
   

Anais da Academia Brasileira de Ciências

ISSN: 0001-3765

aabc@abc.org.br

Academia Brasileira de Ciências

Brasil

G. Cordani, Umberto; P. Nutman, Allen; S. Andrade, Antonio; F. Santos, José; Azevedo, Maria Do

Rosário; Mendes, Maria Helena; S. Pinto, Manuel

New U-Pb SHRIMP zircon ages for pre-variscan orthogneisses from Portugal and their bearing on the

evolution of the Ossa-Morena tectonic zone

Anais da Academia Brasileira de Ciências, vol. 78, núm. 1, março, 2006, pp. 133-149

Academia Brasileira de Ciências

Rio de Janeiro, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=32778113

   How to cite

   Complete issue

   More information about this article

   Journal's homepage in redalyc.org

Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Non-profit academic project, developed under the open access initiative

http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org/articulo.oa?id=32778113
http://www.redalyc.org/comocitar.oa?id=32778113
http://www.redalyc.org/fasciculo.oa?id=327&numero=7128
http://www.redalyc.org/articulo.oa?id=32778113
http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org


Anais da Academia Brasileira de Ciências (2006) 78(1): 133-149
(Annals of the Brazilian Academy of Sciences)
ISSN 0001-3765
www.scielo.br/aabc

New U-Pb SHRIMP zircon ages for pre-variscan orthogneisses
from Portugal and their bearing on the evolution

of the Ossa-Morena Tectonic Zone

UMBERTO G. CORDANI1, ALLEN P. NUTMAN2, ANTONIO S. ANDRADE3

JOSÉ F. SANTOS3, MARIA DO ROSÁRIO AZEVEDO3, MARIA HELENA MENDES3

and MANUEL S. PINTO3

1Centro de Pesquisas Geocronológicas, Instituto de Geociências, Universidade de São Paulo
Rua do Lago, 562, Cidade Universitária, 05508-080 São Paulo, SP, Brasil

2Research School of Earth Sciences, Australian National University, Canberra ACT 0200, Australia
3Departamento de Geociências, Universidade de Aveiro, Campus de Santiago, 3810, Aveiro, Portugal

Manuscript received on February 14, 2005; accepted for publication on August 4, 2005;
contributed by UMBERTO G. CORDANI*

ABSTRACT

New SHRIMP U-Pb zircon ages for the Portalegre and Alcáçovas orthogneisses document a complex pre-

Variscan history for the Iberian basement in Portugal. The available geochemical and geochronological data

for the Alcáçovas orthogneiss (ca. 540 Ma) tend to favor its involvement in a Cadomian orogenic event. This

is consistent with the development of an active continental margin setting at the end of the Proterozoic and

supports a Gondwanan provenance for the Iberian crust. On the other hand, the Ordovician emplacement

age obtained for the magmatic precursors of the Portalegre orthogneisses (497± 10 Ma) provides additional

evidence for the occurrence of rift-related magmatic activity during the Lower Paleozoic.

Key words: Cadomian orogeny, U-Pb geochronology, Iberian Massif, Ossa-Morena Zone.

INTRODUCTION

Comprehensive works about the geology of Iberia

with compilations of isotope data, like those in Bea

et al. 1987, Dallmeyer and Martínez-Garcia 1990

and Gibbons and Moreno 2002, clearly show a

complex polymetamorphic evolution and an equally

complex igneous history for the Variscan Fold Belt.

As for the age and nature of the pre-Variscan

basement in the Peninsula, namely the extension

and importance of the Cadomian and Lower Paleo-

zoic events and the possible contribution of Archean,

Paleo-, Meso- and Neoproterozoic materials to the

*Member, Academia Brasileira de Ciências
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E-mail: ucordani@usp.br

Iberian crust, as deduced from isotope data, good

progress has been made in such direction (Valverde-

Vaquero and Dunning 2000, Fernández-Suárez et al.

2002, just to cite a few) although intermingled with

some controversy (e.g. Ábalos et al. 1993). The Pan

African/Cadomian orogeny may have played a sig-

nificant role in the geological evolution of such ter-

rains and a Paleopaleozoic tectonomagmatic event

is also indicated by structural, petrological and geo-

chronological evidence (e.g. L.C. Gama Pereira,

unpublished data, Quesada 1990, 1991, Ribeiro et

al. 1990, Castro et al. 2002). The internal consis-

tency of the data within each tectonostratigraphic

unit of the Iberian Peninsula (Hesperian Massif, see

Fig. 1) and the contrast between them provide evi-
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134 UMBERTO G. CORDANI et al.

dence of the heterogeneity of the Variscan overprint

imposed onto a previously existing basement.

In the Ossa-Morena Zone (OMZ), in SW Iberia,

pre-Variscan plutonic activity is more evident than

in the northern part of the Iberian Massif and its

dating has been essential in unrevealing the Cado-

mian evolution of the Zone. Relevant data have

been obtained mostly from rocks occurring in Spain

(e.g. Blatrix and Burg 1981, Shäfer et al. 1988,

1999, Sánchez-Carretero et al. 1990, 1999, Sánchez

Fabián 2000, Bandrés et al. 1999, 2000, Valladares

et al. 2002, González Menéndez 2002 and com-

pilation in Castro et al. 2002) whereas in Portu-

gal existing data are scarce, predominantly from

Rb-Sr dating (compilations in Pinto 1984, Pinto et

al. 1987), and frequently without proper geological

control. Moreover, in several cases, data are relative

to rocks occurring either in the strongly deformed

border separating the OMZ from the Central Iberian

Zone (CIZ), adding a few problems of interpreta-

tion (Abranches et al. 1979, Pinto 1980/81, Pereira

and Macedo 1983, Ábalos and Eguíluz 1992, Ábalos

et al. 1993, Noronha and Leterrier 2000, H.G.I.O.

Chaminé, unpublished data, Oliveira et al. 2002a, b,

Chaminé et al. 2003) or in the Aracena metamor-

phic belt, in the border separating the OMZ from the

South Portuguese Zone (Díaz Azpiroz et al. 2002).

Priem et al. (1970, 1986) obtained Pre-Varis-

can ages by the whole-rock Rb-Sr isochron method

for the deformed orthogneisses of Portalegre and

Alcáçovas that occur in the Portuguese sector of the

OMZ. Abranches et al. (1979) also obtained similar

Rb-Sr ages for the Portalegre unit. All these grani-

toids yielded Ordovician apparent ages that shall be

compared with new data obtained by other methods,

as well as with available data for other rock units.

In the present work several zircon crystals

from two samples collected from the Portalegre and

the Alcáçovas granitoids were analyzed and geo-

chemical data for these rocks, including REE data,

are also presented and discussed as a contribution

to the nature and chronology of the major tectono-

thermal events that affected the Portuguese sector

of the OMZ.

The new U-Pb zircon ages, although being re-

garded as a reconnaissance tool in the sense used

by Kalsbeek and Nutman (1996), are considered of

importance not only because they are the first U-Pb

zircon ages (SHRIMP method) for the pre-Variscan

granitoids of these areas of the OMZ, but also be-

cause such type of data is not common in the whole

Zone (see Castro et al. 2002).

GEOTECTONIC SETTING

The Iberian Massif constitutes the SW extension

of the European Hercynides and includes a nearly

complete cross section through the Variscan orogen.

It is bounded to the north and west by the Bay of

Biscay and the Atlantic Ocean, at the southeast by

the Guadalquivir fault and it is covered, in the east

and in the west, by Mesozoic and Tertiary platform

sediments.

Differences in stratigraphic, structural, meta-

morphic and magmatic style have led Lotze (1945)

and Julivert et al. (1974) to subdivide the Iberian

Massif into five major zones (Fig. 1). These are

from NE to SW: the Cantabrian, West Asturian

Leonese, Central Iberian, Ossa Morena and South

Portuguese Zones.

The OMZ is one of the internal zones of the

Iberian Variscan Fold Belt and comprises Pre-

cambrian and Paleozoic rocks variably affected

by Variscan tectono-metamorphic events (Chacón

et al. 1983). The Variscan deformation is respon-

sible for most of the penetrative structures obser-

ved in the OMZ (Castro et al. 2002). Such NW-SE

trending structures vary in style and intensity across

the strike and tend to be progressively younger from

SW to NE according to Apalategui et al. (1990).

The regional metamorphic evolution is com-

plex. Mineral assemblages do not generally ex-

ceed low-grade but can reach, in places, high-grade

granulite – facies, mostly associated with thermal

doming. (Quesada and Munhá 1990, Fonseca et al.

1999). The magmatic activity related to the Variscan

orogenic cycle is represented by volcanic and by

plutonic rocks with ages clustered in the interval
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NEW U-Pb ZIRCON DATES FROM THE OSSA-MORENA TECTONIC ZONE 135

Fig. 1 – Geological sketch map of the Portuguese sector of the Ossa-Morena Zone (after Oliveira et al. 1992), showing the location of

the studied samples. Box: Subdivision of the Iberian (or Hesperian Massif) after Lotze 1945 and Julivert et al. 1974. CZ – Cantabrian

Zone; WALZ – West Asturian Leonese Zone; CIZ – Central Iberian Zone; OMZ – Ossa-Morena Zone; SPZ – South Portuguese Zone;

PTSZ – Porto – Tomar Shear Zone; TCSZ – Tomar – Córdoba Shear Zone; FG – Guadalquivir Fault.

345-280 Ma (e.g. Pinto 1984, L.C. Gama Pereira,

unpublished data, Sánchez-Carretero et al. 1990,

Dunning et al. 2002, González Menéndez 2002).

It is now generally accepted that the OMZ was

affected by an older tectonic cycle during Protero-

zoic times (L.C. Gama Pereira, unpublished data,

L. Eguíluz, unpublished data), involving a rifting

episode over a continental basement, followed by the

opening of a small ocean basin, subduction and col-

lision (Apalategui et al. 1990, Ribeiro et al. 1990).

However, the intense Variscan reactivation, together

with the scarcity of unequivocal petrological and

geochronological data, does not allow a full recon-

struction of the pre-Variscan evolution of the OMZ.

Nevertheless, a few dates of both mafic and felsic

igneous rocks support the existence of Pan-African/

Cadomian magmatic activity in the OMZ at 630-

580 Ma (H-J. Schäfer, unpublished data, A. Ochsner,

unpublished data, Castro et al. 2002).

According to Ribeiro et al. (1990) and Apala-

tegui et al. (1990), the OMZ underwent rifting and

a passive margin type evolution during most of the

Lower Paleozoic. The rifting process is indicated

by the occurrence of Lower Cambrian tholeiites,

An Acad Bras Cienc (2006)78 (1)
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Middle Cambrian transitional-alkaline associations

and Ordovician-Silurian intraplate alkaline volcanic

rocks, thought to represent off-rift magmatism

(Mata and Munhá 1985, 1990). An extensional in-

tracontinental regime has been also suggested by

the presence of a number of alkaline and peralkaline

plutonic rocks yielding ages around 480 Ma (Priem

et al. 1970, Abranches et al. 1979, Lancelot and Al-

legret 1982, Garcia Casquero et al. 1985, Galindo

et al. 1990, A. Ochsner, unpublished data, Sánchez-

Carretero et al. 1990, 1999).

Although the available stratigraphic and struc-

tural evidence supports the occurrence of Pan-Afri-

can/Cadomian deformation and metamorphism in

the OMZ, the ages of the Precambrian tectonometa-

morphic and magmatic events are not precisely con-

strained in the Portuguese sector of the OMZ due

to the lack of reliable geochronological data. In

contrast, there are already several radiometric ages

confirming the influence of this orogenic cycle in

the Spanish extension of the OMZ (Bellon et al.

1979, Blatrix and Burg 1981, Dallmeyer and Que-

sada 1992, A. Oschner, unpublished data, B.

Ordoñez-Casado, unpublished data).

PORTALEGRE ORTHOGNEISS

The analyzed Portalegre orthogneiss occurs as part

of a relatively large, elongate and complex mas-

sif that includes the city of Portalegre. The mas-

sif is crosscut by a NW-SE high-angle reverse fault

known as the Portalegre fault and lies largely within

a major NW-SE shear zone of the Iberian Variscides:

the Tomar – Córdoba sinistral shear zone (Burg et

al. 1981, TCSZ in figure 1). To the north of the

fault, the massif is composed of a syenogranite or-

thogneiss, generally coarse-grained, that may grade,

in places, into more intensely sheared, fine-grained

varieties (Wilkinson et al. 1984). To the south of

the Portalegre fault, it consists of a weakly foliated

monzogranite (Carrascal granite) with large dioritic

enclaves (Pereira and Silva 2002).

Based on field evidence Teixeira (1976) con-

sidered the Portalegre massif to be ante-Ordovician/

post Complexo Xisto-Grauváquico (Late Protero-

zoic). In the more recently published geological

map of Portugal at the 1:500,000 scale (Oliveira et al.

1992), the syenogranite orthogneiss was included in

the group of the pre-Hercynian orthogneisses, which

is consistent with field and structural evidence (Burg

et al. 1981) and with the available geochronological

data. The monzogranite is referred to the syntec-

tonic Variscan granitoids in that map, but is consid-

ered to be a Lower Paleozoic granitoid by Pereira

and Silva (2002).

As already mentioned, Priem et al. (1970)

dated some of the pre-Variscan intrusions of the

Portalegre region by the whole-rock Rb-Sr isochron

method. They plotted in the same Rb-Sr isochron

diagram eight samples collected from three distinct

orthogneissic bodies (Alter Pedroso, Cevadais and

Portalegre) with highly variable compositions (so-

dalite syenites; syenites; peralkaline syenites and

granites; syenogranites). Some of the samples had

very high Rb/Sr ratios. The best-fit line encom-

passing six of the analytical points yielded an Ordo-

vician age of 482± 12 Ma (recalculated forλRb =

1.42× 10−11x a−1) and a very imprecise87Sr/86Sr

initial ratio (0.703± 0.003). This age was inter-

preted as reflecting the time of emplacement of the

Portalegre area intrusions.

Abranches et al. (1979) using four samples of

the Portalegre orthogneisses obtained 440± 6 Ma

for the apparent “age” of the massif (87Sr/86Sr initial

ratio = 0.70752± 0.00026(1σ); MSWD = 3.05).

Inclusion of data relative to one of the samples from

Priem et al. (1970) would not change the “age”, but

the MSWD would be increased.

The Lower Ordovician apparent age value was

subsequently confirmed by Lancelot and Allegret

(1982) with conventional U-Pb dating of zircons

from the Alter Pedroso orthogneiss (482± 16 Ma).

The zircon populations plotted close to the Concor-

dia, and the age was interpreted as indicating the

event of magmatic crystallization. Given the alka-

line to peralkaline signature of the Alter Pedroso and

Cevadais orthogneisses, the 482 Ma age was taken to

support the occurrence of a period of extension and

An Acad Bras Cienc (2006)78 (1)
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thinning of the continental crust during Ordovician

times (Sánchez-Carretero et al. 1990).

Although the presence of a number of alkaline

and peralkaline plutonic rocks yielding ages around

480 Ma suggests the existence of an extensional

intracontinental regime during the Ordovician, the

mineralogical and geochemical characteristics of

the Portalegre orthogneisses do not match those of

A-type granites from other parts of the world (e.g.

Collins et al. 1982, Whalen et al. 1987).

The Portalegre syenogranite orthogneiss has

quartz, K-feldspar (perthitic microcline), Na-plagio-

clase, biotite and muscovite as major mineral

phases. Typical accessory minerals include apatite,

zircon and opaque minerals. The rocks show abun-

dant microstructural evidence of having undergone

solid-state deformation after the emplacement of

their igneous precursors, including: presence of a

gneissic foliation; development of fine-grained my-

lonitic zones in the groundmass; fracture, bending

and marginal recrystallization of microcline and

plagioclase porphyroclasts; recovery and recrystal-

lization of quartz to finer-grained aggregates; elon-

gate shape of the quartz aggregates; occurrence of

lenses of newly formed biotite, sphene and opaques.

Chemical analyses of two samples from the

Portalegre syenogranite orthogneiss (Ossa 4D and

Ossa 5c) are presented in Table I. From a geo-

chemical point of view, these rocks are characterized

by high SiO2 values (SiO2 = 74–76%), weakly to

strongly peraluminous compositions (ASI = 1.00–

1.29), low HFSE (e.g. Zr< 105 ppm, Nb = 12–17

ppm) and extremely low REE contents (�REE =

40–90 ppm) (Fig. 2). They exhibit nearly flat REE

patterns (LaN/LuN = 1.5–3.7) and a well defined neg-

ative Eu anomaly (Eu/Eu*< 0.4) (Fig. 3).

Given the highly evolved character of the Por-

talegre orthogneiss it is possible that its igneous pro-

tolith would correspond to an extremely fraction-

ated and/or crustally contaminated A-type granitoid

rock, formed during a continental rifting episode.

However, an orogenic scenario at the time of granite

formation cannot be definitely ruled out. In fact,

the occurrence of subduction-related magmatism of

Upper Cambrian-Lower Ordovician age in the OMZ

has also been invoked by Mata et al. (1999).

ALCÁÇOVAS ORTHOGNEISS

The Alcáçovas orthogneiss, firstly described by

Andrade (1974), crops out about 5 km N of the vil-

lage of Alcáçovas in the Évora area (Fig. 1). These

rocks are part of a large complex that was included

in the group of pre-Hercynian orthogneisses in the

geological map of Portugal (Oliveira et al. 1992).

The Alcáçovas orthogneiss is a deformed fine-

grained granitoid showing a N-S trending tectonic

foliation, subsequently affected by NW-SE folding

related to the Variscan orogenic cycle (Andrade

1974). At the present level of exposure, this unit is

intruded by Variscan porphyries and dolerite dykes.

The porphyry dykes belong to a large belt about

105 km long and up to 15 km wide that extends

along the southwestern end of the OMZ. They have

dacite to rhyodacite compositions and exhibit a dis-

tinctive calc-alkaline signature (Santos et al. 1987).

For a few samples of them, a Rb-Sr whole-rock age

of 319± 5 Ma was obtained by Priem et al. (1986).

The same authors also obtained a five point Rb-Sr

whole rock “isochron” of 456± 23 Ma for the Al-

cáçovas orthogneisses. However, four of their an-

alytical points plot very close in the87Sr/86Sr vs.
87Rb/86Sr diagram defining, in practice, a two-point

isochron. Moreover, the corresponding87Sr/86Sr

initial ratio (0.710± 0.001) is much higher than ex-

pected from petrological and geochemical data (Ta-

ble I). As such, it is possible that the 456± 23 Ma

“isochron” does not reflect the real intrusion age of

the Alcáçovas orthogneisses.

Based on studies of Boogaard (1972, 1983),

a ca. 375 Ma age for the Hercynian deformation

of the Alcáçovas granite intrusion was assumed by

Priem et al. (1986). These authors also reported

K-Ar ages of 333–339 Ma for biotites of the Alcá-

çovas orthogneisses, concluding that these ages

could date the end of the Variscan metamorphism.

The main facies is a monzogranite orthogneiss

consisting of quartz, variably sericitized plagio-

An Acad Bras Cienc (2006)78 (1)
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TABLE I

Major and trace element composition of the Portalegre and Alcáçovas orthogneisses.

Portalegreorthogneiss Alcáçovasorthogneiss

Sample Ossa 4D(1) Ossa 5C(1) PG 2(2) PG 9(2) Ossa 43B(1) 1(3)

SiO2 76.27 76.46 73.9 75.1 72.98 71.96

TiO2 0.13 0.06 0.16 0.06 0.32 0.46

Al2O3 12.95 12.97 13.76 13.16 14.37 14.08

Fe2O3t 1.37 1.41 1.43 1.57 2.37 2.86

MnO 0.02 0.01 0.02 0.03 0.04 0.03

MgO 0.16 0.11 0.18 0.22 0.39 –

CaO 0.55 0.18 0.79 0.32 1.42 1.36

Na2O 3.25 2.81 3.95 3.01 3.77 3.96

K2O 4.83 4.69 5.37 5.22 4.27 4.88

P2O5 0.15 0.20 0.17 0.22 0.06 0.06

LOI 0.76 1.13 nd nd 0.24 0.31

Total 100.41 100.02 99.73 98.91 100.23 99.96

Rb 192 239 226 318 89 nd

Ba 269 21 263 142 1070 nd

Th 8.00 6.00 9.3 6.8 9.24 nd

Nb 12.6 12.0 16 17 8.6 nd

Ta 1.2 1.2 1.2 1.5 0.6 nd

Sr 27 10 31 12 86 nd

Zr 97 57 104 68 250 nd

Hf 3.4 2.1 3.5 2.7 6.8 nd

Y 34.1 20.0 33 16 32.2 nd

La 14.4 4.92 13 5.5 39.2 nd

Ce 32.3 13.2 29 13 77.0 nd

Pr 3.83 1.67 nd nd 8.60 nd

Nd 14.7 6.14 16 8.2 33.9 nd

Sm 4.12 2.21 4.3 2.1 6.76 nd

Eu 0.280 0.019 0.32 0.05 0.640 nd

Gd 4.34 2.19 nd nd 6.80 nd

Tb 0.96 0.59 0.88 0.47 1.07 nd

Dy 5.95 3.78 nd nd 5.90 nd

Ho 1.13 0.69 nd nd 1.16 nd

Er 3.24 2.13 nd nd 3.28 nd

Tm 0.526 0.378 nd nd 0.504 nd

Yb 3.26 2.60 2.2 1.3 3.21 nd

Lu 0.423 0.352 0.43 0.22 0.479 nd

(1) data obtained by ICP-AES and ICP-MS in theActlabs for this work; (2) data from Wilkinson et al.
(1984); (3) data from Andrade (1974); nd: not determined.
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Fig. 2 – Primitive mantle normalized multi-element diagram for the Portalegre and

Alcáçovas orthogneisses. Normalization constants after Sun and McDonough (1989).

Fig. 3 – REE primitive mantle normalized patterns for the Portalegre and Alcáçovas

orthogneisses. Normalization constants after Sun and McDonough (1989).

clase (oligoclase), K-feldspar (microcline), biotite

and amphibole (hornblende to hornblende-actino-

lite). Sphene, apatite and zircon are common ac-

cessory minerals. At thin section scale, the folia-

tion is defined by the parallel alignment of biotite

and amphibole. As a result of heterogeneous defor-

mation and recrystallization of quartz and feldspar,

the texture varies from mylonitic to granoblastic.

The mylonitic domains are generally inequigranu-

lar and contain strained older grains of feldspar and

quartz that appear to correspond to relict igneous

crystals. They are distinguished from those of the

surrounding matrix by their larger size and, in the

case of the K-feldspars, by the presence of rounded

or subhedral inclusions of quartz and plagioclase.

Typical granoblastic textures also occur and consist

of aggregates of equant, xenoblastic, polygonal- or

lobate-shaped quartz and feldspar grains.

Geochemically, the Alcáçovas monzogranite

orthogneiss (sample Ossa 43b) is characterized by

SiO2 values ofca. 73%, ASI = 1.07, relatively high

CaO contents (CaO = 1.42%), moderately fraction-

An Acad Bras Cienc (2006)78 (1)
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ated REE patterns (LaN/LuN = 8.8) and negative Eu

and Nb anomalies (Eu/Eu* = 0.29; ThN/NbN = 9.0;

LaN/NbN = 4.7) (see Table I; Fig. 2 and Fig. 3). The

chemical signature of the Alcáçovas orthogneisses

strongly suggests a derivation from calc-alkaline

magmas typical of orogenic tectonic settings. In

our view, an A-type or S-type provenance for their

igneous protoliths can be precluded.

SHRIMP U/Pb GEOCHRONOLOGY

SAMPLING AND ANALYSES

The sample of the Portalegre orthogneiss (Ossa 4D)

was collected at the Maceira quarry, near the Alagoa

village, about 15 km NW of Portalegre (Fig. 1).

Sample Ossa 43B belongs to the Alcáçovas ortho-

gneiss and was collected near km 549 of the EN 2

road (Fig. 1). The location of sample Ossa 43B is

the same of the samples used for Rb-Sr whole-rock

dating by Priem et al. (1986).

Sample preparation was carried out at the Uni-

versity of Aveiro. For each sample,ca. 5-10 kg fresh

material was prepared by crushing, grinding and

sieving. Zircon concentrates were obtained using

conventional heavy liquid techniques and a Frantz

magnetic separator. Final purification of the min-

eral population was achieved by handpicking under

a binocular microscope.

Together with chips of standard zircon, the zir-

con grains were mounted in epoxy resin discs and

polished with Pb-free materials. The epoxy was

coated with a thin conducting Au film. Assess-

ment of grains and choice of sites for analysis were

based on transmitted/reflected light microscopy and

cathodoluminescence (CL) imaging. The analyses

were performed on a limited number of zircon grains

and only a few age determinations were obtained,

the analytical results being summarized in Table II.

The isotopic measurements were carried out

using the SHRIMP I microprobe instrument at the

Australian National University (ANU) in Canberra.

For the SHRIMP analyses, the samples were stroke

with a mass filtered O2− primary ion beam using

a ca. 30µm diameter spot. The mass resolution

measured at 1% peak height was between 5,500 and

6,000. Details of the analytical procedures can be

found in Stern (1998) and in Williams (1998).

The 206Pb/238U ratios have an error compo-

nent (typically 1.5 to 2.0%) from calibration of the

measurements using standard zircons SL13 (single

crystal) and AS57 (multicrystal). All quoted errors

are 1σ , and take into account the non-linear fluc-

tuations in ion counting rates beyond that expected

from counting statistics (e.g. Stern 1998). The de-

cay constants and present-day238U/235U value used

to calculate dates for Phanerozoic zircons are given

by Steiger and Jager (1977). The final ages were

derived from the206Pb/238U ratios, after correction

for common Pb by the measured207Pb (Compston et

al. 1984). With only two exceptions (sample Ossa-

43B, spots 1.1 and 1.3, see Table II), the analyzed

zircon crystals showed little or even undetectable

common Pb. This age calculation procedure was

not applied to the Archean zircon crystal of the Al-

cáçovas orthogneiss (Ossa 43B – spot 2.1), whose

date is the207Pb/206Pb age, after correction using

the measured206Pb /204Pb ratio.

RESULTS AND DISCUSSION

Representative U-Pb Tera – Wasserburg concordia

plots for samples Ossa 4D and 43B are shown in

Fig. 4 and in Fig. 5, respectively.

PORTALEGREORTHOGNEISSES

Most of the zircon crystals of sample Ossa 4D are

fragments of pale yellow, euhedral prisms. They

may also occur as longer prisms with pyramidal

terminations, and some smaller equant grains were

also recognized. In the CL images, internal struc-

tures are simple and neither cores nor overgrowths

were observed. With the exception of spot 2.1 (U =

682 ppm), the uranium contents are generally low

(100–360 ppm).

Five of the analyzed spots, located in the least

disturbed portions of the larger prismatic grains, plot

as nearly concordant points in the Tera-Wasserburg

diagram and yield an average206Pb/238U age of

497± 10 Ma (2σ , MSWD = 0.89) (Fig. 4). Four of
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TABLE II

SHRIMP U-Pb zircon analyses for samples Ossa 4D (Portalegre) and Ossa 43B (Alcáçovas).

Sample Site U Th 206Pb/ Uncorrected Uncorrected 238U/

number description ppm ppm 204Pb 238U/206Pb 207Pb/206Pb 206Pbage,Ma
(1) (2) (3)

Ossa 4D

1.1 P,osc 222 74 1.15× 10−4 12.4 ± 0.31 0.0558± 0.0011 502.5 ± 12.3

2.1 P, osc,fr 682 59 0.17x10−4 12.0 ± 0.34 0.0559± 0.0010 518.8 ± 14.0

3.1 St, sm,hd 363 71 6.57x10−4 12.4 ± 0.31 0.0840± 0.0021 486.7 ± 11.7

4.1 P, osc,fr 174 248 0.72x10−4 12.8 ± 0.28 0.0564± 0.0010 486.9 ± 10.4

5.1 P, osc,fr 109 105 1.40x10−4 12.4 ± 0.32 0.0557± 0.0013 500.6 ± 12.5

6.1 P,fr 226 34 2.38x10−4 12.5 ± 0.29 0.0585± 0.0013 497.9 ± 11.2

Ossa 43B

1.1 P, tw,osc 141 94 49.41x10−4 12.06± 0.33 0.1310± 0.0027 469.3 ± 12.6

1.2 P, tw,osc 122 75 2.39x10−4 11.70± 0.27 0.0578± 0.0015 529.6 ± 11.9

1.3 P, tw,osc 378 355 18.65x10−4 12.49± 0.27 0.0868± 0.0009 480.0 ± 9.9

2.1 Eq, hb,co 152 101 0.18x10−4 2.07± 0.09 0.1701± 0.0073 2556± 74 **

3.1 St,hc 657 145 Below 1x10−5 13.31± 0.29 0.0571± 0.0006 468.3 ± 10.0

4.1 Eq,rd 864 154 Below 1x10−5 11.02± 0.27 0.0575± 0.0004 561.2 ± 13.0

5.1 St, hd,rd 204 48 0.78x10−4 9.75± 0.21 0.0688± 0.0010 622.0 ± 12.8

6.1 P,osc 910 22 Below 1x10−5 17.62± 0.35 0.0538± 0.0006 358.1 ± 7.0

6.2 P,osc 854 30 0.24x10−4 16.69± 0.57 0.0547± 0.0013 377.2 ± 12.6

7.1 St,osc 403 354 0.41x10−4 13.59± 0.33 0.0571± 0.0007 458.8 ± 10.7

8.1 St, hd,rd 561 185 Below 1x10−5 11.59± 0.25 0.0585± 0.0010 534.1 ± 11.1

9.1 P,osc 464 381 0.37x10− 4 11.50± 0.23 0.0584± 0.0009 537.9 ± 10.6

10.1 P, hb,rim 324 20 Below 1x10−5 16.38± 0.52 0.0607± 0.0025 381.4 ± 11.8

11.1 P, hb,rim 226 22 Below 1x10−5 16.12± 0.72 0.0652± 0.0015 385.2 ± 16.8

(1) Analysis code: x.y = grain. site number – Labels inbold used for date calculation(2) Habit, CL imagery and
site: P = long prism (aspect ratio> 2); St = stubby prism (aspect ratio< 2); Eq = equant, oval shape; rd = rounded;
sm = small (< 100µm); tw = twinned crystal; fr = fragment; hb = homogeneous bright; hc = homogeneous clear;
hd = homogeneous dark; osc = fine scale oscillatory zoning; co = core; rim = rim (overgrowth).(3) 238U/206Pb
age, after correction for common Pb by 207 method (assumes concordance) **207Pb/206Pb date for grain 2.1,
(99% concordant), after correction using measured206Pb/204Pb. All quoted errors are 1 sigma.

the points plot just below Concordia, most probably

due to a slight overestimation of the day’s standard

calibration. One small, dark brown, equant crystal

is highly discordant (spot 3.1) possibly due to the

presence of inherited components. Since five of the

six analyzed spots show concordant results, no addi-

tional data were obtained for sample Ossa 4D. The

497±10 Ma age is in reasonable agreement with the

ages reported by Priem et al. (1970) and by Lancelot

and Allegret (1982).

A comparison between the zircon crystals of

the Portalegre and those of the Alter Pedroso

orthogneisses analyzed by Lancelot and Allegret

(1982) shows that the latter are generally anhedral,

equant and were possibly formed during a late

crystallization stage of the parent alkaline magma.
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Fig. 4 – Tera-Wasserburg diagram for sample Ossa-4D (Portalegre orthogneiss).

Despite the marked differences in the petro-

logical and geochemical signatures of the Portale-

gre syenogranites and the Alter Pedroso peralka-

line rocks, the striking coincidence of ages between

them suggests that the former could represent ei-

ther highly differentiated or crustally contaminated

A-type granitoids. If this is true, and following the

widely accepted model of Ribeiro et al. (1990), the

emplacement of the Portalegre syenogranites would

have taken place during the extensional regime that

is thought to have prevailed in the Lower Ordovician.

It may be remembered that Early Paleozoic bimodal

rift-related magmatism is widespread throughout

much of the European Hercynides (e.g. Crowley et

al. 2000).

ALCÁÇOVAS ORTHOGNEISSES

The zircon population of sample Ossa 43B is highly

heterogeneous and consists of various grain sub-

populations of different color and morphology and

uranium content. For these reasons, the number

of SHRIMP analyses obtained in the Alcáçovas or-

thogneisses is larger than that of the Portalegre or-

thogneisses. Many zircon crystals occur as long,

yellow to pale brown, euhedral prisms with complex

internal structures. Oscillatory zoning patterns, typ-

ical of magmatic derivation, are frequently seen in

these grains. Other zircon sub-population is com-

posed of short stubby prisms, usually darker in color,

showing diffuse or structureless zoning. Small, dark

crystals, possibly metamict, are also present. Dis-

tinct overgrowths of colorless zircon were observed

in many of the analyzed grains. The CL-images in-

dicate that a number of crystals have inherited cores.

Uranium contents are highly variable and range be-

tween 100 and 900 ppm. The analytical points are

plotted in the Tera-Wasserburg diagram of Fig. 5

and reveal a complex age pattern.

Analysis 2.1, not reported in the figure because

of scale, comes from the core of a small prismatic

crystal with low U content (152 ppm) yielding a

late Archean/Paleoproterozoic age of 2540±40 Ma.

Grain 5.1 corresponds to a stubby, homogeneous,

prismatic crystal with a discordant207Pb/206Pb

apparent age atca. 620 Ma, of obscure significance.

Concordant ages ofca. 540 Ma were obtained

in four zircon analyses (4.1, 8.1, 9.1 and 1.2 in

Fig. 5). Their uranium contents vary greatly, be-

tween 120 and 870 ppm, and their morphologies are

quite distinct: zircons grains 4.1 and 8.1 are small,
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Fig. 5 – Tera-Wasserburg diagram for sample Ossa-43B (Alcáçovas orthogneiss).

homogeneous and somewhat rounded prisms, whilst

zircon grain 9.1 corresponds to a long-prismatic, eu-

hedral crystal with oscillatory zoning. Spot 1.2 is a

low uranium domain within a large twinned hetero-

geneous crystal displaying oscillatory zoning. From

this grain, two other analyses were obtained (spots

1.1 and 1.3), yielding different uranium contents and

younger apparent ages of about 470–480 Ma. A sim-

ple age calculation for this age group (zircons 4.1,

8.1, 9.1 and 1.2) indicated an age of 539± 20 Ma

(2σ , MSWD = 1.20).

Zircon crystals 3.1 and 7.1 yielded concordant

ages ofca. 460 Ma. Analysis 3.1 was targeted

in a clear prism whereas zircon 7.1 is a small bi-

pyramided prismatic crystal. A calculated age value

for these two zircons indicates 464±14 Ma (2 sigma,

MSWD = 0.42). This age value is of the same or-

der as the apparent ages for sites 1.1 and 1.3 al-

ready mentioned, although these were not included

in the calculation because they present a high com-

mon lead correction.

Analyses 10.1 and 11.1 are from highly lumi-

nescent and structureless domains and may repre-

sent areas of metamorphic reorganization of the zir-

con crystal lattice. Their apparent ages are close to

370 Ma, and similar ages were found in two different

spots (6.1 and 6.2) of a single, euhedral, long pris-

matic crystal of zircon with oscillatory zoning and

high uranium contents (854–910 ppm). The aver-

age age calculation for this age group (6.1, 6.2, 10.1

and 11.1) yielded 368± 21 Ma (2σ , MSWD = 1.6).

Zircon 9.1 showed a structureless apparently recrys-

tallized domain and its analysis yielded a somewhat

younger age whose significance is uncertain.

Despite the differences found in the new ap-

parent age values, it is possible to place some time

constraints on the evolution of the Alcáçovas or-

thogneisses.

Theca. 2.5 Ga age obtained in a clearly inher-

ited zircon domain of crystal 2.1 is consistent with

the involvement of Paleoproterozoic-Archean mate-

rial in the genesis of late Precambrian and Paleozoic

granitoids. Such a component is well-defined in de-

trital zircons from the OMZ metasediments (H-J.

Schäfer, unpublished data, B. Ordoñez-Casado, un-

published data) and adds further evidence for the
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contribution of Precambrian recycled continen-

tal crust to the European Hercynides (Gebauer et

al. 1989).

The typical magmatic character of zircon 9.1

and the presence of a cluster of Cadomian-type ages

atca. 540 Ma (analyses 1.2, 4.1, 8.1 and 9.1) suggest

that the emplacement of the magmatic precursors of

the Alcáçovas orthogneiss could have taken place

during the Cadomian orogenic event. However, the

occurrence of a second group of ages at around 460

Ma (spots 1.1, 1.3, 3.1 and 7.1) can also be inter-

preted as reflecting the age of protolith formation.

Unfortunately, the available geochronological

data do not provide an unequivocal age for the

intrusion of the Alcáçovas monzogranites. At first

sight, the calc-alkaline affinities displayed by these

rocks would tend to favor their magmatic crystal-

lization occurring during the Cadomian orogeny.

This hypothesis fits well with the Late Precambrian-

Lower Cambrian date (ca. 520–530 Ma) reported

by Eguíluz et al. (1996) for subduction-related calc-

alkaline volcanic suites from the Malcocinado for-

mation and Bodonal-Cala complex (OMZ). On the

other hand, the SHRIMP 460 Ma age is concordant

within analytical error with the Rb-Sr whole rock

isochron age obtained by Priem at al. (1986) and

could equally be taken as an estimate of the age

of the intrusive event. If this interpretation is cor-

rect, zircons 2.1, 4.1, 5.1, 8.1 and 9.1 should be

regarded as inherited crystals of a pre-existing base-

ment. However, the Ordovician anorogenic geody-

namic scenario postulated by many authors for the

Iberian Variscides is not easily reconciled with the

geochemical signature of the Alcáçovas monzogran-

ites.

Because of the above arguments, the 540 Ma

age is interpreted here as the best approximate of

the intrusion of the Alcáçovas protolith, in associa-

tion with the Cadomian orogenic event. If such age

for the protolith of the Alcáçovas orthogneiss is ac-

cepted, the presence of a cluster of U-Pb SHRIMP

ages atca. 460 Ma still needs some explanation. We

suggest that such Ordovician ages may reflect the

occurrence of a strong thermal episode, related to

extensional tectonism, that could have induced par-

tial remelting of the material, with the consequent

formation of migmatitic structures and crystalliza-

tion of newly formed zircons.

Finally, the 370 Ma age obtained in four spots

from three zircon grains records the early Variscan

metamorphic overprint. This is particularly clear

in the spots 10.1 and 11.1, which were placed in

overgrowth rims of zircon crystals which appear

bright and colorless in the CL images. In a differ-

ent zircon crystal with magmatic appearance (anal-

yses 6.1 and 6.2), a metamorphically-induced U-Pb

disturbance is indicated by the presence of Pb-loss

domains yielding young206Pb/238U ages and low

Th/U ratios (< 0.04). The 370 Ma U-Pb SHRIMP

age is in agreement with theca. 375 Ma date pro-

posed by Priem et al. (1986) for the deformation of

the Alcáçovas monzogranites.

Given the extremely complex age pattern of

the Alcáçovas orthogneiss, further geochemical and

geochronological studies are required to get a better

understanding of its tectonomagmatic evolution.

CONCLUSIONS

The new geochemical and SHRIMP U-Pb zircon

data for the Portalegre and Alcáçovas orthogneisses

document a complex and old history for the Iberian

basement in the OMZ. Despite the controversial in-

terpretation of the available geochronological re-

sults, a few concluding comments can be given:

a) recycling from a Precambrian continental crust

with an age around 2.5 Ga (Paleoproterozoic-

Archean) is indicated by the detection of an

inherited zircon component in the Alcáçovas

orthogneisses;

b) the assumption of an intrusion age ofca. 540

Ma for the protholith of the Alcáçovas ortho-

gneiss is consistent with the development of an

active continental margin setting in the OMZ

at the end of the Proterozoic and supports the

Gondwana provenance of the Iberian crust (see

Fernández-Suarez et al. 2002);
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c) the Ordovician emplacement age obtained for

the magmatic precursors of the Portalegre

syenogranite orthogneisses (497± 10 Ma) is

in reasonable agreement with the age postu-

lated for rift-related alkaline and peralkaline

magmatic activity in the OMZ (Lower Ordovi-

cian, about 480 Ma). Given the highly evolved

character of the Portalegre orthogneisses, the

Ordovician tectonic setting cannot be unam-

biguously constrained. These rocks may derive

from crustally contaminated A-type magmas,

but their geochemical signature is not incom-

patible with an orogenic geodynamic scenario;

d) the presence of a cluster of U-Pb SHRIMP ages

at ca. 460 Ma in the Alcáçovas orthogneisses

is believed to result from post-intrusive U-Pb

zircon disturbance, possibly induced by a ther-

mal episode occurred during Ordovician times

and related to a rift-type tectonic setting. It is

possible that this 460 Ma event could be a late

expression of the same extensional activity that

affected the OMZ about 20 Ma earlier.

e) finally, an early Variscan metamorphic over-

printing of Upper Devonian age (atca. 370 Ma)

is distinctly recorded by some zircon grains

from the Alcáçovas orthogneisses.
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RESUMO

Novas datações pelo método U-Pb SHRIMP em zircão,

em dois ortognáisses de Portugal, revelam uma história

geológica pré-Varística complexa para o embasamento da

Zona Tectônica de Ossa-Morena da Península Ibérica. Os

dados geoquímicos e geocronológicos do ortognáisse de

Alcáçovas (ca. 540 Ma) indicam que a cristalização mag-

mática do seu protólito deve ter ocorrido durante o evento

orogênico Cadomiano. Isto é consistente com o desen-

volvimento de uma margem continental ativa no final do

Proterozóico, e sugere uma proveniência gondwânica para

a crosta ibérica. Por outro lado, a época de colocação

ordoviciana obtida para o precursor magmático do or-

tognáisse de Portalegre (497± 10 Ma) está em razoável

concordância com a idade atribuída para a atividade mag-

mática alcalina de tipo extensional, ocorrida durante o

paleozóico inferior na Zona de Ossa-Morena.

Palavras-chave: orogênico Cadomiano, geocronologia

U-Pb, Maciço Ibérico, Zona de Ossa-Morena.
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