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PB/PB SINGLE-ZIRCON DATING OF PALEOPROTEROZOIC CALC-ALKALINE/
ALKALINE MAGMATISM IN THE SOUTHEASTERN SAO FRANCISCO CRATON
REGION, BRAZIL

HANNA JORDT-EVANGELISTA !, GUILHERME GRAVINA PERES ! AND MOACIR JOSE BUENANO MACAMBIRA 2

ABSTRACT Two chemically and petrographically distinct intrusive bodies (a calc-alkaline trondhjemite and an alkaline quartz-syenite cut

by granitic aplites) occur in the vicinity of Piranga (Minas Gerais State), near the southeastern border of the Sdo Francisco craton, Brazil. They
intrude the Rio das Velhas greenstone belt and the Mantiqueira complex, both of Archean age. Both intrusive bodies are variably deformed and
mylonitized. Age determinations using the Pb/Pb single-zircon evaporation method yielded Paleoproterozoic ages for the emplacement/
crystallization of the trondhjemite (2058 + 10Ma), quartz-syenite (2036 + 4Ma), as well as the younger aplites (2012 + 8Ma). These ages allow
us to interpret the calc-alkaline as well as the alkaline magmatism as manifestations of the Transamazonian event in the southeastern S&o Fran-
cisco craton region. Furthermore, the calc-alkaline trondhjemite is interpreted to have intruded during compressional deformation, while the
alkaline quartz-syenite and its aplitic differentiates are post-orogenic, possibly extension-related. In terms . (Ye+Rtb) contents, the
trondhjemite plots in the field of volcanic arc granites, whereas the syenite and the aplites plot in the field of post-collision granites. The
mylonitic overprinting of the syenite and the trondhjemite is also Paleoproterozoic, as deduced from the 2012 + 8Ma age of the undeformed
younger aplitic dykes which cut the syenite. It is likely that this alkaline magmatism correlates with a Paleoproterozoic post-collisional magmatic
event well documented in the Transamazonian mobile belts of the northern S&o Francisco craton.
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INTRODUCTION Calc-alkaline rocks generated duringof the town of Piranga, Minas Gerais (Fig. 1). The rock bodies
compressional deformation associated with the 2100Matruded lithologies of the Rio das Velhas greenstone belt and the
Transamazonian fold-thrust belt have been described in many localifi¢antiqueira gneiss complex, both of Archean age.

in the Quadrilatero Ferrifero (Noce 1995, Pires & Barbosa 1993, also The Piranga syenite crops out as two small bodies of about 20 and
see review of geochronological data in Endo 1997). Converseh,()krn2 (Fig. 1; Jordt-Evangelista & Peres 1997a). Several generations
alkaline rocks are scarce in the region and their chronology is usuasfyaplitic rocks, including deformed and undeformed dykes, cut the
inferred (Pinto 1995). This paper discusses the results of Pb/Pb singlgartz syenite (Fig. 2a). We collected samples from the undeformed
zircon dating of alkaline as well as calc-alkaline rock located in thgeneration for age determination. Mapping of the syenite bodies was
southeastern vicinity of the S&do Francisco craton (Fig. 1), whlchgseatly improved by the use of a scintillometer, since its soil is usually
referred here as the southeastern Sdo Francisco craton region.
results are also important because alkaline as well as calc-alkal i
rocks are important paleogeographic indicators, which cous = =
contribute to a better understanding of the evolution of th_
Transamazonian orogen in the studied area.

GEOLOGICAL SETTING Trondhjemite or quartz syenite bodies
occur in the southeastern Sdo Francisco craton region, in the vici
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Figure 2 - (A) Aplitic dykes cutting the Piranga syenite. Notice hammer (left
Figure 1 - Geological map of the Piranga area (modified after Raposo 199&gntral area of photography) for scale. (B) - Alkali-feldspar rich undeformed
and location of dated outcrops. Piranga syenite.
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more radioactive (200 to 500cps, mean values around 300cps) thanGEEOCHRONOLOGY  Single-zircon age determination by step-
derived from the surrounding gneisses of the Mantiqueira complex (Wise Pb evaporation method usually yields results very similar to the
- 150cps), the Ribeirdo Pinheirinhos trondhjemite (50 - 100cps) ages obtained by the zircon U/Pb method (Kober 1987, Andsdell &
from rocks of the Rio das Velhas greenstone belt (garnet schist 3dyser 1991). Therefore, the apparef’PbP?Pb ages may be
50cps, talc schist 10 - 30cps, amphibolite 30 - 50cps). The aplites Eferpreted as the crystallization age of the zircon. However, these ages
even more radioactive than the syenite, reaching values of 800cp<'e less exact than the U/Pb method and should be considered as the
The Ribeirdo Pinheirinhos trondhjemite (originally classified as Binimum crystallization age of the analyzed zircons (Gaueeti
granite-granodiorite in the geological map of Raposo 1991) i 9

composed of several small NW-SE trending bodies (Raposo 19%'}‘(-”]6 least magnetic zircon fractions were chosen for geochronology.
i

e analyzed crystals are prismatic, with length/width ratios varying
etween 4:1 and 2:1, transparent to translucent, colorless or faintly
colored in shades of brown. Microfractures or translucent borders
indicative of incipient metamictic alteration were observed in a few
crystals.

Peres & Abib 1997) which crop out relatively close to the syenite (F
1). The sample dated belongs to a body of about 4 Ricated only
5km west of the northern syenite.

PETROGRAPHY AND GEOCHEMISTRY The Ribeiréo
Pinheirinhos trondhjemite is a leucocratic, medium-grained rock with

a penetrative foliation which is deflected around older phenocrysts (=
porphyroclasts) of plagioclase (oligoclase) and lenses of quartz. T~~
trondhjemite has the following mean mineralogical compositior
plagioclase 50 vol%, quartz 35%, microcline 5%, biotite 5%
accessory allanite, apatite, zircon, titanite, opaque minerals, fluori
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and secondary white mica, carbonate, epidote and chlorite 5
Strongly mylonitized bands impart a gneissosity to the trondhjemit:

The Piranga quartz syenite is a medium to coarse-grained rock. |
variably sheared, being locally transformed into a gneiss wi
melanocratic bands. The least deformed portions are composec
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abundant tabular phenocrysts of alkali-feldspar (Fig. 2b). The alka
feldspar, usually surrounded by a mantle of fine-grained albite,
perthitic to mesoperthitic. The matrix is composed of granoblast .
microcline, albite, and quartz, and clusters of mafic minerals. Tt
mafic minerals are light green diopside (partially replaced kb
actinolite), strongly pleochroic, bluish green calcic amphibole (ferroe
paragasitic hornblende), greenish brown biotite, and accessory titar
apatite, allanite, opaque minerals (iron oxides and ilmenite), a
zircon. Secondary minerals include light green amphibole (actinolite —
epidote, carbonate and chlorite. The typical modal composition | il
alkali-feldspar 80-90 vol%, quartz 0-10% and mafic minerals 10-20¢ !
The aplite from the dykes has the mineralogical composition of xgs0 | || !
alkali-feldspar granite, consisting of granoblastic microcline (50vol% 1
albite (20%), quartz (25%) and 5% of mafic minerals (diopside, calc !
amphibole, biotite, apatite, zircon, allanite, opaque minerals ai | || !
carbonate). Age | ||
Geochemically, the trondhjemite is calc-alkaline, plotting in thi(Ma)| |
field of volcanic arc granites of Pearce (1984; Fig. 3). The alkalir1gso | || |
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rocks plot within the field of post-collision granites of Pearce (199t
Fig. 3). The CIPW norm shows that the syenite is mostly quart
normative, with Q reaching up to 15 weight %. However, samples ric
in alkali-feldspar phenocrysts have Q=0, being olivine and acmi
normative, as well as peralkaline in the sense of Le Maitre (1989), w

molar (NgO+K ,0)/Al,O, greater than 1. 1850 1
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Figure 3 - Rb vs. Y+Nb diagram of Pearce et al. (1984) and Pearce (1996) tor

the Ribeirdo Pinheirinhos trondhjemite (triangle), Piranga syenite (circle) and

aplitic dikes (square). Syn-COLG and Post-COLG: Syn- and Post-collisidfigure 4 - Age vs. evaporation steps diagram for zircon crystals from the
Granites; WPG: Within Plate Granites; VAG: Volcanic Arc Granites; ORGRibeirdo Pinheirinhos trondhjemite (A), Piranga syenite (B) and Piranga
Ocean Ridge Granites. aplitic dyke (C).
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The following results were obtained: collisional event leading to a 2100Ma fold-thrust belt (Alkmim &
- Ribeirdo Pinheirinhos trondhjemitefifteen zircon crystals were Marshak 1998). The magmatic arcs, the accreted terranes, and the

analyzed, four did not contain enough Pb for analysis and six wetesociated suture are supposed to lie to the east and southeast of the
discarded because of discrepant results. The high temperat{if@/9in of the S&o Francisco craton, more precisely in the Coastal

analyses of five crystals resulted in a crystallization age of 2058\4obile belt, being extensively overprinted by the Brasiliano (Pan
10Ma (Fig. 4A). African) event. In fact, relicts of Transamazonian rocks can be found

. S . in the Coastal Mobile Belt (Macha@bal 1996). Alkmim & Marshak

- Piranga syenite €ight zircon crystals were selected but three of 99y also noticed that there is an apparent lack of large volumes of

them did not contain enough Pb for analysis The high temperatiig,nsamazonian-age granitoids. The calc-alkaline and alkaline rocks

analyses of five crystals resulted in a crystallization age of 2036 eq a5 Transamazonian in this study lie within regions composed of

4Ma (Fig. 4B). Archean crust of the S8o Francisco craton which were later reworked
- Piranga aplite, undeformedseven zircon crystals were selected butluring Transamazonian events. The fact that Transamazonian

one of them did not contain enough Pb for analysis. The highagmatism is found in Piranga, near the southeastern border of the

temperature analyses of six crystals resulted in a crystallization ageadrilatero Ferrifero, means that the production of magma during this

of 2012 + 8Ma (Fig. 4C). orogeny was more widespread than previously recognized.

) Syenites as well as calc-alkaline rocks attributed to the

DISCUSSION AND CONCLUSIONS = Whereas calc-alkaline pajeoproterozoic are also found farther south and southwest, as for
rocks are considered typical of convergent margin setting, aI_kah@ggamme the Matola and Ubari alkaline complexes (Brandatisé
magmatic provinces are traditionally considered as anorogenic. TH§g2 " pinto 1995), the Alto Maranh&o tonalite, dated at 2124Ma by
anorogenic character has been used to typify A-granites. Litiigyce (1995) and many granites (Pires & Barbosa 1993). Many small
attention has been paid to characteristics of late- to DOSF'OTOQGE%%nite bodies with ages between 2100 and 1800Ma are aligned over
alkaline massifs compared with classical non-orogenic massifs. A shjtt| oookm length along the NS-trending Transamazonian belts in
from calc-alkaline to alkaline magmatism in the Alpine-Mediterraneaahia, northern Brazil (Conceicdo 1993). It is possible that the
belt was described by Bonin (1988), where alkaline complexes afgynsamazonian oversaturated alkaline magmatism of Minas Gerais
emplaced at the same sites as previous calc-alkaline bodies at tify88 generated in the same magmatic event as the syenites found in
when orogenic events were not yet completed, characterizing a SBiihja and perhaps belong to the same N-S belt of post-collisional
from a typical orogenic context to an anorogenic context. Bontfyansamazonian alkaline magmatism.
(1988) explains the transition of the magmatic episodes as resultinganother conclusion that can be drawn from this study concerns the
from the evolution of the behavior of water: calc-alkaline magmas ajg e of the deformation that affected the dated plutonic rocks and part
produced when water is available at the melting zones and alkalge, e aplites. Because the dated aplitic dike is undeformed, its

mag;arlg eif(vlvgé%r) ii?nn? Olsggehri :‘égﬂﬁg%i@ﬁeﬁl@f&?g r;?nn(esé arce crystallization age of 2012 +/- 8Ma indicates that the deformation of
et al 1984) for discpriminating the tectonic settinggof granites b{'€ syenite and trondhjemite must be older. This suggests that the
yenite and trondhjemite bodies were intruded during Transamazonian

introducing a field for post-collision granites. In this diagram, th . h >
studied trondhjemite plots in the volcanic arc granite field and tHieformation, as previously deduced from the observed high tempe-

syenite and aplites in the post-collision granite field (Fig. 3). Pearkaiure recrystallization fabrics (Jordt-Evangelista & Peres 1997b).

(1996) emphasizes that the post-collision granites are the most difficult . . .

to classify on the basis of chemistry as they have the greatest rangd@fnowledgments  To F.F. Alkmim for helpful discussions and

sources, such as enriched mantle associated with extensive crustgiew of the earlier manuscript, D. Cunningham for review of the

interaction. English text, C. Durkop for chemical analyses, K. Fusikawa for
The Quadrilatero Ferrifero lies in the foreland of thdending the scintillometer. To two anonymous referees of RBG for the

Paleoproterozoic fAnsamazonian orogen generated during a critical analysis of the manuscript.
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