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1. lNTRODUCTION-
LOCATION AND IMPORTANCE OFTUE AREA

The Quadril átero Ferrífero (Q.F.), "Iron Quadranglc" , in Bastem Brazil,
State of Minas Gerais, is the c1assical area of lhe Precambrian Geology of
this eountry. The name is owing to the impressive dcvclopmcnt and gco­
mctric arrangement of lhe major itabiritie (bil) units, as is spcctacularly
visible on air photographs and satcllitc imagery (figs. I, 2).

The Q.F. is, in geographic tcrrns, part of the southemmost Serra do
Espinhaço, "Espinhaço (means backbone) Range" (E. R.). This prcdorni­
nantly quartzitic mouniain chain was named by Eschwege (1832) and
extends for more than 2.000 km in a general N-S direction, alrnost parallel
to the East-Brazilian coast. The geology of both, lhe Q.F. and the E.R., how­
cvcr, are quite diffcrcnt. They represent two distinct Proterozoic Super­
groups, tcrrncd Minas and Espinhaço, respectively .

Thc scope region of this field trip encompasses Northern and Eastcrn
parts of lhe Q.F., thc southcrnmost Ioot-hills of lhe E.R. and, in the E and
NE, lhe neighbouring districis of Sta . Barbara (-Florália), Piçarrão and
Itabira (fig. 1).

The Q.F. and southern E.R. are still Brazil's most important mineral
producing province. lron ore, go!d and diamonds are the principal
products. Besides thcsc, manganese ores, chrornititcs, pl atinum, vanadium­
rich magnctite-ilrncnite iron Iormations. uraniurn, bauxite and even onc
stibnitc and one mercury occurrence are bcing, OI' were mincd/intcr­
miucntly mined in past times.

Further importance is due to gemstones and technical minerais .
Famous are the occurrences of imperial topaz ncar Ouro Preto, the
1979/1980 discovery of emeralds near Itabira «Belmonl Mine», most
recentIy (1986/87), thc discovery of alcxandrites near Hematita and, of
coursc, the diamonds Irorn Proterozoic rnctaconglomcratcs of lhe E.R.,
known and in production since historical limes (fig. 1). Othcr pcgmatitc­
gcrnstoncs produced in the arca include tourmalinc, aquam arinc, topaz
among othcrs, The mos I importam lechnical minerais are: bcryl,
colurnbitc, micas, alkalifeldspars 1 kaol ln -kaol initc and quartz from
pcgmatltcs, quartz and kyanite from "vcins" in quartzitic sequences and
talc, steatitc and asbestos from ultrarnafic bodies.

A rcvicw of lhe mineral occurrences of Minas Gerais was given by
Freyberg (1934) and of the Q.F., more rcccntly , by Dorr and co-workcrs
(Dorr 1969).



2

2. REGIONAL GEOLOGY

The arca shown in figo 1 can be subdivided into scvcral largc scalc
lithcstrat igraph ic and l ithostructural units:

- The Granitic Ç' Bascmcnt") Cornplcx of mainly Archacan, polyrnct a­
morphic and polygcnctic migmatitcs and gneisses including lhe
"Borrachudos Granitc" typc rocks,

- lhe Archacan Rio das Velhas Grccnstonc Bclt (Supergroup),
- thc Q.F. sensu sr. i cto of Lower Protcrozoic, mainly ferriferous

(itabi ritic ) mctascdimcnts (Minas Supergroup),
- lhe E.R. of Lowcr lO Mcdium Protcrozoic, mainly quartzitic meta­

scdiments (Espinhaço Supergroup),
- the Itabira Iron-Orc District with granitolds, gncisscs, migrnatitcs

and Minas SGr. rocks,
lhe castcrnmost domains of high grade gneisses and rnigmatitcs,
including the Piçarrão Iron Ore District,

- thc São Francisco Basin with Medium to Upper Protcrozoic (mcia-)
sc dirn c nrs ,

2.1 Thc Granitic C' Ba semcut") Complcx

areal distribution, lerminology and lithologics

The Archacan parts of the Gran iiic Cornplex can be weIl individualizcd
in the wcstcrn and central portions of lhe arca, since they wcrc only
affected by low lO medi um grade younger regional rnctamorphic ovcr­
printings (fig.3, domain W of isograde 2: "staurolite in" reactions). Thc
continuation into the castcrn parts, although recognized in individual
cases , is not yet mappcd in dctail , This part suffered high grade regional
mciamorphism and intensive tectonics, especially in thc course of thc
youngest Protcrozoic, Minas/Espinhaço, orogeny. In conscqucnce, thc
casicrn arcas became charactcrizcd by structurally cornplcx, intimate
associations of diffcrcnt high grade gneisses and migmatites. Some of thcm
rcsultcd from mct amorph ic and structural reworking of Archacan
migrnatitcs and gncisscs, othcrs, possibly from Rio das Velhas and/or
similar supracrustal sequcnces, and still others from Minas Supergroup
rocks, most probably of ihc Paragneiss Scqucncc and of lateral facies
cquivalcnts of lhe Piracicaba Group . In figo I, as a comprom isc, ali thcsc
different high grade gncisscs and migru at itcs wcrc labeled with onc
symbol. Fig. 3 shows an outline of thc younger Minas/Espinhaço regional
mctarnorphism, with subdivisions into lowermost grade (W of isograde 1:
"stilpnomclanc out"), lo'," to medi um grade (E of isograde 1 - until 2: '
"staurolitc in"), medium to high grade (E of isograde 2 until 3: "2n d
sillimanite isograde") and very high grade - upper amphibolite and
granulitc facies (E of isograde 3).

According to the latest cdition of the geologic map of Brazil, the
Granitic Complex includes thc high grade gneisses and migmaritcs of lhe
castcrn regions and is a p art of thc "Complexo Migmatito-Granulitico de
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Minas Gerais" - M igrn atitic Granulitlc Cornplcx of M inas Gerais (Inda el al ,
1984).

The Granitic Cornplcx is thus cornposcd of rocks of different typcs and
ages. The quantitativcly predominant constitucnts possess granitie
compositions sensu lato (s.l.). Bcsidcs, thcrc occur mctabasic,
metaultramafic, metasedimentary and basaltic rocks . The liihologic
constitucnts of the Cornplcx can be subdivided into two groups according to
their "primary" or "secondary" origino To the first group belong high
grade metamorphic/polymetamorphic gncisscs, m igmatites, rare
amphibolites as well as igneous meta-gran itoids considered to be of
Archaean age. The second group comprises younger metamorphic,
mctasomatic, metaigneous and igneous rocks with or without defined
lithostratigraphic and/or age relation ships with the major regional units
(i.e. Rio das Velhas, Minas, or Espinhaço Supergroups) and, except for local
cases, the eastem portions of the Granitic Complex subjected to high and
very high grade younger regional metamorphic reworking in thc course
of Proterozoic cvcnts,

2 .1.1 "Primary" constitucnts of thc Granitic Cornplcx

The bulk of the "primary" constitucnts are granitic rocks s.l..
"Primary" amphibolites were only found in less than 1% of lhe total of
more than 3 .000 outcrops studied.

2.1 .1 .1 The s.l . granitic rocks

These gran ltic rocks are in their large majority mctatcctic gneisses
and anatcctic migmatitcs, i.e . originally high grade metamorph ic rocks.
Igncous, s.1. granitic intrusivos are rare.

Among the gneisses leucocratic homogeneous types predominare: well
banded heterogenous typcs are scarce, The predominant migmatites are
also more homogeneous plutonic rocks with nebulitic, "Schlieren" and
stromatic macro- and mesoscopic structures . However, folded ophth almic,
surreiLic, ptygmatic and patch structures occur as well (figs 4 and 5) .

The intrusive granitic rocks s.l. form smaller, irregular and/or round
\ shapcd bodics' (of one to hundreds of meters of major dimensions) or dikes,

cutting the gnei sses and migrnatitcs with intrusivo contacts (figs. 4 and 6) .
l lowcvcr, cf'Iccts of contuct mctnmorphism eould not bc obscrvcd nnd some
outcrop Icaturcs suggcst that at lcast in some ca ses lhe solidifieation of lhe
migmatites and gneisses may not have been completed at the time of
intrusion.

Ali the "primary" graruuc constitucnts s.l. of the "Bascmcnt" Cornplcx ,
gneisscs, migmatites and intrusives, possess qu artz-dioritic (tonalitic) and
the most leucocratic typcs, trondhjemitic modal compositions. Plagioclasc
and quartz are thc principal minerais with about 40 Vol. % each, K-feldspar
is normally less than 10 Vol. %, and lhe mafics, in general biotite, rarely
hastingsitic-tschermakitic amphibole and very rarely garnet, commonly
total less than 15 Vol. %.
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Some 200 samples of granitic roeks s .l. were analysed for major and
some minor clcmcnts by various authors (Schncidcrh õhn 1935. Herz 1970,
Rocscr 1977. Schorscher and Leterrier 1980). The overwhelming rnajority
have Na20:K20 ratios > 1.5 and not uncommonly values >2.5 . If the Na20:K20
ratio is < I, the petrographic studies always show that "secondary"
processes of metasomatic K-feldspalhization actcd and modified lhe
"primary" rock composition. Comparative mean values, mainly of lhe welI
preserved Archaean portions of the Granitic Complex, are given in table 1.
Fig. 7 shows "primary" and "secondary" granitic rocks s .l. in a
representation relevant to lhe Na:K and feldspar proportions.

In an attempt lO obtain more precise information on the high-grade
P-T condiiions of lhe formation of the rnigrnatitcs and gncisses, two­
feldspar geothermometry was applied to microprobe data obtained from
relics of antipcrth itic "primary" (unsaussuritized) plagioclases. They
indicated tcmperatures -of about 600 to no°c for assumed pressures in the
range of 3 to 5 kb.

AlI the "p rimary" graruuc rocks s.l. of the "Bascrncnt" Complex
suffered younger mctarnorphic rcadjustrncnts . P-T conditions of these
processes varied from lhe lower greenschist to thc lower amphibolite
facies in the wcstem and central parts of the Complex (fig. 3). Throughout
this arca they caused partial to total saussuritization of plagioclases,
sagenitization and chloritization of biotitcs, chloritization of and actino1ite
overgrowth on amphiboles , chloritization of garnct, polygonal rccrysial ­
lization of quartzo The "primary", microscop ically non-pcrthitic
microclines are without visible signs of rctrometamorphism. Howcvcr,
microprobe data revea1ed regular variations of their Na-contcnts, as being
always higher in the cores of thc ind íviduals, with 10 to 15 mol. % Ab, and
lower in the border zoncs with less than 5 moI. % Ab, probably a rcsult of
parti al rcadjustment by thc younger low-gradc metamorphic events.

2.1.1.2 The "p rirnary" amphibolites

These rocks (not indicated in fig o 1) belong to two different genetic
groups, derived from bas ic and ultramafic igneous rocks rcspective1y .
Both types are irucnscly foliated, gneissose textured medium-grained rocks
with foliations concordam with the enclos ing country
migmatites/gõêi1ses. The amphibolites are deeply wcathercd, more than
their granitic surroundings s.l.. A few arilificial outcrops, however,
expose thc direet cont act between "primary" amphibolucs and
migmatites/gneisses in fre sh rock preservation. They show the
amphibo1ites "wcldcd" to the granitic constituents s.l. and thus, that they
were a1so fulIy invo1ved in the high-gradc metamorphism from which
originated the quantitativcly predominant constitucnts, gneisses and
migrnatitcs , of thc Granitic Complex. The baste amphibolites occur
prcferentially as concordant and/or pseudoconcordant laycrs/transposcd
dikes. Their maximum thickncss is in the order of 50 m. Scrially arrangcd
Icnticular bodies are most probably disrupted/boudinated laycrs/dikcs ,
and range from one to tens of mctcrs dimensions. Irregular or rounded
largcr masscs are very rare and rnay represent original intrusive bodies .
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Principal minerais and modal composiuons are: tschcrmakitlc
amphibole == 60 VoI.%, plagioclase == 30 Vol. % with == 65 moI.% An normativo
composiLion, quartz == 6 VoI. %. accessory sphene and opaques totaling
<4 VoI.%. The original high-grade metamorphism and tcctonics caused
some metamorphie dif'Icrcnt iation, bringing about millimetrical
altcrnations of amphibolc and plagiocl asc-quartz-rich laycrs, giving lhe
rocks a typical dark and light colourcd , stripcd aspcct, No relics of primary
igneous tcxturcs survived.

Rockchemical studics of lhe basic amphibolitcs are still scarce. Rocscr
(1977) reported analyses of lhe major and some minor clcrncnts of 15 rocks
he termed "Pre-Minas Amphibolitcs''. Thc rocks wcre collcctcd in a
relativcly smalI arca, situatcd NE of Ouro Prelo (fig. 1. in thc southcastcrn
comer of the Q.F.) and correspond, from lhe petrographic dcscription, to
lhe above discussed basic amphibolitcs of thc "Bascrncnt" Cornplcx. Rocser
concluded on chemical grounds, that lhe prcmciamorphic parents of his
rocks were probably tholciitic basalts,

Thc basic arnphibolitcs also suffered younger low-grade mctarnorphic
rccquilibrations eausing advanced LO total saussuritization of plagioclascs.
actinolite ovcrgrowths on primary amphiboles, lcucoxcnic transformation
of opaques and polygonal rccrystallization of lhe quartz.

The ultramafic amphibolites prcdorninantly occur as lenticular and
irregulariy sh aped bodies of diffcrcnt sizcs , some excecding several
hundred meter dimensions . They only rarely form concordant and/or
pseudoconcordant layers/dikes .

The ultramafic amphibolítcs are neariy pure amph ibole rocks,
>95 VoI. % being light greenish coloured clinoamphiboles with chrornitc as
an accessory constituen t and thc othcr minerais. tremolite (as o vcrgrowth
on greenish amphibole), rale (in isolated fiakes), clinozoisitc-cpidotc
(individual grains), magnctitc, rcprcscnting products of rctrornctamor­
phism due lO lhe youngcr low-grade regional metamorphic rcadjustrncnts .

One larger occurrence of mctaultrarnafics (locatcd NW of the city of
Congonhas, figo 1) prcscrvcd in its intcrnal parts non -rctrornctarnorphic
nuclei. Intcrcstingly cnough, thcsc show dry, granulite facies parage­
neses composed mainly of orihopyroxcnc (bronz itc), forstcritc-rich
olivinc, olive spinel (hcrcynitc) and relictic chromitc, The parageneses
are considred lo be of progressive mctamorphic origin, due to armoured
relics of magnesian amphiboles and rale , preservcd cxclusivcly in thc
poikilitic orthopyroxcncs . Towards lhe contacts with lhe migmatitcs and
gneisses of lhe Granitic Cornplcx, hydration and rctrometamorphism
occur, causing lhe formation of low grade minerais (amphibolcs,
scrpcntinc, talco chloritc) and final1y, the total dcsrruction of the high
grade parageneses. The surrounding gneisses and mlgmatitcs are equal1y
rctrornctamorphic at low grade (greenschist facies) P-T conditions,

Two sarnplcs of ultrarnafic arnphibolitcs wcre analyscd for major and
some minor elements. Thcy possess pcridotitic compositions and high Cr ==
2.000 ppm and Ni == 1.500 pprn conicnts.
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2.1.2 "Secondary" constituents of thc Granitic Complex

The "secondary" constitucnts are mctamorphic and non-metamorphic
igncous, mcrasornarlc anel mctascdimcntary rocks. Their contacts with lhe
"primary" lithologics are cithcr icctonic or intrusivc, as distinct younger
dikcs, stocks, plugs and , lcss Ircqucntly, as irregular bodies. The intrusivo
contacts are markcd by low-grade hydrothermal mobilisatcs and/or by
hydrothcrmal altcration 01' lhe wall rocks.

Among thc "secondary" constitucnts again thc grarnuc lhhologics s.l.
predominate, represented by rocks of thc Borrachudos Granito type (fig. I)
anel by minor pcgmatoid dikcs and irregularly shapcd bodies (not indicated
in figo 1). Mctaultrarnafic, mctabasic, mctascdirncntary and basaltic rocks
Iorrn small bodics, toa small as to be individualized in figo 1, cxccpt for some
m ct a uI tram afi e s.

2.1.2.1 The Borrachudos Granito typc granilic rocks

These rocks form three large sizcd masscs, locatcd N, S and SE of Itabira
rcspectivcly (fig. 1). The occurrence S of Itabira was first mcruioncd and
partially mappcd by Freyberg (1932,p. 236-237, figo 38) and pctrographic
dcscriptions were given by Schncidcrhõhn (1935, p. 165, sample No. 19).
Freyberg (1932) described the rocks as granitc, Schncidcrhõhn (op .cit.) as
cataclastic and mctarnorphic granitic rocks with "Flasergneis" aspcct. Do rr
and Barbosa (1963) described thc occurrence of Itabi ra, named lhe rocks
"Borrachudos Granitc" anel considered them (op.cit., p. C 45) "... a late stagc
potassic, igneous granito... " in the sense of Read (1955), i.e., as non­
metamorphic igncous rocks younger than thc Minas Series. Herz (1970)
studied petrologic aspccts of the occurrences N and S of Itabira. He
maintained an igneous, non-metamorphic origin, concerning the crystal­
Iization conditions hc conc1uded, however, that thcsc wcrc more similar lo
thosc of a pegmatite than to a true igneous granito. The Borrachudos
Granito type rocks are light coloured, coarsc-graincd (2 to >10 mm) of
granitoid aspcct, and are charactcrizcd by linear aggregates of rnafic
mincrals, mainly biotitc (fig. 8) . The mafic mineral lincation is constantly
E throughout lhe three bod ics, with gentle dips around 15 to 25°. Foliation
is lcss pronounced in the bodies N and S, and bcucr developcd by
Ilaucning of thc mafic aggregates in thc one SE of Itabira. Foli ation
parallels thc major outl incs of the rock bodies, dipping 25 to 40° in general
castward dircctions (SE, E, NE) in occurrences N and S of Itabira and with
similar values towards NW in lhe one situutcd SE of llabira (fig. 1). Parallel
to thc foliation intercalations of mainly mylonite gneisses and mylonite
(quanz-phcngitic muscovitc-) schists occur. Extcnsions of thc
intercalations vary from several meters to more than 1 km, with
thickncsscs ranging from a few em to more than
200 m. The major intcrcalations form dccp "scptac" subdividing thc
granitoid bodies into "rncga-Ioliac" of variable thickncsses in the order of
several tens to more than 200 m, according to thc spacing of thc interca­
lations. The contacts bctwccn thc individual granitoid bodies and
migmatitcs (fig. 1) are tcctonic, as evidenced by bilatcrally increasing
mylonitization of the laucr. Indic ations of coniact metamorph ism are
absent. The bordering zoncs of cataclastic gneisses reaeh more than
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1.000 m thickncss, and ihcir (catacl astic) Iollation is paraIlel to the
Ioliation of the granitoids and of the contained intercalations. The coruacts
between the granitoid and thc cataclasLic rocks, independem of their
oeeurrenee as íutcrcalations or along thc ou ler bordcrs, are gradatlonal,
by progressive alkali feldspar blastesis towards lhe granitoids. Widths of
blastcsis zoncs vary from a few em lo >100 rn, depending on lhe rock
composirions. Generally, the mylonite gneisses are more strongly affeeted
than mylonitc schists, and, in both roek groups, higher eontents of sheet
silieates reduee the intensity and the range of alkali Icldspar blastesis.

The Borrachudos Granite type roeks are eomposed of perthitic alkali
feIdspar (= 55 VoI.%) and quartz (= 38 VoI.%) as major minerais, biotite is
normally <5 and Iluoritc <2 VoI. %. Othcr minor and trace constituents
inelude reIies of saussuritizcd plagioclase mainIy as incIusions in
pcrthítcs, zircon, all ani tc, opaque mineraIs (mainIy t itano-magnctitc),
partially transformed into lcucoxcnc, carbonato, chIo ri te, muscovitc,
epidote-c1inozoisite, and bluish (riebeckitic) amphibole.

Of speeiaI interest are the perthitic aIkali feldspars. They are
repIacement pcrthitcs, always containing relics of saussuritizcd pIagio­
clases and quartz, with micro-tcxturcs indicating syncatacIastic growth
(fig. 9) . The K-feldspar phase of thc perthites coniains as much as 20 VoI. %
of triphasic (hydrothcrmal liquid - liquid C02 - gas) fluid inclusions in the
form of negativo crys tals (fig. 10). Dimensions of fluid inclusions are in
thc order of 5 to 1O~' The replacement perthites formed by the invasion of
preexisting saussuritized plagioclases, by K-feldspar, with accompanying
reorganisation of the albite phase and remotion of saussurite mineraIs.
The K-feldspar phase is structurally intcrmcdiatc between orthoclase and
microcline, without mieroeline twinning, and with trielinicities around
0.8. The repIacement pcrthitcs tcnd to develop hypidiomorphic hab its and
may be best described as porphyroclastic porphyroblasts. Along their
bordcrs, the perthites recrystallize into smaIl polygonal individuais of
twinned microcline and albitc and the fluid inclusions are healed to
disappear by post-cataclastic periods of regional metamorphism.

The linear aggrcgatcs resulted from conccntration of the mafie
ruincrals, not suiiablc for substituiion, within major interstices bctwccn
parallcl and subparallcl oricntcd pcrthitcs in response to dynamometa­
morphic differentiation and syncataclastic perthite-bIastesis. They are
composed mainly of biotite and aIso contain cllnozoisitc-epldotc, opaques
part ial ly substitutcd by leucoxenc, zircon, aIlanite and bluish riebeckitic
amphibole. Again, post-tccton íc periods of regional rnctumorph ism are
evidenced by biotitcs and lhe bluish amphiboles grown across thc main
microscopic foIiation (and lincation) of the mafie aggregates. Quartz in
polygonal individuais concentrates aIso in interstiees bctwccn pcrthitcs
and composes quartz-richcr portions of the granitoids. These may contain
disseminated carbonate and Iluoritc.

A less frequent varicty of granitoids occurs in the direct contact with
mylonite (quartz-phcngitic rnuscovitc-) sehists. Differences mainIy
concern the porphyroclastic alkali feIdspar porphyroblasts, being, in this
case, non-pcrthitic, without relics of saussuritlzcd plagioclase but
containing relics of mainly quartz and white mica. Biotitc, clinozoisitc­
cpidotc, chIorite and amphiboIes are aIso absent. Throughout the
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granitoids, fluxion tcxturc is predominant and rclictic rock portions of
mylonitc gncisscs and sch ists, unaffected by alkali feldspar blastcsis are
Ir cq u c n t .

The above obscrvations wcrc described by Schorseher (1975a),
Schorscher and Müller (1977) and Schorscher and Leterrier (1980). They
concluded that the Borrachudos Granite typc rocks were formed by
syncataelastic K-feldspar infiltration mctasornatism in early, syntcctonic,
periods of lhe Minas/Espinhaço regional metamorphism. Sitos of lhe
granitoid formation wcrc deeper levei s of teetonically active largc-scalc
regional high anglo thrust Iaults, which reaeh imo lhe deep crust. The
faults wcrc intcrprctcd as thrusts eaused by obduetion of sialic crust from
eastern towards wcstern regions. Pre-metasomatie parents of the
granitoids were predominantly mylonite gneisses derived írom the
Granitic Complex, mylonite schists and possibly Minas Supergroup rocks of
the Paragneiss Sequence. P- T condiiions of thc granitoid formaLion werc
cstimatcd from regional mctamorphic, pcrthitic two-feldspar and fluid
inclusion data, applying a combined model of in i'iltration metasomatism,
cataclastic and regional metamorphism (open system), in the order:

. T :; 350 - 4200
, Ps :; 4 - 6 kb, Pj a 1.5 - 2.5 kb.

Postcataclastic periods of the Minas/Espinhaço regional mctarnorphisrn
at incrcasing grades progressive ly cxtingu ishcd the genetically
significam Icaturcs and transformed the eastern parts of the granitoids
into leucocratie medi um- to coarse-grained "Flascrgncisscs", composcd o f
microcline (without Iluid inclusions), o ligoc lasc, quartz, biotitc, amphibole
and accessories. It is important to note that thc Borrachudos Granito typc
granitoids suffered one phase of regional progressive metamorphism.
Only thcir mylonitc-gnci ss parcnts , originally primary constitucnts of lhe
"Bascrncn t" Cornplcx, wcrc rctrogradc mctarnorphic roeks.

Over 160 samples of granitoids, partially feldspathized mylonitc
gncisses and mylonite schists, and corresponding non-feldspathizcd
cataclastic and non-cataclastic rocks wcrc analysed for major and trace
elcrncnts, in order to obtain information on the chemical characteristics
of thc metasomatic processo The analyses wcrc bricfly discussed by
Schorscher and Lctcrricr (1980) . The granitoids are Si02- and K20-rich
rocks with 75-82 and 5 - 7 wt% rcspectivcly, F :; 0.3 - 0.5%, depleted in Sr
«50 ppm) and enriched in Zr, Y, Rb, La , Cc and others (fig . 7, table 1).

2.1.2.2 The Emerald Dcposit <Bclmont Mine>

The emerald deposit of the <Belmont Mine> near Itabira (fig. I, outerop
No. 15) is gcnetically rclaicd lo the Borrachudos gran ítoid body SE of
Itabira. Borrachudos granitoids and thc emerald hosting rocks are in the
medium amphibclitc facies of Minas/Espinhaço (Proterozoic) regional
metamorphism (fig. 3). Ai the si te of the deposit (fig. 11), the granitoid is
in dircct tccionic and mctasomatically altcrcd metamorphic contact with
metaultramafics of a scrics of gneissified remnants of vulcano­
sedimentary (grccnstonc belt) naturc, considered of Archaean age. The
metaulLramafics with associated arnphibolitcs, pelitic gneisses and mica­
quartzites were mapped prcviously as a sequence of paragncisscs
(Schorscher 1975a), and some petrological considerations with rcspcct to
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the pcculiaritlcs and the aua incd grade of regional metamorphism we re
rnadc by Braun and Schorscher (1977).

The emeralds occu r in lhe bioti tizcd metaultram afics, within a contact
zone extending not more than a few ten s of mcicrs away from th e dircct
boundary of th e grun u o id s . Part icul arly rich m ine ralis a t ions we re formed
were the biotit izcd mct aultram aflcs are addit ional ly cut by a major qu art z
vcin , varying , due to p inch and s we ll phcnomcnons, from a few
dccirnctcrs to scv c ral mcicrs of thic kncss and runn ing, to ali appcaran ccs,
parallel/subparallcl to th e contact with the gra nito ids. Emeralds are rno st
frequent at the di rcc t con tact plane bct wccn th e quartz vein and the
bi otitizcd metaull ram afi cs . T heir g rowth s truc turcs are parallel or
di scordam to thi s plane. In the di scordam case the emeralds are partia lly
in gro wn in both, lhe vei n qu artz and the biotititc. Howcvcr, c rnc ra lds full y
cncloscd wiihin in tc rna l portions o f the qu artz vcin were no t obscrvcd b ut
do occur cntircl y w ithin thc bi otititc. M ino r qua rtz vein s, discordant to th e
catacl as tic Iol ia tio n of ihc bi oritizcd mctnult rarna fics and o in general. lo
lhe dircction of lhe iccron ic contact with thc grnniio ids , ccc ur as wcl l, bUI
sh ow no rcl at cd crn cruld minerali s ali on .

The m aj o r charac tc rist ics o f th e Bo rr ach udo s granh oid s , as be ing
fo rm ed in the cnvi rontncnt of active thru st fault s by sy nmc iamorph ic­
m et asom ati c and sy n tcc to ni c processes, Iro rn infiltratcd , K2 0 - an d rclatcd
incompatiblc m inor and trace c lcrncnt -r ich Iluids, were al rcady s trcsscd.
Chemi cal data abo ut lhe Be-contcnts do not cxist up to now, but pos iti vc
anom alies m ay bc cxpcct cd. It is th ough that th ese charactc ris tics of the
granitoi ds and their dircct c ontac t with mctaul tr amafics as well as the
"rig h t" grad e of syngene ti c a rnph ib clitc Ia c ics re g io n al mctarno rphi sm
wcrc the con tro ll ing Iaci ors for th e emerald dc posit format ion , wh ic h is
clearly not rel at ed to igne ous granit ic int ru s ions .

A recent description csscnt iall y of mi nera log ic a l propertie s o f lhe
emeralds from lhe <Be lmont Mi ne> was publish cd by H ânn i ct al , (1987).

2 .1.2.3 Pe gmatoi ds

Pcgrna toi ds (no t ind icatc d in f igo 1) are lc ss irnportant sec ondary
con stitucnts of thc Gr anitic Comple xo They occu r as srnall (= ten s of rnctcrs
dimensioned ) intrusi ve d ikcs and irrcgul arly sha pc d bodics. T hcy are
hololeucocratic co ursc-gra iucd ro ck s com poscd cssc nt iu l ly o I m icroc l inc,
quartz and mi nor albitc . B laek tourrnaliuc is ab unda m in individual
occurrcnccs. The pcgrna tu ids po ssess some gco tccionic s ig nif ic anc e in lh e
round shapcd upl ift of G ra ni tic Compl ex rock s, locat cd in the sou th cen tra l
part of thc Q.F. ( fig . I , Bação Complex ). T hcy occur as ra di al cxposcd dikcs
and veins in the margi n al pa rt o f lhe upli ftcd bl oc k. T hc up li ít and
pegmatoids re spec ti vel y de forme d and intrudcd both Rio d as Ve lhas and
Minas rocks, and some pc gn .ato ids are wi thout signs of region al
metamorphi sm and tccto nic dcfo rrnati on . They may be rcl atcd to lhe
Brasiliano Tcctono- T hc rm ul Evcnt (= 500 m.y .).

The analysi s of one pc grnatoid dike samplc was rcprcscntcd [ar
cornp arison in fig o 7. togc thc r w ith lhe o thcr "Bascmcnt' ' Complcx graniii c
ro ek s
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2 .1 .2.4 Mctaul trarn afics

Metaullramafie, secondary constitucnts (fig . I, sym bol "u") occur with
icctonic, cataclastic contacts within lhe Granitic Complex . Additional
common contact featu re s are quartz-rnobilisatcs and tal c veins . Evidences
of thermal metamorphi sm are absent. The metaultramafics form clongatcd
oval and lenticula r shapcd bodies, preferentially oriented in N -S and NE
directions .

Most of lhe known occurrences have maximum extensions of lcss than
km and co uld not be rcprcscnt cd in figo 1.

From lhe reg ional d is trib ut ion lhe mctaultramafics are more frcqucn t
a long lh e southcrn and cas tc rn bordcring arcas of lhe Q.F. , apparcn tly
preferring in this ca se a c lose r sp acial association with R io das Velh as, in
lhe Itabira District with Minas, and along lhe custem borders of lhe E.R.
with Espinhaço and Minas ro ck s.

Thcy are characteris tically schistose, low-grade mc tamo rphic ro ck s,
ranging Irorn sc rpcntín ítcs lo chlori titcs and talc schists. More
Ircqucn tly, there are mixcd types con taining the above rncntioncd
minerais and al so varying arnounts of trcrnolitc and magncsitc . Accesso ry
chromite is common in ali lhe typcs , and up to crn -sizcd magnctüc
porphyrobl ast s o f regi onal mct uruorphic and/or mctasomatic origin occur
prcfcrcn ti a l ly in chlorit itcs and chlo ritc-rich varict ics ("bl~ck wall "
a l tc rat i o n s ).

Accessory chromitc oc iacdrons «1 mm si zed) are the o nly prim ar )'
magrnatic relic minerais. They als o su ffe re d p artial rccquil ib rnt ion in lhe
course of grccnsch ist facies mctarnorphi sm , as indic at ed by high e r
rcf'lcct ing Icrrit -chromi tc transforrn ations along borders and fracturcs .

Rclic tic textures, pseudomorphs aítcr olivinc, could be Iound in a few
occurrences of the Itab ira district. Pseudomorphs possess elongated fo rm s
and are aggrcgaics of cross hatehed serpentine bordered by fine-grained,
second ary oxide mineral (rnagnc titc) scams. The pseudomo rpho sed tcxturcs
resemb le ra thcr lh e im bricatcd o livine tc xt urcs of alpino type pcridoti tc s
th an pscudorno rphoscd and subscqucn tly deformed cumu lus tcxturcd
perido tites .

Some of lhe mctault rnruafi c oc currcnccs con tui n dcfornicd bodies of
m assi vc 01' di sscm iuat cd chrouri ti tcs . 'l' hc ch ro iu itc iudi vidu ul s are e u- to
subhcdral and Iincr g ra in cd than in typ ical a lp ino type chrom ititcs. with
medium grain si zcs of abuut 0 .5 mrn . The chromites co nta in o rie nted
inclusions accord ing to (1 00) and (1 11) , of i lmcnii c and rutile and dr opli kc
inclusions of N i-sulfidc s . They also show fr:rril -chrom ite transforrnation
along the borders and fractu rc s (fig. 12) . S ilicat c minera is in the
chrornititcs are lhe samc as in th c ult ramafic rc cks.

More than 60 rock s an el some ch romit itc sam plcs wcrc ana lys ed [ 01'

major and some minor clcrncn ts . Rocks show pcridot it ic corn posit io ns with
charactcristic hi gh Cr and N i contcnts (boih >2 .0 00 ppm). Surpri sing wcrc
anomalo us Zn corucnts in lhe rocks (100 - 400 pprn) and chromiti tcs (700 -
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1.700 ppm). Microprobe and rnicroscopic studics showed lhe Zn lO bc bound
in lhe chrornitcs' spinel structurc (fig. 12). Highcst contcnts found in
individual chrornitcs rcach 4 wl% Zn. These chrornitcs are optically
anisotropic (Wiedcmann and Schorscher 1978, Schorscher 1980b).

The gcnctic contcxt 01' lhe ultramafics ls not elear. Most prahably ihcy
belong lO diffcrcnt groups . Apparcruly, thcy are ali younger than lhe
"primary" constitucnts of the Granitic Complexo Some may bc rclatcd lo lhe
cvolution of lhe Rio das Velhas Grccnstonc Bclt and thus, Archaean rocks.
Othcrs, howcvcr, occur as icctonic intcrcalations within Minas, and still
othcrs thrust over Espinhaço Supergroup roeks. These may represem
tcctonically intrudcd "alpine typc" pcridotitcs, rclatcd to the
Minas/Espinhaço orogeny. From regions with abundant ultram afic rocks,
E of lhe E.R. plat inurn occurrences were describcd (Hussak 1906, Belezkij
and Guimarães 1959).

2.1 .2 .5 Mctascd imcnts

Mctascdimcntary secondary constitucnts (no I rcprcscntcd in figo 1) are
quartz-(phengitic) muscovitc myloniie schists, They always occur in
caiaclastic zones cutting lhe Granitic Cornplcx, prefercntially in N - S
trcnding dircctions and dipping with high anglcs lO thc E. Major
extensions may reach several hundred mctcrs with thicknesses generally
less than 50 m. They are mineralogically and texturally identical with lhe
rnylonirc schist intcrcaluti ous 01' lhe Borrachudos grariitoids.

Major mincrals are quartz and whitc mica. The proportions may va ry,
frorn mica-poor quartzitic lo quartz-poor schistosc compositions. Some
oceurrenees com ain abundam magnct itc octacdrons as addit ion ul
constitucnts, Minuto (dctrital") zircons are always present.

Tcxturcs are cataclastic, of mylonite schists, howcvcr, variations exi st
and are due to diffcrcnt habits of lhe quartzo Some of the schists are
larninatcd, composed of regularly altcrnating quartz- and mica-rich
millimetric layers. Othcrs coruain coarse-grained up to 5 mm dimcnsioncd ,
disk-shapcd, bluish quartzo These quartzos contain abundant fluiu
inclusions and cxtrcrncly fine rutile needles. They give the schists an cycd
texture.

On lhe gcncsis of the my lonitc quartz - whitc mica schists different
opinions cx ist. One auihor considcrs thcm as products 01'
dynamornctamorphisrn of lhe Granitic Complex gncisscs and migrn atltcs.
anothcr as regional metamorphic and mylonitizcd acld volcanics. Hcrc, a
mctascdimcntary origin is favoured, csscntially since most of them . occur
in structural continuation with lhe also N - S trcnding quartzitic
Espinhaço mciascdirncnts, howcvcr, without cxcluding diffcrcnt origins
for individual occurrcnccs.



12

2.1.2.6 Mctabasic rocks Ç'anfibolitos diabas6ides", arnphibolitcs, Minas­
amphibolitcs, ctc.)

Mctabasic rocks (not rcprcscntcd in figo 1) cut throughout lhe Granitic
Complex, as frcquent younger dikcs, sills and plugs, ranging from several
tens to more than 1.000 rn of major cxicnsions . They were described in lhe
litcraturc under dif'Icrcnt names. Guimarães (1933) tcrrncd them
"anfibolitos diabas6ides" (diabasic amph íbolltcs), Dorr and co-workcrs (in
Dorr 1969, platc 1) as diabasc, gabbro and amphibolitc, Hcrz (1970) diabasc,
gabbro, mctadiabasc, mctagubbro and amph íbolirc, Renger (1970)
rnctabasalt, Gorlt (1972) mctabasalt and basalt, Schorscher (1975a)
arnphibolitcs, Roeser (1977) Min as-amphibol itcs, ele.

Much confusion cxists in lhe litcraturc and concems thcse rocks and
thcir nomcncl aturc : lo idcntical roeks differenl names were given, and
dif'Icrcnt roeks ineluded under lhe sarnc dcnomination. Probably lhe bcst
deseriptive tcrrn was lhe onc adoptcd by Guimarães (op.cit.), The name
d iabasic arnphibnlitc strcsscd at lhe same lime lhe mctarnorphic naturc and
lhe rclictic igneous tcxturc of the roeks . And it is in this manncr that thcy
oeeur throughout lhe wcstcrn and central parts of lhe Granitic Complex
(fig. 1), where lhe younger mctamorphic overprintings did not cxcccd
low- lo médium-grade P-T conditions (fig. 3. W of isograde 2: "stau.vin") . In
this domain, thcy intrudcd not only lhe Granitic Complex, OUl also lhe Rio
das Velhas and Espinhaço Supergroups. Exccptions are lhe Minas
Supergroup rocks of lhe Q.F.: thcy possess tcctonic contacts with thcsc
rocks. Mctabasics are not known from lhe São Francisco Supergroup . MOSl
probably lhe mctabasics are older than lhe (mcta-jscdimcnts of lhe São
Francisco Supergroup.

The rnctabasics are, in lhe wcstcrn and central parts of lhe Granitic
Complex grecnschisl facics, regional mctamorphic rocks . Relictic igncous
tcxturcs are always preserved and range from diabasic (holocrystallinc
coarsc-graincd ophitic) lo ophitic and porphyritic. Rclictic igneous
pyroxenes are generally preservcd in occurrences lying lo lhe W of
43 °30' (fig. 1).

The intcnsity of lhe regional melamorphic and tecionic process
af'Iecting lhe mctabasics increased continuously, generally from lhe W lo
lhe E. Thus, in lhe wcstcrn lower grccnschist facies occurrences (fig. 3),
with relictic magrn atic minerais and tcxturcs, schistosity is abscnt or very
weak and mostly confined lo lhe borders of lhe rncta-igncous bodies. Local
cases of strongcr tcctonic deforrnation occur as a rcsult of shearing and
mylonitization caused by individual thrust Iaults.

Towards lhe E, lhe magmatic pyroxcncs are progressively and finally
tot ally replaced/pseudomorphosed by m icrocrystall inc aggrcgatcs of
fibrous uctinclitic amphibolc and some not dcfinitivcly idcntificd
brownish coloured chl oritc-scrpcnt i n itc minerais (medium grccnschi st
facies). Igneous tcxturcs are still preservcd by lhe pscudornorphs after
pyroxcnc and lhe typical laths of igncous, howcvcr saussuritizcd,
plagioclase. Regional, but weak schistosity becomes cvidcnt. As from lhe
insct of upper greenschisl facies P-T conditions (fig. 3), lhe metabasics
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The main age of intrusion of lhe igneous parcrus of the metabasics was
posterior to the scdimcntation of the lower and medium Espinhaço
Supergroup but prior to lhe dcposition of the highest formations and to
the culmination of thc Minas/Espinhaço orogeny.

The composition of the igneous parcnts as indicated by the modal
mineralogy of the lcast rnetamorphic typcs ranges from gabbro-dioritc
over diorite to quartzdioritc. However, more probably thcy were effusive
rocks and thc actually observed coarsc-graincd massive tcxiurcs are due to
thc prescnt erosional surf'ace, expos ing subvolcanic leveis.

metalamprophyres2.1.2.7 Metajacupirangite and

Chemical studies of thc metabasics were made by Herz (1970), Roeser
(1977), Biondi (1979) and this author (unpublished data) . Rocks may be
classified gcncrally as continental tholeiites and follow, as ploued in the
FPy* -FGi * diagram of La Roche and Ohnenstetter (1980), a trend
in te rmediate bctween "normal" and "abyssal " tholeiitie series .

The dark coloured major rock portions are composed of green
hcdenbcrgitic pyroxcnc, plagioclasc, abundant sphene and apatitc, relictlc
reddish brown biotitc, minor free (magmatic) carbonato and, possibly
secondary, quartz o Regional metamorphic mineraIs within these rock .
portions are dark green amphibole partially substituting pyroxene,
poikiloblastic garnct, clinozoisitc and at lcast some of the quartzo

Lcucocratic "Schlieren" are of rctrograde saussuritizcd plagioclasc,
rccrystall izcd metamorphic plagioclase, microcllnc, quartz, totally
decomposed inferred former feld spathoids and also contain considerable
amounts of apatitc, sphcnc, minor carbonatc in wcl1 defined grains,

Mctajacupirangitic ro cks are known only from one occurrence,
located about 120 km N of Ferros within lhe "Bascmcnt" Complex, E of the
E.R. (outside figo 1). Contact rclations with lhe "Bascrncnt" migmatites and
gneisses are oblitcratcd by thorough wcathcring, but supposed to be
intrusive. The metajacupirangitic body is clongatcd, oval shapcd,
exceeding several hundred metcrs of major cxtcnsion. Rocks are
inhomogeneous, predominantly dark greenish to bl ack coloured and
contain subordinated leu cocratic "Schlicrcn".

suffered more intenso regional schistosity, Relictic igneous tcxturcs
become rare. Pseudomorphs after pyroxenes are deformed and
reerystallize to coarser grained poikiloblastie aetinolitie amphibole. The
saussuritizcd igneous plagioclases rccrystallizc as well, to mctarnorphic
albitc-oligoclasc and Iinally. East of isogradc 2: "stau-in" (fig . 3), lhe
mctabasics pass gradativcly to typical arnphlbolitcs. Actinolitic amphibole
is convcrtcd lo tschcrrnakitc. and albitc-cllgoclasc to andesine. Beth
rcactions cause the consumption of clinozoisitc formed by saussuritization .
The rock fabrics bccomc gncissosc, rclics of igneous tcxturcs are totally
destroyed and lhe arnphibolitcs from mctabasics are undistinguishable
under macroscopic and mi croscopic aspccts from possible Rio das Velhas
or polymetamorphic "Bascmcnt" amphibolltcs of lhe same region.
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perfectly fitted into the general rock texture and individual
pyroxene/amphibole, garnct and clinozoisi te crystals .

The apatitcs are of spccial intcrcst, They concentrare in globular
shaped aggrcgatcs of UI' to 1 mm in sizc and are optically anornalous
positive. The rock chemical composition is givcn in table 2.

Among the minor elements (wt%): Th = 0.21 ; Y = 0.13 and Sr = 0.25 are
especially high. Thorium occurs in orangíic, a dccomposition product of
thorianitc. Yttrium, as found by microprobe studics. concentrares up to
1.2wt% in the apatitcs.

The rocks were af'Icct cd only by the youngest Minas/Espinhaço
regional metamorphism, under upper greenschist facies P-T conditions.

They were considered by this author (1975a) as members of the
jucupirangitc-carbonaütc rock suite in spite of their relatively high Si02
contcnts, since some of thc microcline and quartz could be of secondary
metasornatic ori gin, as tcxtural fcaturcs indicate. The rocks could be
gcnctically related to the diamond producing early Espinhaço magmatism .

Mctalamprophyrcs were found in lhe southcrn part of lhe Floralia District
and idcntif'icd by field and mesoscopic petrographic cri leria (fig.1, ouicrop
No. 9). They occur as several ccntirnctcr to half a meter thin dikes cuulng
migmatitcs of the "Bascmcnt" Complexo Rocks are black coloured, schistose
and sprinkled with fine-grained light coloured minerais. Microscopic
studies show the cxistcnce of two distinct groups of mafic dike rocks. The
one (A) has as major constituents: green biotite, quartz and carbonatos , the
carbonate being grown as porphyroblasts with poikilitic inclusions.
Minor and trace constitucnts are: clinozoisitc-cpidotc s.s ., titanite, bluc­
greenish amphibole (replaeing b iotitc) little untwinncd, fine-grained
"matrix" plagioclase and opaque ore minerais, ' orientedly distributed along
the schistosity . Polished scctions revealed the ore minerais as deforrned
sulfides: pyrite and calcopyrite. The sccond group (O) has as major
minerais dark brown biotitc, quartz, carbonate and plagioclase, lhe latter
two being developed as porphyroblasts with poikilitic inclusions. Minor
and lrace constituents are clinozoisitc-cpidotc S.S ., titanitc and little
untwinncd, Iinc-graincd "m atri x" plagioclase. Bluc-grccn amphiboles and
opaque ore minerais are extrcmcly rare lo iotally absent. Average
chemical compositions of lhe two groups are listcd in table 2. In both
groups, lhe pcikiloblastic carbonatos are considered as rccrystallizcd Irorn
originally magmatic cqu ivalcnts , not of allochemical origino lhe cncloslug
rocks being free of carb onatos. The plagioclusc poikiloblasts of group (B)
rocks are also of isochemical , mciamorphic origino They forrned by a
reaction of quartz with clinozoisitc-cpidote S.S. and carbonatc, as can be
observed under lhe microscope.

These rocks 100 show only lhe cffccts of one phasc of tcctonic dcformation
and regional mctarnorphi sm (upper grccnschist facies P-T conditions) .
They are considered lo belong lo lhe incipienl rnagmatic activity of the
Minas/Espinhaço cycle and may be gcnctícally rclatcd lo lhe diamond
producing eariy Espinhaço magm ati srn .
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2.1.2.8 Basaltic rocks

Basaltic rocks of two differenl age and compositional groups occur
most commonly as dikcs, cuuing lhe Granitic Complex or in smaller
intrusivo bodies near lhe discordances with Minas and Espinhaço
Supergroup rocks. Due lo scale problems, thcy could not be represented in
figo 1. In areas cxtcnsivcly covered by Protcrozoic units, including thc São
Francisco Basin, thcsc rocks are apparently less Ircqucnt, abscnt or at
least liulc known.

The basaltic rocks of both groups form plugs, sills and dikes and occur
sometimes in close regional association, preferentially along N-S, NE and
NW trending younger fraeture zones. They are unfol iated throughout thc
arca (fig . 11).

The older group (A) of basalts are holoerystalline coarsc-graincd,
ophitic textured rocks. They possess thcleiitic mineral composition with:
orthopyroxene (hypcrsthcnc) , pigconitc, plagioclase, basaltic hornblende,
apatite and opaques. More mafic types contain additional olivine and thc
more acid ones (without olivine) may bear llulc frcc quartz, sometimes in
granophyric tcxturcs with late, sodic plagioclase. Their pyroxene content
also diminishes.

The older basaltic rocks show evidence of a regional thermal
metamorphism not accompanied by orogenetic tectonics. They developed
polymict coronas between thc mafic minerais and plagioelases.
Compositions of the eoronitic paragenesis, for instanee the presence or
not of garnct, and lhe statc of conservation of the plagioclases, ranging
from slightly clouded to polygonally rccrystallizcd, indicates regional
variations in thc intcnsity of thc thermometamorphic evcnt (figs . 13, 14) .
These variations, however, show no rclationship with thc grade of thc
progressive regional Minas/Espinhaço metamorphism (fig. 3).

The intrusion of the older basaltic rocks must be posterior to the
youngest (Minas/Espinhaço) orogcny, since they are ncither
progressively regional metamorphic nor Iollatcd/schistosc rocks. Their
thermal metamorphism is attributed to the about 500 m.y. old Brasiliano
tcctono-thcrrnal event.

The younger group (B) of basaltic rocks are olivine bearing or olivine
free augite basalt s with pilotaxitic, porphyritic, intersertal and subophitic
tcxturcs, Exccpting the plagioclase phenocrysts, thcy are much finer
grained than lhe oIder basalts. They show no evidences of thermal
metamorphism or dcformation. The younger basalts are considered post­
Precambrian in age and may be rclatcd to the Mesozoic basaltic magmatism
that affected thc Brazilian continent.

Comparative analyses of the two groups of basalts are listed in tablc 3.
The raihcr primitive composition of the older group (A) and the well
specialised geochemical characteristics of the younger group (B) of
basalts become evident mainly through the elements Ti, Mg, K, P, Ba, Sr,
Rb, and Cr.

--0_ . _.0 _
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2.1.3 Intcrprctation of lhe GraniLic ("Basemenl") Complex

Thc Granitic Complex is in its "primary", largely predominam parts lhe
oldcst Archaean lithostructural unit of lhe arca.

Pctrographic and pctrochcrnical charactcristics indicare analogies lO
lhe othcr Archaean "grcy-gnciss" complexes. An origin from dccp crustal,
already homogenized material rathcr than from suprastructural rocks is
here preferred for the bulk of lhe "prirnary" granitic rocks, i.e for lhe
more homogeneous quanzdioritic (tonalitic) rocks, migmatitcs with
predominant pluionic structurcs and rnctatcctic gneisses. The intrusive
"prirnary" granitic rocks, also of tonalltic cornposition, may have bccn
derived by more advanced crustal anatcxis, from lhe same gneisses and
migmatitcs, in sl ightly deeper crustal leveis. In this case, the gross of
"primary" constitucnts of lhe "Bascrncnt" Complex would provide insight
into compositions and gcotcctonic processes that acted in early Archaean
times in deep scatcd leveis of a more primitive crusr and finally lcd to thc
formation of lhe oldcst Archaean high-grade rnctarnorphic and igneous
rocks known from this part of lhe Brazilian Shield.

The "prirnary" high-grade mctamorphíc mafic and ultramafic
amphibolitcs are subordinated constitucnts of thc "Bascmcnt" Complex and
also considered to bc derived in early Archacan times, but from subcrustal
mantlc leveis. They intrudcd lhe cru si as dikes and minor intrusive bodies.
In thcír now exposed levei thcy also expericnced thc high-grade
mctarnorphic, deep crustal proeess that originatcd thc enclosing
"primary" granitic rocks in thcir prc-rctrogradc mctarnorphic formo An
cxplanaticn as direct relics (igneous residues) of a hypothetic 01 der
Archaean crust, of mafic-ultramafic composition, subjectcd to rcpcatcd
processes of partial fusions seems difficult not only on account of lhe
quantitativo relationships but also on petrological grounds rcl ated lO lhe
cornpositions of the mafic amphibolites.

Primary gneisses and migmatitcs of older supracruslal origin, if
prcscnt at ali, are rare. Thcy could bc represented by lhe scarce
occurrences of well banded hcterogcnous gncisscs composed of more than
two distinctly different lithotypcs. Howcvcr, rocks as calcsilicate or
aluminous gneisses, commonly accepted as of supracrustal origin, could
not be confirmed wiLhin lhe wcll indívidualizcd, typical parts of thc
Granitic Complex, i.e, in lhe regions affcctcd only by low-grade younger
reworkings (figs . I, 3).

Secondary constitucnts and the younger tcctonic, mctarnorphic and
mctasornatic overprintings of the complex are írnportant keys to thc
understanding of thc upper Archaean to post-Precambrian processes in
lhe crustal evolution of the region considered (fig. 1). Some of thcrn are
rclatcd to thc formation of importam pcgmatite and gemstone dcposits,
among thcsc lhe Emerald dcposit of lhe -cBclmont> Mine ncar Itabira.
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2.2 The Archaeau Rio das Velhas Greenstone Belt (Rio das
Velhas Supergroup)

2.2.1 Areal Distribution and Dcfin itions

The Rio das Velhas Supergroup Iorms, togcthcr with lhe GraniLic
Cornplcx, lhe infrastructurc of Minas and Espinhaço sequences within
lhe arca of lhe Q.F.. Occurrences underlying lhe westcrnmosl cxtrcrncty
of the prominent northwcstcrn itabiric Q.F. structurc (Serra do Curral
Syneline) havc apparantly no physical continuity with the principal Rio
das Velhas domain (fig . 1).

Dorr and Barbosa (1963) corrcl atcd schistosc rocks of thc Itubira
District (fig. 1) with the Rio das Velhas rocks of the the Q.F. type arca,
based on llthological sirnil aritics, in spite of occurrences being non­
continuous. The present author (1973, 1975a) included the schistose rocks
of the Itabira District within lhe Minas Supcrgroup as an additional unit
tcrrncd Greenschist Sequence, sincc the unconformity described by Dorr
and Barbosa (op .cit.) as separating thcm from the Minas Séries, was
found to bc unconvincing (fig. 29).

Schõll and Fogaça (1979) described schistose sequences containing
banded iron form at ions and quartzitic units, occurring some 150 km lo
the N of the Q.F., within Lhe central anticlinc of thc E.R., as well as
pertaining to the Rio das Velhas Supergroup (N outside figo 1). Again
physical continuity is inexistem, but lithological and structural
similarities exist as far as the contacts with the adjacent migrnatitc­
gneisses and the Espinhaço co ver rocks are concerned.

Dorr et al. (1957) originally defincd the Rio das Velhas Series "as
compri sing those schistose mctascdirncntary and rnctavolcanic rocks 111

the Quadrilátero Ferrífero older than lhe Minas Series" (Dorr 1969, p. A­
IS). They subdiv ided lhe Rio das Velhas Series into two groups, the 01 der
termcd Nova Lima and lhe younger Maquiné . The Maquiné Group again
was subdivided in to two Formations, the lower termed Palmital and the
upper Casa Forte (in : Dorr 1969).

Simmons . and Maxwell (1961) defined an additional, still younger
group, termed Tamanduá and included it in the Rio das Velhas Series.
However, already Moore (1969) noted that lhe Tamanduá Group refers
mostly to quartzitic rocks of the Espinhaço Range. In Iact, the Tamanduá
Group has to be excluded from the Rio das Velhas (Simmons and Maxwell
1961) and Minas (Dorr 1969) stratigraphic columns, since it is essentially
composed of Espinhaço Sup ergroup quartzitic sequences. The Cambotas
Quartzito Formation of Simmons and Maxwell includes rocks of the
lowermost three Iormations of lhe Espinhaço Supergroup (= Minas Series
as defined by Pflug 1968) indiscrirninatcly , and lhe upper, unnamed
form ation of Simmons and Maxwell is an upthrustcd sheet of Nova Lima
schists (Schorscher 1980a).
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Thc present author (1978) could show the cxistcncc of and define an
additional group underlying lhe Nova Lima, almost exclusively composcd
of ultramaflc cffusivc rocks, among thcrn spinifex tcxturcd (peridotitic)
komatiites. For this unit, lhe term Quebra Osso Oroup was introduced.
Thus, it could be shown that lhe Rio das Velhas comprises a complete
greenstone bclt succession. This, and a possiblc larger regional
distribution than prcscntly confirrned, justified its clcvation to
Supergroup rank. The stratigraphy of lhe Rio das Velhas SO., after Dorr
(1969), with modifications, is shown in tablc 4.

It is of ccrtain historical, bibliographic and, last but not least
economic irucrcst to note that from thc Quadrilãtcro Ferrífero - classical
region of Brazilian Precambrian geology - for thc first Lime in this
country, lhe occurrenee of spinifex tcxturcd peridotiLie komatiitcs and of
a complete greenstone belt succession could be definitely evidenced.
Under these aspccis, lhe economic geology of lhe Archaean supracrustal
sequences of thc Q.F. needs fundamental review too.

2.2 .2 Contacts with thc Granitic Complcx, areal distribution of Oroups and
specific litho-stratigraphic characteristics

Contacts of lhe Rio das Velhas Supergroup with lhe Granitic Cornplcx
are tcctonic, charactcrizcd by mylonitization of thc adjoining lithclogies.
MyloniLization is more cvidcru in lhe migrnatitcs and gneisses of lhe
Granitic Complcx than in lhe prcdorninantly schistosc, low-gradc
metamorphic and strongly wcathcrcd Rio das Velhas rocks. In ccrtain
arcas thcrmo-mctamorphic aureoles developed within lhe Rio das Velhas
(WaIlace 1965, Dorr 1969, Herz 1978), along the icctonic contacts, and
pcgrnatoid mobilizatcs (chaptcr 2.1.2.3) used thcrn as sites of asccnt
intruding both the Oranitic Complex and Rio das Velhas rocks .

The majority of contacts are bctwecn thc Nova Lima Oroup and
Granitic Complex rocks. Only in the Santa Bárbara and, perhaps
Congonhas regions (fig. 1, scc also Ouild 1957) do rocks of thc Quebra Osso
Oroup occur in direct tcctonic contact with thc Oranitic Complexo

Quebra Osso Oroup typc occurrence is, in surface outcrops, limited
to a 1.5 km wide belt at lhe rnost, cxtcnding for more than 16 km along
the northcastcrn borders of the Rio das Velhas synclinorium (fig. 1,
Santa Bárbara rcgion, figo 15, table 4) . These rocks wcrc previously
mcntioncd by Harder and Chamberlin (1915) as a thrust-shcct of mafic
lavas. Dorr and cc-workcrs (in: Herz 1970, platc 1) mapped thern as
"greenstone and chlorite schist; mciamorphoscd mafic rocks, probably
post-Minas in age" and Maxwcll (1972), who dc tailcd parts of the arca in
the scale 1:25'000, included them (OI'. cit., p. 32) <...under the general ficld
tcrm "greenstone sequence">. He observed that lhe grccnstonc sequence
is composed of <...rnafic and ultrarnafic iatrusivc and cxtrusivc rocks, and
mafic dike rocks similar to those mapped scparatcly in adjacent. ..> arcas
(01' . cit., p. 32), that sedimentary rocks may occur as wcll, and contributed
some mineralogical and pctrographical dctails. Howcvcr, thc scparation
of rock typcs proved irnpractical and the age qucstion also remaincd
unanswercd.

- - - - - 0 _
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Thc prcdorninant rocks are ultramafic lavas, (pcridotitic) kornatiitcs.
Primary igncous tcxturcs are best preserved in the southern, widcr part
of thc bclt, and best exposed in the Quebra Osso river valley (Iig. 15). The
northcrn, fincr parts of lhe ultramafic belt are strongly tectonically
deformed and now scrpcn tine-chlo ri te- talc-tremol i tc -rnagncsi tc-schists.
Mafic, mctaigncous intrusivc and/or dikc rocks could not be confirmcd,

Predominant ultramafic cxtrusivcs with igncous textures are from
massivo flows, cxhibiting polyhedral jointing and rarc spinifex textured
"garlands" and "veins" (figs. 16, 17). They may grade laterally OI'

vertically (OI' both) into pillow lavas. Second in abundancc are
brccciatcd lavas. They occur cithcr as individual Ilows OI' as top and
bottorn zoncs of othcr flows . Rare rock typcs comprise aphanitic,
originally cryptocrystall inc OI' vitrcous ultramafics and ultrarn af'ic tuffs
and agglomcratcs (fig. 18) .'

Thc mineralogical composition of the ', ultramafics is of typical
greenschist facies asscrnblagcs, They are mixtures of scrpcntine,
chloritc, talc , trcmollic and inagncsitc, In spinifex tcxturcd rocks the
skclctal olivines are replaced by serpcntinc and minute opaqucs and lhe
vitreous ground-mass by chlorite (fig. 19). The only primary magmatic
minerais are accessory chromitcs, However, they show thc
Icrritchromitc transformation along lhe borders and thus incipient
mctarnorphic reequilibration. In thc castcrn stratigraphícally lower and
central parts of lhe Quebra Osso ultrarnafics, intcrcalations of dctrital
mctascdimcnts are abscnt, The only mctascdirncnts are of chemical
origin, banded iron Iormations, gradational with ferruginous metacherts
(fig. 15). In lhe western parts, towards thc coniact with the Nova Lima
Group, intercalations of mafic (tuffitic) schists occur, bccornc more
frequcnt and finally predominam. They charactcrizc, together with
mafic metavolcanics, the gradational ('" 70 m wide) contact zonc bctwccn
thc stratigraphically lowcst ultramafic Quebra Osso Group and thc
medi um, mafic Nova Lima Group of the Rio das Velhas grccnstonc bclt.

About forty samplcs of ultramafic rocks with and without prescrvcd
igncous tcxturcs of thc Quebra Osso Group were analyzed for major and
some trace elements. Major clcmcnts indicatcd pcridotitic (komatiite)
composition. Trace clcmcnts charactcristically show Iight Cr and Ni
contcnts (both '" 2,000 ppm). Quebra Osso ultrarnafics also show
anomalously high Zn corucnts in lhe range of 100 - 400 ppm. Again, Zn is
locatcd in the crystal structurc of accessory chrornitcs as indicatcd by
microprobe tests .

Nova Lima Group rocks occupy by far lhe major part of the
prcscruly cxposcd arca of thc Rio das Velhas grccnstonc belt. Litholcgics
(tablc 4) are badly wcathcrcd in natural outcrops. Only thc leveis of
bandcd iron formations and ferruginous mctachcrts (fig. 15) appcar as
morphological pos itivo ridgcs and crests, casily rccognized on air
photographs. Bcst petrographic descriptions of Nova Lima litholog ies are
from samplc material savcd in underground mines (Gair 1962, Tolbcrt
1964, Ladeira 1980). Thcrcforc, the Nova Lima Group, in spite of its (at
lcast apparent) thickness of more than 4,000 m (Dorr 1969, here tablc 4)

- - -- - - - -
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and large areal distribution, could not yct be regionally subdivided imo
formations. Effons by Ladeira (op. cit.) still depend on corrclation with
additional underground mine profilcs, and still more. on surface
mapping.

In general. one cal! statc that lhe maf'ic, clustic, volcanlclastic and
igneous rocks predominare. The bulk of thc schistosc lo graywacke rock
typcs are chloritc-rich, and the predominant igneous effusives and
subvolcanics of basic lo intcrmcdiatc composition, Acid volcanics are not
yet dcfinitcly known, but possibly rcprcscntcd by some of the occurring
sericite and scricitc-quartz schists and phyllltcs .

Chemical mcta-scdirncnts abrange low (in Fe) grade banded iron
formations grading to almost pure quartzitic rocks (metacherts) and
banded ferro-manganesiferous and manganesiferous formations. Fresh
banded iron formations described from underground mines are oxide
(magnctitc), carbonato and sulfide facies. From surface outcrops mixed
carbonatc-silicate and silicate facies are known as well.

Ferro-manganesiferous and manganesiferous formations are known
from natural outcrops, badly wcathcrcd and not studicd any furthcr.

The chemical Fe and Mn scdimcnts apparcntly show a regular
distribution throughout lhe Rio das Velhas grccnstonc bclt, In its
northcrn and northeastern parts lhe Fe Iorm ations prcdorninatc by Iar,
Fc-Mn formations are more abundam in the western (including the
westernmost continuation) and southcrn parts, Of biogcnic or partly
biogenic origin may bc some dolornitcs and graphite-rich schists, Clastic
quanzitcs and quartz-rich schísts are very rare and possibly eonfined to
the stratigraphic upper part of the Nova Lima Group. Conglomerates are
rare but important rock typcs as indicators of the depositional
cnvironment. Dorr(1969) described one occurrence as
"paraconglomerate" or "tilloid" (in the sense of Pettijohn 1957) and
attributed its origin to "subaqueous dcnsity currcnts". Further
occurrences of such conglorncratcs are known from the Nova Lima
District (Gair 1962, plate 1) and from the Santa Bárbara region. The lattcr
occurrence is, as lhe one described by Dorr (1969), cxtrcmcly bimodal,
with up to half a meter sized subangular to rounded boulders, eobbles and
pebbles of bandcd iron formation (LO mctachcrt), in fine-grained
phyllitic rnatrix (fig. 20). Pebbles of Granitic Complex rocks are not
known from the Nova Lima conglomcraLcs.

AddiLional Icaturcs of synsedimcntary gravitational dcformation
(slumping, sliding) may bc suspected from some surfaee outcrops and are
known from bore cores.

The Nova Lima Group is thc major gold producing uniL of the Q.F. arca.
Gold is bound in sulfide mincralizarions previously considered in lhe
Nova Lima District by Gair (1962) and Dorr (1969) as hypothcrmal
replacement deposits. Similar mineralizations in the Santa Bárbara and
Florália regions (São Bento and Pari Mines rcspcctivcly) wcre studied by
thc author and interpreted as syngenetic volcano-scdimcntary deposits
(Schorscher 1979a, b), i.c. carbonatc-sulfide and sulfide facies banded Fc-
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fonnations. Major sulfides are pyrrhotite, pyritc, arsenopyrite and
ehaleopyrite. Mieroseopieally visible gold oeeurs predominantly as
inclusions in arsenopyrite. Studics by Ladeira (1980) of the gold
mineralizations of the Nova Lima Distriet yielded similar results.
Seeondary, remobilized gold oeeurs in gold-quartz veins eutting the Nova
Lima Group (Dorr 1969) and in earbonate veins eutting the Quebra Osso
Group (fig. 21).

Ma quiné Group undivided forms the stratigraphieally upper elastie
unit of the Rio das Velhas grccnsionc belt. Roeks of this group (tablc 4)
oeeur in two noneontinuous structurcs. One is a narrow syneline starting
abouL 16 km NNW of Ouro Pctro, extending and broadening into NW
dircction, and tenninaLing about 18 km SE of Belo Horizonte (fig. 1). The
seeond underlies the Caraçu range of Espinhaço quartzite loeated in Lhe
eastem pari of the Q.F. (fig. I, outcrop No. 12, figo 15).

The Maquiné Group is scparatcd from the Nova Lima Group by at lcast
local erosional uuconformity, and represents a drastic ehange in the
Lype of scdirncnts and by means of their souree arcas. Previously
deseribed groups have ultramafie respeetively mafie overall
eomposition, quartz being abscnt or a liulc Ircqucnt mineral. The
Maquiné Group is, ai lcast in parts, of orthoquartziLie eomposition.

In the oeeurrenee locatcd in the castcrn part of Lhe Q.F., the basal
portions of the Maquiné are eoarse-grained LO microconglomeratic
quartzites and eonglomerates. They are greenish eoloured due to some
chlorite and chloritoid in lhe matrix, Dccirnctcr sized eross stratification
of Ircqucntly varying direetions is eommon in Lhe quartzites . Pcbblcs in
mieroeonglomeraLie quartzites are of vein quartz, 0.5 - 1.0 em in sizc and
normally well rounded. Various eonglomeraLie levels/lenses oeeur
intraformationally inelosed wíthin Lhe lower portion , Pcbblcs are
predominantly of banded iron formation to metaehert of the Nova Lima
Group and of in traformarlonally reworked Maquiné quartzites and
eonglomerates. Vein quartz, greensehists (mcrabasics of the Nova Lima
Group) and meta-ultramafies of the Quebra Osso Group are quite rare.
Granitie pebbles could not be found. Matriccs of lhe conglomcratcs are
light or greenish eoloured depending on the presenee of mainly
ehloritoid and subordinately ehlorite. The occurrcncc of abundant
detrital pyrite in quartz itcs, microconglorncrateu and eonglomerates is
important (fig. 22). Higher stratigraphic portions of the Maquiné consist
of coarsc- to mcdium-graincd, Iight eoloured and normally mica-poor
quartzites.

2.2.3 Strueture and Metamorphism

The Rio das Velhas grccnstone belt may bc referred to as a regional
sizcd complex synclinorial structure, preserved in between, and
penetrated by round ' shaped uplifted masses of Gr~nitie Complex roeks. No
graniLic igneous intrusions are known from thc RIO das Velhas belt,
exeept for younger pegmatoid veins.

_._ _ •• o
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Three major phases of dcforrnation affcctcd lhe Rio das Velhas rocks.
The principal schistosity is parallel lo lhe one of lhe adjaccnt Minas and
Espinhaço Supergroup rocks and produced by lhe Minas/Espinhaço
orogeny. Locally , howcvcr, especially finer layers of cornpctcnt rocks
such as dolomitc, bandcd iron Iormation, quartz vcins, cxhibit polycyclic
structurcs indicating an imcnsivc older folding phase with subvcrtical
axis. This folding phase may be auríbutcd lo lhe about 2.800 m.y . old (Herz
1970) Rio das Velhas orogeny.

The youngest dcformations were caused by a latcst phase of uplifts of
granitic rocks. They aífcctcd not onlv the Rio das Velhas but also Minas
and Espinhaço rocks, as well evidenc~d by lhe Bação Complcx (figs. 1, 2;
upliftcd mass of Granitic Complex rocks located in thc south-ccntral part
of the Q.F., piercing through Rio das Velhas and deforming adjacent
Minas structurcs). Uplifts cut through and prcduccd cataclastic
deformation of the Rio das Velhas Supcrgroup rocks .

The Rio das Velhas rocks must be considered polymetamorphic rocks.
In lhe northcastcrn and castcrn parts of lhe Rio das Velhas bclt,
howcvcr, they rcvcal only onc phase of regional mctamorphism,
identical in grade. and with the sarne rclations between deformation and
mctarnorphic rccrystalllzarion as cxhibitcd by thc overlying younger
Minas and Espinhaço rocks (middle to uppcr greenschist facies). This
metamorphic event must be auributcd to thc Minas/Espinhaço orogeny .
The wcstcrn and southem parts of the Rio das Velhas belt were not
systematically studicd by the author and lhe litcraturc contains no data
suggesting polyphasic regional metarnorphic or retrograde metamorphic
phenomenons from these areas. It must be concluded that, if a regional
mctamorphism of Rio das Velhas age cxistcd, as is indicated by thc
radiometric age of 2.800 m.y.• obtained by Herz (1970), and as is gcncrally
admiucd, it must have been lower in grade than the younger
Minas/Espinhaço event. On the other hand, the younger cvcnt was not as
intcnse as to rcadjust the Rb-Sr system of muscovite formed in thc course
of thc older Rio das Velhas mctamorphism about 2.800 m.y. b.p. (Hcrz
op.c ít.).

Thcrmal-rnctarnorphic parageneses occur superimposed upon thc
regional mctarnorphic ones in Nova Lima Group rocks along lhe coniacts
with Granitic Cornplcx uplifts. Wallace (1965) and Herz (1978) described
and mapped zoncs of thermal mctamorphisrn around lhe Bação Complex
(fig. 1).

Paragenesis with st aurol itc and possibly cordlcritc churactcrlzc lhe
maxirnurn of grades rcachcd, The thcrm al mctarnorphic cvcnts affected
not only Rio das Velhas rocks, but, as lhe uplift rclatcd icctonics , also
prcviously regional mctamorphic Minas rocks. Gair (1962), for instance,
described therrnal metamorphic Sabará Formation (iablc 5) schists
occuring in thc Nova Lima District in dircct tcctonic contact with
granitic rocks (fig. 1, outcrop No. 1). This author (1975a). Herz (1978) and
Schorschcr et aI. (1982) dcscribed thcrrnal mctamorphic paragenesis
superimposed on regional rnctamorphic dolomilic itabiritc (hcrnatitc ±
magnetite + dolomitc + quartz) of the Itabira Group (tablc 5) from lhe NW
flank of thc Serra do Curral syncline (fig. 1).
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Thermal metamorphism causcd reactions of dolornitc + quartz, in lhe
h ighcst grade reached, to diopside and, more commonly, to trcrnolitc,
Calcsilicatc rcactions did not occur under lhe high total pressure and
relatively low tcmpcruturc conditions of lhe regional Minas/Espinhaço
mctamorphisrn in this pari of lhe arca.

Finally, it has lo be remembered that even the non -dcforrncd, older
groups of basaltic dike rocks (of post-Minas/Espinhaço Precambrian age)
show evidences of thermal metamorphie coroniti sarion (chapter 2.1.2.8) .
Thus, there are no doubts about lhe existence of the youngcst, post­
Minas/Espinhaço period of uplift and thermal mctarnorphic processes.
Nevertheless, an older, Archaean pcriod, at lcast of importam uplifts, of
post-Rio das Velhas (and pre-Mirias/Espinhaço) age must be admitted toe,
because of the stratigraphic and structural co nfiguration of the
Archaean and Proterozoic units (fig. 1). The rclat ionship of this older
period of uplifts with Archaean rnctamorphic processes however,
continues to be unccrtain .

2.2.4 Some Considcratlons on the Evolution of the Rio das Velhas
Greenstc ne 13elt.

Different maucrs invariably arise when lhe evolution of Archaean
greenstone bclts is discusscd, among thcm: age rclations between the
greenstone bclt and adjaccnt migmatitc-gnciss cornplcxcs, cnvironrncnt
of greenstone bclt gcncration and rclarions with sialic continental
domains, dcpositional environments in greenstone bclts - deep versus
shallow water conditions, horizontal versus vertieal tectonic regimes
during orogenesis of grccnstone bclts, and rnany othcrs,

The Rio das Velhas greenstone belt sequence is considered youngcr
than the surrounding migmatitc-gnciss domains. As argurncnts may hold
the high metamorphic grade of the surroundings, not cxpcricnccd by
lhe Rio das Velhas and probably more importam. the lack of granitic
intrusions s.l. within the bc lt, in spitc of their occurrence in
neighbouring parts of the "Bascrncnt" Complexo However, not a single
case of normal contacts, merely tcctonic coniacts are known bctwccn
Granitic Complex and Rio das Velhas rocks.

Ir one accepts the Granitic Complex rocks as being older and lhe place
of gcncration of lhe grccnsionc bclt, the qucstion about the palaco­
geographic contcxt arises, more precisely: whcthcr lhe granitic rocks s.l.
represented continental or submerged si alie crust when lhe grcenstonc
bclt formation was initi atcd , As for lhe lack of sedimcnts derived from
granitic tcrrains, within the lWO lower groups of the Rio das Velhas
greenstone bclt, the conclusions should be thal the belt formation was
initiatcd in an cnvironrncnt of submerged sialic crust (cf. Hargraves
1976). Furthcr, that during the deposition of the lower two groups
(Quebra Osso and Nova Lima) no considerable sialie continental masses
cxistcd within distanccs ab!e to pour appreciable amounts of quartzitic,
or in a more general way, granitic terrain derived clastics, within the
belt. Only with thc beginning of the coarse clastic quartzitic Maquiné
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scdimcntatíon such landmasscs carne imo being and bccarnc very
important Iurnishcrs of scdirncnts.

Little inform atiou cxists about lhe subaquatic cnvironrncnt during
lhe dcposition of lhe Quebra Osso u1tramafic Group. Thc ultramafic pillow
lavas, howcvcr, may indicutc that watcr dcpth of several hundred rnctcrs
cxistcd at lcast locally, when judging from lhe prcdorninant cases known
by actual geologic obscrvaiion of oceans.

Thc Nova Lima Group was considered by Dorr (1969) as composed of
eugeosynclinal flysch dcep watcr dcposits, Turbiditc typc congtomcratcs
and slumping and sliding Jcaturcs sustain this interprctation. At lhe
sarnc lime, argurncnts imply that morphologically higher domains,
possible cvcn subacrial, must have cxistcd within lhe Nova Lima trough
rnaybc as mafic volcanic islands/scamounts. producing lhe scdirncnts and
being starting placcs for turbidity currcnts,

Thc Maquiné environment was idcntificd by Dorr (1969) as a
cugcosynclinal melasse basin: for lhe occurrence in lhe castcrn part of
lhe Q.F. (figs. I, 15) shallow watcr high energy scdirncntary conditions
rnust be assurncd at lcast during the deposition of lower coarse quartzitic
and conglomcratic rocks. Th is is further supportcd by lhe typc and rapid
dircction changes of crossbedding. Dctrital pyritcs in this unit (fig . 22)
rnay signify more reducing atmospheric and shallow oceanic conditions.

Structural evidences regarding lhe tccionic regime during lhe Rio
das Velhas orogcncsis are cquivocal, Prornincnt structurcs are lhe
tcctonic coniacts bctwccn the Rio das Velhas units and adjaccnt upliftcd
parts of lhe Granitic Complex. These are no doubt resu1ts of vertical
tcctonic regimes but they are, at lcast in some cases, younger than lhe
Minas/Espinhaço orogcny and can be auributcd lo lhe 500 m.y. old
Brasiliano tectono-thcrmal cvcnt, As discussed abovc, a series of
stratigraphic and structural observations indicatc that lhe now visible
structurcs are of older Archaean origin and, in part, reactivatcd, an
adequare structural analysis of this question, however, is lacking.

Horizontal tcctonic regime is indicatcd by lhe Rio das Velhas rocks 1ll

places where they are squcczcd and dragged along the basal low angle
thrust Iaults of thc Minas allochthonous units (nappes) constituting lhe
Q.F.. Such structurcs were probably lhe grounds for the plate tcctonic
rnodcl, as lhe allochthonous part of an ophlolitic cornplcx, proposed by
Drake and Morgan (1980) for lhe Rio das Velhas. Howcvcr, horizontal
structurcs in lhe Rio das Velhas are not always clearly rcsults of
Protcrozoic Minas/Espinhaço tcctonics . Some of lhe oldcst recognized
structurcs of lhe Rio das Velhas rocks (not observed in lhe Maquiné .
Group) are tight folds with subvcrtical axcs. Only in rare cases are thcy
well prcscrvcd in actual outcrops and thcir meaning is as yct
incornplctcly studicd, but (Archaean) horizontal shcar, probably
parallel/subparallel lo major synclinorial nxcs, rnust havc been
important for thcir development.

Thermometamorphic aureoles in thc Rio das Velhas rocks were
considered lO be evidences for an intrusíve ígncous origin of lhe
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adjaccnt graniuc rocks s.l.. Doer (1969) and I-Ierz (1970), for cxamplc,
considered ali lhe gncisscs and rnigmatitcs of lhe Granitic Complex lo be
igncous intrusions, younger than lhe Rio das Velhas and Minas Series.
Altcrnativcly, lhe tcctono-thcrmal uplifL of hotter but rigid granitic
rocks, Irorn deeper crustal environments, can cause contact
rnctamorphisrn in the tectonically juxtaposed, coolcr rocks of higher
crustal leveis, when lhe vclocity of tectonic ascent is higher than the
cooling of the ascending (uplifted) blocks. This model is preferred here
in order to explain the thcrmo-rnctamorphic aureoles exhibited by Rio
das Velhas rocks. It is considered in better agreement than the igneous
model with some major geologic Icaturcs, i.c. the Granitic Complex rocks
are largely predominant high-gradc mctamorphic gneisses and
rnigmatitcs: contacts with the Rio das Velhas rocks are always tcctonic,
charactcrizcd by intcnsc mylonitization of contiguous lithologies but
only locally thcrrno-mctamorphlc, and the grade of thermal
metamorphism varies ovcr km distanccs even along the contact with one
individual uplifted block as from non-obscrvablc (absent) to medium
(staurol ite) grade, in spitc of the overall quite homogeneous
quartzdioritic cornposition of the uplift.

2.3 The Quadrilálero Ferrífero (Q.F.) Sensu Strictu (s.s.)

2 .3.1 Areal Distributíon and Local Nomenclature

The Quadrilátero Ferrífero s.s. is composed of four major synclinal
structures of inferred lower Proterozoic age (figs . 1 and 2). Two of them
possess northcastcrn directions. The western onc, near Belo Horizonte, is
named SeITa do Curral syncline and thc castcrn onc, ncar B. (Barão) de
Cocais city, Gandarela syncline. Thc third major synclinc, namcd Moeda,
possesses N-S direction, forms thc westem, and thc fourth, E-W trending
Dom Bosco synclinc, the southem border of the Q.F. s.s .. The eastem parts
of lhe Q.F. s.s . (Ii g. I, E and N of Ouro Preto city, locatcd in the SE corncr of
thc Q.F.) are structurally lcss continuous due to more intense
deformation. They tum from E-W into N and NW dircctions.
Northcrnmost continuations conform tectonically to the southem and
castcrn borders of the prominent mass of Espinhaço quartzites, named
Serra do Caraç a (figs. 1 and 2). Northwestemmost cxtcnsions rcach
ncarly physical continuity with the SW tcrmination of the Gandarela
syncline (fig. 1). lt mu st bc stressed that Icrrifcrous Minas units
occur/coruinuc to the W and SW of the Q.F. S.S ., outside figo 1 (Pires 1977)
and that the castcrn and northeastem Minas SG. iron-orc districts of
Monlevade and Itabira respectively (fig. 1), are not considered parlsof
lhe Q.F. S.S., due lo structural and stratigraphical differences.

2.3.2 Stratigraphy and Lithology

The still valid outlines of the straLigraphy of the Minas Supergroup
in Lhe Q.F. S.S. date back ' to Eschwege (1817, 1822, 1832), Pissis (1842),
Derby (1906) and Harder and Charnbcrlin (1915) . Most detailed



_._.._-- -

26

stratí graphic work has bccn done by Dorr and co-workcrs (in: Dorr
1969). The stratigraphíc subdivision of lhe Minas Supergroup in lhe Q.F.
S.S., according to thcsc nuthors, is shown in table 5, with minor
modifications. The Tamanduá Group (Simmons and Maxwcll 1961)
considcrcd by Dorr (op.cit.) as strarigraphicully lhe lowcst Minas unit. is
omiucd in lhe tablc, sincc il is composcd of Espinhaço Supergroup rocks,
Othcr minor modifications eontained in table 5 refer to additional
Iithologies, tuffogenous grcenschists occurring as concordant
intercalations within Cau ê and Gandarcla Formations, and to somewhat
differing intcrprctations of unconformities, below the Sabará Frn . and
the Itaeolomi Group . Dorr and eo-workers eonsidered Itaeolomi as
individual scrics, the here adopted intcrprctation is the onc of the
stratigraphically highest Group of the Minas Supergroup. Altcrnativcly,
there cxist, sincc Dcrby's work, corrclations with quartzitic sequenees of
the upper Espinhaço Supergroup. As to the rcst, iablc 6 is selfexplanatory
and also eontains thc principal lithologies and depositional
cnv ironrncnts of the individual stratigraphic units.

2.3 .3 Specific Lithologie and Faeiologic Obscrvations

2.3.3.1 Caraça Group

The Moeda Formalion varies rcgionally in thickncss and lithologic
eomposition from about I. iOO m (tablc 5) to absence and from coarsc
conglorncratcs through quartzltcs to quartz-poor muscovite schis ts,
Variations in thickness are locally due lo tcctonic reasons (cx.: Gandarel a
syneline), but the regional vari ations depend essentially on the primary
sedimentary environment. Of spccial interest is lhe occurrcncc of
detrital pyrite within eonglomerates and eonglomeratie quartzitcs
(Maranhão 1979). However, largcr sized conglomerare oecurrenees are
rare. Some of thcrn show radiomctric anomalies (Andrade Ramos and
Fracnkcl 1974) and were studicd under economie viewpoints by thc
<NUCLEBRAS> cornpany . Uraniurn contcnts provcd unintcrcsting, but in

the case of one occurrence, located in the SW tennination of the
Gandarcla syncline (figs. 1 and 23), gold was found in amounts that
stimulated a rcnewed uptakc of cxploration activitics, now undcrway
through thc <Minas Novas> company. Regional heavy mineral studics of
Moeda" Forrnation quartzitos were made by Guerra (1979) and revealed
rutile as an additional, very churacicristic compohcnt,

Thc Batatal Formation is regionally non-continuous and quite often
laeking, for both prirnary scdirncntary and tectonie reasons. Of special
intcrcst are the importanl oecurrences of graphitic sehists and phyl litcs ,
the generally vcry fine-grained naturc of Baiatal cpiclastics and the
ineipient scdimcntation of oxide facies iron fo.rmalion and. ~etachert
(see tablc 5). Batatal Formation rocks charactcrizc lhe transiuon to lhe
principal period o f chemical dcposition of ferriferous sediments in the
Minas Supergroup .
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2.3.3.2 Itabira Group

The Cauê Formation (tablc 5) is economically lhe most importam unit
of lhe Q.F. due to lhe itablric iron ores. Itabiritcs are mctamorphoscd
oxide facies iron formaLions (fig. 24). Hcmaritc and/or rnagnctitc are lhe
principal Fc mineraIs. Gangue mineraIs are quartz and/or dolornitc. Rare
constitucnts are scritic white mica, chloritc, talc, albitc , tourmalinc,
trcmolitc, diopside, garnct.

Importam is lhe occurrence of leveis of synscdirncntary reworking
as indicatcd by sharpstonc conglorncratcs (Kehrer 1972, Paternostcr
1979).

Itabiritcs may grade over enriched itabiritcs or pass abruptly into
high Fe-grade almost pure hcrnatitc ores (fig. 25). Enrichmcnt processes
were considered by Dorr (1973) as post-Minas regional mctarnorphism in
age and mctasomatic, due lo lhe intrusion of overall granitic gneiss.
Schorscher (1975b) and Schorscher and Guimarães (1976) considered a
syndiagcnetic (scdimcniary) origin of thc sc ores on stratigraphic and
faciologic grounds. The conclusion of Hocfs ct aI. (1980) and Müller ct aI.
(1982) are similar. However, lhe prcscntcd oxygen - isotopc data are all of
mctarnorphic origino They only indicate lhe pre- lo syn-rnctamorphic
Iorrnatíon and/or rccquilibra tion of lhe high-grade ores but are non-
specific for a scd írncntary or diagenctic processo

Itabiritcs are gold bearing and wcre mined previously lo lhe "iron­
ore epoch" for lhe noble metal, Gold is typically palladium alloyed. The
origins of gold and palladium are unknown, possibly syngcnctic. They
wcrc secondary , enriched in specific tcctonically fracturcd zones.
During rcccru years lhe economic cvaluation of lhe it abiritc gold was
rctakcn in lhe lLabira District through lhe <VALE DO RIO DOCE>company
(CVRD) with bcst rcsults obtaincd in tcctonic zones of lhe <Conceição>
iron dcposit (fig. I, outcrop No. 18, figo 29, 38, 39) .

The Gandnrela Form atiQIJ lithologics and ovcrall charactcristics are
shown in table 5. However, as originally defined in lhe arca of lhe
Gandarcla syncl ine , lhe unit bccarnc again open lo qucstion . In this
syncline, dolorn itic "Gandarcla itabiritcs" are not separable from thcir
Cauê cquivalcnts. Dolornitcs form oval or round shapcd massive bodies of
up lo km cxtcnsion but norrnally less, somctirncs exceeding 100 m of
thickncss, The lcnticular carbonato bodies Intcrdigitatc and pass
latcrally over short distanccs into laminaled roc~s (~olomilic il~~iriles

and dolomiLic phyllitcs) and are totally enclosed III cithcr dolomitic
it abiritcs and itabiritcs. dolo rnitic phyllitcs, or both, They do not form . a
coruinuous horizon within lhe Itabira Group but occur at different leveis
of its stratlgraph ícally higher portion, Typical are sharpstone
conglomerates occurring in lhe peripheric parts ~f th~ carbonato bodies.
They are bcst explained as bioherm~, patch rccfs, I~ spl~e of lhe
undctcctabil ity or lack of prcscrvauon of strornatolites III the typc arca .

From the Dom Bosco southern syncline of lhe Q.F. S.S ., Dorr (1969, p. A­
53) described a similar carbonato rock body well exposed in "Curnbi's"
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quarry. Hc considered this and morphologically similar occurrences of
carbonato rocks as biohcrrns, but stratigraphically as Fêcho do Funil
Formation (Piracicaba Group). More rcccntly, strornatolitcs,
unsausfactorily prcscrvcd for precise classification, bccamc known from
"Curnbi's" quarry and a revicw of lhe local lithostrurigraphlc context
showcd the dolomitc body totally cncloscd in the Itabira Group iron
formation. It seems more convenient to consider the Gandarela rocks as a
facies within thc stratigraphic higher portion of thc Itabira Group than
as an individual formation. Thus, in places Gandarcla rocks may be
cntircly absent without any cvidcncc of erosional unconformity bctwccn
the Cauê and dircctly overlying Ccrcadinho Formation or, as in the
Itabira District, reduced lo a few ccntimctric horizons of dolomitic
itabiritcs enclosed within the Cauê Formation.

2.3 .3.3 Piracicaba Group

The Cercadinhn Fonnatjou is one of thc most constantly represented
units of thc Q.F.. Typical lithologics are silvery, fine-grained sericite­
quartz schists and phyllites . Bcsides, there occur quartzitcs , ferruginous
quartzitos. mctachcrts and other minor lithologies (tablc 5). This
formation characterizes the end of the main period of chemical Fe­
scdimentation in the Minas Basin and the rcncwcd access of coarser
epiclastic scdirncnts to palaeogeographic realms almost exclusively
reserved to chemical scdimcntation during Itabira Group times.

The Fêcho do Funil. TahÕes and Barreiro Formal ions are of rather
limited distribution and oftcn abscnt, due lo both, non-dcpositicn and
subsequent crrosion. Lithologies and some othcr propcrrics are listed III

tablc 5.

The Sabará Formalion is widespread in the Q.F. s.s, (Dorr 1969) and
represents a radical change in sediments and sedimentary environment
when compared with the above described shclf and, in a general way ,
shallow watcr deposits of the Minas Supcrgro:p. The Sabará Formation
(table 5) is of eugeosynclinal, deep water origin (Dorr op .cit .), The
erosional unconformity scparating the Sabará Forrnation from the
underlying ones is locally prufound. Sabará rocks, in certain places
(Gandarela syncline, for cx amplc, figo 1), rest directly on the Cercadinho
Formation, contaín iilloid conglomerates with pebbles of Granitic
Complex rocks (Dorr 1969, figo 17), are, in general, of thc Ilysch typc,
with turbiditic scdirncntary charactcr and contain abundant mafic
igneous material (tablc 5). They document a drastic downsinking of parts
of the Minas shelf from originally shallow to a deeper water
environment. At the sarnc time, an uprise of othcr arcas took place, thcir
profound erosion rcaching, at lcast locally, the Basement leveI still
during Sabará deposition, and furnishing the ~ranitie. pebbles of the .
tilloid conglomeratcs. This icctonically very acuvc pcno~ was also. a . lime
of widcsprcad mafic vol canism, as inferred from chlonte- (and biotitc-)
rich grccnstoncs (Dorr op .cit ., p. 56).
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The Sabará Formation should be clcvatcd lo group rank and scparatcd,
since it is totally diffcrcnt from lhe formcrly dc scrlbcd oldcr portions of
lhe Pi racicaba Grouo.

In more rcccn t ';'ork, Ladeira (1980) qucstioncd lhe cxistcncc of lhe
Sabará Formation. bascd on struct ural rcintcrprctations. A t lhe typc
locality (Gair 195 8, 1962) in Iuc t, doubts may arisc as lO lhe cxistcncc
and/o r precise delimitation of lhe unit since it is an arca of intensc
shearing anti lhe Sabará schists (if at ali present) may be thoroughly
mixed with lithological ly si milar Nova Lima schists , duc lo tcc ton ic
intercalation (Iig. I, outcrop No . 1). However, thi s local aspcct should not
inval idatc lhe Sabará Formation regionalIy, especi ally not in arcas
where Sabará rocks occur as fillings of clo scd sync!inal structurcs as , fo r
cxarnp lc, in lhe Gandarcla sy ncIine (fig. 1).

2.3 .3.4 Itacolomi Group

OriginalIy rec ogn ized anti scparatcd as "Uppcr Series" from lhe Minas
Series by Dc rby (1 881a, b, 1884 , 1906), on grounds of a discordancc
inferrcd from conglorncrati c bcds containing pcbb les of Minas uni ts,
thc Itacolomi rocks were ag ain inc ludcd within that se ries by Hardcr and
Chamberlin (1915 ). Guimarães (1931) scparatc d thcrn again as "Itacolomi
Series" based on Dcrby's d iscordance. The phy ll itic facies was recognized
by Barbosa (1949) and nam ed Santo Antônio Formation , but included in
the Minas Series. Guild (1957) corrclatcd lhe typc Itacolomi with, and
scparatcd lhe Santo Antônio facie s from lhe Minas Series . Itacolorni rock s
are idcntical in mc tarno rphic grade with adj acent Min as rocks, and th cir
scdirncn tary molasse charactcristics welI permit an incIus ion wi thin the
general M inas de velopment (t ablc 5) . In lhe latest ed ition of the
geological rnap of Brazil, lhe Itacolomi rocks are incIuded within thc
Minas Supcrgrou p as s tra tig raphic al ly lhe h ighcst unit of group rank
(Inda ct a!. 1984) .

2 .3.4 Structurc and Mctam orphism

Minas Supcrgroup rocks havc tcc tonic con ta ct s with alI the o thcr
Precambrian re gi on al metamorphic rocks th rou gh oul lhe Q.F. s .s ..
Tcctonic coruacts are by low anglc thrust Ia ults and are charac tcrizcd by
intense mylonitiza tion 0 1' lhe adjoining li th o logics. The lo w angle Iaults
may be vc rtical izcd 10 varying dcg rcc s whe n se co ndarily dc formcd by
uplifts of udjaccnt Gran iric Complcx blocks.

Evidences of mylon itiz a tion are bc st prcscrvcd by lhe more
compctcnt litbologlcs. p arti cularly o f lh~ Granit ic Con:plex, quar~zile s
from lhe Moeda Formatio n and late Espinhaço mciabasics (whcn 111 fre sh
prcscrvat ion at lh e coruact OI' in ~t s vicinity), in s~ite of lhe . P?SI-
c at acl astic M in as/Espinh aç o reg ion al m ctamorph ic ovcrprinung.
MacroscopicalIy less evidcnt is lhe cataclastic dcformation in lo.w-grade
mctamorphic schistosc li lh ol ogies as, for ex ,~mple , of lhe N.o~a LIma
Group and S ab ará Form ali on. Obscrv at ion IS rendered. add itíonally
difficull by the thorou gh weathering of lhe se . rocks .1Il n al~ral .oulcrops.
Yct , whenever sarn plc malerial. suitablc for m l~ roscop l c studles. IS .

obtainablc, catacl astlc defo rmallo n becomes cvidcnt by mylonitc schis t
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fabri es and al so by dynamomctamorphic diffcrcntiaticn , again 1Il spltc of
postcataclastic re gional rnc tamo rph ic ovcrprint ing , ltabiritcs behaved as
an apparcnt ly more plast ic phasc of lhe c atac las tic dcformation (fig. 24).
l lowcvcr, thcrc c xist acccntuatcd differcnecs in Iolding intcnsity and
Iolding type dcpcning 011 prox imity lo lhe tcctonic contacts .

The tcctonic nature of lh e contacts along lhe NW border of lhe Serra
do Curral sync1ine is very cvidcn t in lhe field and even on satclitc
imagcs (ligs. 1 and 2) .

The sync1ine (fi g. 1) is, in Iact, a NW-wards overturned mega-fold
laeking lhe st ructurally lower (normal) Il ank over most of its about
100km of total cxtcnsion. The fl ank is tectonieall y supp ressed (squeezed
off) as an effeet of low an g le thrus ting over considerable dis tanccs.
Sabará Formation roeks ar e in dircc t tcc tonic coniact with those of lhe
G rani tic Cornpl cx , cxccpt for lhe SW ex trcmity of lhe s tructurc, where Rio
das Velhas roeks oeeur (Gair 1958, 1962, DO IT 1969). Rio das Velhas, Nova
Lima Gro up sc hi sts rnay al so oee ur in othcr placcs along this contac t
zo nc, wi th thrust a lon g lhe principal movcrncnt plane . Sueh
oeeurrenees, ho wever, were not yc t individually dc ta ilcd due to the
l i thol og ic sirnilari tics betwccn Nova Lima and Sabará schists, espccially
when in tensc1y mylonit izcd and, as in most cases, badly wcathcrcd ,
Cataclast ic deform ation is rnost intenso in lhe direct contac t zone and
diminishes gradually away Irorn it with in both units . In one placc,
exposing lhe direct contact zone (fig. 1, outerop No . 1), lhe mylonite
schists mapped as Sabará Formation by Ga ir (1962 ), conrain tens of
mctcrs s izcd faeoidal shapc d bodics of cataclastic Granitic Complex roeks
as teeton ie xcnoliths , orícrucd in the cataclastic Ioliation , with major axis
in the direetion of thc tcctonic transport.

At thc northcastcrn cxtrc rui ty of lhe same structurc, itabiritcs of the
ltabira Group come near th c teetonie contact w ith the Basement Co rnplc x
( fig . I , outcrop No. 2). Th ere is a s triking differen ce bctwccn thcir
dc íormational st atc and lhe oncs of the inve rted f1ank further away from
lhe tccionic c on iac t. The Iirst cxhi bit very complex paucrns of macro-,
meso- and micro-Iolds of lhe drag and chevron typc, kink Iclds, box folds
and others (fi g . 24). The lau cr are even bandcd, in a general way little
defo rmed rocks . These and s im ilar obscrvations may bc rcpcatcd
throughou t lhe Q.F. s .s. within M inas Supergroup rocks along and ncar
their tcctonic con iacts with othcr P rccambrian lit ho logi cs.

A further s tru c turally vcry importam regional Icaturc of the
dc format ion of Min as Supergroup roeks in lhe Q.F. s.s , is that none of its
megafo lds (sync lincs) is lmprin tcd in adjaccn t or und crly ing rocks of
lh e ot hcr l ithostruct uru l 1I11i1S . T hc Esp in haço quartzitic s truc turcs N anel
S of 13 . de Co cais c ity ma y serve as a good cxamp lc (Iig . I, outcrop Nos. 3, 5
and 13). The G a.idarcla NE trending , NW-war~s overlumed, . nearly.
isoclina l megafold (sy nclinc ) ovcrlics thc ES~lIlhaço quart~lles Wllh .
tcc tonic con tacts (fi g . I, ouicrop No . 5). In spitc o: undcrlying lh~ .
isoc1inal Gandarela fo ld , lh e Espinhaço rock s conunuc pcrfecll~ i n th cir
original N-S d írcc rion , W i lh ;)~ l having been af'Icc tcd by lhe M inas . '
folding . The sarnc can bc e;~sr1 y observ?d . when Iollowing . lhe fold ax ~ s of
the Serra do Curral meg afol o to lh e NE in order lO mtcrscct lhe Espinhaço
relics (fig. I, locatcd about lOkm NE of outcrop No. 2) .. They are aIs?
pcrfcctly N-S oricntcd, di pp ing conslanlly. E-w~rd s, wllhoUl .any s ign of
NW-wards overturned fold ing. The lattcr IS valid fo r the adjacc nt and
unde rly ing Grani tic Complex and Rio das Velhas roc ks toe . r
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I t was concluded , that these Fundamental deform at ion Icuturcs of lhe
Minas S upergroup rocks in the Q.F. s.s. may not be expl ained by
aUlochlhonous regiona l folding . They are the result of napperian
transpo rt and emp\acement of the Minas structurcs into their prese nt
position. Minas structurcs of the Q.F. s.s. are thus considered erosiona\
relics of a Iacics nappc systcm, i.e. of allochthonous origin (Schorsc he r
1975a, 1976a, c, 1980e). Nappc transport was generally direeted from lhe E
and SE to the W and NW and most probably oecurred during two distinct
periods . A minimum di stance of tectonic transpor: can be reeonstrueted
on palaeogeographie grounds, as Irorn the castcrnmost relics of the
Espinhaço Supergroup, about 10 km NE of Santa B árbara city, lo the
westernmost rcachcs of the Serra do Cu rral synclinc, yiclding more than
lI Ok m (fig. 1). The nappcs suffered addi tional po sterior deformations by
uplifts of G raniti c Cornplex blocks.

Regional metamorph ism of the Minas Supergroup roeks of the Q.F. S.s .
is identical in grade w ith Espinhaço and Rio das Velhas rocks of the sarnc
arca, middle to uppcr grccns ch is t Iacics, Th is, and the lack of intrusive
mctabasics (sec part 2. 1.2.6) a lIow a rei ati ve age estimation of the tecton ic
emplaeement of the all ochthonous Minas s truc tu rcs and , thcrcforc, of
lhe Iormation age of the Q.F. S.s.: it must have oeeur red posterior to the
la te -Espinhaço basic magmaiism and prior to the Minas/Espinhaço
regional metamorphism. Unfortunatcly, both events are so far only
unsati sfaetorily known by rneans of radiom etrie da ting.

The rmometam orphie o vc rp rin ting of the re g ion al metamorphic
assemblages can bc observed in It abira Group dolom itie itabirites and in
rocks of the Sab ará Forrn ation along lhe bordel' of the Serra do Curral
syncline (G ai r \962, Schor scher 1975a, Herz 1978). Thi s is eonsidered an
effeet of the approxirnatcly 500 m.y. old Brasil iano regional thcrm al
event.

2.4 The Serra do Esp inhaço - Esp inhaço Range (E.R.)

2.4.1 Reg ional Distribu ti on and Stratigraphy

The E.R. forms an imprcs s ivc , overall quanzitic mountain rang~ .

cxicnding over more than 2 .000 km almost parallel to .the east BrazI1.1an
coast, in general N-S dircc tions (Ha rdcr and Ch a.mberllll .1915) . Max imum
E- W widths reach abo ut 150 km , In lhe arca consldered . (Iig. 1), lhe
Espinhaço q uartz i tcs Iorrn a co n tinuo us m ass occupyuig north-ccn trul

d ti ' ing out toward s thc S N of and along the custem and
partsh an b Jldnnl of the Q F 's s th~ Esp inhaço qu artzites occur on1y insout em OI' crs . . " ' . ' .
rcl ietie rclatively small individua l bel ts(frg. 1). . Yet, eve~ m. th.ese part s

, h lI E- \V di stribution of Espinhaço rclics indicares th atof the arca, t c overa . , • .
I .. I teetonie an d pre-eroslOnal wid th o f lhe Espinhaço

t ic origrna ptrel- ss than in the northern parts. Coruinu ation of lhe E .R ., SRange was no c ~, .

of thc Q.F. s. s'. ~ s notqukenn~~;' o f thc E.R. were ineluded by Dcrby (l S81 a. b ,
Thc quartzruc se . . d I domi t ti .. li . thc M inas Scrics an t ic pre onu nan por 10n III

1884, .1906) pfartl ~ d y t~n as 'lhc "Uppcr Se rle s" of Palacozoi c age. Hardcr
the urut he re erre E . I . I'" s a ' Caraçnand Chamberl in ( 1915) lllcluded ali lhe .spmnaç o quar zu c: s .• .,



32

Gro.up, within the ~inas Series of Algonquian age. Guimarães (1931)
allr~buled thcm p~lrtlaIly lo lhe Minas Scrics, lo lhe yourigcr Itacolorni
Scrics and lhe still youngcr Lavras Series. Howcvcr, at lcast in lhe Lavras
Scrics, he a~so incl~ded rocks of lhe São Francisco Supergroup.

Th~ Espinhaço hlhologies were eomprised in lhe latcst cdition of lhe
gcologic ~lap of Brazil wíthin lhe Espinhaço Supergroup (Inda ct aI.
198~) .. Thl~ tcrrn, howcvcr, sincc it was introduccd by Drapcr (1920), was
rnodificd m meanmg, dcfinition and stratigraphic subdivision by various
authors (for example: Moraes Rêgo 1931, DNPM/PROSPEC/CPRM 1975,
Sch?bbenhaus ct al, 1978, and many othcrs). Subdivision of lhe
Espinhaço Supergroup in lhe southcrn parts of lhe E.R., locatcd in lhe
central Minas Gerais siatc and abranging the arca considered here (fig.
1), is after Pfiug (1968) and was dctailcd and sorncwhat modified by
Torquato and Fogaça (1979) and Schõll and Fogaça (1979).

Pflug (op.cit.) subdivided lhe Espinhaço Supergroup (considered by
him as Minas Series) in lhe region around lhe town of Diamantina
(outsidc figo 1) into 8 Iormations. Kncidl and Schorscher (1972)
introduccd an additional basal Iorrnation termed "Grccnschist Sequence",
as csscntially composed of mctavolcanic and volcaniclastic basic lO
intcrrncdiatc anr! minor ac id material. This unit is locaí ly lacking, cithcr
due to non-dcposiuon or 10 subscqucnt crosion,

More rcccntly , Torquato and Fogaça (1979) proposed lhe exclusion of
lhe Rio Pardo Grande, strarigraphically the highest Iorrnation, and its
inclusion within lhe São Francisco Supcrgroup, The stratigraphy and
some dcpositional charactcri stics of lhe Espinhaço Supergroup in lhe
central statc of Mina Gerai s (Pflug 1968, with m inor modifications) are
shown in tablc 6. From lhe E.R. arca comprised in figo 1, only the four
lowcrrnost Iormations are known, and, cvcn so, only locaIly and not yct
continuously mapped.

2.4.2 Specific Lithologic and Faciologic Obscrvations

Greenschist Sequen ce rocks are apparcntly more Ircqucru along the
castcrn border of lhe E.R., thinning or lacking in general. wcstcrn .
directions. Some o f lhe mciatuffitic grccnschists are esp~c~alIy ,,~p~llle­

rich. Thc apatitcs are f rcqucntly optically an ornalou s yosl:lve . "mll~ar.
anomalous apetites wcrc dc scribcd Irorn lhe L~anza-Plpe . In ,?ong~/.Zalrc

by Stutzcr (1913) and ulso occur ~n lhe .descrlbe~. mela-Jac.uplrangl~lc

rocks ( art 2.1.2.7). They may provido a link lO l~e yct unkno.w~ , dIa~lO~l~

1 . P tit . of 111" !~ I' Almost purc apatuc hcnvy mineral laycrxJearlllg magma J CS "" ".. . • • ' . ..; ••

11 ' 111' hiuhcr (!U 'lrIZIIIC Ionuauons of lhe Espinhaçooccur a~ we In c D • • • ki
S d i ay be dcrived rhrough synscdimcntary rewor ' llJgupergroup an n.
from lhe Grccnschist Sequence.

Thc S- J - la Chanad a lowcst quartzitic Espinhaço Forrnation rnay
~ aQ 03Q « 'l,.:: l_ l t • S

r G iti Complex rocks whcrc lhe Grccnschist cqucncc
?ireclly. over rc I raru l~es a reduced basal conglomcratlc leveI occurs
Is Iacking In 1lese cas , . f' . . f 1

'. , 1 (dec imelric) cross-strau icauon IS requen.locally. Mcdiurn sc a e
Lithologics are as in tablc 6.
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The SODa Rr\lmadinho Formation is of major economie importancc
among lhe Espinhaço Formarions due lo its diamond-bearing
conglO?lerales. These form lcnticular intraformational bodies of lhe
shorc-Iinc typc (Pflug 1965, 1967). Lcnscs cxtcnd for several kms in
general N-S direclions with widrh of normally lcss thnn 300 m.

Conglomcraies are. of lhe mono-, oligo- and poly-rnictic typc and
contam rcworked Espmhaço quartzite and abundant Itabira Group
pebbles (fig. 26) . Bascmcnt Complex pcbblcs are cxtrcrncly rare and
?10S.tI?, abs~nt. Itabira Group pebbles abrange itabiritcs, Fe-enriched
itabiritcs, 11Igh Pc-grade hcrnatitc ores anti mctachcrt (fig. 27). Dolornitc
(Gandarela) pcbblcs eould not be found. There are cvidcnccs indicating
that c arbonatc pebbles wcrc prcfcrcntially wcathcrcd, Under thc
mieroscope carbonatic micro-pebbles and dctrital grains could be
idcntificd in silicified spcc irncns.

Throughout the southcrn portion of lhe E.R. (fig. 1), facial variations
of lhe eonglomerates were mapped aceording to lhe pcbblc eomposition.
They range from purely clastic quartzitc-quanz pebble to purely
chemieal it ab iritc pebble conglomcratcs. Ii abiritc pebbles predominare
by far in lhe custem and easternmost oceurrences (Schorscher 1975a) .
As a spceial varicty, mctachcrt pebble conglomcratcs were found in
oeeurrenees of lhe Serra do Caraça and adjaccnt Espinhaço relics (fig.
15) .

Pscudomorphs after pyritc are frequent in the conglorncratcs and
oeeur as well within São João da Chapada lower quanzitic unir. They were
not cncountcrcd in lhe higher Galho do Miguel Formation. In spite of lhe
unsatisfactory preservation for more dctailcd studics, a possible dctrital
origin of lhe pyritcs must be considered.

The G a1:1O do Miguel Í'orm atioll is composed of very pure
orthoquartzitcs. Mcgaripple stratification is characleri~lic. Individual
megaripple bodies exhibit hci ghts of 5 to 7 m and cxtcnsions of 100 lo
150m (fig. 28) . Sch õll and Fogaça (1979) intcrprctcd Galho do Migu~l

dcposits as deeper shelf scdirncnts (watcr dcpth >150m) and mcgaripplcs
as a consequenee of high energy coast-parallcl currcnts,

Furiher Ihhologtcal and st raLigraph ie al inforrnation about lhe
Espinhaço Supcrgroup are containcd in tablc 6.

2.4.3 Scd imcntury Environ:ncnl, Structurcs anti Mctamo rphi sm

Barbosa (1954) recognized lhe miogeosynclinal charactcristics of the
Espinhaço dcposits , latcr confirmetl by POug (196~, 1967, ta?le 6).
Sedimentar transport was generally Irorn W to E. The. Espmh~~o .

y ff cd in general liulc intenso N-S trcnding fold íng and IS
Supergroup. su ~rl; I 1 generally N-S trcnding, E-tlipping high anglc thrust
cut by serres OI' a s~l of fol din g anti Iaulting incrcascs throughoul
echelon-faults. ntcnsi y . ~ W ~o E anti, in lhe particular arca of fi go
lhe Espinhaço oeeurrenccs Irorn
I, also from N to S.

- ---- -
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Regional metamorplJI's ' . . . .. . m IS, 1lI general of grccnschist Iucics rank
and cxhibits systcrnaric ." ' .

. I vanauons. Western-nonhwestern arcas are of
low and mcd iurn greenscl "l f' '. d

. . liSacIes gra c, whcrcas lhe castcmmost
occurren~es, partlcularly. Nr: of Santa Barbara city, attained the upper
g rccnschist/Iowcj- amphlbolJle faci es transit ion (fig. 3)

2.5 Thc Ilabira Iron Ore Dislricl

Th.e distri.ct (fig. 29) is considered additionally in part 3 of this
e.xcursl~n gUI~e bo?k. Thercfore, only some conccptual stratigraphic and
lithologic dctails will bc anticipated here.

Diffcring Irorn Dorr and Barbosa (1963) and Dorr (1969), Kneidl and
Schorscher (1972), Schorscher (1973, 1975a) and Sehorscher and
Guimarães (1976) included lhe sequcnce of greenschists underlying lhe
traditicnal Minas Scrics roeles in the llabira District, within the Minas
Supergroup (fig. 29, tablc 7). The unconforrnity infcrrcd by Dorr and
Barbosa (1963) , as lo scparating thcrn from lhe ovcrlying Minas Series,
eould not be eonfirmed . In addition, undcrlying lhe grccnschists, thcrc
oceurs anothcr rnctascdimcutary unit eomposcd mainly of tcxturally and
compositionally immature mctarcnitcs, Thcsc, in turn, are separated
from thc Granitie Complex migrnatitcs and gneisses by the principal
unconformity as documcntcd by the polymetamorphie and rctrcgradc
rnctamorphism of the Iaucr and lhe progressive (mono-phasc) regional
mctarnorphic statc of the Iormcr, The cxact position and eourse of the
uneonformity is difficult lO establish with aeeuracy in lhe field and in
eartographie work, due to lhe overall intense and similar wcathcring
behaviour of lhe adjoining litholog ies (fig. 29).

The two additional units included within lhe Minas Supergroup in the
Itabira Distriet were considcrcd to be of stratigrnphic group rank and
termed "Paragneiss Sequence" and "Greenschist Sequenee" (tablc 7) .

The Poragneiss Sequence is scparatcd by lhe regionally. inferred
major uneonformity from the Granitic Complex (Fig. ~9~ and ~s of .
mct arcnitcs of mctarkosc to metagraywaeke composiuon . Discoruinuous
intcrcalations of mica-quart ziles and quartz-mica ~~hists ~re freq~enl.

Dorr (1969, p. 77, figo 24) desribed thcsc rocks as. Paragnciss formmg
from schist", The Paragnciss Scqucncc also eonlams. eoneo~da~t
imcrcalations of c alcsilicatc roeks and of rnctarnorphic mafic igncous
products, although in minor amourus.

Upwurds, lhe Paragncis:~ Scqucncc grudes luto
lcvcl of quartzitcs and J11lc a-quarl.zJles. Ccntacts
Greenschist Sequenee are gradallonal.

TI G I · t Sequ ence considered by Dorr and Barbosa (1963) andre reenscI/S' h .
D 1969 N Lima Group rnay be subdivided into thrcc onzons.orr ( ) as ova ' , . . S

niti c is transiiional with the Paragnciss equenee.
The lowcst, more are , Ifi Th

• . 'IS csscntially of rnctatuff and mciatu ItC. c
The middlc major onc . li . 1 .

'. f bonatc bearing greensehlsts and mctapc rue se usts
upper one IS o cal' I ..
and is, in the uppermosl pOrlions, frcqucntly grap uuc,
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The upper Slraligraphic' .
District are presented i~ 1 bl UI~lS ~f lhe MUlas Supergroup in lhe Itabira
some regional Iaciolo . ai ~ • wíth addilional ccmmcnts in part 3. Of
overall fine-grai~ed gicu IOtc~e~t are lhe obscrvatlons concerning the
Moeda Fo rm ation lh(~I1l~a-quartzIllc and schislose dcvclopmcnt of lhe
lhe Batatal Form;lion al~~qLJelnt ab?ence or very reduced dcvcloprncnt of

uic cnurc abscncc of lhe Gandarela Formation,

Thesc dO?lains. (.figs. I, 30) are as yct stratigrnph ícatty and
struct~rally insufflcicmjy known. A tcnt ativc stratigraphy was
cstablishcd by lhe prcscnt author (1975a) for thc arca shown in figo 30 .

D.ark . (rcgularly) banded gncisscs originally namcd banded
amph í bo lit ic-grnnljjj, gncisscs wcrc considcrcd stratlgrnphícally thc
lo,:est. Thcy corrcspond and are physically almost continuous wi th the
unit tcrmcd Monlcvade Gnciss by Rccves (1966) in the ncighbouring
arca around João Monlcvadc (fig. 1) city. Thc banded gncisscs contain
concor?ant. but fine and discontinuous laycrs of calc-silicatc rocks, and
scapolltc-rich amphibole-plagioclase-quartz laycrs intcrprctcd as of
possiblc cvaporitic origino

includingGneissesEaslernmosl Domains of Hi gh -G r a d e
Piçarrão IrOIl Ore Dlstr ict

The
lhe

2.6

Homogeneous leucocratic gramtl~ gneisse.s/m!~matite~ wcrc .
intcrprctcd as lhe. slratigraphiealIy lllg.hesl ~11It. I hey dlf~elly ovcrl ic
the dark banded ar lhe mcrupcliuc gucrsscs if lhe othcr unus are ubscnt.
In some placcs, leucocrauc granitic gneisses/migmatite.s. oecur bel~een

and separare lhe dark bandcd gncisscs f~om the . ~elapel~l1e on~s . Il. I~
likely that lhe hornogcncous leueoer~l~e .g ran l ~ l c gnelsses/mlgmal1~e~
are, at lcast in parto synicctonlc gramuc mtrusions, thus not pcrtauung
to the stratigraphic column.

The agc of the high grade gnciss success.ion is ~.dcr ~iscussion. d
Rccvcs (1966) cOllsidered the Monlevade Gnciss pre- irias 1Il age an
corrclative with thc Rio das Velhas Scrics. This author ~I975a). preferred

M · t 1 tivcly co rrclaung the dark bandcd gncisscs with lhea 1Il as age cn a I • . • I . S
P . d ih meLapelitic gncisscs with lhe Grccnsc nst cqucnccaragnciss, an c

Mctapclitic (kinzigitic) gncisscs with garnct - cordicritc - si llirn an i tc
- biotite - antipcnhiiic plagioclasc and quartz follow on top of thc bandcd
gncisscs (fig. 30). Microscopic graphitc is prcscnt . Varictics may contain
c um m in g ton ite and pargasi t!c amphibole as othcr and/or additional
mafics. Thcsc are succeeded by quartzitcs (with garnct. alcali fcld spar
m ob il is ates , arnphibolcs, among othcrs) forming a discontinuous levei of
lcss than 2 m thickncss, Qu a- tzitcs are overlain by bandcd oxide facics
iron formation, ít abiritcs, containing concordant lcnscs of hcrnatitc-rich
ore . Thc prc-tcctonic, a lmost purc hcmatitc laycrs form lhe competem
bodics of boudin structurcs and rods/mullions (fig. 31). Hcmatitc-rich
ore and itabiritcs are coarsc-graincd with millimetric hcrnatitc and
ccntirnctric magnctitc crystals (fig. 32), and in the highest metamorphic
grade auained, itabiritcs losc thcir wcll bandcd structurc (fig . 33) .
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Regional. m~tamorphism throughout this domain is of high-gradc
upper amplubohte and hydrogranulite facies (fig. . 3) .

of lhe Itabira District as well . . .
and iron formalions witl C as lhe 11lg!1-grade mctamorphic quartzitcs
leucocratic granitic gnei:se araça and ~labIra Groups, rcspcctivcly. Some
possible equivalenls of li s p:",er~ considcrez] by Reeves (op .cit.) as
lhe Piçarrão I ron Ore D:: . .iracicaba Group. These could be prcscnt in

Islncl toa among th I . . .
migm ali tcs/gncisscs co " d d' e cucocrauc graruuc
hcmatl tc-rich ores. nSI ere on top of lhe itabirites with enclosed

Age Rclations and Development of Minas an d Espinhaço
Supcrgroups

Much con.troversy cx ists on this subjcct, Dorr (1969) and more
recently Ladeira (1980) consider the Espinhaço as older than Minas
Supe.rgr~up. Fro~ Derby (1 881 a, b, 1884) there exists the other opinion
considcring Espinhaço youn ger than Minas (Almeida et aI. 1976, Almeida
1977) and from Harder and Chamberlin (1915) comes lhe third and last
possib~e opinion considering Minas and Espinhaço Supergroups as, at
lcast III part, contemporary facial cquivalcnts , dcpositcd in diffcrcnt
palaeogeographic cnvironments of the sarnc scdirncntary basin (Pflug
1965, 1967, 1968).

This author prefers the last model bascd on the following grounds :
- Units extend in two parallcl N-S trending dornains, the Minas

Supergroup Iying E of lhe Espinhaço Range (cxccpting lhe Q.F. s.s,
for tectonie reasons).

- Normal contacts between units are unknown, contacts are always
tectonic, Minas rocks being thrust towards the W, against and
above Espinhaço rocks, with the Q.F. s.s. as the most prominent
example .

- Itabirite pebble conglomerates (Sopa-Brumadinho Formation) are
intraformational, It abiritc pebbles are, in their overwhelming
rnajority, derived Irorn the Itabira Group (Schcuch 1976) which
commonly cxhibits cvidcnccs of intraforrnaticnal reworking.

_ Itabirite pebble conglomerales (Sopa-Brumadinho Formation)
grade latcrally into continuous banded iron Iormations (Pflug
1965, 1967, Il oppc 1978, 1980. 1980 a). . .

_ ltab iritc pcbblcs shuw no signs of mciumorphism p.rIor LO ~hc

conglomerate Iorm ation . They ,:onform to the regl~nal Minas/
Espinhaço mctamorphí sm and , sm cc they are ~ccurnng W o.f. lh~
major itabiritc arcas, are of lower mctarnorphic grade. Itabiritc
pebble conglomerates conrain the least rnctamorphic .iron f~)fma­
tions (as pebbles) known from the area; sorncumcs diagenctic
features survived (Schorscher 1975a, b).

_ Minas and Espinhaço Supergraups suffered only one phas.e of pro­
gressive regional metamorphism in the course of the MI.nas/
Espinhaço orogeny, anrl they are of t~e same mctarnorphic grade,
wherever they are in direct contact w ith cach othcr.

2.7
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. Differe?l models were proposed in order lo cxplain lhe
MmaslEspmhaço sedimen tation, Hardcr and Charnbcrl in (1915)
develope~ a delta modcl, Espinhaço quartzitic units ("Caraça Quartzito")
repres.enlll1g lh~ proximal and thc finer clastic and chemical Minas
dcposits, lhe distal scdimcrus,

Pflug (1965, 1967), Rcngcr (1970), and Pflug and Rcnger (1973)
propos~d an or~hogeoS~nClinal rnodcl, Espinhaço dcposits rcprcscnting
the nlloge?synchnal: Minas deposits thc gcoanticlinal and lhe high ­
grade. gnciss dom ains lhe eugeosynclinal realms.

1'h.ls author °.9:75a, 1980c) cxplaincd Minas/Espinhaço rclations
mod~llllg a .deposIlIonal cnvironmcnt that dcveloped from an intra­
continental nft lo an activc continental margin of the alpine typc, Rift
stagcs would bc dccumcntcd by lhe diam ond bearing magmatisrn in lhe
border parts of lhe structurc and by the dcposits of lhe Paragneiss
Sequence (with irnm atu rc arenitos, schists and perhaps some cvaporitcs)
in intcrnal parts. Shallow watcr stagcs are documcntcd by Espinhaço­
cxtcrnal and, cx ccpt for lhe Sabará Forrn ation, Minas-Interna! dcposits,
The Sabará Forrnaüon indicares lhe dcvclopmcnt of dccp watcr rcalrns
and basic magrnatisrn. At lhe same time Espinhaço dornains wcrc upliftcd
and partially crodcd. Thc Minas/Espinhaço orogeny culrninatcd latcr in
lhe napperian cmplaccmcnt of the allochthonous Minas structurcs of thc
Q.F. s.s. and wcstwards crusial obduciion along the principal Granito
Borrachudos high angle Iaults . Thcsc and similar structurcs of dccp
crus la I thrust íng, possibly locatcd further lo lhe E, are responsible for
lhe Minas/Espinhaço re g ional mctarnorph ism , its plurifacial charactcr
(higher pressure followed by higher tcrnpcraturc gradicnts, Schorscher
1975a, 1976a, b) and rapid increase E of lhe main Borrachudos fault: from
higher greenschisl facies ncar It abira to hydrogranuliic facies in
Piçarrão, over approxirnatcly 25 km of E- W distancc.

Thc absolute age, howcvcr, is still under discussion, at lcast from
viewpoints of radiornctric daring. 1'he sedimentological cl~aracleristic~ of
Minas and Espinhaço deposits well agrcc wíth lhe world widc propcrucs
of lower Protcrozoic scdirncntation through:

large scalc regional oxide Iacics bandcd iron Iorrnations of lhe

Superior typc : in lhe Minas . ~G., . ". ' ''.
largc scale regional quartzruc dcposits of miogcosynclinal typc:

Espinhaço SG., and . .
_ lhe prcscncc of dctrital pyr~les in some. of lhe sl:allgraphlcally

lower Iormat ions 01' both, Minas and Espll1h~ço SGs.

Radionictric age data (Ilc rz 1970, 1978; il .rilo Neves ct al . 1979; Corduni
ct aI. 1980; Tcxcira 1982; Dclhal and Dcrnaiffc 1985, and othcrs) were

intcrprctcd diffcrenlly:

_ as lO sustain onc lowcr Prolerozoic age of regional mctamorphisrn
for both Minas and Es pinhaço SGs., . .

, hic ages i e lower Protcrozoic for lhe Minas_ dif'Icrcnt mcrarnorp 11 , . :
and middle Prolerozoic for Espll1haço SGs., and . .

. . . I b t youngcr middlc Protcrozoic mctarnorphic age- agam ídcnucat. u ,
of both SGs.
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The major inconvenicnce of th di .
f G · . e ra rornctnc data is that most of thcmare rom rarutic Comple» I . '

d/ E' I I' . " po ymelamorplllc rocks, not frorn Minas
an or Splll laço I.lhologles. Exceplions are one zircon U/Pb age of
mctarhyolitcs, conSldereel as Espinhaço SG . di I '

d som K/ A . . . synse rmcntary vo carucs,
an ~ r ages of metabas~c rocks intruding lhe Espinhaço SG. (cf.
parl. 2..1._.6) ... Rcsults are conlradlclory (Brito Neves ct al., op .cit., Tcxcira.
op .CIl.). lhe zircon U/Pb age of 1 770 m y I'S c id d d . d fd i E . ' . . onsi ere lo ale a peno o
synsc I~lenlary . : splllhaço SG. volcanics, but lhe intrusivc mctabasic
rocks yicldcd diffcrcni, cvcn oldcr ages, up lo 2.000 m.y.

2.8. Thc São Francisco Basin

. ~rincip~1 lilhologi~s are limeslones, shalc and siale (fig. 1). Rocks are
III diagcnctic lo anchlmelamorphic statc and only in close vicinity of lhe
tcctonic contact with thc Espinhaço rocks of low-gradc grccnschist
facics (fig. 34). The São Francisco Supergroup is considcrcd of middle to
upper Proicrozoíc age, ccntains stromatolites, and scdirncntary siructurcs
are generally wel1 preservcd. Some diamond occurrences are known
from lhe coarse-grained Iacics of Macaúbas Group mcragraywackcs.
Comprehensive inforrnation and bibliography about lhe stratigraphic
anel faciologic cvolution are containcd in Sch õll (1073) and Inda ct aI.
(1984) and no further rcfcrcncc wiIl be madc hcrc on thcsc topics,

N-S trcndirig. W-ward directed ovcrthrusting. dcforrnation
(vcrticalisation to inversion) and mctarnorphism of São Francisco by
Espinhaço SG. rocks, along thcir mutual contacts (Iigs. 1 and 34), poses
some qucstions aboul lhe in Icrrcd middle to upper Protcrozoic age of ihc
São Francisco SG ., and, similar1 y , about thc equal!y infcrrcd, lowcr to
middle Protcrozoic age of lhe Minas/Espinhaço cvolution, In any case, up
lo now no evidcnce was found, ncithcr of a younger period of N-S
trcnding, W -wards dircctcd, high-angle thrusting, posterior lO. the
cmplaccmcnt of lhe Minas SG. nappcs of lhe Q.F. ~.s., nor of regional.
thcrmo-dynamornctamorphism which. could e.xplalll the rnctarnorphic .
rclaiions observcd in lhe São Francisco SG. indcpcndcnrly from lh~ rnain
phase of Minas/Espinhaço regional mctarnorphisrn and tcctcgcncsis
(figs. 1 and 3) .
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3. CVRD-IRON O RE DEl'OSIT S F R OM ITAllIRA AND PI ÇARRÃO

A s prev iousl y s ta tcd. lhe ru crascdi mcnt ary and s truc t ura l
dcvcl oprncn t of lh e It abi ra D'ISl' li' ' 1 .. . . . ... ' rrc S lOWS s nn i an ucs and d issl m llar iti cs
w he n . C01:1parcd w iih lh e Q.F. s .s . a rca. Si milarit ics in clude lhe ov erall
s~~:li no.r~a l SlruCl.ure ~f lh e mct ascdirncntary bclts , surr o unded by in ­
dI Sli~ ~u l sh abl e nu grn aut cs and gne isses o f lhe region ally con li nuo us
Graniti c Corn p lcx D' , 'J "x ' . ISS1m1 ar rucs rcga rd local strarig raphics , in sp itc of
some corrc lab lc u nu s of lhe Minas Supcrgrou p (ta blcs 5 and 7). Frorn
lhe bottorn lo lhe top:

Iron Ore De p os ils of the Itabiru Di st rict3.1

- T he P aragne is Sequence of lhe Il abira District has no equi valem 1Il

lhe Q. F. s .s . a rca, nciihcr in lhe Rio das Velhas nor in lhe Minas
S u perg rou p ;

- T he G rccnschi st Scq ucncc from Iiabira is only s im ilar lo lhe Nova
Li m a Group of lhe R io das Vel has Supergrou p ai Iirst sigh t,
however, not as far as dctails a re conccrncd. The th rccfold sub­
division o f lhe Iorrncr unit was not ve ryfied in lhe laucr one of
lhe Q.F. s .s . rcg ion:

- Moeda, Cau ê and Cc rcadinho Format ions, of Caraç a, It abira and
Piracicaba Gro ups rcspccti vcl y (M inas S upe rgrou p) are corrclab lc ,
ho we ver, d ras tic Iac ics changes cx is t.

U ltra mafic and basi c rnc ta -Ignco us rocks of d iffcrcnt ages are
widespread through out lhe Ilabira District , cuui ng ali lhe othc r roc ks.
They ab range a .....ide varicty o f typcs.

In gene ra l, lhe ult ram afic rocks exp erien ced grccnschi s t facies
rnc ta rno rph is m. T hey oce ur m ainly as sc rpcntini tcs . tr crn olitc-tulc­
m agn csi tc sch is ts a nd tal c sch is ts, with te ct onic contac ts , within
Granitic Com pl e x mi gmatit cs and gnc isscs, wi thin lh e Bo rrachudos ty pe
g ra n i tic ro cks, and even wit hin M inas mctascdi mc nt s, fo r cxarnpl c of
lh e P ara gn ci ss Scqucn cc aud Cau ê Format ion . Mct uultrnm afi c s al so
oec u r in lh e Grcc nsc hist Scqucncc , but, to ali uppca runcc, with
co nc o rd am co n tac ts. Ev idcnccs of th crrnal mct arnorph isrn are abscnt in
both c ases : of icctonic all y in tru si ve and appa rcntly co neorda nt bodies .
In two c ase s , lh e met a-ullram afies of lh e Grccn schist Sequence proved
chromite bcar in g , carry ing disse mina ted o r~s , and th ese ch romi tes too ,
showe d anom al ou s ly h igh Z n-eonten ts (Wicdcmann and Schorsch er
1978 Schorscher I9 80b). T he met ab as ie roeks inc lude pol ymetam o rph ic
amphibolites fr om thc Granitic .Co~plex , .as described in p art 2. I: 1.2 ,
mctab asi cs g ra d ing int o am phibo li tc s with the prog rcssi vc regional
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Minas-Espinhço melamorph ism (s cc pari 2 1 2 6) d
lhermomelamorphic d f . " an
M · E ' I ,nou- c o rmed basalts of in íc rrc d po st-

in as/Espin l aço but P ' I3 '1'rc- rast la no age (scc pari 2 .1.2.8) .

Iron ore o f the Cau ê Fo rmat io n is assoc iarcd to a lar gc sy nc lino rium
some 11 krn s lo ng and SW NE . d . :.'I' b' . ' - ori ente ( fi g, 29). The synclinoriurn north

1 ~1 . IS quite re.gular, unl ike the southe rn limb, wh ieh is tc ctonicall y
nussmg or drastl c ally thi in 'd" . .

• . I I . \: 111 vanous pl accs. Major high grade ore
dcposiis occur I~ the syncl ines : Cau ô, Concei ção, and Do is Córregos.
Howcvcr, he.matlle ore bo d ics are a lso prcscnt in anticlines. In these
cases , dcposits a re sm~I1e r: Periquito and Ch acrinha (fig. 29) .

The m~st cO~11m on !:on ? re typc is ita bir itc , i.e. a bandcd,
mctarnorphi c oxr cc faci cs i ron Iorm ati on, co mposed of alternating
laycrs .of qu artz and he m at ite. The hi gh grade ores are alrnost pure
hc m a t i t c .

3.1.1 Cau ê Mine

The Cau ê mine (figs. 29 , 35 , 36 , 37) is the CVRD's major producing sitc,
in 19 82 an opcn pit of 2 krn lcngth , 1.5 km width and 24 5 m below thc
orig inal pcak lcvcl . T hc 198 1 outp ut was 3 1 m il1ion tons of d iffcrcnt iro n
o re ty pcs , M ining act iv it ics havc co ntinuous ly cha ngc d the topographic
Icat urcs of the su rro undin gs, ne w drai nagc paucrns appcaring,
original valleys becoming taili ng depo s it s .

The lower seq uence cxposcd at Cau ê is madc up of grccnschis ts with
qu artz , pl a g io clas e, ac ti no l ite, chlo ri te, biot itc an d mu sco vitc, fo rming
th e abou t 250 m hi gh, g rec nish co lour cd ulti m ato m ine s lope (fig. 35).

Qu artzitcs and q uartz-phy lli tcs pertaining to the Caraç a Group
overl ic thc grccnsch ists , the cnt irc group being 25 m thi ck on an
a vc rag c .

The Caraça ro cks grad e into the Itabira Group, rcpresented
ex ciusively by th e Cau ê Fo rmation, i.e. itabi ritcs lo call y enriched to
a lmost pure hcrnat itc bod ics . O verJyin g ro cks are fcrru ginous qu ar tzit cs
and phyllitcs of Lhe Pi rac icaba Group (tablc 7). .

Tectoni c all y intere alaLcd , g ree n co lo ure d mcta-ultrrnaflc ro cks are
Ircqucnt in lh e mine , mainly along thru st f~ull S. a.nd are tr ans formed
by metamorphi sm into ial c -chloritc or c h lo ritc schi st s,

The m ajor s tructurc ai Ca uê mine is a disyrnmctri cul sync line , its
sou th and north lirnbs d ippin g 300NE an d 70 0S E rcsp cctivcly. Plunge

ran ges from 30° to 15° SE (fig. 35) . . .
The who le ar c a exp eri cn ced inlen se. tcctoruc d~form atlon s, l~e .resllll

being a s ig n if icán t lhi ckening of lhe iron Iorrnauon causcd princlpall y
by rc cumbcnt thru st fau hing . T !lickne sses of 500 m . a re us ua lly

b d P · icaba ro cks , mo re com pe te m , broke 11110 blocks . Thrust
o serve . ir aci (f' 3 - 36 37)
mov crncnt was gcncra lly N50W oricntcd 19S. ) . • .
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Drecciation is an r
. I' 0[( mary Icaturc in lhe mine, comrnonly assoei atedwun vem quartz schisto' d .

ultrarnafic rocks' '1' k ~ed an sorncumcs wcathcrcd rnctabasic and
R b '.' S IC ema cs, hard OI' soft hcmaritc

ecum cnt Iolds are most f . .
green rocks also h . re.quent. Thcy appcar in iiabiritcs and
idcntify in 'lhe' I w 7n encloscd . 1II hcmathe ore . Folding is difficull to
wide and of ' clinalu- ore bodics, Wherever visiblc, folds showed to be

• ISOC ma type .
. Three di Ifcrcnt linealions can be observed

d N S at the Cauê mine, they are
oncntc - lo N30E, N70E lo E-W, and S50E.

Iron Ores

Ali ores at lhe Cauê mine are derived from itabiritc, by far lhe most
relevant component 0F the. Cauê Porrnation of the lLabira Group, Minas
Supergroup, as dcscribcd III the lltcraturc dcalinz with lhe lron
Quadrangle of Minas Gerais. b

Hcmatitc Ore

Hcrnatitc ore is gcncrally high-grade ore with iron content over
64%. It formed from itubiritc, ciihcr by replacement of hcrnatitc for
silica or/and by removal of silica only. Epigcnctic, hydrothcrmal­
metasomatic, posltectonic-post(regional)-melamorphic (Dorr and
Barbosa 1963) and diagcnctic prctcctonic-prcrnct arnorphic (Schorscher
1975b, Hoefs ct al , 1980, Müller ct aI. 1982) processes are controversially
discusscd, Hcrn atitc ore occurs more significanL1y in lhe southcrn pari
of thc dcposit, i.e. it conccntratcs towards lhe lower portion of the Cau ê
Formation, mainly along lhe south limb, cxtcnding upwards to lhe nose
of the synclinc and thus obeying straiigraphic and superimposed
structural controls (figs. 35, 36, 37).

With respect to the physical propcrtics, lhe high-grade hcrnatitc ore
ranges from hard, massivc to powdery. Foliation may sornctirncs be
recognized and is generally parallcl to lhe Ioli at ion of lhe grccnschists
exposcd on pit walls.

In the hcrnatitc ore bodics, tectonically enclosed OI' crossing meta­
ultramafic and possibly metabasic rocks occur, which are practically
aIways dceply decomposed . Thes.e rocks, gcner:l1ly refcrrcd lO. as
iutrusi vc, are folded ínro anuclincs and syncltncs togcthcr with lhe
ores (figs. 35, 36, 37). ., .

Bcsídcs the main hcrnatitc ore bodics, rninor Icnses occur, associatcd
with faulting zoncs, scldorn a.lso . along folJ ing. cores . ..

Supergene enrichment of itabi ritc by leac~lllg of silica may ~lso
take place on the surface, OI' in favourabl.e sues at dcpth. prodU~lllg
hcmatitc-gradc ore bodies. Ncverthcless, 111ls typc of ore IS of rmnor

si gnificance.
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3.1.2 Conceição Mine

makes U li b. .p .le .ulk of lhe iron Iormation in lhe llabira
lhe Caue nunc II distributcs mainly in lhe north limb of lhe

--_.. _-

Almost alI rock typcs described at lhe Itabira District are likely lO
occur in Concei ção Mine.

The lower forrnation exposed comprises rocks of lhe grcen schist
sequence, which gcncrally appcar highly decomposed . Ncxt follow lhe
convcntional Minas SlIpergroup rocks di vidcd into Caraça, Itab ira anel

Piracicaba Groups .
The Careça Group form s lhe Iootwall of lhe iron Iormation. The .

Group attains abnormal ihickncss, around 100 mctcrs, which is a rcsult
of complex folding, as obscrvcd mainly in lhe southcrn limbo Phylliics
and quartzitcs are lhe principal lilhologi~s. Contact wi~h lhe overlying
iron formation is eonformable and gradational over an intcrval of a few

rnc tc r s ,
The Itabira Group comprises lhe itabiritic iron Iormation with local

conccntrations of hcm atitc ore bodies.
Quartzitc and sornelimes graphilic and gray phyllitcs of lhe

Piracicaba Group overlie lhe Irabira Group.

The Conceição dcposit is again a disyrnmctrical syncline (figs. 29, 38,
39), with its southcrn limb largely deformed by folding and Iaulting.
The southcrn limb was also lhe sitc of major conccntrations of high­
grade hcmatitc ore. In lhe castcrn part of lhe dcposit, rocks of lhe
Piracicaba Group appcar, lntcrcalatcd with lhe iron formation.

Conceição Mine (fi gs. 38, 39) is locatcd in lhe southcrnmost extreme
of lh~ llabi!"a Synclinorium (fig. 29), ranking second among lhe CVRD's
opcraung mines. In 1981 lhe output was 20 milIion tons of run-of-mine
ore.

Itabiritc
District, At
syncline.

It abiritc is aI . mctnmorphio roek madc up of altcrnating layers or
arnmac of quartz and hcmatitc B ddith . . c mg is sornctimcs intcnscly folded,

c pnmary Icaturcs being alrnost totally dcstroycd and replaced by a
new banded layering.

Hard low grade it biri .it bi '. - . 1 a mtc IS considered pretere, whilst enriched
1 a mle. IS considcrcd ore, since it is suitablc for up-grading by
magncu c conccntrauon

In lhe case of itabi it h . .. . ~r. c ore, 1 c ore Iorming proeess comprises
~oft~~mg and iron cnrichrncnt by silica leaching. The iron contem of
itabirite ore ran ges from 40 lo 64%.

-..._----_.
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~ela-~Ilramafic and possibly mctabas íc rocks, gene ra lly referred to
as ll1~rus~ve r? cks. ap pcar w ithi n lhe mctascdi rncru ary seque nce . The
tcctornc intrusi vos are ge ne ra lly wcathcrcd and may bc conformabl e or
not (Iigs , 38. 39).

Iron Ores: Weathering an d Supergene Enrichment

Wcathcririg ac ting on iron Iormution causes softcníng, generally
due lo quartz dí ssolutíon, accornpanicd by increase of lhe iron contem
and Io rrna tion o f canga. Can ga is a conglomcratc-Iikc, dctrit al rcccnt
Iorrn ation, composed o f grai ns, Iragrncnts, pcbblcs and cobblcs of
hcm atitc and it abi ritc, ando more rarcly, of qu artzitcs and grccnschi si s,
ticd togcihcr by limoniic and/o r gocthitc ccrncnt. Canga forms a 2 lo 3 m
thick bl ankct, eo verin g lhe iron Iorrnation and adjoining rocks. Not
infrcqucntly, lirnonitc rnay co rnposc lhe bulk of lhe cang a; in this case.
it appcars as a b ro wn uni form mass.

A scco nd and economi cally mu ch more irnportant cffcct of lhe iron
Iorrnarion wcathc ring is lhe supcrg cnc so fLening and cnrichrncnt by
s i lic a lc ach in g. T he cnrichmcn t cff cc t is more pronounc cd in lhe case
of proiorc it abiritc whic h may become itabiritc ore . physically and
chcrn ically arncnablc fo r f ina l m agnetic conccntration . Hard hcrnatitc
ore becomes Iriabl c, oftcn ve ry so ü.

The wcathcring p roccss is s tro ngly con tro llcd by lhe topo graphi c
surfacc , as well as by struc tural Icaturcs like joints , Iract urcs, shcar and
Iault zones

3.1.3 Dois Córrego s Mine

The Dois Córrego s Mine is locatcd bctwccn Conceição and Cauê mines
(figs . 29 . 40). The ycarly ou tput is around 5.2 million mctric tons of run­
of-m ine ore .

The strati graphic sc qu cn cc at Doi s Córregos is s imilar lO that at Cau ê
and Conceição. lhe only rem ark bcing lhe lower thickncss of lh e Caraça
Group wi th a maximum of ~O ~elers.

The Do is Córregos dcposít (fIg. 40) is asso~iated with ~ : ied synclin~ .

truncated by thrust faultin g . Compared to. Caue a.nd Conceiç ão, lhe DOIS
C ó 1· is in broad lines a disymrnctrlcal structurc too. Thc

rrcgcs sync me I I ' b' I 1 tical
north limb di s 4 0° lO lhe souihcas t. The SOUlI. un IS a mo s ver IC.\ :

F h P trastin g wi th Cau ê and Conceição structurcs, lhe DOISurt crrnorc, eon . I fi k
CÓ linc shows a thickcn íng of lhe SOU l l an .

rregos sync I . . 11 th f Id no se that
Hi gh-grade hcmai ítc orc. occu rs pnncipa y a t e o .

plunges lo lhe north cast (Iig. 40).



At lcast Iwo phascs of Iol ding ~l n d Iuulting ~ook plm:? ut Pir,~ar~·ào. One
of lhe striking Icaturcs at lhe numng benches IS a medi um to mi cro
scalc, isoclinal , recumbent fold syslem; fold axcs are parallcl,. l~ .some
extcnt undulant, plunging 30 0 to the. southwcst . Anothcr slglllfIcan~
structurc is a pIani-axi al Iotlauon denved from lhe small scale folding

(figs. 41, 42). . O ' d I
F I bc gro uped into two diffcrcnt seis. ne associare to t ic

au IS may . d . I
. I' I f ldi and a second more relevam, associ atc lo rcgionaISOC ma o ing ' .. o o
Iault systerns striking NNE and E- W, dipping 50 W and 70 N,

respectively .

Iron ores comprise hcm atitc-ri ch ore bodies enclosed in hcrnat itc­
quartz, hcmatitc-magnct itc-quanz and rnagnctitc-quartz itabiritcs ( figs .
41, 42). In lhe hcrnat itc-rich ores, m agnctitc porphyrobl asts of up to
l Ocrn max. dirncnsions rnay occur.

The stratigraphic position of the Piçarrão iron format ion is st ill
under investigation. The Monlevade Gneiss was considered by Reeves
(op.cit.) of pre-Minas ag e , and tentativcly corrcl arcd with the Nova Lima
Group. Ncvcrthclcss, ncirhcr high-grade hcrnatitc ores nor hcrn atiti c
itabiritcs are known lO occur among lhe Nova Lima rocks (Dorr 1969) .
Altcrnativcly, Davino (1974) and Schorscher (l975a, b) considered lhe
Piçarrão rocks as bcing o f Minas age and pcrtaining to lhe Cau ê Group,
ba scd on regional alrmu gnctomcrric surveys anti gcc log ic mapping
rcspccti vcly . A s tra tig raphi c succcssion for lhe rock s Ir orn Piçarrão and
regional1y rclatcd occurrences bascd on lithological similaritics with
true Minas successions has alrcady bccn dis cussed (part 2.6).

Thc Piçarrão Iron Ore D"l' .
high-grade gneisses (part 2 6)s r~/ pcrtams lo lhe castcrnrnost domains of
of several rcgionally al i,; d dJ

•
e lro~ ores at Piçarrão Mine forro one

distributcd ove; lhe arca ignc I . Isconlmuous, lcnticular occurrcnces,
Iurthcr North (figs . I, 3~)~c~;:~ from ~~~a Er~ ~o Ferros citics and
charactcristics Thc . ys exhlblllJlg s imil ar general

. Iron ore reser f . d' .
not very high and onl . vos o . I~ ividual deposits are usual!y
high quality and eas Y cxccpuonany within economic range, but of
f' bT . . y trc atrncm, due to the coarse grain size and
n~ I ItG, a cornbincrj re sult of the high-grade regional metamorphism

an su recent to rcccnt weathcring processes.

:r~e. iron ores ?t Pi çarrão Mine are associatcd with banded gnci sscs
e~.hl.b.l~~~g alter.n.alin g amphiboliiic and graniiic laycrs with pelilie
(klllZI.glll~). gnel s.s:s, quartzucs and granit ic gncisscs , The bandcd
a.mphlb~I!llc-gr?11lye gnci sscs are probabIy an cxtcnsion of
lithologically similar rocks, described as Monlevade Gneiss bei Reeves
(1966).

44

Ore Deposits frorn Piçarrão
3.2 Iron
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Boudinage ano mu\Ii

on struclures Istructures, other than fold . are a so frcqucru linear
O t k . axcs, They occ . b .c un ry roc , causlng the k UI' III oth iron formation ano

ti t ' b I roc s to look block I . .la m oin slruClure typcs Ih I oc y. t IS intcrcsting lo note
behaved leclonical1y comp~l c ayers ano leveis of hcrnatitc-rich ores
iiabiritcs (fig. 3 I). cru whcn compareo lo lhe cnclosing

Ores and M' ." lIlJl1g

Technological1y, lhe iron o .
suitablc for upgrading as lo re may ~e dcfincd as a friable itabiritc

b 6
"" gcncratc smtcr fccd I . . dctwccn .350 mrn 0/4") and O 150 ype ore, i.c., ore s:ze

less than 0.150 mrn. . mm (100 mesh) with maximum 10%

Mining is done by open " .
101 fo d . puung lhrough 10m hizh benches inclined

/ 0 r ramagc purposes . b

:he ore being friable, cxtrac tion is done by mcans of bulldozer
loading by. Iront pay-Ioaders. Haulage is donc by mcans of 35 ton ~ff­
road. E~chd lrucks . .Ore drcssing includes crushing, homcgcnization ano
gravitational upgrading by Humphrey's spiraIs.
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the Instituto of Mineralogy and Pc trol ogy of lhe. Univcrsity .af Bem,
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M . 11 I lcs contributcO conslderably to the complction ofargnt - ug,secrc an ,
this edition.



5. FiGURES

46

H ctc rogc nc ous, co mplc xly folded m igrn atit c fro m lh e Ita bi ra Dist r ict
(fig . I ).

o f lh e Qu ad ril atcro Ferrífe ro , Se rra do Espinhaço
arcas (c entra l parts of ligo I ca. 1,5 x lincarly

S atcl l ite v ie w
and ad j accnj
ma gn ifie d ) .

G eol o?ic Skct ch m ap of lh e cxcursi on arca
Qu adnlálero Ferríf I co rnpn s rng :
F ra ncisco B . . cro , sou tncrn Se rra do Esp inhaço , São

asm and eas lem . d
Schorscher ct al. 1982). gnci ss ornain s (mo di fi ed from

St rorn at ic, hom? geneo us m igrn atitc in trudc d by m in or tonal it c
body . No te Ic ls ic coruac t rcaciion r im loc li d 1 d b Ia y cs roye y ater
shcaring (Iig, 1 ou tc rop poi nt l a ) .

M elam orphic o ut li nc f ho 1 e re g ional M inas/Espinhaço Protcro-
zo ic m e la morp hi sm .

"Prirn a ry" and "sccondary " gra n iiic rocks s .1. of lhe "B ascmcnt "
Complcx in a rc p rcscntat ion of AII3 -K vs . AI/3-Na (at.-praponions )
proposcd by L a Ro che (1968, 1972). Migrnat itcs and Gnei sses a re
Archacan rocks of 101'.' g rade Prot crozo ic rc t ro rn ctam o rp h is m: M eta-
arko scs, Metagrcywac kes , Paru gn ci sscs ar e of lhe Paragn c is
Sequence (Iowcrmos t Minas SG ); Myl onitc gncisscs are fro rn boi h
but predom in anlcl y Irem lhe Arch ac an roc ks. Mct asom atic . (K­
feldspalhised ) Mylo nitc gnc isscs, in c lud ing as well rathc r wcak ly
c atac las ric Archacan m igrn atitcs and gnc ísscs are t ran sitiona l rock­
typcs 01' lh e proc css of mct asorn at ic Iormat ion of lhe Borrachudos
Gran ito typc rocks (Mclasomali les - "Granito Borrachudos"). S imi la r
re lal io nships cx is t bel wecn Quarl :r:- Muscov~le/Phcngilc ± Mall.ne l ile
M y lon i tc sc hi st s , th ci r K- fcld ~pal~ l s e d cqui val cnt s (Mc tasornatic
M ylo n i l :.: s ch isl S) and MUScov ll~-nch B? rrac,?udos. "
G r an itc lype rocks (MelasomalJleS-M u-nc h G rani to Borrachudo s .

T onalitc d ike (a t hammers handlc) cuts s trorna tic m lgm a titc , both
be in g in trudcd by a g ranodio ri tc dike (a t hamm ers head). Youngcst
cvcnts are rc prcscnt cd by fin e fe ls ic vc ins of different di rcctions
( Iig . 1, outcrop poin t 10).

Fig.3

Fig. I

F ig. 2

F ig . 4

Fig . 5

F ig . 6

F ig . 7

----



Fig. 8

Fig. 9

Fig 10

Fig. I I

---------_._-
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M~croscopic aspecl of B
oncntation of orrachudos Granile typc rock . Note linear

ag gregales of mafic minerais .

Relictically preserved ..
perthite of Borrachudo sa~ssu:ill.sed pla.gioclase in rcplaccrncnt
pholomicrograph pol s b r.anltOld (vertical dimension ca. 4 mm

, . o IIq. +). '

Fluid inclusions m: t I
Icldspar phases 07 ot~ as much as 20 VoI.-% of the K-
G itoid rep accmcm pcrthitcs in the Borrachudos

ranuoi s Max dimcnsi f .I . . . nsions o the ínclusions reach up lo la II
( p lOtomlcrograph , plane poI. light).

Geology of the <Bclmoni» Emcrald M'me and surroundings (fig. I.
outcroup point 15); Legend:

Precambrian Rocks

1.- thermometamorph ic non-deformed Prccambrian basalts (po s t ­
Minas/Espinhaço to prc-Bras iliano cycle);

Minas Supergroup

2.- itabirites and mctachcrts (Cau ê Fm., Itabira Gr.);

3.- quartzitos and quartz-rnuscovitc schists, frequently with kyanitc
(Moeda Fm. , Caraça Gr. );

4.- mctapclltl c sch is ts with garnct, staurolitc and graphitic top­
portion (Grccnschist Scqucncc) :

Arch acan Vulcano-Sedimcntary Sequencc

5. - mctaultrarnafic amphiboli tcs , at thc -cBclmont> mine biotitizcd
and disscm inatcd chrorn ititc bearing. Scqucncc inc1udes add i­
tionally mctabasic amphlbolitcs, mctapclitic nnd maf'ic sc h is is and
gncisscs and vc ry subordinalcd muscovitc quartzitc and rnu.vqz.
sc hi s rs.

6. Borrachudos g ra ni to typc rocks (Ilascrgncisscs)

7 . Icucocrauc g neisses and .migmalites undi vi.ded, ikncluding. .
Archacan po lymclamOrphlc and Protcrozoic roc cs. Fol iation-trcnds
are índí catcd by doucd lines .

.- - ------ .._ -- - -
.. - -'- -



Fig. 12

Fig. 13

F ig . 14

F ig. 15

Fig . 16

Fig. 17

Fi g . 18
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B .S . ~.- and E lcmcn i D is tri bu tion Im rnagc s of Ch rorn itc g rain. Note
F e rnehromit e t ra ' f . I "ns o rm a no n anc Ti -cnrichmcn t along th e bo rder
and Zn-contel!t in ~he unaltcrcd eente r of the crystal . The diamctcr
of the C h rom lle gram is about 0. 5 rnrn ,

Therl11?me tamorphi e Bas alt of P recarnbrian age. Note lac k of d e­
fo rm ~tl o n a~ld lo w- g rad e co roni risntlo n w ith ma in ly radi all y cxposcd
amplllbo.le lIl te rg ro wn wi th gran ula r c li nozoisi te -epido te s.s ..
(Photomlcrograph, vert. dim . ca. 4mm, po l. ob liq , +.)

Thermometam orph ic Basal t of Precambria n ag e . No te lac k of de­
fo rma ti on and h igh -grad e eoronit isa tion with advanc ed am p h ibo l i­
t is a t i o n o f pyro xcncs , e linozo isite and garnet fo rmation, and the
in eipient po ly g o n al recrys ta llisat io n of m ag m ati c p lagioe lases .
(Pbotom icrograph, vert. dim. ca. 4111m, pol. o bliq. +.)

Geo logic sk ctch map of the Sta. B árbara Rcgion , T hc massivo b lac k
lincs in the Q ue bra Osso and Nova Li m a Groups represem (Arch acan )
bandcd i ro n Ior mat io ns gradatio nal wit h iron poor mct achcrt s. Thc
São Ben to gole dcposi t is of the band cd iro n Iormation hosi cd
Arch acan ty pe . Thc abandoncd Quebra Osso go ld mine workcd in
ferru g inous , g ruphi tic an d pyritic metacherts and quartz p hy!l onitcs
of mos t pro ba bl y P ro tc rozo ic , Espinhaço SG. age.

Mas s ivo st ructu rcd Ultramafics of the Quebra Osso G roup showing
polyhcdral su turin g (Fig. I , o utcro p No . 11) .

Han d s pccirncn ar massivo (peridoti tie) Kornat iitc (Qu.ebra. Osso Or.)
wi th spinifcx textu red "garland" and younger tal c vem (Iig. I, out­

crop No . lI) .

Outcrop view o f vc ldcd co a: s e u ltramafie ag gl ome rate of thc Quebra
Osso Group (fi g . I , outcrop No . li).



Go!? nu ggel with about 3mm of major dirncnsion in carbonato vein
cuuing Quebra Osso Gr. scrpcntinitcs.

Abrupt and di scordanl pa ssagc bel wcen low Fe-gr.a~e ila.birile an~1
I 10 ' I purc hcmaii tc ore in bore core Irorn Co nceição Mine (Ca ue

~~~., sMinas SG. ), Itabira Iron Ore Dislricl (fig. 1, outcrop No. 13).

"Con"!on'erale" f I' N .~ . o I rc ova LIma Group ( fig. 1, lo catcd near o ui-
cro~ No . 6) .. Bl ock s of Fc-poor bifs ar.d mctachcrts lie in a fine-
graincd matrr x of mafi I ' T I . . .in g. . ic se usts, rc phyllitic aspcct IS due 10 wcathcr-

49

Osso Group (01 icro- )spini fex icxturcd
dim. ca. 4mm, polarisers ob!i quely

ltubiritcs (Cau ê Fru ., Minas SG.) are rnctum orphoscd oxide Facics b undcd
iron formations hcrc, ncar lhe tccionic coniact of lhe Serra do Curral
Syncline with lhe "Bascmcnt Cornplcx" (fig . I, outcrop point 2 ), in tr i­
catcly foldcd. Di sharmonie, drago, bo x- and chcvron folds oc cur,

among o th c rs .

The qu artz-quartz it c pebble mctaconglorncratc of lhe Moed a Fm . (hcrc
co a rsc faci es Irorn lhe SW tcrrnin ati on of lhe G and arcla Syncline,
figo 1) is dc tr i ral py ritc an d gold bearing wi th only s ub ordinatcd

urani um coru cnt s .

Maq.uiné Gr.,. R io d as Velhas SG .: Photomicrograph of polish cd th in
scc u o n sho wing py ritc idioblasts with dctrital nuclci , surrounded by
intcrmcdiatc zo nes of dia gcncric pyritc repleto with tiny sili caic
mineral in clusi ons (plan e polariscd rcflcctcd light, vcrt, d im. ca,
3 mm ).

Pho~omi.c.rograph of Quebra
(pendOllllC) Komnnln, (vcrt.
crossed).

Fi g . 23

Fig. 24

Fig. 25

Fig. 22

Fig. 21

Fig. 19

Fig. 20

-" -'--



Fig. 26

Fig. 27

Fi g. 28

Fig. 29

Fig . 30

Fig. 31
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Sopa ll rulll adinho Frn. (Espinhaço SG .) pol ymi ct ic iruraformati on al
conglomerate with abundam it ablrí tc pcbb lcs (blac k). Note con­
g\olllera le pebble bclow humrncr poi nt, indicatin g rewo rkin g o f the
own conglomerate . Li ght coloured pcbblcs are of Espinhaço qu artzitcs.

Sawed hand s pccimcn o f itnbiritc pcbblc (uppc r pa rt ) congl om erare
with coa rse-g ra inc d qu artzili c matri x (Iower part), Sopa Brum adinh o
Fm. , Espinh aço SG., outc rop po int 5 (fig. I). Th c pcbblc is of enri ch ed
itab iritc with rcpl accm cnr structurcs of light quartz lay crs through
massivc hcm at itr, (black) , Dcform ation bccorncs cv idcnt in lhe ii a­
biritc pc bbl c and is not accom pa nicd by rcl atcd rnctamorphi c re­
crysl alli s al ion, i. e. mo st probably of sy ns cd irncntary lO synd iagcnctic
origin o

Mega-ripple stra tifica rlon in Galho do Mi guel Frn., Espinhaço SG. at
outcrop point 3 (fig. 1).

Geologic skc tch map o f the Iiabira l ron Ore Di strict .

Geolog ic sketch map o f lhe Piçarrão Re gion.

II di 1 st ruc turc in hi gh -grade mct arno rphic hcrnat itc ore/i la-
b'o~ 11 ahcrnatin g succcssio n from Pi çar rão Dis trict (fig: I). Note

iri c cicnt bchaviour o f prctcc toni c con cordant hema~lle o r~
com~ 1 I boudins body and iuc ornpct cnt bchaviour 01 cn-Iorrning c en ra . . .
c losi ng "n orm al" itab irit c.



Fig. 32

Fig. 33

Fig. 34

Fig. 35

Fig. 36

Fig. 37

Fig. 38

---- --- ....

5 1

Polished iro I' bi. n ore ua m tc hand spccimcn (approx . natural size;
scale bar . In n~m) from Piçarrão (lig. I, outcrop point 16) composed
? f ?~maIIle (rich) ore (upper part) and well bandcd "normal"
itablriie (I?wer ponion o f sample) . Photographed with natural
: e fi e.c le d lighi. Note brig ht, coarse-grained mosa ic tcx turcd hcm aii tc
In nc h ore ponion (evidenced by polarization of rcfIcctcd liglu) and
spccular hem alile in itabirirc. Cm-di rncns lond, da rker (medium -)grey
m agne lIle p~rphyroblasts occu r exclusively in hcrnatitc ore laye r.
O ne ~a~netIle po rphyroblast (ccntcr o f photograph) inc ludes parts
?f rclictic ally prcscrvcd quartz layc r and penetra res with one comer
IIHo thc "normal " itabiriic leve I.

Ita bi rites of thc hi ghcst reg ional me tamorphic , hydrogranul í tc
facies grade, Piçarrão District (Iig. I , ou tcrop po int 16) , loose thcir
typ ica l, wcl l b and cd s truc turc by rnagnctitc b las tc si s , progrcssivcl y ,
and fin all y complctc ly. Po l ish cd hand spccirncn s lab (approx. natural
sizc: scale bar in mrn) , photographed in na tura l rcflcc tcd ligh t: o res
(rn agnctitc, in crn- si zcd porphyroblas ts and hcm at itc , in rc licti c
laye rs) a re bright and repose in dark grey si l icatc (quartz) rnatri x.

Marbles from Barnbu i carbonatcs , São F ra nc isco SG., in qu arry ab out
35km N NE of Belo Horizonte ( li g. 1). Dcformation (vcrti calisati on) an d
grccnsch ist fac ies thcrrno -d ynamomctarnorphi sm are due to thc
ovcrthrusting of thc Espinhaço SG . rocks from thc E .

Geologic skctch map of Cau ê Mine .

Vertical (tran sv e rsal ) Cross Sectio n of Cauê Mine.

Vertical ( longitud ina l) Cross Scction of Cauê Mine.

Geologic Skctch of Conceição Mine.
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Fig. 39 Vertical (lransvcr:- al) Cross Scction of Conceição Mine.

Fig. 40 Gcologie Skeleh of Dois Córregos Synel ine and Periquito Mine
(cf. Fig. 29) .

Fig. 41 Gcologic Skctch of Piçarrão Mine .

Fig. 42 Vertical Cross Scction of Piçarrão Mine.
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Major (M .E.) and trace clcrncnt (T.E.) data of
Arch aean and Prot c rozo lc gran iüc rocks s.l..
Mean values of rock g ro ups, cstabl is hcd according
lO lhe NazO/KzO ratios (in wl. -%) :
A> 1,50; 0,75 <13 <1,50; C <0.75 and for Borrachudos
granitoids (13 .G.) . Numbcr of analyses per group in
brac kct s: • - for Li and Cs are mcan values of 8
ana lysc s: n.a. = not analysed .

Major (M.:3.) and trace clcmcnt (T.E .) dat a of Meta­
j acupirangitc (MJ.) and mean values of two groups
of Mctal arnpro phyrcs (A, 13 ). Number of analyse s in
brackct s: n.a . = not analysed .

Major (M. E. ) and some trace element (T.E.) data of
Prccarnbrian (g roup A) and Mesozoic (group 13 )
basalts (rncan valucs, nurnbcr of analyscs in
b ra ck c t s ) .

Strati g rap hy and depositional env ironments of the
R io das Velhas Supcrgroup (Dorr 1969. with mod ifi­
c a t i o n s) ,

S t rat ig rnphy of lhe Minas S u pcrg roup (Dorr 1969,
with minor mod ificntlons) in the Quadrilátero
Ferrí fero sens u strictu.

St rati g raphy of lhe Espinhaço Supergroup in
Central Minas Gerais Statc (Pflug 1968. with minor
m od i fi c a t io n s ) .

Strar ig raphy and Litholog ics of lhe M in as S up er­
g roup in lhe Iiab ira Di strict (Dorr and Barbosa 1963,
with rnod ific ations ) .
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Table I : Major (M.E.) and trace clcmcnt (T.E .) data of Archaean and Protcr ozo ic
granii ic rock s s .l.. Mean valucs of rock g roups , cst abl ishcd acc o rdin g LO lhe
Na20/K20 rati os (in w t.%): A > I ,50; 0.75 < 13 < 1,50; C < 0.75 and for Borrachudos
granitc ids (0.0 .). Numbc r of analyscs per group in bra ckc tst. i) : •. = fo r Li and Cs
are mca u val ucs of S analyscs; n.a, = not an alyscd.

A (39) O (43) C ( 15) BO (46)
M.E. Na2 0/ K20 Na20/ K20 Na20/ K20
(wl.- % I > 1.50 1.50 -CJ,75 S 0.75
Si02 72 .08 71.99 7i.71 75.04
TiÜ2 0.34 0.28 0.3 2 O, IS
AI203 15.67 14 .20 13 ,86 12. 30
Fe203ToL 2 ,52 1,4 8 2 ,6 1 '2 .27
M nO 0 .04 0 .0 3 0 .04 0 .03
M uO 0.87 0.68 0 .74 0 . 12
C10 2.3 5 1.34 0 .92 0 .3 l
Na20 4 ,88 3 ,89 3. 00 3 .2 7
K20 2. 13 3.92 5. 22 5.23
F 0 .09 0 .05 0.09 0. 16

T.E.(PPIIl) A (39) B (43) C (5) BO (46)
Ba 4 99 82 7 7 90 346
Rb 9 6 16 I 24 1 I 297
S r 304 256 155 4 2 .6
P b 24 .3 36.2 38 4 S.3 ,
Th 9. 1 23 .5 33 . 1 44. 1

~U 2 .7 7, 6 S.3 5 .0
N b 13.9 16.3 I S.7 I 66 .4
La 34 .3 4 6.6 49 .5 214
Cc 68 .3 64.2 9 7 I 2 78
y 23 ,7 35 3 I I 156
Z r 154.4 160 .5 183 4 24 !
V 43,S 30.5 2 8. 7 s . i
C r 10 .6 10. 3 13. 3 < 5
Ni 22 .3 15.5 'J ,'J :' .,1

Co 60.5 62 4 8 66.3
Cu 11.3 9 .9 7, 2 I 9,2
L i 37 * 41 .4 * 25 * I 13.7 "
C~ n . a. n . a. n . n , I 2.0 "

Rat i o s .
N:120/K20 2.29 0.99 0 .57 0 ,6 2

K / '~ h 184 202 180 14 6
K/ Il a 3 5 39 5 5 12 5
K/ S r 4 5 127 280 10 19
R h/S r 0.24 0 .63 1.55 6 .97
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Ta bl e 3 : Major (M .E .) and s ome t ra ce el ement (T.E.) da ta o f Precambrian
(Group A) an d Mcsozoi c (Grou p B) basa lts (mca n va lues - numbe r
o f an a lyses in brackets) .

M. E.
(wt . -~ô) A (7 ) B (11)

Si 0
2

48,57 49 ,1 1

Ti 0
2

1 ,89 3,49

A1
2

0
3

11 , 69 13 ,65

Fc 203
tot . 15, 04 15 ,16

MnO 0 , 22 0 ,20

CaO 10 , 21 8 ,21

r1g0 9 ,20 4 , 56

Na
20

1 , 94 2 ,39

KZO 0,47 1 , 81

P
Z0 5

0 ,36 0, 56

S03 0 ,00 0 , 02

T. E.
( ppm) A (7) B (11)

Ba 230 748

Sr 376 579

Rb 17 56

Pb 6 14

Zn 107 152

Cu 133 260

Co 114 101

Cr 268 108

V 380 488

81



Table 4 : St rat i g r a phy a nd De posi t i ona l Environments of the Rio das Vel has Super group
(Dor r 196 9 , with mod i f i ca t i ons ) .

02

'- Thickness Depositional
'"' Li t hol ogy (in m) Environe..., r;t'- E
'" '"' LL

Ouar tz i tes (mi ca-poor , co arsc-g ra ined, upper ep iclas t i e
det rita l pyr i t e, dm- s ca l ed cros s -bedd ing ) ; quar tziti e un i t of<U..., Cong l orne r a t es (ol i go- and pol ymictie , i n- green!i tone be l t'-

' UJ o tr a f orma tional In basal part of Fm. ,LL (S imi lari t i es withz quar t zi tic and phyl l i ti c matrix , de t ri t al >400ou 1101as s e sequences)- VI su l fid es ) ; Phyl li t es (q uartz- chlo r ite-ehl o-ou
:::> u r i t o i d- s er i c i t e phy l li t es , su bordinated sha llow highcon- 'tJa t cr,
o

st ituen t in ba s i s near part of Fml. ene r gy cnv i ronl':le nt«
:o::

Phyl li t es , Pr otoqua r tz i te ,f- - Gra ywaeke , Sub- varyi ng : t ransi tional f r omou-' ... qra ywa e ke , minar B3sa l Congl omerate (Fm . f rom a bsent vol cano -sed : mc ntaryUJ
co E i s ab sc n t In the Eastcrn O. F. ) to >1000 to cp iclast ic (to--UJ ru ward s t op)z a.
o
f-

'" Erosi ona l , l oeally angula r Uneon fo r mityz
UJ
UJ
cc Ma f ic , l argel y chl or i ti e s chi sts and Gr ay - mi ddle, mili nly'"' wac kc ; pel i t i c schi s t s ; ti ll o i d Cong l omc - ma f i c vo leanosedi -
'" « "O r a t e ; mi na r Quar tzi te; Car :,ona t e - , s ulf ide- , mcnta ry unit cf« z; <U:c
-' - "O silica tc- and oxid e (ma gnc ti te -)facics Bi f ' :; greenstcne be l t-' . ~

UJ > Do l omit e ; Metavo l can ic s, predominan t ly >4 . 000> .~

(Si miIa ri t ie s with« "O maf ie i nt e r mcd i a t e , l esse r f c l s i c and
'" > c t o Flysch scqucnces)« o ::J

ul tr ama fic; i mpor t ant Au-D eposits.Cl z

o No r ma l Grada ti onal Contac t
I- I'"

Ultrama fic Volc an i cs and Vo l ea n i e l as t ic s vary i ng l ower , u l t ramaf ic
o (ma s s i vc, sp i n i f ex , p i ll ow a nd br eeeia ted f ro m abs ent vo lcani c unit of
'" "O l a va s, ultrama f i c tuff s , t uffi te s and grec nstone belt'" <U
o "O aqglomcra t cs) wi t il Sccondar y IIlt c r a t i on s to

>
( s c rpcrl t in i sa t i on , c h lo ri ti 5~t ion , t our-

cn vi ronmcnt of sub-« . ~

>650 a q u ~ ti c m~gm~ti smex "O
co c mal ini ~ a t i on , magnc t i t i s a t i on , ea rbonat i -
UJ ::J with minor chemical:::> sati on , talc i f i ca t i on) , and i n t c r ca l a tedo scd i mcnta t ion wi thou t

Meta s edi mcnt s (me t ac he r t s grad i ng i n t o tcr rigcnous i nfl ucne cs
Fe- poor b i f t s ) .

Basa l Contac ts a nd Bascment unknown . Contaets with surround ing Gne i s s cs, Migma ti tcs and Gra -
nitoids ar e Tcc t onic.



TAB LE 5
STRATIGRAI'IlY O I' TlI E ~l1NAS SUI'ERG ROUP (O OR R 1969.
WITl I MII'O R ~I00 1 F ICAT10NS) L"ITl IE QUADRlLÃTERO F E RRI \'ERO SENSU S17.ICTU

E ~
~ SEOIMENTARY Al'ROX. MAX.. LrmOLOGY E!'o'V IRO:-.'ME:rr ll11CKNESS ( m)I

::::: C T yp e AIe~ : Or thcqu ar tzite , Pr ot oquartzi te ILU
O C Co ngtom era te, Crit. Par alie 2,0 00 ?...I
O > . Santo An td nio Facies; Pro tcquartzlt e,
U Õ Phyllite, Phy llit ic Quartzit e, Moluse? 1,000 ?-e z
!:: ~ Ccngfomere te

A NG ULAR (?) ANO E ROSIONAL UNCONFO RM1TY

Chl or it e Schlst an d Ph yllit e , Mc t ~lurr Eug eo syncllnal > 3,000
G ray wacke , li lio iJ co nglo merare,- Q uar tzit e, Mi nor lro n-F o rrna tlc n Flysch

LOCALLY PROF OUNO E ROSIONAL ANO MINOR ANGULAR UNC ONFO RWTY
-e
co ~ St.ll.llc

<: Ph ylli tc and Grap h lt lc Phyllite Sh eU 150

U
(DI, nk e t)

- Stable ShelfU

2-e Or thoquartz lte

I(Blank e t ) 125

'"- Q uartzit ic PhyUite Stab!e

I'" o- ~ ~ DoJom itic PhyUitc She lf <10
-c :~ Sl llcec us Dol om ite (BI>nke')
Z

Ê

I
- Ferrugino us Ouar tri te , Q U.1t t:hc, Gri t S13ble

::::: ~ Ph yllite , Fe rrugfnous }'h )'Uitc:, M inor Sh elf 6 00
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Tablc 7 : S t rat igraphy and Lithol o g ic s o f thc Minas Supcrg roup in thc Itabira
Distri ct (Do rr and Ba rbo sa 19 63 . with mod ifi c at ions ) .
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t\NNEX

I. E xellrsion Área

· Climatc:

· Clothing :

· In eonveni enees:

Norm al1y dry , with d ai ly tcmpcraturcs around 15­
25 °C and eooler ni ghts, about 7 to 17°C.

re si stem Iicld clothing (s ho rts not reeommenúed).
A sccond pai r of li ght fielú boots (baske tball type
boots) may be useful for chan gc, in c as e of
(p ro ba blc ) wcm css , s inee some outcrops are in an d
alon g river eourses .

LoealIy, abund am ticks rnay oeeur C,. po rt. :
carrapatos) - persons allerg ie to in se et b ite s shou ld
t akc neeess ary preeautions .

11. F ic ld Trip PrQgram - Sehç:dule

July 2 1 /Thursd ay)
07.00 h Dcparturc from Hotel s and leave fro m Barão de

Coc ais/ S ra . Burbara for Piç arrão and lt ab ira .

JuIy 20 (Wednesday )
07 .00 h Dc parturc fro m Hotels

- Visit 10 o utc rop po ints 6. 12, 13.
Rcs ; for luneh will be in lhe fieId.

19 .00 h Return to Hotcls (this will be lhe la st night in
Barão de Co cais and/or Sra . Barbara).

- - - -

Ju Iy 17 (S un day)
08 .00 h

20.00 h

Ju ly 18 (Monúay)
07.00 h

19 .00 h

JuIy 19 (T ucsday)
07 .00 h

19.00 h

Dcparturc from meeting point (Pala cc Hotel , Poços
de Caldas) by bus, Travei to Belo Horizonte, with
Iun ch sto p en route. Shortly aftcr Belo Hori zont e,
Iic ld SIOpS will be g in.
- Visit to outc rops point s 1 - 4 ;
Arriv al at Barão de Co cais (Hotel Caraça,
Te!. 031/837.14.32) .)
an d/or Santa Bárbara (Hotel Cara íba, T eI.
03 i/83 2 . 14 . 15 ) .

Dcparturc from Hotcls Caraça and/or Caraiba,
- Visit to outcrop points 5,10 - 11;
Rcst fo r lu nch will bc in the f ie ld .
Rct urn to Hotcl s,

Dcpa rture from I-loteis
- Visit to outcrop points 7 - 9.
Rc st fo r lunch will be in thc ficld .
Rcturn io Hot cl s .
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19 .00 h

2 0 .30 h

- Visit lo ourc rop po in ts 14, 16, 17.
Res t for lu neh will be in lhe field.
Arrival in l tabira ( Hotel Pousada dos P inheiros,
Te!. )
D inner

Ju ly 22 (Friday)
0 7 .00 h

19 .0 0 h
20.30 h

Dcp urt u rc Irorn Hotel
- Vi si t lO outerop points 15, 18.
Rcst for luneh wiIl be in the field .
Rctu rn 10 Hotel Pousada dos P inheiros .
Cocktail, Dinner and Closing Party ( th is wiIl be the
la st night in Itabira).

J uly 23 (Saturday)
0 7.00 h

11.00 h
12.00 h
14.00 h

16.00 h

Dcparturc from Hote l
- Vi sit lo outcrop point 18
R c tu rn lo Hot el Pous ada dos P in heiro s
Luneh at Hotel Pousada dos Pinheiros
D epartu re from Hote l and le ave from Itabi ra for
Be lo Horizonte airport.
End of ex cursion at Belo Horizonte airport . The bus
will rcturn lO São Paulo and will takc about 10 h rs to
rc ach thcrc. For Ilight conncctions see below.

I l l. Olllero[? Point s and P rofil es . to be vi sitt:d on field IriV (see fig , 1)

. F light co nn cctions from Belo Horizonte lO SITo Paulo and Rio de Janeiro
fo r July 2 3rd , 19 88 (end o f exeurs ion) wiIl be cornmunicatcd at lhe m cct­
ing in Poços de Cald as. Rc scrvations and spee ifi c traval arran gcrncnts
sho uld be confi rm e d thc rc.

Po in t 3
Espinhaço Supergroup srratig raphy of the Serra das Cambot as - Sopa

Brumadinho Forma tion wi th infraform at ion a l it ab iri tc-pcb b lc
co ng lom e ra re s and Galho de Migue l Forrnarion with megaripple
s I r a I i fi c a 1i o n ,

IMPORTANT li 'IMPO RTANT!!! IMPORTANT

Point 1
Tccton ic co ntuc t betwecn Serra do Curral overturned syncli nc . Sabará

Fo rrna rion and/or Nova Lima Gro up with "Bascmcnt" Complex .
St ra ti g ra phy and s truct urc of lhe Minas Supergroup of inverted

fl ank of sy ncl in e.

Poi n l 2
Strongly dcfo rrncd Cau ê Itab iri tcs at custem cxtrcmity of Serra do

Curral sy nc li ne in rcli cti c preserved parts of normal flank of lhe
al loeh thonous struc tu rc, ne a r l he tccto ni c (n appc-jco ntact w it h lhe
auiochthonous bascmcn t, Prospcct-point: general view of lhe Q .F. s.s.
morphology and s t ruc turc .
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Po i nt 4
Tectonic conract bct wccn Minas Supcrgroup (Gandarela Sync/ine)

and "B ascmcn t Ccrnplcx ". Profile cxposing intrusivo mctabasics in
m i gmat itcs and gncissc s, that sho w increasing rnylon iu sauon iowards
lhe coruact wirh lhe M inas Supcrgroup. Profile through M inas SG.

Poin t 5
Tcctonic coruact bctwccn Minas (Gandarcla Syncline). and Espinhaço

Supergroups . Profiles through both sequences.

Po i nt 6
Rio das Velhas S upc rg ro up - Nova L im a' litholo gies with tu rbidite typc

mctacong lomcra tc , synscd í mcnrary slurn p in g an d sliding structurcs in
b ifs. and "graph ilic sc his ts. Vis iL lO <São Bento> gold mi ne and
bcnc f ic at í on p la nt ,

Po i n t 7
Espinhaço SG . l ith o struti graphic successio n in thc F loralia D istric t

wi t h q ua rtz.i tcs and in tra fo rm ational it ab iri tc pc bb lc co rigtorncratcs of
lhe So pa Brurnadinho Fm.

Po i n t 8
Rio d as Velhas g rccn s tonc bclt: li th cs tructura l and s trat igraph ic

succession in thc Florália Di strict , Vi sit to abandoncd <Pari> goldmine .

Po í n t 10
"Bas cm cnt Cornplex" mi g rnatitcs cut by various gcncrations of

tonalit ic and granodiorit ic int rus ivcs and by : younger pcgrnar itc d ikes.

Poin t 9
"Bascmcnt

lamprophyric
Com p le x"

di kcs.
m igrn atitcs and ional itic intrusivcs cu t by meta-

Po in t 11
Rio das Velhas Supergroup - Quebra Osso Group with various typcs of

effusive (pcridot itic) kornatiitcs. Profiles th rough con tac ts with G ran it ic
Cornplcx rnyloniti zcd gneisses and migmati tcs, Nova Lima Gr. Schists ando
supposed Espinhaço SG .• mainly quartzitic mctascdirncnts. Vi sit to
aband o ned <Quebra Osso> . go ld rnine and historical, slave constructcd
aq ued uct to Cat as Altas (= "high di ggings"),

Poinl 12
Rio das Ve lhas Supergroup - Profi le ac ross Nova Lima · and Maquiné

Gro ups . Con gl orn erat es a nd qua rtzites wi th detrit al py rit e of Maq ui né
G ro up .

Po i n t 13
Espinhaço S upcrg roup quartzites. Prospec t-poin t: Historieal Co lég io

do Ca raça,

Poi n t 14
G ran i to Borrachudos typc granitic rocks.



Point 15
Vi s it lo <Bcl rnont> E rnc ra ld

Borraehudos grani io ids wi th
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Mine. Profile across tcctonic conract of
Archaean vol cano-scd im c ru ary sequenee.

P oint 16
Profi lc aeross high g rade g ncisses and Minas SG . ro eks with oxide

facies Fc-Iorrna tion. V is i t lO CVRD's P iça rrã o Mine and <Libe rdade> ore
body (abandoned open pi t).

P o i n t 17
Minas Supergroup c ast of lL a b ir a . Itabi ra Group rcprcscn tcd by m inor

i ron Iormation and majo r mctachc rt . En rouic LO It ab i rn, pa ragncisscs
w i th q u art z- rn us cov itc sc h is t l ru c rc al at lons, a m p h ibol itcs . A rchae an
po lyrnc ta m orp h ic m i grn a t i tcs an d yo unge r bas alr s.

I'oint 18
Visit lO C VRD 's Mi nes a nd profiles ac ross M inas SG. 1lI lh e Ii abi ra

Di s u ic t.

IV Hi sl ori c al an l! bnc k l"fOlJnI! inform al ion
,I

The e xc ursi o n arc a as lhe who le Q .F. p layed a n important ro le in lhe
h is to ry of B raz il s ince 'lhe colonial period , a nd of lhe Po rtuguese E mp i re
in lhe l Sth and early 19 lh ccnturics, mainly d ue lO lhe mineral ,
especially go ld p rod uct ion. An old Brazilian p roverb that desc ri bes lhe
people an d re so urces of lhe s tatc of Minas Gera is says : "Min as h as a
hcart o f go ld and a ChCSl o f iron " , an d ccrtai nly owcs it s o ri g in s, a t lca st
in p a rt , lO lhe m in eral dcpos its o f lhe Q .F. and lhe pcoplc thc rc in vol ved
in mi nin g since hi storica l . limes.

G o ld was firs t di scovered in lhe Sra. B árbara rcgion ( befo re 1704),
s ho rt ly aftcrwards , in 17 13 , ai lhe sitc of B ar ão de Coc a is and , in 1720 of
I tab ira , by "bandei ran tes " (g ro ups of advcn tu rc rs from S ão Paulo , who
roamed lhe interior o f Brazil in . thc search of pe rs onel fortune, ai lhe
s a rnc lime dc Ii n itc ly c st ah li s hi ng lhe coun try's continen ta l
dirncnsions) . Scu lc rs folIowed an d, fo r example , impressive aqu cd uc ts
were construc tcd by s lave work, as w iII be v is itcd in lhe upper Quebra
O sso valIey (fig. 15), ' LO bring watcr to morphol og iealIy h igher go ld
workin gs, in th at case to C a las A ltas (=" h ig h d igg ings ") over a d istancc
of ab out 10 kms.

S e veral h undrcd to ns o f go ld w e re produced during co lo n ial limes in
lhe Q .F ., m a inl y Irorn rich place r d cposits, and fin an ced much of lhe
ra pid, worldwi de cxpansion a nd infIuence of lhe Portugu csc Ernpirc .

P lace r dcposits bcc arnc c xh au stcd carly in ~:l e 191h ccntury and Au
lode min in g s ta r tc d with industri al rncthods and lhe importam
part icipat ion o f E uro pc an cap i ta l. When Au lode minin g re ached lhe
econo mic Iimits (by lhe m iddle of lhe 19th cc n tury ) , a pe riod of genera l
dec ay fo lIowcd, and lastcd abou t 100 ycars , unti l lhe m odem insct of iro n
o re mining an d rnc tal lu rgy , by lhe middle of our ccntury .

Modem dcvcloprncn ts in lhe i ro n ore m in in g ihrough C. V.R .D ., and
priva tc, n a t io n al and in tcrua t ion a l co m p an ic s c rcatc d a so lid regional

~---- --- - - -
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ind us t ria l infras truc tu rc ovcr th c la st fc w dccades, re achin g almost a li
lhe parts of the Q.F. and ne igh bo uri ng urban ce n te rs (fig . 1). T hi s
s t im u la te d further developments, e xpansion and dlvcrsif'icarion, not
o n ly in m ineral producti on , but had m ajor influcnccs on the w ho lc
socio-econo mic l ife 10 0.

Most o f the citics tha t wi ll be met during thc Iicl d tr ip (Cocais. Barão
de Coc ais , Sr a. B árbar a, Calas Altas . F lo r áli a, I tab ir a) sti ll , possess
p ic tu rc squc historical to wn rclicts , in dividual bu il d ings and/o r
chu rches in the s tylc of "Colo n ial Baroque" a rc hi tccturc an d deco ration .

Ano thc r historical place th at w ill be v isitcd en routc o f th e ficl d tr ip
is th e "Colégio do Caraça", presently a seminary and touristi e place
maintaincd by Iathcrs. lt w as cstabli shcd in 1744 with lh e construction
o f a bcautiful got hic cathc dral and dcpcndcncics, " at an altit ud e o f
1.280m . in lh e sp cc tacu lar sc u ing of an isol at cd , almost inaccess ib le part
o f the Serr a do Caraça (fig. I. poi nt 13). As hi sto rica lly comrncn tcd, ar
the pl acc whc rc a Jcs ui t fathe r wa s hiding from banning with the aid of
popu la rs , during lhe times of political c assatio n of Jesu its from colonial
Braz i l .

T he Col égi o do Ca raç a actcd as bo ard in g sc hool and co un ts arnong its
d is ting uishcd pupils sc vc ra l hcads of lhe s ta tc of Braz. il . Aftcr a
co nfl ag rat ion o f the lib ra ry w it h hazar do us consequences for m ost of
the school's dc pcnd cnci cs, scho lar activi ties were in te rrupted and
re cons tr uction is now underway .

The Ia thc rs continue to prod uce rnos t of their own Iood , seve ral
varicti cs of (cxccl lcnt) wine and b ran dy an d encompassed as a nc w task,
in conseq ue nc e o f ex pa nding tourism , the protect ion of naturc, wil d li fe
an d c nv i ron m cn t ,

This tcxt was cc mpilcd . in some parts with only minor mod ifications.
from Dorr and Barbosa ( 1963) , S im mons (1 968) , Dorr ( 1969) , Moore
(1969) and Maxwell (1972) and com plemented with o wn comrucnts an d
o bsc rv a t í o n s ,
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