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Abstract The Montalto Formation consists of a succession of slate, greywacke,
quartzites, and polygenic conglomerates cropping out in the Dúrico-Beirã area of
northern Portugal. The formation is of interest because it contains mixed volca-
niclastic sequences that record changes in marginal-marine depositional environ-
ments and because it is associated with regional tectonic and magmatic processes.
The Montalto Formation can be divided into three lithological associations that
record a shallowing-upward sequence.
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Introduction

The Montalto Formation crops out west of the inverted limb and in the centre of
the Valongo Anticline, northern Portugal. This formation is important because it
lies at the unconformity between the Cambrian and the Ordovician, and the
members within the formation fit with a regional picture of rock types including
sandstones, conglomerates, pelites, greywackes, and volcanic rocks (rhyolites,
dacites, and tuffs) that reflect repeated episodes of volcanism followed by volca-
niclastic reworking during the middle–late Cambrian. The formation shows several
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stages of evolution related to the initial processes of sediment deposition followed
by postdepositional metamorphism associated with the emplacement of Variscan
granites. This resulted in a range of metamorphic signatures depending on the
nature of the source rocks, and fluid migration along large strike-slip faults, which
gave rise to vein mineralization in the region, including that related to gold–
antimony deposits (Couto et al. 1990; Ribeiro et al. 2009).

Age and Stratigraphic Position

A schist–greywacke complex crops out in the Dúrico-Beirã area of northern Portugal
(Medeiros et al. 1980). Here, the Valongo Anticline, a fold structure formed in the
first phase of the Variscan orogeny, is an asymmetrical, NW–SE-trending anticline
formed by lower Palaeozoic metasediments. The Montalto Formation lies directly
underneath the unconformity that separates the Cambrian from the Lower Ordovi-
cian in northern Portugal, and crops out west of the inverse limb of the Valongo
Anticline. Here, in outcrop, the formation is separated from lower Ordovician
massive quartzites, locally with lenticular conglomerates at the base, by Carbonif-
erous continental metasediments located within the Douro Shear Zone (Ribeiro et al.
2009). In the core of the anticline, the Montalto Formation is in contact with a lower
Ordovician volcano–sedimentary succession of probable Tremadocian age. The
succession exhibits a bimodal composition, with volcanoclastic rocks of rhyolitic
affinities and basic volcanic rocks, indicating continental rifting at this time. The
succession is in part correlative with the ‘‘Ollo de Sapo’’ Formation of the north-
eastern part of the Central Iberian Zone (Couto and Lourenço 2008). A middle
Cambrian to basal Ordovician (Tremadoc) age has been proposed for the Montalto
Formation (Couto 2011), which contrasts with a Floian age proposed by some
authors (e.g., Sá et al. 2006), based on correlating the Montalto Formation with the
Vale de Bojas Formation and with the Eucísia Formation (at Trás-os-Montes).

The Montalto Formation is underlain by the Terramonte Formation, a thick
flyschoid succession that shows some turbiditic characteristics (Couto 1993), and
which is considered equivalent to the metasediments of the lower to middle
Cambrian Desejosa Formation (Sousa 1984) belonging to the Douro Group.

Lithology and Depositional Setting

The type section of the Montalto Formation was defined in the Montalto area, near
Covelo (Gondomar) in formations generally designated as part of the schist–
greywacke complex. Three distinct lithological associations are considered, and
are used here in an informal rather than formal (Member) context (Couto 1993).
These associations are described from bottom to top in turn below.
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The lower lithological association is composed mainly of grey to violet slates
and wackes with intercalations of weathered acid volcanic rocks and exhalites.
Thin quartzitic layers interbedded with layers of abundant chlorite (Mg-ripidolite),
abundant ilmenite, mica (paragonite and scarce pyrophyllite), angular quartz
crystals, and sericite flakes resulting from feldspar alteration, are interpreted as
exhalites (Couto 1993). Elsewhere, several-m-thick layers of green and violet to
dark green laminated rocks, discretely foliated but more massive than the
surrounding slates, are observed to have small yellowish to brownish spots
(Fe- and Ti–Fe-oxides) with a matrix of sericite and subordinate carbonate and
irregular layers of angular quartz crystals. These layers resulted from the recrys-
tallization of a partly vitreous acid volcanic primary rock (Couto 1993).

The intermediate lithological association consists of interbedded successions of
quartzite, wacke, and slate. Quartzites occur in metre-scale layers and are occa-
sionally laminated (Fig. 1a). Within these quartzites, ichnofossils, namely
Monocraterion are observed, which allows these rocks to be attributed to the
Cambrian and confirms a shelf depositional setting (Couto et al. 1997). To the top
of this lithological association, a laminated succession of grey to violet laminated
slates and siltstones with kaolinite can be seen (Fig. 1b). Dykes of diabase are
particularly common in this lithological association and variously interlayer with
or cross-cut primary bedding.

The upper lithological association is composed mainly of conglomerate with
slate, siltstone, quartzite, and wacke intercalations (Couto 1993). Conglomerates
vary from clast- to matrix-supported (with a quartzitic, siltitic, or shaly matrix).
Clasts are generally rounded, well sorted, and elongated or flattened (which may
indicate postdepositional tectonic processes), with lengths ranging from a few to
10 cm. The clasts are typically composed of white quartz, with rare slate and lydite
clasts in the centre of the succession (Fig. 2a). Towards the top of the succession,
the conglomerate facies shows evidence of a polygenic origin, including clasts of
different sizes and lithologies, suggesting reworking of bedrock basement by
fluvial processes (Fig. 2b); this is consistent with regional patterns (Ribeiro et al.
2009) and suggests that the Montalto Formation is a shallowing-upward sequence
related to regional-scale tectonism.

Fig. 1 a Succession of metre-scale quartzite layers interbedded with wacke and slate; b grey to
violet laminated slates and siltstones with kaolinite
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Fig. 2 Conglomerates of the upper lithological association: a Well-sorted clast-supported
conglomerate with rounded, elongated clasts; b Poorly sorted matrix-supported conglomerate
showing polygenic origin
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