
  

CONSTRAINTS FROM GRANITIC PLUTONISM ON PROTEROZOIC CRUSTAL
GROWTH OF THE TRANSVERSE ZONE, BORBOREMA PROVINCE, NE BRAZIL

EDILTON J. SANTOS & VLADIMIR C. MEDEIROS

RESUMO EVIDÊNCIAS DE ACRESÇÃO CRUSTAL PROTEROZÓICA A PARTIR DE PLUTONISMO GRANÍTICO NA ZONA
TRANSVERSAL DA PROVÍNCIA BORBOREMA, NORDESTE DO BRASIL O domínio da zona transversal na Província Borborema
compreεNde um mosaIcó de terrenos situado entre os lineamentos Patos e Pernambuco, os quais foram justapostos através de dois ciclos
orogênIcós, um mais antigo, de idade Grenville, chamado de Cariris Velhos (1,1-0,95 Ga), e outro mais jovem, de idade Panafricana-Brasiliana
(0,75-0,54 Ga). São compostos por terrenos de idades Meso e Neoproterozóica, denominados de Piancó-Alto Brígida (TPB), Alto Pajeú (TAP),
Alto Moxotó (TAM) e Rio Capibaribe (TRC), nos quais desenvolveu-se um plutonismo granítico notável, coerente com a repartição dos terrenos.
O plutonismo Cariris Velhos é associado a uma tectônica de escamas, sendo ausente ou desconhecido no TPB, mas abundante no TAP, que
possui características de \\mfold-thrust belt, e no TAM, numa ambiência de arco magmátIcó; granitóides deste ciclo, provavelmente, também
ocorrem no TRC. Observa-se uma ausência de granitos brasilianos no TAM, ao passo que o limite TAP-TAM é isento de intrusivas shoshoníticas
e ultrapotássicas, que são comuns nos demais limites de terrenos. Os granitos crustais colisionais Cariris Velhos do TAP contrastam com os
granitos leucocrátIcós e trondhjemitos pouco evoluídos do TAM, enquanto que um plutonismo gabro-anortosítIcó e álcali-granítico paleo e
mesoproterozóIcó parece ser restrito ao TAM e TRC. A ocorrência de rochas máfícas e ultramáficas juvenis, assim como a assinatura geoquímica
e isotópica εNd de rochas vulcânicas e granitos no TAP, TAM e TRC indicam que processos acrescionários desempenharam um papel importante
em certos setores dos terrenos gerados durante o ciclo Cariris Velhos. Entretanto, a atividade granítica brasiliana foi muito mais volumosa, tεNdo
desenvolvido possantes cordilheiras graníticas ao longo e nos limites dos terrenos. Uma super-suite calcio-alcalina nornjal e com alto K e uma
suite trondhjemítica são características do TPB, podεNdo representar um trend evolutivo semelhante ao da série calcio-alcalina-trondhjemítica
do SW da Finlândia. O ramo com alto K desta super-suite é bastante espalhado no TAP e TRC, sendo algumas vezes associado a granitos
leucocrátIcós peraluminosos. Zircões supostamente herdados com 750 Ma foram registrados em um plúton do TAP, sugerindo tratar-se da idade
dos magmas máfIcós shoshonítIcós precursores. Os granitos desta super-suite foram colocados no intervalo entre 620 e 630 Ma e, com exceção
da suite calcio-alcalina rica em K, possuem razão moderada 87Sr/86Sr e valor negativo baixo de εNd, indicando tratar-se de magmas híbridos
com componentes derivados do manto e crosta. A super-suite peralcalina ultrapotássica e shoshonítica (tardicinemática) ocorre
caracteristicamente ao longo e adjacente à algumas zonas de cisalhamento que separam os terrenos, sendo aquela no limite TPB/TAP a mais
imponente cordilheira granítica deste pulso. Dados da literatura indicam uma idade de colocação em torno de 566 Ma, idades modelos Nd (IDM)
em torno de 2.0 Ga e valores negativos altos de εNd, sugerindo uma fonte mantélica acamadada enriquecida (Transamazônica), realçada
metassomaticamente durante a orogênese Cariris Velhos. O último grande pulso granítico ocorreu por volta de 512 Ma, sendo representado pela
suite granítica tipo A pós-cinemática, que se desenvolveu nas proximidades do limite TAP/TAM. Esta suite é subalcalina à levemente alcalina
e possui padrões geoquímIcós de granitos anorogênicos. O plutonismo granítico brasiliano é relacionado a um regime extensional e transtensional,
implicando mais em processos de dispersão translacional, do que de substanciais processos acrescionários.
Palavras-chave: Granitos, terrenos, acresção crustal, zona transversal, Província Borborema.
ABSTRACT The transverse zone in Borborema Province is a mosaic of terranes situated between the Patos and Pernambuco lineaments,
which were assembled through two orogenic cycles: an early, Grenville age, the Cariris Velhos event (from 1.1 to 0.95 Ga) and a later Brasiliano
event (from 0.75 to 0.54 Ga). It is composed by Meso- and Neoproterozoic terranes, viz. Piancó-Alto Brígida (PBT), Alto Pajeú (APT), Alto
Moxoto (AMT) and Rio Capibaribe (RCT), where the granitic plutonism is a noteworthy phenomenon and presents a pattern coherent with the
terrane arrangement. The Cariris Velhos plutonism is controlled by a flake tectonics regime. It is absent or unknown in PBT, but abundant in the
fold-and-thrust APT, in the arc-related AMT, and also probably occurs in RCT. No Brasiliano-age granite occurs in AMT, the APT/AMT limit
lacking late-kinematic shoshonitic and ultrapotassic granites and syenites that are typical of other terrane boundaries in the region. The Cariris
Velhos crustal collisional granites of the APT contrasts with the little evolved granites and trondhjemites of the AMT, while Paleoproterozoic
and Mesoproterozoic gabbro-anorthositic and alkali-granitic intrusions are probably restricted to AMT and RCT. The occurrence of juvenile
mafic-ultramafic rocks and geochemical and isotopic data, especially εNd signatures of volcanic rocks and granites in APT, AMT and RCT,
indicate that accretionary processes indeed had an important role in segments of the Cariris Velhos belts. The Brasiliano-age granitic activity
was a much more voluminous phenomenon, having developed major plutonic belts in the terranes and along their boundaries. A high-K to normal
calc-alkalic super-suite and a trondhjemitic suite are characteristic in the PBT and can represent an evolutionary trend similar to the
calc-alkalic-trondhjemitic series of SW Finland. The high-K branch of this super-suite is widespread in APT and RCT, sometimes associated
with peraluminous leucocratic granites. Probable inherited zircons with ca.750 Ma age in APT plutons suggest that this is the age of the precursor
shoshonitic mafic magmas of this K-rich calc-alkalic suite. Data from the literature indicate taht these granites were emplaced in the 630-620
Ma age interval and, with exception of the high-K calc-alkalic suite, contain moderate initial 87Sr/86Sr ratio and low negative εNd, indicating a
hybrid crustal and mantle-derived source. The late-kinematic peralkalic ultrapotassic and shoshonitic super-suite occurs characteristically along
and adjacent to transtensional shear zones separating some terranes, the biggest plutonic belt marking the PBT/APT limit. Data from the literature
points to 566 Ma as the age of emplacement of the ultrapotassic suite. The latest major granitic pulse (512 Ma) is the post-kinematic A-type
granite suite occurring in the APT/AMT boundary. This suite is subalkalic to slightly alkalic and presents geochemical patterns similar to
anorogenic granites. The Brasiliano-age granitic plutonism is related to an extensional and transtensional regime, rather implying in strike-slip
dispersion than substantial accretionary processes.
Keywords: Granites, terranes, crustal growth, transverse zone, Borborema Province.

TRANSVERSE ZONE: TERRANE ARRANGEMENT, GRA-
NITIC SUITES AND SUPER-SUITES The Borborema Prov-
ince (NE Brazil) is a mosaic of microplates and fold belts that spread
between the Congo/Kasai-São Francisco and São Luís-West Africa
cratons (Brito Neves & Cordani 1991, Jardim de Sá 1994, Trompette
1994). Tectonic models have in common the Brasiliano/Pan-African
age of the main deformation and metamorphism but differ on the age
of deposition and volcanism.

Recent investigations in the south of the Patos lineament strongly
suggest mechanisms of accretion and dispersion of tectonostrati-
graphic terranes operating in two major cycles (Santos et al. 1995,
1996, Brito Neves et al. 1995, Van Schmus et al. 1995, Jardim de Sá
et al 1992,1997): an earlier, of Grenville-age, the Cariris Velhos cycle
(1.1 -0.95 Ga) and a later, the Brasiliano cycle (0.75-0.54 Ga). Border-
ing the northern edge of the São Francisco craton (CSF) occur two fold
and thrust belts, the Riacho do Pontal and the Sergipano belts, repre-
senting the External domain, partially underlined by cratonic basement

rocks (Fig. 1). In both belts probable sutures are documented by
sequences with geochemical signatures similar to oceanic and arc
materials (Jardim de Sá et al. 1992, Jardim de Sá 1994), which mark
the transition for domains of displaced terranes of the internal zone of
the orogen. Masses of Cariris Velhos migmatites and granites were
thrusted against these belts in the Brasiliano cycle forming a huge
granite and high grade gneiss massif, that is known as the Pernambuco-
Alagoas terrane (PAT).

Domains at the northern of the Pernambuco Lineament represent a
collage of displaced terranes dispersed by the strike-slip-dominant
Brasiliano orogenesis, involving an anastomosing system of dextral
and sinistral shear zones (Jardim de Sá 1994), that result in a regional
dextral movement of the terranes en échelon. The domains to the north
of the Patos Lineament involve mainly alternating reworked early
Precambrian blocks and ensialic Meso- and Neoproterozoic belts
(Fetter et al. 1997, Jardim deSá et al 1997). In this part of the Province,
the Rio Grande do Norte, Cearense and Médio Coreaú (NW Ceará)
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domains were juxtaposed each other by Neoproterozoic transcurrent
shear zones. Accretion phenomena were documented mostly in the
Cariris Velhos internal terranes of the transverse zone (Santos 1995).
In the transverse zone we can distinguish a gneissic-migmatitic
terrane in the northwestern region, and accretionary and collisional
Meso- to Neoproterozoic terranes at the southeastern region (Campos
Neto et al. 1994, Van Schmus et al. 1995, Santos & Medeiros 1997,
Kozuch et al. 1997). These terranes are referred to as Piancó-Alto
Brfgida (Cachoeirinha-Salgueiro belt) (PBT), Alto Pajeú (APT), Alto
Moxoto (AMT) and Rio Capibaribe (RCT) terranes (Fig. 1). In par-
ticular the granitic plutonism reveals contrasts that reinforce this
terrane characterization (Ferreira et al. 1997a), that have also been
recorded in other erogenic belts in the World (Barr 1990; Boriani et
al. 1995). There are abundant data on the Neoproterozoic granites of
PBT and APT but fewer on others terranes. Studies on the Mesopro-
terozoic granites are more limited and only recently petrographic and
geochemical data have been added (Santos 1995, Sá et al. 1997).

ExtεNding earlier geochemical review on granitic plutonism of the
Transverse Zone (Medeiros 1995a), the present paper investigates
possible relationships among the multiple associations described in
this region, aiming at the recognition of a coherent genetic and tectonic
framework. Geochemical and isotopic contrasts between granitoids of
different terranes in the transverse zone are discussed attempting to
clarify the relationship between granite formation, terrane collage and
crustal growth of this part of the Province. The granites, particularly
those of Brasiliano-age in the transverse zone, constitute arrays of
simple and multiple intrusions and dikes trending linearly in northeast-
southwest direction assembled into major plutonic complexes, in
which we believe the pulses and surges can be related genetically.
Using field relations, the tectonic framework and the available petro-
logic and geochronological data we propose a subdivision of the
granite types in suites and super-suites (or units and super-units),
including both Cariris Velhos and Brasiliano granitoids.

According to Pitcher (1985 p.93) in batholiths or batholithic com-
plexes (as the Cordilleran batholiths in North and South America),
"despite the great number of separate intrusions and the wide range
of lithologies there is a simple overall pattern wherein the intrusion
mechanism remains constant over the entire length of the batholith,
and the constituent rocks reduce to a small number of natural compo-
sitional units". In other words (Pitcher 1993), the granitic rocks group
naturally into well defined consanguineous rock suites, each with its
own identity as defined in terms of chronology, modal and chemical
composition, textures, enclave population and dike swarm association.
The regional distribution of these complexes has been described in
terms of super-unit, super-suite, sequence or intrusive suite by several
authors, each of the rock units making up a super-suite having a
intrusive contact, so representing distinct and separate surge or pulse
of magma. "Clearly the recognition of such super-suites is crucial to
granite studies because it allows the identification and mapping of
granites representing discrete batches of magma, each of which is
likely to be unique in both origin and subsequent evolution" (Pitcher
1993,p.l08).

BRASILIANO GRANITIC SUITES AND SUPER-SUITE OF
THE PIANCÓ-ALTO BRIGIDA TERRANE (PBT) The PBT
composite terrane has evolved by accretion of three minor terranes: a
Mesoproterozoic continental intraplate volcano-sedimentary terrane
(Riacho Gravata complex); a Mesoproterozoic arc volcano-sedimen-
tary terrane (Poço dos Cachorros complex) and a Neoproterozoic
turbiditic-dominant terrane (Cachoeirinha-Olhos d'Água complex)
(Campos Neto et al. 1994, Lima et al. 1996, Santos & Medeiros 1997,
Kozuch 1997). Concealed Cariris Velhos shear zones separate the
Mesoproterozoic terranes, while a Brasiliano transpressional,shear belt
limits both these terranes with the Cachoeirinha-Olhos d'Água belt.
Cariris Velhos granites are not known in PBT, but orthogneiss blocks
interlayered in the southern region of the PBT can be of this age.
Important deep crus'tal shear zones, the Patos and Fernandes Vieira
shear zones, mark the boundaries of the PBT. The Neoproterozoic
granites of the PBT are the best studied of the Borborema Province
(Almeida et al. 1971, Sial 1986, Mariano & Sial 1988, Ferreira 1991,
SilvaFilho et al. 1993, Ferreira et al. 1994 among others). The present
interpretation considers the granite types described by these authors as
related to three chemically distinct plutonic series, including a normal
to high-K calc-alkalic super-suite and a trondhjemitic suite. In addition,
minor plutons of silica oversaturated potassic alkali-feldspar granites
(Almeida et al. 1971, Ferreira & Sial 1986)), here referred to as
Catingueira suite, occur as elongated stocks and dikes along the Patos

lineament as well as being discrete intrusions and ring dikes in south-
western part of the belt.

The first super-suite is comprised of a 350 km-long plutonic belt,
occurring as two parallel trends, a high-K calc-alkalic porphyritic
Itaporanga suite in the northeastern part of the belt and a calc-alkalic
epidote-bearing Concei9§o suite in the southeastern one (Fig. 1). The
Itaporanga suite encompasses large apparently tabular composite
batholiths, formed by a dominant porphyritic granite to quartz mon-
zonite association that it is often accompanied by an early- to syn-plu-
tonic basic dominantly K-rich diorite and an intermediate equigranular
granitic association (Mariano & Sial 1993). The mineralogical phases
of all associations are similar. The porphyritic rocks are composed of
orthoclase megacrysts inverted to microcline by cooling, plagioclase,
biotite, amphibole, sphene, allanite, apatite and zircon. The intermedi-
ate to mafic rocks present more calcic plagioclase and additionally
clinopyroxene, partially replaced by hornblende, and stubby to acicular
apatite.

The Conceição suite extεNds as a myriad of small batholiths and
stocks intruding Meso and Neoproterozoic supracrustal rocks along
the extension of the PBT. Its mineralogy (Sial 1987; Sial 1993)
includes amphibole, biotite, the omnipresent primary epidote and rare
clinopyroxene, being a noteworthy phenomenon the absence of iron-
ore minerals. Its composition varies from dominantly peraluminous
tonalites to granodiorites. Rounded elongated quartz diorite enclaves
are ubiquitous, occurring as enclave trains, sometimes resembling a
breccia-like pattern. They are composed by plagioclase, abundant
biotite and Ca-amphibole, quartz, sphene, apatite and some epidote.
Tourmaline and milky quartz lumps are found within the enclaves in
some plutons, the latter occurring also in host tonalites and grano-
diorites. Amphibolite inclusions are observed either as deep green
amphibole aggregates or as fine-grained amphibolite xenoliths, some-
times forming double enclaves within the dioritic autoliths. These
amphibolite inclusions show chemistry and O-isotopic signatures, P
and T ranges compatible with the characteristics for weathered ocean
floor basalt as the source for the magmatic-epidote-bearing calc-alkalic
granitoids, according to Sial (1993).

Medeiros (1995a), on the basis of whole-rock chemical data taken
from the literature, emphasized the distinct calc-alkalic field of the
Conceicao suite in the multicationic R1R2 diagram, as they have low
content of alkalis, Ba, Sr and low Ba/Rb ratio as compared to the other
suites of the PBT. The Itaporanga suite is compositionally heterogene-
ous and broadly corresponds to a high-K calc-alkalic series. However,
the overall geochemical pattern, including ORG-normalized spider-
grams and chondrite-normalized REE diagrams of both Itaporanga and
Conceicao suites are similar, as can be visualized in the Figs. 2 and 3.
These suites show high LILE enrichment and negative Nb anomalies,
as is commonly observed in the calc-alkalic series of active continental
margins. Their REE chondrite-normalized patterns are also similar,
showing moderate LREE to HREE fractionation and a discrete nega-
tive Eu anomaly.

The Serrita suite occurs strictly in the southwestern part of the
terrane, in a zone of higher metamorphic grade and adjacent to a
Transamazonian basement block (the Icaigara block, Medeiros et al.
1993; Santos 1996; Sial et al., 1981). It is composed of amphibole and
amphibole-biotite leucogranodiorites and leucogranites with a
trondhjemitic affinity. Quartz, plagioclase and microcline represent
more than 90% of the bulk composition, also occurring biotite, minor
amphibole, besides titanite, zircon, apatite, magmatic epidote and rare
iron ore as accessory minerals (Neves 1987; Sial et al. 1981). They
correspond to a high alumina suite that is typical of continental asso-
ciations (Barker 1979). Their trace element and REE patterns are
unique in transverse zone (Figs. 2 and 3) and show a characteristic
pattern LILE-enriched (chiefly Ba) and strongly depleted in Y and
HREE. In Rb vs. (Y + Nb) diagram (Pearce et al 1984) the Serrita suite
plots predominantly in the volcanic arc granites field (VAG) (Fig. 2).
However, Neves (1987) considers that the trace element pattern of this
suite reflects the composition of a dominant cumulative process, being
inconsistent to any conclusions about its tectonic setting.

The potassic oversaturated alkali-feldspar granitic Catingueira suite
is of a late erogenic pulse, probably of same age as the peralkalic of
ultrapotassic suite of the PBT-APT boundary described in the next
section. The largest intrusion is the Catingueira pluton, which is
compositionally a quartz-alkali feldspar syenite with aegirine-augite
and blue amphibole (Ferreira & Sial 1986). In the Serrita trondhjemitic
granite stock occurs later intrusions of aegirine-augite ± richterite
peralkalic granites and syenites containing minor amounts of magnetite
and fluorite (Neves 1987, Ferreira & Sial 1986). This suite shows a
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Figure 1. Schematic map of the terranes and Brasiliano-age granitoids of the Transverse Zone, northeastern Brazil. Domains adapted from
Santos (1996). Stippled = Phanerozoic covers; black = Brasiliano-age granitoides; crosses = Carirís Velhos-age granitoids; Xs = anorogenic
post-Transamazonian plutonic rocks. The NeoProterozoic suites are from Sial (1987), Sial & Ferreira (1988, 1990), except for the post-oro-
genic/A-type, which are from Melo et al. (1995), and this work.

similar range of silica as in the Catingueira suite (around 70%) and a
major element distribution similar to the Serrita suite, except in its
peralkalic character (related to a higher content of total alkalis and a
lesser amount of alumina) and a lesser content of FeOT. The ORG-nor-
malized spidergrams of both associations are also similar (Fig. 2), but
the rare earth elements diagram of the Serrita suite is peculiar, because
it is strongly depleted in HREE (Fig. 3). The Nd isotopic evolution of
the Catingueira suite is similar to that peralkalic ultrapotassic suite of
the PBT-APT boundary (Fig. 4).

There is no U-Pb isotopic data for the suites described above. Rb-Sr
isochronic data indicate ages of 633 to 620 Ma for the normal to high-K
calc-alkalic super-suite (Sial et al. 1989, Sial 1993) and 557 Ma for
the trondhjemitic granite suite (Silva Filho et al. 1993). This last data
is inconsistent with the age normally indicated for the peralkalic
ultrapotassic super-suite (around 566 Ma, according to Ferreira et al.
1997b), that cut the suite of trondhjemitic affinity. There is no field
evidence of relative ages between the calc-alkalic suite and those of
trondhjemitic affinity, but the latter appears to be a late-kinematic
pulse, suggesting a local sodium enrichment with the time for the
Brasiliano-age plutonism. Then the age of emplacement of the suite of
trondhjemitic affinity must be between 630 and 566 Ma.

Some lines of evidence support a consanguineous relationship
between the normal and high-K calc-alkalic suites, such as similar
incompatible element patterns. The high-K calc-alkalic suite is a
common series in post-Archean terranes and often occurs in plutons
and batholiths associated to other calc-alkalic series (Roberts & Cle-
mens 1993). McMurry et al. (1987) and Mariano & Sial (1988) have
described evidence of mixing and mingling of mafic and felsic por-

phyritic components in the high K-calc-alkalic suite. Isotopic signa-
tures, including oxygen and Nd isotopes, however, do not support a
cogenetic relationships between the two suites. Oxygen and strontium
isotopic signatures are in agreement with the possibility of a hydrated
metabasaltic source for the calc-alkalic suite as pointed by Sial (1993).
Additional incorporation of aluminous metasedimentary rock, as im-
plied by high δ18O, can explain the high peraluminosity observed in
the majority of Conceicao suite plutons. Both suites present moderate
87Sr/86Sr initial ratio (0.706 to 0.707), but distinct εNd values, from
-1.2 to -2.0, in the calc-alkalic, and -9 in high-K calc-alkalic suites
(Van Schmus et al. 1995) (Fig. 4). These data are consistent with
Roberts & Clemens (1993) model, in which high-K calc-alkalic I-type
granites originated by partial melting of older met algneous rocks.
According to these authors, metabasaltic rocks are unsuitable as
sources, because of their low K2O content. These source materials
could have been derived from enriched subcontinental lithospheric
mantle. Depending on the time elapsed and the process operating
between a protolith separation from the mantle and its subsequent
fusion, the granitoid magma would appear to have a more or less direct
mantle connection in its isotopic signature.

This conclusion, perhaps, is suitable for high K-calc-alkalic suite
of PBT since the granitoids are hosted by essentially sedimentary
Neoproterozoic and older rocks, but does not apply to the calc-alkalic
suite, as it had a metabasaltic source, as demonstrated by Sial (1993).
Moreover the protoliths, as indicated by tDM Nd model ages, are at least
of Mesoproterozoic ages. The tectonic regional control of emplace-
ment (Jardim de Sá 1994) and absence of a subduction zone pattern for
the Brasiliano-age plutonism are also consistent with this model. High
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pressure dehydration melting experiments of crustal rocks performed
by Skjerlie & Jonhston (1996) indicate that rocks containing both
biotite and amphibole could potentially to produce magmas of different
composition through dehydration-melting at different temperatures. If
biotite goes through melting before amphibole, and if melt extraction
is effective, early potassic granitoid magma could be followed at higher
temperature by granodioritic-tonalitic magmas when amphibole un-
dergoes dehydration melting.

In this environment would occurs a setting of mantle-crust source
interaction recently described by Pearce (1996) as MASH (magma,
assimilation, segregation, homogenization) zone. According to this
author, a process of injection of mantle-derived magma into the hot
crust base would produce a complex mixture of basic magma (from
mantle melting), acid magma (by crustal fusion) together with basic
magma crystallization products and crustal melting residues. The
product would may range from evolve basalt to dacite in composition,
a homogeneous melt emerging eventually from the blεNding of mantle-
and crust-derived magmas.

THE LATE-OROGENIC BRASILIANO SUPER-SUITE OF
THE PBT-APT BOUNDARY The PBT-APT boundary is marked
by a complex system of shear zones that are originally Cariris Velhos
thrusts truncated or reworked by Brasiliano transcurrent shears. The
Mesoproterozoic movements along these shear zones shows a trans-
port sense in the northwesterly direction, which placed the middle to
high grade APT overthrusted against the low grade PBT. Early Pro-
terozoic blocks uplifted along this zone and a back thrusted infracrustal
block emplaced inside the PBT (the Piancó nappe, according to Cam-
pos Neto et al. 1994) are typical structural features of this event.
However the more evident structures are of Brasiliano age, such the
Fernandes Vieira shear zone (Santos et al. 1997), that comprises of a
2 to 5 km of thickness of mylonitic rocks separating the greater part of
two terranes. A system of anastomosing E-W dextral and NE-SW
sinistral mylonitic zones reflect the major tectonic model observed in
whole the transverse zone.

Large bodies of Cariris Velhos-age granites occur in the hanging
wall of the main Mesoproterozoic thrust, as well as restricted Serrita-
type granitic intrusions. However, the most prominent feature of this
boundary is a 300 km-long ridge of late orogenic Brasiliano-age
syenites and granites, which was called the "syenitoid line" by Sial
(1986) and Ferreira & Sial (1986). Actually the "syenitoid line" is the
locus of a thermal zone, comprising an axial trend of elongated
batholiths laterally sided by satellite intrusions, megadikes and dike
sets, that cut the adjoining region in both the PBT and the APT. This
plutonic association shows characteristics of mantle-derived magmas,
as will be viewed later on, indicating that the shear system has
penetrated very deeply into the lithosphere, these representing an
important crustal boundary of the transverse zone.

Ultrapotassic and shoshonitic characteristics of this ridge have been
identified in the plutonic rocks by several authors (Sial 1986; Ferreira
& Sial 1986; Ferreira 1991; Ferreira et al. 1994, 1997a,b; Silva Filho
et al. 1993), which were described recently as peralkalic-ultrapotassic
and epidote-bearing shoshonitic associations by Sial et al. (1997). The
similarity of composition, geochemical, isotopic, geochronological
nature and tectonic setting can be ascribed in terms of a peralkalic-ul-
trapotassic and shoshonitic super-suite.

The peralkalic ultrapotassic branch of this super-suite consists of
two groups, a silica over-saturated potassic alkali-feldspar granites,
already described in the previous section, and a silica-saturated ul-
trapotassic alkali-feldspar syenites to alkali-feldspar granites (Ferreira
et al. 1994). Mainly rocks of the silica-saturated group form the
syenitoid line. The alkali-feldspar syenite of the Triunfo batholith
(Ferreira et al. 1992; 1994; 1995) consists of perthitic microcline and
aegirine-augite as main phases, and sphene, apatite, quartz and occa-
sional magnetite, and richterite as accessories. Alkalic pyroxenite is
found as inclusions, syn-plutonic and late-stage dikes, and contains the
same mineralogical phases of the syenite in different proportions. Mica
pyroxenite xenoliths are composed of diopside-salite, with subordinate
F-rich phlogopite, calcite, hyalophane, sphene, apatite and traces of
barite. They have been regarded as fragments that were detached from
the lithospheric mantle source of these magmas. Field observations,
including the occurrence of rare inclusions of a "mixed" rock (about
60% syenite + 40% pyroxenite in an emulsion-like texture), and
geochemical data, indicate chemical equilibrium among the three units
and suggest liquid immiscibility between syenite and pyroxenite, the
mixed rock representing the magma composition before splitting
(Ferreira et al. 1994).

Higher K2O and lesser A12O3 and Na2O than the calc-alkalic super-
suite and trondhjemitic-granitic suites characterize the major element
pattern of the ultrapotassic Triunfo suite. All units have an overall
enrichment in incompatible elements, with negative anomalies in Nb,
Sr, P and Ti in mantle-normalized trace element variation diagram. In
the ORG-normalized diagram (Fig. 2) they are LILE-enriched, Ta and
Nb (HFS)-depleted and presents an expressive negative Zr anomaly
and similar REE chondrite-normalized pattern without Eu anomaly
(Fig. 3).

The shoshonitic Teixeira granite was described by Medeiros
(1995b) as an association of leucocratic amphibole granites and quartz
monzonites, including a facies of biotite leucogranites, with shoshoni-
tic affinities. It is LILE-enriched and shows a distinct positive anomaly
of Ba. Both the peralkalic ultrapotassic and shoshonitic suites present
somewhat similar REE patterns, the shoshonitic suite showing an over-
all higher REE content and a higher depletion in LREE than the ultra-
potassic suite (Fig. 3). The ultrapotassic syenites plot dominantly in
the UCM field, with a few samples scattered into V AG and WPG fields
while the shoshonitic granites define a distinct VAG affinity (Fig. 2).

The Rb-Sr isochronic age of the Triunfo batholith is about 566 Ma
and its tDM Nd model ages is the oldest of all granites from the
transverse zone (1.9 to 2.4 Ga) (Ferreira et al. 1997). The tDM Nd model
ages of the peralkalic-ultrapotassic-shoshonitic super-suite ranges
from 1.8 to 2.4 Ga and εNd from -13.5 to -16.4. (Ferreira 1991, Van
Schmus et al. 1995, Ferreira et al. 1997a), thought as consequence of
a former enriched mantle-derived source reach deep along these border
shear zones (Ferreira 1991) (Fig. 4).

GRENVILLE- AND BRASILIANO-AGES COMPOSITE
BATHOLITHS AND POST-OROGENIC GRANITES OF THE
ALTO PAJEÚ TERRANE (APT) The APT is comprised mainly
a Mesoproterozoic greywacke-volcanoclastic terrane (São Caetano
Complex, Santos et al. 1997), possibly of a continental arc environ-
ment, accreted to minor Neoproterozoic volcanic arc or back-arc
sequence (Irajaí Complex, Wanderley et al. 1992). The Mesoprotero-
zoic terrane includes tholeiitic mafic-ultramafic slices and abundant
Cariris Velhos (Grenville-age) crustal collisional granites, the Riacho
do Forno and Recanto suites (Santos 1995), which are well preserved
as stacked sheet intrusive granitoids in a typical fold and thrust belt.
The APT-AMT boundary, firstly named of "median line" by Santos &
Brito Neves (1993), is a big orthogneiss-migmatitic nappe of the Cariris
Velhos cycle reworked by transpressive shears of the Brasiliano oro-
geny. Therefore they are upper crustal melts that are common in
thickened collisional orogens (Windley 1992). The Irajaí Complex
appears to be preserved as Neoproterozoic klippes above Mesoprotero-
zoic supracrustal rocks and are associated to transpressive movements
of the NE-SW Brasiliano shear zones.

The dominant facies of the Cariris Velhos plutonism are peralumi-
nous muscovite-bearing migmatites and augen metagranitoids, which
occur generally as intrusive sheets stacked along thrust surfaces of the
collisional episode of this orogenic event. The Recanto metagranitoids
show an augen structure and a compositional range restricted to the
monzogranitic field. The mafic minerals, biotite and muscovite, are of
up to 10%, and the accessory minerals are garnet, titanite, apatite,
allanite, zircon and rare sillimanite. The Riacho do Forno migmatites
and leucogranites are more leucocratic (less of 5% of micas and acces-
sory minerals) and more muscovite-rich than the Recanto one, exhibit-
ing a typical migmatitic structure, of stromatic, schlieren and nebulitic
types. There is not great compositional difference between these two
types, but the Riacho do Forno type has some syenogranitic and
alkali-feldspar granitic facies. The Recanto metagranitoids are richer
in TiO2, Ba and slightly more Rb depleted than the Riacho do Forno
ones.

These metagranitoids are moderately LILE-enriched with negative
Ba, Nb, Sr and Ti anomalies typical of the crustal granites and very
depleted in HFS elements, as consequence of its retention in accessory
phases that remain in restites of the partial melting (Santos 1995). The
less fractionated pattern of the ORG-normalized spidergram (Fig. 2) is
somewhat similar to the syn-collision granites of Gagub (Tibet), in
comparison to the patterns selected by Pearce et al. 1984. The large
amount of micas confirms an origin by partial melting of Cariris Velhos
supracrustal rocks, through incongruent fusion firstly of muscovite and
subsequently of the biotite. This conclusion is in accordance with the
Eu negative anomaly in REE diagram (Fig. 3), with the lower Sr/Ba
(Recanto: 0.1 -0.3; Riacho do Forno: 0.5) and higher Rb/Sr ratios (Re-
canto: 0.9-2.8; Riacho do Forno: 1.3-2.1) than to those resulting from
fluid phase reactions (Harris & Inger 1992). Taking in to account expe-
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Figure 2 - Chemical characteristics of the Brasiliano- and Cariris Velhos-age granitoids of the Transversal Zone domain using Pearce et al.
(1984) diagrams. Chemical analyses are from: Santas (1995; Rf, Re, Sp, Rl, Ri, Sj), Sial (1986; Se, Ct, It, Co), Ferreira (1991, Tf, Tx); Brasilino
et al. (1999, Cc), Guimarães & Silva Filho (1997, To) and Melo et al. (1996; Pr).
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Figure 3 - Chondrite-normalized REE diagrams of the Brasiliano- and Cariris Velhos-age granitoids of the Transversal Zone domain. The
normalizing values are from Evensen et al. (1978). Chemical analyses are from: Santos (1995;Rf, Re, Sp, Rl, Ri, Sj), Sial (1986; Se, Ct, It, Co),
Ferreira (1991, Tf, Tx); Brasilino et al. (1999, Cc), and Guimarães & Silva Filho (1997, To)

rimental data some authors estimate that the extensive melt formation
only would occurs in temperatures around 850°C and pressures near
10kb, that is in the stage of melting of biotite, conditions only reached
by introduction of extra heat, via hot basaltic magma (Pitcher 1993).
The Riacho do Forno-type plots in a restrict area of the upper crustal
melts field (UCM) while the Recanto-type has VAG and WPG signa-
tures in Rb vs. (Y + Nb) diagram (Fig. 2). The Cariris Velhos meta-
granitoids correspond to two mica peraluminous leucogranites or
crustal collisional granites associated to shear and thrust (CW or CST
types of Barbarin, 1990; 1996), that were generated by partial melting
of sedimentary and volcanoclastic source in continent-continent or
continent-arc collision environments. However, according to the
above observations, formation of these peraluminous granitic melts
would not be strictly produced by a water concentration-assisted
friction mechanism along shear zones (Barbarin 1996), but must have

to be enhanced by an input of mantle-derived hot material for the onset
of anatexis. This input could be produced by the emplacement of hot
masses of mafic-ultramafic rocks of the Serrote das Pedras Pretas suite,
that are sometimes associated to these granitoids (Santos/1995).

U-Pb concordia in zircons indicate ages ranging fron/i 1037 to 999
Ma that represent the time of formation for these granitoids (Jardim de
Sá 1994; Santos 1995). The Rb-Sr isochronic ages are somewhat
similar or only a little younger (954 to 915 Ma), indicating a short time
for the Cariris Velhos orogeny (Brito Neves et al. 1995). Sm/Nd
isotopic system data indicate tDM model age values between 1.3 and
1.6 Ga and εNd from -1.8 to +0.8, suggestive for these melts of a source
not exclusively crustal or of a lower crustal source with patterns close
from those of the upper mantle materials. Granites in the southeast
block of the Afogados da Ingazeira shear zone with similar charac-
teristics presented U-Pb zircon ages, both by concordia and dissolution
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Figure 4 - Nd evolution diagram with parameters for samples of the Cariris Velhos- and Brasiliano-age granitoids from the Transversal Zone
domain. Curve for the evolution of the depleted mantle (DM) from DePaolo (1981). Sm-Nd isotopic data are from Van Schmus et al. (1995,
Santos (1995) and Ferreira et al. (1997c).

methods, varying from 1.9 Ga to 1.0 Ga (Silva et al. 1996; Leite &
Lima 1997). Field evidences, such as structural control and presence
of Mesoproterozoic supracrustal xenoliths confirm they are crustal
collisional Cariris Velhos granitoids, demonstrating that these melts
can preserve zircons of various ages, since Transamazonian-to Cariris
Velhos-age crustal sources.

Contrary to granites of the PBT, the Brasiliano granites of the APT
commonly occur as multiple composite batholiths, either including
Meso- and Neoproterozoic granites, or embracing diverse Neoprotero-
zoic pulses. The dominant Neoproterozoic granites are related to the
high-K calc-alkalic super-suite and include equigranular, porphyritic
and leucocratic suites or surges. The equigranular fades is typified by
the Riacho do Icó pluton, being here considered as a suite, in which
the composition is dominantly granodioritic, but spreading between
the quartz monzodiorite and monzogranite fields (Santos 1995). The
mafic minerals include hornblende, biotite and occasional clinopy-
roxene, with minor epidote, allanite, apatite and titanite. Minor por-
phyritic and dioritic facies show some evidences of magma commin-
gling and mixing phenomena, apparently similar to the high-K calc-
alkalic suite of the PBT. Mafic autoliths and microgranular enclaves
are dominant, but in the internal zone of the largest pluton of this suite
occurs a central roof zone with abundant supracrustal, Cariris Velhos
granites and mafic-ultramafic xenoliths. The normal facies contains
epidote of igneous appearance, similar to that of the calc-alkalic suite
in PBT, implying in minimum pressures of crystallization around 6
kbar (e.g., Sial & Ferreira 1991; Van der Laan & Wyllie 1992).

The chemical composition and petrographic characteristics of these
facies are similar to the hybrid "continental" arc suite of Barbarin
(1990) or the sensu strict hybrid suite of Castro et al. (1991). An
observed LILE enrichment, HFS elements depletion (in particular Nb,
as shown in an ORG-normalized plot, Fig. 2), moderate fractionated
REE pattern with discrete Eu negative anomaly (Fig. 3) and the trace
elements distribution suggest mixing and fractional crystallization
involving feldspar, amphibole and biotite on evolution of these mag-
mas. They plot around the triple junction of the UCM, VAG and WPG
fields of the Rb vs. Y+Nb diagram, which can indicate a heterogeneous
source (Fig. 2). The Nd evolution diagrams of the Riacho do Icó

granodiorite and the Brejinho pluton, are similar and resemble to the
calc-alkalic super-suite of the PBT (Fig. 4).

The leucocratic granites correspond to Sítio dos Nunes suite or
surge (Santos & Vasconcelos 1977), that is formed by batholiths and
stocks of normal or faulted contacts with hosted rocks and a structural
pattern that is suggestive of an intrusion by diapirism with a central
unroofing. The main intrusion is mainly foliated in its margin and
includes enclaves of hosted rocks and enclaves surmicacées, which are
concordant with this internal structure. It is compositionally restrict,
being formed by monzogranite and granodiorite with less of 5% of
biotite, including apatite and ore minerals as accessories. There is no
geochemical data about this suite.

Apparently younger granite types occur as porphyritic high-K
calc-alkalic plutons whose composition is similar to those of the APT,
including the Conceição das Creoulas (Brasilino et al. 1997,1998) and
Pajeú plutons (Reyes et al. 1996). They are composed of epidote-bi-
otite granodiorites and granites with abundant monzodioritic and
quartz dioritic enclaves and hornblende clots. The overall mineralogi-
cal, textural and compositional characteristics are similar to the high-K
calc-alkalic super-suite of the PBT, but the Pajeú pluton includes a
fine-grained syenitic facies. The ORG-normalized spidergram (Fig. 2)
shows the same fractionated pattern with the Nb negative anomaly of
the common high-K calc-alkalic series, but differs by the negative
anomaly of Ba. The REE patterns (Fig. 3) are very fractionated in terms
of LREE/HREE with a slight negative Eu anomaly.

A trend of peralkalic syenites and granites similar to those of the
"syenitoid line" occurs in the northwestern part of the PBT, including
the Serrote do Anil, Serra do Man, Serra do Arapua and part of the
Pajeú plutons. Apparently this trend represents a bifurcated branch of
that tectonic line that depart from the Triunfo batholith, corresponding
to that which was named of Serra da Jiboia fault system by Santos et
al. (1997) (Fig. 1).

Post-tectonic granites in the southeastern zone of the APT corre-
spond to the Prata A-type suite (Melo et al. 1996), that embraces
batholiths, stocks and dikes apparently controlled by a late brittle
episode of the Afogados da Ingazeira shear zone. The Prata complex
is formed by porphyritic and coarse grained biotite and/or hornblende
sienogranites and monzogranites, minor monzodiorites, quartz mon-
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zonites and norites, including autoliths and synplutonic diorite dikes
and an associated set of dacitic and basaltic dikes (Melo et al. 1995).
They are met aluminous subalkalic to slightly alkalic rocks, K and
Rb-enriched and strongly depleted in Ti and Sr. They are also depleted
in Nb, but less than other calc-alkalic suites of the Borborema Province.
Their REE show small fractionation between LREE/HREE and a
prominent Eu negative anomaly. According to these authors, the
characteristics are very similar to Amazonian anorogenic granites and
to the Jaala litti rapakivi complex in Finland. The Prata suite plots
within the WPG field in the Rb vs. (Y + Nb) diagram, confirming its
A-type nature (Fig. 2).

The Barra do Silva suite (Lima et al. 1985) is composed by small
intrusions of leucocratic hornblende and aegirine-augite-bearing bi-
otite granites and quartz monzonites and is considered here to be of
the same age of the Prata suite. The Pitombeira semi-ring dike cutting
the Pernambuco lineament confirms its post-orogenic character. Gra-
nitic and rhyolitic dikes intruding the Riacho do Icó pluton must be
also of this suite. There is no geochemical data for the Barra do Silva
suite.

The São João assemblage includes a stock and a set of gray and
pink-colored dikes of monzogranitic composition. The main intrusion
is clearly controlled by fractures. Its is compositionally homogeneous
and isotropic, sometimes exhibiting a slight flow foliation. They are
leucocratic rocks, presenting a granular to cataclastic hipidiomorphic
texture and constituted of microcline, plagioclase, interstitial quartz
and biotite, garnet, muscovite, epidote, allanite, scarce fibrolite, pyrite
and apatite. The overall characteristics indicate a similarity with the
intrusive crustal collisional types of Barbarin (1990). The diagrams of
Figs. 2 and 3 illustrate the compositional patterns of the São João
granite. It is dominantly peraluminous and shows Na2O>K2O. The
trace element distribution shows a pattern similar to the calc-alkalic
super-suite to the PBT (Fig. 2). The chondrite-normalized REE pattern
is greatly fractionated without Eu anomaly. The Nd evolution diagram
is also similar to those of the calc-alkalic of the PBT, but shows an
older tDM model age (Fig. 4).

The geochronological data for the Brasiliano granites of the APT
include a U-Pb zircon age for the Riacho do Icó granodiorite of 750
Ma (tDM=l .28 Ga) (Santos 1995), that is the oldest age for the high-K
calc-alkalic association in the Borborema Province. It is possible that
these zircons represent inherited crystals of a basic underplated magma
or of an early shoshonitic basaltic magmatism, because the main
granitic episode of the Brasiliano orogeny is on the 620-633 Ma
interval. A recalculated Rb-Sr isochronic age of the Serra do Arapua
pluton, using data from Lima et al. (1985), indicate an age of 585 Ma,
that is the age of the majority of the late-orogenic pulses. The age of
the post-tectonic pulse was documented by a Rb-Sr isochron of 512
Ma for the Prata granite (Melo et al. 1996). This age is similar to an
isochronic age of 515 Ma that was obtained for green facies of the
ultrapotassic dikes of the Terra Nova complex (Silva Filho & Gui-
maraes 1990). It is similar also to the 513 Ma age obtained for granites
of the Serra do Man (Lima et al 1985), the latter probably representing
small intrusions or dikes of the Barra do Silva suite.

The Nd evolution of the granites in APT is shown in Fig. 4. The
high-K calc-alkalic super-suite presents younger tDM Nd model age
(1.3-1.4 Ga) and smaller εNd negative values (from -2.7 to -3.5) than
those of the late-orogenic suites. The São João granite shows a curve
intermediate between the two groups (tDM=1.8 Ga and εNd=-3.9). In
general the εNd of the APT granitoids are higher than the counterparts
of the PBT, maybe indicating more crustal involvement in the genesis
of the latter ones.
PALEO- TO MESOPROTEROZOIC AGE PLUTONISM OF
THE ALTO MOXOTO TERRANE (AMT) The AMT is a Meso-
proterozoic Cariris Velhos belt practically not affected by Neoprotero-
zoic magmatism. Accretion of Mesoproterozoic arc volcano-sedimen-
tary sequences and plutonic rocks (Lagoa das ContεNdas complex),
terrigenous supracrustal rocks (Sertania complex) and small mafic-
anorthositic complexes that were attached to reworked Paleoprotero-
zoic blocks (the Mulungu microplate, according to Santos 1996)
formed it. The structural framework of this terrane is essentially that
of Grenville age (Cariris Velhos orogeny), with the main structures
trending in NW-SE direction. These structures must be of contractional
nature, but the transport sense of the thrust deformation is still un-
known. The northwest boundary of the AMT is the already mentioned
Serra de Jabitacá nappe, emplaced during the Cariris Velhos orogenic
event. The southeast limit is partially coincident with the Congo
transcurrent zone, of Brasiliano age.

The oldest plutonic activity of the AMT is a gabbro-anorthosite
suite with Fe-Ti ore (Malhada Vermelha suite) that is hosted by
Paleoproterozoic rocks, where the relationships are still controversial.
Some authors interpret these mafic bodies as enclaves or restites of
Transamazonian granites, being therefore Archean or Paleoprotero-
zoic rocks (Melo 1998). The present authors believe that the Malhada
Vermelha suite is a extensional anorogenic magmatism cutting Tran-
samazonian blocks within Cariris Velhos belts, comparable to anor-
thosite complex of Passira in the RCT (see later). They are formed by
metamorphic products of gabbro, leucogabbro, noritic gabbro, anor-
thosite, quartz gabbro, monzogabbro, diorite, quartz diorite, rare troc-
tolite, which include ultramafic lenses, mainly garnet and spinel horn-
blεNdite, metaperidotite with titano-magnetite concentrations. In the
Barro Vermelho complex these rocks occur as xenoliths and restites in
trondhjemite, biotite tonalite, quartz monzodiorite, quartz monzonite,
granodiorite and monzogranite, interpreted in this paper as Cariris
Velhos intrusive rocks.

These Cariris Velhos metagranitoids of the AMT are entirely dif-
ferent from that of the APT. They include the São Pedro metagranitoids
and the Riacho das Lajes metatrondhjemites (Santos 1995). The São
Pedro metagranitoids are leucocratic with a compositional variation
from leucomonzodiorites to leucogranodiorites, and some mon-
zogranites and monzonites. In the Ab-An-Or diagram (Barker 1979)
they plot between the granite and trondhjemite fields, with minor
incidence in the adamellite field. The mafic minerals are barroisitic
amphibole, biotite and occasional clinopyroxene. Accessories include
titanite, apatite, allanite, magnetite, clinozoizite, zircon and garnet. The
Riacho das Lajes trondhjemites plot dominantly in the quartz dioritic
and tonalitic fields in the QAP diagram, as the trondhjemitic calc-al-
kalic series of Finland, but they fall also in the monzodiorite field
showing then similar composition of the anorogenic continental gran-
ites of the Corsica (Lameyre & Bowden 1982). They include clinopy-
roxene, amphibole, epidote, titanite, magnetite allanite, and apatite,
besides scarce biotite, garnet and rutile. In terms of the Barker's
parameters, the Riacho das Lajes metatrondhjemites are slightly dif-
ferent from the classical trondhjemites in the world because of the low
silica content, very high Na2O and an high FeO/MgO ratio, and
met aluminous character.

The São Pedro metagranitoids show a high LIL-elements enrich-
ment, a strongly depleted pattern of the less incompatible elements,
and a characteristic Ba peak, a pattern similar to volcanic arc granites,
while the Riacho das Lajes metatrondhjemites are conspicuously Th-
enriched and K2O, Nb and Zr-depleted (Fig. 2). Between the metagra-
nitoids there are two REE patterns, one with ΣREE-depleted and a
small LREE/HREE fractionation, and others with strong fractionation
patterns without Eu anomaly and a severe depletion in HREE, with
normalized levels even down on chondritic values. This last pattern
requires garnet in partial melting residue (eclogite residue) or deriva-
tion of a moderate fractionated REE source, with dominance of am-
phibole in residue (Van der Laan & Wyllie 1992). The REE-depleted
pattern suggests a primitive source or epidote or allanite in the residue,
which greatly ret aln these elements.

In the Rb vs. (Y + Nb) diagram, both São Pedro metagranitoids and
Riacho das Lajes metatrondhjemites plot in the VAG field (Fig. 2), but
some ratios (K/Rb, Rb/Sr, Rb/Ba) are similar to those of oceanic
plagiogranites. According to Santos (1995) the alumina vs. silica
distribution of the metatrondhjemites is similar to that of classical
trondhjemites worldwide (Barker 1979). They plot preferentially in the
high alumina field, a few analyses lying also at the low alumina field,
a distribution that is similar to that of the Alps trondhjemites (Arth et
al. 1978). The Yb content for a sample with 70% silica plots in the
oceanic field. The distribution of TiO2 and A12O3 vs. silica is equivalent
to melts produced by partial melting of tholeiites at temperatures above
900°C and pressures below 8 kbar.

The occurrence of ferro-hastingsite in trondhjemites and the alkalic
tεNdency of most of this suite can suggest a correlation with the alkalic
metagranitoids of Serrinha de Ouricuri, in PBT (M'Rabet et al. 1993).
These authors estimated a temperature range between 910°C and
700°C, pressures around 6.7 and 8 kbar, corresponding to 25 km of
crust, with source within the lower crust. The generation of these melts
leave mafic cumulates resulting in crystallization of Ca-clinopyroxene
+ Ca-amphibole + oligoclase.

There is no definitive geochronological data for these suites, but
some inferences can be made. The São Pedro metagranitoids include
mixed populations of zircons where some fractions align in a U-Pb
discordia of the Cariris Velhos metavolcanic rocks and metagranitoids
of both AMT and APT (ca. 1.0 Ga), suggesting their generation in this
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cycle. This conclusion is concordant with the U-Pb zircon age of ca. 1,
012 Ma for the hosted metavolcanic rocks of the Lagoa das ContεNdas
complex.

A-TYPE PRE-BRASILIANO PLUTONISM AND BRASILI-
ANO GRANITES OF THE RIO CAPIBA-RIBE TERRANE
(RCT) This terrane may be a composite terrane, that was prelimi-
nary named of Surubim (SUT) and the Serra de Taquaritinga (STT)
terranes (cf. Ferreira et al 1997a). The SUT is a Mesoproterozoic and
Neoproterozoic belt including a terrigenous metapelitic, metapsamitic
and metacarbonate sequence (the Surubim complex), that overlay a
metagreywacke, mafic to intermediate metavolcanic and metavolcano-
clastic sequence (the Vertentes complex), the latter intruded by Cariris
Velhos-age granites and including allochton basement blocks. The
STT is a big granitoid-dominated Paleo- to Mesoproterozoic allochton
emplaced during the Cariris Velhos orogeny and affected later by
Brasiliano shear zones and associated granitoids. The boundary be-
tween these terranes is the Serra de Taquaritinga thrust. Paleo- to
Mesoproterozoic anorogenic gabbro-anorthositic complex and alkalic
granites (from 1.5 to 1.7 Ga), as well as Grenville-age crustal granites
and Neoproterozoic granites have been reported in both terranes
(Accioly, A.C., pers. comm.; Sá et al. 1997).

The extension of the anorogenic magmatism in AMT and RCT is
still little constrained. The A-type plutonism of Serra de Taquaritinga
in the STT (Sá et al. 1997) is characterized by a K-feldspar megacry stic
(augen) metagranite with biotite, amphibole and variable amounts of
garnet, magnetite, fluorite, titanite and zircon, its composition ranging
from granodiorite, through monzogranite, syenogranite to quartz
syenite. The metagranite is Ba, Th, Zr, Nb and Y-enriched showing a
highly fractionated LREE to HREE pattern that has a pronounced
negative Eu anomaly. U-Pb concordia in zircons indicated an age of
1521 Ma for the metagranitoid that intrudes Paleoproterozoic tonalitic
orthogneisses (Sá et al. 1997). Both the A-type metagranitoid and its
older hosted rock are tectonically emplaced in a volcano-sedimentary
belt along the Serra de Taquaritinga thrust. This thrusting episode is
of Grenville age (Cariris Velhos cycle), according to a reinterpretation
of Rb-Sr data of Hama et al. (1978) and field relations that show
Brasiliano granite intrusions cutting this orthogneiss allochton.

The massif gabbro-anorthositic complex of Passira, in the eastern
part of the SUT (out of the Fig. 1), is composed by a dominant
meta-anorthosite, with apatite metadiorite, garnet metagabbro and
biotite metagabbro, including concentrations of Fe-Ti ore, and associ-
ated diorite-monzonite dike set. Cumulatic, pegmatoid and banded
facies are recognized, besides mafic-ultramafic syn-plutonic dikes and
lenses. The gabbro-anorthosite complex is Sr enriched and Rb depleted
and shows different fractionation levels of REE (Accioly et al. 1996;
1997). The gabbro-anorthositic complex and the dioritic dike set cut a
block of Paleoproterozoic rocks that was tectonically emplaced in the
Vertentes complex. It appears to be associated to an extensional
post-Transmazonian episode, according to ages obtained recently by
A. C. Accioly (pers. comm.), while the subsequent contractional
episode, which is marked by several sheets of crustal granites, is
ascribed to the Cariris Velhos orogeny. This last interpretation is
inferred by field relationships and considering a tDM Sm-Nd model age
of a Brasiliano intrusive granite. Field observations about this Cariris
Velhos granitic episode allowed the recognition of biotite granites,
biotite-amphibole granites, leucogranites, pyroxene granites and aegir-
ine-augite syenite, quartz syenite and alkali-feldspar granite. The
metagranitoids cutting the Passira gabbro-anorthositic complex show
trace elements with characteristics similar to that of the lower crustal
rocks.

Brasiliano granites intrude rocks of both terranes. We can distin-
guish: 1) the Moderna oversaturated peralkalic suite, a narrow granitic
ridge that stitches the boundary between AMT and RCT along the
southwestern portion of the Congo shear zone; and 2) the high-K
calc-alkalic and shoshonitic granites of the Serra de Taquaritinga
allochtonous terrane (STT). The Moderna suite (Santos & Vasconcelos
1973) includes ferro-hastingsite, hedenbergite and/or aegirine-augite,
sometimes garnet bearing, adamellites, granodiorites and granites.
There is no chemical and isotopic data about this suite, which we
believe be correlated to peralkalic ultrapotassic plutonism previously
described in the PBT-APT boundary.

The Neoproterozoic granitic plutonism in STT involves a high-K
calc-alkalic super-suite as well as a shoshonitic syenite suite (Gui-
maraes 1989; Neves 1996). The high-K calc-alkalic super-suite is well
characterized in the Fazenda Nova-Serra da Japecanga complex re-
cently described by Neves & Vauchez (1995). This complex is formed

by two batholiths: 1) the Fazenda Nova batholith, that includes a
dioritic to quartz-monzodioritic facies and a porphyritic granitic facies;
and 2) the Serra da Japecanga batholith, composed by coarse-grained
granite. The two facies of the Fazenda Nova batholith involve the same
minerals appearing in different proportions, viz. quartz, plagioclase,
K-feldspar, biotite, amphibole, with clinopyroxene also occurring in
diorites. Dioritic enclaves are common and sometimes very abundant
in porphyritic granites.

The Serra da Japecanga batholith is a coarse-grained biotite amphi-
bole pluton, varying from quartz-syenite to syenogranite in composi-
tion. Mafic enclaves are less abundant than the porphyritic granite. The
Fazenda Nova batholith is a tabular body similar to Itaporanga batho-
liths in PBT, but Neves & Vauchez (1995) were able in recognizing a
magmatic stratigraphy, where diorites are superposed by porphyritic
granites, which in turn are superposed by coarse-grained granites.
According to these authors, field relations and geochemical patterns
support a mixing model for the formation of the porphyritic granites,
having dioritic magmas and coarse-grained granites as εNd-members.

The shoshonitic syenite suite is formed by smaller intrusions occur-
ring in the northeastern part of the STT, including the Toritama and
Bom Jardim plutons. The Toritama pluton is an over-saturated syenite,
presenting porphyritic and equigranular facies, sometimes with ra-
pakivi texture. It includes quartz (up to 10%), plagioclase, K-feldspar,
clinopyroxene, amphibole and biotite, besides sphene, magnetite, zir-
con, apatite and allanite. It has a shoshonitic affinity with high Ba, Sr
and Th, low to moderate Rb and low Rb/Sr ratio (Neves & Vauchez
1995). The relatively high MgO, Ni and V indicate its mantle-derived
character. The compositional similarity of the minerals in syenites and
mafic xenoliths and syn-plutonic dikes confirm a common source.

The Bom Jardim and Toritama complexes make up multiple-injec-
tion intrusions, including a continuous series varying from mafic
syenites and monzonites through mesocratic syenites to leucocratic
syenites, besides mafic syenite enclaves and syn-plutonic dikes (Gui-
maraes & Silva Filho 1997). They are characteristically K2O and MgO
enriched, K2O/Na2O>l, Ba and Sr-enriched and Nb, Ta and Y depleted
that are patterns compatible with those of volcanic arc granites (VAG)
(Figs. 2 and 3). In the Santa Cruz do Capibaribe stock charnockites
occur associated to gabbro and monzonite.

A Rb-Sr isochron of the Fazenda Nova batholith indicates an age
of 632 Ma (McMurry et al. 1987), coherent with 40Ar/39Ar ages in
hornblende of the diorites (587 Ma). The emplacement of the late-ki-
nematic pulse is well constrained by U-Pb zircon concordia of the
Toritama pluton, which indicate an age of 592 Ma (Guimarães & Silva
Filho 1997). A composed mineral and whole-rock isochron for the
Bom Jardim and Toritama plutons yields an age of 585 ± 38 Ma, with
initial 87Sr/86Sr ratio of 0.70714, implying a mixed mantle-derived plus
crustal-contaminated source. The tDM Nd model ages ranges from 1.8
to 2.0 Ga, while the εNd values varies from -18.0 to -20.0 (Fig. 4).

DISCUSSION AND CONCLUSIONS In the transverse zone
parallel northeast-southwest trending plutonic belts are coherent with
the tectonic framework of the terranes. The Mesoproterozoic Cariris
Velhos granites (from 1.1 to 0.95 Ga) are absent or unknown in PBT,
but are abundant in APT and AMT, and possibly in RCT, where they
are associated to a vigorous flake-dominated collisional episode, which
has promoted a very thickened crust. They have short crustal residence
times, as revealed by their low negative or chondritic values of εNd,
demonstrating the presence of magmas with small crustal contamina-
tion. The Cariris Velhos metagranitoids and metatrondhjemites in the
AMT show a primitive geochemical signature and are associated to
volcanic arc extrusive rocks, revealing also episodes of material accre-
tion. Furthermore in AMT and RCT there is evidence of a pre-Cariris
Velhos anorogenic plutonism (from 1.5 to 1.7 Ga), viz. gabbro-anor-
thosite and A-type granite, probably associated to extensional and
thermally thickened crustal regime (underplating). Therefore they
testify substantial horizontal and vertical accretion of new crust in the
transverse zone.

The Neoproterozoic granites also present a distribution compatible
with the terrane assembly configured in the Cariris Velhos event.
Abundant high-K and normal calc-alkalic as well as trondhjemitic
magmas invaded the terranes and their boundaries stitched by younger
huge peralkalic ultrapotassic granitic and syenitic plutons. This dem-
onstrates continuing influence of the Cariris Velhos NE-SW-trending
tectonic framework, now with an emplacement-controlled by a system
of anastomosing transtensional shear zones (Jardim de Sá 1994). This
tectonic control has permitted to group the granites in suites and
super-suites, as in diverse Phanerozoic orogenic belts in the world.
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Distinct geochemical characteristics are reinforced by typical ΕNd
parameters of a plutonism evolving from a normal mantle-derived
calc-alkalic super-suite to a slightly peralkalic and trondhjemitic su-
per-suite and finally to an anomalous mantle-derived ultrapotassic-
shoshonitic super-suite, as demonstrated in εNd evolutionary curves
for the PBT (Fig. 4).

The more abundant super-suite is the high-K-to normal calc-alkalic
Itaporanga-Conceição super-suite better exposed in PBT. The high-K
calc-alkalic association consists in big tabular complexes including an
early basic pulse underplated in the crust, which is somewhat similar
to precursor and syn-plutonic basic pulses common, for example, in
Circum-Pacific plutonic environment (Regan 1985; Pitcher & Bussell
1985). However the early character of this basic association and its
LILE-enriched character can signify this represents basic volcanic or
plutonic rocks of a shoshonitic series, as occurs for example in the
British Caledonian granitic Province (Pitcher 1993).

This basic underplated must have been the source of the tonalitic
magmas dominant in normal calc-alkalic Concei^ao suite abundant at
higher level into the terrane. A trend toward calc-alkalic and sub-
sequently trondhjemitic suites can be invoked, therefore representing
a sequence towards less potassic and more Na-enriched magmas with
time. The probable association of normal calc-alkalic tonalites and
granodiorites, including some gabbroic and dioritic rocks, besides
hornblεNdites, preserved as inclusions in tonalites, and possibly repre-
senting precursors of the calc-alkalic magmatism, with trondhjemites,
suggests a similarity with the gabbro-diorite-tonalite-trondhjemite
suite of southwest Finland (Arth et al. 1978). In this unusual calc-al-
kalic/trondhjemitic association exists a petrographic continuity from
hornblεNdite through hornblende gabbro, hornblende-biotite diorite,
hornblende-biotite tonalite and trondhjemite. They have been modeled
as originated either by fractional crystallization of a gabbroic liquid
involving hornblende, plagioclase and biotite as major precipitating
phases, or by partial melting of amphibolite, leaving a hornblende-rich
residue, amphibolitic or eclogite, leaving an eclogitic residue. So we
suggest a hornblεNditic parental magma (from mantle peridotite
source) giving place to a calc-alkalic series, since dioritic hornblεNdite
through diorite and quartz diorite to granodiorite and granite; and a
trondhjemitic series, formed continuously of gabbro, diorite, tonalite
to trondhjemite.

The other important super-suite, the late-kinematic peralkalic ul-
trapotassic and shoshonitic super-suite occurs preferentially at
boundaries of the terranes, which are marked by important shear zones
that reached deep levels in the lithospheric mantle. These shear zones
may have channeled fluids, which were responsible for expressive
metasomatism in the mantle. We believe that it is possible to generate
pyroxenite and fractionate another series with ultrapotassic charac-
teristics from a mantle peridotite source, although evidence from the
Triunfo batholith suggests immiscibility of pyroxenitic and syenitic
liquids.

Taking into account the evidence that the most primitive rocks of
the ultrapotassic complexes in RCT are already LILE-enriched, HFSE-

depleted, have fractionated REE pattern and show εNd values similar
to the syenites, with tDM Nd model age ranging between 1.8 and 2.4
Ga, Guimarães & Silva Filho (1997) consider that these characteristics
are representative of the source rock signature. These authors discard
the possibility that the Nd tDM model age can be produced by partial
melting of a Paleoproterozoic mafic lower crust or by mixing of
Archean mafic lower crust with a Brasiliano-age depleted sub-conti-
nental lithospheric mantle. Rather, evidence favor the hypothesis that
the Bom Jardim and Toritama complexes were generated by partial
melting of a Paleoproterozoic lithospheric mantle metasomatised in the
Mesoproterozoic, probably during the Cariris Velhos orogeny.

Singular occurrences of mafic syenites and foid-syenites are known
in PBT, as the crossite-aegirine-augite-alkali-feldspar syenite (fenite
of Farina & Mello 1970) or the leucite (?) shonkinite with nepheline,
olivine and aegirine-augite (Silva Filho et al. 1985). Some of them
appear to have a lamprophyric character, viz. sperssatites (Beurlen et
al. 1978; Santos & Brito Neves 1984) and others show features that
remind diatremes, despite of a deeper erosion level (e.g. some occur-
rences in dike sets near PrinceSá Isabel town, and diatreme xenoliths
in the Caboclo syenite of the Riacho do Pontal belt in the External
domain). This context can indicates relationship between a probable
lamprophyric activity and the shoshonitic/ultrapotassic super-suite, the
same as the appinitic (lamprophyric) and shoshonitic connection pos-
tulated by Fowler (1988) and Fowler & Henney (1996) for the
Ach'Uaine hybrid appinites and associated granites and syenites from
northern Scotland. According to these authors the geochemical pat-
terns of these rocks are consistent with early fractional crystallization
of clinopyroxene and biotite from a shoshonitic magma, driving the
evolving magma to a lamprophyric composition. Subsequent crystal
fractionation feldspar-dominated with minor contamination is required
for granite derivation. They concludes that the distinctive Ba-Sr en-
richment and trace element characteristics of these granitoids are
derived from a heterogeneous mantle component, rather than from the
continental crust and that this magmatism may represent a significant
juvenile accretion to the crust.

The accretion related to the Brasiliano suites and super-suites,
which is characteristically controlled by an extensional or transten-
sional regime, appears to be essentially a dispersion-like phenomena,
considering a possible appinitic-lamprophyric associated series, which
is always present in zones of thickened crust (Pitcher 1993). In other
words, the thickening of the crust that occurred during the Cariris
Velhos orogeny would have prepared the tectonic environment for the
development of the vigorous Brasiliano-age vertically-dominated ac-
cretion. Therefore, the granite formation in the Transverse Zone rep-
resents significant successive events of crustal growth in the evolution
of the Borborema Province.
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