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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 bodies, 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. 
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1. Introduction 
 

The Lusitanian Basin, which 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. 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 work 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 well 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. 

2. Geological setting of the 
Lusitanian Basin 

 
The Lusitanian Basin is a sedimentary 

basin that developed in the Western Iberian 
Margin (Figure 1) 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 

mailto:joao.magalhaes.rodrigues@gmail.com


2 
 

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 1) 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). 

 
Figure 1 - 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: 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. 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. 

2.1. Montejunto Anticline 
 

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. 
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Figure 2 - Lusitanian Basin with the location of 
the Upper Jurassic sub-basins in Montejunto 

area (Source: Kevin et al, 2014) 

 
 
The differentiation of the sub-basins 

was one of the big geometrical 
transformations of the Lusitanian Basin, 
especially in the Central sector. It is visible 
the influence of Torres Vedras-Montejunto 
fault (Figure 2) which is the main contributor 
for the segmentation of this area in the 
Lusitanian Basin from a tectonic 
perspective (Dias, 2013). 

The sedimentary record (Figure 3) 
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.  

 

 
Figure 3 - Lithostratigraphic units of Lustianian 
Basin (adapt. de Rasmussen et al, 1998; Rey, 

1999; Kullberg, 2000; Azerêdo et al., 2002) 

2.2. Petroleum systems 
 

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).  

It is known that there are Paleozoic 
rocks with capacity to generate 
hydrocarbons reaching the gas window. 
The Lower Jurassic of Lusitanian Basin saw 
a marine invasion which presented very 
good contents in organic matter, e.g. 
Coimbra Formation and Brenha Formation. 

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. 

The mudstones from Dagorda 
Formation 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 the ability to move to 
stratigraphic levels of Jurassic and 



4 
 

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

2.2.1. Plays of Lusitanian Basin 
 

According to (Pena dos Reis, 2010) 
there are three main petroleum systems 
that may be considered in the Lusitanian 
Basin: 

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 Paleozoic 
low-grade metamorphic basement has 
several units with good TOCs, having some 
potential for unconventional but also for 
conventional hydrocarbons. 

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. 

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. 

2.3. Diapirism 
 

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. 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. 

2.3.1. 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 4) 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 and the surroundings are 
composed by mudstones and siltstones 
with some intercalations of sandstones, 
which characterize Abadia Formation.  

 
Figure 4 - Geographical representation of 

Matacães diapir and its tectonic framework 
(adapted from Pimental et al, 2010) 
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3. Case study 
 

The region of interest corresponds to 
the rectangle (Figure 5) located in Serra de 
Montejunto in the municipalities of Torres 
Vedras and Alenquer (Lisbon District). 

 

Figure 5 - Geographical location of the study 
area (seismic cube) and of the two 2D seismic 
lines AR05-80 and AR09-80 (Source: Google 

Earth) 

 

Figure 6 - Display of the seismic cube and the 
representation of the 11 wells 

The information of eleven wells (Figure 6) 
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).  

 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. 

3.1. Well Data Correlation 

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. This was one of the initial 
steps in the project, pick the well tops of 
each formation in the Gamma-ray logs 
(Figure 7) analysing the difference of peaks 
and the behavior of the log along its profile. 

 

Figure 7  -GR well logs for Freixial-1 and 
Benfeito-1 with the correlation of well tops 
between the two wells 

3.2. Interpretation of seismic 
data 

The Petrel (Schlumberger) interpretation 
software was used for the interpretation of 
the seismic cube and seismic lines AR05-
80 e AR09-80. 
Each formation (Table 1) has a specific 
manifestation on seismic data which can be 
continuous or not continuous along the 
seismic cube, influenced by several 
geological factors. 
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Table 1 - Geological formations with the 
respective color used on the seismic 

interpretation 

 

Figures 8 and 9 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. 

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. 

In the seismic line AR05-80 (figure 
8), it is possible to identify the Montejunto 
Anticlinal that divides the sub-basins of 
Bombarral and Arruda, whose evolution 
was controlled by the halokinetic 
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 8 - Interpretation AR05-80 seismic line 

On the other hand the seismic line 
AR09-80 (Figure 9) 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 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 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. 

 

Figure 9 - Interpretation AR09-80 seismic line 
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A total of thirteen faults had been identified 
within the available seismic data (Figure 
10), the majority with small displacements. 
The presence of faults is more noticed 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. 

 

Figure 10 - Top view display of the interpreted 
faults 

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. One of the best salt 
features in Montejunto area is the presence 
of Matacães diapir (Figure 11). Is the only 
example of an extrusive diapir within the 
case study. 

 

Figure 11 - Representation map of the 
boundaries of Matacães diapir by this work 
interpretation (yellow) and by Miranda et al, 

(2010) ) (red) 

 

 

Figure 12 - Interpretation of the Inline 350 

4. Results and discussion 
 

Because seismic data are acquired in 
the time domain T, they must be imaged in 
or converted to depth as measured in real 
earth space. 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, I used constant 
velocities (Table 2). 

Table 2 - Seismic velocities applied on the 
conversion of the seismic surfaces from TWT to 

TVD 

 

 
The result of the conversion from time 

(TWT) to depth (TVD) (Figure 13) 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. 
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Figure 13 - Structural maps in TVD for each 
geological formation 

4.1. Potential Prospect 
Identification 

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. Based on the description of the 
petroleum systems on the Lusitanian Basin 
there were identified two possible leads: 

The first prospect 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 prospect can 
possibly be related to the Lower Jurassic 
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.  

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.  

 

Figure 14 - Xline 570 seismic section with an 
onlap and gas chimney identified

 

Figure 15 - Candeeiros Fm seismic surface 
(TVD) with the identification of Prospect 1 and 

faults responsible for the closure of the prospect 

 

Figure 16 - Dagorda Fm seimic surface (TVD) 
with the identification of Prospect 1 faults 
responsible for the closure of the prospect 

 
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 
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indicator of an oil/gas sand, in Montejunto 
Formation (Figure 17), 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. 

 

 

Figure 17 - Xline 1010 seismic section with an 
oil/gas anomaly identified 

 

Figure 18 - Montejunto Fm seismic surface 
(TVD) with the identification of Prospect 2 and 

faults responsible for the closure of the prospect 

5. Conclusions 
 
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. 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.  
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