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Foreword

Since its establishment in 2013, the Research Centre for Arctic Petroleum Exploration 
(ARCEx) has contributed to education at universities affiliated to the centre at all levels 
from B.Sc. to PhD, including the supervision of about 70 M.Sc. students. The theses 
of the M.Sc. students with affiliation to ARCEx addressed a large variety of scientif-
ic topics ranging from geological fieldwork, processing and interpretation of seismic 
data, to numerical modelling – all relevant for hydrocarbon exploration. The students 
worked both on more generic topics, as well as on specific onshore and offshore studies 
in geographic areas ranging from Mid-Norway to Svalbard, in particular the Barents 
Sea and Svalbard. The types of materials dealt with in the theses range from ice (both 
permafrost, sea ice and gas hydrates) to fluids, salt and rocks, the latter including both 
sedimentary and igneous rocks. Timeframes of the studies covered the present and ge-
ological intervals up several hundreds of millions of years back in time. The durations 
of processes studied vary from milliseconds – related to the migration of seismic waves 
– to tens of thousands and millions of years – due to the activities of ice sheets and
tectonics. One should also notice that the supervision of the M.Sc. students changed 
from often single-supervisor guidance during an early phase of ARCEx to almost ex-
clusively collaborative supervision by experts from academia, authorities and industry, 
both from Norway and abroad.

In summary: since its foundation, ARCEx has had a vital role at national scale con-
tributing to the education of students being experts in a large variety of topics relevant 
to hydrocarbon exploration, in particular the Arctic.

This booklet contains a compilation of abstracts from the M.Sc. theses finalised 
with contribution from ARCEx, giving you a taste of competence generated by future 
experts potentially contributing to Arctic Petroleum Exploration.

Tromsø, 12 September 2018

Matthias Forwick
Head of Department

Department of Geosciences
UiT The Arctic University of Norway
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3D Thermobaric Modelling of Central Spitsbergen 
Implications for Gas Hydrate Occurrence

Peter Betlem

Supervised by Kim Senger (UNIS), Einar Jón Ásbjörnsson (Reykjavik University), and Juliet Ann Newson (Reykjavik 
University)
Iceland School of Energy, Reykjavik University

Gas hydrates have traditionally been viewed as hazardous to petroleum operations, particularly with respect to flow 
assurance in pipelines and slope stability. They occur where gas migrates through environments characterised by mod-
erate pressures and low temperatures. Gas hydrates thus naturally occur in two main settings, i.e., a deepmarine, offshore 
setting and a polar, onshore setting associated with permafrost. While nowadays considered a vast potential source of 
hydrocarbons, stability of gas hydrates in the permafrost setting is being compromised by climate change, with release of 
even a small fraction of the permafrost-associated hydrates being potentially hazardous. Exploration and quantification 
of Svalbard’s gas hydrate potential is limited compared to other polar regions (e.g., Russia, Alaska, Arctic Canada), even 
though the archipelago’s unique setting makes it even more prone to change. By designing a semi-automated work-
flow, and incorporating all available data, this work has resulted in the first assessment of the gas hydrate stability zone 
(GHSZ) for central Spitsbergen. The framework’s Python back-end allows for both laterally and vertically changing in-
put parameters, is easily upgradable with both new functions and novel datasets, and provides a link to third-party tools 
while guaranteeing industry-standard support through Schlumberger’s Petrel front-end. Although uncertainties in local 
temperature and pressure regimes prevent higher-order assessments, a strong correlation is observed between GHSZ 
and base permafrost. On a regional scale, the vertical extent of the GHSZ is most pronounced in areas with thick layers 
of permafrost, i.e., highlands and mountains, with the lateral extent governed by trends governing surface and subsur-
face thermobaric conditions. In Adventdalen, intrapermafrost heterogeneities, wet gas and pressure built-up near the 
base permafrost, and borderline favourable thermal regimes, make for a likely gas hydrate formation setting. Changes in 
surface temperature are likely to destabilise a substantial part of the regional GHSZ. The versatility of the workflow has 
furthermore been shown via an offshore GHSZ modelling effort targeting the Fingerdjupet Subbasin, SW Barents Sea, 
through a collaboration with the operating company Spirit Energy.
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A combined 3D seismic and sedimentological 
study of the Lower Cretaceous succession in the 
northeastern part of the Nordkapp Basin

Adam Alfred Brennhaugen

Supervised by Sten-Andreas Grundvåg (UiT), Iver Martens (UiT), and Rune Mattingsdal (NPD)
Department of Geosciences, UiT The Arctic University of Norway

In this master’s thesis in geology, 3D seismic data and shallow stratigraphic cores were used to investigate the Lower 
Cretaceous succession in the central sub-basin of the Nordkapp Basin, Barents Shelf. 

The Lower Cretaceous is listed as a potential petroleum play model on the Barents Shelf, which makes the succession 
of interest for petroleum exploration. Recent studies of the have divided the Lower Cretaceous succession into seven 
genetic sequences, bounded by flooding surfaces. Out of these sequences, three were identified in the central sub-basin 
of the Nordkapp Basin. Salt diapirs are prominent in the Nordkapp Basin, including the study area, which affect the 
surrounding successions and are a challenge for seismic interpretation. 

The two 3D seismic surveys used were ST0624 and ST0811, which cover approximately 770 km2 and 1065 km2 
respectively in the central Nordkapp Basin. Three shallow stratigraphic cores were used for sedimentological interpreta-
tion of the Lower Cretaceous succession: 7231/01-U-01, 7231/04-U-01 and 7230/05-U-09. The cores were taken in the 
vicinity of the seismic survey area. 

The Lower Cretaceous succession in the study area was divided into three sequences (S1–S3) based on seismic data 
interpretation, and correlation to other studies. An Upper Jurassic sequence was also interpreted (JS1), correlated to 
the Hekkingen Formation source rock. Depositional environments of the sequences were investigated in the shallow 
stratigraphic cores, and correlated to the seismic data. Time-thickness maps were generated to interpret the depocenters 
of each sequence, and their relation to each other.

 Seven salt diapirs were interpreted in the study area. Based on thinning towards the diapirs in sequences JS1 and S1, 
the diapirs are suggested to have been active during deposition of these sequences. 

A regressional trend was found in the Lower Cretaceous sequences in the cores, progressing from an outer marine 
to inner shelf and shoreface setting. This correlates well to the sequences observed in the seismic data, where the dep-
ocenters of each sequence migrates from the NE of the study area (S1), to the middle of the study area (S2), to SW of 
the study area (S3). Paleogeographic maps of the study area during the deposition of the Lower Cretaceous succession, 
were generated.
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A sedimentological study of the Lower 
Cretaceous Glitrefjellet Member, Svalbard 

Thea Marie Engen

Supervised by Sten-Andreas Grundvåg (UiT) and Snorre Olaussen (UNIS)
Department of Geosciences, UiT The Arctic University of Norway

Detailed facies analysis of the Early Cretaceous Helvetiafjellet Formation (Barremian-Aptian) indicates deposition dur-
ing a long-term transgression. The formation has received a lot of attention in previous published papers, particularly 
the lowermost Festningen Member has been detailed in numerous papers. However, the uppermost Glitrefjellet Mem-
ber is typically poorly exposed in outcrops, and consequently difficult to study. There are therefore few available studies 
that have investigated the Glitrefjellet Member in great detail. This study investigates stratigraphic cores (DH-1 and 
DH-1A) stored in Longyearbyen, aiming at describing sedimentary facies at a detail not achievable in outcrop. The de-
tailed facies analysis presented in this thesis consequently contributes to the general understanding of the depositional 
evolution of the Helvetiafjellet Formation in general, and the Glitrefjellet Member in particular. Fourteen facies grouped 
into nine facies association have been defined. The underlying Rurikfjellet Formation consists of prodelta deposits (FA-
1) and is overlain by the Helvetiafjellet Formation. The Festningen Member consists of fluvial braidplain deposits (FA-2). 
The overlying Glitrefjellet Member encompass a wide range of facies associations. The lowermost part include floodplain 
deposits (FA-3), crevasse splay deposits (FA-4), fluvial distributary channel deposits (FA-5). The uppermost part of the 
Glitrefjellet Member includes delta plain deposits (FA-6), delta front deposits (FA-7) and wave-reworked delta deposits 
(FA-8). The overlying Carolinefjellet Formation consists of offshore transition deposits (FA-9).The results of the facies 
analysis are compared and correlated to published sections across Svalbard, which has observed an overall thickening 
towards the south. However, an overall thickening towards the northwest was observed in this thesis. The significant 
variations in thickness are possibly related to basin subsidence or major fault zones. The depositional model is further 
compared to some modern analogues to the (Mahakam delta and Pamlico Sound), which is considered to be a close 
planform. The modern analogues contributes with information with regards to the depositional process and paleo-
geographic evolution and reconstruction of the Helvetiafjellet Formation shoreline. Of particular interest is the lateral 
relationship between barrier deposits in Kvalvågen in the east, tidally-influenced estuarine deposits to the west and a 
transgressive lag documented in the uppermost part of the Glitrefjellet Member to the north in the Adventdalen area. 
This suggests a large backstepping barrier bar complex.
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The upper Paleozoic regional development of the 
Ottar basin from seismic 2D interpretation. 

Sebastian Sandvik Finnesand

Supervised by StigMorten Knutsen (NPD/UiT) and Iver Martens (UiT) 
Department of Geosciences, UiT The Arctic University of Norway

The Ottar basin is not yet formally defined, but is a known structural element situated under the Bjarmeland Platform 
in the southwestern Barents Sea, buried beneath thick, flay-lying Mesozoic strata. This thesis focuses on delineating 
the informal upper Paleozoic Ottar basin. The delineation presented, is based on lateral/vertical variations in lithology 
and the surrounding tectonic setting of the Ottar basin. Several 2D seismic surveys were utilized and interpreted for 
this task, with the aid of well-ties from two wells penetrating the upper Paleozoic succession (7226/11-1 and 7124/3-1) 
located at the Norsel High and the Nysleppen Fault Complex, in close proximity to the Ottar basin. 

The study includes three seismic units encompassing four different lithostratigraphic units of the upper Paleozoic 
succession (Billefjorden-, Gipsdalen-, Bjarmeland- and Tempelfjorden- Groups). An enclosed delineation and a geolog-
ical development model of the Ottar basin has been proposed.
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Geofaglig kunnskap og holdninger til norsk 
petroleumsnæring; Et casestudie av Alta/Gohta 

Mariann Forsberg

Supervised by Alfred Hanssen (UiT) and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway

Denne oppgaven har som hovedfokus å belyse holdninger og geofaglig kunnskap knyttet til norsk petroleumsnæring. 
Oppgaven tar utgangspunkt i olje- og gassfunnene Alta/Gohta i Barentshavet. Et geofaglig litteraturstudie har blitt 
gjennomført for å oppnå en forståelse av funnenes geologi og særegenheter. Intervjuer med norsk petroleumsnærings 
hovedaktører; olje- og energidepartementet, oljedirektoratet, operatørselskaper representert ved Lundin Norway og ny-
hetsmedier representert ved nettavisen enerWE, har blitt gjennomført for å undersøke deres kommunikasjonsstrategier 
og målgrupper. En spørreundersøkelse ble opprettet med mål om å utforske elementene tillit og engasjement til norsk 
petroleumsnæring og kunnskapsnivået knyttet til Alta/Gohta. 

Spørreundersøkelsen ble spredt via sosiale medier, en gateundersøkelse i Tromsø sentrum og på e-post til deltakerne 
ved årets OG21-forum, og det ble innhentet totalt 337 responser på spørreundersøkelsen. Intervjuene av aktørene og 
resultatene av spørreundersøkelsen danner hovedgrunnlaget for analysene gjort i denne studien. Et av hovedfunnene 
er at tillit til norsk petroleumsnæring og det generelle geofaglige kunnskapsnivå er sterkt knyttet til om man har en per-
sonlig tilknytning til næringen eller ikke, uavhengig av alder. En del av oppgavens konklusjon er knyttet til forbedring-
spotensialet aktørene har med hensyn til formidling, for eksempel ved mer målrettet kommunikasjon aktivt rettet mot 
de grupper som ikke er involvert i bransjen.
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Effects of frozen and partly frozen surfaces on seismic data 

Susanne Furland

Supervised by Tor Arne Johansen (UiB) and Bent Ole Ruud (UiB)
Department of Earth Science, University of Bergen

Knowledge about the propagation of seismic waves in frozen media is fundamental to map the Earth structure in arctic 
environments. Seismic exploration is today common worldwide, and the growing market for hydrocarbon resources 
increase the interest in moving exploration further north. 

Effects from permafrozen ground, glaciers and sea ice are studied through seismic processing and analysis of five 
datasets, all acquired in Svalbard, Norway. The study outlines how the seismic waves are influenced by changes in freez-
ing conditions, and how it affects the seismic resolution and data quality. Highly dispersive surface waves are a common 
problem when having varying near-surface conditions, as its dispersive nature may mask information of interest. These 
waves are further studied for evaluating if the surface waves can be more of an attribute than noise, by inverting Rayleigh 
wave phase velocities to Vs. 

Changes in wave velocities and propagation are studied by analysing the seismic data through different steps of the 
processing workflow. The main processing methods applied for the data collected on permafrost and glacier are filtering 
in the f-k domain, for handling dispersive surface waves and spatial aliasing, and velocity analysis for investigating the 
vertical and lateral velocity variations. For the surface wave inversions, a simplification of the MASW method is used 
to estimate Vs. 

Results show that the seismic response is highly impacted by the frozen top surface, and frozen to unfrozen subsur-
face, by highly dispersive surface waves and severe spatial aliasing effects. The high velocity of the tundra’s frozen top 
surface, and the glacial ice, results in a low-velocity layer below, giving high Vp with depth, and reduced resolution and 
data quality. In the near-surface permafrost, the analysis shows that the P-wave velocity may increase as much as 40 % 
when moving from unfrozen, or partly frozen sediments to fully frozen. The variable freezing conditions also presents 
challenges for mapping the velocity structure of the near-surface, where the velocity analysis is complex and time con-
suming. The dispersive flexural wave is present in the sea ice data, where a deeper source depth will reduce the flexural 
wave energy. However, this will also increase the scholte wave energy, and vice versa. Surface wave dispersion curves 
reveal that Rayleigh wave phase velocities are highly correlated to changes in the subsurface freezing conditions, in-
creasing in both speed and dispersion with increased degree of freezing. The surface wave inversions show a compelling 
relationship between Vs and the vertical extent of both the permafrost and glacier thickness. 

Due to the high uncertainties related to the surface wave inversions, and for validating the suspected permafrost 
boundary and freezing conditions of subglacial sediments, it is suggested that the estimates are controlled by using 
borehole Vs measurements.
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Sedimentary environments in the lower part of the 
Upper Triassic Snadd Formation in the SW Barents 
Sea analysed from 2D- and 3D-seismic data

Astrid Geicke 

Supervised by Tom Arne Rydningen (UiT), Jim Myrvang (ArcticGeo), and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway 

This study focuses on the depositional environments in the lower part of the Upper Triassic Snadd Formation on the 
Loppa High and the Bjarmeland Platform in the southwestern Barents Sea. These environments have been analysed 
using 2D and 3D seismic data, and the sediments cover the Ladinian and early Carnian. The studied interval is divided 
into two units, unit S1 and S2. An offshore marine shelf depositional environment characterizes unit S1, while repeated 
regional marine transgressions and regressions have resulted in depositional environments ranging from offshore ma-
rine shelf to coastal plain in unit S2. 

Unit S2 is divided into four sub-units based on the changing abundance of fluvial channels in the unit. Sub-unit 
S2-A was likely deposited on a marine shelf, while sub-units S2-B, -C and –D show typical characteristics of coastal 
plain environments. Features such as fluvial channels and sedimentary lobes represent the most important sedimentary 
features in these sub-units. Sub-unit S2-B was deposited in close proximity to the coastline due to the observation of 
sedimentary lobes in this sub-unit. Sub-units S2-C and –D were deposited in a terrestrial environment. The upper part 
of unit S2 shows a shallowing upwards trend moving the coastline westward as the coastal plain environment prograde.
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Combining geophysical data with a mathematical 
model to describe vertical two-phase flow 

Johanne Hansen

Supervised by Alfred Hanssen (UiT) and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway

This thesis combines a geological model with a mathematical model to describe the vertical propagation of a gas plume 
through layers with different physical properties. The geological model is based on geophysical data from the Sør-
vestsnaget Basin and the mathematical model is derived based on the classical Buckley-Leverett theory for two-phase 
flow. 

The model estimates the velocity of a vertical propagating plume based fluid and rock properties. Two different cases 
are displayed using the model. The first case evaluates how the plume propagates in a homogenous layer and the second 
case looks at how the plume behaves when crossing a horizontal interface between two different lithologies. 

For the first case, the model predicts that the plume evolution consists of three stages. The different stages can be 
characterised by a different amount of shock and rarefaction waves propagating with different velocities. The model also 
shows that changing the fluid and rock properties does not change the evolution of the plume. However, the time taken 
for it to reach the different stages changes significantly. For the second case the model predicts that gas accumulation will 
occur beneath a boundary if the permeability and porosity above it is not sufficient enough to support the gas flow from 
the layer below. This results in the formation of two shockwaves travelling in opposite directions with different velocities.
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The regional Cretaceous development of the 
southeastern part of the Norwegian Barents 
Sea- from seismic interpretation 

Vegard Heiberg

Supervised by StigMorten Knutsen (NPD/UiT), Iver Martens (UiT), and Rune Mattingsdal (NPD)
Department of Geosciences, UiT The Arctic University of Norway

This study sheds new light on the regional Cretaceous development of the southeastern part of the Norwegian Barents 
Sea. The study area is in the former disputed area between Norway and Russia, which after the agreement on the new 
borders in 2010 was opened to petroleum activity in 2013. Consequently, the southeastern Barents Sea is still a frontier 
area with less scientific knowledge, compared to the adjacent onshore/offshore areas of Norway and Russia. Here, seis-
mic interpretation have provided increased geological knowledge about the paleoenvironment in Early Cretaceous by 
the use of new 2D data acquired by the Norwegian Petroleum Directorate (NPD) in 2011/2012. Five seismic sequences 
(S0-S4) have been defined, and geometry and trajectories for identified seismic clinoforms has been described in order 
to elucidate the depositional history of the study area. This study revealed a successive displacement of the shelf break 
southwestwards during Early Cretaceous. Furthermore, shelfedge clinoforms prograded from the northeast towards the 
southwest, with the main source of sediments located in a hinterland towards the north/northeast. This source area has 
been related to the uplift of the northern Barents Shelf in Early Barremian-Early Aptian times caused by magmatic activ-
ity, also referred to as the High Arctic Large Igneous Province (HALIP). Cyclic variations in the stratigraphic successions 
suggested fluctuating sea levels during the Early Cretaceous. Post-depositional doming and faulting events, induced by 
halokinetic movements have altered the Lower Cretaceous successions in the southeastern Barents Sea.
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Use of 2D-seismic data and available wells to 
investigate the source potential of the Palaeozoic 
interval in the Loppa High area, SW Barents Sea 

Asbjørn Hetland

Supervised by Iver Martens (UiT), Vidar Kolstad (PGNiG), and Tom Arne Rydningen (UiT)
Department of Geosciences, UiT The Arctic University of Norway

While most established plays in the Barents Sea have occurred in the Mesozoic, the Alta and Gohta discoveries prove 
a new carbonate play concept, with a source rock that does not stem from the Jurassic. Based on depositional environ-
ment and TOC values from the Palaeozoic interval a source rock with Top Ørn as its bottom and Top Røye as its top 
was interpreted. Basin modelling carried out on this potential source rock concludes that the Palaeozoic interval in the 
Loppa High area have a good source potential. A total of 30 different models have been carried out and three highlighted 
models, the P10, P50 and P90 model all shows evidence of good maturity ranges (ranging from 0.5 %Ro to 1.5 %Ro) 
and generation potential.
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Geometriske og kinematiske studier av post-
kaledonske rift-margin forkastninger og bruddsett 
mellom Tjeldsundet og Bjarkøy, Sør-Troms 

Therese Mortensen Johnsen

Supervised by Steffen Bergh (UiT), Tormod Henningsen, and Finn Sverre Karlsen (Statens vegvesen)
Department of Geosciences, UiT The Arctic University of Norway

Dette studiet har fokus på analyse og korrelasjon av post-kaledonske riftstrukturer i nordre Nordland og Sør-Troms, 
hvor målet er å sammenligne antatte paleozoiske og mesozoiske sprø forkastninger på land med lignende strukturer 
på havbunnen og i fjorder og sund. Ved bruk av høyoppløselige digitale verktøy fra land (kartverket, norgeibilder, nor-
gei3d) og på havbunnen (mareano), tar denne masteroppgaven utgangspunkt i en regional analyse av sprø tektoniske 
lineamenter i Tjeldsundet, Vågsfjorden, på Hinnøya og øyene i området. 

Lineamentsanalysen viser at de antatte sprø forkastningene har dominerende strøkretninger NNØ-SSV, NØ-SV og 
ØNØ-VSV. Dette er også antatt å være hovedretningen på kaledonsk deformasjon. Feltundersøkelser viser at kaledonsk 
deformasjon har styrt den sprø forkastningstektonikken som er påvist i studieområdet. Dette støttes av regionale tren-
der i gravimetriske og magnetiske datasett. 

Feltundersøkelsene viser til to regionale lineamenter; Fiskefjord- og Ramsundlineamentet. Fiskefjordlineamentet, 
vest for Tjeldsundet, faller mot SØ og er syntetisk til forkastningene i Tjeldsundet, som separerer ut horstområdene i 
vest (Lofoten og Vesterålen). Ramsundlineamentet, på østsiden av Tjeldsundet, er antitetisk til forkastningene i Tjeld-
sundet. Geometriske og kinematiske (kataklasitter, forkastningsmel og glidestriper) data dokumentert på lokalitetene 
langs de studerte lineamentene er det påvist sprø forkastningsaktivitet. De ulike lineamentene forgreines og danner et 
komplekst system av rombiske mønstre med ulik skala. Dette er antatt å være sprø forkastningssystemer. Disse sys-
temene viser at studieområdet er preget av et horst-graben landskap som underbygges av dominerende landskapstrekk 
både på land og i fjordene. De studerte regionale lineamentene i studieområdet tolkes til å være en del av Vestfjord-Van-
na forkastningskomplekset som strekker seg fra Lofoten i sør til Vannøya i nord.
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Integrated characterization of the Upper Permian 
Kapp Starostin Formation in central Spitsbergen, 
Svalbard – from outcrop to geomodel 

Kristine Larssen

Supervised by Kim Senger (UNIS) and Sten-Andreas Grundvåg (UiT) 

Department of Geosciences, UiT The Arctic University of Norway

Natural fractures significantly contribute to improved reservoir quality and recovery factor, especially in carbonate res-
ervoirs. It is important to characterize the matrix and fracture properties, as well as their interaction, in order to describe 
the natural fracture system and improve the understanding of its effects on a reservoir. This study integrates multi-scale 
outcrop data from central Spitsbergen, Svalbard, to assess the impact of fractures on the reservoir potential of the Upper 
Permian Kapp Starostin Formation, considered as an analogue for a fractured carbonate reservoir.

A combination of traditional field methods and digital geology methods was applied to analyze and characterize 
natural fractures. The methods include scanline measurements (~16 m), the use of the Fieldmove Clino smartphone 
app, photogrammetry, virtual scanlines (~2611 m) and analysis of a total of 10 virtual models. 

Sedimentary logging was conducted to link the fractures to 12 distinct sedimentary facies and consider their rheo-
logical effects. The 245 m long composite log indicates that the section mainly consists of light and dark spiculitic cherts 
with smaller units of limestones, black shales and glauconitic sandstones. Matrix porosity was derived from thin section 
analyses. These indicate porosities up to 30 % in the glauconitic sandstones and light spiculities, whereas the dark spicu-
lites and limestones show 0-5 %. 

A total of 7 fracture sets (F1-F7) have been identified within the different facies. Most fractures are high-angled 
(>60°) and striking NW-SE to NNE-SSW and NE-SW to E-W, as a result of several tectonic events. These events include; 
(i) Early Cretaceous extension and tectonic movements along the Billefjorden Fault Zone (ii) transpressional tectonics in 
the Paleogene, (iii) rotation of the horizontal compression from NE-SW to ENE-WSW later in Paleogene, and (iv) Ce-
nozoic uplift and unloading. Fracture characterization suggests that mechanical properties and lithology mainly control 
the fracture density. Fracture geometry and distribution are controlled by sedimentology and diagenesis. Based on the 
results, a conceptual fracture model has been constructed to explain the fracture development within the Kapp Starostin 
Formation in central Spitsbergen. 

Observations in this study suggest that most fractures are open or partly filled and can therefore act as conduits 
for fluid flow. The fractures are interpreted to be of tectonic origin, but the strata are also highly affected by diagenetic 
fractures and veins that originated during early burial and deposition. 

All data obtained in field were used as input for discrete fracture network (DFN) modelling. The generated models 
provide constraints on how fracture properties, such as fracture density, length and aperture, influence fracture porosity 
and connectivity. DFN modelling of fracture porosity suggests that the fracture porosity is highly sensitive to changes in 
fracture aperture and density, whereas the fracture length shows no significant impact. Fracture connectivity is depend-
ent on changes in fracture density and did not show any effect with changing fracture aperture. 

Parts of the Kapp Starostin Formation are interpreted as a type I or II reservoir where porosity and permeability are 
fully or partly provided by the fracture network. I conclude that the upper part of the Kapp Starostin Formation could 
represent a suitable reservoir and that the exploitation of outcrop data provides an improved understanding of the het-
erogeneous fracture characteristics in a subsurface reservoir
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The Cretaceous development of the Nordkapp 
Basin based on seismic interpretation 

Aleksei Matveev

Supervised by StigMorten Knutsen (NPD/UiT) and Iver Martens (UiT) 
Department of Geosciences, UiT The Arctic University of Norway

This thesis is focused on studying the development of the Nordkapp Basin during the Cretaceous Period. The basin is 
fault-controlled and is strongly influenced by salt tectonics. The basin is divided into two parts, which differs both in the 
average width and direction of their elongation. Moreover, the salt structures in the northeast and southwest parts of the 
basin also follow the trends in width and direction. 

During the Early Cretaceous, the thick sequences of terrestrial sediments were deposited in the basin. Fault develop-
ment and salt activity remained inactive during the Cretaceous Period, which opened the window for shelf progradation 
along the basin from northeast to southwest. Progradation also followed the overall regional trend, and the regional 
evolution of the Barents Sea directly influenced the basin as tectonic events triggered fault development and salt move-
ments. Moreover, this also led to changes in sediment supply. 

The numerous 2D seismic surveys of the Southwest Barents Sea are studied in this thesis. Four reflectors are inter-
preted and three 3D surfaces are made. Correlation of seismic and well data helped to understand the time of deposition 
of the interpreted surfaces. The time-thickness maps are also made and studied in the thesis. Analysis of all the 3D 
surfaces helped to understand and discuss the depositional environment in the Nordkapp Basin during the Cretaceous 
Period. The timing of the second phase of the salt activity is also discussed.



24 \\ ARCEx Compilation of Master’s theses 2014–2018 ARCEx Compilation of Master’s theses 2014–2018 // 25

Sedimentology of the Paleogene succession 
at Calypsostranda, Svalbard 

Louise Kristiansen Poole

Supervised by William Helland-Hansen (UiB) and Sten-Andreas Grundvåg (UiT)
Department of Earth Science, University of Bergen

The following study encompasses sedimentological investigations of the Calypsostranda Group. The Calypsostranda 
Group is comprised of Paleogene sediments where outcrops are well exposed in a coastal section at Renardodden (Ca-
lypsostranda area), on the southern shores of Bellsund in western Spitsbergen. 

The aim of the study is to: i) generate reliable depositional models for the evolution of the sediments of the Calyp-
sostranda Group, through facies recognition and break-down ii) investigate and discuss source-to-sink perspectives in-
cluding provenance and possible basin-development scenarios in accordance with different age datings and the tectonic 
history of western Spitsbergen. 

A limited amount of research has been conducted on the deposits of the Calypsostranda Group, however they are 
important to understand in the context of the regional sedimentation and tectonic history of western Spitsbergen. The 
succession encompasses delta plain sediments of the Skilvika Formation and paralic to marine sediments of the Renar-
dodden Formation. Through sedimentological outcrop investigations, sixteen lithofacies have been identified from the 
studied sedimentary succession of the Calypsostranda Group (F1-F16) by means of facies recognition and break-down. 
The lithofacies were further grouped into seven sub facies associations, which can be divided into two main facies asso-
ciations: i) a sub-aerial delta plain (Skilvika Formation) and ii) a paralic to marine regime (Renardodden Formation). 

The deposits in the Calypsostranda area were initially deposited in a prograding fluvial dominated, storm-wave 
influenced delta system. The fluvial dominance can be deduced from a number of observations; the abundancy of dis-
tributary channels on the delta plain, coarse-grained debris flow deposition from hyperpycnal flows on the delta front, 
mouth bar deposits and turbidites. The dominance of very-fine to fine-grained sand and abundancies of coal fragments 
in the marine deposits are indicators of a fluvial dominated system. The deposits have further been divided into a five-
stage depositional model that involves a major transgressive phase drowning previously subaerial deposits, followed by 
normal regression with delta progradation. 

Evidence from the petrographical and sedimentological analysis points to a potential dual source area for the de-
posits in the Calypsostranda area. Findings of metasedimentary rock fragments, silica-rich biofragments and chloritoid 
in the thin sections account for a potential metamorphic basement derived source. In addition, a sand-rich system and 
coal fragments suggests an uplifted sedimentary source. Given the uncertainty of the ages of the deposits, three different 
palaeogeographical scenarios are presented and described.



26 \\ ARCEx Compilation of Master’s theses 2014–2018 ARCEx Compilation of Master’s theses 2014–2018 // 27

Sedimentological facies analyses of Clinothem 8C (Eocene), 
Battfjellet Formation, Brogniartfjella, Svalbard 

Karoline Thu Skjærpe

Supervised by William Helland-Hansen (UiB) and Sten-Andreas Grundvåg (UiT)
Department of Earth Science, University of Bergen

The Eocene Battfjellet Formation in Van Keulenfjorden, Spitsbergen, Svalbard, has been investigated on the basis of 
a logged section at eastern Brogniartfjella. A comprehensive study of clinothem 8C, with focus on facies distribution, 
sandbody geometry and masterbedding architecture has been fulfilled. The sedimentary structures revealed influence 
from unidirectional and bidirectional currents. The studied clinothem 8C demonstrate a clear dichotomy both in in-
ternal structures and the external architecture. The proximal part of the unit presents progradational delta front lobe 
deposits deposited at the shelf, which display a high degree of wave reworking, characterised by an external tabular 
architecture. The succession can be laterally traced into the downslope subaqueous channel infill deposits, dominating 
the shelf-edge- to upper slope segment of the studied succession. The abundance of multiple local erosional surfaces, the 
dominance of current generated structures as well as the widespread distribution of soft-sediment deformed units imply 
deposition in a dynamic environment, supplied with sediments from the rising hinterland. Rip-up mud conglomerates, 
coal fragments, coal conglomerates (coffee ground) and the low degree of bioturbation substantiates this notion. 

The clinoforms at the Brogniartfjella corresponds to an overall falling shelf-edge trajectory. The evolution of clino-
them 8C can be explained by deposition of a prograding wave dominated delta front during high relative sea-level, fol-
lowed by relative sea level fall succeeded by multiple erosional subaqueous channelized units, presenting turbiditic and 
hyperpycnal erosion and deposition. The clinothem is bounded by marine deposits of the transgressive system tract. The 
combination of highstand, forced regression, lowstand wedge and transgressive system tracts summarize the studied 
clinothem. The study confirms the general notion of a foreland basin dominated by high supply of sediments. The tec-
tonically active hinterland provided high sedimentation rates, whereas the narrow shelf in concert with a warm climate 
represent ideal conditions for establishment of shelf-edge deltas, slope wedges and associated deep water deposition. 
The succession represents deposition during an overall regression, which resulted in the final infill of the Central Basin. 

The study has improved the general understanding of the origin and development of shelfedge clinoforms, and 
bears important information about the shelf-edge to- slope system which represents a key element in the understanding 
shallow to deep marine reservoirs.
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The regional upper Paleozoic development of the SE part of 
the Norwegian Barents Sea – from seismic interpretation 

Hanne-Lise Slettehaug

Supervised by StigMorten Knutsen (NPD/UiT) and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway

This thesis focuses on the Barents Sea South East (BSSE), and the overall goal has been to investigate the regional upper 
Paleozoic development in the SE part of the Barents Sea. After more than four decades of negotiation between Norway 
and Russia, a delineation agreement came in effect in 2011. Today, the area known as BSSE is opened up for petroleum 
operations. As part of the opening of the BSSE, high quality 2D seismic data of the area were acquired by NPD. These 2D 
seismic data have been used in this thesis together with seismic stratigraphic analysis and correlation to wells in order 
to describe and discuss the late Carboniferous and Permian sequence. Three seismic units equivalent to the Gipsdalen, 
Bjarmeland and Tempelfjorden groups have been described with focus on internal horizon configuration and geometry, 
which forms the basis for interpreting the dominating depositional system for the different seismic units. 

This study finds that an overall marine setting has dominated during the upper Paleozoic interval in the BSSE. Car-
bonate deposition prevailed during major periods of the time interval. Thick sequences of Gipsdalen Group evaporites 
are found to be present in Nordkapp and Tiddlybanken basins. Salt diapirs within the basins are observed to be up to 
4000 ms (twt) thick, in some places almost reaching the sea floor. Evaporites are also present in small and more locally 
developed basins and on nearby areas on the Finnmark and Bjarmeland platforms. The depositional environment grad-
ed from a configuration of platforms and basins that were progressively infilled by the Gipsdalen Group to a regional 
carbonate platform covering the entire BSSE during the deposition of the Bjarmeland Group. The youngest studied 
sequence is characterized by a regional open ocean environment where the sediments of the Tempelfjorden Group were 
mainly deposited from suspension.
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Characterisation of palaeosols in the Lower 
Cretaceous Helvetiafjellet Formation, 
Svalbard – palaeo-climatic implications 

Ingrid Tennvassås

Supervised by Sten-Andreas Grundvåg (UiT) and Snorre Olaussen (UNIS) 
Department of Geosciences, UiT The Arctic University of Norway

Although the Cretaceous period is known to have been dominated by greenhouse conditions, the Early Cretaceous 
climatic conditions in Svalbard have been under some debate. Both indicators of warm climate such as coal seams, Orni-
thopod tracks and warm-water dinoflagellates, and indicators of cold climate such as arctic belemnites, glendonites and 
ice rafted debris have been reported. This study characterises two palaeosols (Palaeosol 1 and 2) developed within the 
Lower Cretaceous Glitrefjellet Member of the Helvetiafjellet Formation, and investigates their validity as palaeo-climatic 
proxies. This analysis is based on observed features through the logging of two cores (DH-1 and DH-1A), petrographic 
analysis of thin sections and XRD-analysis. The petrographic analysis revealed a high percentage of quartz within both 
palaeosols. The combination of high quartz content and the observation of kaolinite through XRD-analysis suggests 
highly leached conditions. The formation of kaolinite is favoured by subhumid to perhumid climates. Both palaeosols 
were interpreted to be composed of two main horizons. An upper horizon A, recognized by the accumulation of organic 
content and a mineral fraction, and a lower horizon C, which was recognized by a pale colour, high quartz content and 
relict primary structures, indicating modest alteration due to soil forming processes. As a result, the two palaeosols 
were characterised as enitsols. Such palaeosols are regarded as immature and are thus not indicative of specific climatic 
conditions. The immaturity of the palaeosols was interpreted to be a consequence of several factors, where (1) high 
quartz content, (2) palaeosol development within crevasse splay and floodplain deposits and (3) unfavourable clastic 
sedimentary environment where time for plant growth and accumulation was limited were regarded as the main con-
tributing factors. 

During thin section analysis, iron ooids were observed within the transgressive lag that marks the top of the Helve-
tiafjellet Formation. Their formation was interpreted to be a result of sediment starvation on a shallow-marine shelf that 
formed due to transgression and flooding of the proximal coastal plain of the Helvetiafjellet Formation. Such deposits 
are indicative of warm climates. Therefore, although palaeosols 1 and 2 could not be classified with regards to specific 
climatic conditions, other observations such as high degree of leaching, kaolinite content and iron ooids supports warm 
and humid climatic conditions.
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The late Paleozoic development of the Ottar 
Basin from seismic 3D interpretation 

Sigurd Tonstad

Supervised by StigMorten Knutsen (NPD/UiT) and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway

The Late Paleozoic sedimentary environments of the Ottar basin in the SW Barents Sea was studied using five 3D seis-
mic surveys. By the use of seismic stratigraphic analysis and correlation to wells located in close proximity to the study 
area, the Paleozoic succession has been subdivided into 4 main units: Billefjorden Group (Late Devonian – Mid Carbon-
iferous), Gipsdalen Group (Mid Carboniferous – Early Permian), Bjarmeland Group (Early Permian), Tempelfjorden 
Group (Mid- to Late Permian) and one from the Triassic: the Havert Formation (Early Triassic). All five groups have 
been described and discussed with emphasis on their appearance and internal seismic facies with the purpose of recre-
ating the sedimentary processes and the paleoenvironment at time of their deposition.

The Paleozoic represents a period of large scale tectonics influencing the regional environment and depositional 
patterns. The five defined units are heavily influenced by multiple regression- and transgression events, as well as tem-
perature fluctuations. The cyclic shifts in environmental conditions resulted in a transition from siliciclastic deposition, 
to large scale evaporite precipitation and continued carbonate production before a transgression shifted the depositional 
trends towards spiculites, shales and suspension material by the Late Permian – Early Triassic. The Early Triassic sig-
nified the development of the stable Bjarmeland Platform. The study area comprises two salt pillows, named the Nor-
varg- and Samson Dome, that have a conformable Paleozoic succession acting as a folded seal. The evolution of the two 
domes display the differences in tectonic development of the study area compared to the surrounding evaporite basins 
(e.g. Nordkapp- and Maud Basin). 

Due to a later tectonic activation and a rigid overburden, the Norvarg- and Samson Dome developed as salt pillows, 
as the evaporite bodies failed to penetrate the overburden, reaching the final stage of diapir evolution. This has resulted 
in a succession that is not influenced by diapirs and large-scale tectonic events within the Ottar basin.
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The occurrence of flow transformations 
within sandy submarine fans: A case study 
from the Eocene on Spitsbergen 

Elliot Broze

Supervised by Sten-Andreas Grundvåg (UiT) and William Helland-Hansen (UiB)
Department of Geosciences, UiT The Arctic University of Norway

The Van Keulenfjorden transect on Spitsbergen offers valuable insight into submarine processes, with well exposed 
seismic scale clinoforms of Paleocene and Eocene age, which show the distribution of sediments from deltaic to basin 
floor environments. Several progradational submarine fans are preserved as cliffs on Hyrnestabben. They serve as an 
analogues to coarse grained submarine fans in provinces of the Barents Sea margin. The architecture of submarine fan 
bodies is of importance to petroleum exploration, as the distribution of sand prone lobes impact fluid migration res-
ervoir compartmentalization, and the presence or absence of baffles. Gravity flow processes emplace different deposits 
affecting deep sea fans that change according to both allogenic and autogenic factors, at scales below the limits of seismic 
detection. 

Detailed sedimentological and stratigraphic study was conducted on three shelf proximal submarine fans, of the 
Frysjaodden Formation, to record and characterize flow transformations as they occur in the deep sea environment. The 
fans had similar overall stacking patterns, with thin bedded heterolithic deposits overlain by thick sandy amalgamated 
lobes. The progradational sandy submarine fans were exposed in an area less than 3km in length, and contained deposits 
from hybrid flows, turbulent gravity flows, and debris flows. Evidence for flow transformations occurred as linked deb-
rites both proximal to the slope and in distal locations, the result of abrupt slope changes and down flow changes flow 
process. The occurrence of sandy lobes, heterolithic sheets, and mixed debrites did not follow a well-defined systems 
tract, rather they were interbedded, expressions of local lateral changes in topography and sediment supply.
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Shallow stratigraphic cores NW of 
Bjørnøya, results and implications 

Isak Emil Skadsem Eikelmann

Supervised by StigMorten Knutsen (NPD/UiT) and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway

Two shallow boreholes, 7418/01-U-01 and 7517/12-U-01, were in 1994 drilled by IKU /SINTEF on behalf of the Nor-
wegian Petroleum Directorate (NPD) northwest of Bjørnøya in the western Barents Sea. These were part of a program 
totalling nine boreholes at six different locations between Bjørnøya and Svalbard. This area is not opened for petroleum 
activity, and the shallow boreholes were aimed at providing new data and increased geological knowledge.

The two drill sites are located were reflections are subcropping below the late Neogene and Quaternary overburden, 
and in two different sub-basins within the Hornsund fault complex. Borehole 7418/01-U-01 was drilled at a water depth 
of 181.5m. Total depth from seabed was 126.15m and 113.3m of cores were cut. Borehole 7515/12-U-01 was drilled at a 
water depth of 156m. Total depth from seabed was 200m and 87.8m of cores were cut.

Borehole 7418/01-U-01 penetrates Late Paleocene to Early Eocene strata, while borehole 7517/12-U-01 penetrates 
Late Paleocene strata. The cores show a diverse set of sedimentary features, ranging from primary depositional struc-
tures to detrimental bioturbation.

The cores are dated to Paleogene age and show a variety of sedimentary features such as ample bioturbation, ripples 
and various cross stratifications. The lithology varies from mud to several sandy intervals and thinner beds of conglom-
erate.

The findings indicate a deep marine setting for core 7418/01-U-01 and a shallow marine setting for 7517/12-U-01. 
This suggests that core 7418/01-U-01 correlate to the deep marine paleoenvironment to the south, while core 7517/12-
U-01 correlates to the shallow marine paleoenvironment of Svalbard.
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Integrated characterization of igneous 
intrusions in Central Spitsbergen 

Marte Hergot Festøy

Supervised by Kim Senger (UNIS), Jiri Konopsek (UiT), and Sten-Andreas Grundvåg (UiT)
Department of Geosciences, UiT The Arctic University of Norway

Igneous intrusions have a strong influence on petroleum systems, groundwater aquifers, and CO2 storage reservoirs, 
particularly because they can act as either barriers to, or carriers for fluid flow. This depends on several syn- and post 
emplacement processes, including fracture development in the intrusion and the host rocks, contact metamorphism 
of the host rocks, and hydrothermal activity. Especially a highly fractured intrusion-host rock interface can channelize 
fluids along the intrusion contact. This study integrates outcrop and core data from central Spitsbergen, Arctic Norway, 
in order to constrain the impact of Lower Cretaceous igneous intrusions on subsurface fluid flow within a siliciclastic 
reservoir (i.e. the Triassic Kapp Toscana Group), targeted for CO2 storage. The applied methods include fracture analy-
ses of intrusions and host rocks, partly using digital geology and constructed 3D virtual outcrop models, and porosity 
analyses of the intrusion-proximal host rocks. At several localities, fracture sets both within the dolerites and the near-
by host rocks, reflect the orientation of the intrusions. Fracture frequencies in general increase towards the intrusion 
contacts. Porosity analyses of host rocks positioned up to 4 m away from the intrusion contact of a 2.28 m thick sill in 
the DH4 borehole show generally low matrix porosities (on average 0.3%), with calcite cement observed to be the most 
abundant secondary mineral. In addition, calcite cement is frequently observed in fractures and veins within most in-
trusions and along the intrusion contacts, but also in intrusion-proximal host rock fractures and in faults that cross-cut 
the intrusions. In relation to the 2.28 m thick sill, a decrease in the occurrence of precipitated calcite, and an increase 
in host rock porosity is documented to occur somewhere between 4.82 m and 17.64 m from the intrusion contacts. 
This is largely attributed to hydrothermal activity occurring both during and after magma cooling. Based on the results 
from this study, a time transgressive conceptual model for rock evolution and fracture development in and around the 
igneous intrusions is presented, strongly benefited from 7993 fracture orientation measurements from virtual outcrop 
analyses. The results suggest that the igneous intrusions in central Spitsbergen primarily act as impermeable barriers to 
fluid flow. However, they can also provide high-permeability pathways along the highly fractured intrusion-host rock 
interface. Due to the presence of exceedingly fractured chilled margin of sills, a lack of calcite cement along sill-host rock 
contacts, no observed chilled margins of dykes, and the observation of thick (up to 10 cm) calcite veins along the dyke 
contacts, fluid flow is inferred to be higher along the margins of sills than along the margins of dykes. The combination 
of sills, dykes and other sealing features, can therefore explain why the targeted aquifer has been previously shown to be 
compartmentalized into several pressure units.
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Exploratory data analysis of flexural waves 
in Arctic fjord ice seismic data 

Katrine Gotliebsen

Supervised by Alfred Hanssen (UiT) and Tor Arne Johansen (UiB)
Department of Geosciences, UiT The Arctic University of Norway

A seismic source on floating ice induces flexural waves in the ice layer. An exploratory data analysis of Arctic fjord ice 
seismic data is performed for the purpose of identifying and studying characteristics of flexural waves and other relat-
ed wave modes. Both geophone and hydrophone data are examined with the purpose of studying ice properties from 
ice wave behavior. Power spectral density estimates provide the frequency content of the entire signal, and studies of 
time-frequency plots have revealed both dispersive and non-dispersive ice related waves and their corresponding fre-
quencies. F-k spectra are applied to study the dispersion relation for both flexural and acoustic ice waves. This provides 
the (variation in) wavelengths for the different waves. Velocities of the flexural waves are obtained by cross-correlating 
receivers at known offsets and by combining the obtained wavelengths with the period found from single receiver 
traces. Other observed waves include a guided direct wave in ice, a seafloor reflection and its multiples, and a refracted 
wave. The combination of several analysis methods makes it possible to identify several characteristics and properties of 
floating ice related waves, contributing to the understanding of such wave behavior. Wave characteristics of flexural and 
acoustic ice waves are combined to find ice properties like thickness and rigidity.
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Cretaceous and Cenozoic tectono-stratigraphic 
evolution of the southern Lofoten and northern 
Vøring margins, offshore northern Norway 

Amra Kalac

Supervised by Filippos Tsikalas (Eni/UiO) and Jan Inge Faleide (UiO)
Department of Geosciences, University of Oslo

The northern Vøring and southern Lofoten margins are located offshore northern Norway; and are separated by the 
Bivrost Lineament. While the Vøring margin is extensively studied, the Lofoten-Vesterålen margin is one of the least 
explored areas on the Norwegian continental shelf. The Lofoten-Vesterålen margin lacks deep-target commercial wells, 
which makes it difficult to correctly estimate sediment distribution and thicknesses, as well as age and timing of tectonic 
events. It has a complex geological history, and there have been several attempts to account for the evolution of the area. 
Although challenging, the better understanding of the geological evolution of the Lofoten-Vesterålen margin is of great 
importance as the margin represents the link between the mid-Norwegian, SW Barents and conjugate NE Greenland 
margins, and is a key area to study the rift-basin architecture and tectono-sedimentary evolution of the NE Atlantic 
margins. The current study aims to improve the understanding of the Cretaceous to Cenozoic tectono-stratigraphic 
evolution of the northern Vøring and southern Lofoten-Vesterålen margin.

The tectono-stratigraphic evolution of the southern Lofoten and northern Vøring margins has been studied in detail 
utilizing several datasets, consisting of: 2D multi-channel seismic reflection profiles, well-to-seismic ties and strati-
graphic information from four exploration wells, in addition to gravity and magnetic data. The main focus of the work 
has been on seismic and structural interpretation in order to refine the rift phases that affected the study area and to 
decipher the eventual role of the Bivrost Lineament, as well as to improve the understanding of the evolution the West 
Røst High Fault Complex and the outer Lofoten margin. Furthermore, the southern Lofoten and northern Vøring mar-
gin segments have been studied in a regional and conjugate margin setting in order to get a better understanding of the 
crustal structure and pre-breakup basin evolution.

Four main rift phases have been recognised and refined in the study area. Late-Jurassic-earliest Cretaceous rifting 
controlled the initial structuring of the main structural elements. Mid Cretaceous rifting is responsible for initiation of 
faulting in the West Røst High Fault Complex, while rifting continued during Late Cretaceous and led to a westward 
propagation of fault activity. Paleocene rifting reactivated several Late Jurassic-earliest Cretaceous and Cretaceous faults, 
prior to continental breakup and seafloor spreading initiation at the Paleocene-Eocene transition. The Bivrost Linea-
ment is recognized as a major margin boundary with an uncertain exact location, which segments highs and sub-basins 
on the northern Vøring and southern Lofoten margins. Furthermore, the presence of two dome shaped features has 
been observed on the southern Lofoten margin, which probably experienced several phases of growth from Late Creta-
ceous to Miocene times, reaching its maximum dimension in mid Miocene.

The tectono-stratigraphic evolution of the southern Lofoten and northern Vøring margins has been compared to 
the conjugate Northeast Greenland margin, to get a better understanding of the evolution in a regional and conjugate 
context. Comparison of sequences along the conjugate margins implies that the northern part of the NE Greenland 
margin and the Vøring margin have experienced extensive pre-breakup crustal stretching, while the Lofoten margin 
experienced only moderate pre-breakup extension. The Bivrost Lineament separates the northern Vøring and southern 
Lofoten margins and is believed to have a conjugate equivalent on the NE Greenland margin. Similarly prominent Late 
Cretaceous low-angle detachment faults have been also observed on both conjugate counterparts.
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Sedimentary environment and seismic anomalies of 
the upper Brygge and Kai formations on the northern 
part of the Mid-Norwegian Continental Shelf 

Suchada Krokmyrdal

Supervised by Jan Sverre Laberg (UiT), Tom Arne Rydningen (UiT), and Bjarne Rafaelsen (Statoil)
Department of Geosciences, UiT The Arctic University of Norway

The sedimentary environment and seismic anomalies of the upper Brygge and Kai formations on the northern part of 
the Mid-Norwegian Continental Shelf is analysed from 3D seismic data and the exploration well 6604/2-1. This was 
done in order to give a better understanding of the paleo-climatic development in the period before the establishment of 
the large-scale ice sheets of the Northern Hemisphere, and to provides a better insight in the relationship to fluid and/or 
gas migration from different levels in the subsurface. Based on a seismic stratigraphic analysis, correlation to well logs 
and previous work in the area, five seismic sub-units were recognized: B1-B2 of the upper Brygge Formation (pre-mid 
Miocene), and K1-K3 of the Kai Formation (mid Miocene-early Pliocene). The geometry and internal seismic reflection 
facies, as well as the morphology of buried surfaces have been described and discussed in relation to the depositional 
environment and the development of the ocean circulation pattern in the Norwegian Sea.

Based on the seismic analysis, a signature characteristic of contourite deposits was identified in the study area. 
Mounded elongated contourite drifts formed by ocean current-controlled deposition was observed in the upper Brygge 
Formation. After a period of tectonic uplift in the mid-Miocene, local anticlinal highs were developed, including the 
Helland-Hansen and Modgunn arches. These features probably played a major role in controlling the flow pattern of the 
ocean currents, associated with the deposition of the Kai Formation sediments. The ocean currents were entering the 
study area from the south, resulting in erosion in the southern part and deposition in the northern part. During the late 
Miocene-early Pliocene time, a change of the ocean current pattern led to erosion in the northern part, and deposition 
in the southeastern part of the study area.

Seismic attribute analysis revealed seismic anomalies, including circular forms. These are classified into three types, 
based on their stratigraphic distribution and dimensions, and association with fluid and/or gas migration from deep 
to shallow strata. The cluster of high amplitude anomalies, including bright spots and acoustic pipes indicate fluid flow 
originating from deep stratigraphic levels to terminate at or near the top of the Kai Formation. Paleo-pockmarks result-
ed from fluid migration along major faults from a deep thermogenic source, and eventually fluid expulsion from the 
polygonal fault system.
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Seismic interpretation and stratigraphy of the Paleogene 
in the Bjørnøya Basin, western Barents Sea 

Gustavo de Aguiar Martins 

Supervised by StigMorten Knutsen (NPD/UiT) and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway

Bjørnøya Basin is located on the southwestern Barents Sea Shelf. It consists of thick Mesozoic and Cenozoic strata. Pale-
ogene package, ranging from the Late Paleocene to Early Eocene, was conditioned both by tectonics most likely related 
to the Norwegian – Greenland Sea opening, and fluctuations in the sea-level.

2D seismic surveys and exploration wells were used, in order to interpret five seismic reflectors. The reflectors and 
related units were interpreted in order to better understand the sedimentological distribution, geophysical and geologi-
cal characteristics of the system, depositional settings, and depositional processes. The Late Cretaceous – Paleogene time 
interval in the Bjørnøya Basin represents an evolution from deep marine into shallow water shelf settings. This evolution 
is associated with depositional processes described by plane parallel stratification, mass-flux deposits and progradation 
of clinoforms on the top of deep marine deposits.

By integrating the observations and interpretations, a depositional model of the Late Cretaceous – Paleogene of the 
Bjørnøya Basin is generated. The Bjørnøya Basin has shown petroleum potential, e.g. the gas discovery made by well 
7319/12-1 in Paleocene sandstones. Paleogene strata in the Bjørnøya Basin might have relevant potential in the hydro-
carbon-prospecting context of the Norwegian western Barents Shelf basins.
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Geological controlling parameters on seismic 
imaging of igneous intrusions on Svalbard 

Ruud Toonen

Supervised by Kim Senger (UNIS)
Department of Geosciences, UiT The Arctic University of Norway

Imaging and mapping igneous intrusions such a sills and dykes has been one of the challenges in recent years. However, 
igneous intrusions in seismic data have properties that make them good targets for visualization, such as high ampli-
tude and sophisticated shapes. 3D visualization methods are especially well suited for sill reflections. One of the main 
limitations of tying offshore seismic data to onshore observations and vice versa is a matter of scale. Igneous sills that 
are exposed onshore might be too thin to consistently map in seismic data, whereas features that are visible in seismic 
surveys offshore might be too long to be able to view onshore. Understanding the geometry of these intrusions may pro-
vide key insights regarding emplacement processes, geological history, and potential for hydrocarbon exploration. The 
research is based on photogrammetric research, analysis of intrusions and their host rocks, and building 3-D models to 
use for synthetic seismic generation. Well analysis is also required in order to estimate the properties used for these syn-
thetic seismics. Five different geometries have been tested using different lithologies for the host rocks. Sandstone/shale, 
organic rich shale, clean sandstone and Paleozoic carbonates. The test cases using organic shale show a high impedance 
contrast, where the cases using carbonates show a very low contrast, due to the similarities of the Vp and Vs with the 
doleritic intrusions. The sandstone/shale and shale lithologies have more contrast than the carbonates, but less than 
the organic rich shale. Most shapes show up fairly well on the synthetic data, however sub-vertical geometries have low 
visibility regardless of the lithology. There are some seismic properties that are hard to simulate using synthetic seismic, 
such as seismic attenuation, variance of properties within a lithology, and the presence of other geological features. Re-
gardless, the use of synthetic seismic data may help bridge the data integration gap between onshore and offshore data.
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Petroleum systems of the Barents shelf: A 
regional well-based study of the Mesozoic 

Anna Yankina

Supervised by Kim Senger (UNIS) and Iver Martens (UiT)
Department of Geosciences, UiT The Arctic University of Norway

The entire Barents Sea area has been experienced a complex geological evolution. From orogenic processes connected 
to Caledonian mountain building in Palaeozoic to basin formation related to the opening of the Atlantic Ocean in Pale-
ogene. Uplift and erosion processes (Exhumation) that fined place in Ceinozoic contribute to erosion and redepositing 
of thick sedimentary sequences over Barents Sea area.

Exhumation relates to one of the biggest problems due to petroleum exploration on Barents shelf. It has significant 
implication on source rock maturation, hydrocarbon potential and reservoir rock properties. Uplift and erosion pro-
cesses affects basin geometry and burial sedimentary rock properties as well in that way that source rock uplifted to 
shallow level is not enough mature to produce hydrocarbons. Other consequences connected to exhumation are hydro-
carbon redistribution and leakage from traps, decreasing in reservoir quality properties due to compaction processes 
and porosity reduction.

Unfortunately, implication of exhumation processes on petroleum system in the Barents Sea is not fully understood 
and need more research.

Uplift and erosion affects sedimentary rock properties. Log data from wells, especially velocity log, is very sensitive 
to lithological variation and compaction trends of the rocks.

Velocity log data from wells are cruel in executing of analysis of sedimentary basins. It can provide information 
about burial evolution of the area and changing in temperature gradient. Velocity log data is also important due to rec-
ognition of lithological units, overpressure and fluid content in the formations.

Log data from 19 wells in SW Barents Sea, including gamma ray, caliper, density, resistivity, neutron and velocity 
logs have been displayed and analysed with more accent on main vertical trend in density, resistivity and velocity log. 
Velocity – depth cross plot for study wells have been constructed, based on velocity log data from study wells to examine 
velocity variations due to lithology, porosity and quarts cementation in sediments. Velocity trend line has been estab-
lished to follow variations in velocity with depth. 

All observations have been analysed and discussed.
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Analyses of Paleozoic and Mesozoic brittle fractures in West-
Finnmark. Geometry, kinematics and relations to structures 
on the Finnmark Platform in the southwestern Barents Sea 

Espen Bergø

Supervised by Steffen Bergh (UiT)
Department of Geology, UiT The Arctic University of Norway

This study focuses on Paleozoic and Mesozoic brittle faults and fractures found onshore and offshore in the northwest-
ern areas of Finnmark, the Finnmark Platform, and the southwestern Barents Sea Margin. These structures have been 
mapped using software for mapping (ArcGIS 10.5 & Petrel 2013) and analyzing fault-fracture lineaments and faults 
from bathymetry, digital elevation models, satellite images, aerial images, seismic data, and magnetic anomaly data. The 
main offshore features studied are the Troms Finnmark Fault Complex (TFFC), the Måsøy Fault Complex, Gjesvær Low, 
southern parts of Nordkapp Basin and the northern parts of Hammerfest basin. These record Mesozoic and Paleozoic 
faults, offsetting from the Mesozoic to the Precambrian strata. The Hammerfest- and Nordkapp Basins are bounded by 
NE-SW and NW-SE oriented faults. The onshore areas of the study area comprises Precambrian basement rocks and 
Caledonian allochthons occurring as a NE-SW trending belt extending from Magerøya in the northeast to the southwest 
into Troms County. The foliation and basements rocks are visible affected by brittle faults and fractures. Dominant strike 
directions on northwestern Porsanger Peninsula are NE-SW, NW-SE and E-W, while Magerøy records dominantly E-W. 
Directions are related to the TFFC directions. These faults and fractures manifest in outcrops, lineaments on aerial 
photos, DEM and bathymetry. The lineaments can be traced onshore to offshore. The landscape displays lineaments, 
fjords and sounds localized in high-density fracture zones, or in the core zones of major faults. The landscape indicates 
that there are several larger faults hidden in western Finnmark. The onshore NE-SW and E-W lineaments, faults and 
fractures can be compared with the offshore NE-SW to E-W faults. These NE-SW to E-W oriented faults, fractures 
and lineaments are related to the tensional stress from the opening of the Atlantic Ocean Margin. NW-SE oriented 
lineaments are presumed to be related to the Trollfjord Komagelv Fault Zone (TKFZ), which resulted in strike-slip to 
oblique-slip faults. The NW-SE oriented leg of TFFC is seen in the extension of TKFZ, there is debate to whether this is a 
segment of TKFZ, but the listric geometry of TFFC makes this impossible to figure out, as this might overprint TKFZ if 
it is there. The Hammerfest Basin and Nordkapp Basin in the southwest Barents Sea and the smaller rhombic pull-apart 
basins on the strandflat and coastal areas are both bounded by similar trending NE-SW and NW-SE trending faults and 
lineaments, indicating that these are related. The onshore and offshore data show a high degree of similarity, where the 
NE-SW to E-W striking faults both offshore and onshore exhibits dip-slip to oblique-slip shear. The NW-SE faults and 
lineaments with strike-slip to oblique-slip shear are related to the TKFZ.
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Salt structures and salt tectonics in the Central and 
NE segments of the Nordkapp Basin, Barents Sea 

Silje Grimstad

Supervised by Roy Helge Gabrielsen (UiO) and Jan Inge Faleide (UiO)
Department of Geosciences, University of Oslo

The Nordkapp Basin is an elongated salt-filled basin that developed during the Late Paleozoic rifting in the southwestern 
Barents Sea. The study area is divided into the central sub-basin and the NE sub-basin. The NE sub-basin is positioned 
in the former disputed area between Norway and Russia. Salt diapirism and the formation of pillows attached to the 
basin margin make the Nordkapp Basin one crucial example of salt tectonics in the southwestern Barents Sea. The objec-
tive of this thesis is to study the salt distribution and evolution of the salt structures in the northern part of the Nordkapp 
Basin. The main dataset is 2D seismic reflection lines that are used in combination with filtered gravity data, selected 
time-slices from a pseudo-3D cube and well data.

The rift basin architecture in the Nordkapp Basin is characterized by a wide fault zone of short densely-spaced 
fault segments. The lateral continuity of the fault segments increases upwards from the Late Paleozoic level. The central 
sub-basin architecture has a relatively symmetric style and is bounded by the southern margin striking W-E and the 
northern margin that is changing strike eastward from NE-SW to W-E. Farther east the NE sub-basin is striking NE-SW 
and is narrower compared to the central sub-basin. The bordering fault complexes are dipping towards the basin center 
at the Late Paleozoic level in contrast to the southwestern sub-basin of the Nordkapp Basin. The present salt distribution 
is characterized by a gradual change from numerous sub-circular and elongated salt structures in the central sub-basin 
to a distinct NE-SW striking salt wall in the northeastern part of the NE sub-basin and at the northern end of the Nor-
dkapp Basin the margins connects at the crest of a major salt dome.

In the Early Triassic the sedimentation rates increased significantly in the Nordkapp Basin area and salt diapirs rose 
in the basin while the margins were a site for salt pillow formation. During the Triassic the salt diapirs developed small 
overhangs before the salt movement ceased towards the end of Triassic. Differential loading initiated by the prograding 
Triassic depositional system is suggested as the primary triggering mechanism in combination with possible extension. 
The salt structures remained inactive throughout the Jurassic and Early Cretaceous, allowing the Lower Cretaceous 
sediments to prograde across the basin. However, later salt-reactivation is distinct by intrusion of upward narrowing 
salt diapirs in the Jurassic and Lower Cretaceous succession that is subcropping a thin cover of Quaternary sediments.

A total volume of 31 707 km3 salt is estimated to have accumulated in the central and NE sub-basins during the 
mid-Carboniferous to early Permian. The volume is corresponding to an average thickness of 2.12 km covering the basin 
areas. However, the initial salt distribution was non-uniform and controlled by the underlying rift architecture.
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Seismic attributes, well correlation and 
geostatistical analysis for sequence variability 
prediction in the Sleipner area 

Andreas H. Hagset

Supervised by Alfred Hanssen (UiT) and Iver Martens (UiT)
Department of Geology, UiT The Arctic University of Norway

The upper Cenozoic stratigraphy in the northern North Sea (Sleipner area) have been investigated, using high quality 
3D seismic data and five exploration wells. Interpretation of the seismic data, have indicated six distinct sequences (S1-
S6). These sequences have been classified according to reflection configuration, and well log characteristics. Based on 
the seismic data, a simple model have been constructed for the upper Cenozoic succession. The model form the basis for 
co-kriging interpolation, which have been used to interpolate the petrophysical data from the well logs in each sequence. 
This gives the possibility to predicate how the petrophysical properties change laterally within the study area.

The upper most sequences (S1 – S3) is deposited from Pliocene to Holocene. These sequences have continuous 
reflections, with a parallel to subparallel reflection geometry. This configuration is often seen in sediments derived from 
glacio-marine processes. The well logs indicate that these sequences consist of shale, and the co-kriging interpolation, 
indicate that this lithology is dominant in the entire Sleipner area.

Sequence S4 correspond to the Utsira formation, which is currently used as a CO2 storage. The Utsira formation 
consist of well-sorted sands, from Upper Miocene to Lower Pliocene. The seismic response, is characterized by low am-
plitudes, discontinuous reflections. This reflection configuration can be seen in relation to the shelf dominated, shallow 
marine environment, which the sequence was deposited in. The well logs clearly indicate a sand interval, and can be 
strongly correlated between the five wells. The co-kriging interpolation technique, indicated that the Utsira formation 
is present in the whole study area.

Sequence S5 was deposited during Middle Miocene. The sequence comprises several discontinuous reflections, with 
a disrupted configuration. Numerous anticlinal features have been observed at the base of the sequence, possibly caused 
by mobilized sediments, injecting into the sequence. The reflection configuration is highly affected by these features. 
The well logs indicate a shale dominated interval, with a few thin-layers of sand. The co-kriging interpolation, confirms 
a shale dominated lithology with localized sands in the study area.

Sequence S6 is deposited during Lower Miocene, and show a shale dominated lithology. The sequence comprise 
several high amplitude, discontinuous reflections. This configuration is related to extensive polygonal faulting of the 
sequence. The co-kriging results, suggest that sequence S6 consist of shale in major parts of the study area.
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Salt structures and salt tectonics in the western 
segment of the Nordkapp Basin, Barents Sea 

Ha Thi Thanh Hoang

Supervised by Roy Helge Gabrielsen (UiO) and Jan Inge Faleide (UiO)
Department of Geosciences, University of Oslo

Fault systems, salt structures and halokinetic sequences of Near Top Permian – Base Cretaceous succession are inter-
preted on 2D seismic data located in the southwestern sub-basin of the Nordkapp Basin of the southwestern Barents Sea. 
The SW Nordkapp Basin is surrounded by the Nysleppen and Måsøy fault complexes and flatlying platforms. It was 
formed in a regional rift phase in Late Devonian to Carboniferous time. Bounding faults of the Nysleppen Fault Com-
plex defining the northwestern boundary have the general trend of NE-SW. They are planar normal faults dipping 
towards the SE with a large vertical separation. In contrast, the Måsøy Fault Complex defining the southeastern margin 
consists of ENE-WSW trending faults. They are similar to those of the Nysleppen Fault Complex. However, the vertical 
displacement is much smaller than that of the Nysleppen Fault Complex. Therefore, the rift phase in Late Devonian to 
Carboniferous created a basin having an asymmetric configuration with a larger subsidence along the northwestern 
margin. 

The second rift phase occurred in Middle Jurassic to Base Cretaceous. Faults of the Nysleppen Fault Complex strike 
NE-SW. Several fault segments at the Norsel High trend NNE-SSW. The Nysleppen Fault Complex consists of two se-
ries of fault with opposite dip-direction. Bounding faults dip towards the NE. The Måsøy Fault Complex dips towards 
the SW. The basin was more symmetric. Most of bounding faults active this period are listric normal faults with much 
smaller vertical separation compared with those of the previous rift phase. Some faults related to salt pillows are rotated 
and curved in the map view. 

Salt diapirism plays an important role in the basin. A widespread evaporite layer was accumulated in the latest 
Carboniferous-earliest Permian time in the SW Barents Sea, including the SW Nordkapp Basin. The calculation indi-
cates the original salt layer in the SW Nordkapp Basin had an average thickness of approximately 1.2 km. Based on the 
observation and interpretation of 2D seismic data, salt is found in two structural settings: (1) as stocks and walls in the 
basin, and (2) pillows along the basin margins, associated with fault complexes. Salt structures vary in size and maturity. 

The Near Top Permian to Induan (Early Triassic) succession was deposited with the thickness thinning towards salt 
structures in the basin. It indicates the deposition of sediment in the primary rim syncline formed due to salt movement 
in the pillow stage. Differential loading resulted from the rapid deposition of a huge amount of clastic sediment from 
the north is suggested to be the main cause because there is no evidence of tectonic activity at that time. The period of 
Induan – Olenekian (Early Triassic) is the main phase of salt movement with large rim synclines, development of growth 
strata. The Olenekian – Middle Jurassic succession was deposited when the salt movement was in the late stage. Salt 
structures have a widening shape. Salt diapirsm stopped and the succession of Middle Jurassic – Base Cretaceous was 
deposited with a relatively constant thickness. 

Salt pillows are believed to be formed and developed during the period of Induan – Middle Jurassic. The thickness 
of the succession decreases towards the crest of salt pillow. It is a presence of faults related to salt pillows. The movement 
of salt pillows towards the basin created deformation and collapse of surrounding strata and faults.
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The Cenozoic pre-glacial sedimentary environment of 
the SW Barents Sea continental margin – Lofoten Basin 

Gert Vidar Høgseth

Supervised by Jan Sverre Laberg (UiT) and Tom Arne Rydningen (UiT)
Department of Geology, UiT The Arctic University of Norway

2D seismic data have been analysed to study the Cenozoic pre-glacial sedimentary environment on the southwest Bar-
ents Sea margin and the Lofoten Basin. Based on a seismic stratigraphic analysis and correlation to previous work in the 
area, the pre-glacial seismic unit G0 has been subdivided into four: The unit Te1 (Eocene age), unit Te2 (Oligocene age), 
unit Te3 (early-middle Miocene age) and the unit Te4 (late Miocene-early Pliocene). The four units have been described 
and discussed with regards to the geometry and internal seismic facies, and the sedimentary processes and depositional 
environment dominating during the deposition of the seismic units have been outlined.

Unit Te1 was deposited as prograding clinoforms in an intracratonic basin in the Vestbakken Volcanic Province 
(VVP). In the Lofoten Basin, turbidites infilled the irregular relief of the newly formed oceanic basement. Seismic unit 
Te2 was subject to tectonic movements and a reorganization in the spreading direction of the Mohns Ridge. This prob-
ably caused erosion and non-deposition of the unit, which is thin in the VVP area. Unit Te2 shows a similar infilling 
by turbidites of the high-relief oceanic basement as the unit Te1 in the Lofoten Basin. Deformation by compaction and 
subsidence caused disruption and probably polygonal faulting in parts of the study area.

Oceanic currents dominated the depositional environment on the middle continental from the Miocene, when 
contourite drift growth is observed in the southwest Barents Sea margin. At the same time, hemipelagic sedimentation 
is suggested to dominate in the Lofoten Basin. The contourite drift was deposited continuously during the deposition 
of units Te3 and Te4 and the overlying glacigenic unit GI. A change in the sedimentary environment occurred in the 
lower continental slope simultaneously to the drift growth, when the majority of unit Te4 was affected by downslope 
transport of sediments. The failures are suggested to be related to weak layers in the contourite drift deposits and rapid 
loading. Parts of the contourite drift was later eroded and is presently overlain by the seismic unit GII. A mega-failure 
located within unit GII truncates the mounded drift deposits, and the failure is probably related to weak layers in the 
drift deposits.
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Modelling and Processing of flexural wave noise in sea ice 

Kristian Jensen

Supervised by Tor Arne Johansen (UiB) and Bent Ole Ruud (UiB)
Department of Earth Science, University of Bergen

One of the most common problems with seismic data obtained on sea ice is the presence of flexural ice wave noise on 
the seismic raw data. Flexural wave noise occurs on seismic data acquired on ice in the so-called transition zone between 
the shoreline and deep sea. As the flexural waves are highly dispersive they are manifested as a broad fan of noise on the 
seismic data, often having an order of magnitude 40-60 dB higher than reflected signals. In addition, the frequency spec-
trum of flexural ice waves frequently overlaps with reflected signals, and due the low velocities of flexural waves, spatial 
aliasing commonly occurs. Thus, flexural waves may be difficult to remove using conventional seismic processing tech-
niques.  This study outlines how flexural waves can be modelled and discuss various processing techniques for removing 
energy related to the flexural waves while preserving the reflected signals as much as possible. Modelling and processing 
help us to understand how various parameters such as ice temperature and ice thickness affect the flexural wave pat-
tern, which can be important when designing a proper processing work flow. For this study, three primary processing 
methods have been applied and compared on several datasets: conventional frequency-wave number (f-k) processing, 
slant-stack (tau-p) processing, and radial trace (RT) transform processing.  Modelling reveals that a decrease in ice 
temperature and/or an increase in ice thickness will increase the phase velocity of the flexural waves whereas the same 
is true for group velocities at lower frequencies only. Testing of processing work flows indicate that when receivers are 
densely spaced to better exclude spatial aliasing problems, the best results are obtained with conventional f-k filtering. 
At larger receiver offsets, however, a combination of tau-p and RT filtering produces the best results on both synthetic 
and real data. Thus, not one single method will always produce the best result, and different processing approaches may 
be used depending on the data at hand.
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Depositional environments of the Upper Triassic Snadd 
Formation on the Loppa High, SW Barents Sea 

Stian André Johansen

Supervised by Tom Arne Rydningen (UiT), Iver Martens (UiT), and Jim Myrvang (ArcticGeo)
Department of Geology, UiT The Arctic University of Norway

This thesis has focused on the depositional environments of the Upper Triassic Snadd Formation. This formation covers 
the time-period Ladinian to early Norian with multiple marine regressions and transgressions, resulting in depositional 
environments ranging from offshore marine shelf to a coastal plain. A 3D seismic dataset and its correlating well have 
been studied and a refined seismic stratigraphic framework for the Snadd Formation is proposed. The area of investiga-
tion is located at the border between the Loppa High, the Bjarmeland Platform and the Hammerfest Basin.

The study defines five time-stratigraphic units within the formation, bounded by regional flooding surfaces. Depo-
sitional features observed on seismic data, demonstrate distinct depositional environments within each unit.

This thesis show that a marine setting dominates the lower units (Ladinian to middle Carnian), with three shorter 
periods of marine regressions exposing the study area to marginal marine and coastal plain processes. In the upper 
units (middle Carnian to early Norian), a marine regression shifts the dominating environment from marine to a coastal 
plain. The deposition of the Snadd Formation ends by a marine transgression, known as the early Norian flooding event.
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Evolution of an Eocene prograding system in the 
Tromsø Basin, southwestern Barents Sea 

Kristine Morsund Karlsen

Supervised by Ivar Midtkandal (UiO), Jan Inge Faleide (UiO), and Johan Petter Nystuen (UiO)
Department of Geosciences, University of Oslo

Prinicples of sequence stratigraphy were applied to 2D seismic data to study the evolution of a N-S prograding system 
that developed in the southwestern Barents Sea during Eocene. Four units were interpreted in the basin, of which two 
progradational units were studied in detail based on reflection terminations.

The sequence stratigraphic analysis provides evidence for a change in the beginning of Eocene from a bathyal/ma-
rine environment to a depositional environment affected by major clastic sediment input from north. The N-S prograd-
ing system was complimented by two additional sediment inputs during Eocene, from the northern part of the Senja 
Ridge and from remains of an ENE-WSW prograding Paleocene system from east.

Several earlier studies have proposed the Loppa High as one of the main source areas of the Eocene succession in 
the Tromsø Basin, in addition to the Senja Ridge and Stappen High. However, the depositional patterns and geometries 
observed in this study indicate that the main source area of the Tromsø Basin must have been in the north.

The Stappen High is suggested as one of the northern source areas for the Eocene sediments in the Tromsø Basin, 
but is most likely assembled by at least one additional source area in the north due to the great volumes of Eocene sedi-
ments in both the Sørvestsnaget and Tromsø basins. This could be in the uplifted northern Barents Shelf, and/or in the 
Western Spitsbergen fold-and-thrust-belt that formed in connection to transform movements during the opening of the 
Norwegian-Greenland Sea and Eurasia basin during Eocene.
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AVO study of the Salina discovery on the Loppa 
High in the south-western Barents Sea 

Nils Andreas Løvås Karlsen 

Supervised by Stefan Buenz (UiT) and Iver Martens (UiT)
Department of Geology, UiT The Arctic University of Norway

Studying the variation of amplitude versus offset (AVO) can help geophysicists distinguish pore fluid contents, and thus 
may provide a better understanding of shallow gas accumulations and their associated seismic anomalies. Subsequently 
such information may be helpful to assess fluid migration and in-situ reservoir conditions, and for decreasing prospect 
risks in hydrocarbon exploration. 

For this thesis, such an AVO study is conducted for the Salina discovery at the south-western margin of the Loppa 
High in the south-western Barents Sea, using the Saline 7220/10-1 well data, 2D pre-stacked seismic data, 2D post-
stacked seismic data and 3D-seismic data. The study comprises two main parts; an AVO-model of the seismic response 
for predefined fluid scenarios, and a comprehensive AVO-analysis of three pre-stack 2D seismic datasets, each cross-cut-
ting the Salina reservoir structure in different directions and sub-areas of the structure. The results of the AVO analysis, 
presented in crossplots and AVO attribute maps, focuses on the Salina anticlinal structure and flatspot anomaly. 

The presented AVO modelling show a variety of fluid scenario responses, containing some conclusive and some less 
conclusive elements. The syntethic well trace and extracted seismic trace correlation is successfully performed, and the 
fluid substitution show the different log scenarios for the models. The generated syntethic seismics present two different 
models, of the seismic AVO response for the predefined fluid substitution scenarios. The syntethics for the “Pure  Gas” 
scenario presents a somewhat different AVO response than seen in the seismic dataset, and what perhaps could be ex-
pected. This leads to some inconclusive aspects in relation to the AVOI response of the generated syntethics. 

The AVO analysis presents the Salina reservoir as a distinctive Class III gas-sand reservoir, by assessing results from 
each dataset bothe separately and combined. The post-stacked seismic datavisualize the flatspot anomaly as a prominent 
feature, containing multiple polarity reversal events, inferred to be associated to the gas-water contact. Comprehensive 
testing shows that attribute volumes of Scaled Poisson’s ratio change (aA+bB) and Product attribute map (A*B) of the 
intercept (A) and gradient (B) show the most promising results as hydrocarbon indicator attributes for Salina. These 
findings are inferred to be related to the presence of Class III gas-sand for Salina.
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Analysis of Late Paleozoic-Mesozoic brittle faults and 
fractures in West-Finnmark: geometry, kinematics, 
fault rocks and the relationship to offshore structures 
on the Finnmark Platform in the SW Barents Sea 

Halldis Lea

Supervised by Steffen Bergh (UiT) and Tormod Henningsen (Statoil)
Department of Geology, UiT The Arctic University of Norway

The present work focuses on the onshore/offshore analysis and correlation of brittle faults and fractures on the Por-
sanger Peninsula area in west-Finnmark, the shelf areas and the immidiate offshore areas (Finnmark Platform and 
Gjesvær low). Structural field observation, microstructural and SEM analysis provide the basis for the characterization 
of the geometry, kinematics and fault rocks. This data has been combined with interpreted DEM/bathymetric, aeromag-
netic and seismic data to get a better understanding of the regional structural character.

This study demonstrates that Porsanger Peninsula area are characterized by two major fault-fracture trends: NW-SE 
and NE-SW, and a subsidary E-W fault-fracture trend. The NW-SE fault trending parallel to the Trollfjord-Komagelv 
Fault Zone and show dominantly oblique slip and lateral displacement. The NE-SW and E-W faults show mainly normal 
dip-slip movement and are likely related to the offshore Troms-Finnmark Fault Complex and Måsøya Fault Complex. 
The relative timing of the the brittle faults-fracture trends are uncertain, but are all possibly related to the WNW-ESE 
directed extension event that led to the opening of the NE Atlantic Ocean.

The observed fault rocks indicate mostly mechanically frictional brittle deformation, and show greenschist and 
zeolite mineral assemblages indicative of shallow cataclastic fracturation. The juxtaposition of lower amphibolite facies 
host rock with greenschist facies fracturation and zeolite facies fracturation may indicate that the study area is part of a 
progressively exhumed margin.

Based on the onshore-offshore structural analysis, an evolutionary model is suggested for the structural develop-
ment of Gjesvær low on the Finnmark Platform. Gjesvær low is possibly a Late Devonian- Early Carboniferous ba-
sin that likely initiated during fault linkage of the overlapping fault segments of the major NE-SW to ENE-WSW ba-
sin-bounding faults (Troms-Finnmark Fault Complex and Måsøya Fault Complex) in late Devonian times. The NW-SE 
branch fault segment connects Troms-Finnmark Fault Complex and Måsøya Fault Complex in the east end of Gjesvær 
low. This NW-SE fault appears to be related to the major Trollfjord-Komagelv Fault Zone. Fault activity continued along 
the major basin-bounding faults and the branching NE-SW trending segment. This resulted in further subsidence of 
Hammerfest Basin and Nordkapp Basin, while Gjesvær low is shallower due to the inactive termination of the Måsøya 
Fault Complex on the platform. This suggests that the NW-SE trending fault segment acted as transfer faults that decou-
pled the Gjesvær low from deep-basins such as the Nordkapp and Hammerfest basins.
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The sequence stratigraphic development of the Late 
Permian Kapp Starostin Formation, central Spitsbergen 

Erika Rørvik Njå

Supervised by Sten-Andreas Grundvåg (UiT) and William Helland-Hansen (UiB)
Department of Earth Science, University of Bergen 
Department of Arctic Geology, The University Centre in Svalbard

This study investigated the sedimentology and the sequence stratigraphy of the Late Permian Kapp Starostin Formation 
in the southwestern part of Dickson Land, central Spitsbergen. The underlying Gipshuken Formation and the overlying 
Triassic Formation, as well as their boundaries to the Kapp Starostin Formation, were also investigated. In the Barents 
Sea, the Tempelfjorden Group is represented by the Røye and Ørret formations. The measured section in Dickson Land 
was compared to an age-equivalent spiculitic unit of the Røye Formation from the Loppa High in the Barents Sea. The 
core section is approximately 50.3 m long and is a part of the reservoir in the Gohta discovery (well 7120/1-3). Fourteen 
depositional facies have been recognized from the investigated succession in Dickson Land, and another three facies 
from the core section from well 7120/1-3. The facies have been grouped into 6 facies associations, where FA1 and FA2 
comprises the strata of the Gipshuken Formation, FA3, FA4 and FA5 comprises the strata of the Kapp Starostin Forma-
tion and FA6 comprises the strata of the Triassic Vikinghøgda Formation. A depositional model with an inner- mid- and 
outer ramp area is applied for the Kapp Starostin Formation. The inner ramp comprises the intertidal to shallow subtidal 
areas above the FWWB and is characterized by well-washed and wellsorted sand shoals and shell banks. The mid ramp 
is the area between the FWWB and SWWB, and was the site of the dominant silica factory of the shelf during the Per-
mian Chert Event. The outer ramp is the area below the SWWB, which was dominated by accumulation of microscleric 
sponge spicules and siliceous black shale. Based on the facies analysis and the stacking pattern of the facies, three trans-
gressive-regressive sequences were recognized in the Kapp Starostin Formation. Increasingly shallower facies upward in 
the formation displays the overall regressive development towards the Permian-Triassic boundary. Late Palaeozoic rocks 
constitute one of the play models in the Barents Sea, and the Permian Røye Formation represents one of the possible res-
ervoir rocks. The main difference between the Røye Formation and the Kapp Starostin Formation was the high degree 
of dolomitization of the Røye Formation. The karstification and dolomitization is probably due to prolonged subaerial 
exposure of the Loppa High.
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The Use of Seismic Attributes and Well Data for Prediction of 
Reservoir Sand Definition in the Vøring Basin, Norwegian Sea 

Alexander Prytz 

Supervised by Iver Martens (UiT), Alfred Hanssen (UiT), and Stine Hauge (PGNiG)
Department of Geology, UiT The Arctic University of Norway

The focus of this thesis was to identify and map out sand units of Cretaceous age and their properties in two seismic 
surveys located in the Vøring Basin in the Norwegian Sea by using seismic attributes and well data. The attributes used 
include RMS amplitude, variance, time surfaces, time thickness and maximum amplitude. This has provided a greater 
understating of their distribution and potential reservoir sand variations. The combination of attributes has aided the 
identification and interpretation of the sand, and can reveal additional details of the sand. The seismic attribute respons-
es have been quantified with the integration of well data from three wells within the seismic by seismic well tie and 
synthetic seismogram generation. 

Four sequences containing sand was initially identified in the well data and the seismic attributes were generated to 
cover these sequences, and combined to enhance their effectiveness. Later results revealed that the one of the sand units 
identified connected between the two surveys and was the same sand. Based on these results, geological models were 
generated and the estimated lateral distribution of the sand was mapped out.

The target depth in the area is prone to magmatic intrusion activity, and enters the studied sand and caused dis-
turbances in the seismic both directly by intruding in the sand units and by magmatic induced fluid flow. This caused 
some interference with both the attributes based on amplitude and the variance attributes, one of the purposes with the 
combined attribute was to reduce the impacts of these intrusions.
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Seabed depressions in the Ingøydjupet Through and their 
relation to buried canyons on the Loppa High, Barents Sea 

Richard Prytz

Supervised by Tom Arne Rydningen (UiT), Jim Myrvang (ArcticGeo), and Iver Martens (UiT)
Department of Geology, UiT The Arctic university of Norway

Large seabed depressions in the Ingøydjupet Trough have previously been interpreted to be formed by sub-glacial 
melt-water. However, fluid migration and gas expulsion occur over large parts of the Barents Sea, which are frequently 
associated with seabed depressions. This thesis studies how the seabed depressions are related to sub-surface canyons on 
the southern part of the Loppa High, SW Barents Sea. 

The canyons are located stratigraphically below the seabed depressions, and high-amplitude zones at the canyon 
crests indicate accumulation of gas. Migration of fluids seems to take place along the canyon flanks, and the canyons 
and their infills have been mapped out in order to infer the distribution of shallow gas and their relation to the seabed 
depressions. 

Uplift and erosion have influenced the fluid flow system several times since the formation of the canyons. The final 
phase was related to glacial isostatic adjustment causing the gas to expand and build up pressure before eruption and 
seepage of shallow gas took place. Severe erosion further caused the seismic unit S2 to the absent in the southwestern 
parts of the study area. The thickness of S2 appears to affect the distribution of depressions and fluid migration, as it acts 
as an impermeable barrier where it is present and thus prevents fluids to reach the seabed and form depressions. The 
large seabed depressions above the canyons occur in areas where S2 is not present, which suggests that shallow gas is 
indeed a major contributor to the seafloor topography.
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Cretaceous tectono-stratigraphic evolution of 
the Ribban and northern Træna basins at the 
Lofoten margin, offshore northern Norway 

Hanne Christine Rolstad Wilhelmsen

Supervised by Jan Inge Faleide (UiO) and Filippos Tsikalas (UiO/Eni)
Department of Geosciences, University of Oslo

The Lofoten margin segment is located offshore northern Norway, in between the volcanic rifted Vøring and Vesterålen 
margins. Several available datasets have been integrated in order to study in detail the tectono-stratigraphic evolution 
of the eastern part of the Lofoten rifted margin segment, comprising the northern Træna and Ribban basins, with 
main emphasis on fault evolution and the Cretaceous basin infill history. The utilized datasets include: available 2D 
multi-channel seismic reflection profiles; well-to-seismic ties and stratigraphic information from one exploration well 
and published information from all IKU shallow boreholes in the area together with the Andøya onshore outcrop; and 
gravity and magnetic data. 

Structural and stratigraphic interpretations have been conducted in order to obtain a picture of the basin architec-
ture and evolution through time. Nine sequences ranging in age from Triassic-Early Jurassic to Cenozoic have been 
interpreted and analysed in terms of lateral geometries and vertical thickness variations, in order to detect important 
phases of tectonic activity and to better understand the interplay between faulting and deposition. 

The study area is dominated by NNE-SSW trending extensional basins and shelf-parallel basement ridges, generated 
from several phases of rifting. The northern Træna and Ribban basins have proven to be highly dynamic, with records 
of at least four main rift events. The basins developed within the context of the North Atlantic rift system, and are pre-
dominately filled with Cretaceous successions. Following the main Late Jurassic rift phase, these basins further evolved 
during the Early Cretaceous with extension continuing into earliest Cretaceous and a separate rift phase taken place 
during Aptian. Both tectonic events were followed by subsidence. Renewed rifting during Late Cretaceous-Early Ter-
tiary times is mainly concentrated west of the study area, but some reactivation along the border faults of the northern 
Træna and Ribban basins are observed. This is related to the continental breakup and onset of sea floor spreading in the 
Norwegian-Greenland Sea at the Paleocene-Eocene transition. 

The first-order tectono-stratigraphic evolution of the Lofoten margin has been compared with the Vøring margin 
and the conjugate Northeast Greenland margin, and this reveals that the Lofoten margin experienced only moder-
ate pre-breakup extension compared to the adjacent and conjugate margin counterparts. The conjugate mid-Norwe-
gian and Northeast Greenland continental margins clearly show an asymmetrical crustal architecture, with the line of 
breakup being oblique to the Cretaceous basin trend and resulting in breakup at different locations with respect to the 
pre-existing rift systems on either side of the Bivrost transfer system.
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Seismiske bølger i havis 

Svein H. Bakke

Supervised by Tor Arne Johansen (UiB) and Bent Ole Ruud (UiB)
Department of Earth Science, University of Bergen

Seismiske innsamlinger på havis gir under gitte forhold opphav til kildeinduserte fleksurbølger, og dette problemet 
oppstår når seismisk energi blir fanget mellom grenseflatene is-luft og is-vann. Fleksurbølgen kan sammenlignes med 
vibrasjoner i membranet til en tromme, og er å anse som støy på de seismiske dataene.

Fleksurbølgen er dispersiv, det vil si at fasehastigheten varierer med frekvensen. Det kompliserer den seismiske inn-
samlingen siden fleksurbølgen vises som en koherent vifte som dekker over refleksjonene i en seismisk seksjon. Et godt 
estimat av dispersjonen kan bidra til å forbedre datainnsamling og prosessering av arktisk seismisk datainnsamling.

Målet med oppgaven er å vise hvordan endringer i salinitet og temperatur påvirker dispersjonen av fleksurbølgen. 
Oppgaven beskriver hvordan temperatur og salinitet påvirker de ulike volumfraksjonene saltvann, is, salt og luft i isen, 
og bruker dette for å finne tetthet, P-bølgehastighet og fasehastigheten til fleksurbølgen.

Resultatene viser at med gode målinger av både temperatur og salinitet er det mulig å beregne P-bølgehastigheten og 
tettheten. Disse sammen med målinger av istykkelse gjør det mulig å konstruere en modell av dispersjonen.

Målinger gjort på Van Mijenfjorden på Svalbard gir data for sammenligning med teoretiske modeller, men en full-
stendig innsamling der hastigheter, temperatur, salinitet og istykkelse har blitt målt er ikke utført. En seismisk un-
dersøkelse med komplette målinger er derfor interessant med tanke på å korrelere en teoretisk modell med reelle data.



58 \\ ARCEx Compilation of Master’s theses 2014–2018 ARCEx Compilation of Master’s theses 2014–2018 // 59

Paleosols in the Triassic De Geerdalen and Snadd formations 

Jonas Enga

Supervised by Atle Mørk (NTNU) and Snorre Olaussen (UNIS)
Department of Geology and Mineral Resources Engineering, Norwegian University of Science and Technology

Parts of the Late Triassic De Geerdalen Formation and the Middle to Late Triassic Snadd Formation have been inves-
tigated through facies analysis of outcrop and core data. The purpose has been to identify paleosols, relate them to the 
overall depositional environment and infer about Late Triassic paleoclimatic conditions. Outcrops of the lower and mid-
dle parts of the De Geerdalen Formation were logged on Edgeøya and Hopen, whereas data from the offshore equivalent 
Snadd Formation were obtained from a shallow stratigraphic core from the Bjarmeland Platform in the Barents Sea. 

Identification of paleosols has been based on recognition of features such as fossil roots in growth position, color 
variations and horizons, pedogenic slickensides and organic accumulations. They have been found to occur on top of 
coarsening upwards delta front sandstones, within mud dominated floodplain deposits, and on top of channel sand-
stones. Where they occur on top of delta front and channel deposits the paleosols can be viewed as abandonment mark-
ers, attesting to periods of non-deposition following avulsion events and termination of sediment supply. Floodplain 
paleosols vary in character, and some appears to be polygenetic, meaning they record a change in moisture regime. 
Some of the paleosols also shows features that enable classification and comparison with modern soils. Vertisols, a type 
of soil formed by seasonal moisture variations in swelling clays seems to be an abundant type of paleosol in the Snadd 
Formation. These have been identified by the presence of pedogenic slickensides, appearing as smooth, curved and 
striated fracture planes in mudrocks. 

The paleosols attest to a dominantly humid climate with a seasonal variation in precipitation. The interpretation 
of a humid climate agrees with previous studies based on palynology, and supports the validity of general circulation 
models for the Late Triassic. Precipitation seasonality may have had a limiting effect on peat accumulation and possibly 
a contributing factor to high sediment yield in the fluvial system. Many of the features found in the paleosols appear to 
be comparable to modern soils on the Mississippi Delta in the Southern USA.
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Analyse av mesozoiske forkastninger og asymmetriske 
landskap i et profil over Lofotryggen ved Leknes, 
Vestvågøy. Implikasjoner for dannelsen av roterte 
forkastningsblokker, riftrelaterte bassenger og 
nedforkastningen av Leknesgruppen

Kristian Liland Haraldsvik

Supervised by Steffen Bergh (UiT) and Tormod Henningsen (Statoil)
Department of Geology, UiT The Arctic University of Norway

Dette studiet er en del av et samarbeid mellom Statoil og Universitetet i Tromsø, og fokuserer på asymmetriske landskap 
og deres relasjon til sprø forkastninger, bassenger og roterte forkastningsblokker i et profil over Lofotryggen ved Leknes. 
Det anvendte datasettet består av sammensatte data fra feltarbeid og landskapsobservasjoner, batymetriske kart (MAR-
EANO) og seismiske profiler (Statoil) fra kontinentalsokkelen i Lofoten & Vesterålen. 

Lofotryggen er en ekshumert berggrunnshorst som består av proterozoiske plutonske bergarter (AMCG) som in-
truderte neoarkeiske og paleoproterozoiske høygrads gneiser. Regionen i Lofoten står frem som et utmerket område 
for korrelasjon av tektoniske formelementer på land og sokkelen, dannet som et resultat av sen paleozoisk til tidlig 
kenozoisk kontinentalmargin rifting. De studerte plutonske intrusivene fremstår med en massiv karakter, uten duktile 
teksturer, mens gneisbergartene har en lokal, svakt utviklet, NVSØ strykende foliasjon. Lofotryggen er definert av to 
prominente NØ-SV strykende grenseforkastninger som avgrenser ryggen fra de mesozoiske bassengene, Vestfjordbas-
senget og Ribbebassenget, i henholdsvis sørøst og nordvest. Disse forkastningene nedforkaster sedimentære enheter 
av i hovedsak kritt alder med opp til 7km, og kan videre kobles til dype detasjementer og roterte forkastningsblokker i 
både Vestfjord- og Ribbebassenget. Til tross for at disse bassengene opptrer ca. 2-4km fra Lofotryggen har en rekke for-
kastninger og bruddsoner som avgrenser asymmetriske horst-graben strukturer i form av roterte forkastningsblokker 
blitt observert internt på Lofotryggen, ved Vestvågøya. Lignende forkastningskonfigurasjon har også blitt observert på 
batymetriske kart, som kobler forkastningene på sokkelen til Lofotryggen, hvor de også ser ut til å kontrollere det sen 
kenozoiske landskapet. 

Leknesgruppen, lokalisert sentralt på Vestvågøya, er en antatt suprakrustal rest av et kaledonsk skyvedekke. Stud-
ier av landskapsarkitektur i dette arbeidet antyder at Leknesgruppen er nedforkastet i en multikompositt halvgraben, 
avgrenset av bratte forkastningsskrenter som gjenspeiler roterte blokker og assosierte, skråstile, slakt hellende paleoflat-
er. Lineære skrenter inneholder lokale forekomster av kataklasitter og forkastningsplan med slickenside som indikerer 
dominerende normal forskyvning, med varierende komponenter av skrånormal bevegelse. På bakgrunn av dette kan 
mindre mesozoiske riftbassenger og avgrensende normalforkastninger, lik de tidligere dokumenterte forekomstene på 
Andøya og i Sortlandsundet, være reell også i Lofoten. Data fra dette arbeidet underbygger denne tolkningen og øker 
videre forståelse for dannelsen av horstinterne tektoniske bassenger og relaterte forkastningsblokker.
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Reservoir Quality of Lower-Middle Jurassic sandstones 
within the Johan Castberg Field in the SW Barents Sea 

Abdul Jabbar

Supervised by Jens Jahren (UiO)
Department of Geosciences, University of Oslo

The Johan Castberg Field is located on the western margin of Loppa High in the southwestern Barents Sea and compris-
es a reservoir in Lower-Middle Jurassic sandstones of Stø and Nordmela formations containing both oil and gas. Cored 
intervals, 15 samples (well 7220/5-1) and wells log data (7219/8-1, 7219/9-1, 7220/8-1 and 7220/7-1) have been used for 
petrophysical and petrographical study of sandstone reservoirs. Reservoir properties are preserved significantly due to 
uplifting and erosion of the entire region. Sandstone diagenesis is a function of burial rate, mineralogical composition 
and texture, climate, and hydrodynamic and geothermal gradients. 

X-ray diffraction (XRD), Optical Microscopy, Scanning Electron Microscopy (SEM) and Core Analysis have been 
performed to investigate the depositional environment, clay mineralogy, role of sediments composition, facies distribu-
tion, and provenance of the reservoir sandstones. Petrographical study has been carried out to find the diagenetic clay 
and microquartz coatings, quartz cementation and its distribution in the sandstone reservoirs. 

The estimation of porosity and Intergranular Volume (IGV) values reflecting mechanical compaction of sandstone 
reservoirs were the main objectives during this research work. Quartz cementation has very limited effect on the poros-
ity loss. In addition to mechanical compaction, the authigenic kaolinite and depositional matrix filling the pore space 
caused some porosity reduction. 

Lower-Middle Jurassic sandstones are moderate to well sorted, fine to medium grained and are mineralogical ma-
ture. Sandstones are deposited in prograding coastal regime whereas shale interval indicates regional transgressive puls-
es during deposition. The porosity and IGV values of sandstones range 6-26% and 25-34% respectively. The porosity is 
still well preserved and reservoir quality of Lower-Middle Jurassic sandstones in well 7220/5-1 is very good.
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Sedimentology of inter-channel deposits of the 
Aspelintoppen Formation, Brogniartfjella, Svalbard 

Knut William Jørgensen

Supervised by William Helland-Hansen (UiB) and Sten-Andreas Grundvåg (UiT)
Department of Earth Science, University of Bergen 

Department of Arctic Geology, University Centre in Svalbard

The Aspelintoppen Formation constitutes the uppermost part of the sedimentary succession in the Central Basin on 
Svalbard. At Brogniartfjella, Van Keulenfjorden, south central Spitsbergen, the Aspelintoppen Formation crops out at 
approximately the uppermost 500 meters of the mountain. The aim of this thesis was to investigate the inter-channel 
deposits of the Aspelintoppen Formation at this location. 

The inter-channel deposits of Aspelintoppen Formation at Brogniartfjella is characterized by a significant amount 
of overbank fines encasing a relative high number of sandstone bodies. The sandy deposits occur as crevasse channels, 
levees and crevasse splays. Ribbon shaped crevasse channels display an erosive base and the deposits include a substan-
tial amount of soft sediment deformation. The levee deposits is characterized by their heterolithic nature and can be 
found as wedges attached to channel sand bodies. The crevasse splay deposits show unidirectional current structures 
and a sheet geometry. The majority of the floodplain fines is present as shale but also occur as mudstone and siltstone. 
Dispersed organic material is abundant in all the inter channel-deposits. 

The high amount of floodplain fines along with the relative high number of crevasse channels and splay deposits 
indicate an active fluvial system with frequent flooding and avulsions. Along with indications of vertical accretion in 
channel infill deposits this suggests a rapidly aggrading floodplain with high rate of sedimentation. It is suggested that 
rapid basin subsidence and source area uplift caused an increase in base level and high sediment input, respectively. 
The conditions were optimal for rapid deposition and high floodplain aggradation, creating a low gradient floodplain. 

The combination of rapid floodplain aggradation with frequent avulsions on a low gradient floodplain makes it 
probable that the Aspelintoppen Formation at Brogniartfjella was deposited in a fluvial system with coexisting, vertical 
aggrading active channels. Based on this it is suggested that the fluvial system was anastomosing.
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Reservoir quality of the Stø and Nordmela Formations in 
well 7220/8-1, Johan Castberg Area in the SW Barents Sea 

Asad Khan

Supervised by Jens Jahren (UiO) and Richard Olstad (Tullow Oil)
Department of Geosciences, University of Oslo

This project aims to increase the understanding of reservoir quality of the Stø and Nordmela Formations in the Skru-
gard well (7220/8-1) in the SW Barents Sea. The selected interval from 1292.3 m to 1404.25 m in the Skrugard well has 
been examined through X-ray diffraction, scanning electron microscope, petrophysical and petrographic analysis. The 
interval has experienced significant uplift. The Stø Formation and the upper part of Nordmela Formation contain very 
fine to fine and moderately to well-sorted sandstone. Most of the interval was deposited during highstand conditions. It 
mainly consists of shoreface to far shoreface sandstone with minor estuarine deposits. The lower portion of the Nord-
mela Formation has tidal influenced heterogeneous lithology. The conglomeratic lag is found within the Nordmela For-
mation in this well is unlike the other wells. The Stø and the upper part of Nordmela Formations have high porosity and 
permeability. Gamma ray response is low in the Stø Formation and high in the lower part of the Nordmela Formation 
due to its heterolithic origin. There is no specific trend between porosity and depth because of the restricted temperature 
interval (112 m thick sediments which corresponds to 3 ºC). The rock has experienced higher mechanical stress and 
initial chemical cementation before it was uplifted. At current position, it has a higher mechanical strength than what is 
necessary to hold the overburden. High values of intergranular volume (25.81%) and p-waves velocity (3000-3500 m/s) 
are also associated with stiffening of grain framework. IGV is affected by grain size, grain sorting and primary clay con-
tent. Most of the interval consists of clean sandstone with little depositional matrix (with average percentages of 1.75%) 
and cement (4.89%) and has high porosity of around 19.27%. Porosity is main contributor in IGV and is not affected by 
minor amount of clays present. Quartz cementation and overgrowth is mostly sourced by the smectite to illite alteration.
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Sedimentology of channel-deposits of the 
Aspelintoppen Formation, Brogniartfjella, Svalbard 

Andreas Gillebo Kongsgården

Supervised by William HellandHansen (UiB) and Sten-Andreas Grundvåg (UiT)
Department of Earth Science, University of Bergen  Department of Arctic 
Geology, University Centre in Svalbard

The aim of the present study is to increase the understanding of the paleoenvironment and depositional processes tied 
to the channelized sandstone bodies present in the Eocene Aspelintoppen Formation, in the Central Cenozoic Basin. 
The deposition probably occurred in a subsiding foreland basin, adjacent to the West Spitsbergen Fold and Thrust Belt. 
The present study is targeting the Brogniartfjella, located on the northern shore of Van Keulenfjorden. Previous studies 
have been conducted in the area, and the individual authors have suggested different interpretations of the depositional 
environment.

The focus of this thesis has been directed towards detailed logging and mapping of the major sandstone bodies, with 
emphasis on channel geometry and internal architectural elements, sedimentological structures and paleocurrent anal-
ysis. The data was acquired during 3 weeks of fieldwork in the summer season 2014. Previous work has been continued 
and further refined by including several additional localities.

The studied sedimentary succession was divided into 2 major facies associations and 3 subenvironments, represent-
ing trunk channels, distributary channels and crevasse channels. The channelized sandbodies usually exhibits ribbon 
shape geometry, with multistory channel fill. The channels are suggested to be low sinuous and laterally stable with 
erosion resistant channel banks where paleoflora grew locally. The channel fills are interpreted as vertically aggrading, 
probably as a result of high sediment influx and increasing accommodation space. The paleocurrent analysis suffers 
from a limited sampled population, however the available data suggests a mean transport direction towards ESE.

The work in Aspelintoppen Formation supports an interpretation of an anastomosing river system with high avul-
sion propensity on a low-gradient depositional plain. This conclusion is based on the present study results and previous 
work conducted in the same area.
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Land sokkel korrelasjon av sprø mesozoiske og paleozoiske 
forkastninger i et profil over Vestfjordbassenget, 
Vestvågøya og Ribbebassenget 

Petter Andreas Lundekvam

Supervised by Steffen Bergh (UiT) and Tormod Henningsen (Statoil)
Department of Geology, UiT The Arctic University of Norway

Denne studien har studert geomorfologi og sprø forkastninger i et profil som strekker seg fra Vestfjordbassenget, over 
Vestvågøya/Lofotryggen og Ribbebassenget. 

Det flate slettelandskapet sentralt på Vestvågøya skiller seg ut fra landskapet ellers i Lofoten, som stor sett består 
av alpint fjellandskap. Slettelandskapet er omgitt av alpine asymmetriske fjell langs kysten i NØ og NV. Fjellenes bratt-
side stuper bratt (>60 graders vinkel) ned i havet mot NV og SØ, mens de slake fjellsidene faller slakt (ca. 20 graders 
vinkel) mot det flate slettelandskapet sentralt på Vestvågøya. Dette danner grunnlag for å tolke Vestvågøya til å utgjøre 
et grabensystem enten formet som en halvgraben eller som en vanlig (hel-) graben, hvor fjellene utgjør roterte forkast-
ningsblokker. 

Feltarbeid, studier av DEM (Digital Elevation Model) og flyfoto har avslørt tre ulike populasjoner bestående av 
brudd, forkastninger og lineamenter. Populasjon 1 har N-S til NNØ-SSV trend, populasjon 2 har NØ-SV til Ø-V trend, 
mens populasjon 3 har VNV-ØSØ til NV-SØ trend. Brudd forkastninger og lineamenter tilhørende populasjon 1 og 2 
har lik trend til de bratte og flate fjellsidene, noe som underbygger teorien at fjellene representerer roterte forkastnings-
blokker.

 Studier av seismiske linjer som går over Vestfjordbassenget, Ribbebassenget og Lofotryggen viser tilsvarende mor-
fologi til grabensystemet på Vestvågøya. Ribbebassenget og Vestfjordbassenget utgjør halvgrabner, mens en (hel-) gra-
ben er representert internt på den sørlige delen av Lofotryggen.
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Deep-seated faults and hydrocarbon leakage in the Snøhvit 
Gas Field, Hammerfest Basin, southwestern Barents Sea

Mohammed Seid Mohammedyasin

Supervised by Stephen John Lippard (NTNU), Ståle Emil Johansen (NTNU), and Kamaldeen Olakunle Omosanya 
(NTNU) 
Department of Geology and Mineral Resources Engineering , Norwegian University of Science and Technology

High-quality 3D seismic data are used to analyze the history of fault growth and hydrocarbon leakage in the Snøhvit 
Field, southwestern Barents Sea. The aim of this work is to evaluate role of tectonic fracturing as a mechanism driving 
fluid-flow in the study area. To achieve this aim, an integrated approach including seismic interpretation, multiple seis-
mic attribute analysis, fault modeling and displacement analysis was used.
The six major faults in the study area are dip-slip normal faults which are characterized by complex lateral and vertical 
segmentation. The three main episodes of fault reactivation interpreted were in Upper Jurassic (Kimmeridgian), Lower 
Cretaceous and Paleocene times. Fault reactivation in the study area is mainly through dip-linkage. Throw-distance 
plots of the representative faults also revealed along-strike linkage and multi-skewed C-type profiles. The throw profiles 
show that faults in the study area evolved through polycyclic activity involving both blind propagation, syn-sedimentary 
activity and that they have their maximum displacement at the reservoir zone. The expansion and growth indices pro-
vide evidence for coeval fault activity with sedimentation and interaction of the faults with a free surface during their 
evolution.

Hydrocarbon-related high-amplitude anomalies in the study area have negative amplitude, reverse polarity and 
are unconformable with structural reflectors. The interpreted fluid accumulations are spatially located at the upper tips 
of the major faults and gas chimneys. Four episodes of fluid migration in the study area are linked to periods of fault 
reactivation and Neogene glaciations. Fluid leakage is driven by tectonic fracturing, uplift and erosion. The interpreted 
deep-seated faults are the main conduits for shallow fluid accumulations in the Snøhvit Field.
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Pre-Jurassic evolution of the Fingerdjupet Subbasin 
area, SW Barents Sea 

Audrius Norkus

Supervised by Jan Inge Faleide (UiO), Johan Peter Nystuen (UiO), and Ivar Midtkandal (UiO)
Department of Geosciences, University of Oslo

The Fingerdjupet Subbasin is N-S trending basin in the western Barents Sea, which developed as a westward tilted 
halfgraben in the hanging-wall of a basin-bounding listric normal normal fault as a response to the extension in the 
North Atlantic during the Late Paleozoic. Thick succession from Carboniferous to Triassic contains complex geological 
evolution and using partial well control was examined during this study. 

This thesis describes the pre-Jurassic structural and stratigraphic framework of the Fingerdjupet Subbasin. The 
interpretation of the 2D seismic lines was carried out using both software and paper method to obtain the detailed 
structural evolution of the basin and relate it to the sediment infill. Six seismic key lines were selected to represent the 
main structural and stratigraphic observations in the Fingerdjupet Subbasin. Based on the detailed interpretation of 
the succession from mid Carboniferous to Early Cretaceous, three megasequences were defined and described in detail 
to reconstruct the evolution of the basin through time. Based on megasequences time-thickness maps were created to 
study the lateral and vertical changes in the geometries and depositional patterns. These maps are presented together 
with time-structure maps with interpreted faults in order to relate the basin infill with the observed tectonic regimes in 
the area. Finally, the pre-Jurassic geological evolution is discussed with the focus on a regional setting and surrounding 
areas to recover the Fingerdjupet Subbasin evolution. 

During the Late Paleozoic times, the Fingerdjupet Subbasin might have experienced three different extensional 
regimes. These were dated to be of Devonian (?), mid Carboniferous and late Permian age. Gabrielsen et al. (1990) sug-
gested that the Fingerdjupet Subbasin formed during the Early Cretaceous due to the extension in the North Atlantic. 
However, after this study it can be suggested that the onset of the formation was in late Permian.
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Microscopic and organic geochemical 
characterizarion of the Lower Carnian black shale 
interval in the Northern Calcareous Alps 

Nektaria Panou

Supervised by Wolfram M. Kürschner (UiO)
Department of Geosciences, University of Oslo

At the Julian 1-2, a period major break in reef growth took place in the Tethys realm. This lithological change from 
carbonates to siliciclastics is interpreted to be the result of increased runoff. Increased continental runoff in turn was 
related to a period of increased rainfall in the adjacent continental areas and is known as Carnian Pluvial Event (CPE). 

Palynofacies analysis and Rock-Eval pyrolysis was performed on sedimentary organic matter extracted from sedi-
ments covering the CPE from the outcrops in Lunz am See in Northern Calcareous Alps (NCA) in Austria. Additionally, 
C-isotope data from bulk sedimentary organic matter and TOC values were integrated from a previous study. The re-
sults are used for the reconstruction of the palaeoenvironmental conditions during the black shale formation, the redox 
conditions and source rock potential. The negative excursion of δ13Corg of the black shale formation in the Carnian is 
compared with the Rhaetian, which is another negative excursion of δ13Corg within the western Tethys realm. 

The sediments were deposited in an epeiric dysoxic-anoxic, neritic shelf with high algae and bacteria productivity. 
The high productivity was caused by the humid climate during the CPE. Rivers run from Fennoscandinavian hinterland 
into the NW Tethys margin depositing allochthonous terrestrial matter in the shelf and creating stagnation conditions 
in the shelf basin. Consequently, the high influx of organic matter and nutrients resulted into eutrophication as algae and 
bacteria flourish. Furthermore, Rock –Eval pyrolysis reveals kerogen type III and kerogen type IV, but they are generally 
poor source rock potential due to thickness and maturity and weathering of the organic matter. The CIE is assumed as 
a good indicator for changes in organic matter. 
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Late Paleocene – earliest Eocene 
prograding system in the SW Barents Sea 

Bjørn Margido Prøis

Supervised by Ivar Midtkandal (UiO), Jan Inge Faleide (UiO), and Johan Peter Nystuen (UiO) 
Department of Geosciences, University of Oslo

Two-dimensional seismic data and a regional seismic sequence analysis of the Paleocene succession in the southwest-
ern Barents Sea are presented and discussed. The Paleogene Torsk Formation is bounded by a Cretaceous – Paleogene 
hiatus at the base and an erosional truncation at the top. Well data was tied to the seismic to define the base and top of 
the Torsk Formation. 

Based on reflection terminations, three Paleocene progradational units are defined within the Torsk Formation in 
the Hammerfest and Tromsø basins. A regional depositional model for the prograding system is outlined and applied to 
describe the depositional history for the Paleocene succession in the SW Barents Sea. 

The base of the Paleocene succession is an unconformity related to uplift and erosion. Subsidence of large parts 
of the Barents Shelf generated accommodation, and deposition initiated in Late Paleocene. The deposition in earliest 
Paleocene started out as widespread aggradational shelf deposits over large parts of the Barents Shelf, and was later 
succeeded by a Paleocene progradational system. The system prograded from ENE towards WSW, and uplifted areas on 
the northern Barents Shelf acted as sediment source. The geometry of the prograding system towards Loppa High shows 
that the area was a part of the shallow Barents Shelf during the Early Paleogene, which differs from earlier publications. 
The area was not a topographic or bathymetric high, but part of the wider Barents Shelf depocenter. Most of the Early 
Paleogene succession is missing in the Barents Sea due to Late Cenozoic uplift and erosion, but it is expected that the 
prograding system covered large areas with a significant thickness prior to uplift and erosion.
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Geochemical Comparison of Oils and Source 
Rocks from Barents Sea 

Dimitrios Rallakis

Supervised by Dag A. Karlsen (UiO)
Department of Geosciences, University of Oslo

The initial notion that the Barents Sea was a dry gas region proved to be incorrect since commercially valuable oil fields 
were also discovered. Examples of such fields include the wells 7125/4-1 (Nucula discovery), 7122/7-1 (Goliat field), 
7222/6-1 S, and the most recent Lundin discovery in well 7220/11-1 (Gotha and Alta fields), NW of 7121/4-1 (Snøhvit 
field). The Barents Sea exploration campaign has had, and continues to have a high drilling success rate since most of 
the exploration wells of the 68 in total, until 2008, discovered sedimentary strata containing in some cases petroleum. 
However, most of the reservoirs discovered contain gaseous hydrocarbons and/or thin oil legs or residual oils i.e "shows" 
and this seems to be related mainly to uplift and remigration (Ohm et al., 2008). 

The main objective of this study is to attempt to correlate twelve (12) core and (1) one outcrop source rock sam-
ples, recovered from the Hammerfest Basin, the Nyslepp/Måsøy Fault Complex, the Finnmark Platform, the Nordkapp 
Basin, the Svalis Dome, the Bjarmeland Platform and the outcrop sample from the Trehøgdene on Svalbard, with ten 
(10) oil samples from the Hammerfest Basin, the Nyslepp/Måsøy Fault Complex, the Bjarmeland Platform, the Loppa 
High and the Nordkapp Basin in western Barents Sea, for the purpose of understanding better the source and maturity 
aspects of the petroleums. 

The oil samples represent liquid hydrocarbons from exploration oil wells. Eight of them were produced from res-
ervoir rocks that are of Triassic-Jurassic age i.e. from the Kapp Toscana Group, one is from the Middle Triassic of the 
Sassendalen Group, and one is of Permo-Carboniferous age and from the Gipsdalen Group. 
This study aims to evaluate if the source rock (SR) samples are reasonable analogues for the SR of any of the oils and also 
as a help in overviewing the maturity of the oils. 4 Furthermore, it attempts to address the aspects of secondary processes 
like biodegradation, organofacies or in-reservoir mixing. 

As a matter of fact it is not easy to address the potential source of petroleum accumulations in the Barents Sea due to 
dysmigration, tilting and spill phenomena, as a result of several uplift episodes. Furthermore, the fact that Barents Sea is 
a multi-SR basin (Ohm et al., 2008; Faleide et al., 2010) means that oils may have mixed in the reservoirs
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The first attempt to correlate the migrated bitumen 
from the Helgeland Basin cores to Devonian source 
rocks and oils from the UK Orcadian Basin – Is there 
a Devonian Orcadian type basin offshore Norway?

Anders Rønningen

Supervised by Dag A. Karlsen (UiO)
Department of Geosciences, University of Oslo

A key focus of this thesis is if migrated bitumen from Lower to Middle Jurassic and Cretaceous age sandstones in the 
6609/11-1, 6610/7-1 and the 6609/5-1 wells in the Helgeland Basin might originate from Devonian source rock strata. 
For a possible comparison of source rock facies has nine outcrop samples collected from the Orkneys been used along-
side with the Beatrice oil from Moray Firth as references of the lacustrine Middle Devonian organofacies present in the 
Orcadian Basin, Also, oils from the Judy Field and the Embla Field were included in this investigation as their geochemi-
cal signature differs from the typical Kimmeridge derived oils on the Norwegian Shelf, which in this study is represented 
by the NSO-1 oil i.e. oil from the Oseberg Field. 

Analytical methods i.e. GC-FID and GC-MS were used to generate characterization parameters used for indicating 
the maturity and also the type of organofacies of bitumen samples and the oil samples. In addition, TOC and Rock-Eval 
analysis were performed on the source rock samples for assessing the quality i.e. the kerogen type and the generative 
potential, and also for obtaining additional maturity information. 

Based on the TOC and Rock-Eval analysis, the HI of the five highest quality source rocks samples is in the range of 
313 mg HC/g TOC to 397 mg/ HC/g TOC and those values corresponds to type II kerogen and the overall generative 
potential of the same five samples is categorized as good to very good, i.e. the TOC values in the range of 1.48wt.% 
to 2.79wt.%. The four other samples scores lower in both quality and/or generative potential. Of the nine source rock 
samples in total, only one scores below the minimum criteria for being categorized as a source rock, i.e. a TOC value of 
at least 0.5wt%. 

All the three wells i.e. 6609/11-1, 6610/7-1 and 6609/5-1 from which the bitumen bitumen samples studied in this 
thesis were isolated show evidence of having received migrating oils from a source rock that correlates with the geo-
chemistry of the lacustrine Middle Devonian source rocks of the general Orcadian Basin source rock facies. In particular 
is the positive identification of β-carotane in the 6609/11-1, 6610/7-1 and 6609/5-1 wells of the highest interest as this 
biomarker is a type component for the Devonian lacustrine systems. 

It is thus concluded that there are Devonian source rock systems present in the Helgeland Basin which are of suf-
ficient magnitude to generate and migrate oil into the studied sandstones which are of Early to Middle Jurassic and 
Cretaceous age. 

In addition to oil from the likely Middle Devonian source rock, well 6609/11-1 also contains migrated oil from 
a terrestrially derived source rock and the upper section in well 6610/7-1 (depth 2661m to 2668.5m) and also well 
6609/5-1 contains migrated bitumen (oil) which is clearly sourced form a marine derived source, i.e. the Late Jurassic 
Kimmeridge equivalent. The bitumen samples in the lower section of well 6610/7-1 (depth 2713.8 to 2715m) bears 
no resemblance of influence from lacustrine Middle Devonian source rocks, but are interpreted to have been sourced 
mainly from terrestrially derived source rocks, and there is also indications for co-sourcing from the Late Jurassic Kim-
meridge equivalent source rocks. 
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Furthermore, oils representing the Embla Field, the Judy Field and the Oseberg Field, are interpreted to have been 
mixed in the reservoir with petroleum from a lacustrine Middle Devonian source rock equivalent. Also this is totally 
new information as such has never been described, and it is inferred that such palaeo-oil must have escaped from the 
Oseberg Field reservoir and the Judy Field reservoirs long before the arrival of the present oil charges. It is thus inferred 
that also in the drainage areas of Oseberg, Embla and Judy are the Devonian basins which have generated oil. 

Concerning the maturity, the source rock bitumen samples from the Orkneys are considered marginally mature, and 
the Helgeland Basin bitumen samples, the Judy oil, the Beatrice oil and the Oseberg oil are considered to be at maturity 
levels which corresponds to the middle of the oil window. The Embla oil is highly mature, with a maturity level corre-
sponding to the later part of the oil window. 

The maturity from the lowest to the highest is as follows: The source rock bitumen samples from the Orkneys - NSO-
1 (Oseberg) - Beatrice - 6609/11-1 - Judy - 6610/7-1 upper section - 6610/7-1 lower section - 6609/5-1 - Embla.
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Layer parallel shortening and cataclastic flow by 
fractures in the Permian Kapp Starostin Formation, 
Mediumfjellet, Spitsbergen 

Siri Anne Haugland Strand

Supervised by Alvar Braathen (UiO)
Department of Earth Science, University of Bergen  
Department of Arctic Geology, University Centre in Svalbard

This study presents a structural analysis, from macro- to micro-scale, of the Permian carbonates and spiculites of the 
Kapp Starostin Formation. The analysis was conducted to better understand the fracture development and deformation 
in a Fold and Thrust Belt environment, located to the Mediumfjellet that is displaying a major thrust-stack in the thin-
skinned part of the Paleogene West-Spitsbergen Fold and Thrust Belt. 

Methods include regional mapping and cross-section construction, coupled with Lidarscan interpretations in the 
software Lime. These data forms a base for calculations of layer parallel shortening. Field methods include lithostrati-
graphically logging with additional thin section studies. Further, scanlines record fracture frequency (fractures per 
meter) both along strike and dip with respect to bedding, and reveal fracture orientations, terminations and fill. 

The Kapp Starostin Formation comprises mainly spiculitic units with some silicified carbonate and shale beds. Per-
mian strata are deformed along four well-known major thrusts (M1-M3, and G), but the observation of a new, major 
structure in the hangingwall of the M2, suggests the presence of another thrust in the area, termed the M2 upper splay. 

The bryozoan limestone has higher fracture frequency than dolomite, brachiopod limestone, spiculite and shale, and 
may have more fractures in thinner beds, in contrast to the other lithologies. The fracture data shows five main fracture 
populations striking; (i) nearly E-W, (ii) NNW-SSE, (iii) NW-SE, (iv) NE-SW to NNE-SSW and (v) nearly N-S. 

The findings of this study indicate a total layer parallel shortening averaging a minimum of 64 percent/m, with 
highest shortening in the hinge zone of the folds. The characteristics of the fracture network suggest folding by cataclas-
tic flow, in most layers characterized by frictional flow on fractures rather than flexural slip along layers. The fractured 
tight Permian rocks in Mediumfjellet makes the studied strata an analogue for fractured reservoirs in fold-thrust belts.
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Seismic Expression of Deep-Water Fan with an Example 
from Triassic in Southwestern Barents Sea 

Murad Fikrat Babayev 

Supervised by Ståle Emil Johansen (NTNU)
Department of Petroleum Engineering and Applied Geophysics, Norwegian University of Science and 
Technology

Generation of high-quality 3D seismic data and easy access to this data across the deepwater environments together 
with the prior interest of oil companies in the deep-water exploration has attracted geoscientists to the thorough under-
standing of the deep-water depositional systems over the past few years. In this thesis work, 3D seismic data with several 
interpretation techniques gave the opportunity to demonstrate seismic expression of deep-water fan with an example 
from the Triassic in the southwestern Barents Sea. In order to perform a flawless analysis, it is significant to understand 
the internal architecture and development phases of the fan system by seismic expression of each depositional element 
in plan- and cross-sectional views.

The combination of flattening method with RMS seismic attribute is applied to demonstrate the evidences of flu-
vial and deep-water depositional systems in the upper (Snadd) and the lower (Havert) part of the Triassic formations. 
The advanced methods such as model and geobody extractions are performed to confirm the internal architecture of 
deep-water fan which is accurately presented in the image extracted by flattening rather than regular interpretation 
methods. Integration of plan- and cross-sections provides a better understanding of geomorphologic analysis which 
leads to categorize depositional elements such as main feeder channel, crevasse splay and channels, distributary chan-
nels and channelized lobe complex deposited within a low shelf to basin floor setting. These elements are generated 
through the development of fan system from initiation and growth phases to retreat phase. There exist similarities and 
differences in the architecture of fluvial and deep-water channels; the similarities are in shape, stream width and sinuos-
ity ratio while the stream lengths are different for both channel systems. These comparisons also show that the seismic 
expression of deep-water system is clearly visible in the data rather than the fluvial counterparts.
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Seismic interpretation and evaluation of the 
Cenozoic uplift in the southwestern Barents Sea 

Mauricio Reyes Canales

Supervised by Ståle Emil Johansen (NTNU)
Department of Petroleum Engineering and Applied Geophysics, Norwegian University of Science and 
Technology

Several studies have suggested considerable uplift and erosion in the western Barents Sea and Svalbard margin during 
Cenozoic times. After continental breakup of the NorwegianGreenland Sea, a primary tectonic uplift was induced as 
consequence of the heat transfer during the margin transform stage. This Cenozoic uplift caused a sub-aerial terrain 
that was massively eroded, creating prograding wedges along western Barents Sea margin. This massive erosion, related 
to intense glacial activity during Pliocene-Pleistocene times generated a secondary isostatic uplift that maintained an 
elevated glaciated terrain. 

Seven 2D seismic lines and two wells have been studied to understand the Cenozoic geological history of the south-
western Barents Sea. To describe the main features based on seismic images, and to study the magnitude and conse-
quences of the major Cenozoic uplift and erosion in the southwestern Barents Sea were the main objectives of this thesis.

The methodology to interpret these profiles consisted primarily in observing the main seismic features of these 
images. After this, the main reflections were marked and then a geological model was proposed. Finally, these geological 
models were tied with previous regional investigations, making possible the understanding of the geological history for 
each line. The first interpreted image was a seismic line intersected by one of the wells, from which a seismic-well tie was 
done. This well and previous studies provided key information in order to date the main reflections and have a better 
understanding of the geological evolution and lithological composition of the study area. 

Almost all the seismic lines show similar features and have a close-related geologic history. The Vestbakken Volcanic 
Province (VVP) was marked during the seismic interpretation and is linked with the continental breakup of Norwe-
gian-Greenland Sea. These volcanic flows were easy to distinguish in the seismic lines and their presence was confirmed 
by one of the wells. The pre-glacial sediments (Paleocene-Lower Miocene) were deposited and affected during the shear 
margin setting that dominated the southwestern Barents Sea during those times. Transpression and transtension during 
this stage could explain the configuration of these strata. 

The glacial sediments (Pliocene-Pleistocene) were deposited after the Cenozoic uplift and massive glacial erosion, 
an evidence of this is the main truncation that separates the preglacial and glacial sediments. These glacial sediments 
formed the massive prograding wedges (ex. Bjørnøya fan) visible along the margin. 
By studying the available well data it was possible to infer the magnitude of the uplift. To estimate the magnitude of the 
total uplift during Cenozoic times, a method based in the use of empirical depth-porosity shale/sand trends was applied 
and then compared with depthporosity trends calculated from the well logs. When comparing the obtained results 
(900±100 m of uplift) with previous estimations (from 700 m up to 1500 m of uplift), there is a good correlation between 
the depth-porosity trend method and the variable estimated range for the total uplift in this area of the southwestern 
Barents Sea margin.
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Structural and stratigraphical evolution of the 
Fingerdjupet Subbasin, SW Barents Sea 

Maria Evensen Dahlberg

Supervised by Jan Inge Faleide (UiO), Johan Peter Nystuen (UiO), Ivar Midtkandal (UiO), and Michael Heeremans 
(UiO)
Department of Geosciences, University of Oslo

Several phases of uplift and erosion in the Barents Sea have left a lot of the Cretaceous to Cenozoic strata missing; 
however, the Fingerdjupet Subbasin is one of the basins where the Lower Cretaceous strata are still present, combined 
with well-controll. The Fingerdjupet Subbasin is an N-S trending Early Cretaceous extensional basin that was formed in 
response to the opening of the North Atlantic rift and the regional and local subsidence in the Barents Sea. 

This thesis describes the structural and stratigraphical evolution of the Fingerdjupet Subbasin. Structural and strati-
graphical interpretation has been performed in both 2D and 3D, both on paper and with software, to identify and map 
out important phases of tectonic activity in the study area and link it to the depositional patterns. Based on the detailed 
structural and stratigraphical interpretation performed on the Upper Jurassic to Lower Cretaceous strata, eight sequenc-
es were identified and described in order to obtain a picture of the basin evolution through time. Time-thickness maps 
corresponding to the eight sequences were made to analyze lateral geometries and vertical depositional patterns in the 
study area. The geological history of the Fingerdjupet Subbasin is finally discussed with emphasis on the regional geo-
logical setting to fully understand the basin evolution. 

The Fingerdjupet Subbasin has proven to be a highly dynamic basin with records of tectonic events in at least two 
phases during the Early Cretaceous, and differential subsidence in this period. The two phases of extension is dated to 
Early Barremian and Intra Aptian. The Fingerdjupet Subbasin is defined by Gabrielsen et al. (1990) as the eastern shal-
lower part of the Bjørnøya Basin, only separated by the Leirdjupet Fault Complex. However, this work indicates that the 
Fingerdjupet Subbasin appears to be geologically closer related to the Bjarmeland Platform until Early Barremian time.
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Lower Cretaceous Prograding Units in the 
eastern part of the SW Barents Sea 

Myrsini Dimitriou
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Department of Geosciences, University of Oslo

A large-scale 20 seismic sequence analysis of the Lower Cretaceous successions in the eastern part of the south-western 
Barents Sea is presented. Well and shallow borehole data are used to further constrain and assist the interpretation. Four 
distinct prograding units are recognized and mapped, each characterized by internal, low-angle clinoforms. They are 
bounded by a maximum flooding surface at the base and an erosional truncation on top; both types of sequence bound-
aries are correlated over the entire area.

The lap-out points and the space relationship between the different clinothem packages was mapped. A regional 
depositional model was developed through the integration of the available data. The interplay between local, regional 
and supra-regional events was discussed in connection with the unit's depositional history.

In the Early Cretaceous, the eastern part of the south-western Barents Sea was a relatively shallow epicontinental sea, 
located within the Boreal Basin. It was gradually filled-in during four phases, with two major progradational directions; 
NW to SE and NE to SW; the latter being the dominant direction. The sediments were sourced from a location north 
of the northern margin of the present-day Barents shelf; an uplifted area associated with the rising High Arctic Large 
Igneous Province {HALIP). The clinoform system is connected with the fluvial/paralic system of the Helvetiafjellet 
Formation on Svalbard, and its likely time equivalent chronostratigraphic units on Franz Josef Land, as the southward 
continuation of its drainage system. A direct tie between the two systems, within the Norwegian sector, is not possible, 
due to Cenozoic uplift and erosion. Mantle processes, related to the HALIP, are suggested to account for the creation of 
accommodation. A widespread condensed carbonate succession of Valanginian to early Barremian age constitutes the 
downlapping surface, with the clastic deposits being of early to middle Barremian age, according to well and shallow 
borehole data.
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Seismic sedimentology of Triassic channel 
complex in the Barents Sea

Dicky Harishidayat

Supervised by Ståle Emil Johansen (NTNU)
Department of Petroleum Engineering and Applied Geophysics, Norwegian University of Science and 
Technology

The Barents Sea area is located in the Arctic region, categorized as a marginal sea of the Arctic Ocean. The average of wa-
ter depth is between 230 meters to 1500 meters, bordered by the shelf edge towards the Norwegian Greenland Sea in the 
West, the Svalbard and the Franz Josef Archipelago in the North, the Novaya Zemlya Archipelago in the East, and Eur-
asia Continent in the South.Oil and gas activities in the Barents Sea area have been started at 1970 s. Several discoveries 
already found at that era. In the 1984, Statoil (Norwegian Multinational Oil and Gas Company) made some discovery in 
the South Barents Sea area, called Snøhvit. In the 2011, Statoil made some significant discovery again in the Barents Sea 
area, called Skrugard (recently became Johan Castberg). Those significant discoveries are made the exploration activity 
in the Barents Sea area become more attractive.Geologically, the Barents Sea Area that extends from the Norwegian 
Greenland Sea to the Novaya Zemlya ridge is covering two major geological provinces (Western Barents Sea and Eastern 
Barents Sea). Several complex tectonic episodes have been start from Pre-cambrian until Cenozoic time. This tectonic 
event made a lot of influence in the basin configuration. This thesis will concentrates on the Western Barents Sea area 
with studying about sedimentological aspect of the reservoir as an objective.Area of interest of the study is located in 
the Southern Barents Sea (Masøy fault complex). This area (Nucula prospect) is part of two license, production license 
393 in the north and exploration license 393B in the south. Nucula prospect has been discovered by 7125/4-1 well in 
the 2007. Statoil as an operator want to develop the Nucula prospect become commercial. Sedimentology study of the 
reservoir is needed in order to understand physical behavior of the reservoir. This study will concentrate in the Late 
Triassic Fruholmen and Snadd formation (Gas & Oil Reservoir). Seismic slicing is the main method in this study.Zone 
slicing has performed significant result in the seismic interpretation. Fluvial meandering channel has been carried out 
from the Snadd interval (Wells & Seismic). Fluvial meandering channel on the Snadd interval can divide into two types: 
Low sinuosity meandering channel and high sinuosity meandering channel.
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Sedimentology of the Aspelintoppen Formation 
(Eocene-Oligocene), Brogniartfjella, Svalbard 

Olav Aleksander Naurstad

Supervised by William Helland-Hansen (UiB), Sten-Andreas Grundvåg (UNIS), and Maria Jensen (UNIS)
Department of Earth Science University of Bergen 
Department of Arctic Geology, The University Centre in Svalbard

The following study investigate the vertical changes in fluvial channel and interchannel geometry and facies architecture 
of the Aspelintoppen Formation in the Cenozoic Central Basin on Svalbard. Sedimentary structures was predominantly 
developed by unidirectional traction currents. The channelized sandstone bodies are ribbon shaped and is character-
ized by low sinuosity. This architecture was promoted by cohesive banks that limiting lateral accretion and resulted in 
channel fill dominated by vertical aggradation of dunes and bars. The studied section shows a clear dominance of inter-
channel sheet sandstone and laminated mudstone deposits, which volumetrically comprises five times as much deposits 
as fluvial channels. Abundance of leaf imprints, roots traces and ichnotaxa assemblages of the Scoyenia and Mermia 
ichnofacies, indicates lateral extensive and highly vegetated swamps, and ephemeral lakes, which are suggested to be 
flooded for longer periods of time. 

Evolution of the sedimentary infill is best explained by high floodplain aggradation and shifting of main channel 
segments triggered by base-level changes, resulting in channel avulsion. Aggradational rates are reflected by the high 
degree of channel avulsion and large thickness of vertically connected crevasse splay complexes. Syn-tectonic deposition 
during uplift of the West Spitsbergen fold-and-thrust belt and foreland basin subsidence promoted a relatively high 
gradient of the fluvial system, resulting in great volumes of sediments being transported to the floodplain and bypassed 
to the basin. 

Base-level changes favourable for avulsion of major channel segments (trunk and major distributary channels) is 
subsequently promoted by high floodplain aggradation and possibly by sea-level rise, influencing distal parts of the 
fluvial system and/or by high stream flow breaching channel banks, redirecting the channel to a more preferred location. 

Characteristics of the studied succession points to a sedimentary basin with high sedimentation rates and subsidence 
which would promote the high aggradational rates suggested for the fluvial system of the Aspelintoppen Formation. 
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Imaging reservoir quality of Knurr and Stø Formations in 
the Hammerfest Basin and RLFC, Norwegian Barents Sea

Dechen Zhang

Supervised by Nazmul Haque Mondol (UiO)
Department of Geosciences, University of Oslo

The Barents Sea is a prospective area in terms of hydrocarbon resources with high ratio of discovery wells. This study 
focuses on reservoir quality of two sandstone reservoirs of Knurr and Stø Formations in the Hammerfest Basin and 
Ringvassøy-Loppa Fault Complex in the Norwegian Barents Sea. The study methods include petrophysics analysis, 
rock physics diagnostics and AVO modelling. Seven exploration wells from the study area are analysed to investigate 
the reservoir quality of two target reservoirs. The studied reservoir sandstones are buried at different depth levels from 
approximately 1400 m to 3300 m (RKB). Therefore, this database provides a perfect profile for sandstone compaction 
and diagenetic studies. 

A comparison of Vp-depth trends in studied wells and published Vp-depth trends for normally subsided basins 
shows that the Vp in the study area are much higher than expected. The calculated average porosity values of the reser-
voirs are much lower than published porositydepth trends. Regional uplift and erosion is attributed as the main reason 
for these anomalous values. The estimated average uplift in the study area is about 900 m. The exhumation decrease to 
the north-west direction. After estimation of uplift, the present depth is corrected to a maximum burial depth. New 
depth data are subsequently used to calculate maximum burial temperatures for the reservoirs. The maximum tempera-
tures show that the sediments have experienced much higher thermal exposures than what is interpolated from bottom 
hole temperatures. All the reservoirs in the studied wells are within the zone of chemical compaction. 

It is clear from petrophysical analysis that the reservoir quality of the Knurr Formation is poorer compared to the 
Stø Formation. The Knurr Formation is deposited in a submarine fan system while the Stø Formation is deposited in 
a coastal environment. Different sedimentary environments result in different reservoir parameters, like net-to-gross 
ratio, shale volume and porosity. 

Rock physics templates work well for estimating quartz cement content and for distinguishing different lithologies 
and pore fluids. Even the shallowest buried sandstones (around 1200 meters below sea floor) in well 7119/12-2 contain 
cements between the grains according to rock physics diagnostic results. This is also confirmed by published literatures. 
Secondary porosity is also common in the studied wells. A clear trend of rock properties with increasing depth is ob-
served in all of the rock physics templates used. Lamda-Rho versus Mu-Rho cross plot works better than Vp/Vs versus 
IP cross plot for discriminating the lithology and fluid in the studied wells. Due to the complex compaction and diage-
netic history, the shear wave velocity measured in well 7119/12-4 is abnormally high. These high shear wave velocities 
result false gas effect in rock physics templates (e.g. Vp/Vs versus IP and LMR). 

The AVO modelling results agree reasonably well with the classical AVO theory. The gasbearing data points deviate 
from the background trend at both the top and bottom interfaces of the reservoirs. An impedance inversion with in-
creasing depth is observed in the AVO modelling for the Stø Formation sandstones. With increasing depth, the “soft” 
sandstones turn into “hard” sandstones compared to the overlying shale. The AVO modelling results are sensitive to 
many factors, like water saturation, wavelet and block size. The measured Vs values in well 7119/12-4 also result false 
gas effect in AVO modelling.
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