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Abstract 

The Falkland Plateau Basin is an sedimentary basin to the east of the Falkland Islands. The 

basin was created during the Gondwana breakup, on the Middle Jurassic, and was exposed to 

extensional forces during the South Atlantic Ocean opening. A system of magmatic intrusions are 

affecting the basin and date from the Early Cretaceous. The study of these features allows the 

comprehension of the basin formation as well as assess about the implication on the petroleum system. 

Eight horizons were interpreted and there were identified 92 magmatic intrusions forming sills. 

The geometries of the intrusions depend on the depth of emplacement. In greater depths, more planar 

tend to be the sills. The deeper sills are feeding magma to the upper layers by exploiting fractures. It is 

also possible to see two points where the magma extrudes, covering most part of the South-East area 

of the seismic volume.  

Since these intrusions are contained in a package of black shale with a highly petroliferous 

potential dated from Upper Jurassic to Early Cretaceous, they could have contributed to the maturation 

of the source rocks in the basin. It was performed a Basin modelling study, by using a 1D basin model 

and it was fit to a set of pseudo-wells inside the seismic volume, in order to infer the maturation of the 

source-rock for the volume. The results show a peak of maturation when the intrusions where emplaced, 

but the general influence in nowadays maturation is not that visible. 

Keywords: Magmatic intrusions; Falkland Plateau basin; Sills; Seismic interpretation; Basin 

modelling.  
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Resumo 

O Falkland Plateau possui uma bacia sedimentar em offshore, a Este das Ilhas Falkland. A 

bacia foi criada durante a divergência da Gondwana, no Jurássico Médio, estando exposta a forças 

extensivas durante a abertura do Oceano Atlântico Sul. Foi encontrado na bacia um sistema de 

intrusões magmáticas datadas do Cretáceo Inferior. O estudo dessas intrusões permite um maior 

conhecimento e compreensão das implicações no sistema petrolífero. 

Durante a realização do projeto foram analisados oito horizontes e foram interpretados 92 

intrusões magmáticas formando sills. Todos os horizontes foram convertidos de tempo, em 

milissegundos, para profundidade, em metros, usando um modelo de velocidades baseado na 

literatura. 

As geometrias dos corpos magmáticos dependem da profundidade de intrusão. Em 

profundidades maiores os sills tendem a ter uma geometria mais planar. Os sills mais profundos 

alimentam o material de sills menos profundos, através de fraturas. Foram encontrados dois pontos 

onde o material magmático chega à superfície levando à escorrência de lavas que cobrem a parte 

Sudoeste do volume sísmico analisado. 

Sabendo que as intrusões magmáticas estão contidas num pacote de shales com elevado 

potencial petrolífero, estas podem ter contribuído para uma precoce maturação da rocha-geradora. 

Para inferir essa possibilidade foi criado um modelo 1D da bacia. O modelo consiste no estudo da 

maturação térmica da bacia e foi aplicado a um conjunto de pseudo-poços de forma a extrapolar esse 

estudo para todo o volume analisado. O modelo mostra um pico de maturação aquando da intrusão. 

No entanto a influência na maturação atual é pouco visível. 

Palavras-Chave: Intrusões magmáticas; Falkland Plateau; Interpretação sísmica; Modelo de 

bacia.  
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1 Introduction 

1.1. Motivation 

This study focuses on the interpretation of magmatic events in the Falkland Plateau Basin 

(Figure 1). These events are linked to tectonic processes. Its timing, extent and volume are a central 

piece of information to understand its implications in the sedimentary basin, in particularly in the 

petroleum system. This magmatic event could be a trigger to hydrocarbon generation, due to the 

possible effects on source rock maturation, by rising the regional or local heat flow. Other implications 

for the petroleum system, for example related to seal rock or migration, could also be linked to this 

events, but these are not subject of this thesis. The study area is located on the western part of the 

Falkland Plateau Basin, offshore Falkland Islands, and is grounded in the interpretation of 2D and 3D 

reflection seismic data, the use of well data analysis helps to corroborate the further results. 

 

Figure 1 – a) Map of Falkland Islands with the distribution of magmatic intrusions, b) Basic sketch of the sills 

and lavas position (Richards et al. 2013) 

The stratigraphic sequence of the Falkland Plateau includes an extensive series of intrusive 

(dykes and sills) and extrusive (lavas). A series of dykes from the Falkland Islands suggest two phases 

of igneous activity (Stone et al. 2008), one from the Jurassic and another from the Cretaceous. 

The younger magmatic Cretaceous features on the Falklands Plateau basin are likely to have 

had a significant impact on the tectonic and thermal evolution of the basin, since the intrusions are 

emplaced in a series of shales with high petroliferous potential. The thesis was thought in order to assess 

the magmatic bodies location and its impact on the petroleum system.  
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1.2. Research aims and objectives 

The thesis aims at analysing the previous parameters by an integrated interpretation of 2D and 

3D seismic and exploratory well data, including biostratigraphy to calibrate stratigraphic ages. The work 

will focus on 3D mapping of sills and dykes, their geometry and spatial extent as well as their connection 

to extrusive features. 

The integrated interpretation of all this information allowed to infer the age of magmatic events 

and scale and of the magmatism, as well as to understand the origin and mechanisms that triggered the 

youngest event. This also allowed testing the hypothesis of the relationship between an Early 

Cretaceous extensional episode and the mapped geometry of intrusion events. The interpretation of the 

data also took into account evidences for hydrothermal venting and seepage signatures indicating gases 

migration in order to evaluate the petroleum system. 

Finally, the thermal impact of the intrusions was assessed by the development of a basin model 

to test the maturity petroleum system that has been impacted by the intrusions. 

1.3 Thesis outline 

This thesis is organized in eight main chapters following: 

Chapter 1 – Introduction: This chapter presents the aim and the motivation of this thesis, as well 

as the outline of the developed work. 

Chapter 2 – Geological Setting: This chapter focus on the evolution of the Falkland Plateau 

Basin, with the literature review of the tectonic and stratigraphic settings. 

Chapter 3 – Overview of igneous and volcanic emplacement research: This chapter is a 

description of magmatic bodies and their occurrence. 

Chapter 4 – Data: This presents information about the dataset available. 

Chapter 5 – Seismic reflection interpretation: This chapter includes all the work done using the 

seismic data, analysing the stratigraphy and structures and making considerations based on 

observations, also includes the velocity model used in this thesis. 

Chapter 6 – Basin model: This chapter is characterized by the simulation of the thermal 

maturation of the basin, it includes the methodology and input data to build the model and also the 

results and considerations.  

Chapter 7 – Final considerations and Future Work: In this chapter is discussed the final 

conclusions of the thesis as well as a brief proposal of further work. 
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2 Geological Setting 

2.1 Geography 

The Falkland Plateau Basin is located to the East of the Falkland Islands, ~800 km east of 

Argentina, South America. This basin is part of a set of four offshore basins surrounding the Falkland 

Islands: The South Falkland Basin is situated to the South; the Malvinas Basin to the West; the North 

Falkland Basin to the North; and the Falkland Plateau Basin to the East. This area is situated in the 

South America plate (Figure 2).  

 

Figure 2 – Location of the Falkland Islands (FI) and basins. NSFZ: Northern Scotia Fault, FME: 

Falkland/Malvinas Escarpment, MEB: Maurice Ewing Bank (modified from Chemale et al. 2018). 

The Falkland Plateau Basin (FPB) is delimited mainly by geomorphological features (Figure 2), 

these being the Falkland Trough, to the South, a depression which defines the passage between 

Falkland Continental shelf to the Burdwood Bank and further to the Scotia Plate. The Falkland 

Escarpment, to the north, also known as Agulhas-Falkland Fracture Zone. It is an escarpment with 

approximately 45 degrees dip, which is the most prominent slope in the region. This escarpment is a 

former strike-slip transform margin and it is the limit between the Argentine basin and the FPB (Lorenzo 

& Mutter 1988), as well as the continent-ocean boundary of the South American Platea. The plateau is 

bounded by the Maurice Ewing Bank to the east and by the Falkland Islands to the west. 
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2.2 Tectonic setting 

The tectonic evolution of the Falkland Plateau basin remains controversial, authors such as Adie 

(1952), based on the onshore stratigraphy, proposed that the Falklands Islands microplate had 

undergone a 180º rotation related to its original position before the continental drift. Others (Richards et 

al. 1996) based on offshore mapping, have not observed any evidence for this hypothesis. 

Before the Mesozoic Era (>~251 Ma), the Falkland Plateau was part of a supercontinent called 

Gondwana, then, during the Middle Jurassic (~170 Ma), the Antarctica plate started to drift from the 

mainland (Figure 3) and the extensional forces created a large number of basins including the Falkland 

Islands Plateau basin (MacDonald et al. 2003). This extensional movement promoted the development 

of NE-SW normal faults in the Falkland Plateau (Richards et al. 1996). 

The second phase of extension occurred during the Early Cretaceous (~140 Ma), when Falkland 

Plateau basin was exposed to other extensional forces coming from the opening of the South Atlantic 

ocean (Hall et al. 2018). This ocean opening is believed to have been driven by large volcanism 

associated with the Paraná-Etendeka igneous province (visible in Figure 3, 140Ma image). 

 

Figure 3 - Reconstruction of the separation of Antarctica from the Gondwanaland and South Atlantic 
opening. Positions occupied during 160Ma, 140Ma, 130Ma and 90 Ma ago (adapted from Earthworks). 

 

The basement, on the Maurice Ewing Bank, shows normal faulting from the South Atlantic 

opening (N-S weak zones (Stone et al. 2008)). These fault planes affect only older sequences from the 

Jurassic (Lorenzo & Mutter 1988), contemporaneous to the rifting phase.  
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These basement rocks are present in the Islands and also in the Maurice Ewing Back, 

accordingly with the Deep Sea Drilling Project (DSDP) reports (site 330). Authors as Tarney (1977) 

compared the two features and thought that the Falkland Plateau is a marginal plateau and inferred that 

in between the two structures the crust should be the same.  

New studies on that area (Schimschal & Jokat 2018) suggest that the Falkland Plateau basin 

and the Maurice Ewing Bank were part of the same crustal domain and, while the seafloor spreading, 

that continental crust started to stretch and formed a break-up related rift - a volcanic rifted margin with 

high-temperature mantle conditions. Magma ascended and separated the two continental masses with 

oceanic crust (Schimschal & Jokat 2018). These two hypotheses have been highly discussed during the 

last years but the crust origin is still dubious. 

The sedimentary succession was affected by an extensive series of intrusive magmatic dykes 

and sills, and extrusive volcanic lavas. There are two different types of dykes exposed on the Falkland 

Islands, from two different geological times (Stone et al. 2008). The first intrusive event occurred during 

the Jurassic (~178Ma), and it is probably related to the magmatic intrusions in the Karoo Basin (Figure 

4) (Schimschal & Jokat 2018). The dykes have a NE-SW trend as the faults from the Jurassic and are 

only present onshore.  

 

Figure 4 - Large igneous provinces from Jurassic - drift from Antarctica (Storey et al. 2013). FI – Falkland 
Islands. 
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The second system of magmatic intrusions is dated from the Cretaceous, from 121.3±1.2 Ma 

(Stone et al. 2008) to 133-138 ± 4 Ma (Richards et al. 2013) and have an N-S trend. These dykes were 

discovered by Barker (1999) but its age was inferred later (Stone et al. 2008). These intrusions were 

formed during the South Atlantic Ocean and North Falkland Basin opening (Stone et al. 2008). The 

dykes have the same trend as the faults seen on the North Falkland Basin and its emplacement could 

have been linked with the stress regime felt in that area (Stone et al. 2008). 

The lavas seen on the Falkland Plateau basin by Richards et al. (2013), have relative dating 

from the Valanginian – Hauterivian, the same age for the Early Cretaceous dykes reported by this 

author. These magmatic rocks are well studied onshore but the link between the offshore expressions 

are still poorly understood. Offshore, in the Falkland Plateau Basin, our focus in this work is the younger 

intrusions accordingly with Stone et al. (2008). 

2.3 Stratigraphic Setting 

The Falkland Plateau basin has two sites drilled during the Deep Sea Drilling Project, site 330 

(1977) and site 511 (1983), (Figure 5). It provided physical data to infer the stratigraphy in the basin. 

The site 511 provided stratigraphic penetration until 623m depth (from sea bed), being the total depth 

penetrating Middle Jurassic age sediments (Figure 6). Only the information about the DSDP wells is 

public domain and although this data is available, the boreholes are too far apart from the shore and 

there is no data in between. There for, the information about the stratigraphy is still poor. 

The oldest strata (older than Middle Jurassic) was inferred with the help of outcrops exposed in 

the Falkland Islands (Platt & Philip 1995). This correlation is an indirect measure, so it has high 

uncertainty associated. 

 

Figure 5 – Drill sites (redesigned from Marshall 1994)  
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Figure 6 - Lithologic units site 511 left and lithologic units site 330 right. (redesigned from 

doi:10.2973/dsdp.proc.71.102.1983 and doi:10.2973/dsdp.proc.36.106.1977) 
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Its stratigraphic succession, in the western part of the plateau, begins with a geologic basement 

that is believed to be continental crust (inferred from de Maurice Ewing Bank), formed by Pre-Cambrian 

granites and gneisses (Aldiss & Edwards 1999, Tarney 1977). 

According to Ludwig (1983), the basin is filled with a pelagic sequence and, moving eastwards 

from the islands until the Maurice Ewing Bank, the post-Middle Jurassic sequence significantly thickens 

up to 7 km in the basin depocenter. 

With the onshore observations, it was possible to identify, on top of the basement, Silurian to 

Devonian sedimentary sandstones and shales (Stone 2015, Platt & Philip 1995). Overlying these rocks 

are a succession of shales and sandstones of Permo-Carboniferous age (Platt & Philip 1995). On top 

of those old strata is a Mesozoic progradation succession in the form of onlapping sequences 

(Schimschal & Jokat 2018). 

The DSDP core acquisitions from Site 330 and Site 511 allowed to extract information about the 

different lithologies, present in the stratigraphic column, from Middle Jurassic to Present. 

Silty sandstone and sandy siltstone containing fragmental plant remains and lignite underlying 

sub-arkosic sandstone were found in these two DSDP sites and dated from the Middle Jurassic to 

Oxfordian. This unit proposes a beach origin. On top of that, silty clay and clayey silt is found and dates 

from the Upper Jurassic (site 330). 

From Late Jurassic to Aptian, black shales with high petroliferous potential are overlying that 

strata. At least 134m are filled with this high carbon content sediments, TOC ranging between 3-8% 

(Deroo et al. 1983). They show structured kerogen from land plants origin. The same unit was found in 

new drilled wells as a succession of black shales interbedded with sandstones with reservoir qualities, 

prevenient from turbiditic fans (Fraticelli et al. 2016). 

The Albian succession has a calcareous prevalence with calcareous sapropelic claystone 

layers, scattered coral fossils are also present. 

The recent strata from Late Cretaceous to Present consists of zeolitic clays and claystones 

underlain by calcareous, and zeolitic foraminiferal oozes. On top, a series of recent clays and siliceous 

gravelly sands. 

There are commercial wells present in some of the basins surrounding the archipelago of the 

Falkland Islands, but the Falkland Plateau basin has only three commercial boreholes - Loligo-A, 

Humpback and Toroa (Figure 5) (Richards et al. 2013). 
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2.4 Petroleum System 

Recently, drilling campaigns have been done in the Falkland Islands maritime boundaries. Sea 

Lion oil field was discovered by Rockhopper during the early 2010’s in the North Falkland Basin and the 

Darwin gas condensate field was found in the South Falkland Basin (Falkland Islands Government web 

site). In the Falkland Plateau Basin at least three wells were drilled, TOROA, Humpback and Loligo-A 

(Figure 7). 

TOROA was characterized as a dry well. However, Humpback has gas shows but not in 

commercial amounts. Loligo-A shows large amounts of gas in place and poor quality reservoirs 

(Falkland Islands Government web site). 

 

 

Figure 7 - Well locations and approximated volume location in the maritime boundaries of Falkland Islands 

(adapted from Falkland Islands Government), DSDP wells further to the West. 

The Falkland Plateau Basin is barely studied with just four drilled wells in the Falkland Islands 

maritime boundaries plus two DSDP wells (330 and 511) (Figure 5, Figure 7), compared with the North 

Falkland Basin that had drilled sixteen wells and two additional core sidetracks. 
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2.4.1 Source rocks: 

The main source rocks in the basin are black shales from Early Cretaceous, evidence from 

DSDP well reports and from TOROA well reports. 

The last lithology drilled in DSDP 511 well was categorized as black shales with high 

petroliferous potential. TOROA well found successions of black shales and sandstones, what is 

described as a transgression and regression of the maritime shelf from the Barremian until the Aptian. 

TOROA well report informs that the hydrocarbons are from Type II and III (oil/gas prone), the 

maturity was not reached in this location and the TOC percentage ranges from 0,56 to 18,4%. TOC 

percentage is above 4% indicating very good source rock with high petroleum potential (Magoon & Dow 

1994). 

Inside the seismic volume, the source rocks properties TOC, Vitrinite reflectance (%Ro) and 

Hidrogen Index (HI) are not known, because there is no data available, but there is information of gas 

shows on Humpback and Loligo A wells, that are nearby the study area. 

2.4.2 Reservoir rocks: 

The sandstones that are interbedding with the black shales (seen on TOROA well) and by 

Fraticelli. et al. (2016) are the main reservoir rocks. Siltstones and Limestones from Late Cretaceous 

(seen on DSDP wells) can also work as reservoir. 

2.4.3 Seal rocks: 

Known as regional seal are the Claystones from the Aptian (Fraticelli 2016). Clay-rich Diatomites 

from the beginning of Paleogene can also have seal properties due to its high content in clay. 

2.4.4 Traps  

To the NW part of the basin, there are some deepwater sand fans that can act as stratigraphic 

traps to hydrocarbons (Fraticelli 2016). The clinoforms succession with pinch-out layers can also result 

in structural traps. 
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3 Overview of igneous and volcanic emplacement research 

Igneous and volcanic bodies such as dykes, sills and lavas (Figure 8) have been the focus for 

several studies in recent times using seismic imaging. It is important to understand what triggers the 

intrusion and the way these intrusions can affect the sediments in the basin. It is also important to 

investigate the extent and the timing of these events and its potential impacts in the petroleum systems 

of the study area.  

Analysis of the timing of the igneous emplacement in the Falkland Plateau basin and the source 

for the magma provides information about the basin formation and processes occurring in the 

sedimentary succession. The presence of black shales, organic carbon-rich shales (TOC average ±3%), 

in this basin indicates widespread anoxia environment that allows the preservation of organic matter 

creating the possibility of a potential regional hydrocarbon source rock. Even though seismic does not 

provide an absolute age for sill intrusion, it is possible to date intrusions based on tectonic and 

stratigraphic evolution of the basin. 

The intrusions are not simply a source of heat and maturation but can also serve as migration 

pathways for the gases to seep into the atmosphere (Planke et al. 2005, Svensen et al. 2004) or even 

as seal rocks. 

 

Figure 8 - Types of magmatic bodies (Senger et al. 2017). 
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3.1 Sill emplacement mechanisms 

The melted magma can flow by a faulted path or by folding a ductile rock, following a trail that 

leads to a lower pressure (Schofield et al. 2012). 

The host rock can have brittle or ductile behaviour (Figure 9). These geometries can be 

interpreted and mapped on seismic data. 

 

Figure 9 - Differences between fragile and ductile behaviours (Thomson & Schofield 2008). 

When encounter brittle strata, the intrusions can be placed as steps, strata concordant 

intrusions, propagating between the boundaries of lithologies. In seismic, the steps can be seen in the 

tips of saucer-shaped sills (Schofield et al. 2012). 

These steps can be connected by broken bridges-like shapes. The magma intrudes by the 

fractures, and expands them, creating new ones. As the segments inflate, the two distinct bodies get 

interconnected (Figure 10). 

 

Figure 10 - Steps and bridges (Schofield et al. 2012, Eide et al. 2016, Magee et al. 2015) 
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Magma can also be emplaced by non-brittle mechanisms, it intrudes ductile strata and starts to 

deform the adjacent material until the magma fingers join in the middle, by lateral expansion, leaving a 

bent stratum around them. These fingers can be lobe-shaped as well (Figure 11). 

 

Figure 11 - Fingers and Lobes (Schofield et al. 2012 and Magee et al. 2016) 

3.2 Impact of igneous intrusions on carbon-rich rocks 

The intrusions form a maturation aureole when intruded into the sedimentary succession. When 

a magmatic body intrudes the formations, the temperature rises. When the second magmatic body takes 

its place, the temperature gets higher than before. The sills thermal disturbance interacts between sills 

depending on the emplacement (Spacapan et al. 2018). It is important to model the volume and 3D 

extent of the intrusions to better comprehend the igneous driven maturation of the affected source-rocks. 

The thicker the sill intrusion, the higher the temperature increases (Sydnes et al. 2018). 

Aarnes et al. (2010) proposes that the relationship between sill thickness and aureole depends 

only on the surrounding temperature and sill temperature. The amount of hydrocarbon generation 

depends on the sill volume, the TOC content of the host-rock (Figure 12) and the thermal gradient. 

 

Figure 12 - Relation between produced methane and the area covered by a 100m thick sill, TOC values 
from 1 to 6 wt% - Based on information from Western Karoo basin and Vøring and Møre basins (from Aarnes et al. 
2010). 
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3.2.1 Hydrothermal venting 

The thermal maturation of organic matter induced by magmatic intrusion releases fluids are 

susceptible to pressure variances. When the fluid pressure increases beyond the equilibrium, the fluids 

have a tendency to flow to lower pressures, in most cases towards the surface. They may migrate 

through fault planes and permeable layers. When the pressure is very high, the sediments fluidize and 

the fluids are released (Figure 13).  

 

Figure 13 – Formation of a hydrothermal vent (Kjoberg et al. 2017) 

The resultant fluid-escape features are then buried by subsequent sediment deposition but 

depending on their lateral extent (and depending on the horizontal resolution) it is possible to recognise 

their signatures on seismic images (Figure 14). Their seismic signatures typically consist of a mound 

shape on top overlaying a sediment-filled crater that is connected to a vertical channel where the seismic 

image gets turbid (Plank et al. 2005).  

 

Figure 14 - Seismic expression of hydrothermal vent complexes (Jamtveit et al. 2004)  
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4 Data 

The following data were available for the project: 2D marine seismic lines from FLOG, 2D marine 

seismic lines from Global Pet 2003, one 3D marine seismic volume from Rockhopper and also one well 

– Toroa (Figure 15). All the data provided was already processed and ready for interpretation. The 

amplitude convention throughout all data is such that when the acoustic impedance increases, the 

amplitude of the seismic signal is positive, when the acoustic impedance decreases, the amplitude of 

the seismic signal is negative (SEG convention).  

4.1 Dataset 

4.1.1 2D seismic data:  

The information about the acquisition parameters and processing workflow of the 2D seismic 

surveys used were not provided. The only information available is the one seen on the survey statistics 

(Table 1) . The 2D lines are not equally spaced, which represents an additional challenge in mapping 

accurately the reflections. 

Table 1 - 2D seismic data characteristics. 

Geometry (Original CRS): WGS_1984_UTM_Zone_FALK (falklands_60w)  

 FOGL survey:  The dataset comprises a total of 154 2D seismic lines. 

  Z(TWT)  up to -8096.00 ms 

 Global Pet 2003 survey:  The dataset comprises a total of 24 2D seismic lines. 

  Z(TWT)  up to -8996.00 ms 

 

4.1.2 3D seismic data: 

The 3D seismic data were acquired with twelve streamers, each 6600m long, 528 groups per 

streamer, each group with 12.5m interval and 12.5m length. The water depths ranged from 

approximately 800 to 2300 m. The streamer was at 10m±1m depth when fully extended. Two airguns 

were used at a depth of 7m±1m, with a shot interval of 25m. 

The recording length is 9216m, and the sampling rate is 2ms for both surveys. All the seismic 

was already processed and migrated by 3D Kirchhoff Pre-Stack Time Migration (Table 2). 

Table 2 - 3D seismic data characteristics. 

 Min Max Delta 

Time (units) ms -9002.00 2.00 9004.00 

 Number Interval [m] Length [m] Rotation (from North) 

Inlines 2636 30.03 73637.78 -45.05  

Crosslines 5887 12.51 79116.40  
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4.1.3 Wells: 

The well is an exploration well. The Toroa well was plugged and abandoned in July of 2010 and 

was categorized as Dry hole (Table 3). 

 

Table 3 - TOROA well characteristics. 

Water Depth: 604.6m 

Formation TD: Upper Jurassic - Middle Jurassic 

Total Depth of Well: 2,476m MD BRT 

Operator: BHP Billiton 

 

 

Figure 15 – Location of all datasets.   
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5 Seismic reflection interpretation 

Seismic reflection data provide an approximated image of the subsurface. Usually, the data is 

visualised as vertical cross-sections that allow seeing geologic structures of the subsurface. The 

interpretation can be as detailed as required and follows a specific methodology. 

5.1 Seismic reflection interpretation methodology and results 

Petrel® (Schlumberger) was used as seismic interpretation software. The interpretation was 

performed using cross-sections in two way travel time (TWT) for the vertical axis and in meters for the 

horizontal axis. 

Seismic interpretation is usually done from a regional scale to a more detailed one depending 

on the purpose of the study. 

For the 2D data lines, the interpretation was made throughout some of the lines, which have 

more importance for the objectives of this thesis. The 2D interpretation is limited since the interpretation 

is constrained to lines that have scarce intersection points with each other, limiting the spatial 

interpolation. The extent of this interpretation is dependent on the existence of other lines that can share 

a common intersection point. 

For the 3D data survey, the interpretation has an additional degree of freedom. It is now possible 

to change the orientation of the vertical cross-sections to be interpreted, which can help the 

interpretation of complex geologic structures. The interpretation of the seismic volume followed a grid 

of inlines and crosslines with a fixed distance between each. This helps the accurate interpretation of 

structures with high spatial variability. When the structure is interpreted in the desire extent it is possible 

to run an auto tracking tool in order to fill the gaps between the manually interpreted grid. For less 

complex structures a 3D auto-track can be used directly in a more expedite way. The auto-tracking can 

be set to confidence interval that suits the data being interpreted. 

5.1.1 Surfaces interpretation: 

In this project the interpretation of surfaces is important to correctly assess the burial history of 

the region as well as to enclosure the magmatic event in time and space. 

First, the interpretation of horizons was performed by looking for seismic sequences, identifying 

the geometry of reflections terminations and discontinuities. The types of terminations as (Figure 16) 

are onlaps when reflections are ending laterally into another reflection, downlaps when reflections are 

ending on top of another reflection, toplaps when reflections are ending into a suprajacent reflection, 

truncation when reflections are ending laterally into a discordant surface. This kind of terminations is 

indicative of depositional unconformities that define the depositional packages (Mitchum et al. 1977). 
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Figure 16 - Types of terminations (from Catuneanu 2006) 

Then, the different seismic facies present in a cross-section were analysed. This dictates the 

character of the reflections inside the seismic sequence and can be a great indicator for the depositional 

patterns (Mitchum et al. 1977). The study of internal seismic facies is based on the continuity, geometry 

and amplitude of reflections inside of each package (Figure 17). 

 

Figure 17 – Internal seismic configuration (adapted from Mitchum et al. 1977) 

Figure 18 shows an illustrative vertical cross-section from the 3D volume with the interpreted 

horizons and the corresponding sequences. 

 

Horizon interpretation: 

The stratigraphy present in the 3D seismic volume corresponds to a thick sedimentary 

succession (Figure 18). The sediments tend to thicken to the SE of the volume, probably towards the 

depocenter of the Falkland Plateau Basin. To the NW part of the volume, and continuing through the 2D 

lines, the thickness of the sedimentary succession decreases (Appendix Figure 89 and Figure 90). 

Closer to shore, a set of tilted blocks and normal faults appear (2D lines), this is likely to correspond to 

the Jurassic rifting phase that is limited on top by the horizon 8. H8 is the oldest layer to be identified in 

this thesis. The intrusions are affecting the stratigraphy in Sequence 4 bellow H7 (Unit 8). 
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Figure 18 – Interpreted inline and the corresponding sequences bellow. Horizons as H1 to H8 and 

sequences as S1 to S5.  
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After identifying each unit and interpreting horizons 1 to 8, the resulting seismic horizons were 

interpolated following the transformation into a surface. With the creation of surfaces is now possible to 

build depth and thickness maps. It is also possible to extract values from seismic attributes into the 

surfaces in order to highlight the different features present in each surface. 

Although the surfaces are mapped in TWT (Appendix Figure 87 and Figure 88), it is visible a 

trend of subsidence from East to West, highlighting the transition between a shelf and a deep marine 

environment. 

A total of five seismic sequences (S1, S2, S3, S4 and S5) were interpreted from the seismic 

data and divided into different seismic units using the following criteria. 

S1 

S1 is the youngest of all sequences with only one unit (Figure 18). Unit 1 is delimited on top by 

a reflection corresponding to the Sea bottom, it is the first coherent reflection that appears throughout 

the entire seismic (Figure 19). This reflection corresponds to a bright hard event, being the transition 

between seawater and sediment. Unit 1 is also delimited by H1 on the bottom. The inside of the 

sequence has sub-parallel reflections, with amplitudes from low to medium, that shows a set of fractures. 

 

 

Figure 19 - Vertical seismic sections representing the seismic signature of Unit 1 (from Sea bottom to H1) 
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S2  

The second sequence S2 (Figure 18) is divided into three units, Unit 2 with the reflections H1 as 

top and H2 as a base, Unit 3, with the reflections H2 as top and H3 as base and Unit 4 with the reflections 

H3 as top and H4 as base (Figure 20).  

Unit 2 and 3 show an identical internal configuration, the reflections are sub-parallel, the 

amplitudes are different, Unit 2 shows a higher amplitude content than Unit 3. Unit 4 also has reflections 

with sub-parallel behaviour although this unit as also a set of fractures. 

Reflections H1, H2, H3 and H4 are expressed through the seismic volume except in the NW part 

of it where the reflections merge at some point, the sequence itself as a divergent internal seismic 

configuration. 

 

 

Figure 20 - Vertical seismic sections representing the seismic signature of Unit 2 (from H1 to H2), Unit 3 

(from H2 to H3) and Unit 4 (from H3 to H4). 
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S3  

The third sequence S3 is characterized by deformation with intense faulting (Figure 18). It 

subdivides into two units, Unit 5 with the reflections H4 as top and H5 as base and Unit 6 with the 

reflections H5 as top and H6 as a base (Figure 21). The reflections from Unit 5 have medium amplitudes, 

the internal configuration is sub-parallel despite the concentrated fractures. Unit 6 shows low amplitudes 

and a complex seismic characteristic as deformed reflections. H5 is a reflection that translates the limit 

between Unit 5 and 6, this reflection was hard to interpret due to the complexity of the seismic and poor 

lateral continuity. 

 

Figure 21 - Vertical seismic sections representing the seismic signature of Unit 5 (from H4 to H5) and Unit 

6 (from H5 to H6). 

 

S4  

Sequence four, S4 (Figure 18) is characterized by a series of reflections onlaps and downlaps 

on the NW part of the seismic volume, that corresponds to a progradation with sigmoidal characteristic 

on this area. S4 is divided into two units being Unit 7 delimited by the reflections H6 as top and H7 as 

base (Figure 22) and Unit 8 delimited by the reflections H7 as top and H8 (Figure 23) as base. Unit 7 

on the NW part of the volume is highly affected by progradational units and has a sub-parallel 

characteristic to the SE. Unit 8 shows signal of progradation on the NW part of the volume and to the 

SE is highly intruded by bright reflections with non-lateral continuity that show complex geometries 

leading to velocity anomalies and onlaps of more continuous reflections – interpreted later as being the 

magmatic intrusions from Early Cretaceous. Reflection H7 was difficult to map spatially towards the NW 

part of the seismic due to high deformation, seismic signature on the crosslines to NW shows a mounded 

characteristic with low amplitude reflections, to SE this horizon is limiting on top the bright reflections 

that characterizes Unit 8 – interpreted later as being the lava flows. 
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Figure 22 - Vertical seismic sections representing the seismic signature of Unit 7 (from H6 to H7) and Unit 

8 (from H7 to H8). 

 

S5 - Basement 

The fifth seismic sequence, S5 (Figure 18), represents the acoustic basement for this project. 

H8 is the reflection on top of a unit with deformation as internal configuration for the seismic. Towards 

the deepest part of the succession (SE), H8 is characterized by reflections with low amplitude, difficult 

to follow due to lost signal originated by the attenuation from the bright reflections on top (Figure 23). 

Unit 9, with H8 as a top, spreads until the total length of the data. 

 

Figure 23 - Vertical seismic sections representing the seismic signature of Unit 9 (from H8 to the end of 

the seismic time). 
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Being the 3D seismic volume the main focus for the interpretation, the horizon 8 was propagated 

(Figure 24) from 2D lines to the volume and serves as acoustic basement for the 3D data, below which 

the strata are impossible to image as a continuous reflector.  

 

Figure 24 - Composite line with the propagation of the rift top from the left (composite between two 2D lines, 

interpretation lines from 3D volume – to the right). 

 

Unconformities 

In the NW part of sequence 4, is possible to interpret sequences of clinoforms representing shelf 

progradation and retrogradation, a system of mound shape sedimentary channels are intersecting 

horizon 7 (Figure 25), the same structures were also found by Fraticelli (2016). 

 

Figure 25 – Seismic image of the channels in Unit 7. 
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Horizon 5 represents an unconformity which is followed by sequence 2. S2 represents probably 

an increase of the sea level and subsequent infill of the basin, the layers are becoming more horizontal 

as the deposition of the sediments occurs. Horizons 3 and 4 are not spreading completely to the NW 

part of the basin. 

Sequence 1 is the representation of the newest sediments, that are affected by the maritime 

currents. 

The interpretation of some authors such as Richards et al. (1996) (Figure 26) supports the 

interpretation done in this thesis (Table 4), excepting the oldest layer that Richards et al. (1996) 

interprets as from Devonian – Carboniferous age.  

Table 4 - Correspondence between horizon and surface age. 

Horizon Surface aprox. Age Horizon Surface aprox. Age 

Sea bottom Present H5 Albian 

H1 Maastrichtian H6 Aptian 

H2 Santonian H7 Valanginian 

H3 Turonian H8 Top Rift – Jurassic 

H4 Cenomanian   

 

 

Figure 26 – Stratigraphic interpretation (adapted from Richards 1996). 

 

However, in this project, that layer is interpreted being from the Jurassic, with evidence after the 

2D seismic images and also from TOROA well report, where intrusions dated from Jurassic are shown 

on TD on the well. The correlation between TOROA and the 3D FISA volume is emphasised in Figure 

27. 
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Figure 27 – Correlation between TOROA well and the interpretation from FISA volume. 

5.1.1.1 Velocity Model 

The velocity model used to convert the layers from two-way travel time (ms) into depth (m) is 

based on an analysis of the check shots log from TOROA well (Table 5). The formation tops from 

TOROA were correlated to the interpreted horizons. The average velocities by layer from TOROA were 

used in the conversion of interpreted horizons  

Table 5 - Velocities for each sedimentary unit. 

Pseudo-wells Velocity model 

Age Lithology Velocity min [m/s] Velocity max [m/s] 

Quaternary Sandstone (typical) 1500 2000 

Selandian Diatomite (clay rich) 1800 2100 

Maastrichtian Clay 2000 2500 

Santonian Limestone (shally) 2000 2300 

Cenomanian Siltstone (organic lean) 2500 3000 

Albian Clay 2500 3000 

Aptian Shale (black) 2500 3000 

Valanginian Shale (black) 3000 3500 

Top Rift  3500  
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5.1.2 Fault planes: 

Considering exclusively the 3D seismic data, the interpretation of faults was done by interpreting 

diverse horizontal time slices from the seismic cube. To help the visualization of the fault planes, seismic 

attribute analysis was used to highlight discontinuities. 

The variance attribute was computed over the original amplitude volume. This seismic attribute 

measures the similarity in waveform and lateral change of the reflector amplitude for adjacent traces 

(Pereira 2009). Therefore, it is an edge detection attribute known to allow the strong imaging of fault 

planes, fractures, channels and unconformities (Figure 28).  

 

Figure 28 – Time slice: -5600ms. Original seismic on the left, Variance attribute on the right. 

After obtaining the variance cube, a set of time slices intersecting the interpreted seismic were 

studied. With these images, it is possible to have a basic understanding of the main fault orientation 

using the map view. 
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According to the observations and correlating the analysis with the literature (Fraticelli 2016), 

the 3D FISA volume presents almost no faulting, not being distinguished any regional fault or rift 

geometries. 

By interpreting the Variance seismic volume, it is attainable to interpret some fracture planes 

inside the Unit 8. The analysis of the fault planes was focused only on Unit 8, being this unit the 

motivation of the project, which is the one that can give any insight about the magmatic intrusions 

migration paths and emplacement (Figure 29). 

 

 

Figure 29 – Highlight of Unit 8 in a Variance attribute inline (a) time slice -5600 ms and b) time slice -6200 

ms). 
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The interpretation of the horizontal time slices shown in Figure 30 allows the definition of the 

fault main planes. From these sections, we obtain two main directions of faulting, mainly oriented from 

NNW to SSE and a second direction from WSW to ENE. Being these prolongated vertically through the 

unit. 

 

Figure 30 – Time slices of the Variance attribute cube. A) corresponds to time slice -5600ms. B) 

corresponds to time slice -6200ms. (Unit 9 in blue). Vertical location of the time slices is shown in Figure 29. 
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5.1.3 Intrusions: 

Due to the limited resolution of the seismic data, not all existing intrusions can be interpreted 

from the seismic data. Sills with smaller thickness than the vertical resolution of the seismic do not 

exhibit a clear reflection for its top and base but, will be seen as one only reflection. When visible, 

igneous intrusions can have seismic signatures such as those represented in Figure 31. 

 

Figure 31 – Seismic signatures (adapted from Planke et al. 2005, Magee et al. 2015) 

New studies show that the sill emplacement is intrinsically connected with the stress field felt in 

the region, they show a different migration path depending on the ratio of horizontal to vertical stress 

(Stephens et al. 2017) 

Sill migration generally starts with the formation of a deeper sill, circular in shape. The feeding 

point of this sill usually is near the centre of the circle. The magma follows with a planar geometry in the 

centre part, until the tips of the sill start to follow a more transgressive flow path (Malthe-Sørenssen et 

al. 2004). The deeper sill tips serve as a feeding point for shallower sills. Shallower sills tend to be more 

saucer-shaped as the deeper ones, this is due to the stress field created by the overburden rocks. It is 

possible to say that the diameter of intrusions is dependent on the depth of emplacement, increasing 

with depth (Figure 32) (Galland et al. 2009).  
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Figure 32 – Schematic representation of the sill emplacement depending on the depth. 

The emplacement of intrusions in shallower layers leads to uplift and folding of overlying strata 

(Magee et al. 2017 and references therein). This jack-up will allow inferring the relative intrusion date 

since the deposition of newer sediments, after the intrusion, will onlap the actual fold (Figure 33). The 

duration of the event is not possible to assess by the onlap strata (Magee et al. 2017). 

 

Figure 33 – Diagram showing the strata jack-up and onlapping and its correspondent in the seismic section 

(Egbeni et al. 2014). 

Magmatic rocks usually have higher velocity and density than the adjacent sedimentary rocks. 

This causes attenuation of the signal and velocity anomalies below. When imaged in TWT, the 

underlying reflection geometries can be inaccurate. Velocity pull-ups can occur due to the velocities of 

the waves passing the intrusions are higher than those in the surrounding sediments (Figure 34). 

 

Figure 34 – Seismic pull-up related to a saucer-shape sill (Jackson et al. 2013)  
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Sills have high impedance when compared with the host sediments and for that reason, they 

are seen in seismic as bright reflections with non-lateral continuity (Magee et al. 2015). The high 

amplitudes are the translation into seismic image of the effect of changing impedances.  

The intrusions were interpreted in the 3D volume individually. The interpretation was done by 

following the sill reflections going from inline to inline and crossline to crossline in a short grid, since the 

lateral extension of each sill is different and variable in space. The vertical intrusions, denominated as 

dykes, are difficult to see, but they can cause some amplitude anomalies and discontinuities, and were 

interpreted following this criteria. 

A top and a bottom reflection were interpreted for each sill. The top reflection is a hard event 

(colour red in this seismic) due to increase in impedance, the bottom reflection is a soft event due to 

decrease of impedance (colour blue in this seismic) (Figure 35). The top and bottom reflections translate 

the top and base of the sill itself. 

 

Figure 35 – Vertical seismic section showing a sill with its the top and base reflections. 
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Unit 8 is intensely intruded by magma. All the intrusions analysed during this thesis are found 

on the SE part of the 3D volume. They are spread to a total of 4991,6 km2 and they are occupying a 

volume around 260 km3. The average thickness does not overtake the 220 m. 

The main sills geometries fall in the saucer-shaped category (Figure 36), although there are 

other expressions, less common through the volume, that resembles stepping (Figure 37). 

 

Figure 36 – Saucer-shaped geometries of intrusions. 
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Figure 37 – Intrusions emplaced as steps. Dykes serving as magma migration pathways. 
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During this study, a large and central sill in the deepest portion of Unit 8 was interpreted. This 

sill is believed to be the one that influences the magma propagation. It has an inner centre with a planar 

expression followed by transgressive tips, which are ending on shallower sills (Figure 38). 

 

Figure 38 – Central sill feeding shallower sills. 

Some sills are being fed by transgressive ends of the deeper ones and others are filled through 

dykes (Figure 39). The magma is exploiting fractures to get to the upper layers, the dyke material is 

filling them.  

 

Figure 39 – Magma exploiting fractures and feeding shallower sills.  
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Figure 40 shows a map view with all the interpreted intrusions. When plotted on top of the 

fractures map it is evident a correlation between the sills orientation and the fracture planes. The sills 

are oriented in two directions: from NW to SE and from WSW and ENE. The first direction is likely the 

main direction of propagation, the sills inner part (deepest one) are corresponding to this direction, 

however the second direction looks like some barrier for propagation, the sills borders are terminating 

against this direction. 

 

Figure 40 – Map of intrusions plotted on top of a Variance attribute time slice. 
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It is possible to date the intrusions by seeing the interaction between intrusions and an 

interpreted layer. When magmatic intrusions affect layers above them, usually the strata tends to be 

jacked-up, meaning that the strata lightly uplift, this is helpful to constrain the intrusion event. 

In Figure 41 is visible that the intrusions are jacking-up layer H7, new layers are onlapping H7. 

This means that the magmatic intrusions are younger than Unit 8 but older than the layers overlying H7. 

 

Figure 41 – Layer H7 that is jacked-up and onlap details. 
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5.1.4 Lavas 

Lava flows have the same resolution problem as the intrusions. To be seen on seismic its 

thickness needs to be greater than a quarter of wavelength of the seismic signal. The flows have different 

morphologies conditional on its eruption environment as proposed by Planke et al. (1999), (Table 6). 

Table 6 - Characteristics of volcanic extrusive seismic facies (adapted from Planke et al. 1999) 

Reflector characteristics Emplacement 

environment Shape Boundaries Internal 

Wedge 

Top: high-amplitude, smooth. 

Pseudo escarpments. 

Divergent-planar. 

Disrupted, non-

systematic truncations. 

Deep marine  

(>1-200m). 
Base: rarely defined. 

Mound 

Top: high-amplitude event. 

Often planated. Chaotic. 
Shallow marine 

(<1-200). 
Base: no base. 

Wedge 

Top: high-amplitude, smooth. Divergent-planar. 

Disrupted, non-

systematic truncations. 

Subaerial. 
Base: rarely defined. 

Sheet 

Top: high-amplitude, smooth. Parallel to subparallel. 

High-amplitude, very 

disrupted. 

Subaerial. Base: low-amplitude, 

disrupted. 

Bank 

Top: high-amplitude, or 

reflector termination. 
Prograding clinoform. 

Disrupted. 
Costal. 

Base: reflector termination. 

Sheet 

Top: high-amplitude, disrupted. 
Chaotic or disrupted, 

subparallel. 
Subaqueous. Base: negative, but often 

obscured. 

 

As the intrusions, lava extrusions are also related to high seismic amplitudes, due to volcanic 

units with high impedance. Some imaging problems result from that, as the signal attenuates in high 

impedance layers disturbing the seismic signal below lava layers and sometimes above due to velocity 

pull-ups. 

The principal point for studying the lavas in this project is to assess its extent within the area of 

interest. In this basin, the lavas are present as sheet flow and, therefore, only the top layer was 

interpreted due to difficulties of distinguishing reflections from its base. The internal facies show chaotic 

texture (Figure 42, a)) as also some parts of subparallel characteristics (Figure 42, b)). After analysing 

the seismic facies of the lavas (Figure 42), it is possible to conclude that the eruption was subaqueous 

(Table 6) due to its characteristics.  
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Figure 42 – Seismic characteristic of lava flows in the FISA seismic survey. Pink line as lava top 

interpretation, a) internal sub-parallel seismic characteristic, b) internal chaotic seismic characteristic. 

The interpreted lava extrusions are located on the SE part of the volume being found on top of 

the intrusions (Figure 43). 

 

Figure 43 – Spatial location of the lavas top in map view – Variance attribute time slice.  
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The eruption point for the lavas was also analysed. The extrusions are likely to have been fed 

in two points (Figure 44) where the intrusions got to shallow levels allowing the magmatic material to 

flow towards the surface.  

 

Figure 44 – Migration path of magma – feeding points of lavas.  
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The extrusions are also probably dependent from the central sill, since lavas appear around the 

top of the sill limits (Figure 45). 

 

Figure 45 - Central sill influence on magmatic extrusions. 

Below the lava layer, to the South of the volume, the bright reflections are difficult to follow 

continuously, the reflections are constantly intersecting each other and assume a mingling effect (Figure 

46). This behaviour is characteristic of Peperites. The Peperites are known by an interaction between 

magmatic material with wet sediments, usually creating interlaced geometries (White et al. 2000). 

 

Figure 46 - Highlighted peperitic like structures.  
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5.1.5 Escape features: 

Knowing, from the geological setting of the Falkland Plateau Basin, that the intrusions are 

affecting rocks with high petroliferous potential it is expected to find fluid escaping structures, being the 

fluids water, gas or even oil.  

In the seismic data, there are some interesting features, such as bright reflections, on the upper 

layers of the stratigraphy resemble fluid accumulation (Figure 47), that might be direct hydrocarbon 

indicators. These bright spots are highly connected with the intrusions, especially the Central Sill (Figure 

48). 

 

Figure 47 - Bright spots related with intrusions. 
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Figure 48 – Fluid accumulation on top of the tips of the Central Sill. 

Regarding hydrothermal vents, some vent shape geometries were observed on the seismic 

volume. An example of a vent is shown in Figure 49 and is characterized as a mound on top of a 

chimney-like geometry. The data suggests a possible fluid accumulation on top of the mound feature. 

 

Figure 49 – Hydrothermal vent. Detailed image showing the chimney and mound structures.  
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5.2 Seismic reflection interpretation discussion 

This section summarizes the main considerations resulting from the detailed seismic 

interpretation described above. 

The stratigraphic layers are subsiding from West to East, probably going this way until the basin 

depocenter. The intrusions are contained inside Unit 8, dating from Early Cretaceous, Valanginian – 

Barremian age. They show mainly saucer-shaped geometries and corroborates the theory of Galland 

et al. (2009). The Centre Sill has a planar with transgressive ends geometry and feeds shallower sills 

through the fractures, having the shallow ones a saucer-shaped geometry. Shallower sills are more 

saucer-shaped and they appear with decreased area (Figure 50).  

 

Figure 50 - 3D view of the Central Sill, with the shallower ones above it. 

The intrusions are aligned with the fault planes (Figure 40), being these the principal pathway 

for magma migration. The magma is thus intruding and exploiting faults to get to upper levels of 

stratigraphy. In two points, the magmatic material gets to shallower depths and extrudes, creating a lava 

layer. The interaction between magmatic material and wet sediments produces a mingling effect 

resembling a peperitic system, this information and the seismic characteristic of the extrusions indicates 

a subaqueous flow, a paleo water depth of <100 during that time (Figure 42). The lavas are overlaying 

the surface H7 what indicates that they are contemporaneous with the magmatic intrusions.  

On top of the intrusions, it is found an accumulation of fluids in the upper layers, this can be due 

to intrusion of magma in high petroliferous layers (Figure 48). The heat can have impacted the 

maturation and expulsion of hydrocarbons and other fluids such as water. Some escape features are 

visible in the seismic volume, being a possible path for fluid migration. The next chapter introduces a 

preliminary study on the maturation of this region of the basin.  



 

45 
 

6 Basin modelling 

From the literature about the Falkland Plateau Basin and well reports, it is known that the main 

source rocks are intruded or affected by the magmatic bodies, this brings us to a question - what is the 

influence of the magmatic intrusions on the source-rock maturation? 

In order to answer this question and to understand the maturity of the source rocks and its spatial 

distribution inside the basin, this chapter introduces a study for the assessment of the thermal maturity 

of the source-rock, subsidence and expulsion of hydrocarbons for the Falkland Plateau Basin. This is a 

preliminary approach to contribute for the geological knowledge of the petroleum system of the basin. 

Basin modelling used geological data available for the area and applied to a grid of pseudo-wells inside 

the seismic volume. To run the model, different types of geological information were used, such as 

Vitrinite Reflectance (%Ro), Temperature, TOC and lithology, and some theoretical parameters inferred 

by literature and previous works. 

Previous basin modelling works, done in the basin, predicted temperature too low, revealing a 

cooler basin compared with new insights from Humpback and Loligo-A wells (Fraticelli et al. 2017) 

PetroMod® was used for the basin modelling and applied to 1D models created within the 

seismic inversion grid. The resulting 1D models were then used to estimate the thermal maturation for 

the entire region of interest, using geostatistical simulation. Basin modelling consists in a backstripping 

simulation which comprises the recreation in time and vertically in space of the deposition and 

subsidence history of the basin, and evaluating how these processes affect the temperature and the 

organic matter maturation of the source-rocks and its hydrocarbon generation potential and spatial 

distribution (Basin modelling, AAPG Wiki web site). 
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6.1 Basin modelling methodology 

Figure 51 shows a schematic representation of the workflow done on the 1D basin modelling. 

 

Figure 51 - Schematic representation of the workflow for the basin model. 
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6.2 Basin modelling input 

As the study area corresponds to an underexplored basin, during literature review very little 

information was found regarding the wells near the seismic volume, only information from TOROA was 

provided. Additional information was retrieved from DSDP wells 511 and 330 drilled in the basin (Figure 

52). These data were crucial to perform and calibrate the basin modelling. 

 

Figure 52 - Calibration wells position and interpretation cube. Distance between pseudo-wells grid and: 

TOROA = ~150 km; Site 330 = ~670 km; Site 511 = ~650 km. 

 

6.2.1 Stratigraphy 

The pseudo-wells stratigraphy was built using the surfaces interpreted in the volume (Chapter 

5). The geologic sequence used was extrapolated from TOROA well and filled with information from the 

DSDP wells in sections where TOROA was lacking information (Figure 53).  

Analysing the stratigraphy from the wells it is possible to distinguish times of regional 

depositional hiatus or erosion (Del Ben & Mallardi 2004), some of these discontinuities are visible in the 

seismic volume. The main discontinuities present on the seismic volume are represented by horizon 5 

and horizon 1 (Figure 18), corresponding to the transition from Albian to Cenomanian and from 

Maastrichtian to Early Tertiary. Since there is no information about erosion volumes, the discontinuities 

were introduced as hiatus. This assumption does not alter the model significantly. 
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Figure 53 - Stratigraphy correlation between wells and seismic interpretation. 

For Unit 6 and 7 the succession of shales and sands was divided based on the proportion of 

alternated seismic signatures of sand and shale thicknesses and the total Units thickness. That measure 

was propagated to all pseudo-wells based on that proportion. The division of this Unit was based on the 

previous seismic interpretation of Fraticelli (2016). 

The geochemical parameters to be imposed to the generator units correspond to the Hydrogen 

Index (HI), Total Organic Carbon (TOC) and Kinetic model. For the calibration wells it is easy to acquire 

HI and TOC values from the geochemistry test done to the wells, present on well reports. 

 The Kinetic models used were the ones built by Pepper and Corvi (1995). These models are 

often indicated to projects where there is no geochemical information and where the uncertainty is high. 
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6.2.2 Calibration data: 

The data (Table 7) from the known wells (TOROA, DSDP 511 and DSDP 330) was introduced 

in the well section as calibration data. 

Table 7 - Input data source. 

 Site 511 Site 330 TOROA 

Temperature  Calculated  Calculated  From well data 

HI  From well data  no data  From well data 

Vertical Thermal Conductivity  From well data  no data  no data 

Tmax  From well data  no data  From well data 

%TOC  From well data  From well data  From well data 

%Ro  From well data  no data  Calculated 

Porosity  no data  From well data  no data 

 

6.2.2.1 Temperature 

Temperature data from DSDP site 511 was calculated based on the geothermal gradient 

measured on the borehole. Temperature values for site 330 were also calculated based on the 

measures of site 511, correlation probably high due to their proximity (Figure 54). 

 

Figure 54 - Temperature depending on depth for site 511, site 330 and TOROA.  
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6.2.2.2 Hydrogen Index (HI) 

The hydrogen index is an indicative measure for the generative capacity of the source rock. The 

only information available was from DSDP site 511 and TOROA (Figure 55). 

 

Figure 55 - Hydrogen index depending on depth for site 551 and TOROA, (classification of kerogen type 

from Magoon and Dow 1994). 

 

6.2.2.3 Vertical thermal conductivity 

The vertical thermal conductivity is the measure of the capacity for the rock to transfer heat. The 

only information available for this variable is from DSDP site 511 (Figure 56). 

 

Figure 56 - Vertical thermal conductivity depending on depth for site 511. 
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6.2.2.4 Tmax 

Tmax is the maximum value measured in a Rock-Eval pyrolysis, it is an indicator for hydrocarbon 

maturation. The only information available for this variable is from DSDP site 511 and TOROA (Figure 

57). 

 

Figure 57 – Tmax depending on depth for site 511 and TOROA (classification of maturation from Magoon 

and Dow 1994). 

6.2.2.5 Total Organic Carbon (%TOC) 

The total organic carbon (Figure 58), as the name implies, is the measure of the organic carbon 

of a rock, it assesses the quality of the source rock. All the wells indicates good source rocks. 

 

Figure 58 – TOC% depending on depth for site 511, site 330 and TOROA, (classification of Petroleum 

potential from Magoon and Dow 1994)  
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6.2.2.6 Vitrinite Reflectance (%Ro) 

The %Ro (Figure 59) from TOROA was calculated based on Equation 3, which is a regression 

between %Ro and Tmax values from DSDP site 511. 

%𝑅𝑜 = 0,0037 ∗ 𝑇𝑚𝑎𝑥 − 1,1553 

The values for TOROA were obtained using the formula and Tmax values from the well report. 

 

Figure 59 - %Ro depending on depth for site 511 and TOROA, (classification of %Ro from PetroMod 

software). 

6.2.2.7 Porosity 

The measures of porosity of site 330 (Figure 60) are a valuable addition in order to calibrate the 

model for this well site, being these the only direct calibration parameters for DSDP site 330. 

 

Figure 60 - Porosity depending on depth for site 330. 

(3) 
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6.2.3 Boundary conditions: 

The input boundary conditions used on PetroMod® are the Paleo Water Depth (PWD), the 

Surface-Water Interface Temperature (SWIT) and the Heat Flow (HF). These conditions allow the model 

to recreate the thermal and burial evolution of the basin. 

The PWD parameter is an important measure of the water column thickness over time, it is 

important to reconstruct the burial history of the well site. 

The SWIT parameter is calculated automatically by the software, giving the input of the 

hemisphere, continent and latitude of the well. PetroMod® has a data base of paleowater temperatures 

depending on the paleolatitude. 

The HF is calculated using crustal models. These models use the stretch factors of the crust 

and the mantle as well as the rift phases for which the basin has gone through. In this case was used 

information from literature to define the HF taking into account the rift and intrusion phases in the basin 

(from site 511 reports). 

 

6.2.4 Magmatic events: 

From the seismic interpretation, the magmatic bodies that are present in the model are sills. The 

thickness and position of the intrusions were measured for each pseudo-well based on the seismic 

interpretation and the depth converted surfaces. The information about the type of magma, age, layer 

intruded and its properties was fed in the 1D Model simulation. The same property values were used for 

all pseudo-wells and are from tabled information for Dolerite magma, being this type present on outcrops 

on the Falkland Islands (Stone et al. 2008). 
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6.2.5 Calibration and boundary conditions: 

The model calibration was performed by finding the best adjustment of the Temperature curve 

and the %Ro simulated to the real values. The simulation was run for sites 511, 330 and TOROA well 

using stratigraphy data shown on Figure 53. 

In the input section there is also a slot for the geochemistry of the source rocks, the value 

attributed was the average value for that unit or depth (Figure 61, Figure 62 and Figure 63). 

 

Figure 61 - Input stratigraphy for site 511. 

 

Figure 62 - Input stratigraphy for site 330. 
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Figure 63 - Input stratigraphy for site TOROA. 

The paleowater depth (PDW) was inferred using the lithology and the probable deposition 

environment, as well as by analysing the type of microorganisms present in the samples (from well 

reports). On TOROA well, the biostratigraphy report has a description of the paleowater environment for 

deposition, only needing a numeric attribution of the metric depth (Figure 64). 

 

Figure 64 - A commonly accepted classification of marine environments (taken from AAPG Wiki, designed 

by Tipsword et al.1966). 
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The paleowater results for each well are shown in Figure 65. 

 

Figure 65 - Paleowater interpretation for site 511, 330 and TOROA. 

 

For the Surface-Water Interface Temperature (SWIT) (Figure 66), the input parameters are 

equal for each well (South Hemisphere, South America), only changing the Latitude. After giving that 

information the software generated the table for SWIT. Although, these values were changed to match 

the present day temperature. This temperature was assumed to be 2ºC (Nicholson & Stow 2019). 

 

Figure 66 - SWIT interpretation for site 511, 330 and TOROA. 
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The simulation for calibration uses the real values of each well itself, loaded on the well sections 

before. 

After running the simulation, a set of results were studied and adjusted. The simulated 

temperature (Figure 67) and %Ro were assessed and compared with the well data. For site 330, only 

the temperature and porosity were analysed due to lack of %Ro real information. 

The adjustment of the simulated curve with the real values (Figure 67) was done by changing 

the Heat Flow values (from the boundary conditions) being this the biggest variable that affects the 

model. It was needed to find a commitment between the simulated curves for each well. On site 511 

and 330 the temperature model seems to be too low for these sites, this can be because of the 

continental and older nature of the rocks on these sites, in other way, the simulation curve for TOROA 

site is corresponding better to the real values, although if shows a greater temperature near the bottom 

of the well. The commitment of calibration between wells is hard to find, however, and being the required 

study area nearer to TOROA site, it is more important that the model follows the values of TOROA than 

the other sites. 

 

Figure 67 - Simulated temperatures (blue) versus Real values for temperature (black crosses). 
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The simulated Vitrinite Reflectance (%Ro) versus the real values shows that the simulation is 

inside the range of real values. The software, as it is expected, follows a more linear trend increasing 

values over depth. The real values are not linear (Figure 68). Nevertheless the simulated values are not 

unreasonable and translate a commitment between sites. 

 

Figure 68 - Simulated %Ro (line) versus Real values for %Ro (black crosses), (classification of %Ro from 

PetroMod® software). 
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For site 330 is also important to look through the simulated porosity curve versus the real one 

(Figure 69). Despite some values, the curve translates the porosity real values. 

 

Figure 69 - Simulated porosity (line) versus Real values for porosity (black crosses). 

Hereupon the best fitted Heat Flow model is the one represented on Figure 70.  

 

Figure 70 - Best model interpretation for the Heat Flow for site 511, 330 and TOROA. 

In the input data for the creation of the HF model it was assumed a continental basement, for 

the simple reason that site 511 and 330 are believed to be on top of a continental basement (found on 

well 330), and TOROA is very close to the continental shelf and possibly still on top of a continental 

basement, if not, in a transition zone. The beta factor for the crust was calculated based on the thickness 

values from Schimschal and Jokat (2018). The other parameters were left as default. 
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6.2.6 Basin maturation assessment: 

After model calibration a grid of pseudo-wells within the seismic volume was created (Figure 

71). This approach allows the study of the maturation of the source-rock inside the volume, where the 

seismic interpretation was done. The grid was created using an equal distance between pseudo-wells, 

a radius of 15km. By having a grid of 25 pseudo-wells in total it is possible to study the maturation inside 

the volume by predicting the spatial distribution of the simulated values. 

Some of the wells are intersecting one or more sills that have been interpreted (not all the sills 

are represented in the model, only the ones found in the pseudo-wells). 

 

Figure 71 - Grid of pseudo-wells inside FISA boundaries, in orange the pseudo-wells that are intersecting 

sills. 

The stratigraphy used was the one shown in Figure 53. The depths for each layer were taken 

from the well tops corresponding to the interpreted surfaces from Chapter 5.2.1. The geochemical 

parameters used in the simulation were the same ones as from TOROA site (Figure 72) and with the 

information of intrusions for the pseudo-wells that are intersecting them (Appendix Figure 91 and Figure 

92). The pseudo-wells simulation took into account the real data from site 330, 511 and TOROA, the 

influence of each site depends on the distance to the simulation site. 
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Figure 72 - Input stratigraphy for pseudo-well 15 (example for the stratigraphy input). 

The input PWD was the same as used on TOROA site due to its proximity and lack of other 

information. However, the present-day water depth was changed to correspond to the pseudo-well real 

information. 

The SWIT was calculated using the software and changing the Latitudes depending on the 

pseudo-well position and the present-day temperature to correspond to real observations (Nicholson & 

Stow 2019). 

The Heat Flow used was the one that corresponds to the best calibration (Figure 69). 

The intrusion tool was set depending if the well was intersecting sills or not. For the wells with 

intersections, the sills tops were placed in the stratigraphy section in the right sequence position 

obtained using the velocity model and having the thickness of the intrusions obtained by time-to-depth 

convert the sills using an interior velocity of 6000m/s. 
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After running each model from each pseudo-well, the results for maturation and temperature 

were uploaded into Petrel® as an well-log. The data from the source-rocks (Sequence 4) were used as 

input to a Sequential Gaussian Simulation (SGS) using a model grid of 1000x1000x50m. A variogram 

(Figure 73) was adjusted to the values, it was found a preferential direction were the values varies the 

most horizontally, it is at -45º for the Major direction. After run the simulation it was obtained 100 

simulation cubes with equal possibility of occurrence. 

 

Figure 73 - Experimental variograms (points), automatic regression (grey line) and manually adjusted 

variograms (blue line).(a)vertical direction, b)Major direction, c) Minor direction). 

The resulting maturation cubes correspond to continuous values of Vitrinite Reflectance. These 

volumes were classified into maturation classes using the classification from Petromod® (Figure 74).  

 

Figure 74 - Categories for maturation classification. 

The 100 maturation cubes were then used to compute the probability of a single maturation 

class to happen through the grid. The probability volume allows to assess the most probable maturation 

at each location within the area of interest.  
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6.3 Basin modelling results 

Starting with the burial and maturation results for the pseudo-wells and examining the simulated 

values of well temperature (Figure 75) it is possible to interpreted that the values are reproducing the 

Geothermal gradient known for the basin (Nicholson & Stow 2019). The simulated curve is contained in 

the two sets of real values, being close to values from TOROA, the closest site. 

 

Figure 75 - Simulated temperatures for Pseudo-wells 3 (a), 15 (b) and 22 (c). 

The %Ro values through the pseudo-wells (Figure 76) are increasing with depth. The maturation 

of the source-rocks from the pseudo-wells show greater maturation when comparing to the ones on the 

known sites. This is a normal occurrence since the stratigraphic layers of the pseudo-wells are buried 

deeper than the ones in the known wells, which is translated in exposure to higher temperatures. 

An increasing in maturation is also visible from pseudo-well to pseudo-well depending on the 

depth of burial of the source rock from point to point (comparation between Figure 76, a) and b)). When 

magmatic intrusions are present in the well it is clear an abrupt increase of %Ro which can be translated 

in overmaturation (Figure 76, c), %Ro=5.00). 
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Figure 76 - Simulated %Ro values for Pseudo-Wells 3 (a), 15 (b) and 22 with magmatic intrusion (c) 

(classification of %Ro from PetroMod software). 

In Figure 77.b it is noticeable a peak of temperature during Lower Cretaceous, that peak is due 

to the magmatic bodies that intruded during that time. The peak is not visible in the model of sites that 

are not intersected by intrusions (Figure 77, a)). 

  

Figure 77 - Temperature values changing with time and depth for Pseudo-Well 15 (a) and 22(b).  
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The magmatic bodies also affect the maturation depending on time. Figure 78 b) shows the 

maturation increase during the time of intrusion, resulting in a shallower oil and gas window. The same 

peak is not present in the models of sites were the intrusions are not intersecting (Figure 78).  

 

Figure 78 - %Ro values changing with time and depth for Pseudo-Well 15 (a) and 22(b) 

Having the values of maturation in each well (Figure 79) and correctly positioned it is evident a 

greater maturation to the SSE part, this corresponds to the place where the sills are mainly located. 

Then, the maturation values were used as experimental data to the SGS in order to generate stochastic 

realization for the area of interest. 

 

Figure 79 - Wells showing maturation values for sequence 4. 
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An ensemble of one hundred realization was generated with SGS. Figure 80 and Figure 81 show 

three realizations at two different depths. All realizations honour the experimental data (i.e. the pseudo-

wells) and the variogram model imposed. 

 

Figure 80 – SGS simulation number 1, 50 and 100 for Aptian surface. 

 

Figure 81 - SGS simulation number 1, 50 and 100 for Valanginian surface. 
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The one hundred realization were classified in terms of maturation and had the probability of 

each class computed.  

The probabilities for layer Aptian and Valanginian are shown on Figure 82 and Figure 83, 

respectively. From the maps of Aptian it is possible to see a prominence of Early oil to the NNW and a 

dispersed prominence of Wet gas to the SSE. The probability tends to 1 closer to the wells, since the 

real values are being reproduced. The probability of occurrence of Late oil is less than 50% through the 

layer and 0 for Overmature class. 

 

Figure 82 – Probability of each category in the Aptian surface. a)Early oil; b)Main oil; c)Late oil; d)Wet gas; 

e)Dry gas; f)Overmature.  
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From the maps of Valanginian it is possible to see a prominence of Wet gas to the NNW and a 

dispersed prominence of Dry gas to the SSE, being this class the most probable for thee layer. 

The probability of Early oil is null and less than 50% for Main oil. For the Late oil class, the spatial 

continuity is very small being only probable to find this class near the North. Some parts show a 

probability of overmaturation. 

 

Figure 83 - Probability of each category in the Valanginian surface. a)Early oil; b)Main oil; c)Late oil; d)Wet 

gas; e)Dry gas; f)Overmature.  
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The same model was also run without magmatic intrusions. The values of probability for each 

class are presented on Figure 84 and Figure 85 for the Aptian and Valanginian, respectively.  

Comparing the two probability volumes (with and without intrusions) it is possible to conclude 

from the model that the intrusions have diminutive effect on the Aptian layer, conclusion that is evident 

being the intrusions older than the Aptian layer, although the remaining heat from the magmatic bodies 

can also affect the maturation. On Figure 84 is noticeable a slight increase of probability for the class 

Main oil and Late oil, when comparing with Figure 82 for the same categories. This is translated as a 

cooler model. 

 

Figure 84 – Probability of each category in the Aptian surface without magmatic intrusions. a)Early oil; 

b)Main oil; c)Late oil; d)Wet gas; e)Dry gas; f)Overmature.  
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Comparing the two simulations it is possible to conclude that the intrusions have effect on the 

Valanginian layer. On Figure 85 is noticeable an increase of probability for the class Dry gas, when 

comparing with Figure 83 for the same class, the probability of Overmaturation without sills is null, 

another evidence of a cooler model. 

 

Figure 85 - Probability of each category in the Valanginian surface without magmatic intrusions. a)Early oil; 

b)Main oil; c)Late oil; d)Wet gas; e)Dry gas; f)Overmature. 
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6.4 Basin modelling discussion 

Accordingly to the model, it is notorious an overmaturation of most of the volume (Figure 86), 

although in the shallower parts to the NNW there are still oil from the first and second stage. Dry Gas is 

the second category most probable to be found to the SSE of the volume, shallower in that part is 

probable to find Wet Gas. What is coherent with the gas shows from the near drilled wells (Humpback 

and Loligo - A.  

 

Figure 86 – Probability cubes for the model with magmatic intrusions. 

The differences of probability for each category comparing the model with intrusions and the 

model without intrusions are not that evident, however, on reality, they have the possibility of impact on 

the volumes of oil and gas trapped and have a weight on the viability for an Oil&Gas project. 
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7 Final considerations and Future work 

The Falkland Plateau basin is a complex basin, with a peculiar geology and geologic history. 

The intrusions present on the basin are gathered to the SSE of the interpreted volume. They are 

probably dispersed and also present beyond the interpreted volume (observed on the 2D lines). 

The most common sill shape throughout the volume is the saucer-shaped geometry, being this 

geometry more accentuated for shallower sills. There is a large sill near the centre of the volume. This 

sill has transgressive ends and is feeding the shallower sills through its tips. 

With the surfaces interpretation and by knowing the sills top and bottom it is possible to create 

a basin modelling study to assess the maturation of the source-rocks. 

It is evident an Overmaturation of the deepest source-rocks. It is more likely to find Wet gas (to 

the NNW) and Dry gas (to the SSE) near the Valanginian layer, and the first stages of oil (to the NNW) 

and Wet gas (to the SSE) near the Aptian layer. 

As in all exploratory projects, information is the key.  

The magmatic and volcanic bodies can be submitted to a more detailed interpretation and to 

different approaches depending on the objective of the project. It is interesting to have a more complete 

understanding of the emplacement mechanisms and triggers for the intrusions. 

By integrating well-logs information and geologic knowledge, it will result on a more realistic and 

accurate interpretation regarding the surfaces, lithologies and thicknesses, dependent on a more 

precise velocity model. It is also important to expand the interpretation to the extent of the basin using 

the 2D lines or new seismic surveys. 

For a more detailed model it is important to gather more information about the structure and 

lithology of the rocks in the pseudo-well grid. For the purpose of the study of the quantity of generated 

and migrated hydrocarbons it is important to have reliable values for TOC and HI inside the area of 

study and not only assumptions of nearby wells. It is also important for future basin models to include 

the layer of lavas for a more accurate simulation. 
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9 Appendix 

 

Figure 87 – Two way travel time maps of each surface. 
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Figure 88 – Two way travel time maps of each surface (cont.). 
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Figure 89 - Surfaces thicknesses in depth (m). 
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Figure 90 - Surfaces thicknesses in depth (m) (cont.). 

  



 

82 
 

 

Figure 91 - Stratigraphic input for pseudo-well 22 (with intrusions). 

 

Figure 92 - Intrusions input for pseudo-well 22. 


