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ABSTRACT - In the Southern Séo Francisco Craton near Itapecerica (Minas Gerais — Brazil) occurs a supracrustal succession of
rocks, varying from bottom to top by quartzite, graphite schist, khondalitic paragneiss and banded iron formation whose protoliths are
from oceanic basin with ages in the context of the Rhyacian-Orosirian orogeny. Amphibolite and metaultramafic bodies occur
associated to this succession. Mineralogical and textural features of the amphibolite allow suggesting a gabbroic protolith
metamorphosed to granulite facies and retrometamorphosed in amphibolite facies to generate the amphibolite. Geochemistry reveals
tholeiitic affinity to the amphibolite protolith, which has an E-MORB signature, associating this rock to an oceanic setting. The
association of amphibolite to metaperidotite in oceanic setting suggest the transition of gabbro to ultramafic rocks in a typical ophiolite
sequence. A possible suture zone in the Itapecerica/Claudio region formed by the collision between Divinopolis and Campo
Belo/Bonfim complexes during the Rhyacian-Orosirian orogeny involving the Itapecerica oceanic basin alongside Claudio Shear Zone
and forward to Minas Basin is a suggestive geological setting of the investigated region.
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RESUMO - No sul do Criton Sao Francisco, préximo a Itapecerica (Minas Gerais - Brasil), ocorre uma sucessdo de rochas
supracrustais, variando da base para o topo por quartzito, grafita xisto, paragnaisse kondalitico e formacao ferrifera bandada cujos
protolitos sdo de bacia ocednica com idades no contexto da orogenia Riaciano-Orosiriana. Corpos anfiboliticos e metaultramaficos
ocorrem associados a esta sucessdo. As caracteristicas mineraldgicas e texturais do anfibolito permitem sugerir um protélito gabroico
metamorfizado em facies granulito e retrometamorfizado em facies anfibolito para gerar o anfibolito. A geoquimica revela afinidade
toleitica para o protdlito do anfibolito, que possui uma assinatura E-MORB, associando esta rocha a um ambiente ocednico. A
associagdo de anfibolito a metaperidotito em ambiente oceanico sugere a transi¢cdo de gabro para rocha ultraméfica em uma sequéncia
tipica de ofiolito. Uma possivel zona de sutura na regido de Itapecerica/Claudio formada pela colisdo entre os complexos Divinépolis
e Campo Belo/Bonfim durante a orogenia Riaciano-Orosiriana, envolvendo a bacia oceénica de Itapecerica ao lado da Zona de
Cisalhamento Claudio e em dire¢@o a Bacia Minas ¢ um ambiente geoldgico sugestivo para a regido investigada.

Palavras-chave: Anfibolito. Metaperidotito. Ofiolito. Petrologia. Craton Sdo Francisco.

INTRODUCTION

Ophiolites are fragments of oceanic
lithosphere with fundamental constraints on the
reconstruction of the evolution of an ancient

supracrustal succession of rocks, varying from
bottom to top, constituted by quartzite (partly
ferruginous with laminar graphite), graphite

oceanic basin and surrounding continental areas
(Saccani, 2015). They form in a wide variety of
tectonic settings including oceanic spreading
ridges, hot spots, and suprasubduction zone
(SSZ) environments such as intra-oceanic arcs,
continental arcs, forearcs and back-arcs (Dilek &
Furnes, 2011).

In the Southern Sao Francisco Craton near
Itapecerica (Minas Gerais, Brazil) occurs a

schist interlayered with quartzite bands and
khondalitic paragneiss (Carneiro et al., 2007;
Campello et al., 2015). Recent radiometric dating
of these rocks linked them to the Rhyacian-
Orosirian orogeny (monazite U-Th-Pbr mean
age of 2010 £ 19 Ma (Chaves et al., 2015); a
maximum deposition age of 2080 Ma and a
metamorphic overprint on granulite facies of
2069 + 84 Ma (Teixeira et al., 2017a); monazite
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U-Th-Pbrage of 2090 + 26 Ma corresponding to
metamorphic peak and 1937 + 32 Ma to orogen
collapse (Miranda et al., 2020)). Amphibolite and
metaultramafic bodies occur in this succession.
The tectonic model proposed by Miranda et al.
(2019) includes the Itapecerica supracrustal
succession in the Rhyacian-Orosirian orogeny
alongside Paleoproterozoic Minas Supergroup
involved in a progressive compressional defor-
mation, which resulted in a fold-thrust belt
developed by the collision of the Sao Francisco
paleoplate nucleus with other terranes, and

ultimately with the Congo paleoplate nucleus at ca.
2100 Ma or immediately after (Dutra et al., 2019).

The possibility that these metamafic-ultra-
mafic rocks represent remnants of an ophiolite
could constrain the tectonic setting of the Itape-
cerica region.

This paper consists of a petrologic study of
these rocks using petrography and whole-rock
chemical composition to classify and identify the
geochemical affinity and the tectonic environ-
ment of the amphibolites and metaultramafic
rocks from Itapecerica supracrustal succession.

GEOLOGICAL SETTING

The southern part of Sdo Francisco Craton
(SFC) (Figure 1A) consists of Archean crust (3.2—
2.6 Ga) composed mainly of granite-gneisses
(Farina et al., 2015; Teixeira et al., 2017b),

greenstone belts (Rio das Velhas Supergroup),
Paleoproterozoic clastic-chemical metasedimentary
rocks (including the banded iron formations of the
Quadrilatero Ferrifero (QF) mining district from
Minas Supergroup), and Neoproterozoic pelitic-
carbonate sedimentary rocks from Bambui Group
(Teixeira et al., 2017b).

The Archean granite-gneiss basement of the
southern SFC is subdivided in distinct
metamorphic complexes, named as Divinépolis,
Campo Belo/Bonfim and Belo Horizonte
(Machado Filho et al., 1983; Teixeira et al., 1996).
(Figure 1B).

The Minas Supergroup extends to the SW of the
QF, as portrayed by the correlative strata along the
Jeceaba-Bom Sucesso lineament (Neri et al.,
2013). Mafic dykes of several generations crosscut
the southern SFC (Chaves, 2013).
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Figure 1 - (A) Sao Francisco Craton location. Modified from Drummond et al. (2015). (B) Geological map of the southern
portion of the Sao Francisco Craton. Keys: RV = Neoarchean Rio das Velhas Supergroup; SG = Sabard Group (Early
Paleoproterozoic Minas Supergroup); It = Itacolomi Group (<1.96 Ga); CSZ = Claudio Shear Zone; QF = Quadrilatero Ferrifero
mining district. Towns: ITC (Itapecerica), CL (Claudio), OL (Oliveira), BS (Bom Sucesso), BH (Belo Horizonte). Modified

from Teixeira et al. (2017a).

The Rhyacian-Orosirian orogeny amalga-
mated Archean nucleus and different continental
to oceanic arcs that collided to form the proto-
SFC (Aguilar et al., 2017; Moreira et al., 2018).

It is related to the deformation of the Minas
Supergroup, to the accretion of juvenile crust that
formed the Mineiro Belt to the southeast (Noce
et al., 1998; Avila et al., 2014; Teixeira et al.,
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2015) and was responsible for extensive
reworking of terranes located at the margins of
the craton (Noce et al., 2007). In the interior of
the southern SFC Archean core, occur the Agua
Rasa metagranite (1934 + 74 Ma from zircon U-
Pb) and khondalites (monazite U-Th-Pbr dating
of 2090 + 26 Ma and 1937 + 32 Ma) from the
Itapecerica supracrustal succession (Miranda et
al., 2020). In addition, near the Claudio Shear
Zone (CSZ), amphibolites with E-MORB
signature have igneous protolith crystallization
U-Pb age of 2159 + 21 Ma and metamorphic
recrystallization age between 2.06 Ga and 2.03
Ga (Goulart, 2006; Goulart & Carneiro, 2010),
confirming the existence of a Paleopro-terozoic
event in the region between the Archean
Divinopolis and Campo Belo/Bonfim granite-
gneiss metamorphic complexes (Figure 1B).

The study area is located in the crystalline
basement of the Itapecerica region (Figure 1B).
According to Carneiro & Barbosa (2008), the
area contains gneisses, metagranitoids, amphibo-
lites, mafic, metaultramafic and metacharnockitic
rocks formed in the Mesoarchean and
recrystallized under high amphibolite- to
granulite facies conditions (Fernandes &
Carneiro, 2000). The elliptical geophysical
anomalies (Figure 2A, 2B) hosting the second
largest graphite mine in Brazil are located to the
west of the CSZ around Itapecerica town.

The Agua Rasa Metagranite (Miranda et al.,
2020) constitutes the perimeter of the elliptical
anomalies.

The country rocks that surround the Agua Rasa
Metagranite and the Itapecerica metasedimentary
rocks (Figure 2A) are distinguished as the
Neoarchean Candeias (Campo Belo Complex)
and Paleoproterozoic Itapecerica gneissic units
(Divinopolis Complex). Both units show variable
migmatization (Oliveira, 2004; Campello et al.,
2015).

The Divindpolis complex is composed
predominantly of greyish TTG (tonalitic-
trondhjemitic-granodioritic) orthogneisses
with variable migmatization and Campo
Belo/Bonfim  complex  has tonalitic-
granodioritic composition with instrusions of
2790-2610 Ma  granitoids and minor
occurrence of metaultramafic-mafic rocks
(Fernandes & Carneiro, 2000; Oliveira, 2004,
Romano et al.,, 2013; Campello et al., 2015;
Farina et al., 2015). The Archean Candeias
Gneiss is part of the Campo Belo complex and is

essentially greenish granulitic gneisses with
granodioritic (charnoenderbites) to granitic
(charnockites)  composition and variable
migmatization (Oliveira, 2004; Carneiro et al.,
2007).

The Paleoproterozoic Itapecerica migmatitic
gneiss is here interpreted as formed by crustal
reworking of the Divindpolis complex and
Paleoproterozoic supracrustal sequences during
Rhyacian-Orosirian Orogeny.

According to Carneiro et al. (2007), it is a
locally migmatized pinkish gneiss with
peraluminous affinity and shows granitic to
granodioritic composition. The 2.04 Ga Kinawa
migmatite of the Itapecerica Metamorphic
Complex (Carvalho et al., 2017) is an example of
reworked crust, in which ~2.7 Ga
metagranodiorites of the Campo Belo/Bonfim
Metamorphic Complex were partially melted in
the Cldudio Shear Zone (CSZ) during the
Paleoproterozoic.

The Itapecerica graphite-rich metasediment-
tary rocks, amphibolite and meta-ultramafic
bodies occur together inside the elliptical
geophysical anomalies (Figure 2B; Figure 3A,
3B). The Itapecerica metasedimentary rocks
essentially consist of khondalite paragneiss and
minor lenticular graphite schist that is
interlayered with quartzite bands (partly
ferruginous with laminar graphite) and locally
marble rocks (Figure 3C). In particular, the
khondalite exhibits compositional layering and
local anatexis and may contain thin graphite films
(Carneiro et al., 2007; Campello et al., 2015).

The Itapecerica metasedimentary rocks went
through of amphibolite to granulite facies
metamorphic conditions during continental
collision with crustal thickening followed by
tectonic  exhumation and a  post-peak
decompressional stage due to orogen collapse
(Miranda et al., 2020), and are strongly deformed
(Teixeira et al., 2017a). In the surroundings are
reported the occurrence of banded iron formation
(Figure 3D). Teixeira et al. (2017a) conducted
isotopic studies on the Itapecerica graphite-rich
supracrustal succession and the detrital zircon
analyses in paragneiss indicated a maximum
deposition age of 2080 Ma and a metamorphic
overprint on granulite facies of 2069 + 84 Ma
(Figure 2). Chaves et al. (2015) previously
reported monazite electron microprobe chemical
data in the paragneisses that yielded a U-Th-Pbr
mean age of 2010 + 19 Ma.
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METHODS

Four petrographic thin sections from four
samples of amphibolites and one of the
metautramafic rock were made in the
laboratories of the Geosciences Institute at
Federal = University of Minas  Gerais
(IGC/UFMG), and the same five samples were
sent to the SGS-Geosol Laboratory, where, after

tungsten milling, the material was melted with
lithium metaborate and dilute nitric digestion.
The major elements and five trace elements (Ba,
Nb, Sr, Y, Zr) were analyzed by ICP-OES
(Optical Emission Spectrometry with Inductively
Coupled Plasma).

Other traces, together with fourteen REE,
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were analyzed by ICP-MS (Inductively Coupled
Plasma Mass Spectrometry). Detection limits
were generally around 0.01% for the major
elements oxides and 1 ppm for trace and REE.
The accuracy is in the range of 1-2% from the
relative standard deviation. The loss on ignition
(LOI) was determined by the mass difference
after heating at 1000 °C. Then, to geochemical
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data treatment, the Geoplot program (Zhou & Li,
2006) a supplement for Microsoft Excel, was
used.

Mineral abbreviations are after Whitney &
Evans (2010), including Cpx — clinopyroxene,
Hbl hornblende, Ol olivine, Opx -
orthopyroxene, Pl — plagioclase, Srp
serpentine, Spl — spinel, and Qz — quartz.
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(D) Banded iron formation nearby Itapecerica.

RESULTS AND DISCUSSIONS

Metaultramafic

During fieldwork, only one outcrop of layered
metaultramafic rock was found (Figure 3B) close
to amphibolites and rocks of the Itapecerica

supracrustal sequence (Figure 2). In thin section,
metaultramafic rock also shows layered structure
and cumulate texture composed of serpentine
(after olivine) cumulus and clinopyroxene and
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orthopyroxene intercumulus (Figures 4A, 4B —
white dashed lines). The mineral assemblage is
composed of serpentine (after olivine) (~50%),
clinopyroxene (~25%), orthopyroxene (~20%),
and spinel and opaque minerals are the accessory
minerals present in this rock. Olivine 1is
serpentinized but some relict crystals are present
(Figure 4D). Clinopyroxene appears as fine to
medium-sized  granoblastic aggregates in
subhedral shapes. Orthopyroxene appears as

e

A - 1
) y "
a

coarse to medium-sized grains in subhedral to
anhedral shapes.

The mineralogy allows classifying the rock
protolith as a spinel lherzolite according to
Streckeisen (1974). The growth of ortho-
pyroxene to coarse grains would have occurred
during the amphibolite to granulite facies
metamorphism. During  the  post-peak

decompressional stage due to orogen collapse
most of the olivine was serpentinized.

rﬂ“‘i

Figure 4 - Photomicrographs (plane—polaried light, PPL; cross-polarized liht, C%L) of representative mineral
assemblages of the metaultramafic rock. (A) Photomicrograph (PPL) and (B) Photomicrograph (CPL) of the layered
structure and cumulate texture. (C) Photomicrograph (CPL) of the two pyroxenes. (D) Photomicrograph (CPL) showing

serpentine bands with relict olivine crystals.

Amphibolite

Amphibolite outcrops occur dispersed in the
area in association to rocks of the Itapecerica
supracrustal sequence (Figure 2). The rock shows
continuous centimeter-sized banding (Figure
3A). The amphibolites are usually fine- to
medium-grained rocks of granonematoblastic
texture. The mineral assemblage is constituted by
plagioclase (~40%), hornblende (~40%), clino-
pyroxene (~20%), and quartz, orthopyroxene and
opaques minerals appear as accessories (Figure
5). Plagioclase comprises the felsic portions of
granoblastic aggregates. Hornblende defines the
foliation, has medium-sized grains with
polygonal boundaries and substitutes clinopyro-
xene (Figure 5), which appears as relict crystal.
Orthopyroxene and some quartz occur replacing

clinopyroxene.

Mineralogical and textural features points out
to a gabbroic protolith that was metamorphosed
in granulite facies conditions, followed by retro-
metamorphism recorded by the clinopyroxene
being replaced by hornblende (Figure 5).
Whole-Rock geochemistry

The results of whole-rock geochemistry for
the amphibolite and metaultramafic samples are
listed on the Table 1. In terms of major
components for the amphibolites, the SiO;
concentration range from 50.06 to 51.94 (wt. %),
Na>O + K>0O from 2.34 to 3.07 (wt. %) and Mg#
ratios are between 45.8-59.7, and the meta-
ultramafic has Mg# ratio of 88.4.

The amphibolite samples are classified as sub-
alkaline tholeiitic basalt using the SiO> vs Nb/Y
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Figure 5 - Photomicrographs (plane-polarized light, PPL- A, C, D; cross-polarized light, CPL - B) of representative
mineral assemblage of the amphibolite.

Table 1 — Bulk rock compositions for the amphibolite and metaultramafic samples.
Major Elements (%)

Sample Si0; | TiO; | ALO, | FeO; | MnO | Mgo | €a0 | Nay0 |K:0 | P05 | €r,04 | Lol | Total
detection limit 0.01 %
Ampl S1.63| 1.89 | 1420 | 12.13 | 0.30 | 439 | 11.86 | 2.84 [0.23 ] 0.19 | 0.03 |0.16] 99.85
Amp2 51.94| 080 | 1430 | 1012 | 0.17 | 643 | 1154 | 2.32 |0.24 | 007 | 0.07 | 045 | 9845
Amp3 SLIS| 109 | 13.98 | 10.14 | 0.20 | 6.20 | 11.16 | 221 |0.27 | 0.12 | 0.04 | 045 | 97.04
Amp4 5060 | 198 | 1353 | 1543 | 033 | 6.14 | 822 | 1.95 |039 | 0.18 | 0.01 | 041 99.17
Umaf 4578 020 | 450 | 9.19 | 0.14 |30.00| 3.02 | 0.08 |0.04 | 0.01 | 0.36 | 7.07 | 100.39
TILL-3standard | 71.94| 052 | 1221 | 376 | 007 | 166 | 2.57 | 2.86 | 235]0.12 | 002 | - | 98.08
Trace Elements (ppm)
Rb | Ba | St | Zr | Nb | Y | Ni | Co |Hf [ Ta| Th | U | V | Cu | Ga
detection limit (ppm) | 0.20 | 10.00 | 10.00 | 10.00 | 0.05 | 0.05 | 5.00 | 0.50 | 0.05 | 0.05 | 0.10 | 0.05| 5.00 | 5.00 | 0.10
Ampl 330 | 72.00 | 228.00 | 143.00 | 5.92 | 38.84 | 106.00 | 42.40 | 3.65 | 0.29 | 0.80 | 0.24 | 325.00 | 55.00 | 14.00
Amp2 420 | 36.00 | 171.00 | 62.00 | 1.64 | 15.75 | 109.00 | 3840 | 1.51 | 0.05 | 030 | 0.13 | 214.00 | 96.00 | 9.90
Amp3 640 | 58.00 | 129.00 | 117.00| 3.20 | 25.09| 77.00 | 38.50 | 2.47 | 0.09 | 0.60 | 0.26 | 243.00 | 115.00 | 11.20
Ampd 570 | 27.00 | 136.00 | 131.00 | 3.64 | 35.77| 71.00 | 47.50 | 3.06 | 0.10 | 0.60 | 0.20 | 389.00 | 41.00 | 14.20
Umaf 1.60 | 10.00 | 48.00 | 25.00 | 0.53 | 5.03 | 1767.00 | 96.40 | 045 | 0.05 | 0.40 |0.05| 50.00 | 5.00 | 4.10
TILL-3standard | 53.20 | 459.00 | 310.00 | 240.00 | 654 | - | 47.00 | 1430 | - | 042 | 420 | 1.94] 70.00 | 27.00 | 13.70

Rare Earth Elements (ppm)
La Ce Pr Nd Sm Eu Gd Tb | Dy | Ho Er |Tm | Yb Lu
detection limit (ppm) | 0.10 | 0.10 0.05 0.10 | 0.10 | 0.05 0.05 0.05 | 0.05 | 0.05 | 0.05 | 0.05| 0.10 0.05

Ampl 1290 | 19.20 | 3.23 | 16.50 | 5.00 | 1.76 6.84 1.13 | 735 | 1.61 | 4.59 |0.66| 4.30 0.65
Amp2 5.80 | 10.90 | 1.47 6.80 | 1.90 | 0.74 2.53 041 [2.82]0.63 | 1.76 |0.26| 1.80 0.25
Amp3 10.80 | 16.90 | 2.31 | 10.90 | 3.00 | 1.03 4.00 0.68 | 453|096 | 2.88 |041| 2.70 0.40
Amp4 9.80 | 16.60 | 2.44 | 1290 | 4.00 | 1.40 5.76 099 [ 647 | 140 | 4.07 |0.58| 4.00 0.58
Umaf 3.10 | 3.10 0.60 240 | 0.50 | 0.23 0.87 0.14 [ 0.89 | 0.17 | 0.52 |0.07 | 0.50 0.07

TILL-3 standard 19.60 | 40.50 | 4.49 | 17.60 | 3.20 | 0.90 2.95 0.44 |2.61 | 048 | 146 |021| 140 0.21
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diagram (Xia & Li, 2019) and AFM diagram
(Irvine & Baragar, 1971 - Figure 6A, 6B). In Jensen
diagram (Jensen, 1976 - Figure 6C), amphibolite
samples are classified as high-Fe tholeiites and the
metaultramafic has komatiitic composition. In V vs

Ti/100 diagram (Shervais, 1982), log(St/V) vs
log((Na,0*100)/Ga) diagram (Zhang et al., 2019)
and log(Nb/Y) vs log((K2O*100)/Cu) diagram
(Zhang et al., 2019) shown in figure 7, amphibolites
are classified as mid-ocean ridge basalts (MORB).

[A s - o] B FeOr C FeO+TiO,
andesite
PrieAnete | chyndese @ Amphibolite
;\? P Tholeiigc @ Metaultramafic
; fe) @
Eﬂ 500 s °
o Sub-alkaline Basalt Alkali Basalt 3
= Calc- %
Alkaline _ ; Komatiitic
A
Basanite %
40.0 - : e Komariite
0.0 100
Nb/Y Na,0+K,0 MgO AlLO, MgO

Figure 6 - (A) SiO; vs Nb/Y diagram (Xia & Li, 2019). (B) AFM diagram (Irvine & Baragar, 1971). (C) diagram from
Jensen (1976).
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Figure 7 - (A) V vs Ti diagram (Shervais, 1982). (B) log(St/V) vs log((Na,O*100)/Ga) diagram (Zhang et al., 2019). (C)
log(Nb/Y) vs log((K,O*100)/Cu) diagram (Zhang et al., 2019). CAB — Calc-alkaline basalts, IAB — Island arc basalts,
OIB - Ocean island basalts, MORB — Mid-ocean ridge basalts. Only amphibolite samples were ploted.

Amphibolites show similar to enriched- a poorly fractionated light rare earth elements
MORB (E-MORB) pattern in both chondrite- (LREE) distribution pattern [(La/Sm)n = 1.58-

normalized REE and primitive mantle-
normalized multi-element diagrams, but with
negative anomalies in Nb and Ta (Figure 8A,
8B). They have (La/Yb)x between 1.76-2.87 and
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Figure 8 - Chondrite-normalized REE (A) and primitive mantle-normalized multi-element (B) patterns for the amphibolite and
metaultramafic rock. Chondrite and normal mid-ocean ridge basalt (N-MORB), E-MORB and ocean island basalt (OIB)
normalizing values data are after Sun & McDonough (1989). Primitive mantle normalizing values are after McDonough & Sun

(1995).
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The amphibolites have Zr concentrations vary-
ing of 62 to 143 ppm (113 ppm in average) and 3.66
to 4.66 Zr/Y ratio (3.99 in average), have 1.64 to
5.92 ppm of Nb (3.6 ppm in average) and 0.28 to
0.46 Nb/La ratios (0.35 in average), indicating
some crustal contamination of the gabroic protho-
lith according to to Xia (2014) and Xia et al. (2008).

In the Y/Nb vs Zr/Nb diagram (Xia & Li, 2019),
Th/Yb vs Nb/Yb diagram (Pearce, 2008) and Thn
vs Nbn diagram (Saccani, 2015) respectively
presented in Figures 9A, 9B, and 9C, show a
transitional (T-MORB) to enriched (E-MORB)
signature for the amphibolites, and this enrichment
could be related to crustal contamination.

1000.0

g

100.0

10.0

Thy

Lo

0.1

o
subduction'y, subduction

components '\ components

0.0

40 10.00
30 O@I’H
bz 100 |
>4
<" depleted o
= - =
asthenosphere
Z 20 //’ ¥ g
)3 =
rﬂ;/
47 0.10 |
mantle -
10 plume @/ %@
RV
&
0 P S R R - R i
0 10 20 30 40 50 60 70 S0 90 100 0.10 1.00
Z1/Nb

10.00 100.00 001 0.10 1.00 10.00 100.00

Nb/YD Nby
Figure 9 - (A) Y/Nb vs Zr/Nb (Xia & Li, 2019). (B) Th/Yb vs Nb/Yb (Pearce, 2008). (C) Thy vs Nby (Nb and Th are
normalized to the N-MORB composition from Sun & McDonough, 1989) (Saccani, 2015). T — Transitional. N — Normal.

E — Enriched. G - garnet-influenced, AB - alkaline basalt, IAT - island arc tholeiite, CAB - calc-alkaline basalt, BABB —
back-arc basin basalt. Only amphibolite samples were ploted.

In the Itapecerica region, metaultramafic rock
and amphibolites occur near each other, in the
same context to the rocks of the Itapecerica
supracrustal succession, and nearby banded iron
formations, whose protoliths are from oceanic
basins and went through metamorphism of
granulite facies conditions.

The anatexis of the amphibolites contributes
to the generation of the Agua Rasa Metagranite
(Miranda et al., 2020) during the Rhyacian-
Orosirian orogeny. Those conditions agree to the
mineral paragenesis of the amphibolite, are suitable
to crustal contamination from Itapecerica
metasedimentary rocks, and the Nb and Ta
anomalies can be related to fluid release from
protolith during collision-related dehydration
and incipient migmatization processes (Dey et
al., 2018).

Geochemistry reveals high-Fe tholeiitic
affinity for the amphibolite protolith with E-
MORB signature. The association of amphi-
bolites near metaperidotite in the region of
Itapecerica, where rocks are from oceanic

setting, suggests that the amphibolites and the
metaultramafic could represent the transition of
layered gabbros to ultramafic rocks in a typical
ophiolite sequence, as shown in figure 10.

Chondrite-normalized REE and primitive
mantle-normalized multi-element patterns for the
amphibolite are very similar to that of
metaultramafic rock (Figure 8) suggesting a
genetic correlation between them. Therefore, it is
reasonable to suggest that Itapecerica sequence
keeps fragments of an ophiolite (Figure 10).

In the Tejuco Preto graphite mine (near Amp3
in Figure 2; Miranda et al., 2019) is possible to
observe a morphological pattern that resembles
pillow-like structures that could be from pillow
lavas below the metasedimentary sequence
(Figure 11). They are exposed upside down due
to the fold character of the rocks in the mine,
where layers are overturned. Unfortunately, due
to the extremely weathered character, it was not
possible to collect samples for petrography and
geochemistry in order to investigate the
ophiolitic proposition above.

CONCLUSION

The metaultramafic rock and amphibolites
with E-MORB signature associated to the
Itapecerica supracrustal succession rocks points
to an oceanic setting.

Adjacent 2.1 Ga amphibolites from the CSZ
(Goulart, 2006; Goulart & Carneiro, 2010)

found in the same orogenic context also have E-
MORB signature. A possible suture zone in the
Itapecerica/Claudio region formed by the
collision between Divinopolis and Campo
Belo/Bonfim complexes during the Rhyacian-
Orosirian orogeny involving the Itapecerica
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Figure 10 - Lithology and thickness of a typical ophiolite sequence (Winter, 2014).

Figure 11 - Morphological pattern that resembles pillow-shaped structures from supposed pillow lavas exposure in the
Tejuco Preto graphite mine from Itapecerica-MG.
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oceanic basin alongside CSZ (Coelho &
Chaves, 2019) and forward to Minas Basin is a
suggestive geological setting of the investi-
gated region.

Even if those pillow-like morphological
shapes are or not pillow, the association of the
metaultramafic and amphibolites can be related
to the mantle-oceanic crust transition.
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