
0 Acadbmie des sciences / Elsevier, Paris 
Geochemistry / GOochimie 
(Geochronology / Gtiochronologie) 

U-Pb zircon and monazite geochronology 
of the Hercynian two-mica granite comlposite 
pluton of Cabeceiras de Basto (Northern Portugal) 

G6ochronologie U-Pb sur zircon et monazite du massif 
composite de granite 2 deux micas hercynien de Cabeceiras de 
Basto (Nord-Portugal) 

Angela ALMEIDA’, Jacques LETEXEUER~, Fernando NORONHA’ et Jean-Michel BERTRAND~ 

’ Catrc de Geologia da Universi&& do Porto, PraGa Gonaes Teixezra, 4050 Porte, Portugal 

’ Centre de rech~ches~trographiques et@ochiniques, B.P 20, 54501 Vandreuvre-l&-Nancy cedex, France 

3 Idmratoire de@odynamique de.s Gaines alpines, universitt; de Savoie, Campus scientiJque, 73376 Le-Bourget-aklac cedex, France 

ABSTRACT 

The zircon and monazite U-Pb minimum age of the Hercynian peraluminous two-mica composite 
granite pluton of Cabeceiras de Basto (Northern Portugal) is 311 + 1 Ma (2 a). This age, well 

constrained by a concordant monazite of 311+ 4 Ma (2 01, is in good agreement with the age 
suggested for the synkynematic, syn-D3, Iberian granites of the Hercynian orogeny (315-305; Pinto 

et al., 1987). The p7Sr/B6Sr)i and cNd isotopic ratios, calculated for 311 Ma, suggest that the three 
granite units which constitute the massif may derive from an heterogeneous crustal source dated 
(upper intercept of the discordia) around 1 200 Ma. 0 Academic des sciences / Elsevier, Paris. 

Keywords: U-Pb geochronology, Zircon, Monazite, Mica peraluminous granites, Hercynian, Non’h 
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L’&e minimum U-Pb sur zircon et monazite du mu&composite hercynien peralumineux d deux 
micas de Cabeceiras de Baste (Nerd-Portugal) e.st de 311 IL I Ma (2 al. Cet c&e, parfaitement conttil6 
par une monazite concordante d 311 rt 4 Ma (2 a], est en tr& bon accord avec Z’Sge sugg&6pour les 
granites itiriques syntectoniques, syn-D3, de E’orogSn&e hercynienne (415-305 Ma ; Pinto et al., 
1987j. Les rapports Cy7SrB6SrJi et ENd, cakul& d 3i 1 Ma, montrent que [es trois unit&s granitiques 
constituant le mussif dhivent d’une source crustale h&&og&e dont l’c?ge (d@ni par I’intercept 
su.eur de Ia discordia) serait pro&e de 1 200 Ma. 0 Acadkmie des sciences / Elsevier, Paris. 
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A Almeido et al 

1. Introduction 2. Geological setting 

The syn-erogenic granitoids of the lberian Hercynian fo!d 

belt can be subdivided into three groups according to their 

relationship with the D3 tectonic phase, intra- 

Westphalian in age (Capdevila et al., 1973; Noronha, 

1983; Priem and den Tex, 1984; Ferreira et al., 1987, Pinto 

et al., 1987): (1) pre-tectonic granodiorites (380-345 Ma); 
(2) syn- to late-tectonic talc-alkaline and peraluminous 

granitoids (330-305 Ma); (3) and post-tectonic granites 

(290-280 Ma). The events related to the D3 tectonic 

phase were marked by folding and shearing which con- 

trolled the granite emplacement (Noronha et al., 1981). 

Crustal thickening induced by these tectonic events asso- 
ciated with the influence of the underlying mantle have 

led to the generation of various anatectic crustal and 

hybrid granites (Ortega and Ibarguchi, 1990). The main 

purpose of the present study is to date precisely the syn- 

tectonic Cabeceiras de Basto granite massif and thus the 

D3 tectonic phase. 

The Cabeceiras de Baste granitic massif is located close to 
the boundary between Minho and Tras-os-Montes prov- 

inces at about 70 km to the northeast of Oporto. Its em- 
placement occurred in the ‘Central Iberian’ geotectonic 

zone close to the contact with the ‘Middle Calicia-Tras- 

os-Montes’ domain fJulivert et al., 1974). The massif pre- 

sents a NW-SE elongated shape parallel to the regional 

structure (figure 1). It intrudes Lower Silurian metasedi- 

ments (mostly schists with subordinate quartzite and 

metavolcanic rocks) which were affected by three major 

Hercynian folding phases (Ramos et al., 1981; Noronha, 

1982; 1983). Ferreira et al. (1987) have demonstrated that 
the pluton occupies the core of a N130”E antiform formed 

during the D3 Hercynian phase (Noronha et al., 1981) 

which corresponds to an age of 316-305 Ma (Harland et 

al., 1989). Thus, according to their geological and tectonic 

setting, the granites that constitute the complex belong to 

the group of syn-tectonic, synD3, granites proposed by 

Figure 1. A. Geological framework of the North lberian Hercynian belt (according to lulivert et al., 19741.1. Cantabrian Zone, II. West Asturian 

Leonese Zone. III. Middle Calicia, Tris-os-Montes Zone. IV. Central lberian Zone. B. Simplified geological map of the Cabeceiras de Basto 

two-mica granite massif. C’f: fine-grained granites; G’m: medium-grained granites; C’g: coarse-grained granites. Location of the studied samples. 

Esquisse g6ologique de /a ceinture hercynienne nord-ib&ique (se/on Juliveri et al., J974). 1. Zone cantabrique. II. Zone ouest-asturienne 

Lkonienne. 111. Zone de Galice moyenne, Tr;is-os-Montes. IV Zone centro-ib@rique. 6. Carte g@ologique simplifi6e du massif de granite d deux 

micas de Cabeceiras de Basfo. G’f : granites 3 grain fin ; C’m : granites 2 grain moyen ; G’g : granites 2 gros grain. Localisation des kzhantillons 

&udi& 
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U-Pb age of a Hercynian granite from Northern Portugal 

Ferreira et al. (1987). Subsequently, the granitic complex 
was affected by late- to post-magmatic shear zones asso- 

ciated with significant hydrothermal alteration of the gran- 

ites. 

3. Petrography and geochemistry 

The Cabeceiras pluton is composed of three main petro- 
graphic types of two-mica granites: fine-grained granites, 

G’f (grain size: 0.5-1 mm); a medium-grained homoge- 

neous granite, G’m (grain size: 2-4 mm), and a coarse- 

grained locally porphyritic granite, G’g (grain size: 

5-7 mm). Field observations show that the C’m and G’g 

granite series cross-cut the G’f type. However, no clear 

chronology can be defined for the emplacement of G’m 
and G’g as the contacts between these units are always 

transitional (Almeida, f 994; Almeida et al., 1995). 

The three granite series present a hypidiomorphic 
granular texture and a similar mineral association of 

quartz, plagioclase (An1 -An6), perthitic K-feldspar (ortho- 

clase to microcline as anhedral crystals to euhedral mega- 

trysts), biotite and muscovite. Apatite, monazite, zircon, 
ilmenite, rutile, rare sillimanite and tourmaline occur as 

accessory minerals. Most of the studied samples exhibit, to 

various extents, the effects of late- to post-magmatic hy- 

drothermal processes involving essentially sericitization 

of plagioclase and/or muscovitization of biotite and albi- 
tization of K-feldspars. The geochemistry of the three 

granite types indicates an almost identical composition of 

peraluminous granites (1.2 < AR<CN < 1.4). However, 

they can be slightly distinguished according to the pro- 

gressive decrease of the K/Na ratios from G’f (1.9-2.2) to 

G’m (I .4-T .6) to G’g (1.3-I .5), and the ranges of their REE 

(G’f: 71-284 ppm; G’m: 43-92 ppm; G’g: 39-526 ppm) 
and Zr (G’f: 74-195 ppm; G’m: 49-94 ppm; G’g: 

46-88 ppm) contents (Almeida, 1994; Almeida et al., 

1995). 

4. U-Pb geochronology and Sr-Nd 

isotope geochemistry 

U-Pb isotopic dating was carried out on three multigrain 
zircon fractions and one fraction of monazite from a 

sample of the fine-grained granite (6C 84). Five major 

steps were involved during the separation of the fractions: 

crushing of the sample, sieving to obtain zircon and mona- 

zite grains with sizes corresponding to thle fraction be- 

tween 0.032 and 0.090 mm, the use of heavy liquids, 
followed by electromagnetic separator (Frantz) and a final 

hand picking under the binocular. Three zircon fractions 

(< 1 mg and non-magnetic at 0” and 3.5 A) were selected 

according to their morphology and high degree of limpid- 
ity (lack of inclusions and of metamictisation). They con- 

sist of pale-pink elongated prisms and short grains. A 
preliminary typological study (Afmeida, 1994) according 

to Pupin’s method (1980) has allowed the identification of 
dominant L and S types in which the relative growth of the 

prism (1 IO) and pyramid {I 011 suggests crystallization 

conditions in accordance with those characteristic of the 

peraluminous granites (Pupin, 1980). SEM imagery show a 
very strong magmatic zoning overgrowing a well- 

contrasted core (figure 2). The monazite fraction is char- 

acterized by hypidiomorphic yellowish limpid grains 

whose SEM imagery shows a weak and nebulitic zonation 

(figure 2). 

.“. ““,- .-“n 
Figure 2. SEM imagery of Crbeceirire die hoto zircon and monazite 
(backscattered mode): a) short prismatic zircon ..G+I, :-L-:+-I --a 
and complex magmaiic zonation; b) rounded IT 
and nebulitic zonation. 
* ‘&M i 

I.,UI ,,IIIF.,~~U l..“,C 

lonaziie with weak 

Images MEB i6lectrons r&odiffus&)de zircon et monazite du massif 
de granite d deux micas de Cabeceiras de Basto : a) zircon prismati- 
que trapu d cowr relique h&it& et fort zoning magmatique com- 
p/exe ; b) monarite arrondie d zonation magmatique faibk ei n&bu- 
litique. 

The zircon fractions were submitted to air-abrasion 
(Krogh, 1982) to eliminate the external zones of the crys- 

tals where Pb loss may have been present. Chemical 

preparation includes: HNO, 3N warm washing of the 
zircon and monazite fractions; HF digestion at 240 “C and 

HCI 3N dissolution of the fluorides at 180 “C in Teflon 
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A. Almeida et al 

Table I. U-Pb data on zircon and monazite for the two-micas granite from Cabeceiras de Basto. Abbreviations: mz. = monazite, zr. = zircon, 
euh. = euhedral, ndl. = needle, Ipr. = long prismatic, spr. = short prismatic, abr. = abraded. Isotopic ratios are corrected for fractionation, blanks 
and initial common lead composition (Stacey and Kramers, 1975). Errors on isotopic ratios and ages are at 2 u level. 

:(_I : ,s 

Donnees isotopiques U-P& surzircon et monazite pour le granite d deux micas de Cabeceiras de Baste. Abreviations : mz. = monazite, zr. = zircon, 

euh. = automorphe, ndl. = aiguille, Ipr. = prisme long, spr. = prisme court, a&r. = abrase. Les marges d’erreur tiennent compte du fractionnement 

de masse, des blancs et de /a composition du plomb commun initial (Stacey et Kramers, 197.5). Les erreurs sur /es rapports isotopiques et les &es 

sont a 2 0. 

Sample Description Concentrations 

(weight, mg) Pb’ LJ 

(pm) (wm) 

6C 84 1 (0.02) mz. euh. 305.1 1 104.9 

6C 84 2 (0.31) zr. ndl. 49.8 692.8 

6C 84 3 (0.29) zr. Ipr. abr. 42.8 690.8 

6C 84 4 (0.07) zr. abr. spr. 57.3 534.8 

20b Pb/ 
2”4p& 

lsotopic ratios 

206,,&t/ %(17p&*, 

238” 235” 

(2 a, “/o) (2 (5, %) 

X)7/,&*/ 

Apparent ages 

L”hp&*, LO7p&*/ LO’Pb*/ 
206P&f 238” 235” 

(2 u, o/u) (Ma) (Ma) 

ZOb,,&* 

(Ma) 

2 373 0.049421 (I .lR) 0.358820 (1.44) 

1 563 0.069791 (0.38) 0.608908 (0.49) 

1 124 0.059315 (0.44) 0.480020 (0.58) 

223 0.066563 10.33) 0.569715 (0.97) 

0.052658[0.26) 311 i4 311 f4 314+6 

0.063278 (0.13) 435 rt 2 48.3 i 2 717 ?r 5 

0.058694 (0.1 S) 372 i 2 398 + 2 556 rt 4 

0.062076 (0.69) 415 + 1 458 i- 4 676 i 15 

bomb (Parrish, 1987); separation of Pb and U by elution 

on anionic resin of two aliquots (one with addition of a 

mixed 208Pb-“3”U spike) following Krogh (1973). Com- 
mon lead blanks ranged between 30 and 80 pg during this 

study. Mass spectrometry was performed on a Finnigan 

Mat 262 for Pb and on a Cameca TSN 206 for U. The 

measured atomic ratios were corrected for blank, initial 

common lead compositions (Stacey and Kramers, 1975) 

and mass-fractionation (using NBS 983 standard). The 

analytical data and calculated ages with 2a errors are 

presented in table I. 

Six samples were selected for Sr and three for Nd 

isotopic compositions. As a large fraction of REE is hosted 

by refractory accessory minerals in granitoid rocks, a 

Li-metaborate fluxing method was used instead of acid 

dissolution (Boher et al., 1992). The Rb-Sr and Sm-Nd 
separation techniques have been previously reported by 

Michard et al. (1985). Element concentrations were deter- 

mined using the isotope dilution method and isotopic 

ratios were measured using a Finnigan MAT 262 mass 

spectrometer. Chemistry blanks are of about 1.2 ng Sr and 

2 ng Nd. The isotopic ratios were normalized to 
‘“Sr/?r = 0.1194 and 1’6Nd/“44Nd = 0.7219 respec- 

tively. Analytical data with 20 errors on isotopic ratios are 

presented in table II. 

5. Discussion and conclusion 

In the concordia diagram the analytical point of the mona- 

zite is almost concordant yielding equivalent 206Pb/L38U 

and 207Pb/235U ages of 311 rt 4 Ma (figure 3). The three 

zircon fractions are poorly aligned (MSWD = 9.9) and 

define a reverse discordia with a lower intercept at 

Table II. Sr-Nd data for the three granite units from Cabeceiras de Basto massif. eNd calculated using ‘43Ndr44Nd = 0.512638 and 
“‘Sm/‘44Nd = 0.1967 as CHUR parameters (Jacobsen and Wasserbourg, 1984). Errors on isotopic ratios are at 2 (I level. 

‘, 

Don&es isotopiques Sr-Nd pour /es trois unites granitiques du massif de Cabeceiras de Baste. eNd ca/culP en uiilisant “-yNdf44Nd = 0,5 12638 et 

“‘Sm/44Nd = 0,1967 commr parametres CHUR (jacobsen et Wasserbourg, 1984). Les erreurs sur /es rapports isotopiques sont a 2 o. 

Samples Rh 

(wm) 

Sr 

@Pm) 

H7Rb/‘hSr Sm 

bpm) 

Nd ‘47Smp44Nd ‘“‘Ncv444Nd p7SrP6SrJ, c NC 

(wm) (2 (7) (311 Ma) (311 Ma) 

G’f 

84 393 46.8 24.35 0.818929129) 9.04 49.6 0.1103 0.512019(15) 0.7112 -8.66 

113 389 44.1 25.58 0.82 3291(1 71 0.7101 

G’m 

79 305 70.4 12.57 0.770855117) 0.7152 

104 453 29.9 43.96 0.908799(30) 2.21 8.18 0.1636 0.512028(19) 0.7142 --lo.60 

G’g 

41 448 16.3 79.58 1.069947(21) 0.7177 

6.S 68Y 24.6 81.26 1 .080161(41) 1.93 6.78 0.1724 0.511749(28) 0.7205 -16.40 
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O.O7h 

0.068 

0.060 
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0.04-I 

0.03h 

1207.0 +/- X3Ma 
310.9 +/- I.JMa 

MSWI) = 0. I .s 

0.30 0.36 0.42 0.43 0. s-1 0.60 

Figure 3. Concordia diagram: zircons and monazite from Cabecei- 
ras de Baste two-mica granite massif. 

Diagramme Corrcordia : zircons et monarife du massif de granite 2 

deux micas de Cabeceiras de Baste. 

311 + 2 Ma and an upper intercept at 1 208 i- 9 Ma. Ac- 

cording to the concordance between the monazite and the 

zircon lower interc:ept ages, all the analytical points define 
a very good discordia (MSWD = 0.15) with a lower inter- 

cept at 311 f 1 Ma. This age is interpreted as the minimum 

emplacement age of the Cabeceiras massif’ and is in good 

agreement with the Westphalian age (30.5-316 Ma), pre- 

viously suggested according to its geological and tectonic 

U-Pb age of a Hercynlan granite from Northern Portugal 

setting (Noronha et al., 1981; Garland et al., 1989) as well 

as with Rb-Sr ages obtained in equivalent plutons, e.g. 

Arga (305 _+ 6 Ma) and S. Pedro do Sul(3 15 + 3 Ma) (Pinto 

et al., 1987). 

The reverse discordia defined by the three U-Pb zircon 

analyses reveals the presence of an inherited Pb compo- 

nent of Proterozoic age (upper intercept at 1 207 k 8 Ma), 

which is confirmed by the SEM observation of well- 

contrasted cores, reflecting several generations of zircon 

growth. 

Calculated at 311 Ma, the t”7Sr/%%)i and E,.,~ ratios 

(table II) indicate that the three granite series of the Cabe- 

ceiras massif, despite some variations, are grouped in 

different ranges (respectively 0.7101-0.7112 and -8.7 for 
G’f, 0.7142-0.7152 and -10.6 for C’m, and 

0.7177-0.7205 and -16.4 for G’g). These different ranges 

together with the high values of (a7Sr/86Sr)i, and the very 

low negative values of ENd suggest that the massif is formed 

by the association of three independent granite series, 

derived from the partial melting of a heterogeneous con- 

tinental crust characterized by an important metasedi- 
mentary component. According to a recent Sr-Nd isotope 

study on the metasediments in the Northern Portuguese 

Central lberian Zone (Beetsma, 199.5), the crustal source 

of the Cabeceiras de Basto massif may be Late Proterozoic 
metasediments. 

VEHSION ABK~GfiE 

Introduction 

Les granitoi’des syn-orog&iques de la ceinture hercynienne 

ibi-rique peuvent Ctre class&s en trois groupes par rapport P la 
phase de dCfornlation D3 d’;ige intra-westphalien, sur la base 

de leurs caract+res structuraux et de datations en Rb-Sr sur 
roche totale (Capdevila et al., 1973 ; Noronha, 1983 ; Priem et 

den Tex, 3984 ; Ferreim et al.. 1987 ; Pinto et al.. 1987) : (1) 
granodioritrs pr&tectoniques (380-345 Ma) ; (2) granitciides 
calco-alcalins et peralumineux syn- 2 tardi-tecloniques 

(33~305 Ma) ; (3) granites post-tectoniques i29O-280 Ma). La 
tectomque D3 est marquee par des plissements et cisaillcments 
qui ont contr61@ la mise en place de nombrcux complexes 
granitoides (Noronha et al., 1983 ; Ortega et Ibarguchi. 1990). 
L’objectif principal de cettc etude est de dater pr&is&nent le 

massif granitique syn-tectonique de Cabeceira.s de Easto, done 
Ia phase tectoniquc D3. 

GCologie et g62ochimie 

Lc complexe granitique de Cabeceiras de Baste, sit& ;i environ 
70 km au nord-est de Porte, s’est mis en place dans la zone 
tectonique centro-ilkrique (Julivert et al., 1974) (figure 3). Les 
terrains encaissants sont des m&as@diments d’sge silurien 
affi-ct6s par trois importantes phases de deformation hercy- 

niennes (Ramos et al., 1981 ; Norcmha, 1982, 7983). 11 presente 

une forme allongCe, occupant le noyau d’un antiforme de 

direction N130”E (Ferreira et al., 19871, synchrone de la phase 

de deformation hercynienne D3 (Noronha et al.. 1981) datPe 

entre 316 et 305 Ma (Harland et al., 1989). I1 est constitue de 
l’association de trois unites granitiques distingu&s sur la base 

de leur granulombrie : granite 2 grain fin, G’f (0,5-l mm), 

granite i grain moyen, G’m (2-4 mm) et granite 2 gros grain, 

G’g ii-7 mm), localement porphyroide ~Almeida, 1994 ; Al- 

meida et al., 1995). La chronologie relative de la mise en place 

des trois granites est di&ile 2 6taMir sur le terrain 2 cause des 

conlacts g&&alement flow entre eux. Les trois unit& p&en- 

tent uric mCme texture hypidiomorphique granulaire er une 
association minPrdlogique semblable, comprenant : quartz, 

plagioclase (Anl-Anb), feldspath potassique penhitique, bio- 

tite et muscovite, avec apatite, monazite, zircon, ilmCnile, rutile 

et, rarement, sillimanite et tourmaline comme mintiraux acces- 
wires. Les trois unites granitiques, chm~iquement trPs pro&es, 

presentent un fort caract??re peralumitroux ( I ,2 < AiKCN < 1,4). 
IIs se discriminent toutefois par une croissance de Na par 
rapport ri K de G’f d G’g (dc?croissance du rapport feldspath 

K/plagioclase) et leurs gammes de teneurs en ‘I’R (G’f: 
71-284 ppm ; G’m : 43-92 ppm ; G’g : 39-126 ppm) et %r (G’f : 
7G195 ppm ; G’m : 4<9-94 ppm ; G‘g : 46-88 ppm) (Almeida, 
1994 ; Almeitla et al.. 1995). 
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A. Almeida et al. 

G4ochronologie U-Pb et gi2ochimie 
isotopique Sr-Nd 

Tois fractions de zircons, et une de monazite, ont t%e separees 

a partir d’un Cchantillon de granite a grain fin (6C 84). Les 
cristaux de zircon (non magnetiques a 0” et 3,5 A), limpides et 
de teinte rose pale, ont une morphologic en prismes allonges 
a tres trapus. Une etude typologique preliminaire (Almeida, 

l994), selon la methode de Pupin (19X0), a permis de mettre en 
evidence la predominance des types I. et S, qui suggerent des 
conditions de cristallisation cornparables a cclles des granites 
alumineux. Au MEB (en mode electrons retrodifhises), ils 

montrent une forte zonation magmalique avec des cceurs 
parfois bren individualises (figure 2a). Ld monazite est en petits 

cristaux subautomorphes de couleur jaunkre. Au Ml%, ils 
montrent une faible zonation nebulitiquc 0igure 2h). 
Les fractions de zircon ont ete abrases a lair (Krogh, 1982), afin 

d’eliminer les zones externes, susceptibles d’avoir suhi une 
perte en Pb. La preparation chimique des zircons et de la 
monazite comporte : lavage a l’HNO,3 N, digestion en bombe 

Teflon (HF concentre) a 240 “C (Parrish, 19871, reprise :i 
1’HCI 3 N en bombe a 180 ‘C, Clution sur resine de deux 
aliquotes (une avec addition de spike double z”sI’b-L’51J) 
(Krogh, 1973). Les blancs de Pb ont varie durant cette etude de 

30 a 80 pg. L’analyse isotopique a ete realis& stir un spectro- 
m&e de masse Finnigan MAT 262. Les rapports isotopiques 
ant ete corriges pour les blancs de Pb, le plomb commun initial 

(Stacey and Garners, 1975) et le frrrctionnement de masse 
(tableau I). Les incertitudes sur les rapports isotopiques et les 
ages calcules sont donnees a 2 u. 

Six echantillons ont et? selectionnes pour I’analyse isotopique 
Rh-Sr et trois pour Sm-Nd. Les methodes de mist en solution 
des echantillons et de separation chimique des elements se 

sont inspirees des techniques developpees par Michard et al. 
(1985) et Boher et al. (1992). Les rappons isotopiques ont ete 
mesures sur un spectrometre de masse Finn&an MAT 262 Les 

blancs de chimie sont de 1,2 ng pour Sr et de 2 ng pour Nd. Les 

rapports isotopiques ont eti- respectivement norm&s& P 

XhSr/H8Sr = 0,1194 et ‘46NN’44Nd = 0,7219. Les don&es avec 

les erreurs sur les rappons, P 2 u, sont presentees dans le 
tableau II. 

Discussion et conclusions 

Dans le diagramme concordia, le point representatif de la 

monazite est quasiment concordant avec des gges 2’xlPb/2% et 
““PblL%, equivalents a 311 + 4 Ma (figure 3). Les trois frac- 
tions de zircon et celle de la monazite s’alignent le long dune 
bonne discordia inverse (MSWD = 0,151, avec un intercept 

inferieur a 311 _+ 1 Ma et un intercept superieur P 1 207 +8 Ma. 
L’age obtenu a 311& 1 Ma, interpret& comme l’lge minimum 
de la mise en place du complexe, est en parfait accord avec 

l’age Westphalien precedemment suggen? sur la base des 
etudes structurales et des datat.ions en Rb-Sr obtenues sur des 

massifs equivalents, e.g., Arga (305 + 6 Ma) et S. Pedro do Sul 
(315 i- 3 Ma) (Pinto et al., 1987). La discordia inverse indique 
l’existence, dans les cristaux de zircon, dune composante 

hcritee, ce qui est en accord avec l’observation au ME13 de 
cceurs bien individualis&. L’intercept superieur i 1 207 + 8 Ma 
peut s’interpreter comme I’age minimum du protolithe source 
des granites. 

Les rapports isotopiques initiaux (H7Sr/W’Sr), et sNyd ont i-te 
calcules a 311 Ma (tableau II). Malgre une certaine variabilite 

au sein de chaque facies, les trois unites granitiques presentem 
des gammes de Sri tres elevecs, et des valeurs de sNd fortement 

negatives, nettement distinctes. 11 est ainsi possible de con&ire 
que le complexe est compose de trois series granitiques 
independantes issues, par fusion partielle, d’une crotite conti- 

nentale heterogene comportant une importante composante 
metasedimentaire. Sur la base d’unc etude Sr-Nd recente sur 
les series metaseclimentaires ante-hercyniennes du Nord- 

Portugal tYBeetsma, 19951, la source des granites du massif de 
Cabeceiras pourrait &we les metasediments proterozoi’ques. 
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