
  

GEOCHEMISTRY OF PROTEROZOIC MAFIC ROCKS FROM THE PASSOS
NAPPE (MINAS GERAIS, BRAZIL): TECTONIC IMPLICATIONS TO THE

EVOLUTION OF THE SOUTHERN BRASILIA BELT

CLAUDIO DE MORISSON VALERIANO* & LUIZ SERGIO AMARANTE  SIMÕES**

RESUMO GEOQUÍMICA DAS ROCHAS MÁFICAS PROTEROZÓICAS DA NAPPE DE PASSOS (MI-
NAS GERAIS, BRASIL): IMPLICATES TECTÔNICAS A EVOLUCAO DA FAIXA BRASÏLIA MERIDIO-
NAL Os metabasitos intercalados nos metassedimentos do Grupo Araxá, no âmbito da nappe de Passos, porção
meridional da Faixa Brasília, tem sua origem magmática investigada através da composição química, incluindo
elementos terras raras (ETR). Os protó1itos pré-metamórficos são de basaltos subalcalinos toleíticos, pertencentes a
três grupos composicionais: basaltos continentais de alto (> 2%) TiO2 (HTi), enriquecidos em P2Os, Fe2O3

tot,
elementos incompatíveis e ETR leves (LaN/SmN entre 2,0 e 2,9); basaltos continentais de baixo TiO2 (LTi),
relativamente aos anteriores menos enriquecidos em ETR leves (LaN/SmN entre 1,4 e 2,6); e basaltos muito
semelhantes a E-MORB (LaN/SmN. entre 0.80 and 0.97), volumetricamente subordinados. Os dois primeiros grupos
são muito semelhantes aos tipos de alto e baixo TiO2 das províncias de platôs basálticos relacionados a fragmentação
gondwânica (Paraná-Etendeka, Karroo). O terceiro representa contribuição magmática de fontes do Manto Empobre-
cido. Os corpos de HTi estao concentrados nas camadas inferiores da nappe de Passos, mas ocorrem em toda coluna
estratigráfica; os de LTi ocorrem apenas nas porções inferiores da nappe; e os corpos de composição química do tipo
E-MORB ocorrem apenas na parte superior. A distribuição dos metabasitos na coluna estratigráfica permite
interpretar que durante a sedimentação das unidades que compõem a porção inferior da nappe a crosta continental
estava em regime de distensão, que continuou ao longo de toda história sedimentar preservada. Durante a sedimen-
tação das unidades superiores, o ambiente deposicional foi marinho relativamente profundo, e magmas do tipo MORB
foram gerados, indicando um adelgaçamento litosférico mais severo. Entretanto, a persistência do magmatismo
continental (HTi e LTi), neste estágio, sugere que a geração de assoalho oceânico não foi alcançada durante a distensão
litosférica na porção meridional da Faixa Brasília.

Palavras-chaves: basaltos continentals, fontes mantélicas, Elementos Terras Raras, extensão litosférica, Orogênese
Brasiliana

ABSTRACT Major and trace element compositions, including REE, are used to infer the tectonic setting of the
mafic magmatism associated with the metasediments of the Araxá Group in the Passos nappe. The pre-metamorphic
protoliths are sub-alkaline tholeiitic basalts, separated in three compositional groups: (i) high-TiOi (HTi) group (TiO2
> 2%) enriched in P2O5, Fe2O3

tot, incompatible elements, and light-REE (LaN/SmN between 2,0 and 2,9); (ii)
low-TiOa (LTi), relatively depleted in these elements (LaN/SmN between 1,4 and 2,6); and (ii) a subordinated group
represented by basalts of E-MORB composition, with LaN/SmN between 0.80 and 0.97. The first two groups bear
close similarities with the High and Low-TiOa magmas from Continental Flood Basalt provinces related to Gond-
wanaland break-up (Paraná-Etendeka, Karroo). The E-MORB like group represents magmatic contributions from
depleted mantle sources. The HTi group samples are concentrated in the lower section, but occur along the whole
stratigraphic column, whereas the LTi samples also occur in the lower portion of the nappe, and the MORB-like
basalts were found only in the upper portion of the stratigraphic pile. The observed distribution of magma types favors
the hypothesis of sin-depositional magmatism and indicates that the initial sedimentation in the Passos nappe
metasedimentary pile (Lower Unit) was related to continental extension in association with CFB-type magmatism
(HTi and LTi types), which continued along the rest of the preserved sedimentary record. During the sedimentation
of the Upper Unit of the Passos nappe, in which relatively deeper marine conditions probably prevailed, MORB-like
magmas were formed, probably related to more severe lithospheric extension and thinning. However, the persistence
of continental magmatism in this stage is an indication that oceanic floor was not formed during lithospheric thinning
in the southern segment of the Brasília belt.

Keywords: Continental basalts; Mantle sources, Rare earth elements, Lithospheric extension, Brasiliano orogeny.

INTRODUCTION AND OBJECTIVE The Bra-
silia Belt is a major component of the Tocantins Province
(Marini et al 1984), characterized by concentrated crustal
convergence between the Amazon and São Francisco-Congo
cratons (Figure la), during the Neoproterozoic Brasiliano
orogeny (790-580 Ma.). It is thus a key piece in the paleocon-
tinental puzzle before the assemblage of the Western Gond-
wana supercontinent. During the period between the Transa-
mazonian (2.2-1.9 Ga.) and Brasiliano (790-580 Ma.) major
erogenic events, reconstructions of continental fragmentation
and drift in the Tocantins Province must seek, in the geologi-
cal record, evidences to the questions of how much and where
oceanic lithosphere was generated, and where extensional

regimes achieved only continental rift systems. Moreover, the
area of influence of Grenville-related orogenic processes
(1.3-1.0 Ga.) still remains to be accurately mapped in central
Brazil.

The former existence of oceanic lithosphere in the Tocan-
tins province has been pointed out through the identification
of petrotectonic assemblages, such as (i) ophiolitic thrust
sheets in northern Araguaia belt (e.g. Teixeira 1996), between
latitudes 0° and 10°S (Figure la), (ii) in the Brasilia belt, an
ophiolitic melange rock association within the Araxá Group,
near the town of Abadiânia (Goiás), at latitude 16°S (Strieder
& Nilson 1992), and (iii) more to the west, Neoproterozoic
(900-640 Ma.) calc-alkaline plutonic and volcanic com-
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Figure 1 - (a) Tectonic sketch of the Tocantins Province between the Amazon and São Francisco cratons (simplified from Almeida
et al. 1976). 1 -Phanerozoic cover; 2 - Tocantins Province; 3 -sin-Brasiliano cratons; 4 - cratonic boundaries; 5 -location of
geological indications of the former existence of oceanic lithosphere. (b) Tectonic outline of the Southern Brasilia belt, with
location of the Passos nappe (from Barbosa et al. 1970; Simdes & Valeriano 1990; Szabo et al. 1993). 1 - cratonic basement; 2 -
cratonic cover (Bambuí Group); 3 - External Allochthonous Domain; 4 -Internal Allochthonous Domain; 5 - Phanerozoic cover.
Figura 1 - (a) Esboço tectônico da Província Tocantins (simplificado de Almeida et al. 1976). 1 -Cobertura fanerozóica; 2 - Província Tocantins; 3 - crá tons
sin-brasilianos; 4 - limites cratônicos; 5 - localização de indicadores geológicos da pretérita existência de litosfera oceânica. (b) Esboço tectô nico da porção
meridional da Faixa Brasília (compilado de Barbosa et al. 1970; Simões & Valeriano 1990, Szabó et al. 1993). 1 - embasamento cratônico; 2 - cobertura cratônica
(Grupo Bambuí); 3 -Domínio A1óctone Externo; 4 - Domínio Alóctone Interne (incluindo a Nappe de Passos); 5 - cobertura fanerozóica.
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plexes, indicating B-subduction, were identified through iso-
tope geochronology near Arenápolis (Goiás), at latitude 16°
30'S (Pimentel & Fuck 1992, 1994).

The geochemistry of mafic magmatism is a useful guide to
the tectonic evolution of metasedimentary basins in which
they commonly occur, especially in distinguishing compres-
sional vs. extensional regimes, as well as continental vs.
oceanic settings. This paper aims the lithogeochemical study
of 20 selected samples of metabasic rocks which occur inter-
calated in the Araxá Group metasedimentary pile of the Pas-
sos nappe, southern Brasília belt (Figure 1b). Major and trace
elements, including REE, are considered to constrain the
former tectonic setting of the southernmost Araxá Group
sedimentation.

GEOLOGICAL CONTEXT OF THE MAFIC MAG-
MATISM The southern portion of the Brasília belt is
characterized by foreland thin-skinned thrusting and folding,
with eastward directed tectonic transport of at least 150 km
onto the southwestern border of the São Francisco craton,
during the Brasiliano orogeny. Three main tectonic units are
separated by major thrusts and display contrasting lithologi-
cal, structural, geochronological and metamorphic charac-
teristics (Simões & Valeriano 1990, Valeriano 1992): the
Autochthonous Domain is the continuation of the São Fran-
cisco craton, with deformed Neoproterozoic cover repre-
sented by the Bambuí Group; the External Allochthonous
Domain is an imbricated thrust stack of low grade Proterozoic
metasediments with Archean granite-greenstone association;
and the Internal Allochthonous Domain (IAD), represented
by the Passos nappe (Figure 1b), where metamoiphism and
deformation are more intense.

The Passos nappe is the uppermost structural unit, com-
posed of post-1.8 Ga. metasediments with thin lenses of
greenschists and amphibolites of magmatic origin (probably
dykes, sills and/or minor extrusions), which are the object of
this paper. An inverted medium-P metamorphic gradient is
conspicuous, ranging continuously from the biotite zone of
greenschist facies, to upper amphibolite facies at the top
(Simões 1995). The age of the metamorphic peak is poorly
constrained in the Passos nappe. Post-metamorphic peak
cooling is indicated by K-Ar data on mineral separates (horn-
blende, biotite, muscovite) ranging from 674 to 566 Ma
(Correia et al 1982, Valeriano 1992).

Primary structures in the metasedimentary rocks have been
pervasively obliterated by two generations of penetrative ax-
ial plane foliations to tight folds, besides late upright folding
and vertical faulting. Field mapping of lithofacies in the
Passos nappe (Teixeira & Danni 1978, Schmidt 1983, Vale-
riano 1992, Simões 1995) defined a succession of 9 strati-
graphic units, informally named from A to I (Figure 2). These
were grouped in two contrasting sedimentary units in the
Passos nappe, as previously proposed by Teixeira & Danni
(1978): the Lower Unit (ca. 700 m apparent thickness) com-
prises metapelites with carbonatic lenses and minor quartzite
beds which, towards the top, become more frequent and
thicker, suggesting a regressive shelf sequence, with increas-
ing siliciclastics over carbonatic deposits; the Upper Unit (ca.
3000 m apparent thickness) initiates with paragneisses dis-
playing gradational contact with the underlying mica schists
with minor fine grained quartzites of the top of the Lower
Unit. This transition is also a stratigraphic horizon of concen-
trated occurrence of metabasic rocks, marking the onset of

Figure 2 - Representative stratigraphic column of the Passos
nappe (Simões 1995).
Figura 2 - Coluna estratigráfica representativa da Nappe de Passos (Simões
1995).

tectonically more unstable sedimentation conditions, in
which erosion of granite-gneissic basement and/or other
sources led to the abundant paragneisses and feldspathic
schists containing quartz-feldspar clasts. Towards the top, the
Upper Unit displays predominant metapelites with minor
paragneiss and thin beds of calc-silicate rocks and mangane-
siferous metachert. Also associated with more frequent inter-
calations of metabasic rocks, this association of lithofacies
points to a probably deeper marine environment.

METABASIC ROCKS Occurrence and pe-
trography The metabasic rocks occur along the whole
preserved metasedimentary succession as boudins and dis-
rupted lenses parallel to the main foliation of the host rocks.
They display the same metamorphic and polydeformational
history of the metasediments, indicating an origin related to
either sin-sedimentary extrusion or dyke/sill emplacement,
before tectonic inversion of the basin. However, their system-
atic compositional variation in relation to the stratigraphic
position, as discussed below, suggests extrusive processes
during sedimentation. In general, the Upper Unit is more
abundant in mafic intercalations. The top of the Lower Unit
is also especially rich in mafic intercalations, possibly mark-
ing an extensional pulse that started the sedimentation of the
Upper Unit.

The mineralogy of the metabasic rocks is chiefly control-
led by metamorphic grade, without major influence of the
chemical compositional variation on the petrographic charac-
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Table 1 - Geographic and stratigraphic location of analysed samples, with brief petrographic description
Tabela 1 - Localização geográ fica e estratigrá fica das amostras analisadas e breve descrição petrográ fica

Figure 3 - Location of the analysed samples in the Passes
nappe.
Figura 3 - Localização das amostras analisadas na Nappe de Passos.

teristics. A brief description of the metamorphic mineralogy
of the analysed samples is presented in Table 1.

Sampling, analytical procedures and results
The map location of the samples is shown in Figure 3, with
UTM coordinates in Table 1. Analyses were performed at
Geosol-Geolab Division Laboratory, Brazil, through the fol-
lowing methods: Si, Al, Ti, Ca, Fetot, P and trace elements
were measured by X-ray fluorescence spectrophotometer;

Mn, Ca. Na, K and Mg by atomic absorption spectrophotome-
ter; Fe2+ by wet chemistry procedures; REE contents were
measured by fusion-ICP. Major and trace element composi-
tions are shown in Tables 2 to 4.

Chemical alteration effects Possible processes
which alter the original chemical composition of the mafic
rocks from the Passes nappe may include: water interaction
during magma crystallization; hydrothermal alteration; and
water income during progressive low grade metamorphism.
For the samples which attained amphibolite facies metamor-
phism (see Table 1), further dehydration must have occurred.
Chemical modifications were detected in a few samples,
through the binary correlation diagrams (Fig 5a, b) and by
criteria of Miyashiro (1975) and Mullen (1983). Sample AL-
MA-54 has anomalous composition and, with relation to
MgO, displays significantly high contents in Na2O, K2O,
P2O5, Zr, Rb, and Nb, with low CaO content. Samples I-59d
and I-119b show enrichment in NaaO and K2O, and Rb
mobilization. Depletion in Ba, Sr (CA-4-96) and Ce (CA-4-
96, CRC-4-8) were also detected. Nevertheless, these effects
are restricted to a few samples and acted selectively on the
mobile elements (Na2O, K2O, Rb Ba, Sr), not significantly
modifying the relatively immobile elements, especially TiO2,
P2O5, Zr, Nb, Y and the REE. Therefore, as discussed below,
the identification of compositional groups and inferences on
the tectonic setting of the mafic magmatism are focused on
the latter elements, which display fairly consistent trends in
the binary correlation (Figure 5), normalized (Figures 6, 7)
and tectonic discrimination diagrams (Figure 8).
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Table 2 - Major, trace and rare earth element contents of the high-TiO2 (> 2%) metabasic rocks from the Passos nappe, with
anhydrous average and standard deviaton (δn).
Tabela 2 - Teores de elementos maiores, traços e terras raras das rochas metabásicas de alto TiO2 (> 2%) da nappe de Passes, com média anidra e desvio padrão
(δn).
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Table 3 - Major, trace and rare-earth element contents of the low-TiO2 (< 2%) metabasic rocks from the Passos nappe, with
anhydrous average and standard deviaton (δn).
Tabela 3 - Teores de elementos maiores, traços e terras raras das rochas metabásicas de baixo TiO2 (< 2%) da nappe de Passos, com média anidra e desvio padrão
(δn).

104



Revista Brasileira de Geociencias, Volume 27,1997

Figure 4 - Chemical classification of metabasic rocks, (a) Le Bas et al. (1986). Compositional fields: A -basalt; B - basaltic
andesite; C - trachy-basalt; D -basaltic trachy-andesite. Dashed line indicates the alkaline-subalkaline boundary of Irvine &
Baragar (1971); (b) De la Roche et al. (1980). Compositional fields: 1 - picrite; 2 - alkali-basalt; 3 - olivine basalt; 4 -Tholeiite;
5 - lati-basalt; 6 - andesi-basalt; 7 -trachy-andesite; 8 - latite; 9 - lati-andesite; 10 -andesite; 11 - trachyte.
Figura 4 - Classificação química das rochas metabásicas.(a) Le Bas et al. (1986). Campos composicionais: A - basalto; B - andesito basáltico; C -traquibasalto;
D - traquiandesito basáltico. A linha pontilhada separa os campos de rochas alcalinas e subalcalinas de Irvine & Baragar (1971);(b) De la Roche et al. (1980).
Campos composicionais: 1 - picrito; 2 -alcali-basalto; 3 - olivinabasalto; 4 - toleito; 5 -lati-basalto; 6 - andesi-basalto; 7 - traqui-andesito; 8 -latito; 9 - lati-andesito;
10 - andesito; 11 - traquito.

Magma types and geochemical characteris-
tics On the basis of the Total alkalis x Silica diagram
(Figure 4a), the studied samples are classified as subalkaline
tholeiitic basalts (15) and basaltic andesites (2), with SiO2
ranging from 47 to 52 wt%, except for 3 basaltic trachy-
andesites, two of which are alkaline. An alternative classifi-
cation, the R1R2 diagram (De la Roche et al. 1980), is given
in Figure 4b. The MgO contents (Figure 5) range from 3 to 9
wt%, with a positive correlation with CaO, indicating a major
compositional control of plagioclase-clinopyroxene frac-
tional crystallization.

On the basis of major and trace element trends (Figure 5),
including REE (Figure 6), three compositional groups are
identified: high-TiO2 metabasalts (HTi), low-TiO2 meta-
basalts (LTi), and a third group represented by subordinated
MORB-like basalts (MLB). After a brief description of their
general compositional characteristics, the tectonic characteri-
zation and the implications of their stratigraphic distribution
are discussed below.

HIGH-TIO2 MAFIC ROCKS (HTI) The HTi group (10
samples) represents relatively the most evolved magmas,
with Mg# between 25 and 44 (Table 2), and marked enrich-
ment in Ti, Fe, P and also in Nb, Zr, Y and Ba. The chondrite-
normalized REE patterns (Figure 6a) are the most fraction-
ated, especially the light-REE, with LaN/SmN ranging from
2.0 to 2.9. A conspicuous negative Eu anomaly is observed
(average Eu/Eu* = 0.72). Low Mg# (below 44) and Ni con-
tents below 79 ppm (Table 2), and a positive correlation of
Al2O3 and CaO with MgO (Figure 5) indicate respectively
high rates of initial olivine fractionation, and plagioclase+cli-
nopyroxene fractional crystallization.

The REE pattern abundances and the MORB-normalized
multielemental diagram of Figure 7a point to the close simi-
larity of the HTi metabasalt compositions to basalts from

classical continental flood basalt (CFB) provinces (Cox
1978), such as the Jurassic Serra Geral formation, Parana
Basin (Bellieni et al. 1986), and the Recent Snake River plain
volcanics (Thompson et al. 1983), characteristically enriched
in LIL elements, with respect to MORE.

In the major element tectonic discrimination diagram of
Pearce et al. (1977) the sub-alkcaline samples with SiO2 >
51% plot in the continental field (Figure 8a). In the trace
element diagrams of Figure 8b to 8d, these samples plot
preferentially in the intraplate or MORE fields, a characteris-
tic displayed also by the classical examples of continental
mafic magmatism cited in the previous paragraph.

LOW-TiO2 MAFIC ROCKS (Ti) The LTi group (6
samples), in relation to the HTi, represents more primitive
magmas (Mg# 45-57, see Table 2), depleted in incompatible
elements, and with less fractionation of light-REE (LaN/SmN
between 1.4 and 2.6). A less pronounced negative Eu anom-
aly is also observed (average Eu/Eu* = 0.84).

Figure 7b shows that the LTi metabasalts have similar
compositions to other continental tholeiitic basalts from the
Paleoproterozoic (2.1-1.8 Ga.) mafic NW and ENE trending
dyke swarms of the Superior Province, Canada (Condie et al.
1987) and from the Cretaceous-Tertiary Deccan plateau, In-
dia (Thompson et al. 1983), for example. As the HTi, the LTi
group samples scatter in and around the intraplate and MORE
fields of the trace element tectonic discrimination diagrams of
Figure 8.

MORB-LIKE METABASALTS This group (4 samples)
represents the most primitive magmas (Mg# between 46 and
61, see Table 4), with higher Mg, Ca, Cr and V contents and
marked depletion of incompatible elements, especially Zr,
Nb, Rb and Sr. These samples display distinct flat REE
chondrite-normalized patterns (La/Lu 10-14). The REE con-
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Figure 5 - Binary diagrams discriminating HTi (closed circles); LTi (open circles); and MORB-like metabasalts (triangles).
Figura 5 - Diagramas biná rios discriminando metabasitos do tipo HTi (círculos pretos); LTi (círculos brancos); e do tipo MORE (triângulos).

tents (Table 4) are the lowest, with chondrite-normalized
abundances around 10 times chondrite contents (Figure 6c).
Marked depletion of light-REE (LaN/SmN between 0.80 and
0.97) and negative Eu anomalies (average Eu/Eu* = 0.79) are
observed. In this group, a negative correlation of Al2O3 a and
MgO (Figure 5) suggests that fractional crystallization of
plagioclase did not substantially occur during magmatic dif-
ferentiation.

The multi-elemental MORB-normalized diagram (Fig. 7c)
and the tectonic discrimination diagrams (Figure 8) show that

the MORB-like metabasalts have compositions more compa-
rable with those of modern E-MORB (Humphris et al. 1985).
In terms of tectonic setting, this is interpreted as magmatic
contribution from Depleted Mantle source, possibly astheno-
spheric. For example, Figure 7c and also Table 5 show the
remarkable similarity of these MORB-like metabasalts with
an average of 5 samples of E-MORB like (REE-depleted)
basalts from the Paraná volcanics (Marques 1988), which are
clearly continental.
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Table 4 - Major, trace and rare-earth element contents of the
MORB-like metabasic rocks from the Passos nappe, with
anhydrous average and standard deviaton (δn).
Tabela 4 - Teores de elementos maiores, traços e terras raras das rochas
metabásicas do tipo MORB da nappe de Passos, com média anidra e desvio
padrão (δn).

Figure 6 - Chondrite-normalized REE patterns for HTi (a),
LTi (b) and MORB-like basalts (c). Normalization values
from Sun (1982).
Figura 6 - Padroes de ETR para os metabasitos do tipo HTi (a), LTi (b) e
MORB (c). Valores de normalização segundo Sun (1982).

DISCUSSION The distribution of samples from the 3
discriminated groups within the stratigraphic succession of
the Passes nappe draws important inferences on the tectonic
setting of the former post-1.8 Ga. sedimentary basin (Figure
9). The HTi group samples are concentrated in the lower
section, but occur along the whole stratigraphic column; the
LTi samples occur in the lower portion; and the MORB-like
samples were found only in the upper portion of the strati-
graphic pile. A similar distribution of typical continental and
MORB-like mafic magmatism is reported by Gongalves &
Figueiredo (1992) and by Paciullo (1992) in the Andrelândia
Group, a Proterozoic metasedimentary unit exposed at the
southern border of the São Francisco craton, and considered
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Figure 7 - MORB-normalized multi-elemental diagrams
(Pearce 1983) for comparison of the averages of the three
basalt types from the Passos nappe, with representative
examples from other continental basalt provinces.
Figura 7 - Diagramas multielementares normalizados pelo MORB (Pearce
1983), comparando as médias dos tres tipos de basaltos da Nappe de Passos
com exemplos representatives de outras províncias continentais.

by Trouw et al. (1984) and Machado et al. (1983) as correla-
tive to the Araxá Group.

The study of interactions between asthenosphere and sub-
continental lithospheric mantle (SCLM) has identified
several similar examples of the progressive influence of
Depleted Mantle-derived magmatism, with continued li-
thospheric extension and plume rise, associated to CFB prov-
inces or continental rifts. For example, Rocholl et al. (1995),
based on element and isotope geochemistry, report a progres-
sive rise and partial melting of asthenospheric Depleted
Mantle source, in the Neogene-Quaternary Ross Sea rift
(Antarctica), yielding MORB type magmas, as continental
lithospheric extension and thinning evolved. The enriched

Table 5 - Comparison of (a) the average of the 4 MORB-like
samples from the Passos nappe with (b) the average of 5
samples of basalts with similar flat REE pattern from the
Parana CFB (Marques 1988).
Tabela 5 - Comparação entre: a) média de 4 amostras de basaltos tipo MORB
da Nappe de Passos com b) média de 5 amostras de basaltos da Bacia do
Paraná (Marques 1988) com padrões de ETR similares.

mantle source produced the more typical continental magma-
tism in the initial stages of rifting. This process is more likely
to occur in the more mature rifts, where adiabatic decompres-
sion and melting of depleted (and more refractory) astheno-
sphere requires some degree of SCLM thinning and erosion.
In embryonary rifts, such as the Afar (Vidal et al. 1991), the
involvement of asthenospheric Depleted Mantle is very sub-
ordinated or absent.

CONCLUSIONS Three compositional types of mafic
magmatism (high-TiO2, low-TiO2 and MORB-like meta-
basic rocks) are identified within the Passes nappe. It is not
clear from field relationships whether magmatism took place
during or after sedimentation, but microstructural features
indicate that their magmatic crystallization was achieved be-
fore compressional deformation.

The observed distribution of magma types favors the hy-
pothesis of sin-depositional magmatism and indicates that the
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a> FeO*

Figure 8 - Tectonic discrimination diagrams for the HTi (closed circles), LTi (open circles) and MORB-like samples (triangles).
Figura 8 - Diagramas de discriminação tectônica para as amostras do tipo HTi (círculos pretos), LTi (círculos brancos) e MORB (triângulos).

Figure 9 - Schematic distribution of the magma types along
the stratigraphy of the Passos nappe.
Figura 9 - Distribuição dos tipos de metabasitos ao longo da estratigrafia da
nappe de Passos.

initial sedimentation of the Passos nappe metasediments
(Lower Unit) was related to continental extension processes
in association with CFB-type magmatism (HTi and LTi
types), which continued along the rest of the preserved sedi-
mentary record. During the sedimentation of the Upper Unit
of the Passos nappe, in which relatively deeper marine condi-
tions were probably established, MORB-like magmas were
generated, probably related to more severe lithospheric exten-
sion and thinning. However, the persistence of continental
magmatism in this stage is an indication that the generation of
oceanic floor was not achieved during lithospheric thinning
in the southern segment of the Brasilia belt. This interpreta-
tion suggests that the continental extension event responsible
for the sedimentation of the Araxá Group and correlative
units around the São Francisco craton could have led to varied
degrees of continental fragmentation: more to the north, in
Goiás state, oceanic petrotectonic associations were produced
(Strieder & Nilson 1992); more to the south, in the Passos
nappe area, this event achieved only continental extension
associated with deep marine environment, but without indica-
tions of true oceanic-floor generation.
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