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 ABSTRACT 

The study focuses on 2D basin modelling of the Hammerfest Basin to understand the petroleum 

system of the western part of the Hammerfest Basin and how it was affected by uplift and erosion 

that occurred during Cenozoic time. Two interpreted seismic sections BSS01-104 and BSS01-106 

were loaded in PetroMod software for modelling the petroleum system of the area. 

The petroleum system of the Hammerfest Basin consists of source rocks of Middle to Late Triassic 

(Snadd and Kobbe Formations) and Late Jurassic to Early Cretaceous ages (Hekkingen 

Formation). Reservoir rocks are of Early to Middle Jurassic age (Sto and Tubaen Formations) and 

the seal rocks are of Middle to Late Jurassic age (Fuglen Formation), Late Jurassic to Early 

Cretaceous (Hekkingen Formation) and Lower Cretaceous shales. The maturity indicators, such 

as temperature, vitrinite reflectance and transformation ratio, were used to determine the maturity 

of the source rocks. 

The Triassic potential source rocks (Snadd and Kobbe Formations) of the area are highly matured 

and have generated large quantities of hydrocarbons. The Hekkingen Formation of Late Jurassic 

to Early Cretaceous age is also considered as a potential source rock but it is not matured enough. 

The modelling shows that the deeper source rocks of Triassic age have generate significant 

amounts of hydrocarbons, but the upper source rocks of Late Jurassic to Early Cretaceous continue 

to generate hydrocarbons (both oil and gas) to the present day.  

The model has incorporated three phases of erosion. The first phase of erosion took place during 

75 to 60 Ma in the Late Cretaceous which eroded 200 m of the Kveite Formation and the second 

phase took place during 40 to 35 Ma in the Paleogene which eroded 300 m of Torsk Formation 

and the third phase was between 3.5 to 0.01 Ma in the Neogene which was eroded a further 500 m 

of Torsk Formation. Therefore, a total of 1000 m thickness of erosion has been modelled. 
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Chapter 1  

1.0 INTRODUCTION 

1.1. Location of the Study Area 

The Hammerfest Basin is located in the southwest part of the Barents Sea shelf (Fig. 1.1). It is 

shallow basin and has an ENE-WSW trend. The basin is separated from the Finnmark Platform to 

the south by the Troms-Finnmark Fault Complex (TFFC) and from the Loppa High to the north 

by the Asterias Fault Complex (AFC). Its western limit towards the Tromso Basin is defined by 

the southern segment of the Ringvassoy-Loppa Fault Complex (RLFC), whereas its eastern border 

has the nature of a flexure towards the Bjarmeland Platform (Gabrielsen et al., 1990). 

 

Figure 1.1  Location Map of the Barents Sea showing the Hammerfest Basin in the red square, 

well location and main structural elements (Modified from Ohm et al., 2008). 

The circles on figure 1 show the major discoveries in the area. The top right map shows the relative 

sizes of the Norwegian Barents Sea (245,000 km2) and North Sea (130,000 km2). 
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1.2. Basin and Petroleum System Modelling 

A petroleum system is a geologic system that encompasses the hydrocarbon source rocks and all 

related oil and gas accumulations and which includes all of the geologic elements and processes 

that are essential for a hydrocarbon accumulation to exist (Magoon and Dow, 1994) (Fig. 1.2).  

 

 

 

Figure 1.2  The petroleum system elements (Modified from Magoon and Dow, 1994). 

A petroleum system model is a digital data model of a petroleum system in which the interrelated 

processes and their results can be simulated in order to understand and predict them (Hantschel 

and Kauerauf, 2009). Basin modeling is dynamic modeling of geological processes in sedimentary 

basins over geological time spans (Hantschel and Kauerauf, 2009). The geological processes 

calculated and updated at each step include deposition, erosion, compaction, expulsion, phase 

dissolution, hydrocarbon generation, accumulation and migration. These processes are simulated 

in a dynamic petroleum systems model in the assessments of exploration risks, migration scenarios 

and drainage areas. The model seeks to answer questions such as whether hydrocarbons have been 

generated, where they have been generated, when they were generated, the properties of the 

hydrocarbons generated and the prospects the hydrocarbons have migrated into. 
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2D basin modelling has been done for the plays in the Hammerfest Basin using Petromod software. 

The plays consist of source rocks (Snadd and Kobbe Formations) of Triassic age and (Hekkingen 

Formation) of Late Jurassic to Early Cretaceous age, a reservoir (Sto and Tubaen Formations) of 

Early to Middle Jurassic age and seals (Fuglen and Hekkingen Formations) of Middle to Late 

Jurassic and Late Jurassic to Early Cretaceous ages.  

1.3. Problem Statement 

The evolution of the Hammerfest Basin through various tectonic and depositional events caused 

the distribution and development of the petroleum system. Erosion and uplift which occurred late 

in the basin history (Cenozoic) reduced the temperature that has a strong influence on the maturity 

of the source rocks, hence affects the generation of the hydrocarbons within the area. However, 

although there have been several important discoveries within the area, the number of dry wells 

which were encountered during exploration in the Hammerfest Basin might be due to these events. 

1.4. Previous Studies 

Various studies have been conducted in the Hammerfest Basin to provide information and 

knowledge about basin formation, geological activities and petroleum system elements. Some of 

the studies conducted in the Hammerfest Basin are: 

Rodrigues Duran et al. (2013) conducted 3D modelling of the Hammerfest Basin (southwestern 

Barents Sea). They assessed petroleum generation, migration and leakage during the basin 

formation. The source rock maturity (vitrinite reflectance) and present day temperature were used 

to calibrate the model. The maturity levels of the main source rocks (Kobbe, Snadd and Hekkingen 

Formations) were reconstructed and showed that the highest maturities have been reached in the 

western and northwestern margins of the basin. 

2D Basin Modelling and Petroleum systems analysis of the Triassic Play in the Hammerfest Basin 

of the Norwegian Barents Sea was carried out by Ben Awuah et al. (2013). Their study enhanced 

the understanding of the Triassic play in the Hammerfest Basin. The model involves three episodes 

of erosion (uplift). These episodes of erosion have increased exploration risks in the Hammerfest 

Basin.Their study showed that the Upper Jurassic Hekkingen Formation is a good source rock rich 

in organic matter with high values of hydrogen index and total organic matter, but it is not mature 

in the Hammerfest Basin. 
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The geological evolution of the Hammerfest Basin was first described in some detail by Bergland 

et al. (1986). During Late Palaeozoic to Late Jurassic times the area occupied by the present 

Hammerfest Basin was part of a regional intracratonic basin dominated by clastic deposition. This 

provided the preservation of Jurassic sequences which later were covered by Cretaceous and 

Tertiary sequences filling the basin. The Jurassic source rocks may have reached significant 

maturation in Mid Oligocene time when the area was subjected to significant uplift and subsequent 

erosion. 

The severity and timing of Cenozoic exhumation in the southwestern Barents Sea was studied by 

Cavanagh et al. (2006). The juxtaposition of the North Atlantic rift system with the borderlands of 

the Eurasian Arctic shelf has resulted in a basin evolution in the southwestern Barents Sea. The 

erosion in the Hammerfest Basin is estimated to be in the range of 500–1500 m. However, the 

relative severity of individual episodes and impact on fluid dynamics within the basin are poorly 

constrained.  

1.5. Objectives of the Study 

The main objective of this study is to understand the depositional evolution of the Hammerfest 

Basin and petroleum system through modelling two 2D seismic sections in the south western part 

of the Hammerfest basin  

The specific objectives of the study are: 

 To understand the influence of petroleum system on hydrocarbon maturity and generation 

from the source rocks and its effects to erosion and uplift. 

 To determine the depositional evolution and subsidence history of the basin through 

modelling. 

 To determine migration pathways and accumulation of the hydrocarbons of the petroleum 

system. 

. 
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Chapter 2  

2.0 GEOLOGY OF THE STUDY AREA 

2.1. Regional Geology 

In the western Barents Sea the Caledonian Orogeny involved the closure of the lapetus Ocean, 

which had separated Eurasian from Laurentia. Deformation started during the Middle Ordovician, 

reaching a climax in the Silurian. The main arm of the Caledonides (the Barents Sea Caledonides) 

follows the general NE axis of the Scandinavian-Greenland Caledonides and is thought to underlie 

most of the southwestern Barents Sea and continue towards the NE (Gee et al. 2008). A separate 

northerly oriented arm, the Svalbard Caledonides, underlies the northwestern Barents Sea, and 

underwent a final Late Devonian compressive phase (Worsley, 2008). 

Following the Caledonian Orogeny, Late Palaeozoic crustal extension led to the development of 

grabens and half grabens and, later, a regional sag basin covering major parts of the current Barents 

Shelf. Subsequent uplift to the east, induced by the onset of the Uralide Orogeny during the 

Devonian and Carboniferous-Permian plate collision (Ritzmann and Faleide 2009) led to a 

pronounced change in basin physiography in Late Palaeozoic to Early Triassic times. Post-Permian 

subsidence was primarily focused on the basins flanking Novaya Zemlya, and locally also in the 

Nordkapp Basin. To the west, the Hammerfest Basin formed as a post-Permian depocentre, 

separated by major faults from the Finnmark Platform and Loppa High. 

A dominant feature of the Barents Sea stratigraphy is the major unconformity at the base of the 

Quaternary. Early Cretaceous strata sub-crop the unconformity from the eastern Hammerfest Basin 

to the Pechora Sea, and Jurassic-Triassic strata are truncated on major structural highs and across 

large areas of the shelf towards Svalbard. The unconformity is due to Palaeogene-Recent uplift 

and erosion of the entire Barents Sea to the east of the western margin (Henriksen et al. 2011), 

with erosion products being re-deposited to the west, particularly during the Late Pliocene-

Pleistocene (Vorren et al. 1991).  

A number of significant phases of basin development have occurred since the Emsian. Early rifting 

events include the first appearance of the Hammerfest Basin as a NE-trending half-graben during 

the Late Carboniferous (Oduro 1998; Hendriks 2003), widespread half-graben development and 

unroofing of the Loppa High during the Late Permian–Early Triassic (Hendriks and Andriessen 
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2002), and a failed plate break-up in the Late Jurassic–Early Cretaceous that separated deep basin 

development in the west from shallow platform areas in the east (Gabrielsen et al. 1997).  

Oceanic crust developed along the entire continental margin from Norway to Svalbard during the 

Palaeogene, following Late Palaeocene rifting, as the Norwegian–Greenland Sea opened. The 

Sørvestnaget Basin records a thick and uninterrupted sequence of Palaeocene and Eocene 

sediments bounded to the west by the volcanic margin of the Senja Fracture Zone (Rysethet al. 

2003). The sequence is truncated as a result of shallow marine conditions during the Oligocene. 

Thick Neogene sedimentary wedges along the western edge of the passive margin (Nyland et al. 

1992) and widespread indications of glacial grounding at the shelf edge testify to multiple ice sheet 

advances during the Pleistocene (Cavanagh et al 2006). 

2.2. Lithostratigraphy of the Hammerfest Basin 

The lithostratigraphy of the Hammerfest Basin in southwestern Barents Sea is described by 

Dalland et al. (1988), Dallmann (1999) and Larssen et al. (2005). Moreover, NPD Bulletins no. 6 

and 9 describe the lithostratigraphy of the Hammerfest Basin which is known from drilling and 

interpreted seismic sections to range from the Late Carboniferous to the Quaternary. Fig. 2.1 shows 

the lithostratigraphy of the Hammerfest Basin in the Barents Sea area. 

The definitions of lithostratigraphical units are based mainly on well data from the Hammerfest 

Basin, but also taking into account data from the other structural provinces. Names presented are 

based on marine fauna of Norwegian waters together with coastal or offshore geographic names 

(Dalland et al., 1988). 
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Figure 2.1  Lithostratigraphy of the Hammerfest Basin with informal units (modified from Dalland 

et al. 1988). 
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2.3. Geological Evolution 

2.3.1. Carboniferous 

Development of fault-bounded basins commenced on Svalbard and Bjørnøya by the end of 

Devonian time (Steel &Worsley 1984) and on the Finnmark Platform during the Early 

Carboniferous (Bugge et al. 1995). The Barents Sea and Svalbard underwent further rifting during 

the Carboniferous (Worsley 2008). The rifts form a fan-shaped array of half-grabens and highs 

influenced by zones of weakness in the basement, coincident with Caledonian and older trends 

(Gudlaugsson et al. 1998). The tectonic phase is related to the initiation of the Atlantic rift system 

between Norway and Greenland in response to plate divergence and lithospheric stretching at the 

close of Devonian times. A major rift pulse is inferred for the Middle Carboniferous in the Atlantic 

rift and in the SW Barents Sea, with possible establishment of a structural connection to the Arctic 

rift (Gudlaugssonet al. 1998).  

Several sedimentary basins (example, Tromsø, Bjørnøya, Nordkapp, Fingerdjupet, Maud and 

possibly Hammerfest) may have initiated at this time (Gudlaugsson et al. 1998). Basin 

development intensified in the Middle Carboniferous and fault-bounded subsidence and half-

graben formation have been interpreted in both the southwestern Barents Sea and on the eastern 

Finnmark Platform (Gudlaugsson et al. 1998). 

2.3.2. Late Carboniferous to Early Permian 

The central and eastern parts of the western Barents Sea experienced a shift to regional subsidence 

in the Late Carboniferous with development of a regional sag basin covering the entire Barents 

Shelf (Gudlaugsson et al. 1998). The regional sag was probably related to the closure of the Uralian 

Ocean along the eastern margin of Baltica.  

A regional unconformity separates the Late Carboniferous–Early Permian strata from underlying 

rocks (Nilsen et al. 1993; Stemmerik 1997; Samuelsberg et al. 2003; Stemmerik and Worsley 

2005). Owing to continental drift the climate changed from humid tropical to sub-tropical and arid 

in the Late Carboniferous. Furthermore, from Bashkirian time, the continental post-Caledonian 

landscape in the western part of the Barents Shelf was transgressed and by Early Moscovian time 

warm water carbonate shelf conditions dominated most of the Barents–Pechora shelf (Smelror et 

al. 2009), with widespread evaporite deposition, both in the deep basins and in shallower salinas 
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and marginal sabkhas (Stemmerik 2000; Stemmerik&Worsley 2005). Continental conditions were 

presumably limited towards Fennoscandian land areas in the south and possibly also in the 

northern areas between Svalbard and Franz Joseph Land and in horst-like features along 

lineaments to the NW (Smelroret al. 2009). 

2.3.3. Late Permian 

During the late Early Permian, the entire Barents Sea saw dramatic changes in the marine 

circulation systems, with development of a marine seaway between Norway and Greenland 

causing an abrupt change in oceanic circulation, as cool sea water flowed across the Barents Shelf 

(Stemmerik et al. 1999; Stemmerik and Worsley2005). During the Artinskian–Kungurian, the 

downdip parts of the highs were again transgressed and temperate water carbonates with 

bryozoan–Tubiphytes cement stone buildups formed (Stemmerik 1997). These were succeeded, 

however by cool water carbonates and spiculitic cherts of the Bjarmeland (Late Sakmarian–

Kungurian) and Tempelfjorden (Kazanian–Tatarian) groups (Larssen et al. 2005).  

2.3.4. Early–Late Triassic (Induan–Early Norian) 

Whereas the Uralide Orogen in Early Permian–Early Triassic times was dominated by thrusting 

of the East European Craton over the Siberian Craton, the final phase of deformation took place in 

Novaya Zemlya and to the east of Timan–Pechora, involving folding during Late Triassic–Early 

Jurassic times (Ritzmann and Faleide 2009). Rapid subsidence of the North and South Barents 

basins took place during the Late Permian and continued through the Triassic, with deposition of 

approximately 4–7 km of Triassic strata (Ritzmann and Faleide 2009).  

The Triassic was tectonically a quiet period in the western Barents Sea with passive regional 

subsidence, but minor movements are observed on the Bjarmeland and Finnmark platforms. More 

active faults are found along the western margin, where the Loppa High was uplifted and eroded 

in the Early Triassic. However, stratal patterns across the Loppa High show that it subsequently 

became a significant depocentre in the Late Triassic before it was re-activated as a high in the Late 

Jurassic; it has apparently undergone several phases of inversion (Gabrielsen et al. 1993). 

In the Nordkapp Basin halokinetic movement of the Late Palaeozoic salt was initiated in Early 

Triassic times and was followed by a series of shorter growth phases throughout Triassic time 



10 

 

(Nilsen et al. 1995). In the Maud Basin the salt movements started in Ladinian time, with the main 

diapiric phase in Late Cretaceous. 

The Permian–Triassic boundary forms a regional unconformity in the Barents region. On Svalbard, 

subaerial exposure and weathering at the top of the Permian has been documented by Mørk et al. 

(1999a), with corroded Late Permian cherts overlain by Early Triassic sandstones and similar 

contacts have been seen on Edgeøya (Mørk et al. 1982) and on Bjørnøya (Mørk et al. 1990). On 

the offshore Svalis Dome the two basal Triassic ammonite zones are missing from Induan 

mudrocks on-lapping Late Permian bioclastic limestones (Vigran et al. 1998; Mørk&Elvebakk 

1999). Bugge et al. (1995) also documented a limited stratigraphic break at the top of the Permian 

succession on the Finnmark Platform, where the uppermost Permian is partly eroded below Early 

Triassic marine mudrocks.  

Across the Norwegian sector, the Induan–Early Norian succession shows a total thickness in 

excess of 2500 m, with four lithostratigraphic formations (in ascending order: Havert, Klappmyss, 

Kobbe and Snadd). Each of these can be related to regional regressive–transgressive cycles, with 

the formation boundaries picked at inferred maximum flooding events. As such they can be seen 

as genetic stratigraphic units (Galloway 1989). Reservoir rocks are generally present at the 

approximate levels of maximum regression, whereas petroleum source rocks are associated with 

marine anoxia during periods of maximum flooding and/or condensation. Biostratigraphic data 

yield the following ages for these main flooding events: 

 Early Norian – Top of Snadd Formation; 

 Late Anisian–Early Ladinian (Illyrian–Fassanian) – Top of Kobbe Formation; 

 Late Olenekian–Early Anisian (Spathian–Aegian) – Top of Klappmyss Formation; 

 Olenekian (Smithian) – Top of Havert Formation; 

 Early Induan (Griesbachian) – Base of Havert Formation. 

2.3.5. Late Triassic–Middle Jurassic 

The Late Triassic–Middle Jurassic (Early Norian–Bajocian) succession in the western Barents Sea 

embraces the main reservoirs in the Norwegian sector and includes four formations (Fruholmen, 

Tubaen, Nordmela and Stø) currently grouped into the Realgrunnen Subgroup of the Kapp 

Toscana Group (Dalland et al. 1988; Mørk et al. 1999b). The strata are bounded by the Early 
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Norian transgressive event at the basal contact with the Snadd Formation and by a regional Middle 

Jurassic unconformity/ condensed section below marine mudrocks in the overlying Fuglen 

Formation (Worsley 2008). Other notable unconformities are identified at the Rhaetian–

Hettangian transition (base of the Tubaen Formation) and in the Early Toarcian (base of Stø 

Formation). In comparison, the time-equivalent succession in the South Barents Basin is 

stratigraphically more complete. 

The Early Jurassic palaeogeographic setting was probably inherited from the Triassic. Shoreline 

regression followed after the Early Norian flooding, with the establishment of widespread deltaic 

and eventually alluvial systems in the Early Jurassic. A regional regressive maximum was reached 

during Hettangian–Sinemurian times, and the following phases of Early–Middle Jurassic 

deposition were dominated by regional transgression and gradual landwards translation of the 

shorelines (Henriksen et al., 2011a). 

2.3.6. Late Jurassic–Early Cretaceous 

Increasing tectonic activity through the Late Jurassic in the western Barents Sea culminated in the 

Early Cretaceous with the establishment of the present day structural configuration of basins and 

highs (Gabrielsen et al. 1990). The main rifting in the Barents Sea was restricted to the western 

basins, including the Hammerfest Basin, which subsided relative to the Loppa High and Finnmark 

Platform. Early Cretaceous tectonic subsidence along the western margin resulted in deposition of 

extremely thick Cretaceous successions in the Harstad, Tromsø, Bjørnøya and Sørvestsnaget 

basins (Faleide et al. 1993; Breivik et al. 1998). 

To the north (Svalbard), progradation of Early Cretaceous fluvial and deltaic systems in the 

Helvetiafjellet Formation occurred (Gjelberg and Steel 1995). Furthermore, large-scale clinoforms 

prograding from the north in Lower Cretaceous strata are evident on seismic data. These events 

can be related to increased heat flow and uplift induced by rifting and eventual breakup and 

seafloor spreading associated with the opening of the Arctic Basin (Worsley 2008). This was 

accompanied by rather extensive magmatism, with emplacement of doleritic intrusions mainly into 

Triassic–Early Cretaceous shales; extrusive lavas are also present on Kong Karl Land and Franz 

Joseph Land (Gjelberg and Steel 1995). By Late Cretaceous the whole northern shelf margin was 

uplifted (Worsley 2008). 
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2.3.7. Late Cretaceous 

Significant subsidence persisted through the Late Cretaceous along the western margin and thick 

Late Cretaceous strata are present for instance in the Tromsø and Sørvestsnaget basins, where 

thicknesses exceeding 2 km can be inferred from seismic data. However, these strata are generally 

truncated to the east, below Cenozoic and Quaternary unconformities. 

Where present, the strata comprise marine mudrocks deposited in an apparently well-oxygenated 

oceanic environment characteristic for the Late Cretaceous in the North Atlantic rift system. 

Although submarine fan systems of Santonian–Maastrichtian age exist further to the south (Vøring 

Basin: Lien et al. 2006), no such reservoir potential has so far been demonstrated for the Barents 

Sea margin. 

Apparently, the oceanic depositional setting did not favour deposition of hydrocarbon source 

rocks. However, the potential existence of such deposits cannot be ruled out, as anoxic events have 

been recorded from the Sverdrup Basin (Leith et al. 1993) and from the Atlantic rift system as far 

north as the mid-Norway shelf (Cenomanian– Turonian; Dore´ et al. 1997). 

2.3.8. Cenozoic 

Cenozoic evolution in the Barents Sea and particularly on its western margin is closely tied to the 

opening of the Norwegian–Greenland Sea, with significant shearing along the Senja Fracture Zone 

(ocean–continent boundary) as the spreading ridge propagated northwards, eventually forming a 

passive margin in the Oligocene (Nøttvedt et al. 1988; Faleide et al. 1996; Ryseth et al. 2003). 

Seafloor spreading began in the Norwegian–Greenland Sea by magnetic Anomaly 24 (Early 

Eocene). Significant reorganization of the spreading patterns occurred at Anomaly 21 (Middle 

Eocene), when spreading extended as far north as the southern limit of the Hornsund Fault Zone, 

and also at Anomaly 13 (Early Oligocene). 

A dextral stress field was set up along the Senja–Hornsund alignment. Tectonic compression along 

this fault zone, between Svalbard and north Greenland, is expressed by the fold-and-thrust belt on 

Svalbard (Steel et al. 1985). Widespread inversion and compression features are found throughout 

the Barents Sea. Dore´ &Lundin (1996) noted that Cenozoic phases of compression and inversion 

are common within the NE Atlantic realm, with important phases of structuring occurring during 

the Oligocene and Miocene. These phases may relate to the plate tectonic changes in the NE 
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Atlantic, as well as to major Alpine deformation phases. Accordingly it seems reasonable to favour 

an Oligocene–Miocene age for many of the inversion structures in the Barents Sea. 

Cenozoic strata are present over large areas of the western Barents Sea, but are less widespread 

than the underlying Cretaceous and older units. Palaeocene–Early Eocene marine mudrocks are 

generally present in the Hammerfest Basin and western part of the Nordkapp Basin, resting 

unconformably on the Cretaceous with a marked depositional break (Gabrielsenet al. 1990; Faleide 

et al. 1993). However, Cenozoic strata are absent (eroded) below the base of the Quaternary in 

surrounding platform areas such as the Finnmark and Bjarmeland platforms and parts of the Loppa 

High (Gabrielsen et al. 1990) and also generally in the northern part of the Barents Sea (Grogan et 

al. 1999). Further east, significant uplift in the South Barents Basin can also be inferred from the 

observed truncation of Cretaceous strata below the Quaternary. Accordingly, the limited 

distribution of Cenozoic strata is due to uplift and subsequent glacial erosion to the east, 

accompanied by contemporary subsidence along the western margin, with re-deposition of eroded 

material and formation of a thick glacial wedge during the Late Pliocene– Pleistocene (Vorren et 

al. 1991; Eidvin et al. 1993; Richardsen et al. 1993; Faleide et al. 1996; Henriksen et al. 2011). 

 

 

 

 

 

 

 

 

 



14 

 

Chapter 3  

3.0 HAMMERFEST BASIN PLAYS 

A play is a geographically and stratigraphically delimited area where a specific set of geological 

factors such as reservoir rock, trap, mature source rock and migration paths exist in order that 

petroleum may be provable (NPD definition). There are seven plays in Barents Sea area in which 

three of them are located in the Hammerfest Basin (Rodrigues Duran et al., 2013 and NPD). These 

three plays include Upper Jurassic to Lower Cretaceous plays, Lower to Middle Jurassic plays and 

Triassic plays. The geological factors (such as source rocks, reservoir rocks, seal/cap rocks and 

traps) of the Hammerfest Basin plays are described below: 

3.1. Hydrocarbon Source Rocks 

3.1.1. Hekkingen Formation 

The organic rich shales/claystones of the Hekkingen Formation were deposited during 

Kimmeridgian to Early Cretaceous (pre-Valanginian). This sequence which probably consists of 

several different hydrocarbon source rock facies, is equivalent to the Spekk Formation, the 

Draupne Formation of the more southerly areas of the Norwegian Shelf. In the Hammerfest Basin 

this facies show hydrogen indices of up to 500 and oxygen indices of less than 20. The kerogen 

input appears to be basically type II with an influx of type III in the very south western part of the 

basin (Ohm et al., 2008). The terrestrial kerogen influx in this area is probably derived from the 

Finnmark Platform. It is believed that the Hekkingen Formation contains the most important 

source rocks in the Hammerfest Basin (Dalland et al., 1988). 

3.1.2. Snadd Formation 

According to Berglund (1986) the Snadd Formation was deposited in a marginal marine to fluvial 

environment during Norian to Rhaetian times. The lithology of the sequence consists of 

interbedded claystones, shales and siltstones, sandstones and thin coals. The shales and claystones 

occasionally feature hydrogen indices in excess of 300 in a relatively proximal position to the 

Troms-Finnmark Fault Complex. The sediments do not appear to be buried deep enough to 

generate gas in the south eastern part of the basin. Shales in the Snadd Formation, however, have 

been a gas source in the western parts of the basin. 
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3.1.3. Kobbe Formation 

The Kobbe Formation was deposited during Early Carnian times as a mixed 

shale/claystone/siltsotone sequence. The facies is a part of a delta prograding across the basin from 

the south east towards the north west. In the south eastern part of the basin this sequence contains 

a type III kerogen capable of generating gas and probably some condensate when subjected to 

sufficiently high temperatures. This interval is the source rock of the gas encountered in this part 

of the basin. The thickening of the delta towards the centre of the basin, in conjuction with an 

increased terrestrial kerogen input to the sediments, may result in this source rock sequence losing 

its richness and importance as a hydrocarbon source (Berglund et al., 1986). 

3.2. Reservoir Rocks 

3.2.1. Sto Formation 

The Stø Formation overlies the Nordmela Formation with a sharp contact, often defined by a 

conglomeratic lag at the base of a thick sandstone unit. The formation consists mainly of fine to 

medium grained sandstones in the lower part with intervals of large scale cross stratification. Very 

fine to fine highly bioturbated sands dominate in the upper part which also includes up to three 

thin mudstone beds. Thin intervals with pebbly sandstones are present within the upper part. 

Phosphorite nodules are locally present in the upper most part of the formation. The Sto Formation 

represents, in general shoreline and near shore depostional environments strongly influenced by 

storm wave processes and bioturbation. Certain intervals in the lower part also seem to have some 

tidal influence, though, relatively strong unidirectional currents mainly dominated (Dalland et al. 

1988).   

3.2.2. Tubaen Formation 

The Tubaen Formation appears to be laterally extensive and varies in thickness from some 50 m 

to more than 130 m. In the western part of the explored area the upper part of the formation shows 

prominent upward coarsening and is interpreted as prograding mouth delta front sands with a 

lateral fluvial equivalent. The rest of the formation is generally thought to be of upper delta plain 

origin, dominated by meandering channels. The reservoir potential of the formation is well known 

and it has significance due to its thickness and wide distribution (Berglund et al., 1986).  
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3.3. Seals/Cap Rocks 

The cap rock of basin-centered traps is commonly thicker and has better sealing capacity than at 

the rim of the basin, which also tends to be more faulted (Ohm et al., 2008). Thus, distal basin 

peripheral traps in uplifted areas have a higher chance of containing oil because their cap rock may 

be partially leaking, allowing gas to bleed off while retaining oil (Sales, 1993). 

3.3.1. Fuglen Formation 

The Fuglen Formation was deposited during the Late Callovian to Oxfordian. The Formation was 

deposited in a marine environment during a highstand with ongoing tectonic movements. The 

formation is thickest in south west parts of the Hammerfest Basin, thinning to less than 10 m on 

the central highs in the basin, these areas are characterized by rare, thin limestone and by pyritic 

shales. It forms a potential cap/seal rock in the area (Dalland et al. 1988). 

3.3.2. Hekkingen Formation 

The organic rich shales/claystones of the Hekkingen Formation were deposited during Late 

Jurassic to Early Cretaceous. It is believed to be the main seal in the Hammerfest Basin region 

(Cavanagh et al., 2006). The lower boundary of Hekkingen Formation is defined by the transition 

from carbonate cemented and pyritic mudstone to poorly consolidated shale in the Fuglen 

Formation. The upper boundary in the reference well (7120/12-1) is defined towards the thin sandy 

limestone of the Knurr Formation. The dominant lithology in the formation is shale and mudstone 

with occasional thin interbeds of limestone, dolomite, siltstone and sandstone. The amount of 

sandstone increases towards the basin margins. The formation was deposited in a deep shelf with 

partly anoxic conditions (Norwegian Petroleum Directorate).  

3.4. Traps 

A trap is a configuration of rocks suitable for containing hydrocarbons and sealed by a relatively 

impermeable formation through which hydrocarbons will not migrate. Traps can be structural 

(such as folds and faults) or stratigraphic traps (such as unconformities, pinch out and reefs). The 

Hammerfest Basin plays consist of both structural traps and stratigraphic traps which make the 

accumulation of the hydrocarbons possible. Upper Jurassic to Lower Creataceous plays contains 

stratigraphic pinch-out traps and fault dependent traps. Lower to Middle Jurassic plays comprises 

of rotated fault blocks and horst structures traps and Triassic plays contains mainly stratigraphic 

traps and rotated fault blocks and halokinetic as structural traps (NPD). 
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Chapter 4  

4.0 METHODOLOGY 

The basin modelling conducted in this study is based on two seismic lines BSS01-104 and BSS01- 

106. These two lines come from regional seismic lines BSS01-104_FM_TVFGC and BSS01-

106_FM_TVFGC as shown on Fig 4.1. The sections were first interpreted using Schlumberger 

Petrel Software. After interpretation and depth conversion of these two sections, they were 

imported to the PetroMod software for basin modelling. To complete the study the following 

procedures were used; 

 

Figure 4.1  2D seismic lines BSS01-104 and BSS01-106 used in basin modelling. 
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4.1. Data Compilation 

Compilation of the data involves the mapping and gridding of the seismic lines together with well 

data and is a time consuming step. The data was interpreted in time domain, followed by velocity 

model creation and finally changed to depth domain for modeling purpose.  

4.2. Velocity Model Creation 

In order to map out the thickness and depth of the subsurface layers, a seismic model creation is 

an essential process to be conducted in the interpreted seismic section. The following procedures 

were followed to create a seismic velocity model in this study. The interval velocity for each 

package was taken from the synthetic seismogram and the surface maps created were used to create 

the velocity modelling. Moreover, the average value was used to represent packages with more 

velocity values. The parameters used to create velocity model are shown in Fig. 4.2 and Table 4.1. 

 

Figure 4.2  Synthetic generation window showing interval velocity of the interpreted horizons, 

which are used for velocity model creation. 
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Table 4.1  Parameters used to create the velocity model. 

 

4.3.  Time to Depth Conversion 

It is important to convert time to depth domain of the seismic section because it eliminates the 

structural uncertainty involved with time and confirms the structure at certain depth. The 

geological structure in seismic sections is interpreted when it is in the form of time domain. During 

geological model creation the time domain of the interpreted section have to be converted to depth 

domain (true vertical depth) by using a velocity model. The converted seismic line is then loaded 

to PetroMod software for the 2D modelling. Table 4.2 shows the depth converted lines. 
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Table 4.2  Depth converted seismic lines which can be used for 2D modelling. 

 

4.4.  Interpreted Seismic Section reflectors Observation 

The horizons and faults of seismic sections were interpreted based on the quality and configuration 

of the reflectors and depth converted for modelling of the petroleum systems. The PetroMod 

software was used for modelling the sections. It is crucial to convert the section from time to depth 

domain because PetroMod software accepts the section which is in depth domain for modelling. 

Fig. 4.3 show the reflectors of interpreted section 104 and two wells located at the section.  

 

 

Figure 4.3  Depth converted seismic section BSS01-104 and two wells located at the section. 
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In general the reflectors on the seismic section differ in configuration, amplitude and continuity, 

the observed reflectors show the following characteristics: 

The Lower Carboniferous reflector/horizon is a low to medium amplitude continuous reflector. It 

is cross cut by two major faults on both sides of the sections. The downward movement of the 

blocks triggers the formation of the hanging wall in the center of the basin (Fig. 4.3).  

Near Base of Permian is a moderate to high amplitude reflector which is characterized by high 

frequency and continuous faulted reflector. It is also bounded by the major faults as the Lower 

Carboniferous reflector (Fig. 4.3). 

The Near Top of Permian is marked by a continuous and high amplitude reflector. It overlies the 

Near Base of Permian package which is also forms wedge shape due to tectonic activities.  

The Intra Lower Triassic reflector is a continuous and moderate to high amplitude reflector. The 

package overlying the Intra Lower Triassic reflector has parallel and uniform thickness with the 

package beneath (Fig. 4.3). 

The Base Middle Triassic and Intra Upper Triassic reflectors both are bounded by major faults and 

characterized with medium to high amplitude and continuous reflectors. The packages form wedge 

shapes which are thinning away from the faults (Fig. 4.3). 
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The reflector of Base Upper Jurassic is characterized by medium amplitude and continuous 

reflector which is bounded by major faults. The stage of rift formation can be observed in this 

package. The wedge shape formation near the major faults is evidence of the syn-rift event (Fig. 

4.3). 

Intra Lower Cretaceous 1, 2 and 3 reflectors are highly affected by faults and marked by medium 

to high amplitude and continuous reflectors. The rotated faulted blocks and discontinuous faults 

was observed in these packages. The upward movement of the package near to major faults 

indicates the compressional force from the surrounding blocks (Fig. 4.3). 

Base Tertiary, Base Quaternary and the Sea bed reflectors are not affected by the major faults and 

characterized by high amplitude, sub parallel horizontal continuous reflectors. These reflectors are 

affected by truncation erosion in southeastern part and dip towards the northwestern part of the 

section. These reflector packages forms the post-rift packages of the Hammerfest Basin which is 

characterized by onlap surface and unconformity above the Base Quaternary (BQ) reflector (Fig. 

4.3). 
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Chapter 5  

5.0 2D BASIN MODELLING 

5.1. Software 

2D petroleum system models were built by using 2D PetroBuilder in PetroMod Software. The 

depositional evolution of sedimentary basin has been modelled in PetroMod software by input 

information such as layers/strata, define facies and boundary conditions. This allows estimating 

whether hydrocarbons have filled the reservoir or not, the source rock maturation and generation 

of hydrocarbons, amount of hydrocarbons present at the reservoir, formation of the trap, migration 

of the hydrocarbons and hydrocarbon types.  

Fig .5.1 shows the basic model building process, which includes: 

 Load interpreted image and digitization of horizons and faults. 

  Fault properties assignment. 

 Age and layers assignment. 

 Layer splitting and processing. 

 Facies definition assignment. 

 Assign boundary conditions such as; paleo water depth (PWD), sediment water interface 

temperature (SWIT) and heat flow (HF). 

 Setting the simulator options and parameters. 
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Figure 5.1  2D Modelling workflow. 

5.2. Data Input 

Norwegian Petroleum Directorate (NPD) fact pages and primary information from the literature 

were used for modelling. The depth converted seismic lines from Petrel software was directly 

imported in PetroMod software for 2D basin modelling. To confirm the horizon and fault intersect 

on grid point and reach the boundary of the model, the gridding of the pre-grid horizons and pre-

grid faults was done. The digitization of the interpreted horizons and faults was done by using 

PetroMod software manually. The fault model was created on completion of the digitization 

process, followed by gridding process. The section is ready for model development after 

completion of the digitization, fault model creation and gridding of the faults and horizons process 

confirmed. Figs. 5.2 and 5.3 show the pre-grid model view of the digitized horizons and faults. 
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Figure 5.2  Pre-grid model view of the digitized horizons and faults and layer splitting for model 

line 104 (In interpreted section only 13 layers can be seen, due to layer splitting 16 layers can be 

seen in this figure) 
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Figure 5.3  Pre-grid model view of the digitized horizons and faults and layer splitting for model 

106 (In interpreted section only 13 layers can be seen, due to layer splitting 16 layers can be seen 

in this figure) 

 

5.3. Fault Properties Definition 

The properties such as period, age and type of the faults can be defined in the PetroMod software.  

The faults were assigned to the PetroMod software for modelling. Total of sixteen interpreted 

faults have been assigned for model 104 and twenty two interpreted faults have been assigned for 

model 106. The faults largely developed during the Late Jurassic to Early Cretaceous rifting event. 

Thus the age of the faults was assigned as Late Jurassic (145 Ma). However, faults can be open at 

different time intervals but it is considered Late Jurassic due to the major rifting events which took 

place at this time. During rifting the faults were possible open (non-sealing) or closed (sealing), 

all faults were assumed to be closed in model 104 and only two major faults in model 106 were 

assumed to be closed and remains faults in model 106 were all assumed to be open. This is because 

the sealing and non-sealing capacity of the faults has effects on the hydrocarbons migration and 

accumulations, thus the faults were assumed to be closed in model 104 and open in model 106 to 

observe this effects (Tables 5.1 and 5.2). 
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Table 5.1  Faults properties definition table for model 104. 
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Table 5.2  Faults properties definition table for model 106 

 

 

5.4. Age Assignment 

The age information (Tables 5.3 and 5.4) was taken from Norwegian Petroleum Directorate 

Bulletin no. 4 and 6 and other published literature such as (Duran et al. 2013a and Ohm et al. 

2008). Three major erosions were assigned to the age assignment table, Late Cretaceous erosion 

which eroded 200m of layer thickness, Base Paleocene erosion which eroded 300m of layer 

thickness and Base Quaternary erosion which eroded 500m of layer thickness. The oldest reflector 

is Lower Carboniferous, which is around 354 Ma and youngest reflector is the Top Nordland 

Group around 0.0 Ma. The thickness of the eroded layer was also estimated to be 1000 m in total 
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for all three phases of erosions. The amount and duration of erosion assigned in the table is based 

on Rodrigues Duran et al. (2013a). 

 

Table 5.3  Age assignment table for model 104 
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Table 5.4  Age assignment table for model 106 

 

5.5. Facies Definition 

Tables 5.5 and 5.6 define the facies and characteristics of the different layers used in the model. 

The Snadd, Kobbe Formation and Hekkingen Formations are defined as the source rocks. 

Properties such as Hydrogen Index (HI), Total Organic Carbon (TOC) and Kinetics of the source 

rock were assigned to the facies definition table. According to Ohm et al. (2008) the shale TOC 

contents for the Kobbe, Snadd and Hekkingen Formations are around 3-5%, 2-4% and 8-12% 

respectively.  In addition to that the Hydrogen Index is 200mg/gTOC, 150mg/gTOC and 
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300mg/gTOC and the Kerogene types are TIII, TIII and TII-TIII respectively.  The values of TOC 

and HI were assigned in the model for each source rock as mentioned above. The reaction kinetics 

used is Burnham (1989) _TII and Burnham (1989) _TIII because the Hekkingen Formation is the 

type II-type III source rock and Snadd and Kobbe Formations are type III source rocks. 

The Sto and Tubaen Formations were defined as the reservoir rock whereas the Fuglen Formation 

was defined as the seal rock. The study done by Berglund et al. (1986) shows that most 

hydrocarbons in the Hammerfest Basin are preserved in Middle Jurassic Sto and Tubaen 

sandstones. The remaining layers were defined as the overburden and underburden rocks.  

 

Table 5.5  Facies definition table for model 104 
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Table 5.6  Facies definition table for model 106 

 

 

5.6. Boundary Conditions 

Boundary conditions define the basic energetic conditions for temperature and burial history of the 

source rock and, consequently, for the maturation of organic matter through time (Ben Awuah et 

al. 2013 and PetroBuilder 2D_User Guide version 2014.1). Three main boundary conditions were 

defined during modelling of the basin these are; Paleo Water Depth (PWD), Sediment Water 

Interface Temperature (SWIT) and Heat Flow (HF). The PWD of the Hammerfest Basin was 

assigned based on Lambeck (1995) which varies between 300 and 500 m. The SWIT was defined 

using the automatic function in Petromod. The hemisphere was defined as northern and the latitude 

as 720 (Fig. 5.4). The hemisphere and latitude were set based on the location of the Hammerfest 

Basin. First the HF trend was created and then assigned to the model from 0 Ma (40 mW/m2) to 

345 Ma (70 mW/m2). Heat flow values in the Barents Sea vary between 50-70 mW/m2 (Eldhom 

et al., 1999). The highest value of 75 mW/m2has been assigned to periods of extensive rifting and 

faulting whereas the lowest heat flow values have been assigned to periods of uplift and erosion. 
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The boundary condition trends for both models are shown in Figs. 5.5 and 5.6 and Tables 5.7 and 

5.8. 

 

Figure 5.4  Sediment Water Interface Temperature (SWIT) definition. 
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Table 5.7  Boundary conditions for model 104 
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Table 5.8  Boundary conditions for model 106 
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Figure 5.5  Boundary conditions trends for model 104. 

 

 



37 

 

 

Figure 5.6  Boundary conditions trends for model 106. 

 

5.7. Model Simulation 

The model was opened in 2D simulator window to run for simulation. The migration method was 

hybrid (Darcy + Flow path) as explained by Ben Awuah et al., (2013). The default value was used 

for the parameters in the simulation option and run the control panes. Sweeney and Burnham 

(1990) _EASY%Ro and the kinetic reaction used was Burnham (1989) _TII and Burnham (1989) 

_TIII were used as for calibration model. The simulation run was successful and the log summary 

for both models is shown in Appendix 1 and 2. 
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Chapter 6  

6.0 MODELLING RESULTS AND DISCUSSION 

6.1. Burial History, Erosion and Uplift 

The study area has been affected by several episodes of erosion and uplift during the Cenozoic 

which have affected the petroleum system. When the area is uplifted and then eroded it tends to 

be exposed to lower temperatures which can have a large effect on the maturity of the source rocks.  

The Hammerfest Basin petroleum system plays consists of the source rocks of Triassic (Snadd and 

Kobbe Formations) and of Upper Jurassic (Hekkingen Formation) age. Reservoir rocks (Sto and 

Tubaen Formations) are of Middle to Upper Jurassic age, whereas the seal rocks (Fuglen and 

Hekkingen Formations) are Middle to Upper Jurassic. Both structural and stratigraphic traps are 

found in the basin. The maturation of the hydrocarbons from the Triassic and Upper Jurassic source 

rocks lead to the generation of large quantities of gas and oil in the area.  

The area of study has been affected by several episodes of tectonic events since the Caledonian 

Orogeny in Early Devonian times. Mid Carboniferous rifting was followed during the Triassic to 

Early Jurassic by regional subsidence and large thicknesses of sediments were deposited from the 

eastern areas. During Middle to Late Jurassic rifting took place which lead to the formation of the 

current Hammerfest Basin. Figs. 6.1- 6.17 show the deposition of the layers in the basin. 
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Figure 6.1  250-230 Ma, Orret Formation deposited at Early Triassic layer. 

 

 

Figure 6.2  230-210 Ma, Kobbe Formation deposited at Middle Triassic layer. 
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Figure 6.3  210 - 200 Ma, Snadd Formation deposited at Middle to Upper Triassic layer. 

 

 

Figure 6.4  200 - 196 Ma, Fruholmen Formation deposited at Upper Triassic layer. 
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Figure 6.5  196 - 184Ma, Tubaen Formation deposited at Lower Jurassic layer. 

 

 

Figure 6.6  184 - 167 Ma, Nordmela Formation deposited at Lower to Middle Jurassic layer. 
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Figure 6.7  167- 155 Ma, Sto Formation deposited at Middle Jurassic layer. 

 

 

Figure 6.8  155 – 140 Ma, Fuglen Formation deposited at Middle to Upper Jurassic layer. 
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Figure 6.9  140 – 130 Ma, Hekkingen Formation deposited at Upper Jurassic to Lower Cretaceous 

layer. 

 

 

Figure 6.10  130 – 120 Ma, Knurr Formation deposited at Lower Cretaceous 1 layer. 
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Figure 6.11  120 – 96 Ma, Kolje Formation deposited at Lower Cretaceous 2 layer. 

 

 

Figure 6.12  96 – 75 Ma, Kolmule Formation deposited at Lower Cretaceous 3 layer. 
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Figure 6.13  75 - 60 Ma, first erosion (uplift) of Kveite-Kviting Formation at Late Cretaceous 

layer, resulting in reduction of layer thickness of 200 m at Late Cretaceous. 

 

Figure 6.14  40-35 Ma, second erosion (uplift) of Base Paleocene layer, resulting in the reduction 

of layer thickness of 300 m at Paleocene. 



46 

 

 

Figure 6.15  3.5 – 0.01 Ma, third erosion (uplift) of Base Quaternary layer, resulting in the 

reduction of layer thickness of 500 m at Paleogene.  

 

 

Figure 6.16  2.5 – 0.01 Ma, Deposition of the Quaternary layer. 
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Figure 6.17  0.00 Ma, Present day basin configuration. 

6.2. Source Rock Maturity 

The modelling results of the Hammerfest Basin are viewed in PetroMod by using the 2D viewer 

option. The results show that the Triassic source rocks are mature enough to produce hydrocarbons 

with the help of maturity parameters such as temperature and vitrinite reflectance which was used 

in the calibration. The temperature history of the model shows that the base of the sediments in the 

deeper parts of the basin reaches maximum temperatures of about 250 0C in model 104 and 245 

0C in model 106. The source rocks of the Snadd and Kobbe Formations reached maximum 

temperature at about 220 0C in model 104 (Fig 6.18) and 225 0C in model 106 (Fig 6.19). The 

source rock Hekkingen Formation reaches maximum temperature at about 85 0C in model 104 and 

75 0C in model 106. These ranges of temperature provides evidence that the Triassic source rocks 

(Snadd and Kobbe Formations) are over matured and reaches the dry gas window in the deepest 

parts of the basin whereas the Hekkingen Formation is still in matured stage to generate oil. The 

uplift and erosion which took place trigger the cooling of the source rocks, this lead to the cessation 

in hydrocarbon generation as evidenced by Hekkingen Formation source rock in the model.   
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Both temperature and vitrinite reflectance increases with depth, thus they show linear relationship 

between temperature and vitrinite reflectance. The source rocks are matured enough to generate 

both oil and gas as shown by Vitrinite reflectance by (Sweeney & Burnham (1990)), which is the 

standard indicator for maturity.  

The maturation of the Triassic source rocks started during Mid-Cretaceous when early oil 

generated, this shown by temperature and vitrinite reflectance from the model. The deeper 

sediments of the Hammerfest Basin experience higher temperature around 220 0C, which resulted 

to high vitrinite reflectance value. Thus, the deeper part of the basin was transformed earlier to 

produce hydrocarbons and high maturity occurs at this area compared to the rest of the basin. 

However, the less deep sediments such as of Mid-Cretaceous its sediment temperature was around 

75-85 0C, whereas the vitrinite reflectance value was in the range of 0.55-0.7 which indicate the 

oil mature stage (Figs. 6.20 and 6.21). 

 

Figure 6.18  Present day temperature of the source rocks intervals for model 104. 
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Figure 6.19  Present day temperature of the source rocks intervals for model 106. 

 

 

Figure 6.20  Present day Easy Ro converted in oil and gas generation windows for model 104. 
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Figure 6.21  Present day Easy Ro converted in oil and gas generation windows for model 106. 

 

Transformation ratio (TR) is the maturity indicator which shows that the source rock is matured 

enough to transform kerogen to oil or gas. When the value of TR of the source rock reaches 1, it 

is fully matured and all hydrocarbons have been generated from the source rocks. For immature 

source rocks the TR value is 0. The Hammerfest Basin models 104 and 106 indicate in deeper part 

of the basin, the transformation of the source is 1 and other parts 0.42 – 0.70 is already transformed. 

So, the model result show that Late Jurassic (Hekkingen Formation) is immature at present day 

and the Middle to Late Triassic (Snadd and Kobbe Formations) are nearly fully mature (Figs. 6.22 

and 6.23). More increase in temperature can triggers the generation of the remaining kerogen bulk 

in the Hammerfest Basin (Figs. 6.24 and 6.25).  
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Figure 6.22  Present day transformation ratio for model 104. 

 

 

Figure 6.23  Present day transformation ratio for model 106. 
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Figure 6.24  Present day remaining kerogen bulk for model 104. 

 

 

Figure 6.25  Present day remaining kerogen bulk for model 106. 



53 

 

6.3. Hydrocarbon Generation, Migration and Accumulation 

The petroleum system was formed by the combination of petroleum system elements, processes 

and timing during deposition of the layers. The deposition of the petroleum elements such as 

reservoir, source and seal rocks should occur before petroleum system processes such as 

generation, migration and accumulation took place. During Mid Cretaceous time generation, 

migration and accumulation of hydrocarbons had started to occur, the preservation of 

hydrocarbons depends on the formation of the traps. The results of the model show that traps 

formed during Late Jurassic to Early Cretaceous which means that the preservation of the 

hydrocarbons generated was possible due to the proper timing of the trap formation. The Sto and 

Tubaen reservoir was formed during Early to Middle Jurassic before the generation of the 

hydrocarbons from the source rocks. Since these events occurred at the proper timing, then it was 

possible for the hydrocarbons to migrate and accumulate in the reservoirs. A critical moment is 

the point in time selected by the investigator that best depicts the generation, migration and 

accumulation of the hydrocarbons in a petroleum system (Magoon and Dow 1994). The critical 

moment which is represented by red line in Fig. 6.26, is considered to be 80 Ma. 

 

 

Figure 6.26  Event chart. 
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The accumulation of hydrocarbons is not possible to occur before the deposition of the petroleum 

system elements such as reservoir and seal being deposited. The migration of the hydrocarbons 

are vertically upward or downward from the source rock (where they are generated) into the 

reservoir rock. The possibility of the reservoir which is near to source rocks to receive 

hydrocarbons is higher compared to those which are far from the source. In the model our 

reservoirs are in between the younger and older source rocks, thus we expect the migration to be 

vertically upward and downward. Some migration occurs along faults which cause leakage of 

hydrocarbons (Figs. 6.27 and 6.28) and accumulated in the layers above.  

 

Figure 6.27  Oil upward migration from the source rocks into the reservoirs and the lateral 

migration within the source rocks. 
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Figure 6.28  Gas upward migration from the source rocks into the reservoirs and the lateral 

migration within the source rocks. 

 

The model results show that there are possible prospects and accumulated hydrocarbon reserves 

present in the study area. The visible accumulation at reservoir conditions is about 29.65 MMbbls 

of oil and 8.06 Mm^3 of gas, whereas the amount flashed to surface condition are 21.44 MMbbls 

of oil and 2567.33 Mm^3 of gas (Model 104). Model 106 show the visible accumulation at 

reservoir conditions is about 34.19 MMbbls of oil and 11.11 Mm^3 of gas, whereas 24.69 MMbbls 

and 3017.82 Mm^3 of gas are flashed to the surface conditions 
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Chapter 7  

7.0 CONCLUSION 

Tectonic events of Late Carboniferous to Early Cretaceous age in the western part of the Barents 

Sea lead to the evolution of the Hammerfest Basin through extension of the faulted blocks. The 

formation of the major faults zones (Astrias Fault Complex (AFC) and Troms-Finnmark Fault 

Complex (TFFC)) which separate the Hammerfest Basin from the Loppa High to the north and the 

Troms-Finnmark Platform to the south was a major tectonic event in the evolution of the 

Hammerfest Basin, which culminated in Late Jurassic to Early Cretaceous rifting event. 

The petroleum system of the Hammerfest Basin was formed during Triassic to Paleocene. The 

petroleum plays of the Hammerfest Basin consist of the geological factors such as source rocks, 

the Snadd and Kobbe Formations of Triassic age and the Hekkingen Formation of the Upper 

Jurassic age. The reservoir rocks (Sto and Tubaen Formations) are of Middle to Lower Jurassic 

age. The seal/cap rocks consist of the Fuglen and, Hekkingen Formations of Middle to Upper 

Jurassic age and Early Cretaceous shales. The traps formed largely as structural traps such as 

rotated fault block traps and some stratigraphic traps like pinch outs.  

The potential Triassic source rocks of the area are highly matured and have generated large 

quantities of the hydrocarbons. The maturity of the source rocks has been modelled by using 

vitrinite reflectance (EasyRo) and transformation ratio. The Hekkingen Formation of Late Jurassic 

age is also considered as the potential source rock, but it is not well enough matured. The modelling 

shows that in the deeper parts (Triassic) of the basin the source rocks have become matured to 

overmatured, but in the shallower parts (Late Jurassic) hydrocarbons continue to be generated to 

the present day. The basin is heavily faulted. A lot of the vertical migration will have taken place 

along faults  

The late Cenozoic uplift and erosion in the Hammerfest Basin has affected the seal causing the 

leakage of hydrocarbons in some parts of the basin. The temperature decrease due to uplift and 

erosion caused cooling of the source rocks that lead to the cessation in hydrocarbon generation.  
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Appendix 1: Simulation log run for model 104 
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Appendix 2: Simulation log run for model 106 

 

 

 

 

 

 

 


