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Abstract 18 

New LA-SF-ICP-MS U-Pb zircon dating of high-K granites from the Campo Belo 19 

metamorphic complex, southern São Francisco Craton (Brazil), reveals a long period 20 

(ca. 100 My) of Neoarchean granitic magmatism that post-date the TTG magmatism. 21 

The oldest studied pluton is a highly porphyritic biotite orthogneiss emplaced at 2748 22 

± 5 Ma, followed by a hornblende-biotite orthogneiss (2727 ± 7 Ma). Both granitic 23 

bodies were affected by a deformation event prior to the emplacement of the Rio do 24 

Amparo, Bom Sucesso and Lavras granitoid plutons at 2716 ± 6 Ma, 2696 ± 6 Ma 25 

and 2646 ± 5 Ma, respectively. The Neoarchean granitic magmatism ended with the 26 

intrusion of peraluminous leucogranitic dikes at 2631 ± 4 Ma. 27 

The 2.73–2.65 Ga Campo Belo granitoids share chemical features of A-type 28 

granites, such as high apatite- and zircon-saturation temperatures (mostly >800 ºC), 29 

relatively high Fe-number, high total alkalis and characteristic enrichment in LREE 30 

and HFSE although most samples of the Rio do Amparo granite have lower HFSE 31 

and LREE content that typical A-type granites but very high Th. The high Th content 32 

of the Rio do Amparo and Bom Sucesso granites may suggest involvement of Th-33 

orthosilicate in their sources. The trace element composition permits to classify the 34 

Campo Belo granitoids as A2-type granites, suggesting derivation from partial melting 35 

of TTG-crustal sources likely in an extensional setting. 36 

Significant reworking of Mesoarchean crust is suggested by mostly negative εNdi 37 

values (Rio do Amparo: –2.0 and +3.1; Bom Sucesso: –3.6, –3.1 and +0.9; Lavras: –38 

2.5 and –0.2) and old Nd model ages (TDM close to 3.1 Ga), although with probable 39 

involvement of juvenile material (TDM of 2.7–2.9 Ga). This contrasts with Neoarchean 40 

granites of the northern São Francisco and Congo cratons characterized by 41 

negligible juvenile imprint. 42 

The 2.75–2.63 Ga Campo Belo granitoids witness the thermal stabilization of the 43 

Archean lithosphere through a major episode of high-K granitoid magmatism 44 

between 2760 and 2600 Ma, which affected the whole São Francisco Craton and the 45 

northern Congo Craton. 46 

Keywords 47 

A-type magmatism; extensional setting; continental crust; juvenile source; São 48 

Francisco Craton 49 

1. Introduction 50 



  

Granites and related rocks constitute the largest component of the upper continental 51 

crust, and as such, their origin is one of the most important topics in igneous 52 

petrology (Kemp and Hawkesworth, 2003; Castro, 2014; and references therein). 53 

However, despite the abundance and relatively simple mineralogy of granites 54 

(predominantly quartz, alkali feldspar and plagioclase), their petrogenesis is 55 

controversial. This is due to the fact that several factors can control the generation of 56 

granitic magmas such as different tectonic environments with contrasting mantle and 57 

crustal sources and diverse conditions of magma formation and emplacement. 58 

Consequently, the study of granites contributes to the understanding of crustal 59 

formation, differentiation and recycling. 60 

Most of the continental crust was formed in the Archean era, chiefly in the late 61 

Archean, although only <10% of the crust of that age is still preserved (Hawkesworth 62 

et al., 2010, 2013).  63 

Archean cratons can be generally divided into three different lithologic units: (1) the 64 

gneissic basement composed of deformed and migmatitic meta-igneous rocks that 65 

mainly consist of low-K granitoids of the tonalite-trondhjemite-granodiorite (TTG) 66 

series; (2) the greenstone belts that comprise meta-sedimentary and meta-volcanic 67 

rocks metamorphosed from greenschist to amphibolite facies; and (3) late, medium- 68 

to high-K granitoids. Although the TTG suite is volumetrically dominant, the high-K 69 

granitoids can represent up to 20% of the exposed Archean rocks (Condie, 1993; 70 

Sylvester, 1994). Since they are relatively abundant rocks and their origin and 71 

emplacement mark the thermal stabilization of Archean lithosphere (Kusky and Polat, 72 

1999; Laurent et al., 2014a; Tchameni et al., 2000; Romano et al., 2013), the number 73 

of works that have investigated Archean high-K granitoids has increased in the last 74 

decade (e.g., Drüppel et al., 2009; Jayananda et al., 2006; Laurent et al. 2014a; 75 

Moyen et al., 2003; Romano et al., 2013; Zhou et al., 2015). The Archean high-K 76 

magmatism is represented by different types of granitoids (e.g. sanukitoids, biotite 77 

granites, peralkaline granites, syenites, etc.; see Moyen et al., 2003 and Laurent et 78 

al., 2014a for details) of mainly crustal origin, although mantle sources and 79 

interaction between crustal and mantle end-members have also been suggested as 80 

petrognetic processes to account for the origin of these rocks in subduction-related, 81 

collision, post-collision and intra-plate settings (Champion and Sheraton, 1997; Day 82 

and Weiblen, 1986; Frost et al., 1998; Jayananda et al., 2000; Laurent et al., 2014b; 83 

Mikkola et al., 2011; Smithies and Champion, 1999, 2000; Semprich et al., 2015; 84 

Stern et al., 1989). Furthermore, those petrogenetic processes that generated 85 

Archean granitoids are especially difficult to unravel because of our limited 86 



  

knowledge of plate dynamics as well as crustal and mantle compositions and P-T 87 

conditions at that time. Therefore, studies that lead to a better understanding of the 88 

petrogenesis and tectonic environments of Archean high-K granitoids can improve 89 

our knowledge of crust formation in Earth's history. 90 

Late Archean granitoids are conspicuous in the Archean core of the southern portion 91 

of the São Francisco Craton in Brazil (Fig. 1) (Campos et al., 2003; Lana et al., 2013; 92 

Romano et a., 2013; Teixeira et al., 1996, 1998), which represents one of the largest 93 

and oldest areas of stable continental crust in South America. It is therefore a 94 

suitable place to study the nature and origin of the ancient granitic magmatism that 95 

have been the focus of previous investigations by means of geochronology and 96 

geochemistry (e.g., Campos and Carneiro, 2008; Farina et al., 2015a; Romano et al., 97 

2013). 98 

The Campo Belo metamorphic complex (CBMC), located in the southern São 99 

Francisco Craton, is mainly composed of migmatitic gneisses, granulites and 100 

granitoids, accreted and migmatized in the 3100-2840 Ma time interval (Teixeira et 101 

al., 1996). However large portions of the CBMC have not been thoroughly studied 102 

yet. In fact, very few data of high-K granitoids from this complex have been published 103 

(Campos et al., 2008; Trouw et al., 2008; Quéméneur, 1996), so that this study fills 104 

this gap of knowledge in the region and constitutes a first step for further 105 

petrogenetic investigations. The present study provides new LA-SF-ICP-MS U-Pb 106 

zircon dating as well as major and trace element whole-rock and Nd data isotope of 107 

the main high-K granitoid rocks from the CBMC in order to establish the sequence of 108 

emplacement and characterize their chemical composition. These data will be used 109 

to infer plausible sources and discuss their tectonic implications as well as clarifying 110 

possible genetic relations between the different granitoids.  111 

2. Geological setting 112 

The São Francisco Craton (SFC), located in the eastern portion of South America 113 

(Fig. 1A), is the best-exposed and most accessible segment of Precambrian 114 

basement in Brazil. Archean and Paleoproterozoic terranes of the SFC crop out in 115 

two geographically distinct areas, the first and larger one to the north and northeast 116 

of Bahia state and, the second to the south in state of Minas Gerais (Fig. 1A). The 117 

northern area is composed of different blocks, namely the Gavião, Jequié, Serrinha 118 

and Itabuna-Salvador-Curaça blocks, with intervening Paleoproterozoic belts 119 

(Barbosa and Sabaté, 2004; Teixeira and Figueiredo, 1991; Teixeira et al., 1996, 120 

2000) whilst surrounded by the Neoproterozoic orogens of Western Gondwana. 121 



  

The southern portion of the São Francisco Craton (SSFC; Fig. 1A) was formed 122 

during multiple stages of TTG and high-K granitoid magmatism in and around poly-123 

deformed greenstone belt sequences between 3200 Ma and 2600 Ma (e.g., 124 

Carneiro, 1992; Noce, 1995; Teixeira et al., 1996; Machado et al., 1996; Lana et al., 125 

2013). According to recent studies at the Quadriátero Ferrifero area (Farina et al., 126 

2015a, 2015b; Lana et al., 2013; Romano et al., 2013), the ancient nucleus of the 127 

SSFC was formed by four main orogenic events. The first, called the Santa Barbara 128 

event, is related to the generation of Paleoarchean TTG crust (ca. 3212-3210 Ma), 129 

as previously envisaged from inherited U-Pb SHRIMP ages in the Campo Belo 130 

migmatite (Teixeira et al., 1996, 1998). During the second event, termed the Rio das 131 

Velhas I, a Mesoarchean core was formed, represented by TTG suites and mafic-132 

ultramafic rocks (greenstone belt-like) between 2930 and 2900 Ma. In the following 133 

event, called the Rio das Velhas II, medium-K granitoids were formed at 2800-2760 134 

Ma, which are associated to greenstone belt sequences i.e., Rio das Velhas 135 

Supergroup (Moreira et al., 2016). Finally, the Mamona event corresponds to the 136 

cratonization and consolidation of the granitic crust between 2760 and 2680 Ma via 137 

generation and emplacement of high-K granitoids. Subsequent Paleoproterozoic 138 

reworking of the Archean crust has been pointed out by Carvalho et al. (2016, 2017) 139 

based on the ca. 2.05 Ga migmatization event recorded in the Kinawa migmatite, 140 

probably related to the collision event of the Mineiro Belt and Mantiqueira Complex 141 

with the Archean core of the SFC. 142 

Teixeira et al. (1996, 1998) highlighted three major metamorphic complexes in this 143 

part of the craton, which are the Campo Belo, Belo Horizonte and Bonfim 144 

Complexes. 145 

2.1. The Campo Belo metamorphic complex: field relations and rock descriptions  146 

The Campo Belo metamorphic complex (CBMC), mostly composed of Archean 147 

rocks, is located to the west-southwest of the other two complexes and is covered by 148 

Neoproterozoic sedimentary rocks of the Bambuí Group (Fig. 1). The complex was 149 

mainly affected by amphibolite facies metamorphism although granulitic rocks have 150 

been described in some areas (Carneiro et al., 1997; Quéméneur, 1996; Engler et 151 

al., 2002). 152 

The CBMC consists of migmatitic gneisses of TTG affinity (Fernão Dias, Candeias, 153 

Itapecerica and Cláudio gneisses), meta-mafic-ultramafic rocks of the Ribeirão dos 154 

Motas layered suite and the Carmópolis de Minas intrusive suite (see Goulart et al., 155 

2013), as well as intrusive granitic bodies and relicts of supracrustal sequences 156 



  

(amphibolites, quartzites and schists, BIFs, metaultramafic rocks) that have been 157 

correlated with the Rio das Velhas Supergroup (Oliveira and Carneiro, 2001). 158 

However, Teixeira et al. (2017) have reported Paleoproterozoic ages for the 159 

Itapecerica graphite-rich supracrustal succession, which suggest that they cannot 160 

belong to the Rio das Velhas Supergroup. All these rocks are crosscut by meta-mafic 161 

(gabbroic to noritic) dikes, which fill major NW-SE and N-S fractures (Pinese et al., 162 

1995; Pinese, 1997; Cederberg et al., 2016). 163 

The oldest and most widespread unit of the CBMC is the Fernão Dias orthogneiss, 164 

which is mainly tonalitic to granodioritic in composition and presents granoblastic to 165 

lepidoblastic textures with variable proportions of plagioclase, quartz, K-feldspar, 166 

biotite, amphibole and pyroxenes (Carneiro et al., 2007). A neosome of this 167 

migmatitic gneiss was dated by Teixeira et al. (1998), obtaining a zircon age of ca. 168 

2.84 Ga, which was interpreted as the age of the migmatitic event. They also 169 

described inherited zircons of 3.2 and 3.05 Ga. 170 

The Fernão Dias orthogneiss is intruded by three granitic plutons named the Rio do 171 

Amparo, Bom Sucesso and Lavras granitoids (Fig. 1B), whose study is the main 172 

objective of this work. 173 

The Rio do Amparo pluton consists mostly of medium-grained isotropic leuco to 174 

mesocratic biotite monzongranites to syenogranites exposed over a huge area of 175 

about 280 km2 between Santana do Jacaré, Perdões and Santo Antonio do Amparo 176 

(Fig. 1B). The main facies (Fig. 2B) is made of medium-grained equigranular 177 

monzogranite to syenogranite with a major mineral assemblage of subhedral alkali 178 

feldspar (30-40 vol.%) and plagioclase (20-30 vol.%), anhedral quartz (30-35 vol.%), 179 

euhedral biotite (up to ~8 vol.%) and scarce muscovite (<1 vol.%) that appears 180 

included in or intergrown with biotite. The accessory assemblage is made of Fe-Ti 181 

oxides, allanite, zircon and apatite. This pluton is crosscut by meta-mafic dikes of the 182 

Timboré and Lençóis systems (Carneiro et al., 2007). It also contains mega-enclaves 183 

of ultramafic rocks that probably belong to the Ribeirão dos Motas mafic-ultramafic 184 

layered suite (Carneiro et al., 2007). Interestingly, in the middle part of the body it 185 

hosts mega-enclaves of strongly deformed amphibole-biotite granitic augen-gneiss 186 

(Fig. 2C) of meter-scale (tens of meters) with a subvertical foliation trending E-W, 187 

which seem to be lineated parallel to the foliation. Three outcrops of this orthogneiss 188 

that mainly consists of alkali feldspar, plagioclase, quartz, biotite and hornblende, 189 

have been found and sampled in this work, however, no contacts with the Rio do 190 

Amparo granite could be observed. In these samples, foliation is marked by dark 191 

narrow bands of green hornblende, biotite, titanite and less apatite. Felsic bands are 192 



  

composed of quartz, microcline, plagioclase, and rare perthitic feldspar, although 193 

sometimes they are made up of pure plagioclase or pure microcline. Granites from 194 

São Pedro das Carapuças pluton, located 15 km to the northeast of Carapuça city, 195 

have been traditionally ascribed to the Rio do Amparo granite and present TIMS 196 

zircon ages of ~2587 Ma (Campos, 2004). 197 

The Bom Sucesso pluton crops out to the northeast of Bom Sucesso city with an 198 

exposure of ca. 100 km2 (Fig. 1B). According to Quéméneur (1996), the Bom 199 

Sucesso granite consists of two facies: a gray-bluish homogeneous, medium-grained 200 

biotite syenogranite (Bom Sucesso I) that crops out in the core of the body; and a 201 

porphyritic gray biotite monzogranite (Bom Sucesso II) that appears in the eastern 202 

part of the body. Unfortunately, it was not possible to find any other field relation 203 

between the two facies. Bom Sucesso I facies consists of medium-grained, rarely 204 

fine-grained, equigranular to inequigranular monzogranites to syenogranites, which 205 

are composed of alkali feldspar (30-45 vol.%), mostly microcline and subordinate 206 

perthite, quartz (30-40 vol.%), plagioclase (15-25 vol.%) and biotite (4-10 vol.%). The 207 

accessory assemblage consists of titanite, allanite, magmatic epidote included in 208 

biotite and plagioclase, zircon, apatite and Fe-Ti oxides. Plagioclase is commonly 209 

altered to sericite. Samples with the highest colour index contain rare centimeter-210 

scale biotite clots (Fig. 2E). Bom Sucesso II facies consists of porphyritic 211 

monzogranites with coarse-grained alkali feldspar and plagioclase phenocrysts (5 212 

vol.%) set in a medium-grained matrix of plagioclase (30-35 vol.%), alkali feldspar 213 

(25-30 vol.%), quartz (25-30 vol.%) and biotite (~5 vol.%). Small euhedral to 214 

subhedral plagioclase and quartz crystals can be found as inclusions in alkali 215 

feldspar. The accessory minerals are epidote, titanite, zircon, apatite and Fe-Ti 216 

oxides. A Rb-Sr age of 2748 Ma ± 60 Ma was obtained for Bom Sucesso I facies by 217 

Quéméneur (1996). The main Bom Sucesso granitic body is also intruded by meta-218 

mafic dikes of the Timboré and Lençóis systems (Carneiro et al., 2007). Another 219 

granitic body located to the south of Bom Sucesso city was considered to belong to 220 

the Bom Sucesso pluton by Campos (2004). This facies consists of a highly 221 

porphyrytic biotite monzogranitic orthogneiss with a subvertical foliation trending E-222 

W. This author obtained a TIMS U-Pb zircon age of 2753 ± 11 Ma for this granitic 223 

intrusion that has been considered the age of the Bom Sucesso pluton.  224 

The Lavras pluton is an elongated body of c. 20 km long and up to 10 km wide 225 

located between the cities of Lavras and Nepomuceno (Fig. 1B) (Quéméneur, 1996). 226 

It consists of equigranular to porphyritic coarse-grained hornblende-biotite 227 

granodiorites and monzogranites that locally show a mylonitic foliation trending E-W, 228 



  

likely related to the Lavras shear zone (Fig. 1), which is probably linked to 229 

Neoproterozoic tectonics affecting the Andrelândia mega-sequence (Quéméneur, 230 

1996). The major mineral assemblage comprises plagioclase (30-35 vol.%), alkali 231 

feldspar (20-30 vol.%), quartz (20-30 vol.%) and mafic aggregates of amphibole (up 232 

to 17 vol.%) and biotite (4-5 vol.%). Biotite can appear as single crystals or replacing 233 

amphibole. The accessory assemblage consists of abundant titanite, epidote and Fe-234 

Ti oxides, as well as, allanite, zircon and apatite. The Lavras pluton commonly 235 

contains centimeter to decimeter-size enclaves of quartz-feldspathic gneisses and 236 

meta-mafic rocks (Fig. 2F) (Trouw et al., 2008). It is crosscut by meta-mafic dikes of 237 

the Lençóis system, and by pegmatites and leucogranite dikes (Trouw et al., 2008). It 238 

is also intruded by the Porto Mendes granite to the northwest that is a light gray 239 

medium- to fine-grained, predominantly isotropic, biotite monzogranite (Noce et al., 240 

2000) with an age of ca. 1976 Ma (Trouw et al., 2008). The Lavras granite pluton 241 

also intrudes the Campos Gerais TTG rocks (Trouw et al., 2008) and the Ribeirão 242 

Vermelho charnockite for which the documented U-Pb age is 2718 ± 13 Ma. 243 

3. Samples and methods 244 

We have studied 27 samples amongst which 6 samples are of the Rio do Amparo 245 

granite; 3 samples of hornblende-biotite orthogneiss enclaves from the Rio do 246 

Amparo pluton; 10 samples of the Bom Sucesso granite; 1 sample of a highly 247 

porphyritic biotite orthogneiss from the pluton located to the south of Bom Sucesso 248 

city; 6 samples of the Lavras granite; and 1 sample of a leucocratic dike intruding the 249 

Lavras granite in the vicinity of Nepomuceno city. The geographic coordinates of all 250 

samples are listed in Table 2. Whole-rock major and trace element compositions 251 

were determined for 26 samples, 6 samples were also analyzed for Nd isotopes 252 

(Tables 2 and 3). For U-Pb zircon analyses, zircon grains were separated from 12 253 

samples of the different granitoids of the complex (Table 1 and supplementary 254 

material). 255 

3.1. Geochronology 256 

All samples were crushed with a jaw crusher and powdered to approximately 300 257 

µm. Heavy mineral concentrates have been obtained by panning and were 258 

subsequently purified using Nd-magnets, a Frantz magnetic separator and 259 

methylene iodide. Zircon grains were mounted in 1 inch round epoxy mounts resin, 260 

polished using diamond paste, and cleaned using 10% v/v HNO3 followed by de-261 

ionized water. Subsequently, the zircon grains were studied by cathodoluminescence 262 

imaging (CL). Isotope data were acquired on an ICP-MS Element XR (Thermo 263 



  

Scientific), coupled with an Excite193 (Photon Machines) laser ablation system, 264 

equipped with a two-volume HelEx ablation cell at the Institute of Geosciences of the 265 

University of Campinas (IG-UNICAMP). The acquisition protocol adopted was: 30 s 266 

of gas blank acquisition followed by the ablation of the sample for 60 s in ultrapure 267 

He (laser frequency at 10 Hz, spot size of 25 µm, and laser fluence of 4.74 J cm-2). 268 

Data were collected for masses 202, 204, 206, 207, 208, 232, 235 and 238 using the 269 

ion counting modes of the SEM detector, except for masses 232 and 238, which 270 

were analyzed in combined ion counting and analogue mode. Four points were 271 

measured per mass peak, and the respective dwell times per mass were 4, 8, 4, 16, 272 

4, 4, 4 e 4 ms. Data were reduced off-line using Iolite software (version 2.5) following 273 

the method described by Paton et al. (2010), which involves subtraction of gas blank 274 

followed by downhole fractionation correction comparing with the behavior of the 275 

91500 reference zircon (Wiedenbeck et al., 1995). Peixe zircon standard (ID-TIMS 276 

age of 564 ± 4 Ma; cf. Dickinson and Gehrels, 2003) was used to monitor the quality 277 

of the reduction procedures. Common Pb correction was accomplished using Vizual 278 

Age version 2014.10 (Petrus and Kamber, 2012). 279 

3.2. Whole-rock chemistry 280 

3.2.1. Major and trace element compositions 281 

Major and trace elements were analyzed on a Philips PW 2404 X-ray fluorescence 282 

spectrometer at the Institute of Geosciences of the University of Campinas (IG-283 

UNICAMP), using fusion beads and pellets and following the procedures of 284 

Vendemiatto and Enzweiler (2001). Data quality was controlled routinely through 285 

analyses of the international reference rocks GS-N, DR-N, OU-6 and BRP-1; the 286 

relative errors for major and minor elements are 0.4–1.5%. The rare earth elements 287 

and other trace elements were analyzed on a Thermo (Xseries2) quadrupole ICP-MS 288 

at the Institute of Geosciences of the University of Campinas (IG-UNICAMP), 289 

following the in-house adapted analytical procedures of Eggins et al. (1997) and 290 

Liang et al. (2000), and instrument conditions of Cotta and Enzweiler (2009); the 291 

results have less than a 10% deviation from the recommended values for the 292 

international standard GS-N. 293 

3.2.2. Nd isotopes 294 

Nd isotope ratios were determined at the University of Granada by thermal ionization 295 

mass spectrometry (TIMS) with a Finnigan Mat 262 after high-pressure digestion 296 

using HNO3+HF in Teflon-lined vessels and element separation with ion-exchange 297 

resins. All analytical procedure was performed using ultra clean reagents. 298 



  

Normalization value was 146Nd/144Nd = 0.7219. Blank for Nd was 0.09 ng. The 299 

external precision (2σ), estimated by analyzing 10 replicates of the standard WS-E 300 

(Govindaraju et al., 1994), was better than ± 0.0015% for 143Nd/144Nd. 147Sm/144Nd 301 

ratios were directly determined by ICP-MS at the University of Granada following the 302 

method developed by Montero and Bea (1998), with a precision better than ± 0.9% 303 

(2σ). 304 

4. Zircon dating 305 

Zircon grains of the Campo Belo granitoids tend to be metamictic and in some cases 306 

show elevated common lead. At least 100 zircon grains of each sample were studied 307 

by cathodoluminescence, from which we have used the least metamictic and 308 

discordant grains. The complete U-Pb data set is given in the supplementary 309 

material. A summary of the U-Pb ages determined in this study is listed in Table 1 310 

along with data from the literature. Concordia and 207Pb/206Pb weighted average 311 

diagrams are shown in Figs. 3 and 4. 207Pb/206Pb lower intercepts of the studied 312 

samples tend to zero or rarely to Neoproterozoic ages but without geological 313 

meaning because of their large errors. 314 

In all samples, zircon grains are euhedral to subhedral, medium to long prismatic 315 

with pyramidal terminations that can be rounded and variable sizes around 70–300 316 

µm long and 40–250 µm wide. Zircon grains can be brown, yellow and pink, 317 

translucent and opaque with zircons of the Lavras granitoid and the leucogranitic 318 

dike as well as those from the hornblende-biotite orthogneiss being mostly 319 

translucent and less metamictic. Some grains can show fractures and small irregular 320 

inclusions. Most grains exhibit oscillatory zoning although sector zoning is also 321 

common (Fig. 5). 322 

4.1. Rio do Amparo pluton 323 

We have studied two granite samples (CB-09 and CB-20) from the Rio do Amparo 324 

pluton. Sample CB-09 is an isotropic biotite granite, whereas sample CB-20 is a 325 

leucocratic granite.  326 

Sample CB-09 presents two populations of zircon ages (Fig. 2), the younger shows a 327 

207Pb/206Pb upper intercept of 2717 ± 3 Ma (MSWD = 0.089, n = 9) with a weighted 328 

mean 207Pb/206Pb age for the most concordant zircons (<2% discordance) of 2716 ± 6 329 

Ma (MSWD = 0.1, n = 7) that may represent the crystallization age. On the other 330 

hand, the second population consists of inherited zircons with a 207Pb/206Pb upper 331 

intercept of 2777 ± 17 Ma (MSWD = 0.26, n = 6). 332 



  

Most of the analyses in sample CB-20 were obtained from zircon cores because the 333 

rims are more metamictic. The interpretation of this sample is quite complicated as 334 

many subconcordant zircons fall on the concordia curve between 2693 and 2800 Ma.  335 

However, it can be inferred a possible 207Pb/206Pb crystallization age of 2693 ± 16 Ma 336 

(MSWD = 5, n = 5) that is very similar to that of sample CB-09 (2716 ± 6 Ma) within 337 

the error. This sample also has a high number of inherited zircons, six of them 338 

present a weighted 207Pb/206Pb mean age of 2748 ± 4 Ma (MSWD = 0.43, <3% 339 

discordance). Whereas, two older populations yielded the following 207Pb/206Pb ages: 340 

i) four zircons (<3% discordance) with ca. 2770 Ma and ii) seven zircons (<3% 341 

discordance, except two analyses that are 7% discordant) with ages between 2820 342 

and 2880 Ma. 343 

Given that the crystallization age of sample CB-20 is poorly constrained we consider 344 

the age of ca. 2716 Ma obtained for sample CB-09 as the best estimate of the 345 

crystallization age of the Rio do Amparo granite.  346 

4.2. Hornblende-biotite orthogneiss 347 

We have studied three samples (CB-02, CB-23 and C-06) of this granitic orthogneiss 348 

occurring as large inclusions in the Rio do Amparo pluton.  349 

Samples CB-02, CB-23 and C-06 have weighted mean 207Pb/206Pb ages for the most 350 

concordant analyses of 2729 ± 4 Ma (MSWD = 2.2, n = 20, <5% discordance), 2726 351 

± 4 Ma (MSWD = 0.15, n = 28, <5% discordance) and 2727 ± 7 Ma (MSWD = 0.43, n 352 

= 24, <4% discordance), respectively. This suggests that the three samples belong to 353 

the same body, which crystallized around 2727 Ma.  354 

4.3. Bom Sucesso pluton 355 

Three samples of this pluton (CB-04, CB-05 and CB-18) have been studied, but 356 

zircons from samples CB-04 and CB-18 are very metamictic with very high contents 357 

of common Pb (f206 (%) > 5 with most analyses ranging from 18 to 60), whereby it 358 

was not possible to obtain a meaningful age. Sample CB-05 is a medium-grained 359 

biotite syenogranite of the Bom Sucesso I facies.  360 

Ten of the eighteen analyses of zircons from sample CB-05 yielded a 207Pb/206Pb 361 

upper intercept of 2693 ± 9 Ma (MSWD = 1.6) with a weighted mean 207Pb/206Pb age 362 

for the most concordant zircons (<2% discordance) of 2696 ± 6 Ma (MSWD = 1.5, n 363 

= 5), which is considered the best estimate of the crystallization age. The others are 364 

eight inherited zircons, seven of them with a weighted 207Pb/206Pb mean age of 2729 365 



  

± 5 Ma (MSWD = 0.97, <4% discordance) and one concordant analysis with a 366 

207Pb/206Pb age of 2789 Ma. 367 

4.4. Highly porphyritic biotite orthogneiss 368 

One sample of the highly porphyritic biotite orthogneiss (15WEJE-9) that crops out to 369 

the south of Bom Sucesso city has been studied.  370 

In sample 15WEJE-9 we performed 22 analyses on 20 grains, twenty of them gave a 371 

207Pb/206Pb upper intercept of 2753 ± 3 Ma (MSWD = 2.7) with a weighted mean 372 

207Pb/206Pb age for the most concordant zircons (<4% discordance) of 2748 ± 5 Ma 373 

(MSWD = 3.2, n = 15). This sample also has a concordant inherited zircon of ~2845 374 

Ma. We therefore assume that the age of crystallization is 2748 ± 5 Ma. 375 

4.5. Lavras pluton 376 

We have studied two samples of coarse-grained hornblende biotite granitoid (B-10 377 

and B-11A).  378 

In sample B-10 we performed 35 analyses on 26 grains, all of them are concordant 379 

to subconcordant (<7% discordance) with a weighted mean 207Pb/206Pb age of 2656 380 

± 6 Ma (MSWD = 0.39). Taking into account the most concordant grains (<4% 381 

discordance) they gave a weighted mean 207Pb/206Pb age of 2646 ± 5 Ma (MSWD = 382 

0.19, n = 19). 383 

Sample B-11A has a 207Pb/206Pb upper intercept of 2643 ± 2 Ma (MSWD = 4, n = 33) 384 

with a weighted mean 207Pb/206Pb age for the most concordant zircons (<3% 385 

discordance) of 2647 ± 5 Ma (MSWD = 2.7, n = 27) and a concordant inherited 386 

zircon grain of ~2717 Ma. 387 

Therefore the two samples belong to the same granitoid, which crystallized around 388 

2646 Ma.  389 

4.4. Leucocratic dike 390 

One sample of a leucocratic plagioclase-rich biotite granitic dike (B-11B) that 391 

crosscuts the Lavras granite has been studied. 31 spots on igneous zircons reveal a 392 

207Pb/206Pb upper intercept of 2632 ± 6 Ma (MSWD = 0.28) with a weighted mean 393 

207Pb/206Pb age for the most concordant zircons (<4% discordance) of 2631 ± 4 Ma 394 

(MSWD = 0.11, n = 25), which is considered the crystallization age. 395 

5. Whole-rock chemistry 396 

5.1. Major and trace elements 397 



  

The chemical compositions of the samples studied in this work are compared to 398 

previously published data of the Bom Sucesso and Lavras granites (Campos and 399 

Carneiro, 2008; Quéméneur, 1996; Trouw et al., 2008) in the diagrams of Figure 6. 400 

All samples, except those from the southern Bom Sucesso body reported by Campos 401 

and Carneiro (2008), are high-silica granites ranging from 69.3 to 75.0 wt.% SiO2 402 

(Fig. 6 and Table 2) showing mostly alkali-calcic and calc-alkalic compositions (MALI 403 

(Na2O+K2O–CaO by weight) = 5.46–8.69; Fig. 6A). They are mainly alkaline in the 404 

sense of Sylvester (1989) (Fig. 6B) with samples of the Lavras pluton showing a 405 

stronger alkaline character. The Lavras granitoid is clearly ferroan (Fe-number 406 

(FeOT/(MgO + FeOT) by weight) = 0.88–0.96) whereas the compositions of the Bom 407 

Sucesso and Rio do Amparo granites straddle the boundary between magnesian and 408 

ferroan compositions (Fe-number = 0.78–0.85 and 0.78–0.88, respectively); all of 409 

them plot in the compositional field of A-type rocks (Fig. 6C), although overlapping 410 

with the field of cordilleran high-silica granites is also shown (see further discussion 411 

in section 6.3). The Rio do Amparo granite is peraluminous with normative corundum 412 

and some samples having ASI (alumina saturation index) index values higher than 413 

1.1 (Fig. 6D), whereas the Bom Sucesso granite is slightly peraluminous with 414 

subordinate metaluminous compositions and the Lavras granitoid varies from 415 

metaluminous to slightly peraluminous (Fig. 6D). The highly porphyritic biotite 416 

granitoids from southern Bom Sucesso body reported by Campos and Carneiro 417 

(2008) show a clear different composition; they are strongly peraluminous and 418 

magnesian, high-silica granites (Fig. 6). 419 

Trace element and REE concentrations (Table 2) are plotted, respectively, in Silicate 420 

Earth-normalized multi-element and Chondrite-normalized REE diagrams (Fig. 7). 421 

Chondrite-normalized REE-patterns are enriched in LREE compared to HREE 422 

((La/Lu)N = 9.70–76.7, 32.5–171 and 7.31–17.5 for the Bom Sucesso, Rio do 423 

Amparo and Lavras granitoids respectively), with the Rio do Amparo granite showing 424 

the lowest HREE values (Fig. 7). Most samples exhibit a negative Eu anomaly 425 

(Eu/Eu* = 0.26–0.35, 0.49–0.81 and 0.47–0.69 for the Bom Sucesso, Rio do Amparo 426 

and Lavras granitoids, respectively) although one sample of the Lavras pluton shows 427 

a small positive Eu anomaly (Eu/Eu* = 1.17) that may most probably be caused by 428 

feldspar accumulation. Silicate Earth-normalized trace-element patterns are enriched 429 

in incompatible elements with negative Nb-Ta anomalies and a positive Pb anomaly 430 

(Fig. 7) suggesting crustal or subduction-related components in their source. The 431 

patterns also show negative Ba, Sr, P and Ti anomalies in all rock types except in the 432 

Lavras pluton (Fig. 7) for which most of the samples show a positive Ba anomaly. 433 



  

Despite the negative Ba anomaly, the three plutons present high Ba content (>500 434 

ppm) with most samples of the Bom Sucesso and Lavras granitoids showing >1000 435 

ppm Ba (Table 2). Ba and Sr are positively correlated in samples of the Rio do 436 

Amparo granite (Fig. 7A) whereas samples of the Lavras granitoid and the 437 

hornblende-biotite orthogneiss show an uncoupled Ba and Sr behavior (Fig. 8A). The 438 

Rio do Amparo and Bom Sucesso granites have very high Th and U values (Th: 439 

21.3–104 ppm and U: 2.50–18.7 ppm). Their high Th content along with their high 440 

LREE contents result in Th/Nb, La/Nb and Ce/Pb ratios normalized to the Silicate 441 

Earth of 46.9–99.8, 4.31–19.8 and 0.06–0.50 for the Rio do Amparo pluton and 11.8–442 

42.4, 2.59–9.66 and 0.14–0.82 for the Bom Sucesso pluton. On the other hand, the 443 

Lavras pluton has (Th/Nb)N, (La/Nb)N, and (Ce/Pb)N ratios of 1.01–8.70, 1.85–4.61 444 

and 0.27–0.46 respectively, which are within the range of the continental crust values 445 

((Th/Nb)N = 1.75–11.6, (La/Nb)N = 1.26–6.09 and (Ce/Pb)N = 0–0.45; Moreno et al., 446 

2016). 447 

The mainly negative correlation of P2O5 and Zr with silica shown by all samples (Fig. 448 

8B, C), indicate that the magmas were saturated in these elements and experienced 449 

fractionation of apatite and zircon.  450 

Apatite-saturation temperatures (TAp) have been calculated following the 451 

thermometric expression developed by Harrison and Watson (1984), in which the 452 

temperature is calculated as a function of melt composition (SiO2 content) and the 453 

distribution coefficient of P between apatite and melt (DP). Correction proposed by 454 

Bea et al. (1992) for peraluminous compositions has been also used to avoid 455 

overestimated temperatures as a consequence of the elevated solubility of apatite in 456 

peraluminous granitic melts. Zircon-saturation temperatures (TZr) have been 457 

calculated according to the Watson and Harrison (1983) thermometric expression, 458 

based on the distribution coefficient of Zr between zircon and melt (DZr) and 459 

parameter M [=(Na + K + 2Ca)/(Al·Si)], which is considered the best compositional 460 

proxy for zircon dissolution processes since zircon solubility strongly depends on 461 

magma composition (e.g., alkalinity, ASI). 462 

All samples display relatively high TAp and TZr, being in general higher than 740 ºC 463 

(Table 2). The results also indicate that TAp is generally about 50 ºC higher than TZr, 464 

suggesting earlier apatite saturation. The Bom Sucesso and Lavras granitoids and 465 

the hornblende-biotite orthogneiss show temperatures higher than c. 800 ºC, whilst 466 

the Rio do Amparo granite presents temperatures between 740 and 840 ºC with 467 

sample CB-09 showing temperatures as high as 898 ºC. 468 



  

6.1. Nd isotopes 469 

Nd isotope compositions of the studied samples are listed in Table 3. The 470 

147Sm/144Nd ratios of the analyzed samples are below the threshold value of 0.165 471 

above which calculated model ages may be unreliable (Stern, 2002).  472 

The studied rocks have mostly negative εNdi values (Rio do Amparo: –2.0; Bom 473 

Sucesso: –3.6 and –3.1; Lavras: –2.5 and –0.2) with the exception of samples CB-09 474 

and CB-18 with values of +3.1 and +0.9, respectively (Fig. 9 and Table 3). The Nd 475 

model ages (TDM, calculated according to DePaolo, 1981) for most samples range 476 

between 3.06 Ga and 3.13 Ga that are significantly older than the U-Pb zircon ages 477 

(Table 3), whereas, Samples CB-09 from Rio do Amparo, CB-18 from Bom Sucesso 478 

and N1 from Lavras show a juvenile character with TDM varying between 2.66 and 479 

2.88 Ga. 480 

6. Discussion 481 

6.1. Sequence of emplacement of the Campo Belo granitoids 482 

Comparison of the ages obtained here with those from the literature permit to clarify 483 

relationships between the different high-K granitoids of the complex, which are 484 

essential for further geochemical studies to better infer the petrogenesis of these 485 

complex rocks. 486 

The crystallization age of 2716 ± 6 Ma obtained for the Rio do Amparo granite is 487 

much older than that of 2585 ± 51 Ma reported by Campos and Carneiro (2008) for a 488 

coarse-grained biotite-hornblende granite from the São Pedro das Carapuças pluton, 489 

traditionally ascribed to the Rio do Amparo pluton, which in turn is chemically 490 

different to the main Rio do Amparo pluton (see details in Campos, 2004 and 491 

Campos and Carneiro, 2008). We therefore, conclude that the two intrusions 492 

represent two different granitic bodies. On the other hand, the age of ca. 2727 Ma 493 

(2729 ± 4 Ma, 2726 ± 4 Ma and 2727 ± 7 Ma) of the hornblende-biotite orthogneiss 494 

included in the Rio do Amparo pluton is almost the same that the age of the Rio do 495 

Amparo pluton (ca. 2716 Ma), indicating that both are coeval or, perhaps the 496 

hornblende-biotite orthogneiss slightly older. Furthermore, they are also different 497 

mineralogically and chemically (see sections 5.1 and 6.3). They may therefore 498 

represent mega-enclaves of country rocks to the Rio do Amparo pluton as proposed 499 

for the occurrences of the Ribeirão dos Motas meta-mafic-ultramafic layered-500 

sequence into the Candeias and Itapecerica migmatitic gneisses and the Rio do 501 

Amparo pluton (Carneiro et al., 2007). 502 



  

The highly porphyritic biotite orthogneiss that crops out to the south of Bom Sucesso 503 

city has a crystallization age of 2748 ± 5 Ma that is identical to the TIMS U-Pb age of 504 

2753 ± 11 Ma reported by Campos and Carneiro (2008), which in addition has been 505 

considered the age of the Bom Sucesso pluton. However, the remarkably younger 506 

age of 2696 ± 6 Ma obtained here for the Bom Sucesso facies I along with the 507 

difference in geochemistry between the two rocks (see section 5.1) indicates that the 508 

highly porphyritic biotite orthogneiss must represent the country rock to the Bom 509 

Sucesso pluton. 510 

The crystallization age of ca. 2646 Ma (2646 ± 5 Ma and 2647 ± 5 Ma) of the Lavras 511 

granitoid is in contrast with the conclusion reached by Trouw et al. (2008). These 512 

authors have suggested the Lavras granitoid to be older than the Ribeirão Vermelho 513 

charnockite (2718 ± 13 Ma; Trouw et al., 2008), based on the existence of xenoliths 514 

of quartz-feldspathic orthogneiss, mineralogically and texturally similar to the Lavras 515 

granitoid, in the charnockite. Nevertheless, the younger ages of the Lavras pluton 516 

presented here suggest that this granitoid intruded the Ribeirão Vermelho 517 

charnockite and thus that the xenoliths occurring in the latter should belong to 518 

another granitoid. 519 

Another interesting point that emerges from the ages we have obtained, is that, 520 

contrarily to a previous assessment (see Trouw et al., 2008 and references therein), 521 

the Rio do Amparo and Lavras granitoids are two different plutons. This is also 522 

supported by differences in petrography and geochemistry (see sections 5.1 and 523 

6.3). 524 

Summarizing, the geochronological data presented in this work and those reported 525 

from literature for the Campo Belo metamorphic complex (CBMC) suggest that 526 

migmatitic TTG gneisses from the Fernão Dias gneiss (migmatization event at 2.84 527 

Ga; Teixeira et al., 1998) were intruded by different high-K granitoid plutons between 528 

2.75 and 2.63 Ga. 529 

The metaluminous hornblende-biotite orthogneiss that appears as enclaves within 530 

the Rio do Amparo pluton, and the peraluminous highly porphyritic biotite orthogneiss 531 

exposed to the southeast of Bom Sucesso city were emplaced at 2727 and 2748 Ma, 532 

respectively. The presence of a penetrative foliation trending E-W in both granitoids 533 

suggest a deformation event between 2750 and 2720 Ma prior to the intrusion of the 534 

undeformed Rio do Amparo biotite granite at 2716 Ma. Afterwards, the Bom Sucesso 535 

biotite granite, essentially undeformed as emphasized by Quéméneur (1996), and 536 

the Lavras hornblende-biotite granitoid were emplaced at 2696 Ma and 2646 Ma, 537 



  

respectively. The intrusion of the peraluminous leucogranitic dikes at 2631 Ma 538 

marked the end of the Archean magmatism in the CBMC. The local E-W mylonitic 539 

foliation developed on the Lavras hornblende-biotite granitoid suggests that the 540 

shear zone that crosses the boundary between the CBMC and the Andrelândia 541 

mega-sequence is younger than 2646 Ma that is consistent with a Neoproterozoic 542 

age for the amalgamation of them as suggested by Quéméneur (1996) and Trouw et 543 

al. (2007). 544 

The long time spam, from 2750 to 2630 Ma, of high-K granitoid magmatism in the 545 

CBMC revealed here fits well with previous published data of granitoids from the 546 

southern and northern São Francisco Craton that evidence a major episode of high-K 547 

granitoid magmatism between 2760 and 2600 Ma (Cruz et al., 2012; Farina et al., 548 

2015a; Lopes, 2002; Machado and Carneiro, 1992; Machado et al., 1992; Marinho et 549 

al., 2008; Noce et al., 1998; Romano et al., 2013; Santos-Pinto et al., 2012). In fact, 550 

the main granitic plutons in the CBMC formed between ca. 2730 and 2650 Ma may 551 

correspond to the Mamona event (2760–2680 Ma) described by Farina et al. (2015a) 552 

in the Bonfim and Bação complexes, which mainly consists of weakly deformed to 553 

undeformed granite plutons that may locally develop prolate L > S fabric and 554 

occasionally be highly foliated showing an augen-gneiss structure (Farina et al., 555 

2015a, 2015b; Romano et al., 2013). Interestingly, the apparent lack of 556 

Paleoproterozoic deformation affecting the Neoarchean high-K granitoids from the 557 

southern São Francisco Craton (SSFC) is supported by the preservation of titanites 558 

of Neoarchean age and the absence of Paleoproterozoic metamorphic zircons 559 

(Aguilar et al., 2017). This contrasts with the Neoarchean high-K granitoids reported 560 

from the northern São Francisco Craton (NSFC) that were deformed and 561 

metamorphosed by Paleoproterozoic events (Cruz et al., 2012; Santos-Pinto et al., 562 

2012), suggesting a differential behavior of both sectors of the craton in the 563 

Paleoproterozoic.  564 

Romano et al. (2013) pointed out that the main peak of granitic magmatism in the 565 

SSFC took place between ca. 2750 and 2700 Ma with a volumetrically minor event at 566 

ca. 2612 Ma (Noce, et al., 1998; Romano et al., 2013). Nonetheless, the ages of the 567 

Campo Belo granitoids reveal younger granitic magmatism at 2650 and 2630 Ma 568 

(Lavras granitoid and leucogranitic dikes respectively) that has not been previously 569 

reported in the SSFC. Granitoids of 2.66–2.65 Ga have been also described in the 570 

northern sector of the craton (Lopes, 2002; Marinho et al., 2008), which therefore 571 

indicate a similar magmatic evolution in both the northern and southern segments of 572 

the craton. 573 



  

Crystallization ages between 2720 and 2666 Ma, very similar to those of the Campo 574 

Belo granitoids, have been reported from metaluminous to slightly peraluminous 575 

biotite granites with subordinate amphibole and clinopyroxene from the Ntem 576 

Complex in the Congo Craton (Shang et al., 2010; Tchameni et al., 2000). These 577 

granites are undeformed although they can be locally affected by shear zones, 578 

similarly to the high-K granitoids of the Mamona event from the SSFC. The timing of 579 

the high-K granitoid magmatism enhances the similarities between the Congo and 580 

São Francisco cratons, which have been commonly correlated by reason of the 581 

direct connection between the cratons before drifting of Africa from South America 582 

and their similar evolution during the Archean and Paleoproterozoic (e.g., Cordani et 583 

al., 2003, 2009; De Waele et al., 2008). 584 

6.2. Zircon inheritance 585 

This study points out to a differential zircon inheritance between the high-K granitoids 586 

of the Campo Belo complex. On the one hand, the Rio do Amparo and Bom Sucesso 587 

granites present a high proportion of inherited zircons, being close to 40% of the 588 

analyzed zircons in each sample. The Rio do Amparo granite presents different 589 

populations of inherited zircons with ages of ~2750 Ma, 2770–2790 Ma and 2820–590 

2880 Ma, being that of 2770–2790 Ma the most representative one, whereas the 591 

Bom Sucesso granite has a significant population with an age of ~2730 Ma along 592 

with one zircon grain of ~2789 Ma. On the other hand, inherited zircons are absent or 593 

scarce in the highly porphyritic biotite orthogneiss (one zircon grain of ~2845 Ma), the 594 

hornblende-biotite orthogneiss, the Lavras granitoid (one zircon grain of ~2717 Ma) 595 

and the peraluminous leucogranitic dike. 596 

Geochronological data of high-K granites from Belo Horizonte, Bonfim and Bação 597 

complexes reported by Romano et al. (2013) and Farina et al. (2015a) indicate that 598 

inherited zircons are normally absent in such granites and in the few cases in which 599 

inheritance has been observed the cores have ages close either to 2780 Ma and to 600 

2900 Ma. Furthermore, published data of Neoarchean granitoids from the NSFC also 601 

suggest a relatively low amount of inherited cores for such rocks although ages 602 

around 2960 Ma have been described (Cruz et al., 2012; Santos-Pinto et al., 2012). 603 

On the other hand, reported TIMS data of zircons from granitoids from the Congo 604 

Craton also indicate the existence of inherited zircons with ages around 2780 Ma 605 

(Shang et al., 2010). 606 

The available data seem to suggest therefore that the zircon inheritance in the Rio do 607 

Amparo and Bom Sucesso granites is not only higher than in the rest of the Campo 608 



  

Belo granitoids but also higher than in other high-K granitoids from the southern and 609 

northern São Francisco Craton (Cruz et al., 2012; Farina et al., 2015a; Romano et 610 

al., 2013; Santos-Pinto et al., 2012). Zircon survival can be a consequence of that 611 

the temperature achieved by the magma is not high enough to dissolve zircon grains 612 

or that the kinetics of the magma prevent zircon dissolution (Bea et al., 2007). The 613 

Campo Belo granitoids have similar compositional parameters (M = 1.31–1.52, ASI = 614 

0.98–1.13 for samples with geochronological data) and temperatures (>800 ºC) high 615 

enough to dissolve zircon grains, which do not support the contrasting behavior of 616 

these granitoids. Other possibilities to account for this distinctive behavior may be 617 

either shielding by major phases that host accessory minerals (Bea, 1996a) or 618 

differences in heat transfer and magma cooling rates (Bea et al., 2007) between the 619 

various granitoids. The main major mineral that host zircon crystals is biotite (Bea, 620 

1996a) whereby, in this case, preservation of inherited zircons by shielding can be 621 

ruled out because biotite is present as an early phase in all rocks types of the 622 

complex and thus, a similar inheritance should be expected. Therefore the differential 623 

inheritance detected in the Campo Belo granitoids might be more probably related to 624 

variations in the kinectics of heat move to and from the various magmas (Bea et al., 625 

2007), resulting in differing cooling rates that may favor or prevent zircon dissolution. 626 

On the other hand, contrary to what suggested by whole-rock Nd data with TDM 627 

mostly varying between 3.0 and 3.4 Ga (Cruz et al., 2012; Santos-Pinto et al., 2012; 628 

Shang et al., 2010; Tchameni et al., 2000), reported zircon ages seem to indicate a 629 

major involvement of crust formed at 2770–2790 Ma with none or scarce involvement 630 

of crust older than 2.9 Ga in the generation of Neoarchean high-K granitoids in both 631 

the São Francisco and Congo cratons (Cruz et al., 2012; Farina et al., 2015a; 632 

Romano et al., 2013; Santos-Pinto et al., 2012; Shang et al., 2010). Gneisses and 633 

granitoids older than 2.8 Ga also present low proportion of zircon grains with ages 634 

>2.9 Ga (Albert et al., 2016; Farina et al., 2015a; Lana et al., 2013), suggesting either 635 

that the juvenile sources of 3.0–3.4 Ga were zircon poor which point to rather mafic 636 

sources or that the zircon grains were dissolved in the 2.8 Ga magmatic event. 637 

Therefore, subsequent partial melting of the ca. 2.8 Ga sources that formed by 638 

reworking of previous crust and have scarce inherited zircons (Albert et al., 2016), 639 

may explain the discrepancy between the TDM and the age of the inherited zircon 640 

grains of the 2.75–2.6 Ga high-K granitoids. 641 

6.3. Geochemical characterization of the Campo Belo high-K granitoids 642 

The moderately magnesian to ferroan character along with the alkaline affinity (Fig. 643 

6), and high Na2O+K2O (Fig. 10A) of the Campo Belo granitoids studied here 644 



  

suggest an A-type affinity (see Eby, 1990 and Frost and Frost, 2011 for further 645 

discussion). Accordingly, their compositions mostly plot in the field of within-plate 646 

granites in the tectonic discriminating diagrams of Verma et al. (2013) (Fig. 10B) and 647 

most samples from Bom Sucesso and Lavras plutons and the hornblende-biotite 648 

orthogneiss show the characteristic enrichment in HFSE and LREE of A-type 649 

granites (Fig. 10A). However, most samples of Rio do Amparo granite are more 650 

depleted in HFSE and LREE with values similar to those of I- and S-type granites; 651 

but, they are much more enriched in Th (Fig. 11) with values typical of A-type 652 

granites, and show significantly high Th/Nb ratios when compared to active 653 

continental and ocean island arcs data compiled by Moreno et al. (2016) (Fig. 12). 654 

Remarkably, the Rio do Amparo granite also presents higher Th/Nb values than the 655 

worldwide Proterozoic and Phanerozoic A2-type granitoid database compiled by 656 

Moreno et al. (2014) (Fig. 12A). In accordance with an A-type character, apatite- and 657 

zircon-saturation temperatures of the Bom Sucesso and Lavras granites and the 658 

hornblende-biotite orthogneiss as well as the least evolved samples of the Rio do 659 

Amparo granites are significantly high with values higher than 800 ºC. 660 

The origin of A-type granites is still highly debated and they either may have been 661 

generated from mantle-derived magmas, partial melting of lower crust or mixing of 662 

these two end-members (see more details in Bonin, 2007). All samples mostly plot in 663 

the field of A2-type granites (Fig. 13) in the discriminating diagrams of Eby (1992) and 664 

in Fig. 12A. They are therefore A-type granites with element ratios similar to 665 

continental crust or to subduction-related magmatism (Eby, 1990, 1992; Moreno et 666 

al., 2014, 2016). Regarding Nd isotopes, the negative εNdi values together with Nd 667 

model ages close to 3.1 Ga corroborate the significant reworking of Mesoarchean 668 

crust in the Campo Belo granitoids previously indicated by Teixeira et al. (1998). 669 

However the involvement of juvenile material is also suggested by slightly negative 670 

(–0.2) and positive (+3.1 and +0.9) εNdi values and Nd model ages ranging between 671 

2.7 and 2.9 Ga, which suggest the involvement of mantle and crustal sources in the 672 

generation of the three plutons.  673 

Nature of magma sources can be also discriminated by trace elements ratios such as 674 

Y/Nb, Th/Nb, La/Nb and Ce/Pb, which are sensitive to mantle and crustal sources 675 

(Moreno et al., 2014, 2016, and references therein). The A2-type affinity along with 676 

the relationships of Y/Nb, Th/Nb, La/Nb and Ce/Pb ratios suggest a crustal and/or 677 

subduction-related mantle source for the Lavras granitoid and the hornblende-biotite 678 

orthogneiss (Fig. 12). However, the Bom Sucesso and Rio do Amparo granites plot 679 

outside the continental crust and subduction-related magmatic fields (Fig. 12) 680 



  

because of their strong enrichment in Th and LREE relative to Nb. Samples with the 681 

highest Th abundances also present superchondritic Nb/Ta values that are extensive 682 

to all the Campo Belo granitoids (Fig. 14) and that more likely seem to suggest 683 

involvement of a TTG crustal source (Green, 1995; Hoffmann et al., 2011). 684 

Granitoids with elevated Th and LREE contents must derive from Th-LREE rich 685 

sources because metaluminous liquids tend to have the same Th abundance as the 686 

source, whereas peraluminous sources normally produce segregates markedly 687 

poorer in Th (Bea, 2012). Because monazite is a major Th and LREE carrier in 688 

granites (Bea, 1996b), the generation of high-Th granitoids have been explained by 689 

preferred monazite dissolution during partial melting of monazite-bearing crustal 690 

sources (Stepanov et al., 2012) or by derivation from crustal sources previously 691 

metasomatized by mantle-derived supercritical alkaline fluids that would also favor 692 

monazite dissolution (Bea et al., 2001; Martin, 2006; Montero et al., 2009; Moreno et 693 

al., 2012). However, these mechanisms can hardly explain the high-Th abundance of 694 

the Campo Belo granitoids because it should be expected a pronounced negative Eu 695 

anomaly (Bea and Montero, 1999; Montero et al., 2009). This difficulty may be solved 696 

if Th-orthosilicates (huttonite-thorite) with limited monazite substitution were involved 697 

in the source region. Fenitization-type reactions, which have been proposed as a 698 

mechanism of fertilization of refractory intermediate to mafic sources of A-type 699 

granitoids (Martin, 2006), by F-rich alkaline fluids could favor Th-orthosilicate 700 

dissolution via generation of HFSE-fluoride complexes (Keppler and Wyllie, 1991; 701 

Keppler, 1993). High fluorine contents reported for high-Th A-type granitoids from the 702 

Caraguataí suite by Cruz et al. (2012) (range: 120–3268 ppm) support this 703 

mechanism. 704 

6.4. Comparison with other Neoarchean high-K granitoids from the São Francisco 705 

and Congo cratons 706 

High-K granitoids from Bonfim and Bação complexes from the SSFC, which range 707 

from granodiorite to syenogranite and leucogranite (Carneiro et al., 1998; Farina et 708 

al., 2015a), are similar to those from Campo Belo in terms of major element 709 

compositions. They range from metaluminous to mildly peraluminous and are mainly 710 

ferroan with subordinate magnesian compositions, and alkali-calcic to calc-alkalic 711 

(Fig. 6) except the Brumadinho granite from the Bonfim complex that presents 712 

distinctive alkalic compositions. Most samples from Bonfim and Bação complexes 713 

plot in the compositional field of alkaline and highly fractionated calc-alkaline granites 714 

in the discrimination diagram of Sylvester (1989) (Fig. 6B), but samples from the 715 

Mamona batholith (Bonfim complex) that show a clear alkaline affinity and samples 716 



  

from leucogranitic sheets in the Bação complex that are calc-alkaline granitoids (Fig. 717 

6B). Granitoids from the Bação complex have lower REE and HFSE than the Campo 718 

Belo granitoids, whereas most samples from the Bonfim complex present LREE, Th 719 

and Nb contents close to those of the Bom Sucesso granite and similar or slightly 720 

lower Zr abundances. The alkaline and ferroan character of many samples from the 721 

Bonfim complex as well as their Zr+Nb+Ce+Y contents higher than 350 ppm (Whalen 722 

et al., 1987) and their enrichment in Y relative to Nb (Fig. 13) suggest an A2-type 723 

affinity. However, granitoids from the Bação complex seem to show an I-type affinity. 724 

In both complexes, (Y/Nb)N values are similar to those of the Campo Belo granitoids 725 

whereas (Th/Nb)N values from most samples are comparable to those of the Lavras 726 

pluton and these from some samples from the Bonfim complex are similar to those of 727 

the Bom Sucesso pluton (Fig. 12). On the other hand, granitoids from both 728 

complexes have highly variable (Ce/Pb)N and (La/Nb)N (Fig. 12) values reaching 729 

significantly lower values than in the Campo Belo granitoids, plotting outside the 730 

compositional arrays defined by OIB-Subduction-related magmatism (Fig. 12). 731 

Orthogneisses from the NSFC range from syenite to granite and are metaluminous to 732 

peraluminous and clearly ferroan and alkaline with compositions comparable to those 733 

of the Lavras pluton (Fig. 6; Cruz et al., 2012; Santos-Pinto et al, 2012). They are 734 

enriched in Ba and Zr with contents similar to those of the Bom Sucesso and Lavras 735 

plutons (Fig. 10A), and show very high LREE contents that match those of the Bom 736 

Sucesso pluton and the least evolved samples of the Rio do Amparo pluton. Their Th 737 

contents are very high with values even higher than those of the Rio do Amparo 738 

granite (Fig. 11). Moreover, they are richer in Nb and Y than the Campo Belo 739 

granitoids. Cruz et al. (2012) have suggested an A2-type affinity for the orthogneisses 740 

of the NSFC (Fig. 13). They present (Th/Nb)N and (Y/Nb)N ratios comparable to those 741 

of the Bom Sucesso and Lavras plutons supporting their A2-type character. Notably, 742 

in six samples of orthogneiss with available Pb data, the (Ce/Pb)N values are higher 743 

than one (Fig. 12C, D), which is controversial with a continental crustal or 744 

subduction-related sources (Moreno et al., 2014, 2016). This feature combined with a 745 

Silicate Earth negative Nb anomaly (Fig. 7 in Cruz et al., 2012) may be indicative of a 746 

carbonatite component in their source as propose by Moreno et al. (2014, 2016) for 747 

Neoproterozoic A2-type granitoids from the Sinai Peninsula (Egypt). 748 

The northern sector of the Congo Craton, mainly composed of Archaean 749 

charnockites, greenstone formations and TTGs intruded by dolerite dykes and high-K 750 

granitoids, has been correlated with the SFC by many authors (e.g., Cordani et al., 751 

2003, 2009; De Waele et al., 2008). Archean high-K granitoids that appear in the 752 



  

Ntem complex (northwestern margin of the Congo Craton; Shang et al., 2007, 2010; 753 

Tchameni et al., 2000) are granodiorites, monzogranites, syenogranites and 754 

leucogranites with peraluminous and alkalic to calc-alkalic compositions (Fig. 6). 755 

They can be highly ferroan like the Campo Belo granites, but also highly magnesian 756 

sharing characteristics of cordilleran-type granitoids. They have lower Zr (Fig. 10A) 757 

and LREE abundances than the Campo Belo granitoids, but variable Th contents 758 

(Fig. 11). They also have lower Nb contents (Nb = 0.3–6 ppm) than the Campo Belo 759 

granitoids –except of two samples with Nb close to 25 ppm. Their compositions show 760 

no clear alkaline affinity in the diagram of Sylvester (1989) (Fig. 6B) in which they lie 761 

in the fields of calc-alkaline granites, and of highly fractionated I-type granites and 762 

alkaline granites (Fig. 6B). According to these relationships, along with their 763 

cordilleran affinity (Fig. 6C)—note that the ferroan samples plot close to the 764 

overlapping fields of cordilleran and A-type granitoids—, and their slightly 765 

peraluminous composition as well as their I-S-type affinity in the discrimination 766 

diagrams of Whalen et al. (1987) (Fig.10A) suggest an I-type affinity. On the other 767 

hand, their (Th/Nb)N values are comparable to those of the Bom Sucesso granite 768 

(Fig. 12) besides three samples that match the Rio do Amparo values. They have 769 

(Y/Nb)N, (La/Nb)N and (Ce/Pb)N ratios comparable to those of the Campo Belo 770 

granitoids (Fig. 12). Accordingly, these trace element ratios along with the I-type 771 

affinity of the Ntem complex granitoids suggest derivation from a crustal or 772 

subduction-related source. 773 

Our study reveals the existence of Archean A-type magmatism in the SSFC as in the 774 

northern part of the craton (e.g., Cruz et al., 2012) and probably in the Bonfim 775 

complex (Carneiro et al., 1998; Farina et al., 2015a). In contrast, no Neoarchean A-776 

type magmas have been described so far in the Congo Craton (Shang et al., 2010; 777 

Tchameni et al., 2000). 778 

High-K granitoids from the northern São Francisco Craton and the Congo Craton 779 

exhibit εNdi ranging between –3.0 and –6.0, and between –2.5 and –5.3 respectively, 780 

which correspond to TDM of 3.1–3.5 Ga and 3.0–3.4 Ga (Cruz et al., 2012; Marinho et 781 

al., 2008; Santos-Pinto et al., 2012; Shang et al., 2010; Tchameni et al., 2000). 782 

Because of this, its generation has been commonly linked to recycling of a 783 

Paleoarchean–Mesoarchean crust. In the same way, Albert et al. (2016) suggested a 784 

crustal origin for granites from the Bonfim and Bação complexes that belong to the 785 

Mamona event, since they have εHft values varying between –1 and –6 and elevated 786 

δ
18O(Zrn) (>6.5‰). Accordingly, most samples of the Campo Belo granitoids present 787 

TDM of ca. 3.1 Ga and εNdi ranging from –2.0 to –3.6, which are similar or slightly less 788 



  

negative than those of granitoids from the northern São Francisco and Congo 789 

cratons. Similarly, the ca. 2.7 Ga Brumadinho granite from the Bonfim complex with 790 

εNdi of –0.96 and –2.75 and TDM of 2.9 and 3.1 Ga (Carneiro et al., 1998) also 791 

suggest participation of old Mesoarchean crust along with a younger crustal 792 

component. However, three samples of this study with εNdi ranging from –0.2 to +3.1 793 

and younger TDM values (range: 2.7–2.9 Ga) suggest that a more juvenile source 794 

could also be involved in the genesis of the Campo Belo granitoids. This is supported 795 

by εHft data in detrital zircons from the SSFC (Albert et al., 2016) that suggest that 796 

around 20% of the magmatism generated at ca. 2700 Ma must have been juvenile. 797 

Therefore, it seems that there is no evidence of the participation of a juvenile 798 

component in the source of the Neoarchean high-K granitoids from the NSFC and 799 

the Congo Craton, whereas contribution of a juvenile component in the source of 800 

SSFC granitoids is suggested by whole-rock Nd and zircon Hf isotopes. 801 

Interestingly, in the case of the Rio do Amparo pluton the least evolved sample (CB-802 

09) shows a clear juvenile character with positive εNdi (+3.1) and TDM of ca. 2.7 Ga, 803 

which is close to the crystallization age (~2716 Ma) and the age of the main 804 

population of inherited zircons found in this sample (~2777 Ma). This suggests 805 

recycling of new crust formed around 2780 Ma, probably of TTG affinity given its 806 

superchondritic Nb/Ta ratio. By contrast, sample CB-20 has negative εNdi (–2.0), TDM 807 

of 3.1 Ga and a higher number of inherited zircons with ages varying between 2750 808 

and 2880 Ma, either suggesting reworking of older crust or assimilation of country 809 

rocks. Different degrees of assimilation of country rocks, either sedimentary or 810 

igneous, could explain the elevated number of inherited zircons with a wide range of 811 

crystallization ages in sample CB-20. Accordingly, the Rio do Amparo granite shows 812 

a subhorizontal trend in the MALI diagram (Fig. 6A) changing from alkalic to more 813 

calcic compositions as silica increases that is consistent with assimilation of small 814 

amounts of partial melts derived from peraluminous and calc-alkalic host rocks (Frost 815 

and Frost, 2008). Such assimilation processes can modify the magma to a more 816 

peraluminous composition as observed in the Rio do Amparo granite. The 817 

contaminant component should be comparatively depleted in Ba and Sr to explain 818 

their positive correlation (Fig. 8A). Consequently, the Rio do Amparo granite could 819 

have been generated by partial melting of an igneous source formed at ca. 2780 Ma, 820 

probably related to the Rio das Velhas II magmatic event (2800–2760 Ma; Lana et 821 

al., 2013), with varying degree of host rock assimilation. 822 

6.5. Tectonic setting and intercontinental correlations 823 



  

Granitoids from the Campo Belo metamorphic complex (CBMC) mostly plot in the 824 

fields of continental rift and ocean island magmatism (Fig. 10B) in the discrimination 825 

diagrams of Verma et al. (2013). This feature is typical of A-type granitoids (Eby, 826 

1992), which can be generated in post-collisional and within-plate tectonic settings. 827 

The A2 type affinity of the Campo Belo granitoids, even those without significant 828 

isotopic crustal signature, suggests generation from sources originally formed by 829 

subduction or continent–continent collision but does not permit to discriminate 830 

between post-collisional or true anorogenic settings (Eby, 1992). However, the high 831 

zircon inheritance detected in the Bom Sucesso and Rio do Amparo granites may 832 

indicate an extensional setting. Because as proposed by Bea et al. (2007), a high 833 

inheritance is favored by the rapid heat transfer after the intrusion of hot mantle 834 

magmas into the continental crust that can prevent zircon dissolution.  835 

An extensional setting for the CBMC between 2750 and 2660 Ma has also been 836 

proposed by Teixeira et al. (1998) based on the existence of undeformed rocks of the 837 

Ribeirão dos Motas mafic-ultramafic unit and the gabbroic to noritic dikes in the 838 

Lavras region. In such a scenario the heat needed for melting of the crust to produce 839 

the Campo Belo granitoids could have been produced by heat advection resulting 840 

from emplacement and crystallization of basaltic magmas or by heat flux associated 841 

with mantle upwelling but also by the high contents of heat-producing elements 842 

(HPE: K, Th and U) available in these granitoids (Bea, 2012). 843 

The southern São Francisco Craton (SSFC) may have evolved around an older 844 

crustal nucleus (ca. 3.2 Ga; Lana et al., 2013) through juvenile TTG magmatism and 845 

tectonic accretion of greenstone belt terranes that ended with the consolidation of the 846 

granitic crust between 2760 and 2680 Ma (Farina et al., 2015a, 2015b; Romano et 847 

al., 2013). According to Farina et al. (2015b), the collision of two continental blocks 848 

took place during the Mamona event (2760–2680 Ma) and accordingly, the late-849 

Archean high-K granitoids and mantle-derived dikes in the Quadrilátero Ferrífero 850 

formed in a syn-to late-collisional geodynamic environment. In the Campo Belo 851 

metamorphic complex, located to the southwest of the Quadrilátero Ferrífero, 852 

however, the final cratonization stage is marked by the generation of high-K A-type 853 

granitoids in an extensional setting, similarly to that proposed for the generation of 854 

significant alkaline to sub-alkaline A-type magmatism in the northern sector of the 855 

São Francisco Craton (e.g., Cruz et al., 2012; Marinho et al., 2008; Santos-Pinto et 856 

al., 2012), which in turn is roughly coeval to the Campo Belo A-type granitoids. 857 

Recently, Albert et al. (2016) have proposed a Neoarchean evolution model of the 858 

SSFC using O and Hf zircon isotopes combined with geochemical evidences (taken 859 



  

from Farina et al., 2015a) in which a change in geodynamics (transition from island 860 

arc to continental arc) took place at ~2.9 Ga, indicated by the decrease of the 861 

juvenile input to the magmatism. From that time to ~2.75 Ga a period of continental 862 

collision occurred through the accretion of various proto-continents (terranes), 863 

resulting in crustal thickening and generation of medium-K magmas via crustal 864 

reworking and differentiation. Finally, these authors proposed a change of tectonic 865 

setting at 2.75 Ga toward an extensional or non-compressional environment 866 

characterized by important crustal reworking and widespread high-K granitoid 867 

magmatism that belongs to the Mamona event (Farina et al., 2015a). 868 

Consequently, the ages and nature of the Campo Belo granitoids reported here fit 869 

well with the crustal evolution model of the SSFC proposed by Albert et al. (2016). In 870 

the same way, comparing recent data from northern and southern São Francisco 871 

Craton reveals a similar tectono-magmatic evolution, generating extension-related A-872 

type magmatism at similar age (2.73–2.65 Ga), for the whole craton (e.g., Cruz et al., 873 

2012; Marinho et al., 2008; Santos-Pinto et al., 2012). However, in the Congo Craton 874 

only I-type granites were formed in post-tectonic to intracontinental settings (Shang 875 

et al., 2007; Tchameni et al., 2000). 876 

A-type-like granitoids, although volumetrically minor, have been recognized in most 877 

Archean terranes around the world (e.g., Barros et al., 2001; Blichert-Toft et al., 878 

1995; Champion and Sheraton, 1997; Gou et al., 2015; Mitrofanov et al., 2000; 879 

Moore et al., 1993; Shang et al., 2010; Smithies and Champion, 1999; Sutcliffe et al., 880 

1990; Zhou et a., 2015). Despite the diachronism between cratons the alkaline 881 

igneous suites are mainly Neoarchean with ages younger than 2.8 Ga (c.f., Bonin, 882 

2007). In some cases, this Neoarchean alkaline magmatism has been related to 883 

subduction or collision, as in the case of the 2.73–2.68 Ga amphibole-bearing 884 

granitoids from the Superior Province (Sutcliffe et al., 1990) and the ~2.75 Ga A-type 885 

granites from the Carajás Province (Barros et al., 2001; Sardinha et al., 2006). 886 

Nevertheless, this magmatism has been mainly ascribed to post-collisional and 887 

extensional settings in many other Archean terranes, such as the Yilgarn Craton 888 

(Champion and Sheraton, 1997; Smithies and Champion, 1999), the Yangtze Craton 889 

(Chen et al., 2013; Guo et al., 2015; Wang et al., 2013; Zhou et a., 2015), the 890 

Fennoscandian Shield (Heilimo et al., 2016; Mitrofanov et al., 2000; Zozulya et al., 891 

2005), the Skjoldungen Alkaline Igneous Province (Blichert-Toft et al., 1995), the 892 

Singhbhum-Orissa Craton (Bandyopadhyay et al., 2001) and the São Francisco 893 

Craton as highlighted in this work. 894 

7. Conclusions 895 



  

The Campo Belo metamorphic complex is mainly composed of TTG migmatitic 896 

gneisses that exhibit a protracted geologic history from 3200 Ma to 3100 Ma (juvenile 897 

accretion) followed by migmatization at ca. 2840 Ma (Teixeira et al., 1998 and 898 

references therein) intruded by high-K granitoids. U-Pb ages of the main granitic 899 

plutons indicate a long period (ca. 100 My) of late Archean high-K granitoid 900 

magmatism in the complex. This started with the intrusion of a highly porphyritic 901 

biotite granitoid at ca. 2748 Ma followed by the emplacement of a hornblende-biotite 902 

granitoid at ~2727 Ma that now appear as orthogneisses. Both were affected by a 903 

deformation event prior to the emplacement of the Rio do Amparo, Bom Sucesso 904 

and Lavras granitoid plutons at ~2716 Ma, ~2696 Ma and ~2646 Ma, respectively. 905 

The Neoarchean granitic activity seems to end with the intrusion of leucogranitic 906 

dikes of peraluminous character at ~2631 Ma.  907 

The Rio do Amparo, Bom Sucesso and Lavras granitoid plutons as well as the 908 

hornblende-biotite orthogneiss present A2-type affinity and may have been formed in 909 

an extensional setting by partial melting of TTG-like sources. The characteristic high 910 

Th abundances of the Bom Sucesso and Rio do amparo granites may imply 911 

involvement of Th-orthosilicate with minor monazite substitution in the source of 912 

these rocks. High-K granitoid magmatism also occurred at 2.73–2.65 Ga in the 913 

northern segment of the São Francisco Craton showing A2-type affinity with 914 

distinctive enrichment in Y and Nb along with high Ce/Pb values, and in the Congo 915 

Craton with, however, I-type affinity.  916 

Important recycling of Mesoarchean crust occurred during the genesis of the Campo 917 

Belo granitoids, but with probable involvement of a juvenile source. This contrasts 918 

with the Neoarchean high-K magmatism from northern segment of the São Francisco 919 

Craton and from the Congo Craton characterized by negligible juvenile signature.  920 

Stabilization of the Archean lithosphere through a major episode of high-K granitoid 921 

magmatism between 2760 and 2600 Ma marks the end of the Archean in the São 922 

Francisco Craton and the northern Congo Craton. 923 
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Fig. 1. Tectonic sketch of the São Francisco Craton and geological map of the 1324 

studied area. A) São Francisco Craton and its Archean-Paleoproterozoic blocks with 1325 

location of the studied area. Legend: (I) Neoproterozoic orogenic belts, (II) 1326 

Proterozoic and Phanerozoic covers <1.8 Ga, (III) Paleoproterozoic high-grade 1327 

Itabuna-Salvador-Curaça orogen, (IV) and (V) Archean-Paleoproterozoic basement, 1328 

(VI) Paleoproterozoic mineiro belt, (VII) the studied area. B) Simplified geological 1329 

map of the Campo Belo region. Neoproterozoic belt: (0) Andrelândia-Carandaí 1330 

sequences (1). Paleoproterozoic units: (1) Mafic dike swarms, (2) Diorite-granitoid 1331 

crust, (3) Supracrustal sequences, (4) Minas supergroup. Archean units: (5) Ribeirão 1332 

dos Motas meta-mafic-ultramafic unit, (6) Rio do Amparo pluton, (7) Lavras pluton, 1333 

(8) Bom Sucesso pluton, (9) Porphyritic biotite orthogneiss, (10) Ribeirão Vermelho 1334 

charnockite, (11) Sillimanite-quartzite, (12) Campos Gerais gneiss, (13) Candeias 1335 

gneiss, (14) Claudio gneiss, (15) Fernão Dias gneiss. Sampling: black stars (U-Pb 1336 

analysis), black triangles (Sm-Nd analysis) and black circles (U-Pb and Sm-Nd 1337 

analysis). Adapted from CPRM (Brazilian Geological Survey) and Soares et al. 1338 

(2013). 1339 

Fig. 2. Field photographs. A) Panoramic view of various meter-scale blocks showing 1340 

a typical outcrop of the Campo Belo granitoids (sample C-04). B) Medium-grained 1341 

equigranular biotite granite of the Rio do Amparo pluton (sample CB-09). C) 1342 

Hornblende-biotite orthogneiss that crops out within the Rio do Amparo pluton, 1343 

showing subvertical mylonitic foliation (sample CB-23). D) Medium-grained 1344 

inequigranular biotite granite of the Bom Sucesso pluton (sample C-01). E) 1345 

Centimeter-scale biotite clot in the Bom Sucesso granite (sample CB-06). F) Foliated 1346 

coarse-grained Lavras granitoid (sample B-13) showing a decimeter-scale fine-1347 

grained mafic enclave. 1348 

Fig. 3. Wetherill concordia plots for samples CB-02, CB-09, CB-20, CB-23 and C-06. 1349 

Fig. 4. Wetherill concordia plots for samples CB-05, 15WEJE-9, B-10, B-11A and B-1350 

11B. 1351 

Fig. 5. Cathodoluminescence images and ages of selected zircons from the studied 1352 

samples. See text for description. 1353 

Fig. 6. Whole-rock composition of Campo Belo granitoids. A) MALI-index vs. SiO2 1354 

diagram (Frost et al., 2001). B) Granite discrimination diagram of Sylvester (1989). 1355 

C) Fe-number vs. SiO2 diagram. A-type and cordilleran granitoid fields after Frost et 1356 

al. (2001). D) Molar alumina saturation index vs. Al2O3/(Na2O+K2O). Compositions of 1357 



  

high-K granitoids from the northern (orange lines) and southern (green lines) São 1358 

Francisco Craton and the Congo Craton (purple lines) are shown for comparison. 1359 

Fig. 7. Silicate Earth-normalized trace element and Chondrite-normalized REE 1360 

diagrams. Normalization values after McDonough and Sun (1995). Green field shows 1361 

composition of the Lavras granitoid for comparison with the hornblende-biotite 1362 

orthogneiss. 1363 

Fig. 8. Harker and Ba vs. Sr diagrams for Campo Belo granitoids. Major elements in 1364 

wt.(%) and trace elements in ppm. Small gray and black symbols are data from 1365 

Quéméneur (1996) and Trouw et al. (2008). 1366 

Fig. 9. εNdi vs. U–Pb zircon ages with reference lines for depleted mantle (DM) after 1367 

DePaolo (1981) and Goldstein et al. (1984) and Chondritic Uniform Reservoir 1368 

(CHUR). 1369 

Fig. 10. A) Granitoids discrimination diagrams from Whalen et al. (1987) for Campo 1370 

Belo granitoids. Compositions of high-K granitoids from the northern São Francisco 1371 

Craton (orange lines) and the Congo Craton (purple lines) are shown for comparison. 1372 

B) Tectonic discriminating diagrams from Verma et al. (2013) for Campo Belo 1373 

granitoids. Abbreviations: CA, Continental Arc; Col, Collision; CR, Continental Rift; 1374 

IA, Island Arc; OI, Ocean Island.  1375 

Fig. 11. Th vs. Eu/Eu* diagram. Fields for A-type and S- and I-type granites after Eby 1376 

(1992). Orange, green and purple lines represent data from northern and southern 1377 

São Francisco Craton and the Congo Craton respectively. 1378 

Fig. 12. Relationships between Y/Nb, Th/Nb, La/Nb and Ce/Pb in Campo Belo 1379 

granitoids. Normalization values after McDonough and Sun (1995). Compositional 1380 

fields after Moreno et al. (2016). Abbreviations: A1, A1-type granitoids; A2, A2-type 1381 

granitoids; CA, Continental Arcs; CC, Continental Crust; IA, Island Arcs; OIB, Ocean 1382 

Island Basalts; Sh, shoshonites; Sub, subduction-related magmatic suites. 1383 

Compositions of high-K granitoids from the northern (orange lines) and southern 1384 

(green lines) São Francisco Craton and the Congo Craton (purple lines) are shown 1385 

for comparison. Orange dashed line in the (Th/Nb)N vs. (Y/Nb)N and (Th/Nb)N vs. 1386 

(La/Nb)N diagrams depicts samples from northern São Francisco Craton with Pb 1387 

data. 1388 

Fig. 13. A-type granitoids discrimination diagrams of Eby (1992) for Campo Belo 1389 

granitoids. Orange and green lines show compositions of A-type granitoids from the 1390 



  

northern São Francisco Craton and the Bonfim complex (southern São Francisco 1391 

Craton) respectively. 1392 

Fig. 14. Nb/Ta vs. Th diagram for Campo Belo granitoids. 1393 
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 1397 

Table 1. Summary of geochronological data of the Campo Belo granitoids. 1398 

     
Sample Rock unit Technique 

Age 
(Ma) References 

Bom Sucesso granite Rb-Sr 
2748 ± 
60  [1] 

JC 1554 Bom Sucesso granite TIMS 
2753 ± 
11  [2] 

JC 1589 São Pedro das Carapuças granite TIMS 
2585 ± 
51  [2] 

N-239 Riberao Vermelho Charnockite LA-ICP-MS 
2718 ± 
13  [3] 

CB-09 Rio do Amparo granite 
LA-SF-ICP-
MS  2716 ± 6  This study 

CB-20 Rio do Amparo granite 
LA-SF-ICP-
MS  

2693 ± 
16  This study 

CB-02 Hornblende-biotite orthogneiss 
LA-SF-ICP-
MS  2729 ± 4  This study 

CB-23 Hornblende-biotite orthogneiss 
LA-SF-ICP-
MS  2726 ± 4  This study 

C-06 Hornblende-biotite orthogneiss 
LA-SF-ICP-
MS  2727 ± 7  This study 

CB-05 Bom Sucesso granite 
LA-SF-ICP-
MS  2696 ± 6  This study 

15WEJE-
9 Porphyritic biotite orthogneiss 

LA-SF-ICP-
MS  2748 ± 5  This study 

B-10 Lavras granitoid 
LA-SF-ICP-
MS  2646 ± 5  This study 

B-11A Lavras granitoid 
LA-SF-ICP-
MS  2647 ± 5  This study 

B-11B Peraluminous leucogranitic dike 
LA-SF-ICP-
MS  2631 ± 4  This study 
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[1] - Quéméneur (1996); [2] Campos and Carneiro (2008); [3] Trouw et al. (2008). 1400 
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Table 2. Representative whole rock compositions of granitoids from the Campo Belo complex. Major elements in weight 1402 

percent. Trace elements in ppm. 1403 
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BSG, Bom Sucesso granite; HBO, hornblende-biotite orthogneiss; LG, Lavras granitoid; RAG, Rio do Amparo granite. 1404 
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Table 3. Nd composition of Campo Belo granitoids. 1406 

Samp
le 

Rock 
unit 

Age for 
calculati
ons (Ma) 

147Sm/144

Nd 

143Nd/144

Nd 
Erro
r 
Nd/
Nd 

143Nd/144

Ndt 
εN
di  

TCH

UR 
(Ga
) 

TC

R 
(G
a) 

TD

M 
(G
a) 

B-10 Lavra
s 
pluton 

2646 0.118 0.51114
2 

0.00
2 

0.50907
6 

-
2.5
2 

2.8
9 

3.1
9 

3.0
6 

CB-
04 

Bom 
Suces
so 
pluton 

2696 0.107 0.51085
8 

0.00
2 

0.50895
9 

-
3.5
6 

3.0
0 

3.2
5 

3.1
3 

CB-
05 

Bom 
Suces
so 
pluton 

2696 0.098 0.51073
2 

0.00
3 

0.50898
4 

-
3.0
8 

2.9
3 

3.1
8 

3.0
6 

CB-
09 

Rio do 
Ampar
o 
pluton 

2716 0.085 0.51078
9 

0.00
2 

0.50927
2 

3.1
2 

2.5 2.7
8 

2.6
6 

CB-
18 

Bom 
Suces
so 
pluton 

2696 0.103 0.51101
9 

0.00
3 

0.50918
8 

0.9
3 

2.6
2 

2.9
2 

2.7
9 

CB-
20 

Rio do 
Ampar
o 
pluton 

2716 0.124 0.51123
8 

0.00
2 

0.50901 -
2.0
3 

2.9
3 

3.2
4 

3.1 

N-1* Lavra
s 
pluton 

2700 0.107 0.51103 0.00
8 

0.50912
4 

-
0.1
9 

2.7
2 

3.0
1 

2.8
8 

 1407 

*Sample N-1 taken from Trouw et al. (2008). 1408 
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 1410 

Long period of Neoarchean high-K granitoid magmatism (ca. 100 my) 1411 

2.73–2.65 Ga A2-type granitoids in the southern São Francisco Craton 1412 

Reworking of Mesoarchean crust with involvement of juvenile material 1413 

Crustal reworking in an extensional setting 1414 
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