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Abstract 
 

The following dissertation is a contribute among the different works that already exist about 

this particular area (Montejunto Anticlinal) in the Lusitanian Basin in Portugal and intends to 

complement the knowledge that was already achieved by studying this area. 

In this dissertation is presented the geophysical interpretation and geological characterization 

of a portion of the Montejunto anticlinal located in the junction of three sub-basins: Arruda, Bombarral 

and Turcifal in the Lusitanian Basin. The methodology it was based in the interpretation of 2D and 3D 

reflection seismic data using the software Petrel 2015 developed by Schlumberger and its integration 

with regional knowledge of the geology and some available wells. The main objective is to identify 

different geological structures with potential of hydrocarbon accumulation related with the petroleum 

systems within the study area. This identification and evaluation is made with the help of structural 

maps or surfaces which is result of the interpretation of the seismic data available. 

The construction and evaluation of structural maps allowed the identification of geological 

features, structural and stratigraphic, such as faults with big displacements, structural highs, areas 

with big subsidence, salt bodies (one of them a diapir) and two possible leads.  

This work can be also subjected to improvements through the integration of new data, different 

perspectives or concepts when it comes the geological interpretation, or even be used as a starting 

point to a construction of geological model based on the interpretation already made. 

 

 

Keywords: Lusitanian Basin, Montejunto Anticlinal, Structural Geology, Seismic Interpretation, 2D, 

3D, Onshore 
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Resumo 
 

A seguinte dissertação é um contributo entre vários trabalhos que já existem sobre o anticlinal 

de Montejunto na Bacia Lusitaniana em Portugal e pretende complementar o conhecimento da área 

que já foi obtido através destes mesmos trabalhos. 

Na presente dissertação apresenta-se a interpretação geofísica e caracterização geológica de 

uma porção do anticlinal de Montejunto localizado na junção de três sub-bacias: Arruda, Bombarral e 

Turcifal na Bacia Lusitaniana. A metodologia usada consistiu na interpretação de dados sísmicos de 

reflexão 2D e 3D no software Petrel e a sua integração com o conhecimento regional da geologia e 

de algumas sondagens disponíveis, onde o principal objetivo passa por identificar diferentes 

estruturas geológicas potencialmente acumuladoras de hidrocarbonetos relacionados com os 

sistemas petrolíferos existentes na área de estudo. Esta identificação e avaliação são feitas com o 

auxílio de mapas ou superfícies estruturais resultantes da interpretação sísmica dos dados sísmicos 

disponíveis. 

A criação e avaliação dos mapas ou superfícies estruturais permitiram a identificação de 

características geológicas, estruturais e estratigráficas, como falhas com rejeitos significativos, altos 

estruturais, zonas de subsidência, corpos de sal (entre eles um diapiro) e de dois prospetos. 

Este trabalho também pode ser alvo de melhoramentos através da integração de novos 

dados, diferentes perspetivas ou conceitos de interpretação geológica, ou até servir como ponto de 

partida para a construção de um modelo geológico baseado na interpretação estrutural já realizada. 

 

 

Palavras-Chave: Bacia Lusitaniana, anticlinal de Montejunto, Geologia Estrutural, Interpretação 

sísmica, 2D, 3D, Onshore 
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1. Lusitanian Basin 
 

 

Geoscientists find resources by assessing the characteristics and constraints of the earth 

subsurface. The subsurface has been formed over millions of years by the interaction of a host of 

sedimentary processes and time-varying boundary conditions like climate, sea level and tectonics. 

The Lusitanian Basin, the area where the study area is located, is one of the best examples we can 

find in Portugal where geoscientists since very early started to assess the geological conditions and 

characteristics of the basin due to the high possibility of hydrocarbons generation and accumulation. 

The interest of oil and gas companies in Lusitanian Basin has increased with the development 

of exploration techniques with the basin being the site of periodic exploration activity since the late 

1930s but is still largely underexplored. It is the one of the onshore Portuguese basins that partially 

crops out in favorable conditions for detailed tectonic, sedimentary, and stratigraphic studies. Well 

results in Lusitanian Basin were often encouraging, showing in some of them the presence of 

hydrocarbons, and also from field studies, well logs and seismic profiles. There is no question about 

the presence of all the necessary elements (mature source rocks, sealed reservoirs and traps) for 

potential hydrocarbon generation and accumulations. However, no commercial production has yet 

been achieved. The first exploration wells were drilled in the early years of the last century. These 

were mostly very shallow wells located in the proximity of occurrences of petroleum impregnated rocks 

at surface (seeps), in both the northern and southern parts of the Lusitanian Basin. A petroleum 

exploration and production concession, covering most of the Lusitanian basin, was granted in 1938. 

Transmission of concession rights occurred a few times but it remained in force until 1969. During the 

life of the concession some 3264 km of mostly single fold reflection land seismic and gravity surveys 

were acquired in the Lusitanian basin and a small magnetic survey was executed near Lisbon. A total 

of 78 wells were drilled in the Lusitanian basin, of which, only 33 were deeper than 500 m. Many of the 

wells had strong shows of oil/gas and some of them achieved sub-commercial production (Source: 

ENMC). 

After the relinquishment of the above concession, under new oil legislation, the prospective areas on- 

and offshore of Portugal were divided in blocks in a regular grid, and offered for bidding to the industry 

in general. This bidding round resulted in the signing of 30 contracts for offshore areas in 1973 and 

1974. The last of these contracts was terminated in 1979. During this period, about 21237 km of 

offshore seismic plus gravity and magnetics were acquired and 22 wells were drilled, of which 14 in 

the Lusitanian Basin. All wells were plugged and abandoned.  

 After this period, the search for hydrocarbons in Lusitanian Basin decreased significantly when 

between 1978 and 2004 were given 39 areas with 23 onshore concessions in which 23 wells were 

drilled. 

The exploration and production of hydrocarbons in Portugal would have a huge social, economic 

and technological value. This can be materialized in a reducing dependence on foreign energy, in 
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creating capital gains for the State (concession agreements, royalties, etc.), job creation, introducing 

industrial valences and promote training of qualified staff to perform the needed for drilling and 

production operation tasks (Gonçalves, 2014). 

 

1.1. Motivation 
  

Taking into account all the exploration history of Lusitanian Basin and the studies previously made 

in the area, this work intends on giving another contribute in seismic interpretation of this area to the 

scientific community, in particular to geoscientists, by using information about different previous 

studies performed on the basin and show what is my perspective on the geological and geophysical 

and characterization of geological structures for hydrocarbon exploration combining with the 

information of the data-set available. 

The objective of this thesis is to present the geological interpretation and model of a part of 

Montejunto Anticlinal in Arruda, Turcifal and Bombarral sub-basins of the Lusitanian Basin through 

seismic interpretation of 2D and 3D seismic data and Gamma-ray log data analysis of the following 

wells: Aldeia Grande-1, Aldeia Grande-2, Benfeito-1; Lapaduços-2, Freixial-1, Abadia-4, Aldeia-4, 

Fracares-1, Fracares-2, Fracares-3 and Torres Vedras-1. The work presented herein followed the 

following steps: the study of the geological setting of the area: geological setting of Lusitanian Basin 

more precisely of Arruda, Bombarral and Turcifal sub-basins; the study and summary of the 

depositional context of Arruda, Bombarral and Turcifal sub-basins; seismic interpretation of the main 

seismic reflectors corresponding to the top of the main geological formations; interpretation of the 

main salt structures present in the region; interpretation and cartography of the main faults; 

construction of surfaces corresponding to top and bottom of main seismic units, conversion from time 

(TWT) to depth (TVD) and creation of a thickness map and identification of leads or areas with 

potential of accumulating hydrocarbons. 

The aim of this thesis consists in contributing with other perspective in seismic interpretation for 

this particular area where the interest on hydrocarbon exploration has been subject of several studies 

for the past 60 years.  

 

1.2. Structure of the dissertation 

 
 

This dissertation is organized in seven chapters: introduction, the geological framework of 

Lusitanian Basin with the evolution context of the three sub-basins, a brief introduction to the seismic 

reflection method and the general workflow used in seismic interpretation, the results presented in 

chapter five, conclusions and finally the references used in the development of this work. 
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2. Summary of the geological setting of the Lusitanian 

Basin 
 

 

Based on facies variations and thickness of lithostratigraphic units of Lower Jurassic (Lias) in its 

outcrops and due to its continuity and preservation along the basin, Rocha & Soares (1984) divided 

the basin in three sectors (Figure 1): 

These sectors agree on well limited tectonic sectors and differentiated from geometric and 

kinematic point of views. On the other hand, the structure of the sedimentary cover is highly influenced 

by the deep structure of the basin; in some regions some structures have peculiar characteristics, 

caused by horizontal movements in the evaporitic levels on Margas da Dagorda Formation 

(Hettangian) during Mesozoic (Kullberg, 2000). The main characteristics of each sector are: 

 

i) North Sector - This sector is materialized by the graben of Monte Real, with an 

orientation NW-SE, and by the Horst of Berlenga, with an orientation NNW-SSW. 

Limited to the south by the fault of Nazaré, with a great thickness of sediments 

deposited during the Jurassic Lower - Middle and Upper Cretaceous. 

 

 

ii) Central Sector - The Central sector is the area where the study area is located. 

There are three different structures in this sector: the eastern edge, the western edge, 

Nazaré fault and graben of São Mamede. It is limited to North by Nazaré fault, and 

Torres Vedras-Montejunto – Arrife on the South, where the Jurassic increases its 

thickness eastwards, corresponds mainly of to the sedimentation area of this sector. 

 

iii) South Sector - In the south sector are distinguished two different settings: the 

Eastern and Southern edge. Bordered to the north by the Torres Vedras- Montejunto-

Arrife faults and Serra da Arrábida to the South. It is marked by a high rate of 

sedimentation from the Upper Jurassic-Lower Cretaceous.  
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Figure 1 - Onshore part of the Lusitanian Basin with its three sectors (adapted from Kullberg et al, 2013) 

 

2.1. Tectonic Evolution  
 

The Lusitanian Basin is a sedimentary basin that developed in the Western Iberian Margin 

(Figure 2) during Mesozoic, and its dynamic is result of fragmentation of Pangea, in particular related 

to the opening of Atlantic Ocean. It is characterized as a rift basin of the Atlantic margin (Kullberg J. 

C., 2006). 

The Lusitanian Basin has an approximate area of 22,000 km
2
, a length of about 300 km in north-

south direction and 150 km in the east-west direction, including the offshore areas (Azerêdo, 2003). 

 Its geographical limits (Figure 2) are the Iberian Massif to East materialized with an amount of faults 

(Porto-Tomar, Arrife-Vale Inferior do Tejo, Setúba-Pinhal Novo) and the Horst of Berlenga to west, 

materialized by a fault between Berlengas archipelago and Peniche Peninsula. Its limit to south is the 

elevation of the basement in south of Arrábida (Ribeiro, 1996). 

The sediments of Lusitanian Basin were deposited over the Variscan shield of the Hesperian 

Massif or as some other authors refer as Iberian Massif. The formation of the basin began with a 

continuous rifting process from the Late Triassic to the Late Callovian, linked to the break-up of 

Pangea. The break of Pangea separated two major continents, Laurasia to North and Gondwana to 

South.  
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Figure 2- Portuguese sedimentary basins (Source: ENMC) 

 

The basin evolved as a result of several Mesozoic rifting phases followed by Cenozoic 

inversion movements due to Alpine collision. 

The definition and the quantification of these rifting episodes have been different among the 

different authors that studied the Lusitanian Basin presenting different models. According to (Kullberg, 

2000) four rifting episodes can be defined (Figure 3) based on information from several studies and 

was based on common aspects found during this compilation (Dias, 2013): 

- The beginning of each episode is marked by an extensional period with reactivation of normal 

faults; 

- There are important structural, geometrical and kinematic changes in a basin scale; 

- These transformations produce important effects on the sedimentation; 

- Are limited by sedimentary unconformities; 
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The first rifting phase (Late Triassic – Early Jurassic) is related to the early tension phases of 

Pangea, in the beginning of the Alpine orogeny that led to the opening of the Atlantic Ocean. The 

Triassic rifting was concentrated in the central part of the study area, both as symmetrical grabens and 

half-grabens. The development of half-grabens was mainly evident in the south. Some subsidence 

controlled by the Triassic faults ended during Late Triassic and was followed by regional subsidence 

during the Early Jurassic when the deposition of evaporites took place in the Hettangian (Rasmussen, 

1998).  

A second rifting phase started in the Early Jurassic to Middle Jurassic. As a result small salt 

movements began along the bigger faults and therefore there was a big transformation in the 

geometry and kinematics of the basin. After the accumulation of the Sinemurian-Callovian succession 

an evident hiatus can be observed, most likely due to the opening of the North and Central Atlantic. 

The third episode during Late Jurassic was marked by a big and a quick transformation of the 

Lusitanian Basin characterized by a strong acceleration of extension forces that not only reactivate 

some existing faults but also is going to activate new faults that did not have showed significant 

tectonic activity. It was also a period of sub-basins tectonics (Dias, 2013). The fourth episode is 

pointed by Kullberg during Early Cretaceous, but for some authors this refers as a drift phase. The 

inversion of the basin started in the Late Cretaceous and continued during the Cenozoic. 

 

 

 

Figure 3 – Lithostratigraphic units of Lustianian Basin (adapt. de Rasmussen et al, 1998; Rey, 1999; Kullberg, 
2000; Azerêdo et al., 2002) and sedimentary, tectonic and magmatic events. (mod. Kullberg, 2000) 
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2.2. Stratigraphy 
 

 

Wilson (1989) described four depositional megasequences in the Mezosoic sucession of the 

Lusitanian Basin which are related to extensional events in the evolution of the North Atlantic: Triassic-

Callovian; Middle Oxfordian-Berriasian;  Valanginian-Lower Aptian and Upper Aptian-Turonian. The 

first two megasequences described below are the most relevant to the case study once they 

developed from Late Triassic until Lower Cretaceous. 

 

Late Triassic – Callovian 

 

Triassic fluvial siliciclastic (Silves Formation) are covered by Hettangian evaporites (Dagorda 

Formation) which later influenced the manner in which reactivation of Hercynan basement faults 

affected the cover of younger sediments. The Triassic and Hettangian sediments accumulated in 

grabens and half-grabens, though the later Lower and Middle Jurassic sediments (Coimbra, Brenha 

and Candeeiros Formations) blanketed the basin and exhibit simple facies geometries with relatively 

minor indications of contemporaneous faulting (Tucker, 1990). 

 

 Middle Oxfordian – Berriasian 

 

After the Late Callovian the basin experiences sub-aerial exposure and erosion (Carvalho, 

2005). Due to that the base of the Upper Jurassic is marked by a basin hiatus, crossing the whole of 

the Lower Oxfordian and the early part of the middle Oxfordian (Mouterde, 1971).  

The first sediments to be deposited were the lacustrine carbonates with marine influence of 

the Cabaços Formation (Carvalho, 2005). This formation contains highly bituminous horizons and is 

considered to be the major source for the many hydrocarbon shows in the southern part of the 

Lusitanian Basin (Tucker, 1990). 

An eustatic equilibrium was achieved with the sedimentation of the shelf carbonates of the 

Montejunto Formation followed by maximum subsidence and the invasion by terrigenous prograding 

sedimentation (Abadia Formation-Kimmeridgian). 

 

 

2.3. Arruda, Bombarral and Turcifal sub-basins – Montejunto 

Anticline (Central Sector) 
 

The Montejunto massif is located in Portugal, Lisbon District within the municipalities of Alenquer 

and Torres Vedras (Figure 4). 

The Montejunto massif is an elevated compartment with a NE‐SW orientation, reaching a 

maximum altitude of 665.8m. Although mean altitudes are established at 400m, relief amplitudes 
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over 150 to 200m, associated with vertical slopes coincident with fault traces, outline the importance 

of structural control on the morphology (Fonseca, 2009). 

Montejunto belongs to particular structural unity called “Maciço Calcário Estremenho” and to a 

mountain range called Montejunto-Estrela that works as orographic barrier. 

 

Figure 4 - Topographic map of Serra de Montejunto and Torres Vedras area (Source: Google Maps 

 

Figure 5 - Lusitanian Basin with the location of the Upper Jurassic sub-basins in Montejunto area (Source: Kevin 
et al, 2014) 
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From a tectonic and structural point of view, the Montejunto area is divided in two parts by a 

transversal group of faults. The NE zone is limited, in the east side, by a fault with an orientation NE-

SW and the contact between the Meso-Cenozoic formations is more or less vertical. The SW zone of 

Montejunto area is characterized by the presence of several faults of NE-SW orientation. 

The Montejunto anticline resulted from the Cenozoic alpine compression and uplift. Basement 

faults and salt motion controlled that uplift but also controlled the Mesozoic differential subsidence as 

interpreted from the variable thicknesses of Upper Jurassic rift-related sequences. Three sub-basins 

may be defined around the Montejunto anticline: Bombarral, Arruda and Turcifal sub-basins. 

One of the big geometrical transformations of the Lusitanian Basin is the fragmentation of the 

sub-basins, especially in the Central sector. It is visible the influence of Torres Vedras-Montejunto fault 

(Figure 5) which is the main contributor for the segmentation of this area in the Lusitanian Basin from 

a tectonic perspective (Dias, 2013). 

Torres Vedras-Montejunto fault (FTVM) corresponds to a sequence of faults linked by soft-

links. The Upper Jurassic and Lower Cretaceous, is responsible by the differentiation between 

Bombarral sub-basin, in the subsident block, and Arruda and Turcifal sub-basins to south.  

This fault has an important role in the geological development of the region. With an 

orientation NE-SW it formed in 3rd rifting phase of the Lusitanian Basin. 

Turcifal and Arruda sub-basin are divided by an average of 20km long north to North-

Northeast striking Runa Fault Complex; and Turcifal and Arruda half grabens are separated from 

Bombarral-Alcobaça sub-basin by 70km long northeast to east trending structural lineament; the 

Torres Vedras- Montejunto lineament (Figure 5). 

The development of complex fault- and diapir-bound sub-basins resulted by the presence of 

halite at depth (latest Triassic–Hettangian age, Dagorda Formation) limited and modified the 

propagation of basement faults into the post-salt overburden, contributing to the development of salt 

pillows as it can be seen in seismic data, and extensionally-forced folds during the Jurassic 

extensional phases (Alves, 2003)  This development resulted in the separation the southern part into 

two half-grabens resulting in Arruda and Turcifal sub-basins with the consequent salt moving from the 

Arruda sub-basin into the Montejunto Anticline separated the Arruda and Bombarral sub-basins 

(Figure 6). 

The Arruda sub-basin corresponds to a half-graben developed during the Middle Oxfordian-

Late Oxfordian as a consequence of transtensional rifting episodes that have affected the 

Estremadura Basin. This sub-basin represents an intra-continental pull-apart basin with a rhomb-like 

shape (Leinfelder, 1989). 

 



10 
 

 

 

Figure 6 - Model for the deposition and tectonical evolution between Bombarral and Arruda sub-basins (a) and 
between Turcifal and Arruda sub-basins (b) (Source:MILUPOBAS, 1995 report – Lornholt et al, 1995) 

 

 

2.4. Lithostratigraphic units of Montejunto Anticlinal 
 

 

The sedimentary record is diversified including both continental sediments and marine sediments, 

ranging from Mesozoic (Triassic) to Cenozoic. Figure 6 shows that not all lithostratigraphic units are 

present in every sector of Lusitanian basin.  

The following description of each lithostratigraphic unit will be a sequence from the oldest to the 

youngest.  

 

- Grés de Silves Formation (Upper Triassic) 

 

These sediments constitute the base of Lusitanian Basin and correspond to deposits of detrital 

nature, (Choffat, 1887) They are composed by red conglomerates and microconglomerates, 

sandstones and dolomites (Palain, 1976). Its thickness is variable because in an initial phase the 

deposits fill the residual morphologies of the Iberian Massif. 
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- Margas da Dagorda Formation (Hettangian – Lower Jurassic) 

 

It’s a formation with evaporitic facies being the main responsible for the occurrence of 

diapirism existing  along Lusitanian Basin. The Dagorda Formation is divided in three members from 

the top to the base: Dolomotic Member composed by dolomites and dolomitic marls; 

Saliferous/Dolomitic Member composed by dolomites and/or marls and carbonate marls rich in 

evaporites; and finally the Saliferous Member characterized by a huge amount of halite with some 

intercalation of dolomitic marls, pelitic marls and anhydrite (Watkinson, 1989). 

In some point of the basis, the thickness of this formation is very restricted or even zero, and 

in diapiric areas it can reach hundreds or even thousands of meters. Low density and ductility of this 

unit caused horizontal and vertical migrations that change the original thickness. In areas of salt welds 

the thickness can be almost zero between the carbonated layers above and Grés de Silves, 

It is also important to refer the decisive role that the formations can have in maturation of 

organic matter. The high thermic conductivity of salt makes a source rock exhibit a different state of 

evolution with the same source rock but in adjacent with other lithologies (Dias, 2005).  

 

- Coimbra Formation (Sinemurian) 

 

This first carbonate unit it is composed by dolomites, dolomitic limestones and limestones, 

reflecting its marine environment and progressive increase of deposition depth (Choffat, 1880). The 

thickness of the unit increase from East to West with 200m until 400m.  

 

- Candeeiros/Brenha Formations (Early-Middle Jurassic) 

 

Brenha Formation rests in unconformity, in the entire basin, above the Coimbra Formation 

(Witt, 1977). The differentiation between the two units is made mainly through sedimentary facies. 

Brenha Formation corresponds to deep marine marls and limestones, showing sometimes bituminous 

layers deposited in anoxic environments (Ruget-Perrot, 1961). 

The Candeeiros Formation is represented, essentially on the Central sector of the Lusitanian 

Basin. It is composed predominantly by carbonate facies of open-marine marls and limestones 

(Wright, 1985) (Carvalho, 2005). 

 
- Cabaços Formation (Basal-Oxfordian (Upper Jurassic)) 

 

This formation has bituminous limestones often with some lignite levels. Overlays in angular 

unconformity above Brenha and Candeeiros Formations(Callovian unconformity). It is a formation 

represented only in the Central and Southern Sectors of Lusitanian Basin (Choffat, 1893) and it is a 

lacustrine deposit with some salinity in Montejunto area (Wright, 1985). 

The unit has relatively small thickness but changeable: around 200m in Montejunto area 

(Rocha, 1996). 
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- Montejunto formation (Upper Oxfordian (Upper Jurassic)) 

 

This formation is composed by sequences of marls, limestones and sandstones (Ruget-Perrot, 

1961). 

The deposition took place in a low-depth marine carbonate platform, with sporadic inputs of 

clay resulting mainly in micritic and compact limestones interbedded with marls (Gonçalves, 2014). 

The thickness of this formation varies from 200m to 500m when deposited above tilted block limited 

with faults; and from 500m to 1500m, when deposited in sub-basins with high subsidence such as 

Arruda (Wilson, 1989).  

 

- Abadia formation (Kimmeridgian (Upper Jurassic)) 

 

It is mostly a sedimentary formation, constituted by marls, with levels of thick sandstones 

intercalated and sometimes conglomerates. In Lusitanian Basin it is represented in Central and 

Southern sectors, between the faults of Torrres Vedras-Montejunto and Arrábida, and corresponds to 

a deposition environment of submarine ramp in prograding system (Ellwod, 1987). The thicknesses of 

this formation are generally very high exceeding sometimes 1000m and 2000m in some areas (Silva, 

2007). 

 

2.5. Petroleum systems 
 

The tectonic and sedimentary evolution of the basin and its paleoenvironments created geological 

conditions to the presence of different petroleum systems known in the Lusitanian Basin. The source 

rocks, the reservoirs, the maturation phases, the traps and its processes show direct relations to the 

Mesozoic and Cenozoic evolution in Lusitanian Basin (Figure 7). 

Significant amounts of hydrocarbons were probably generated in the Lusitanian Basin as 

evidenced by the numerous surface manifestations (oil seeps) and well shows. Several exploration 

wells have been drilled around the Montejunto anticline, mainly in the Late Jurassic depocentic sub-

basins of Bombarral and Arruda, where the source rocks migration paths and thicker reservoirs are 

located. Most of them had oilshows, but with no commercial viability (Pena dos Reis, 2017). 
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Figure 7 - Petroleum system events chart of the Lusitanian Basin and its plays: pre-salt petroleum system in 
green; Lower Jurassic petroleum system in orange; Upper Jurassic Petroleum system in red (adapt. from Pena 

dos Reis and Pimentel, 2014) 

 

2.5.1. Source rocks 
 

It is known that there are Paleozoic rocks with capacity to generate hydrocarbons reaching the 

gas window. The values of TOC and vitrinite reflectance are relevant and confirm this generation 

capacity. 

The Lower Jurassic of Lusitanian Basin saw a marine invasion which presented very good 

contents in organic matter, e.g. Coimbra Formation (Sinemurian) and Brenha Formation (Lower 

Jurassic). According to Pimentel et al, (2010), there were possibly favorable maturation conditions for 

these formations to reach the oil window in some parts of the basin. 

In Callovian there was a transgressive episode that installed on the eroded surface of the Middle 

Jurassic formations. That was a shallow marine environment with hypoxic conditions which means 

that there were big accumulations of organic matter, mostly of algal origin. 

According to Alves et al, (2003) the salt bodies were responsible for the differences in thickness, 

specially of Cabaços Formation (Lower Oxfordian), however the peak of the maximum subsidence of 

the Upper Jurassic source rocks are located in the study area of this work, in the Central sector as 

well for the TOC and vitrinite reflectance values of Cabaços Formation that present the highest results 

for the entire basin. 

 

2.5.2. Reservoirs  
 

The hydrocarbons in the Lusitanian Basin are present in sandstones of different environments and 

ages as in porous and fractures carbonates from Jurassic and Cretaceous. 

In Dagorda Formation (Hettangian) there are dolomitic levels with primary porosity until 20% (Uphoff, 

2005) and in Cabaços Formation (Lower Oxfordian) there is significant intercrystaline porosity (Pena 

dos Reis et al, 2010). 

In the Middle Jurassic, the Candeeiros Formation (Middle Jurassic) can represent a good reservoir 

because of the presence of the shallow environments limestones. 
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In the Upper Jurassic the limestones of Montejunto Formation (Upper Oxfordian) can also contain 

porous fractured reservoir enhanced by its stratigraphic and geometric proximity to the Upper Jurassic 

source-rock Cabaços Formation (Lower Oxfordian) (Pena dos Reis. R., 2011). 

Regarding the siliciclastic reservoirs, the Lusitanian Basin is rich in siliciclastic deposits related to the 

tectonic events and deposition. One of the best examples is the Grés de Silves Formation from Upper 

Triassic with average porosities between 16% and 23% and the Abadia Formation from Upper 

Jurassic (Uphoff, 2005). 

 

2.5.3. Seal rocks 
 

The mudstones from Dagorda Formation (Hettangian) are the main seal in Lusitanian Basin. 

These mudstones with evaporitic levels are associated to the diapirism and trap development. Its 

plasticity gives to Dagorda Formation (Hettangian) the ability to move to stratigraphic levels of Jurassic 

and Cretaceous ages which can work also as seal rocks for hydrocarbon accumulations. 

Regarding the shale-rich units from Upper Jurassic and Lower Cretaceous, Pena dos Reis and 

Pimentel (2010), believe that these are not effective seals due to the existence of sand levels. 

However it is said that Brenha and Candeeiros Formations (Lower/Middle Jurassic) can work as seals 

thanks to the limestones and marls of this group. 

 

2.5.4. Traps 
 

In Lusitanian Basin can be identified some stratigraphical and structural traps. The best and most 

evident example of a stratigraphical trap is the Silves Formation (Triassic) overlain by Margas da 

Dagorda Formation (Hettangian), able to accumulate hydrocarbons from lower levels (Paleozoic) and 

from upper levels (Jurassic). 

When it comes to structural traps, they have a strong presence throughout the Lusitanian Basin due to 

the intense tectonic evolution described in the section 2.1. They are related to diapiric structures 

associated to rift phases during Mesozoic and to anticlines and thrusts developed during Alpine 

compression and inversion of the basin (Pimentel, 2016). 

 

2.5.5. Plays of Lusitanian Basin 
 

According to (Pena dos Reis, 2010) there are three main petroleum systems that may be 

considered in the Lusitanian Basin (Figure 7): 

 

- Pre-salt petroleum system 

 

A pre-salt petroleum system may be defined as sourced by meta-sedimentary Paleozoic rocks 

feeding Upper Triassic siliciclastic reservoirs and sealed by the Hettangian evaporitic clays. The 
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Paleozoic low-grade metamorphic basement has several units with good TOCs, having some potential 

for unconventional but also for conventional hydrocarbons. 

 

- Lower Jurassic petroleum system 

 

A second petroleum system is related with the Lower Jurassic source-rocks, namely the 

Sinemurian and Pliensbachian organic-rich marls (Àgua de Madeiros and Vale das Fontes 

Formations). Its geochemical characteristics point to good oil generation potential (Duarte et al., 2010, 

2012; Spigolon et al., 2011); in highly subsided areas of the basin, it has probably reached the oil-

window and even the gas window. Identified oil-seeps point to a play related to migration associated to 

diapirs and Cretaceous siliciclastic units as reservoir. 

 

 

- Upper Jurassic petroleum system 

 

And finally a third petroleum system corresponds to the maturation and oil generation of the 

transitional to coastal marine Oxfordian Cabaços Formation. These marly rocks have been buried 

under kilometers of Oxfordian and Kimmeridgian rift-related siliciclastics (Abadia and Lourinhã 

Formations), entering the oil window in most of the basin since the Early Cretaceous. This oil has 

abundantly impregnated the overlying Montejunto Formation limestones and the Abadia Formation 

turbidites (Spigolon et al., 2010; Uphoff et al., 2010; Pena dos Reis and Pimentel, 2011). The seal for 

this kind of play could be Cretaceous and/or Tertiary clays and siltstones. 

Oxfordian lagoonal marls have good TOCs and are mature for oil in the central/southern sector of 

the Basin, where the Late Jurassic subsidence and overburden are more important. Overlying 

carbonates and turbidites act as reservoirs, with intraformational seals. 

 

 

2.6. Diapirism 
 

Although this particular case of diapirism in Lusitanian Basin has not been consensual between 

the different authors and the existing papers available about this topic, is certain that diapirism has an 

important role in what is the tectonic and sedimentary dynamic, especially, in the Upper Jurassic in 

Central Sector. Most of the works are precisely based on the interpretation of reflection seismic 

profiles (Dias, 2013). 

In Lusitanian Basin several diapirs outcrop at the surface, the majority and the ones of larger 

dimensions are located north of Torres Vedras-Montejunto fault.The responsible unit for the diapirism 

is Dagorda Formation, composed mostly by evaporitic mudstones (Kullberg, 2000).Guéry (1984) 

considered that the movement of salt (halokinesis) was an important factor of structuring of Bombarral 

sub-basin.  
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These periods of halokinesis are directly related to the extensional and compressional episodes in 

the basin. One of the periods normally considered as key-moments of halokinetic activity is the Upper 

Jurassic related to the second rifting phase of Lusitanian Basin.  The migration of the evaporitic units 

caused the appearance of several anticlines, of asymmetrical profile, and the creation of sub-basins 

with subsidence which are located in the deeper parts of Lusitanian Basin (section 2.2.1). In the next 

section there is the best example that demonstrates the process of halokinesis within the study area: 

the Matacães diapir. 

 

2.6.1. Matacães Diapir 

 

The Matacães diapir is located in the junction on the three sub-basins near the city of Torres 

Vedras which makes the structure very complex.  

Outcrops approximately at 3km east of Torres Vedras, has subcircular shape (Figure 8) and is 

found in a central position of three important structures:  to North, the end of Torres Vedras- 

Montejunto fault; ii) to East and West the anticlinal structure of Montejunto, with a ENE-WSW axis 

which affects the Upper Jurassic units; iii) to South, the Cretacic basin of Runa. 

This diapir is composed by evaporitic sediments that belong to Dagorda Formation (Hettangian) 

and the surroundings are composed by mudstones and siltstones with some intercalations of 

sandstones, which characterize Abadia Formation.  

 

Figure 8 - Geographical representation of Matacães diapir with its red boundaries (left) and its tectonic framework 
(right) (adapted from Pimentel et al, 2010) 

 

The Figure 9 explains in a very simple way the ascent of the diapir. In Mid and Late Miocene 

this area was a simple anticlinal formed by compressive forces, with the Torres Vedras-Montejunto 

Fault and two cross faults. After this period, diapirism was the main geological process forming the 
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Matacães diapir. The diapir began its ascent and the result was the uplift of the upper formations 

putting these in a much lower depth. 

 

Figure 9 - Evolution of Montejunto anticlinal during Miocene (Source: Fracares wells report) 

 

 

This section concludes a resumed study of the geology of the Lusitanian Basin that it is vital 

for the next step which is seismic interpretation of the seismic data. But before seismic interpretation 

there is an entire process that allows geophysicists to work with data which is the acquisition and 

processing of seismic data. The next section presents a resume of how the seismic data is acquired 

through the seismic reflection method and how afterwards it is processed. 
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3. Seismic Reflection Method 
 

Seismic Reflection (both onshore and offshore) is the most common geophysical methodology 

used for oil and gas exploration and exhibits the highest degree of technical sophistication in terms of 

both data acquisition and signal processing capabilities. Seismic reflection surveys provide either 2 or 

3 dimensional images of stratigraphic boundaries and geologic structure (e.g. faults, stratigraphic 

layering, folding) at depths ranging from 100’s of meters to several kilometers in depth. 

The Seismic Reflection Method is a dynamic geophysical technique of generating a sound wave at 

a source and recording the time it takes for components of that seismic energy being reflected and 

return to the surface and be recorded by receivers. 

Despite of the planned geometry (Figure 10), the acquisition environment and the type of seismic 

acquisition (2D or 3D), receivers are disposed along a line, or along parallel lines with more than one 

receiver line acquiring at the same time. A seismic acquisition survey is always composed of: an input 

source; groups of receivers, which detect the reflected seismic energy (the output of the Earth) and 

transform it into an electrical signal. Depending on the type of acquisition, receivers are disposed 

along a line (2D) or along parallel lines with more than one receiver line acquiring at the same time 

(3D); amplifiers, filters, an ADC which converts the signal from analytical to digital, for recording. 

 

 

 

 

 

The purpose of seismic processing (Figure 11) is to manipulate acquired data into an image or 

set of images of the subsurface geology. Processing consists of applying a sequence of routines on a 

computer guided by a geophysical processor. 

Figure 10 - General seismic reflection acquisition display  
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To create an accurate picture of the subsurface, we must remove or at least minimize artifacts 

in these records related to the surface upon which the survey was performed, artifacts related to the 

instrumentation and procedure used, and noise in the data obscuring the subsurface image. 

The figure 11 shows the typical processing sequence in a 2D survey. 

 

Figure 11 - Basic processing sequence for acquired seismic data (Source: Azevedo, 2016) 

 

In seismic reflection data, the information about the subsurface geology, physical rock 

properties and layers attitude, is inferred from the reflected wave travel-time between the source and 

its arrival at the receivers. The two-way travel-time (TWT) is defined by the time taken for the seismic 

waves to travel down from the source until they meet a boundary between layers with a different 

seismic velocity (v), density (ρ) and acoustic impedance (equation 1) where they are reflected and 

then return to the surface. 

 

 

    𝐴𝐼 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦(𝜌)  × 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑣) (1) 

 

The difference in seismic impedance over the sum of seismic impedance of two materials is named 

reflection coefficient (RC) represented in the equation (2): 

 

𝑅𝐶 =
𝐴𝐼2−𝐴𝐼1

𝐴𝐼2+𝐴𝐼1
=  

𝜌2𝑣2×𝜌1𝑣1

𝜌2𝑣2×𝜌1𝑣1
                                                          (2) 
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3.1. Structural Interpretation of Seismic Reflection Data 

 
Seismic interpretation builds upon the preceding work of acquisition and processing. By the time 

3D data arrive at the interpretation workstation, they have already under gone numerous quality 

control checks, and are ready to be loaded.  

Seismic interpretation conveys the geologic meaning of seismic data by extracting subsurface 

information from it and can be of different kinds, such as structural, stratigraphic and seismic 

stratigraphy. It depends on the geologic objectives linked to the phase of exploration and on the type 

of available data, its grid density and its quality. The exploration activity cycle generally starts with 

analysis of seismic and other geophysical data that leads to drilling of exploratory wells in the first 

phase (Nanda, 2016). 

The quality of seismic data depends also of the seismic resolution used in the survey. 

One of the main characteristics of the seismic of the case study is its poor quality being one of the 

reasons the presence of salt. Salt presents significant barriers to seismic penetration and creates 

complex noise that is extremely difficult to remove from conventional seismic surveys. It takes 

thoughtful and innovative approaches as well as state-of-the-art technology to obtain the most 

accurate sub-salt seismic images. 

In a seismic cube there are inlines, crosslines but also horizontal slices (times slices) and vertical 

sections at any orientation through the volume. These ‘arbitrary lines’ do not have to be straight; they 

might, for example, be constructed to join up a number of well locations. In this work, seismic 

interpretation of the seismic cube was made using inlines and cross lines with an increment of 10 

along the volume that corresponds a distance of 250m and with an increment of 2 or 5 in the presence 

of some geological structures that were difficult to interpret with such a big increment because those 

structures, for example, salt bodies or even faults, have big changes in its profile from one seismic 

section to the following. 

 

3.2. Seismic Horizons 

  
The main point of seismic interpretation is to identify and map seismic reflectors, correlate them 

with geological events and provide a geological history, leads identification and characterization. 

The interpretation must begin with the identification of the main structures, such as the main 

fault(s), to more easily identify horizons and correlate them between the different areas of the cube. 

This interpretation should also begin with perpendicular section to the dip of the main structures and 

chose the best and strongest seismic reflections on the sections to start picking. 

However seismic units have different configurations due to the depositional environment which 

makes more difficult to interpret. In this case these different internal configurations have individual 

characteristics signatures embedded in seismic images: with stratification (Figure 12) (simple (a), 

progradational (b) and complex (c)) and without stratification (Figure 13). 
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 With Stratification 

 

a) Simple 

 

b) Progradational  

 

c) Complex 

 

Figure 12 - Different types of reflectors corresponding different stratification: simple (a); progradational (b) and 
complex (c) (Source: Mitchum et al, 1977) 

 

 Without Stratification 

 

Figure 13 - Different types of reflectors with no stratification (Source: Nanda 2016) 

 

3.3. Faults 
 

 

Tectonics deal with deformation of the earth and its evolution in time in response to geologic 

stress and plays a major role in hydrocarbon exploration. An assortment of structures and 

deformations associated with different stress regimes, show typical manifestations in seismic data that 

can be conventionally picked (Nanda, 2016). 
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Long gone are the days when faults appeared only as steps on vertical seismic sections. If we use 

today's better data and exploit modern workstation tools available, we should do a much better job of 

recognizing and understanding faults in 3D seismic data although there is room for confusion between 

small faults and seismic noise  (Brown, 2001). 

Faults cause breaks in continuity of seismic horizons. These discontinuities generate diffraction 

patterns and, before the days of seismic migration, diffraction patterns were what the seismic 

interpreter sought as an indication of faulting (Brown, 2001). There are some clues to look for on 

seismic data to recognize faults: 

 Termination of reflections; 

 Offset in stratigraphy markers; 

 Abrupt changes in dip, abrupt changes in seismic patterns – e.g. a strong, continuous 

reflection turns into a low amplitude region;  

When it comes to the interpretation of faults it makes perfectly good sense the initial statement of 

this thesis .There is a need to simplify the interpretation of faults, have a method and making them 

planar as much as possible, pick them with a maximum of three points with three segments and with 

an increment between seismic sections 30 (750m) to 50 (1250m). 

In the interpretation there were identified normal, inverse and mainly strike-slip faults. However 

strike-slip faults have considerable horizontal displacements compared to vertical, which make them 

difficult to identify on conventional seismic reflection data. Flower structures are a big characteristic of 

the structural environment of the case study. These structures are associated with strike-slip faults. In 

areas where strike-slip faults occur in converging crust, or transpression, rocks are faulted 

upward/downward in a positive/negative flower structure. 

As it can be seen in the results section there is a flower structure in northern part of the area, 

partially deformed hard to interpret with low signal-to-noise ratio. 

 

3.4. Salt 
 

Salt is one of the most effective agents in nature for trapping oil and gas; as ductile material, it can 

move and deform surrounding sediments, creating traps; salt is also impermeable to hydrocarbons 

and acts as a seal (Farmer, 1996)  

Accurate salt interpretation involves an integration of geology and geophysics, but when the 

seismic data has not enough quality, to distinguish and define the boundaries of the salt bodies, the 

interpretation of these structures becomes much more challenging.  

Salt should always be homogeneous and salt boundaries should always have strong reflections in 

seismic sections however, taking into account the bad quality of the seismic data used in this work, the 

morphological and structural dynamics of the anticlinal makes even harder to interpret salt. There 

were several ways to try to define salt boundaries, for example, interpretation with Multi-Z or the 

application of a seismic attribute (Variance), but due to the bad quality of data on the peaks and flanks 

of the diapir, these alternatives were not reliable.  
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Starting with salt picking is a good idea as it is the dominant structure that governs the area. Most 

other structures are secondary or affected by the salt mobilizations (Moraleda, 2015). 

Therefore the first formation to be picked in seismic interpretation was the Dagorda Fm as it is the 

main responsible for salt dynamics in the Lusitanian Basin, however this task was not easy, because 

the behavior of salt is different along the anticlinal presenting different types of structures, 

The salt diapirs can be categorized as syn-sedimentary or post-depositional like the faults, depending 

on the history of the growth (Figure 14). Syn-sedimentary diapirs grow concurrently with the process of 

sedimentation similar to that of a syn-sedimentary fault. If movement occurs after deposition of 

sediments, the diapir is post-depositional. 

Syn-sedimentary diapirs can be further categorized as intrusive (Figure 14(a)) when the 

growth remains below depositional level which is the case of many salt bodies over the entire area or 

extrusive (Figure 14b)) when gets exposed at surface, being the most and the only representative 

case, the Matacães diapir. 

 

Figure 14 -  A schematic illustrating syn- sedimentary growth of salt mass with continuing deposition of 
overburden sediments. ( a ) The intrusive diapir typified by drapes in overlying beds and ( b ) the extrusive diapir 

by presence of erosional unconformity wit (Source: Nanda, 2016) 

 

Post-depositional diapirs, on the other hand, can be characterized by sharp upward drag of 

overlying strata caused by an upward piercing of the salt growth that occurs after the deposition of 

younger beds (Nanda, 2016). 
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Figure 15 - Continuous growth of salt causing related fl ank synclines. The growth (arrow) is fed by withdrawal of 
salt from flanks triggered by overburden pressure. Removal of salt from the basal part causes the overlying beds 

to collapse resulting in flank synclines. (Source: Nanda, 2016) 

 

 

Salt structures vary in size from subgrain scale to basin scale and can be described purely by 

specifying the shape of the salt body itself. These diverse salt geometries hint at different origins and 

evolutions of salt bodies. 

Salt structures are characterized by a large geometrical variability, ranging from small salt 

anticlines, pillows and rollers, to large vertical salt walls, salt stocks, and horizontal salt canopies. The 

morphology of these structures depends on factors such as: strength of the overburden, temperature 

of the salt, salt source layer thickness, tectonic regime, and sedimentation or erosion rate (Fossen, 

2010). 
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4. Geophysical Characterization of the Arruda, 

Bombarral and Turcifal Sub-Basins – Montejunto 

Anticlinal 
 

4.1. Dataset description 
 

The region of interest corresponds to the rectangle (Figure 16) located in Serra de Montejunto in 

the municipalities of Torres Vedras and Alenquer (Lisbon District). 

The available dataset was kindly provided by ENMC under the cooperation agreement between 

CERENA and this institution and comprises information of two 2D seismic lines (AR09-90 and AR05-

80), a 3D seismic cube (Figure 17) and eleven wells (Table 1). 

The 3D survey has NE-SW 907 crosslines with a length of 22.5 Km, with an interval of 25, and 

NW-SE 547 inlines with a length of 13.6 Km and an interval of 25 (Table 2). In total the 3D cube 

covers an area of 306 Km
2
 approximately. Generally, the 3D cube shows poor quality seismic due to 

the verticality of salt structures without the presence of salt overhangs. Refraction and scattering of 

seismic raypaths travelling into and through the salt, creates random noise, increasing the 

interpretation uncertainty at salt boundaries.  

The 2D seismic lines are part of the seismic survey named PETROGAL 80, acquired during 1980-

1981, with 35 lines, 2682 shot points and total length in km of 724,6. 

 

  

Figure 16 - Geographical location of the study area (seismic cube),of the two 2D seismic lines AR05-80 and 

AR09-80 and the representation of Matacães diapir in yellow (Source: Google Earth) 

10Km 
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Figure 17 - Display of the seismic cube and the representation of the 11 wells 

 

The information of eleven wells was used to aid the interpretation through well reports and well logs. 

The wells existing in the available dataset are: Aldeia Grande-1 (AG-1); Aldeia Grande-2 (AG-2); 

Lapaduços-2; Benfeito-1 (Bf-1); Freixial-1 (Fx-1); Abadia-4; Aldeia-4; Fracares-1; Fracares-2; 

Fracares-3 and Torres Vedras-7 (TV-07) (Figure 17).  

 

Table 1 - Elevation depth of each well 

   

 Date Operator Total depth (m) 

Aldeia Grande-1  N/A N/A 225.38 

Aldeia Grande-2 N/A N/A 1603 

Lapaduços-2 2005 MOHAVE 808 

Benfeito-1 1982 PETROGAL 3343 

Freixial-1 1988 EURAFREP SA. 2503 

Abadia-4 1953 CPP 301 

Aldeia-4 2007 MOHAVE 250.5 

Fracares-1 1999 FRACARES PROJECT 312.59 

Fracares-2 2000 FRACARES PROJECT 307.80 

Fracares-3 2000 FRACARES PROJECT 328.75 

Torres Vedras-7 2005 MOHAVE 348.15 
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Table 2 - Parameters of 3D seismic cube (Source: Software PETREL) 

Description Value 

Xline length 13650.34 

Xline interval 25.00 

Inline rotation from north 58.50 

Inline range 10 to 556 

Xline range 167 to 1073 

Seismic type 3D survey 

Number of samples per trace 1250 

Number of cells total 345977500 

Inline interval 25.00 

Inline length 22650.14 

Sample interval 4 

 

Benfeito-1 and Freixial were the only useful wells concerning the determination of formation tops 

because only these two wells presented GR logs which are essential in the evaluation and definition of 

well tops, described in the section 4.3. 

Benfeito-1 was drilled with a total depth of 3343m being the deepest and it is also the only one that 

reaches Dagorda Formation (Hettangian). 

Table 2 was built based on information of the well reports and it represents each formation top for the 

different wells. 

Table 3 - Elevation depth (MD) for the formations tops for each well 

 

Well tops 
(m) 

Bf-1 Lp-2 AG-1 AG-2 Fx-1 Al-4 Ab-4 Fr-1 Fr-2 Fr-3 TV-07 

Abadia Fm 
 

165m Sf* ------ ------ 157
m 

Sf* Sf* Sf* Sf* Sf* Sf* 

Montejunto 
Fm  

1136
m 

808
m 

------- ------- 1412
m 

174 102.5
m 

206m 120.4 190.1
m 

220m 

Cabaços 
Fm 

 

1399
m 

------ ------- ------- 1885
m 

184 --------- 226.9
m 

198.7 211.6
m 

------- 

Brenha Fm 
 

1585
m 

------ ------- ------- 2184
m 

----- --------- ------- --------- ------- ------- 

Candeeiros 
Fm 

1740
m 

------ ------- -------  
2327
m 

----- --------- ------- 304.3
m 

324.8
m 

------- 

Dagorda Fm 3194
m 

------ ------- ------- ------- ----- --------- ------- --------- ------- ------- 

*Surface 
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Figure 18 - Stratigraphical correlation between ten wells (except for Aldeia Grande-1 where its well report was not 
available) and representation of the elements of the petroleum systems (Source rocks in red; Reservoirs in green 

and traps in yellow) 
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Figure 18 represents a simple well correlation between ten wells and the elements of the 

petroleum systems. This figure shows that the depth of these wells is bigger in the NE group (Ag-2; 

Lp-2; Bf-1; Fx-1) and the thickness of the correspondent formations increase compared to the group of 

wells located to SW (Ab-4; Aldeia-4; Fracares 1, 2 and 3; and Torres Vedras-7) and also shows that it 

is possible to determine the elevation profile of the formations along the anticlinal. All wells reach 

Abadia (Kimmeridian) and Montejunto (Upper Oxfordian) Formations that can be potential reservoirs 

of hydrocarbons. The variation of the thickness of Cabaços Formation is not significant in contrast to 

Abadia and Montejunto where thickness changes expressively from the NE to SW. This fact is strongly 

related to the halokinetic activity which was more substantial to SW caused by the presence of 

Matacães diapir. 

It is hard to take conclusions from this figure to the remaining underlying formations as the 

wells do not reach its entire thickness, except for Benfeito-1.  

 

4.2. Methodology 
 

 

This section describes the workflows followed to achieve the results shown in the next chapter. 

The work presented herein followed the following steps: 

 

 The study of the geological setting of the area: geological setting of Lusitanian Basin more 

precisely of Arruda, Bombarral and Turcifal sub-basins  

 Study and summary of the depositional context of Arruda, Bombarral and Turcifal sub-basins  

 Seismic interpretation of the main seismic reflectors corresponding to the top of the main 

geological formations  

 Interpretation of the main salt structures present in the region  

 Interpretation and cartography of the main faults  

 Construction of surfaces corresponding to top and bottom of main seismic units, conversion 

from time (TWT) to depth (TVD) and creation of thickness maps 

 Identification of leads or areas with potential of accumulating hydrocarbons  

 

4.3. Well Data Correlation 
 

4.3.1. Gamma-Ray Logs (Formation Density Measurement) 
 

The GR log measures the natural gamma ray emissions from radioactive formations. 

Once the gamma rays are emitted from an isotope in the formation, they progressively reduce in 

energy as the result of collisions with other atoms in the rock (compton scattering). Compton 
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scattering occurs until the gamma ray is of such a low energy that it is completely absorbed by the 

formation. Hence, the gamma ray intensity that the log measures is a function of:  

 The initial intensity of gamma ray emission, which is a property of the elemental composition 

of the rock (Figure 19). 

 The amount of compton scattering that the gamma rays encounter, which is related to the 

distance between the gamma emission and the detector and the density of the intervening 

material. 

 

Figure 19 - General Gamma-ray response to different lithologies (Source: Engler, 2012) 

 

 

Well-log measurements have firmly established applications in the evaluation of the porosities 

and saturations of reservoir rocks, and most importantly, in this case, in depth correlations and in the 

estimation of bed boundaries. And this was one of the initial steps in the project, pick the well tops of 

each formation in the GR logs analysing the difference of peaks and the behavior of the log along its 

profile. 
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Figure 20 - GR well logs for Freixial-1 and Benfeito-1 with the correlation of well tops between the two wells 

 

Figure 20 shows a total of six well tops for each formation identified and picked based on the 

analysis of GR logs. The first horizon represented is Abadia Formation and it is characterized by high 

values of GR due to its composition of marls with significant levels of shaly sandstones and 

conglomerates. However, as Figure 20 shows, the evaluation of GR for Abadia only can be performed 

on Benfeito-1 well because Freixial-1 does not have information in what concerns the range of Abadia 

Formation. 

The rapid and most significant change in the log of values of GR indicates a different formation 

identified as Montejunto. Its composition of sequences mainly consisted of limestones and marls is the 

main reason why the values of GR decrease rapidly (Figure 19). 

The identification of Cabaços Formation well top is more complex than the previous ones 

because the continuity of the log remains the same making the differentiation between Montejunto and 

Cabaços much more difficult. This continuity is due to the similar lithology of these two formations 

(limestones). In Freixial-1 the log decreases more than Benfeito-1 concerning the limit for the top of 

Cabaços. 

Brenha Formations marks a slightly increase of GR values because of its marls/mudstone 

contents. On the other hand, Candeeiros Formation marks another big decrease of GR values already 

influenced by the salinity of sub adjacent Dagorda Formation. The picking of Dagorda Formation well 

top is not based on the changes and correlation of GR values but in the depth listed on the well report. 

This fact is due to the insufficient information that only Benfeito-1 has concerning Dagorda Formation. 

As it can be interpreted in Figure 21 the well does not reach the total thickness for Dagorda Formation. 
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4.4. Interpretation of Seismic Reflection Data 
 

 

The interpretation of seismic reflection data is the next stage after the analysis of GR logs 

because the definition of well tops makes a big and essential tool on the interpretation of horizons in 

the seismic sections and correlate seismic reflectors between wells in what the information is 

available. 

Each formation (Table 4) has a specific manifestation on seismic data which can be continuous or not 

continuous along the seismic cube, influenced by several geological factors. 

The reflectors of Abadia Formation can be characterized as parallel to sub-parallel or irregular to 

chaotic, however this change on the internal configuration of the reflectors are divided into three 

sectors: a first sector (Figure 21(a))  where the reflectors are sub-parallel with moderate amplitude and 

less continuous; a second sector (Figure21(b)) with high amplitude, parallel and sub-parallel reflectors 

and zones with big continuity; and finally a third lower sector (Figure 21(c))  with sub-parallel to chaotic 

reflectors, moderate amplitude and low continuity. 

 

 

Figure 21 – Seismic reflectors patterns for Abadia Formation 

 

Montejunto Formation presents parallel to irregular reflectors with moderate amplitude and with zones 

of high continuity and others with low to moderate continuity (Figure 22). 

 

Figure 22 - Seismic reflectors patterns for Montejunto Formation 

In what concerns the reflectors of Cabaços Formation they are generally parallel and continuous with 

moderate to high amplitude, however in depocenter zones the reflectors become with weaker 

amplitudes and more discontinuous (Figure 23). 
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Figure 23 - Seismic reflectors patterns for Cabaços Formation 

Right under Cabaços Formatoin, the Lower/Middle Jurassic (Brenha and Candeeiros Formations) has 

parallel and continuous reflectors with moderate to high amplitude. There are zones with very weak 

amplitudes (Figure 24). 

 

Figure 24 - Seismic reflectors patterns for Brenha/Candeeiros Formation 

The reflectors of Dagorda Formation are the ones among the previous, with stronger amplitude, 

continuity on its parallel reflectors due to its salt composition (Figure 25). 

 

 

Figure 25 - Seismic reflectors patterns for Dagorda Formation 

The lower layer with Triassic and Paleozoic ages (Basement) it is only interpreted in the 2D seismic 

lines. From this depth the reflectors become with weak amplitude and low continuity (Figure 26). 

 

 

Figure 26 - Seismic reflectors patterns for Basement 
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Table 4 - Geological formations with the respective color used on the seismic interpretation 

Formations Color of seismic horizons 

Abadia Formation 
(Kimmeridgian) 

 

Montejunto Formation (Late 
Oxfordian) 

 

Cabaços Formation (Early 
Oxfordian) 

 

Brenha Formation 
(Lower/Middle Jurassic) 

 

Candeeiros Formation 
(Lower/Middle Jurassic) 

 

Dagorda Formation  

Basement (Triassic/Paleozoic)  

 

4.4.1. Interpretation of 2D Seismic Lines AR05-80 and AR09-80 

 

Figures 23 and 24 represent the horizons and faults interpretation of both 2D seismic lines AR05-80 

and AR09-80 respectively. The most visible characteristics in both is the presence of positive flower 

structure with some deformation caused by the ascension of salt. 

These seismic lines are part of seismic acquisition (Figure 27) made by Mohave Oil and Gas 

Corporation and are parallel to each other. However other seismic lines (e.g. AR05-81) of the survey 

were an important tool to aid in the interpretation of the seismic lines of the input. 

 

 

Figure 27- Simplified Geological frame-work of the area under study and localization of the seismic profiles and 
wells used in this work (Source: Miranda et al, 2010) 
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It is also important to highlight the fact that these seismic lines were the first sections to be 

interpreted under the scope of this thesis in order to anchor the seismic interpretation between them 

and then correlate the seismic horizons and faults with the three-dimensional seismic volume and the 

existing wells. 

The seismic line A05-80 (Figure 28) located in the middle of the region of interest, has 

proximity to the wells of Abadia-4, Aldeia-4 and Fracares 1, 2 and 3, however, as already mentioned,  

these wells have no information in its well logs which made the creation of well tops difficult. The 

interpretation of this seismic line had to follow the seismic reflectors of the seismic line AR09-80 taking 

into account that the interpreted horizons and faults are considerably correlated between them.  

 

 

 

Figure 28 - Interpretation AR05-80 seismic line 

 

 

 

In the seismic line AR05-80 (figure 28), it is possible to identify the Montejunto Anticlinal that 

divides the sub-basins of Bombarral and Arruda, whose evolution was controlled by the halokinetic 

TWT (ms) 

TVM fault 
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movements concurrently with the alignment already stated. The fault with the biggest displacement 

corresponds to Torres Vedras-Montejunto fault while the remaining faults identified present very small 

displacements. It possible to observe the difference in thickness of the Hettangian Formation between 

the left and right side of Torres Vedras-Montejunto fault and how the unit pushes and causes the 

decrease of thickness of the upper formations. From this fact it is possible to infer that the origin of 

Torres Vedras-Montejunto fault was prior to the halokinetic activity in this particular area. 

 

 

 

Figure 29 - Interpretation of AR09-80 seismic line 

 

On the other hand the seismic line AR09-80 (Figure 29) was much easier to interpret because 

of the proximity of the wells of Benfeito-1 and Freixial-1, where the GR logs information was available. 

The fact that the well of Benfeito-1 is near this seismic line, revealed very helpful on the picking of the 

well top of the Dagorda Formation, because, as mentioned before, this is the only well to reach 

Dagorda Formation (Hettangian) the main responsible for the tectonic dynamic in Montejunto 

Anticlinal. As for the AR05-80, in AR09-80 it is also present the Torres Vedras-Montejunto fault but 

with a bigger displacement which indicates that salt movements were stronger in this area and caused 

a more significant uplift of the upper formations. There is also an important feature in this interpretation 

TWT (ms) 

TVM fault 
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which is a fault crossing the Aldeia Grande-2 and it is believed that its displacement can reach a total 

of 200m. 

 The interpretation of this seismic line revealed a graben in the Triassic and Paleozoic 

formations, result of the first stages of the first rifting episode in the Lusitanian Basin. 

 The following figures present different interpretations for different seismic lines by other 

authors and where it possible to observe differences and similarities with the interpretation of this 

work. 

 

 

Figure 30 - Seismic section and its interpretation of AR05-81 (Source: Alves et al, 2003) 

 

The interpretation of line AR05-81 (Figure 30) published by Alves et al, (2003) revealed very 

helpful on the characterization and seismic interpretation of the seismic line AR05-80 due to the 

proximity between them (Figure 27) as there was no available interpretation of this seismic line from 

other authors. 

There were already some interpretations available published by other authors. When the 

comparison is made between our own interpretation and some other author’s interpretations there are 

always visible differences, depending on the geological approach that each person has, however the 

main geological features need to look similar and the seismic interpretation have coherence along the 

seismic cube. 

In the comparison to the interpretation of Rasmussen (Figure 31) and the interpretation of the 

two seismic lines, there are different aspects that need to be evidenced. The Middle/Lower Jurassic it 

is not differentiated in Rasmussen’s interpretation while in the interpretation of this work there are two 

different layers, Brenha and Candeeiros, corresponding to the Middle/Jurassic. This differentiation is 

not consensual among the several authors once the order of these two formations is not certain in the 
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seismic profiles. The distinction of Brenha and Candeeiros in this work was based on the well reports 

of the different wells. 

Another aspect to be highlighted is the presence of other additional formations that are Grés 

de Silves Formations in Rasmussen interpretation. Grés de Silves Formation it is hard to interpret due 

to the chaotic reflections in this area, because of its detrital nature that can be easily confused with the 

Paleozoic Basement.  

 

Figure 31 - Interpreted seismic line AR09-80 (adap. in Rasmussen et al, 1998) 

 

4.4.2. Faults Interpretation and Analysis of 3D Seismic Data 

 

  

In petroleum exploration tectonics plays a major role in hydrocarbon generation, expulsion and 

accumulation. Analysis of tectonics stress regimes and their stages with chronogeological history is 

thus extremely useful in understanding the evolution and evaluation of geologic basins for 

hydrocarbon exploration (Nanda, 2016). 

A total of thirteen major faults had been identified within the available seismic data (Figure 32), the 

majority with small displacements. The presence of faults is more noticeable in zones where the 

Montejunto anticlinal presents a higher deformation (NE). The folded formations in this area are 

always associated with fractured zones. Nevertheless the influence of diapirism is directly related to 

the deformation of the anticlinal and consequently to the appearance of faults. 

However, as it can be seen in following interpretation figures along this dissertation, there is one 

major fault that stands from the others, for its big displacement (Figure 33). This fault identified as the 

Torres Vedras-Montejunto fault (FTVM) led to the differentiation of the three sub-basins where the 

region of interest is located. The analysis of the interpretation of this major fault can help on the 

assessment of the tectonic regime in the area. 
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Figure 32 - 3D seismic cube and the side and top view display of the interpreted faults 

 

 

As described above in the section  2.2.1., the three sub-basins developed under a wrench regime, one 

of the most complex tectonics systems which make the tectonic dynamic of the three sub-basins a 

special case. Wrench tectonics is caused by horizontal shear stress couple (divergent or convergent 

due to differential movement of deep crustal blocks. Is likely that that the differentiation of the sub-

basins resulted in many geological structures that vary between the transtentional stress and the 

transpressional stress. 

As already described in the interpretation of 2D seismic lines, Interpreted results have revealed the 

existence of a flower structure which is a folded structure associated with strike-slip faults (Figure 33 

and 34), within the study area. These structures normally form good traps for hydrocarbons 

accumulation. However due to the bad quality of data and the difficulty of characterize the types of 
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faults that form this structure, it is difficult to define if it is a positive or a negative flower structure 

because what determines the types of flower structures is the different kind of stress, tranpressional 

(positive) or transtensional (negative) where in a tranpressional regime the structure created with 

reverse faults and in the transtensional regime is created with normal faults associated, which is hard 

to evaluate and conclude on the seismic data. Being in this specific case the salt the main reason for 

the creation of the flower structure and the majority of the faults of the fault complex of the strike-slip 

type, this fact constitutes another obstacle on the assessment to determine either is positive or 

negative. 

 

 

 

Figure 33 - Xline 845 seismic section 

 

 

TWT (ms) 
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Figure 34 - Interpretation of the Xline 845 

 

 

4.4.3. Regional tectonic style from seismic interpretation 

 

The Figures 35 and 36 present a composite line with an orientation N-S and its interpretation and the 

Figures 37 and 38 present a composite line and its interpretation with an orientation E-W. 

The N-S section intersects the FTVM and shows a well-defined right flank of the anticlinal with strong 

reflectors in each horizon. The central part of the section shows chaotic reflections with very weak 

amplitudes due to the proximity of the Matacães diapir. This seismic section represents a good 

example of the entire area because contains two of the geological features that control the tectonic 

environment of the anticlinal: Matacães diapir and Torres Vedras-Montejunto fault. 

The E-W section on the other hand does not have strong reflections mainly due to fact that almost 

follows the axis of the anticlinal and therefore follows the profile of uplifting in Dagorda Formation 

which cause the decrease of amplitude and continuity in the seismic reflectors.  

 

TWT (ms) 
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Figure 35 - Composite line with N-S direction seismic section 

 

Figure 36 - Interpretation of composite line N-S direction 
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Figure 37 - Composite line with E-W direction seismic section 

 

 

 

Figure 38 - Interpretation of composite line E-W direction 
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4.4.4. Seismic Stratigraphy Interpretation and Analysis of 3D Seismic Data 

 

 

Integration of geophysical data with stratigraphic concepts adds a new dimension to basin 

analysis and this method has been the most used by geologists and geophysicists to characterize the 

depositional systems of the sedimentary basins. The seismic stratigraphy method is based on the 

analysis of reflection patterns of stratigraphic surfaces. Stratigraphic surfaces signify a period of no 

deposition or a change in depositional regime, forming time-lines through the process (Mitchum, 

1977). 

The next section introduces some examples of seismic stratigraphic structures identified and 

interpreted along the study area. 

 

4.4.4.1. Seismic Sequence Analysis 

 

Seismic sequence analysis involves identification of major reflection “packages” that can be 

delineated by recognizing surfaces of discontinuity. Discontinuities may thus be recognized by 

interpreting systematic patterns of reflection terminations along the discontinuity surfaces, although 

the poor quality of this seismic data some areas makes the process of following the reflections more 

difficult. 

The interpretations of these structures are important as they provide information on the existence 

of erosional surfaces which are good potential traps for hydrocarbon accumulations. 

The figures below show a good example of different types of reflection discordance interpreted 

within the available dataset. It is represented by an erosional truncation expressed by an onlap 

between the Candeeiros/Brenha Formations and Dagorda Formation and an onlap. The erosional 

truncation which is the termination of strata against an overlying erosional surface indicates an 

erosional unconformity. An onlap is a type of seismic reflection termination pattern used for identifying 

depositional sequences and has discordant relation at the base. It can be coastal or marine. In this 

case it is a marine onlap because the deep water marine sediments deposited on the shelf slope and 

it was a result of the several transgressions and regression in the Late Lower Jurassic and Middle 

Jurassic that corresponds according to Rocha et al, 1996 to an unconformity around the Sinemurian. 
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Figure 39 - AR09-80 seismic line 

 

 

Figure 40 - Interpretation of AR09-80 seismic line and a representation of the Sinemurian unconformity (onlap) 
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Figure 41 - Inline 60 of the 3D seismic cube 

 

 

 

Figure 42 - Interpretation of the Inline 60 with the representation of an erosional truncation and of an onlap 

 

TWT (ms) 

TWT (ms) 
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According to Carvalho et al, 2005 there is a hiatus in the sedimentation in which Cabaços 

Formation lies in an angular unconformity however in the interpretation of the seismic data it is not 

clear the hiatus between the Middle and Upper Jurassic.  

 

4.4.4.2. Depositional environment analysis 

 

One of the best indicators for the analysis of the depositional environment is the sea level and its 

change with time, which controls the shoreline and consequently the depositional systems. Relative 

changes in sea level, amount of sediment influx and shifting of shoreline control. 

Figure 43 shows a seismic example of a through-fill characterized by a cut and a fill channel 

complex, with near-parallel internal reflection configuration. This configuration is an indicator of low 

energy deposition with finer clastics without subsidence. 

On the other hand Figure 44 also represents a through-fill but with chaotic and mounded 

reflection configuration. The high amplitude, discontinuous and random reflection patterns are 

indicators of high energy deposits (coarser clastics). 

 

Figure 43 - Inline 120 with a through-fill stratigraphic structure 

TWT (ms) 
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4.4.5. Salt structures  

 

Dagorda Formation controls the structural dynamic and characterizes the morphology of the 

Montejunto anticlinal. The influence of this formation is not represented in the same way, continuously, 

on the area.  

Salt diapirs have a typical manifestation in seismic reflection data, normally they are vertically 

piercing bodies within sediments. However this manifestation in seismic has different geometries and 

shapes along Montejunto Anticlinal. Some of them are represented in the following figures. 

 One of the best salt features in Montejunto area is the presence of Matacães diapir. Is the only 

example of an extrusive diapir (Figure 45 and 46) within the case study. 

Figure 44 - Inline 460 with a chaotic through-fill identified 

TWT (ms) 

TWT (ms) 
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Figure 45 - Inline 350 seismic section 

 

 

 

Figure 46 - Interpretation of the Inline 350 

 

TWT (ms) 

TWT (ms) 
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In the different existing works about Matacães diapir (Miranda, 2010) tries to define the 

boundaries and model this extrusive diapir through the acquisition of gravimetric methods. In the 

Figure 47 is represented the resulted map with the diapir limits by Miranda et al, (2010) and by the 

interpretation result of this work  within the region of interest. The figure shows that the limits do not 

correspond, influenced by the different methods used on the assessment of the diapir bounderies, 

however the location is identical proving the existence of a salt diapir. It is recommended the analysis 

of the Dagorda Formation seismic surface in the next chapter to conclude that the interpretation by 

Miranda et al, 2010 of Matacães diapir is similar to the interpretation made under the scope of this 

thesis. 

 

 

Figure 47 - Representation map of the boundaries of Matacães diapir (by Miranda et al, 2010) in red and the 
interpretation of this work in yellow within the study area 

 

There are also good examples of intrusive diapirs with radial faults associated, without getting 

exposed to surface, builds up the stress which gets released by creating faults (Figures 48 and 49). 

This type of diapirs can be found in almost any region of the region of interest once the entire area is 

influenced by the uplift caused by the evaporites of Dagorda Formation. 
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Figure 48 - Inline 370 seismic section 

 

 

 

Figure 49 - Interpretation of Inline 370 

 

 

TWT (ms) 

TWT (ms) 
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Another type of salt structure very well defined on the seismic sections is the salt welds which 

are a surface separating two stratal units formerly separately by salt and now in contact. A weld may 

be complete (no salt), incomplete (up to 50m of salt), discontinuous (areas of more than 50m of salt) 

or apparent (greater than 50m of salt but interpreted as a weld). Figures 50 and 51 represent some 

salt welds identified in the area. 

 

 

Figure 50 - Xline 710 seismic section 

 

Figure 51 - Interpretation of the Xline 710 

TWT (ms) 

TWT (ms) 
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5. Results 

5.1. Time to Depth Conversion of Time Structure Maps 
 

One of the central problems in seismic data processing is determining the time domain to depth 

domain conversion, which may be considered the point where geology and geophysics meet (Medvin, 

1996). Because seismic data is acquired in the time domain T, it must be imaged in or converted to 

depth as measured in real earth space – in the domain of depth measurements made in wells – to 

describe subsurface geology accurately. When the time to depth conversion is applied to seismic data, 

it can change the relative depths of seismic amplitudes associated with adjacent traces and require a 

revision of the original interpretation. 

With the increasing complexity of the structures introduced for instance: faults, dipping layers and 

salt, the uncertainty of the depth conversion result increases (Lenkes, 2008).  

 

Figure 52 –Representation scheme of a time to depth conversion process 

 

In order to convert the seismic surfaces obtained as a result from the seismic interpretation 

from two way travel time (TWT) into depth (TVD), it is essential to setup a velocity model with the 

velocities associated with each geologic zone that need to be known, however in this work, due to the 

lack of well data, constant velocities were used as shown in the Table 5 based on the composition of 

the different formation and on the typical seismic velocities listed on the table presented in the 

Appendix A. 

Table 5 - Seismic velocities applied on the conversion of the seismic surfaces from TWT to TVD 

Abadia Formation 3000 m/s 

Montejunto Formation 3500 m/s 

Cabaços Formation 4100 m/s 

Brenha Formation 4000 m/s 

Candeeiros Formation 4500 m/s 

Dagorda Formation 5100 m /s 



54 
 

 

In order to perform this conversion it was used the following equation: 

 

 

𝑣 =
𝑑

𝑡
 <=> 𝑑 = (

𝑣

2
) × 𝑡                                           (3) 

 

Being 𝑣 the velocity divided by 2 because 𝑡 is in TWT, 𝑑 the resulted seismic surface in TVD and 𝑡 the 

seismic surface in TWT obtained from the seismic interpretation. 

 

 

 

Figure 53 - Abadia Formation seismic surface in TWT (a) and in TVD (b) 

 

 

Figure 54 - Montejunto Formation seismic surface in TWT (a) and TVD in (b) 
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Figure 55 - Cabaços Formation seismic surface in TWT (a) and in TVD (b) 

 

 

Figure 56 - Brenha Formation seismic surface in TWT (a) and in TVD (b) 
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Figure 57 - Candeeiros Formation seismic surface in TWT (a) and in TVD (b) 

 

 

Figure 58 - Dagorda Formation seismic surface in TWT (a) and in TVD (b) 
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5.2. Seismic Depth Maps and its Structural Interpretation 
 

The result of the conversion from time (TWT) to depth (TVD) is an essential tool in providing a 

structural verification on a scope of prospect identification. However it is necessary to have a good 

seismic quality of the data to produce surfaces that could be best representation of the subsurface 

geology and reduce the uncertainty on hydrocarbon accumulation assessment. 

There are several elements on these maps that can establish a relation between structural 

analysis and hydrocarbon potential accumulations and the existence of plays in these areas. After a 

detailed analysis of these maps, there are some facts that can be assessed from the structural relief of 

each surface. 

The first most evident aspect is the structural high with an orientation NE-SW (Figures 59) in a 

red circle) which can be observed on every surface. This structure is the most notorious 

representation of Montejunto Anticlinal already described and interpreted in the 2D and 3D seismic 

interpretation. The evolution of this anticlinal has several structural elements that are associated with it 

and they cannot be detached from the structural interpretation. 

 

 

Figure 59 – Representation of Montejunto Anticlinal (red) on Cabaços (a) and Montejunto (b) Formations depth 
maps 

The Torres Vedras-Montejunto fault is one good example on the understanding of the dynamic 

of Montejunto Anticlinal. In (Figure 60) it is possible to interpret an almost vertical slope which 

indicates the displacement of the fault and in TWT and TVD seismic surfaces is visible as a straight 

line with an NE-SW orientation and crossing the NE quadrant of the surfaces. 

 

 

Figure 60 - Representation of Torres Vedras-Montejunto fault (red) on Abadia (a),Montejunto (b) Formations 

a) b) 

a) b) 
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Other structural elements of these maps are the depocenters of the different sub-basins that 

belong to the study area. The maximum subsidence occurs in the Arruda depocentre around the 

structural alignment of Montejunto, causing the deepening of the basin and the rupture of the 

carbonate platform of the Montejunto Formation, and the definition of an unconformity.  

There are two areas of maximum subsidence in the surfaces (Figure 62b), one to north of 

Torres Vedras-Montejunto fault and another to south. However, as it can be seen, in Abadia 

Formation surface (Figure 53) the area to south of Torres Vedras-Montejunto fault when compared to 

the same quadrant of the other formations surfaces, does not have any form of depression which 

indicates that Abadia Formation has a significantly larger thickness in this area (Figure 61) reaching 

more than 1600m. A third depocenter can be seen on the extreme south of study area (Figure 62c) 

These depocenters are directly related to the areas of biggest deposition of the three sub-

basins which form the Montejunto Anticlinal and are an integral part of the case study: Arruda, 

Bombarral and Turcifal sub-basins. 

 

 

Figure 61 - Representation of the disance (a) and map of thickness (b) between Abadia and Montejunto 
Formations seismic surfaces 

 

Regarding the figure 58 that represents the Hettangian Dagorda Formation, from the structural 

analysis of this seismic map surface it is possible to apprehend a very interesting aspect which is the 

movement of ascent of the Hettangian evaporites through the main faults that divide and structure the 

three sub-basins: the NE-SW complex fault of Torres-Vedras Montejunto (Figure 62(a)) that divides 

Bombarral from Arruda sub-basin; the N-S fault lineament in the south quadrant that divides Arruda 

and Turcifal sub-basins.  

 

 

a) b) 
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Figure 62 - Tectonic framework of Bombarral, Arruda and Turcifal sub-basins (a); Representation of Montejunto 
Formation depth map and its depocenters (b); Representation of Dagorda Formation depth map (c) 

 

The Dagorda Formation seismic surface also gives an important feature which is the 

Matacães Diapir. It is clearly visible on the surface represented by the red color (Figure 63a) that 

stands out from the rest of the seismic surface. Figure 63b shows how the diapir’s almost vertical 

flanks intersect the upper formations creating possible traps for the accumulation of hydrocarbons. 

 

 

Figure 63 - Representation of Matacães diapir in Dagorda Formation depth map 

The next section presents the relation between the analysis of the seismic surfaces structural 

features made in this chapter and the possibility of these structures maturate, migrate, accumulate 

and trap hydrocarbons creating potential leads. 

c) 

b) 
a) 

a) b) 
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5.3. Structural Analysis under an oil and gas perspective 
 

The morphology of the case study provides a great setting for a potential generation, migration 

and accumulation of hydrocarbons: subsidence, anticlinal, salt, layer thickness, structural highs 

accompanied by good geochemistry values become synonyms of presence of oil and gas. 

The existence of zones of maximum subsidence (Figure 62) indicates that these deep areas 

are most likely of generating hydrocarbons due to its capacity of maturation of the organic matter.  

It is believed that the main factor controlling and ruling the maturation evolution in the Lusitanian Basin 

is the heat flow increase, induced by the Late Triassic and Late Jurassic rift phases (Teixeira, 2012). 

A possible element capable of accumulating hydrocarbons is the structural highs along the anticlinal 

(Figure 59). These structures accompanied by faults caused by the uplift of salt are one of the 

entrapment mechanisms in the Lusitanian Basin.  

The sedimentary thickness it is other indicator where hydrocarbons could possibly migrate and 

being trapped, e.g. the Abadia Formation (siliciclastic) where its thickness reach 1600m in the south 

quadrant. However the destruction of the seal by the tectonic inversion in the Cenozoic makes difficult 

the accumulation in this area. 

 

5.3.1. Seismic Data Interpretation and Evaluation for Hydrocarbon Exploration 

 

Seismic stratigraphy and seismic-tectonics are highly effectual interpretation techniques, 

indispensable in the quest of discovering hydrocarbons. Mutually integrated, the techniques support 

understanding the evolution of geologic basins. They help in reliable evaluation of hydrocarbon 

potentials of plays and leads for exploratory ventures (Nanda, 2016). 

Vital evaluation parameters for a technical evaluation of a prospect include essentially extension 

and amplitude (thickness) of the structure, the source rock and reservoir facies, the seals and the 

entrapment mechanism to form an effective trap and the presence of migration pathways. However 

this work does not have as goal the detailed evaluation of geochemical data and the characterization 

of organic matter (source and generation potential) in the area. In the next sub-chapters will be 

presented some structural and stratigraphic features that have potential to be a good hydrocarbon 

trap, and some seismic amplitude anomalies. 

Based on the description of the petroleum systems on the Lusitanian Basin described in the 

chapter 2.4. there were identified two possible leads: 

 

 Lead 1 

 

The first lead identified within the area is located in the flanks of Matacães diapir. These rocks are 

rich in organic matter and can feed the upper formations like the Hettangian evaporites or the 

Lower/Middle Jurassic carbonates so that hydrocarbons can be trapped on the flanks of the diapirs if 

there is geological conditions to accumulate. This lead can possibly be related to the Lower Jurassic 
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petroleum system where the Sinemurian and Pliensbachian organic-rich marls source rocks generate 

hydrocarbons that migrate through the fractured anticlinal and accumulate in the Lower Jurassic 

unconformity in Sinemurian. Hettangian evaporites with a primary porosity of 20% and the presence of 

shallow environment limestones in Middle Jurassic can form good reservoir rocks for this prospect. 

Figures 64 and 65 show a diapiric trap with an onlap structure potentially capable of 

accumulate hydrocarbons which can be characterized as a combination trap, both structural and 

stratigraphic. Is also identified a possible gas chimney crossing the upper formations which is can be a 

sign of the presence of hydrocarbons and they are presented in the figure below. In this case Brenha 

Formation due to its more deep environment limestones and low permeability can act as seal to the 

accumulations of hydrocarbons on the onlap (Candeeiros Formation) of the diapir flanks. With the 

possibility of being a combination or a stratigraphic trap it is difficult to assess the prospect closure. 

 

Figure 64 - Xline 570 seismic section (NW-SE direction) with an onlap and gas chimney identified 

TWT (ms) 
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Figure 65 - Interpretation of Xline 570 

 

 

Figure 66 - Inline 215 seismic section (NW-SW direction) 

 

 

 

 

TWT (ms) 
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Figure 67 - Interpretation of Inline 215 

 

 

Figure 68 - Candeeiros Fm (Lower/Middle Jurassic) seismic surface (TVD) with the identification of Prospect 1 

and respective dipair (blue) and  faults responsible for the closure of the prospect 
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Figure 69 - Dagorda Fm (Hettangian) seimic surface (TVD) with the identification of Prospect 1 faults responsible 
for the closure of the prospect 

 

 

 Lead 2 

 

A second prospect is possibly related to another petroleum system in Lusitanian Basin which is 

the upper Jurassic petroleum system. Fractured limestones from Montejunto Formation combined with 

a good porosity and the sandy turbidites of Abadia Formation make good carbonate and siliciclastic 

reservoirs, respectively, for hydrocarbons accumulations.  

The existence of an amplitude anomaly, possibly a bright spot indicator of an oil/gas sand, in 

Montejunto Formation (Figure 70 and 72), between two faults, constitute a possible structural trap in a 

faulted anticline fed by the source rocks of Cabaços Formation. The faults can act as seals to the 

accumulated hydrocarbons and constitute a closed prospect. 

These structural traps, can be subsequent to the migration of hydrocarbons or being fractured 

after the migration, losing all the amounts previously accumulated as is said previously about the 

possibility of total loss of the Cretaceous/Tertiary seal in Lusitanian Basin for the Upper Jurassic 

accumulations. However the presence of a gas anomaly indicates that not all of hydrocarbons could 

be expelled from the trap and also confirms the small amounts that Benfeito-1 registered in the drilling 

data. 
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Figure 70 - Xline 1010 seismic section (NW-SE direction) with an oil/gas anomaly identified 

 

Figure 71 - Interpretation of Xline 1010 

 

 

 

TWT (ms) 

TWT (ms) 
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Figure 72 - Inline 285 (SW-NE direction) 

 

 

 

 

Figure 73 - Interpretation of Inline 285 
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Figure 74 - Montejunto Fm (Upper Oxfordian) seismic surface (TVD) with the identification of Prospect 2 and 
faults responsible for the closure of the prospect 
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6. Conclusion 
 

Seismic interpretation is an art or a skill that is acquired with experience and the development of 

the presented work was a huge step in the understanding of the initial stages of an oil and gas 

exploration project. 

This study shows that the Lusitanian Basin, in particular Montejunto Anticlinal it has indeed good 

structural conditions for the accumulation of hydrocarbons and also proves the information acquired by 

the well logs and geochemical data performed within the area. However, taking into account that, 

several studies already made about the area of Montejunto Anticlinal, show that identified 

hydrocarbons are not rentable for production from an economical point of view. This study in particular 

allows to increase the knowledge in detail of the study area through the seismic cube and the 

interpretation of seismic sections. 

It is also important to affirm that the presence of salt from Dagorda Formation is main responsible 

for all the structural morphology of the anticlinal and for the migration on the petroleum systems, Salt 

interferes on the seismic reflectors of each top layer because in the SW area the distinction between 

formations is more evident. 

It is evident that the main faults and unconformities identified cross all the different formations with 

different geological ages which indicate that the deformations observed in the anticlinal were possibly 

very recent and confirms a deformation which is basically related to the movement of the Hettangian 

age formation of Dagorda. 

The quality of seismic and the result of interpretation do not revealed consistent results on leads 

assessment. The identification of leads was based on the characterization of possible good traps and 

some seismic anomalies. 

As already stated in the beginning of this document this study should now be improved from 

geological and geophysical interpretation perspective with the integration of new data, for example, 

new wells and new seismic lines for a more accurate assessment and afterward the construction of a 

geological model, would be very interesting and innovative in what concerns the contribution of 

knowledge for the Montejunto area and also for the entire Lusitanian Basin.  

The area of Montejunto is one of the most studied in the Lusitanian Basin, however its 

exploration consisted in wells drilled in shallow depths in the past decades making a huge portion of 

these sub-basins still unknown from a geological perspective. The results that the seismic and wells 

have shown along these years are not encouraging for the different companies making much more 

difficult to attract new investments to this region for oil and gas exploration. 
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