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Foreword
Research, education and dissemination are
UiT’s most important functions. UiT also has
an important responsibility to educate and
develop science useful to society. The UiT
strategic plan “Developing the High North –
UiT’s strategy towards 2020” presents “Energy, climate,
society and environment” as one of five interdisciplinary
areas of foremost priority, and within this, “Conventional
and renewable energy production” is one key element.
Therefore, it is a major goal for UiT to offer high quality
research-based education and to provide high quality
research infrastructure related to Arctic petroleum
exploration.
The National Committee for Research Ethics in Science
and Technology (NENT) assessed the ethics of petroleum
research, and concluded that it is considered unethical
if research activities and petroleum research framework
obstructs the development of sustainable processes to
which Norway has committed. The Faculty of Science and
Technology, UiT acts accordingly to this.

ARCEx – the Research Centre for Arctic
Petroleum Exploration – has now been
established with a full range of project
participants and administrative support to
deliver on the ambitious research collaboration
programme in the arctic awarded by the Research Council
of Norway in 2013.
ARCEx is a truly national joint effort among Norwegian
universities in addition to a number of key research
institutions active in Arctic research. We have established
research teams consisting of the most highly-rated
academics in joint cooperation with international
academic institutions active in the Arctic.

The following measures will be implemented:
• ARCEx will make the NENT report and its content
known to the involved personnel.
• ARCEx will maintain and develop the research profile
with an integrated perspective on petroleum science,
which also includes sustainable petroleum exploration.
• ARCEx will collaborate with both national and
international partners within the subjects of
environment, climate and energy.
• Through high quality, research-based education,
ARCEx will provide students with a multidisciplinary
understanding of challenges related to energy and the
environmental and climatic aspects of this.
• ARCEx will aim to provide transparency for our
research and education by planned outreach activities.
• All ARCEx partners are encouraged to take part in the
social debate related to the petroleum research.
Morten Hald
Dean, Faculty of Science and Technology
Chair, ARCEx Consortium Board

Further, industry partners have joined the group and
actively contribute to the quality of the projects. New
partners have already announced their interest in joining
ARCEx, providing an opportunity to increase the scope of
activities in 2015.
In 2015, a key effort will be to attract new capacity via PhD
and postdoctoral candidates into the programme. As of
today, they will join 160 individuals who are already part
of the ARCEx project portfolio.
Bård Johansen
Director ARCEx

Cover Photo: Lidar Photo taken from Agardhbukta towards Myklegardfjellet. In ascending order Upper Triassic to “mid” Jurassic sandstones (Realgrunnen Sg.
equivalent) – “mid” Jurassic surface (near top kapp Toscana equivalent) overlain by Middle to Upper Jurassic shale (Fuglen–Hekkingen fms. equivalents followed
by BCU; seen as a sharp boundary in the upper middle part of the mountain, then Lower Cretaceous shale (Knurr fm. equivalent) capped by Barremian sandstones
(No clear Barents Sea Equivalent).
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Summary
The overarching goal of the Research Centre for Arctic
Petroleum Exploration - ARCEx - is to bring together
research and knowledge regarding the petroleum
resources and geoscientific conditions in the north,
and to provide essential knowledge and methodology
for eco-safe exploration. Here, eco-safe refers to the
use of the best available technology and practices in
order to minimise impacts and risks to the Arctic
environment. ARCEx, hosted by UiT The Arctic
University of Norway, brings together 6 universities, 4
research institutions, 8 industry partners and a number
of international partners. Our aim is to develop new
knowledge focusing on the Barents Sea area, eventually
expanding to a Circum-Arctic perspective.
ARCEx began on 1 October 2013 and continues until
2021. ARCEx is in the first phase of the project and
the main efforts in 2014 have been to recruit research
fellows, increase the collaboration between the work
packages as well as between the partners, develop
a Master’s degree programme, and to establish an
efficient governance structure.
Research is carried out at the various partner
institutions and through a significant build-up of new
knowledge by PhD and postdoctoral programmes.
A total of 27 fellows are planned to be recruited
and funded by ARCEx: 11 PhD students and 16
postdoctoral researchers. By the end of 2014, three of
these had started and an additional six were recruited
to start in the first quarter of 2015.
ARCEx has started to produce preliminary results,
and is actively contributing to conferences and in
the public domain, raising awareness of the ongoing
research. Currently, over 20 researchers dedicate 10%
or more of their working time to the project.

ARCEx is sub-divided into five
interconnected work packages addressing
different research objectives:
WP 1 Basin analysis: to understand the regional
geology and tectonic evolution in the
Barents Sea region and to provide a better
basis to assess the petroleum potential
and reduce exploration risk in the north.
WP 2 Petroleum systems and play concepts:
to provide detailed knowledge on basin
characteristics, summarised in detailed
paleogeography reconstructions to
improve prediction of the resource
potential of the Arctic Basins.
WP 3 Environmental risk management:
to develop new environmental risk
management approaches tailored to the
unique exploration and future operational
challenges for Arctic areas.
WP 4 Technology for eco-safe exploration in
the Arctic: to develop the best possible
geophysical data acquisition strategies
to use – both with respect to the
environment and data quality.
WP 5 Education and outreach: to offer
international top-level petroleum
geology, geophysics (G&G), biology and
ecotoxicology (B&E) education and to
ensure that highly competent candidates
will provide a pool of experts for the
industry and academia.
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Key figures
Personell

2

PhD students

1

Post Doctoral
researchers

22

Senior staff
dedicating min.
10% of working
time

3

Administrative
staff

25

Associated
master
students

Publications and dissemination activity
5 Scientific publications
0 Reports incl. PhD thesis
3 Master’s thesis
20 Other dissemination activity at scientific events
(incl. posters and oral presentations)
6 Articles in popular press
12 Media coverage
8 Other dissemination activity to stakeholders and
wider public (presentations)
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Accounts (all figures in NOK 1 000)
FUNDING SOURCE

2014

The Research Council of Norway

2,667

The Host Institution, UiT The Arctic University of Norway

4,124

Research partners

2,690

Industry partners2

2,664

1

Other public funding
Balance carried over to next year
Total

414
-9
12,550

COSTS PER ACTIVITY

2014

Management

2,305

WP1 Basin analysis

1,873

WP2 Petroleum systems and play concepts

1,287

WP3 Environmental risk management

4,306

WP4 Technology for eco-safe exploration in the Arctic

2,217

WP5 Education and outreach
Total

561
12,550

COSTS PER PARTNER

2014

UiT

6,117

UiB

1,330

UiO

329

NTNU

461

UiS
UNIS

0
335

APN

2,400

IRIS

403

NGU

557

NORUT

618

Total

12,550

1

UiB, UiO, NTNU, UiS, UNIS, APN, IRIS, NGU, NORUT

2

Statoil Petroleum AS, Eni Norge AS, Det norske oljeselskap ASA, ConocoPhilips Skandinavia AS, Lundin Norway AS, Tullow Oil Norge AS,
GDF SUEZ E&P Norge AS, DONG Energy E&P Norge AS
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Vision and goal
ARCEx aims primarily at improved knowledge of petroleum resources in
northern and Arctic areas, with the complementary aim of providing essential
knowledge and methodology for eco-safe exploration in the high north. Ecosafe refers to the use of best available technology and practices in order to
minimise impacts and risks to the Arctic environment.
This is achieved through the following secondary
objectives:
• Enhance the understanding of large-scale processes
of sedimentary basin formation and evolution of
the Barents Sea and Arctic, and their impacts on
petroleum systems.
• Secure correlation of geological events over large
distances in diverse geological environments of the
Arctic.
• Establish petroleum systems and play concepts for
the different basins.
• Assimilate new ecosystem knowledge for the
different basins into advanced impact and risk
analysis methodologies.
• Develop technology for eco-safe exploration in the
Arctic.

• Create a research-based education and training
programme based on the scientific themes of the
Centre.
• Communicate results from the Centre to the
scientific community, decision makers and the
general public
The Centre, based at Norway’s northernmost uni
versity will in the 8 years of operation, establish
itself at the forefront of scientific excellence in Arctic
petroleum geology and geophysics, environmental
risk management and eco-safe exploration. ARCEx
will become a resource of highly qualified personnel
with specialised training for eco-safe petroleum
exploration in the Arctic.
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The ARCEx
Work Package leaders
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1

Jan Inge Faleide
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General
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2
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WP

3
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Board

3 members
&
3 alternets

4 members
&
4 alternets
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JoLynn Carrol
Adjunct Professor, APN

(project owner)
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4
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Work Package
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5
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Associate Professor, UiT
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Organization
The ARCEx consortium consists of 6 universities, 4 research institutions and
8 industry partners. The Centre is hosted by the Department of Geology at UiT
The Arctic University of Norway.
The ARCEx General Assembly (GA) is composed of
one representative from each of the 18 partners. The
GA is an arena for information exchange between the
academic and industry partners. The GA met once
in 2014.
The ARCEx Consortium Board is the main decisionmaking body in ARCEx. The ARCEx Board has
seven members, four from the industry and three
from the academic partners. The industry partners
elect their representatives among themselves for two
years. The Chair is the Dean at the Faculty of Science
and Technology at UiT. There are two observers, one
from the Research Council of Norway (RCN) and
the other from the Norwegian Petroleum Directorate
(NPD). The Board is at the intersection between the
strategic and operational level and is responsible for
monitoring the work and status of the Centre. The
Board is responsible for making decisions to achieve
the intended results as defined by the contract, and
executing and implementing the decisions of the GA.
The Board met on four occasions in 2014.
Key parts of the ARCEx governance system are the
Technical Committees (TC) where the main technical
interaction and discussions between the academic and

industry partners takes place. For Work Packages 1 to
4, each industry partner has nominated key technical
participants to ensure that the strategy and plans for
the WPs are aligned with expectations or needs.
The Management Team consists of the Director,
Work Package Leaders, Administrative Leader and
Administrative Advisors. The Management Team’s
responsibility is to ensure an efficient day-to-day
coordination and supervision of the project with
respect to scientific and technical matters, as well
as administrative, legal and financial issues. This
is achieved through relevant tools, guidelines and
discussion, as well as through coordinated project
meetings and activities. From a management per
spective, 2014 consisted of important changes in
the management team. As planned from the start of
ARCEx, Prof. Karin Andreassen left the management
team in late 2014 and was replaced by Director Bård
Johansen. The Centre was also strengthened by a fulltime position for an administrative leader. 
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Research plan and strategy
The ARCEx research objectives are addressed within five interconnected work
packages (WPs), with associated research tasks:
WP 1
WP 2
WP 3
WP 4

Basin analysis
Petroleum systems and play concepts
Environmental risk management
Technology for eco-safe exploration in
the Arctic
WP 5 Education and outreach
WP1 and WP2 cover the resources and geoscientific
conditions in the north, and will investigate the subsur
face of the Barents Sea and the Arctic at two different
scales: WP1 covers the large-scale geological processes
including deep crustal features and in relation to
sedimentary basin forming. WP2 builds on the largescale approach from WP1 and forms the geological
bridge to the prospect assessment being conducted
by the industry. WP2 investigates the petroleum play
systems including source, reservoir and trap, and
emphasises on the onshore use of field analogues.
WP3 and WP4 address issues concerning environ
mental risk management and eco-safe exploration.

WP3 focuses on the marine ecosystems both from
field investigations and ecotoxicology experiments,
which, through impact assessment modelling, will
lead to an Arctic risk uncertainty framework. WP4 will
investigate seismic acquisition in ice-infected areas
and also includes geophysical exploration in ecological
vulnerable areas. Remote sensing for operations and
the use of geophysical modelling of outcrop examples
of reservoir analogues aims at improving both the
quality and the processes for operations in the Arctic.
WP 5 focuses on the education and outreach. The
activities and knowledge development in WP1 to WP4
contribute to new study programmes and courses, with
a Master’s degree in Petroleum Geoscience planned to
start in 2015. A Master’s degree in Arctic Petroleum
Ecotoxicology is scheduled to start in 2017. The results
from the research are published both in papers and at
conferences. ARCEx has an external website (www.
arcex.no), publishes newsletters on a regular basis and
is active on Twitter. 
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Basin
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Petroleum systems
and play concepts

Implications
for petroleum
exploration
in the arctic
Technology for
environmental-friendly
exploration in the arctic

Environmental risk
management

Education and
outreach
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WP 1

Basin analysis
Regional geology and tectonic evolution
Basin development and petroleum systems
Petroleum potential and exploration risk

WP 2

Petroleum systems
and play soncepts
Basin characteristics
Paleogeography
Resource potential

WP 3

Environmental risk management
Arctic ecosystems and foodwebs
Sensitivity to petroleum discharges
and exploration
Areas and periods for exploration

WP 4

Technology for eco-safe
exploration in the arctic
Geophysical data aquisition strategies
and parameters
Ecosystems and ecological vulnerable areas
Seismic exploration in ice covered
lands and sea

WP 5

Education and outreach
Educate master and PhD students
Petroleum geoscience and petroleum
ecotoxicology
Outreach of centre activities
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WP 1: Basin Analysis
The main objective of WP1 is to contribute to increased understanding of the
regional geology and tectonic evolution in the Barents Sea region. The new
understanding of basin development and petroleum systems will provide a
better basis to assess the petroleum potential and reduce exploration risk in
the north.
To achieve this objective, an integrated multidiscipli
nary research team is established. WP1 is headed by
Professor Jan Inge Faleide at UiO and includes among
others geologists, geophysicists and modellers. In 2014
one PhD student joined WP1, Tore Aadland at the
University of Bergen. In addition, two fellows were
recruited for start-up in 2015, PhD student Amando
Lasabuda at UiT and Kjetil Indrevær, postdoctoral
researcher at UiO. The research team will be addressing
the following key WP1 topics:

•
•
•
•
•
•

Linking sedimentary basins to deep structure
Basin evolution
Cenozoic uplift and erosion
Source-to-sink
Numerical and analogue modelling
Arctic petroleum basins – beyond the Barents Sea.

We are building on results from previous and on
going research projects such as PETROBAR, GlaciPet,
DemoCen, GlaciBar, BarRock, BarMod, and know
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ledge established through regional exploration in
the north so far. We have managed to closely link
and coordinate the activities within all ARCEx WP1
(and WP2) research tasks, and established a good
arena for collaboration between both the national and
international partners, in particular Russian scientists
having key data and knowledge about the eastern,
central and northern Barents Sea.
Linking sedimentary basins to deep structure focuses on

two major questions related to the western Barents Sea
geology: (1) the Caledonian basement configuration
and (2) the Late Paleozoic basin configuration. These
are key questions relevant to exploration in the western
and central Barents Sea. New deep seismic data were
acquired in August 2014 and are now being analysed
at the universities of Bergen and Oslo.
Basin evolution builds on previous research projects

in addition to a large number of MSc thesis projects.
Particular focus is on the structural/tectonic evolution
of the western and central Barents Sea through multiple
rift phases, with special emphasis on reactivation
events partly in a contraction regime. These events are
important since they could constrain the timing of trap
formation and they could also affect the seal/caprock
integrity. Kjetil Indrevær will, in his work, focus on
the SW Barents Sea - building on the onshore-offshore
results from his previous PhD work at UiT.
Cenozoic uplift and erosion has two different, long-

term approaches. On the one hand, there is a focus
on improved understanding of the glacial processes
causing uplift and erosion of the Barents Shelf and
deposition along the continental margin in the west
and north, and on the other hand there is a focus

on quantification of total net erosion and improved
understanding of the pre-glacial (tectonic) uplift. This
determines the timing of maximum burial, which has
large impact on petroleum system modelling. Amando
Lasabuda will in his project integrate and further
develop the existing knowledge.
Source-to-sink is complementary to several other
regional source-to-sink projects covering different
parts of the Barents Sea sedimentary succession/
evolution (e.g. LoCrA, TriasNorth). Tore Aadland
focuses first on the Jurassic, the main reservoir in the
most explored part of the SW Barents Sea.

is building on
several previous and parallel project activities (e.g.
BarMod, BarPz), and international collaboration has
been established with GFZ Potsdam and Bochum
University. Different types of numerical modelling
have been initiated focusing on basin formation/
evolution and implications for the temperature (and
maturation) history. Analogue modelling, addressing
important structural and tectonic questions, is carried
out through collaboration with international partners
at universities in Utrecht and Rennes.

Numerical and analogue modelling

Arctic petroleum basins – beyond the Barents Sea will, at

a later stage of ARCEx, look at the wider Circum-Arctic
region, but it is already important for understanding
the regional geology. Important new knowledge
has been obtained through complementary project
activities such as (1) 4D-Arctic (joint NORRUS project
with Russian partner), (2) CALE (an international
network focussing on the Circum-Arctic Lithosphere
Evolution), and (3) a regional 3D lithospheric model is
developed jointly with GFZ Potsdam. 
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Kjetil is here studying fault rocks in Troms, Northern Norway (greenish zone dipping at an angle from Kjetil towards the lower right corner of the image). The faults onshore link
up with faults offshore and are a vital part of the evolution of the Barents Sea. Photo: Kjetil Indrevær
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Kjetil Indrevær
Kjetil is a postdoctoral researcher at the University of Oslo, supervised by Jan
Inge Faleide and Roy H. Gabrielsen.
What is your scientific background? I undertook my

Master’s degree and PhD at the University of Tromsø
in Structural Geology. I studied structures (faults)
in Troms that formed as a part of the opening of the
Norwegian-Greenland Sea, and on the relationship
between these structures onshore and offshore. With
this background, it felt very natural to continue in
ARCEx, as the work addressed here is directly linked
to my previous experience.
What topics are addressed in your project? The work
is currently focused on inversion structures within
the Barents Sea, i.e. structures that formed due to
short events of compression in an overall extensional
regime. The Barents Sea has been subjected to massive
extension throughout the several hundred million
years the break-up lasted. It is therefore quite counterintuitive to find evidence of compression within
this setting. That makes it even more important to
understand them, as they may likely give us important
clues to how continents behave during rifting.
What are your main expectations/results? The aim is

to identify and map the inversion structures and to
pinpoint when and why they formed. Some events

of inversion may be caused by local stresses, possibly
caused by rotation and/or movement of neighbouring
fault blocks, while others may be connected to largescale tectonics. They likely formed for different reasons
and at different times depending on where in the
Barents Sea they are located.
The understanding of the inversion in the Barents Sea
is important in relation to hydrocarbon exploration,
as they (i) give detail to our understanding of the
development of basins and thus the potential maturing
of source rocks and (ii) inversion structures tend to
form dome-like structures that in turn may act as
hydrocarbon traps (which is likely the case in e.g.
Ormen Lange Dome in the Norwegian Sea and the
Shtokman field in the Barents Sea). Getting the timing
right for when they formed in relation to the maturing
and migration of hydrocarbons is, therefore, key.
Other things/topics you would like to highlight? I feel

very privileged to be a part of ARCEx, as we will likely
play an important role in the Arctic in the coming
years. ARCEx will hopefully be an arena where
universities and industry can meet to share knowledge
to everyone’s benefit. Knowledge is king! 
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Upper Triassic to Middle Jurassic paralic and shoreline deposits from the east coast of Spitsbergen. This is an analogue strata to the reservoir units in Snøhvit and Goliat (upper
pay zone) fields and Johan Castberg, Wisting and Hanssen discoveries. The upper sandstone units is hydrocarbon stained, suggesting an exhumed oil accumulation. Analysis of
the extracts from the sandstones suggest that the hydrocarbons were sourced from the Middle Triassic Botneheia Formation. Photo: Snorre Olaussen.

WP2: Petroleum Systems
and Play Concepts
WP2 aims at providing detailed knowledge on basin characteristics;
summarised in detailed paleogeography reconstructions will improve
prediction of the resource potential of the Arctic Basins.
WP2 builds on the large scale approach from WP1 and
forms the geological bridge to the prospect assessment
being conducted by the industry. The research team,
headed by Professor Snorre Olaussen at UNIS,
investigates the petroleum play systems including
source, reservoir and trap, and emphasises on the
onshore use of field analogues. In 2014 a research fellow
was recruited for start-up in 2015, PhD student JeanBaptiste Koehl at UiT. The work package is divided into
following subtasks:
• Onshore-offshore stratigraphy and tectonic links
• Hydrocarbon source and fluid flow
• Reservoir studies

• Trap and seal analysis
• Quantitative analysis of petroleum systems and plays
Onshore-offshore stratigraphy and tectonic links uses

among other locations Svalbard as an onshore field
lab to map out and explore stratigraphic and tectonic
development. Field studies on Svalbard constitutes
an onshore analogue when performing offshore
exploration, and resembles a window into the geology
of the Barents Sea. Hence Svalbard is a proper onshoreoffshore link for geological studies.
Jean Baptiste Koehl will be working on the onshoreoffshore relations of the Harstad and Tromsø basins
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While Upper Paleozoic carbonate platform/ramps have been successful plays in
Arctic Canada and Northwest Russia, these plays were regarded as failures in the
Barents Sea until the Gohta discovery in 2013.

with emphasis on basin-bounding fault characteri
sation and tectonic evolution. This study is important
for testing timing constraints of old (DevonianCarboniferous) versus younger rifted margin struc
tures along the SW Barents Sea margin, and their
impact on margin architecture, correlation of onshore
and offshore faults, and various deep and shallow-type
(proximal margin) basin formations.
investigates the
distribution, presence, geochemistry and maturity
of source rocks in the Barents Sea and beyond. For
exploration purposes studies will focus to improve
the knowledge of the hydrocarbon phase to be
expected from different potential source rocks units,
i.e. gas- versus oil-prone. Similarly, internal facies
variation within same stratigraphic organic rich unit
will be investigated. Onshore-offshore oil population
maps will be constructed. Focus on fluid flow from
generation, expulsion, migration to accumulation
processes in recent and deglaciated uplifted Arctic
basins are also investigated.

Hydrocarbon source and fluid flow

identify and to understand the quality of today’s and
tomorrow’s offshore hydrocarbon reservoirs.
A PhD fellow within this task will focus on delta front/
shoreline deposits, and use outcrops on Svalbard as
playground for better description and interpretation
of the analogues in the subsurface of the Barents Sea.
Some of the shoreline wedges in strata within the
central Tertiary Basin represent important analogues
to subsurface deltaic and coastal depositional units
at the Barents Shelf. Also included are shallow shelf
deltas in the Triassic Kobbe and Snadd formations and
in the Upper Triassic to middle Jurassic – Realgrunnen
Subgroup.
Trap and seal analysis addresses the quality, properties
and distribution of cap rocks in the Barents Sea and
pan arctic basins. The investigation will especially
address how the behaviour of shale and faults change
their sealing capacity in more complex burial history
than a normal subsiding basin.
Quantitative analysis of petroleum systems and plays

Reservoir studies addresses distribution and quality

of reservoir rocks of the Barents Sea and beyond. The
provenance areas of the reservoir rocks, depositional
processes, and transport mechanisms are key issues to

summarises and integrates the scientific results of the
above mentioned tasks in WP2. The knowledge forms
basis for updated models on Arctic Petroleum systems
and plays. 
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Stein-Andreas during fieldwork in Wollaston Forland, northern East Greenland. Photo: Gijs Henstra.

Students collecting sedimentological data from the Late Permian Kapp Starostin Formation at Akseløya in Bellsund, central Spitsbergen.
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Sten-Andreas Grundvåg
Sten-Andreas is an ARCEx Associate Professor II at the University of Tromsø.
He is also a postdoctoral researcher at UNIS as part of an industry-financed
project named LoCra.
My scientific
background is within sedimentology and sequence
stratigraphy. During my Master’s degree at the
University of Tromsø I did a sedimentary analysis of the
Late Permian Kapp Starostin Formation in Svalbard.
The sedimentological analysis was accompanied by
detailed geochemical, diagenetic and ichnological
analyses. During my PhD work at the University of
Bergen, I focused on shelf-margin clinoforms. I did
an integrated outcrop and subsurface study of Eocene
clinoforms in central Spitsbergen, and compared
the results with similar clinoforms in the Porcupine
Basin off the shore of western Ireland. For the three
last years I have been a postdoctoral researcher at the
University Centre in Svalbard focusing on the Lower
Cretaceous succession in the Barents Sea region with
special emphasis on Svalbard. This study is part of
an industry-financed project named LoCra (Lower
Cretaceous clastic wedges in the Arctic), not part of
ARCEx.

What is your scientific background?

How are you involved with ARCEx? As part of my ARCEx
appointment, Prof. William Helland-Hansen (UiB)
and I have some students working with the Eocene
Aspelintoppen Formation in Svalbard. This is one of
the least studied stratigraphic units in the archipelago,
and comprises a more than 1000m thick succession
consisting of various fluvial and marginal marine

deposits. The unit is the proximal counterpart of the
clinoforms that I studied during my PhD. We focus
mainly on outcrop-based fieldwork and conventional
sedimentological analyses in combination with core
and well log data. Moreover, we have one student
working with the Late Permian Kapp Starostin
Formation. The interest for the Permian succession
in Svalbard have increased significantly following
Lundins Gotha discovery in the Barents Sea. The focus
on this small project is a standard facies and microfacies
analysis of mixed siliciclastic and carbonate platform
deposits, with a special emphasis on determine where
the sandstones originated from and if there are any
evidences of platform exposure (i.e. karstification).
What are your main expectations/results? Our main

expectations for the various projects are to increase
our knowledge about important geological time
periods in the Arctic in general, and Svalbard in
particular. All the intervals that we are focusing on
are of great interest to the petroleum industry as we
investigate many of the stratigraphic units that are
considered to be important play models in the Barents
and Norwegian seas. More importantly, all the units
that we are studying enable us to ask highly relevant
and motivating research questions which answers we
will continue to pursue. 
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Laboratory experiments of WP3. Photo: Jasmine Nahrgang

WP 3: Environmental
Risk Management
The exploration and development of resources in the Arctic is often
characterised as involving a greater risk and severity of impacts to the
environment relative to many other regions.
This requires development of new environmental
risk management approaches tailored to the unique
exploration and future operational challenges for
Arctic areas. The aim of the Environment component
of ARCEx is to provide essential knowledge and
methodology for eco-safe exploration in the high
north. Two main priorities for new knowledge are
addressed for WP3: to detect potential ecosystem

impacts in the Arctic, and to detect areas and time
periods for exploration activities.
The research performed in WP3 is led by Professor
JoLynn Carroll at Akvaplan-niva AS. PhD student Ana
Sofia Aniceto started in 2014. Postdoctoral researcher
Willy Røed (UiS), PhD student Ryan Dillon (APN),
and Adjunct Professor Jonas Juselius (APN/UiT), were
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recruited for start-up in 2015. The research team has
an active cooperation with national and international
partners. Preparations have begun for coordinated
field studies in 2016/2017 on benthic and pelagic
ecosystem compartments of the Barents Sea. An initial
series of UAV surveys have been carried out to detect
and monitor marine mammals. Also during this year,
laboratory ecotoxicology experiments were performed
on a selection of Arctic species. Initial development of
the Risk-Uncertainty Framework was also achieved.
The research team will be addressing the following key
topics of WP3.
• Pelagic and benthic ecosystems
• Sensitivity of key species within northern
ecosystems
• Ecosystem impacts
• Theoretical risk uncertainty framework
• Seismic data collection and marine mammal
monitoring strategies to mitigate impacts

analyses industry-selected
scenarios to evaluate priority areas and time periods
for exploration activities using a state-of-the-art
ecosystem based impact assessment modelling system
developed for industry.

Ecosystem impacts

establishes
a framework that combines the basic concepts,
principles and theories of risk analysis. By performing
case studies, we are developing quantitative links
between reservoir incidents such as blowouts and
adverse environmental effects and their associated
uncertainties.

Theoretical risk uncertainty framework

Seismic data collection and marine mammal monitoring|
strategies to mitigate impacts evaluates the survey
capabilities of Unmanned Aerial Vehicles (UAVs).
UAVs may be applied to detect and monitor marine
mammals and developing recommendations for
improved geophysical data acquisition.

These research activities deliver:
Pelagic and benthic ecosystems
investigates the
linkages between surface and seafloor food webs.
Resulting data on water column processes, primary
production, vertical flux and food webs will extend the
utility of current state of the art ecosystem models into
future petroleum exploration areas.
Sensitivity of key species within northern ecosystems|

aims at obtaining new information on the ecotoxicology
of key species, in order to ensure that the acquired
data meets the needs and requirements for ecosystem
based modelling. Ecotoxicology data for modelling are
obtained through experiments on selected cold-water
species (e.g. polar cod, capelin, Icelandic scallops and
blue mussels).

• New knowledge and data on Arctic ecosystems and
food webs
• New knowledge and data on the sensitivity of key
species to petroleum discharges within northern
ecosystems
• Identified priority areas and time periods for
exploration activities in the north
• A theoretical risk uncertainty framework for
the arctic
• Recommended geophysical data acquisition
strategies and monitoring methodologies to
minimise the impact on marine mammals. 
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Photo of drone: Daniel Stødle.
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Ana Sofia Aniceto
Sofia is PhD student at Akvaplan-niva AS, supervised by JoLynn Carroll, with
co-supervision of Martin Biuw (Akvaplan-niva) and Tiago Marques (CREEM).
Northern Research Institute supplies UAV equipments.
What is your scientific background? I studied Environ

mental Biology at the University of Lisbon in Portugal,
an interdisciplinary Bachelor’s degree that incorporates
biological and economic aspects of the analysis and
management of environmental issues. After finishing
my degree I moved to England to do a Master’s degree
in Monitoring and Conservation at the University of
Hull. My research project involved monitoring marine
mammals’ behavioural response to the presence of a
large ferry, as a method to evaluate the possibilities
for ship strikes. After completing the Master’s I have
worked on projects related to Arctic systems, including
ocean acidification, monitoring of marine mammals
offshore and cetacean necropsy.
What topics are addressed in your project? The PhD

is entitled “Using unmanned aerial vehicles for
monitoring marine mammals in Arctic and subArctic regions” and addresses several important
challenges accompanying increased demand for
petroleum-related activities in the Arctic. Given the
climatic restrictions to access these areas, it has been
difficult to make routine assessments of the seasonal
distribution and abundance of marine mammals,
which is a key aspect in determining the best periods
and locations for exploration. This has accelerated the
technological development of new image acquisition
systems for use in combination with Unmanned Aerial
Vehicles (UAVs). In particular, considering geological
prospecting, UAVs may provide a valuable method
for assessing seasonality and distribution in areas
of interest for the industry. This research will help
establish new technological approaches for mitigating

the effects of anthropogenic activities in the marine
environment.
My main
expectations are that UAVs can be used as an alternative
method for monitoring, given that the appropriate
corrections are made, and that the supporting
equipment (e.g. still-image cameras, infra-red cameras)
provide quality data. Depending on their flight capa
bilities (flight time, weather resistance, etc.), UAVs
may provide different results and be used for different
studies. However, the application of this equipment for
marine mammal monitoring is still in the early stages.
My work is an important step forward in resolving some
of the methodological issues with UAVs and obtaining
adequate correction factors required for their use.

What are your main expectations/results?

To
provide abundance estimates of marine mammals, it is
necessary to adequately understand the species that are
present in a certain area. For both general monitoring
methods and UAVs a detection probability is required,
which indicates the probability of detecting an animal
given that it is present in the area. Moreover, it is possible
to validate UAV observations with other methods of
observation, which can provide further corrections for
flights and improve the quality of the data obtained.
This validation component is part of my PhD project
as a way to test the efficacy of UAV observations versus
land-based observations. This is essential for future
field seasons when it will be possible to conduct striptransect sampling and measure animal abundance and
distribution. 

Other things/topics you would like to highlight?
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Seismic data aquired from sea ice.

WP 4: Technology for Eco-Safe
Exploration in the Arctic
Geoscientific exploration of the Arctic will meet challenges that are partly
different from those we know from exploration of the North Sea and the
Norwegian Sea.
We will develop the best possible geophysical data
acquisition strategies to use – both with respect to
the environment and the data quality – during initial
exploration and subsequent static and dynamic
reservoir characterisation.
Norway is one of the leading nations worldwide in
developing improved geophysical technology. The
work package leaders are Professor Ståle Johansen
(NTNU and UiT), and Professor Tor Arne Johansen
(UiB). Postdoctoral researcher Agnar Sivertsen at
NORUT started in 2014. PhD student Terje Solbakk
was recruited and starts in 2015. The research team in
this work package builds on state of the art technology
as the initial strategy for the geophysical exploration of
the Arctic. Key research topics are:

• Constraints for geophysical exploration in
ecological vulnerable areas
• Acquisition and processing of seismic data from sea
ice, snow and snow-covered land
• Remote sensing technology in support of seismic
within and close to sea ice
• Use of seismic and Controlled Source
Electromagnetic Method (CSEM) data for
exploration and monitoring reservoir systems of
the Arctic
• Geophysical imaging of prospects and reservoirs
from field analogues on Svalbard and Greenland
Constraints for geophysical exploration in ecologically

vulnerable areas. An experiment focusing on what
causes the generation of high frequency signals from
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marine air gun arrays has been performed. Various
configurations of the array were tested, and high
frequency measurements were acquired at various
depths and distances from the source array. The high
frequency signal is predominantly caused by ghost
cavitation. We find that the amount of cavitation can
be reduced by increasing the distance between the guns
and the separation distance between the sub-arrays. To
measure and quantify the amount of high frequency
signals emitted by a conventional marine seismic air
gun array is important for reduction of noise to the
marine environment.

Seismic reﬂection data integrated with electro-magnetic data.

designing operational remote sensing systems to
support seismic work in areas with ice, and in addition
determine how to optimise a combination of satellite
and aerial surveillance.
Use of seismic and CSEM data for exploration and

Acquisition and processing of seismic data from sea ice,
snow and snow-covered land. Seismic data acquired on
the sea ice in Van Mijenfjorden, Svalbard was analysed
in detail. Particular emphasis was on describing the
appearance and signature of flexural wave recorded on
and beneath the sea ice. A database containing seismic
data acquired on permanently frozen ground, glaciers
and sea ice is put together. These data will be used
to study ice-generated seismic noise. The field work
conducted is of severe importance to be able to solve
some of the problems encountered when acquiring
data on sea ice.
Remote sensing technology in support of seismic within

and close to sea ice. A joint field campaign with the
Research Council of Norway project “Arctic earth
observation and surveillance technologies” was conducted in Kongsfjorden, Svalbard. The goal was to
identify detection limits for the radar data under
different sea-states. During this deployment there was
no wind when we had the overpasses, so these data
should yield best case scenario. Analyses of the data
continue. It is important to determine the accuracy
by which iceberg and growlers can be detected when

monitoring reservoir systems of the Arctic. Another
activity has been to document methods, techniques
and work flows developed by industry and academia in
recent years for interpretation of offshore CSEM data.
In addition, new geological and exploration models
have been developed from interpretation of seismic
and well data from the western and southern Barents
Sea. There has been a rapid development in the CSEM
method and no updated overview of interpretation of
CSEM data has been available. This is now in place.
Geophysical imaging of prospects and reservoirs from
field analogues on Svalbard and Greenland. We have
also used seismic modelling of an outcrop model from
Spitsbergen to develop a new method (SSWD) where
surface seismic is used to improve safety and accuracy
when drilling. This method can have a positive effect
specially when drilling relief wells. New geological
models will improve the general understanding of
the development in the selected areas, and in this way
potentially improve the HC discovery rate. The SSWD
method can improve well steering in general, and
especially reduce time and improve accuracy when
drilling relief wells. 
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Conjugated fracture set with secondary karst porosity (the cave passage) in an otherwise tight matrix of Caledonian marble, Northern Norway. Photo: Terje Solbakk
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Terje Solbakk
Terje is PhD student at NTNU, supervised by Prof. Ståle Johansen. He also
collaborates with Prof. Martin Landrø, NTNU, Prof. Karin Andreassen, UiT and
Prof. Snorre Olaussen and Prof. Alvar Braathen at UiO. His project involves
cooperation with Stanford University and University of Campinas in Brazil.
What is your scientific background? I am a geologist

and took my M.Sc. in geology in Bergen in 2006, on the
development of karst caves and landscape evolution
in a spectacular area called Beiarn, north of Mo i
Rana. I’ve been working for the Norwegian Petroleum
Directorate for around six and a half years in Stavanger.
There I co-authored a scientific article, together with
GEUS and good colleague Jon Arne Øverland, on the
enigmatic Kvæfjord coal. I also contributed to projects
on deep weathering.
What topics are addressed in your project? I work under

the ARCEx task that looks at Geophysical imaging
of prospects and reservoirs from field analogues
on Svalbard and Greenland. There I will do seismic
interpretation and modelling, investigate selected
outcrops on land, for example NE-Greenland and
Svalbard. The rocks on land gives us walk-in access to
the same rocks that are submerged in the Barents sea
shelf, or other areas in the Arctic. I would also like to
look into modern analogues to the hidden shelf rocks,
with the same geologic processes going on today, for
example karst landscapes in southern Europe.
Well, I
started just a few months ago, so there are not many

What are your main expectations/results?

results to show, yet. I have started with some seismic
interpretation of structural highs in the Barents Sea
and I have some ideas on working with karst and deep
weathering, but we’ll see where the path leads. Our
results from interpreting the geology on land will be
important for comparing and predicting reservoir
rocks under the Arctic seas. I hope to achieve new
result and insight that will help to increase the success
rate for hydrocarbon exploration, but that maybe also
can be important for other issues. I also look forward
to meet and work with the colleagues in the ARCExproject. It’s a huge project!
Other things/topics you would like to highlight? The

search for hydrocarbons on the Norwegian continental
shelf have been focused around sandstone plays
(silisiclastics), with one major exception: the chalk fields
of the south. But the recent commercial discoveries of
7120/1-3 Gohta and 7220/11-1 Alta, both with proven
karst porosity, and the oil in basement discovery 16/112 Tellus, nod towards other plays that in the past only
been briefly addressed with a well or two, and then
the play was abandoned due to lack of success. Such
reservoirs are found and produced from in other parts
of the world. 
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From left: advisor Iver Martens and team leader Jasmine Nahrgang. In front: master student Ingrid Leirvik Olsen. Photo: Kai Mortensen, UiT

WP 5: Education and Outreach
Education and outreach plays a central role in ARCEx. An important part of
the WP5 activities is to establish relevant education for environmentally
sustainable petroleum exploration and operations. The objective is to
produce highly competent candidates for the industry and academia.
Another important activity of WP5 is to communi
cate ARCEx educational and research activities to the
scientific community, decision makers and general
public.
This work package is led by UiT Associate Professors
Jan Sverre Laberg, Department of Geology, and
Jasmine Nahrgang, Department of Arctic and Marine
Biology. This work package delivers Master’s and PhDlevel courses, arranges for the ARCEx fellows to go on
industrial secondments, organises annual workshops
and conferences and is responsible for the communi
cation of ARCEx activities and results.
Education. In 2014 the new Master’s specialisation in

Petroleum Geosciences was developed and the first

students will start at UiT in the autumn 2015. The
multidisciplinary Master’s and PhD course “Arctic
Petroleum Sciences” at UNIS in Longyearbyen, also
starts in the autumn 2015. The courses will be in
corporated in the research schools of “Arctic Marine
Geology and Geophysics (AMGG)” and “Arctic marine
ecosystem research (ARCTOS)”.
Master’s specialisation in Petroleum Geosciences at UiT..

The 2-year study programme at the Department
of Geology at UiT starts in the autumn 2015. The
programme includes a Master’s thesis of 60 ECTS
and relevant courses of a total of 60 ECTS, altogether
120 ECTS to be completed over the two-year period
of the Master’s programme. This will include relevant
courses at the Faculty of Biosciences, Fisheries and
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Planned study programme for the Master’s specialisation in Petroleum Geoscience,
starting autumn 2015.
SEMESTER

10 ECTS

10 ECTS

10 ECTS

Sem 1 (autumn)

Optional

GEO-3119 Petroleum prospecting (10 ECTS)

Optional

Sem 2 (spring)

GEO-3900 Master’s Thesis in Geology

GEO-3115 Petroleum geology (10 ECTS)

Optional

Sem 3 (autumn)

GEO-3900 Master’s Thesis in Geology

Sem 4 (spring)

GEO-3900 Master’s Thesis in Geology

Economics in order to introduce our candidates to
the environmental aspects of exploration in the high
north. The candidates can write their master thesis with
supervision from all academic (and industry) partners
of ARCEx, the leading competence in Petroleum
Geoscience Research in Norway, thus contributing to
the build-up of competence in this field in academia
and at our industry partners through well-qualified
candidates.
Master’s and PhD course in Arctic Petroleum Sciences.
.at UNIS ARCEx has developed a multidisciplinary

Master and PhD course starting in autumn 2015 at
UNIS in Longyearbyen: AT-333/833 “Arctic Petroleum
Sciences”. The course is a result of collaborations
between the Faculty of Biosciences, Fisheries and
Economics, Department of Arctic and Marine Biology
at UiT, UNIS and several research & education projects.
The course is multidisciplinary and covers general
knowledge within ocean governance and petroleum
industry dynamics, petroleum geology and geophysics,
risk management, surveillance and oil spill emergency
response as well as chemical weathering and impacts to
Arctic ecosystems.
The course is open for students within biology, geology
and technology studies and will be part of the course
portfolio of the Master’s in Petroleum Geosciences (see
above) and a new Master’s in Ecotoxicology at the BFE
faculty. The intensive format (5 weeks) of this course
makes it attractive for students from all universities in
Norway as well as international candidates.

Optional

Outreach. External communication is important in
order to ensure that the ARCEx research is brought to
the relevant people and picked up by decision makers.
We also want to bring attention to the activities and
outcomes to a broader public, to increase the general
understanding of Arctic petroleum exploration.

ARCEx is still in its first phase, and attention has been
on creating solid teams to tackle the research objectives.
As the research teams are established, we expect more
results in the coming years and thus increased outreach
activity. Our communication strategy includes dissemi
nation in popular and scientific publications, a dynamic
website, newsletters, use of Twitter, conference partici
pations, annual conferences and workshops.
In 2014 the ARCEx researchers gave several talks.
Amongst them are, for example, presentations and
posters at the EGU, Vienna, Austria, Arctic Energy in
Tromsø, Geological Society of America in Vancouver,
Canada, Transatlantic Science Week in Toronto,
Canada and Offshore Production Technology Summit
2014 in London, UK. Also, there were several visits with
some of our industry partners to inform on ARCEx
scientific activities as well as to discuss specific scientific
problems of mutual interest. We foresee this part of our
activities being expanded in the years to come.
The internal communication, coordination and disse
mination is taken care of at various arenas of interaction
between partners and industry, including regular
meetings, workshops, and industrial secondments. 
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Publications
Anell, I., Braathen, A. & Olaussen, S. and
Osmundsen, P.T. 2013. Evidence of faulting
contradicts a quiescent northern Barents Shelf
during the Triassic. First Break Vol. 31, pp. 67-76.
Anell, I., Braathen, A. & Olaussen, S. 2014. Regional
constraints of the Sørkapp Basin: A carboniferous
relic or a Cretaceous depression? Marine and
Petroleum Geology. Vol. 54, pp. 123-138
Nahrgang J., Varpe Ø., Korshunova E., Murzina S.,
2014 Gender specific reproductive strategies of
an Arctic key species (Boreogadus saida) and
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Flage R, Dubois D & Aven T. (submitted)
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Engineering and System Safety.
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of Marine CSEM and Marine MT Data for
Hydrocarbon Prospecting. In K. Bjørlykke
(ed.), Petroleum Geoscience: From Sedimentary
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Popular scientific papers
Olaussen, S. 2014 Pingvin – godt geologisk arbeid.
http://www.geo365.no/olje-og-gass/pingvin-godtgeologisk-arbeid/
Olaussen, S. 2014 Mye godt nytt for Statoil. http://
www.geo365.no/olje-og-gass/mye-godt-nytt-forstatoil/
Olaussen, S. 2014 Kildebergarter på Svalbard – “May
the source be with you”. http://www.geo365.no/
olje-og-gass/may-the-source-be-with-you/
Midtkandal, I., Hurum, J., Olaussen, S. &
Grundvåg S.-A. 2014. Tykke sandsteinslag

utgjør en megasekvens. http://www.geo365.no/
undervisning/tykke-sandsteinslag-utgjor-enmegasekvens/
Braathen, A., Osmundsen, P.T. & Olaussen, S. 2014.
Trias i nord – opptur i Barentshavet. http://www.
geo365.no/olje-og-gass/trias-i-nord-opptur-ibarentshavet/
Stemmerik, L. & Olaussen, S. 2014. På leting etter
senpaleozoiske karbonater. http://www.geo365.
no/undervisning/pa-leting-etter-senpaleozoiskekarbonater/
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Notes

