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locations, were integrated in a 3D software environment 
along with potential-field, geological and drill-hole data 
to form a 3D structural framework model. Seismic data 
show strong reflections that represent several long Variscan 
thrust planes that smoothly dip to the NNE. Outcropping 
and previously unknown Late Variscan near-vertical faults 
were also mapped. Our data strongly suggest that the struc-
tural framework of Neves-Corvo extends south-eastwards 
to Alcoutim. Furthermore, the VSC top is located at depths 
that show the existence within the IPB of new areas with 
good potential to develop exploration projects envisaging 
the discovery of massive sulphide deposits of the Neves-
Corvo type.

Keywords Iberian Pyrite Belt · Massive sulphide 
deposits · Volcanic-Sedimentary Complex · Seismic 
reflection · Magnetic anomalies · Bouguer anomalies

Abstract The Iberian Pyrite Belt (IPB) hosts world-class 
massive sulphide deposits, such as Neves-Corvo in Por-
tugal and Rio Tinto in Spain. In Portugal, the Palaeozoic 
Volcanic-Sedimentary Complex (VSC) hosts these ore 
deposits, extending from the Grândola-Alcácer region to 
the Spanish border with a NW–SE to WNW–ESE trend. 
In the study area, between the Neves-Corvo mine region 
and Alcoutim (close to the Spanish border), the VSC out-
crops only in a small horst near Alcoutim. Sparse explo-
ration drill-hole data indicate that the depth to the top of 
the VSC varies from several 100 m to about 1 km beneath 
the Mértola Formation Flysch cover. Mapping of the VSC 
to the SE of Neves-Corvo mine is an important explora-
tion goal and motivated the acquisition of six 2D seismic 
reflection profiles with a total length of approximately 
82 km in order to map the hidden extension of the VSC. 
The data, providing information deeper than 10 km at some 
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Introduction

The knowledge of the Variscan structure with depth is 
essential for ore exploration in the Iberian Pyrite Belt (IPB) 
area. Metallic ore deposits, such as the massive sulphide 
deposits of the IPB, are often associated with dipping (30°–
60°) structures. Strong deformation and metamorphism 
limit the use of seismic methods to locate them. Reflec-
tion seismic methods had long been employed to study the 
tectonics and stratigraphy of sedimentary basins, where 
acoustic impedance contrasts are generally strong enough 
to allow mapping of the subsurface geological features. 
Recent developments in migration algorithms, signal-to-
noise ratio (SNR) enhancement, such as in the common-
reflection surface (CRS) method can improve the mapping 
of such deposits in structurally complex environments (e.g. 
Mann et al. 1999, 2007; Hubral 1999). 3D seismic profiling 
and advances in electronics such as 24-bit A/D converters 
have also contributed to improving the utility of reflection 
seismic methods in hard-rock environments (e.g. Cordsen 
et al. 2000; Vermeer 2002; Eaton 2003).

In the last decades, the seismic reflection method has 
experienced a dramatic increase in the number of appli-
cations to hard-rock exploration (e.g. Kim et al. 1994; 
Radzevicius and Pavlis 1999; Juhlin et al. 2002; Juhlin 
and Stephens 2006; Eaton 2003; Schmelzbach et al. 2007; 
Malehmir et al. 2012a; Heinonen et al. 2013; Ehsan et al. 
2014). The mining sector is one of the fields where the 
seismic reflection method has shown great utility to com-
plement the more generally applied gravimetric, magnetic, 
electrical and electromagnetic methods. When combined 
with traditional methods, reflection seismic method can 
provide structural information in complex geological envi-
ronments (Manzi et al. 2012, 2013).

Both 2D and 3D seismic methods have now provided suc-
cessful case histories in the mining industry (Adam et al. 
1998; Calvert and Li 1999; Ayarza et al. 2000; Cheraghi 
et al. 2011, 2012; Malehmir et al. 2011, 2012a, b; Urocsevic 
et al. 2012; Ahmadi et al. 2013). On the Portugal mainland, 
the first seismic reflection profiles acquired in Alentejo for 
this purpose were supported by Somincor, the mining com-
pany operating in the Neves-Corvo mine, in 1991 and 1996 
(Carvalho et al. 1996). Twelve profiles were shot by Com-
pagnie Générale de Géophysique (CGG) using explosives as 
a seismic source and a system of 48 or 24 active channels. At 
the time, the results were of poor quality and were not very 
useful to the local mining companies and no further surveys 
were acquired during the following years.

Several years after the last CGG survey in Portugal, the 
first deep seismic reflection profiling started in the Span-
ish part of the IPB, close to the Portuguese border. For the 
first time, the whole crust down to Moho was imaged in the 

area, giving unprecedented information about the rooting 
of several outcropping structures and geological formations 
(e.g. Simancas et al. 2003; Carbonell et al. 2004). In Por-
tugal, useful results were obtained using seismic reflection 
and gravimetric modelling for shallow massive sulphides 
exploration in the western section of the IPB. Geophysical 
data were used to define the depth to the Palaeozoic base-
ment beneath the Cenozoic sedimentary cover (Oliveira 
et al. 1998; Carvalho et al. 2011).

Encouraged by these results, under the scope of the EU 
Seventh Framework Programme (FP7)-funded Promine pro-
ject, it was decided to acquire a set of 2D seismic reflection 
profiles to provide structural information down to 4–5 km 
in the SE sector of the Portuguese IPB region (Inverno et al. 
2015a). The aim was to determine whether the structural 
framework associated with the Neves-Corvo mine, together 
with a lineament of Late Variscan vein-type Cu occurrences, 
extends SE to the Spanish border, south of Alcoutim (Car-
valho 1991; Matos et al. 2003; Reiser et al. 2011), as sug-
gested by several holes drilled in the flysch cover represented 
by the Mértola Formation shales and greywackes of Upper 
Visean age (Oliveira et al. 2004). These data would also help 
to outline the upper and lower limits of the Volcanic-Sedi-
mentary Complex (VSC) in the region. The use of seismic 
profiles could also allow acquisition of information about 
the IPB basement, which at the Neves-Corvo region is con-
stituted by the Phyllite–Quartzite Group (PQG) of Famenn-
ian age (Oliveira et al. 2013). Therefore, in the scope of this 
work, seismic reflection data were acquired, processed and 
interpreted together with geological 1/200 000 scale map-
ping, drill-hole data and information from different surveys: 
aeroradiometric (gamma-ray total counts), land gravimetric 
and aeromagnetic data in a 3D modelling environment.

The seismic reflection method is the most suited for the 
purpose of geological mapping of the IPB due to its supe-
rior resolution and depth penetration. Drill-holes usually 
do not exceed a depth of 2 km. The available gravimetric 
data have provided very valuable results for the discovery 
of several important mineral deposits such as Neves-Corvo. 
However, not only are these data affected by the traditional 
non-uniqueness problems associated with inversion (e.g. 
Menke 2012), but also generally do not provide useful 
information below a depth of 1–2 km. Electrical and elec-
tromagnetic methods, often applied in the area, are useful 
for locating ore bodies down to 1–2 km, but they do not 
provide detailed structural information, such as the location 
of major thrust planes and faults.

The knowledge of the Variscan structure with depth is 
essential for ore exploration in the IPB area. Models of the 
SPZ were until recently based on geological mapping and 
drill-hole data (not over 2 km depth). The acquisition of the 
IBERSEIS (e.g. Simancas et al. 2003) and ALCUDIA (e.g. 



901Int J Earth Sci (Geol Rundsch) (2017) 106:899–915 

1 3

Martínez-Poyatos et al. 2012) deep seismic reflection pro-
files in Spain close to the Portuguese border as a part of the 
SW Iberia EUROPROBE project have provided for the first 
time valuable information on the Iberian Variscan basement 
at depth.

Geological setting

The South Portuguese Zone (SPZ) is the southernmost part 
of the Iberian massif on the south-western Iberian Penin-
sula and is one of the best exposed fragments of the Vari-
scan orogeny in Western Europe (e.g. Matte 1986). During 
Late Devonian–Early Carboniferous time, magmatic activ-
ity was intense within the SPZ with occurrence of sub-
marine bimodal volcanism that resulted in the generation 
of world-class massive sulphide deposits (Carvalho et al. 
1999; Sáez et al. 1999). This volcanogenic province is usu-
ally designated as the Iberian Pyrite Belt (IPB).

The study area within the IPB is located south of Cas-
tro Verde, in southern Alentejo Province, south Portugal. It 
is adjacent to Neves-Corvo mine and extends to the SE to 

the Spanish border (Fig. 1). The study area is part of the 
(Middle) Late Devonian–Early Carboniferous IPB suc-
cession. This succession is stratigraphically composed of 
two main distinct sequences (Boogaard 1967; Schermer-
horn 1971; Carvalho et al. 1976): the Upper Famennian–
Upper Visean Volcanic-Sedimentary Complex (VSC) and 
the Lower Givetian–Upper Famennian Phyllite–Quartzite 
Group (PQG; ages in Pereira et al. 2008; Oliveira et al. 
2013; Matos et al. 2014; Fig. 1). The VSC is composed of 
felsic volcanics, basic volcanics, black shales, siltstones, 
volcanogenic sedimentary rocks, cherts and jaspers.

The IPB sequence is stratigraphically overlain by marine 
sedimentary rocks of the Baixo Alentejo Flysch Group 
(BAFG), represented in the study area by the Mértola For-
mation (Upper Visean) and by the Mira Formation (Upper 
Visean–Serpukhovian; Carvalho et al. 1976; Oliveira 1983; 
Matos et al. 2003; Oliveira et al. 2004; Pereira et al. 2008). 
A considerable amount of palynological, ammonoid and 
geochronological ages have been determined on these 
units. The Mértola Formation at depth was recognized by 
exploration drill-holes, showing variable thickness, locally 
>1 km. At Neves-Corvo (see location in Fig. 1) and NW of 

Fig. 1  Geological sketch (after 
Oliveira et al. 1992) and loca-
tion of the study area, which is 
indicated by the dashed line
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the Alcoutim VSC horst structure, the Mértola Formation is 
present in duplex tectonic structures dominated by thrusts, 
located between VSC units. North of the IPB, different 
metasedimentary units of Lower Devonian–Upper Famen-
nian age crop out, namely the Pulo do Lobo Formation, in 
between the Chança Group and the Ferreira-Ficalho Group 
(Fig. 1; Oliveira et al. 2004).

The study area is located between the Neves-Corvo mine 
(Fig. 1), in the SE sector of the Neves-Corvo–Rosário anti-
form, and the Spanish border, located 50 km to the south-east 
(Fig. 1). It comprises four main antiformal structures, Castro 
Verde-Casével, Neves Corvo-Rosário, Panóias-Ourique, and 
possibly Alcoutim (see location in Fig. 1). These structures 
are all placed along distinct volcanic axes. The exposed VSC 
lithologies are dominant in these antiforms. The PQG is 
only exposed locally at the SE area of the Rosário antiform 
(Oliveira et al. 2013) and at depth in the Neves-Corvo mine 
(Relvas et al. 2006; Pereira et al. 2008).

 The geological sequence is represented from base to 
top by the PQG (>100 m thick), of Upper Famennian to 
Strunian age, that forms the IPB siliciclastic lower group 
and consists of shales, siltstones and quartzites, with lime-
stones on top of the succession; and the VSC, which starts 
with a Famennian lower VSC sequence (500 m thick), with 
rhyolites, rhyodacites, volcaniclastic sedimentary rocks, 
shales, basalts and dolerite sills (Oliveira et al. 2013). The 
Neves-Corvo sulphide ores are associated in this lower 
VSC sequence with black shales of the Neves Formation, 
of Strunian age (Pereira et al. 2008), and felsic volcanics 
and are represented by seven massive sulphide lenses and 
related stockworks.

In the mine area, the lower VSC is unconformably over-
lain by the Visean Mértola Fm. (Mt2) greywackes and 
shales (up to several decametres thick; Pereira et al. 2008; 
Oliveira et al. 2013). The Upper Visean VSC sequence 
(≈450 m thick) is present, after a Tournaisian gap, on top 
of those turbidites. Shales, such as grey to black shales, 
purple shales, and shales with phosphate nodules, and 
chert, fine volcanogenic sedimentary rocks and felsic vol-
canic rocks, are part of this sequence. The upper VSC 
sequence is overlain by the Visean Mértola Fm. (Mt1; older 
than Mt2) [>1000 m thick], dominant in the study area, 
with greywackes, siltstones and shales. In the SW part 
of the study area, the younger Mira Fm. (1000–2500 m 
thick) occurs SW of the Mértola Fm., with fine-grained 
greywackes, shales and siltstones. Within the study area, 
the VSC outcrops only at the SE area of the Rosário–
Neves-Corvo structure and in the Alcoutim horst (Fig. 1; 
Leca 1976; Leca et al. 1983; Oliveira et al. 2013). A thrust 
between the upper VSC and Mt2 (flysch) is a distinctive 
guide in the mine area to the Neves-Corvo ore horizon 
which is represented by the black shales of the Neves For-
mation and felsic volcanics (Carvalho 1991).

All these stratigraphic units are affected by Variscan 
NW-trending folds and associated (main) cleavage dipping 
60°–70° to the NE, with vergence towards SW (Oliveira 
et al. 2004). The Neves-Corvo–Rosário antiform (VSC–
PQG) plunges at low angle to the SE under the exposed 
Mértola Fm. rocks, as indicated by a few drill-holes and 
different types of geophysical surveys. Several thrust faults 
parallel to the main cleavage occur, a few extending contin-
uously throughout the study area. The upper, and in places, 
the lower VSC sequences are commonly stacked in tectonic 
sheets that were thrusted over the structurally lower Mér-
tola Formation rocks. There are also Late Variscan near-
vertical faults in two main families: NW–SE, dextral, and 
NE–SW, sinistral, both in places with small deposits and 
occurrences mostly of Cu, but also of Ba(Pb) and Sb(AU) 
(Matos et al. 2003; Reiser et al. 2011; Oliveira et al. 2004, 
2013; Inverno et al. 2015b, see location in Matos and Fil-
ipe 2013). Mn–Fe small deposits related to VSC upper 
sequence lithologies are known at NW Neves-Corvo and 
Alcoutim (Leca 1976; Leca et al. 1983; Matos and Filipe 
2013).

Geophysical methods

2D seismic reflection data

Acquisition

As stated above, several seismic profiles were acquired 
by CGG in 1991 and 1996 (Carvalho et al. 1996). When 
interpreted in a GIS environment integrated with drill-
hole, geological mapping and other geophysical data, 
their input suggested that important structural information 
could be retrieved from the seismic data. Therefore, six 2D 
seismic profiles, approximately NE–SW oriented, with a 
total length of 82 km were planned for the area between 
the Neves-Corvo mine and the Portuguese/Spanish border 
(Fig. 1). The location of the seismic profiles was chosen to 
investigate the crust below the flysch cover for the possible 
extension of the Neves-Corvo volcanic axis to the Alcoutim 
area (close to the Spanish border), where the VSC outcrops 
again, and its southern region; along this extension, the 
VSC rocks were intersected by exploration drill-holes at 
400–810 m depth (Billinton exploration project developed 
in the 1980s). Figure 1 shows a geological map with the 
location of the six seismic profiles.

Due to the required depth of penetration (4–5 km), either 
explosives or heavy vibrators are needed to be used as seis-
mic sources. Permits, licenses and the invasive nature of 
explosives led altogether to the choice of using vibrators. 
Three synchronized ION AHV-IV vibroseis trucks of 28.5 
tonnes each were therefore used as seismic source. A linear 
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sweep of 16 s was used with a frequency varying between 
10 and 90 Hz to allow recording shallow and deeper reflec-
tions. Two or three vibrations per vibration point were car-
ried out.

The data acquisition system used was a Sercel 428 
E-Unite Full. SG 10-Hz receivers were used to record the 
seismic wave field, which was sampled at a 2-ms rate for 
6 s. The acquisition parameters are presented in Table 1. 
The use of a wireless system allowed a superior flexibil-
ity in data acquisition. Villages, roads, small rivers could be 
easily crossed, and the initial design of the profiles could be 
followed more closely.

Taking into consideration the actual frequency content 
of the recorded data and the velocities obtained during 
data processing (see next section), we can expect, using 
the Rayleigh criterion (Born and Wolf 1980), a maximum 
vertical resolution of approximately 12 m at shallow depths 
and of around 150 m at large depths. Horizontal resolution, 
given by the first Fresnel zone, is approximately 100 m and 
1 km for depths of 0.5 km and of 4 km, respectively.

Data processing

Several processing sequences were attempted for each pro-
file: a standard processing sequence, with pre-stack time 

migration (PSTM) and post-stack migration, and a second 
processing sequence, with the common-reflection surface 
(CRS) method (Mann et al. 1999), and followed again by 
PSTM and post-stack migration.

All processing sequences, listed in Table 2, were simi-
lar until the application of residual statics. From this point 
onwards, the standard and PSTM processing sequences 
diverged. The CDP gathers were either NMO (normal 
move-out) and DMO (dip move-out) corrected, stacked and 
post-stack processed with F-X deconvolution plus AGC 
applied, and/or prepared for PSTM. In the former case, 
Steep Dip Explicit Finite Difference Time Migration was 
applied to the stacked sections, whereas in the latter case, 
the CDP gathers were prepared for PSTM. Subsequently, a 
correction to the final datum was applied, a detailed veloc-
ity analysis undertaken, and a 2D Kirchhoff time migration 
algorithm with an aperture of 3–5 km was applied to the 
gathers. To conclude the processing sequence, FK filters 
and AGC followed and finally, CDP stack. F-X deconvolu-
tion and AGC were applied to the stacks.

The CRS processing sequence was identical to the previ-
ous one till the pre-PSTM gathers and before NMO cor-
rection. After the application of residual statics to the gath-
ers, the following steps were taken: F-X deconvolution, 
AGC, 2D CRS ZO search and 2D CRS stack. From this 

Table 1  Acquisition parameters of the Promine seismic reflection profiles used in this study

Seismic source Sweep freq. (Hz) Offset range (m) Active chan-
nels

Channel spacing 
(m)

Receivers per chan-
nel (linear array)

Source move-up 
(m)

Nominal 
CMP fold

Three synchronized 
28.5-tonne each 
vibrators

10–90 25–12,000 480 25 6 50 120

Table 2  Major steps of the different processing flows applied to the Promine seismic reflection profiles used in this study

Text in italics indicates PSTM sequence mentioned in flow 3 and text, while text in bold represents CMP stack sequence referred to in flow 4 and 
text

Flow 1 Flow 2 Flow 3 Flow 4

CMP/crooked line geometry CMP/crooked line geometry CMP/crooked line geometry CMP/crooked line geometry

Trace editing + freq. filtering Trace editing + freq. filtering Trace editing + freq. filtering Trace editing + freq. filtering

Muting Muting Muting Muting

Refraction statics Refraction statics Refraction statics Refraction statics

Flat datum conversion Flat datum conversion Flat datum conversion Flat datum conversion

FK filtering FK filtering FK filtering FK filtering

Spiking deconvolution Spiking deconvolution Spiking deconvolution Spiking deconvolution

Velocity analysis Velocity analysis Velocity analysis Velocity analysis

Residual statics Residual statics Residual statics Residual statics

Final datum correction + velocity analysis NMO + DMO + stack FX decon + CRS geometry FX decon + CRS geometry

Kirchhoff PSTM Dip Explicit FD Time Migration PSTM sequence CMP stack sequence

FX filtering + AGC FX filtering + AGC
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point onwards, the sequence was different for standard and 
PSTM sequences. NMO correction and CDP stack (apply-
ing statics to final datum) followed by Steep Dip Explicit 
FD Time Migration for the standard sequence and, for the 
PSTM flow, corrections to final datum, velocity analy-
sis, PSTM, FK filters and finally stacking. Post-stack pro-
cessing included F-X deconvolution filtering and AGC 
(Table 2).

DMO and migration were essential to improve the imag-
ing of steeply dipping features in the data (e.g. Malehmir 
and Juhlin 2010; Cheraghi et al. 2012). The CRS stacked 
sections generally resulted in a clear improvement of the 
signal-to-noise ratio and a better continuity of the seis-
mic reflectors. However, for line 3 (Fig. 2), the CRS stack 
increased the presence of conflicting dips, probably due to 
the structural lateral variations in the region and/or an inap-
propriate velocity function. CRS stacking is particularly 
sensitive to dip and curvature of the reflectors (Mann et al. 
2007), and the local 3D structure might cause additional 
difficulties in performing an adequate velocity analysis. 
Figure 2 shows the non-migrated CRS and standard CMP 
stacks for this line, as well as the post-stack migrated and 
PSTM stacks.

PSTM sections minimized the effects of conflicting dips 
(see Fig. 2) in the data that resulted from the 3D nature 
of the geological structures, but PSTM often introduced 
probable artefacts (see Fig. 2) in the stacked sections. 
These artefacts were identified by visual inspection of 
non-migrated, PSTM and post-stack migrated sections and 
also taking into account the available geological data. This 
is also highlighted in Fig. 2 as line 3, but line 6 presents 
the clearest example. For the final interpretation, it was an 
advantage to have access to processing sequences and the 
non-migrated stacks.

Potential‑field data

The interpretation of the seismic profiles was comple-
mented with available land gravimetric and aeromagnetic 
data. In spite of their lower resolution when compared to 
seismic reflection data, potential-field data can provide 
valuable information. Magnetic susceptibilities are highly 
sensitive to lithological variations and can indicate depth 
variations of VSC units that generally correspond to higher 
total field magnetic intensities than the surrounding fly-
sch cover, in particular the basic volcanics embedded in 
the VSC. Density information available from drill-hole 
data together with gravimetric interpretation can provide 
information about the presence at depth of denser units 
such as the PQG, or the possible presence of ore deposits 
within the VSC. This information is of major importance 
since seismic data sometimes fail to provide continuous 
markers between stratigraphic boundaries in hard-rock 

environments, due to high deformation, overburden com-
paction and metamorphism.

An unofficial national Bouguer anomaly map based 
on the National Gravimetric Network (NGN, http://www.
igeo.pt/produtos/Geodesia/gravimetria.htm) is available for 
Portugal mainland. The NGN is constituted by over 6500 
points and two absolute stations, one in northern Portugal 
and the other in southern Portugal, resulting in a minimum 
density coverage of 1 data point per 25–30 km2. However, 
several local gravimetric surveys have been carried out in 
the IPB by the National Laboratory for Energy and Geol-
ogy (LNEG) and its predecessors in the last decades. These 
land surveys that present a much higher data point density 
than the NGN have been acquired since the 1960s using 
different equipment and needed to be homogenized before 
a final Bouguer anomaly map could be completed. Figure 3 
shows the Bouguer anomaly map with the location of the 
seismic lines overlaid. A reference density of 2.65 g/cm3 
was used to produce the Bouguer anomaly map.

In 1991, Geoterrex conducted a magnetic survey over 
the Portuguese sector of the Iberian Pyrite Belt for the Rio 
Tinto mining company using a caesium vapour magnetom-
eter at a constant flight altitude of 90 m (Carvalho 1995; 
Carvalho et al. 2012). The flight lines had a SW–NE ori-
entation and were generally spaced at 500 m, sometimes 
250 m, with perpendicular tie lines. The sampling was car-
ried out every 7.5 m and, taking into consideration noise 
levels, instrument precision, repeatability, etc., a resolution 
of approximately 0.1 nT was achieved. The survey, which 
covers the whole study area, was processed by Geoterrex 
and is used in this work. We have extracted the IGRF from 
the magnetic total field intensity data and reduced it to the 
pole. The results are shown in Fig. 4.

The coincidence of geological bodies and man-made 
structures with gravimetric and magnetic anomalies (see 
examples indicated by letters in Figs. 3, 4) suggests that at 
least working at this scale, the reduction to the pole placed 
the magnetic anomalies at their appropriate locations.

Integrated interpretation and geological modelling

Due to that the seismic lines were a few kilometres apart, 
a seismic interpretation package was not used to pick the 
seismic horizons. All the seismic and other geophysical 
information, as well as geological mapping and drill-hole 
data, was integrated within a 3D software environment. 
It was possible to validate the data in a progressive way, 
which was important to detect inconsistencies.

Figures 5, 6, 7 and 8 display the final interpretation of 
seismic profiles 1, 2, 4 and 6. The Bouguer anomaly and 
reduced-to-pole magnetic total field intensity are plotted 
at the top of the seismic profiles. The stacked sections are 

http://www.igeo.pt/produtos/Geodesia/gravimetria.htm
http://www.igeo.pt/produtos/Geodesia/gravimetria.htm
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shown with the CRS without migration, and with post-stack 
time migration, producing much better results than PSTM. 
All the seismic sections extend to the depths of interest of 
over 4 km, with the south-eastern lines presenting reflec-
tion events down to 10 km. The stacking velocities from 
the processing were used for depth conversion. These 
velocities are in agreement with velocity information from 
drill-holes located in the region of the Neves-Corvo mine 
(Yavuz et al. 2015) and other drill-holes that reached the 
Palaeozoic basement in the Lusitanian Basin (GPEP 1986) 
and also from refraction profiles (Matias 1996).

Three drill-holes, two located 45 m and one about 1 km 
off line 1 (see Fig. 1) and about 50 m off line 6, intersected 
a seismic profile. Inspecting for instance profile 1 in detail, 
drill-hole CT08001, the closest to profile 1, reached a 
drilled length of 1.89 km and was drilled in 2008 by the 

AGC/Lundin Mining Company, while drill-hole CT01 had 
been previously drilled (1.7 km drilled length) by Somin-
cor in 1992. Figure 9 shows the so-called Cotovio geologi-
cal cross-section based on drill-holes CT08001 and CT01, 
geological surface data and drill-hole data in the area. To 
perform the cross-section, CT08001 drill-hole core was 
re-logged and studied. A careful data interpretation of the 
CT01 drill-hole was done, based on the 1990s Somincor 
technical reports. The Cotovio sector geological data were 
correlated with the information about the geology of the 
Neves-Corvo mine SE region. Detailed drill-hole geologi-
cal log data were used in the cross-section and correlated 
with the seismic profile interpretation. This cross-section 
has been overlaid with a degree of transparency over the 
interpreted stacked section of the recently acquired Prom-
ine seismic reflection (profile 1) shown in Fig. 5, showing 

Fig. 2  Stacked sections resulting from the different processing flows 
applied to seismic reflection profile 3. Top left standard CMP stack; 
top right CRS stack; bottom far left PSTM CRS stack; bottom left 
CRS stack with post-stack migration applied; bottom right PSTM 
CMP stack; bottom far right CMP stack with post-stack migration 

applied. Ovals indicate areas of increased signal-to-noise ratio but 
also of conflicting dips due to CRS stacking, while rectangles show 
zones of probable artefacts introduced by PSTM and where post-
stack migration performs better (see text)
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the seismic/drill-hole tie for profile 1. Once geophysical 
logs are not available for drill-holes CT08001 and CT01, 
depth conversion of the seismic horizons was carried out 
using the seismic data processing velocities. The principal 
seismic reflectors of profile 1 are also overlaid in Fig. 9. 
The consistent correlation between seismic data and drill-
hole data in the upper part of the profile is represented 
by the presence of planar reflectors gently dipping to the 
north-east, corresponding to the boundary between Palaeo-
zoic sedimentary and volcanic rocks.

The Cotovio cross-section, a result of one of the explo-
ration research projects in Iberian Pyrite Belt, provided 
stratigraphic information down to a depth of 1.6 km in the 
Cotovio gravity anomaly, located 4 km SE of the Neves-
Corvo mine. In both drill-holes (Figs. 5, 9), Baixo Alentejo 
Flysch and VSC rocks were drilled. In detail, and con-
sidering the CT08001 geological log data, the sequence 
is characterized by shales and greywackes of the Mértola 
Fm., intersected until 580 m, followed by VSC sedimen-
tary rocks until 1.06 km. Between 1.06 and 1.6 km, felsic 

Fig. 3  Bouguer anomaly 
map available for the study 
area. The locations of the 
seismic reflection profiles and 
available drill-holes are also 
displayed, together with surface 
geology contacts and faults 
(after Oliveira et al. 1992). 
Coordinates are shown in the 
Hayford–Gauss system, datum 
73, in metres. Letters indicate 
coincidence of gravimetric 
and magnetic anomalies of the 
Neves-Corvo mine structure 
(a) and volcanics of the VSC 
detected by drilling (b), sug-
gesting that reduction to the 
pole correctly placed magnetic 
anomalies

Fig. 4  Total-field, reduced-
to-pole aeromagnetic map of 
the study area, overlaid by 
the location of the seismic 
reflection profiles, drill-holes, 
surface geology contacts and 
faults (after Oliveira et al. 
1992). The area covered by 
gravimetric data shown in Fig. 3 
is indicated. Coordinates are 
shown in the Hayford–Gauss 
system, datum 73, in metres. 
Letters indicate coincidence 
of gravimetric and magnetic 
anomalies of the Neves-Corvo 
mine structure (a) and volcanics 
of the VSC detected by drilling 
(b), suggesting that reduction 
to the pole correctly placed the 
magnetic anomalies
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volcanics (rhyolite and rhyodacite) were intersected, rep-
resenting a large volcanic centre, probably a dome struc-
ture. Metric intercalation of VSC sedimentary rocks was 
observed at 1.52 km, corresponding to a tectonic duplex 
structure.

The CT01 drill-hole log shows two intersections of 
shales and greywackes of the Mértola Fm. from 1.02 to 
1.08 km and from 1.16 to 1.17 km and reflects the presence 
of important thrust structures, similar to the Neves-Corvo 
thrust (Oliveira et al. 2004; Inverno et al. 2015b). These 
fault plans are related to a strong vergence to SW. None 
of the drill-holes intersects sulphide mineralization (either 
massive or semi-massive). Neither do the volcanic rocks 
show important hydrothermal alteration.

Visible reflector planes (at about 0.2 s) are related to the 
Mértola Flysch/VSC contact and the VSC sedimentary/vol-
canic rocks contact (Fig. 5). This surface can be correlated 
with the top of the Cotovio volcanic structure. The reflec-
tors related to stratigraphy do not show a good lateral conti-
nuity along the stacked section of profile 1.

Fig. 5  Gravimetric and magnetic data (a) plotted over CRS stack for 
seismic profile 1 without (b) and with post-stack time migration with 
overlaid stratigraphic and structural interpretation (c). The locations 
of drill-holes CT01 and CT08001 are shown (blue line), and a geo-
logical cross-section based on these two drill-holes and previously 
acquired seismic reflection data is overlaid by the interpreted stacked 
section (see details in Fig. 9). Mfi magnetic field intensity (reduced 
to the pole), Ba Bouguer anomaly. Black lines faults, yellow lines/T 
thrust planes, VSC Volcanic-Sedimentary Complex, PQG Phyllite–
Quartzite Group, red line pre-Devonian horizon, orange lines deep 
crustal reflectors (see text)

Fig. 6  Gravimetric and magnetic data (a) plotted over CRS stack for 
seismic profile 2 without (b) and with post-stack time migration with 
overlaid stratigraphic and structural interpretation (c). Mfi magnetic 
field intensity (reduced-to-pole), Ba Bouguer anomaly. Black lines 
faults, yellow lines/T thrust planes, green line/VSC Volcanic-Sedimen-
tary Complex, brown line/PQG Phyllite–Quartzite Group, red line pre-
Devonian horizon, orange lines deep crustal reflectors (see text)
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Recent work carried out in the region of the Neves-
Corvo mine (Yavuz et al. 2015), which included the build-
ing up of an elastic properties database with measurements 
on nearly 400 core samples, a modelling study using full-
waveform sonic and pseudo-log data to create synthetic 
seismic data and subsequent tie to 3D seismic reflection 
data, shows us that the contact between the Mértola Fly-
sch and the VSC is not a prominent reflector compared to 
intra-flysch reflectors or other stratigraphy-related reflec-
tors. Furthermore, the work of Yavuz et al. (2015) shows 
us that the strongest amplitude reflectors are related to the 
presence of massive sulphide deposits (drill-holes PSJ50 
and PSK50, in Yavuz et al. 2015). The Mértola Flysch/VSC 
contact produces at the best (shale/rhyolite contact in drill-
hole SZ24A; Yavuz et al. 2015) a much lower reflectivity 
than massive ore. In our opinion, the flysch/VSC contact 
reflectivity at drill-hole SZ24A is enhanced by the strati-
graphic inversion related to a thrust fault. This reinforces 

the importance of the structural control in the reflectivity 
observed in the seismic data (discussed ahead).

Also according to the study of Yavuz et al. (2015), the 
contact VSC/Phyllite–Quartzite Group (PQG) provided 
a moderate reflector in drill-hole SZ24A. Deep seismic 
reflectors at a depth of about 2 km (approximately 0.8 s) 
in profile 1 are also probably related to the VSC/PQG 
sedimentary rocks contact. The deeper reflectors below 
2 km may correspond to the geological basement rheo-
logic discontinuities. Until the present time, these geologi-
cal features have not yet been intersected by exploration 
drill-holes.

Several seismic reflectors related to the low-angle thrust 
planes were found, in both the former CGG profile and 
profile 1 acquired in this study (see Figs. 5, 6, 7, 8). These 
reflectors have a better lateral continuity in the stacked sec-
tions compared to stratigraphy-associated reflectors.

Fig. 7  Gravimetric and magnetic data (a) plotted over CRS stack 
for seismic profile 4 without (b) and with PSTM applied, overlaid 
with stratigraphic and structural interpretation (c). Mfi magnetic field 
intensity (reduced-to-pole), Ba Bouguer anomaly. Black lines faults, 
yellow lines/T thrust planes, green line/VSC Volcanic-Sedimentary 
Complex, brown line/PQG Phyllite–Quartzite Group, red line pre-
Devonian horizon

Fig. 8  Gravimetric and magnetic data (a) plotted over CRS stack for 
seismic profile 6 without (b) and with post-stack time migration with 
overlaid stratigraphic and structural interpretation (c). Mfi magnetic 
field intensity (reduced-to-pole), Ba Bouguer anomaly. Black lines 
faults, yellow lines/T thrust planes, green line/VSC Volcanic-Sedi-
mentary Complex, brown line/PQG Phyllite–Quartzite Group, red 
line pre-Devonian horizon
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Other holes located close to the seismic profiles were 
used to provide a seismic stratigraphy approach to the seis-
mic interpretation. However, drill-hole data in the study area 
do not provide information on the stratigraphy at depths over 
2 km. Therefore, several deep seismo-stratigraphic packages 
that could be observed in the seismic profiles underneath the 
PQG remain to be identified, since they were never reached 
by any drill-holes to date and are not known on the surface. 
A change of the seismic character (reflectivity pattern and 
frequency content) was identified in all profiles below a cer-
tain depth, often topped by a moderate to strong reflector(s). 
The seismic horizon that corresponds to pre-Devonian geo-
logical units is marked in red in Figs. 5, 6, 7 and 8.

The 3D model building did not include these deep geo-
logical units because they are deeper than present-day 
exploitation capabilities. However, the profiles show the 
presence of tectonic structures, probable low-angle thrusts, 
that control the geometry of the Palaeozoic basement. 
These thrusts also show a tangential deformation domi-
nated by a significant SW vergence. These data are well 
correlated with the tectonic models defined by the existing 
exploration drill-hole data, limited to 1–1.5 km depth.

As stated above, potential-field data were also used 
qualitatively to assist in the interpretation, particularly aer-
omagnetic data which present the largest coverage of the 
project area. The Bouguer anomaly map was very useful in 
defining the orientation of Late Variscan vertical strike-slip 
faults that offset the Variscan geological faults and hori-
zons, controlling Late Variscan horsts and grabens. The 
Bouguer anomaly map was also used to confirm the geom-
etry of the deeper and higher-density seismo-geological 
layers. Together with aeromagnetic data, it provided infor-
mation about depth variations of the VSC along and across 
the profiles, also allowing to infer the presence of possible 
significant massive sulphide deposits.

The major characteristics of the seismic profiles are the 
presence of several parallel high-angle thrusts, nappes and 
the presence of several strike-slip faults with minor normal 
component that cut across the former thrusts. Those strike-
slip faults locally host small Late Variscan Cu (and other 
metals) vein deposits and occurrences (Carvalho 1991; 
Matos et al. 2003; Reiser et al. 2011; Matos and Filipe 
2013), mostly forming a NW–SE Cu lineament anchored in 
Neves-Corvo mine and in close proximity to Neves-Corvo 

Fig. 9  Cotovio geological 
cross-section based on the logs 
of drill-holes CT01 (Somincor, 
1992), CT08001 (AGC/Lundin 
Mining, 2008) and surface geo-
logical data. Reflectors observed 
in the seismic reflection profile 
1 acquired in this study are also 
shown. See location of drill-
hole data in Fig. 11. Numbers 
indicate total drilled length (not 
corrected for drill-hole devia-
tion). Geological formations 
considered: Mértola Formation 
(Baixo Alentejo Flysch Group, 
Upper Visean): shales and 
greywackes; IPB Volcanic-Sed-
imentary Complex: sedimentary 
rocks-Brancanes Fm., shales; 
Godinho Fm., siliceous shales; 
Borra-de-Vinho Fm., purple/
green shales; Grandaços Fm., 
siliceous shales with nodules; 
Jaspers and cherts; volcanics-
rhyolite and rhyodacite
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extended thrust (see location in Fig. 1). A large NNE–SSW 
oriented fault, near-parallel and very close to profile 4, 
probably of Late Variscan age, can be seen on both gravi-
metric and magnetic data (Figs. 3, 4).

We have also marked several deep strong seismic reflec-
tors within the basement (beneath the pre-Devonian horizon 
shown in Fig. 5, 6, 7, 8). These deep high-amplitude reflec-
tors in vertical incidence reflection seismic data are usually 
associated with either fluids or igneous intrusions (e.g. Car-
bonell et al. 2004; Brown et al. 2012) and increased fractur-
ing (e.g. Schmelzbach et al. 2008a). It is also probable that 
some of them are out-of-the-plane energy due to a 3D geo-
logical environment with intense faulting and strong lateral 
velocity variations. Those high-amplitude events that cut 
across other reflectors are likely to have this origin.

Some of the deep reflectors have a similar orientation, 
structure and amplitude of those observed in a deep seismic 
reflection profile acquired nearby in Spain, close to the bor-
der with Portugal and covering IPB terrains (Schmelzbach 
et al. 2008a, b). These deep reflectors were interpreted as 
thrusts and fold belts, major faults and sometimes as mafic 
intrusions possibly associated with the VSC (Schmelz-
bach et al. 2008b). Similar reflectivity patterns observed in 
another deep seismic reflection profile acquired over Pal-
aeozoic terrains of the Central Iberian Zone have also been 
interpreted as imbricate thrust systems (Ehsan et al. 2014).

The 3D structure of the study area, resulting from the 
lateral profile-to-profile interpretation, was also constrained 
using gravimetric and magnetic data. Figure 10 shows a 3D 
structural model based on the interpretation of the geophys-
ical, drill-hole and geological data. In general, a subsurface 
3D model may be obtained by the creation of geological 
regions within the study area (Almeida et al. 1993; Ferreira 
et al. 2010; Charifo et al. 2012). In the current research 
work, the 3D structural models were obtained by the crea-
tion of the transition surfaces between the following main 
groups: flysch (Mértola and Mira Formations), VSC and 
PQG. In order to improve the 3D model precision, sev-
eral geological sections were defined along the study area, 
introducing a regional geological model. The interpretation 
of the stacked seismic sections was important, because they 
delineated the known faults to depth from the surface geo-
logical maps and drill-holes, and the identification of for-
mation discontinuities.

The modelling was carried out using gOcad (Para-
digm 2014), and all the relevant data were represented in 
the 3D environment. First, an initial model representing 
the main geological features was constructed, including 
the extension of the structural framework from Neves-
Corvo to the SE (Spanish border). It was important that 
the behaviour of structures such as other thrusts, nappes 
and late faults should be demonstrated as well. Thus, 
based on geological mapping, drill-hole geological data 

and geophysical data, the fault offsets were inferred. Sec-
ondly, another 3D model was defined incorporating the 
fragmentation of the upper and lower basal surfaces of 
the formations, with the corresponding fault offsets. The 
resultant model validation was carried out by overlaying 
drill-hole data and geological mapping with interpreted 
seismic stacked sections and other geophysical data 
(Inverno et al. 2015a).

Figure 11 shows the location of the seismic profiles over 
a more detailed geological map after Oliveira et al. (1988). 
This map also shows the location of a NW–SE oriented 
geological cross-section extracted from the 3D model and 
therefore based on geological, drill-hole and geophysi-
cal data (Fig. 11b). This figure also shows reduced-to-pole 
total field magnetic intensity and Bouguer anomaly profiles 
along the cross-section (Fig. 11c).

It is noteworthy that there is an increasing deepening 
of pre-Devonian basement from seismic profile 1 to pro-
file 4, in particular in the north-eastern part of the profiles 
(Figs. 10a, 11). In profiles 5 and 6, particularly in the north-
eastern side of the profiles, the average depth of the pre-
Devonian units rises relative to the depths observed in pro-
files 1–4. At shallower depths, seismic data show that there 
is a deepening of the ore-bearing VSC unit to the SE from 
profiles 1 to 4. Aeromagnetic anomalies related to the IPB 
Rosário–Neves-Corvo volcanic axis show a loss of ampli-
tude to the SE in this region, which suggests that, taking 
into account drill-hole, gravimetric and seismic data, there 
is deepening of the volcanic axis in this area. This deep-
ening is progressive from the Neves-Corvo mine area (see 
location in Figs. 1 and 11), where the VSC outcrops for a 
few kilometres, to the SE of it. According to seismic, drill-
hole and potential-field data in the region covered by pro-
files 5 and 6, the top of the VSC is shallower again. Adja-
cent to the border with Spain, in the Alcoutim region, the 
VSC does outcrop in a local horst-type structure (Leca 
1976).

Discussion

The CRS processing has clearly improved the signal-to-
noise ratio of the seismic data, but it also enhanced lit-
tle side-scattered events and conflicting dips (see Fig. 2). 
This is due to strong geological lateral changes present in 
the study area and sensitivity of CRS stacking to veloc-
ity analysis (e.g. Mann et al. 2007). PSTM removed con-
flicting dips, but at the cost of introducing artefacts. DMO 
and post-stack migration supplied better results possibly 
because DMO performs better in anisotropic media (Hale 
1984; Anderson and Tsvankin 1997) than the 2D Kirchhoff 
algorithm used in PSTM which usually cannot handle geo-
logical complex media (e.g. Yilmaz 2001).
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As evidenced by several authors, to image steeply dip-
ping structures observed in seismic data, DMO and migra-
tion are essential processing steps (e.g. Malehmir and Juh-
lin 2010; Cheraghi et al. 2012). Schmelzbach et al. (2008b) 
found good results by applying PSTM, preceded by appli-
cation of an f-k DMO algorithm to seismic data acquired in 
the IPB close to the study area, which seems to reinforce 
the importance of DMO followed by an adequate velocity 
analysis to image correctly geologically complex media.

DMO and post-stack migration did not completely 
resolve the problem of conflicting dips. In part, this was 
caused by the geological complexity of the media and the 
presence of out-of-the-plane energy. As also pointed by 
other authors (e.g. Juhlin et al. 2010; Ehsan et al. 2014), the 
crookedness of some parts of the seismic lines may have 
also contributed to this fact. However, if we compare pro-
file 1 (Fig. 5) which had a linear geometry with the other 
seismic lines (Figs. 6, 7, 8), we are led to think that the 
complexity of the media was the main cause for the remain-
ing conflicting dips after the application of DMO or PSTM.

Anisotropic DMO, advocated for vertically transverse 
isotropic (VTI) or orthorhombic media (Anderson and 
Tsvankin 1997; Yilmaz 2001; Tsvankin 2012), was not 
used in the processing flow due to strong deformation 
and the steep dips present in the region. These geologi-
cal aspects, associated with the crooked geometry of the 

seismic profiles, introduced a strong variation of Thompson 
parameters along the lines. Therefore, the anisotropy mod-
els (e.g. VTI media or the weak anisotropy approximation) 
under which commercially available anisotropic DMO 
algorithms are valid are inappropriate for our dataset.

The velocities used to stack the data varied from around 
3 km/s at the surface to about 5.5 km/s at 2 s, values that are 
similar to those used to process other seismic data acquired 
over the crystalline basement of Iberia (Yavuz et al. 2015; 
Schmelzbach et al. 2008b; Ehsan et al. 2014; González 
et al. 1998; Flecha et al. 2006). The high-fold data (120), 
noise suppression techniques such as the use of 6 receiv-
ers per station, the high power and frequency content of the 
seismic source and the long offsets used to record the data 
all contributed to the good quality of the stacked sections 
presented here.

On comparing the magnetic signature of the Neves-
Corvo mine area and of the region around profiles 3 and 
4 (Fig. 4), there is a clear loss of magnetic field intensity 
around Neves-Corvo in the NW–SE to WNW–ESE ori-
ented anomalies related to the volcanic axis. This is prob-
ably due to the presence of more felsic volcanic rocks 
compared to basic volcanics. There is a clear positive 
increase in the amplitude of magnetic anomalies related 
to this axis in the region of the seismic reflection profile 
6, located SW of Alcoutim, near the Spanish border. The 

Fig. 10  Two views [a view 
from SE; b view from WSW] 
of the 3D structural strati-
graphic model constructed after 
the integration of drill-hole, 
geological and geophysical data 
(seismic reflection, radiometric, 
gravimetric and magnetic). VSC 
Volcanic-Sedimentary Complex, 
PQG Phyllite–Quartzite Group
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increase in magnetic field intensity related to the volcanic 
axis can have three main possible causes: (1) a shallow-
ing of the volcanic rocks; (2) an increase in the volume of 
volcanic rocks; or (3) an increase of basic volcanic rocks 
relative to felsic volcanic rocks. Shallowing of the VSC 
is present since it can be found in outcrop near Alcoutim. 
Here, slates, siltites, jaspers and volcanic sediments can be 
found (Leca 1976). About 10 km south-west of Alcoutim, 
VSC units, including felsic and basic volcanic rocks, have 
been drilled by Billinton in the 1980s at depths between 0.4 
and 0.81 km.

The presented seismic data strongly suggest that the 
ore-bearing IPB VSC extends from the Neves-Corvo mine 
region at least to the Spanish border near Alcoutim. They 
show several thrusts and nappes verging to the south-west 
and the extension of the tectonic setting of the Neves-Corvo 
mine area along the volcanic axis (hidden) to the Span-
ish border and possibly further east (Inverno et al. 2015a). 
At least three major thrusts that reach the surface or come 
close to it can be tracked from profile to profile (Figs. 5, 6, 
7, 8). On the up-thrust blocks of the faults, potential-field 
and drill-hole data show bodies of felsic and basic volcanic 

rocks at depths of 400–500 m, which are within present-
day exploitation capability.

The regions SE of Neves-Corvo (profiles 1 and 2) and W 
of Alcoutim–Odeleite (profiles 5 and 6) are the most prom-
ising in terms of massive sulphide deposits exploration. In 
the other seismic profiles, the geological and geophysical 
data complexity of the study area precludes for the moment 
any simple conclusion about the possibility that these vol-
canic bodies bear massive sulphide deposits. In some parts 
of the region where these volcanic bodies are placed at 
shallower depth, a similar geophysical signature to that of 
the Neves-Corvo mine occurs (i.e. intermediate-low mag-
netic field intensity and high Bouguer anomaly). This is the 
case for the central part of profile 2 (Fig. 6), the centre of 
the southern part of profile 6 (Fig. 8) and the central part 
of profile 5 (Inverno et al. 2015a). Other deeper inclined 
reflectors observed in the seismic stacked sections may be 
associated with thrust planes deeply rooted in the upper 
crust, similarly to the tectonics apparent in the afore-men-
tioned nearby ALCUDIA (Martínez-Poyatos et al. 2012; 
Ehsan et al. 2014) and IBERSEIS (Simancas et al. 2003; 
Schmelzbach et al. 2008b) profiles.

Fig. 11  a Geological map 
after Oliveira et al. (1998) with 
location of seismic reflection 
profiles acquired in this study, b 
NW–SE longitudinal geological 
cross-section (a–b) along the 
study area based on drill-hole, 
geological outcrop and seismic 
reflection data and c respec-
tive magnetic field intensity 
(Mfi) and Bouguer anomaly 
(Ba) profiles. Surface geology. 
1 seismic reflection profile, 2 
cross-section, 3 drill-hole and 
depth of the local geological 
cross-section, 4 localities, 5 
massive sulphide deposits, 6 
Cu vein, 7 Mn oxides, 8 Ba–Pb 
vein, 9 Sb vein
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Conclusions

Six 2D seismic reflection profiles were acquired, pro-
cessed and interpreted to check the possible extension 
of the Palaeozoic volcanic axis (represented by the Vol-
canic-Sedimentary Complex) of the Iberian Pyrite Belt 
beneath the flysch cover to the region SE of the Neves-
Corvo mine up to the Spanish border, south of Alcoutim. 
The geometry of the seismic surveys and the source used 
were designed to map subsurface features to depths of 
4–5 km. The Unite Sercel wireless equipment allowed 
flexibility and continuous recording across villages and 
streams, while three synchronized 28-tonne each vibra-
tors provided energy to be recorded down to depths of 
10 km.

Several processing sequences were attempted with 
post-stack and pre-stack time migration, common- and 
standard common-depth point stacking. Common-reflec-
tion surface stacking provided a better signal-to-noise 
ratio, while pre-stack time migration often introduced 
artefacts due to the highly complex 3D geological envi-
ronment, with heavy faulting, thrusting and deformation 
and the lack of good velocity data. The seismic interpreta-
tion, carried out in a 3D environment, was complemented 
with geological, drill-hole, radiometric and potential-field 
data. Several SW-verging thrust faults and nappes were 
identified in the seismic profiles. These structures are cut 
by multiple Late Variscan strike-slip faults, sometimes 
with minor normal component, also identified by the seis-
mic data.

The VSC units deepen from the region of the Neves-
Corvo mine (where they outcrop) and in profile 1 to pro-
file 4, located further SE. East of profile 4, along profiles 5 
and 6, the VSC rises and is located at depths of 400–500 m. 
Drill-hole data very close to profile 6, located south of 
Alcoutim and near the Spanish border, show the presence 
of VSC basic and acid volcanic rocks. The extension of 
the volcanic axis and of its structural framework from the 
Neves-Corvo mine to Alcoutim, together with the depth 
of VSC units in the SE part of the studied area, shows the 
existence within the IPB of new promising exploration 
areas. This may lead to the discovery of polymetallic mas-
sive sulphide deposits of the Neves-Corvo type.

More detailed geophysical exploration surveys should 
be carried out in the near future, considering the detailed 
characterization of geological structures in the volcanic 
axis(es). The integration of seismic data with other methods 
(magnetic, gravimetric, drill-holes logging and rock dat-
ing) may define consistent geological/geophysical models 
and their future investigation with deep exploration drill-
holes. In this context, the Neves-Corvo geological sequence 
becomes a reference guide to the Neves-Corvo–Alcoutim 
IPB region exploration.
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