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CHAPTER 1: INTRODUCTION 
 

 

1.1 Aims and Significance 
This thesis focuses on the Volcanic Sedimentary Complex (VS Complex) of the Iberian Pyrite Belt in 

Portugal and Spain. The Iberian Pyrite Belt is the richest massive sulfide province in the world (Leistel 

et al., 1998b) and hosts some of the largest single massive sulfide deposits known (e.g. Rio Tinto ~500 

Mt, Neves Corvo >300 Mt; Leistel et al., 1998b; Tornos, 2006). The primary emphasis in this study is 

the volcanic and sedimentary facies architecture of the VS Complex, in order to clarify the style of 

volcanism associated with the massive sulfide deposits and the character of the depositional basin 

where they formed. 

 

The VS Complex is apparently simple when compared to other mineralised volcanic successions, and 

the volcanic rocks constitute only a small proportion of the Iberian Pyrite Belt stratigraphy 

(approximately 25%, Tornos, 2006). However, the volcanic facies characteristics and origin, and the 

internal architecture of the VS Complex, are far from understood. Understanding of the volcanic facies 

associations and their architecture is critically important in any attempt to reconstruct the massive 

sulfide ore-forming environments and processes, and is especially challenging in old, deformed, 

altered and metamorphosed provinces, such as the Iberian Pyrite Belt. 

 

The aims of this thesis are to: 

(1) Describe the volcanic facies architecture of the VS Complex in well-exposed, representative areas 

at three locations in Portugal (Albernoa, Neves Corvo, Serra Branca) and five locations in Spain 

(Paymogo quarry, El Almendro-Villanueva de los Castillejos, Odiel River, Cerro de Andévalo and 

Aulaga). 

 

(2) Establish the spatial and temporal relationships between the volcanic facies and the massive sulfide 

deposits at Neves Corvo. 

 

(3) Evaluate the abundance and importance of syn-volcanic felsic intrusions in the VS Complex. 

 

(4) Provide facies architecture models for the principal volcano types responsible for the VS Complex 

volcanic succession. 

 

Submarine eruptions and volcanic processes are difficult to observe and study due to inaccessibility. 

Modern studies of the seafloor have focused mainly on mafic submarine volcanism (e.g. Smith and 
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Batiza, 1989; Christie et al., 2004; Fitton et al., 2004). However, the products of submarine felsic 

volcanism are relatively abundant in the geological record and locally important in modern oceans, 

especially in arc and back-arc environments. Records of modern submarine felsic eruptions are rare 

(e.g. 1953-1957 Tuluman eruption, Papua New Guinea, Reynolds et al., 1980; or Myojinsho, Japan, 

Fiske et al., 1998). Therefore, studying old submarine successions that are now exposed on land is the 

most practical way to understand submarine volcanic processes (e.g. eruption styles, fragmentation 

mechanisms, and transport and emplacement processes) and how they differ from their subaerial 

counterparts. Water can influence the eruption style by suppressing vesiculation of magmas due to the 

pressure exerted by the water column (e.g. McBirney, 1963), but can also be responsible for 

fragmentation (e.g. quenching, Pichler, 1965). Transport and dispersal of volcanic fragments from 

gravity currents that undergo a transition from gas- to water-support, or water-settling of suspended 

particles are processes also particular to the subaqueous environment. 

 

Reconstruction of the volcanic and sedimentary facies architecture is a powerful tool in understanding 

the stratigraphy and structure of old mineralised volcanic successions (e.g. Cambrian Mount Read 

Volcanics, Tasmania, Australia, Cambro-Ordovician Mount Windsor Subprovince, Queensland, 

Australia, Proterozoic Skellefte district, Sweden, among others). The volcanic facies architecture 

models created for these provinces, have proven to be important in providing the framework for ore 

genesis studies and exploration. Therefore, there is an urgent need to define the volcanic facies 

architecture of the VS Complex in the Iberian Pyrite Belt.  

 

The ore deposits of the Iberian Pyrite Belt have been exhaustively studied in terms of mineralogy, 

metallogeny, source and composition of the mineralising fluids, genetic processes, and hydrothermal 

alteration patterns. The stratigraphy, structure, metamorphism and tectonic history of the Iberian Pyrite 

Belt have also been addressed by several authors. However, the physical volcanology and facies 

architecture of the VS Complex have only recently been studied in some detail. To date, all such 

studies have been confined to local areas in the Spanish part of the Iberian Pyrite Belt (Boulter, 1993a, 

1993b, 1996, 2002; Boulter et al., 2001, 2004; Soriano and Marti, 1999; Donaire et al., 2002; 

Valenzuela et al., 2002). This thesis presents the first study of the physical volcanology of the 

Portuguese part of the VS Complex and also includes a regional component extending into the Spanish 

part of Iberian Pyrite Belt. It is also the first detailed volcanic facies analysis of one of the Portuguese 

massive sulfide deposits (Neves Corvo). 

 

Recent studies of the VS Complex suggested that most of the felsic units are syn-volcanic intrusions 

(Boulter, 1993a, 1993b, 1996, 2002; Boulter et al., 2001, 2004; Soriano and Marti, 1999). At Rio 

Tinto, many of these felsic units (>90%) are considered to be younger than some of the enclosing 

sedimentary units, and younger than the massive sulfide deposits (e.g. Boulter, 1993a, 1993b, 1996; 
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Boulter et al., 2001, 2004). The top contacts of the felsic units are typically composed of a sediment-

matrix igneous breccia that has been interpreted as peperite, formed by intrusion of felsic magma into 

unconsolidated and probably wet sediment. Such intrusions may complicate the stratigraphy, and do 

not mark seafloor positions. They have different relationships with the enclosing successions 

compared with lavas. In mineralised successions where ore deposits occur at seafloor positions, 

correct identification of lavas versus shallow intrusions is critical in exploration. 

 

Other volcanic units with sediment-matrix igneous breccia at their top contacts, interpreted to be 

peperite, have since been reported in the VS Complex. However, sediment-matrix igneous breccias in 

submarine successions can form by other processes, including infiltration of fine sediment into the 

clastic carapace of lavas or domes (e.g. Rawlings et al., 1999). Hence, clarifying the processes 

responsible for the formation of sediment-matrix igneous breccias in the VS Complex is important in 

determining the abundance of intrusions and their temporal relationships with the ore deposits. 

 

1.2 Location and access 
The VS Complex of the Iberian Pyrite Belt typically occurs in elongate, independent areas along a 

NW-SE to E-W arcuate belt, in southern Portugal and Spain. Three of these independent areas in 

Portugal, and five sections along roads and rivers that cover the Spanish part of the Iberian Pyrite Belt, 

were selected for study (Fig. 1.1). The three study areas in Portugal are the Neves Corvo mine area, 

the Albernoa area, located near the village of Albernoa south of the city of Beja, and the Serra Branca 

area, located north of Mértola village and named after the most prominent hill in the area. The five 

sections in Spain extend from near the border with Portugal, where Paymogo quarry is located, to the 

easternmost Aulaga section, along the road from the Aulaga village to Seville. The Cerro de Andévalo 

section and the Villanueva de los Castillejos section are located in the central Iberian Pyrite Belt, and 

the Odiel River section extends along part of the Odiel River banks. All areas are easily accessed by 

road and explored on foot. 

 

The Iberian Pyrite Belt is generally poorly exposed due to relatively thick and abundant bushy 

vegetation and crops, and to a thin colluvium cover. However, along road cuts and in creeks or rivers, 

exposures are almost continuous. 

 

Drill core used in this study is stored at the Neves Corvo mine core shed (core from the Neves Corvo 

area), or at the INETI (Instituto Nacional de Engenharia Tecnologia e Inovação) facilities in Lisbon 

and Barrancos (core from the Albernoa area). 
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Figure 1.1: Location of the study areas in southern Portugal and Spain. The grey area is shown in 
black in inset. 
 

 

1.3 Methods of investigation 
The field work and core logging for this study were completed over three consecutive summers. Field 

mapping was done using 1:10 000 scale topographic maps made by the Portuguese army (Instituto 

Cartográfico do Exército) and 1:5 000 scale topographic maps and 1:25 000 scale aerial photographs 

from the national geographical institute (Instituto Geográfico e Cadastral). Detailed mapping was done 

on critical areas with relatively good exposure (1:1 000). Stratigraphic sections were logged along 

roads, creeks and rivers and detailed field mapping was carried out in adjacent areas. Initial 

reconnaissance traverses provided an overview of the facies distribution. Detailed logging of the 

sections was done at 1:250 scale, and locally at 1:1 scale. Drill core logging of 17 drill holes from 

Neves Corvo (Appendix 1B) and 3 drill holes from Albernoa was done at 1:100 scale (Appendix 2B). 

The logs record information on the components, grain size, textures, structure, contact relationships 

and geometry, and show sample locations. 

 

Polished slabs and thin sections of representative samples were used to refine compositional and 

textural observations of the different lithofacies. Geochemical analyses of the least-altered samples 

from the major volcanic lithofacies identified at Neves Corvo helped to characterise the volcanic 

succession. Field and drill core data were compiled as true-thickness logs and maps that formed the 

basis of facies descriptions, and interpretations of eruption style, emplacement processes, type of 

volcanoes, depositional environment, facies architecture and palaeogeography. 
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The compositions of the VS Complex volcanic units of the Albernoa and Serra Branca areas were 

studied in detail by D. Rosa et al. (2004, in press), as part of a broader study that includes other areas 

of the VS Complex in the Portuguese part of the Iberian Pyrite Belt. The integration of the 

compositional data from these areas with the volcanic facies architecture (this study) was easily 

achieved, since some samples are common to both studies. The compositions of the major felsic units 

at Neves Corvo were determined independently for this study, and not included in D. Rosa et al. 

(2004, in press). 

 

1.4 Volcanic facies description and terminology 
Diagenesis, variable hydrothermal alteration, deformation, metamorphism and weathering have all 

contributed to modification of the original volcanic textures in the VS Complex. None of the volcanic 

facies in the VS Complex are now glassy even though many were originally, as evident from the 

common occurrence of perlite. In addition, fiamme (defined below) are also common, and it is argued 

that in most cases, the fiamme were originally pumice clasts that have undergone alteration and 

compaction. Nevertheless, the thin-skinned deformation style that has affected the Iberian Pyrite Belt 

has favoured concentration of the deformation in and close to narrow shear zones, so that original 

textures and primary characteristics are relatively well-preserved away from these zones (e.g. Silva et 

al, 1990; Quesada, 1998). Furthermore, at least in the areas studied, there has been only minor 

modification of primary bulk rock compositions. Phenocryst assemblages were used to differentiate 

among different coherent facies and monomictic igneous breccia facies, and proved to be a reliable 

indicator of composition. 

 

The VS Complex is dominated by volcanic facies but also contains sedimentary facies that have 

minimal or no connection with volcanism. The most voluminous sedimentary facies is mudstone, the 

provenance of which was totally or largely non-volcanic. The non-volcanic sedimentary facies 

intercalated with the volcanic facies of the VS Complex have also been described, and where 

appropriate, interpreted in terms of provenance, transport and depositional processes, and depositional 

setting.   

 

The descriptive and genetic terminology used in this thesis follows the nomenclature outlined in 

McPhie et al. (1993). Descriptive nomenclature was used in the field. Where the data allowed, genetic 

interpretations have been made, focusing on eruption style, emplacement processes, proximity to 

source, and depositional setting. 

 

Other terms used in this thesis include: 
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Volcanogenic sedimentary facies – These facies are composed of volcanic, or mixtures of volcanic 

and non-volcanic particles, for which the fragmentation mechanism cannot be discerned due to 

significant clast shape modification, especially rounding. Final transport and deposition of the particles 

involved “normal” surface sedimentary processes. 

 

Syn-eruptive volcaniclastic facies – These facies are genetically related to active volcanism (effusive 

or explosive) and typically involve a blend of volcanic fragmentation and sedimentary transport and 

depositional processes (McPhie et al., 1993). This category includes deposits from eruption-fed 

currents (e.g. White, 2000), and deposits that were resedimented more-or-less synchronous with 

eruptions, in subaqueous settings where the interstitial fluid is water, not volcanic gas and air. It also 

includes water-settled pyroclastic deposits. Syn-eruptive volcaniclastic facies comprise texturally 

unmodified juvenile pyroclasts or autoclasts of uniform composition; bedforms typically reflect rapid, 

continuous aggradation, consistent with the short durations of eruptions. 

 

Facies – A body or interval of sediment or rock that has a unique definable character that distinguishes 

it from other intervals (e.g. Selley, 1978). In volcanic successions, facies are commonly defined on the 

basis of a combination of texture and composition or components. A fundamental distinction exists 

between coherent facies, formed by the solidification of lava or magma, and volcaniclastic facies, 

being a fragmental aggregate composed of volcanic particles (McPhie et al., 1993).  

 

Facies association – A group of facies that are spatially, compositionally, texturally or genetically 

related. In volcanic successions, facies associations commonly reflect particular eruption and/or 

emplacement processes.   

 

Facies architecture – The spatial organisation of different facies and facies associations. Given the 

complexity in facies geometry and relationships typical of volcanic terranes, it is commonly more 

appropriate to describe successions in terms of facies architecture rather than conventional 

stratigraphy. 

 

Fiamme – A descriptive term for elongate lenses or domains of the same mineralogy, texture or 

composition, which define a pre-tectonic foliation, and are separated by domains of different 

mineralogy, texture or composition. In many cases, fiamme are compacted pumice clasts. However, as 

defined here, fiamme also occur in variably crystalline versus glassy coherent facies, and variably 

altered coherent facies, and are not necessarily clasts (e.g. Bull, 2005 unpub.; Bull and McPhie, 2004).  

 

Pyroclasts – Fragments (pumice, scoria, shards, crystals and lithic fragments) produced by explosive 

eruptions (Fisher, 1960, 1966).  
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Autoclasts – Fragments produced by non-explosive fragmentation (autobrecciation and quenching) of 

lavas (Fisher, 1960, 1966). 

 

Autobreccia – Volcaniclastic aggregate composed of lava clasts produced by non-explosive, in situ, 

fragmentation of the cooler more viscous parts of lavas (McPhie et al., 1993). 

 

Hyaloclastite – Volcaniclastic aggregate composed of glassy lava clasts produced by non-explosive 

quench fragmentation of hot lava in contact with water (Pichler, 1965). 

 

Gravity current – Group of particles transported by Newtonian or Bingham flows by influence of 

gravity. The interstitial fluid may be water or air (Lowe, 1982). 

 

In this thesis, concentric rings of chalcedony in jasper are termed spherule (Grenne and Slack, 2003) 

and the jasper is said to have spheroidal texture. These terms were preferred, to avoid confusion with 

the term spherulite (spherulitic texture) that in this thesis is used for crystalline concentric aggregates 

formed by high-temperature crystallisation of glass (e.g. Lofgren, 1971). 

 

Rock names reported as written in publications and on maps outside this study are indicated in italic 

font throughout this thesis. 

 

1.5 Thesis organisation  
This thesis consists of eight chapters. Chapter 1 is introductory, and provides the objectives of this 

study, the location of the study areas and the methods used. Chapter 2 is dedicated to the regional 

geology of the Iberian Pyrite Belt, and gives background information that is important for the 

following chapters. Chapters 3 to 7 present new data and the main findings from this work. Chapter 3 

concerns to the Neves Corvo area; detailed descriptions and interpretations of the facies and facies 

associations, as well as new compositional data for the principal volcanic facies, are presented. The 

integration of the main volcanic facies associations with recent biostratigraphic data has allowed the 

ages of the major volcanic events to be determined. Chapter 4 provides detailed descriptions and 

interpretations of the facies and facies associations of the Albernoa area. Hence, problems relating to 

the correct identification of peperite and implications for the recognition of syn-volcanic felsic 

intrusions are also discussed. This area includes very well exposed sediment-matrix igneous breccias 

that resemble peperite but in fact, have a different origin. Chapter 5 contains a detailed description and 

interpretation of the facies and facies associations of the Serra Branca area. This area is the most 

complex and diverse in terms of volcanic facies and has revealed a great deal about VS Complex 

volcanism. Chapter 6 is focused on the Spanish part of the Iberian Pyrite Belt and presents 
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descriptions of the facies and facies associations identified in five sections. Chapter 7 combines the 

major conclusions from the previous chapters and explores the significance of these conclusions for 

understanding the Iberian Pyrite Belt. A general model for the volcanism that formed the VS Complex 

in the Iberian Pyrite Belt is discussed, as well as a brief comparison of the Iberian Pyrite Belt with the 

Bathurst Mining Camp, New Brunswick, Canada. The Bathurst Mining Camp was selected because it 

is also an important massive sulfide province that hosts very large massive sulfide deposits, and 

consists of voluminous sedimentary rocks interleaved with the volcanic rocks, similar to the Iberian 

Pyrite Belt. Chapter 8 gives a summary of the main results obtained from this study, and ideas for 

future research are suggested. 




