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After the successful midway evaluation of ARCEx in 
2018, we have spent our time well in 2019 as a year fo-
cusing on consolidation and production. The publica-
tion rate for the centre has continued to grow steadily, 
and our early career scientists have played a very im-
portant role in the increased production. 

The collaboration with our industry partners has been 
strengthened, and after the midway evaluation, all new 
PhD-students have at least one co-supervisor from in-
dustry. Several of our early career scientists have visited 
industry partners in 2019, serving to increase mobility 
and collaboration, and bridging the gap between aca-
demia and end users.

Fieldwork is still an important activity for our scientists, 
and several of the field campaigns have included partic-
ipants from industry and authorities. We are very grate-
ful for the extra dimensions this adds to the fieldwork, 
and we get positive feedback from industry after these 
collaborative endeavours.

In 2019, we have established a cross-disciplinary task 
force tackling some of the challenges connected to shal-
low reservoirs. The group will become active during 
2020, and we hope to obtain new solutions that can aid 
in an environmentally safe and sustainable usage of re-
sources in areas dominated by shallow reservoirs.

Prof. Alfred Hanssen | ARCEx Director

in review
2019

As I write this foreword, the world is in havoc due the 
pandemic outbreak of the COVID-19 virus. We see 
dramatic changes in all aspects of life, and our personal 
freedom has been drastically limited. The international 
society is in practice handcuffed and put to a halt while 
necessary drastic measures are taken to limit the spread 
of the corona virus. Once this difficult period is over, 
the society will come back to a new normal, probably 
different from the world before COVID-19, and ener-
gy demand will again become important. It is my hope 
that the research conducted by ARCEx can play a role 
in shaping the way we explore, extract and compose our 
future energy mix.

Take care of yourself and your loved ones in these chal-
lenging times!

Alfred Hanssen
Director ARCEx
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Vision and goals
The Research Centre for Arctic Petroleum Exploration 
(ARCEx) addresses key cross- and multi-disciplinary 
challenges in petroleum research and development in 
the Arctic. The overarching research goal for ARCEx 
is to reduce risk. This can be further broken down for 
the three main pillars (geology, environment, technol-
ogy) as follows: the geological research activity aims to 
reduce the risk for not finding petroleum, the environ-
mental research activity aims to reduce the operation-
al risk, and the technological research activity aims to 
reduce the risk for inaccurate and incorrect measure-
ments and analysis. Thus, the research activities in the 
three research pillars are highly intertwined and inter-
connected, providing a collective, coordinated and co-
herent approach to solve the overarching research goal 
of ARCEx in a holistic manner. 

Critical knowledge gaps
We have identified a set of critical knowledge gaps that 
the scientific activity of ARCEx contribute significant-
ly to. These are: (i) When and how did the sedimen-
tary basins of this region form and how did this link 
to deeper structures, (ii) When and how deep was the 
maximum burial for the different organic rich intervals 
of the Barents Sea sedimentary succession?, (iii) How 
do Arctic key species respond to anthropogenic activi-
ty, (v) What is the baseline ecology in the Barents Sea?, 
and (vi) Which explorational constraints maximize data 
quality and minimize environmental impact? 

Scientific approach
The main goal of ARCEx is to create new knowledge 
about the petroleum resources in the Arctic and to 
provide essential knowledge and methodology for 
eco-safe exploration. 

This will be 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 differ-
ent basins into advanced impact and risk analysis 
methodologies

• Develop technology for eco-safe exploration in the 
Arctic

• Create a research-based education and training 
program based on the scientific themes of the Centre

• Communicate results from the Centre to scientists, 
decision makers and the general public

Work package structure
ARCEx consists of a complex research program cover-
ing complementary subject fields such as geology, envi-
ronmental risk and technology. Education and training 
is an integrated part of ARCEx.
ARCEx is sub-divided into the following work packages 
addressing these research objectives.

WP1 & 2 
Geology:
Provide a better basis to assess the petroleum potential 
and reduce exploration risk in the Barents Sea. Linking 
scales (both vertically and laterally), geological process-
es and offshore-onshore tectonostratigraphic relation-
ships. Integrating and synthesizing results from ARCEx 
and complementary projects with focus on timing, 
causes and implications of basin development and pe-
troleum systems. WP1 and WP2 were merged in 2018. 

WP3 
Environmental risk management:
to develop new environmental risk management ap-
proaches tailored to the unique exploration and future 
operational challenges for Arctic areas.

WP4 
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.

Summary

Geology Technology

Environment
Education
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WP5 
Education and outreach:
to offer international top-level petroleum geology, geo-
physics, biology and ecotoxicology education and to 
ensure that highly competent candidates will provide a 
pool of experts for the industry and academia.

The consortium
ARCEx has a national role as a coordinator for Arctic 
petroleum research, and it serves as an integrator be-
tween academia (six universities and three research 
institutes), industry (six petroleum and energy compa-
nies), and authorities. 

Academic partners: 
• Department of Geosciences, UiT The Arctic Univer-

sity of Norway, Tromsø (ARCEx host institution) 
• Department of Arctic Marine Biology, UiT The Arctic 

University of Norway, Tromsø
• Department of Electronic Systems, NTNU 

Norwegian University of Science and Technology, 
Trondheim

• Department of Geosciences, University of Bergen
• Department of Geosciences, University of Oslo
• Natural History Museum, University of Oslo
• Department of Arctic Geology, UNIS The University 

Centre in Svalbard
• Department of Safety, Economics and Planning, 

University of Stavanger
• Akvaplan-niva AS, Tromsø
• NORCE Norwegian Research Centre AS, Tromsø and 

Stavanger
• NGU Geological Survey of Norway, Trondheim

User partners: 
• Equinor ASA
• Vår Energi AS
• Aker BP ASA
• Lundin Norway AS
• OMV (Norge) AS
• Wintershall Dea Norge AS

Doctoral and MSc education
ARCEx educates and trains highly competent Master, 
PhD, and Postdocsfor the industry and academia with-
in petroleum geology, geophysics and environment. The 
centre has established a Master’s specialization in petro-
leum geology at UiT The Arctic University of Norway. 

• PhD:  19 active (7 directly funded by ARCEx, 12 
associated PhD candidates with funding from other 
sources)

• Postdoc:  10 active (8 directly funded by ARCEx, 2 
associated Postdocs with funding from other sources)

2 PhDs completed in 2019: 
• Tore Aadland, UiB (March 2019) – WP1&2 Geology 

Disentangling time from siliciclastic sedimentary 
rocks

• Dimitrios Ktenas, UiT (March 2019) – WP1&2 
Geology (funded by FP7 ITN GLANAM, 317217) 
Quantification of the magnitude of net apparent 
erosion in the southwestern Barents Sea by using 
compaction trends in shales and sandstones – 
Implications for hydrocarbon exploration. 

8 Master graduates in 2019 (and 78 in the period 
2014-2019)

Research results
55 publications in 2019
• 25% of publications with co-authors from industry 
• 41% with international collaborators

Governance and organization
The ARCEx Consortium Board is the main deci-
sion-making body in ARCEx. The ARCEx Board has 
seven members, four from the industry and three from 
the academic partners. 

The ARCEx General Assembly (GA) is composed of one 
representative from each of the partners. The GA is an 
arena for information exchange between the academic 
and industry partners and for election of the board. 

The day-to-day management is handled by the Manage-
ment Team - a multi-disciplinary group of experts from 
several of the participating academic institutions. The 
responsibility is to ensure an efficient day-to-day coor-
dination and supervision of the project with respect to 
scientific and technical matters, as well as administra-
tive and financial issues. 

The User Forum is an arena for technical interaction 
and discussions between the academic and industry 
partners, and is important to make sure that the activi-
ties and results are relevant for the industry partners as 
well as for the scientific community. 
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General 
Assembly
All Partners

Industry
Partners

Academic
Partners

User
Forum

ARCEx
Management Team

Director

Administrative Leader

Work Package
Leaders 1–5

ARCEx
Consortium 

Board

3 members 4 members

Management Team: 
Centre Director: Alfred Hanssen, UiT
Deputy Director: Sten-Andreas Grundvåg, UiT
Administrative Leader: Ellen Ingeborg Hætta, UiT

Work Package leaders:
WP1 & 2 – Assoc. Prof. Sten-Andreas Grundvåg, UiT, Assoc. 
Prof. Kim Senger, UNIS
WP3 - Adj. Prof. JoLynn Carroll, APN
WP4 - Prof. Tor Arne Johansen, UiB 
WP5 - Prof. Jan Sverre Laberg & Assoc. Prof. Jasmine Nahrang, 
UiT

ARCEx Board members (from 1.1.2020)
Arne O. Smalås, UiT (Chair)
Salve Dahle, Akvaplan-niva 
Martin Landrø, NTNU
Finn Roar Aamodt, Equinor AS
Terje Solheim, Aker BP ASA
Balazs Badics, Wintershall Dea AS
Heidi Rydningen, OMV (Norge) AS 
Erik Bjørnbom, Vår Energi AS (alternate)
Geir Birger Larssen, Lundin Norway AS (alternate) 
Ingrid Anne Munz, The Research Council of Norway (observer)
Torgeir Stordal, Norwegian Petroleum Directorate (observer)
Matthias Forwick, Dept. of Geosciences, UiT (observer)

ARCEx Board members (or their substitutes), observers, and 
ARCEx representatives met in Tromsø in November 2019. From 
left: Ingrid Anne Munz, The Research Council of Norway; Arne O. 
Smalås, UiT; Sten-Andreas Grundvåg, UiT; Torgeir Stordal, Nor-
wegian Petroleum Directorate; Ellen Ingeborg Hætta, UiT; Alfred 
Hanssen, UiT; Matthias Forwick, UiT; Svein Olav Drangeid, OMV 
(Norge), Erik Syrdalen, Aker BP, Geir Birger Larssen, Lundin; 
JoLynn Carroll, Akvaplan-niva; Harald Ellingsen, The University 
Centre in Svalbard; Finn Roar Aamodt, Equinor.  

Basic facts about ARCEx
• Project leader: Prof. Alfred Hanssen
• RCN project number: 228107
• Project type: PETROSENTER 
• Project period: 2013 - 2021
• Funding: 75 MNOK from The Research Council of Norway, 

70,65 MNOK from industry partners, 9,8 MNOK from Troms 
fylkeskommune, 77,86 MNOK in-kind from academic partners

ARCEx Board members (or their substitutes), observers, and ARCEx representa-
tives met in Tromsø in November 2019. From left: Ingrid Anne Munz, The Research 
Council of Norway; Arne O. Smalås, UiT; Sten-Andreas Grundvåg, UiT; Torgeir Stordal, 
Norwegian Petroleum Directorate; Ellen Ingeborg Hætta, UiT; Alfred Hanssen, UiT; 
Matthias Forwick, UiT; Svein Olav Drangeid, OMV (Norge), Erik Syrdalen, Aker BP, Geir 
Birger Larssen, Lundin; JoLynn Carroll, Akvaplan-niva; Harald Ellingsen, The University 
Centre in Svalbard; Finn Roar Aamodt, Equinor. 
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Carboniferous graben structures, evaporite accumulations and tectonic  
inversion in the south-eastern Norwegian Barents Sea 

On Svalbard, specifically the main island of Spitsbergen, 
Smyrak-Sikora finalized her study of the mid-Carbon-
iferous Billefjorden Trough, a world-class example of a 
half-graben. Both global sea level variation and tectonic 
activity influenced what types of sediments were depos-
ited in different parts of the basins. In one of her contri-
butions, she focusses on the early synrift phase, which 
was characterized by a largely symmetric basin config-
uration pre-dating the prominent half-graben nature of 
the basin seen today. The reactivation of the basin due 
to later tectonic events, notably the Eurekan orogeny, is 
also apparent in the field and presently being investi-
gated by Smyrak-Sikora as part of her ARCEx-funded 
Post-doc position (starting early 2020). 

Hassaan and co-workers investigated high-resolution 
2D seismic data in the south-eastern part of the Bar-
ents Sea between the Haapet Dome in the north and the 
Tiddlybanken Basin in the south. This frontier explora-
tion area was only recently opened to petroleum explo-
ration following the agreement on the Norway-Russia 
maritime boundary and is thus, unsurprisingly, poorly 
studied. Hassaan et al describe and informally name 
seven deep-seated Carboniferous graben structures, all 
oriented along a pre-existing NW-SE trend. Evaporite 
bodies were deposited above some of these grabens, 
with the Carboniferous structures controlling the ex-
tent and volume of the salt structures. Salt mobilization 
related to the late Triassic tectonism associated with the 
Novaya Zemlya fold-and-thrust belt developed both 
salt-cored domes and salt walls in the area. Reactivation 
is considered to be related to far-field stresses related to 
the early-middle Eocene transpressional Eurekan orog-
eny affecting Svalbard, located on the NW margin of the 
Barents Shelf. 

Scientific highlights
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Cassandra Granlund (master examination in May 2020), Juliette Lavarec (internship from 
France), conducting experiments.

The sought-after paper on the Meso-
zoic succession of Kong Karls Land 
finally published!  
Almost three decades after the initial fieldwork, Prof. 
Snorre Olaussen and his co-workers finally finished 
many years of laborious work by publishing their novel 
paper documenting the sedimentology of the Mesozoic 
succession on Kong Karls Land, easternmost Svalbard. 
These islands are protected by strict environmental 
legislation because it is one of the most important den-
ning sites for polar bears.  Consequently, no geological 
expeditions have been granted access to the area since 
Olaussen and co-workers visited the place in the early 
1990s. The paper highlight the stratigraphic develop-
ment of the Triassic to Lower Cretaceous succession. Of 
particular interest is the Wilhelmøya Subgroup, which 
is a very important analogue to the most prolific oil and 
gas reservoirs on the southern Barents Shelf, the Real-
grunnen Subgroup. In addition, the islands reveal Late 
Jurassic compression and show that it was located in 
close proximity to a volcanic source terrain during the 
Early Cretaceous. If each of our more recent fieldwork 
campaigns have similar turnover time, we may expect 
Svalbard geology-publications with an ARCEx-stamp 
also in the decades to come, ensuring a long-lasting af-
terlife way beyond the lifetime of the Centre itself. 

Differences in species sensitivities 
to contamination
Potential large differences in species sensitivities to 
crude oil contamination exist, requiring dedicated 
studies to evaluate the spectra of adverse effects and to 
comprehend the factors involved in these variations. 
Capelin is an ecological and commercially important 
fish species whose habitat is the coastal regions of Arctic 
shelf seas. Embryos of this beach spawning species were 
collected from the shores of Balsfjord. In the laboratory, 
they were exposed to exponentially decreasing levels of 
crude oil water-soluble fraction (WSF) and their lar-
vae were followed in clean water until the onset of first 
feeding. 

While levels of waterborne contaminants were signifi-
cantly higher in this set-up than in previous polar cod 
exposures, responses of capelin were surprisingly faint. 
The primary hypothesis is linked to the robustness of 
capelin eggs, being morphologically well adapted to 
physical stress with their double layered eggshell, po-
tentially also preventing contaminant uptake and tox-
icity. Comparison of bioaccumulated levels between 
capelin and polar cod will allow to determine whether 
this hypothesis holds true. 

SYMBIOSES III - Advancing simulation 
technologies for the assessment of 
major oil spills in ecologically sensitive 
and environmentally challenging areas 
ARCEx WP3 has a new affiliated post-doctoral candi-
date in environmental modelling. Dr. Mathias Bock-
woldt work focuses on advanced simulation systems. 
He will contribute to the development and use of a 
model to quantify the impact of oil spills on diverse 
fish species with habitats connected to the ecologically 
sensitive and environmentally challenging areas of Lo-
foten-Vesterålen and the Barents Sea.  

Mathias’ work utilizes resources of the National Infra-
structure for High Performance Computing and Data 
Storage in Norway, provided by UNINETT Sigma2. 
His presence creates synergy between ARCEx WP3 and 
the new Joint Industry Project, SYMBIOSES III – Ad-
vancing simulation technologies for the assessment of 
major oil spills in ecologically sensitive and environ-
mentally challenging areas. SYMBIOSES III is led by 
Akvaplan-niva. The industry partners are Equinor En-
ergy ASA, DEA Norge AS, OMV (Norge) AS, Lundin 
Norway AS, Aker BP ASA, Vår Energi AS, and Conoco-
Phillips Skandinavia AS.  
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WP1&2 Geology
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O b j e c t i v e s

Reduce exploration risk and improve 
resource potential estimates.
The overarching goal of WP1&2 Geology is to contribute 
with new data and concepts that may aid in reducing 
exploration risk and improve resource potential esti-
mates of the frontier province of the Barents Shelf.

Thus, onshore investigations of structural elements and 
stratigraphic units, which correspond to important pe-
troleum system elements in the offshore basins, are of 
major interest to WP Geology. On the larger-scale, WP 
Geology investigate how basin architecture and evolu-
tion are linked to deep structures and processes with 
emphasis on tectonic inversion and the effects of Ce-
nozoic uplift and erosion. Important methods in these 
studies include, amongst others, detailed seismic-well 
correlations and interpretations, source-to-sink analy-
ses, as well as numerical and analogue modelling.

Key research tasks
Task 1: Basin analysis
• Tectonic/basin modelling 
• Contraction/inversion structures: timing and causes 
• Marginal basins (controls on their evolution and 

basin fill stratigraphy) 
• Cenozoic uplift and erosion: quantification and 

modelling 
• Source-to-sink analysis. 

Task 2: Petroleum system elements
• Geology of shallow reservoirs and overlying cap 

rocks 
• Source rocks 
• Onshore-offshore correlations (the Triassic Botnheia 

Formation)
• Trap/seal analysis 

◆ Onshore-offshore stratigraphy and tectonic links 
◆ Subsurface pressure (well data, Svalbard – Barents 

Sea)
◆ Basin bounding border faults and fluid flow: 

analysis of NE Greenland samples collected in 2018. 
◆ Comparative studies of selected cases in the Barents 

Sea. 

Task 3: Quantitative analysis of petroleum systems 
and plays 
• Burial history – petroleum system modelling  

(Svalbard and the Barents Sea) 
• Identification of key input parameters, quantification 

of uncertainties, and sensitivity analysis. 

Task 4: Integration and synthesis
• Basin evolution (mainly Barents Sea – links to  

Svalbard and NE Greenland).
• Regional tectonostratigraphy, paleogeography and 

source-to-sink considerations.
• Barents Sea petroleum systems – a review of geologi-

cal exploration risks.

Achievements/highlights 2019
Over 25 peer-reviewed publications originated from 
WP Geology in 2019, a strong increase from 2018 and 
testifying to the “production mode” within ARCEx. 
The journal papers cover a wide range of topics such 
as modelling of gas hydrate stability onshore Svalbard 
(Betlem et al), detailed characterization of the Meso-
zoic stratigraphy from research boreholes in Svalbard 
(Grundvåg et al., Koevoets et al., Rismyhr et al.), seis-
mic interpretation of Carboniferous graben structures 
in south-eastern Barents Sea (Hassaan et al.) or new up-
lift estimates using velocities (Ktenas et al.).

The petroleum exploration history of Svalbard, an of-
ten forgotten part of Norway’s oil adventure, has been 
revisited and synthesized by Senger and co-authors in 
both conference presentations and a journal article in 
2019. Eighteen wildcat wells were drilled in Svalbard 
from 1961 to 1994, with the first boreholes drilled even 
before the Norwegian North Sea was opened for petro-
leum exploration. The boreholes, with associated data 
of variable coverage and quality, represent an import-
ant resource to tie Svalbard’s exceptional outcrops with 
seismic data, and through that, also the Barents Shelf 
petroleum systems. 

Research drilling in Adventdalen in conjunction with 
the Longyearbyen CO2 lab project led to a gas discovery 
in a shale-dominated succession of Late Jurassic-Early 
Cretaceous age, as documented by Ohm and co-work-
ers. Being an unconventional deposit, such shale-gas 
plays do not rely on structural closures and may rep-
resent significant regional resources across Spitsbergen, 
with indications of similar plays in some of the explo-
ration boreholes. In addition to shale gas, numerical 
modelling by Betlem and co-workers indicates that it is 
likely that natural gas hydrates may occur onshore Sval-
bard, especially in mountainous regions where perma-
frost is expected to be thickest. Several well-document-
ed sub-permafrost gas accumulations have implications 
for both atmospheric gas venting, and as a possible lo-
cal energy resource with lower environmental footprint 
than the presently used coal. The well and core data 
from the drillings have also lead to several publications 
focusing on sedimentological aspects and the stratigra-
phy of the Mesozoic succession of central Spitsbergen 
(Grundvåg et al, Koevoets et al, Rismyhr et al, Mul-
rooney et al), synthesized by Olaussen et al in a paper 
pragmatically entitled “you learn as long as you drill”.
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Relation to users, stakeholders and 
research communities 
A large part of the research activity conducted in WP 
Geology involves both national and international re-
search partners, including many of our industry col-
laborators. New results are always disseminated in 
peer-reviewed journals and at relevant international 
and national conferences. Two ARCEx PhDs success-
fully defended their dissertations in 2019, Tore Aadland 
(UiB) and Dimitrios Ktenas (UiT), and we extend our 
congratulations! Apart from publications, we have pre-
sented our work at international conferences  includ-
ing, amongst others, the AGU Chapman conference 
on Large-scale Volcanism in the Arctic (Grundvåg et 
al., Faleide et al., Gac et al., Senger) in Selfoss, Iceland, 
Geological Winter Meeting in Bergen (Faleide T. et al., 
Grundvåg et al.), the AAPG Annual Conference & Ex-
hibition in San Antonio (Hassaan et al., Senger et al.), 
the EAGE Annual conference in London (Hassaan et 
al.), the EAGE Fault & Top Seal conference in Palermo 
(Paulsen et al). 

In addition, we have been active in several national 
arenas such as the NPF Petroleum Systems Conference, 
the Geonova NCS Exploration Strategy and the Joining 
Forces Conference 2018 (all in Stavanger), as well as at 
our annual ARCEx conference (Sommarøy). In addi-
tion to research, ARCEx personnel from WP Geology 
have been active in teaching at various partner institu-
tions, and supervising exciting MSc projects. In 2019, 
we graduated several geology MSc students, of which 
the majority focused on different aspects of petroleum 
geology of the Barents Shelf and Svalbard (e.g. Mar-
tinsen, 2019; Poulsen, 2019; Strømme, 2019; Thorsen, 
2019). 

Because most of our PhD fellows are in their production 
mode or their projects is based on seismic and well data, 
we did not have any major field campaigns in 2019. 
However, there were several smaller field trips in prox-
imity to Longyearbyen, and many of the ARCEx se-
nior staff were involved in teaching various field-based 
courses at UNIS and UiT. Our company field excursion 
with MS Stålbas in Svalbard also ran in 2019 (possibly 
for the last time for now). These trips are invaluable for 
maintaining and establishing new long lasting research 
co-operations, as well as selling in future field-based 
projects to potential funding agencies and scientific 
partners.

Team
WP leaders:
• Associate Prof. Sten-Andreas Grundvåg, UiT 
• Associate Prof. Kim Senger, UNIS

Team members: 
UiT Department of Geosciences
• Assoc. Prof. Sten-Andreas Grundvåg
• Prof. Steffen Bergh
• Prof. Jan Sverre Laberg
• Researcher Dr. Amando Lasabuda 
• PhD candidate Fredrik Wesenlund
• PhD candidate Renate Paulsen
• PhD candidate Andreas Hagset (associated PhD)
• PhD candidate Sigrun Kvendbø Hegstad (associated PhD)
• PhD candidate Stine B. Olsen (associated PhD)
• PhD candidate Maximilian Weber 
• Dr. Dimitrios Ktenas (received PhD degree in March 2019)

UNIS Department of Arctic Geology
• Assoc. Prof. Kim Senger
• Prof. Snorre Olaussen
• PhD candidate Thomas Birchall
• PhD candidate Malte Jochmann (associated PhD)
• PhD candidate Peter Betlem (associated PhD)
• Postdoc Aleksandra Smyrak-Sikora (received PhD degree in Feb. 2020)
• Postdoc Gareth Lord
• Assoc. Prof. Maria Jensen 
• Adjunct Prof. Alvar Braathen

UiO Department of Geosciences
• Prof. Jan Inge Faleide
• Adj. Prof. Sverre Planke 
• PhD candidate Muhammad Hassan
• Postdoc Mansour Abdelmalak

UiO NHM (Natural History Museum)
• Assoc. Prof. Øyvind Hammer
• PhD candidate Victoria Sjøholt Engelschiøn

UiB Department of Geosciences
• Prof. Atle Rotevatn
• PhD candidate Vilde Dimmen (associated PhD)
• PhD candidate Isabel Edmundson (associated PhD)
• Postdoc Eric Salomon (until Oct. 2019)
• Dr. Tore Aadland (received PhD degree in March, 2019)

Post-fieldwork analyses and laboratory work
Several extensive field campaigns was conducted in 2017 and 2018 (e.g. to Edgeøya, NE 
Greenland, and Bjørnøya). During these campaigns, numerous samples were collected 
for various purposes. These include amongst others organic-rich shale samples for 
investigating the source rock potential of the Middle Triassic succession at Edgeøya, 
a large number of calcite veins in the Dombjerg Fault in NE Greenland to investigat-
ing fault-controlled diagenesis, as well as coals and shales from the Upper Paleozoic 
succession of Bjørnøya to investigate source rock potential and burial history. Thus, 
in 2019, much time was spent on sample preparation and laboratory analyses, rather 
than spending time in the field. Therefore, we have high hopes for 2020 to see some of 
the results presented at conferences and eventually published in international journals.
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WP3 Environmental 
risk management
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O b j e c t i v e s

The aim of WP3 Environment is to provide essential 
knowledge and methodology to minimize the environ-
mental impact of exploration in the high north. 

The exploration and development of resources in the 
Arctic is often characterized 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 chal-
lenges for Arctic areas. The industry requires up to date 
knowledge regarding key species and ecosystem interac-
tions in an environment that is undergoing rapid change 
(metrics of change), impacts of seismic operations on 
marine species (data and methods improvements), and 
monitoring, risk, and impact methods tailored for use 
in northern areas (methods and assessments).

The objectives of WP3 is to develop new environmen-
tal risk management approaches tailored to the unique 
exploration and future operational challenges for Arctic 
areas. For the three main topics within WP3, the follow-
ing research goals have been defined: 
• Ecosystems: to determine food web linkages and 

the processes that regulate energy transfer through 
northern ecosystems 

• Ecotoxicology: to assess the sensitivity of key species 
to petroleum compounds in northern ecosystems 

• Impact and Risk Assessment methods: to improve 
monitoring, impact, and risk assessment tools and 
methods for applications in northern areas.

WP3 produces critical new insight for 
industry:
• 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 

• Priority areas and time periods for exploration 
activities in the north 

• A theoretical risk uncertainty framework for the 
Arctic 

• Recommended geophysical data acquisition strategies 
minimizing the impact on living organisms

Key research tasks
Task 1: What is the impact of pelagic productivity on 
the benthic ecosystem? 
• Comparative analysis of benthic biomass, community 

structure and pelagic biomass and material composi-
tion gathered through ARCEx field investigations

• Analysis of benthic community structure from the 
northern Svalbard shelf 

• Decadal retrospective of changes in benthic commu-
nities in northern Svalbard. 

Task 2: What are the main drivers of the flux of marine 
biomass from surface to seafloor? 
• Analysis of composition and biomass of material col-

lected in vertical traps during the 2016 ARCEx cruise 
• Comparison of material composition and biomass 

with historical baseline information (fjords of Sval-
bard and Marginal Ice Zone). 

Task 3: What are the toxic effects of petroleum com-
pounds on key species in the Barents Sea? 
• Develop protocols for ecotoxicology experiments 
• Develop more biologically relevant analysis methods 

to assess lethal and sub-lethal effects of petroleum 
compounds on key Arctic and sub-arctic species

• Conduct experimental studies with oil exposure and 
dispersants on key Arctic and sub-arctic species 

• Review current understanding of petroleum toxicity 
to fish early life stages and highlight essential knowl-
edge gaps

Task 4: What are the risk-uncertainty relationships for 
the Arctic?
• Development of methods to identify health and safety 

events based on historical practices 
• Application of an Arctic risk-uncertainty framework 

for operations under harsh environmental conditions 
(weather, ice, darkness). 

Task 5: How can we improve research and monitoring 
of animals in remote marine areas? 
• Analysis and synthesis of biological and ecological 

information on marine mammals to for the develop-
ment of methods to minimize the impact of seismic 
activities (WP4) 

• Optimize the detection uncertainty when using 
unmanned aerial vehicles for monitoring marine 
mammals 

• Review and recommendations of autonomous vehi-
cles for the detection and monitoring of marine fauna 

Achievements/highlights 2019
Data from the ARCEx cruise, together with other data 
from high and low latitudes, shows that temperature is 
not the only driver of how strong the vertical carbon 
flux is attenuated in the pelagic system (Wiedmann et 
al., to be submitted). This is an important finding for 
both local and global organic carbon flux modelling. 

The question “Who feeds the benthos in the Arctic 
Ocean?” is addressed through compilation of literature 
studies from the Arctic Ocean Basin and using these 
to develop a new carbon budget of the central Arctic 
(Manuscript submitted to Frontiers in Marine Science).

Fieldwork has been conducted in Young Sound, Green-
land to investigate pelagic – benthic coupling in a 
high latitude coastal environment with influence of a 
land-terminating glacier (see Highlight).

New insights on the state of the Arctic are revealed 
through synthetic analysis of multi-decadal data on pri-
mary production in the Arctic. These data sets provide 
insights into the future needs for sustainable manage-
ment of the changing Arctic (Wassmann, 2018). 

A synthesis of cross-dating techniques applied to 
growth increments in calcified structures of bivalves, 
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fish and corals in the world’s oceans, including the Bar-
ents Sea, provide multidecadal to millennial histories 
of environmental variability and change. These marine 
chronologies provide new insights into the mechanisms 
and feedbacks between the atmosphere and marine 
systems of relevance for ecosystem-based management 
(Black et al., 2019). 

New ecological data from the Barents Sea: Data sets 
are being generated and analysed from the successful 
sampling campaign carried out during ARCEx-AMGG-
CAGE teaching and research cruise. These data sets are 
providing contemporary knowledge on seafloor food 
webs in the Barents Sea for comparison with historical 
data sets. 

Drones for marine mammal observations: simulation 
tests using autonomous aerial vehicles for marine mam-
mal surveys has been completed. These results have led 
to improved detection certainty when using vehicles in 
harsh environments and difficult to reach areas such as 
the Arctic. 

New toxicity data of oil on Arctic and sub-Arctic key 
species: through controlled laboratory experiments, we 
have shown that capelin (Mallotus villosus) early life 
stages exposed to crude oil water soluble fraction are 
significantly less sensitive than polar cod. Exposure of 
maturing polar cod leads to endocrine disruptive effects 
and high levels of contaminants in the eggs.

A critical review on the toxicity of crude oil water-solu-
ble fraction to fish early life stages highlights the lack of 
studies demonstrating that the sum of individual PAHs 
causes toxic effects in ELS fish at low levels. Crude oil 
is composed of thousands of compounds that co-occur 
and likely contribute to crude oil toxicity. Based on the 
available data, the review proposes a nonspecific mode 
of action, also called baseline toxicity as an alternative 
hypothesis to describe the effects of complex crude oil 
mixtures to fish ELS.

Physiological effects of oil on Arctic key species: 
through carefully controlled laboratory experiments, 
we have shown that polar cod (Boreogadus saida) ex-
posed to dispersed oil and burned oil residue resulted in 
no long-term physiological effects (Bender et al, 2018). 

A risk-uncertainty framework based on the “new” risk 
conceptualization implemented by the Petroleum Safety 
Authority in 2015 has been operationalized in the con-
text of environmental risk assessment (Flage 2019). The 
framework consists of a conceptual basis and a scheme 
for assessment of the bias of uncertain assumptions. As-
sumptions are a critical element in the transition of risk 
assessment practice from well-known areas in the North 
Sea to the Arctic setting. Being able to assess the bias of 
risk assessment assumptions, as well as to identify and 
deal with tacit assumptions, is key to achieving good 
risk assessments in the Arctic setting. A framework for 
conceptualizing, identifying and managing tacit versus 
explicit assumptions has also been developed (Flage & 
Askeland 2020).
 

Relation to users, stakeholders and research communities 
We develop and disseminate to users, stakeholders and research communities: 
• Contemporary data on food webs and ecosystem processes for comparison with 

historical baseline knowledge. 
• Ecotoxicology data for a selection of key species from northern areas exposed to 

petroleum compounds with evaluation of species sensitivities
• Effects of petroleum compounds on individual organisms and populations
• Methods to assess safety and environmental risks associated with exploration and 

development activities in northern areas with applications
• Methods and assessment of autonomous technology for monitoring marine mam-

mals during seismic operations 
• Technology improvements for seismic recording equipment to reduce the impact 

on marine mammals (WP3/WP4) 
• Peer-reviewed articles with analysis and synthesis of research findings with applica-

tions. 
• The work in WP3 ties together several of the topics within ARCEx: 
• Biological and ecological information on marine mammals to WP4 to minimize the 

impact of seismic activities (WP4)
• Continuous updating of university courses with the latest information on ecosys-

tems, ecotoxicology, and risk/impact methodologies for petroleum exploration and 
future resource development (WP5)

• Training of early career-scientists through WP3 research and exchanges with indus-
try (WP5).

Team 
WP leader
• Professor JoLynn Carroll, Akvaplan-niva & UiT

Team members: 
Akvaplan-niva
• Prof. JoLynn Carroll
• Prof. Paul Renaud (also at UNIS)
• Adj. Prof. Jonas Juselius
• Researcher Starrlight Augustine
• Researcher Marianne Frantzen

UiS
• Prof. Roger Flage
• Prof. Terje Aven, UiS
• Postdoc Ibsen Cardenas

UiT
• Assoc. Prof. Jasmine Nahrgang
• Prof. Paul Wassmann
• Adj. Prof. Anita Evenseth, 
• Postdoc Ingrid Wiedmann
• Postdoc Mathias Bockwoldt (associated postdoc)
• PhD candidate Claudia Erhart
• PhD candidate Morgan Bender (associated PhD)

NORCE
• Researcher Thierry Baussant
• Postdoc Frederike Keitel-Gröner
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Fieldwork and data collection
Fieldwork in Young Sound, Greenland August 2019
Purpose: In cooperation with colleagues from Århus Unversity, Postdoc Ingrid Wied-
mann conducted fieldwork in the high Arctic Young Sound, Greenland, to investigate 
the land-influence of terrestrial terminating glaciers on the pelagic-benthic coupling 
in Arctic coastal areas. 
Location: Young Sound, eastern Greenland
Campaign leader: Århus University, Denmark
Collaborating partners: UiT, University of Kiel Duration: 3 weeks

A series of controlled laboratory experiments using field realistic oil spill exposure 
scenarios with high energy mixing of oil with /without addition of dispersant and 
short exposure times ranging from 24 h to 1h were conducted. It was shown that the 
application of chemical dispersant increases the long-term negative impacts on fitness 
parameters of Northern shrimp larvae. Most effects occurred post-exposure (during 
recovery), an aspect often overlooked during standard toxicity testing (Arnberg et al. 
2019, Keitel-Gröner et al. 2020). 

Tyrolerfjord in the Young Sound system, eastern Greenland. Image: Ingrid Wiedmann

Fig: Static exposure of shrimp larvae.
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WP4 Technology 
for eco-safe 
exploration in 
the Arctic
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O b j e c t i v e s

The aim of WP4 Technology is to provide best possible 
geophysical data acquisition strategies - both with re-
spect to the environment and the data quality.

Geoscientific exploration of the Arctic encounter chal-
lenges partly different from those we know from explo-
ration of the North Sea and the Norwegian Sea. Our 
focus is to develop the best possible geophysical data 
acquisition strategies to use – with respect to both the 
environment and the data quality – during initial ex-
ploration, and, subsequent static and dynamic reservoir 
characterization.

Key research tasks
Task 1: Constraints (technology and timing) for geo-
physical exploration in ecological vulnerable areas
• Understand the mechanisms for unwanted high-fre-

quency excitation of sound from marine airguns, and 
possible ways to reduce such effects

• Understand how passive seismics can be used to 
image the subsurface.

Task 2: Strategies for best possible seismic acquisition 
within and close to ice

Task 3: Acquisition and processing of seismic data from 
ice, snow and ice-covered land
• How to remove unwanted vibrations in sea ice (flex-

ural waves) from seismic data
• Find the best ways to acquire seismic data in the 

transition from land onto ice-covered sea
• How to separate wave modes propagating within and 

below ice using 4C-data
• Understand how temperature (and melting) of frozen 

sediments affect their seismic properties.

Task 4: Remote sensing technology in support of seis-
mic operations within and close to sea ice
• Automatization of detection of ice-drift in the Arctic 

using unmanned aircrafts
• Combined use of resistivity and acoustic data for 

enhanced reservoir prediction – rock physics models
• Combined use of CSEM and seismic for enhanced 

reservoir prediction – case study.

Task 5: Geophysical imaging of prospects and reser-
voirs from field analogues on Svalbard and Greenland
• How seismic signatures of Barents Sea reservoirs can 

be related to burial and uplift
• How karst systems can be seen in seismic data.

Achievements/highlights 2019
The first part of the WP4 work package was devoted to 
plan and carry out a series of seismic experiments on 
and within floating ice in Van Mijenfjorden at Svalbard. 
Also, experiments aiming to investigate the impact 
of seismic shooting on sea mammals (true seals and 
whales) have been undertaken. Both these experimental 
campaigns has opened for collaboration with WP3. In 
the first part of WP4, tests of unmanned remote sensing 
devices for recording ice drift in the Arctic were made.

WP4 has now gathered a unique set of data that will 
be further scrutinized for addressing the main research 
questions in the scope of work. Several articles were 
published during 2019 in highly ranked international 
journals and several manuscripts have been submitted 
for publication.

During winter, spring and autumn 2019 repeated seis-
mic experiments were, in collaboration with the con-
sortium CASE 2 and UNIS, conducted in a location in 
Adventdalen with the aim to study time-lapse effects on 
surface wave data caused by thawing of the uppermost 
sediments. Furthermore, during spring and autumn 
of 2019 passive seismic recording experiments were 
performed in the same area. The analysis of the data 
shows distinguished time-lapse signals, which is most 
truly caused by altered surface temperatures. The main 
mechanisms for heat-transport into near-surface sedi-
ments have been studied and the possibility of monitor-
ing such effects have been outlined and already submit-
ted to the scientific community for review. These studies 

are of large relevance for passive seismic monitoring of 
hydrocarbon reservoir under production.

Two new post docs have been recruited for research on 
impacts on sea mammals by seismic shooting. New ex-
periments are planned to take place during 2020. One 
new post doc is about to be recruited for studying the 
use of passive seismic data in reservoir monitoring. One 
PhD candidate has been recruited to focus on combined 
use of electromagnetic and seismic data in prospect 
evaluation. The study area is on Barents Sea reservoirs. 
Finally, one candidate submitted his PhD thesis focus-
ing on how karst systems can be revealed in seismic 
data.

Students mounting gimballed geophone strings for seismic experi-
ments in Adventdalen spring 2019.



22 \\  ANNUAL REPORT ARCEX 2019

Relation to users, stakeholders and research communities 
Scientists from WP4 are very active in collaboration that directly involves industry 
and international research partners. The research is disseminated at top international 
conferences and workshops, and the publication rates in international peer reviewed 
journals has experienced a substantial rise in 2018.

The Arctic Geophysical Laboratory at Svalbard has been consolidated as a functional 
co-operation between ARCEx, University of Bergen, the CASE 2 consortium (which 
includes several industry partners), and UNIS. This modern and well-equipped large-
scale laboratory is important for the scientific investigations in WP4, and it serves 
as the basis for the only field based geophysical university course in Norway at the 
moment (AG-335/835 Arctic Seismic Exploration (UNIS)). Several of the senior sci-
entists and professors from WP4 serve as instructors in the course.

Our research on the connection between seismic exploration and sea mammals is 
important for operations in the Arctic. For the first time, calibrated absolute mea-
surements of sound levels in ice-covered fjords have been measured. Research of this 
kind is valuable for the environmental authorities when issuing permits for seismic 
investigations in vulnerable areas. Furthermore, our research on high-frequency noise 
generated by ghost cavitation has been taken to the next level. The insight we have 
gained can be used by industry and authorities to regulate the operations in areas 
where whale populations are known to be present. The research on active seismic has 
spurred a strong desire to develop passive seismic and electromagnetic as the ultimate 
eco-friendly exploration techniques. This task will be undertaken in close collabora-
tion between industry partners and ARCEx scientists, and we envision results of great 
societal and industrial importance. In 2019 research on time-lapse and passive seismic 
for revealing changes in the uppermost sediments due to freezing and thawing may 
result in new applications of geophysics in climate monitoring. The principles behind 
this approach is close to those used in seismic reservoir monitoring of hydrocarbon 
fields in production. This is an example on how research related to improved hydro-
carbon exploration and monitoring may be important for in climate research.

Team
WP leader
• Prof. Tor Arne Johansen, UiB & UNIS

UiB
• Prof. Tor Arne Johansen
• PhD candidate Ronny Tømmerbakke
• PhD candidate Helene Meling Stemland

NTNU
• Prof. Martin Landrø
• PhD candidate Terje Solbakk
• Postdoc Hannah Kriesell
• Postdoc Léa Bouffaut

UiT
• Prof. Alfred Hanssen
• PhD candidate Rowan Romeyn

UiO
• Prof. Leiv J. Gelius
• PhD candidate Vemund Thorkildsen

Norut
• Researcher Agnar Sivertsen

Students mounting 3C geophones for seismic experiments spring 
2019.
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Seismic experiments conducted in March 2019 (left picture) were repeated in June (right picture) and September 2019.

Passive seismic data was gather spring and autumn 2019, left: study area, right: geophone distributions during passive recording

Fieldwork and data collection
Passive seismic data was gathered spring and autumn 
2019, left: study area, right: geophone distributions 
during passive recording. 

Seismic experiments were conducted at three different 
times in Adventdalen (March, June and September) 
in 2019. Passive seismic recordings were performed 
during spring and autumn same year.
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WP5 Education 
and outreach
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O b j e c t i v e s

Education and outreach play a central role at ARCEx. 
We offer international top-level petroleum geology, 
geophysics (G&G), biology and ecotoxicology (B&E) 
education through collaboration with Bachelor-, Mas-
ter- and PhD-programs at the partner universities. This 
strong university link will ensure that highly competent 
candidates will be available for the Centre and, after ful-
filling their education in Barents Shelf petroleum‐relat-
ed studies, offer a pool of experts for the industry and 
academia..

Intro
WP5 continue its work of developing and strengthening 
of relevant courses and study programs at UiT and the 
partner universities. Since the reward of iEarth, a na-
tional Centre for Integrated Earth Science Education in 
December 2019 much of this work will from now on be 
focused here where ARCEx personnel is also involved. 
In particular, for 2020 we will focus on developing and 
including a field course in the study program of the 
Master students, contacts has already been made with 
UiO. 

At ARCEx, we are now in the process of establish-
ing a database to be available for G&G Master- and 
PhD-projects. This database involve geophysical and 
geological data from the Barents Sea and Svalbard. At 
present, much of the relevant seismic and well data has 
been uploaded, next is finalizing hardware and software 
solutions involving the IT-department of UiT. This work 
is done together with our industry partners including 
Equinor Harstad and data is expected to be ready for 
UIT in Q2 or Q3 2020. 

At the department of Arctic and Marine Biology, the 
Master programme in Biology will undergo a revision. 
The revised programme will include the Arctic ecotoxi-
cology specialization that will combine packages of rel-
evant courses taught at UiT but also the ARCEx course 
at UNIS.  The organization of early career fora will be 
part of the annual plan. WP5 also aims at facilitating 
cooperation between early career scientists and indus-
trial partners through industrial secondments. Finally, 
the WP has a central role in outreach activities, among 
which the maintenance of the centre´s web page https://
arcex.no/, the organization of the annual ARCEx Con-
ference and thematic workshops. 

Achievements and highlights from 
2019Early Career Forum

The 2019 ECF was organized on October 2019 prior 
the ARCEX annual conference. This year´s workshop 
focused on research funding with three invited speak-
ers and group discussions. Theresa Mikalsen (UiT) 
presented relevant funding programs at Norwegian 
and EU levels, Prof. Roy Damo talked about “tips and 
tricks” to have success in the funding competition and 
Steinar Paulsen presented a talk entitled “How to get a 
successful academic career”. The group of about 20 PhD 
students and post-docs finally evaluated and discussed 
several real research proposals in relation to standard 

evaluation criteria. The entire workshop was finalized 
with a joint dinner in the evening.

iEarth
ARCEx personnel is also involved in iEarth (https://
iearth.no/en/aboutiearth/), a new Centre for Integrat-
ed Earth Science Education led from the University of 
Bergen, also including the other Norwegian universi-
ties. The overall aim of iEarth is to connect excellence 
in research to excellence in student-active learning by: 
1) Creating a national competence centre for earth sci-
ence education, 2) Developing a generic approach to 
cross-disciplinary earth science education within crit-
ical fields of societal relevance (geohazards, resources, 
energy, environment, climate), and 3) Establishing a 
coherent system of evaluation to foster teaching excel-
lence and identify best practice to disseminate world-
wide. iEarth was awarded funding in December 2019, 
and is in 2020 starting up with funding for five years. 
Several new positions and projects will start up at the 
four partner universities. For UIT the Arctic University 
of Norway this includes baseline surveys of the teaching 
culture and study quality across the consortium led by 
ARCEX personnel (Martens and Malm, 2019a), results 
that has been presented at several conferences including 
the MNT conference in Tromsø in March 2019 (Mar-
tens 2019a, b; Malm and Martens 2019a, b).  The results 
will be used to improve and change the Earth science 
education in Norway, as base knowledge for the contin-
uous work of iEarth, and for further research. 

MSc education
ARCEx is offering a wide range of courses within Pe-
troleum Geology and Geophysics and Ecotoxicology 
through its dedicated educational programs at both 
Bachelor and Master levels. ¨

At the Department of Geosciences (NT-Faculty), 
ARCEx is running the specialization “Petroleum Geo-
sciences”, one out of four Master programs. The special-
ization includes a vast choice of relevant courses (19) at 
UiT-the Arctic University of Norway and 4 courses at 
UNIS. Of these, three have been initiated by ARCEx. 
Moreover, ARCEx personnel are involved directly in 
teaching in several of these courses. 

At the Institute for Arctic and Marine Biology (BFE-fac-
ulty), a specialization in Arctic marine ecotoxicology 
will finally be implemented within the Departments´ 
Master programme in Biology. This process has start-
ed in January and the revised programme description 
is due 1st of October 2020. The ecotoxicology special-
ization aims at combining existing courses taught at 
UiT and the University Centre in Svalbard (UNIS).  The 
UNIS course Arctic Petroleum: Challenges for Society, 
Technology and Environment will run for the fourth 
time in the summer of 2019. The UNIS course has been 
a direct contribution of ARCEx WP5 towards a mul-
tidisciplinary portfolio for students within petroleum 
studies. ARCEx staff is strongly involved in the teaching 
of these courses both at UiT and UNIS, notably through 
its adjunct positions. 

ARCEx Early Career Forum.
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Furthermore, ARCEx staff is playing an important role in the supervision of geosci-
ence students at all levels; Master’s, PhD fellows and post docs across the 4 research 
WPs (1-4). 

78 Master graduates
In 2019, eight MSc students graduated. In addition, two master students from the De-
partment of Arctic and Marine Biology at UiT obtained their Master diploma based on 
experiments performed within WP3 task 3. 

Since the establishment in 2013, ARCEx has contributed to education at universities 
affiliated to the centre at all levels, from B.Sc. to PhD, including the supervision of 78 
M.Sc. students. The theses of the M.Sc. students with affiliation to ARCEx addressed 
a large variety of scientific 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 Sval-
bard, 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 geological 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. 

Supervision: 
Regarding master student supervision, we now mainly use collaborative supervision 
by experts from academia, authorities and industry, both from Norway and abroad. 

Communication and outreach
As part of the annual visit of 10th grade pupils from Som-
merlyst Ungdomsskole at UIT, ARCEx Postdoc Ingrid 
Wiedmann (WP3) told the pupils about the life (and death) 
of microscopic algae in Balsfjorden. Many of the algae 
species found in Balsfjorden live in the free water masses 
during spring and summer, but sink then to the bottom, 
where they have a survival stage – and this puts them in 
the focus area of Ingrid’s research on coupling processes be-
tween the ocean’s water column and the sea floor.

Ingrid Wiedmann, also co-authored “A tale of a local fjord – 
investigating a marine system in our backyard”, in The Fram 
Forum magazine 2019. The article reports the captivating 
story of an integrated ecosystem study in Kaldfjord that 
provided valuable information for impact assessments and 
management in these areas and highlighted a surprisingly 
dynamic environment

In the same Fram Forum 2019 edition, recent ARCEx ec-
otoxicology results were also highlighted in the exciting article  “Polar cod early life 
stages up against a changing Arctic” co-authored by Morgan Bender, Jasmine Nahr-
gang and Marianne Frantzen. The story retraces the challenging working conditions 
of a 170 days long experimental study in a cold wet lab, babying organisms almost too 
small to be seen. The study discusses the great sensitivity of this keystone arctic species 
to anthropogenic stressors, namely crude oil exposure and increased temperature. 

The web page of www.arcex.no distributes information, news and publications from 
the centre. A newsletter is published whenever there is a new publication (weekly). 

Team
WP leaders
Professor Jan Sverre Laberg, UiT
Associate Professor Jasmine Nahrgang, UiT

Team members: 

UiT
Adj. Prof. Stig-Morten Knutsen, NPD
University lecturer Iver Martens, UiT



ANNUAL REPORT ARCEX 2019 //  27

A highschool class visiting the polar cod experiment where the response 
of embryos and larvae to crude oil and warm water temperatures were 
studied during the winter 2018.
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More highlights  
from our activities 

The impact of seismic surveys on  
cetaceans and mitigation solutions

Since the 1970s, seismic surveys have been the main 
practice to explore natural underwater oil and gas re-
serves. The technological development over the past 
four decades in seismic acquisition focused on increas-
ing the efficiency and productivity by applying 3-D 
streamers and enlarging the survey area by increas-
ing the number of streamers and sources (Landrø and 
Amundsen, 2018). Many biological studies have exam-
ined the impacts of airgun blasts during seismic acqui-
sition on cetaceans during seismic acquisition and have 
described avoidance behaviour, changes in vocalisation 
rates and auditory masking effects. The work mainly 
focused on behavioural responses based on visual ob-
servations or experimentally acquired hearing thresh-
olds and temporary threshold shifts. Meanwhile, recent 
geophysical studies provided new insights into physical 
aspects of seismic sound generation and propagation, as 
for instance the emission of high frequencies (> 5kHz) 
resulting from ghost cavitation (Khodabandeloo and 
Landrø, 2017) and frequency-dependent amplitude 
behaviour of air gun arrays fired at long distances (10-
100 km) with increasing water depth (Dao and Landrø 
2017). Some progress is made in the development of 
techniques potentially suited to replace airguns. Marine 
vibrators for example are broad band seismic sources 
that emit energy over a longer time period (3-5 sec-
onds) instead of pulsed airgun sources and could thus 
be less harmful for the environment (Deffenbaugh, 
2002; Tenghamn, 2006). However, impact assessments 
are lacking since marine seismic vibrators are not com-
mercially used yet and new technical developments are 
ongoing.  

We assess potential effects of seismic surveys on ceta-
ceans in a collaborative effort between industry and re-
search. One focus is to model the sound propagation 
of seismic surveys to predict the audibility of seismic 
shooting for different whale and dolphin species as a 
function of frequency and distance between receiver 
(the animal) and the sound source (the airgun or airgun 
array) (Fig. 1).

Figure 1: Sound pressure level of a seismic survey airgun at different frequencies and distances (1m, 
1km, 10 km) and its overlap with the hearing curve of a fin whale derived from CT-scans of a carcass. 
The airgun array is likely to cause avoidance behaviour in the range of 1 km distance and could induce a 
temporary threshold shift (reduction in auditory sensitivity with eventual recovery). The red shaded area 
between the airgun pressure level and the fin whale hearing curve illustrates increasing impact on fin 
whale hearing as source levels increase. © Hannah Kriesell
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We focus on areas with high densities of cetaceans, e.g. 
the Lofoten and take parameters into account that in-
fluence sound propagation such as seafloor type, wa-
ter currents and salinity. The results of this study will 
inform policymakers in Norway for future regulations 
and establishment of marine protected areas as under-
water noise is widely acknowledged as a crucial factor 
that has to be included in the assessment of require-
ments for marine protected areas.

One important step to identify mitigation techniques for 
seismic surveys is the early detection of marine mam-
mals in the vicinity of the surveyed area. Since tradi-
tional methods such as visual observations have several 
limitations, we work on the detection of species-specific 
vocalizations and the localization of vocally active indi-
viduals, using the seismic streamers themselves.

To describe cetacean vocalisations e.g. in terms of fre-
quency content, duration, and source level, acoustic 
recordings of humpback whales were made in Iceland 
(Eyjafjörður) in 2017, in collaboration with Marianne 
Rasmussen (University of Iceland) (see Fig. 2).

Furthermore, we will use acoustic data acquired in the 
western Indian Ocean (RHUM-RUM project), in the 
Atlantic (Figure 3) and in Alaska. These findings will be 
used to develop methods to facilitate detection of ma-
rine mammals during seismic surveys, at marine con-
struction sites, or military operations, where traditional 
methods, such as visual observations have significant 
limitations.

Figure 2: Left: Humpback whale feeding. Right: Humpback whale fluke. Photos taken during fieldwork in 
Eyjafjörður, Iceland, where acoustic recordings of humpback whales were acquired. © Martin Landrø.

Figure 3: Two different types of blue whale vocalizations. Left: Short, frequency-modulated modulated 
D-call attributed to male and female social behaviour and foraging activities. Right: Stereotyped low-fre-
quency call of an Antarctic blue whale usually repeated in long series and assumed to be produced 
by males for the purpose of long-range communication. Regional variations and differences between 
sub-species have been reported. © Léa Bouffaut
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In 2019, Tore Aadland (UiB) and Dimitrios Ktenas (UiT) successfully 
defended their doctoral theses, thus making a nice addition to the group 
of graduated ARCEx doctors. Aadland was funded by ARCEx, whereas 
Ktenas was funded through a Marie Curie International Training Net-
work project in EU’s seventh framework programme (FP7).

We are altogether very proud of their achievements and we must say 
that it have been a true pleasure to have them in our research group.  

 
 
Dr. Tore Aadland
On March 13, 2019, Dr. Tore Aadland successfully defended his PhD 
thesis titled “Disentangling time from siliciclastic sedimentary rocks” 
at the Department of Geosciences at University of Bergen. Dr. Aadland 
was supervised by Professor William Helland-Hansen (UiB) with co-su-
pervision from Professor Snorre Olaussen (UNIS). 

In his project, Tore investigated the distribution of time in siliciclastic 
sedimentary rocks by developing source-to-sink methodologies that 
takes advantage of sediment accumulation rate measurements derived 
from modern depositional systems. He addressed this problem by deriv-
ing time-scale dependent sedimentation rate model to interpret anoma-
lies in the stratigraphic completeness of sedimentary deposits, and also 
by analysing satellite images acquired over a 30 year period to resulting 
in a statistical model, that given the water discharge and the suspended 
sediment load of a modern fluvial system predicts the progradation rates 
occurring at the fluvial entry points of the associated deltaic systems. 
The thesis outlines a source-to-sink methodology with potential appli-
cation in reservoir mapping and greenfield exploration that is guided by 
the model of time-scale 

From left: Professor emeritus Snorre Olaussen, UiO/UNIS (co-supervisor), Professor 
William Helland-Hansen, Department of Geosciences, UiB (main supervisor), Professor 
Peter Burgess, School of Environmental Sciences, University of Liverpool, (opponent), 
Tore Aadland, Associate Professor Joep Storms, Delft University of Technology, Neder-
land (opponent), Associate Professor Christian Haug Eide, Department of Geosciences, 
UiB (internal member of committee), Associate Professor Einar Iversen, Department of 
Geosciences, UiB (leader of the defence). Photo: Anders Kulseng.

From left: Professor emeritus Snorre Olaussen, UiO/UNIS (co-supervisor), Professor 
William Helland-Hansen, Department of Geosciences, UiB (main supervisor), Professor 
Peter Burgess, School of Environmental Sciences, University of Liverpool, (opponent), 
Tore Aadland, Associate Professor Joep Storms, Delft University of Technology, Neder-
land (opponent), Associate Professor Christian Haug Eide, Department of Geosciences, 
UiB (internal member of committee), Associate Professor Einar Iversen, Department of 
Geosciences, UiB (leader of the defence). Photo: Anders Kulseng.

Congratulations to our PhD graduates

Dr. Dimitrios Ktenas
On March 28, 2019, Dr. Dimitrios Ktenas successfully defended his PhD 
thesis, thus earning his doctoral degree. His thesis was titled “Quan-
tification of the magnitude of net apparent erosion in the southwest-
ern Barents Sea by using compaction trends in shales and sandstones 
– Implications for hydrocarbon exploration”.  Dimitrios was affiliated 
to ARCEs through his doctoral work carried out at the Department of 
Geosciences at UiT and North Energy ASA, and funded by GLANAM 
– GLAciated North Atlantic Margins, under the EU FP7 program Marie 
Curie ITN. Dr. Ktenas was supervised by Adjunct Professor Erik Hen-
riksen, UiT/North Energy ASA (now at Henriksen Maritime AS) (main 
supervisor), Professor Karin Andreassen, Department of Geosciences, 
UiT (co-supervisor), Dr. Jesper Kresten Nielsen (MOL Norge Group) 
(co-supervisor) and Ivar Meisingset, First Geo AS (now at ModelGeo 
AS) (co-supervisor). 

In his project, Dimitrios investigated the estimation of the net appar-
ent erosion in the southwestern Barents Sea and consequently to de-
termine the regional variation and magnitude of the net apparent ero-
sion by studying the compaction of selected stratigraphic layers. On the 
Norwegian Continental Shelf, the western Barents Sea shelf is generally 
ice-free and proven by recent discoveries as a frontier area for hydro-
carbon exploration. During the Cenozoic, most of the areas of the Bar-
ents Sea were subjected to significant uplift and erosion, processes that 
had important consequences on the petroleum systems. An integrated 
approach based on seismic interpretation of multi-client seismic data, 
shale and sandstone compaction combined with a rock physics applica-
tion was used in order to estimate the amount of net apparent erosion in 
the study area. The findings serve as input to the overall understanding 
of the reservoir characteristics, the maturity of the source rocks, timing 
of expulsion and the retention of hydrocarbons in the traps.
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2 welcome addresses
3 WP overview presentations
3 keynote presentations
20 oral presentations
23 poster presentations
73 participants

The ARCEx Annual Conference was arranged on 22-24 October 2019, 
on Sommarøy, close to Tromsø. The event gathered ARCEx researchers 
and specialists from both academia, industry and authorities. 

The program lasted for three days. Three key interesting keynote presen-
tations set the scene, and they provided the participants with an addi-
tional set of perspectives of the research in the centre: Researcher Grace 
Shephard from Centre for Earth Evolution and Dynamics (CEED), 
University of Oslo, with a keynote talk titled “Updated plate reconstruc-
tions for the Arctic; from Amerasia to the Eurekan”, Prof. Marit Reigstad 
from UiT The Arctic University of Norway gave a presentation about the 
Nansen Legacy, and Prof. Seth Guikema from Industrial and Operations 
Engineering, Civil and Environmental Engineering, University of Mich-
igan presented “Risk based decision support for arctic activities". 

Also in the program were scientific work package overview presenta-
tions and 20 oral presentations by both ARCEx recruited fellows, senior 
scientists and industry specialists. The contributed presentations cov-

ered all the research topics included in ARCEx, including ecotoxicology, 
risk assessment, technology, and Arctic geology.

During the first evening, 23 of the ARCEx fellows, plus a few eager se-
niors, presented their posters. A strict time limit of 60 seconds was ap-
plied to the poster presentations, putting the fellows under a great deal 
of pressure – but also resulting in highly entertaining and focused pre-
sentations. ARCEx associated PhD student Morgan Bender from UiT 
won the best poster award with her poster titled “Polar cod early life 
stages under a warming scenario exhibit extreme sensitivity to low levels 
of crude oil”. 

On the second day, Prof. Steffen Bergh, researcher Jean-Baptiste Koe-
hl and PhD fellow Harald Hansen organized an excursion on Precam-
brian geology and Mesozoic rift-tectonic landscapes of western Troms, 
Barents Sea margin. The weather conditions did not allow for all the 
planned activities to take place, but with a great deal of Arctic flexibility, 
many got to enjoy the beautiful landscape on a boat trip around Som-
marøy and the surrounding islands, as well as a field excursion on foot to 
look at the fault zones and basement features in the area. 

The talks and activities facilitated (scientifically) high-quality discus-
sions, both in plenum and during the coffee breaks. All in all a great suc-
cess that will be repeated 20-22 October 2020 in Harstad. See you there!

ARCEx Annual Conference 2019
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Ingrid Wiedmann organized an international workshop 
in Iffeldorf, Germany in 2019. During this internation-
al workshop with eight participants from five countries 
(Canada, USA, Spain, Norway, Germany), specialists in 
the field of vertical particle and carbon flux discussed 
the future in their field of research. A draft of a “food 
for thought” manuscript was produced during the 5-day 
workshop. The aim is to submit this manuscript within 
2020.

Workshop «Sinking particles (at high  
latitudes) – what are we still missing?»

Workshop on numerical modelling
ARCEx hosted a 2-day workshop addressing numerical 
modelling in geosciences in April 2019 at the Depart-
ment of Geosciences, UiT – The Arctic University of 
Norway. Dr Amando Lasabuda was the leader of the or-
ganizing committee for the workshop. The participants 
were a number of well-known geoscientists and experts 
in numerical modelling from many institutions and en-
terprises in Norway and abroad. The workshop was free 
of charges and open for students and anyone interested 
in numerical modelling. The main aim of this workshop 
was to bring together stakeholders and key players con-
sisting of academia, industry and government repre-
sentatives to discuss and show the status on numerical 
modelling in geosciences. The focus of the workshop 
was also to bridge the gap between the research at the 
universities and the applied knowledge at the industry. 
Representatives from academia and research institutes 
(UiT (ARCEx and CAGE), UiO (CEED), NGU, ETH 
Zürich, and Politecnico di Milano) presented ongoing 
research and the most updated results from plate tec-
tonics to stratigraphy modelling. Professor Taras Gerya 
of ETH Zürich was the workshop’s keynote speaker and 
delighted to share his research on geodynamics mod-

elling. The industry represented by Aker BP, Vår Energi, and Lundin Norway showed 
their challenges and solutions in modelling petroleum basins and potential resources. 
The service companies (Schlumberger Aachen, BeicipFranlab Paris and GeoGravity 
Flow AS) highlighted their current best-practice workflow and software applications. 
Finally, the Norwegian Petroleum Directorate represented the authorities, and they fully 
supported the initiative and the development of numerical modelling as tool for better 
sustainable energy. This event was also an arena for future collaboration to advance the 
field of numerical modelling in geosciences. ARCEx organized a dinner where the par-
ticipants had a chance to socialize and strengthen their network. There was a positive 
enthusiasm and feedback from the speakers and participants about the workshop.
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Hot topic – large-scale  
volcanism in the Arctic

Episodes of large-scale volcanism, commonly linked 
to opening of major oceanic basins, have strongly in-
fluenced the tectonostratigraphic development of many 
Arctic basins, including the Barents Shelf and neigh-
bouring basins such as the Sverdrup Basin. In October 
13-18th, the American Geophysical Union (AGU) ar-
ranged an international conference in Selfoss, Iceland, 
focusing on various aspects of large-scale volcanism 
in the Arctic. The conference attracted mostly workers 
from North America, Europe, and Russia, all dealing 
with Arctic geology and volcanism in particular. Ap-
parently, this was literally a hot topic, and many famous 
old-timers and rising stars of Arctic geology came to-
gether for good discussions. ARCEx personnel was 
highly present with both Geology work-package leaders 
Sten-Andreas Grundvåg and Kim Senger presenting 
field data from Svalbard focusing on the sedimentary 
response to Early Cretaceous volcanism (Grundvåg et 
al.) and digitalization of Early Cretaceous dolerite in-
trusions (Senger). In addition, our former work-pack-
age leader Jan Inge Faleide presented his view on the 
evolution of the NE Atlantic conjugate margins, and 
Sverre Planke with his co-authors presented new data 
showing the extent of the Early Cretaceous High-Arc-
tic igneous province (HALIP) on the northern Barents 
Shelf. One of the organizers of the conference, Grace 
Shephard from the Centre for Earth Evolution & Dy-
namics (CEED) at the University of Oslo, also became 
one of our keynote speakers at the annual ARCEx 
conference at Sommarøy the week following the AGU 
Chapman conference.

Drone photo of a cinder cone, one of the conference excursion sites. Photo from Instagram: @geologyfrom-
above

Grace Shephard giving her talk at the AGU Chapman. A week later, she was one of our invited keynote speak-
ers at the ARCEx annual conference at Sommarøy. Photo: Owen Anfinson, Sonoma State University.
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Pictures from the 2019  
fieldtrip with Equinor

Explorationists looking at Lower Permian carbonates in Asvindalen. Photo: Sten-Andreas Grundvåg

Stålbas waiting on pick-up call from the shore. Here from the start of the Festningen 
section. Photo: Sten-Andreas Grundvåg

From the famous promontory of Kapp Starostin, the type section of the Upper Permian 
succession. Photo: SAG.
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PhD student Renate Paulsen working hard on the steep slopes of Ullaberget during the UNIS course AG-323 sequence stratigraphy. Photo: SAG.

Sampling is part of the field excursion, here from Kvalvågen.  
Photo: Sten-Andreas Grundvåg

Students investigating a tidal channel complex in the Precambrian succession of Va-
ranger, E. Finnmark. Photo: SAG.
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by Norwegian CCS Research Centre (NCCS), 
RCN grant 257579, & UNIS in-kind)
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Accounts 

Funding source 2019 2018 

The Research Council 11 331 10 766

Industry partners 1 9 069 6 478

The host institution (UiT) 4 250 6 001

Research partners 2 4 727 8 470

Public funding (Troms fylkeskommune) 0 1 008

Total 29 377 32 722 

Costs per activity 2019 2018 

MGT 2 426 2 349 

WP1/WP2 13 637 16 005 

WP3 5 140 5 997 

WP4 6 160 6 642 

WP5 2 013 1 728 

Total 29 377 32 722 

Costs per partner 2019 2018 

UiT/NT 10 705 10 219 

UiB 3 670 5 261 

UiO 2 774 3 830 

UiT/BFE 2 649 2 620 

NTNU 2 275 1 634 

UNIS 2 271 2 868 

APN 1 765 2 176 

UiO/NHM 1 025 510 

NORCE (prev. IRIS) 957 1 291 

NGU 652 775 

NORCE (prev. Norut) 577 1 350 

UiS 56 189 

Total 29 377 32 722 

All figures in NOK 1 000

   

1: Equinor, Vår Energi, Aker BP, Lundin Norway, OMV (Norge), Wintershall Dea 
2: UiB, UiO, NTNU, UNIS, UiS, APN, NORCE, NGU
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