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ABSTRACT

During the last decades, tectonic models provide@ msight into the evolution of the Luis Alves,
Curitiba, and Paranagua terranes, which are alidavby thrust and transpressive shear zones, raysad
outcropping only as deep crustal horizons and ptege poorly known lateral displacements. An
essential puzzle piece to understanding the jusitipp processes and evolution of these block#ien t
Neoproterozoic lies in the Campo Alegre Basin inutSern Brazil, a volcano-sedimentary sequence
deposited during the middle to late Ediacaran. Bas® new U-Pb geochronological, structural, and
aero-geophysical data, at least two main stagdilioff and subsidence have been identified in this
region, namely the basin and the caldera stagethelBasin Stagethe regional collisional tectonics
triggered the far-field stress resulting in a loeatension at ~605 = 5 Ma through the reactivatibn
NNW-SSE inherited basement structures. The depaositf the sedimentary basin finishes with the
Initial Volcanic Activity corresponding to a bimodal mildly alkaline, pratloantly mafic and effusive
volcanism. After the transition to a post-collisidrsetting, probably at ca. 595 Ma, regional extans
led to theCaldera Stagef the basin, which had its volcanic peak at &-580 Ma, contemporaneous
with the intrusive A-type magmatism of the nearbsa€osa Province. The Main Volcanic Activity
corresponds to a predominantly alkaline silica+sdad, effusive to explosive magmatic manifestation
culminating with the formation of a caldera-volcaite volcanic products from both the initial ahe t

main volcanic activities were raised to the surfa@nly through NNW-SSE and ENE-WSW oriented
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conduits, respectively reactivated and neo-formadnd the collisional process. The crustal-scaled
discontinuities associated with the developmenthef sedimentary basin have further controlled the
subsidence of the caldera structure, which mighihbenain mechanism of preservation for these ahcie

volcano-sedimentary sequences in the evolutiohefdampo Alegre Basin.

Keywords: Aero-geophysics; Sedimentary Basin; Structurhkeritance/reactivation; Volcanism; U-Pb

geochronology.

1. Introduction

The formation of the Gondwana supercontinent &igd the Brasiliano/Pan-African orogenic
cycle ca.~900 Ma to 530 Ma, hereafter referred to as Beasdl orogeny), which is characterized by the
approximation, collision, and variably marginal a@hation of several crustal segments. Evidence of
these tectonic processes are preserved isdloeFrancisco, Paranapanema, Rio de la Plata, Cando
Kalahari cratons, and the Luis Alves, Paranagud,@uritiba terranes (Silvat al, 2005; Baseet al,
2008, 2018; Brito-Nevest al, 2014). These blocks exhibit contrasting crugtadkness and rheological
properties, and were juxtaposed along extensiwk fohd thrust-belts, which developed by oblique and
anachronous collisions between South American dnidah cratons (Silvaet al, 2005). In Brazil, the
Mantiqueira Province is one of the largest and nsigatificant Neoproterozoic orogenic systems that
resulted from these events (Almeida al., 1981). In it, three complex orogenic belts, thecalhed
Aracuai, Ribeira, and Dom Feliciano, are mostlystibmted by synorogenic granitoids, fold-and-thrust
belts, and marginal basins, deformed and metamegthduring the Brasiliano orogers.d, Almeidaet
al., 1981; Brito-Neves and Cordani, 1991; Brito-Negeal, 1999).

The late- orogenic and transitional stages ofBhesiliano cycle were marked by the opening
and infilling of several small, fault-bounded vatcasedimentary basins.€, Camaquéd, Castro,
Camarinha, Itajai, Eleutério, Pouso Alegre, soechtlansitional basins) deposited indiscriminataiyo
different terranes and tectonic domains (Brito-Ne\2002; Teixeirat al, 2004; Almeidaet al, 2010).
These stages in southern Brazil also comprehendntteallation of several post-collisional A-type
granitoids (Kaul and Cordani, 2000; Gualda and N|&007; Passareéit al, 2018). In general, these
transitional volcano-sedimentary basins are comynimtérpreted as controlled by mechanic subsidence,
generated by strike-slip tectonias.d., Teixeiraet al, 2004; Baracet al, 2017). However, their main
mechanisms of installation and geodynamic settiggsain controversial, which led Almeidzt al
(2010, 2012) to interpret all of them as part {200 km-wide continental rift system.

In this sense, there is a lack of consensus coimgethe tectonic settings of these volcano-
sedimentary basins, mostly due to the lack of gewuailogical information. Additionally, the scarcibf
studies connecting the volcanogenic occurrencel tie epiclastic sedimentation complicates the
understanding of basin evolution. Exceptional caselkide the Camaqua Basin, which represents the
larger and most studied volcano-sedimentary basiong these transitional basins in the Mantiqueira

Province. In it, at least four volcano-sedimentdgpositional cycles occurred between 630 and 510 Ma



75 associated with distinct late- to post-orogenid¢deic settings. These cycles registered the ovedagyf
76 aforeland, a strike-slip, and another two extemaioift basins within the same depositional lo@@aim
77 et al, 2000, 2014). Moreover, there are other distimgtiolcanic-dominated occurrences among these
78 transitional basins, where the volume of volcanagercks exceeds more than ~70% of the depositional
79 sequences. They include (1) the Castro Basinh@Campo Alegre Basin and the Corupé sub-Basin, (3)
80 the Guaratubinha Basin, and (4) the Sierra de Aguiasin in Uruguay. These volcanic-dominated
81 sequences comprehend relatively thin proximal aepiid deposits overlaid by a thick well-preservid p
82  of volcanogenic rocks, still preserving structuiedtures of their volcanic edifices.§., Citroni et al.,
83 2001; Teixeireet al, 2004; Barédet al, 2017; Quiroz-Valleet al,, 2020; Silva-Larat al, submited).
84 Among these volcanic-dominated sedimentary sequertbe Campo Alegre Basin and the
85  Corupa sub-Basin probably occurred as a singlenb@itroni et al, 2001) and together they preserve
86 the most complete section of the epiclastic, subaroc, and volcanic sequences. However, the qrigin
87  structural framework, and tectonic setting of thésin, as well as its association with the podistohal
88  A-type plutonic occurrences, still lack detailedalysis and geochronological constraints. Some asitho
89 consider the Campo Alegre, Corupa, and Guaratubi@sins as part of a NE-SW-striking rift in the
90 post-collisional setting (Almeidat al, 2010; 2012), based on the available ages ofvtleanic
91 successionse(g. 595 + 16 Ma and 598 + 29 Ma - Cordaeti al. (1999) and Baseet al. (1998),
92 respectively), and the ages of the post-collisiarahitoids. Alternatively, other authors consites
93 basin as an NNW-SSE-striking rift as part of th#isional tectonics, based on the sedimentarylinl
94  processes and newly obtained provenance ages af 80da (Citroniet al, 2001; Quiroz-Valleet al,
95 2019).
96 In this sense, the present research aims to edtathie tectonic setting of the Campo Alegre-
97 Corupa volcano-sedimentary sequence and achieviregter age control for the volcanic activity. Base
98 on geological, geophysical, and structural datadigeuss the major role of the collisional tectsrand
99 inherited basement structures in the initial sudrsig and filling processes of this basin, and the
100 contribution of the volcanic activity in the fornfi @ caldera volcano in the preservation of the sages.
101 Moreover, we discuss and constrain, with U-Pb zirgeochronological data, the initial and the main
102 volcanic episodes in the Campo Alegre volcano-sediary basin. This information allows us to
103 reevaluate the tectonic settings, in which the alotecsedimentary sequences were generated, comparing

104 these occurrences with other similar settings wadd.

105 2. Geological Settings

106 The Luis Alves and Curitiba Terrandsiq.1), which separate the exposed areas of the Ribeira
107 and Dom Feliciano belts, both represent pre-existentinental fragments of unknown origin withireth
108 continental-scaled Brasiliano orogeny (Bastial, 1992; Brito-Nevest al., 1999; Basekt al, 2009;

109 Passarelet al, 2018). The Pién-Mandirituba calc-alkaline battioéind the Mafic-Ultramafic Pién Suite
110 separate these terranes along with the Pién Stueae, And they are both interpreted as remnants of a

111 magmatic arc and an incomplete ophiolite sequeespgectively (Harara, 2001; Haragiaal,, 2004). The
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LAT constitutes the oldest crustal segment in semthBrazil, occurring in between extensive
supracrustal belts that affected mostly its bouedaduring the Neoproterozoic (Bas#i al., 2000,
2008). The agglutination of crustal segments dutime Brasiliano orogeny resulted in an intense
marginal and superficial brittle deformation of th&T, producing new structures and reactivatingeold
zones of weakness (Basdial, 1992; Harara, 2001). These structures were prasiynnesponsible for
the origin and evolution of some of those traneiiovolcano-sedimentary basirsd Campo Alegre-
Corupa and Guaratubinha). Additionally, severalypet granites and syenites were formed during the
orogenic late-stages in this region, in which thessetivated structures probably controlled the nmeag
ascension and the emplacement of these granitotdr® (Kaul and Cordani, 2000; Baseial., 2009;
Vlachet al, 2011).

The LAT comprises essentially two units; the firshe comprehends the Archean to
Paleoproterozoic migmatitic granitic-gneissic rofisn the Santa Catarina Granulitic Complex (SCGC
- Hartmannet al, 1979; Baseet al, 1998), while the Neoproterozoic covers, gathenéa three main
volcano-sedimentary basins and other smaller wigesp occurrences, represent the second one
(Passarelet al, 2018). Despite its relatively small size compa@dther cratonic segments, the nucleus
of the LAT remained cold and stable during the Biea® orogeny, at least since the latest
Paleoproterozoic regional cooling, between ~1,7008060 Ma €.g.,Baseiet al, 2009; Passaretdt al,
2018; Helleret al, this issue). The SCGC comprehends primarily Aacheo Paleoproterozoic
migmatitic gneisses with TTG geochemical affinipgupled to minor mafic layers interbedded with
metasedimentary units. Alternating quartz-feldsggatand amphibole/pyroxene-rich mafic layers
characterize this migmatites and orthogneissestiftdamnet al, 1979; Baseet al, 1998; Baseét al.,
2009; Helleret al, this issue). The presence of orthopyroxene stggastamorphism at high-grades,
which occurred under 5 — 7 kb with a thermal peak8D0°C (Girardi and Ulbrich, 1978; Hartmaen
al., 1979). In the north domain of the LAT, near tharpa Alegre Basin, high-grade gneisses yielded
U-Pb ages of 2,200 + 4 Ma and 2,230 Ma. Similaisagere obtained in charnockitic-enderbitic rocks,
2,204 + 30 Ma and 2,338 + 37 Ma (Bagsi al, 2009) and in tonalitic gneisses associated with
amphibolite, 2,183 + 17 Ma and 2,352 + 17. Ma (kle#it al., this issue). Both age intervals are
attributed to high-grade metamorphic events affigcirchean magmatic protoliths, and characterige th
most significant tectonic processes registereditmpz U-Pb geochronology in the SCGC (Baskal,
2009; Passare#t al, 2018). Retrograde metamorphism at ca. 2.0 Gayudibrated the association in

amphibolite-facies conditions, as constrained leyhPb dating of titanite (Hellet al., this issue).
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Figure 1. Simplified regional geotectonic map of southernziirdnighlighting Neoproterozoic units and struatar
(Modified after Harara, 2001; Gualda and Vlach, ZQ®asei et al., 2009; Patias et al., 2019). Maiaplegend:
RSZ — Ribeira Shear Zone; LCSZ — Landinha-Cubat@aiSZone; PTSZ — Putund@ Shear Zone; SASZ — Serra d
Azeite Shear Zone; ISZ — Icapara Shear Zone; SNS&rra Negra Shear Zone; PSZ — Pién Shear Zone;-ASZ
Alexandra Shear Zone; GSZ — Guaratuba Shear Zo&&, € Cubatdozinho Shear Zone; PASZ — Palmital Shear
Zone; IPSZ - Itajai-Perimb6 Shear Zone. Cratongind — Amazonia; Ap — Rio Apa; C — Congo; K — Kala;

Luis Alves (red); P — Paranapanema; RP — Rio dBlka; S — Sahara; SF — S&o Francisco; T — Tanzawa —
West-Africa. Orogenic Belts in the inset R — Ribednd D — Dom Feliciano. (*) Other Neoproterozoiosp
collisional and A-type granitoids that are not inded in the Graciosa Province. SCGC — Santa Cadarin
Granulitic Complex, the basement of the Luis Alvesane.

Intrusive stocks and plutons, mainly exhibitingabshaped to irregular geometries, were a
consequence of the post-collisional stages of tfasilBano orogeny in the LAT, at approximately 580-
583 + 3 Ma (Vlactet al.,2011; Vilalvaet al.,2019). These intrusions are predominantly compo$éd
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type granites and syenites, with subordinate gahleich diorites, and monzodiorites, associatét w
volcanic and sub-volcanic occurrences, constitutimg Graciosa Province (Gualda and Vlach, 2007;
Vilalva & Vlach, 2014). As a whole, these plutone aligned with the present-day Brazilian coastline
The most voluminous occurrences, estimated basettiedn exposed surfaces, are concentrated at the
southern portion of the province, close to the @ntegion of the LAT, and circuiting the Campo
Alegre-Corupd Basin. They are mainly intruding e AT basement, while further being intrusive in
the Pién-Mandirituba batholith, and in the Curitdrad Paranagua Terranes at shallow crustal lev2ls (
to ~5 km depth; Gualda and Vlach, 2007; Vilalva afdch, 2014). The coexistence of two distinct
petrographic associations, an alkaline and an alomsi one, is the main characteristic of these A&-typ
granites and syenites. The alkaline associatiornpcges metaluminous to peralkaline alkali feldsfoar
hypersolvus granites, whereas the aluminous ademtiancludes metaluminous to peraluminous

subsolvus syeno- and monzogranitefsGualda and Vlach, 2007).
2.1.Neoproterozoic volcano-sedimentary covers and dma@ Alegre-Corupé Basin

The Campo Alegre-Corupa Basin (CACB) and the Guaraha Basin are both fault-bounded
volcano-sedimentary basins, located close to ththem boundary of the LAT with ~550 Krand ~200
km® in area, respectivelyF{g.1). Both are predominantly constituted by volcanagesequences,
covering up to 75 — 90% of the basins area, degm&ietween ~605 — 580 Ma (Ebert, 1971; Citeni
al., 2001; Baseet al, 2009; Bardcet al.,2017; Quiroz-Valleet al.,2019; this study). The Itajai Basin,
on the other hand, is also a volcano-sedimentasinbaf the southern margin of the LAT basement,
thought to have been formed as a foreland depagemiginated during the collisional stage of thend
Feliciano Belt, at ~600 — 560 Ma&.¢., Baseiet al., 2011; Huecket al., 2018). The development and
infilling processes of the CACH-{g.2), as well as the Guaratubinha Basin, are congiderde related
with the regional deformation induced by the calsl, or alternatively by the post-collisional ,eets
during the Brasiliano orogeny (Basial., 1998; Citroniet al.,2001; Almeideet al, 2010; Baracet al.,
2017, Quiroz-Valleet al., 2019). The divergences in the interpreted tectenttings are mostly due to

the lack of well-constrained depositional agediervolcanic sequences.
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Figure 2: Geological map of the Campo Alegre-Corupa Basimsthating the regional distribution of the main

geological units and surrounding plutonic occurresdmodified after Citroni et al., 2001). (*) Geggital and

geomorphological lineaments; CAMF — Campo AlegrestdaFault. The circled numbers 1 and 3 represéat t

location of samples PPW-01 and PPW-03, respectiabgse to major fault zones in the northern regafnthe

Campo Alegre Basin. The relative position of theedaocks is given in the legend. SCGC — Rocks fhensanta
Catarina Granulitic Complex; Surrounding granitoid€O — Corupd; Pl — Pirai; RN — Rio Negro; SA — Ber
Alta; DF — Dona Francisca. PB — volcano-sedimentagguences from the Parana Basin. Pién MUS — Pi&ficM

Ultramafic Suite.
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All depositional sequences observed in the CACBevadso identified in the Guaratubinha basin
(Daitx, 1979; Daitx and Carvalho, 1981), includedpwer sedimentary sequence covered by a thick bi-
modal, volcanic sequence. These similarities migigigest that these basins are remnants of preyiousl
connected depocenters, further supported by sirbit®b zircon ages obtained from rhyolites in the
volcanic cover (Basedt al., 1998). In the CACB, Citronét al. (2001) has defined two main stages of
infilling, so-called the Pre-volcanic and the Vaita stages, represented by the sedimentary and
volcanogenic sequences, respectively. These autbogsder the evolution of the CACB as a continuum
process, evolving from a sedimentary basin to detalvolcano uninterruptedly through time. However,
due to intrinsic depositional characteristics @ ttolcanogenic deposits, further detailed in tleistion,
and compositional features as pointed out by lghal. (2020), we divided the volcanic stage into other
two main periods, hereafter referred to asltiitéal VVolcanic Activityand theMain Volcanic Activity

The Pre-volcanic stageof the CACB represents its initial deposition, m@tderized by a
dominantly ruditic, proximal, and immature sedinagytstrata, corresponding to the Bateias Formation
(Citroni et al, 2001). Outcrops of this unit are restricted t® Ilasin boundarie&ig.2). The sedimentary
sequence overlies the high-grade metamorphic rivoks the LAT, €.9.,Fig.3a), which represents one
of the main source-areas for these sedimentarysrdeky., Fig.3b), coupled with the granitic and
possibly volcanic rocks from the Pién Magmatic £et, Citroni et al, 2001; Quiroz-Valleet al, 2019).
Three members, corresponding to different depasitifacies, constitute the Bateias Formation: i{€) t
Papanduvinha, (2) Sdo Bento do Sul, and (3) RidBdgre members. The Papanduvinha Member
corresponds to massive, poorly sorted polymictiectias and fanglomerates, occurring at the basin
northern margin. The Sdo Bento do Sul Member cparsds to a conglomeratic facies deposited by
braided rivers, with stratification and imbricatiamf pebbles. Finally, the Rio do Bugre Member
corresponds to a facies of sandy and pelitic seuisnedeposited in fluvial and subaqueous
environments. Within these sedimentary sequencakatM1974) describes the episodic occurrence of
thin layers (< 20 cm) of ash fall tuffs foundedexploratory body holes, more frequently preserthat
uppermost deposits. Compositional, textural, ara/gmance analysis indicates a common source for
these sedimentary units, deposited according toerzergl NW-to-SE trend of transportation and
reworking (Citroniet al, 2001; Quiroz-Vallest al, 2019).

Thelnitial Volcanic Activityis an effusive-dominated occurrence, marked mdiglypasaltic to
andesitic lava flowsKig.3c), commonly interbedded with fine-grained sandy aefitic sedimentary
rocks, defining the Rio Negrinho Formation (Citratial, 2001). These sequences are also associated
with acid effusive occurrences, essentially of ltisdic composition, and coupled to subordinated
rhyolitic lavas. Several structural and texturaldewnce in the lava flows and laminated peliteshsas
hyaloclastite fragmentation, fragments of lava-foagsociated with fine-grained sediments, and lavas
pillows, attest to the continuity of the subaqueaosditions from the previous pre-volcanic stage
(Citroni et al, 2001). These earlier depositional stages ocduwighin a lake or epicontinental sea,

during the initial effusive activitycf., Citroni, 1998; Citroniet al, 2001). Covering these previous
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deposits, a sequence fronsarge-likepyroclastic deposit defines the Avenca Grande Bton. Within
this pyroclastic sequence, it is possible to obsemnoded and partially weathered fragments of besal
and andesitic rocks, as well as evidence of pysticllows within waterbodies, such as horizonshwit
braided stratification intercalated in laminatddtsi (Citroni et al,, 2001).

The Main Volcanic Activityis an explosive-dominated occurrence, charactbrize extensive
and voluminous pyroclastic and minor effusive glisequences (Citrorgt al, 2001). It is composed
mainly of massive- to welded-ignimbrites, coupledniinor rheomorphic-ignimbrites and lava flows
presenting rhyolitic and trachytic compositiorisigé.3d-f Citroni et al, 2001; Quiroz-Valleet al,
2020). Both explosive and effusive occurrencesgatbered into the Serra de Sdo Miguel Formation,
covering almost 75% of the basin area, correspgntiinthe thickest and most characteristic volcanic
unit in the CACB. The deposition of these sequerumsirred in predominantly subaerial conditions.
The uppermost sequences include high-grade igniesbcovered by acid lava flows, forming an almost
circular ring of cuestas at the CACB north zoRey ). These sequences show depositional structures
with low dipping angles towards the central regipnobably corresponding to a preserved caldera
structure (Citroniet al, 2001; Quiroz-Valleet al, 2020). During the caldera stage, volcanogenie-fin
grained sediments and silicic lava flows charaegethe intra- (Rio Turvo Formation) and extra-cedde
(Arroio Agua Fria Formation) deposition, respedivd he intra-caldera lake deposits occupy an afea
nearly 45 ki, reaching up to 150 m of thickness (Valiat, 19Z#roni et al, 2001). Lake sedimentation
alternates with some periods of volcanoclasticvdgtiregistered as ash fall tuff layers interbedlaath
pelitic rocks. There is further evidence of a digant hydrothermal period in this area, especidllying
the caldera quiescence (Citragti al, 2001), which is registered in the occurrence ablih deposits
(Biondi et al, 2001a, b; Biondét al, 2002; Oliveiraet al, 2007).
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Figure 3: (a) Field aspects of the metamorphic rocks from Benta Catarina Granulitic Complex. The
photographs illustrate typically folded migmatité e western limit of the CACB. (b) Field aspeotsthe
conglomeratic rocks from the Papanduvinha membamntaining clasts from metamorphic, plutonic, andcaaic
origin (cf., Quiroz-Valle et al., 2019). (c) Handmple of andesite (andesitic basalt) from the Ra&giho
Formation. Note the porphyritic texture given byagibclase phenocrysts. (d) Filed aspects of flovwelmal
rhyolites from the Serra de S&o Miguel Formatiorinfary flow-structures and spherulites are well peeved. (e)
Hand sample of a trachytic autoclastic lava-flowntaining K-feldspar phenocrysts. (f) Hand sampleadiigh-
grade welded crystal-rich ignimbrite containing qteand K-feldspar. The primary volcanic eutaxitéxture is
well preserved.
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3. Methods and Analytical Procedures

The database of this contribution includes stradtfield data, available aerial geophysics data
(CPRM, 2011) and digital elevation models, and gewabtained zircon U-Pb geochronology results.
Geophysical data processing and treatment procedueee performed in the Geosoft's Oasis Montaj
software, following Louroet al. (2014, 2017), and Lin@t al (2018). Regional investigation using
magnetic field data was supported by the use oamcegment techniques as the Tilt Derivative (Miller
and Singh, 1994). Complementing the magnetic etialuathe Euler Deconvolution (Reé&t al, 1990)
was used to estimate the relative depth of linegsnepecifically in the region of the CACB, follawg
Reidet al.(2014), and Reid and Thurston (2014). Based oimiges combining geomorphological and
geophysical lineaments in the region of the CACBargitative analysis of these structures was
conducted using the FracPaQ toolbexg(,Healyet al, 2017). For additional details on the analytical
methods for the geophysical and structural charaetéon see Supplementary Material 1.

Two representative samples were collected withenrttajor lower- and uppermost pyroclastic
units defined by Citronét al. (2001) for U-Pb geochronolog¥i@.2). Zircon dating by Laser Ablation
Multi-Collector Inductively Coupled Plasma Mass 8pemetry (LA-MC-ICP-MS) analysis was
conducted in the Geochronology Research CenteneofUniversidade de S&o Paulo (IGc-USP), on an
inductively coupled plasma (ICP) multi-collector @Y1 Neptune (Thermo) spectrometer (MS), coupled
to a 193 nm Excimer Laser (Photon Machines). Dageeweduced using SQUID 1.02 (Ludwig, 2001)
and plotted using the Excel add-in ISOPLOT 4.11d{ikig, 2003) over Tera-Wasserburg diagrams.
Additional details on the main methods and anaytiwrocedures are provided in the Supplementary
Material 1. Petrographic characterization of theedaamples, the detailed analysis of the morplcabg
aspects of the dated zircon crystals, and statlgtimcedures applied for the geochronological data

provided in the Supplementary Material 2.

4. Geophysical framework
4.1.Luis Alves Terrane

The exposed area of the LAT basement extends forogmately 255 km in the northeast-
southwest direction, anth. 85 km in the east-west directiohig.4d). The anomalous magnetic field in
the area has an amplitude of 3,980 nT (-1,7532872nT), with the highest values marked by the NW-
SE signatures caused by the Cretaceous mafic didens associated with the Ponta Grossa Arg.(
Riccominiet al, 2005). These magnetic lineaments display a cleart-wavelength behavior, although
some of them might display longer wavelengtfig.@4b). The anomalous magnetic field to the northeast
and the southeast of the dike-swarm present eledgatomalies, following the preferential NE-SW
structural configuration of the Precambrian basdém&he southern area of the Terrane has an oval
magnetic structure 60 km long wide, in an areaaitarized by the high-grade Pomerode orthogneisses,
occurring between the CACB and ltajai basin (Basteil, 2009). The Upward Continued fields

followed by a Tilt Derivative filtering highlightanger-wavelength magnetized sources of the region
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(Fig.409). We defined the altitudes of the Upward Continfielitls based on the radial spectrum behavior
of the anomalous filed. An RGB composition of nplki altitudes fields (0, 1,000, and 2,000 m)
permitted to highlight the continuity of lineamemt$o the crust and to divide them into differeatss
based on their general orientation and wavelen@igs4d).
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Figure 4: Luis Alves Terrane area: (a) anomalous magnettdfi (b) 2000 m upward continued anomalous
magnetic field. (c) 2000 m upward continued anomslmagnetic field followed by a Tilt Derivativediing. (d)
Ternary image composed by the Tilt Derivative (Tred), the 1000 m upward continued field folloviogdthe Tilt
Derivative (1000UC + Tilt — green), and the 2000 upward continued magnetic field followed by thet Til
Derivative (2000UC + Tilt — blue).
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The overall behavior of the main crustal-scaledments highlighted in the geophysical regional
maps is summarized iRig.5a grouped according to their average orientation.s€hameaments define
three structural domains, overprinted by the Cexias dike swarm, constrained to the northern sector
The first regional trend, oriented at N60°Az prediwates north of the LAT and into its northern panmti
and can be associated with the major regional shaaes, such as the Alexandra, Lancinha-Cubat&o,
Mandirituba-Piraquara, and Serra NegrKig.1). The remaining two sets of lineaments predomiirate
the central and southern regions of the LAT. Thattsgrnmost set limits the 60 km oval structure also
recognized inFig.4 and delimits the Itajai Basin and the border @ thasin along the Itajai-Perimbd
Shear Zone further to the south. The central séinedments appears in the region of the CACB and
presents three main orientations. The first is adddfel (N145°Az) to the Palmital Shear Zone, which
defines the southeastern border of the Terranesegbend set follows the general orientation ofRién
Shear Zone at the north (N55°Az); and the thirdisetefined by a single, approximately north-south-

oriented lineament (N5°Az).

Based on radiometric data, the LAT can be divided three sectors that roughly coincide with
the defined structural domainsf.(Fig.5b). The northernmost Sector |, in which the terraagows and
aligns with the overall northeast-southwest tregidplays lower counts of K, eTh, and eU, and it is
equivalent to the area most affected by the Pomtssa dike-swarm. From north to south, a discrete
predominance of K is replaced by an increasinggoes of eTh until it reaches Sector Il. The central
Sector Il shows the predominance of eTh along rabgts extent, including in the area of the CACB.
Three areas at the center and west of the Seqgbtoesdkents considerably high counts of K and coordp
to granitic bodies of the Graciosa Province. Inghstern area of this sector, very low counts etlinee
elements are mostly seen in the Quaternary, Palepgad Neogene coastal sediments. The southern
Sector 1l coincides with the oval-shaped featuepresentative of the orthogneisses Pomerode,iseen
the magnetic field data and sub-products. Thisosegtesents high counts of K and eTh, with the
predominance of the latter in its eastern and wedimits. In the north and south-central arealsigh K
signature appear quite similar to those relatethéoGraciosa Province found within Sector 1l. A low

counts area, with a slight dominance of eU, cafobied in the central-eastern area.
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Figure 5: (a) Composition of all sets of magnetic lineamentgthe LAT area and surrounding terranes. (b)
Radiometric ternary image of the LAT depicting sketors of different radiometric response.

4.2.Campo Alegre Basin

The anomalous magnetic field in the region of th&€8 has an amplitude of 1,656 nT (-789 to
857 nT), which is much less expanded when compaittdthe regional data-{g.6a). The CACB itself
displays an almost constant magnetic field, withsighificant anomalous features within its mapped
limits. The anomalous magnetic field of the regimdences three major lineaments, oriented at e N
NE-SW, and NNW-SSE directions, the latter delingtthe western border of the basin, coincident with
the Campo Alegre Master Faulfcf., Fig.2, Citroni et al, 2001). The same Tilt Derivative routine
exposed irSection 4.1was performed on the anomalous magnetic fieldh@fGACB Eig.6b) and after
upward continuing the field to 500 m and 1000Fig6¢-d). The last two grids allow evaluating longer
wavelengths, representing shallow structures goitg lower levels of the crust or deeper structures
Repeated composition of the Tilt Derivative with whrd Continued fields classified the lineaments
according to their wavelengtfigble 1) and orientation. In comparison with the regiosialictures, the
NNW-SSE and NE-SE lineaments become more apparernthe area, showing coherent short-
wavelength lineaments with the local trend of agpnately N55°Az, as shown by the Pién Shear Zone.
These lineaments are mostly restricted to higheurgts, whereas medium wavelengths are rare and do

not present a preferential direction.
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354  Figure6: (a) Anomalous Magnetic field of the Campo AlegasiB. (b) Tilt Derivative filtering and the saméefi
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356 Table1: Lineament classification according to the filtersed

Lineament Geological equivalence Filtering

Short wavelength Near-surface structures; mostly brittle Tilt Detiva

) ) ) 500 m Upward Continuation + Tilt
Medium wavelength Structures formed in local tectonic events o
Derivative

Deeper crustal structures formed during regionall 000 m Upward Continuation +
Long-wavelength i ) o
tectonic events Tilt Derivative

357 In the region of the CACB, the long-wavelength #iments represent not only deeper structures
358 but also those that extend from shallow to deeptalunorizons. These long-wavelength lineaments are
359 mainly following the major N60°Az trend observedthe region ig.7a). However, other sets occur
360 crosscutting orthogonally the major trend, summedby the strong lineaments seen directly in the
361 anomalous magnetic field, limiting the southwestdeo of the CACB, and crossing its western portion
362 in the north-south direction. Based on Euler deodrtion, depth estimates of the observed lineaments
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indicate that most of them appear less than 10@lowbthe surface, except those present at theatentr
region of the CACBKig.7b). These estimates support the hypothesis thagttbetures, which generate
the long-wavelength magnetic lineaments, startsr atearly the exposed surface and extend into deep
crustal levels. On the other hand, the deepertsteg correspond to the short-wavelength lineaments
occurring mainly at the central portion of the CAQBg.7b), sectioning this basin into two domains, a

NE-SW-striking segment in the north and another NSBE-striking segment in the south.
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Figure 7: (a) Digital elevation moldel of the Campo AlegresiBaarea superposed by the classified magnetic
lineaments. Dashed areas correspond to intra- axtdaecaldera deposits. (b) Estimated depths ofghallower
portions of the lineaments.
5. Geomorphological and structural characterization

The CACB exhibits a peculiar geometry, nowadaysuoatg as an L-shaped basin with the
major and the intermediate axis following the gah&NW-SSW and NE-SW directions, respectively
(Fig.8). Additionally, the Corupa sub-Basin and the Gtubimha Basin both follow the same NE-SW
orientation defined by the northern portion of tBampo Alegre Basin. Based on this geometrical
partitioning of the CACB and the different basemenits, we define three structural domains, namely
the SW- and E-Zones, comprising the Paleoproteco8€LGC, and the NW-Zone comprising the
Neoproterozoic Pién Suitebif.8a). The SCGC defines the average elevation in thithem region of
the CACB, around 800 to 850 meters high, and the$b elevations to the southern areas, of about 100
to 200 metersKig.8d). On the other hand, the Neoproterozoic units pgcthe highest elevations
whatsoever in the study area, ranging from 950,200 meters, sustained by the granitoids from the
Graciosa Province and the silicic volcanic rockerfrthe CACB, which occurs as a plateau in the regio
Despite defining an almost flat highland, the vaicasequences exhibit a subtle morphological patter
characterized by a more elevated ring of cuesta®wuding a northern depression in the northern
portion of the CACB, whereas the southern portiefings a plateau. The ring of cuestas constitutes a
almost circular alignment of mountain ranges thahtly dips inwards towards the central north
depressionKig.8h).
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5.1.Structural framework of the CACB basement rocks

The structural framework of the LAT basement invtanities of the CACB, is characterized by
significant variations in the orientation of gnéisfoliations, resulting in two contrasting patterof
metamorphic anisotropies with almost orthogonategpas. The first pattern is characteristic of the
southwestern boundary of the CACBId.94d), whereas the second pattern characterizes itereaand
northern limits in the basement E-Zoreig9b). At the CACB western boundary, gneissic foliation
shows an average direction of N15°W, dipping abodit-80° to ENE. This sector also exhibits a
subordinate gneissic foliation, with an average N2&irection, dipping about 56° to SWri§.9a).
Field structures such as asymmetric folds, with-lsotizontal fold-axis parallel to mineral lineation
constituted by biotite and amphibole, suggest alltmd-and-thrust system with vergence to WS, (
Harara, 2001). Additionally, the general orientatimf gneissic foliation is progressively rotatedain
anti-clockwise direction towards the north, resigtin N65°W oriented structureBig.9a).

At the CACB eastern boundary, the gneissic folratie characterized by a general average
direction of N80°E, dipping 65° to NNW, accompanibgl a subordinate metamorphic foliation,
exhibiting an average N82°E direction, dipping &B-to ESE. Asymmetric folds and other field
structures suggest a local thrust and fold systesulting in cylindrical ESE-WNW oriented folds Wit
vergence to SSE. Towards the northern limit of @&CB, close to the Pién Shear Zone, the folded
gneissic foliation rotates to N50°E, and the premamt dipping of about 65° changes the overall dip-
direction to NW Fig.9b). In the vicinities of the Pién Shear-Zone andrriba Guaratubinha Basin, the
gneissic foliation exhibits an average orientatioin about N45-50°E, following the same pattern
observed in the northern limit of the CACB. In batle SW- and E-Zones, these asymmetrical folded
structures recognized in the medium- to high-graamorphic rocks from the LAT basement were
possibly generated by deformation and metamorphidming granulite-facies events in the
Paleoproterozoic (Baset al, 1998; Harara, 2001; Baset al, 2009). Later regional medium to low-
grade retrometamorphic reactions induced by the pM¢erozoic orogenic cycle was possibly
responsible for overprinting these structures withipredominant NE trend with vergence to SE (Basei
1985; Harara, 1996; Harara, 2001).

The structural framework in the mafic-ultramaficdagranitic Pién suites characterize the
northern and northwestern border of the LAT, reowydthe collisional tectonics developed in the
Neoproterozoic, and have a significant impact mrisactivation and generation of new structurgien
SCGC. The Pién Mafic-Ultramafic Suite is interpoetes an obducted slice of oceanic lithosphefg (
Harara, 2001), characterized by an anastomosealded metamorphic schistosities, exhibiting an
average foliation with N65°E dipping 22° to NW. upded to the main metamorphic structure, there is a
down-dip mineral stretching lineation, exhibiting average N25°W orientation and dipping 22° to NW,
suggesting a vergence to SEig.9¢). On the other hand, the fabric developed in the po syn-
collisional granites from the Pién Magmatic Arc sha steeper foliation with an average orientatibn o

N52°E, dipping 68° to NW Kig.9d). The overall orientation of these Neoproterozesigtes is



433 approximately parallel to the gneissic foliationmédium- to low-grade retrometamorphic rocks of the
434  SCGC at the northern boundary of the CACB and énvilcinities of Guaratubinha Basin, following the

435 orientation of the Pién Shear Zone.
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436 Mafic-Ultramafic rocks ’ Granitic rocks

437  Figure 9: Equal area lower-hemisphere stereograms for defdional structures. (a) Paleoproterozoic basement
438  structures from the SCGC (SW-Zone) illustrating riiein metamorphic structures. Data from Harara (2pand
439 this study. The fold axis estimation and fold-pldai#2/60 (Dip-Direction/Dip) NE-SW-striking is based field
440  observations. (b) Paleoproterozoic basement strestérom the SCGC (E-Zone) with E-W and NE-SWijtddes.
441  (c) Neoproterozoic basement structures from the Ri@fic-Ultramafic Suite (NW-Zone). Note the aver&35/22
442  NE-SW-striking foliation plane, containing most tife mineral stretching lineation, dipping to NW.) (d
443  Neoproterozoic basement structures from the Piéan{Bic Suite. Note the average NE-SW-striking 322i&ne.
444  The inset in (b) illustrates the geographical distition of the structural zones in the basement.

445 5.2.Depositional structures of the volcano-sediment@Eguences

446 Depositional structures from sedimentary and valgemic sequences in the CACB are in
447 general sub-horizontal, with the exceptions of lov@mderate to steep structures (>35°), frequently
448 related to high-angle faults from post-depositioeaénts. The epiclastic sedimentary sequence as a
449 whole exhibits massive structures, with rare dia&trication, orientation, as well as grading or &yyye

450 of stratification. Sedimentary bedding can be redmed in clast-supported conglomerates, marked by
451 the grain size variation of pebbles and in therbddded decimetric to metric layers of coarse-gm@in
452 arcosean sandstones. In the upper braided-faciegcokean sandstones, small-sized tabular cross-
453  bedding, also including pelitic layers with horitan plane bedding, marks the main sedimentary
454  structures. It is possible to observe the predonteaf low-angle bedding with gentle dips to SE,and

455 subordinately, to SW Hig.10g. Additionally, paleocurrent structures indicatepeedominance of
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sedimentary transport from NW towards SE and argkdirection suggesting the transport from NE to
SW. Both main paleocurrent structures are sub4ghtalthe main and intermediate axis of the CACB.

The volcanogenic sequences, composed mainly byflaws and pyroclastic sequences with
minor volcanogenic sedimentsf( Quiroz-Valleet al,, 2020), constitute the most abundant rock-types a
the CACB and exhibit a varied range of beddingcttmes originated by flow and/or fall depositiornerl
overall orientation of these depositional structui® more dispersed than that of the epiclasti¢suni
(Fig.109, with a considerable number of field measuremeat®rding moderately to steep dipping
beddings (>35°). Regarding the regional structdrsiribution, the volcanic units of the CACB can be
subdivided into two geographical sectors V1 and (¥&).10-inset). In the former, most horizontal
bedding structures are distributed within the naltipression, whereas there is a progressivelydsere
in the average dipping towards the boundaries @fidsin in the region of the ring of cuestas. kséh
regions, the average bedding of each zone tentlgrdips towards the center of the north depression
(Fig.1009, as also pointed out by Citroet al. (2001). On the other hand, the depositional stirestin
the southern plateau exhibit a dominantly SE-wadigping Fig.10d).

Sedimentary depositional structures Qg

Polar projection Paleocurrent orientation
Volcanic depositional structures

12.2

Polar projection Relative frequency of dip orientations

Figure 10: Equal area lower-hemisphere stereograms and rosgrams illustrating the orientation of
depositional structures for (a-b) the sedimentang c-d) volcanic rocks in the CACB. The insetsiitates the
geographical distribution of the sedimentary (Sdarolcanic rocks from the northern ({Vand southern (3
regions.

5.3.Brittle structures in the volcano-sedimentary semes

Most of the fault planes recognized in the volcamig and epiclastic sequences lack kinematic

indication. However, based on the stratigraphiati@hship of rock layers, it is possible to obsetive
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predominance of normal faults over reverse fadtake-slip faults are almost absent within theibas
being largely present in the basement rocks fromRi&n Suites and the SCGC. The faults within the
CACB are generally characterized by planes withhhig moderate dip angles (between 35° and 85°),
dipping mostly to NW, SE, and SW, exhibiting a prefd NE-SW-strike and dip orientation to SE
(Fig.119. There is also a significant NW-SE-striking graafpfaults Eig.113), dipping both to NE and

to SW. These orientations are in contrast with thlatdikes of both basic and acid compositions,
commonly intrusive in basement rocks at the CACRifo@ries. These dikes have strikes mostly
oriented in the NNW-SSE and ENE-WSW directions,pttig on average to the east and south,
respectively Fig.11b). There is also a group exhibiting a NE-striket tisarelatively less frequent but

includes dikes tens of meters long.

Strikes of brittle structures and dikes
(a) \ (b) N

Faults and
fractures

Dikes

Figure 11: Rose diagramexhibiting the relative frequenof strikes orientation from (g) faults and fractareand
(h) dikes occurring in the CACB region.

6. U-Pb geochronology
The obtained U-Pb zircon age results for both dpjgdclastic sequences are showirigs.12a

and12b, representing samples taken from the bottom aqdesees, respectively. Cathodoluminescence
(CL) images of representative zircons from both gas are shown in Supplementary Material 2
(Fig.S2) while individual LA-ICP-MC-MS spot analytical datre listed irSupplementary Material 3.

In the analyzed samples, two distinguishable agstets were recognized, the youngest at about 580-
600 Ma and the oldest at about 2,200 My .(12). The Neoproterozoic cluster is more expressivin
uppermost pyroclastic sequence, whereas the Pateoproic group predominates in the lower
pyroclastic occurrence. Zircon Th/U ratios are tggem the Neoproterozoic cluster, with mean valokes
about 1.88 (PPW-01) and 1.90 (PPW-03), ranging &etw0.99 and 2.50. For the Paleoproterozoic
cluster, Th/U ratios are usually < 1, ranging betw®.2 and 1.3 with mean values of about 0.64 (PPW-
01) and 0.68 (PPW-03). Based on CL brightnesstaltggraphic and morphological aspects, the zircon
crystals from the Neoproterozoic cluster were saparinto three main zircon groups (ZG), of which
ZG1 and ZG2 represent different generations of nagncrystals restricted to sample PPW-01 and
PPM-03, respectively, whereas zircons with hydnotted features, recognized in both samples, were

grouped into ZG3. For more details and addition&drmation, see Supplementary Material 2.
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Figure 12: LA-MC-ICP-MS U-Pb geochronological data depictitge tobtained Concordia age for the lowermost
pyroclastic event (a; n = 76) and the uppermostingpritic sample (b; n = 64). Inset in (b) represenhe age
distribution of crystals from the Main Volcanic Mitly. Empty ellipses represent ages not considearethe
calculation of the concordia ages. For more detailse the discussion section.

U-Pb ages from the Neoproterozoic crystals areilliged in two clusters for both samples. In
the lowermost unitKig.12a), four crystals were characterized as correspundo ZG2, yielding a
concordia age of about 604 + 2 Ma (MSWD = 1.2; prol).78). The remaining crystals correspond to
ZG3, and result in concordia age of ~564 + 5 Ma @1 MSWD = 0.2; prob. = 0.86). On the other hand,
the uppermost sequence yields a wide range of Nemproic agesHig.12b), in which 13 crystals
characterized as ZG1 yield a concordia age oft583a (MSWD = 0.9; prob. = 0.34). This population
has an almost two-peak distribution as depicte@ iKernel density plotHig.12b inse), suggesting
different populations in which the oldest clustarsund ca. 595 + 3 Ma (n = 13; MSWD = 0.63; prob. =
1). On the other hand, the youngest crystals cooresto ZG3 and result in a concordia age at ~585 +
Ma (n = 20; MSWD = 1.1; prob. = 0.86).

7. Discussions

7.1.Emplacement ages of the Initial and the Main Voic#wtivities

The selected samples for U-Pb dating are from wigkesd rock layers that mark significant
changes in the depositional environment of the amic sequences and offer a general stratigraphic
constraint for each depositional stage, that ig Ithtial and Main volcanic activities. In a first
approximation, similar concordia ages were obtaifreth the most abundant Paleoproterozoic age
cluster in both samples, resulting in a range q6@ - 2,185 Ma. Although neither of the analyzed
samples exhibits accidental fragments from the roasé rocks ¢f., Supplementary Material 2), there is
evidence of accidental fragments from the surraumpanetamorphic rocks and the conglomerates in the
pyroclastic sequences.{.,Citroni et al.,2001). Thus, we interpreted these zircon crystalgenocrystic
grains from the SCGC due to their similar U-Pb @iragesKig.12). In this sense, the remaining results
constrain the emplacement of the two dated pyrtclésyers in the Neoproterozoic, between ~605 Ma
and ~565 Ma. Based on the geochronological datatextdral aspects of the Neoproterozoic zircon

crystals, it is possible to distinguish two maire agtervals for these volcanic activities. Thetfivae at
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604 Ma was obtained in crystals from the ZG1 in ganPPW-03, whereas ZG2 in sample PPW-01
constraints a younger activity between ~595 Ma €683 Ma. An additional age group is common for
both samples at 565 Ma, obtained in crystals fromZG3. On the interpretation of this dataset, this
might suggest an inherited nature for zircons f@@&1l and ZG2 from different sources, with a common
emplacement age of both sequences at 565 Ma. Howdneyoungest age cluster does not coincide
with any regional event, and the overlapping addsoth units imply in a relatively fast change et
depositional environment from sub-aqueous to suialae

In this sense, for the lowermost sample PPW-03,inkerpret that the oldest concordia age
cluster obtained in the Neoproterozoic group represthe emplacement age of théial Volcanic
Activity at 604 + 2 Ma. Conversely, for the uppermost sarR#W-01, we interpreted the youngest and
most abundant normal-like age clusteig(12b-inset) as the stage of crystallization of Main Volcanic
Activity occurring at 583 £ 5 Ma. This population can ftds divided into two clusters, the oldest of
which (=595 * 3 Ma) is herein interpreted as repméag zircon antecrysts of this same event
assimilated during the final pyroclastic activis constrained by the sampling of the topmost tagér
the unit. This interpretation is supported by tihesgnce of volcanic lithic fragments in this sam(gfe
Fig.S29. On the other hand, we interpret the age cludt&ained from zircon crystals of the ZG3 in both
samples as a register of a widespread hydrothgyenadd, mostly due to their morphological aspeicts,
strong contrast with the remaining groups (ZG1 Z@&®). While the crystals of this population have
characteristics that are not exclusive of hydrotigrcrystals, the textural features observed in the
smallest grains are identical to synthetic fluxwgnocrystals, frequently associated with hydrothdrma
origin (e.g.,Burakovet al, 2002; McNaughtoret al, 2005; Schaltegger, 2007), especially crystallized
from highly evolved alkaline granitic magmad.{ Yanget al, 2014). Additionally, both samples were
collected within large rock expositions, close tomal faults and near to zones of Kaolin depogithe
upper volcanic sequences, and show further evideficeydrothermal alterationcf,, FigS2. The
concordia ages presented above, considering uimtézsaas 8, represent well-constrained ages,
constituting intervals that do not overlap. Theggant reduced chi-squared deviations (MSWD) within
an acceptablea? considering each number of analyses, as expémtetatistically robust interpretations
(Spenceet al.,2016). These intervals are coincident with othejomimcal and regional events, further

discussed in the next sections.
7.2.Quantification of 2D patterns of lineaments

A quantification of the two-dimensional structupatterns was conducted in the region of the
CACB, combining both the obtained magnetic and gephmological lineaments. The geographical
distribution and the relative frequency of thesectres are shown ifig.13 and insets. In general, the
lineament patterns result in two principal setslatAz and N55°Az, and a subordinated set at N135°Az
As observed, there is a predominance of the longe80 km) lineaments as part of the N135°Az set,
whereas the medium-sized (~20 km) lineaments datstithe N55°Az set and the shorter set of

lineaments (< 15 km) constitute the N5°Az pattepll. sets of magnetic and geomorphological
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lineaments defined at the region of the CACB alang the local structuration of the LATFI(g.5).
However, most of the NE-SW lineaments seems tebeicted and more frequent in the CACB region.
The sets of lineaments are parallel aligned tontlaén surrounding Neoproterozoic shear zones, which
might suggest a contemporaneity between thesestesc

0 0.2 04 06 08 1.0 0.2 0.4 06 0.8
Dilation Tendency Slip Tendency

-

Figure 13: Geographical distribution of geomorphological amgophysical patterns of lineaments and their
relative frequency (inset rose-diagrams) in the ioagof the Campo Alegre-Corupa Basin, indicating th
normalized (a) dilation and (b) slip tendencies fmch lineament, considering a local at N150°Az. Grey
polygon represents the geometry of the Campo Al&gsn outlined by dashed lines. The dark dashed i
corresponds to the Campo Alegre Master Fault (CAMF)

Fig.13 also investigates the structural behavior of thedments sets recognized in the CACB
assuming a regional tensional state of shortensiy @t N150°Az, as suggested by the average
orientation of mineral stretching lineation obsehwe the Pién suited-{g.9¢). As discussed below, this
assumption is justified by the overlap between #ges of the Pién Magmatic Arc and the new
constraints for the initial volcanic activity ofdlCACB presented in this work. We simulate diffeian
stress considering; =100 MPa and, = 50 MPa, revealing the overall tendency to dilat@md slip for
the main lineaments$={gs.13a-0). The dilation tendency is greater for the N130%% of lineaments,
parallel with the main axis of the basin and caleait with the most significant normal faults at the
CACB region, such as the CAMF. On the other hahd, glipping tendency exhibits a more erratic
pattern, with the highest values at N5°Az, N70°&ad N160°Az, coinciding with some strike-slip fault
found at the Corupé Sub-Basicf.( Fig.2, Citroni et al, 2001). In a first approximation, this general
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orientation of horizontal stresses can reproduee ghme distribution of normal and slip faults, as

observed in the region of the Campo Alegre Basth@orupa Sub-Basin.
7.3.Structural framework and development of the Canipgr&-Corupa Basin

Both the Campo Alegre-Corupd and Guaratubinha audt-tbounded basins in which their
basement rocks exhibit a structural control cleatlined by aerogeophysical data (Baddial., 2017,
this study). These basins were deposited at diffesectors of the LAT presumably during the same
period, and they exhibit oblique orientations o&ithmajor axis, generally following the basement
inherited-structures. In general, based on strattand geophysical data, the LAT basement can be
partitioned into three main domairfsid.5). The Sector | includes NE-SW-striking structuoesdlined by
magnetic properties as lineaments, whereas inghiead domain, the Sector Il is characterized bywiN
SS and E-W to NE-SW-striking structures, also aetli by magnetic lineaments and identified in the
field. Sector Ill, occurring at the southern regiogpresents the least affected area of the LA€rbast
during the Neoproterozoic, and reveals an oval-stha@ometry of structures and magnetic lineaments,
defining the Pomerode orthogneisses, with strustueeriented to the NE-SW-striking pattern at the
Itajai Basin. In summary, the different lineamenatsd structural domains in the LAT reflect the
interaction between an earlier Paleoproterozoiordedtion, partially overprinted by Neoproterozoic
structures, particularly along the boundaries eftdrrane, close to NE-SW-oriented shear zones.

Our data are in accordance with previous structoloaervations in the region, such as the NE-
SW oriented foliations in the Sectord.g., Bardoet al, 2017), and the NNW-SSEe.§., Baseiet al,
2009; Passarelet al, 2018), and NW-SE in the Sector IFi§.9). The coincidence of the main
lineaments bounding the CACBi{)s.5and6) with the structural configuration observed in Hasement
surrounding the basinFig.9) suggest that these structures were probably ivated during the
collisional tectonic setting in the Neoproterozoimupled with neo-formed E-W and NE-SW fault
structures in the study area, controlling the opgmif the CACB ¢f., Fig.13). The crustal depths of the
main structures, estimated based on the waveleofjthe anomalous magnetic fieldigs.5-7, support
the interpretation that they assisted the developroéthe CACB Fig.13) and facilitated the rise of
magmas to surface during the volcanic activitiesstley are coincident with the strike orientatidn o
dikes Fig.11b). We interpret both inherited and neo-formed dtres to have been active during the
obligue collision of the LAT basement with the swnnding terranes, as the partitioning of defornmatio
in sectors within the SCGC is coincident with thengral orientation and strain partitioning of
Neoproterozoic lineaments seem in the Paranaguéarieé.g.,Cury, 2009; Patiast al, 2019).

This partitioning of the collisional deformation svarobably controlled by contrasting structural
and compositional characteristics within the SCG@€ outlined by magnetic and gamma spectrometric
data Fig.5), resulting in a differential impact of reactivati and development of new structures in the
LAT during the Neoproterozoic. In the case of sextand Il, the contrasting rheological charastes
related to the occurrence of metamorphic rocks wrdgsumably different compositions, together with

the orientation of the main previous structurefiyeanced the development of the pull-apart depagent
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in the Guaratubinha region (Bar&b al, 2017) and the NNW-SSE oriented rift in the Camipegre
region €ig.13). In the CACB, the initial sedimentation startsimbaat the northern limit of the CACB,
controlled by the uplift associated with thrustntoThis resulted in a fan system with poorly sirte
conglomerates and breccias, containing clasts tr@LAT basement and granitic fragments from the
Pién Magmatic Arc (Citronet al, 2001; Quiroz-Valleet al, 2019). The western boundary defined by
the CAMF controlled the further process of subsitdeand sedimentary infilling further to the south,
during the installation and evolution of the rijsgem.

The structural framework outlined above is supgbltg the basal sedimentary infill that records
the opening of the CACB. These units are charastdrby immature sequences, occurring mostly at its
exposed northern boundaries, progressively rewonkedrds and southwards. Based on sedimentary
maturity, the stratigraphic succession of sedimgnfiacies, and paleocurrent indications, Citrenial.
(2001) and Quiroz-Vallest al. (2019) interpreted the process of filling in thoasin occurring from
northwest to southeast, with some braided rivenging from west to east, which is in accordancda wit
the sedimentary structures presented heig {0a-b. Hence, our structural data coupled with previous
information supports the hypothesis of a rift syst& the CACB, in which the sedimentation started a
the northern limit near the thrust front from NE S8V and the general transport of sediments occurs
from northwest to south/southeast, following mosily longer axis of the basin. During the evolutdn
the rift system, contributions of the western aastern flanks in the development and subsidendaeof
CACB are progressively more significant with tinfdnese structures further control the rise of magmas
during thelnitial Volcanic Activity(cf., Citroni et al, 2001; Quiroz-Valleet al, 2019).

7.4.The Volcanic Activities and the stages of developmithe CACB

The volcanic records in the CACB can be divided itwwvo main stages of occurrence, both of
which exhibiting different characteristics. Thesfiromprises basaltic to andesite-basaltic lavasflo
associated with minor trachytic and rhyolitic ogemces, which become more progressive towards the
top of the sequence, occurring mainly intercalatgth fine-grained sedimentary rocks, still during
subaqueous conditions. These volcanic sequencése dbie Initial Volcanic Activity, constituted by
mildly alkaline basic to acid rocks that presentroical characteristic akin to intraplate tectorgttings
(Citroni, 1998; Waichegt al, 2000). The silicic occurrences are displayed madtthe top of the basic
to intermediate lava flows, occurring at the eastand western boundaries of the CACB. Their
emplacement was probably assisted by faults afléimés of the basin during its initial rift stage,
which most of the deep-seated structures were ivaged €ig.5a). The sedimentary and effusive
volcanic rocks are both covered by the pyroclastiguence of the Avenca Grande Formation, the last
sequence of thimitial Volcanic Activity constrained by our new data at ~604 + 3 Mag.(L29).

Recent results concerning the provenance charzatien of the sedimentary sequences of the
CACB suggest an early volcanic manifestation coextll the development of the epiclastic deposits at
~606 + 4 Ma (Quiroz-Vallet al, 2019). A similar age constrains the emplaceméntywlites from the

Guaratubinha basin at ~605 + 9 Ma (Basteal., 1998), which might represent an igneous manifiestat
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contemporaneous with the basin development, asesteg by Bardet al. (2017). Considering the age
intervals obtained in the pyroclastic rocks, anel ldcal main Neoproterozoic tectonic events, thgest
of thelnitial Volcanic Activityat the CACB is well constrained as contemporan&dtisthe deposition
of the basal epiclastic sequence. Our age consttaeperiod for the basin development anditiitél
Volcanic Activityat ~606 - 604 + 3 Ma, which coincides with theapé the collisional stage in the
region of the CACB, between ~615 - 595 Ma, as basedhe crystallization ages of syncollisional
granitoids and K-Ar regional cooling (Harara, 206lbraraet al, 2004).

The rift-stage sedimentary and volcanic manifestatiare both covered by the much more
voluminous acid magmatism of the CABC, thiain Volcanic Activity This volcanism still preserves
several occurrences and structures associatedtiétitaldera-forming eruption and the syn-eruptive
collapse processcf;, Citroni et al, 2001). For instance, the general circular distion of densely
welded to rheomorphic ignimbrites, co-ignimbriticebcias, collapse breccias, and trachytic flows and
rhyolitic domes, following the ring afuestasat the northern portion (Citroet al, 2001; Quiroz-Valle
et al, 2020), suggest that this region underwent thiemgsed of a km-scaled caldera floor. Based on the
general structuration of the volcanic rocks ancatesl faults Figs.10c-d, 1}, there is a clear
predominance of sub-horizontal beddings, especiallhe uppermost sequences, whereas the possibly
syn-volcanic faults present no preferential origata These features indicate the collapse and
subsequent infilling of an almost circular struetat the north area of the basin, whereas the malca
depositional structures in the southern area dipmands. There is no evidence of the collapse calla
the caldera area. However, the presence of somesiveasadial-oriented collapse breccias, at the
northern central region, and the presence of cageiaed co-ignimbritic breccias beyond the rintishi
(cf., Citroni et al, 2001), might suggest that the caldera structortddcbe larger than the nowadays-
preserved circular structure, with almost 20 kndismeter.

The new U-Pb data presented in this contributidaran age of ~583 + 5 Ma for the uppermost
pyroclastic sequence of tihain Volcanic Activity This new age is added to available U-Pb zircasag
from rhyolites of the same unit, constraining thainmvolcanic activity in the CACB at ~598 + 29 Ma
and ~595 + 16 Ma (Basei et al., 1998; Cordani etl@09), thus establishing an interval at ~595-5R2
for the emplacement of the silicic volcanic martifgisn within the basin. This interval is in accande
with a second population identified in the new datzord an age of ~595 + 3 Ma, interpreted as pbthi
from zircon antecrysts, that is, not crystallizednt the ‘magma’ in which they are hosted, but which
were grown earlier within the same magmatic syst€hese crystals might represent the interval of
initiation of silicic volcanism, compatible with agonstraints previously reported for effusive ssmpes
and some plutonic occurrencesd.,Basei et al., 1998; Cordani et al., 1999, Haraé®1). In fact, the
interval established for thdain Volcanic Activityis contemporaneous with the intrusion of the ngarb
granites from the Graciosa Province. Based on W@iRlmn ages from granites and rhyolites from the
Guaratubinha and the CACB, Basgial. (2009) have constrained the magmatic activityhm $erra do
Mar Suite {.e., Graciosa Province) at ~588 + 5 Ma. More recentlpch et al. (2011) and Vilalvaet al



705 (2019) presented a reviewed interpretation fordtystallization stage of granites and syenites fthen
706 Graciosa Province, suggesting a short intervalivéhmaximum period of ~ 9 Ma, peaking at 580-583 +
707 3 Ma. This contemporaneity between the intrusive aslcanic magmatism, together with their similar
708 chemical compositions (Linet al., 2020), might suggest the co-genetic nature ofethedcanic and
709 plutonic sequences.

710 The overall distribution of the volcanic rocks ajatie rift-controlled NNW-SSE long axis of the
711 basin, together with the geometry and orientatibrihe ring-hills at the northern NE-SW segment,
712  suggest that the regional tectonics and pre-egistitirelated structures influenced in the coliajos the
713 caldera, as seen in other occurrences (Acoetlial, 2004; Acocella, 2007; Robertsen al, 2016).
714  Furthermore, the NNW-SSE and ENE-WSW structureshin Campo Alegre region controlled the
715 intrusion of the feeder dike&if.11b) and might have controlled the emplacement ofstiigthernmost
716 granites and syenites of the Graciosa Province el§ (%ig.1). Northeastwards, inherited NE-SW
717  basement structures might have also controllectttlepse of a section of the nested caldera orgfart
718 the caldera complex in the Guaratubinha regionsymably. These NE-SW inherited anisotropies
719 probably control the intrusion of the NE-SW orieht&currences from the Graciosa Province (Kaul and
720 Cordani, 2000). Besides, the collapse brecciasgaleith collapse faults may have assisted the
721  hydrothermal circulation within the caldera ringy fvhich our new U-Pb data suggest a peak of &gtivi
722  at ~565 £ 5 Ma. Within the CACB, evidence for hyithermal activity is widespread, as evidenced by
723  the Kaolin deposits mostly in the rock sequencesifthe post-collapsed caldera (Bioetlial, 2001a-b;
724  Biondi et al, 2002; Oliveiraet al, 2007). Hydrothermal overprint leading to partith loss in the
725 Neoproterozoic has also been recognized in baseroekd of the LAT close to the southwestern border
726  of the CACB, strengthening the interaction betwé®n basement and cover structures proposed here

727  (Helleret al.,this volume).

728 8. Summary model and regional implication

729 Based on the novel results and interpretations pawed with previously reported regional data,
730 we can summarize the origin and evolution of thé&camo-sedimentary sequences in the region of
731 Campo Alegre dividing them into thigasin Stagend theCaldera StageThe nearly E-W rifting process
732 gave rise to theBasin Stage probably causing the associated strike-slip marem with NE-SW
733 extension in the Guaratubinha Basin. Both probaesult from the interaction between the inherited
734  structural controls, marked by the orientation adment anisotropies, with strain partitioning ttuthe
735 irregular geometry of the LAT basement. Intrapldts and pull-apart basins, occurring as a respdos
736 Andean far-field stresses and more frequently agsponse to continental collisional processes in
737 general, are largely reported in the literatwfe, Sengor, 1976; Burket al, 1985; Burke and Lytwyn,
738 1993; Visser and Praekelt, 1998; ldual, 2013; Gianngt al, 2015).

739 Intraplate rift/transtention induced by collisiorqmabcesses (impactogenes in the sense of Sengor
740 (1976)) may form in either proforeland.g. Rhine Graben) or retroforeland.§. Baikal Rift). Several

741 factors can influence the origin and evolution ofefand basins, especially in the case of orogenic-
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triggered foreland rifting (Seng6ér, 1976; Sengdbral, 1978; Liuet al, 2013; Gianniet al, 2015).
However, collision-related rifts.€. Impactogenes) are distinguishable by a forelaftidgitranstension,
presenting spatial and temporal relation to orogewglution and generally exhibiting orthogonal to
obligue orientation with the orogenic system. Syteasional magmatism in the form of mafic dikes and
alkaline volcanism are also distinctive featureshefe basins (Sengdr, 1976; Visser and Praeleslg; 1
Liu et al, 2013; Gianngt al, 2015). The development of intra-plate rifts dgrcollisional processes are
controlled by (1) high-rates of convergence betwglates within an oblique collision; (2) the theitma
state and stress transmission by the forelandslithere, preferentially a cold lithosphere to inthdbiain
absorption; (3) the collision between continentshwiregular margins; (4) lithospheric domes in the
hinterland zones; and (5) inherited basement streist mostly at high angles from the collisionaintr
(Sengdr, 1976; Schumacher, 2002; Giastral, 2015; Rendat al, 2019).

The Basin Stagen the CACB, as supported by the obtained geochognzal and structural
data, can be interpreted as an orogenic-inducedafa rift in the sense of Gianet al. (2015), which
might represent ampactogenen the sense of Sengét al. (1978). Following the most accepted model
for the collisional process between the Luis Aleesl Curitiba Terranes, the Pién Magmatic Arc was
developed at the margin of the Curitiba Terrenartisig at ~620 Ma and lasting until ~610 Ma
(Fig.149. Deformed syncollisional granitoid&i.9d) were emplaced between ~605 Ma and ~595 Ma,
contemporaneous with the sedimentation of the Bst€iormation at ~606 Ma (Harara, 2001; Cury,
2009; Quiroz-Valleet al, 2019). As indicated by the structural configimatin the Pién Mafic-
Ultramafic Suite and Pién Magmatic ArEig.9c-d), field evidence suggests a local (N150°Az) S-SE
oriented front, thrusting onto the LAT basementhat northern boundary of the Campo Alegre basin at
~615-595 Ma (Harara, 2001; Hararal, 2004; Passaretit al, 2018). This process interacted with the
basement anisotropies in the region of the CACBiclwlcan be grouped in two main sets of gneissic
foliation and schistosities, one preferentially NN8BE oriented at the basin western limit, and arsc
set NE-SW oriented at the eastern and north boiexdftig.9a-b). The irregular contour of the LAT,
outlined by aerogeophysics, specifically at thetmenn limit, influenced a strain partitioning alottge
Pién Shear Zone, resulting in a thrust zone (d¢ofiE front) at its southern limit and a dextral
transpressional shear-zone at the ndfih.{4b). The localized stress produced by the indentaifche
magmatic arc during the collisional process reduitea set of secondary tension perpendicular or at
high angles from the compressional zone. The aimmt of the compressional zone, coupled with
inherited intraplate weaknesses, could lead talévelopment of this extensional basin as an orthalgo
rift near to the orogenic front at its northernitifef., Fig.108).

Impactogens are usually characterized by large fagtly subsiding rifts, associated with
variable amounts of alkaline magmatic activity, stimes represented by considerable volunes, (
Rhine and Oslo rifts; Sengor, 1995). On the otlardh synorogenic foreland rifts are comparatively
small and less subsiding, related to small or atsdaline magmatism.g., San Jorge Gulf and Lomas
de Olmedo Basin; Gianet al, 2015). As reported for the Easter Rift of Kenyd #he Rio Grande Rift,



779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815

the synchronous volcanic activity exerts a majiuence on rift sedimentation (Mack and Seager0199
Ebinger and Scholz, 2012). In the Campo Alegre fBaisie volcanic activity seems to have a minor
influence during the main sedimentation proces#&d@rogressively more significant at the upper
sequences and in the final stages of sediment@itmoni et al, 2001; Quiroz-Vallest al, 2019). In this
scenario, the volcanic activity probably resulteshf an asthenospheric upwelling during the prooéss
lithospheric thinning mostly at the collisional apevhereas the sedimentation might have initiated
earlier. This model suggests a transition from gkporogenic foreland-rift to thenpactogeng(s.s)
setting, probably resulting from an increase in thies of convergence between the Luis Alves and
Curitiba Terranes. The minor and late occurrencéiwfodal, mildly alkaline to transitional volcanic
rocks during the basin stage is compatible with therpreted tectonic configuration, which is
characteristic of passive riftsf(, Merle, 2011).

The second period of development of the CACB isGh&lera Stagelt characterizes the post-
collisional setting in this region, in the sensd_@geois (1998), which is represented by bothAkgpe
granites and syenites from the Graciosa Provined, the volcanic rocks from the CACB and other
occurrences at the Guaratubinha Basin and theerartimit of the Morro Redondo MassivEif.149.
A-type magmatism is a typical feature of anorogesattings but has been frequently associated with
extensional post-collisional tectonic scenarioswadl (Bonin, 2007). The genesis of these A-type
magmas might include lithospheric delaminationhasbspheric upwelling, and in some instances the
metasomatic enrichment of the sub-continental digheric mantle of the upper plate. Recent
petrogenetic models involving the partial meltingetther metasomatized lower crust or lithospheric
mantle are more frequent in the current literafi@&iglanmazet al, 2000; Martin, 2006; Shengt al,
2011; Liet al, 2014; Jianget al, 2018; Linet al, 2020).In the case of the post-collisional magmatism
of the Caldera Stageand the Graciosa Province, several authors disttesprobable influence of a
mantle enrichment due to previous subduction psogeshe origin of these volcanic and plutonic mck
(e.g., Waichelet al, 2000; Sommeet al, 2006; Vilalvaet al, 2019). Here we interpret an episodic
process of lithospheric extension, localized irirst inoment during the basin development, induced b
the collisional tectonics, and more generalizedrlauring the post-collisional stage. Both extenalo
events might induce lithospheric thinning and astispheric upwelling causingintraplate-like'
magmatism. However, further and more detailed charization of these volcanic occurrences and their
association with intrusive granitoids occurringuard the CACB is still needed.

Calderas are variable in shape and size, occumaigly as semi-circular structures or forming
caldera complexes, and they usually include sompigdlelements as a collapse collar, associatef rin
faults, and landslide breccia, and the intra-caldgnimbritic sequences (Naiet al, 1994; Lipman,
2000; Coleet al, 2005; Branney and Acocella, 2015). In the caspevélkaline and rhyolitic caldera-
types, they are typically associated with zoneseumxtensive tectonic settings, frequently contigu
multiple calderas or caldera complexes. These miypes are usually associated with large amounts

(>30 kn?) of pyroclastic and effusive sequences, presemerdepressions with >10 km in diameter



816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852

that went through >1 km of subsidence of the caldkor, reaching up to >4 km due to continued
collapse (Acocell@t al.,2002; Bachmanat al, 2002; Colest al, 2005).

In the CACB, the preserved geomorphological featesembling a volcano-caldera occurs at
the northern portion of the rift system, occurramga semi-circular structure, comprehending a namuint
range and the north depression. This ring of cagatasents almost 20 km in diameter, constituted by
thick (> 200 m) pile of pyroclastic and effusivelea@nogenic rocksHig.3c-f). The extent of subsidence
in this caldera is poorly known but the volume gfqelastic rocks and lava flows, accounting forG> 3
km?® based on their areal extent and average thickiessiggestive of the occurrence of large caldera-
forming eruptions as seen elsewharg( Lipman, 2000; Acocellat al, 2000; Colest al, 2005; Tomek
et al, 2016; Aragoret al, 2018). In this sense, taking into account thepmasitional characteristics of
the main rock-types and the size of the caldertecttre, the caldera-forming eruption and collapsté
CACB might have acted as a significant mechanisnsutfsidence in the region, preserving a large
portion of the sedimentary and volcanogenic seqeenCaldera structures are commonly preserved as
large depressed areas, which is the case of tiieenorsector of the CACB. However, the entire voica
sequence constitutes the highlands in the regiorthis sense, a differential weathering and erosion
potential of the basement rocks in relation tovbleanic sequences may have led to a geomorphalogic
inversion of the basement following post-orogenicnore recent uplift.

Caldera-forming eruptions and syn-eruptive collapgehanisms are challenging to understand
even for modern examples, but some anatomic cleistats can be recognized in some well-preserved
ancient successions. A general cycle of calderaldpment includes at least four main stages (Lipman
2000; Coleet al, 2005). During the pre-caldera stage, the initigdration and accumulation of magma
into shallow crustal levels is frequently preseniedhe form of silicic lava flows/domes and small
explosive eruptions. In the case of the CACB, #tage is probably initiated at ~595 Ma, with the
occurrence of trachytic and rhyolitic lava flowsdaminor explosive pyroclastic sequences, as they
characterize the lower deposits from the SerradteMiguel Formation (Quiroz-Vallet al, 2020). On
the other hand, the caldera subsidence is usuifyeted by an extensive magma withdrawal staiiting
the central vent and migrating to ring vents (Bfenesand Cole, 2000; Colet al, 2005). In the CACB,
the caldera collapse probably occurs at ~583 Maeemrded in our U-Pb age in the upper pyroclastic
sequences from the Serra de Sao Miguel Formatiomciding with the interval of crystallization
obtained in the surrounding granitoids (Vlathal, 2011; Vilalvaet al, 2019). Finally, the post-collapse
stages include effusive volcanism and small expéosruptions (Citronet al, 2001), as well as an
intensive hydrothermal activity late in the cycRidndi et al, 2001a, b; Biondet al, 2002; Oliveiraet
al., 2007). All of these cycles are registered infttven of contrasting sequences in the CACB, and the
hydrothermal period coincident with the late catdeycle is generalized, as it affects rocks from al
previous events at late stages (~565 Ma).

Long after the volcanic evolution of the basin, lest igneous activity preserved in the region

of the CACB occurs during the opening of the ScAtflantic Ocean and the emplacement of the Parana
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Magmatic Province, at about 134 Mad.Peatect al, 1992; Thiede and Vasconcelos, 2010). The Ponta
Grossa dike-swarm was able to intrude the rocks fitee LAT, as well as the Ediacaran sedimentary
and igneous sequences. In the region, part of #ep-deated structures developed during the
Neoproterozoic was probably reactivated in the Mein also assisting the magma ascent during the
development of the Parana Large Igneous Provinoesd basic dikes exhibit oblique orientations & th

main dike-swam northward$-i§.14d), as outlined by the magnetic maps and supporyedub field

evidence.
(a) 620 - 615Ma (D) o nconisional 615 - 595 Ma
Magmatic arc Ocean branch granites
PT
0
LAT

Basement anisotropy / Impactogene

(C) volcanism and plutonism 595 - 580 Ma (d) Current configuration
(post-collisional setting)
Mesozoic mafic dike-swarm
Caldera complex? (~134 Ma)

' e ——

S\

&a‘i

i

Astenospheric upwelling

Figure 14: (a) Schematic model illustrating the collisionabpess between the Luis Alves Terrane (LAT) and the
other near crustal blocks, the Curitiba Terrane JCand Paranagua Terrane (PT), (b) giving rise be tCampo
Alegre Basin. The post-collisional Caldera Stagg #ad latter Mesozoic dike-swarm (d) take placeinyr
contrasting extensional settings.

9. Concluding Remarks
The volcano-sedimentary sequences of Campo Alegee the Sedimentary Basirand the
Caldera Volcanp comprehend snap-shots of different phases ofctiksional and post-collisional
tectonic setting in southern Brazil, as part of|lte-orogenic stages of the Brasiliano event. 8aseU-
Pb geochronological results and the overall stratfiamework, as assessed by combined fieldwodk an
geophysical data, we conclude:

(1) The Campo Alegre volcano-sedimentary sequencesgseptr the remnant of a collisional-
triggered synorogenic foreland riftr{pactogeng established at ~605 Ma, in the north boundary
of the Luis Alves Terrane during the collisionatttenics. On the other hand, the post-collisional
setting in the area probably initiated at ~ 595 Ma, registered by the magmatic activity,
followed by the installation of a caldera volcanithwgneous activity peaking at ~ 583 Ma;
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(2) The igneous manifestation in the caldera stage peab83 Ma is comparable to the Graciosa
Province, which might suggest a contemporaneouscandagmatic occurrence. Additionally,
the hydrothermal period registered in all rock seopes at ~565 Ma offer a young age limit for
the volcanic activity in the caldera at this agetltee hydrothermal activity usually represent the

latest event in the caldera cycle;

(3) Due to similarities in the sedimentary and volcasgguences, as well as comparative ages, the
Campo Alegre and Guaratubinha basins might havenddr in response to the same
compressional tectonic mechanisms during the Baasilorogeny. However, inherited basement
structures and the irregular geometry of the LATtmern boundary, have certainly controlled

their contrasting extensional development;

(4) The heterogeneities in the LAT basement were nestetii and new NNW-SSE and NE-SW
deep-seated structures were developed during tHasmorogenic processes in the
Neoproterozoic, leading to the installation of disentary basin. These deep-seated structures
probably assisted the magma ascent duringrtitieal Volcanic Activity and latter during the
Main Volcanic Activity as well as influencing the emplacement of soméopk from the A-type

Graciosa Province;

(5) Previous works consider the Campo Alegre-CorupdGuaratubinha Basins as part of a 1,500
km long Ediacaran to Cambrian rift system, starag-600 Ma (Almeidat al, 2010, 2012).
However, based on geochronological and structuaitd df the main regional events spatially
related to theBasin StagdHarara, 2001; Quiroz-Vallet al, 2019; this study), we interpret its
extensional evolutioni.e. NNW-rifting) with the compressive tectonic settirdyuring the

Brasiliano orogeny;

(6) The structures related to the basin developmeniapgrcontributed to the latter mechanism of
caldera collapse, and both events of subsidena@n(sabsidence and caldera collapse) have a
significant influence in the accumulated thicknekthe volcano-sedimentary sequences, further

influencing their preservation;

(7) Geochemical signatures of volcanic rocks are réladdantra-plate to post-collisional settings, in
the case of the basic and silicic volcanic rockshefinitial Volcanic Activity (Waichelet al,
2000). Moreover, the silicic effusive and explosieeks from theMain Volcanic Activityare
akin only to a post-collisional setting (CitronQ98; Waichelet al, 2000), which for instance
might suggest a progressive transition in the tectsettingsi(e., continued extension) between

these two magmatic manifestations;
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(8) Finally, the contemporaneous occurrence of plutosith-volcanic, and volcanic sequences
during the post-collisional stage in the LTA opgpportunities for the study of their genetic
relationship and if these sequences might constitusingle volcanic and igneous plumbing

system.
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Highlights:

“Structural architecture and the episodic evolution of the Ediacaran Campo
Alegre Basin (southern Brazil): Implications for th e development of a
synorogenic foreland rift and a post-collisional ca Idera volcano”

» The structural architecture of an orogenic induced rift has been documented
in the collisional setting during the western Gondwana assembly.

 U-Pb zircon ages from volcanic sequences reveal two different igneous
manifestations, one during the foreland synorogenic rifting and another
during the post-collisional extensional tectonics.

* The post-collisional caldera-volcano and the A-type granites and syenites
from the Graciosa Province are contemporaneous igneous manifestations.



