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TECTONIC SETTING AND SOURCES OF MAGMATISM RELATED TO THE
SOUTHERN BRAZILIAN SHEAR BELT

MARIA DE FATIMA BITENCOURT AND LAURO VALENTIM STOLL NARDI

ABSTRACT The Neoproterozoic-Cambrian Brasiliano/Pan-African orogenic cycle is represented, in southern Brazil, by arc and collisional
settings, with very expressive granitic magmatism. The post collisional stage, 650-580 Ma, is recorded by extensive magmatism along major
transcurrent shear zones that compose the Southern Brazilian Shear Belt. The early post-collisional magmatism is high-K, calc alkaline, found
along gently dipping shear zones; biotite-bearing granites and granodiorites are the most common rock types, often containing mafic
microgranular enclaves. This is immediately followed by peraluminous two-mica leucogranites, emplaced either along flat lying or steeply
dipping shear zones. The next magmatic manifestation has a shoshonitic affinity and is found either within the shear belt or far from deformation
sites, piercing through cratonic areas. Shoshonitic rocks range from acid to basic, either as extrusive or plutonic terms. The latest magmatic event
is a silica- saturated alkaline magmatism, occurring within or outside the shear belt. It is controlled by steeply dipping transcurrent structures,
or discordantly intrusive in the previous types. Metaluminous biotite granites are widespread, with a coeval basic magmatism of mildly alkaline
affinity. The shear belt acted as a conduit for magmas and also promoted decompression of shallower mantle levels, reactivating the sources of
previous, calc-alkaline, pre-collisional magmatism. The role of previously modified mantle wedge in the generation of southern Brazilian post-
collisional magmatism is here emphasized over the contribution of crustal melting processes.

Keywords syntectonic magmatism; magma sources, Neoproterozoic magmatism, Southern Brazilian Shear Belt.

INTRODUCTION Most granitoids from southern Brazil are | | |
related to the Brasiliano/Pan African Orogenic Cycle, which involved # # ¢
subduction of oceanic crust (800 —700 Ma) and collisional events
among continents and magmatic arcs (ca. 700-500Ma), leading to the
consolidation of Pangea supercontinent. This evolution follows the South
general pattern referred by several autherg Bonin et al. 1998), America
who emphasize that the orogenic Wilson cycle ends with a dominantly
ensialic episode consisting of accretion of continental blocks or
terranes. The collisiostrictu sensus considered the initial major
impact of two or more continental plates, characterized by majpr
thrusts and high-pressure metamorphism (Liégeois 1998). The same
author points out that this is followed by a post-collisional periogd
marked by the activity of mega-shear zones and the rise of regiopal RIO GRANDE
isotherms, with prominent production of a wide variety of magmas DO SuL
Magmatism in post-collisional setting has generated a large part|of

Porto Alegre

the granitic rock associations in southern Brazil. It encompasses high- L] pratom cover

K calc-alkaline granitoids with minor dioritic components, plutonig Vokano-sedimentary
and volcanic magmatism of shoshonitic affinity, plutonic and volcanic Cover Sequences
silica-saturated magmatism of sodic-alkaline affinity, and Neoproterozoic

Granitic Magm atism

peraluminous granite associations, as described by Liégeois (1998)
Harriset al. (1986), among other authors, for typical post-collision

Supracrustal

settings, emphasizing also the relationship of post-collisionals Sequences

magmatism and the large horizontal movements along major shez = -,

zones. .
Transcurrent shear zones whose activity extended from ca.650 [ Southen Brazifen

580 Ma, during the so-called Dom Feliciano Event (Babieskil.
1997) control a large part of the post-collisional magmatism in
southern Brazil. A younger transcurrent eveat §60 Ma), probably rjgyre 1 - Location and geological setting of Neoproterozoic granitic
related to the Ribeira collision, controlled a new high-K calc-alkalingagmatism; modified from Bitencourt & Nardi (1993).
magmatism, represented by the Cacapava do Sul Granitic Complex
and associated dioritic rocks, and probably affected the sources of
silica-saturated alkaline magmas. authors admit, in either case, that the Brasiliano Cycle involved
In this paper, the origin, diversity and tectonic control of possubduction of oceanic crust.
collisional magmatism in southern Brazil is reviewed and discussed. A The magmatic arc magmatism was followed by widespread granitic
model is also proposed, attempting to explain the interplay betwegagmatism (Fig. 1), partly associated with transcurrent structures, and
crustal-mantle sources and tectonics in magma generation. partly in the zones preserved from major tectonic activity. Two major
tectonic events are recorded in the Neoproterozoic terranes of southern
GEOLOGICAL SETTING The oldest Precambrian areas inBrazil, as recognized by several authors. Fernardesd. (1992)
southern Brazil are composed of Early Proterozoic granuligescribed them as K1, characterized by deformation along flat-lying
associations, metamorphosed and deformed during the Transamazshiar zones with E-W movement direction, under amphibolite facies
Cycle atca.2.1Ga. Calc-alkaline magmatism with arc-type signatursetamorphic conditions, and K2, defined by sinistral strike-slip shear
was produced during the period between 800 and 700 Ma, andzémes under low-grade metamorphic conditions. The K1 event is
represented mainly by metamorphosed tonalite associationglated to the collision between the Kalahari Craton and the Magmatic
recognized in the western and eastern regions of the Sul-rio-grandefigel, whilst the K2 event is related to the closure of a marginal basin
Shield (Silva Filho & Soliani Jr. 1987, Babinskial1997, Kraemer and collision between the Kalahari Craton-Magmatic Arc | and the Rio
1995, Fragoso-Cesart al. 1990, Silvaet al. 1999). Their ages, de La Plata Craton. Fragoso Ceser al. (1990) and Basei &
indicated by whole rock Rb-Sr and U-Pb isotopic data in zircons, drawkeswoth (1993) related the first tectonic event with continent-
about 710 and 780 Ma, respectively. According to geotectonic modelsntinent collision, and recognized the second one as constituted by
previously proposed for the Neoproterozoic evolution of southefarge transcurrent shear zones. Bitencourt & Nardi (1993) observed
Brazil, these magmatic events represent more than one magmaticthat most of this Neoproterozoic granitic magmatism is syn to post-
developed at different ages, or magmatic arc and back-arc bak@ncurrence (K2), and that magmatic arc associations should be
magmatism (Fragoso-Cesaral. 1990, Fernandest al. 1992). Most  looked for among the pre-K1 orthogneissic associations.
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Figure 2 - Spiderdgrams of different post-collisional granitic associations normalized to ORG-granites (Pearce et al. 1984). Selected representative sample
with about 70 wt% Si©

STRUCTURAL OUTLINE The Southern Brazilian Shear Belt intrusions, with poorly developed fabrics and quite localized, meter-
(SBSB - Bitencourt 1996) is a major crustal discontinuity formed isized high-strain zones. However, even these late intrusions do show
Neoproterozoic times, which was active in the periatho850 to 580 some type of relationship to transcurrence, either as scattered zones of
Ma ago, and comprises several km-wide, anastomosing shear zoneshafhneled flow, or in the NE-elongated geometry of the intrusions. An
dominantly transcurrent kinematics. Most of the shear zones are stadditional cause for the poor development of mylonitic foliation is
dipping, with strikes ranging from NS to N60E, of either dextral omagmatic intrusion in low-strain zones within the shear belt.
sinistral sense of displacement. Available data point to greenschist toThe ubiquitous NE trends of granitoids within the SBSB, as well as
low-amphibolite facies conditions in these shear zones. A genethagir steep-dipping foliation, call for some type of genetic link between
tendency for sinistral displacement is observed in the NS branchesmgmatism and crustal-shearing, unless it can be proved that these
while the NE branches are either dextral, as in the Major Gercitineaments are much older and have exerted only a geometric control
Shear Zone, Santa Catarina (Bitencourt & Nardi 1993) or sinistral, as previous zones of weakness. On the other hand, the common
in the Dorsal de Cangugu Shear Zone, Rio Grande do Sul (Fernansiggectonic character of most of these granitoids, abundantly described
et al.1992). A compatible shear regime is registered in gently dippinig, local literature, reinforce the first hypothesis.
NE-E striking shear zones. The early, high-K calc-alkaline granitic
magmatism ota. 650-630 Ma seems to have been mainly controlleRETROGRAPHIC AND GEOCHEMICAL CHARACTERIS-
by these flat-lying shear zones, as observed in Santa Catarina anBl@S The high-K calc-alkaline magmatism is dominated by biotite
Rio Grande do Sul. Along major shear zones, syntectoniranites and granodiorites with quartz-dioritic to dioritic mafic
peraluminous granites are described, ranging ran630-617 Ma, enclaves, constituting very large bodies, sometimes with areas over a
and are followed by shoshonitica( 600 Ma) and younger alkaline thousand square kilometers. Textures are commonly hypidiomorphic,
associations. heterogranular to porphyritic, often marked by centimeter-sized,
The intensity of foliation development in granitoids of this perioguhedral to subhedral feldspar grains dispersed in a medium to coarse-
is quite variable. They range from strongly foliated intrusions, whosgained matrix. Mafic microgranular enclaves interpreted as produced
early primary fabrics grade into subsolidus, mylonitic ones and méy co-mingling, are widespread.
extend into low-temperature solid-state features, to late-transcurrencerhe high-K calc-alkaline post-collisional magmatism in Southern
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Brazil is well exemplified by the Quatro Ilhas granitoids (Bitencourt SPETROGENESIS AND EVOLUTION OF MAGMATISM IN

Nardi 1993), Quitéria granites (Koester 1995), and Viam&o and ArrdRHE SBSB  Although the close spatial and temporal relationships

Moinho granites (Philipp 1998). These granite associations asetween granitoids and tectonics have been recognized by several

dominated by metaluminous to slightly peraluminous rocks, withuthors in the last decades, few of them have suggested a direct

LILE-enriched character and moderate Sr contents (Fig. 2a). connection between these two phenomena, as a cause-effect
_Peraluminous leucogranites, mainly equigranular to heterogranul@ationship. The model here developed is in agreement with some of

with subordinate porphyritic varieties, form elongated circumscribgfle jdeas outlined in Watson (1984), Hutton & Reavy (1992) and

intrusions within shear zones. Xenoliths of orthogneisses and of higi e mos et al. (1992) relative to the iﬁterplay between magmatism

K calc-alkaline granitoids are ubiquitous. Muscovite, with variablgmd tectonics.

amounts of biotite, tourmaline and garnet are the main mineral phasesThe SBSB is envisaged as a lithospheric-scale discontinuity active

Intense solid-state foliation development is commonly reported f?r a post-collisional setting, during the late stages of Brasiliano Cycle
these intrusions, concordantly overprinting early magmatic fabric _'650-580 Ma), whose establishment has activated previously

which are preserved in low-strain zones. Arroio Francisquinho grani . i -
(Koester 1995), the Cordlheira Intrusive Suite (Nardi & Frantz 1995yPduction-modified mantle sources and promoted crustal melting.
and Mariscal granite (Bitencourt & Nardi 1993) exemplify this sort ofidditionally, it has provided the conduits for the ascent and
granite association in southern Brazil. emplacement of'these melts. The yvlldespread. occurrence of coeval
Peraluminous granites show relatively low amounts of normativ82fic magmas with most of the granitic magmatism, besides elevating
corindon, and their trace-element patterns (Fig. 2b) are similar to thé8gional geothermal gradients, attests to the importance of mantle
of crustal derived granites. Their genesis is attributed to the partial ni}rces, as opposed to models based mainly upon crustal-derived
of orthogneisses during the transcurrence event, as suggested by NBagmatism. Additionally, the evolution of mafic magmatism, at least
& Frantz (1995). from shos_honltlc to alkallne_ones,_followmg that observed for granitic
Shoshonitic  magmatism encompasses granodiorites alfyms, points to a process involving the p_araIIeI evolution of mantle
monzogranites which are dominant in the plutonic associations foup@Urces interacting with crustal ones. It is here suggested that this
within shear zones, whilst basic to acid volcanic associatiof$0C€ss, rather than a progressively higher degree of crustal
predominate towards cratonic areas. In both settings, coeval maifntamination, is responsible for the observed evolutionary trend in
liquids are commonly found in association with granitic magmatisrif)€ Post-collisional granitic magmatism. The role of crustal melting is
either as abundant microgranular enclaves or as synplutonic dyl&el@.ar in the generation of peraluminous leucogranites, and also as a
Granitic rocks are mainly porphyritic to heterogranular, wittffecondary component in the high-K calc-alkaline magmatism diversity,
hypidiomorphic textures, and contain diopside, amphibole and biotR¥&t it does not seem to be determinative, either of major evolutionary
as the main mafic minerals. The Lavras do Sul Shoshonitf®mpositional trends or as an important component of the subsequent
Association (Lima & Nardi 1998), Estaleiro Granitic Complexshoshonitic and alkaline magmatism. o _
(Bitencourt & Nardi 1993) and Monte Bonito granite (Philipp 1998) The possible effects of crustal-scale shearing in magma genesis are
are typical examples of post-collisional shoshonitic magmatism [}t restricted to lower-crust partial melting; it is also important in
Southern Brazil. facilitating mantle partial melting through adiabatic decompression,
Granitic rocks of shoshonitic affinity associated to the SBSB afg2ding to volatile concentration in the previously metassomatized
mostly metaluminous. Sr and other LILE, as well as LREE are quiihospheric mantle. Such mechanism leads to an effective participation
enriched (Fig. 2c), whilst HFS and HRE element contents are lowdrsubduction-modified sources, which is in turn responsible for the
inside the shear belt, where they show trace element patterns clos@Pggrved similarity of evolutionary trends in post-collisional and
those of high-K calc-alkaline magmatism. The origin of shoshonitff@gmatic-arc environments, as previously pointed out by Heirais
granitoids in southern Brazil has been ascribed to the evolution : . o
basalts derived from EM1 type mantle sources, through fractional The enhanced volatile activity within the shear belt promotes larger
crystallization processes, involving mainly clinopyroxene an€€drees of partial melting in the mantle or crustal source, leading to
plagioclase (Lima & Nardi 1998). different compositional patterns of magmatism inside and outside this
Assuming the post-collisional magmatism as restricted to the 65@iscontinuity. This explains the observed difference in compositional
580 Ma age interval, the silica-saturated alkaline magmatism inside fi@iterns of the shoshonitic and alkaline magmatism inside and outside
shear belt is mostly represented by biotite syenogranites aifi¢ shear belt, as well as the relative abundance of crustal-derived
monzogranites. Piercing through cratonic areas, alkali-feldsplguids within these zones. The lithological diversity of granitic rocks
granites with associated syenitic terms are found. Coeval malicSBSB is partially caused by the variable degrees of interaction of
magmatism is voluminous, and comprehends basaltic to dioritic terimmeval mafic and granitic magmas.
displaying several geological features, such as minor dioritic The larger crustal contribution observed in the early stages of the
intrusions, mafic dyke swarms, composite dykes, and mafgBSB development, as in the generation of peraluminous and high-K
microgranular enclaves of several dimensions. Basic to acid volcagiic-alkaline melts, can be related to the volatile concentration favored
rocks are exposed in several plateaus located in the areas mgfejncreased crustal porosity due to the establishment of the
preserved from deformation. Within the shear belt, intrusive terms ajgcontinuity, and to the availability of hydrous mineral phases in the
typically medium to coarse-grained, heterogranular biotite granitgssst rocks. As the tectonic activity tends to decrease, due to the
Meta}t’?'“otjs granites ?re fdom(ljnant In th.?. S.BtSB ‘?'ka“”ﬁ m??r%atl'( ogressive waning of stress field, porosity is also decreased, as well
prlclne lrns 1 ol ou 5 gantc b, Y8 Gl O e s do 0 proesse deyaion

from deformational sites. Figure 2d shows the similarity o : - o
metaluminous alkaline granites with calc-alkaline and shoshonitj It IS thus suggested that the post-co_II|S|onaI magmatism in Sout_hern
zil (650-580Ma) has been mainly controlled by a major

patterns, although they are slightly enriched in HFS elements, . 4 L : - .
relatively depleted in Sr. Basic rocks of mildly alkaline affinity occuﬁ' ospheric-scale discontinuity, which has influenced not only its
as lava, dikes or mafic microgranular enclaves in granitic intrusioR§Cent and emplacement, but has also reactivated previously
(Nardi & Bitencourt 1993, Wildneet al. 1999). The generation of subduction-affected mantle sources and promoted crustal melting.
more differentiated alkaline rocks, including metaluminous granites,

involves mainly mineral-fractionation processes, with minoAcknowledgements  To CNPq, Fapergs and PRONEX for
contribution of crustal components (Wildnat al. 1999, Nardi & financial support and two anonymous referees of RBG for the critical
Bonin 1991). review of the manuscript.
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