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STRATEGIC PLAN 2018–2021
Overarching Goal
Education

Reduce the risks connected to
Arctic petroleum exploration

Environment

2018

Partners

in review

Akvaplan-niva Barents Ltd

Geology

Technology

Prof. Alfred Hanssen | ARCEx Director

WP1 2

WP3

&

WP4

Geology

Environment

Technology

Reduce explorational
risk and improve
resource potential
estimates

Reduce the
operational risk

Reduce the risk for
inaccurate and
incorrect measurements and analysis

Basin analysis

Pelagic and benthic ecosystems

Petroleum system elements
Quantitative analysis of
petroleum systems and plays
Integration and synthesis

Toxic eﬀects of petroleum
compounds on key species in
the Arctic
Risk-uncertainty relationships
Monitoring of marine
mammals in remote areas

WP5
Education
and outreach

Constraints for geophysical
exploration in vulnerable
areas

Build the competence within
petroleum systems and
environment

Strategies for seismic
acquisition and processing
from ice, snow and ice-covered land

Tailored MSc/PhD courses

Remote sensing technology in
support of seismic operations

Transfer of knowledge from
research communities to
users and stakeholders

Knowledge gaps

Pathway

2021 key targets

Expected impact

When and how did the sedimentary basins of
this region form and how did this link to deeper
structures?

Project description for the centre

11 PhD students
15 Postdoctoral fellows

When and how deep was the maximum burial
for the diﬀerent organic rich regions of the
Barents Sea?

Dissemination & communication
activities

New knowledge of hydrocarbon
resources in the Barents Sea

Relevant capacity and competence building

231 MNOK in funding

Which explorational constraints maximize data
quality and minimize environmental impact?
How do Arctic key species respond to
anthropogenic activity?
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User partners and stakeholders
involvement

60 MSc graduates
160 peer reviewed papers
Industrial secondments
BSc, MSc and PhD programs in
petroleum G&G and related ﬁelds

Environmental understanding of
the north
Contribute to the development
in northern Norway

We had a very productive, interesting, active, and exciting 2018. Our most important milestone was that we
passed the midway evaluation, and that we got the possibility to write the plan for the final three-year period
of ARCEx. The revised project plan has become more
coherent, involves more cross-disciplinary research,
and ensures high-quality and relevant research for the
remaining part of the center.
The most visible organizational change is the merger
of the original two geology work packages (WP1 Basin
analysis and WP2 Petroleum systems and play concepts).
The new work package is called WP1&2 Geology, and is
led by Assoc. profs. Sten-Andreas Grundvåg (UiT) and
Kim Senger (UNIS). This has led to a smaller management group, and better coordination among the geology activitites in the centre. The other two scientific
work packages, WP3 Environment (led by Prof. JoLynn
Carroll, Akvaplan-niva/UiT) and WP4 Technology (led
by Prof. Tor Arne Johansen, UiB/UNIS) have also undergone some brush-up and smaller revisions. Finally, WP5
Education and outreach (led by Prof. Jan Sverre Laberg
and Assoc. prof. Jasmine Nahrgang, both from UiT) is
virtually unchanged, and continues to disseminate our
results to the outside world.
Our publication rates keep rising, and we feel confident
that we will be able to deliver the targeted 160 peer review publications by the end of the project – with good
margin. In 2018, we published 36 peer reviewed papers,
4 PhD theses, a large number of other publications, and
19 Master’s theses. We are especially proud of the first
four PhD’s who are out of the nest: Amando Lasabuda

(UiT), Jean-Baptiste Koehl (UiT), Ana Sofia Aniceto
(UiT), and Babak Khodabandeloo (NTNU). A huge congratulations to all of them from everyone involved in
ARCEx!
The centre has strengthened its ties to some key international collaborators. In particular, Stanford University has hosted one of our PhD students (Helene Stemland) and one of our work package leaders (Prof. Tor
Arne Johansen). Also, our ties to the Alfred Wegener
Institute (AWI) in Germany are strong, and several of
our researchers have visited AWI several times during
2018. A very visible result of our collaboration with international research teams is that 41% of our publications in 2018 included international co-authors.
We recruited seven new research scholars in 2018, and
we renewed several contracts for senior personnel serving as adjunct professors. The volume of research personnel in ARCEx is well matched to the needs we have.
As always, we visited our industry partners before the
end of the year. The 1-1 visits has become a valuable and
important part of our communication with user partners, and even though it is a very demanding undertaking, we intend to continue this tradition. In addition,
we have had technical committee meetings for the environmental work package (WP3), and we arranged our
annual conference at Longyearbyen in October 2018
with record high attendance. This time, we had a very
lively poster session, and the annual conference included several very interesting presentations from our user
partners.
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Scientific
highlights
Basin modelling of the SW Barents Sea –
effects on the hydrocarbon potential
The SW Barents Sea, one of the focus areas for exploration, is an epicontinental platform consisting of N- to
NNE-oriented basins separated by basement highs. The
basins were formed during four distinct rift-phases in
the Carboniferous, Late Permian, Late Jurassic-Early
Cretaceous, and Paleocene-Eocene. Progressive rifting
culminated in continental breakup and seafloor spreading along the North Atlantic axis approximately at 55 Ma.
In their paper, Sebastian Gac and his co-authors present
various tectonic and thermal models of basin evolution
along two seismic profiles crossing the SW Barents Sea
from east to west. The thermal and isostatic history of basins along the transect is constrained through time-forward basin modelling based on an automated inverse
basin reconstruction approach. The basin models are all
calibrated against well data. Estimates of the effects of
continental breakup and near-margin processes (magmatic underplating and sill intrusions) on the thermal
history and kerogen maturity below the Vestbakken Volcanic Province is presented. The results imply that both
breakup and underplating alter the thermal and isostatic
history of sediments along the margin. More specifically, the hydrocarbon potential of source rocks modelled
along the margin suggests that continental breakup has a
permanent thermal effect on the present-day sediments
promoted by lateral heat flow, while heat conduction by
underplating is more diffuse, inhibited to some degree
by deeply-buried, low-conductivity shales and limestones (Gac et al., 2018).
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The link between landscape and inherited
rift-margin structures in Lofoten

The most important reservoir unit in the
Barents Sea – the Realgrunnen Subgroup

The Lofoten Ridge is an integral basement horst of the hyperextended
continental rift-margin off northern Norway. It is a key area for studying
onshore–offshore rift-related faults, and for evaluating tectonic control on
landscape development along the North Atlantic margin. Steffen Bergh
and his co-authors combine onshore geomorphological relief/aspect data
and fault/fracture analysis from Vestvågøy in Lofoten with offshore bathymetric and seismic data to demonstrate a linkage between landscapes
and Mesozoic rift-margin structures. The offshore margin is underlain by
a crystalline peneplained basement surface that was successively truncated by normal faults, down-dropped and variably rotated into asymmetric
fault blocks and basins in the Mesozoic, and the basins were subsequently filled during the Late Jurassic to Early Cretaceous. Comparison of the
onshore asymmetric landscapes and offshore tectonic architecture supports the idea that disrupted low-relief surfaces, bounding steep scarps,
ridges and depressions onshore the Lofoten Ridge, represent tectonic
inheritance of a tilted basement-cover surface, rotated fault blocks and
half-graben basins from Mesozoic rifting of the margin. The study is an
important contribution to the wider understanding of the rift system that
developed during the early phases of the opening of the North Atlantic
Ocean (Bergh et al., 2018).

The Triassic to Middle Jurassic Realgrunnen Subgroup
comprises the most prolific reservoir units in the Barents
Sea and also host one of two Triassic reservoirs currently being produced in the Goliat field. According to Tore
Klausen (and his co-authors), the group has a complex
internal architecture reflecting rapid lateral facies shifts,
changing source areas and until now, less known tectonic
events. The best quality reservoir interval of the group,
the Lower to Middle Jurassic Stø Formation, comprises a
condensed, shallow marine succession characterized by
multiple long hiatuses. Facies include transgressive, tidal, fluvial and regressive shoreface, collectively reflecting
variations in relative sea-level during an overall transgression of the basin. Provenance data show that the
SW part of the Barents Sea was dominated by mixing of
reworked material and coarse grained sediment supply
from extrabasinal source areas including a Caledonian
provenance in the southwest and a Fennoscandian to the
southeast. Intra-basinal erosion of underlying strata with
Triassic zircon grains dominate in the north. According
to Mark Mulrooney and his co-authors, sedimentological, fault, and Amplitude Versus Angle analysis indicate
that the Fruholmen and Tubåen formations record deposition during a previously undocumented early phase of
Mesozoic rifting in the Troms-Finnmark fault Complex
and the Hammerfest Basin, The Fruholmen Formation
was deposited in a prodelta to delta plain environment
with tide-influenced and fluvial-dominated distributary
channels. The overlying Tubåen Formation represents
deposition in a widespread braid plain Sand bodies
frequently show elongate geometries parallel to faults
indicative of syn-depositional fault-related subsidence.
Several causes may have influenced this development:
rejuvenation of the Fennoscandian hinterland, development of the Novaya Zemlya fold-and-thrust belt and
the early Cimmerian tectonic phase in northern Europe
(Mulrooney et al., 2018).

Seismic shooting on top of and below floating ice,
reviewed for possible impacts on true seals
Seismic surveying of the Arctic is important for several reasons, but also introduces some
challenges. One is the concern that seismic data may affect the hearing of marine mammals
living there, including true seals. We performed two seismic experiments on floating ice on
Svalbard in the Norwegian Arctic in early March 2016 and late May 2017, just before and
right after the ringed seal breeding period. We used a single airgun below ice and detonating cord on ice, measured sound levels in the water column, compared these with hearing
capabilities of true seals found from previous studies, and observed the animals’ reactions
when exposed to seismic waves in the field. We found that these actual seismic experiments have little potential to cause physical hearing damage, but temporary behavioural
change may occur. We also observed a difference in measured sound levels, frequency content, and animal reactions, depending on the type of source used (Stemland et al., 2018).
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Highlights
Key achievements in

Chemically-dispersed oil is significantly more toxic than
mechanically-dispersed oil to the shrimp larvae
For oil spill response, it is needed to assess the sensitivity and resilience of
life-stages of Northern species such as larvae of the shrimp Pandalus borealis to realistic oil spill scenario and mitigation responses. Consideration of
time of exposure and use of dispersant can provide important information
to support Net Environmental Benefit Analysis (NEBA) based decision to
respond adequately to oil and mitigate impacts to the marine environment.
Such data are much needed for choosing the mitigation method that will
give the largest net environmental benefit should a spill occurs in Northern
waters. Larval fitness parameters such as survival and feeding rates were
measured in a series of experiments using both mechanically and chemically-dispersed oil in a setup with high energy mixing at the NORCE marine
facility. Relatively short exposure incubations (from 1 hour to 24 hours)
were followed by longer recovery times (10 days); Oil and dispersant were
added to achieve a realistic oil-in-water dispersion shortly after a spill.
In all experiments, the main findings were that chemically-dispersed
oil was consequently more toxic than mechanically-dispersed oil to the
shrimp larvae. The higher toxicity found for chemically-dispersed oil (OD)
is likely due to an increase of chemical oil compounds in the water possibly resulting from smaller droplets formation in the OD-treated water.
Further, most of the mortality of shrimp larvae did not occur during or
right after the exposure, but delayed and after transfer to clean seawater,
claiming for a careful consideration of recovery time beyond the standard
duration time of toxicity assessment. Food uptake reduction may be a key
explanation of the observations made and will need to be further evaluated in the continuation of this project. Arnberg et al., under revision).

2018

40 publications in 2018
25% of publications with co-authors from industry
41% with international collaborators

19 Master graduates in 2018
(and 70 in the period 2014-2018)

Improved gender balance
34 % female, 66 % male (up from 25% female in 2017)

4 ARCEx PhDs completed in 2018

Dr. Amando Lasabuda,
UiT (April 2018)
WP1&2 Geology

Dr. Jean-Baptiste Koehl
UiT (May 2018)
WP1&2 Geology

Dr. Ana Sofia Aniceto
UiT and Akvaplan-niva (June 2018)
WP3 Environment

Cenozoic tectonosedimentary development and
erosion estimates for the Barents Sea continental margin, Norwegian Arctic

Mid/Late Devonian-Carboniferous extensional
faulting in Finnmark and the SW Barents Sea

Unmanned aerial vehicles for marine mammal
surveys in arctic and sub-arctic regions

2 ARCEx associated PhDs completed in 2018

Acoustically induced cavity clouds generated by air-gun arrays
– comparing video recordings and acoustic data to modeling
For seismic air-gun arrays, ghost cavitation is assumed to be one of the
main mechanisms for high-frequency signal generation. Ghost cavitation
signals are weak for seismic frequencies (<300 Hz) and do not contribute
to seismic reflection profiling. In controlled experiments, the generated
ghost cavity cloud was monitored by a high-speed video camera using 120
frames per second. This is, as far as the authors know, the first convincing
photographic evidence of ghost-induced cavitation. In addition to video
recording, acoustic signals were recorded with a sampling rate of 312.5 kHz
using broadband hydrophones suspended 17 m below the array. The pressure drop around the source array was estimated using air-gun modeling
followed by a phenomenological modeling of the growth and collapse of
each individual vapor cavity. The cumulative effect of cavity collapses was
modeled based on linear superposition of the acoustic signals generated
by individual cavities. The simulated acoustic ghost cavitation signal and
the corresponding cavity cloud showed remarkably good agreement with
the field data (Khodabandeloo and Landrø, 2018)

Dr. Babak Khodabandeloo
NTNU (August 2018)
WP4 Technology

Dr. Maayke Jacqueline Koevoets
UiO NHM, (January 2018)
WP1&2 Geology

Dr. Mark Mulrooney
UiO (March 2018)
WP1&2 Geology

Modeling and Characterizing Acoustic Signals
from Cavity Clouds Generated by Marine Seismic Air-Gun Arrays – Implications for Marine
Mammals

The Palaeontology, Stratigraphy and Palaeoenvironment of the Agardhfjellet Formation
(Middle Jurassic – Lowermost Cretaceous) of
Spitsbergen, Svalbard

Faults affecting the Triassic Barents Shelf:
Syn-kinematic deposition, deformation mechanisms and driving forces
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WP LEADERS:

Associate Professor StenAndreas Grundvåg, UiT

WP1&2
Geology
Reduce explorational 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 estimates of this frontier province.
Thus, onshore investigations of structural elements and stratigraphic
units which correspond to important petroleum system elements in the
offshore basins is of major interest to WP Geology. On the larger-scale,
WP Geology investigate how basin architecture and evolution are linked
to deep structures and processes with emphasis on tectonic inversion
and the effects of Cenozoic uplift and erosion. Important methods in
these studies include, amongst others, source-to-sink analyses, as well
as numerical and analogue modeling.

Objectives
The following research objectives have been defined:

Associate Professor Kim
Senger, UNiS

TEAM MEMBERS:
UIT

Prof. Steffen Bergh
Prof. Jan Sverre Laberg
Researcher Dr. Amando
Lasabuda (received PhD
degree in April 2018)
PhD candidate Fredrik
Wesenlund
PhD candidate Renate Paulsen
PhD candidate Andreas Hagset
(associated PhD)
PhD candidate Sigrun Kvendbø
Hegstad (associated PhD)
Dr. Jean Baptiste Koehl
(received PhD degree in May
2018)
UNIS

Prof. Snorre Olaussen
PhD candidate Thomas Birchall
PhD candidate Malte
Jochmann (associated PhD)
PhD candidate Aleksandra
Anna Smyrak-Sikora
(associated PhD)
Dr. Mark Mulrooney (associated
PhD, defended thesis in March
2018)
Associate Prof. Maria Jensen

• Basin analysis and modelling to investigate the structural evolution of selected basins, and the timing and causes of basin inversion and Cenozoic uplift and erosion.
• Onshore and offshore analysis and comparison of petroleum system elements to assess various risk factors related to the presence
and quality of reservoirs, source rocks, and traps/seals.
• Quantitative analysis and modelling of petroleum systems in order to understand the effects of deep burial and recurrent uplift.
• Integrating and synthesizing all relevant geological results from
ARCEx and complementary research projects with focus on timing and causes of tectonic events, basin evolution and exploration
implications.

Adjunct Prof. Alvar Braathen
UIO

Prof. Jan Inge Faleide
Adj. Prof. Sverre Planke
PhD candidate Muhammad
Hassan
Associate Prof. Øyvind Hammer
PhD candidate Victoria Sjøholt
Engelschiøn
Dr. Maayke Jaqueline Koevoets
(associated PhD, defended
thesis in January 2018)
UIB

Prof. Atle Rotevatn
Prof. William Helland-Hansen
Postdoc Eric Salomon
Dr. Tore Aadland (to defend his
PhD thesis in March, 2019)
Dr. Thomas Berg Kristensen
(associated postdoc, now
Equinor)

Ekkerøya, Finnmark. Photo: Sten-Andreas Grundvåg, UiT.
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Relation to users,
stakeholders and
research communities

Key research tasks
Following the merger of the two previous geology work
packages (WP1 + WP2) in 2017, the present geology component of ARCEx is covered by WP1&2 Geology. The work
package comprise four tasks which reflect ongoing research
activity covered by ARCEx PhD and Post-doc fellows,
as well as upcoming activity related to basin modelling
and the final syntheses. Associate Professor Sten-Andreas Grundvåg (UiT) and Associate Professor Kim Senger
(UNIS) co-lead the work package, whereas Professor Jan
Inge Faleide (UiO) is responsible for the integration and
synthesis task (Task 4, see below). In general, WP Geology
focus on the structural and stratigraphic evolution of sedimentary basins and petroleum systems in the Barents Sea
and the adjacent northernmost Atlantic.
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 (e.g., Hoop area
case study)
›› Source rocks
»»onshore-offshore samples (the Triassic Botneheia Formation)
›› Trap/seal analysis
»»onshore-offshore stratigraphy and tectonic
links
»»subsurface pressure (well data, Svalbard– Barents Sea)
»»field studies (NE Greenland) of faults and
fractures: implications for basin formation
and fluid flow
»»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
andsource-to-sink considerations.
›› Barents Sea petroleum systems – a review of
geological exploration risks.

Achievements and highlights
from 2018
New source rock data from the Triassic Botneheia Formation in Spitsbergen and Edgeøya have been collected. By the end of 2018, some of this data
as well as data collected on Bjørnøya in 2017 have been analyzed in regards
to the source rock potential of the unit. The preliminary results indicate that
biomarkers are present despite the high thermal maturity (due to Early Cretaceous igneous intrusions) at Edgeøya. The geochemical signature of the
unit also records lateral and vertical facies variability, demonstrating that a
good source rocks consists of more than just black shale.
A regional pressure database based on all available wells in the northern
Barents Sea has been generated and integrated with regional well and seismic data. Comparison of well data from the Hoop area, the Fingerdjupet
Subbasin and central Spitsbergen indicate that these regions are characterized by underpressure. Uplift and associated de-compaction is a major controlling factor, but site-specific studies integrating reservoir and cap rock
properties are required to fully comprehend the controlling mechanisms.
Seismic interpretation and erosion estimates for selected areas of the northern and the SW Barents Sea have been finalized in the early part of 2018. By
the end of 2018, all the results have been published in a series of papers by
Lasabuda and co-authors. The results add to the ongoing discussion on how
much uplift the Barents Shelf has experienced during the Cenozoic.
From previous exploration and research work we know that Svalbard offers all the elements of a petroleum system including natural gas directly
associated with the geologically recent permafrost. Betlem and co-authors
investigated whether some of the gas onshore Svalbard could be bound as
natural gas hydrates, and found that large parts of Spitsbergen lie within the
gas hydrate stability zone.
Did you know that the oil exploration era in Norway actually started in
Svalbard rather than in the North Sea? In the period between 1961 and 1994,
18 exploration wells were drilled on the archipelago. We have now managed
to collect and digitize data from many of these wells and included the dataset in a Petrel-project. Two papers are about to arise from this initiative,
one giving a historical overview of all the drillings and one focusing more
specifically on the generated well data and its wider implications.
Hornsund, Svalbard. Photo: Sten-Andreas Grundvåg, UiT.
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Large part of the research activity conducted in WP Geology
involve both national and international research partners,
including many of our industry collaborators. New results are always disseminated in international and national
peer-reviewed journals and at various conferences. Thus,
judging from 2 completed PhD dissertations (Lasabuda,
2018; Koehl, 2018), >15 peer-reviewed publications and numerous conference contributions, 2018 was yet another active year for those involved in WP Geology. The journal papers cover a wide range of topics such as basin modelling of
the SW Barents Sea (Gac et al), the development of the East
Greenland rift system (Rotevatn et al.), the Upper Jurassic
source rock unit in Svalbard (Koevoets et al.) and the link
between deep time and sedimentation rates (Aadland et al.).
Some examples of international conferences that we have attended include, amongst others, the EGU General Assembly
2018 (Vienna; Salomon et al.), the Nordic Geological Winter Meeting 2018 (Copenhagen; Grundvåg et al.), the EAGE
Fifth CO2 Geological Storage Workshop (Utrecht; Olaussen
et al.), the EAGE Annual Conference & Exhibition (Copenhagen; Birchall et al.) the EUCOST MIGRATE workshop (Dublin; Senger & Betlem), the 8th International Symposium on
Submarine Movement and Their Consequences (Victoria,
Canada; Lasabuda et al.) and the ICAM International Conferences on Arctic Margins VIII (Stockholm; Olaussen 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 (Longyearbyen, Svalbard).
In addition to research, ARCEx personnel from WP Geology
have been active in teaching at various partner institutions,
and supervising exciting MSc projects. In 2018, we graduated
17 geology MSc students, of which the majority focused on
different aspects of petroleum geology of the Barents Shelf
and Svalbard (e.g. Betlem, 2018; Brennhaugen, 2018; Schaaf,
2018; Slettehaug, 2018; Tonstad, 2018).
Our fieldwork activity in 2018 have involved a wide range
of national (UNIS, UiT, UiO, NTNU, UiB) and international
partners (VU Amsterdam), the government (NPD), and some
of our industry partners (e.g. Aker BP, Equinor, Vår Energi,
Lundin). In particular, our company field excursions with
MS Stålbas in Svalbard together with our industry collaborators are invaluable for maintaining and establishing new
long lasting research co-operations.

Fieldwork and data collection
Edgeøya, August 2018
Purpose: Investigate the Triassic Botneheia

Formation on Edgeøya, Svalbard, and collect samples for an extensive assessment of
its biofacies and source rock potential.
Campaign leader: Atle Mørk (NTNU)
Collaborating partners: UiT, UNIS, NTNU,
NHM/UiO, NPD
Duration: 4 weeks

Sassendalen, mid April 2018
Purpose: Source rock sampling and sedi-

mentological investigations of the Triassic
Botneheia Formation in central Spitsbergen.
The collected data are part of our regional
study of this particular source rock unit.
Campaign leader: Fredrik Wesenlund (UiT)
Collaborating partners: UNIS and UiT
Duration: 1 week

Sarsøyra, August 2018
Purpose: Structural and sedimentological fieldwork on the eastern margin

of the Forlandsundet Graben focusing on the Paleogene succession of the
Buchananisen Group.
Campaign leader: Niklas Schaaf (UNIS)
Collaborating partners: UiO, NGU, NTNU
Duration: 2 weeks

NE Greenland, August 2018
Purpose: Detailed structural and diagenetic investigations of a segment of

the East Greenland rift system, the Dombjerg Fault. The main focus is to
document the diagentic effect of fluid circulation in the fault zone. The
secondary purpose is to investigate the 3D architecture of various syn-rift,
deep-water depostional elements by making digital outcrop models from
drone and ground based photos.
Campaign leader: Atle Rotevatn (UiB) and Eric Salomon (UiB)
Collaborating partners: UiB, UiT and AkerBP
Duration: 3 weeks

Janusfjellet, July 2018
Purpose: Characterization of faults and fracture systems in organic-rich

shales which represent an important regional seal. Sampling and characterization of sandstone dykes within this system.
Campaign leader: Tom Birchall (UNIS)
Collaborating partners: UiO and VU Amsterdam
Duration: 1 week

Company field excursions, August/September 2018
Purpose: Gain regional stratigraphic overview and get familiar with strati-

graphic units of importance to the exploration portfolio of the respective
companies. Sampling program of source rocks and reservoir units.
Campaign leader: Snorre Olaussen (UNIS) and Sara Cohen (safety responsible from UNIS)
Collaborating partners: UNIS, UiT, Equinor, Vår Energi
Duration: 1 week to ten days per trip
Snorre O. in the feald. Photo: Sten-Andreas Grundvåg, UiT.
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WP LEADER:

WP3
Environment
Reduce the operational risk
The aim of WP3 Environment is to provide essential
knowledge and methodology for exploration in the high
north.

Adjunct Professor JoLynn
Carroll, Akvaplan-niva

TEAM MEMBERS:
AKVAPLAN-NIVA

Professor Paul Renaud (also
at UNIS)
Senior scientist Michael Carroll
Adjunct Professor Jonas
Juselius
Researcher Starrlight
Augustine
Researcher Marianne Frantzen
Dr. Ana Sofia Aniceto (received
PhD degree in June 2018)
UIS

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 challenges for Arctic areas. The industry requires up to date knowledge regarding key species and ecosystem
interactions in an environment that has undergone 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).

Professor Terje Aven

Objectives

Postdoctoral Researcher Ingrid
Wiedmann

To develop new environmental risk management approaches tailored to
the unique exploration and future operational challenges for Arctic areas.
For the three main topics within WP3, the following 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.

Associate Professor Roger
Flage
Postdoctoral Researcher Willy
Røed
UIT

Professor Paul Wassmann
Adjunct Professor Anita
Evenseth
Associate Professor Jasmine
Nahrgang

Adj. Prof. Anita Evenset,
Akvaplan-niva
NORCE

Researcher Thierry Baussant
Postdoctoral Researcher
Frederike Keitel-Gröner

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.

Ana Sofia Aniceto Photo: Thomas Heggem
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Key research tasks
Task 1:

What is the impact of pelagic productivity
on the benthic ecosystem?
›› Comparative analysis of benthic biomass and species composition gathered in 2016 ARCEx with historical baseline information
›› Controls of pelagic productivity (T2.1) on benthic ecosystem
(T1.1)
›› Resampling historical stations of benthic fauna during the 2018
ARCEx-AMGG Training and Research Cruise
›› Analysis of benthic community structure from the northern
Svalbard shelf
›› Decadal retrospective of changes in benthic communities in
northern Svalbard.

Task 2:

What are the main drivers of the flux of marine
biomass from surface to seafloor?
›› Finalize analysis of composition and biomass of material collected in vertical traps during the 2016 ARCEx cruise
›› Compare material composition and biomass with historical
baseline information (fjords of Svalbard and Marginal Ice Zone).

Task 3:

What are the toxic effects of petroleum
compounds 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 species
›› Conduct experimental studies with oil exposure and dispersants
on key Arctic species
›› Synthesize and review species' sensitivity to petroleum compounds on key species in the Barents Sea.

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 development 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 vehicles for the
detection and monitoring of marine fauna
›› Software development of a processing algorithm for body condition of wild marine mammals.

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 mammals 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 applications.
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 ecosystems, ecotoxicology, and
risk/impact methodologies for petroleum exploration and future resource development (WP5)
• Training of early career-scientists through WP3 research and exchanges with industry (WP5).

Photo: Michael Carroll
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Achievements and highlights
from 2018
New insights on the state of the Arctic are revealed through synthetic analysis
of multi-decadal data on primary production in the Arctic. These data sets provide insights into the future needs for sustainable management of the changing
Arctic (Wassmann, 2018).
A synthesis of crossdating techniques applied to growth increments in calcified structures of bivalves, fish and corals in the world’s oceans, including the
Barents 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., 2018).

Fieldwork and data
collection
ARCEx-CAGE-AMGG Cruise, August 2018
Purpose: In cooperation with the Arctic Gas Hydrate, Envi-

ronment and Climate and the Arctic Marine Geology and
Geophysics (AMGG), to reconstruct seafloor sediment burial histories in conjunction with environmental variations
and the benthic communities. Student training in fieldwork is a central part of the cruise activities.
Location: Marginal Ice Zone/Barents Sea/Arctic Ocean,
Svalbard
Campaign leader: Jan Sverre Laberg, UiT
Collaborating partners: UiT, Akvaplan-niva
Duration: 2 weeks

New ecological data from the Barents Sea: Data sets are being generated from
the successful sampling campaign carried out during ARCEx-AMGG-CAGE
teaching and research cruise. These data sets are providing new 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 mammal 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. (Aniceto et al., 2018)
Physiological effects of oil on Arctic key species: through carefully controlled
laboratory experiments, we have shown that polar cod (Boreogadus saida) exposed to dispersed oil and burned oil residue resulted in no long-term physiological effects (Bender et al, 2018).
Risk identification in the Arctic: System characteristics such as harsh weather,
ice and darkness have been included in a new risk identification method custom tailored for Arctic conditions. The method is based on risk identification
from more mature areas.

Photo: Jana Winderen

Photo: Lis Allaart, UiT.
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WP LEADER:

WP4
Technology
Reduce the risk for inaccurate and incorrect
measurements and analysis

Professor Tor Arne Johansen,
UiB & UNIS

TEAM MEMBERS:
UIB

PhD candidate Ronny
Tømmerbakke
PhD candidate Helene Mehling
Stemland
NTNU

Professor Martin Landrø
PhD candidate Terje Solbakk

The aim of WP4 Technology is to provide best possible
geophysical data acquisition strategies - both with

Dr. Babak Khodabandeloo
(received PhD degree in August
2018)

respect to the environment and the data quality.

Post doc Hannah Kriesell

Geoscientific exploration of the Arctic encounter challenges partly different from those we know from exploration of the North Sea and the
Norwegian Sea. Our focus is to 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 characterization.

Objectives
• Constraints (technology and timing) for geophysical exploration
in ecological vulnerable areas
• Strategies for best possible seismic acquisition within and close
to sea ice
• Acquisition and processing of seismic data from sea ice, snow and
ice-covered land
• Remote sensing technology in support of seismic operations
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.

UIT

Professor Alfred Hanssen
PhD candidate Rowan Romeyn
PhD candidate Francesca
Siracusa
UIO

Professor Leiv J. Gelius
NORUT

Researcher Agnar Sivertsen

Photo: Tor Arne Johansen, UiB
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Key research tasks
Task 1:

Constraints (technology and
timing) for geophysical exploration
in ecological vulnerable areas
›› Understand the mechanisms for unwanted
high-frequency excitation of sound from marine airguns, and possible ways to reduce such
effects
›› Understand how passive seismics can be used to
image the subsurface.

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

Acquisition and processing of seismic
data from ice, snow and ice-covered land
Task 3:

›› How to remove unwanted vibrations in sea ice
(flexural 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 seismic 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 reservoirs 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.

Relation to users, stakeholders
and research communities
Scientists from WP4 are very active in collaboration that directy 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 in Svea 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 scientists 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 measurements 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 collaboration between industry partners and
ARCEx scientists, and we envision results of great societal and industrial
importance.
Nils Bakke, Lundin, participating in fieldwork. Photo: Tor Arne Johansen
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Achievements and highlights from 2018
The first part of the WP4 work package has been devoted to plan and
carry out a series of seismic experiments on and within floating ice in
Van Mijenfjorden at Svalbard. Also several tests of unmanned remote
sensing devices for recording ice drift in the Arctic have been made.
Furthermore, experiments on studying effects of seismic shooting on
sea mammals (true seals and whales) have been undertaken. This
study has also opened for collaboration with WP3. The project has so
far gathered a unique data base to use for answering the fundamental
questions raised in the research proposal. A series of manuscripts
from the first analyses of the data are about to be submitted to international journals. Our experimental data and science problems have
already led to requests for international collaboration, among these
with Stanford University in USA and Kyushu University in Japan.
Scientists from Iceland have also been involved in studies related to

possible influence of air guns on large whales. Along with a suggestion from the industry sponsors, a study on how burial and uplift will
affect the seismic signatures (reflected and refracted waves) of typical
Barents Sea prospects have now been undertaken.
WP4 has in 2018 published 5 papers in highly ranked journals on the
work related analysis of the research described in the annual plan
for 2018 and moreover 4 manuscripts have been accepted for publication, also in highly ranked journals, and have a pending status
for final printing. They will be published during spring 2019. The
publications have initiated international attention for the challenges
related to geophysical exploration of the Arctic, both with respect to
environmental problems as well as technical solution for improved
geophysical mapping in transition from land to sea.

Setup for measuring surface waves. Students from AG-335/835 in the background . Photo: Tor Arne Johansen
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WP5 Education and
outreach

WP LEADER:

Professor Jan Sverre Laberg,
UiT
Adjunct Professor Jasmine
Nahrgang, UiT

TEAM MEMBERS:

Education and outreach play a central role at ARCEx. We offer international top-level

UIT

petroleum geology, geophysics (G&G), biology and ecotoxicology (B&E) education through

Adjunct Professor Stig-Morten
Knutsen., NPD/UiT

collaboration with Bachelor-, Master- and PhD-programs at the partner universities.

University lecturer Iver Martens

This strong university‐link will ensure that highly competent candidates
will be available for the Centre and, after fulfilling their education in
Barents Shelf petroleum‐related studies, offer a pool of experts for the
industry and academia. WP5 will continue its work of developing and
strengthening of relevant courses and study programs at UiT and the
partner universities. In particular, for 2019 we will focus on including a
field course in the study program of the Master students. At the Department of Geosciences we would also prioritize establishing a data base
for geophysical data to be available for G&G Master- and PhD-projects.
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 2019. The
organization of early career fora will be part of the annual plan. WP5
also aims at facilitating cooperation between early career scientists and
industrial partners through industrial secondments. Finally, the WP has
a central role in outreach activities, among which the maintenance of
the centre´s web page, the organization of the annual ARCEx Conference
and thematic workshops. A two-days thematic workshop on “Numerical
modelling” is planned for the end of April 2019.

the University Centre in Svalbard (UNIS), the 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 multidisciplinary 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. The possibility of a Master specialization within Arctic marine ecotoxicology will be discussed at the Institute and Faculty
levels in line with the revision work of the study programmes presently
undertaken by the BFE faculty.

ARCEX is offering a wide range of courses within Petroleum Geology and
Geophysics and Ecotoxicology through its dedicated educational programs at both Bachelor and Master levels.

Achievements and highlights
from 2018

At the Department of Geosciences (NT-Faculty), ARCEx is running the
Specialization “Petroleum Geosciences”, one out of four Master programs. The specialization includes a vast choice of relevant courses (19)
at UiT-the Arctic University of Norway and 4 courses at UNIS. Of these,
3 have been initiated by ARCEx. And ARCEx personell are also involved
directly in teaching in several of these courses.
ARCEx personnel is also involved in iEarth (https://iearth.no/en/aboutiearth/), a Centre for Integrated Earth Science Education led from the
University of Bergen, also including the other Norwegian universities.
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 science education, 2) Developing a generic approach to
cross-disciplinary earth science education within critical fields of societal relevance (geohazards, resources, energy, environment, climate),
and 3) Establishing a coherent system of evaluation to foster teaching
excellence and identify best practice to disseminate worldwide . iEarth
is now preparing for the next “Center of Excellence” call.
At the Institute for Arctic and Marine Biology (BFE-faculty), three
courses are co-organised by ARCEx at Bachelor level as well as a course
relevant to ARCEx within Arctic Marine Pollution at UiT. Finally, at

Furthermore, ARCEx staff is playing an important role in the supervision
of geoscience students at all levels; Master’s, PhD fellows and post docs
across the 4 research WPs (1-4).
The web-page of www.arcex.no distributes information, news and publications from the centre. A newsletter is sent out whenever there is a new
publication (weekly).

70 Master graduates
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 about 70 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 Svalbard, in particular the Barents Sea and Svalbard. The types of materials dealt with in the theses range from ice (both
permafrost, sea ice and gas hydrates) to fluids, salt and rocks, the latter
including both sedimentary and igneous rocks. Timeframes of the studies covered the present and 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. One should also notice that the supervision of the M.Sc.
students changed from often single-supervisor guidance during an early
phase of ARCEx to almost exclusively collaborative supervision by experts
from academia, authorities and industry, both from Norway and abroad.

Photo: Kai Mortensen
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Dr. Jean-Baptiste Koehl

Photos: Torger Grytå

Congratulations to
our graduated PhD
candidates
In 2018, Amando Lasbuda (UiT), Jean Baptiste Koehl
(UiT), Ana Sofia Aniceto (UiT/Akvaplan-niva), and
Babak Khodabandeloo submitted and successfully defended their doctoral theses, thus becoming our first
graduated ARCEx doctors. Naturally, this represented
big milestones for the centre. In addition, two of our associated PhD candidates, Maayke Koevoets (NHM/UiO)
and Mark Mulrooney (UNIS/UiO), both successfully
defended their theses in the first part of the year. 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 centre.

Dr. Amando Lasabuda
On the 26th of April 2018 Dr. Amando Putra Lasabuda
successfully defended his PhD thesis titled “Cenozoic
tectonosedimentary development and erosion estimates
for the Barents Sea continental margin, Norwegian Arctic” at the Department of Geosciences at UiT The Arctic University of Norway. Prof. Jan Sverre Laberg (UiT)
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and Adj. Prof. Stig-Morten Knutsen (NPD/UiT) supervised the project. In his project, Amando investigated
the geological evolution of the western and northern
Barents Shelf margins through the last 65 million years
(i.e. the Cenozoic period). During this period, uplift
and recurrent glaciations have shaved off sedimentary
strata all across the Barents Shelf. The eroded sediments
have later been transported by glaciers and rivers to be
re-deposited in large sediment accumulations along the
present-day shelf margin. By investigating well data and
interpreting seismic data from the Sørvestsnaget Basin,
the shelf margin between Bjørnøya and Spitsbergen,
and the shelf margin north of Svalbard, Amando have
calculated the volume of these sediment accumulations
and used the results to give a first order estimate of the
amount of sedimentary strata removed from the shelf.
These estimates have further been used as direct input
to burial and uplift models of the shelf, thus providing
crucial knowledge in regards to source rock maturation
and hydrocarbon generation.

On the 24th of May 2018 Dr. Jean-Baptiste Koehl successfully defended his PhD thesis, thus earning his doctoral
degree. His thesis was titled “Mid/Late Devonian-Carboniferous extensional faulting in Finnmark and the SW
Barents Sea” at the Department of Geosciences at UiT
The Arctic University of Norway. Dr. Koehl was supervised by Prof. Steffen Bergh (UiT) and Prof. Jan Inge
Faleide (UiO). In his project, Jean-Baptiste investigated
the structural evolution and deformation of old basement rocks in parts of Troms and Finnmark by combining field observations satellite images and aeromagentic
data with offshore bathymetric and seismic data from
the SW Barents Sea (mainly the Finnmark Platform and
Nordkapp Basin). In addition, he has conducted complementary fieldwork on Bjørnøya and Spitsbergen, as
well as along the active San Andreas fault in California, USA. When continents are split apart, the extension
result in the formation of large depressions known as
rifts. Along the margins of these rifts, large fracture
zones with vertical displacement, known as faults develop. In many sedimentary basins faults act as fairways
for migrating fluids, including hydrocarbons, and thus
understanding the evolution of rifts and basin bounding faults are of great importance in regards to exploration. Jean-Baptiste Koehl has particularly focused on
the timing of rifting and basin development following
the collapse of the Caledonian mountain belt more than
350 million years ago.

Dr. Babak Khodabandeloo
On 21st of August 2018 Dr Babak Khodabandeloo successfully defended his PhD thesis titled “Modeling and
Characterizing Acoustic Signals from Cavity Clouds
Generated by Marine Seismic Air-Gun Arrays – Implications for Marine Mammals” at the Department of
Geoscience and Petroleum, the Norwegian University
of Science and Technology (NTNU). Professor Martin
Landrø, Department of Electronic Systems, NTNU was
Dr. Khodabandeloo’s main supervisor, and Professor
Ståle Emil Johansen, Department of Geoscience and
Petroleum, NTNU, was his co-supervisor. In his thesis,
Babak studied ghost cavitation phenomenon through
numerical modeling and field measurements. Ghost
cavity cloud consists of several acoustically induced
cavities which are formed due to the pressure drop
caused by reflected pressure waves, i.e. ghosts, from the
sea surface. Ghost cavitation is believed to be the main
underlying mechanism for high-frequency (>10 kHz)
acoustic signals and may impact cetacean species that
are sensitive to acoustic signals in the high-frequency
range (10−150 kHz). A synthetic modeling scheme for
simulation of acoustically induced cavitation in seismic

air-gun arrays was developed using bubble dynamic
equations, and the modeling technique was validated
by comparing the simulations to field recorded data. A
developed numerical scheme has the potential to evaluate air-gun arrays regarding the amount of high-frequency ghost cavitation acoustic signal. The thesis
further demonstrates and quantifies that the presence
of several small vapor cavities has potential to significantly drop the sound speed of water within the cavity
cloud at frequencies below the resonance frequencies
of the cavities, and if the sound velocity drops within
the cavity cloud, it affects the far-field acoustic pressure.

Dr. Ana Sofia Aniceto
On the 19th of June 2018, Dr Ana Sofia Aniceto successfully defended her PhD degree with the thesis titled
“Unmanned aerial vehicles for marine mammal surveys in arctic and sub-arctic regions” at the Department
of Geosciences at UiT The Arctic University of Norway.
Dr. Aniceto did her PhD at Akvaplan-niva. She was supervised by Adj. Prof. JoLynn Carroll, Akvaplan-niva
/ Department of Geosciences, UiT, Dr. Martin Biuw,
Institute of Marine Research, and Dr. Ulf Lindstrøm,
Institute of Marine Research. In her thesis, Sofia looked
specifically into the unmanned vehicles as an aid for animal monitoring and research in the Arctic and found
that fixed-wing powered vehicles seem to be the best
option. She investigated how these aircrafts perform in
different conditions by conducting field trials during
summer and winter and found that unmanned surveys
are affected by environmental conditions in the same
matter as traditional survey methods. Animal behavior also had an effect on the ability to detect animals. It
is therefore important to investigate not only how the
technology has an impact on how we gather data, but
also how the study subjects can affect the amount and
quality of data that we collect. The knowledge that she
has received from working with aerial vehicles in her
PhD gives new perspectives about the increasing need
and use of autonomous systems, and how we can break
the bounds of traditional tools to get more and better
quality information about our marine ecosystems.
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ARCEx-CAGE-AMGG
Educational cruise to the
northern margin
By Michael Carroll, Akvaplan-niva and Jan Sverre
Laberg, UiT

In 2018, WP1 and WP3 Task 1 scientists participated in a cruise organized by ARCEx and CAGE for
the Arctic Marine Geology and Geophysics PhD
School at the Institute of Geosciences, UiT-The
Arctic University of Norway. Combining basic
research and student training with at-sea experience, this cruise took place from 31 August-12 September aboard the RV Helmer Hanssen. The areas
investigated included the shelf, slope and deep
Arctic Ocean basin on the northern and eastern
margin of Svalbard and the Kvitøya trough (Fig.
1). These are important areas combined with complex hydrographic and bathymetric conditions.
The shelf and slope is interspersed with submarine
troughs formed during the last glacial maximum
and descends steeply to the deep Arctic Ocean
basin. It is also a nexus of climate change impacts
where seawater is warming and sea ice is diminishing rapidly. The cruise was interdisciplinary in
scope, combining geology, geophysics, paleoceanography, and marine ecology.
The cruise started with the collection of geophysical data (multi-beam echo sounder, seafloor penetrating acoustic equipment and seismics) to provide a regional understanding of the development
evolution of the continental margin (Fig. 1). Based
on these data, the location of the sample stations
were determined and we sampled sediments, sea
water and plankton. We sampled a total of 28 stations where the water depth ranged from about
100 to almost 4000 m. The collected material will
be used to get a better understanding of historic
variations in sea temperature, salinity and flow velocity and how life in the ocean has been affected
by such changes. Another main focus is the propagation of the continental ice sheet during the last
ice age as well as earlier ice ages, and how these ice
ages have shaped the landscape and the sea floor.
In addition, we want to try to date the oldest tracks
sediments from ice ages in this area - when did it
start and why?

The basin bathymetric features combined with
the impacts of the sea ice loss also provide an ideal natural laboratory to examine changes to the
structure of natural biological communities and
on ecosystem functioning. Assessing change in
biological features through time is necessary to
determine how the natural system is responding to
changes in external drivers. Fortunately, the benthic communities and seabed processes in this area
were extensively studied in 2003-2005 through two
Norwegian Research Council Projects ("On Thin
Ice" and "CABANERA"). WP3 will now examine how
the benthic community has changed over a 15 year
window of time by comparing data sets from these
earlier investigations with the newly collected
ARCEx data set.
During the 2018 cruise on the RV Helmer Hanssen, ARCEx benthic specialists were able to reoccupy and resample 8 stations in the region using
the same personnel, equipment, and sampling and
laboratory analytical methodology that was used
in the 2003-2005 expeditions. Quantitative samples were collected with a van Veen grab (Fig. 2)
and pre-processed on board by sieving each sample to separate the organisms from sediments (Fig.
3, 4). The material will be further processed at the
accredited Akvaplan-niva biological laboratory,
where all animals will be counted and identified.
The data will be used to assess the baseline variation in benthic faunal community characteristics
over the past 15 years in a dynamic and changing
area of the Arctic.
The analysis of the faunal community is underway.
The initial results from the sedimentological analysis indicates that the total organic content of the
sediments is considerably lower (by an average of
about 25%) compared to the early 2000's. The significance of these results will be interpreted in the
context of any documented changes in the faunal
community characteristics. This new understanding of the baseline variation is important for the
petroleum industry to obtain an accurate picture
of the seafloor environment at an early phase of
industry operations in the Barents Sea.

Photo: Lis Allaart, UiT.
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Meet some of our MSc graduates
Kristine Larssen
Kristine Larssen graduated from UiT last year with her thesis entitled
“Integrated characterization of the Upper Permian Kapp Starostin
Formation in central Spitsbergen, Svalbard – from outcrop to geomodel”.

Kristine during fieldwork on Svalbard. Photo: Private.

She is supervised by Kim Senger (UNIS) and
Sten-Andreas Grundvåg (UIT). During her
master’s studies, she spent most of her time in
Longyearbyen, Svalbard, and partly in Tromsø.
Following her studies she joined Equinor in
Harstad where she currently works as a reservoir geologist affiliated to the development of
the Johan Castberg discovery. Her main assignment is well planning and geo-modelling, but
soon she will change department to become
an operational geologist monitoring upcoming
drilling operations. She tells that the student life
in Tromsø and Longyearbyen in particular was
social and memorable with a good learning environment and that she learned a lot during the
intense five years of studying. She particularly
emphasize the basic geological understanding
as a key attribute that she learned during her
studies, which gives her great advantages at
daily basis when new and more advanced ge-

ological knowledge is to be digested. As many
other geologists, it was the interest of the great
outdoors and nature that made her study geology, especially trying to understand why
mountains look the way they do. Thus, for her
master thesis, a project involving fieldwork in
Svalbard was the most natural choice. She highly recommend other students to do the same:
“it gives you a completely different relationship
to your data because you collected it yourself
and it keeps you motivated through the entire
project period”. Further, she can recommend
other graduated students to join the industry
for a fun and variable job with endless opportunities. And as a final call, she pledge other students to seize the chances as they appear: “don’t
be afraid of trying something new and take a
step out of your own comfort zone, only then
can your knowledge and scientific self-esteem
grow”. So when will you start studying geology?

Vegard Heiberg
Vegard Heiberg also graduated from UiT last year with a thesis entitled “The
regional Cretaceous development of the southeastern part of the Norwegian
Barents Sea- from seismic interpretation”.

Photos: Kim Senger

Arctic Petroleum Field School
in Pyramiden
A field trip to collect seismic data on sea ice offered an opportunity to investigate environmental impacts.

Photo: Private.
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The project was provided by the Norwegian
Petroleum Directorate (NPD), and he was supervised by Stig-Morten Knutsen (NPD/UiT)
and Iver Martens (UiT). NPD hired Vegard as
soon as he finished his studies, thus providing
a good example of the advantage of the established cooperation between educational institutions, government and industry. Vegard is
currently evaluating the Alta structure focusing on reservoir properties and drainage strategies. He says that the study time at UiT was
fantastic and that the petroleum geoscience
program provided him with many opportunities and relevant courses. Vegard says that he
enjoyed the various seismic-based courses the

most, so for his master thesis, seismic interpretation was on the top of his wish list. “The most
interesting thing with my thesis project was
that I got the chance to work with new seismic
data from the SE Barents Shelf, in an under-explored area with few wells and poor seismic
data coverage”. For other students, Vegard recommend studying geosciences at UiT as it provide you with a background relevant for many
different jobs. In the end he says: “A job in the
oil industry is very exciting, you learn something new every single day. At NPD, there is a
high focus on professional development, which
I appreciate. I have also been very well received
by NPD and look forward to the continuation”.

By Kim Senger, UNIS

In September 2018, ARCEx personnel arranged
a field course based in the former Russian settlement Pyramiden in Svalbard on behalf of the
Petroleum Research School of Norway (NFiP).
The course was organized by Associate Prof.
Kim Senger (UNIS) and ARCEx-associated PhD
candidate Aleksandra Anna Smyrak-Sikora
(UNIS), with invaluable contributions from
PhD candidate Tom Birchall (UNIS). In addition, we highly appreciate that Equinor-retirees and Svalbard veterans Erik P. Johannessen

and Tormod Henningsen contributed to the
course as teachers. The course focused on rift
basins, which are among the most common
hydrocarbon and groundwater plays, and thus
important to society. Successful exploration
and production in rift basins requires a sound
understanding of their three-dimensional
architecture and their geological evolution
through time. During the Arctic Petroleum
Field School the students therefore visited an
excellently exposed rift basin in Svalbard, the
Billefjorden Trough, and its basin bounding
fault system, the Billefjorden Fault Zone. This

Carboniferous half-graben hosts marginal
sandstones as well as basinal carbonates, evaporites and shales. Several types of source-and
reservoir rocks were thus explored, as well as
the influence of tectonic activity on depositional systems. In addition to the excursions
the students acquired and processed photogrammetric data on selected outcrops to generate virtual outcrops. Further, these virtual
outcrop models were integrated within industry-standard software for multi-scale characterization of the observed petroleum system
elements.
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Northeast Greenland
re-visited – scaling
the Dombjerg Fault
By Sten-Andreas Grundvåg, UiT

This summer a joint team of structural geologists and sedimentologists from UiB and UiT
The Arctic University of Norway journeyed
across the North Atlantic to re-visit Wollaston
Forland in the northern part of East Greenland. The reason? To investigate an exhumed
rift basin and its basin fill strata, and more
importantly detail its basin-bounding border
fault system, the Dombjerg Fault.
When the snow melts in the short summer of
NE Greenland, a fascinating landscape reveals
itself. Alpine mountain peaks and nunataks,
glacial valleys, and coastal cliffs, all full of excellently exposed rocks. In our study area in
Lindeman Fiord, Wollaston Forland, both Caledonian metamorphic basement rocks, as well
as younger sedimentary rocks of Mesozoic age
are present. What is unique with the study area
is, however, the Dombjerg Fault, a border fault
that juxtaposes syn-rift deep-water deposits
in the hanging wall against a footwall of crystalline basement. The fault belongs to a series
of east-stepping faults belonging to the East
Greenland Fault system, which have been active in several phases since the Carboniferous
onwards (Rotevatn et al., 2018). The aim of the
trip was two-fold: one group were to focus on
the structural geology and structural diagenesis associated with the Dombjerg Fault, and
the second to focus on the sedimentology and
diagenesis of the syn-rift strata. Because we
also visited the same area back in 2014 during
a more regional-scale study, we had pre-designed a detailed plan for which outcrops to
visit and what specific sections to focus on.

Photo: Eric Salomon.

For example, we managed to sample several
tens of veins along the Dombjerg Fault, and
documented the structural fabric within the
basin clastics at selected outcrops. We hope
that these samples may reveal the diagenetic history of the fault and tell us what type of
fluids that once used the fault and its associated fracture system as their fairways. For the
sedimentology part, we focused on the architecture of the syn-rift gravity flow deposits at
sub-seismic-scale resolution. In addition to
sedimentary logs and rock samples for petrographic analyses, we collected numerous photos, drone footage and videos so make digital
3D models of our main outcrops. This means
that we will be able to enjoy the outcrops in
Wollaston Forland from our comfortable office
chairs in the years to come.

Photo: Sten-Andreas Grundvåg.
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A local high school class visited the lab to learn about polar cod and the experiment. Photo: Morgan L Bender // UiT The Arctic University of Norway.
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Polar cod early life stages
in a changing Arctic
to develop a face and jaws until after hatching. At low exposure levels, equivalent to just
0.2 ppb of polycyclic aromatic hydrocarbons,
there were changes in egg buoyancy, larval
growth, survival, onset of feeding, and behaviour relative to the experimental controls. We
documented an increase in deformities and
decreased feeding activity which resulted in
starvation and death of larvae several weeks
after hatching.

By Morgan L Bender and Jasmine Nahrgang, UiT,
Institute of Arctic and Marine Biology, and Marianne Frantzen, Akvaplan-niva

The life of a polar cod starts during the polar
night in a cloud of eggs and sperm released by
their parents. Fertilisation of the eggs marks
the start of a long (60-day) incubation period
at the surface of the ocean, beneath sea ice.
Eggs and larvae are sensitive life stages. They
must quickly achieve many developmental
milestones, with a limited energy supply, and
without the ability to move away from harm.
The risk of embryos coming in contact with
dissolved oil components from petroleum accidental discharges or passing ships is greatest
in surface waters. Low levels of pollutants and
minute changes in temperature can have negative effects on the early development of fishes.
Simultaneously, the extent of their habitat –
sea ice – is shrinking due to ocean warming.
To assess the sensitivity of early life stages of
polar cod from fertilisation to active feeding,
we conducted a 170-day trial exposing embryos in controlled laboratory experiments to
low levels of crude oil dissolved in water and
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Polar cod larvae reared at 0.5°C, one month after

The project

hatching: A) control unexposed and B) exposed to 0.1

Sensitivity of polar cod early life stages to a
changing Arctic: A study of the impact of petroleum and warming (Sens2change) was supported by the Fram Centre Flagship MIKON
2018 grant (Project Sens2change). Four Fram
Centre institutions and many national and
international partners are involved, including
UiT The Arctic University of Norway (J Nahrgang and ML Bender), ARCEx (M Frantzen),
and the EWMA project (NFR 195160).

ppb of dissolved crude oil. Schematic by: Morgan L
Bender, UiT.

to 2.3ºC warmer water than their optimal development temperature of 0.5ºC. Our aim was
to assess the sub-lethal physiological and behavioural effects that thermal stress has on the
sensitivity of embryos and larvae to petroleum.
With a difference of 2.3ºC, we found a full
month difference in hatching time. Our data
reveal that embryos incubated at 2.8ºC hatched
in a less developed state, not taking the time

A visual log from the Sens2change project can
be found at: facebook.com/Sens2change/ & instagram.com/sens2change/.
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ARCEx Early Career Scientists
WP1&2 Geology

WP3 Environment

Tore Aadland

Thomas Birchall

Mark Joseph Mulrooney

Frederike Keitel-Gröner

Ingrid Wiedmann

Ana Sofia Aniceto

PhD Fellow, UiB
Project title: Disentangling the time represented
by siliciclastic sedimentary deposits
Supervisor: William Helland-Hansen, UiB
Period: 2014-2018

PhD Fellow, UNIS
Project title: Geological controls on pore pressure in exhumed basins
Supervisors: Kim Senger, UNIS, and Jan Robert
Eide, Statoil
Period: 2017-2020

PhD fellow (ARCEx associated, in-kind), UNIS
Project title: Fault characteristics and development of the Triassic basins of Svalbard and the
Barents Shelf
Supervisors: Alvar Braathen, UiO, and Snorre
Olaussen, UNIS, Jan Inge Faleide, UiO, and
Johan Leutscher, Eni Norge
Period: 2013-2017

Postdoctoral Research Fellow, NORCE
Project title: Arctic species sensitivity to petroleum discharges with special emphasis on the
effects of mechanically and chemically dispersed
oil
Supervisor(s): Thierry Baussant, IRIS
Period: 2018-2021

Postdoctoral Research Fellow, UiT
Project title: Arctic pelagic ecosystems and vertical transport of organic carbon
Supervisor: Paul Wassmann, UiT
Period: 2016-2019

PhD (graduated June 2018), Akvaplan-niva
Project title: Unmanned aerial vehicles for
marine mammal surveys
Supervisors: Martin Biuw, IMR, Ulf Lindstrøm,
IMR, and JoLynn Carroll, APN/UiT
Period: 2014-2018

Hannah Kriesell

Project title: Modeling and reduction of acoustic

Postdoctoral Research Fellow, NTNU
Project title: Environmental effects of seismic
acquisition on marine mammals
Supervisor: Martin Landrø, NTNU
Period: 2019-2021

noise from seismic sources
Supervisor: Martin Landrø, NTNU
Period: 2015-2018

Supervisors: Alfred Hanssen, UiT, Andreia
Plaza Faverola, UiT/SFF CAGE
Period: 2018-2022

Amando Lasabuda
Researcher, PhD (graduated April 2018), UiT
Project title: The Cenozoic tectono-sedimentary
development and erosion estimates for the Barents Sea continental margin, Norwegian Arctic
Supervisors: Jan Sverre Laberg, UiT, and StigMorten Knutsen, NPD
Period: 2015-2018

Muhammad Hassan
PhD Fellow, UiO
Project title: Integrated basin analysis and
numerical modeling of the Central and Western
Barents Sea
Supervisor: Jan Inge Faleide, UiO, Roy H. Gabrielsen, UiO; Filippos Tsikalas, Vår Energi
Period: 2018-2021

Eric Salomon
Postdoctoral Research Fellow, UiB
Project title: Structure and fluid flow evolution
of basin bounding fault systems in rift basins
Supervisor: Atle Rotevatn, UiB
Period: 2017-2019

Jean-Baptiste Koehl
PhD (graduated May 2018), UiT
Project title: Onshore-offshore fault correlation
of SW BS, Troms and Finnmark
Supervisors: Steffen Bergh, UiT, and Jan Inge
Faleide, UiO
Period: 2015-2018

Fredrik Wesenlund
PhD Fellow, UiT
Project title: Sedimentology and geochemistry of
Triassic source rocks in the Barents Sea
Supervisors: Sten-Andreas Grundvåg, UiT,
Jon Halvard Pedersen, Lundin, Jon Erik Skeie,
Aker BP, and Olaf Thiessen, Statoil
Period: 2017-2021
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Malte Jochmann
PhD fellow (ARCEx associated, in-kind), UNIS
Project title: The regional geometry and
sedimentology of the lower Paleogene basin in
Svalbard and North East Greenland
Supervisors: Maria Jensen, UNIS, Snorre Olaussen, UNIS, and William Helland-Hansen, UiB
Period: 2015-2020

Sigrun Kvendbø Hegstad
PhD fellow (ARCEx associated, funded by Aker
BP), UiT
Project title: Geochemically enhanced correlation of Triassic successions in the Barents Sea
area and implications for sediment provenance
and palaeo-environmental reconstructions
Supervisors: Matthias Forwick, UiT, Sten-Andreas Grundvåg, UiT, and Juha Ahokas, Aker BP
Period: 2017-2020

Aleksandra Anna Smyrak-Sikora
PhD fellow (ARCEx associated, in-kind), UNIS
Project title: Growth basin characterization and
depositional setting in Svalbard and on the NW
Barents shelf; onshore – offshore link
Supervisors: Snorre Olaussen, UNIS, Alvar Braathen, UiO/UNIS, William Helland-Hansen, UiB, and Jan Inge Faleide, UiO
Period: 2013-2017

Renate Paulsen
PhD fellow, UiT
Project title: Trap and seal analysis of the northern Barents Shelf
Supervisors: Sten-Andreas Grundvåg, UiT,
Kim Senger, UNIS
Period: 2018-2021

Maayke Jacqueline Koevoets

Andreas Hagset

PhD (graduated in January 2018) (ARCEx associated) University of Oslo, Natural History
Museum
Project title: Upper Jurassic sediments and the
invertebrate fauna of Spitsbergen, Svalbard
Supervisors: Øyvind Hammer, UiO, and
Snorre Olaussen, UNIS
Period: 2014-2017

PhD fellow (ARCEx associated, DEA funded),
UiT
Project title: Organic geochemical assessment
and mapping of potential oil-prone Lower Cretaceous source rocks in the Vøring and Western
Barents Sea Basins, Norway
Supervisors: Sten-Andreas Grundvåg, UiT,
Atle Rotevatn (UiB), Roy Davies (DEA) and
Balazs Badics (DEA)
Period: 2018-2021

Dimitrios Ktenas
PhD fellow (ARCEx associated, funded by EU
FP7 Marie Curie ITN project GLANAM), UiT
Project title: Quantification of uplift and erosion
using rock physics and compaction trends in
shales
Supervisors: Erik Henriksen & Tommy Samuelsberg, North Energy/UiT, Karin Andreassen,
UiT
Period: 2013-2016

WP4 Technology

Agnar Sivertsen
Research Fellow, Norut
Project title: Unmanned aerial systems for
detection of sea ice and ice floes
Supervisor: Rune Storvold, Norut
Period: 2014-2018

Terje Solbakk
PhD Fellow, NTNU
Project title: Geophyscal imaging of reservoirs
with chemical weathering porosity
Supervisors: Philip Ringrose, NTNU/Statoil,
and Christine Fichler, NTNU
Period: 2015-2018

Babak Khodabandeloo
PhD (graduated in August 2018) NTNU Norwegian University of Science and Technology

Ronny Tømmerbakke
PhD Fellow, UiB
Project title: Sea ice and erosional uplift: impact
on Arctic seismic exploration
Supervisors: Tor Arne Johansen, UiB, and Nils
Bakke, Lundin
Period: 2015-2018

Rowan Romeyn
Associated PhD fellow (in-kind), UiT
Project title: Seismic studies in sea ice: A modelling and signal processing approach to wavefield
separation
Supervisors: Alfred Hanssen, UiT, Tor Arne
Johansen, UiB/UNIS
Period: 2018-2022

Helene Meling Stemland
PhD Fellow, UiB
Project title: Seismic analysis in Arctic environments
Supervisors: Tor Arne Johansen, UiB, Bent Ole
Ruud, UiB, Leiv-J. Gelius, UiO
Period: 2017-2020

Francesca Siracusa
Associated PhD fellow (in-kind), UiT
Project title: Isostasy and flexure of the lithosphere of the Barents Sea. A numerical model.

Victoria Sjøholt Engelschiøn
PhD fellow, Natural History Museum, UiO
Project title: Biofacies of the Middle Triassic
dysoxic succession in the Arctic
Supervisors: Øyvind Hammer, Atle Mørk, Jørn
Hurum
Period: 2018-2021
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