Almeida, R. P., & Schorscher, J. H. D. (2015). The role of intracontinental deformation in
supercontinent assembly: Insights from the Ribeira Belt, Southeastern Brazil (Neoproterozoic Western Gondwana). Terra Nova, 27,
206–217.

Meira, V. T., Garcia‐Casco, A., Juliani, C., & Schorscher, J. H. D. (2019). Late Tonian within‐plate mafic magmatism and Ediacaran partial
melting and magmatism in the Costeiro domain, Central Ribeira Belt, Brazil. Precambrian Research, 334, 105,440. https://doi.org/
10.1016/j.precamres.2019.105440

Merdith A. S., Collins A. S., Williams S. E., Pisarevsky S., Foden J. D., Archibald D. B., et al. (2017). A full‐plate global reconstruction of the
Neoproterozoic. Gondwana Research, 50, 84–134. https://doi.org/10.1016/j.gr.2017.04.001

Mondou, M., Egydio‐Silva, M., Vauchez, A., Raposo, M. I. B., Bruguier, O., & Oliveira, A. F. (2012). Complex, 3D strain patterns in a
synkinematic tonalite batholith from the Araçuaí Neoproterozoic orogen (Eastern Brazil): Evidence from combined magnetic and iso-
topic chronology studies. Journal of Structural Geology, 39, 158–179.

Monié, P., Bosch, D., Bruguier, O., Vauchez, A., Rolland, Y., Nsungani, P., & Buta Neto, A. (2012). The late Neoproterozoic/Early Palaezoic
evolution of the West Congo Belt of NW Angola: Geochronological (U–Pb and Ar–Ar) and petrostructural constraints. Terra Nova, 24,
238–247. https://doi.org/10.1111/j.1365-3121.2012.01060.x

Oriolo, S., Oyhantçabal, P., Wemmer, K., Basei, M. A. S., Benowitz, J., Pfänder, J., et al. (2016). Timing of deformation in the Sarandí del Yí
shear zone, Uruguay: Implications for the amalgamation of Western Gondwana during the Neoproterozoic Brasiliano/Pan‐African
Orogeny. Tectonics, 35, 754–771. https://doi.org/10.1002/2015TC004052

Passarelli, C. R., Verma, S. K., MsReath, I., Basei, M. A. S., & Siga, O. Jr. (2019). Tracing the history from Rodinia break‐up to the Gondwana
amalgamation in the Embu Terrane, southern Riberia Belt, Brazil. Lithos, 342‐343, 1–17.

Pedrosa‐Soares, A. C., Noce, C. M., Wiedemann, C. M., & Pinto, C. P. (2001). The Araçuaí–West‐Congo Orogen in Brazil: An overview of a
confined orogen formed during Gondwanaland assembly. Precambrian Research, 110, 307–323.

Peixoto, C. A., Heilbron, M., Ragatky, D., Armstrong, R., Dantas, E., Valeriano, C. M., & Simonetti, A. (2017). Tectonic evolution of the
juvenile Tonian Serra da Prata magmatic arc in the Ribeira belt, SE Brazil: Implications for early west Gondwana amalgamation.
Precambrian Research, 302, 221–254.

Petitgirard, S., Vauchez, A., Egydio‐Silva, M., Bruguier, O., Camps, P., Monié, P., et al. (2009). Conflicting structural and geochronological
data from the Ibituruna quartz‐syenite (SE Brazil): Effect of protracted “hot” orogeny and sl ow cooling rate? Tectonophysics, 477,
174–196. https://doi.org/10.1016/j.tecto.2009.02.039

Raimondo, T., Collins, A. S., Hand, M., Walker‐Hallam, A., Smithies, R. H., Evins, P. M., & Howard, H. M. (2009). Ediacaran intraconti-
nental channel flow. Geology, 37, 291–294.

Raimondo, T., Collins, A. S., Hand, M., Walker‐Hallam, A., Smithies, R. H., Evins, P. M., & Howard, H. M. (2010). The anatomy of a deep
intracontinental orogen. Tectonics, 29, TC4024. https://doi.org/10.1029/2009TC002504

Raimondo, T., Hand, M., & Collins, W. J. (2014). Compressional intracontinental orogens: Ancient and modern perspectives. Earth‐Science
Reviews, 130, 128–153.

Reno, B. L., Piccoli, P. M., Brown, M., & Trouw, R. A. J. (2012). In situ monazite (U–Th)–Pb ages from the Southern Brasília Belt, Brazil:
Constraints on the high‐temperature retrograde evolution of HP granulites. Journal of Metamorphic Geology, 30, 81–112.

Richter, F., Lana, C., Stevens, G., Buick, I. S., Pedrosa‐Soares, A. C., Alkmim, F. F., & Cutts, K. (2016). Sedimentation, metamorphism and
granite generation in a back‐arc region: Records from the Ediacaran Nova Venécia Complex (Araçuaí Orogen, Southeastern Brazil).
Precambrian Research, 272, 78–100. https://doi.org/10.1016/j.precamres.2015.10.012

Rocha, B. C., Moraes, R., Moller, A., & Cioffi, C. R. (2018). Magmatic inheritance vs. UHT metamorphism: Zircon petrochronology of
granulites and petrogenesis of charnockitic leucosomes of the Socorro‐Guaxupé nappe, SE Brazil. Lithos, 314–315, 16–39.

Rocha, B. C., Moraes, R., Möller, A., Cioffi, C. R., & Jercinovic, M. J. (2017). Timing of anatexis and melt crystallization in the Socorro‐
Guaxupé Nappe, SE Brazil: Insights from trace el‐ ement composition of zircon, monazite and garnet coupled to U‐Pb geochronology.
Lithos, 277, 337–355.

Silva, L. C., McNaughton, N., Armstrong, R., Hartmann, L., & Fletcher, I. (2005). The Neoproterozoic Mantiqueira Province and its African
connections. Precambrian Research, 136, 203–240.

da Silva Schmitt R., Trouw R. A. J., Van SchmusW. R., Pimentel &M. M. (2004). Late amalgamation in the central part of West Gondwana:
New geochronological data and the characterization of a Cambrian collisional orogeny in the Ribeira Belt (SE Brazil). Precambrian
Research, 133, (1‐2), 29–61. https://doi.org/10.1016/j.precamres.2004.03.010

Tedeschi, M., Lanari, P., Rubatto, D., Pedrosa‐Soares, A. C., Hermann, J., Dussin, I., et al. (2017). Reconstruction of multiple P‐T‐t stages
from retrogressed mafic rocks: Subduction vs collision in the Southern Brasília orogen (SE Brazil). Lithos, 294–295, 283–303.

Tedeschi, M., Novo, T., Pedrosa‐Soares, A., Dussin, I., Tassinari, C., Silva, L. C., et al. (2016). The Ediacaran Rio Doce magmatic arc
revisited (Araçuaí‐‐Ribeira orogenic system, SE Brazil). Journal of South American Earth Sciences, 68, 167–186. https://doi.org/10.1016/j.
jsames.2015.11.011

Tedeschi, M., Pedrosa‐Soares, A. C., Dussin, I., Lanari, P., Novo, T., Pinheiro, M. A. P., et al. (2018). Protracted zircon geochronological
record of UHT garnet‐free granulites in the Southern Brasília orogen (SE Brazil): petrochronological constraints on magmatism and
metamorphism. Precambrian Research, 316, 103–126. https://doi.org/10.1016/j.precamres.2018.07.023

Thiéblemont, D., Calek, Y., Fernandez‐Alonso, M., & Chène, F. (2018). A geological and isotopic framework of Precambrian Terrains in
Western Central Africa: An introduction. In S. Siegesmund, M. A. S. Basei, P. Oyhantçábal, & S. Oriolo (Eds.), Geology of Southwest
Gondwana, Regional Geology Reviews, (pp. 107–132). Switzerland: Springer International Publishing. https://doi.org/10.1007/978-3-319-
68920-3_5

Trouw, R. A. J., Peternel, R., Ribeiro, A., Heilbron, M., Vinagre, R., Duffles, P., et al. (2013). A new interpretation for the interference zone
between the southern Brasília belt and the Central Ribeira belt, SE Brazil. Journal of South American Earth Sciences, 48, 43–57.

10.1029/2020TC006307Tectonics

MEIRA ET AL. 8 of 9

https://doi.org/10.1029/2018TC004959
https://doi.org/10.1016/j.precamres.2019.105440
https://doi.org/10.1016/j.precamres.2019.105440
https://doi.org/10.1016/j.gr.2017.04.001
https://doi.org/10.1111/j.1365-3121.2012.01060.x
https://doi.org/10.1002/2015TC004052
https://doi.org/10.1016/j.tecto.2009.02.039
https://doi.org/10.1029/2009TC002504
https://doi.org/10.1016/j.precamres.2015.10.012
https://doi.org/10.1016/j.precamres.2004.03.010
https://doi.org/10.1016/j.jsames.2015.11.011
https://doi.org/10.1016/j.jsames.2015.11.011
https://doi.org/10.1016/j.precamres.2018.07.023
https://doi.org/10.1007/978-3-319-68920-3_5
https://doi.org/10.1007/978-3-319-68920-3_5


Tupinambá, M., Heilbron, M., Valeriano, C. M., Porto Júnior, R., Blanco de Dios, F., Machado, N., et al. (2012). Juvenile contribution of the
Neoproterozoic Rio Negro magmatic arc (Ribeira Belt, Brazil): Implications forWestern Gondwana amalgamation.Gondwana Research,
21, 422–438.

Vauchez, A., Egydio‐Silva, M., Babinski, M., Tommasi, A., Uhlein, A., & Liu, D. (2007). Deformation of a pervasively molten middle crust:
Insights from the Neoproterozoic Ribeira‐Araçuaí orogen (SE Brazil). Terra Nova, 19, 278–286. https://doi.org/10.1111/j.1365-
3121.2007.00747.x

Vauchez, A., Hollanda, M. H. M. Z., Monié, P., Mondou, M., & Egydio‐Silva, M. (2019). Slow cooling and crystallization of the roots of the
Neoproterozoic Araçuaí hot orogen (SE Brazil): Implications for rheology, strain distribution, and deformation analysis. Tectonophysics,
766, 500–518. https://doi.org/10.1016/j.tecto.2019.05.013

Vauchez, A., Tommasi, A., & Egydio‐Silva, M. (1994). Self‐indentation of continental lithosphere. Geology, 22, 967–970.
Vlach, S. R. F., Siga, O. Jr., Harara, O. M. M., Gualda, G. A. R., Basei, M. A. S., & Vilalva, F. C. J. (2011). Crystallization ages of the A‐type

magmatism of the Graciosa Province (Southern Brazil): Constraints from zircon U−Pb (ID‐TIMS) dating of coeval K‐rich gabbro‐dioritic
rocks. Journal of South American Earth Sciences, 32, 407–415.

Walsh, A. K., Kelsey, D. E., Kirkland, C. L., Hand, M., Smithies, R. H., Clark, C., & Howard, H. M. (2015). P‐T‐t evolution of a large, long‐
lived, ultrahigh‐temperature Grenvillian belt in Central Australia. Gondwana Research, 28, 531–564. https://doi.org/10.1016/j.
gr.2014.05.012

Wortel, R., Govers, R., & Spakman, W. (2009). Continental collision and the STEP‐wise evolution of convergent plate boundaries: From
structure to dynamics. In S. Lallemand, & F. Funiciello (Eds.), Subduction Zone Geodynamics (pp. 47–59). Berlin: Springer.

Zhang, X., Maoa, Q., Zhzng, H., Zhaia, M., Yang, Y., & Hub, Z. (2011). Mafic and felsic magma interaction during the construction of
high‐K calc‐alkaline plutons within a metacratonic passive margin: the Early Permian Guyang batholith from the northern North China
Craton. Lithos, 125, 569–591.

10.1029/2020TC006307Tectonics

MEIRA ET AL. 9 of 9

https://doi.org/10.1111/j.1365-3121.2007.00747.x
https://doi.org/10.1111/j.1365-3121.2007.00747.x
https://doi.org/10.1016/j.tecto.2019.05.013
https://doi.org/10.1016/j.gr.2014.05.012
https://doi.org/10.1016/j.gr.2014.05.012


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


