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The Precambrian/Lower Cambrian pluton from Vila Nova
(Central Portugal)

El pluton Precambrico-Cambrico Inferior de Vila Nova
(Centro de Portugal)
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ABSTRACT

The Vila Nova pluton is a small, Pre-Variscan granitic body that intruded rocks of the Central Iberian
Zone near the contact with the Ossa Morena Zone and is affected by several shear zones and faults. Its
contact metamorphic aureole is constituted by micaschist with porphyroblasts in the outer zone and
hornfels in the inner zone. Small metasedimentar xenoliths are dispersed all over the body. The pluton
has a great mineralogical heterogeneity with pronounced variations in muscovite/biotite and plagio-
clase/microcline contents and is classified as granite, granodiorite or tonalite. It is a leucogranite, highly
peraluminous (A/CNK = 1.31 — 1.64), magnesian and calc-alkaline to alkaline-calcic. The variation dia-
grams show curvilinear trends with silica. Eu/Eu* = 0.47 — 0.77 and there is a slight enrichment in LREE
relative to HREE. The normalized diagrams indicated dominantly crustal granite, related to subduction.
U-Pb isotopic data of zircon and monazite gives 540-542 Ma age.
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RESUMEN

El plutéon de Vila Nova es un pequefio cuerpo granitico pre-varisco, que intruyé en las rocas de la
Zona Centro Ibérica, cerca del contacto con la Zona de Ossa Morena, siendo afectado por varias fallas
y zonas de cizalla. Su aureola de metamorfismo de contacto consiste en esquistos con porfiroblastos y
corneanas. Pequefios xenolitos metasedimentarios aparecen dispersos por todo el cuerpo granitico.
Presenta una gran diversidad mineraldgica, con amplias variaciones en las relaciones biotita/moscovita
y microclina/plagioclasa, siendo clasificado como tonalita-granodiorita-granito. Se trata de un leucograni-
to fuertemente peraluminico (A/CNK = 1.31 — 1.64), magnesiano y calco-alcalino a alcalino-calcico. Los
diagramas muestran variaciones curvilineas con la variacion de silice. Eu/Eu* = 0.47 — 0.77 y hay un
ligero enriquecimiento de LREE en relacion con HREE. Los diagramas indican que la norma es un gra-
nito dominante de la corteza, relacionados con la subduccion. Las relaciones isotdpicas U-Pb en circon
y monacita indican una edad de 540-542 Ma.
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Introduction

One of the main purposes of modern petrology is
the characterization of the process of renovation
and accretion which control crustal evolution. Gran-
itoids, well represented in orogenic domains, are the
most important crust constituents and their origin is

still an important objective in geochemistry investi-
gations. Recent studies show that granitoids are
important indicators of the mechanisms previously
referred, due to their variable composition and geo-
dynamic setting.

The age of granitoid rocks can be obtained by
modern and highly accurate techniques and its

1 Earth Sciences Department, FCTUC. Geosciences Centre. Portugal. Email: anaimreis @gmail.com, mmvsilva@ci.uc.pt
2 Polytechnic Institute of Castelo Branco. Geosciences Centre. Portugal. Email: imantunes @ esa.ipcb.pt



52

Study Area

Blastomilonitic
< Porto-Coimbra-Tomar
= Shear Zone

Vila Nova
[ )

Legend

Fault i
Cretacic Jr
- Ordovician

C Precabrian-Cabrian Pluton
Neoproterozoic - (XG)

- Proterozoic - Black serie

Fig. 1.—Location and geological scheme of the studied area
(ClZ: Central Iberian Zone; OMZ: Ossa Morena Zone).
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determination allows the identification of important
geologic episodes being a fundamental component
in the study of the evolution of crustal orogenic
processes (Carrigan et al., 2005).

In Portugal, close to the contact between the Cen-
tral Iberian Zone (CIZ) and Ossa Morena Zone
(OMZ), five small granitic plutons outcrop, including
the Vila Nova pluton, which are intrusive in the Neo-
proterozoic/Cambrian Schist-Metagraywacke Com-
plex metasediments. Several geochronological stud-
ies indicated an ante-Ordovician age for these plu-
tons; e.g. a Rb-Sr whole rock age of 506 + 14 Ma to
the Coentral/Vila Nova granites (Abranches & Canil-
ho, 1981); a Rb-Sr whole rock age of 443 £ 63 Ma to
the Coentral granite (Shepherd & Oliveira, 1990);
and K-Ar biotite and muscovite ages for the Coentral
granite (Gomes, 1990; Gomes et al., 1991), Pedrogio
Grande and Figueir6é dos Vinhos granites (Pereira,
1987; Pereira & Macedo; 1983), indicating an age of
555-580 for muscovite and 524-570 for biotite.

This paper is focused on a mineralogical, geo-
chemical and isotopic study (U-Pb), of the granitic
pluton of Vila Nova, which intruded the fragility
zone imposed by the Cadomian suture between the
Central Iberian Zone and the Ossa Morena Zone of
the Iberian Massif.

Geological setting

The pre-variscan Vila Nova granitic pluton, out-
crops in the CIZ and intrudes the Neoproterozoic/
Cambrian Schist-Metagraywacke Complex, in Cen-
tral Portugal. It has a slightly elliptical shape of
approximately 15 km?, aligned in the N-S direction.
To the West, the igneous body contacts with Protero-
zoic, Neoproterozoic and Ordovician rocks by
a complex system of faults related to the Blas-
tomilonitic Porto-Coimbra-Tomar shear zone (Fig 1).

To the East, the igneous body produced a meta-
morphic contact aureole with micaschist with por-
phyroblasts in the outer zone and hornfels in the
inner zone. To the Northwest, the granitic rock con-
tacts with sedimentary clastic rocks of Cretaceous
age by a thrust (Fig. 1). The pluton is affected by
several shear zones and faults, especially near the
Blastomilonitic shear zone, and shows an intensive
weathering, which results on strong and penetrative
arenization.

Small metasedimentary xenoliths of centimetric
dimensions are hosted by the granitic rock. They
are surmicaceous and some have prismatic
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andalusite. Quartz ocellis (up to 10 cm long) occur
dispersed all over the granite and small and thin
(milimetric) quartz veins with chlorite are also
found.

Analytical methods

Seven samples were collected for petrographic,
geochemical and isotopic studies in the Vila Nova
pluton. Sampling was conditioned by the limitations
imposed by the alteration and outcrop scarcity of
the area.

Samples were prepared in Earth Sciences Depart-
ment, University of Coimbra (Portugal). Thin sec-
tions were made for modal analysis and petrograph-
ic studies. The samples were crushed in an agate
mortar to < 75 pm. Major, trace and rare earth ele-
ments were determined by ICP-MS in Actlabs,
Canada. FeO was determined by titration with
potassium permanganate with a precision of 1%, at
the Earth Sciences Department, University of
Coimbra.

The less altered granitic sample was chosen for
U-Pb ID-TIMS isotopic studies. It was grinded on a
jaw crusher. The fraction inferior to 180 pm was
separated by heavy liquids and magnetic separation
to obtain a concentrate of zircon and monazite.

A representative fraction of zircon was selected
avoiding crystals with external disturbed domains,
inclusions or zonation. After chemical treatment
isotopic ratios were obtained by isotope dilution
and thermal ionization mass spectrometry (ID-
TIMS), using a Finningan Mat 62 mass spectrome-
ter at the Geosciences Department, University of
Oslo (Norway), following Krogh (1982) methodol-
ogy with the adaptations of Corfu (2004). The
analysis accuracy and respective ages were obtained
with 2o of significance degree. Results were plotted
in Concordia diagrams (Krogh, 1982; Davidson &
Van Breemen, 1988).

Mineralogy and geochemistry
of granitoid rocks

The Vila Nova granitic pluton contains quartz,
perthitic microcline, albite-oligoclase, muscovite,
biotite, apatite, zircon, monazite, rutile, pyrrhotite,
magnetite, ilmenite, pyrite and tourmaline. The
alteration minerals are muscovite and chlorite. The
muscovite/biotite and plagioclase/K-feldspar ratios
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Fig. 2.—IUGS classification of granitic rocs after Le Maitre et al.
(2005). Modal compositions are quartz (Q), plagioclase (P), alka-
line feldspar (A). Areas are: granite (), granodiorite (Il) and
tonalite (l1I).

are highly variable and the granitoid from Vila
Nova is classified as tonalite-granodiorite-granite
(Fig. 2), with different quantities of muscovite and
biotite.

The granitoid rock is a leucogranite, peralumi-
nous, with A/CNK ranging from 1.31 to 1.69 and
can be classified as a S-type granite. It is also clas-
sified as a magnesian, calc-alkaline to alkaline-cal-
cic granite (Frost et al., 2001) or as a volcanic arc
granite (Fig. 3a, b, c¢) (Pearce et al., 1984). The
Ocean Ridge Granite (ORG) and the Primordial
Mantle normalized patterns indicates that is a
crustal granite (Fig. 3d), related to subduction
(Fig. 3e), with positive anomalies for Rb, Th, Ce
and Sm and negative anomalies for Ba, Ta, Nb, Sr
and Ti (Fig. 3d, e).

Variation diagrams (not presented here) show
regular curvilinear trends with decrease in TiO,,
Al,O;, FeO, MgO, Ba, Sc, V, Cr, Ni, Nb, Zr, Hf and
YREE with SiO, increase, K,O and Rb show seg-
mented trends, while CaO, Sr and Cs don’t show
any trend, which can be due to the hydrothermal
alteration (Reis, 2009).

The REE patterns, normalized to chondrite, show
a moderate negative Eu anomaly (0.47-0.77) and a
moderate fractionation for REE (Lay/Luy = 7.04 to
9.65) (Fig. 4). The XREE varies from 126.84 to
179.61 ppm.
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Fig. 3.—Tectonic environment diagrams: Yb-Ta (a); Rb-(Y+Ta), (b); Rb-(Yb+Nb), (c). Syn-collisional granites (Syn-COLG), intra-plate gran-
ites (WPG), oceanic rift granites (ORG) and volcanic arc granite (VAG) (Pearce et al., 1984). Geochemical normalized pattern to ORG
(Ocean Ridge Granite; Pearce et al., 1984) (d). Geochemical normalized pattern to primordial mantle (McDonough et al. 1992) (e).
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Fig. 4—REE diagram normalized to chondrite (Taylor & McLen-
nan, 1985).

Isotope geochemistry

The least altered sample from Vila Nova pluton
was selected for U-Pb isotopic data determination.
In this sample five fractions of zircon and two frac-
tions of monazite were analysed. The selected crys-
tals have prismatic habit and are colourless. They
do not present inclusions, fractures or disturbed
domains.

On the concordia diagram, 2°°Pb/>3U versus
207Pb/?33U, three zircon fractions are plotted on the
Concordia, while two zircon fractions are discor-
dant and define an inverse discordia curve (Fig. 5).
The age defined by the three concordant zircon
fractions is 541.2 £ 0.8 Ma (MSWD = 1.3). The
inverse discordia curve intercepts the concordia
curve in the lower part, with a minimum emplace-
ment age of 540.4 £ 0.8 Ma and an upper intercep-
tion age of 1887 £ 17 Ma and a MSWD of 0.65.
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Fig. 5.—Concordia diagrams to zircon (a) and zircon and mon-
azite (b) from selected sample of Vila Nova pluton. zr: zircon,
mz: monazite.

The reversely discordance of zircon could sug-
gest a Pb inheritance associated with an initial >*°Th
disequilibrium (Shrérer, 1984; Kalt & Corfu, 2000),
a probable small zircon inheritance or an isotopic
disturbance (Corfu, 2004).

The more concordant zircon indicates a 2°’Pb/?%Pb
age of 540.5 £ 0 Ma, with a discordance of 0.1%,
identical to the other zircon fraction ages obtained.

The monazite fractions are concordant, although
they tend to plot far from zircon, because they are
easily affected by disturbances associated to the
geologic episodes (Kalt & Corfu, 2000), showing a
206pp excess due to the 2*°Th incorporated during
monazite crystallization (Schérer, 1984). The mon-
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azite crystal that plots close to the zircon has a
207Pb/235U age of 542.7 £ 1.0 Ma.

The magmatic emplacement age is of 541.2 £ 0.8,
according to the three concordant zircon fractions.
The range 540-542 Ma is the possible period of
installation to the Vila Nova Pluton, with an Pre-
cambrian-Cambrian age.

Conclusions

The Vila Nova Pluton is a heterogeneous peralu-
minous granitic rock. This pluton has a crustal ori-
gin, subduction related, that intruded near the
suture between the CIZ and the OMZ in the Pre-
cambrian-Cambrian transition. The U-Pb age,
obtained with concordant zircon and monazite age
is 541.2 £ 0.8 Ma. This result defines a range of
540-542 Ma for the pluton emplacement.

The Vila Nova Pluton and probably the other plu-
tons of the area are indicative of an igneous activity
in the CIZ, related to Cadomian Orogeny and
strongly affected by the Variscan orogeny. The Vila
Nova pluton is an evidence of a crustal renewal
episode during the Precambrian-Cambrian transi-
tion in the CIZ, also suggested by Neves et al.
(2001) for other granitc plutons in the same geotec-
tonic setting.
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