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O compartimento oeste da Sequência Gabróica Bandada de Beja: arquitectura interna e principais características petrogenéticas

The western compartment of the Beja Layered Gabbroic Sequence: internal architecture and main petrogenetic features
A. P. Jesus, J. Munhá, A. Mateus

Dep. Geologia, Centro de Geologia / CREMINER, Fac. Ciências Univ. Lisboa, Ed. C6, Piso 4, 1749-016 Lisboa

ana.jesus@fc.ul.pt; amateus@fc.ul.pt; jmunha@fc.ul.pt  

SUMÁRIO

O compartimento oeste da Sequência Gabróica de Beja compreende cinco Séries distintas e um Grupo de Borda​du​ra. A sucessão de Séries reflecte uma evolução complexa caracterizada por reciclagem do líquido silicatado (re​car​ga/taxas de cristalização variáveis), envolvendo preenchimento magmático recorrente da(s) câmara(s); o Grupo de Bordadura corresponde ao último e mais evoluído influxo. Esta activida​de ígnea ocorre durante o início da colisão continental Varisca; a ascensão dos magmas é imputada a slab break-off na zona de subducção.

Palavras-chave: Complexo Ígneo de Beja, Magmatismo sin-colisional, Sutura Varisca do SW Ibérico

SUMMARY

The western compartment of the Beja Layered Gabbroic Sequence comprises five distinct Series and a Border Group. The Series succession reflects a complex evolution characterized by magma recycling (variable recharge/crystallization rates) involving repeated influxes of primitive melts into the magma chamber(s); the Border Group corresponds to the last and most evolved magma pulse. This igneous activity is coeval with the onset of the Variscan continental collision; the magma rising is ascribed to the slab break-off at the subduction zone.
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1. Introduction

The Beja Igneous Complex (BIC, south-western border of the Ossa-Morena Zone) includes three main units developed during the Variscan oblique continental collision [1-5]: (a) the Beja Layered Gabbroic Sequence (LGS) emplaced from ca. 355 Ma to ca. 345 Ma; (b) the Cuba-Alvito Gabbro-diorite Complex formed from ca. 335-330 Ma to ca. 320 Ma; and (c) the Baleizão Porphyry Complex intruded at ca. 300 Ma. In the present work, new data concerning the LGS western compartment will be reported and discussed. This represents an important step to elucidate BIC evolution and unravel the main mechanism responsible for the early stages of syn-collision magmatism in SW Iberian Variscides.

2. The Beja LGS 

LGS can be divided in two major compartments, separated by the Messejana strike-slip fault zone. The western compartment, from W Torrão to Beringel, is much wider and comprises different successions of layered gabbroic rocks, the lower suites showing the most primitive Sr-Nd isotopic signature [6]. In the eastern compartment, from Beringel to Serpa, magmatic layering is hardly observed at meso- to macro-scales, and evidences of crustal assimilation are quite common, as recorded by evolved Sr-Nd isotopic compositions [6] and a higher abundance of amphibole-rich rocks.

Based on field criteria, mineral composition and geochemical affinities, gabbroic facies outcropping in the LGS western compartment were assembled as Series, further divided in Groups if necessary. For each Series, the facies succession records the evolution experienced by a specific batch of magma introduced into the magmatic chamber at a given time, as determined by the interaction between several processes like fractional crystallization, mineral accumulation and variable degrees of mixture with resident magma (themselves dependent on the variation of intrinsic variables such as T, P, fO2, aSiO2). 

3. The LGS western compartment

Four sectors (onwards labelled Soberanas, Odivelas, Ventoso and Ferreira do Alentejo-Beringel) were comprehensively mapped and sampled. The direction of magmatic layering ranges from NW-SE to WNE-ESE and reveals a gentle dip (25º-35º) to the S-SW, although significant deviations may occur locally as a result of disturbances induced either by magmatic fluxes or mechanical deformation adjoining major shear zones. The reconstructed stratigraphical columns for each sector were obtained by integrating the field data with detailed petrography and mineralogical data (Fig. 1A).

3.1 Soberanas Sector

In this sector two Series were identified, contacting through a WNW-ESE sub-vertical shear zone. The Soberanas I Series (SB I), towards the south, is dominated by (leuco-) troctolite with coronitic coarse-grained texture (Opx-Cpx ± Mg-Hbl rims on Fo80 Ol grains) including accessory (Spl-Chr)ss (#Cr0.62; #Mg0.31) and Mg-Ilm; in these rocks XMgOpx = 0.82 and the average composition of Cpx is En46Wo45. Cumulate processes account for the gradation from troctolite to lenses of fine-grained wehrlite. Minor anorthosite with poikilitic micro-gabbro (sometimes forming centimetric dykes), and late pegmatite segregations also occur, recording the influx of late magma batches. Towards the north, spinel composition gradually evolves from (Spl-Chr)ss to (Usp-Mgt)ss, coupled with strong MgO depletion. The Soberanas II Series (SB II) comprises fine-grained (leuco-)norite and leucogabbro with significant amounts of V-rich Ti-Mgt+Ilm; other pertinent data concern XMgOpx = 0.64 and the average Cpx composition of En42Wo44. Petrogenetic modelling is reported in [7] and shows that: (i) SB I crystallized from an oxidized primitive magma (possibly the LGS parental magma) under temperature conditions ranging from ( 1200ºC to 864(31ºC (the latter corresponding to TCpx-Opx); (ii) primary temperature conditions of SB II crystallization varies from ( 1100ºC and 878(29ºC (TCpx-Opx); and (iii) a sudden drop of fO2 values marks the SB I – SB II transition.
3.2 Odivelas Sector

At Odivelas, two Series were observed, their contact being gradual. The Odivelas I Series (ODV I) mainly comprises olivine (Ol Fo61) leucogabbro that includes abundant vanadiferous Ti-Mgt + Ilm intercummulus enrichment; massive oxide accumulation embedded in basal cumulated lenses occur at the base of the ODV I Lower Group [8]. In these rocks XMgOpx = 0.68 and Cpx shows an average composition of En41Wo43. Thick anorthosite layers (Pl An52) characterize the ODV I Intermediate Group. The Odivelas II Series (ODV II) is a rhythmic succession of olivine leucogabbro and olivine gabbro (Ol Fo72), although the uppermost levels of the succession contain discontinuous anorthosite (Pl An61) layers; in the former rocks XMgOpx = 0.76 and the average composition of Cpx is En43Wo45. As discussed in [7], the distinct geochemical and mineralogical features displayed by ODV I and ODV II are interpreted as a result of crystallization from distinct magma batches under temperature conditions ranging from ( 1100ºC to ( 900ºC (average TCpx-Opx values); the lowest (fO2 (FMQ) and the highest oxide closure T are obtained for the oxide-rich cumulates in ODV I [7].
3.3 Ventoso Sector

The Odivelas III Series (ODV III) was recognized in this sector. It comprises a rhythmic succession of well-layered olivine (leuco-) gabbro (Ol Fo73), pyroxenite and pyroxenic gabbro (XMgOpx = 0.78 and En44Wo44 for Cpx), which contains disseminated Fe-Ni-Cu-Co sulphide blebs. Single pyroxene thermobarometry on selected (finer-grained, homogeneous) gabbroic rocks of ODV III indicates primary crystallization conditions at 1154(37ºC and 4(1.5 kbar [5]. Locally, hornblende- (0.61 ( Alt ( 1.19, 0.70 ( #Mg ( 0.78) -albite (An4-6) bearing pegmatite dykes are abundant and related to late metasomatic haloes that host Po + Cpy ( Py anastamosed veins; zircons from these dykes show a SHRIMP U-Pb age of 342(9.1 Ma [5]; amphibole-plagioclase equilibrium temperatures range between 680ºC to 500ºC [5].
3.4 Ferreira do Alentejo – Beringel sector

In this sector two Series were distinguished (Beringel I and II – BRG I and BRG II), their SW limit being rimmed by a complex suite of rocks included in the Border Group. BRG I displays a sequence mostly composed of pyroxene gabbros (often showing cumulate domains in their basal levels) and olivine leucogabbros (frequently anorthositic and sometimes containing cumulates lenses of troctolite rocks). Typical Ol, Cpx and Pl composition are Fo74, En45Wo45 and An72, respectively, the intercummulus Opx generally following XMgOl. Significant but widespread Fe-Ti-V oxide enrichment can be observed in the BRG I Lower Group, although higher spinel abundance represents a typical feature of the Upper Group of this Series; the Upper Group rocks show the more evolved character within BRG I (Ol Fo69, and Pl An60).  BRG II is a rhythmic succession of pyroxenites / pyroxene gabbros and olivine leucogabbros, the latter showing minor anorthosite levels towards the top of the sequence; a coarse-grained pyroxene gabbro, enclosing a cumulate sub-facies, ends the succession. Preliminary data for BRG II show that Ol (Fo72) and Pl (An62) compositions become more primitive towards SW, the Cpx (En46Wo44) Cr content varying in function of the pyroxene relative abundance. The Border Group includes heterogeneous anorthosites (subhedral An55Or<1 Pl cores preserving polysynthetic twins, heterogeneously rimmed by non-twinned An30Or<1 edges) that typically enclose heterometric, partly digested and variably retrograded, fragments of gabbroic rocks. Among the latter, (dismembered blocks ? of) troctolites are the most noticeable: they are composed of up to 75% cumulus Pl (An83) and contain Ol (Fo86) surrounded by irregular coronas of Opx (XMg = 0.87) and Cpx (En48Wo47); these features along with NiO and Cr2O3 contents in Ol and Cpx, respectively, are comparable with typical data for troctolites of SB I.
One prevalent and interesting feature shown by anorthosites belonging to the Border Group is their pervasive deformation, ascribable to the conjunction of the following factors: (i) stronger tectonic disturbance of the LGS domain along its southern limit; and (ii) contrasting mechanical behaviour between anorthosites and remaining gabbros, the former rocks being much softer for the same P-T-( conditions of deformation (assuming that the effects related to the observed granulometric variations are irrelevant ant that interstitial fluids, if present, are quasi-homogeneous distributed).

4. Discussion and Conclusions

From data summarized here, the following correlations between the reconstructed stratigraphical columns for each sector are favoured (Fig. 1B), from bottom to top: (i) SB II and the Lower Group of ODV I; (ii) ODV II upper section and the Lower Group of ODV III; (iii) ODV III Upper Group and part of the BRG I Lower Group; and (iv) dismembered troctolite lenses included in the Border Group and their preserved equivalents in SB I. Therefore, taking the complete, outcropping gabbroic sequence at the LGS western compartment, five distinct Series can be recognized, besides the Border Group. This Series succession supports the inference of a multiphase evolution characterized by several magma replenishments, the most primitive melt (U-type, i.e. Mg and Cr enriched) being represented by SB I. The geochemical breaks between and within Series put in evidence through the modelling of intensive variables (the latter supporting their division into Groups) are also compatible with recurrent magma recharge and the progression of different crystallization rates, allowing to explain the development of appropriate conditions for significant oxide or sulphide deposition during the fractionation processes in each Series. In this framework, the Border Group corresponds to the last and most evolved magma pulse of the LGS western compartment, providing evidence for a possible link between the early magmatic events (from ca. 355 Ma to ca. 345 Ma) with the gabbro-diorite emplacement (from ca. 335-340 Ma to ca. 320 Ma) during a late-collision event.

According to the available geochronologic data [5], the LGS records the early stages of Variscan magmatism in the Évora-Beja-Aracena Domain, i.e. in the southern border of the Ossa-Morena Zone (immediately above a N-dipping subduction zone). Taking this evidence together with the present knowledge concerning the geodynamic evolution of the SW Iberian Variscan suture, it seems also plausible to correlate those magmatic stages with the onset of oblique continental collision between the Ossa-Morena and South-Portuguese Zones. Consequently, the mechanism that most likely triggered the rise of LGS magmas in this tectonic background is the slab break-off at the subduction zone. This allows the local incursion of the asthenospheric mantle, thus detaching the dense, relatively cold, mantle root, and perhaps even the mafic lower crust of the Évora-Beja-Aracena Domain. The result would be the juxtaposition of hot mantle and subducted rock, coupled by sudden added buoyancy (as the dense down-dragging force of the root was removed) and by melting of metasomatized (low melting-T) components of the mantle.
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Fig.1: A – Geological map of the LGS western compartment. B – Correlations between the reconstructed stratigraphic columns of each sector. Grid coordinates according with international Gauss-ellipsoid, Lisbon datum.
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