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Introduction
The Neoarchean Mundo Novo greenstone belt (MNGB), in the 

eastern boundary of the Gavião Block [1-3] and eastern portion of 
the São Francisco Craton, and lying within the Contendas-Jacobina 
Lineament [4], NE Brazil, hosts the Zn-Pb Fazenda Coqueiro deposit 
and has been a subject of study since the 1970s [5-12] (Figures 
1A-1C). However, the MNGB lacks detailed discussions on its 
tectonic setting of volcanism, mainly concerning its intraoceanic 
or intracontinental provenance. Greenstone belts are highly 
varied Archean geological entities that contain a vast diversity 
of rocks. Generally, their rocks experienced multiple stages of 
deformation, metamorphism and metasomatic alteration due 
their great age and diversity of geotectonic settings, which was 
intruded by mafic, ultramafic and granitoid rocks [13]. Moreover, 
the intraoceanic or intracontinental provenance of volcanic rocks  
in Archean greenstone belts has been a recurring discussion  

 
topic and whole-rock chemical tools have been constantly 
applied for such research purposes [14-17]. The predominance of 
subaqueously deposited basalt and komatiite has been interpreted 
in a wide variety of geological settings proposed for greenstone 
belt terrains in intraoceanic crust, ranging from primitive island 
arcs to plume-related submarine plateaus, mid-ocean ridges 
(including ophiolites) and back-arc basins [18-22]. Furthermore, 
the intraoceanic Archean greenstone belts present a set of evidence 
as follows: basalt and komatiite occurrence, the absence of zircon 
xenocrysts, Mid-Ocean Ridge Basalt (MORB) and Island Arc 
Tholeiitic (IAT) geochemical patterns, and Th enrichment due to 
crustal contamination processes [16]. The crustal contamination, 
however, would have been produced by subduction components, 
metamorphism, intraoceanic contamination, crustal recycling, high 
Th-Nb proxy and delamination [16,17].
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Figure 1: A) Location of the São Francisco Craton in NE Brazil. B) Study area in the eastern portion of the São Francisco 
Craton and other greenstone belts and volcano-sedimentary sequences: CM: Contendas-Mirante; RV: Rio das Velhas; UM: 
Umburanas. C) Regional tectonic setting where the MNGB is inserted (modified from Barbosa and Sabaté [1,2,3]). Ages in the 
points highlighted on the map: 1- 3442 ± 2 Ma (U-Pb zircon, TTG; Mougeot [34]); 2- 3303 ± 11 Ma (U-Pb zircon, metarhyolite 
from the Gavião Block obtained by Zincone et al. [11]); 3- 3292 ± 3 Ma (U-Pb zircon, metagranite from the Gavião Block 
obtained by Zincone et al. [11]); 4- 3500 - 3220 Ma (U-Pb zircon, quartzite from the Jacobina Group obtained by Teles et al. 
[35]); 5- 2595  21 Ma (U-Pb zircon, metadacite from the MNGB obtained by Spreafico et al. [36]); 6- 2080  18 Ma (U-Pb monazite, 
Cachoeira Grande granite obtained by Leite [37]); 7- 2068  12 Ma (U-Pb zircon, biotite schist from the Saúde Complex obtained 
by Zincone et al. [38]).

The metabasalt of the Nova Lima Group in the Archean Rio das 
Velhas greenstone belt of the southern São Francisco Craton (Figure 
1B), for example, has been considered as derived from an ocean-
floor setting based on a pillow lava structure and an association 
with chemical sediments and volcanic rocks [23]. Moreover, the 
geochemical pattern of this metabasalt suggests a submarine 
plateau setting and crustal contamination rocks; the felsic volcanic 
rocks would indicate the presence of an island arc or back-arc 
type setting [24]. In the Neoarchean Contendas-Mirante volcano-
sedimentary sequence, south of the Contendas-Jacobina Lineament 
Figure 1b, which contains geochemical and age equivalences with 
the MNGB, intraoceanic basalt occurrences have been interpreted 
as being related to banded iron formation [25]. The South Abitibi 
[26,27], Barberton et al. [21,28,29] and Isua et al. [15,30] are other 
examples of intraoceanic interpretations for Archean greenstone 
belts, which Pearce [16] discusses in his examination of the ocean 

floor’s origin with crustal contamination along their geological 
evolution based on a Th-Nb proxy. Despite the contamination issues 
of analyzing Archean rocks, the geochemical pattern of the modern 
Mariana Arc, which indicates an arc-basin system in oceanic crust, 
was properly used to compare to older intraoceanic settings in the 
Nb/Yb vs. Th/Yb diagram [16,31]. The intracontinental provenance 
of volcanic rocks in Archean greenstone belts, on the other hand, 
has been related to oceanic-continent subduction processes or with 
the genesis on ensialic settings [16]. Greenstones of the Wawa belt 
in the Superior Province, for example, were formed in an arc-related 
association [14], the Umburanas greenstone belt in the eastern São 
Francisco Craton Figure 1B was formed over a continental crust 
[32]. Bickle et al. [33] concluded that the continental provenance 
for Archean greenstone belts could not easily identify complete 
ophiolitic sequences, which would thus explain a possible oceanic 
origin; the presence zircon xenocrysts, geochemical and isotopic 
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evidence for crustal contamination, intrusive relationships with 
older basement rocks and their internal stratigraphy would also 
indicate continental provenance. Therefore, field, petrographic 
and whole-rock chemical data from the metakomatiite, eastern 
and western metabasalts and metadacite in the MNGB, completed 
by the mineral chemistry of the two metabasalts, were used to 
characterize the metavolcanic rocks and study the tectonic setting 
of the MNGB. The intraoceanic provenance of the volcanic rocks 
rather than the intracontinental provenance and a comparison with 
other Archean greenstone belts were also considered. The insertion 
of the Neoarchean MNGB within the regional geologic context in 
the eastern portion of the São Francisco Craton and the subsequent 
tectonic events were also contemplated.

Geological Setting
The eastern portion of the São Francisco Craton, where the MNGB 

is situated (state of Bahia), was formed through the amalgamation 
of four Archean blocks during the Paleoproterozoic continent-
continent collision [1-3] the Gavião, Serrinha and Jequié blocks and 
the Itabuna-Salvador-Curaçá Belt Figure 1c. The Paleoproterozoic 
event captured the MNGB and surrounding crust between the 
cratonic blocks, and the uplift caused by this event possibly resulted 
in the erosion and the formation of Paleoproterozoic sedimentary 
basins, such as the uppermost sequence of the MNGB and the Saúde 
Complex. Briefly, the MNGB is in contact to the west with 3.4 Ga 
[34] Tonalite-Trondhjemite-Granodiorite (TTG) basement rocks 
and subordinate metagranites in the Gavião Block and to the east 

and south with paragneiss in the Saúde Complex with a maximum 
age between 2.20 and 2.06 Ga [38] Figure 2. To the north and 
northwest, the MNGB is in contact with quartzites in the Jacobina 
Group, which were deposited between 3.55 and 3.22 Ga [35], and 
Paleoproterozoic granitic intrusives.

Additionally, the geological setting includes granulites (3.0 Ga) 
and multiple charnockite intrusions (2.7 and 2.6 Ga) in the Jequié 
Block et al. [39,40], the Itabuna-Salvador-Curaçá Belt (2574 ± 6 
Ma and 2695 ± 12 Ma obtained by Oliveira et al. [41], Silva et al. 
[42]; respectively, and the Serrinha Block 3152 ± 5 Ma obtained 
by Oliveira et al. [43,44]; 2989 ± 11 Ma, 3072 ± 2 Ma and 3162 ± 
26 Ma obtained by Rios et al. [45], although the Itabuna-Salvador-
Curaçá Belt and Serrinha Block are far from the MNGB, they are 
important for understanding the collisional Paleoproterozoic 
tectonic context of the study area Figure 1C. Table 1 shows regional 
geochronological data from the MNGB and surrounding units. The 
eastern margin of the Gavião Block is in tectonic contact with the 
lithologies of the MNGB Figure 1C and is composed of TTG gneiss 
and migmatites that host mafic rock enclaves [46], metagranites 
and metarhyolites [11]. This block corresponds to the basement 
of the MNGB. Three groups of TTG gneiss are described in the 
Gavião Block: two groups are trondhjemitic with U-Pb zircon ages 
(SHRIMP) of 3403 ± 5 Ma and 3158 ± 5 Ma [47,48], and the other 
group, with granodioritic compositions, includes the 3225 ± 10 Ma 
Aracatu granitoid [46]. The Gavião Block age, near the MNGB, is 3.4 
Ga [34], but metarhyolites with ages of 3303 ± 11 Ma [11,49] and 
metagranites, such as Boa Sorte at 3291 ± 2.5 Ma, occur as well [11]. 

Table 1: Compilation of regional geochronological data of the MNGB and surrounding units.

Geological/tec-
tonic unit Lithotype Age Methods Mineral dated Author

Saúde Complex Biotite schist 2068 ± 12 Ma
U-Pb

Detrital zircon [38]
(LA-MC-ICP-MS)

Cachoeira Grande 
granite Leucogranite 2080 ± 18 Ma U-Pb (Electron microprobe) Monazite (crystallization age) [37]

Upper sequence 
ss(MNGB) Quartzite 2133 ± 14 Ma

U-Pb
Detrital zircon [54]

(LA-ICP-MS)

Mundo Novo 
greenstone belt Metadacite 2595 ± 21 Ma

U-Pb
Zircon (crystallization age) [36]

(LA-ICP-MS)

Itabuna-Salvador-
-Curaçá Belt

Tonalitic granulite 2574 ± 6 Ma U-Pb (SHRIMP) Zircon (crystallization age) [41]

Enderbite 2695 ± 12 Ma U-Pb (SHRIMP) Zircon (crystallization age) [42]

Jequié Block

Granulites 2715 ± 29 Ma U-Pb (SHRIMP) Zircon (crystallization age) [40]

Charnockite 2900 ± 24 Ma Rb-Sr
Whole rock

[39]
(crystallization age)

Serrinha Block
Granitoid 2989 ± 11 Ma 3072 ± 

2 Ma 3162 ± 26 Ma U-Pb (SHRIMP) Zircon (crystallization age) [45]

Gneiss, migmatite 3152 ± 5 Ma U-Pb (SHRIMP) Zircon (crystallization age) [43,44]

Jacobina Group Quartzite 3500 - 3220 Ma
U-Pb

Detrital zircon [35,54,55,56]
(LA-MC-ICP-MS)

Mairi Block Orthogneiss 3.33 - 3.30 Ga
U-Pb

Zircon (crystallization age) [50]
(LA-SF-ICP-MS)
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Gavião Block

Metagranite 3291 ± 2.5 Ma
U-Pb

Zircon (crystallization age) [11]
(LA-ICP-MS)

Metarhyolite 3303 ± 11 Ma
U-Pb

Zircon (crystallization age) [11,49]
(LA-ICP-MS and SHRIMP)

TTG 3442 ± 2 Ma U-Pb (ID-TIMS) Zircon (crystallization age) [34]

Figure 2: Geologic map of the MNGB and adjoining units. Modified and updated from Loureiro [8], Mascarenhas and Silva [9] 
and Souza et al. [69].

The Mairi Block, composed of gneiss, migmatites, and granitic 
and tonalitic orthogneiss, with some occurrences of basic and 
ultrabasic bodies [49] to the east and southeast of the MNGB, is 
in tectonic contact with thrust zones with a west vergence. The 
LA-ICP-MS U-Pb zircon ages of 3.33 Ga and 3.30 Ga [50] for the 
orthogneiss in the Mairi Block indicate that this complex is coeval 
with the Gavião Block and, therefore, the two may have been joined 
at the time of their formation. The Jacobina Group is in tectonic 
contact with the MNGB along thrust zones, with all zones striking 
north south and verging to the west Figure 1c with the Gavião Block 

in the footwall. The Jacobina Group comprises metaconglomerates 
that host an important gold deposit, quartzites, metarenites, 
phyllites, chlorite schists and quartz-sericite schists [10] deposited 
in a passive margin setting [51]. This group has a depositional 
age, based on detrital zircons, between 3500 Ma and 3220 Ma 
[35,54,55], with a large portion of the zircon populations situated 
between 3.3 Ga and 3.4 Ga [35,56]. Jacobina Ridge represents an 
Archean supracrustal sequence with a maximum age of 3.28 Ga, 
and its sources are likely rocks from both the plutonic-volcanic 
system and the TTG suite in the Gavião Block [11]. 
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The MNGB, which Zincone et al. [11] referred to as the Mundo 
Novo supracrustal belt, is inserted into the Contendas-Jacobina 
Lineament and is divided into three stratigraphic sequences - a 
lower sequence (ultramafic rocks), a middle sequence (mafic and 
felsic igneous rocks and clastic and chemical metasedimentary 
rocks) and an upper sequence (siliciclastic metasedimentary rocks; 
[36]). Carbonate and argilic-chloritic hydrothermal alteration 
zones in the ocean floor setting have been identified and described 
in the Fazenda Coqueiro deposit related to Zn-Pb mineralization 
hosted in the western metabasalt of the middle sequence [52]. 
Two ductile and compressional and progressive Paleoproterozoic 
deformational phases in the MNGB, D1 and D2, are described in 
the area in a previous study [52]. The D1 deformational phase is 
characterized by isoclinal and recumbent folds vergent to the 
west that generated greenschist metamorphic facies rocks. The D2 
deformational phase is characterized by a refolding that generated 
vertical and subvertical axial planes that eventually resulted in the 
formation of a coaxial interference pattern [53] or compressive and 
transpressive shear zones, which bound the MNGB lithologies and 
generated greenschist rocks to amphibolite metamorphic facies. 
The most prominent brittle structures are east-trending faults and 
fractures. The age of the MNGB has been previously studied, and 
geochronological studies have defined the Neoarchean age of the 
volcanism [36], such as the Paleoproterozoic sedimentation on 
the top of the sequence [54], which is coeval with the Rhyacian-
Orosirian tectonothermal event [37,52]. These rocks lie upon the 
3.4 - 3.2 Ga basement rocks of the northern part of the Gavião 
Block comprised of TTG gneiss, metagranites and metarhyolites 
[11,34,46,47,48,49]. The Saúde Complex occurs to the east of the 
MNGB Figure 1c, where the two units are in tectonic contact along 
west-vergent thrust zones. This complex comprises aluminous 
paragneiss, biotite gneiss and subordinate quartzites that are widely 
distributed in a north-south trend with significant occurrences in 
the Mundo Novo region and in the eastern portion of the Jacobina 
Ridge et al, [7,10,12,57] Figure 1C. The maximal depositional age of 
2.06 Ga [38] for the Saúde Complex again indicates the presence of 
a basin near the MNGB in the Paleoproterozoic; however, the rocks 
in the Saúde Complex were subjected to a higher metamorphic 
grade than the sedimentary rocks at the top of the MNGB along the 
tectonic contact.

Finally, Rhyacian-Orosirian granites are present along the 
Contendas-Jacobina Lineament [37,52] Figure 1C. In general, 

these granites are undeformed leucogranites, comprising quartz, 
feldspar, biotite and muscovite with some occurrences of garnet 
and sillimanite [58]. The Cachoeira Grande granite, for example, is 
a peraluminous leucogranite situated to the northeast of the MNGB, 
which has an average age of 2080 ± 18 Ma [37] and is coeval with 
the Rhyacian-Orosirian granitic intrusions in the MNGB [36,52].

Materials and Methods
The study of the metavolcanic rocks of the MNGB and 

considerations of the tectonic setting involved petrography, mineral 
chemistry and whole-rock chemical analyses. For petrography, we 
analyzed 127 thin sections of metakomatiite, eastern and western 
metabasalts and metadacite to determine the mineralogical 
composition, textures and microstructures of the rocks using the 
ZEISS Axio Scope.A1 microscope provided by Companhia Baiana 
De Pesquisa Mineral (CBPM). The mineral abbreviations used on 
photomicrographs mainly follow those of Kretz [59] and Siivola 
and Schmid [60] and are completed with abbreviations of Whitney 
and Evans [61]. Six of the thin sections were used for mineral 
chemistry analysis to detail the mineral differences between the 
two metabasalt types complementing the petrographic studies. 
Thus, a CAMECA SX50 electron microprobe was used with four 
Wavelength-Dispersive Spectroscopes (WDS) and one Kevex 
Energy Dispersive Spectroscope (EDS) of the University of Brasília. 
The standards used are naturals and synthetics with defined 
compositions, such as albite (for the element Na2O), andradite 
(for the elements CaO and FeO), forsterite (for the element MgO), 
microcline (for the elements Al2O3, SiO2 and K2O), MnTiO3 (for the 
element TiO2) and MnTiO3 (for the element MnO). The analyzed 
spots were selected on polished sections in plagioclase (6 spots in 
5 samples), amphibole (6 spots in 5 samples), pyroxene (4 spots 
in 2 samples), ilmenite (2 spots in 2 samples), titanite (2 spots in 
2 samples) and biotite (1 spot in 1 sample) grains Table 2. The 
chemical contents are expressed by SiO2, TiO2, Al2O3, FeO, MnO, MgO, 
CaO, Na2O and K2O. The data were processed using the Gabbrosoft 
spreadsheets (http://www.gabbrosoft.org) and the plagioclase 
results were plotted in the ternary diagram of feldspar; the 
amphiboles were plotted in the calcic amphibole diagrams [62] and 
the pyroxene in the classification diagram of pyroxenes [63] using 
the Minpet program. The EDS data were used to show evidence of 
manganiferous ilmenite, and in this case, a backscattered electron 
image was obtained.

Table 2: Electron microprobe data of minerals in the eastern and western metabasalts (wt.%).

Geologic unit 
classification

Sample 
ID Mineral SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Sum

Eastern 
metabasalt RR-072 Anorthite 46.6 0.08 35.4 0.29 0 0.01 18.4 1.17 0.03 1s02

Eastern 
metabasalt RR-072 Anorthite 46.2 0 35.5 0.38 0 0.01 18.3 1.09 0.02 101.5

Eastern 
metabasalt RR-018A Bytownite 49.3 0.08 32.9 0.16 0.11 0.02 15.8 2.56 0.1 101

Eastern 
metabasalt RR-011C Oligoclase 62.4 0 22.8 0.09 0 0 3.5 9.2 0.08 98.06

Eastern 
metabasalt RR-072 Fe-Hornblende 44.1 0.3 14.s2 17.3 0.19 8.92 11.8 1.08 0.24 98.1
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Eastern 
metabasalt RR-011C Mg-Hornblende 48.3 0.12 7.27 12.5 0.24 14.3 11.1 1.53 0.14 95.4

Eastern 
metabasalt RR-018A Edenite 51.5 0.18 0.62 15 0.41 9.19 22.7 0.16 0.01 99.71

Eastern 
metabasalt RR-072 Hypersthene 53.1 0.19 0.55 25.9 0.6 15 0.93 0.06 0 96.38

Eastern 
metabasalt RR-072 Hypersthene 52.6 0.04 1 26.4 0.56 15.1 1.4 0.08 0 97.14

Eastern 
metabasalt RR-072 Hypersthene 52.8 0.18 0.4 26.5 0.74 15.1 0.86 0.07 0 96.69

Eastern 
metabasalt RR-072 Ilmenite 0.1 50.6 0.03 45.8 0.79 0.07 0.02 0.03 0.01 97.47

Eastern 
metabasalt RR-072 Titanite 16.8 42.5 1.06 25.4 0.66 0.7 14 0.03 0 101.1

Western 
metabasalt

RR-F6-
001 Oligoclase 60 0.23 23.2 0.04 0 0 5.09 8.71 0.04 97.26

Western 
metabasalt

RR-F6-
010 Andesine 56.8 0.03 26.9 0.14 0 0 9.04 6.45 0.05 99.39

Western 
metabasalt

RR-F1-
001 Mg-Hornblende 46.4 0.67 8.44 18.1 0.42 10.1 11.7 0.9 0.38 97.09

Western 
metabasalt

RR-F1-
001

Fe-
Tschermakite 40.9 0.88 11.7 27.2 0.33 3.85 11.7 0.92 1.13 98.49

Western 
metabasalt

RR-F6-
010

Fe-
Tschermakite 41.3 0.89 11.3 26.9 0.37 3.91 11.6 1.03 1.06 98.35

Western 
metabasalt

RR-F6-
001 Hypersthene 51.6 0.07 0.86 27 0.66 15.6 0.73 0.13 0 96.73

Western 
metabasalt

RR-F1-
001 Biotite 33.1 2.45 15.7 29 0.33 4.86 0.04 0.16 9.46 95

Western 
metabasalt

RR-F6-
001 Ilmenite 0 54.9 0 46.7 2.32 0.06 0.07 0 0.01 104

Western 
metabasalt

RR-F1-
001 Titanite 30 36.1 2.29 1.99 0.09 0.24 26.7 0.02 0.41 97.74

The whole-rock chemical analysis of 49 samples was conducted 
in the SGS-Geosol laboratory. The samples were dried and crushed 
so 75% of the sample was smaller than 3 mm. A 300 g sample 
was quartered and pulverized (until 95% was smaller than 105 
microns) to form a powder for subsequent processes. The powders 
were melted at a high temperature with lithium metaborate, and the 
major, minor, trace, and Rare Earth Elements (REE) were determined 
using ICP-MS and inductively coupled plasma optical emission 
spectrometry (ICP-OES) analysis. The international standard 
samples used are TILL-3 (a description and values are in Lynch et 
al. [64]) and GRE-05 (reference material from Geostats PTY Ltd.). 
The error for all analyzed elements in each sample was calculated 
based on analytical accuracy according to the content of the analyte 
in the sample, the statistical detection limit and the repeatability 
limit, and represented in terms of standard deviation (1σ) [65]. The 
coefficient of variation of the analytical results for each element 
by sample analyzed, calculated from the standard deviation (1σ), 
was predominantly lower than 15%, which corresponds to well-
represented results around the arithmetic mean. Only the samples 
with a Loss on Ignition (LOI) values of ≤ 5% were considered. The 
geochemical data were plotted and interpreted using the GCDKit 
software [66]. The data in the REE diagram and the (La/Yb) N, Eu/
Eu* and (Gd/Yb) N ratios were normalized by chondrite values 
[67], and the data in the multielement diagram were normalized by 
N (normal)-MORB values [68].

Results
Geological, Petrographic and Mineral Chemistry 
Characterization

The geologic characterization of the Neoarchean MNGB, which 
was carried out to support interpretations of the tectonic setting, 
consisted of field and petrographic observations performed in 
metavolcanic rocks, including metakomatiite, eastern and western 
metabasalts and metadacite Figure 2. The mineral chemistry was 
used to detail petrographic analyses in the eastern and western 
metabasalts.

Mundo Novo Greenstone Belt

Many Paleo- to Neoarchean greenstone belts have been 
characterized as volcano-sedimentary sequences deformed and 
metamorphosed over time at low to medium grades; they show, from 
the base to the top, a progressive variation from volcanic (ultramafic, 
mafic and felsic rocks) to sedimentary rocks (chemical and clastic 
rocks); they are commonly associated with orthogneisses and are 
intruded by syn- to posttectonic granites [13]. Based on these 
concepts, the MNGB is interpreted as part of a typical greenstone 
belt terrain and is divided into three stratigraphic sequences: the 
lower sequence, composed of metakomatiite; the middle sequence, 
composed of eastern and western metabasalts and, subordinately, 
tremolitite, calc-silicate rock (carbonate hydrothermal alteration 
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zone), aluminous schist (argilic-chloritic hydrothermal alteration 
zone), BIF, ferruginous metachert, metadacite and metarhyolite; 
and the upper sequence, composed of siliciclastic metasedimentary 
rocks, such as metarenite, quartzite, metagraywacke, metasiltite, 

phyllite, rhythmite, quartz-sericite schist and garnet-tremolite-
quartz schist Figure 2. This study focused on metavolcanic rocks of 
the lower and middle sequences.

Lower Sequence

Figure 3: A) Typical spinifex texture of the MNGB metakomatiite. B) Highlighted pillow lava structure of the eastern 
metabasalt from south of the MNGB. C) Drill hole sample of the western metabasalt in the MNGB. D) Drill hole sample of the 
porphyroclastic metadacite in the MNGB.

Figure 4: Petrographic images of the MNGB: A) Spinifex texture of metakomatiite composed of pseudomorphic anthophyllite 
lath in a fine-grained groundmass of talc (XP, 2.5×; sample FD-058A). B) Granonematoblastic texture of the eastern metabasalt 
(XP, 10×; sample RR-018A). C) Typical very fine-grained texture of the western metabasalt (XP, 10×; sample RR-F6-001). D) 
Porphyroclast of plagioclase with a sericitized border in a fine-grained groundmass of quartz, biotite and muscovite in the 
metadacite in the middle sequence of the MNGB (XP, 10×; sample FD-052). Mineral abbreviations: Act: actinolite, An: anorthite, 
Ath: anthophyllite, Aug: augite, Bt: biotite, Byt: Bytownite, Ccp: chalcopyrite, Hbl: hornblende, Ilm: ilmenite, Ms: muscovite, 
Olg: oligoclase, Pl: plagioclase, Qtz: quartz, Ser: sericite, and Tlc: talc. XP: crossed polarizers.

The lower sequence is composed of metakomatiite located 
at the base of the MNGB and comprises the ultramafic volcanic 
component of the MNGB. The metakomatiite has field relationships 
with the mafic volcanic rock of the middle sequence; however, these 
rocks are separated into different sequences due to the mineral 
content and the textural particularities. There are four restricted 
occurrences of metakomatiite in the central portion of the MNGB 

Figure 2, which are northeast of Mundo Novo city and northeast of 
Piritiba city. Generally, the metakomatiite of the MNGB has a relict 
spinifex texture composed of skeletal grains with planar growths 
that intersect each other Figures 3A and 4B and do not intercept 
former structures for igneous relicts’ texture in komatiites as 
Arndt [70] described. The fine-grained spinifex texture is identified 
only in hand samples or by using a hand lens or microscope. The 
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metakomatiite of the MNGB has a light green color and a silky aspect 
and is not magnetic Figure 3A. The olivine and pyroxene crystals are 
entirely replaced by acicular and prismatic pseudomorphic grains 
of anthophyllite and tremolite (80% of the rock) with a grain size of 
0.5 mm Figure 4A. The fine-grained groundmass is composed of talc 
and clinochlore (20% of the rock) without a preferred orientation. 
Traces of pyrite and pyrrhotite are dispersed in the sample.

Middle Sequence

The middle sequence is composed of metabasalt and, 
subordinately, tremolitite, calc-silicate rock, aluminous schist, BIF, 
ferruginous metachert, metadacite and subordinate metarhyolite; 
metabasalt and metadacite are the main topics of this study. 
Metabasalt and metadacite are the terms used in this paper to 
define the mafic and felsic volcanic components, respectively, of 
the middle sequence of the MNGB. This terminology was adopted 
based on the protolith because of its usefulness in determining the 
original nature of the rock, even though in many cases, a protolith 

name does not reflect the principal minerals and structural features 
of the rocks under observation [71]. Moreover, some occurrences of 
metavolcanic mafic rocks in the MNGB preserve primary structures 
such as pillow lava. Therefore, the term metabasalt is used in this 
manuscript rather than amphibolite, which is also correctly used 
if the texture and mineral content are considered as proposed by 
Fettes and Desmons [72]. The metabasalts are distributed along 
a north-south trend Figure 2 and are divided into two coeval 
groups based on petrography, supported by mineral chemistry 
analysis, and whole-rock chemical data. The first group, defined 
as the eastern metabasalt, occurs along the eastern portion of the 
MNGB and corresponds to the main outcrops of the sequence near 
Piritiba city and extending to Ruy Barbosa city Figure 2. The second 
group, defined as the western metabasalt, occurs along the western 
portion of the MNGB, mainly within the Fazenda Coqueiro deposit 
(Mundo Novo city), and in a restricted area with a north-south 
trend near Piritiba city Figure 2.

Figure 5: Classification diagrams of minerals in the eastern (blue symbols) and western (green symbols) metabasalts in the 
MNGB. A) Ternary diagram of feldspar: Ab: albite, Andes: andesine, An: anorthite, Byt: bytownite, Lab: labradorite, Olg: 
oligoclase, Or: orthoclase. B-C) Classification diagrams of the calcic amphiboles [61]. D) Classification diagram of pyroxenes 
[63].

The eastern metabasalt preserves the pillow lava structures 
that occur in a large area to the south of the MNGB Figure 
3B. It is composed of anorthite (15%), bytownite (15%), 
magnesiohornblende and ferrohornblende (40%), small amounts 
of oligoclase (5%) and low percentages (20% combined) of augite, 
edenite and quartz, as well as ilmenite and titanite as accessory 
minerals, and traces of pyrrhotite, chalcopyrite and igneous relicts 
of hypersthene micrograins identified only in microprobe analysis 
(5%; Table 2; Figures 5A, 5B, 5C and 5D). The minerals show 
polyhedral contacts with nematoblastic and granonematoblastic 
textures Figure 4B. The western metabasalt hosts the Zn and Pb 
sulfides of the Fazenda Coqueiro deposit, particularly in carbonate 

hydrothermal alteration zones, and is easily observed from drill hole 
samples Figure 3C. Based on petrography and mineral chemistry 
results, this rock is very fine grained and is mainly composed of 
oligoclase and andesine (50%), actinolite, magnesiohornblende and 
ferrotschermakite (30%) with a low percentage of quartz, biotite 
and igneous relicts of hypersthene micrograins (15%), as well as 
ilmenite and titanite as accessory minerals (5%; Table 2; Figures 
5A, 5B, 5C and 5D). Traces of manganiferous ilmenite Figures 6A 
and 6B, pyrrhotite, pyrite, chalcopyrite, galena, sphalerite and 
arsenopyrite are also observed. The grains of biotite and actinolite 
are oriented and define highly developed planes of foliation Figure 
4C.
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Figure 6: a) Backscattered electron image with the analysis spot and b) the EDS spectrum of the manganiferous ilmenite present 
in the western metabasalt of the MNGB, as evidence of an ocean floor setting (sample RR-F16-027).

Metadacite and subordinate metarhyolite have restricted 
occurrences and correspond to the top of the MNGB middle 
sequence based on field relationships and a felsic mineral content 
typical of the later stages of volcanism. These units occur to the 
northeast of Piritiba city and were identified in a drill hole sample 
obtained by CBPM and in outcrops. These rocks are distributed 
along a northeast-southwest trend and are in contact with eastern 
metabasalt and ferruginous metachert Figure 2. The metadacite 
has a gray color, is strongly foliated and is not magnetic. This 
rock contains submillimetric porphyroclasts of plagioclase with 
sericitized borders and quartz (40% of the rock), which are 
dispersed in a fine-grained groundmass composed of quartz, 
plagioclase, biotite, muscovite and sericite (60% of the rock; Figures 
3D and 4D). The subordinate metarhyolite has a gray color and is 
fine grained and foliated. It is composed of quartz (25%), K-feldspar 

(40%), plagioclase (20%), biotite (10%) and sericite (5%). This 
rock contains granolepidoblastic grains that are submillimetric and 
highly oriented, tabular crystals of plagioclase (usually sericitized) 
and grains of quartz, fine biotite and opaque minerals.

Whole-rock chemical characterization

The lithochemistry characterization of the metavolcanic rocks 
in the Neoarchean MNGB was used to refine the classification of 
rocks previously classified on the basis of petrography and mineral 
chemistry and to evaluate the related petrological processes and 
tectonic settings. Therefore, this analysis also included samples 
of metakomatiite of the lower sequence and eastern metabasalt, 
western metabasalt and metadacite of the middle sequence in the 
MNGB. The whole-rock chemical data of those rocks are listed in 
Tables 3, 4 and 5.

Table 3: Whole-rock major and minor oxide chemical data (wt.%).

Unit and 
classifica-

tion
Sample ID W. Long. S. Lat. SiO2 TiO2 Al2O3 Fe2O3t MnO MgO CaO Na2O K2O P2O5 LOI Sum

Mundo Novo 
greenstone 

belt

Metakoma-
tiite RR-011B 40°25’02.20” 11°48’39.22” 47.01 0.25 7.33 10.18 0.22 24.46 2.99 0.08 0.03 0.005 5.49 98.055

Metakoma-
tiite FD-37-017 40°30’22.03” 11°41’07.33” 54.39 0.23 7.12 6.68 0.65 17.57 10.15 0.65 0.3 0.19 3.73 101.66

Metakoma-
tiite FD-058A 40°28’45.53” 11°41’43.47” 57.22 0.07 2.19 6.12 0.11 24.38 2.42 0.05 0.03 0.005 4.52 97.12

Metakoma-
tiite FD-070 40°28’36.03” 11°41’39.19” 55.02 0.07 2.81 9.38 0.23 18.91 7.4 0.11 0.03 0.005 4.03 98

Eastern 
metabasalt RR-006 40°25’40.85” 11°53’04.26” 49.78 0.83 14.05 11.97 0.21 8.1 12.53 0.96 0.25 0.04 0.55 99.27

Eastern 
metabasalt RR-011C 40°25’02.20” 11°48’39.22” 49.08 1.19 13.39 14.03 0.24 6.98 10.67 0.8 0.32 0.05 0.8 97.55

Eastern 
metabasalt RR-014B 40°30’21.91” 11°41’40.20” 50.49 1 13.71 13.42 0.22 6.33 10.69 2.2 0.26 0.06 1.22 99.6

Eastern 
metabasalt RR-018A 40°30’07.88” 12°13’43.29” 48.93 1.04 14.18 14.11 0.23 7.16 11.39 2.1 0.26 0.07 0.52 99.99

Eastern 
metabasalt RR-018B 40°30’07.94” 12°13’43.35” 51.33 1.07 13.74 14.04 0.24 7.26 10.41 2.55 0.26 0.08 0.53 101.51

Eastern 
metabasalt RR-018C 40°30’08.01” 12°13’43.42” 52.48 1.1 14.19 13.39 0.21 5.68 11.57 1.95 0.18 0.1 0.43 101.28
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Eastern 
metabasalt RR-018D 40°30’08.08” 12°13’43.48” 51.83 1.06 14.16 13.4 0.21 5.47 13.27 1.39 0.15 0.09 0.48 101.51

Eastern 
metabasalt RR-071 40°28’39.28” 11°36’42.51” 54.77 1.46 13.32 15.76 0.26 6.36 10.05 0.65 0.23 0.03 0.85 103.74

Eastern 
metabasalt RR-072 40°29’25.44” 11°37’14.46” 54.68 1.52 13.45 15.19 0.22 6.72 9.73 0.41 0.13 0.05 0.67 102.77

Eastern 
metabasalt RR-078 40°28’06.14” 11°39’32.83” 52.46 1.15 13.76 13.35 0.21 6.49 10.56 1.68 0.19 0.04 0.63 100.52

Eastern 
metabasalt RR-080 40°26’38.53” 11°40’09.08” 51.14 0.97 15.65 13.38 0.2 6.47 10.27 2.88 0.31 0.09 0.6 101.96

Eastern 
metabasalt FD-37-001 40°30’22.03” 11°41’07.33” 50.14 0.97 14.33 12.6 0.22 6.47 10.84 1.98 0.09 0.08 0.9 98.62

Eastern 
metabasalt FD-37-002 40°30’22.03” 11°41’07.33” 52.47 0.98 14.47 12.95 0.21 6.63 10.72 2.14 0.12 0.07 0.57 101.33

Eastern 
metabasalt FD-37-004 40°30’22.03” 11°41’07.33” 51.5 1.11 14.03 14.35 0.23 5.49 9.95 2.08 0.16 0.09 0.36 99.35

Eastern 
metabasalt FD-37-005 40°30’22.03” 11°41’07.33” 50.92 1.21 13.21 15.04 0.23 4.97 9.92 2.13 0.15 0.1 0.68 98.56

Eastern 
metabasalt FD-37-006 40°30’22.03” 11°41’07.33” 50.81 0.71 15.59 11.17 0.18 7.74 11.18 2.22 0.15 0.06 0.89 100.7

Eastern 
metabasalt FD-37-007 40°30’22.03” 11°41’07.33” 51.08 0.99 14.56 13.92 0.21 6.58 9.96 2.57 0.25 0.09 0.92 101.13

Eastern 
metabasalt FD-37-009 40°30’22.03” 11°41’07.33” 52.74 0.93 14.95 13.57 0.21 7.53 10.68 2.38 0.18 0.08 0.61 103.86

Eastern 
metabasalt FD-37-011 40°30’22.03” 11°41’07.33” 52.94 1.02 13.62 13.86 0.21 6.88 10.32 2.06 0.24 0.04 0.89 102.08

Eastern 
metabasalt FD-37-012 40°30’22.03” 11°41’07.33” 53.63 1.23 14.07 15.43 0.25 5.07 10.01 2.36 0.16 0.12 0.88 103.21

Eastern 
metabasalt FD-37-013 40°30’22.03” 11°41’07.33” 52.66 0.99 14.75 13.09 0.22 6.23 10.62 2.16 0.18 0.09 0.82 101.81

Eastern 
metabasalt FD-37-015 40°30’22.03” 11°41’07.33” 48.91 1.12 15.58 14.27 0.24 6.58 11.58 2.33 0.21 0.1 0.93 101.85

Eastern 
metabasalt FD-37-016 40°30’22.03” 11°41’07.33” 48.7 1.28 17.47 13.65 0.18 7.7 9.23 2.04 0.93 0.17 2.46 103.81

Eastern 
metabasalt FD-37-019 40°30’22.03” 11°41’07.33” 53.15 0.99 14.19 13.06 0.22 6.16 10.68 2.39 0.13 0.1 0.77 101.84

Eastern 
metabasalt FD-016 40°29’24.00” 11°42’01.07” 53.15 1.02 12.62 12.62 0.26 5.85 8.6 2.1 0.34 0.06 0.94 97.56

Eastern 
metabasalt FD-028 40°26’43.09” 11°48’24.59” 52.18 1.27 13.24 12.86 0.21 5.74 12.44 1.58 0.24 0.07 0.78 100.61

Western 
metabasalt RR-022 40°36’07.38” 12°18’51.47” 49.47 0.95 14.28 12.39 0.23 5.88 10.75 2.3 0.61 0.07 0.76 97.69

Western 
metabasalt RR-F1-001 40°29’40.00” 11°53’22.35” 55.52 0.99 14.69 12.23 0.23 7.17 9.34 1.89 0.53 0.1 1.28 103.97

Western 
metabasalt RR-F4-006 40°29’31.17” 11°54’14.89” 49.75 1.26 15.1 12.96 0.2 4.74 8.19 3.72 0.31 0.17 0.24 96.64

Western 
metabasalt RR-F4-007 40°29’31.17” 11°54’14.89” 49.8 1.35 15.05 12.58 0.19 4.74 7.63 2.33 1.57 0.19 0.32 95.75

Western 
metabasalt RR-F6-001 40°29’35.54” 11°53’35.26” 57.06 1.34 16.4 7.24 0.11 2.37 5.92 4.71 1.18 0.2 0.8 97.33

Western 
metabasalt RR-F6-002 40°29’35.54” 11°53’35.26” 48.04 1.56 17.37 11.27 0.19 4.64 7.21 4.03 0.99 0.17 0.64 96.11

Western 
metabasalt RR-F6-003 40°29’35.54” 11°53’35.26” 46.4 1.45 15.54 12.8 0.24 5.95 8.21 2.93 0.98 0.17 0.68 95.35

Western 
metabasalt RR-F6-004 40°29’35.54” 11°53’35.26” 48.72 1.3 14.51 11.68 0.2 5.15 9.4 2.04 0.83 0.19 1.04 95.06

Western 
metabasalt RR-F6-005 40°29’35.54” 11°53’35.26” 50.26 1.28 15.5 13.09 0.2 4.94 8.52 3.14 0.96 0.17 0.35 98.41
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Western 
metabasalt RR-F6-006 40°29’35.54” 11°53’35.26” 50.5 1.34 15.71 12.96 0.2 4.44 8.48 3.53 0.83 0.19 0.26 98.44

Western 
metabasalt RR-F6-007 40°29’35.54” 11°53’35.26” 52.73 1.4 15.78 10.57 0.17 4.16 8.13 3.74 0.18 0.2 0.25 97.31

Western 
metabasalt RR-F6-008 40°29’35.54” 11°53’35.26” 48.98 1.29 15.2 12.44 0.2 5.18 8.36 3.3 0.91 0.16 0.35 96.37

Western 
metabasalt RR-F6-009 40°29’35.54” 11°53’35.26” 48.1 1.33 15.23 13.02 0.22 6.3 8.15 2.59 0.22 0.16 0.14 95.46

Western 
metabasalt RR-F6-010 40°29’35.54” 11°53’35.26” 50.64 1.4 15.08 12.75 0.22 5.37 7.19 2.54 0.63 0.18 0.05 96.05

Western 
metabasalt RR-F6-016 40°29’35.54” 11°53’35.26” 54.48 0.71 16.43 11.03 0.23 6.07 3.52 4.04 1.19 0.07 2.47 100.24

Western 
metabasalt RR-F6-018 40°29’35.54” 11°53’35.26” 53.79 0.63 15.71 9.44 0.2 6.19 9.82 2.35 0.24 0.09 0.77 99.23

Western 
metabasalt

RR-F16-
027 40°29’27.40” 11°53’33.16” 57.24 0.73 14.2 10.32 0.16 5.01 8.5 2.57 0.74 0.05 1.36 100.88

Metadacite FD-052 40°29’26.72” 11°42’09.52” 70.98 0.34 14.22 5.08 0.07 2.09 1.24 2.02 2.46 0.04 1.55 100.09

Metarhyolite RR-
-FST-002 40°29’33.55” 11°42’52.06” 73.2 0.41 11.49 6.58 0.08 1.63 1.81 1.41 2.69 0.08 0.74 100.12

Table 4: Whole-rock REE chemical data (ppm).

Unit and classification Sample ID La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Mundo Novo Greenstone 
Belt

Metakomatiite RR-011B 9.5 13.2 1.18 3.8 0.6 0.2 0.68 0.12 0.74 0.16 0.49 0.07 0.5 0.07

Metakomatiite FD-37-017 7.2 12.6 1.62 6.7 1.4 0.43 1.56 0.21 1.49 0.3 0.94 0.13 0.9 0.13

Metakomatiite FD-058A 7.1 6.5 1.3 5.3 1.2 0.42 1.6 0.26 1.6 0.32 1 0.14 0.8 0.025

Metakomatiite FD-070 4.9 3.7 1.17 4.7 1.3 0.51 1.74 0.29 1.81 0.41 1.11 0.19 1.1 0.11

Eastern metabasalt RR-006 5 10.2 1.46 7 2.1 0.76 2.71 0.46 3.01 0.63 1.88 0.26 1.7 0.26

Eastern metabasalt RR-011C 10.7 24.1 3.15 14.4 3.7 1.04 4.02 0.64 3.92 0.79 2.25 0.3 1.8 0.27

Eastern metabasalt RR-014B 6.4 11.9 1.95 9.3 2.9 1 3.8 0.69 4.83 1.03 3.09 0.45 2.9 0.44

Eastern metabasalt RR-018A 7 16.3 2.22 10.3 2.9 1 3.73 0.66 4.31 0.93 2.72 0.41 2.6 0.39

Eastern metabasalt RR-018B 7.3 13.4 1.87 9.1 2.8 0.9 3.54 0.61 4.17 0.89 2.69 0.38 2.5 0.38

Eastern metabasalt RR-018C 9.3 20.9 2.66 12.1 3.2 1.04 3.9 0.68 4.42 0.96 2.88 0.41 2.7 0.41

Eastern metabasalt RR-018D 8 18 2.31 10.7 2.8 0.98 3.58 0.63 4.16 0.91 2.67 0.38 2.5 0.39

Eastern metabasalt RR-071 11.6 19.1 2.9 13.1 3.4 1.06 4.63 0.69 4.52 0.87 2.54 0.33 2.1 0.32

Eastern metabasalt RR-072 11 24.6 2.93 13.9 3.8 1.28 4.67 0.77 4.6 0.94 2.6 0.37 2.2 0.37

Eastern metabasalt RR-078 10 12.8 2.19 10.3 3.1 1.17 4.41 0.75 5.28 1.09 3.39 0.5 3.3 0.51

Eastern metabasalt RR-080 10.1 14.1 1.96 8.9 2.7 0.99 3.95 0.71 4.69 0.99 3.09 0.43 2.8 0.46

Eastern metabasalt FD-37-001 6.1 12.6 1.83 8.9 2.5 0.99 3.62 0.64 4.28 0.88 2.76 0.38 2.6 0.4

Eastern metabasalt FD-37-002 5 11.3 1.7 8.4 2.5 0.96 3.44 0.63 4.21 0.9 2.63 0.37 2.5 0.39

Eastern metabasalt FD-37-004 5.7 13.7 2.08 9.9 3.4 1.22 4.39 0.79 5.28 1.15 3.22 0.5 3.3 0.49

Eastern metabasalt FD-37-005 6.5 14.9 2.26 10.5 3.2 1.12 4.55 0.78 5.16 1.13 3.4 0.49 3.1 0.49

Eastern metabasalt FD-37-006 4.9 8.4 1.2 6.2 1.9 0.7 2.73 0.49 3.09 0.68 1.96 0.3 1.9 0.28

Eastern metabasalt FD-37-007 6.2 12 1.77 8.3 2.6 0.94 3.41 0.6 4.31 0.88 2.45 0.4 2.6 0.38

Eastern metabasalt FD-37-009 5.7 11.7 1.61 7.9 2.4 0.86 3.31 0.59 4.05 0.83 2.54 0.38 2.4 0.37

Eastern metabasalt FD-37-011 6.1 12.7 1.82 8.4 2.5 0.96 3.46 0.6 3.96 0.87 2.63 0.37 2.5 0.41

Eastern metabasalt FD-37-012 6.3 14.1 2.02 10 3.3 1.16 4.49 0.77 5.42 1.11 3.33 0.49 3.3 0.48

Eastern metabasalt FD-37-013 4.6 11.2 1.7 8.9 2.7 0.97 4 0.71 4.35 0.96 2.86 0.47 2.7 0.43

Eastern metabasalt FD-37-015 6.9 12.9 1.91 9.2 3 1.07 4.21 0.73 4.82 1.06 3.12 0.46 3 0.5
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Eastern metabasalt FD-37-016 6.9 14.8 2.32 11.1 3.7 1.27 4.86 0.87 5.5 1.22 3.64 0.52 3.4 0.54

Eastern metabasalt FD-37-019 7.1 14.1 1.95 9.3 2.8 1 3.62 0.67 4.45 0.96 2.81 0.42 2.8 0.46

Eastern metabasalt FD-016 7.4 12 1.94 9 2.6 0.94 3.78 0.65 4.42 0.92 2.93 0.39 2.6 0.4

Eastern metabasalt FD-028 5.7 13.1 1.99 10.2 3.2 1.12 4.34 0.72 4.82 1 2.92 0.44 2.9 0.42

Western metabasalt RR-022 18.6 27.6 4.74 19.2 4.8 1.42 4.98 0.84 5.49 1.14 3.28 0.48 3.1 0.44

Western metabasalt RR-F1-001 21.1 39.1 5.18 20 4.7 1.41 5.23 0.84 5.07 0.98 2.72 0.38 2.6 0.41

Western metabasalt RR-F4-006 23 44.3 5.6 23.4 5.5 1.54 6.15 1 6.56 1.33 4 0.57 3.8 0.56

Western metabasalt RR-F4-007 25 45.8 5.79 23.4 5.6 1.59 6.4 1.04 6.79 1.31 3.94 0.56 3.7 0.58

Western metabasalt RR-F6-001 25.8 48.7 6.24 24.9 5.7 1.45 6.51 1.06 6.74 1.32 3.79 0.59 3.7 0.55

Western metabasalt RR-F6-002 26.5 55.2 7.1 28.2 6.8 1.67 7.62 1.22 7.71 1.56 4.58 0.66 4.4 0.64

Western metabasalt RR-F6-003 27.7 47.5 5.96 24.3 5.8 1.63 6.67 1.1 6.86 1.42 4.26 0.67 4 0.66

Western metabasalt RR-F6-004 23.9 45.4 5.88 23.6 5.9 1.4 6.56 1.08 6.87 1.41 3.99 0.6 3.8 0.54

Western metabasalt RR-F6-005 23.4 45.9 5.91 24.2 5.8 1.72 6.58 1.06 6.59 1.38 4.26 0.58 3.9 0.6

Western metabasalt RR-F6-006 21.7 45.1 5.82 23 5.7 2.06 6.48 1 6.67 1.37 4.12 0.56 3.8 0.58

Western metabasalt RR-F6-007 22.2 45.8 6.05 24.2 5.8 2.01 6.86 1.09 6.9 1.39 4.13 0.59 3.9 0.6

Western metabasalt RR-F6-008 23.9 48 6.04 24.8 6 1.93 6.65 1.05 6.62 1.32 3.99 0.6 3.8 0.58

Western metabasalt RR-F6-009 21.3 44.8 5.84 23.9 5.9 1.82 6.59 1.02 6.79 1.36 4.15 0.57 3.8 0.57

Western metabasalt RR-F6-010 23 44.3 5.79 23.6 5.4 1.56 6.8 1.04 6.61 1.36 4 0.66 3.8 0.61

Western metabasalt RR-F6-016 10.9 19.2 2.35 9.5 2 0.53 2.59 0.43 3.01 0.72 2.09 0.33 2.2 0.34

Western metabasalt RR-F6-018 16.2 31.8 3.92 15.7 3.4 0.98 3.88 0.61 3.66 0.77 2.34 0.34 2.1 0.35

Western metabasalt RR-F16-027 24.1 30.9 3.65 14.2 3.1 0.83 3.61 0.56 3.64 0.75 2.17 0.35 2.1 0.33

Metadacite FD-052 16.3 29.8 2.97 12.4 2.8 0.69 2.62 0.43 2.81 0.52 1.54 0.18 1.3 0.16

Metarhyolite RR-FST-002 35.5 64.4 6.27 23.9 4.4 0.94 4.09 0.6 3.66 0.73 2.25 0.27 2.2 0.26

Table 5: Whole-rock trace and minor element chemical data (ppm).

Unit and classification Sample ID Cs Ba Th U Ta Nb Zr Hf Ti Y Sr Rb Ni V

Mundo Novo greenstone 
belt

Metakomatiite RR-011B 0.37 5 1.2 0.35 0.025 2.45 13 0.53 1500 4.47 12 1.2 945 2.5

Metakomatiite FD-37-017 0.51 176 2.8 1.38 0.3 1.69 43 1.31 1380 8.83 49 10.3 644 42

Metakomatiite FD-058A 0.06 42 2.6 0.72 0.36 1.27 20 0.63 420 10.47 5 1.6 587 2.5

Metakomatiite FD-070 0.11 50 0.8 0.39 0.025 0.58 15 0.2 420 12.02 5 1 493 2.5

Eastern metabasalt RR-006 0.76 104 0.5 0.16 0.025 3.3 40 1.27 4980 18.07 90 8.1 115 207

Eastern metabasalt RR-011C 1.52 134 2.3 0.66 0.17 7.32 93 2.48 7140 21.67 100 8.1 110 232

Eastern metabasalt RR-014B 0.13 122 0.8 0.13 0.025 2.66 69 1.96 6000 28.43 108 6.1 112 283

Eastern metabasalt RR-018A 0.3 110 1.8 0.31 0.025 5.3 77 2.15 6240 26.24 109 4 112 295

Eastern metabasalt RR-018B 0.21 80 1 0.27 0.025 3.59 67 1.87 6420 24.46 120 5.8 110 306

Eastern metabasalt RR-018C 0.17 132 1.8 0.42 0.025 9.69 75 1.99 6600 27.2 128 2.1 112 306

Eastern metabasalt RR-018D 0.16 119 2.7 0.42 0.34 7.56 72 2.07 6360 25.88 162 1.8 109 292

Eastern metabasalt RR-071 0.77 73 2.3 0.31 0.025 5.52 84 2.52 8760 22.27 66 5.2 92 306

Eastern metabasalt RR-072 0.36 30 1.1 0.29 0.025 4.77 88 2.71 9120 22.77 185 4 97 315

Eastern metabasalt RR-078 0.25 242 0.8 0.29 0.025 3.08 69 2.23 6900 28.29 94 7.6 125 315

Eastern metabasalt RR-080 0.27 102 0.9 0.39 0.025 2.91 83 2 5820 24.88 133 11.7 124 386

Eastern metabasalt FD-37-001 0.2 108 0.4 0.35 0.025 2.26 78 1.97 5820 22.32 109 2.6 90 366

Eastern metabasalt FD-37-002 0.17 46 0.1 0.22 0.025 1.93 69 1.99 5880 22.86 110 2.8 108 371

Eastern metabasalt FD-37-004 0.09 40 0.4 0.23 0.025 2.46 85 2.28 6660 27.81 107 2.3 72 423

Eastern metabasalt FD-37-005 0.07 34 0.4 0.26 0.025 2.75 91 2.36 7260 29.87 127 1.6 62 425
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Eastern metabasalt FD-37-006 0.41 53 0.05 0.18 0.025 1 48 1.37 4260 16.4 107 4.9 152 298

Eastern metabasalt FD-37-007 0.42 232 0.3 0.24 0.025 1.99 79 1.91 5940 23.31 122 6.6 142 362

Eastern metabasalt FD-37-009 0.24 185 0.2 0.24 0.025 1.84 73 1.87 5580 22.88 117 3.3 164 374

Eastern metabasalt FD-37-011 0.29 127 0.5 0.27 0.025 4.03 56 1.69 6120 22.3 111 4.7 148 299

Eastern metabasalt FD-37-012 0.12 40 0.4 0.27 0.025 3.5 96 2.41 7380 28.27 109 2 49 490

Eastern metabasalt FD-37-013 0.41 54 0.05 0.21 0.025 2.23 73 1.93 5940 22.35 113 4.6 106 379

Eastern metabasalt FD-37-015 0.51 116 0.2 0.27 0.025 2.62 87 2.15 6720 26.05 120 5.5 116 415

Eastern metabasalt FD-37-016 1.29 768 5 0.47 1.61 4.5 96 3.96 7680 28.83 107 32.9 110 451

Eastern metabasalt FD-37-019 0.09 35 0.7 0.27 0.025 2.52 77 2.16 5940 23.28 112 1.5 77 409

Eastern metabasalt FD-016 0.32 161 1.5 0.36 0.14 2.64 78 2.09 6120 24.9 111 8.2 104 323

Eastern metabasalt FD-028 0.92 56 0.7 0.21 0.17 2.92 75 1.91 7620 25.05 132 8.9 111 322

Western metabasalt RR-022 0.31 78 1.9 0.46 0.32 5.25 87 2.36 5700 28.44 574 13.7 83 192

Western metabasalt RR-F1-001 1.2 141 4.2 0.95 0.025 6.22 138 3.44 5940 25.4 127 16.3 148 257

Western metabasalt RR-F4-006 0.12 72 3.4 1.06 0.15 7.06 169 4.5 7560 32.18 187 4.5 88 331

Western metabasalt RR-F4-007 0.63 480 3.3 1.08 0.08 7.8 171 4.31 8100 35.3 180 46.2 89 338

Western metabasalt RR-F6-001 1.6 216 4.4 1.39 0.26 9.05 177 4.94 8040 32.77 131 43.7 106 358

Western metabasalt RR-F6-002 1.9 188 4.3 1.3 0.24 8.7 192 5.27 9360 40.14 108 29.5 91 312

Western metabasalt RR-F6-003 1.11 244 3.6 1.16 0.025 8.05 183 4.73 8700 36.53 127 19.8 97 366

Western metabasalt RR-F6-004 1.31 184 3.3 1.09 0.025 7.05 161 4.52 7800 33.53 80 20.9 93 310

Western metabasalt RR-F6-005 2.57 278 3.3 1.09 0.025 7.1 171 4.45 7680 34.07 205 19.2 92 316

Western metabasalt RR-F6-006 0.46 228 3.3 1.11 0.025 7.49 167 4.41 8040 36.03 214 16.5 91 322

Western metabasalt RR-F6-007 0.12 98 3.4 1.11 0.025 7.34 172 4.32 8400 35.58 148 2.7 86 322

Western metabasalt RR-F6-008 1.01 157 3.2 1.01 0.025 6.82 163 4.46 7740 34.29 152 16.5 88 326

Western metabasalt RR-F6-009 0.19 55 3.2 1.03 0.025 7.48 162 4.4 7980 37.08 204 3.3 93 319

Western metabasalt RR-F6-010 0.55 184 3.1 1.08 0.025 7.51 170 4.36 8400 34.44 171 12.2 89 328

Western metabasalt RR-F6-016 2 130 2.8 0.96 0.025 4.54 130 3.07 4260 17.1 54 27.2 51 241

Western metabasalt RR-F6-018 0.33 59 2.7 0.93 0.025 4.04 118 2.86 3780 20.71 220 4.3 82 221

Western metabasalt RR-F16-027 0.55 136 3.1 1.08 0.31 2.85 121 2.82 4380 20.78 112 21.5 80 313

Metadacite FD-052 3.29 553 7 5.24 1.01 9.57 83 2.72 2040 14.94 109 92.3 99 76

Metarhyolite RR-FST-002 5.83 631 17.1 5.37 0.26 8.37 152 4.88 2460 19.91 144 95.3 49 67

Mundo Novo Greenstone Belt

The bivariate diagrams of TiO2 and Al2O3 (the least mobile major 
elements), FeOt and MgO (mobile major elements), Ni (conservative 
trace element), Y (immobile trace element), and La and Ce (light 
REE) against Zr were drawn for the metakomatiite from the lower 
sequence and the eastern and western metabasalts and metadacite 
from the middle sequence of the MNGB; the diagrams are shown 
in Figure 7, and show important correlations. Zr was used as 
a crystal fractionation index because of its immobility during 
alteration and metamorphism and its large range of concentration 
in igneous suites, resulting from varying degrees of partial melting 
and fractional crystallization [22]. The Zr concentrations are 13-43 
ppm in the metakomatiite, 40-192 ppm in the eastern and western 
metabasalts and 83-152 ppm in the metadacite. TiO2 defines a 
positive pattern versus Zr, and the eastern and western metabasalts 

form separate groups with the same slope. The Al2O3 diagram 
features a positive asymptotic pattern in which the metakomatiite 
samples plot near the origin, the metabasalt samples form a trend 
where the western metabasalt exhibits relatively high values of 
Al2O3, and the metadacite is approximately aligned in the trend. Four 
distinct and dispersed groups are formed in the FeOt plot, possibly 
because of the mobility of Fe during the alteration. The negative 
asymptotic patterns in the MgO and Ni diagrams form highly defined 
trends that can be explained by the fractional crystallization of 
olivine and pyroxene in the metakomatiite and eastern and western 
metabasalts. Y, La and Ce, which are considered immobile elements, 
show highly defined positive correlations versus Zr. Therefore, 
they were used to demonstrate that the metakomatiite, eastern 
and western metabasalts and metadacite from the MNGB may be 
related by fractional crystallization.
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Figure 7: Binary plots using Zr as a differentiation index for the metavolcanic rocks of the MNGB..

Lower Sequence

The metakomatiite of the MNGB is peridotitic, with MgO 
concentrations of 17-25 wt.% Figure 8a, and plots near the MgO 
vertex in the AFM diagram [73] Figure 8B. The chondrite normalized 
REE geochemical pattern [67] indicates enrichment in light REE in 
the metakomatiite in the MNGB, similar to the komatiite pattern 
from the Onverwacht Suite of the Barberton greenstone belt, 
South Africa [74] Figure 8d. The (La/Yb) N ratios in the MNGB’s 
metakomatiite show low values, with an average of approximately 
5 and a minimum of 2.69. The low values of Nb (≤ 2.45 ppm), Ti 
(≤ 0.150 ppm) and the Ti/Zr ratio (≤ 0.012), in addition to the 
enrichment in U and Th can be observed in Figure 9A. High CaO/
Al2O3 ratios [75] in the metakomatiite of the MNGB, between 1.1 
and 2.6, allow this rock to be classified as Al-depleted. In addition, 
the high (Gd/Yb) N ratios [75] between 1.09 and 1.60 indicate 
partial melting at high pressures and that the garnet remained in 
the residue during the melting process. In the multielement diagram 
normalized to N-MORB [68], the Cs, Ba, Th and U elements show 
high and anomalous concentrations in the metakomatiite Figure 
9A, a flat pattern from Lu to Nd and a negative anomaly of Nb. The 
tectonic setting discrimination diagram of immobile elements, the 
Nb/Yb vs. Th/Yb diagram, indicates that the metakomatiite plots 
form a trend with other mafic volcanic rocks of the MNGB which 
extends from N-MORB point to volcanic arc array Figure 9E. This 

displacement of the plots oblique to MORB-ocean island basalt 
(OIB) array is a result of the transportation of subduction-mobile 
Th content [16,76].

Middle Sequence

The division of MNGB metabasalt into the two eastern and 
western groups, as previously discussed based on petrography, 
was further confirmed by the REE pattern. REE patterns are 
reliable because of the immobility of these elements during low-
grade metamorphism, weathering and hydrothermal alteration, 
and therefore, a degree of confidence can be placed in the obtained 
patterns [77]. The two groups have subtle differences. The eastern 
metabasalt has higher percentages of Fe and Ti than the western 
metabasalt Figure 8A, which suggests a small andesitic trend 
in some western metabasalt samples. In the AFM diagram, two 
distinct groups of samples are also present, both in the tholeiitic 
series field, with just two samples of western metabasalt plotting in 
the calc-alkalic series field Figure 8B. In the chondrite normalized 
REE diagram [67], the western metabasalt is more fractionated 
and enriched in light REE, with La normalized values near 100, 
than the eastern metabasalt, which shows a flat REE pattern and 
La normalized values between 10 and 40 Figures 8E and 8F. The 
fractionation difference is also observed in the average (La/Yb) N 
ratio: the western metabasalt has a value of 5.11 and the eastern 
metabasalt has a value of 1.91.
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Figure 8: Lithochemical diagrams for MNGB rocks. A) Classification diagram [82]: FeT + Ti = FeO + Fe2O3 + TiO2; Al = Al2O3; 
Mg = MgO. B) AFM diagram, tholeiitic and calc-alkalic series [73], A = Na2O + K2O; F = FeO + 0.8998Fe2O3; M = MgO. C) SiO2 
vs. Na2O + K2O classification diagram [79]. Chondrite-normalized REE diagram [67]: D) Metakomatiite in the MNGB lower 
sequence compared to the metakomatiite in the Barberton greenstone belt [74]; E) eastern metabasalt in the MNGB middle 
sequence; F) western metabasalt in the MNGB middle sequence; and G) metadacite and metarhyolite in the MNGB middle 
sequence.

The geochemical patterns of the major and trace elements 
normalized to the fertile mantle MORB (FMM) values as a tectonic 
setting marker [78] are similar for both metabasalt types of the 
MNGB. The patterns in which normalized Nb (24.06) and Zr 
(11.48) > TiO2 (6.47) and in which Y (6.98) and Yb (7.04) ≥ CaO 
(3.00), Al2O3 (3.91) and V (4.20) into the two metabasalts are 
similar to the patterns in ocean floor basalts in a back-arc basin 
setting, as demonstrated in the Barberton greenstone belt [22]. 
In the multielement diagram of trace elements normalized to 
N-MORB [68] Figures 9B and 9C, both metabasalt groups show a 
flat pattern from Lu to Zr and a negative Ta anomaly. The difference 
between the two groups is subtle but consistent. The negative Ti 
anomaly is more accentuated in the western metabasalt than in 
the eastern metabasalt. The western metabasalt is more enriched 
in La, Ce and Nd than the eastern metabasalt, and the Th and Cs 
values of the western metabasalt (Th values greater than 10 and 
some values of Cs greater than 100) are greater than the values of 
the same elements in the eastern metabasalt (Th values smaller 
than 10 and Cs values between 20 and 30). The Nb/Yb vs. Th/Yb 

discrimination diagram of immobile elements in the eastern and 
western metabasalts of the MNGB indicates a trend that extends 
from N-MORB in the MORB-OIB array to the volcanic arc array, with 
a principal axis of dispersion of the plots oblique to the MORB-
OIB array Figure 9e. This pattern is similar to oceanic subduction-
related basalts of the Mariana Arc and Isua, Barberton and South 
Abitibi Archean greenstone belts Figure 9e. The eastern metabasalt 
has an IAT-type pattern, with some samples overlapping the MORB 
field, and the western metabasalt mainly features a MORB pattern 
with a few occurrences plotting in the within-plate basalt field 
(WPB; Figure 9F).

The felsic metavolcanic rocks of the middle sequence of the 
MNGB are classified as metadacite and subordinate metarhyolite 
in the SiO2 vs. Na2O + K2O diagram [79] Figure 8C. The chondrite 
normalized REE diagram [67] for these felsic metavolcanic rocks 
subtly slopes from Lu to Gd with a negative Eu anomaly Figure 
8G, as indicated by the average Eu/Eu* ratio of 0.64. There is 
enrichment in light REE with strong fractionation from Sm to La, 
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and the average of the (La/Yb) N ratio is 8.87. In the N-MORB-
normalized multielement diagram [68] Figure 9D, the metadacite 
is enriched in Nb and Ta; high Cs, Ba, Th and U values, a negative 
Ti anomaly and moderate values of Hf (2.72-4.88 ppm) and Zr (83-
152 ppm) are shown. Moreover, the metadacite and subordinate 

metarhyolite plot in the volcanic arc field in the tectonic diagrams 
of Pearce et al. [80] Figures 9G and 9H and do not match the 
anorogenic field of the A-type granitoid diagram [81] Figure 9I 
according to the observations of metakomatiite and eastern and 
western metabasalts in the MNGB.

Figure 9: Lithochemical diagrams for MNGB rocks. A) Classification diagram [82]: FeT + Ti = FeO + Fe2O3 + TiO2; Al = Al2O3; 
Mg = MgO. B) AFM diagram, tholeiitic and calc-alkalic series [73], A = Na2O + K2O; F = FeO + 0.8998Fe2O3; M = MgO. C) SiO2 
vs. Na2O + K2O classification diagram [79]. Chondrite-normalized REE diagram [67]: D) Metakomatiite in the MNGB lower 
sequence compared to the metakomatiite in the Barberton greenstone belt [74]; E) eastern metabasalt in the MNGB middle 
sequence; F) western metabasalt in the MNGB middle sequence; and G) metadacite and metarhyolite in the MNGB middle 
sequence.

Discussion
The fine-grained texture of the metakomatiite in the MNGB is 

composed of skeletal grains with planar growths that intersect each 
other and do not intercept former structures, which indicates a 
relict spinifex texture preserved in chilled margins of the komatiite 
flows. This spinifex texture in the metakomatiite and the occurrence 
of pillow lava structure in the eastern metabasalt suggest rapid 
and subaquatic crystallization such as that widely observed and 
interpreted in other greenstone belt terrains [13]. The recovery 
of the volcanic rocks of the MNGB composed of metachert and BIF 
by lithological association, the absence of zircon xenocrysts, the 
manganiferous ilmenite occurrence in the western metabasalt and 
the carbonate and argilic-chloritic hydrothermal alteration zones 
developed on the western metabasalt indicate ocean floor settings 
[23,24,36,52,83].

Enrichments of Cs, Ba, Th and light REE relative to Ta, Nb, 
Zr, Hf, Ti, Y and heavy REE and the flat pattern from Lu to Nd in 
the multielement diagram Figures 9A, 9B and 9C show that 
the metakomatiite and the two metabasalts of the MNGB were 
generated from the metasomatized mantle above the subducting 
altered oceanic crust; Furnes et al. [22] interpreted a similar 
enrichment in the Onverwacht Suite in the Barberton greenstone 
belt. However, the enrichment of light REE relative to heavy REE 
in the chondrite-normalized REE diagram [67] Figures 8E and 
8F was more accentuated in the tholeiitic-calc-alkalic western 
metabasalt relative to the tholeiitic eastern metabasalt, indicating 
stronger assimilation processes in the western metabasalt that 
must have been accentuated by the metamorphic events during 
the Rhyacian-Orosirian period.The effect of the heterogeneous 
crustal assimilation and metamorphism in the eastern and western 
metabasalts of the MNGB in the Paleoproterozoic may explain the 
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differences in the mineral paragenesis. The eastern metabasalt, 
for example, is composed mainly of anorthite, bytownite, 
magnesiohornblende, ferrohornblende, augite, edenite and quartz; 
the western metabasalt comprises oligoclase, andesine, actinolite, 
ferrotschermakite, magnesiohornblende, biotite and quartz.

Both the eastern and western metabasalt samples of the MNGB 
plot in the IAT, MORB and WPB fields in the Zr vs. Zr/Y diagram 
Figure 9F; the eastern metabasalt plots in the IAT and MORB fields 
and the western metabasalt plots in the MORB and WPB field. 
The duplicity of fields by each metabasalt type appears initially 
uncertain; however, the proximity of settings during volcanism and 
the transition from one setting to other due to subsequent tectonic 
events with crustal assimilation must be considered. Therefore, the 
eastern and western metabasalts must be cogenetic and consistent 
with nearby intraoceanic settings in the MNGB, with different 
levels of crustal contamination during the formation in the oceanic 
crust by subduction components or intraoceanic contamination, 
and during metamorphism that probably occurred during the 
Rhyacian-Orosirian period. The stronger crustal assimilation in 
the western metabasalt displaces the plots to the WPB field, which 
is not observed in the eastern metabasalt plots. The plots of the 

metakomatiite and eastern and western metabasalts of the MNGB 
in the Nb/Yb vs. Th/Yb diagram feature a steep vector oblique to 
the MORB-OIB array Figure 9E. Those MNGB plots extend from near 
the N-MORB point, in the MORB-OIB array, and enter the field of the 
volcanic arc array, avoiding the OIB point. This plot distribution is 
similar to the South Abitibi [26,27], Barberton et al. [21,28,29] and 
Isua et al. [15,30] Archean greenstone belts Figure 9E, which are 
interpreted as an intraoceanic provenance as discussed in Pearce et 
al. [16], and similar to the modern Mariana intraoceanic arc-basin 
system [76]. Moreover, the MNGB geochemical pattern observed 
in the Nb/Yb vs. Th/Yb diagram shows that a subduction-related 
setting, in this case an intraoceanic arc, contributes to the increase 
in Th content in the rocks displacing the samples from the MORB-
OIB array to the volcanic arc array. However, the eastern metabasalt 
samples remaining in the MORB-OIB array register the initial 
ocean crust and back-arc setting in the MNGB and, with increasing 
island arc proximity, the plots displace from the MORB-OIB array. 
The samples most affected by tectonothermal Rhyacian-Orosirian 
events would be those most displaced from the MORB-OIB array 
and with higher Th content, such as the western metabasalt 
samples.

Figure 10:  Intraoceanic setting proposed for the MNGB formation based on new data presented in this study and compiled ages 
for the Gavião Block, MNGB and Rhyacian-Orosirian granites [34,36,37,49,52,54], Mairi Block [50], Jacobina Group [35,54,55], 
Serrinha Block [34,44,45], Itabuna-Salvador-Curaçá Belt [41,42] and Saúde Complex [38,54]. A) Oceanic crust between the 
Gavião and Mairi blocks and formation of the MNGB at 2595 Ma. B) Rhyacian-Orosirian tectonic event that compressed the 
MNGB between the cratonic blocks of the eastern São Francisco Craton.

The metadacite samples of the MNGB in which feldspars were 
removed from the melt via crystal fractionation plot in the volcanic 
arc field in the diagrams of Pearce et al. [80] Figures 9G and 9H and 
do not match the anorogenic-type field in the diagram of Whalen 
et al. [81] Figure 9I, thus excluding intracratonic possibilities. In 
addition, the average (La/Yb) N ratio of 8.87 in the metadacite 
may be interpreted as an oceanic crust setting with a slight crustal 
contamination subducting the oceanic crust according to Condie 
and Kronër et al. [84]. Rios et al. [25] interpreted an intraoceanic 
setting with a back-arc provenance for basalts in the Neoarchean 
Contendas-Mirante volcano-sedimentary sequence, which is also 
inserted in the Contendas-Jacobina Lineament (southern part); 

this volcano-sedimentary sequence is similar and coeval relative 
to the MNGB. In the Archean Rio das Velhas greenstone belt, 
southern São Francisco Craton, ocean floor metabasalts and the 
felsic volcanic rocks were interpreted as occurrences of island arc 
or back-arc basin settings [23,24], which we also interpreted in 
the MNGB. An intracontinental provenance has been described for 
the Umburanas greenstone belt, in the southern part of the Gavião 
Block in the eastern São Francisco Craton [32], with deposition over 
a continental crust. This provenance suggests a diversity of settings 
for the greenstone belts in the eastern part of the São Francisco 
Craton, more specifically in the Gavião Block; alternatively, the 
crustal contamination and tectonism may have intensively altered 
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the mineralogical and geochemical pattern of the rocks, making 
identification of the former oceanic crust difficult. Therefore, the 
intraoceanic arc-basin system appears suitable for defining the 
tectonic setting of the Neoarchean MNGB. The final amalgamation 
of the oceanic crust between the cratonic blocks Gavião, Mairi and 
Serrinha blocks and Itabuna-Salvador-Curaçá Belt of the northern 
and eastern São Francisco Craton in the Orosirian period [37] 
Figures 10A and 10B contributed to changing mineralogical and 
geochemical patterns that hid the primary oceanic crust signatures 
in the MNGB rocks.

Conclusions
a)	 The intraoceanic and intracontinental provenance of 

Archean greenstone belts are described in the Gavião Block, 
eastern São Francisco Craton. However, those greenstones 
or volcano-sedimentary sequences inserted into regional 
tectonic lineaments show lithological and geochemical 
patterns of intraoceanic provenances, such as the MNGB and 
the Contendas-Mirante volcano-sedimentary sequence; both 
of which are placed in the Contendas-Jacobina Lineament. 
The MNGB has geological and tectonic similarities relative to 
other greenstones in other regions of the São Francisco Craton, 
such as the Rio das Velhas greenstone belt in the metallogenic 
province of the Quadrilátero Ferrífero.

b)	 The volcanism in the MNGB was formed in an intraoceanic 
arc-basin system. The metakomatiite, eastern metabasalt 
and western metabasalt were formed in the near back-arc 
basin and island arc settings, mainly with MORB and IAT 
geochemical patterns. The tectonic processes in the oceanic 
arc systems enriched the Cs, Ba, Th and light REE content in 
the volcanic rocks. However, the compressional Rhyacian-
Orosirian tectonothermal event contributed to accentuating 
the crustal assimilation, mainly in the western metabasalt 
that was directly affected by Gavião Block rocks during 
compressional tectonism, forming tectonic slices emplaced 
in the basement to the west of the MNGB. The metakomatiite 
and eastern metabasalt were mainly affected by intraoceanic 
assimilations and the Rhyacian-Orosirian tectonism may have 
been heterogeneous in these rocks, which preserved primary 
textures such as spinifex in the metakomatiite and primary 
structures such as pillow lava in the eastern metabasalt.

c)	 The mineralogical particularities between eastern and 
western metabasalts are products of the crustal assimilation 
during metamorphic processes in the Rhyacian-Orosirian. 
However, primary mineralogical differences can remain, since 
the volcanism is in nearby but different settings such as the 
back-arc basin and island arc.

d)	 The Neoarchean MNGB, formed in an intraoceanic arc-
basin system, was compressed between cratonic blocks 
(Gavião, Mairi and Serrinha blocks and Itabuna-Salvador-
Curaçá Belt) of the eastern São Francisco Craton during the 
Rhyacian-Orosirian period [37] Figures 10A and 10B, thus 
forming the Contendas-Jacobina Lineament within which 

the greenstone was accommodated. After the Rhyacian-
Orosirian compressional tectonothermal event, the MNGB 
was juxtaposed to the Paleoarchean Gavião Block to the west 
and south, the Paleoarchean Jacobina Group to the northwest 
and the Paleoarchean Mairi Block to the east, beyond the 
Rhyacian-Orosirian intrusion of granites. The formation of the 
siliciclastic metasedimentary rocks of the upper sequence of 
the MNGB and the Saúde Complex are interpreted as coeval to 
the Rhyacian-Orosirian event. 

e)	 For improving the geological and petrological interpretations 
present in this manuscript, we recommend geochronological 
and Nd and Sr isotope studies of the metavolcanic rocks for 
a more thorough understanding of the tectonic setting during 
the formation of the MNGB.
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