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Field trip day 4: Montemor-o-Novo mineralisations
(topic: ore prospecting and field work)
Martim Chichorro (FCT-NOVA), WP5

1. THE OBJECTIVE OF THE FIELD TRIP

The main objective of this fieldtrip is to show the main characteristics of Gold
mineralizations in SW Iberia and, above all, provide field evidences that highlight the
main differences between OMZ and SPZ in term of their metallogenic evolution, this is:
i)

the main metallogenetic process that guide the formation of those deposits,

ii)

orogenic cycles involved,

iii)

the age of those deposits and the stratigraphy of the host rocks.

The metallogenic signatures and the distinctive metal speciation it will be based on the
Wilson Cycle and on tectonic plates theory, since it all the explanations will be presented
on the perspective of the different geodynamic environments and their corresponding
genesis of associated mineral resources.

The field trip campaign includes visits to a potential area for Gold exploration included
in the Ossa Morena Zone: - the Montemor-o-Novo – Escoural prospecting area. This
sector of Évora Massif, with potential for Au, Sb, Fe, Pb-Zn prospecting is an
extraordinary didactic example for shear relate orogenic deposits.
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2. THE FIELD TRIP

STOP 1
The main stop it will be in the Casas Novas gold deposit (Fig.3, 6). In the field, it will
be shown some specificities and complexities of this type of orogenic and epigenetic
deposits. Analyzing regional and local maps, identify in situ mineralized samples,
characterizing the host rocks, it is expected to promote the discussion about the geological
setting, metamorphism, structure, structural control, regional and local alteration, age,
genetic model and genetic type. In any research related with epigenetic deposits, whether
it is for scientific or mineral exploration purposes, it is essential to focus on the relation
between

Deformation,

Metamorphism,

Magmatism,

Hydrothermalism

and

Geochronology.

It will be promoted a discussion about how the high strain Variscan shearing overprint
and complicates the recognition of the original igneous and sedimentary relationships,
and therefore the older cycles of metal concentration or the primary metal sources.

To establish the spatially/chronological relationships between the main Au occurrences
and mineralized structures its essential to understanding their spatial positioning in
relation to the main regional tectonic structures, the comprehension of the local stresses
in order to interpret knowing the mechanisms and the T-P conditions who controlled the
rock deformation (mylonitization), and that generate spaces responsible for magmas and
metalliferous hydrothermal waters ascending and crystallize/precipitate. The spatial
relationships between the igneous bodies and the mineralized structures is fundamental
even when those intrusions are considered not related with the Au deposits.

STOP 2
A second stop it will be in the Almansor River nearby Montemor-o-Novo. The highquality of the exposure should be enough to considerer it as a didactic geologic
monument. In fact, the outcrop allows to picture the ductile roots of a Shear-Zone. There it is
possible to examine and read the system of melting, magmas injection and emplacement.

But the remarkable aspect is that all system is DYNAMIC because it is synchronous with
the major shearing. As the geometric analogies between meso and micro-structures

2

observed on ductile mylonites are notable, it is possible read some structures as indicative
of shear sense.
Why there is no prominent Au anomalies in High-Grade Sectors? In Almansor River, we
will discuss the study based on measurements of the Width and Spacing data of
veins/dykes expressed in their fractal dimension. Therefore, as it was suggested by
Monecke et al. (2001), the fractal dimension can be used here and in other ore-deposit
regions as a tool for exploration or characterization of the mineralization, e.g., estimating
the potential economic interest of a hitherto unexplored sector.

STOP 3 (Extra)
The visit it will be complemented by a stream sediment sampling in order to obtain a
sample to study the Heavy minerals (Zircon, Monazite and xenotime are the most
important REE-bearing phosphates (rare-earth elements). The heavy minerals present on
stream sediments offer a clue to the provenance analysis, may contribute to the unroofing
story of uplifted basement complexes, and are decisive to economic geology, because
these minerals may be used as pathfinder minerals or as an ore guide to localize upstream
mineral deposits and/or the primary or fertile lithologic sources.

3. THEORETICAL BACKGROUND: THE SHEAR ZONES AND MINERAL
DEPOSITS
A shear zone is as a crustal weaker domain, which records the non-coaxial component of
shearing. It is a heterogeneously deforming system represented by low to high strain
domains (Ramsay, 1980; Ramsay and Huber, 1987). The brittle extension of a fault zone
within the upper crust is transferred to a plastic flow in the middle-lower crust (Scholz,
1990; Knipe, 1989), but the brittle-ductile transition can oscillate due to factors such fluid
pressure, crustal uplift-subsidence, hot transfer from exhumed blocks and magmatism.
The heterogeneous flow associate to a continuous non-coaxial deformation can locally
promote shortening or extension at a higher angle to the translation. Local conditions are
favorable for heat transfer which guides the mineralized fluid circulation (fluids related
with dehydration process at high temperature and hydrothermal processes of high and low
temperature). Sudden dynamic faulting rupture also assists the fluids redistribution
(Sibson, 1990). The migration of fluids along pre-existing anisotropies or dilatant
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surfaces is controlled by progressive deformation (Sibson, 1977, 1990, Burnall et al,
1989, Brown, 1995). It is important to retain that, in ductile or brittle regimes, the
progressive non-coaxial deformation can be replicated in a multi-phased non-static
process

(Scholz,

1990),

reason

why several

stages of gold-bearing

fluids

precipitation/enrichment can occur (Bonnemaison & Marcoux, 1990). Several short to
long-lived processes are involved in the formation of a single deposit. Deformation,
metamorphism, differentiation/emplacement of magma, hydrothermalism, can be all
involved on gold deposition (Burnall et al, 1989; Pirajno, 2009). The process of
concentration of gold in shear zones is a polyphasic process (Cathelineau, M., 1993;
Pelleter et al., 2008, Poitrenaud. T., 2018). The comprehension of this multi-phased
process is only possible by dating each individual event. To constrain the timing of main
stages of gold mineralization, tools like SHRIMP (e.g., Arne et al. 1998) are essential in
the formulation of genetic models to guide mineral exploration.

4. GOLD MINERALIZATIONS IN MONTEMOR-O-NOVO SHEAR
ZONE (EVORA MASSIF)
4.1. Introduction to the Iberian Variscan Massif – a geodynamic
overview
The European Variscan orogen resulted from the late Paleozoic plate convergence and
subsequent collision of Laurentia-Baltica (Laurussia) and Gondwana (e.g., Matte, 1991;
2001) (Fig. 1). Although diachronic, the process it will be culminated with the close of
the Oceans (Iapetus and Rheic Ocean) and the formation of the supercontinent Pangea at
the ends of Paleozoic.
The Iberian Variscan Massif is one of the largest and best exposed crustal segment of the
Western European Variscan orogen related with the Pangea assembly. The Iberia massif
comprises several zones with distinctive Proterozoic/Paleozoic geological histories
shown in different stratigraphic, magmatic, metamorphic and deformation characteristics
(Julivert et al., 1987). In southwest Iberia three zones have been distinguished, from south
to north: the South-Portuguese zone (ZSP), the Ossa-Morena zone (OMZ) and the
Central-Iberian zone (CIZ) (Fig. 1). Paleogeographically, the CIZ and the OMZ have
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strong with Northern Gondwana affinities. The SPZ, the southernmost tectonic unit of the
Iberian Massif, is interpreted as an external orogenic domain assumed as not being related
with GONDWANA after the Cambrian rift began (SPZ has AVALONIA affinities). After
the amalgamation all those zones corresponds to the southern branch of the IberoArmorican arc, a conspicuous structure connecting the Iberian Massif with the rest of
Variscan massifs of central Europe (Fig. 1).

3.2 Metallogenesis of the Ossa-Morena Zone in the light of the Wilson
Cycle.
The Ossa-Morena Zone ore deposits were mostly formed during the three main cycles,
that conferred specific tectono-stratigraphic and magmatic attributes that led to OMZ
individualization:

i)

the Cadomian Orogeny

ii)

the lower Paleozoic rifting and Rift-to-Drift crustal evolution since the
Cambrian to the Ordovician-Silurian until a passive margin be stabilized.

iii)

the Variscan collisional orogeny.

The Cadomian cycle & the Cambrian-to-Ordovician rift-to-drift cycle
The Cadomian cycle is dominated by the effects of a protracted Cadomian active arc
mainly in the northern margin of the Gondwana super-continent. The OMZ represent a
back-arc basin developed very close to the late Cadomian magmatic arc (GutiérrezAlonso, G., et al., 2003, Linnemann, U. et al., 2008; Pereira et al., 2011)
The ore deposits related with the Cadomian (and with the Rift-to-Drift cycles) are difficult
to recognise, since most were overprint by tectonic stacking and wrenching during the
Devonian-carboniferous Variscan cycle. The intervention of the Cadomian cycle in the
formation of ore deposits it’s not totally understood until now, since there are no direct
evidences for mineralizations formed at this stage. However, the Ediacaran Serie Negra
paragneisses (black shales and greywackes) are, commonly the host rock of main gold
anomalies, which means that could had a strong control for Variscan gold and sulfide
precipitation.

5

However, in some OMZ sectors, less affected by metamorphism and deformation, there
are some iron oxide stratabound deposits and sedimentary exhalative (SEDEX) Zn-Pb ore
deposits assumed to be related to the Early Cambrian rift-to-drift cycle since are
spatially related with a lower Cambrian volcano-sedimentary and carbonate sequences.

Figure 1 – The European Variscan Orogen (European Variscides). Note that the Iberian
Massif includes a segment of the Cadomian basement that is correlationable with other
fragments exposed in the Armorican Massif (North Armorican Cadomian belt in France)
and the Bohemian Massif (Saxo-Thuringian Zone in Germany). Note the major divisions
of the the Iberian Massif, where it is possible to identify the Ossa-Morena Zone (OMZ),
and the South Portuguese Zone (SPZ) at South. The Ossa-Morena Zone is located in the
SW Iberian Massif (a segment of the Western European Variscan orogen related with the
Pangea assembly).  – Ossa-Morena Zone
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The Variscan Cycle (Deformation phases)

In Iberia massif, including the OMZ, the Variscan orogeny is expressed by four main
deformation phases. The Main-collisional convergence stage (D1 phase) has been
attributed to a phase of contraction because of subduction of the Rheic oceanic crust in
Mid- Late Devonian (Díaz-Azpiroz et al., 2006; Ribeiro et al., 2007) and it is associated
to structures promoting crustal thickening (thrust tectonics). The sequences were folded
and commonly are expressed by recumbent folds. While in the transition CIZ-WALZ
(Domain of recumbent folding) the verging is to E-ENE, in SW of OMZ the verging tends
to be to SW-to-S with the development of thrust tectonics.
Later, in early Carboniferous the deformation in SW Iberia was accompanied by crustal
extension and wrenching (D2 phase & D3 phase) and is responsible for a pervasive
foliation/cleavage (Pereira et al., 2007, 2009). Early Carboniferous extensional shear
zones are associated with partial uplift of high-grade metamorphic rocks, and partial
melting, with pervasive production of melts and magmas (Figs. 3). The D3 ductile
wrenching stage can be locally transpressive or transtensional, depending the local
stresses in relation with irregularities or curvatures of main shear structures. Finally, a
Late Carboniferous deformation (D4 phase) refolded earlier structures and developed
thrusts and reverse faulting, reactivating some weakness structures as strike-slip faults
(Chichorro, 2006; Pereira et al., 2007). The brittle-ductile strike-slip faulting developed
in two conjugate sets, one right-handed striking NNW-SSE and NW-SE and a left-handed
family striking E-W to ENE-WSW. This system become progressively more brittle and
a set of conjugate faults developed. One right-handed NNW-SSE and a left-handed close
to NE-SW. Many “weak” previous crustal structures were reactivated essentially by
brittle deformation, reason why D1 thrusts and/or D2-D3 transcurrent shears exhibit a
reverse fault cinematic.

In OMZ the D2-D3 Stage was essentially promoted by the regional and local transtensive
strain which played a key role in i) magmatism affecting an active continental crust
margin, ii) in the exhumation of the lower-to-middle crustal sections, in the transcurrent
shear zones development, all influencing the metallogenesis. The magmatism in the
OMZ is predominantly restricted to the Carboniferous Variscan, 340 to 310 Ma, and
mostly consists of voluminous peraluminous S and I-type granitoids, with a
predominance of metaigneous magmas sources in a heterogeneous crust but also with an
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effective mantle contribution (Moita, P., 2007; Moita, P. et al., 2009). Some Cu-Ni
magmatic ore bodies are also indicated in some OMZ sectors, and
the recently discovered large mafic-ultramafic body set in the middle crust, probably also
played a key role in Cu-Ni Variscan metallogenesis (Tornos et al., 2005).

In synthesis, OMZ represent a subduction margin system, dominated by high vertical and
lateral shear gradients reflected in a very complex tectono-magmatic system. The generalized
compressive stresses command the shear localization / partition, the regional thermal flow, the
locus of the magma generation, transport and emplacement and, consequently the driven of
hydrothermal flows.

Lithostratigraphic Controls
One of the questions that remain unanswered is the following one: how extent is the successive
reworkings and remobilization of an early metal concentration in precursors (Cadomian and synrift) by the Variscan hydrothermal processes? The existence of pre-concentration of Au with
sedimentary or volcanic-exalative origin remobilized by metamorphic and tectonic fluids, is
accepted by different authors (Boiron, 1987; Boiron et al., 1990, Bonnemaison and Marcoux,
1989). In the high-sheared zone the litho-stratigraphy is almost obliterated. However, the host
rocks of Montemor-o-Novo Au mineralization suggest a possible pre-concentration of Au in the
Ediacaran active back-arc sediments (Série Negra) and/or in the Cambrian sin-Rift related
volcanogenic sequences.

Many ore deposits in OMZ are epigenetic and vein type. Most metal-bearing veins are
syn-metamorphic and perigranitic. Mesothermal Orogenic Au-quartz mineralisations
occurs, but the metal enrichments during the rectrograde paths reflects the multi-stage
character. The Évora Massif is a good example to illustrate how the knowledge and
understanding of continental crust growth processes is crucial to improve the
metallogenic processes related with shear zones in the Iberian massif. Until recently,
Orogenic Au mineralisation were of imprecise age and could be either Variscan or
Cadomian (Tornos et al., 2004). Geochronological Zircon U-PB studies carried out
recently in the Casas Novas Au occurrences and their host rocks, have proved that the Au
mineralizations are essentially Variscan (Visean-Serpukhovian) (Chichorro, 2006).

Also, frequent Cu-dominated and Pb-Zn lodes and quartz veins generally associated with
relatively low temperature Late Variscan hydrothermal activity are described in OMZ
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(Tornos et al., 2004). Sb veins and uranium-bearing veins are also indicated as well rare
Sn-W veins. The iron oxide replacements and skarns with magnetite are probably the
result of the Variscan magmas input and thermal effects on the lower Cambrian volcanosedimentary and carbonated sequences.

Figure 2 – Ossa-Morena Zone is a crustal domain, which records the Non-Coaxial
component of a general transcurrent shearing (D3 Phase). It is an example of a
heterogeneously deforming crustal portion represented by low and high strain sigmoidal
shape domains. Ossa-Morena Zone includes two major intra-continental sinistral
transcurrent shear zones, enclosing high-to medium-grade metamorphic terranes,
consisting of strongly sheared Ediacaran, Cambrian and Ordovician (c. 590–480 Ma)
protoliths.
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3.3 Main Montemor-o-Novo gold mineralizations
3.3.1 Geologic setting
Geological setting
Located in the southwestern end of the European Variscides, the Ossa-Morena Zone is
part of the Iberian Massif (Julivert, 1987). Here the Variscan orogeny (~370-280 Ma) was
responsible for variable metamorphic and anatectic reworking of Neoproterozoic and
Early Paleozoic basement rocks (Carvalhosa and Zbyszewski, 1994; Chichorro et al., 2008;
Rosas et al., 2008). This westernmost domain of the Ossa-Morena Zone (Fig.1) presents a

lithological succession, from the bottom to the top, with Ediacaran black metacherts,
graphite-rich metapelites, metagreywackes, mica schists, paragneisses, (Serie Negra or
Escoural

Formation),

a

Lower-Middle Cambrian

Igneous

(felsic-dominated)-

Sedimentary Complex with marbles, interbedded felsic and mafic metavolcanics, felsic
gneisses and mica schists and, finally a Middle-Upper Cambrian-Lower Ordovician?
Igneous (basic-dominated)-Sedimentary Complex made of amphibolites with mica
schists, quartzites, metatuffs and calc-silicate rocks (Fig.4, 5). Based on structural,
metamorphic and lithological criteria, the Évora Massif (Carvalhosa, 1983; Quesada and
Munhá, 1990) was divided into three different units (Pereira et al., 2007, 2009; Fig. 3).
The Montemor-o-Novo shear zone, towards the SW and the Évora Medium-grade
Metamorphic Terrains, towards NE represent the hanging-wall blocks of a 25-45km
wide and 75km crystalline metamorphic core (footwall block) of a dome-like structure.
In this part of the Ossa-Morena Zone, the Variscan transcurrent movements involve
significant crustal extension and formation of major ductile shear zones (D2-D3 phases).
The D2-D3, essentially Medium-to-Low pressure / medium-to-high temperature postdate and early regional D1 metamorphism essentially Med ium-to-High pressure / Lowto-medium temperature. Some narrow, very stretched sectors reached the eclogitic facies
(Leal., 2001). The orogen-parallel movements were responsible for the partial
exhumation of a structurally complex assemblage with anatexis granitoids and migmatitic
ortho- and paragneisses (high amphibolite facies and transitional between the amphibolite
and granulite facies). The huge volume of melt produced by uplift and decompression at
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this crust level is testified by the widespread of migmatites/diatexites and granitoids
intruded on these high-grade metamorphic rocks. Enough volume of magma was
accumulated to cause its emplacement along the Évora High-grade Metamorphic Terrains
boundaries and at shallower crustal levels, in the hanging-wall medium- and low-grade
metamorphic rocks (Pereira et al., 2013).

3.3.2 The Auriferous mineralizations in Boa Fé Shear Zone

The Montemor-o-Novo Gold mineralizations are included in the Évora Massif (South-western
Ossa-Morena Zone). The Gold occurrences are located near Montemor-o-Novo, 30 Km WSW
Évora (Faria, A.F., 1988), in an area where several evidences of Roman exploitation were
depicted. The first Au-As soil anomalies were firstly put in evidence during the fifties. During the
eighties the RIOFINEX, based on new Au-As soil geochemistry surveys defined two potentially
interesting targets: Chaminé and Casas Novas areas. During the nineties, Montemor Resources
extended the soil geochemical surveys to NW and SE and several other aligned along a liner
structure were demarcated (Banhos, Caras, Covas, Braços). Recently, the COLT demonstrated
that other Au anomalies localized in a distinct tectono-setting are related with other veining Auveining systems.
The ore typically have an association of Au-As-Bi-Sb-Te with variable Ag-Cu-Pb-Mo-Zn. Some
Au anomalous sectors are indubitably associated with Sb anomalies, while in other sectors, the
Sb and Au are not linked. The ore petrography of main mineralizations is following: GoldArsenopyrite-Loellingite-Bismute-Pyrite-Chalcopyrite-pyrrhotite (Ribeiro, C., 1994). Indicated
resources of 1,23 Mt were defined for the Casas Novas, Chaminé and Braços deposits, with a
grade of 4,45 g/t Au and a cut off of 1,5 gt/ Au (Martins, L.P., 2012)
The most significant gold mineralizations of Santiago do Escoural are placed in Montemor-oNovo Shear Zone (MNSZ), and particularly spread along the Boa-Fé Shear Zone (BFSZ),
domain that marks the limit between MNSZ (hanging wall) and the Évora high metamorphic
grade terrains (footwall) in Évora massif (Fig. 3). The trend of the Boa Fé shear zone boundary
is NW-SE to NNW-to-SSE and dips moderately to steeply to the SW and WSW, outlining the
northern limb of a megasynform which core is occupied by an amphibolite Formation (Fig. 4).
The mylonitic foliation, with an average trend of N120ºE and a dip of 78ºSW (Fig.6), associated
with a subhorizontal stretching/mineral lineation, was connoted with a cinematic model of
sinistral triclinic transtension (e.g., Chichorro, 2006; Pereira et al., 2013).
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These tectonic units with contrasting structural, metamorphic and magmatic features are separated
by Early Carboniferous extensional shear zones, sometimes recovered to strike-slip shear zones
that were active under amphibolite to greenschist metamorphic conditions.
The tectonic lineament trending NW-SE to NNW-to-SSE, up to 0.5-1 km wide and 18 km long
is characterized by high-shear gradients record in ductile to brittle-ductile mylonitic Lower
Cambrian quartzofeldspathic orthogneisses, Ediacaran-to Cambrian pelitic paragneisses and
micaschists and Cambrian-to-Ordovician amphibolites (Chichorro, 2006; Pereira et al., 2007).
The structural conditions for mineralized veining it is not totally understood, but there are several
important features that indicate that the gold precipitation, the gold enrichment, the injection of
anatetic granites as tabular dykes is the result of a multi-stage process controlled essentially by
regional and local intra-orogenic extension (Matias, et al., 2010; Chichorro et al., 2012; Pereira
et al., 2013)
Vein-quartz gold mineralizations in BFSZ is hosted by paragneisses whose paragenesis represent
Bt-And-Sil-Crd-Kfeld-Pl mylonites that developed under HT/LP metamorphism (3-5 Kbar / 600º800ºC). The HT-LP assemblages suggests a high thermal perturbation in upper crust rocks by the
exhumation of middle crust rocks from the EHMT (Chichorro, 2006; Chichorro et al., 2012 - Fig.
6). The tectonic evolution of the BFSZ was intimately related with a high -temperature / lowpressure (HT-LP) metamorphic event, which acted as a trigger to the diffuse initiation of
syntectonic partial melting processes. The vapour fluids related with the biotite dehydration
metamorphic reaction Ms+Bt+Qz+V(+Pl)↔Sil+L or the peritetic cordierite related with the
melting reaction, Bt+Sil+Pl+Qz↔L+Crd II (± Fk) probably played a major role in the
precipitation of the new zircon and was also related a first stage of gold remobilization from
Ediacaran protholiths. In situ U-Pb dating of the metamorphic/hydrothermal Zircon overgrowths
gave and of 342±3Ma (Visean). This is the age of the syntectonic biotite dehydration metamorphic
reaction and/or the Zr rich hydrothermal fluids related with first stages of gold remobilization
from metasediments and/or from Cambrian Volcanic units (Chichorro, 2006; Chichorro et al.,
2012).
Is it possible to dating the syntectonic biotite dehydration metamorphic reaction and, and therefore
the first stages of gold remobilization? Yes, it is conceivable, because new zircon can grow under
high-amphibolitic facies conditions by precipitation from Zr-saturated silicate anatectic melts, or
Zr-saturated aqueous fluid (hydrothermal fluids) which can be aqueous metamorphic fluids, or
fluids evolved from the magma during the final stages of crystallization.
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STOP 2

STOP 1

Fig-3 Schematic representation of the overall structure of the Évora Massif showing the
two-layer crustal sections separated by mylonitic shear zones. Cross-sections A–B and
C-D show the major structures controlled by extensional tectonics that acted in SW Iberia
during the Early Carboniferous (adapted from Pereira et al. 2012, 2013, 2015, in
Ribeiro,M.L. et al., 2019)
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Fig. 4. Montemor-o-Novo Shear Zone Geological map and respective Cross-section,
locating the Boa-Fé Shear Zone setting.
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Fig.5. The Ediacaran paragneisses (Serie Negra) and the Early-Cambrian Felsic rocks
represents the main host for gold mineralisation.
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Fig.6. STOP 1 - Casas Novas geological map and respective cross-section.
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Field exercise: Search the granitic dike in the field and place the reference number of the
drill-holes of the cross-section. Try to find the ore according with Au grades in the trench.
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