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Abstract 

The Precambrian Eon was greatly impacted by key tectonic events resulting in (at 

least) three supercontinent cycles: Paleoproterozoic Nuna/Columbia, 

Mesoproterozoic Rodinia, and Neoproterozoic-Cambrian Gondwana. The record of 

these events can be partially to completely masked by tectonothermal events. This 

thesis focuses on the potential of microanalysis in elucidating crustal-scale processes 

in two Brazilian Precambrian provinces (Paleoproterozoic Rio Apa Terrane and the 

Neoproterozoic-Cambrian Ribeira Belt). 

The novel regional zircon UïPbïHf study of the Rio Apa Terrane (Chapter 2) 

indicates tectonic switching from an advancing accretionary system, represented by 

the terraneôs Western domain, to a retreating accretionary system, represented by the 

juvenile-like Eastern domain. This tectonic switch is also observed in the isotopic data 

of the adjoining Amazonian Craton, indicating a cogenetic relationship between the 

two with switching between advancing and retreating accretionary orogens playing an 

important role in continental growth mechanisms since at least the Paleoproterozoic. 

A petrochronological investigation of the Rio Apa Terrane on the basis of a pool of 

geochronological methods reveals, for the first time, four tectonometamorphic events 

(ca. 1780 Ma, 1625 Ma, 1420-1340, 1300-1200 Ma) (Chapter 3). This study also 

established the existence of a Mesoproterozoic high-pressure/medium-temperature 

tectonometamorphic event (1420-1340 Ma) in the SW Amazonia Craton related to 

accretionary-to-collisional tectonics that is coeval with SE Laurentia margin events but 

preceded the main assembly phase of Rodinia. In combination, these studies suggest 

a correlation between the Rio Apa Terrane with adjoining provinces (San Diablo block 

and Paraguá terrane), implying that the surrounding belts such as the 

Mesoproterozoic Sunsás and the Neoproterozoic Tucavaca belts represent 

intracontinental features (aulacogens).  

Chapters 4 and 5 are focused on the geochronology and tectonic understanding of 

the complex shear zone system of the Neoproterozoic Ribeira Belt (SE Brazil). Apatite 

UïPb and white-mica 40Ar/39Ar geochronological studies applied to the medium-grade 

Taxaquara shear zone defined a younger time span (560-535 Ma) than the regional 

structures (ca. 600 Ma). From a methodological perspective, this study demonstrated 

the potential of the apatite UïPb system to record the timing of deformation close to 
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peak deformation conditions (480-530 °C for the Taxaquara shear zone). This 

methodology provides a new approach to explore the Brazilian shear zone systems. 

A thorough review of this shear zone system is presented in Chapter 5, exploring the 

thermal and deformational regimes and the timing of ductile shearing using a multi-

mineral UïPb geochronology. This study reinforced that the shear zone system of the 

Ribeira Belt developed in response to a sub-simple shear transpressional system with 

complex strain partitioning involving thrusting and folding followed by wrench 

tectonics. From the geochronological perspective, it demonstrated that this system 

has a long-lived tectonic history from ca. 900-830 Ma to 530 Ma (much longer than 

previously thought), partially coeval with at least two major episodes of terrane 

accretion at 850-760 Ma and 610-585 Ma. The novel geochronological and structural 

overview of this shear zone system presented in this thesis, combined with 

deformation pressure-temperature conditions indicate that some high-pressure/low-

temperature structures might represent suture zones, whereas others represent 

terrane bounding, post-collisional shear zones reactivated in an intracontinental 

setting with higher geothermal gradient (560-535 Ma), such as the Taxaquara shear 

zone. 

The detailed investigation of apatite from medium-grade mylonites of the 

Taxaquara shear zone allowed the recognition of mechanisms of recrystallization in 

apatite in response to ductile deformation (Chapter 6). This study demonstrates that 

apatite recrystallized through fluid-present dynamic recrystallisation at pressure-

temperature conditions of ~480-530 °C and 2.2-5.0 kbar. The fluid was oxidised, as 

indicated by negative Ce anomalies, and preferentially flowed in high-strain biotite-rich 

layers in the mylonite. This caused recrystallisation of apatite within those layers 

whereas apatite in low strain layers was unaffected and retained the chemical 

characteristics of the protolith. 

This thesis sheds light on the potential and necessity of multi-method 

microanalysis in conjunction with structural, petrological and geochemical information 

to resolve tectonic problems in Precambrian provinces. This work also demonstrates 

the applicability of in-situ apatite UïPb and mica RbïSr geochronology in constraining 

the timing of medium-grade deformation events. 
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Chapter 1. Introduction 

1. Introduction 

The Precambrian Eon was marked by major tectonic events that shaped the Earth, 

such as the supercontinent cycles (Cawood et al., 2013, 2009; Cawood and Buchan, 

2007; Mitchell et al., 2021; Rogers and Santosh, 2003), including Paleoproterozoic 

Nuna/Columbia (Rogers and Santosh, 2002; Zhao et al., 2004), Mesoproterozoic 

Rodinia (Cawood et al., 2016; Li et al., 2008; Martin et al., 2020; Zhao et al., 2002) 

and Neoproterozoic-Cambrian Gondwana (Cawood, 2005; Cawood et al., 2021; 

Condie, 2003; Spencer et al., 2013). The record of these events can be found 

worldwide but is preserved particularly well in just a few locations,  including Brazil, 

which contains Precambrian provinces from Archean to Neoproterozoic with complex 

geological evolutions (Almeida et al., 1981, 1973; Brito Neves et al., 2014; Cordani et 

al., 2009; Cordani and Teixeira, 2007; Heilbron et al., 2017; Heilbron and Machado, 

2003).  

The complexity of these terranes is due to multiple structural, metamorphic and 

thermal overprints of the Precambrian record, disturbing isotopic systems that are 

commonly used, such as RbïSr and SmïNd applied to whole-rock analyses and 

zircon UïPb system. Although these methods are useful for determination of the timing 

of tectonic events, crustal generation, the source and its evolution, it can be hard to 

disentangle the isotopic disturbances when the tectono-thermal overprint is extensive. 

Additionally, those methods do not record medium-temperature events, leading to an 

incomplete tectonic record (e.g., Cordani et al., 2010). Modern microanalytical 

techniques such as laser-based in-situ analyses allow the investigation of diverse 

isotopic systems (e.g., UïPb, RbïSr, SmïNd, LuïHf, oxygen) in a range of mineral 

phases (e.g., zircon, titanite, rutile, monazite, apatite, xenotime, garnet, micas, 

allanite, epidote) that are sensitive to different tectonometamorphic processes at 

different thermal conditions (Chew and Spikings, 2015; Engi, 2018; Hogmalm et al., 

2017; Kirkland et al., 2018; Kohn, 2018; Kohn and Penniston-Dorland, 2018; Simpson 

et al., 2021; Taylor et al., 2016; Vho et al., 2020). The combination of those 

microanalytical techniques with structural and microstructural characterization, 

petrological inferences (e.g., phase-equilibria modelling; Lanari and Duesterhoeft, 
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2019) and mineral geochemistry (major, minor and trace elements) has been key to 

unravel complex tectonic events in the Brazilian Precambrian provinces (Cabrita et al., 

2021; Cioffi et al., 2021, 2019; Faleiros et al., 2011; Forero-Ortega et al., 2020; Meira 

et al., 2019; Ribeiro et al., 2020c, 2020b, 2021; Rocha et al., 2017; Tedeschi et al., 

2018, 2017) and worldwide (Kirkland et al., 2020, 2017; Lanari et al., 2013; Olierook 

et al., 2020; Taylor et al., 2016; Volante et al., 2020; Weinberg et al., 2020 among 

many others). Recent methodological advances in petrochronology provide a new  

opportunity to study the complex Brazilian Precambrian provinces in detail and go 

beyond what is known from traditional whole-rock geochemistry (elemental and 

isotopic) and zircon UïPb geochronology. This thesis investigates crustal-scale 

processes in two Brazilian Precambrian provinces (Rio Apa Terrane and Ribeira Belt) 

using detailed microanalysis and geochronology, providing a new insight into the full 

tectono-metamorphic history of these terranes for the first time. 

The Paleoproterozoic Rio Apa Terrane exposed in central-west Brazil provides an 

important record of the tectonic evolution of the SW Amazonian Craton (Cordani et al., 

2010). Previous studies solely focused on whole-rock elemental and isotopic 

geochemistry and zircon UïPb geochronology were able to recognize different crustal 

domains (Cordani et al., 2010; Faleiros et al., 2016b; Plens, 2018; Teixeira et al., 

2020), but the relationship between the Rio Apa Terrane, the Amazonian Craton and 

surrounding terranes and Neoproterozoic belts remained unknown (Casquet et al., 

2012; Cordani et al., 2010; Faleiros et al., 2016b; Loewy et al., 2004; Teixeira et al., 

2020). Moreover, while several studies have attempted to provide tectonic 

interpretations of the position of the Rio Apa Terrane in Nuna/Columbia and Rodinia 

supercontinents (Teixeira et al., 2020 for a review), the tectonometamorphic 

characterization of the Rio Apa Terrane has been neglected. The lack of thermal 

constraints and detailed multi-mineral-method geochronology precludes a robust 

tectonic interpretation, leading to greater uncertainty in our understanding of the 

evolution of the whole SW Amazonian margin.  

The Ribeira Belt exposed in SE Brazil is a key Neoproterozoic province, mainly 

interpreted as an accretionary orogen developed in response to the collision of several 

cratons (Sao Francisco, Congo, Luís Alves, Paranapanema) during the assembly of 

Gondwana (Cabrita et al., 2021; Campanha et al., 2019; Campos Neto, 2000; Faleiros 
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et al., 2016a, 2011; Heilbron et al., 2004), but different interpretations have also been 

proposed in the literature (e.g., intracontinental orogen; Meira et al., 2019, 2015). The 

Ribeira Belt is dissected by a regional anastomosing shear zone system that could be 

interpreted to represent a suture zone or late-stage escape structures (Campanha and 

Brito Neves, 2004), but the quantification of pressure-temperature (P-T) conditions 

and the timing of deformation have been poorly constrained in the regional studies. 

Despite its tectonic importance, these structures have received only minor attention 

(Campos Neto, 2000), and the petrological and isotopic methods applied did not allow 

elucidation of the thermal and geochronological evolution. Considering the regional 

importance of this structure for the tectonic compartmentation of the Ribeira Belt it is 

critical that it is fully understood. 

This thesis focuses on understanding the tectonic evolution of Brazilian 

Precambrian terranes using microanalytical techniques including in-situ zircon, titanite, 

apatite and rutile trace elements and UïPb geochronology via laser ablation split 

stream inductively coupled plasma mass spectrometry (LASS-ICP-MS), and in-situ 

garnet LuïHf geochronology and white-mica RbïSr geochronology using a Triple 

Quadrupole TQ-ICP-MS (Hogmalm et al., 2017; Simpson et al., 2021) in conjunction 

with structural geology, geophysics, mineral geochemistry (major and minor elements) 

and metamorphic petrology (phase-equilibria modelling). The results are presented in 

five papers published between 2020-2022 as detailed next.  

2. Thesis structure 

This thesis is divided into seven chapters. The first chapter introduces the rationale 

of this thesis. Chapters two and three focus on the crustal and tectono-metamorphic 

evolution of the Paleoproterozoic Rio Apa Terrane (SW Amazonian Craton, Brazil). 

Chapters four to six focus on the application of multi-mineral geochronology and 

geochemistry, especially apatite, to investigate the timing of medium-grade shear 

zones from the Neoproterozoic Ribeira Belt (SE Brazil). 

Chapter 2 is a paper published in Precambrian Research (2020) based on the first 

regional zircon UïPbïHf analysis from meta-igneous and metasedimentary rocks of 

the Rio Apa Terrane. In contrast to what was proposed by previous studies, the data 
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suggested the terrane was a continuous accretionary orogenic system with advancing 

and retreating periods. 

Chapter 3 is a paper published in the Journal of Metamorphic Geology (2021) 

focused on the tectono-metamorphic evolution of the Rio Apa Terrane determined 

using multi-mineral-method geochronology, mineral chemistry and phase-equilibria 

modelling. This study revealed, for the first time, four tectono-metamorphic events and 

unprecedented high-pressure/medium-temperature in the SW Amazonian margin, 

demonstrating the evolution from an active margin to convergent-to-collisional tectonic 

setting during the Mesoproterozoic. 

Chapter 4 is a paper published in Lithos (2020) focused on using the apatite UïPb 

isotopic system to determine the timing of deformation in medium-grade shear zones. 

This study combined apatite, titanite and zircon UïPbïtrace element data with syn-

kinematic muscovite 40Ar/39Ar geochronology (total fusion), and phase-equilibria and 

apatite closure temperature modelling. This study pioneered the use of the apatite Uï

Pb system to determine the timing of deformation close to the thermal peak in medium-

grade shear zones, demonstrating that most 40Ar/39Ar ages likely record cooling during 

retrogression. 

Chapter 5 is a paper published in Earth and Planetary Science Letters (2020) 

focused on fluid-assisted apatite recrystallization and its impact on trace elements and 

UïPb systematics. This is the first study to investigate and demonstrate the 

mechanical, chemical and isotopic response of apatite to deformation through electron 

backscatter diffraction (EBSD) analyses and UïPbïtrace elements collected with laser 

ablation split stream inductively coupled plasma mass spectrometer analyses (LASS-

ICP-MS). 

Chapter 6 is a paper published in Lithosphere (2021) presenting a geometric, 

thermal, strain and geochronological review of major shear zones of the Ribeira Belt 

(SE Brazil). This study greatly advanced our understanding of the tectonic significance 

of this shear zone system, demonstrating complex strain partitioning in strike-slip 

shear zones and prolate-shaped ellipsoids in dip-slip reverse shear zones, as well as 

long-lived activity from 900-830 Ma to 530 Ma, partially coeval with at least two major 

episodes of terrane accretion at 850-760 Ma and 610-585 Ma. 
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Chapter 7 summarizes the findings of this thesis with overall conclusions, future 

research questions to be addressed in further studies and the development of new-

methods in accessory mineral petrochronology. 
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